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UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

The Utah Geological and Mineralogical Survey was authorized by act of 
the Utah State Legislature in 1931; however, no funds were made available 
for its establishment until 1941 when the State Government was reorganized 
and the Utah Geological and Mineralogical Survey was placed within the new 
State Department of Publicity and Industrial Development where the Survey 
functioned until July 1, 1949. Effective as of that date, the Survey was trans
ferred by law to the College of Mines and Mineral Industries, University of 
Utah. 

The Utah Code Annotated 191,3, Vol. 2, Title 31" as amended by chapter 
46 Laws oj Utah 1949, provides that the Utah Geological and Mineralogical 
Survey "shall have for its objects": 

1. "The collection and distribution of reliable . information regarding the 
mineral resources of the State. 

2. "The survey of the geological formations of the State with special ref
erence to their economic contents, values and uses, such as: the ores of the 
various metals, coal, oil-shale, hydro-carbons, oil, gas, industrial cla.ys, cement 
materials. mineral waters and other sUIlface and underground water supplies, 
mineral fertilizers, asphalt, .bitumen, structural materials, road-making ma
terials. their kind and availability; and the promotion of the marketing of 
the mineral products of the State. 

3. "The investigation of the kind, amount, and availability of the various 
mineral substances contajned in State lands, with a view of the most effective 
and profitable administration of such lands for the State. 

4. "The consideration of such other scientific anQ economic problems as, 
in the judgment of the Board of Regents, should come within the field of the 
Survey. 

5. "Cooperation with Utah state bureaus dealing with related subjects, 
with the United States Geological Survey and with the United States Bureau 
of Mines, in their respective functions including field investigations, and the 
preparation, publication, and distribution of reports and bulletins embodying 
the results of the work of the Survey. 

6. "The preparation, publication, distribution and sale of maps, reports 
and bulletins embodying the results of the work of the Survey. The collection 
and establishment of exhibits of the mineral resources of Utah. 

7. "Any income from the sale of maps and reports or from gifts or from 
other sources for the Survey shall be turned over to the State Treasurer and 
credited by him to a fund to be known as the Survey Fund to be used under 
the direction of the Director of the Survey for publication of maps, bulletins 
or other reports of investigation of the Geological and Mineralogical Survey." 

The Utah Geological and Mineralogical Survey has published maps, cir
culars, and bulletins as well as articles in popular and scientific magazines. 
For a partial list of these, see the closing pages of this publication. For other 
information concerning the geological and mineralogical resources of Utah 
address: 

ARTHUR L. CRAWFORD, Director 

UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

College of Mines and Mineral Industries 
University of Utah 

Salt Lake City, Utah 
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FOR E W 0 R D 

The meager budget of the Utah Geological and Mineralogical Survey is now being 
directed toward six general types of publicationss 

I. Publications which form a part of a comprehensive geologic atlas of Utah-
county by county. 

II. Supplemental studies of the mineral potentials of state lands with a view to 
their more accurate appraisals for administrative purposes--such surveys to be cor
related with the published atlases of each county (see "I" above) so as to give 'the 
state the greatest value for the money it has expended on the investigations by the 
Utah Geological and Mineralogical Survey and by other agencies. 

III. Special inventory studies of state-wide significance, such as that of "The 
Oil and Gas Possibilities of Utah." 

IV. A description of the typical rocks and minerals of Utah--a continuing effort 
towards a well-rounded summary of special use to college and high school students 
interested in this subject and to boy scouts, tourists, and "rock hounds" generally 
who want to become intimately familiar with the earth's crust exhibited within Utah's 
boundaries. 

V. Special investigations of mines or specific areas where intensive study by 
an authority on the subject has made available to us a by-product of special value in 
working out the general geology, which we hope to include in our geologic atlas of the 
state. . 

VI. The rocks and scenery of boy scout camps and of other points of tourist interest 
within the state. ,The principal rendezvous for three of the four national councils in 
Utah of the Boy Scouts of America have already been described (see Bulletins 51, 60, and 
67) • 

Three of our county bulletins, Numbers 52, 64, and 66, belonging to the geologic 
atlas of Utah series have been published (for Emery, Cache, and Daggett Counties, res
pectively). Washington, Uintah, and Sevier Counties are well under way. Most of the 
other counties are being actively investigated. 

The present study, Bulletin 68 on the "Beaver Lake Mountains, Beaver County, Utah-
Their Geolo~y and Ore Deposits" by Patrick James Barosh, falls in the class of studies 
listed under "V" above. The material was collected by Mr. Barosh while employed as a 
geologist for the Utah Construction & Mining Company. It was originally made the sub
ject of a master's thesis for the Department of Geology, UniverSity of California at 
Los Angeles. It WaS selected by the Utah Geological and Mineralogical Survey for pub
lication at this time becauses 

(1) It fills a much-needed gap in the areas represented by the bulletins of the 
Utah Geological and Mineralogical Survey. 

(2) It furnishes, a modern correlation of the very excellent studies made by B. 
S. Butler of the San Francisco district, and of adjacent areas, not only with more 
recent investigations Diade, of this region, but also of the Mineral Range to the south
east, and of the Cricket Mountains and other areas of Millard County to the north·and 
northwest studied by. Dr. Lehi F. Hintze and his colleagues and students at the Brigham 
Young University. . 

(3) The southeastern portion of the Beaver Lake Mountains offers one of the 
tantalizing prospects for an additional "porphyry" copper deposit in Utah. We, there-
fore, feel justified in giving it special consideration. The area is rich in its display 
of contact metamorphic mine'rals arfd"o!'·'magnesite and some other minerals not mentioned 
by the author. 

(4) The deep burial of some of the Beaver Lake mineral deposits in the detritus 
from the higher area·s and their having been exhumed by later erosion, made possible by 
the lowering of the outlet of Beaver River, is a geomorphological record of unusual 
interest. 

Mr. Barosh is a native of Los Angeles. He received his B. A. degree at U.C.L.A. in 
1957. He spent one summer in Alaska doing exploration geology for the Utah Construction 
& Mining Company for whom he later did the exploration work in the Beaver Lake district 
that forms the basis ror this bulletin. The many aspects of geologic study in this area 
we think makes this work a valuable contribution to the bulletin series of the Utah 
Geological and Mineralogical Surv~y. 

ARTHUR L. CRAWFORD, DIRECTOR 
UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 
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B E A V E R L A K E M 0 U N T A INS 

BEAVER COUNTY, UTAH 
Their Geology and Ore Deposits l 

by Patrick James Barosh2 

A B S T R ACT 

The Beaver Lake Mountains lie in the Basin and 
Range province of west-central Utah, ten miles north
west of the town of Milford, Beaver County. 

Paleozoic sediments and Tertiary igneous rocks are 
found in the area. Lower to Middle Cambrian rocks form 
a transgressive sequence of quartzite, shale, and carbon
ates. The later Middle Cambrian to the Late Ordovician 
has no representatives in the area, but the latest Ordovi
cian (1) to the Devonian is represented by a dolomite 
sequence. This sequence is overlain by Mississippian 
limestone. No sedimentary rocks younger than Mississip
pian have been recognized in the area. 

The Early (1) Tertiary is represented by volcanics, 
which are generally quartz latite in composition, and 
some granodiorite porphyry. These were followed in the 
Middle (1) Tertiary by a quartz monzonite intrusion which 
has altered part of the earlier carbonates and volcanics. 

Structurally the area is complex and can be divided 
into two parts; the northern third which has been effec
ted by high-angle faulting, thrust faulting, and folding, 
and the southern two-thirds in which the structure main
ly reflects the shape of the intrusion with some modifi
cation by high-angle faulting. 

The geologic record of the area appears to be one of 
relatively quiet sedimentation for the Early and Middle 
Paleozoi~which probably continued till the Late Mesozoic 
although no record of the lat~er p.rt of this period ,is 
present, and a great deal of activity in the latest Me~o
zoic and Tertiary with extruslon, intrusion, thrusting, 
foldin~ and high-angle faulting. 

lAdapted from a Master's thesis submitted to the 
Department of Geology, University of California, Los 
Angeles. 

2Exploration Geologist, Utah Mining and Construction 
Company. 
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I N T ROD U C T ION 

LOCATION AND ACCESSIBILITY 

The Beaver Lake Mountains lie in the Basin and 
Range province of west-central Utah, ten miles northwest 
of the town of Milford, Beaver County (see index map, 
plate I). The mountains are readily accessible by two 
graded dirt roads which run northward from Utah State High
way 21 just west of Milford. 

GEOGRAPHY 

PHYSICAL FEATURES 

The Beaver Lake Mountains form a low circular mass 
of hills situated on an eastward slope which runs from the 
San Francisco Mountains on the west to the Beaver River 
on the east. The relief is low, the elevations ranging 
from 5,500 feet at the eastern base to 6,900 feet at 
Lime Mountain (see fig. 1). The western flanks of the 
mountains are overlapped by the alluvial slope of the San 
Francisco Mountains, but the eastern flanks are composed 
of low,broad coalescing fans which extend valleyward. All 
drainage is eastward toward the Beaver River. A mile and 
a half southeast of the Beaver Lake Mountains is the small 
northernly trending Rocky Range (see fig. 2). There 
are no permanent streams in the mountains. The only good 
water in the mountains during the summer of 1958 Was in a 
flooded adit on the north side of the upper end of Butch 
Canyon. Water of a dubious quality was found at Fairview 
Springs and two flooded adits just northwest of there. 
West Spring was only a mud hole during the time of the 
vis it. 

VEGETAT ION 

In general the vegetation of the area -is sparse 
and consists of relatively few species. The alluviated 
flanks of the range are covered by sagebrush for the most 
part. There are, however, patches of matchbrush in the 
south and southwest, and wild oats form the ground cover 
at the northeast corner of the range; some cliffrose 
occurs in the lower washes east of Lime Mountain. 

In the mountiins proper the vegetatidn is s6antier 
but a little more varied. Sage is still prevalent, but 
added to it are such plants as morton tea,. bunch grass, and 
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Figure 2. Rocky Range, view southeast from divide west of 
Fairview Springs; Mineral Range in left background and the 
Colorado Plateau in the far right background. 

Figure 3. Quartzite Hill, looking northwest from near the 
Skylark mine; San Francisco and Beaver Mountains in the 
background. 
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three types of cacti: an opuntia, a mamailia, and a plata, 
which occur sparingly, except in the northwest where the 
opuntia is common. In addition, a very few yuccas are 
found at the north edge of the mountains. 

Stands of juniper occur in many places, especially 
on the volcanics on the west-central side, and show a 
preference for the north-and west-facing slopes. A small 
grove of pinyons are growing high on the north flank of 
Lime Mountain) and a few pinyons also occur in with the 
junipers. 

CLIMATE 

The area has an arid climate, being situated in the 
high desert region of western Utah. During the summer the 
daytime temperatures are close to IOOoF. with the maximum 
in July, but because of a nearly constant breeze and low 
humidity the heat is seldom oppressive. The daily temper
ature range is about 31 0 F. Evenings are cool and the 
nights are quite comfortable. 

The first frost occurs about mid-September and the 
last one around the end of May. The winters are very 
cool with January being the coldest month, having an 
average maximum temperature of about 390 F. and a minimum 
of about 130 F. 

Precipitation is meager, about 9 inches annually, and 
is distributed fairly evenly throughout the year with June 
the driest month and March the wettest. Thunder showers 
may be expected almost every afternoon during July and 
August, and occasionally they are violent causing flash 
floods. During the winter there is light snowfall which 
amounts to about 34 inches annually (modified"after Wool
ley, 1947, pp. 5E-65). 

CULTURE 

The most notable cultural features are the numerous 
prospect pits throughout the area and the numerous dirt 
roads that traverse the area, many of them built and still 
being built as assessment work on mining claims. Other than 
this there are some buildings at a few old mines and north 
of Butch Canyon, where a futile attempt to farm was once 
made. Two small dams, that rarely contain water, are on 
the east edge of the area. 
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PREVIOUS WORK 

Very little has been published on this area. The 
southern two-thirds of the area was covered in the well 
done U. S. Geological Survey Professional Paper 80, Geo
~ ~ ~ Deposits of the ~ Francisco and Adjacent 
Districts, lliah, by B. S. Butler, printed in 1913. Butler 
includes a rough reconnaissance map of the southern Beaver 
Lake Mountains, touches on the alteration of the lavas, and 
describes briefly a few mines--the 0 K mine in particular. 

Other than this there have been only two short arti
cles on the district published in 1903 (Anonymous, 1903; 
Perkins, 1903) and mention of some early production of a 
few mines is made in the U.S. Tenth Census (Huntley, 1885). 

FIELD MAPPING AND PURPOSE OF 1li§ INVESTIGATION 

The field work was done during the summer of 1958 
from mid-June to mid-September. Most of the area was 
mapped on the Frisco Special map of theU.S.G.S., enlarg
ed to 1/24,000. The topography on this sheet is rather 
poor and the base elevation 81 feet too high. The north
ern part of the Rocky Range and the low hills to the west 
of it were mapped on a blue-line preliminary copy of the 
7 1/2 minute quadrangle, Lund number 1 northeast, Utah, 
and the northern edge of the area was mapped on a plani
metric stream map drawn from an aerial photograph. 

The purpose of this investigation was to map the 
areal geology of the Beaver Lake Mountains with special 
emphasis on the contact metamorphic zone, particularly 
in regards to the distribution and amount of iron minerals. 
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DES C RIP T I V E G E 0 LOG Y 

GENERAL FEATURES 

Paleozoic sediments and Tertiary igneous rocks, both 
intrusive and extrusive, are found in the area. The Pale
ozoic sediments consist of dominantly carbonaceous rocks 
representing some part of each of the periods from the 
Cambrian to the Mississippian. The Lower to Middle Cam
brian rocks form a transgressive sequence of quartzite, 
shale, and limestone. The later Middle Cambrian to the 
Late Ordovician have no representatives in the area, but 
the latest Ordovician (?) to the Devonian is represented 
by a dolomite sequence. This sequence is overlain byMis~ 
sissippian limestone. No sedimentary rocks younger than 
Mississippian have been recognized in the are~ and the 
stratigraphic record is blank until the Tertiary. 

The Early Tertiary (1) is represented by volcanics, 
which are generally quartz latite in composition, and 
some granodiorite porphyry. These were followed in the 
Middle Tertiary (?) by a quartz monzonite intrusion which 
has altered part of the earlier carbonates and volcanics. 

SEDIMENTARY ROCKS 

Cambrian 

Sediments of Early to Middle Cambrian age are pre
sent ~t the northern edge of the Beaver Lake Mountains 
possibly as a thrust sheet. These sediments form a 
transgressive sequence with a thick basal unit of quartz
ite grading upward into shale which in turn gives way to 
limestone and some dolomite. 

The Cambrian sequence at the northwest corner of the 
area is Prospect Mountain quartzite, Pioche shale, Millard 
limestone (?) and Burrows limestone (?). The designation, 
in this area, of the Prospect Mountiiriquartzite and the 
Pioche shale is fairly definite, but the assignment of the 
higher rocks to the Millard and Burrows limestones is 
questionable .be~ause of the possibility of faulting. 

The Pioche shale is very thin here, the Busby quartz
ite in the Pioche shale and the Millard and Burrows lime
stones are thicker than usual. 
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Prospect Mountain Quartzite 

The Prospect Mountain quartzite is a fairly resist
ant unit which forms Quartzite Hill and two small iso
lated ridges east of it in the northwest part of the area 
(see fig. 3 ). 

This formation is a fine-grained dense quartzite 
that generally varies fr~m white to light gray, but locally 
may be pink or purplish in color, and changes near~its 
upper contact to a dark olive green. Weatherin~ usuall~ 
causes only a very slight darkening of the surface. Bed
ding is hard to distinguish, except near the upper con
tact, and the quartzite usually appears massive, but where 
bedding is seen tne beds are one to two feet thick. In 
some places thin,dark subparallel laminae show cros&bed
ding in the quartzite. The rock is moderately to highly 
fractured and generally weathers to fist-size angular 
fragments which cover up most of the unit on the surface. 

The quartzite is sheared and brecciated in many spots, 
especially along the southern side of Quartzite Hill and 
in the two ridges to the east of it~ It is in these 
brecciated zones that the rock takes on pink and purple 
colors. Some silicified fault breccia zones, a foot or 
two wide, are more resistant thap the undisturbed rock, 
standing out as low walls; they may be responsible for 
some of the ridges on hills where they crop out. The 
undistrubed quartzite is a harder rock than the breccia, 
but the breccia more than compensates for this in having 
much fewer fractures. 

The lower contact of the Prospect Mountain quart2-
ite in this area is probably a thrust fault and an un
known amount of the lower part of this unit is not pre
sent. The upper contact is not exposed, but appears to 
be conformable and gradational with the overlying Pioche 
shale. Near the upper contact the quartzite changes to 
dark olive green or greenish-brown in color and is wel~ 
bedded in about one-foot beds with some thin interbedded 
dark-green shales. In the Pioche shale there are inter
bedded dark-green shales. In the Pioche shale there are 
interbedded dark olive-green quartzites, and it appears 
that the Prospect Mountain quartzite grades into the 
Pioche shale as the shale-sandstone ratio increases. 

A minimum thickness of 3,000 feet was measured along 
the axis of the anticline from the southwest part of the 
outcrop area which appears to be very close to the top of 
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the unit, northeast to the intersection of the stream and 
the road, it was assumed that there is no major displace
ment along the breccia zones crossed. 

This formation can safely be considered Prospect 
Mountain quartz"ite because its lithology and thickness are 
similar to recognized Prospect Mountain quartzite in the 
San Francisco and Beaver Mountains only a few miles awa~ 
and the overlying rock unit is the same in the Beaver 
Mountains. 

The Prospect Mountain quartzite is considered to be 
of Late Precambrian and Early Cambrian age in western 
Utah (Wheeler, 1948, p. 20). The quartzite is unfossili
ferous, but the conformably overlying Pioche shale of 
western Utah carries a fauna of late Early Cambrian or 
early Middle Cambrian age, and it seems probable that the 
Prospect Mountain quartzite was laid down during the Early 
Cambrian, the lower part perhaps being deposited during 
the Late Precambrian in thick sections (Wheeler, 1943, p. 
1810-11). 

Pioche Shale 

The Pioche shale is poorly exposed. It has been 
uncovered only .along one gully on the north side of Quar~ 
ite Hill, except possibly for a small patch of similar 
appearing shale that is in complex relationship with Cam
brian limestone on the south side of the hill.· The nar
row covered area between the Prospect Mountain quartzite 
and the Cambrian limestone along the northwest side of 
Quartzite Hill is probably underlain by Pioche shale. The 
unit consists of interbedded shale and quartzite in about 
equal proportion. The shale is gray-green, sericiti~ and 
very fissile, usually disintegrating into paper-thin 
flakes when disturbed. They generally occur in beds about 
four inches thick. There is also a slight amount of brown 
sericitic shaly sandstone which is gradational between 
the shale and the quartzite. 

The quartzite is fine~grained dark olive-green with 
some sericite along the bedding planes and weathers dark 
brown along fractures. It is well-bedded, forming beds 
five inches to a foot thick, a few of which bear" ripple 
marks on their surfaces. 

From the base of the unit upward there are twenty 
feet of alternating quartzite and shale, five feet of 
quartzite, fifteen feet of shale, and fifteen feet of 
quartzite. 
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Neither the upper nor the lower contacts are exposed, 
but attitudes in the shale are similar to those or the 
units above and below,and the contact with the underlying 
Prospect Mountain quartzite appears to be gradational. 
The upper contact with the Millard limestone (?) is prob
ably conformable, but as the Pioche shale is thinner than 
usual, there is the possibility or an unconrormity or a 
fault. 

The exposed thickness is about fifty-five feet and 
the total could not be much more than seventy feet. This 
poses a problem since there is 519 feet of Pioche shale 
seventeen miles north in the Cricket Hills (Hintze and Mig
liaccio, 1957) and 600 feet in the Wah Wab Range twenty 
miles to the west (Wheeler, 1948, fig. 5). This implies 
a thinning of the unit south and eastward, either from orig
inal deposition or erosion, or else omission of some of 
the section by faulting. Faulting seems least likely 
since either a curved fault following the strike of the 
beds or two faults would be necessary. The Pioche does 
vary somewhat in thickness, being only 265 feet thick in 
the House Range (Deiss, 193~ p. 1139) and 25 to 100 feet 
thick fifteen miles east of the area in the northern Min
eral Range (Liese, 1957). Since no unconformity at the 
top of the Pioche shale has been recognized in the region, 
the best explanation for the thinning of the unit is that 
this area is near the eastern edge of the depositional 
basin of the Pioche shale. 

No fossils were found in the unit at this locality, 
except for some unidentifiable ~mpressions on the top of 
one bed, but in other localities in western Utah and east
ern Nevada fossils found in the shale show it to be astride 
the Lower Cambrian-~iddle Cambrian boundary (Wheeler, 1948, 
p. 25). 

This formation can safely be considered Pioche shale 
as it resembles it lithologically, occupies a similar posi
tion stratigraphicall~ being above a thick quartzite and 
below Cambrian limestone, and is only a few miles from 
recognized Pioche shale. 

Millard Limestone (?) 

This unit forms a few low outcrops above the Pioche 
shale on the northwest side of Quartzite Hill and probably 
the east-west ridge and small outcrops of brecciated lim~ 
stones east of Quartzite Hill. 

The Millard limestone consists mainly of limestone 
with some shale., On the northwest side of Quartzite Hill 
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the limestone is generally dark gray, with a few mediu~ 
gray beds; weathered colors are somewhat lighter, except 
for several brown-weathering beds near the base of the 
unit. In the lower half of the unit the limestone is 
algal and several beds have small dolomitic patches. The 
dolomitic patches, one-half to one inch long, are usually 
yellow-brown and give the gray limestone a rather distinc
tive appearance. Beds, two to five feet thick, are fairly 
distinct in the limestone. A thin shale horizon, in 
about the middle of the section, contains abundant trilo
bite fragments. This shale is medium gray to brown and 
weathers brown. 

East of Quartzite Hill the lithology is very similar, 
but the complexity of the structure prevents a matching 
of beds with any reliability. In general the sequence is 
similar just east of the hill. Around the small syncline 
the limestone is dark gray, north of the road it is algal, 
and near the quartzite there is a very small patch of 
shale similar to the Pioche shale. 

The east-west ridge is made up of dar~ to mediu~ 
gray algal limestones with some gray, brown-weathering 
shale, especially towards the east end. 

The upper and lower contacts are both concealed. The 
attitudes are similar to those in the units above and be
low; the upper contact may well be conformable, but there 
is some doubt about the lower one (see discussion under 
Pioche shale). 

Trilobite fragments found in shale on the north side 
of the syncline at the east end of the east-west ridge 
were identified as Glossopleura sp., confirming a Middle 
Cambrian age for the limestone. Other trilobite fragments 
found could not be identified,and some small inarticulate 
brachiopods from the syncline just east of Quartzite Hill 
could only be dated as Cambrian. 

The limestone northwest of Quartzite Hill occupies 
the same stratigraphic position as the Millard limestone, 
apparently overlying the Pioche shale and being overlain 
by a light-gray dolomite which is probably the Burrows 
limestone. It is lithologically similar to the Millard 
limestone as are most Cambrian limestones of this region. 
Because of the possibility of a fault contact between 
this formation and the Pioche shale and its uncertain 
stratigraphic position, it can only be questionably con
sidered Millard limestone. 
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In the Cricket Hills, seventeen miles north, the 
Millard limestone is only 260 feet thick (Hintze and Mig
liacc~o, 1957), but in the Wah Wah Range, twenty miles 
to the west, the Millard limestone equivalents measure 
561 feet (Wheeler, 1948, fig. 5) which matches closely 
the 600 feet of this section measured northwest of 
Quartzite Hill. The Millard limestone in the Cricket 
Hills, however, is underlain by 113 feet of Busby Forma
tion (Hintze and Migliaccio, 1957), composed of interbed
ded sandstone, shale, and limestone, which was not recog
nized here. The sandstones apparently tongue out south
ward (Wheeler, 1948, p. 29), and their stratigraphic posi
tion could be occupied by only limestone and some shale 
here. 

The Glossopleura sp. found in the Cambrian limestone 
east of Quartzite Hill is elsewhere found in both the 
Chisholm shale, equivalent to about the middle part of 
the Millard limestone, and a shaly horizon in the Burnt 
Canyon limestone, which is the next formation above the 
Burrows limestone. The rocks at the east end of the east
west ridge could therefore be either Millard or Burnt 
Canyon limestone, but the Burnt Canyon limestone in the 
Cricket Hills contains a great deal of shale (Hintze and 
Migliaccio, 1957) and shale is only minor here. There 
is also the possibility, because of the faulted and fold
ed nature of the rocks, that limestone of more than one 
formation may be present in this ridge. 

Burrows Limestone (1) 

This formation crops out in two small patches in 
the northwest corner of the area where it apparently 
overlies Millard limestone. The contact with the Millard 
limestone is concealed, but the attitudes are similar on 
both sides and it is probably a depositional contact. 
No overlying formation is exposed and the Burrows lime
stone (1) is regarded as the highest Cambrian unit ex
posed in the area. 

This formation consists of light-gray dolomite, with 
some medi~and dark-gray dolomite in the northern outcrop, 
which weathers a little lighter than the fresh rock. The 
dolomite is faintly laminated in part and is fairly well 
bedded into beds about three feet thick. 

The Burrows limestone is unfossiliferous, but is 
dated elsewhere as Middle Cambrian on the basis of its 
position between two fossiliferous Middle Cambrian lime
stones (Wheeler, 1940, p. 29). 
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In about half of its exposures the Burrows limestone 
consists of light-gray dolomite (Wheeler, 1943, p. l791~ 
and it was originally named the Burrows dolomite by 
Wheeler (1940, p. 27), who later changed it to the Burrows 
limestone (Wheeler, 194~ p. 1791). It is often the only 
unit in the Middle Cambrian succession that is dolomitic. 

The exposed thickness of the Burrows limestone 
amounts to about 480 fget and the total thickness can 
only be estimated, but it is probably' not much more than 
this judging by the measured thickness elsewhere. In 
the Cricket Hills it is only 260 feet thick (Hintze and 
Migliaccio, 1957). Near Pioche the thickness ranges 
from 100 to 400 feet, depending upon the local amount of 
the post-Burrows degradation (Wheeler, 1943, p. 1818), 
and an unconformity may be responsible for the range in 
this region also. 

The assignment of these rocks to the Burrows lime
stone is tentative and is based upon their stratigraphic 
position above the Millard limestone (?) and a litho
logy similar to the Burrows limestone. Although its 
exposed thickness is greater than usual, it is within a 
reasonable range. 

Upper Ordovician(?)-Silurian 

Two formations have been assigned to this interval, 
a dark-gray dolomite containing abundant Halysitidae and 
an overlying light-gray unfossiliferous dolomite. These 
correspond to at least part of the Fish Haven (U. Ord.) -
Laketown (Sil.) sequence, but are probably not directly 
equivalent. The division between the Fish Haven and Lake
town dolomites is made on a time boundary, the Ordovician
Silurian (Richardson, 1913, p. 410), while·that between 
the dolomite units of this area is based on lithology. 
For this reason new formation names are assigned here. 
The lower dark-gray Beaver Lake dolomite is probably equiv
alent to both the upper part of the Upper Ordovician 
Fish Haven dolomite and the lower part of the Silurian 
Laketown dolomite. The upper light-gray dolomite, Lime 
Mountain dolomite, is probably equivalent to the upper 
part of the Laketown dolomite and perhaps in part to the 
Devonian Sevy dolomite. 

Beaver Lake Dolomite 

This formation crops out in the northern part of the 
area around the northern bas~ of Lime Mountain and the 

-20-



ridges to the northwest of it. Also, the metamorphosed 
rocks on the west flank of Lime Mountain are considered 
an altered equivalent of the Beaver Lake dolomite. 

In general t'his unit consists of dark- to medium-gray 
mottled or laminated dolomite, which weathers a lighter 
gray, with a few beds of edgewise conglomerate. The for
mation shows fair bedding, the beds usually being about 
ten feet thick. Fossils are conspicuous in much of the 
formation and occur in two different ways; as fine~white 
lines describing sections of small horn corals, crinoid 
stems, and shells, and as large silicified horn corals and 
tabulate corals. In addition to these there are small 
~ilicified masses that may have been fossils. 

A section exposed on the west side of the ridge trend
ing northward from Lime Mountain towards the Galena mine 
is as follows from the exposed base upward. The base of 
this section is in fault contact with altered dolomite. 
Above the base is about sixty feet of dark-gray mottled 
fossiliferous dolomite. Within it are a few laminated 
beds and also two ten-foot edgewise conglomerate beds con
taining subangular dolomite fragments averaging three 
inches in diameter with very little sandy dolomite matrix. 
Next is a medium gray unit about sixty feet thick composed 
of dark-gray dolomite which weathers light to medium gray, 
much of which is laminated. The laminations are usually 
subparallel, suggesting cross~edding, or slightly wavy, 
but some laminations describe miniature folds that suggest 
slump structures. Near the middle of this unit there is 
a twenty-foot bed of edgewise conglomerate. There is 
very little matrix in the conglomerate and the clasts con
sist mainly of wavy laminated dolomite with some dark-gray 
mottled dolomite. These clasts are angular to subangular 
and range up to three feet by one and a half feet in 
size. Above this is about seventy feet of mottled dar~ 
gray fossiliferous dolomite with a fifteen-foot silicified 
zone at the base, possibly a fault zone. This mottled 
dolomite lies below the Lime Mountain dolomite with ap
parent conformity. 

The base of the Beaver Lake dolomite is not exposed 
and the thickest measurable section is- 200 feet on the 
northwest side of Lime Mountain. How much thicker the 
unit may be is not known, but its minimum exposed thickness 
is estimated at 400 feet. 

·Fossils found in this formation are Catenipora sp. 
and other unidentified Halysitids, Faxosites sp., Syringo
porid corals, Rhynchonellid brachiopods, large and small 
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horn corals and crinoid stems. The Halysitid Catenipora 
sp. bears a resemblance to ~. pulchellus, a late Devonian 
species. 

The Halysitidae restrict the unit to the Late Ordovi
cian and Silurian. This is the only definite age restric
tion. The formation may contain both Upper Ordovician and 
Silurian strata since in the Snake Range the Ordovician
Silurian boundary has been found within a sequence of dark
gray dolomite below a light-gray dolomite (Rush, 1951a, p. 
13). The section described from the northwest side of 
Lime Mountain is very similar to the description of the 
lower half of the Laketown dolomite at Gold Hill, which 
was considered Middle Silurian by Edwin Kirk (Nolan, 1935 , 
p. 18), and perhaps the Middle Silurian may be the upper 
age limit for the Beaver Lake dolomite. 

Metamorphosed Equivalent 

The altered rock on the west and south sides of 
Lime Mountain are considered to be the altered equivalent 
of the Beaver Lake dolomite. On the south flank of L~me 
Mountain light-gray dolomite with a slight amount of trem
olite and silicic masses that may have been fossils is 
noted (see fig. 10). This is at about the right strati
graphic horizon for the top of the Beaver Lake dolomite, 
and it appears that this is essentially a bleached equiv
alent. 

On the west side of Lime Mountain a folded and faulted 
section of metamorphosed dolomite crops out (see fig. 6). 
The dolomite here is a mixture of medium-gray and white 
beds three to five feet thick. The medium-gray dolomite 
is fine-grained with faint banding and has poorly devel
oped slaty cleavage. The white dolomite is massive with 
a sugary texture. Throughout much of the rock are nod
ules and irregular masses of tremolite, usually about fist 
size, and also some irregular elongate stringers. At two 
places on the west side of Lime Mountain recognizable 
Beaver Lake dolomite appears to grade into this altered 
rock. Moreover, tremolite nodules, which are character
istic of this altered dolomite, also occur in recognizable 
Beaver Lake dolomite at one location on Lime Mountain. 
These tremolite nodules are developed only in the altered 
dolomite around Lime Mountain and are possibly restricted 
to the metamorphosed Beaver Lake dolomite. 

Some of the highly altered dolomite along the intru
sive contact south of Lime Mountain may also be Beaver 
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Lake dolomite, althoughtremolite nodules are not present 
(see discussion under metamorphosed Lime Mountain dolomite). 

Lime Mountain Dolomite 

This formation forms the top of Lime Mountain and the 
ridge to the east, the top of the ridge containing the 
Galena mine, and a slope east of the Galena mine. 

The Lime Mountain dolomite consists of two members, 
a thick lower member of light-gray dolomite and a thin 
upper member of light-gray dolomite w:tt.h interbedded sha les. 
The lower member is fine-grained light-gray dolomite, ex
cept for two medium-gray beds near the base, which weath
er a little lighter. Near the Galena mine the rock is 
faintly mottled by slightly darker ovals whose elonga
tion is parallel to the bedding. On steep slopes and 
bluffs the dolomite appears well-bedded in ten- to fifteen
foot beds, but on gentle slopes bedding is hard to dis
tinguish and the dolomite appears massive. 

The upper member is present northeast of the Galena 
mine. Here the dolomite changes upward from a massive 
dolomite into dolomite that is well-bedded in one- to 
three-foot beds with some interbedded shale which in
creases in amount upward culminating in a fifty-foot shale 
unit at the top of the formation (see fig. 8). The dol~ 
omite is fine-grained, light gray, and wea.thers sl,ightly 
lighter. The shale is dark gray and silicic in part and 
weathers light reddish-gray to reddish-brown. It occurs 
in layers about four feet thick composed of two- and 
three-inch beds. There is no complete measurable section 
of the Lime Mountain dolomite because the base and the 
top of the formation occur in different fault blocks. 
Correlation between the blocks is not possible and it is 
not known whether there is overlapping or missing section. 
About 300 feet of the formation is exposed above the 
Beaver Lake dolomite on Lime Mountain. Another 950 feet 
crops out east of the Galena mine, the topmost 250 feet 
forming the upper member, but attitudes are hard to find 
in the lower member and there could easily be faulting 
there. If no faulting is assumed, a minimum thickness 
of 1,000 feet can be assigned. 

The lower contact with the Beaver Lake dolomite is 
apparently conformable. The upper contact is poorly ex
posed, but similarity in attitudes across the contact 
suggest a conformable relationship. 

No fossils were found in the Lime Mountain dolomite. 
As it overlies Halysitidae-bearing rocks, is lithologi-
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cally similar to the upper part of the Laketown dolomite, 
and is overlain by dark dolomites of probable Devonian 
age, it is tentatively considered Middle or Late Silurian 
in age or both. There is, however, the possibility that 
the Silurian-Devonian boundary lies within the upper part 
of the formation since the Devonian Sevy dolomite locally 
is hard to distinguish from the Silurian rocks (Campbell, 
1951, p.22) and conceivably the upper member of the Lime 
Mountain dolomite is equivalent to the Sevy dolomite. 

Metamorphosed Equivalent 

On the south slope of Lime Mountain the dolomite is 
metamorphosed and locally has a poorly developed slaty 
cleavage. The fresh rock here is also light gray, but 
the weathered surface has a buff cast. A few white beds 
with a sugary texture occur at the bottom of the slope. 
The rock at the southern base of Lime Mountain is cut by 
a closely spaced network of north-south vertical joints 
and small fault~ and the dolomite along many of them is 
stained dark brown. 

The moderate to highly metamorphosed dolomite farther 
south along the intrusive contact is probably mostly 
Lime Mountain with some Beaver Lake dolomite. The 
altered Lime Mountain dolomite on the south side of Lime 
Mountain is not noticeably different from the altered 
dolomite near the intrusive contact. The metamorphosed 
rock here is white to light-gray dolomite, much of it 
coarse-grained, and mineralized in lenses along the in
trusive contact. This altered rock differs from recog
nizable metamorphosed Beaver Lake dolomite in not having 
the abundant tremolite nodules and fine banding developed 
in it, but some of it may well be Beaver Lake dolomite. 

Devonian 

Simonson Dolomite-Guilmette Formation(?) 

The ridge next north of the Galena mine is formed 
of dark-gray Devonian dolomite. Dark-gray dolomite form
ing the ridge two-thirds of a mile east of the Galena 
mine is probably also Devonian, although lithologically 
it is somewhat similar to the Beaver Lake dolomite. This 
latter dolomite, however, in as much as it is apparently 
overlain by limestone similar to that overlying the Devoni
ian dolomite north of the Galena mine, is probably equiv
alent to the upper part of the Devonian dolomite there. 
These rocks are here referred to as the Simonson dolomite
Guilmette formation. 
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The unit north of the Galena mine comprising approx
imately 800 feet of beds is composed of medium- to dark
gray light-gray weathering dolomite and minor sandy dolo
mite. Some of the beds contain small irregular masses of 
calcite,and in the upper part there occur jasperoid beds 
that appear to have been a medium-gray, sandy dolomite or
iginally (see fig. l~. The dolomite is fairly well-bed
ded, the beds ranging from two to fifteen feet in thick
ness and averaging about four feet. 

The dolomite east of the Galena mine is similar to 
that described above. It is mainly dark gray with some 
medium-gray dolomite in three-foot beds and, in places it 
contains small irregular calcite masses apparently devel
oped about fossils. Some beds contain small horn corals 
and crinoid stems and are reminiscent of the Beaver Lake 
dolomite. Near the easternmost thrust fault the dolomite 
is very brecciated and silicified. Just south of this 
dolomite are metamorphosed carbonate rocks that may be a 
metamorphosed equivalent. 

The lower contact of the Simonson dolomite-Guilmette 
formation (1) is poorly exposed. No difference in atti
tude across the contact is discernible~and it may be a 
conformity with the upper member of the Lime Mountain 
dolomite. The upper contact with Lower Mississippian 
limestone appears to be conformable in the area studied, 
but it may be disconformable, as the Upper Devonian Pilot 
shale normally present below the Mississippian limestone 
is absent. The Pilot shale is probably truncated by the 
Mississippian Joanna limestone in the House and Confusion 
Ranges (Campbell, 1951, p. 23), and its equivalent the Mo
witza shale is present in the Star Range a few miles south 
of here (Butler, 1913, p. 34-35). 

No fossils were found in the dolomite north of the 
Galena mine and only unidentifiable horn corals and crin
oid stems were found in the dolomite east of the Galena 
mine. However, since this unit overlies the Lime Mountain 
dolomite, which is thought to be Silurian, matches the 
general Devonian lithology of the region, and is overlain 
by Lower Mississippian limestone, it is reasonable to con
sider it Devonian in age. 

This succession is in general a correlative of 
the Devonian section of western Utah in being dark dolo
mite overlying the lighter Silurian rocks (Rush, 1951b, 
p. 45; Campbell, 1951, p. 22). It most probably is e~v
alent to either or both the Simonson dolomite and the 
Guilmette formation. It is probably equ~valent in part 
to the Red Warrior limestone of the Star Range (Butler, 
1913, p. 33-34). 
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Mississippian 

Joanna Limestone 

The Joanna limestone, the youngest sedimentary unit 
in the area, underlies a small area northeast of Lime 
Mountain and also caps the north end of the ridge of De
vonian dolomite. This unit is somewhat folded and fault
ed making proper stratigraphic order hard to determine. 

In general the Joanna is composed of dark- to light
gray fossiliferous limestone and some dolomitic limestone 
that is locally cherty. At the base of the unit, where 
it caps the Devonian dolomite, it is dark- to medium-gray 
fossiliferous limestone in beds two feet thick. The low
est part of the section northeast of Lime Mountain is a 
light-gray dolomite overlain by a th~ck sequence of dark
gray limestone and some dolomitic limestone both of which 
contain irregular chert lenses and bands parallel to the 
bedding; the limestones are fairly well-bedded in layers 
around five feet thick. Above these limestones is a 
dark-gray limestone unit consisting of three- and four
inch beds that is cut by a fine network of calcite vein
lets and capped by a fossiliferous reddish-weathering 
slightly shaly medium-gray limestone. The beds next 
above are medium- to light-gray limestone and dolomitic 
limestone that are well-bedded in two- and three-foot beds. 

The lower contact may be a dis conformity as was dis
cussed under Devonian. The upper contact is not exposed. 

This formation is structurally deformed making thick
nesses hard to determine, but there appears to be about 
800 feet exposed. 

Horn corals and gastropods were found in the lime
stone capping the Devonian dolomite. The horn corals 
were identified as Enygmophyllum sp. which occur most 
commonly in rocks of Early Mississippian age in the west
ern United States. In the limestone northeast of Lime 
Mountain Fenestella sp. and large horn corals are very 
common throughout. Lithostrotion sp. and Syriniopora 
sp. were found in the cherty limestone and in the shaly 
limestone Juresania sp. (1), spiriferid brachiopods, bry
ozoan zoaria, and crinoid stems up to one inch in diameter 
were found • From these collections the limestones are 
assigned a Mississippian age. 

The designation of these beds as Joanna limestone 
is based on lithologic similarity to the Joanna at the 



type section, being in general a dark cherty Mississip
pian limestone with practically no shale. The Joanna 
limestone here is much thicker than in the Confusion 
Range, but it may be truncated there by the overlying 
Chainman shale (Campbell, 1951, p. 23). The formation is 
probably equivalent to part of the 1,500 feet of Topache 
limestone in the Star Range (Butler, 1913, p. 35-36~ 

Undifferentiated Paleozoic 

Undifferentiated Carbonates 

Due to metamorphism attendant upon intrusion and the 
faulting in the area, there are several patches of carbon
ate rock, mainly dolomite, that have not been assigned 
to any formation or age other than Paleozoic. These un
differentiated carbonates occur in three general areas; the 
west-central part of the mountain~ the section northwest of 
Lime Mountain, and the northeast portion of the mountains. 

The largest area of undifferentiated carbonate is in 
the central and western part of the Beaver Lake Mountains. 
The carbonate is metamorphosed to varying degrees and is 
usually very light gray probably due to the bleaching 
effect of the intrusion. There are a few brown-weather
ing white to pink quartzites noteably near the volcanic 
contact northwest of hill 6870. Some mineralization 
occurs along the intrusive contact, and near the contact 
the carbonate is often coarsely recrystallized, calcite 
rhombs up to one inch in diameter being developed. The 
rock is generally highly fractured and largely covered 
by its own debris with the result that very few attitudes 
can be obtained and no beds followed. Butler (1913, plate 
1) felt that this rock might be the altered equivalent 
of the Mississippian Topache limestone in the Star Range. 

The undifferentiated carbonate northwest of Lime 
Mountain is generally light-gray dolomite, with some 
medium-gray dolomite and limestone. The dolomite here is 
largely similar to the Lime Mountain dolomite, but the 
structure here is complicated and undeciphered due to 
poor exposures, and the rock appears to be from more than 
one unit. 

Four patches of undifferentiated carbonate rock oc
cur in the northeast part of the mountains. East of Lime 
Mountain are exposures of altered light- to dark-gray dol
omite that may be equivalent to either the Beaver Lake 
dolomite or the Simonson-Guilmette sequence. 
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East of the thrusts are some slightly to highly 
metamorphosed carbonates that are medium to light gray 
depending upon the amount of metamorphism. These carbon
ates occur largely as roof pendents in the quartz mon
zonite and are mineralized sporadically along the con
tacts; the two small southernmost pendents consist entire
ly of siliriate skarn minerals. Under the northern expo
sures of the thrust, the carbonate is only slightly al
tered and is medium gray in color. North of the granite 
outcropping there is a small area of mostly unaltered 
medium- to dark-gray carbonate. 

The undifferentiated carbonate west of the eastern 
thrusts at their northern exposures and the carbonate 
above the thrust at the north end of the Joanna limestone 
are similar, both being medium- to dark-gray dolomite. 
The dolomite is fairly well-bedded in two- to five-foot 
thick beds. Both dolomites are finely fractured near the 
thrusts with silica fracture fillings that give a honey
combed appearance to the rock in places; the west half of 
the unit north of the Joanna limestone is disturbed with 
each outcrop having an attitude somewhat different from 
the next one to it. 

Quaternary 

The Quaternary is represented in the area by several 
types of material, unconsolidated, except for caliche. 
These deposits consist of two general types of alluvium, 
some caliche and Lake Bonneville sands and gravels. They 
have not been differentiated in mapping and are all shown 
as Quaternary alluvium on the geologic map (plate IV). 

Alluvium 

The alluvium is very extensive, covering nearly two
thirds of the area and is a variable heterogeneous mix
ture. In a broad sense, it can be divided into two main 
types, Beaver Lake and San Francisco alluvium, plus a 
small amount of remnant upland gravels. 

Beaver Lake Alluvium 

The Beaver Lake alluvium is by far the most exten
sive alluvial formation in the area, and it appears to 
have been derived from the Beaver Lake and Rocky Ranges. 
It consists mainly of silt, sand, and gravels with only a 
small percentage of pebbles and larger clasts. Coarse 
material is found only along stream channels and near the 
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northern Rocky Range. Around the areas of quartz monzo
nite the alluvium consists mainly of arkosic sand. This 
alluvium characteristically is host to a moderate cover 
of sageb rush. 

San Francisco Alluvium 

Along the west edge of the area is the lower part of 
the alluviated east-sloping flank of the San Francisco 
Mountains which ends against the west slope of the Beaver 
Lake Mountains. The alluvium on this slope presents a 
different appearance from the Beaver Lake alluvium as it 
contains a much higher percentage of coarse clastic de
bris, specifically cobbles and boulders of Prospect Moun
tain quartzite, and there is a thinner cover of sagebrush. 

Remnant Upland Gravels 

Northwest of hill 6870 there are many low subparallel 
finger-like ridges extending northwest into the alluvium. 
These ridges are composed of volcanics in the foothills 
and valleyward they become covered with clastic material. 
The clastic material contains much pebble- and cobble-, 
and some boulder-,sized debris and has a much lower per
centage of fine material than is found in the gullies be
tween the ridges. This material is composed mainly of 
volcanics with some carbonate rocks, in addition to a 
noteable amount of quartzite, which occurs only sparingly 
mountainward. This quartzite-bearing alluvium also occurs 
in a few places farther up the mountain flanks and on the 
top of two volcanic hills where there is no possibility 
of downhill movement of quartzite under present conditions. 
This alluvium appears to represent remnants of an older 
more extensive cover of alluvium, similar in o~ to the 
San Francisco alluvium. 

Caliche 

At the west and south sides of the mountains a few 
small patches of caliche are exposed along stream chan
nels and in small valleys. The caliche occupies a posi
tion directly over the bedrock and beneath the alluvium. 
Much of the caliche overlies volcanics and consists of 
angular volcanic fragments in a light-gray calcium car
bonate matrix which resembles a lithic tuff. At one 
place on the south side of the range, the calcium carbo
nate matrix is stained black and the rock looks like as
phalt. In the valley west of the 0 K mine and in Ram 

-29-



Skull Canyon the caliche is very resistant forming small 
"cement" ledges which overhang the more easily eroded 
volcanics. 

Lake Bonneville Deposits 

Shore line features of Lake Bonneville occur along the 
east edge of the area and deposits in the form of beach 
sands and gravel bars are found there. In general the 
bars are covered with subangular to subrounded gravel 
ranging from pea to pebble size and averaging abput three 
quarters of an inch. Roughly, the gravels are composed 
of two-thirds quartzite and one-third volcanics. The 
small areas of sand are light gray and generally fine
grained. The distribution and interpretation of these 
deposits are discussed under geomorphology. Gilbert (1880, 
p. 397) assigned a Late Pleistocene age to Lake Bonneville. 

IGNEOUS ROCKS 

Over two-third~ of the exposed rocks in the Beaver 
Lake Mountain area are igneous. These are about equally 
divided between volcanics and quartz monzonite and both 
are considered Tertiary in age, the volcanics being 
earlier and in a large part altered by the quartz mon
zonite intrusive. Minor amounts of granite and dike 
rock occur associated with the quartz monzonite and 
some granodiorite porphyry, which is similar to some of 
the volcanics, may represent an old volcanic conduit. 

Tertiary 

Volcanics 

A wide variety of volcanic rocks is found in the 
area, flows of quartz latite being the commonest type. 
The volcanics occur in three general places: the west 
central part of the mountains, the south part of the moun
tains, and in the southeast part of the area, west and 
east of the Rocky Range. The volcanics in the west cen
tral area are unaltered, the ones in the south are large
ly altered, and the volcanics in the southeast are rela
tively unaltered. 

Several areas mapped by Butler (1913, plate 1) as 
granodiorite porphyry in the vicinity of the Rocky Range 
are underlain by volcanics. This was shown by the find-
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ing of flow breccias at these locations (see fig. 4). 
The granodiorite porphyry is very similar to much of the 
rock classed as volcanic, and possibly some of the mapped 
volcanics are intrusive; some of the mapped granodiorite 
porphyry may include extrusive rocks~ 

The volcanic rocks are mainly flows, with some pyro
clastics which vary in appearance and composition in the 
western part of the area. In general the lavas are dark
gray, with SOme maroon, medium-gray and greenish-gray, 
porphyritic rocks that usually weather gray-brown to brown 
and range in composition from latite to andesite with 
quartz latite probably the most common. The phenocrysts 
are medium-grained subhedral to euhedral crystals in a 
dark-gray very fine-grained matrix and constitute twenty 
to fifty percent of the rock. The phenocrysts consist 
mainly of light-gray feldspars with quartz and some acces
sory augite, hornblende, olivine, and biotite. The quartz, 
augite, and hornblende are locally important; the olivine 
occurs in the rocks in the south' and southeast parts of 
the area where it composes four to five percent of the 
rock and locally up to twenty percent; and biotite is 
present in some specimens in minor amounts. Some of the 
volcanics, particularly on the east side, contain a 
minor amount of magnetite. A minor amount of black fine
grained basalt was found at two locations and some flow 
breccia occurs on both sides of the northern Rocky Range 
and at one place in the Beaver Lake Mountains. The 
breccia contains a variety of subangular to rounded vol
canic fragments, up to three inches, in a medium-gray 
porphyritic matrix. The lavas are generally massive, 
flow banding being rare. 

Light- to medium-gray crystal tuffs are found at the 
western edge of the area. Some tuffaceous-looking lava 
may be included with these. Crystal fragments consist
ing of feldspar, quartz, and biotite usually constitute 
thirty to seventy-five percent of the rock, though a 
minor amount of tuff has, only ten percent crystal frag
ments, along with a few percent of small volcanic frag
ments in a very fine-grained, light-gray matrix. Biotite 
locally forms as much as thirty percent of the rock. The 
crystal fragments indicate a composition in the dacite
andesite range. 

Some maroon crystal tuff and some green lithic tuff 
which contains sixty percent angular volcanic fragments 
one quarter of an inch to one inch in size crop out on 
the southeast side of Quartzite Hill. Similar greenish 
lithic tuff occurs along the south side of the quartz 
monzonite west of hill 6870. 
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Figure 4. Flow breccia just south of the small dam east of 
the Rocky Range. 

Much of the volcanic rocks in the southern part of 
the Beaver Lake Mountains, between the two main quartz 
monzonite outcrops, has been altered. The altered rocks 
appear to constitute a broad shallow (?) roof pendent. 
The alteration is clearly related to the intrusion, the 
volcanics away from the intrusion being unaltered. 

The altered volcanics range from ones that merely 
have been bleached to highly altered ones composed almost 
entirely of silica or silica and sericite. Andalusite 
is present in s~me of the most highly altered rock (But
ler, 1913, p. 79). The southwest part of this area is 
especially siliteous and at places the siliceous rock has 
a granular appearance and may be mistaken for sandstone 
in a hand specimen. Along the south wall of Butch Canyon 
there is a sili~ic zone that may represent a fault. The 
alteration is further discussed under metamorphism. 

The colors of the altered rock vary from the light 
gray of the bleached rock through the light buffs and 
browns of the more highly altered rocks. Often the rocks 
are light-buff with dark-brown patterns commonly in the 
form of ' concentric circles. In the highly silicic rocks 
the colors are generally light grays on a fresh surface 
and dark reddish-brown on a weathered surface. 
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The volcanics have also been subjected to contact 
mineralization at several places south of hill 6870 and 
at a few locations south of the 0 K mine in what appear 
to be small mineralized roof pendents of volcanics. 
Another contact metamorphic zone occurs at the western 
base of Porcupine Hill. 

The volcanics unconformably overlie the Paleozoic 
carbonate rocks. The contact with the carbonate rocks 
is poorly exposed and the amount of discordance beyween 
the two is not known, b~t one hill of carbonate dipping 
about fourty degrees was capped by volcanics which appear
ed to be flat-lying. 

The contact of the quartz monzonite with the vol
canics is intrusive. This is shown by the alteration of 
the volcanics, which decreases away from the intrusive, 
by contact mineralization, gradational contacts in places, 
and by one quartz monzonite dike that cuts the volcanic 
rocks. 

It is difficult to judge the thickness of the vol
canics because of the lack of attitudes and the high prob
ability of undiscovered faults. Estimates from the sur
face extent suggest the volcanics are probably over 1,000 
feet thick. This same volcanic series was assigned a 
thickness of 4,800 feet in the San Francisco Mountains 
(East, 1956). 

The volcanic rocks can be dated only as younger than 
the Paleozoic carbonates and older than the quartz mon
zonite intrusive, which is not thought to be younger than 
middle Tertiary due to the amount of erosion that has 
taken place. However, these volcanics can be considered 
part of the extensive volcanics of the neighboring areas: 
Wah Wah, San Francisco, Star, and Mineral Ranges. In the 
Wah Wah Range the volcanics are younger than the Jurassic 
Winsor formation (R.C. Speed, personal communication). In 
the southern end of the Mineral Range the volcanics over
lie sediments assigned to the Cretaceous Claron conglom
erate and are considered early Tertiary in age (Earll, 
1957). In view of this the volcanics are tentatively 
assigned an early Tertiary age. 

Granodiorite Porphyry 

The granodiorite porphyry is recognized only in the 
southeast corner of the area where it forms an eastern 
bulge in the central part of the Rocky Range. This por
phyriticrock is very similar to some of the volcanics 
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and would probably be classed as an extrusive if the in
trusive nature of its southern contact were not seen. 
Butler has stated (1913, p. 51) "the two rocks are so 
similar in character that a separation is practically 
impossible." Immediately south of the mapped area the 
granodiorite is intrusive into carbonate rocks assigned 
to the Triassic Harrington formation by Butler (1913, plate 
1). The contact is mineralized in part, and the rock has 
been mined for its magnetite and copper content. 

In view of the marked similarity of the granodiorite 
porphyry to the volcanics, it is reasonable to suppose 
that the volcanic rock represents an intrusion along the 
base of the volcanics or perhaps a plug or volcanic con
duit. 

The granodiorite porphyry is a dark· gray to greenish
gray rock with fine- to medium-grained phenocrysts of feld
spar, some ferromagnesium minerals and quartz set in a 
very fine-grained dark groundmass. The phenocrysts form 
up to sixty percent of the rock. The composition of the 
rock is in the granodiorite-diorite range, but more 
closely approaching granodiorite on the average. 

The contact between the granodiorite porphyry and 
the volcanics is either not exposed or not recognized. 
Some volcanics may occur in the granodiorite porphyry. 
The quartz monzonite is intrusive into the granodiorite 
porphyry. The western contact with the quartz monzonite 
is rather sharp, but along the northern contact there are 
numerous dikes extending into the granodiorite porphyry 
fifty to a hundred feet forming a contact zone about fifty 
feet wide. 

The age relationship of the granodiorite porphyry is 
similar to that of the volcanics, it being younger_than 
the Triassic Harrington formation (Butler, 1913, p. 64) 
and older than the quartz monzonite. The age relationship 
to the volcanics is not known, but Butler (1913, p. 52) 
states that nwhat appear to be dikes of the granodiorite 
are present in the lavas of the Rocky Range, and it is 
believed to be younger than the flow rocks." The grano
diorite porphyry is here assigned somewhat arbitrarily 
the same age as tfle volcanics (early Tertiary). It may 
be younger than the volcanics and it may be related to 
them in some way. Liese (1957) found some dark grano
diorite in the northern Mineral Range, eleven miles east 
of the area. He believes this could represent an earlier 
magmatic differentiation of tpe main granite stock, which 
is assigned a middle Tertiary age, and it is therefore 
possibly early Tertiary in age. He states also that it 
might be related to the granodiorite porphyry of the 
Rocky Range. -34-



Quartz Monzonite 

The quartz monzonite crops out in four areas: the 
northeastern, where it is composed of several patches 
separated by altered carbonate or alluvium; the central, 
which has an arm extending to the southwest; and the 
southern parts of the Beaver Lake Mountain~ and the north
ern part of the Rocky Range. The quartz m~nzonite prob
ably also underlies most of the alluvium on the east and 
south sides of the mountains. 

The intrusive is medium-gray, with some light-gray, 
medium-grained equal granular rock which ranges from 
granite to quartz diorite and averages quartz monzonite 
approaching granodiorite (see fig. 5). Accessory min
erals include biotite, hornblende, augite, magnetite, 
apatite, and sphene. Quartz content ranges from ten to 
thirty percent, but is usually fifteen to twenty percent. 
Biotite ranges from one to fifteen percent and is gener
ally five to eight percent. Hornblende locally forms up 
to twenty percent, but usually composes about five percent, 
and augite locally forms a few percent. Magnetite is pres
ent up to about five percent and apatite and sphene form 
two percent or less. The quartz monzonite forms rounded 
outcrops and boulders that disintegrate into arkosic 

. sand covering the ground in the areas of the intrusive. 
In the northern Rocky Range the intrusive is a little 
coarser than average and slightly more resistant~ Joint
ing is fairly well developed in the quartz monzonite. On 
East Ridge the dominant jointing is about east-west and 
nearly vertical. Around Fairview Springs it is north
south. 

In a few places, particularly on East Ridge, the 
quartz monzonite contains scattered dark-gray, rwnded 
segregates of fist size that are slightly more resistant 
than the quartz monzonite and weather out as knobs on it. 
These segregates are fine- to medium-grained slightly por
phyritic areas of a much higher concentration of ferromag
nesium minerals. 

Schlieren commonly occur in the intrusive near the 
volcanic and granodiorite porphyry contacts. Their gen
eral appearance is fine-grained, gray-green bands and 
whispy streaks of chloritic material. A few gray bands 
have the appearance of streaked-out quartz monzonite, and 
some'of the bands may represent zones of movement rather 
than schlieren. However, in the Rocky Range, it was fairly 
definite that these streaks were schlieren since they 
were only plentiful near the contact and they were simi
lar in color to the granodiorite porphyry. 
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Figure 5. ~uartz monzonite cut by aplite dikes on East 
Ridge. 
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A darker, finer-grained type of quartz monzonite that 
weathers into angular fragments occurs along the contact 
in Butch Canyon and forms the hill at the end of the can
yon. It has less quartz and more pyroxene than usual and 
probably represents a border phase of the intrusive. A 
somewhat similar contact phase is described from the east
ern margin of the quartz monzonite in the San Francisco 
Mountains (East, 1956). 

The quartz monzonite has intruded the carbonates, 
volcanics, and granodiorite porphyry, altering a great 
deal of the intruded rock, and is probably responsible 
for all of the mineralization in the area. The intrusion 
appears to have been at least partially a forceful em
placement as carbonates which are flat-lying on Lime 
Mountain become folded southward toward the intrusion and 
are steeply dipping or vertical against it. The intru~ 
sions in the San Francisco Mountains (East, 1956) (Butler, 
1913, p. 70), Star Range (Butler, 1913, p. 71), northern 
Mineral Range (Liese, 1957), and in the House Range (Geh
man, 1958, p. 12) are also thought to have been, at least 
partially, forceful intrusions, since they appear to 
dome the intruded rock. This may be characteristic of 
the Tertiary intrusions of the region.', The presence of 
schlieren in the quartz monzonite indicates some diges
tion of the country rock, and the absence of carbonates 
below the volcanics in the southern part' of the area 
could be the result of a large amount of assimilation. 

The quartz monzonite is the youngest igneous rock of 
the area except for some dike rOCk. As the volcanics and 
granodiorite porphyry are thought to be of Tertiary age 
the intrusion is conceivably late early Tertiary or 
younger. On the other hand, it seems likely that the in· 
trusion occurred at least prior to the latest Tertiary to 
allow for sufficient time for the high-angle faulting and 
for erosion to uncover it. In view of this, the quartz 
monzonite is tentatively assigned a middle Tertiary age. 
In the San Francisco Mountains the quartz monzonite in
trusion has similar geologic relationships, being proba
bly part of the same general intrusion, and is conside~ed 
middle Tertiary in age by East (1956). He assigned the 
volcanics a possible late Oligocene age and considered 
a later age for the intrusive improbable since time waS 
needed for faulting and erosion to take place. At Gold 
Hill the quartz monzonite intrusion probably took place 
between the late Eocene and early Oligocene (Nolan, 1935, 
p. 48) and the intrusion at Iron Springs, fifty miles 
south of here, is thought by Butler (1920, p. 571) to 
have post-dated latitic lavas, which overlie sediments 
of Late Cretaceous or Eocene age or both (Mackin, 1947, 
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pp. 8-9). The monzonite intrusive in the Tintic district 
is late Eocene or post-Eocene in age, and the intrusion 
in the Oquirrh Range is probably the same age (Gilluly, 
1928, p. 1118). 

Quartz Diorite Porphyry 

Dikes of quartz monzonite porphyry are found within 
the quartz monzonite at two places: on East Ridge and 
south of the Skylark mine. In both places they strike 
east-west and appear to be vertical. The dikes line up 
and may lie along the same zone of weakness in the quartz 
monzonite, although they may be separated by a thrust fault. 
The quartz diorite porphyry is more resistant than the 
quartz monzonite and is a ridge former. 

The dikes are medium-gray porphyritic quartz diorite 
slightly darker than the quartz monzonite. They darken 
unevenly on weathering in such a way as to bring out the 
porphyritic texture and give the rock a speckled appear
ance. Also in places the rock has a marked pitted sur
face from the weathering-out of the feldspar. The pheno
crysts are medium-grained plagioclase with some quartz, 
hornblende, augite, biotite, and epidote in a fine-grained 
groundmass probably consisting mainly of quartz. Most of 
the rock has been propylitized with the majority of the 
hornblende, augite, and biotite replaced by chlorite and 
calcite; most of the plagioclase, as well, is partially 
altered. 

The contacts are chilled over a five-foot contact 
zone. The rock becomes more noticeably porphyritic and 
darker, grading into fine-grained black rock right at the 
contact. 

The quartz diorite porphyry can be dated only as 
post-quartz monzonite intrusive. Its relationship with 
the granite and associated dike rocks is unknown. The 
quartz monzonite intrusive near the dike south of the Sky
lark mine is dioritic in composition and possibly the 
dike may represent some of the inner still molten intru
sive that worked its way up into the solidified shell 
along a zone of weakness. If so, the quartz diorite por
phyry is only slightly younger than the main body of 
quartz monzonite and can be assigned a middle Tertiary 
age also. Perhaps the dikes are related to later volcan
ic activity, such as the late Tertiary (?) volcanic act
ivity in the Mineral Range (Liese, 1957), ~nd are late 
Tertiary in age. At Gold Hill, porphyry dikes which cut 
quartz monzonite are considered to be of the same gener-
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al age as the intrusion, and aplite dikes, which are also 
present there, are in general younger than the porphyry 
(Nolan, 1935, p. 48). Butler (1913, p. 63) believed that 
in th~ San Francisco and adjacent districts the basic and 
siliceous dikes in the quartz monzonite were introduced 
very soon after its solidification. In view of this and 
the fact that no other evidence of later volcanism was 
found, the quartz diorite porphyry is tentatively assigned 
to the middle Tertiary. 

Granite and Associated D~kes 

Small bodies of granite occur at several places in 
the quartz monzonite in the central and northeast parts 
of the mountains. The granite is associated with numer
~s small aplitic dikes and a few quartz veins that cut 
the quartz monzonite. This relationship is shown on 
East Ridge and in the northeast where a number of dikes 
apparently radiate from small bodies of granite. Some 
associated pegmatite occurs as separate dikes, small 
lenses in the granite, and as local variations in the ap
litic dikes. Similar dike rocks occur in the Notch Peak 
intrusive in the House Range (Gehman, 1958, pp. 20-23) and 
in the granite intrusive of the Mineral Range (Liese, 
1957). 

Granite 

The granite is light gray, which allows it to be 
differentiated from the quartz monzonite, fine- to coarse
grained and composed almost entirely of feldspar and 
quartz with only very minor biotite, hornblende, and a 
trace of magnetite. Some of the feldspar shows a fine 
micrographic intergrowth with quartz. Quartz makes up 
about twenty-five percent of the rock, but locally rang
es up to fifty percent. The contact of the granite with 
the quartz monzonite is gradational over a few feet and 
the granite, like the quartz monzonite, weathers into 
rounded outcrops and boulders. 

Aplite Dikes 

Numerous aplite dikes cut the quartz monzonite, 
especially on East Ridge, near the granite in the north
east and west of the head of Butch Canyon (see fig. 5). 
They also cut the granodiorite porphyry near the quartz 
monzonite contact on the crest of the Rocky Range and 
the lavas on Porcupine Hill. These dikes are generally 
less than two feet wide and are not shown on the geologic 
map (plate IV). 
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Figure 6. Altered Beaver Lake dolomite on the west side 
of Lime Mountain. 

The aplites are light gray to pinkish and gener
ally fine-grained, but in some "places coarse-grained, 
consis~ing of orthoclase and quartz with some plagioclase 
and minor biotite. At least one dike contains occasion
al books of muscovite, averaging one half inch across, 
and another contains small blebs of chalcopyrite. Quartz 
forms about thirty percent, but ranges up to fifty per
cent and, in the coarser-grained rocks, some of the 
quartz is intergrown with the orthoclase forming a ml
crographic texture. 

The contacts are both sharp and gradational, but 
more commonly gradational over a few millimeters. General
ly the dikes have a fine-grained equigranular texture 
that varies only slightly, but in some there is textual 
zoning. A few dikes grade from aphanitic chilled borders 
to fine-grained rock, and a number have fine-grained bor
ders that grade into a narrow pegmatitic zone along the 
cent~al part of the dike. 

The dikes range from an inch to over two feet in 
width and are more resistant to erosion than the quartz 
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monzonite, standing out from it slightly. On East Ridge 
the dikes, in general, follow the jointing in the quartz 
monzonite. 

Pegmatite Dikes 

Pegmatite dikes of simple mineralogical composition 
are found in two places at the intrusive contact: in Ram 
Skull Canyon and on the crest of the Rocky Range. Pegma
titic lenses also occur in the granite of the northeast 
part of the area and pegmatitic zones are found in t~e 
center of some of the aplite dikes. 

The pegmatite in Ram Skull Canyon is poorly exposed 
in an area about fifteen feet in diameter and its rela
tionship to the surrounding altered volcanics and quartz 
monzonite is not definitely known, but the pegmatite is 
presumed to have intruded them both since elsewhere dikes 
that are locally pegmatitic do so. It is composed main
ly of orthoclase and quartz with some plagioclase, musco
vite, and tourmaline. Quartz forms about twenty-five per
cent and occurs both in massive form and in graphic inter
growths with the feldspar. Muscovite constitutes about 
five percent and forms books up to three inches across. 
Tourmaline is present in a few hand-size slightly vuggy 
masses of black needle-like brittle crystals. 

The pegmatite in the Rocky Range occurs as a zone 
of pockets a foot to one and a half feet wide. It is 
similar to the other, but instead of tourmaline it con
tains a few chloritized masses of hornblende in crystals 
up to two inches long. Some of the quartz occurs as 
crystals up to one and a half inches long, and some spec
ular hematite is present as fist-size masses and fine 
coatings on the quartz. 

The few pegmatitic lenses in the granite, about one 
by four feet in size, consist almost entirely of coarse
grained orthoclase and quartz with the orthoclase crys
tals ranging over three inches in size. The quartz 
occurs in both massive. and crystal form, the crystals 
being perpendicular to the walls of the lenses and up to 
two by five inches in size. The pegmatitic gradations 
from the aplite dikes consist of coarse-grained feldspar 
and massive quartz in varying proportions. Gehman (1958, 
p. 24), in describlng similar pegmatitic zones in aplite 
dikes in and near the quartz monzonite intrusion of the 
House Range, points to evidence that suggests that the 
pegmatite may have resulted entirely by the recrystalliza
tion of the original aplite. 
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TOPOGRAPHIC MAP OF THE 
BEAVER LAKE MOUNTAINS, UTAH 
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CONTOUR INTERVAL 50 FEET 

On this plate and the "double spread" 
that follows (Plate IV), the Survey has 
attempted by dividing the "topography" from 
the "geology" to retain as much as possible 
of the detail originally shown on Plate I 
of the author's thesis. Had not the com
bined data been thus divided, the crowding 
made necessary by the reduced scale would 
have obscured and made much of the graphic 
relationships worthless. 

The topography has been taken from the 
U.S.G.S. special sheet on the San Francisco 
Mountain region. This topography extends 
northward to an east-west line just north 
of the Galena mine. The topography north 
of this line has been extended by free-hand 
extrapolation from such general information 
as was available to the draftsman. 

The "double spread" of Plate V shows 
geologic sections along lines indicated on 
the map of Plate IV, but at twice the scale. 
This plate was copied directly from the pIa te 
of sections prepared by the author for his 
thesis and would have had to be redrawn to 
render the printing legible had the sections 
been reduced to the same scale of the map 
shown on Plate III of this bUlletin. 

PLATE m 
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Quartz Veins 

A few massive quartz veins occur near the granite 
in the northeast and at the contact on the crest of the 
Rocky Range. These veins are a foot or less in width 
and appear to be grad~tional from the more pegmatitic 
dikes. 

The granite and the associated dikes may represent 
an acid differentiate of the intrusion, whose period of 
solidification extended beyond that of the main body. 
This differentiate may have worked its way upward through 
fractures developing in the cooling quartz monzonite. 
The pegmatitic and quartz veins could represent the 
more aqueous part and the last to solidify, perhaps re
placing some of the earlier rock. If so, these rocks 
can be considered only slightly younger than the quartz 
monzonite and can also be considered of middle Tertiary 
age. Butler (1913, p. 63) felt that intrusion of basic 
and siliceous. dikes following extensive intrusion of a 
rock of medium composi tion may be said to be the ordinary 
occurrence. 

S T RUe T U R E 

Structurally the area is complex and can be divided 
into two parts: the northern third which is structurally 
complex being effected by high-angle faulting, thrust
faulting, and folding and the southern two-thirds in 
which the structure mainly reflects the shape of the 
intrusive with some modification by high-angle faulting. 
This division may be more apparent than real, because 
many structural features may be obscured in the southern 
part of the area. 

SHAPE OF THE INTRUSION 

The structure in the southern two-thirds and the 
northeastern parts of the area is mainly a reflection of 
the shape of the quartz monzonite intrusion with much of 
the volcanic and carbonate rocks occurring as pendents in 
the intrusive. Many features of the intrusive have an east
west trend. In the northeast section pendents of carbonate 
have an east-west trend and are formed of nearly verti-

- cal east-west striking beds. The intrusive contact 
south of Lime Mountain is generally east-west and appar-

-44-



ently dips moderately to steeply northward. The volcan
ics and altered carbonate south of West Spring gener
ally dip moderately to the northwest and have a south
west trend, although the trend of the outcrop is thought 
to have been more east-west before the high-angle 
faulting took place since there is an apparent left 
lateral displacement. This also applies to the south
west trending arm of quartz monzonite. The volcanics 
south of Butch Canyon forma shallow (?) east-west pen
dent in the quartz monzonite. Southeast of Blueacre the 
area consists of scattered pendents of volcanks in 
quartz monzonite with no apparent trend. 

The east-west trending features are probably the 
result of the intrusion having followed earlier struc
tural trends, at least partly, since the pendents in the 
northeast and the contact south of Lime Mountain are 
approximately parallel to the strike of the intruded 
carbonates. 

FAULTING 

Both thrusting, which is becoming recognized as com
mon in the Basin and Range, and high-angle faulting, 
which has long been recognized as a characteristic of tre 
Basin and Range, occurred extensively in the area. The 
thrusting probably occurred in two periods, both earlier 
than the high-angle faulting which is generally more 
important here. No other periods of faulting could be 
distinguished, and all the faulting is ascribed to these 
three periods. 

THRUSTING 

Several thrust faults are observed or inferred in 
the northern part of the area. A thrust which brings De
vonian dolomite and altered and unaltered carbonate over 
altered carbonate and quartz monzonite is exposed in the 
northeast part of the area (see fig. 7). The dip of 
this thrust is about twenty-five degrees to the west and 
the thrust plate has a brecciated zone up to sixty feet 
wide at its edge. At its northern exposed end this 
thrust is overlain by two other probably related thrusts 
with the second thrust plate partially altered to jas
peroid. 

A thrust occurs north of tbe Joanna limestone west 
of the above thrust. The upper plate is unaltered carbo
nate and the lower plate Joanna limestone. Evidence for 
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Figure 7. Thrust fault in the northeast p~rt or the moun
tains, view north; ridge in the middle ground composed of 
brecciated unaltered dolomite on the left over steeply dip
ping altered carbonate. 

this was a silica-filled fractured zone that could define 
a north-dipping plane and a small (?) overturned syncline 
below this fractpre zone that probably represents a drag 
fold. The syncline was overturned to the south indicating 
southernly movement. 

In the northwest, a north-northwest dipping thrust 
is inferred to lie beneath the Prospect Mountain quart- ~ 
zite, although it is not exposed. This inference is 
based upon recognition of regional relationships. A 
thrust occurs at the base of the Prospect Mountain 
quartzite apparently wherever it is exposed in this re
gion: in the Yah Yah (R. C. Speed, personal communication), 
the San Francisco Range (Hintze, 1949, p. 49) (East, 1956), 
and in the northern Mineral Range (Liese, 1957). This 
inferred thrusting is supported somewhat by the brecci
ation of the Prospect Mountain quartzite on the south 
side of Quartzite Hill and the ridges to the east and 
the broken up, nature of the Cambrian limestone in the 
valley southeast of Quartzite Hill. There is evidence 

- for a fault on the east side of Quartzite Hill in that 
the southeast limb of the anticline is apparently mis
sing. This apparent break could very well be explained 
by a high-angle fault. 
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In view of thrusts being present at the base of the 
Prospect Mountain quartzite on both sides of the area 
and the brecciation of the quartzite, a thrust is inferred 
beneath the Prospect Mountain quartzite. Thrusting, how
ever, might better explain the complex faulting and the 
overturned syncline in the Millard limestone east of 
Quartzite Hill. 

Another thrust fault, approximately parallel to the 
thrust beneath the Prospect Mountain quartzite, is in
ferred south of the Cambrian limestone east of Quartzite 
Hill. This highly faulted and folded yet continuous belt 
of Cambrian limestone may represent a broken imbricate 
slice below a main thrust plate at the base of the Pros
pect Mountain quartzite. However, the distribution of 
rocks can be just as readily explained by high-angle 
faulting south of the Millard limestone. This conjec
tured thrust is placed along a brecciated zone just east 
of Quartzite Hill and a jasperoid zone farther east, fea
tures which could also be the result of high-angle fault
ing. The idea of an imbricate slice has been entertained 
in an effort to explain the faulted and folded nature of 
the belt of Cambrian rocks; as imbricate slices of Cam
brian limestone occur in the Wah Wah Range beneath a 
thrust plate of Prospect Mountain quartzite (R. C. Speed, 
personal communication), this is not an unreasonable pos
tulate providing there is a thrust beneath the Prospect 
Mountain quartzite. 

A small outcrop of limestone northwest of Lime 
Mountain is bounded by high-angl~ fault~ on its\north 
and west sides and by a jasperoid zone on the southeast 
that could represent either another high-angle fault or 
a thrust. 

A thrust was observed north of hill 6870, where sev
eral quartzite beds were cut off by a fault, the slick
ensided surface of which dips very shallowly. This 
thrust could not be traced far into the altered carbonate. 

Age of the Thrusting 

The thrusting is thought to have occurred in two per
iods: pre-volcanic and post-intrusive-pre-high-angle fault
ing, although there is only proof for the later age. The 
easternmost thrust which cuts altered carbonate and quartz 
monzonite i~ clearly post-intrusive and apparently pre
high-angle faulting, and the two thrusts above it at its 
northern end are thought to be part of the same general 
thrusting, because of their close physical relationship, 
and therefore the same age. 
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Geology by P. J. Barosh, 195B 

EXPLANATION 

o 
ALLUVIUM 

Unconsolido ted sond and grovel 
(including Lake Bonneville deposits) 

IGNEOUS ROCKS 

GRANITE 

~ 
QUARTZ DIORITE PORPHYRY 

QUARTZ MONZONITE 

GRANODIORITE PORPHYRY 

VOLCANICS 

SEDIMENTARY ROCKS 

UNDIFFERENTIATED CARBONATE 
LiCJht-to dark- gray dol . and Is. 

JOAN NA LIMESTONE 
Dark-gray cherty Is. a It.-gray dol. Is. 

B 
SIMONSON DOL.-GUILMETTE FM 
Dork-groy do lomite 

8 
Upper Member 

Lt.-gray dolomi te a dark gray shole 

51! 

LIME MOUNTAIN DOLOM ITE 
Lower Member 

Light- gra), dolomlle 

., 
:g 

z i 
::! 
0:: 
ID 
::;: 
<t 
<.> 

~l 

UNDIFFERENlll)TED LIME MTN. 
and BEAVER LAKE DOLOMITE 

EJ' 
BEAVER LAKE DOLOMITt 

Dork-gray mottled dolomite 

BURROWS LIMESTONE 
Light- to medlum- gray dolomite 

MILLARD LIMESTONE 
pork - gray limestone 

G;] 
PROSPECT MOUNTAIN QUARTZITE 

White- to light-groy quart zite 

METAMORPHIC ROCKS 

JASPEROID 

~~ 
METAMORPHOSED ROCKS 

other than JASPEROID 

Highest mappoble shoreline of Lake 
Bonneville, dashed where approxima tely 
localed ~---J_ 

Possible higher shoreline 

Lower shoreline features 

Bars 

Faults 

Thrust foults 

Strike and dip of beds 

Horizontol beds 

Vertlcol beds 

Overturned beds 

Anticline plunging 

Syncline plunging 

Overturned syncl i ne 

Geologic sections shown on plate !l. PLATE rl 
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The inferred thrusting involving the Cambrian rocks 
is thought to have occurred during the pre-volcanic period 
because of its field relations with the volcanics and cor
relations with near-by thrusts. The volcanics by the 
south side of Quartzite Hill would appear to overlie the 
inferred thrust, unless it is very sinuous here. 

Since the possible thrusts in the northwest have 
been largely inferred from thrusts in near-by areas, it is 
most probable, if they exist, that they are of similar 
age. In the San Francisco Mountains the thrust af the 
base of the Prospect Mountain quartzite is apparently 
younger than the volcanics (East, 1956). Liese (1957) 
d~tes the thrust at the base of the Prospect Mountain 
quartzite in the northern Mineral Range as pre-Creta
ceous (1) in age since Indianola (1) conglomerate of Cre
taceous (7) age unconformably overlies the thrust plate. 
Liese sets the date of the thrusting between Late(?) 
Jurassic and Early Cretaceous time by reference to the 
first period of thrusting in the House Range where Chris
tiansen (1952, pp. 732-736) found two periods of thrusting: 
the first one Late Jurassic to Early Cretaceous involving 
Precambrian rocks over early Paleozoic strata, and the 
second in early Laramide time involving Precambrian over 
Indianola (7) conglomerate. However, Hintze "(personal 
communication) considers the thrusting of this region 
Laramide in age and Maxey (1946, p. 353) dated the thrust
ing in the Pavant Range, which involved a thrust plate of 
Lower Cambrian quartzite to' Upper Cambrian limestone, as 
post-Jurassic-pre-Eocene (1). Some of the thrusting in 
the southern Wah Wah Range involves Cambrian limestones" 
over Jurassic Winsor formation (R. C. Speed, personal 
communication). At Gold Hill, Nolan (1935, pp. 63-64) found 
four periods of thrusting; three earlier than the quartz 
monzonite stock and one later. The first two periods 
are tentatively classed as of Cretaceous or early Eocene 
age, the third is considered to be of Eocene age, and the 
fourth must date from late Eocene or early Oligocene time. 

In view of the above discussion, it is thought that 
there were two periods of thrusting in the Beaver Lake 
Mountains: the first period, involving an inferred thrust 
plate of Cambrian rocks, tentatively assigned a Cretaceous 
age, and the second, involving a thrust "plate of middle 
Paleozoic rocks, considered late middle or early late 
Tertiary in age. It is quite possible, however, that all 
the thrusting took place during one period with possibly 
the main movement being along the inferred thrust at the 
base of the Prospect Mountain quartzite, and the other 
thrust representing relatively minor imbricate slices in 
the rocks being overridden. 
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HIGH-ANGLE FAULTING 

High-angle faulting, mainly normal, is one of the 
most important structural features in the Beaver Lake 
Mountains; in view of the absence of north-south line
ation of ~he mountain mass, typical of the Basin and 
Range, north-south faulting is perhaps not as important 
as usual in this province. Perhaps the east-west trends 
of the intrusive retarded the development of north-south 
faulting. 

The high-angle faults generally have a norther~ly 
trend, although several transverse east-west faults are 
recognized in the northern part of the area. The most 
noteable north-south fault zone cuts the carbonate-vol
canic-intrusive complex in the central part of the range. 
Possibly the fault bounding the undifferentiated carbonates 
west of Lime Mountain is a northern continuation of this 
zone. The apparent movement across this zone is left lat
erally and relatively down on the west side. There also 
may be a fault just west of this zone where the southwest 
arm of quartz monzonite makes a sharp bend north. At the 
west edge of the mountains is a patch of altered carbonate 
which was probably brought relatively upwards by a reverse 
fault against the volcanics. North of this is another 
fault between a hill of steeply dipping dark volcanics 
and gently dipping light tuffaceous volcanics at its 
western base. A fault is place~ east of East Ridge in 
agreement with Butler (1913, p. 73) since the rock here 
weathers easily and faulting is the most probable answer 
for the steep bluff along the east side of the ridge. 
The steep northern end of the Rocky Range is inferred to 
be fault bounded on geomorphic evidence also. 

The north end of the area is cut into blocks by a 
number of faults with maximum displacement probably less 
than 1,000 feet (see fig. 8). It is interesting to note 
that along section A~Af (plate V) all the high-angle 
faults north of Lime Mountain are stepped down to the 
north. The transverse faults south of Lime Mountain 
have been inferred along topographic breaks and are con
sidered to be relatively minor faults. A silicic zone 
in the volcanics along the south wall of Butch Canyon 
might represent another transverse fault. 

~ of the High-Angle Faulting 

High-angle faulting was one of the latest events to 
take place in the area as it has affected all rock types 
and other structures, except the Lake Bonneville shore 
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Figure 8. Normal fault separating the upper member of the 
Lime Mountain dolomite on the left from Joanna limestone 
on the right, view northwest in canyon northeast of the 
Galena mine. 
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line features. It is therefore post-intrusion and post
thrusting, but pre-Lake Bonneville. Since the intrusive 
is considered middle Tertiary in age and the area had 
undergone extensive erosion prior to late Pleistocene 
Lake Bonneville, the faulting is thought to have occurred 
during the late Tertiary. 

FOLDING 

Folding appears to be a minor structural feature in 
the mountains as a whole, although it is very severe in 
places. The folding is largely confined to the Cambrian 
rocks and the altered carbonate rocks south and west of 
Lime Mountain. The folding in the Cambrian rocks may be 
related to thrusting while that near Lime Mountain ap
pears to be related to the intrusion. Folding may be 
present in the altered carbonate in the south and north
east parts of the area, but attitudes are scarce there. 
The area may also be involved in some large-scale region
al folding. 

FOLDS IN THE CAMBRIAN ROCKS 

The Cambrian rocks at the north edge of the area 
show a great deal of folding. The Prospect Mountain 
quartzite forms a la,rge west-south\Vest plunging anticline 
with much of its south limb missing. The Cambrian lime
stone east of Quartzite Hill is broken into numerous fault 
blocks many of which are tightly folded into isoclinal 
and overturned folds (see figs. 9 and 11). This belt of 
limestone appears to be synclinal and may be a disrupted 
southeast continuation from the anticline through Quart
zite Hill. 

These folds are cut by the inferred thrusts and are 
therefore earlier than the first period of thrusting. 
Perhaps the folding and thrusting were about contempor
aneous with large folds developing and then rupturing 
into thrusts and the small tight folds developing during 
the thrusting in one continuing episode. 

FOLDS BY LIME MOUNTAIN 

The several small folds on the south side of Lime 
Mountain appear ,to be related to the intrusion and may 
have been formed by forceful emplacement of the quartz 
monzonite. The carbonate on top of Lime Mountain is 
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Figure 9. Overturned syncline in Millard limestone at the 
northeast edge of the mountains, looking northeast; recent 
volcano in background. 

Figure 10. Small folds in altered Beaver Lake dolomite 
on the south side of Lime Mountain, view east. 
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flat lying and unaltered, but towards the south, near the 
intrusive, the carbonate becomes altered and is folded 
into several small east-west trending folds (see fig. 10). 
At the quartz monzonite contact the carbonate is highly 
metamorphosed and dips nearly vertical. 

On the west side of Lime Mountain are several small 
folds in metamorphosed Beaver Lake dolomite. These folds 
may also be related to the intrusion, although no relation
ship can be seen in the field other than the folds being 
in metamorphosed rock. 

These folds are considered to have been contemporane
ous with the intrusive which has been assigned a middle 
Tertiary age. 

REGIONAL FOLDING 

Some large-scale, regional, north-south folds plunging 
gently to the northwest occur in this part of western 
Utah, at least in the areas of Cambrian rocks. A north
south syncline traverses the central and northern Wah Wah 
Range (R. C. Speed,personal communication). An anti
cline is present at the western edge of the San Francisco 
Mountains (Butler, 1913, p. 70) (East, 1956) which lines 
up northward with the anticline along the west side of the 
House Range and the east side of the Fish Springs Range 
(Gehman, 1958, p. 12). The Prospect Mountain quartzite 
capping the San Francisco Mountains continued northeast
ward under a north-south syncline of Middle Cambrian 
rocks that form the Cricket Hills, and the San Francisco 
Mountains appear to represent a remnant of an intervening 
anticline between the Wah Wah Range and the Cricket Hills. 
What effect this regional folding had on the Beaver Lake 
Mountains is not known, but if there is no intervening 
brea~ the Beaver Lake Mountains appareritly lie on the 
west limb of the Cricket Hills syncline. 

This regional folding is thought to have occurred 
after the first period of thrusting, since the thrust 
plane is apparently folded in the Wah Wah Range and the 
San Francisco Mountains, and pre-quartz monzonite (Butler, 
1913, p. 70). The north-south folds in the Canyon Range 
are thought by Christiansen (1952, pp. 733-36) to have de
veloped as gentle folds during ~n Early Cretaceous oro
geny and later intensified durinE an ear~y Laramide 
orogeny with thrust surfaces b~ing folded. He believed 
that these two orogenies involved most of western Utah 
and eastern Nevada (1951, pp. 69, 79-80). In view of 
this, the folding is tentatively dated as Cretaceous and 
slightly younger than the first period of thrusting. 
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Figure 11. Isoclinal syncline in the Millard limestone at left edge 
of Fi~ure 9. ~iew eastward and down nluD~e. 



G E 0 M 0 R P H 0 LOG Y 

The Beaver Lake Mountains are not the simple geomor
phically old mountains that Butler (1913) pictured, .but 
are more complex with evidence indicating that the moun
tains are being uncovered rather than buried. Also, the 
mountains are situated on an east dipping slope from the 
San Francisco Mountains, and ihis slope along with the 
San Francisco Mountains has had a great deal of influence 
on the geomorphic development of the range. Varied fea
tures found in the area include stream captures, pedi
ments, and shore line features of Lake Bonneville, which 
once covered the eastern edge of the area. 

The geomorphology of the area is complex and varied 
reflecting the different underlying rock types and struc
ture. Neither structure nor stratigraphy is the outstand
ingly dominant geomorphic control in the mountains, but 
rather a combination with structure being the main con
trol of the northern part of the mountains and strati
graphy the more important control in the southern part. 
In an over-all view, structure is probably mainly responsi
ble for the de~elopment of the range since it seems to be 
the dominant control in the northern part of the area 
where relationships are clearer, but it is apparently 
not nearly as important here as it is in the neighboring 
ranges. 

STRUCTURAL CONTROLS 

In the northern part of the area practically all of 
the valleys are fault controlled by high-angle faults 
along with two thrusts.. Parts of other thrusts have re
sulted in ridges because of the silicification of brec
ciated rock along them. The north end of the Rocky 
Range is also inferred to be principally fault controlled 
from the steep-sided linear ridge of quartz monzonite. 
These are the most rugged parts of the area. 

The north-south fault zone thru the southern part 
of the mountains follows the larger valleys and was lo
cated partly on geomorphic evidence. Perhaps some of 
the other valleys in this part of the area are fault 
controlled either directly or indirectly through silici
fied fault zones. 

Folding appears to have little topographic repre
sentation except possibly for Quartzite Hill, since it 
appears to be somewhat anticlinal. 
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STRATIGRAPHIC CONTROLS 

The unaltered carbonate and the quartzite appear to 
be the most resistant rock types, forming Lime Mountain 
and Quartzite Hill respectively. Highly altered carbo
nate on the other hand is less resistant, forming the 
low areas south of L'ime Mountain, although this might 
be aided by faulting, and in the northeast. The un
altered volcanics are moderately resistant and the al
tered volcanics vary in resistance depending on the a
mount and type of alteration. The poorly resistant 
highly altered volcanics along the intrusive contact are 
responsible for the development of Butoh Canyon, Ram 
Skull Canyon, and the canyon west of the 0 K mine. Some 
of the very silicic altered volcanics are fairly resist
ant and a silicified zone is responsible for the steep 
south wall of Butch Canyon. This later zone, however, 
may mark a fault and may not be strictly a stratigraph
ic control. 

The quartz monzonite is relatively nonresistant 
to weathering and has a north-south grain in some parts 
that reflects the main joint direction. The quartz mon
zonite near the carbonate contacts, however, appears to be 
more resistant. It forms the ridge upon which the Sky
lark mine is located and ~he east-west ridge between 
two carbonate pendents in the northeast part of the area. 
In other places quartz monzonite has been planed to ped
iments. 

PEDIMENTS 

A smooth pediment surface is developed on the quartz 
monzonite from the head of Butch Canyon north to West 
Spring. This west-dipping plane ends against carbonates 
and alluvium to the west, and to the east it extends to 
the divide. The pediment is unbroken except for a low 
ridge formed of quartz diorite porphyry which differs 
from the quartz monzonite by weathering into angular frag
ments instead of disintegrating directly into sand. The 
pediment is only developed on the quartz monzonite, and 
it is generally covered by a few inches to a foot of ar
kosic sand. Presently the extent of the pediment is be
ing diminished. Formerly the pediment extended farther 
to the east, but since the gradient east of the divide 
is much steeper, erosion is more active there and the di
vide has and still is migrating westward. Also, the 
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upper end of Butch Canyon is being extended into the ped
iment from the south and has formed a pass through the 
mountains there. 

From the top of the divide, a ragged escarpment 
faces eastward. This escarpment may represent a fault
line scarp from a fault to the east, perhaps the south
ern continuation of the thrust in the northeast, or it 
could ~e a pediment divide with the pediment to the east 
now largely buried by the debris being eroded from the 
bluff. At the base of the escarpment there are na~row 
patches of an irregular pediment which is probably re
tarded in its development by the debris being eroded 
from above. A small narrow pediment is also developed 
on the west side of East Ridge. The bluff on the east 
side of the ridge is probably a fault-line scarp as But
ler (1913, p. 73) also noticed. 

DRAINAGE PATTERN 

The Beaver Lake Mountains have a definite two sided
ness in its drainage pattern due to being situated on a 
slope. On the west side of the range there are numerous 
small incised stream channels in gullies or feebly de
veloped canyons that trend westerly into two main chan
nels at the intersection of the west slope of the Beaver 
Lake Mountains and the east slope of the San Francisco 
Mountains. The slope from the San Francisco Mountains 
has noticeably larger incised stream channels on it. One 
of the main channels trends north and then east around 
the northern end of the range. The other trends south 
and east around the south end of the Rocky Range, but 
apparently at one time it went north of the Rocky Range. 
Thus the drainage from the west side makes anywhere from 
a 90 0 to a 180 0 turn. 

The stream pattern of the east side of the range is 
quite different. The streams are fewer in number, larger, 
pass thru larger canyons, and trend directly eastward 
towards the Beaver River. Some complications of the 
drainage are discussed in the following section. 

EXHUMATION AND PRESENT DEVELOPMENT 

The western part of the mountain mass is now appar
ently being uncovered due to an increased stream gradient 
to the east. Th~ strongest evidence for this is the "up
land gravels" which occur in patches on the lower west
ern volcanic slopes. These "gravels" contain cobbles 
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and boulders of quartzite, many of which could not have 
arrived there by downslope movement under present condi
tions. As these boulders of quartzite are a conspicuous 
characteristic of the alluvium from the San Francisco 
Mountains, it seems logical that at least the western 
flanks were buried by debris from the San Francisco 
Mountains. 

The features of the west flank are thought to have 
developed as the San Francisco slope receded from the 
west flank by headward erosion of the trib~taries to 
the main trunk streams. 

The east side of the range has probably never been 
buried, since no streams are superimposed across the 
mountains as might be expected, and canyons are much 
better developed than on the west side of the range. 
Also, the east base of the Beaver Lake Mountains consists 
of very low, broad, smooth coalescing fans on which the 
stream channels branch and diminish downslope with de
position taking place. For example, a well-developed 
stream channel, three to four feet de~p, emerges from 
Butch Canyon, continues part way down the fan, and sud
denly rises abo~e the general level of the ground on a 
sort of dry land "delta" and branches into small gul
lies. 

The deposition rather than excavation on the eas~ 
side is thought to be due to the lack of a major stream 
passing there since the excavation appears to proceed 
by headward erosion from the larger streams. The toe 
of the fan from Ram Skull Canyon is just beginning to be 
eroded by the stream at its base. The mountains are 
now in the position whereby excavation of the west side 
is taking place and deposition on the east side. 

The drainage is in a state of transition in the 
south part of the area due to more rapid excavation 
farther south. The streams on the south side of the 
mountains possess an assymetrical pattern in that their 
tributaries are from the north and the streams appear 
somewhat perched. It appears that originally th~ south
west part of the area drained through the gap between 
the Beaver Lake and the Rocky Ranges, but the drainage 
was captured ata poi~t south of the 0 K mine and pre
sently drains around th~ south end of the Rocky Range. 
This present drainage will be someday moved farther 
south as its capture by the Big Wash to the south appears 
imminent. The stream presently flowing north of the 
Rocky Range will likely lose its headwaters by cap
ture in the vicinity of Porcupine Hill. 
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Stream captures in the northeast part of the area 
may also be related to the exhuming of the western side 
of the mountains. A northeast flowing stream northeast 
of Lime Mountain has captured the headwaters and in
cised the valleys of both a northwest and an eastward 
flowing stream (see fig. 12). Also, the stream which 
drains the east side of Lime Mountain is incised in its 
course and has two right-angle bends which may be the 
result of havipg captured its present headwaters just 
as its ~riginal headwaters were captured from it by the 
aforementioned stream. 

The cause of this increased gradient is thought to 
be the result of a change in base level from the Milford 
Valley to that of the Sevier Desert. Milford Valley is 
postulated to have been a b~sin of interior or only 
slightly exterior drainage, such as the valley west of the 
Wah Wah Range. With this as the local base level, the 
west flank of the Beaver Lake Mountains was buried by 
debris shed largely by the San Francisco Mountains. 
Milford Valley was then tapped by headward erosion of 
the Beaver River north of Black Rock, or if exterior 
drainage already existed it was greatly speeded up and 
Milford Valley ghanged from an area of deposition to one 
of excavation.ll The changes wrought by this excavation 
are due perhaps from the excavation having taken place 
rather subtle, slowly, or from the masking effect of ero
sion or the Lake Bonneville deposits. A tapping of 
this sort, with headward erosion the main mechanism, 
should be able to account for the increased gradient 
without the need of postulating any regional tilting. 

In summary, the west side of the Beaver Lake Moun
tains are being exhumed while on the east side deposi
tion is taking place in the form of fans along the base 
of the range. The debris from the northwest 'Beaver 
Lake Mountains and the northeast part of the San Fran
cisco slope is being carried to the northeast and de
posited in a large fan between the Beaver Lake Mountains 
and the Beaver Mountains. Along the northeast part of 
the Beaver Lake Mountains, the valleys are being deepen
ed and the debris deposited at the base of the hill in low 

1/ This change, quite possibly, resulted from the 
clogging of the drainage north of Black Rock by volcanic 
debris--pumice, ejecta, and lava flows that accumulated 
in this region. Subsequently, entrenching through this 
clogged drainage permitted resumption of degradation and 
the exhuming of the old topography in the Beaver Lake 
district. Arthur L. Crawford. 

-63-



Figure 12. Stream capture, view southeast up beheaded val
ley northeast of Lime Mountain; stream, hidden in canyon 
at the middle left, has captured and incised the head of 
the valley. Lime Mountain in the upp~r right. 

fans. The east-central part of the San Francisco slope 
and the southwest part of the Beaver Lake Mountains 
once drained north of the Rocky Range, but now drain 
south of them and will eventually drain farther south 
into the Big Wash. The southeast part of the area is 
drained north of the Rocky Range by a stream which is 
excavating and depositing its load northeast o~ the 
Rocky Range. On the east side of the mountains the 
streams are deepening their valleys and depositing their 
loads in broad fans at the base of the range. 

LAKE BONNEVILLE SHORE LINE FEATURES 

Milford Valley was once occupied by an arm of Lake 
Bonneville and many shore line features are preserved 
along the east edge of the area. This part of Lake 
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Bonneville was filled only during the highest stage of 
the lake. The Provo stage did not flood Milford Valley 
(Gilbert, 1890, p. 128). Various features preserved in
clude beaches, bars, and a delta. 

The highest mappable shore line follows approximately 
the 5,110 foot level, as read from the preliminary 7 1/2 
minute quadrangle Lund Number One Northeast, Utah. This 
matches fairly closely with Dennis (1944) who found the 
shore line from Pumice to Milford consistently at about 
5,120 feet above sea level. Most of the shore line fea
tures are easily missed on the ground, but show up quite 
well on aerial photographs. They have a rather scallop
ed pattern reflecting the underlying alluvial fans. 

In the southern part of the area, the shore line is 
represented by a 10-foot wide sandy strip which looks 
like an old road because there is little vegetation 
on it (see fig. 13). It has a slightly steeper gradi
ent than the general slope, and for this reason it has 
a few more gullies than usual. The shore line is hard 
to find on the ground in the central part of the area. 
At the northern edge of the area is a narrow assymetri
cal ridge about five feet high which slopes steeply on 
the downhill side and gently on the uphill side, that, 
perhaps, was built in the outer edge of the surf zone. 
Just east of this ridge a row of very small, gravel
covered hills trend northeast obliquely to the shore 
line. These are thought to be pre-Lake Bonneville in 
origin and thinly veneered by lake gravels. 

In the southeast corner of the area, a hill of 
volcanics protruded into the lake forming a headland. 
From thiR headland a ridge of volcanics extended north
east into the lake to form two islands. From the outer 
island a sand bar curved northwest almost to shore enclosing 
a- small lagoon between it and the shore (see fig. l4). 
This lagoonal basin has since been utilized as a site for 
a small dam. On the east side of the "headland" and 
"islands," a wave-built sand flat extends out 500 feet and 
suddenly drops off forming a fifteen-foot bluff. 

A small lagoon also existed north of Bat Ridge, 
where a small embayment was once formed at the inter
section of two alluvial fans. A gravel bar across the 
bay probably transformed the head of the bay into some
what of a lagoon. There are two parallel gravel bars 
here about 400 feet apa~t that may represent two dif
ferent levels of the lake. These have been modified 
and now also serve as small dams. 
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Figure 13. Lake Bonneville shore line, light streak in 
center curving off to the lower right; view north from 
knoll west of the Rocky Range. 

Where the stream that flows between the Rocky Range 
and the Beaver Lake Mountains enters what was once the 
lake, what appears to be a delta has formed, part of 
which is inside the eastern edge of the area. This de
positional area is much more irregular than a fan, be
ing rather lobate in plan with a hummocky surface and 
has an irregular terrace built at the head of it. This 
delta covers about three square miles and has faint 
traces of shore lines across parts of it. 

Faint traces of what may represent a higher lake 
level occurs near East Ridge, and traces of successively 
lower shore lines occur to the east down to the Beaver 
River. 

There appears to have been little change since 
Lake Bonneville vanished from Milford Valley. Some of 
the shore features show only moderate gdlly~ng and others 
are covered in places with but a thin veneer of alluvium. 
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G E 0 LOG I C HIS TOR Y 

The geologic record of the area appears to be one 
of relatively quiet sedimentation for the early and 
middle Paleozoic which probably continued till the 
late Mesozoic, and a great deal of activity in the lat
est Mesozoic and Tertiary with extrusion, intrusion, 
thrusting, and high-angle faulting in perhaps one con
tinuous orogenic sequence. 

PALEOZOIC 

In general the Paleozoic rocks of the area record 
an era of fairly quiet subsidence and marine deposition 
which tock place on the eastern sid~ of a geosyncline 
that extended west into California. The Cambrian rocks 
form a transgressive sequence of quartzite-shale-car
bonate, and carbonate deposition predominated through
out the rest of the Paleozoic. Any deformation during 
this period is thought to have been in the form of broad 
upwarps. 

MESOZOIC 

No Mesozoic rocks are exposed in the area, but to 
judge from nearby Mesozoic sediments, deposition contin
ued to be predominately carbonate into the early Meso
zoic and then changes to mainly clastic deposition that 
was largely of continental origin by Mid Jurassic. 
Towards the end of the er~ uplift, along with folding and 
thrusting, occurred followed by deep erosion. It is 
during this time that the Cambrian rocks were folded 
and thrust and the thick Mesozoic cover was removed. 
Christiansen (1951, p. 79) believes the uplift started 
in the Late Jurassic and culminated in Early Creta
ceous time with a recurrence of folding and thrusting in 
Early Laramide time. In the area just west of the 
Wasatch Plateau, an uplift may have started in the Late 
Jurassic or Early Cretaceous followed closely by two 
orogenic pulses with the major orogeny in early Laramide 
time (Spieker, 1949, pp. 78-79). By the end of Cret~ 
ceous time,mountains had been built by thrust faulti~g 
and folding in the Basin and Range Province adjoining 
tb.~ Colorado Plateau (Hunt, 1956, pp. 55-56). It appears 
then, that while the disturbance may have started ear
lier, Late Jurassic or Early Cretaceous, the main part 
probably occurred during the Late Cretaceous and by the 
close of the Mesozoic the area was mountainous and be
ing eroded. 

-67-



Figure 14. Offshore bar, view northwest along a sand bar 
from an "island" east of the Rocky Range toward the shore 
line through the center of the picture and the Beaver Lake 
Mountains beyond, ancient lagoon in the left foreground. 

CENOZOIC 

The early Tertiary (7) was a period of volcanism. 
A great amount and variety of volcanics were spread 
out on the surface, and locally volcanics may have been 
extruded from a vent in the Rocky Range as represented 
by the granodiorite porphyry. 

Following the volcanism, the area was intruded by 
a stock of quartz monzonite in the middle Tertiary (7). 
The intrusion was at least partially forceful, folding 
the sediments by Lime Mountain and perhaps tilting the 
sediments and volcanics to the northwest in the vicinity 
of hill 6870. This shallow intrusion altered much of 
the carbonates and volcanics and was also responsible 
for the mineralization in the area. 

After the intrusion the area underwent a second 
period of thrusting which cut the altered carbonate and 
intrusive in the northwest. Perhaps it was at this time 
that the north-south regional folding took place. 
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Block faulting typical of the Basin and Range 
occurred in the late Tertiary, and it was probably at 
this time that the present Beaver Lake Mountains were 
formed. The block faulting may be the result of a re
laxation of the earlier compressive forces which caused 
the thrusting and regional folding. 

At the end of the Tertiary, the Beaver Lake Moun
tains were an emergent range that was being eroded and 
buried by its own waste and waste from the San Francis
co Mountains with Milford Valley being an enclosed basin 
and serving as the local base level. This continued 
until at least the west flank of the range was covered. 
Then~ durin~ the early or middle Pleistocene, the local 
base level changed through transformation of Milford 
Valley from interior to exterior drainage northward into 
the valley of the Sevier Desert. This brought about a 
stripping away of the alluvial cover of the west and 
south sides and a deepening of the eastern trending 
valleys at the north side of the mountains, a process 
which is continuing today. 

In the late Pleistocene Lake Bonneville filled 
Milford Valley during its highest stage (Gilbert, 1890, 
plate 3) and added a few shore line features to the east 
of the area that have been little modified since. 

There has been little change since Lake Bonneville 
receded from the valley. Gilbert (1890, plate 46) pro
posed a slight eastward tilting of the area since Lake 
Bonneville, but Dennis (1944) found that there is littl~ 
or no post-Bonneville deformation indicated by shore lines 
in the Escalante Bay of Lake Bonneville. The general 
absence of recent fault scarps in Escalante Valley fur-
nishes additional evidence that there has been little 
recent deformation (Dennis, 1944). 

The Beaver Lake Mountains should continue to be 
uncovered and this will be especially noticeable on the 
south flank where the alluvium is already fairly thin. 

CON T ACT MET A M ° R PHI S M 

The quartz monzonite intrusion has altered the ear
lier rocks for varying distances from its contacts and 
mineralized them in places along its contacts. The al
teration in the carbonates falls readily into two types, 
mineralogically and geographically: simple hydrothermal 
metamorphism with recrystallization and rearrangement of 
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Figure 15. Altered Beaver Lake dolomite with tremolite 
nodules on the west side of Lime Mountain in the center 
of figure 6. 
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components with little or no addition of material, and 
contact mineralization with recrystallization and the 
addition of material, mainly iron and silica. The alter
ation of the lavas is less clear cut, and the amount due 
to surface alteration is unknown, but in general there 
appear to be three types: simple hydrothermal metamor
phism with little or no addition of material, with main
ly silica added, and with mainly iron and silica added. 

ALTERATION OF THE CARBONATE ROCKS 

HYDROTHERMAL METAMORPHISM 

This is by far the major type of alteration in the 
carbonate rocks. The effect of the intrusion has been 
mainly from its heat, with little if any addition of 
material, which has produced bleaching, recrystalli2atio~ 
and rearrangement of components already present. The 
altered rock is generally a white to light-gray recrystal
lized carbonate. On the west side of Lime Mountain some 
tremolite is present in fist-size nodules and irregular 
bands, also two small nodules of hematite and one limo
nitic pseudomorph after pyrite were found (see fig. 15). 

These altered rocks have apparently undergone some 
compression. On the west side of Lime Mountain where 
one outcrop of dark-gray mottled dolomite grades into 
the altered rock, the mottling becomes flattened and elong
ated grading into banding in the altered rock. Also near 
here a large horn coral in the altered rock.has an elip~ 
tical cross section, perhaps from being compressed. 

In the northern part of the area are several places 
where silica has replaced carbonate to form jasperoid 
(see fig. 16). This silicification is not thought to be 
related to the quartz monzonite intrusive since some of 
the jasperoid appears to be controlled by the later high
angle faulting. 

CONTACT MINERALIZATION 

A rather narrow zone is present sporadically along 
most of the quartz monzonite-carbonate contact in which 
there has been an addition of material from the intrusive, 
mainly iron and silica. This skarn zone is present in 
small pods along most of the contact south of Lime Moun
tain, at a few scattered spots along the contacts on 
Bat Ridge, mainly on the east end of the north side, as 
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Figure 16. Jasperoid, light patches at top partially sil
icified carbonate, dark area in center dark reddish-brown 
network of silica veinlets around silicified carbonate, 
light patches at bottom light-gray nquartzite"; replaced 
Devonian dolomite north of Lime Mountain. 

completely mineralized pendents south of Bat Ridge and 
along the southwest extension of the central intrusive 
body, mainly toward the west end. In general this zone 
is less than ten feet wide, but reaches over fifty feet 
in places. 

This zone is very irreguls~ in size, distribution, 
and mineral content, but displays continuity in place
ment along the intrusive contact, general mineral suite, 
and in showing an addition of material from the intrusive. 
Often these deposits are roughly banded approximately 
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parallel to the contact, but massive and disseminated 
occurrences are also common. 

This is mainly an epidote-magnetite-garnet zone 
with a variety of other minerals in minor amounts, but 
the mineralized zone shows a very wide range in proportion 
and number of minerals present. The most typical assem
blage is a banded to laminated rock composed chiefly of 
epidote and magnetite with a mixture of other minerals. 
In the mineralized pendents south of Bat Ridge, the skarn 
consists mainly of epidote and garnet with only a very 
minor amount of magnetite and at many places along the 
contacts garnet is the chief contact mineral. 

At places the mineralization is monominerallic. In 
the center of the north side of Bat Ridge there is a 
small lens of magnetite with little or no other contact 
minerals, except possibly for some calcite. Towards the 
west end of the southwest arm of quartz monzonite the 
contact appears very shallow with small patches of the 
intrusive exposed north of the main contact. In this 
area small masses of crystalline garnet occur in vugs 
within the altered carbonate and vesuvianite and garnet 
occur along the main contact. A lens of specular hema
tite, the Black Rock mine, is present north of West Spring 
lying entirely within the altered carbonate but close to 
two intrusive contacts (see fig. 17). Perhaps this is 
the result of the more usual magnetite forming solutions 
having been directed a little away from the contact into 
a more oxidizing environment in the carbonate and changed 
to hematite. Some galena float was found by a shaft 
north of the Black Rock mine, but the relationships 
of this mineral are unknown. 

Minerals recognized in the contact zone are garnet, 
epidote, magnetite, hematite, muscovite, calcite, quartz, 
tremolite, chalcopyrite, pyrite, tourmaline, diopside, 
vesuvianite, and cuprite. Butler (1913, pp. 87, 191) fur
ther lists pyrolusite and native copper. Secondary 
copper minerals malachite, azurite, arid chrysocolla are 
fairly common; and chalcedony is found in places. 

This mineralized zone is not present along the con
tact near the head of Butch Canyon. Here there appears 
to be a narrow silicic zone along the contact which may 
have been early and precluded further mineralization. 
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Figure 17. Black Rock mine, view north from near West 
Spring. 

ALTERATION OF THE LAVAS 

The alteration of the lavas does not fall into clear
cut types as does that of the carbonates. The changes 
in the lavas are gradational and irregular in distribu
tion; whether or not material has been added, subtracted, 
or remained constant is hard to determine, as is tha 
amount of change due to surface alteration. In general 
the alteration can be considered to be of three types: 
simple hydrothermal metamorphism with no change in ma
terial or little addition or loss of material, addition 
of silica, and the addition of iron and silica. 

Me st of the altered volcanics occur in the belt of 
volcanics between Blueacre and Butch Canyon and grade 
into unaltered volcanics at the east and west edges of 
the range. Also some mineralized pendents of volcanic 
(7) rock occur south of the 0 K mine, and the west side of 
Porcupine Hill is mineralized. 

Much of the irregularity of distribution of the 
types of altered volcanics is probably due to the combi
nation of the volcanics being largely underlain by quartz 
~onzonite at shallow (7) depths and topography. 
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HYDROTHERMAL METAMORPHISM 

The first observable change from the unaltered 
volcanics is a bleaching of the rocks. At the west and 
east sides of the volcanic area south of Butch Canyon 
and along the higher ridges, the volcanics are not visi
bly altered and, in some cases, can be traced into the 
altered rock. For example, a nearly black lava capping 
one of the eastern ridges can be followed downward into 
bleached rock. The change at the contact is not a grad
ual lightening, but rather one where light-gray spots 
appear and coalesce within a few feet to form a light
gray rock with white phenocrysts. 

As the alteration progresses, the feldspars and 
ferromagnesian minerals break down into silica and seri
cite until the rock is composed essentially of these two 
components. At two locations there is some tourmaline 
in the altered rock, and Butler (1913, p. 79) reports the 
presence of andalusite in the most highly altered vol
canics. 

Under the microscope the rocks are seen to 
have undergone changes normal to hydrothermal 
alteration ••••• The biotite, which is the ferro
magnesian mineral most often seen, is altered to 
quartz and a colorless mica and possibly some 
serpentine, though the magnesium appears to have 
been largely removed in alteration. The iron ore 
has been altered in some places, and where pyrite 
or specularite are not present, it has apparently 
been removed and probably deposited where these 
iron minerals are abundant. In other places iron 
ore is present in highly altered rock, apparently 
having suffered little change. The feldspars 
first show sericitization along cleavage sur
faces, and eventually the whole crystal is con
verted into a feltlike mass of sericite and 
quartz crystals. The groundmass of the fine
grained rocks also suffers sericitization ~utler, 
1913, p. 78). 

Reiser and Crawford (1934, p. 137) describe similar 
alteration of the lavas a little to the west of the area 
on the east flank of the San Francisco Mountains. 

A part of the rock in the volcanic ridges 
west and north of the 0 K mine (and in Ram Skull 
Canyo~has suffered unusually severe alteration •• 
Under the microscope, as in the field, the most 
highly altered rocks have quite as much the 
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appearance of altered sediments as of volcanic 
rocks, being composed principally of irregular 
grains of quartz and foils of muscovite together 
with a mineral in small, irregular grains ••••• 
The mineral corresponds in optical properties 
closely with andalusite, though the pleochroism 
is less marked than is usual in that mineral. 
The quartz grains contain numerous small globu~r 
masses with rather high index that appear to be 
the same mineral. These were included in 
the quartz during crystallization, and as such 
inclusions do not occur in the quartz grains 
of the fresh rock they indicate that the quartz 
resulted from crystallization during the metamor
phism ••••• Carbonate is usually present in small, 
but varying amounts (and) ••• apatite is rather 
abundant. (Butler, 1913, p. 79). 

Other minerals are present which are probably kaolinite, 
diaspor, magnetite, rutile, and fluorite. 

Two partial analyses made for BUtler (1913, p. 79) 
showed a marked decrease in magnesia, lime, and soda. with 
only a slight decrease of potash in an altered quartz
muscovite volcanic rock, but all four oxides have been 
greatly decreased in highly altered quartz-andalusite
muscovite volcanic rock. From this and microscopic 
work Butler (1913, pp. 80-81) concludes that as long as 
there was sufficient potash or soda in the rock to unite 
with the alumina that was liberated by the breakdown 
of the feldspars and the removal of the lime or alkali, 
the more aluminous mica was formed. Any further removal 
of potash and soda after these elements were ,all in mica 
left an excess of alumina which usually formed the alum
inum silicate andalusite or in some places probably the 
hydrous aluminum oxide diaspore. 

Reiser and Crawford (1934, p. 137) found some alunite 
in silicified lavas just west of the area and it may well 
be present within the area. They felt that the alunite 
was secondary;' the lavas first were altered by mineral 
solutions from the quartz monzonite intrusion, then la
ter the sericite was replaced by alunite due to the ac
tion of meteoric solutions. 

SILICIFICATION 

Butler (1913, pp. 80-81) thought that solutions al
tering the volcanics effected a progressive subtraction 
of certain of the constituents and,a rearrangement of 

-76-



those remaining with the apparent increase in silica be
ing undoubtedly due only to a concentration. This may 
be true for the most part, but in places the altered 
rock appears to consist essentially of silica and an 
addition of silica seems probable. 

The altered volcanics are especially siliceous in 
the southwest part of the mountains. The rock is light 
gray, aphanitic to fine-grained, and weathers red-brown. 
It ranges from a dense massive rock to a vuggy rock that 
resembles a coarse sandstone. In places the silicic 
rock contains small grains of specular hematite some
times in minute vugs. 

At the southwest edge of the mountains, the highly 
silicic altered volcanics are cut by fractures which 
exhibit every stage of filling by silica from open frac
tures with a fine druzy quartz lining to ones filled with 
aphanitic silica. Druzy quartz was also found lining 
fractures in the unaltered lavas on the hill above. 
Here the volcanics were silicified and later fractured 
wi th silica-bearing solution s followi'n,g the fractures. 

A silicic zone is present along the south wall of 
Butch Canyon that is linear in shape and may follow a 
fracture or a fault zone. If so silicification here 
may be later than the metamorphism of the volcanics. 

CONTACT MINERALIZATION 

Contact mineralization somewhat equivalent to that 
in the carbonate rocks occurs along the quartz monzonite 
contact at a few places where there has been the addi
tion of iron from the quartz monzonite intrusive. Min
eralization occurs at two places on the west side of the 
mountains, the west side of Porcupine Hill and in sev
eral pendents of volcanics south of the 0 K mine. At 
the contact on the west side of the mountains is a very 
small deposit of specular hematite, showing crystal faces 
up to three inches across, and nearby was a small deposit 
of secondary copper minerals. Other than this the 
quartz monzonite-volcanic contact is either concealed 
or barren in the mountains. 

On the west side of Porcupine Hill is a wall-developed 
contact mineralized zone. The quartz monzonite is not 
exposed at the surface, but float is found on mine dumps, 
and it is probably present at a very shallow depth. 
Here there is a great deal of micaceous material with 
some magnetite and epidote in gently dipping bands and 
also secondary malachite and azurite. 
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A mile south of the 0 K mine are a few shafts and 
several trenches in some poorly exposed mineralized 
pendents that were probably originally volcanic rock. 
A variety of rock types is present. One trench ex
posed garnetized rock, magnetite, epidote, and micace
ous material with faint vertical banding, but otherwise 
the mineralized rock was less like the other contact 
mineralized zones. It generally consists of heterogen
eous rocks in varying stages of decomposition with minor 
amounts of magnetite, epidote, sericite, chalcopyrite, 
and calcite. 

E CON 0 M I C G E 0 LOG Y 

A great deal of effort has been spent and is still 
being spent in the Beaver Lake Mountains in trying to 
find worthwhile mineral deposits. This is evidenced 
by the hundreds of prospect pits, adits, shafts, and 
the more recent trenches. However, there are no mines 
operating at the present, and to date there has been 
only some copper and a little iron produced. 

The mineral deposits are in contact mineralized 
zones bordering the quartz monzonite intrusive and in 
brecciated zones within the quartz monzonite. The 
possibility that the intrusive in the southern part of 
the area carries enough disseminated copper to consti
tute a "porphyry copper" deposit is being explored. The 
Beaver Lake Mountains are in a good geographical posi
tion for exploitation if a worthwhile deposit is found 
since the Union Pacific Railroad passes just a few miles 
to the east and freight yards are present in Milford. 

HISTORY 

The Beaver Lake Mountains, forming the Beaver 
Lake mining district, are located in one of the oldest 
mining areas of the state. There has been a great deal 
of mining activity in the mountains, but so far the 
miners have gotten little for their effort. Actual 
production during the early days of the district was 
fairly well confined to three mines: the Black Rock, 
Skylark, and 0 K mines. The Black Rock and SkyLroX 
produced a few hundred tons of iron ore, used for smel
ter flux, in the late 19th century. The 0 K copper' 
mine was in operation from 1900 to 1907. By the end 
of 1901 the 0 K was reported to have produced 1,145 tons 
of ore averaging 40 per cent copper and giving returns 
of $95,000. The rich ore developed had been all taken 
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out by 1902. If these figures are correct, the total 
output of copper has been nearly 1,000,000 pounds and 
the total value in excess of $100,000. (Butler, 1913, 
p. 189). 

Since 1913 small mines have been in operation on 
the east side of Lime Mountain in the altered carbo
nate and at the northeast end of Bat Ridge in the 
contact zone. Nothing of the production is known, but 
it is presumed to have been very small. At present 
there are a number of claims being held in the moun
tains, mainly the restaking of old mines and prospects. 
Almost all of the thinly alluviated slope south of the 
mountains has been claimed and a number of trenches 
dug in hopes that the quartz monzonite intrusive may 
form a "porphyry copper" deposit. Just south of the 
area in the Rocky Range, the Old Hickory mine was op
erating until recently. It was getting values of cop
per, tungsten, and iron from the contact zone of both 
the quartz monzonite and granodiorite porphyry with car
bonate rocks. 

CHARACTER OF DEPOSITS 

CONTACT DEPOSITS 

Contact mineralized deposits, mainly along the 
carbonate quartz monzonite contact, but also along the 
volcanic-quartz monzonite contact, form the largest 
group of deposits. These occur as small lenses along 
the quartz monzonite contact, probably localized by some 
irregularity at the contact. In general the mineral
ized rock is banded; the main ore minerals are mag
netite and chalcopyrite in a gangue of contact sili
cates. These deposits resulted from the metamorphism 
of the country rock by the quartz monzonite intrusion 
along with the addition of iron, silica, and a little 
copper from the intrusion. The larger deposits of this 
type are found at the Skylark mine, Black Rock mine, 
northeast part of Bat Ridge, along the west side of 
Porcupine Hill, and in the volcanic pendents south of 
the 0 K mine. 

Skylark Mine 

The Skylark mine appears to be the largest contact 
mineralized deposit. The minera~ized zone is over twenty 
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feet wide at the shaft. It lies within a body of al
tered carbonate which is probably surrounded by quartz 
monzonite and was therefore more susceptible to alter
ation than the carbonate which was bordered by quartz 
monzonite on only one side. The deposit is a banded 
magnetite-epidote rock with an admixture of other min
erals including quartz, chalcopyrite, pyrite, cuprite, 
muscovite, calcite, and garnet. 

Black Rock Mine 

This mine is north of West Spring (see fig. 17). 
It consists of a lens of almost pure specular hematite 
that is about t~n feet wide at the top of the shaft 
but is not exposed on the surface away from the shaft. 
This deposit is entirely within altered carbonate. 

Northeast Part of Bat Ridge 

A lens of magnetite and calcite is present at the 
contact between the altered carbonate and quartz monzo
nite at the central part of the north side of Bat Ridge. 
Next to the contact there appeared to be about 10 feet 
of massive magnetite with very. little calcite, followed 
by eight feet of altered limestone with about 20 per 
cent magnetite disseminated in it as coarse-grained, 
1/4 inch, octahedra and small massive patches. The con
tact is mostly covered by float, but with the aid of a 
dipneedle the lens was estimated to be about 100 feet 
long. 

Farther east, at the northeast end of the ridge, is 
a skarn zone along the contact which is similar to that 
at the Skylark mine, except that it appears to be small
er and contains more garnet and mica and much less mag
netite. The contact mineralized zone is cut by' a number 
of small (?) faults. An adit penetrates the skarn 
zone parallel to the contact for about 150 feet and a 
shaft is sunk into the zone farther east. 

BRECCIA FILLING-FISSURE DEPOSITS 

Mineral deposits, following brecciated zones or 
sma 11 f iss u res .' 0 c cur in the qua r t z m 0 n z 0 nit e • Co P.P e r 
minerals form the main ore minerals and occur with a 
great deal of quartz. This type of deposit is found in 
the quartz monzonite around the south edge of the moun
tains with the 0 K mine forming the principle deposit. 
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The 0 K mine is in a brecciated zone in the quartz 
monzonite. Quartz has been deposited in the fissures 
with the ore minerals, then deposited around quartz 
crystals or in fractures cutting the quartz. The quartz 
is usually present as crystal linings of fissures, but 
completely filled fissures of crystalline or massive 
quartz are common. The principle ore mineral is chal
copyrite which occurs along with molybdenite a~d several 
secondary copper minerals. 

The mine has fair17 extensive underground workings 
wherein Butler (1913, p. 125) found that the brecciated 
zone had a chimney shape with maximum diameter of over 
100 feet. Branching veins extend away from the "chimney" 
and have a much higher proportion of chalcopyrite than 
the main body. 

Molybdenite and chalcopyrite were found as original 
minerals in an apparent aplitic dike exposed in the lower 
part of the mine (Butler, 1913, p. 126), and an aplite 
dike a mile to the southeast also contained some chal
copyrite. The source of the mineralization in the 0' K 
mine may very well be closely related to the aplitic 
dikes. (A fuller account of the 0 K mine is given by 
Butler, 1913). 

DISSEMINATED DEPOSITS 

The thinly alluviated southern flank of the moun
tains has been claimed in hopes that the quartz monzo
nite contains enough copper minerals to form a "por
phyry copper" deposit. In many places the quartz mon
zonite has stainings of malachite and less commonly 
azurite which follows joints and small fractures. Whether 
the area contains enough 'copper to be profitably exploited 
is presently being explored by a large copper mining 
company. 
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Calcite, 25, 38, 73, 78, 80 
Rhombs, 27 
Veinlets, 26 

Calcium carbonate matrix, 29 
Caliche, 28, 29, 30 
California, 67 
Cambrian, 13, 18 
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Early, 13, 16 
Limestones, 16, 17, 18, 19, 46, 47, 55 
Lower, 13, 17, 52 
Middle, 7, 13, 16, 17, 18, 19, 20 
Rocks, 7, 13, 47, 52, 55, 57, 67 
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Altered, 35, 47, 68, 73, 80 
Contacts, 60 
Deposition, 67 
Metamorphosed, 28 
Paleozoic, 33 
Undifferentiated, 27, 28, 53 

car~9nate rocks, 25, 27, 29, 33, 34, 44, 55, 7~ 

Alteration of the, 71 
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Cenozoic, 68 
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Chalcopyrite, 40, 73, 78, 79, 80, 81 
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Chlorite, 38 
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Claron conglomerate, 33 
Clastic debris, 29 
Clastic deposition, 67 
Clastic material, 29 
Clasts, 21, 28 
Cliffrose, 9 
Climate, 11 
Cobbles, 29, 61 
Colorado Plateau, 67 
Confusion Range, 27 
Conglomerate, 21 

Claron, 33 
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Contact mineralization, 33, 71, 77 
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Crawford, A. L., 63 
Cretaceous, 33, 52, 57 

Early, 52, 57, 67 
Late, 37, 67 
Pre-, 52 

Cricket Hills, 5, 17, 19, 20, 57 
Syncline, 57 

Cricket Mountains, 5 
Crinoid stems, 21, 22, 25, 26 
Culture, 11 
Cuprite, 73, 80 

Dacite, 31 
Debris, 27, 61, 62, 63 

Clastic, 29 
Decomposition, 78 

Degradation, 63 
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Delta, 65, 66 
"delta," dry land, 62 
Dennis, P. E., 65, 69 
D~position, 17, 62, 63, 67 

Clastic, 67 
Marine, 67 

Descriptive Geology, 13 
Devonian, 7, 13, 20, 22, 24, 25, 26 

Dolomite, 24, 26, 45 
Lithology, 25 
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.Diaspore, hydrous aluminum oxide, 76 
Dike rock, 30, 37, 38, 39 
Dikes, 34, 38, 39, 40, 41 
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Metamorphosed, 22, 24 
Sevy, 20, 24 
Simonson, 25 

Drsinage, 9 
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Hintze, L. F., 5, 46, 52 
Hintze, L. F. and Migliacoio, R., 17, 19, 20 
Horn corals, 21, 22, 25, 26, 71 
Hornblende, 31, 35, 38, 39, 41 
House and Confusion Ranges, 25 
House Range, 17, 37, 39, 41, 52, 57 
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Huntley, D. V., 12 
Hydrothermal alteration, 75 
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Igneous rocks, 30, 37 
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Tertiary, 37 
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Monzonite, 38 
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Kundert, C. J., 12 

Lake BonneVille, 28, 30, 53, 59, 64, 65, 66, 69 
Deposits, 30, 63 
Pediments, 59 
Provo stage, 65 
Sands and gravels, 28 
Shore line deposits, 55 
Shore line features, 30, 59, 64, 65 
Stream oaptures, 59 

Lakatown dolomite, 20', 22, 24 
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Early, 52, 57, 67 
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Burrows, 13, 18, 19, 20 
Cambrian, 16, 17, 18, 19, 46, 47, 55 



Joanna, 25, 26, 27, 38, 45 
Millard, 13, 17, 18, 19, 20 
Mississippian, 7, 13, 25, 27, 45 
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Location and accessibility, 9 
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Magnes i te, 5 
Magnesium, 75 
Magnetite, 31, 34, 35, 39, 73, 76, 77, 78, 79, 80 
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Malachite, 73, 77, 81 
Marine deposition, 67 
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Mesozoic, 7, 67 
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Late, 7, 67 
Rocks, 67 

Magnetite, 31 
Metamorphic minerals, 
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Metamorphism, 27, 28, 32, 76, 77 

Hydrothermal, 69, 71, 74, 75 
Metamorphosed equivalent, 22, 24, 25 
Mica, 75, 80 
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Mineral Range, 5, 17, 33, 34, 37, 38, -39, 46, 52 
Mineralization, 27 

Contact, 71, 77 
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Black Rock, 73, 78, 79, 80 
Galena, 21, 23, 24, 25 
a K, 12, 29, 33, 60, 62-, 74, 75, 77, 78, 79, 80, 81 
Old Hickory, 79 
Skylark, 38, 60, 78, 79, 80 

Mississippain, 7, 13, 25, 26, 27 
Early, 26 
Limestone, 7, 13, 25, 27, 47 
Lower, 25 

Molybdenite, 81 
Monzoni te, 38 
Morton tea, 9 
Mowitza shale, 25 
Muscovite, 40, 41, 73, 76, 80 
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Nodules, 22, 71 

Tremolite, 22, 23, 24, 71 
Nolan, T. B., 22, 37, 39, 52 
Notch Peak intrusive, 39 
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Early, 37, 52 
Late, 37 

Olivine, 31 
Oquirrh Range, 38 
Ordovician, 7, 20 

Late, 7, 13, 22 
Upper, 20, 22 

Ordovician-Silurian boundary, 22 
Orthoclase, 40, 41 
Outcrops, 17, 28, 35, 39, 45 

Paleozoic, 27, 33, 67 
Carbonates, 33 
Early, 7, 67 
Middle, 7, 67 
Rocks, 52, 67 
Sediments, 7, 13 
Strata, 52 
Undifferentiated, 27 

Pavant Range, 52 
Pebbles, 28 
Pediments, 59, 60, 61 
Pegmatite(s), 39, 41, 44 
Pegmatite dikes, 41, 44 
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Pendents, 28, 44, 45, 72, 73, 74, 77, 78 
Carbonate, 60 
Roof, 28, 32, 33 
Volcanic, 79 

Perkins, F. H., 12 
Phenocrysts, 31, 34, 38, 75 
Phys ical features, 9 
Pilot shale, 25 

Upper Devonian, 25 
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Pioche shale, 13, 15, 16, 17, 18, 20 
Plagioclase, 38, 40, 41 
Pleochroism, 76 
Pleistocene 
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Late, 30, 55, 69 
Middle, 69 

Plug, . 34 
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Porcupine Hill, 33, 39, 62, 74, 77, 79 
Porphyry, 39 

Dikes, 38 
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Deposit, 78, 79, 81 
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Rocks. 52 

Precipitation, 11 
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46, 47, 52, 55, 57 
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Provo stage, 65 
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Pyroclastics, 31 
Pyrolusite, 73 
Pyroxene, 37 

Quaternary, 28 
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69, 71, 76, 77, 78, 79 
Porphyry, 38 
Pre-,- 57 

Quartz monzonite-volcanic contact, 77, 79 
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Rocks 
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Brecciated, 59 
Cambrian, 7, 13, 47, 52, 55, 57, 67 
Carbonaceous, 13 
Carbonate, 25, 27, 29, 33, 34, 44, 55, 77, 
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Dike, 30, 37, 38, 39 
Extrusive, 13, 31 



Flow, 34 
Granular, 35 
Heterogeneous, 78 
Igneous, 30, 37 
Intruded, 37 
Intrusive, 13 
Laminated, 73 
Mesozoic, 67 
Metamorphosed, 21i 24, 57 
Peleozoic, 52. 67 
Porphyritic, 31, 33 
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Sedimentary, 7, 13 
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Silurian, 24, 25 
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Volcanic, 30, 31, 32, 33, 34, 44, 75, 76, 78 

Rocky Range, 9, 12, 28, 29, 30, 31, 33, 34, 35, 39, 41, 
44, 53, 59, 61; 62, 64, 66, 68, 79 
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Sandstone, 15, 16, 19, 32, 77 
Scarp, 61 
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Sediments, 13, 33, 37, 68, 76 

Paleozoic, 7, 13 
Sedimentation, 7, 67 
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Mowitza, 25 
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Pioche shale, 13, 15, 16, 17, 18 
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Shore line features of Lake Bonneville, 30, 59 
Silica, 28, 32, 71, 74, 75, 77, 79 
Silicate(s), 28, 79 
Silicic masses, 22 
Silicification, 76 
Silt, 28 
Silurian, 20, 22, 25 

Late, 24 
Middle, 22, 24 

Silurian-Devonian boundary, 24 
Simonson dolomite, 25 
Simonson dolomite-Guilmette formation, 24, 25 
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Skarn minerals, 28 
Skarn zone, 71, 73, 80 
Smelter flux, 78 
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Soda, 76 
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Stratigraphic controls, 60 
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Struatural controls, 59 
Structure, 44, 59 
Subsidence, 67 
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BULLETIN 35 - Halloysite of Agalmatolite Typ~ Bull Valley District. Wasklngton County, 
Utah, by Arthur L. Crawford and Alfred M. lSuranek. (A rare Pagoda Clay.) Price $ .10 

BULLETIN 36 - Direetory of Utah Mineral Besooree. and Consumer. Guide. by Alfred M. 
Buranek and C. E. Needham. A mineral resource map with bulletin l1stingJ)roducers 
and consumers of certain Utah minerals, metals, and non-metalllcs. PrIce $1.00 

BULLETIN 37 - The Geology of Eastern Iron CountJ: Utah, by Dr. Herbert E. Gregory. 
Geology, geography and pioneer history of Bryce ~anyon National Park, Cedar Breaks, 
and adjacent scenic areas. Price $1.50 

PLATE II - Extra copies Reconnaissance Geologic Map of Eastern Iron County. Utah, 
from Bulletin 37. (RS-37) Price $ .50 

BULLETIN 38 - Stratigraphy of the Burbank mIls, Western Millard County. Utah. by 
Richard W. Rush. A stratigraphic section of Interest to geologists concerned with the 
petroleum possibilities of the Great Basin. Price $1.00 

BULLETIN 39 - Lower Ordovieian Detailed Stratigraphic Sections for Western Utah. by 
Dr. Lehl F. Hintze. A comprehensive study indispensable as a guide to the lower Paleo
zoic stratigraphy of Utah. Price $1.50 

BULLETIN 40 - Bibliography of Utah Geology, by Walter R. Buss. Contains approximately 
200 pages of references complete through 1950. Price $4.00 

Bt1LI..ZrIN 41 - Geology of Lake Mountaln, Utah, by Dr. Kenneth C. Bullock. Details an 
area within the triangle formed by connecting the great mining districts of, Bingham, 
Tlntic and Park City. Price $1.00 

BULLETIN 42 - Geology of Dinosaur National Monument and Vicinity, Utah-Colorado. by 
G. E. and B. R. Untermann. A profusely lllustrated 226-page sc1entltic treatise by the 
gifted Untermann team. "Blllie" went to the U. of California for the educational equip
ment to Interpret her "native habitat, 'Island Parkl the picturesque heart of the Monu
ment." Her husband, a geological engineer, the ulrector'of the Utah Field House of 
Natural History, was Ranger at the Monument for several years. This Is their "labor 
('t love." It should furnish a welcome background to the Upper Colorado 'ftlver contro
versy, and the proposed Echo Park Dam. Price $2.50 

PLATE II Extra copies Geologic Map of Dinosaur National Monument and Vicinity, 
N.E. Utah-N.W. Colorado, from Bulletin 42. (RS-42) Price $ .50 

BULLETIN 43 - Eastern Sevier VaUeYt,..Sevler and Sanpete Counties, Utah-With Reference 
to Formations of Jurassie Age, by 1.11'. Clyde T. Hardy. Deals cnietiy with the Involved 
structures resulting from the intricate deformation of the Arapien shale and Twist 
Gulch formations; covers the gypsum, salt, and 011 possiblllties of the area. Price $1.00 

BULLETIN 44 - Geology and Ore Deposits of the Silver Reef (Harrlsbure) Mining District. 
Washington County Utah. by Dr. Paul Dean Proctor. The latest and most compre
henSive treatment of this world tamous occurrence of slIver In sandstone. Price $2.00 

BULLETIN 45 - Geology of the Selma Hills Utah County, Utah, by Dr. J. Keith Rigby. 
The author of this careful research Investigation was a special research fellow at Colum
b19. University for the Humble 011 Company. He Is now a member of the faculty at 
Brigham Young University. His distinguished achievements give prestige to his views. 

Price $1.50 

BULLETIN 46 - Uranium-Vanadium Deposit. of the Thompson. Area, Grand County, Utah 
- With Emphasis on the Orldn of Carnotite Oresl.by Dr. W1111am Lee Stokes. This 
work by the author of our "best seller," Guidebook .No.3, II of Immediate and profound 
Interest to all students of tisslonable materials. Price $1.00 

BULLETIN 47 - Mlerofossi18 of the Upper Cretaeeou. of Northeastern Utah and South
we.tern Wyoming. A symposium volume by Dr. Daniel Jones and three graduate 
students of micropaleontology, David Gauger, Reed H. Peterson, and Robert R. Lank· 
ford. Beautifully 1l1ustrated. by 16 full-page halftones with 11 full-page charts and 
flgurel. SpeclaUsts Who have seen the photomicrographs have declared this work out
standing. Price $2.00 

BULLETIN 48 - Lower Ordovician Trilobites from Western Utah and Eastern Nevada, by 
Dr. Lehl F. Hintze. Profusely lllustrated with photographs and drawings. A classic In 
Its tield. Prft!e $4.00 

BULLETIN 49 - Still In process. 

BULLETIN 50 - DriIIlnti Beeor4s for 011 and Ga. in Utah, compiled by Dr. George H. 
Hansen, H. C. Scovl e, and the Utah Geological and Mlneralomcal Survey. From the 
records of the 011 and Gas Leasing Branch of the Conservation Division, U.S. Geological 
Survey. Contains a ma]) of each county on which has been sD9tted eve!')' 011 well (and 
every dry hole) dr1l1ed In Utah prior to Jan~ I, 1954. Tabular sheets detail the 
drllllng record of each well, giving "tops," 011 "Shows," and all other data of record. 

PrIce $5.00 
BULLETIN 51 - The Bocks and Scenery of Camp Steiner, Summit and W ... tch Counties 

Utah, by Dr. Daniel J. Jones. A prototype for Boy Scout Manuals, prepared In quantity 
at a nominal cost as a contribution to the better understanding of our outdoor heritage. 
AF glossary, block diagrams, cross sections, and J)en sketches supplement the teXt. 

eatured are the 1l1Ung of peat bogs, the carving of cirques, and the evolution of other 
mountain topography near the Boy Scout Camp at Steiner, Uinta Mountains, Utah. 

Price $ .25 
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Bulletins - continued 
BULLETIN 52 - Geologic Atlas of Utah - Emery County by Dr. Wll11am Lee Stokes and 

Robert E. Cohenour. Contains 40 plates showing areal geology In :Dve colors on a scale 
lh-Inch to the mile. Text by Dr. Stokes the eminent authority on uranium and Mesozoic 
stratigraphy in this area, explains the maps and gives latest Information on 011. 
uranium. and other mineral resources of Emery County. Temple Mountain, the $9.000.-
000 Pick Mine, and other uranium deposits occur on the rim of "the Slnbad" of central 
Emery County. Price $5.00 

BULLETIN 53 - Silurian Bocks of Western Millard County, by Dr. Richard W. Rush. The 
,SUbdivisions of 1,000 feet of Silurian dolomites, and adjacent Ordovician and Devonian 
strata. Price $1.50 

BULLETIN 54 - The Oil and Gas Possibilities of Utah, Re-evaluated. A symposium by over 
50 of the best· available authorities in their areas, compUed by Dr. George H. Hansen, 
Arthur L. Crawford, and Elizabeth V. Larson. To be released July 1959. 

Price: Paperback $10.00 Hardback, oversewed, Library binding $11.00 
BULLETIN 55 - Clays of Utah County, Utah by Dr. Edmond P. Hyatt, formerly professor 

of Geology, Brlgliam Young University. Dr. Hyatt.,., a graduate of the Missouri School of 
Mines, has made himself the authority on Utah l.;ounty clays. Bulletin 55 Is the :O.rst 
comprehensive treatment of its kind for Utah. Price $2.00 

BULLETIN 56 - Geology of the Southern Lakeside Mountains, Utah, by John C. Young. 
A critical examination of the structure, geomorphology and history of a range blocked
out on the southwest margin of the "Northern Utah Highland." Price $1.50 

BULLETIN 57 - Middle Ordovician DetaOed Stratigraphic Sections for Western Utah and 
Eastern Nevada, by Gregory W. Webb. The Swan Peak and Eureka "quartzites," are 
"sPot\lghted." Porous members of these formations form possible reservoir rocks 
for ~troleum. Price $1.50 

BULLETIN 58 - Geolctgy of the Pine Valley Mountains, Utah, by Dr. Earl F. Cook. Dean, 
College of Mines, University of Idaho. A classic description of Ignimbrites - their cre
ation by Nature's most violent moods - followed by the emplacement of an asymmetrical 
laccolith beneath the Ignimbrite blanket, on a :Door of Claron limestone, believed to be 
roughly the equivalent of the formation on which the tourist stands at the brink of Bryce 
Canyon. PrIce $2.00 

BULLETIN 59 - Phosphate in Utah, and an AnalYlls of the Stratlgrapl!y of the Park City 
and the Pholphorla Formatlonl. Utah - a Preliminary Report. by Thomas M. Chenef.' 
U.S. Geological Survey. The latest and most complete economic evaluation of Utah s 
phosphate deposits. PrIce $1.50 

BULLETIN 60 - The Bocks and Scenery of Camp Hunt. Blch County. Utah, by Dr. Clyde T. 
Hardy, Associate Professor of Geology, Utali State University, Logan, Utah. Dedicated 
to the Boy Scouts of America. Non-teclinlcal, lucid, concise, stimulating. PrIce $ .25 

BULLETIN 61 - The Oquirrh Formation Stratigraphy' of the Lower Portion In the Type 
Area and Near Logan, Utah.J... by Paul W. Nygreen, written at the University of Nebraska. 
The Oquirrh formation of rennsylvanlan age is unique for its enormous thickness, the 
Intriguing posslblllties it holds as a ke~ to the mysteries of Pennsylvanian sedimentary 
processes, to Penn~lvanlan time and paleogeography, and to the cause of vertical adjust
ments of the earth's crust. A study of the zonation of its fossils, particularly of its tusu-
11nlds, is the foundation upon which this report is based. . Price $2.00 

BULLETIN 62 - Notch Peak Intrusive, Mfllard County, Utah - Geologr' Petrogenesis. and 
Economic Deposits, by Harry Merrill Gehman, Jr., written at Cornel University. Seldom 
can one find in so neat an area the geologic record of magma emplacement, thermal 
metamor'phism, slllcatlon, the formation of aplite apophyses. pegmatlzatlon and ore 
deposition. . Price $1.50 

BULLETIN 63 - Geology of the Sheeprock Mountains. Tooele County, Utah, by Dr. Robert 
E. Cohenour. Contains a colored geologiC map and cross-sections with abundant illustra
tive material. 208 pages from Ph.D. dissertation - A masterful analysis - A new key 
to Great Basin stratigraphy. Price $5.00 

BULLETIN 64 - Geologic AtIasJ)f Utah-Cache County~by Dr. J. Stewart WllUams. Second 
in our serIes of county bulletins to form a GEOLOGIC ATLAS OF UTAH. Contains 13 
half-Inch-to-the-mile scale geologiC, aps, several cross sections, and one photograph all In 
6 colors. Plus twelve full page half- es. General geology, springs, ground. water, and 
other phases of economic geology are di ussed. Price $5.00 
(For colored one-sheet geologic map of cach;County, see RS-64) PrIce $1.00 

BULLETIN 65 - Geology of the Southern Stansbury Bange by John A. Teichert. The locale 
of Bill Hickman's hideout, analysed and portrayed by his descendant - a Wyoming cow
boy - Geologist, who returned to the haunts of his ancestor, as a motif for graduate 
study. 80 pages, 9 half-tones, 6 line drawings. Price $1.50 

BULLETIN 66 - Geologic Atlas of Utah - Daggett County, by Howard R. Ritzma. Third on 
our series of county bulletins (see note under Bulletin 64). A key to the geologX of 
northeastern Utah. The Flaming Gorge Dam Is featured. Price ~5.00 
(For colored one-sheet geologic map of I?aggett County, see RS-76) 

BULLETIN 67 - The Bocks and Scenery of Camp Maple Dell, Utah County, Utah, by Dr. 
. J. Keith Rigby, Associate Professor of Geology, Brigham Young University, Provo, Utah. 

The third in our series of Boy Scout bulletins; also of interest to tourists and amateur 
geologists. Price $ .25 

BULLETIN 68 - Beaver Lake Mountains, Beaver County, Utah - Their Geology and Ore 
Deposits, by Patrick J. Barosh. Contains a "double-spread" colored geologic map at 
l-Inch-to-the-mlle scale. This area contains a disseminated copper deposit that may have 
future possibllities. Price $2.00 
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Reprints from the Symposium Volume on Oil and 
Gas Possibilities of Utah 

RS- 6. The Precambrian Rocks of Utah, 6 pages, 
by Dr. Eliot Blackwelder .............................................................................. $ .25 

RS- 7. Summary of the Cambrian Stratigraphy of Utah, 8 pages, 
by Dr. Hyrum M. Schneider........................................................................ .35 

RS-12. The Tertiary of Utah, 8 pages, by Dr. J. LeRoy Kay............................ .35 
RS-16. Part I - Grand-San Juan Area, 24 pages................................................ .75 
RS-17. Part II - Uinta Basin Area, 25 pages........................................................ .75 
RS-18a. Gilsonite and Related Hydrocarbons of the Uinta Basin, 26 pages, 

by Arthur L. Crawford (with "History" from IAPG 8th Annual)........ .75 
RS-19. The Clay Basin Gas Field, 7 pages, plus 2 tip-in maps, 

by M. M. Fidlar, Chief Geologist, Mountain Fuel Supply Co............... .35 
RS-20. Part m - Utah Plateaus Area, 24 pages................................................ .75 
RS-21. Part IV - Basin and Range Area, 44 pages, by Arthur E. Granger, 

Carroll H. Wegemann and C. Max Bauer, United States Geological 
Survey, 44 pages ................................................................................................ 1.00 

RS-22. Plate I - Colored Relief Map of Utah........................................................ .50 
RS-25. Plate IV - A Correlation Chart (of formations in Utah) .................... .50 
RS-27. Plate VI - Geology of the Egnar-Gypsum Valley Area, 

San Miguel and Montrose Counties, Colorado........................................ .50 

Other Reprints 
FOT Which There is a Charge 

RS-33. Geology of the West-Central Part of the Gunnison Plateau, Utah, 
by Clyde T. Hardy and Howard D. Zeller (pages 1261-1278, with 
folded map, Plate I, included, and bound with cover), from Bulletin 
of the Geological Society of America ............................................................ $ .75 

RS-33a. Extra copies Plate I from above publication............................................ .25 
RS-34. Lecture Notes, by the Intermountain Association of Petroleum Ge

ologists, on the Symposium: Oil Well Logging, Testing, Completion; 
Feb. 23, 1953........................................................... .......................................... 1.50 

RS-37. Reconnaissance Geologic Map of Eastern Iron County, Utah, by 
Herbert E. Gregory (Plate 2 of Bulletin 37 of the Utah Geological 
and Mineralogical Survey) .......................................................................... .50 

RS-38. Extra copies Geologic Map of Central Wasatch Mountains East of 
Salt Lake Valley, Utah, with roadlogs; from Guidebook No. B.............. .50 

RS-39. Tertiary Well Logs in the Salt Lake Desert, prepared for publica-
tion by Joseph F. Schreiber, Jr. Reprinted from private records made 
available by the Southern Pacific Railroad................................................ .50 

RS-42. Extra copies Geologic Map of Dinosaur National Monument and 
Vicinity, N.E. Utah-N.W. Colorado, from Bulletin 42 ............................ " .50 

RS-43. The Uinta Mountains and Vicinity, A Field Guide to the Geology, 
by G. E. and B. R. Untermann.,.................................................................... .25 

RS-50. The Riddle of Mountain Building, by Armand J. Eardley. A newly 
integrated concept of the basic cause of mountain building through 
expanding columns in the earth's mantle heated by the decomposition 
of radioactive material deep in the earth, is here presented. Known 
phenomena, such as the relationship of batholitic intrusions to moun
tainous areas, to volcanic island arcs, to ocean trenches and associ
ated .gravity anomalies, are explained in relation to this mountain 
building hypothesis................................................. ......................................... .25 

RS-52. A Legal Guide for the Uranium Prospector, with an Analysis of 
the Impact of the "Uranium Boom" on Mining Law, by J. Thomas 
Greene - The Analysis is a carefully documented treatise for the 
student of mining law, reprinted from the Utah Law Review" Vol. 
4, No.2, Fall, 1954 ............................................................................................ $1.00 
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Other Reprints - continued 
RS-55. Tungsten Reserves Discovered in the Cottonwood-American Fork 

Mining Districts, Utah, with a Discussion of the Influence of Scheelite 
on the Character of Secondary Molybdenum Minerals, by Arthur L. 
Crawford and Alfred M. Buranek. ............................................................... $ .50 

RS-56. Tungsten Deposits of the Mineral Range, Beaver County, Utah, with 
a discussion of the General Geology, by Arthur L. Crawford and 
Alfred M. Buranek............................................................................................ .50 

RS-57. Guidebook to the annual Brigham Young University geology field trip 
to Bryce and Zion National Parks. Contains a geologic map of Utah 
in color, a physiographic map, text, block diagrams, and sketch illus
trations of points in route and the canyons. Excellent for students, 
tourists .............................................................................................................. 1.00 

RS-57a. Colored geologic map of Utah from the above guidebook. 10¢ each 
in lots of 5 or more; in lesser quantities, each............................................ .15 

RS-58. Index to Unpublished Geologic Thesis Mapping in Utah, by Lehi F. 
Hintze. Can be used as supplemental overlay for U.S.G.S. Geologic 
Map Index of Utah.......................................................................................... .25 

RS-59. Hydrology of Lake Bonneville and Sediments and Soils of Its Basin, 
by A. J. Eardley, Vasyl Gvosdetsky, and R. E. Marsell, reprinted 
from the Sept. 1957 Bulletin, G.S.A. Man's best time clock in years of 
geologically recent events in the Great Basin............................................ .50 

RS-60. A Catalogue of Utah Minerals and Localities with Descriptive Lists 
and Notes for Collectors, by Maynard Bixby............................................ .50 

RS-64. Colored Geologic Map of Cache County, by Dr. J. Stewart Williams. 1.00 
RS-65. Crater Hill Lava Flow, Zion National Park, Utah, by Richard L. 

Threet. This is the flow that push~d the ancestral Virgin River 
(between Grafton and North Creek) south to its present position...... .25 

RS-66. Paleozoic Stratigraphy and Oil Possibilities of Kaiparowits Region 
in Utah, by Edgar B. Heylmun. Covers more than 8,500 square miles 
in southern Utah. Reprinted from the Bulletin of the American 
Association of Petroleum Geologists, Vol. 42, No.8, August 1958........ .50 

RS-67c. Geologic Cross Sections of the Stansbury Mountains.............................. .30 
RS-68. Middle Ordovician Stratigraphy in Eastern Nevada and Western 

Utah, by Gregory W. Webb. The major part of a doctoral disserta-
tion at Columbia University. Reprinted from the Bulletin of the 
American Association of Petroleum Geologists, Vol. 42, No. 10, 
October 1958...................................................................................................... .75 

RS-69. Great Basin: Giant Sleeper of the West, by E. B. Heylmun. Gives 
particular attention to Nevada's only (Eagle Springs) oil field and 
the Great Eocene Basin extending into western Utah and northward 
nearly to the Idaho line................................................................................... .25 

RS-71. Sulphur Isotope Abundances in Hydrocarbons and Source Rocks of 
Uinta Basin, Utah, by A. G. Harrison and H. G. Thode. A new line of 
evidence linking the respective hydrocarbons with their enclosing 
source rocks. Reprinted from the Bulletin of the American Associa
tion of Petroleum Geologists, Vol. 42, No. 11, November 1958, 
pages 2642-2649................................................................................................ .50 

RS-75. Upper Devonian Unconformity in Central Utah, by J. Keith Rigby. 
Reprinted from the Bulletin of the Geological Society of America, 
Vol. 70, pp. 207-218, February 1959.............................................................. .25 

RS-76. Colored Geologic Map of Daggett County, by Howard R. Ritzma ........ 1.00 
RS-77. Collecting Apatite Crystals at Durango, Mexico (#5 in Mohs scale 

of hardness for the UG&MS mineral collections L................................... .10 
RS-78. Physiographic Map of Utah................ 15¢ each or 10¢ in lots of 10 or more 
RS-79. Plate I - Guidebook 12, Generalized Geologic Map and Section of 

the East Tintic Mountains, Utah.................................................................. .50 
RS-80. Plate III - Guidebook 12, Index Map of Mines and Mining Districts.. .50 
RS-81. Plate XVII - Guidebook 12, Mines and Prospects of the Tintic Min-

ing District......................... ............................................................................... .50 
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GUIDEBOOKS 
NOW AVAILABLE THROUGH 

The Utah Geological and Mineralogical Survey 

Guidebooks to the Geology of Utah 

No. 3 (1948) "Geology of the Utah-Colorado Salt Dome Region, with Emphasis on 
Gn-sam Valley. Colo.," by Wm. Lee Stokes, University of Utah. ..... __ .... _ .. __ $2.50 

No.4 (1949) "The Transition Between the Colorado Plateau and the Great Basin In 
Central Utah," by Edmund M. Spieker, Ohio State Unlverslty ... ___ ........ _.__ ts.OO 

No.6 (1951) "Geology of the Canyon, Roue, and Confusion Ban&"es, Millard County, 
Utah," a symposium by twelve authorities-______ . ___ . _____ ........ __ ~.OO 

No.7 (1952) "Cedar City, 'Utah, to Las Ve&"as, Nevada." A symposium by 17 special-
Ists __ . _____ ._ .. _ .. _._ ... ___ ._ ....... _. __ . . ..... _. ___ ........... ~.OO 

No. 8 (1952) "Geology of the Central Wasatch Mountains, Utah." A symposium 
volume by various authorities on this area, with roadlogs and definitive data 
so arranged as to be of maximum use to a vIsiting geologlst--._. ____ ..... _ ....... Ja.50 

PLATE 1 Extra copies Geologic Map of Central Wasatch Mountains East of Salt 
Lake Valley, Utah, with roadlogs; from Guidebook No. 8. .. _._. __ ._._(RS-38) '.50 

No.9 (1954) "Uranium Deposits and General Geology of Southeastern Utah." The 
occurrence, mineralogy, chemistry. origin and technology of the Colorado 
Plateau-type uranium depOSits - a symposium by AEC scientists and other 
authorities, edited by one of the authors, Dr. William Lee Stokes, who In 1941 
wrote his Ph.D. thesis on the Morrison formation from which has come 60 
per cent of the uranium production to date in this regioD-___ ... _ ..... __ ......... _ Ja.OO 

No. 10 (1955) "Tertiary and Quaternary Geology of the Eastern Bonneville Basin." 
A re-examination of the "Salt Lake formation," and of events portrayed by It 
and by younger valley 1ll1. A symposIum of Ph.D. theses and other specIal 
research on the volcanic, erosional, and sedimentary record of Bear River, 
Ogden, Weber, and Jordan Valleys. Edited by Dr. Armand J. Eardley_ .. _._ ...... 54.00 

No. 11 (1956) "Geolo&"y of Parts of Northwestern Utah." Stresses the Ralt Rlver 
Mountains and the Promontory regloD-_' _ ... _ ... --... _.-. __ .... _ ...... __ ........ _ .... _._... 54.00 

No. 12 (1957) "Geology of the East Tintic Mountains and Ore Deposits of the Tintic 
Mining Districts." Summarizes the published information on these famous min-
ing districts and contributes new data and ideas by modern authorities. Empha-
sis has been placed on the regional environment of the districts, factors con
trolling localization of ore in the mines, and exploration for new ore deposits ...... $4.00 

RS-79 Plate I, Generalized Geologic Map and Section of the East Tintic Mountains, Utah $ .50 

RS-SO Plate III, Index Map of Mines and Mining Districts .......................................................... $ .50 

RS-81 Plate XVII, Mines and Prospects of the Tintic Mirting DistricL .............................. __ ... $ .50 

No. 13. (1958) "Geology of the Stansbury Mountains, Tooele County, Utah. Chiefiy by 
J. Keith Rigby. Supplemental section on the northern Stansbury Range and 
Stansbury formation by William L. Stokes and DwIght E. Arnold. Emphasis is 
given to the stratigraphy, structure, and geomorphic history of the Stansbury 
Range ....... --.. - ................................................................................................................................ __ ... $4.00 

RS--4:)7c - Geologic Cross Sections of the Stansbury Mountains ........ __ .......................... $ .30 

No. 14 (1959) "Geology of the Southern Oquirrh Mountains, and Fivemile Pass - Northern 
Boulter Moutain Area., Tooele and Utah Counties, Utah," by Harold J. Bissell, J. Keith 
Rigby, Paul Dean Proctor and Richard W. Moyle ............................................................ $4.00 

No. 15 (1960) "Geol()gy of the Silver Island and Adjacent Areas in the Great Sa.lt Lake Desert 
Northeast of Wendover, Utah," by Frederick E. Schaeffer. (In preparation) ........ Price? 
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MISCELLANEOUS 

Other Literature on the Geology of Utah 
available through thB 

UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

Symposium Volume - The Oil and Gas Possibilities of Utah. Compiled by Dr. George H. 
Hansen and Mendell M. Bell. Bound volume sold out. Reprints available as listed on a 
previous page. See Bulletin 54 for Oil and Gas Possibilities of Utah, Re-evaluated. 

The Great Basin with Emphasis on Glacial and Postglacial Times. A bulletin of the University 
of Utah (Vol. 38, No. 20). This symposium volume Is composed of: 
Part I - The Geological Background, by Eliot Blackwelder; 
Part II - The Zoological Evidence, by Carl L. Hubbs and Robert R. Mlller; 
Part III - Climatic Changes and Pre-White Man. by Ernst Antevs. 

Price ~.oo 

Low-Temper~~ql'e Carbonization of Utah Coals. An exhaustive 872-lIage report of the Utah 
Conservation and !Wsearcb Foundation to the Governor and State Legislature. 

Price as.oo 
WUdcat Map of Utah (~x 50") - Prepared by Utah 011 Report. Kept up to date. Every 

oU well in Utah with latest Information on status. Price $10.00 

After Victol7 PlaDs for Utah and the Wasatch Front
l 

by Dr. J. R. Mahoney and others. 
Published by the Utah State Department of Pub icl1;y and Industrial Development
A compreheilsive summary for postwar development: two hundred seventy-Ave (&' x 11", 
Ane ptlnt) 3)ages replete with graphs and ollier lllustrations dealing with (I) Wartime 
Economic Changes and Postwar Industrial Readjustments bl Utah· (II) Agriculture: 
(III) Water and Power: (IV) Transportation and Freight Rates; (V) Recreation and 
Rehab1l1tatlon Areas: and (VI) Public Works. Supply llmlted. Price 82.00 

The Western Steel Industry - WIth SpecIal Reference to the Problems of Postwar Operation 
of the Geneva Steel Plant, by Dr. J. R. Mahoney (then 1944-45), DIrector, Bureau of Eco
nomic and BusIness Research, UnIversity of Utah; dater, 1954-55) Senior SpecIalist in 
Natural Resources for the Library of Congress, WashIngton, D.C. Scholarly, well-illus
trated, exhaustively treated. PrIce $1.00 

Measures of Economic Changes in Utah - 1847-1947. Charts, tables, ~raphs, and diagrams 
summarize a vast collection of data on Utah's "first hundred years.' Mineral, forest, and 
farm products, education, taxes state expenditures and rece1pts'llus POEulation and 
employment information are a few of the statIstics here presente . Publ shed by the 
Bureau of Economic and Business Research, University of Utah. Price $1.00 

Glossar~ of Selected Geologic Terms, With Special RefereDce to Their Usc in En~lneering, 
by Dr. Wll11am Lee Stokes, Head of Department of Geology, UniversIty of Utah

l
' ana 

David J. Varnes, GeolOgist, U.S. Geological Survey. Approximately 2,670 deAn tlons 
delineating current shades of usage for the most important terms In geology and geologic 
engineering. a dictionary for those who would fam1l1arlze themselves with the science of 
geology. Price (paperbound) $2.75 

Uranium, Where It Is and How To Find It, by Paul Dean Proctor Ph.D., Geologist, Columbia
Geneva Steel Dlv., U.S. Steel Corp.; Edmond P. Hyatt, M.S., and Kenneth C. Bullock, 
Ph.D., both of the Geology Department BrIgham Young University. A 96-page summary 
of material the uranium prospector wants to know, a non-technical explanation of geologic 
facts of interest to the layman. Contains 18 full-page maps. 

Price (paperbound) $2.00: (AexIble plastic) 82.50 

Uranium{ the World'. Expanding Frontier, by Armand J. Eardley, Ph.D., Dean of the College 
of M nes and Mineral Industries, University of Utah; Will1am Lee Stokes, Ph.D., Head of 
the Department of Geology, University of Utah; F. W. Christiansen. Ph.D., Norman C. 
W1l1Iams, Ph.D., Associate Professors, Department of Geology, University of Utah; and 
Cl1fford L. Ashton, LL.D., partner, law 1lrni of Van Cott, Bagley, Cornwall, and McCarthy. 
This volume Is written for the layman. It Is designed for the businessman Interested In 
the economics of uranium, and for the average citizen interested In the future of this 
energizer of the atomic age and the impact It portends for the future of mankind. 

Price ~.OO 

The Red Hills of November - A Pioneer BIography of Utah's Cotton Town, by Andrew Karl 
Larson. An Interesting, scholarly account replete with the Incidents of pioneer Ilfe 
In the town of WaShington in Utah's Dixie, and the adjustments forced upon the early 
settlers by Nature's stern environment. Professor Larson is primarily an historian and 
student of the social sciences but he has checked his geology With members of that llJ.'Q
fession. . Price (clothbound) ~.oo 

Gazetteer of Utah Localities and Altitudes, a University of Utah, State Institute of Fine Arts, 
and W.P.A. cooperative project. Lists locations and altitudes of many Utah towns, cities, 
mountains, mines, lakes, streams, and other features. Published 1952. Price $1.50 

'QutliDe of the Geologic History aDd Stratigraphy of Utah, by Dr. Wm. Lee Stokes and E. B. 
Heylmun. Utah through geologic time. 36 pages. Price $ .75 
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Free Reprints and Circulars of the Survey 
Still Available Upon Request . 

C1reular 24 - Utah Iron Deposits other than those of Iron and Washington 
Counties, Utah, by Arthur L. Crawford and Alfred M. Buranek. 

Circular 25 - The Occurrence of Celestite on the San Rafael Swell, Emery 
County, Utah, by Arthur L Crawford and Alfred M. Buranek. 

Circular 28 - The Molybdenum Deposits of White Pine Canyon, near Alta, Salt 
Lake County, Utah, by Alfred M. Buranek. 

Circular 35 - A Reconnaissance of the Geology and Mineral Deposits of the 
Lake Mountains, Utah County, Utah, by Arthur.L. Crawford and Alfred 
M. Buranek. 

Circular 36 - Fluorite in Utah, by Alfred M. Buranek. 

Circular 37 - Metal Mlnlng in Utah (1935 to 1950), by Dr. C. E. Needham and 
Alfred M. Buranek. 

Circular 38 - Diatomaceous Earth near Bryce Canyon National Park, Utah. by 
Arthur L Crawford. 

Circular 39 - The Library of Samples for Geologic Research, Mines Building, 
University of Utah - Facilities and Potentialities, by Arthur L. Craw
ford. Descriptions of facilities and services of the Library with a list of 
oil well samples on file for study. 

Circular 40- "Iron Ore Mining In Utah," (A reprint of a paper by Earl F. Han
son geologist for the Utah Construction Co., with supplemental papers by 
Wm. R. Palmer and others on the history of the Iron Mission of the Mor
mon Church. 

RS-28. Plate VU- Geologic Index Map of Utah 
(showing U.S. Geological Survey Publications in Utah) 

RS-29. Plate vm - Geologic Index Map of Utah 
(showing other than U.S. Geological Survey Publications in Utah) 

RS-30. Utah Raw Materials of Interest to the Chemical Engineer-A reprinted 
summary by Arthur L. Crawford, published in Ohemical and Engineer
'''11 NtfW8 (Vol. 27, p. 3017, Oct. 17, 1949). 

RS-45. Geology in the Grade Schools, by Dorsey Hager. Reprinted from SCience, 
Vol. 114, No. 2949. 

RS-54. Underground Storage of Petroleum Products in Utah, Location and De
sign, by Arthur L Crawford. Will our petroleum storage facilities go 
underground? Some practical considerations. 

RS-61. The Mineral Industry of Utah, 1955. 

RS-62. The Mineral Industry of Utah, 1956. 

RS-70. GeologiC Atlas of Utah, A Further Progress Report, by Elizabeth V. 
Larson. 

RS-72. Mineral Production in Utah in 1958. Prepared and published by the U.S. 
Bureau of Mines in cooperation with the Utah Geological and Mineralogi
cal Survey. 

RS-73. The Mineral Industry of Utah, 1957. 

RS-82. The Mineral Industry of Utah, 1958. 

PLEASE NOTE: We are required by law to collect from re8ident8 of Utah a sale8 
tax 0/ 21/2% on all purcha8es. Therefore~ when 8ending mail order8. 
Utahns 8hould add 21/2% to our listed price8. 

ARTHUR L. CRAWFORD, Director 

UT AH GEOLOGICAL AND MINERALOGICAL SURVEY 

200 Mines Bullding, University of Utah Salt Lake City, Utah 
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