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GEOLOGY OF PIUTE COUNTY, UTAH

ABSTRACT

Piute County is located in south-central Utah along the west

ern margin of the Colorado Plateau, and is part of the physiographic 

subprovince known as the High Plateaus, Elevations range from 5,825 

feet to 12,132 feet. The climate is semiarid.

Sedimentary rocks, though of limited exposure, reveal an ex

cellent section that ranges from Middle Pennsylvanian to late Tertiary- 

Quaternary in age. Total thickness of the exposed sedimentary rocks 

is about 6,200 feet. The Paleozoic rocks are largely carbonate with 

subordinate amounts of quartzite. Mesozoic rocks are predominantly 

sandstone, quartzite, and shale with lesser amounts of carbonate and 

conglomerate. Rocks from Cretaceous to Pliocene Time are generally 

absent. Late Tertiary-Quaternary sediments are mainly conglomerate, 

fanglomerate, and alluvial debris.

The area is the site of an extensive accumulation of late
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Tertiary volcanic rocks. Extensive flows are intercalated with more 

abundant pyroclastic m aterial of regional extent, Six major groups of 

the igneous rocks are recognized. From oldest to youngest, these 

groups are: (1) Bullion Canyon Group, consisting of latites, andesites, 

flows, and breccias; (2) Monzonitic intrusions; (3) Dry Hollow-Roger 

Park Group, consisting of latite, tuff, and basaltic breccia; (4) Granite 

intrusion; (5) Mount Belknap Group, consisting of rhyolitic flows, tuffs, 

and breccias; and (6) Basalt flows. Total thickness of these rocks is 

variable, but probably exceeds 10,000 feet.

Based on petrologic and petrographic observations, the. Bullion 

Canyon Group and the Mount Belknap Group are each subdivided into 

three subgroups. The Bullion Canyon subgroups are apparently of r e 

gional extent, and are useful as reference planes for subsequent geologic 

events. Fluidization, air fall, and, locally, water have been responsi

ble for the wide areal distribution of these rocks.

Field relationships and absolute age dating indicate that vol- 

canism began about middle Eocene and lasted to late Pliocene or early 

Pleistocene time. -

C .I.P .W . and Niggli calculations are applied to available 

chemical analyses of the igneous rocks. The two methods yield com

plimentary results. The rocks are all saturated with respect to silica, 

in the norm. There is an equivalence of the alkalies throughout. The
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rocks are relatively poor in calcium. There are gross chemical dif

ferences between the various rock groups, however, there is a more 

or less regular variation from the older to the younger rocks; and with 

the exception of late basalt, the igneous rocks exhibit chemical consan

guinity, ■' .

The area exhibits structural characteristics that are related to 

both the Colorado Plateau and the Basin and Range, However, the struc

ture is relatively simple in that complex folding and thrusting are gen

erally absent. Structures with north trends are most pronounced; how

ever, northwest, northeast, and east trends are present, >

Faults are the most noteworthy structural features of the area. 

Relatively linear north-south valley and mountain blocks bounded on both 

east and west by major faults are characteristic. The major period of 

faulting probably took place in late Pliocene Time,

Two anticlines and two synclines with northwest trends con

stitute the major folds of the area.

Rocks of the area exhibit a widespread and variable suite of 

alteration minerals, some of which are characteristically associated 

with ore mineralization. The several different rock types respond dif

ferently to the alteration processes; but, in general, the older igneous 

rocks are more highly altered than the younger igneous rocks. The 

alteration has been largely accomplished through fumarolic-hydrothermal
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action.

Mines of Piute County have produced about $19, 000, 000 in min

eral products, ranging from alunite to uranium. The mineral deposits 

consist of vein and replacement types. The deposits are thought to 

have been formed by ascending magmatic waters rich in sulfate, bi

carbonate, potassic and halogen,components. Relatively low tempera

ture and low pressure probably prevailed during ore deposition. Open- 

space filling has been important as a mode of ore deposition.

Available absolute age dates indicate that the ore mineraliza-
■ .

tion took place during late Miocene and early Pliocene (13-11 m, y .).
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CHAPTER I 
INTRODUCTION

General Statement

Piute County, Utah, occupies a semiarid mountainous segment 

of the High Plateaus of Utah, transitional between the Colorado Plateau 

and the Basin and Range physiographic provinces. -Extensively covered 

by thick accumulations of Tertiary volcanic, m aterials, the region fur

nishes abundant data on the relationships between centers of igneous 

activity and sedimentary accumulations of the Colorado Plateau and the 

adjacent Cordilleran miogeosyncline.

Initially, it was intended to limit this investigation to the west- 

central part of Piute County. However, by the time that area had been 

mapped, the writer had become aware of several problems which if not 

solved, at least in part, could contribute to serious misinterpretation 

of some of the observed features.

One such problem that immediately became evident concerned 

the volcanic sequence. An incomplete section was present in the area 

mapped initially. It was, therefore, necessary to enlarge the field 

coverage to better understand the volcanic stratigraphy. The value of 

such a study as a factor in the determination of the geology of surround

ing areas was recognized as being important in this part of Utah.
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Regional correlation of some of the volcanic units is possible, thus per

mitting some stratigraphic control within the volcanic suite.

Tectonic and physiographic features were also incompletely 

represented in the area initially mapped. On a regional scale the var

ious tectonic units and physical divisions became more apparent. Faults 

were found to be abundant and to range from those having displacement 

measured in thousands of feet, and topographically well expressed, to 

those having very little displacement or topographic expression. As a 

rule, folds are expressed only as slight warps or flexures in the sedi

mentary and volcanic beds.

Alteration was found to be abundant and widespread, particularly 

in the volcanic rocks. The various groups of volcanic, intrusive, and 

sedimentary rocks were found to differ in type of alteration and extent 

of alteration.

Since the 1860*8, diverse mineral products ranging from alunite 

to uranium have been produced from the mines of the area.

Mineralization is related to particular lithologic units and 

structures and is more limited in extent than accompanying alteration.

There are now, for the firs t time, sufficient geochemical age 

determinations to give a tentative verification to the Tertiary geologic 

events of the area.

An additional, though not unrelated, problem was the need to 

integrate the data obtained from previous investigations with the latest
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work. With this purpose in mind, a revision was made of the previous

ly mapped parts of the county and the remaining area was mapped. This 

material was then compiled and incorporated into a geologic map of 

Piute County.

Although many problems remain unsolved, the perspective 

furnished by a regional investigation has permitted a better understand

ing of some of the problems that have been encountered and has resulted 

in a more logical interpretation of the observed geological features.

L ocation and Accessibility

Piute County is located in south-central Utah (fig. 1), approxi

mately 200 miles south of Salt Lake City. The county encompasses an 

area of about 750 square miles. It is bounded on the north by Sevier 

County at approximately 38°3lc north latitude; on the east by Wayne 

County at the Salt Lake.Base Meridian, or approximately lll°5 1 r west 

longitude; on the south by Garfield County at approximately 38°09l north 

latitude; and on the west by Beaver County at approximately 112025I 

west longitude. The Piute-Beaver County line is a drainage divide on 

the Tushar Plateau and hence is very irregular.

Three all-weather highways serve most of the county. U. S. 

Highway 89 passes through the county in a north-south direction, and 

is the main artery of travel and commerce in this part of Utah.

In addition to these all-weather roads, there are numerous
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secondary dirt roads and "jeep trails" that traverse the area.

Valley and foothill areas are generally readily accessible due 

to their relatively low relief. Roads of one type or another penetrate 

into nearly every major canyon, and a few climb into the higher upland 

areas. However, owing to the ruggedness of the intervening plateaus 

and ranges, much of the area is accessible only by foot.

Purpose and Scope

It is the purpose of this work to describe the geology of Piute 

County, Utah. Principal emphasis has been placed upon the sedimen

tary and volcanic stratigraphy, and less emphasis was devoted to struc

ture, alteration, and mineral deposits.

During the past 85 to 90 years, much geologic investigation 

has been carried on in the region of Piute County. Most of this work 

has been concerned with a small area in the Tushar Range and the 

Antelope Range near Marysvale. In general, the northwest quarter of 

the county has received the attention of previous workers.

In this report, an attempt has been made to integrate known 

information with new data and concepts for the whole county. As a re 

sult, it is hoped that some geologic continuity, between the well-known 

areas and the less-known areas, has been established. Some relation

ships seem readily apparent, i. e . , the continuity of some volcanic units 

and the regional structural pattern. Other relationships, i. e . , the
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influence of local structures on ore deposition, require further study. 

Further investigations will concern themselves with the unsolved prob

lems.

Field and Laboratory Studies

Fieldwork upon which this report and accompanying map is 

based commenced during the summer of 1959 and required the use of 

the two succeeding summers for completion. Mapping was accomplished 

for most of the area by use of vertical aerial photographs having an ap

proximate scale of 1:20,000. Geologic information was plotted directly 

on the photographs. Tilt in the photographs was effectively eliminated 

by utilizing a series of acetate overlays using flight lines and wing points 

as controls. The geologic information was then transferred to base 

maps prepared from Utah State Highway map, No. 16, Piute County. 

Approximate reductions and enlargements were accomplished by use of 

a Kail projector.

Approximately 100 thin sections were prepared for rock-classifi

cation purposes. A petrographic microscope and mechanical stage were 

used in determining the mineralogical composition of the thin-section 

material.

A digital computer, the Royal McBee LGP-30, was used for 

processing the available chemical analyses of the igneous rocks of Piute 

County. A program was prepared for the computer, using the 22.4-alpha
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numeric system of input and printout, and is described in Appendix C,
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Previous Work

The earliest geologic literature of importance that dealt spe

cifically with Piute County and vicinity was written by Captain C. E. 

Dutton (1880), and was the result of work undertaken in the years 1875, 

1876, and 1877. Dutton*s report, t i tle d ’’Geology of the High Plateaus 

of Utah, ” is classic and has provided the groundwork for later studies 

of the area. B. S. Butler and H. S. Gale (1912) reported on the newly 

discovered alunite deposits near Marysvale, and in 1915, G. F. Loughlin 

published a report on the alunite in Piute and Beaver Counties. Both of 

these reports were prepared under direction of the U. S. Geological 

Survey. In 1920, B. S. Butler, G. F. Loughlin, and V. C. Heikes 

described the general geology and ore occurrences as a part of the 

classic U. S. Geological Survey Professional Paper 111. Eugene 

Callaghan (1939) made a preliminary report on the volcanic geology of 

the Marysvale region. It was Callaghan who recognized the various 

volcanic and intrusive phases within the area and described the occur

rences in some detail. He applied specific names to some of the more 

important units, and his work on the volcanic sequence has been basic 

to subsequent studies. Renewed interest in the alunite deposits, as a 

result of war-time activity, produced work by Willard and Proctor 

(1946), and others.

With the uranium discoveries of 1949-54, there came an
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abundance of reports on the area, mainly confined to the uranium oc

currences in the Antelope Range of north-central Piute County. Parker 

(1954) completed a doctoral study of the alunitic operation near Marys- 

vale. Bethke (1957) completed a doctoral study of the mercury selenide 

occurrence in the Lucky Boy mine, south of Marysvale. The most de

tailed work undertaken during this period was a study of the volcanic 

rocks, alteration, and ore occurrences of the Antelope Range by Kerr, 

et aL (1957). The results of this work were published by the Geological 

Society of America as Special Paper 64. Recently, the U.S. Geological 

Survey placed on open file preliminary work on the Delano Peak and 

Marysvale quadrangles. This work was commenced some 20 years ago 

by Callaghan and others.

The most recent work in the Piute County area was undertaken 

by Molloy (1958-60) as part of a doctoral study at Columbia University. 

Molloy describes, in some detail, the Mount Belknap volcanic group 

northwest of Marysvale.

No attempt has been made in this brief resume to cite every 

known report; also, many unpublished reports are in the possession of 

individuals and mining companies and are thus not available for reference.
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GEOGRAPHY

Climate

The climate of Piute County is semiarid. Precipitation rec

ords show annual and monthly variations. Much of the variation is due 

to the varied topography and altitude. Valley areas receive 8 to 12 

inches of precipitation annually. A 60-year record, 1889-1959, shows 

an average annual rainfall of 10.272 inches in the valley areas. Moun

tain areas normally receive from 12 to 26 inches of precipitation annual

ly, mainly in the form of snow which feeds the streams until early July. 

August is the wettest month and December is the driest month. Extended 

periods of drought are not uncommon, and recent indications point to a 

general warming trend and drier conditions. The past 7 years have 

been ones of drought, and as a result, surface runoff, springs, and 

storage-reservoir levels have been reduced considerably below nor

mal.

Summers are usually short and cool and the winters are long 

and cold. Average annual temperatures in the valley areas are about 

46°F. Average minimum temperatures are 10° to 12° F, and average 

maximum temperature is 76° to 80°F. The mountain areas will average

10
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approximately 10° to 20°F less than the valley areas.

Soils

There is a wide variety of soils in the Piute County area be

cause the soil-forming factors occur in so many different combinations. 

Most soils in the mountains and dissected plateaus are residual in or

igin, immature, and easily disturbed. Above 8,000 feet elevation, 

there are usually nonlimy, acid, pedalfer soils and there may also be 

some gray-brown podsolic soils.

Alluvial soils occur throughout the area in alluvial valley fills, 

drainage ways, on fans, or on stream bottoms and terraces. Soils 

found in these environments at less than 8, 000 feet elevation are often 

the gray-brown podsolic soils and pedocal soils.

Vegetation

The lands of Piute County are classified into zones that have 

rather distinct vegetative types (U. S. Department of Agriculture, letter 

communication, November, 1961).

Crest Zone: The crest zone embraces areas that are 

generally above 11,000 feet in elevation. It is char

acterized by severe climatic conditions. The zone is 

treeless or with slow-growing spruce trees and hardy 

low-growing herbaceous vegetation. Large areas are
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made up of barren rock. The zone is relatively small. 

The average annual precipitation is in excess of 30 

inches, mostly in the form of snow. Important streams 

originate in this zone.

Intermediate Zone: This zone extends from the upper 

reaches of the sagebrush and pinon-juniper type to the 

open areas of the crest zone, and generally occupies 

the area between 7, 500 feet and 11,000 feet elevation. 

Vegetation in general consists of the upper fringes of 

oakbrush type, aspen, ponderosa pine, spruce, and 

fir interspersed with openings of various sizes. Aver

age annual precipitation is 20 to 35 inches. Most of the 

commercial stands of timber occur here.

Lower Zone:. This zone occupies the lower and drier 

portions of the county. Elevations vary from 5,800 

feet to 7, 500 feet in elevation. Pinon-juniper is the 

dominant cover type, but the zone extends into desert- 

shrub and scrub oak at the lower and upper edges, r e 

spectively. Patches of aspen and some maple occur 

in draws, and cottonwood grows along stream bottoms.

Physiography

Piute County lies entirely within the High Plateaus subprovince
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of Utaho The name ’’District of the High Plateaus of Utah” was given 

by Dutton in 1880 to the region extending from Mount Nebo in Juab 

County, Utah, into northern Arizona. The region is characterized by 

long and relatively wide strips of alpine upland and rugged mountains 

that break sharply into longitudinal valleys.

The High Plateaus are transitional between the Colorado Plateau 

province to the east and the Basin and Range province to the west. Fea

tures within the area are broader and less tilted than the usual Basin 

and Range type, but are narrower and more tilted than typical Colorado 

Plateau features.

To add complications, an extensive volcanic cover tends to 

make the Piute County region an atypical part of the High Plateaus.

The mapped area contains parts of six distinct physical divi

sions, all having a general northwest trend. In general, there are three 

mountain, or plateau, blocks that increase in elevation from east to 

west, separated by valley areas that decrease in elevation from east to 

w e s t .  - 1 :  : : s .

These physical divisions are as follows: 

r 1. Fishlake Plateau

2. Awapa Plateau

3. Grass Valley

4. Sevier Plateau

5. Sevier-San Pitch Valley
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6. Tushar Plateau, or mountains

Location of these features is shown in figure 2.

1. Fishlake Plateau extends into the northeast corner of Piute 

County as a broad, slightly eastward-tilted block. Averaging about

9,000 to 10,000 feet in elevation, it is composed of basalt flows capping 

Dry Hollow Latite and Roger Park Breccia. The southwestern part of 

the plateau is bounded by the Paunsagunt fault zone.

2. Awapa Plateau lies immediately south of Fishlake Plateau 

and is  similarly a broad, relatively flat, slightly eastward-tilted block. 

The Paunsagunt fault zone bounds this block on the west and forms a 

precipitous scarp with the Awapa Plateau on the upthrown side. The 

southern extension of this plateau is known as Parker Mountain. This 

entire plateau might be considered as a southern extension of the Fish

lake Plateau at a lower elevation, from 8,500 to 9, 500 feet. Awapa 

Plateau also contains the only area of Piute County that has drainage 

other than into the Great Basin. A minor amount of the drainage flows 

eastward into the Colorado River system.

Thin basalt flows cap thin flows of Dry Hollow Latite, which in 

turn overlie a thick section of Roger Park Breccia.

3. Grass Valley separates the Sevier Plateau to the west from 

the Fishlake and Awapa Plateaus to the east. The western side of the 

valley commonly forms the dip slope of the eastward-tilted Sevier Pla

teau. On the east side of the valley, the Paunsagunt fault forms a scarp
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of great magnitude.

Grass Valley is a narrow basinlike feature, and may actually 

be a graben. The valley consists of two segments, or basins of deposi

tion, separated by a range of low foothills transverse to the valley that 

divide it into north and south segments. The northern segment lies at 

a slightly higher elevation than the southern basin. Apparently, both 

basins served as temporary base levels until Otter Creek cut through 

the obstructing foothills and drained the northern basin and thence 

flowed into the east fork of the Sevier River.

The southern basin is currently occupied by a manmade fea

ture, the Otter Creek reservoir. Terrace gravels, oxbow cutoffs, and 

dissected alluvial deposits seem to indicate that at one time both the 

north and south areas were occupied by lakes.

Limited agriculture is  carried out in Grass Valley, and the 

small towns of Angle and Greenwich are situated in the valley area.

4. The Sevier Plateau constitutes one of the most continuous 

physical features of Piute County. It is a linear, narrow, uplifted and 

tilted fault block. The Sevier fault zone marks the western boundary, 

and currently, Grass Valley forms the eastern limit. However, the 

Paunsagunt fault was probably the original limiting structure. This 

tabular block has been tilted eastward by 5° to 6°. Thus the east slope 

of the. Sevier Plateau is approximately the dip slope. An increase in 

the angle of dip, up to 15°, was noted as Grass Valley was approached.
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Dutton (1880) suggests that this characteristic is indicative of mono- 

clinal folding. This plateau is higher at both north and south ends than 

it is in the middle. On the ends, it is a maximum of 11,000 feet in 

elevation, while in the middle it is 8, 500 to 10,000 feet in elevation. 

Composed chiefly of volcanic rocks, the Sevier Plateau comes nearer 

than any other to exposing a complete section of the Bullion Canyon 

Group volcanics. The plateau is notched by many canyons, some near

ly reaching through this regional feature, but only near the south bound

ary of Piute County has it been completely bisected. Here, the east 

fork of the Sevier River has cut a deep narrow canyon through the vol

canic rocks.

5. Sevier-San Pitch Valley is a structural valley, and within 

the confines of Piute County is a tilted and warped graben. Bounded on 

the east by the Sevier fault zone and on the west by the Tushar fault 

zone, this valley separates the Sevier Plateau on the east from the 

Tushar Plateau to the west.

The valley is terminated in southern Piute County (Circle 

Valley) by the junction of the. Sevier and Markagunt Plateaus with the 

Tushar Plateau. In northern Piute County, the valley is interrupted by 

the Antelope Range which plunges eastward across the valley and abuts 

against the Sevier Plateau and the Sevier fault. The largest known in

trusive bodies in the area lie within this low transverse range. The 

most productive mines in Piute County are found in the intrusive rocks
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of this range.

It is through this valley that the Sevier River flows. The Sevier 

River is a rather small but important river in south-central Utah. The 

river and its tributaries have cut several deep canyons. Within the 

county, the drainage system is well, although not completely, developed. 

A dendritic pattern is characteristic. In profile, the Sevier River de

scends successively via a series of minor rapids to lower elevations as 

it flows northward. Valley areas have widened on the upstream side of 

each of these rapids, which at one time or another have served as tem

porary base levels. In these filled valley areas, the Sevier River ex

hibits many characteristics of a mature stream, i. e ., relatively nar

row meander belt and flood plain, and development of oxbows and cut

offs. Tributaries all exhibit youthful profiles. Apparently, the drainage 

system has reached a late youthful or early maturity stage of develop

ment. The normal cycle of development has been altered by storage 

reservoirs and ponds that have been constructed for the purpose of con

trolling runoff and thus affecting a conservation of water resources, 

principally for agricultural purposes.

Four small towns-—Marysvale, Junction, Kingston, and 

Circleville—occupy the Sevier-San Pitch Valley, and limited agricul

ture is carried out on the valley floor, mainly in the southern part of 

the Circle Valley area.

6. Tushar Plateau, or mountains, forms the highest and most
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spectacular part of the High Plateaus, rising very abruptly, in places 

up to 3,000 feet in less than a mile. In Piute County, these mountains 

reach a maximum of 12,173 feet in elevation.

The Tushar Plateau is the central segment of the westernmost 

range in the High Plateaus. To the north lies the Pavant Range which 

is separated from the Tushar Range by a structural depression, the so- 

called Clear Creek down warp. To the south lies the Markagunt Plateau, 

definitely tabular in character.

As Dutton (1880) points out, the Tushar Plateau, like the Pavant, 

is a composite structure, ranging from rounded Sierra-like peaks to a 

broad tabular form. Situated as an upthrown block between the Hurricane 

fault zone to the west and the Tushar fault zone to the east, the Tushar 

Plateau is a horst. In general, dips range from 12° to 15° to the west- 

northwest, although on its north end, some dips are to the north and 

west, while to the south, some dips are to the south-southwest.

The eastern front of the Tushar Plateau is more rugged and 

mountainous than the west. On this precipitous eastern front, just south 

of Marysvale, is exposed a surprisingly thick section of Paleozoic and 

Mesozoic sedimentary rock. Such exposures are ra re  in this volcanic 

region. Several deeply incised canyons, cutting into this plateau block, 

have also exposed the base, of the volcanics resting directly on sedimen

tary rocks.

In summary, summits of the upland areas stand several
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thousand feet above the valley floors. Maximum elevation is 12,173 

feet and the lowest elevation is about 5, 800 feet. Maximum relief is 

thus near 6,400 feet. All of the elevated areas are deeply dissected, 

and their margins are commonly cut by narrow deeply incised canyons. 

Some of these canyons are up to 5,000 feet in depth and dissect the 

elevated areas into several distinct blocks.

Valley areas contrast sharply with the elevated mountain blocks. 

Their floors are covered by a thin irregular and poorly developed soil 

zone and abundant alluvial debris. Frequent and often large alluvial 

fans cover much of the valley floors and represent a characteristic fea

ture of the valley areas. In addition, terrace or "bench" gravels are 

distinct features south of Marysvale.

It is suggested that structural influence, rock types, and the 

semiarid climate of the region have exerted primary control on the 

physiographic evolution. The modern physiographic features are 

varied, but probably do not, except locally, reflect the pre-volcanic 

physiography. Late Cretaceous deformation and Tertiary deposition, 

volcanism, and deformation are partially responsible.for the current 

features. Although the gross features are due to structural dislocations, 

details are the result of erosion, mainly through the agents of running 

water, mass wasting, and glaciation.



CHAPTER m  
SEDIMENTARY ROCKS

General Statement

The sedimentary sequence of the mapped area is approximate

ly 6,200 feet in thickness, and includes rocks of Paleozoic, Mesozoic, 

and Cenozoic ages. Measured sections are found in Appendix A. These 

rocks are exposed along the east-central front of the Tushar Range near 

Marysvale, in an area of approximately 15 square miles. Additional 

small exposures of sedimentary rocks are present elsewhere in the 

Tushar Range, but are limited to areas of faulting and deep erosion.

The Paleozoic rocks are predominantly carbonates and sand

stones. The Mesozoic rocks are mainly sandstones and shales with 

subordinate amounts of carbonate material. Consolidated to partially 

consolidated sands, silts, and gravels of the Sevier River Formation 

comprise the Tertiary-Quaternary System. Recent unconsolidated sedi

ments and alluvium represent the latest phase of deposition.

The dominant tectonic features that controlled deposition of 

sediments in the eastern Great Basin area were: the Cordilleran mio- 

geosyncline, the Utah-Wyoming shelf, and the Transcontinental arch, 

(Eardley, 1954). The sedimentary rocks seem to be indicative of a

21
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region that fluctuated between Cordilleran miogeosynclinal and Colorado 

Plateau environments. Latest Cenozoic to Recent sediments have been 

largely controlled by the development of Basin and Range structure.

Pennsylvanian System

Deposition of Pennsylvanian sediments occurred near the east

ern margin of the Cordilleran miogeosyncline on what has been called 

the Utah-Wyoming shelf (Eardley, 1954). The sediments consist of 

massive carbonates that are thought to be characteristic of a shallow 

sea or continental platform environment, These were followed by depo

sition of essentially eolian sands which accumulated in western and 

south-central Utah during Late Pennsylvanian time.

The lower carbonate beds of this sequence are the oldest known 

rocks in the mapped area. They are exposed only at the eastern base 

of the Tushar Mountains and in the nearby PTH (Patrick T. Henry) mine 

tunnel (pi. 1).

Callville Limestone

CalM lle Limestone is composed of 692 feet of dark-gray to 

light-tan limestone, dolomite, sandstone, minor quartzite, and some 

gypsum near the base of the exposed section. The formation ranges 

from massive to thin bedded, and locally contains nodules of dark-gray 

chert and thin shale partings. The Callville is exposed only in the PTH



PLATE 1

Figure A

View of Deer Trail Mountain, eastern Tushar Range, 

south of Marysvale (sec. 11, T. 28 S., R. 4 Wo). 

This is the principle area of sedimentary rock out

crop in.Piute County. View is toward the west and 

the formations are dipping toward west-northwest at 

between 14° to 18°. From oldest to youngest, the 

exposed formations are: IPoq (Oquirrh or Talisman), 

Pt (Toroweap), Pk (Kaibab), (Moenkopi), T^s 

(Shinarump), T^c (Chinle), Jn (Navajo and Wingate?, 

Kayenta?), Them (middle member of the older or 

Bullion Canyon Group).
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mine tunnel where the upper contact is observed, but the base has not 

been exposed* Locally, zones of sulfide mineralization are found in 

various beds within the formation closely associated with related 

silicification*

Age and correlation

No fossils were found in the measured section; limited exposure 

makes the problem of correlation difficult. Correlation (fig. 3) is based 

on stratigraphic position and lithology. The above measured section is 

correlated with Callville to the south and southwest, and with the Hermosa 

and Supai(?) Formations to the south and southeast. The lower gypsif

erous portion may, in part, be correlative with the Paradox Member of 

the Hermosa in southeast Utah. The Callville at Marysvale may be 

representative of Morrowan to Desmoinesian age.

Oquirrh Formation

Strata immediately overlying the Callville are referred  to the 

Oquirrh Formation (pi. 1), consisting of 580 feet of crossbedded, fine

grained, tan, white, and flesh-colored orthoquartzite. In the PTH 

mine tunnel, the base of the formation is exposed, and the upper contact 

is exposed in the vicinity of the Deer Trail mine and southward toward 

Cottonwood Canyon where it is downfaulted and covered by overburden. 

Eolian processes appear to have been instrumental in deposition of
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some beds.

The unconformity at the base of the Oquirrh Formation prob

ably represents a time when the seas were withdrawn, or at least were 

receding, from the area. The unconformity at the top of the Oquirrh 

Formation probably represents a considerable period of time during 

which the transition was again made from essentially eolian conditions 

to a marine environment.

Age and correlation * •

No fossils were found in the measured section and correlation 

(fig. 3) is based on lithology and stratigraphic position.

Previous workers have considered this formation to be Coconino 

Sandstone. There are, however, certain difficulties in correlating this 

quartzite unit with the Coconino of Arizona, and the problem has been

• recognized by other writers. Concerning this problem, McKee (1952) 

states:

Thus it seems likely that the original margin of dep
osition was in proximity to the area under discussion 
and that sandstones farther north, some of which have 
been correlated with the Coconino, probably are not a 
part of this unit despite lithologic sim ilarities. Among 
deposits in this category is an unnamed cross-stratified 
quartzite underlying the Toroweap Formation at Miners- 
ville, Utah.

Bissell (personal communication, field conference) suggests that the 

quartzite unit in question is Desmoninesian Oquirrh.
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The term  Oquirrh is preferred for the Marysvale unit and as 

such is correlated with Desmoinesian Oquirrh at Milford, Utah (Bissell, 

1959) and at Kanosh, Utah (Crosby, 1959). The Marysvale unit might 

also be correlated with part of the Webber Quartzite and part of the 

Oquirrh Formation of north-central Utah. Correlation is also made 

with the Talisman Formation of the Minersville area located some 40 

miles to the southwest.

Permian System

Permian sediments both in character and distribution were 

largely influenced by the Cordilleran miogeosyncline to the west, al

though its effect was somewhat modified by the presence of the Paradox 

Basin to the east, Kaiparowits down warp to the south-southeast, Kaibab 

and Circle Cliffs uplifts to the south-southeast, and the Oquirrh Basin 

to the north.

Earliest Permian sediments consisted of sandstone and car

bonate deposited by a sea that transgressed from the south-southwest, 

and reworked the underlying sandstone. Massive carbonate deposition 

followed as the. extensive Kaibab Sea covered the region.

Toroweap Formation

The Toroweap Formation consists,of 306 feet of interbedded, 

tan to light-yellowish-gray limestone, dolomite, and quartzite. It
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disconformably overlies the Oquirrh Formation, and, in general, fol

lows the same outcrop pattern as the Oquirrh. Toroweap forms steep 

cliffs that contrast sharply with the underlying dark-tan to flesh-colored 

Oquirrh beds.

The lower portion of the Toroweap Formation is a porous lime

stone, and contains abundant lenses of massive quartzite. The princi

ple orebodies of the Deer Trail and Lucky Boy mines were mainly con

fined to the lower 100 feet of the formation.

The term Pakoon Limestone might have equally well been ap

plied to this formation. However, because of the relative closeness to 

previously described sections at Minersville and Milford where the term 

Toroweap is used, the term  Toroweap is applied at Marysvale also.

Age and correlation

No fossils were found in the measured section and correlation 

(fig. 3) is based on stratigraphic position and lithology. The Toroweap 

Formation is correlated with the Toroweap Formation of surrounding 

areas, such as the Frisco district (Bissell, 1959) and Pavant region 

(Crosby, 1959). Its age is probably Leonardian.

Kaibab Limestone

Kaibab Limestone consists of 348 feet of light- to dark-gray 

limestone and dolomite. The formation weathers to a light gray that is
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distinguishable from the yellowish-buff tint of the underlying Toroweap 

Formation. Locally, the Kaibab Limestone is fossiliferous and contains 

remnants of crinoids and spiny shelled brachiopods. The formation 

crops out only on the Deer Trail face of the Tushar Range (pi. 1). Zones 

of local mineralization are found in various beds within the Kaibab Lime

stone.

The unconformity at the top of the Kaibab Limestone marks a 

withdrawal of the Kaibab sea, probably to the south and southwest, and 

a change to tidal mudflat conditions of deposition for the early Moenkopi 

sediments.

Age and correlation

Correlation (fig. 3) is based primarily on stratigraphic posi

tion and lithology, but the presence of a few crinoid remains and spiny 

brachiopods, particularly Pietyoclostus bassi, indicate a Kaibab fauna. 

The Kaibab Limestone is correlated with the Kaibab Formation of the 

Park City Group in north-central Utah, with the Cutler Formation to 

the east and southeast, and with the Kaibab of the surrounding areas.

It is probably Guadalupian age.

Triassic System

During Early Triassic Time, the seas fluctuated over much of 

the area, regressing to the west-northwest, then returning to deposit
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the marine Virgin Limestone Member, and then withdrawing once again 

as indicated by the change from non-marine to marine sediments. By 

Middle and Late Triassic time, the area was generally emergent with 

tidal-flat to continental conditions prevailing.

Except for the period of marine invasion, and deposition of the 

Virgin Limestone Member, the presence of ripple marks, mud cracks, 

and raindrop impressions is indicative of a tidal-flat environment of 

deposition for the Moenkopi Formation. At the end of Moenkopi deposi

tion, a regional emergence occurred as indicated by the erosional sur

face upon which the Shinarump Formation is deposited.

A continental environment of deposition is  indicated for the 

Shinarump and Chinle Formations, Shinarump deposition is perhaps 

more characteristic of alluvial-plain deposition, while the Chinle is 

probably a shallow lagoonal deposit.

Moenkopi Formation

The Moenkopi Formation consists of 1, 227 feet of varicolored 

micaceous shale, laminated siltstone, sandstone, limestone, and local 

pebble conglomerate. The lower 124 feet consists of pale-reddish- 

brown to light-green micaceous shale, laminated siltstone, and sand

stone. Overlying the lower red beds is 278 feet of dark-gray "knobby” 

weathering limestone that is considered to be the Virgin Limestone 

Member. The upper red bed units consist of 825 feet of pale-reddish-
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and thin limestone pebble conglomerate.

A conspicuous part of the Moenkopi Formation is the Virgin 

Limestone Member that forms a dark-gray cliff above the lighter gray 

cliffs of the Kaibab Limestone. In general, the Moenkopi is a slope 

former and the upper part is mostly covered by overburden, presenting 

few good outcrops for observation. The upper part contains some intra- 

formational folds (pi. 2, fig. B) of small magnitude, ripple marks, mud 

cracks, and raindrop impressions. The top of the Moenkopi is an un

conformity. The Moenkopi crops out to a greater extent than the under

lying formations, extending from Cottonwood Canyon to Bullion Canyon.

The presence of small lenses and beds of conglomerate within 

the Moenkopi Formation may be of significance in determining the tec

tonic history of this part of the Mesozoic Era in west-central Utah. The 

source for the conglomerate probably lay to the west, and, as such, 

would seem to indicate that a positive area was beginning to develop in 

the vicinity of western Utah or eastern Nevada during Triassic Time.

Age and correlation

Age of the Moenkopi Formation is considered to be Early 

Triassic. Correlation is based on lithology and stratigraphic position. 

The Moenkopi Formation in Piute County is correlated (fig. 3) with the 

Moenkopi Formation of surrounding areas, and with the Thaynes and

brown and light-green m icaceous shale, lam inated siltstone, sandstone,
\



PLATE 2

Figure A

Exposure of Shinarump Conglomerate and the upper 

part of the Moenkopi Formation in Bullion Canyon, 

about 5 miles southwest of Marysvale. The sand

stone and conglomerate units of the Shinarump are 

extensively fractured, whereas in the shaly beds of 

the underlying Moenkopi fracturing is poorly de

veloped. View looking northward.

Figure B

Intraformational folding in the Moenkopi Formation. 

Thin beds of siltstone and shale are involved in the 

folds. Location is sec. 11, T. 28 S ., R. 4 W.
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lower Woodside Formations of north-central Utah* The Virgin Lime

stone Member contains remnants of the fossil cephalopod Meekoceras, 

and is considered to be correlative with the Sinbad Limestone Member 

of eastern Utah, and the Thaynes Formation of north-central Utah.

Shinarump Conglomerate

The Shinarump Conglomerate is composed of 94 feet of 

yellowish-gray to tan, medium- to coarse-grained, and, locally, cross- 

bedded sandstone with minor amounts of conglomerate composed of 

granules, pebbles, and cobbles of quartz and quartzite, and associated 

organic material. The Shinarump is generally a cliff-forming unit (pi.

2, fig. A).

Outcrop pattern of the Shinarump Conglomerate is sim ilar to 

that of the Moenkopi Formation, extending from Cottonwood Canyon to 

Bullion Canyon (pi. 1).

Age and correlation

Age of the Shinarump Conglomerate is Triassic and correlation 

is made with Shinarump and Mossback units of surrounding areas. Cor

relation is based on lithology and stratigraphic position.
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Chinle Formation

The Chinle Formation consists of 240 feet of bentonitic, vari

colored sandstone,: siltstone, mudstone, shale, and conglomerate. The 

lower part of the Chinle is more arenaceous than the upper part. Con

tact with the underlying Shinarump is generally rather distinct, but may 

be gradational. Contact with the overlying Navajo Formation is very 

distinct and definite, being taken at the first massive, tan, eolian sand

stone above the mottled maroon to green beds.

Outcrop pattern of the Chinle is sim ilar to that of the Moenkopi 

and Shinarump Formations, extending from Cottonwood Canyon to Bul

lion Canyon (pi. 1).

Age and correlation

The Chinle Formation is considered to be Triassic in age, and 

is correlated (fig. 3) with the Chinle Formation of surrounding areas, 

including the upper part of the Ankareh Formation of north-central 

Utah.

No fossils were found in the measured section and correlation 

is based on lithology and stratigraphic position.

It is not known with certainty whether or not the Triassic 

Wingate Formation is present. Due to this fact, it is not here correlated 

with the Triassic Wingate of surrounding areas.
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Triassic-Jurassic and Jurassic System

The continental deposition of Late Triassic Time continued 

into Early Jurassic Time but with a definite change to a predominantly 

eolian environment. However, some horizontal bedding planes and 

horizontally laminated beds indicate periods of water action and deposi

tion.

By Middle Jurassic Time, marine deposition was again preva

lent throughout much of the area, and, no doubt, was locally influenced 

by the deep Sevier Basin immediately to the north.

Navajo Formation

The Navajo Formation consists of 1, 722 feet of massive, tan, 

well-indurated, crossbedded quartzite. The unit forms steep rugged 

cliffs as much as 500 feet in height, and forms large blocky talus 

slopes (pi. 3). The development of talus slopes and rugged topography 

is apparently a function of the degree of cementation and induration, 

and the presence of joint patterns. Constituent medium-grained quartz- 

grain particles are rounded to subrounded. The entire formation is 

well indurated and is cemented with silica and carbonate. It is possible 

that the cementing m aterial may, in part, be reflective of the original 

depositional environment. Cementing materials could have been added 

by percolating ground water.



PLATE 3

Figure A

Navajo Formation exposed in Bullion Canyon.

Though massive in appearance, faint traces of 

bedding can be observed. It tends to form cliffs and 

talus slopes. Formerly a sandstone, the formation 

here exposed is an orthoquartzite. View looking 

south.

Figure B

Closeup view of the Navajo Formation reveals the 

highly fractured character indicative of the brittleness 

of the orthoquartzite.
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The Navajo Formation crops out over a greater area than any 

other sedimentary unit in the thesis area. The measured section at 

Marysvale may also include the Wingate and Kayenta Formations.

In Bullion Canyon fissure veins containing base and precious 

metals penetrate the Navajo Formation.

Age and correlation

The Navajo Formation as described above probably includes 

the Triassic Wingate Formation, and Jurassic(?) Kayenta Formation, 

and the Jurassic and Jurassic(?) Navajo Sandstone. The term  Navajo 

is used here as correlated (fig. 3) with the Nugget Sandstone of north- 

central Utah and the Glen Canyon Group of surrounding areas.

No fossils were found in the measured section and correlation 

is based on lithology and stratigraphic position.

Jurassic System 

Winsor Formation

The Winsor Formation of Jurassic age consists of 610 feet of 

dark-gray limestone, tan and red sandstone, and red to light-greenish- 

gray arenaceous and argillaceous fissile limestone (pi. 4). The term 

Winsor, as applied to the Piute County region, probably includes the 

equivalents of the Carmel Limestone, Curtis, and Entrada Formations.



PLATE 4

Figure A

Winsor Formation outcrop in the vicinity of Ten- 

mile Canyon, Red, pink, and gray divisions are 

present and may represent units that are correla

tive with the Carmel, Curtis, and Entrada Forma

tions. View looking north.

Figure B

Closeup view of the lower gray unit of the Winsor 

Formation in Ten-mile Canyon. Intraformational 

folding reveals the thin-bedded and shaly character 

of the formation.
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Remnants of the .Winsor Formation of varying thickness are 

abundant as cappings on the Navajo Formation and as such are a good 

stratigraphic indication of subsequent erosional and structural events,,

Age and correlation

Age of the Winsor Formation is considered to be Jurassic, 

and is correlated (fig. 3) with the Winsor Formation of southern Utah, 

the Twin Creek Limestone of northern Utah, and the lower part of the 

Arapien Shale of Sevier and Sanpete Counties, Utah. The unit at 

Marys vale probably includes equivalents of the Carmel, Curtis, and 

Entrada Formations, and as such may be correlative with the San 

Rafael Group to the east and southeast.

Dutton (1880) and others have recognized the presence of 

Pentacrinus asteriscus, a characteristic Jurassic fossil.

Cretaceous(?) System

Tushar C onglomer ate

Overlying the Winsor Formation with marked unconformity is 

a limestone conglomerate. The unit is exposed only as disconnected 

outcrops, but appears to become more continuous and to increase in 

thickness toward the south. The Tushar Conglomerate is light to dark 

gray, well cemented, very resistant to weathering, and forms cliffs



and steep slopes. Clasts that make up the unit are generally pebble 

size (pi. 5)«

Age and correlation

The age of the Tushar Conglomerate can only be determined 

with some uncertainty as post-Jurassic. The unit may possible be cor

relative with the Dakota Formation of Cretaceous age.

Tertiary-Quaternary System

Sevier River Formation

The youngest formation of significant areal distribution in the 

mapped area is the Sevier River Formation that is in part fanglomerate 

and in part lake deposits. According to Callaghan (1939), the Sevier 

River Formation probably represents accumulation due to torrential 

runoff, is composed of materials that were locally present, and may, 

in part, represent accumulations that resulted from the rapid reduction 

of fault scarps that were produced by Pliocene-Pleistocene faulting.

The formation ranges from salmon pink to buff, tan, or white in color, 

and consists of siltstone, sandstone, and conglomerate (pL 6), Much 

of the unit is tuffaceous.

40



PLATE 5

Figure A

Tushar Conglomerate showing characteristic angular 

to subangular fragments. This unit is almost totally 

limestone with calcareous cement between fragments. 

Actual size.





PLATE 6

Figure A /

Pink tuffaceous member of the Sevier River Forma

tion, thought to be indicative of lake deposition. Dip 

of the unit is toward the Tushar Mountains in the 

background. Location is a mile west of the town of 

Marysvale. View looking to the southwest.

Figure B

Another aspect of the Sevier River Formation. In

distinct bedding is poorly developed. Fragments 

consist mainly of basalt, rhyolite, and latite. The 

unit is tuffaceous. Location is 4 miles southeast 

of the town of Marysvale.
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Age and correlation

The Sevier River Formation was considered by Callaghan (1939) 

to be of late Pliocene or early Pleistocene age, and according to Gregory 

(1950), contains diatoms of upper Pliocene or lower Pleistocene age.

It is correlated with similar formations to the south near Hatch, Utah, 

and with the Axtell Formation to the north in Sevier and Sanpete Counties, 

Utah.

Quaternary System

In Piute County the Quaternary System is represented by: (1) 

stream deposits, (2) valley alluvium, (3) terrace gravels, (4) landslide 

debris, (5) talus deposits, (6) glacial deposits, and (7) lake deposits. 

Most of these deposits consist of unconsolidated debris and boulders of 

quartzite and volcanic rock. All were derived from exposed formations 

in the area. The most common rock types represented are clays and 

silts.

Stream deposits and valley alluvium may be divided, from the 

base upward, into two types: (a) gravel, sand, and silt deposited on 

sedimentary and volcanic bedrock and interbedded with lake beds of 

silt and clay; and (b) surficial deposits of gravel, sand, silt, and clay 

that were laid down mainly as broad alluvial fans. The valley areas 

have, of course, been subjected to accumulation of considerable amounts
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of erosional debris, and as a result, numerous alluvial fans have been 

and are being extensively built into the two principal valleys.

Terrace gravels, locally called ’’the bench, ” are extensively 

developed just south of Marysvale as steep-sided, flat-topped, rock- 

strewn hills with their steep front facing the Sevier River valley, and 

gradually disappearing beneath alluvial fans toward the mountain fronts. 

They consist of clay, silt, pebbles, cobbles, and coarse boulder deposits 

that are poorly sorted and poorly stratified (pi. 7). The terraces prob

ably resulted from the drainage of Lake Marysvale by stages, each 

stage represented by a different terrace level.

Talus deposits are found mainly at the base of massive weather

ing rock units, usually quartzite, and less commonly igneous flows. In 

Bullion Canyon and Cottonwood Canyon, extensive talus developments in 

the Navajo quartzite have resulted in small rock glaciers and rock 

stream s (pi. 8, fig. B).

Locally in the vicinity of fault zones there has generally been 

extensive landslide activity. Landslide areas are characterized by 

large masses of rock debris having hummocky surfaces. Commonly, 

the landslides head in amphitheater-shaped re-entrants. The largest 

landslide noted in Piute County is situated between Dry and Manning 

Creeks on the western edge of the Sevier Plateau (pi. 8, fig. A). At 

this location, several million tons of debris has almost completely 

obscured the otherwise prominently exposed Sevier fault scarp and



PLATE 7

Figure A

Foreground and middle foreground show flat-topped 

remnants of a former lake. Units in the middle 

background, just below the lower vegetation line, 

belong to the Sevier River Formation. Tushar Moun 

tains lie in the background. View looking toward the 

southwest.

Figure B

Closeup view of a roadcut on U. S. Highway 89, 

immediately south of the town of Marysvale, east 

side of highway, showing general characteristics 

of terrace gravels. The fragments are commonly 

boulder, cobble, and pebble sized in a sandy

matrix.
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PLATE 8

Figure A

Landslide topography between Manning and Dry 

Creeks. This hummocky terrain represents the 

toe of what is perhaps the largest landslide in 

Piute County. View is toward the northeast.

Figure B ' :

Rock talus becomes small rock glacier at the base 

of the Navajo Formation on Deer Trail Mountain. 

Cirquelike depressions are beginning to develop. 

View is toward the northwest.
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Glacial deposits are confined to the higher altitudes. In the 

Tushar Range, glaciation of the last or Wisconsin(?) stage has modified 

some of the highland areas at elevations of 9, 500 feet and higher (pi. 9). 

Cirques (pi. 9), terminal and recessional moraines are clearly evident 

in Beaver, Bullion, and Cottonwood Canyons. Dutton (1880) reported 

that he had never seen a moraine lower than 8,500 feet, and that 9,000 

feet could be considered as the main lower level of their occurrence. 

However, Evans (1953) has reported remnants of a terminal moraine 

in the lower Webster Basin (Bulley Boy) area. This would seem to in

dicate that glaciation has occurred at elevations as low as 8,000 feet. 

Another factor that needs to be considered is the probability that since 

the latest glacial epoch, the plateau areas could have risen consider

ably.

Lake deposits of clay, silt, and some coarse gravels accumu

lated in several local basins within the valley areas, probably while the 

glaciers were active at higher elevations. This fact seems to fit well 

the evidence that there were numerous lakes in and adjacent to the 

Great Basin during the last period of glaciation.

During late Tertiary Time, the Sevier River was blocked in its 

northward flow by volcanism, intrusion, and faulting. This resulted in 

the development of a lake, hereinafter referred  to as Lake Marysvale,

covers an a rea  of about 4 square m iles. Several slides of sm alle r mag

nitude a re  found throughout th is region.



PLATE 9

Figure A

Cirque development at the head of the south fork of 

Bullion Canyon. Several benches of development 

are shown. View is toward the southwest.

FigureB

Small terminal moraine on the south side of Bullion 

Canyon at an elevation of 10, 500 feet. View is toward 

the southwest.
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behind (south) the Antelope Range obstruction, and subsequent deposi

tion of pinkish- to salmon-colored silty-clayey beds of the lower Sevier 

River Formation. The presence of fragments of white or gray-banded 

rhyolite several miles south of present known outcrops may also be in

dicative of reversed drainage due to the damming action. Subsequent 

erosion resulted in the cutting of Marysvale Canyon through the Antelope 

Range and drainage of the lake by stages, as indicated by the several 

terrace levels south of Marysvale.

The basin occupied by Lake Marysvale reached a maximum 

depth just south of Marysvale. The initial stage probably began with the 

deposition of coarse debris and admixed volcanic material. Later depo

sition was characterized by finer grained deposits accumulated, in part, 

while glaciers were active in the Tushar and adjacent highlands. The 

upper part of the Sevier River Formation is closely associated with late 

Tertiary-Quaternary basalt flows and the reduction of fault scarps.

Four such basins have been noted in Piute County, and all are 

thought to have undergone sim ilar processes of development. Two of 

these basins are located in Grass Valley and two are located in the 

Sevier-San Pitch Valley.



CHAPTER IV 
METAMORPHIC ROCKS

Despite the extent and thickness of flows and the abundance of 

volcanic and intrusive activity in the region, metamorphism has been of 

little consequence. Only narrow zones of contact metamorphism are 

present.

Locally, some of the flows have caused a slight "baking" effect 

on the underlying unit. However, these zones are generally not more 

than a few inches in width. As noted by Kerr, et al. (1957), even the 

contact metamorphic zones around intrusive bodies are not extensive, 

although hornfels zones are present near intrusive contacts.

Callaghan (1939) noted that in zones of contact metamorphism 

orthoclase tends to develop and replace earlier plagioclase, and that 

the rocks tend to become pink, black, or green. The pink color of the 

rocks is due largely to the addition of orthoclase and quartz; epidote 

and chlorite produce the greenish-colored rocks, and the addition of 

magnetite or biotite has produced the black or dark-gray colors. Mag

netite is sufficiently abundant, in at least one locality, to form a small 

orebody.

Metamorphism has been suggested as the process that caused

transformation of the Navajo and Oquirrh sandstones to quartzites.
50
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However, it seems quite unlikely that these two formations would be 

metamorphosed while the intervening shales, conglomerates, and lime

stones remained unaffected. It is thought that migrating or percolating 

waters are responsible for the transformation. This consideration seems 

likely in view of the favorable porosity and permeability properties of 

the sandstones as compared to those of the intervening formations.

Rafted and metamorphosed blocks of the Navajo( ?) Formation 

are present in some of the quartz monzonite bodies in the north-central 

part of the county.



CHAPTER V 
IGNEOUS ROCKS

Extrusive Rocks

South-central Utah is the site of an extensive accumulation of 

volcanic rocks. Here, several thousand square miles of High Plateau 

country is covered by these rocks (fig. 4). The region thus affords an 

excellent opportunity to compare and correlate sedimentary accumula

tions of the. Color ado Plateau with those of the Basin and Range province, 

and to interpret their Cenozoic structural evolution as evidenced by the 

contemporaneous volcanic accumulations common to both.

Extensive volcanic flows are intercalated with more abundant 

pyroclastic material. These rocks range in composition from rhyolite 

to basalt (table 2).

Piute County is largely covered by these volcanic materials 

which rest on gently folded, faulted, and eroded sedimentary rocks of 

Mesozoic and Tertiary ages (fig. 5). These volcanic accumulations 

form some of the thickest and most extensive exposures of extrusive 

rocks in Utah.

Callaghan (1939) estimated the thickness to be greater than 

10,000 feet. Kerr, _et aL (1957) approximated a total thickness of 8,670

52



F ig u r e  4 53

|6 a f t  R i W  ^  y °

'\Gr°U8cf;reek  1 1 ^
e

, V i U  N eV 0ur(4an d"
^'Silver Island

IGNEOUS ROCKS 
OF

(a fte r TBu$lock) 
In tru s iv e  R ock s

E x tr u s iv e  R ock s  
10 0 20 40

M ile s
' 1 ------------------1

4 — c .~  '

!«

Star.8bufynB in8h ^ 5  A1‘e ^ < f \p ir ie  cjty 
8 ~  '  C o t t ^ b d

»Gold H ill
9 f  ^ G r a n ite  R ange

^  M ercu r  % frx\ x.\
f

S h eep ro ck  C ity

\
\

^ V

/
______________ \______________ >----- -

f

H eap M ountain ‘ L aSal M nts. I

B ea v er  L a k c ^ v ''( ( / "  ,  ( /  S , v i e , \  I . . L v a t i o n  P e a k  X  N orth  M A
----------------------------------"(Middle Mtifr

x South Mtn.

H enry M tns. <
------------<•. M t. E lle n  X ,  .

Aba jo M tns. I
t. P e n n e ll A ^

Ml: B t e  "
4 '

Iranite Jyitn^T ^ r e e  0

^V ' 4  .vX^Iyt^i Mtn. /«
)ddard

Mt. E llsw o r th
Z

er
J

J



F ig u r e  5

R ELA TIO N SH IPS OF IGNEOUS AND SEDIM ENTARY ROCKS 
P IU T E  COUNTY AND VICINITY ‘

(m o d ified  a fter  C allaghan , 1939)



55

feet. Molloy (1960) reported a thickness greater than 8,000 feet. In

dividual members of a volcanic sequence may exhibit considerable lateral 

and vertical variation, and, therefore, total thickness can only be approx

imated.

Callaghan (1939), on the basis of a marked unconformity, sep

arated the volcanic rocks of the region into earlier and later Tertiary 

groups. The earlier was referred to as the Bullion Canyon Group and 

the latter was referred to as the Mount Belknap Group. He also rec

ognized an intervening period of intrusive activity. Latest Tertiary vol- 

canism was represented by a sequence of basalt flows.

As a result of the present investigation, six major groups of 

igneous rocks are recognized; four are extrusive and two are intrusive. 

From youngest to oldest, these groups are as follows:

1. Basalt flows of late Tertiary-early Quaternary 

(Pliocene-Pleistocene) age.

2. Mount Belknap Group— a sequence of rhyolites, 

tuffs, and ignimbrites(?) of late Tertiary (Miocene- 

Pliocene) age.

3. Granite intrusion, closely related in time to the 

extrusion of the Mount Belknap Group.

4. Roger Park-Dry Hollow Group—a sequence of 

flows, tuffs, ignimbrites(?), and agglomerates

of middle to late Tertiary (Oligocene-Miocene) age.
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5. Monzonite, monzonite porphyry, and quartz 

monzonite intrusion of middle to late Tertiary 

(Oligocene-Miocene) age.

6. Bullion Canyon Group— a sequence of andesitic and 

latitic flows, tuffs, and breccias of early to middle 

Tertiary (Eocene-Oligocene) age.

Relationships between these groups of igneous rocks and the 

underlying sedimentary rocks are shown in figure 5.

Callaghan did not make detailed petrologic or petrographic sub

divisions within the various groups. He did, however, name and describe 

some of the more obvious and important members. Kerr, et al. (1957) 

described, in some detail, 12 members within the Bullion Canyon Group, 

and suggested some subdivisions within the Mount Belknap Group. Molloy 

(1960) has more completely subdivided the Mount Belknap Group into 

several members.

In this presentation, no attempt will be made to extensively 

subdivide the various groups or to make detailed correlations with the 

work of Kerr, et al. (1957) or Molloy (1960). Correlation of volcanic 

units is often complicated by local variations in texture, density, and 

color. It is felt that such variations, often present in individual mem

bers, limit detailed correlations to relatively short areal distances. 

There is, however, an apparent tendency for several of these volcanic 

units to exhibit a regional distribution. Regional correlation based on
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petrologic and petrographic features such as physical continuity and 

primary and secondary lithologic characteristics is possible. An at

tempt is made to correlate the Piute County section with a section from 

the Basin and Range, as proposed by Mackin (1960). (See fig. 6.)

The objectives of the investigation of the igneous rocks of Piute 

County are threefold:

1. To describe the Piute County volcanic sequence 

and related features.

2. To discuss the composition, emplacement, and origin 

of these igneous rocks.

3. To relate the Piute County volcanic sequence to Basin 

and Range and Plateau types.

Bullion Canyon Group

The Bullion Canyon Group represents the oldest and most wide

spread volcanic sequence in the region. This group is resting, with 

marked unconformity, on eroded sedimentary rocks of Jurassic and 

Cretaceous(?) age. However, in the Pavant Range, several miles north

west of Marysvale, it has been noted that this same volcanic group is 

interbedded with and overlies beds of Green River age (middle Eocene). 

(See figs. 5 and 6.) Contacts between the Bullion Canyon Group and the 

underlying sedimentary rocks indicate that the region was one of relative

ly moderate relief at the beginning of volcanic activity. Perhaps this
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was part of a positive area adjacent to the extensive Green River Basin 

of Eocene Time.

Rocks comprising the group consist of an extensive series of 

tuffs and breccias of andesitic composition, biotite-hornblende latite 

flows, pyroxene andesite, tuffaceous breccias, and quartz latite flows. 

Ignimbrites are thought to be present. The proportion of flows to pyro

clastic s and the thickness vary. A thickness of 3,800 feet was deter

mined for the Bullion Canyon Group; however, since thickness is vari

able it may locally exceed 5,000 feet. The group has been slightly 

warped, eroded, faulted, intruded, and locally covered by later volcanic 

extrusions. Alteration is common and widespread. All granular intru- 

sives and many of the ore deposits of the district are confined to rocks 

of this group.

Callaghan (1939) named the group for an excellent exposure in 

Bullion Canyon southwest of Marysvale. He considered it a single unit, 

but recognized that a threefold division was distinguishable at the type 

locality in Bullion Canyon. Kerr, et al. (1957) recognized and mapped 

12 members of the group in the Antelope Range north of Marysvale.

The present paper represents an attempt to subdivide the Bul

lion Canyon Group into three subgroups, apparently of regional extent, 

based on petrologic and petrographic studies. The extent of this group 

of volcanic rocks is not yet fully known, but additional work may prove 

it, or its equivalents, to be widespread, covering perhaps thousands of
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Lower subgroup

In Piute County the lower subgroup of the Bullion Canyon Group 

rests  with angular unconformity upon tilted and eroded sedimentary rocks 

that range from the Jurassic Navajo and Winsor Formations to the 

Cretaceous(?) Tushar Conglomerate^). Elsewhere, in surrounding 

areas, these volcanics are interbedded with, and overlie, sedimentary 

rocks of lower to middle Tertiary age. Locally, beds of Tertiary con

glomerate are found at the contact. The composition of the conglomerate

varies with the underlying rock types, but it is generally composed of
/

limestone and quartzite fragments with admixed volcanic material.

Toward the top the conglomerate becomes increasingly tuffaceous, and 

many of the limestone fragments have been converted to marble.

Rocks of the lower subgroup are exposed in the Tushar Range 

of west-central Piute County mainly in Bullion, Cottonwood, and Ten- 

mile Canyons. At these localities volcanic rocks can be seen lying 

directly on sedimentary rocks. These early volcanics formed a rather 

persistent covering of the topography and are thought to have a wide

spread distribution. Thickest accumulations were in the topographically 

low areas with a thinning toward the topographic highs. In some localities

square m iles in adjacent p a rts  of Utah and Nevada. The Bullion Canyon

Group is  correla ted , in part, with the Needles Range Form ation of

Mackin (I960). (See fig. 6.)



the lower member may be absent, either as a result of erosion or of 

nondeposition.

The lower subgroup varies from 400 to 800 feet in thickness 

and consists of interbedded andesitic pyroclastics and thin andesite and 

latite flows. Welded flow breccias and welded tuffs dominate; the thin- 

bedded tuffaceous flows usually account for less than 10 percent of the 

total thickness. Pyroclastic m aterial ranges in size from ash to coarse 

fragments (pi. 10, fig. B and pi. 11, fig. A). Rock fragments vary in 

abundance but may comprise up to 80 percent of the rock.

The rocks are dense and generally dark in color. They are 

typically gray, bluish gray, purple, olive brown, or black. Several of 

the units exhibit a characteristic banded or bedded appearance (pi. 10, 

fig. A and pi. 11, fig. B). This indistinct layering may be the result of 

changes in the size of fragments in successive eruptions. The layering 

is often more apparent in the hand specimen than in thin section. Thin, 

light-gray to pinkish-gray tuffaceous partings are occasionally present.

Thin-section study shows the rocks to range from fine grained 

to distinctly porphyritic. However, a hypocrystalline texture and a 

protoclastic or breccia structure is typical (pi. 12, fig. A). Phenocrysts 

vary in abundance but generally comprise less than 50 percent of the 

rock, and in size they range from 0.5 to 10.0 mm. In order of decreas

ing abundance the phenocrysts consist of plagioclase (oligoclase-andesine) 

green-brown hornblende, orthoclase, augite, quartz, biotite, and



PLATE 10

Figure A

Outcrop of Lower Bullion Canyon subgroup, west side 

of Bullion Canyon on Beecher Ridge. The rocks com

monly exhibit a layered or bedded appearance. View 

is to the west-southwest toward the south fork of 

Bullion Canyon.

Figure B

Closeup of the outcrop shown in figure A. The admix

ing of layered material and rounded boulders in a 

tuffaceous matrix is clearly shown. The volcanic 

debris was undoubtedly derived from a nearby high

land. The largest boulder is approximately 10 inches 

in its longest dimension.
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PLATE 11

Figure A

Welded breccia from the Lower Bullion Canyon subgroup, 

Beecher Ridge. The included rock fragments are andes

ite and latite. Both groundmass and fragments are 

highly altered. Chlorite is characteristic.

Figure B

Fine-grained welded tuff from the Lower Bullion 

Canyon subgroup, Oak Creek Canyon. The well- 

developed layering is probably due to compaction 

not flowage. Glass is a common constituent of the 

groundmass. Secondary growths of quartz have dis

rupted some of the laminae.
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PLATE 12

Figure A

Photomicrograph of a highly altered flow breccia from 

the Lower Bullion Canyon subgroup. Outlines of in

cluded rock fragments, though indistinct, are rec

ognizable. Small dark grains are magnetite. Calcite 

and chlorite are abundant in the gfoundmass. (X 10.)

Figure B

Hornblende-rich flow from the Lower Bullion Canyon 

subgroup. The hornblende (H) is highly altered and 

has heavy magnetite-rich rim s. Plagioclase feldspar 

(F) has largely altered to calcite, only relict outlines 

remain. The groundmass (G) consists of a mosaic of 

tiny plagioclase and hornblende crystals. (X 40.)
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muscovite. Feldspar crystals are commonly crushed and broken, and 

the biotite and muscovite flakes are bent and broken. Groundmass min

erals consist of a mosaic of quartz and feldspar approximately 0,1 to 

0,3 mm in diameter. Glass is commonly present in minor amounts.

Tiny crystals of sphene, apatite, zircon, ilmenite, and magnetite are 

found scattered throughout the groundmass and included within the larger 

phenocrysts.

Alteration of these rocks is common and widespread. Chlorite, 

usually pennine, is the most common alteration product, and has formed 

from hornblende, augite, and biotite. The chlorite occurs as scattered 

patches and as pseudomorphs after hornblende. Minor amounts of 

antigorite(?) are also present as an alteration product after hornblende. 

Calcite is more or less always present, both as grains or patches 

scattered throughout the groundmass and as pseudomorphs after horn

blende. The calcite is often so abundant that the rock visibly effervesces 

with dilute hydrochloric acid. Relict hornblende crystals commonly show 

dark magnetite-rich rim s (pi. 12, fig. B). Some of the magnetite has 

been converted to hematite. Sericite is usually present in minor amounts, 

but locally it is very abundant. Clay minerals coat some of the feldspar 

fragments, and epidote and minor secondary quartz are also present.

Middle subgroup

The middle subgroup rests  with apparent conformity upon the
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lower member of the Bullion Canyon Group, and generally is more wide

spread and has a greater thickness than either the lower or upper mem

bers. Thickness of the middle member is variable but is estimated to 

be 2,000 to 2, 500 feet (pi. 13, fig. A). Rock types consist of massive 

fragmental tuffs, thin-bedded tuffs, thin flows, and, locally, flow 

breccias of latitic composition. Fragmental tuff is the dominant lith

ology, although interbedding of the different rock types is common (pi. 

13, fig. B). In general, the lower part of the middle subgroup is gray

ish blue, grayish purple to red, whereas the upper part is pale red, 

greenish gray, or grayish olive.

Rocks of the middle subgroup are finely porphyritic. Pheno- 

crysts of plagioclase, up to 30 mm in length, are abundant (pi. 14, fig. 

B) and may comprise as much as 50 percent of the rock. Phenocrysts 

of altered hornblende are common, as are streaks and spots of chlorite. 

Rock fragments, usually dark-brownish-red, bluish-gray, or green 

latite, up to 2 inches in width, vary in abundance from place to place 

but seldom comprise more than 10 percent of the rock (pi. 14, fig. A). 

These rocks characteristically exhibit a distinct platy fracture (pi. 15, 

fig. A) or spheroidal, exfoliated weathered surfaces (pi. 15, fig. B).

Thin-section study shows the rocks to be distinctly porphyritic 

with a hypocrystalline to hypidomorphic granular texture. Broken and 

deformed crystals and traces of flow alinement of phenocrysts indicate 

a protoclastic structure.



PLATE 13

Figure A

Middle Bullion Canyon subgroup exposed on the north 

side of Bullion Canyon. View looking toward the 

north-northwest. Faint traces of bedding dipping 

gently to the west can be seen. Contact between the 

middle and upper subgroups is found just below the 

highest peak (elevation 11,500 feet). Navajo(?) 

quartzite is found at the lowest point (elevation 

9,000 feet).

Figure B

Some intertonguing relationships of the Middle Bullion 

Canyon subgroup, exposed on the west side of Highway 

89 opposite the plug intrusive, Marys vale Canyon, 

Variations in lithology and thickness are characteristic 

for individual members. View toward the west-south-

west.
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PLATE 14

Figure A

Fragmental tuffaceous andesite from the lower part 

of the Middle Bullion Canyon subgroup. The abundance 

of fragments is characteristic. The smaller white 

patches are plagioclase feldspar.

Figure B

Fragmental tuffaceous andesite from the upper part 

of the Middle Bullion C anyon subgroup. Fragments 

are less common, but plagioclase phenocrysts are 

abundant.
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PLATE 15

Figure A

Platy or slabby fracture is a characteristic of much 

of the Middle Bullion Canyon subgroup. Weathering 

tends to accentuate the fractured surfaces.

Figure B

Rounded, almost spheroidal weathered surfaces are 

also a characteristic of the Middle Bullion Canyon 

subgroup. The affect is due to exfoliation. The 

massive cliff-forming units above the dashed line 

belong to the Upper Bullion Canyon subgroup. View 

is  to the west from the Bullion-Beaver Divide.
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Phenocrysts of andesine may comprise up to 40 percent of the 

rock units. Altered basaltic hornblende, quartz, orthoclase, pyroxene, 

biotite, muscovite, and pyrite are generally less abundant. However, 

units rich in biotite and hornblende are common (pi. 16, fig. A). The 

phenocrysts range to 30 mm in length and usually have a random arrange

ment, but occasionally they exhibit a preferred orientation or parallel

ism. Muscovite and biotite crystals are often bent or broken. These 

two features are probably due to either post-crystallization flowage or 

compaction.

The groundmass consists of tiny crystals of feldspar and 

quartz in a tuffaceous or glassy matrix. Cobaltnitrate staining indicates 

the potash feldspar, probably orthoclase, is an abundant constituent of 

the groundmass. Scattered throughout the phenocrysts and groundmass 

are minute crystals and grains of sphene, zircon, apatite, magnetite, 

and ilmenite.

Alteration is widespread in these rocks. The groundmass is 

generally more altered than the phenocrysts (pi. 16, fig. B). The 

plagioclase phenocrysts become cloudy and alter to calcite, clay, and 

some sericite. Hornblende alters to pennine, talc, calcite, and mag

netite. The calcite is commonly pseudomorphic after hornblende, and 

may be surrounded by magnetite-rich rim s. Chlorite and calcite to

gether may comprise up to 20 percent of the rock. The quartz pheno

crysts often show resorption effects, and biotite books have been



PLATE 16

Figure A

Altered hornblende andesite of the Middle Bullion 

Canyon subgroup. Hornblende has altered to iron-

rich rim s with carbonate cores. Light patches are
...

resorbed quartz. The tuffaceous groundmass is 

largely calcite and chlorite. (X 10.)

Figure B

Altered andesite of the Middle Bullion Canyon sub

group. Relict outlines of rock fragments and feld

spar can be distinguished, although they have been 

largely converted to calcite, chlorite, and clay. 

Hornblende is a minor constituent and has been 

altered to iron-rich rim s with calcite cores. (X

10.)
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Upper subgroup

The upper subgroup of the Bullion Canyon Group consists of 

400 to 800 feet of biotite, hornblende, or pyroxene-rich tuffs, welded 

tuffs, and flows of latitic composition. Thin flows and welded tuffs ap

pear to be dominant (pi. 17, figs. A and B). Rocks of the upper sub

group are generally more calcic than other volcanic rocks in the area 

(table 2, columns 5, 6, and 7). These rocks range from light to medium 

gray, grayish red to dusky red, or reddish brown to reddish purple.

The latite flows are usually porphyritic (pi. 18, fig. B), whereas the 

tuffs and welded tuffs contain relatively few phenocrysts or rock frag

ments. Many of the welded tuffs greatly resemble flows in their out

ward appearance.

In general, rocks of the upper subgroup lie conformably upon 

rocks of the middle subgroup (pi. 18, fig. A). Contact with the over- 

lying Roger Park and Dry Hollow Formations is more complex and in

ter tonguing relationships undoubtedly exist.

Thin-section study of the latite flows reveals a hypocrystalline 

to hypidomorphic granular texture. Protoclastic structure is common 

(pi. 19, fig. A). Phenocrysts vary in abundance, up to 50 percent of 

the rock, and usually consist of andesine or oligoclase, biotite.

bleached to a golden-brown color. Epidote is  p resen t as sca tte red  grains

and patches.



PLATE 17

Figure A

Thin-bedded latitic flows and welded tuffs of the Upper 

Bullion Canyon subgroup, on the north side of Dry 

Creek Canyon. View is toward the north. Individual 

units average about 20 to 50 feet in thickness.

Figure B

Welded tuffs of the Upper Bullion Canyon subgroup, 

north side of Kingston Canyon. View is toward the 

east-northeast. Weathering accentuates the gross 

features of layering. Intraformational unconformities 

are present.
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PLATE 18

Figure A

Above the dashed line is the Delano Peak Latite Mem

ber of the Upper Bullion Canyon subgroup. The Middle 

Bullion Canyon subgroup is below the dashed line. View 

is toward the southwest looking at Mount Holly at the 

head of Cottonwood Canyon. '

Figure B

Biotite-rich welded tuff member of the Upper Bullion 

Canyon subgroup. From Kingston Canyon. This rock 

is identical to Mackin*s Needles Range Formation.
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PLATE 19

Figure A

Flow structure in a latite from the Upper Bullion 

Canyon subgroup, Dry Creek Canyon, (X 40,)

Figure B

Welded tuff from the Upper Bullion Canyon subgroup,

Dry Creek.Canyon, Banding is due tcxdifferences in
*

composition and compaction, Semiflattened glass 

droplets are abundant. (X 10.)
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hornblende, and, less commonly, sanidine, orthoclase, and augite.

These phenocrysts may be up to 5 mm in width and 10 mm in length.

There is a subparallel arrangement of the platy and prismatic pheno

crysts. The feldspar is commonly fragmented and the biotite is  bent, 

indicating some movement, probably flowage (pL 19, fig. A). Acces

sory minerals consist of minute crystals of apatite, sphene, quartz, 

and, occasionally, tourmaline.

The groundmass is principally composed of a brownish ash and 

glass that is more or less devitrified. Crystallites of felted plagioclase, 

orthoclase, minor quartz, and grains of magnetite and ilmenite are 

present in the groundmass.

The tuffs and welded tuffs also commonly show flow structure 

and compaction features (pi. 19). In some tuffs there has been sorting 

and indistinct bedding that is suggestive of an air-fall mode of accumula

tion. Lenticular beds of arkose are occasionally present. Mineral com

position of the tuffs and welded tuffs is similar to the latites. However, 

phenocrysts are less abundant in the tuffs than in the latites.

Alteration has affected both latites and tuffs similarly. Chlorite 

has developed with the breakdown of biotite and hornblende, and calcite 

and quartz have formed in the devitrified groundmass. Andesine pheno

crysts are mottled and irregularly replaced by orthoclase. Magnetite 

has developed after hornblende, and hematite has resulted from the 

oxidation of the magnetite, giving the rock a reddish-brown cast.
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Alunite, clay, and sericite are present in minor amounts and represent 

breakdown of the feldspars.

Roger Park-Dry Hollow Group

The extensive volcanic breccias, flows, and tuffs that comprise 

the Roger Park-Dry Hollow Group are among the most distinctive in 

Piute County. The group is extensive and forms one of the better 

marker horizons in the entire region.

The group is definitely p re- to post-intrusive in age, and ap

pears to be transitional between the older Bullion Canyon Group and the 

younger Mount Belknap Group in lithology, chemically, and in age.

Based on potassium-argon age determinations (Bassett, 1962), 

volcanics assigned to the Roger Park-Dry Hollow Group range from ap

proximately 28 to 16 million years in age, and are correlated, in part, 

with the Isom and Quichapa Formations of Mackin (I960). (See fig. 6.)

Roger Park Formation

The Roger Park Formation is dominantly a breccia composed 

largely of a mass of coarse, unsorted volcanic debris with finer in ter

stitial material (pi. 20, figs. A and B and pi. 21, fig. A). Fragments 

of basalt and basaltic andesite are characteristic, and in some localities 

intercalated; dark dense latite flows are present.

The formation is widely distributed and is found in all except



PLATE 20

Figure A

Typical breccia in Roger Park Formation. Layering 

is due to alternating beds of coarse and fine rock frag

ments. The finer material is probably a water-lain 

tuff. Intraformational angular unconformities are not 

uncommon. Location is 3 miles south of Circleville.

Figure B

Andesitic breccia from the Roger Park Formation 

shows numerous angular rock fragments. Actual

size.





PLATE 21

Figure A

Characteristic section of Roger Park Formation, north 

side of Pole Canyon west of the, town of Angle, Weather

ing accentuates the otherwise indistinct layering.

Figure B

Thick section of Roger Park Formation exposed along 

the Oak Basin fault west of the town of Junction. Al

though not prominent, an indistinct layering or bedding 

is characteristic. View looking toward the southwest.
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the higher parts of the Tushar Range in the west-central and northeast 

part of Piute County. It forms the dominant lithology exposed in the 

eastern and southern parts of the Sevier Plateau, in the Fishlake and 

Awapa Plateaus, and in the southern part of the Tushar Mountains. 

Thickness is variable, but probably exceeds 1,000 feet and may reach 

a maximum of 2,000 feet. Maximum thickness is found in the southern 

and eastern parts of Piute County and thins rapidly to the north.

The basalts and andesitic basalts are various shades of gray, 

brownish gray, pinkish gray, and reddish brown. Constituent fragments 

range from less than an inch to several feet in diameter; the average 

varies with the locality. Brown glass is commonly present as interstitial 

material along with pinkish-brown tuff.

The appearance suggests that the extruded m aterial apparently 

behaved much like a plastic or semifluid mass that moved downslope in 

response to loading and gravity. Fragments and blocks of earlier ex

truded materials were incorporated in the process (pi. 20, fig. A).

The formation often exhibits indistinct layering (pi. 21). This 

would seem to suggest that parts of the unit may have been saturated 

with water, and perhaps gases, and behaved much like a mudflow or 

lahar. This could, in part at least, account for the widespread distribu

tion of the formation.

Intercalated, dense, dark latite flows are found near the bottom 

and top of the formation. Similar flows are found in the upper member
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of the underlying Bullion Canyon Group and in the overlying Dry Hollow 

Formation. As a result, the upper and lower contacts of the Roger Park 

Formation are often indistinct. Undoubtedly intertonguing relationships 

exist.

Fragments comprising the Roger Park Formation are seen 

under the microscope to consist of phenocrysts of andesine, labradorite, 

and basaltic hornblende in a finer groundmass of the same minerals (pi. 

22). Phenocrysts are not abundant and average about 3 mm in length, 

and minerals comprising the groundmass are . 01 to 1.0 mm in diameter. 

Pigeonite is present in minor amounts, as in olivine. Magnetite and 

ilmenite are usually present, and brown glass is common as interstitial 

material. Small yellow crystals of apatite were noted. Orthoclase and 

quartz are absent.

Dry Hollow Formation

Volcanics assigned to the Dry Hollow Formation generally 

overlie the Roger Park Formation. Volcanics in this formation are 

widely distributed and serve as an excellent marker horizon in the Piute 

County volcanic assemblage.

In the present investigation a thickness of 200 feet is assigned 

to the Dry Hollow Formation. However, total thickness is variable and 

locally may exceed 800 feet.

Four facies of Dry HoHow volcanics have been recognized: (1)



PLATE 22

Figure A

Roger Park breccia with white phenocrysts of labradorite 

in a groundmass of minute plagioclase crystals. Patches 

of dark hornblende have largely altered to magnetite. Re

lict outlines of numerous rock fragments are visible. (X 

10.)

Figure B

Typical breccia from the Roger Park Formation with 

abundant angular fragments of basaltic andesite. 

Fragmented minerals and rock fragments suggest a 

flow breccia. The groundmass is largely composed 

of brown glass. (X 10.)
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dark-gray to reddish-brown porphyritic latite; (2) reddish-brown to gray 

porphyritic quartz latite; (3) pale-pink, white, and pale-brownish-gray 

crystal tuff of probable quartz latite or latite composition; and (4) dark- 

gray, dark-brownish- gray to black basaltic andesite flows that are com

monly vesicular, Intertonguing relationships undoubtedly exist between 

these facies, and the underlying and overlying volcanic units.

The latite facies is dominant. For the most part these flows 

are 50 to 100 feet in thickness (pi. 23, fig. A). In color they are reddish 

brown to shades of gray. The latite is characteristically porphyritic (pi. 

24, fig. A), although fine-grained to glassy variations are present. 

Locally, the flows are vesicular and contain linear streaks and lenses 

of light-colored vitrophyre (pi. 23, fig. B).

Thin sections show the latite to have a hemicrystalline to micro

crystalline texture, and occasionally protoclastic structure is present. 

Flow lineation is also present but no constituent pattern was noted.

Phenocrysts of sanidine, oligoclase, quartz, hornblende, and 

biotite in a groundmass of glass are characteristic (pi. 24, fig. B). The 

phenocrysts vary in abundance, but generally comprise from 20 to 50 

percent of the rock and average 0.5 to 2.0 mm in diameter, although 

sanidine crystals up to 10 mm in length are common.

Olivine, with iddingsite rim s, is a minor constituent as are 

apatite, magnetite, hematite, and calcite.

The glassy to microcrystalline groundmass comprises from



PLATE 23

Figure A

Contact between the latite of the Dry Hollow Formation 

(lower dark bed) and the Joe Lott Tuff (upper light bed). 

Near Henry?s Ranch on Manning Creek.

Figure B

Dry Hollow latite with lenses and streaks of light- 

colored glassy material. These features are prob

able the result of flowage.
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PLATE 24

Figure A

Megascopic view of Dry Hollow latite specimen shows 

the porphyritic character. White grains are feldspar, 

commonly sanidine. The dark grains are mainly 

biotite. Most specimens exhibit some flow banding. 

Scale divisions at the photo base each represent an 

inch.

Figure B

Microscopic view of Dry Hollow latite shows the char

acteristic porphyritic texture and flow banding. Pheno 

crysts consist of sanidine, biotite, and hornblende. 

Flow lines are visible about some of the phenocrysts. 

Darker areas are highly tuffaceous and commonly 

stained with iron oxide. (X 10.)
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50 to 80 percent of the rock, and consists largely of glass and tiny feld

spar laths, magnetite, and quartz that vary from . 02 to . 05 mm in size*

The latite flows are only slightly altered. Biotite is bleached 

to a yellowish-orange, ’’golden” color, and magnetite is often coated 

with red iron oxide, probably hematite. This may account for the red 

dish-brown cast that is common to much of the Dry Hollow Formation.

The crystal tuff facies ranges in color from pale pinkish gray, 

purplish gray to light brownish gray. The rock is composed of abundant 

crystal fragments of oligoclase, quartz, biotite, and hornblende. Abun

dant dark-brown to ’’golden” orange-brown biotite crystals are char

acteristic. These crystals and crystal fragments are usually found in 

a glassy or ashy matrix. In some localities the tuff is pumiceous. 

Chemical analysis (table 2, columns 9, 10, and 11) shows the latite and 

tuff to be sim ilar in composition.

The basaltic andesite facies consists of vesicular, dark-gray 

to black flows. Phenocrysts of labradorite, augite, pigeonite, olivine, 

and magnetite occur in a groundmass of small plagioclase laths and 

glass.

Mount Belknap Group

The Mount Belknap Group represents the younger of the two 

major volcanic sequences of Piute County. Only the Joe Lott Tuff and 

late basalt flows are indicative of more recent volcanic activity. The
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Mount Belknap Group rests  with marked unconformity on eroded rocks 

of various types and of diverse ages, ranging from the Tertiary Bullion 

Canyon Group (pi. 25, fig. B) and intrusives, to sedimentary rocks of 

Jurassic age.

Lithologically and chemically the Mount Belknap Group differs 

markedly from the older Bullion Canyon Group (tables 2 and 3).

Rocks comprising the Mount Belknap Group consist of approxi

mately 5,000 feet of tuffs, welded tuffs, rhyolite flows, ignimbrites, 

flow breccias, and glasses. Glass, in one form or another, is a more 

or less common constituent of all rock types of the Mount Belknap Group. 

A basal glass is characteristic of several of the units, particularly of 

the rhyolitic facies. Inter gradations greatly complicate the local vol

canic stratigraphy and thickness is highly variable, but is approximated 

to reach a maximum of 4,000 feet.

Callaghan (1939) named the group for an excellent exposure in 

the Tushar Range west and northwest of Marysvale (pi. 25, fig. A).

Kerr, et al. (1957) and Molloy (1960) have subdivided the Mount 

Belknap Group of Piute County into several units. Parker (1954) noted 

three distinct members in the Antelope Range north of Marysvale.

For the present investigation a threefold subdivision, into sub

groups, paralleling that proposed by Parker (1954), has been adopted. 

From oldest to youngest, the subgroups are as follows: (1) red, (2) 

gray, and (3) porphyritic (figs. 4 and 5). As has been noted by previous



PLATE 25

Figure A

Exposure of the gray subgroup of the Mount Belknap 

Group at the head of Beaver Creek in the Tushar 

Range of northwestern Piute County, Mount Belknap, 

elevation 12,132 feet, is in the right background. 

View is looking toward the west.

Figure B

Angular contact of the Mount Belknap (light) with the 

Bullion Canyon volcanics. View is toward'the east 

at the head of Beaver Creek in northwest Piute 

County. Hummocky development in center and 

left background is indicative of landslide activity.
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investigators in the area, the subgroups are not equally distributed. The 

red appears to be more extensive to the north of Piute County. The gray 

extends farther to the south and west, and the porphyritic is more ex

tensive near the north-central border of Piute County. Molloy (1960) 

suggests that the distribution of a particular lithology is related to the 

distance from the source. Tuffs extend out farthest from an eruptive 

center, rhyolite flows would cover less area, and glass flows would be 

least extensive. Undoubtedly intertonguing relationships exist. An 

area at least 800 square miles in size is currently covered by these vol- 

canics.

Many of the tuffs have developed some degree of foliation but 

show little evidence of lineation. Based on this evidence, Molloy (1960) 

suggests that the tuffs, as well as the so-called rhyolites, accumulated 

by a continuous air-fall of the constituent particles and fragments. How

ever, the presence of a vitrophyre base and the general lack of sorting 

of the component parts indicate that a mechanism other than air-fall 

could just as well explain the emplacement of these large tabular sheets 

of silicic rock. In addition, many of the so-called rhyolites contain 

numerous autoliths, are highly tuffaceous, brecciated, and exhibit some 

flow lineation. The bulk of this m aterial is actually a welded tuffaceous 

flow breccia of rhyolitic composition.

Based on these criteria, it is postulated that ash flow or nuee 

ardente type eruptions have been largely responsible for the
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transportation and deposition of the Mount Belknap volcanic material.

On this basis at least some of the units would be more accurately de

scribed if referred to as ash-flow tuffs or ignimbrites.

Though the various subgroups differ in physical character, 

lithology, and distribution, they exhibit a remarkable similarity in gross 

chemical composition, as shown in table 2, columns 15 to 23. This uni

formity in chemical composition would seem to be indicative of eruption 

from a homogeneous magma source.

The group has been warped, faulted, and deeply eroded. How

ever, no known intrusions, other than a few dikes, cut the Mount Belknap 

Group. Alteration of these rocks is  limited to the development of clay 

minerals and a bleaching action.

The Mount Belknap Group is tentatively correlated, in part, 

with the Rencher and Page Ranch Formations of Mackin (1960). (See 

fig. 6.) They are_ also similar to the rhyolites of the Topaz Mountain 

and Thomas Range in west-central Utah.

Red subgroup

The red subgroup represents the oldest member of the Mount 

Belknap Group and rests upon an erosional surface that truncates the 

Bullion Canyon Group and monzonite intrusions. An erosional uncon

formity is probably also present at the top of the unit, but it is much

less well developed than the basal unconformity.
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A black to greenish-black pitchstone is common to the basal part of the 

unit (pi. 26, fig. A). Though highly variable in thickness, it will aver

age approximately 2,000 feet. Molloy (1960) subdivided the red subgroup 

into three members as follows: (1) Indian Hollow Rhyolite, with some 

tuff interbeds. To the east, the rock is porphyritic and rarely tuffaceous. 

To the west, the unit becomes more tuffaceous and its color changes 

from pinkish red in the east to gray in the west. The unit varies from 

400 to 1, 000 feet in thickness. (2) Indian Hollow Tuff, a fragmental tuff 

with a characteristic platy fracture parallel to the base of the unit, and 

a thickness of 200 to 600 feet. (3) Crescent Hill Rhyolite, a moderate- 

red rhyolitic tuff and flow breccia which is abundantly fragmental and 

contains numerous dark, grayish-red, aligned autoliths. This unit 

varies from 100 to 1,500 feet in thickness.

The tuffs exhibit various degrees of welding, from nonwelded 

to highly welded. Collapsed, or partially collapsed, bubble structure; 

fractures that break through matrix, phenocrysts, and included rock 

fragments; and, the presence or absence of foliation are indices to the 

degree of welding (pi. 27, fig. A).

Thin-section study shows 0.2 to 2.0 mm phenocrysts of sanidine, 

orthoclase, quartz, biotite, and minor plagioclase in a groundmass of

glass and microcrystalline feldspar laths, biotite, and quartz (pi. 27,

The red  subgroup is  a  m osaic of lenticular units consisting of

reddish-brown to gray rhyolite, rhyolitic tuffs, flow breccia , and glass.



PLATE 26

Figure A

Outcrop of Mount Belknap glass along U.S. Highway 

89, 2 miles north of Marysvale. The glass is dark 

black to greenish black. View is toward the south

east.

Figure B

Photomicrograph of Mount Belknap glass. Irregular 

banding is due to flowage and has been further ac

centuated by differences in devitrification. Only a 

few crystals of feldspar and biotite are visible in 

the glass matrix. (X 10.)
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PLATE 27

Figure A

Mount Belknap red rhyolite clearly shows compaction 

structure. The dark streaks and lenses are glass in 

a tuffaceous matrix. Some small rock fragments are 

included.

Figure B

Photomicrograph of Mount Belknap red rhyolite. Light- 

colored crystals and fragments of orthoclase are present 

in a brown glassy matrix. Flow laminae are abundant, 

although not always obvious. (X 40.)
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fig. B). Phenocrysts generally make up less than 10 percent of the 

rock. The sanidine is often zoned, and the biotite flakes are generally 

bent and bleached a "golden" color. The glass matrix is commonly de- 

vitrified. Magnetite and hematite are present as minor constituents.

The hematite flecks probably give the rock its characteristic reddish- 

brown color. Tiny spherulites occur singularly or in groups. Vesicles 

are not common, although quartz, orthoclase, stilbite, and hyaline-lined 

cavities have been noted. Flowage structure is more or less always 

present (pi. 27, fig. B). Included rock fragments, usually autoliths, 

may make up 50 percent of the rock. These rock fragments range from 

a few millimeters to several inches in diameter. Minor zeolite, chlorite, 

calcite, hematite, clay minerals, and some vein quartz occur as altera

tion products.

Gray subgroup

Locally, arkosic sandstone, minor intercalated andesite(?) 

flows, and tuff separate the gray subgroup from the older red. Lith

ologically the two are markedly different, but, as shown in tables 2 and 

3, they exhibit a similar chemical composition.

The gray subgroup is  characterized by prominent flowage 

laminae or eutaxitic structure. These laminae are light to dark gray 

or brownish black and are often complexly contorted (pi. 28, figs. A 

and B). Isoclinal folds and minute crenulations are common. Flow



PLATE 28

Figure A

Flow folding and banding characteristic of the gray 

subgroup of the Mount Belknap Group.

Figure B

Microscopic view of figure A specimen. The darker 

bands are largely composed of glassy material and 

the lighter bands are composed of quartz and feld

spar. The lighter bands are more devitrified than 

the darker bands. (X 10.)
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folds are often overturned toward the down slope or valley areas. Gravity 

slumping has probably been an important factor in the development of 

these features. Locally, the gray subgroup has piled up, by flowage, 

to a thickness of from 400 to 1, 500 feet.

Although the unit is mainly a light-gray rhyolite, it does ex

hibit lithologic variations. To the west, the unit becomes increasingly 

granular and according to Callaghan (1939), it greatly resembles a fine

grained quartzite. Interbeds of yellowish-gray ashy material are com

mon. Various amounts of black, brown, green, and gray glass that 

occur as flows, breccias, and dikes are characteristic. Commonly, 

there is a basal glass which is more or less altered to greenish-gray 

or yellowish-brown clay. Also, the presence of silica nodules charac

terizes the basal part of the gray subgroup. These nodules are thought 

to result from hot-spring activity., Individual units are usually less than 

100 feet in thickness.

Microscopic examination shows the banded rhyolite to consist 

of alternating light-gray and dark-brown laminae (pi. 28, fig. B). The 

laminae average 1 to 2 mm in thickness and range from parallel to sub

parallel. Some are more continuous than others. Color differences in 

the laminae are apparently a function of the degree of devitrification.

The darker laminae are only slightly devitrified and contain glass 

spherulites and minor quartz. The lighter laminae are more crystalline 

and contain tiny phenocrysts of quartz, fibrous orthoclase/ shreds of
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biotite, and some chalcedony0 Kerr, et al. (1957) report the presence 

of cristobalite in some glassy laminae and suggest that this may indicate 

high temperature and rapid cooling. Zircon and magnetite are present 

as accessories. Stilbite, some quartz, and clay have formed as altera

tion products.

Porphyritic subgroup

The porphyritic subgroup is  not extensively exposed. It occurs 

as a thin flow, 50 to 100 feet in thickness, related to a diatrerne-type 

structure located in the extreme north-central part of Piute County (pi.

29, fig. A).

The porphyritic subgroup has a composition sim ilar to the gray 

subgroup (tables 2 and 3), but differs in texture and appearance. The 

rock is a light-gray porphyritic rhyolite. Flow banding is present but 

is not characteristic.

Thin-section study shows the rock to be distinctly porphyritic 

with phenocrysts of quartz, and feldspar in a partially devitrified ground- 

mass (pi. 29, fig. B).

Joe Lott Tuff

The Joe Lott Tuff has been recognized in the following relation

ships: (1) lying upon eroded Bullion Canyon volcanics; (2) containing 

tongues of Mount Belknap red rhyolite; (3) interbedded with, but



PLATE 29

Figure A

Diatreme-type structure, northern Piute County. Flow 

banding dips steeply toward a center (to the left). Rock 

is Mount Belknap porphyritic rhyolite. View is toward 

the east.

Figure B

Photomicrograph shows the porphyritic character of 

the Mount Belknap porphyritic rhyolite. Large pheno- 

crysts of orthoclase and sanidine are present in a 

glassy matrix. (X 10.)
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generally overlying flows that have been assigned to the Dry Hollow For

mation; and (4) lying upon the Mount Belknap Group gray rhyolite. These 

relationships indicate a post-Bullion Canyon, pre- to post-Mount Belknap 

age for the Joe Lott Tuff. Further study may prove the Joe Lott Tuff to 

be a member of the Mount Belknap Group. Chemically and mineralog- 

ically they are similar (tables 2 and 3). The upper surface of the Joe 

Lott Tuff is an erosional surface and contact with overlying basalt or 

Sevier River Formation, when they are present, is unconformable.

In general, the Joe Lott Tuff is  a welded, fragmental tuff with 

some intercalations of arkosic sandstone. The tuff exhibits a charac

teristic columnar jointing and is brown stained. The brown staining is 

due to an iron-oxide coating on weathered surfaces (pi. 30, fig. A). The 

unit ranges from 50 to 1, 500 feet in thickness. It reaches a maximum 

thickness in southern Sevier County, just north of northwest Piute County. 

Only scattered erosional remnants are found south and east of the Tushar 

Mountains.

Rock fragments consisting of tuff, rhyolite, pumice, latite, 

and glass may comprise,up to 50 percent of the rock (pi. 31, fig. A). 

Fragments occurring with most frequency are Mount Belknap gray 

rhyolite.

In thin section the Joe Lott Tuff characteristically has a glassy 

to hypocrystalline texture (pi. 31, fig. B). Phenocrysts comprise less 

than 10 percent of the rock. Broken phenocrysts of orthoclase, andesine,



PLATE 30

Figure A

Columnar joint pattern characteristic of the Joe Lott 

Tuff. Tendency to develop pitted weathering surfaces 

is shown by large boulder in talus, at lower left. Lo

cation is along Utah Highway 13 in southern Sevier 

County. View is to the north.

Figure B

Joe Lott Tuff, light-colored units in the middle back

ground, overlain by a member of the Sevier River 

Formation. Sevier Plateau is in the background. 

Location is 5 miles south of Marys vale along the 

Sevier River. View is toward the east.





PLATE 31

Figure A

Megascopic view of Joe Lott Tuff. Fragments of glass, 

pumice, and rhyolite are characteristic. Actual size.

Figure B ' '

Photomicrograph of fragmental Joe Lott Tuff (crossed 

nicols). Large fragment is glassy rhyolite probably 

belonging to the gray subgroup of the Mount Belknap 

Group. (X 10.) ,
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shreds of biotite, and, rarely, quartz are found in the glassy matrix. 

Magnetite is a common accessory. Kerr, et al. (1957) report the 

presence of stilbite and minor feldspar in the clay-sized fraction. Al

teration has produced minor carbonate, clay, quartz, and hematite.

The Joe Lott Tuff is tentatively correlated with the upper 

Quichapa, Rene her, and Page Ranch Formations of Mackin (fig. 6).

Olivine Basalt

A few scattered exposures of late Tertiary-Quaternary(?) ba

salt flows are found in the Sevier-San Pitch Valley (pi. 32, fig. A), and 

on the Sevier Plateau. The basalt is locally inter bedded with the late 

Pliocene-early Pleistocene Sevier River Formation. Present ezqposures 

represent erosional remnants of flows that were once widespread. There 

is a general increase in the abundance of basalt in all directions away 

from the Tushar Mountains.

Several distinct flows have been noted, none of which exceed 

50 feet in thickness (pi. 32, fig. B). This would seem to suggest sev

eral closely spaced periods of basalt extrusions. The flows are all 

dark gray or black and have a glassy, aphanitic, or slightly porphyritic 

texture. Some of the flows are scoriaceous to vesicular; however, these 

features are generally restric ted  to the upper portion of individual flows. 

Autoliths(?) of yellow-brown to reddish-brown glass are present in some 

flows, and may comprise up to 50 percent of the rock. Some glassy



PLATE 32

Figure A

In right center are basalt-covered hills that are under

lain by Dry Hollow latite and Roger Park breccia. Thin 

flows of basalt cap the high mountains (composed of 

Bullion Canyon Group) in the background. Photograph 

was taken 3 miles north of Junction. Piute Reservoir 

in the middle background. View is toward the south

east.

Figure B

Thin basalt flows capping Joe Lott Tuff along Manning 

Creek, 5 miles southeast of Marysvale. View is  to

ward the northwest.
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fragments have a characteristic MbreadcrustM appearance.

Vesicles may be rounded, elongated, or collapsed and occasion

ally are coated with calcite, aragonite, fibrous zeolite, or reddish-brown 

iron oxide. Some completely filled amygdules were noted.

In thin section the basalt is holocrystalline to hypocrystalline 

and medium to fine grained, but also exhibits some seriate to porphy- 

ritic character (pi. 33, fig. A).

Phenocrysts constitute from 5 to 20 percent of the rock, and 

in order of abundance consist of andesine, augite, olivine, hornblende, 

and occasionally some labradorite. Phenocrysts up to 10 mm in length 

are common, but the average size is about 1. 5 mm.

The feldspars are commonly zoned, and range from a calcic 

core to more sodic rim s. Some of the feldspars are poikilitic with in

clusions of magnetite, olivine, and augite. Occasionally they also have 

corroded rim s and interiors that may be indicative of deutric alteration. 

Many of the feldspar phenocrysts are fractured and cracked, which may 

be due, at least in part, to flowage of the enclosing rock mass while 

still in a semimolten stage. Some of the cracks and fractures are 

coated with red hematite.

Olivine phenocrysts, from 0.2 to 2.5 mm in size, character

istically have kelephytic borders of iddingsite (pi. 33, fig. B). Occa

sionally the olivine exhibits a poikilitic texture with included grains of 

zircon and magnetite.



PLATE 33

Figure A

Photomicrograph of porphyritic basalt. Phenocrysts 

of hornblende and zoned plagioclase are characteristic. 

The hornblende has magnetite-rich rim s. The ground- 

mass is composed of tiny feldspar and hornblende crys

tals in a glassy matrix. (X 5.)

Figure B

Photomicrograph of olivine basalt shows olivine (ol) 

crystal with altered iddingsite rim. Smaller crys

tals of olivine are scattered throughout the ground- 

mass of tiny feltlike plagioclase crystals and olivine. 

(X 20.)
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The groundmass consists mainly of a mosaic of tiny, 0.01 to 

0.06 mm, laths of plagioclase, grains of augite, olivine, and magnetite 

granules. In addition, minor calcite, apatite, zircon, hematite, and 

chlorite are scattered randomly throughout the groundmass. Minor 

quartz is present, but only as amygdule fillings.

Intrusive Rocks

The intrusive rocks of Piute County are part of a broad north

east-trending belt that lies along the western margin of the Colorado 

Plateau (fig. 4), In Piute County these rocks consist of a few small 

stocks, plugs, sills, and numerous dikes. The largest exposure of 

these bodies, the central stock in the Antelope Range, is less than 2 

square miles (pi. 34, fig. A). Economic uranium mineralization is 

associated with this stock and related dikes.

The main period of intrusive activity was probably late 

01igocene(?) to early Miocene(?). (See table 1.) Most all of the intru

sive activity has been post-Bullion Canyon but pre-Mount Belknap in age. 

Rocks belonging to the Bullion Canyon Group have been intruded (fig.

5), Rocks belonging to the Mount Belknap Group are found lying upon 

an eroded surface of quartz monzonite in the Antelope Range (pi. 34, 

fig. B). However, some late Tertiary dikes are probably post-Mount 

Belknap in age.

In composition the stocks and plugs consist of monzonite, quartz



PLATE 34

Figure A

Antelope Range in the background. Outcrops of mon- 

zonitic intrusive rocks are marked by vegetation 

limits. Areas devoid of visible vegetation are capped 

by Mount Belknap red rhyolite. Location of uranium 

mines is indicated by (U)» View is toward the north.

Figure B

Dashed line indicates contact between Mount Belknap 

red rhyolite (RR) and intrusive monzonite (TQM).

View is toward the north, 3 miles north of Marysvale. 

The Sevier River is in the foreground.
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monzonite, quartz monzonite porphyry, or granite; the sills are andes

ite or latite; and the dikes consist of andesite-latite, aplite, rhyolite- 

felsite, or carbonate.

The monzonitic stocks, plugs, and latitic-andesitic sills are 

very similar in chemical composition to rocks of the Bullion Canyon 

Group (tables 2 and 3), and, as would be expected, the granite is re 

markably sim ilar in chemical composition to rocks of the Mount Belknap 

Group (table 2, column 14).

The monzonite is light gray or greenish gray on a fresh surface 

and light brown to tan where weathered. The rock is equigranular and 

medium grained. Orthoclase, oligoclase or andesine, hornblende, biotite, 

augite, and minor quartz constitute the essential minerals. Magnetite 

and apatite are the accessory minerals. Alteration minerals consist of 

chlorite, clay, magnetite, and carbonate.

Typical quartz monzonite is greenish gray to medium gray on 

a fresh surface, and when altered becomes light gray, tan, or brown.

The rock is equi granular and medium to coarse grained. Essential 

minerals consist of orthoclase, oligoclase or andesine, quartz, biotite, 

augite, and minor hornblende. In order of decreasing abundance, the 

accessory minerals are magnetite, apatite, sphene, zircon, rutile, 

and ilmenite. Myrmekitic inter growths of quartz and plagioclase are 

common. Alteration minerals are most commonly chlorite, calcite, 

magnetite, alunite, epidote, clay, and quartz.
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The quartz monzonite porphyry is sim ilar in appearance and 

composition to the monzonite as described above. Plagioclase consist

ing of albite, oligoclase or andesine, orthoclase, quartz and biotite 

constitute the essential minerals. Accessory minerals are magnetite 

and apatite. Chlorite, clay, sericite, and carbonate comprise the al

teration minerals. All of the monzonitic rocks resemblq each other; 

however, the appearance of these rocks does differ from place to place, 

even with an individual stock or plug.

The granite is gray to pinkish brown on a fresh surface, but is 

tan or dark brown where weathered. The essential minerals are ortho

clase and quartz. Oligoclase and biotite are present in minor amounts. 

Accessory minerals consist of pyrite, magnetite, apatite, and fluorite. 

Alteration minerals are chlorite, bleached biotite, and hematite.

Monzonitic stocks are exposed in the Antelope Range of north

ern Piute County near the Butler and Beck mine in Deer Creek, near 

the Annie Laurie mine in northwestern Piute County, and near the head 

of Ten-mile Canyon in west-central Piute County.

Of the above described rock types, the granite is least exten

sively c lo s e d  at the surface. However, mining operations in the central 

stock indicate that granite becomes the most abundant rock type at a 

depth of only a few hundred feet. This relationship suggests that the quartz 

monzonite porphyry, quartz monzonite, and monzonite might be the upper 

or border facies of a larger granite massif.
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Callaghan (1939) and Kerr, et al. (1957) have described the 

various stocks and plugs in some detail, and the reader is referred  to 

these reports for further information.

Callaghan (1939) noted the occurrence of an intrusive latite in 

the eastern part of Gold Hill in west-central Piute County. Here, the 

latite has been intruded at the base of the Bullion Canyon volcanic se

quence and forms sills up to 100 feet in thickness. The latite greatly 

resembles some of the monzonitic intrusive rocks. Phenocrysts of 

oligoclase or andesine, augite and hornblende are characteristic. Minor 

quartz and orthoclase are present in the groundmass. Alteration min

erals are abundant and consist of carbonate, chlorite, quartz, epidote, 

and sericite. Kerr, jet al. (1957) report sim ilar occurrences of intru

sive latite in southern Sevier County.

Callaghan (1939) and Kerr, _et_al. (1957) have noted three gen

eral types of dikes: latite-andesite, aplite, and rhyolite-felsite. To 

this list should be added a fourth type— carbonate. Seldom are the 

dikes obvious features. On the contrary, they are usually observed 

only when exposed by surface excavations or mining operations. The 

dikes are usually less than 18 feet in width, but may range up to 50 feet 

in width.

Workings in the Deer Trail and PTH mines have intersected 

several narrow highly altered andesite dikes which closely resemble 

some of the volcanic rock types found in the region. One of these dikes,
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from the Deer Trail mine, contains phenocrysts of hornblende, biotite, 

and plagioclase, probably andesine. Accessory minerals are magnetite, 

rutile, and quartz. Alteration minerals are clay, sericite, carbonate, 

magnetite, hematite, chlorite, and minor alunite. Alteration has been 

intense enough to completely destroy the original fabric of the rock. 

Further study may prove some of these dikes to be lamprophyres.

Pinkish-gray to yellowish-white dikes of aplitic composition 

seem to be restricted  to areas in close proximity to the larger stock or 

pluglike intrusive bodies. One such dike was noted on Beecher Ridge 

near the mouth of Bullion Canyon. This dike (pi. 35, fig. A) is one of 

the larger such features in the area, and can be traced for a distance of 

at least 2 miles. The rock is coarsely crystalline to porphyritic and 

contains abounding phenocrysts of orthoclase, quartz, hornblende, and 

andesine. Apatite, sphene, and magnetite are the accessory minerals. 

Epidote, chlorite, magnetite, hematite, and clay are the alteration min

erals. The magnetite and hematite appear to be pseudomorphic after 

pyrite.

Rhyolite-felsite dikes are common throughout a large part of 

the area, but particularly in the northern part of Piute County. Here, 

near stocks and plugs and outcrops of Mount Belknap rocks, the dikes 

commonly consist of black, brown, tan, or gray glass. In at least one 

location in the central stock a glassy rhyolite dike has been observed 

cutting through the quartz monzonite. Such a dike could well have



PLATE 35

Figure A

North-trending Beecher Ridge dike exposed in California 

Gulch, 5 miles west of Marysvale. Maximum width of 

the dike shown here is 50 feet. View is toward the north 

from Beecher Ridge.

Figure B

Brecciated carbonate dike or vein cutting middle Bullion 

Canyon rocks near the Piute Reservoir. Coarse-ground 

calcite is characteristic. Chalcedony is present in minor 

amounts, but no other type of mineralization was noted. 

Height of the dike shown in this photograph is 6 feet.
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served as a rhyolite feeder from the underlying granite body to the vol

canic rhyolites found overlying the quartz monzonite. The glassy vari

ety of dike is found only near the larger stocks or plugs. Elsewhere 

these dikes are fine grained to porphyritic and light gray to pinkish gray. 

They also exhibit a distinct slabby or platy fracture. These rhyolite 

dikes, where more crystalline, are noted to consist of phenocrysts of 

orthoclase or sanidine and quartz. Biotite, zircon, apatite, and mag

netite are the most common accessory minerals. Alteration minerals 

consist of clay and sericite.

Carbonate dikes or veins have apparently been overlooked by 

previous investigators. These structures are found scattered through

out Piute County, but appear to be most prevalent away from the im

mediate vicinity of the larger intrusive bodies. Several such dikes or 

veins were noted in the Tushar Range cutting both sedimentary and 

volcanic rocks. They are seldom over 8 inches in width, and as nearly 

as could be determined consist entirely of coarsely crystalline calcite. 

The carbonate dikes or veins are numerous northeast, east, and south 

of the Piute Reservoir. One such structure (pi. 35, fig. B) is about 6 

to 8 feet in width and consists of highly brecciated coarsely crystalline 

calcite and chalcedony with minor manganese oxide.

The occurrence and distribution of the various types of dikes 

were not studied in detail. Further work is necessary before they can 

be fully classified, and their distribution and relationships to structure



and ore mineralization properly evaluated.

Age :

The assigned ages of the igneous rocks of Piute County are 

based on two independent methods of determination. The one method is 

based directly on observed field relationships between the sedimentary, 

volcanic, and intrusive rocks. The second method employs absolute 

dating techniques using potassium-argon and uranium-lead determina

tions.

Ages based on field relationships require the integration of 

data from areas surrounding Piute County. Callaghan (1938) indicates 

that paleontological evidence in underlying and overlying sedimentary : i 

rocks suggests that the earlier and later Tertiary groups of volcanic ■

rocks are most likely Miocene(?) and Pliocene(?) in age. Callaghan 

and Parker (1961) suggest that in southern Sevier County the youngest 

sedimentary formation overlain by Bullion Canyon volcanics is the Gray 

Gulch Formation of late Eocene to Oligocene age (fig. 6). Callaghan 

(1938 and 1962) reports that the Sevier River Formation which overlies 

the volcanic section, with the exception of some late basalt flows, was 

regarded by K. E. Lohman of the U. S. Geological Survey as late Pliocene 

or early Pleistocene in age. Lautenschlager (1954), in the Pavant Range 

some 15 miles north of Piute. County, found evidence to suggest that vol

canic debris was being shed basinward, from what is now the Tushar
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region, before Green River time (middle Eocene) had been completed. 

Muessig (1959) reports a similar occurrence some 50 miles farther 

north, and Lovering, et aL (1948) report a remarkably similar occur

rence in the Tintic district.

In the Iron Springs district, some 60 miles south of Piute 

County, important sedimentary-volcanic relationships have been noted 

by several workers. According to Gregory (1950) the youngest Creta

ceous sedimentary unit, the Kaiparowitz Formation, which is cut by a 

regional unconformity beneath the Claron Formation is said to be 

Laramide on the basis of invertebrate and plant fossils. The Claron, 

consisting of fluvial and lacustrine sediments, is  thought to be Eocene(?) 

and is undoubtedly post-Lar amide. In the Iron Springs area the earliest 

volcanic materials are intercalated with latest Claron sediments. Along 

the east fork of the.Sevier River Dutton (1880) noted similar relation

ships.

Based on field relationships, the following ages are assigned 

to the various groups of igneous rocks in Piute County: (1) Bullion 

Canyon Group, lower middle Eocene to Oligocene; (2) Roger Park-Dry 

Hollow Group, 01igocene(?) to Pliocene(?); (3) Intrusive Group, Oligo

cene to Miocene; (4) Mount Belknap Group, Miocene to Pliocene; (5) Joe 

Lott Tuff, Pliocene; and (6) Basalt, late Pliocene to early Pleistocene 

(fig. 6).

Approximately 40 absolute age dates have been obtained from
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potassium-argon and uranium-lead determinations for the igneous rocks 

and late mineralization in Piute County. Bassett, et al. (1962, unpub

lished report) has assigned the following absolute ages to the igneous 

rocks in Piute.County, based on potassium-argon determinations: (1) 

Bullion Canyon Group, 30 m. y . ; (2) Quartz Monzonite intrusives, 25 m. 

y . ; and (3) Mount Belknap Group, 20 m. y. (table 1). The age assigned to 

the Bullion C any on Group is open to question since the age determina

tion was run on rocks of the middle and upper subgroups. If rocks from 

the lower subgroup had been dated, a somewhat older age would undoubt

edly have been indicated. Additional dates have been determined for 

mineralization found in the sedimentary and intrusive rocks. A potas

sium-argon determination for sericite associated with base-metal min

eralization in the Deer Trail mine gave a 13.5 m. y. age. A uranium- 

lead determination for uraninite in a vein cutting through intrusive 

quartz monzonite in the Prospector mine gave a 13 m .y. age. Bassett 

(1962, written communication) indicated that potassium-argon dating is 

under way on alunite mineralization and that preliminary results show 

excellent agreement with the sericite and uraninite values.

Age relationships as determined by field and absolute dating 

techniques are in good agreement. They mutually substantiate the 

chronological sequence of Tertiary geologic events in Piute County.
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Chemical Character of the Igneous Rocks

A study of the 25 chemical analyses together with petrographic 

descriptions leads to some interesting generalizations regarding the 

igneous rocks of Piute County. In order to better illustrate some of 

the chemical relationships among these rocks, the chemical analyses 

have been recalculated according to the C, L P. W. and Niggli systems 

(tables 2 and 3). A comparison of these two systems shows them to be 

complimentary. A discussion of the Niggli system is included in Ap

pendix B. Location and description of the analyzed specimens are given 

in table 4.

Examination of the chemical analyses, as shown in tables 2 and 

3, clearly reveals the gross chemical differences between the older 

igneous rocks (Bullion Canyon Group, Roger Park-Dry Hollow Group, 

latitic and monzonitic intrusives) and the younger igneous rocks (granite, 

Mount Belknap Group, and Joe Lott Tuff). As shown by the variation 

diagram (fig. 7), rocks of the older series contain less SiOg, but greater 

AlgOg, FeO, FegOg, MgO, and CaO than do rocks of the younger series. 

The most striking characteristic is the essential equality of the alkalies 

throughout, basalt included.

A study of the C. I. P. W. norms (table 2) shows that in a chem

ical sense the entire group is saturated with respect to silica in the 

norm. This relationship is also indicated in figure 10, the QLM
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TABLE 4
LOCATION AND DESCRIPTION OF ANALYZED

SPECIMENS

Bullion Canyon Group

(1) Andesite breccia— Coarse breccia 1,200 feet west of Mineral 
Products mine, sec. 16, T. 28 S ., R. 4 W., 4 miles west of 
Alunite (Callaghan, 1939).

(2) Biotite latite porphyry— Representative of flows approximately 
2 miles east of Marys vale (Kerr, 1957).

(3) Pyroxene andesite porphyry— Typical of the great sequence of 
flows overlying the biotite latite porphyry, approximately 2 miles 
east of Marysvale (Kerr, 1957).

(4) Latite— Flow from the vicinity of the White Horse mine (Willard 
and Proctor, 1946).

(5) Calcic latite— North of Dry Lake, west of Forshea Mountain 
(Willard and Callaghan, 1962).

(6) Latite— East slope of peak, west of L and N claims, sec. 18, T. 
28 S ., R. 5 W., 5-1/2 miles west of Alunite (Callaghan, 1939).

(7) Calcic latite— Flow 500 feet south of summit of Delano Peak 
(Callaghan, 1939).

Dry Hollow-Roger Park Group

(8) Roger Park basaltic breccia— On the north side of Dry Creek 
Canyon, three-quarters of a mile from the mouth of the canyon 
(Willard and Callaghan, 1962).

(9) Quartz latite-- Thick flow in Narrows of Clear Creek Canyon, 
sec. 32, T. 25 S ., R. 4-1/2 W., 7 miles west of Sevier 
(Callaghan, 1939).

(10) Latite— Thick flow on north side of Beaver Creek west center, 
sec. 25, T. 27 S., R. 5 W., 2-1/2 miles northeast of Mount



122

TABLE 4—Continued 

Belknap (Callaghan, 1939).

Intrusive Group

(11) Intrusive calcic latite— Sill intrusive at base of volcanic sequence, 
center sec. 24, T. 28 S. , R. 4.W., 2 miles southwest of Alunite 
(Callaghan, 1939).

(12) Quartz monzonite— Intrusive stock on east side of Marysvale 
Canyon at mouth of Deer Creek, sec. 29, T. 26 S ., R. 4 W. 
(Callaghan, 1939).

(13) Quartz monzonite— North end of Monzonite Hill, north-central 
Piute County (Kerr, 1939).

(14) Granite— Specimen from fine-grained granite intrusive of the 
central area, north-central Piute County (Kerr, 1957).

Moimt Belknap Group

(15) Mount Belknap red rhyolite— Thick, basal, black glass at the 
mouth of the Royston prospect incline, north-central Piute County 
(Kerr, 1957).

(16) Glassy brown Mount Belknap red  rhyolite— Sample taken a few 
feet above the black basal glass north of the Tate prospect in 
north-central Piute County (Kerr, 1957).

(17) Tuffaceous red rhyolite— Flow making high cliffs in Marysvale 
Canyon at mouth of Deer Creek, N E-l/4  sec. 1, T. 27 S ., R. 4 
W., 3-1/2 miles north-northwest of Marysvale (Callaghan, 1939).

(18) Typical Mount Belknap red rhyolite— Derived from the asym
m etrical feeder of the central mining area (Kerr, 1957).

(19) Rhyolite glass or pitchstone— "Edge Gold Mountain Mining District 
8 miles north of west of Marysvale" (U. S. Geol. Survey Bull. 168, 
1900). Probably in Deer Creek Canyon; no description.
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TABLE 4—Continued

(20) Banded gray rhyolite— Flow near base of formation, NW-l/4 sec. 
7, T. 27 So, R. 3 Wo, 2-1/2 miles north-northwest of Marysvale

- (Callaghan, 1939).

(21) Granular gray rhyolite— Flow in the upper part of Mount Belknap, 
sec. 34, T. 27 So, R. 5 W. (Callaghan, 1939).

(22) Mount Belknap gray rhyolite porphyry— From the Teacup Dome 
in extreme south-central Sevier County (Kerr, 1957).

(23) Mount Belknap white rhyolite— From the southern part of Dome 
Hill in the core of asymmetrical domal feeder, north-central 
Piute County (Kerr, 1957).

Joe Lott Tuff

(24) Rhyolite tuff— Joe Lott Tuff, east Mill Creek, southwest corner 
sec. 19, To 26 S., R. 4-1/2 W., 8-1/2 miles southwest of Sevier 
(Callaghan, 1939).

Basalt

(25) Olivine basalt— Vesicular flow surrounded by alluvium on U. S. 
Highway 89, 7 miles south-southwest of Alunite (Callaghan, 
1939).
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Triangle. All rocks plotting above the PF line are saturated with re 

spect to silica. Figure 8, which is a plot of the Niggli si values, shows 

the older rocks to be intermediate and the younger rocks to be acidic. 

Basalt, as e je c te d , is basic although not strongly so.

According to the C.I. P. W. system all rocks, except basalt, 

belong to Classes I and n. This dominance of salic components over 

femic components is further illustrated by the Niggli_al:fm diagram (fig. 

9). The QLM Triangle (fig. 10) bears out the same relationship. In the 

QLM Triangle, Q represents quartz, L represents the leucocratic min

erals, and M represents the melanocratic minerals. The relatively low 

proportion of melanocratic minerals is clearly shown.

All of the rocks belong to rangs 1, 2, or 3; and, according to the 

Niggli alk:al diagram (fig. 11), none of the rocks are subalkalic. These 

relationships illustrate the alkaline habit of these rocks.

The Niggli £  diagram (fig. 12) illustrates the low CaO content 

of the rocks, while at the same time clearly illustrates the relatively 

higher CaO content of the Bullion Canyon Group and the very low CaO 

content of the Mount Belknap Group.

According to the C. I. P. W. classification, the rocks belong to 

subrangs 2, 3, 4, or 5, and indicates that soda is dominant over potash 

in the Bullion Canyon and Roger Park-Dry Hollow Groups. The intrusive 

rocks and Mount Belknap Group contain nearly equal amounts of soda and 

potash. The Niggli mg:k diagram (fig. 13) illustrates the same
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FOR SOME. IGNEOUS ROCKS, PIU T E  COUNT Y, UTAH
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In summary, and as noted by Callaghan (1939), three general 

observations can be made about the chemical character of the igneous 

rocks of Piute County.

1. They are all saturated with respect to silica in the norm.

2. They are relatively poor in lime.

3. They exhibit essential equality of alkalies throughout, from 

rhyolite to basalt. The total alkali content of the basalt is 

only approximately 3 percent less than the total alkali con

tent of the rhyolites.

Interpretation

Igneous rocks from adjacent areas exhibit chemical character

istics similar to those of Piute County (fig. 14). This widespread sim

ilarity in the chemistry of igneous rocks, particularly in western Utah, 

was concluded by Gilluly (1932) to reflect a regional magmatic character.

In view of this regional character it may be well to consider 

the concept of petrographic provinces as it might be applied to this 

region. Judd (1886) introduced the concept of a petrographic province 

in which the rock members making up a province are believed to be 

comagmatic or consanguineous, implying that they were derived from 

a hypothetical common magma, called a parent magma. Turner and

relationship, and, in addition, shows the m arked decrease of MgO from

the Bullion Canyon to the Mount Belknap rocks.
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QLM Values for Igneous Rocks 
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Verhoogen (1951, p. 66) define a petrographic province as a ”broad 

region over which presumably related igneous rocks have been injected 

or poured out during the same general epoch of igneous activity." Mem

bers of a petrographic province may be relatively uniform in composi

tion, but more commonly they are varied in mineralogy and in chemical 

composition. Many petrographic provinces have been discussed in great 

detail (Burri and Niggli, 1945} Turner and Verhoogen, 1951).

According to Barker (1897) and Becker (1903) rock suites as

sociated with vertical faulting, or so-called nonorogenic areas, are 

alkalic. On the other hand, rocks intruded into fold mountains of ero

genic regions are calcic. As the alkaline rocks were described in as

sociation with the coastal districts and islands of the nonorogenic Atlantic 

basin, they have been termed '’Atlantic. ” Similarly, as the calcic rock 

types were observed in the folded mountains of the circum-Pacific ero

genic belt, these rocks have been termed ’’Pacific. ” Niggli later divided 

the alkalic province into two parts: the Atlantic and Mediterranean, ac

cording to whether sodium or potassium are dominant, respectively. 

These geographical implications proved to be unfortunate, for all three 

of these rock suites have been described outside these general geographic 

areas. It is therefore better to describe the provinces according to 

their chemical character, that is, alkalic for Atlantic and calcic for 

Pacific. Transitions exist between these two main petrographic prov

inces. Peacock (1931) has proposed a fourfold classification to cover
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transitional possibilities. He proposes that the Atlantic petrographic 

province be divided into alkalic-calcic and alkalic, and the Pacific 

petrographic province be divided into calcic and calc-alkalic.

The so-called alkali-lime index contributes to our understand

ing of the petrographic province of an igneous suite. The alkali-lime 

index has been calculated using both the Niggli and Peacock methods.

In both instances, the smaller the index number, the more alkalic is 

the rock suite. The higher the index number, the more calcic is the 

rock suite. The alkali-lime index of figures 15 and 16 indicates that 

the Piute County igneous suite is not clear cut in its affinity, but rather 

is transitional between two petrographic subprovinces. The Bullion 

Canyon Group and related intrusives appear to be alkali-calcic (Atlantic). 

The Mount Belknap Group and related intrusives are probably calc-alkalic 

(Pacific).

As has been previously indicated, the structural and tectonic 

evolution of a region has a marked influence as to the rock types de

veloped. It is suggested that the transitional area between the Colorado 

Plateau and the Basin and Range physiographic provinces defines a zone 

of transition between the so-called calcic, calc-alkalic (Pacific) petro

graphic province of California and western Nevada; and the alkalic-calcic, 

alkalic (Atlantic) petrographic province of eastern Utah and Colorado.

These observations would seem to suggest that the igneous 

rocks of Piute,County belong to a large petrographic province that may

\
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Fig 15, Chemical character of the igneous
rocks of Piute County, Utah, based on 
the variation diagram of Niggl i .



137

Fig IG.AIkoli -  lime index of the 
igneous rocks of Piute County, Utah.
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include parts of western Utah and eastern Nevada.

The problem of a parent magma and/or magmas for this petro

graphic province is a major problem. Several hypotheses have been 

advanced to explain the observed sim ilarities of petrologic, petrographic, 

and chemical features. From a study of the igneous rocks in Piute, 

Beaver, and Sevier Counties, Utah, Callaghan (1939) concludes that 

features of the intrusive and extrusive rocks suggest a relationship or 

consanguinity of all of them, a strong indication that, although widely 

spaced in time, they are differentiates of a parent monzonitic magma. 

Gilluly (1932) has suggested a similar explanation of the monzonites and • 

latites of the Stockton-Fairfield area. Callaghan also suggested that the 

compositional features would seem to tie the basalt to the monzonite- 

latite group of rocks. This of course implies that the basalt was a dif

ferentiate of the parent monzonitic magma, rather than a representative 

of the basaltic substratum. The uniformly high alkali content lends 

support to Callaghan* s theory. However, as Kerr, _et aL (1957, p. 56) 

point out, it is illogical to assume that there was immiscibility between 

rhyolitic and basaltic magmas for the following reason: immiscibility 

would be possible only if the magmas were both superheated, and the 

phenocrysts found in the rocks could not exist in a superheated magma.

Kerr, et aL (1957, p. 53) suggests that the compositional dif

ferences, including reversals, may be explained by extrusion from 

various centers in which differentiation was more or less advanced, or
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to a change in composition of the magmas as a result of deep-seated 

assimilation.

Mackin (1961, personal communication) is of the opinion that 

the eruptive rocks other than basalt represent the composition of the 

crustal rocks which were melted to produce the magmas. He further 

states, ’’differentiation of these magmas is by no means ruled out, but 

the major compositional differences are, I think, better explained as 

representing random(?) variations in the composition of the crust than 

by differentiation from a common parent magma. ” The rocks them

selves depict a rather regular change from rock to rock in the sequence 

of their age, with the exception of the late basalt. This would seem to 

indicate magma in the process of differentiation, and on a regional scale.

It is proposed that the parent magma and/or magmas, probably 

of basaltic(?) composition, of this transitional area did not differentiate 

during a time of quiescence, but during tectonic disturbance. This would 

tend to cause admixing with the salic crustal rocks that are known to 

underlie the region. This contaminated magma and/or magmas might 

then differentiate and eventually evolve a volcanic and intrusive series 

without passing through an initial basaltic stage. The composition of 

initial volcanism is simply shifted from the basic to semibasic or inter

mediate stage. Thus, the differentiation sequence could begin with the 

intermediate rocks and evolve to a more acidic series. This seems to 

be the case in the area under study (fig. 7).
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Summary

An attempt has been made to show the sequence of volcanic 

rocks in Piute County, Utah, and in so doing, to achieve, in part at 

least, an understanding as to the cause and sequence of the volcanic 

events in this transitional area between the Colorado Plateau and Basin 

and Range physiographic provinces. Although the whole problem of the 

mechanism and origin of these igneous rocks is not fully understood, 

evidence derived from the study would seem to permit the following 

summary and conclusions.

1. Eruptive activity in Piute County began before the close 

of middle Eocene time.

2. Three distinct but overlapping periods of volcanic activity 

interspersed with at least two periods of intrusive activity 

are recognized.

3. Volcanic eruptions began with a few scattered outbursts of 

local extent. As activity continued, it increased in intensity 

and extent. Locally, materials from several sources 

coalesced and intertongued to form complex volcanic s tra 

tigraphy. Activity then decreased in intensity and extent, 

culminating for the present, in local basalt flows.

4. The mechanism of emplacement of the volcanic rocks is 

not well understood, but is thought to be the result of both
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fissure and vent type eruptions.

5. Most of the volcanic rocks of the area consist of latitic, 

andesitic, and rhyolitic tuffs, agglomerates, flow breccias, 

and ignimbrites. True lava flows are few.

6. The intrusive rocks consist of latite and quartz latite sills; 

monzonite, quartz monzonite, quartz monzonite porphyry, 

and granite plugs and stocks; and numerous dikes of latitic, 

aplitic, and rhyolitic composition.

7. Except for late basalt flows, the igneous rocks exhibit 

chemical consanguinity.

8„ Lack of appreciable displacement of surrounding rocks, 

both above and near the margins of intrusions, suggests 

that the intrusives were emplaced largely by magmatic 

stoping.

9. The volcanic rocks are readily separable into thick uncon- 

formable sequences of wide areal distribution which pre

date and post-date the intrusions and periods of ore deposi

tion.

10. Fluidization, air-fall, and, locally, water have been im

portant mechanisms of their wide areal distribution.

11. The wide areal distribution of these volcanic rocks permits 

their use as time-datum planes. Used as planes of reference, 

subsequent geologic events can be rather accurately dated.



142

12. By making use of this regional "volcanic stratigraphy" it 

can be shown that block faulting and related tilting have 

been the characteristic and dominant structural deforma

tion of post-middle Eocene time.

13. These igneous rocks appear to be closely related to, and 

associated with, the late tectonic development of the 

Colorado Plateau and Basin and Range physiographic prov

inces. Thus tectonics, mainly uplift and subsidence, and 

volcanism appear to be rather closely related in this transi

tional area between the two provinces.

14. The extensive accumulations of igneous rocks of Piute County 

evidently belong to a larger petrographic province that in

cludes parts of western Utah, eastern Nevada, and northern 

Arizona.

15. The parent magma for these rocks was probably, at least 

initially, sim ilar to olivine basalt(?) in composition. The 

original composition was modified as the magma moved 

upward by the admixing and assimilation of crustal mate

rials, and differentiation.

16. Late basalt probably represents a separate intrusion from 

the crustal substratum.



CHAPTER VI
STRUCTURAL GEOLOGY v -

General Statement

The structural setting of Piute.County, as noted by Dutton (1880) 

and others, is transitional between the Colorado Plateau province to the 

east and the Basin and Range province to the west. This transitional 

area, referred to as the.High Plateaus, is one of the least known of the 

geologic provinces of Utah, particularly with regard to details of the 

structural geology.

The area has afforded only limited opportunity for stratigraphic 

control, and without this control correlation and structural interpreta-^ 

tion have been highly generalized and often uncertain. In addition, the 

extensive accumulations of volcanic rocks have heretofore effectively 

frustrated attempts to work out the structural details. However, recent 

developments in the understanding of the regional volcanic stratigraphy 

appear to .offer excellent prospects for solving many of the structural 

problems of the area.

Tectonic History

Although. Precambrian and earlier Paleozoic rocks are not ex

posed in the area under investigation, they are thought to be represented
143
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in the underlying rock strata and to have exerted an influence on the 

later structural developments. According to Hunt (1956), the pre- 

Cenozoic structural elements of the Colorado Plateau have northwester

ly trends that were prominent during Paleozoic Time and may date from 

Precambrian Time.

Throughout most of Paleozoic time, Piute County was located 

on or near a shelf area; and, because of its position near the boundary 

of the relatively stable Colorado Plateau block and the less stable shelf 

adjacent to the Basin and Range, it was a part of an area of inherent 

structural instability with a general north-northeast trend.

Structural Characteristics

Relatively linear north-south valley and mountain blocks that 

are bounded on both east and west by major faults are characteristic. 

These tilted structural blocks and their bounding faults are best de

scribed as antithetic, and generally coincide with the major physical 

divisions that were discussed in a previous section of this report.

Differential adjustment of the various structural blocks has 

been accomplished by both warping and faulting. However, the struc

ture of Piute County is relatively simple in that complex folds and thrusts 

are generally lacking. The faults are generally recent, and, as a result, 

much more prominent than the older folds. The folds have a decided 

north-northwest trend, whereas the major faults trend northwest,
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north, or northeast. Heylmum (1958) found similar trends to be char

acteristic of the region to the south and east of Piute County; and, as 

shown by figure 17, the structural grain of much of Utah is sim ilar. 

These relationships suggest that the major structural features of the 

area are not local, but are part of a regional pattern.

Folds

The folds, although less conspicuous than the faults, are never

theless important structural elements in the area. They are discussed 

as follows: (1) Tushar-San Fransisco; (2) north-south folds; and (3) 

northwest folds.

Tushar-San Fransisco Uplift

The sedimentary rock outcrop pattern from surrounding areas 

suggests a regional uplift. Butler (1912) was apparently aware of this 

condition and suggested the presence of an east-west uplift in the area 

with major slopes to the north and south. This feature, which Butler 

referred to as the Tushar-San Fransisco uplift, may be the Sevier arch 

of Harris (1959). This uplift, at least in the Tushar Plateau, was more 

of a dome than a regular anticlinal structure. It apparently began to 

develop in late Mesozoic Time, although it could have begun earlier. 

The uplifted area has been greatly modified by subsequent structural 

developments.
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North-South-Trending Folds

Proctor (1943) noted that the Tertiary and pre-Tertiary forma

tions have been warped and locally rather closely folded into a north- 

south anticline that has been highly faulted. Callaghan and Parker (1962) 

report that a broadly warped structure having a north trend is located 

in northwest Piute County. A number of similar structures may be 

present throughout the area, but are obscured by the volcanic m aterials 

and are highly faulted making observation difficult. In a broad sense, 

Callaghan and Parker (1962) suggest that the uplifted blocks are anti

clinal and the valleys are synclinal. This could in part account for dif

ferences in relative displacement along major faults within the area.

Northwest-Trending Folds

As shown by figure 18, four northwest-trending folds are p res

ent in Piute County. Two are anticlinal and two are synclinal. They are 

broad features measuring approximately 6 miles from crest to trough. 

Since these folds cut across the major regional structural grain, they 

are considered to be cross folds or transverse folds.

The Circleville syncline is located in the southern part of the 

county, and is the least obvious of the northwest-trending folds. Its 

presence is indicated by the attitude of the Roger Park Formation, 

which generally shows a south dip in the vicinity of Ten-mile, while
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near the south boundary of Piute County the dip is to the north. The 

Tushar Plateau also shows a general decrease in elevation in the vic

inity of this structure.

The Ten-mile anticline is indicated by the highland near the 

Piute Reservoir. This highland consists of a low-rolling divide be

tween the Circleville and Marys vale segments of the Sevier-San Pitch 

Valley. Displacements along major faults are greatly diminished where 

they cut across this intervalley highland.

The Mary svale syncline occupies a basinlike down warp that in

cludes all of the area once occupied by Lake Mary svale. This syncline 

is characterized by extensive deposits of terrace gravels and remnants 

of the Sevier River Formation.

The Antelope anticline is located in the extreme northern part 

of Piute County. The structure appears to plunge gently to the east and 

against the Sevier fault. This anticlinal cross structure is character

ized by the presence of monzonitic intrusives, and also represents the 

area in which Mount Belknap rhyolites apparently reach their eastern

most extension.

The causes and time of the folding are not well understood. The 

north-south folds may be older than the other folds or uplifts and may 

date from the late Paleozoic. The Tushar-San Fransisco uplift prob

ably dates from the late Mesozoic, and the northwest-trending folds are 

probably associated with the Laramide disturbance, perhaps in early
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Tertiary time.

Faults

Faults are the most noteworthy structural features of the area; 

and, as previously indicated, the linear north-south-trending plateaus 

and valleys owe their origin to mid and late Tertiary block faulting.

There are numerous faults in the region. In general they are parallel 

to the subparallel features. Most of the faults are high-angle normal 

faults of Basin and Range type. Although normal faults are character

istic, reverse and transverse displacements have been recognized by 

Kerr, et al. (1957) and Callaghan and Parker (1962). Displacement 

along these structures i s  variable and several terminate in monoclinal 

flexures. Movement along them has been intermittent; and, despite 

their close association in time, these faults are not contemporaneous. 

Some are pre- and post-intrusive and post-mineral in age.

The location of a number of the major faults can be recognized 

by the presence of slickensides, gouge, breccia, or linear patches of 

alteration. However, their presence and position are best indicated by 

their topographic expression (pis. 36, 37, and 38). According to Eardley 

and Beutner (1934), bold triangular facets against which alluvial fans 

are being built mark the trace of major faults. The apices of these fans 

essentially terminate at the base of the dissected upthrown blocks, and 

thus approximately delineate the trace of the fault.
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The faults are predominantly of northwest, north, and north

east trends (fig. 18). East trends are present but are less prominent.

In any particular area at least two of these directions are more prom

inently developed than the others, although none are likely to be entire

ly omitted. The areas between major faults are laced by smaller faults, 

joints, and joint systems that are both parallel and oblique to the major 

structural breaks. These major and minor structures are undoubtedly 

genetically related.

Among the numerous faults there are three that rank as major 

structural breaks, and accordingly, they are individually discussed in 

the following section. They represent trends that range from N. 25° E. 

to N. 25° W.

Northeast-Northwest-Trending Faults 

Paunsangunt fault

Located near the eastern margin of Piute County the Paunsangunt 

fault (pi. 36, fig. A) was first described by Dutton (1880). It is over 100 

miles in length, strikes approximately N. 15° E. and dips between 60° 

to 80° to the west-northwest. Monoclinal flexuring, and branching faults 

accompany the major structural break. Displacement along the fault 

varies but probably exceeds 1, 500 feet in the vicinity of the town of 

Angle. Displacement is a minimum of about 500 feet where it intersects



PLATE 36

Figure A

, Paunsangunt fault scarp exposed near the eastern border 

of Piute Countyi View is toward the east. The down- 

dropped block (Grass Valley) is to.the west. Displace

ment at this location is about 1,000 feet. Roger Park 

breccia constitutes the entire section on the upthrown 

block.

Figure B

The Sevier fault 2 miles east of the Henry Ranch near 

the mouth of Dry Creek. The downdropped block • 

(Sevier San-Pitch Valley) is to the west. Displacement 

at this location is probably about 1,500 feet; Light-
z

colored rocks exposed in the fault scarp are assigned 

to the middle Bullion Canyon subgroup and the darker 

colored rocks above belong to the upper subgroup.

View is toward the east-southeast.
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the transverse structures that cross Grass Valley. The downdropped 

block is to the west. The steep west-facing warp defines the western 

limit of the Awapa and Fishlake Plateaus, and separates these plateaus 

from Grass Valley on the downdropped west side. East of the fault vol

canic rocks dip gently eastward (3° to 4°) and within a few miles they 

"pinch out" against topographically and structurally high Mesozoic sedi

mentary rocks in Wayne County.

Sevier fault

The Sevier fault (pi. 36, fig. B) was not mapped by the Wheeler 

Surveys. However, Gilbert (1875) recognized this large structural fea

ture as the Sevier Valley fault. Dutton (1880) shortened the name to 

Sevier fault by which name it has since been known. The fault follows 

along, and outlines, the steep western limit of the Sevier Plateau some 

12 to 14 miles west of the Paunsangunt fault.

Strike along the Sevier fault varies from approximately N. 15° 

W. to N. 15° E. Dip is approximately 65° to the west-northwest. It is 

one of the most continuous structures in the entire region, extending 

from the Grand Canyon in Arizona into central Utah, a total distance of 

over 200 miles. Throughout its entire length in Piute County the fault 

is normal in character. It is accompanied by a number of smaller 

parallel to subparallel faults.

Deformation along the Sevier fault has been accomplished in
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part by rupture and in part by downward monoclinal flexuring along the 

structural zone. As a result, the amount of displacement varies from 

place to place along the fault and cannot be determined with accuracy. 

Eardley and Beutner (1934) considered the Sevier fault to have a maxi

mum displacement of only about 500 feet, but Callaghan and Parker 

(1962) consider the actual maximum displacement to be 2,000 to 2, 500 

feet, based on offset of the Dry Hollow Formation. Displacement is a 

minimum where the fault cuts across the Antelope and Ten-mile anti

clinal structures. The downdropped block is to the west, and to the 

east the Sevier Plateau dips gently (5° to 6°) eastward toward Grass 

Valley and the Paunsangunt fault.

Tushar fault

The Tushar fault, named and described by Dutton (1880), is 

one of the most prominent structural features of Piute County (pi. 37).

It outlines the bold eastern front of the Tushar Plateau some 4 to 6 miles 

west of the Sevier fault. The Tushar fault extends from the vicinity of 

Deer Creek, in northern Piute County, to its intersection with the Sevier 

fault near the town of Kingston, in the southern part of the county. This 

distance, about 20 miles, is much shorter than either the Paunsangunt 

or the Sevier faults.

Strike of the Tushar fault varies from about N. 25° W. to nearly 

due north. Perhaps the most notable feature about the Tushar fault is
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Figure A

The Tushar fault with the downdropped block (Sevier- 

San Pitch Valley) to the east. The apices of large 

alluvial fans terminate against the fault scarp. Dis- x 

placement at the location is about 200 feet, View is 

toward the southeast, along the strike of the fault.

Photo was taken from the Rainbo mine dump.

/  ,

Figure B

Aerial photograph of the Tushar fault near its inter

section with the Sevier fault east of the Piute Reservoir. 

The downdropped block is now to the west. This photo

graph was taken some 10 miles south of the photograph 

in figure A, above. View is toward the southeast along 

the strike of the fault.
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that about midway along its length, at the mouth of Ten-mile Creek, the 

fault reverses throw. North of this point the downdropped block is to the 

east and south of this point the downdropped block is to the west (pi. 37). 

Accordingly, dip on the fault is about 55° to 70° to the east-northeast 

and to the west-southwest, respectively. The valley between the Tushar 

and Sevier faults is a graben (fig. 18).

As described by Dutton (1880) displacement along the fault is 

distributed through a wide zone that contains many discontinuous and 

branching faults and monoclinal flexures. Eardley and Beutner (1934) 

estimated the maximum displacement to be about 1, 500 feet. Callaghan 

and Parker (1962) indicate that 3, 500 feet of elevation difference is 

present between the same beds on opposite sides of the fault, and suggest 

this as the maximum displacement. The maximum displacement along 

the fault is in the vicinity of Cottonwood Creek. Here, on what is known 

as Deer Trail Mountain, a thick section of late Paleozoic and Mesozoic 

sedimentary rocks has been exposed on the upthrown side of the fault. 

This is the only place in Piute County where such a section is exposed. 

The Tushar Plateau is a tilted horst that dips gently to moderately (12° 

to 25°) westward toward the Hurricane fault system 14 to 16 miles to 

the west, along which it has also been uplifted.

A number of additional faults having both large and small dis

placements and similar trends are present in the area. Notable among 

these smaller structures are the Junction, Circleville, and Oak Basin
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faults (pi. 38, fig. B).

Northeast-East-Trending Faults

Almost every major canyon in the Tushar Plateau is occupied 

by a fault. These faults generally have trends ranging from N. 65° to 

70° east to east. Similar trends have been noted in the Antelope Range 

and elsewhere in Piute County by Kerr, et al. (1957) and others. From 

mine workings in the Tushar Plateau Butler (1912) concluded that there 

had been considerable east-west faulting.

The major faults that outline the gross structural blocks of the 

High Plateaus are, in all probability. Pleistocene in age, because they 

displace beds of the late Pliocene to early Pleistocene Sevier River For

mation. However, deposition of the Sevier River Formation was itself 

apparently in response to rapid runoff and reduction of highlands which 

had probably been produced by previous faulting. Thus, it appears that 

the earliest faulting may have taken place about middle to late Pliocene 

Time. Results of potassium-argon dating by Jensen (1960) show an 11- 

9 m. y. age for block faulting in the Basin and Range. This is in close 

agreement with the earlier stage of faulting as indicated above, but it 

certainly is incorrect with respect to the latest faulting. The youngest 

features displaced by the major faults are alluvial fans and basalt flows 

of Pleistocene to Recent age. That the latest faulting has been geolog

ically recent is also shown by the high, steep cliffs that are commonly



PLATE 38

Figure A

Red Ledges fault on the north side of Beaver Creek 

Canyon 8 miles west of Marysvale. Light-colored 

Mount Belknap rhyolite is exposed on the downthrown 

block (east). Dense greenish-gray latite of the Dry 

Hollow Formation(?) is exposed on the upthrown 

(west) block. Displacement is about 500 feet. View 

is toward the north-northeast.

Figure B

The Oak Basin fault in the southeastern part of Piute 

County is located about 5 miles west of the town of 

Junction. Displacement at this location is about 1, 500 

feet. The Roger Park breccia constitutes the entire 

exposed section on the upthrown (west) block. View 

is toward the south.
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found near fault lines and are, as yet, little affected by erosion. The 

canyon streams, many of which follow faults, are still adjusting to the 

latest uplifts. Post-faulting drainage is therefore still being developed. 

Recent earthquake activity indicates that uplift may still be in progress.

The cause or causes of faulting are, as yet, not clearly under

stood. However, in view of available data, the following hypothesis ap

pears to be both plausible and acceptable.

- Gravity studies by Mabey, et al. (1960) in the Basin and Range 

province indicate that gravity highs are present over all broad topo

graphic lows and gravity lows over all broad topographic highs. They 

suggest some form of isostatic compensation between the various blocks, 

and indicate that some of the blocks may have subsided following the r e 

moval of magma. Butler (1920), Longwell (1950), and Mackin (1960) 

have also suggested that faulting resulted from collapse following with

drawal and transfer of vast quantities of subcrustal igneous material. 

Mackin (1960) further suggests that the antithetic tilting of blocks was 

caused by the withdrawal of lateral support, rather than vertical sup

port.



CHAPTER VII 
ALTERATION

General Statement

Rocks of the Piute County area exhibit widespread and variable 

alteration features accomplished chiefly through deuteric and fumarolic- 

hydrothermal action. The igneous rocks in general, and the volcanic 

rocks in particular often exhibit varicolored red, brown, tan, yellow, 

or white patches of alteration (pi. 39). These features have not gone 

unnoticed. Willard and Proctor (1946) and Parker (1954) made sighif- 

icant contributions concerning the alunitic alteration associated with the 

Bullion Canyon Group of volcanic rocks. Parker (1954) designated the 

observed alteration features as being representative of either: (1) 

feeble, (2) moderate, or (3) intense stages of development. Kerr, et 

al. (1957) made an extensive study of the alteration features related to 

the intrusive and volcanic rocks associated with uranium mineralization 

in the Antelope Range of northern Piute County. In that investigation, 

the alteration features were defined in term s of eight stages determined 

by particular mineralogical assemblages. Molloy (1960) briefly discussed 

alteration features of the Mount Belknap Group of volcanic rocks. Little 

attention has heretofore been given to alteration found in the sedimentary
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PLATE 39

Figure A

Linear distribution of alteration in volcanic rocks 

near the mouth of Beaver Creek on west side of the 

valley (middle background). Tushar Mountains in 

the distant background. View is toward the west- 

southwest.

V

Figure B

Light-colored alunitic and argillie alteration in the 

middle Bullion Canyon subgroup at the head of the 

north fork of Cottonwood Creek in the Tushar Moun 

tains, 8 miles west of Marysvale. View is toward 

the north.
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rocks of the area.

Deuteric alteration effects are minor and are generally re 

stricted to the volcanic rocks and, locally, to some of the intrusive 

rocks. Perhaps the regional types of alteration related to specific vol

canic lithologic units are in large measure deuteric.

The large and varied suite of alteration minerals and their in

timate spatial relationships with an area of igneous activity strongly 

suggests that fumar olic - hydrothermal action has been largely respon

sible for their development.

The degree, intensity, and variety of any alteration type ap

pear to have been primarily dependent upon local thermal intensity, 

rock chemistry, the nature and chemistry of the altering media, and 

time of occurrence relative to other events and duration. Lateral and 

vertical extent of the alteration have been prim arily dependent upon the 

porosity-permeability characteristics of the rock units.

Several distinct types of alteration have been observed, and 

they are discussed in the following section.

Types of Alteration 

Alunitization

Alunite is widespread and abundant. In many places, alunitiza

tion has been intense and extensive enough to produce both replacement
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and vein-type alunite deposits. The replacement types are white, pink, 

or yellowish-colored, tine-grained aggregates of acicular crystals; 

whereas, vein alunite is white to pink or flesh-colored coarsely crystal

line material. Alunite has been observed to extensively replace the 

sericite-kaolinite minerals of the previously altered Bullion Canyon 

Group. The alunite, in turn, may be replaced by minerals related to 

a.late period of uranium mineralization. Minor alunite has been de

veloped during these late stages of mineralization. This is borne out 

by the fact that rocks of the Mount Belknap Group contain little alunitic 

alteration, although some of the later mineralizing feeders extend into 

these rocks. These observations suggest that the earlier phases of al

teration, which were essentially confined to the Bullion Canyon Group, 

largely controlled subsequent alunitic developments— even those associ

ated with alteration that is post-Mount Belknap Group in age. There

fore, the main period of alunitization probably represents an inter

mediate stage of alteration and one best developed where the wall rock 

was prepared by an earlier stage or stages of alteration.

Argillization

The most widespread and abundant variety of alteration p res

ent in the area consists of argillization. It is common in the igneous 

rocks, but is not entirely lacking in the sedimentary rocks. Argillie 

zones commonly surround areas of more intense alteration. Two main
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periods are suggested: the first, or earliest, is directly related to a 

regional alteration of the Bullion Canyon Group; the second, or later, 

period seems to be closely related to late uranium mineralization. The 

tendency in clay development seems to be from halloysite to kaolinite to 

dickite. This series may represent an environment of rising acidity and 

temperature. Allophane and mixed montmorillonite-illite are also p res

ent. Some of the kaolinite and halloysite could be super gene in origin, 

as the result of acid attack from sulfide oxidation or hot acid solutions 

charged with halogens may have been responsible for this stage of the 

argillie alteration. Allophane and montmorillonite may indicate a some

what higher pH environment.

Initially, a regional montmorillonite-illite, sericite suite was 

developed. This suite was, subsequently, leached and weathered to a 

mixed-lattice montmorillonite-illite clay; as reported by Parker (1954) 

and Kerr, et al. (1957).

Carbonation

Carbonation is a common and widespread variety of alteration 

found in the area, particularly in the volcanic rocks. Calcite develop

ment in these rocks is generally inconspicuous, but is commonly suf

ficient to impart to the rocks a definite effervescence when tested with 

hydrochloric acid.

In the volcanic rocks, particularly the Bullion Canyon Group,
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calcite was noted to be pseudomorphic after hornblende. The hornblende 

may have been partly altered to chlorite prior to replacement. Calcite 

was also noted to be replacing plagioclase feldspar. In some volcanic 

flows, it occurs as small calcite veins up to 6 inches in diameter, and 

as vug or amygdule fillings. In the PTH mine tunnel, an open fissure 

yielded euhedral calcite crystals that were formed on quartz crystals.

Closely associated with the calcite, there has been a develop

ment of other carbonate minerals. Bethke (1957) mentioned evidence of 

dolomitization in the Lucky Boy mine. The presence of siderite, 

manganocalcite, and rhodochrosite, both in the sedimentary and vol

canic rocks, indicates a period of carbonation.

Chloritization

Chlorite generally occurs as an alteration product of the ferro- 

magnesian minerals and, as such, is one of the first alteration types to 

be developed. Although some chlorite was observed to be pseudomorphic 

after biotite and more commonly hornblende, other was noted to be pres

ent as nonpseudomorphic replacement material in these same minerals.

It is particularly prevalent where iron and silica are both abundant.

The chloritic alteration is widespread, particularly in the lower 

Bullion Canyon Group, although it has been noted in the intrusive rocks 

and some of the sedimentary limestone and dolomites. Chlorite varieties 

are pennine and clinochlore in the igneous rocks, and, according to Kerr,
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et al. (1957), a white variety is found in some of the sedimentary car

bonate rocks.

Chloritization is thought to represent moderate to low intensity 

conditions, since it tends to disappear in a more intense environment. 

Lovering, et al. (1949, p. 56) noted that chlorite has been synthesized 

only in alkaline solutions and, as far as is known, is not developed in an 

acid environment. The chlorite in Piute County has been noted to be of 

an early and a late stage. The early stage may be, at least in part, the 

result of deuteric action, as indicated by its common occurrence in the 

volcanic rocks.

The formation of some chlorite, namely in the sedimentary 

carbonate section, suggests introduction of Fe and Mg(?). This may be 

indicative of propylitization. In the volcanic rocks, some replacement 

by chlorite, related epidote and associated carbonate may also be in

dicative of propylitization.

Ferrugination

Magnetite, hematite, limonite (including some geothite) are 

abundant, particularly in the volcanic rocks. Relict pyrite grains have 

been noted in some of the oxide occurrences, and pyrite may have been 

the source of much of the iron oxide. Another source has been destruc

tion of nonsulfide, iron-bearing minerals, e .g ., pyroxene, amphibole.

or biotite.



167

Hematite and magnetite are common constituents of the volcanic 

rocks of the area. In general, these minerals occur as fracture coat

ings, or as disseminated grains. Occasionally, however, their abun

dance is sufficient to form small deposits of hematite as at Iron Peak, 

or magnetite as at the Krotki mine. ; Other less extensive occurrences 

have been noted elsewhere in the area.

Limohite characteristically occurs as coatings of yellowish- 

brown amorphous m aterial. Although frequently noted to be present in 

the porous tuffs, it may nevertheless be found in more restricted  occur

rences in the less porous units, and to some extent in the intrusive 

rocks. In the volcanic rocks, it is often an associate of manganese min

eralization in areas that are indicative of hot-spring activity. Limonite, 

usually the dark-brown variety, is associated with vein or replacement 

minerals in limestone beds.

The common occurrence of these iron oxide minerals adjacent 

to veins, fractures, and faults indicates that at least a part of the iron 

may have been transported by hydrothermal solutions.

Fluoridation

One of the most characteristic minerals of the area is fluorite, 

ranging in color from purple to pale green or colorless. It is found as

sociated with all rock types of the area. In general, fluorite associated 

with the sedimentary rocks is pale green to colorless, whereas the
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purple variety is more commonly associated with the volcanic and intu- 

sive rocks.

In the PTH mine tunnel, an unusual occurrence of fluorite in 

open fissures in the orthoquartzitic Oquirrh Formation was noted. Here 

pale-green fluorite occurs as cubes and cubo-octahedrons coated with 

minute quartz crystals and amorphous iron-manganese oxide.

The fluorite associated with the igneous rocks is usually also 

rather well defined by fissures or veins. Generally, its presence in 

these rocks is indicative of uranium mineralization.

Gruner and Gardner (1951) noted the occurrence of gearksutite 

as an alteration product of fluorite associated with uranium mineraliza

tion in intrusive quartz monzonite. In this instance, the fluorite is 

thought to be later than alunite.

Lovering, et ah (1949) pointed out that fluorite is soluble in 

sulfuric acid. The presence of noncorroded fluorite indicates that, at 

least where observed, no acidic solutions have been present that were 

later than the fluorite.

Orthoclazation

Callaghan (1939) noted that orthoclase tended to develop at the 

expense of plagioclase. This is a regional characteristic and is  prob

ably indicative of potash metasomatism. Closely related to this process 

is the tendency for adularia to develop in late hydr©thermally altered
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veins.

Sericitization

Sericitic alteration is neither widespread nor abundant. It ap

pears to be most prevalent where there is abundant potassium^ whether 

original or additive. In the area under investigation, the sericitization 

is thought to be mainly the result of late hydrothermal solutions enriched 

in potassium. This theory is enhanced by the tendency of orthoclase to 

develop at the expense of plagioclase, as noted by Callaghan (1939). 

Additional evidence, for the addition of potash, was noted by an exten

sive sericitic zone in the carbonate rocks of the Deer Trail mine. Com

monly, sericite lies relatively near ore bodies.

Silicification

Silicification is one of the most common and widespread varieties 

of alteration, and is common to all rock types of the area. It is, how

ever, more restricted than the chloritic alteration. Often, the silicifica- 

tioh appears to be related to, or controlled by, veins, faults, fractures, 

bedding planes, and porosity-permeability characteristics of individual 

rock units.

Silicification takes many forms. For example, vast areas of 

sandstone, Navajo and Oquirrh or Talisman Formations, have been ce

mented by silica-bearing ground waters and transformed to
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orthoquartzites. In some areas where vugs or other open spaces were 

present, clusters of quartz crystals coated with iron and manganese 

oxide have formed. In one locality an early development of quartz 

crystals was succeeded by euhedral fluorite, which in turn was suc

ceeded by a crystalline quartz and related iron-manganese coating.

Associated with many of the veins and all rock types through

out the area is a characteristic variety of silicification. The resultant 

rock is light to dark gray, tough but not brittle, fine grained, and great

ly resembling chert.

Hyaline, opal, and chalcedony are often found associated with 

the volcanic rocks, and are common to the younger members of the 

Bullion Canyon Group and are even more characteristic of the gray 

facies of the Mount Belknap Group. These minerals are suggestive of 

- hot-spring orifices. Near the upper extent of many of the veins and 

faults are commonly found silicified caps or lenses extending parallel 

to these structures. Some of these silicified areas are very resistant 

to erosion, and, according to Callaghan (1939) these features have 

locally been called "geysers."

Silicified zones occupy their present sites as a result of (1) 

addition from some outside source; (2) local derivation due to rock 

alteration. For example, the breakdown of feldspar to form sericite 

would release silica; and (3) residual enrichment of silica, whereby the 

removal of more soluble components, e. g ., Na or K will result in a
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relative enrichment of silica.

Silicification is thought to be a guide to mineralization, partic

ularly in areas of sedimentary limestone or dolomite.

Sulfation

A period of sulfation, the addition of sulfate to rocks of the 

area, is strongly indicated by the presence of several sulfate minerals 

with diverse modes of occurrence.

There is a tendency for gypsum to develop in the volcanic and 

the intrusive rocks, as well as in some of the sedimentary rocks. 

Usually, the gypsum occurs as small veinlets or partings. Barite has 

been noted in limestone near ore deposits and as vein m aterial in vol

canic rocks. According to Kerr, et al. (1957), the presence of pyrite 

in porous and weathered volcanic rocks suggests the possibility that 

sulfate-bearing solutions might have converted former magnetite or 

hematite to pyrite. The presence of jarosite and alunite also indicates 

a period of sulfation.

Zeolitization

Kerr, et al. (1957) reported traces or remnants of zeolites in 

areas that have undergone alteration. On this evidence, it was suggested 

that, at one time, zeolitization was probably more extensive than here

tofore thought. It may have been part of the regional deuteric sequence.
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; Alteration and Rock Groups

Sedimentary Rocks

Little attention has been given to the alteration features of the 

sedimentary rocks of Piute County, even though most of the base-metal 

deposits of the.area are found in these rocks. The old Deer Trail and 

PTH mine tunnels provided some opportunity to study alteration effects 

on carbonate and siliceous rocks and related ore mineralization.

Alteration in the Callville Limestone consists of calcitization, 

dolomitization, silicification, sulfation, and sericitization. Sericite is 

indicative of ore mineralization, and the presence of barite and pyrite 

often indicates near proximity to ore mineralization. The other types 

of alteration are usually found as outer halos or zones that may be re 

moved from mineralized areas by as much as several hundred feet, or 

even thousands of feet. J

The Toroweap Formation contains zones where sericitization 

has been extensively developed. This is particularly well shown in the 

Deer Trail tunnel where up to 8.40 percent KgO was reported by Butler 

(1920). A sim ilar occurrence has been encountered in the PTH tunnel. 

In other parts of these mines lesser amounts of sericite associated with 

quartz, adularia, barite, jarosite, dolomite, calcite, limonite, and 

manganese oxides were noted. The presence of these minerals in car

bonate rocks strongly suggests that there has been an addition of silica,
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alumina, and potash from some outside source— apparently the barite 

was deposited by sulfate solutions previous to the addition of potash, 

since quartz and adularia replace the barite,

A few highly altered andesite porphyry dikes cut into and across 

these sedimentary formations. It seems quite probable that the agents 

responsible for alteration of the dikes and surrounding sedimentary 

rocks were closely related to the emplacement of the dikes.

Bullion Canyon Group

. . .  : \  /

Alteration is more extensive in the Bullion Canyon Group than

in any of the other lithologic groups of Piute County. Within this group 

alteration is more pronounced in the tuffs and agglomerates than in the 

more dense and less porous flows. Yellow, brown, red, and purple 

colors are characteristic of the altered patches. Bleaching is common.

Figure 19 shows the compositional trends in some rock units of 

the Bullion Canyon Group as they undergo alteration in increasing in

tensity. There is a general increase in silica, alumina, potash, SO3, 

and a loss of iron, magnesium, calcium, and soda as intensity increases.

All of the previously mentioned varieties of alteration are found 

in the rocks of this group. However, one particular suite, that of 

chlorite, sericite, carbonate, and epidote, is characteristic. This 

suite of minerals appears to be regional in extent and is probably rep

resentative of an early period of alteration, since no other igneous rocks
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in the area exhibit a similar suite,, Alunite is particularly abundant and 

forms several large replacement and vein deposits. Alunite is almost 

completely restricted to rocks of the Bullion Canyon Group. Kerr, et̂  

al. (1957) noted that as intensity of alteration increases there is a tend

ency to produce a kaolinite-alunite-quartz suite in areas away from in- 

trusives. A montmorillonite-illite-quartz suite is commonly associated 

with prominent fracture zones near intrusive rocks, and illite is char

acteristic of the later more intense stage of alteration.

Dry Hollow-Roger Park Sequence

Rocks of this sequence are similar to rocks of the Bullion 

Canyon Group. Similar to the other volcanic groups, the tuffs are more 

widely altered, often exhibiting zones of bleaching, devitrification, 

silicification, and kaolinization. The Roger Park Formation is thus 

generally more widely altered than the more dense Dry Hollow latite 

flows.

Initial stages of alteration are indicated by a bleaching of the 

biotite from a dark brownish black in color to brownish red or golden 

orange in color. The feldspars become cloudy and convert to clay, 

usually kaolinite and montmorillonite. Ferromagnesian minerals alter 

to carbonate and magnetite. Quartz and alunite are produced in lesser 

quantity than the other minerals. Hematite is generally abundant.
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Intrusive Rocks

Kerr, _et aL (1957) discuss the alteration of the intrusive rocks 

in detail and since this work is available to the reader only a brief sum

mary is presented here for the sake of completeness.

Alteration effects on the crystalline intrusive rocks are sum

marized in figure 20. In general, CaO shows an immediate decrease 

as alteration intensity increases, suggesting destruction of the plagio- 

clase.feldspars and the ferromagnesian minerals. In a similar manner, 

iron and magnesium show a gradual decrease in amount. Alkalies and 

silica and alumina show a slight but steady increase as intensity in

creases.

The granites appear to be less susceptible to alteration than 

the quartz monzonite and quartz monzonite porphyry.

Mount Belknap Group

Lithologic variations within the Mount Belknap Group are not 

as prevalent as those within the Bullion Canyon Group. However, alter

ation of the two groups is similar (fig. 21). The major differences are 

the relative abundances of particular alteration types and the fact that 

the Mount Belknap Group has not undergone regional alteration. Where 

the more porous tuffaceous units have been affected, the alteration halo 

is usually very extensive. Most apparent are those zones which have
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been bleached and stained by iron oxide, and exhibit patches of white, 

yellow, brown, red, orange, or purple color. These patches are gen

erally irregular in size and distribution, but assume more or less 

linear patterns when situated along fault zones.

Molloy (1960) indicates that there are three types of alteration 

that are prevalent in the Mount Belknap Group. (1) Contact metamorphic 

bleaching of the borders of autoliths; (2) growths of quartz crystals with

in the Grey Hills Rhyolite and the simultaneous bleaching and destruc

tion of surrounding laminae; and (3) zeolitic masses. Alunite is not re 

ported from the Mount Belknap Group in Piute County; however, 

Callaghan and Parker (1961) note alunite in rocks of this group from 

Beaver County immediately west of Piute County.

Silicification is frequently observed in the form of lithophaysae

or concretions within the rhyolites. Chalcedony and hyaline opal are

further evidence of silicification, and are often found lining cavities or
/

vugs. These minerals may represent hot-spring deposition.

Argillization is common to rocks of the Mount Belknap Group, 

particularly along fractures and fault zones. The clay minerals, ac

cording to Molloy (1960), are kaolinite, montmorillonite, illite, mixed- 

layer montmorillonite-illite, and green nontronite. The mixed lattice 

clays predominate along fault zones, whereas kaolinite is more char

acteristic of bleached zones. Illite and montmorillonite show a greater 

development with increasing alteration intensity. Hematite and limonite
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staining and silicification are commonly associated with the d a y  min

erals in the fault zones.

Zeolitization has been noted in several areas, but is generally 

not abundant. Amygdules in gray rhyolite often contain a yellowish- 

white alteration product that under X-ray study proved to be quartz, 

acmite- aegerite( ?), and chabazite.

Calcite, sericite, chlorite, fluorite, and pyrite have also been 

observed in the Mount Belknap Group.

Joe Lott Tuff

Alteration found in the Joe Lott Tuff is sim ilar to that found in 

the Mount Belknap Group. Zeolites may, however, be more abundant 

in the Joe Lott Tuff. Zeolite, minor clay, secondary quartz, and calcite 

are characteristic.

Basalt

The basalt flows represent the youngest volcanic rocks in the 

area, and they are also the least altered. Minor chloritization, fer- 

rugination, and calcitization have been noted, and zeolite(?) may be 

present as amygdule fillings in some of the individual flows.

Alteration Stages

For purposes of more quantitatively describing and evaluating
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the observed alteration features of Piute County, an arbitrary intensity 

classification has been adopted. This classification is based on textural, 

mineralogical, and indicated environmental criteria. On this basis, 

the following stages of alteration have been recognized: (1) feeble, (2) 

moderate, and (3) intense. These stages are not greatly different from 

those proposed by Parker (1954) and Kerr, et aL • (1957). However, the 

present study is broader in scope and application than previous investi

gations.

Feeble Stage

Feeble stage alteration consists of two phases: (1) regional 

alteration of the older igneous rocks with some local alteration of the 

underlying sedimentary rocks; and (2) zones or halos of alteration at

tendant to areas affected by periods of later mineralization. The latter 

are much more restricted  in areal extent than the former.

One of the first indications of the feeble stage is the presence 

of earthy appearing rim s about the ferromagnesian minerals. Initial 

breakdown of these minerals results in the development of chlorite and 

numerous patches and particles of iron oxide throughout the groundmass 

and phenocrysts. Also indicative is the tendency of feldspars to become 

cloudy and to develop a dull earthy luster. Breakdown of the ferro- 

magnesian minerals is more rapid than that of the feldspars. Fe+++, 

Fe**, Mg, Al, and Si are released and provide the bases necessary for
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montmorillonite development. Pyrite is occasionally present, although 

it has commonly been altered to magnetite: Replacement of plagioclase 

by calcite is common. The regional phase of feeble stage alteration is 

characterized by the formation of chlorite, sericite, carbonate, zeolite, 

secondary quartz, minor epidote, and "minor montmorillonite-illite 

mixed-vlattice clay. In all cases original rock textures are preserved.

Few of the older igneous rocks in the area have escaped this 

regional alteration. However, rocks of the Mount Belknap Group were 

apparently extruded later than this stage, since they exhibit practically 

none of the characteristic minerals of the feeble stage. Sedimentary 

rocks have undergone minor alteration related to the feeble stage.

Minor dolomitization in the carbonate beds, and some secondary silicifi- 

cation are characteristic. Pyrite, minor chlorite, and talc were also 

developed at this time.

The second phase of feeble stage alteration consists of zones 

or halos attendant to areas of later mineralization. In this phase biotite 

has been bleached and largely converted to chlorite and montmorillonite- 

illite mixed-lattice clay. Other ferromagnesian minerals have been 

converted, totally or in part, to chlorite and clay. Kao Unite and 

montmorillonite-ilUte are pseudomorphic after plagioclase. Sericite 

and pyrite are sparsely distributed throughout the rocks, and secondary 

quartz, while not abundant, is present. Earlier formed carbonate ap

pears to have been completely destroyed.
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The destruction of carbonate and the formation of kaolinite sug

gest a more acid environment than indicated by the regional phase of 

alteration. Parker (1954) suggests that the minerals developed during 

the feeble stage probably formed below 350°C., and a relatively low 

pressure is indicated by open-space filling.

In passing from the unaltered to the feeble stage of alteration 

the igneous rocks of Piute County tend to decrease in density and to in

crease in porosity. The following cation-anion changes also occur. K,
- l i t

Na, Fe , Ti, Si, 8, and HgO were added or relatively enriched by 

various amounts. Ca, Mg, Fe44, . Al, P, and C were subtracted by 

various amounts. Addition of S probably as SO3 may have produced 

pyrite. Clays developed during this stage represent a relative enrich

ment in AlgOg over the plagioclase and ferromagnesian minerals from 

which they were derived. SiOg released by alteration of feldspar to 

montmorillonite-illite is represented by secondary quartz.

Moderate Stage

Igneous rocks subjected to the moderate stage of alteration are 

changed to an aggregate of alunite, kaolinite, and quartz. These min

erals are apparently developed at the expense of former montmorillonite- 

illite mixed-lattice clay, chlorite, and feldspar. Chlorite has been com

pletely destroyed and only traces . of rutile and magnetite remain of 

former biotite. The original ferromagnesian minerals have been
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completely destroyed. Further alteration of the feldspars results in the 

development of kaolinite. Apparently the breakdown of the potash-rich 

phase releases KgO which enters into the formation of alunite or seri- 

cite. Both kaolinite and alunite have a greater AlgOg content than the 

mixed-lattice clay. This would seem to indicate an addition of AlgOg. 

However, it may only represent a relative enrichment of AlgOg due to 

the removal of more soluble components.

The presence of alunite is characteristic, ranging from minute 

fibrous aggregates to massive crystalline masses that are obviously 

open-space fillings. Several such alunite developments have been ex

tensive enough to form ore bodies which, in the past, have been mined.

Minor pyrite is present due to the addition of sulfur; however, 

most of the pyrite has been altered to magnetite, limonite, or jarosite. 

There has been a slight increase in the amount of apatite present.

The igneous rocks continue to exhibit a loss of density and in

creased porosity. Despite these changes some textural features of the 

original rock remain.

In going from the feeble to the moderate stage of alteration, the 

following cation-anion changes occur. K, Na, Fe***, Ti, and Si have 

been decreased by variable amounts. The loss of Ca and Mg is nearly 

complete. Fe is fixed in hematite, magnetite, or pyrite. Na, where 

sufficiently abundant, enters into the formation of natroalunite. A1 and 

S increase by variable amounts. These features suggest that solutions
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responsible for the moderate stage alteration were rich in SOg, AlgOg, 

and KgO. These conditions favor the development of kaolinite and alu- 

nite.

Intense Stage

Intense stage alteration is characterized by silicification, alu- 

nitization, pyritization, and sericitization. Sericite is  locally abundant 

in some of the sedimentary carbonate beds. Silicified zones range from 

a few millimeters up to several feet in width. Silicification along with 

alunitization is particularly well developed adjacent to veins. Mosaic 

clusters of quartz are common as are some rounded and embayed quartz 

crystals. Alunite commonly occurs as radiating groups of plumose 

crystals. Apparently quartz and alunite developed in response to con

ditions which destroyed the previously present clay minerals. Pyrite 

occurs as euhedral cubes and probably formed as a result of the addi

tion of sulfur. Only apatite and zircon appear to have escaped the alter

ation effects. During this stage of alteration there is an increase in 

density and a loss of porosity.

The following cation-anion changes occur as the rock passes 

from the moderate stage to the intense stage of alteration. Fe+"H", Al, 

T, and S decrease by variable amounts. Some of the Fe is fixed as 

pyrite, but in general there is a marked decrease in the iron content. 

Although some of the Al is fixed in alunite, there is a decrease in
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AlgOg content with the breakdown of the more abundant feldspars and 

clay minerals of earlier stages. K, Na? Ca, Fe44", Si, and P show 

gains by various amounts. Presumably the increase in K and Na is 

directly related to fixation in the alunite developed during the moderate 

stage. The increase of Fe++ is apparently related to the development 

of hematite and magnetite. In addition, HgO and SOg* have been added.

Summary

The widespread and abundant alteration is closely identified 

with the intrusive and volcanic history of the area. In view of this con

sideration it seems reasonable to consider that the alteration was largely 

accomplished as a result of hydrothermal and gaseous (fumarolic) emana

tions. Kerr, et al. (1957) and Parker (1954) had previously arrived at 

a similar conclusion. Composition of the emanations varied both at the 

source and also varied as the result of reaction with the country rock 

during migration outward from their source. In general, the components 

of these emanations probably consisted of a complex bicarbonate, sulfate, 

potassic, halogen-bearing fluid.
\

Apparently the emanations continued for an extended period of 

time, since they affected alteration of rocks of diverse ages. In addi

tion, several stages of alteration are recognized. Some alteration min

erals are pre-ore, some are contemporaneous with ore mineralization, 

and some are post-ore.
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Each of the rock groups has its own characteristic suite of 'al

teration minerals. However, they generally exhibit a zonal distribution 

that is suggestive of changes in pH of the altering media, of changing 

rock chemistry and time (fig. 22). Alteration minerals that occur fa r

thest from channelways, i. e . , fissures and faults, are those that occur 

in an alkaline environment. Conversely, minerals that are nearest the 

channelways indicate a more acid environment. Figure 22 shows the in

ferred pH conditions of formation for some of the observed alteration 

minerals found in Piute County. In general, the prevailing environment 

seems to have been acid.
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CHAPTER Vm 
ECONOMIC GEOLOGY

General Statement

Since the discovery of gold in the gravels of Bullion (Pine) 

Creek in 1856, Piute County has been the scene of a sporadic but per

sistent mining activity that at times has enjoyed considerable success, 

and at other times has shown little reward for much effort. The prin

cipal known and exploited mineral deposits are located in the north and 

northwest parts of the county. There has been no significant production 

outside of this area, although prospects and mineralized areas are 

located throughout the county. Production is derived from vein and re 

placement deposits that are found in the older sedimentary rocks and in 

the volcanic and intrusive rocks. The emplacement of these deposits 

appears to be genetically related to late Tertiary igneous activity and 

hydrothermal action.

Since the first known discovery, mines of the area have pro

duced approximately $19,000,000 in mineral products, ranging from 

alunite to uranium. Prospects for continuing production look promising, 

but additional geological work integrated with geochemical and geophys

ical studies are needed before the potential of the district can be

189
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realized. '

Classification of the Ore Deposits

Although the ore deposits show much diversity of character, 

they readily fall into two main groups— metallic and nonmetallic. These 

groups can each be subdivided into vein and replacement deposits. A 

few small placer deposits are also present in the area. Further classifi

cation is made, based on the principal mineral components (table 5).

The veins of the area are for the most part sharply defined 

fissure veins. They are numerous and remarkably persistent. They 

are found cutting through rocks of all ages and types, but are best de

veloped in the more competent rocks. Several of the veins have been 

traced for over 3,000 feet along strike and are known to have a vertical 

extent of over 2,000 feet. In width they are variable and irregular, but 

widths of 20 feet or more are common. Nearly all of the veins have 

steep dips, i. e ., 60°. or greater. Banding, comb structure, and crust- 

ification are characteristic and suggest that, at least in their upper 

limits, they are largely open-space fillings deposited relatively near 

the surface. The vein minerals are often brecciated, and it appears as 

though repeated movement has taken place. Ore mineralization in the 

vein deposits occurs in the following modes: open-space fillings, dis

seminated grains, patches, pods or larger shoots, and as breccia ce

ment. The principal metals produced by these deposits are gold, silver,
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CLASSIFICATION OF M INERAL D EPO SITS

Table 5

P IU T E  COUNTY,

T ype of D e p o sit

I. M ETALLIC
A . V ein  D e p o s its

1. G o ld -s i lv e r
2. L e a d -z in c -c o p p e r
3. U ran ium
4. Iron
5. M an gan ese

B. R e p la c em en t D e p o s its
1. L e a d -z in c -c o p p e r -  

g o ld -  s i lv e r
2 . M ercu ry
3. Iron
4 . M an gan ese
5 . U ran ium

C. P la c e r  D e p o s its  
1. Gold

II. N O N -M E TA L L IC
A . V ein  D e p o s its

1. A lu n ite
2 . F lu o r ite

B . R e p la c em en t D e p o s its  
1. A lu n ite

UTAH

P r in c ip a l H o st R ock

B u llio n  C anyon V o lc a n ic s  
S ed im en ta ry  r o c k s  
M on zon ite  and g ra n ite  
M on zon ite  and v o lc a n ic  s 
B u llio n  C anyon V o lc a n ic s

P a le o z o ic  L im e sto n e

P a le o z o ic  L im e sto n e  
M on zon ite  and v o lc a n ic s  
B u llio n  C anyon V o lc a n ic s  

M ount B elknap  V o lc a n ic s

T e r r a c e  and s tr e a m  g r a v e ls

B u llio n  C anyon V o lc a n ic s  
M on zon ite  and g r a n ite

B u llio n  C anyon V o lc a n ic s

1
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lead, zinc, copper, uranium, manganese, and some iron. Nonmetallic 

minerals produced are alunite and fluorite. Clay alteration within and 

adjacent to the veins is generally present.

Known replacement deposits are largely confined to the late 

Paleozoic carbonate rocks, and volcanic rocks of the Bullion Canyon 

Group. These deposits vary greatly in size and distribution, and all 

are highly irregular in outline. In the carbonate rocks these deposits 

are best described as mantos. The principal metals produced are lead, 

zinc, and copper with lesser quantities of gold and silver. Alunite con

stitutes the main nonmetallic production. An envelope of alteration 

about the deposits is characteristic. .

Placer deposits are of minor importance and are confined to 

stream gravels, and the gravel terraces which accumulated in Lake 

Marysvale. In the earUer days of mining activity sluice boxes were 

utilized in some, irrigation ditches. Some gold and a little quicksilver 

were recovered, but the operations were not economically successful.

No effort has been made to work the deposits since that time.

r Description of the Deposits 

Gold-Silver Deposits

Deposits in which gold and silver are the chief values are largely 

confined to fissure veins in volcanic rocks of the Bullion Canyon Group.
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However, significant amounts of these precious metals are found in the 

underlying sedimentary rocks and in the base-metal vein and replace

ment deposits.

Most of the gold and silver-bearing veins trend north or north

west. The most productive of these structures has been the west-dipping 

Annie Laurie vein located at Kimberly in northwest Piute County. Other 

less important producers have been the Dalton and Wedge mines located 

about 7 miles southwest of Marysvale in the Tushar Plateau. Similar 

veins, though as yet essentially unproductive, have been noted as far 

south as Tenc-mile Canyon.

The ore values occur mainly as native gold. Sulfides are sparse 

although pyrite is usually present, and the ores are siliceous. Lindgren 

(1906) noted the presence of argentite and minor quicksilver in the Annie 

Laurie vein. In Bullion Canyon tetrahedrite is locally abundant, and 

ceragyrite is present. Native silver has been reported from Gold Hill 

by Gibbs (1906). Assays indicate the presence of tellurium and selenium.

Gangue minerals include: quartz, that ranges from a dark- 

gray, fine-grained, cherty type to lamellar and drusy varieties; car

bonate, consisting of manganocalcite, rhodochrosite, and siderite; and 

frequently fluorite, barite, and adularia. See table 6 for paragenetic 

sequence.

The deposits have apparently been somewhat enriched by super- 

gene processes, giving rise  to "bonanza" type occurrences relatively
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near the surface. Some gold and silver values are present at lower 

levels in the veins, but the precious-metal content decreases downward, 

and the veins often grade into base-metal deposits. Silicification, car- 

bonatization, argillization, chloritization, and some sericitization are 

common in and adjacent to the. veins.

Base-Metal Deposits

Vein deposits

Deposits in which lead, zinc, and copper are the chief ore 

metals occur both as vein and replacement deposits. The veins are 

largely confined to volcanic rocks of the Bullion Canyon Group and the 

Navajo(?) Formation. However, they undoubtedly extend below the cur

rent levels of development. The known replacement deposits are found 

in Paleozoic carbonate rocks. Locally, similar but smaller replace

ment deposits have been encountered in the basal (Carmel?) limestone 

of the Jurassic Winsor Formation.

The base-metal-bearing veins generally occupy north- and 

northwest-trending fissures. They are thought to be a downward con

tinuation of the gold and silver veins, and they often contain minor but 

significant amounts of the precious metals. The metallic minerals are 

galena, chalcopyrite, sphalerite, chalcocite, covellite, tetrahedrite, 

and pyrite. Minor amounts of secondary chalcocite, chryscolla,
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malachite, and azurite are present. Sooty manganese dendrites and 

coatings are common. Wulfenite has been reported from the Bully Boy 

mine. Gangue minerals consist of lamellar, drusy, or massive milky 

white quartz, carbonate (mainly manganocalcite with rhodochrosite, 

siderite, and calcite), adularia, barite, and often fluorite. The ores 

are siliceous and lamellar quartz after barite is characteristic. See 

table 6 for the paragenetic sequence. Alteration associated with the 

veins includes silicification, carbonatization, chloritization, sericitiza- 

tion, argillization, and epidotization.

The most productive of these veins has been the west-dipping 

Bully Boy, Shamrock, Glen Erie, and Great Western, all located in 

Webster Basin of Bullion Canyon, 5 to 7 miles west-southwest of M arys- 

vale. A mill was established on the Bully Boy property for treatment 

of the ore (pi. 40, fig. A). The mill saw relatively little service and 

has now been almost completely dismantled.

Replacement deposits

The principal base-metal replacement deposits are located 

about 5 to 6 miles south-southwest of Marysvale in carbonate rocks of 

Pennsylvanian and Permian age. Here, at the only place where rocks 

of this age are exposed in Piute County, there have been a number of 

productive mines. Of these mines the Deer Trail and the Lucky Boy 

are most noteworthy. Only the Deer Trail mine, under lease to Arundel



PLATE 40

Figure A

The Bully Boy mill in Webster Basin, Bullion Canyon. 

Although operational, very little ore was actually run 

through the mill. Presently, very little of this struc

ture remains. The Bully Boy tunnel is on a level with 

the highest part of the mill in the background.

Figure B

Recently established mill for crushing and pulverizing 

alunite for use as commercial fertilizer. Alunite 

from replacement deposits is utilized. Pulverized 

material is stored in bins at the extreme left for 

direct loading into box cars.
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Mining Company, is currently active.

The Deer Trail mine has a long and interesting history of dis

covery and development. The deposit was discovered in 1878 and pro

duction was started that same year. Peak production was attained in 

the years 1919-23. According to Butler, _et al. (1920), the deposit was 

in a highly altered (sericitic), westward-dipping limestone bed (Permian, 

Toroweap Formation). The ore body followed the crest of a minor anti

cline that plunged gently to the northwest. The ore body was mined along 

strike for over 2, 500 feet and ranged from 15 to 200 feet in width and 2 

to 40 feet in thickness; a typical manto deposit. The ore in the deposit 

was oxidized and leached to an iron-manganese-stained aggregate of 

sericite, clay, and quartz that contained gold, silver, and lead. The 

ore averaged about $8.00 gold, 150 oz. silver, and 35 percent lead.

Some mercury and selenium were reported from ore samples by Bethke 

(1957). Total production from the ore body was about $2, 340,992.00. 

When the ore body was mined out little effort was made to find new de

posits.

The Patrick T. Henry (PTH) tunnel project was started in the 

1930rs. The PTH tunnel is several hundred feet lower and southeast of 

the old Deer Trail tunnel (pi. 41, fig. B). The PTH tunnel was eventual

ly driven beneath and beyond the old Deer Trail workings, in the process 

cutting through westward-dipping sedimentary rocks of Pennsylvanian 

and Permian age. Following are the pertinent discoveries relating to



PLATE 41

Figure A

View toward the south from the Central quartz mon- 

zonite stock, Antelope Range, Roadcuts and excava

tions in the foreground are for uranium prospecting 

and development. Uranium-bearing veins strike N. 

65° E. Town of Marysvale is at the extreme left in 

middle background, and Tushar Plateau is in the 

background.

Figure B

Old Deer Trail mine dump in the foreground and the 

PTH tunnel in the middle background (light spot 

among trees). View is toward the southeast along 

the Tushar fault scarp.
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ore mineralization in the area.

About 3,400 feet in from the portal copper mineralization was 

encountered in the Pennsylvanian Callville Limestone. Several hundred 

tons of the ore was shipped and a 200-foot winze was sunk to test for 

mineralization. A number of small lenses and pockets of copper-lead- 

zinc ore were encountered and some was shipped. The chief ore min

erals are chalcopyrite, chalcocite, galena, and sphalerite. Quartz and 

pyrite are the chief gangue minerals (pis. 42 and 43). See table 6 for 

the paragenetic sequence.

In the Oquirrh quartzite a number of open fissures were dis

covered (pi. 44, fig. A). These fissures greatly resemble surface ex

posures of base metal-precious metal bearing veins in the Bullion Canyon 

area (pi. 44, fig. B). Manganese staining, fluorite, calcite, and sec

ondary quartz are present in the open fissures. Sulfide minerals are 

rare . A projection of these open fissures upward into the overlying 

Permian limestone intersects the old Deer Trail ore body. The im

pression that these fissures served as conduits for ascending ore-bear

ing fluids is inescapable. A downward projection of these fissures will 

bring them to an intersection with the underlying Callville Limestone. 

This intersection has not yet been tested, nor has the permanent water 

table been intersected in any of the workings.

At about 8,300 feet from the portal the Permian Toroweap For

mation was intersected. This of course was the main objective of the



PLATE. 42

Figure A

Photomicrograph of ore specimen from the 100- 

foot level of the 3,400 winze, PTH tunnel. Pyrite 

(py) is being rimmed, embayed, and replaced by 

chalcocite (cc), which in turn is followed by 

sphalerite (si). (X 100.)

Figure B

Enlarged photomicrograph of the ore specimen from 

the 100-foot level of the 3,400 winze, PTH tunnel. 

Zonal characteristics are clearly shown. Pyrite (py) 

is replaced by chalcocite (cc), which in turn is  veined 

by sphalerite (si). (X 500.)
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PLATE 43

Figure A

Photomicrograph of ore specimen from the 100-foot 

level of the 3,400 winze, PTH tunnel. Grains of 

chalcopyrite (cp) are being replaced by sphalerite 

(si), which also occupies the interstices between 

chalcopyrite grains. (X 100.)

Figure B

Photomicrograph of ore specimen from the 200-foot 

level of the 3,400 winze, PTH mine. The distinct 

zonal pattern is characteristic. Pyrite (py) is em

bayed and replaced by chalcopyrite (cp), which in 

turn is replaced by sphalerite (si). (X 100.)
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PLATE 44

Figure A

Open fissure cutting through Oquirrh quartzite. Sur

rounding rock has been shattered and broken. Man

ganese oxide, secondary quartz, and some fluorite 

lightly coat the inside walls of the fissure. View is 

toward the roof of the PTH tunnel. Fissure varies 

from a few inches to several feet in width. Flash 

photo.

Figure B

Fissure vein exposed at the surface in the Robbers 

Roost mine. Bullion Canyon. Here the vein is 

cutting Navajo(?) quartzite near the contact with 

the overlying volcanic rocks. There is a resem 

blance to figure A.
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long tunnel. Exploration tunnels were extended to explore the zone which 

had been productive several hundred feet updip in the old Deer Trail 

mine. In December, 1961, a new ore body was encountered. Ore min

erals in a new ore body consist of sphalerite, galena, chalcopyrite, 

tetrahedrite, and tennantite. The ore occurs as massive sulfide replace

ments and dissemination in highly altered, sericitized carbonate (pi. 45). 

Quartz, barite, calcite, talc or steatite, and pyrite constitute the other 

gangue minerals. See table 6 for the paragenetic sequence.

The deposit is reported (Salt Lake Tribune, March 6, 1962) to 

contain at least 50,000 tons of ore. The deposit is known to be 2 to 18 

feet in thickness but the other dimensions are not known. Test ship

ments have averaged $24.00 per ton, at current prices. The ore aver

ages 0.4 oz. gold, 6 oz. silver, 3 to 6 percent lead, and 12 to 21 per

cent zinc. Development work is currently underway preparatory to 

mining. Additional ore bodies will undoubtedly be sought in the area.

Mercury Deposits

Cinnabar, metacinnabar, and the ra re  mercury selenides ono- 

frite and tiemannite were produced from a bedded replacement deposit 

in limestone of Permian age. The deposit was found just a few hundred 

feet south of the Deer Trail workings. Discovered in 1884, the deposit 

did not come into production until 1886, when a small re to rt was set up. 

Production, according to McCaskey (1912), is estimated at 213 flasks



PLATE 45

Figure A .

New ore discovery at the 8, 500-foot level, PTH tunnel. 

Dark and medium gray is ore material, mainly honey-
I

yellow sphalerite. Lighter m aterial is sericitized 

limestone containing disseminated grains of sphalerite. 

Folding and crumpling of the beds have taken place a- 

long with considerable shearing. Flash photo.

Figure B

New ore discovery at the 8, 500-foot level, PTH tunnel. 

Dark gray is ore material, mainly sphalerite and gal

ena. Irregular replacement and banding about calcite 

and quartz nodules is common. Highly sericitic gangue 

in the lower left has already begun to air-slack. Flash 

photo.
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of mercury, valued at $8,308. Reportedly this is the only mine in the 

United States where commercial production has been obtained from 

selenides and sulphoselenides of mercury. See table 6 for the para- 

genetic sequence.

The mined-out deposit comprised an area of about 100 feet in 

length, 60 feet deep, and 20 feet in width. The ore minerals mentioned 

above occurred as bunches, pods, lenses, and as disseminated grains. 

Minor sphalerite and pyrite were present. Gangue minerals were: a 

barite veinlet which may have served as a feeder for the mineralization, 

calcite, limonite, manganese oxides, and quartz. .

For a more complete discussion of this interesting occurrence, 

the reader is referred to Bethke (1957).

Uranium Deposits

Late in 1948 uranium deposits were discovered in a quartz mon- 

zonite stock of the Antelope Range, in northern Piute County (pi. 41, fig. 

A). Since the initial discovery, uranium mineralization has been found 

in rhyolite breccias and tuffs of the Mount Belknap Group in the Antelope 

Range and also high in the Tushar Plateau in western Piute County.

Minor uranium mineralization has been noted in Permian carbonate 

rocks, in rocks of the Bullion Canyon Group, and in the Pliocene- 

Pleistocene Sevier River Formation.

The main production is from a system of fissure veins, faults,
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shears, - and fractures in quartz monzonite and granite of the Central . 

stock. A few relatively small replacement deposits are foimd in the 

Mount Belknap volcanic rocks immediately overlying the productive 

veins. Most of the productive structures strike approximately N. 65°

E. and are all nearly vertical. North and northwest structures are also 

present but have produced relatively little ore. The veins commonly 

swell, pinch, and branch in irregular fashion, and range from a few 

inches to several feet in width. However, individual veins are persist

ent and are known to extend for over 2,000 feet along strike; and, ac

cording to Walker and Osterwald (1956), the mineralization extends 

over at least a 2 ,000-foot vertical distance. To date, mining activity 

has only explored about a half of this vertical potential.

Kerr, et al. (1957) report that pitchblende (uraninite) is  the 

only primary uranium mineral in the deposits. On the other hand, at 

least 13 secondary uranium minerals have been reported from the de

posits. Chief among the secondary ore minerals are autunite, tobernite, 

and uranophane. Walker and Osterwald (1956) note that the secondary 

uranium minerals are more abundant in these deposits than elsewhere 

in similar deposits in the United States. The ore is characteristically 

localized in shoots in both primary and secondary zones. The ore bodies 

generally increase in size near structural intersections where breccia 

structure is common, or where there is a change in dip or strike of the 

localizing structure. Within the shoots the ore minerals occur as
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stringers, replacements, disseminations, coatings, pods, and lenses. 

The dominant metallic gangue minerals consist of pyrite, marcasite, 

magnetite, hematite, and jordisite. The sulfide minerals are not abun

dant. Fluorite, quartz, chalcedony, adularia, and siderite are the 

principal nonmetallic gangue minerals. Dark-purple to light-purple 

fluorite is characteristic and is intimately associated with the uranium 

minerals, particularly the uraninite. Widespread clay alteration is as

sociated with these deposits. See table 6 for the paragenetic sequence.

Uranium-production figures are not yet public information. 

However, reasonable estimates indicate that the various mines have ag

gregated an average production of approximately 100 tons per day from 

mid 1949 to the present time. Over this 13-year period it is estimated 

that about 300,000 to 400,000 tons of ore has been produced. Average 

grade of the ore is estimated to be between 0.20 and 0,30 percent UgOg. 

This is reportedly the largest production from vein-type uranium de

posits in the United States. Important mines in the area are the Free

dom, Prospector, Farm er John (Bullion Monarch), Buddy, Potts F rac

tion, Cloy, and Lucky Strike. The Vanadium Corporation of America 

now entirely controls the productive area, however, the mines are cur

rently being turned over to lessors.

For a more detailed description and treatment of these deposits 

the reader is referred to the excellent work by Kerr, et ah (1957).
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Manganese Deposits

Vein deposits

Small veins of manganese ore are known in many places in the 

eastern part of the Sevier-San Pitch Valley and the adjoining Sevier Pla

teau. These deposits are closely associated with the Sevier fault and 

related structures. The relationship suggests an association with hot- 

spring activity, which is still active in many places in the area. Bul

lion Canyon volcanic rocks constitute the host in almost every case.

The largest of these deposits is located in the N E-l/4 sec. 14, 

T. 28 S., R. 2-1/2 W. in a north-trending side canyon about 1-1/2 miles 

above the mouth of Dry Creek. The vein is usually less than 2 feet in 

width, nearly vertical, and strikes north-northeast. The ore consists 

of hard, bluish-black, brittle psilomelane that breaks with a concoidal 

fracture. Minor amounts of pink rhodochrosite are associated with the 

ore. Clay, quartz, and calcite are typically associated as gangue min

erals.

No production records are available, but it is estimated that 

several hundred tons of 30 to 40 percent manganese was shipped from 

the vein in the 1940ts and 1950rs.

Replacement deposits

Replacement deposits of manganese ore are more numerous,
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larger, and of slightly different mineralogy than the vein manganese.

The replacement deposits consist of dark-gray to black, pulverulent, 

botryoidal or statactitic pyrolusite, wad and psilomelane, and minor 

rhodochrosite. Tiny silvery gray, radiating acicular crystals of 

psilomelane are characteristic. The ore is locally distributed through 

the Bullion Canyon volcanic rocks as irregular pods, patches, veinlets, 

and cementing m aterial for the brecciated rock. Calcite and blue-white 

chalcedony are the characteristic gangue minerals. Silicification and 

argillization are the characteristic types of alteration associated with 

these deposits.

The largest of these deposits is  located at the mouth of Manning 

Creek adjacent to the Sevier fault, in the N E-l/4  sec. 33, T. 27 S., R. 

2-1/2 W. Developed during World War n, several hundred tons of ma- 

terial was shipped, from an open-pit excavation, to the U. S. Steel plant 

near Provo, Utah. Chemical analysis of the average ore shows the fol

lowing: 14 percent MnOg, 41.2 percent SiC^, 2.7 percent CaO, 1.8 
percent Fe, 0.045 percent P. Locally, the ore runs as high as 35 to 

45 percent MnOgo

According to a U. S. Bureau of Mines report by Havens and Agey 

(1949), the ore responds readily to simple ore-dressing methods of con

centration, i. e ., jigging or tabling. Considerable tonnage remains in 

the deposit that could be recovered by this method of concentration.
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The Iron Duke Magnetite mine is located in the SE -l/4  sec, 4, 

T. 27 Sc, R. 3 Wo, and is on the south contact of the Central quartz 

monzonite intrusive body. The ore body occurred as irregular-shaped 

masses and veinlets of magnetite in a dense latite flow of the Bullion 

Canyon Group that has been contact metamorphosed.

The ore body was lens shaped, nearly vertical, about 95 feet in 

length striking N. 65° E ., and had a width that varied from 10 to 50 

feet. During the summer of 1962 the author, using a Jalander Magne

tometer, made several traverses in the vicinity of the ore body. Good 

response was received immediately around the mined-out deposit but 

not elsewhere, suggesting that the ore body is limited to a size only 

slightly larger than that already mined.

Production records are not available, but the mine was opened 

prior to 1911 and reportedly several car loads of siliceous ore were 

shipped to a Salt Lake City smelter for flux. In 1911-12 the remaining 

reserves were mined, and amounted to between 2,000 to 3,000 tons.

Silicification and ferrugination are the characteristic types of 

alteration associated with the deposit.

Fluorspar Deposits

Fluorspar is widespread and seems to be closely associated

Iron Deposits
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with many ore deposits of the area, particularly uranium. However, 

fluorspar has been mined at only one locality, a vein in the Central 

stock. Here, on the Farm er John claims, a 3- to 5-foot wide fissure 

vein of coarse purple fluorite is found in a granite-quartz monzonite 

host. In this area the fluorspar is closely associated with uranium 

mineralization.

Production figures are not available, but from reports it is 

estimated that about 550 tons of fluorspar was shipped to the steel 

smelter in Utah County during the late 1940rs and early 1950*s. Total 

production is valued at approximately $10,500.00.

Alunite Deposits

Prospectors had for years known about the occurrence of "pink 

spar" in the Tushar Plateau southwest of Marysvale. However, it was 

not until November 1910 that the m aterial was identified as the mineral 

alunite, a hydrated sulfate of potassium and aluminium KAL^(SO^(OH)g. 

Subsequently, at least 26 alunite deposits have been discovered in Piute 

County, and an additional 12 are known in Sevier and Beaver Counties. 

The deposits are confined to the Tertiary volcanic rocks of the area, 

mainly the Bullion Canyon Group,

The alunite deposits readily fall into two types, vein and r e 

placement.
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Alunite-bearing veins are located in the Tushar Plateau approx

imately 7 miles southwest of Marysvale in T. 28 S«, Rs. 4 and 4-1/2 W„ 

The veins crop out on the north side of Cottonwood Creek, at an eleva

tion of 9,000 to 11,000 feet (pi. 46, fig. A).

The veins are largely fissure veins with a north-northwest 

strike, the same as the precious-metal, base-metal veins in the area. 

They are irregular and characteristically pinch, swell, and branch along 

strike as well as down dip. They are all nearly vertical and locally may 

be over 30 feet in width. Individual veins have been traced for over a 

mile along strike and they are known to extend over a vertical distance 

of at least 1,000 feet.

The veins are characterized by banded and comb structure that 

suggests open-space filling (pi. 46, fig. B). Butler and Gale (1912) rec 

ognized three varieties of alunite in the deposits: coarsely crystalline; 

fine grained to dense; and laminated. A coarsely crystalline, translu

cent variety, usually pink in color (pink spar), is most abundant. Dark, 

fine-grained cherty appearing quartz, kaolinite, jarosite, and occasional

ly pyrite occur as gangue minerals. There is a noticeable lack of the 

sulfide minerals.

The vein alunite is the high potash variety (9 to 11 percent), 

and was mined from 1915-20 for potash.

Vein deposits



PLATE 46

Figure A

Alunite vein in Cottonwood Canyon 7 miles south- 

southwest of Marysvale. Here, the vein matter is  

the coarsely crystalline pink variety of alunite. 

Banding and fracture parallel to the dip of the vein 

are characteristic. Vein width at this locality is 

20 feet.

Figure B

Coarsely crystalline pink alunite showing charac

teristic banding parallel to walls of the vein. The 

lighter bands contain quartz, clay, and fine-grained 

alunite. Alunite crystals tend to grow normal to the 

banding. Scale is in inches.
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The replacement alunite deposits are located south, east, and 

north of Marysvale, within a 12- to 14-mile radius. These deposits are 

more numerous than the vein deposits of alunite. However, like the 

vein deposits they are nearly all restricted to pyroclastics and flow 

breccias of the Bullion Canyon Group. They seem to have been localized 

by the more porous and permeable beds. The deposits are therefore ac

tually highly altered parts of the volcanic rocks. In size, shape, and 

grade they are quite irregular. They are larger than the vein deposits 

but also contain less potash (4 to 6 percent).

Alunite in the replacement deposits most commonly consists of 

a white fine-grained variety. Small irregular veinlets of light-pink crys

talline alunite have been noted in some of the deposits (pi. 47). The 

soda variety, natroalunite, is locally abundant. Quartz, kaolinite, and 

hematite are the most common gangue minerals; and, as in the vein de

posits, sulfide minerals are almost completely absent.

Widespread interest has been expressed in the alunite deposits 

of Piute County, since they are the largest known in the United States. 

The alunite was envisioned as a potential source for potash, aluminum, 

and sulfuric acid. W. T. Schaller (1911) demonstrated the feasibility of 

extracting potassium sulfate from alunite.

During World War I imports of potash from Germany ceased

Replacem ent deposits



PLATE 47

Figure A

Veinlets of fine-grained, pinkish-white alunite cutting 

a highly altered and alunitized latite of the Bullion 

Canyon Group. Sample from the Close-In deposit 5 

miles south-southwest of Marys vale.

Figure B

Photomicrograph of alunite veinlets from the sample 

in figure A. Minute, fibrous alunite (A) crystals grow 

normal to the vein walls. The veins all have quartz 

(Q) rim s. Dark matter in the veins is unreplaced 

latite. (X 10.)
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and a domestic source was sought. In 1915 the firs t mill in the United 

States for the purpose of producing potash from alunite was established 

near the mouth of Cottonwood Creek south of Marysvale. The mill 

utilized a calcining and a water-leach process, and had an initial capac

ity of 100 tons per day, with an estimated recovery of about 25 to 30 

tons per day of potassium sulfate. The alumina-rich residue accumu

lated in a tailings pond adjacent to the mill. The first recorded produc

tion was on October 7, 1915, and on October 20, 1915, 28 tons of 95,39 

percent pure potassium sulfate was shipped to Armour Fertilizer works 

at Jacksonville, Florida. Production continued until January 1, 1921. 

Due to a resumption of potash imports from foreign sources and a r e 

sultant decrease in potash prices, the operation was terminated. The 

amount of potassium sulfate that was produced is not accurately known 

but, according to Callaghan (1938), approximately 262,000 tons of alunite 

ore was mined. If all of this material had been treated at the mill,

40.000 to 50,000 tons of potassium sulfate: or an equivalent of 20,000 to

30.000 tons of potash would have been produced. Later the alumina- 

rich tailings were sold as a mold wash for casting copper anodes. Esti

mated value of these products is $4, 560,619.

At the request of the citizens of Utah, in 1936 the U. S. Geolog

ical Survey and the U. S. Bureau of Mines undertook a survey of the 

alunite deposits as a potential source for aluminum. Considerable 

diamond drilling was accomplished and most of the known deposits were



217

studied.

During World War II interest in alunite was revived. An ex

perimental plant, for the recovery of alumina and potash, was estab

lished in Salt Lake City by the Defense Corporation. The plant was 

operated by Kalunite, Inc. Through 1940-45 about 13,000 tons of ore 

was shipped to the Salt Lake City plant. According to Fleischer and 

Glasser (1951), about 2, 500,000 pounds of "kalunite alumina" was r e 

duced at a Tacoma, Washington, plant to produce 1, 200,000 pounds of 

aluminum. Following the war and resumption of bauxite imports, the 

project was discontinued. However, it had been demonstrated that a 

good grade of aluminum could be recovered from alunite using the so- 

called Kalunite Process. In recent years there has been some effort 

to crush and pulverize raw alunite and market it as a commercial fer

tilizer (pi. 40, fig. B).

Alunite reserves in Piute County are conservatively estimated 

by Thoenen (1941) and Hild (1946) to consist of about 30,000,000 tons of 

alunitized rock with a calculated equivalent content of between 4,000,000 

to 10,000,000 tons of pure alunite, of which about a third is  in the vein 

deposits.

Zonation

In a gross way the ore deposits and the minerals of the ore de

posits exhibit a zonal distribution. The zonation is suggested by a
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progressive change in the character of the deposits outward from cen-
V ' : . i: ... ' : :

te rs  of intrusion and also with increasing depth.

Replacement deposits of alunite are grouped more or less near 

the intrusive bodies. Beyond the alunite deposits are found the manga

nese deposits which have been associated with hot-spring activity.

The fissure veins appear to change with depth. They contain 

alunite, or, gold, silver, adularia, and carbonate in their higher or 

upper levels. Lead, zinc, and copper increase downward. Alunite is 

not found in significant amounts below the volcanic-sedimentary contact, 

and there is a general decrease of gold and silver values with increasing 

depth. Zonation in the base-metal replacement deposits.shows a simi

lar decrease of gold and silver with depth and a marked increase of 

copper and zinc.

The zonation is probably largely hypogene, but in some of the 

near-surface or exposed deposits it may be super gene. Hypogene zona

tion is probably a reflection of one extended period of mineralization, 

during which time the ore-bearing fluids changed in character both at 

the source and as distance from the source increased.

Production

Mineral-production records for Piute County are incomplete. 

Records are generally unavailable for the following: earlier shipments 

of gold and silver (1856-78); alunite and alunite products (fertilizer.
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t
Wedge Mi ne ,  p r e c i o u s  me ta l  v e i n  

( A f t e r  B c t h k e ,  1957)

M i n e r a l  Ear Iy  L a t e

Q u a r t z  ------------------------- ■

P y r i t e  —....... .. -  — —

C a r b o n a t e  -----------------------------  “

B a r i t e  " ‘

T e t r a h e d r i t e  ---------------- '

Gol d  -------------—

S i l v e r  — —----------------

Shamrock and G r e a t  W e s t e r n  M i n e s ,  b a s e  m e t a l  v e i n s
( A f t e r  B e t h k e ,  1 9 5 7)

P y r i t e  —.....  ■ ■ --------—

C h a l c o p y r i t e  ............ •

S p h a l e r i t e  —■

G a l e n a  •

T e t r a h e d r i t e  «

Chal  c o c i t e  ——— — — — — —

Cove I I i t e  — — —

A n g l e s i t e  — — —

C e r u s s i t e  — — — —

M a l a c h i t e  1

P i t c h b l e n d e  ■ — — 1

A u t u n i t e  -----------

C a r b o n a t e  —     ■

Quartz
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Bu l l y  Boy Mi ne ,  b a s e  m e t a l  v e i n  
( A f t e r  B e t h k e ,  19 5 7 )

MineraI  E a r l y  L a t e

Q u a r t z  "■■■ < ........ -  »'

F l u o r i t e  ——

C a r b o n a t e

P y r i t e  — —— — " ”

S p h a l e r i t e  — — —

T e t r a h c d r i t e  ---------------

G a l e n a  "

C h a l c o p y r i t e  ------

Go l d  -----------

S i I v e r

A z u r i t e  -

M a i a c h i t e  

L i m o n i t e

D eer  T r a i l  Mine (PTH T u n n e l ) ,  b a s e  m e ta l  r e p l a c e m e n t

P y r i t e  ....................... —

C h a l c o p y r i t e  ■

S p h a l e r i t e  --------. ■ ■ —

T e n n a n t i t e  ■

G a l e n a  — — — .

T e t r a h e d r i t e  -------------------------

Chal  c o c i t e

F l u o r i t e  -------------------

C a r b o n a t e  ----- - 1

Quartz
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Lucky Boy Mi ne ,  b a s e  m e t a l  r e p l a c e m e n t  

( A f t e r  B e t h k e ,  1 9 5 7 )

M i n e r a l  Ear Iy  L a t e

P y r i t e  " — — — -

S p h a l e r i t e  -------------------

T i e m a n n i t e  ----------------- -

O n o f r i t e  -------------------*

M e t a c i n n a b a r  ------------- -

C i n n a b a r  -------------  /

B a r i t e  ■ " 1 —

Cal c i t e  —— —

Q u a r t z  ■■ ■■

Urani um,  v e i n  d e p o s i t s  
( A f t e r  K e r r ,  e t  aj_ 19 5 7 )

Q u a r t z  and C h a l c e d o n y  ..................  - ........ -  ■ ............

P y r i t e  —— —  — — —

AduI a r i a  — "

F l u o r i t e  ---------:-----  ■■ .........

M a r c a s i t e  -------------------

P i t c h b l e n d e  -----------------

M a g n e t i t e  and H e m a t i t e  --------------

C a r b o n a t e  -------------------- —

J o r d i s i t e  ------*----------—

Gypsum ■

I ron  and Ma ng a ne se  — — —

A u t u n i t e  ------------------------
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mold wash, e tc .) during and since World War H; and, uranium produc

tion since 1949. It has therefore been necessary to estimate the value 

of these items. All estimates are based on available data and observa

tions, and are considered to be reliable.

Based on the available records and estimates, the mines of 

Piute County have produced approximately $19,000,000 in marketed 

mineral products (table 7). In value, the production is about equally 

shared by gold-silver, alunite (and alunite products), and uranium.

These minerals account for about 90 percent of the total production.

Lead, zinc, and copper comprise the bulk of the remaining 10 percent.

Examination of figure 23 clearly reveals the many "ups and 

downs" of mining activity in the county. The firs t production peak 

(1901-06) corresponds to the early mining activity that exploited the 

near-surface, "bonanza" gold-silver deposits. Records indicate that 

the average gold:silver ratio has been about 1:8.6. The second produc

tion peak (1916-23) corresponds to the discovery of alunite and produc

tion of potash from the alunite. Also, at this time the Deer Trail mine 

came into full production. The highest 1-year production was attained 

in 1918 with a value of $1,406, 531. The third production peak (1934-38) 

marks the renewal of gold-silver mining during the depression years. 

The fourth production peak (1949-62) corresponds to the discovery and 

production of uranium and the renewal of base-metal shipments from the 

Deer Trail mine (PTH tunnel).
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Table 7

Summary of mineral production to 1963, 
Piute County, Utah

Commodity Ounces Pounds Tons Value

Gold 237,954 $ 5,280,029

Silver 2,056,929 1, 780,018

Alunite (and 
alunite products) 300,000 5, 682,169

Uranium 350,000 5,404,375

Lead 7,441, 763 481,982

Zinc 1,096, 435 126, 867

Copper 404,629 76, 539

Manganese 4,000 60,000

Fluospar 550 10, 500

Iron 6,000 9,000

Mercury 16,188 8,308

Other 1,100

TOTAL $18, 920, 881
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Currently, production is decreasing and further decrease is 

anticipated with a slowdown in uranium mining. However, an upturn in 

mineral production is expected when the recently discovered ore body 

in the Deer Trail mine (PTH tunnel) goes into production.

Age of Ore Mineralization

Geologic relationships indicate that the main period of ore min

eralization occurred between 14-11 m. y. ago, during late Miocene and 

early Pliocene(?) time. The salient relationships are presented in the 

following discussion.

F irst, a Miocene-Pliocene(?) age is indicated by the close as

sociation, in time and space, of late Tertiary (Miocene-Pliocene) vol- 

canism and intrusion, hydrothermal activity, alteration, and mineraliza

tion. Sulfur-isotope data (Jensen, et a h , 1959-60 and Field, 1960) 

substantiate this association by indicating that the sulfide of the ore de

posits is primary magmatic and has been deposited relatively near the 

primary source.

Second, potassium-argon dating of potash-bearing minerals in 

association with ore minerals gives a Miocene-Pliocene(?) age (Bassett, 

et a l . , 1960). Sericite associated with replacement base-metal mineral

ization in Permian carbonate rocks of the Deer Trail mine gives a date 

of 14.2-12.8 m.y. Uraninite associated with vein mineralization in 

Oligocene-Miocene-Pliocene intrusive and volcanic rocks gives a date
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of 13 m. y. Bassett (1962, written communication) notes that prelim i

nary results of potassium-argon dating of alunite are in excellent agree

ment with the sericite and uraninite dates. These relationships suggest 

that the deposits are genetically related, and are essentially contempo

raneous regardless of diverse mineralogy, stratigraphic position, or 

lithologic association. Separation of the various mineralogical as

semblages undoubtedly developed in response to a changing physical- 

chemical environment encountered by ascending magmatic fluids.

Third, structural relationships indicate that the main period of 

ore mineralization probably immediately preceded the main period of 

block faulting. According to Jensen (1960), potassium-argon dating 

places the age of faulting at 11-9 m. y. or early Pliocene Time. While 

this relationship is less'certain than those previously stated, it does 

clearly indicate a late Miocene-early Pliocene(?) age for the ore min

eralization.

O rigin of the Mineralizing Fluids

The origin of the fluids that formed the ore deposits of Piute 

County cannot be positively determined. However, the intimate associa

tion in time and space of late Tertiary volcanic and intrusive activity, 

widespread alteration, and ore mineralization suggest a genetic re la 

tionship. The sequence of events shows that the ores were deposited 

at a very late stage of the volcanic and intrusive activity. Jensen, et̂
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32 / 34al. (1959-60), from a study of the S /S ratios of pyrite from urani

um-bearing vein deposits in quartz monzonite and from the Deer Trail

base-xmetal replacement deposit in limestone, concluded that the nar- * 
32 34row range of 8 /8  ratios, which were very near the meteoritic val

ues of 22. 21, indicated a magmatic hydrothermal mineralization, prob

ably from a nearby source.

These relationships, taken together, have given rise  to a gen

erally accepted hypothesis that the ore deposits owe their primary ori

gin to ascending magmatic fluids. These fluids were widely expressed 

as hydrothermal and fumarolic emanations and ore deposition. Depo

sition of the ores was probably largely controlled by Eh and pH changes 

and changes of pressure. Changes of temperature were probably of less 

importance.

Nature of the Mineralizing Fluids 

Chemistry

Mineralogies! assemblages indicate that the mineralizing fluids 

were sulfur, potash, carbon dioxide, and halogen bearing. This is to 

say that the chemical nature of the mineralizing fluids was similar, if 

not identical, with those fluids responsible for widespread alteration in 

the area. S ^ / S ^  ratios and potassium-argon dating seem to verify 

these relationships.
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T h e  presence of alunite, barite, gypsum, and anhydrite, in 

addition to the sulfide-ore minerals indicates that the fluids were abun

dantly sulfur bearing. According to Butler (1919), this should be the 

case inasmuch as sulphurous and sulphuric compounds are commonly 

present in the later stages of fumarolic activity. The sulfur may have 

been transported as a bisulfide complex. Willard and Proctor (1946) 

report that 14 to 23 percent 80g was added to the White Horse replace

ment alunite deposit. According to Parker (1957) and Kerr, et ah (1957), 

natroalunite characteristically forms in an environment rich in SOg, 

whereas alunite forms best in an SO4 environment. More natroalunite 

is found in the replacement deposits than in the fissure veins, suggest

ing that the latter werfc rich in SO4. SO3 upon reaching the surface 

would probably release HgS which would oxidize to form sulphuric acid 

which in turn would provide SO4 ions to form the above-mentioned min

erals. Butler (1919) and others have suggested that HgS could be oxidized 

by hydrothermal solutions to produce SO4 ions. This latter reaction 

would undoubtedly be less common than the former reaction. This may 

explain the general decrease of the sulfates and an increase in sulfides 

with depth. Callaghan (1938) has suggested pyrite oxidation as the mech

anism by which some of the replacement alunite deposits were formed. 

Descending sulfate waters could have formed some of the minor near

surface deposits. However, the amount of remaining unoxidized pyrite 

indicates that such a reaction was not widespread. In addition, nearly
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all veins and numerous areas of country rock contain pyrite but few ac

tually contain sulfate minerals.

That the fluids were potassium bearing is indicated by the 

presence of sericite in association with base-metal deposits in carbon

ate rocks, and by alunite and adularia in association with base-metal 

and precious-metal deposits in volcanic rocks.

The presence of carbonate in the primary fluids is indicated by 

carbonate veins and carbonate gangue minerals associated with the var

ious deposits. Calcite, manganocalcite, dolomite, siderite, and 

rhodochrosite are common gangue minerals. The carbonate was prob

ably transported as bicarbonate.

Kerr, et al. (1957) have reported halite from the Central quartz 

monzonite stock and fluorite is associated with almost every ore deposit, 

except alunite(?), indicating that halogens were undoubtedly present as 

constituents of the prim ary fluids.

PH

According to Kerr, et al. (1957), the fluids that penetrated the 

rocks of the region were acid to slightly alkaline. Work by Brophy and 

Parker is in general agreement with this hypothesis.

Brophy (1960) synthesized an alunite-jarosite solid solution 

series at 78° and 105°C, and 1 atmosphere, and 150°C at 6.1 atmos

pheres. Results of the experiment suggest that the Al+++ rich alunite
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deposits were formed under reducing conditions due to the valence state 

of iron. In an abundant supply of oxygen the iron would oxidize to yield 

Fe+++ which would probably replace Al+++ to produce an intermediate 

member of the alunite-jarosite series rather than the A1 rich type 

that is found in Piute County. However, that conditions were not strong

ly reducing is shown by the fact that most of the remanent iron was pre

viously fixed as ferric iron. It seems reasonable to assume that con

ditions at depth, below the general level of alunite deposition, were 

more strongly reducing, and therefore definitely acid in character.

Parker (1954) found that alunite was precipitated in a pH range of 3. 5 to

1. 5. Parker also suggested that conditions were more acid in the fis

sure veins than elsewhere. If the fissures were more acid it could have 

been due to confinement in a conduit which contained H2S bearing fluids.

There is undoubtedly a pH gradient from strongly acid near the 

source to weakly acid, neutral, and alkaline away from the source. The 

presence of sericite in carbonate rocks associated with base-metal min

eralization strongly suggests that these deposits were formed in a neutral 

to moderately alkaline environment,

Pressure

The near-surface deposits are largely open-space fillings as

sociated with fissures and often associated with the more porous and 

permeable rock units. These relationships suggest low hydrostatic and



/

lithostatic pressures. Ore deposits found at the deeper levels, -i. e . , in 

the base-metal replacement deposits, appear to have developed largely 

in response to chemical reactivity. .

These relationships suggest the ore-bearing fluid at depth under 

relatively high pressures had the characteristics of a liquid. As the 

liquidlike fluid ascended, pressures diminished and eventually the 

gaseous or vapor phase became an important agent in the ore trans

port. Bethke (1957) believes that the separation of the gaseous compo

nent was a major factor in producing the mercury deposits, and per

haps other metalliferous deposits in the area.

Temperature

Butler (1919) has shown that SO3 is unstable above 450°C, but 

readily forms from 200° to 450°C. Parker (1954) synthesized alunite 

in a boiling aqueous solution containing the components of alunite. From 

the experiments Parker concluded that the alunite was deposited at tem

peratures below 350°C. Brophy, et al. (1962) found similar conditions 

through experiments on the alunite-jarosite solid solution series.

Brophy also found that by heating these samples to 300°C the excess ; 

water was largely removed. An increase in pressure as well as tem

perature materially reduced the amount of excess water in the structure. 

These relationships indicate that natural alunite deposits formed at re la 

tively low temperatures. On the. other hand, Jensen, _et al. (1959-60)

231
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noted that the low ratio of 8 /8  in the ore deposits suggest a high

temperature, well homogenized source. This is probably true for the 

deeper ore bodies or those nearer to the source. There is undoubtedly 

a temperature gradient from the source to the outlying deposits. How

ever, most of the ore deposits probably accumulated at temperatures 

less than 600°C.

The Future of Mining in the Area

Piute County offers a number of possibilities for the develop

ment of a substantial economy based on the mineral, and allied indus

tries. The following are possibilities for the future.

1. Base-metal deposits

In the past, sizable manto deposits have been discovered 

and mined from Paleozoic limestone. Recent discoveries 

substantiate the favor ability of these beds, but very little 

real prospecting has been done.

2. Precious-metal deposits

A possibility for operation of precious-metal deposits 

exists if the price of gold is increased; otherwise, deposits 

are too low grade for extensive development.

3. Alunite and alunite products

Large reserves are available which could be utilized in 

one or more of the following ways: refractories; aluminum;
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mold wash for the casting of copper anodes; cracking cat

alyst for the petroleum industry; aluminum chemicals, i. e ., 

manufacture of synthetic cryolite, aluminum sulfate, alu

minum chloride, sodium aluminate, and alunis; potassium 

compounds, i. e . , potassium sulfate, potassium chloride, 

potassium carbonate, potassium nitrate; sulfuric acid. Un

processed alunite could be used as fertilizer or roofing 

granules. '

4. Uranium . ': .

Future demands for industrial use of atomic energy may 

bring about a renewal of exploration and mining of this 

metal. ';

5. Petroleum .. * ■

■ Rocks beneath the volcanic cover have never yet been

tested. The Virgin Limestone Member of the Moenkopi 

Formation, the Kaibab Formation, the Toroweap Forma

tion, and the Callville Formation are considered to be 

prospectable horizons.

6. Clay deposits . ^  ^

A number of clay deposits are found throughout the 

county, none of which have been thoroughly tested or com

mercially mined.
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7. Sand and gravel

Large deposits of sand and gravel are found along the 

Sevier River and along the lower reaches of the major 

tributaries, and in the old lake benches and terraces.

8. Lightweight aggregate

Locally the Joe Lott Tuff is very pumiceous and would 

serve well as a component of a lightweight aggregate. In 

at least one locality the Joe Lott Tuff has been quarried 

and used directly as a building stone with excellent results. 

Extensive reserves are available.

9. Roofing granules

Pink or white alunite and milky white quartzite are abun

dantly available for roofing granules if a market develops.

10. Diatomaceous earth

A diatomaceous earth deposit of unknown extent is lo

cated on the west side of the Otter Creek Reservoir. It 

contains about 85 percent silica.

11. Other

Limestone, and building or decorative stone offer addi

tional possibilities for the future.

Water Supply

Watersheds of Piute County supply large amounts of water to
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the Sevier River system. Two large storage reservoirs are located in 

the county. The Otter Creek in the southeastern part of the county has 

a capacity of 52, 500 acre-feet, and the Piute Reservoir in the south- 

central part of the county has a capacity of 74,010 acre-feet. There 

are a large number of small springs throughout the county, some of 

which furnish water supplies for the major towns and farms in the area. 

Extensive alluvial fans, located where mountain streams enter the val

leys, provide a major ground-water source that has not been utilized.

According to records in the State Engineer's Office, 140 reg

istered wells have been drilled in the county. The wells are all shallow 

and the amount of production derived from them is unknown. Water 

rights and State policy rigidly control the drilling and utilization of water 

wells in the area.



CHAPTER IX
SUMMARY OF GEOLOGIC HISTORY

There is little direct evidence regarding the pre-Perm ian ge

ologic history of Piute County, and only those geologic events that have 

occurred since Eocene Time are sufficiently documented to be consid

ered reliable. To fill in the details requires much interpretation. The 

following, therefore, is a hypothesis.

Precambrian rocks are not exposed in the area, but they are 

thought to be represented in the underlying rock strata and to have ex

erted an influence on later geologic events. Hunt (1956) suggests that 

these rocks probably consist of subalkalic to alkalic metasediments, 

metavolcanics, and large granitic intrusives.

According to Hunt (1956), during most of Paleozoic time the 

area was a stable shelf, the Utah-Wyoming shelf, between deeper seg

ments of the Cordilleran miogeosyncline. As a result the Paleozoic 

sediments are thinner here than elsewhere. The earlier Paleozoic 

rocks are not exposed in Piute County, although they are thought to 

underlie the area. Crosby (1959) and Callaghan and Parker (1962) re 

port the presence of Cambrian and Ordovician rocks in southwest Sevier 

County and southeast Millard County, about 12 miles north of the Piute-

Sevier County line. These rocks, largely carbonates, record intervening
236
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periods of erosion and deposition. Rocks of Silurian and Devonian ages 

may be present in the area, although they were not recognized by ' 

Callaghan and Parker (1962).

The first direct evidence concerning the geologic history of 

Piute County begins with the Pennsylvanian rocks exposed in the PTH 

mine tunnel. Here is exposed the Callville Limestone of early(?) Penn

sylvanian Time. During middle to late Pennsylvanian Time there was a 

general withdrawal of the sea and deposition of the crossbedded, eolian 

Oquirrh Sandstone. Deposition probably took place adjacent to the deep 

Oquirrh basin or trough.

In Permian Time there was a return to marine, conditions with 

deposition of the Toroweap Formation and the Kaibab Limestone.

By Early Triassic Time the sea had again withdrawn and con

tinental deposition prevailed for the lower Moenkopi Formation. An 

encroachment of the sea resulted in deposition of the Virgin Limestone 

Member of the Moenkopi Formation. Upper Moenkopi sediments were 

deposited under shallow-water to tidal-flat conditions. A rather extended 

period of erosion followed during which extensive channels were cut into 

the upper Moenkopi surface. The Shinarump Conglomerate was deposited 

upon the dissected terrain  under flood-plain conditions. A return to 

shallow-water and tidal-flat conditions again prevailed during deposition 

of the Chinle Formation. Eolian deposition of the massive crossbedded 

Navajo Formation followed.
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In Upper Jurassic Time, limestone (Carmel?) in the basal part 

of the Winsor Formation indicates a return to marine conditions. Al

ternating marine and continental environments are indicated by the 

shale, sandstone, and limestone of the upper Winsor Formation.

Geologic events which occurred between Upper Jurassic and 

early Tertiary Time are difficult to evaluate because of the incomplete 

record. However, the Tushar Conglomerate suggests the development, 

or extension, of a positive area into western Piute County during Cre

taceous Time. This-feature may have been related to the Sevier arch 

of Harris (1959), but is more appropriately referred to as the Tushar- 

San Francisco uplift. Callaghan and Parker (1962) report strong folding 

and thrust faulting of the older sedimentary rocks in Sevier County.

Gentle folding, tilting, uplift, erosion, and some faulting characterized 

the Piute County area. These orogenic disturbances probably took place 

in Late Cretaceous Time.

Evidence in the Pavant Range to the north and also in the region 

to the south indicates that deposition was continuous from Jurassic up to 

Paleocene or early Eocene Time. However, in the Piute County area 

rocks of this age are absent. Their absence suggests one of the follow

ing explanations. F irst, the positive area may have been higher than 

the general level of Tertiary sedimentation, i. e . , nondeposition. The 

second possibility involves deposition and subsequent removal by erosion. 

Additional field study is required before the answer is known. However,
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the author currently favors the nondeposition theory. Field evidence in 

southern Sevier County strongly indicates that the Tertiary beds ’’pinch- 

out" against the Tushar-San Francisco high.

Erosion of the highland continued during Paleocene and up to 

middle Eocene Time. Volcanic activity commenced in middle Eocene 

Time and by middle Oligocene Time the widespread andesitic and latitlc 

Bullion Canyon Group had been deposited on an eroded and slightly tilted 

sedimentary base. A period of erosion and uplift was followed by a r e 

newal of volcanic activity and deposition of the basaltic and andesitic 

Roger Park Formation. During late Oligocene and early Miocene Time 

there was a period of intrusive activity with the emplacement of quartz 

monzonite stocks. Intrusion was accompanied by folding, faulting, and 

uplift of the Antelope Range in northern Piute County. Some alteration 

and mineralization(?) probably accompanied this activity since Callaghan 

(1939) has noted that nearly all of the fissure veins are confined to the 

older sedimentary rocks, the Bullion Canyon volcanics, and the intru

sive rocks.

Uplift of the Antelope Range caused a damming action to the 

local drainage and provided a basin which began receiving sediments 

from the adjacent highland. A period of extensive erosion unroofed 

several of the quartz monzonite stocks. The period of erosion was fol

lowed by extrusion of latite and latitic tuffs of the Dry Hollow Formation 

and in turn was succeeded by faulting, tilting, and another extended
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period of erosion. : ; . ; : : i

Miocene and Pliocene Time was characterized by extrusion of 

rhyolitic tuffs, breccias, and glass of the.Mount Belknap Group and the 

Joe Lott Tuff, and was accompanied by granitic intrusions. The Joe 

Lott Tuff is one of the most widespread volcanic lithologic units in the 

area. Extrusion of these rocks was followed by an extended period of \ 

faulting, uplift, alteration, mineralization,. and erosion. Most of the 

ore deposits of the area are thought to have been formed at this time.

By late Pliocene Time the Sevier River Formation had begun to 

accumulate in local basins in response to the reduction of highlands that 

had been produced by faulting. During late Pliocene and early Pleisto

cene Time there was a general uplift of the area which resulted in ex

tensive high-angle block faulting. Major displacements took place and 

were accompanied by the development of structural elevations and de

pressions. Block faulting, which had begun as early as Oligocene, : 

reached its maximum development at this time.

Rapid erosion of the newly created uplands resulted in the ex

tensive development of the Sevier River Formation. A few thin, scat-' 

tered basalt flows were intercalated with sediments of the Sevier River 

Formation, although some of the basalt flows are younger than these 

sediments. With these basalt extrusions volcanic activity in the area 

ceased.

In late Pleistocene Time glaciers were active in the higher
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mountain areas. The development of glaciers augmented both in sedi

ment and water the several lakes in the lower drainage basins. About 

this time an already established outlet, through the Antelope Range, 

was cut low enough to drain'Lake Marysvale and to establish the present 

Sevier River drainage. Only a few lake beds and terrace gravels r e 

main to indicate the lake*s former presence. Climatic change destroyed 

the glaciers and the lakes disappeared as the region became semiarid, 

as it is today.

Renewed movement along the major faults tilted remnants of 

the Sevier River Formation and the terrace gravels. This late activity 

probably triggered a number of land slides along the steep fault scarps. 

Activity along these major faults has continued to the present time, as 

evidenced by displacement of recent alluvial fans and recent seismic 

activity in the area.

Following these events the present cycle of weathering, erosion, 

and deposition commenced. The highland areas continue to be reduced 

and the principal depositional features are alluvial fans.
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Unit
No.

12

11

10

9

8

7

Section of Callville Limestone measured in the PTH mine tunnel 
4 miles southwest of Marysvale, Utah. (Sec. 11, T. 28 S ., R.
4 W.)

PENNSYLVANIAN SYSTEM

Thickness
Description in feet

Sandstone and shale unit donsisting of dark-brown, 210 
reddish-brown to greenish-white sandstone and 
shale. Minor siltstone and limestone are also 
present. The beds have been slightly folded and 
are brecciated and extensively fractured.

Limestone unit is light- to dark-gray, medium- 272
grained, arenaceous to dolomitic limestone. Often 
present are l /4  inch veinlets of pink to white cal- 
cite. The unit is locally silicified and contains 
disseminated pyrite grains.

Limestone unit consists of light-gray to spotty 8
yellowish-brown medium-grained, slightly 
arenaceous limestone. The unit is silicified and 
contains disseminated pyrite grains.

- Limestone unit is black, dark-gray to greenish- " 99 
gray, fine-grained and silicified. Often it con
tains blebs and veinlets of white calcite and some 
disseminated pyrite. Talc is a minor constituent, 
and locally there are abundant dendrites of iron 
and manganese oxides.

Limestone unit ranges from light-gray to yellowish- 39
brown; arenaceous to dolomitic. Veinlets of clear 
to milky white calcite and minor disseminated pyrite 
are common.

Limestone unit'is light-gray to yellowish-brown, 6
arenaceous to argillaceous, with fine-grained 
texture. The unit contains minor quartz inclusions 
and fine-grained pyrite.
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Unit Thickness
No. Description in feet

6 Sandstone unit is light-gray to brown, slightly 9
calcareous with medium-grained texture. The 
unit is roughly banded, slightly crossbedded, 
and contains fractures with clear calcite.

5 Sandstone unit is red to yellowish-brown, slightly 8
banded with medium-grained texture.

4 Limestone unit is yellowish-brown, slightly 17
banded, medium-grained.

3 Limestone unit consists of fine-grained, maroon 3
to light-green, slightly argillaceous limestone.
It often contains 1/4 inch veinlets of calcite.

2 Limestone and quartzite unit consists of gray to 4
tan, conglomeratic to fine-grained limestone and 
quartzite.

1 Sandstone is dark-brown, slightly calcareous, and 8
fine-grained. It contains numerous small veinlets 
of clear to milky white calcite. The unit becomes 
reddish-brown toward the lowest exposed part. ________

Total thickness of measured Callville 692

Unconformable
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OQUIRRH FORMATION

Section of Oquirrh Formation, lower part measured in PTH 
tunnel, upper part measured on east face of Deer Trail Moun
tain, 4 miles southwest of Marysvale, Utah. (Sec. 11, T. 28 
S., R. 4 W.)

Unit Thickness
No. Description in feet

2 Quartzite unit is light-brown, tan to flesh-colored, 220
and medium-grained. The unit is fractured through
out, but has commonly been recemented. Locally 
there will be found large open vugs and breccia 
zones. Scattered pyrite and galena mineralization 
is present in minor quantities.

1 Quartzite unit is a white, tan, and flesh-colored, 360
clean, medium-grained unit with crossbedded 
structures. The unit is highly fractured and re 
cemented, and is a persistent cliff former with 
well-developed talus slopes obscuring the lower 
part of the formation. ______

Total thickness of measured Oquirrh 580

Unconformable
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PERMIAN SYSTEM

Section of Toroweap Form ation m easured on east face of Deer
T ra il Mountain, 4 m iles southwest of M arysvale, Utah. (Sec.
11, T. 28 S ., R. 4 W.)

Unit Thickness
No. Description in feet

4 Limestone and sandstone unit occurs as a light- - 48
tan to yellowish-gray, vuggy, porous and 
medium-grained limestone and sandstone. The 
weathered surface is often a light-brown.

3 Limestone and quartzite unit consists of light- 224
gray, porous and arenaceous limestone inter- 
bedded with light-tan, fine- to medium-grained 
quartzite, and light-gray dolomite. Dendrites 
of iron and manganese oxides are abundant as 
are veinlets of milky white calcite. The entire 
formation appears, from a distance, to weather 
to a light-gray.

2 Limestone unit composed of dark-gray to black 23
limestone with some included brown chert. The 
unit is locally silicified and contains some stringers 
of white calcite, and weathers to a light-gray.

1 Limestone unit with buff to light-brown, arenaceous 11
limestone with minor amounts of tan quartzite. The 
unit weathers to a light-gray. ______

Total thickness of measured Toroweap 306

Conformable(?)
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Unit
No.

9

8

7

6

5

4

3

KABAB LIMESTONE

Section.of Kaibab Lim estone m easured on east face of Deer T ra il
Mountain, 4 m iles southwest of M arysvale, Utah. (Sec. 11, T.
28 S ., R. 4 W .)

Thickness
Description in feet

Limestone unit is brown to light-pinkish-gray, 100
and fine-grained. On a weathered surface, the 
unit is tan to brown.

Limestone unit composed of light-gray to yellow- 13
ish-brown limestone with minor lenses and nodules 
of quartzite. It weathers to a light-tan.

Limestone unit of white to light-gray, slightly 3
arenaceous limestone that is irregularly banded.
It contains numerous small calcite veinlets and 
crystals and weathers to a light-tan.

Limestone unit is tan to yellowish-gray. The unit 42
is a cliff former with numerous veinlets of white 
calcite and is fossiliferous with a dictyoclostus 
zone at the base. The weathered surface is light- 
gray.

Limestone unit contains light-tan to white, medium- 54 
grained crystalline limestone. Contains spots and 
blebs of iron oxide, and weathers light*gray, white, 
and brown.

Limestone unit consists of light-gray to white, fine- 26 
grained to sublithographic limestone with veinlets 
of calcite. The weathered surface is tan to light- 
gray.

Limestone unit with light-brown to tan, arenaceous 60 
limestone that contains 6-inch lenses of quartzite.
Locally the unit is silicified and weathers with a 
distinct "knobby" relief surface.



Description

Limestone unit contains light-brown to tan, irregular
ly banded, fine-grained limestone with minor amounts 
of tan quartzite and light-gray dolomite. Fractures 
are coated with calcite crystals. The weathered sur
face is tan to white.

Limestone unit composed of dark-gray to black, 
arenaceous, coarse-grained limestone. The unit 
is locally brecciated with some inclusions of yellow
ish-brown calcareous sandstone, and is character
istically a slope former. It weathers to a darkrgray.

Total thickness of measured Kaibab

Unconformable

in feet 

10

20

348
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Unit
No.

16

15

14

13

12

11

10

9

TRIASSIC SYSTEM

Section of Moenkopi Form ation m easured on east face of Deer
T ra il Mountain, 4 m iles southwest of M arysvale, Utah, (Sec.
11, T. 28 S ., R. 4 W.)

Thickness
Description in feet

Sandstone and shale unit is composed of brick-red 124 
to brown, thin-tedded sandstone and shale. The 
beds weather to a subdued slope.

Limestone unit is dark- to light-gray and fissile. 278
Weathers to a ”knobby” relief surface and forms 
subdued rounded cliffs. Locally there are remnants 
of the fossil meekoceras ?

Sandstone and shale unit consists of red to green, 71
thin-bedded sandstone and shale containing seams 
of white calcite up to 4 inches in width. The unit 
is a slope former.

Sandstone and shale unit is composed of gray to 41
red-brown, thin-bedded sandstone and shale with
a few 4- to 6-inch beds of limestone.\
Shale unit is reddish-brown, thinly bedded and 10
somewhat arenaceous shale.

Quartzite and limestone unit consists of white to 15
light-green, medium- to coarse-grained quartzite 
and limestone. The bed weathers to a light-green.

Sandstone unit is brick-red to brown sandstone with 60 
minor dark-reddish-brown shale partings up to 2 
inches in thickness. It is a slope former. (This 
thickness is subject to e r ro r .)

Sandstone and shale unit is composed of tan to 40
greenish-gray, medium-grained sandstone and 
shale. The shale is ripple marked and acts as 
parting surfaces. It is a slope former.
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8 Limestone unit is greenish-gray, fine-grained, 3
and slightly arenaceous.

7 Shale unit is dark-brown, brick-red to green, 22
arenaceous, and contains ripple marks. It is a 
slope former.

6 Limestone unit is tan to light-gray, with a fine- 4
grained texture.

5 Shale and sandstone unit composed of white to 200
light-'green, ripple-marked, medium-grained 
shale and sandstone. It is a slope former.
(This thickness is subject to e r ro r .)

Unit Thickness
No. Description in feet

4 Shale and sandstone unit composed of light-brick- 62
red to brown, fine-grained shale and sandstone.
It is a slope former. (This thickness is subject 
to e r ro r .)

3 Sandstone, shale, and conglomerate unit consists 43
of light-pink to greenish-white, medium-grained 
sandstone with minor shale as partings and con
glomerate beds, usually less than 6 inches in thick
ness. Generally, this unit is a slope former.
(This thickness is subject to e r ro r .)

2 Sandstone and shale unit is composed of dark-red, 48
pink and brown, thinly bedded sandstone and shale 
with small, 3-foot intraformational folds and some 
faults. It is a steep slope former.

1 Sandstone and shale unit consists of dark-green, tan, 150
gray, and light-brown sandstone and shale. The unit 
becomes coarse-grained toward the top and is a cliff 
former. The upper surface is an erosional surface.
(This thickness is subject to e r ro r .) _____

Total thickness of measured Moenkopi 1,227

Unconformable
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SHINARUMP CONGLOMERATE

Section of Shinarump Conglomerate m easured on east face of
Deer T ra il Mountain, 4 m iles southwest of M arysvale, Utah.
(Sec. 11, T. 28 S ., R. 4 W.)

Unit
No. Description

Thickness 
in feet

5 Conglomerate and sandstone unit composed of 21
white, tan, or dark-brown conglomerate and 
sandstone. The conglomerate consists of coarse 
rounded quartzite pebbles cemented with quartz 
sandstone. The sandstone is white, tan, locally 
crossbedded, and coarse-grained. Carbonaceous 
material is present as small logs and twigs. It is 
a cliff former.

4 Sandstone unit is tan to white, coarse-grained, 17
weathers in slabby masses, and is a cliff former.

3 Sandstone unit is tan to white, crossbedded, friable, 30
coarse-grained, and a cliff former.

2 Sandstone unit is composed of brown to gray, coarse- 12
grained sandstone with enclosed greenish-gray clay 
pellets. The upper part of the unit is slabby in 
character. It is a cliff former.

1 Sandstone unit is tan to buff, medium-grained sand- 14 
stone. It is a cliff former.

Total thickness of measured Shinarump 94

Conformable
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CHINLE FORMATION

Section of Chinle Form ation m easured on east face of Deer T ra il
Mountain, 4 m iles southwest of M arysvale, Utah, (Sec. 11, T.
28 S ., R. 4 W.)

Unit Thickness
No. Description in feet

13 Shale unit composed of greenish-brown to tan, 2
massive and arenaceous shale. The unit weathers 
to a brown color, and is a slope former.

12 Quartzite and shale unit consists of yellowish-tan, 4
medium,-grained quartzite with inter bedded dark- 
brown shale. It is a slope former.

11 Shale and siltstone unit is composed of maroon, 7
dark-purple, greenish-brown fissile shale with 
minor siltstone. The unit weathers to a brown 
color and is a slope former.

10 " Shale unit is of maroon, dark-purple, green to 16
black, slightly arenaceous shale. It is a slope 
former.

9 Limestone conglomerate unit is composed of 3
greenish-gray, pebble conglomerate limestone.
It is a ledge former.

8 Shale, siltstone, and quartzite unit consists of 23
maroon shale and maroon to dark-brown siltstone 
with some tan quartzite locally present. It is a 
stiff former.

7 Shale, siltstone, and quartzite unit is composed of 35
maroon, cherty shale and siltstone with some tan 
quartzite locally present. It is a cliff former.

6 Limestone conglomerate unit is composed of tight- 2
to dark-gray, conglomeratic limestone with frag
ments approximately 2 inches in diameter.
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Unit
No. Description \

5 Shale and siltstone unit consists of maroon to 
brick-red shale and dark-brown siltstone. The 
unit weathers to a brown color and is a slope 
former.

4 Sandstone and shale unit consists of reddish-purple 
to white-spotted, medium- to fine-grained sand
stone and shale. Locally, the unit becomes a light- 
orange-red to darker maroon, and is a cliff former.

3 Sandstone and siltstone unit is composed of dark- 
red, maroon to light-purple, thinly bedded sand
stone and siltstone with gray-white lenses. Near 
the base of the unit there are minor 4- to '6-inch 
beds of limestone conglomerate. It is a steep 
slope former.

2 Sandstone and shale unit consists of maroon to brick- 
red, medium-grained sandstone with dark-brownish- 
red shale containing ,fclay balls. ” The lower 4 to 8 
inches of the unit contains abundant, but irregular, 
calcite replacements. Crossbedding is well de
veloped. It is a steep slope former.

1 Sandstone unit is gray to greenish-gray, coarse- 
grained, and is locally conglomeratic. Fragments 
are usually subrounded and less than 1/16 inch in 
size. The contact with the overlying Navajo Forma
tion is very sharp, and it is a steep slope former.

Total thickness of measured Chinle

Conformable

16

Thickness
in feet

67

56

4

5

240



254

Unit
No.

12

11

10

9

8

TRIASSIC-JURASSIC AND JURASSIC SYSTEM

Section of Navajo Formation measured on south side of Bullion 
Canyon, 4 miles southwest of Marys vale, Utah. (Sec. 34, T. 
27 S ., R. 4 W., and sec. 3, T. 28 S ., R. 4 W.)

Thickness
Description in feet

Sandstone and quartzite unit is composed of light- 60
reddish-brown, tan, and white sandstone and 
quartzite. The unit is generally massive, but 
locally may be thin-bedded, and is a cliff former.
Disseminated pyrite weathers to give it a reddish- 
brown color that id either spotted or banded in 
character. This unit may be part of the Wingate 
Formation.

Quartzite unit contains tan to white, well-cemented, 460 
medium-grained quartzite with abundant reddish- 
brown,specks of iron-oxide. Although often obscured 
by talus material, the unit characteristically tends to 
be a cliff former.

Sandstone unit consists of greenish-gray to light- 8
reddish-brown, well-cemented, somewhat argil
laceous sandstone. Locally, there are found dark 
elongate spots of iron-oxide and the unit is often 
micaceous on bedding surfaces. Usually it is thin- 
bedded and a cliff former; this bed may be part of 
the Kayenta Formation.

Quartzite unit is white to tan, well-cemented, 10
medium-grained, and is often banded and brown 
spotted 'where former pyrite has been altered to 
iron-oxide.. It may be part of the Kayenta Forma
tion.

Sandstone unit is composed of tan, poorly cemented, 2 
thin-bedded, medium-grained argillaceous sandstone.
May be part of the Kayenta Formation.
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7 Sandstone and quartzite unit consists of tan to 16
white, recemented, medium-grained sandstone 
and quartzite that locally contains minor light- 
green, argillaceous material. It may be part of 
the Kayenta Formation.

6 Quartzite unit is of tan to white, thin-bedded, 360
medium-grained argillaceous quartzite. Some 
secpndary quartz is  found in fractures. The unit 
is micaceous and contains minor iron and man
ganese oxides on bedding surfaces. It is a cliff 
former, and may be the upper part of the Kay enta 
Formation.

5 Quartzite unit is composed of tan to white, cross- 52
bedded, medium-grained quartzite with minor yel
low-brown banding. It is a cliff former, and ihay 
be the lower part of the Navajo Formation.

4 Quartzite unit consists of tan to yellow-brown, 180
slightly banded, medium-grained quartzite. It is 
a cliff former, and may be part of the Navajo For
mation.

3 Quartzite unit is white to tan, massive, recemented, 260 
and medium-grained. Light-reddish-brown to white 
banding is a local characteristic. It is a prominent 
cliff former and part of the Navajo Formation.

2 Quartzite unit is composed of yellow-brown to white, 4
thin-bedded and poorly banded, medium-grained 

' quartzite. It is a cliff former and part of the Navajo 
Formation.

1 Quartzite unit consists of tan, reddish-brown to white, 310 
crossbedded, banded, medium-grained quartzite. It 
is a prominent cliff former and part of the Navajo 
Formation.

Thickness
in feet

Total thickness of measured Navajo 1, 722

Conformable

Unit
No. Description
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JURASSIC SYSTEM

Section of Winsor Form ation m easured on north side of Ten-
m ile Creek, 7 m iles southwest of M arysvale, Utah, (Sec. 36,
T. 28 S ., R. 4 W.)

Unit
No. Description

3 Limestone unit composed of light- to dark-gray, 
massive to thin-bedded, fine-grained limestone.
Locally the unit may be argillaceous to arenaceous 
and may contain 6-inch beds of dark-gray oolitic 
limestone. It is a cliff former where massive, 
otherwise forms a subdued slope. This unit is 
probably equivalent to the Carmel Limestone.

2 Sandstone and limestone unit is composed of tan 
to light-brown, medium-grained sandstone with 
greenish-gray, fissile to massive, ripple-marked 
limestone. The limestone contains some gypsiferous 
partings. The unit as a whole forms a steep slope.
It may be equivalent to the Curtis Formation.

1 Sandstone unit is brick-red to chocolate-brown, 110
crossbedded, ripple-marked, medium-grained, 
and argillaceous. The unit weathers in slabby 
m asses and is a steep slope former. It may be 
part of the Entrada Formation. (This thickness 
is subject to e r ro r .) ____

Total thickness of measured Winsor 610

U nconf ormable

Thickness 
in feet

315
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CR ETAC ECUS (?) SYSTEM r

Section of Tushar Conglomerate m easured on north side of Ten-
m ile Creek, 7 m iles southwest of M arysvale, Utah, (Sec. 36,
T. 28 S ., R. 4 W .)

Unit Thickness
No. Description in feet

1 Limestone conglomerate unit is composed of light- 165 
to dark-gray, well-cemented, limestonfe conglom- , 
erate with clasts generally of pebble size. It 
forms cliffs and steep slopes. , _______

’ Total measured thickness of Tushar Conglom-
: • erate . . 165

s. . '
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Section of Sevier River Formation measured 1 mile southwest 
of Marysvale, Utah.

TERTIARY-QUATERNARY SYSTEM

Unit Thickness
No. Description in feet

2 Mudstone, siltstone, and sandstone unit is composed 300 
of salmon-pink to buff, tan, or white, thin-bedded, 
tuffaceous mudstone, siltstone, and sandstone. This 
unit is highly variable in character and locally may 
form cliffs or steep rounded slopes.

1 Siltstone, sandstone, and conglomerate unit consists 100 
of white, tan, or gray, massive- to thin-bedded silt
stone and sandstone conglomerate with associated 
basalt flows. This unit is highly variable and quite 
tuffaceous. Locally, it may be well enough cemented 
to form steep cliffs, but more commonly forms steep 
rounded loose gravelly slopes.

Total measured thickness of Sevier River For
mation 400

Unconformable
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INTRODUCTION

The Niggli system provides a twofold method for classifying 

rocks, i«e., mineralogical and chemical. In this respect the system 

is not unique, but is actually a modification and simplification of the 

Osann system (Johannsen, 1939, p. 70). The system has many facets, 

but only the so-called molecular norm or Niggli values were utilized in 

this study.

A unique means, not known to have been previously used, was 

employed for calculation of the so-called molecular norm or Niggli 

values. The writer programmed the calculations to the Royal McBee 

LGP-30 electronic digital computer (table 8). A great saving of time 

is realized for each analysis that is processed. Thus, much data can 

be analyzed rapidly and with greater accuracy than heretofore possible. 

Alpha-numeric printout is used for easy reference (table 9).

Calculation Procedure for Molecular Norm or Niggli Values

The following methods and data are used.

Molecular norm: Z l %m . T ^ es  x l0 0 °

Molecular norm: Molecular number x 1000

The molecular norms of the so-called basic oxides are funda

mental to the system and are as follows:
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al means the molecular norm of AI2O3 (+ possible amounts

ofV20 3> Cr2° 3> Ga2° 3? andSc20 3). 

fm means the molecular norms of FeO (all Fe as FeO) + MgO

and MnO (+ possible amounts of NiO, CoO, e tc .). 

c means the molecular norm of CaO (+ possible amounts of 

SrO and BaO).

alk means the molecular norms of NagO + KgO (+ possible 

amounts of LigO, RbgO, and CsgO),

The molecular norms of these so-called basic oxides are re 

calculated to 100, e .g .,

(al + fm + c + alk) = 100

In addition to these four there are other Niggli values of im

portance, For example, the value of si is the ratio of SiOg to the amount 

of basic oxides.

oi Si02 x 100 SiOg x 100
— - (Basic Oxides) = AlgOg +FeO+MgO+CaO+NagO+KgO

TiOg x 100 PgOt x 100
Similarly. _ ^Bag ĉ Oxides) 3 ~  “ (Basic Oxides) '

HgO x 100 ZrOg x 100
-  - (Basic Oxides) ’ — = (Basic Oxides) *

and etc.

In addition, i t  is desirable to indicate the ratio of the equiva

lent value of KgO to the sum of alkalies (alk) and similarly to establish
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the.ratio of MgO to the sum of ferrous oxides (fm). These ratios are 

called k and mg, respectively, and the values always lie between 0 and

1.

TalE) ----  (Fm)

The quartz index is another useful Niggli value. It is particu

larly useful as an indicator of the degree of saturation, with respect to 

silica, possessed by a rock or rock series. The quartz index is calcu

lated as follows, with the derived values designated as si1, 

if c + alk < al then si* = 100 + 4 alk 

if alk> al then si1 = 100 + 3 al + 1 alk 

In either case, _si si1 = qz (quartz index).

The values of_si, al  ̂ fm, c, alk, ti, k̂  and mg usually suffice 

to give a general characterization of the silicate igneous, metamorphic, 

and sedimentary rocks.

Average Niggli values for rocks of the outer lithosphere are 

given as follows:

si al fm c alk k mg

170-225 20-36 27-36 15-20 16—22.5 . 0—.4 • 4-. 55

200 30 32 18 20 .2 .5

Applications of Niggli Values

Once the Niggli values have been calculated they readily lend
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themselves to a number of easily prepared diagrams for further inter

pretation (see.Chapter V of this report). Following is a list of the more 

common diagrams employed for this purpose (Niggli and Burri, 1945).

si  ̂content: According to the si value igneous rocks can be 

divided into three groups, 

si > 200-225 Acidic

si .  170-200 Intermediate

si < 170-130 Basic

quartz index = The quartz index values are expressed as posi

tive or negative values and accordingly three 

conditions are recognized.

Distinctly (+) positive values = Silica 

over saturated (quartz plus feldspar would 

be expected).

. Near (0) zero values = Silica saturated.

'•V":1 vi.. Distinctly (-) negative values = Silica

under saturated (minerals such as olivine, 

or biotite, or feldspathoids would be ex

pected).

al:alk: When the value of alk, as the ordinate, for each

rock is plotted against al, as the abscissa value, 

the following fields are distinguished, 

alk > al = Peralkalic
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al > alk > 2/3al :  Subperalkalic

■ 2/ 3al > alk > l / 2a l  = Intermediate alkalic

alk < l/2 a l = Subalkalic =

al:fm: When the value of fm, as the ordinate, for each
/

rock is plotted against that of al, as the abscissa 

value, the following fields are distinguished, 

al = fm Isofal

'  * + - Salic magmas '

- + Femic magmas

~  Subfemic magmas

- Subalic magmas ,

- - Subalfemic magmas

+ + Peralfemic magmas

+ — . ; - Semialic magmas

^  ; Semifemic magmas

* The symbols mean: (+) = larger, (-) = smaller, ( ~) = nearly as 
much.

c value: According to the c value three divisions are rec

ognized.

c > 25 = CaO - rich 

c = 15-25 - CaO - normal 

c < 15 = CaO - poor

k:mg: The k value e g re s se s  the ratio of potash to total
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alkalies and is plotted as the abscissa value. A 

higher k value denotes a more potash-rich rock.

The mg value, plotted as the ordinate denotes the 

ratio of MgO to total fm. In addition, the relative 

amounts of potash, soda, MgO, and FeO are shown.

QLM Triangle: Simple calculations applied to the Niggli values 

permit the representation of a chemical analysis in 

a Triangular diagram called the QLM Triangle. The 

letter Q stands for quartz and is located at the apex 

of the Triangle. The lower right corner is L and 

stands for the leucocratic base group (kaliophilite, 

nepheline, and Ca-aluminate). On the QL side of 

the Triangle at about Q = 40 is the position of the 

feldspar. The lower left corner is M and stands 

for the melanocratic base groups (ca-orthosilicate, 

forsterite, and fayalite). On the QM side of the 

- Triangle at about Q = 25 are located the pyroxenes. 

Any analysis that falls above the P -F  line indicates 

that free quartz may be present in the rock represent

ed at that point.

Any rock analysis can be expressed in term s of Q, L, and M 

so that Q + L + M = 100 (Q, L, and M will then mean relative percent

ages). One point in the QLM Triangle is therefore representative of one
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particular rock analysis. The petrographic province can also be de- , 

termined from data in a QLM diagram.

Rules for computing the base groups Q, L, and M from the si, 

al, fm, c, and alk are as follows: , ; .

1. If alk > al - r ; v :

then Q. c si - 100 - l /2  (fm + c) = si - 50 + 1/2 (al-alk)

: . L = 6 al ;■ ,, ......

M = 3 (alk-al) + 3/2 (fm + c)

2. If^al |  (alk + c)

then Q = si — (50 + 2 alk — al)

L - 3 (al + alk)

M = 3 (50 r al) ; , : • f

3. If (alk + c) < al < (alk + 2c + fm) :

then Q-'- si - (50 + 2 alk - al) / ; :

3 (2 alk + c)

M = 3 50 - (c + alk)

The Variation Diagram

The relationships of the si, al, fm, c, and alk values permit 

the construction of a planar variation diagram. The abscissa repre

sents the si values, while along the ordinate is plotted the al, fm, c, 

and alk values. Each rock analysis will then be represented by its si 

values and above it, on a vertical line, the corresponding al, fm, c, and
Z
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alk values. Such a diagram theoretically will indicate the variation of 

Niggli values for a given province.

The value of the abscissa of the point of intersection of the alk 

and £  curves expressed in term s of si is the alkali-lime index. The fol

lowing relationships are indicative of the petrographic province to which 

the rocks show an affinity.

If alk-c intersection is > 175 - Calcic province

If alk-c intersection is < 175 = Alkalic province

Magma Types

Another consideration to arise out of use of the Niggli values 

is the determination of the so-called magma types. Niggli (1936, 1945) 

has, on the basis of s£ al, fm, c, and alk values, described numerous 

specific magma types. He has classified the calc-alkalic-rich series 

into 13 major magma groups having 64 subtypes; the sodic-rich series 

into 15 major magma groups having 65 subtypes; and the potassic-rich 

series into 12 major magma groups having 45 subtypes. In all, there 

are 40 major magma groups with a total of 174 subtypes. Burri and 

Niggli (1945) provide tables for the determination of the magma types.
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SAMPLE CALCULATION OF SOME NIGGLI VALUES 
(after Niggli 1954, p. 13)

Weight
Percentages

Formula
Weights

Equivalent numbers 
X 1,000

Calculation of 
“Basic Oxides”

Si02 65.54 * 60 = 1,092

A1203 16.52 ♦ 102 = 1.62 162al=(100.X 162)
453

FegOg 1.40 ♦ 160 = 9 (as FeO 18)

FeO 2.49 + 72 = 35
117

fm=(100 X ll7)_o<MnO 0 .0 6 + 71 = 1 453

MgO 2 .5 2 + 40 = 63

Cab 4.88 «. 56 = 87 87
c=(100 X 87)^ 10

453Na20 4.09 * 62 = 66
87alk= (100 X 87)=tq

k2o 1.95 + 9 4 = 21 453
453 100

TiOa 0.39 * 80 = 5

p2o5 0.18 + 142 = ; 1
si= 1,092 X 100_o)l, #1 = 0.24

0.59 + 18 = 453 , 87

ti= 5 X 100 _ , %,
453

^ 1 ^ 1 0 0  =o:2

•

H20 _ 0.12 » 
1 0 0.73"

18 = p. = 0 .5 4  
117

qz= si-(100 + 4 X
alk) = + 65
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COMPUTER ALPHA-NUMERIC PRINTOUT OF NIGGLI VALUES 
(R. R. Kennedy, 1962)

SUM = 45126459. 05-
si
24169795. 05-

al
35904505. 06-

fm
25602317. 06-

c
19283264. 06-

alk
19209913. 06-

h
87331056. 07-

ti
10816495. 07- !>8099969. 08-

zr
00000000. 00

C02
00000000. 00

S03
00000000. 00

s
00000000. 00

C12
00000000. 00

F2
00000000. 00

k = 23879600. 08- mg = 54096540. 08-
si/al
67316884. 07-

si/fm
94404720. 07-

si/c
12534079. 06-

si/alk
12581939. 06-

si/h
27676059. 06-

alk/fm
75031932. 08-

alk/c
99619611. 08-

alk/h
21996657. 07-

al/alk
18690614. 07-

al/fm
14023929. 07-

al/c
18619517. 07-

al/h
41113101. 07-

c/fm
75318435. 08-
Salic
Acidic
Calcic = Normal

Intermediate Alkalic 
q = 47478924. 08- 
L = 41495987. 08- 
M = 10612584. 08-

Qz INDEX = 64858299. 06-
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COMPUTER PROGRAM FOR CALCULATION OF 
NIGGLI VALUES

(R. R. Kennedy, 1962)
;0005000'/0000000'
r6300, r0 4 0 0 '14500'2c0000'210002* 2e0000» 3c0004'310004* 3e0000* 
2b4500*234600*3h4000'm4658*3h4002«2z5000*3z5009«b4508«d4608* 
h4016*m4658' m4660' h4018' 3c0024* 2b4502•234602* 3h4004'm4658« 
3h4006'2z4000'3z5023'b4006'a4010'a40l4*h4l52* b4018* a4022* 
a4026'a4030'a4034'a4038'h4l54'b4042'a4046'a4050'h4156'b4054* 
a4058•a4062* a4l02•a4l06 ' h4l58•b4110* a4114' h4160•b4118•H4162' 
b4l22'h4200'b4l26'h4202«b4130'h4204«b4134* h4206'b4138* a4l42* 
K4208•b4146* h4210»b4 l50 'h42 l2* uOOOO*,0000004*404020s4* 
u4m4+jzj' z j102010* 00000000* b4152« a4154* a4156*a4158* pOOOO* 
h42!4' mOOOO' mOOOO' uOOOO *,0000006*10s4i460*a41860f8*m460c460» 
a4l8k860*h460t4l4*40000000*b4002'm4662»34214'pOOOO*h4216' 
4c0006»4e0000•410002«4b4l52' m4662•34214*4h4218* 30000'pOOOO' 
4z5135*uOOOO*,0000007*4010p460*z4r460c4'oj2860s4*oi3860s4* 
60c41828*60f82820* 40000000* 5c0007» 5e0000*510002•5b4200*m4662' 
34214* 5h4230'pOOOO'30000*5z5153'u0000*,0000003*404010k8* 
20+jzi20*10000000* b4058» 34158* pOOOO*h4244«uOOOO*,0000003* 
6010m4g8'20+jzj10*20000000*b4026*34154*pOOOO*h4246*uOOOO*
,0000009*404010s4*i4/ja4l8*60s4l4/j» f8m460s4*l4/jc460«s4l4/ja4* 
18k860s4*14/jh460*40000000* b4216* 34218*pOOOO*30000*b4216'
34220* pOOOO* 30000*b4216'34222*pOOOO'30000*b4216* 34224*pOOOO* 
30000'b42!6'34226'pOOOO'30000'uOOOO*,0000006*404010a4'18k8/j£8' 
m460a4l8'k8/jc460'a418k8/j•h4400000'b4224* 34220* pOOOO* 30000* 
b4224*34222* pOOOO* 30000*b4224*34226'pOOOO'30000'uOOOO',0000009* 
404010a4*18/ja4l8'k860a4l8»/j f8m460•a418/jc4»60a4l8/j•h460c4/j• 
f8m41040'00000000*b4218*34224*pOOOO'd0000'b4218*34220*pOOOO* 
30000* b42l8* 34222* pOOOO'30000*b4218'34226*pOOOO*30000*b4222» 
34220'pOOOO'mOOOO'mOOOO•b4662•a4216'a42l8•a4224» a4228•a4230* 
a4230'h4248'b4218* s4220*t5344'u0000*,0000003* 20s410a4*18l4c420* 
40000000*u5348*uOOOO*,0000003* 20f810e4'm4i4c440* 00000000* 
b4704*s4216* t5356'u0000*,0000003* 20b410a4* s4l4c440* 00000000* 
u5406'b4706*s42l6«t5402'u0000*,0000005*20l410n4*C4e4r4m4' 
e4d4l4a4«t4e44020*10000000*u5406*uOOOO*,0000003*20a410c4' 
14d4l4c4*40000000*uOOOO',0000004'20c410a4*18c4l4c4*20+izjl0' 
20000000•b4222» s47l2«t54l9'uOOOO',0000003'20r4l0l4«c4h44020' 
10000000*u5431'b4222* s4710* t5427'u0000',0000003*20n410oj' 
r4m4a4!8'40000000* u5431'uOOOO',0000003*20p4l0oj*ojr44020' 
10000000*b4224*s42l8*t5507'u0000*,0000005*20p410e4'r4a418k8* 
a4l8l4c4«4020q8+j'zjOOOOOO* b4220* a4222«34702's4662*a4216'
34248'pOOOO' uOOOO',0000002»402018+j •z j 000000«b4218•m47l4'
34248'pOOOO'uOOOO',0000002•4020m4+j'zi000000•b4220'a4222' 
m4716* 34702'h4250'b4224* s42l8'm4716*a4250'34248'pOOOO'mOOOO* 
m0000«u5002* b4224* a4222* s4218* t5546*uOOOO*,0000008'40201410* 
n4t4e4r4*m4e4d4l4*a4t4e4zj*20a41018*k8a4l814*c44020q8*
+jzjOOOO*b4216*s4718«s4224* s4224* a42l8*34248*pOOOO'uOOOO* 
,0000002*402018+j*zjOOOOOO*b4218'a4224'm4716*34248*pOOOO*
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uOOOO',0000002»4020m4+j•zj 000000'b4718's4218•ra4716•d4248' 
pOOOO'mOOOO•mOOOO'u5002»uOOOO•,0000005»4020 s4l0•u4b4a4l8« 
k8a4l8i4,c44020q8,+jzj0000,b42l6's4718,s4224,s4224'a42l8« 
d4248'pOOOO'uOOOO',0000002'402018+j'zj000000,b4224,a4224' 
a4222«m4716« d4248'pOOOO'uOOOO',0000002'4020m4+j«zjOOOOOO* 
b4718«s4222«s4224'm4716«d4248'pOOOO'mOOOO'mOOOO'u5002'
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