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The High Grade district is a gold-bearing epithermal system

situated in the Warner Mountains on the western edge of the Basin and

Range physiographic province. The oldest rocks in the district, com-

posed of andesitic flows, mudflows, and pyroclastics, are 40-15 m.y.

in age. They are overlain and intruded by a complex sequence of

rhyolitic flows, domes, and intrusive breccias. Gold mineralization

is genetically associated with the rhyolites, and both are contempo-

raneous with a northwest-oriented tectonic extensional regime. This

extension localized intrusive rhyolites and mineralized zones along a

N. 30° E. trend through the center of the district. The time of

extension, rhyolitic magmatism, and metal logenesis was 12-14 m.y.

Deposition of an extensive sequence of planar basalt flows, the

youngest rocks in the district, followed these events.

The dominant fault sets in the district are analogous to

regional structural patterns in the Basin and Range province of adja-

cent south-central Oregon. They consist of steeply dipping normal

faults that trend northwest and north-northeast, and commonly exhibit



several hundred feet of dip-slip movement. The latest movement on

these faults predates Basin and Range block faulting, and is younger

than 12 m.y. The initial movement on the block faults, with dip-slip

displacement of 2000-12,000 feet, began between mid-late Miocene and

late Pliocene or Quaternary time.

The epithermal system, related to the late stages of silicic

volcanism, is exposed at a shallow level of erosion. Gold minerali-

zation is intimately associated with surficial volcanic rocks and

fissure vent areas of the rhyolitic volcanic field. It is dominantly

structurally controlled, vertically discontinuous, and localized in

vein and stockwork structures that contain quartz and sulfide. Gold

is less often found in silicified, chalcedonic rhyolites that contain

jarosite. Gangue minerals include abundant chalcedonic silica,

crystalline quartz, and adularia; less common calcite, sericite,

pyrite, and jarosite; and minor epidote. Hydrothermal alteration

consists of widespread silicification and argillization, and less

conspicuous propylitization. Chemical effects of hydrothermal

alteration are characterized by the addition of Si02 and Fe203, the

fixation or addition of K20, the depletion of Na20, and enrichment in

ore-associated trace elements such as Au, Ag, As, Sb, Hg, and Mo.

Exploration targets in the district are low-grade, disseminated

precious metal deposits and structurally constricted bonanza ores. A

greater potential exists for deep, bonanza vein-type ores than for

shal low disseminated ores because of the absence of near-surface

multi-phase brecciation and silicification, the close association of



gold with quartz-sulfide veinlets, and the dominance of structural

controls on mineralization. These bonanza veins are postulated to be

present at depth along the intersections of principal structures, and

defined by multiple phases of ground preparation, brecciation, and

silica introduction.
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GEOLOGY AND MINERALIZATION OF THE
HIGH GRADE DISTRICT,

MODOC COUNTY, CALIFORNIA

INTRODUCTION

Gold mineralization within the High Grade district of Modoc

County, California, is confined to Tertiary volcanic rocks of the

Warner Mountains in the extreme northeastern corner of the state.

Gold was first discovered in the Warner Mountains at an undisclosed

location northwest of Fort Bidwell, which is located approximately 12

miles southeast of High Grade near the eastern base of the range.

Fort Bidwell was a U.S. Calvary post known as Camp Bidwell from 1865

to 1892, to which an army scout named Daniel Hoag first brought gold-

bearing specimans during the 1870's. As a result of this early

discovery, the High Grade district was known as the Hoag district

until 1912 (see Hill, 1915, p. 38, Stines, 1910, p. 384, and Storms,

1912, p. 273).

The first local boom in the High Grade district began in the

summer of 1905 following discovery of gold at the south end of the

district (Hill, 1915, p. 38). During this brief boom the mines em-

ployed as many as several hundred men (Clark, 1970, p. 149). A

larger rush to the district occurred in the fall of 1909 and the

spring of 1910, when rich but discontinuous ore shoots were found

within 100 feet of the surface and free gold was milled from narrow

stringers in steeply-dipping, quartz - filled breccia zones (Hill,
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1915, p. 38-48). Gold production in the district was approximately

$75,000 between 1910 and 1919, and $10,000 between 1931 and 1934.

The High Grade district has been essential ly inactive since 1934

(Gay, 1966, p.100), although intermittent prospecting in the area

continues to the present.

The author began investigations of this area as part of a pre-

cious metals exploration program conducted by Atlas Precious Metals,

Inc., during the summer of 1982. Mapping and rock-chip sampling

during the 1982 reconnaissance phase of exploration indicated consid-

erable potential for discovery of bonanza vein gold-silver minerali-

zation, and for large tonnage, low grade disseminated ore bodies

within the High Grade district. A followup evaluation of the area by

Atlas Precious Metals during the summer of 1983 allowed the author to

undertake a detailed examination of the district, which is the basis

for this thesis.

LOCATION AND GENERAL FEATURES

The study area consists of approximately 12 square miles within

the Modoc National Forest, Modoc County, California, and covers parts

of T. 47 N., R. 15 and 16 E., and T. 48 N., R. 15 and 16 E. The

location of the study area is shown in Figure 1. The north-south

boundaries are the Oregon-California state line, and a line three and

one-half miles south of the state line. The east-west boundaries are

approximately between eight and 13 miles west of the California-

Nevada state line.



. -

# Lakinmew

Sri t4:0300)
111M111==111

me or

Figure 1: Location of area studied.

3
4,z

3



4

Access both to and within the district is excellent. The dis-

trict is easily reached from New Pine Creek, California, on Highway

395 approximately 16 miles south of Lakeview, Oregon, and 54 miles

north of Alturas, California. The main road into the district is

one-half mile south of New Pine Creek and is marked by a U.S. Forest

Service sign indicating the route to Cave Lake. New Pine Creek and

the road to Cave Lake are on the Willow Ranch California-Oregon 15'

topographic quadrangle. The district itself is reached by following

the road to Cave Lake eastward along Pine Creek for four miles into

the Modoc National Forest. Once in the district, access is by dirt

and gravel U. S. Forest Service roads, as well as by abandoned mining

roads and jeep trails. The major mines and prospect areas in the

district are on the Ft. Bidwell California-Oregon 15' topographic

quadrangle. A four-wheel drive vehicle is not required, but is advis-

able.

Typical mountain climate prevails in the High Grade district,

with generally dry, clear summers and cold winters. Summer temper-

atures are moderate, rarely exceeding 90°F, but winter temperatures

are often below 0° F. The first snow has ususal ly fallen by early

October, and the higher slopes are likely to be snow covered until

late June. Abundant conifers cover most of the slopes although many

of the south-facing slopes are grassy and without trees. The under-

brush in timbered areas is not dense and in most places is minimal,

allowing for easy traverses.
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The Warner Mountains are a north-south trending fault block

range situated in the northeastern corner of California and extending

northward into Oregon. The axial length of the range is approximate-

ly 90 miles, although exact terminations are not clearly defined.

The northern California portion is bounded by Goose Lake on the west

and Surprise Val ley on the east. It extends northward into Lake

County, Oregon, where it merges into a high plateau between Abert

Lake on the west and Warner Valley on the east. The southern end of

the range displays a similar gradual transition into the high plateau

region east of Madeline Plains in Lassen County, California. The

eastern and western boundaries of the range were formed by uplift

along north-south trending normal fault systems. In the High Grade

district, the Surprise Valley Fault (Russell, 1928) forms the steep

eastern range front, and the Goose Lake Fault (Gay and Aune, 1958)

forms the more gentle western boundary. The range has been segmented

into several distinct blocks by west-northwest trending faults (Gay

and Aune, 1958; Martz, 1970) which appear to have behaved individual-

ly during uplift. The southern end of the range is a tilted fault

block, whereas the northern end is an untilted horst (Delano, 1965,

p. 55).

Elevations within the Warner Mountains vary between 5000 and

10,000 feet. In the High Grade district, the range has a fairly even

crest of 7500 feet, reaching an elevation of 8290 feet on Mount

Bidwell at the east-central boundary of the map area. Yellow Moun-

tain, in the center of the district, has an elevation of 8040 feet.
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The lowest point in the thesis area is 5800 feet at the northwest

boundary. Exposure within the district is poor and is limited to

about 30 percent of the map area. Outcrops of most rock types can be

found in the various mine areas, but transitional relationships

between rock types are obscured by lack of exposure.

PREVIOUS REPORTS

Most geologic investigations of the Warner Mountain region have

been of a reconnaissance nature and have been reported sporadically

over the last 100 years. The earliest published geologic reconnais-

sance work which included the High Grade district is that of I.C.

Russell (1884), followed by Gay and Aune (1958) and later by Ford et.

al. (1963). Reconnaissance mapping in Oregon immediately to the

north of the High Grade district has been published by Waring (1908),

Peterson (1959), Walker (1963), and Peterson and McIntyre (1970).

More detailed geologic mapping within the California portion of the

Warner Mountains was done by R.J. Russell in 1928. The northern

portion of the area described by Russell was later modified by P.W.

Martz in 1970. Reports concerned with specific features of the

Warner region include those by R.J. Russell (1927) on landForms,

Delano (1965) on geomorphology, Slosson (1974) on the Surprise Valley

Fault, and Chaney (1925) and Axelrod (1966) on leaf fossils.

Detailed geologic studies of the High Grade district specifical-

ly are few, and include only those of Stines (1910), Storms (1912),

and Tucker (1919). The only published geologic map of the High Grade
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district is that of J.M. Hill (1915); all subsequent geologic maps

that include this district reference Hill's map as the source of

data.

PURPOSE AND METHODS OF INVESTIGATION

The primary goal of this detailed study was to outline the vol-

canic stratigraphy of the area, and to develop an understanding of

the genesis of both the silicic volcanic sequence and associated

metal logenic events. Field investigations utilized intrusive, strat-

i graphic and structural relationships, and the spatial distribution

of altered and mineral i zed zones. The area was mapped on a 1:12000

topographic base enlarged from the U.S. Geological Survey Ft. Bidwell

California-Oregon 15' topographic map. Both stratigraphy and altera-

tion within mineralized areas were mapped in greater detail on a

1:4800 topographic base enlarged from the same quadrangle map. In

addition, U.S. Forest Service aerial photographs (1:15120 scale)

were used as an aid in the structural analysis of the district.

Three hundred and thirty-eight rock chip samples were collected

during the course of 1982 and 1983 field work. All samples were

analyzed for gold and silver, and most were analyzed for arsenic,

antimony, mercury, and molybdenum. After completion of field in-

vestigations, 17 samples were analyzed for 10 major oxides (Si02,

Ti02, A1203, Fe203, MnO, MgO, CaO, Na20, K20, and P205) by Bondar

Kl egg of Vancouver, B.C. Three of these samples were submitted to

Krueger Enterprises, Inc., of Cambridge, Massachusetts, for K-Ar age
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determinations. Additionally, petrographic analyses were done on 70

thin-sections to aid in stratigraphic correlations, as well as to

examine alteration effects. Modal mineral percentages were deter-

mined by visual estimate.
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REGIONAL TECTONIC SETTING

The Warner Mountains are situated on the west edge of the Basin

and Range physiographic province which extends throughout Nevada and

parts of California, Oregon, Idaho, Arizona, Utah, and New Mexico.

This province is characterized by thin crust, high heat flow, re-

gional uplift, and low seismic velocity of the upper mantle (Scholz

et. al., 1971). It is topographical ly dominated by north-trending

elongate mountain ranges and intervening interior alluvial valleys

formed by fault block movements (Eaton, 1982). However, in detail

the pattern of these mountains and valleys is highly complex

(Stewart, 1978), and strike-slip faults are local ly important

(Lawrence, 1976).

Development of the Basin and Range province is related to late

Cenozoic tectonic events (Stewart, 1978). The present topography of

linear fault block mountains succeeded an earlier extensional regime

which produced more localized and subdued vertical structural relief

(Eaton, 1982). These extensional events, beginning between 40 and 50

m.y. ago, followed a long period of compressional deformation related

to a subduction system along the margin of western North America.

Throughout late Paleozoic and Mesozoic time, northeast-trending con-

vergence between the North American and Farallon plates produced a

northeast-southwest to east-northeast--west-southwest compressional

regime which dominated the tectonic development of western North

America. Compressional deformation ended about 40 to 50 m.y. ago, as



10

a result of worldwide reorganization of plate motions (Zoback, et

al., 1981). In middle Cenozoic time, between 20 and 30m.y. ago, the

East-Pacific Rise intersected the subduction zone and the San Andreas

transform fault system developed along parts of the continental

margin (Stewart, 1978). This change from a convergent to a trans-

current plate boundary along the western edge of North America re-

sulted in a release of the compressive stress field and a corre-

sponding change in the style of volcanism from cal c-al kal ine to

basaltic (Scholz et. al., 1971; Christiansen and Lipman, 1972). The

beginning of basaltic volcanism represents the initiation of exten-

sional tectonics which led to the development of the basin-range

structure (Stewart, 1978).

Early extension had begun local ly by 30 m.y. ago, and had a

uniform west-southwest--east-northeast least principal stress orien-

tation between 20 and 10 m.y. ago. The transition between early

extension and basin-range block faulting was time transgressive. In

the southern Basin and Range, block faulting occurred largely between

13 and 10m.y. ago, under a stress field oriented similarly to that

of early extension. Block faults in the northern Basin and Range

formed after 10 m.y. ago and continue to the present. They have a

west-northwest--east-southeast to east-west least principal stress

orientation, which is approximately a 450 clockwise rotation to the

earlier extensional regime. This rotation is consistent with the

superposition of right-lateral shear associated with the development

of the San Andreas transform fault system (Zoback et. al., 1981).
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Stewart (1978) has delineated four groups of current theories on

the origin of basin-range extensional structures. These consist of

mantle plumes, wrench faults, subduction of the East Pacific Rise,

and back-arc spreading. Mantle plumes produced by deep mantle con-

vection have been considered the driving mechanism for continental

drift, causing plates to rift and be driven apart. However, widely

scattered plumes would be necessary to produce a broad region of

extensional faulting, and neither the existence nor the effect of

such plumes has been documented. With the wrench fault concept,

basin-range structures are related to oblique tensional fragmentation

within a broad belt of right-lateral movement between the North

American and Pacific plates. The right lateral movement is distri-

buted along the San Andreas fault and related shear zones, and is

thought to produce extensional and tensional crustal fragmentation

oriented obliquely to the trend of the San Andreas fault. This

concept accounts for major strike-slip fault zones in the Basin and

Range and the contemporary development of a transform boundary and

basin-range structure. However, it does not explain: 1) why the

shear stress was transmitted over a broad zone rather than being

confined to the edge of the plate; 2) why the Basin and Range should

extend during shear movement; or 3) why regional uplift occurred.

Subduction of the East Pacific Rise explains the structure and high

heat flow of the Basin and Range as a result of convection currents

and lateral spreading on the flanks of an oceanic ridge believed to

extend under western North America. A strong arguement against this
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concept is the presence of basin-range structures in Mexico and in

areas east of the modern ridge system at the mouth of the Gulf of

California. Perhaps the best explanation for the physical character-

istics of high heat flow, thin crust, regional uplift, and low seis-

mic velocity of the upper mantle that collectively typify the Basin

and Range province is the back-arc spreading theory. In this con-

cept, heat generated by friction and upwel ling of mantle along the

Benioff zone causes lateral movement in the overlying crust. The low

seismic velocity and high heat flow, indicative of partial melting of

the upper mantle, are produced as the slab is subducted. The re-

gional uplift and thinned crust are interpreted to be the result of

high heat flow and thermal expansion, or possibly phase changes, in

the mantle or crust (Stewart, 1978).
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ROCK UNITS

The rocks of the High Grade district can be divided into three

stratigraphic suites on the basis of composition and chronology. As

mapped by Hill in 1915, these consist of a basal andesite, overlain

by rhyolite and glassy rhyolite, which are in turn overlain by basalt

flows. The detailed mapping done in the course of this study demon-

strated that the rhyolite and glassy rhyolite described by Hill are,

in fact, a complex sequence of rhyolite flows, domes, and intrusive

breccias. This silicic sequence overlies and intrudes an interbedded

series of andesitic flows, mudflows, and pyroclastic rocks, and

underlies the extensive basalt flows previously outlined by Hill

(1915). In this study, the three rock suites are termed the basal

intermediate sequence, the silicic sequence, and the mafic sequence.

All have been displaced to some extent by two sets of normal faults

which trend west-northwest and north to northeast. Mineralization

within the district is associated with the silicic sequence, and all

rocks within that sequence have been hydrothermally or deuterically

altered at least locally.

All units within the district are of Tertiary or Quaternary age.

Correlation to units outside the district was not attempted because

little detailed volcanic stratigraphy has been recorded for the

region, and regional geologic mapping was beyond the scope of this

problem. Therefore, the stratigraphy outlined below is simply an

attempt at internal consistency in the study of the silicic volcanic
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sequence and associated metal 1 ogenic events within the High Grade

district.

BASAL INTERMEDIATE SEQUENCE

The basal intermediate sequence is composed predominantly of

andesite flows which contain a variety of intercalated mudflows and

tuffaceous units. It is the foundation upon which the silicic se-

quence and metal logenic events were imposed, but was not itself

greatly affected by these events. Consequently, the basal interme-

diate sequence was considered as a single rock package, and while

units within this sequence are described in their presently under-

stood stratigraphic positions, the direct relationships between them

are not clear in all cases.

A sequence of rocks similar to the basal intermediate sequence

was described in the Warner Mountains south of the thesis area and

named the Cedarvil le Formation by Russell (1928). The northernmost

exposures of this formation as mapped by Russell (1928) are found 11

miles to the south of the High Grade district. Larson (1965) re-

ported that this formation is traceable along the western edge of the

Warner Range as far as Lakeview, Oregon, 16 miles north of the High

Grade district. However, he described significant lithologic varia-

tions between the sections exposed in Oregon and those in California.

Peterson (1959) described a series of "older tuffs" in his work on

the Lakeview uranium area, 20 miles northwest of Lakeview, Oregon.

Although he noted that the lithology of the "older tuffs" is quite



15

different from that of the type Cedarville, he proposed that the two

units were partial 1 y correlative. Wel I s (1979) al so descri bed a

rock sequence similar to that of the Cedarville in his study of the

Drake Peak area 16 miles northeast of Lakeview.

The northern portion of the area mapped by Russell in 1928 was

revised by P.W. Martz (1970), who found Russell's stratigraphy inade-

quate. Martz noted that rocks of different ages were previously

assigned to a single formation, the Upper Cedarville Formation of

Russell, and he subsequently redefined the stratigraphy of the re-

gion. In view of his work, and because of the discrepancies noted

between the type Cedarville of Russell (1928) and "Cedarvil le cor-

relatives" described by others, it seems prudent to avoid broad

correlations to the Cedarville Formation.

The basal intermediate sequence of the High Grade district, as a

single rock package, was probably formed by a cycle of volcanism

similar to that which deposited other "Cedarville correlatives". The

known stratigraphy of the southern Warner Mountains has not been

traced northward through the range into Oregon. Although similar

units have been described, each contains significant lithologic dif-

ferences from the others, and the stratigraphic relationships between

them are not presently understood. The basal intermediate sequence

seems to represent yet another "Cedarville correlative", but it is
not directly linked to the type Cedarville Formation.

Duffield and McKee (1974) established the Tertiary stratigraphy

of a conformable 10,000 foot thick sequence in the southern part of
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the Warner Range. They reported K-Ar ages of "somewhat older than 32

m.y." for a tuff 2500 feet above the base of the section, and "some-

what younger than 15 m.y." for a flow 2500 feet below the top of the

section. Axelrod (1966) reported a radiometric date of 40 m.y. for a

sill of hornblende-bearing andesite near Cedarville, California.

This date was used by Martz (1970) as the age of the oldest unit

within his map area, the McCulley Ranch Formation. By broadly extra-

polating these data, the age of the basal intermediate sequence of

the High Grade district falls somewhere between late Eocene and mid-

Miocene (40 to 15 m.y.).

Andesite

A thick sequence of undifferentiated andesite flows is found

along the western and southern boundaries of the map area. The flows

are greenish grey and, with the exception of those in the North Star

Basin region, are aphanitic with well-developed and commonly fissile

flow banding. Locally these flows are weakly magnetic. Within the

North Star Basin, along the southern boundary of the map area, the

flows are strongly porphyritic with abundant phenocrysts of plagio-

clase feldspar. In this area, the porphyritic flows form prominent

exposures, whereas the aphanitic flows are poorly exposed and occur

primarily in drainages and road cuts. Individual andesite flows

within this unit were not delineated, but the magnetite-bearing

aphanitic flows are far more abundant than the prophyritic flows.

The aphanitic flows generally form smooth, moderately vegetated north
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and south-facing slopes with sparse outcrop but moderate amounts of

randomly distributed float. Near the center of sec. 35, the aphani-

tic units form prominent outcrops of monolithologic flow breccia

perched high on steep west-facing scree slopes. Scattered occurrences

of green glass in float are found uphill to the east of the flow

breccias. They probably represent the upper, non-resistent vitric

portions of the flow sequence. Where overlain by a vitrophyre in the

SE 1/4 sec. 35, the andesite contains up to 15 percent green glass

and flattened lithophysae locally filled with opal. Again, these

features suggest the upper portion of a flow unit. With the excep-

tion of these two localities, the andesite flows are dense and holo-

crystal 1 ine.

Lithology, Petrography, and Alteration

The andesite flows within the district are characteristically

unaltered, except for those surrounding Discovery Hill. The aphani-

tic andesite flows have been argi 1 lized at their western contact with

the aphanitic rhyolite dome which comprises the bulk of Discovery

Hill. They have also been intensely propylitized near several of the

shafts of the Consolidated Mines. The porphyritic andesite flows in

the North Star Basin to the south of Discovery Hill have also been

subjected to intense propylitization. Flows from the Morrell Mine are

megascopical 1 y abundantly porphyritic. They contain 10 to 15 percent

plagioclase feldspar phenocrysts, which range up to 3 cm in length,

in an aphanitic, greenish grey groundmass. The flows are cut by
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veins of epidote which range from 0.2 to 2 cm in width.

Microscopically, the dominant phenocryst phase is andesine

(An48), which is euhedral except where broken or altered along mar-

gins. Highly altered mafic minerals are present as a subordinate (5-

8%), smal ler (0.5-1.7 mm) phenocryst phase. Relict subhedral forms

of these phenocrysts commonly display an amphibole cross-section. Up

to 15 percent magnetite is present as both primary euhedral (0.8 mm)

forms and secondary granular anhedral forms. The groundmass is

composed of pilotaxitic, subhedral andesine (An 39_43) microlites

which average 0.2 mm in length.

Alteration of these flows, as shown in Figure 2, has yielded a

mineral assemblage typical of a propylitically altered rock. Plagio-

clase feldspar phenocrysts show more pervasive alteration than do the

microlites. Margins and interiors of the andesine phenocrysts have

been altered to large amounts of calcite, lesser amounts of sericite,

and trace amounts of epidote. Relatively fresher parts of the

feldspar pherocrysts contain a light dusting of kaolin clays. Amphi-

bole (?) phenocrysts characteristically show complete alteration to

an assemblage of epidote, chlorite, and calcite. Relict amphibole

rims and fractures are heavily coated by hematite. Epidote veinlets

commonly crosscut larger phenocrysts and microlites of the ground-

mass, and contain localized parallel replacements of calcite.

Calcite is especially abundant where the veins cut phenocrysts.

Small amounts of zeolite are also present, predominantly as highly

local i zed open-space f i 1 1 ings.
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Figure 2: Photomicrograph of epidote-carbonate
alteration in andesite (2.5x; crossed
nicols).
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Stratigraphic and Contact Relations

The andesite flows comprise the lowermost and oldest rocks

within the basal intermediate sequence, and contain other rock types

of the sequence interbedded in their upper stratigraphic portions.

They have been intruded by members of the silicic sequence, but

intrusive contacts are rarely exposed. Andesite flows surrounding

Discovery Hill are intruded by both the aphanitic rhyolite domes and

the mul ti 1 i tho 1 ogi c intrusive brecci a. The fl ow-banded aphanitic

andesite in the western and northern portions of the map area is

conformably (?) overlain by flows of the Yellow Mountain porphyritic

rhyolite, although in most places this contact is not exposed. Ande-

site flows are conformably overlain by the vitrophyre and mafic tuff

units at different locations in the SE 1/4 sec. 35.

Andesitic Mudflows

Multiple sequences of mudlfows have been mapped in the southern,

western, and northern peripheries of the district. Outcrops of the

mudflows are laterally discontinuous and occur as prominent ridge-

forming knobs or as smooth exposures of low relief in stream or road

cuts. They are dark green to greenish brown in color, and highly

variable with respect to fragment size, composition, and abundance.

Textures vary from clast-supported with a fragment size of up to

three meters, to matrix-supported with a fragment size of less than

one meter. Cl asts vary from angular to subrounded in a 1 ithified

muddy matrix. They are devoid of sorting, bedding, or grading. The
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mudflows have been local ly silicified to the south of Discovery

Hill. Fragment composition varies from abundant flow-banded, white

to purple volcanic rocks, through moderate amounts of both aphanitic

and porphyritic andesite, to rare occurrences of unidentified vol-

canic and sedimentary rocks. In the NW 1/4 sec. 14, the mudflows

contain abundant clasts of vesicular basalt, whereas in the center of

sec. 35, they also contain abundant obsidian fragments. A mudflow

with a lateral extent of 30 meters crops out above an exposure of

mafic tuff north of Cave Lake in the SW 1/4 sec. 36. It is anomalous

with respect to other mudflows in the district in that it forms very

steep, irregular pinnacles which weather to a distinctive yellow to

yellow brown color. Here the mudflow is clast-supported with suban-

gular to subrounded lithic fragments of 1 to 7 cm in length. Sedi-

mentary structures were not observed, and this mudflow, although

distinctive, was not traceable laterally.

Stratigraphic and Contact Relations

The andesitic mudflows represent episodic, localized units de-

posited intermittently during the cycle of intermediate volcanism.

They occur, with the exception of the mudflow described north of Cave

Lake, intercalated with flow banded, aphanitic andesite flows. Where

exposed, the mudflows are well-defined, but the discontinuous out-

crops lead to poorly defined contact relations, and individual flows

are not traceable within the district. The poor sorting, angularity

of clasts, variable fragment size and composition, and localized
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distribution collectively suggest near-source deposition controlled

by pre-existing topographic depressions.

Correlation

The bulk of the mudflows mapped in the High Grade district are

believed to be roughly time-equivalent to each other. An exception

to this generalization is the mudflow north of Cave Lake which

conformably (?) overlies an exposure of the mafic tuff. This mudlfow

was probably deposited later, farther from its source, and at a

stratigraphical ly higher position than other mudflows in the dis-

trict.

Mixed Vitric, Lithic, and Crystal Tuffs

Lithologically variable tuffaceous rock types are erratically

exposed at four locations in the northwestern and southern peripher-

ies of the map area. These tuffs are non-correlative, laterally

discontinuous, and restricted in exposure to a single location.

Individually, they do not constitute mappable lithologic units, and

consequently they have been grouped together to form the mixed vit-

ric, lithic, and crystal tuff unit within the basal intermediate

sequence.

Lithology and Petrography

The northwesternmost exposure of this unit is found in the

north-central portion of sec. 35, at an elevation of 6940 feet.
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Megascopically, it is a poorly welded, yellowish brown pumiceous

lithic tuff. It contains 7 percent lithic fragments of 0.2 to 6.0 mm

in size, the majority of which are ho 1 ocrystal 1 ine, p1 agiocl ase-

porphyritic, and spherulitic. This tuff also contains broken, sub-

hedral to anhedral sanidine crystals up to eight percent in volume,

which range from 0.05 to 1.3 mm in length and are generally un-

twinned. It also contains partially to wholly devitrified fragments

of spherulitic pumice, up to 25 percent in volume and 0.02 to 1.0 cm

in length, which may rarely exhibit axiolitic and eutaxitic textures.

The matrix is composed of a yellow brown glass (n < 1.54) having

small zones of incipient devitrification and rare spherulites.

The largest exposure of this unit occurs in the south-central

portion of sec. 35, where four rock types are exposed throughout 280

vertical feet. The topographically highest rock type is a vitric

lithic tuff exposed at an elevation of 6840 feet. It contains ap-

proximately 35 percent subrounded to rounded obsidian fragments (< 40

cm) and 5 percent 1 ithic fragments (< 25 cm) in a matrix of locally

devitrified black glass. A buff-white to brownish yellow pumiceous

lithic tuff is found immediately downslope to the southeast of the

vitric lithic tuff. It contains up to 50 percent randomly oriented

pumice fragments (<3 cm) and 5 percent aphanitic lithic fragments

(< 1 cm), both of which display a serf ate size distribution. The

pumice varies from unwelded and vesicular with well-preserved y- and

u-shaped shards, to moderately welded and eutaxitic. The lithic

fragments contain phenocrysts of plagioclase feldspar in a
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pilotaxitic groundmass. The matrix of the tuff is a mafic glass (n >

1.54) which has zones of both incipient devitrification and wel 1-

devel oped spherul ites. The pumiceous lithic tuff also contains 2

percent crystals of labradorite (An55) ranging from 0.2 to 2.0 mm in

length. Topographically beneath the pumiceous lithic tuff, at an

elevation of 6680 feet, is a medium gray lithic tuff which contains 5

percent lithic fragments (0.5-3.5 cm). Microscopically, these frag-

ments are seen to be composed of sanidine-porphyritic trachytes.

Petrographic examination also reveals the presence of poorly welded

pumice fragments (10%) which are partially to wholly devitrified,

contain well-developed spherulites, and are less than 2.5 mm in

length. Phenocrysts of sanidine (< 0.1 mm) are untwinned and com-

prise less than 2 percent by volume. The matrix is composed of a

pale brown glass (n < 1.54) which contains sparse crystallites,

spherulites, and zones of incipient devitrification. The lithic tuff

is underlain at an elevation of 6600 feet by an aphanitic, light to

medium gray, thinly laminated flow rock. Megascopically, the

aphanite resembles a sedimentary varve with alternating dark and

light colored laminae which range from 1 to 4 mm in thickness.

Microscopically, the laminae contain local zones of flow folds, which

are laterally discontinuous over a range of several millimeters, and

range from 0.1 to 0.4 mm in thickness. The laminae are composed of

variable ratios of microlites to cryptocrystal line products of

devitrification and mafic and opaque minerals. The darker colored

laminae contain a larger concentration of clays and a smaller ratio
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of microlites to devitrification products than the lighter colored

1 aminae. Laths of plagioclase feldspar (< 0.3 mm) are present up to

two percent by volume, and are generally aligned paral lel to the

laminae but occasionally have been rotated during flowage.

A welded light green to yellowish brown crystal lithic tuff is

located in the NW 1/4 sec. 3. Outcrops are non-resistent, friable,

and partially decomposed. They contain 10 to 15 percent angular to

subangular lithic fragments which vary between 0.2 and 5.0 mm in

diameter. The fragments commonly contain plagioclase feldspar pheno-

crysts in a holocrystal line and pilotaxitic or spherulitically

devitrified groundmass. They are less commonly aphanitic and pilo-

taxitic, or eutaxitic and felsitic. Broken crystals of subhedral to

anhedral sanidine (7-10% by volume) have a seriate size distribution

ranging between 0.1 and 2.7 mm in length, and infrequently display

Carlsbad twins. Crystals of euhedral to anhedral and broken al bite

(An5) are also present in concentrations of 5 to 7 percent, and

range between 0.1 to 1.3 mm in length. Most of the matrix material

displays a feebly birefringent, cryptocrystalline, felsitic devitri-

fication texture, although eutaxitic textures are locally wel 1-

developed and relict shards are occasionally discernible. As much as

one-third of the felsitic matrix has been textural ly coarsened by

recrystallization. This tuff has been subjected to moderate propyl i-

tic alteration, and the more highly altered portions are light green.

Calcite is the dominant alteration mineral, having partially or

wholly replaced up to one-half of the feldspar crystals. Phenocrysts
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and microlites of plagioclase feldspar are characteristically more

highly altered than those of sanidine. Anhedral to euhedral crystals

of hematite are disseminated throughout the groundmass and fragments,

but are most highly concentrated in areas of secondary calcite.

Trace amounts of chlorite are present, and limonite is moderately

abundant.

The southernmost exposure of this unit is a tan to light pink,

crystal-rich pyroclastic rock located on the south flank of Discovery

Hill. It contains 15 to 20 percent broken, anhedral crystals which

display a seriate size distribution (0.05-10 mm). The dominant

crystal phase is sanidine, which comprises 12 to 17 percent by volume

and is commonly untwinned. Other phases are perthitic potassium

feldspar (<2%) and quartz (<1%). Trace amounts of cryptocrystal line

mafic minerals and 2 percent anhedral opaques are disseminated

throughout the rock. Matrix material has been wholly devitrified and

contains well-developed zones of spherulites and occasional axiolitic

structures. Relict flow banding is rarely observed. As much as one-

third of the matrix has been silicified, texturally coarsened by

recrystallization, or both.

Stratigraphic and Contact Relations

Lithologic variability, in conjunction with erratic and singular

outcrop distributions of rock types within this unit, precludes the

assignment of a precise stratigraphic postion to these rocks. Al-

though contact relationships are not exposed, the tuffs are spatially
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associated with andesite flows and in most cases are laterally sur-

rounded by andesite. All of the rock types within this unit were

probably deposited during the cycle of intermediate volcanism and

predate the development of the silicic sequence. However, the rock

types within this unit are not 1 ithological ly correlative to each

other and are probably not time-equivalent. They are probably con-

formably interbedded in the sequence of undifferentiated andesite

flows. However, each tuff was probably deposited at a different

stratigraphic position within the sequence. One or more of these

tuffs may represent an altered or lateral equivalent of the poorly

welded brown tuff found in the central portion of the map area.

Poorly Welded Brown Tuff

A poorly welded brown tuff of limited distribution is found in

the central portion of the map area. It is exposed in the NE 1/4

sec. 1 as 70 meters of concentrated talus scree on a steep slope, and

extends as sparse outcrop and concentrated debris for one-half mile

southwest of the Blue Bell Mine. The tuff is distinctivly light

brown to yellowish brown, non-resistent to erosion, and forms light-

weight fragments suggestive of a low specific gravity. It contains

both fragments of pumice (10-35%) and lithic clasts (up to 10%). The

fragments of pumice are 0.5 cm or less in diameter, unwelded to

poorly welded, and vary from rectangular to subrounded, or cuspate,

in shape. The lithic clasts are about 2 cm in diameter and range

from subangular to subrounded in shape. Both the lithic and
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pumiceous fragments are randomly distributed throughout the tuff and

do not appear to exhibit sorting or concentration in preferred stra-

tigraphic horizons. However, this feature may be more apparent than

real, as a result of poor exposures in the area. Some parts of the

tuff contain up to 5 percent phenocrysts of argillized feldspar

averaging 2 mm in length, and elsewhere they have been silicified or

bleached to a brownish-grey or off-white color.

Lithology and Petrography

These tuffs are mineralogically simple, as most fragments and

phenocrysts have been altered to quartz, sericite, and clay. Relict

flow banding is discernible in about 2 percent of the recrystallized

lithic fragments. About 1 percent of the lithics are unaltered and

have a pilotaxitic texture. Textures of relict pumice fragments may

vary in a single sample from eutaxitic to vesicular with y- and u-

shaped shards. However, shards are rarely preserved in the matrix.

Feldspar phenocrysts may be present up to 5 percent by volume, and

range from 0.2 to 3.5 mm in length. They are commonly altered to

varying proportions of clays or cryptocrystalline aggregates of

quartz and sericite.

Matrix material in most cases has been recrystallized to a

microcrystalline mosaic of granular interlocking quartz grains.

Where cut by quartz veins, the tuff may be replaced by microcrystal-

line aggregates of quartz and adularia. In less altered samples, up

to 15 percent of the matrix has a cryptocrystalline, feebly
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birefringent, fel sitic devitrification texture. The remainder has

been either replaced or texturally coarsened by recryst al 1 i zati on.

About 3 percent anhedral opaques and 2 percent hematite by volume are

also present. Abundant yellowish brown to brown clays (il lite?) are

present in the less silicified portions of the unit, and are

responsible for the distinctive color of the tuff. The amount of

clays generally varies inversely with the intensity of silicifica-

tion.

Stratigraphic and Contact Relations

The exact stratigraphic position of the poorly welded brown tuff

is unknown; it does not have exposed contacts with other units of

the district. Exposures of the tuff are found only on the up-thrown

side of two normal faults. Field relationships suggest that it has

been intruded by the oldest rhyolite domes of the silicic sequence.

Although alteration has obliterated the primary mineralogy and chem-

istry of the tuff, field relationships also suggest that it is not

genetically related to the silicic sequence. The tuff was not en-

countered in the silicic sequence drilled by Atlas Precious Metals in

the northeastern portion of the map area. For these reasons, the

poorly welded brown tuff is included as a part of the basal interme-

diate sequence. It is considered to be younger than the andesite and

andesitic mudflows, and older than the vitrophyre and mafic tuff. It

is probably correlative to one or more of the tuffs described within

the mixed vitric, lithic, and crystal tuff unit.
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Vitrophyre

Several isolated exposures of hypohyaline flow rocks are found

in the northwest corner of the map area distributed throughout sec.

35. The western vitrophyre is exposed at an elevation of 6700 feet

between under 1 yi ng outcrops of aphaniti c, f 1 ow banded, magneti te-

bearing andesite and overlying float of the same andesite. The

central vitrophyres are found at elevations of 6800 and 7400 feet

amid moderate to abundant float of the Yellow Mountain porphyritic

rhyolite. They are flow-brecciated and have poorly defined contacts.

The northeastern vitrophyre is at an elevation of 7400 feet and forms

a well-defined, east-dipping bed that is intercalated with flows of

the Yellow Mountain porphyritic rhyolite. The southeastern exposure

is at an elevation of 6850 feet, conformably overlying a partially

glassy and vesicular andesite flow, and underlying the mafic tuff

unit.

All exposures of vitric flow rock are megascopically indistin-

guishable but are not direct strati graphic correlatives. The western

exposure appears to be in place and probably represents an isolated

outcrop of a non-resistent vitric flow of intermediate composition

intercalated with andesite flows. The southeastern vitrophyre nay

represent an intermediate vitric flow distinct from the underlying

andesite, in which case it may either be correlative to the western

vitrophyre, or represent a glassy base of the overlying mafic tuff.

The central exposures are probably correlative to each other and to

the northeastern vitrophyre. Conversely, they may not be
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correlative, and may each represent a vitric portion of a separate

flow unit within the Yellow Mountain porphyritic rhyolite.

Mafic Tuff

The mafic tuff is a thin, non-resistent unit which is unwelded

to very poorly welded. Exposures are discontinuous and are found

only in the SW 1/4 sec. 36, north of Cave Lake, and in the SE 1/4

sec. 35, where it has been either overlain by a more resistent unit

or exposed by stream erosion. It has a distinctive grass green

color, but locally contains rounded bluish-green clots of alteration

which are 1 to 1.5 cm in diameter. These zones may represent altera-

tion around a phenocryst, although rarely they may also contain small

(4.0 mm) pumice structures. The upper portions of the tuff exhibit

an erratic distribution of up to 20 percent sub-rounded lithic

clasts (< 2.5 cm), 4 to 5 percent pumice (< 4.0 mm), and 2 percent

feldspar crystals (<1.0mm). Thickness of the unit is estimated as

26 meters.

Litho logy and Petrography

Petrographically, the tuff is composed of approximately 75 per-

cent mafic glass (R.I. > 1.54), with much of the remainder consisting

of feebly birefringent, roughly aligned crystallites. It also con-

tains approximately 2 percent untwinned feldspar laths less than 0.1

mm in length. Patches of iddingsite and hematite, up to 0.3 mm in

diameter, comprise less than 2 percent of the tuff. They are believed



32

to be the alteration products of olivine phenocrysts, although no

relict phenocryst euhedra are discernible. Textures in thin section

are obscured by the pervasive occurrence of green clays.

Stratigraphic and Contact Relations

The mafic tuff in the SW 1/4 sec. 36, north of Cave Lake, is

conformably (?) overlain by pinnacles of a distinctive yellow to

yellowish brown mudflow, but its lower contact is not exposed. It

is unconformably overlain by the Yellow Mountain porphyritic rhyo-

lite, and conformably underlain by both an and vitrophyre at

different locations in the SE 1/4 sec. 35. The vitrophyre, where

present, may represent the glassy base of the tuff.

Outcrops of the mafic tuff are also found outside the district

on the western edge of the Warner Mountains, along the north side of

the main access road (T. 48 N., R. 15 E., sec. 32). At this loca-

tion, the tuff forms a distinct east-dipping bed interbedded with

flows of andesite. This relationship suggests that within the map

area, the overlying mudflow north of Cave Lake is but a local occur-

rence, and does not everywhere overlie the mafic tuff. It also

suggests that the unexposed contact between the mafic tuff and the

Yellow Mountain porphyritic rhyolite may be unconformable.

SILICIC SEQUENCE

The silicic sequence comprises the mid-part of the rock sequence

exposed within the High Grade district. It contains a series of
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intrusive and extrusive rocks whose emplacement and extrusion prob-

ably overlapped in time and space. Nevertheless, the relative timing

of events, although probably not discrete, can be postulated because

geologic evidence suggests three sequential periods of rhyolitic

magmatism.

The cycle of rhyolitic magmatism began with the emplacement of

several intrusive aphanitic rhyolite domes and a single exogenous

aphanitic rhyolite dome. This early phase was followed by the em-

placement of the extrusive-intrusive Yel low Mountain porphyritic

rhyolite complex, and by the younger multilithologic intrusive brec-

cia. The waning phase of this cycle began with the deposition of

porphyritic rhyolite flows, and ended with the emplacement of several

porphyritic rhyolite domes. Metallization in the district is asso-

ciated with rocks of the first two phases of magmatism, whereas those

of the third phase are unmineralized, although locally altered.

Aphanitic Rhyolite Domes

A cognate series of aphanitic rhyolite domes are found in the

northeast and southwest parts of the area mapped. The largest of

these domes has an apparent exposed radius of 667 meters and com-

prises the bulk of Discovery Hill in the SE 1/4 sec. 11 and SW 1/4

sec. 12. Other, smaller domes form a sublinear east-west trend

exposed discontinuously for 1 1/2 miles eastward from the south-

central portion of sec. 35. Although the individual domes are limited

in lateral extent, they are lithically inseparable by field criteria
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and probably are related at depth. These rocks are generally pink in

color although many have been locally iron-stained to shades of

medium purple or bleached to an off-white or pinkish-gray. Rhyolites

comprising the domes are ubiquitously flow-banded and large portions

of each exhibit a fissility imparted by flowage. Individual flow

laminations generally vary between 0.5 and 2 cm in thickness, but

they may be as massive as 45 cm. Flow banding exhibits strikes that

are highly variable within and between domes, whereas the dips are

consistently steep to vertical.

Litho logy and Petrography

Megascopical ly, the rhyolites are dense, lithoidal aphanites.

They exhibit a well developed trachytic texture in thin section.

Microlites of alkali feldspar average between 0.1 and 0.3 mm in size,

but may be as small as 0.02 mm. They commonly comprise as much as 65

percent of the rock. Material interstitial to the microlites is

composed primarily of quartz (30%) and randomly distributed crypto-

crystal line iron oxides (2-3%).

As shown in Figure 3, the interstitial quartz causes a patchy or

mosaic extinction pattern in which relatively large, subrounded, and

mutual ly interfering areas, ranging from 0.3 to 2.0 mm in diameter,

exhibit uniform extinction. A similar texture has been described by

Lofgren (1971) as a micropoiki 1 itic quartz surrounding spherulites.

According to his description, the interstitial quartz material

"...grew, not as micron-sized individuals, but as 1 arge crystal s
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Figure 3: Photomicrograph of micropoikilitic quartz
mosaic texture (10x; crossed nicols).
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poikilitically enclosing many spherulites" (Lofgren, 1971, p. 117).

It is likely that the aphanitic rhyolite domes exhibit the same

phenomena with respect to microlites rather than spherulites.

Lofgren (1971, p. 118) also has suggested that the presence of micro-

poikil itic quartz may represent the initial subsolidus formation of

silicate crystals or glass. The presence of poikilitic quartz,

together with high concentrations of microlites and the lack of

devitrification textures, indicate that these rhyol ites were not

quenched to gl ass during or after empl acement. Instead, they were

probably emplaced as a slowly cooling crystal mush, which allowed

crystallization to continue to completion at subsolidus temperatures.

Trachytic and micropoikilitic textures are absent in samples of

these rocks taken from the NW 1/4 sec. 6 and from a dike, in the SE

1/4 sec. 36, believed to be related to these domes. They display a

roughly equigranular, cryptocrystal line felsitic texture, indicating

more rapid intrusion to higher crustal levels and concomitant quench-

ing or rapid cooling to glass. Morever, Dunham (1965), has suggested

that such felsitic textures may be produced during devitrification

when smal 1 amounts of water are retained in a supercooled melt.

Stratigraphic and Contact Relations

The aphanitic rhyolite domes represent the earl Test phase of

rhyolitic volcanism within the silicic sequence, which accordingly

post-dates the basal intermediate sequence. The southwestern dome

comprising Discovery Hil 1 has intruded flows of andesite, but the
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contacts are not exposed. This dome, itself, has been intruded by

two plugs of Yellow Mountain porphyritic rhyolite, and by the multi-

lithologic intrusive breccia. Craggy outcrops, which form two steep-

sided knobs with high positive relief and rubbly flanks, are exposed

on the south-central flank of the dome. In these and other similar

exposures, the rubbly flanks and talus-covered bases of the knobs are

considered to be the result of erosion, and not crumble breccia

formed at the base of a volcanic plug or spine. Elsewhere, exposures

of this rhyolite are present only as thinly laminated, fissile float

on the flat-topped surface of the dome and as talus along its flanks.

The two western exposures of the rhyolite domes comprising the

east-west sublinear trend also form craggy knobs with rubbly flanks.

Although contact relationships are not exposed, these domes have

apparently intruded the poorly welded brown tuff. East of these two

knobs, exposures of this unit are surrounded by outcrop and rubble of

plugs and flow lobes of the multilithologic intrusive breccia. Al-

though contact relationships are poorly defined, field relationships

suggest that the aphanitic rhyolite domes have been intruded by the

mul ti 1 itho 1 ogi c intrusive brecci a. The eastern exposures of the

east-west sublinear trend of domes are localized occurrences having

little positive relief. The northernmost of these forms a fairly

wel 1- defined east-dipping ridge, whereas the others are marked by

abundant float or simply by local exposures in abandoned prospect

pits. All eastern exposures are surrounded by scattered float of the

Yellow Mountain porphyritic rhyol ite. These domes are presumably
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exposed by erosion, as they do not intrude the Yellow Mountain rhyo-

lite fl ow.

Age and Correlation

A potassium-argon age determination from the westernmost dome in

sec. 36 has provided a date of 14m.y. (see discussion in section on

potassium-argon age data). All exposures of this unit are probably

time - equivalent and younger than the basal intermediate sequence.

Unpublished results of dri 1 ling by Atlas Precious Metals in the

northwestern part of the map area indicate that the subsurface extent

of the rhyol ite is much 1 arger than that determined by surface

mapping. Thus, it is likely that all exposures along the east-west

subl inear trend are related to a common magma source, and that they

represent cupolas of a larger rhyolite intrusion at depth. As such,

it is possible that the various cupolas were intruded at different

times. Nonetheless, surface and subsurface geologic data suggest

that differences in the timing of rhyolite emplacement are likely to

be small and would not significantly vary from that of the measured

radiometric age. However, it is not known if the dome which com-

prises the bulk of Discovery Hill is genetically related to those in

the north. Chemical and petrographic analyses have failed to distin-

guish this dome as a separate entity from those to the north. In the

absence of data to the contrary, Discovery Hill is tentatively

assumed to be at least a partial time-equivalent to the dated rhyoli-

tic dome of the east-west sub-linear trend.
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Mode of Emplacement

Domes within this unit are considered to be intrusive domes, as

defined by Williams and McBirney (1979). They were passively em-

pl aced at fairly high crustal levels, but did not breach the paleo-

surface. The absence of vertical slickensides, xenoliths, intrusion

breccias, and evidence of structural deformation of country rocks

constitute indirect evidence that these domes were passively and not

forcefully emplaced. That these domes did not breach the pal eosurface

is supported by the lack of breach flows, associated extrusive or

explosive activity, glassy or per 1 itic selvages, and petrographic

evidence that these rocks were quenched to a glass.

Lodgepole Aphanitic Rhyolite Dome

The Lodgepole aphanitic rhyolite dome crops out in the E 1/2 sec.

1, south of the Blue Bell Mine. It is roughly oval in plan with

dimensions of 500 by 1100 meters, and its long axis forms the crest

of a north-northwest trending ridge. The dome is geomorphologically

divisible into three parts: a northern flow lobe, a central intru-

sive portion, and a southern flow lobe. Each comprises approximately

one-third of the axial length of the ridge. The central intrusive

portion is separated from the northern and southern flow lobes by a

subtle break in slope, which is not readily apparent on the topo-

graphic map. The jeep trail to the Lodgepole mill site and the road

to Mineral Spring mark the northern and southern boundaries of the
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central intrusive portion, respectively, where they cross the crest

of the ridge.

Lithology and Petrography

The central intrusive part of the dome is a dense, thinly lam-

inated, and commonly fissile rhyolite that exhibits flow foliations

having variable strikes and steep to vertical dips. It is normally

light pink to pinkish-gray on fresh surfaces, but has been locally

iron-stained to deep purple colorations. The topographically higher

portions of the eastern part of this dome contain abundant small

lithophysae that are flattened parallel to the flow banding. This

portion of the dome is megascopically indistinguishable from the

aphanitic rhyolite domes to the north-northeast and southwest.

In thin section, the intrusive portions of the Lodgepole dome do

not vary significantly from the aphanitic rhyolite domes. They have

a moderately well-developed trachytic texture. Microlites of potas-

sium feldspar, ranging between 0.01 and 0.15 mm in length, constitute

45 to 55 percent of the host. Quartz is the dominant interstitial

component, and it displays a micropoiki 1 itic "mosaic" extinction

pattern as previously defined for the aphanitic rhyolite domes. The

long axes of the micropoikilitic quartz ovoids generally vary from

0.2 mm to 1.3 mm in length. This portion of the Lodgepole dome, in

contrast to the aphanitic domes, contains up to 2 percent crystals of

euhedral sanidine which general ly are three times larger than the

largest microlites. In addition, this rhyolite frequently contains



41

up to 5 percent lithophysal cavities (1.0 to 2.5 mm in diameter), of

which many are filled with secondary quartz. Anhedral cryptocrystal-

line opaques (3%) and clays (2%) are also present.

The southern flow lobe of the Lodgepole dome varies from

unaltered monolithologic flow breccias in the topographically lower

portions to highly bleached and silicified pumiceous flow breccias

near the topographical ly higher southern terminus of the complex.

Intrusive portions of the dome, exposed in prospects pits and

trenches, are present beneath the surficial extent of the southern

flow lobe. A contact between the flow-laminated rhyolite and over-

lying monolithic flow breccia is shown in Figure 4. Gently north-

west-dipping flow breccias that are unaltered, poorly bedded, and

non-pumiceous crop out south of the road to Mineral Spring near the

crest of the ridge. Here, unsorted angular to subangular clasts,

ranging from pebbles to boulders in size, comprise up to 40 percent

of the breccias. These fragments are monolithic and consist of flow

laminated Lodgepole rhyolite, and are matrix-supported by a composi-

tionally similar rhyolite. The character of the flow breccias

changes significantly upslope to the south of the road to Mineral

Springs. Here, the breccias contain abundant fragments of finely

vesicular pumice (20-30%) and flow banded rhyolite (10-15%). These

breccias are bleached white, intensely silicified, and appear

chalcedonic. They contain 5 to 10 percent angular void space that

presumably represents the weathering of pumice fragments. Crystals
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Figure 4: Contact between flow-brecciated and
flow-laminated portions of the
Lodgepole aphanitic rhyolite dome.



43

of unaltered feldspar (< 2 mm in length) are rarely observed in the

matrix of these altered breccias.

The northern flow lobe of the Lodgepole rhyolite exhibits simi-

larities to the pumiceous flow breccia of the southern lobe. How-

ever, it contains less pumice (up to 25%) and fragments of rhyolite

(10%), and more crystals of sanidine (3%). An east-dipping foliation

is moderately well-developed. In addition, the northern lobe lacks

unaltered, non-pumiceous monolithologic flow breccia. However, a

scarp of pumiceous breccia along the northeastern edge of the lobe

grades gradually downward into a less pumiceous autobrecciated rhyo-

lite, and then into well-banded, dense, unbrecciated rhyolite which

dips to the east. A similar transition is present in the "western

bulge" of the Lodgepole dome, located across the drainage west of the

northern flow lobe. At this location, a thin (2 m) carapace of the

monolithologic rhyolite breccia changes abruptly downward to a dense,

unbrecciated, aphanitic, flow-laminated rock.

Petrographic examination of pumiceous flow breccias from the

northern and southern flow lobes and from the monolithologic brec-

ciated carapace of the "western bulge" of the Lodgepole rhyolite dome

indicates that all have been replaced by quartz and adularia. The

lithic fragments in these outcrops have been rendered petrographical-

ly unidentifiable because of complete replacement by fine-grained

intergrowths of quartz and adularia. Pumice fragments are generally

vesicular, but slightly deformed, and replacement textures are more

coarsely crystalline than in the lithic fragments and matrix. Ter-
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minated quartz crystals characteristically project into interiors of

vesicles, and adularia (<7%) is ubiquitous throughout the pumice

fragments. Samples of the northern flow lobe contain up to 4 per-

cent, highly altered, anhedral sanidine crystals which are 0.2 to 1.5

mm in length, whereas the carapace of the "western bulge" contains 1

to 2 percent euhedral sanidine crystals that are up to 0.4 mm in

length. Sanidine is not present in samples from the southern flow

lobe, presumably because of more complete alteration. Textures sug-

gestive of relict shards are occasionally discernible in samples from

the northern flow lobe. Relict flow textures are not abundant, but

are present in all but the most completely altered samples. Replace-

ment textures of the matrix are granular intergrowths of quartz and

adularia, and vary from cryptocrystalline to microcrystalline. They

are generally too finely crystalline for precise identification of

component mineralogy. Small amounts of randomly distributed anhedral

opaques (3%) and green clay minerals (<1%) are also present.

Several meters of well-laminated, extremely fine-grained sili-

ceous sedimentary rocks were found at the base of a scarp described

at the northeastern boundary of the northern flow lobe. The laminae

are white, tan, and light gray in color. They vary from 0.05 cm to 3

cm in thickness, exhibit graded bedding, and contain infrequent frag-

ments of rounded, altered pumice (0.25-1.0 cm in diameter) which

deform the surrounding laminae. These laminae are also disrupted by

microfaults and scour and fill structures. Petrographic examination

shows that these rocks are felsitic and cryptocrystalline, and have
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probably been silicified. The laminae are defined by variations in

concentrations of clays and coarseness of the felsitic components,

which consist primarily of quartz. They are highly restricted in

their distribution, and their origin is unknown. They are probably

unrelated to the silicic sequence and have reached their present

position by physical disruption or incorporation into magmas of the

Lodgepole rhyolite.

Stratigraphic and Contact Relations

Emplacement of the Lodgepole aphanitic rhyolite dome predates the

deposition of extrusive portions of the Yellow Mountain porphyritic

rhyolite, and post-dates the formation of the basal intermediate se-

quence. It is considered to be time equivalent to the aphanitic

rhyolite domes, and is distinguished from them by the associated flow

lobes and brecciated carapace.

Contact relationships are poorly defined for this unit. Scree of

the poorly-welded brown tuff overlies intrusive portions of the rhyo-

lite north of the road to Mineral Springs. However, the tuff does

not overlie flow lobes of the dome, and this exposure of the tuff is

probably an erosional remnant. The dome is bounded by talus of the

porphyritic rhyolite flows at the eastern edge of the central intru-

sive. These flows post-date emplacement of the dome, and this topo-

graphic juxtaposition probably represents an unexposed structural

contact.

The northern terminus of the Lodgepole complex is bounded by
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erratic exposures of the multilithologic intrusive breccia. Contact

relationships are not exposed, but the northern flow lobe is heavily

argil lized along its northeastern boundary. Control for this altera-

tion, other than the contact zone, is not present. The multilitho-

logic intrusive breccia apparently intruded a zone of structural

weakness along the northeastern edge of the dome.

Exposures of the northern and southern flow lobes, and those of

the "western bulge", are prominent but their contacts are not ex-

posed. These flow rocks are preserved by virtue of their intense

silicification, owing to a high initial permeability that allowed

access of the hydrothermal fluid. Although their original aerial

distribution is unknown, it was probably not much larger than is

currently exposed.

Mode of Emplacement

The Lodgepole aphanitic rhyolite dome is considered to be an

exogenous dome, as defined by Howell Williams (1932), built by sur-

face effusion. Although the source vent of the northern and southern

flow lobes has not been identified, they were likely extruded from

different breaches along the periphery of the central intrusive

portion of the dome. Foliation attitudes, within and between the

flow lobes, are variable and represent primary flow laminations

rather than directions from or to the source. The central intrusive

portion of the dome is exposed downslope from the southern lobe and

upslope from the northern lobe. This relationship is likely a result
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of post-emplacement subsidence parallel to the northern portion of

the ridge. However, it could also be the result of subsurface resur-

gence of the Lodgepole rhyolite beneath the southern third of the

ridge, causing uplift of the southern flow lobe.

Textural and stratigraphic zonations within rhyolitic lava flows

have been described by many authors; notably Christiansen and Lipman

(1966) and Fink (1983). The generalized upward sequence described

by these authors consists of a basal tuff, lower breccia, dense

rhyolite or obsidian, and upper breccia. The basal tuff is a pyro-

clastic deposit related to the source vent. The lower and upper

breccias are flow breccias that are generally vesiculated or pumice-

ous, and located at the base and upper surface of the rhyolite flows.

The dense rhyolite or obsidian, bounded above and below by the flow

breccias, is the foliated main body of the flow. Comparison of the

flow lobes of the Lodgepole dome to this idealized sequence documents

the absence of a basal tephra deposit and of a foliated central lava

flow. The flow lobes contain only a thin, coarse, and non-pumiceous

breccia, that is topographically overlain by a finer-grained, vesi-

cular to highly pumiceous breccia.

Discrepancies between the idealized rhyolitic flow sequence and

that found in the Lodgepole may be explained as follows. The slow,

passive intrusion of an anhydrous rhyolitic magma could preserve

internal equilibrium between melt and fluids, and thus inhibit the

rapid escape of volatiles and attendant explosive activity. Provided

a pyroclastic deposit were formed, the small size of the Lodgepole
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complex suggests that it would be thin and unlikely to be preserved

if not buried by extrusive activity immediately thereafter. In

addition, the limited thickness and surf icial extent of the flow

lobes indicate that only a small volume of lava was extruded. In the

case of the Lodgepole rhyolite, the coarse, non-pumiceous lower

portions of the flow lobes represent the basal breccias of a thin

extrusion that probably was partially crystalline. The upper breccia

contains fragments of autobrecciated rhyolite and is highly pumice-

ous, but bubble walls are not extensively distorted. This breccia

was vesiculated as volatiles were evolved with cooling of the lower

flow surface. With slower cooling, the gases expanded to yield a

froth within the upper portion of the flow, thereby giving the brec-

cia its typically pumiceous character. The lack of foliated rhyolite

between the two types of breccia may be due to the small volume of

extruded rhyolite.

An alternative explanation is that the two flow lobes are not a

product of extrusive activity, but rather are a carapace of the

Lodgepole dome and similar to that described in the "western bulge".

In this case, brecciation would have been caused by the cooling and

fracturing of the upper dome surface, and resurgence of the under-

lying magma would have provided the rhyolitic matrix of the breccia.

Again, the pumice would have formed by frothing of the magma as the

contained volatiles exsolved from the cooling rhyolite. Evidence

against this interpretation includes the lack of vesiculation,

rounding of fragments, the presence of flow laminations in the
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unaltered lower breccia of the southern lobe, and the massive, steep-

ly dipping laminations of the northern lobe.

Extrusive Yellow Mountain Porphyritic Rhyolite

Extrusive phases of the Yellow Mountain porphyritic rhyolite are

the most widely distributed rock type, and are exposed in the central

one-third of the map area. Rhyolites of this unit consist of

crystals of euhedral sanidine, 10 to 15 percent by volume, in a light

green, aphanitic matrix which exhibits subtle flow laminations. The

maximum exposed topographic thickness of the rhyolite is 400 meters,

extending from the top of Yellow Mountain, in the center of the dis-

trict, for 3667 meters to the northwest edge of the area mapped.

This thickness probably represents some combination of uplift and

exposure along a dip-slope, with deposition following pre-existing

topographic depressions within the basal intermediate sequence. Ex-

posures in the northern part of the map area vary from 60 to 120

meters in thickness. With the exception of exposures on the crest

and northwest of Yellow Mountain, the rhyolite is generally found as

thick accumulations of blocky scree which contain flattened litho-

physae in the topographically higher portions. This type of exposure

is especially prevalent to the north, south, and west of Cave Lake,

and is probably a result of deposition as blocky flows or weathering

of flow-top breccias. Outcrops of flow breccia are restricted to the

southeastern exposures. Columnar jointing is moderately well-



50

developed in thick flows exposed north and west of the crest of

Yellow Mountain.

Bedding attitudes were in large part undetermined, and this unit

may be composed of multiple flows which are texturally indistinguish-

able. Multiple local sources, represented by several intrusive

phases of the rhyolite, are hypothesized for this unit. Locations of

the intrusive phases mark the trend of a series of small vents and

fissure zones. The proposed source areas are confined to an arcuate

trend concave to the west within the central and east-central parts

of the district.

Lithology and Petrography

The extrusive Yellow Mountain porphyritic rhyolites are holo-

crystalline, microlitic porphyries which have a simple mineralogy.

Phenocrysts consist of crystals of sanidine which are anhedral to

euhedral and exhibit a bimodal size distribution. They vary in

length between 0.2 to 1.1 mm and 1.9 to 4.0 mm, with abundances of 3

to 7 percent and 3 to 8 percent, respectively. Carlsbad twins are

found in 2 to 4 percent of the phenocrysts, and 2 to 6 percent

exhibit glomeroporphyritic textures. Sanidine crystals infrequently

show a slight embayment by and reaction with the groundmass, and some

have been altered to sericite or contain light dustings of clay.

Mafic minerals are rarely observed in these rocks, but where

present, they are cryptocrystal line, anhedral, and randomly

distributed throughout the groundmass. They occasional ly reach
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concentrations as high as 8 percent, and have lemon-yellow to deep

green pleochroism. Mafic components have not been precisely identi-

fied. The proportion of hematite and clay minerals in the matrix

increases with the decrease in visible mafic minerals, which is

presumably the result of progressive alteration of the mafic phases.

Trace amounts of apatite and opaques are the only accessory minerals

in the rhyolites.

The groundmass is microcrystal line and consists dominantly of

microlites which are less than 0.05 mm in length and exhibit a tra-

chytic texture. A small number of microspherulites are also present.

Quartz is the primary component interstitial to the microlites. It

frequently displays a micropoikilitic "mosaic" texture as previously

defined for the aphanitic rhyolite domes. The long axis of the

micropoikilitic quartz ovoids ranges between 0.05 mm and 0.9 mm in

length. The groundmass of the rhyolites is not ubiquitously micro-

litic. Varying proportions of the groundmass instead display a

cryptocrystalline felsitic texture,

sociated with the microlitic zones.

Large areas of the rhyolite have been argillized in the vicinity

of Yellow Mountain, and alteration intensity decreases downslope

toward the north. It is relatively unaltered in its northern expo-

sures, where only light, local propylitic alteration is present.

Feldspar phenocrysts have a distinctive red color and the rhyolite

has been locally iron-stained at the top of Yellow Mountain and along

the northwest-trending ridge west of the Modoc Mines.

which may not be spatially as-
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Stratigraphic and Contact Relations

The extrusive Yellow Mountain porphyritic rhyolite conformably

overlies the aphanitic andesite, and unconformably overlies the mafic

tuff, of the basal intermediate sequence. It is conformably overlain

by the porphyritic rhyolite flows.

Contact relationships of the Yellow Mountain rhyolite flows are

poorly defined because of the prevalent exposure as blocky scree.

Contacts with the intrusive aphanitic rhyolite domes and the Lodge-

pole aphanitic rhyolite dome are not exposed, but these domes predate

the flows. Contacts with the younger multilithologic intrusive brec-

cia and porphyritic rhyolite domes are also rarely exposed, but

emplacement of these units post-dates rhyolite extrusion.

Age

A radiometric date of 13 m.y. was obtained from flows exposed in

the northwestern part of the area mapped (see discussion in section

on potassium-argon age data). Because it was not possible to define

flow stratigraphy within the rhyolites, the extrusive phase repre-

sented by this date could not be identified. However, textural and

chemical similarities throughout the rhyolite indicate a lack of

significant differentiation or variation between possible multiple

phases of extrusion; thus, all exposures are probably time equiva-

lent.
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Intrusive Yellow Mountain Porphyritic Rhyolite

Intrusive phases of the Yellow Mountain porphyritic rhyolite are

distributed along a north-south arcuate trend in the east-central

portion of the map area, and are believed to be local sources of the

extrusive phases. Intrusive phases of the Yellow Mountain porphy-

ritic rhyolite are moderate to deep purple or greyish purple in

color, except where bleached. They commonly display a circular

outcrop pattern of positive relief or a dike-like form, have well-

developed, highly contorted, and steeply-dipping flow banding, and

show incipient to wel l- developed auto-brecciation near the peri-

pheries of domal exposures. Abundant vesicles flattened parallel to

flow banding are present in some exposures, although the flow banding

itself may be progressively destroyed by alteration in zones of

mineralization.

Lithology and Petrography

These rocks are petrographical ly similar to their extrusive

counterparts, but they are more finely crystalline. Phenocrysts of

sanidine generally range from 1.0 to 4.0 mm in length and 5 to 10

percent by volume. A bimodal size distribution of phenocrysts is

less prevalent than in the extrusive rhyolites, but where present,

ranges from between 2 to 4 mm and 0.1 to 0.5mm in length. Sanidine

crystals are anhedral to euhedral, and occasionally exhibit Carlsbad

twins and glomeroporphyritic textures. The phenocrysts are generally

highly altered, and they are often completely removed leaving
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euhedral void spaces. Sanidine crystals have been replaced by micro-

granular aggregates of quartz and sericite at some locations. The

phenocrysts occasional ly show entrapment of matrix material during

growth, and embayment by or partial reaction with the groundmass.

Mafic minerals are not present in these rocks, but the rhyolites

contain up to 8 percent iron oxides. Most exposures of this unit are

associated with mineralized areas; consequently, the lack of mafic

minerals is likely a result of hydrothermal alteration. Apatite, in

trace amounts, is the only accessory mineral present.

Groundmass textures of the rhyolites are highly variable.

Microlites of potassium feldspar, ranging from 0.1 to 1.0 mm in

length, vary in abundance from 30 percent and unoriented, to 90

percent by volume and roughly aligned. Microspherulites are present

in abundances varying from 5 to 95 percent of the rock. Micro-

poikilitic quartz "mosaic" textures are poorly developed or absent.

As shown in Figure 5, some of the rhyolites show a microgranular,

felsitic texture with granular size variations coincident to flow

banding. This texture is probably a product of recrystallization or

progressive silicification, rather than of devitrification.

Stratigraphic and Contact Relations

Emplacement of the intrusive Yellow Mountain porphyritic rhyo-

lite closely followed deposition of the extrusive phases. It pre-

dated emplacement of the multilithologic intrusive breccia.
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Figure 5: Photomicrograph of flow-laminated
Yellow Mountain porphyritic
rhyolite (2.5x; uncrossed nicols).
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Contact relationships of this unit are generally not exposed.

Outcrops of the rhyolite most commonly occur as plug-like bodies of

low positive relief which form domal piles of blockly scree and

obscur vent contacts. These plugs commonly contain intrusion brec-

cias, abundant lithophysae, or both. The northern exposure of this

unit is dike-like in plan, but is surrounded by soil cover and does

not have exposed contacts. Although it is topographically overlain by

float of extrusive phases, it is not clear whether this body repre-

sents a source vent. Evidence for venting is absent, in spite of the

close spatial relationships between intrusive and extrusive rhyolites

at this location. The intrusive Yellow Mountain porphyritic rhyolite

in the Klondyke Mines area has clearly been intruded by the multi-

lithol ogic intrusive breccia and the younger porphyritic rhyolite

domes. Contacts with extrusive phases of this rhyolite, however, are

gradational. The intrusive rhyolite may represent a fissure vent

subjected to parallel post-emplacement subsidence at this location.

Multilithologic Intrusive Breccia

The mul ti 1 ithol ogi c intrusive breccia is discontinuously exposed

along a northeast-southwest arcuate trend concave to the west in the

center of the district. Its distribution closely parallels that of

the intrusive Yellow Mountain porphyritic rhyolite. Lithic and

pumiceous fragments in the breccia are heterogeneous and vary in

composition, size, and abundance. Stratigraphically higher exposures

of the breccia contain angular and subangular voids, indicative of
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weathering of fragments. The matrix is finely prophyritic, and

contains crystals of sanidine which average 5 percent by volume and

less than 1 mm in length. It is generally white to grayish white in

color, and chalcedonic. Weathered breccia surfaces are locally iron-

stained, and exposures of unaltered breccia are rare. Both plugs and

flow lobes were formed where the intrusive breccias breached the

paleosurface.

Lithology, Petrography, and Alteration

The breccias are megascopically highly variable with respect to

percentage of void space, lithic to pumice fragment ratios, and

composition and rounding of clasts. These variations are collective-

ly a function of the level of intrusion, proximity to the paleosur-

face, and the distance of transport of included fragments. Breccias

between the Moonlight and Modoc Mines are exposed at or very close to

the paleosurface, whereas those in the Discovery Hill and Klondyke

Mine areas represent deeper levels of the intrusions. Differences

between levels of exposure are described accordingly.

Breccias at the Moonlight Mines are highly pumiceous, and con-

tain pumice (up to 30%) and lithic (10%) fragments which vary from

pebbles to cobbles in size. Lithic fragments consist of abundant

flow banded rhyolite and rare andesite, but neither bedding nor sort-

ing of clasts is evident. The breccias also contain angular void

space, up to 25 percent by volume, and 30 cm in diameter. These

macroscopic textures are illustrated in Figure 6. Plugs and flow



Figure 6: Silicified pumiceous multilithologic
intrusive breccia.
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lobes of the breccia are found in the NE 1/4 sec. 1 and the SE 1/4

sec. 36, west and northwest of the Sunshine Mine. The topographical-

ly prominent plugs exposed along the western edge of a ridge at this

location are composed of essentially clast-free felsitic interiors

which change abruptly outward to highly fragmental rinds and rubbly

bases. Pumice fragments are not conspicuous, and void spaces (15%)

are relatively small (10 cm). Incoherent blocky rubble of a flow

lobe west-northwest of the Sunshine adit exhibits moderately well-

developed flow structures and shear brecciation. This autobrec-

ciation has caused local rotation of fragments composed of wood,

clastic sedimentary rocks, and felsite. Breccias at the shaft of the

Modoc Mines do not contain void space but are highly fragmental.

Clasts are a mix of angular to subangular volcanic and sedimentary

rocks, many of which have been brecciated and cemented by microcrys-

talline quartz. Some of the volcanic fragments are megascopically

identifiable as Yellow Mountain porphyritic rhyolite. Deeper levels

of the intrusive breccias are exposed on Discovery Hill. These

contain a low ratio of pumice to lithic clasts, with angular lithics

in concentrations of 45 to 55 percent. Fragment lithologies include

abundant andesite and aphanitic rhyolite, and rarely pumice. Sedi-

mentary clasts are not present, and void space is uncommon. Fragment

lithologies in breccias northeast of Discovery Hill include abundant

Yellow Mountain porphyritic rhyolite, moderate pumice, and moderate

to rare andesite. Non-chalcedonic breccias are found only at the

northeastern edge of the Lodgepole aphanitic rhyolite dome and north
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of the road to the Klondyke Mines in the SE 1/4 sec 1. The abundance

of fragments is variable, but averages 40 percent by volume. Pumice

is not present in these rocks. The clasts consist of andesitic and

rhyolitic volcanics, but their sources are not identifiable. Many of

the fragments were brecciated and recemented prior to incorporation

into the breccia at these locations, as at the Modoc Mines.

The breccias are mineralogical ly simple,as shown in Figure 7.

They have been almost wholly recrystallized or replaced by granular

aggregates of quartz and adularia which are microcrystalline to

cryptocrystalline. Pumice fragments are invariably more coarsely

crystalline than lithic fragments, which are in turn generally

coarser than the matrix. Adularia is often euhedral in the more

coarsely crystalline lithic and pumice fragments, and it is ubiqui-

tous throughout the matrix as well. Concentrations of adularia vary

with the intensity of alteration, but in general are 4 to 7 percent

by volume. Relict textures in the more pumiceous breccias, especial-

ly those representing proximity to the paleosurface between the

Moonlight and Modoc Mines, include perlitic fractures, y-shaped

shards, eutaxitic-like textures, laminar flow structures, relatively

undeformed vesiculated areas, and we outlines of the frag-

ments. Trace amounts of glass in the matrix, and spherulitic

devitrification in both fragments and matrix, are preserved in less

altered samples. Indentifiable lithic fragments are microlitic

aphanites which display trachytic or pilotaxitic textures, but these

textures are destroyed with progressive alteration. Primary crystals
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Figure 7: Photomicrograph of silicified pumiceous
multilithologic intrusive breccia
(2.5x; crossed nicols).
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of sanidine are euhedral to anhedral in shape, range between 0.5 to

3.6 mm in length, and constitute 3 to 8 percent by volume. Smal ler

crystals of sanidine are generally more anhedral than the larger

ones, because of more intense alteration or recrystallization.

Sericite in trace amounts is occasionally observed in the matrix, but

is most commonly associated with quartz-sericite alteration of sani-

dine crystals. Terminated, secondary quartz crystals typically

protrude outward from the matrix into the interiors of vesicles.

Opaque minerals are anhedral to euhedral and 2 percent by volume.

Trace amounts of jarosite and, green, amorphous clays are also

present. Oxides consist of locally abundant hematite and moderate

limonite. Primary matrix components, other than sanidine, are not

identifiable because of the intense alteration, recrystallization,

and masking by pervasive hematite stain in less altered rocks.

Stratigraphic and Contact Relations

Emplacement of the multilithologic intrusive breccia post-dates

that of the extrusive-intrusive Yellow Mountain porphyritic rhyolite,

and predates that of the porphyritic rhyolite flow. The erratic

distribution of the breccias leads to poorly defined contact rela-

tionships. This distribution is probably as much a function of

multiple local sources and limited initial extent as of local preser-

vation by virtue of silicification.

Intrusive contacts are definable on the south flank of Discovery

Hill, where the breccia crosscuts a large exposure of the aphanitic
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rhyolite domes. The breccia intrudes this same unit southwest of the

Sunshine Mine, where an apparent fault contact exposes vertical

slickensides on the face of the topographically higher breccia plug.

Breccias near the northeastern aphanitic rhyolite dome and the

Lodgepo 1 e aphanitic rhyo 1 i to dome have apparently intruded al ong

structural weaknesses at the edge of these domes, although contacts

are not exposed.

The breccia clearly crosscuts intrusive Yellow Mountain porphy-

ritic rhyolite to the north and south of the Klondyke Mines. It is

traceable as two distinct dike-like bodies which trend east-west at

this location. Although contact relationships are not exposed, the

breccia is inferred to intrude the same unit at the Modoc Mines.

The most extensive lateral exposure of this unit surrounds the

junction of Tps. 47 and 48 N., Rs. 15 and 16 E., where both plugs and

flow lobes of the breccia are exposed. The plugs have a high posi-

tive relief and have apparently intruded their own effusive cover.

The flow lobes themsel ves are thin (< 20 m) and do not have exposed

depositional contacts. They are inferred to conformably overlie the

extrusive Yellow Mountain porphyritic rhyolite.

Mode of Emplacement

These rocks have been designated intrusive breccias, following

the nomenclature of Wright and Bowes (1963). This is a non-genetic

term referring only to the crosscutting relations exhibited by the

breccias as a group; it has no implications regarding the cause of
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brecciation. Although these rocks may actually be breccias formed by

mechanical disruption of country rock by intrusion of a magma (Wright

and Bowes, 1963, p. 81-82), the cause of brecciation cannot be pre-

cisely identified.

The primary, unreplaced breccia matrix is inferred to have been

an igneous magma, and not a rock flour, based on the presence of

euhedral sanidine, glass, perlitic fractures, flow structures, and

the clast-free interiors of the felsite plugs. Brecciation and

intrusion were probably caused by some combination of structural

brecciation prior to magmatic intrusion, forcible injection of magma,

magmatic stoping, and gaseous explosions preceeding the rising magma.

Erratic exposures and intense alteration cause difficulty in inter-

preting the genesis of the breccias, but evidence for each of these

mechanisms is present. Consequently, brecciation may have both pre-

ceeded and resulted from intrusion of magma.

Pre-existing structural brecciation may be partially responsible

for the creation of lithic fragments incorporated into the breccia.

A structural control is undoubtedly responsible for localizing many

of the breccias. Evidence for this is their prevalent occurrence on

the flanks of the older domes or within older vent areas, and the

arcuate alignment of exposures. In addition, two contact intercepts

drilled by At Precious Metals suggest that west of the Sunshine

Mine, the breccia has invaded a structure trending north-northwest

and dipping 60°E. One of these intercepts is a fault contact between

the breccia and an aphanitic rhyolite dome. The other intercept
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pierced this structure and entered lacustrine sedimentary rocks up-

lifted along the footwall. Sedimentary clasts are most often present

in surface exposures of the breccia near the Sunshine Mine, presum-

ably because sediments form the footwal 1 of a structural conduit.

Surficial evidence of this structure is the linear alignment of

felsite plugs and the pronounced talus slope developed to the west of

them.

Indirect evidence that the breccia made room for itself by forc-

ible injection of magma is present only near the Klondyke Mines,

where two sinuous dike-like bodies are exposed. These bodies are

likely to be related at depth, and each may represent a dike of a

larger intrusion. The dikes contain few lithic clasts and have not

invaded any structures now visible. The sinuous aspect of the intru-

sions indicates that they forcefully invaded a plane of weakness in

the country rock. The dearth of lithic fragments indicates that

neither magmatic stoping nor explosive brecciation was a major factor

governing breccia emplacement. Vertical slickensides on the peri-

pheries of several felsite plugs near the Sunshine Mines are also

indicative of forcible injection.

Magmatic stoping may have been active in breccia emplacement on

the south flank of Discovery Hill, where the breccia crosscuts an

aphanitic rhyolite dome. Contact relationships between the breccia

and dome are sharply defined within 300 vertical feet of andesite

outcrop. The breccia contains angular clasts of both andesite and

aphanitic rhyolite, ranging from 45 to 55 percent by volume, at this
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location. It probably intruded these two rock types by wedging and

breaking apart blocks of country rock, and incorporating them into

the rising magma.

Brecciation by gaseous explosions preceeding the rising magma

column probably played a minor role in forming the breccias. Evi-

dence for this mechanism is found only at the Modoc Mine shaft and in

the unaltered breccia at the Klondyke Mines. Multiple events of

brecciation are postulated at these locations because of the presence

of fragments which had been subjected to multiple brecciation, quartz

veining, and silicification prior to incorporation in the breccia.

The precise role of gaseous explosive events cannot be ascertained,

but the initial magma was undoubtedly volatile-rich. Evidence for

this is the ubiquitous vesiculated and pumiceous zones within the

breccia, which are found even in clearly intrusive portions.

The positive relief and rubbly flanks of the felsite plugs, and

limited distribution of flow lobes, suggest extreme viscosity of the

source magma. Non-fragmental felsite plugs were probably formed as a

result of a larger conduit size and volume of magma emplaced. Evi-

dence of explosive venting of the magma is not present.

Porphyritic Rhyolite Flow

Porphyritic rhyolite flows are exposed in the east-central and

southeast parts of the map area. They contain phenocrysts of quartz

and sanidine, 25 to 30 percent by volume and 1 to 4 mm in length, in

a partially to wholly devitrified matrix. Where wholly devitrified,
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the flows frequently display a banded texture developed coincident

with size variations of the devitrification products. Devitrified

flows are typically pinkish red or ye 1 lowish orange in col or, in

contrast to vitric portions that are black. They are non-resistent

rocks which are topographically expressed as smooth, gentle, vege-

tated slopes. The flows occur as thick accumulations of talus and as

exposures in road cuts. They have a distinctive red to reddish-brown

or yellowish-orange color. Unaltered black vitrophyre and columnar

jointing are found in these flows only near the eastern boundary of

sec. 1, on the north side of the road to Mineral Spring. Perlitic

textures are well-developed in the southeastern exposures along the

main road to Ft. Bidwell. This unit has a maximum exposed topo-

graphic thickness of 267 meters in the southeastern part of the map

area, but exposures are noteably absent in the northeast.

The porphyritic rhyolite flows were probably extruded from mul-

tiple local sources, all of which may not be located within the area

mapped. These source areas are represented within the district by

the porphyritic rhyolite domes. The distribution and topographic

relationships of the porphyritic domes and flows to the northwest and

southeast of the Klondyke Mines support the concepts of multiple

sources and flowage over pre-existing topography. The flow southwest

of the Klondyke Mines is exposed on a southeast-facing slope and

topographically underlies as well as overlies the Yellow Mountain

porphyritic rhyolite. This flow is also spatially separated from and

at lower elevations than similar exposures northwest of the Klondyke
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Mines. Evidence of structural displacement separating the two ex-

posures is not present. These stratigraphic relationships may be

explained by spatially separated sources for the two exposures, and

subsequent flowage over a pre-existing topography. The lack of flows

in the northeast part of the map area is probably due to a combina-

tion of non-deposition and local removal by erosion.

Lithology and Petrograhy

The rhyolite flows are fine grained vitrophyres which frequently

display perlitic textures. The phenocrysts consist of crystals of

quartz, sanidine, and micrographic intergrowths of quartz and sani-

dine. Quartz, ranging from 0.1 to 0.3 mm in length, comprises 3 to 5

percent by volume, whereas sanidine ranges from 0.1 to 3.0 mm in

length and comprises 18 to 25 percent of the host. Micrographic

quartz-feldspar intergrowths are present in concentrations of up to 3

percent, and range from 1.0 to 3.0 mm in diameter. Accessory

minerals include apatite and zircon in trace amounts, and dissemi-

nated anhedral opaques (1-2%). Matrix components vary from rhyolitic

glass (R.I. < 1.54), to some combination of glass, crystallites, and

products of devitrification. Incipient devitrification is found on

perlitic fractures in glassy samples. However, the flows are more

commonly devitrified to a microspheru 1 itic and cryptocrystal line

felsitic groundmass which may be size-graded, forming a banded

pattern. Secondary (?) opaline silica is also present up to four

percent by volume.
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The phenocrysts vary from euhedral to anhedral, with the smaller

crystals tending more toward anhedral shapes and having a fragmental

or broken character. Sanidine phenocrysts infrequently show bands of

impurities concentrated along the short axis of the lath, which

probably represents periods of arrested crystal growth. Carlsbad

twinning is found in 3 percent of the sanidine phenocrysts. Pheno-

crysts of both quartz and sanidine (2-7% of total) show embayment

textures with respect to the matrix. This is apparently a result of

entrapment during crystal growth, as there is little evidence of

resorption of the phenocrysts due to magma disequilibrium. The

micrographic quartz-sanidine intergrowths form dendritic patterns,

but occasionally a central sanidine crystal is surrounded by graph-

ically intergrown phases. This pattern suggests a period of sanidine

crystallization prior to eutectic crystallization of quartz and

feldspar.

Stratigraphic and Contact Relations

Deposition of these flows predates the emplacement of several

porphyritic rhyolite domes and the deposition of the mafic sequence,

but post-dates metal logenic events and all other units within the

district. The non-resistent nature of this unit leads to poorly

defined and generally unexposed contact relationships. However,

these flows probably have conformable contacts with the underlying

Yellow Mountain prophyritic rhyolite and the overlying basalt flows.

Contacts with the younger porphyritic rhyolite domes are intrusive.
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Porphyritic Rhyolite Domes

The porphyritic rhyolite domes form a distinctive unit distri-

buted throughout the eastern part of the map area in close spatial

association with the porphyritic rhyolite flows. Exposures are

roughly oval in plan and greyish white in color. The domes locally

are flow banded, exhibit columnar jointing, and appear unaltered

except for locally light bleaching and hematite staining. The rhyo-

lites contain phenocrysts of quartz and sanidine, 35 to 40 percent by

volume, in an aphanitic felsic groundmass.

The most prominent dome forms the ridge north of the Klondyke

Mines, and, as shown in Figure 8, is highly visible because of its

white color and positive relief. Dimensions of the dome are 200 by

330 meters, with the long axis trending northeast. The southwest

base of this dome has been intruded by veins of chalcedony which

microscopically exhibit a thunder-egg texture. A larger, but less

prominent, dome is found southeast of the Kondyke Mines in the NW 1/4

sec. 7. It is 700 by 200 meters in dimension, with the long axis

trending southeast. This dome has also been intruded by micro-

veinlets of chalcedony. Two smaller domes (radius < 100 m) are

exposed east and northeast of the larger one, and are probably

related apophyses of that dome. Small exposures (radius < 80 m) not

obviously related to a larger body are randomly distributed within

the eastern extent of the prophyritic rhyolite flows. An isolated

exposure, 60 by 150 meters in dimension, is surrounded by Yellow

Mountain porphyritic rhyolite in the northeastern part of the area.
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.

Figure 8: Porphyritic rhyolite dome (foreground)
and Yellow Mountain porphyritic rhyolite
plug (background).
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Lithology and Petrography

The porphyritic rhyolites are finely crystalline and phaneri-

tic, and contain inequigranular phenocrysts that exhibit a seriate

size distribution. The phenocrysts are composed of quartz, sanidine,

and micrographic intergrowths of quartz and sanidine. Quartz pheno-

crysts are subhedral, presumably the result of resorption along

crystal boundaries caused by magmatic disequilibrium. They comprise

5 to 7 percent of the host, range from 0.3 to 2.0 mm in lenth, are

general ly fractured, and have entrapped small amounts of matrix

material during growth. Sanidine phenocrysts range from 27 to 32

percent by volume, and 0.1 to 2.0 mm in length. They are subhedral

to euhedral, and may be embayed by and slightly reacted with the

groundmass. Some crystals of sanidine exhibit glomeroporphyritic

textures and Carlsbad twins. Micrographic quartz-feldspar inter-

growths comprise 3 to 5 percent of the host and range from 0.1 to 2.5

mm in diameter. Most are completely intergrown, but occasionally

intergrown phases surround a euhedral crystal of sanidine.

Accessory minerals are randomly distributed throughout the

matrix, and include trace amounts of zircon and apatite, and 2

percent anhedral opaques (possibly specular hematite). Rutile

needles (less than 1%) are present in the phenocrysts of quartz.

Small amounts (3-5%) of cryptocrystalline mafic minerals are dissemi-

nated throughout the groundmass, and they probably consist of green

hornblende that has undergone some alteration to chlorite. These
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rocks also contain a dark green, opaque clay, which is possibly a

basal section of illite. Identifiable matrix components of the

rhyolites consist of glass (2-3%), unoriented microlites (5-15%), and

microspherulites (5-30%). The remainder is feebly birefringent,

cryptocrystalline, and felsitic.

Stratigraphic and Contact Relations

Intrusion of the porphyritic rhyolite domes represents the final

phase in the formation of the silicic sequence, and predates only the

mafic sequence. Contact relationships are generally poorly defined.

Contacts are observable only north of the Klondyke Mines, where a

dome intrudes the Yellow Mountain porphyritic rhyolite. Field rela-

tionships suggest that it has intruded only this unit and the porphy-

ritic rhyolite flows with which it is genetically associated. The

unit is unmineralized, and consequently post-dates all units older

than the porphyritic rhyolite flows.

Age

A radiometric age of 12 m.y. was obtained for a sample of the

porphyritic rhyolite dome col lected from an exposure north of the

Klondyke Mines (see discussion in section on potassium-argon age

data). This date represents an upper limit to both the age of

mineralization and the formation of the silicic sequence within the

High Grade district.
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Mode of Emplacement

Rhyolites of this unit are volcanic plugs as defined by

MacDonald (1972), i.e., solidified magma or tephra having a more or

less cylindrical form. The two largest exposures of these rhyolites

described north and southeast of the Klondyke Mines might more ac-

curately be termed volcanic necks, as they appear to be volcanic

plugs located in what are believed to be source vents for the porphy-

ritic rhyolite flows. The smaller exposures described in the eastern

portion of the area may also represent local sources for these flows.

However, their limited lateral extent suggests that they are

apophyses of the magma which filled the volcanic necks, and are not

themselves major source vents.

Although these plugs are mineralogically similar to the porphy-

ritic rhyolite flows and are probably genetically related to them, it

is unlikely that the plugs themselves reached the surface. The well-

developed columnar jointing in the volcanic neck north of the

Klondyke Mines, the lack of a glassy selvage around the necks, and

their subcircular outcrop patterns collectively indicate that they

did not reach the surface to form plug domes. However, because two

of the volcanic necks are exposed adjacent to and at topographically

higher elevations than the associated flows, an extrusive origin

cannot be total ly dismissed. These plugs appear to have been

passively emplaced into pre-existing conduits as highly viscous,

partially crystallized magmas, rather than by forceful injection or
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magmatic stoping. This conclusion is supported by the absence of

structural deformation of surrounding country rocks and the apparent

lack of xenoliths, intrusion breccias, and vertical slickensides.

MAFIC SEQUENCE

The youngest stratigraphic suite in the High Grade district is

composed of a localized scoriaceous vent breccia and an extensive

sequence of basalt flows. The basalt flows have not been traced out

of the district or correlated to the Miocene and Pliocene flood

basal is located within and surrounding the Warner Mountains. The K-

Ar age of 12 m.y. reported for the porphyritic rhyolite domes is con-

sidered to be a maximum age for deposition of the basalt flows in

this sequence.

Scoriacious Vent Breccia

Exposures of scoriaceous vent breccia are restricted to a single

cluster in the northern portion of the map area in the NW 1/4 sec.

35. They are composed of a dark brown, partially devitrified scori-

aceous glass which contains laths of plagioclase feldspar. The

feldspar crystals range from 1.0 to 2.0 mm in length and up to 5

percent by volume. Some of the vesicles within the scoria have been

filled with secondary opal. The isolated outcrops and float which

define this unit are surrounded by soil cover and do not have exposed

contacts with other rock types in the district. This unit is prob-

ably a local vent breccia which post-dates the formation of the
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silicic sequence. It is probably time equivalent to the sequence of

mafic volcanism, although its age and stratigraphic relationship to

the capping basalt flows of the district are unclear.

Basalt

A thick sequence of basalt flows is exposed along the entire

north-south extent of the eastern quarter of the map area. The

basalts are fresh, dense, porphyritic flows which weather to a dull

brown color. They are exposed as isolated inliers near the Modoc

Mines in the northern portion of the district, and as continuous

flows which are traceable from the Moonlight Mines southeastward out

of the district. These flows form planar benches which strike

slightly west of north and dip gently (<30) east. Their combined

exposed thickness is approximately 200 meters. The flows are non-

vesicular and lack well-developed soil horizons or baked contacts,

which suggests that they were rapidly deposited by successive pulses

of fluid magma.

Lithology and Petrography

The basalt flows are weakly porphyritic rocks whose dominant

textural types include pilotaxitic, sub-ophitic, and occasional ly

diabasic. Phenocrysts of andesine (An42) are subhedral to euhedral

and range from 1.6 to 3.3 mm in length. They comprise approximately

3 percent of the rock, and commonly display albite twins. Carlsbad

twins are less common, and both pericline twins and zoning are rare.
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The phenocrysts of plagioclase feldspar contain small inclusions of

clinopyroxene, apatite, and magnetite. Both clinopyroxene and

olivine are present in the groundmass, with olivine less abundant

than clinopyroxene. Augite comprises 25 percent of the rock, and is

present as sub-ophitic grains (1.0-1.5 mm) and as smaller (0.6 mm)

anhedra that are interstitial to crystals of plagioclase feldspar.

Anhedral grains of olivine range from 0.1 to 0.5 mm in diameter and

comprise approximately 10 percent of the groundmass. Magnetite is

found in concentrations of up to 5 percent in the groundmass, and has

an average diameter of 0.1 mm. Crystal shapes vary from euhedra to

disseminated anhedra that are interstitial to microlites of the

groundmass. All of the magnetite is primary. The groundmass is

composed of microlites of pilotaxitic plagioclase feldspar. These

microlites consist of labradorite (An65) laths which are charac-

teristically subhedral and range from approximately 0.2 to 0.8 mm in

length.

Stratigraphic and Contact Relations

The capping basalt flows are the uppermost stratigraphic unit in

the High Grade district, and they post-date the formation of both the

silicic sequence and its associated metallogenic events.

Isolated inliers of basalt are found in the northern part of the

map area. The western inlier crops out on the boundary between sec-

tions 35 and 36, where it has been down-faulted into its present

position and does not have exposed contacts. Other inliers are
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exposed as groups of isolated outcrops west and north of the Modoc

Mines. They form knobby outcrops of positive relief surrounded by

scattered float of Yellow Mountain porphyritic rhyolite. These are

erosional inliers which unconformably overlie flows of the Yellow

Mountain porphyritic rhyolite. Basal is are exposed as isolated

outcrops of low relief and as float in the northeastern corner of the

map area. Contact relationships in this area are poorly exposed or

completely obscured by vegetation, lack of outcrop, and the presence

of Dismal Swamp. Well-developed, continuous benches of the basalt

flows are exposed south and east of the Moonlight Mines. The base of

these flows is fairly even at an elevation between 7600 and 7800

feet, where it overlies flows of the porphyritic rhyolite. Because

of the non-resistent nature of the underlying rhyolite f 1 ows, the

contact is not exposed. However, in the absence of a developed soil

horizon or baked contact zone at the base of the basalt flows, this

contact is considered to be conformable.

QUATERNARY DEPOSITS

Quaternary deposits are restricted to the north-central portion

of the map area, and include only soil cover and talus. The soil

horizon is poorly developed. It is thin, sandy, and contains blocky

rubble. Talus slopes are steep and mul ti 1 ithol ogic, and are bel ieved

to have formed along the traces of unexposed normal faults. Alluvium

is not present within the district.
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STRUCTURE

The timing of basin and range block faulting in the Warner

Mountains of Oregon has been estimated as early Pleistocene (Peterson

and McIntyre, 1970), and not earlier than mid-late Miocene (15 m.y.)

in the California segment of the range (Duffield and McKee, 1974).

Slosson (1974) showed that fault activity along the western range

front in California began at least 6 to 8 m.y. ago. Dip-slip dis-

placement along the western range front in Oregon is estimated to

exceed 5000 feet, and with several stages of uplift indicated by

well-developed terraces and faceted spurs (Peterson and McIntyre,

1970). Vertical displacement along the Surprise Valley Fault, form-

ing the eastern range front, is estimated to be more than 2000 feet

in Oregon (Larson, 1965), and 6000 to 12000 feet in California

(Duffield and McKee, 1974; Slosson, 1974).

Few studies detailing the regional fault patterns of the Basin

and Range in northeastern California have been published. However,

similarities in structural patterns have been noted between this

region and analagous structures in adjacent south-central Oregon

(Hannah, 1977; McKee et. al., 1983). The fault patterns in Oregon

are generally composed of two principal fault sets which trend north-

west and northeast, although the dominance of a particular trend

varies local ly within any range or area (Larson, 1965). Peterson

(1959) described three fault sets in an area 15 miles northwest of

Lakeview, Oregon. These are N. 45° W., N. 45° E., and N. 15° E.; all
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three sets are considered to have been active contemporaneously.

Because Peterson (1959) also shows northeast-trending faults of

intermediate strike on his map, it is possible that the two north-

east-trending sets represent limits of variation within one scattered

set (Larson, 1965). A reconnaissance survey by Walker (1963), which

included the area mapped by Peterson, also depicted three sets of

faults. These trend N. 30 ° -50° W., N. 300-45° E., and approximately

N-S. Donath (1962) conducted a detailed analysis of two intersecting

fault sets trending N. 35° W. and N. 20° E. in central Lake County,

Oregon. Because both sets offset each other, they are assumed to

have developed penecontemporaneously. Donath (1962) concluded that

the initial principal stress axis was essentially horizontal and

north-south in orientation. This orientation of the stress field

resulted in a conjugate set of vertical shears with minimal shear

movement. Block faults were initiated subsequent to the release of

north-south compressional stress.

The northwest and north-northeast principal fault directions are

developed, on both a small and large scale, throughout the Basin and

Range province in southern Oregon. This consistency would appear to

require the imposition of a generally uniform regional stress field.

Larson (1965), on the basis of evidence from the Plush, Oregon, area,

suggested that both fault sets were formed during the late Miocene to

late Pliocene with minor dip-slip movement. He also interpreted the

two fault sets to be conjugate shear fractures formed by an essen-

tially horizontal maximum stress axis oriented north-south or
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slightly west of north. Uplift and block faulting probably post-

dated this stress field, and became dominant during the late Pliocene

and Pleistocene (Larson, 1965).

Fault patterns within the High Grade district are consistent

with the northwest and north-northeast principal fault patterns of

southern Oregon. Large scale fault trends are N. 350-70° W., N. 30 °-

65° E., and roughly N-S. Small scale faults and fracture zones are

associated with local events of intrusive doming, and their trends

are generally not directly related to the large scale fault patterns.

Because of the discontinuous exposure of most extrusive rocks and the

restricted lateral extent of intrusive rhyolites, the traces of these

faults are rarely exposed in the district, and accordingly, the

amounts of offset are difficult to estimate. The locations and

displacement directions of many faults are based on geomorphic and

geologic relationships; structural contacts between rock types are

not exposed. However, all large scale faults are considered to be

normal faults that are steeply dipping to vertical. Evidence for

strike-slip movement is lacking.

The northwest-trending faults are dominant in the district and

most exhibit several hundred feet of dip-slip movement. Northeast and

north-south trending normal faults, in general, have less displace-

ment; perhaps to a maximum of 200 feet in some cases. Faults having

a larger apparent displacement may have been truncated by those of

the northwest-trending set. However, not a single fault set consis-

tently truncates or offsets the others. Thus, all fault sets are
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assumed to have formed essentially contemporaneously. Both the

northwest and northeast-trending faults crosscut flows of basalt,

which are considered the youngest rocks in the district. Therefore,

the latest time of fault movement can be no earlier than 12 m.y.

The alignment of both mineralization and intrusive rhyolite

domes of the silicic sequence along a roughly N. 30° E. trend consti-

tutes the most conspicuous linear feature within the High Grade

district. Localization of these features may have been controlled by

intersections of faults at depth that formed contemporaneously with

or prior to the silicic magmatism. These structural intersections

were in turn probably related to tectonic extension of the volcanic

field. The linear structures are apparently normal faults with

trends oriented north-northwest to northeast. These orientations

imply a northwest-southeast extension in the High Grade district

during emplacement of the silicic sequence and subsequent mineraliza-

tion. The time of this extension, based on K-Ar age determinations

within the silicic sequence, is estimated to have been between 12-14

m.y.
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POTASSIUM-ARGON AGE DATA

Potassium-argon age determinations were obtained from three dis-

tinctive rock units of the silicic sequence, and the general results

have been reported in a previous section. Data for the age deter-

minations are tabulated in Table 1, and sample locations are depicted

on Plate 3. The samples dated were chosen from outcrops which appear

to be megascopical ly unaltered. However, as will be noted in the

following section on petrochemistry, the seemingly "fresh" rocks

exhibit compositional peculiarities that are indicative of

alteration. Accordingly, further discussion of the K-Ar data is

warranted.

The youngest age determined in this study is 12 m.y. for a

sanidine concentrate from sample KAR-1 of the porphyritic rhyolite

dome. Partial major oxide analyses of this sample, as whole rock,

are listed in Table 2 (no. 883) in the following section. The sample

is chemically anomalous as defined by the high Si02 (81.50%), low

A1203 (8.80%), and low K20 (3.40%) contents that are indicative of

hydrothermal alteration. Although petrographic analysis shows that

the phenocrysts of quartz and sanidine are slightly embayed and have

reacted with the groundmass, the feldspar is unaltered except along

crystal margins and has not been replaced by clay minerals. The

groundmass, however, has been texturally and mineralogically altered

to a cryptocrystalline, granular mosaic consisting primarily of

quartz. Thus, the alteration which produced the anomalous oxide



Table 1

Potassium-Argon Age Data.

K-Ar Oxide
Error 40*/Rock Sample Analysis' Material

2
Age Ar4" K

40
Ar

40Type # # Analyzed m.y. ± m.y. ppm ppm K

porphyritic
rhyolite
dome

Yellow Mtn.
porphyritic
rhyolite

1

2

sanidine

883 concentrate 12.1 0.6 .003154 4.436 .000711

sanidine
887 concentrate 13.6 0.6 .005182 6.506 .000797

aphanitic
rhyolite
domes 3 888

whole rock 14.4 0.6 .007080 8.380 .000845

Constants used- AB = 4.72 x 10 -10 /year

Xe = 0.585 x 10 -10/year

K
40
/K= 1.22 x 10

-4
g./g.

'oxide analyses listed in Table 2; sample locations plotted on Plate 3.
2treated with dilute HF and HNO3 to remove alterations.
All analyses done by Krueger Enterprises, Inc., Cambridge, MA.
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concentrations appears to be confined to the groundmass. Consequent-

ly this age, as determined from phenocryst concentrates, is consid-

ered valid in spite of the alteration indicated by oxide analyses of

the whole rock sample.

An intermediate age of 13 m.y. was obtained for a sanidine

concentrate from sample KAR-2 of the extrusive Yellow Mountain

porphyritic rhyolite. The corresponding whole rock oxide analysis is

listed in Table 2 (no. 937). Neither chemical nor petrographic

analyses indicate alteration in this sample, and the age determina-

tion is considered valid.

The oldest age determined in this study is 14 m.y. for the

aphanitic rhyolite domes, and was obtained by a whole rock analysis

of sample KAR-3. However, hydrothermal or deuteric alteration is

indicated in the partial major oxide analysis of the whole rock

sample (Table 2, no. 333) by the high K20 (7.10%) and low 4a20

(1.90%) concentrations. Although petrographic analysis reveals the

presence of wispy, secondary quartz (vapor phase?) and an increase in

iron oxides relative to other samples of this unit, the microlites of

potassium feldspar have not been obviously altered and clay minerals

are not present. The high K20 content may reflect a hydrothermal

addition of potassium, in which case the reported age may be too

young. Alternatively, the K70 content may be unchanged and reflect

the removal of other constituents (as Na20) rather than an addition

of potassium. In this case the age may be valid, provided radiogenic

argon was not released during alteration. In the absence of evidence
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to the contrary, the reported date must be considered a minimum age

of the aphanitic rhyol ite domes.
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PETROCHEMISTRY OF THE SILICIC SEQUENCE

Concentrations of major element oxides provide a means by which

igneous rocks, especially aphanitic volcanic rocks, can be compared.

A suite of 17 samples was collected randomly from all rock units in

the silicic sequence, except the multilithologic intrusive breccia,

and analyzed for the major element oxides (Si02, Ti02, A1203, Fe203,

MnO, MgO, CaO, Na20, K20, and P205). Ideally, variations in the

concentrations of oxides result from primary differences in magma

composition, and may be illustrative of petrogenetic trends. How-

ever, these primary compositional trends may be obscurred if the

rocks have been subjected to post-emplacement alteration by super-

gene, hydrothermal, or deuteric processes. An examination of the

analytical results listed in Table 2 indicates that most of the rocks

in the sample suite have been altered, and that the alteration is, in

large part, reflected geochemically by variations in the concentra-

tions of Si02, A1203, Na20, and K20.

Alteration within rock units is indicated in'the raw data (Table

2) by large variations in the Si02 (69.50-78.00%), Na20 (0.30-5.30%),

and K20 (4.40-8.60%) contents of the Yellow Mountain porphyritic

rhyolite, the high Si02 (81.50%) concentration in the porphyritic

rhyolite domes, and the high K20 values in the aphanitic and Lodge-

pole rhyolite domes (9.00% and 9.80%, respectively). That these data

represent an effect of alteration processes may be verified by a

comparision of oxide fluctuations, graphically depicted on a Harker



Table 2

Major Oxide Analyses and Specific Gravities of Silicic Sequence Rocks.

Rock Type

Sample

0 510
2

TiO
2

Al2 0
3

Fe203 Mn0 Mg0 Ca0 Na20 K
2
0 P20

5
Total S.G.

extrusive

Yellow Mtn.

porphyritic

rhyolite

863

861

818

887

73.50

78.00

69.50

72.50

0.30

0.20

0.55

0.35

12.00

9.80

13.70

11.80

2.90

3.60

4.70

4.70

0.01

0.04

0.09

p.10

0.05

0.05

0.20

0.05

0.50

0.10

0.65

0.20

3.90

0.30

5.30

4.70

4.50

5.90

4.50

4.40

0.13

0.25

0.13

0.10

91.79

98.24

99.32

98.90

2.47

2.32

2.44

2.45

Intrusive

Yellow Mtn.

porphyritic
rhyolite

880

805

886

889

890

75.50

76.00

75.50

73.50

73.50

0.65

0.35

0.45

0.35

0.25

12.20

12.60

11.10

10.70

13.20

2.60

1.60

2.70

5.30

2.70

0.03

0.01

0.01

0.02

0.01

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.15

0.10

2.70

2.70

1.20

1.60

3.80

5.50

6.70

8.60

6.80

5.40

0.09

0.11

0.09

0.11

0.12

99.37

100.17

99.75

98.58

99.13

2.39

2.41

2.31

2.27

2.43

aphanitic

rhyolite
domes

879

888

TO

72.00

73.00

70.90

0.60

0.55

0.47

13.10

13.40

14.50

3.00

2.60

1.53

0.01

0.03

0.01

0.05

0.05

0.04

0.10

0.05

0.08

1.70

1.90

1.99

9.00

7.80

7.75

0.09

0.10

0.06

99.65

99.48

97.33

2.48

2.50

2.19

Lodgepole

aphanitic
rhyolite
dome

871

884

79.50

74.50

0.20

0.40

8.20

12.60

4.50

1.90

0.03

0.01

0.05

0.05

0.10

0.05

0.20

1.10

5.50

9.80

0.13

0.10

98.41

100.51

2.30

2.49

porphyritic

rhyolite
flow

882

Trf

73.50

77.10

0.20

0.14

10.50

9.71

3.40

2.53

0.10

0.05

0.30

0.03

0.25

0.06

2.50

3.76

5.00

4.10

0.12

0.01

95.87

97.49

2.37

2.25

porphyritic
rhyolite
domes

883 81.50 0.25 8.80 2.10 0.10 0.05 0.10 3.30 3.40 0.08 99.59 2.45

total iron as Fe203

All analyses done by llondar-Clegg I Co.. Inc.. Vancouver, 8.C., by x-ray fluorescence spectroscopy.

Sample locations plotted on Plate 3.
co
co
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(1909) variation diagram in which oxide versus Si02 concentrations

are plotted, to expected petrogenetic trends. Inter-oxide relation-

ships which define the petrogenetic trends of a coherent series of

rocks are an increase in A1203, Na20, and K20, and a decrease in

Ti02, FeO, MgO, and CaO, with a concomitant rise in Si02 (Cox et al.,

1979). However, as depicted in Figure 9, concentrations of A1203 and

total alkalis plus lime exhibit a general decrease with increasing

Si02 within the silicic sequence. Data not illustrated include broad

scatter in the concentrations of Ti02, Fe203, Na20, K20, and P205,

and little variation in MnO, MgO, and CaO, with respect to Si02

content. These data do not conform to expected trends, which demon-

strates that most of the rocks in the sample suite have been chemi-

cally altered.

Alteration is usually accompanied by the addition and depletion

of constituents and concomitant porosity changes, which are reflected

by variations in rock density. Consequently, changes in volume, bulk

density, and porosity must be examined before the alteration process

can be clearly defined (Hemley and Jones, 1964). For this reason,

the specific gravity of all samples was measured and oxide concentra-

tions, as weight percents, were converted to the gram equivalent per

cc values listed in Table 3. A comparison of oxide concentrations

expressed as weight percent (Table 2) versus gram equivalent per cc

values (Table 3) emphasizes the relative aspect of chemical varia-

tions reflected by the raw data. This is exemplified by different

gram equivalent per cc values (1.819, 1.667, 1.782) at equal weight
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Table 3

Major Oxide Analyses expressed as Gram Equivalent Values.

Rock Type

Sample
M SiO

2
710

2
Al2 0

3
Fe

2
0
3

*
Mn0 Mg0 Ca0 Na

2
0 K

2
0 P

2
0
5

extrusive 863 1.819 0.0074 0.291 0.072 0.0003 0.0012 0.0120 0.097 0.111 0.0032

Yellow Mtn. 861 1.810 0.0046 0.227 0.084 0.0009 0.0012 0.0020 0.007 6.137 0.0058

porphyritic 878 1.699 0.0134 0.335 0.115 0.0022 0.0049 0.0160 0.130 0.110 0.0032

rhyolite 887 1.773 0.0086 0.289 0.115 0.0024 0.0012 0.0050 0.115 0.108 0.0024

intrusive 880 1.806 0.0160 0.292 0.062 0.0007 0.0010 0.0010 0.065 0.132 0.0022

Yellow Mtn.

porphyritic
rhyolite

885

886

1.878

1.743

0.0086

0.0100

0.311

0.256

0.039

0.062

0.0002

0.0002

0.0012

0.0012

0.0012

0.0012

0.067

0.028

0.166

0.199

0.0027

0.0020

889 1.667 0.0079 0.243 0.120 0.0005 0.0011 0.0030 0.036 0.154 0.0025

890 1.782 0.0006 0.320 0.065 0.0002 0.0012 0.0024 0.013 0.131 0.0029

aphanitic 819 1.782 0.0015 0.324 0.074 0.0002 0.0012 0.0025 0.042 0.223 0.0022

rhyolite 888 1.824 0.0137 0.335 0.065 0.0007 0.0012 0.0012 0.047 0.195 0.0025

domes TO 1.553 0.0103 0.318 0.034 0.0002 0.0009 0.0018 0.044 0.110 0.0013

Lodgepole
aphanitic
rhyolite
dome

porphyritic
rhyolite

flow

porphyritic
rhyolite
domes

871

884

1.830

1.857

1.741

1.737

1.998

0.0046

0.0100

0.189

0.314

0.104

0.047

0.0007

0.0003

0.0012

0.0012

0.0023

0.0012

0.005

0.027

0.059

0.085

0.081

0.127

0.244

0.118

0.092

0.083

0.0030

0.0025

0.0028

0.0002

0.0020

882

Trf

883

0.0047

0.0032

0.249

0.219

0.081

0.057

0.0024

0.0011

0.0003

0.0071

0.0007

0.0012

0.0059

0.0014

0.00250.0061 0.216 0.051

total iron as Fe
2
0
3

Sample locations plotted on Plate 3.
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percents (73.50), and similar gram equivalent per cc contents (1.819,

1.810) for variable weight percent (73.50, 78.00) concentrations of

Si02 in the Yellow Mountain porphyritic rhyolite. Oxide data con-

verted to gram equivalent per cc values, therefore, are more repre-

sentative of absolute chemical variations and provide a standard of

comparison for altered rocks, if constant total volume is preserved.

Specific gravities of all samples, as shown in Table 2, are low

and range from 2.19 to 2.50. Trends of the variations in specific

gravity were graphically defined relative to oxide contents, and are

summarized in Table 4 for each rock unit and the composite sample

suite. The composite data exhibit a poorly defined decrease in

specific gravity with decreasing gram equivalent per cc of Si02 and

A1203. However, variations in specific gravity are in general unre-

lated to fluctuations in the concentration of any particular oxide,

and are probably a function of local porosity changes during altera-

tion. In the absence of evidence to the contrary, the preservation

of constant total volume during alteration is assumed for each rock

unit, in spite of probable changes in porosity.

To examine the effects of alteration, oxide concentrations

expressed as gram equivalent per cc values were plotted against

weight percent Si02 and A1203. Trends of oxide variations relative

to increasing weight percent Si02 for each rock unit and the compo-

site sample suite are summarized in Table 4. In some cases these

data exhibit an inverse variation between Na20 and K20, relative to

Si02 or A1203. This relationship reflects variations in primary



Table 4

Variation Trends, Gram Equivalent Oxide.

I= increase, D=decrease, C-invariant, X=variable

relative to increasing specific gravit relative to increasing wt. % Si02

Rock
Type

composite

extrusive Yellow Mtn.

porphyritic rhyolite

intrusive Yellow Mtn.

porphyritic rhyolite

composite Yellow Mtn.
porphyritic rhyolite

aphanitic rhyolite
domes

Lodgepole aphanitic
rhyolite done

porphyritic rhyolite
flow

porphyritic rhyolite
dome and flow

Ca0
+

Na
2
0
+

SiO
2

Al
2
0
3

Fe
2
0
3

Ca0 WI
2
0 K

2
0

K20

I I X C X X X

X I X X X X X

I I D C 1 X I

I I X X I X I

I C X C C X I

I I o C I D I

C D I I D I I

X D X X X X X

I

I

1

I

I

D

C

X

Ca0i.

Na
2
0
+

Al
2
0
3

Fe
2
0
3

Ca0 Na
2
0 K

2
0

K20

D X C X X D

D X X D C D

X D C I X I

D X X X X X

C X C C X X

D I C D D D

D D D I D D

D D X X D D
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feldspar composition, whereas trends of total alkalis plus lime,

considered together, are indicative of alteration effects. A general

decrease in gram equivalent per cc of A1203 and total alkalis plus

lime with increasing weight percent Si02 is depicted in Figure 10.

The gram equivalent per cc content of total alkalis plus lime is

shown in Figure 11 to decrease with a decrease in weight percent

A1203. These trends collectively illustrate that the progressive

alteration of feldspar is accompanied by a concomitant increase in

Si02. This increase in Si02 may result from a hydrothermal addition

of silica, or may represent a residual relative increase owing to the

selective leaching of other constituents (Meyer and Hemley, 1967).

The distribution of Na20 relative to K20 is depicted in Figure 12.

Significant decreases of Na20 at constant K20 concentrations in the

Yellow Mountain porphyritic rhyolite reflect the leaching of soda and

fixation of potash with the alteration of feldspar. Alternatively,

an increase in K20 at constant Na20 concentrations may result from

the hydrothermal addition of potassium, as indicated by data for the

aphanitic rhyolite domes. The concentration of Fe203 ranges from

1.53 to 5.30 weight percent and, although not illustrated here, is

erratically distributed relative to other oxides. Such variability

indicates that the bulk of the iron oxide was introduced by secondary

processes. The chemical gains and losses effected by the alteration

process have not been quantified because the primary rock composi-

tions are unknown. However, the alteration is in general character-
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ized by increases in Si02, Fe203, and K20, and decreases in A1203 and

Na20, with accompanying porosity changes in the rhyolites.
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ECONOMIC GEOLOGY

Gold mineralization within the High Grade district is found pri-

marily in intrusive rock units of the silicic sequence, and to a

lesser extent in the basal intermediate sequence. Known ore bodies

were localized in zones of narrow fractures and breccias filled with

quartz-pyrite veins and veinlets. The ore bodies were discontinuous

and generally had assay, rather than structural, contacts. Current

precious metal exploration targets are structurally controlled bonan-

za and low-grade disseminated deposits. These are believed most

likely to be found at the intersections of principal structures, such

as faults and breccia zones, with the more permeable surficial ly

exposed silicic volcanic rocks, or with sedimentary rocks postulated

to be present at depth in the basal intermediate sequence.

The district is inferred to be a gold-bearing hydrothermal

system that is exposed at a shallow level of erosion and encompasses

approximately three square miles. Parts of this district, such as at

the Sunshine and Modoc Mines, may be at or near the original surface

when mineralization took place. Evidence for this interpretation is

the intimate association of mineralization and alteration with surfi-

cial volcanic rocks, such as flow lobes of the multilithologic intru-

sive breccia and Lodgepole aphanitic rhyolite dome, and with fissure

vent areas such as the intrusive Yellow Mountain porphyritic rhyolite

near the Klondyke Mines. A geochemically anomalous suite of arsenic,

antimony, and mercury is also indicative of the near-surface part of

an epithermal system (Giles and Nelson, 1982).
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MINERALIZATION

Areas of hydrothermal mineralization are found in all rock units

of the silicic sequence, except for the porphyritic rhyolite domes

and flows. Mineralization in the basal intermediate sequence is

restricted to andesite flows which have been intruded by units of the

silicic sequence. The hydrothermal system is most closely associated

with apparent conduit or vent areas of the rhyolites, and is probably

genetically related to the development of the rhyolitic volcanic

,field. Mineralization is inferred to have taken place late in the

cycle of felsic volcanism, although the initial stages of hydrother-

mal activity may have been earlier. The last phase of rhyolitic

magmatism was the emplacement of the porphyritic rhyolite domes (12

m.y.), which are unmineralized and thus place an upper limit on the

age of metallization.

Metallogenic controls are dominantly structural, whereas lithol-

ogy exerts but a minor role in the localization of precious metals.

Gold is found primarily in the silicified rhyolites and in quartz

veins and stockworks adjacent to fault breccias and gouge zones.

Although both the multilithologic intrusive breccia and flow lobes of

the Lodgepole aphanitic rhyolite dome have been silicified, they are

not obviously associated with fault zones and quartz veins. These

units have been profoundly affected by hydrothermal activity because

of their fragmental texture and consequent high initial permeability.

However, in spite of intense silicification, flow lobes of the Lodge-

pole dome do not contain anomalous concentrations of gold. High gold
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values are present in the mu lti 1 ithologic intrusive breccia only

where fractures and quartz veins post-date silicification, or where

the breccia contains fragments mineralized prior to incorporation in

the breccia.

Structural controls of mineralization are evident on both large

and small scales. Large scale structural controls are exhibited by

the roughly linear alignment of intrusive rhyolites of the silicic

sequence along an approximate N. 30° E. trend. Zones of gold miner-

alization closely parallel this northeast trend, but they are seem-

ingly restricted to peripheral locations on rhyo 1 ite domes and

fissure vent areas. The most important control of metallization is

the presence of quartz veins within mineralized zones. The influx of

secondary quartz was control led by fault breccias, fracture zones,

and flow banding. Hydrothermal explosion breccias are not common in

the district. However, they are postulated at the Moonlight Mine and

near the shaft of the Modoc Mine, and at these localities contain

ore-grade gold values.

Most of the major quartz veins in the district were exploited

during the early mining ventures. The larger of these were apparent-

ly less than two meters in width, steeply-dipping to vertical,

composed of massive white quartz, and accompanied by quartz veinlets

and microveinlets. These veinlets and related stockworks are common-

ly composed of vitreous quartz which both parallels and crosscuts the

flow banding in the silicic volcanic hosts. Veins and veinlets

filling open-space fractures of less than 30 cm in width commonly
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contain terminated quartz crystals. Zones and pockets of these

terminated euhedra general ly contain higher gold values than are

found in the more massive quartz. Repetitive banding of the quartz

is rarely observed, which suggests that the introduction of silica

was restricted to a single stage of hydrothermal activity.

Gange mineralogy is simple and consists primarily of quartz.

Small amounts of pyrite are locally disseminated throughout veins and

in adjacent host rocks at the various mines. Supergene jarosite is

locally present:where pyrite is abundant and has undergone oxidation.

The distribution of gold throughout the district is strongly correla-

tive with the zones of abundant pyrite. The best values are found in

the quartz-sulfide veins and in zones of silicification that are

associated with jarosite or jarositic limonite. Microcrystalline

carbonate, epidote, and adularia are also sporadically present in the

quartz vein lets. Carbonate has been identified in veins from the

northeastern mines, and epidote was observed in the Klondyke and

Discovery Hill areas. Quartz veins containing microscopic adularia

are also found locally in all mines of the district. Although the

presence of gold has not been linked to an association with any of

the gaugue minerals, there is clearly a positive correlation with

zones containing sulfides and euhedra of secondary quartz.

ALTERATION

Hydrothermal alteration in the district consists mainly of sili-

cification and argillization, which are confined exclusively to parts
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of the silicic sequence that were affected by hydrothermal activity.

Hydrothermal propylitic alteration is less prevalent. Supergene

argil lization and regional propylitization by hydrous deuteric

processes have affected parts of both the basal intermediate and

silicic sequences. Alteration intensities have been subjectively

determined by visual estimates of relative amounts of silicification

and bleaching. Silicification is generally widespread and moderate

in intensity, but locally it is extensive in those rock types which

had a high initial permeability, such as the multilithologic intru-

sive breccia. The intensity and distribution of argillization ranges

from low and sporadic, through moderate and widespread, to pervasive

but localized where controlled by structures. Silicification and

argillization are complexely interrelated, and zoning of alteration

types is poorly defined because of overprinting by multiple volcanic

and hydrothermal events. However, there is a general trend of

silicic through argil lic to propylitic alteration types with

decreasing elevation in the district, as inferred from roadcut expo-

sures and diamond drill core.

Silicification in the rhyolites is the most commonly exposed

alteration type. It occurs as elongate to oval areas of moderate

intensity, and is often irregularly distributed within argil lic

zones. The intensity of silicification is control led by primary

permeability of the host rock, and by proximity to structures such as

vent areas, faults, fracture zones, and partings developed parallel

to flow banding. Silicification in initially permeable rocks, such
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as the multilithologic intrusive breccia and flow lobes of the

Lodgepole aphanitic rhyolite dome, is manifested as a white to light

grey chalcedonic replacement of the host, and is commonly accompanied

by small amounts of microcrystalline adularia. However, adularia is

not associated with chalcedonic silica in the porphyritic rhyolite

domes; consequently the alteration in these domes is considered to be

deuteric in origin. Secondary silica in the less permeable flow

banded rhyolites is found most commonly as a fine network of vitreous

quartz vein lets and microveinlets, rather than as a true replacement

of the host. Veins in these networks lack envelopes of argil lic

alteration, and silicification is rarely diffused outward from the

vein walls. Secondary quartz forms drusy, open-space fillings in

fault breccias, fractures, and relict feldspar phenocrysts at some

locations, whereas fragments in fault breccias are commonly replaced

by cryptocrystalline silica. The introduction of silica has locally

been accompanied by pyrite, which is disseminated in the quartz veins

and adjacent wall rocks. The pyrite content is generally less than

one percent by volume, although in some areas it may reach concentra-

tions of five percent. Additionally, iron oxides of low to moderate

abundance are ubiquitously associated with secondary silica.

Argillization is the most widespread type of alteration, and is

geomorphically expressed as subdued topography within otherwise

resistant rocks. Argillic alteration in the aphanitic rhyolite domes

and the western exposures of the Yellow Mountain porphyritic rhyolite

is probably the result of supergene processes, whereas alteration in
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other areas is related to the proximity of hydrothermal conduits.

Argillized rhyolites are generally softer than their unaltered equi-

valents, and exhibit variable amounts of bleaching, visible clays,

and tiny embedded quartz grains. Trace amounts of disseminated

pyrite are associated with argillization at depth, as seen in diamond

drill core, but are oxidized to limonite and jarosite in surficial

exposures. Argillization is rarely intense enough to eradicate pri-

mary flow textures. Macroscopic flow textures are destroyed only by

argillization along fault zones, such as those exposed on the north

side of Yellow Mountain and in exploration pits east of the Sunshine

Mine. Sericite is not a common alteration mineral in the argillic

zones. Trace amounts of sericite were observed only in relict sani-

dine phenocrysts in the Yellow Mountain porphyritic rhyolite near the

Klondyke Mines and on the north side of Yellow Mountain. It was not

observed in the aphanitic rhyolites. Clay minerals in the argillic

zones have not been precisely identified, but probably are dominantly

kaolinitic. Where silicic and argil lic alteration zones overlap,

argillization generally pre-dates silicification paragenetical ly.

Advanced argillic and acid-sulfate alteration types are not present

in the district.

Propylitic alteration is best developed in andesite flows of the

basal intermediate sequence, and is dominantly deuteric in origin.

Alteration minerals in the andesites surrounding Discovery Hill con-

sist of epidote, chlorite, carbonate, and zeolite, and may be related

to the mineralization at the Consolidated and Morrell Mines.
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Hydrous deuteric processes were probably responsible for regional

propylitization in other portions of the basal intermediate sequence.

Propylitic alteration of low intensity has also affected parts of the

Yellow Mountain porphyritic rhyolite. It is probably unrelated to

mineralization in the northwestern exposures of the rhyolite, and may

be deuteric in origin. However, the alteration exposed in the rhyo-

lites downslope from the Modoc Mine may be related to the gold-

bearing hydrothermal system.

Two levels of control on hydrothermal alteration, as with

mineralization, are evident in the district. The large scale control

is the structural localization of intrusive rocks of the silicic se-

quence and subsequent metallogenic events. Hydrothermal alteration

is control led on a smaller scale by permeability. This may be a

primary permeability induced by an initially high fragmental content,

such as in the multilithologic intrusive breccia, or autobrecciation

as seen in the Lodgepole aphanitic rhyolite dome. In addition,

quartz veinlets are commonly localized in partings developed parallel

to flow foliations. A secondary permeability was structurally in-

duced in fault, fracture, and breccia zones that are found in all

silicic volcanic rocks.

The gold-bearing hydrothermal system was potassic, as evidenced

by the presence of coexisting quartz-adularia replacements and rela-

tively unaltered sanidine phenocrysts in the multilithologic intru-

sive breccia. Partial major oxide analyses of the silicic volcanic

rocks are listed in Table 2, and have been discussed in a previous
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section. Although chemical gains and losses effected by the

alteration process have not been quantified, the analytical results

indicate the addition of Si02 and the fixation or addition of K20,

and the depletion of Na20, in most cases.

TRACE ELEMENT GEOCHEMISTRY

Trace element geochemistry, as an exploration technique,

provides a means by which actual concentrations of the element being

sought can be measured. The objective of exploration geochemistry is

to define a dispersion of elements which deviates from normal and may

indicate mineralization. The normal range of concentrations for an

element in a given area, excluding mineralization, is called back-

ground. Background concentrations result from trace elements within

common rock-forming minerals, and consequently may vary significantly

between rock types (Levinson, 1974). The upper limit of background

fluctuations within a particular rock type or area is the threshold

value. Concentrations above the threshold are considered anomalous,

and significant anomalies are those related to ore (Rose et al.,

1979). Non-ore elements which are closely associated geochemically

with ore metals are called pathfinder or indicator elements, and may

serve as a guide to ore. Anomalous concentrations of pathfinder

elements may be more easily found than those of the ore element

because they are either more mobile and form a broader dispersion

halo, or are more easily detected analytically (Levinson, 1974). For

this reason, trace element studies are generally composed of a multi-
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element geochemical suite chosen in accordance with the type of ore

being sought.

The trace element suite under consideration in this study con-

sists of gold, silver, arsenic, antimony, mercury, and molybdenum.

Gold is the ore metal being sought, either in conjunction with or

inversely related to silver. Arsenic, antimony, and mercury are

pathfinder elements with a large dispersion halo assumed to be peri-

pheral to and stratigraphically above gold and silver. Molybdenum

was included in the trace element suite to examine possible negative

correlations between base and precious metal concentrations.

Approximately one-third of the 338 rock-chips in the sample

suite were collected randomly throughout areas of known mineraliza-

tion. These include samples from mine dumps and specific veins, as

well as representative rock-chip samples. Most of the remaining

rock-chip samples were collected on a grid pattern in the north-

eastern portion of the map area. Consequently, the composite sample

suite is an amalgamation of both representative and high-graded rock

chip samples from all rock units of the si licic sequence, and it is

unevenly distributed geographically. Because the sampling program

was in general concentrated in areas of known mineralization, the

sample suite may not be a statistically valid data set with respect

to regional trace element trends. The study is representative only

of the roughly linear N. 30° E. trend of mineralization within the

district, and the results must be interpreted accordingly.
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The frequency distribution pattern of trace elements can be

defined as normal or log-normal by the construction of histograms,

and little appears to be gained by assuming more complex distribu-

tions for most sets of geochemical data (Rose et al., 1979). Plots

of arithmatic values of the trace element suite are in general posi-

tively skewed, indicating a departure from the normal (bell-shaped)

distribution trends. Histograms which closely approximate log-normal

distributions have been constructed from log-transformed data, and

are shown in Figures 13 and 14. Data for gold and silver are

strongly weighted toward values of lower concentration because of the

large proportion of unmineralized rocks in the sample suite. That

the largest gold and silver peaks are found in the lowest class

interval may be the effect of the lower limit of analytical detection

superimposed on the data set. This would tend to eliminate the ex-

pected "tapering off" of concentrations toward lower values. Log-

normal distributions are well-defined for antimony and mercury, and

are closely approximated for arsenic. A log-normal distribution of

molybdenum is poorly defined in the lower range of concentrations,

although this may also be an apparent feature caused by a lower

analytical detection limit barrier. These data show that the trace

element suite within the High Grade district is more nearly log-

normal than normal in distribution. Consequently, more useful

results are obtained by assuming log-normal behavior.

Another method of examining trace element distributions is to

plot metal concentrations versus cumulative frequencies of the
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samples. A simple log-normal sample population is represented by a

straight line when plotted on log-probability paper. Two or more

distinct line segments separated by an inflection point result from

multiple populations of a given trace element within the sample suite

(Rose et al., 1979). Multiple populations may result from a number

of factors, such as the inclusion of different rock types or of both

mineralized and unmineralized rocks in the same sample suite

(Levinson, 1974). Variability of rock type is not considered to be

an important factor in the analysis of this data set, because of the

relatively small extent of inferred differentiation between rhyolites

of the silicic sequence. Multiple populations of trace elements in

the sample suite are depicted in Figure 15 by well-defined inflection

points for each metal. This is due to the superposition of one or

more anomalous populations, related to the hydrothermal system, upon

the initial background population. Inflection points near the lower

range of concentrations separate background and anomalous popula-

tions, whereas inflections near higher concentrations are due either

to a "nugget-effect" (e.g., As, Mo) or multiple hydrothermal over-

prints (e.g., Au, Sb).

Cumulative frequency plots were used in conjunction with histo-

grams to determine background, threshold, and significant anomaly

levels within the zone of mineralization. Background values are

represented on the cumulative frequency plots by the upper class

limit of the lowest concentration class interval. Values below this

point are clearly part of the background population. Threshold
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values are represented by inflection points in the lower range of

concentrations, and are the lower limit of anomalous values. Concen-

trations between background and threshold are probably a mixture of

background and anomalous populations. Significant anomaly values

were chosen at the lowest inflection point above the threshold, and

are in general substantially greater than the threshold value.

As shown in Table 5, background values of gold, silver, and

arsenic are clearly above the average concentrations found in felsic

igneous rocks. However, threshold values of antimony, mercury, and

molybdenum more closely approach average concentrations than do the

background values of these elements. Consequently, all background

and threshold values are considered local and specific to the zone of

mineralization, and are not representative of regional distribution

trends. Values greater than threshold range from 75 to 98 percent of

the sample suite for arsenic, antimony, mercury, and molybdenum, but

are approximately 33 percent for gold and silver. Values greater

than the significant anomaly levels range from 7 to 20 percent for

gold, silver, arsenic, and mercury, and 39 to 48 percent for antimony

and molybdenum. The high percentage of values above threshold levels

indicates that significant anomaly concentrations may be more impor-

tant than local threshold levels as indicators of ore zones (Au, Ag)

and dispersion halos (As, Sb, Hg) related to ore zones. Although the

threshold levels of pathfinder elements are also important, they may

be indicative of a barren or weakly precious-metal bearing hydrother-

mal event, rather than of an ore zone.



Table 5

Summary of Trace Element Analyses.

Element

ay. conc.
felsic
igneoui
rocks

No.

of
samples

(n)

detec-
tion
limit
(ppm)

range
of

values

(PM)

back-
ground
value

(PPm)

thresh-
old

value
(ppm)

% n
% n signifi-

above
.above cant

signifi
thresh- anomaly

cant
old (PPm) anomaly

upper
2i%

Au .004 338 .005 .005-39.15 <.009 .015 31.5 >.079 14.3 >.76

Ag .04 338 .1 .1 100 <.15 .229 34.2 >1.29 7.1 >7.9

As 1.5 306 1 2 - 2600 <3.02 4.79 97.4 >110 19.6 >340

Sb .2 314 .1 .1 - 620 <.116 .288 98.1 >2.57 47.2 >21

Hg .08 335 .005 .005-10 <.007 .052 75.5 >.219 18.5 >.95

Mo 2 238 1 1 - 250 <1.38 2.57 78.57 >11 39.1 >100

n

from Levinson, 1974; concentrations in ppm.

Analyses done by Bondar-Clegg & Co., Vancouver, B.C., and Chemex Labs, Sparks, Nevada.

All analyses by atomic absorption.
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Scatter plots of each element against all others were con-

structed to examine possible correlations between elements. All

plots show extremely broad variations and linear trends are not

discernible. Results of these plots are summarized by a correlation

matrix constructed from log-transformed data and shown in Table 6.

Values on a correlation matrix range from between one and minus one,

and are indicative of a perfect positive correlation (1), absence of

any correlation (0), and a perfect negative correlation (-1). Mode-

rate positive correlations exist between gold and silver (.588),

arsenic and molybdenum (.499), and antimony and molybdenum (.419).

Moderate negative correlations exist between gold and antimony

(-.442) and gold and molybdenum (-.399). These results show that, as

expected, base and precious metals are inversely related and do not

associate together. Although silver is positively correlated with

gold, its utility as a pathfinder element is limited by its small

dispersion halo. Anomalous silver is generally found coincident with

gold mineral ization. Because arsenic and antimony are positively

correlated with molybdenum, and antimony is negatively correlated

with gold, their usefulness as a pathfinder for gold is also limited.

Depending on spatial relationships of the dispersion halos of anti-

mony and molybdenum, it may be possible to exploit their negative

correlation with gold. Although arsenic and mercury show very weak

positive correlations with gold (.069), they may prove to be good

pathfinder elements because of their greater volatility, and may be

disseminated in altered wall rocks peripheral to or stratigraphically



Table 6

Trace Element Correlation Matrix (log-transformed data).

Au Ag As Sb Hg Mo

Au 1 .5877 .0694 -.4416 .0699 -.3985

Ag .5877 1
-.0663 -.1512 .0298 -.2320

As .0694 -.0663 1 -.0935 -.0229 .4990

Sb -.4416 -.1512 -.0935 1 -.0281 .4189

Hg .0699 .0298 -.0229 -.0281 1 .1431

Mo -.3985 -.2320 .4990 .4189 .1431
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above gold mineralization, or permeated through post-mineralization

soil cover.
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THE EPITHERMAL GOLD MODEL

The term epithermal, as applied to hydrothermal ore deposits and

defined by Waldemar Lindgren (1933), is a temperature-depth classifi-

cation that implies formation at temperatures between 50-200°C and

depths of less than 1200 m. Current precious metal exploration

targets are referred to by a variety of names, including hot spring,

bonanza, and volcanic- or sedimentary-hosted disseminated deposits.

Although each of these terms is considered representative of an

epithermal environment, many of these deposits were formed at temper-

atures above the upper epithermal limits defined by Lindgren (1933).

The term "epithermal," as presently used, refers to a genetic class

rather than to a temperature class of deposits (Buchanan, 1981). It

is appropriate when applied to deposits with minerals and textures

suggestive of relatively shallow depths, but without implication of

specific temperatures (White, 1981).

Two classes of precious metal deposits, termed the Ag-Au and Au-

Ag groups, have been recognized by Nolan (1933). These have been

redefined by White (1981) as silver-dominated and gold-dominated. He

correlates the gold-dominated deposits to environments associated

with the shallower parts of active geothermal systems such as Broad-

lands, New Zealand, and Steamboat Springs, Nevada, and the silver-

dominated deposits to those of the deeper base metal sulfide zone

found at Broadl ands. According to Nolan (White, 1981), the gold-

dominated group is divisible into two gradational subgroups. One is

characterized by veins of comb quartz, free gold, and pyrite. The
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other is mineralogically more complex, and may contain tellurides and

base metal sulfides with minor stibnite, cinnabar, and realgar. The

most abundant vein mineral is quartz, and adularia may be locally

present. Gold mineralization in the High Grade district is found

primarily in quartz-sulfide veins and stockworks, and is not asso-

ciated with tellurides or base metal sulfides. Because this district

represents volcanic-hosted, gold-dominated epithermal mineralization,

silver-dominated and sedimentary-hosted precious metal deposition is

not detailed in the following discussion.

GENESIS AND GENERAL CHARACTERISTICS

The formation of near-surface bulk tonnage and deeper high grade

epithermal precious metal deposits, commonly referred to as hot

spring and bonanza types of deposits, respectively, represents a

continuum in hydrothermal processes related to different parts of a

geothermal convection cell. As such, these separate but related

types of deposits have many common physio-chemical features, and

their differences may simply be ascribed to variation with depth in

the geothermal system. The results of a comparative study of over

60 volcanic-hosted precious metal vein deposits have been summarized

by Buchanan (1981). These deposits contain many geologic features in

common, and the apparent dissimilarities may be resolved in terms of

a simple model.

Characteristics such as follows, and summarized by Buchanan

(1981), describe the general features of volcanic-hosted epithermal
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precious metal deposits. They are generally hosted by a Tertiary

calc-alkaline volcanic pile, commonly andesitic in composition and

with pre-ore felsic intrusions emplaced late in the sequence. Min-

eralization fills pre-existing fractures and may form large, complex

stockworks near the paleosurface, which change with depth to more

structurally constricted veins. Ore shoots, consisting of high-grade

pockets, occupy isolated structural feactures within the veins, such

as inflections or changes in dip, and vein intersections. They have

a fairly simple mineralogy, consisting primarily of quartz, adularia,

calcite, pyrite, argentite, electrum, and ruby silvers (pyrargyrite).

The ores have restricted vertical and lateral distributions, and are

enclosed by sub-ore or barren gangue along strike and dip. Within

the ore zones, the gangue consists of very fine-grained quartz with

large amounts of adularia or sericite, or both. The veins are

repetitively banded, and thus are indicative of open-space fillings.

Textures indicative of replacement of wall rocks and breccia frag-

ments are also common.

With increasing distance above the ore shoots, the content of

precious metals and widths of the quartz veins decrease. Moreover,

the form of silica changes progressively from crystalline quartz to

agate or chalcedony, and carbonate as calcite becomes more abundant.

The top of the vein system may be defined by thin fractures which

contain little if any hydrothermal minerals. Below the ore shoots,

the form of silica in the veins is commonly unchanged, but calcite,

adularia, and sericite decrease in volume. In addition, the
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concentration of base metal sulfides generally increases with depth

in the veins as the precious metal content gradually decreases. Less

commonly, the ore shoot may show a rapid decrease in grade, with only

minor changes in gangue mineralogy (less adularia, calcite absent)

and without an increase in the concentration of base metals.

Evidence of boiling of the ore forming solutions is common.

Temperatures of formation of the ore zone range from 200°C to greater

than 300°C, but average 240°C. Rapid or multiple temperature fluc-

tuations are not noted, but base metals are deposited earlier and at

higher temperatures than precious metals. Shallow portions of the

system are strongly enriched in Hg-As-Sb-Ba-T1, whereas deeper por-

tions show anomalous but lesser enrichment in the same elements

(Giles and Nelson, 1982). Alteration in the system includes silic-

ified and adularized or albitized vein selvages at the ore zone, and

widespread propylitic alteration is common. A low pH assemblage of

alunite, sericite, il lite, kaolinite, and montmorillonite forms a

halo around and a cap above individual ore shoots. It is genetically

related to but absent below the precious metal ore zone. Siliceous

sinter and opal occur on the paleosurface at the hot springs orifice,

and are mixed with or form a cap over the low pH assemblage. These

grade downward into an alteration assemblage of illite, adularia, and

celadonite, as well as more well-ordered white micas and sericite.

Several factors are essential to the formation of many of these

features. These include highly permeable or reactive rocks near the

surface, narrow and restricted vertical structures which allow high
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temperature fluids into near-surface rocks, an area of continuous

high heat flow with a relatively unrestricted flow of dominately

meteoric water, episodic self-sealing of the hydrothermal system and

subsequent episodic re-fracturing, which allows multiple events of

violent boiling (Berger and Eimon, 1983). According to Buchanan

(1980), water migrates toward areas of high temperature, becomes

heated, dissolves minerals, and scavenges alkalis and metals en

route. Incoming hot water rises to replace water lost to the sur-

face above the heat source. Boiling of the fluid will occur as it

reaches the elevation at which the hydrostatic pressure is insuffi-

cient to prevent volatilization. This can take place either near the

surface or at great depths, depending on the temperature, salinity,

and flow rates of the fluid. Upon boiling, there will be a loss of

volatiles, and the remaining fluid phase will undergo a rise in pH

and oxygen fugacity, cooling, and concentration of salts. Boiling

also results in the precipitation of ore and gangue minerals, which

leads to sealing of the system. Episodic hydrofracturing or tectonic

activity leads to multiple boiling, deposition, and self-sealing

within the hydrothermal system.

DEVELOPMENT AND CHARACTERISTICS OF HYDROTHERMAL ALTERATION

Fundamental controls on the alteration of a silicate rock in-

clude the pressure, temperature, and composition of the hydrothermal

fluid; the chemical and mineralogical composition of the host rock;

and the time available for fluid-host equilibration (Hemley and
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Jones, 1964). Meyer and Hemley (1967) have divided the alteration of

most aluminosilicate rocks into assemblages which reflect a decrease

in intensity of hydrogen metasomatism (hydrolitic alteration). These

are the advanced argillic (kaolinite, dickite, pyrophyllite, alunite,

and other aluminum-rich phases), sericitic (sericite, quartz, + kao-

linite), intermediate argil lic (kaolinite, montmorillonite, amorphous

clays), propylitic (epidote, albite, chlorite, carbonate), and potas-

sium silicate (potassium feldspar, biotite) alteration assemblages.

Silicification may occur over a wide range of chemical environments,

and may be associated with or grade into other alteration assemblages

(Meyer and Hemley, 1967).

Hydrolitic reactions, in which hydrogen ions enter the solid

phase and metal cations are released to the solution, commonly con-

trol the stability of feldspars, micas, and clays. These reactions

tend to raise the cation: hydrogen ion ratios in the solution toward

equilibrium values (Hemley and Jones, 1964). Rose and Burt (1979)

illustrate the hydrolitic reactions which limit the stability of

potassium feldspar and muscovite at temperatures below 300°C by the

following:

3/2KA1Si308 + H+= 1/2KA13Si3010(OH)2 + 3Si02 + e

(potassium feldspar) (muscovite) (quartz)

KA13S13010(OH)2 + + H2O = 3/2Al2Si205(OH)4 + e

(muscovite) (kaolinite)
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These reactions are driven to the right with decreasing temperatures

or alkali-ion: hydrogen ion ratios. Conversely, with increasing

temperatures or alkali-ion: hydrogen ion ratios, they are driven to

the left and base cation fixation becomes important (Hemley and

Jones, 1964). If the K+ /H+ activity ratio, which increases with

increasing hydrolitic alteration, exceeds equilibrium values, second-

ary potassium feldspar will form. In addition, a high aqueous silica

activity will stabilize potassium feldspar at 07H+ activities below

those of equilibrium conditions (Hemley and Jones, 1964). In this

way argil lic, sericitic, and potassium silicate alteration can be

explained as a function of hydrogen metasomatism.

Propylitic alteration, on the other hand, does not involve

appreciable cation metasomatism or leaching of alkalies, although

water, carbon dioxide, and sulfur may be added (Rose and Burt, 1979).

The degree of propylitic alteration is a function of the original

ferromagnesium mineral content of the rock, and its intensity is a

function of proximity to the structures which channel the hydro-

thermal fluid (Buchanan, 1980). Silicification results in an

increase in the proportion of quartz or opaline silica to other

minerals in the rock. This increase may be a hydrothermal addition

of silica, or a residual relative increase owing to selective hydro-

thermal base-leaching or alteration of other minerals (Meyer and

Hemley, 1967).

In the epithermal environment, these alteration phenomena can be

explained in terms of the physical and chemical changes in a hydro-
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thermal fluid which undergoes boiling, and are summarized by Buchanan

(1981). During boiling, large amounts of CO2 and lesser amounts of

H2S are partitioned into the vapor phase according to the following

reactions:

HCO3- + H+ = CO2(vap) H2O

HS- + H+ = H2S(vap)

As volatiles are released, the pH of the solution rises and salinity

increases as salts are concentrated in the fluid. Because CH4 and

H2S have a greater rate of partitioning into the vapor phase than do

CO2 and SO2, there is a concomitant increase in the oxygen fugacity

of the remaining solution as the CO2:CH4 and S02:H2S ratios increase.

In addition, the loss of CO2 and H2S causes an increase in the

activity of S- and HS-. During boiling the solutions will cool,

solubility constants will decrease, and a complexing of ions will

occur (Eimon, 1981). As S- and HS- activities increase, strong thio

complexes with Au, As, Sb, and Hg will form. These remain stable

until near the paleosurface where the oxygen fugacity is high and

destroys the thio complex by oxidation to sulfate (Buchanan, 1981).

Because CO2 and H2S are selectively partitioned into the vapor

phase, a solution low in pH is formed as the vapors rise, cool, and

condense or mix with cooler meteoric water (Buchanan, 1981). This

causes acid-leaching and stabilizes different alteration phases

(alunite, kaolinite) than are found with the precious metals

(adularia, sericite-il lite). The primary sulfide and alteration
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phases will be re-altered if the recondensed low pH vapors percolate

downward below the silica capping, and may form finger-like projec-

tions of acid-leached phases which extend downward along structures

(Berger and Eimon, 1983). The association of high adularia contents

with the precious metal ore zone results from surface degassing and a

loss of CO2. This causes an increase in pH and K + /H +, and the

stability field of adularia is quickly entered following the onset of

boiling (Buchanan, 1981).

The vertical zonation of base and precious metals is also

explained by fluid boiling. After 5 percent of the solution mass is

lost to the vapor phase most base metals will precipitate, while the

bulk of the silver will not precipitate until 20 percent of the

solution is vaporized. Silver will precipitate higher in the vein

system than base metals as solutions containing silver are buoyed up

by bubbles and continue to rise during boiling. Gold, however, will

not precipitate until it approaches the high oxygen fugacity environ-

ment nearer the paleosurface (Buchanan, 1981). White (1981) adds

that base metals (and Ag?) are transported dominately by chloride

complexes which become unstable with the upward decrease in tempera-

ture, increase in pH, and possible decrease in salinity by meteoric

dilution. In this case the dominate complexing agent (C1- vs. HS-)

possibly changes upward in the system, and chloride complexes of Au,

As, Sb, Hg, and Ti are either not significant or become less impor-

tant as bisulfide complexes of the same elements become more impor-

tant.
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ECONOMIC POTENTIAL

A useful means of defining exploration targets and analyzing the

economic potential of a district is to compare its characteristics

with those of an exploration model. Geologic and metallogenic fea-

tures of the High Grade district closely parallel those of the gener-

alized epithermal model described in the previous chapter. Minerali-

zation in the district resulted from a large, high-level hydrothermal

system, and is hosted by a rhyolitic volcanic sequence constructed

upon a dominantly andesitic Tertiary volcanic pile. It is in general

structurally controlled, vertically discontinuous, and found in

quartz-sulfide stockworks and larger, structurally constricted veins.

Gangue minerals include abundant chalcedonic silica, crystalline

quartz, and adularia, and less common calcite, sericite, and clay.

More widespread effects of the hydrothermal system are silicic,

argillic, and propylitic alteration, and enrichment in the epithermal

trace element geochemical suite (Au, Ag, As, Hg, Sb). Base and

precious metal occurrences exhibit an inverse spatial relationship

within the district.

In contrast to the idealized epithermal model, bedded explosion

breccias, low pH alteration assemblages, and a sinter or silica cap

were not observed. Whether these were ever formed cannot be ascer-

tained from the available geologic evidence, but their absence most

likely results from erosion of the upper part of the hydrothermal

fluid conduits. However, the chalcedonic silica replacements
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observed in the initially more permeable silicic volcanic rocks may

be the equivalent of a silica cap. Repetitive banding of veins in

open-space fillings is rare, implying a single phase of silica intro-

duction in most cases. In addition, hydrothermal explosion breccias

are uncommon, which indicates a paucity of multiple, localized, vio-

lent boil ing events.

Although the mineralized zone in the High Grade district is

large and ore-grade gold values are found in surface exposures, a

strong central focus of hydrothermal activity appears to be lacking.

This is indicated by the scant evidence for multiple phases of ground

preparation, explosive hydrothermal brecciation, and silica introduc-

tion. Spatially focused multiple fracturing and boiling events,

which lead to precipitation of ore and gangue minerals, self-sealing,

and re-fracturing, are postulated to be essential features in the

development of an ore-grade mineralized system. Absence of these

features may mean that the hydrothermal system was widely dispersed

or relatively short-lived. In this case, ore-grade precious metals

may not have been deposited over minable intervals, and only scat-

tered small ore-grade zones might be expected.

Mineralization has been shown to be dominantly structurally con-

trolled on both a large and small scale, and to be intimately related

to the quartz veins. Consequently, future exploration in the dis-

trict should be directed toward the analysis of intensity, distribu-

tion, and paragenesis of quartz veins and small-scale fault and frac-

ture zones associated with domes and fissure vent areas. In
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addition, a study of large-scale structures may aid in defining

potentially mineralized structural intersections at depth. Because

lithology exerts but a minor control on metallogenesis in the dis-

trict, a greater potential for precious metal mineralization exists

for deep, structurally controlled vein-type deposits than for those

of shallow disseminated targets. These narrow, high-grade deposits

are postulated to occur in quartz-sulfide veins and silicified brec-

cias at points of principal structural intersections, which should

exhibit multiple phases of fault movement and ground preparation,

hydrothermal brecciation, and silica introduction.
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SUMMARY AND CONCLUSIONS

The oldest Cenozoic rocks exposed in the High Grade district are

an intermediate sequence estimated to be between 40 and 15 m.y. in

age. They are composed of dominantly andesitic flows which contain a

variety of intercalated mudflows and pyroclastic rocks. Although

these rocks are the foundation upon which rhyolitic volcanism and

metallogenesis were imposed, they were not greatly affected by these

events. Following the termination of andesitic volcanism, develop-

ment of a northwest oriented tectonic extensional regime served to

localize rhyolitic magmatism and metallogenic events along a N. 30°

E. trend through the center of the district. The time of extensional

tectonics is estimated as 12-14 m.y. ago.

Development of the rhyolitic volcanic field began with the em-

placement of several intrusive aphanitic rhyolite domes (14 m.y.) and

the exogenous Lodgepole aphanitic rhyolite dome. This early phase

was followed by the emplacement of the extrusive-intrusive Yellow

Mountain porphyritic rhyolite (13 m.y.), and the younger multilitho-

logic intrusive breccia. The waning phase of this cycle began with

the deposition of porphyritic rhyolite flows, and ended with the

emplacement of several porphyritic rhyolite domes (12 m.y.). Fault-

ing and fracturing along northwest and north-northeast trends took

place contemporaneously with and post-dating the cessation of rhyoli-

tic magmatism. Mineralization is genetically associated with the

silicic sequence, and was control led on a regional scale by the
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structures which localized the rhyolitic volcanic field. This hydro-

thermal event occurred late in the cycle of felsic volcanism, but it

preceeded the emplacement of the porphyritic rhyolite domes and

flows.

An extensive sequence of planar basalt flows form the youngest

rocks in the district. Although deposition of these mafic volcanics

post-dates that of the silicic sequence and associated metallization,

the basalts are also displaced by northwest and north-northeast

trending fault sets. However, the basalt flows and both sets of

faults predate basin and range block faulting in the Warner Moun-

tains. The block faults, with dip-slip displacement of 2000-12,000

feet, are estimated to have initiated movement between mid-late

Miocene and late Pliocene or Quaternary time.

The High Grade district is exposed at a shallow level of ero-

sion, which deepens from northeast to southwest across the district.

Known mineralization occupies a large epithermal system that is

intimately associated with conduit and fissure vent areas comprised

of intrusive rocks of the silicic sequence. It is predominantly

gold-bearing, structurally controlled, and is localized in vein and

stockwork structures containing quartz and sulfides. To a lesser

extent, gold is found in zones of silicifed, chalcedonic rhyolites

that are associated with jarosite or jarositic limonite. Gangue

minerals other than quartz and sulfide include abundant adularia,

less common calcite, and minor epidote. Hydrothermal alteration in

the silicic volcanic host rocks consists primarily of silicification
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and argillization, with less prevalent propylitization. This altera-

tion is controlled by permeability that is related both to structure

and rock type. Advanced argillic and acid-sulfate alterations are

not present, and zoning of alteration types is poorly defined because

of overprinting by multiple volcanic and hydrothermal events.

Partial major oxide analyses of the rhyolites indicate that the

effects of the hydrothermal system are widespread and characterized

in large part by the addition of Si02 and Fe203, the fixation or

addition of K20, and the depletion of Na20. Trace element analyses

reveal anomalously high concentrations of silver, arsenic, antimony,

mercury, and molybdenum throughout the district. However, the use of

pathfinder elements as an exploration tool is limited by the weak

positive or negative correlations of these elements with gold.

Exploration targets in the district are low-grade disseminated

precious metal deposits and structurally constricted bonanza ores.

Because the hydrothermal system appears to have lacked a pronounced

central area for this activity (marked by the absence of multiphase

hydrothermal explosion brecciation and silicification), mineraliza-

tion may have been relatively short-lived, widely dispersed, or both.

However, in view of the dominance of the structural control on min-

eralization and the close association of gold with the quartz-sulfide

veins, a greater potential exists for deep, bonanza vein-type explo-

ration targets than for those of shal low, low-grade disseminated

deposits. These deep, high grade deposits are postulated to occur at

points of principal structural intersections defined by quartz-
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sulfide veins and silicified breccias which exhibit multiple phases

of ground preparation, brecciation, and veins and replacements of

silica.
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