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The RedRed Ledge Mine area is located in the west part of the

Seven Devils Mountains, Adams County, Idaho. This area is dominated

by the precipitous walls of Hells Canyon.

The oldest rocks in the area are the Seven Devils Volcanics of

Middle Permian to Late Triassic age. This unit is composed of both

normal calc-alkaline and sodic volcanic and volcaniclastic lithol-

ogies. A limestone lens and the calcareous matrix of a red bed unit

indicates a submarine site of deposition for these rocks.

A regional metamorphic event of Late Jurassic age affects all

of the volcanic rocks. The metamorphism was of the albite-epidote-

chlorite subfacies of greenschist metamorphism.

The Seven Devils Volcanics were intruded by several rhyolitic

intrusions. The largest of these is the complex Red Ledge intrusion,

composed of quartz-feldspar porphyry, quartz porphyry, and rhyolite.

This intrusion apparently rose along the southeast limb of a north-

east-trending
anticline to a near-surface level. Dikes of inter-

mediate to mafic composition intrude the Red Ledge pluton and



surrounding rocks. A K/Ar age date of 125 m.y. obtained from hydro-

thermal sericite from the Red Ledge intrusion may have been reset by

nearby magmatism.

Scarce dikes of Columbia River basalt indicate that flows of

basalt may have covered part of the area. Glacial action has carved

the topography of the area at levels above )1,400 feet. Erosion of

the entire Seven Devils Mountains area is proceeding at a rapid rate.

The three types of mineral deposits in the Red Ledge area

include: (1) disseminated volcanigenic, (2) fissure, and (3) sulfide

pods and veinlets of the immediate Red Lodge area.

Evolution of the Upper Triassi -nlcanic pile resulted in the

generation of copper-rich keratophyli: flow. Sulfides mobilized

during the regional metamorphic event apparently migrated from the

fl ow up into the lower part of an overlying keratophyre flow.

Copper mineralization consists of chalcocite, chalcopyrite, and

bornite disseminated throughout the crystals and groundmass alike.

Fissure deposits are typified by the large vein at the Cliff

Mine. Vein mineralogy typically is quartz, calcite, pyrite, chalco-

pyrite, and bornite.

Alteration of the Red Ledge intrusion is composed of three main

types: (1) phyllic, (2) argillic, and (3) propylitic. rhyllic

alteration is divided into four distinct phases defined by the

accompanying mineral assemblage and the structural occurrence.

These phases are: (1) early pervasive sericite, (2) early barren

vein sericite, (3) late sulfide vein sericite, and (4) late pervasive

sericite. All of these phases are primarily composed of the quartz-

sericite-pyrite assemblage.



Argillic alteration is defined by the formation of abundant clay

minerals, and is usually accompanied by sericite, quartz, pyrite, and

scarce chlorite. Kaolinite, occurring as replacements of feldspar

and as clots disseminated throughout the groundmass, is the predom-

inant clay mineral in quartz-felCspar porphyry and quartz porphyry,

whereas clots of montmorillonite are most common in intrusive

rhyolite and surrounding volcanic country rocks.

Propylitic alteration is characterized by the formation of

chlorite, epidote and carbonate in the volcanic country rocks

surrounding the various rhyolitic intrusions. Minor pyrite and

sericite accompanying the products of propylitic alteration serve to

distinguish these effects from those of regional greenschist

metamorphism.

Metallization of the Red Ledge pluton is divided into three

textural and mineralogical assemblages: (1) disseminated pyrite,

(2) vein and veinlet pyrite and chalcopyrite, and (3) "massive"

sulfide pods of pyrite, chalcopyrite, and sphalerite.

Genesis of the sulfides disseminated throughout a metallized

spilite is clearly syn-volcanic. Fissure deposits, as at the Cliff

Mine, are locally epigenetic, but may be manifestations of large

scale metallization of the Red Ledge intrusion. Genesis of the

sulfide pods associated with the Red Ledge intrusion is unclear, as

features indicative of an epigenetic porphyry origin and of a

syngenetic volcanic origin are both present. High sulfide content,

tuffaceous country rocks, fragmental textures, sulfide and gangue

mineralogy, and metal zonation are all similar to known volcanigenic

deposits. In contrast, vein and veinlet form and mineralogy, 125 m.y.



K/Ar age date, sulfur isotopic
values,o(S34 values range from -1.01

to -6.53 with progressive development of the hydrothermal system,

and structural complications all suggest a porphyry-related origin.

The economic potential of the Red Ledge Mine area is moderate.

The disseminated volcanigenic propsect warrants exploration. The

large scale potential of the Red Ledge Mine is minimal, as is the

potential for a disseminated porphyry deposit. Development of any

mining operation in the area must not unduly affect the prevailing

unspoiled environment.
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GEOLOGY AND MINERAL DEPOSITS OF THE RED LEDGE

MINE AREA, ADAMS COUNTY, IDAHO

ITURODUCTION

The area studied is centered on the Red Ledge Mine, located in

the Seven Devils Mountains of western Idaho. The Permo-Triassic

green-stones of the region have been intruded by a Mesozoic magma

series, represented by a rhyolitic intrusion adjacent to the Red

Ledge Mine.

Development of the Red Ledge Mine area was begun by individual

prospectors in the late 19th century. The major emphasis has been

with high grade copper-zinc-gold-silver metallization located along

the northwest margin of the Red Ledge intrusion. The possibility of

porphyry-type disseminated copper metallization has been considered

by several companies in more recent investigations.

Purpose and Methods of Study

The objectives of this study were to (1) construct a regional

geologic map of the Red Ledge area; (2) construct a detailed geologic

map of the Red Ledge intrusion and mineral deposit; (3) determine the

types and distributions of alteration and metallization to intru-

sions, country rocks, and structures; and (5) to assess the economic

potential of the Red Ledge area.

The Red Ledge area was mapped at a scale of 1:12,000. These

data were subsequently reduced to a final scale of 1:24,000. The

Red Ledge intrusion was mapped at a scale of 1:2,400. Drill core

and some underground workings were examined to obtain samples and to
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provide additional control for the preparation of cross sections.

Whole rock samples were selected for petrographic analyses, major

oxide chemical determinations, and mineral identification by X-ray

methods. Rock chip and stream sediment samples were collected for

trace element analyses to determine the extent and intensity of

metallization.

Location and Access

The Red Ledge area is in northwest Adams County, Idaho, about

120 miles northwest of Boise, Idaho (Fig. 1). It may be found in

the USGS 15 minute Seven Devils quadrangle map, where it includes

all or parts of secs. 13-16, 21-28, 33-36, R. 3 W., T. 22 N., and

secs. 18, 19, 30 and 31, R. 2 W., T 22 N. The recently constructed

Hells Canyon Dam is in the northwest corner of the area mapped.

The Red Ledge area is within the Hells Canyon physiographic

province, an area dominated by deep, steep-walled canyons. The area

is in the "foothills" of the Seven Devils Mountains, which rise to

the east. The Wallowa Mountains of Oregon are across the Snake

River to the west.

Access to the area is by private road belonging to the Idaho

Power and Light Company. This road extends from Oxbox, Oregon to

the Hells Canyon Dam site. A "jeep trail" leads to the campsite at

the Red Ledge Mine. Travel within the Red Ledge area is restricted

to hiking because of the rugged topography, as typified by the

precipitous walls of Hells Canyon. Elevations range from 1,500 to

8,330 feet and relief is 6,830 feet.
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Previous Work

The first report on the Seven Devils District was by Lindgren

(1899), who described the contact metasomatic deposits to the south

of the area. Livingston and Laney (1920) published a detailed report

of the Red Ledge deposit. Their work, based on detailed studies of

thin sections, polished sections, and assay data, remains to this day

as the best description of these sulfide-rich mineral deposits. Of

particular interest, however, is the fact that Livingston and Laney

(1920) concluded that there was no discrete intrusive phase at the

Red Ledge deposit. Later investigations by Ross (1941) and Cook

(1954) never disputed this statement.

Vallier (1967) mapped a large part of the Snake River Canyon and

proposed subdivisions of the Seven Devils Volcanics Group. Later

Brooks and Vallier (1967) published a progress report of their work

along the Snake River which included a description of Middle to

Upper Triassic rocks along the western boundary of the Red Ledge

area. Additional mapping to the north of the Red Ledge area was

published by Vallier (1968). Of particular importance to this study

is the detailed investigation of Mesozoic granitic plutons five to

ten miles to the south described by White (1973). Morganti (1972)

studied copper sulfide metallization in the nearby Seven Devils

Volcanics and also developed subdivisions within these volcanics.
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REGIONAL GEOLOGIC SETTING

The Pacific Northwest is a region defined by metasedimentary

and metavolcanic basement rocks of late Paleozoic to Mesozoic age,

granitic intrusions of Mesozoic to Tertiary age, and covered in part

by a veneer of Tertiary volcanics. Major inferred and observed

structural trends cross the area, and they may be related to a low-

grade event of regional metamorphism during Mesozoic time.

Re ional Tectonic Settin

The distribution of Mesozoic intrusions and associated ultra-

mafics in the Pacific Northwest define an arcuate pattern, as noted

by Billingsly and Locke (1941). Taubeneck (1966) proposed the term

"Columbia Arc" for this primary arcuate trend, and identified it as

the Nevadan Orogenic belt. Because this area is underlain by

anomalously thin crust (Hill, 1972), the Columbia Arc may delimit an

eastward embayment of converted (?) oceanic crust.

Several lineaments, possibly representing basement structural

trends, have been proposed for the Pacific Northwest. Raiz (1945)

defined the Olympic-Wallowa lineament on the basis of geomorphic

expression (Fig. 2). Yates (1968) defined the concept of a trans-

Idaho discontinuity, based on northwest trending offsets of major

Precambrian to Mesozoic rock types. However, the recent magnetic

data of Zietz and others (1971) do not support either of the linea-

ments. Unfortunately, potential outcrop areas of these inferred

structures are obscured by the Idaho Batholith and Columbia River
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basalt, and their existence cannot be visually confirmed.

Near the Red Ledge area, structural trends are predominantly

northeast (Vallier, 1967), as is well illustrated by two major shear

zones. The Cuprum-Oxbow shear zone (Taubeneck, 1966) is located

south of the Red Ledge area, whereas the Cougar Creek shear zone is

to the north (Vallier, 1968). Both shear zones are similar and

characteristically exhibit schistosity, platy flow structure, and

fluxion-layered mylonite. Major movement along the Cuprum-Oxbow

shear zone was apparently during Late Permian to Triassic time

(Vallier, 1967, p. 191), but movement may have continued until Late

Jurassic time (White, 1971). A similar history is presumably

applicable to the Cougar Creek shear zone.

Regional Metamorphism

Effects of regional metamorphism have been described in detail

by Hamilton (1963) for the adjacent Riggins quadrangle, and to a

lesser extent for metamorphism in the Cuprum quadrangle. He has

demonstrated that the metamorphic grade increases from west to east,

until these effects merge with or are obscured by the large contact

aureole around the Idaho Batholith. Vallier (1967) has divided the

mineralogical changes imposed by metamorphism into two types:

(1) albitization, and (2) silicification. Albitization has resulted

in the replacement of more calcic plagioclase feldspars by albite,

and with the concomitant formation of calcium-bearing minerals such

as epidote and (or) calcite. Silicification has taken place through

the introduction of silica, perhaps in part derived from the
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destruction of the more calcic plagioclase feldspars. It is more

pronounced in the Permian rocks than in the Triassic rocks (Vallier,

1961). In addition, Vallier indicates that chloritization of the

mafic minerals is common. In terms of metamorphic rank, country

rocks of the Red Ledge area probably belong in the albite-epidote-

chlorite subfacies of greenschist metamorphism. The age of the

metamorphism is either variable, or may represent two separate

events. Within the western Idaho - eastern Oregon area, Hamilton

(1964) favors a single metamorphic event of probable Late Jurassic

age.

Regional lock Types

Western Idaho is a region of abundant island-arc type volcanic

rocks of Permian and Triassic age. The Idaho Batholith and

associated plutons form the main intrusive series of the region.

Some areas of western Idaho are somewhat obscured by Tertiary

volcanics, predominantly the Columbia River basalt.

Intermediate to mafic volcanic rocks metamorphosed to the

greenschist facies are commonly called "greenstones", and it is that

term used most often to describe the Permo-Triassic volcanic rocks

of western Idaho and eastern Oregon. These volcanics are called the

Clover Creek Greenstones in Oregon by Gilluly (1935), the Gold Creek

Greenstones by Prostka (1961), also in Oregon, and the Seven Devils

Volcanics in Idaho by Anderson (1930). The Seven Devils Volcanics

(and equivalents) are composed of flows, tuffs, and epiclastic and

volcaniclastic sedimentary rocks in sub-equal amounts. Normal



9

(calc-alkaline) and spilitic (Reratophyric) varieties of all rock

types are present. Because spilitic rocks are common in both areas,

Hamilton (1963) has suggested an "island arc" setting, similar to the

present Aleutian Islands, for the depositional environment of these

volcanics.

The dominant plutonic feature of western Idaho is the Idaho

Batholith. This composite batholith was formed mainly from 156 to

125 million years ago, and later was subjected to an Eocene thermal

event of unknown origin (McDowell and Kulp, 1969, p. 2380). Lithol-

ogies of the batholith range from quartz diorite to granite, with

granodiorite, according to Ross (1963, p. 88), accounting for most

of the plutonic rock types exposed.

Early Cretaceous ages have been reported for plutons near the

Red Ledge area. The nearby Deep Creek Stock was dated at 121 and

127 million years, utilizing K-Ar methods on magmatic hornblende and

biotite, respectively (White, 1972). The proximity of the funnel-

shaped quartz diorite Deep Creek Stock may be important to genetic

models proposed for the intrusions of the Red Ledge area.
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ROCK TYPES

Major rock types present within the area studied include Permo-

Triassic age Seven Devils Volcanics, Mesozoic age rhyolitic intru-

sions and intermediate to mafic dikes, Tertiary age basalt dikes,

and a variety of Quaternary age surficial deposits.

Rock identification was accomplished by microscopic examination

of select samples, except for Quaternary rocks, for which field

inspection was sufficient. Igneous rocks are classified by the

scheme of Williams, Turner, and Gilbert (1954). Volcaniclastic

rocks are classified by the method of Fisher (1961), and their colors

are described in terms of common adjectives, rather than by the USGS

Standard Rock Color Chart.

Seven Devils Volcanics

The Permo-Triassic age
greenstones forming a nearly continuous

belt from British Columbia, through Idaho and Oregon, into northern

California contain many spilitic (keratophyric) volcanics as well as

normal talc- alkaline varieties. Gilluly (1935) and Amstutz (1968)

have summarized genetic models that have been proposed to explain

these unusual volcanic rocks, which include the soda-rich (albitic)

spilites, keratophyres, and quartz keratophyres. The "spilite

problem" refers to the occurrence and formation of these rocks,

characterized by high Na/Ca ratios, within "normal" talc - alkaline

volcanic successions. As a consequence of this high Na/Ca ratio,

the feldspars are usually the Na-rich albites instead of the more
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calcic varieties that normally are associated with these general

rock types. The albite commonly rims and replaces the presumably

earlier and more calcic feldspar.

Two main hypotheses of spilite origins have evolved; namely

that (1) the parent magma was sodium rich and the albite is

syngenetic, versus (2) metasomatic introduction of sodium to form

epigenetic albite at the expense of pre-existing feldspars. Gilluly

believed that both processes could occur, stating that sodium derived

from differentiating magma at depth (1935, p. 347) was introduced

metasomatically (1935, p. 341), but that there also could be extrusion

of trondhjemite to form spilitic flows (1935, p. 347).

Gulbrandson and Cressman (1960) described a Jurassic age sub-

marine tuff that contained analcime and albite. Because the tuff

was interbedded between two marine limestone units the later intro-

duction of sodium by metasomatic fluids was prohibited. Hamilton

(1963, p. 74) also suggested that theories involving cation exchange

with sea water were the most promising for an explanation of the

spilite problem. Data presented by Hart (1970) indicates that

interaction between tholeiitic basalt and sea water results in gains

of potassium and sodium and with a concomitant loss of calcium and

silica. His data, therefore, do not indicate a typical spilitic

trend for silica and potassium.

Park (1946) suggested a fumarolic alteration origin for spilitic

rocks of the Olympic Peninsula, Washington. However, his descriptions

would seemingly permit substitution of the term "deuteric" for

"fumarolic" as the alteration process.
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Spilitic rocks the world over are commonly found in metamorphic

terrains of the greenschist facies. Minerals of this facies are

albite-chlorite-epidote, with or without calcite (Turner, 1968).

Sundius (1930) has ascribed the generation of spilitic rocks to

metamorphic effects, such as the migration of calcium away from

normal plagioclase feldspars, leaving an albitic residua.

Amstutz (1958) proposed that spilitic rocks are produced by the

delayed crystallization of cal-alkaline magmas. Amstutz (1958, p. 1)

states;

"the assumption of a primary spilitic rock family stands

and falls with the assumption that certain silicate melts

are able to retain enough volatiles to delay the main

crystallization down to the pegmatitic-hydrothermal range,

and thus develop hydromagmas and not only hydrothermal

fluids".

The principal volatile that Amstutz refers to is assumed to be

water.

There is a distinct unconformity within the Permo-Triassic age

greenstones. The regional hiatus generally is from Permian to Late

Triassic time (Dott, 1961), but the separation is Guadalupian (Middle

Permian) to Ladinian (Upper Middle Triassic) according to Vallier

(1967, p. 21), for the Seven Devils Volcanics near the Red Ledge area.

Other investigators, (Vallier, 1968, and Morganti, 1972), working

nearby have applied formational names to volcanic rock units within

the Seven Devils Volcanics. Because only age correlations are

possible between the various areas only the Permian-Triassic time

division will be retained. Accordingly, Triassic rock types will

be given descriptive names instead of introducing additional
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formational names.

Permian Rocks (Undifferentiated)

Permian rocks of the area are confined to the southeast corner

of Plate 1, lying southeast of a major northeast trending fault.

Their topographic expression varies from subdued highlands to

moderately steep canyon walls bordering Deep and Oxbow Creeks. Rock

colors are predominately green and brown and less commonly cream or

near white. Permian rock outcrops are more heavily stained by iron

oxides than their equivalents of Triassic age.

Permian rock types are lithically variable and include mafic to

siliceous volcanic flows, epiclastic volcanic breccias and

conglomerates, and minor tuffaceous units.

Intermediate to mafic flow rocks form approximately one-half of

the Permian sequence. The flow rocks appear to consist of both

normal and keratophyric and spilitic varieties of andesites and

basalts with the more mafic representatives predominating over the

intermediate varieties. Petrographic work was not done in sufficient

detail to define rigorously the composition of Permian flow rocks.

The majority of the remainder of the Permian section consists

of epiclastic and volcaniclastic breccias and conglomerates. Some

monolithologic agglomerates may be mixed in with this group, but most

appear to be distinctly polylithologic. Bedding in the elastic rocks

is occasionally discernible. Breccias predominate over conglomerates,

with both containing clasts of flow rocks and occasional fine grained

(tuffaceous?) sedimentary rocks. Groundmass material may be crystal



tuff debris, containing abundant feldspar euhedra in an otherwise

aphanitic groundmass. The epiclastic volcanic breccias and conglom-

ates may represent mechanical weathering products of the volcanic

terrain immediately underlying them, with fresh tuffaceous'debris

admixed as groundmass material.

Only one tuffaceous unit was identified in the Permian rocks.

This unit exhibits a crude eutaxitic texture, which in thin section

is highly contorted, and appears to represent a siliceous air fall

tuff. The tuff weathers readily, forms subdued outcrops, and occurs

mostly as cream colored talus.

The Permian rocks are correlated with Vallier's (1967) Late

Permian section on the basis of lateral continuity. No unconformity

within the section of Permian rocks was identified.

Triassic Rocks

Triassic age representatives of the Seven Devils Volcanics

include all rock types found in the Permian section, and several

additional lithologies, including a limestone lens and prominent

"red beds".

Triassic rocks occur to the northwest of the Permian rocks, and

form the country rocks of the Red Ledge intrusion. They appear very

similar to Permian equivalents, with the possible exception of lesser

amounts of iron oxides staining outcrop surfaces. Most of these

rocks occupy areas of steep topography with cliffs common along

lower Deep Creek and Hells Canyon. The red bed sedimentary sequence

forms areas of more subdued topography, with talus slopes common, and
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purple and light green colors are locally present in addition to the

predominant reds of this unit.

Metavolcanics

The flows, tuffs and clastic rocks occur in approximately the

same proportions as in the older Permian sequence, but with bedded

tuffs being relatively more numerous. Spilites and basalts are both

present. They differ in that the spilites contain prominent (up to

4 mm long) white albite crystals set in a dark purple groundmass,

whereas the basalts commonly appear aphanitic and dark gray or brown.

A basalt flow exposed along the north bank of Deep Creek shows well

developed columnar jointing, and fragments of basalt float containing

vesicules were also noted in several places.

Keratophyres and andesites are also common. The keratophyres

typically display a green matrix and distinctive porphyritic texture

formed by euhedral phenocrysts of white albite. (a modal and

normative analysis of a keratophyre is listed in Table 1.) Andesite

flows are identified by their gray to light purple colors and

generally greenish feldspars. These subjective criteria for identi-

fication allow for some uncertainties in the field identification of

the intermediate to mafic rock clans.

Quartz keratophyres are also common, and are typified by quartz

phenocrysts which are rounded by magmatic resorption. Phenocrysts of

albite accompany the quartz. Their white color and euhedral to

subhedral form contrast well with green, chloritic groundmass. The

non-spilitic equivalents of quartz keratophyres, dacites and latites,
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Table 1. Normative and modal composition of a metallized kerato-
phyre, norm values in weight percent, modal values in volume percent.
A chemical analysis for this specimen is given in Table 2 (1).

CIPW MODAL

Albite
Anorthite
Orthoclase
Quartz
Pyroxene
Calcite
Chlorite
Clay
Opaques
Water
Apatite
TOTAL

23.10
20.42
3.19

11.86
24.31

6.04
6.72
0.37

96.01

9.5

8.0

13.2
26.5
26.5
16.5

100.02

Table 2. Chemical composition (in weight percent) of a kerato-
phyre, and comparison spilite and meta-andesite.

1. Kerato., Cuprum Quadrangle, Idaho (Analyst, K. Aoki, 1973).

2. Spilite, Baker Quadrangle, Oregon (J. Gilluly, 1935,
p. 235, no. 8).

3. Meta-andesite tuff, Riggins Quadrangle, Idaho, (W. Hamilton,

1963, p. 8, no. 2).

(1) (2) (3)

Si02 51.33 53.15 53.2

Al2 0
3

12.56 14.39 16.8

Fe203 2.77 1.28 8.5

Fe0 8.39 9.33 1.5

TiO2 1.45 1.50 1.0

Mn0 0.14 0.14 0.18

Mg0 4.11 4.74 3.4

Ca0 5.62 7.04 6.9

Na20 2.73 4.58 2.8

K20
0.54 1.01 1.7

H20+ 6.72 2.02 2.1

1120- 0.29 0.19 2.1

P2°5 0.16 0.19 0.25

Cu 1.88 not given 0.0015

TOTAL 98.19 99.66 100.0
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are present in minor amounts. Dacites and latites are near-white to

light brown in color. Textures are aphanitic or occasionally porphy-

ritic, with small (^,0.5 mm) quartz and feldspar phenocrysts. One

very light-colored flow with a siliceous groundmass may be a true

rhyolite. This rhyolite (?) also displays flow banding near the

northwest side of the Red Ledge intrusion.

Limestone

A limestone lens within Triassic rocks was mapped as a distinct

lithologic unit (Plate 1). It forms a fault-separated band near the

confluence of Deep and Oxbow creeks. The limestone, gray to purplish

in color, has a sharp basal contact with an areally extensive black

conglomerate. The upper contact grades over distances of several

feet, by increasing amounts of sand-sized volcanic detritus, into a

thin-bedded (0.5 to 1 inch) epiclastic volcanic sandstone. The

calcite of the limestone has been largely recrystallized into inter-

locking anhedra, with segregated iron oxide inclusions. Recrystalli-

zation of the limestone is thorough enough to make the term "marble"

more appropriate, but limestone is retained to avoid the implication

of hydrothermal alteration. The limestone lens has a maximum

thickness of about 150 feet, and a strike length of about 2,800 feet.

Fossils were not found in the limestone.

Red Beds

A distinctive sequence of red beds was mapped separately from

the other volcanic rocks. These red beds are epiclastic volcanic
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sandstones that are interlayered with spilite flows (Fig. 3). The

red bed sequence crops out over a northwest trending zone 3,000 to

5,000 feet wide on the east bank of Hells Canyon (Plate 1).

The red beds are thin-bedded (0.5 to 1 inch) to thick bedded

or massive (indiscernible bedding over thicknesses of 20 feet) with

thin-bedded features predominate. Graded bedding, where observed,

becomes finer-grained upward. The red beds are composed of lithic

fragments of volcanic rock, detrital grains of quartz and plagioclase

feldspar, calcite grains and matrix, and iron oxide, (predominately

hematite) cement (Table 3). The detrital quartz crystals are

apparently phenocrysts rounded by magmatic resorption within the

parent volcanic rock and later freed by weathering. The calcite

matrix appears to have been largely detrital, as it appears to

"support" the volcanic fragments. The iron oxide cement has a

reddish color in transmitted and reflected light, and imparts the

distinctive red coloration to the rocks.

Interlayered with the red beds are spilitic lava flows. These

flows are dark purple to greenish purple in color, and they commonly

have vesicular flow tops. Where amygdules are present they consist

mostly of calcite with subordinate chlorite.

All units of the red bed series show metamorphic mineral phases

such as calcite (possibly remobilized primary calcite), epidote, and

clay minerals. Feldspar composition in the sedimentary rocks could

not be determined optically because of widespread replacement by

clays, epidote, and iron oxides.



Figure 3. Thin-bedded sedimentary rocks of red
bed unit overlying spilite flow.
Note vesicular flow top.
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Table 3. Modal analysis of epiclastic volcanic sandstone from
red beds unit, numbers are volume percent.

Component Comments

23.4 volcanic rock fragments dacite to basalt, &
spilitic equivalents

5.6 quartz detrital crystals &
veinlets

5.6 feldspar (plagioclase) detrital crystals

19.0 calcite matrix, partly
detrital (?)

4o.6 hematite cement

1.8 epidote secondary

4.0 clay (montmorillonite) secondary

100.0
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Chemistry

The classification of volcanic rock as spilitic (sodic) cannot

be accomplished through chemical analyses alone. Amstutz (1968,

p. 750) has stated that, "chemically spilites are not different from

basalts in any way that may not be due to sampling difficulties

caused by the wide mineralogic range of phase separation". The

potential sampling bias arises when calcite and/or epidote, as veins

or prominent segregations, are trimmed from the sample, thus leaving

it relatively enriched in sodium. Analysis of only one flow from a

closely related sequence may also give biased results. Nonetheless,

a single chemical analysis was obtained for a keratophyre from the

study area. The sample was taken from an adit dump located in sec.

22, R. 2 W., T. 22 N. The sample was trimmed only where the effects

of weathering were pronounced. The chemical data, with a comparative

analysis of a spilite and meta-andesite, are presented in Table 2.

The volcanic lithology of this sample could be variously inter-

preted, from its major oxide chemistry, to be a keratophyre,

andesite, spilite, or basalt. No single component is sufficiently

diagnostic to define the rock. The sample resembles a spilite,

because of its purple color and visible relicts of feldspar and

mafic minerals. The silica content is distinctly lower than the

comparative value for spilite and meta-andesite (Table 2). The

sodium:calcium ratios are 0.49, 0.65, and 0.41 for the sample,

comparative spilite, and meta-andesite, respectively. In relative

sodium abundance the sample is closest to the comparison andesite.
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The sample would be classified as a dacite on the basis of the

normative mineralogy (Table 1). The rock is herein classified as

a keratophyre, mainly on the basis of its bulk chemistry.

Red Ledge Intrusion

Three separate, and probably cogenetic, hypabyssal intrusions

of silicic composition have been emplaced into the Seven Devils

Volcanics of the Red Ledge area. The largest, and economically

most important, is the Red Ledge intrusion. Two widely separated

dikes, compositionally similar to the Red Ledge intrusion, occupy

fracture zones in the adjacent country rocks. The Red Ledge

intrusion crops out over an area of approximately one-third square

mile, predominately on the east bank of Deep Creek, in parts of

secs. 23-26, T. 22 N., R. 3 W. (Plate 1). The intrusion is generally

characterized by bold cliffs, brightly colored in shades of red,

brown, and yellow; and by blocky talus slopes below cliffs (Fig. 4).

The Red Ledge intrusion can be sub-divided into three lithologies.

Each is sufficiently distinctive for the purpose of field identifi-

cation. In order of apparent formation they consist of: (1) quartz-

feldspar porphyry, (2) quartz porphyry, and (3) rhyolite.

Quartz-Feldspar Porphyry

Quartz-feldspar porphyry forms about one-half of the exposed

part of the Red Ledge intrusion (Plate 2). This intrusive phase is

herein named for its only two megascopic components. The porphyry,

where unaffected by oxidation, has a light gray color. Oxidation of



Figure 4. Brightly colored outcrops of the Red

Ledge intrusion above Deep Creek.
Note the dike and "upper" adit. View looking

east.
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quartz-feldspar porphyry outcrops, and of other Red Ledge intrusive

phases, is typically very thorough and rock colors therefore are

yellows, browns, and reds.

Hand specimens of quartz-feldspar porphyry are characterized by

abundant (up to 50 percent by volume) quartz and apparently feldspar

phenocrysts set in an aphanitic, siliceous groundmass. The quartz

phenocrysts are fine to medium sized (1-4 mm), clear, and generally

rounded and traversed by micro-fractures. Feldspar relics are pre-

dominantly medium sized (2-4mm) euhedra to subhedra that lack visible

twinning. The feldspars are white, soft, and have a satiny sheen

that is indicative of alteration. Finely crystalline sericite is

visible occasionally in the grayish groundmass. Medium-sized

sericite is found in veins cutting the quartz-feldspar porphyry.

Pyrite is ubiquitous, occurring as euhedral cubes disseminated both

in the matrix and along veins, and as blebs within quartz veins

(Fig. 5).

Thin section examination of quartz-feldspar porphyry reveals a

very simple mineralogy. Quartz, sericite and pyrite form about 99

percent of a typical sample, each with several crystal habits. The

texture is holocrystalline seriate to porphyritic.

Quartz ranges from microcrystalline aggregates in the groundmass

to phenocrysts up to 4-5 mm in diameter. Quartz phenocrysts are

rounded, commonly fractured, and occasionally have fine sericite

developed along the fractures. A reaction rim of finely crystalline

intergrown quartz and sericite commonly surrounds the larger pheno-

crysts. Finely crystalline quartz also occurs with sericite as



25

Figure 5. Quartz-feldspar porphyry, with quartz and
sericitized feldspar phenocrysts in a siliceous
groundmass. (actual size)

Figure 6. Photomicrograph of quartz-feldspar porphyry.
qz = quartz phenocryst fs = kaolinitized feldspar
phenocryst ser = sericite ba = barite (?) (x 250)
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pseudomorphs of feldspar.

The feldspar phenocrysts are totally replaced by very finely

crystalline sericite, quartz, and kaolinite. Relicts of feldspar

were never observed in any thin sections of quartz-feldspar porphyry.

The original composition of the feldspars is unknown, but possibly

was orthoclase, as the pervasive sericitization of the feldspars may

indicate their original potassic nature. Where the rock appears

freshest the feldspars are pervasively kaolinitized (Fig. 6). One

unusually large pseudomorph after feldspar did have relic poly-

synthetic twinning. This relict, because of its larger size (7 mm

versus an average of 4 mm), may not compositionally be representative

of all feldspars in the porphyry.

Pyrite occurs as isolated euhedral crystals and as granular

masses of anhedra. Euhedral pyrite cubes, 1 to 3 mm, are dissem-

inated throughout the groundmass, and they occasionally are localized

by replacement within sericitized feldspars. The granular masses are

clustered around sericitized feldspars, and within and marginal to

quartz and (or) sericite veinlets

Barite is present in porphyry phases of the Red Ledge intrusion,

predominantly as late vein fillings. However, some barite that

occurs within sericitized feldspars has a bladed crystal habit, and

may represent a primary or pre-alteration rock constituent.

Minor or trace components of the quartz-feldspar porphyry

include chlorite, epidote, and zircon. Chlorite and epidote occur

as finely crystalline (< 1 mm) aggregates within sericitized

feldspars. Zircon occurs as small (1-2 mm) elongate disseminated
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euhedra within the groundmass of the porphyry. Several supergene

(weathering) products of sulfide minerals in the quartz-feldspar

porphyry include jarosite and various species of limonite. Their

occurrence and significance will be described in a later section.

The normative and modal mineralogy of a quartz-feldspar porphyry

specimen is presented in Table 4.

Quartz Porphyry

Quartz porphyry of the Red Ledge intrusion is approximately

coextensive with quartz-feldspar porphyry (Plate 2). This rock is

herein named for its only megascopic mineral phase, namely quartz

phenocrysts.

Hand specimens of quartz porphyry are light gray to light brown

in color. This rock is commonly stained by secondary iron oxides as

are the other Red Ledge intrusive Phases. Quartz phenocrysts are

abundant, comprising 20-30 percent of the rock, unless the crystal

size diminished, when quartz phenocrysts form only 5-15 percent of

the rock. The quartz phenocrysts are rounded, medium sized (1-4 mm),

and fractured (Fig. 7). The groundmass of quartz porphyry is

aphanitic and very siliceous. Sericite occasionally becomes

sufficiently coarse to be megascopically identified. Because this

rock exhibits a satiny sheen, sericite is a common constituent added

to the groundmass.

Pyrite occurs within the quartz porphyry both as cubic euhedra

and as granular masses of anhedra, with the individual cubes ranging

up to 3 mm in diameter. Granular aggregates of pyrite commonly occur



Table 4. Normative and modal composition of Red Ledge quartz-

feldspar porphyry sample EL-72-141. Normative values are in

weight percent, modal values are in volume percent. A chemical

analysis for this specimen is given in Table 5.

CIPW Norm Modal

Albite
Anothite
Orthoclase

3.47
.04

10.28

Quartz 71.66 67.1

Pyroxene .17

Corundum 7.28

Sericite 5.0

Kaolinite 21.9

Opaques 3.09 5.1

Water 2.94

Apatite .16

Sulfate 0.9

Total 102.09 100.0
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Figure 7. Quartz porphyry (left) and rhyolite
(right). Note the characteristic quartz
phenocrysts of quartz porphyry, and the chlorite
clots in the rhyolite.
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along the margins of veins of quartz and (or) sericite.

Microscopic examination of quartz porphyry reveals a simple

mineralogy that is similar to quartz-feldspar porphyry. The only

significant differences are: (1) lack of sericite as pseudomorphs

after feldspar, (2) sericite is much more abundant as a component of

the groundmass, and (3) more pronounced veining than in quartz-

feldspar porphyry.

Thin sections of quartz porphyry reveal intensely resorbed

quartz phenocrysts that range in size from very fine to medium

( 1 to 5 mm). They are rounded, commonly embayed by groundmass

minerals, and fractured. Finely crystalline sericite occasionally

follows the fractures inward from the crystal margin. The quartz

phenocrysts are commonly rimmed by finely crystalline intergrowths

of quartz and sericite.

Sericite occurs as small elongate fibers that commonly exhibit

a preferential orientation within the groundmass. Veinlet sericite

is abundant and is distinctly coarser than its replacement equiv-

alent of the groundmass. Elsewhere, occasional clots of coarser (up

to 3 mm) sericite are disseminated throughout the groundmass.

Perhaps they represent replacement of pre-existing feldspar pheno-

crysts. The abundance of sericite in the quartz porphyry averages

30 percent but may range from 9 to 60 percent of the rock volume.

Clay minerals occasionally accompany the vein sericite in

quartz porphyry. It occurs as turbid masses, usually a light brown

color, and has low birefringence which suggests kaolinite. The clay

appears very similar to that in quartz-feldspar porphyry identified
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as kaolinite by X-ray diffraction methods. Clay never exceeds three

percent of the rock by volume, and its average abundance is nearer

one percent.

Pyrite, or the products of weathering derived therefrom, is

present in amounts ranging from 2 to 15 percent. Disseminated pyrite

tends to form small to medium sized (1 to 3 mm) euhedral (cubic)

crystals, whereas pyrite within and adjacent to veinlets tends to be

anhedral and clustered in granular masses. The weathering products

associated with pyrite are jarosite and various limonites.

Other mineral phases found in minor amounts include epidote,

chlorite, and zircon. Epidote and chlorite usually occur within the

coarser disseminated sericite clusters. Their abundance within the

quartz porphyry host never exceeds four percent. Zircon occurs in

trace amounts as finely (1-2 mm) disseminated euhedra.

Rhyolite

Unlike the porphyritic phases of the Red Ledge intrusion the

rhyolite phase lacks typical phenocrysts, being identified by its

aphanitic nature. Typical hand specimens of the rhyolite are light

green or brown to cream in color. The green color is occasionally

mottled against a lighter colored background. The rock texture,

while being aphanitic, is rough along fracture surfaces and may

exhibit a silky sheen from finely crystalline sericite. Iron oxide

stains the rock various colors (Fig. 7).

Petrographic examination of the rhyolite reveals some textural

evidence of a possible transition from the quartz porphyry and
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quartz-feldspar porphyry phases of the Red Ledge intrusion. These

features include small quartz phenocrysts and ghost-like shadows that

are possibly remnants of feldspar phenocrysts.

Quartz occurs in three crystal habits. It predominates (70 to

100 percent of total quartz) as finely to microcrystalline (< 0.1 mm)

anhedra in the groundmass. Quartz also is present as micropheno-

crysts (0.2 to 0.3 mm) that are rounded and distinctly larger than

quartz in the groundmass. The third textural occurrance is as inter-

locking anhedra. The aggregates form spherical masses of approx-

imately 0.2 to 0.5 mm diameter, with individual crystals of quartz

no larger than 0.05 mm (estimated). These quartz aggregates are

interpreted to be recrystallized quartz phenocrysts.

Sericite is a common component of the rhyolite, its abundance

is sub-equal to that of quartz (30 to 60 percent). Sericite has two

distinct crystal habits, occurring as finely crystalline wisps (0.1

to 0.2 mm long) and as circular "clusters" (0.2 to 0.4 mm in

diameter). The sericite wisps occasionally are intergrown with

quartz in a preferential orientation that is usually sub-parallel to

visible structure. The sericite clusters may represent recrystal-

lized remnants of feldspar.

Other mineral phases of the rhyolite are pyrite, chlorite, and

clay. The pyrite, or its iron oxide residue, is present in amounts

varying from 1 to 12 percent both as disseminations and as veinlet

fillings. Disseminated pyrite is usually euhedral (cube form), and

finely crystalline (0.2 to 1 mm). Veinlet pyrite commonly forms

granular masses that are usually accompanied by sericite.
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Chlorite often occurs with sericite in clusters within the

rhyolite. It exhibits anomalous interference colors and thus is

probably prochlorite (the ferrous iron variety). The chlorite

occurs as fine to medium (0.2 to 2 mm) sized foliated crystals that

sometimes are arranged in radiating patterns. Although chlorite was

not present in all thin sections examined, it composed nearly 10

percent of one sample and averaged 3 to 4 percent of the rhyolites

studied.

Small amounts of clay were observed in one thin section. The

clay is very finely crystalline, very turbid in appearance, and

light brown in color. On the basis of weak translucence and low

birefringence it was tentatively identified as montmorillonite.

Lithologic Relationships and Form of Intrusion

The three intrusive lithologies of the Red Ledge intrusion can

be related to one another as simple alteration variants of one

magmatic theme. Alteration will be more fully discussed in a

subsequent section; however, it is appropriate to mention now a few

lithologic trneds caused by alteration within the Red Ledge rocks.

With increasing magmatic resorption the phenocrysts of quartz become

rounded, embayed, and diminish in size. Quartz that has been nearly

totally resorbed occurs as a central quartz "eye" surrounded by

finely crystalline granular aggregates of quartz. These aggregates,

in turn, may be surrounded by a halo of sericite.

With increasing intensity of sericitization, the host orthoclase

(?) phenocryst becomes completely altered to sericite and later loses
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its original or ghost-like form as replacement sericite of the

phenocryst grows and eventually merges with sericite of the ground-

mass. The final stage of feldspar destruction is indicated by the

appearance of more coarsely crystalline sericite clusters within

the groundmass.

Thus, the three varieties of the Red Ledge intrusion may be

derivatives of a common plutonic host as a result of varying degrees

of alteration. In the present usage, alteration is defined as the

replacement of any pre-existing mineral phase by magmatic, deuteric,

or hydrothermal processes.

The Red Ledge intrusive lithology that contains the most primary

mineral phases is quartz-feldspar porphyry (the feldspar component is

actually sericite, as previously noted). Thus, the quartz-feldspar

porphyry is the best representative of an initial pre-alteration

intrusive lithology. Quartz porphyry lacks one important mineral

phase, feldspar, that is present in the "assumed" primary lithology

of the Red Ledge intrusion. Samples of quartz porphyry in thin

sections reveal numerous clusters of coarsely crystalline sericite;

a replacement texture previously suggested to represent the final

stage of feldspar destruction. Phenocrysts of the quartz porphyry

consist exclusively of quartz and they are more corroded than those

of the quartz-feldspar porphyry. In addition to being rounded and

embayed they commonly have well developed reaction rims of finely

crystalline quartz and sericite. Thus, the textural implication is

that quartz-feldspar porphyry has been "altered" to quartz porphyry

through progressive destruction of feldspars.
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The rhyolite, hoWeVer, was not as obviously derived from

alteration of quartz-feldspar porphyry, as is postulated for the

quartz porphyry phase. Thin sections of a few rhyolite samples

contain granular aggregates of quartz and clusters of coarse

sericite. Although these textures can be interpreted as representing

complete destruction of pre-existing phenocrysts of quartz and

feldspar, other samples of rhyolite do not exhibit these textures

and the host could not have been initially porphyritic. Moreover,

zircon that is present in both the quartz-feldspar porphyry and

quartz porphyry, was not detected in any samples of rhyolite. Thus,

the rhyolite phase may have an origin separate from the other

intrusive phases of the Red Ledge intrusion, or may represent an

unusually intense alteration derivative.

Contact relationships among the three phases of the Red Ledge

intrusion are variable. All three varieties may occur at the margin

of the intrusion, and all three may occur in a dike-like form.

However, only the rhyolite forms dike-like masses within the margin

of the intrusion. These rhyolite "dikes" usually have well developed

foliations paralleling the margins of the outcrop and clearly were

injected into rigid pre-existing rock. Thus, much if not all of the

rhyolite is temporally later than the two porphyritic phases of the

Red Ledge intrusion.

In conclusion, the Red Ledge intrusion is believed to have been

formed by the following sequence of events:

1. Intrusion of quartz-feldspar porphyry;

2. Alteration of quartz-feldspar porphyry to quartz porphyry,
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contemporaneous with or followed by:

3. Intrusion of rhyolite as possibly two (sparingly porphy-

ritic and aphanitic) distinct phases;

4. If aphanitic rhyolite was intruded as a porphyritic rock

phase, later alteration to aphanitic rhyolite occurred.

The form of the Red Ledge intrusion is complex. In essence

it cons1s of numerous dikes that issue from a stock that is sill-

like in part. The northwestern margin of the intrusion, and parts

of the southeast margin, are generally concordant with flow layering

and stratification of the country rocks. Subsurface data from

diamond drill holes indicate that the northwest margin of the

intrusion dips at a moderate angle to the southeast. Thus, much of

the contact zone along the intrusion margin is discordant and the

intrusion, therefore, is stock-like in shape. Dikes emanating

from the main body of the intrusion are controlled by fractures.

Many of these dikes exhibit a pronounced northeast regional trend,

and the largest dike extends for about one mile east-northeast from

the intrusion.

On the basis of the composition, texture, and intrusive form of

the Red Ledge intrusion it may have been a rhyolitic volcanic neck.

A very shallow depth of emplacement is suggested by the pronounced

structural control of the intrusive form (partially sill-like nature

and dikes following fractures) and finely crystalline porphyritic

texture.
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Chemistry

A whole rock chemical analysis of major oxide components was

obtained for quartz-feldspar porphyry, the earliest and most repre-

sentative phase of the Red Ledge intrusion. This sample (RL-72-141)

was selected because it was the least altered, on the basis of

megascopic criteria, specimen of quartz-feldspar porphyry that was

collected. Although sample RL-72-141 is described as least altered,

it must be remembered that all rocks of the Red Ledge intrusion are

prevasively altered to quartz-sericite (plus pyrite). The sample

contains relatively few veins or veinlets of quartz-sericite-pyrite.

The chemical data for this rock are all listed in Table 5, which

also includes for comparative purposes a silicified quartz kerato-

phyre as reported by Hamilton (1963). Modal and normative analyses

of sample RL-72-141 were previously listed in Table 4.

On the basis of chemical evidence the quartz-feldspar porphyry

can be assigned to the granite-rhyolite clan of igneous rocks. This

affinity to the granite-rhyolite clan is clearly indicated by the

high silica content and high K/Na ratio. Moreover, on the basis of

previously mentioned textural evidence and normative and modal

mineral compositions, the quartz-feldspar porphyry phase of the Red

Ledge intrusion is hereby classified as a rhyolite. Provided that

the quartz porphyry and rhyolite phases were derivatives of the

quartz-feldspar porphyry, they too may be considered as rhyolites,

although there is no visual evidence of their feldspar components.

Previous investigators have not reported the occurrence of a
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Table 5. Chemical composition (weight percent) of a Red Ledge

intrusive rock and a comparison silicified quartz keratophyre.

1. Quartz-feldspar porphyry, EL-72-141, from Red Ledge

intrusion (K. Aoki, 1973). 2.

"E" of Table 1, Hamilton, 1963.

1

Silicified quartz-keratophyre,

2

Si02 80.82 81.33

Al2 0 3
9.85 9.21

Fe203 2.41 1.09

Fe0 0.34 0.74

TiO2 0.34 0.25

Mn0 tr 0.05

MgO 0.07 0.40

CaO 0.10 0.25

Na20
0.41 3.25

K
2
0 1.74 1.66

H
2
0+ 2.94 1.27*

H
2
0- 0.45

17'205
0.07 0.04

TOTALS 99.54 99.54
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discrete intrusive phase at the Red Ledge mine area. Instead, they

referred to these bleached and porphyritic rocks as altered Seven

Devils Volcanics (see Introduction). Silicified zones within the

Seven Devils Volcanics, however, are commonplace and comparison of

the chemical data (Table 5) reveals distinct compositional differ-

ences between quartz-feldspar porphyry and the altered volcanics.

The silicified quartz keratophyre has retained its high Na/K ratio,

which can be characteristic of keratophyric rocks provided they have

been properly sampled.

Correlation and Age

All three lithologic variants of the Red Ledge intrusion

intrude the Late Triassic age Seven Devils Volcanics. Thus, the

composite body of the Red Ledge intrusion is post Late Triassic.

The relative chronology of the various Red Ledge phases was discussed

in a preceeding section.

A minimum radiometric age determination by the K/Ar method was

obtained for the Red Ledge intrusion (Geochron Laboratories Inc.,

Cambridge, Mass., 1972). The sample analyzed consisted of intensely

sericitized porphyry from diamond drill core, so the age date

provides a minimum date for the last major thermal event to affect

the Red Ledge intrusion. This dated event may be the hydrothermal

alteration phase associated with formation of quartz-sericite-barite-

sulfide veins, or it may be a regional thermal event. The mineral

age was 125 ± 5 m.y. (Early Cretaceous) as determined from the

Ar4° /K40 ratio of 0.00755
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The Red Ledge intrusion, by virtue of its similar K/Ar age and

physical proximity, could be considered as a magmatic event correl-

ative to formation of the Deep Creek stock (see Regional Rock Types).

The culminating phase of the Idaho batholith formation is also dated

at 125 m.y., thus the Red Ledge and Deep Creek intrusions may be

representative of the waning phase of batholith scale magmatism in

Idaho. The contemporaneity of the Red Ledge intrusion and Deep

Creek stock is questioned by the relative mode of formation as has

been suggested by Taubeneck (1975). The mesozonal Deep Creek stock

actually occupies a higher elevation than the epizonal Red Ledge

intrusion. (See later discussions in "Genesis of Sulfide Deposits"

for probable age.)

Heady Dike

Two additional occurrences of intrusive rhyolite are within the

area mapped as Plate 1. The larger of these intrusions is named the

Heady dike after Thomas Heady, an early prospector (Livingston and

Laney, 1920, p. 57).

Areal Distribution

The Heady dike intrudes and parallels a major fault which

crosses Deep Creek approximately two miles south-southeast (upstream)

from the Red Ledge mine site. The dike trends northeast for a

distance of about three fourths of a mile, attaining a maximum width

of about 500 feet near Deep Creek. The surface expression of the

Heady dike is typified by foliated, iron-oxide stained outcrops.
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The outcrops are widely scattered and much of the extent of the dike

was determined from occurrences of float.

Lithology

The Heady dike is composed of two lithologic phases; quartz

porphyry and rhyolite. Both of these phases are directly comparable

to equivalent Red Ledge intrusive phases.

The Heady dike is composed of rhyolite at its southwestern end

where it attains its greatest width. Hand specimens of the rhyolite

contain finely crystalline quartz, sericite, and pyrite. Quartz

(60 percent) and sericite (30 percent) occur as finely crystalline

anhedral intergrowths. Pyrite (10 percent) occurs as disseminated

euhedra and as veinlets of anhedral crystals.

The northeastern part of the Heady dike, from about the upper-

most of two adits to the northeast terminus, is composed primarily

of quartz porphyry. Quartz porphyry of the Heady dike appears

similar to the more finely crystalline variants of Red Ledge quartz

porphyry. The Heady quartz porphyry is composed of quartz, sericite,

pyrite and minor epidote. The quartz has two modes of occurrence:

as phenocrysts and as a constituent of the groundmass. The pheno-

crysts are only 0.1 to 0.3 mm, rounded, and form only 15 percent of

a typical specimen. Total quartz is about 67 percent. Sericite

(30 percent) is finely crystalline and exhibits a preferential

orientation: the long axis parallels the axis of the dike. Align-

ment of sericite crystals produces a foliation that locally creates

a schistose texture. Finely crystalline disseminated pyrite euhedra
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(3 percent) form the remainder of the quartz porphyry.

Correlation and Age

Intrusive rock phases of the Heady dike, rhyolite and quartz

porphyry, are identical to the equivalent Red Ledge phase, with the

exception of more finely crystalline texture and foliated character

of the Heady dike.

The Heady dike intrudes a zone of structural weakness created

by a northeast-trending fault. The fault juxtaposes rocks of Permian

and Late Triassic age, thus the Heady dike is post-Late Triassic in

age. On the basis of spatial, general temporal, and essentially

identical lithologic characteristics, the Heady dike is correlated

to the Red Ledge intrusion as probable cogenetic derivatives of a

common magma.

Oxbow Dike

A rhyolite intrusion intrudes prominent fracture zones in the

W 1/2 sec. 18, R. 2 W., T. 22 N., on the bank of Oxbow Creek. This

intrusion is herein named the Oxbow dike.

Areal Distribution

The Oxbow dike crops out on the north side of Oxbow Creek where

its course changes direction from a northwest to a west trend. The

dike intrudes two distinct fracture sets, one trending from north to

northeast, the other trending east-northeast. The surface expression

of the Oxbow dike is greatly variable, ranging from scattered float
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to heavily iron stained linear outcrops. The dike can be traced for

a length of about 1,500 feet, attaining a maximum width of only

about 30 feet.

Lithology

The Oxbow dike is composed of two distinct lithologic phases:

quartz-feldspar porphyry and quartz porphyry. Both of these rock

types are similar to their respective Red Ledge counterpart,

differing only in the more finely crystalline texture of the dike.

Quartz-feldspar porphyry occupies the interior of the dike at its

widest part, whereas quartz porphyry forms both margins of the dike

at this point. Where the dike narrows quartz porphyry forms the

entire dike. The quartz-feldspar porphyry phase is composed of

rounded quartz phenocrysts (10 percent), sericitized pseudomorphs of

feldspar phenocrysts (15 percent), and quartz, sericite, chlorite,

and epidote in the finely crystalline groundmass.

Quartz porphyry of the Oxbow dike has only quartz phenocrysts

(10 percent) in a finely crystalline groundmass of quartz, sericite

and minor epidote. The quartz porphyry phase of the Oxbow dike was

apparently derived from the quartz-feldspar porphyry phase of the

dike in a manner similar to the same transformation which occurred

within the Red Ledge intrusion. Although all minerals diagnostic of

a rhyolite composition are lacking in both phases of the Oxbow dike,

the dike is assumed to have been rhyolite orginally. The high

silica content and quartz phenocrysts are considered sufficiently

diagnostic of the rhyolite composition.
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The Oxbow rhyolite dike intrudes Seven Devils Volcanics of

Late Triassic age. The similarity of Oxbow and Heady dike are

lithologic phases to respective lithologic counterparts within the

Red Ledge intrusion, coupled with similar temporal and spatial

relationships, indicate that the Oxbow and Heady dikes and Red

Ledge intrusion are all cogenetic derivatives of a common magma.

Intermediate to Mafic Dikes

A dike swarm of intermediate to mafic compositions intrudes the

Red Ledge stock and surrounding country rock. Compositions range

from dacite to basalt, with andesite apparently most common.

Areal Distribution

The distrubution of mafic dikes is essentially co-extensive

with the Red Ledge intrusion, although many of the dikes can be

traced for short distances outside the outline of the intrusion

(Plate II). The dikes of intermediate composition have a more

regional distribution, with only two actually crosscutting the Red

Ledge stock (Plate I).

Mafic dikes range from one to 100 feet in thickness. In terms

of attitude these dikes strike predominately northeast and dip

northwest at moderate to steep angles. Mafic dikes are light green

and foliated where thinnest, becoming very dark green and non-

foliated where thicker.
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Dikes of intermediate composition are consistently six to ten

feet thick and well foliated. These dacitic dikes have a generally

northeast trend, with steep northwest dips common.

The trend of these dikes mimics the pronounced northeast

regional structural grain. Variations in the northeast trend are

most common near the margin of the Red Ledge intrusion where

intrusive forces probably produced an anomalous tectonic pattern.

Lithologies

Dikes of mafic composition have a slightly variable feldspar

and mafic mineral composition. As a result of the variable miner-

alogy the true composition of the dikes ranges from basalt to

andesite.

The dike rocks that are possible basalts contain phenocrysts of

calcic plagioclase and pyroxene (augite?). The plagioclase is

white, subhedral, and 2-4 mm long, forming approximately 20 percent

of the rock. The plagioclase feldspars are thoroughly saussuritized

with clinozoisite, calcite, and traces of chlorite. On the basis

of the calcic saussurite the feldspars are tentatively classified as

labradorite. Subhedral augite (20 percent), 2-3 mm, is thoroughly

chloritized but retains the original crystal form. Additional

components include clay (montmorillonite?), quartz, pyrite, and

secondary iron oxide, which, along with chlorite, form the ground-

mass (Fig. 8).

The other type of mafic dike has very few phenocrysts and is

occasionally aphanitic. Phenocrysts, where visible, are euhedral,
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Figure 8. A basalt representative of the mafic dike clan
(left), and dacite porphyry of the intermediate composition
dike clan (right). (actual size)



47

1-2 mm long, altered hornblende crystals. Microscopic examination

reveals a groundmass composed of felted andesine (50 percent) as

euhedral crystals generally less than 1 mm long. Mafic minerals in

the groundmass include augite and hornblende, both greatly altered

to epidote and chlorite. Other mineral phases include minor clay,

quartz, and pyrite (altering to iron oxide), all products of hydro-

thermal alteration. This rock is classified as andesite on the

basis of the andesine.

The dikes of intermediate composition essentially contain

plagioclase (andesine), quartz, and hornblende, with or without

orthoclase. This composition is interpreted to indicate a dacitic

composition. Considering the abundant phenocrysts, dikes of inter-

mediate composition are classified as dacite porphyries.

Intermediate dikes vary only slightly in lithology. They

differ mainly in the relative abundances, rather than in types of

mineral components present. Two samples (one from outcrop and one

from diamond drill core at a depth greater than 1,000 feet) were

selected as representative of these dikes for petrographic study.

The most abundant component is andesine, forming large (3-6 mm),

subhedral crystals (32-35 percent). Large (4-7 mm) quartz pheno-

crysts (15-27 percent) are rounded, clear, and commonly cracked.

The remaining phenocrystic component was originally a mafic mineral,

presumably hornblende (from the crystal outlines) but is now entirely

replaced by chlorite (6-13 percent). Other secondary components

include sericite (10-24 percent)which replaces plagioclase feldspar

and is intergrown with quartz in the finely crystalline groundmass,
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epidote (occurs with chlorite), calcite, and leucoxene. The surface

sample contains about 10 percent finely crystalline orthoclase as a

groundmass component (Fig. 8).

A nearly continuous gradation exists from the basalt dikes

through the dacite porphyry dikes. The only radical change in the

mineralogical composition of any dike is the presence of quartz

phenocrysts in dacite porphyry dikes.

Correlation and Age

The age of the dike swarm within and surrounding the Red Ledge

intrusion is bracketed by two distinct events. Representatives of

all variants of these dikes of intermediate to mafic composition

intrude the Red Ledge stock. All representatives can also be found

altered by hydrothermal alteration associated with the formation of

quartz-sericite-barite-sulfide veins within and adjacent to the Red

Ledge intrusion. The alteration stage has possibly been dated at

a minimum age of 125 ± 5 m.y. (Red Ledge Intrusion; Correlation and

Age). The minimum age of the dike swarm thus becomes Early

Cretaceous.

On the basis of spatial, temporal, and general compositional

similarity, dikes of the basalt, andesite, and dacite dike swarm are

correlated to each other as co-genetic derivatives of a common magma.

Further, these dikes, the Red Ledge intrusion, and the Heady and

Oxbow dikes are all correlated as probable co-genetic derivatives of

a common magma or of closely related magmas.
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Basalt Dikes

Two basalt dikes crop out on the east wall of Hells Canyon

(Plate 1). These dikes are probable feeders to some of the volu-

minous flows of Columbia River basalt located high on the west wall

of Hells Canyon.

Areal Distribution

One basalt dike is located near Hells Canyon Dam (Plate 1) and

it has a north-northwest trend and vertical dip. The other basalt

dike is exposed in the Red Ledge mine road above Eagle Bar, trends

west-northwest, and also has a vertical dip. The trend of both

dikes is determined by the attitude of the minor faults which they

intrude.

Both dikes have a similar appearance. Outcrops are five to six

feet wide and composed of brown spheroids. The cores of the

spheroids are composed of dense, black, aphanitic basalt. Outcrops

of these basalt dikes are very limited, and their presence would be

undetected if they weren't exposed by road cuts.

Lithology

Petrographic examination was limited to one thin section from

the dike located near Hells Canyon Dam. Results of this meager

examination should be viewed as only crudely diagnostic of the

composition of either dike.

The main mineral components were found to be labradorite (54
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percent), augite (18 percent), magnetite (6 percent), and olivine

(1 percent). Labradorite and augite are euhedral and reach lengths

of up to two mm, whereas magnetite and olivine are anhedral and of

similar size. Olivine and augite display sutured contacts,

suggesting contemporaneity.

Secondary minerals include chlorite (11 percent), which replaces

augite, and chlorophaeite (10 percent), probably an alteration

product of glass. The texture is intersertal, with only minor flow

orientation. The rock is classified as a basalt.

Correlation and Age

The two basalt dikes do not display any regional metamorphic

effects, thus are post Jurassic. They are correlated with the

Columbia River basalt series on the basis of general age similarity

and identical physical and petrographic appearance. Their age is

therefore Miocene.

Quaternary Surficial Deposits

A variety of surficial deposits of Quaternary age are present

within the area mapped. Deposits of ferricrete (iron-cemented

colluvium) were located within the area of the Red Ledge intrusion.

Deposits of alluvium and glacial debris within and along the valleys

of Deep and Oxbow creeks were located.

Ferricrete

Five outcrops of ferricrete were mapped near the center of the
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Red Ledge intrusion (Plate 2), within or near Red Gulch. Ferricrete

outcrops are generally tabular deposits which are conformable to the

local topography. The outcrops are dissected and complete cross

sections are commonly present (Fig. 9). The maximum thickness

observed was approximately 15 feet, with 8-10 feet an average.

Typical ferricrete is composed of angular fragments of the

Red Ledge intrusion cemented by iron oxide, manganese oxide,

jarosite, and chalcedony. Colluvium fragments range from sand

through boulders in size. There are many voids present where the

cementing process was incomplete.

Ferricrete is produced when iron-rich water (predominately

slope wash, but also stream runoff) passing through colluvium

precipitates its iron and other constituents. Ferricrete indicates

the presence of abundant pyrite within the Red Ledge intrusion.

Moraines

Two surficial deposits of glacial debris are indicated on

Plate 1. One deposit is on the southwest bank of Deep Creek

opposite the confluence of Deep and Trail creeks. The other deposit

is at a major bend in Oxbow Creek, where it changes from a northwest

to a west trend.

Both deposits are typified by a wide range in particle size and

abundant boulders of Seven Devils Volcanics and quartz diorite.

Particle size ranges from clay-like fraction to boulders in excess

of five feet in diameter. There is no detectable size sorting or

stratification.
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Figure 9. A vertical section through a typical outcrop

of ferricrete, composed of iron oxide cemented colluvium.

Note rock pick for scale
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Both deposits occur in the general area of a valley cross

section change. Both valleys are U-shaped upstream of the deposits

and V-shaped downstream from them. The deposits are at elevations

of approximately 4,400 feet. Because of the position of the glacial

debris at the probable lower limit of glaciation, it is reasonable

to classify the deposits as terminal moraines.

Alluvium

Alluvium was only present in minor amounts throughout the area

studied (Plates 1 and 2). Alluvium is a surficial deposit of rock

debris emplaced by stream activity. The largest alluvium deposit

occurs where Red Gulch enters Deep Creek (Plate 2). The steep

stream gradients and narrow valley bottoms generally prevalent

throughout the area greatly restrict potential sites for deposition

of alluvium.
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STRUCTURAL GEOLOGY

Faults of the Red Ledge area, including one with probable

strike-slip movement, exhibit a pronounced regional trend. The

attitudes of joints are variable, but there are trends apparent

in the country rock. The distribution and orientation of infra-

intrusion joints suggest that they are flow indicators. The major

fold of the area, in conjunction with fractures, was an important

influence in guiding emplacement of the Red Ledge intrusion.

Faults

Faults within the Red Ledge area can be subdivided into three

general sets: (1) those with the regional northeast trend,

(2) those with an east-west trend, and (3) those with a variable

northwest to north-northwest trend.

Northeast Trending Faults

Faults having the regional northeast trend are almost all

steeply dipping and are characterized by normal displacement.

However, the fault along which the Heady dike was intruded probably

has had a history of strike-slip movement. This fault crosses Deep

Creek near its confluence with Trail Creek which it generally

parallels. The inferred strike-slip movement is indicated by a

wide zone of sub-parallel foliation, juxtaposition of diverse rock-

time units, and its pronounced linear expression on aerial photo-

graphs. All of these parameters are characteristic of known
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strike-slip faults in this region.

Other northeast trending faults display minor amounts of normal

(dip-slip) movement. They usually do not displace the adjacent

country rocks sufficiently to juxtapose dissimilar rock types.

These faults have a steep to vertical dip except near the Red Ledge

pluton where they commonly have a 6o° southeast dip.. This may be

related either to folding in that area or to stresses generated by

magma injection during formation of the Red Ledge pluton. Shearing

of the pluton trends northeast, dips southeast or occasionally is

vertical (Fig. 10), and is well defined along several trends that

can be traced beyond the margin of the pluton.

The age of the northeast trending faults can be bracketed as

Late Triassic to pre-Red Ledge intrusion in time. The faults cut

Upper Triassic volcanics, and are intruded by and partly affect some

intrusions of the later Mesozoic rhyolitic magma series.

East-West Trending Faults

Faults having an east-west trend and steep to vertical dips are

numerous, but usually exhibit minor displacement. Movement in all

cases is thought to be normal. These faults are difficult to locate

except where well exposed on cliff faces such as in Hells Canyon.

The trace of one east-west trending fault follows the canyon of

Deep and Oxbow creeks east from the Snake River, through the Red

Ledge area (Plate 1), and beyond to the east, a distance of at least

six miles. If the movement was entirely dip-slip, total movement

was approximately 1,000 feet along this fault.
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Figure 10. A northeast trending, steeply southeast-
dipping shear zone within quartz porphyry of the Red

Ledge pluton. Geology hammer for scale.
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The age of the east-west faulting is thought to be essentially

contemporaneous with, or slightly younger than, that of the north-

east trending faults. East-west trends intersect and merge with

northeast trends, such as where Oxbow Creek changes direction from

northwest to west (sec. 18, T. 22 N., R. 2 W.).

Northwest to North-Northwest Trending Faults

Faults with a northwest to north-northwest trend are scarce in

comparison to the fault trends previously described. Displacement

along these faults are presumed to be normal (dip-slip). The

northwe, and north-northwest trending faults are best exposed on

the cliffs forming Hells Canyon. Oxbow, Anderson, and Deep creeks

all have a northwest trend for major portions of their length, and

there is a possibility of fracture control to these trends. However,

faults that trend northwest were not observed along the stream

course.

The age of northwest to north-northwest trending faults is

possibly Tertiary. Dikes of Columbia River basalt occupy fault

zones of these trends.

Joints

Several joint sets are present in the area. Jointing within

the Fed Ledge intrusion mimics the regional northeast trend, and

locally may also indicate the direction of magma flow.
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Regional Joints

Major joint sets that are present throughout the area of study

have two consistent attitudes. Both sets trend N. 5-15° W., but

one set dips 40-50° E., and the other dips 30-45° W.

The individual joints of both sets commonly extend for distances

of up to one-half mile. The joint spacing is roughly proportional

to the length. Specifically, those joints that extend for

appreciable distances are widely separated from others of the same

orientation. Spacings of 20-25 feet are common for foints that may

be traced for one-half mile or more. Spacings for joints of lesser

extent range from six inches to 4-5 feet.

Intra Intrusion Joints

Joints within the Red Ledge intrusion are largely coincident

with those of the regional northeast trend. Moreover, joints having

this trend within the intrusion also have dips to the southeast as

do the faults. Trends for the intra-intrusion joints with dips

greater than 50° are shown in Figure 11. Those with dips of 50° or

less were not considered in this compilation in order to avoid

confusion between primary joints and those related to secondary

effects of unloading or "sheeting". Joints exhibiting shearing

movement were also eliminated from consideration, but these would

give a pronounced northeast-trending bias.

In addition to showing the northeast regional grain, the intra-

intrusion joints may also reflect the directions of magma flow.

Those joints occurring near major dikes commonly indicate flow from
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Figure II. Trends and attitudes of intro- intrusion joints having dips greater than
50 degrees. Trends depicted in plan view and as stereonet projections
(pole from the plane to lower hemisphere).
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the main body of the intrusion out into the dike.

Intra-intrusion joints are most numerous in the portion of the

intrusion that is thought to be sill-like in form and mode of

emplacement. This part occupies the western two-thirds of the pluton

(Plate 2). The eastern one-third of the pluton is very discordant

and has joints that are randomly oriented.

Folds

Folds within the Red Ledge area are of two general types:

(1) open folds having a regional trend to the northeast, and

(2) tight folds adjacent to and genetically related to faults.

Northeast Trending Folds

A poorly defined anticlinal fold trends generally northeast

through the center of the Red Ledge area (Plate 1, sec. 27 through

sec. 24, T. 22 S., R. 3 W.). This anticline is broad and open and

is inferred to plunge slightly to the northeast. Dips on the limbs

of the fold exceed 20° only where intrusion of the Red Ledge pluton

has somewhat domed the country rock.

Emplacement of the Red Ledge pluton was possible guided by

attitudes of this anticlinal fold because the jointing in the silled

part of the intrusion indicates flow parallel to the "bedding" of

the adjacent country rocks. The numerous northeast trending faults

that occur along the axial trace of the synclinal axis is visible on

the northeast bank of Deep Creek (northeast cor. sec. 35, T. 22 S.,

R. 3 w.).
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Folds Adjacent to Faults

The "bedding" in volcanic flows and volcaniclastic rocks has

undergone deformation by drag adjacent to faults. Anomalous

attitudes in the bedding, relative to the regional grain, are common

indicators of nearby faults. This relationship is especially well-

defined in the road cuts along the Hells Canyon Reservoir where

attitudes may be observed from continuous exposure of bedrock. Drag

folds that are associated with faulting were always monoclinal.
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GEOMORPHOLOGY

Geomorphic development of the Red Ledge area has been controlled

by several factors. The area is in the early mature stage of the

erosional cycle, during which topographic development is guided by

fractures, country rock lithologies, and the general elevation of

the region. Glaciation has left its typical topographic imprint.

Base Level Adjustment

The rugged topography of the Hells Canyon region, including

V-shaped canyons, steep slopes, established drainage patterns, and

sharp stream divides indicates an early mature stage of the

erosional cycle (Thornbury, 1954, p. 137-8). Because there has been

a Late Tertiary change of base level for the area, erosional adjust-

ment is currently proceeding at a rapid pace. Stream gradients are

very steep for tributaries of the Snake River, as exemplified by

Deep Creek where the gradients commonly exceed 500 feet per mile.

Canyon slopes are also commonly very steep, with many forming cliffs

that are more steep than the angle of repose.

Fracture Control

Accelerated erosion along fault and shear zones has caused

deviations in the pattern of the regional drainage. The east-west

trending normal fault crossing the Snake River below Hells Canyon

Dam (Plate 1) has caused a course deviation in Deep, Oxbow, and

Anderson creeks. All of these streams trend northwest until they
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intersect the fault and then flow west along it.

Sheared rocks along the southeast margin of the Red Ledge

intrusion has accelerated the process of physical erosion along this

zone. Platey debris (one-half to one inch thick) formed by shearing

in this area is readily removed by slope wash and ice wedging.

Pronounced jointing within the Red Ledge intrusion has not been

an obvious aid to the erosional destruction of this intrusion

relative to the volcanic country rock. The spacing of joints does

control the size of the talus blocks formed, but a lithologic control

seems to have diminished the rate of erosion within the intrusion.

Lithologic Control

The general correlation between outcrops of Permian age rocks

and subdued topography was previously noted. This correlation may

be due in part to the higher altitudes of these outcrops, as there

is an old (pre-Miocene?) erosional surface at about 6,500-7,000 feet.

The erosional surface is very irregular and its higher parts are

probably coincident with the existing mountain peaks of the area.

The numerous flows of Columbia River basalt can be seen to rest

unconformably on this pre-Miocene surface west of the Snake River.

The siliceous rocks of the Red Ledge intrusion are very

resistant to erosional processes. The "Red Ledge" proper (Plate 2,

west side, center) is a silicified part of the intrusion that is

heavily stained by limonite coatings. Other parts of the Red Ledge

intrusion that contain abundant sericite and clay are more easily

eroded. One such area, containing abundant sericite, is located on
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the northeast side of Red Gulch at about 3,800 feet elevation

(Plate 2).

The Upper Triassic red bed sedimentary sequence (Plate 1)

apparently is more easily eroded than other Triassic age rocks.

These rocks occupy areas having the least gradients of slope on the

east side of Hells Canyon. Areas underlain by the red beds commonly

have abundant sandy debris, as the erosion is mostly by chemical

solution destruction of calcite cement and matrix.

Glaciation

The effects of the last (?) glaciation, presumably related to

the Wisconsin stage of the Pleistocene Epoch, are pronounced at

higher elevations throughout the Seven Devils Mountains area. The

effects of glaciation near the Red Ledge Mine are limited to the

southeast corner of the area studied. At this location (sec. 31,

T. 22 S., R. 2 W.) a large cirque occupies the western part of

Emmett Mountain near the source of Heady Creek. Another cirque,

and associated small tarn, is located in the southeast corner of

sec. 30, T. 22 S., R. 2 W. Glaciers originating in these cirques,

and from others along the headwaters of Deep and Oxbow creeks, have

cut U-shaped valleys down to an altitude of about 4,400 feet. The

lower limits of glaciation are generally marked by terminal moraines,

such as at the bend in Oxbow Creek and at the foot of Heady Creek

(Plate 1).
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MINERAL DEPOSITS

The spectacular color anomaly associated with the Red Ledge

intrusion undoubtedly attracted early prospectors to the area. High

grade vein and replacement deposits were explored in the 1890's,

but apparently were never fully exploited. With the development of

mines in the nearby South Peacock area late in the 1890's came

improvements in transportation necessary for further development.

At that time, Thomas Heady first located mining claims on and

adjacent to the Red Ledge intrusion, and along the rhyolite dike

which bears his name. Short adits driven by Heady were greatly

enlarged by other mining endeavors in subsequent years. As

summarized from Livingston and Laney (1920), these workings partly

explored a pyritic replacement deposit located along the northwest

flank of the intrusion.

Development work near the Red Ledge included a drift 350 feet

long called the Cliff Mine (Cook, 1954). This prospect is located

about one mile north of the Red Ledge Mine, high on the south side

of Cliff Mountain. An access tunnel was driven toward the Red Ledge

Mine area from Hells Canyon above Eagle Bar. The tunnel penetrated

only 800 of the 9,000 feet required to reach the main workings of

the Red Ledge Mine area. Sometime after the tunnel was driven

(1920 ?), and prior to 1953, an access road was constructed from the

tunnel site above Eagle Bar to the mine site. This road apparently

uncovered mineralization of the disseminated volcanigenic type, and

a short (?) adit was driven to test this showing in the NE1/4 NW1/2,
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sec. 22, R. 3 W., T. 22 S.

Evaluation of the Red Ledge pluton as a potential porphyry

copper deposit has been attempted by several companies in the last

decade. Core from deeper diamond drill holes has tested at least

part of the intrusion, but much of it remains untested. However,

the rugged topography of the favorable intrusive area precludes

ready access. A mining company is currently (July, 1975) testing

the massive sulfide potential of the Red Ledge intrusion.

Recent (September, 1972) establishment of production at the

nearby Copper Cliffs Mine at Cuprum, Idaho, renders the disseminated

volcanigenic prospect more interesting as they are believed to be

geologically similar deposits.

Volcanigenic Disseminated Sulfides

Highly anomalous concentrations of copper occur in a purple

keratophyre and overlying green keratophyre in the NE1/4 NW1/2, sec.

22, R. 3 W., T. 22 S. Secondary mineral phases, such as chlorite,

epidote, montmorillonite, and calcite, are unusually abundant in

these sodic flows which otherwise are similar to other keratophyres

of the area. Chemical and mineralogical characteristics of the

keratophyre were described in Figures 3 and 4 (1). This lower flow

may be summarized as an albitic keratophyre with abundant chlorite,

calcite, clay and opaques. The upper keratophyre has albite pheno-

crysts (30 percent), chlorite (20 percent) and epidote (35 percent)

as replacements of mafic minerals and as clots disseminated within

the groundmass with quartz (10 percent) and opaques (5 percent).
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Metallization of these sodic rocks was possibly syngenetic as

the copper minerals are intimately associated with metamorphic

mineral phases disseminated throughout the rock. Sulfide minerals

include chalcocite (which is most abundant), chalcopyrite, and

bornite, all occurring as small blebs 1-2 mm in diameter. These

sulfide blebs occur within crystal boundaries in the spilite, and

as finely crystalline clusters around the margins of crystals in the

upper keratophyre. Sulfides in the lower keratophyre are predom-

inately bornite and chalcopyrite, whereas chalcocite dominates the

sulfide assemblage in the upper keratophyre. In general, the

sulfides are distributed along the contact of the two flows. Within

the upper keratophyre the sulfide zones are commonly discordant and

suggest that mobilization of sulfide from the underlying flow may

be responsible for metallization of the overlying flow.

Primary metallization of the keratophyre is interpreted to be

syngenetic, and as such is similar to deposits in the Keating

District, Oregon (Hammitt, 1972, p. 113), and in the Cuprum District,

Idaho (Morganti, 1972, p. 138). Both the Keating and Cuprum

districts are in the same Triassic belt of metavolcanics which form

the country rock of the Red Ledge area. The metallized flow of the

Red Ledge area is also similar to reported occurrences in the

Triassic Karmutsen Group volcanics of Vancouver Island, British

Columbia (Surdam, 1968). The abundance of low-sulfur copper sulfide

minerals and highly oxidized iron minerals in these deposits may be

interpreted as indicating oxidation of sulfide has occurred, thus

forming chalcocite or native copper from the initial chalcopyrite and
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bornite assemblage (Surdam, 1968). The metallized flow of the Red

Ledge area lacks abundant hematite or ilmenite, but evidence for

desulfurization is present. Inasmuch as calcite was mobile during

regional metamorphism, and does occur concentrated with chalcocite

in the overlying keratophyre, its distribution suggests that

oxidation, associated with the dissociation of calcite during meta-

morphism, formed secondary chalcocite. Similar geologic envi-

ronments existed at the other volcanigenic districts previously

mentioned, although the indicators of oxidation there are hematite

and ilmenite.

Red Ledge Intrusion

Occurrences of hydrothermal alteration, veins, and sulfides

are spatially, temporally, and genetically related to the rhyolite

intrusive series. These occurrences were only studied within the

area of the Red Ledge intrusion in sufficient detail to define their

types and relationships. Mineralization of the Heady and Oxbow

dikes is apparently of a similar type, but of much lesser intensity

than that of the Red Ledge pluton. The hydrothermal alteration,

metallization, and weathering of the Red Ledge deposit will be

considered in the following sections.

Hydrothermal Alteration

Hydrothermal alteration affects all three lithologic phases of

the Red Ledge intrusion and the surrounding country rock. Sericite

forms a well-defined zone that is generally coincident with the
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outline of the intrusion. Clay minerals are sparingly developed and

where found within intrusive rocks may be due to later processes of

weathering. Propylitic alteration forms a broad halo around the

Red Ledge pluton, but is difficult to distinguish from the effects

of greenschist grade regional metamorphism in the surrounding

country rocks.

The discussion of alteration that follows will only consider

the hypogene effects. Supergene alteration will be considered in

a subsequent section.

Phyllic Alteration

Previous petrographic descriptions of the Red Ledge intrusion

have emphasized the intensely sericitized nature of the host rocks.

Interpretation of the various crystal habits and textural occurrences

of sericite indicates four separate events of sericite deposition.

These events will be referred to as Stage I (early pervasive),

Stage II (early barren vein), Stage III (late sulfide vein), and

Stage IV (late pervasive) episodes of sericitization.

Stage I sericite is defined by the formation of sericite which

permeates all rhyolite intrusive rock phases and is not intensely

developed or associated with quartz veining. The sericite occurs

as a finely crystalline groundmass, intergrown with quartz in

coronas around the quartz phenocrysts, and as replacements of

feldspar. The quartz-sericite intergrowth suggests equilibrium

and contemporaneity between these two mineral phases. Pyrite and

minor kaolinite accompany the quartz and sericite. The stable
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mineral assemblage of Stage I sericite is quartz-sericite-pyrite,

with or without kaolinite.

Stage I sericite affects all three rhyolite intrusive phases

of the Red Ledge intrusion, although with variable intensity. Stage

I sericite is moderately developed in quartz-feldspar porphyry,

intensely developed in quartz porphyry, and moderately to intensely

developed in aphanitic rhyolite. Kaolinite most often accompanies

Stage I sericite in the quartz-feldspar porphyry, and small amounts

are only erratically present in the other intrusive phases.

To a limited extent the early pervasive sericite also affects

the country rock along the south side of the Red Ledge pluton

(Plate 3). Keratophyre and andesite show weak to moderate pervasive

sericitization for distances up to 300 feet from the south margin of

the pluton. Where the formation of sericite in the volcanics is

weakest it is accompanied by chlorite and kaolinite with minor

montmorillonite (?). The stable mineral assemblage during formation

of Stage I sericite in the volcanic country rocks of intermediate

composition apparently was quartz-sericite-pyrite-chlorite with or

without clay.

Early barren vein sericitization (Stage II) is defined by

sericite in veins which cut the groundmass of pervasively sericitized

rocks, and some non-sericitized volcanic country rocks. The vein

sericite is commonly accompanied by quartz and pyrite. Stage II

sericite is weakly developed in quartz-feldspar porphyry, strongly

developed in quartz porphyry, and moderately developed in the

rhyolite, and is variably developed in the volcanic country rocks
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immediately surrounding the Red Ledge pluton.

The early barren veins are typically associated with a quartz

veinlet or vein having alteration envelopes of quartz-sericite-pyrite.

The spacing of these veinlets is commonly eight to ten per foot, and

locally resembles crackle fillings. The Stage II sericitization of

the surrounding volcanics cuts those area affected by the earlier

pervasive sericitization (Stage I). It also forms a thin selvage

(2-20 feet) around all intrusive rhyolite contacts and extends from

the Red Ledge pluton to the northeast and southwest out along

fractures with the regional trend. The sericite veinlets in the

surrounding volcanics may have envelopes (one to three inches wide)

of disseminated sericite crystals, but these effects are easily

distinguishable from those of Stage I sericite.

The late sulfide vein sericitization (Stage III) is defined by

veins and veinlets of quartz, sericite, pyrite and other sulfides,

and barite. Stage III sericite cuts both earlier stages of sericite;

however, its distribution is much more restricted. Stage III

sericite with high sulfide metallization is concentrated along a

northeast trending zone that is generally coincident with the north-

west margin of the Red Ledge pluton. The trend of this zone appears

to be governed by the high concentration of northeast trending

fractures with steep dips. Stage III sericite along this trend

continues to depth and defines one vertical zone 200 to 400 feet wide

and about 1,200 feet long, and another much smaller zone (Plate 3).

Examination of diamond drill core indicates that the envelopes of

sericitization coalesce at depth, along the trend of the fracture
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zone, to form a late pervasive zone of sericite alteration (Stage IV).

Stage IV sericite is indicated by coarsely crystalline sericite

disseminated throughout the groundmass of intrusive and extrusive

rocks alike, combined with high (6-10 percent) pyrite content.

Northeast trending fractures with Stage III sericite also appear

within the western sill-like part of the intrusion. These sericite

effects are more poorly developed than those along the margin of

the intrusion.

Argillic Alteration

Argillic alteration is defined herein as the formation of clay

minerals as replacements of pre-existing minerals. Argillization of

silicic rocks is most commonly represented by the mineral kaolinite,

but montmorillonite is also a possible product where the effects of

base-leaching are weaker (Meyer and Hemley, 1967, p. 174). Only a

single event of argillic alteration, possibly in two stages, can be

identified within and surrounding the Red Ledge intrusion. The

effects of argillic alteration are prevasive but spotty in both

distribution and intensity.

Kaolinite (identified by X-ray diffraction methods) accompanies

finely crystalline and wispy sericite as replacements of feldspar

in quartz-feldspar porphyry. It may comprise from one to ten percent

of the host rock. Kaolinite occurs only in quartz-feldspar porphyry

where the early barren sericite veins (Stage II) are least abundant.

The kaolinite appears to be displaced by coarser sericite where the

sericite veins become more abundant.
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Kaolinite also occurs with clusters of coarser sericite within

quartz porphyry. In addition, minor kaolinite is disseminated

throughout the groundmass of quartz porphyry both as coatings on

sericite crystals and as minute isolated masses.

A montmorillonitic type of clay (rather than a kaolin type)

is common within intrusive rhyolite. This suspected montmorillonite

forms small clusters that are accompanied by chlorite and occa-

sionally sericite. Montmorillonite is most abundant in the country

rock volcanics along the south margin of the Red Ledge intrusion,

co-extensive with, but subordinate to, pervasive sericitization.

Montmorillonite occurs there as replacements or "dustings" of

albite, and as isolated masses scattered throughout the groundmass.

Propylitic Alteration

Propylitic alteration is characterized by the formation of

chlorite, epidote, and carbonate in the volcanic rocks surrounding

the various rhyolitic intrusions. Propylitic alteration is

developed only in the volcanics and in the more mafic dikes cutting

through the Red Ledge pluton. All propylitic alteration is

pervasive, although locally it may form broad envelopes around

fracture zones in the volcanic country rocks adjacent to the Red

Ledge intrusion.

Volcanics of intermediate composition (andesite, keratophyre,

quartz keratophyre, and their tuffaceous or volcaniclastic

equivalents) in contact with the Red Ledge pluton are propylitically

altered for distances up to 500 feet from the contact. Thus, they
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clearly define a propylitic halo surrounding the pluton. The stable

mineral assemblage in intermediate volcanics at or near the present

surface level is chlorite, albite, epidote, and minor sericite and

pyrite. Diamond drill core from depths nearly 2,000 feet below the

surface indicates the stable assemblage is chlorite, calcite,

epidote, sericite, and pyrite, with minor quartz (Fig. 12).

Mafic dikes intruding the Red Ledge pluton have been propy-

litically altered to an assemblage dominated by epidote. Accom-

panying the epidote is carbonate, chlorite, minor clay and sericite.

Epidote and carbonate occur as sausserite in subcalcic plagioclase

feldspars, whereas chlorite is the dominant replacement product of

mafic minerals.

Some difficulty arises in trying to distinguish between the

effects of propylitic alteration and those of greenschist grade

regional metamorphism. The most conspicuous differences that appear

to be characteristic of propylitically altered rocks were the

presence of euhedral (rhomb) forms of calcite and the association

with pyrite and minor sericite.

Classification and Chronology of Alteration Zones

The zonal arrangements of typical alteration products have been

described by many workers for many porphyry ore deposits. Much of

these data have been tabulated and summarized by Lowell and Guilbert

(1970). Additionally, Guilbert and Lowell (1974) have described

variations in zonal patterns around porphyry ore deposits. Important

articles featuring original work relevant to alteration in the Red
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Figure 12. Photomicrograph of deep propylitic alteration
Ch=chlorite, Cal=calcite, Epi=epidote, Ser=sericite,
Py=pyrite, and Quz=quartz. (X250)
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Ledge area include Healey and Jones' (1964) description of the

effects of hydrogen metasomatism, a discussion of quartz-sericite-

pyrite alteration by Schwartz (1966), a discussion of vein and

alteration envelope mineralogy by Meyer and Henley (1967), and a

correlation of alteration and metallization mineralogy by Rose

(1970).

Four major zones of alteration are common. The zones from core

to periphery are: (1) potassic, (2) phyllic, (3) argillic, and

(4) propylitic (Lowell and Guilbert, 1970, p. 376). Comparison of

alteration minerals listed as typical for each of the four alteration

zones with those mineral assemblages of the Red Ledge area indicates

that only two of the zones are well-defined. These are the phyllic

and propylitic zones of hydrothermal alteration.

The phyllic zone of alteration is defined by the mineral

assemblage quartz-sericite-pyrite (Schwartz, 1966, p. 44). The

mineralogy of pervasively sericitized Red Ledge intrusive rocks

indicates a phyllic zone of alteration. This zone includes some

country rock along the south margin of the intrusion. A sample

of pervasively sericitized (Stage I) quartz-feldspar porphyry was

chemically analyzed for major oxide components (Table 4) and the

critical portion of the data plotted on an AKCF diagram (Fig. 13).

In addition, sericitized rocks from other deposits in western Idaho

are also plotted. The Red Ledge sample plots very close to the

position of sericite on the AKCF diagram, and thus readily may be

classified as belonging to the phyllic zone of alteration.

Vein sericite is obviously of the appropriate mineralogy to be
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AKCF diagram with plots of sericitized igneous rock from

the Cuddy Mts., (=granodiorite, 0 =quartz diorite ), Hitt

Mts.,(6=porphyritic granodiorite), Red Ledge pluton

( 0 = quartz feldspar porphyry).

A = A1203 (Na20 +K2O+Ca0)

K = K20

C = Ca0

F = Mg0 +Fe0 + Mn0
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included with a phyllic alteration assemblage, but the effects of

individual veins occupy a limited amount of space as compared to

the total volume of rock they cut. Therefore, vein fillings, apart

from alteration envelopes or selvages, are generally not included

in a discussion of alteration zones. Where late sulfide vein

sericite is concentrated along the northwest part of the Red Ledge

pluton, the veins and alteration envelopes form a significant part

of the host rock. Therefore, they may be included as part of the

phyllic zone of alteration.

The propylitic alteration zone has a variable assemblage of

alteration minerals that in part is determined by depth in the

hydrothermal system. The shallow to moderately deep assemblage is

chlorite-epidote-carbonate-adularia-albite, while the deep

assemblage is chlorite-sericite-epidote-magnetite (Guilbert and

Lowell, 1974).

Volcanic rocks that surround the Red Ledge pluton contain the

alteration minerals chlorite, carbonate, epidote, minor sericite

and pyrite, with albite a stable original component. The deep

assemblage observed in diamond drill core is chlorite, carbonate,

epidote, sericite, pyrite, and minor quartz. Magnetite was not

identified from the deep assemblage. However, high activity of

sulfur can cause pyrite to form in place of magnetite. The propy-

litic zone of alteration which generally surrounds the Red Ledge

pluton defines an annular envelope around the central zone of phyllic

alteration. Identification of the deep propylitic alteration

assemblage from diamond drill core indicates that the propylitic
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zone remains close to the intrusion at depth and is not replaced by

inner zones of greater alteration intensity.

The two alteration types not included in the typical zonal

sequence within and around the Red Ledge pluton are the potassic

and argillic. Potassic minerals are entirely lacking, as neither

biotite nor K-feldspar was identified in either samples or thin

sections. Argillic minerals are present, but they do not define

a continuous zone dominated by argillization. Kaolinite or

montmorillonite is always greatly subordinate to sericite. The

areas in which pervasive argillization effects are found have been

included in the phyllic zone of alteration.

Metallization

Sulfide metallization found within rocks of the Red Ledge

pluton and adjacent country rocks is related to hydrothermal

activity associated with emplacement of the Red Ledge rhyolitic

intrusion. The metallization is subdivided into three structural

occurrences. They consist of: (1) dissemination of pyrite,

(2) veins and veinlets, and (3) sulfide pod deposits.

Disseminated Pyrite Metallization

Pyrite is abundantly disseminated throughout the three rhyolitic

intrusions of the Red Ledge area (Red Ledge intrusion, Heady dike,

and Oxbow dike) as has been repeatedly emphasized in the previous

discussions. The disseminated pyrite is ubiquitous within all

phases of the Red Ledge intrusion, and comprise from 1-10 percent of
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the rock by volume. Of the three intrusive phases, quartz porphyry

most commonly has the largest concentration of pyrite, whereas the

aphanitic rhyolite has the lowest.

Disseminated pyrite is also found in some of the volcanic units

surrounding the Red Ledge and Oxbow intrusions. However, the

abundance of pyrite is normally less than that in the intrusive rocks.

Disseminations of pyrite in the volcanic country rocks are generally

coextensive with the occurrence of early pervasive sericitization

(Stage I), except at depth where 2-3 percent pyrite may accompany

the deep propylitic alteration assemblage.

Disseminated pyrite formed as an early mineral phase, and

apparently as a component of the early pervasive quartz-sericite-

pyrite alteration.. Disseminated pyrite is found as both granular

masses of anhedra and as minute euhedral cubes. No correlations

between the crystal form of pyrite and any specific alteration

intensity could be established. In several thin sections pyrite

crystals were observed to occupy the interior of quartz phenocrysts.

Although disseminated pyrite (and early pervasive sericitization)

is interpreted as an effect of deuteric alteration, and has been

produced in conjunction with hydrothermal activity, it is more

properly classified as a result of late magmatic processes.

Vein and Veinlet Metallization

Pyritization of the volcanics required the transfer of mineral-

izing fluids from the pluton out along fractures into these country

rocks. This fluid transfer was accomplished during the formation of
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early barren vein sericite (Stage II). The mineralogy of early

barren veins is essentially quartz, pyrite, and minor sericite

within the vein or veinlet with an alteration envelope assemblage

of sericite and pyrite.

Veins and veinlets of the late sulfide vein sericitization

(Stage III) event are of limited distribution, but of great economic

importance. These veins predominately occupy northeast trending

fracture zones which range in size from single planes of breakage

to sheared plates forming zones up to 30 feet wide (Fig. 10).

These fractures range from a vertical to a moderate southeast dip.

The mineralogy of the Stage III veins includes quartz-sericite-

pyrite-barite, with or without chalcopyrite. Some banded veins

indicate early quartz-sericite-pyrite deposition and later quartz-

barite-chalcopyrite deposition as vug fillings and replacements of

pyrite.

It is of importance to note that the early barren veins do not

cut the numerous dikes cross-cutting the Red Ledge intrusion, but

the late sulfide veins do. These late sulfide veins (Stage III) cut

surface samples and diamond drill core samples from approximately

2,000 feet below the surface.

Sulfide Pod Deposits

Localized along the northwest side of the Red Ledge intrusion

are pods and stringers of concentrated sulfides that perhaps may

aggregate four million tons. The texture and mineralogy of these

sulfide-rich masses are very similar to published descriptions of
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volcanogenic massive sulfide deposits (Hutchinson, 1965; Dechow, 1960;

Lusk, 1969; and Mannard, 1913). These deposits of the Red Ledge area

will be described first. Then, in a subsequent section (Genesis of

Sulfide Deposits), possible modes of origin will be evaluated,

because the genesis of these deposits is important to any subsequent

search for similar metallization in the area.

The sulfide pods of the Red Ledge area (Plate 3) occur mostly

within a bedded marine (?) tuff unit, but also infringe upon the dike

above the main mine, and occupy parts of the actual intrusive margin.

The structural setting of these bodies is one of chaotic shearing,

granulation, and brecciation. Deposition of sulfides was at least

partly contemporaneous with shearing because they commonly cement

the earlier-formed breccias.

The sulfides have several textural occurrences which apparently

were controlled both by the lithology of the host rock and the

intensity and timing of shearing. Sulfides that directly replace

the bedded tuff assume the foliated texture of the host (Fig. 14).

Foliation in these replacement sulfides mimics the bedding attitude

of the tuff. The tuffaceous unit generally has a northeast trend

and a moderate to steep southeast dip, except where tectonic rotation

of blocks has occurred. Another type of foliated sulfide occurs as

the matrix supporting granulated blocks of earlier sulfide. In this

occurrence the foliation is analogous to fluxion-layering and

indicates sulfide deposition during shearing movement.

Sulfide pods occurring within intrusive rocks form a splotchy

texture caused by irregular blebs and clots of sulfide and gangue



Figure 14. Foliated replacement sulfides from within
the bedded tuff cut by the main mine workings. Light
gray color is pyrite, yellow is chalcopyrite, black
is chalcocite, white is gangue. (scale in inches)

Figure 15. Photomicrograph of replacement sulfides,
similar to the sample in Figure 13. Py=pyrite.
Cp=chalcopyrite, Sp=sphalerite, Gn=gangue,
Cc=chalcocite. (X250)
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replacing the intrusive rock. These replacements commonly grade into

zones of breccia where sulfides either heal the brecciated rock, or

replace breccia fragments and form the matrix. Breccia zones dis-

play the effects of several periods of movement, where later

brecciation was imposed on earlier-formed breccias. Moreover,

sulfide fragments are occasionally found with a matrix of sulfide

cement.

The mineralogy of sulfide and gangue components of the pods is

relatively simple and consistent. Gangue minerals include quartz,

sericite, and barite, with very minor calcite and hematite. Pyrite

is by far the most common sulfide and forms some 60-90 percent of

all sulfide assemblages. ,Chalcopyrite, sphalerite, and galena are

the other common hypogene sulfides (Fig. 15). Bismuthinite and

tetrahedrite, also listed by Livingston and Laney (1920, p. 51),

were also tentatively identified in polished sections. The textures

of sulfides within these sulfide pods are greatly variable.

The paragenesis of gangue and sulfide minerals of the pods has

been given by Livingston and Laney (1920) and the writer agrees with

their order of mineral formation. Paragenesis of the gangue and

sulfide minerals is summarized as follows: (1) euhedral to subhedral

pyrite forms contemporaneously with quartz and sericite; (2) pyrite

deposition continued through several episodes of shearing and

brecciation; (3) galena, sphalerite, tetrahedrite (?), bismuthinite

(?), and chalcopyrite replaced previously formed pyrite and occupy

fracture fillings to form new veins. Quartz and barite are the

predominant gangue minerals associated with this mineralization
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event. Chalcopyrite deposition continued past that of the other

sulfides; and (4) quartz and barite gangue complete the mineralization

sequence as they seal fractures in sulfides and form cross-cutting

veinlets.

It is of probable genetic significance to note that gangue and

sulfide mineralogy of these sulfide pods is essentially identical to

that of the late sulfide vein sericitization event (Stage III). The

Stage III veins actually cross-cut the host rock between sulfide

pods and appear to merge with the pods at several localities. The

Stage III veins and the sulfide pods were probably formed during a

single mineralizing event.

Chronology of Magmatism, Alteration, and Metallization

The chronological development of magmatism, hydrothermal

alteration, and sulfide metallization of the Red Ledge intrusion and

surrounding rocks is indicative of the genesis of the sulfide

deposits of the area. Features such as cross-cutting relationships,

textural variations, and alteration mineralogy can be interpreted

to indicate the sequence of magmatic and hydrothermal events. This

paragenetic sequence is summarized in Figure 16, and is as follows:

(1) the Red Ledge intrusion was emplaced as a near-surface rhyolitic

magma with a high volatile (water) content. The high water content

(high activity of H+) produced pervasive sericitization (Stage I)

whereby feldspars were converted to sericite and quartz (and Na+ and

Ca++). Pyrite crystallized throughout the groundmass of sericitized

host rock; (2) fracturing of the Red Ledge intrusion provides
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Figure 16, Paragenetic sequence of magmatic events and the alteration,

sulfide metallization, and gangue mineral formation of the

Red Ledge pluton and associated deposits.
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channels for migration of hydrothermal fluids through the intrusion

and out into the adjoining country rock. These fractures became

sites of deposition of quartz, sericite, and pyrite forming early

barren veins (Stage II). Contemporaneous with this alteration stage

was propylitic alteration of the volcanic country rocks; (3) the Red

Ledge intrusion and surrounding area was intruded by a swarm of dikes

ranging in composition from dacite to basalt; (4) hydrothermal fluids

invaded the intrusion and some adjoining country rock along well-

defined northeast trending fractures. These hydrothermal fluids

deposited sulfide and gangue as high-sulfide replacement pods, and

as late sulfide veins (Stage III). These veins became abundant

enough along the northwest margin of the intrusion to produce an

intense zone of late pervasive sericitization (Stage IV). Contem-

poraneous with Stage III or Stage IV sericitization was propylitic

alteration of the intra-intrusion dike swarm; (5) deposition of

chalcopyrite continued past cessation of other sulfides. The final

hydrothermal event was gangue filling of numerous microveinlets

cross-cutting the high-sulfide pods (Fig. 15).

Weathering Effects

Weathering of the pyritic Red Ledge intrusion produced acid

solutions which have bleached and altered the rocks. Various

sulfates, oxides, and sulfides have been deposited by the acidic

waters. The oxide products color the rocks yellow and red, whereas

the sulfides, in part, enhance the valuable metal content of the

deposits.
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Discussion of the effects of weathering is divided into two

parts, the surficial leaching effect and the important effect of

supergene enrichment of the potential ore.

Leached Capping

Oxidation of pyrite yields more sulfuric acid than does

oxidation of any other sulfide (Blanchard, 1968, p. 45). The high

pyrite content of the Red Ledge intrusion facilitates the generation

of relatively concentrated acidic solutions which follow fractures

and thus, in the highly fractured intrusion, may permeate the rock.

Hydrogen ion (H+) metasomatism by the acidic solutions causes some

argillization of the previously sericitized porphyry. However, the

effects of supergene alteration are mainly observed as bleaching.

Bleaching is the removal, in solution, of the metallic ions which

give a dark color to the rocks (Ca, Fe, Mg). The Red Ledge pluton

has been bleached to depths of nearly 300 feet to form a leached

capping to the intrusion within the surficial zone of oxidation.

In conjunction with acidic leaching, oxides, sulfates, and

rarely sulfides are deposited as supergene products within the

residual gossan. The varied-colored "limonites" forming gossans

have been the subject of many studies. Their interpretation is

perhaps as much of an art as a science. The predominant mineral of

a gossan in a highly acidic environment with K20 available is

jarosite (Blanchard, 1968), whose general formula is K20.3Fe203-

4SO4.6H20. Other minerals common to the Red Ledge gossan include

the limonite minerals melanterite, chalcanthite, manganite, and
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minor hematite and goethite.

On the basis of color and texture, Locke (1926, p. 115)

correlated limonite colors and textures as follows: transported

hematite, brick red; indigenous goethite, deep brown; transported

jarosite, yellow. These color-mineral associations were utilized to

construct a mineralogic map of the gossan that overlies the Red

Ledge intrusion (Plate 3). The Red Ledge gossan is predominately

composed of jarosite, with a few zones having minor to moderate

amounts of indigenous hematite or fringing goethite.

Prolonged transportation of jarositic limonite causes oxidation

of ferrous to ferric iron and the formation of brick red hematite.

Structural zones within the Red Ledge pluton are favorable areas for

transportation of limonite, and are therefore marked by brick red

colors that coat the ubiquitous yellow jarosite (Fig. 17). It is

these zones that give the "ledge" its name.

In terms of derivation from primary sulfides, mineral associ-

ations within the Red Ledge gossan are: dark hematite, chalcocite;

dark brown goethite, chalcopyrite; and yellow jarosite, pyrite.

Utilization of these gossan indicators could have predicted the

presence of a chalcocite and chalcopyrite-bearing sulfide pod at

some depth under the weathered outcrop portion of the porphyry dike

above the main mine adit (Fig. 18).

Supergene Enrichment

Supergene enrichment of sulfide ores is accomplished by

replacement of ore or non-ore sulfide minerals with those ore



Figure 17. Sheared zone within rocks of the Red Ledge
intrusion indicated by the brick red color of a thin
coating of transported hematite.

Figure 18. The gossan of a dike sample indicating
copper-bearing sulfides at depth. Hm=dark hematite,
Goe=dark brown goethite, Jar=yellowish jarosite.
(scale in inches)



91

minerals having a higher metal value. Copper and silver are the two

metals most commonly enriched during supergene processes. Livingston

and Laney (1920) have indicated that both of these metals are

enriched in sulfide pods of the main Red Ledge mine area. By

examination of several polished sections, Livingston and Laney (1920),

determined that the two sulfides most commonly replaced were

chalcopyrite and galena. Chalcocite, covellite, and bornite (?)

replace the chalcopyrite, whereas only chalcocite and covellite

replace galena. The author, however, also observed textures that

were interpreted as chalcocite replacement of pyrite, especially

where the pyrite was intensely fractured. The upper main adit inter-

sects a sulfide pod which is presently above the zone of enrichment,

as indicated by chalcanthite that stains the underground workings.

Diamond drill core indicates that supergene enrichment extends to

depths approaching 200 feet. The deeper levels of supergene enrich-

ment are represented by covellite coating and replacing chalcopyrite.

Fissure Deposits

The Red Ledge area contains many fissure deposits, some of

which have attracted the attention of early prospectors. They

formed by deposition of sulfide and gangue minerals in pre-existing

structures, fractures, or fissures, that generally occur in sets.

These vein sets are separated by a sufficient volume of non-metal-

lized rock so as to prohibit bulk-mining techniques.

The Cliff Mine is the largest and best explored fissure

deposit. It is located high on the south side of Cliff Mountain,
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about one mile north of the Red Ledge Mine. Several parallel faults

trending N. 35° W., dipping 38° NE, cut the fragmental andesite

country rocks at the mine site. The bedding near the mine is

thought to strike N. 20-25° W., and dip 35° NE. However, definite

attitude criteria were lacking, and the attitude is based on possible

primary flow foliation. Moreover, it is possible that the fractures

actually represent bedding plane slips, although both foot and

hanging walls appear identical.

The mineralogy of the vein was described by Cook (1954, p. 19).

Gangue quartz forms the bulk of the vein and is associated with

pyrite, bornite, and chalcopyrite. The vein exhibits a banded, and

sometimes vuggy, appearance. The sulfides are intergrown as

irregular splotches, crackle fillings, and as euhedral vug fillings.

Sulfide deposition was by replacement of quartz and pre-existing

sulfide and by open space filling. The vein ranges from about ten

inches up to slightly over 40 inches in width, and can be traced for

a strike length of about 500 feet on the surface, and for the full

370 foot length of the mine drift. Another vein having the same

attitude of the main vein crops out about 50 feet uphill from the

Cliff Mine. This vein is smaller, having a width of only about one

foot and a strike length of about 300 feet.

Country rocks of the footwall and hanging wall are altered to a

quartz-sericite-pyrite assemblage, with minor chlorite and clay.

The footwall is altered for a distance of about four feet outward

from the vein, whereas the hanging wall is only altered for about

two feet from the vein.
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According to Cook (1954, p. 19), weighted averages of Cliff

Mine "ore" contains 2.46 percent copper, 0.26 ounces gold per ton,

and 1.6 ounces silver per ton. These values are probably represen-

tative for the vein cutting through the Cliff Mine. However, the

next vein uphill has a much lower content of valuable metal.

Other fissure veins were located during field mapping of the

Red Ledge area. Several of these were also on the south side of

Cliff Mountain, with a few located across the canyon to the south.

None of these were of obvious economic importance. Mineralogy of

these lesser veins was commonly quartz-calcite-epidote gangue with

pyrite and bornite occurring as late-stage gangue replacements.

Sulfur Isotope Geochemistry

Analysis of the sulfur isotope ratios of nine sulfide samples

from the Red Ledge area were determined from standard analytical

methods by Professor C. W. Field in collaboration with Dr. Robert

O. Rye of the Isotope Geology Branch of the U. S. Geological Survey,

Denver, Colorado (Table 6). The major isotopes of sulfur (S32 and

S34) are stable, but fractionation may occur between coexisting

mineral species in response to variations in temperature (Kajiwara

and Krouse, 1971), f02, or pH (Ohmoto, 1972). It is also possible

to determine, within limits, whether or not the sulfides were derived

from a "deep-source" hydrothermally, or originated at least partially

from sea water incorporated during volcanic processes (Sangster,

(1968).

The sulfur isotope values of Table 4 are presented as the permil
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Table 6. Sulfur isotopic data for sulfides of the Red
Ledge Mine area (samples with "151" prefix are from
diamond drill core; samples with "M" designation are
from main Red Ledge Mine. Analyses by C. W. Field,

1973).

Sample No. Mineral Description permil

RL-C-1
RL-72-136
RL-72-96
151-200-1
151-200-2
151-715-1
151-715-2
RL-M-1
RL-M-2

Chalcopyrite, Cliff Mine-vein
Bornite, disseminated-keratophyre
Pyrite, diss. in porphyry
Sphalerite, vein in ppy)
Pyrite, vein in

)Pair

Chalcopyrite, vein in ppy)
Pair

Pyrite, vein in ppy
)

Chalcopyrite, tuff repl.)
Pyrite, tuff repl.

)Pair

-9.21
-7.41
-1.07
-4.96

-3.53
-2.47
-2.61
-6.53
-6.52
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enrichment or depletion of S34 relative to a standard (Canon Diablo

meteorite, S32/04=22.220, and c; S34=0 permil by definition). The

order of S34 enrichment under equilibrium exchange conditions is

pyrite,pyrrhotite=sphalerite>chalcopyrite>galena (Kajiwara and

Krouse, 1971). The relative amounts of S34 exchanged during

equilibration is temperature dependent and therefore serves as a

potential geothermometer. The only mineral pair in Table 4 which

exhibits the correct enrichment order, and therefore possibly a

depositional temperature, is 151-715-1 and 2. Calculation of the

precipitation temperature from experimental calibration curves by

Kajiwara and Krouse (1971, p. 1402) gives 850°C (±80°C) as the

temperature of equilibration. As the sample is from the phyllic zone

of alteration the calculated temperature is much too high; the

maximum temperature of stability for quartz-sericite is 625°C, and

for pyrite-chalcopyrite is 600°C (Creasey, 1966, p. 64). Obviously,

the mineral pair was not an equilibrium assemblage. However, the

negative sulfide permil values probably represent partitioning of

sulfur between aqueous sulfide species, forming light sulfides, and

aqueous sulfate species, presumably heavy, in the associated gangue

of barite and quartz. Formation of sulfate phases indicates high

f02, and the sulfide S34 values should be lower (relatively more

negative) than the composition of the total sulfur (Ohmoto, 1972,

p. 564). The S34 depleted values for samples 151-200-1 and 2 and

RL-M-1 and 2 are therefore interpreted as indicating high f02

conditions in the hydrothermal fluids from which these sulfides were

deposited. Sample RL-72-96 is disseminated pyrite from within the
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Red Ledge intrusion that was previously interpreted as being of

magmatic origin. This pyrite is not accompanied by detectable

sulfate which indicates a much lower f02. The ci" S311 value of -1.07

permil is interpreted to be within the range of magmatic sulfur whose

values cluster closely about the d S34 value of 0 permil (Jensen,

1967, and Field, 1966).

The sulfide-rich pods located along the northwest side of the

Red Ledge intrusion (Plate 3) have features analogous to volcanogenic

massive sulfide deposits (see Genesis of Sulfide Deposits section).

Sangster (1968) has compiled c(S314 values for ancient sea water

sulfate and volcanogenic massive sulfide deposits of the same age.

The JS34 values to be exp cted for Triassic age sea water sulfate

and volcanogenic massive sulfide sulfur is +13.1 and +5 permil,

respectively. The cf S34 values for sulfides of t: -ed Ledge sulfide

pods are -6.52 and -6.53 permil. These S34-depleted values are

interpreted as indicative of sulfide deposition from hydrothermal

fluids with high f02. The coherent trend for the entire Red Ledge

hydrothermal system is: (1) early and apparently magmatic pyrite

has cf S34 values approximating magmatic sulfur ( -1.07 permi 1 ) ;

(2) later sulfide metallization associated with vein sericitization

(Stage III) and minor sulfate (moderate f02) have moderately depleted

of S34 values (-2.47 to -4.96 permil); and (3) late sulfides

associated with late pervasive sericitization (Stage and abundant

sulfate (high f02) have greatly depleted d S314 values (-6.52 and

-6.53 permil). The sulfur isotopic data thus indicate a magmatic

hydrothermal origin for the sulfides localized in the high-grade
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pods along the northwest side of the Red Ledge pluton.

The vein sample from the Cliff Mine, RL -C -1, has a JS34 value

of -9.21 permil. Because neither sulfates nor oxides accompany the

sulfides of this vein f02 probably was not high. Sericitization of

the country rock along the vein indicates high H+ activity (low pH)

according to Hemley and Jones (1964). Sulfides precipitated from an

acidic solution may have dS34 values depleted, even when net sulfur

in solution approximates magmatic sulfur (Ohmoto, 1972, p. 559).

Whether or not the depositional conditions in the Cliff Mine vein

were sufficiently acidic to account for the S34 depletion is

uncertain, but it may have been a significant factor.

The sulfur isotopic composition of bornite (sample EL-72-136)

from the lower keratophyre of the disseminated volcanogenic deposit

has a drs34 value of -7.41 permil. Inasmuch as the sulfide was

interpreted to be of magmatic (volcanic) origin, the orS
34 value

should have been near zero. Reasons for the depleted value are

thought to be related to re-equilibration of the sulfides during

greenschist grade regional metamorphism. Temperatures during this

metamorphic event approximate 300°C (Turner, 1968, p. 366). Calcite

was mobile during the metamorphism, and sulfide, for reasons previ-

ously enumerated, apparently migrated from the parent keratophyre to

the overlying keratophyre. Minor oxide minerals (leucoxene ?)

accompany the sulfides, and together with low temperature equili-

bration of the mobile sulfides are inferred to be indicative of

fractionation at moderately high f02, leading to S34 depleted values.
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Genesis of Sulfide Deposits

The genesis of sulfide deposits is of great importance as the

search for similar deposits can consist in large part of looking for

an identical environment. The genesis of the disseminated

volcanogenic diposit found within keratophyre flows has already been

linked with formation of the enclosing volcanic flows. These sulfides

are interpreted as clearly syngenetic. The single veins, such as at

the Cliff Mine, are clearly epigenetic locally, but their genesis may

be closely related to the genesis of the main deposits of the area;

namely those of the Red Ledge Mine.

Similarities between the sulfide pods localized along the

northwest side of the Red Ledge intrusion with those published

descriptions of volcanogenic massive sulfide deposits has been previ-

ously mentioned. Descriptions of the vein and disseminated mineral-

ization found within the Red Ledge pluton are obviously of typical

porphyry style. The genetic models warranting further consideration

for the Red Ledge deposits are: (1) a syngenetic model wherein the

veins are the roots of a system which deposits the sulfide pods at

the host rock-sea water interface or at a favorable stratigraphic

horizon or location, (2) an epigenetic porphyry-related model wherein

the veins of the pluton intersect a favorable zone and deposit

replacement and open-space filling sulfides, or (3) a model which

combines features of both.

Features which these sulfide pods share with typical massive

sulfide deposits include:
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(1) high total sulfides, most notably pyrite, with sulfides commonly

forming 50-90 percent of the orebodies;

(2) the deposits occur within a marine bedded tuff unit that is

intruded by or associated with a rhyolitic "dome";

(3) fragmental nature of sulfides, with sulfide and volcanic frag-

ments intermixed in a chaotic jumble;

(4) metals (Fe, Cu, Zn, Pb, Ag, Au), age of host rock (Triassic),

gangue (quartz-calcite-barite), and parent rocks (rhyolite) that

collectively are similar to those in the volcanogenic massive sulfide

deposits of the East Shasta district of California (Albers, 1973).

This district is located in a continuation of the same time-tectonic

province which the Red Ledge occupies.

(5) metal zonation, with Cu closer to the rhyolite "dome" and Zn

outside of the Cu.

The Red Ledge intrusion, with its vein and pod mineralization,

has many features comparable to porphyry-related ore deposits. Those

features indicating a porphyry derived hydrothermal mineralization

origin for the Red Ledge deposits include:

(1) the late sulfide veining (Stage III) in the intrusion is typical

of porphyry ore deposit form, and is temporally, spatially, and

mineralogically similar to late mineralized parts of the sulfide pods;

(2) the'age of the Red Ledge intrusion (within which a part of the

sulfide pods are located) may be Early Cretaceous, whereas the

calcareous tuff unit which it intrudes is of Late Triassic age,

therefore the deposits are possible epigenetic;

(3) sulfur isotopic values for sulfides from disseminations and veins
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within the pluton and from the sulfide replacement pods within the

pluton and adjacent country rocks suggest a coherent picture of an

evolving hydrothermal system. Additionally, these sulfur isotopic

values form a distinctive population with those from sulfides within

skarn deposits of the nearby South Peacock District (Field, 1973),

adjacent to the Deep Creek stock of Early Cretaceous age.

The author only recognized one feature of the Red Ledge deposit

which was unusual for a porphyry related hydrothermal origin; namely

the rhyolitic composition of the parent rock. Several facts are

opposed to a typical volcanogenic massive sulfide model, including:

(1) the age relationships indicate that the deposits post-date the

host country rock; (2) the sulfur isotope values preclude the

presence of sea water derived sulfur in sulfides of the deposits;

(3) a sea bottom model for syngenetic mineralization is impractical

as the host tuff beds dip into the rhyolite intrusion. Graded

bedding in these beds indicates that the country rocks are right-

side-up, a structural situation which would place the sulfide

deposits stratigraphically lower than the vein "roots" that charac-

terize many volcanogenic models.

Evaluation of all data available to the author leads to the

conclusion that the sulfide pods, located generally along the north-

west side of the Red Ledge intrusion, are genetically related to

emplacement of the Red Ledge intrusion. The sulfide pods are

localized in zones of intense shearing and brecciation which allowed

the inflow of hydrothermal fluids into a reactive host rock. The

formation of the sulfide pods was accomplished both by-hydrothermal
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replacement of favorable host rocks and by open-space fillings of

sheared, fractured, and brecciated rocks. The massive sulfide pods,

their mineralogy, and the texture and composition of the parent Red

Ledge intrusion constitute compelling evidence for a volcanogenic

(exhalative) origin for the Red Ledge deposit. However, cross-

cutting features of the Red Ledge intrusion indicate an epigenetic

origin, and the sulfur isotope values preclude the addition of sea

water to the system. A compromise model incorporating features of

both "massive sulfides" and "porphyries" is indicated. It is

envisioned that the Red Ledge intrusion was emplaced in Late Triassic

time as a porphyritic, sub-volcanic stock which was wet enough to

deuterically alter itself. Subsequent hydrothermal solutions (metal

charged vapors) followed minor fractures to favorable sites of

deposition (breccia zones with open cavities). It is reasonable to

refer to these deposits as volcanogenic without "massive sulfide" or

"porphyry" labels.

Economic Potential and Exploration Criteria

The economic potential of the Red Ledge area depends on several

factors including the location of suitable sulfide deposits, design

of mine operations which are compatible with the rugged topography

and limited space, and the resolution of problems associated with the

environmental impact of a mining operation on the area.

Nonetheless, a simple evaluation of the area can eliminate

several areas as unlikely to contain ore of suitable tenor or

abundance. The minor vein and disseminated sulfides found associated
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with the Heady and Oxbow dikes are not encouraging, and coupled with

the weak hydrothermal alteration of these areas, indicate that these

two prospects do not warrant further investigation. The Cliff Mine

has excellent values associated with the lower (main) vein, but, as

concluded by Cook (1954, p. 19), its narrow width does not allow for

efficient mine production. The combined metal value of the main

vein is 91.70 per ton at current (November 12, 1974) market prices.

Only two prospects in the area deserve mention as having large

scale potential, and their potential is modest when compared to

possibilities elsewhere. These two prospects are the disseminated

volcanogenic mineralization and the Red Ledge pluton and associated

replacement deposits.

Disseminated Volcanogenic Deposit

The metallized keratophyres of this area have been described in

two previous sections. A limited number of rock chip samples were

collected over the mineralized area and analyzed for trace metal

content by Chemex Labs, Ltd., Vancouver, B.C., and by Silver King

Mines, Ltd. The copper content revealed by these analyses and

significant geologic field relationships are depicted in Figure 19.

The disseminated volcanogenic prospect of the Red Ledge area is

very similar to the deposit at the nearby Copper Cliffs Mine. Work

by Morganti (1973) indicates that the mine is located in one of many

similar sulfide pods all of which occur at approximately the same

stratigraphic level. This relationship strongly suggests that

exploration of the Red Ledge area along the general stratigraphic
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Figure 19. Sketch map of metallized keratophyres. Triangles indicate

geochemical sample locations with copper values in parts

per million.
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interval of the known sulfide occurrence is warranted.

The potential of this disseminated volcanogenic deposit is

limited because of its small outcrop area. There is the possibility

that mineralization extends into the hillside along the strike of

the volcanics. Proveded that there is a sufficient volume of sulfide

present, the IP geophysical method would be an excellent means of

obtaining third dimensional data. Geochemical sampling of critical

outcrops has also proved to be a valuable tool in locating similar

types of deposits elsewhere.

Small size and only modest grades are obvious disadvantages of

exploring for deposits similar to the Copper Cliffs Mine. More than

ten sulfide deposits were located in the Copper Cliffs-Cuprum area

before a deposit suitable for mining was found. This low percentage

of mineable deposits is a decidedly negative factor in further

exploration for this type of mineralization.

Red Ledge Intrusion and Associated Deposits

The sulfide-rich pods located along the northwest side of the

Red Ledge intrusion offer the greatest potential in the area. These

pods are small, of moderate grade, and contain recoverable copper,

zinc, gold, and silver. Descriptions by Livingston and Laney (1920,

p. 55) of "ore" encountered in the upper main adit of the mine

indicate a grade of 2.34 percent copper, eight ounces per ton silver,

and 1.28 per ton gold (1920 prices) over a width of 60 feet.

Sulfide pods having this grade of ore ($81.50 per ton at current

metal prices, November 12, 1974) could be profitably mined by
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underground methods if ore reserves were sufficient to warrant

construction of a mill.

The possibility of a "disseminated" porphyry-type or "stringer"

sulfide orebody localized within the Red Ledge intrusion is not

high. The absence of potassic alteration minerals, the compact

nature of alteration patterns, and the occurrence of the deep

propylitic alteration assemblage adjacent to the intrusive contact

all indicate a small-sized hydrothermal system. Copper sulfides are

scarce and structurally controlled. Molybdenum is present in

geochemically anomalous amounts only, as molybdenite was not observed

within or adjacent to the Red Ledge intrusion.

Exploration for other sulfide pods of the type located along the

northwest flank of the intrusion would most profitably be limited

to the area immediately surrounding the Red Ledge intrusion. The

critical association is the intersection of fracture zones at the

intrusive margin with favorable country rocks (tuffs). The high

sulfide content of the pods should permit detection by the EM

geophysical method. In addition, interpretation of the gossan

mineralogy can predict copper sulfides at depth and geochemical

analyses of rock chip samples for trace elements can show a corre-

lation to mineralized zones. If a volcanogenic model is favored

exploration of the volcanoclastic unit (Tt vs) extending to the west

from the area of known sulfide pods is warranted.

The metallization at the Red Ledge Mine is readily detected by

stream sediment sampling. Three such samples were collected in the

area (Plate 1) and analyzed for their trace element content (Cu, Mo,
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Pb, and Zn). These results are given in Table 7, and clearly

indicate a geochemical anomaly downstream from the Red Ledge Mine.

Establishment of any mining operation in the area would be

subjected to rigid environmental impact guidelines. The scenic value

of the area and the cleanliness of Deep and Oxbow creeks could not be

compromised unduly in the course of mining or milling operations.

The trend of Deep Creek through the sulfide-rich pods would render

mining very difficult without contamination of the stream. The

limited space available for the mine and mill site, not to mention

tailings ponds or waste dumps, does little to enhance the development

of this property from the standpoint of environmental considerations.

Minor contamination of the creek is presently occurring both from the

dumps of old workings and weathering of the intrusion, but the effects

of contamination diminish rapidly (within one-half mile) downstream.
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Table 7. Trace Bement analyses of stream sediment
samples collected in the Red Ledge area. The sample

locations are indicated on Plate 1. The sampl
analyzed was the minus 200 mesh fraction. c,Talues

are in parts per million),

Sample Number Cu Mo Pb Zn

1 50 1 15 65

2 45 7 13 55

3 630 4 55 900
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GEOLOGIC SUMMARY

The Red Ledge Mine area contains a thick sequence of Late

Permian to Late Triassic volcanic and epiclastic volcaniclastic

lithologies that were deposited in an island arc environment. The

Jurassic age regional metamorphic event affected these older rocks

in the Red Ledge area. The Red Ledge rhyolite intrusion and related

dikes are the local representatives of waning Seven Devils volcanism

and were apparently the source for important metal deposits in the

area. Two feeder (?) dikes indicate that Columbia River basalt flows

may have partially capped the area.

The Seven Devils Volcanics of Late Permian to Late Triassic age

are composed of both normal and sodic (spilitic) flows, tuffs, and

epiclastic derivatives ranging from basaltic to rhyolitic in compo-

sition. A limestone lens accompanies the volcanic and sedimentary

lithologies. This limestone horizon, together with the calcareous

matrix common to the red beds unit, indicates a probable submarine

site of deposition for the bulk of the Seven Devils Volcanics. It

is expected that detailed examination of the volcanics would reveal

the rapid lateral variation typical of these rocks (Morganti, 1972).

The lithologic and textural varieties of the Seven Devils Volcanics

collectively indicate an island arc depositional environment.

Petrogenesis of the sodic volcanic varieties within the Seven

Devils Volcanics is interpreted to be due to a unique crystal

fractionation trend within the parent magma chamber. The evidence

for a primary origin of these sodic rocks is compelling, as is a
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syngenetic origin for disseminated copper metallization found within

them. These rocks probably represent the extrusive equivalent of

trondjhemite.

Emplacement of the Red Ledge intrusion and related rhyolite

dikes was structurally controlled. Magma that formed the Red Ledge

intrusion flowed upward along the limb of an anticlinal fold. The

Heady and Oxbow dikes were emplaced along well-developed fractures.

A dike swarm is generally coincident with the Red Ledge pluton. All

of these intrusive rocks probably represent the waning stage of

Seven Devils volcanism.

The relative timing of the varied lithologies forming the Red

Ledge intrusion and associated dike swarm does not present a typical

petrogenetic trend. The Red Ledge intrusion is composed of quartz-

feldspar porphyry and derivative (?) lithologies which collectively

are rhyolitic in character. Lithologies of the dike swarm range

from dacite porphyry, through andesite, to basalt. Intrusive rela-

tionships indicate that rhyolite is the oldest lithology, followed

by dacite porphyry with a culminating igneous event of andesite and

basalt dikes. This trend is from silicic to mafic, or the reverse

of the normal magmatic trend. Possible explanations for this trend

may include migration of the parent magma chamber, variation of the

viscosity of the rising magma pulses, and variations in the subduction

rate or character of the subducted plate delivered to the site of

fusion. Important chemical variations may include degrees of

contamination by assimilation and chemical variation of the material

delivered to the site of fusion.
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Hydrothermal alteration and sulfide metallization is spatially,

temporally, and genetically related to emplacement of the Red Ledge

intrusion. The hydrothermal alteration is confined to the effects

of HA- metasomatism, which is represented by base ion leaching in a

zone generally coincident with the area of the intrusion, and

deposition of these base ions in a surrounding zone of propylitic

alteration. The lack of K+ ion metasomatism is interpreted to

indicate that the hydrothermal system was relatively small and weak.

Sulfide metallization was accomplished in two distinct stages. The

first stage is typified by disseminations of pyrite and is essen-

tially magmatic in genesis. The second stage is typified by vein

fillings and massive replacements of pyrite, chalcopyrite,

sphalerite, and sulfo-salts. This stage of metallization is

distinctly epigenetic and therefore probably was derived from an

underlying source, perhaps from the crystallizing parent magma

chamber. The high-sulfide nature of the deposit may indicate an

exhalitive origin. Sulfur isotopic data present a coherent trend

of an evolving hydrothermal system. Sulfur from early, presumed

magmatic sulfide approximates (-1.07 permil) the 0 permil SS34

value typical of magmatic (or primary) sulfur. Sulfur from sulfides

in cross-cutting veins within the intrusion range from -2.47 to

-4.96 permil. Sulfur from replacement sulfides which formed adjacent

to and partially within the intrusion has values ranging from -6.52

to -6.53 permil. The trend of progressive depletion of 01-04 values

is interpreted to be indicative of increasing f02 with time during

evolution of the hydrothermal system. The S S311 values do not
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indicate any contribution of sea water sulfur, which is commonly

recognized in classic volcanogenic deposits, thus a sub-volcanic

(not sub-marine) genesis is indicated.

Central and western Idaho was affected by magmatic activity

continually from Late Triassic until Early Cretaceous time.

Synchronous with the onset of batholithic scale magmatism (Middle

Jurassic) was regional metamorphism which reached the greenschist

facies grade in the Red Ledge area. Essentially contemporaneous

with the metamorphism was folding and faulting of the volcanics.

This metamorphic-tectonic event was the Nevadan Orogeny, which

affected the type area in western Nevada from Middle Jurassic until

Middle Cretaceous time. These metamorphic effects may have affected

western Idaho only during Middle or Late Jurassic time. The magmatic

activity culminated in the formation of the Idaho Batholith and

related outlying plutons.

The geologic history of the Red Ledge area from Early Cretaceous

time to Miocene time is largely unknown. Relative elevations of

outcrops of Columbia River basalt on both sides of the Snake River

indicate that the Seven Devils Mountains were a positive element by

Miocene time. Only two feeder (?) dikes of the Columbia River basalt

were recognized in the Red Ledge area, but more could be present, and

could have formed a basalt cover at higher elevations.

The present rugged topography of the Red Ledge area was formed

by surficial processes of Quaternary age. These processes include

glacial erosion above 4,400 feet, and stream erosion coupled with

mass wasting at all elevations.
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