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The map area includes 16.5 square miles in the western part

of the Cuddy Mountain District, which is located between the Wallowa

Mountains of northeastern Oregon and the Salmon River Mountains of

western Idaho.

Folding, faulting, and more recent glacial and stream erosion

have exhumed Triassic to Early Jurassic(?) sedimentary and volcanic

rocks and Triassic(?) plutonic rocks. A composite stratigraphic

section includes at least 10,000 feet of strata.

The oldest exposed rocks in the thesis area are the Triassic

Seven Devils Volcanics. This unit exceeds 2,000 feet in thickness

and includes a complex assemblage of volcanic and volcaniclastic

rocks. The Cuddy Mountain limestone, presumably
correlative to the

Late Triassic Martin Bridge Formation, has been tectonically em-

placed into younger units. The Late Triassic( ?) red conglomerate

unconformably overlies the Seven Devils Volcanics. The red con-

glomerate is at least 400 feet thick and is composed primarily of



clasts of basaltic rocks with subordinate clasts of sedimentary

and intrusive rocks. The Late Triassic( ?) porphyritic rhyolite

tuff is at least 400 feet in thickness and is probably both ash

flow and air fall in origin. The Lucile Series overlies the older

rocks with angular unconformity and is thought to be of Early

Jurassic(?) age. The Lucile Series exceeds 5,000 feet in thickness

and is composed of shales, slates, limestones, sandstones, and

conglomeratic schists. Flows of Miocene and Pliocene Columbia

River Basalt exceed 1,000 feet in thickness and rest unconformably

on all pre-Tertiary rocks.

The major intrusive phases include gabbro (239 m.y.) and

porphyritic granodiorite (201 m.y.).

The pre - Tertiary units were regionally metamorphosed during

Middle Jurassic time to the greenschist facies. Alteration of the

country rock near the intrusives is primarily to the propylitic

type.

Contact metasomatic deposits of pyrite, specular hematite,

and magnetite are localized in silicified limestone lenses within

the Seven Devils Volcanics. Hydrothermal deposits of chalcopyrite

and argentiferous galena are localized primarily in the manganese

stained outcrops of the porphyritic rhyolite tuff near the red

conglomerate contact.
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GEOLOGY AND MINERAL DEPOSITS OF WESTERN CUDDY MOUNTAIN
DISTRICT, WESTERN IDAHO

INTRODUCTION

Purposes of Study

The principal objectives of this study were (1) to construct

a detailed geologic map, (2) to determine contact relationships

of a heretofore unmapped intrusion with country rocks and between

component intrusive phases, (3) to determine the stratigraphic

occurrence and possible provenance of a distinctive red conglomerate,

(4) to determine types of mineralization, and (5) to determine

relationships of mineralization to intrusives, country rocks, and

structures.

Field work was completed in a nine week period during the

summer of 1968. Mapping was done on a Copperfield, Idaho, base map

enlarged to a scale of 1:12,000. High altitude aerial photographs

were used in conjunction with the base map.

Sixty thin sections were examined, and chemical analyses

were obtained for three specimens. Trace element studies and micro-

chemical techniques were utilized in determining types and distribution

of mineralization.

Previous Study

Livingston (1923) published a report on the geology of the
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Mineral and Cuddy Mountain Districts, and later Cook (1954) pub-

lished a paper of the mining geology of the Seven Devils Region

that included several mines adjacent to the thesis area. The most

recent work in the district was done by D. A. Wracher (Master's

thesis in preparation) at Peck Mountain to the north of the area,

R. E. Fankhauser (Master's thesis 1969) to the south of the area,

and W. R. Bruce (Doctoral thesis in preparation) to the east of the

area.

Location and Accessibility

The area of study includes sections 13 through 25 of T. 17 N.,

R. 4 W. of the Copperfield, Idaho quadrangle (Fig. 1).

The eastern part of the area may be reached by a Forest

Service road which extends to the top of Cuddy Mountain. The

western part of the area is penetrated by a prospect road ex-

tending to Grade Creek at the southern border of the thesis area.

The remainder of the area is accessible only by foot.

Topography, Climate, and Vegetation

Topography ranges from the rugged walls of No Business

Canyon to the nearly flat Tertiary basalt plateaus such as that

which caps Cuddy Mountain. The total relief is 4,275 feet.

Climate ranges from arid in the western part of the area

to semiarid in the eastern part. The differences in climate

reflect generally lower altitudes in the western part of the

area. Differences in vegetation range from predominantly sage
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brush and bunch grass in the western part of the area to pine and

fir forests in the eastern part.



REGIONAL SaLTING

The thesis area is located between the Wallowa Mountains

to the northwest and the Salmon River Mountains to the east.

The Triassic volcanic rocks in the Cuddy Mountain area

were correlated with the Seven Devils Volcanics of the Seven Devils

region by Field, Fankhauser, and Bruce (1968). Hamilton (1963a,

p. 7) tentatively correlated the Seven Devils Volcanics with the

Clover Creek Greenstone in the Baker quadrangle, Oregon. The

Clover Creek Greenstone was, in turn, correlated with the green-

stone in the northern Wallowa Mountains by Smith and Allen (1941,

p. 7). Prostka (1963) contended that the Clover Creek Greenstone

in the western Sparta quadrangle is a lithofacies of the Gold Creek

Greenstone of the northeastern Sparta quadrangle.

The Cuddy Mountain limestone is possibly correlative with

the Martin Bridge Formation of the Seven Devils Region, Snake

River Canyon, Wallowa Mountains, and Sparta quadrangle.

The red conglomerate was correlated by Field, Fankhauser,

and Bruce (1968) with the red and green conglomerate that crops

out between Lime, Oregon and Mineral, Idaho.

The porphyritic rhyolite tuff was correlated by Livingston

(1920) with its counterpart in the Mineral and Bay Horse Mine

Districts southeast of the thesis area.

Early Jurassic sedimentary rocks were correlated by Field,

Fankhauser, and Bruce (1968) with the Lucile Series of the northern

Seven Devils Mountains.



6

The gabbro and porphyritic granodiorite are postulated as

being most closely related to rocks of the Canyon Mountain Magma

Series of northeastern Oregon.
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STRATIGRAPHY

Seven Devils Volcanics

The name Seven Devils series was first used by Lindgren

(1900, p. 193-198). Anderson (1930) revised the name to the Seven

Devils Volcanics and later (1952) applied the name Seven Devils

Volcanics to flow and volcaniclastic rocks in the Seven Devils

Mountains and in the nearby Snake River Canyon. The writer believes

that the Triassic volcanic rocks of the thesis area correlate with

the Seven Devils Volcanics because of the observed lateral conti-

nuity with other rocks in the adjacent areas postulated to be

Seven Devils Volcanics. Correlation of these rocks with the Seven

Devils Volcanics has been based on similarity of lithologies,

thicknesses, and paleontological ages as stated by Fankhauser (1969).

Distribution and Topographic Expression

The Seven Devils Volcanics crop out at the heads of No

Business Canyon and Grade Creek Canyon. Excellent exposures occur

on the east wall of No Business Canyon, where outcrops form extremely

steep slopes (Fig. 2).

Stratigraphic Relationships and Thickness

The base of the Seven Devils Volcanics is not exposed in the

area of study. It is unconformably overlain by the red conglomerate,

the Lucile Series, and the Columbia River Basalt (Fig. 3).



Figure 2. View north down No Business Canyon.
Seven Devils Volcanics crop out on east slope,
intrusives crop out on west slope.



Figure 3. Seven Devils Volcanics unconformably

overlain by Columbia River Basalt near the

top of Cuddy Mountain.
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Regional metamorphism, absence of marker beds, absence of

fossils, and structural deformation of the Seven Devils Volcanics

in the area of study make differentiation and thickness estimates

difficult. Cook (1954) estimated the formation to be greater than

10,000 feet in thickness in the Seven Devils district. Hamilton

(1963a, p. 4) concluded that a thickness of several miles was not

impossible in the Biggins quadrangle. In the area of study, this

unit probably exceeds 2,000 feet in thickness.

Lithology and Petrography

The Seven Devils Volcanics are composed of both metavolcanic

and metasedimentary rocks. Hornfelsic rocks, commonly of andesitic

composition, make up most of the metavolcanic fraction, but meta-

dacite porphyries occur locally. Colors of this metavolcanic

fraction range from light olive gray (5 Y 5/2) to dark gray (N 3).

Near the contact with the plutonic rocks, the Seven Devils Volcanics

acquire a hornfelsic texture. Petrographic examination reveals

that as much as 70 per cent secondary quartz comprises the rock.

Numerous spongy andalusite crystals are enclosed in a groundmass

of quartz, chlorite, muscovite, pyrite, sphene, and magnetite in

order of decreasing abundance. A somewhat more altered hornfels

crops out in Grade Creek Canyon.

The metadacite porphyry crops out approximately one-half

mile from the gabbro-Seven Devils Volcanics contact. Abundant

phenocrysts of qnartz and plagioclase are set in a very fine

grained groundmass of qflartz, plagioclase, chlorite, zircon,
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magnetite, leucoxene, biotite, muscovite, and epidote. A few

veins of muscovite, calcite, and zeolite cut the rocks. Alter-

ation of feldspars to sericite and kaolinite is pronounced.

The clastic fraction of the Seven Devils Volcanics equals or

exceeds the metavolcanic fraction in volume. Lithologies are

varied and include chert, limestone, quartzite, and argillite.

Sandstones and conglomerates are abundant near Grade Creek Canyon.

Colors of the metasedimentary fraction are predominantly grayish -

green (10 GY 5/2) to black (N 1), with pale red (5 R 6/2) to

blackish-red (5 R 2/2) being subordinant.

Origin and Depositional Environment

Marine fossils found elsewhere in the Seven Devils Volcanics

indicate a marine origin for these rocks. Great thickness, poor

sorting, and an abundance of volcanic materials strongly suggest a

eugeosynclinal depositional environment.

Age and Correlation

Cannon (Cook, 1954, p. 3) found both Permian and Triassic

fossils in the Seven Devils Volcanics. Hamilton (1963a, p. 7)

attempted to correlate the Seven Devils Volcanics with the Clover

Creek Greenstone described by Gilluly (1937) in the Baker quadrangle.

Fankhauser (1969) collected fossils just south of the thesis area

that were dated by D. A. Bostwick as probable Late Triassic. ihn

presumed Tate Triassic age and the abundance of sedimentary rocks,

that are characteristic of the upper part of the Seven Devils
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Volcariics, seem to indicate that only the upper part of this forma-

tion is exposed in the area of study.
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Cuddy Mountain limestone

Fankhauser (1969) originally named and described this unit

from exposures on the south wall of Grade Creek Canyon. The lime-

stone in the area of study is adjacent to and lithologically similar

to the Cuddy Mountain limestone to the south.

Distribution and Topographic Expression

The Cuddy Mountain limestone is more extensively exposed in

Fankhauser's (1969) area immediately to the south. One relatively

small outcrop occurs in the writer's area on the north wall of

Grade Creek Canyon. In most areas the limestone is a slope former.

Stratigraphic Relationships and Thickness

Fankhauser (1969) suggested that the outcropping rocks

identified as Cuddy Mountain limestone are part of a fault block

bounded on the northwest by a strike-slip fault. The small out-

crop north of Grade Creek Canyon has apparently been "peeled off"

the main unit by a reverse fault that parallels the northeast

fork of Grade Creek. The true thickness of the unit cannot be

estimated as it is a tectonic block. This limestone block has

been tectonically emplaced into the red conglomerate, whereas the

major fault block in Fankhauser's area has been emplaced into

the Lucile Series, porphyritic rhyolite tuff, and red conFlomerate

as well.
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Lithology and Petrography

The weathered limestone is generally light gray (N 8) in

color but deepens to dark gray (N 3) where fresh. Except for a

trace of detrital quartz, the rock is nearly pure, massive lime-

stone composed of fine calcite grains 0.1 to 1 mm in diameter.

Zeolite veinlets commonly traverse the rock.

Origin and Depositional Environment

Neither fossils nor any other allochemical constituents

were found in this limestone. Their absence, combined with the

fact that some parts of the limestone, in Fankhauser's (1969)

area, contain thin carbonaceous laminae, suggests that the lime-

stone may have been deposited in a restricted basin. Carbonaceous

material from decaying planktonic organisms would accumulate in

such an environment and the reducing conditions produced by their

decay would inhibit the accumulation of benthonic life.

Age and Correlation

The lack of fossils and the tectonic emplacement of this

unit make both age determination and correlation speculative.

Fankhauser (1969) assigned a Tate Triassic age to the Cuddy

Mountain limestone on the basis of its thickness, lack of sand-

stones and shales that characterize thin Jurassic limestones, and

the general absence of Permian and older rocks in the nearby area.



This unit is lithologically similFir to parts of the Late Triassic

Martin Bridge Formation of eastern °region and western Idaho, but

correlation of these two units by lithic similarity alone is not

possible.
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Red Conglomerate

The red conglomerate was named and described by C. W. Field,

R. E. Fankhauser, and W. R. Bruce (1968). The type section is

located on the east rim of No Business Canyon. The red conglomerate

in the writer's area is laterally continuous with outcrops of this

unit in adjacent areas.

Distribution and Topographic Expression

The red conglomerate crops out in Grade Creek Canyon and

No Business Canyon. The best exposures are along the steep walls

of No Business Canyon. The conglomerate is a slope former that

seldom stands out in bold relief. Its color and lithology, however,

make it distinctive.

Stratigraphic Relationships and Thickness

The red conglomerate unconformably overlies the Seven Devils

Volcanics and, in turn, is unconformably overlain by the porphyritic

rhyolite tuff except in the southeastern part of the area where it

is unconformably overlain by the Lucile Series and by the Columbia

River Basalt.

Fankhauser (1969) estimated that the red conglomerate has

a minimum thickness of 400 feet. Because of complex structural (1--

formation the thickness estimates are not 1Lkely to be precise.

However, on the north wall of Grade Creek Canyon, the thickness

may conceivably exceed 1,000 feet.
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Lithology and Petrography

This unit is an immature conglomerate with interbedded sand-

stones and siltstones. By Pettijohn's classification (1957, p. 255)

the conglomerate would be a petromict. The interbedded sandstones

are predominantly lithic wackes and subordinate feldspathic wackes.

Outcrops of the unit are moderate red (5 R 5/4) to grayish-green

(5 G 5/2) in color. Fresh surfaces may be somewhat darker in color.

Fragmental components range from silt to boulder in size, and sort-

ing is very poor. The finer fractions (silt to medium pebble) are

commonly angular to subangular in shape whereas the larger constit-

uents (cobble to boulder) are commonly subangular to subrounded

(Fig. 4). Component clasts include extrusive, sedimentary, and

intrusive rocks in order of decreasing abundance. The extrusive

rocks are mostly basalt and andesite. Sedimentary fractions are

predominantly chert and sandstone, with limestone locally abundant.

The intrusive rocks are mostly porphyritic g'anodiorite. Silica

and hematite are the principal cementing agents, however, near the

fault contact with the Cuddy Mountain limestone, calcite cement

predominates. The red color is caused by the oxidation of Iron-

bearing minerals. The green color is derived from the alteration of

ferromagnesian minerals and feldspars to chlorite and epidote.

Vuggy quartz lenses (Fig. 5) are common in outcrops along the north

wall of Grade Creek Canyon.

Origin and Depositional Environment

This unit is believed to have formed by rapid uplift of a



Figure 4. Red conglomerate outcrop in No Business

Canyon. Hammer rests on large, subangular

cobble.
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Figure 5. Quartz lenses within the red
conglomerate on north bank of Grade

Creek Canyon.
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nearby source area. Rapid deposition is indicated by coarse grain

size, poor sorting, uneven stratification, thick bedding, lateral

variation, and absence of fossils. Many clasts have lithologies

similar to those of the underlying Seven Devils Volcanics from

which a large part of the conglomerate was undoubtedly derived.

The varied lithologies of the component clasts, the large portion

of cobble- and boulder-size clasts, poor sorting, and indistinct

bedding support this interpretation.

Age and Correlation

A Tate Triassic age is postulated for the red conglomerate on

the basis of stratigraphic position as it is probably correlative

to the red and green conglomerate described by Brooks (1967) near

Lime, Oregon. This unit extends from Lime, Oregon to Mineral,

Idaho and is on strike with the red conglomerate of the Cuddy

Mountain area. Brooks (1967) provisionally dates the conglomerate

as Late Triassic or Early Jurassic. Other evidence that supports

this correlation includes the similar lithologies and stratigpaphle

position of the two conglomerates.
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Porphyritic Rhyolite Tuff

C. W. Field, R. E. Fankhauser, and W. R. Bruce (1968) named

and described this unit from a section that crops out along the

south wall of Grade Creek Canyon. The porphyritic rhyolite tuff

is laterally continuous with the outcrops in adjacent areas to

the southeast.

Distribution and Topographic Expression

In the southeastern part of the thesis area, the porphyritic

rhyolite tuff crops out on the north wall of Grade Creek Canyon

and as a small isolated outcrop in the southern half of section 22.

Farther to the northeast it extends down No Business Canyon and up

Edna May and Elie May Creeks. The porphyritic rhyolite tuff

usually forms bold outcrops (Fig. 6).

Stratigraphic Relationships and Thickness

Fankhauser (1969, p. 31) suggested that the porphyritic

rhyolite tuff unconformably overlies the red conglomerate. Support

of this hypothesis was found at the head of Camp Creek where the

tuff rests directly on the Seven Devils Volcanics instead of the

red conglomerate. A similar stratigraphic relationship exists

along Elie May Creek, but this is interpreted by the writer to be

the result of a reverse fault. Fankbauser's second line of evidence

supporting an unconformable relationship is that the red conglomerate

protrudes through the tuff in several places sumestinF that the

tuff was deposited on an uneven surface. similar isolated outcrops



Figure 6. Bold porphyritic rhyolite tuff outcrops
on the north wall of Grade Creek Canyon. The

unit is repeated by a normal fault.



23

occur along Elie May Creek. Finally, Fankhauser points out that

the two units display slight differences in attitude.

The porphyritic rhyolite tuff is in fault contact with the

Lucile Series near the boundary line between sections 29 and 30.

Elsewhere, the Lucile-porphyritic rhyolite tuff contact is un-

conformable. At the isolated outcrop in section 22 the tuff is

unconformably overlain by both the Lucile Series and the Columbia

River Basalt.

Livingston (1923) estimated the porphyritic rhyolite tuff

to be 300 to 400 feet thick at Grade Creek, and this is probably

a reasonable estimate for this unit throughout the area of study.

Lithology and Petrography

The porphyritic rhyolite tuff is pale yellowish-orange

(10 YR 8/6) to dark gray (N 3) on weathered surfaces. Fresh

surfaces are very pale orange (10 YR 8/2) to medium gray (N 5).

The tuff has an inequigranular porphyritic texture. Phenocrysts

range from 1 to 5 mm in diameter and are chiefly quartz, sanidine,

and plagioclase. The groundmass is microcrystalline (average grain

size 0.4 mm) and is composed primarily of quartz, sanidine, and

plagioclase. Other minerals in the groundmass include chlorite,

epidete, apatite, pyrite, magnetite, and leucoxene (Table 1).

Veins of quartz, zeolites, calcite, and pyrite are present.

Anhedral quartz and subhedral sanidine phenocrysts, 1 to 3 mm

in diameter, contain inclusions of plagioclase and iron oxide.

These phenocrysts are commonly broken and partly resorted ty the
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Table 1. Modal and chemical analyses of porphyritic
rhyolite tuff sample MNS-641 (Chemical analyses
by Rocky Mountain Geochemical Corporation).

Modal Analysis Trace Element Analysis

Mineral Percent Element PPM

Quartz 3.1 Copper 25

Sanidine 3.8 Molybdenum 2

Plagioclase 8.0 Zinc 150

Chlorite plus Lead 10

Epidote 1.3
Silver 0.2

Microcrystalline
groundmass 81.3

Opaques 2.0

Others .5

1SW1/4NE1/4SE1/4 sec. 29, T. 17 N., R. 4 W.
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groundmass.

Subhedral phenocrysts of albite (An8-10) range from 1 to 5 mm

in length and are characterized by a poikilitic texture formed by

inclusions of epidote, quartz, apatite, and iron oxides. These

phenocrysts are commonly embayed by the groundmass, and many are

deformed and broken. Non-selective alteration of the plagioclase

to kaolinite and sericite is common.

Crystals of the groundmass are aligned in bands that im-

part a eutaxitic texture to the rock. Sericite and kaolinite

are common alteration products in the groundmass. The micro-

crystalline nature of the groundmass makes petrographic classifi-

cation difficult. The modal and trace element analyses of a

fresh sample of tuff are compared in table 1.

Origin

Livingston (1923) believed this unit to be a rhyolite flow.

However, studies by Bruce (personal comunication, 1968b) indicate

the unit to be an air fall tuff and not a flow. Outlines of

relict glass shards have been found in these rocks by Bruce (1968a)

and the writer. The presence of broken quartz and plagioclase

crystals in many specimens is additional evidence supporting an

ash-fall origin. Sandstone fragments and eutaxitic texture found

by the writer suggest that an ash flow origin is possible for a

part of this unit.
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Age and Correlation

A Late Triassic age is postulated for this unit on the

basis of stratigraphic position and because it is mineralized;

presumably by fluids derived from nearby intrusions of Triassic

age.

Livingston (1920) suggested that this unit was present in

the same stratigraphic position at the Galena Mine one mile to

the northeast of the thesis area, and at the Bay Horse Mine and

Mineral Districts, 24 and 13 miles respectively, southeast of the

thesis area.
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Lucile Series

The Lucile Series was first named by Wagner (1945, p. 5)

for a complex assemblage of shales, slates, phyllites, and con-

glomerates located near Lucile, Idaho in the northern part of the

Seven Devils Mountains. The Lucile Series, in the area of study,

is laterally continuous with outcrops in adjacent areas that have

been tentatively correlated with the Lucile Series. The correlation

was based on lithologic similarity and stratigraphic position.

Distribution and Topographic Expression

The Lucile Series is widespread over the western and northern

parts of the area, and is best exposed along the eastern wall of

No Business Canyon (Fig. 8).

The topographic expression displayed by this unit depends

primarily on the lithology. The shale and limestone parts form

valleys and slopes (Fig. 7), whereas sandstones and slaty con-

glomerates form more resistant outcrops (Fig. 8).

Stratigraphic Relationships and Thickness

The Lucile Series overlies the porphyritic rhyolite tuff and

is estimated to be at least 5,000 feet thick in the area of study.

Fankhauser (1969) believed that the two units were separated by a

high angle fault. In the writer's area the Lucile is in fault

contact with the older units only near the section line between

sections 29 and 30 that borders Fankhauser's area. The remainder



Figure 7. Typical outcrop of Lucile shale on the

west wall of No Business Canyon.



Figure 8. View west across No Business Canyon.
Bold outcrops of the Lucile Series overlain
by Columbia River Basalt. A small normal
fault displaces the basalt in the center
of the photograph.
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of the Lucile contact is an angular unconformity. The Lucile

Series is unconformably overlain by Columbia River Basalt.

Lithology and Petrography

The shale and slate range from pale yellowish - brown

(10 YR 6/2) to dark gray (N 3) in color on weathered surfaces.

Fresh surfaces are very pale orange (10 YR 8/2) to dark gray (N 3)

in color. A moderate brown (5 YR 4/4) color develops on some of

the rocks as a result of oxidation of iron-bearing minerals.

The slates and shales are normally thin-bedded with one-

fourth to one-half inch thick beds. Locally, the rocks are lami-

nated, commonly with 10 to 20 laminations per inch. Slaty cleavage

may transect the bedding at low angles to produce pencil slate

(Fig. 9). These rocks are moderately sorted, and individual

grains are angular to subangular. Quartz, feldspars, clays,

calcite, carbonaceous material, and iron oxides are common.

Limestone and sandstone layers are commonly interbedded

with the slates and shales. The limestones are usually less than

four feet thick. Jointing is not uncommon, and outcrops display

a distinctive pitted appearance.

The interbedded sandstone is light greenish-gray (5 GY 8/4)

on weathered surfaces and greenish -gray (5 G 6/1) on fresh surfaces.

Bedding averages one to six inches in thickness. The sandstone is

coarse grained with subangular to subrounded grains. It is corn -

posed of quartz and chert rock fragments and grains of feldspar,

magnetite, and pyrite. Silica is the most common cement. The



Figure 9. Pencil slate in the Lucile Series on
the north wall of Grade Creek Canyon.
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sandstones are predominately lithic and feldspathic wackes with

subordinate quartz wackes.

Conglomeratic schists are similar in color to the sandstone.

Bedding is variable and ranges from one inch to two feet in thick-

ness. Grain sizes range from coarse sand to coarse pebble, and

sorting is poor to moderate. Most of the pebble-size particles

are subrounded to subangular and the sand-size particles are

angular to subangular. The conglomerate is composed exclusively

of sedimentary clasts, chiefly shale with subordinate limestone

and sandstone and, rarely, chert. Schistosity is sub-parallel to

the bedding, and many pebbles are stretched in this direction.

Origin and Depositional Environment

Most investigators including Gilluly (1965) believe that

geosynclinal conditions prevailed throughout the western Cordillera

during Paleozoic and Mesozoic time. The black shales of the Lucile

Series are believed by the writer to have been deposited below

wave base in euxinic environments. The conglomeratic schists,

according to Fankhauser (1969), are intraformational conglomerates

deposited by subaqueous slumping as indicated by the clasts which

are lithologically and texturally similar to the underlying rocks.

Age and Correlation

The Lucile Series was deposited before Middle Jurassic time

because it is regionally metamorphosed. This metamorphic event,
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according to Hamilton (1963a, p. 84) and Vallier (1967, p. 174),

occurred in Middle Jurassic time. That the Lucile Series post-

dates the major intrusive phases is indicated by the lack of defor-

mation, mineralization, and thermal effects near the intrusive

contacts. From the above evidence and unpublished dates for the

plutons, the writer believes that an Early Jurassic age of these

rocks is indicated.

The Lucile Series in the area of study is believed by the

writer to be correlative with its counterpart in the Riggins

region. Evidence supporting this hypothesis includes similar

lithologies, and stratigraphic position.
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Columbia River Basalt

The Columbia River Basalt was first named and described by

Russell (1901) from exposures along the Yakima River. Later it

was subdivided by Waters (1961) into the Picture Gorge Basalt

and the Yakima Basalt. The Yakima Basalt unconformably overlies

the Picture Gorge Basalt in the lower part of the Imnaha River

Canyon and in the John Day basin (Waters, 1961). This unconformable

relationship was not detected by the writer at Cuddy Mountain. The

Columbia River Basalt, in the area of study, is laterally continuous

with outcrops of Columbia River Basalt in adjacent regions to the

southeast.

Distribution and Topographic Expression

Columbia River Basalt caps Cuddy Mountain in the southeast

part of the area and forms an eastward extending plateau. The

basalt has been eroded into buttes and mesas in the central,

northern, and eastern parts of the area. Several plugs and one

dike of Columbia River. Basalt crop out in the eastern part of the

area.

Stratigraphic Relationships and Thickness

The Columbia River Basalt unconformably overlies all rock

units at Cuddy Mountain. On the west flank of Cuddy Mountain, the

basalt is approximately 1,000 feet thick.
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Lithology and Petrography

Weathered surfaces of the Columbia River Basalt range in

color from moderate red (5 R 4/6) to dusky brown (5 YR 2/2). Fresh

surfaces are dark reddish-brown (10 R 3/4) to black (N 1). Columnar

jointing is well developed in flows in the northern part of the

area (Fig. 10). The plateau which extends into the southeastern

part of the area is primarily Yakima Basalt. The Picture Gorge

Basalt crops out as cap rock on the west rim of No Business Canyon.

The Picture Gorge Basalt has a porphyritic holocrystalline texture

and comonly contains some olivine; the Yakima Basalt is character-

istically finer grained and contains more glass than the Picture

Gorge Basalt.

The basaltic plugs have been intruded into the Seven Devils

Volcanics. The intrusive nature of this unit is revealed by its

discordant contacts, fan jointing (Fig. 11), and country rock

inclusions near the contact. Weathering effects are slight. The

basalt is dark gray (N 7) on both weathered and fresh surfaces.

The basalt has an intersertal texture and locally is markedly

porphyritic with phenocrysts of plagioclase, augite, and olivine

The phenocrysts are up to 8 mm in length. The groundmass is com-

posed almost entirely of tachylite and magnetite and makes up

about ;L:i per cent of the rock. The plagioclase makes up 40 to 60

per cent, augite and pigeonite 10 to 15 per cent, magnetite 5 to 1

per cent, olivine 5 to 10 per cent, chlorophaeite 5 to 10 per cent,

and calcite less than 5 per cent of typical specimens.



Figure 10. Columnar jointing in the Columbia
River Basalt on north wall of Dukes Creek

Canyon.



Figure 11. Outcrop of basalt intrusive in Grade

Creek Canyon displaying poorly defined fan

jointing.
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A basaltic dike, about 5 feet in thickness crops out on the

north wall of Grade Creek Canyon in section 29. The country rock

is the red conglomerate. The trend of the dike is approximately

N. 70 E. The dike is well jointed and displays spheroidal weather-

ing. On both weathered and fresh surfaces, it is dark gray (N 7)

in color. The dike has an inequigranular porphyritic texture.

Fhenocrysts range from 0.2 to 2 mm in diameter and include

plagioclase (50 to 60 per cent), augite and pigeonite (20 to 25

per cent), and magnetite (15 to 20 per cent). The groundmass

is composed primarily of elongate albite laths and euhedral

magnetite grains less than 0.05 mm in length. The groundmass

composes about 25 per cent of the rock.

Origin

The Columbia River Basalt consists of accumulations of

nearly horizontal flows, erupted in rapid succession from numerous

fissures.

Age and Correlation

Waters (1961) postulated a Miocene to Early Pliocene age for

the Columbia River Basalt. Outcrops in the area of study are but

a small part of the extensive Columbia-Snake River plain of Washington,

Oregon, and Idaho (Fig. 12).
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Figure 12. Columbia -Snake River plain.

Area covered by younger volcanic

rocks of the Cascade Mountains is

indicated by broken lines.
(from Dott, 1961)
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INTRUSIVE ROCKS

General Nature and Distribution

Three major phases of intrusive activity are represented in

the area of study. The earliest intrusive phase was gabbro, which

was later intruded by porphyritic granodiorite. The generally

sharp contacts between gabbro and porphyritic granodiorite (Fig. 13)

indicate that the gabbro was solid at the time the granodiorite

was intruded.

Fankhauser (1969) reported a leucocratic quartz diorite

intrusive phase in the Cuddy Mountain complex. This phase, pos-

sibly of hydrothermal origin, was not exposed in the writer's area

of study.

The porphyritic granodiorite and gabbro are exposed on the

north slope of Cuddy Mountain. That both units have apparently

intruded the Seven Devils Volcanics is indicated by the deformation

and contact metamorphic effects in the older rocks.



Figure 13. Sharp contact between porphyritic grano -

diorite to the right and gabbro to the left.
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Gabbro

Field Characteristics

In outcrop the gabbro displays three distinct joint sets

and is characterized by a rusty, pitted appearance that results

from the weathering of pyrite crystals (Fig. 14). Weathering

appears to be slight, and the lack of a well developed gnus is in

contrast to other plutonic units of the area. Lineation and

foliation are rare. The color of both weathered and fresh speci-

mens is medium gray (N 5) to dark gray (N 7).

Lithology and Petrography

The gabbro has a hypidiomorphic granular texture, and

component crystals range from 0.5 to 3 mm in diameter. Minerals

include quartz (20 to 37 per cent), plagioclase (50 to 60 per cent),

hornblende (less than 5 per cent), augite (less than 5 per cent),

pyrite (less than 5 per cent), magnetite (less than 5 per cent),

and sphene (less than 5 per cent). Apatite, zircon, and calcite

occur in trace amounts (Table 2).

Quartz forms interstitial and anhedral grains that are 0.5

to 1 mm in diameter. Inclusions of magnetite and plagioclase are

common. Because of the high quartz content the unit might better

be termed a quartz gabbro. This term has not been adopted to avoid

confusion with previous work at Cuddy Mountain.

Plagioclase as calcic andesine and sodic labradorite

(An
45-55

) forms subhedral, lath-shaped crystals 1 to 3 mm in length.



Figure 14. Outcrop of gabbro in No Business Canyon
displaying well defined joints and a rusty,

pitted appearance.
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Table 2. Modes of four gabbro samples from Cuddy Mountain
(volume percent). Samples collected during traverse
from the gabbro-Seven Devils Volcanics contact to
the gabbro-porphyritic granodiorite contact to show

mineralogical changes.

Mineral MNS-151 MNS -1
2

MNS -3
3 MNS -14B

4

Quartz 22.8 25.0 29.2 36.4

Plagioclase 58.5 58.0 56.8 51.2

Biotite 2.0 3.0 2.2 2.1

Hornblende 0.8 4.7 0.3 0.4

Chlorite plus
Epidote 12.6 6.3 7.8 7.5

Opaques 2.7 0.7 3.1 0.9

Others 0.6 2.3 0.6 0.5

100.0 100.0 100.0 100.0

1Nw1/4NE1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

2SE1/4NE1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

3sw1/4NE1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

4NE1/4sw1/4NE1/4 sec. 26, T. 17 N., R. 4 W.



45

They contain inclusions of quartz, magnetite, and apatite. Normal,

reverse, and oscillatory zoning are present. Selective alteration

of calcic zones to sericite and kaolinite is pronounced. Alter-

ation of plagioclase to epidote is rare.

Hornblende forms elongate, subhedral crystals, 1 to 3 mm in

length. Inclusions of plagioclase and quartz are present. Alter-

ation of the hornblende to epidote and chlorite is common. Most

of the hornblende formed by replacement of augite, and only relict

crystals of augite now remain in the gabbro host.

Pyrite is the most common opaque mineral in the gabbro and

characteristically occurs as irregular grains up to 1 mm in di-

ameter and, more rarely, as small, anhedral crystals. The pyrite

contains included feldspar grains and, more rarely, quartz and

apatite grains. This textural occurrence and the presence of

pyrite veinlets elsewhere attest to its secondary origin.

Magnetite is present in smaller amounts than pyrite. It

commonly occurs as small (less than 0.5 am) octahedra, usually

associated with the chlorite and epidote alteration products of

hornblende. A few of the less altered hornblende crystals have

magnetite inclusions aligned along cleavage traces, a relationship

that indicates the magnetite to be an alteration by-product of

the conversion of augite to hornblende.

Sphene is most commonly present as irregular aggregates or

subhedra that are associated with the alteration of hornblende to

chlorite and epidote. Smaller grains of sphene partly rim what is

believed to be titaniferous magnetite. The sphene is cormonly
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faintly coated with leucoxene. Near the contact with porphyritic

granodiorite, sphene appears to be secondarily introduced along

minute fractures.

Apatite generally occurs as inclusions in hornblende and

more rarely in association with plagioclase and quartz. In each

of these modes of occurrence, the apatite assumes an elongate

anhedral to subhedral follithat rarely exceeds 2 mm in length.

Zircon is present as elongate euhedral crystals rarely

exceeding 2 mm in length. Zircon that is poikilitically included

within hornblende crystals or their altered equivalents invaribly

forms pleochroic haloes within the host.

Calcite is sparingly present as small (less than 0.2 mm)

anhedral grains. Wherever present, it is directly associated with

plagioclase and probably formed as a by-product of alteration with

the decalcification of plagioclase. The calcite is more prevalent

near the porphyritic granodiorite contact where thermal effects

are most intense. A smaller amount of the calcite appears to be

introduced secondarily along minute fractures.

Chemical Analysis

The modal and trace element analyses of a fresh sample

of Fabhm are compared in table 3.
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Table 3. Modal and chemical analyses of gabbro sample
MNS-151 (Chemical analyses by Rocky Mountain

Geochemical Corporation).

Modal Analysis Trace Element Analysis

Mineral Percent Element ppm

Quartz 22.8 Copper 40

Plagioclase 58.5 Molybdenum 20

Biotite 2.0 Zinc )40

Hornblende .8 Lead 10

Chlorite plus Silver 0.4

Epidote 12.6

Opaques 2.7

Others .6

1NW1/4NW1/4NE1/4 sec. 26, T. 17 N., H. 4 W.



Porphyritic Granodiorite

Field Characteristics
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Outcrops of the porphyritic granodiorite lack the well

defined joints that characterize the gabbro. The granodiorite

displays a distinctive porphyritic texture with numerous quartz

and feldspar phenocrysts (Fig. 15). As with the gabbro, weather-

ing effects appear to be slight and no grus is present, probably

because of the steep slopes that are inferred to have existed

prior to extrusion of overlying basalt. Lineation and foliation

features are absent. This unit is usually brownish-gray (5 YR 4/1)

on weathered surfaces and medium gray (N 5) where fresh.

Lithology and Petrography

The granodiorite has an inequigranular porphyritic texture,

with phenocrysts that range from 1 to 10 mm in diameter. The

groundmass is nearly equigranular with grain sizes less than 0.5 mm.

The phenocrysts are quartz (25 to 40 per cent), orthoclase (less

than 10 per cent), and plagioclase (40 to 60 per cent). The ground -

mass is composed of the same minerals in similar amounts. Other

minerals in the groundmass are chlorite, muscovite, biotite,

actinolite, pyrite, magnetite, sphene, leucoxene, apatite, zircon,

rutile, and epidote (Table 4).

The largest (up to 10 mm in diameter) phenocrysts are quartz.

They are commonly subhedral to anhedral in shape, and many are

fractured. Serpent-like projections of the groundmass into the



Figure 15. Porphyritic granodiorite in No Business

Canyon. Note large quartz and feldspar pheno-

crysts.



Table 4. Modes of four porphyritic granodiorite samples from

Cuddy Mountain (volume percent).

Mineral MNS -741 MNS-732 MNS-723 MNS-14T
4

Quartz 35.3 27.8 39.9 29.1

Orthoclase 3.0 9.9 5.4 6.4

Plagioclase 48.3 56.7 46.9 59.8

Muscovite 7.2 4.1 1.2 0.2

Biotite 5.3 1.5 6.3 3.7

Ohaques 0.8 0.6 0.3

Others 0.1 0.6 0.5

100.0 100.0 100.0 100.0

1NW1/4NW1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

2NE1/4NW1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

3SE1/4NW1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

4NE1/4SW1/4NE1/4 sec. 26, T. 17 N., R. 4 W.
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phenocrysts are common. Quartz in the groundmass is generally

less than 0.2 mm in diameter. The crystals are anhedral and have

sinuous outlines.

Present in small amounts as subhedral crystals, the ortho-

clase is best revealed by staining with sodium colbaltinitrate. As

this staining process also reacts with sericite, a common alter-

aion product of both the plagioclase and orthoclase, the method

is not infallible in differentiating between the two feldspars.

Some of the orthoclase occurs as phenocrysts 1 to 3 mm in length

with carlsbad twins. Alteration to kaolinite as well as sericite

is widespread and makes thin section identification of the ortho-

clase difficult. Most of the orthoclase occurs as fine-grained

(less than 0.2 mm) anhedral crystals in the groundmass. It is

less altered than phenocrystic orthoclase.

Plagioclase is sodic andesine (An
30-35

)

'

and occurs as

subhedral to anhedral lath-shaped phenocrysts that average 3 mm

in length. Inclusions of quartz and magnetite are present. The

phenocrysts are highly altered to kaolinite, especially in the

cores of zoned crystals. The groundmass plagioclase is composi-

tionally similar to that of the phenocrysts but is less altered.

The smaller size and less intense alteration of plagioclase in the

groundmass indicate later or more rapid crystallization of these

feldspars, a slightly more sodic composition, or both.

Muscovite occurs as an alteration product of the feldspars

as minute crystalline flakes (sericite) and as lamellar aggregates

up to 0.5 mm in length. The coarser muscovite has bent plates,



which suggests replacement of pre-existing biotite.

Biotite is present as both green and brown varieties. The

green biotite forms aggregates of small (less than 0.3 mm) plates.

These aggregates are up to 2 mm in diameter. Pleochrol-ml ranges

from pale green to apple green. Brown biotite occurs primarily as

lamellar aggregates that may exhibit some deformation. Pleochroism

is marked and ranges from dark reddish-brown to brown. Alteration

to chlorite is widespread in both the green and brown varieties.

No evidence of secondary biotite was noted.

Fibrous aggregates of actinolite, less than 0.5 mm in length,

show very faint pleochroism. Its occurrence with hornblende

suggests a secondary origin.

Pyrite and iron oxide (probably magnetite) are present in

smaller amounts than in the gabbro. These minerals occur both as

minute (less than 0.2 mm), disseminated subhedra and more rarely as

veinlets. Supergene alteration of these minerals to hematite is

common.

Zircon occurs as short (less than 0.2 mm) prismatic crystals

localized in chloritic replacement
alteration zones of the amph-

boles and biotite. The zircons are always surrounded by a plea-

chroic ha]a.

Apatite is sparingly present in the form of subhedral psis -

matic crystals less than 0.2 mm in length. The apatite is dis-

seminated throughout the rock.

Yellowish-brown, prismatic crystals of rutile are associated

with the chlorite as is the zircon.
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Sphene is present only near the gabbro contact. Grains are

subhedral to anhedral in shape and some rhombic cross-sections

were noted. A part of the subhedral sphene may be secondary as it

is localized along minute fractures.

Kpidote is most abundant near the gabbro contact. it

occurs as both granular and prismatic aggregates less than 0.

in length. Epidote and chlorite are the principal alteration

products of amphiboles and biotite.

Near the gabbro contact calcite occurs as anhedral aggregates

that contain inclusions of magnetite, quartz, and feldspars.

Chemical Analysis

The modal and trace element analyses of a fresh sample

of porphyritic granodiorite are compared in table 5.



Table 5. Modal and chemical analyses of porphyritic

granodiorite sample MNS-741 (Chemical analyses

by Rocky Mountain Geochemical Corporation).

Modal Analysis
Trace Element Analysis

Mineral Percent Element ppm

Quartz 35.3 Copper 20

Orthoclase 3.0 Molybdenum 1

Plagioclase 48.3 Zinc 25

Muscovite 7.2 Lead 10

Biotite 5.3 Silver 0.1

Opaques .8

Others .1

1NW1/4NW1/4NE1/4 sec. 26, T. 17 N., R. 4 W.



Mode of Emplacement

The contorted country rocks near the contact of the gabbro

and porphyritic granodiorite intrusive phases at Cuddy Mountain

suggest that their emplacement was forceful. The complex is

characterized by features indicative of emplacement in both the

epizone and the mesozone as outlined by Waddington (1959). An

epizone emplacement of the intrusives at Cuddy Mountain is indicated

by (1) discordant relationships to the country rock, (2) evidence

of upward drag of wall rocks, (3) sharp contacts with country rocks,

and (4) lack of foliation and lineation. Emplacement in the meso-

zone is supported by (i) greenschist grade of regional metamorphism

of the country rocks outside the contact aureole, (2) no apparent

direct relationship between the plutons and volcanic rocks, (3)

postulated Triassic age of the intrusives, and (4) contact meta-

morphic effects in the country rocks. The composite nature of the

intrusive complex at Cuddy Mountain is characteristic of emplace-

ment in both the epizone and mesozone.

Origin, Correlation, and Age

The limited extent and topographic position of the gabbro

and porphyritic granodiorite intrusive phases imply that they are

probably cupolas of the much larger intrusive units to the south

and east as mapped by Bruce (1968a) and Fankhauser (1969).

Fankhauser (1969) has suggested that the porphyvitic {Tann--

diorite is related to the Canyon Mountain Magma series of Thayer
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and Brown (1964). Fankhauser based this interpretation on a

minimum age date of 201 million years, obtained from a hornblende

concentrate from the porphyritic granodiorite. This age would

suggest correlation with the earlier intrusive series of Thayer

and Brown (1964). Additionally, the altered part of the porphy-

ritic granodiorite is compositionally and texturally similar to the

albite granites near Sparta, Oregon, which are a part of the Canyon

Mountain Magma series. The gabbro, according to Fankhauser (1969,

p. 74), is part of Thayer and Brown's second major intrusive series

related to the Idaho batholith and, consequently, is younger than

the porphyritic granodiorite.

The writer believes that both the gabbro and porphyritic

granodiorite are related to the Canyon Mountain Magma series of

Thayer and Brown (1964). Besides the close spatial proximity of

intrusive phases at Cuddy Mountain, evidence in support of an older

age for the gabbro relative to the porphyritic granodiorite includes

(1) the large quantities of secondary quartz and pyrite introduced

into the gabbro near the contact with porphyritic granodiorite, )

the bleached nature of parts of the gabbro near the porphyritic

granodiorite contact, (3) the projection of porphyritic granodiorit

dikes into the gabbro, (4) inclusions of gabbro in the porphyritic

aTtmdlorite near the granodiorite contact (Bruce, personal com-

municrition, 1968b), (5) the lack of well developed joint sets in

porphyritic granodiorite that are characteristic of gabbro, (6) the

"poke through" relationship of the porphyriti(! granodlorite to the

gabbro (a characteristic
pointed out by Bruce, 168a, and btter
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displayed in his area), (7) the more mafic composition of the

gabbro, and (8) a maximum age date of 237 million years obtained

from a hornblende concentrate from the gabbro.
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ECONOMIC GEOLOGY

History of Mining

Several mines, now inactive, have been developed in the

Cuddy Mountain area. Directly south of the area of study, silver

was produced from the Belmont mine and copper from the Railroad

mine in the early 1900's (Fankhauser, 1969). The IXL property

was recently investigated by several major mining companies in

an attempt to develop it as a porphyry copper deposit (Fankhauser,

1969). East of the thesis area the most significant production

was from the Lead Zone mine, which produced lead and some silver.

The Cuddy mine also is located east of the thesis area; this mine

has produced mostly gold and copper (Bruce, 1968a).
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Distribution and Types of Alteration

In the area of study, the relationship of rock alteration to

mineral deposits is, at best, obscure.

The most common alteration assemblages in the gabbro and

those country rocks near the intrusive contact are chlorite,

epidote, calcite and chlorite, calcite, kaolinite. From the

above evidence, it is the writer's conclusion that most of the

alteration in the thesis area conforms to the propylitic type as

outlined by Creasy (1966).

Propylitic alteration is characteristic of the outer zones

of alteration of porphyry copper districts. It is distinguished

fran the more intense argillic and potassic (Creasy, 1966) types

of alteration by an abundance of lime-bearing minerals (calcite

and epidote). Argillic and potassic alteration are characterized

by a strong leaching of CaO. Kaolinite, montmorillonite, muscovite,

and possibly chlorite are cannon to both propylitic and argillic

alteration. Because the gabbro contains substantial amounts of

kaolinite and muscovite, the environmental conditions may have

been transitional between propylitic and argillic alteration. No

evidence of potassic alteration (characterized by the development

of biotite and potassium feldspars) was observed in the area.

Silicification and sericitization are present in many of

the rocks of the thesis area. Moreover, uralitization is

characteristic of the gabbro.
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Classification of Deposits

Contact metasomatic deposits are localized in small silici-

fied limestone lenses of the Seven Devils Volcanics. Most of the

mineralization is in the form of pyrite, specular hematite, and

magnetite. Skarn minerals include epidote, chlorite, and actino-

lite. Some contact deposits of pyrite and chalcopyrite are localized

in the gabbro at the porphyritic granodiorite contact.

Additional evidence of a contact metasomatic origin for

these deposits, besides the presence of the "high temperature"

gangue minerals, include the close proximity of the metallic

minerals to the intrusives, coarse grain size of many of the

metallic minerals, and the clustering tendency of the metallic

minerals.

The most intense mineralization in the writer's area is of

hydrothermal origin. The anomalous concentrations of copper, zinc,

and silver occur some distance from the intrusives. This mineral-

ization is localized along shear zones and along the contact of the

red conglomerate and porphyritic rhyolite tuff. The principal

cause of mineral deposition from the hydrothermal fluids was a

decreasing temperature gradient outward from the intrusive.
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Distribution and Types of Mineralization

Types of mineralization were determined by hand specimen

identification, microscopic identification, microchemical tech-

niques, and trace element analyses. The trace element analyses

were performed by Rocky Mountain Geochemical Corporation. The

trace element analyses determined copper, lead, zinc, and silver

by atomic absorption and molybdenum by colorimetry (Table 6).

Copper was detected in anomalous amounts in the gabbro at

the porphyritic granodiorite contact. The only other significant

concentrations of copper are localized in the highly fractured

porphyritic rhyolite tuff on the north bank of Grade Creek Canyon

and on the east rim of No Business Canyon. Chalcopyrite is the only

copper sulfide identified in the area. Oxidation of the chalco-

pyrite has produced malachite, azurite, and chrysocolla.

Silver is localized in the porphyritic rhyolite tuff and

red conglomerate units on the north bank of Grade Creek Canyon and

on the east wall of No Business Canyon. Only relict galena

(apparently argentiferous galena) could be identified in those

outcrops having anomalous silver values.

Zinc concentrations exceed background values only in the

porphyritic rhyolite tuff outcrop on the north bank of Grade Creek

Cane, ri. No zinc minerals could be identified.

Molybdenum slightly exceeds background values only in the

porphyritic rhyolite tuff outcrops near the intrusive contact. No

molybdenum minerals could be identified.



Table 6. Trace element analyses of six samples from

Cuddy Mountain (parts per million).

ppm ppm ppm ppm ppm

Sample Copper Molybdenum Zinc Lead Silver

MNS-11-2
1

1000 1 125 10 0.3

ms-452 430 1 75 10 0.3

mNS-45-13 215 1 195 120 1.8

MNS-35-1
4

2100 1 100 20 42.0

CIS -53'' 190 1 1600 330 0.3

mNs-64-1
6

7100 3 725 20 1.5

1
Gabbro: NW1/4NW1/4NE1/4 sec. 26, T. 17 N., R. 4 W.

2
Red conglomerate: NE1/4SW1/4SW1/4 sec. 28, T. 17 N., R. 4 W.

3Red conglomerate: NW1/4SW1/4SW1/4 sec. 28, T. 17 N., R. 4 W.

4Porphyritic rhyolite tuff: SW1/4SE1/4SE1/4 sec. 29, T. 17 N.,

2. 4 W.

5Porphyritic rhyolite tuff: SW1/4SW1/4SE1/4 sec. 29, 1. 17 N.,

R. 4 W.

Porphyritic.rhyolite tuff: SE1/4NE1/4SE1/4 sec. 29, t. 17 N.,

R. 4w.
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Manganese is characteristic of the porphyritic rhyolite

tuff and, to some extent, the red conglomerate. The manganese

oxide Is most abundant in areas of silver mineralization, where

outcrops may be thoroughly stained black.

Iron minerals are common throughout the area and usually

occur as pyrite and magnetite. However, specular hematite is

localized in the skarn deposits in the Seven Devils Volcanics of

No Busines Canyon.
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Relation of Mineralization to Intrusives

Contact metasomatic deposits of chalcopyrite, pyrite,

and magnetite are in the gabbro at the porphyritic granodiorite

contact. Other contact metasomatic deposits of pyrite, magnetite,

and specular hematite are localized in the silicified limestone

lenses of the Seven Devils Volcanics adjacent to the gabbro

contact.

The most significant mineralization in the area is not

directly adjacent to the intrusive complex. Anomalous values of

copper, zinc, and silver were obtained from the outcrops along the

east wall of No Business Canyon nearly two miles north of the

intrusives and along the north wall of Grade Creek Canyon nearly

three miles west of the intrusives.

No paragenesis or zonation patterns related to the intrusives

could be established. This is probably because of the hetero-

geneous nature of the country rocks, the existence of intrusive

rocks underlying most of the southeast part of the thesis area,

and the multiple centers of intrusion.

Because most ore-bearing hydrothermal solutions are of

magmatic derivation, it seems probable to the writer that the

intrusives were the ultimate source of the mineralizing fluids

and that these were derived from late residual fractions of the

porphyritic granodiorite magma.



65

Relation of Mineralization to Country Rocks

The Seven Devils Volcanics contain hypogene iron minerals

in the form of pyrite, magnetite, and specular hematite. The

heterogenous lithology of the Seven Devils Volcanics may have

given rise to differing chemical environments that thereby effected

changes in oxidation potential and acidity of the fluids to facil-

itate deposition in some beds and to inhibit it in others. The

limestone lenses within the Seven Devils Volcanics may have served

to neutralize the acid, ore-bearing fluids. The brittle units

within the Seven Devils Volcanics were readily fractured to produce

conduits for the fluids.

Some anomalous values of silver and copper are present in

the upper part of the red conglomerate near the porphyritic

rhyolite tuff contact. This localization is probably a reflection

of the movement of hydrothermal fluids along the porous and permeable

contact zone between red conglomerate and porphyritic rhyolite tuff

rather than an inherent property of the red conglomerate to cause

a concentration of "ore" minerals.

The porphyritic rhyolite tuff is the most favorable host

rock in the thesis area. This is indicated by both previous pro-

duction records and by the restriction of most anomalous copper,

silv, molybdenum, and zinc values to this unit. The competency

of the porphyritic rhyolite tuff explains its highly fractured and

sheared nature in many outcrops. The crackled nature of the tuff

produced the high porosity and permeability that facilitated the
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introduction and deposition of minerals from circulating fluids.

The Lucile Series contains no significant mineralization in

the area of study but is characterized by numerous shear zones

and limestone lenses that should have made this unit a favorable

host. As a consequence of this relationship, the writer suggests

that the Lucile Series was deposited after intrusion and mineral-

ir,,ation had occurred.
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STRUCTURAL GEOLOGY

Regional Structure

The areal relationship of the thesis area to the regional

structure of western Idaho and eastern Oregon during Late Cenozoic

time is shown in figure 16. The thesis area is near the western

margin of a belt of Miocene and younger rocks 30 miles wide,

characterized by west-tilted normal fault blocks and west-dipping

monoclines that border the western margin of the Salmon River

Mountains (Hamilton, 1962). According to Hamilton's map, the

area of study is within the Columbia Plateau province. Character-

istic of this province are irregular domal and anticlinal uplifts

and normal faults trending to the northwest. Hamilton states that

these structures are superimposed upon east- to northeast-trending

low grade metamorphic rocks that are intruded by semiconcordant

stocks and batholiths. He believes the intrusions are related to

a Tate Jurassic orogeny.

Cook (1954, p. 8) interpreted the post-basalt structure of

the Seven Devils and Cuddy Mountain areas to represent north-trend-

ing doubly plunging anticlinal uplifts that are separated by a

broad syncline. He suggested that the trends of the anticline;;

were controlled by pre-basalt structure.
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Figure 16. Late Cenozoic structure of west

central Idaho. (from Hamilton, 1962)
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Periods of Tectonism

Post Seven Devils Volcanics-Pre Red Conglomerate Deformation

The first episode of deformation in the area of study is

recorded in the contorted beds of the Seven Devils Volcanics. The

structures in the Seven Devils Volcanics do not extend into the

overlying red conglomerate. Drag folds (Fig. 17) are numerous

in the Seven Devils Volcanics near the headwaters of Grade Creek.

The contact between Seven Devils Volcanics and overlying red

conglomerate is marked by an angular unconformity. Evidence

of this unconformity includes angular discordance between the two

units and the presence of clasts of Seven Devils Volcanics within

the overlying red conglomerate.

Post Red Conglomerate-Pre Lucile Series Deformation

A second period of deformation, characterized by faulting,

occurred during the time interval between the deposition of the

Seven Devils Volcanics and the deposition of the Lucile Series.

Most of the faults are inferred by the repetition of units. More

direct evidence of faulting includes fault gouge, scarps, and

slickensides in No Business Canyon.

A major reverse fault dipping greater than 60 degrees in the

northeast part of the map area, trends north-northeast down the west

fork of No Business Canyon. It then trends more easterly and

parallels Edna May Creek for approximately three -forths of a mile.

The fault resumes a north-northeast trend until reaching Elie May
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Figure 17. Drag fold in the Seven Devils
Volcanics in Grade Creek Canyon.
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Creek at which point it parallels Elie May Creek into Bruce's

(1968a) area of study. The existence of this fault is indicated

by (1) repetition of the Seven Devils Volcanics, red conglomerate,

and porphyritic rhyolite tuff, (2) more contorted nature of the

repeated section relative to the "in place" section, (3) nresence

of slickensides and breccia in No Business Canyon, and (4) scarp-

1.1ke character of the repeated section in No Business Canyon.

A minor, nearly vertical, fault trends north down No Business

Canyon between the mouths of Edna May and Galena Creek tributaries.

This fault postdates the reverse fault previously described.

Evidence for this vertical fault includes (1) the absence of the

red conglomerate and the porphyritic rhyolite tuff west of No

Business Creek, (2) steep slopes and scarp-like appearance of

outcrops east of No Business Creek, and (3) presence of fault

gouge, breccia, and slickensides (Fig. 18).

A normal fault, trending east-northeast from Fankhauser's

(1969) area into the writer's area repeats the red conglomerate

and porphyritic rhyolite tuff units. The fault surface dips greater

than 60 degrees. This fault cannot be traced into the Lucile

Series suggesting that the fault is older than this unit. Evidence

for the fault includes repetition of the rod conglomerate and

porphyritic rhyolite tuff, and the presence of slickensides.

Post Lucile Series-Pre Columbia River Basalt Deformation

A normal fault near the section line between sections 29

and 30 trends north-northeast. its apparent normal movement



Figure 18. Slickensided boulder of red
conglomerate in No Business Canyon.
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brought the Lucile Series into fault contact with the older units.

Evidence for this fault includes (1) the abrupt truncation of

the older units, and (2) intense deformation of the Lucile Series

along the trace of. the fault.

A major reverse fault that trends approximately N. 30 W.

traverses the central part of the area. The dip of the fault surface

ipereases from 47 degrees in the south to nearly 90 degrees in the

northern part of the area. Displacement appears to be least near

the southwest boundary of the thesis area, where the fault parallels

the northeast fork of Grade Creek and has "peeled off" a part of

the Cuddy Mountain limestone and displaced it to the north bank

Of Grade Creek. Displacement along the fault seems to increase to

the north, as indicated by the apparent greater displacement of

units of the Lucile Series. Evidence for this reverse fault

includes (1 the westward dipping fault surface that separates the

Cuddy Mountain limestone and red conglomerate (Fig. 19), (2)

presence of breccia, slickensides, and fractures along the trace

of the fault, (3) repetition of lithologies in the Lucile Series,

and (4) marked lineation on aerial photographs.

A syncline whose axis is west of and parallel to the above

mentioned reverse fault developed during this period of deformation.

Both the syncline and the reverse fault were probably caused by

compressive force from the northwest.

Livingston (1932) postulated the existence of a major over-

thrust in western Idaho. He suggested that the fault extends from

eastern Oregon, 40 miles to the north-northeast, into the thesis



Figure 19. Fault contact between the Cuddy
Mountain limestone above and the red
conglomerate below.
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area at Grade Creek. This overthrust is probably the reverse fault

previously described by the writer, which cuts across the central

part of the thesis area. Because of the apparent limited displace-

ment, at least within the area of study, and because the fault

surface dips at angles greater than 45 degrees (Fig. 20), it is

the writer's belief that this structure is more appropriately

termed a reverse fault.

Post Columbia River Basalt Deformation

One minor fault (Fig. 8) cuts the Columbia River Basalt in

the area of study, and this fault perhaps was the result of stresses

created during uplift. Fankhauser (1969) suggested post-Miocene

regional uplift in the area rather than block faulting, and pointed

out that the nearly flat-lying Columbia River Basalt flows of the

Cambridge Valley tilt upward on the flanks of Cuddy Mountain with

no apparent change in thickness. Thus, there is little evidence

to support a block fault origin for Columbia River Basalt that

caps Cuddy Mountain.



Figure 20. Fault zone in Lucile Series on north
wall of Grade Creek Canyon.



GEOLOGIC HISTORY

That eugeosynclinal conditions prevailed in the area of

study throughout deposition of the Permian-Triassic Seven Devils

Volcanics (Fig. 21) is indicated by the great thicknesses of

volcanic and volcaniclastic rocks that makeup this unit. After

deposition, the Seven Devils Volcanics were uplifted and deformed,

and erosion followed this tectonic event.

The red conglomerate was then deposited with pronounced

angular unconformity on the Seven Devils Volcanics during the

Late Triassic(?) time. Many of the clasts of the red conglomerate

were derived from the underlying volcanic and volcaniclastic rocks.

After a period of erosion, the porphyritic rhyolite tuff

formed during an episode of silicic volcanism. This tuff un-

conformably overlies the red conglomerate. Significant faulting

occurred after the deposition of the porphyritic rhyolite tuff.

After deposition of the porphyritic rhyolite tuff and

probably before deposition of the Lucile Series, gabbro and, later,

porphyritic granodiorite were emplaced. Evidence for intrusion

at this time comes from Bruce's area (personal communication, 1968h)

where the red conglomerate and porphyritic rhyolite tuff are

truncated b' the gabbro. The Lucile Series does not show the

related effects of deformation, mineralization, or contact meta-

morphism.

The area was then gently downwarped and the sediments el.

the Lucile Series were deposited unconformably on the older rock, .
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Figure 21. Map showing location of the eugeosyn -
cline during Triassic time.
(from Dott, 1961)
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The depositional environment was probably a restricted basin within

the eugeosyncline. The organic-rich, fine-grained nature of most

of these sediments indicates restricted marine conditions. The

thickness suggests geosynclinal deposition. The rocks of the

Lucile Series are regionally metamorphosed, an event according to

Hamilton (1963a, p. 84) and Vallier (1967, p. 174), that occurred

ip Middle Jurassic time. If this event is correctly dated, depo-

sition of the Lucile Series must have taken place before Middle

Jurassic time. The absence of a stratigraphic record from Early

Jurassic to Early Miocene time indicates the area of the present

study, and of the surrounding region as well, was a topographic

high during most of this interval of geologic time.

The Columbia River Basalt was extruded from numerous

fissures during Late Miocene through Early Pliocene time. Minor

folding and faulting occurred during uplift of this basalt plain.

More recent glacial and stream erosion have exhumed the pre-basalt

stratigraphy and formed the present topography.
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