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The Early Jurassic "Grade Creek conglomerate" has a mini-

mum thickness of 400 feet and unconformably overlies the Seven

Devils Volcanics. Unconformably (?) overlying the conglomerate unit

is the "Camp Creek latite" which is 300-400 feet thick and Early

Jurassic in age. Tectonicly overlying the latite is more than 1,000

feet of gray to black shales and interbedded conglomeratic schists of

the Early Jurassic "Brownlee Canyon series." Flows of Miocene

to Early Pliocene Columbia River Basalt have a maximum thickness

of 1, 000 feet and upconformably overlie all pre-Tertiary rocks.

Major phases of the Cuddy Mountain intrusive complex are

porphyritic granodiorite (200 ± 5 m. y.), hornblende gabbro, and

leucocratic quartz diorite in order of decreasing age. Two periods

of alteration are present. The first episode altered part of the

porphyritic granocliorite to a rock that is chemically and mineralogi-

cally similar to the albite granites near Sparta, Oregon. The last

stage represents hydrothermal alteration related to intrusion of

leucocratic quartz diorite.

Regional, contact, and dislocation metamorphism are present

in this area. All pre-Tertiary stratigraphic units and the porphyritic

granodiorite have been subjected to greenschist regional meta-

morphism during Middle Jurassic time. The hornblende gabbro and

leucocratic quartz diorite are believed to postdate regional meta-

morphism. Parts of the porphyritic granodiorite and hornblende

gabbro have been contact metamorphosed to the hornblende hornfels



facies by the leucocratic quartz diorite. Dislocation metamorphism

related to intrusion of the quartz diorite has produced a secondary

lineation and foliation in the Rush Peak gabbro.

Magmatic, contact metasomatic, and hydrothermal mineral

deposits occur in this area. Magmatic concentrations of rnagnetite

and chalcopyrite occur in the East Brownlee gabbro. Contact meta-

somatic deposits of pyrite, chalcopyrite, magnetite, and specular

hematite are located in calcareous units of the Seven Devils Volcanics

adjacent to the intrusive complex. Hydrothermal deposits of chalco-

pyrite with subordinate molybdenite, pyrrhotite, and bornite occur in

the leucocratic quartz diorite whereas argentiferous galena and

manganese oxides are located near the contact of the "Grade Creek

conglomerate" and the "Camp Creek latite."
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GEOLOGY AND MINERALIZATION OF THE SOUTHERN CUDDY
MOUNTAINS, WASHINGTON COUNTY, IDAHO

INTRODUCTION

Location and Accessibility

The thesis area is in the southern Cuddy Mountains of

Washington County, Idaho, between lat 44°39.5' and 44°46.5TN.,

and long 116°41.8' and 116°52.5'W. (Figure 1). The area encom-

passes 72 square miles in the corner of the Copperfield, Hornet,

Cambridge, and Sturgill Peak quadrangles and includes Township

16 North, Range 4 West, and parts of Townships 15 and 17 North and

Ranges 3 and 4 West. The nearest towns are Cambridge, Idaho,. 18

miles to the southeast; Council, Idaho, 40 miles to the east; Halfway,

Oregon, 40 miles to the west; and Homestead, Oregon, 28 miles to

the north.

Access is provided to the western part of the area by State

Highway 71. The central part of the area may be reached via U. S.

Forest Service roads along East Brownlee Creek and Seid Creek.

Also U. S. Forest Service roads along East Pine Creek and Rush

Creek provide access to the southern part of the area. However,

the northern and northwestern parts of the area can be reached only

by foot trails which follow East Brownlee Creek, East Pine Creek,

and Rush Creek. State Highway 71 is paved and accessible year
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round, but the Forest Service roads have graded surfaces that are

impassable in winter and spring.

Topography

The topography as a whole is steep but not excessivly rugged.

This is largely due to the blanketing effect of Tertiary basalt flows.

Altitudes range from 3300 feet in East Brownlee Creek to 7634 feet

on Rush Peak. Thus, the maximum topographic relief is 4334 feet.

The southern part of the area is a continuation of the basalt

plain which covers large areas in Idaho, Washington, and Oregon.

Altitudes in this part of the area range from 4000 to 4500 feet as a

consequence of differences in altitude and erosional resistance of

various flows. Cuddy Mountain itself is part of the basalt plain which

has been uplifted to an elevation of nearly 8000 feet above sea level

(Figure 2). Maximum relief occurs in a zone about two miles wide

extending from the northwest to the southeast corners of the map

area. This zone is the south flank of the Cuddy Mountain uplift, and

altitudes range from 3300 to 7095 feet above sea level (Figure 3).

Drainage

The northwest corner of the area is drained by East Brownlee

Creek and its tributaries which flow west to the Snake River. The

north-central, central, and southern parts of the area are drained by
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Figure Z. View of Rush Peak (left) showing Tertiary basalt
plateau in the foreground and its uplifted counter-
part on the horizon.

Figure 3. Photograph taken at the head of East Brownlee
Creek showing typical topography on the flanks
of the southern Cuddy Mountains.
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Rush Creek which flows south to the Weiser River. Approximate

average stream gradients in feet per mile are 124 on Pine Creek,

300 on East Brownlee Creek, 390 on East Pine Creek, and 400 on

Rush Creek.

All creeks and streams are permanent despite hot dry summers.

They are fed by numerous springs originating at the base of the upper

basalt plateau. However, during unusually dry summers stream dis-

charge is reduced to the point that not enough water is available for

all irrigation purposes, and water rights become important in dis-

tributing the available water.

Climate

The nearest United States Weather Bureau station is at

Cambridge, Idaho, 18 miles to the southeast. The mean annual tern-

perature at Cambridge, based on the period 1931 to 1955, is 51. 9°F.

(U. S. Bur. Climatography of the U. S., 1959). January is the cold-

est month with a mean temperature of 22. 6°F., and July is the warm-

est month with a mean temperature of 74. 6°F. The mean annual

precipitation is 19.4 inches. December is the wettest month with an

average precipitation of 3.05 inches, whereas August is the driest

month with 0.16 inches. According to Jensen (1957), annual snowfall

in this area ranges from 31 to 100 inches. Cuddy Mountain would

have lower average temperatures and greater precipitation because



of its higher altitude.

Vegetation

Natural vegetation is diverse and varies from sparse in plateau

areas to abundant in mountain regions. Plateau areas are character-

ized by sagebrush, bunch grass, and juniper trees which stand in

sharp contrast to the evergreen forests on the flanks of the Cuddy

Mountains. The mountains support excellent growths of Ponderosa

Pine and Douglas Fir. Aspen and cottonwood trees and chaparral

brush grow along water courses at high elevations. High mountain

meadows are covered by native grasses, flowering plants, and low

shrubs.

Altitude and rock-type are the major controls of vegetation.

Higher elevations receive more rainfall and consequently more vegeta-

tion is present. The influence of rock-type is evidenced by the

restricted occurrence of sagebrush and bunch grass to basalt plateaus,

and evergreen forests to the intrusive complex. Vegetation in

mountain areas is abundant on east and northeast slopes. Agriculture

is largely confined to lower stream valleys where irrigation is

feasible.
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Purposes and Scope of Study

Uplift and erosion of Tertiary basalt in the Cuddy Mountain

region has exposed a core of older rocks that include a thick sequence

of metamorphosed sediments and volcanics and a composite stock of

intermediate composition. Purposes of this study were to (1) provide

a detailed geologic map of the southern Cuddy Mountains, and (Z) study

alteration and mineralization and their relationships to various

phases of the intrusive complex.

In order to gain a better understanding of ore genesis, the

intrusive complex was investigated from standpoints of (1) methods

and zone of emplacement, (2) complexity and sequence of intrusion,

(3) compositional and structural variations, and (4) nature and dis-

tribution of alteration and mineralization. The country rocks were

studied to facilitate interpretations of structure, alteration and

mineralization, and geologic history of this region.

Methods of Investigation

Field studies required 12 weeks in the summers of 1965 and

1966. U. S. Geological Survey 15-minute maps of Copperfield,

Hornet, Cambridge, and Sturgill Peak quadrangles, enlarged to the

scale of 1:24,000 were used as base maps. High-altitude aerial

photographs assisted the mapping.



One hundred and thirty-two thin sections were examined and

model analyses of representative samples were obtained with a

mechanical stage and point counter. Traverses were made over the

entire slide and 500-700 points were counted.

Feldspar compositions were determined by extinction angles

where practical and by oil immersion elsewhere. Rock slabs were

stained with potassium cObaltinitrite to identify potas sium- bearing

minerals.

Previous Investigations

Waldemar Lindgren (1901) conducted pioneer geological

investigations in northeastern Oregon. His reconnaissance maps

included the western half of the present area of study. Lindgren did

not discuss the geology of the Cuddy Mountain region. Livingston and

Laney (1920) described the general geology and copper deposits of the

Seven Devils Mountains, Idaho. This report included a brief discus-

sion of the Heath or Cuddy Mountain mining district. Livingston

(1923) published a reconnaissance study of the Mineral and Cuddy

Mountain districts. Approximately the northern one-third of the

present area of study was included in his geologic map. Livingston

(1932) described a major overthrust in western Idaho and northeastern

Oregon. This fault has disturbed rocks in the northwest corner of

the writers area. Beginning in 1938, field parties of the U. S.



Geological Survey worked in the Seven Devils and Cuddy Mountain

regions for several seasons in preparation of the state geologic map

of Idaho. Cook (1954) investigated mines and prospects of the Seven

Devils and Cuddy Mountain districts for the Idaho Bureau of Mines

and Geology. Cook did not make a geologic map and his report is

largely a summary of previous work in this region. Prior to the

present study, no fossils had been found in the immediate area.
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STRATIGRAPHY

Introduction

With the exception of the Seven Devils Volcanics and the

Columbia River Basalt, formal stratigraphic names have not been

applied to rocks in the southern Cuddy Mountains. Because of

abundant faulting and limited outcrops, the stratigraphic succession

in this area is not straightforward. Therefore individual units are

referred to informally by local names enclosed in quotation marks.

A generalized columnar section records the thicknesses,

lithologies, and approximate ages of the major straitgraphic units

in the map area (Table 1). General stratigraphic relationships and

correlation of pre-Tertiary rocks in northeastern Oregon and western

Idaho are summarized by Valuer (1967, p. 13-22).

Seven Devil Volcanics

Distribution and Physiographic Expression

The Seven Devils Volcanics crop out over approximately five

square miles in the north- central part of the area (Plate 1). They

occur largely in secs. 33 and 34, T. 17 N.., R. 4 W., and in secs.

3, 4, and 10, T. 16 N.., R. 4 W. This unit forms the western part

of the ridge between East Brownlee Creek and Grade Creek.
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Lithology and attitudes of the rocks exert little control on the

topography so it is rounded and subdued (Figure 4).

The best exposures of these rocks occur along the north fork

of East Brownlee Creek where rocks are fairly resistant and form

a steep-walled canyon. Good outcrops are also present in the upper

reaches of Grade Creek.

Stratigraphic Relationships and Thickness

The stratigraphic succession of the Seven Devils Volcanics

remains unknown because of: (1) poor exposures, (2) intense struc-

tural deformation, (3) effects of regional metamorphism, (4) absence

of stratigraphic markers, (5) sparse fossils, and (6) rapid facies

changes.

The base of this formation if exposed was not recognized. The

Seven Devils Volcanics are unconformably overlain by: (1) "Grade

Creek conglomerate' near Grade Creek, (2) "Camp Creek latite" in

Camp Creek, and (3) Columbia River Basalt near East Brownlee

Creek and in sec. 35, T. 17 N., R. 4 W. An outlier of Columbia

River Basalt rests on the topographically highest part of the Volcanics

inNW/4sec. 34, T. 17 N., R. 4W.

The exact thickness of the Seven Devils Volcanics is unknown

because of intense structural deformation and unknown stratigraphic

succession. In the Seven Devils region, Cook (1954) believes the
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Figure 4. Seven Devils Volcanics exposed at the head of
Camp Creek, Note rounded and subdued
topography.
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thickness probably exceeds 10,000 feet. Hamilton (1963a, p. 4)

believes a thickness of several miles is possible in the Riggins

Quadrangle. The Seven Devils Volcanics in the map area probably

exceeds 5,000 feet in thickness.

Lithology

The oldest rocks in the area are the Seven Devils Volcanics

which include a bewildering sequence of undifferentiated metavolcanic

and metasedimentary rocks. Dominant lithologies include: kera-

tophyres; meta-andesites; metadacite prophyries; spilites; cherts;

quartzites; argillites; limestones; and tuffaceous sandstones, silt-

stones, and conglomerates.

The volcanic fraction of this unit is dominantly andesitic and

occurs largely as flows with subordinate pyroclastics. These rocks

are dense and greenish-gray to black in color. Some flows are

por phyritic with megas copically recognizably phenocrysts of plagio-

clase and epidotized mafic minerals. The groundmass is usually

aphanitic. Contacts between flows are largely obscured by meta-

morphism. Primary volcanic features as columnar joints and

pillow structures were not recognized.

Clastic rocks show considerable variation in color ranging

from gray through brown, light green to nearly black. Individual

clasts range from angular to subrounded in shape and from silt to
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cobble. in size. Sand- and silt-sized material are far more abundant

than either finer or coarser fractions. Bedding characterizes many

of the finer-grained ciastics. Usually beds are less than one to two

feet thick and laminations are common (Figure 5). Ripple marks,

graded-bedding, cross-bedding, and penecontemporaneous deforma-

tion features are locally present.

The actual proportion of clastic to volcanic rocks in this unit

is unknown. However, clastics make up a substantial part of the

formation in this area, whereas in the Riggins quadrangle Hamilton

(1963a) reports clastics to be subordinate.

Most of the rocks in this unit are highly sheared and

chioritized. The sedimentary fraction was particularly susceptible

to fracturing and deformation (Figure 6). Deformational effects are

clearly evident in the coarse-grained clastics; e. g. , stretched pebble

and cobble conglomerates (Figure 7).

Petrography

Keratophyre

Keratophyres are common in the volcanic fraction. Most are

finely porphyritic with euhedral albite phenocrysts that average about

1 mm long. Some albite is cloudy and commonly contains minute

inclusions of chlorite. Mafic phenocrysts are not recognizable, but
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Figure 5. Bedded tuffaceous sandstones and siltstones exposed
near the north fork of East Brownlee Creek. Beds
strike N. 50 W. and dip 700 E.
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Figure 6 Photograph of massive tuffaceous siltstones near
East Brownlee Creek showing intense fracturing
typical of these clastic rocks.

-:
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Figure 7. Stretched pebble conglomerate near the head of
Grade Creek. The knife is parallel to the direction
of elongation.
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subhedral clusters of epidote, chlorite, and "iron ore" indicate their

former presence. Subhedral albite, anhedral chlorite, epidote,

magnetite, ilmenite, and secondary quartz comprise the groundmass.

Andes itic (pilotaxitic) textures are typical of these rocks although a

few specimens have felsitic textures. Deformation effects are

numerous.

Although albite veins are not abundant in the thin sections

examined, albite is thought to be pseudomorphic after intermediate

plagioclase. This is based on the fact that textures of these rocks

are typical of andesites. Partly albitized meta-andesites, to be

described next, represent intermediate stages of alteration.

Meta- andes ite

Microscopic examination indicates these rocks to have textures

typical of andesites, i. e , felted and pilotaxitic. Almost all speci-

mens examined were slightly porphyritic with phenocrysts of plagio-

clase. Some are slightly glomeroporphyritic whereas others have

different sized phenocrysts; but all have a sharp break between the

size of phenocrysts and groundmass. Plagioclase phenocrysts are

euhedral, unzoned, and average about 1 mm long, whereas the

average groundmass size is approximately 0. 1 mm. Mafic pheno-

crysts are not recognizable but are represented by irregular clots of

epidote, chlorite, and iron oxide.
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Feldspars may be largely unaltered, saussuritized, or replaced

by epidote. Epidotization of meta.-andesites is more extensive than

in keratophyres as a result of more calcium in the former. Corn-

monly epidote is largely confined to the phenocrysts whereas chlorite

is the main alteration product of the groundmass.

Chlorite is predominantly light green with normal interference

colors. However, brown chlorite is also present. Chlorite occurs

as a lacy network over some specimens and is responsible for the

pale green color of these rocks. Actinolite needles having a random

orientation occur in a few specimens, but are relatively unimportant

in comparison to the larger amounts of epidote and chlorite.

As a point of clarification, major differences between kerato-

phyres and meta-andesites are the composition of the feldspars and

the ratio of chlorite and epidote to albite.

Spilite

A few of the specimens examined petrographically are probably

spilites. Although similar to the meta-andesites they have divergent

granular textures and chlorite pseudornorphs after olivine which sug-

gest an originally basaltic character.

Metadacite Porphyry

This rock-type was mapped separately because it has a
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decidedly porphritic texture with phenocrysts of plagioclase, quartz,

and subordinate potassium feldspar set in an aphanitic groundmass.

Plagioclase phenocrysts are sodic andesine in composition.

They are euhedral and average about 4 mm long. They attain a maxi-

mum length of 10 mm. Albite twinning, patchy extinction, and

protoclastic features characterize much of the plagioclase. Quartz

phenocrysts are euhedral and average about 3 mm long. They are

characterized by undulatory extinction and fracturing. In some

specimens the groundmass is felty; in others it is microgranular.

Mafic minerals are absent, but epidote and chlorite are present in

small amounts.

These rocks are similar to quartz keratophyres described by

Gilluly in eastern Oregon (1937). However, albitization of these

metadacite porphyries was incomplete.

Tuffaceous Sediments

Representative samples of tuffaceous sediments contain sub-

rounded to angular fragments of keratophyre, meta-andesite,

feldspar, and quartz. Some contain only clasts of keratophyre and

meta-andesite. Rock fragments vary in texture, i. e., some are

porphyritic with various sizes of groundmass crystals and others

are nonporphyritic. The framework of other specimens is largely

composed of broken plagioclase and quartz crystals with only a few
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rock fragments. The matrix of several samples is partly recrystal.-

lized to a granular mosaic of quartz and feldspar. Chlorite and

epidote are nearly ubiquitous. Epidote is usually confined to the

framework whereas chlorite predominates in the matrix. Magnetite

and ilmenite are conspicuous. They commonly surround larger

particles and render the clastic nature of the rock conspicuous, under

reflected light.

Depositional Environment

Marine fossils, to be discussed later, indicate that part of this

formation is marine in origin. The volcanic rocks are not directly

demonstrable as being of marine origin. However, the type of

albitization to which they have been subjected is common in marine

environments (Turner and Verhoogen, 1960, p. 26).

The albitized volcanics, poorly sorted tuffaceous sediments,

marine limestone, and cherts indicate deposition in a eugeosynclinal

environment. Hamilton (l963a, p. 4 and p. 72) believes the Seven

Devils Volcanics are products of island arc volcanism similar to

that of the Aleutian Islands, Alaska. Livingston (1923, p. 57) infer-

red that this formation was indicative of igneous activity alternating

between violence and quiescence and accompanied by sedimentation

of terrigenous and marine material.
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Age and Regional Correlation

Lindgren described the metavolcanic rocks in the Seven Devils

Mountains in 1900 and designated them as the 'Seven Devils Series.

Anderson studied similar rocks near Orofino, Idaho, in 1930 and

revised the old name to the Seven Devils Volcanics. Subsequent

workers have followed this usage. The Seven Devils Volcanics occur

in the: (1) area between the Snake and Salmon Rivers north of

Riggins (Wagner, 1945), (2) Cuprum quadrangle (Hamilton, 1963a,

p. 7), (3) Riggins quadrangle (Hamilton, 1963a), and (4) on Cuddy

Mountain (Cook, 1954).

Originally the Seven Devils Volcanics were considered to be

Permian in age by Anderson (1930) and Wagner (1945). In the

absence of fossils, these early workers assumed the formation to

be Permian since it underlies the Martin Bridge Limestone which

contains Triassic fossils. However, Ralph S. Cannon has found

many marine invertebrates of both Permian and Late Triassic ages

in the Seven Devils Volcanics of the Cuprum quadrangle (Hamilton,

1963a, p. 6).

In eastern Oregon rocks similar to the Seven Devils Volcanics

were described by Gilluly (1935) as the Clover Creek Greenstone.

Fossils from these rocks were tentatively dated as Permian in age.

However, recent work has shown that the formation contains Upper
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Trias sic as well as Permian fossils (Bostwick and Koch, 1962). The

Seven Devils Volcanics are considered to be correlative to the Clover

Creek Creenstone, at least in part (Hamilton, 1963a, p. 3). Cor-

relations are based on lithologic similarity, position in sequence,

and similar age.

In the absence of fossils Livingston (1923) considered rocks in

the map area, now known as the Seven Devils Volcanics, to be of

Permian age. However, poorly preserved fossils collected by the

author from the Seven Devils Volcanics were identified by Prof. D. A.

Bostwick (Oregon State University) as Halobia? and pentracrinial

stem plates. These fossils are characteristically associated in the

nearby Martin Bridge Linestone of Late Triassic age. Therefore,

the association of Halobia? and pertracrinial plates in the Seven

Devils Volcanics indicate this formation is at least in part Late

Triassic in age. In addition to fossil evidence, the greater percentage

of sedimentary rocks in this area than elsewhere suggests this to be

the upper part of the formation.

The fossil locality is in SW1/4SE1/4 sec. 33, T. 17 N.

R. 4W. (Plate 1).
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Cuddy Mountain Limeston&'

Distribution and Physiographic Expression

The Cuddy Mountain limestone" crops out along Grade Creek

in the NE 1/4 sec. 31 and NW 1/4 sec. 32, T. 17 N., R. 4W. Much

of the limestone is characterized by rounded grass-covered slopes.

However, good exposures are found close to the stream and in areas

of locally steep relief. Weathering is both mechanical and chemical

as indicated by limestone talus and solution cavities, respectively.

The solution cavities are numerous, but rarely exceed four inches in

diameter.

Stratigraphic Relationships and Thickness

The "Cuddy Mountain limestone" exposed in Grade Creek is a

large fault block (Plate 1). It tectonicly overlies the 'Grade Creek

conglomerate" and "Camp Creek latite" and is tectonicly overlain

by the "Brownlee Cayon series. " This limestone is estimated to be

at least 600 feet thick. As the contacts are inferred to be fault con-

trolled, its original thickness was presumably greater.

Lithology and Petrography

The limestone is gray to black on fresh surfaces and weathers

light gray to white. It is characterized by a fine-grained to aphanitic
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texture and by the absence of interbedded sandstones and shales.

This unit is predominately massive although 20-30 laminations per

inch are present locally. Carbonate minerals were not distinguished.

However, the rock effervesces freely in cold dilute hydrochloric acid

and presumably is composed largely of calcite. Locally the limestone

has been metamorphosed. Brecciation and recrystallization are

present near fault contacts. Evidence of folding was not observed.

Petrographic study indicates the rock to be composed of

approximately 95 percent carbonate and 5 percent quartz. The

average grain size is less than 0. 1 mm. Quartz occurs largely as

fragmental crystals concentrated in distinct zones. Authigenic

quartz characterized by euhedral doubly terminated prisms is present

in trace amounts. Carbonate occurs as anhedral crystals which have

an interlocking texture and are too small to be resolved individually.

With the exception of quartz, detrital particles and matrix are

indistinguishable. Organic and fossiliferous material were not

recognized.

Origin and Deoositional Environment

The origin and depositional environment of the "Cuddy

Mountain limestone'T are questionable as it is fine-grained, partially

recrystallized, and apparently unfossiliferous. The composition and

texture are not indicative of one particular environment. A deep
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basinal environment is not improbable as: (1) coarse grained debris

is absent, (2) the limestone is exceptionally pure, and (3) laminations

are locally present. However, these features could also result in

relatively shallow waters if landmasses were distant or if terrigenous

detritus was blocked by barriers.

Age and Regional Correlation

The age and stratigraphic position of this limestone are uncer-

tam because of its tectonic emplacement and the absence of fossils.

Based on its lithology and appreciable thickness, the crCuddy

Mountain limestone is tentatively assigned to the Late Triassic.

This hypothesis is supported by: (1) the absence of known Permian

rocks in this area, and (2) the occurrence of Jurassic limestones as

narrow units and typically interbedded with sandstones and shales.

Valuer (1967, p. 124) has stated that several Upper Triassic

limestones are known in eastern Oregon and western Idaho. The

Martin Bridge Limestone described by Ross (1938) is the best docu-

mented and most widely distributed of these units. The Martin

Bridge is reported in the Snake River Canyon (Valuer, 1967) and in

the Riggins Quadrangle (Hamilton, 1963a) where it overlies the

Seven Devils Volcanics.
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"Grade Creek Conglomerate"

Distribution and Top2graphic Expression

The "Grade Creek conglomerate" crops out over a one-square-

mile area between Camp Creek and Grade Creek. Best exposures

are found in Grade Creek as slopes are fairly steep and recent

erosion has cut numerous gullies into the conglomerate. Small

inliers of the conglomerate occur in Camp Creek where erosion has

removed the overlying porphyritic latite flow. Another small expo-

sure is present in East Brownlee Creek, about 1 mile west of the

Brownlee Ranger Station. Between East Brownlee Creek and Camp

Creek, the conglomerate is largely covered by Columbia River Basalt.

This unit forms steep, rounded slopes. Well indurated portions

occur as small knolls and ridges. Weathering that is largely mechan-

ical results in a "gravel" soil.

Stratigraphic Relationships and Thickness

The "Grade Creek conglomerate" rests discordantly upon the

Seven Devils Volcanics. The presence of clasts of Seven Devils

Volcanics in the conglomerate indicate the two units are unconform-

able. The "Grade Creek conglomerate" is overlain by the "Camp

Creek latite" with probable unconformity. Near the head of Long GI

Creek the conglomerate is unconformably overlain by Columbia River



Basalt.

The Grade Creek conglomerate' is estimated to have a mini-

mum thickness of 400 feet.

Litholo gy

This unit is easily recognized by its conglomeratic nature and

distinctive mottled color. Reds and purples predominate with sub-

ordinate greens, browns, and grays. Pebble counts indicate the

clasts are dominantly from extrusive rocks with subordinate amounts

of sedimentary and intrusive rocks. Most clasts are andesitic in

composition. However, clasts of chert, limestone, tuffaceous

sediments, and intermediate intrusive rocks are also common.

The conglomerate is poorly sorted because individual clasts

range from silt to boulder in size (Figure 8). The degree of rounding

varies with the size of the particle. Silt- sand- and pebble-size

detritus are angular to subangular while those of cobble and boulder

size are subrounded to rounded. Thus, the finer grained fraction of

this unit is more like a breccia than a conglomerate. Because of the

poor sorting, angularity of the particles, and the large amount of

unstable rock fragments, this unit is immature.

Bedding has resulted from segregations of similar size detritus.

Individual beds range from two inches to four feet in thickness

(Figure 9). Beds consisting largely of pebbles are most common
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Figure 8. Photograph of 'Grade Creek conglomerate' showing
its poor sorting. Note the smaller clasts are angular
whereas the larger ones are more rounded.

-e : -. - -

Figure 9. "Grade Creek conglomerate" exposed in SW/4NW/4
sec. 33, T. 17 N. , R. 4 W. Bedding is caused by
variations in size of the detritus.



although cobble and sand layers are also frequent. Graded bedding

is poorly developed. In fact most beds have abrupt contacts; e. g.

sand layers abruptly overlain by cobble layers. Although bedding is

common, it is not ubiquitous. Direction of transport is unknown

because cross-bedding was not observed.

By Pettijohn's classification (1957, p. 255), this rock would be

a petromict conglomerate, i. e , an immature conglomerate character.-

ized by an assortment of metastable rock fragments. In recon-

naissance of the Cuddy Mountain mining district, Livingston (1923)

called this rock an andesite breccia. It is true that most of the

material is andesitic in composition and the smaller particles are

angular, but this term is misleading as it does not imply the sedi..

mentary origin of the rock.

Petrography

In thin section, the red colors are seen to be caused by the

oxidization of magnetite. The green colors are due to chlorite and

epidote alteration. Epidote is largely confined to feldspar clasts

whereas chlorite occurs throughout both framework and matrix.

Rock fragments are far more abundantthan single mineral

clasts in all thin sections examined. Rock fragments include

keratophyre, meta-.andesite, chert, microcrystalline quartz and

feldspar, and limestone. Single mineral clasts are quartz and
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feldspar. Clasts are more abundant than matrix and fit tightly

together forming a 'closed framework.

This rock has been slightly metamorphosed. The matrix is

partially recrystallized and obliterates the detrital appearance of the

finer-grained fraction. Grain boundaries merge to give the rock an

interlocking texture that eliminates most of the pore-space.

ID ,.rvrannnrn

Rock fragments in this unit are keratophyre, meta-andesite,

chert, tuffaceous sediments, limestone, shale, and intrusive rocks

of intermediate composition. Many of these are probably of local

derivation from the underlying Seven Devils Volcanics.

Rapid uplift of the source area is suggested by the large amount

of pebble- cobble- and boulder-size detritus in this formation. Also,

the presence of both supracrustal and plutonic material support this

hypothesis. Additional evidence is the occurrence of limestone

pebbles and cobbles in this conglomerate. Abrupt uplift and locally

high relief are necessary to produce these clasts; otherwise the lime-

stone would have been removed by solution.

Thus, a local source is suggested by the large size and

angularity of the clasts, unstable components, and poor sorting in

this unit.
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Origin and Depos itional Environment

The "Grade Creek conglomerate" is of fluvial origin because

it has: (1) abundant boulder- and cobble-size detritus, (2) small

angular clasts associated with large rounded ones, (3) poor sorting,

(4) a "closed framework," and (5) bedding caused by abrupt change

in size of detritus.

Rate of deposition was probably rapid as indicated by the coarse

grain size, poor sorting, uneven stratification, lateral variation,

and paucity of fossils. These criteria are given by Weller (1960, p.

334) as usually being indicative of rapid deposition.

Age and Regional Correlation

Stratigraphic relationships indicate the "Grade Creek

conglomerate" is younger than the Seven Devils Volcanics (Late

Trias sic) and older than the Columbia River Basalt (Eocene). How-

ever, this unit is regionally metamorphosed and therefore must be

older than Middle Jurassic. This is evident because the last stage of

regional metamorphism in this area occurred in Middle Jurassic

time (Hamilton, 1963a, p. 84) and (Valuer, 1967, p. 174). Thus,

the "Grade Creek conglomerate" is probably Early Jurassic in age.

The "Grade Creek conglomerate" is correlative to the "red

and green conglomerate" described by Brooks (1967) which extends
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from Lime, Oregon to Mineral, Idaho. He states that the conglomer-

ate marks the boundary between Upper Triassic and Lower Jurassic

rocks. Correlation of the two conglomerates is based on similar

lithology and position in sequence; both conglomerates rest dis-

cordently on Late Triassic greenstones and associated sedimentary

rocks and are overlain by a sequence of mildly phyllitic shales,

sandstones, and thin-bedded limestone.

"Camp Creek Latite"

Distribution and Phys iographic Expression

The "Camp Creek latite" is a flow that is exposed over approxi-

mately two square miles in the northwest part of the mapped area

(Plate 1). The flow extends from Grade Creek south for nearly three

miles to East Brownlee Creek.

Exposures of this unit are excellent and are nearly continuous

along its strike. The best exposures occur in Grade Creek where

stream erosion has exposed the latite at right angles to its strike

(Figure 10).

The latite is resistant to weathering, but its physiographic

expression is largely a function of the intensity of fracturing. For

example, near Grade Creek the flow forms a prominent ridge whereas

in Camp Creek intense fracturing has lessened its topographic
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Figure 10. Latite flow exposed in Grade Creek. Flow strikes
N. 30 E. and dips 55° NW.
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express ion.

Str atigr aphic Relations hips and Thickness

The "Camp Creek latite" overlies the "Grade Creek con-

glomerate" with probable unconformity because: (1) at the head of

Camp Creek the latite directly overlies the Seven Devils Volcanics

instead of the "Grade Creek conglomerate, " (2) the conglomerate

protrudes through the latite in several places and probably represents

former topographic highs, and (3) these two units have slight dif-

ferences in attitude.

The latite is tectonicly overlain by the "Cuddy Mountain lime-

stone" and the "Brownlee Cayon series. " Near East Brownlee Creek

the latite is unconformably overlain by Columbia River Basalt.

Livingston (1923) referred to this unit as a rhyolite flow and

estimated it to be 300-400 feet thick at Grade Creek. He regarded

this unit as a flow because it occurs at other localities in the same

stratigraphic position.

Lithology and Petrography

Fresh surfaces are light gray to faint pink in color, whereas

weathered surfaces are yellow-brown. The rock is finely porphyritic

with an aphanitic groundmass. Phenocrysts are tabular feldspar

crystals approximately 1 mm long that are pink or green in color.
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Petrographic examination of the latite indicates the phenocrysts

to be potassium feldspar and plagioclase in approximately equal

amounts. Twinning is faintly visible in some plagioclase phenocrysts,

but they have been so highly saussuritized that it is impossible to

determine the anorthite composition by the Michel-Levey method.

Many potassium feldspar phenocrysts are highly clouded with

incipient alteration. Clusters of epidote and chlorite represent

original mafic phenocrysts, but these comprise less than two percent

of the rock. The groundmass is composed of tightly appressed

microlites of potassium feldspar that are irregularly interwoven to

give the rock a felty texture which distinguishes it from a porphyritic

latite tuff.

Age and Regional Correlation

On the basis of its stratigraphic position, the latite flow is

regarded as Early Jurassic. Livingston (1923) referred to this flow

as a rhyolite and indicated it is present at this same stratigraphic

horizon in the Galena mine, Bay Horse mine, and Mineral district.

These localities are respectively three miles north, 22 miles south-

west and 15 miles southwest of the present are of study.
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"Brownlee Canyon Series"

tntr oductiori

The term "Brownlee Canyon series" is used informally to

describe interbedded slates and conglomeratic schists which overlie

the "Cuddy Mountain limestone" and the "Camp Creek latite."

Although these lithologic units are presented in the text as a "group,

they were mapped individually in the field in order to determine the

structure of the area. The various slate and schist "members" are

numbered from oldest to youngest on Plate 1, i.e. , jbcl, jbcZ,

jbc3, etc., rather than naming each unit.

Distribution and Physiographic Expression

The "Brownlee Cayon series" crops out in the northwestern

part of the mapped area. It extends from Grade Creek south for

three miles to East Brownlee Creek where it is covered by Columbia

River Basalt. Excellent exposures of these rocks occur in East

Brownlee Creek for which they are named. This stream has steep

walls and cuts diagonally across the strike of the steeply dipping beds.

The topographic expression of this unit is a function of

lithology. Shales and limestones form rounded slopes or valleys

whereas the more resistant conglomeratic schists and sandstones

form intervening ridges.
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Stratigraphic Relationships and Thickness

The "Brownlee Canyon series" overlies the "Camp Creek

latite." However, the two units are probably separated by a high

angle fault. The "Brownlee Canyon series" is unconformably over-

lain by the Columbia River Basalt.

The thickness of the "Brownlee Canyon series" is conserva-

tively estimated to be 3500 feet.

Lithology

Slates and Shales

The most characteristic features of these rocks are their color

and bedding. Fresh surfaces range from light to dark gray to black

in color, depending on the amount of included carbonaceous matter.

Weathered surfaces are commonly rusty colored from the oxidation of

pyrite. Beds are predominantly less than two inches thick, and some

rocks are laminated. Rocks having 15-25 laminae per inch are not

uncommon (Figure 11). Individual laminations and beds appear as

alternating light and dark zones as a consequence of variations in

organic content, mineralogy, or both. Pettijohn (1957, p. 363)

ascribes the paper-thin bedding so characteristic of many black

shales to the colloidal nature of the materials, which have been

shrunk and compressed perhaps to only one-fifth of the original



thickness. The carbonate content of these shales is uniformly low,

whereas the silica content varies with individual layers.

Slaty cleavage in these rocks is largely parallel to the original

bedding. Pencil shales result locally where slaty cleavage has been

superimposed at low angles to the bedding.

Interbedded with the shales are a few limestone and sandstone

layers. Most of these are only a few feet thick and are not mapable

at the present scale. However, one sandstone bed is about 200 feet

thick and is designated as JbcS on Plate 1. It is a fine-grained sand-

stone and probably a lithic wacke by Gilbert's classification (1954,

p. 292). Bedding was the only sedimentary structure observed in

this unit. Individual beds vary from one inch to two feet in thickness

(Figure 12).

Conglomeratic Schists

The term conglomeratic schist denotes those rocks that were

conglomerates prior to metamorphism and which now have a pro-

nounced schistosity. These conglomerates are characterized by

exclusively sedimentary clasts. Lithologies in order of decreasing

abundance are shales, limestones, and sandstones. These rock

fragments range from sand to pebble in size and are angular to sub-

rounded in shape.

Schistosity is caused by the stretching of clasts and development
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Figure 11. Slates and shales of the "Brownlee Canyon series."
Slaty cleavage is nearly parallel to the bedding.
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Figure 12. Fine-.grained sandstone "member" of the "Brownlee
Canyon series" cropping out in East Brownlee
Creek. Thin bedding is typical.
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of slaty chlorite in the matrix. The larger clasts are commonly 4

to 6 times as long as they are wide. Cross-fractures have developed

perpendicular to the direction of elongation in some pebbles.

Schistosity nearly parallels bedding and slaty cleavage in the shales

and slates respectively.

Origin and Depositional Environment

Black shales are known to occur in restricted basin, lagoonal,

and geosynclinal environments (Krumbein and Sloss, 1963, p. 565).

The 'Brownlee Canyon serie&' is considered to have formed in the

latter environment as it has appreciable thickness and geosynclinal

conditions are known to have existed in this area (Gilluly, 1965).

Black shales are classically considered to form in euxinic

environments; i. e. , a quiet water, reducing environment leading to

the preservation of organic matter. These conditions may occur in

deep water or at relatively shallow depths if water density stratifica-

tion is present. The lithology, texture, and structure of these shales

only indicate deposition below wave base. This is suggested by the

presence of clay size detritus and delicate laminations. The larnina-

tions indicate an absence of benthonic fauna which may reflect toxic

bottom conditions. Had these organisms been present, their bur-

rowing actions would have probably destroyed the laminations.

The conglomeratic schists are thought to represent
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intraformational conglomerates as they are composed exclusively

of rock fragments having the same lithology and texture as the under-.

lying rocks. Intraformational conglomerates may originate by:

(1) desiccation and mud cracking caused by temporary withdrawal of

water, and (2) by subaqueous slumping. The latter case is more

probable as the "Brownlee conglomerates" have some limestone and

sandstone clasts in addition to the larger amount of shale fragments.

ge and_Regional Correlation

The "Brownlee Canyon series" is believed to be Early Jurassic

in age. It overlies the "Grade Creek conglomerate" which is cor-

relative to the "red and green conglomerate" that Brooks (1967) has

stratigraphically dated as marking the boundary between Upper

Triassic and Lower Jurassic rocks. The "Brownlee Canyon series"

is regionally metamorphosed so it cannot be younger than Middle

Jurassic according to the data of Hamilton (1963a, p. 84) and Valuer

(1967, p. 174). It is probably correlative to the unnamed sequence

of mildly phyllitic shales, sandstones, and thin-bedded limestones

that overlies the "red and green conglomerate" near Lime, Oregon,

recently described by Brooks (1967). Livingston (1923) and Imlay

(1964) have reported Jurassic fossils from phyllitic shales in the

Mineral district of Idaho approximately 15 miles to the southwest.
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Columbia River Basalt

Distribution and Physiographic Expression

Columbia River Basalt is the most widespread stratigraphic

unit in the map area. It crops out over many square miles in the

northeast, southwest, and southern parts of the area studied.

Best exposures are found at the head of East Brownlee Creek,

along the upper reaches of East Pine and Rush Creeks and on Rush

Peak. More accessible outcrops occur along State Highway 71 near

the Brownlee Ranger Station.

In the southern part of the area the Columbia River Basalt is

part of a broad plain that forms the Cambridge valley and is

characterized by gentle slopes and rather deep weathering.

Spheroidal weathering is particularly well developed in the SE/4SE/4

sec. 8, T. 16N., R. 4W. Basaltinthenorthandnorth-central

parts of the area generally forms ledges, ridges, and blocky out-

crops.

Stratigraphic Relationships and Thickness

The Columbia River Basalt overlies the pre-Tertiary rocks

with angular unconformity and is overlain unconformably by

Quaternary unconsolidated deposits. At the head of East Brownlee

Creek the total thickness of Columbia River Basalt is more than
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1,000 feet. A similar thickness is exposed along East Pine Creek.

Individual flows are generally less than 50 feet :thick.

Lithology and Petrography

The Columbia River Basalt is recognized as a group that con-

sists of two formations: the Picture George Basalt and the Yakima

Basalt (Waters, 1961). The Picture George Basalt is the older of

the two units and is distinguished in the field by a slightly porphyritic

holocrystalline texture and by the presence of olivine in contrast to

the Yakima Basalt. Because the primary purpose of this study was

to investigate the intrusive complex, the two formations of basalt

were not mapped separately although both are present. However,

they have been considered separately with respect to pre-Tertiary
S

relief and structure.

Fresh surfaces of Columbia River Basalt are grayish black,

whereas weathered surfaces are light brown to reddish brown. Most

of this group consists of numerous basalt flows, but flow breccia and

interbedded sediments are present locally. Columnar jointing is

extremely well-developed in the finer-grained flows (Figure 13).

Commonly individual flows are separated by reddish orange zones

of oxidation and regoliths. Cut and fill structures are locally present

between flows (Figure 14). However, elsewhere the individual flows

may be distinguished only by zones containing abundant vesicles.
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Figure 13. Columbia River Basalt cropping out at the head of
East Brownlee Creek in SE/4, sec. 35, T. 17 N.
R. 4W.

Figure 14. Irregular surface between two basalt flows exposed
along Highway 71 two miles east of Brownlee Ranger
Station.
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A few thin sections of Columbia River Basalt were examined to

confirm field suggestions that both formations are present. Rocks

considered to he Picture Gorge Basalt contain euhedral phenocrysts

of olivine, pyroxene, and sodic labradorite that average about 1 mm

long. Groundmass tablets are euhedral to subhedral alid have an

intergranular arrangement. Yakima Basalts are very fine-grained

equigranular rocks of similar mineralogical composition. However,

they have abundant tachylyte and little or no olivine. Both inter-

granular and diabasic textures are common.

The Columbia River Basalt ranges from Miocene to Early

Pliocene in age according to Waters (1961).

Quaternary Uncons olidated Deposits

Different types of unconsolidated deposits were not mapped

separately. However, these deposits consist almost entirely of

glacial and recent stream detritus. Landslide material is insignifi-

cant. Moraines are present in East Pine and Rush Creeks and to a

lesser extent in East Brownlee Creek.

A peculiar S-shaped deposit of unconsolidated material is

exposed along Highway 71 near the eastern edge of East Brownlee

Canyon. The deposit consists of horizontally bedded debris that
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ranges from silt to boulder size. It is approximately 2000 feet long,

100 feet wide, and 15 feet thick (Figure 15). The deposit unconform-

ably overlies Columbia River Basalt and is composed almost entirely

of angular to rounded clasts of this basalt. Thus, the deposit was

formed at a time when pre-Tertiary rocks were not exposed. This

feature is presumed to be either an esker or partially dissected

stream terrace.
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Figure 15. Cross-section of an S-shaped deposit of
unconsolidated material in NE/4NW/4,
sec. 17, T. 16 N., R. 4W.



49

INTRUSIVE ROCKS

Introduction

The Cuddy Mountain intrusive complex is a composite stock

consisting of three major phases. They are porphyritic granodiorite,

hornblende gabbro, and leucocratic quartz diorite in order of

decreasing age. Field evidence indicates that older units were

entirely crystalline when the younger intrusions were emplaced.

This is established by sharp contacts and cross-cutting relationships

between different members. A hornblende concentrate from the

porphyritic granodiorite has been dated by the K/Ar method as

ZOO ± 5 m.y.

Porphyritic Granodiorite

Distribution

Porphyritic granodiorite is exposed on the southwest side of

Cuddy Mountain in the central part of the thesis area (Plate 1). This

unit forms an irregular zone which ranges from one to two miles in

width and extends from the south fork of East Brownlee Creek south-

eastward for five miles to the west slope of Rush Peak. The

granodiorite forms the outer margin of the intrusive complex and

crops out over an area of six square miles.
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The porphyritic granodiorite is bounded by Seven Devils

Volcanics on the northwest and by later intrusions on the north and

east. The granodiorite is covered to the south by Columbia River

Basalt.

Excellent exposures occur in Seid Creek and East Pine Creek.

East Pine Creek has eroded through nearly 800 feet of the porphyritic

granodiorite.

Lithology

The granodiorite is characterized by its porphyritic texture and

mottled appearance. Phenocrysts of quartz, hornblende, and biotite

occur in a phaneritic groundmass of plagioclase and orthoclase.

Hornblende phenocrysts are stout and range from 2 to 12 mm in

length. Biotite occurs as well-formed hexagonal books which range

from 3 to 14 mm in diameter. The quartz phenocrysts occur as

TIeyesIT and range from 2 to 5 mm in diameter. Euhedral and sub-

hedral plagioclase having an average length of 1 mm make up the

groundmass. Primary structures such as layering and schlieren

are absent. The mineralogical and textural homogenity of this unit

is broken only by the presence of sporadic zenoliths, to be discussed

later.

Weathered surfaces are stained yellow-brown in color. Parts

of the prophyritic granodiorite have been mechanically decomposed to
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form a grus. The quartz phenocrysts are especially resistant to

chemical weathering and become increasingly concentrated in the

weathered product.

Petrography

Twenty thin sections of this rock-type were examined and modal

analyses were made of five representative specimens (Table 2).

Mineralogical averages derived from modal analyses indicate that

this unit falls on the boundary between a granodiorite and a quartz

diorite. In fact, slight variations in the orthoclase content of

individual specimens indicate that some are diorites and others

granodiorites.

The chemical composition of this rock-type is intermediate

between that of the average granodiorite and the average quartz

diorite (Table 3). However, the l(O content of this unit should be

slightly higher than is indicated by the chemical analysis as the

specimen analyzed has only four percent orthoclase and the average

for this rock-type is six percent.

In this study, the author has referred to the rock as a

granodiorite. Livingston (1923) called this unit a granodiorite, and

to simplify the literature it seems wise to keep the same name.

Also, the term granodiorite is preferred in order to distinguish this

unit from later phases of the intrusive complex.
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Table 2. Modal analyses of porphyritic granodiorite.

Mineral 1471 2442 129 139 48 Mean

Plagioclase 50.0 56. 6 48.0 57.9 60.2 54.5

Quartz 23.7 28.2 33.7 26.9 29.4 28.4

Potassium Feldspar 8.3 3.9 8.0 6.8 4.0 6.2

Hornblende 1.8 2,0 2.1 3.6 1.2 2.1

Biotite 10.1 8.8 5.9 2.7 0.5 5.6

Chlorite 6.4 2.8 2.,1 2.2 3.4

Opaques T T T T 2.4 0.48

1NE/4 NE/4 sec. 24, T. 16 N., R. 4W.

2SE/4NW/4 sec. 19, T. 16N,, R. 3W.

3sE/4sE/4 sec. 11, T. 16 N., R. 4W.

4sE/4sE/4 sec. 13, T. 16N., R. 4W.

5NE/4SE/4 sec. 15, T. 16N., R. 4W.
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Table 3. Chemical analyses of average granodiorite, average quartz
diorite, and porphyritic granodiorite from Cuddy Mountain.

Average1 Average2
graflO- quartz 3
diorite diorite F48

Si02 66.88 66.15 67.20

Ti02 0.57 0.62 0.56

A1203 15.66 15.56 15.97

Fe203 1.33 1.36 1.04

FeO 2.59 3.42 2.66

MnO 0.07 0.08 0.10

MgO 1.57 1.94 1.07

CaO 3.56 4.65 3.99

Na20 3. 84 3. 90 3. 67

K20 3.07 1.42 1.87

H20+ 0.65 0.69 1.21

H20- 0.40

p205 0.21 0.21 0.13

'Chemical composition of average granodiorite taken from Nockolds
(1954, p. 1014).

2Chemical composition of average quartz diorite taken from Nockolds
(1954, p. 1014).

3Porphyritic granodiorite, NE/4 SE/4 sec. 15, T. 16 N., R. 4 W.;
Cuddy Mountain.
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Plagioclase occurs as random euhedral to subhedral crystals.

Plagioclase crystallization began with andesine and ended with

oligoclase, resulting in zoned crystals. Both oscillatory and normal

zoning are remarkably common, Interior of some crystals exhibit

delicate oscillatory zoning with mantles becoming progressively

more sodic toward the periphery. As many as 15 alternating zones

have been counted in a single crystal. The mantles are of nearly

uniform thickness except for the peripheral zone which is usually

about twice as thick as the others, Syneusis plagioclases that exhibit

oscillatory zoning are also present. These are complex crystals

produced when two individuals grow outward from centers of

nucleation, join, and continue to grow as a single crystal. These

complex crystals have a tendency to develop euhedral shapes with

hexagonal outlines. Normal zoning in which crystals have an

andesine core (An47-An40) enveloped by an oligoclase periphery is

also common. The oligoclase jacket represents a maximum of 30

percent by volume of the crystal. Twinning is usually complex,

with combinations of carlsbad and albite twins being the most corn-

mon.

Hornblende crystals are euhedral to subhedral in form and

pleochroic from dark green to pale brown in color. Twinning is corn-

mon in the euhedral crystals. Pyroxene cores are st'riking1- absent.

Hornblende poikiliticly encloses euhedral apatite, magnetite, and
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plagioclas e.

Biotite is euhedral to subhedral in form. Euhedral crystals

are present as hexagonal "books." The biotite is reddish-.brown in

color and is strongly pleochroic to a pale brown. Most biotite occurs

independently of hornblende, but reaction rims of biotite around horn-

blende are present. Biotite poikiliticly encloses apatite, magnetite,

and plagioclase.

Quartz occurs both as phenocrysts or "eyes" and as interstital

anhedral crystals. Although the phenocrysts appear nearly round in

hand specimens, they have irregular or sinuous outlines in thin

sections, Quartz has corroded and partially replaced plagioclase

as shown by lobate protrusions of quartz into otherwise euhedral

plagioclase. Embayed crystals of plagioclase, commonly in optical

continuity with adjacent individuals, are partly or wholly surrounded

by quartz. "Dust trails," undulatory extinction, and slight fracturing

characterize much of the quartz.

Orthoclase is anhedral and is interstital to all earlier minerals.

In nearly all thin sections orthoclase was observed to replace plagio-

clase, but not nearly to the exlnt displayed by quartz.

Relative Age

The porphyritic granodiorite is the oldest phase of the intru-

sive complex as it is cut by all other members. The granodiorite
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postdates the Seven Devils Volcanics, which contain Late Triassic

fossils, as: (1) dikes of granodiorite cut the volcanic rocks, (2)

volcanic rocks at some localities are truncated by the granodiorite,

and (3) the granodiorite contains inclusions of the volcanics. Further-

more, the granodiorite predates the Columbia River Basalt of

Miocene age because: (I) Columbia River dikes cut the granodiorite

and (2) granodiorite at some localities is deeply weathered whereas

the overlying basalt is unweathered. The age relationship of the

granodiorite to bedded Jurassic rocks is obscured by Columbia

River Basalt.

Absolute Age

The porphyritic granodiorite was radiometricly dated as

200 ± 5 m, y. and 180 ± 5 m. y. from hornblende and biotite con-.

centrates respectively. These dates represent minimum ages and

were obtained by the K/Ar method. The younger date is less cor-

rect and probably is a reflection of partial chioritization of biotite.

The porphyritic granodiorite is considered to be Early Jurassic

in age as the abs ohLte age of the Trias sic- Jurassic boundary is not

well established. It seems certain that the Triassic-Jurassic

boundary will be revised to an older date, such as 200-210 m. y.,

from the presently assumed 180 m. y. date. This revision will be

necessary to relieve the dilemma posed by ingeous rocks having
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radiometric dates as old or older than rocks they intrude. For

example, the porphyritic granodiorite at Cuddy Mountain is radio-

metricly dated as 200 ± 5 m. y. and yet it intrudes the Seven Devils

Volcanics which contain Late Triassic fossils. Additionally, the

Guichon Batholith in British Columbia has been radiometricly dated

as 198 m.y. (Erickson and White, 1966), and the batholith intrudes

Late Triassic volcanics of the Nicola Group but is nonconformably

overlain by Middle Jurassic sediments.

Altered Porphyritic Granodiorite (Albite Granite)

Introduction

The porphyritic granodiorite at the head of East Brownlee

Creek has been altered so that it has a mineralogical and chemical

composition similar to that of the albite granites described by

Gilluly (1933) near Sparta, Oregon. Field and textural features make

this similarity even more striking.

Litholo gy

The altered porphyritic granodiorite has quartz phenocrysts

similar to those of the unaltered phase and also has significant

amounts of chlorite, epidote, and sodic plagioclase. The altered

granodiorite is fractured and sheared but is not rnylonitized. The



alteration is uniform and has no zonal relationship to veins.

The altered and unaltered phases of the granodiorite are largely

separated by tongues of Seven Devils Volcanics and by later intru-

sions. However, all gradations of mineralogy and texture exist

between the two phases.

Petr ography

Eleven thin sections of altered porphyritic granodiorite were

examined and modal analyses were made of five representative

specimens (Table 4). Quartz and plagioclase are present in similar

amounts and comprise 90 percent of the rock. The remainder con-

sists of chlorite and epidote with trace amounts of secondary magne-.

tite and limonite. Much of the altered rock still has a granitic

texture; but micrographic, myrmekitic, cataclastic, and crystal-

loblastic textures are also common.

Plagioclase resembles that of the unaltered granodiorite in

both form and size. However, it is largely albite in composition

even though andesine and oligoclase relicts are common. Albite

occurs as pseudomorphic and partial replacements of andesine, as

intergrowths with quartz, and rarely as narrow veiiidets, The

majority of plagioclase, especially calcic relicts, is extremely

saussuritized by contact metamorphism and hydrothermal effects.

This alteration obscures the twinning and makes it difficult to
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Table 4. Modal analyses of altered porphyritic granodiorite.

Mineral 141 702 32 1z7
945

Plagioclase 34.4 46.7 51.8 44.8 47.0

Orthoclase 1.0 1.8 3.0 1.5 1.7

Quartz 43.8 44. 7 40. 6 44. 3 44.8

Chlorite 1.8 3.1 2.6 2.4 6.3

Opaques T T T T T

Epidote 20.0 3.7 1.9 6.8

1NE/4SW/4 sec. 3, T. 16N., R. 4W.

2NW/4SW/r sec. 10, T. 16 N., R. 4W.

3sw/4sw/4 sec. 2, T. 16N., R. 4W.

4Nw/4sE/4 sec. 2, T. 16 N., R. 4W.

5NW/4SW/4 sec. 11, T. 16N., R. 4W.



determine the composition of the plagioclase.

Primary quartz phenocrysts are surprisingly stable in the

altered granodiorite. Introduced quartz occurs as veins, as inter-

growths with albite, and as replacements of plagioclase. Commonly

quartz possessing optical continuity occurs as vermicular replace-

ments of several plagioclase crystals which lack optical continuity.

Minute inclusions are common in much of the quartz.

Chlorite and epidote occur as replacements of hornblende,

biotite, and calcic cores of plagioclase. Replacement of mafics has

resulted in rather coarse grained epidote-chlorite assemblages.

Veins of chlorite and epidote are common, but generally do not

exceed two inches in width.

Chemical Analyses

Chemical analyses of the porphyritic granodiorite and its

altered equivalent are given in Table 5. Note that alteration of the

porphyritic granodiorite was accomplished by introducing silica and

sodium and by removing aluminum, magnesium, calcium, and

potassium. These chemical changes are correlative to mineralogical

changes that involve: (1) additions of quartz, (2) destruction of

potassium feldspar and reconstitution of calcic plagioclase to albite,

and (3) alteration of hornblende and biotite to chlorite and epidote.

This may be seen by comparing modal analyses of the altered and
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Table 5. Chemical analyses of porphyritic granodiorite from Cuddy
Mountain and albite granite from Sparta, Oregon.

F48' F142

SiO2 67.20 73.26 73.81

A1203 15.97 12.89 12.36

FeO 2. 66 2. 97

Fe203 1.04 0. 94

MgO 1.07 0.73 0.78

CaO 3.99 2.81 1.62

MnO 0.10 0.07 0.10

Na2O 3.67 4.29 3.89

1(O 1.87 0.95 1.47

Ti02 0.56 0.35 0.70

JI2O+ 1.21 1.12 0.04

H2O-. 0.40 0.17 0.90

P205 0.13 0.05 0.04

002 0.31

1Unaltered porphyritic granodiorite, NE/4 SE/4 sec. 15, T. 16 N.,
R. 4 W.; Cuddy Mountain.

2Altered porphyritic granodiorite, NE/4 SW/4 sec. 3, T. 16 N.,
R. 4 W.; Cuddy Mountain.

3Pseudomorphic albite granite, sec. 8, T. 8 S., R. 43 E. of Sparta
Quadrangle, Oregon. Analysis taken from Gilluly (1933, p. 70).
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unaltered phases of porphyritic granodiorite (Table 4 and Table 2,

respectively).

Listed in Table 5 is an analysis of an albite granite reported by

Gilluly (1933, p. 70). The similarity between altered porphyritic

granodiorite and Gilluly's albite granite is remarkable and particularly

striking for silica and oxides of aluminum, iron, and magnesium.

Relative Age of Alteration

Alteration of the porphyritic granodiorite is considered to have

occurred during late stages of crystallization or after solidification

of the granodiorite (200 ± 5 m. y.). This hypothesis is supported by

the presence of: (1) protoclastic features, which in general are in

direct correlation with the intensity of alteration, and (2) the abnor.-

mal amount of albite replacing calcic plagioclase.

Conclusions

Field, textural, mineralogical, and chemical features suggest

the altered porphyritic granodiorite is similar to the albite granites

described by Gilluly (1933). Furthermore, the author agrees with

Gilluly's conclusion (op. cit., p. 65) that: "The albite granite . .

is thought to be a product of albitization and partial silication of an

earlier quartz diorite (granodiorite here). These changes are

attributed to late magmatic and postmagmatic replacement of the
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almost completely solidified quartz diorite (granodiorite) by solutions

derived probably through filter pressing from lower portions of the

same mass. These solutions are guided, at least in part and probably

entirely, by brecciated zones in the quartz diorite (granodiorite). H

Hornblende Gabbro

Distribution

Hornblende gabbro crops out over a one-half-square-mile area

at the head of the south fork of East Brownlee Creek and over a three

square mile area on the south flank of Rush Peak (Plate 1). Expo-

sures of both gabbros are excellent because of steep relief.

The East Brownlee gabbro is bounded by Seven Devils Volcanics

on the northwest, porphyritic granodiorite on the southwest, and a

later phase of the intrusive complex on the south. The gabbro is

covered by Columbia River Basalt to the north and east.

The Rush Peak gabbro is in sharp contact with the porphyritic

granodiorite on the west and a later intrusive phase on the northeast.

The gabbro extends beneath basalt to the north and south.

Lithology

Both hornblende gabbros have hypiodomorphic granular textures

with an average grain size of 1-2 mm. Recognizable minerals in
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hand specimen are plagioclase, hornblende, biotite, and quartz.

Hornblende and plagioclase are the major constituents and compose

70-80 percent of the rock. Mafic minerals are evenly distributed

and comprise 20-40 percent of the gabbro. However, local segrega-

tions in the East Brownlee gabbro have produced rocks containing as

much as 70 percent mafics. These mafic concentrations are pri-

mary features and are shaped as lenses, pods, and stringers. They

are discussed further in the section on ore deposits. Secondary

lineation and foliation occur only in the Rush Peak gabbro and are

considered in more detail in a later section.

The East rownlee gabbro is moderately jointed but

unweathered, whereas the Rush Peak gabbro is partially decom-

posed to a grus. This grus is distinguished from the granodiorite

grus by the absence of large quartz phenocrysts. Also, individual

particles of the granodiorite grus are monomineralitic in contrast

to those of the gabbro grus.

P etr o gr ap hy

Twenty-two thin sections of this rock-type were examined,

and modal analyses were made of six representative samples (Table

6). Specimens chosen for modal analyses are those least affected by

alteration and contact metamorphism. Examples of the Brownlee

gabbro are listed separately from those of the Rush Peak gabbro for
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Table 6. Modal analyses of hornblende gabbros.

East Brownlee Rush Peak
gabbro gabbro

Mineral 1151 1192 l26 144 zzz6

Plagioclase 62.3 63.5 60.7 46.5 44.7 57.2

Hornblende 16.9 22.6 21.5 30.3 26.4 13.0

Quartz 12.5 3.8 71 22.0 26.4 20.3

Chlorite 1.0 1.5 5.0 ---- 2.9

Actinolite 4. 6 4. 8 2. 1 - --- - --- - -- -

Biotite -- -- ---- ---- ---- ---- 5. 4

Opaques 2.7 3.7 3.5 1.3 2.4 1.7

1SE/4SE/4 sec. 35, T. 17 N., R. 4W.

2NW/4NE/4sec. 2, T. 16N., R. 4W.

3NW/4SW/4sec. 1, T. 16N., H. 4W.

4sw/4SE/4 sec. 29, T. 16 N., H. 3W.

5NE/4SE/4 sec. 30, T. 16 N., R. 3W.

6SW/4SE/4 sec. 19, T. 16N., H. 3W.



purposes of comparison and discussion.

Mineralogical averages obtained from modal analyses indicate

the host to be a hornblende gabbro. This is consistent with most

rock classifications in that the plagioclase is labradorite and horn-

blende is the dominant mafic. Based on a 10 percent quartz boundary

advocated by Williams, Turner, and Gilbert (1954, p. 48), the East

Brownlee gabbro could be called a quartz-bearing hornblende gabbro

whereas the Rush Peak gabbro would be a quartz-hornblende gabbro.

Because the percentage of quartz varies appreciably over short

distances this terminology is not used so as to avoid confusion.

Plagioclase (An 52-55) occurs as. random, euhedral to sub-

hedral crystals averaging 1 mm long. Euhedral individuals tend to

have slender shapes whereas subhedral ones are generally stout.

Zoning is uncommon, but a few relict crystals have vague oscillatory

zoning. These individuals have three to six mantles and are nearly

round. They represent an earlier generation of plagioclase as they

are corroded by unzoned plagioclase. Twinning is almost ubiquitous.

Most crystals have only albite twins, but combinations of albite and

carlsbad twins are not uncommon. Pericline twinning occurs infre-

quently. Protoclastic features are minor in the East Brownlee

gabbro, but are common in the Rush Peak gabbro.

Hornblende occurs as subhedral to anhedral crystals averaging

1-2 mm long. It is pleochroic from dark green to pale brown.
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Twinning is present in a few subhedral crystals. Hornblende has

formed by replacement of pyroxene that is present as cores in some

hornblende crystals. Both hypersthene and augite comprise the

cores with the latter being more common. Pyroxene gabbros are

present locally where islands" of pyroxene were not replaced by

hornblende. Hornblende poikiliticly includes plagioclas e, apatite,

and magnetite. Hornblende in the Rush Peak gabbro has replaced

part of the plagioclase resulting in more hornblende and less plagio-

clase in these rocks than in the East Brownlee gabbro (Table 6).

Biotite is present only in the Rush Peak gabbro where it occurs

pseudomorphs after hornblende. Reaction rims of biotite around

hornblende are common. Nonetheless, hornblende is at least four

times more abundant than biotite. Biotite is anhedral to subhedral

and pleochroic from dark brown to yellow brown. Crystals average

about 2 mm long, but some attain a maximum length of 5 mm. The

larger crystals poikiliticly enclose plagioclase whereas the smaller

ones are interstitial to plagioclase.

Quartz is interstitial to and partially replaces all other

minerals. Plagioclase was more susceptible to this replacement

than either hornblende or biotite. Euhedral plagioclase crystals have

been variably destroyed by quartz replacement. Where replacement

is advanced, quartz crystals are round with sinuous outlines; else-

where quartz outlines are angular and controlled by available space.



Replacement is best observed in sections perpendicular to

quartz embayments. It is marked by several ameboid-shaped quartz

crystals that possess optical continuity but are separated by plagio-

clase crystals. Although quartz replaces plagioclase in nearly

every thin section, extensive replacement occurs only in the Rush

Peak gabbro.

Dis cus sion

True relationships of the East Brownlee gabbro and the Rush

Peak gabbro are unknown. Field evidence indicates only that the two

gabbros are of the same relative age. However, similarities in

mineralogy and texture suggest a common origin. Both gabbros

possess: (1) labradorite plagioclase having the same form and

crystallization history, (2) hornblende that poikiliticly includes

plagioclase and contains pyroxene relicts, (3) quartz that is inter-

stitial to and has partly replaced plagioclase and subordinate horn-.

blende, and (4) relict crystals of oscillatory zoned plagioclase.

The Rush Peak gabbro is thought to have undergone more dif-

ferentiation than the East Brownlee gabbro. The former has slightly

more sodic feldspar, considerable biotite, and abundant quartz

(Table 6).



Relative Age

Intrusion of hornblende gabbro occurred after consolidation of

the porphyritic granodiorite (ZOO ± 5 m. y.) and prior to the extrusion

of Miocene basalt. Dikes of gabbro clearly intrude the granodiorite

in several localities, but this relationship is best observed in

SW/4NE/4 sec. 30, T. 16 N., R. 3 W. (Figure 16).

Leucocratic Quartz Diorite

Distribution

Leucocratic quartz diorite crops out over approximately three

square miles in the north-central part of the mapped area. The

diorite is exposed in an irregular zone that ranges from one-fourth

to one and one-half miles in width (Plate 1). This zone extends from

the south fork of East Brownlee Creek southeasterly for three miles

to the west slope of Rush Peak where it passes beneath the basalt

capping, but emerges again on the east side of Rush Peak. The

quartz diorite is better exposed than either the granodiorite or the

gabbro. There is almost continuous exposures throughout the above

mentioned zone.

Although the intrusive complex is covered by basalt in the

northwestern part of the area, the quartz diorite appears to be

centrally located relative to earlier intrusive phases. It is in sharp
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Figure 1 6. Offshoot of hornblende gabbro from a larger dike
cutting the porphyritic granodiorite. Irregular
dark areas are lichens.
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contact with the prophyritic granodiorite to the west and southwest and

with the hornblende gabbro to the northwest and southeast. To the

north this unit is overlain by Columbia River Basalt.

Lithology

The leucocratic quartz diorite has a hypiodomorphic granular

texture and an average grain size of 2-3 mm. Recognizable minerals

in hand specimen are plagioclase, hornblende, biotite, and quartz.

Biotite and hornblende comprise about 10 percent of the rock and

give it a mottled appearance. Mafic minerals are disseminated and

evenly distributed, except where inclusions are present. Primary

and secondary structures as lineation and foliation are absent.

Similar to the earlier intrusives, parts of the diorite are

mechanically decomposed to a grus. Formation of the grus occurred

during pre-Miocene weathering which produced a rounded topography.

Most of the grus has been removed by recent erosion exposing fresh,

moderately jointed diorite.

P etr o gr aphy

Fifteen thin sections of this unit were examined, and modal

analyses were made of five representative specimens (Table 7).
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Table 7. Modal analyses of leucocratic quartz diorite.

Mineral 1301 1352 433
64 229

Plagioclase 61.0 63.3 59.4 55.2 45.0

Hornblende 10.0 3.9 5.4 0.6

Quartz 27.3 25.7 29.8 30.3 49.4

Biotite 6.0 2.9 13.3 4.2

Opaques 1.5 1.1 2.4 1.1 0.7

1NE/4SW/4sec. 12, T. 16N., R. 4W.

2SE/4SE/4 sec. 12, T. 16 N., R. 4W.

3NE/r NE/4 sec. 11, T. 16 N., R. 4W.

4SW/4NE/4sec. 11, T. 16N., R. 4W.

5SW/4SE/4 sec. 21, T. 16 N., R. 3W.
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Samples for modal analyses were chosen from different parts of the

quartz diorite in order to record variations in mineral percentages.

Mineralogical averages indicate these rocks are indeed quartz dio-

rites. Some contain enough quartz to qualify as trondhjemites.

Plagioclase (An 37-45) occurs as euhedral crystals averaging

1-2 mm long. Complex twinning is exceptionally well developed.

Combinations of albite and carlsbad twins are most common and

pericline twinning is not infrequent. Plagioclase in these rocks is

characterized by zoning. Both normal and oscillatory zoning are

present in approximate amounts of ten to one respectively. Oscil-

latory zoning is the normal variety, i. e., mantles become progres-

sively more sodic toward the margins. Mantles range in number

from four to nine and are nearly uniform in thickness except for the

peripheral zone which is slightly thicker. Oscillatory zoned crystals

are euhedral with pentagonal or hexagonal shapes. Some have vague

albite twinning superimposed over the oscillatory mantles. Crystals

exhibiting normal zoning have a calcic andesine core and sodic

andesine or calcic oligoclase periphery. The periphery is narrow,

untwinrd, and represents a maximum of 20 percent by volume of

the crystal. Synneusis plagioclases are also common in this unit.

Because of their complex nature, they are often slightly larger than
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other crystals. Some have the form of an X; others have parallel

sides with step-like terminations. Regardless of shape, all are

euhedral and most possess oscillatory zoning.

Hornblende occurs as subhedral to anhedral crystals that are

pleochroic from dark green to pale green. Twinning is present in a

few subhedral crystals. Most hornblende averages 2-3 mm long,

but some individuals attain a length of 7 mm. Hornblende poikiliticly

encloses plagioclase. The included plagioclase crystals may be

euhedral, but most are chiefly anhedral as a result of partial

replacement by the surrounding hornblende.

Biotite is pleochroic from dark brown to light brown and

averages 2-3 mm long. It occurs as pseudomorphs after hornblende

and like hornblende is subhedral to anhedral and poikiliticly encloses

plagioclase. The amount of biotite replacing hornblende varies over

short distances. Biotite may occur as reaction rims or elsewhere

as complete replacements of hornblende. Although the hornblende/

biotite ratio does vary, the total amount of hornblende and biotite is

relatively constant and averages about 10 percent (Table 7).

Orthoclase was recognized in a few thin sections but only in

minor amounts. It is anhedral and is interstitial to plagioclase,

hornblende, and biotite. Minor replacement of plagioclase by

orthoclase was observed.

Quartz occurs as interstitial fillings and as replacements of
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plagioclase. The amount of replacement is reflected by the ratio of

plagioclase to quartz. Rocks in which replacement is not significant

are composed of about 63 percent plagioclase and 5 percent quartz.

Maximum replacement has occurred in those rocks having only 45

percent plagioclase and 49 percent quartz (Table 7). Quartz formed

by replacement occurs as clusters of several crystals that have

sinuous margins. These clusters are only l- mm in diameter and

have not greatly changed the grain size of the rock.

Relative Age

Leucocratic quartz diorite represents the last major phase of

the intrusive complex. The diorite clearly postdates the porphyritic

granodiorite (200 5 m. y.) and hornblende gabbro but predates the

Columbia River Basalt of Miocene age. Dikes of quartz diorite cut

both the granodiorite and gabbro, but the latter relationship is more

common (Figure 17). Relative age is also obvious from inclusions of

hornblende gabbro that occur in the quartz diorite (Figure 18). These

inclusions are common in quartz diorite exposed on the east side of

Rush Peak. Inclusions of porphyritic granodiorite in the quartz

diorite are rare. Perhaps because of their composition they were

more easily assimilated or overlooked than gabbroic inclusions.

Finally, field and petrographic evidence indicates the quartz diorite

has contact metamorphosed, and hydrothermally altered and
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Figure 17. Dike of leucocratic quartz diori.te cutting
the hornblende gabbro. The locality is in
NE/4NW/4sec. 28, T. 16 N., R. 3W.

Figure 18. -Quartz diorite containing several small
inclusions of hornblende gabbro. Some
of the inclusions are partially assimilated.
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mineralized the adjacent granodiorite and gabbro. The quartz diorite

predates Miocene basalt as: (1) basalt dikes cut the diorite, and (Z)

diorite at some localities is deeply weathered whereas the overlying

basalt is relatively unweathered.

Dikes

Dikes in the Cuddy Mountain region range in composition from

granite to basalt. They were emplaced in three different intrusive

events.

The oldest dikes have a decidedly mafic composition and intrude

the Seven Devils Volcanics but predate the hornblende gabbro and the

leucocratic quartz diorite. These dikes are narrow with a fine-

grained equigranu].ar texture. Most are exposed for only short

distances. Contacts are sharp but chilled borders are not conspicuous.

Regional metamorphic effects are generally recognizable. Dissimi-

nated, euhedral replacements of pyrite are common in many dikes.

Intermediate stage dikes are felsic in composition. These

dikes represent the last stages of emplacement of the Cuddy Mountain

intrusive complex. They clearly cut the porphyritic granodiorite,

the hornblende gabbro, and the leucocratic quartz diorite and in turn

are cut by sulfide veins. These dikes range in width from a fraction

of an inch to 40 feet but usually are less than one foot wide. Chilled

margins are common in the wider dikes. As a rule the dikes are



straight, although some are gently curved and others sharply change

direction along fractures. All have knife.-sharp contacts (Figure 19).

The majority of dikes have granitic, rhyolitic, or aplitic textures

but graphic and pegmatitic textures are present locally. Porphyritic

textures are rare. However, the large dike exposed on the south side

of Rush Peak does have quartz phenocrysts set in an aphanitic ground-

mass. This dike has bleached the adjacent gabbro and is exposed for

a length of nearly two miles (Plate 1).

The youngest group of dikes were feeders for the Columbia

River Basalt. They intrude all other rock units exposed in this area.

These dikes are similar in form and habit to previously described

dikes. Columbia River basalt dikes are usually a few feet to tens of

feet wide and in general are wider than older dikes. Columnar joint-

ing is present in some of the wider dikes (Figure 20). Basalt dikes

are gray to black on fresh surfaces but weather to light brown. Most

dikes are aphanitic with intergranular or diabasic textures.

Porphyritic textures are present in several of the larger dikes.

Basalt dikes are common but are not as closely spaced as to con-

stitute a dike swam. Many can be traced for only short distances.
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Figure 19. Aplite dikes cutting the granodiorite in NE/4 NE/4
sec. 24, T. 16 N., R. 4W.

Figure 20. Feeder dike of Columbia River Basalt exposed in
SW/4SE/4 sec. 2, T. 16 N.,, R. 4W. Note the
well developed columnar jointing perpendicular to
the margins of the dike.



Form

General Nature of the Intrusive Complex

The Cuddy Mountain intrusive complex is a composite stock

Ii

which crops out over approximately 12 square miles within the mapped

area. The stock continues out of the area to the notth where it is

currently being studied by Dr. Cyrus W. Field and by Mr. Wayne R.

Bruce (Doctors thesis in progress at Oregon State). Surface con-

tacts indicate the stock has relatively steep margins (Plate 1).

Emplacement of the Stock

Discordant features suggest that all members of the intrusive

complex were emplaced predominantly by forceful injection. The

contacts of individual phases are sharp and have severed, tilted, or

otherwise deformed beds in the Seven Devils Volcanics. Rotated

inclusions are common in all phases of the complex. Inclusions

range from a few inches to as much as 10 feet in length. Most are

blocky with knife-sharp boundaries (Figure 21). The abundance of

inclusions near intrusive margins suggests that some assimilation

may have occurred.

The following features suggest the Cuddy Mountain stock was

emplaced in the upper part of the mesozone as defined by Buddington

(1959): (1) the stock was emplaced in a region of greens chist
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Figure 21. Mafic inclusion in the leucocratic quartz diorite
near the IXL mine. Note the blocky form and
sharp contacts of inclusion.



metamorphism; (Z) chilled margins are absent; (3) the stock has no

apparent genetic relationship to volcanic rocks; (4) discordant features

are common, and subordinate assimilation may have occurred near

the borderst (S) the stock is composite and has an intermediate corn-

position; (6) aplite dikes are common; and (7) contact metamorphism

and metasomatism are present.

C orrelation and Genetic Implications

Pre-Tertiary intrusive rocks in northeastern Oregon and

western Idaho are related to two distinct intrusive magma series

(Thayer and Brown, 1964). The earlier intrusive magma series

ranges in composition from peridotite to albite granite and was

emplaced during the major orogeny in the Blue Mountain region

between Early Permian and Late Triassic time. The later intrusive

magma series is related to the Idaho batholith proper, ranges from

gabbro to granodiorite, and probably was emplaced during the earlier

half of Cretaceous time. The Cuddy Mountain intrusive complex is

located between the "type areas' of the two instrusive magma series.

The porphyritic granodiorite and its altered equivalent are

thought to be related to the earlier intrusive series (i. e. the Canyon

Mountain magma series described by Thayer, 1963) because: (1) the

granodiorite has a minimum age of ZOO 5 m. y., and (2) part of the

granodiorite has been altered to a composition and texture similar to



the albite granites of Sparta, Oregon, which belong to the earlier

magma series.

The hornblende gabbro and the leucocratic quartz diorite are

thought to be related to the Idaho batho].ith. Both the gabbro and the

diorite postdate the porphyritic granodiorite and are probably younger

than the minimum age of the earlier magma series. The gabbro and

diorite are similar in both composition and texture to the Idaho batho-

lith. Also, the granodiorite is more felsic than the gabbro and diorite

so the granodiorite is not a normal differentiate of the gabbro-diorite

magma series.



METAMORPHISM

Introduction

Regional, contact, and dislocation metamorphism occur in the

mapped area. Regional metamorphism has affected the Seven Devils

Volcanics, the "Grade Creek conglomerate, ' the "Camp Creek

latite," the "Cuddy Mountain limestone," the "Brownlee Canyon

series," and to a lesser extent the porphyritic granodiorite. The

two younger phases of the intrusive complex postdate regional meta-

morphism. The porphyritic granodiorite and the hornblende gabbro

have been contact metamorphosed by the leucocratic quartz diorite.

Between East Pine Creek and Rush Creek, dislocation metamorphism

has produced secondary foliation in the hornblende gabbro and the

eastern-most part of the porphyritic granodiorite.

Metamorphic products are grouped according to the facies

classification advocated by Turner and Verhoogen (1960) in the second

edition of neous and Metamorphis Petrology.

Regional Metamorphism

Conditions of Regional Metamorphism

Petrographic examination of rocks affected by metamorphism

indicate that conditions were equivalent to the greenschist facies;



specifically the quartz- albite-mus covite- chlorite subfacies. Turner

and Verhoogen (1960, p. 534) estimate the stability of greenschist

minerals to be 3000 to 500° C and P = 3,000 to 8,000 bars.
H20

The most common metamorphic minerals in the rocks examined

are albite, epidote, chlorite, muscovite, and quartz. Subordinate

to considerable amounts of calcite and actinolite-tremolite occur in

some rocks. Relict plagioclase, amphibole, and pyroxene suggest

that all rocks did not attain equilibrium. Factors that influence the

attainment of equilibrium are: (1) duration and stability of meta-

morphism, (2) velocity of chemical reactions, and (3) composition

of the parent rock. As some rocks in this area have attained

equilibrium and others have not, the last two factors seem the most

important.

Although metamorphic assemblages vary over short distances

there is no local evidence, such as formation of porphyroblasts or

compositional layering, to suggest metamorphic differentiation.

These changes are attributed to compositional influence of the parent

rock. For example, the assemblage albite-epidote-chlorite is most

common in those rocks that were originally andesite or basalt, where-

as the ass emblage quartz-mus covite- chlorite-albite was generally

derived from pelitic sediments.

The porphyritic granodiorite (200 ± S m. y.) was intruded during

the last and probably waning stages of regional metamorphism.
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However, regional metamorphic effects on the granodiorite are slight.

Perhaps the local thermal gradient decreased outward from the intru-

sive during the time of regional metamorphism.

Significance of Regional Metamorphism

Regional metamorphism can be used in this area as a time

indicator because it: (1) represents an event in the geologic past,

(2) occurs over an area equal to hundreds of square miles, (3) is

easily recognized by characteristic 'greenschist mineral

assemblages, and (4) has not affected all rocks in the map area.

The last period of "greenschist" metamorphism in eastern

Oregon and western Idaho has been dated as Middle Jurassic by

Hamilton (1963, p. 84) and Vallier (1967, p. 174). Thus, regionally

metamorphosed rocks within the thesis area are considered to be pre-

Middle Jurassic in age. The hornblende gabbro and the leucocratic

quartz diorite are not regionally metamorphosed and therefore are

post-Middle Jurassic.

Contact Metamorphism

Because the igneous complex was intruded into an area that had

undergone regional metamorphism, effects of subsequent contact

metamorphism are neither characteristic nor readily distinguishable

in the country rocks. However, contact effects resulting from the
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last phase of the intrusion are apparent in both of the earlier phases;

for example, the leucocratic quartz diorite has metamorphosed parts

of the porphyritic granodiorite and the hornblende gabbro.

Conditions of contact metamorphism were conformable with

those of the hornblende hornfels facies with temperatures of about

5500 to 700° C. in the pressure range P 1,000-3, 000 bars.
H2

One might expect the hornblende hornfels aureole to grade out-

ward into the albite epidote hornfels facies. No albite-epidote horn-

fels aureole was recognized. Thus, if temperatures and pressures

of the albite-epidote hornfels faciès were present in the outer margin

of the contact aureole, they were not maintained long enough for the

rocks to reach equilibrium.

The hornblende hornfels aureole extends outward from the

margin of the leucocratic quartz diorite for distances of 600 to 900

feet. Andesine, hornblende, and quartz with subordinate amounts of

biotite and actinolite are the most common minerals in this aureole.

Physical and mineralogical changes within the contact aureole

indicate a general decrease of pressure and temperature outward

from the margin of the leucocratic quartz diorite. Rocks immediately

adjacent to the leucocratic quartz diorite are characterized by a

granoblastic texture which has resulted from nearly complete

recrystallization of hornblende, plagioclase, and quartz. Rocks

occurring in the middle of the contact aureole are characterized by



the presence of: (1) poikiloblastic or sieve texture of hornblende and

plagioclase, (2) randomly arranged needles or laths of actinolite, bio-.

tite, and hornblende, (3) two generations of plagioclase (Table 8), and

(4) numerous relicts. Rocks in the outer margin of the aureole are

weakly metamorphosed and are identified by the following features:

(1) recrystallization is largely restricted to close proximity to frac-

tures, (2) plagioclase boundaries are irregular and are fused together,

and (3) plagioclase and quartz possess undulatory extinction.

Effects of contact metamorphism on the hornblende gabbro and

porphyritic granodiorite are similar. However, because the gabbro

contained more calcium than the granodiorite, hornblende is the

dominant mafic in the matagabbro whereas biotite and hornblende in

subequal amounts comprise the mafics of the matagranodiorite.

Also, the higher calcium content of the gabbro is reflected by the

higher anorthite content of plagioclase in the nietagabbro (An 44) than

in the metagranodiorite (An 24) as shown in Table 8.

Dislocation Metamorphism

Introduction

Between East Pine Creek and Rush Creek the hornblende

gabbro and eastern-most part of the porphyritic granodiorite are

characterized by intermittent foliation and minor lination. Field,
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petrologic, and petrographic evidence indicate these are secondary

structures produced by local dislocation metamorphism as a result of

forceful intrusion of the leucocratic quartz diorite. Dislocation meta-

morphism is defined by Turner and Verhoogen (1960, p. 452) as

metamorphism along faults or "movement horizons."

Nature of Foliation

Foliation occurs as discontinuous zones that vary in strike with

the margin of the leucocratic quartz diorite and range from four

inches to over four feet in width. The intensity of foliation in these

zones decreases outward into rocks which have no preferred orienta-

tion. Approximately. 30 percent of the rocks in this area are foliated.

The foliation is a result of: (1) preferred orientation of hornblende

and plagioclase and/or (2) mineralogical zoning, i. e. , zones of pre-

dominantly hornblende versus zones of predominantly plagioclase

and quartz.

Petrographic examination of rocks from zones of foliation reveal

they are recrystallized with a nematoblastic fabric; i. e a predomi-

nance of subparallel crystals of prismatic habit as contrasted with

the granoblastic fabric of a hornfels. A definite and systematic

change in rock texture from zones of foliation and recrystallization

into nonfoliated and unrecrystallized rocks is evident (Table 9). Thus,

foliation is considered to be secondary and to have resulted from local
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Table 9. Features that characterize the zonal change in rock texture
from areas of foliation into adjacent areas lacking preferred
or ientatiori.

Zone of Distinct Foliation
1. Hornblende and plagioclase are anhedral with an oblong or

elliptical shape as a result of recrystallization.

2. Long axes of hornblende and/or plagioclase lie in distinct
planes.

3. Segregation of minerals is common, e. g. zones of horn-
blende versus zones of plagioclase and quartz.

4. Plagioclase has an An. content of 46 and is commonly
untwinned.

Zone of Poorly Developed Foliation

1. Recrystallization is incomplete, i.e., relicts of hornblende
and plagioclase are common.

2. Long axes of hornblende and plagioclase are less common
in distinct planes.

3. Poikiloblastic textures of hornblende and plagioclase are
pr e sent.

4. Hornblende, plagioclase, and quartz may have irregular
boundaries giving parts of the rock an interlocking texture.

5. Protoclastic effects are numerous.

6. Most plagioclase and quartz have undulatory or patchy
extinction.

Zone of Nondeformation

1. Rocks are composed of primary igneous minerals.

2. Rocks have primary igneous textures.
3. Primary and secondary structures are absent.
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dislocation metamorphism.

Although hydrothermal veins of pyrite and epidote often parallel

the foliation, they are in no way responsible for its formation. This

is evident because hydrothermal alteration postdates dislocation

metamorphism and the foliation. The following facts support this

conclusion: (1) epidote and pyrite veins cut the foliation, (2) most

veins have no accompanying foliation, (3) foliation occurs where there

are no pyrite, epidote, or quartz veins, (4) recrystallized plagioclase

adjacent to hydrothermal veins is converted to sericite, epidote, and

clay, (5) recrystallized hornblende adjacent to veins is altered to

epidote and chlorite, and (6) intensity of alteration decreases outward

from veins into unaltered but recrystallized rocks.

Conclusion

Dislocation metamorphism and resulting foliation are thought to

be related to the intrusion of the leucocratic quartz diorite because:

(1) foliation postdates the hornblende gabbro but predates hydrother-.

mal alteration associated with the leucocratic quartz diorite, (2)

foliation roughly parallels the margin of the leucocratic quartz

diorite, and (3) dislocation metamorphism is characterized by the

formation of the same minerals that occur in the contact aureole

around the leucocratic quartz diorite.
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STRUCTURE

Introduction

The structure of the Cuddy Mountain area is complex as it has

undergone several periods of deformation. Each period has super-

imposed new structures on those of the preceding one. As it is dif-

ficult to discuss folding or faulting as separate topics, the author has

chosen to discuss the structure as it relates to each period of defor-.

mation. Although it is not always possible to determine whether or

not a structure was formed during a certain period of deformation, it

is hoped that the following presentation will better enable the reader

to visualize the structural history of this area.

Late Trias sic Deformation

The oldest period of deformation in the southern Cuddy Moun-

tam area is recorded by structures in or involving the Seven Devils

Volcanics. This deformation occurred prior to the deposition of the

Grade Creek conglomerate" (Early Jurassic). This is indicated by:

(1) structures in the Seven Devils Volcanics that do not continue into

the overlying "Grade Creek conglomerate" and (2) by the angular

unconformity between these two units.

Detailed structures of the Seven Devils Volcanics remain
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largely unresolved because: (1) outcrops are poor, (2) the strati-

graphic succession is unknown, (3) prominent marker horizons are

absent, (4) bedding occurs infrequently, and (5) fracturing, faulting,

and hydrothermal alteration are intense.

Attitudes of the Seven Devils Volcanics vary but in general

strike approximately east-west and dip 30-50° N. The gross corn-

petent behavior of these rocks resulted in numerous fractures and

small faults trending N. 10-25° W. and N. 40-60° E. Bedding plane

faults are very common where dips are steeper than 30°.

At the head of Camp Creek abrupt changes in attitude of beds

and associated faulting suggest an overturned and faulted anticline

which trends N. 700 E. and plunges to the northeast. This is

diagrammatically shown in cross-section A-A' on Plate 1. These

same structural relationships are present near the Railroad Mine

at the head of the north fork of East Brownlee Creek and may be a

continuation of this structure.

Triassic-Jurassic Unconformity

The Seven Devils Volcanics were uplighted in Late Triassic

time and the beds were steeply tilted. After a period of erosion,

the "Grade Creek conglomerate" (Early Jurassic) was deposited and

formed an angular unconformity (cross-section A-A' on Plate 1).

The Seven Devils Volcanics strike nearly east-west and dip 30-50° N.
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whereas the HGrade Creek conglomerate" strikes N. 0-15° E. and

dips Z0-25° W. This unconformity is inferred from discontinuous

exposures at the head of Camp Creek. Also the conglomerate con-

taj.ns clasts of the Seven Devils Volcanics.

Post- Early Juras sic - Pr e- Miocene Deformation

Introduction

The "Camp Creek latite" and the "Brownlee Canyon series"

strike approximately north-south and dip 40-60° W. The Cuddy

Mountains were uplifted sometime after deposition of these units and

prior to the deposition of the overlying Columbia River Basalt

(Miocene). Part of the Cuddy Mountain intrusive complex was

emplaced during this interval and numerous cross cutting relation-

ships indicate it was emplaced by forceful injection. Emplacement

of the stock probably caused or contributed to deformation during this

period.

Faulting

Detailed mapping of the "Camp Creek latite" and "Brownlee

Canyon series" has revealed several major faults in the northwest

corner of the area. Although gouge, breccia, slickensides, and

scarps are locally present, most faults are largely based on



stratigraphy. These faults are roughly parallel and their traces are

accurate. Near Camp Creek the fault traces trend N. 100 W., but

on approaching Grade Creek, they turn to N. o E. This may be

the result of two different ages of faulting or different stress orienta-

tions. Because this area is largely float-covered, the direction of

movement along some faults is unknown.

In the vicinity of Camp Creek, the "Camp Creek latite" has

been repeated by faulting. Its outcrop width here is nearly twice that

in Grade Creek. This repetition appears to have been caused by a

horst-like structure, i. e., a block of latite has been uplifted between

two faults. The uplifted block was probably tilted with the northern

end uplifted more than the southern end. This is likely because the

northern part of this uplifted block is composed of "Grade Creek

conglomerate" which underlies the latite. Also supporting this inter-

pretation is the fact that the fault separating the "Camp Creek latite"

and the "Brownlee Canyon series" changes direction of movement.

Near Camp Creek movement along this fault is normal whereas in

East Brownlee Creek it appears to be reversed (Figure 22).

Near Grade Creek a block of "Cuddy Mountain limestone"

apparently has been caught up along a right lateral strike slip fault

that trends N. 250 E. This hypothesis is supported by the following:

(1) bedding in both the "Cuddy Mountain limestone" and the "Brownlee

Canyon series" is nearly perpendicular to the fault plane, (2) only
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Figure ZZ. Reverse fault separating shales of the "Brownlee

Canyon series" from the "Camp Creek latite.
Note that shale beds near hammer turn into fault
plain.

Figure 23. View of the east fork of Grade Creek showing site
of the Bay Horse overthrust proposed by Livingston
(1932).



"member" number 6 of the "Brownlee Canyon series" is found on the

north side of the fault where projected trends would place older "mem-

hers," and (3) the "Cuddy Mountain limestone" has been brecciated

and sillicified near its margins. Vallier (1967, p. 178) has described

similar structures in the Snake River Canyon.

"Overthrust"

Livingston (1932) described a major overthrust (Bay Horse) in

western Idaho and northeast Oregon. At Cuddy Mountain this fault

roughly parallels the southeast fork of Grade Creek (N. 50° E.) just

north of the map area (Figure 23). Livingston suggested the overlying

block came from the northwest. Although the area mapped is much

too small to solve the regional structufe, it is the author's impres-

sion that the Grade Creek fault may be a right lateral strike slip

fault rather than an overthrust. This view is based on the occurrence

of "member" number 6 of the "Brownlee Canyon series" on the north

side of the fault where projected trends would place older "members."

Also, attitudes of beds on the north side of the fault are roughly the

same as on the south side, i.e., striking north-south and dipping

60_700 W. Vallier (1967) has described numerous strike slip faults

in the Snake River Canyon region. It would seem unlikely for these

faults to occur in an overthrust block. Additional work is needed to

test this hypothesis.



Mesozoic-Tertiary Unconformity

During Mesozoic time the Cuddy Mountain area was disturbed by

several periods of folding, faulting, and igneous intrusion. The area

remained positive throughout much of the Late Mesozoic and Early

Cenozoic time and underwent sufficient erosion to expose part of the

intrusive complex. Voluminous outpourings of basalt during the

Miocene epoch buried the pre-existing surface and formed a monoto-

nous plain. Thus, the Columbia River Basalt unconformably overlies

all pre-Tertiary rocks. Excellent exposures of this unconformity

occur at the head of East Brownlee Creek (Figure 24). Here the

basalt flows strike N. 40-50° W. and dip 10-15° N., whereas the

underlying Seven Devils Volcanics strike approximately east-west

and dip 20-40° N.

Post- Miocene Deformation

General Statement

Evidence of post- Miocene uplift and deformation is abundant in

the Cuddy Mountain and adjacent areas Columbia River Basalt flows

that are nearly flat-lying in the broad Cambrdige Valley tilt upward

on the flanks of Cuddy Mountain. This change in attitude of the flows

near the base of the mountains is too abrupt to represent pre-basalt

topography. Additionally, the flows tilt upward with no apparent
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Figure 24. Angular unconformity between Mesozr and Tertiary
exposed at the head of East Brownlee Creek. Columbia
River Basalt flows (Miocene) overlie the Seven Devils
Volcanics (Late Triassic).
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change in thickness, which would not be the case if the basalt had

flowed down the sides of Cuddy Mountain. Perhaps the most con-

vincing evidence of post- Miocene uplift is the fact that the Picture

Gorge Basalt, which is the lowest stratigraphic subdivision of the

Columbia River Basalt (Waters, 1961), occurs on or near the top of

Cuddy Mountain.

Anticlinal Hjrpothesis

Cook (1954, p. 8) gives the following explanation of the post-

basalt structure in the Seven Devils and Cuddy Mountain areas.

The Seven Devils Mountains and Cuddy Mountain are
essentially doubly plunging anticlinal uplifts separated by
a broad syncline. These two anticlines, with northerly
striking axes, are anomalous tectonic features in the
regional pattern, because mot of the deformation of the
same age is along east-west axes: e. g. , the Lewiston
downwarp, the Blue Mountains uplift, and the Snake River
downwarp. An answer is suggested by the fact that these
anticlines roughly parallel the prebasalt fault trend. During
the broad regional folding along east-west axes, fault blocks
may have been squeezed upward between the older, north-
east faults, uparching the overlying basalts and eventually
breaking them. Small-scale movements on these north-
east faults merely caused the basalts to updrape over the
block in a flatcrested anticlinal fold; Cuddy Mountain is an
example.

The map area is too small to get the overall picture of the post-

basalt uplift. Within the map area, attitudes of flows of Columbia

River Basalt suggest an asymmetrical anticline trending approxi-

mately N. 450 W. (Plate 1). The southern limb dips 20-30° 5.
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whereas the northern limb dips 5-15° N. The basalt has been

removed from the crest of this fold, and the underlying rocks show no

evidence to indicate that this structure might be due to faulting.
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GEOMORPHOLOGY

Classification of Stream Valleys

According to the idealized geomorphic cycle outlined by

Thornbury (1954, p. 137-140), the topographic age of the southern

Cuddy Mountain area is that of early youth. This is indicated by the

following valley and interfluve characteristics: (1) East Brownlee

Creek and Pine Creek have numerous short tributaries that are

extending themselves by headward erosion to develop a dendritic

drainage pattern; (2) East Brownlee Creek, East Pine Creek, and

Rush Creek have V-shaped cross sectional profiles; (3) floodplains

are absent and valley walls rise from the margins of the streams;

(4) waterfalls and rapids are common to all of the streams; (5) the

divide between East Brownlee Creek and Pine Creek is over a mile

wide and is poorly defined; and (6) stream meandering is non-existant.

Reiuvenation

The present topographic stage is largely the result of post-

Miocene rejuvenation. During Miocene time voluminous outpourings

of basalt completely buried the existing topography to form a plateau.

This is evident as the lowland areas are completely covered by basalt

and the topographic highs are either capped by basalt or have
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erosional remnants. Rush Peak is at an altitude of 7634 feet and is

covered by at least 500 feet of basalt. Much of the basalt has been

removed from the crest of Cuddy Mountain, but numerous erosional

remnants or outliers attest to the fact that it also was buried by

Miocene volcanism.

After deposition of Miocene basalt, the Cuddy Mountain region

was uplifted, and rejuvenation initiated the geomorphic cycle again.

Erosion that resulted from uplift caused removal of basalt from the

crest and flanks of Cuddy Mountain to form an inlier. Rejuvenation

is continuing at present as a result of rapid downcutting of the Snake

River.

Rejuvenation has caused East Brownlee Creek, Grade Creek,

and Camp Creek to erode through the Miocene basalt flows and to

become superimposed on moderately dipping Triassic and Jurassic

rocks. East Brownlee Creek flows west and northwest cutting across

sandstones, siltstones, shales, and conglomerates that strike nearly

north-south and dip 20-30° W. This stream is superimposed rather

than antecedent because its discharge is too small for the stream to

have maintained its course during the outpourings of basalt.

Resurrected Topography

Erosion of basalt from topographic highs has partially

exhumed or resurrected the pre-Miocene topography. The base of
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the basalt lies at altitudes that range from 3600 feet to 7200 feet above

,ea level. Most of this range in altitude is caused by deformation.

However, pre-Miocene relief can be estimated by considering the

uplifted portion of the basalt plateau exposed at the head of East

Brownlee Creek. Here, the base of the basalt lies at altitudes ranging

from 6200 feet to 7200 feet. Most of this range is related to pre-

Miocene topography as the basalt flows do not parallel the contact,

but lap out against pre-Miocene hills (Figure 25).

Hamilton (1963c, p. 15) reports a prebasalt relief of 100 to 200

feet in the Higgins Quadrangle. Prebasalt relief in the Cuddy Moun-

tam region was probably three times this amount. However, maxi-

mum prebasalt relief was less than the total thickness of the Picture

Gorge flows because the basal basalt is entirely of this type.

Effects of prebasalt weathering are best observed in areas where

the overlying basalt has recently been removed. For example, in the

SE/4 sec. 15, T. 16 N., R. 4W., the porphyritic granodiorite has

been mechanically decomposed to a depth of 10 feet (Figure 26). Also,

in the NE/4 sec. 7, T. 16 N., H. 3 W., East Pine Creek has

recently exposed deeply weathered leucocratic quartz diorite (Figure

27).
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Figure 25. View at the head of East Brownlee Creek showing
nature of the pre-bas alt topography. Note that
the flows do not parallel the base of the basalt,
but lap out against the pre-Miocene hills.
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Figure Z6. Photograph of the porphyritic granodiorite in
Seid Creek showing effects of pre-basalt
weathering.

Figure 27. Photograph of the leucocratic quartz diorite
in East Pine Creek showing results of pre-
basalt weathering. Note rounded and sub-
dued topography.



Glacial Features

In post-Miocene time Cuddy Mountain supported alpine glaciers

and their effect can be seen at the heads of Grade and East Brownlee

Creeks, and to a lesser extent at East Pine and Rush Creeks. The

cirque-like form at the heads of these streams is best developed in

East Brownlee Creek. Here a shear semicircular wall rises nearly

Z000 feet above the stream. Glacial striations were observed at the

head of No Business Creek, one mile north of the mapped area.

Moraines are present in East Pine Creek and Rush Creek but have

been partially destroyed by recent erosion. Boulders several feet in

diameter occur in East Brownlee Creek only a mile or two from

their source. The absence of these boulders in lower parts of the

stream indicate the glaciers did not advance far from their sources,

probably as a consequence of their southerly exposure.
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MINERAL DEPOSITS

History of Mining

The discovery of gold in the Blue Mountains of Oregon in the

1800's brought a large influx of prospectors to scour the mountains

of eastern Oregon and western Idaho. New immigration laws and

introduction of new mining methods in the early l900's stimulated the

operation of numerous mines in the Seven Devils, Cuddy Mountain,

and Bitt Mountain areas. Cook (1954, p. 1) estimates the Seven

Devils and Cuddy Mountain districts have had a combined production

of over $1,000,000 in copper with some silver, lead, gold, and

tungsten since development began in 1888. By far the greater per-

centage of this production is from the Seven Devils district.

Within the mapped area, silver has been produced from the

Belmont mines (Plate 2) and copper from the Railroad mine. A mill

was operated on Camp Creek in the late 1800's for concentration of

the Belmont ore, but no records of production were kept. The

Bunker Hill and Sullivan Mining and Concentration Company acquired

the Belmont and Grade Creek properties under bond and lease in the

early l920's. To the author's knowledge there has been no production.

Although the IXL property has never produced any copper,

several companies have attempted to develop it as a porphyry copper
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deposit. These companies include the following: Bear Creek Mining

Company in 1954; Cyprus Mines Corporation in 1956; Copper Ridge

Limited in association with Noranda in 1964; and American Explora-

tion Company in 1965.

Distribution of Mineral Deposits

The nature and distribution of mineralization in the southern

Cuddy Mountains is shown in Plate 2. The distribution of mineraliza-

tion is a reflection of two factors: (1) the area affected by the intro-

duction of mineralizing fluids, and (2) the area exhumed by erosion

of Columbia River Basalt. Approximately 10 square miles of

mineralized rocks have been exposed in the northeast and north-

central parts of the region. Mineralization occurs in both the intru-

sives and the surrounding country rocks. Several mines and

numerous prospects are located within this zone of mineralization,

but only selected properties are shown on Plate 2 for reference in

later sections.

Classification of Deposits

Introduction

There are several classifications of ore deposits in current use.

Bateman's (1950, p. 363) classification is used herein with the
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exception of his subdivisions of the hydrothermal class. The author

has chosen to substitute Lindgren's terminology of this class

(Liridgren, 1933, p. 212) as it is more genetic in character.

Magmatic Concentrations

Disseminated magnetite and chalcopyrite occur in the mafic

parts of the hornblende gabbro at the head of East Brownlee Creek.

Several prospect pits are located in these bodies which contain up to

20 percent magnetite and 1 percent chalcopyrite. These mineral

deposits are classified as magmatic concentrations because they occur

as small disseminated pod-shaped lenses, stringers, and irregular

masses, and (2) display textural similarity to the normal hornblende

gabbro which suggests the "ore" minerals crystallized directly from

a sulfide-rich magma or melt.

The form and texture of these deposits support a magmatic

origin. However, the time of crystallization and the method of con-

centration of the "ore" minerals are not clear. The deposits are

believed to have formed from oxide-sulfide melts segregated from

the gabbro magma at an early stage of crystallization. This is sug-

gested by the fact that magnetite crystallized before the silicate

gangue and augite crystallized before plagioclase. This paragenesis

allowed the fluids from which plagioclase later crystalled to be

removed, resulting in mafic segregations containing up to 70 percent
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augite, 20 percent magnetite and 1 percent chalcopyrite. Also, the

augite in these deposits has only minor hornblende reaction rims

whereas elsewhere the augite in gabbro has been converted to horn-

blende. Finally, these deposits occur only in the East Brownlee

gabbro and not in the Rush Peak gabbro. The latter is thought to be

a slightly later differentiate as it has less mafics, a lower hornblende/

biotite ratio, and less calcic plagioclase.

Contact Metasomatic Deposits

Several replacement deposits of copper and iron occur in lime-

stone lenses or blocks and in other calcareous sediments near the

margin of the intrusive complex. The carbonate hosts are localized

entirely within the Seven Devils Volcanics. They are relatively thin

and reach an unusual maximum of 50 feet in width. Small contact

deposits are also present within the intrusive complex associated

with calcareous inclusions. However, these inclusions are relatively

small in comparison to those of the Seven Devils district that attain

a length of 1000 feet or more and which account for most of the cop-

per production in that area.

The primary boreH minerals are pyrite, chalcopyrite, magne-

tite, and specular hematite. They occur in a gangue of lime silicates

or tactites consisting largely of garnet, with subordinate actinolite,

tremolite, and epidote. The TboreT is relatively coarse in texture
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and irregular in form. Many of these deposits are localized on the

limestone side of the garnet tactites, but in others the Horeh occurs

as fracture fillings and replacements in the tactites.

The largest of these deposits are the Railroad mine, the

Climax prospect, and the Iron prospect (Plate 2). Numerous unnamed

contact metasomatic prospects are represented only by 'ore-tactite

associations. With the exception of the Iron prospect, all are closely

related to the development of scam. At this property, small but high

grade masses of magnetite and subordinate hematite .occur as dis-

continuous pods in tuffaceous sediments bordering the porphyritic

granodiorite. These sediments were not chemically favorable for

the development of scam. However, they were highly fractured and

perhaps originally contained a high percentage of iron making them

favorable host rocks.

These deposits are typical contact metasomatic deposits be-

cause: (1) their mineralogy, texture, and occurrence are indicative

of replacement deposition, and (2) they have formed on the margins

of an igneous complex.

Hydrothermal Deposits

The principal metals of hydrothermal vein and replacement

deposits are copper, iron, lead, and silver. Primary 'ore

minerals include pyrite, chalcopyrite, magnetite, and galena, with
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subordinate amounts of molybdenite, pyrrhotite, bornite, and

specular hematite.. These deposits are classified as mesothermal

because their mineralogy, texture, occurrence, and associated alter-

ation suggest they formed at intermediate temperatures and pressures.

The mesothermal zone is an intermediate zone and has no

characteristic minerals. It is distinguished by both hypothermal

and epithermal characteristics (Park and MacDiarmid, 1964, p. 289).

The hydrothermal deposits in this area have both hypothermal and

epithermal features because: (1) all Iboret minerals present may be

found elsewhere in either hypothermal or epithermal assemblages and

(2) both cavity filling and replacement textures, characteristic of

epithermal and hypothermal deposits respectively, are common.

Cavity filling deposits are largely restricted to the intrusive

rocks. However, they also occur in the more competent units of

the country rocks. Massive fissure veins of copper and iron sulfides,

i. e , without internal structure, are present in all phases of the

instrusive complex, especially on the eastern slopes of the East

Brownlee Creek drainage. These veins are usually narrow and have

smooth walls that display slickensides. Veins approach stockwork

intensity near the IXL property.

Replacement textures are common in both the intrusive complex

and country rocks. Disseminated replacements of pyrite and

chalcopyrite are present in the intrusive rocks near the IXL and
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elsewhere in the extrusive fraction of the Seven Devils Volcanics.

Argentiferous galena occurs as disseminated and replacement lodes

in the "Camp Creek conglomerate" and the "Grade Creek latite."

The Belmont mines are located on the contact of these two units.

Mineralogy

Pyrite is the most widespread, abundant, and uniformly dis-

tributed sulfide in the area mapped. It occurs as veins, dissemina-

tions, and irregular masses in nearly every rock-type.

Fracture fillings and wall-rock disseminations of pyrite are

present in all phases of the intrusive complex. Near the IXL property,

pyrite and pyrite- quartz veinlets approach stockwork intensity.

Pyrite is ubiquitous in country rocks within the mineralized

area. It is least common in the extrusive fraction of the Seven Devils

Volcanics where it occurs as sparcely disseminated euhedral

replacements. Fine-grained clastic rocks, especially those having

a limy composition, contain abundant pyrite. Distinct cubes and

irregular masses of pyrite are common in limestone lenses and

blocks. Pyrite veins occur along bedding planes and in fractures of

the more competent units.
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Chalcopyrite

Chalcopyrite is the most abundant hypogene copper sulfide and

is found throughout most of the area affected by mineralizing fluids.

Sizeable quantities of chalcopyrite occur at the IXL property and at

the Railroad mine (Plate Z).

Near the IXL, chalcopyrite occurs as veinlets in numerous

joints and faults in the leucocratic quartz diorite and the adjacent

porphyritic granodiorite. Chalcopyrite mineralization is present as

monomineralic veins, chalcopyrite-quartz veins, and as pyrite-

chalcopyrite-quartz veins. North of the IXL property disseminated

chalcopyrite occurs in mafic fractions of the hornblende gabbro.

Both fracture filling and replacement deposits of chalcopyrite

are present in the country rocks. Replacement deposits of

chalcopyrite are found in calcareous lenses or blocks within the Seven

Devils Volcanics. The Railroad mine is located in the largest of these

bodies. The chalcopyrite occurs as pods, chimneys, and irregular

masses in a gangue of garnet, actinolite, quartz, and recrystallized

calcite.

Magnetit e

Magnetite is found as an accessory mineral in all phases of the

intrusive complex. However, considerable amounts are present only
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in the hornblende gabbro at the head of East Brownlee Creek. Mag-

netite in the hornblende gabbro averages only 2-3 percent, but

reaches 20 percent in mafic segregations.

Magnetite is found in the country rocks predominantly as

replacements of calcium-bearing minerals although fracture fillings

are not uncommon. At the Railroad mine, granular magnetite has

replaced huge masses of actinolite-tremolite. Much of the actinolite

has a radiating habit and individual clusters range from 1/2 to 1-1/2

inches in diamter. Magnetite replacement appears to have begun at

the junction of radiating clusters and advanced perpendicularly to

the fibers, as shown by partly replaced specimens. Not uncommonly,

the radiating pattern of the actinolite has been preserved by replace-

ment. Magnetite has also preferentially replaced finer-grained

sediments as at the Iron prospect.

Specular Hematite

Specular hematite is usually associated with the clastic country

rocks which it occurs as replacements of calcium-bearing minerals.

Both micaceous and granular habits are present, but the latter is

more common. Platy rosettes of specular hematite reach a maxi-

mum of 1-1/2 inches in diamter at the Railroad mine where they are

associated with chalcopyrite as replacements of limestone. Near the

head of Camp Creek, granular magnetite occurs as replacements in
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the "Camp Greek conglomerate' and tuffaceous sediments of the

underlying Seven Devils Volcanics. Magnetite and specular hematite

may occur together in the country rocks, but usually one or the other

greatly predominates.

Argentiferous Galena

Most of the silver production from this area has been from

argentiferous galena. This silver "ore" occurs near the contact of

the "Camp Greek conglomerate" and the overlying "Grade Creek

latite." Numerous prospects are located along this contact, but only

the Belmont mines have reported production. Although the workings

are now caved, the large number of adits in the conglomerate unit

below the latite suggest this site to have been the locus of better grade

mineralization. Examination of dumps and prospect pits indicates

the galena to be fine-grained and anhedral.

it is interesting to note that Livingston (1923, p. 17-19) reports

that silver mineralization occurs at this same stratigraphic horizon

in the Mineral district, 15 miles to the southwest.

Molybdenite, Pyrrhotite, and Bornite

Molybdenite, pyrrhotite, and bornite are grouped together

because they are restricted in distribution and quantity. They occur

only in the leucocratic quartz diorite near the IXL property. They
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are present as veins, usually in conjunction with quartz, and as wall-

rock disseminations adjacent to veins. Molybdenite-quartz veins are

common in surface rocks near the IXL, but commercial quantites

apparently are absent.

Manganes e Oxides

Manganese oxides are common in many of the country rocks.

They are most abundant in the "Grade Creek latite" and the "Camp

Creek conglomerate" where outcrops are characteristically stained

to dark gray colors. Although commercial quantities are absent

there is a distinct and close spatial relationship of manganese to

silver mineralization. Manganese oxides occur as stockwork frac-

ture fillings, associated replacements, and as thin coatings on

fracture and joint surfaces.

Gold

Gold is mentioned here primarily because of its historical sig-

nificance. Early prospectors came to Cuddy Mountain in search of

gold, but production to date amounts to only a few hundred dollars

and this principally as a byproduct. Gold reportedly occurs as both

gold-quartz veins and auriferous pyrite at several prospects.
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T ourmaline

Tourmaline, although not particularly abundant within the

mapped area, occurs in larger concentrations in the northern Cuddy

Mountains and in the Hitt Mountains 20 miles to the south. Tourmaline

intergrown with quartz is present in pegmatitic dikes of granitic corn-

position that cut all phases of the intrusive complex. Tourmaline is

localized near the middle of the dikes as crystals 1/4 to 3 inches in

'ength that commonly display a radial pattern.

B a rite

Barite is reasonably common as fracture fillings in the

leucocratic quartz diorite near the IXL property. It is also found as

veins in tuffaceous sediments intruded by quartz diorite dikes at the

Iron prospect (Plate 2). Above the IXL mine angular fragments of

quartz diorite occur as breccias cemented with barite in veins

(Figure 28).

G ar net

The distribution of garnet is shown on Plate 2. Garnet is

restricted to country rocks bordering the intrusive complex where it

occurs as replacements of calcareous rocks. It is particularly help-

ful in delineating the area affected by the intrusive complex as it is



Figure 28. Barite vein above the IXL mine containing
angular inclusions of leucocratic quartz
diorite.
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a higher temperature mineral than occurs elsewhere in regionally

metamorphosed rocks of this area. The garnet is walnut brown or

apple green in color, anhedral in form and less than 2 mm in length.

Rarely euhedral crystals up to 1-1/2 inches in diameter are present.

Massive tabular bodies containing greater than 80 percent garnet are

common. For example, thirty garnet layers alternating with meta-

sediments are exposed in the stream below the Railroad mine. These

tactite bodies range from 6 inches to 3-1/2 feet in thickness.

Biotite

Hydrothermal biotite is present only in the leucocratic quartz

diorite near the IXL mine. It is distinguished from magmatic biotite

by its smaller grain size and occurrence as clusters of randomly

oriented subhedral laths. Biotite veins were not observed.

Epidote and Chlorite

Epidote and chlorite are among the most common minerals in

pre-Tertiary rocks. They occur as products of: (1) regional meta-

morphism, (2) late magmatic alteration related to the porphyritic

granodiorite, and (3) hydrothermal alteration associated with the

leucocratic quartz diorite. Both epidote and chlorite are present as

alteration replacements of hornblende and biotite in nearly every

intrusive rock examined. Chlorite veinlets are common, but rarely

Pr'
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exceed a few millimeters in width. In contrast, epidote and epidote-

quartz veins are commonly 1-4 inches wide. These veins cut all

phases of the intrusive complex and nearby country rocks, but are

not restricted to the area of sulfide mineralization. Epidote in these

veins is anhedral to subhedral and has replaced adjacent wall rocks

for distances of several inches from their margins.

Sericite

Sericite occurs as an alteration product of plagioclase in nearly

all thin sections of the intrusive complex and adjacent country rocks.

Despite its wide distribution the sericite is most abundant in the area

of sulfide mineralization; more specifically in the leucocratic quartz

diorite, porphyritic granodiorite, and adjacent country rocks on the

eastern slope of East Brownlee Creek.

Oxidation and Secondary Enrichment

Products of oxidation and secondary enrichment are sparingly

present in this area. Well developed zones of these secondary

minerals do not exist. Malachite and azurite with subordinate

chrysocolla are the main oxide minerals whereas tsooty" chalcocite

is the only supergene sulfide. The distribution of these minerals is

shown on Plate 2.

Small gossans characterized by boxworks of indigenous limonite
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after pyrite and chalcopyrite are present at numerous localities. In

general, oxidation has been effective to only a few inches depth.

The majority of limonite is transported and occurs as paint, crusts,

and impregnations that are responsible for much of the coloration in

weathered outcrops.

At least part of the oxidation and secondary enrichment occurred

during pre-Miocene time; i. e. before the deposition and later uplift

of the Columbia River Basalt. This is suggested by: (1) secondary

minerals found at the base of the basalt in recently exposed outcrops,

and (2) supergene chalcocite now being converted to malachite.

Oxidation and secondary enrichment are not well developed in

this area because: (1) reactive carbonate country rocks have fixed

the copper in the form of malachite and azurite, and (2) rapid erosion

in combination with a cold climate has allowed mechanical weathering

to predominate over chemical weathering.

Structural Controls

Structural control of mineralization is obvious in the intrusive

complex where host rocks are nearly homogeneous. Sulfide minerals

are localized in numerous faults and joints which served as conduits

for the ore-forming fluids. Thus, the abundance of sulfides is

generally related to the intensity of fracturing. Mineralization near

the IXL property is commonly associated with fracture intersections,
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abrupt changes in strike or dip of fractures, or fractures having

moderate dips.

Mineralization in the country rocks occurs largely as replace-.

ments of chemically favorable hosts, yet is partially controlled by

structure. For example, at the Railroad mine sulfide replacement

deposits in limestone are located along faults and steeply tilted beds.

Another example is the Climax prospect, at which massive sulfide

replacement occurs near the crest of a small fold in calcareous rocks.

Mineralization Sequence

mt err elationships

As previously noted, the Cuddy Mountain intrusive complex was

emplaced in three stages. These stages are represented by the

porphyritic granodiorite, the hornblende gabbro, and the leucocratic

quartz diorite in order of decreasing age. Parts of all phases have

been mineralized by fracture fillings of pyrite and chalcopyrite. This

type of mineralization is thought to be related to the leucocratic

quartz diorite because: (1) barren quartz veins and aplite dikes cut

all phases of the intrusive complex; (2) these in turn are cut by pyrite-

chalcopyrite-quartz veins; and (3) high temperature sulfides such as

molybdenite, pyrrhotite, and bornite occur only in the leucocratic

quartz diorite.
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Disseminations of magnetite and chalcopyrite occur in the horn-

blende gabbro at the head of East Brownlee Creek. These dissemina-

tions represent an earlier period of mineralization indicated by:

(1) the close spacial relationship of disserninations to mafic portions

of the hornblende gabbro; (2) crystal outlines, as seen in thin and

polished sections that indicate mineralization is syngenetic; (3) dis-

seminations that commonly occur in areas devoid of fracture filling

mineralization; and (4) the general absence of wall-rock alteration

that is characteristic of epigenetic mineralization.

Paragenesis and Zoning

At least two periods of mineralization are present in the Cuddy

Mountain area. Therefore, the author has chosen to consider mineral

paragenesis as it relates to each class of deposits rather than to the

district as a whole. Mineral parogenesis was determined from

microtextures and cross-cutting relationships. The suggested

para genesis is as follows with the oldest minerals listed first in each

class:

Magmatic Segregation Deposits

1. Magnetite-chalcopyrite

2. Silicates as augite and plagioclase

Contact Metasomatic Deposits

1. Silicates as garnet, actinolite, and tremolite
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2. Magnetite and specularite

3. Chalcopyrite - pyrite

Hydrothermal

1. Molybdenite, pyrrhotite, and quartz

2. Pyrite - Chalcopyrite - quartz

3. Ar gentiferous galena (relationship uncertain)

The southern Cuddy Mountain area is not well zoned. However,

features that indicate an imperfect zonation are: (1) the restriction of

molybdenite, pyrrhotite, and bornite to the intrusive complex near the

IXL property, (2) localization of manganese oxides and argentiferous

galena in country rocks near the outer margin of the mineralized

area, and (3) proportions of chalcopyrite to pyrite, magnetite to

specularite, and garnet to limestone that decrease outward from the

margins of the intrusive complex.

Perhaps zoning is limited because of: (1) repeated periods of

mineralization, (2) unexposed lobes of the intrusive from which

mineralizing fluids emanated, and (3) large differences in Eh and pH

related to the heterogeneous nature of the country rocks.

Hydrothermal Alteration

Introduction

Hydrothermal facies classifications such as those proposed by

Creasy (1959) and Burham (1962) are not readily applicable to this
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area because of: (1) the heterogeneous nature of the host rocks, (2)

disequilibrium between introduced fluids and host rocks, and (3)

multiple periods of alteration.

Stages of Alteration

Alteration of the prophyritic granodiorite (p. 60-65) is attributed

to late magmatic and post magmatic replacement of almost completely

solidified granodiorite by solutions derived from lower portions of

the same mass. This alteration occurred prior to the intrusion of

the hornblende gabbro, the leucocratic quartz diorite, and hydro-

thermal alteration associated with the latter. This is evident because:

(1) the contacts between the altered prophyritic granodiorite and later

intrusions are sharp, (2) albite is present in the altered granodiorite

and not in later intrusives, and (3) chlorite and epidote are more corn-

mon, more uniformly distributed, and coarser grained in the altered

granodiorite than in later intrusives.

Late Stage Hydrothermal Alteration

Rocks in the northeast and north-central parts of the mapped

area have been hydrothermally altered. This zone of alteration is

nearly coincident with the area of sulfide mineralization (Plate 2).

The last stage of hydrothermal alteration is best studied in the horn-

blende gabbro and the leucocratic quartz diorite, as they are
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unaffected by earlier alteration. Alteration products in these rocks

include clay, chlorite, epidote, carbonate, and subordinate pyrite,

quartz, sericite, and biotite. Identification of these alteration

products was based entirely upon petrographic studies.

Late alteration is characterized by its weak to moderate intensity

and the presence of disequilibrium assemblages. For example:

plagioclase in both the gabbro and the diorite have been partly altered

to assemblages of sericite, clay, epidote, and calcite; hornblende

and biotite have been partly converted to chlorite, epidote, and sec-

ondary iron oxides. Alteration zones such as potas sic, argillic, and

prophylitic are indistinct. As s emblages of pyrite.- s ericite- biotite-

quartz are common near the IXL mine but, with the exception of

biotite, are not entirely restricted to that area. Elsewhere they are

commonly associated with low temperature minerals such as epidote,

chlorite, and clay. Assemblages of pyrite-quartz-sericite occur as

alteration products of siliceous sediments near the margins of the

intrusive complex. This assemblage is also present in the intrusive

rocks but is not nearly as well developed.

Wall rocks adjacent to some pyrite-quartz veins have been

altered to an inner zone of predominently sericite and an outer zone

of predominently clay. These zones are generally narrow and poorly

developed but grossly conform to the alteration zones described by

Sales and Meyer (1948) for the copper veins at Butte, Montana.
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GEOLOGIC HISTORY

The geologic history of the map area is summarized in Table 10.

Lithologies and thicknesses of Late Triassic and Early Jurassic (?)

rocks indicate that deposition occurred in a eugeosynclinal environ-

ment. The map area is too small to delineate the basin of deposition

or the source areas. However, pre-Tertiary rocks in this general

region were deposited in the Pacific Trough portion of the Cordill-

eran geosyncline.

Flows and pyroclastics of the Seven Devils Volcanics indicate

volcanic eruptions were numerous during Late Triassic time. Auto-

cannibalism was probably an important process in the formation of

the sedimentary fraction of this unit. The Seven Devils Volcanics

were strongly deformed, uplifted, and possibly regionally meta-

morphosed during Late Triassic time. After a period of erosion

the "Grade Creek conglomerate" was deposited to form an angular

unconformity between Triassic and possible Jurassic rocks. Fol-

lowing extrusion of the "Camp Creek latite" the area subsided and

gray to black shales of the "Brownlee Canyon series" were deposited.

The Cuddy Mountain intrusive complex was emplaced during

Jurassic and possibly Early Cretaceous time. Relationships of

individual intrusive phases to stratigraphic units are largely obscured

by basalt flows. All intrusive phases post-date the Seven Devils
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Volcanics as shown by cross-cutting features and by inclusions of the

latter in the former. All or at least part of the intrusive complex

probably postdates the "Brownlee Canyon series" as this and earlier

formations are cut by hydrothermal veins.

A major orogeny (Nevadian) occurred during Middle and Late

Jurassic time causing strong folding and faulting. Greenschist facies

regional metamorphism was contemporaneous in part with the orgeny.

The absence of sedimentary and volcanic rocks of Early Cretaceous

to Early Miocene age suggest the area was a tectonic high during this

time. Part of the intrusive complex was exposed by pre-Miocene

erosion,

In Late Miocene and Early Pliocene, fissure eruptions of

Columbia River Basalt buried the existing topography to form a basalt

plain. Pliocene- Pleistocene uplift, alpine glaciation, and recent

stream erosion are responsible for the present topography.

-A
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