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THE GEOLOGY OF THE SOUTHEASTERN CUDDY
MOUNTAIN DISTRICT, WESTERN IDAHO

INTRODUCTION

Purposes and Methods of Study

The primary purposes of this thesis were (I) to map the geology,

mineralization, and alteration within the area, (2) to determine by

contact relations the relative ages of the different intrusives, (3) to

determine possible relationships of the mineralization and alteration

to intrusives, country rocks, and structure, (4) to differentiate and

map the Picture Gorge and Yakima members of the Columbia River

Basalts, and (5) to determine the structural relationships between the

Cuddy Mountains and the Columbia River Basalts.

Seven weeks were required during the summer of 1969 to com-

plete the field studies. Mapping was done on the U. S. Geological

Survey, Cambridge, Idaho, Quadrangle map enlarged to a scale of

1:24,000. Low altitude and high altitude photographs were extremely

useful in compiling the field map.

Laboratory studies have included petrographic examination of

nearly 60 thin sections. Chemical and trace element analyses have

been obtained for seven samples of the igneous units.
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Location and Accessibility

The thesis area encompasses 54 square miles of the southeastern

flanks of the Cuddy Mountains, Washington and Adams Counties, Idaho.

It comprises most of T. 16 N. , R. 3 W. , and the western part of T.

16 N. , R. 2 W. of the Cambridge, Idaho Quadrangle (Figure 1).

Access to the southern part of the thesis area is provided by

county service roads and privately owned jeep trails. The northern

part of the area is accessible by means of Forest Service logging roads,

jeep trails, and foot trails.

Topography, Climate, and Vegetation

The topography is variable and ranges from the gentle slopes

formed by the gently dipping Columbia River Basalts of the valley floor

and mountain top to the steep scarp that forms the southern face of the

Cuddy Mountains. Maximum topographic relief is 4,685 feet.

The climate of the area varies from arid to semi-arid depending

on the altitude. Sagebrush, bunchgrass, buck brush, scrub oak, aspen,

pine, and fir comprise the natural vegetation of the thesis area.

Previous Studies

The Cuddy Mountain District has previously been examined for

the Idaho Bureau of Mines by D. C. Livingston and F. B. Laney in
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1920, by D. C. Livingston in 1923, and by E. F. Cook in 1954. Their

published reports deal primarily with the mineralization and secon-

darily with the geology of the district. The most recent geologic work

done in the Cuddy Mountain District has been by the following Oregon

State University graduate students: R. E. Fankhauser (Master's

thesis, 1969), D. A. Wracher (Master's thesis, 1969), M. N. Slater

(Master's thesis, 1969), and W. R. Bruce (Doctoral thesis in prepara-

tion). In addition, there has been recent exploration activity by the

Bear Creek Mining Company, Cyprus Mines Corporation, American

Exploration Company, Noranda Mines Limited, and Humble Oil, the

results of which are contained in private corporate files.
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REGIONAL SETTING

The thesis area is located on the southern flanks of the Cuddy

Mountains, Idaho. It is geographically situated between the Wallowa

Mountains to the northwest, the Seven Devils Mountains to the north,

and the Salmon River Mountains to the east and northeast.

The oldest rocks in the Cuddy Mountain district are the Seven

Devil Volcanics of Early Triassic age (Slater, 1969) that were origi-

nally described by Anderson (1930) from the Seven Devils Mountains.

Other older rock units of the district that are of probable Triassic

and Jurassic age include: the Cuddy Mountain Limestone, the Red

Conglomerate, the Porphyritic Rhyolite Tuff, and the Lucile Series.

The Cuddy Mountain Limestone is possibly correlative with Martin

Bridge Formation of the Seven Devils region, the Snake River Canyon,

and the Wallowa Mountains (Slater, 1969). The Martin Bridge Forma-

tion is believed to be Triassic in age and was originally described by

Ross (1938) from the Wallowa Mountain area. The Red Conglomerate

is possibly correlative with a conglomerate found between Lime,

Oregon, and Mineral, Idaho (Field and others, 1968). It was described

by Brooks (1967) in the area of Lime, Oregon. Bruce (1970, personal

communication) has fossil evidence that indicates the Red Conglomer-

ate is of Early Jurassic age. The Porphyritic Rhyolite Tuff may be

correlative with a similar rock unit from the Mineral and Bay Horse
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districts nearby to the southwest in Idaho and Oregon respectively

(Livingston, 1923).

The Cuddy Mountain igneous complex intrudes most of these rock

units. Slater has suggested that it is closely related to the Canyon

Mountain Magma Series of northeastern Oregon described by Thayer

and Brown (1964). The Cuddy Mountain intrusives consist of three

dominant phases: gabbro, quartz diorite, and porphyritic granodiorite.

Sedimentary rocks that overlie the older flows and volcaniclastic

sedimentary rocks previously noted have been assigned to the Lucile

Series by Field and others (1968). They are Early Jurassic or younger

in age and were originally described by Wagner (1945) from the area

near Lucile, Idaho. The Lucile Series may possibly be younger than

the intrusive complex. A welded ash-flow tuff not previously described

has been found to unconformably overlie a part of the intrusive complex.

Its relationship to the Lucile Series is unknown although it is probably

younger. It is suggested as being late Mesozoic in age and related to

a porphyritic rhyolite dike.

The older rocks of the thesis area have been exhumed by erosion

of a cover of younger, relatively flat-lying plateau lavas. The lavas

include both Picture Gorge and Yakima members of the Middle Miocene

to Early Pliocene Columbia River Basalt as defined by Waters (1961).

The thesis area lies structurally within the large arcuate

Nevadan orogenic belt named the Columbian Arc by Taubeneck (1966).
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The area is west of a belt of Miocene and younger rocks that are

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

blocks that border the Salmon River Mountains. It lies within the

Columbia Plateau province (Hamilton, 1962).
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Intrusive Rocks

General Features

8

The Cuddy Mountain intrusive complex is of probable Late

Triassic-Early Jurassic age (Field, 1970, personal communication).

The complex has been exposed by erosion of the overlying Columbia

River Basalts. It consists of three major phases: gabbro, quartz

diorite, and porphyritic granodiorite. Gabbro is the earliest intrusive

and was originally mapped and described as the Rush Peak hornblende

gabbro by Fankhauser (1969). The gabbro was essentially consoli-

dated prior to the intrusion of the younger phases because contacts are

sharp, steeply dipping, and sometimes brecciated. Quartz diorite,

originally mapped and described as leucocratic quartz diorite by

Fankhauser (1969), intrudes gabbro as the next phase of plutonism.

Porphyritic granodiorite is the youngest and areally most extensive

phase of the complex within the area. It was originally mapped and

described by Fankhauser (1969). Aplitic and mafic dikes cut all of

the earlier intrusive phases. The three members of the complex and

later dikes have been regionally metamorphosed. A porphyritic

rhyolite dike post-dates regional metamorphism but is older than the

Columbia River Basalt flows and associated feeder dikes and plugs.
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Gabbro

Field Characteristics and Distribution. The gabbro character-

istically forms the poorest outcrops of the intrusive complex (Figure

2). It is localized on the southern flank of Rush Peak and has over

four square miles of outcrop area. The gabbro displays at least three

distinct joint sets, with a fourth set being faintly discernible in the

better outcrops. The intensity of jointing appears to increase with

increasing proximity to major intrusive contacts. Lineation and foli-

ation are developed only in restricted zones. They are considered to

be secondary in origin and probably related to dislocation metamor-

phism as concluded by Fankhauser (1969). Mafic pegmatitic veins

cut the gabbro and are most abundant near contacts with other intru-

sive phases. The color of the weathered gabbro is medium dark gray

(N-4), whereas the fresh rock is a lighter medium gray (N-5). Where

pyrite is relatively abundant, the weathered gabbro displays a rusty

pitted appearance. The formation of a grus is not typical of the gabbro

but is polymineralic where present.

Litho logy and Petrography. The gabbro has a hypidiomorphic

granular texture with component crystals ranging from 0.5 to 4 mm

in diameter. In hand specimen, recognizable minerals are plagio-

clase, quartz, hornblende, pyrite, epidote, and magnetite. Horn-

blende and plagioclase are the major constituents and usually comprise

70 percent of the rock (Table 1).
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Figure 2. Typical outcrop of gabbro; note the jointing. Location
is southwest of Rush Peak.



Table 1. Modal analyses of six gabbro samples (volume percent). Samples are listed with in reasing
nearness to intrusive contacts and are representative of entire unit. Note the increase in
quartz content with proximity to intrusive contacts.

Mineral
11-9-71

(percent)
11-8-32

(percent)
21-8-123
(percent)

15-8-174
(percent)

1-8-35
(percent)

8-9-66
(percent)

Quartz tr tr 7 13 22 23

Plagioclase 46 58 57 38 48 33

Pyroxene 33 -- 7 -- --

Amphibole 8* 28 26 37 22 37

Opaque 12 8 4 3 3 tr

Biotite, Epidote,
Chlorite tr 6 6 2 5 7

*chloritic alteration included
1 NE 1/2 sec. 24, T. 16 N. , R. 3 W.
2 NW 1/4 NE 1/4 sec. 30, T. 16 N., R. 3 W.
3 NE 1/4 NW 1/4 sec. 23, T. 16 N., R. 3 W.
4 NW 1/4 NW 1/4 sec. 7, T. 16 N. , R. 2 W.
5 C. sec. 29, T. 16 N., R. 3 W.

NW 1/4 NW 1/4 sec. 20, T. 16 N., R. 2 W.6
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Mafic minerals constitute between 25 and 45 percent of the rock.

Locally, however, the mafic minerals comprise up to 90 percent in a

few isolated lenses and pods. i'he largest of these segregations crops

out on the east side of Camp Creek. Here, the gabbro contains over

90 percent amphibole and might be termed an amphibolite. The mafic

segregations are believed to be primary in origin.

Quartz is present as interstitial, anhedral crystals that rarely

exceed 1 mm in diameter. The quartz content is variable (one to 23

percent) and in several areas the host might be termed a quartz gabbro.

As the quartz content of gabbro apparently increases with proximity

to other intrusives phases, the quartz is probably of secondary origin

and the result of contact metasomatism (see Table 1). The term gab-

bro is retained throughout the text because it was impossible to dis-

tinguish between primary and secondary quartz.

Plagioclase feldspar comprises between 33 and 58 percent of

the gabbro. It ranges from calcic andesine to labradorite (An 45-60)

in composition; and it occurs as subhedral laths or anhedral crystals

that are 0.5 to 2.5 mm long. Twinning is common in the larger crys-

tals and both normal and oscillatory zoning are present in a few of

the larger phenocrysts. The plagioclase exhibits minor protoclastic

features. Small grains of magnetite and apatite are often included

within the plagioclase. The more calcic centers of plagioclase crys-

tals have been selectively altered to sericite, kaolinite, and minor

amounts of epidote.
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Pyroxene is present as both augite and hypersthene and occurs

as relict, highly uralitized anhedral crystals. The uralitization has

been accomplished by the conversion of pyroxene to hornblende and

actinolite.

Hornblende is present as both anhedra and subhedra that range

from 0.25 to 6 mm in length. The average ratio of primary hornblende

to secondary hornblende, after pyroxene, is approximately 1:2. Both

types of hornblende are pleochroic, from dark green to light brownish

green. Primary hornblende is normally subhedral and is corroded

by quartz and plagioclase. Twinning is commonly present. The

secondary hornblende is anhedral. Small grains of magnetite are

frequently aligned along cleavage traces. The linear distribution of

these magnetite inclusions suggest that the hornblende was formed by

uralitization of pyroxene (Slater, 1969). Chlorite and minor epidote

occur as replacement products of hornblende throughout the gabbro.

Magnetite and pyrite are the predominant opaque minerals.

They range from microcrystalline to 0.5 mm in size. The ratio of

magnetite to pyrite decreases with proximity to other intrusives, which

suggests a secondary origin for most of the pyrite. The magnetite

occurs as interstitial subhedra and is believed to be titaniferous as it

is often partially rimmed by sphene.

Biotite is present in minor amounts as an alteration product of

hornblende. The biotite is brown in color. It forms subhedral plates
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that characteristically have lenses of chlorite and epidote aligned

within the cleavage traces.

Apatite, sphene, and zircon are present as minor, accessory

minerals throughout the gabbro. Calcite as anhedral grains occurs

in trace amounts along minute fractures and rarely with plagioclase

as a product of decalcification.

Chemistry. One sample of the gabbro, collected west of Rock

Creek (NE 1/4 sec. 24, T. 16 N. , R. 3 W.), was chemically analyzed

for major oxide constituents and trace elements. The chemical data

and modal analysis are given in Table 2. The sample is characterized

by low Si02 and high MgO, CaO, Fe203, and Fe0 contents relative to

normal gabbros (Nockolds, 1954). Its anomalous composition is

clearly related to the unusually large abundances of pyroxene, more

calcic plagioclase, and opaque minerals in the rock. Trace elements

appear to be representative of normal background concentrations.

Contact Relations and Relative Age. The gabbro is believed to

be the oldest intrusive phase present in the Cuddy Mountain complex.

Evidence in support of this conclusion are as follows: (1) gabbro is

cut by all other intrusive phases; (2) gabbroic inclusions are found in

the other intrusive phases (Figure 5); (3) the quartz and pyrite con-

tent of gabbro increases near contacts with other intrusives; (4) alter-

ation minerals are more abundant in gabbro adjacent to other intru-

sives which suggest a contact metamorphic effect; (5) the abundance
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Table 2. Modal, Chemical, and Trace Element analyses of sample
11-9-17 (Chemical analyses by Dr. K. Aoki, Tohoku
University, Japan; trace Element analyses by Rocky
Mountain Geochemical Corp.).

11-9-17
(percent)

MODAL ANALYSES

Quartz tr
Plagioclase 46
Pyroxene 33
Amphibole* 8

Opaque 12
Others tr

*includes chloritic alteration

CHEMICAL ANALYSES

SiO
2

43.42

1TiO2 1.02

A1203 17.63

Fe
203

7.82

Fe0 6.62
Mn0 0.22
Mg0 9.00
Ca0 11.80
Na

20
1.13

K20 0.13

H20+ 0.61

H20-

p205 0.09

0.25

TRACE ELEMENT ANALYSES

99.74

Ag - 1 ppm
Cu 55 ppm
Zn 40 ppm
Pb 20 ppm
Mo 1 ppm
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of mafic pegmatites in gabbro may reflect yet another manifestation

of contact metamorphism.
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Quartz Diorite

Field Characteristics and Distribution. Quartz diorite is the

least widespread of the intrusive units. It is best exposed in the Rush

Creek canyon (Figure 3) where it has an outcrop area of approximately

two square miles. The quartz diorite forms the best outcrops of all

the units of the complex. These are a fortuitous result of glaciation

rather than an inherent feature of the rock. Three joint sets are

characteristically displayed by the unit. Lineation and foliation were

not observed except at one small area southwest of Rush Peak where

a weak east-northeast lineation is developed near the gabbro contact.

This lineation is believed to be primary and the result of movement

of magma next to the gabbro contact. Protoclastic features in the

lineated rock support this belief. The color of quartz diorite on both

weathered and fresh surfaces is medium light gray (N-6).

Litho logy and Petrography. The quartz diorite has a hypidio-

morphic granular texture with component crystals ranging from 0.5

to 4.5 mm in size. Identifiable minerals in hand specimen are pla-

gioclase, quartz, hornblende, and biotite. Plagioclase feldspar com-

prises from 45 to 61 percent of the rock (Table 3). Mafic minerals

normally comprise 10 to 20 percent of the rock except near contacts

with gabbro where they may exceed 40 percent. This larger content

of mafics may have resulted either by rapid chilling of the quartz

diorite magma or by partial assimilation of the gabbro.
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Figure 3. Typical outcrop of quartz diorite. Note the development
of jointing. Location is in the Rush Creek drainage.



Table 3. Modal analyses of six quartz diorite samples (volume percent). Sample 5-9-17 is in contact
with porphyritic granodiorite. Sample 1-7-26 is a large quartz diorite dike.

11-7-26 4-8-12 3Qtz. Diorite 5-9-174 8-7-285 64-10-9
Mineral (percent) (percent) (percent) (percent) (percent) (percent)

Quartz 32 21 29 20 23 28

Plagioclase 54 49 46 61 45 48

Orthoclase 2 14 10 1 1

Amphibole - 19 7 7 21 14

Opaque 2 1 1 tr 3 2

Biotite, Epidote,
Chlorite 12 8 3 2 5 7

1 E 1/2 sec. 28, T. 16 N. , R. 3 W.
2 NW 1/4 sec. 29, T. 16 N. , R. 3 W.
3 SW 1/4 NW 1/4 sec. 18, T. 16 N. , R. 3 W.
4 SW 1/4 SE 1/4 sec. 10, T. 16 N., R. 3 W.
5 SE 1/4 SW 1/4 sec. 15, T. 16 N. , R. 3 W.
6 SW 1/4 SW 1/4 sec. 15, T. 16 N. , R. 3 W.

(glacial float)



20

The quartz content of this intrusive phase averages more than

25 percent. It is interstitial and forms anhedra that rarely exceed

2 mm in diameter.

Plagioclase feldspar, andesine (An36-47), comprises between

45 and 61 percent of the rock. It occurs as subhedral laths and

anhedral crystal. A few larger plagioclase phenocrysts display com-

plex twinning and zoning of both normal and oscillatory types. Minor

features of protoclastic deformation are present in a few of the pla-

gioclase laths. Selective alteration of plagioclase to sericite, kaolin-

ite, and rarely epidote is widespread throughout the unit on a moder-

ate scale.

The diorite contains between one and 14 percent orthoclase. It

occurs as anhedral crystals that are interstitial to the plagioclase

feldspar. Much of the orthoclase contains myrmekitic intergrowths

of quartz and plagioclase feldspar. Alteration to kaolinite and seri-

cite is common and makes optical identification of the clouded crystals

difficult.

Hornblende is the dominant mafic mineral constituent. It occurs

as both subhedra and anhedra that average 4 mm in size. The horn-

blende anhedra are thought to be secondary and the result of uralitiza-

tion of pyroxene. Relict pyroxene is present in a few samples.

Twinning was noted in a few of the subhedral crystals. The hornblende
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has altered to chlorite, biotite, and epidote. Actinolite, possibly

another product of uralitization, is sparingly present.

Biotite occurs as subhedral "books" that are up to 4 mm in

length. It comprises up to 12 percent of the rock and in turn is al-

tered to chlorite and epidote. The epidote forms lenses that are

aligned within the cleavage traces of biotite.

Chemistry. Two samples of the quartz diorite were chemically

analyzed. These results along with modal analyses are listed in

Table 4. Sample 4-10-9 was taken from the Rush Creek drainage

(SW 1/4 SW 1/4 sec. 15, T. 16 N. , R. 3 W.) and sample 1-7-26 was

taken from the large quartz diorite dike in Rush Creek (E 1/2 sec. 28,

T. 16 N., R. 3 W.). The chemical analyses of both samples are

essentially identical. Comparisons of the constituents between quartz

diorite and gabbro (Table 2) suggest trends that would be expected of

differentiates of the same magma. The higher CaO, A1203 and lower

K20 contents of sample 1-7-26, relative to sample 4-10-9, are the

result of more abundant and calcic plagioclase and the absence of

hornblende and orthoclase. This apparent trend suggests that the

large quartz diorite dike either assimilated minor amounts of the

gabbro, which is unlikely, or was an early, rapidly chilled phase of

the quartz diorite intrusive. The copper and zinc contents of sample

4-10-9, 100 ppm respectively, approach weakly anomalous concen-

trations that could be indicative of minor hydrothermal activity.
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Table 4. Modal, Chemical and Trace Element analyses of quartz
diorite samples 4-10-9 and 1-7-26 (Chemical analyses by
Dr. K. Aoki, Tohoku University, Japan; Trace Element
analyses by Rocky Mountain Geochemical Corporation).

4-10-9 1-7-26
(percent) (percent)

MODAL ANALYSES

Quartz 28 32
Plagioclase 48 54
Orthoclase 1 -
Amphibole 14 -
Opaque 2 2

Biotite, Epidote, Chlorite 7 12

SiO
2

TiO
2

A1203

Fe 203

CHEMICAL ANALYSES

56.70

1.08

13.52

4.98

Fe0 5.68
Mn0 0.25
Mg0 4.29
Ca0 6.09
Na

20
2.65

K
2

0 1.12

H
2

04- 2.17

H2
0- 0.29

P
2

0
5

0.22

99.04

56.80

1.01

14.12

4.19

6.15
0.19
3.96
7.57
2.33

C.29

1.38

0.30

0.20

98.49

TRACE ELEMENT ANALYSES

Ag -.1 ppm -.1 ppm
Cu 100 ppm 85 ppm
Zn 100 ppm 55 ppm
Pb 20 ppm 10 ppm
Mo 1 ppm -1 ppm
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Contact Relations and Relative Age. The quartz diorite exhib-

its sharp contacts with the gabbro which it clearly intrudes. The

contacts are commonly brecciated and are normally steeply dipping.

Inclusions of gabbro in the quartz diorite are commonly found near

the contact. The sharp contacts and inclusions of gabbro in quartz

diorite indicate that the gabbro was completely solidified at the time

of quartz diorite intrusion. Contact metamorphism of the gabbro by

quartz diorite is common and is characterized by silicification (see

Table 1).
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Porphyritic Granodiorite

Field Characteristics and Distribution. The porphyritic

granodiorite crops out on the west flank of Rush Peak and in the

drainage areas of Goodrich Creek, Cow Creek, and Grizzly Creek.

The granodiorite has a total area of approximately five square miles.

Porphyritic granodiorite lacks the well-defined joints that are typi-

cal of the gabbro and the quartz diorite (Figure 4). It characteris-

tically displays a distinctive porphyritic "quartz eye" texture. Also

typical of the granodiorite is the development of a relatively mono-

mineralic grus which is composed predominately of quartz pheno-

crysts. The grus varies in thickness from a few inches to over 25

feet.

Lineation and foliation are absent except in two locations. One

area is located in the Goodrich Creek drainage (NE 1/4 sec. 12, T.

16 N. , R. 2 W.) and shows the best development of these features

(Figure 5). The other area, located southwest of Rush Peak, shows

moderately well-developed lineation over a limited area of about

100 feet. These features are the result of alignment of chloritized

mafics, epidote, kaolinite, and lenses of quartz. Broken and bent

plagioclase, amphiboles, and primary quartz grains clearly show

that the lineation and foliation are the result of cataclastic movement.
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Figure 4. Typical outcrop of porphyritic granodiorite. Note the
absence of jointing and formation of a grus. Location is
NE 1/4 sec. 23, T. 16 N. , R. 3 W.

Figure 5. Cataclastic lineation formed in the granodiorite, note the
gabbroic inclusion above the pencil. Location is east of
Calamity Meadows, NE 1/4 sec. 12, T. 16 N. R. 2 W.
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Litho logy and Petrography. The granodiorite has an inequi-

granular porphyritic texture. The phenocrysts are quartz, plagio-

clase feldspar, hornblende, and biotite; and they range from one to

15 mm in size. The groundmass is composed primarily of plagio-

clase, quartz, and orthoclase. Subordinate amounts of hornblende,

chlorite, biotite, epidote, magnetite, apatite, and calcite are also

present (Table 5).

Quartz comprises approximately 40 percent of the rock as both

phenocrysts and groundmass. Quartz phenocrysts are predominately

anhedral and range from one to 12 mm in size. Interstitial quartz

occurs as anhedral crystals generally less than 0.5 mm in diameter.

Protoclastic fracturing is displayed by a few of the phenocrysts.

Plagioclase feldspar ranges in composition from sodic oligo-

clase to andesine (An 28-39) and occurs both as subhedral laths and

as interstitial anhedra. It comprises between 35 and 50 percent of

the rock. Complex twinning and zoning are present in the subhedral

laths whereas the anhedral crystals commonly are untwinned. A few

of the phenocrysts displayed protoclastic textures. Selective altera-

tion of plagioclase feldspar, especially the calcic cores, to sericite,

kaolinite, and rarely epidote is more intense in the subhedral laths

than in the interstitial grains.

Orthoclase occurs as anhedral, interstitial crystals and com-

prises from one to 18 percent of the rock. It has reacted with



Table 5. Modal analyses of six samples of the porphyritic granodiorite (volume percent).
8-9-6 is in contact with the gabbro.

Sample

4-7-291 14-9-62 5-9-17 3 8-9-64 6-8-175 12-8-36
Mineral (percent) (percent) (percent) (percent) (percent) (percent)

Quartz 31 36 31 48 37 39

Plagioclase 46 50 40 35 43 47

Orthoclase 9 2 18 7 1 6

Amphibole 6 4 4 8 1

Opaque 2 1 1 1 6 tr

Biotite, Epidote,
Chlorite 6 11 6 5 5 7

1 NW 1/4 NW 1/4 sec. 19, T. 16 N., R. 3 W.
2 SW 1/4 SW 1/4 sec. 17, T. 16 N., R. 2 W.
3 S 1/2 sec. 10, T. 16 N., R. 3 W.
4 NW 1/4 NW 1/4 sec. 20, T. 16 N. , R. 2 W.
5 E 1/2 sec. 18, T. 16 N., R. 2 W.
6 NE 1/4 sec. 12, T. 16 N., R. 3 W.
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plagioclase feldspar to form myrmekitic intergrowths. Alteration to

kaolinite and sericite is moderately widespread and can make optical

identification difficult.

Hornblende is present chiefly as anhedra although a few sub-

hedral crystals were noted. Both types are highly embayed and al-

tered to chlorite, biotite, and epidote. Actinolite occurs with the

more highly chloritized hornblende.

Biotite is present as subhedral and anhedral crystals. It occurs

as both brown and brownish green varieties. Alteration to chlorite

and epidote is widespread. The epidote and chlorite are commonly

aligned as lenses in the cleavage traces.

Iron oxide (probably magnetite) and pyrite are the dominate

opaque minerals. Both are disseminated as subhedra that commonly

comprise about one percent of the rock.

Chemistry. Two samples of the porphyritic granodiorite were

analyzed for major oxide constituents and trace elements. The chem-

ical and modal analyses are listed in Table 6. Sample 4-7-29 is from

the west side of Rush Peak (NW 1/4 NW 1/4 sec. 19, T. 16 N. , R.

3 W.) and sample 14-9-6 is from the dike-like body of granodiorite

in the Goodrich Creek drainage (SW 1/4 SW 1/4 sec. 17, T. 16 N. ,

R. 2 W.).

Sample 14-9-6 is enriched in Si02 and depleted in A1203, CaO,

and K20 relative to sample 4-7-29. This trend is attributed to the
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Table 6. Modal, Chemical, and Trace Element analyses of porphy-
ritic granodiorite samples 4-7-29 and 14-9-6 (Chemical
analyses by Dr. K. Aoki, Tohoku University, Japan; Trace
Element analyses by Rocky Mountain Geochemical Corpora-
tion).

4-7-29
percent

14-9-6
percent

Quartz
Plagioclase
Orthoclase
Amphibole
Opaque
Biotite
Chlorite, Epidote

MODAL ANALYSES

31
46

9
6

2

3

3

36
50

2

1

3

8

CHEMICAL ANALYSES

SiO
2

65.69 70.00

TiO
2

0.54 0.47

A1203 13.48 11.72

Fe 203
2.87 1.42

Fe0 5.38 7.52
Mn0 0.10 0.12
Mg0 0.80 0.59
Ca0 4.06 2,56
Na20 3.68 3.53

K20 2.31 0.69

H20+ - 0.45

H20- 0.21 0.63

P205 0.24 0.16
99.36 99.86

TRACE ELEMENT ANALYSES

Ag -.1 ppm -.1 ppm
Cu 50 ppm 20 ppm
Zn 45 ppm 60 ppm
Pb 10 ppm 10 ppm
Mo 2 ppm -1 ppm
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larger amounts of quartz and more sodic plagioclase feldspar and the

smaller amount of orthoclase in sample 14-9-6 relative to sample

4-7-29. The trace elements are present at essentially background

concentrations in both samples.

Contact Relations and Relative Age. The porphyritic granodiorite

exhibits sharp and often brecciated contacts with the gabbro (Figures

6 and 7). The contacts are steeply dipping in most areas. Gabbroic-

like inclusions are common in granodiorite near the contacts. Gabbro

adjacent to contacts with granodiorite, and quartz diorite as previously

noted, has been subjected to contact metamorphism.

Bedrock exposures of granodiorite-quartz diorite contact were

not observed. However, one boulder size glacial erratic was found

in which granodiorite-like dikes cut quartz diorite. The dikes average

six inches in width and contain more abundant quartz and potassium

feldspar than does the quartz diorite host. Petrographic studies dem-

onstrate that in addition to more abundant quartz and orthoclase the

granodiorite dikes contain less plagioclase feldspar than the quartz

diorite (see Table 7).

The porphyritic granodiorite is believed to be the youngest

major intrusive phase of the Cuddy Mountain complex. The sharp

contacts and the inclusions of gabbro in the granodiorite indicate that

the gabbro was completely solidified at the time of granodiorite
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Figure 6. Sharp contact between the gabbro (left) and the porphyritic
granodiorite (right) in the Goodrich Creek canyon (SE 1/4
SE 1/4 sec. 18, T. 16 N. , R. 2 W.). 50-cent piece gives
scale.

Figure 7. Gabbro breccia formed at the contact with porphyritic
granodiorite, from Goodrich Creek (SW 1/4 NW 1/4 sec.
20, T. 16 N., R. 2 W.). 50-cent piece gives scale.
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intrusion. The relationship between quartz diorite and the presum-

ably younger granodiorite is unknown.

Table 7. Modal analyses of a thin section that contained the contact
between the quartz diorite and the porphyritic granodiorite
(volume percent).

Mineral 15-9-17 (por. grd.) 5-9-17 (qtz. dio.)

Quartz 31 percent 15 percent

Plagioclase 40 63

Orthoclase 18 14

Amphibole 4 7

Opaque 1 -

Biotite, Epidote,
Chlorite 6 2

1 S 1/2 sec. 10, T. 16 N., R. 3 W.
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Mode of Emplacement

Discordant features of the plutonic complex with older country

rocks (Slater, 1969, and Fankhauser, 1969) and the commonly sharp

and brecciated contacts suggest that the intrusive phases were force-

fully intruded. The complex is characterized by features that are

transitional to the epizonal and mesozonal depths of emplacement that

have been described by Buddington (1959). Features suggestive of

the epizone include: (1) the presence of aplitic, aphanitic, and

porphyritic dikes; (2) lack of foliation and lineation; (3) sharp and dis-

cordant relationships to country rocks (Slater, 1969); and (4) the por-

phyritic nature of the youngest phase. Features suggestive of the

mesozone include: (1) greenschist grade of metamorphism in the

country rocks (Slater 1969); (2) no apparent direct relationship be-

tween volcanic rocks and plutons; and (3) the composite character of

the complex. Thus, available evidence indicates that the Cuddy

Mountain complex was emplaced at depths (three to seven miles)

intermediate to the epizone and mesozone.
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Origin, Correlation, and Age

Slater (1969) suggested that the Cuddy Mountain intrusive com-

plex is related to the Canyon Mountain Magma Series of Thayer and

Brown (1964). According to his interpretation the gabbro is the oldest

intrusive of the complex and the porphyritic granodiorite is the young-

est. In contrast, Fankhauser (1969) suggested that only the porphy-

ritic granodiorite is related to the Canyon Mountain Magma Series and

that the gabbro and quartz diorite are related to the younger Idaho

batholith. According to his interpretation the porphyritic granodiorite

is the oldest member of the complex. The gabbro and quartz diorite

were emplaced at a later time that post-dated regional metamorphism.

The writer is in agreement with Slater (1969) and Bruce (1970)

who believe that the Cuddy Mountain intrusive complex is genetically

related to the Canyon Mountain Series (Thayer and Brown, 1964) on

the basis of the Early Jurassic age of the complex. Moreover, the

intrusive sequence, from oldest to youngest, is gabbro, quartz

diorite, and porphyritic granodiorite. This is the normal order of

emplacement that would be expected from a differentiating parent

magma.

Each of the three principal members of the complex have been

radiometerically dated by the K/Ar method (Field and others, 1968;

and Bruce, 1970). The dates cluster about an average of approxi-

mately 200 million years. On the bases of paleontological evidence,
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the country rocks intruded by the complex range from Late Triassic

(Fankhauser, 1969) to Early Jurassic (Bruce, 1970, personal com-

munication) in age. Thus, the average and minimum 200 million

year date of the complex is correlative with a maximum paleontolog-

ical date equivalent to Early Jurassic time. The apparent contra-

diction between the radiometric dates and the paleontological evi-

dence, relative to the standard geologic time scale, clearly points to

the need for more detailed studies.
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Dikes

Four types of dikes intrude the complex. They include older

mafic, aplitic, and porphyritic rhyolite dikes, and younger feeder

dikes and plugs of Columbia River Basalt.

The mafic dikes are the oldest and normally are basaltic in

composition. They generally trend north and are steeply dipping.

They average three to four feet in width and normally extend for only

a few hundred feet. Aphanitic textures are characteristic of the ma-

jority of these dikes; however, a few of the dikes are conspicuously

porphyritic. The mafic dikes are altered as is indicated by the pres-

ence of secondary epidote, chlorite, calcite, and sericite. This al-

teration is probably the result of regional metamorphism.

Aplite dikes cut the mafic dikes and approximate a quartz

monzonite in composition. The aplitic dikes are fine grained and

exhibit an allotriomorphic equigranular texture. Alteration is limited

to minor amounts of chlorite, epidote, sericite, calcite, and biotite

that are believed to have formed during regional metamorphism.

A large porphyritic rhyolite dike cuts the intrusive complex.

The rhyolite dike trends N700E and dips very steeply to the south.

It is over three miles long and ranges up to 200 feet in width. The

dike forms bleached outcrops that typically are devoid of vegetation.

Euhedral phenocrysts of quartz and plagioclase are set in an
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aphanitic groundmass. Anhedra of quartz, plagioclase feldspar,

potassium feldspar, sericite and minor biotite comprise the ground -

mass. The rhyolite dike does not exhibit any mineralogical effects

of regional metamorphism. The dike may be genetically related to

the Cretaceous Idaho batholith because it cuts the intrusive complex

and the later dikes. Moreover, it is younger than subsequent hydro-

thermal alteration, mineralization, and regional metamorphism as

previously noted. Thus it is possibly related to Thayer and Brown's

(1964) second intrusive series. This intrusive series is related to

the Idaho batholith proper and was emplaced during Early to Middle

Cretaceous time (Thayer and Brown, 1964).

Columbia River Basalt feeder dikes and plugs intrude all other

rock units exposed in the area. The plugs were mapped and their

description is included under the Columbia River Basalt section.
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Welded Ash-Flow Tuff

General Nature and Distribution

Unconformably overlying part of the Cuddy Mountain complex is

a welded ash-flow tuff located east of Long Gulch (NE 1/4 NE 1/4 sec.

18, T. 16 N. , R. 2 W.). The single outcrop is less that 400 feet long.

The welded tuff is approximately 50 feet thick and strikes N10°W and

dips 5o NE. Contacts between the underlying porphyritic granodiorite

and overlying Columbia River Basalts are concealed. As the outcrop

consisted entirely of welded ash-flow tuff, the non-welded basal and

upper zones are presumably obscured.

The pyroclastic nature of the ash-flow tuff is discernible in the

field and is indicated by the presence of fragments of flattened pumice

and foreign rock. Bedding and sorting of materials are conspicuously

absent and obvious columnar jointing is not developed. The color of

the welded tuff on both fresh and weathered surfaces is moderate red-

dish brown (10-R-4/4).

Litho logy and Petrography

In hand specimen, weak eutaxitic structures and collapsed pumice

fragments attest to the welded nature of the tuff. The tuff contains

phenocrysts of quartz, plagioclase feldspar, and foreign material as

rock fragments and individual crystals of quartz, plagioclase feldspar
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and hornblende (?) that are weathered, altered, and broken. Rock

and mineral fragments, derived in part from grus developed on the

underlying intrusive complex, are contained in the tuff and support

the ash-flow origin of the tuff.

The primary components include unaltered phenocrysts of quartz

as subhedra and plagioclase feldspar as subhedral laths. Both are

irregularly embayed, rounded, and fractured. Other minerals iden-

tified are: biotite, iron oxide (hematite and magnetite), pyroxene (?)

and sanadine (?).

Glass shards are flattened and impart a marked eutaxitic struc-

ture. They have been compressed and molded around phenocrysts and

crystal inclusions. The original brown color of the shards has been

changed to red by subsequent oxidation and devitrification. Structures

in the original glass are partly preserved as compressed Y-shaped,

U-shaped, and curved plates. Although much of the glass has devit-

rified, the mineral products are too fine-grained to permit optical

identification. However, the presence of axiolitic-like structures

suggest that devitrification products are feldspar and cristobalite

(Ross and Smith, 1961). According to these authors the axiolitic

structures are diagnostic of ash-flow tuffs.

Compacted pumice fragments are identifiable, although their

original glassy character has been destroyed. Devitrification products
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have formed in most of the pumice fragments and the products are

feldspar and cristobalite (?).

Chemistry

A chemical analysis of the welded ash-flow tuff is compared

with that of the porphyritic rhyolite dike in Table 8. The two rocks

are similar in chemical composition. The tuff contains somewhat

more A1203, CaO, K20, and total FeO, and less Si02 and Na20 rela-

tive to the rhyolite dike. These differences in composition are not

large and are probably related to plutonic fragments containing calcic

plagioclase feldspar and ferromagnesium mineral in the ash-flow tuff.

In addition to obvious lithologic inhomogeneities between the two rock

types, distance between sample locations (over five miles) and dif-

ferences in the methods of chemical analysis might account for the

small compositional variations.

Origin, Age, and Correlation

There is no mention of pre-Miocene welded tuffs in the literature

for western Idaho and northeastern Oregon. However, the writer

tentatively suggests that the porphyritic rhyolite dike is the source for

the welded ash-flow tuff on the basis of the previously mentioned chem-

ical similarity and the same relative age (post-regional metamorphism

and pre-Columbia River Basalt). As the rhyolite dike has been related
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Table 8. Chemical analyses of two samples; a welded ash-flow tuff
(Skyline Labs, Inc. , Denver) and the porphyritic rhyolite
dike (Dr. Aoki, Tohoku University, Japan). The porphy-
ritic rhyolite dike sample was collected by Dr. Field from
an outcrop south of Rush Peak. (E 1/2 sec. 28, T. 16 N. ,

R. 3 W.).

Welded Ash-Flow Tuff
(percent)

Porphyritic Rhyolite
(percent)

Si02 6 9.1 73.16

TiO
2

0.4 0.13

A1203 15.6 14.57

Fe
2
03 0.61

(total Fe0-4.4 percent)

Fe0 1.66

Mn0 0.023 0.05

Mg 0 0.27 0.54

Ca0 2.2 0.35

Na
20

3.4 4.15

K20 4.5 3.88

H
2
0+ 0.82

H20- 0.12

P205 0.005 0.07

99.898 100.11
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to the later intrusive series of Thayer and Brown (1964) which is re-

lated to the Cretaceous Idaho batholith proper, the welded ash-flow

tuff is of probable Cretaceous age. Provided the inferred age rela-

tionships are correct, relatively little structural movement occurred

between Cretaceous and Miocene time in this part of the Cuddy Moun-

tains because the attitude of the tuff is approximately the same as the

overlying Columbia River Basalt.
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Columbia River Basalt

General Character and Relationships

The Columbia River Basalts cap the Cuddy Mountains and cover

the nearby Cambridge valley (Figure 8). These basalt flows are part

of the Columbia-Snake River Plain of Washington, Oregon, and Idaho

(Waters, 1961). Russell (1901) first described and named the

Columbia River Basalts from exposures along the Yakima River,

Washington. Waters (1961) assigned a Middle Miocene to Early

Pliocene age for the Columbia River Basalt and subdivided them into

the Yakima and Picture Gorge Members. The Yakima basalt is the

younger member and is reported to rest unconformably on the flows

of the older Picture Gorge member in the John Day basin and Imnaha

River Canyon (Waters, 1961). Within the thesis area both members

were detected and mapped; however, the unconformity was not observed

as the contact between the two members is concealed. Its location is

therefore approximate.

The Columbia River Basalts are the most widespread unit of the

area. They overlie other pre-Tertiary rocks with angular unconfor-

mity. Fragments of intrusive grus are incorporated in the lowermost

basalt flows that immediately overlie the complex. Total thickness of

the basalts exceeds 1,400 feet north of Rush Peak. The basalts gen-

erally form poor outcrops, and individual flows are commonly
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discernible only by a banding effect imparted by vegetation that cor-

responds with interflow breccias (Figure 9).

Figure 8. View of the Cuddy Mountains looking north from Cambridge
valley and showing the uplifted Columbia River Basalt.
Dashed lines indicate base of Columbia River Basalt.

Figure 9. Columbia River Basalt overlying quartz diorite (Jqd). Both
Yakima (Tyk) and Picture Gorge (Tpg) members are pres-
ent. Note the reddish more subdued outcrops of Picture
Gorge basalt. (NW 1/4 sec. 29, T. 16 N. , R. 3 W.).
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Picture Gorge Basalt

Distribution and Topographic Expression. The Picture Gorge

member of the Columbia River Basalt crops out on the Cuddy Moun-

tains and in the Cambridge valley. In all areas it is overlain by the

Yakima basalt. Characteristic features of the Picture Gorge basalt

as described by Waters (1961) are present. These include typically

rounded and gentle slopes (relative to the Yakima basalt) and sub-

dued, rubbly, often spheroidal outcrops (Figure 10). Columnar

jointing is conspicuously absent except for the lowest flow of this

member which is a prominent cliff-former (Figure 11). Individual

flows are not discernible in outcrop. Outcrops exhibit a character-

istic waxy or greasy appearance. The rock is porphyritic and con-

tains abundant olivine and chlorophaeite. Weathered surfaces of the

Picture Gorge basalts commonly have a color that varies from light

brown (5-YR-5/6) to a grayish brown (5-YR-2/1). Fresh surfaces

have a color of brownish black (5-YR-2/1).

Interbedded sediments were locally observed in one logging road

cut (NW 1/4 NW 1/4 sec. 17, T. 16 N. , R. 2 W.). One plug of

Picture Gorge-like basalt was mapped (SW 1/4 sec. 18, T. 16 N. ,

R. 2 W.).
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Figure 10. Typical rubbly, spheroidal outcrop of Picture Gorge
basalt. Located in a road cut just south of the area
(NW 1/4 sec. 14, T. 15 N. , R. 3 W.).

Figure 11. Lowest flow of the Picture Gorge basalt, note the develop-
ment of atypical columnar jointing. (NE 1/4 NE 1/4 sec.
28, T. 16 N. , R. 3 W.).
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Lithology and Petrography. The Picture Gorge basalts exhibit

porphyritic intergranular textures and are nearly holocrystalline.

Phenocrysts of olivine, plagioclase, and rarely pyroxene are identi-

fiable in hand specimen and can range up to 2 cm in length. The

groundmass consists of plagioclase laths, iron oxide subhedra,

pyroxene, and olivine. Analcite was observed as fillings in cavities.

Plagioclase feldspar is present as phenocrysts and in the ground-

mass as labradorite and comprises over 37 percent of the rock (see

Table 9). Olivine is always present as subhedral phenocrysts and

interstitial crystals in small amounts ranging from five to fifteen

percent. Pyroxene occurs as light brown clinopyroxene (augite?)

anhedra. Pale brown volcanic glass and tachylyte in trace amounts

are found in most samples; however, sample 4-7-30 contains a some-

what larger amount of glass.

The stratigraphically lowest Picture Gorge flow observed within

the thesis area is strongly porphyritic with phenocrysts of olivine. It

forms a dark blackish gray rimrock (Figure 11) that is a typical of the

Picture Gorge flows. Sample 2-8-18 is from this flow (see Table 9).
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Table 9. Modal analyses of two Picture Gorge basalt samples taken
from the thesis area and an average analysis of the Picture
Gorge basalts in the Imnaha section, as given by Waters
(1961). (volume percent)

Mineral
2-8-181

(percent)
4-7-30z

(percent)
Average Imnaha 3

(percent)

Plagioclase 37 44 46.5

Olivine 15 10 6.7

Pyroxene 31 24 29.5

Opaque 17 12 7.2

Glass tr 10 7.0

1 NE 1/4 NW 1/4 sec. 28, T. 16 N. , R. 3 W.
2 SE 1/4 NE 1/4 sec. 5, T. 15 N. , R. 2 W.
3 Average of Picture Gorge Basalts from the Imnaha Canyon as given

by Waters (1961).
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Chemistry. Two samples of Picture Gorge basalts were chem-

ically analyzed and the results are listed in Table 10 along with an

analysis of an average Picture Gorge basalt as given by Waters (1961).

Sample 4-7-30 is typical of the older basalt and was collected near

the stratigraphic top of the Picture Gorge member (SE 1/4 NE 1/4

sec. 5, T. 15 N. , R. 2 W.). Sample 2-8-18 is from the stratigraph-

ically lowest flow that has been previously described.

Sample 2-8-18 is abnormally lower in Si02 and A1203 and abnor-

mally higher in Ti02, MgO, CaO, and total Fe0 than the average Picture

Gorge basalt. The unusual chemical composition of this sample can

be explained by its mineralogical composition: abundant olivine, iron

oxides, and pyroxene relative to plagioclase feldspar. This flow may

be related to an older series of basalts and will be discussed in a later

section.

The chemistry of sample 4-7-30 is more typical of the average

Picture Gorge basalt. The higher content of SiO
2

and lower content

of Ca0 are probably the result of random variations within the flow

sampled. Mineralogical changes that could produce these differences

include relatively more sodic plagioclase and less abundant pyroxene.

The A1203, Na20, MgO, and K20 values are typical of the Picture

Gorge basalt.

Origin and Thickness. The Picture Gorge basalts originated as

eruptions from plugs and fissures. Porphyritic basalt dikes and plugs
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Table 10. Chemical analyses of three samples of Picture Gorge
Basalts. Samples 1-8-18 and 4-7-30 are from the thesis
area. The other analysis is an average of Picture Gorge
type basalts by Waters (1961). Sample 1-8-18 is abnor-
mally high in olivines, opaques, and pyroxenes. Sample
4-7-30 is abnormally high in. glass, (see Table for modal
analyses). Sample 1-8-18 analyzed by Dr. Aoki, Tohoku
University, Japan,and sample 4-7-30 by Skyline Labs,
Inc. , Denver.

1-8-18
(percent)

4-7-30
(percent)

Average Basalt 1

(percent)

Si02 41.30 51.4 49.5

TiO
2

3.08 1.6 1.6

A1203 13.75 15.4 15.5

Fez03 4.09 3.8
13.9

Fe0 10.61 7.8

Mn0 0.17 0.023 0,2

Mg0 10.21 7.3 6.2

Ca0 10.54 7.5 10.2

Na
20

1.98 2.6 2.8

Ic
2

0 1.38 0.72 0.6

H20+ 1.63 7

1.6

H20- 0.99 7

P205 0.24 0.01 0.2

98.65 99.899.97

1 Average of Picture Gorge Basalts by Waters (1961).
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are reported in the Cuddy Mountains (Slater, 1969; Fankhauser, 1969;

and Bruce, 1970, personal communication) and one large porphyritic

basalt plug was mapped in the thesis area (SW 1/4 SW 1/4 sec. 18,

T. 16 N. , R. 2 W.). This plug is remarkably similar in mineralogy

and texture to the lowest flow of Picture Gorge Basalt mapped in this

area.

The thickest section of Picture Gorge basalt occurs to the north

of Rush Peak where it is over 500 feet thick. However, the older

basalts vary in thickness depending upon pre-Columbia River basalt

topography. The pre-basalt topography ranges from steep hillsides to

gentle slopes and is best illustrated by the extrusive-intrusive contact

located in Rush Creek canyon (SE 1/4 SE 1/4 sec. 16, T. 16 N. , R.

3 W.).

Age and Correlation. The Picture Gorge member of the

Columbia River Basalt is reported to be Middle to Late Miocene in

age (Waters, 1961). The lowest stratigraphic basalt flow is described

as Picture Gorge basalt in the previous sections. However, on the ba-

sis of chemical similarity this flow may be related to an older series

of basalts described as the High-Titania Alkali-Olivine Basalt by

Robinson (1969). The High-Titania Alkali-Olivine Basalts of north-

central Oregon are Oligocene to Early Miocene in age and are char-

acterized by relatively low Si02 and 1(20 and high TiO2 and iron

(Robinson, 1969). Most likely, however, this porphyritic flow is
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part of the Picture Gorge basalt and represents a local variation from

typical Picture Gorge basalts as described by Waters (1961).

Yakima Basalt

Distribution and Topographic Expression. The Yakima basalt

caps the Cuddy Mountains and nearby hills in Cambridge valley and

the flows normally overlie those of the Picture Gorge member. The

unconformity between the two members as reported by Waters (1961)

was not observed in the thesis area. The Yakima basalts are typically

fine grained and equigranular. Flows of the younger Yakima member

form steep slopes and good outcrops. They exhibit a banded outcrop

pattern due to vegetation growth along porous horizons. Columnar

jointing is distinguishable in a few of the better outcrops (Figure 12).

Opal may be present as cavity fillings in the vesicular parts of the

Yakima flows. Weathered and fresh surfaces vary from grayish black

(N-2) to light dusky brown (5-YR-2/2) in color. In addition to the

flows two plugs of Yakima-like basalt were mapped (NE 1/4 NW 1/4

sec. 27, T. 16 N. , R. 3 W. and NE 1/4 NW 1/4 sec. 20, T. 16 N. ,

R. 3 W.).

Litho logy and Petrography. The Yakima basalt commonly ex-

hibits microcrystalline intersertal texture and is mostly hypocrystal-

line. A typical modal analysis is given in Table 11.



Figure 12. Columnar jointing typical of the younger Yakima flows.
Four-foot long hammer gives scale. (SE 1/4 SE 1/4
sec. 1, T. 16 N. , R. 3 W.).
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Table 11. Modal analysis of a typical Yakima basalt ( 3-9-17) from
the area of study (volume percent).

Mineral
3-9-17 1

( percent)

Plagioclase 46

Pyroxene 28

Opaque 10

Glass 15

Olivine 1

1 NE 1/4 SW 1/4 sec. 10, T. 16 N. , R. 3 W.

Plagioclase feldspar is the dominant mineral and occurs as

subhedral labradorite laths. Pyroxene is present as anhedral clino-

phroxene crystals that are clear to light brown in color. Magnetite

is the common opaque mineral and is present as ubiquitous subhedra.

The abundance of olivine never exceeds one percent and it is largely

altered to iddingsite and saponite. Dark-colored tachylyte is a rela-

tively abundant component of the groundmass.

Chemistry. In Table 12 a single analysis of Yakima basalt

(3-9-17) from the Cuddy Mountains is compared to the average com-

position of Yakima basalt as given by Waters (1961). Both the sample

and the average basalt are nearly identical in chemical composition.

The chemical differences between the samples from the thesis area
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Table 12. Chemical analysis of typical Yakima Basalt from the thesis
area and an average chemical makeup of Yakima Basalts
as taken from Waters (1961). Sample 3-9-17 analyzed by
Dr. Aoki, Tohoku University, Japan.

3-9-17
(percent)

Average Yakima Basalts
(percent)

Si02 52.61 53.8

TiO2 22.39 2.0

A1203 13.78 13.9

Fe
203

4.17 2.6

Fe0 9. 50 9.2

Mn0 0.20 0.2

Mg0 3.48 4.1

Ca0 7.09 7.9

Na
20

3.14 3.0

K20 1.58 1.5

H 0+ 0 .83
2 1.2

H20- 0.62

P205 0.26 0.4
99.59 99.8
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of Picture Gorge and Yakima basalts (see Tables 10 and 12) are

similar to those previously stated by Waters (1961). The Yakima

basalt is higher in Si02, K20, and TiO2 and lower in A1203, and Mg0

than in the Picture Gorge basalt.

Origin and Thickness. The Yakima lavas originated as erup-

tions from plugs and fissures. Aphanitic basaltic dikes and plugs are

reported in the Cuddy Mountains (Fankhauser, 1969; and Bruce, 1970,

personal communication) and two basaltic plugs were mapped in the

thesis area. These plugs are similar in mineralogy and texture to

the Yakima basalt of the area.

The thickest section of Yakima basalt is north of Rush Peak

where it is over 900 feet thick. The thickness varies somewhat de-

pending upon pre-basalt topography and recent erosion. In the

northern corner of the thesis area (SE 1/4 SE 1/4 sec. 1, T. 16 N.,

R. 3 W.) the younger basalts rest directly on the intrusive complex

and have a thickness of approximately 200 feet. In the Cambridge

valley the thickness of the Yakima basalt varies from 500 to 800 feet

depending on the degree of erosion.

Age and Correlation. The Yakima basalts are Late Miocene to
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Early Pliocene in age (Waters, 1961). They are part of the Columbia-

Snake River plain of Washington, Oregon, and Idaho.



Quaternary Deposits

Air Fall Tuff

58

An unconsolidated air fall tuff (ash?) was found in upper

Goodrich Creek (SE 1/4 NW 1/4 sec. 7, T. 16 N. , R. 2 W.). The

tuff is grayish white in color and contains abundant pumice. It ap-

pears to unco.nformably overlie the Columbia River Basalt and other

pre-Quaternary units.. The areal distribution of this tuff is limited

and as a consequence the unit was not mapped. Vallier (1967) has

described a similar ash unit that is exposed along the Snake River

20 miles to the northwest.

Alluvium and Landslide Material

Unconsolidated deposits of glacial and stream debris are pres-

ent in the major canyons and along the southern front of the Cuddy

Mountains and were mapped as alluvium. Boulders are present both

in the glacial valleys (East Pine Creek, Rush Creek, Goodrich Creek)

and as erratics that are distant from obvious source areas. A prom-

inent boulder field is located near lower Cow Creek (SE 1/4 NW 1/4

sec. 6, T. 16 N. , R. 2 W.).

Significant landslide material is present west of Goodrich Creek

and in the upper part of Rush Creek and was mapped separately from

the alluvium.
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STRUCTURAL GEOLOGY

Regional Structures

The location of the thesis area with respect to Late Cenozoic

structures of western Idaho and eastern Oregon is shown in Figure 13.

The area is in the Columbia Plateau Province as defined by Hamilton

(1962), which is characterized by irregular domal and anticlinal

uplifts and northwest-trending faults. These structures are super-

imposed upon east to northeast-trending structures and contacts in

low-grade metamorphic rocks that have been intruded by semicon-

cordant stocks and small batholiths.

The post-Columbia River Basalt structure of the Cuddy

Mountains has been interpreted by Cook (1954) to represent a north-

trending doubly plunging anticlinal uplift, the trend of the anticline

having been controlled by pre-basalt structures. Fankhauser (1969)

concurs with this interpretation, and further postulates that faulting

had little to do with the present topographic expression and geologic

configuration of the present Cuddy Mountains.

The present writer suggests that in the map area the uplift of

the Cuddy Mountains was accomplished by movement along a major

fault rather than by anticlinal warping. The southern face of the

Cuddy Mountains, therefore, forms a fault line scarp as defined by

Stokes and Varnes (1955). The escarpment is evident on topographic
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maps, aerial photographs, and in the field (Figure 8). The fault

strikes east-northeast and may be traced as an arcuate lineation for

at least 20 miles on aerial photographs. Hamilton (1962) includes

this fault on his regional map of west central Idaho (Figure 13). It

forms the east end of a more northwest-trending normal fault.

Pre-Miocene Deformation

The structural history of pre-Tertiary rocks of the Cuddy

Mountains is briefly summarized below. Because Mesozoic country

rocks are lacking in the thesis area, most Pre-Miocene structures

are difficult to identify and thus the discussion is limited to a sum-

mary of deformational events as reported by other investigators.

The oldest episode of deformation in the Cuddy Mountains is

recorded in contorted Seven Devils Volcanics (Slater, 1969; and

Fankhauser, 1969). A second episode of deformation is recorded

between the time of deposition of the Seven Devils Volcanics

(Fankhauser, 1969; and Slater, 1969) and is characterized by faulting

(Slater, 1969). Within the thesis area evidence of this deformational

episode is restricted to cataclastic features in parts of the intrusive

complex.

The next deformational period recorded in the rocks is the up-

lift and erosion of pre-Tertiary rocks prior to the deposition of the

overlying Columbia River Basalts. Evidence for this deformation in
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the map area is based on the nonconformity between Mesozoic intru-

sive rocks and Columbia River Basalts (Slater, 1969; Fankhauser,

1969; and Bruce, 1970, personal communication).

Post-Miocene Structures

The youngest period of deformation occurred after the deposi-

tion of the Columbia River Basalts. It is manifested by steeply dip-

ping faults and minor folds that formed during regional uplift of the

Cuddy Mountains. Faults are the dominant structures in the area of

study. The linear traces of the faults indicate that they are steeply

dipping or vertical. Although the up and down side of the faults can be

recognized the angle or direction of dip could not be determined.

Because west-central Idaho is characterized by known normal faults

(Hamilton, 1962), it is not unreasonable to conclude that the faults are

steeply dipping normal faults.

Two northwest-trending faults were mapped in the central part

of the thesis area. This trend is typical of the Columbia Plateau

Province (Hamilton, 1962). The largest fault follows Cow Creek and

is identified from aerial photographs, geologic off-set of the Picture

Gorge basalt-intrusive contact, and the change in attitude of the Picture

Gorge flows across the fault (Figure 14). The vertical displacement

of the basalt-intrusive contact is approximately 500 feet. This fault,

in turn, is apparently offset by a younger east-northeast trending fault.
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Figure 14. View north towards Cow Peak showing the offset of the
Picture Gorge-intrusive contact (dashed line) and the
change in attitude of the lavas across the fault (solid line).
Also note the escarpment in the foreground along the east
side of Rush Creek.

The other northwest-trending fault forms an escarpment along the

east side of Rush Creek valley (Figure 14). It is evident from the

section of Picture Gorge basalt exposed and the linear scarp. How-

ever, this fault could not be traced into the intrusive complex to the

north.

The major fault, believed responsible for uplift of the Cuddy

Mountain area, trends east-northeast across the thesis area (Plate

1). Evidence for this fault includes: (1) the pronounced escarpment

formed by the southern face of the Cuddy Mountains; (2) the possible

truncation of an older fault (see Plate 1); (3) the steeply dipping fault
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trace between intrusive complex and Yakima basalt flows (Figure 15);

and (4) the rapid change in attitude of the basalt flows between the top

of the mountains and the Cambridge valley. Based on the offset of

the approximate Picture Gorge-Yakima basalt contact, the largest

vertical displacement on this fault is over 2,000 feet south of Rush

Peak. Possible offset of an older fault suggests that this fault might

have a minor right-lateral strike-slip component of movement. The

fault may have followed pre-existing structures because it parallels

the rhyolite dike and zones of intense alteration are found near its

trace. To the east the fault appears to splinter into several smaller

faults.

Figure 15. View east towards Goodrich Creek showing fault contact
between Yakima basalt (Tyk) and gabbro (Jgb).
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One other fault trends nearly east-west along an apparent es-

carpment in the southeastern part of the area. The linear escarpment

and the exposure of Picture Gorge basalt constitutes the principal

evidence for this fault.

Folding is subordinant to faulting in the thesis area and probably

had little to do with uplift of the Cuddy Mountains. One minor syncline

was mapped in the area. This fold is located at the eastern edge of

the mapped area. Its axis trends northwest and nearly parallels two

normal faults which lie on either side.
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REGIONAL METAMORPHISM

The intrusive complex and associated later mafic and aplitic

dikes have undergone regional metamorphism equivalent to the green-

schist facies as defined by Turner (1968). The metamorphic minerals

common to both earlier members of the intrusive complex and late r

dikes are: epidote, chlorite, biotite, sericte, and quartz (?). Cal-

cite and actinolite occur in trace amounts. These minerals occur as

alteration products of primary minerals (chiefly the ferromagnesium

minerals). Elsewhere, however, the same minerals found in veins

and massive replacement zones are believed to be products of hydro-

thermal alteration.

The last episode of regional greenschist metamorphism in

western Idaho and eastern Oregon has been dated as Middle Jurassic

by both Hamilton (1963) and Vallier (1967). As the porphyritic rhyolite

dike is not affected by regional metamorphism, it is clearly post-

Middle Jurassic in age. Accordingly, the rhyolite dike is believed to

be a part of a second major intrusive series as described by Thayer

and Brown (1964) and thus is related to the younger Cretacous Idaho

batholith.
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ALTERATION AND MINERALIZATION

Economic Geology

In the Cuddy Mountain area several mines have been active in

the past. Production from these mines was mainly silver, gold, cop-

per, and lead. Approximately two miles west of the map area a pos-

sible disseminated copper deposit, known as the IXL property, has

been investigated by various companies since before the turn of the

century (Livingston and Laney, 1920). Recently the property has

undergone extensive investigation by several major companies. Other

mines nearby to the west are the Belmont and Railroad mines. North

of the thesis area the Lead Zone and Cuddy mines have produced small

quantities of gold, copper, and silver (Livingston, 1923).

There are no mines or major prospects in the thesis area. Two

adits are present in the alteration zone of Goodrich Creek canyon

(NW 1/4 sec. 20, T. 16 N., R. 2 W.). One has caved and the other

extends for about 100 feet into the hillside following a zone of intense

silicification.

Distribution and Types of Alteration

Mineralogical changes imposed by hydrothermal alteration are

extremely difficult to differentiate from those caused by regional

metamorphism. They are identifiable in a few places as veins or
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massive replacement zones. Hydrothermal alteration in these areas

conforms to either the propylitic type as described by Creasy (1966)

or to silicification and propylitic types as defined by Meyer and Hem ley

(1967). The common alteration minerals observed include epidote,

chlorite, calcite, quartz, sericite, and kaolinite.

Propylitic alteration is indicated by epidote, chlorite, and cal-

cite (+ pyrite) veins and massive zones of epidote replacement. Veins

of hydrothermal epidote are most abundant in a east-northeast zone

that lies near to and parallels the major fault of the area. The in-

tensity of veining appears to increase to the east. In addition, the

eastern extension of this zone in Goodrich Creek is marked by intense

epidote replacement. Silicification is usually closely associated with

areas of more intense propylitic alteration.

Quartz veins are widespread throughout the plutonic complex.

Bleached selvages parallel many of the quartz veins (Figure 16) and

they are characterized by the alteration of alkali feldspar to sericite.

The zones of intense propylitic alteration contain quartz as both mas-

sive cavity fillings in veins and locally as the matrix of breccias.

Distribution and Types of Mineralization

Mineralization is sparse within the area of study and where

present it consists largely of pyrite and minor chalcopyrite. No other

minerals of economic significance were identified. Trace element
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Figure 16. Alteration envelopes surrounding quartz veins. Note
the gabbroic inclusion. Location is in Goodrich Creek
(SW 1/4 NW 1/4 sec. 20, T. 16 N. , R. 2 W.).
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analyses of the major rock units are given in Table 13. The trace

element values are representative of background concentrations and

do not indicate the presence of other economic minerals.

Table 13. Trace Element analyses of seven samples from the area
of study by Rocky Mountain Geochemical Corp. (parts per
millon).

Sample
ppm

Copper
ppm

Molybdenum
ppm
Zinc

ppm
Lead

ppm
Silver

3-9-171 65 -1 90 10 -.1

1-8-182 100 6 115 80 0.2

11-9-173 55 1 40 20 -.1

4-10-94 100 1 100 20 -.1

1-7-265 85 -1 55 10 -.1

4-7-296 50 2 45 10 -.1

14-9-67 20 -1 60 10 -.1

1 Yakima Basalt: NE 1/4 SW 1/4 sec. 10. T. 16 N. , R. 3 W.

Picture Gorge Basalt: NE 1/4 NW 1/4 sec. 28, T. 16 N., R. 3 W.
3 Gabbro: NE 1/2 sec. 24, T. 16 N. , R. 3 W.
4

5

6

Quartz Diorite: SW 1/4 SW 1/4 sec. 15, T. 16 N. , R. 3 W.

Quartz Diorite: E 1/2 sec. 28, T. 16 N. , R. 3 W.

Porphyritic Granodiorite: NW 1/4 NW 1/4 sec. 19, T. 16N., R. 3 W.
7 Porphyritic Granodiorite: SW 1/4 SW 1/4 sec. 17, T. 16 N., R.

2 W.
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Pyrite occurs as disseminations, veins, and irregular masses.

It is associated with hydrothermally altered host rocks and is most

abundant in zones of intense silicification and propylitic alteration.

Pyrite that is associated with contact metamorphic effects occurs as

disseminated subhedra.

Chalcopyrite is the only copper sulfide identified. It is localized

as irregular blebs in the intensely silicified and propylitized zones

of Goodrich Creek canyon. Surficial oxidation of the chalcopyrite has

produced malachite and azurite. These copper carbonates are pres-

ent in two locations. One area is in the intensely altered zone in

Goodrich Creek canyon and the other is along the porphyritic grano-

diorite-gabbro contact south of Rush Peak (NE 1/4 sec. 30, T. 16 N. ,

R. 3 W.).

Paragenetic or zonal patterns of hydrothermal alteration and

mineralization could not be related to any single member of the in-

trusive complex. It is likely, however, that both hydrothermal al-

teration and mineralization were caused by late aqueous fluids derived

from the porphyritic granodiorite magma because the effects are

noted in all earlier phases of the intrusive complex.

Rock and Stream Sediment Geochemistry

Samples of the host rock (Rock Chip) and fault gouge (SS-3) from

the adit previously mentioned were analy2ed for trace elements and
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the results are listed in Table 14. They show anomalous concentra-

tions of copper and zinc (up to 2300 and 135 ppm respectively).

Stream sediment samples were collected from the major streams

and Goodrich Creek was sampled at several locations to determine if

the alteration zone would display a geochemical anomaly. The results

are given in Table 14. Most stream sediment samples exhibit weakly

anomalous values for zinc (up to 140 ppm) and the sample from Camp

Creek yields a moderately strong copper anomaly (345 ppm). This

may reflect the mineralized granodiorite-gabbro contact 2,000 feet

up the creek to the north.
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Table 14. Trace Element analyses of stream sediments, fault gouge,
and rock chip samples (in parts per million). Analyses by
Rocky Mountain Geochemical Corporation.

ppm ppm
Sample Copper Molybdenum

ppm
Zinc

ppm
Lead

SS-6
1

50 -1 140 20

SS-1
2

50 -1 140 10

SS-23 50 -1 130 20

SS-54 50 -1 140 20

SS-45 345 -1 80 10

SS-36 (gouge) 85 1 135 20

Rock Chip7 = .23 -1
percent

55 20

1 Upper Goodrich Creek: NW 1/4 sec. 7, T. 16 N. , R. 2 W.

2 Middle Goodrich Creek: SE 1/4 SE 1/4 sec. 18, T. 16 N., R. 2 W.

3 Lower Goodrich Creek: SW 1/4 NE 1/4 sec. 20, T. 16 N., R. 3 W.

4 Lower Rush Creek: NE 1/4 SE 1/4 sec. 28, T. 16 N. , R. 3 W.

5 Lower Camp Creek: SW 1/4 NW 1/4 NW 1/4 sec. 31, T. 16 N.,
R. 3 W.

6 Fault gouge from adit: NW 1/4 sec. 20, T. 16 N. , R. 2 W.

7 Rock chip from adit: NW 1/4 sec. 20, T. 16 N. , R. 2 W.
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GEOLOGIC SUMMARY

The oldest geologic event discernible in the thesis area is the

intrusion of the Cuddy Mountain complex. Members of the complex

in chronological order of emplacement include gabbro, quartz diorite,

porphyritic granodiorite, and later mafic and silicic dikes. This

plutonic event took place in Early Jurassic time (Field, 1970, personal

communication); after the deposition of the Seven Devils Volcanics,

Cuddy Mountain Limestone, Red Conglomerate, and Porphyritic

Rhyolite Tuff, and prior to the deposition of the Lucile Series ac-

cording to evidence from nearby areas (Bruce, 1970, personal com-

munication; and Slater, 1969).

Hydrothermal epidote veins and massive zones of epidote re-

placement appear to be associated with the late residual fluids derived

from the porphyritic granodiorite magma. Pyrite and chalcopyrite

deposits are localized as irregular masses in the most intense zone

of hydrothermal alteration.

Country rocks and major phases of the intrusive complex were

regionally metamorphosed to the greenschist facies in Middle Jurassic

time (Vallier, 1967; and Hamilton, 1963). A porphyritic rhyolite dike

post-dates the regional metamorphism and is postulated to be of

Cretaceous age as it cuts the intrusive complex, the hydrothermal

alteration and mineralization, and has not been subjected to regional
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metamorphism. A welded ash-flow tuff unconformably overlies a

part of the intrusive complex. The rhyolite dike is suggested as

being the origin for the welded ash-flow tuff.

The absence of significant sedimentary rocks of Late Jurrassic

to Early Miocene age, deep weathering of parts of the intrusive com-

plex, and evidence of significant pre-basalt topography, collectively

suggest that the Cuddy Mountain area formed a topographic high during

most of this interval of geologic time.

Columbia River Basalts were erupted during Middle Miocene to

Early Pliocene time (Waters, 1961) and covered all pre-Tertiary

rocks. The presence of basaltic plugs and fissures in the area sug-

gest that part of this volcanic cover, including both older Picture

Gorge and younger Yakima members of the Columbia River Basalt,

may have been derived locally.

Major faulting and minor folding took place during Late Tertiary

and Quaternary time. The uplift of the Cuddy Mountain area is sug,

gested as being accomplished by major faulting rather than anticlinal

warping as indicated by others. Subsequent erosion and more recent

glacial and stream activity have exhumed pre-Tertiary rocks and have

formed the present topography of the Cuddy Mountain area.
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