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The oldest rocks of the Sturgill Peak area are herein named the
grassy slope phyllites, and are of Permian (?) age. They are
divided into a phyllitic member, consisting of complexly folded and

highly sheared phyllites and phyllitic cherts, and a limestone member,

containing sheared limestone, silicified limestone, and chert. The

grassy slope phyllites are in fault contact with the underlying
sedimentary rocks of Jurassic age. The grassy slope phyllites
may correlate with the Burnt River Schist of northeast Oregon.
Andesitic to dacitic welded tuffs and volcanic flows of the Upper

Triassic Seven Devils Volcanics have a minimum thickness of 3,200

feet in the Sturgill Peak area. Rare interbeds of metaconglomerate,

volcaniclastic wackes, and metachert are present.
The Jurassic Sturgill Peak rhyolite welded tuff was deposited
unconformably on the Seven Devils Volcanics, The welded ash flow

origin of the unit is documented by relict eutaxitic textures. The unit

is up to 700 feet thick, but is characterized by highly variable thick,
nesses that are attributed to an interval of erosion that followed
deposition of the welded tuff.

The Mann Creek slates, an estimated 3, 000 feet in thickness,
consist predominantly of slates, with lithic and feldspathic wackes,
and limestone.

They tectonically overlie the rhyolite welded tuff

and Seven Devils Volcanics. The contact is marked, in part, by the

conglomeratic schist lithology that was formed by shearing. The
conglomeratic schist is correlated with the Red and Green Conglom-

erate (Brooks, 1967) and shearing is attributed to faulting along the
Bayhorse Thrust (Livingston, 1932). The Mann Creek slates are
correlated with the Lucile Series of the Cuddy Mountains (Slater,
1969) on the basis of similar lithology.

Between Early to Middle Jurassic and Early Cretaceous time, a
small serpentinite body was emplaced along the thrust fault that

separates the Mann Creek slates and the grassy slope phyllites. The
occurrence of ultramafic rocks suggests that this fault may be of
regional importance.

The Sturgill Peak intrusive complex is believed to have been

emplaced in Early Cretaceous time. Members of the complex, in
order of emplacement, are hybrid gabbro (containing secondary

quartz), quartz diorite, granodiorite, and mafic and felsic dikes and

quartz veins. The Early Cretaceous age is based on two 120 million

year K-Ar age dates from the granodioritic phase, as reported in
Henricksen, Skurla, and Field (1972), Because of problems involving

the dated rock, the complex could be older. Intrusion of the complex
resulted in contact metamorphism of the country rocks to the

hornblende-hornfels facies, and the formation of minor hydrothermal

mineral deposits containing small amounts of copper, silver, and gold.
Uplift and erosion during Cretaceous and Tertiary time exposed
the intrusive complex. In Early to Middle Miocene time (Waters,

1961) flows of Picture Gorge Basalt completely buried the basement

rocks of the Sturgill Peak area. In Middle to Late Miocene to Early
Pliocene time (Waters, 1961) flows of Yakima Basalt were deposited,

with slight angular unconformity, on the underlying Picture Gorge
Formation.

Pre-Tertiary rocks were uplifted above the Columbia River
Basalts by major northwest and northeast-trending normal faults in

late Tertiary and Quaternary time.
In terms of plate tectonic concepts, the Seven Devils Volcanics,

Mann Creek slates, and grassy slope phyllites are considered to be an

island arc, arc-trench gap sediments, and deep sea sediments,
respectively. Late Permian to Middle (?) Jurassic deformation is

related to the separation of North American and African plates.

Assuming the 120 million year age is correct, the Sturgill Peak

intrusive complex may be related to subduction along the western

margin of the North American plate in Early Cretaceous time, perhaps predating the separation of the European and North American
plates.
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GEOLOGY OF THE STURGILL PEAK AREA,
WASHINGTON COUNTY, IDAHO
L INTRODUCTION

Location and Accessibility

The thesis area comprises 16 square miles in the Hitt Mountains,
Washington County, Idaho. The four corners of the area are sec.

17, 32, and 35 of T. 15 N.

,

R. 5 W.

,

14,

Sturgill Peak Quadrangle,

Idaho. The Cuddy Mountains and Seven Devils Mountains are approxi-

mately 7 and 40 miles to the north, respectively. A part of the Salmon
River Mountains is located 40 miles to the east, and the Wallowa
Mountains are located approximately 50 miles to the northwest.

Good access is provided via Forest Service roads, logging

roads, and foot trails. Direct access from the northern one-third of
the area to the southern two-thirds is by jeep trail only.
Topography, Climate, and Vegetation
The area mapped includes the high ridge of the Hitt Mountains.

The ridge is horse-shoe shaped and opens to the southwest. Sturgill

Peak occupies the center of curvature of the horse-shoe and forms
the highest point in the range. Topography ranges from gentle slopes

in the northeast corner, to steep slopes elsewhere in the area mapped.
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The major differences in topography are due to Late Tertiary block
faulting. Maximum topographic relief is 2, 780 feet.

The climate varies from semi-arid to alpine, and is determined
principally by altitude and location. Summer temperatures range

from highs of 70-80°F to lows of 35-450F. Winter snowfall generally
exceeds five feet.

The natural vegetation of the thesis area includes pine, fir,

aspen, sagebrush, grassland, and low underbrush.
Previous Studies

There are no published investigations of the thesis area. However, Livingston (1932) mentioned the Sturgill Peak area in connection

with his discussion of the Bayhorse Thrust Fault.
Previous geologic studies in the Hitt Mountains region were

largely of a reconnaissance nature and related to the ore deposits of
the Mineral Mining District (Figure 1).

Lindgren (1901), Turner

(1908), Livingston (1925), and Anderson and Wagner (1952) have

described the ore deposits and general stratigraphy of the district.
The stratigraphy of the district was also discussed by Thayer and
Brown (1964).

The Iron Mountain District, located east of Mineral,

was described by Kirkham (1931) and Mackin (1953).

Current geologic research in the Mineral District is being conducted by Thomas A. Henricksen (Doctoral thesis in progress, by

Figure I. Index map of the thesis area.
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George S. Williams of the University of Idaho, and by Cyprus Mines
Corporation.

Livingston (1920, 1925, 1932) described the mineral deposits,

general geology, and thrust faults of the region. Brooks and Vallier
(1967) have published reconnaissance geologic maps and discussed the

general stratigraphic relations of the Snake River area, Paris (1969)
did detailed mapping from the Snake River to within one mile of the

thesis area. Recent mapping in the Cuddy Mountains was done by
Wracher (1969), Fankhauser (1969), Slater (1969), King (1971), and
Bruce (1971).

Purposes of the Study

The purposes of the investigation were to: (1) map the litholo-

gies and structures of the area, (2) determine the relative ages of the
intrusions and relate them to the others in the region, (3) examine the

alteration and mineralization related to these intrusions, (4) determine the structural relations between the Hitt Mountains and the
Columbia River Basalt, and (5) to differentiate between the Picture
Gorge and Yakima Basalts of the Columbia River Group.
Methods

Ten weeks were spent in field studies during the summers of
1971 and 1972.

Mapping was done on the U. S. Geological Survey,

5

Sturgill Peak, Idaho quadrangle map enlarged to a scale of 1:24, 000.

Low level aerial photographs greatly assisted in the compilation of
the field map.

Eighty-eight thin sections, 1 by 1, 5 inches in size, were

examined and modal analyses of representative samples were obtained
with a mechanical stage and point counter. One thousand points were
counted for all modal analyses except sample SS-74-A in which 700
points were counted. Chemical and trace element analyses were

obtained for samples representative of four major lithologies.
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IL REGIONAL SETTING

The Sturgill Peak area is located in the Columbia Arc, defined
by Taubeneck (1966, p. 2113) as "the arcuate portion of the Nevadan

orogenic belt in the states of Oregon, Idaho, and Washington. " Within

this belt are Late Paleozoic volcanic and sedimentary rocks and
Mesozoic sedimentary, volcanic, and intrusive rocks.

Sturgill Peak lies within a north-northeast-trending, westwarddipping series of beds that extends from the Seven Devils Mountains,
Idaho to approximately Huntington, Oregon. The oldest rocks in the

section are correlated with the Burnt River Schist by Paris (1969).
Brooks and Varner (1967) assign an age of Late Paleozoic possibly

Permian to these rocks. The Seven Devils Volcanics are Permian
to Late Triassic in age (Hamilton, 1963). Fossil evidence suggests
that the volcanic rocks exposed from the Cuddy Mountains southward,

to near Huntington, are Late Triassic in age (Brooks and Vallier,
1967; Slater, 1969).

Cook (1954) correlates the Seven Devils Volcanics

with the Clover Creek Greenstone of northeast Oregon, considered
Permian by Gilluly (1937).

Rocks of Jurassic age unconformably overlie the Seven Devils
Volcanics from the Cuddy Mountains southward to Lime, Oregon.

The units include the rhyolite welded tuff, Red and Green Conglom-

erate, and Lucile Series. The Rhyolite Welded Tuff was originally
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described by Livingston (1925) who traced the unit from the Bayhorse

Mining District, located north of Huntington, through the Mineral and

Sturgill Peak areas, to the Cuddy Mountains. South of the thesis area,
the Red and Green Conglomerate, originally described by Brooks (1967)

from exposures near Lime, overlies the rhyolite. Brooks (1967)

reported Early Jurassic fossils in the unit. A similar conglomerate is
found in the Cuddy Mountains (Slater, 1969; Fankhauser, 1 969; Bruce,
1971).

However, this conglomerate is stratigraphically below the

Rhyolite Welded Tuff. Fossil evidence, reported by Bruce (1971),

indicates that the conglomerate is also Early Jurassic in age. Field
evidence suggests the two Red and Green Conglomerates are separate
units (Field, 1973, personal communication). Sedimentary rocks that

overlie the previously described Jurassic rocks have been correlated
with the Lucile Series by Field, Bruce, and Fankhauser (1968). This
unit was originally described by Wagner (1945) from an area near

Lucile, Idaho, and is believed to be Early Jurassic or younger in age.
The sedimentary and volcanic rocks are intruded by plutons
ranging in composition from gabbro to granodiorite. The ages of

these intrusions cluster around two points. The older intrusive rocks,
found in the Cuddy Mountains and Mineral District, are approximately

200 million years old (Field, Bruce, and Fankhauser, 1968;
Henricksen, Skurla, and Field, 1972). Slater (1969), Bruce (1971),
and King (1971) tentatively correlate the Cuddy Mountains intrusive
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complex to the Canyon Mountain Magma Series of Thayer and Brown
(1964),

The Deep Creek Stock, located in the Seven Devils Mountains,

and the Sturgill Peak intrusive complex are approximately 120 million

years old (White, 1973; Henricksen, Skurla, and Field, 1972), White
(1973) correlates the Deep Creek Stock with the intrusion of the Idaho
Batholith. As discussed in a later section, the writer is unable to

relate the Sturgill Peak intrusive complex to the Idaho Batholith
because of problems involving the dated lithology.

Most of the older rocks have been uplifted above plateau lavas

that are believed to be correlative with the Picture Gorge and Yakima
Basalts as defined by Waters (1961).

9

III, ROCK TYPES

Rocks cropping out in the thesis area have been mapped as 11
different units. The discussion that follows is a description, from

oldest to youngest, of these units. A diagrammatic representation of
the stratigraphy is given in Figure Z.
Grassy Slope Phyllites

Grassy slope phyllites is an informal name proposed for rocks
that crop out in the extreme northwest corner of the map area. The
unit is named for the dominant type of vegetation growing on it. For

convenience, the unit is divided into two members. The most widespread is the phyllitic member which contains phyllites and interbedded phyllitic cherts. The other, herein named the limestone member, is composed of limestone and silicified limestone, with inter-

bedded chert.

Field Description
The dominant colors of the formation are grays and light browns,

althpugh the destruction of iron-bearing minerals may cause the
appearance of orange-brown colors.

The phyllitic member is found on gentle to moderate slopes, and
thus is poorly exposed. The total exposure of this member is less
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Figure 2. Geologic column of the Sturgill Peak area. The sketch
is diagrammatic and not to scale.

than 2 percent. The limestone member is a ridge former, and

accordingly, has good although discontinuous, outcrops (Figure

3).

The limestone member is estimated as 700 to 800 feet thick.
The thickness of the phyllitic member is not known due to uncertainties

involving structure in the unit because of the lack of outcrops. Paris
(1969) reports isoclinal folding in the phyllitic member.

The grassy slope phyllites overlies the Mann Creek slates.
Because the phyllites are higher in metamorphic grade than the slates.

the contact is interpreted as a thrust fault.
Litho logy and Petrography

The phyllitic member is grayish orange (10 YR 7/4) or medium
dark gray (N 4) in color. The phyllites are fine grained and consist

of clay, muscovite, graphite, and silt-sized grains of quartz and
feldspar. Stretched clasts of basalt (?) or intermediate volcanic

rocks (?) are found in some samples. The clasts are from 0.25 to
Z. 5 cm in length and are three to four times longer than they are wide.
Rock types that comprise the lithic fragments cannot be determined
because all feldspars throughout the unit are altered to sericite.

Other minerals include hematite, magnetite, pyrite, and apatite.
Bedding in the phyllites is well-defined by laminations of chert,

clay, and graphite (Figure 4). There are as many as ten laminations

per centimeter. With increasing amounts of interbedded chert, the

Figure 3. View of the grassy slope phyllites from Benton
Peak. Bold outcrops of the limestone member
(Pis) overlying the phyllitic member (Pp).

A good rule

. Slice 'N Bake Cookie

Figure 4. Hand specimen of the typical phyllite of the
phyllitic member. Complex folding is the
result of slip-strain cleavage.
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rock becomes a phyllitic chert. All gradations between phyllite and

phyllitic chert are present.
The phyllitic chert is medium dark gray (N 4) in color. It is

very fine grained and is composed of chert, with minor bands of
graphite and clay. Other minerals include hematite, magnetite,

chlorite, and pyrite. Bedding thicknesses in the phyllitic chert range
from 0. 4 to 2 cm,

The limestone member is fine grained and is typically thinly
bedded, although some exposures are massive. Bedding is defined by
the compositional differences between beds of limestone, silicified

limestone, and chert. The limestones are medium dark gray (N 4),
whereas the silicified limestones are light olive gray (5 Y 6/1) in
color (Figure 5). The silicified limestone contains up to 35 percent

quartz and outcrops exhibit a sandy appearance. Stringers of carbona-

ceous material form the phyllitic laminations, Sparry calcite is

found in clots up to 0.5 mm in diameter and is regarded as a product
of metamorphic recrystallization,
Origin and Depositional Environment

The fine laminations, the large amount of organic matter, clay,

and chert, and the small amount of detrital material collectively indicates a quiet environment of deposition that was distant from the source.

The source area of the phyllitic member was presumably the Permian
section of the Seven Devils Volcanics,

14

Figure 5. Outcrops of the limestone member of the grassy
slope phyllites. The resistant brown bands are
cherty lenses.
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The origin of the limestone member is unknown. It could be a

tectonically emplaced sliver in the phyllitic member. However, this
relationship would seem unlikely because of the lateral continuity (at
least 20 miles) displayed by this unit. Alternatively, it may be a deep
water limestone. Dunbar and Rodgers (1957) indicate that deep sea

limestones are rare, but not unknown. The association with interbedded chert would support this interpretation.
Age and Correlation
Brooks and Val lier (1967) and Paris (1969) suggest that rocks

equivalent to the grassy slope phyllites, found along the Snake River to

the west, are Late Paleozoic, possibly Permian, in age. This suggestion is based on the higher metamorphic grade of these rocks than

is found in Mesozoic rocks of the region. A Permian age is tentatively accepted for the grassy slope phyllites.
The unit has been mapped west of the Sturgill Peak area to the
Snake River by Paris (1969), and on the Oregon side of the Snake

River by Cox (M. S, thesis in progress).

Paris (1969) correlates the

phyllitic member with the Burnt River Schist. Cox (1973, personal

communication) also believes that the phyllitic member is correlative

with the Burnt River Schist and that the limestone member is correlative with the Nelson Marble. Because the writer is not familiar with
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the type sections of the Burnt River Schist or Nelson Marble, the

informal name grassy slope phyllites is retained for the purposes of
this study.
Seven Devils Volcanics

Lindgren (1899) proposed the name "Seven Devils Series" for a

thick sequence of metavolcanic and volcaniclastic metasedimentary
rocks in the Seven Devils Mountains, Idaho. The name was changed
to the Seven Devils Volcanics by Anderson (1930) for a sequence near
Orofino, Idaho. Rocks that crop out in the southeast corner of the

map area are interpreted as Seven Devils Volcanics. The correlation
is based on lithologic similarity to nearby exposures of Seven Devils
Volcanics.

Field Description
Outcrops of Seven Devils Volcanics are colored various shades

of red, brown, gray, and green depending on the amount and oxidation
state of the contained iron. The topographic expression is variable

and is determined by rock lithologies. Dense, nonporous rocks such
as flows and firmly welded tuffs form bold outcrops and steep slopes,

whereas poorly welded tuffs and volcaniclastic sedimentary rocks

form small scattered outcrops in brushy terrain. Structural complexities and the absence of distinct marker beds have precluded the

determination of a stratigraphic sequence.
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The base of the Seven Devils Volcanics is not exposed in the

Sturgill Peak area, The upper contact is marked by a thrust fault

at Mineral, the upper contact is marked in part by an angular unconformity.

Estimates of the minimum thickness of the Seven Devils Vol-

canics range from several miles near Riggins, Idaho (Hamilton, 1963)
to 2, 000 feet in the Cuddy Mountains (Slater, 1969).

In the Sturgill

Peak area, the minimum thickness is 3, 200 feet, but this estimate is
likely to be inaccurate because of the poor exposures and the probability of faults cutting the section.
Litho logy and Petrography

The Seven Devils Volcanics are composed of metavolcanic and

metasedimentary rocks. Metamorphosed welded tuff is the most
common rock type in the area of study. The tuffs are andesitic or
dacitic in composition. Angular fragments of basalt, ande site, dacite,

felsic volcanic rocks, and siltstone commonly make up 2 to 15 percent
of the rock, Individual clasts vary from 0. 1 to 5 cm in diameter.

Pumice fragments are still visible in some samples, but shards were
not observed. Volcanic flow units lack the lithic inclusions, pumice

fragments, and eutaxitic texture of the tuffs, but have a similar
mineralogy. Phenocrysts in both are quartz and andesine (An

30-40)
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and average from 1 to 2 mm in diameter. The andesine is commonly

altered to clay, sericite, and calcite. The groundmass of both flows
and tuffs has undergone metamorphic recrystallization, but it is still
finely crystalline from the devitrification of volcanic glass. Other
minerals found in the welded tuffs and flows include chlorite, epidote,

apatite, magnetite, leucoxene, and biotite.
Keratophyres have been found in the Seven Devils Volcanics near
Riggins (Hamilton, 1963) and in the Cuddy Mountains (Bruce, 1971).

Whether keratophyres are formed as a primary volcanic rock or by
secondary albitization of andesine feldspar is a problem of long standing.

Turner and Verhoogen (1960) point out that the albite-chlorite-

actinolite-calcite assemblage, characteristic of keratophyres, is also
common to the greenschist facies of regional metamorphism. Contradicting this, Hamilton (1963) suggests that the distinction between

altered andesites and keratophyres can be made on the basis of con-

tained calcium-bearing minerals. Keratophyres would lack epidote
and calcite as alteration products of plagioclase.
The Seven Devils Volcanics in the Sturgill Peak area contain
little epidote. Calcite, however, as an alteration product of plagio-

clase, is abundant in all Thin sections examined. This relationship
suggests that the few albite bearing units in the Seven Devils Volcanics

of the Sturgill Peak area are not keratophyres, but metamorphosed
andesites and dacites.
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Metasedimentary rocks are very rare in the map area. The
best exposures are found in the SW 1/4 sec. 28. The dominant metasedimentary rocks are dark-yellow-brown (10 YR 4/2) metaconglom-

erate, grayish-red (10 R 4/2) volcanic wackes (sandstone), and
greenish-gray (5 GY 6/1) metachert. The conglomerate and sand-

stone are interpreted as channel-fill deposits. The detrital material
is locally derived, poorly sorted, and angular in shape.
Origin and Depositional Environment

Fossils found elsewhere (Hamilton, 1963) in the Seven Devils
Volcanics indicate a marine environment of deposition. The presence

of these marine fossils, the great thickness of the formation, the
poorly sorted nature of the sediments, and the composition and preponderance of volcanic rocks indicate a eugeosynclinal environment.

Hamilton (1963) has suggested an island arc origin for the Seven
Devils Volcanics. Moreover, the formation possesses a striking

similarity in composition and stratigraphy to units of the more
deformed Archean greenstone belts of the Canadian Shield that I have
observed in northern Minnesota.

Age and Correlation
Fossil evidence published by Hamilton (1963) indicates the

formation is Permian to Late Triassic in age. Upper Triassic marine
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fauna have been found at Mineral (Brooks, 1967) and in the Cuddy
Mountains (Fankhauser, 1969). Although no fossils were found in the

Seven Devils Volcanics in the Sturgill Peak area, a Late Triassic age
is assigned to this formation on the basis of lithologic correlation to

nearby areas.
Oregon State University graduate students have correlated the
unit from the Seven Devils Mountains to the Cuddy Mountains.

Henricksen (1972, personal communication) equates rocks found at
Mineral and traceable to the Oregon border with the Seven Devils
Volcanics. The Clover Creek Greenstone, a similar volcanic unit of

the same age in northeast Oregon, has been correlated with the Seven
Devils Volcanics by Cook (1954).

Sturgill Peak Rhyolite Welded Tuff

Livingston (1925) originally described a rhyolite flow in the
Mineral, Bayhorse, and Cuddy Mountains Mining District. Bruce

(1971) was the first to discover the welded ash-flow origin of the unit.

Moreover, he determined the compositional variations of this unit and
noted inconsistencies in Livingston's (1925) correlation. Fankhauser
(1969), Slater (1969), and Bruce (1971) in the Cuddy Mountains, and

Henricksen (dissertation in progress) in the Mineral District have
provided important details concerning the stratigraphy, mineralogy,
and chemistry of the unit. This unit is present in the Sturgill Peak

area, and is here named the Sturgill Peak rhyolite welded tuff.
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Field Description
The Sturgill Peak rhyolite welded tuff is found along the western

margin of the intrusive complex. The unit varies in color from light

gray to dark gray, but red-brown and purple varieties are known.

Hematite, goethite, and jarosite stain outcrops along fractures and
impart a yellow brown coloration to the exposures.

The rhyolite welded tuff is a relatively resistant formation, but
topographic expression is a function of fracture intensity. Most out-

crops are small and scattered because the unit is intensely fractured.
Columnar jointing was observed in one outcrop on Sturgill Peak. The

columnar jointing and eutaxitic texture indicate a westward dip of

approximately 20° to 30° near Sturgill Peak, Near Mann Creek, the
dip steepens to 35° to 40° to the northwest. Elsewhere the attitude of
the unit is unknown because outcrops are lacking.

The rhyolite is believed to unconformably overlie the Seven
Devils Volcanics. However, the rhyolite is not present south of the

northeast corner of sec. 29, and was probably removed by erosion
before deposition of the overlying Mann Creek slates. In addition to

the scarcity of outcrops in many areas, the relationships have been
further obscured by thrust faulting.
The thickness of this rhyolite ranges from 300 to 400 feet in the
Cuddy Mountains (Fankhauser, 1969).

Henricksen (1972, personal
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communication) correlates part of the 600 feet of rhyolitic and latitic
volcanic rocks at Mineral with the Cuddy Mountain rhyolite. At

Sturgill Peak and nearby, the thickness of the unit, where present,
ranges up to approximately 700 feet.
Litholo _gy and Petrography

The rhyolite welded tuff has an inequigranular porphyritic texture. Phenocrysts are 0. 5 to 2 mm in diameter and consist of

perthitic orthoclase (metamorphic) with sanidine and plagioclase feldspar. In volume percent, the number of phenocrysts varies from 3

to 20 percent and averages approximately 14 percent of the host. The
groundmass is aphanitic with an average grain size of approximately

0. 1 mm. Fresh groundmass is grayish orange pink (5 YR 7/2) in
color, and is primarily composed of quartz, orthoclase and sanidine.
As the proportions of clay or finely divided hematite increase, the
color of the groundmass changes to light gray (N 7) or grayish red

(5 R 4/2), respectively. Other minerals found in the groundmass

include muscovite, epidote, magnetite, leucoxene, apatite, zircon,
and chlorite (?). Irregularly shaped voids generally make up 2 to 8
percent of the rock.

Subhedral potassium feldspar phenocrysts are characteristically
moderate reddish orange (10 R 6/6) in color. As the amount of clay

alteration increases the color of the phenocrysts changes to very light
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gray (N 8).

Phenocrysts of microperthitic orthoclase (Figure 6) are

sometimes more abundant than those of sanidine. Because microper-

thite cannot be a primary constituent of a_volcanic rock (Tuttle, 1952),
it probably formed by the unmixing of sanidine under greenschist facies

metamorphism. Larson (1948) has reported the unmixing of sanidine

to microperthitic orthoclase in rocks from a metamorphic terrain
similar to that found in the Sturgill Peak area.
Subhedral plagioclase laths are very light gray (N 8) in color and

are present in all thin sections. However, the total abundance of
plagioclase feldspar never exceeds 6 percent. The composition of the
plagioclase, as determined by the Michel-Levey Method and refractive
index is An

3-9

(albite). Albite twinning and rare Carlsbad twinning are

present. The twinning in some of the crystals has been destroyed by

complete non-selective alteration to clay and sericite.

Anhedral quartz and orthoclase, 0.4 to 1 mm in diameter,

appear as clots in the groundmass. A few samples have long, thin

bands of quartz and orthoclase that are interpreted to represent relict
eutaxitic texture (Figure 7) formed by the recrystallization of pumice
fragments. The cryptocrystalline nature of the rest of the groundmass

is presumably the result of devitrification of volcanic glass.
Bruce (1971) found that the Cuddy Mountain rhyolite is rhyolitic

in composition at the base and grades into andesite near the top of the
unit.

Compositional variations in the Sturgill Peak area are slight.
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Figure 6. Photomicrograph of a microperthitic orthoclase
crystal (1 mm in diameter) set in the finely
crystalline groundmass of the rhyolite welded
tuff. (Crossed nicols)

. Slice 'N Bake Cookies and AAM.

Figure 7. Hand specimen of the rhyolite welded tuff. Note
the long thin bands of quartz and orthoclase repre-

senting relict eutaxitic texture, and the large
number of irregularly shaped voids.
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The amount of plagioclase, clay, and iron-oxides vary, but not
sufficiently to modify the rock name. The top of the unit has most
likely been removed by erosion in the Sturgill Peak area.
C hemistry

One sample of the rhyolite welded tuff (SS-74-A), collected north-

northwest of Sturgill Peak (NE 1/4 sec. 21) was analyzed for major
oxide constituents and trace elements. The results are summarized
in Table 1.

The Sturgill Peak rhyolite welded tuff contains low total

iron (0.29 percent), CaO (0. 11 percent), Na2O (2. 30 percent) and
high K2O (7. 71 percent) compared to the average alkali rhyolite as
compiled by Nockolds (1954) with 2. 32 percent total iron, 0. 61 per-

cent CaO, 4. 13 percent Na2O, and 4. 73 percent K2O. The discrepancies in CaO, Na2O, and K2O abundances are believed to represent

additions of hydrothermal orthoclase to the Sturgill Peak sample. The
low total iron content of the Sturgill Peak rhyolite welded tuff is
caused by leaching. The leaching hypothesis is supported by the

extremely low transition element abundances (Table 1) and by the

presence of a transported gossan found throughout the unit.
Origin and Depositional, Environment

The rhyolite was mapped as a flow by Livingston (1923). How-

ever, relict eutaxitic texture seen in hand sample, felsic volcanic

Table 1. Modal, chemical and trace element analyses of rhyolite welded tuff sample SS-74-A
(chemical analysis by Dr. K. Aoki, Tohoku University, Japan; trace element analysis by
Rocky Mountain Geochemical Corporation),
Chemical analysis
Modal analysis (%)
Trace element
Average alkali
ss_74_A,,,,
analysis (ppm)
rhyolite**
SiO

2

74. 59

74. 57

T i02

0. 32

0. 17

A1203

13. 69

12. 58

Fe-30
L,
3

0. 17

1. 30

FeO

0. 12

1. 02

MnO

tr

0. 05

Quartz
Orthoclase
Plagioclase
Sanidine
Lithics
Muscovite

MgO

0. 07

0. 11

Opaques

1. 14

CaO

0. 11

0. 61

Voids

3. 71

Na 20

2. 30

4. 13

Groundmass

K20
2

7. 71

4. 73

H2 0 +

0. 53

0. 66

H2O-

0.25

--

P205
Total

0. 04

0. 07

99. 90

NE 1/4 sec. 21
**

Average by Nockolds (1954)

5. 41

8. 57
4. 71

2. 42
1. 28

0. 43

72. 51

Copper
Lead
Zinc
Molybdenum
Silver

5

10
5
1

0.

1
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lithic fragments, and quartz sandstone fragments discovered by Slater
(1969) demonstrate the welded ash-flow origin of the formation.
Bruce (1971) found undeformed shards in part of the Cuddy Mountain

rhyolite indicating an air-fall origin for parts of this unit,
Age and Correlation

Bruce (1971) reported fossils of Early Jurassic age in a conglomerate that underlies the Cuddy Mountain rhyolite. Henricksen

(1972, personal communication) has fossil evidence at Mineral, that
indicates that the rhyolite cannot be younger than Late Jurassic in age.

There are stratigraphic discrepancies between the occurrences in the
Cuddy Mountains and Mineral Districts which must be resolved before

a precise age can be assigned to the rhyolite welded tuff.

Nonetheless,

there is no uncertainty as to a broad Jurassic age for the unit. In
summary, the rhyolite is correlated with similar units in the Cuddy
Mountains and in the Mineral and Bayhorse Mining Districts on the

basis of similarities in lithology and stratigraphic position.
Mann Creek Slates

The Mann Creek slates are exposed in a north-northeast trending band in the headwaters of Mann Creek, along the western margin

of the thesis area. The unit consists of slates with minor amounts of
interbedded sandstone and limestone. The same unit is present in the

28

Cuddy Mountains and has been correlated with the Lucile Series of the
northern Seven Devils Mountains (Slater, 1969; Bruce, 1971).

Because the writer is not familiar with the type-section of the Lucile
Series, the informal name of Mann Creek slates is adopted for the
discussion that follows.

Field Description
The best exposures of the Mann Creek slates are on the steep
slopes from Benton Peak to Mann Creek. The formation dips approximately 45°W, Exposures of this nonresistant unit are generally poor,

and are largely confined to roadcuts. The dominant colors of the unit

are light greens, grays, and yellow browns.
The slates rest on the Sturgill Peak rhyolite welded tuff and
Seven Devils Volcanics. The contact is a thrust fault that is probably

a local feature, because Slater (1969) observed an angular unconformity between the Lucile Series and the underlying rhyolite welded
tuff in the western part of the Cuddy Mountains. The upper contact is

a thrust fault overlain by the grassy slope phyllites.
The unit has an estimated thickness of 3,000 feet in the Sturgill
Peak area. In the Cuddy Mountains, the thickness is estimated to be

greater than 5,000 feet (Slater, 1969).
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Litho logy and Petrography

Slates are the most abundant rocks in the unit. Fresh samples
are medium dark gray (N 4) in color. On weathered surfaces, the
color may be grayish orange (10 YR 7/4) from the oxidation of iron-

bearing minerals. More commonly, a light-grayish-green (5 GY 8 /1)
or yellowish-gray (5 G 8/1) color is pronounced on weathered surfaces.

The slates are very thinly bedded with an average thickness of
0. 6 cm.

In some outcrops they are laminated with as many as 10

laminations to the centimeter. Slaty cleavage may be well developed
and is generally parallel to bedding. In the SW 1/4 sec. 29, slaty

cleavage intersects bedding at a small angle and produces pencil
slates. Flame structures are seen locally. The rock is composed of
clay and carbonaceous matter, with minor amounts of quartz and
magnetite.

Sandstones make up a minor part of the formation. The fresh

sandstone is yellowish gray (5 Y 7/2) to dark greenish gray (5 G 4/1)
in color. Bedding ranges from 0.5 to 5 feet in thickness. Graded

bedding is present in some of the thinner units.

The sandstones are classified as feldspathic or lithic wackes.
The framework is composed of quartz, orthoclase, plagioclase, and

lithics of felsic volcanics, basalt, sandstone, and shale. The sorting
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is moderate. Component grains are angular to subangular in shape

and range from very fine sand to pebble size. The matrix is com-

posed of clay-sized material, hematite, and silt-sized grains of
quartz and feldspar. Minor constituents of the matrix include magne-

tite, leucoxene, biotite, sericite, and carbonaceous matter. Quartz
and calcite cement are present in very small amounts,
One highly sheared outcrop of limestone is found in the SW 1/4

sec. 21. The outcrop is bedded with beds averaging 5 cm in thickness.
The rock is light gray (N 6) to dark gray (N 3) in color, and is very
fine grained.

A conglomeratic schist is present in the SW 1/4 sec. 21 (Figure
8).

The color is greenish gray (5 GY 6/1). Fankhauser (1969) found

the same unit in the southwest Cuddy Mountains where he reported

only sedimentary clasts of shale, sandstone, and limestone. In the

Sturgill Peak area, sedimentary clasts are the most abundant, although
volcanic clasts (Figure 9) are also present. The volcanic clasts
consist of basalt, dacite, and felsic volcanic fragments that range
from sand to pebbles in size and are angular to subrounded in shape.
Schistosity is developed parallel to bedding by stretching of some of
the clasts and by formation of a very fine grained foliated matrix of
muscovite and chlorite (Figures 10 and 11).
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Figure 8. Outcrop of the conglomeratic schist in the
SW 1/4 sec. 21. Note the highly sheared appearance.

OM.

Figure 9. Photomicrograph of a volcanic rock fragment (V)
in the conglomeratic schist. Note the micaceous
matrix. Figure is 2 mm across bottom. (Crossed
nicols)

A good rule

. Slice 'N Bake Cookies and Mi.
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G,

Figure 10. Hand specimen of the conglomeratic schist showing
the schistosity and stretched clasts.

Figure 11. Photomicrograph of the conglomeratic schist.
Note the micaceous matrix and the quartz grain
(1 mm in diameter) with undulose extinction.
(Crossed nicols)
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Origin and Depositional Environment

The formation has many characteristics of the black shale facies
as defined by Pettijohn (1957). The large amount of carbonaceous

matter and the delicate laminations indicate deposition below wave

base in a reducing environment. Sedimentation of the shales was
interrupted occasionally by the deposition of graywackes in a repetitive

sequence of graded beds which are interpreted as turbidity flows.
Black shales are known to form in geosynclinal environments
(Krumbein and Sloss, 1963) and geosynclinal conditions occurred in

this area during much of Paleozoic and Mesozoic time (Gilluly, 1965).
Fankhauser (1969) suggested that the conglomeratic schist

represented an intraformational conglomerate formed by submarine
slumping. Evidence from the Sturgill Peak area does not support

this hypothesis. An intraformational conglomerate, according to
Pettijohn (1957), should contain debris that is locally derived. In a
sequence of shales and graywackes, the conglomerate should contain

clasts of shale or slate embedded in a sandy matrix. This is not the
case. The conglomeratic schist contains many volcanic fragments

in a micaceous matrix. Secondly, a muscovite grade schist should

not occur in a sequence of slates. And lastly, quartz grains with
undulose extinction, stretched pebbles, and slickensides should not be
found in an intraformational conglomerate. All evidence points to a

34

cataclastic origin. A shear zone would be expected to contain exotic

fragments, strained quartz crystals, and slickensides. Shearing
could also produce the temperatures and pressures necessary to
develop the micaceous matrix, My interpretation is that the conglomeratic schist represents a shear zone produced by a bedding
plane thrust fault at the base of the Mann Creek slates.
Age and Correlation

The Mann Creek slates were deposited before the middle of

Jurassic time because the regional metamorphism to which they were
subjected occurred in Middle Jurassic time (Hamilton, 1963; Vallier,
1967).

Bruce (1971) has dated fossils from the underlying conglomer-

ate in the Cuddy Mountains as Early Jurassic. Therefore, the age of
the Mann Creek slates is between Early and Middle Jurassic.
The correlation of the Lucile Series of the northern Seven Devils
Mountains with the slates of the Cuddy Mountains was made on the

basis of similar lithology and stratigraphic position (Slater, 1969).
The writer tentatively correlates the Mann Creek slates with the
Lucile Series of the Cuddy Mountains based on lithologic similarity,
Ser pentinite

The serpentinite occurs along the thrust fault (SE 1/4 sec.

17)

that separates the Mann Creek slates from the grassy slope phyllites,
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Serpentinite bodies are sporadically distributed throughout the Snake

River area and northeast Oregon (Brooks and Vallier, 1967; Thayer
and Brown, 1964).

Field Description

Exposures of this unit and the surrounding Mann Creek slates

and grassy slope phyllites are extremely poor. However, the serpentinite apparently is a plug-like intrusion approximately 30 feet in
diameter. The color varies from grayish black (N 2) to dark greenish
gray (5 GY 4/1). The rock is finely crystalline, highly sheared, and

exhibits abundant slickensides on fracture surfaces.
Litho logy and Petrography

The serpentinite exhibits a protoclastic texture, with component
crystals 0. 1 to 4 mm in diameter. The rock is composed of antigorite
(55 percent), pseudomorphs after orhopyroxene and olivine (15 per-

cent), chlorite (20 percent), and magnetite (5 percent). Chrysotile

and talc (?) veinlets, up to 1 mm in width, were also observed.
Antigorite occurs as anhedral masses and aggregates up to
4 mm in diameter. It formed by the alteration of orthopyroxene and
olivine.

Pseudomorphs after orthopyroxene and olivine are found as

strained anhedral crystals, up to 1.2 mm in diameter, surrounded by
antigorite. The composition of the pseudomorphs is not known, but it
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is probably a very finely crystalline mixture of antigorite and chlorite.
Magnetite occurs as finely crystalline lamellae along cleavage planes

that form "bastite" structures. It is also found as small scattered
anhedra. Chlorite, as plates and aggregates up to 3 mm in diameter,

occur as alteration products of the orthopyroxene and olivine.
Origin

The serpentinite is a typical alpine ultramafic body intruded
along a thrust fault. Tectonic emplacement of this intrusion in a

solid or semi-solid state is assumed because of the high degree of
shearing in the unit. Precise determination of a parent rock type is

impossible because of intense alteration. The pseudomorphs after

orthopyroxene and olivine, and the serpentine minerals suggest that
it was probably a peridotite.
Age and Correlation

Thayer and Brown (1964) relate all the ultramafic bodies in the
region to the Permian to Upper Triassic Canyon Mountain Magma

Series. This cannot be correct for the Sturgill Peak area. In the
map area, the serpentinite cannot be FakIag-et than the Mann Creek

slates, that is, y.gkeinger-than Early or Middle Jurassic. Quartz veins,
probably related to the Sturgill Peak intrusive complex of Early

Cretaceous age, cut the serpentinite. Therefore, the age of the
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serpentinite is between Early to Middle Jurassic and Early
Cretaceous.

Cox (1973, personal communication) reports several serpentinite
bodies on the Oregon side of the Snake River, one mile west of the

Mineral District. The serpentinites are found along a thrust fault that
probably extends into the Sturgill Peak area.
Sturgill Peak Intrusive Complex

An intrusive complex, here named the Sturgill Peak intrusive
complex, has been exposed by Late Tertiary block faulting and subsequent erosion of the overlying Columbia River Basalt, The age of the

complex is believed to be approximately 120 million years (Early
Cretaceous). This age is based on two K-Ar age determinations from

the granodioritic phase as reported in Henricksen, Skurla, and Field
(1972).

The intrusive complex consists of three phases. Earliest is

the hybrid gabbro phase. The hybrid gabbro is intruded by a quartz

dioritic phase, which in turn is intruded by a granodioritic phase.
Although the contacts were poorly exposed, they are interpreted to be
steeply dipping, suggesting that the earlier phase must have consolidated prior to the intrusion of the next phase. The complex is cut by

late stage mafic, aplitic, and pegmatitic dikes and quartz veins.
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Hybrid Gabbro

Field Description. The hybrid gabbro is areally the smallest
phase of the intrusive complex. It crops out over a total area of

approximately 1/3 square mile. The gabbro forms small scattered
outcrops on smooth, rounded slopes, and is generally found near the
margins of the complex. The term "hybrid gabbro" was adopted

because it contains quartz of secondary origin. The gabbro is dark
greenish gray (5 GY 4/1) to medium dark gray (N 4) in color. Three

joint sets are commonly observed and give the outcrops a blocky
appearance. The most pronounced is a vertical, north-south trending

set that contains epidote-orthoclase vein fillings. The second set

trends east-west and dips vertical. The third set strikes approximately east-west and di ps 5° to 10° to the south. It is not as well
developed as the other two sets, and may possibly be the result of
unloading. Foliation and lineation were not observed in this plutonic
unit.

Although the contacts of the gabbro are not exposed, the contact

relations with the country rocks and the quartz diorite can be ascertained from a roadcut (NW 1/4 sec. 28) that has exposed a cross
section through a dike-like extension of the intrusive complex containing both hybrid gabbro and quartz diorite. The gabbro, near the con-

tact with the country rocks, displays a substantial reduction in crystal

size that is best interpreted as a chill zone. In addition, the quartz
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content of the gabbro increases as the contact with the quartz diorite
is approached. The quartz dioritic phase of this dike-like extension

does not display chill effects, which is suggestive of emplacement in
warm to hot country rocks (gabbro). This interpretation is consistent

with relationships between the gabbro and quartz diorite found in the
Cuddy Mountains and Mineral District.
Lithology and Petrography.

The hybrid gabbro is

hypidiomorphic-granular in texture, with component crystals ranging

from 0.2 to 5 mm in size. The rock is composed primarily of plagioclase feldspar (45 to 65 percent), quartz (5 to 25 percent), and mafic
minerals (20 to 30 percent). The mafic minerals are augite, horn-

blende, biotite, chlorite, and actinolite. Orthoclase feldpar, epidote,
calcite, and prehnite are present in minor amounts. Apatite is the
most common accessory mineral, and zircon and sphene are found in
trace amounts. Magnetite is the most common opaque mineral, and

in some thin sections comprises up to 10 percent of the rock. Pyrite

and chalcopyrite are present in trace amounts.
Quartz is round in all thin sections as small interstitial anhedra.
Less commonly, it may form large (up to 5 mm), optically continuous

crystals that enclose plagioclase feldspar, magnetite, and mafic
minerals. The unit is a quartz gabbro, although this term is not used
because the quartz is believed to be secondary in origin (Figure 12).
The name hybrid gabbro is adopted, after Bruce (1971), to avoid confusion and the implication of a primary origin of the quartz.
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Figure 12. Photomicrograph of the hybrid gabbro. Note the
large optically continuous quartz crystals (Q)
replacing plagioclase feldspar (P) and hornblende
(H). The reddish brown tint in the hornblende is
relict augite. Field of view is 2 mm across the
bottom. (Crossed nicols)
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The plagioclase feldspar is labradorite (An 51-60) and occurs as
subhedral to euhedral laths 0.3 to 4 mm in length. The crystals are
twinned by the Albite law, and rarely by the Carlsbad law. Normal

and oscillatory zoned crystals are present. Fresh labradorite has
inclusions of magnetite, apatite, and mafic minerals (predominantly
hornblende). Pervasive alteration to sericite and clay commonly

obscures entire crystals. Saussuritazation is recognized in a few
samples, where plagioclase feldspar has been entirely converted to
crystalline aggregates of epidote, with or without calcite.

Orthoclase feldpar is present in amounts of less than 1 percent.

It forms interstitial anhedra, 0.2 to 0.4 mm in diameter, and veinlets
approximately 1 mm in width. The orthoclase is unaltered and may

be a secondary product of hydrothermal alteration.

Relict anhedral crystals of augite, 0.2 to 0.5 mm in diameter,
are present in most samples. Poikilitic texture is exhibited by augite
crystals enclosing crystals of plagioclase feldspar. The augite is
partially enveloped by hornblende rims, but only rarely has the
replacement process (uralitization) gone to completion (Figure 12).
Hornblende is anhedral and up to 4 rum in length. Pleochroism

is from light yellow to dark green. Actinolite, chlorite, brown biotite,

magnetite, and calcite form as incipient replacement products of
hornblende. The amount of hornblende and its replacement products

related to contact metamorphism rather than uralitization is not known.
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From textural evidence, both processes are thought to have played a
role in the destruction of the primary augite.

Prehnite is present as fine grained crystalline aggregates that
form veinlets and larger masses (up to 1 mm in diameter) in some
samples.

Chemistry. One sample of hybrid gabbro (SS-1) was analyed for

major oxide constituents and trace elements. The results are summarized in Table 2. The writer sees no significant differences when

the hybrid gabbro of the Sturgill Peak area is compared to the average
hybrid gabbro of the Cuddy Mountains as compiled by Field (1973,
written communication).

The Cuddy Mountains average hybrid gabbro

is higher in K2O (1. 24 percent) when compared to either the 0.58

percent in the Sturgill Peak sample, or the 0. 65 percent in the Cuddy
Mountains average unaltered gabbro. The writer believes that the

additional K2O is related to the presence of minor hydrothermal, or
secondary, orthoclase in the average hybrid gabbro of the Cuddy
Mountains. Comparison of the Sturgill Peak hybrid gabbro to the

average gabbro as calculated by Nocklods (1954) reveals significant
differences. These include a higher SiO content (55.27 percent) of
2

the hybrid gabbro, clearly related to the 17.5 percent modal quartz in
sample SS-1, and also lower total iron, TiO 2' MgO, and CaO relative
to Nockolds' (1954) average gabbro. These anomalous depletions may

represent a more advanced stage of differentiation than plutonic rocks

Table 2. Modal, chemical, and trace element analyses of gabbro sample SS-1 (chemical analysis by
Dr. K. Aoki, Tohoku University, Japan; trace element analysis by Rocky Mountain Geochemical Corporation),
Chemical analysis (%)
Trace element
Average Average Cuddy Mt.
Modal analysis (%)
SS-1
analysis (ppm)
gabbro**
hybrid gabbro***
SiO

2

TiO

2

A1203

55. 27

48. 36

56. 16

0. 92

1. 32

0.79

17.01

16.84

16. 96

Fe2O3

3. 29

2. 55

2. 83

FeO

5. 63

7. 92

5. 44

MnO

0. 19

0. 18

0. 17

MgO

4.21

8.06

4. 11

CaO

8. 08

11.07

7. 31

Na2O

2. 77

2. 26

2. 78

K2O

0. 58

0. 56

1. 24

0+

1. 72

0. 64

1. 58

H2O-

0. 15

P2O5

0. 11

H

2

Total

Quartz
Orthoclase
Plagioclase

17.5
0. 2

58. 9

(An53)

Augite
Hornblende
Biotite

3. 0

Copper
Lead
Zinc
Molybdenum
Silver

335
10

45
1

0. 3

5. 0

6.7

Chlorite
Actinolite

5. 1

Opaques
Apatite

2. 3

1.2
0. 1

0. 27

0.24

99. 93

0. 11

99. 75

4.

**SE 1/4 sec. 21
***Average by Nockolds (1954)

Average of six samples by C. W. Field

1.1=
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representative of the average gabbro calculated by Nockolds (1954).

However, the depletions should be matched by proportionate increases
in Na 20 and K20. 0

This is not the case. Alternatively, the depletions

may have been caused by the replacement of plagioclase feldspar and

mafic minerals by quartz as a consequence of metamorphism or hydro-

thermal alteration. The writer favors the latter hypothesis, wherein
hydrothermal quartz has replaced the primary plagioclase and mafic
minerals.
The trace element analysis indicates background concentrations

for all transition elements except copper. The high copper value
(335 ppm) may reflect either hydrothermal additions of copper because

the hybrid gabbro contains epidote-orthoclase veins, or contamination
of the sample by primary magmatic chalcopyrite. Additional trace

element and mineralogical data are needed to test these interpretations.
Quartz Diorite

Field Description. The quartz diorite is the major phase of the

Sturgill Peak intrusive complex, as it covers an area of approximately 2.5 square miles. Exposures of this unit are poor. Where
found on steep slopes the terrain is heavily wooded, and on low to

moderate slopes a grus is locally developed. The unit is medium gray
(N 5) to medium light gray (N 6) in color. In contrast to the gabbro,

jointing in the quartz diorite is neither well developed, nor are the
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attitudes consistent. Lineation and foliation are nearly absent from
this unit. Emplacement of the quartz diorite post-dates the gabbro

and pre-dates the younger granodiorite. Specific contact relations

are described in appropriate sections concerning the hybrid gabbro
and granodiorite.
Litho logy and Petrography. The quartz diorite is hypidiomorphic-

granular in texture. Component crystals range from 0,2 to 5 mm in
diameter. The major constituents of this rock type are quartz (5 to

20 percent), orthoclase feldspar (less than 5 percent), plagioclase
feldspar (50 to 70 percent), and mafic minerals (15 to 25 percent).
The rnafic minerals are hornblende, biotite, chlorite, and rare
augite.

Epidote, magnetite, and calcite are found in all thin sections.

However, they normally comprise less than 5 percent of the rock and

their average abundance is usually less than 1 percent. Tourmaline

and prehnite are present in a few samples in trace amounts. Accessory minerals include apatite, sphene, and zircon.

Quartz occurs as both interstitial crystals 0.2 to 1 mm in
diameter, and as large (up to 5 mm), optically continuous crystals that
enclose plagioclase feldspar, hornblende,

and magnetite. Some

quartz may be secondary (hydrothermal?) in origin. The quartz con-

tent of a few samples is less than 10 percent. Generally, samples of

this plutonic unit contain more than 10 percent quartz, and it is there-

fore a true quartz diorite.
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The plagioclase feldspar is andesine (An
3338). It occurs as
laths that are subhedral to anhedral in shape and vary from 0.3 to 4
mm in length. Ablite and Carlsbad twinning are common, with nor-

mal and oscillatory zoning present in larger crystals. Selective or
pervasive alteration to sericite and clay may obscure entire crystals.
Alteration to epidote is rare.

Orthoclase feldspar is present as interstitial anhedra, 0.2 to
1 mm in diameter. Inclusions of magnetite are commonly observed.

Infrequent strong alteration to sericite and clay precludes positive
identification of the orthoclase in such occurrences.

subhedral to anhedral hornblende is the major mafic constituent of this plutonic rock. The hornblende laths may be as long as

4 mm and enclose plagioclase feldspar crystals to form a poikilitic
texture. Although normally unaltered, minerals such as chlorite,

epidote, calcite, and magnetite are present as minor replacement
products of hornblende. These replacement products may be the

result of late stage (deuteric) processes, hydrothermal alteration, or
metamorphism.

Crystals of anhedral augite, 0. 3 to 0. 5 mm in diameter, were
found in one sample.

This pyroxene may be a relict primary mineral

that for some reason was not destroyed by uralitization. Alternatively, it may be a relict from incomplete assimilation of a gabbro

xenolith because the sample was collected near the gabbro contact.
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Prehnite was found in three thin sections. It occurs either as

rare interstitial crystals, or as finely crystalline anhedral aggregates.
In another thin section, two crystals of tourmaline were noted as

anhedra, 0.2 to 0.4 mm in diameter.
Chemistry. Quartz diorite sample SS-13 was analyzed for major

oxide constituents and trace elements. The results are summarized
in Table 3. Nearly all major oxides of the Sturgill Peak quartz

diorite fall within the range exhibited by the Cuddy Mountains average
quartz diorite as compiled by Field (1972, written communication).

However, the SiO2 content constitutes one minor exception. The
Sturgill Peak sample is slightly lower in SI02 (55. 39 percent) than the
average Cuddy Mountains sample with 58.82 percent. This is pre-

sumably due to the low modal quartz content of the Sturgill Peak

sample at 10. 5 percent quartz. Sample SS- 13 is higher in SiO2 and
lower in TiO2, MgO, CaO, and Na2O abundances than the average
diorite as calculated by Nockolds (1954). These discrepancies are

expected because additional quartz in the Sturgill Peak sample

replaces plagioclase feldspar and mafic minerals.
The trace element analyses of the quartz diorite indicate background abundances for all elements except copper. The very low

copper concentration (less than 5 ppm) suggests that either the outcrop

has been leached, or that little hydrothermal copper was ever added
to the rock.

Table 3. Modal, chemical, and trace element analyses of quartz diorite sample SS- 13 (chemical

analysis by Dr. K. Aoki, Tohoku University, Japan; trace element analysis by Rocky

SiO

2

Mountain Geochemical Corporation).
Chemical analysis (%)
Average Average Cuddy Mt.
SS-13*
quartz diorite***
diorite
55. 36
51.86
58.82

TiO 2

0. 85

1. 50

0. 88

A1203

17. 03

16. 40

16. 05

Fe 203

2, 65

Z. 73

2. 97

FeO

6, 01

6. 97

4. 73

MnO

0. 18

0. 18

0. 21

MgO

4. 17

6. 12

Ca0

6. 74

8. 40

N

a20

2.85

3.36

3.07
6.49
3.01

K20
H20+

1. 38

1. 33

1. 29

2. 33

0. 80

1.40

H2O-

0. 20

P205
0. 13
Total 99. 88

-0. 50

0. 35

0. 15
99. 57

SW 1 /4 sec. 22
***Average by Nockolds (1954)
Average of eight samples by C. W. Field

Modal analysis (%)
Quartz
Orthoclase
Plagioclase
(An

Trace element
analysis (ppm)

53. 5

Copper
Lead
Zinc

17. 9

Molybdenum

10. 5

4. 0

5

10
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38)

Hornblende
Biotite
Chlorite

7. 2

5.3

Sericite

0. 3

Epidote
Opaques

0. 1
1. 4

Silver

1

-0.

1
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Granodiorite

Field Description. The granodiorite crops out over an area of

less than 1/2 square mile. This plutonic unit occurs mainly as pluglike masses intruding the quartz diorite and Seven Devils Volcanics.

It varies in color from very light gray (N 8) to light gray (N 7), and is
medium to coarsely crystalline. Jointing in the fresh granodiorite is
largely absent. Its altered equivalent, found in the NE 1/4 sec. 27, is
highly fractured. Foliation is present in one small plug in the S 1/2

sec. 27. In this outcrop the mafic minerals liave been segregated into
steeply dipping lens-like stringers. This texture is believed to have
formed as a primary flow feature of the magma near the granodiorite
contact with the country rocks.

Because the contacts are not exposed, evidence for the chrono-

logic emplacement of granodiorite after quartz diorite is circumstantial. The evidence includes; (1) the outcrop pattern, wherein grano-

diorite is surrounded by quartz diorite; (2) a quartz-plagioclase

feldspar vein (NE 1/4 sec, 27) cutting the quartz diorite, the strike of
which leads the writer to believe that it originated from a nearby
granodiorite outcrop; (3) a quartz diorite outcrop (NW 1/4 sec. 27)
has apparently been subjected to hornblende-hornfels facies meta-

morphism by the intrusion of the granodiorite; and (4) similar relationships are exhibited by the Cuddy Mountains intrusive complex.
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Litho logy and Petrography. The granocliorite is the most

coarsely crystalline phase of the complex. Crystal size ranges from
2 to 10 mm in diameter. Hypidiomorphic-granular and hypidiomorphic-

porphyritic textures are prevalent, The major constituents of the rock
are quartz (20 to 30 percent), orthoclase feldspar (less than 1 to 8
percent), plagioclase feldspar (50 to 70 percent), and mafic minerals
(5 to 15 percent). The dominant mafic minerals are hornblende and

biotite, which occur in approximately equal proportions. Other

minerals include epidote, chlorite, calcite, and magnetite, with minor
apatite, zircon and sphene as accessory constituents. Myrmekite is
present in trace amounts.

Quartz occurs as anhedral to subhedral aggregates up to 1 cm
in diameter. They form the "eyes" in the porphyritic samples.

Quartz is also found as small (0. 2 mm) interstitial crystals in the
matrix,

The plagioclase feldspar is oligoclase (An 18-24). It occurs as
subhedral laths, 2 to 10 mm in length, that are twinned by the Albite,

Carlsbad, and pericline laws. The composition of the feldspar is
difficult to determine because of the strong normal and oscillatory
zoning.

In addition, alteration to sericite and clay commonly replace

entire crystals. Elsewhere, the feldspars may rarely be altered to
epidote and calcite.

Orthoclase feldspar occurs as subhedral to anhedral interstitial
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crystals, 3 to 5 mm in diameter. The potassium feldspar is normally
unaltered, but in a few samples, it has been extensively altered to
sericite and clay. Replacement of orthoclase by plagioclase is
infrequent and results in the formation of small amounts of myremekite.

The orthoclase content of the rock, particularly altered

samples, is generally low and a few samples are actually quartz
diorites. However, the orthoclase content is sufficient to render this
plutonic phase a granodiorite.

Hornblende occurs as subhedral crystals 2 to 10 mm in diameter.

It encloses plagioclase feldspar and magnetite crystals to form a
poikilitic texture. Pleochroism is from light yellow to dark green.

Biotite and chlorite, with rare epidote, calcite, and sphene form
anhedral masses replacing hornblende.
Biotite, 1 to 2 mm in diameter, occurs as a primary mineral in

the granodiorite. It is pleochroic from light to dark brown.

The bio-

tite is generally fresh, although incipient alteration to chlorite is not
uncommon.

Altered rocks found in the drainage of the East Fork of Mann
Creek were mapped as granodiorite. In hand samples, they exhibit

textural and compositional variations relative to the granodiorite previously described. Their relationship to the Sturgill Peak intrusive
complex is not fully understood. Although the contacts of the altered

granodiorite are not exposed, the effects of contact metamorphism,
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the outcrop pattern, and the quartz-feldspar veining (previously

described on p. 49) collectively suggest that the altered granodiorite
intrudes the quartz diorite. Mineralogical and textural differences
include larger and more abundant quartz phenocrysts and highly

altered mafic minerals in the altered granodiorite relative to its
unaltered equivalent (Figure 13, Table 4). The oligoclase is com-

monly completely altered to sericite. The mafic minerals are almost

totally altered to chlorite, although some relict biotite is present.
Epidote is rare and is mainly found as a replacement product of the
ferromagnesian minerals. The sericite and the destruction of the
mafic minerals could indicate that the alteration was caused by either
deuteric or hydrothermal processes. Although highly fractured, the

altered rocks have an almost total lack of veins and sulfide minerals.
For this reason, deuteric and not hydrothermal processes are thought

to be responsible for the alteration. A. possible gradation from
unaltered to altered granodiorite was observed along the East Fork of
Mann Creek.

Chemistry. Granodiorite sample SS-60-A was analyzed for

major oxide and trace element components (Table 5). Most major

oxides of the Sturgill Peak granodiorite are within the range exhibited
by the average granodiorite of the Cuddy Mountains as compiled by
Field (1972, written communication). The MgO and CaO abundances

in the Sturgill Peak sample are high, at 2,04 and 4.56 percent
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. Sisce "N 831-e Cookies and Milk

Figure 13. Comparison of altered (left) and unaltered
(right) granodiorite hand samples.
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Table 4. Modal analyses of unaltered (SS-60-A) and
altered (SS-45-B) granodiorites.
Model analyses (%)
SS-60-A
SS-45-B

Quartz
Orthoclase
Plagioclase
Myrrnekite
Hornblende
Biotite
Chlorite
Epidote
Opaques

20.

7

26. 4

7. 4

0. 6

55.

9

0.

1

66. 6

5. 3
6. 8

2. 2

5.

1

0.

0.

1

1.

1

0.

1

1

1.

Sphene

0. 2

Apatite

0.

1

Table 5, Modal, chemical, and trace element analyses of granodiorite sample SS-60-A (chemical
analysis by Dr. K. Aoki, Tohoku University, Japan; trace element analysis by Rocky
Mountain Geochemical Corporation).
Chemical analysis (%)
Trace element
*
Average
Average Cuddy Mt,
Modal analysis (%)
SS -60 -A
analysis (ppm)
granodiorite" granodiorite***
SiO

65. 49

66. 88

68. 80

0. 56

0. 57

0. 48

A1203

15. 92

15.66

14. 07

Fe 203
FeO

1. 97

1. 33

1. 39

2. 06

2. 59

3. 64

MnO

0.09

0.07

0. 11

MgO

2. 04

1. 57

0. 94

CaO

4, 56

3. 56

3. 11

Na20

4. 22

3. 84

3. 71

K20

1.64

3.07

1.75

H20+

0. 83

0. 65

1, 12

H2O-

0. 17

--

0. 36

P205

0. 15

0. 21

0. 11

2

TiO2

Total

99. 70

99. 59

**NW 1/4 sec. 33
***Average of Nockolds (1954)

Average of seven samples by C. W. Field

Quartz
Orthoclase
Plagioclase

20. 7
7. 4

55. 9

Copper
Lead
Zinc

5

10
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(An24)

Myermekite
Hornblende
Biotite
Chlorite
Epidote
Opaques
Sphene
Apatite

0. 1

Molybdenum

5. 3

Silver

6. 8
2. 2
0. 1
1. 2

0. 2

0. 1

1

0. 1
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respectively, compared to the 0. 94 percent MgO and 3. 11 percent
CaO in the average granodiorite of the Cuddy Mountains as compiled
by Field (1972, written communication). These chemical differences

are a function of mineralogy. The Sturgill Peak granodiorite contains

less quartz and orthoclase and more plagioclase and biotite than the
Cuddy Mountains granodiorite. Granodiorite sample SS-60-A com-

pares closely with the average granodiorite calculated by Nockolds
(1954), However, significant differences occur in the CaO, Na2O,

K2O, and MgO abundances. The Sturgill Peak granodiorite contains

more CaO (4. 56 percent), Na2O (4. 22 percent), and MgO (2. 04 per-

cent) and less K2O (1. 64 percent) than the average granodiorite of
Nockolds (1954; with 3. 56 percent C30, 3.84 percent Na2O, 1.57
percent MgO, and 3.07 percent K2O), Mineralogically, the discrep-

ancies are probably the result of more plagioclase feldspar and
chlorite and less orthoclase in the Sturgill Peak sample than in the
average granodiorite of Nockolds (1954),

The trace element concentrations are essentially background
values. However, the copper value (less than 5 ppm) appears to be

anomalously low and may indicate possible leaching, either hydro-

thermal or supergene, of that element.
Dikes

In addition to numerous quartz veins, dikes of two distinctly
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different porphyritic andesites, aplite, pegmatite, and Columbia River
Basalt intrude host rocks of the Sturgill Peak area.
A distinctive porphyritic andesite dike is found cutting the intru-

sive complex in the NE 1/4 sec. 28 and the SW 1/4 sec, 22. The
dike is approximately 10 feet wide and dips nearly vertical. Pheno-

crysts of plagioclase feldspar, hornblende, quartz and minor biotite,
1 to 7 mm in diameter, are set in a medium-gray (N 8) aphanitic
groundmass. The plagioclase feldspar is strongly zoned and the

composition is calcic-andesine (An
45-50). This feldspar has been
moderately altered to clay, sericite, and minor epidote. The horn-

blende is thoroughly altered to epidote, chlorite, and calcite. Fracture surfaces are colored moderate yellowish. brown (10 YR 5/4)

because of limonite staining derived from the oxidation of pyrite. The

pyrite is less than 0.25 mm in diameter and is disseminated throughout the rock. No other sulfides were observed.

Another porphyritic andesite dike cuts the Mann Creek slates in

the center of sec. 29. Although exposures are very poor, the dike is
believed to be at least 10 feet wide. The phenocrysts consist princi-

pally of plagioclase feldspar, with minor orthoclase feldspar, and are
0.5 to 2 mm in size. The composition of the plagioclase is unknown

because pervasive alteration to sericite and clay has obliterated
most of the twinning in the crystals. The groundmass is aphanitic
and greenish gray (5 G 6/1) in color. The writer is unable to relate
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this dike to the intrusive complex. It could be a late stage dike phase

of the intrusive complex because its mineralogical composition is

similar to that of a quartz diorite. Alternatively, it may be a preintrusion dike that has been subjected to either regional metamorphism,
contact metamorphism, or both.
Aplite dikes that approximate a quartz monzonite in composition

are found intruding the quartz diorite in the NE 1/4 sec. 28 and SE
1/4 sec.

16.

The dikes vary from 2 to 5 feet in width. Brecciation

along the contacts of these dikes indicates forceful intrusion after
solidification of the host.

Quartz veins, with or without tourmaline, cut all the pre-

Tertiary rocks. The veins are up to 5 feet wide, but generally
average less than 1 foot in width. Elsewhere, pegmatitic veins and

segregations that contain coarsely crystalline muscovite, quartz, and
chlorite are found infrequently in the country rocks. On the basis of

their mineralogy and texture, the veins may represent late stage
differentiation from a hydrous residual magma.
Age and Mode of Emplacement

Biotite crystals in granodiorite sample SS-60-A were dated by
the potassium-argon method at Yale University (Henricksen, Skurla,
and Field, 1972). Two separate analyses gave minimum argon

retention ages of 120 and 119 million years. Therefore, an Early
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Cretaceous age is tentatively accepted for the Sturgill Peak intrusive
complex.

This age is similar to those of the Deep Creek quartz

diorite (121 and 127 million years; White, 1973) of the Seven Devils

Mountains, 40 miles to the north - northeast.. However, the three
phases of the Cuddy Mountains complex have been dated at approximately 200 m. y. (Field, Bruce, and Fankhauser, 1968; Field,

Bruce, and Henricksen, 1972). Because of close geographic
proximity and petrologic and chemical similarities to the Cuddy

Mountains intrusive complex, 7 miles to the north, the age of the
Sturgill Peak granodiorite is in doubt.
The Sturgill Peak intrusive complex was forcefully emplaced.

Evidence of this origin is the high intensity of fracturing found in the

country rocks near intrusive contacts, and the arching of the country
rocks as illustrated by the rhyolite welded tuff in cross section A-A'
on Plate 1. The complex displays features of both the epizone and
mesozone as defined by Buddington (1959). Epizonal features include:

the lack of foliation and lineation, and sharp, discordant relationships
with the country rocks. Mesozonal features include: greens chist

grade metamorphism in the country rocks; the composite nature of
the complex; and apparent lack of contemporaneity between the volcanic and plutonic rocks.
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Columbia River Basalt

Russell (1901) named and first described the Columbia River
Basalt along the Yakima River in Washington.

Waters (1961) sub-

divided this basaltic unit into Picture Gorge and Yakima formations.
Wright, Grolier, and Swanson (1973) divided the basalts into 11

chemical types and proposed a four-unit stratigraphic grouping based
on these chemical types. The four stratigraphic units are, from

oldest to youngest, Picture Gorge and equivalent lower basalt, and
lower, middle, and upper Yakima basalts. Because chemical analyses

were not obtained for basalt from the Sturgill Peak area, the names
Picture Gorge and Yakima Basalt as defined by Waters (1961) will be
retained.

Picture Gorge Basalt
Field Description. The Picture Gorge Basalt of the Columbia

River Group crops out as scattered erosional remnants throughout the
southwest part of the map area. On the western slope of Hitt Peak, it
is unconformably overlain by the Yakima Basalt of the Columbia River
Group. Of the characteristic features described by Waters (1961),

those features most diagnostic of the Picture Gorge Basalt in the

Sturgill Peak area are subdued, rounded, grussy, sometimes waxyappearing outcrops, and a porphyritic texture. Individual flows may
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be discernible in some outcrops, but contacts are usually marked by
vegetation differences caused by springs emanating from permeable
intraflow breccias. Columnar jointing is rarely evident in this unit
(Figure 14). Fresh samples vary in color from medium gray (N 5) to

dark gray (N 3).

Phenocrysts generally consist of plagioclase feld-

spar, up to 3 cm in length, with some olivine. The groundmass is
aphanitic,

The maximum thickness of the Picture Gorge Basalt in the

Sturgill Peak area is estimated to be 500 feet. Outcrop relationships
indicate that this member unconformably overlies all the pre-Tertiary
rocks and is, in turn, unconformably overlain by Yakima Basalt.
Litho logy and Petrography. The Picture Gorge Basalt is

porphyritic-intergranular in texture, and is nearly holocrystalline.
Volcanic glass usually comprises less than 2 percent of the rock.

The dominant minerals in this basalt are plagioclase, augite, olivine,
and magnetite.

Plagioclase feldspar occurs both as subhedral lath-

shaped phenocrysts, and as microlites in the groundmass, The plagioclase is labradorite (An 54-59) and is generally unaltered. Subhedral

to anhedral olivine crystals are present in the groundmass and as
phenocrysts up to 1 mm in diameter, The olivine is commonly

altered to iddingsite. Anhedral augite crystals are found throughout
the unit. They are greenish gray in color and are usually unaltered.
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MEI

Figure 14. Columnar jointing in Picture Gorge Basalt
(NW 1/4 sec. 21). View to the southwest.
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Small amounts of subhedral to anhedral magnetite are ubiquitous and

range from 0. 2 to 0.04 mm in diameter.
Yakima Basalt

Field Description. The Yakima Basalt of the Columbia River

Group crops out in the northeast corner of the map area and on Hitt
and Benton Peaks. Waters (1961) characterizes the Yakima Basalt

as generally unaltered; it lacks the waxy and grussy weathered appear-

ance that is characteristic of the Picture Gorge Basalt. In addition,
the flow units within the Yakima Formation are generally nonporphy-

ritic and usually form bold outcrops. Fresh Yakima Basalt is medium
gray (N 5) to dark gray (N 3) in color. The flows are generally

aphantic, although small plagioclase feldspar phenocrysts are found

in some samples. Maximum thickness of this unit is approximately
1, 200 feet.

It lies with angular unconformity over the Picture Gorge

Basalt.
Litho logy and Petrography.

The Yakima Basalt is aphanitic to

finely crystalline. Average size of the crystals is 0. 3 mm. The

texture of the unit is generally porphyritic-intergranular. Pilotaxitic

textures are also present. Volcanic glass is more abundant in this
unit than in the Picture Gorge Basalt and may comprise 7 to 10 percent
of the rock. Chlorophaeite is found in trace amounts. Most chloro-

phaeite and volcanic glass is altered to a highly birefringent clay,
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possibly a smectite. Fresh subhedral labradorite (An 57-60) occurs as

microlites approximately 0.1 mm in length and rarely as phenocrysts
up to 1 mm in length. Olivine, although less abundant than in the

Picture Gorge Basalt, occurs as subhedral to anhedral phenocrysts

up to 0.4 mm in diameter, and as smaller crystals in the groundmass,
It is partially altered to iddingsite. Augite (?) anhedra are found as

extremely small crystals in the groundmass. They are generally less
than 0.05 mm in diameter and are colorless to light green. Anhedra
and subhedra of magnetite, at concentrations of less than 2 percent,
are widespread in all the samples of Yakima Basalt.
Dikes

Feeder dikes of Columbia River Basalt are numerous in the

Sturgill Peak area, and cut all the rock units exposed. Because of the
heavy vegetation in the map area, tracing the dikes over any appreciable distances proved difficult or impossible. No attempt was made to
distinguish between dikes of Picture Gorge and Yakima Basalt. The

trends of the feeder dikes vary from N 15°E to N 40°W. All dikes

are approximately vertical. Widths of these dikes range from 2 to
approximately 80 feet. The average width is estimated to be 15 feet.

Some dikes stand out in bold topographic relief, whereas others have

a more subtle expression and apparently weather more readily than
the country rocks they intrude. Variations in topographic expression
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are undoubtedly related to the dikes' composition and alteration which

controls their physical resistance to weathering. The Columbia River
Basalt dikes of the Sturgill Peak area are part of the Chief Joseph
dike swarm of Oregon, Idaho, and Washington as defined by Taubeneck
(1970).

Origin

Flows of Columbia River Basalt represent rapid and repetitive
extrusions of near-horizontal plateau-type flood basalts erupted from
numerous nearby dikes (Waters, 1961; Taubeneck, 1970) and plugs
(Slater, 1969; King, 1971).

Age and Correlation

Waters (1971) has indicated the age of the Picture Gorge Basalt
to be Early to Middle Miocene and that of the Yakima Basalt to be
Middle to Late Miocene to Early Pliocene. Basaltic flows in the

thesis area are part of the Columbia-Snake River Plain of Washington,
Idaho, and Oregon. They are correlated with the Columbia River

Group on the basis of similar lithology and stratigraphic position and

nearly continuous outcrop to the type-section areas of the Picture
Gorge and Yakima Formations in Oregon and Washington, respectively.
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Quarternary Unconsolidated Deposits

Deposits of unconsolidated stream debris are found in the major
canyons of the area. They have been mapped as alluvium. All

boulders observed in the stream beds could be traced to a source
within the thesis area.
A single large slump block of Picture Gorge Basalt was mapped

separately as landslide material. The block is believed to have slid
to the west a minimum of 600 feet, and it covers the trace of the
northeast-trending fault in the NW 1/4 sec. 34.
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IV, STRUCTURE

Regional Structure

The Sturgill Peak area is located in the Columbia Plateau
Province as defined by Hamilton (1962). The province is charac-

terized by irregular domal and anticlinal uplifts and northwest-

trending faults superimposed on east to northeast-trending structures
in low grade metamorphic rocks that are intruded by semiconcordant
stocks and small batholiths. Cook (1954) accounts for the post-basalt
regional uplift of the Cuddy and Seven Devils Mountains through anti-

clinal warping roughly parallel to northeast-trending pre-basalt faults.
King (1971) suggested that the uplift of the Cuddy Mountains was

accomplished by normal faulting rather than anticlinal warping. King

(1971) traced a fault scarp at least 2Q miles along the southeastern
edge of the Cuddy Mountains. Henricksen (1973, personal communica-

tion) believes that mapping done by Fankhauser (1969) indicates that a

major northwest-trending fault is present in the southwest Cuddy
Mountains.

On the basis of field observations, the writer suggests that the
uplift of the Hitt Mountains was accomplished by northwest-trending

normal faults rather than anticlinal warping or doming. Normal faulting to the north and east of the Sturgill Peak area is represented in
the reconnaissance sketch map (Figure 15). The fault scarps are
recognizable on topographic maps and in the field, Anticlinal warping
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or doming cannot account for the predominantly eastward dips on the

Yakima Basalt north of the area mapped in detail. The southwesterly

dips of the Picture Gorge Basalt, south of Sturgill Peak, give the
impression that it forms the western limb of an anticline. However,

the writer does not accept this possible interpretation, and suggests

that these attitudes are more likely the result of either an angular
unconformity between the Picture Gorge and Yakima Basalts, or

possibly the result of tilting of the Picture Gorge Basalt by faulting.
Local Structure

The Sturgill Peak area has undergone several periods of deforma-

tion that resulted in the formation of numerous structural features.
Although uncertainties exist, they will be discussed in the inferred
order of their development. Intervals during which structural, features
formed include: (1) post-Seven Devils Volcanics pre-rhyolite welded

tuff; (2) post-grassy slope phyllites; (3) post-rhyolite welded tuff preMann Creek slates; (4) post-Mann Creek slates pre-intrusive complex;
(5) intrusive complex; (6) post-intrusion pre-Columbia River Basalt;

(7) post Picture Gorge pre-Yakima Basalt; and (8) post-Columbia River
Basalt. It is hoped that this manner of discussion will give a more

unified picture of the structural history of the Sturgill Peak area.
The earliest period of deformation is recorded in the Seven
Devils Volcanics, However, the structures of this unit are largely

unresolved because of poor exposures and the lack of distinct marker
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beds. Moreover, bedding attitudes are so scarce that only a hint of

deformation is evident. As indicated on the geologic map of the Sturgill
Peak area (Plate 1), bedding attitudes within the Seven Devils Volcanics
vary greatly and thus presumably indicate an early episode of folding
and faulting.

In the Cuddy Mountains, where the unit is better exposed,

Slater reported drag folds and other large-scale evidence of early
deformation in the Seven Devils Volcanics, This unit is thought to be

separated from the rhyolite welded tuff by an angular unconformity.

Presumably deformation, possibly in the form of folding, affected

the grassy slope phyllites at the same time as the rocks of the Seven
Devils Volcanics were being deformed,

A period of erosion with minor tilting followed the deposition of
the rhyolite welded tuff and resulted in an angular unconformity
between this unit and the overlying Mann Creek slates. Evidence for

an interval of erosion is the great difference in thickness of the unit.
Thrust faulting has destroyed the contact in the Sturgill Peak area,
but the presence of an unconformity is documented by Slater (1969) in
the Cuddy Mountains.

The absence of the rhyolite south of a dike-like

extension of the intrusive complex (sec. 28 and 29) is possibly
explained by a fault following the trend of the dike. To the south, the

fault could have uplifted the rhyolite welded tuff, and the unit was
then removed by erosion. The rhyolite welded tuff crops out on strike

west of the map area,
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The fourth episode of deformation is represented by two thrust
faults in the map area. One fault, located at the base of the Mann

Creek slates, is believed to be correlative with the Bayhorse Thrust
described by Livingston (1932) in the Bayhorse Mining District about
10 miles to the south-southwest near Huntington, Oregon. In the

Bayhorse and Mineral Districts, overthrusting occurs in the Red and
Green Conglomerate described by Brooks (1967). In the Cuddy

Mountains, overthrusting occurs in a conglomerate that is found
stratigraphically below the rhyolite welded tuff. In the Sturgill Peak

area, thrusting is, in part, confined to the conglomeratic schist
lithology. This unit is lithologically similar to the Red and Green

Conglomerate and is probably the same unit. The amount of move-

ment along this fault is unknown, but displacement is believed to be

relatively small.
The other thrust fault is located at the top of the Mann Creek

slates in sec.

17.

It separates the slates from the more deformed

grassy slope phyllites. The phyllites have been deformed by slipstrain cleavage. However, an age cannot be assigned with confidence

to this deformation. Some of the shearing and folding of the grassy
slope phyllites was probably contemporaneous with and related to the
thrust faulting. According to Moores (1970), diapiric serpentinite,

where intruded along thrust faults in greenschist terrains, may
represent fragments of overthrust mantle material. Although difficult

7Z

to prove, this fault may represent a major crustal structure of
regional importance.

The thrust faults have two common features.

They pre-date

plutonic activity because both are cut by hydrothermal quartz veins.

Moreover, the faults dip 450 to 550 to the northwest, as do the country
rocks, and thus they are bedding plane faults. The writer believes

that the thrust faults were essentially contemporaneous, and were the

result of the same compressive force, applied in a southeasterly
direction. The steeply dipping fault planes could be the result of

regional tilting of the area during plutonism, regional uplift, postMiocene faulting, or a combination of these factors.
Emplacement of the Sturgill Peak complex was forceful, as
indicated by the high degree of fracturing in the Seven Devils Volcanics

and rhyolite welded tuff near intrusive contacts. Faulting and folding

are the other main structural effects on the country rocks. Numerous
shear zones are found in the Seven Devils Volcanics and rhyolite
welded tuff, but are unmappable. Folding in the form of an arch or

dome-like structure is illustrated by the rhyolite welded tuff in cross
section A-A' on Plate 1. These features are collectively similar to
those found in the Cuddy Mountains (Bruce, 1971; and others) and in

the Mineral District (Henricksen, 1972, personal communication).
Much of Late Mesozoic and Early Cenozoic was a period of

regional uplift and erosion as evidenced by exposure of the intrusive
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complex prior to the outpourings of Miocene and Pliocene Columbia

River Basalt. This unconformity is illustrated in the N 1/2 sec. 27,

where Picture Gorge Basalt overlaps the intrusive complex and thus

indicates that the pluton was a pre-basalt land surface (Figure 16).
An unconformity between Picture Gorge and Yakima Basalts of

the Columbia River Group, reported by Waters (1961), is present on
the west side of Hitt Peak. The underlying Picture Gorge flows dip

20 to the northeast, whereas the overlying Yakima flows, near the top

of Hitt Peak, dip to the northeast at 8°
Deformation after extrusion of the Columbia River Basalt occurred mainly by normal faulting. Two normal faults, each trending

approximately N 40°W, are typical of fault trends in the Columbia
Plateau Province as defined by Hamilton (1962). The largest northwest-

trending fault, located south of West Pine Creek (Plate 1), is responsible for uplift of the ridge line of the Hitt Mountains and exposure of

pre-Tertiary rocks. From field evidence and lineations on topographic
maps and aerial photographs, this fault can be traced for a distance of
11 miles.

The inferred displacement is substantial, perhaps more

than 2,100 feet, because Picture Gorge Basalt is exposed on top of
Sturgill Peak, whereas only Yakima Basalt is exposed to the north at
the base of the scarp. The other northwest-trending fault cuts what

are believed to be a series of intracanyon flows in sec. 20, 21, and
29.

It has an estimated displacement of 400 feet.

Figure 16. Picture Gorge Basalt (Tpg) overlapping the
quartz diorite (Kqd) (NW 1/4 sec. 27). View
to the northwest.
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Two northeast-trending faults terminate against, but do not displace, the major northwest-trending fault in sec. 22 and 23. They

form a horst-like structure in the center of the map area, possibly
resulting from differences in displacement along the northwesttrending fault. Northeast faulting was perhaps controlled by changes

in rock type because they coincide with the inferred edges of the
intrusive complex.

The fault near the headwaters of the East Fork of Mann Creek

in sec. 27 dips approximately 65° to the east, using the three point
method. It has a minimum displacement of 600 feet.

The other

northeast-trending fault, located near Sturgill Peak, dips near vertically and has a minimum estimated displacement of 400 feet.
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V. METAMORPHISM

Regional Metamorphism

Regional metamorphism occurred in Middle Jurassic time in
the Snake River area (Hamilton, 1963; Vallier, 1967). In the Sturgill

Peak area, regional metamorphism affected all rocks deposited prior
to intrusion of the Sturgill Peak intrusive complex. The metamorphic

grade is greenschist facies as defined by Turner (1968). Minerals

formed by regional metamorphism in this area include albite, chlorite,

quartz, and calcite, with lesser amounts of white mica, epidote,
actinolite, and biotite. Turner states that greenschist assemblages

crystallize over a definite range of temperature and pressure; perhaps
from 400° to 500°C and 4 to 6 kb at high water, relative to CO2,

pressures.
Variations in the metamorphic assemblages of the Sturgill Peak

area are related to factors such as original composition, grain-size,
and porosity. In general, volcanic rocks contain albite-calcite-

chlorite-quartz assemblages, whereas pelitic rocks consist of
muscovite-quartz-chlorite-epidote assemblages. Equilibrium was

never attained, as evidenced by the numerous relicts present. Neither
schistosity nor metamorphic differentiation were developed in these

rocks as a result of regional metamorphism.
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Contact Metamorphism

Contact metamorphism occurred during Early Cretaceous time
in conjunction with the emplacement of the Sturgill Peak intrusive
complex.

Three thermal events, coinciding with the emplacement of

the three phases of the intrusive complex, affected the country rocks

and the earlier two intrusive phases. The three events are considered
one thermal event because they took place over a short interval and
resulted in the same metamorphic effects.
A cummingtonite-cordierite-biotite metamorphic assemblage was

observed in the country rocks near the granodiorite contact (center of
sec. 33). According to Turner (1968), this assemblage is included in
the hornblende-hornfels facies. This rock is finely crystalline, light

gray (N 8) in color, and exhibits a granoblastic texture (Figure 17).
Presumably it was derived from an intermediate volcanic rock of the
Seven Devils Volcanics.

Hornblende-hornfels facies rocks are also found in the quartz
diorite near its contact with the younger granodiorite. The quartz

diorite is characterized by a granoblastic texture formed by the

recrystallization of the plagioclase feldspar, quartz, orthoclase feldspar, and hornblende. Hornblende, exhibiting sieve texture, is
slightly more abundant in this sample than in the typical quartz
diorite. Although the hornblende is generally fresh, it may be replaced

Figure 17. Photomicrograph of the cummingtonitecordierite-biotite hornfels showing cum
mingtonite (Cm) and cordierite (Cd), The
cummingtonite is 1 mm in length.
(Crossed nicols)

by small amounts of chlorite, fibrous amphibole, and biotite as a
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retrograde effect. In addition, the feldspars have undergone incipient
alteration to white mica.
Hornblende-hornfels facies rocks should grade outward from

the intrusive complex into rocks of the albite-epidote-hornfels facies
as defined by Turner (1968). This change is not observed in the

country rocks because the greenschist facies of regional metamorphism is mineralogically similar to the albite-epidote-hornfels
facies of contact metamorphism. Earlier phases of the intrusive

complex are, in part, subjected to albite-epidote-hornfels metamorphism by emplacement of the later phases. The assemblages vary

slightly, but are always some combination of chlorite, calcite, actinolite, biotite, and white mica. Albite was not observed in the thin
sections examined.
Dislocation Metamorphism

Dislocation metamorphism is the dominant process resulting in
the formation of the conglomeratic schist lithology previously
described with the Mann Creek slates, According to the terminology

of Williams, Turner, and Gilbert (1954), the rock is a phyllonite; a
rock formed by extreme cataclastic deformation and characterized by

a reduction in grain size, recrystallization of some of the minerals
(e. g. , quartz and calcite), formation of new minerals (e. g., muscovite

and chlorite), and the development of schistosity.
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VI, ECONOMIC GEOLOGY

Although mining has never been conducted in the Sturgill Peak

area, it does contain a variety of small gold, copper, chromium, and
silver prospects. The discussion that follows is a description of
these prospects.
Gold Prospect

The gold prospect is located in the NW 1/4 sec. 17. Mineralization is concentrated in a quartz vein that is approximately 5 feet wide

and cuts the grassy slope phyllites, The vein strikes approximately
N 65°W and dips vertically, In addition to quartz, the vein contains

large amounts of iron-oxides, primarily hematite and limonite. Gold

occurs as rare disseminated flecks, less than 1 mm in size, in the
iron-oxide rich rock. No other ore minerals were observed.

Because the hematite and limonite are amorphous in character and

occur in veins and small masses in the highly fractured quartz vein,
the iron-oxides are believed to be of supergene origin, derived from
the leaching of the overlying phyllites, Hydrothermal effects on the

wallrock, essentially limestone and minor cherts, is limited to
silicification and minor iron-staining.
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Skarn Prospect
This prospect is located in the NW 1/4 sec. 27. The entire
prospect is approximately 8 feet in diameter and is confined to the

quartz diorite. Quartz, epidote, garnet, magnetite, actinolite, and

scapolite are the common skarn minerals. Ore minerals include
chalcopyrite and malachite. Hematite staining, from the oxidation of

magnetite, colors the outcrop dark brown and thus contrasts dramatically with the gray colors of the surrounding quartz diorite. This
minor deposit has presumably formed by silication of a limestone
xenotlith, derived from the Seven Devils Volcanics, during intrusion
of the quartz diorite.
Rhyolite Prospect
The rhyolite welded tuff is potentially an economically important

stratigraphic unit in this region. It has been described most recently
by Henricksen and others (1973). This unit has been mined for silver,

copper, lead, and zinc in the nearby Cuddy Mountains and Mineral

Districts. At Sturgill Peak, the rhyolite shows evidence of alteration
and/or mineralization in all outcrops. Hematite, geothite, and jaro-

site stain fractures and form a transported gossan in all exposures of
this highly fractured unit. Numerous irregularly shaped voids in the

rhyolite are interpreted as being caused by the leaching of sulfides.
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The base metal content of the rhyolite, given in Table 1, shows
extremely low values, indicating that some leaching has taken place.

Hydrothermal effects on the rhyolite are usually minimal. This

characteristic feature is attributed to the unreactive nature of a rock
containing nearly 75 percent Si Oz.

In a few outcrops, especially one

in the SW 1/4 sec. 21, a black "mineral" fills fractures.

A polished

section of the fracture-filling revealed little, except that it is probably
an oxide of supergene origin replacing the original mineral. Compo-

sitionally, the black "mineral" is probably a supergene manganeseoxide commonly found on rhyolite outcrops in the Cuddy Mountains

(Fankhauser, 1969; Bruce, 1971). Clay, presumably derived from

the supergene alteration of feldspars, is also abundant in the
mineralized rock.

Serpentinite "Prospect"
A claim has been staked on a small serpentinite body that crops
out in the NW 1/4 sec.

17.

No evidence of mineralization was dis-

cernible from surface outcrops in the area claimed. The serpentinite
was probably claimed because of the occurrence of chromite pods in

identical host rocks, particularly along the same thrust fault on the
Oregon side of the Snake River, in an area mapped by Cox (M. S.

thesis in progress, Oregon State University).
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East Fork of Mann Creek Prospect

This prospect is located along the south bank of the East Fork
of Mann Creek, in the NE 1/4 sec. 33. The Seven Devils Volcanics

are sporadically cut by quartz-orthoclase-epidote veins. Dissemi-

nated pyrite is present in a few outcrops. On the basis of limonitestained float found in the center of sec. 33, seven stream sediment
samples were taken (locations shown on Plate 1). Trace element
analyses for copper range from 65 to 105 ppm (Table 6). Samples 2
(105 ppm) and 6 (90 ppm) are slightly anomalous in copper, but the

analytical data indicate essentially background values for the region,
Table 6, Trace element analyses for copper

of stream sediment samples collected
on the East Fork of Mann Creek
(analyses courtesy of Bear Creek
Mining Company),

Copper
opper
(ppm)
1

65

2

105

3

80

4

60

5

65

6

90

7

80
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Gabbro Prospect
Veins containing epidote and orthoclase cut the gabbro at a

prospect located in the SE 1/4 sec, 21, southwest of Sturgill Peak.
As shown in Figure 18, the veins vary from 1 to 3 mm in width. The

orthoclase feldspar occurs as vein-fillings and as selvages, 5 to 10
mm wide in the gabbroic host rock adjacent to the veins. Epidote is

strongly concentrated in the veins, but it also occurs as small
replacement masses in the adjacent host. Mineralization consists of
widely disseminated pyrite and chalcopyrite found in the veins and the
gabbro. Alteration of the gabbro consists mainly of chloritization of

mafic minerals and incipient argillization of the plagioclase feldspar.

Sericite is rare. Textural evidence suggests that orthoclase is
paragenetically late, because it replaces the epidote. Inclusion of
the gabbro as an economic prospect is based on the alteration and
mineralization observed.
Economic Potential

From an economic standpoint, the gabbro and rhyolite prospects

are the most interesting. However, the economic outlook for the
Sturgill Peak area is not encouraging. The available evidence would

seem to indicate that all prospects are either too small or too low in
grade for profitable mining ventures in the foreseeable future,
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Figure 18, Epidote-orthoclase veins cutting the hybrid
gabbro.
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VII, GEOMORPHOLOGY

Down-cutting by streams and ephemeral creeks is the major
agent of erosion in the Sturgill Peak area. No evidence of glaciation
was found on the Hitt Mountains. This is significant because glaciers

were present at similar altitudes in the Cuddy and Seven Devils
Mountains to the north,

According to the idealized fluvial cycle, as outlined by

Thornbury (1954), the map area is classified as being in early youth.
The youthful characteristics include: (1) V-shaped valley profiles;
(2) the lack of floodplain development, except on trunk streams;

(3) rapids present in all streams; (4) lack of meanders; and (5) broad
stream divides.
During Miocene time, the existing topography was buried

by Columbia River Basalt,

Rejuvenation occurred with uplift

caused by faulting. The largest northwest-trending fault divides the

thesis area into two topographically distinct areas. Northeast of the

fault, the topography is remarkably more gentle and interstream
divides consist of rolling hills. The streams of this area are consequent, in that the drainage pattern was 'primarily determined by the
original slope of the land after the outpourings of basalt. Southwest

of the major fault, the topography is more rugged as a consequence of
rapid down-cutting by streams following uplift by faulting. Stream
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valleys were probably superposed on the pre-Tertiary rocks as
erosion proceeded. The course of several streams is controlled by
fault zones. For example, Mann Creek in the SW 1/4 sec. 21 follows

a fault zone. Fault control is postulated for two northeast flowing

streams located in the NW 1/4 sec. 22 and NW 1/4 sec. 26.
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VIII. PLATE TECTONICS

The geologic relationship of western Idaho and eastern Oregon,

including the Sturgill Peak area, to plate tectonic concepts is considered in this chapter. Because little is known about the pre-

Cretaceous geology to the east or west of the map area, as a consequence of extensive basalt cover and the nearby Idaho Batholith, the

following interpretation is speculative at best.

I am assuming that in Late Paleozoic time, the western edge of
the North American plate was located in an area between eastern and

central Oregon, and the western edge of the continental crust was in
the area now occupied by the Idaho Batholith, According to Armstrong

and Suppe cited in Lanphere and Read. (1973), the break between North

American and African plates occurred 225 million years ago (Late

Permian to Early Triassic). Subduction of the oceanic plate, in a zone
located in central Oregon, commenced or increased in rate at this
time. Partial melting of the subducted plate resulted in the formation

of an andesitic island arc. This island arc extended from at least
southeastern Alaska, through the Canadian cordillera (Monger,

Souther, and Gabrielse, 1972) to at least southern California
(Burchfiel and Davis, 1972), The impact of North American and

oceanic plates caused local obduction (overthrusting of oceanic crust)
at the plate junction as described by Coleman (1971). This resulted
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in the emplacement of an ophilite complex (Canyon Mountain Complex),

the formation of blueschist rocks near Mitchell, Oregon (Swanson,
1969), and the complex folding of the sea-floor sediments (Burnt

River Schist, Elkhorn Ridge Argil lite, grassy slope phyllites) and
island arc rocks (Clover Creek Qreensontes, Seven Devils Volcanics)
in the area between the Seven Devils Mountains, Idaho and the Aldrich
Mountains, Oregon.

Numerous plutons, generated by partial melting

of the descending plate, were intruded throughout much of eastern
Oregon and western Idaho during this time interval.

Plutons, such

as those of the Cuddy Mountains and Mineral Districts, are thought

to have been essentially comagmatic with the volcanic rocks of the
island arc. Island arc volcanism continued until at least the end of the

Triassic period.
Jurassic time was marked by a decrease in volcanism and
deposition of arc-trench gap sediments similar to and including the
Mann Creek slates. In Middle (?) to Late Jurassic time, perhaps
pr e dat i n g events leading to the break up of North American and

European plates, the region underwent another period of deformation.

In the Sturgill Peak area, this deformation consisted of thrust faulting
at the bottom and top of the Mann Creek slates, folding in the grassy

slope phyllites, regional metamorphism (Hamilton, 1963; Vallier,
1967), and the diapiric emplacement of serpentinite bodies, Serpen-

tinites had been emplaced during the Triassic deformation (Thayer

90

and Brown, 1964), but evidence previously discussed indicates that

they were also emplaced in Middle to Late Jurassic time, This
period of deformation marked the beginning stage of an orogeny that

culminated, in Cretaceous time, with intrusion of the Idaho Batholith
at the former continental margin.
Subduction, formerly localized in central Oregon, presumably
moved westward sometime after the emplacement of the Idaho Batholith and related plutons. The Columbia River Basalt was extruded on

the newly formed crust in Late Tertiary time. Problems presented
by the origin of the basalts, if viewed in plate tectonic terms, have
been summarized by Snavely, McLeod, and Wagner (1973). Tertiary
time was marked by a fundamental change in tectonic style. Deforma-

tion changes from a compressional to tensional nature, as evidenced
by the formation of Late Tertiary and Quaternary normal faults in the
region.
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IX. GEOLOGIC SUMMARY

Eugeosynclinal conditions prevailed in the Sturgill Peak area

from Permian (?) to early or Middle Jurassic time. In Permian (?)
time the grassy slope phyllites were deposited in a deep sea environment. The formation was subdivided into two members; the phyllitic

member (consisting of phyllites and interbedded phyllitic quartzites)

and the limestone member (containing limestone, silicified limestone,
and interbedded chert). The next discernible event was the deposition
of the dominantly andesitic and dacitic welded tuffs and flows with

volcaniclastic rocks of the Late Triassic Seven Devils Volcanics.
The volcanics were slightly deformed and subsequently eroded. The
Sturgill Peak rhyolite welded tuff was deposited unconformably on the

Seven Devils Volcanics in Early (?) Jurassic time.

The presence of

eutaxitic texture at many localities proves the welded tuff origin of
the unit. A period of erosion followed the deposition of the rhyolite
welded tuff. Thereafter, the Mann Creek slates, consisting of shale

and slate with graywackes and minor limestones, were deposited

unconformably on this erosional surface prior to Middle Jurassic
time.

The rocks previously described underwent regional metamorphism
to the greenschist facies in Middle Jurassic time (Hamilton, 1963;
Vallier, 1967). Minerals of this assemblage in the Sturgill Peak area
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include albite, chlorite, quartz, calcite, with white mica, epidote,
actinolite, biotite. Between early to Middle Jurassic and Early
Cretaceous (possibly Middle Jurassic) time thrust faulting occurred
near the upper and basal portions of the Mann Creek slates. A small
serpentinite body was emplaced along the thrust fault at the top of the

slates during this period. Accordingly, this fault may be of regional
importance. The thrust fault at the base of the slates is marked, in

part, by formation of the conglomeratic schist lithology.
The Sturgill Peak intrusive complex was emplaced in Early

Cretaceous time. In order of emplacement, members of the complex

are hybrid gabbro, quartz diorite, granodiorite, and mafic and silicic
dikes and veins. The granodiorite was radiometrically dated by the

K-Ar method as approximately 120 million years old (Henricksen,

Skurla, and Field, 1972), However, mineralogical and chemical

similarities to the 200 million year old plutons of the Cuddy Mountains

and Mineral District (Field, Bruce, and Fankhauser, 1968;
Henricksen, Skurla, and Field, 1972) suggest that this age may not

be correct.
Erosion from Cretaceous to Miocene time exposed the Sturgill
Peak intrusive complex, In Early to Middle Miocene to Early Pliocene time (Waters, 1961), flows of the Picture Gorge and Yakima

Basalts of the Columbia River Group erupted from fissures and

completely buried the pre-Tertiary rocks of the area. An angular
unconforrnity exists between the two basaltic formations.
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Major northwest and northeast-trending normal faulting, active
during the Late Tertiary and Quaternary, combined with fluvial erosion

and mass wasting, exposed the pre-Tertiary rocks and formed the
present topography of the Sturgill Peak area,

The thesis area contains a variety of small metal prospects,
including occurrences of copper, gold, and silver. All mineral
deposits observed are related to the Sturgill Peak intrusive complex.
In the context of current plate tectonic theory, the Seven Devils

Volcanics, Mann Creek slates, and grassy slope phyllites are con-

sidered to be an island arc, arc-trench gap sediments, and seafloor
sediments, respectively. Late Permian to Middle (?) Jurassic
deformation is related to the separation of the North American and
African plates, and Early Cretaceous orogeny coincides with the
separation of the North American and European plates,
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