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Abstract

The Connor Creek area is located adjacent to Brownlee

Reservoir, 19 miles north of Huntington, Baker County, north-

eastern Oregon. Rocks in the area range n age from Permian

to Pliocene.

The rocks of Permian age have herein been divided into

four mappable units termed Phyllitic Quartzite, "Nelson

Marble", Microquartzite, and Marble. These rocks werede-

posited in a deep-water basin within the western Cordilleran

eugeosyncline as calcareous, siliceous, and pelitic muds.

Diagenesis and probably two periods of regional metamorphism

transformed these sediments into the present sequence of lime-

stones, cherts, and phyllites.

Permo-Triassic orogenic activity interrupted eugeo-

synclinal deposition, regionally metamorphosed and deformed

the Permian sediments, and resulted in the emplacement of two
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plug-like bodies of diorite into the Permian sequence. These

plutonic rocks were later metamorphosed and are mapped as

Metadiorite They are considered to be early or middle

Triassic in age.

Eugeosynclinal deposition resumed in late Triassic

time and resulted in a sequence of graywacke and slate of

early or middle Jurassic age. These rocks which have been

named Metagraywacke were deposited by turbidity currents with-

in a rapidly subsiding basin that was being filled with detri-

tus derived from a volcanic provenance. A slatey cleavage was

imparted to these rocks while they still contained enough

pore fluid to permit flowage of their pelitic fraction.

The Connor Creek area was affected by regional rneta-

morphism, tectonism, and plutonism associatedwith the late

Jurassic-early Cretaceous Nevadan orogeny. Regional meta-

morphism imparted greenschist facies assemblages on the

Permian and Jurassic sedimentary rocks and.the Triassic in-

trusive rocks. Compressional tectonics deformed the Phyllitic

Quartzites and resulted in the formation of a major north-

east-trending reverse fault which incorporated a body of

tectonically rernobilized serpentinite related to the Triassic
Canyon Mountain magma series. The serpentinite was altered

to talc-carbonate rock under temperature and pressure con-

ditions accompanying the greenschist metamorphism. Plutonic

activity associated with this interval led to the emplacement

of plutons of dacite porphyry and quartz diorite. A contact

aureole consisting of hornblende hornfels facies assemblages



is peripheral to the quartz diorite stock. Gold-quartz

mineralization, exemplified by the Connor Creek and Snake

River mines, is presumed to have accompanied this plutonic

activity.

Columbia Riyer Basalt flows were erupted over the

area from middle Miocene to early Pliocene time. Laharic

and iaucustrine deposits are present near the base of the

basalt section. Dikes of Columbia River Basalt in the area

exhibit similarities to both the Picture Gorge and Yakima

members and are part of the Grande Ronde-Cornucopia dike

swarm. Erosion and normal faulting followed this volcanism

so that all but the lowest flows of the Picture Gorge member

are present.

Quaternary features in the area include alluvium and

landslide blocks. Recent hot spring activity localized along

the reverse fault was accompanied by hydrothermal deposition

of cinnabar and silica-carbonate alteration assemblages.
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BEDROCK GEOLOGY OF THE CONNOR CREEK AREA

BAKER COUNTY, OREGON

INTRODUCTION

Location and Accessibility

The thesis area is in southeastern Baker County, Oregon,

and is part of the Blue Mountains physiographic province

(McKee, 1972). The map area consists of secs. 19 through

36, 1. 11 S., R. 45 E. and secs. 19 and 30, 1. 11 S., R. 46

E. which are included in the Durkee and Mineral 15-minute

quadrangles. The nearest towns are Huntington, Oregon, 19

miles to the south; Richiand, Oregon, 15 miles to the north;

and Durkee, Oregon, 19 miles to the west (Figure 1). Brown-

lee Reservoir on the Snake River is the eastern border of

the area.

Access from U.S. Interstate 80 North to the western part

of the study area is provided by the Lookout Mountain Road.

The eastern part of the area is reached via the Snake River

Road from either Huntington or Richiand. Accessibility with-

in the area is limited to unimproved jeep trails.

Topography and Drainage

The maximum topographic relief of the thesis area is

4250 feet. The highest altitudes in the area are located

in the NW 1/4 NW 1/4 sec. 19 and the SW 1/4 SE 1/4,sec. 29,

1. 11 S., R. 45 E., and have an elevation of approximately1 *

6250 feet, whereas Brownlee Reservoir, the lowest elevation,
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is 2000 feet above sea level

The most prominent physiographic features of the area

are ridges formed by the Nelson Marble (Plate 2). The

flanks of these ridges are invariably steep and the V-shaped

canyons formed by Fox and Connor Creeks are dangerously pre-

cipitious (Plate 3). Slopes in the lower elevations (Plate

4) are more rounded and lack the thick vegetal cover that is

present in the higher parts of the area.

The drainage of the area is controlled by four peren-

nial streams which all flow into Brownlee Reservoir. Connor

Creek and its tributary system drains the central and larg-

est portion of the area. Drainage in the northeast and

southwest areas are controlled by Soda Creek and Fox Creek

and Hubbard Creek respectively. Portions of the northern

and western edges of the area drain into the Daly Creek

system to the north and the Sisley Creek system to the west.

Purposes and Methods of Investigation

/

The main purpose of this invstigation was to produce

a detailed geologic map of the area. The principal rock

units were studied to facilitate interpretations pertain-

ing to the deformational history, alteration, mineralization,

and geologic history of the area.

Field studies were conducted over a period of eleven

weeks :jfl the summer of l972 They consisted of geologic

ma.pping and collecting of rock samples. The base map was

prepared from the U.S. Geological Survey 15-minute maps of
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Plate 2. Ridges formed of the resistant "Nelson Marble"
viewed looking northeast from the Lookout Mountain
Road in the SW 1/4 SW 1/4 sec. 31, T. 11 S., R. 45
E.; Fox Creek-Connor Creek divide is in left back-
ground.
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Plate 3. View looking southwest across Fox Creek canyon
from the Fox Creek-Connor Creek divide in the
NE 1/4 SW 1/4 sec. 33, 1. uS., R. 45-E.
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Plate 4. Lower elevations
the NW 1/4 sec
northeast across
ground) and Big
Brownlee Reservo

of the thesis
36, T. 11 S.,
Little Deacon
Deacon Creek;
ir on right.

area viewed from
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the Durkee and Mineral quadrangles enlarged to the scale

of 1:20,000. U.S. Forest Service aerial photographs of

the same scale were used to expedite mapping in the field.

Directional data were measured with a Brunton compass. The

field map was later reduced to the more convenient scale of

1:24,000 for thesis presentation.

Fifty-five thin sections from representative samples

were cut and examined by standard petrographic. methods.

Additional samples were slabbed for megascopic observational

studies. Modal analyses, consisting of 1000 point counts

per slide, were obtained for samples of Dacite Porphyry and

Quartz Diorite with a mechanical stage and point-counter.

For the remaining thin sections, mineral abundances were

estimated with the aid of visual volume-percent diagrams.

The following procedures were used to obtain detailed

information for specific minerals. Plagioclase feldspar

compositions were determined optically by the Michel-Levy

method.' Identification of potassium-bearing minerals was

facilitated by staining rock slabs with sodium cobalti-

nitrate according to the method outlined by Bailey and

Stevens (1960). Talc, magnesite,antigorite, and muscovite

were first observed petrographically and then confirmed

through X-ray defractometer analyses of powdered whole-rock

samples. Cinnabar was confirmed by microchemical methods

(Short, 1940). Clay minerals were classified by groups

through petrographic methods described in Kerr (1959).
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Major and trace element analyses of quartz diorite were

performed by Dr. Ken-ichiro Aoki of Tohoku University, Japan,

and Rocky Mountain Geochemical Corporation, respectively.

Other chemical analyses were done by Dr. Edward M. Taylor,

Mrs. Ruth L. Ljghtfoot, Peter 0. Hales and the author using

X-ray fluorescence, Atomic Absorption, and colorimetric

techniques.

Poles to slatey cleavage planes were plotted on an equal-

area stereonet. The average pole of each cluster plotted was

determined by a computer program provided by Dr. Robert D.

Lawrence.

Previous Work
I

The earliest investigations of this area were reported

by Lindgren (1901) as part of a regional study of the Blue

Mountains Gold Belt. Later investigators in the early 1900's

were primarily concerned with the mineral potential of the

Connor Creek Di.trict. Swartley (1914), Parks and Swartley

(1916), and Gilluly, Reed, and Park (1933) summarized Lind-

gren's descriptions of the placer and lode gold deposits of

the district and presented updated production records.

Westgate (1921) and Allen (1938) described the occurrence

of chromjte near Connor Creek. Potential development of the

limestone resources of the area was discussed by Moore (1937).

Recent investigators have concentrated their studies

on the general geology and petrology of the region. Fitzsimmons

(1949) prepared a reconnaissance map of the Durkee quadrangle



which was later refined by Prostka (1967). Brooks (written

communication, 1974) has made a reconnaissance map of the

Oregon portion of the Mineral quadrangle. Parts of the area

were included in a progress report on the geology of the

Snake River Canyon (Brooks and Valuer, 1967). Structural

data were compiled by Dr. Robert D. Lawrence of Oregon State

University during the summer of 1971 (written communication,

1972).
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REGIONAL GEoLoGIc SETTING

The pre-Tertiary rocks of the Blue Mountains province

are part of the western Cordilleran eugeosyncline. Dickinson

and Vigrass (1964) consider the geologic history of the

Suplee-Izee district, which lies in the southwestern Blue

Mountains, as typical for the eugeosynclinal belt. They con-

cluded that the repeated occurrences of unconformities and

conglomerates throughout the middle Permian to upper Cretaceous

sequence indicate that the eugeosyncline was being filled by

detritus eroded from internal tectonic lands. Recent authors,

including Thayer and others (197.3), Monger and others (1972),

Fiel.d and others (1973), have suggested that the pre-Creta-

ceous rocks of the Western Cordillera were probably formed in

an island arc environment.

Although the eugeosyncline presumably received sediments

thro-u-ghout much :of Pa1eoz-oic time:,theoJdest irocks occi.zrririg

near the thesis area are Permian {Taubeneck., 1955)- in age.

Permian rocks of the Blue Mountain region consist predomin-

atei.y.--of spili.ti.c and keratophy.ri.c flows and. volcaniclastic

sedimentary rocks with varying amounts of chert, argillite,

and limestone. According to Gilluly (1963), this Permian

sequence formed part of a large submarine volcanic field ex-

tending from Alaska to southern Ca1ifornia.

Permo-Triassic diastrophism interrupted eugeosynclinal

deposition along the entire western Cordillera (Dott, 1961).

Evidence for this orogeny in the Blue Mountain region is by:
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(1) the lack of known lower and middle Triassic fossils in the

region (Thayer and Brown, 1964), (2) unconformable relation-

ships found between Permian and upper Triassic rocks in the

Snake River Canyon near Homestead (Valuer, 1967) and in the

Suplee-Izee district (Dickinson and Vigrass, 1964), and (3)

the overlapping of Triassic strata on plutons intruding Per-

mian rocks in the Sparta quadrangle, Oregon (Prostka, 1962;

Hammitt, 1972).

Permo-Triassic diastrophism coincided with the emplace-

rnent of the Canyon Mountain Complex (Thayer, 1963). This

early to middle Triassic magma series ranges compositionally

from peridotite. to quartz diorite. At least ninety percent

of the plutonic sequence consists of serpentinized peridotite

and gabbro. Plutonic rocks of the Sparta quadrangle are

believed to belong to this magma series (Thayer and Brown,

1964).

By late Triassictimethe-region was-again--submerged-

and submarine volcanism and sedimentation continued inter-

mittently until the late Jurassic. Submarine volcanic rocks

comprise most of the Triassic section. The Jurassic se-

quence consists of graywacke, shale, and conglomerate that

probably were derived from the Triassic volcanic rocks. Mas-

sive to thin-bedded limestone and limey mudstones are found

within both systems.

From late Triassic to late Jurassic time the region

probably underwent episodic emergence and submergence because
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the geologic column in the eastern and southwestern parts of

the Blue Mountains province is marked by numerous local un-

conformities (Dickinson and Vigrass, 1964; F-a.n.khauser,. 1969).

The most widespread and best defined of these unconformities

marks the Triassic-Jurassic boundary. This unconformity may

be traced from west of Huntington, Oregon (Brooks, 1967) to

Cuddy Mountain, Idaho (Fankhauser, 1969), and in the Suplee-

Izee district (Dickinson and Vigrass, 1964). Henricksen (oral

communication, 1974) and Brooks (Thayer and Brown, 1964) note

that Jurassic strata in the Mineral District, Idaho, appear

to have been deposited upon plutons that intrude Triassic

rocks and that have been radiometrically dated as 200 m.y.

and older. Noif (1966) reports that unconformities appear

to be absent in the upper Triassic-lower Jurassic sequence of

the northern Wallowa Mountajns. These relationships suggest,

if one adopts Gilluly's (1949) conclusions concerning the

structural history of the Kettleman, Hills area in California,

that the easternmarin of-the Triassic-Jurassic basin was

located in the eastern and southwestern portions of the Blue

Mountain province.

During late Jurassic and early Cretaceous time the

eastern part of the region was affected by the Nevadan oro-

geny, whereas the western part was experiencing continued

marine sedimentation. By middle Cretaceous time, the entire

Blue Mountain province was undergoing tectonism and plutonisni

associated with this orogenic disturbance. According to
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Thayer and Brown :(1964),the plutonic rocks emplaced during

this period are exemplified by the Bald Mountain and Wallowa

Batholiths and these, in turn, are thought to be related to

the Idaho Batholith east of the region. The Jurassic-

Cretaceous plutonic rocks range from gabbro to quartz mon-

zonite in composition.

Uplift during the Nevadan orogeny led to erosion which

has continued into the Tertiary. Widespread fissure eruptions

during late Miocene time spread basalt of the Columbia River

Group over a diverse topography. However, rocks of early

Tertiary age are not found in the eastern Blue Mountains.

Broad warpings and fault block segmentation of these basaltic

plateau lavas indicate that regional uplift has continued

since Miocene volcanism.
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STRATIGRAPHY

Introduction

The stratified rocks of the Connor Creek area have been

subdivided into three major time-stratigraphic sequences:

(1) a Permiari sequence, (2) a Jurassic sequence, and (3)

Tertiary volcanjcs and sediments. The dominant lithologies

include marble, phyllitic quartzite, and microquartzite of

the Permian sequence; metagraywacke of the Jurassic sequence;

and tuff-breccia and basalt of the Tertiary sequence. The

Permian and Jurassic rocks are in contact along a reverse

fault in which altered serpentinite has been incorporated.

Rocks of the Tertiary sequence occur as erosional remmarits

which overlie the Permian sequence with angular unconformity.

Columbia River Basalt and "Nelson Marble" are the only

formal and informal stratigraphic names applied to rock

units within the thesis area. These names are used in the

thesis for clarity in regional correlations. To obviate con-

fusion arising from the application of local names, descrip-

tive terms indicative of the major rock type are used to

designate the other map units.
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Permian Sequence

Rocks inferred to be Permian in age are found only in

those parts of the map area northwest of the reverse fault.

For descriptive purposes these rocks have been divided into

fourlithologicunits: (1) Phyllitic Quartzites, (2) "Nelson

Marble", (3) Microquartzites, and (4) Marble. Although the

upper and lower contacts of this sequence are not exposed,

the general attitude of the Permian section strikes northeast

and dips approximately 450 to the northwest. Although the

sequence exhibits a maximum thickness of 10,000 feet, this

estimate may be excessively-large because of distortion caused

by folds and imbricate faults.

Phyllitic Quartzites

The Phyllitic Quartzites are the most widespread lithic

unit of the Permian section. All pre-Tertiary strata north

of the reverse fault are interbedded with these rocks. Dis-

continuous exposures of the Phyllitic Quartzites occur in

secs.--20, 21, 22, 24, 29,--33;-and-34,---T. 11 CS-.,- R.45-E.,-and-

sec. 19, 1. 11 S., R. 46 E. The largest single exposure and

best outcrops are found along Soda Creek. A rounded topo-

graphy is developed on this unit and subdued outcrops (Plate

5) are usually formed from the quartz-rich portions. Mech-

anical weathering disperses the micaceous components of this

unit and leaves a residuum of quartz-rich fragments as float.
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Plate 5. Outcrop of Phyllitic Quartzite in the SE 1/4 sec.
19, 1.. 11 S., R. 46 E.; note the kink fold with
jointing parallel to the axial plane.
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Milky quartz veins, locally stained with iron and

manganese oxides, occur sporadically within this unit. They

range from 0.5 to 4 feet in width. Pits and trenches exca-

vated by early prospectors are found along nearly all of

these veins.

Lithology and Petrography

Rocks mapped as Phyllitic Quartzite, in decreasing

order of abundance, consist of phyllitic quartzite, quartz

phyllite, and pelitic phyllite. The phyllitic quartzites

(greater than 70 percent quartz) grade into both quartz

phyllites (30 to 70 percent quartz) and pelliticphyllite

(less than 30 percent quartz). The most obvious features

of these rocks are their deforniational textures (to be dis-

cussed later) and the characteristic phyllitic sheen" im-

parted by the parallel arrangement of micaceous minerals

along planes of cleavage. Colors range among various shades

of green and gray which ref1ect differences in the types and

aburdances of the micaceous mineral components.

The Ph,yllitic Quartzites are composed of alternating

lamellae of chert and phyllosilicates. The layers of chert

range from 1 to 10 mm in thickness and are composed of even-

grained aggregates of sutured quartz anhedra that range from

0.005 to 0.2 mm in diameter. The thicker chert layers con-

tain the coarser grains of quartz as well as an occasional

grain of albite. The phyllosilicate layers, usually less

than 5 mm thick, are composed of muscovite, chlorite, and
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biotite with lesser amounts of graphite, quartz, leucoxene,

and clay minerals. Chlorite and biotite vary antipathetically

and were not found as major constitutents of the same rock.

However, muscovite was an important component of all samples

examined. Individual phyllosilicate minerals average 0.1 mm

in length and exhibit a lepidoblastic texture with the (001)

crystallographic planes oriented subparallel and thus causing

the foliation that is characteristic of the rock.

Calcite is present in the samples collected adjacent

to and from interbeds within the "Nelson Marble.'t It occurs

in three forms, as (1) primary lamellae parallel to the

foliation, (2) irregular replacements of both chert and

phyllosilicates, and (3) with quartz in veinlets'(O.l to 6 cm

wide) which are both concordant and discordant with the fol-

iation.

Age- and Regional Correlation

The Phyllitic Quartzites -are litfricaily and structurally

similar to the Permian rocks of the Elkhorn Ridge Argillite

(Brooks, oral communication, 1973). The Elkhorn Ridge

Arg.il.lite is the term applied by Gilluly (1937) for rocks ex-

posed on Elkhorn Ridge in the Sumpter quadrangle, Oregon,

about 50 miles to the west. The Elkhorn Ridge Argillite

embraces a large range of lithologies which include siliceous

argillite, bedded chert, tuff, and subordinate limestone and

greentone. However, Gilluly (1937) noted that any single
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lithology may be locally predominant to the exclusion of the

other rock types. This effect may be the case for chert in

the thesis area, although limestone (mapped separately) is

present in significant amounts. Prostka (1967) reported that

much of the northern halfof the Durkee quadrangle is under-

lain by the Elkhorn Ridge Argillite. He mapped exposures of

these rocks two miles northwest of the Connor Creek area.

Moreover, this formation can be traced 70miles to the west

into the Greenhorn Mountains of eastern Grant County, Oregon

(Taubeneck, 1955). Similar chert-rich rocks have been found

by Skurla (oral communication, 1974) 10. miles to the east

on the northwest flank of Sturgill Peak, Idaho.

Diagnostic fossils have been reported from only two

localities throughout the regionally extensive Elkhorn Ridge

Argillite. Taubeneck (1955) reported fusilinids from a

limestone :outcrop,foundby Pardee and Hewitt(i9l4), three

miles south of Sumpter. These microfossil.s-Tare Leonard ian -

(middle Permian) in age. Heconcluded that rocks of the

Elkhorn Ridge Argillite stratigraphically above the fossil

site are not younger than Permian because (1) they are in-

truded by early or middle Triassic rocks of the Canyon Moun-

tam by Magma Series, and (2) early and middle Triassic

sedimentary rocksare lacking -in the region. Taubeneck (l955)

has suggested that the lower part of the Elkhorn Ridge Argil-

lite is also Permian in age because the strata of Pennsylva-

nian age in central Oregon are of continental originand
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bear no resemblance to the marine lithologies of this forma-

tion.

The other fossil locality is in the Virtue Hills east

of Baker, Oregon. Here, Bostwick and Koch (1962) found that

the Elkhorn Ridge Argillite contains several limestone pods,

some having fossils dated as Ochoan (late Permian) and others

with fossils presumably Karnian (late Triassic in age.

Thus, the Elkhorn Ridge Argillite, as deliniated by

Gilluly (1937) contains both Permian and late Triassic rocks.

The Phyllitic Quartzites of the Connor Creek area are intruded

by early or middle Triassicdiorites and, because of similar-

ities to the Elkhorn Ridge Argillite near Sumpter, they are

considered to be Permian in age.

Provided they are of Permian age, the Phyllitic Quart-

zites correlate with various other Permian units in the Blue

Mountain region. These include: (1) the Hunsaker Creek

Formation" (Va-l1ier-1i967), -(2)-the :TrinityC-reekFormatiofl".

iWetheril1;l96o) (3)the-Permianpar-t-of-the-Clov-er-Creek-

Greenstone (Gilluly, 1937) or, as named later, the Harsin

Ranch Formation (Koch and Bowen, unpublished report); (4)

all or part of the Burnt River Schist (Gilluly, 1937; Ashley,

1966), and (5) the Coyote Butte Formation (Merriamand

Berthiame, l943;. Bostwjck and Koch, 1962).

"Nelson Marble"

The "Nelson Marble" crops out as a tabular zone
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trending northeast across the thesis area from sec. 32, 1.

11 S., R. 45 E. to sec. 19, 1. 11 S., R. 46 E. Because

soils and vegetation are only sparcely developed this unit

is well exposed. A rugged topography and many steep and near-

vertical cliffs are developed on the homogeneous portions of

this unit. Slopes become more rounded where the marble is

intricately interbedded with the Phyllitic Quartzites. Me-

chanical weathering greatly predominates over chemical

weathering and results in steep talus slopes.

The interbedding of the "Nelson Marble" with the

Phyllitic Quartzites is particularly apparent in sec. 33,

1. 11 S., R. 45 E., where the marble forms low ribs within

the phyllites. To the northeast, marble alternates with

phyllite on a smaller scale. In sec. 19, 1. 11 S., R. 46 E.,

the interbeds approach six inches in thickness.

Chert is found associated with the marble at two lo-

calities. It occurs as stringers and irregular ienses_up

to two_4nches-tht.ck i-n the SE 1/4 NW-l/2-sec.-34, 1. 11 S.,

R. 45 E. At the other locality, near the Snake River Road in

sec. 19, T. 11 S., R. 46 E., the chert is interbedded with

the "Nelson Marble" and grades over an interval of 10 feet

into bedded chert mapped as Microquartzite.

Lithology and Petràgraphy

The "Nelson Marble" is medium light gray (N6) on

weathered surfaces and medium dark gray (N4) to dark gray
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(N3) where fresh. The unit is predominately laminated

(up to 25 laminations per inch) but massive phases occur

locally. The rock fractures along cleavage planes that

parallel the laminations and conform to the contacts with

the Phyllitic Quartzites.

Calcite makes up 95 to 100 percent of the rock. Cata-

clastic texture is prominent with recrystallized calcite

anhedra elongated subparallel to the cleavage. Individual

crystals of calcite range from 0.25 to 1 mm in length and

average approximately 0.5 mm. Internal deformation is evi-

dent from the well-developed and bent {ol12} lamellae.

As much as six percent dolomite is locally present in

the marble. It occurs as subhedral and euhedral porphyro-

blasts, averaging 0.2 mm in diameter, that are normally

concentrated along fractures.

Traces of disseminated graphite were present in all

five thin sections of marble that were examined. It was

found to be locally concentrated along the grain boundries

of the recrystallized calcite. Elsewhere, graphite comp-

rises 85 to 100 percent of a medium dark gray (N3) carbon-

aceous phyllite found on the waste dumps of the Connor Creek

and Snake River Mines. Although these rocks do not crop out

in the thesis area, they are found within the "Nelson Marble"

where exposed in road cuts along the Lookout Mountain Road.

Thus, the carbonaceous phyllite is considered to be an inte-

gral part of the unit.
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Numerous veinlets of calcite and/or quartz occur

throughout' the "Nelson Marble." They range from 0.1 to 10

cm in width, but locally quartz veins up to one meter wide

are present. Structural control over the distribution and

attitudes for the majority of these veins is not readily

discernable. However, locally there is a preferred north-

northwest trend to these veinlets as in the SE 1/4 sec. 33,

1. 11 S., R. 45 E. and on the ridge above the Snake River

Mine in the SE 1/4 SE 1/4 sec. 24, T. 11 S., R. 45 E.

Age and Regional Correlation

The"Nelson Marble" was defined by Prostka (1967) for

exposures of marble in the Burnt River canyon four miles

southeast of Durkee. From this locality the marble can be

traced east, through the Connor Creek area, into Idaho where

it crops out on Sturgill Peak (Skurla, 'oral communication,

1972). Fau-1tboundbodies of marble within the Burnt River'

Schist (Gilluly, 1937; Ash1ey, 1967) are probably the west-

ward extensions of the "Nelson Marble" (Prostka, 1967).

Prostka (1967) assigned a late Triassic age to the

"Nelson Marble" on the basis of lithic similarities to lime-

stone of the Martin Bridge Formation (Ross, 1938) in the

Wallowa Mountains. Both Lindgren (1901) and Baldwin (1964)

included these rocks in the Triassic series exposed in the

Huntington and Olds Ferry quadrangles. However, Brooks and

Valuer (1967) assigned a Permian age to the "Nelson Marble".
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Because the "Nelson Marble" is stratigraphically enclosed by

rocks equivalent to the Permian Elkhorn Ridge Argillite, this

study confirms the Permian designation as proposed by Brooks

and Valuer (1967).

Microguartzi te

Rocks mapped as Microquartzite are found along

Brownlee Reservoir near the mouth of Soda Creek in the NE 1/4

sec. 19, 1. 11 S., R. 46 E. The Microquartzites consist of

thin-bedded chert which lack the micaceous partings character-

istic of the Phyllite Quartzites. They are grayish orange

(10 YR 7/4) in color and fracture along cleavage planes that

parallel the bedding. The Microquartzites are very resistant

to erosion and form bold outcrops. The largest exposure is

cut by the Snake River Road. Southwest of the road, the

Microquartzites interfinger with the "Nelson Marble", where-

asto the northeast, they are brecciated within a fault zone.

Goethite fills the interstices of the breccia and imparts a

dark yellow orange (10 YR 6/6) coloration to the outcrops.

Marbl e

Two pods of intensely sheared and recrystalized marble

were mapped separately from the main body of "Nelson Marble".

These rocks crop out along the east-west trending ridge in

the NW 1/4 sec. 20, 1. 11 S., R. 45 E. The outcrops are

rounded and subdued but the resistant nature of these rocks

is evident because they form the highest points along the
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ridge crest. The rocks are white (N9) and are composed of

coarsely crystalline calcite and contain highly contorted

bands of quartz phyllite. Interbeds of the quartz phyllite

range from 0.5 to 20 cm in thickness and form nearly 30

percent of the outcrops. The relationship of thePhyllitic

Quartzites to the Marble pods is, thus, similar to that

previously noted in the "Nelson Marble". However, because

these rocks appear to be stratigraphically higher in the

Permian section, they are probably equivalent to the pod-

like limestone bodies mapped by Prostka (1967) within the

Elkhorn Ridge Argillite in the Durkee quadrangle.

Origin and Depositional Environment

The carbonate, chert, and pelitic sedimentary rocks

of the Permian sequence are interpreted to represent

penecontemporaneous deposition in a deep-water basin of the

eugeosynclirie. Sedimentation in a low-energy environment,

which was either beyond the range of or sheltered from

great influxes of terriginous material is 'indicated by the

small amount of pelitic material and the lack of current

structures, slump structures, and coarse detritus. Lamina-

tions of the carbonate rocks and possibly the uniform tex-

ture of the recrystallized calcite suggest that the parental

sediment of the marble was episodically-deposited lime mud

rather than a coarse bioclastic material. These features,

together with the abundance of graphite, suggest that lime-



stone deposition took place in a "deeper water" basinal

environment under euxinic conditions (Wilson, 1969).

Bissell (1959) has proposed a syngenetic origin for

as much as 90 percent of the chert of the late Paleozoic

Cordilleran geosyncline. Alternating beds of chert and

pelitic material and absence of replacement textures suggest

that the chert of the Ph,yllitic Quartzites is syngenetic or

primary in origin. The pelitic fraction of these sedimentary

rocks appears to represent the slow accumulation of basinal

muds, whereas the chert, in contrast, represents the more

rapid deposition of radiolarian ooze (Ashley, 1966). The

widespread volcanic activity taking place in the eugeosyn-

dine during Permiar, time (Gilluly, 1963) was probably the

ultimate source for the silica necessary for the development

of large populations of radiolaria.
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Jurassic Sequence

The rocks inferred to be of Jurassic age are present

only in those areas mapped southeast of the reverse fault.

As the gross lithology of these rocks is quite uniform, they

have been mapped as a single unit, designated the Metagray-

wacke. Their maximum exposed thickness is tentatively

inferred to be about 3000 feet but there is no stratigraphic

control within these rocks.

Metagraywacke

Metagraywacke underlies areas of secs. 25, 34, 35,

and 36, T. 11 S., R. 45 E., and secs. 19 and 30, T. 11 S.,

R. 46 E. Low discontinuous outcrops are scattered over the

steep but rounded slojes developed on these rocks. The

best exposures are found on the south-facing slope of Big

Deacon Creek and along Brownlee Reservoir between -Big and

LittieDeacon Creeks.

The Metagraywacke sequence consists of rhythmically

bedded graywacke (as defined by Travis, 1955) and slate. A

well-developed slaty cleavage is the most conspicious feature

of this unit. The cleavage is present in all of the slates

and in all but the coarsest i.inits-ôf graywacke. Identifica-

tion of sedimentary structures in outcrop is exceedingly

difficult because the rocks are characteristically covered

with a dark-gray lichen and they invariably break into thin

plates along planes of slaty cleavage as shown in Plate 6.



Plate 6. Outcrop of Metagraywacke in the NW 1/4 SE 1/4 sec.
35, 1. 11 S., R. 45 E.; note lichen covered out-
crop and htcleanu fragments of float.
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Bedding was discernable at only four localities. Bedding

and other sedimentary features are well displayed, though,

in the "clean" platy fragments that comprise float and talus.

Large quartz veins, similar to those found in the

Phyllitic Quartzite, are present in the 11etagraywacke near

the reverse fault in sec. 25, 1. 11 S., R. 45 E.

Lithology and Petrography

The graywacke is medium light gray (N6) on weathered

surfaces and medium gray (N5) where fresh. Iron-stained

varieties are pale yellowish brown (10 YR 7.5/3). The

slates are predominately yellowish gray (5 Y 7/2) with some

beds and laminations ranging moderate yellowish brown (10

YR 5/4) to medium gray (N5) in color. Local occurrences of

carbonaceous slate are medium dark gray (N5).

The graywacke consists of fine to very coarse-grained

fragments of plagioclase feldspar (75 percent), volcanic

fragmeiits(l5 percent), quartz and quartzite (1O percent),

and trace amounts of sphene, zircon, and opaques including

leucoxerre. The clasts are poorly sorted, range from sub-

angular to angular in shape, and are set in a clay matrix

which comprises nearly 15 percent of the rock. Alteration

and secondary mineral assemblages include chlorite, sericite,

calcite, clay minerals and clinozoisite. Disseminated

euhedra and subhedra of clinozoisite occur as porphyroblasts

ranging from 0.001 to 0.1 mm in diameter. The volcanic
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fragments appear as irregular patches of clay material with

"shadows" of partially altered microlites of feldspar.

Because of poor exposures, the thickness of individual

beds of graywacke could not be determined with accuracy.

However, most beds were found to range from eight inches to

three feet in thickness. Many of the coarser graywacke

units exceed ten feet in thickness. Locally, beds of gray-

wacke could be traced on the basis of lithology for distances

up to 300 feet along strike.

Intraformational conglomerates are common throughout

the Metagraywacke sequence. They contain "rip-up" clasts

of 3aminated shale, enclosed in a matrix of graywacke, that

are lithically similar to the slates.

The slates consist of moderate to poorly sorted silt

and clay sized particles of quartz, feldspar, and clay

minerals. Carbonaceous material and iron oxides are also

common; Calcite and epidote are present as secondary

minerals, as they were in the graywacke.

The slates commonly contain 15 to 30 sharp planar

laminations per inch. Locally, these laminated sedimentary

rocks grade into thin-bedded units having beds 0.25 to 0.50

inch in thickness. Continuous exposures of slate exhibit

many small scale folds and disruptions of the laminations.

Bedding and laminations are transected by the slaty cleavage;

normally at low angles but intersections as high as 60° are

common.
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Origin and Depositional Environment

Sedimentary features such as poor sorting, angular

and subangular clasts, rhythmic bedding, intraformational

conglomerates, and convolute laminations indicate that the

Metagraywacke sequence was deposited within a rapidly sub-

siding basin whose margin was over-steepened by rapid sed-

imentation. Preservation of the delicate laminations and

the presenceof carbonaceous materiãlTin theslates suggest

that deposition took place below wave-base under euxinic

conditions. Such an environment both prohibited the de-

velopment of burrowing benthonic fauna and facilitated the

preservation of organic matter. Features such as the small

scale folds and the disruptions within finer grained sedi-

ments are suggestive of the convolute laminations that have

been described by Dott---(-1963) as caused by plastic flowage

of unconsolidated muds duringsubaqiieous slumping. Turbid

density currents flowing downslope were probably responsible

for the deposition of the graywacke units and their assoc-

iated intraformational conglomerates-;

Textural features observed within the Metagraywacke

are found in the "sandy flysch" as was defined by Dzulynski

and Walton (1965). However, because other critical features

such as graded bedding,- abundant sole markings, and lateral

continuity and uniform thickness of bedding were not ob-

served, designating the Metagraywacke as a flysch sequence
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would be improper according to the criteria outlined by

DzullflSki and Walton (1965).

Age and Regional Correlation

Although fossils were not found in the Metagraywacke,

an early to middle Jurassic age is tentatively assigned to

this unit on the basis of paleontologic evidence for rocks

of similar lithology and stratigraphic position exposed to

the south and east of the Connor Creek area. Brooks (1967)

reported fossils ranging from Sinemurian (early Jurassic)

to Callovian (middle Jurassic) in age within the "wacke

belt'1 between Mineral,Idaho, and Juniper Mountain in Oregon.

Ammonities of Callovian age were found by Henricksen (oral

communication, 1973) in shales exposed four miles east of the

thesis area near Mineral, Idaho.

The Metagraywacke is probably correlative with rocks

of similar age and-4ithology--found-in theCuddy Mounta1ns of

Idaho;-flamely, the "Brownlee Canyon Series" (Fankhauser,

1969) and the Lucjle Series (Slater, 1969). Slater (1969)

tentatively correlated these rocks in the Cuddy Mountains

with those named the Lucile Series by Wagner (1945) for

exposures north of Riggins, Idaho. The Metagraywacke

sequence is probably part of the sedimentary system repre-

sented by a thic.k flysch sequence ofJurassic strata in the

southwestern Blue Mountains (Danner, 1970). At least part

of the Metagraywacke is of the same age as the upper part of
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the Hurwall Formation (Noif, 1966; Imlay, 1968) in the

Wallowa Mountains.
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Tertiary Volcanic and Sedimentary Rocks

Rocks of the Tertiary sequence have been mapped as

two units: (1) Tuff-Breccja and (2) Columbia River Basalt.

These Tertiary units overlie a topographically irregular

surface of erosion developed upon the underlying Phyllitic

Quartzites. A single flow of the Columbia River Basalt

forms the base of the Tertiary section in the SE 1/4 sec. 20,

the SW 1/4 sec. 21, and the N 1/2 sec. 28, 1. 11 S., R. 45 E.

In other areas where Tertiary rocks are present, the Tuff-

Breccia directly overlies the Permian strata. Jhe maximum

thickness of the Tertiary section is approximately 650 feet

where exposed in the NW 1/4 sec. 27, T. 11 S., R. 45 E.

The Tertiary sequence exposed at the head of Soda Creek in

sec. 22, 1. 11 S., R. 45 E.,is shown in Plate 7.

Tuff-Breccia

The Tuff-Breccia is intermittently exposed as

erosional remnants throughout the north-central part of the

map area(-i.e.,insecs. 20-23, 26 and--27,-T. ii S., R.

45 E.). An exposure is also found in the extreme southwest

corner of the area in sec. 31, 1. 11 S., R. 45 E. The most

characteristic features of this unit are observed best on

the north and south flanks of Sugarloaf Mountain. These

rocks are very resistant as evidenced from the steep cliffs

and irregular hoodoos formed in the unit. The thickness of

the Tuff-Breccia ranges from 60 to 600 feet. These
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Plate 7. Tertiary section exposed at the head of Soda Creek
in the NE 1/4 sec. 22, 1. 11 S., R. 45 E.; breccia
and bedded members of the Tuff Breccia (foreground)
conformably overlain by Columbia River Basalt (back-
ground).
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variations are controlled in part by differences in relief

on the underlying surface of deposition. Where it is under-

lain by basalt, the Tuff-Breccia contains chilled rip-ups

(Plate 8) and glassy over-folds of basalt that commonly

remain attached to the underlying flow. The Tuff-Breccia is

overl.ain by the remaining, younger, sequence of Columbia

River Basalt.

For descriptive purposes in this text, the luff-

Breccia is subdivided into breccia and bedded members. The

breccia member forms the thicker and lower most part of the

Tuff-Breccia. The bedded member forms the top three to five

feet of the Tuff-Breccia. It serves as a convenient marker

horizon for interpretations of Tertiary structure and the

pre-basalt paleotopography.

Lithology and Petrography

The--brecc-1a inemberis colored pale yellowishbrown

(10 YR 7/2) on both fresh and weathered surfaces. It is

poorly sorted and lacks graded bedding. Neither bedding

features nor preferred orientation of fragments were ob-

served. The rock is porous and moderately friable. The

coarse fragments range from pebbles (75 percent) to boulders

in size. The largest boulders are nearly 18 inches in dia-

meter. The fragments are predominately subrounded to sub-

angular, in which the cobble and boulder sized fractions

show the greatest degree of rounding. The constituent rock
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fragments .include: chilled glassy basalt (85 percent),

Phyllitic Quartzite 00 percenti, crystalline basalt,

argillite, and rounded quartz. Ilany of the larger fragments

of basalt resemble bombs.

The coarse fraction of the breccia is "floating9n a

matrix of coarse-grained sandstone which comprises 50 to

80 percent of the host. The sand-sized particles consist

of volcanic glass and only trace amounts of argillite. The

particles of glass are subrounded to. angular in shape and

contain phenocrysts of labradorite and clinopyroxene. They

exhibit shatter textures that presumablyare indicative of

rapid quenching. Vescicles contained within the glass do

not show any evidence of flattening. The sand-sized parti-

des are cemented with a yellowish-brown to opaque clay-like

mineral which has partially altered to chlorite.

Fragments of comminuted plant material are found dis-

persed th-roughout:the breccia member. This material com-

prises nearlyfivepercent of thubreccla member on the

ridge south of Sugarloaf Mountain (NE 1/4 SE 1/4, sec. 20,

1. 11 S., R. 45 E.; marked fossil locality on Plate 1).

Here, the rock -contains randomly oriented fragments of reed

stalks, woody stems, bark, and leaves. The plant material

is altered to a delicate cellulose substance with little

evidence of carbonization.

The bedded member was deposited upon an irregular

surface of the undulating bréccia member. This rock is

composed entirely of volcaniclastic sandstone. The bedding
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is planar with individual beds ranging from 0.25 to 4

inches in thickness. Particle sizes of the constituent

grains vary from coarse to fine. The coarse sandstone units

are compositionally similar to the matrix of the breccia

member. They exhibit graded bedding, internal laminations,

moderate to poor sorting, and scour-and-fill structures.

The finer grained units are planar and have sharp contacts

at the top and bottom. They contain moderately to well-

sorted fragments of volcanic glass and feldspar with clay

in the interstices.

Origin and Depositional Environment

Such features as chaotic sorting, r'ounding of the corn-

ponents, incorporation of fragments of the underlying rock

units, absence of directional fabrics, and the lack of

evidence for carbonization of plant material collectively

indicate that the brecci-a memer---was deposited as a single

volcanicmudflow. The genetic term for this type of deposit

is "laharic breccia" (Fisher, 1960). It is possible that the

mudflow was initiated by eruption of the underlying basaltic

magma. The lahar incorporated fragments of the underlying

bedrock, alluvium, and vegetation, as well as portions of

the still fluid basalt flow, as it travelled down-slope

following the pre-existing drainage pattern. When flowage

of the lahar ceased, the drainage system became dammed, thus

permitting the development of the lake in which the bedded
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member was deposited. The sedimentary features of the

bedded member suggest that much of it was deposited by

turbidity currents (Kuenen and Migliorini, 1950). Such

currents could have derived their material from both, (1)

slumping at the margins and from submerged portions of the

mudflow, and (2) continued slumping from the flanks of the

cone from which the original mudflow was derived.

Age and Regional Corre.iation

The Tuff-Breccia is the same age as the oldest flow

of Columbia River Basalt in the thesis area (see next section).

The nature of alteration and comminution of the organic

matter precludes dating of the Tuff-Breccia by paleontologic

means (Gray, oral communication, 1973).

Prost-ka (1967----has--mapped a Hbasa1tic a-gg1omerate'

inthe' southeastern part:'of the Durkee quadrangle. These

rocks are of similar 1itholog' and stratigraphic occurrence

as the Tuff-Breccia described herein.

Columbia River Basalt

The flows of the Columbia River Basalt crop out on

the hilltops and ridge crests in the north-central part of

the map area. Thebest exposed sequence of these rocks is

on the southwest face of Sugarloaf Mountain. Columnar

jointing is well-developed in exposures along the ridge

crests and within the more resistant portions of the flows.
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A surficial veneer of coarse grus is developed on the

spheroidally weathered rocks that are exposed on the rounded

slopes. In most localities, the Columbia River Basalt con-

formably overlies the bedded member of the Tuff-Breccia

where it exhibits a pale reddish brown (10 YR 5/4) baked

zone at the contact. South of the landslide area at the

head of Soda Creek, sec. 23, 1. 11 S., R. 45 E. , the basalt

directly overlies the breccia member. Here, the basalt is

interpreted to have been deposited within steep-walled

canyons eroded in the Tuff-Breccia. The thickest section of

Columbia River Basalt, approximately 3?0 feet, is exposed as

a sequence of these intracanyon flows in the NW l/4,sec. 26,

T. 11 S, R. 45 E.

Lithology and Petrography.

Freshsurfaces_o-f Columbia River Basaltrange--froñ

medium dark gray (N4) to dark yellowish brown (10 YR 4/2) in

color, whereas weathered-basalt ranges from light-olive gray

(5 Y 6/1) to light brown (5 YR 6/4). The uppe.r vesicular

portions of the flows are generally light brownish gray.

(5 YR 6/1) and exhibit a diktytaxitic texture. With the

exception of the flow underlying the Tuff-Breccia, all of

the flows of Columbia River Basalt contain phenocrysts (5-

15 percent) of plagioclase feldspar ranging from 1 mm to

30 mm in length that are contained within a felty ground-

mass. The mineralogy and textural relations of these
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basalts are described in Table 1, as determined from de-

tailed petrographic studies of three samples.

The plagioclase feldspar (An6468), present both as

phenocrysts and as laths 0.5-1.5 mm long in the groundmass,

comprises between 28 and 50 percent of the rock. Olivine

is present as subhedral phenocrysts and intersertal crystals

in small amounts, usually less than six percent. Pyroxene

occurs as an intergranular light yellowish-brown dm0-

pyroxene. Magnetite is found to occupy interstices as

irregular anhedra and is commonly associated with olivine.

Yellowish-orange chlorophaeite fills open-spaces and commonly

exhibitscollof.orm and banded textures. Nontronite (?) re-

places volcanic glass and iddingsite is an alteration pro-

duct of olivine.

The flow that underlies the Tuff-Breccia is distinc-

tive because of its aphyric texture, large component of

volcanic glass,ánji subophitica1]y enclosed .felclspars. The

black opaque glass commonly encloses the feldspar and pyro-

xene aggregates completely. Sample 7-722-19 is from this

flow (see Table 1). Thetrace amount of iIdingsite in the

mode is apparently pseudomorphous after olivine.

Major Element Chemistry

Chemical data have been obtained for two of the

basalt samples previously described and listed in Table 1.

These analyses, for samples 7-722-19 and 3-807-56, and

those of selected chemical types of Columbia River Group
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TABLE 1. Modal analyses and textural relationships
of selected Columbia River Basalt samples.

7722l9 3_807_562 2-907-l77

Textures: Aphyric Porphyritic Glomeroporphy-
ritic

Hyaloophitic Holocrystalline Intersertal

Subophitic Intergranular Intergranular

Consti tutents:

Plagioclase 28 50 50

Pyroxene 28 38 40

Olivirie -- 6 --

Magnetite -- 3 10

Glass 40 -- tr.

Chlorophaeite 2 tr. --

Nontronite(?) 2 -- tr.

Iddingsite tr. 2 --

'Collected from flow underlying the Tuff-Breccia in NE 1/4
SE 1/4 sec. 20, T. 11 S., R. 45 E.

2Collected from middle of the sequence in SW 1/4 NW 1/4 sec.
21, 1. 11 S., R. 45 E.

3Collected from near the top of the sequence in NW 1/4 NW 1/4
sec.. 23, T. 11 S., R. 45 E.



44

(Wright and others, 1973) are summarIzed in Table 2. With

the exceptions of MO3, CaO, and Ti02, the oxides of sample

3-807-56 vary less than 5 percent from the Low-Mg chemical

type of Picture Gorge Basalt. In addition, the ratios of

Si02 and K20 relative to MgO are essentially equivalent to

those calculated from the data of Wright and others (1973).

Sample 7-722-19 does not correlate well with any of the 11

chemical types listed by Wright and others (1973). However,

on the basis of Si02 content and the relatively high

Si02/MgO and K20/MgO ratios, this sample (7-722-19) is

chemically most similar to the Low-Mg and High-Ti types. of

the Lower. Yakima Basalt.

Age and Regional Correlation

On the basis of differences in lithology and strati-

graphtcposirtTion,.Waters (196]) subdivided.--.theCoTumbia

RivéBaalt intbtwo varieties: Picture Gorge Basalt and

overlying- Yakima Basalt member.. The Columbia River Basalt

of the Connor Creek arei correlates well with the Picture

Gorge member. The paucity of glass, abundant phenocrysts,

calcic plagioclase feldspar, and presence of olivine dis-

tinguish the Picture Gorge member from the Yakima member

(Waters, 1961). Jhese features are typical of the basalts

of the thesis area. The chemistry of sample 3-807-56,

defined by Si02, total iron, MgO, Na20, 1(20, and the

Si02/MgO and K20/MgO ratios, further supports this correlation
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TABLE 2. Major oxide chemistry of selected basalts of the
Connor Creek area and Columbia River Group.

3_807_561' 'A2 7_722_l91 B C4

Si02 51.00 51.19 53.00 54.98 53.50

Ti02 2.26 1.78 2.27 2.20 2.35

A1203 17.50 15.31 14.70 13.76 14.06

Fe0"5 12.30 12.40 14.00 12.30 12.13

MnO 0.21 0.21 0.21

MgO 4.60 4.83 3.40 3.38 4.28

CaD 7.00 9.40 7.00 7.11 8.11

Na20 3.40 3.27 3.30 3.27 3.17

1(20 0.76 0.74 1.06 1.78 1.44,

0.33 --- 0.39 0.36

Total 98.82 99.48 98.73

Si02/MgO 11.09 l0'.60 15.59

K20/Mg0 0.165 0.153 0.312

99.38 99.61

16.27 , 12.50

0.526 0.336

See Table 1 for descriptions and locations.

2Picture Gorge Basalt, Low-Mg chemical type (Wright and
others, 1973).

3Lower Yakima Basalt, Low-Mg chemical type (Wright and others,
1973).

4Lower Yakima Basalt, High-Ti chemical type (Wright and
others, 1973).

5"FeO" = FeO + 0.9 Fe203.



with the Picture Gorge Basalt.

However, sample 7-722-19 is chemically similar to the

Yakima type because of its relatively large Si02 content and

the Si02/MgO and k20/MgO ratios. Nonetheless, this inter-

pretation is unacceptable because the flow underlies Picture

Gorge Basalts and because it contains a more calcic feldspar

(An54) than is expected of Yakima Basalt (Waters, 1961). At

least two alternative interpretations are possible: (1)

this flow is older than the Columbia River Group and should

be regarded as a separate unit, or (2) that it is an aberrant

chemical type of Picture Gorge Basalt. The latter alterna-

tive may be the most likely, as Tertiary rocks older than

the-Columbia. River Group have not been reported in the Snake

River canyon area of northeastern Oregon or adjacent parts

of Idaho. Additionally, Wright and others (1973) reported

that a number of their analyses (less than ten percent) did

not correspond to their chemical types..

The Picture Gorge Basalt -in central Oregon has

yielded radiometric ages of 15.4 m.y. (Gray and Kettiemari,

1967) and 15.0 m.y. (Everden and others, 1964). Thus, these

rocks are at least middle Miocene in-age.
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Deposits of unconsolidated alluvial material are of

only minor importance in the Connor Creek area. They are

confined to the stream valleys of the western one-third of

the area and occur locally at the mouths of Soda, Big Deacon,

and Little Deacon Creeks. An alluvial terrace of the Snake

River is traversed by the Snake River Road in secs. 19 and

30, T. 11 S., R. 46 E.

Landslides

Landslides and slump-blocks cover approximately 1.2

square miles of the thesis area. They generally occur in

areas predominately underlain by the Phyllitic Quartzites.

Movements by these processes of mass-wasting would be

favOred by the alter tingchert -(cohipeterit)ahd ini-caceous

(incompetent) laminations that characterize exposures of the

Phyllitic Quartzites (Thornbury, 1954).



INTRUSIVE ROCKS

Introduction

The plutonic rocks of the Connor Creek area range

from early or middle Triassic (?) to Miocene in age. Repre-

sentatives consist of a wide variety of rock types which,

in order of decreasing age, include: Metadiorite, Alpine-

type serpentinite, Dacite Porphyry, Quartz Diorite, aplites,

and hypabyssal intrusions of basalt.
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iletadjorjte

Two plug-like bodies mapped as Metadiorite crop out

within the sequence of Phyllitic Quartzites in SE 1/4 SE 1/4,

sec. 20 and in the SE 1/4 SW 1/4, sec. 21,1. 11 S., R. 45 E.

The dimensions of the intrusions are small (about 400 feet

in diameter) and all contacts are obscured by vegetation and

regolith. The best exposures of these rocks are found at

the first locality. Here, the Metadiorite forms blocky out-

crops which exhibit a greater resistance to erosion than the

country rocks of the enclosing Phyllitic Quartzites.

Li thol ogy and Petrography

Fresh Metadiorite is greenish black (5 YR 2/1) and

weathered surfaces are dusky yellowish brown (10 YR 2/2).

The rock consists of relect plagioclase_feldsparand an

assemblage -of :metamorphic minerais- which includes: -actino-

lite, epidote, and albite. The texture of the Metadiorite

is generally granoblastic but a linear fabric is developed

by thegrowth- of epidote--a-nd actinol-ite- wi-thin -s-heared zones.

The plagioclase feldspar (An40) is present as

partially corroded crystals, averaging one mm in diameter,

and comprises nearly eight percent of the rock. Polysynthe-

tic twinning is well-displayed and both normal and oscilla-

tory zoni'ng are common. Actinolite (45 percent) is pre-

dominately idioblastic and forms felted masses and isolated

needles up to 0.5 mm long. Epidote (25 percent) occurs in



1!]

aggregates of subhedral porphyroblasts, about 0.3 mm in

diameter, throughout the rock and is intergrown with albite

and quartz in veinlets. Albite comprises about 15 percent

of the rock. It is untwinned. and occurs as a mosaic of

anhedra, 0.2 mm in diameter. Quartz, in trace amounts, is

associated with the albite. Accessory minerals are opaque

iron oxides and apatite. The apatite occurs as small

euhedra that show wavey extinction. White mica" is an

alteration product of andesine and chlorite occurs as re-

placements after actinolite.

Age andRegional Correlation

The Metadjorjte is tentatively considered to be early

or middle Triassic in age. It intrudes rocks of Permian age

and was metamorphosed by regional metamorphism of late

Jurassic age and possibly by contacteffects associated

with the intrusion-of the -ear1-y-Cretaceou-s-.-fl--Quartz -Dio-

rite. Plugs of the Metadiorite are probably small plutonic

derivatives of the Canyon Mountain Magma Series (Thayer and

Brown, 1964) that are related to the lower Triassic intru-

sives found throughout the Durkee and Sparta quadrangles

(Prostka, 1967; 1962). Moreover, Prostka (1967) has

described the development of amphiboles, as previously

noted, within compositionally similar intrusions near

contacts with younger quartz diorite and granodiorite stocks

in the Durkee quadrangle.
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Alpine-type Intrusion

An altered alpine-type intrusion is present within the

shear zone along the reverse fault that separates the Per-

mian and Jurassic sections. These rocks can be traced in a

linear zone from the SW 1/4 sec. 34 to the NE 1/4 sec. 25,

T. 11 S., R. 45 E. The best exposures are found near the

confluence of Connor Creek and Dry Creek. Due to the

abundant carbonate within these rocks, they are typically

very hard and form irregular outcrops. Both limonitic

stainson weathered outcrops.and.reddish-brown to orange

residual soils derived therefrom, provide a marked color

contrast between these rocks and the adjacent Phyllitic

Quartzites and Metagraywacke.

Included within the Alpine-type intrusion are de-

posits of chromite and.cinnàbar. The economic-aspects of

thesedeposits are discussed in.a later section.

The Alpine-type intrusion consi sts of a complex

association of primary serpentinite; tectonic inclusions of

metadiorite and meta-andesite and metasomatic talc-carbonate

rock, steatite, and quartzite. The component rock types are

found in all parts of the intrusion and do not display any

apparent zonal relationships. The pervasive shearing and

faulting within this unit result in abrupt changes in rock

type over intervals too small to map at a scale of 1:24,000.

Contact relations are often obscure due to the nature of the

metasomatism and lack of adequate exposures. As a result of
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these complexities, the detailed mapping and petrography

necessary to completely describe these rocks are beyond the

scope of this report.

Lithology and Petrography

Unaltered serpentinite iiiakes up only a minor part of

the Alpine-type intrusion. Significant exposures of serpen-

tinite are found north of Connor Creek in the SW 1/4 sec.

34, 1. 11 S., R. 45 E. The rock is highly sheared and com-

pact. Its colors rangefrom pale green (10 G 6/2) to

grayish green (5 G 5/2). The dominant serpentine-group

mineral is antigorite although cross-fiber veinlets of

chrysotile are common. The antigorite has generally

crystallized as plates but a texture suggestive of "mesh"

structure was observed (Plate 9). Fractured grains of

chromite, up to 2 mm in diameter, are common and a fine

"dusting" of magnettte is nearly 1wayspesent. Locally,

antigorite was obser-ved altering to a purplish-brown iso-

tropic material along fractures and grain boundries but the

most ubiquitoussecondary products are talc, magnesite, and

pyrite. Brecciated serpentinite occurs with calcite both

filling the interstices and replacing serpentinite fragments.

Pods, tens of feet across, of sheared metadiorite and

rneta-andesite are present throughout the unit but are most

abundant in the Big Deacon Creek canyon. All of these rocks

exhibit porphyroblastic textures and contain abundant
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Plate 9. Photomicrograph (X45) of partially altered
serpentinite showing "mesh" structure in antigorite
(right center and center foreground); highly bire-
fringent material is a mixture of talc and carbon-
ate; relict chromite crystals are black.
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carbonate, pyrite, and trace amounts of talc. The metadio-

rite consists of corroded relicts of andesine (An28) and

hornblende with a secondary mineral assemblage of albite,

epidote, pennine, and apatite. Themeta-andesite contains

relect microlites and phenocrysts of andesine (An35),

intergranular pyroxene, and minor olivine. Pennine,

ferroactinolite, and clinozoisite replace the pyro.xene; and

serpentine and magnetite form pseudomorphs after olivine.

The most volumetrically abundant rock type in the

intrusion is the talc-carbonate rock. Thisrockis similar

to those described by Jahns (1967) in the Roxbury District,

Vermont. Nearly 70 percent of the unit within the drainage

of Connor and Dry Creeks is composed of this talc-carbonate

assemblage. This rock is massive to slightly sheared and

varies incolor from light gray (N7) to yellowish gray (5

Y 8/1) and light olive gray (5 Y 6/1). Ninety to 100 per-

cent of the -rockconsists--of talc-and magnesit-e-,--in- about-

equal abundance. Talc is present as a fibrous matte with

individual flakes and fibers averaging O.01 mm long. The

larger talc crystals, about 0.2 mm long, are frequently bent

and suggest minàr post-metasoniatic deformation. The magne-

site occurs as irregular anhedra, 0.5-1.5 mm in diameter.

It commonly replaces talc, but no talc was observed re-

placing magnesite. Idioblastic rhombohedrons of dolomite

(?), 0.1 mm in diameter, and cubes of pyrite (0.5 mm in

diameter) occur as minor constituents. Locally abundant
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zones of pyrite contain cubes up to 25 mm across. Brucite

is a rare component that is ordinarily found in veinlets.

Infrequently, however, it occurs as dispersed aggregates.

The presence of corroded blebs of antigorite and relect

grains and nodules of chromite suggest that the parent

material for the talc-carbonate rock was the serpentinite

(Plate 9). A sample taken from the northeastern most out-

crop of the intrusion contains relect clinopyroxene within

a cryptocrystalline groundmass of talc and carbonate. The

clinopyroxene contains exsolutjon lamellae of orthopyroxene

and is rimmed with fibrous tremolite.

Steatite makes up avery minor part of the intrusion.

It was found only in the NW 1/4 NW 1/4 sec. 35, T. 11 S.,

R. 45 E. Thisbrjlliant green (5G 6/6) to very pale green

(10 G 8/2) rock occurs as irregular lenses and projections

within the talc-carbonate rock and serpentinite. Contacts

of thesteatite with the talc-carbonate rock are gradational,

whereas they are sharp with the serpentinite. The rock

consists of compact and sheared masses of very fine talc

with variable amounts of calcite. Pyrite is a ubiquitous

minor accessory component.

Occurrences of quartzite are found throughout the

unit. The quartzite is second to the talc-carbonate rock

in abundance. Much of the quartz of this lithology has been

hydrothermally introduced. It consists of coarse quartz

crystals that contain inclusions of rut-lie and chlorite.
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Irregular replacement zones of calcite are common. Other

bodies of quartzite appear to be brecciated inclusions of

banded microquartzite that are similar to lithologies found

in the Permian sequence. Brecciation is due to multiple

injection of quartz along fractures that contain minor

amounts of chlorite and clinozoisite. Although the dila-

tion effects of the veining are pronounced, rotation of the

breccia fragments is minor.

Origin

According to Coleman (1971), antigorite-bearing

serpentinites must have formed from their ultramafic hosts

at a temperature between 3000 C. and 5500 C. Because

little if any thermal effects are present in the Phyllitic

Quartzites and Metagraywacke adjacent to the intrusTf, it

is believed that the serpentinite was tectonically emplaced

as a solid crystalline mass. The serpentinization pre-

sumably took place at deeper levels within the crust under

static conditions of stress as evidenced from the presence

of "mesh" structure (Coleman 1971). Subsequent tectonic

mobilization incorporated the serpentinite, metadiorite and

meta-andesite within the reverse fault. The cross-fiber

veinlets of chrysotile have not undergone the pervasive

shearing that the antigorite has and, thus, were probably

formed after the serpentinite was emplaced in its present

relatively shallow position. Chrysotile may form at
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temperatures as low as 1000 C. (Coleman, 1971); thus, its

late-stage development does not conflict with the "cold

intrusion hypothesis.

It is apparent that the host rock containing relect

clinopyroxerie underwent at least two stages of alteration.

The first involved uraljzatjon with the development of

tremolite. This probably occurred through hydrothermal

alteration either in its source region or during its ascent

within the shear !one. The second stage of alteration led

to the development of the talc-carbonate assemblage. Al-

though no serpentine-group minerals were found associated

with the clinopyroxene, it is possible that serpentinization

could have taken place, only to be obliterated later by the

formation of the talc-carbonate rock.

The formation of the taic-magnesite assemblages can

be accomplished simply by the reaction of carbon dioxide

andserpentJnewtth anattendant loss of watr (Jahns, 1967).

Metamorphic reactions involving- the "Nelson Marble" at

depth could furnish a voluminous supply of carbon dioxide-

rich solutions. The upward migration of these solutions

through the shear zone would bring them in contact with the

serpentinite; and hence, might lead to the format.ion of the

talc-carbonate rock.

Jahns (1967) concluded from his. studies in the Rox-

bury District, Vermont, that the talc-carbonate rocks were

formed under pressures and temperatures accompanying
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in the Connor Creek area may also haye formed under con-

ditions attendant with regional greenschist metamorphism.

Greenschist facies minerals are present in the adjacent

Phyllitic Quartzites, xenoljths of metadiorite and meta-

andesite and to a lesser degree in the Metagraywacke. The

massive nature of the talc-carbonate rock suggests that only

minor movement has taken place along the reverse fault since

these rocks were formed, and that they probably developed in

their present relatively shallow position in the crust.

Additionally, the cubes of disseminated pyrite, a constant

accessory of. the talc-carbonate assemblages, is also present

in the Metagraywacke adjacent to these host rocks. The

presence of pyrite of similar habit in both rocks suggests

that the hydrothermal fluids reacted simultaneously with the

serpentinite and metagraywacke.

A more detailed investigation is obviously needed to

decipher the complex relationships between the various rock

types and the origin of the silicified zones and quartz veins.

Age and Regional Correlation

The time of emplacement of the Alpine-type serpentinite

is clearly younger than the early to middle Jurassic Metagray-

wacke which forms its southeastern contact. Many of the

quartz veins that cut the serpentinite and talc-carbonate

rocks are probably related to late Jurassic or early
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Cretaceous Quartz Diorite in the area mapped. Also, a

probable extension of the serpentinite intrusion in the south-

eastern part of the Durkee quadrangle is cut by a late Jur-

assic or early Cretaceous quartz diorite stock mapped by

Prostka (1967). Therefore, the Alpine-type intrusion is

interpreted to have been emplaceJ during the interval between

the middle Jurassic and early Cretaceous.

All of the alpine-type intrusions in northeastern

Oregon are thought to belong to the post-Wolfcampian and

pre-late Triassic Canyon 1'lountain l4agma Series (Thayer and

Brown, 1964). Numerous exposures of these rocks are found

in the Durkee (Prostka, 1967) and Sparta (Prostka, 1962)

quadrangles. It is this writer's opinion that the Alpine-

type intrusion is possibly a tectonically remobilized member

of the Canyon Mountain Magma. Series.



Dacite Porp'hyry

An irregular shaped intrusion of Dacite Porphyry is

exposed in a road cut on the Snake River Road south of the

mouth of Little Deacon Creek in the NE 1/4 sec. 36, T. 11 S.,

R. 45 E. The intrusion can be traced approximately 1000

feet west of the road by the presence of coarse fragments

of feldspar in the soil. The slopes underlain by Dacite

Porphyry are rounded and there is little difference in

physiographic expression between the porphyry and the

Metagraywacke country rocks. A thick veneer of grus, ex-

posed in the road cut, exhibits a pock-marked appearance

dueto the chemical weathering of the feldspar phenocrysts.

Lithology and Petrography

Fresh Dacite Porphyry is medium gray (N 5.5) and

weathered surfaces are light olive gray (5 Y 6/1). The rock

contains distinctive phenocrysts of plagioclase feldspar,

up to 15 mm in diameter, and hornblende that are randomly

oriented within an aphaMitic groundmass. The modal analysis

of Dacite Porphyrysample 4-910-191 is summarized in Table 3.

The plagioclase feldspar (An47) phenocrysts are pre-

dominately euhedral although many are partially resorbed by

groundmass. Cores of the feldspar are unzoned whereas normal

zoning is present near the rims.

The phenocrysts of hornblende range from 0.7 mm to

4 mm in length. They are commonly twinned and exhibit
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TABLE 3. Modal analysis and major oxide chemi1stry
of Dacite Porphyry sample 4-910-191.

Chemical 'ara1yses
1Average2

Modal analysis
.

4-910-191 dacite

Phenocrysts: Si02 62.5 63.58

Plagioclase (An47) 30.1 Ti02 0.35 0.64

Hornblende 19.0 A1203 19.2 16.67

Groundmass3 44.1 "FeO"5 4.2 5.24

Accessories4 1.2 MgO 1.4 2.12

Magnetite 1.2 CaO 4.3 5.53

Carbonate 2.1 Na20 5.2 3.98

Clay minerals 1.3 K20 1.85 1.40

"White mica" 1.0 Others 0.84

Clinozoisite tr.
99.00 100.00

Chlorite tr.

1SE 1./4 NW 1/4 sec. 36, T. 11 S., R. 45E.

2Average of Nockolds (1954).
3

Potassium feldspar, plagioclase feldspar, and quartz.

4Sphene, zircon, clinopyroxene, apatite, and biotite.

= FeO + Fe203.
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both normal and oscillatory zoning with yellow-green cores

and dark-green rims. A number of hornblende crystals con-

tam cores of colorless clinopyroxene and others are rimmed

with biotite of presumably deuteric origin.

The microcrystalline groundmass consists primarily

of potassium feldspar with lesser amounts of quartz and

plagioclase feldspar. Euhedral and subhedral apatite,

sphene, and zircon occur in trace amounts.

Magnetite is present as subhedral and euhedral grains

in the groundmass and as very fine inclusions in the plagio-

clase feldspar. It also selectively replaces and forms

pseudomorphs after the hornblende phenocrysts. These

pseudomorphs partially preserve the zoned structure that

is typical of the hornblende host.

Alteration-product-s include-calcite,-clay minerals,

"white mica," clinozoisite, and chlorite. Calcite occurs

as irregular replacement zones in the groundmass and along

grain boundries and micro-fractures within the plagioclase

feldspars It was also observed as pseudomorphic replace-

ments after hornblende. "White mica" and clay minerals

selectively replace the innermost and more calcic zones and

occur along micro-fractures in the plagioclase feldspars.

Clinozoisite and chlorite occur as replacement masses with

magnetite in altered hornblende, clinozoisite, and biotite.
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Major Element Chemistry

Dacite Porphyry sample 4-910-191 was analysed for its

major oxide constituents. The results are summarized and

compared in Table 3 with the average of 50 dacite and dacite-

obsidian analyses complied by Nockolds (1954). The Si02

content of sample 4-910-191 is essentially identical tO that

of the average dacite. The anomalously high A1203 content

(19.2 percent) coupled with the high Na20 and K20 components

suggests that much of the microcrystalline groundmass con-

sists of alkali feldspars. Also, the hornblende of the

Connor Creek sample may be somewhat more aluminous than

common hornblende. The lower T102, MgO, and "FeO" values

suggest that sample 4-919-191 contains less mafic miherals

than does the average dacite defined by Nockolds (1954).

Age and Regional Correlation

A late Jurassic or early Cretaceous age is tentatively

assigned to the Dacite Porphyry. It is clearly younger than

the early or rnidd1e Jurassic Metagraywacke which it intrudes.

An upper age limit cannot be determined from evidence

available in the Connor Creek area. However, Henricksen

(1974) believes that plutonic rocks of similar lithology and

texture found in the Mineral District, Idaho, are not

younger than early Cretaceous and are probably related to

the 120 m.y. plutonic event reported in the Sturgill Peak

area (Henricksen and others, 1972).
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Quartz Diorite

Approximately 3 1/2 square miles of the western one-

third of the Connor Creek area i.s underlain by Quartz Diorite.

These rocks are part of the large stock that underlies Big

Lookout Mountain (Prostka, 1967). Additionally, several

small .satelitic bodies of these rocks are found in W 1/2

sec. 20 and S 1/2 sec. 29, T. 11 S., R. 45 E. Outcrops are

sparse due to the thick vegetation typically developed in

the higher elevations of the area. Where they are present,

outcrops normally appear as large rounded boulders and blocks

set in either a coarse grus or a pebbly soil that contains

abundant fragments of feldspar and quartz. Jointing in

the Quartz Diorite is common. However, because of the

slumped nature of the outcrops, the initial attitudes of the

jointTsetscannot always be ascertained.

Lithology

Fresh Quartz Diorite is light gray (N 7.5) and

weathered surfaces are pale yellowish brown (10 YR 7/2). The

Quartz Diorite ranges from medium to coarsely crystalline

and exhibits a hypidiomorphic-granular texture. The essent-

ial minerals are plagioclase feldspar, quartz, biotite, and

hornblende. Within the interior portions of the intrusion,

biotite forms distinctive poikilitic crystals, up to 15 mm

in diameter, and is the dominant mafic mineral; Whereas

near the border of the stock, biotite and hornblende occur
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in about equal abundance and grain size. These border rocks

are composed of medium-sized crystals and they commonly

exhibit a planar foliation due to the subparallel orienta-

tion of hornblende and biotite. This texture is exposed in

a road cut in the NW 1/4 NW 1/4 sec. 29, 1. 11 S., R. 45 E.,

and is believed to represent a primary flow feature of the

Quartz Diorite magma near its contact with the country rocks.

Coarse pegmatitic phases are found where the Quartz

Djorjte is in contact with the "Nelson Marble" or calcareous

varieties of the Phyllitic Quartzites. These features are

best displayed along the northwest-trending ridge in the

SW 1/4 sec. 29, 1. 11 S., R. 45 E. Here, hornblende commonly

occurs as crystals up to 25 mm long to the exclusion of

biotite andquartz. Small exposures of augite-rich gabbro

are also found atthis locality. Theseoccurrences of

hornblende diorite and gabbro are interpreted to be the

resultcf assjmjlatfon of CaO derived Irom the calcareous

country rocks by the Quartz Diorite magma.

Xenoliths of amphibiolite,in variable stages of

resorption, occur throughout the intrusion (Plate 10).

In addition, isolated inclusions of hornfelsed Phyllitic

Quartzite are common near the contacts.

Petrogra phy

Detailed petrographic examinations were performed

on three thin-sections of selected samples of the typical



Plate 10. Quartz Diorite with large xenolith of amphibolite;
note biotite in partially resorbed xenolith.
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Quartz Diórite fron the interior portions of the stock. The

results are summarized in Table 4.

Quartz ranges from 20 to 30 percent of the rock. It

occurs as interstitial anhedra up to three mm in diameter.

The plagioclase feldspar is andesine (An3336). It

comprises about 50 percent of the rock and occurs as sub-

hedral and anhédral crystals averaging 1-2 mm in diameter.

Oscillatory, normal, and reversed zoningare well-developed

and make accurate compositional determinations difficult.

Albite, pericline, and Carlsbad twins are common. Alteration

products include white micat and clay minerals. They

commonly selectively replace certain zones within individual

feldspar crystals.

Orthocl.ase is a rare constituent of the rock (approx-

imate1y O.5 percent).: It occurs as rims on theplagioclase

and, to a lesser extent -as interstitial anhedra.

Hornblende is present as subhedral prisms up to two mm

long. Pleochroism is from pale yellow to dark green and

lamellar twinning is common.

The biotite forms large anhedra that enclose plagio-

clasefeldspar, quartz, and accessory minerals. The

pleochroism is from pale to dark brown. Pleochroic halos

are typically developed around inclusions of euhedral zircon.

Subhedral plates of biotite are found as deuteric growths

along the rims of hornblende crystals.



TABLE 4. Modal analyses of Selected Quartz Dior.ite
samples of the Connor Creek area.

Quartz

Orthoci ase

Plagioclase

Hornbl ende

Biotite

Magnetite

Accessories4

"White mica"

Chlorite

Clay minerals

Epidote

8_82Q871 l_8l9_742 3-81
9773

29.1 20.9 26.1

0.5 0.5 0.6

51.7(An36) 56.0(An34) 50.0(An33)

4.0 7.5 6.6

8.3 5.9 10.5

1.2 1.4 0.5

tr. tr. 0.7

2.3 2.5 1.5

1.6 1.4 1.0

0.6 2.2 1.7

0.5 1.3 0.9

1SW1/4 NE 1/4-sec. -30,T.-11 S ,R. 45 E.

2NEl/4 NW 1/4 sec. 31, 1. 11 S., R. 45 E.

3NW 1/4 NW 1/4 sec. 19, T. 11 S., R. 45 E.

4Apatite, sphene, and zircon.



Magnetite is present as euhedral and subhedral

crystals, up to 0.3 mm in diameter, disseminated throughout

the rock. It also occurs with chlorite and clinozoisite in

anhedral masses replacing hornblende and, to a minor extent,

biotite.

Accessory minerals are apatite, sphene, and zircon.

Apatite is the most common accessory. It is present euhe-

dral and subhedral crystals up to 0.3 mm in diameter.

Chemi stry

Quartz Diorite sample 8-820-87 was analysed for its

major oxide constituents andtrace elements. The results

are summarized and compared, in Table 5, with the average

quartz diorite of the Cuddy Mountain Complex, Idaho, as

compiled by Fjeld (Skurla,-1974). Sample 8-820-87 contains

more Si02 (64.45 percent) and Na20 (4.06 percent) than the

Cuddy Mountain quartz diorites (58.82 percent and 3.01 per-

cent, respectively). Also, the Quartz Diorite is con-

siderably lower in Ti02, Fe203, FeO, MgO, and CaO. These

differences imply that the Quartz Diorite has undergone a

greater degree of fractionation than its lithic counterparts

in the Cuddy Mountains. It is notable that even though the

Quartz Diorite is a more differentiated rock, it has a

slightly lower K20 content (1.23 percent) than the average

Cuddy Mountain quartz diorite (1.29 percent). This suggests

that the Quartz Diorite was derived from a less potassic



TABLE 5. Jlajor oxide and 'trace element analyses of
Quartz Diorite sample 8-820-87.

Chemical 'analyses ('%)

Average Cuddy Mountain Trace element
8-820-87 quartz' dioPi'te analysis (ppm)

Si02 64.45 58.82 Copper 5

Ti02 0.48 0.88 'Lead 10

A1203 16.30 16.05 Zinc 55

Fe203 2.24 2.97 Molybdenum -1

FeO 2.59 4.73 Silver -0.1

MnO 0.19 0.21

MgO 2.01 3.07

CaO 5.10 6.49

Na20 4.06 3.01

1(20 1.23 1.29

H20 0.89 1.40

H20 0.17 0.05

0.12 0.15

99.83 99.57

1SW 1/4 NE 1/4 sec. 30, T. 11 S., R.45 E.; see Table 3 for
modal analysis.

2Average of eight samples of C.W. .F,ield (Skurla, 1974).
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magma source than the quartz diorites in the Cuddy Mountains.

The low K20 content of sample 8-820-87 is corroborated

mineralogically by the near absence of potassium feldspar in

the rock (see Table 4).

The trace element abundances of the Quartz Diorite are

all lower than those of the average igneous rock (Hawkes and

Webb, 1962). The fresh appearance of sample 8-820-87 pre-

cludes the possibility of removal of these elements through

leaching. Thus, it is assumed that the Quartz Diorite magma

was deficient in these metals.

Contact Relations and Mode of Emplacement

The Quartz Diorite-Phyllitic Quartzite contact is

characterized by a peripheral zone of dike injection extending

as much as 1000 feet from the mapped contact. These features

are best displayed in road cuts in the E 1/2 NW 1/4 sec. 29,

1. 11 S., R. 45E. Dueto poor-exposures,- the contact as

mapped on Plate 1 represents the innermost limit of the

occurrence of Phyllitic Quartzites within this zone. The

dikes and sills, which range from 4-24 inches wide, consist

of Quartz Diorite and aplite that have been injected sub-

parallel to the bedding planes in the country rocks. The

apophyses generally exhibit sharp borders and contain

primary flow textures caused by the parallel alignment of

their mafic minerals.

Contacts of the intrusion, generally, cut across the
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regional trend of the stratified country rocks. The greater

thickness of the "Nelson Marble in the western one-half of

the Connor Creek area suggests that these rocks have under-

gone intense plasticdeformation that originated from vertical

andhorizontal stresses developed during the intrusion of

the Quartz Diorite. Neal (1974) presents a detailed dis-

cussion that attributes deformation in the Martin Bridge

Limestone to similar stresses that were associated with

intrusion of the Wallowa Batholith.

Several features suggest that the Quartz Diorite was

forcefully intruded within the mesozone as defined by

Buddington (1959). Characteristics supporting forceful

intrusion include the occurrence of exotic xenoliths

(amphibolite), apparentstructural displacement of the

country rocks, and the dilative injection of magma as

apophyses and dikes. Features typical of the mesozone as

exhibited by this piuton. include:. (1)-greenschist meta-

morphism in thephyl1itic country rocks; (2) partly discor-

dant and partly concordant contact relationships with the

countryrocks; (3) planar foliation in the border zones;

(4) lack of chilled margins; (5) a peripheral zone of dike

injection; (6) the absence of volcanjcs in association with

this plutonic event; and (7) a well-developed contact

aureole containing hornfelses and contact gneisses (dis-

cussed in a later section).
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Age and Regional Correlation

Prostka (1967) assigned a late Jurassic or early

Cretaceous age to stocks exposed in the Durkee quadrangle

on the basis of lithic similarity with rocks of that age

in the Bald Mountain and Wallowa Batholiths (Taubeneck,

1955; 1959). Because the Quartz Diorite is part of one of

the stocks mapped by Prostka (1967), it is tentatively

considered to be at least early Cretaceous and possibly

late Jurassic in age.
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Aplites

The occurrence of aplite dikes withinthe Quartz

Diorite and adjacent country rocks is insignificant; which

may be a function of the poor exposures. However, two

distinct aplitic phases were recognized. One, exposed in

a road cut in the SW 1/4 NW 1/4 sec. 29, 1. 11 S., R. 45 E.,

contains sodic oligoclase (30 percent); quartz (30 percent);

microcljne (15 percent); muscovite, including sericite,

(25 percent); and trace amounts of pyrite. Subordinate

mircopegmatite, cryptoperthite, and myrmekite are present.

The muscovite occurs as distinctive plates, up to three mm

in diameter, disseminated throughout the rock and con-

centrated in veinlets. Sericite commonly obliterates the

feldspars. The second variety was observed at two localities,

(1) in exposures along the Lookout Mountain Road in the NW 1/4

NW--1/4T5ec.-i9,-ff. 11 S., R. ;:45-Eand (2)4n-outcr-op onthe

ridge crest ii the SE 1/4 NW 1/4 sec. 29, T. 11 S., R. 45 E.

It consists of andesine (60 percent), quartz (35 percent)

and biotite (5 percent) with a trace amount of muscovite.

Both varieties exhibit an even-grained allotriomorphic-

granular texture with crystal sizes seldom exceeding two mm

in diameter.
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Basalt Dikes

Dikes of basalt and diabase are present throughout

the Connor Creek area. Theyañge from 1 to 50 feet wide

with the majority being close to 15 feet in width. Where

they are well-exposed, the dikes commonly exhibit columnar

jointing normal to their walls and chilled borders with the

country rocks. It was found that Douglas fir, Ponderosa

pine, and larch do not normally grow in areas underlain by

the basaltic dikes. Thus, in the higher timbered parts of

the area,.aerial photographs were an indispensible aid in

mapping the occurrence and distribution of these dikes.

The dikes are most prevalent in those areas underlain

by Quartz Diorite in secs. 19, 20, and 29-32, T. 11 S.,

R. 45 E. Here, no less than 30 dikes or portions of dikes

are exposed; one of which can be traced for a distance of

approximately 1.5 miles-frontheN 1/2. sec. 31 to the S 1/2

sec. 19, 1. 11 S., R. 45 E. The dikes from this part of

the Connor Creek area are essentially vertical and thus

exhibit nearly linear outcrop- patterns. They---range in

strike from N 28° W to N 60° E and have an average trend of

approximately N 20° E.

Dikes exposed elsewhere in the Connor Creek area are

much more sinuous and shorter in length than those in the

western one-third of the area. Locally, theywere found to

bifurcate from plug-like masses as in the SW 1/4 SW 1/4

sec. 30, T. 11 S.., R. 45 E. Bifurcated dikes are best
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exposed along the Snake River Road in the S 1/2 sec. 35

1. 11 S., R 46 E., and near the mouth of Soda Creek in the

NE l/4sec. 19, 1. 11 S., R. 46.

Lithology and Petrography

The dikes of basalt range in color from medium dark

gray (N4) to olive gray (5 YR 4/1) where fresh and are pale

yellowish brown (10 YR 6/2) on weathered surfaces. The

interior portions of the dikes are normally fine to medium-

grained and exhibit a felty texture. Chilled borders are

aphanitic and contain an occasional phenocryst of feldspar.

A few dikes exhibit a medium-grained hypidiomorphic-granular

texture that is typical ofdiabase or gabbro. Phenocrysts

are rare and where present they normally comprise less than

two percent of the rock.

Modal analyses of three samples collected from

selected dikes in theConnor Creek area are summarized in

Table 6. Samples 7-820-86 and 7-722-20 were collected from

dikes that exhibit themore typical felty textures. In

contrast, sample 2-819-76 was taken from a diabase dike

exposed in a road cut on the Lookout Mountain Road in sec.

30, T. 11 S., R. 45 E.

Aside from containing different plagioclase/

clinopyroxene ratios, samples 7-820-86 and 7-722-20 are

nearly identical in mineralogy and texture. Plagioclase

feldspar (An59_60) occurs as phenocrysts (about one percent),
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TABLE 6. Modal analyses of selectedbasaltic dikes

of the Connor Creek area.

7_820861 7_222_202 2-8l9-76

Plagioclase 50 (An60) 35 (An59) 45 (An64)

Clinopyroxene 20 35 30

Olivine -- -- 8

Magnetite 5 5

Glass 5 20

Chlorophaeite tr. tr. 2

Nontronite (?) 20 5 2

Iddingsite -- -- ., 6

Clay minerals -- 4

1NE 1/4 Sw 1/4 sec. 19, 1.-li S.,.R. 45 E.

1/4 SE l/4sec. 20, T. 11 S., R. 45E.

3NWl/4 SW 1/4 sec. 30T. 11 S.; R.45 .



up to 1.5 mm in length, arid as subhedral and euhedral laths

in the groundmass. Colorless -clinopyroxene and magnetite

are present as interstitial anhedra. Volcan.g1ass and/or

alteration products (nontronite?) of the glass comprise

approximately 25 percent of both samples.

Sample 2-819-76 contrasts with samples 7-820-86 and

7-722-20 in grain size, texture, arid mineralogy. The rock

is holocrystalline and porphyritic. Subhedral phenocrysts

(five percent) of plagioclase (An64) and clinopyroxene, up

to four mm in length, are set in an ophitic groundmass of

medium-sized crystals. Plageoclase feldspars and olivine

of the groundmass commonly occur as poikilitic inclusions

in crystals of pale-brown clinopyroxene. Magnetite occurs

as -disseminated subhedra and euhedra up to 0.4 mm in dia-

meter. The occurrence of subhedral and euhedral crystals

-of oltvfne is distinctive. Iddingsite, hematite, and

megnetite a-re present as a-1teratiorr products ofthe olivine.

Major Element Chemistry

Two samples of basaltic dikes from the Connor Creek

area were analysed for their major oxide constituents. The

results are listed along with the High-Ti chemical type of

theLower-Yakima Basalt :(wright-and others, 1973) in Table7.

Sample 7-820-86 has a slightly lower K20 content (1.05 per-

cent) than sample 7-722-20 (1.30 percent). Otherwise, with-

in the limits of the analyses, the chemistry of the two
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TABLE 7. Major o.xide chemistry of selected basaltic
dikes of the Connor Creek area and flows
of the Columbia River Group.

A2.78208.61: 7_722_201

Si02 52.6 52.5 53.50

hO2 2.22 2.32 2.35

A1203 14.9 14.2 14.06

°Fe03 13.5 13.6: 12.13

MnO ---- ---- 0.21

MgO 3.9 4.1 4.28

CaO 9.05 8.9 8.11

Na20 3.1 2.9 3.17

K20 1.05 1.30 1.44

0.36

100.32 99.82 99.61

Si02/MgO 13.49 12.80 12.50

K20/MgO 0.269 0.317 0.336

1See Table 6 for locations and modal analyses.

2Lower Yakima Basalt, High-Ti chemical type (Wright and
others, 1973).

= FeO + 0.9 Fe203.



samples of dike rock are essentially identical. These

samples from the Connor Creek area are chemically similar

to the High-Ti chemical type of the Lower Yakima Basalt

(Wright and others, 1973). Minor differences in Si02,

A1203, CaO, and alkalies can be attributed- to a more

anorthositic feldspar in the dike rocks. Indeed, Waters

(1961) has reported that YakimaBasalts are characterized

by plagioclase feldspars close to An50, whereas the two

samples of dike rock analysed herein contain feldspars with

compositions of An59
60

(see Table 6). Thehigher "FeO"

and lower MgO contents of the dike rock samples suggest

either that the clinopyroxehe or the opaque component of

the dike rocks is slightly more iron-rich than those of the

High-Ti Lower Yakima Basalts.

Age and Regional Correlation

Dikes of the Connor Creek area lie in the south-

western partof the Grand Ronde-Cornucopia dike swarm.

This structure as defined by Taubeneck (1966) extends from

south of Huntington, Oregon, northward for approximately

165 miles to near Altoma, Washington.

The basaltic dikes of the Connor Creek area are

considered to be at least Miocene and possibly early

Pliocene age. A number of these dikes, including the one

from which sample 7-722-20 was collected, cut the Miocene

Picture Gorge Basalts in secs. 20 and 21, 1. 11 S., R. 45 E.,
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and thus are clearly younger. The major o.xide chemistry

of samples 7-820-86 and 7-722-20 corresponds with that of

flows for the late Miocene or early Pliocene Yakima Basalt

(Waters, 1961). The presence of olivine in sample2-819-76

suggests that this dike rock is equivalent to the Picture

Gorge Basalts. Thus, the basalt and diabase dikes are

probably feeders for the Columbia River Group. However,

the relative abundance of feeder dikes for the Picture

Gorge and Yakima members cannot be determined on the basis

of available data.



Basalt Sill

A sill-like body of basalt crops out in sec. 27,

T. 11 S., .T.. 45 E. Because this intrusion was emplaced

in both the Tuff-Breccia and the overlying Columbia River

Basalt, it might aptly be interpreted as two sills emerging

from a common source located in the NE 1/4 SW 1/4 sec. 27.
One sill was emplaced in the Tuff-Breccia to the north

and the other, slightly higher in the sequence, was in-

jected into the Columbia River Basalt to the east. The

upper and lower contacts are chilled and essentially planar.

Columnar jointing is well-developed. Exposures are char-

acterized by bold cliffs and steep talus slopes as on the

west-facing slope in the NW 1/4 sec. 27. The fresh basalt
is dark gray (N3.5) and weathered surfaces are dark yel-

lowish brown (10 YR 4/2). The rock is hyaloophitic and

porphyritic. Phenocrysts of plagioclase feldspar (An58)

and clinopyroxene, up to 2.5 mm in length, comprise five

percent of the rock consisting of dark volcanic glass

(35 percent) and microlites and granules (0.1-0.3mm) of

plagioclase feldspar (35 percent) and clinopyroxene (25

percent). Vesicles, up to 1.5 mm in diameter, are sub-

ordinate features in unchilled portions of the sill. Be-

cause of lithic similarities between this rock and the

dike rock samples 7-820-86 and 7-722-86 see Table 6), the

basaltic sill is considered to be a hypabyssal equivalent

of the Yakima Basalt (Waters, 1961).



REGIONAL ETAMORPHJS1

Regional metamorphism has affected all of the pre-

Tertiary rocks of the.Connor Creekarea with'the exceptions

of the Dacite Porphyry and the Quartz Diorite. Theminerals

formed during regional metamorphism include: quartz, mus-

covite, chlorite, biotite, and albite in the Phyllitic

Quartzites; dolomite in the "Nelson Marble"; actinolite,

epidote, and albite in the Metadiorite; and an incomplete

development of clinozoisite,niuscovite, and chlorite in the

Metagraywacke. These minerals are characteristic of the

greenschistfacjes as defined byTurner(.1968). Metamorphic

differentiation has led to the development of porphyroblasts

of clinozoisite in the Metagraywacke and dolomite in the

"Nelson Marble". Schistosity, attributable to regional

metamorphism, is absent in the rocks of the Connor Creek

area.The absence.of..r.eiect m4ner.ais- in the-.pr-Tertiary

strata northwest of the reverse fault suggests the possibility

that equilibrium was nearly attained, in the Permian rocks

during metamorphism. Rocks of the Jurassic sequence, in con-

trast, contain abundant relicts of primary minerals which

thus indicates that equilibrium was not achieved in this

sequence of rocks.

The last period of regional metamorphism in the Connor

Creek area occurred during late Jurassic time." The meta-

morphism cannot be older than middle Jurassic, since rocks of



this age have undergone at least incipient stages of meta-

morphism. .Th.e effects of regional metaiuorphism are absent

in the Dacite Porphyry and Quartz Diorite. The white mica",

clinozoisite, epidote, and chlorite in these rocks are

deuterjc or late magrnatic in origin rather than metamorphic.

Thus, the latest stages of regional metamorphism took place

prior to the latest Jurassic or early Cretaceous time which

is the age tentatively assigned to the emplacement of these

plutonic rocks. The regional metamorphism in the Connor

Creek area correlates with the late Jurassic metamorphism

documented by Hamilton (1963) in the rocks beneath the Rapid

River thrust in the Riggins region, Idaho. Because the

effects of regional metamorphism are more pervasive in the

Permian rocks than thoseof the Jurassic sequence, it is

apparent that the Permian rocks have either undergone more

than one period of metamorphism or were subjected to the late

Jurassicinetamorphismat agreterd-epthofbiiriai andJor for

a greater length of time than the Jurassic rocks prior to

their structural juxtaposition. Because the Permian sequence

most likely underwent regional metamorphism that accompanied

the emplacement of the Canyon Mountain Magma Series in early

to middle Triassic time, the former case is the most probable.



CONTACT METAMORPHISM

Contact metamorphism, which occurred in cOnjunction

with the emplacement of the Quartz fliorite, has superimposed

mineral assemblages of the hornblende hornfels facies (Turner,

1968) upon those of the regional greenschist facies developed

in the Phyllitic Quartzites and ttNelson Marble". The

mineralogical and textural changes due to the contact meta-

morphism are found within the country rocks for distances up

to 2500 feet from contacts with the Quartz Diorite. Ac-

cording to Turner (1968), rocks of the hornblende hornfels

facies normally grade outward into those of the albite-

epidote hornfels fades. Since the greenschist fades and

the albite-epidote hornfels facies contain similar mineral

assemblages, possible occurrences of the albite-epidote

hornfels facies-are not apparentJn the rocks ofthe Connor

Creek area.

The hy1litic Quartzites contain the assemblage

quartz-muscovite-biotite-garnet-plagioclase within the con-

tact aureole. The biotite is a deep reddish-brown variety

and the garnet is pinkish gray in color. The composition

of the plagioclase feldspar is approximately An35. Corn-

ponent minerals of the parent rocks are recrystallizedto

coarser sizes. Schistose textures are common in the inner-

most parts of the aureole and are best displayed in the

W 1/2 sec. 32, 1. 11 S., R. 45 E.



The dominate response of the "Nelson Marble" contact

metamorphism was simply recrystallization, whereby the

average grain size of the individual calcite anhedra was

increased from 0.5 mm to approximatelyl.5 mm. The

"Nelson Marble" adjacent to the hornblende diorite and

gabbro phases of the Quartz Diorite in the SE 1/4 sec. 29,

T. 11 S., R. 45 E., locally contains the assemblage diopside-

wollastonite-garnet-plagioclase-sphene. The garnet is color-
less and the composition of the plagioclase feldspar is about
An35. Wollastonite is normally associated with rocks of the

higher-temperature pyroxene hornfels fades (Turner, 1968).

However, the presence of muscovite in the Phyllitic Quart-

zites within the contact aureole indicates that the grade of

metamorphism was no greater than that of the hornblende

hornfels fades. The development of wollastonite in the

rocks of the Connor Creek area was probably the result of

the-reduction o'fthepartia1 pressure of £02, either by

dilution with other volatiles or by escape of ç0 through

fractures in the rock (Turner, 1968; Deer and others, 1966).

The occurrence of this silicate assemblage suggests that

Si02, MgO, Na20, A1203 and lesser amounts of hO2 and FeO,

presumably derived from the Quartz Diorite magma, were meta-

somatically introduced into the nearly pure "Nelson Marble"-.

The influx of these oxides was apparently accompanied by a

loss of CaO which was assimilated by the Quartz Diorite magma

to form the marginal hornblende diorite and gabbro phases.



Because the albite-epidote-actinolite assemblage

developed in the Metadiorite may be related to either the

greenschist facies of regional metamorphism or the albite-

epidote hornfels facies of contact metamorphism, it cannot

be determined by the lithology whether or not the Metadiorite

was metamorphosed during the emplacement of the Quaitz biorite

magma. However, since exposures of Metadiorite lie within

the limits of the contact aureole, contact metamorphism may

have had an effect on the mineralogynow
preserved in these

rocks.



STRUCTURE

Mesoscopic Structures

The mesoscopic structures developed in the Phyllitic

Quartzites are one of the most characteristic features of

this unit and serve to distinguish it from all of the other

rock units in the Connor Creek area. Deformation in the

Phyllitic Quartzites has resulted in the development of at

least two superposed systems of small scale folds. The

first set of folds is tighter and smaller in amplitude than

the second set and they are not always visible in outcrop.

In contrast, folds of the second set are broad and open.

They locally grade imperceptably into kink folds, as shown

in Plate 5, and box folds. Both fold systems have an assoc-

iated strain-slip cleavage that is oriented parallel to their

axial planes. The intersections of this axial planecleavage

(Turner and Weiss, 1963) and the stratification of the rock

imparts a marked lineation to the host as minute crenulations

which parallel the axes of the folds. Although evidence for

folding is not discernible in all of the exposures and float,

the lineatjons derived therefrom are conspicuous throughout

the Phyllitic Quartzites. Because lineations of the first

set of folds are normally masked by those of the second set,

intersecting lineations are rarely observed.

Fold structures similar to those in the Phyllitic

Quartzites are commonly observed in the 'Nelson Marble", but



the associated lineations are not present. The absence of

such lineations in these rocks is probably related to the

tendency for marble to deform plastically under highcon-

fining pressures..

cross structures in the Metagraywacke could not be

determined due to the lack of stratigraphic control. The

few bedding attitudes obtained suggest that these rocks

have been tilted to the southeast at angles 45° and 60°.

The assumption tha.t these rocks have been isoclinally folded

(Berry, 1956; Brooks and Valuer, 1967) could not be con-

firmed from observations in the Connor Creek area.

While studying the pre-Tertiary structures in the

Durkee, Mineral, Olds Ferry, and Huntington Quadrangle,

Lawrence (written communication, 1972) concluded that the

slaty cleavage in the Metagraywacke developed prior to

lithification. while the soft sediments still contained an

abundant pore fluid. .Withdéformation increasing, pore

fluid pressures permitted the platey matrix material to

flow and align itself parallel to the direction of flowage

thus imparting the ubiquitous slaty cleavage, as shown in

Plate 6, to this unit. The poles to the slaty cleavage

developed in Metagraywacke of the Connor Creek area are

plotted in Figure 2. Those..att.itudes obtained from ex-

posures adjacent to the reverse fault are omitted from the

diagram because of the probability that displacement along

the fault would have disturbed their original orientations.



The poles plot in two distinct populations; one in the

northwest quadrant and the-other in the southeast quadrant.

The implications ofthe two sets of poles to the slaty

cleavage are discussed under -Tertiary Faulting.

The crenulations developed in the Phyllitic Quartzites

and the slaty cleavage in the Metagraywacke clearly suggest

that the Permjan and Jurassic sequences have undergone

different histories of deformation prior to their present

juxtaposition. -



A : Pole and average pole in sec. 34 and SW 1/2
35, T. 11 S., R. 45 E.; southwest block.
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Sec.

o : Pole and average pole in NE 1/2 sec. 35, secs. 25
and 36, 1. 11 S., R. 45 E., and sec. 30, 1. 1.1 S.,
R. 46 E.; northeast block.

Figure 2. Equal area projection (lower hemisphere) of the
poles to the slaty cleavage in the Metagraywacke.
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The reverse fault and tts assoctated shear zone trend

approximately N 55° E acrossthe Connor Creek area from the

SW 1/4 sec. 34, 1, 11 S., R, 45 E., to the SW 1/4 NE 1/4

Sec. 19, 1. 11 S., R1 46 E, The fault separates the Per-

mian sequence (hanging walli front the Jurassic sequence

(footwalli. The inclination of the fault plane varies from

near vertical in the NE l/4.sec. 34 and the NW 1/4 sec. 35

to approximately 50° NW in the Big Deacon Creek Canyon in

the NW 1/4 sec. 25, T. ii S.,
. 45 E, Except where it is

exposed in the E 1/2 sec. 19, 1. 11 S., R. 46 E., and where

it is covered by Quaternary landslides, the reverse fault

can be traced by the oresence of exotic rock fragments and

outcrops of the Alpine-type. intrusion. The fault zone is

exposed-in a-road-cijt long:ihe Snake R1ver-Road-fn sec. 19,

T. 11 S., R. 46 E. Here, the fault trace consists of a clay-

rich gouge zone that lacks the exotic inclusions of the

Alpine-type intrusion. Theattitude of the fault at this

locality is approximately N 45° E 60° NW.

This reverse fault appears to be part of a major

structure of regional significance. The fault can be

traced 14 miles to the southeast into the Huntington quad-

rangle where it occurs between rocks equivalent to the Elk-

horn Ridge Argillite and graywackes and slates, presumably
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of Mesozoic age (Brooks, oral coiiijunication, 19.721. Here,

exposures of graywacke nd slate haye been erroneously in'

cluded in the Permtan sequence mapped by Kennedy 09561,

Skurla (1974) found that i'n the Sturgfll Peak area., Idaho,

Permian pltylltttes and marble are separated from Jurassic
slates by a thrust fault that also contains inclusions of
serpentinite, This fault is, in all likelyhood, equivalent
to the reverse fault of the Connor Creek area.

The significance of this structure relates to the
fact that no authenticated strata of Permian or older age
have been reported in the Blue Mountain region southeast of
the fault, and that the nearest Mesozoic strata found north-
west of the fault are in the northern part of. the Sparta
quadrangle (Prostka, 1962) and on Virtue Ridge (Bostwick and
Koch, 1962). Hence, it is tentatively suggested that the
crustal uplift which led to erosion arid exposure of Permian.

rocks-in the intervening areas was bounded on -the--southeast

by the reverse fault.

The period of major movement along the reverse fault
probably took place between the middle Jurassic and early

Cretaceous as is apparent from the following lines of evi-
dence: (1) rocks of middle Jurassic age constitute the

downthrown, southeastern block; (2) intrusive relations

involving extensions of the Alpine-type intrusion, which is
included within the fault zone, and plutonic rocks of late
Jurassic or early Cretaceous age in the Durkee quadrangle
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show that the Alpine-type intrusion is at least early-

Cretaceous in age; and .(3 the lack. of appreciable shearing

in the talc-.carboriate rock, whichhas apparently formed

from its serpentinite host in its present position in the

crust, suggests that little if any movement has taken place

since the early Cretaçeous.

Tertiary Faults

Deformation preceeding the extrusion of the Columbia

River Basalt occurred primarily through normal faulting. All

of the Tertiary faults observed In the Connor Creek area are

essentially vertical. The majority have northwest trends.

However, three were found. to strike northeast. The fault

with the maximum apparent displacement, approximately 800

feet, trends west-northwest throughsecs. 27 and 28, 1. 11

S. , R. 45 E. Deformation in the north-central border of the

thesis area is best described as block faulting with conse-

quent local tilting to the northeast. A horst, bounded by

northwest trending faults of small displacement, occupies the

NE 1/4 sec. 22, T. 11 S., R. 45 E.

Offset caused by Tertiary faulting can be readily seen

in the rocks northwest of the reverse fault where composition-

ally distinct strata serve as convenient marker horizons.

However, evidence for Tertiary faulting in the uniform litho-

logies of the Jurassic sequence is not apparent. Nonetheless,

structural analysis of the slaty cleavage indicates the pro-

bable presence of a fault in the Netagraywacke along the
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northwest trending ridge in sec. 35., T.. 11 S., R. 45 E.

In reference to Figure 2, it can .be seen that the average

pole to the slaty cleavage in the SW 1/2 sec. 35, and in

sec. 34, T. 11 S., R. 45 E., (southwest block) is N.. 34°

E., 60° SE. In contrast, those found in the NE 1/2 sec. 35

and secs. 25 and 36 T. 11 S., R. 45 E., and sec. 30, 1. 11

S., R. 46 E., (northeast block) have an average attitude of

N. 37° E. 57° NW. Thus, there is an apparent rotation,

approximately 63°, of the inclination of cleavage in one

block relative to the other. The most plausible explanation

for this structural anomaly is normal faulting, with the

additional possibility of minor tilting of the northeast

block to the southeast, relative to the southwest block.

This fault is probably continuous with the northwest-trending

normal fault found in secs. 21, 22,and 27, 1. 11 $, R.

45L However,thiscor-relationicanno-tbe confirmed:by the.

available field evidence.



Gold

ECONOMIC GEOLOGY

Metallic' 'Mjnerl 'Deps1ts

Gold mining and prospecting in the Connor Creek District

began in the early 1870's and continues to the present day.

Gold has been recovered both from epithermal vein 'deposits,

presumably associated :with the late Jurassic or early.Creta-

ceous orogenic activity, and from placer deposits. The

principal deposits are discussed below.

Connor CreekMine

The Connor Creek Mine, N 1/2 sec. 34, T. 11 S., R.

45 E. , is one of the oldest' mines in Oregon (Parks and

Swartley, 1916). The gold-bearing quartz vein was dis-

covered in .1871 and was worked aimost.-continuousiyunt1l-

1901 with the greatest activity between 1880 and 1890

(Lindgren, 1901). Swartley (1914) estimated that the total

productionto'thàt date was' $1,250,000. The mine produced

about $20,000 between 1915 and 1918 (Gilluly and others,

1933), but little production has taken place since 1918

(Brooks and Ramp, 1968). The mine was developed on six

levels with a total of 7,973 feet of drifts (Lindgren, 1901).

All of the workings are caved at the present time. According

to Li.ndgren (1901), the vein strikes N. 40° 14. and dips

700_750 SW. within a "black clay slate"that has a north-
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northeast strike and dips about 600 W. The "black clay

slate is presumably the carbonaceous phyllite found in the

waste dumps. The early period of production ceased when the

workings encountered a. fault, haying an attitude of N. 310

E. 45°-60° SE., that displaced the ore-bearing vein (Lindgren,

1901). The latest production was taken from that part of

the vein located on the west side of the "cut-off" fault

(Parks and Swartley, 1916). The gold was largely native and

occurred in coarse masses averaging 900 fine (Lindgren,

1901; Brooks and Ramp, .1968). Along with the quartz gangue,

the gold was found to be associated with cubic pyrite, ar-

gentite, and native mercury (quicksilver) according to

Lindgren (1901) and Swartley (1914).

Snake River Mine

The Snake River Mine,also known as the Schist Prop-

erty and/or the Runner claims (Parks and Swartley, 1916), is

located in the SE 1/4 sec. 24, T; 11 S., R.45 E. The

property had a 75-ton per day test mill in 1916 (Parks and

Swartley, l916) butnoproductionfiguresare available.

According to Parks and Swartley (1916), the gold is contained

in numerous reticulated quartz veins within the schistose

country rock (i.e., the Phylliti.c Quartzites and "Nelson

Marble"). A 90-foot channel sample was reported to have

yielded $3.26 per ton (Swartley, 1914). However, five sam-

pies taken from the quartz yejnlets in the "Nelson Marble"



immediately north of the rrjine, by. the author and H.E. Brooks,

were ssayed by the State of Oregon and were found to be

essentially barren of gold,

Mullin Prospect

The Mullin prospect is located within the "Nelson

Marbleu northeast of the Snake River Mine in the NW 1/4

SW 1/4 sec. 19, T, 11 S., R. 45 E. The gold-bearing quartz

vein, discovered in 1914, strikes northwest and dips about

60° SW. (Swartley,1914), According to Swartley (1914),

the vein also contatnssometétrahedrite that is locally

oxidized to malachite and azurite. Only development work

had taken place at the time of .Swartley's 1914 visit.,

Drifts completed along the vein since that time are partially

caved today.

Placer Mining

Placer gold deposits along Connor Creek have been

worked since at least 1870 (Gilluly and others, 1933) and

these efforts continue on a smaller scale today. The entire

creek bed below the Connor Creek Mine was worked twice prior

to 1914 (Swartley, 1914). Because a number of gold-bearing

gravel deposits are covered by landslides and talus debris,

considerable drift mining has taken place along the stream

banks (tilluly and others, 1933L. Swartley (1914) estimated

that the value of total production from the placers along

Connor Creek was about $125,000.



Although it is not reported in the literature, local

lore has It that early Chinese miners recovered gold froi the

gravels at Basserts Diggings in the tW 1/4 sec. 19, 1. 11

S., R. 45 E.

Chromite

Chromite is present in the Alpine-type intrusion as

disseminated crystals throughout the serpentinite and talc-

carbonate rock where locally it occurs in concentrations of

minor economic significance. These deposits are found as

two lensojdal bodies within the talc-carbonate rock. The

larger deposit, the Kromite property, is located southwest

of Connor Creek in the SW 1/4 sec. 34. The other, the Lam-

bert and Flick property, is situated southwest of the ridge

crest in the N14 1/4 sec...35,_T. 11 S., R. 45 E.

At the Kromite property, chromite occurs both as_

nodules, -up to5mm-

mated subhedra within a matrix-of talc-carbonate rock.

Significant concentrations of chromite follow the trend of

the Alpine-type intrusion for about 250 feet in a zone

approximately 40 feet wide. The chromite is nonmagnetic and

gives a chocolate-brown streak.. In thin-section, transparent

grains are brownish Ted in color. These features are

characteristic of metallurgical grade chromite (Thayer, 1956);

i.e., Cr/Fe ratio greater than 3.0 and a minimum Cr203

content of 48.0 wt. percent (U.S. Bureau of Mines,
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Minera1 Facts and roblews", 19.70). Westgate (19211 re-

ported that the ore from the Kromite propertyassayed at

50 percent. chromi'c oii'de,

The chronilte of the Lainbert and Fltck property is

predominately of the nodular type (Plate 11). The exposure

of chromite is about 150 feet long and 30 feet wide. West-

gate (1921) quoted assays from 24 to 42.85 percent chronic

oxide and Allen (1938) suggested that the ores of this

property probably ran less; than 40 percent, Field tests

using Thayer's (1956) criterta (a pale-grayish-brown streak)

tend to confirm the lower grade of chromite at this locality

Production from these properties has been small.

According to Westgate(1921), the total amount of chrome

ore shipped from the Connor Creek area was only 180 tons.

Chromite of the Connor Creek area is considered to

be an early magmatic differentiate that formed nearly con-

tempora-ne-ous-1-y- wi th its -u-ltraniaf4c-4ios-t--p-r-i orto ser=pent-

inization. Diapiric intrusion of the serpentinitea1ongthe

reverse fault, followed by CO2 metasomatism, has resulted

in the present chromite-taic-carbonate assemblages.

Cinnabar

The occurrence of cinnabar in the Connor Creek area

has been reported by Brooks (1963). The deposit occurs

within sheared serpentnfte tn the NW 1/4 sec. 35, T. 11 S.,

I. 45 E., southwest of the Lainbert and Flick chromite
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Plate 11. Nodular chromite from the Lambert and Flick
property, NW 1/4 sec. 35, 1. 11 S., R. 45 E.
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property. The prospect is ijnged by ?r, Al Davis of Baker,

Oregon, t the ti'me oj' ts study, the property was optioned

by El Paso Natural Gas .Conpany on the basfsof a recently

completed soil geochemistry survey, Thecinnabar occurs both

as disseminated Ulebs and j'n vei'nlets containing opal and

chalcedony, wtthin the partially carbonattzed serpentinite

(Plate 12). The brtgin of the deposit is problematical. It

may be associated with the epi'therinal gold mineralization

in the area as suggested, by tile reported presence of mercury

in the ores of the Connor Creek'l'line (Swartley, 1914). How-

ever, the association of cinnabar with opal andchalcedony

in this deposit suggests that it is younger than the gold-

quartz mineralization, In this respect, the deposit is

similar to the serpentinite-type mercury deposits associated

with recent thermal spring activity in the Coast Ranges of'

California as'discussed by, among others, Henderson (1969),

Moiseyev (1971), and Barnes and others (1973). According

to these authors, the mercury ores, together with the silica

and carbonate alteration assemblages, are deposited by CO2-

rich geothermal waters (White, 1967) within a temperature

range of l0O20O0 C. The reverse fault of the Connor

Creek area would have provided a likely conduit for these

solutions. This also suggests that there were two periods

of CO2 metasornatism in the area, The first, responsible for

the higher-temperature talc-carbonate assemb1ages, took

place under conditions unfavorable for mercury mineralization
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Plate 12. Cinnabar in partially carbonitized serpentinite,
best shown on lower left of pictured sample; note
opal--in fractures and- on theupper_right.surface.
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(Moiseyev, 1971). The secondperiod, associated with the

lower-temperature hydrotherDlal activity, led to the si.lca-

carbonate assemblages and deposition of cinnabar. Thus, it

is more likely that the mercury mineralization in the Connor

Creek area was deposited by recent hot spring activity than

with the epithermal gold mineralization.



1 05

Nonmetallic Mineral Deposits

The "Nelson Marble" of the Connor Creek area is one

of the largest exposed occurrences of high-grade limestone in

eastern Oregon. Moore (1937) estimated that the deposit

contained a minimum reserve of 300,000,000 tons of limestone

with 99.3 percent CaCO3. At one time an attempt was made to

utilize the marble on Fox Creek for dimension stone (Moore,

1937). Oregon Portland Cement Company of Lime, Oregon, pre-

sently holds a number of claims on the marble deposits of

this area.
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GEOLOGIC SUJ'lMARY

The oldest rocks in the Connor Creek area were de-

posited during Permian time in a deep-water basin within the

western Cordilleran eugeosyncline. These rocks were formed

by the slow accumulation of calcareous, siliceous, and

pelitic muds in a low-energyeuxinic environment that lacked

a great influx of terruginous material. Diagenesis and re-

gional metamorphism transformed these sediments into the

Phyllitic Quartzites, "Nelson Marble", Microquartzite, and

Marble as mapped in Plate 1.

Eugeosynclinal deposition wtthin the western Cordillera

was interrupted in Permo-Triassic time by a period of uplift

and plutonic activity. The two plug-like bodies of metadio-

rite which crop out in the northwest part of the mapped area

were probablyiritruded into the Permian sequence during this

periodof diastrophi-s-i'n--and-are consideredtobe erty-or

middle Triassic in age. The Permian sequence was probably

affected by regional metamorphism accompanying this orogenic

event.

Permo-Triassic diastrophism ceased by late Triassic

time, whence eugeosynclinal sedimentationand volcanism re-

sumed and continued into late Jurassic time. Late Triassic

volcanicand sedimentary rocks laid down during thisinterval

are not exposed in the Connor Creek area, but they presumably

underlie the thick sequence of early or middle Jurassic
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metagraywackes and slates that are present in the southeast

part of the area. The iitbolo9y of these Jurassic rocks

suggests that they were deposited by turbidy currents within

a rapidly subsiding bastn which was being filled by detritus

derived from a volcanic provenance. While these porely sorted

sediments still contained enough pore fluid to permit flowage

of their pelitic fraction, they were subjected to compressional

stresses which led to the development of the slatey cleavage

that is characteristic of these rocks. The Jurassic sequence

is the youngest marineunitin the Connor Creek area.

During late Jurassic and early Cretaceous time, the

pre-Tertiary rocks of the Connor Creek area were affected by

regional metamorphism,tectonism, and plutonism associated

withthe Nevadan orogeny. Late Jurassic regional metamorphism

imparted greenschist faciesrnineral assemblages on the Permian

Phyllitic Quartzites and "Nelson Marble" (quartz-muscovite-

chiorite-biotite-albite and dolomite, respectively), and in-

cipient phases on the early or middle Jurassic Metagraywacke

(muscovite-chlorite-cl inozoisite). Compressional tectonics

associated with this orogeny presumably caused one or bOth sets

of small-scale folds and axial plane lineations in the Permian

rocks. Similar compressional stresses also taking place during

the later stages of this diastrophism led to the development

of the northeast-trending reverse fault and the emplacement pf

the Alpine-type serpentinite, together with its associated

chromite deposits and inclusions of inetadiorite and meta-

andesite. Alteration of the serpentinite to talc-carbonate



rock probably took place while the temperatures arid pressures
attendant with the greenschist jetarnorphism were still
affecting the rocks of the area since these conditions are
necessary for the talc-carbonate assemblages. Nevadan plu-
tonic activity within the Connor Creek area resulted in the
intrusion of the dacite porphyry and quartz diorite stocks.
Contact metamorphism due to the quartz diorite developed
hornblende hornfels facies mineral assemblages in the adjacent
Phyllitic Quartzites (quartz-muscovite-biotite-garnet-
plagioclase) and, locally, in the "Nelson Marble" (diopside-

wollastonite-biotite-garnet-plagioclase-sphene). CaO, de-

rived from the "Nelson Marble" and assimilated by the quartz
diorite magma,-ied to the crystallization-of -coarse hornblende
diorite along the quartz diorite-marbie contact. Gold-quartz
mineralization such as that of the inactive Connor Creek and
Snake River mines,.as well as the Mullin prospect, is assumed
to hav-e been I ntroijced--duri ng-:thi-s-epi sod'e of pl utOii51fl.

Other than continued uplift and erosion, no major geo-
logic event that affected the rocks of the Connor Creek area
frolu early Cretaceous to middle Miocene time could be deter-
mined. From middle Miocene to early Pliocene time basalt flows
of the Columbia River Group were erupted from fissures asso-
ciated with the Grand Ronde-Cornucopia dike swarm. Dikes of
Columbia River Basalt in the Connor Creek area exhibit chemical
and petrologic similarities with both the Picture Gorge and
Yakima members of this group. The earliest eruptions of basalt
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triggered a volcanic mudflow that filled the low-land areas

of the paleotopography interrupting the drainage pattern and,

locally, resulted in the formation of a lake. The breccia

and bedded members of the luff Breccia, which is in the north-

central part of the area,.are the remnents of the laharic

breccia and the resulting lacustrine deposits. Volcanism,

following the deposition and partial erosion of the luff

Breccja, covered the area with flows of the Picture Gorge and

Yakima Basalts. However, all but portions of the lower flows

of Picture Gorge Basalt have been eroded.

Following the extrusion of Columbia River Basalt, the

area underwent continued uplift accompanied by deformation

similar to that in the Basin and Range physiographic and

structural province. This deformation led to the development

of nearly vertical, northwest-trending-normal faults. The-

normal faults are readily apparent in the compositiona-lly

distinct-strata orthwestofthe reversefaul t. Variations

in the directional features of the slaty cleavage in Jurassic

rocks. suggest the trace of-a probable-fault -i-n -these-areally

homogeneous rocks.

Quaternary features in the Connor Creek area include

unconsolidated alluvium in the stream valleys, a Snake River

alluvial terrace, and numerous landslides, and slump-blocks.

Recent hot spring activity localized along the reverse fault

is assumed to have led to the hydrothermal deposition of

silica-carbonate assemblages containingcinnabar within the

altered serpentinite.
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