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The thesis area is in the northern part of the Basin and Range

Structural Province and consists of approximately 45 square miles in

the north-central Pueblo Mountains of southeastern Harney County,

Oregon. The area is characterized by graben valleys and tilted fault

block mountains that are formed by normal faults, which trend

essentially north-south.

The oldest rocks are regionally metamorphosed sedimentary

and igneous rocks of Permian to Triassic age. The metamorphic

sequence is typical of an original eugeosynclinal assemblage. It has

been locally altered, mineralized and intruded by aplite dikes. To the

west, the metamorphic rocks are unconformably overlain by sedimen-

tary, felsic and mafic volcanic rocks of the Pike Creek Formation of

late Oligocene to early Miocene age. The upper contact of the Pike

Creek Formation with the overlying Steens Basalt sequence of
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LUIJ_LUillld.IJie. .r eib IL volcanic rocks, rnino r s edi-

mentary units, and a gabbro intrus ion are included within the Steens

Basalt sequence. This sequence is overlain with angular uncon-

formity by tuffaceous sedimentary rocks and an ash-flow tuff unit. To

the east, the metamorphic rocks are in fault contact with the Pliocene

Turn Tum Fanglomer ate.

A zone of low-grade rnetalization and hydrothermal alteration

parallels the normal fault contact of the Turn-Turn Fanglomerate with

the Tertiary and pre-Tertiary rocks. This zone is up to three-

quarters of a mile wide and contains prominent gossans in the pre-

Tertiary host rocks. Gold, copper and mercury prospects occur

throughout this zone.

A reconnaissance stream sediment geochemical survey was con-

ducted for copper, nickel, zinc, lead and mercury along the entire

length of the eastern Pueblo Mountains. Maximum geochemical values

for copper (146 ppm), nickel (151 ppm), zinc (74 ppm), lead (nil) and

mercury (0. 9 ppm) suggest that the region does not warrant a major

follow up investigation.

Potassium-argon age dates from the Pueblo Mountains (9 1-108

million years) and the Pine Forest Mountains (93-107 million years)

are consistent with the interpretation that the Pueblo Mountains are

part of the Sierra-Nevada-Idaho Batholith link.
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GEOLOGY OF THE NORTH-CENTRAL PUEBLO
MOUNTAINS, HARNEY COUNTY, OREGON

INTRODUCTION

Location and Accessibility

The Pueblo Mountains extend from the northwestern part of

Humbolt County, Nevada northward for approximately 23 miles into

the south-central part of Harney County, Oregon. The area of inter-

est in this report includes approximately 45 square miles in Tps. 39-

40S. and Rs. 34-35 E. (Plate 1). The area is nine miles north of

Denio, Nevada and seven miles south of Fields, Oregon.

The area may be reached from the east by a graded gravel road

that parallels the eastern front of the Pueblo Mountains. The central

part is accessible via unimproved dirt roads that lead up Arizona

Creek, Willow Creek, Horse Creek and Roux Creek. Access to the

western part of the area is by an unimproved road from the Oregon

End Ranch along the western dip slope of the mountains.

Topography and Drainage

The Pueblo Mountains, a southern continuation of the Steens

Mountains, are asymmetrical in cross profile. The eastern flank is

terminated by a steep fault scarp while the western flank is a dip

slope of resistant volcanic flows. The maximum width of the
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Figure 1. Location of the thesis area.



mountains in the area is approximately nine miles. The northern

flank of Pueblo Mountain has an elevation of about 8400 feet and is the

highest point in the area. Pueblo Valley lies east of the mountains

and has an average elevation of 4195 feet in the area.

Two north trending ridges, bounding a highland valley, make up

the Pueblo Mountains. The eastern ridge is rougher and contains

Pueblo Mountain proper, the highest point in the mountains, 8725

feet. The western ridge is lower in elevation, averages 8000 feet,

and more regular in form.

The drainage pattern in the Pueblo Mountains is dendritic.

Streams are chiefly intermittent and flow during summer showers or

spring run-off of snow melt. All terminate in alluvial fans at the foot

of the mountains.

The east flank of the western ridge, the highland valley, and the

eastern ridge are drained mostly by streams flowing east into Pueblo

Valley. These streams are Cottonwood Creek, Catlow Creek,

Arizona Creek, Willow Creek and Little Horse Creek.

The west flank of the western ridge is characterized by inter-

mittent streams that are tributaries to Rincon Creek, which termi-

nates in the alkali playa Continental Lake at the southern tip of the

Pueblo Mountains.



Climate and Vegetation

The nearest recording wea.trier station is at Denio, Nevada.

This station recorded in the years 1951 through 1960 the following

data:

Mean Highest Lowest Total Total
Temp. Temp. Temp. Snowfall Precipitation

(F) (F) (F) (Feet) (Ins.)

Jan. 30.7 63.0 -16.0 5.0 0.90
Feb. 34.5 78.0 -8.0 0.0 0.77
Mar 39.0 78.0 5.0 0.8 0.89
Apr. 46.4 84.0 11.0 0.8 0.65
May 54.0 97.0 14.0 0.0 1.42
June 61.7 103.0 22.0 0.0 0.76
July 71.4 107.0 30.0 0.0 0.16
Aug. 67.7 103.0 26.0 0.0 0.09
Sep. 60.5 103.0 17.0 0.0 0.47
Oct. 49.7 88.0 7.0 0.0 0.55
Nov. 35.1 71.0 -3.0 1.8 0.80
Dec. 32.4 64.0 -8.0 5.2 0.85

Annual 48.8 107.0 -16.0 0.0 8.31

Sagebrush, greasewood and various grasses are the main vege-

tation in the area. Sagebrush and greasewood are dominant in the

alkaline soil of Pueblo Valley and adjacent slopes while portions of the

medial highland valley are rich in grasses providing excellent sum-

mer grazing for herds of cattle, deer, antelope and wild horses. In

the southern part of the area this valley contains numerous myrtle-

wood trees. SagebrtLsh is lacking or scant above 6000 feet. Higher

elevations are characterized by grasses of various types as well as
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cacti and small flowering plants.

Streams are bordered by willow and cottonwood trees and sage-

brush. Above 6500 feet, groves of aspen are found along drainage

systems on the western flank of Pueblo Mountain and the eastern flank

of the western ridge.

Purpose and Methods of Investigation

The purpose of the investigation was to produce a detailed

geologic map, describe, sample and study the stratigraphic sequence,

map the significant structures and investigate mineral resources.

Field work, totaling ten weeks, was conducted in June, July, and

August, 1971. Mapping was done on low altitude aerial photographs

(scale 1:20, 000) and transferred to the general highway map of Harney

County (Oregon Number 13) enlarged to a scale of 1:25, 000. High

altitude photographs, approximately 1:62,500, were also used.

Structural attitudes were measured with a Brunton compass.

A reconnaissance stream sediment sampling survey was con-

ducted along the entire length of the eastern flank of the Pueblo Moun-

tains to determine whether or not anomalous concentrations of

economically important metals were present. This information is

plotted on the same highway map at a scale of approximately 1:150,000.

Analyses were supplied by the Oregon State Department of Geology

and Mineral Industries.



Thin sections of samples collected during the field season

served as the basis of a detailed petrographic study. Chemical

analyses of selected samples were done by Dr. E. M. Taylor, John A.

Packard, Donald J. Parker and the author using a sample fusion

technique for X-ray fluorescence and an Atomic Absorption technique.

C. I. P. W. norms were obtained from a computer program provided by

Professor E. Julius Dash and modified by Michael B. Jones.

Potassium-argon dates were supplied by Donald 3. Parker with the

cooperation of Professor Richard Armstrong of Yale University.

Previous Investigation

Early investigation by James Blake (1873), I. C. Russel (1884),

John C. Merriam (1907, 1910), R.E. Fuller and A. C. Waters (1924),

and Richard E. Fuller (1931) produced only brief discussions on the

Pueblo Mountains. Later, Ross (1941), and Williams and Compton

(1953), reported on the geology and mercury deposits of the Pueblo

and Steens Mountains. In 1961 and 1964 the southern part of the

Pueblo Mountains was included in the reconnaissance geologic map of

Humbolt County, Nevada, by Ronald Wiliden. G. W. Walker and

C.A. Repenning (1965) published a reconnaissance geologic map of

the Adel Quadrangle of Oregon.

The only detailed investigations of the Pueblo Mountains are

following:
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John C. Avent Ph.D. 1965 University of Washington
Rollins Burnam M. S. 1970 Oregon State University
Winthrop A. Rowe M.S. 1971 Oregon State University
Dennis B. Tower M. S. 1972 Oregon State University

Other important theses of the region are:

W. L. Wilkerson M. S. 1958 University of Oregon
J.S. Fryberger M.S. 1959 University of Oregon
G.D. Johnson M.S. 1961 Oregon State University
N. J. Maloney M. S. 1961 Oregon State University
R. W. Canton M. S. 1969 Oregon State University
G.T. Bryant M.S. 1969 Oregon State University

Terminology

Metamorphic rocks are defined according to the facies classifi-

cation of Turner and Verhoogen (1960) and Turner (1968). Classifica-

tions by Travis (1955) and Gilbert (1954) are used for igneous and

sedimentary rocks respectively. Hydrothermal alteration is sub-

divided according to the alteration groups described by Creasey (1959,

1966).

Geologic SettJg

The Pueblo Mountains are a range within the northwestern part

of the Basin and Range Structural Province that extends into south-

eastern Oregon. The mountains are a west tilted fault block range

that is bounded by a normal fault scarp on the eastern face and a dip

slope on the western face. The crest of the mountains are broken by

a north-south trending median valley. Late Paleozoic and early



Mesozoic meta-sedimentary and meta-igneous rocks underlie the area

of investigation. These rocks are cut by mineralized quartz veins and

fault zones. Numerous aplite dikes intrude the metamorphic unit.

Late Tertiary volcanic and sedimentary rocks overlie the metamorphic

sequence with marked erosional and angular unconformity.



STRATIGRAPHY

The regional stratigraphy of the area has been presented by

Walker and Repenning (1965) in a reconnaissance geologic map of the

Adel Quadrangle, Oregon. This map is a compilation of previous

field work throughout the quadrangle. Recent detailed geologic

mapping in the Pueblo Mountains has been undertaken by Burnam

(1971), Rowe (1971) and Tower (1972). The pre-Tertiary metamorphic

unit of this report is the same as Tower's (1972) pre-Tertiary meta-

morphic unit one. The stratigraphic units described in detail in this

report are presented on the accompanying geologic map (Plate 1) and

in the general stratigraphic column of Table 1.

Pre-Tertiary Metamorphic Rocks

The pre-Tertiary metamorphi.c rocks crop out along the east

ridge of the Pueblo Mountains and are similar to the metamorphic

rocks in the Pine Forest Mountains (Smith, 1966), 30 miles to the

south, and in the Jackson Mountains (Wiliden, 1964), 45 miles to the

southeast. These ranges are located in north-central Nevada. The

metamorphic unit in the thesis area constitutes the bulk of Pueblo

Mountain and consists of greenstone with minor interbedded quartzite,

metaconglomerate, and metasandstones. Tower has correlated the

metamorphic rocks in the Pueblo Mountains with the Permian Happy



Table 1. Rock units found in the thesis area.

Age Rock Units Description

Quaternary Alluvium

Early to Middle Fanglomerates
Pliocene

Late Miocene to Gabbro Laccolith
Pliocene

Late Miocene Sedimentary rocks and
an Ash-Flow Tuff

Middle (?) to Tuffaceous sedimentary
Late Miocene rocks

Playa, terrace, dune and alluvial fan deposits.

Poorly sorted, crudely inte-rbedded sandstones and
conglomerates. (1700-1900 feet thick).

Medium to very coarse-grained layered intrusion.
(150-750 feet thick).

Tuffaceous sandstones and conglomerates andan
ash-flow tuff. (Approximately 300Ieet thick).

Tuffaceous sandstones, diatomite, conglomerates
and ash-flow tuffs. (Approximately 200 feet thick).

---Angular Unconformity
Middle to Late Steens Basalt Hypocrystalline porphyritic to fine-grained

Miocene vesicular and non-vesicular basalts. Felsic
volcanic rocks and interbedded sedimentary rocks.
(Approximately 7950 feet thick).

---------------------------- Disconformity --------------------- -
Late Oligocene (?) Pike Creek Basal conglomerate, arkosic wackes, ash-flow

Early Miocene Formation tuffs and an andesite flow. (Approximately 600
feet thick).

Angular Unconformity
Permian to Metamorphic Tuffs, mafjc volcanics, quartz diorite, granodiorite,

Triassic sequence sandstones and conglomerates. (Approximately 6900
feet thick).
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Creek Group of the Jackson and Pine Forest Mountains of Nevada

(1972). This correlation is based on similar rock types and will be

used in this investigation. A potassium-argon age date (107. 7±2. 1

m. y.) of a greenstone unit in the metamorphic rocks indicates that

metamorphism had ceased by middle Cretaceous time.

Field Association

Pre-Tertiary metamorphic rocks form a wedge which crops out

in the south-central portion of the thesis area. They comprise an

area of approximately three square miles. The maximum east-west

outcrop width is 1.6 miles along the southern border of the thesis

area. Farther to the south, the width of the pre-Tertiary exposures

increases to a maximum of 3. 25 miles (Tower, 1972; Rowe, 1971) and

then narrows and is covered by Tertiary volcanic rocks (Burnam,

1971). In the north-central part of the thesis area the apex of the

metamorphic wedge.is covered by Tertiary volcanic and sedimentary

rocks along Cottonwood Creek. Isolated outcrops of hydrothermally

altered metamorphic rocks occur to the north of the thesis area along

Horse and Willow Creeks (Avent, 1965). Near Catlow Creek the

greenstones are intruded by aplite (see Figure 2).

The metamorphic rocks form irregular nobs that protrude from

steep slopes covered with talus. The minimum thickness of the

metamorphis sequence in the thesis area is estimated at 6900 feet.
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J

Figure 2. Aplite dike approximately two feet wide in the pre-
Tertiary greenstones along Catlow Creek.
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This value is based on attitudes taken on metasand stone beds which

strike N. ZO-37°W. and dip 50-70°NE. The absence of foliation and

presence of relic sedimentary structures and macroscopic igneous

textures can be attributed to the low-grade of metamorphism to which

these rocks have been subjected.

The abrupt eastern contact of the metamorphic rocks with the

Turn-Turn Conglomerate has been obscured by landslides and talus.

Tower (197Z) considered this contact to be "a normal fault of large

displacement. " The only exposure of the western contact of the meta-

rnorphic rocks occurs along Cottonwood Creek. Here the basement

rocks are overlain with angular unconformity by the Tertiary Pike

Creek Formation.

A regular distribution of metamorphic rock types was not

observed because of the interbedded and interfingered nature of the

rock units. The rocks of the metamorphic sequence are termed

greenstone, quartzite, metasandstone, metaconglornerate, and

phyllite.

Gre enstone s

The greenstones include mafic metavolcanic and metaintrusive

rocks, which occur as lenticular, sheet-like and irregular masses

with extreme lateral variation. The tabular form and interbedded

relationship with metasedimentary rocks suggests that the
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metavolcanic rocks were originally lava flows.

Petrography and Petrochemistrj. The mafic metavolcanic

rocks are well indurated, light brownish-gray (5 YR 6/1) to dark

greenish-gray (5 GY 4/i) in color, and commonly blastoporphyritic.

Relic plagioclase phenocrysts up to 25 mm in length occur in an

aphanitic groundmass of epidote, chlorite, white mica, quartz,

actinolite and albite. Minor amounts of hornblende, biotite, radiating

tourmaline, magnetite, hematite, apatite, sphene and carbonates

were found in some rocks. The groundmass constitutes 40 to 60 per-

cent of the rock and, consists of the above minerals in varying propor-

tions. Original groundmass textrues, have been obscured by meta-

morphism. The plagioclase phenocrysts are commonly altered to

chlorite, white mica and minor epidote (see Figure 3). The subhedral

phenocrysts are dorninately albite (An 2-8) with relic cores of ande-

sine (An 32-48) which suggests a mafic igneous parent material.

Hornblende is a primary mineraL, pleochroic and altered to chlorite.

Actinolite is fiberous, slightly pleochroic and occurs as a replace-

ment of pyroxene, preserving the original crystal form. Granoblastic

greenstones are composed of the same minerals as described above

for the blastoporphyritic rocks.

Metatuffaceous rocks display relic textures and structures

characteristic of extrusive volcanic rocks. These rocks are dusky

red-purple (5 PR 3/2) to grayish-orange-pink (5 YR 7/2) in color.
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Figure 3. Photomicrograph of a porphyritic greenstone (JH-86).
Relic phenocrysts of andesine (twins at extinction in
large phenocrysts) rimmed by albite (white) in a fine-
grained matrix of epidote (high birefringent material),
white mica and quartz (fine-grained, low birefringent
material). Note white mica alteration in core of
plagioclase (lower righthand corner) and extinct chlorite
to lower left of the twinning. The horizontal field of
view is approximately two millimeters.



16

Typical relic textures include blastoeutaxitic, blastovitroclastic and

blastoporphyritic. Relic pumice fragments replaced by quartz and

chlorite are flattened and bent over subhedral phenocrysts of albite

(An 6-8) one to two millimeters in diameter. The plagioclase pheno-

crysts are altered to chlorite, white mica, epidote and calcite.

Cores of relic andesine (An 30-35) were found. Relic volcanic frag-

ments replaced by calcite, chlorite, e-pidote and white mica were

found as subangular grains, which average two millimeters in diam-

eter. The groundmass consists of feldspar microlites, relic glass

shards, biotite partially altered to chlorite, hematite, quartz and

potassium feldspar. Radiating tourmaline occurs in the matrix and

may represent later filling of original cavities in the tuffs.

The metaintrusive rocks include a metaquartz diorite, which

crops out along Catlow Creek, and a metagranodiorite, which crops

out along Cottonwood Creek and forms a single outcrop approximately

Z5 feet in diameter.

The metaquartz diorite forms dliffy outcrops and is intruded by

a medium-grained, pale red (10 R 6/Z) aplite. Phenocrysts in the

metaquartz diorite consist of labradorite (An 54), clinopyroxene and

biotite. The plagioclase is rimmed by albite and altered to calcite,

epidote and white mica. Augite is rimmed by hornblende and chlorite

and biotite is partially altered to chlorite. Groundmass minerals

include fine-grained epidote, embayed anhedral quartz and interstitial
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myrmekitic potassium feldspar. Sphene, apatite, magnetite and

pyrite are accessory minerals.

The pale yellowish-brown (10 YR 6/2) metagranodiorite is

hypidioblas tic granular and medium grained. The essential minerals

are potassium feldspar, quartz. muscovite, albite (An 6), and biotite.

Accessory minerals are specular hematite and sphene. Metamorphic

minerals include chlorite, epidote, albite, specular hematite, white

mica and actinolite. Angular xenoliths of fine-grained greenstone up

to 2.5 cm in diameter are found in the metamorphosed granodiorite.

Chemical and normative analyses of typical greenstones are

listed in Table 2. The chemical data support the petrographic evi-

dence that the extrusive greenstones were originally basaltic (analysis

one) and andesitic (analyses two through eight) in composition.

Analysis eight is unique in that the amount of MgO, CaO, Na20, and

FeO (total iron) is low and K20 is high. This suggests an introduction

of K20 into the system at the expense of the other constituents. If

K20 has been introduced into this rock, metasomatism as well as

metamorphism has been an active process.

*Quartz ite

The quartzites are interbedded with the greenstones and are

most abundant in the central and western portion of the metamorphic

unit. These rocks are light bluish-gray (5 B 7/1) and fine-grained.



1. (JH-87) rnedium-grained grayish-green metabasalt.

2. (JH-86) porphyritic metaandesite with fine -grained
purplish matrix.

3. (JH-lO2) purplish medium-grained porphyritic meta-
and e site.

4. (JH-179) fine-grained purple phyllite.

5. (JH- 171) pinkish-gray, coarse -grained metaporphyritic
basalt.

6. (JH-161) medium-grained purplish metabasalt.

7. (JH97) purple blastoeutaxitic metaash-flow tuff.

8. (JH-164) pink fine-grained metafelsic volcanic.
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Table 2. Chemical and normative analyses of greenstone samples
from the pre-Tertiary metamorphic basement.

Oxide 1 2 3 4 5 6 7 8

Si02 49.2 56. 8 55.2 54. 1 60.3 61.4 63.5 64.5

Ti02 1.1 0.8 1.1 1.2 1.0 0.6 0.8 0.5

A1203 16.1 19.1 16.4 22.3 17.4 17.4 17.0 19.7

FeO 11.2* 6.4* 75* 9.2* 4,0* 6.2* 4.6* 1.04

Fe203 -- -- -- - --

lyinG * * * * * * * * * * * * * * * *

MgO 6.0 1.6 4.4 3.0 2.7 1.5 0.9 0.1

CaO 9.8 5.9 7.2 1.0 7.1 2.5 .24 1.0

Na20 3.6 6.0 3.6 2.0 6.9 4.8 4.8 0.6

1(z0 0.3 2.7 4.1 5.7 0.1 5.3 6.0 12.6

P2 O * * * * * * * * * * * * * * * *

97.3 99.3 99.5 98.5 99.5 99.7 100.0 100.0

C. I. P. W. norms calculated from chemical analyses above

Quartz 0.4 -- 1.2 13.1 4.5 5.2 6.8 10.2

Orthoclase 1.6 15.7 24.2 3.7 0.8 31.4 35.5 74.5

Albite 30.5 48. 1 30.5 16.9 58.4 40.6 40.6 5.5

Anorthite 27.0 17.4 16.5 5.0 16.1 10.2 7.1 5.0

Nepheline -- 1.4 -- -- -- -- -- --

Diopside 17.2 9.6 15.1 14.8 1.7 3.8

Hypersthene 10.1 -- 3.5 9.6 -- 4.7 1.2 0.2

Olivine -- 0.9 -- -- -- -- --

Ilmenite 2.2 1.5 2.1 2.2 2.1 1.2 1.5 0.9

Magnetite 8.9 5.2 6.0 6.9 3.2 4.9 3.6 0.2

Hematite - - - - - - - - - - - - - - 0. 4

Corundum -- -- -- 11.0 -- -- -- 3.2

97.9 99.8 99.1 98.4 99.8 99.9 100.1 100.1

* Total iron.
4* Not determined.
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The quartzites consist of sutured quartz grains, with secondary

overgrowths, and muscovite. Quartz grains average 0. 5 mm in diam-

eter and contain numerous incltisions. Muscovite occurs as fiberous

grains up to 0. 25 mm in length and may represent original muscovite

and/or replacement of argillaceous material. Orthoclase, chlorite,

apatite, zircon, magnetite, biotite and tourmaline were found in some

rocks, and compose up to 15 percent of the rocks. The parent rocks

of the quartzites were quartz-arenites and quartz wackies.

Metas and stones

The rnetasandstones are associated with the quartzites and are

dominantly metawackies. These rocks display relic sedimentary

structures such as stratification, graded bedding and cross-bedding.

The rocks are medium bluish-gray (5 B 5/1) and fine to very coarse-

grained, sometimes pebbly.

The framework is composed of sutured quartz grains, plagio

clase feldspar, and relic mafic and feisic volcanic fragments. The

feldspar is altered to white mica and chlorite. Subangular volcanic

fragments display relic porphyritic and eutaxitic textures and are

replaced by epidote, chlorite, hematite, white mica and potassium

feldspar. The matrix consists of finegrained epidote1 chlorite, white

mica, rutile, green biotite, sphene, and tourmaline 1suns Minor

variation in the color of beds observed in handspecimen represent
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bands of concentration of epidote, white mica, hematite, potassium

feldspar, quartz and chlorite.

Metaconglomerate

The greenish-gray (5 GY 6/1) metaconglomerates are associ-.

ated mainly with the quartzites. They form lenticular interbeds con-

taming angular to rounded clasts up to two feet in diameter (see

Figure 4).

The framework clasts are dominantly porphyritic mafic and

felsic volcanic fragments which have been partially recrystallized to

fine-grained aggregates of chlorite, epidote, white mica and quartz.

The clasts in the metacong1ome-ratecommonly display porphyritic,

eutaxititic, pilotaxitic and granular textures. Matrix material corn-

prises 10 to 30 percent of the rock. It consists of a crystalline

admixture of fine-grained quartz, chlorite, epidote, white mica,

hematite and radiating tourmal me.

Phyllite

Small amounts of phyllite are exposed in road cuts along Catlow

Creek. The phyllite is grayish-purple in color (5 p 4/2) and contains

a lineation which is normal to the irregular schistosity. The disrupted

nature of the outcrop prevents accurate and reliable determination of

attitudes.
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Figure 4. Outcrop of pre-Tertiary metaconglomer ate. Note the
poor sorting and the rectangular fracture pattern.
The light greenish-gray border is approximately seven
inches in diameter.
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Petrography and Petrochemis try. The phyllite is very fine.-

grained and xenoblastic. The major minerals are white mica and

fractured grains of hematite up to 0. 75 mm in diameter. Aggregate

polarization of the white mica is pronounced. Apatite and quartz

occur as accessory minerals. The rocks contain postmetamorphic,

chlorite-filled fractures which both cut and parallel the schistosity.

Displacement and drag features have been imposed by the cross-

cutting fractures.

The chemical and normative analyses of the phyllite (analysis

No. 4) are presented in Table 2. The large amount of Al203 and low

amounts of CaO and Na20 suggest metasomatism. The original parent

material is inferred to be either of sedimentary or of extrusive vol-

canic origin.

Classification and Origin

The minerals of the pre-Tertiary metamorphic rocks; chlorite-

albite -epidote-muscovite -actinolite - sphene, are typical of low-grade

regional metamorphism. This assemblage belongs to the chlorite

zone of Turners (1968) greenschist facies (Turner and Verhoogen,

1960). At East Otago, New Zealand, rocks similar to those of this

report have been interpreted to have formed by low-grade regional

metamorphism (Brown, 1967). The basic assemblages of East Otago

are represented by the mus covite -epidote -actinolite - chlorite field (A)
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on the A C F diagram of Figure 5. Chemical analysis of greenstones

from the Pueblo Mountains also plot in the muscovite-epidote-

actinolite-chiorite field, but in a slightly different location on the

diagram. This discrepancy is possibly due to the fact that the meta-

morphic rocks of the Pueblo Mountains are of a slightly higher grade

of metamorphism or different original (primary) composition than the

Otago metamorphic rocks as indicated by the rare occurrence of

secondary biotite in the Pueblo rocks

Most of the parent rock types represented by the metamorphic

rocks in the thesis area are typical of a mobile eugeosynclinal environ-

ment. In sw-h an environment subsidence and submarire volcanism

were the dominant processes. Presumably regional metamorphism

accompanied late stage destruction of the geosyncline.

Late Tertiary Volcanic and Sedimentary Rocks

Pike Creek Formation

Walker and Repenning (1965) named the Pike Creek Formation

for exposures initially described by Fuller (1931) on Pike Creek in the

eastern Steens Mountains. A sequence of rocks similar to the Pike

Creek Formation described by Fuller (1931) is found in the same

stratigraphic position in the thesis area. The sequence consists of a

basal conglomerate, a lithic sandstone, an andesite flow and an
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A1203 (Na20+K20)

Ideal Muscovite
A

Calcite Actmo ii te
F

Talc

FeO(total iron)+Mg)

Figure 5. ACF diagram for rocks with excess Si02. Quartz,
albite, graphite are possible additional phases. Green-
schist facies, chlorite zone of east Otago, New Zealand
(Turner, 1968). Plotted points represent weight percent
of oxide end members recast to 100 percent.
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ash-flow tuff that crops out along the western base of the east ridge as

a discontinuous, north-south-trending elongate belt. These rocks and

similar rocks to the south of the thesis area (Tower, 1972) are cor-

related with the Pike Creek Formation in the Steens Mountains.

Walker and Repenning (1965) assign a late Oligocene(?) to an

early Miocene age to the Pike Creek Formation of the Steens Moun-

tains based on middle(?) to late- Miocene mammalian fossils. A late

Oligocene(?) to earlier Miocene age for the Pike Creek Formation in

the Pueblo Mountains will be used in this report.

Field Association

The best exposure of the Pike Creek Formation in the Pueblo

Mountains occurs along Cottonwood Creek. Other exposures in the

thesis area are along the western face of Pueblo Mountain and along

Willow Creek. The formation strikes approximately north-south and

deips 16° to 300 to the west. The thickness of the formation varies

with a maximum thickness of approximately 600 feet along Cottonwood

Creek (see Figure 6).

The basal conglomerate overlies the east-dipping pre-Tertiary

metamorphic unit with angular unconformity. In the Cottonwood Creek

area the basal contact is well exposed sharp, and undulatory. The

Steens Basalt sequence dis conformably overlie s the Pike Creek

Formation. The contact is sharp and irregular but not widely exposed.
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Figure 6. Cottonwood Creek gossan and overlying unaltered basal
conglomerate of the Pike Creek Formation (upper-left
hand corner). Note the angular unconformity between
the two units and the Tum-Tum Conglomerate in the
background. The outcrop near the center of the right
margin of the picture if part of the Steens Basal land-
slide block. Picture taken looking northeast.
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The Pike Creek Formation is divided into four units, for

descriptive purposes in this report. The units will be discussed in

order of decreasing age.

Basal Conglomerate. The basal conglomerate is approximately

250 feet thick along Cottonwood Creek. It thins to about 20 feet along

Willow Creek and is found only as remnant boulders on the west flank

of Pueblo Mountain.

The conglomerate is interbedded with a lithic sandstone and

poorly sorted. Crudely graded bedding was the only sedimentary

structure observed. Boulders in the conglomerate are up to 20 feet

in diameter, subangular to subrounded and commonly broken. These

boulders are quartzites, greenstones, gneisses, granites, granodio-

rites, quartz monzonites, quartz diorites, diorites, hornblende

lamprophyres and fine-grained basalts. The metamorphic clasts are

similar to the pre-Tertiary metamorphic rocks of the Pueblo Moun-

tains. The granitic rocks are coarse-grained and occasionally contain

feldspar phenocrysts 10 mm in diameter. The feldspars vary in com-

position from orthoclase or microcline, or both, to oligoclase (An

12-28) or andesine (An 30-40). Alteration products of plagioclase

feldspars are white mica, clay minerals and chlorite. The potassium

feldspars are commonly perthiUc and micrographic. Minor minerals

include muscovite, biotite partially altered to chlorite, hornblende

and augite. Apatite, magnetite and zircon are accessory minerals.



The clasts in the basal conglomerate are believed to have been

derived from the pre -Tertiary metamorphic basement of the east

ridge of the Pueblo Mountains. Clasts of rock types not found in the

Pueblo Mountains are believed to have been derived from the pre-

Tertiary basement now covered by Te-rtiary volcanics on the west and

Tertiary to recent sedimentary deposits on the east, in Pueblo Valley.

The basis for this interpretation is that similar rock types are not

found in adjacent ranges and the. boulders are large and angular incH-

cating short transportation. The large size and subangular shape of the

boulders in the conglomerate and sedimentary structures in the over-

lying lithic sandstone, indicate fluviatile deposition and a source area

with steep gradients and high relief. The size of the boulders in the

conglomerate decreases to the north of the thesis area. South of the

thesis area, Tower (1972) reports boulders of uniform size, but notes

their absence further south. The irregular thickness of the basal

conglomerate suggests that it was deposited on a very irregular

topography similar to that in the area at present.

Lithic Sandstones. The only exposures of the light gray (NB) to

grayish-orange pink (5 YR 7/2lithic sandstones are in theCottonwood-

Willow Creek area. In this area sandstones are approximately 150

feet thick. The lower part of the sandstone unit is interbedded with the

basal conglomerate resulting in a contact that is gradational over 40 to

50 feet. The upper contact is not exposed in the area. Locally the
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lithic sandstones grade into pebbly sandstones. Graded bedding, scour

and fill and cross-bedding are the sedimentary structures in the lithic

sandstones These structures indicate a fluviatile depositional envi-

ronment.

The framework of a typical lithic sandstone consists of 55 per-

cent rock fragments and 40 percent mineral grains. The majority of

the rock fragments are plutonic and metamorphic but mafic and felsic

volcanic fragments are found, Mineral grains of quartz, potassium

feldspar and plagioclase feldspar, were probably derived from the

plutonic rocks.

The lithic sandstone contains 15 to 20 percent matrix and is

therefore a lithic wacke. The matrix consists of argillaceous mate'.

rial and silt sized mineral grains. The rock is sparsely cemented by

calcite.

Porphyritic Andesite Flow. The porphyritic andesite flow is

best exposed along the west slope of Pueblo Mountain where it is

approximately 175 feet thick and forms a prominant hogback. The

light bluish-gray (5 B 7/1) flow thins to the north. Slumping has

obscured contacts with the underlying lithic sandstone and the over-

lying ash-flow tuff, but the contacts are inferred to be conformable

because the attitudes are similar. A distinguishing feature of the

porphyritic andesite is flow banding and fractures, which parallel the

banding.
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Petrography and Petrochemistry. The porphyritic ande-

site contains subhedral phenocrysts of augite up to two millimeters in

diameter, which comprise 30 percent of the rock. Andesine (An 32-

45) microlites, biotite, hypersthene, augite and magnetite makeup

the fine-grained trachytic matrix The flow banding is due to the

segregation of mafic minerals and plagioclase microlites into parallel

layers.

Chemical and normative analyses of andesite flows of the Pike

Creek Formation in the Pueblo and Steens Mountains are compared

with Daly's average andesite in Table 3. The Pueblo Mountains

andesite analyses are those of Tower (1972), number 13 and the

author, number 12. The Steens Mountains analyses are those of

Fuller (1931), numbers 9, 10 and 11. The chemical similarities

between the Pueblo and Steens Mountains andesites strengthens the

Pike Creek Formation correlation between these two areas

Ash-Flow Tuff. A firmly welded ash-flow tuff conformably

overlies the porphyritic andesite. The light brownish-gray (5 YR 6/2)

tuff is 15 to 20 feet thick and is best exposed along the hogback on the

west slope of Pueblo Mountain.

Petrography and Petrochemistry. The ash-flow tuff con-

tains subhedral phenocrysts of biotite and albite that are aligned in a

glassy matrix. Biotite phenocrysts form two percent of the rock and

contain inclusions of zircon crystals with pleochroic halos. Albite



9. Andesite flow ("Crest Flow"), Steens Mountains
(Fuller, 1931).

10. Andesite flow in Cottonwood Creek, Steens Mountains
(Fuller, 1931).

11. Andesite flow north of Alvord Creek, Steens Mountains
(Fuller, 1931).

12. (JH-154) the author's Pike Creek Formation porphyritic
andesite.

13. Fine-grained andesite of Pike Creek Formation(?),
Van Horn Creek (Tower, 1972) (DY-42-70).

14. Daly's average andesite (Daly, 1931).
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Table 3. Comparison of chemical and normative analyses of the
Pueblo Mountains
andesite (No. l4)

andesites with Daly1 s (193 1) average

Oxide 9 10 11 12 13 14

Si02 62.3 56.9 55.3 55.3 55.6 59.6

Ti02 0.1 1.0 0.9 1.1 1.3 0.8

A1203 16.6 17.6 17.8 16.7 19.8 17.3

FeO 3.6 6.0 5.3 8.0* 8.6* 3.1

FeO. 1.7 0.3 2.0 -- -- 3.3

MnO 0.2 0.2 0.1 ** ** --

MgO 2.3 3.8 3.4 4.1 2.1 2.8

CaO 5.3 7.0 7.4 8.2 5.1 5.8

Na20 3.2 3.4 3.9 4.6 ** 3.6

1(20 2.5 1.8 1.8 1.6 2.6 2.0

0. 1 0.2 0.4 ** ** 0.3

H20 1. 9 1. 8 1. 8 * * * * - -

99. 8 100.0 100. 1 99.6 95. 1 98.6

C. I. P. W. norms calculated from chemical analyses above

Quartz 17.9 7.9 4.7 2.3 9.4 --
Orthoclase 15.0 10.0 10.6 9.4 15.1 --
Albite 272 28.3 33.0 38.9 33.4 --
Anorthite 23.4 27.8 25.9 20.2 19.0 --
Diopside 1.1 5.1 6.6 16.2 -- --

Hypersthene 10.2 16.2 12.0 4.4 9.9
Ilmenite 0.2 2.0 1.7 2.1 2.5 --
Magnetite 2.6 0.5 3.0 6.4 4.8 --
Apatite 0.7 0.3 1.0 -- 2.2 --
Water 1.9 1.9 1.8 -- -- --

Corundum -- -- -- -- 3.6 --
99.9 100.0 100.3 99.9 99.9 0

* Total iron.
** Not determined.
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phenocrysts are corroded and comprise approximately 15 percent of

the rock. The matrix consists of stretched glass shards, collapsed

pumice fragments and fine-grained feldspar and magnetite. The

shards and pumice fragments, which form a eutaxitic texture, are

palagonitic and partially altered to clay minerals. Andesite fragments

two to three millimeters in diameter were found in the basal part of

the tuff, apparently derived from the underlying andesite flow.

Chemical and normative analysis of the ash-flow tuff is pre-

sented in Table 7 (No. 35). The chemical analysis of the tuff indicates

that it is latitic in composition.

Steens Basalt

Fuller (1931) was the first to describe a sequence of volcanic

rocks in the Steens Mountains. He referred to these rocks as the

"Steens Mountain Basalts" and correlated them with a similar sequence

in the Pueblo Mountains. The correlation was based on similar rock

types and stratigraphic position. In 1939, Piper etal. renamed the

sequence "The Steens Basalt. " Recent studies by Baldwin (1964),

Avent (1965), Walker and Repenning (1965), Burnam (1971), Rowe

(1971), and Tower (1972) have supported this correlation. Avent

(1969) and Walker (1969) correlated the Steens Basalt with the

Columbia River Basalts of northern Oregon suggesting that they were

extruded, at least in part during the same period of time.
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The Steens Basalt sequence has been dated paleontologicafly

(Walker and Repenning, 1965) and by K-Ar age dates (Baski et al.

1967) as middle to late Miocene. The K-Ar age dates from the Steens

Basalt sequence, 14. 5 to 16 million years, are similar to K-Ar dates

obtained by Everndon et al. (1967) for the Columbia River Picture

Gorge Basalts (15 million years) and by Holmgren (1969) for the

Columbia River Yakima Basalts (11.9 to 16.9 million years) in cen-

tral Washington.

The sequence of volcanic rocks described in this report covers

approximately 25 square miles in the western part of the thesis area.

The sequence includes glomeroporphyritic and non-porphyritic basalt

flows, latite flows, rhyolite flows, ash-flow tuffs, interbedded sedi-

mentary rocks and basalt dikes. These rock types are also found in

the Steens Basalt sequence described by Fuller (1931) in the Steens

Mountains.

Field Association

The west ridge of the Pueblo Mountains provides the best expo-

sures of the Steens Basalts along its steep, terraced eastern face (see

Figure 7). Outcrops are also found in the median highland valley

along stream courses and on the western dip-slope. The more

resistant flows form cuestas ten to 100 feet high and the less resistant

flows form gentle talus covered slopes. The sequence reaches a
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Figure 7. The median highland valley looking northwest. The
southern gabbro laccolith and the west ridge are in the
left-hand part of the picture. Note the west dip of the
Steens Basalt flows.
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maximum thickness of 7950 feet in the thesis area, thinning to approxi-

mately 6800 feet north of the area. An average strike for the layered

sequence is N. l0°E. with dips from 14° to 25° to the west. Local

erratic attitudes suggest extrusion of the volcanic material onto

irregular surfaces similar to the present topography.

The basal contact of the Steens Basalt is undulatory and dis con-

formable with the Pike Creek Formation. The best exposures of the

contact occur along Cottonwood and Willow Creeks. Landslide blocks

and talus commonly obscure the contact relationship. The Steens

Basalt is unconformably overlain by locally derived volcanic and

pyroclastic sedimentary rocks and a zoned ash-flow tuff. This con-

tact is not exposed, but a change in attitude of approximately J2° sug-

gests an angular unconformable relationship.

The stratigraphic column of Figure 8 depicts the general rock

types of the Steens Basalt in the thesis area. These rock types are

discussed in order, from the oldest to the youngest.

Glomeroporphyritic Basalt Flows. The glomeroporphyr itic

basalt flows compose most of the lower one-third of the Steens Basalt

sequence. Most of these flows occur in the north-south-trending high-

land valley. They are poorly exposed due to their susceptability to

weathering. A few outcrops are found on the sides of stream valleys

and where the flows reach thicknesses of 25 to 30 feet,

The upper and lower contacts of most flows are sharp and
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9 Sedimentary Rocks and an Ash-Flow Tuff

-Ash-Flow Tuff

-

Porphyritic Latite
Fine-grained Dominantly
Basalt Flows SteensFine -grained

-. quigranular
--

-.
asalt Flows

-- -. -j Porphyritic
a0h1te

r ' -- Laccolith(?) Basalt
,,.' 7__-_

1 '- Iominantly Sequence
lomeroporphyritic

- -- -- Sedimentary
--

-<E Unit asalt Flows
/ ' --- -' Glomeroporphyritic

Basalt Flows

Pike Creek Formation

re-Tertiary Metamorphic Rocks

Figure 8 Stratigraphic column of the pre-Tertiary metamorphic
rocks, the Pike Creek Formation, the Steens Basalt
sequence and the sedimentary rocks and ash-flow tuff
unit.
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undulatory. The lack of breccia along the contacts suggest that these

flows were extruded as pahoehoe-type lava. Pipe-like and irregularly

shaped vesicles are concentrated near the contacts of flows. Thin

interbeds of sedimentary material locally occur between the flows of

this unit. The glomeroporphyritic flows decrease in abundance upward

in the Steens Basalt sequence.

Petrography and Petrochemistry. The glomeroporphyr itic

basalt flows contain euhedral to subhedral labradorite (An 50-70)

phenocrysts, which form 15 to 25 percent of the rock. These pheno-

crysts are up to two centimeters in length and occur in stellate clus-

ters that produce the glomeroporphyritic texture. The lath-shaped

plagioclase phenocrysts are partially altered by weathering to calcite,

clay minerals, white mica and zeolite-s. The plagioclase phenocrysts

are normally zoned and enclose spherical to oblate blebs of magnetite

and olivine. Some of the plagioclase grain boundaries are corroded.

Pyroxene and olivine were also found as smaller phenocrysts in the

glomeroporphyr itic flows. Anhedral to euhedral angite pheno crys ts

average one millimeter in diameter, comprise up to five percent of

the rock and are unaltered. The augite is purplish-pink in color mdi-

cating it is titanaugite. Hypersthene phenocrysts are unaltered and

smaller than the augite phenocrysts. Hypersthene is also found as

fine exsolution lamellae or blebs in the augite. Anhedral olivine

phenocrysts average 0. 75 mm in diameter and comprise a maximum



of five percent of the rock. The olivine phenocrysts are rarely

twinned and are altered to iddingsite, magnetite and smectite.

Ophitic, intergranular and hyalo-ophitic groundmass textures

were found in the glomeroporphyritic flows. The groundmass may

contain two grain sizes, but a single grain size is most common.

Minerals found in the groundmass are labradorite, augite, olivine,

magnetite and ilmenite. The accessory minerals sphene, zircon and

apatite, and the mineraloid glass were also found in the groundmass.

The subhedral labradorite (An 50-64) microlites are flow aligned and

average 45 percent of the rock.. Weathering products of the plagio-

clase include calcite, white mica and zeolites. Unaltered subhedral

augite grains are 0. 1 to 0. 5 mm in diameter and reach a maximum of

25 percent in some rocks. Olivine grains are partially altered to

iddingsite and smectite. These grains average 0. 25 mm in diameter

and comprise up to 20 percent of the rock. Jr regular magnetite blebs

and ilmenite needles form a maximum of 20 percent of some rocks.

Brown glass is an interstitial material.

Yes ides in the glomeroporphyritic flows are often partially to

completely filled with calcite, quartz, chalcedony, celandonite and

zeolites. X-ray analysis indicates that the zeolites are stilbite,

natrolite and heulandite. Quartz, calcite and zeolite minerals are

commonly found as terminated crystals in partially filled vesicles.

The author's chemical and normative analyses of the
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glomeroporphyritic basalt flows are presented in Table 4 (Nos. 15,

16 and 17). The basalts contain 18. 9, 17. 9 and 17. 1 percent A1203,

respectively which indicates that they are high-alumina basalts.

Additional high-alumina basalts from the Pueblo Mountains, numbers

18 and 19 (Tower, 1972) and the Steens Mountains, numbers 20 and 21

(Fuller, 1931) also occur in the table. The average Warner Basalt

(No. 22), a high-alumina basalt, is sim1ar to the Steens and Pueblo

Mountains basalts in the table.

Porphyritic Rhyolite Flow. The light olive-gray (5 Y 6/1)

porphyritic rhyolite flow is located near the bottom of the upper two-

thirds of the Steens Basalt sequence near the base of the steep eastern

face of the west ridge. The flow is 25 to 50 feet thick, undulatory and

displays columnar joints. It can be followed for approximately 1. 5

miles in a north-south direction and is confined to the thesis area.

The upper surface of the flow which forms a dip slope, is covered by

talus and vegetation. The lower contact is sharp, undulatory and con-

formable with the underlying basalt flow. Phenocrysts and elongate

vesicles are aligned in an east-west direction from the top to the bot-

torn of the flow.

Petrography and Petrochemistry. The albite (An 8),

biotite and quartz phenocrysts of the porphyritic rhyolite flow are 0. 5

to 4. 0 mm in diameter and comprise approximately 25 percent of the

rock. The subhedral to euhedral albite phenocrysts, which form 15



15. Pueblo Mountains glomeroporphyritic basalt flow from
the top of theSteens Basalt sequence (JH-211).

16. Pueblo Mountains giomeroporphyritic basalt flow from
the middle of the Steens Basalt sequence (JH-119).

17. Pueblo Mountains glomeroporphyritic basalt flow from
the bottom of the Steens Basalt sequence (JH-129).

18. Slightly porphyritic medium-grained basalt flow in
Pueblo Mountains (Tower, 1972) (DT-90-70).

19. Fine-grained basalt dike in Pueblo Mountains (Tower,
1972) (DT-93-70).

20. Steens Mountain basalt flow (Fuller, 1931).

21. Steens Mountain basalt flow (Fuller, 1931).

22. Average high-alumina Warner basalt (Anderson, 1941).



Table 4. Comparison of chemical and normative analyses of porphy-
ritic basalts from the Pueblo (Nos. 15 through 19) and
Steens (Nos. 20 and 21) Mountains with the average high-
alumina Warner Basalt (No. 22) of Anderson (1941).

Oxide 15 16 17 18 19 20 21 22

Si02 48.9 51.0 53.4 52.3 49.2 47.2 48.5 48.7

Ti02 1.7 1.6 1.8 1.9 2.0 2.6 3.0 0.8

A1203 18.9 17.9 17.1 18.0 18.0 18.1 18.1 18.4

FeO 10.8* 8.7* 10.7* 10.4* 11.6* 3.3 8.6 7.8

Fe203 -- -- -- -- -- 7.7 2.2 0.9

IVInO * * * * * * * * * * T r 0. 2 0. 1

MgO 4.7 4.0 4.0 5.4 6.7 4.2 4.3 10.0

CaO 104 9.8 8.4 8.3 10.4 9.9 9.8 11.5

Na2 0 3. 8 4. 2 3. 8 * * * * 2. 3 3. 0 2. 6

K20 0.6 2.2 0.6 1.7 0.4 0.9 0.9 0.1

P205 ** ** ** ** ** 0.3 0.5 **

Fl 20 * * * * * * * * * * 0. 9 0 . 9 * *

99.8 99.4 99.8 97.0 98.2 99.5 100,0 100.9

C. I. P. W. norms calculated from chemical analyses above

Quartz -- -- 7.6 -- 1.8 3.5 0.2 --
Orthoclase 3.7 12.9 4.4 10.2 2.5 5.7 5.7 --
Albite 32.2 28.2 30.5 25.4 14.4 23.6 25.2 -

Anorthite 32.7 23.6 18.3 30.6 40.2 33.9 32.8 --
Nepheline -- 4.0 -- -- -- -- -- --

Diopside 15.0 19. 8 10.6 8.7 9.3 10.6 9. 8 --
Hypersthene 0.6 -- 6.8 14.7 25.5 -- 15.1 --
Enstatite -- -- -- -- -- -- 5.7 --
Olivine 4.4 1.4 -- 4.6 -- -- -- --

Ilmenite 3.3 3. 1 3.5 3.6 3. 8 5.0 5. 8 --
Magnetite 8.6 6.9 8.6 2.2 2.5 3.0 3.2 --
Hematite - - - - - - - - - - 5. 8 - - -

Apatite -- -- -- -- -- 0.7 1.3 --
Water -- -- -- -- -- 2.8 0.9 --

100.5 99.9 100.3 100.0 100.0 100.3 100.0 0

* Total iron.
** Not determined



41

percent of the rock, are embayed and contain inc1usions of magnetite.

Brown biotite phenocrysts occur as subhedral laths and comorise five

percent of the rock.

The groundmass consists of feldspar microlites oriented in the

direction of flow, finely disseminated magnetite and devitrified glass.

The glass and feldspar are altered to clay minerals. Accessory

minerals in the matrix are granular sphene, associated with biotite

and apatite associated with the plagioclase feldspar. Vesicles in tlie

porphyritic rhyolite flow are sometimes lined with zeolites.

Chemical analysis of the flow indicates that it is rhyolitic in

composition. This analysis and the normative analysis, number 25,

are presented in Table 5. Analyses of rhyolite flows in the Pueblo

Mountains Steens Basalt sequence south of the thesis area, numbers

24 and 27 (Fuller, 1931; Tower, 1971) are included in this table. The

Canyon Rhyolite number 28, and a rhyolite from a similar strati-

graphic position in the Steens Mountains, number 23 are presented in

this table for comparison.

Fine-Grained Eguigranular Basalt Flows. These flows make up

most of the upper two-thirds of the Steens Basalt sequence. The best

exposures of the flows are along the east face of the west ridge where

the resistant flows form prominant cuestas and along incised streams

on the western dip-slope. The flows are vesicular and non-vesicular,

medium-light gray (N 6) to dusky red-purple (5 PR 2/2) and 10 to 20



23. Rhyolite flow near Alvord Desert, Steens Mountains
(Fuller, 1931).

24. Rhyolite flow capping south end of the Pueblo Mountains
(Fuller, 1931).

25. Pueblo Mountains porphyritic rhyolite flow (JH-184).

26. Welded tuff on dip-slope of the Steens Basalt, sequence
(JH-181).

27. Rhyolite flow from the top of the west ridge, Pueblo
Mountains (Tower, 1972) (DT-50-70).

28. Canyon Rhyolite, Virgin Valley, Nevada (Fuller, 1931).
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Table 5. Comparison of chemical and normative analyses of the
Pueblo Mountains (Nos. 24, 25, 26 and 27) and the Steens
Mountains (No. 23) "rhyolites' with the Canyon Rhyolite of
Nevada (No. 28) (Fuller, 1931).

Oxide 23 24 25 26 27 28

Si02 78.6 73.8 70.5 74.5 76.7 78.6

Ti02 0.2 0.1 0.3 0.3 0.2 0.2

A1203 9.8 12.4 15.1 11.5 13.9 9.9

FeO 0.9 0.9 2.8* 3,7* 1.6* 0.8

Fe2O3 1,1 1.5 -- -- -- 0.7

lVInO Tr Tr ** ** ** --

MgO 0.1 0.3 0.4 Tr 0.2 0.1

CaO 0.7 1.0 1,2 0.6 0.6 0.7

Na20 3.6 3.7 4.1 3.4 ** 3.3

K2O 4.3 5.4 5.4 5.5 4.9 4.3

P2S5 Tr Tr ** ** ** Tr

H2O 0.8 0.7 ** ** ** 1.1

100. 1 99.7 102.0 99.3 100.0 99. 8

C. I. P. W. norms calculated from chemical analyses above

Quartz 40.7 30.1 21.9 32.9 44,5 41.8
Orthoclase 25.6 31.1 32.2 32.3 29.0 25.6
Albite 26.2 31.4 34.7 28.7 16.2 26.7
Anorthite -- 1.7 5.7 -- 3.0 --
Wollastonite -- 0. 1 -- -- 0.5
Diopside 3.1 2.3 -- 1.6 -- 2.1
Hypersthene -- -- 2.8 0.4 2,0 --
Ilmenite 0.5 0.2 0.5 0.5 0.3 0.6
Magnetite -- 2.1 3.8 2.9 0.6 0.5
Water 0.8 0.7 -- -- -- 1.1
Corundum -- -- 0,4 -- 4.4 --
Acmite 3.2 -- -- -- -- 0.9

100.1 99.7 102.0 99.3 100.0 99.8

* Total iron.
** Not determined.
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feet thick. Pyroclastic material and an ash-flow tuff were found

interbedded with these flows in the upper part of the sequence. The

contacts of some flows are rough and clinkery indicating extrusion as

aa-type flows. Smooth and ropy surfaces, common to pahoehoe-type

flows, were found along the contacts of other flows.

Petrography and Petrochemistry. The fine -grained basalt

flows are hypocrystalline and equigranular. Microporphyritic, pilo-

taxitic, interserta]. and ophitic textures are common in these flows.

Fuller's (1931) diktytaxitic and ophimottling surficial textures were

also found. Themacroscopic ophimottling texture is related to the

microscopic ophitic texture (see Figure 9). It consists of black or red

spots which average 0.5 mm in diameter, in a fine-grained reddish-

brown material and is common in the basalts of Steens Mountain

(Fuller, 1931).

Mineral grains in the fine-grained basalt flows are less than

1.5 mm in diameter and consi&t of labradorite, augite, hypersthene,

olivine, n-iagnetite, ilmenite, apatite, rutile and sphene. Labradorite

(An 56-64), which comprises approximately 60 percent of the rock,

is the most common mineral in these flows. In the microporphyritic

rocks, plagioclase occurs as phenocrysts. Plagioclase grains are

0. 25 to 0. 75 mm in diameter and are altered to white mica, zeolites

and clay minerals. Normal zoning and poikilitic texture with magne-

tite is also common. Augite occurs as phenocrysts in some flows, but



Figure 9. Photomicrograph of ophitic texture in a fine -grained
basalt flow in the upper Steens Basalt sequence. This
texture is related to the surficial ophimottling texture
of Fuller (1931). The horizontal field of view is
approximately two millimeters.



is most common as a groundmass mineral. It commonly has a pinkish

tinge indicating that it is titanium-rich. Other essential minerals

include olivine and hypersthene which occur interstitial to plagioclase.

Olivine and pyroxene average U. 5 mm in diameter and together form

up to 20 percent of the rock. Olivine is altered to iddingsite and

srnectite while the pyroxenes are fresh. Magnetite and ilmenite occur

as distinct grains and fine disseminations that comprise a maximum of

15 percent of the rock. Accessory minerals include apatite, rutile

and sphene.

Chemical and normative analyses of the fine-grained equigranu-

lar basalt flows are taken from Avent (1970) and are presented in

Table 6 (numbers 29, 30 and 32). Analyses 29 and 30 are similar to

Waters' (1961) average Columbia River Picture Gorge Basalt (No. 31)

and analysis 32 is similar to Waters' (1961) average Columbia River

Yakima Basalt, (number 34) as is the author's dike analysis (number

33). The Yakima Basalts are tholeiitic and the Picture Gorge Basalts

are alkalic (Figure 12).

Porphi,rritic Latite and Associated Flows. This groupof flows,

which is located near the top oi the west ridge, forms one of the most

prominant outcrops in the Steens Basalt sequence, a vertical cliff 100

to 300 feet high. Tower (1972), Burnam (1971) and Merriam (1910)

have correlated these flows with the Canyon Rhyolite of Virgin Valley,

Nevada. The correlation is not used in this report because the



Z9. Basalt flow Pueblo Mountains (Avent, 1970).

30. Coarse-grained basalt flow in Pueblo Mountains (Avent,
1970).

31. Average Columbia River Picture Gorge Basalt (Waters,
1961).

32. Red to black fine-grained basalt in Pueblo Mountains
(Avent, 1970).

33. Fine-grained basalt dike from the Steens Basalt
sequence of the Pueblo Mountains (JH-40),

34. Average Columbia River Yakima basalt (Waters, 1961).
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Table 6. Comparison of chemical and normative analyses of fine-
grained basalt flows and dikes in the Pueblo Mountains
Steens Basalt sequence (Nos. 29, 30, 32 and 33) with the
average Columbia River Yakima (No. 34) and Picture Gorge
(No. 31) Basalts (Waters, 1961),

Oxide 29 30 31 32 33 34

Si02 45.7 48.7 49.3 53.1 54.0 53.8

Ti02 1.9 1.4 1.6 2.8 2.4 2.0

Al203 16. 5 16. 1 15.6 14.5 14.5 13.9

FeO 5.2 5.6 7.8 6.2 12.2* 9.3

Fe203 6.6 5,2 3.5 5.9 -- 2.6

MnO 0.1 0.1 0.2 0.2 ** 0.2

MgO 7.1 7.3 6.5 3.4 4.0 4.1

CaO 9.2 10. 1 10.3 6.5 6.9 7.9

Na20 2.9 2.7 2.7 3.9 4.2 3.0

K2O 0.7 0.7 0.5 1.8 2.2 1.5

0.3 0.3 0.3 0.6 ** 0.4

H 20 * * * * 1. 2 * * * * 1. 2

96.2 98.2 99.5 98.9 100.4 99.9

C. I. P. W. norma calculated from chemical analyses above

Quartz -- 1.0 -- 7.3 4.1
Orthoclase 4.0 4.4 -- 11.3 12.7 --
Albite 27.4 24.4 -- 36.0 35.5 --
Anorthite 31.3 30.6 -- 17.5 14.4
Wollastonite -- 7.4 -- 4.9 --
Diopside 11.7 -- -- -- 15.9 --
Hypersthene 13.0 23.9 -- 12. 2 4. 1 --
Olivine 1.9 -- -- -- --

Ilmenite 2. 8 2. 0 - 4. 0 4. 6
Magnetite 7.2 5.6 -- 5.4 9.7 --
Apatite 0.6 0.6 - 1.3 -- --

99.9 99.9 0 99.9 101.0 0

* Total iron.
** Note determined.
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chemical analysis of the middle flow (Table 7, No. 39) indicates that it

is latitic in composition, and not rhyolitic. However, the chemical

analysis is similar to a latite flow described by Fuller (1931) in the

Steens Basalt sequence of the Steens Mountains (Table 7 No. 36).

The lower contact of the group of flows is covered by talus, but

the upper erosional contact is irregular and disconformable with a

porphyritic basalt flow. The four flows in this group have sharp

irregular contacts and platy fracturing that is controlled by wavy flow

banding. The middle, medium gray (N 5) latite flow, which extends

farthest into the thesis area, thins to approximately 100 feet at its

northern extremity and ends abruptly, under a talus covered slope,

against a series of basalt flows.

The porphyritic latite flow contains aligned phenocrysts of

andesine (An 45-48), magnetite., euhedral pyroxene and subhedral

biotite 0.5 to 1.5 mm in diameter in a fine-grained matrix. Zoned

andesine laths partially altered to clay minerals form approximately

10 percent of the rock. Pyroxene, which forms three percent of the

rock, is altered to magnetite and hematite as are the biotite laths,

which form approximately five percent of the rock. The matrix is

composed of devitrified glass that is partially altered to smectite.

The flow texture observed in hand specimens is a result of stretched

pumice fragments in the matrix. Angular basalt fragments were

found in the lower part of the latite flow and are similar



35. Ash-flow tuff of the Pueblo Mountains Pike Creek
Formation (JH-177).

36. Latite flow of northern Steens Mountains (Fuller, 1931).

37. Latite flow near Alvord Desert, Steens Mountains (Fuller,
1931).

38. Latite perlite from the Steens Basalt sequence of the
Pueblo Mountains (JH-29).

39. Porphyritic latite flow from near the crest of the west
ridge of the Pueblo Mountains (JH-190).

40. Welded tuff from Steens Basalt sequence, Pueblo
Mountains (Rowe, 1971).



Table 7. Comparison of chemical and normative analyses of latite
flows from the Pueblo (Nos. 35, 38, 39 and 40) and Steens
(No. 36 and 37) Mountains with Daly's (1931) average latite
(No. 4).

Oxide 35 36 37 38 39 40 41

Si02 67.4 65.2 62.3 66.1 66.5 65.7 57.6

Ti02 0.6 0.1 0.3 0.6 0.6 0.8 1.0

A1203 18.0 15.8 15.2 16.2 17.0 26.2 1.7
FeO 2.5* 4.9 2.7 4.6* 3.6* 4.0* 4. 1

Fe203 0.9 3.6 -- -- -- 2.3

MnO * * 0. 1 0. 2 * * * * * 0. 1

MgO 0.4 0.1 0.8 0.6 0.7 0.6 3.2

CaO 1,1 3.4 3.3 2.8 2.0 1.4 5.7

Na20 4.8 4.1 4.0 4.2 4.5 ** 3.6

5.6 3.9 3.5 3.2 4.9 6.0 4.4

P205 ** 0.2 0.2 ** ** ** 0.4

H 0 * * 0. 6 3 7 * * * * * * 0. 9

100.4 98.8 99.8 99.2 99.8 95. 1 100.0

C. I. P.W. norms as calculated from chemical analyses above

Quartz 15.0 15.1 17.0 19.5 15.6 -- --
Orthoclase 33.1 22.8 20.6 22.7 29.4 -- --

Albite 40.6 35.1 34.1 35.5 38.1 -- --
Anorthite 5.5 13.1 13.1 14.0 10.0 -- --

Diopside -- 2.6 2.0 0.1 -- -- --
Hypersthene 1.2 8.7 3.4 2.5 2.5 -- --
Ilmenite 1.1 0.2 0.6 1.2 1.0 -- --

Magnetite 2.0 1.4 5.3 3.7 2.9 -- --
Apatite -- 0.3 0.3 -- -- -- --
Water -- 0.6 3,7 -- -- -- --
Corundum 2.0 -- -- -- 0.6 -- --

100.5 99.9 100.1 99.2 100.1 0 0

* Total iron.
** Not determined.



petrographically to the flows in the. Steens Basalt sequence.

Ash-Flow Tuff. The ash-flow tuff occurs near the top of the

Steens Basalt sequence. The tuff is found only in the central part of

the west ridge as local poorly exposed outcrops. The flow is less than

ten feet thick, welded and interbedded with the fine-grained equi-

granular basalt flows. The conformable contacts with the overlying

and underlying basalt flows are sharp and clinkery.

Sanadine, quartz and andesine (An 38) occur as phenocrysts in a

medium gray (N 5) fine-grained groundmass. The phenocrysts are up

to two millimeters in diameter and form approximately ten percent of

the rock. The eutaxitic groundmass consists of plagioclase micro-

lites, aligned parallel to the flattened vesicles, pumice fragments and

glass shards. The microlites occur in a matrix of brown glass and

display flow alignment around mineral grains and elongate pumice

chunks.

Interbedded Sedimentary Rocks. Lenses of sedimentary rocks

with a maximum thickness of five feet are infrequently.interbedded

with the basalt flows of the Steens Basalt sequence. Exposures are

poor because of the non-coherent nature of the material. The thinner

sedimentary units are baked by the overlying flows. Some of the

thicker lenses display cross-bedding and graded bedding. The sedi-

mentary structures and shape of the sedimentary units suggests

deposition in shallow, local basins which were fed by small streams.
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Volcanic sedimentary rocks and limy mudstones are found in these

basins. The limy mudstones are rich in spores, plant debris and

fresh water algae (see Figure 11). In the north-central part of the

thesis area a perlitic latite with a pillowy basal contact crops out,

indicating extrusion into water (see Figure 10).

The volcanic sedimentary rocka are composed of mineral grains,

basaltic rock fragments, glass shards and pumice fragments.

Embayed grains of labradorite (An 61-72), orthopyroxene, biotite,

olivine partially altered to iddingsite and magnetite altered to hema-

tite are 0. 25 to 1.5 mm in diameter and constitute 15 percent of the

rock. Basaltic rock fragments reach four millimeters in diameter

and form a maximum of 30 percent of the rock. The matrix consti-

tutes approximately 75 percent of the rock and consists of glass

shards and fine-grained pumice fragments. Framework and matrix

materials are angular to subangular indicating little working or

transport.

Basalt Dikes. The basalt dikes are best exposed in the highland

valley. The dikes intrude the basalt flows in broad arcuate patterns

with two general trends, N. 20° -50°E. and approximately east-west.

Dips are near vertical and horizontal jointing is well developed in all

of the dikes. The dikes are 5 to 20 feet wide, stand with positive

topographic relief, and can be followed for 200 feet to two miles.

Dikes range from non-porphyritic to porphyritic and are
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Figure 10. Pillowy contact of perlitic latite flow in the Steens
Basalt sequence. The pillows are one to two feet in
diameter.
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Figure 11. Photomicrograph of an interbedded limy mudstone in
the Steens Basalt sequence. Note spore or pollen sac
at the top of the photo and the plant debris in the lower
right-hand corner. The pollen sac is approximately
0. Z5 mm in diameter.
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invariably hard and dense. Petrographically, these rocks are very

similar to the fine -grained equigranular basalt flows. The essential

minerals are labradorite (An 50-67), olivine invariably altered to

magnetite, smectite, or iddingsite, and clinopyroxene and ortho-

pyroxene. The porphyritic dikes contain labradorite phenocrysts in a

matrix of less calcic labradori.te microlites, disseminated magnetite

and devitrified glass, which is altered to smectite and zeolites.

Vesicles are occasionally found in these rocks, and are lined with

zeolites, calcite, quartz and chalcedony.

A dike that crops out between Cottonwood and Willow Creeks is

petrographically unique. It is fine-grained slightly porphyritic and

hypocrystalline. Oligoclase (An 25) forms phenocrysts and smaller

grains in the equigranular groundrnass. It is partially altered to clay

minerals and white mica and is myrmekitic along the grain margins.

Olivine (partially altered to iddingsite), augite and hornblende occur in

the groundmass, which forms approximately 50 percent of the rock.

Calcite, magnetite, and intersitital glass were found in accessory

amounts. Chemically this dike is similar to the average Yakima

Basalt (Waters, 1961) in Table 6 (Nos. 33 and 34, respectively).

Petrogenesis of the Steens Basalt Sequence

Major oxide abundances of the igneous rocks in the Steens Basalt

sequence are presented in the AMF diagram (Figure 12) and the
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Figure 12. AMF differentiation diagram for the igneous rocks of the
Steens Basalt sequence in the Pueblo Mountains.



Ternary silica-totalalkalies-alumina diagram (Figure 13). These

values are taken from chemical analyses of rocks in the Pueblo Moun-

tains (Nos. 15, 16, 17, 18, 19, 24, 25, 27, 29, 30, 32, 33, 35, 38

and 39) and the Steens Mountains (Nos. 21 and 21). The plotted values

are based on oxide weight percents, with total end member oxide val-

ues recast to 100 percent.

Data presented on the AMF diagram represents only those major

oxide values from the Steens Basalt sequence in the Pueblo Mountains.

A concentration of points in two areas, one containing rhyolitic and

latitic rocks and the other containing basaltic rocks, indicates that the

volcanic rocks in the Pueblo Mountains Steens Basalt sequence belong

to a bimodal distribution. A bimodal distribution of volcanic rock

types is characteristic of the Basin and Range Structural Province

(Scott etal., 1971).

The silica-total alkalies-alumina relation diagram is a modifi-

cation of Kunos (1960) diagrams. It represents major oxide abund-

ances of basalts from the Steens Basalt sequence of the Pueblo (Nos.

15, 16, 17, 29, 30, 32 and 33) and Steens (Nos. 20 and 21) Mountains

and average analyses of basalts by many authors (lettered points and

Nos. 22, 31 and 34). The boundary of each field in the diagram is

arbitrarily drawn to include accepted average analyses of the basalt

type represented in that field. Chemical analyses of the Pueblo

Mountains basalts fall into the alkalic and high-alumina fields on this



References for Average Basalt Types Used in Figure 13

A Average Tephrite (Nockolds, 1954)
B Average Alkaline differentiates of oceanic basalts (Engel et al.

1965)
C Average olivine nephlinite (Nockolds, 1954)
D Average parental alkali-olivine basalt, Japan and Korea (Kuno,

1960)
E Average normal alkali basalt (Nockolds, 1954)
F Average alkali basalt without olivine (Nockolds, 1945)
G Average Hawaiite (MacDonald, 1968)
H Average Hawaiian alkalic basalt (MacDonald, 1968)
I Average alkali-olivine basalt north-central Oregon (Robinson,

1969)
J Average high alumina magma, Oregon Plateaus and Coast Range

(Waters, 1962)
K Average late Yakima-Ellensburg type (Waters, 1961)
L Averagenormal tholeiitic basalt (Nockolds, 1954)
M Skaergaard chilled margin (Wager and Deer, 1939)
N Average parental tholeiite, Japan and Korea (Kuno, 1960)
0 Average parental high-alumina basalt, Japan and Korea (Kuno,

1960)
P Average "Central Basalt" (Nockolds, 1954)
Q Average oceanic tholeiitic basalt (Engel etal., 1965)
R Average Hawaiian tholeiite (MacDonald and Katsara, 1964)
S Olivine tholeiite (Green and Ringwood, 1967, artificial mixtures)
T Alkali-olivine basalt (Green and Ringwood, 1967, artificial)
U Quartz tholeiite (Green and Ringwood, 1967, artificial)
V High-alumina olivine tholeiite (Green and Ringwood 1967,

artificial)
W High-alumina quartz (Green and Ringwood 1967, artificial)
X Average olivine -rich alkalic basalt (Nockolds, 1954)
Y Average tholeiitic olivine basalt (Nockolds, 1954)
Z Average Upper Siletz River volcanics 'Porphyritic Alkali

Basalt" (Snavelyetal., 1968)
a Average lower Siletz River volcanics "Oceanic Basalt" (Snavely

et al. , 1968)
b Average coastal Miocene basalts, Oregon Coast Range (Snavely

et al. , 1968)
c Average gabbroic sills, Oregon Coast Range (Snavely eta.,

1968)
d MacDonald's (1968) parental Hawaiian "Oceanite"
e Chilled base of Palisade Sill (Walker, 1940)
22 Average high-alumina Warner basalt (Anderson, 1941)
31 Average Columbia River Picture Gorge basalt (Waters, 1961)
34 Average Columbia River Yakima basalt (Waters, 1961)
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and 21). The Pueblo Mountain gabbros are also repre-
sented in this diagram (Nos. 44 and 45).



contains basalts of alkalic, high-alumina and tholeiitic character.

Felsic rocks of latitic and rhyolitic composition also occur in the

Steens Basalt sequence. The lack of volcanic rocks of intermediate

composition indicate that the Steens Basalt sequence represents a

bimodal distribution of volcanic rocks with the felsic magmas derived

by fractional melting (Scott etal. , 1969) or assimilation (McBirney,

1969) in the lower crust.

The basalt flows of the Ste-ens Basalt sequence are attributed to

fissure eruptions. The basis for this conclusion is the intrusive rela-

tionship of basalt dikes in the area. A possible source for the por-

phyritic latite flow has been described by Tower (1972) as a Uvent area

in the canyon between Stone House Creek and North Creek approxi-

mately two-thirds of a mile west of the ridge crest.

Tuffaceous Sedimentary Rocks and Ash-Flow Tuffs

Sequences of tuffaceous sedimentary rocks and interbedded ash-

flow tuffs were found in two separate localities in the thesis area

(Plate 1). A correlation between these units based on similar rock

types and ages seems evident. Faulting prevents stratigraphic cor-

relation and consequently these-rocks will be referred to as Sequence

A and Sequence B and will be discussed separately.
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Sequence A

Sequence A crops out along the dip-slope of the west ridge.

Burnam (1971) and Tower (1972) have correlated these rocks with the

Virgin Valley Formation of northern Nevada. They base this correla-

tion on similar rock types and an unconformable basal contact.

Merriam (1910) assigned a Middle Miocene age, which was later

extended to late Miocene (Wiliden, 1969), to the Virgin Valley Forma-

tion on the basis of vertebrate fossil evidence, In the thesis area, an

age of late Miocene is consistant with the unconformable relationship

of these rocks with the underlying middle to late Miocene Steens

Basalt sequence.

Collectively, the tuffaceous sedimentary rocks and ash-flow tuff

of sequence A cover approximately 1.5 square milesin the southwest

corner of the thesis area. These rocks have an average attitude of

N. 15°W.., 15°W. and reach a maximum thickness of approximately

300 feet along the southern border of the thesis area. The upper and

lower contacts are not exposed, but the basal contact with the Steens

Basalt sequence is perhaps an angular unconformity because the dips

differ by approximately 10°.

Tuffaceous Sedimentary Rocks. The tuffaceous sedimentary

rocks consist of poorly exposed and extensively weathered tuffaceous

sandstones and conglomerates. These rocks are approximately 200



feet thick and crop out along stream valleys. Basaltic rock fragments,

similar to basalt flows in the upper Steens Basalt sequence, are

found in the sedimentary rocks. These rock fragments suggest that

the basal contact is an erosional surface.

The tuffaceous sedimentary rocks are friable, porous and poorly

sorted. The boulder to sand-sized framework is composed of sub-

angular basaltic rock fragments, pumice, mineral grains, and glass

shards and constitutes approximately 65 percent of the rock. Mineral

grains of angular to subangular pyroxene, biotite, feldspar and quartz

average 1.75 mm in diameter and make up 10 percent of the frame-

work. The matrix is composed of fine grains of framework material,

but is especially rich in glass shards, pumice fragments and mineral

grains.

Graded bedding and scour and fill structures in the tuffaceous

sedimentary rocks suggest a fluviatile environment of deposition.

The subangular and unstable nature of the material indicates short

transport with little reworking prior to deposition. The material was

probably ejected during violent volcanic eruptions, slightly reworked

and then deposited by streams.

Ash-Flow Tuff. The interbedded ash-flow tuff is stratigraphicly

located near the middle of the sedimentary rocks and forms two small

hogbacks, which protrude out of the Quaternary alluvium, The tuff is

approximately 100 feet thick and consists of a firmly welded zone
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overlying a poorly exposed non-welded zone. Upper and lower con-

tacts of the ash-flow tuff are not exposed.

Petrography and Petrochemis try. The poorly consolidated

tuff consists of flattened pumice fragments, vesicles and glass shards

in a very fine -grained groundmass. Phenocrysts of quartz and

feldspar are common. The firmly welded tuff is medium gray (N 5)

and contains elongate pumice fragments and glass shards which form a

well developed eutaxitic texture. Subhedral to euhedral phenocrysts

of quartz, biotite, and albite (An 4) up to six millimeters in diameter

form approximately three, two and 15 percent of the rock, respec-

tively. Basaltic rock fragments and stretched light and dark gray

pumice fragments comprise approximately ten percent of the rock.

The groundmass consists of stretched glass shards and small axiolites

derived through devitrification.

A chemical analysis of the firmly welded zone in the ash-flow

tuff (Table 5, No. 26) indicates that it is rhyolitic in composition.

This analysis is similar to the Canyon Rhyolite of Nevada (No. 28).

Rhyolites" have also been described above the Steens Basalt sequence

in the Steens Mountains (Fuller, 1931).

The ash-flow tuff is probably a simple cooling unit that was

formed by nuee ardent type eruption. The similarity in mineralogy

between the tuffaceous sedimentary rocks and the ash-flow tuff sug-

gests that the material in these rocks is related to the same eruptive



sequence.

Sequence B

The tuffaceous sedimentary rocks of sequence B are exposed

along the base of the eastern face of the east ridge. Tower (1972)

described similar rocks to the south of the thesis area, at Red Point,

and correlated them with rocks in the western Trout Creek Mountains

(Carlton, 1969) approximately ten miles to the southeast. Walker and

Repenning (1965) made the same correlation and also correlated these

units with the Canyon Rhyolite of Virgin Va11ey Nevada (Merriam,

1910). All of these correlations are based upon similar ages and simi-

lar rock types.

The ash-flow tuffs of the Trout Creek Mountains have been dated

by mammalian fossils, in the overlying sediments, and by potassium-

argon age dates as middle to lateMiocene (Canton, 1969). Walker

and Repenning (1965) and Tower (1972) assign an age of middle(?) to

late Miocene to the ash-flow tuffs of the eastern Pueblo Mountains. A

similar age has been assigned to the Canyon Rhyolite and is accepted

here.

The tuffaceous sedimentary rocks and interbedded ash-flow tuff

crop out at the mouth of Cottonwood Creek Canyon and extend north-

ward out of the thesis area. This sequence of rocks, which has an

average attitude of N. 65°W. , 23°SW. , is approximately 200 feet thick.
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The lower contact of the sequeice is buried beneath the Quaternary

alluvium of Peublo Valley. The upper contact, with the Turn-Turn

Conglomerate, is not exposed, but a change in attitude suggests that

it is a fault contact or an angular unconformity.

Tuffaceous Sedimentary Rocks. Approximately 75 percent of

the sequence is composed of poorly sorted and friable, conglomerates

and sandstones. The lower 25 percent of the sedimentary rocks are

composed of tuffs and local beds of diatomaceous opal. The opal beds

are yellowish-gray (5 Y 8/1), 0. 5 to 3. 0 inches thick and exhibit

concoidal fracture. Scour and fill, stratification and cross-bedding

are common in the conglomerates and interbedded sandstones in the

upper part of the sequence.

The fine -grained volcanic wackes near the base of the sedimen-

tary sequence are composed of approximately 85 percent framework

grains. The framework consists of bubble walls, pumice fragments

and mineral grains in a finer grained matrix of glass shards and dust

that are altered to clay minerals. Clastic texture predominates in

these rocks and sometimes shards and pumice fragments are bent

around angular grains of quartz and feldspar. The rocks are friable,

porous and light in weight.

Near the center of the sequence the sandstone beds become

coarser grained. The framework, which forms approximately 75 per-

cent of the rock, consists of subangular mafic volcanic fragments and



subhedral grains of feldspar, biotite and quartz. The mineral grains

average 0. 75 mm in diameter and the volcanic fragments reach two

millimeters in diameter. The matrix consists of fine grains of vol..-

canic rock fragments, pumice fragments and glass shards, all of

which are altered to clay minerals.

The top of the sequence is made up of conglomerate and sand -

stone beds. The framework consists of pebbles cobbles and boulders

up to three feet in diameter in a matrix of medium-grained sand. The

rock fragments are predominantly ash-flow tuff fragments, but fine-

grained and porphyritic basalts were also found. Some of the large

basalt boulders have been derived from recent erosion of the Turn-

Turn Conglomerate.

The angularity of the sedimentary material throughout the

sequence suggests little transport or reworking prior to deposition.

The sedimentary structures in the upper part of the sequence suggest

fluviatile deposition and the diatomite beds in the lower part of the

sequence indicate that at least part of the sequence is lacustrian in

nature.

Ash-Flow Tuffs. The ash-flow tuffs are found as interbeds four

to five feet thick in the middle of the sedimentary sequence. The ash-

flow tuffs are cliff formers, but exposures are poor because of talus

cover.

Petrography and Petrochemistry. Eutaxitic texture is well
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developed in the grayish-green (10 G 4/2) to very light gray (N 8)

ash-flow tuffs. Anhedral to eahedral phenocrysts of quartz, sanadine,

oligoclase and magnetite are found in a fine-grained matrix. The

matrix consists of partially devitrified glass that is partially altered

to kaolinite (X-ray determination). The devitr ification produced

axiolites of alkali feldspar and cristobalite. Elongate pumice frag-

ments and vesicles are oriented parallel to the contacts of the flows.

The oblate vesicles are lined with chalcedony and less commonly

tridymite crystals displaying wedge-shaped twins. These crystals are

the result of vapor phase activity.

A chemical analysis of the middle grayish-green ash-flow tuff

(Table 8, No. 42) indicates that it is similar in composition to the

Canyon Rhyolite (No. 28) of Virgin Valley, Nevada and the ash-flow

tuff in the unit overlying the Steens Basalt sequence (Table 5, No. 26).

This similarity is evidence for acorrelation of this unit with the unit

overlying the Steens Basalt.

Tum-Tum Conglomerate

The Tu.m-Tum Conglomerate has been briefly described by Ross

(1941), Williams and Compton (1953) and Walker and Repenning (1964).

Avent (1965) described the unit in detail and proposed the name Turn-

Turn Conglomerate. Cantoni (1967) reported a similar unit in the

Trout Creek Mountains across Pueblo Valley. The Turn-Turn



Table 8. Chemical and normative analyses of an ash-flow
tuff from the mouth of Cottonwood Creek Canyon
(No. 42) and the Canyon Rhyolite of Virgin Valley,
Nevada (No. 28) (Fuller, 1931).

Oxide 42 28

Si02 77. 2 78.6

Ti02 0.2 0.2

A1203 9.6 9.9

FeO 5.3* 0.8

Fe203 0,7

MnO - - - -

MgO -- 0.1

CaO 0.3 0.7

Na20 3.9 3.3

K2O 4.1 4.3

pr25 100.6 99.7

C. 1. P. W. norms as calculated from the analyses above

Quartz 39.8 41.8
Orthoclase 24,2 25.6
A.patite 26. 6 26. 7
Wollastonite 0.5
Diopside 1.3 2. 1

Hypersthene 3.0 --
limenite 0. 5 - -

Water -- 1.1
Acmite 5.7 0.9

102.5 99,8

*Total iron.
28. Canyon Rhyolite, Virgin Valley, Nevada (Fuller, 1931).
42. Green, eutaxjtic ash-flow tuff from the mouth of

Cottonwood Creek Canyon (JH-41A).
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Conglomerate is exposed along the eastern margin of the Pueblo

Mountains from the vacinity of Red Point (Tower, 1972) to the town

of Fields, Oregon 15 miles to the north. It consists of conglomerates

and crudely interbedded sandstones.

An age of very late or middle Pliocene for the Turn-Turn

Conglomerate has been suggested by Ross (1941) and Walker and

Repenning (1964), respectively. These ages are based on fossil

cameloid bones found in theTurn-Tum Conglomerate near the mouth

of Arizona Creek and near Fields, Oregon (Figure 14).

Field Association

The Tum-Tum Conglomerate crops out east of the pre-Tertiary

metamorphic rocks and covers an area of approximately eight square

miles in the thesis area. Exposures are limited because of the

friable and poorly consolidated nature of the rocks. The best expo-

sures occur along the banks oLmajor east-flowing streams. North of

Arizona Creek the Turn-Turn Conglomerate appears to be undisturbed

and has a general strike N. 25°W., and dip of 21°SW. A thickness of

1700 to 1900 feet was estimated from exposures along Cottonwood

Creek. The clasts decrease in size to the north, south and east of the

Pueblo Mountain area. Exceptions occur at the mouth of Cottonwood

Creek Canyon and at Red Point, where large locally derived welded

tuff boulders are abundant.
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Figure 14. Outcrop of Turn-Turn Conglomerate. Note the crude
stratification, poor sorting and angularity. The
largest boulder is approximately 20 inches in diam-
eter.



The upper and lower contacts of the Turn-Turn Conglomerate,

and the western contact of the conglomerate with the metamorphic

rocks are not exposed. The metamorphic rocks along the west con-

tact exhibit brecciation, sli.ckenslides, mineralization and hydro-

thermal alteration in a zone 500 to 1000 feet wide. This indicates a

fault contact. The eastern contact with the tuffaceous sedimentary

unit at the mouth of Cottonwood Creek has been described earlier.

North and south of Cottonwood Creek, the Turn-Turn Conglomerate has

been uplifted by the eastern range front fault above the Quaternary

alluvium of Pueblo Valley.

In addition to crude stratification, channels, graded bedding and

crude cross-bedding are found locally. The channels range from two

to ten feet wide, 0.5 to 3.0 feet deep, and occur in the sandstone

interbeds. The channel fill is composed of gravel in a sandy matrix.

Rocks found in the Turn-Turn Conglomerate are similar to those

in the pre-Tertiary and Tertiary units of the Pueblo Mountains. The

clasts include vesicular glomeroporphyritic to fine-grained basalts

and andesites, gabbro, greenstones, quartzites, metasandstones and

metaconglomerates, aplite and graniticrocks. Mafic volcanic rock

fragments increase in abundance stratigraphically upward except in

areas immediately adjacent to the metamorphic rocks. The upper

portion of the unit adjacent to the metamorphic unit is rich in meta-

morphic rock fragments. Angular clasts range from one-half an inch
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to 48 inches in diameter and occur in a sandy to silty matrix.

Petrographic analysis of a typical interbedded sandstone mdi-

cates that approximately 40 pe-rcent of the framework consists of

angular to subangular grains of quartz, potassium and plagioclase

feldspar, biotite, pyroxene, muscovite and epidote. Theremaining

60 percent of the framework is composed of mafic and felsic volcanic

fragments, and greenstone, granitic or metasedimentary rock f rag-

ments in varying proportions. The matrix forms approximately 15

percent of the rock and consists of unrecognizable iron-stained argil-

laceous material associated with quartz, feldspar, muscovite, and

lithic fragments. Calcite cement was found in patches. The frame-

work grains average 0. 1 mm in diameter and the matrix grains range

from clay to very fine sand sjze, These rocks are lithic wackes with

the dominant type of clasts dependent on location topographically and

stratigraphically.

All of the rock types found in the Tum-Tum Conglomerate can

also be found in the thesis area. This suggests a local derivation for

this material. Angularity, poor sorting, high porosity and crude

bedding also suggest a relatively short transport and rapid deposition.

The sedimentary structures and physical features are typical of a

fluviatile environment of deposition. It has been suggested by Tower

(1972) and Carlton (1969) that the Turn-Turn Conglomerate was

deposited by ephemeral streams as alluvial fans along the mountain
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front. The observations presented above are consistant with this sug-

gestion.

Quaternary Deposits

Quaternary dune, terrace, playa, slump and alluvial fan deposits

are undifferentiated in the thesis area. Dunes, terraces, playas and

alluvial fans are found in Pueblo Valley. The landslide and slump

blocks are the result of over steepening of the volcanic and sedimentary

rocks and are associated with uplift of the Pueblo Mountain fault block.

The most prominant terrace, approximately 100 feet high, is located

near the mouth of Cottonwood Canyon and marks a water level of a

former intermountainlake. Playa and dune deposits occur near the

playa Turn-Turn Lake. Alluvial fans commonly coalese along the

range-front fault and represent deposits of the east flowing streams

draining the Pueblo Mountains. Broad alluvial fans also occur on the

west side of the mountains in Bog Hot Valley.
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INTRUSIONS

The major intrusive rock types in the thesis area are aplite and

gabbro. The aplite is the oldest intrusion and occurs in the pre-

Tertiary metamorphic rocks. The gabbros are younger and crop out

along the west ridge of the Pueblo Mountains.

Aplite

Field Association

The aplite intrudes metaquartz diorite and fine-grained green-

stone in exposures along Catlow Creek. The aplite occurs as dikes

up to two feet wide that trend approximately east-west. Locally they

are so numerous that the host greenstone appears to be completely

permeated by a stockwork of aplite. The larger dikes contain angular

xenoliths, up to ten inches in diameter, of both types of greenstone

country rocks. The aplite and cross-cutting mineralized quartz vein

are cut by a complex set of epidote-quartz-chlorite veinlets up to

10 mm wide.

Petrography and Petrochemistry

Theaplite is fine to medium-grained allotriomorphic granular,

but occasionally quartz phenocrysts three to four millimeters in

diameter were found. Essential minerals include anhedral quartz
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(30 percent), albite (An 6-8, 5 percent) and microcline (60 percent).

X-ray analysis indicates that the microcline is cryptoperthitic.

Accessory minerals are hornblende, radiating tourmaline, apatite,

and chalcopyrite. Albite is slightly altered to white mica and horn-

blende is altered to chlorite. The approximate modal analysis above

indicates that the rock is a granite (Travis, 1955).

The chemical and normative analyses of the aplite are presented

in Table 9 (no. 43). The chemical analysis supports the petrographic

classification of this rock as a granite.

Gabbro Laccolith(?) and Associated Sill

The gabbro intrusions crop out along the eastern face of the west

ridge. According to Walker and Repenning (1965), they are catego-

rized as "rock types recurrent throughout stratigraphic section or of

unknown or uncertain stratigraphic relations." These authors corre-

lated the gabbro intrusions in the Pueblo Mountains with, "dikes, sills

and necks," in the Steens and -Trout Creek Mountains. Collectively,

the intrusions cover an area of approximately one square mile in the

Pueblo Mountains. They are ound in separate localities, but within

the same stratigraphic position.

Walker and Repenning (1965) assign an age of Miocene, Pliocene

and Pleistocene(?) to intrusions of the Pueblo, Steens and Trout Creek

Mountains. Structural and stratigraphic evidence for the intrusions of



43. Fine-grained aplite from Catlow Creek (JH-156).

44. Fine to medium-grained chilled margin of the Pueblo
Mountains Gabbro intrusion (JH- 217).

M. Marginal Border Group of the Skaergaard Intrusion
(Wager and Brown, 1967).

45. Coarse-grained glomeroporphyritic center of southern
Pueblo Mountains gabbro intrusion (JH-ZO1).

46. Middle zone of the Skaergaard intrusion (Wager, and
Brown, 1967).
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Table 9. Chemical and normative analyses of the fine to medium-
grained aplite (no. 43); and comparison of chemical band
normative analyses of the chilled margin and coarse-grained
center of the Pueblo Mountain gabbro (Nos. 44 and 45). with
similar rocks from the Skaergaard Intrusion of the southeast
greenland (No. 46 and letter M) (Wager and Brown, 1967).

Oxide 43 44 M 45 46

Si02 74.0 51. 5 48.6 48.3 48. 2

Ti02 0.2 1.4 1.2 2.2 2.6

A1203 12.7 17.4 17.5 18.4 18.2

FeO 0.9* 9.8* 9.9* 12.0* 11.8*

Fe203 - - - - - - - - - -

IVInO * * * 0. 2 * * 0, 1

MgO -- 7.6 8.7 4.6 5.2

CaO 1.4 11.9 11.5 9.1 10.2

Na20 2.4 2.6 2.4 3.7 3.5

K20 6.6 0,4 0.2 1.1 0.2

P20 0. 1 0. 1

Fl z0 * * * 1. 0 * * 0. 2

98.2 1018 101.3 99.4 100.3

C. 1. P. W. norms as calculated from the chemical analyses above

Quartz 32.4 -- -- -- --

Orthoclase 39.3 2.7 1.5 6.5 0.8
Albite 19.9 21.6 20.1 30.4 29.3
Anorthite 4.5 34.7 35.6 30.4 33.3
Nepheline -- -- -- 0.5 --
Diopside 1.0 19.4 16.4 9.5 13.9
Hypersthene -- 13.8 7.6 -- 4.7
Olivine -- 6.0 13.5 13.8 9.2
Ilmenite 0.5 2.6 2.2 4.1 5.0
Magnetite 0.7 1.9 1.9 3.6 3.6
Apatite --. 0.2 0.2 1.1 0.1
Water -- 1.1 1.1 0.3 0.2

98.3 104.0 100. 1 100.2 100. 1

* Total iron.
** Not determined
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the Pueblo Mountains suggests a late Miocene or Pliocene age of

emplacement.

Field Association

The gabbros intrude the central portion of the Steens Basalt.

They appear to be concordant with the underlying and overlying vol-

canic rocks at both locations. The eastern exposures of the intrusions

form steep cliff faces and to the west the dip-slopes are eventually

overlain by basalt flows.

The most prominant joint sets in the intrusions are N. 60-80°E.

vertical to 66°NE. and N. 30-50°E. , 60-70°SE. Jointing in the very

coarse-grained glomeroporphyritic center of the southern intrusion is

widely spaced forming rectangular blocks and slabs one to five feet

thick and five to ten feet long. In the finer-grained border zones, and

in the core of the northern intrusion the jointing is more closely

spaced. For purposes of discussion, the intrusions will be referred

to as the northern intrusion and the southern intrusion (see Plate 1).

Northern Intrusion

Most of the exposed part of the sill-like northern intrusion lies

within the thesis area where it Ls 150 to 200 feet thick, approximately

7900 feet long and finer grained than the intrusion to the south. The

width of the intrusion was not determined because of the lack of
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out-crops. The coarse-grained center of the intrusion is 50 to 75 feet

thick and enveloped by a fine to medium-vained chilled border. The

contact between the core and the chilled margin is sharp. The upper

and lower contacts of the intrusLon are not exposed. The exposed

marginal contact of the east side of the intrusion is represented by the

eastern cliff exposure. This interpretation is based on similar

exposures of the southern intrusion, where the contact with basalt

flows is exposed. The porphyritic basalt flow overlying the intrusion

is bleached pale red-purple (5 RP 6/2). The dark gray (N 3), medium-

grained upper chilled border contains light olive-gray (5 Y 6/1)

coarse-grained gabbro stringers up to four inches wide. The stringers

were not found in the overlying basalt flows and are more resistant to

weathering than the brownish-gray (5 YR 4/1) chilled border.

Petrography. The chilled border of the northern intrusion is

subophitic toophitic. Titanaugite, olivine and labradorite comprise

95 percent of the rock. The subhedral to euhedral grains of pinkish-

violent titanaugite comprise 30 percent of the rock. They average two

millimeters in diameter and are unaltered and commonly twinned.

Anhedral grains of olivine make up approximately 20 percent of the

rock and average 0.5 mm in diameter. The olivineis altered to

iddingsite and smectite along grain boundaries and fractures. Forty

percent of the rock is composed of subhedral laths of labradorite (An

50-60) one to three millimeters in diameter. It is normally zoned
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and relatively fresh although minor alteration to smectite and white

mica can be found along fractures. Accessory minerals which form

five percent of the rock include interstitial magnetite and ilmenite,

apatite and rutile.

The coarse-grained center of the intrusion is mineralogically

similar to the chilled border. The labradorite in the coarse-grained

core has a slightly lower An-content (An 4 8-55) than in the chilled

border. Larger grain size and a decrease in the amount of alteration

also occur in the center of the intrusion.

The stringers of gabbro that cut the chilled border are similar

to the coarse-grained center of the intrusion. Essential minerals

include unaltered titanaugite, subhedral plagioclase and anhedral

olivine partially altered to smectite and iddingsite. Labradorite (An

50-55) laths up to six millimeters in length form approximately 55

percent of the rock. They are normally zoned, fractured, and contain

rims of albite (An 5). The labradorite is altered to clay minerals and

zeolites along fractures. Calcite and zeolites occur interstitially in

the stringers and may represent alteration of primary pore material.

Southern Intrusion

The southern gabbroic intrusion (Figure 15) is the larger of the

two and exposures are confined entirely to the thesis area. It reaches

a maximum thickness of approximately 750 feet and contains a



Figure 15. Reddish-brown southern gabbro laccolith(?) and over-
lying dark gray porphyritic latite and associated flows.
The coarse -grained center and margin of the gabbro
intrusion are represented by the cliff face. The upper
chilled border of the gabbro is the reddish brown mate-
rial. The hummocky topography in the foreground is
the result of landsliding. In the immediate foreground
are outcrops of pre-Tertiary metamorphic rocks with
light gray residual boulders of the basal conglomerate
of the Pike Creek Formation between them. Near the
center of the picture is the intersection of two basalt
dikes. Note the undulatory nature of the basalt flows on
the left side of the photo (south). The top of the picture
is the crest of the west ridge.
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coarse-grained chilled border. The lens-shaped core is approxi-

mately 200 feet thick, near the center of the intrusion and can be fol-

lowed for approximately 4000 feet in a north-south direction. The

contact between the core and the upper chilled border is sharp (Figure

16), and gradational over an interval of five to ten feet in some area.

Neither the basal nor upper contacts are exposed. An overlying

prophyritic basalt flow has been bleached to a grayish-purple color

(5 P 4/2).

Although most of the marginal contact zone of the gabbro has

been removed by erosion, a few outcrops occur along the southern

part of the eastern cliff face where a series of near horizontal basalt

flows are in sharp vertical contact with the chilled margin of the

intrusion. The basalt flows are aphanitic to porphyritic and become

darker in color, suggesting baking, with proximity to the contact.

The basalt flows are commonly intercalated with wedge-shaped sills

of medium to coarse-grained gabbro. Stringers and lenses of coarse-

grained glomeroporphyritic gabbro occur in the chilled margin. The

contacts of the stringers and lenses with the finer grained chilled

margin gabbro are sharp and irregular.

An unique outcrop of gabbro along the marginal contact (SW

corner of NW* SW* SW sec. 2, T. 40 S., R. 34 E.) consists of a hori-

zontal sequence of feldspar layers 12 to 16 inches thick and approxi-

mately two feet wjde. These layers are one to two inches thick and



Figure 16. Photomicrograph of the contact between the coarse-
grained core (right) and the fine-grained upper chilled
border (left) of the southern gabbro intrusion. Note
the fractured nature of the plagioclase.
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composed of thin, parallel, toothpick-like feldspar laths oriented

normal to the layering. A similar feature in the Skaergard Intrusion

of southeast Greenland has been referred to as perpendicular feldspar

rock (Wagner and Brown, 1967).

The surface exposure of the southern intrusion contains residual

angular boulders and cobbles of Steens Basalt sequence material that

originally capped the intrusion. The residual material consists of

fine-grained and porphyritic basalt and rhyolite fragments.

The chilled border rocks of the southern intrusion are porphyri-

tic, medium to coarse-grained, and weathered to a pale reddish-brown

(10 R. 2/1). The core of the intrusion is very coarse-grained,

glomeroporphyritic, unaltered, and more resistant to weathering than

the chilled margins. In general, the plagioclase phenocrysts of the

core and the chilled margins are aligned with their longest dimension

trending north-south to northeast.

Petrography. The microscopic textures of the chilled marginal

gabbro are ophitic and porphyritic. The essential minerals are

plagioclase, pyroxene and olivine. The accessory minerals apatite,

biotite, magnetite and ilmenite form approximately five percent of the

rock. Phenocrysts of labradorite-bytownite (An 66-75) occur as zoned

laths one to eight millimeters in length and form approximately 50

percent of the rock. Subhedral plagioclase contains included magnetite

and olivine and is slightly altered to zeolites and kaolinite (X-ray



determination) along fractures. Olivine anhedra average 0. 5 mm in

diameter and form approximately 20 percent of the rock They are

invariably altered to smectite and iddingsite at the margins and along

cross-cutting fractures. Subhedral titanaugite is faintly pleochroic,

yellowish-brown to grayish-brown in color and orms approximately

25 percent of the rock. It is unaltered, commonly twinned and occurs

interstitial to the plagioclase. Some sorophitic titanaugite is optically

continuous for eight millimeters. Magnetite and ilmenite, occur as

ernbayed and skeletal grains forming up to four percent of the rock.

The very coarse-grained glomeroporphyritic center of the

southern intrusion (Figures 17 and 18) is also ophitic and mineralogi-

cafly similar to the chilled margins. Labradorite (An 54-64) occurs

as laths up to 30 mm long and forms approximately 60 percent of the

rock. The subhedral grains are unaltered and commonly contain

rounded olivine and orthopyroxene as poikilitic inclusions. The rims

of the labradorite are usually untwinned and less calcic than the cores.

Fifteen percent of the rock is made up of subhedral to euhedral grains

of olivine, which average 1. 5 mm in diameter. It is altered to

iddingsite, smectite and magnetit.e along fractures and grain bound-

aries. Pyroxene euhedra and anhedra two to four millimeters in

diameter form approximately 10 percent of the rock. Minor hyper-

sthene and twinned titanaugite occur in equal proportions in the gabbro.

Magnetite and ilmenite which form 10 percent of the rock occur as
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Figure 17. Coarse-grained glomeroporphyritic gabbro from the
center of the southern intrusion. The pencil is 5.7
inches long.



Figure 18. Photomicrograph of the coarse-grained center of the
southern gabbro intrusion. The minerals include
labradorite (white to greenish gray), olivine (greenish-
yellow) and titanaugite (brown). The longest feldspar
grain is approximately four millimeters in length.



skeletal anhedra and as an alteration product of olivine. Accessory

minerals include apatite, zircon, brown biotite, green hornblende and

quartz. These minerals comprise approximately three percent of the

rock. The remaining two percent of the rock consists of an unidenti-

fied interstitial mineral. The mineral is associated with angular

quartz and is sometimes graphically intergrown with it. It also

occurs in fractures in the plagioclase. Optical properties of the

mineral include very low relief (n < B), low birefringence, strained

appearance, cleavage in two directions, and a biaxial negative inter-

ference figure with a 2V greater than 55°.

Petrochemistry of the Intrusions

Chemical and normative analyses of the Peublo Mountains

gabbros are given in Table 9. The analyses are also plotted on the

AMF diagram (Figure 12) and the silica-total alkalies-alumina rela-

tion diagram (Figure 13). Analyses of the Skaergaard Intrusion of

southeast Greenland (Wager and Brown, 1967) are presented in Table

9 for comparison. The samples from the Pueblo Mountains represent

the chilled border (No. 44) and the very coarse-grained glomeropor-

phyritic center of the intrusions (No. 45). The Skaergaard analyses

are from the Marginal Border Group (M) and the lower part of the

Middle Zone (No. 46) of Wager and Brown (1967).

The most significant similarities between the chilled borders



and coarse-grained centers of the Skaergaard and Pueblo Mountains

intrusions are in the oxides of sodium, calcium, iron and magnesium.

Calcium and iron increase in abundance from themargins of both

intrusions inward. Soda and magnesia, on the other hand, decrease in

abundance from the margins inward. These similarities suggest that

the intrusions of the Pueblo Mountains have fractionated along a trend

similar to that of the Skaergaard intrusion.

Emplacement of the Pueblo Mountains Intrusions

The form, topographic expression, and structures of the Pueblo

Mountains intrusions are very similar to those of the Shonkin Sag and

other laccoliths of the Highwood Mountains, Montana (Hurlbut, 1939),

Lithologically the intrusions are dissimilar, the latter being shonkin-

ites and syenites.

According to Hurlbut (1939), the magma of the Shonkin Sag

Laccolith was intruded into the bedded country rocks as a sill. Cool-

ing of the margins prevented further lateral expansion of the sill.

Inward progression of crystallization frbm the margins resulted in an

increase in internal pressure in the magma. The "central molten

disk" pushed on the roof of the intrusion as on a piston. A circular

fracture formed at the margin of. the central disk and the disk rose to

produce near vertical margins and an arched upper surface that later

subsided. As the disk rose magma was injected into the surrounding



rocks as stringers and sills

The sill-like nature of the Pueblo Mountairs intrusions is evi-

denced by the horizontal contacts of the upper chilled border with the

coarser-grained centers. The vertical contact of the southern Pueblo

Mountains intrusion with the Steens Basalts may be similar to the

contact produced in the Shonkin Sag Laccolith by uplift of the central

disk. Sills protruding into the Steens Basalts and stringers in the

marginal gabbro occur along this contact and are similar to those

found in the Shonkin Sag Laccolith.

Indirect evidence for doming of country rocks overlying the

southern intrusion is suggested. by the presence of residual rhyolite

rock fragments on top of the southern intrusion. These rhyolite frag-

ments are similar to the porphyritic rhyolite flow found 400 feet below

the top of the intrusion (see page 39).

The similarities between the Pueblo Mountains intrusions and

the Shonkin Sag Laccolith suggest a similar method of emplacement.

The southern gabbroic intrusion is therefore thought to be a laccolith.



GEOMORPHO LOGY

Erosion is the primar process effecting the geomorphic form

of the Pueblo Mountains. Running water is the most important agent

of this process. The processes of mass wasting weathering, aggra-

dation, and. glaciation have also contributed to the surficial form of

the area.

Maximum stream runoff occurs in the spring and summer from

melting snows and thunder showers. During these seasons the

streams carry large amounts of coarse debris because of their steep

gradients and large volumes of water.

Metamorphic rocks of the east ridge are dissected by short high

gradient streams. The high gradients are the result of the steep dips

of the unit and the crystalline and well indurated nature of these rocks.

The consequent streams, which drain the dip slope of the west

ridges form a dendritic drainage pattern. The steep eastern face of

this ridge is drained by streams with high gradients that decrease on

the floor or the median high vailey.

A small cirque near the head of Dip Creek on the west ridge

indicates that glaciation has been active in the past. Tower (1972)

also reported "a small cirque at the head of Stone House Creek.

These cirques occur above approximately 6000 feet.

The highland valley was initially formed by a subsequent stream



that eroded along the Tertiary-pre-Tertiary contact. Pleistocene,

alpine glaciation increased the. dimensions of the north-south-trending

stream valley. Terraces south of the two of Fields, Oregon may

represent outwash deposits derived by albation of the glacier. These

deposits were probably terraced by a Pleistocene lake in Pueblo

Valley. Headward erosion by east flowing streams, followed melting

of the glacier. These streams breached the east wall of the valley and

removed the glacial debris leaving bedrock exposures of the Steens

Basalts, Subsequent erosion has largely removed the head wall of the

glacial valley. It is represented by a saddle (col) between Pueblo

Mountain and the west ridge.

Three types of mass wasting are commonly found near Pueblo

Mountain, down slope creep, landsliding and slumping. Landsliding

and slumping are most important and occur where unstable Tertiary

rocks, such as the Turn-Turn Conglomerate and the Pike Creek

Formation, are in contact with the steep slopes of Pueblo Mountain.

East of Pueblo Mountain the Turn-Turn Conglomerate is disrupted by

slumping (Figure 19), which has produced irregular attitudes and

prorninant slump scars 75 to 125 feet high. Hummocky topography,

with numerous springs and clased ponds is common along the high

bench near the pre -Tertiary metamorphic rocks.

An east dipping landslide block of Steens Basalt flows, which

covers approximately one-half square mile, occurs near the center



Figure 19. Landsliding in the Turn-Turn Conglomerate east of
Pueblo Mountain (upper right corner). Note the
hummocky topography, the switchbacks and adit near
the center of the picture. The upper right hand corner
of the photo represents the crest of the east ridge.



of the thesis area along Cottonwood Creek (see Plate 1).

Numerous alluvial fans, extending into Pueblo Valley, occur

along the eastern front of the west ridge. The alluvial fans commonly

coalese and are dissected by their own streams as a result of move-

merit along therange front fault or decrease in their bed load.

Alluvial fans also occur in Bog Hot Valley and represent deposits of

west flowing streams draining the dip-slope of the west ridge. Sand

dunes, playa deposits and terraces are found in Pueblo Valley near

the playa Tum-Tum Lake.

The steep, narrow valleys produced by the geomorphic pro-

cesses in the Pueblo Mountains indicate that the mountains are in the

youthful stage of erosional cycle.

-4
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STRUCTURAL GEOLOGY

The Peublo Mountains are a north-south-trending range in the

northern part of the Basin and Range-Structural Province. Early work

in southern Oregon, especially in the Steens and Pueblo Mountains, by

Fuller and Waters (1929) lead them to discard the earlier

compressional-thrust faulting mechanism for the origin of the Basin

and Range structures (Smith, 1927). Alternatively they provided

evidence to support a tensional normal-fault hypothesis. In 1962,

Donath concluded that initial faulting in the Province was of the con-

juate strike-slip shear type caused by north-south maximum and east-

west minimum principal stresses. Later block faulting with dip-slip

movement along the shears was the result of a redistribution of

surface forces acting on the individual fault blocks. The redistribu-

tion of surface forces may have been caused by folding in the underly-

ing sedimentary rocks. Extension possibly occurred either during or

following the block faulting stage,

The hornoclinal structure of the Tertiary volcanic and sedimen-

tary rocks, which dip approximately 22°W. in the western part of the

thesis area, is the dominant structural feature. Major faults in the

thesis area include those of the eastern range front and the fault con-

tact of the Turn-Turn Conglomerate with the pre-Tertiary metamorphic

and Tertiary volcanic and sedimentary rocks. The eastern range
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front is composed of at least two fault sets which trend approximately

N.35°W. and N. 15°E. and form a rhombic zig-zag pattern. The

faults have produced prominant faceted spurs in the Turn-Turn Con-

glomerate. They have also cut and vertically displaced recent alluvial

fans at the mouth of Cottonwood Creek Canyon. The faults along the

western contact of the Turn-Turn Conglomerate parallel the range front

fault set, which trends N. 35°W. The contact is evidenced by breccia-

tion, slickensides, silicic intrusions, alteration and scattered low-

grade mineralization. Dip-slope displacement along the fault has

tilted the Tum-Tum Conglomerate, which was originally gently east-

dipping alluvial fans, to the west. The range front fault may have

also contributed to the present orientation of these rocks.

The minimum dip-slip displacement along the range front faults

in the thesis area is approximately 16, 850 feet. This value is obtained

by extending the uppermost Steens Basalt flow into the plane of the

near vertical faults.

Faulting in the Pueblo Mountains probably began in late Miocene

or early Plicocene time because the west-dipping middle to late

Miocene Steens Basalt sequence is overlain with angular unconformity

by sedimentary rocks and ash-flow tuff of late Miocene age. The

faulting has continued to the present as suggested by the faulted allu-

vial fan at the mouth of Cottonwood Creek Canyon.



Three dominant joint sets occur in the pre-Tertiary basement

rocks. The first strikes N. 80°SE. , the second strikes N. 75-85°W.

and is vertical, the third is nearly horizontal.
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ECONOMIC GEOLOGY

The Pueblo Mountains were first explored for gold, copper and

mercury by prospectors in the late 1800's. In the 1940's and 1950's

renewed exploration by individuals and groups produced numerous

adits, shafts and prospect pits, throughout the areas of mineralization.

Exploration in the area has continued to the present. Hanna Mining

Company, in the summer of 1970, conducted a drilling program in

Denio Canyon (sec. 18, T.41 S., R.35 E. and sec. 13, T.41 S.

R. 34 E.) near a gossan (Rowe, 1971). At the same time Vanguard

Exploration Company conducted an Induced Polarization (I. P.) survey

in the Pueblo Mountains north of Horse Creek. The culmination of the

Vanguard survey was a drill hole approximately 1500 feet deep in the

southern part of section 12, T. 39 S. , R. 34 E. In the summer of 1971

an unknown company conducted a drilling program in the vacinity of

Roux Creek (sec. 1 and 2, T. 39 S., R. 34 E.). The prospects and

mineralization of the northern Pueblo Mountains have been delt-with

in some detail by Ross (1941) and Williams and Compton (1953),

Mineral Deposits

Low-grade mineralization is locallized along a northeast trend-

ing belt up to three-fourths of a mile wide and 40 miles long. The

belt extends from Red Point north into the southern Steens Mountains.



It is confined to the Tertiary volcanic and sedimentary rocks and the

pre-Tertiary metamorphic rocks near their contact with the Tertiary

Turn-Turn Conglomerate (see Plate 2).

Mineralization in the Tertiary volcanic rocks occurs as small

lodes, disseminations and fissure veins in the altered country rocks

and as disseminations in silicicintrusions. In the pre-Tertiary

metamorphic rocks of Pueblo Mountain, mineralization is predomi-

nantly of the lode-type.

Prospects in the Tertiary volcanic unit are located in or adjacent

to silicic intrusions which crop out as dike-like masses 25 to 8900

feet long and 10 to 50 feet wide. Most of the intrusions trend north-

west and are bordered. by hydrothermally altered country rocks. The

intrusions were probably emplaced as silica-rich masses, possibly

rhyolites along faults. Subsequent brecciation caused by renewed

faulting provided channels for the hydrothermal fluids which silicified

the intrusions and deposited quartz, tourmaline and minor sulfide

minerals in fractures and cavities. The hydrothermal fluids also

produced alteration and mineralization in the country rocks that are

locally disrupted between intrusions. Slickensides indicate that some

fault movement post-dates hydrothermal activity.

Prospects in the pre-Tertiary metamorphic rocks occur along

the eastern faink of Pueblo Mountain in a zone of intense hydrothermal

alteration. They are also present along fault zones and quartz veins
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up to 15 feet thick that cut the pre-Tertiary metamorphic unit.

Hydrothermal Metalization

The common ore minerals in the northern Pueblo Mountains are

schwatzite (mercuric tetrahedrite), chalcopyrite, cinnabar, hematite

and pyrite. Less abundant ore minerals include enargite, arseno-

pyrite and possibly galena (Ross, 1941). Common secondary ore

minerals include chalcocite, covellite, malachite, azurite, chryso -

colla, tenorite and cuprite. Gangue minerals are quartz, chalcedony,

calcite, dolomite and clay minerals.

The paragenetic sequence of ore deposition as established by

Williams and Compton (1953) is pyrite, chalcopyrite and enargite and

tetrahedrite, schwatzite and cinnabar. Crystallization of enargite

and tetrahedrite began before crystallization of chalcopyrite had

ceased, and continued thereafter. This was followed by the deposition

of schwatzite which replaces chalcopyrite in irregular veinlets and

blebs. The sequence of ore deposition, as determined by the author

from polished sections of mineralized pre-Tertiary metamorphic

rocks, is pyrite, chalcopyrite, and cinnabar. Oxidation of chalcopyrite

leads sequentially to the formation of tenorite, chrysocolla, and

malachite and azurite.

A lateral zonation of ore minerals has been noted by Williams

and Compton (1953) in the northern Pueblo Mountains. The major ore



minerals of the southern portion of the district are hematite, pyrite,

chalcopyrite with minor cinnabar and schwatzite. To the north,

schwatzite and cinnabar increase considerably relative to chalcopy-

rite. North of Fields, Oregon cinnabar is the dominant ore mineral.

Go s sans

Weathering of the mineralized zones has formed gossans along

the entire length of the hydrothermal belt. The best exposures occur

along Cottonwood Creek (see Plate 1 and Figure 6), in the southern

portion of the hydrothermal belt, where stream erosion has produced

approximately 400 vertical feet of outcrop. A host intrusive was not

observed at this outcrop. The gossan is dark yellowish-orange (10

YR 6/6) to moderate brown (5 YR 4/4) contains numerous cavities,

minor pyrite and relic plagioclase phenocrysts. The phenocrysts sug-

gest that the original rock material may have been greenstone or

mafic volcanic rock.

A poorly exposed gossan also occurs on the east flank of Pueblo

Mountain. This gossan is probably correlative to the Cottonwood

Creek gossan.

Hydrothermal Alteration

Hydrothermal alteration is extensive along the belt of low-grade

mineralization, It is associated with the gossans in the pre-Tertiary



metamorphic rocks and the silicic intrusions to the north where the

country rocks have been bleached and heavily iron-stained.

Petrographic analyses indicate that the typical alteration miner-

als of the district are quartz, chalcedony, kaolinite and montmoril-

lonite group clays, tourmaline and sericite. Minor chlorite, epidote,

alkali feldspar and biotite were also found. The hydrothermal altera-

tion in the Tertiary rocks is dominantly silicification and the propy-

litic type of Creasey (1959, 1966). Silicification occurs along frac-

tures in the silicic intrusions. The propylitic alteration includes

kaolinite group clays, chlorite, epidote, and sericite.

In the pre-Tertiary rocks the hydrothermal alteration has been

super imposed on low-grade greens chist regional metamorphism.

This results in alteration assemblages characteristic of the propy-

litic, argillic, quartz-sericite and potassic alteration types of Greasy

(1959, 1966).

Petrography and Petrochemistry

Petrographic analyses of the Cottonwood Creek gossan indicated

that argillic alteration is associated with it. The gossan contains

albite (An 2-5) phenocrysts, as short stubby laths, in a matrix of

white mica (sericite) and very fine-grained chalcedonic quartz (Figure

20). The albite phenocrysts average 1.5 mm in diameter, are frac-

tured, and form up to 20 percent of the rock. They are extensively
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Figure ZO. Photomicrograph of the Cottonwood Creek gossan.
Minerals include fiberous tourmaline (high birefrin-
gence), quartz (white to grayish-green) and white
mica (orangish-green). Horizontal field of view is
approximately two millimeters.
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altered to sericite and kaolinite group clays. Cavities and fractures

in the rocks are filled or lined with quartz, limonite, jarosite, mont-

morillonite group clays, chlorite and minor pyrite and tourmaline.

Chemical and normative analyses of the hydrothermally altered

metamorphic rocks (Nos. 47, 48, 49, 50, 51, 52 and 53) and the

sil.icic intrusions (Nos. 54, 55, 56 and 57) are presented in Table 10

and Table 11, respectively. Comparison of the chemical data for

altered metamorphic rocks and postulated unaltered equivalents (Table

12, Nos. 1, 2, 3, 5 and 6) indicates an average loss of 2.9 weight

percent magnesia, 6. 0 weight percent calcium, 0. 8 weight percent

soda, and 5. 5 weight percent total iron. Silica has increased by 5. 1

to 29. 6 weight percent and the other oxides have remained constant.

The silicic intrusions are enriched in silica (greater than 80 weight

percent) as a result of silication.

The analyses of the Cottonwood Creek gossan (Table 10 Nos.

50, 51 and 52) are plotted on an AKF argillic alteration diagram (Fig-

ure 21) of Creasey (1966). Analyses of the pre-Tertiary metamorphic

rocks of Table 12 (Nos. 1, 2, 3, 5 and 6) may represent the parent

material prior to alteration and are plotted on this diagram. The

alteration analyses plot in the field of the montmorillonite-chlorite-

muscovite assemblage of argillic alteration, which was also found in

the petrographic examinations. Because the hydrothermally altered

rocks plot (Figure 21) in a different area of the diagram than do the



47. Altered fine -grained metavolcanic (JH - 160).

48. Yellowish-orange altered, medium-grained metamorphic
rock with tourmaline suns (JH-159).

49. Gray metavolcanic with disseminated pyrite from the
head of Arizona Creek (JH-175).

50. Yellowish-brown porphyritic gossan material from
Cottonwood Creek gossan (JH-131A).

51. Yellowish-brown porphyritic gossan material from
Cottonwood Creek gossan (JH-132).

52. Yellowish-brown prophyritic gossan material from
Cottonwood Creek gossan (JH-169).

53. Reddish-brown s ilicified and bre cciated meta-fels ic
volcanic flow (JH-96).



Table 10. Chemical and normative analyses of hydrothermally altered
pre-Tertiary metamorphic rocks.

Oxide 47 48 49 50 51 52 53

Si02 76.2 76.8 66.5 67.3 72.4 78.8 76.8

Ti02 0.9 0.1 0.6 1.0 1.0 0.2 0.1

A1203 17.7 15.0 19.3 19.0 16.5 14.6 13.1

FeO 0.2* 1.8* 3.8* 1,7* 1.8* 6.5* 1.2*

Fe203

IvInO * * * * * * * * * * * * * *

MgO 0.3 0.5 0.4 0.6 0.2 0.4 --

CaO 0.8 0.2 0.6 0.4 0.4 0.2 0.2

Na2O 0.5 0.6 2.4 3.6 4.0 0.6 3.6

1(20 2.7 3.9 7.8 4.0 2.8 3.6 3.6

99.3 98.9 9.4 99,7 99.0 100.2 99.7

C. 1. P. W. norms calculated from the analyses above

Quartz 61.0 56.9 20.6 29.3 37.0 60.0 37.2
Orthoclase 15,7 23.1 46.4 23.6 168 21.6 27.8
Albite 4.2 5. 1 20.3 30.5 33.8 5. 1 30.5
Anorthite 4.0 1.0 3.1 2.0 2.2 1.2 1.1
Hypersthene 0.8 1.9 -- 1.5 0.5 1.5 0.4
Ilmenite 1. 8 0.2 1.2 2.0 1. 8 0.4 0.2
Magnetite 1.1 1.4 1.1 3.0 -- 1.4 1.0
Hematite 0.6 -- 0.2 -- 0.9 -- --

Corundum 12.6 9.4 5.7 8.0 6.0 9.2 1.7
Sphene -- -- -- -- Tr -- --

91.8 99.0 98.6 99.9 99.0 100.4 99.9

* Total iron.
** Note determined.



54. Brecciated silicic intrusion with chrysocolla filling
fractures (JH-109A).

4

55. Brecciated silicic dike south of the Cottonwood Creek
gossan (JH-166).

56. Silicified porphyritic dike north of the Cottonwood Creek
gossan (JH-114),

57. Fine-grained brecciated silicic dike from Roux Creek
area (JH-224).
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Table 11. Chemical and normative, analyses of the silicic intrusions
in the Tertiary volcanic rocks.

Oxide 54 55 56 57

Si02 84.0 80.0 81.3 92.0

Ti02 0.7 0.5 0.5 0.3

A1203 11.3 10.4 16.5 4.0

FeO 0.8* 6.5* 0.2* 2.3*

Fe203 -- -- -- --

N4n0 * * * * * * * *

MgO 0.3 0.4 -- 0.1

CaO 0.4 0.4 0.6 0.5

Na20 0.4 0.4 0.2 0.2

1(O 1.6 0.9 0.4 0.4

99.5 99.5 99.7 99.8

C.I. P.W. norms as calculated from analyses above

Quartz 74.3 71.8 78.0 88.0
Orthoclase 9.8 5.3 2.2 2. 1

Albite 3.4 3.4 1.3 1.7
Anorthite 1.0 2.0 1.6 2.5
Hypersthene 0.8 3. 1 -- 0.9
Ilmenite 0.8 1.0 0.2 0.5
Magnetite -- 5.3 -- 1.8
Hematite 0.4 -- 0.1 --
Corundum 8.5 8.0 15.2 2.4

99.7 99.9 99.6 99.9

* Total iron.
** Not determined
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Table 12. Selected hydrotherrnally unaltered greenstones from Table
2.

Oxide 1 2 3 5 6

Si02 49.2 56.8 55.2 60.3 61.4

Ti02 1.1 0.8 1. 1 1.0 0.6

Al203 16.1 19.1 16.4 17.4 17.4

FeO 11.2* 6,4* 7.5* 4.0* 6.2*

Fe203 - - - - - - - - - -

IVInO * * * * * * * * * *

MgO 6.0 1.6 4.4 2.7 1.5

CaO 9.8 5.9 7.2 7.1 2.5

Na2O 3.6 6.0 3.6 6.9 4.8

K2O 0.3 2.7 4. 1 0. 1 5,3

p2 0 * * * * * * * * * *

97.3 99.3 99.5 99.5 99.7

C. I. P. W. norms as calculated from the chemical analyses above

Quartz 0.4 -- 1.2 4.5 5.2
Orthoclase 1.6 15.7 24.2 0.8 31.4
Albite 30.5 48. 1 30. 5 58.4 40.6
Anorthite 27.0 17.4 16.5 16.1 10.2
Nepheline -- 1.4 -- -- --

Diopside 17.2 9.6 15.1 14.5 1.7
Hypersthene 10. 1 -- 3.5 -- 4.7
Olivine -- 0.9 -- -- --

Ilmenite 2.2 1.5 2. 1 2.0 1.2
Magnetite 8.9 5. 2 6.0 3. 2 4.9

97.9 99.8 99.1 99.8 99.9

* Total iron.
** Not determined.
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Table 13. Estimated modal analyses of pre-Tertiary metamorphic
rocks and silicic intrusions of Tables 10, 11 and 12.

1 2 3 5 6

Hydrothermally unaltered pre-Tertiary metamorphic rocks
Quartz 5 20 10 23 10

Chlorite 10 8 10 15 25
Epidote 25 10 30 25 25

Plagioclase - - - - - - - - -

Relic 5 40 35 30 20
Microlites 40 -- 10 -- 10

Hornblende 1 -- 3 - - 5

White mica 5 2 1 1 21

Opaques 1 5 1 1 5

Unidentifiable 2 15 - - 5 - -

47 48 49 50 51 52 53

Hydrothermally altered pre-Tertiary metamorphic rocks
Quartz 40 5O 30 15 25 20 15

Epidote -- <1 -- -- -- --

Plagioclase relic 5 24 25 25 20 15 5

Tourmaline <1 <1 <1 <1 -- -- <1
White mica 20 10 15 10 10 10 --
Clays 15 15 15 10 10 5 5

Opaques -- -- S -- -- 5 --
Unidentifiable 20 - - 10 40 35 45 75

54 55 56 57

Silicic intrusions
Quartz 60 67 80 85
Plagioclase relic -- -- 10 5

Tourmaline -- <1 -- --
White mica 30 10 10 5

Clays -- 5 -- --
Opaques 2 3 -- --

Chrysocolla 8 -- -- --

Unidentifiable -- 15 -- 5



Kaolinite
A1203 -(Na20+K20+CaO)

2
MgO+FeO+MnO

K-feldspar
Talc

Figure 21. Compatibility diagram for argillic alteration. Si02 and
H20 occur in excess and quartz occurs in every assem-
blage. From Creasey (1966). End member oxide values
for each sample are recast to 100 percent. Oxide values
are based on weight percents.
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unaltered regionally metamorphosed rocks, chemical gains and losses

described above and by Creasey (1959) presumably are the result of

hydrothermal alteration and not regional metamorphism.

Classification and Discussion

Mineral deposits of the northern Pueblo Mountains are classi-

fied as fissure veins, tension-crack fillings and lode fissures of the

cavity filling and replacement variety according to Bateman (1950).

This is in agreement with the classification scheme of Lindgren (1933).

According to Linclgrents
classification, the deposits are of the epi-

thermal type. Epithermal deposits are characterized by low tempera-

tures (50-200°C) and moderate pressures of formation, brecciation

and the occurrence of ore in cavity fillings, irregular veins and stock.-

works. Typical ore minerals are cinnabar, chalcopyrite, galena,

tetrahedrite, gold, silver and pyrite. Gangue minerals include

quartz, calcite, chlacedony, dolomite and kaolinite.

Williams and Compton (1953) have postulated that the lode

deposits of the Pueblo Mountains formed in two hydrothermal stages.

The first stage produced the "reef-like" masses of chalcedony and

quartz, which were enveloped by limonitic and calcic clays. The

second stage deposited sulfides of iron, copper and mercury, where

the "siliceous lodes" and alteration zones were fractured by later

movements.



Structural control of mineraliz-ation and alteration by faults is

suggested by the association of brecciation, slickensides and dis-

rupted country rocks in thezone that parallels the major Basin and

Range fault along the eastern front of the Pueblo Mountains. These

faults have provided channeiways for the ascending hydrothermal solu-

tions. The faults, and associated silicic intrusions, have disrupted

and hycirothermally altered the Tertiary volcanic and sedimentary

rocks in the northern portion of the belt. These relationships indicate

the time of hydrothermal activity in the northern part of the belt to be

post-middle Miocene time.

The gossan exposed along Cottonwood Creek suggests a different

time for the hydrothermal alteration and mineralization. The gossan

is overlain unconformably by the unaltered Pike Creek Formation of

late Oligocene(?) or early Miocene age. This suggests that there is at

least two major hydrothermal events.

The oldest even (pre -early Miocene) is found in the pre-Tertiary

metamorphic rocks and has produced the argillic alteration at the

Cottonwood Creek gossan. This event probably produced the pyrite,

chalcopyrite and minor cinnabar mineralization in thepre-Tertiary

basement and may be correlative to similar hydrothermal alteration

and mineralization described by Rowe (1971) in the southern Pueblo

Mountains.

The post-middle Miocene event produced silicic intrusions and
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propylitic alteration in the host Steens Basalt. Chalcopyrite, cinna-

bar and schwatzite are related to this event.

Exploration Geochemistry

A geochemical survey f the eastern front of the Pueblo Moun-

tains was conducted during the field season for the Oregon State

Department of Geology and Mineral Industries. The department pro-

vided the analyses for the stream sediment and selected whole rock

samples.

Stream Sediment Samples

The data provided by the stream sediment survey are tabulated

in Table 14. The regional mean background value for each of the

metals, copper (64 ppm), zinc (49 ppm) and nickel (64 ppm) is con-

sidered to be the median of each population or group of data. This is

the best approximation of the background metal content since the

amount of data comprising each population is small (Hawkes and Webb,

1962). The standard deviations of the metal population increase from

zinc (12) to copper (23) to nickel (38). Thus, theregional zinc content

of the various rock types of the Pueblo Mountains is relatively, more

uniform than that of copper and nickel. Concentrations of copper and

nickel are presumably more effected by rock types and/or locational

variations.
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Table 14. Geochemical analyses of stream sediment
samples. '

Sample Copper Zinc Nickel Mecury

85 58 112 0.1
2 95 56 71 0.1
3 70 56 151 0.1
4 77 49 120 0.1
5 57 42 64 0.1
6 60 49 15 0.1
7 71 43 71 Tr
8 25 47 10 Tr
9 67 45 68 0.1

10 70 45 91 Tr
11 60 36 70 Tr
12 75 58 130 Tr
13 73 55 140 0.9
14 38 59 64 Tr
15 64 59 66 Tr
16 46 45 52 Tr
17 31 31 15 0.1
18 102 40 15 0.3
19 146 43 25 0.2
20 70 42 23 0.3
21 27 24 16 Tr
22 42 26 24 Tr
23 74 44 80 Tr
24 77 11 12 Tr
25 14 33 0 0.3
26 20 39 0 0.1
27 43 47 84 0.1
28 47 51 52 Tr
29 61 54 28 0.1
30 53 54 47 0.1
31 69 51 124 Tr
32 48 53 64 Tr
33 64 73 99 01
34 64 62 86 0.1
35 17 36 8 Tr
36 57 53 48 .Tr
37 56 55 33 Tr
38 70 64 52 0.1
39 65 69 96 Tr
40 72 68 71 Tr
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Table 14. Continued.

Sample Copper Zinc Nickel Mercury

41 72 74 78 Tr
42 45 35 21 0.1
43 74 57 85 Tr
44 54 51 48 Tr
45 64 54 120 Tr
46 69 51 114 Tr
47 59 49 72 Tr
48 36 46 28 Tr
49 52 56 70 0.1
50 58 52 59 Tr
51 53 48 102 Tr
52 47 49 77
53 52 51 70 --
54 67 46 15 --
55 76 63 37 --
56 100 44 9

57 81 40 15 --

Median 64 49 64 -

Standard
deviation 23 12 38 --

*None of the samples contain detectable amounts of lead.
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Anomalies

The small standard deviation for zinc values is consistent with

the lack of anomalous values for this metal in the Pueblo Mountains.

In contrast, the larger standard deviations for copper, nickel and

mercury do indicate anomalous and more variable concentrations of

these metals.

The largest anomalous value for copper (146 ppm) is at station

19, (see Plate 2). Additional copper anomalies (100-102 ppm) are

possibly represented by the values from stations 18 and 56. Stations

18 and 19 are located on streams which drain porphyritic quartz

monzonite and porphyritic biotite granodiorite intrusions (Rowe, 1971).

The anomalies are probably related to mineralization along the range

front fault and warrant further investigation. The low anomaly (100

ppm) of station 56 is located on a steam draining the pre-Tertiary

metamorphic rocks near the gossan and associated Kenfield Tunnel

(adit). It may be significant that slightly anomalous concentrations of

mercury (0.3 and 0.2 ppm) also occur at stations 18 and 19.

The data for nickel indicate anomalous concentrations (120-15 1

ppm) at stations 3, 4, 12, 13, 31, and 45 with possible anomalies

(102-114 ppm) for stations 1, 46 and 51. These anomalous values are

confined to streams which drain the Tertiary volcanic rocks and all

but one of these anomalies (sta. 4) are found at stations in or near the
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hydrothermally altered and mineralized belt. Samples from streams

that do not drain the lower part of the Tertiary volcanic sequence do

not have anomalous concentrations of nickel. Sampled streams, in

the Turn-Turn Conglomerate, that drain the lower part of the Tertiary

volcanic sequence also show no anomalous concentrations of nickel.

This is probably the result of contamination by material from the

Turn-Turn Conglomerate. These spatial relationships suggest that the

anomalies are caused by concentrations of nickel in the hydrothermal

belt, Tertiary volcanic rocks, or both.

Analyses for mercury were not obtained for all stream sediment

samples and only trace amounts were recorded for most. An

anomalous value (0.9 ppm) for sample 13, which is located in the belt

of hydrothermal alteration and mineralization is probably the result

of the schwatzite and cinnabar mineralization. The values (0. 2-0. 3

ppm) for stations 18, 19, 20 and 25 may also be anomalous.

Rock Samples

Whole rock geochemical data for the aplite (No. 43), the gabbro

laccolith(?) (Nos. 44 and 45), the silicic intrusions (Nos. 55, 56 and

57), the Cottonwood Creek gossan (Nos. 50, 51 and 52), a basalt flow

from the lower Steens Basalt sequence (No. 58) and some altered

metamorphic rocks (Nos. 47, 49, 53 and 54) are presented in Table

15. These samples were analyzed for copper, nickel and zinc to
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determine their relationship to the background values of these metals

in the stream sediments.

Table 15. Geochemical analyses of rock samples.

Sample Copper Zinc Nickel

43. (JH-l56) 18 5 Tr
44. (JH-217) 98 40 60
45. (JH-200) 151 55 56
49. (JH-175) 30 3 Tr
50. (JH-131A) 4 16 Tr
51. (JH-J.32) 21 3 Tr
52. (JH-169) 12 2 Tr
53. (JH-96) 12 4 Tr
54. (JH-109A) 714 47 Tr
55. (JH-166) 215 14 12

56. (JH-l14) 25 26 10

57. (JH-224) 88 23 42
58. (JH-78) 161 42 117

The coarse-grained center of the southern gabbroic intrusion

(No. 45) is the only rock type sampled that has a zinc value (55 ppm)

above the background value (49 ppm). This value is not anomalous.

The samples for the gabbro intrusions (Nos. 44 and 45), the

silicic intrusions (Nos. 55 and 57) and an altered metamorphic rock

(No. 54) and the basalt sample (No. 58) have copper values (88-714

ppm) greater than the background value (64 ppm). The larger values

(251 and 714 ppm) are anomalous and represent local mineralization

in the metamorphic rocks and silicic intrusions. The values for the

gabbroic rocks (151 and 98 ppm) and the basalt (161 ppm) are probably

background values for these rock types.
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Nickel values for all of the samples, except the basalt flow

(No. 58), are below the background value of 64 partF per million. The

basalt sample contains 117 parts per million nickel. The low values

for nickel in the silicic intrusLons (10-42 ppm) and the high value for

the basalt flow sample suggests that the nickel anomalies obtained in

the stream sediment survey are the result of concentrations of nickel

in the Tertiary volcanic rocks.

Con clus ions

The sporadic distribution and low-grade of the mineralization

severely limits the mineral resource potential of the northern Pueblo

Mountains. However the author believes that the stream sediment

copper anomalies (sta. 18 and 19) and theCottonwood Creek and other

gossans warrant further investigation. A detailed stream sediment

sampling program on anomalous streams and detailed field and

laboratory studies of the Cottonwood Creek and other gos sans may be

important economically.

The coarse-grained glomeroporphyritic center of the southern

gabbro intrusion deserves further investigation. The location, tex-

ture, freshness, jointing and resistance to weathering, in its present

environment, may be amenable to quarrying for building purposes.
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PLUTONIC ROCKS IN THE PUEBLO MOUNTAINS; AND THE
SIERRA NEVADA-IDAHO BATHOLITH LINK

Plutonic rocks of the Pueblo Mountains were dated to place them

in a regional geologic perspective. These rocks include aplites,

quartz diorites, quartz monzonites and granodiorites that exhibit con-

tact aureoles and intrude the pre-Tertiary metamorphic basement.

Plutonic rocks from the adjacent Pine Forest Mountains were dated to

determine their relationship with the intrusions in the Pueblo Moun-

tains.

Eight K-Ar dates were obtained using standard analytical tech-

niques as described by Armstrong (1970). Argon was determined by

isotope dilution, potassium by atomic absorption spectrophotometry.

The dates are computed using the following constants: K4° 0. 0119

atom percent; = 4.72 x lO'°yr', KX = 0.584 x 1010yr'.

Analyses of standards indicate that calibrations are accurate within

2%. Uncertainties reported are for analytical error only and repre-

sent one standard deviation, or the standard error for averaged dates.

The geochronometry laboratory of Yale University is supported by

NSF Grant GA 26025.

The granitic rocks of northwestern Nevada are considered by

Smith and other (1971) to be a link between the Sierra Nevada and

Idaho bath6!iths. The basis for this conclusion is the similarity in

petrology, chemistry, and ages of the intrusive rocks in these three
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The granitic rocks of northwestern Nevada are divided into three

broad categories by Smith and others(1971): 1) quartz diorites (175

million years old), 2) leucogranodiorites to quartz monozonites (85-

105 million years old), and 3) granodiorites (85-105 million years

old). Similar granitic rocks occur in the Pueblo Mountains and may

be petrologically and chemically related to the three categories above.

The dates for the granitic rocks from the Pueblo Mountains are

91. 3±1.3 million years for the porphyritic quartz monzonite (YU-P-3;

Rowe, 1971) and 92.4±1.3 million years for the diorite porphyry

(YU-P-2; Rowe, 1971; Burnam, 1971). These dates are somewhat

less than the two dates for the Pine Forest quartz diorites (Bryant,

1969), YU-PF-2 (101±2. 0 million years) and YU-PF-3 (107±2. 1 mil-

lion years). A date for thePine Forest leucogranodiorite (YU-PF-1)

of 93. 6±1. 5 million years is similar to the Pueblo Mountains dates.

Smith and others (1971) obtained a similar age for the southern Pine

Forest Duffer Peak pluton, 96. 2±3.5 million years, (YU-PF-1 and

YU-PF-2 are the same as samples 12 and 11 respectively, of Smith

and others (1971))

The dates of 108±1.5 million years (YU-P-l) and 100±2.0 mil-

lion years (YTJ-P-l56-1) for the regional metamorphic rocks of the

thesis area are very similar to the dates for the Pine Forest granitic

intrusive rocks, and only slightly older than the dates for the granitic
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plutons in the Pueblo Mountains. These dates are not necessarily the

times of emplacement of the granitic rocks or of the regional meta-

morphism. They may represent cooling consequence upon later

uplift and erosion. Nevertheless, they provide an upper limit on the

age of plutonic events and are- consistent with the interpretation that

the Sierra type batholiths can be followed northward into Oregon and

are part of a link with the Idaho batholith.
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GEOLOGIC HISTORY

The deposition of sedimentary material, interbedded with

submarine extrusive and/or intrusive volcanic material, in a late

Paleozoic to early Mesozoic eugeosyncline is the earliest recorded

geologic event in the thesis area. These rocks included quartz-rich

arenites and wackes, poorly sorted conglomerates and mafic and

felsic volcanic rocks. Burial, deformation and regional metamorph-

ism of the lower to middle greenschist facies followed. Prior to, or

contemporary with regional metamorphism the eugeosynclinal rocks

in the thesis area were cut by aplite, quartz diorite and granodiorite

intrs ions,

Uplift of the metamorphosed eugeosynclinal rocks, cessation of

metamorphism, began in approximately middle Cretaceous time.

Simultaneously or slightly preceding uplift, granitic intrusions, rep-

resented by present exposures in the southern part of the Pueblo

Mountains, were emplaced. Cooling and solidification of the plutons

were accompanied by hydrothermal activity which produced alteration

and mineralization.

Uplift and erosion during Eocene and Oligocene time exposed the

metamorphic and plutonic rocks. Erosion produced the basal con-

glome rate of the Pike Creek Formation which was deposited on the

metamorphic rocks in low lying areas. A subsequent period of erosion
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removed the upper part of the Pike Creek Formation and provided a

surface upon which the Steens Basalt flows were extruded. The flows

were probably produced by local fissure eruptions which began in

middle Miocene time. Pyroclastic activity, erosion and local deposi-

tion in small basins produced the interbedded sedimentary rocks

during pauses in the fissure eruptions. Tuffaceous sedimentary rocks.

ash-flow tuffs, a rhyolite a.ad a latite were deposited near the final

stages of eruptive activity.

During late Miocene or Pliocene gabbro laccoliths were intruded

into the lower one-half of the Steens Basalt sequence. Basin and

Range type faulting began in the area by late Miocene or early Pliocene

and uplifted and tilted the Steens Basalt sequence. Following tilting

a sequence of tuffaceous sedimentary rocks and ash-flow tuff were

deposited. on the Steens Basalts. A similar sequence was concur-

rently formed to the east in the present vicinity of Red Point and the

mouth of Cottonwood Creek. Faulting has continued to the present.

In Pliocene time erosion of the uplifted volcanic rocks produced

a thick sequence of coallesing alluvial fan deposits along the eastern

fault scarp. The sequence is represented by the slightly consolidated

Tum-Tum Conglomerate. The westward tilting and uplift of the Turn-

Turn Conglomerate occurred in late Pliocene or early Pliestocene

time. The entire range is currently undergoing erosion, with the

products being deposited in the graben occupied by Pueblo Valley.
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Eolian, alluvial fan and lacustrine deposits are characteristic of the

valley.

The silicic intrusions, alteration and mineralization in the

northern portion of the area are confined to the Pike Creek Formation

and the lower flows of the Steens Basalt sequence. This brackets the

period of hydrothermal activity in this area from late Miocene to

approximately late Pliocene.
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APPENDIX A

Sample Locations for Chemical Analyses

Sample Approximate Locations

1(JH-87) SE cor. sec. 8, T. 40 S. , R 35 E.
2(JH-86) SE cor. sec. 8, T.40 S., R.35 E.
3(JH-l02) Cent. NE+ SW sec. 8, T.40 S., R.35 E,
4(JH- 179) Cent. SW SW NW* SE sec. 5, T.40 S., R.35 E.
5(JH- 17 1) Cent, NW* sec. 6, T.40 S., R.35 E.
6(JH- 161) Cent. NW* NE sec. 8, T.40 S., R.35 E.
7(3H-99) Cent. NW3- SE* sec. 8, T. 40 S. , R. 35 E.
8(JH-164) SW cor. NW* SW sec. 5, T.40 S., R.35 E.

1Z(JH- 154) Cent. W- sec. 7, T. 40 S. , R. 35 F.
l5(JH-211) SW corn. NW*NWsec. 33, T.395., R.34E.
16(JH-119) SW cor. NW SF1 sec. 11, T.40 S., R.34 E.
17(JH-129) NE cor. NWI SW sec. 31, T. 39S. , R.35 E
as(SH-184) Cent. W- SE1 NEI NWI sec. 3, T.40 S., R.34 F.
26(JH-187) SW cor. NWI SW NWI sec. 7, T.40 S.., R.34 E,
28(JH-41A) Cent. S sec. 21, T.35 E.
33(JH-40) SE cor. NEI NEI sec. 2, T.40 S., R.34 F.
35(JH-177) SW cor. SF3- sw3- NW1 sec. 7, T.40S., R.35 E.
38(JH-29) SE cor. SW3- sec. 27, T. 39 S. , R. 34 E
39(JH-190) Cent. NW3- NW3- NW3- sec. 4, T.40 S., R.34 E.
43(JH-156) NE cor. SE3- SW3- sec. 5, T.40 S., R.35 E.
44(JH-217) SE cor. 5WT sec. 28, T.39 5., R.34 F.
45(JH-200) NW cor. NW3- SW3- sec. 3, T.40 S., R.34 F.
47(JH- 160) SW cor. SF3- SW3- sec. 5, T.40 S., R.35 F.
48(JH-159) Cent. W SW3- SW3- SE3- sec. 5, T.40 S., R.35 F.
49(JH-175) Cent. NW3-NW3-SW3- sec. 6, T.40S., R.35E.
50(JH-131A) Cent. NEI SW3- sec. 31, T.39 S., R.35 F.
51(JH-132 Cent. NW3- SW3- sec. 31, T.39 S., R.35 E.
52(311-169) Cent. SF3- SEI sec. 36, T.39 S., R.34 E.
53(JH-96) Cent. NE3-NE3-sec. 6, T.40S., R.35E.
54(JI-j-109A) Cent. sec. 8, T.40 S., R.35 E.
55(JH-156) SW cor. NW3- sec. 6, T.40 S., R.35 F.
56(311-114) Cent, SF3- SE3- NEI sec. 25, T.39 S., R.34 E.
57(311-224) Cent. E3- SF3- SE3- sec. 35, T.38S., R.34E.
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APPENDIX B

Stream Sediment. Sample Locations

Sample Approximate Locations

1 NWcor. NE*SW*sec. 12, T.39S., R.34E.
2 NW cor. NE* SE* sec. 12, T. 39 5., R. 34 E.
3 SE cor. NE* SE- sec. 35, T.38 S., R.34 E.
4 Nevada cent. sec. 1, T.46N., R.Z8ir.
5 Nevada SW cor. NW* NW* sec. 13, T.47 N., R. 29 E.
6 Nevada SE cor. NE NW+ sec. 7, T.47 N., R.30 E.
7 Nevada NE cor. SE* NW* NW* sec. 7, T.47 N., R.30 E.
8 NevadaNWcor, SWSW+sec. 5, T.47N., R.30E.
9 Cent. NEI NWI SEI sec. 13, T.41 S. , R.34 E.

10 Cent. SE sec. 13, T.41 S., R.34 E.
11 SEcor. SWNE*SW*sec. 18, T.41S., R.35E.
12 NE cor. sec. 11, T.39 5., R.34 E.
13 SEcor. NE*NE*sec. 11, T.39S., R.34E.
14 SE cor. NE*NE+ sec. 21, T.39S., R.34E.
15 NW cor. NW* NW* sec. 26, T.39 S., R.34 E.
16 Cent. NW SW NW sec. 26, T.39 S., R.34 E.
17 Cent. SEI NWI sec. 17, T.41 S., R.35 E.
18 SW cor. SW sec. 8, T.41 S., R.35 E.
19 SWcor. SE*NEIsec. 8, T.41S., R.35E
20 Cent. NE* NEI sec. 8, T.41 S., R.35 E.
21 Cent. W5W*sec. 4, T.41S., R.35E.
22 SWcor. SE*NWsec. 4, T.41S., R.35E.
23 SWcor. NW*NW+sec. 4, T.41S., R,35E.
24 Cent. SE* 5W sec. 33, T.40 S. , R.35 E.
25 Cent. sec. 33, T.40 S., R.35 E.
26 NE cor. SE* SE sec. 29, T.40 S., R.35 E.
27 Cent. NW- NFl sec. 35, T.39 S., R.34 E.
28 Cent. S NE sec. 35, T. 39 S. , R. 34 E.
29 NE cor. NW NWI NEI sec. 3, T.40 S., R.34 E.
30 Cent. SE* sec. 2, T.40 S., R.34 E.
31 Cent. SE*SElsec. 2, T.40S., R.34E.
32 SW cor. SWI SE* SW* sec. 13, T. 39 S., R. 34 E.
33 NEcor. NW+NE*SEISEI5ec. 13, T.39S., R.34E.
34 SE cor. SWI SW* sec. 7, T.39 S., R.35 E.
35 Cent. NW*SWISWIsec. 22, T.40S., R.35E.
36 SE cor. 5W SE* NW* sec. 22, T. 40 S., R. 35 E.
37 Cent. W SEI sec. 10, T.40 S., R.35 E.
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Sample Approximate Locations

38 Cent. SW NE NW* sec. 10, T.40 S., R.35 E.
39 Cent. SE*SE*sec. 4, T.40S., R.35E.
40 Cent. NE sec. 4, T.40 S., R.35 E.
41 Cent. SE NW* SW sec. 32, T. 39 S., R. 35 E.
42 Cent. NSWi5W1sec. 32, T.39S., R.35E.
43 NEcor. NW+SE*SEsec. 32, T.39S., R.35E.
44 Cent. SE*SEsec. 36, T.39S., R.34E.
45 NW cor. NE+ SE* SE* sec. 36, T. 39 S., R. 34 E.
46 Cent. SW sec. 31, T.39 S., R.35 E.
47 SE cor. NE SEI sec. 29, T. 39 S. , R. 35 E.
48 NW cor. sec. 21, T.39 S., R.35 E.
49 SEcor. SEsec. 8, T.39S., R.35E,
50 Cent. NE*NW+sec. 37, T.385., R.34E.
51 SE cor. NE NW sec. 27, T.38 S., R.34 E.
52 Cent. NE* SE* sec. 19, T. 39 S. , R. 39 E
53 NEcor. SE*5E*NW*sec. 19, T.40S., R.35E.
54 SWcor. NWSW*sec. 9, T.40S., R.35E.
55 Cent. NW* SE* NEI sec. 8, T.40 S., R.35 E
56 SWcor. NWNW1NEsec. 8, T.40S., R.35E.
57 Cent. SE*sec. 5, T.405., R.34E.
58(JH-.78) SE cor. SW3 NW* SE* sec. 25, T.39 S., R.34 E.
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APPENDIX C

Sample Descriptions of Dated Rocks

A. Pueblo Mountains

YU-P-1 (JH-86) K-Ar Plagioclase 107.0±2.1 my
Two Analyses 108.4±2.2 my

Regionally metamorphosed andes ite porphyry (Section 8, T. 40 S.,
R.35 E.; 42° 06' 30" N., 118° 37" 18" W. : approximately 11. 1 miles
southeast of Fields, Oregon). Plagioclase phenocrysts, 1-15 mm in
length contain cores of andesine (An 42) rimmed by albite (An 6).
The andesine cores are altered to white mica, chlorite and calcite.
The fine-grained groundmass constitutes approximately 65 percent of
the rock and consists of quartz, albite, chlorite, sphene, epidote and
calcite. This rock has been subjected to low-grade regional meta-
morphism, the quartz -albite-muscovite subfacies of the greenshist
facies of F. 3. Turner and 3. Verhoogen, 1960.
Potassium: 3.62%

YU-P-2 K-Ar Whole Rock 91. 2±1. 8 my
Two Analyses 93.6±1.9 my

Strawberry Butte. Quartz diorite porphyry (Section 36, T.47 N.
R. 28 E.; 49° 30" N. , 118° 42' 5" W.: approximately 4.5 miles south-
west of Denio, Nevada) with andesine phenocrysts 2-6 mm in length.
The xenomorphic granular groundmass consists of andesine, green
biotite, epidote and quartz which average one millimeter in length.
The phenocrysts are corroded and altered to epidote, sericite, kaolin,
and calcite. Biotite contains inclusions of euhedral to anhedral
magnetite and epidote. Burnam (1971).

Potassium: 3.27%

YU-P-3 K-Ar Biotite 91. 1±1. 8 my
Two Analyses 91. 6±1. 8 my

Porphyritic quartz monzonite (section 8, T.41 S., R.35 E.;
42° 1' 30" N. , 118° 38' 15" W.: approximation 2.7 miles north of
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Denio, Nevada) with a hypidiomorphic granular texture. Phenocrysts
of plagioclase granular albite and oligoclase), microcline, and horn-
blende up to 6 mm in length. The groundmass minerals average 2 mm
in diameter and include plagioclase, microcline, quartz and biotite.
Accessory minerals include sphene, magnetite and apatite. Hydro-
thermal alteration has introduced biotite, epidote and white mica into
this rock, Rowe (1971). Biotite chemical analysis: Si02-38. 1,
A1203 -16.4, FeQ(total iron)-16. 0, CaO-2. 9, MgO-lO. 7, Ti02-4. 0,
K20 and Na20-1.4 weight percent.
Potassium: 6. 34%

YU-P-156 (JH-156) K-Ar Microcline cryptoperthite 59. 5±1.2 my
(X-ray determination)

Aplite intruding a n-ietaquartz diorite and a metamafic volcanic
(sec. 5, T.45 S., R.35 E.; 42° 7' 30" N., 118° 37' 45" W.; approxi-
mately 9. 9 miles southeast of Fields, Oregon) which have been sub-
jected to greenschist metamorphism as YtJ-P-1 above. The aplite is
fine-grained and xenomorphic granular. The essential minerals are
quartz and cryptoperthic microcline with accessory andesine (An 40),
hornblende, tourmaline, apatite, and chalcopyrite. There is no
visible alteration of the feldspar and a noticeable lack of mafic miner-
als. Comment: The low-date is probably due to considerable post-
emplacement loss of radiogenic Ar from the K-feldspar, a familiar
phenomenon.

Potassium: 3.62%

YU-P-156-1 K-Ar Whole Rock 100±2.0 my

Metaquartz diorite (sec. 5, T. 40 S. , R. 35 E. , 42° 7' 30",
118° 37' 45" W.; approximately 9.9 miles southeast of Field, Harney
County, Oregon) subjected to low-grade greens chist metamorphism as
YU-P-1 above. The essential minerals are plagioclase, hornblende,
and potassium feldspar. Hornblende altering to chlorite occurs after
the original mafics. Plagioclase is altered to epidote calcite and
white mica. Potassium feldspar is typically myrmekitic with quartz
and altered to clay minerals. Accessory minerals include granular
sphene, apatiteand sphene. The rock is coarse-grained, grains
average 7 mm, hypidimorphic granular.
Potassium: 3.63%
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B. Pine Forest Mountains

YU-PF-1 K-Ar Biotite 90. 0±1. 9 my
Two Analyses 90.3±1.9 my

Porphyritic leucogranodiorite (section 20, T.46 N. , R.30 E.;
41° 50? 4ZH N. , 118° 39' 6" W.; approximately 10 miles southwest of
Denio, Nevada) containing andesine, microcline, quartz, biotite and
occasionally hornblende as essential minerals. Microcline is the
dominant phenocrysts mineral reaching lengths of 10 cm, with
myrmekitic reaction rims and embayed by quartz and plagioclase.
Microcline, quartz and plagioclase have undulatory extinction. The
feldspars are altered to white mica and kaolin. Accessory minerals
include magnetite, zircon, apatite, epidote and sphene. The ground-
mass consists of finer grains of the above minerals, 1.4 mm in
diameter. The rock has a hypidiomorphic texture. Bryant (1970).

Potassium: 8. 16%

YU-PF-Z K-Ar Biotite 100, 6±2.0 my

Black Mountain. Porphyritic to equigranular quartz diorite
(section 21, T.47 N., R.30 E.; 41° 56' 12" N., 118° 38' 5"W.;
approximately 3.7 miles south of Denio, Nevada). Plagioclase
(andesine) and microcline occur as phenocrysts less than 12 mm in
length with undulatory extinction or as equidimensional grains.
Reaction rims of myrmekite occur in the plagioclase at the contasts
with microcline. Kaolinite and sericite are the main alteration pro-
ducts of the feldspars. Accessory minerals are magnetite, apatite
sphene, and zircon. When porphyritic the groundmass minerals range
from . 1 to 5. 0 mm in diagmeter. Bryant (1970). Biotite chemical
analysis: Si02-37.9, A1203-16.3, FeO(total iron)-19.6, CaO-0.9,
MgO-11.3, K20-9.6, Ti02-3. 1, NaO-1.3 weight percent.
Potassium: 7.51%

YU-PF--3 K-Ar Biotite 107.4±2.1 my

Quartz diorite (sec. 18, T.46 N., R.30 E.: 41° 51' 27"N.
118° 40' 14" W.; approximately 9.4 miles southwest of Denio, Nevada)
with porphyritic to equigranular texture. Orthoclase and andesine, 3
to 20 mm in length, are common phenocryst minerals in an anhedral
to subhedral fine-grained groundmass. The feldspars are altered to
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sericite, kaolinite, epidote and calcite and myrmekitic intergrowths
are commonly found at their contacts. Additional essential minerals
are quartz, augite, hornblende and biotite. Augite is mantled by
hornblende as a result of deuteric alteration. Zircon, rnagnetite and
apatite areaccessory minerals. Bryant (1970).

Potassium: 7. 54%




