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The Pine Forest Mountains lie within the northern part of the

Basin and Range province, near Denio, northwestern Nevada. They

are tilted, fault block mountains composed in part of schists and

quartzites of Triassic-Jurassic (?) age. In addition, they are

intruded by Cretaceous diorites, granodiorites, and quartz monzonites

which are probably related to the Sierra Nevada batholith.

The Mesozoic metamorphic and igneous intrusive rocks of the

thesis area are covered by a sequence of Tertiary basalt flows, ash

flow tuffs, and volcanic sandstones. These volcanic rocks record

successive stages of Pine Forest uplift throughout Early Cenozoic

time. The volcanics are divided into two rock stratigraphic

sequences--older and younger. The older units lie within the

younger rock stratigraphic terrane as an angular unconformable

inlier. Two additional angular unconformities occur within the
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younger rock stratigraphic units. From older to younger, the

Tertiary rocks are steeply dipping to gently dipping. Quaternary

deposits in the area include valley fill alluvium, currently being

deposited, and coiluvial fans currently being dissected.

The largest mining property in the area is the Ashdown mine,

presently dormant. Gold-quartz prospects are abundant in the area.
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GEOLOGY OF A NORTHERN PART OF THE PINE FOREST
MOUNTAINS, NORTHWESTERN NEVADA

INTRODUCTION

Location, Size, and Accessibility

The thesis area is located between 410 45' and 42° 00' north

latitude and 118° 30' and 118° 45' west longitude, about ten miles

south of the small community of Denio, Nevada. Denio is on U. S.

Highway 140, about 100 miles northwest of Winnemucca, Nevada.

The study area covers about 27 square miles along the western

flank of the north-south trending Pine Forest Mountain Range, which

terminates at Denio (Plate 1).

The area can be reached by Nevada State Highway 8A (U.S. 140),

which extends from Denio westward toward Lakeview, Oregon. Ap-

proximately ten miles from Denio the semi-improved Alder Creek

road diverges from 8A and trends south along the front of the range.

Access into the thesis area is by various unimproved jeep roads

trending eastward from Alder Creek road. From the east, one Un-

improved road penetrates the southeast part of the area.

Topographic Relief, Rock Exposure, and Drainage

The northwest portion of the Pine Forest Mountains rises

almost 8, 000 feet above the flat-floored, 4, 000-foot valleys.
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Plate 1. Index map showing the location of the thesis area and
principal physiographic featu.r es.



Figure 1. Panoramic view of the thesis area looking east from Bo.g Hot Valley.
The main physiographic features from left to right are: the canyon
containing the Ashdown mine, Mahogany Mountain, Cherry Gulch,
and Fisher Peak.
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Togqgraphic relief is about 3, 000 feet at Mahogany Mountain, near

the eastern margin of the map area, where the terrain is very rugged.

Steep-walled canyons have nearly vertical cliffs as much as several

hundred feet high. In the south and southeast, deep canyons give

way to a moderately rugged, rolling terrain. Immediately to the

south of the map area, the Pine Forest Range becomes wider, higher,

and very rugged.

Rock exposures are both extensive and numerous in most parts

of the area enhancing ease and accuracy of geologic mapping.

One perennial drainage, Little Alder Creek, in the southwestern

part of the area, drains to the northwest and is utilized along with the

larger drainage of Alder Creek (west of the map area) by the Alder

Creek Ranch for irrigation purposes. All other drainage is inter-

mittent with streams occupying washes and draws that are rapidly

eroded during periods of flash flooding. Most drainage runs to the

west and disappears beneath the alluvium of Bog Hot Valley. Several

small springs in the southeast create headwaters for the eastward

drainage of Alta Creek. Alta Creek and Thacker Canyon in the north-

west are the only east-draining streams in the map area (Plate 3),

Climate and Vegetation

From 1951 to 1960, the average annual precipitation for Denio,

Nevada was 8. 31 inches. May was the wettest month, averaging 1. 42
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inches; all other months averaged less than one inch during this

period (U.S. Weather Bureau, 1965). The climate is classified by

Trewartha (1954) as semi-arid to dry because the amount of water

evaporated from the ground is greater than the amount added through

precipitation ( Trewartha, 1954).

Daily temperatures through the summer months are often as

much as 1000 F whereas the nights cool to temperatures below 40

degrees.

Vegetation consists of sagebrush and greasewood with groves

of aspen and alder common where springs supply sufficient water.

The high peaks are covered with thick patches of mountain mahogany.

Purpose and Method of Investigation

The purpose of this investigation was to determine the nature

of the rocks in this area and their interrelationships, to map them

accurately and determine what sequence of events occurred throughout

geologic time. Hopefully, the information presented in this workwili

help clarify the regional geologic picture for other investigators

working in this part of Nevada.

Field work was completed within 12 weeks, from June 15 to

September 15, 1968. A geologic map was compiled using the U. S.

Geologic Survey 7 1 /2 minute quadrangle topographic map, Ashdown

1 S.W., Nevada, Humboldt County (1:24, 000) as a field and base map.



High altitude aerial photographs at a scale of 1:60, 000 were an aid,

especially for mapping structural features.

Laboratory work consisted of binocular and petrographic micro-

scope examination of rock samples and thin sections. Using a point

counter and click stage, about 400 points were counted in each thin

section. Rock colors are identified by the U. S. Geological Survey

color code system.

Previous Work

A reconnaissance report, The Geology and Mineral Deposits of

Humboldt County, Nevada, by Ronald Wiliden (1964) covers the geology

in the northern Pine Forest Mountains. This report is very general

and gives little information concerning the thesis area. Several

unpublished reports on the Ashdown mine were made available

through the courtesy of Mr. Grant Green, mine manager for Delfont

Minerals Incorporated.
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GEOMORPHO LOGY

Regional Setting

The study area lies within the Great Basin of western North

America. The Pine Forest Range and the Pueblo Mountain Range,

disposed en echelon to the northwest, are two of many tilted, fault-

block mountain ranges characteristic of this unique geomorphic

province. Both ranges are tilted westward as evidenced by the attitude

of their respective stratigraphy and topographic asymmetry.

The immediate temporary base level for the westward and

northward drainage from the Pine Forest Mountains and the eastward

drainage from the Pueblo Mountains is north of the Ashdown mine,

where Bog Hot Valley narrows to about two miles in width (Plate 1).

This area is termed an alkali flat and contains the Continental Lake

playa. Encroaching sand dunes in the narrow valley at the northern

end of the Pine Forest Range created this small basin. Through the

summer months the playa is dry except for minor hot spring activity

near the northeastern part. From Continental Lake, the regional

intermittent drainage is northward toward Alvord Desert and Aivord

Lake in southeastern Oregon, which is the temporary regional base

level. The Continental Lake basin may be a remnant of the Pleisto-

cene Lake Alvord, which occupied the basin to the west (Russell,

1884).
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This region is in the stage of late youth or early maturity of

the arid erosion cycle. Evidence for a late youth classification is

based upon the similarity between the topography of the northern

Pine Forest and southern Pueblo Mountain ranges, with their enclos-

ing basins, and the requirements as set forth by W. M. Davis for

the arid erosion cycle (Davis, 1905). The two mountain ranges are

characterized by steep stream gradients and maximum topographic

relief, both of which were achieved by active dissection of the high-

lands. Drainage is predominantly consequent and flows toward the

temporary local and regional base levels to the north.

To the west, Bog Hot Valley widens many miles since the

southern tip of the Pueblo Range disappears beneath the valley floor

alluvium.

Local Geomorphology

Within the locality of the thesis area, the principal drainage

is westward, through intrusive rock terrain and dipping sedimentary

and volcanic units. Classification of stream pattern type is difficult

within tcie volcanic and sedimentary terrain due to faulting and gentle

folding of the units, but could be termed crudely rectangular. The

drainage in the less resistant sedimentary units is a good aid in

defining the geologic structure. Within the crystalline rocks, the

stream pattern is typically dendritic.



On dip slopes of the volcanic units, drainage develops conse-

quent valleys but where controlled by the softer sedimentary units,

the valleys are subsequent, or strike valleys (Thornbury, 1958).

Broad coalescing alluvial fans sloping three to four degrees

occur along the western part of the area. They are best developed

at the mouth of Vicksburg Canyon and below the Ashdown mine

(Plate 3).

The most prominent local geomorphic features are the hogbacks

that extend four miles south from Vicksburg Canyon along the western

edge of the Pine Forest Range. The hogbacks are formed by ash

flow tuff 3 (T.3) which is the thickest and most extensive ignimbrite

unit in the area of study. The unit is covered and underlain by friable

volcanic sandstone units 4 (T 4) and 3 (T3) respectively. South of

the Ashdown mine volcanic sandstone 3 has well-developed hoodoo

rocks beneath the crest of the largest ignimbrite (T.3) hogback

(Figure 1). Other hoodoo rocks occur in differentially eroded basalts

and volcanic sandstones at scattered places throughout the area. As

a result of the interlayering of soft volcanic sandstones with resistant

ignimbrites and basalts, several small landslide blocks were encoun-

tered in the field. These were mapped as Quaternary landslides

(Q1).
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TRIASSIC -JURASSIC METAMORPHIC ROCKS

General Statement

Within the thesis area, metamorphic rocks underlie about 3/4

of a square mile -as a small outcrop area in the north and a north-

west trending, 1/2-square-mile area in the south. The rocks to the

north are composed of interlayered quartzofeldspathic rocks and

hornblende biotite schist. To the west these northern metamorphics

are covered unconformably by Tertiary volcanics and sediments. To

the east the schist becomes quartz diorite, across a gradual intrusive

contact with the quartz diorite unit (Kqd).

The southern metamorphics separate the quartz diorite of Aita

Creek Basin (Kqd) to the northeast from diorite (Kd) in the south-

central map area (Plate 3). These southern metamorphics are

predominantly schistose biotite quartzites with subordinate horn-

blende biotite schist and several small outcrops of fine-grained

marble and amphibolite. Contact boundaries with the adjacent quartz

diorite and diorite units are from 50 to 200 feet wide and well defined.

Metamorphic rocks of the Pine Forest Mountains have been

dated Triassic-Jurassic because of lithologic similarities with known

Trias sic rocks, and because they overlie known Trias sic rocks in

certain places (Willden, 1964),
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Regional metamorphism and local igneous metasomatism have

altered these Mesozoic (?) rocks to a predominantly greenschist

facies assemblage. It is not possible to determine completely the

original character of the rocks of this facies, although the inter-

layered arkosic quartzite and hornblende biotite schist may have

been a sequence of sandy shales interlayered with quartz-feldspar

sandstone. The schistose quartzite of the southern metamorphics,

though lacking the ridge and vale topography of the northern meta-

morphics, suggests that similar sediments, perhaps ciayey or silty

feldspar rich sands and silty to sandy muds were present.

Northern Metamorphics

Arkosic Quartzite

Field Description. The arkosic quartzite is interlayered with

and parallel to the schistosity of the less resistant hornblende biotite

schist and stands as resistant ridges. It occurs as beds and lenses

varying from one inch to nearly two feet thick. Commonly these

layers are intricately folded in scale from less than one inch to

several inches.

The fine-grained, equigranular arkosic quartzite varies in

color from a light gray (N7), to grayish red (5R 4/Z) and dark

yellowish orange (1OYR 6/6), depending upon the amount of biotite

present and the amount of weathering.
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Petrography. The principal mineral constituents of the arko sic

quartzite are quartz 40 percent, oligoclase 55 percent, biotite 4

percent,, and accessories and opaques 1 percent.

The texture is xenomorphic granular; most individual grains

are anhedral and vary from 0.1 mm to 2mm with grains to 3 mm in

maximum dimension. Some grains show rounding, suggesting a

detrital origin, but recrystallization has obliterated most of the

original form. Subparallel orientation of ovoid quartz grains and

biotite flakes suggest the preservation of an original sedimentary

lamination.

The quartz grains contain few inclusions and display undulatory

extinction that may have been induced by metamorphic strain. They

share serrate borders with neighboring quartz grains, due to recrys-

tallization of new quartz around primary grains.

A few oligoclase grains have typical albite twinning, but where

present, it is faint. Most grains show no twinning and are commonly

embayed with quartz. The oligoclase is extensively altered to irregu-

lar epidote grains, flakes of white mica, and tiny flakes of a reddish

brown mineral, probably kaolinite. Kaolinite preferentially replaces

individual exsolution lameilae within the oligoclase.

Biotite is pleochroic, light brown to dark brown, and occurs as

individual flakes and radiating aggregates. Small zircon and opaque

grains occur with the biotite. The latter occupies interstices between
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cleavage flakes and the areas around biotite grain boundaries.

Acces sory minerals include microcline, epidote, sphene,

apatite, and sparse flakes of muscovite. Euhedral to subhedral

magnetite is altered to a translucent deep reddish brown hematite.

Hornblende Biotite Schist

Field Description. Hornblende biotite schist comprises most

of the northern metamorphics and occurs in topographic swales

between the resistant ridges of arkosic quartzite. Nearly vertical,

north-south trending schistosity, developed by aligned biotite flakes

and bladed hornblende, creates a narrow parting that becomes more

wide spaced eastward as the schist grades into gneissic quartz diorite.

A fresh surface of the schist is medium dark gray (N4) to dark gray

(N3); a weathered surface is moderate brown (5YR 4/4).

Small white quartz veins up to two inches wide, both parallel

and transect the schistosity. Large mineralized quartz veins up to

tens of feet wide cut across the metamorphic trend, and extend east-

ward into the adjacent plutonic terrane.

Petrography. The chief mineral components of the hornblende

biotite schist are andesine 50 percent, hornblende 25 percent, biotite

14 percent, quartz 9 percent, and accessory minerals and opaques

2 percent.

The constituent subhedral to anhedral grains range in size
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from about 0. 1 mm to 3 mm. The larger mineral grains show a

subparallel fabric under low powez,

Andesine and quartz have an undulatory or wavey extinction

that probably was induced by strain. The quartz displays serrated

grain boundaries due to recrystallization. Ghost grains of quartz

and feldspar are few, but present. Andesine, which commonly

exhibits a poikilitic texture, contains small, irregularly oriented

grains of quartz with some apatite and zircon. The alteration prod-

ucts of andesine are epidote, white mica, and a red mineral, possibly

hematite or kaolinite.

Greenish brown biotite occurs as individual flakes and aggre-

gates. Small opaque grains commonly follow biotite cleavage planes

and grain boundaries. Inclusions are sphene and zircon; chlorite

alteration is present

The hornblende is piechroic green, slightly embayed by quartz

and feldspar and is altered to epidote, biotite, and chlorite.

Microcline appears to have crystallized between the primary

mineral grains and shows little alteration.

Accessory minerals are sphene, zircon, apatite, and epidote.

Magnetite appears to be the only opaque mineral present.
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Southern Metamorphics

Of the metamorphic rocks in the south-central part of the thesis

area, schistose arkosic biotite quartzite predominates. Occurrences

of marble, amphibolite, and fine-grained hornblende schist are minor

Minor Rock Members

Medium-grained, light gray (N7) to pinkish gray (5YR 8/1)

marble with some silicification and pyrite mineralization crops out

in an area several hundred feet square along the southwest ridge of

Oakley Canyon. The pyrite is altered to dark brown, iridescent

limonite. The marble may represent a former limestone bed in the

pre-rnetamorphic stratigraphic sequence.

Along the same ridge is a larger outcrop of very coarse-

grained amphibolite composed of hornblende grains up to one inch

long, in a matrix of medium-grained plagioclase and hornblende.

Fine-grained, dark greenish gray (5GY 4/1) mesocratic schist,

another small but conformable member of the southern metamorphics,

crops out on the northeast side of Oakley Canyon. Constituent grains

range from 0. 1 mm to 2 mm in diameter. Principaiminerals are

hornblende 50 percent, clinozoisite 30 percent, oligoclase 17 percent,

and accessories and opaques 3 percent. Hornblende dominates the

rock, occurring as anhedral grains, deeply embayed by the oligociase
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and altered to chlorite around its edges. Some hornblende contains

relect pyroxene cores, Clinozoisite occurs as deep, anomalous blue

rims around and between the oligoclase grains. Slight breakage of

oligoclase, as noted by offset of albite twins, is probably due to

metamorphic strain. Some minor calcite is present. Accessory

minerals include subhedral zircon and euhedral or embayed sphene,

which may or may not be altered to leucoxene. Very few opaque

mineral grains occur in the fine-grained hornblende schist.

Several small prospect pits, which are scattered throughout the

southern metamorphics, contain small irregular, brecciated quartz

veins that are mineralized with pyrite and limonite.

Schistose Arkosic Biotite Quartzite

Field Description. The schistose arkosic biotite quartzite is

the predominant rock type of the southern metamorphics. Fine

banding and laminations in this quartzite may be related to pre-

metamorphism s edirnentary bedding. Metamorphism has created

alternating layers of equigranular, fine-grained, leucocratic to

mesocratic arkosic quartzite and biotite quartzite.

The schistose arkosic biotite quartzite weathers pale brown

(5YR 6/2) or more commonly to a light brown (5YR 5/6) color.

Fresh surfaces are white (N9) and light gray (N7) to medium dark

gray (N4).
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On the southwestern ridge above Oakley Canyon the jointing in

the quartzite is well developed and steeply dipping to verticaL It

generally truncates a platy parting, which parallels the steeply

dipping schistosity, creating somewhat tabular outcrops (Figure 2).

Some of these joint surfaces are coated with thin films of sericite.

Small folds can be found throughout the southern metamorphics and

especially on the northeast side of Oakley Canyon. Tightly folded,

steeply to moderately plunging similar folds, from less than one

inch to several inches in amplitude are common (Figure 3).

Contacts of the metamorphic rocks with diorite (Kd) on the

southeast and quartz diorite (Kd) on the northeast are gradational

over a 75-to-100-foot interval.

Petrography. Typical schistose arkosic biotite quartzite con-

tains oligoclase 47 percent, quartz 43 percent, biotite 8 percent,

and accessories and opaques 2 percent. This quartzite is predom-

inantly xenomorphic granular in texture, with individual mineral

grains ranging from 0. 1 mm to 1 mm in longest dimension. Lamina-

tions of quartz and feldspar grains (3 to 4 mm in maximum dimension)

up to several millimeters thick create an overall microscopic fabric

that parallels the schistosity.

Oligoclase and quartz grains commonly retain the rounded

appearance of detrital grains. Metamorphism has nearly obliterated

albite twinning in the oligoclase; the twinning is commonly revealed
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Figure 2. Outcrop of schistose arkosic biotite quartzite
in the southern part of the map area.

Figure 3. Intricate folding in schistose arkosic biotite
quartzite in Oakley Canyon.



19

only by parallel alteration bands of fiakey kaolinite. The oligociase

grains contain some white mica in addition to granular epidote.

Where albite twinning is present, it is often bent; some grains are

broken and displaced by metamorphic stresses.

Quartz grains exhibit an undulatory extinction and contain small

rutile needles and tiny unidentifiable inclusions. The quartz grains

commonly have sutured borders, apparently due to addition of authi-

genic quartz around their rims.

Biotite is pleochroic in shades of light tan to dark brown and

contains tiny zircon inclusions with pleochroic halos. It occurs as

small, individual flakes and as radiating masses. Some flakes are

distorted and rarely contain patches of pennine alteration.

The accessories include zircon, apatite, sphene, rutile, horn-

blende, epidote, and chlorite. The opaque mineral is magnetite which

is surrounded by thick rims of hematite.
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CRETACEOUS PLUTONIC ROCKS

General Statement

Plutonic rocks, which underlie about one-third of the mapped

area, cover approximately ten square miles (Plate 3), Four litho-

logic units were mapped; three appear to be separate plutons and the

fourth is a mappable contact zone between two separate plutons.

Quartz monzonite (Kqm) biotite hornblende diorite (Kd), and quartz

diorite (Kqd) underlie the eastern half of the map area. Little is

known about the biotite hornblende diorite because it covers only

about one quarter of a square mile in the south-central part of the

thesis area and it was not explored farther to the south, The quartz

diorite, on the other hand, dominates the southeastern and north-

eastern parts of the mapped area and underlies the moderately rugged

hills surrounding the very rugged quartz monzonite terrane of

Mahogany Mountain (Plate 3). The quartz diorite is composed of

several textural varieties, from medium to coarse-grained rocks

and equigranular to coarsely porphyritic types. Also within this

unit, are the brecciated and mineralized quartz veins and pegruatite

dikes that are found on the Ashdown mine property.

The contact zone consists of a 200 foot to 1/4-mile-wide band

lying between the quartz monzonite and quartz diorite and can be
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traced from Fisher Peak northward to Thacker Canyon and thence

northeastward. It consists of micrographic granite and fine-grained

to medium-grained quartz monzonite dikes and aplite and pegmatite

dikes that have intruded quartz diorite (Kd). In Alta Creek Basin

it is hidden by colluvium.

The Pine Forest batholiths, including the intrusive rocks of

the thesis area, n-iay well be extensions of the Late Jurassic or Early

Cretaceous Sierra Nevada Batholith (Nolan, 1943). Bryant (1970)

reports a K-Ar age of 96 million years from the youngest Pine Forest

Mountains pluton, in studies being conducted by Smith (l969) The

dated rocks are located near Duffer Peak, about ten miles south of

the thesis area. It is tacitly assumed that the rocks in the mapped

area are also Cretaceous in age. The individual rock units are

presented in order of relative age with the oldest first. However, it

is not possible to determine by field relations whether quartz diorite

or biotite hornblende diorite is older. Selection of the latter as the

first unit of discussion is, therefore, arbitrary.

Biotite Hornblende Diorite

Field Description

The biotite hornblende diorite (Kd) crops out along the south-

central boundary of the map area where it is in contact with the
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southwest side of the southern metamorphic rocks. It is mesocratic,

equigranular, and medium to coarse grained. Schistose and gneissic

structure are weak or lacking, Several small, irregularly folded

veins of fine-grained leucocratic rocks and fine-grained schistose,

biotite-rich rocks are present. They appear to represent partially

assimilated xenoliths incorporated from the metamorphic rocks dur-

ing intrusion of the biotite hornblende diorite. Moreover, the slightly

drawn out appearance of fine-grained, melanocratic diorite xenoliths

up to two feet in diameter, suggests a partial remelting to a plastic

Consistency.

Jointing is irregular and widespread. Weathering produces

abundant coarse-grained, grus-rich soil. Varying shades of reddish

brown color are produced on oxidized outcrop surfaces. Pale reddish

brown (1OR 5/4) and moderate reddish brown (lOR 4/6) colors pre-

dominate. Freshly broken surfaces are mot tled in shades of light

gray and black due to the medium-grained texture and nearly equal

proportions of light and dark minerals present.

Petrography

The biotite hornblende diorite has a holocrystalline, nearly

equigranular, hypidiomorphic texture. Individual grains vary from

less than 0. 5 mm to 2 mm in longest dimension. Rare andesine

phenocrysts reach 5 mm in length. The primary constituents are



andesine 57 percent, biotiteZO percent, hornblende 16 percent,

quartz 4 percent, and accessories and opaques 3 percent.

Andesine grains are subhedral and display prominent aibite,

Carlsbad, and pericline twinning. Most of the andesine grains display

curved twin lamellae, indicating partial deformation of the diorite

unit. Tiny needle-like inclusions of highly birefringent minerals occur

in the andesine with minor amounts of reddish brown kaolinite and

white mica. Quartz embays the andesine to a minor degree.

Biotite occurs mostly as aggregate masses about 1 mm in

maximum dimension or as radiating groups of flakes. Some of the

biotite flakes are bent and present additional evidence for partial

deformation. Tiny zircon inclusions within the biotite are surrounded

by pieochroic halos.

Anhedral grains of hornblende are about 1 mm long and pleo-

chroic from green to yellow-green. Randomly oriented inclusions

of quartz and magnetite, about 0. 1 mm in diameter, create a poiki -

litic texture. Chlorite is present as a minor alteration product of

the hornblende.

Accessory minerals include apatite, sphene, and zircon. The

opaque mineral, anhedral to euhedral magnetite, reaches 0. 5 mm

in diameter. The larger magnetite grains are altered, exhibiting

thick rims of reddish, translucent hematite. The presence of sphene

coronas around somemagnetite grains suggest that the magnetite is
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titanhferous. The sphene displays a whitish leucoxene alteration.

Examination of the melanocratic xenoliths within the biotite

hornblende diorite reveals a medium-grained, slightly porphyritic,

hypidiomorphic diorite consisting of somewhat differ ent mineralogy

than the host diorite. Principal mineral constituents of this rock

type are andesine 53 percent, clinopyroxene 1 2 percent, hornblende

26 percent, biotite 6 percent, opaques 2 percent, and accessories

1 percent.

The andesine contains numerous small opaque inclusions in

addition to the highly birefringent varieties. Many andesine grains

show progressive zonation from an Ab-rich rim (oligoclase) toward

an An-rich core (andesine). In several places, anhedral andesine

embays other anhedral andesine, Epidote and clinozoisite are

alteration products; the latter commonly replaces andesine twin

lame ha.

Hornblende, the most common mafic mineral, occurs as thick

alteration rims or as complete replacements of chinopyroxene. The

clinopyroxene is twinned augite and attains 5 mm in length. The large

augite pheriocrysts lie in a matrix of small andesine grains that attain

1 mm in maximum dimension,

Biotite is pleochroic brown with abundant tiny opaque grains

around the borders and within the biotite cleavages. The opaques are

also found as interstitial incluions paralleling the cleavage directions
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within the clinopyroxene; some of it is partially altered to hematite.

Apatite is the accessory mineral present.

Alteration of the augite, embayment of the andesine by other

andesine and bending of andesine lamellae and biotite flakes suggest

that the xenolith was not in chemical equilibrium with its host and

underwent partial modification before solidification.

Quartz Diorite

Field Description

The quartz diorite unit (Kd) includes a variety of rock textures;

medium to coarse grained, porphyritic, gneissic, and schistose are

all applicable terms. The porphyritic variety contains subhedrai

phenocrysts of hornblende, biotite, and potassium feldspar, up to

2 cm in maximum dimension, in a rnedium-grained, leucocratic

groundmass of quartz, feldspar, and some hornblende and biotite,

The gneissic and schistose varieties are more equigranular, of

intermediate color index, and contain numerous xenoliths, Toward

the contact with the metamorphics in the Ashdown mine area, the

quartz diorite becomes schistose to gneissic and richer in mafic

Co flS tituents.

The varieties of quartz diorite appear to from a roughly concen-

tric o.itcrop pattern around the youngest pluton, the quartz monzonite
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Figure 4. Typical outcrop of quartz diorite (K d
showing

jointing roughly perpendicular to a prominent
parting that parallels the schistosity.

Figure 5. A spindle-shaped xenolith of fine-grained diorite,
paralleling the schistosity in the coarser grained
quartz diorite (Kqd) host.



of Mahogany Mountain. The coarser-grained prophyritic variety of

quartz diorite forms an irregular, narrow outcrop band that parallels

the contact of the quartz monzonite. The equigranular, medium-

grained, xenolith-rich variety is found near the metamorphic contact

in the Ashdown mine area and at Alta Creek Basin in the southeast.

Prominent jointing appears to cut across the parting developed

along the gneissic and schistose structure of the quartz diorite,

Undoubtedly, intrusion of quartz monzonite helped develop jointing

in the quartz diorite. Perhaps some jointing parallels the schistosity

but weathering accentuates the strong parting trend.

Weathering along intersecting joints and parting planes has

produced blocky outcrops that are characteristic of the unit (Figure 4);

spheroidal weathering is common. Chemical weathering has altered

the boulder surfaces to such an extent that the quartz diorite crumbles

when struck with a hammer, Total breakdown of the rock by weather-

ing produces a medium-grained, reddish brown grus.

Weathered surfaces are moderate reddish brown (1OR 3/5)

to pale reddish brown (1OR 5/4) in color. Broken surfaces show the

effects of iron staining and the light colored minerals are moderate

orange-pink (5YR 7/4). In the porphyritic varieties, the light colored

minerals are white (N9) to grayish orange (1OYR 7/4) whereas the

mafic constituents remain black. The more mafic variety of the

Ashdown mine area weathers to a moderate brown (5YR 4/4),



whereas a fresh sample taken from a mine adit is medium dark gray

(N4).

Within the Alta Creek Basin area (Plate 3) and to some degree

in the Ashdown mine area, the quartz diorite contains abundant xeno-

liths (Figure 5). Megascopically, the xenoliths appear to be of the

same general mineral composition as the host, but darker in color

due to their finer texture. Most are elongate and spindle shaped

with their longest axes parallel to the schistosity of the coarser

grained quartz diorite host (Figure 5). As illustrated by the example,

most xenoliths have a length approximately three times their width;

some have lengths six times their width,

In addition to the xenoliths, rare leucocratic, medium-grained,

plagiociase-rich bands parallel the schistosity in the quartz diorite.

These bands have sharp to gradational borders and pinch and swell

from several inches to nearly one foot in width. Within the bands,

elongate plagioclase and sparse mafic grains parallel the band

borders, Most of these leucocratic bands occur in the southern

metamorphics area and may represent assimilated and recrystallized

elements of the host country-rock.

Throughout the quartz diorite terrane, many small, irregular

pegmatite dikes and quartz veins crop out. The smallest pegmatites

are 1 /2 to several inches wide, containing predominantly pink ortho-

clase and quartz Some of the larger pegmatites are from ten inches
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to eight feet wide and contain pink orthoclase, quartz, biotite,

epidote, and commonly black tourmaline. Two large pegmatites

occur within the Ashdown mine area. One of the larger is nearly

ten feet wide and 100 yards in length and is composed mostly of

pink orthoclase. Another is longer, nearly 5 feet thick and some-

what more pod-shaped with good zonation, Irregular veins of quartz

are common and may be brecciated, Additional quartz, sulfide

minerals or limonite occur as cementing agents for the quartz

breccia.

In addition to the mineralization of the Ashdown mine and

Cherry Gulch prospects, evidence of minor hydrothermal activity

is present in the Alta Creek Basin. A few small areas of quartz-

pyrite-sericite alteration have been investigated by prospectors, as

the numerous old claim markers and prospect pits attest.

Petrography

The detailed field work necessary for differentiation of the

several rock varieties within the quartz diorite (Kqd) is beyond the

scope of this study. Several thin sections of quartz diorite were

examined and modal analyses show compositional variances within

the unit (Table 1).

Most of the quartz diorite unit (Kqd) is composed of quartz

hornblende biotite diorite with the following mineral percentages:



Table 1. Modal analysis of thin sections from the quartz diorite (Kqa) unit.

Sample Location Plagioclase K-spar Biotite Quartz Hornblende Accessories

RG 84 1/2 mi. W., sec. 19,
T. 44 N., R. 30 E. 64 1 14 14 6 1

RG 146 NE. 1/4, SW. 1/4, sec. 20
T. 44 N., R. 30E. 60 3 6 17 11 3

RG 160 Vicksburg Site 56 8 10 12 10 4

RG 154B NW. 1/4, NW. 1/4, sec. 30
T. 46 N., R. 29 E. 59 6 6 11 12 4

Average mineral composition of
quartz diorite (Kqd) ................... 60 4 9 14 10 3

RG 156 Ashdown mine area, at
contact of Kqd and T53

..-. a _1L

RG S Vicksburg Canyon at
contact of Tr-J and K 50 1 8 2 36 3mqu - - - - -

RG 138 SW. 1/4, NW. 1/4, sec. 30
T. 46N., R. 30E. 66 1 9 1 21 1

RG 149 NW. 1/4, SW. 1/4, sec. 17
T. 44 N., R. 30E. 62 2 4 2 24 5

Average mineral composition of
fine-grained diorite xenolith .............. 64 1 7 2 23 3

RG 119 Central map area 46 18 1 23 11 1

RG 141 NW. 1/4, sec. 30
T. 46 N., R. 30 E 53 15 1 26 4 1

Average mineral composition of
porphyritic granodiorite (Kqd) ............. 50 16 1 24 8 1

(JJ

C
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andesine 60 percent, quartz 14 percent, hornblende 10 percent,

biotite 9 percent, microcline 4 percent, and accessory minerals

3 percent (Table 1). These percentages are based on four thin

sections taken from both Alta Creek Basin and Thacker Canyon and

they agree with the mineral percentages reported by Bryant (1970)

for his quartz diorite I unit, located immediately to the north of the

study area.

The quartz diorite is predominantly hypidiomorphic and slightly

inequigranular in texture. Some of the subhedrai plagioclase grains

are up to 6 mm in length, but most are about 2 mm. As with the

previous unit, the andesine displays slightly bent and broken twinning

lamellae. Commonly the twinning is faint or entirely obliterated,

suggesting the presence of low-grade regional metamorphism. Albite,

Carlsbad, and some pericline twinning were recognized. Many grains

exhibit progressive zonation, suggesting an oligoclase, or more Ab-

rich rim surrounding an andesine core. Small inclusions within the

plagioclase are very common, but difficult to identify. Two types of

inclusions are present and appear to be oriented within the feldspar

lattice. One is isotropic and euhedral with a reddish color. The

other, possibly rutile, is highly birefringent, prismatic, and needle-

like. Tiny opaque inclusions are also present. Typical plagioclase

alteration products include white mica and reddish brown flakes of

kaolinite. Granular epidote and clinozoisite also occur, probably as
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deuteric or propylitic alteration products. The latter replaces albite

twin iamellae in a few grains. Late magmatic reactions of the

andesine with adjacent quartz grains create serrated borders and

myrmekitic inter growths.

Anhedral quartz embays the mafic minerals and andesine, dis-

plays strained extinction, and contains numerous, tiny inclusions.

Some of these inclusions are aligned along wbe.t may have been early

fractures that later healed.

Hornblende is twinned and pieochroic from green to light brown.

Inclusions of sphene, apatite, biotite, quartz, and plagioclase in

the hornblende develop a poikilitic texture. Hornblende alteration

products are biotite, epidote, and minor chlorite.

Biotite is plechroic, greenish brown to light brown with small

zircon inclusions that produce plechroic halos. Some of the biotite

flakes show bent cleavages. An anomalous blue mineral (interference

color), probably penninite, replaces some of the biotite,

A minor amount of potassium feldspar occurs as anhedral,

interstitial grains between the primary minerals. Several of these

grains have a polysynthetic, gridiron twinning indicative of micro-

dine.

Accessory minerals include subhedral to euhedral apatite,

euhedral sphene up to 3 mm in length, zircon, and magnetite. Com-

monly, anhedral sphene is either associated with the magnetite or
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rims it, indicating a titanium-bearing magnetite.

Under low power magnification, a persistent microfracture

pattern can be observed cutting across variously oriented mineral

components. These fractures, the deformed plagioclase and biotite,

and some of the alteration products strongly suggest that low grade

regional metamorphism affected this quartz diorite unit.

Point counts of two thin sections from xenoliths contained in

the quartz diorite reveal less quartz and more hornblende than

in the host (Table 1). One of the xenoliths sampled is in Thacker

Canyon and the other is in Alta Creek Basin. The texture of these

xenoliths is xenomorphic granular. The fine-grained hornblende

diorite xenoliths may represent fragments of a chilled border of

the quartz diorite pluton that were included in the more silicic inter-

ior. Toward the contact with the metamorphic rocks, particularly in

the Ashdown mine area, the quartz diorite becomes finer grained

and grades into biotite-hornblende diorite that contains less plagio-

clase and quartz and more hornblende than the quartz diorite (Table 1).

Bryant mapped a distinct contact between a quartz diorite and a dior-

ite in an area immediately north of the Ashdown mine area (1970).

His contact is easily recognizable and trends southwestward toward

the Ashdown mine area. However, due to quartz veining, sulfide

mineralization, and hydrothermal alteration, this observable contact

has been obliterated in the Ashdown mine area.
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Near the contact with the quartz monzonite unit (K ), theqm

quartz diorite becomes more silicic and may be called a porphyritic

gran.odiorite. This variety of the quartz djorite unit crops out in a

very irregular band, concentric and adjacent to the quartz monzonite.

Phenocrysts make up about five to ten percent of the total rock volume.

Hornblende phenocrysts up to 25 mm long, predominate. Microcline

and biotite phenocrysts are as much as 10 mm long. The porphyritic

granodiorite contains plagioclase 50 percent, quartz 24 percent,

microcl.ine 16 percent, hornblende 8 percent, biotite 1 percent, and

accessories 1 percent. Essentially, the petrographic description for

the porphyritic granodiorite is similar to that of the quartz diorite

except for the following few differences. The biotite is greenish

brown in color, a few small muscovite flakes are present, and

there is an increase in the amount of quartz and iicrocline. A

poikilitic texture is developed locally where microcline contains

anhedral inclusions of quartz, hornblende, apatite, biotite, and

sphene. Generally, however, the rock has a hypidiomorphic texture.

Unlike the plagioclase, the microcline is relatively free of alteration.

Contact Zone Rocks

Field Description

At the contact of the quartz diorite (Kqd) and quartz monzonite

(Kqm) units a distinctive suite of rocks, mapped as contact zone
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rocks, occurs as a narrow band of outcrops. Much of the contact

zone is made up of fine-grained to medium-grained quartz monzonite,

and aplite and pegmatite dikes (Figure 6). Large outcrops of these

rocks are east of the Ashdown mine area, but the outcrops become

smaller and fewer toward Alta Creek Basin (Plate 3). Near Fisher

Peak, at the head of Alta Creek, the contact rocks are either missing

or disappear beneath alluvium and colluvium, hence, the position of

the quartz dirotie-quartz monzonite contact in this area can only be

inferred.

Along the western flank of Mahogany Mountain the contact is

only 200 to 500 feet wide, but in the southern part of sec. 30, T.

46 N., R. 30 E., the zone widens to about 1000 feet.

The quartz monzonite, aplite, and pegmatite dikes stand as

resistant ridges within a quartz diorite host, commonly striking

parallel to the contact of the quartz diorite and quartz monzonite

units. They appear to be genetically related to the quartz monzonite

intrusion. Near Thacker Canyon, in sec. 30 where the contact zone

widens, massive outcrops of aplite and pegmatite display little hint

of dike-like character.

The aplites vary in color from light gray (N8) to grayish orange-

pink (1OR 8/2) and pale yellowish brown (1OYR 7/2). The orange and

pink colors are probably created by iron staining from weathered

mafic minerals in nearby quartz diorite.
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Figure 6. Aplite dikes (A) and pegmatite dikes (B) cutting
quartz diorite in the contact zone (Kcz) of the
quartz monzonite (K ) and quartz diorite (Kqm qd
units.
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The aplite dikes possess a sugary groundmass composed of

anhedral quartz and microclIne grains up to several millimeters in

diameter and, locally, fine-grained garnet. Microcline phenocrysts

up to 2 x 2 x 4 inches, and anhedral quartz grains up to several

millimeters are common.

At least one outcrop of fine-grained graphic granite, consisting

of quartz and microcline, is located in Thacker Canyon.

Most pegmatite dikes are mineralogically simple, and consist

of quartz and pink orthoclase. A few of the larger pegmatites, how-

ever, are zoned with cores of quartz and minor muscovite, tourma-

line, and garnet, enveloped in border zones of pink orthoclase.

Petrography

Thin sections of the aplites reveal a varying mineralogical

composition; therefore the following percentages are approximate:

microcline 40 percent, oligoclase 27 percent, quartz 30 percent,

biotite 1 percent, muscovite 1 percent, and accessories 1 percent.

Aplite groundmass textures are xenomorphic granular and represent

about 95 percent of the rock volume. The other five percent includes

the large anhedral quartz and very large microcline phenocrysts.

In the groundmass, interstitial microcline as much as 3 mm

in diameter displays typical gridiron twinning. Alteration of micro-

dine is minimal, and consists of sparse brown flakes of kaolinite,
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confined to the grain borders.

Oligoclase grains are from 1 /2 to 2 mm in diameter and show

slightly bent twin lameilae. Alteration of the oligoclase, which is

more intense than in the microcline, includes both kaolinite and white

mic a.

With the exception of the phenocrysts anhedral quartz up to

4 mm in diameter is the largest of the component grains. Extinction

of the quartz is undulatory and most of it is dusted with tiny inclu-

sions, including some needle-like inclusions that may be rutile.

Irregular strings of inclusions within the quartz reflect the presence

of former fracture surfaces.

Sparse muscovite and biotite, which occur as individual flakes

up to 1 mm in diameter, are present in approximately equal amounts.

The biotite is commonly embayed by quartz; tiny zircon inclusions

produce pleochroic halos.

Accessories and opaques include magnetite, zircon, apatite,

epidote, and garnet.

The aplites and pegmatites are intimately associated, cutting

one another and forming one within the other. They appear to have

developed late in the crystallization history of the quartz monzonite

intrusion when late magmatic solutions were escaping into the

countryrock.



Quartz Monzonite

Field Description
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Quartz monzonite (Kqm) underlies the high relief of Mahogany

Mountain and dominates the east-central part of the map area (Plate

3). Contact with the quartz diorite and contact zone rocks is followed

closely by a definite break in slope. In addition, the contact is semi-

circular, suggesting that complete circular closure of the contact

to the east of the map area is probable, making Mahogany Mountain

a stock-like intrusion. Rocks observed along Alta Creek Road and

in Thacker Canyon are varieties of quartz diorite (Kd) (Plate 3).

Whether the major range-bounding fault on the eastern side of the

Pine Forest Range cuts the quartz monzonite intrusion is not known.

Throughout the western part of the stock, the quartz monzonite

is uniformly coarse grained, except near contacts where it is rarely

porphyritic. Phenocrysts of orthoclase from one to three inches in

length occur in a groundmass of quartz, feldspar, and muscovite

grains that attain 3/8 inch in diameter.

Throughout most of the stock, primary magmatic features such

as schistosity, lineation, banding, and xenoliths are lacking, Rare

schistosity is poorly developed. The only structural feature corn-

monly seen in the quartz monzonite is a system of parallel quartz



veins from 1/4 to two inches wide and spaced six inches to several

feet apart. The quartz veins are more common along the stock

margins and are probably representative of a late. stage ma.gmatic

event, whereby residual solutions escaping from a solidified quartz

monzonite stock permeated joint fractures and deposited the quartz.

The small veins are probably related to the large quartz veins at the

Ashdown mine.

Chemical weathering has altered the quartz monzonite to such

a degree that a large hammer is needed to retrieve a fresh coherent

sample. No fresh samples were examined due to the deep penetration

of the weathering. Extensive weathering has produced the coarse-

grained grus soil surface of Mahogany Mountain. Weathered rock

surfaces exhibit colors of light brown (5YR 5/6), moderate reddish

brown (1OR 4/6) and grayish orange-pink (5YR 7/2).

Widely spaced, intersecting joint sets create bouldery outcrops.

Many single.boulder outcrops stand several tens of feet high and wide.

Generally, the prominent joints are nearly vertical. Subordinate

joint sets are either gently dipping or nearly horizontal.

Petrography

The quartz monzonite is coarse grained, generally hypidio-

morphic granular and rarely porphyritic. Porphyritic quartz

monzonite, which occurs sparsely near the contact with quartz
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diorite, contains orthoclase phenocrysts up to three inches in length.

Mineral grains in the groundmass range from 0.5 to 10 mm in maxi-

mum dimension. Component groundmass minerals and their approx-

imate percentages are oligoclase 41 percent, quartz 30 percent,

microcline 23 percent, muscovite 5 percent, and biotite 1 percent.

OlIgoclase occurs as subhedrai to anhedral grains up to 5 mm

long and displays albite, Carlsbad, and rare pericline twinning.

The twin lamellae are slightly bent and, generally faintly delineated.

Many grains are zoned, showing dark, concentric, extinction bands;

some are progressively zoned. In both cases, the cores of oligoclase

grains are richer in An than the edges. Thin sections of the weath-

ered rock samples show that the oligoclase is altered; zones and

twin latnellae are largely replaced by muscovite and kaolinite.

Anhedral quartz from 1 to 6 mm in diameter is interstitial.

Smaller quartz inclusions within the oligociase and microcline help

create a poikilitic texture. The quartz is strongly clouded with tiny

inclusions and it shares myrmakitic intergrowth boundaries with

the oligoclase.

Microcline also occurs interstitially and displays distinctive

gridiron twinning. Some grains attain 6 mm in their greatest dimen-

sion. Most microcline is strongly altered to a dusty, reddish brown

mineral, probably kaolinite. Microcline microperthite is common

and appears to replace the oligoclase.
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Muscovite occurs as anhedral flakes, rarely larger than mm

in diameter. Some grains are slightly distorted as shown by their

curved cleavages. Deuteric muscovite in the oligoclase occurs as

scaley aggregates and rosettes with individual flakes up to 0. 5 mm

in length.

Pleochroic dark brown to light tan biotite occurs as alternating

flakes with the muscovite and contains tiny zircon inclusions that

produce pheochroic halos. The biotite is embayed by quartz and

also contains tiny opaque inclusions, probably magnetite, along

cleavage planes and around grain boundaries.

Accessory minerals include zircon and euhedral apatite. The

opaques are probably magnetite grains that are as much as 0. 5 mm

in diameter. Hematite borders on magnetite are common.
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TERTIARY SEDIMENTARY ROCKS, EXTRUSIVE
IGNEOUS ROCKS, AND DIKES

General Statement

A variety of volcanic rocks dominate the western half of the

thesis area and lie unconformably upon an erosion surface of plutonic

rocks (Plate 1). Volcanic activity within the Basin and Range prov-

ince occurred throughout most of the Cenozoic Era, producing both

lavas and pyroclastics. Much of the volcanic material probably

accumulated during the brief periods that accompanied differential

movement of the basins and ranges (Van Houten, 1956). This activity

may have been related to the earth's crustal movements that were

responsible for the basin and range structure (Longwell, l95O).

Willden(1964) reports ages of Miocene or early Pliocene for some

of these volcanic units, based on paleontological evidence from sedi-

ments interstratified with the lavas of northwest Nevada.

The Tertiary volcanics and sediments of the thesis area strike

north-south and dip west along the west flank of the Pine Forest

Range. Thirteen separate stratigraphic units were mapped and

divided into two groups, older rock-stratigraphic units and younger

rock-stratigraphic units (Table 2). Four older rock-stratigraphic

units occur as a single inlier of steeply dipping strata, surrounded

by moderately dipping, younger rock-stratigraphic units, This inlier



Table 2. Stratigraphic column showing the relationship of the Tertiary units.

[
T5 j Ash Flow Tuff 5

Angular Unconformi

T
55

Volcanic Sandstone 5

Angular Ur*conformity

[__Tb3 Basalt 3

Td Basalt Dikes and Sills

T4
]

Volcanic Sandstone 4

LT3 Ash Flow Tuff 3

T
53

I

Volcanic Sandstone 3

[
T2

1

Ash Flow Tuff 2

[__ T2
j

Basalt 2

LTa J Andesite 1

Angular Unconformity

Basalt 1IT1
]

[

T2 Volcanic Sandstone 2
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is in the central part of the map area and may represent an exhumed

porton of a small fault block, as described by Osmond (1960) (Plate

2). Similar fault blocks may occur beneath the younger strata and

alluvium of Bog Hot Valley to the west. The striking angular Un-

conformity of the inlier units with the younger rock-stratigraphic

units records two phases of westward tilting of the Pine Forest Range

during Tertiary time. Other stratigraphic units and unconformities,

presented later, indicate additional episodes of uplift.

Older Rock-Stratigraphic Units

Volcanic Sandstone 1

Volcanic sandstone 1 (T1 ) is the oldest Tertiary rock unit

present in the thesis area. The unit occurs in the easternmost part

of the older rock- stratigraphic unit inlier and covers less than a

quarter of a mile. Only one small, thick-bedded outcrop is present;

therefore little is known about the unit. The base of the unit is not

expos ed.

Ash Flow Tuff 1

Field Description

Ash flow tuff 1 (T.1) crops out continuously along the entire

strike length of the underlying volcanic sandstone 1 (T1) unit. The



ash flow tuff contains some unwelded tuff capping moderately welded

tuff; most has been stripped away by erosion., The unwelded tuff

exhibits an earthy, subconchoidal fracture and is commonly colored

grayish orange-pink (1OR 8/2). Jointing is platy to very irregular.

Sparse, small volcanic rock fragments, pumice fragments, quartz

grains, and biotite flakes can be found in the unwelded portion of this

unit. Within the more densely welded portion of ash flow tuff 1 (T.1)

the color and texture is controlled by the amount of large pumice

fragments, rock fragments, and sanidine phenocrysts. A eutaxitic

structure is exhibited by the well-defined layering of flattened pumice

fragments and by the subparallel alignment of sanidine pheriocrysts.

Parallel to the flattened pumice fragments are irregular, vesicular

cavities up to one foot in length and several inches wide. They do

not contain the crystal linings that are common in many ash flow

tuffs. Euhedral sanidine crystals up to 0. 2 inches in length make

up about ten percent of the total composition of the densely welded

tuff, Colors vary: compacted pumice fragments are pale brown

(5YR 5/2) to dusky red (5R 3/4) in a groundmass color of medium

yellowish brown (1OYR 5/2); weathered surfaces are reddish brown

(lOR 4/4). Jointing in the densely welded tuff is well developed with

strong planar joint surfaces as much as several hundred feet square.

The joint surfaces nearly parallel the internal eutaxitic structure and

intersect each other at small angles.
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Ash flow tuff 1 (T.1) underwent erosion prior to deposition of

the overlying unit, volcanic sandstone 2 (T2). In the southern part

of its exposure, planar joint surfaces of densely welded tuff are in

contact with the overlying unit. However, near the northern part of

the exposure, some unwelded tuff remains capping the densely welded

tuff and is in contact with sandstone 2 (T2). Contacts were located

approximately and minor faulting and folding provided only a crude

estimation of the thickness of ash flow tuff 1 (T.1 ). In the southern

part of the exposure, the unit is about 40 feet thick; toward the

northern part, it is about 80 feet thick.

Petrography

Thin sections of densely welded ash flow tuff 1 (L1) reveal

that a reddish brown, semi-translucent, isotropic glassy matrix

comprises a significant part of the rock, Within this matrix are

glass shards, pumice fragments, some lithic fragments, and sanidine

phenocrysts. Though a modal analysis is given below, it is relevant

for only a portion of the unit, Only a detailed study, utilizing many

thin sections could provide an accurate measure of the overall compo-

stion of the unit--this is beyond the scope of the present report. The

following is an average of several thin sections: matrix 51 percent,

red-brown glass shards 16 percent, pumice fragments 14 percent,

lithic fragments 2 percent, sanidine 1 6 percent, and opaques 1 percent.



The translucent, dark red-brown glass shards are lens shaped,

because of flattening, and are often molded around sanidine pheno-

crysts and lithic fragments, creating a microscopic eutaxitic tex-

ture. Most individual shards are several millimeters long, aithugh

groups of these shards are commonly molded together as larger

aggregates.

The larger and lighter colored pumice fragments, also flat-

tened, display feathery intertonguing textures with the glass shards

and matrix. Many of the fragments are totally collapsed and their

porous internal structure, destroyed. Some of these are devitrified

and form unidentifiable aggregates of tiny grains that are arranged

in sunburst patterns. These sunbursts are centers of radiating,

fiberous grains that are probably feldspar and cristobalite (Ross

and Smith, 1961). A few of the thinner glass shards and pumice

fragments are devitrified and form an axiolitic structure.

Small basalt fragments comprise the only lithic fragments

noted. Grains of microcline and andesine (?) probably were picked

up by the ash flow tuff from the preflow surface.

The sanidine phenocrysts--commonly Carlsbad twinned--are

euhedral, clear, unaltered, and attain several millimeters in length.

Scattered randomly throughout the thin sections are gray, metallic,

opaque grains of magnetite, which occur as euhedral to subhedral

grains that reach 1/2 mn-i in diameter, Biotite is present either in



euhedral crystals or anhedral flakes that are pleochroic from very

light tan to deep reddish brown. Individual grains are as much as

2 mm in diameter.

Volcanic Sandstone 2

Field Description
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Volcanic sandstone 2 (T2) overlies ash flow tuff 1 (T.1) and is

the youngest of the volcanic sandstones in the inlier of older rock-

stratigraphic units. It is steeply dipping and easily erodable. Deep

dissection and gullying provide excellent exposures for detailed in-

spection. Most of the varicolored unit is composed of coarse to

medium-grained, thick to thin-bedded sandstone; some thick-bedded

pebble to cobble conglomerate, and fine-bedded to laminated silt-

stone. Near the middle of the unit a poorly welded ash flow tuff,

about ten feet thick, stands as a resistant ridge and tongoues out

within the sandstone. Minor cut-and--fill structures 1/4 to 1/2 inch

thick, occur within the thin beds and laminations. The position of

these features within the unit indicates that the older rock-strati-

graphic units were not overturned. The varied colors of volcanic

sandstone 2 (T2) include shades of pastel pink, orange, tan, yellow,

and gray. A subtle layering, present within the thick beds, may have

been created during subaerial ash fall deposition.
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The conglomerate, which is the basal member of the unit,

contains clasts of many rock types. They include mostly granitic

and metamorphic rocks which were derived from a predominantly

crystalline hinterland. This variety suggests that a moderately steep

hinterland of varied lithology provided outwash gravels and sands that

were later covered by ash falls which in turn were reworked and

redeposited.

The contact with the underlying ignimbrite is not well exposed.

Basal sands and gravels of volcanic sandstone Z (T2) appear to have

filled an irregular erosion surface on the ignimbrite (T.1). The

thickest section of volcanic sandstone Z is about 450 feet thick.

Petrography

The following description represents the most common lithology

present, a coarse-grained, thick-bedded volcanic sandstone consisting

of predominantly ash-fall material. A thick-bedded member, not

appreciably reworked by surface waters, was selected to represent

the typical petrographic description for the unit. With the binocular

microscope, the composite sample was examined and found to consist

of clastic fragments ranging from clay size to about 6 mm in diameter.

The clastic particles (framework components) of the sandstone are

loosely cemented by a clay or very fine ash matrix. The sandstone

is therefore friable and crumbles easily in one's hands. Porosity
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and permeability of the unit are high.

The following is a visual estimation of the sandstone's compo-

nents: pumice and glass shards 65 percent, crystal grains 1 5 percent,

rock fragments 5 percent, and clay or ash matrix 15 percent. Highly

vesicular, light colored pumice fragments, which commonly attain

6 mm in diameter constitute the bulk of the clastic fragments. Clear,

angular, reddish to dark brown glass shards, about 1 mm long, con-

stitute about 2 percent of the total clastics present. Quartz, plagio-

ciase, and potassium feldspar dominate the bulk of the crystal grains,

whereas amphibole and biotite are subordinate. All crystal grains

are angular to subangular and, for the most part, about 2 mm in

diameter or less. Some of the lithic fragments appear to be very

fine-grained basalt; others appear to be of a more silicic composition.

The interbedded ash flow tuff is very pale orange (1OYR 8/2)

and weathers to grayish orange (1OYR 7/4). The poorly welded tuff

fractures conchoidally, exposing an earthy surface with relatively

few phenocrysts. An ashy, earthy matrix makes up about 90 percent

of the rock. The remaining ten percent includes rare unflattened

white pumice fragments (about two percent), which are softer than

the matrix and vary from 3 to 5 mm in diameter. Colorless glass

shards up to 1 mm long occur in the matrix and account for less than

one percent of the rock volume. Euhedral sanidine crystals, some

biotite, and sparse magnetite, mostly less than 1 mm in diameter,
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represent the mineral grain content and amount to about two percent

of the ash flow tuff composition.

Basalt 1

Field Description

Basalt 1 (Tbl), the youngest unit of the older rock-stratigraphic

units inlier, forms three small hogbacks which cap volcanic sandstone

2 (T2). This unit apparently poured out upon a relatively flat sand-

stone (T2) surface, baking the top few feet of sandstone to an orange-

pink color. The upper contact lies in angular unconformity with

volcanic sandstone 4 (T4) of the younger rock-stratigraphic units.

The measured thickness across the largest hogback is about 60 feet.

Basalt outcrops contain large, drawn-out vesicles, as much

as several inches in length, that parallel the strike of the unit. The

basalt is very fine grained, dark gray in color (N3) and weathers to a

brownish gray (5YR 4/1) color. No regular joint pattern exists within

the unit.

Petrography

Basalt I (Tbl) is fine grained, partly intergranular and partly

hyalopilitic in texture. The principal minerals and their percentages

are labradorite 54 percent, opaques 22 percent, augite 13 percent,
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olivine 4 percent, glass 6 percent, and other minerals 1 percent.

Lath-shaped labradorite grains are euhedral to subhedral in

form and up to 1/2 mm in length. Their small size and progressive

zonation create difficulty in identification, but the grains appear to

have labradorite cores with higher An content rims. These small

labradorite laths dominate the thin section such that other minerals

only fill the interstices.

The opaque mineral is probably magnetite that is about half

altered to translucent, reddish brown hematite. Magnetite grains

are less than 1 mm in diameter.

Small anhedral grains of augite are very light green, although

they contain a reddish staining around their margins due to the adja-

cent, altered magnetite.

Tiny olivine anhedra, less than 1/2mm in diameter, are

partially altered to iddingstie.

A yellowish glass fills some interstitial positions between

grains in the basalt, but it is not extensive.

Other minerals that make up the remaining one percent of

basalt 1 (Tbl), are irregular patches of carbonate, zeolite filling

of vesicules, and a few small crystals of apatite.
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Younger Rock-Stratigraphic Units

Andesite 1

Field Description

Andesite 1 (Ta) crops out in the Alta Creek Basin area, pre-

dominantly within sec. 18, T. 45 N., R. 30 F., and lies noncorl-

formably upon Cretaceous quartz diorite (Kd). Several isolated

outcrops, which are scattered throughout the crystalline terrane of

Alta Creek Basin, may represent remnants of a former, more exten-

sive lava sheet. This unit is the oldest unit of the younger rock-

stratigraphic units exposed in the map area.

Outcrops of andesite 1 (Ta) are few and poor, and have no

more topographic expression than that exhibited by the underlying

quartz diorite unit. Several small outcrops display crude columnar

jointing and provide some information about the unit's attitude. Many

of the rock fragments in the soil cover indicate that a platy jointing

is also characteristic of andesite 1 (T). The isolated outcrops of

basalt in Alta Creek Basin are at several topographic elevations,

suggesting that the lava sheet poured over a very irregular erosion

surface of quartz diorite (Kqd) probably not unlike that existing

today.

The fine-grained andesite 1 a' is medium dark gray (N4) and
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weathers to a brownish gray (5YR 4/1). At the contact with the

younger, overlying basalt 2 (Tbz), the unit may be grayish red-

purple (5RP 3/2) due to baking. Andesite 1 contains prismatic

hornblende phenocrysts up to 0. 3 inches in length, some occurring

as glomerophyric masses. In other parts of the unit where the

hornblende phenocrysts are mis sing, smaller, euhedral plagioc las e

and sparse euhedral biotite phenocrysts predominate.

The thickness of the unit could not be determined due to the

lack of sufficient outcrop information. The writer estimates that

andesite 1 (Ta) may have been up to 250 feet thick, but this is due to

the deeper intracanyon fillings.

Petrography

The megascopic appearance and petrographic description of

this unit show it to be significantly different from the other basalt

units in the map area. Andesite 1 (Ta) also varies in character

throughout the area of its exposure. Some varieties are strongly

porphyritic, whereas others are only sparingly porphyritic and still

others lack phenocrysts entirely. All are holocrystalline, however,

and consist of microcrystalline, prismatic andesine and equant

augite (?) in a cryptocrystalline groundmass. Andesite 1 (Ta)

textures are intergranuiar and pilotaxitic.

One variety contains 1 7 percent phenocrysts, hornbiende 1 6
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percent and andesine 1 percent, in a Line-grained groundmass of

andesine (?) 39 percent, augite (?) 22 percent, opaques 21 percent,

and calcite 2 percent. Twinned hornblende phenocrysts, which reach

6 mm in length, are pieochroic from olive green to light brown. Each

is subhedral, the rounding probably due to attrition during movement

of the lava flow. In addition, a narrow rim of very fine-grained

opaques, presumablymagnetite, surrounds each hornblende pheno-

cryst.

The few andesine (An 40) phenocrysts are euhedral, about 1 mm

long, and lack the coronas of fine-grained magnetite that are common

around hornblende.

The fine-grained groundmass of andesite 1 (Ta) consists of

prismatic andesine (?), magnetite, and augite (?), from 1/4 to 1/2

mm in maximum dimension. The latter two minerals are interstitial

to the andesine ( ?) laths. Because of the small size of the ground-

mass constitutents, their identification remains uncertain.

Veinlets and irregular patches of secondary calcite are common

throughout the thin sections of andesite 1 (Ta)

A more common variety of andesite 1 contains nearly 35 percent

phenocrysts. Andesine phenocrysts dominate in number; hornblende

and biotite phenocrysts are subordinate. The remaining 65 percent

of the rock is a very fine-grained groundmass similar to the previ-

ously mentioned variety of andesite 1 (Ta) Andesite 1 textures of
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this variety are porphyritic, microporphyritic, and cryptocrystalline.

Euhedral to anhedral andesine (An 40) up to 2 mm in length

constitutes 26 percent of the rock. The andesine phenocrysts are

twinned and zoned, some progressively and concentrically; in each

case the cores are more calcic than the rims. Some white mica

alteration of the andesine is evident along fractures and as a replace-

ment of zone bands.

Sparse biotite and magnetite phenocrysts up to 1 mm in length

also occur in andesite 1 (T). They are euhedral to subhedral and

comprise about two percent of the rock. The magnetite grains have

hematite alteration rims.

About seven percent of andes ite 1 is made up of altered horn-

blende phenocrysts; their outlines are preserved by fine-grained

magnetite halos. Cores of the hornblende phenocrysts have been

partially replaced by granular aggregates of clay, magnetite, and

calcite.

Basalt 2

Field Description

Basalt 2 (Tbz) covers about 1 1/4 square miles in the center

of the map area and is represented by a rather thick sequence of

basalt flows and flow breccias. As a single mapped unit, the basalt



extends from near the Ashdown mine, south to Road Canyon, and

eastward into Alta Creek Basin (Plate 3). It lies conformably upon

andesite 1 (Ta) or, in some places, nonconformably on quartz diorite

(Kqd) It commonly has baked, oxidized zones at the bottom contacts

of flow members.

Outcrops are isolated and generally small. Most of the area

underlain by basalt 2(Tbz) is well covered by soil and rock fragments.

Flow breccia outcrops equal basalt flow outcrops in number. The

largest single exposure of this unit, approximately 1000 square feet

in area, is flow breccia. A nodular weathered surface is created by

the differential erosion of clasts and matrix.

Basalt flow members, which are very fine grained, are medium

dark gray (N4), but weather to a moderate reddish brown (1OR 4/6).

Some contain small, 0.1 -inch-long pseudomorph phenocrysts that

have been altered to limonite minerals. Others are sparingly vesicu-

lar to scoriaceous. Near the base of one flow member within the unit,

large drawn-out vesicules up to several inches in length are present

and many oL them are filled with chalcedony. Several quartzite

pebbles found within the lower member of basalt 2 (Tb2) were prob-

ably picked up by the initial flows as they moved over an erosion

surface of andesite 1 (Ta) and quartz diorite (Kqd)

Flow breccias, containing finely scoriaceous basalt, are

grayish red (5R 4/2) to dusky red (5R 3/4) or grayish red-purple
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(5RP 3/2). Rock fragments in the breccia are darker colors; the

matrix is lighter. Breccia clasts attain 1 1/2 feet in diameter.

Some clasts display excellent pahoehoe flow structure.

A few basalt flow outcrops exhibit well-developed columnar

jointing, which provides some idea of local attitudes (Figure 7).

Commonly, good columnar jointing changes to irregular, hackly

jointing. Each attitude taken generally strikes north-south and dips

between 12 and 53 degrees west.

The lower members of basalt 2 (Tb2) appear to have poured out

upon an irregular erosion surface. Because of a sparcity of outcrops,

measurement of its thickness is difficult. Based on meagre informa-

tion, basalt 2 (Tb2) thickness is estimated at between 1600 and 1850

feet.

Petrography

Thin sections of basalt 2 (Tb2) lava flows reveal a holocrys-

talline, intergranular, microporphyritic texture. Labradorite

comprises 75 percent, clinopyroxene 15 percent, and opaques 10

percent of the rock.

Euhedral labradorite microphenocrysts about 1 mm long are

scattered amid small, prismatic labradorite (?) laths that display a

felted texture. Extinction angles indicate labradorite (An 50) in the

larger grains. The labradorite exhibits albite twinning and



progressive zoning with more calcic cores.

Very fine-grained clinopyroxene and some opaques occupy

interstitial positions between the labradorite laths. In addition, a

small part of the interpiagioclase spaces are filled with cryptocrys-

talline material that contains a large amount of opaque grains, pre-

sumably magnetite.

Ash Flow Tuff 2

Field Description

Ash flow tuff 2 (T.2) extends as a narrow band of poorly exposed

outcrops from near the southern part of the Ashdown mine area to

about three miles south (Plate 3). Nearly all of its contacts are

mapped on the presence of rock fragments in the soil cover. As a

member of the younger rock-stratigraphic units, it covers about 1/4

square mile in area. Unlike the younger ash flow tuff units, which

form erosionally resistant hogbacks, ash flow tuff 2 (T.2) displays

little or no topographic expression.

The unit is conformable with the older basalt 2 (Tbz) beneath

and the younger volcanic sandstone 3 (T.3) above. No attitudes could

be taken from this unit, The maximum thickness of ash flow tuff 2

is estimated at 135 feet, utilizing the excellent attitudes of the

overlying, conformable volcanic sandstone 3 (T3). To the north



Figure 7. Basalt 2 (Tbz) striking generally north-south with
westward dip and displaying well-developed columnar
jointing. To the east, in the background, is Fisher
Peak.
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and south the unit thins and pinches out, suggesting that the central

part of the map area was of low relief during deposition of this unit,

hence accumulating the greatest thickness of ash flow material.

Samples collected from all parts of the unit include a variety

of rocks, from moderately to densely welded ignimbrites. Dark,

glassy, densely-welded ignimbrite near the base of the unit grades

to lighter-colored, moderately welded ignimbrite toward the top.

Typical colors of moderately welded tuff are pale red (1OR 6/2),

pale yellowish brown (1OYR 6/2), and light brownish gray (5YR 6/1);

weathering produces grayish red (5R 5/2) and moderate brown (5YR

4/4). Some of these rocks display a dark gray (N3) desert varnish.

The densely welded varieties of ash flow tuff 2 are pale yellowish

brown (1OYR 6/2), dark yellowish brown (1OYR 4/2), and grayish

black (N2).

The moderately welded variety fractures conchoidally, reveal-

ing an ashy, earthy groundmass. Sparse, flattened vesicules about

1/10 inch long, lithic and well-flattened pumice fragments 1/4 to

1/2 inch long, and two types of phenocrysts occur in the moderately

welded variety. The lithic fragments are mostly densely welded

ignimbrite but include some basalt and plutonic rock fragments.

Large pumice fragments are rare, but those that do occur, are

flattened to areas 50 times their thickness. Euhedral phenocrysts

of biotite and feldspar up to 1/10 inch in length comprise about two
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percent of the total rock volume. The phenocrysts and rock frag-

ments, taken together, make up about four percent of the moderately

welded ignimbrite.

The densely welded ignimbrite has a glassy luster and tends

to separate along a plane paralleling the flattened lithic fragments

and aligned phenocrysts. The phenocrysts and lithic fragments are

similar to those of the moderately welded varieties of ignimbrite,

but make up a greater percentage (30 to 40 percent) of the rock vol-

ume due to greater compaction. Flattened pumice fragments tend

to become obscured, appearing as indefinite, light gxay (N7) streaks

in the black glass.

Petrography

A modal analysis of the densely welded ignimbrite, based on

two thin sections, yields: groundmass 76 percent, rock fragments

10 percent, pumice fragments 4 percent, sanidine 5 percent, plagio-

clase 2 percent, microcline 1 percent, biotite 1 percent, and opaques

1 percent.

The groundmass is dark reddish brown, isotropic, and dusted

with very fine opaque grains. Well-flattened glass shards wrap

around lithic fragments; phenocrysts stand out as clear, reddish

brown lenses and ribbons in the darker matrix. Textures are

porphyritic and eutaxitic,
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Rock fragments of basalt are easily identified but the densely

welded ignimbrite fragments so easily identified in the moderately

welded ash flow tuff become obscure, ghost-like remnants in the

densely welded variety. A few, flattened, pumice fragments retain

the porous, tubular structure that permits their identification.

They appear as colorless to light tan, compacted fragments in the

darker groundmass.

Most of the phenocrysts are euhedral and they rarely attain Z

mm in diameter. Biotite phenocrysts are pleochroic from brown-

black to light tan and occur as thin plates about 1 mm in diameter.

Euhedral sanidine phenocrysts are clear, colorless, and display

Carlsbad twinning. Opaque minerals are mostly subhedral to anhedral

and usually less than 1 mm in diameter. Anhedral grains of micro-

dine and plagioclase may represent material picked up by the ash

flow during its deposition.

Volcanic Sandstone 3

Field Description

Volcanic sandstone 3(T3) is the second largest of the sedi-

mentary units within the thesis area. It is a deeply eroded unit lying

with conformable contact beneath the prominent hogbacks of ash flow

tuff 3 (T.3) and conformably upon ash flow tuff 2 (T.2). This sandstone
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unit extends from the northern boundary of the map area, to the

southern boundary. It is folded, faulted, and intruded in the Road

Canyon area (Plate 3).

The volcanic sandstone is well exposed throughout the northern

third of the map area. The best exposure reveals a near complete

section of volcanic sandstone 3 along the up dip slope (Thornbury,

1958) of the largest hogback, located south of the Ashdown mine

(Figure 8). Sandstone outcrops are few, farther south in Road

Canyon, where faulting and folding have created an undulating terrain.

The position of contacts in this south-central area are mapped on

the basis of the position of the unit within the stratigraphic sequence,

and the presence of light colored, ashy soil presumably developed

over the unit. In the northern part of the map area, the contact of

volcanic sandstone 3 (T3) with the overlying ash flow tuff 2 (T.2)

was mapped at the break in slope.

The portal of Ashdown mine no, 12 adit is in volcanic sandstone

3 (T3) and provides an excellent cross section of the lower 220 feet

of this unit. The basal portion of the unit is composed of a con-

glomerate bed 35 feet thick. Cobbles and boulders of white quartz

and granitic rocks are common. Above the basal conglomerate,

several 1 -to-2-foot-thick beds of cobble to pebble conglomerate

grade into sandstone. The middle and upper parts of volcanic sand-

stone 3 (T53) are a continuous section of alternately bedded ash fall



tuff, reworked ash fall material, and outwash detritus from the

hinterland (Figure 8). Closer examination reveals a sequence of

thick to thin-bedded and laminated sediments, many showing graded-

bedding (Figure 9). Thick-bedded, light colored, nearly structure-

less tuffaceous beds 10 to 14 feet thick occur amid sequences of

darker colored, thin-bedded, and laminated sands and silts.

The thick-bedded tuffaceous sediments display a distinct ash

fall layering delineated by nearly white pumice fragments. Beds up

to several inches thick, of subangular, coarse-grained and very

coarse-grained sand, composed of pumice, ignimbrite, basalt, and

plutonic rock fragments, represent debris from a crystalline hinter-

land and the older rock stratigraphic units. Abundant cut-and-fill

structures and small forset beds indicate that sediment transport

was toward the west.

South of the Ashdown mine, near the crest of the large hogback,

an excellent exposure of volcanic sandstone 2 (Ta) was measured

and found to be 395 feet thick. Because this unit appears to have

been deposited upon an irregular surface, variations of unit thickness

should be expected.

Because of numerous beds, the colors of volcanic sandstone 2

(T2) cover a variety of browns and grays. Common colors are

yellowish gray (5Y 7/2), gray-orange-pink (5YR 7/2), moderate

orange-pink (5YR 8/4), pale yellowish orange (1OYR 8/6), and very



Figure 8. Laminated, thin-bedded, medium-bedded, and thick-
bedded volcanic sandstone 3 (T53). In the background,
the contact with ash flow tuff 3 (T3) can be seen.
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Figure 9. Laminated and thin-bedded sands and silts of volcanic
sandstone 3 (T53). Graded bedding is evident in some
of the beds.
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pale orange (1OYR 8/2). In the central part of the map area, parts

of the sandstone are baked by intruded basalt dikes and sills (Td)

creating medium dark gray (N4) and grayish red (5R 4/2) colors.

Petrography

Because of its heterogeneous nature, only the thick-bedded

sandstone members were selected from the volcanic sandstone 3

(T3) un:it, and described. The thick-bedded sandstone is poorly

sorted and poorly cemented by very fine-grained ash and clay. It

has high porosity and permeability. Most of the thick-bedded sand-

stone is composed of light colored, silt size to very coarse-grained

ash particles. Ash makes up about 70 percent of the rock bulk; lithic

fragments make up ten percent. About 18 percent of the rock is

mineral grains, and two percent is glass shards.

The volcanic ash, pumice grains, and ciasts are highly vesicu-

lar and nearly white in color; a very few are bright orange. The

lithic fragments reach 3 mn-i in diameter and are subrounded to

subangular, Basalt and fine-grained quartz fragments are most

abundant and were probably being transported to the site of deposi-

tion during heavy falls of ash material. The glass shards are trans-

lucent, reddish, grayish, and black colors, subangular in form, and

as much as 4 mm in diameter.

Of the 18 percent mineral grains present in the thick-bedded



volcanic sandstone, the most common of these is 8 percent mica,

with feldspars and quartz each 5 percent, and magnetite 2 percent.

Anhedral muscovite and euhedral biotite occur as flakes up to 2 mm

in diameter. Feldspar is predominantly colorless euhedral sanidine.

Some anhedral piagioclase and quartz grains are present and attain

2 mm in diameter. Magnetite occurs as euhedral grains rarely

larger than 1/2 mm in diameter.

Ash Flow Tuff 3

Field Description

Ash flow tuff 3 (T.3) is the thickest and most extensive ignim-.

brite unit within the map area. It stands as resistant hogbacks along

the western flank of the Pine Forest Mountains and strikes north-

south with westward dip of about 40 degrees. Volcanic sandstone 3

(T3) underlies, and volcanic sandstone 4 (T4) overlies, this unit

with apparent conformity. Both sandstone units, being less resistant

than the ignimbrite, erode away from it and create the prominent

hogbacks of ash flow tuff 3 (T.3). Continuous outcrop of ash flow tuff

3 occurs from 1/4 mile north of the northern boundary of the thesis

area to four miles south. Farther south, in Road Canyon, the ash

flow is faulted, resulting in the disappearance of the hogbacks. The

faulting offsets the unit from its normal strike. Intrusion by basalt
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dikes and sills (Td) further complicates the structure. Ash flow

tuff 3 (T.3) does, however, stand as a cliff former, separating two

volcanic sandstone units (T3 and T4) and serves as a key unit in

interpreting the structure in the Road Canyon area (Plate 3).

Contacts in the south-central part of the map area are, for the

most part, inferred, and, in many places units were located solely

on stratigraphic position. In this area, the basal contact with volcanic

sandstone 3 (T53) is not exposed but follows along the base of ash flow

tuff (T.3) cliffs. The top contact with volcanic sandstone 4 (T4) was

mapped at the break in slope.

Dip slopes of ash flow tuff 3 (T.3) were eroded and stripped of

the softer, unwelded, upper portion of the unit. This may have

occurred in the recent geologic past although the intensity of erosion

suggests that the unwelded part may have been removed in Late

Tertiary time, prior to deposition of volcanic sandstone 4 (T4)

At Cherry Gulch, ash flow tuff 3 (T.3) contains a small, appar-

ently conformable basalt outcrop measuring 15 feet by 30 feet. The

basalt is a fine-grained flow that was deposited simultaneously with

the ash flow tuff 3 (T.3) unit. Ash flow tuff 3 is therefore made up

of more than one ash flow however, the flows were deposited within

a relatively short time so as to cool as a single rock unit. Ash flow

tuff 3 (T.3) appears to be amultiple cooling unit as described by

Smith (1960). The south facing cross section of the ash flow tuff
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unit (T.3) at Cherry Gulch displays a very slight internal, angular

discordance delineated by subtle differences of ash flow welding within

the unit (T.3). The angular discordance could be explained as the

overlapping of single, relatively contemporaneous ash flows or sub-

flows that originated within the main flow itself, rather than at the

source of the ash flow sheet (Smith, 1960).

A planar, eutaxitic structure created by ash flow compaction

and welding parallels the contacts of the unit, Flattened pumice

fragments, aligned phenocrysts, flattened vesicular cavities, and

parallel fracture planes create this eutaxitic structure. The struc-

ture helps in the deciphering of structural complexities in the Road

Canyon area, where it provides strike and dip measurements on ash

flow tuff(T.3) outcrops.

Within the map area, the thickest part of ash flow tuff 3 (T.3)

lies between the Ashdown mine and Cherry Gulch. A measured sec-

tion there, which does not include the eroded, unwelded upper part

of the unit, varies from 65 to 80 feet thick.

Moderately welded ash flow tuff 3 (T.3) is identical in appear-

ance to moderately welded ash flow tuff 1 (T.1). The basal portion

consists of unweided ash flow tuff that breaks with subconchoidal

fracture. It is pale red (1OR 7/2) and contains vesicules 1/4 inch

in diameter, abundant lithic and pumice fragments, and feldspar

phenocrysts. The pumice fragments are nearly white and unflattened.
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Most lithic fragments are less than 1/2 inch in diameter and the

phenocrysts are less than 1/4 inch in length.

The more firmly welded ash flow tuff is darker in color and

less porous; lithic fragments and phenocrysts were concentrated by

compaction of the unit. In Road Canyon, densely welded ash flow

tuff (T.3) is a vitreous, dark gray (N3), obsidian-like rock that con-

tains light colored lithic fragments and feathery lenses of nearly

white pumice fragments.

At 10 feet above the base of the unit the ash flow becomes pale

red (1OR 6/2). The pumice fragments are well flattened, occurring

as grayish red (1OR 5/2) streaks and ribbons that define a eutaxitic

structure. At 20 feet above the base of the unit the eutaxitic structure

is better developed. Near the middle of the unit (40 feet above the

base) the ash flow becomes grayish red (1OR 4/2) and contains

abundant flattened vesicules and large, flattened vesicular cavities

as much as six inches in length. Only sparse vesicules occur else-

where within the unit, At 60 feet above the base of the unit the rock

changes to medium brownish gray (5YR 5/1) and contains only a few

small vesicules. Sixty-five feet above the ash flow tuff base the

rock again becomes pale red (1OR 6/2) and contains darker colored

lenses of compressed pumice fragments.

Weathered ash flow tuff 3 (T.3) is pale red (1OR 6/2), but is

commonly dark gray (N3) on desert varnish surfaces.
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4.

Figure 10. Ash flow tuff 3 (T3) at the crest
of the largest hogback, located
south of the Ashdown mine. Note
the contact with underlying vol-
canic sandstone 3 (T53). The unit
is about 70 feet thick here.
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Petropjy

Modal analysis of two thin sections of the most densely welded

portions of ash flow tuff 3 (T.3) reveals the following average percent

composition: glassy groundmass 72 percent, phenocrysts 16 percent,

lithic fragments 8 percent, opaques 2 percent, and pumice fragments

2 percent.

In thin section, the glassy groindmass is light tan and contains

microscopic, translucent, dark reddish brown glass shards that have

been compressed to thin lens shapes. These shards make up about

30 percent of the glassy groundmass and impart excellent eutaxitic

texture to the rock. Tiny, unidentifiable microlites and very fine-

grained opaques are also disseminated throughout the glass matrix.

Euhedral phenocrysts of sanidine as much as 5 mm in length

are rectangular shaped and display Carlsbad twinning. A few of these

display deep ernbayments. They are colorless, clear, and free of

alteration, except where some cleavages contain very small dis-

seminated opaques. Some anhedral grains of plagioclase and micro-

dine in the matrix represent detrital grains picked up by the ash

flow prior to deposition. Sparse biotite phenocrysts occur within

the ash flow, as euhedral flakes 1 mm in diameter. They are

pleochroic from very light orange to a dark red-brown. Associated

with the biotite are twinned, subhedral augite phenocrysts about 1 mm
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in diameter. They are pale green and are rimmed by fine-grained

magnetite.

Several varieties of basalt fragments constitute the greatest

portion of lithic fragments present in the ash flow (T.3). Sparse

piutonic rock fragments constitute the remainder. Most rock frag-

ments range from 1 to 2 mm in diameter, rarely attaining diameters

of 5 mm. All are subrounded to subangular in form.

Most op3que grains are very tiny, although a few reach 1. 4 mm

in diameter. The larger grains have a square outline and a gray,

metallic luster; all opaques are probably magnetite.

Some flattened pumice fragments remain in the highly welded

part of ash flow tuff 3 (T.3). Many of these are devitrified and consist

of radiating, needle-shaped rods that form axiolites.

Volcanic Sandstone 4

Field Description

Volcanic sandstone 4 (T4) is the thickest and most extensive

volcanic sandstone exposed within the map area. It extends from

the northern to the southern map boundary, strikes generally north-

south, and is a conformable member of the younger rock stratigraphic

units (Plate 3). In the Road Canyon area it is faulted and gently folded.

Additionally this unit (T4) intertongues with the overlying unit (Tb3).
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Good exposures are on steep, up dip slopes, beneath a thick

capping basalt unit (Tb3). The basal contact, with ash flow tuff 3

(T.3) is located approximately and not exposed. Near the central

part of the map area the basal contact of the sandstone forms an

angular unconformity with the older rock stratigraphic units.

Throughout the southern part of the area, the upper contact of the

sandstone (T4) with the overlying basalt unit (Tb3), and its inter-

tonguing members, is well defined. The continuous contact indicates

that the basalt (Tb3) flowed onto a flat surface of volcanic sandstone.

In the northern part, however, volcanic sandstone 4 (T4) underwent

deep channeling and gullying, probably due to outwash from an ances-

tral highland near where Mahogany Mountain is now situated. The

gullies and channels were then filled with the initial flows of basalt 3

(Tb3), which formed intracanyon lava flows. A reverse topography,

created by one of these intracanyon flows, occurs near the mouth of

Cherry Gulch (Plate 3). Deposition of sandstone continued after the

initial flows of basalt, as indicated by the thin interlayering of basalt

and sandstone members.

Much of the complex faulting in the Road Canyon area dies out

in volcanic sandstone 4 (T4) and oniy a few minor faults penetrate

through it to the overlying basalt (Tb3). This suggests that the

sandstone was an incompetent unit which acted as a cushion, absorb-

ing the stresses that disturbed the lower units. Alternatively,
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sandstone deposition could have occurred before and after structural

adjustments

Measurements taken both in the north and south indicate a

constant unit thickness of about 440 feet.

Volcanic sandstone 4 (T4) is a varicolored unite In sec. 36,

T. 45 N., R. 28 E., the following colors occur from bottom to top;

a yellowish gray (5Y 8/1) member, a light gray (N7) member, a thin

white member, a thick pinkish gray (5YR 8/1) member, and a baked

zone of moderate reddish orange (1OR 6/6) and pale yellowish orange

(1OYR 8/6) created by the overlying basalt unit (Tb3). Most of the

sandstone unit is composed of thick-bedded, coarse to very coarse-

grained, volcanic sandstone that contains a very high percentage of

volcanic ash. Rock induration is poor; porosity and permeability are

very high. A subtle layering, indicated by nearly white pumice frag-

ments in these thick beds is the only observable rock fabric. Medium-

bedded and thin-bedded strata are plentiful and some of the beds show

graded bedding. Cut-and-fill structures from several inches to three

feet deep, occur in these bedded members. Between the Ashdown

mine and Cherry Gulch, some large channels, which occur within

the sandstone unit, are filled with very coarse sand, pebbles, and

cobbles of schists, quartz diorite, pegrnatite, and white quartz.

About one mile north of Road Canyon, another thick bed of conglom-

erate Is exposed near the base of sandstone 4 (T4).
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Pe tr o gr aphy

As with previous volcanic sandstone units, the thick-bedded

members were selected for petrographic study.

Thick-bedded volcanic sandstone 4 (T4) displays no obvious

rock fabric in hand specimen. It contains framework grains up to

5 mm in diameter and matrix grains of clay and silt size. The

matrix is very fine-grained pumice and clay, which forms a weak

cement for the sandstone framework clasts. Soft, nearly white

pumice clasts as much as 5mm in diameter are among the largest

of the framework clasts in the sandstone. All of the larger clasts

are coated with a very thin film of opaque white material, possibly

caliche or clay.

Visual estimation with the binocular microscope reveals the

following, approximate percentages of component members; pumice

clasts 65 percent, gaiss shards 15 percent, feldspar crystals 12

percent, rock fragments 5 percent, and other mineral grains 3

percent.

The abundant pumice clasts, which give the rocks their color,

are soft and highly vesicular. Some of the larger, nearly white

clasts have a spun glass appearance. A few pumice clases of smaller

size (about 1 mm) are bright red-orange, but make up less than one

percent of the rock volume. Irregular sizes and shapes of colorless,
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glass shards easily break into concentric layers that separate, leav-

ing a shot-like center bead.

The rock fragments are difficult to identify because of their

small size and white mineral coating. Many dark clasts appear to

be black glass; some appear to be basalt.

Euhedral feldspar crystals are colorless and lack obvious

twinning. Undoubtedly, they are sanidine. Other mineral grains

include tiny euhedral to subhedral magnetite, minor biotite, and

amphibole.

Dikes and Sills

Field Des crption

Many basalt dikes and sills (Td), exposed throughout the map

area, appear to be related to two large sill and sill-like outcrops in

the central map area (Plate 3). Of the two sill-like outcrops the

smaller displays a well exposed, planar, basalt dip slope and occurs

as an apparent conformable unit between ash flow tuff 2 (T.2) below

and volcanic sandstone 3 (T3) above. The larger outcrop area is

composed of numerous small outcrops of platy jointed basalt. Within

both sill-like outcrop areas moderately well developed columnar

jointing is present with very platy jointing developed perpendicular

to the columnais. The larger area, though a sill-like rock body,



appears to be a more massive body and may be a large dike. Two

other small sills occur in the map area. One is located west of

Fisher Peak and is about 15 feet thick, the other is in sec. 18, T.

44 N.,, R. 30 E. and is about 20 feet thick. The large well developed

sill of the central map area is about 50 feet thick although its bottom

contact is not visible.

The above mentioned sills and the northeast trending dikes in

upper Road Canyon are lithologically similar to the two large basalt

intrusives of the central map area. All of these basalts are medium-

grained, olivine basalt of medium dark gray color (N4), weathering

to pale yellow-brown (1OYR 6/2), and brownish gray (5YR 4/1).

The small, northwest-trending dikes near the entrance to Road

Canyon, the curved dike in the canyon, the dike on Fisher Peak, and

the offset dike near the Ashdown mine are all very fine-grained, dark

gray (N3) basalt dikes with poor columnar jointing and very common

hackly jointing. It is assumed that these dikes may also be related

to the large basalt intrusives of the central map area.

One, long, bifurcating dike in the Ashdown mine area is poorly

exposed but contains an olive-gray (5Y 4/1), fine-grained groundmass

that weathers to pale brown (5YR 5/2). It is lithologically similar to

andesite 1 (Ta) and may be a feeder dike for that unit.
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Petrqgraphy

The medium-grained basalt sills and dikes contain 60 percent

plagiociase, 24 percent augite, 1 2 percent olivine, and 4 percent

opaques. Rock textures are holocrystalline, subophitic, and micro-

porphyritic.

Larger subhedral and eu.hedral plagioclase grains up to 1 1/2

mm long, occur in a felted groundmass of small plagioclase laths.

All have Carlsbad and Albite twinning and all have progressive

zonation. The plagioclase is labradorite and is generally clear with

minor alteration to white mica.

Augite is anhedral, up to 4 mm in diameter and is interstitial

to the labradorite laths. Olivine, which forms anhedra]. grains up to

2mm in diameter, contains iddingsite and chlorophaeite alteration

along irregular fractures, cleavage traces, and grain borders. Small

subhedral opaque grains, probably magnetite, are dispersed through-

out the basalt. Euhedral needle-shaped apatite crystals represent

the only accessory mineral present.

The smaller, fine-grained basalt dikes are also composed of a

felted mass of subhedral plagiQclase grains. These grains are less

than 1. /4 mm long and display progressive zonation. Extinction angles

indicate an andesine composition for the plagioclase. Anhedral

olivine and augite generally occur in the interstices of the plagioclase



laths along with some yellow-brown glass. Textures are intergran-

ular and subophitic. The lithologic similarity between these basalt

dikes and many flow members in basalt 3 (Tb3) suggests that the

dikes might be feeders for local flows.

A thin section of the suspected feeder dike in the Ashdown mine

area reveals a similar lithology to andesite 1 (Ta) and supports the

relationship. It has a pilotaxitic texture featuring plagioclase micro-

lites with tiny, dispersed opaque grains and twinned hornblende

phenocrysts with concentrations of opaque grains around their borders.

Basalt 3

Field Description

Basalt 3 (Tb3) covers nearly four square miles along the western

part of the thesis area. It extends from near the Ashdown mine to

the southern boundary and dominates the southwestern part of the

area. The unit consists of a thick sequence of many basalt flows

that differ slightly in mineralogy, texture, and physical appearance.

Several of the thin, initial flows of the unit (Tb3) intertongue with

the underlying sandstone (T4). A few tongue out toward the south,

indicating a northern source area for them.

The bottom contact of basalt 3 (Tb3) with volcanic sandstone 4

(T4) is well exposed throughout most of its length due to differential



erosion on the up dip slope. The contact with the overlying sandstone

(T5), in the southwest part of the area, near Little Alder Creek, is

also well located, though not as well defined. In the west-central and

northwest part of the area, the unit is covered by Quaternary alluvium

(Q ) and colluvial deposits (Q ).al c

Outcrops generally consist of long dip slopes and short, steep

up dip slopes. They generally lack the familiar, well-developed

columnar jointing typical of many basalts, possibly because some

of the thin individual flows cooled too quickly for columnar develop-

ment; hackly and platy jointing predominate throughout the unit. Many

individual flow members have scoriaceous tops and bottoms and the

tops display reddish oxidation surfaces created by heating from

overlying flow members.

The initial basalt flows (Tb3) either filled gullies and shallow

canyons carved in soft volcanic sandstone (T4), or spread as thin

sheets over planar sandstone surfaces. One of these thin, ten-foot-

thick initial flows, located in sec. 1, T. 44 N., R. 28 E. in Road

Canyon, is scoriaceos with vesicules reaching one inch long. The

vesicules are coated with a bright green mineral, probably celadonite,

and some are also filled with chalcedony. The first flows that lie

on sandstone 4 (T4) near the Ashdown mine are highly vesicular and

scoriaceous. Driven by molten interiors, the chilled socriaceous

and ropy portions of the basalt flows were mixed with underlying



sand. The common result was a basal flow breccia with scoriaceous

basalt clasts and a sandstone matrix.

Dark gray (N3) to medium gray (N5), fine.-grained to medium-

grained basalt comprises most of basalt 3 (Tb3). Each individual

flow displays characteristic features that separate it from adjacent

flows; the unit could be divided into member flows. Weathered

surfaces are commonly brownish gray (5YR 4/1), medium yellow-

ish brown (1OYR 5/3) or moderate yellowish brown (1OYR 5/4). These

basalts contain abundant olivine and the coarser-grained varieties

are olive-black(5Y 3/2) as a result. One other variety is grayish

brown (5YR 3/a) and is strongly vesicular, but contains piagioclase

phenocrysts up to 1 1/2 inches in length.

In several localities, large amounts of massive agate and chert

are present within this unit as irregular secondary fillings. However,

the silica deposits are not exposed well enough to determine their

nature.

South of Road Canyon, where both top and bottom contacts are

exposed, the basalt unit (Tb3) is about 1950 feet thick, with a few thin

interbedded sandstone members up to 20 feet thick.

Petrography

Basalt 3 (Tb3) appears to contain at least five distinct flow

members. Of the five thin sections studied from these members,



some compositional variances are noted (Table 2). Plagioclase

ranges from 53 to 60 percent, clinopyroxene (augite) from 13 to 21

percent, olivine from 6 to 17 percent, and opaques from 3 to 23

percent.

Most of the flow members have microporphyritic, ophitic, and

subophitic textures. Some are macroporphyritic.

Plagioclase grains in all of the members are subhedral, and

probably suffered abrasion while the lava remained mobile. All show

progressive zonation; many of the larger phenocrysts have a banded

zonation with white mica and kaolin alteration selectively occupying

specific bands. In every case of progressive zonation, the cores

have a higher An content than the borders. The plagioclase grains

are oligoclase or andesine with andesine or labradorite cores. Inter-

stitial positions between the felted plagioclase laths are opaques,

clinopyroxene, minor glass, and devitrified glass.

The larger clinopyroxene grains and probably the tiny anhedral

grains are augite. The larger augite grains reach 4 mm in diameter

and some are twinned. They create an ophitic texture with the

plagioclase.

Tiny anhedral grains of olivine up to 2 mm in diameter are

altered to iddingsite and chlorophaeite along fractures and grain

borders. Some are well twinned.

The opaques, occurring primarily as small grains between



Table 3. Mineral percentages obtained from five separate basalt flow members within the basalt 3
(Tb3) unit.

Sample Plagioclase Augite Olivine Magnetite Glass Amphibole Accessories

RG144 54 13 6 23 - 2 2

RG46 53 15 17 4 1 - 10

RG71 60 21 10 6 2 1

RG77 56 18 15 5 3 3

RG28 56 18 16 3 - 7



plagioclase laths, are assumed to be magnetite. In reflected light

they have a gray metallic luster. The grain borders are altered to

a reddish, semi-translucent hematite.

Though glassy material is not common, it does occur in most

of the thin sections from basalt 3 (Tb3) occupying positions between

the plagioclase and pyroxene grains. It is yellow-green to yellow-

brown and commonly contains tiny naicrolites arranged in radiating or

axiolitic textures.

The only accessory mineral is apatite.

Several of the basalt members (Tb3) contain zeolites and

carbonate minerals as secondary fillings of cavities, vesicules,

and fractures. The radial, acicular form of crystal groups suggests

that the predominant zeolite may be natrolite.

Volcanic Sandstone 5 and Ash Flow Tuff 4

Field Description

Volcanic sandstone 5 (T5) contains two ash flow tuff members

(T.4) and covers about 1/2 square mile in the southwest part of the

thesis area. The ash flow tuff members and sandstone beds strike

generally northeast-southwest, a different strike from that of basalt 3

(Tb3). A slight angular unconformity between the two units, or within

basalt 3 (Tb3) is possible.



Differential erosion between the two ash flow tuff members

(T.4) and the poorly indurated sandstone (T5) have created two

parallel, gently dipping hogbacks of ash flow tuff (T.4) within the

volcanic sandstone unit (T5). These two members tongue out to

the north within the sandstone. Good outcrops of sandstone and ash

flow tuff appear only on the steeper, up dip slopes, beneath resistant

ash flow tuff ridges.

Contact with underlying basalt 3 (Tb3) is well exposed; the

sandstone intertongues with the basalt 3 unit (Plate 3). The top con-

tact of sandstone 5 (T5) and its northern extension is covered by

alluvium (Q1) and colluvium Contacts with the alluvium ai
are approximately loc.ted, on the basis of a break in slope, soil

coloration, and a vegetation change. The basal contacts of both ash

flow tuff members (T.4) are well exposed but dip slope contacts with

sandstone 5 (T5) are approximately located.

As is common with previous sandstone units, outcrops of

volcanic sandstone 5 (T5) display predominantly thick bedding of

ash fall material. One-to-four inch beds of medium to fine-grained

sandstone are common within the thick-bedded members. Some of

the medium-thick beds contain very coarse sand that consists of

basalt, ignimbrite, and pumice fragments. These particles may

represent material that was reworked by surface waters during

deposition of the sandstone unit.



Sandstone outcrops are a very light tan color. Color variation

occurs only where overlying basalt flows and ash flow tuff members

have baked the sandstone, creating a thin, reddish orange color.

The poor induration of this sandstone (T5) gives it very high

porosity and permeability. Coarse framework grains are compacted

with very fine-grained ash.

The two ash flow tuff members (T.4) are, similar in thickness,

form, and character. Each is about ten feet thick as its southern

exposure in the map area and thins regularly, tonguing out into the

sandstone (T5) to the north. Both are welded and display eutaxitic

textures despite their thinness, and both have a relatively homogene-

ous lithology. The top, less firmly welded part of each ignimbrite

member has probably been stripped away by erosion. These ignim-

brites (T.4) are medium gray (N5) and weather to moderate yellowish

brown (1OYR 6/4). Lithic fragments and sanidine phenocrysts, which

make up about 25 percent of the rock volume, are embedded in a gray

vitreous groundmass, Elongate, irregular vesicular cavities from

1/2 to 10 inches long and up to one inch wide, parallel the eutaxitic

structure.

At its thickest continuous exposure, volcanic sandstone 5 (T5),

with its contained ignimbrite members (T.4), is 790 feet thick.



Petrography

Thick beds of predominantly ash fall detritus within volcanic

sandstone 5 (T5) contain an abundance of soft, nearly white pumice

fragments and fine volcanic ash. Larger clasts, subordinate glass

shards, sanidine crystals, and lithic fragments comprise the frame-

work of the sandstone. The interstices between the framework grains

is filled with ashy material and presumably some clay. About 20

percent of the total rock bulk is made up of fine ash and clay matrix;

80 percent is framework grains. Of the framework grains, pumice

fragments comprise about 55 percent of the rock bulk. Glass shards

make up 10 percent, feldspar 8 percent, and lithic fragments the

remaining 7 percent.

Pumice fragments up to one cm in diameter are highly vesicular,

very soft, and have a spun glass appearance. They occur as con-

trasting colored clasts in a finer-grained, slightly darker ground-

mass, and accentuate the ash fall layering. Colorless glass shards

are clear, irregular in form, and show multiple conchoidal fracture

faces.

Euhedral sanidine crystals occur in the volcanic sandstone as

rectangular forms. They are associated with very small grains of

magnetite and biotite, which make up less than one percent of the

sandstone's (T5) framework.
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The few lithic fragments present consist of fine-grained basalt

and some ignimbrite,

The gray colored ignimbrite (T,4) contains the following per-

centages, as measured in thin section: clear glass shards 61 percent,

glass groundmass 29 percent, sanidine 9 percent and lithic fragments

1 percent.

Most of the rock is composed of glass. Colorless lenses and

ribbons of swirled and folded glass are contained within a darker

groundmass of glass that is heavily dusted with fine-grained opaques.

The clear glass may consist of former pumice fragments that have

undergone complete compaction and remelting. None of the glass

groundmass is devitrified. The bending of glass shards over lithic

fragments and phenocrysts creates a typical eutaxitic structure.

Fresh sanidine phenocrysts up to 5 mm in length are euhedral

to subhedral in form and clear of alteration products; many have

well developed Carlsbad twinning. Some of them contain embayments

with clear glass compressed into them. The crystals also show a

prominent alignment that parallels the eutaxitic structure in the units.

More than half of the lithic fragments are fine-grained basalt.

Others are of questionable composition because of their small size.

Some small, opaque minerals up to 1/4 mm in diameter occur with

the very fine-grained opaqu.es of the grouridmass glass. They have

been altered to a dark reddish color, and suggest hematite alteration
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grains of hornblende, each about 1/3 mm in diameter, are also

present. All of the opaques and mineral grains amount to less than

one percent of the rock bulk.

Ash Flow Tuff 5

Ash flow tuff 5 (T.5) occurs as eight small, isolated outcrops

and float areas in the northwestern part of the map area (Plate 3).

Solid rock outcrop is present in only two of the eight areas; most

consist of float, capping hill tops without conformity to underlying

rock units. The areal distribution of angular boulder, cobble, and

pebble-sized welded tuff, to the total exclusion of other rock types,

determines the extent of each mapped area of ash flow tuff 5 (T.5).

The largest of these ignimbrite float areas, which measures 400 by

1200 feet, is in the eastern part of sec. 25, T. 45 N., R. 28 E. At

the base of the ignimbrite hogback (T.3) north of the Ashdown mine

are two areas of poor outcrop; one is 300 feet in diameter, the other

600 feet. Both outcrops occur as low hills with flat tops and gentle

westerly dip. nasal contacts are not exposed and the thickness of

the unit cannot be ascertained.

Ash flow tuff 5 (T.5) is identical in megascopic appearance to

ash flow tuff 3 (T.3). All areas of ignimbrite outcrop or float contain

moderately welded tuff of grayish red color (1OR 4/2). The tuff has
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abundant sanidine phenocrysts, lithic fragments, and flattened pumice

fragments, which define a eutaxitic structure. Unwelded tuff is not

present, no doubt because the basal portion of the unit remains un-

exposed and the top has been eroded away.

All ash flow tuff 5 (T.5) outcrops and float areas occur on

volcanic sandstone 4 (T4), basalt 3 (Tb3), and the older rock strati-

graphic units. It appears that this unit (T.5) spread as a thin, uncon-

formable flow over all of the older rock units, and is the last igneous

extrusive activity in the map area. It suffered extensive dissection

because of regional uplift and erosion. There is a topographic eleva-

tion difference between the northernmost and southernmost outcrops,

a distance of three miles. The latter is the highest. In addition all

outcrops of ash flow tuff S (T.5) lie approximately in a plane. This

plane of outcrops dips about one degree toward the north and may

represent one of the last episodes of Pine Forest Mountain uplift.



QUATERNARY COLLTJVIAL DEPOSITS

Broad areas of colluvial deposits (Q) along the western map

area (Plate 3) lie unconformably on the Tertiary volcanics and sand-

stones. Some of these deposits are in the central part of the area,

perched upon Tertiary rocks and Cretaceous intrusive rocks. The

colluvium represents debris eroded from a high intrusive hinterland

to the east. This material was carried downhill by slopewash and

mixed with debris from the extrusive rocks and sandstones located

at lower elevations.

Because the deposits are composed of light colored, igneous

intrusive rocks and soil cover, they can be delineated easily by the

use of aerial photographs. Moreover, they ie partly on dark colored

volcanics. Farther to the south the colluvial deposits are composed

of varying amounts of extrusive and intrusive rocks depending upon

the distance from the crystalline hinterland. The large coiluvial

deposit perched atop a long ridge near the mouth of Cherry Gulch

contains rounded boulders, cobbles, and pebbles of quartz morizonite,

diorite, pegmatite, and quartz. Little volcanic rock is present.

Those in the southern part of the area are more remote from crys-

talline terrain and therefore contain less granitic rock and more

volcanic and metamorphic derivatives. Such material contains

abundant subangular basalt and ignimbrite ciasts mixed with well
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rounded cobbles and pebbles of gneisses, schists, and diorite.

The dissection of these colluvial deposits may have resulted

from further Pine Forest Mountains uplift.

The original thickness of the colluvium (Q) is unknown, but it

does not appear to be more than 1 5 to 20 feet thick.



REGIONAL STRATIGRAPHIC CORRELATION

The present thesis area shares a common east-west boundary

with an adjacent area to the north studied by Bryant (1970). In the

present area the undifferentiated quartz diorite unit (Kqd) surrounding

the quartz monzonite (Kqm) of Mahogany Mountain correlates directly

with the leucogranodiorite and hornblende diorite of Bryant's area

(1970). Direct correlation is also made between the metamorphics

(Tr-J) of both areas and the present area vol.canics (T3 and T.3)

with Bryant's (1970) rich pebbly sandstone and ignimbrite.

Bryant (1970) reports the presence of an olivine andesite unit

in his area that may correlate with the present writer's andesite 1

(Ta) unit. In hand specimen, the rocks certainly appear similar.

Moreover, basalt 3 (Tb3) may correlate with Bryant's olivine basalt

unit to the north, and Burnam's (1969) olivine basalt to the northwest

in the Pueblo Mountains. Basic differences do, however, occur.

Both Bryant (1970) and Burnam (1969) report thin ignimbrite interbeds

within their respective, thick olivine basalt units. They concur that

their respective units are correlative. Though basalt 3 (Tb3) in the

present area contains no ignimbrite members, several thin sandstone

members are present. Perhaps Burnam's and Bryant's thin inter-

bedded ignimbrites did not extend into the present area during basalt 3

(Tb3) time. Additional support for this hypothesis is based upon the
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similarity of rock unit sequences of these three areas. Burnam

(1969) reports that his basalt unit is overlain by a rhyolite unit and

sediments respectively. He correlates these units with the Canyon

Rhyolite Formation and Virgin Valley Formation to the south, in an

area studied by Wendell (1969). Rhyolite has not been seen in the

northern Pine Forest Mountains. Being thick and probably quite

viscous, it apparently did not reach the present Pine Forest Range.

Bryant's olivine basalt is in contact with alluvium (Q1) to the west.

Basalt 3 (Tb3)__correlative with Bryant's olivine basalt--is capped

by volcanic sandstone 5 (T5) with its member ignimbrites (T.4),

then ash flow tuff S (T.5) as an angular unconformity, and finally by

Quaternary colluvium (Q) and alluvium (Q1). Perhaps these last

two Tertiary units of the present map area belong to the lower part

of the Virgin Valley Formation directly to the west, as reported by

Wendell (1969).



STRUCTURAL GEOLOGY

Regional Setting

The Basin and Range Province is a north-south trending struc-

tural system with isolated, nearly parallel mountain ranges, and inter-

vening plains. The valleys are deep depressions filled with uncon-

solidated debris derived from the adjacent mountains, These moun-

tam ranges and valleys are bounded by high angle normal faults.

The Pine Forest Mountains are within the northwest part of this

province and are flanked by the Pueblo Mountains to the west and the

Kings River Range to the east. All three ranges appear to be west-

ward-tilted fault blocks, as evidenced by the dipping volcanic rocks

and sediments they contain. The eastern boundaries of the Pine

Forest and Pueblo ranges contain range boundary fault systems that

are generally covered by valley alluvium. Truncated ridges and

spurs are the remnants of fault scarps along the eastern fronts of

both ranges. The hot spring activity in the Continental Lake area

is probably associated with the major mountain-bounding fault zone

between the two ranges. The vertical displacement between the

Pine Forest and Pueblo ranges is probably on the order of 3, 000

to 5, 000 feet, judging from the relief of the mountain ranges above

the surrounding alluvial plains.
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The general geologic structures of the Basin and Range Province

are characterized by the following features, some of which are obvi-

ous in northwestern Nevada (After Osmond, 1960):

(1) Elongate, asymmetric ranges with steep fronts, which were

created by uplift along normal faults, and gently tilted dip

slopes.

(2)' The debris-filled valley depressions are formed along the

intersection of the lower tilted slopes of one mountain range

and the steep frontal fault system of the adjacent mountain range.

Therefore, the bedrock of the valleys is also an asymmetric

profile. The valleys have been filled with up to several thousand

feet of debris by interior drainage systems.

(3) The tilted, fault block mountains contain rocks which have been

folded, faulted, and overthrust by various phases of at least two

orogenies and the normal faults cut across these Cretaceous and

Tertiary structures and intrusives.

Several theories have been advanced to explain the creation of

the Basin and Range structure. They fall into three general cate-

gories based on: 1) regional compression, 2) regional tension, and

3) erosional processes. No attempt has been made to investigate

every theory but a brief discussion of several is warranted.

Among the first to study this province, Le Conte proposed that

the Basin and Range structure was caused by an arching or distension
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of the earth's crust by subcrustal "inturnescent lava" (Le Conte,

1889). After distension, the lava poured out on the surface through

great fissures, creating crust blocks bounded by normal faults due

to a tension relief caused by the outpouring of lava (Le Conte, 1889).

Other investigators have suggested that normal faults were created

by the collapse of an arch due to subcrustal transfer of magma

(Longwell, 1950). Still others have suggested that the faults can

just as easily be described as upthrusts as gravity faults and that

regional tangential compression could have created some of the

mountain ranges (Baker, 1913). Early in this century, erosional

processes were even considered as having created the valleys of this

province, but the hypothesis never became popular. In fact, almost

every linear element of the topography is controlled by relatively

recent faulting (Nolan, 1943).

Following the compressional idea, Steel (1959) suggested that

Late Paleozoic tectonism and sedimentation were key factors in

influencing the relations between valleys and ranges in northeastern

Nevada. He suggested that the unstable shelf area east of the Man-

hattan geanticline was folded into north-south trending anticlines and

synclines, and that by Early Pennsylvanian time the anticlinal struc-

tures were deeply eroded. The adjacent synclines received the

sediment derived from the adjacent anticlinal highs so that a nearly

peneplaned surface resulted (Steel, 1959). In post-middle Miocene,



101

the area was subjected to major compressive forces and the more

competent cores of the eroded anticlines acted as the jaws of a vise

on the thicker Paleozoic sedimentary piles within the synclines

(Steel, 1959). Thus, the present ranges in northeastern Nevada

were born from a thick sedimentary section once protected in the

synclines and the valleys were developed from eroded anticlines

stripped of their lower and middle Paleozoic sections (Steel, 1959).

Donath (1962), working in the Late Tertiary volcanic terrain of

Southern Oregon, mapped a rhombic fault pattern. He found conspicu-

ous horsts, grabens, and tilted fault blocks, bounded by nearly ver-

tical dipping faults, that were created by contemporaneously formed

fault sets that developed as conjugate strike-slip shears (Donath,

1962). Later movement of these fault surfaces was dip slip or block

faulting, which is regarded as an end stage of the more intense defor-

mation that preceded it (Donath, 1962).

In the Jackson Mountains and in eastern, southern, and west-

central Nevada, overthrust faulting has been recognized as another,

but much less prevalent, aspect of Basin and Range structure. In the

Jackson Mountains, Permian or older rocks are thrust over Late

Cretaceous or Early Tertiary rocks, followed in later Tertiary time

by normal faulting (Willden, 19 58).

There appears to be a physiographic similarity of tilted fault

block structures in Arizona, New Mexico, Northern Mexico, Texas,
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Oregon, Idaho, Montana, and Canada (Osmond, 1960). Possibly a

belt of this Basin and Range type structure parallels the outside of

the Circum-Pacific belt. Perhaps it is not recognized because exter-

ior drainage excavates the valleys, more vegetation obscures the

critical relationships, and because of more intense pre-Tertiary

deformation of less distinctive rock units (Osmond, 1960).

in the last decade, with an ever-increasing amount of informa-

tion being collected from the oceanic floor, some of the perplexing

problems related to the western Cordillera have been given new light.

Geophysical evidence, obtained from the western United States and

the Great Pacific Basin, suggests that an expansion is presently

occurring in the Basin and Range area and that the exparsion is asso-

crated with the landward continuation of the East Pacific Rise (Badgley,

1965). The crest of the East Pacific Rise disappears beneath the

continent at the entrance to the Gulf of California and reappears off

the northern coast of California (Menard, 1960). A persistent basin

and range topography, characterized by asymmetrical ridges and

troughs has been observed on the flanks of the Rise and was probably

produced by normal faulting (Menard, 1964). In addition, extensive

volcanism seems to be characteristic of the flanks of the Rise (Menard,

1964). The Basin and Range Province of the western United States has

the same type of relief as the oceanic flanks of the Rise and the

Province lies on the flank of what would be the Rise if it extended
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far under the continent (Menard, 1964).

All lines of evidence point to a direct correlation between the

activity of the East Pacific Rise and the resultant topography of the

Basin and Range Province. The basins and plateaus appear to be

faulted in the same way and on the same scale and at the same dis

tance from the crest oi the rise as several regions on the flanks of

the Rise in the eastern Pacific (Menard, 1964).

Local Structure

The granitic and metamorphic rocks of the northern Pine Forest

Mountains display a prominent parting, created by weathering along

moderate to strong schistosity. Jointing is oriented roughly perpen-.

dicular to this parting, producing blocky outcrops.

Within the thesis area, major faulting is lacking but minor

faults are prevalent. In the plutonic terrain of the Ashdown mine

area, massive white quartz was deposited in channelways, creating

large quartz veins (Plate 3). These channelways were probably

faults or fault zones that carried hydrothermal solutions and served

as areas of mineral deposition. Slickensides, brecciation, and

cementation by additional quartz and sulfideminerals indicate that

movement and hydrothermal solution movement occurred after initial

quartz deposition. Many of the quartz veins are additionally offset

by later, minor faulting. The larger quartz veins show an
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east-northeast strike trend and a north-northwest trend (Plate 3).

Near the center of the map area, older more steeply dipping

rock stratigraphic units occur as an unconformable inlier within

younger rock stratigraphic units. This inlier of steeply dipping

Tertiary volcanics and sediments appears similar in character to

the younger, less steeply dipping units. The older Tertiary units of

the inlier may lie unconforrnably upon a fault block of crystalline

rocks. The surface trace of a fault zone bordering such a fault block

is not exposed and is probably covered by the younger rock strati-

graphic units (Plate 3). Osmond (1960) believes that small antithetic

faults bound fault blocks in the Basin and Range province and take up

much spatial adjustment during the development of basin and range

structure (Plate Z).

Along the western part of the map area, volcanic and sedimen-

tary rocks are gently folded into a broad, gentle monoclinal structure

trending north-south. Tectonic stresses appear to have been concen-

trated in the. Road Canyon area, in the volcanic and sedimentary

strata. Folding and faulting is complex and the area has been in-

truded by basalt dikes and sills (Td). Ash Flow tuff 3 (T.3) has been

folded into a low domal structure that has suffered displacement by

faulting. Throughout this central map area, considerable minor

faulting, some landsliding, and gently undulating terrain, created

by the structure, results in poor outcrops. Geologic mapping and
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Plate 2. Hypothetical cross section of a typical mountain range in
the Basin and Range Province. Much spatial adjustment
is taken up by small movement along abundant fractures
and faults. Blocks downthrown toward the valleys, as to
the right of the crest here, may protrude through the grav-
els as small hills or may have pediment surfaces cut on
their tops. Similar though more deformed cross sections
may be drawn through parts of ranges where granitic
stocks have been intruded. Range profiles are altered
from that above by erosion and also by a greater number
of faults. (Modified after Osmond, 1960.
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interpretation is therefore difficult. In sec. 36, T. 45 N., R. 28 E.,

the ash flow tuff 3 (T.3) unit is exposed s a fold, terminated on the

north by a fault. Although the unit appears to be displaced up-section,

the fault trace- -or plane- -dies out in the overlying, incompetent,

volcanic sandstone (T4) unit.
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HISTORICAL GEO LOGY

Regional Historical Geology

During the Paleozoic Era, the vast area that is now western

North America was the site of the Cordilleran geosyncline which

extended from southeastern California to Alaska (Osmond, 1960).

This region includes the Basin and Range province and evidence

indicates that it has been orogenically active throughout much of its

history (Nolan, 1943).

In Late Devonian, or Early Mississippian time, the geosyncline

was divided by a north-south trending welt called the Manhattan arch

or geanticline, which was located in western Nevada. It divided

the geosyncline into a eugeosyncline on the west and a miogeosyncline

on the east. The welt was a broad, positive area that swelled through

Mississippian and Pennsylvanian time and provided sediments for

both adjacent troughs (Nolan, 1943). By Permian time, the welt was

considerably eroded and received marine sediments. As the Man-

hattan arch eroded, another similar welt simultaneously emerged

about 100 miles east of the earlier one (Nolan, 1943). This new welt

reached northward into central Nevada and separated the Permian

sea into two parts (Nolan, 1943). Also in Permian time, extensive

volcanism reached eastward into northwestern Nevada (Longwell,

1950). The second welt did not quietly disappear like its predecessor,
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Laramicle orogeny, which continued intermittently into the early

Tertiary (Nolan, 1943). Orogenic deformation began on the Pacific

coast in the Jurassic and progressed eastward during the Mesozoic

and Cenozoic eras (Longweli, 1950).

During the Mesozoic, the site of the former Manhattan arch

received great thicknesses of sediments and volcanics (Longwell,

1950). Extensive volcanism occurred in Middle Triassic and Early

Jurassic time and was accompanied by numerous extensive igneous

intrusions of granodiorite to quartz monzonite composition (Nolan,

1943). The intrusions were part of the Jurassic orogeny and were

accompanied by folding and thrust faulting through Late Mesozoic and

Early Tertiary time (Badgley, 1965). The intrusions of western

Nevada are thought to be related to the Sierra Nevada batholith and

are considered Late Jurassic in age, whereas those in eastern

Nevada and Utah are assigned to Eocene or Oligocene ages (Nolan,

1943). The new welt extended as a positive area from central Utah

to California during the Cretaceous and was intruded by granitic rocks

in Late Cretaceous tifrie (Osmond, 1960).

Cenozoic rocks occupy more than half of the area of the Basin

and Range province and are mostly igneous or continental sedimen-

tary deposits. Because of the paucity of fossil evidence, age dating

of these rocks is difficult and stratigraphic correlations untrustworthy
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(Nolan, 1943). Past tendency has been to classify rocks of dominantly

volcanic origin, or rocks that are generally tilted and fau1ted, as

Tertiary in age and units that are relatively unconsolidated with only

local deformation as Quaternary in age (Nolan, 1943).

Through Early Tertiary time this Basin and Range area was a

highland, undergoing erosion in a humid climate with rivers draining

westward toward Californian Eocene and Oligocene seas. Alluvial

and lacustrine sediments were deposited in structural depressions

(Nolan, 1943). In Oligocene and early Miocene time extensive volcan-

ism covered the area and in part consisted of ignimbrites, latite

flows, and rhyolite flows. Some faulting and tilting occurred at this

time, disrupting the westward drainage, but the greater part occurred

later (Nolan, 1943), Western Nevada in early Miocene stood only

about 2, 000 feet above sea level and received air born ash from local

sources, glowing avalanche deposits, and a thick cover of basaltic

to andesitic lavas, probably part of the Columbia River Basalt floods

of theNorthwest (Van Houten, 1956). By late Miocene and Pliocene

time, the region was a low plateau of lakes and swamps, and experi-

enced little deformation while accumulations of vitric ash falls,

pumice, and lapilli from repeated explosions in the Sierra Nevada

and Cascade Ranges continued (Van Houten, 1956). The end of the

Miocene marked the initial rise of the Sierra Nevada Mountains, an

event which completed the isolation of the Great Basin (Nolan, 1943).
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The low, level Pliocene terrain began to rise epeirogenically with

the entire Cordilleran belt. This rise may be associated with the

extension of the East Pacific Rise which created a stretching of the

region resulting in volcanism and normal faulting and resulted in

the present general topography of the Great Basin (Badgley, 1965).

Probably the greatest amount of faulting occurred in the Pliocene

(Osmond, 1960).

During the Pleistocene, development of pediments, alluvial

fans, and playas occurred in the internal drainages as regional uplift

continued.

Local Historical Geology

From the detailed surface mapping of the thesis area, a picture

of the local historical geology is developed. The earliest init exposed

in the area, interlayered arkosic quartzite and hornblende biotite

schist, was probably a sequence of sandy shales with a few sand-

stones, rarely rich in feldspar. Regarded by Wiliden (1964) as

Trias sic -Jurassic, these sediments were regionally metamorphosed

to predominantly greenschist facies rocks (Tr_Jm).

The plutonic rocks of the thesis area lie within western Nevada

and it is assumed that they might be extensions of the Late Jurassic

or Early Cretaceous Sierra Nevada batholith (Nolan, 1943). In

Cretaceous time, the metamorphic rocks were intruded by diorite
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(Kd) and several phases of quartz diorite (Kd). It is impossible to

determine by field relations which of the two is older. Next, the

quartz monzonite (K) of Mahogany Mountain, with its associated

zone of contact rocks (K), intruded the quartz diorite unit. In the

Ashdown mine area, quartz veins and accompanying sulfide mineral-

ization may have been created by hydrothermal solutions emanating

from the cooling quartz monzonite stock.

Upon an erosion surface of the plutonic and metamorphic rocks,

a thick sequence of Tertiary sediments and extrusive rocks was

deposited. Oldest was volcanic sandstone 1 (Ti), overlain by ash

flow tuff 1 (T,1), volcanic sandstone 2 (T2), and basalt 1 (Tç1). The

sandstones show abundant cut-and-fill structures, which is indicative

of reworking by surface waters prior to being covered by later strata.

This rock sequence is referred to as the older rock stratigraphic units

because they were uplifted and tilted more than any other Tertiary

rocks in the area. They were tilted about 30 degrees toward the

west prior to deposition of the younger rock stratigraphic units.

Uplift and tilting may have involved thrust and block faulting, which

is typical of Basin and Range structure (Plate 2).

The younger rock stratigraphic units are made up of seven

units that lie with angular unconformity on the older rock strati-

graphic units. The oldest of this younger sequence of Tertiary rocks

is andesite 1 (T), which spread over a very irregular erosion
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surface and formed a planar surface for the thick basalt flow and

flow breccia sequence (Tb2) that followed., Deposited conformably

and in order up section, upon basalt 2 (Tb2) is a thin ash flow tuff

unit (T.2), a volcanic sandstone (T3), another ash flow tuft (T.3),

and another volcanic sandstone unit (T4). During the last of sand-

stone 4(T4) deposition, the initial flows of basalt 3 (Tb3) were

deposited, thereby creating the intertonguing members of both units

(Plate 3), This thick basalt (Tb3), made up of numerous thin flows,

may have been related to the basalt dikes and sills found in the area.

These dikes and sills cut many Tertiary rock units, including the

initial flows of basalt 3 (Tb3). The dikes may have been feeder dikes

for this very thick unit. Before or after the dike and sill intrusion,

the younger and older rock stratigraphic units were uplifted and tilted

about ten degrees to the west. The next youngest unit, consisting

of an unknown thickness of volcanic sandstone 5 (T5) with two inter-

bedded ash flow tuff (T.4) members and the later members of basalt 3

(Tb3), dip about 20 degrees toward the northwest, whereas most of

basalt 3, and older strata dip about 30 degrees to the west. A slight

angular unconformity, therefore, may be found within the latest flow

members of the basalt 3 (Tb3) unit. After deposition of sandstone 5

(T5), the area certainly experienced a regional uplift and westward

tilt of at least 20 degrees. Most of this large scale uplift probably

occurred along the major range-bounding fault system to the east of
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the thesis area.

The last Tertiary event recorded in the thesis area is the depo-

sition of a thin ash flow tuff unit (T.5), now exposed as a few isolated

outcrops. It lies with angular unconformity upon all other pre-existing

Tertiary rocks and appears to have a general north-south strike and

very gentle westward dip. The dip may be the result of waining stages

of uplift of the northern Pine Forest Range.

During Quaternary time, large colluvial deposits were built

along lowland foothills of the northernPine Forest Mountains.

Pebbles, cobbles, and boulders washed down from a crystalline

hinterland and mixed with volcanic rock talus. These deposits, now

perched upon ridges of an older topography, may have been slightly

uplifted. Their dissection may have been caused by the slight uplift,

by a decrease in stream discharge, or, most likely, by a combination

of both.

Other mapped units include several landslide blocks (Q1), which

are active today, and valley fill alluvium ai' which is still being

deposited.
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ECONOMIC GEOLOGY

History of the Ashdown Mine

Gold was discovered at the present site of the Ashdown mine in

1863, before the days of the Comstock Lode in Virginia City, Nevada.

A crude townsite was established in Vicksburg Canyon and the

masonry of the old cabins still exists (Plate 3). A year after the

discovery, the prospectors erected a small mill, but shortly after

the construction, it was burned by hostile Bannock Indians, The

Indians and the isolation convinced the settlers to abandon the

property.

In 1938 the property was purchased for the sum of $500, 000 by

a former governor of Massachusetts, James M. Curley. The ore

extracted from the Ashdown mine, through the period of Curleyts

ownership, amounted to an estimated 100, 000 tons All of it was

milled on the property, yielding a mine average of $1 a per ton.

These figures are supported by mine records, as well as smelter

and U. S. Mint returns (Hutton, 19--). Various figures are given for

the value and amount of ore extracted during the late 1930s but the

figures given above appear to be the most reliable.

Inspection of the 19 38-39 workings reveal that the miners cut

their drifts along the gold-quartz veins and mined out high grade



115

pockets of ore as they were encountered. Where larger concentra-

tions of gold occurred along the vein trends, numerous winzes, stopes,

and drift enlargements were cut; although where the vein narrowed,

the drifts were so driven that a small ore car could barely pass

through.

Geology and Present Situation of the Ashdown Property

Gold, tungsten, and sulfide mineralization occur along the series

of quartz veins that lie in a country rock of hornblende biotite schist

and quartz diorite. The larger of these quartz veins are mapped

(Plate 3). Many small pegmetites are present with the quartz veins

and both are brecciated and mineralized. Following folding, faulting,

and brecciation of the veins, sulfide minerals and additional quartz

were deposited, cementing the breccia. During the Tertiary Period,

the 1 1/2 square mile area of mineralization at the Ashdown mine

property was exposed to erosion for a considerable period of time

before being buried by intracanyon lava flows, and volcanic sediments.

Most of the underground mining activity was centered on the

Ashdown no. 1 and no. 2 quartz veins. Number 1 is the largest and

varies from two to 30 feet in width and averages about six feet wide.

It can be traced along its strike length for about 3, 000 feet. Gold and

silver occur in about equal amounts in the no. 1 vein, although minor

values of copper, molybdenum, and native mercury are also present



(Gonnason, 1967). Of 19 ore samples taken from the no. 8 level

of the Ashdown no. 1 vein, their average as reported by Gonnason

(1967) is

ounces gold 0. 431

ounces silver 0.354

percent copper 0.132

percent molybdenum 0. 030
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Sampling of other veins have yielded lower values. Of 4, 000, 000 tons

of ore available from the Ashdown no. 1 and no. 2 veins, half is avail-

able for open pit mining operations (this ore lies above the no. 1 2

level, the lowest mining level on the property). The overall Cu-Mo-

Ag-Au value is $18 per ton, with possible recovery of significant

mercury (Gonnason, 1967).

The ore minerals seen by the writer fill interstices between

clasts within the brecciated quartz veins and one large, brecciated

pegmatite dike These include pyrite, chaicopyrite, and bornite with

limonite, minor malachite, azurite, and crysocolla. Others reported

are galena and tetrahedrite (Wiliden, 1964). The Ashdown property

ores also contain tungsten, which occurs as scheelite however the

amount of tungsten ore is unreported (Hutton, 19- -). Finely dissem-

mated native copper is reported along joints within the cointry rock

and is suggested to be a secondary enrichment product of the copper

ore minerals (Gonnason, 1967). Limonite is present in the brecciated
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Figure 11. Ashdown mine buildings. The white roofed building
located in the lowermost portion of the picture is the
lowest underground level of the property. Bog Hot
Valley and the Pueblo Mountains are in the bacP
ground.
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quartz and in the country rock to some degree but fails to show at

the surface as an extensive leached cap.

Mining activity at the Ashdown mine has been dormant since

1938-1939, except for several small companies who have purchased

options in an attempt to develop an economic ore recovery--all have

failed. Recently, Delfont Minerals Inc. purchased the low grade

property with the intent of either operating an efficient open pit, or

underground operation, or selling the property to a large mining

company.

Other Properties in the Northern Pine Forest Mountains

The northern Pine Forest Range has been thoroughly searched

by prospectors, especially so during the l93Os. Numerous old,

dated claim markers, prospect pits, adits, and mines attest to their

presence.

Two miles north of Vicksburg Canyon is a tungsten mine that

operated as late as 1956. It is located within a large zone of altered

metasedimentary and plutonic rocks and is reported to contain 1 1 /Z

percent tungsten (Hutton, n. d. ).

Cherry Gulch, located one mile south of the Ashdowrt mine,

contains a very small gold-quartz vein mine. It is similar geolog-

ically to the Ashdown mine. No production is known from it,
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