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THE STRUCTURE AND STRATIGRAPHY OF THE
VIRGIN VALLEY-MCGEE MOUNTAIN AREA,
HUMBOLDT COUNTY, NEVADA
INTRODUCTION

Location and Accessibility

The Virgin Valley-McGee Mountain area is located in the northwestern part of Humboldt County in northwestern Nevada (Plate 1).

The area mapped includes approximately 131 square miles, lying between north latitudes 41°45' and 41°52 1/2', and between west
longitudes 118°50' and 119°7 1/2'. The closest town, Denio, Nevada,

is 20 miles to the northeast.
Access is provided by State highway 8A which crosses from

east to west just north of the thesis area. Additional access is provided by an interconnecting network of graded gravel roads,

unimproved dirt roads, and numerous prospect and wildlife con-

servation trails. The interconnecting network of roads makes it
possible to drive within two miles of any given point in the area.
Relief

Elevations range from a minimum of 4340 feet on Craine Creek

in the southeast corner of the area to a maximum of 6667 feet on
McGee Mountain 5 miles northwest of Craine Creek. The maximum

topographic relief is 2327 feet.
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Plate 1. Index map showing location of thesis area, principal
physiographic features, and Humboldt County.
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Drainage

There are no major rivers in the area, and the only perennial
streams are Thousand Creek and the waters issuing from the several

unnamed warm springs. Along the principal stream valleys are
several wildlife conservation reservoirs used to collect winter
precipitation. Intermittent streams have their sources in the melting

snows, and small springs utilized for watering stock are present at
a few localities.
The northern part of the area is drained by Thousand Creek,
and the southwestern and southcentral parts are drained by Virgin and
Sagebrush Creeks respectively. The last two named are tributaries
of Thousand Creek. The eastern part of the area is drained by

Craine Creek. The ultimate destination of all the waters is the
alkaline Continental Lake about ten miles to the northeast; however,

most of the water during the summer is lost to evaporation and
seepage, and channels become dry.

Gradients of the principal streams range from 80 feet per mile
in Virgin Creek Gorge in the southwest corner of the map area to an
average of 20 feet per mile throughout the rest of the area.
Climate and Vegetation

Precipitation is scanty and the region is largely desert in
character. The climate is semi-arid with summer days warm, often
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excessively so on the rocky plateaus, but nights are cool and in some
places frost may be expected in any month of the year. The winters

are cold, and snow may lie all winter on the higher mountains, but

in many of the valleys it melts after each storm. Annual precipitation
varies from five to ten inches, most falling between the months of
October and March, and a secondary maximum during May and June.

Prevailing winds are from the south in winter and from the northwest

in summer. Thundershowers occur in spring and early summer, but
rarely during winter months. The growing season is from about
June 1 to early September.

Vegetation consists mainly of sagebrush and several species of

grass. The rocky plateaus support a scanty growth of sage, but in
the sandy alluvial soil of stream valleys the sage often grows to large
size. Greasewood thrives on the alkaline flats. Along streams and

conservation reservoirs there is an abundance of reeds, cat-tails,
and brush willow, and near dwellings poplars and cottonwoods are

common. Higher elevations are dotted with junipers which seem to

grow best in rocky areas. At even higher elevations outside the thesis
area mountain mahogany is common. On the mountains and plateaus

bunch grass and rye grass grow in sufficient quantity to furnish range

for stock, and from the marsh areas associated with the conservation
reservoirs wild hay is cut for winter feed.
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Animal Life

Mountain sheep were present in the area in the late nineteenth

century, and at higher elevations parts of skulls and horns can still
be found. Until recent years deer, antelope, and wild horses have

been abundant. Coyotes and rabbits are common in almost all parts,

and around the reservoirs ducks, geese, and various other waterfowl
abound. Sagehens and chukars may be found occasionally on the
mountain slopes.

Previous Investigation

The earliest report on the geology of the northwestern Nevadasouthcentral Oregon region was made by Blake (1873). Later, I. C.
Russell (1884) conducted a survey of the general geology in the north-

ern end of the Great Basin, and Davis (1903) studied the southern part
of the Steens Mountain about 40 miles northeast of the thesis area.

Waring (1908 and 1909) prepared reconnaissance reports and maps

of the geology and water resources of southcentral Oregon, and

Merriam (1910a, 1910b) was the first person to make a detailed study
in Virgin Valley. Merriam's work included collecting, dating, and

correlating vertebrate fossils. Smith (1927) made general observations on the regional structure, and R. J. Russell (1928) studied the
stratigraphy and Basin and Range structure of the Warner Range in
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northeastern California. Fuller and Waters (1929) carried out a study
on the nature and origin of horst and graben structure in southeastern

Oregon, and two years later Fuller (1931) made an extensive investigation of the geomorphology and volcanic sequence of Steens Mountain.
Ross (1941) and Williams and Compton (1953) carried out surveys on

the quicksilver deposits in the Steens-Pueblo Mountains area. More
recently Van Houten (1956) made a reconnaissance of the Cenozoic

sedimentary rocks of Nevada. Johnson (1960) and Maloney (1961)

wrote theses on the geology of areas 10 to 15 miles north of the

present area, and Fyock (1963) wrote a thesis that included the
Virgin Valley area.
Purpose and Method of Investigation

The purpose of the investigation was to make a detailed study of

the structure and stratigraphy of the Virgin Valley-McGee Mountain

area, and to relate this geology to the regional structure and
stratigraphy. Previous work consisted only of general regional
descriptions and detailed age dating and correlation of two specific
formations.
The mapping was done on two and one-third United States

Geological Survey 7 1/2' quadrangle maps (1:24, 000) and on high

altitude aerial photographs obtained from the Army Map Service.
Additional aid was provided by low altitude aerial photographs
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borrowed from a United States Geological Survey topographic party

working in the area during the summer of 1965.

Fieldwork was carried out during 8 weeks in the summer of 1965.
Laboratory work involved binocular and thin-section identification of

rock samples and x-ray analysis of the clay minerals in some of the
sedimentary rocks.
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GEOMORPHOLOGY

In the following sections reference will be made to the Big
Mountain-McGee Mountain complex, Big Mountain and McGee

Mountain escarpments, the "Saddle, " the "Horn, " and the "Major
Fault." Big Mountain and McGee Mountain are the highest peaks of

the range in the eastern half of the map area and are separated by a
well defined Saddle (see Plate 2). The steep eastern flank of the range

is a fault scarp; the part of the scarp that lies south of the Saddle is
referred to as the Big Mountain escarpment and the part that lies
north of the Saddle is the McGee Mountain escarpment. The bound-

ing fault will be referred to as the Major Fault. The tilted faultblock making up the range is collectively called the Big MountainMcGee Mountain complex. A Mesa Basalt capped geomorphic feature

in the northwestern corner of the area is horn-shaped and will be
called the Horn.

The thesis area can be divided into four physiographic sub-

divisions, that are characterized by different rock types (Plate 2).
First, there is the upland plateau region produced by the essentially
flat upper surface of the Mesa Basalt. Secondly, the Virgin Valley

area is characterized by rolling hills, badland topography, and
hummocky topography produced by landsliding of volcanic sedimentary

rocks and overlying Mesa Basalt. The third subdivision is the Big
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Mountain-McGee Mountain complex or rhyolite region typified by

irregular topography produced by flow ridges, fault scarps, and steepwalled canyons.

The last region is Thousand Creek flats, which is

produced by nearly horizontal sedimentary rock units making up the
lowland intermontane area to the northeast and southeast of McGee
Mountain.

Coalescing alluvial fans have developed along the east and west
sides of the Big Mountain-McGee Mountain complex (see Older

Alluvium Qoa, Plate 2), and Recent alluvial fans have developed at

the mouths of some of the intermittent streams on the east side of the
escarpment. Landsliding is prominent along the basalt capped Gooch
and Rock Sping Tables and locally present along the Big MountainMcGee Mountain escarpment.

Most of the thesis area is dissected by stream erosion. The
principal drainage pattern is dendritic, and the major stream valleys
have a general northeasterly trend. The varying erosive resistances
of the volcanic flow and volcanic sedimentary rocks produce different
types of valley development. The valleys developed on sedimentary

rocks are in a stage of late youth to early maturity, whereas the
steep-walled valleys through the resistant rhyolite flows are youthful
(see Plate 2). The present streams, which have produced complex

valleys, were originally controlled by tilting caused by the Basin and
Range faulting and later by following belts of more easily eroded
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rocks. The major streams have cut down through soft, nearly
horizontal Pliocene and only slightly folded Miocene rocks and have

been superposed on the rhyolite barriers to the southwest, west, and
north of Virgin Valley. Minor streams have produced consequent
valleys on the backslope of the Big Mountain-McGee Mountain complex.
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REGIONAL STRATIGRAPHY

Most of the northwestern Nevada, northeastern California,
and southcentral Oregon region is typified by folded and faulted

Tertiary volcanic rocks and volcanic derived sedimentary rocks.

There are, however, pre-Tertiary metamorphic and igneous rocks
exposed in the southeastern part of the Pueblo Mountains and the

eastern part of the Pine Forest Range (Plate

1).

The oldest rocks in the region, of Permian and/or Triassic age,
are exposed in the Pueblo Mountains. Included are silicic and calcareous metasedimentary and metavolcanic rocks and several

varieties of schist (Walker, 1965, written communictation).

Upper Triassic to Lower Jurassic rocks have been previously
mapped on the east side of the Pine Forest Range. These rocks are

mainly phyllites, slates, feldspathic quartzites, carbonates, and
altered volcanic rocks, and have been correlated with units in the
Winnemucca, Nevada, area on the basis of lithology and meager
faunal evidence (Willden, 1956).

The Permo- Triassic and Triassic-Jurassic rocks have been
intruded by an Early Cretaceous batholith (Clark and Stearn, 1960).

A part of the batholith makes up the core of the Pueblo Mountains

and Pine Forest Range. The batholith is composed of granodiorite

and quartz diorite, partly gneissic, and in places pegmatite stringers
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and masses of quartz albite (Walker, 1965, written communication).
A sequence of interlayered volcanic flows and volcanic sedimentary rocks ranging in age from lower Miocene to Recent uncon-

formably overlies the pre-Tertiary rocks. The rocks in the thesis
area belong in this sequence and are correlative with rock units
throughout northwestern Nevada, northeastern California, and central
and southern Oregon (Table 1).

Previous work has resulted in conflicting interpretations of the
relationships and ages of some of the Tertiary formations in the region.

Table 1. Correlation chart.
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LOCAL STRATIGRAPHY

Introduction

The units within the mapped area range in age from middle
Miocene to Recent and consist of a thick sequence of continental

sedimentary and volcanic rocks. The mapped units include four
Miocene and two Pliocene units, one Pleistocene (?) welded tuff, and
four types of Quaternary unconsolidated deposits. The ages have

been determined from stratigraphic relations and earlier paleontological work (Merriam, 1910b). The stratigraphic sequence and brief

lithologic descriptions are shown in Table 2.

The sedimentary rocks are chiefly volcanic conglomerates,

sandstones, siltstones, and mudstones with subordinate amounts of

diatomite, lignite, and unaltered tuff. Volcanic flow rocks are interlayered with the sedimentary units and consist of rhyolite, rhyolite
welded tuffs, and basalt.

Rock classification follows that of Williams, Turner, and
Gilbert (1954). The term clast is used for clastic fragments without

specification as to size (Woodford, Moran, and Shelton, 1946). Color

nomenclature is based on a practical description by the writer.
Stratigraphic sections were selected on the basis of quality of expo-

sures, completeness, and minimal structural complexity. Bedding
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Table 2. Stratigraphic units exposed within the thesis area.

Formation

Age

Alluvium

Thickness
(feet)

Lithology

Unconsolidated and poorly sorted

?

silt, sand, and gravel.
Playa Sediments

Recent

?

Clay, silt, sand, and some
evaporite (deposits.

Slumpblocks and debris slides
of less competent sedimentary
rocks and overlying basalt,
rhyolite, and welded tuff.

Landslide
Deposits

Pleistocene

1

Older Alluvium

10200?

Pleistocene

Pleistocene
Welded Tuff

Middle (7)
Pliocene

Mesa Basalt

Early to
middle Pliocene

Thousand Creek
Formation

100
15 -35

3601120

(unconformity)

Middle Miocenee arly Pliocene

Virgin Valley
Formation

3701230

(unconformity)

Middle
Miocene

Canyon Rhyolite

40600

(unconformity)

Middle
Miocene

Middle Miocene
Fluvial Sequence

60071100

(unconformity)

Coalescing alluvial fans.
Pebbles, cobbles, and boulders
of Miocene and Pliocene volcanic
rocks embedded in a sandy and
silty matrix.
Dark red rhyolite welded tuff.
Dark gray to greenish black
olivine basalt.

Thick to thin-bedded buff, tan,
and pink volcanic to arkosic
siltstones, sandstones, and
conglomerates with interbedded
gray, greenish, and white vitric
tuff.
Varicolored volcanic conglomerates, sandstones, siltstones,
and mudstones; diatomite, lignite, and opaline chert; with
interbedded gray, greenish,
and white vitric tuff.

Upper member--gray to dark
purplish brown rhyolite welded
tuff. Lower member--gray,
brown, and red holohyaline to
vitrophyric rhyolite flows.

Thick to thin-bedded buff, tan,
and pink volcanic conglomerates,
sandstones, and siltstones with
interbedded gray to white vitric
tuff.

Middle
Miocene

Middle Miocene
Welded Tuff
(base not exposed)

180+

Pale purplish brown to dark
reddish-brown rhyolite welded
tuff.
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thicknesses are qualified, and laminae are less than 1 cm thick.
Miocene Units

Middle Miocene Welded Tuff (Twt)

Field Relations

This is the oldest rock unit in the map area. It is a rhyolitic
ash-flow, which has undergone marked compaction, welding, and
devitrification. The base of the unit is covered in the map area, but

one mile south of the area the unit unconformably overlies an
unnamed white air-fall tuff unit. The Middle Miocene Welded Tuff
crops out along the face of the Big Mountain escarpment for a distance

of 7 1/2 miles. The unit is 300 feet above the base of the escarpment
in Idaho Canyon and dips beneath younger rocks at a point 2 1/2 miles

north of the southern boundary of the thesis area.

The regional dip

is 5° to 10° to the northwest. The thickness is quite uniform, ZOO
feet in Idaho Canyon and the same at a point immediately south of the

map area. The only outcrop in the map area is in the southeast corner, where the formation is exposed as a prominent 180 foot cliff at
the base of the Big Mountain escarpment (see Plate 2). The base is

not exposed at this locality but uniformity to the south of the area

makes it possible to estimate the unit to be 200 feet thick in the sub-

surface of the thesis area. The Thousand Creek Formation crops out

17

immediately east of the Big Mountain-McGee Mountain escarpment

and is in fault contact with the upthrown Middle Miocene Welded Tuff,
although the contact is masked by slopewash.

The structure and texture are usually quite uniform laterally as
well as vertically with the exception of the uppermost ten feet, which

are less firmly welded, thus less resistant and usually unexposed.
Poorly developed columnar jointing is present across the entire

cliff face, and a secondary horizontal platy structure has developed
throughout much of the unit.

This secondary structure has plates

ranging in thickness from 2. 5 to 60 cm and is either platy jointing that

has been accentuated by weathering or is not jointing and has been
produced by weathering of eutaxitic structure. The writer is unable
to make a definite distinction.
Litho logy and Petrography

Hand specimens of the rock show it to be composed of scattered

phenocrysts and numerous flattened pumice fragments embedded in a

matrix of compressed glass shards. The color of the fresh surface is
pale purplish brown when dry and dark reddish brown when wet. The

weathered surface is dark reddish brown. Flattening due to load com-

paction imparts a eutaxitic structure to the rock. Normal to the
eutaxitic structure the collapsed pumice fragments appear as discs

or irregular shaped plates. The flattened pumice fragments are pink,
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gray, and brown and range from 1.2 mm up to 50 mm in length. The

phenocrysts are colorless, 3 mm or less long, and predominantly
oriented parallel to the eutaxitic structure.
Thin section analysis shows the rock to consist of 50% glass
shards and dust, 48% collapsed pumice fragments, and 2% phenocrysts.

Coarse-grained devitrification products have developed in most of the
pumice fragments and much finer-grained ones in the shards. About
one-half of the shards have undergone devitrification and are colorless

in plane light and gray under crossed nicols. The other half are still
glassy and dark brown.

Compaction has resulted in distortion of the shard structures
and almost complete elimination of original pore space in the pumice
fragments. The shards have been bent against and draped around
pumice fragments and phenocrysts. Plasticity of the glass during

distortion and welding is indicated by glass squeezed into a deep

embayment in a sanidine crystal. The flattening has produced a

marked simulation of flow structure, but individual shards are
recognizable and exhibit lateral discontinuity. Many of the flattened
pumice fragments exhibit frayed ends.
The mineral aggregates within the pumice fragments and shards
cannot be definitely identified by means of the microscope. However,

many tests of devitrified shards and pumice fragments of rhyolitic
ash-flow tuffs from many localities have been made by x-ray
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diffraction, and have invariably shown the products to be cristobalite
and alkali feldspar (Ross and Smith, 1961).

The aggregate of

cristobalite and feldspar that develops during devitrification assumes

various patterns. Axiolitic structures are common in glass shards.

Parallel intergrowths of cristobalite and feldspar line the edges of
the larger pumice fragments with the central portion being either hollow, filled with granular intergrowths of quartz, filled with microscopic spherulites which exhibit extinction crosses, or combinations

of the above. Some pumice fragments are only partially devitrified
and contain either minor amounts of the previously mentioned

aggregates or a few euhedral to subhedral quartz and/or orthoclase

crystals.
The phenocrysts, which make up 2% of the rock, consist of

approximately equal quantities of sanidine and quartz with traces of
magnetite.

The sanidine commonly occurs as laths exhibiting

carlsbad twinning. They vary from subhedral to euhedral and range

in length from 0.2 to 1.5 mm. Many of the laths have resorbed ends.
Others are corroded along the sides and some are partially rounded.
The quartz phenocrysts are less corroded and predominantly subhedral in form with dimensions similar to those of sanidine. The
magnetite grains vary from euhedral to subhedral with a maximum
width of 0.5 mm and no evidence of alteration.
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Correlation and Age
The Middle Miocene Welded Tuff has not been correlated in

previous literature but grouped into the rhyolitic and dacitic volcanic
rocks of Willden (1961) and the tuffaceous sedimentary rocks, tuffs,
and silic flows of Walker and Repenning (1965). Therefore, additional

work was conducted outside the thesis area in order to attain a better
knowledge of its position in the regional stratigraphic section and to

establish a basis for age determinations from stratigraphic relations.
In Idaho Canyon the following stratigraphic sequence is exposed: a

thick basal sequence of basalt flows; a distinctive white air-fall tuff
with thin interbedded welded tuffs; the Middle Miocene Welded Tuff;

Middle Miocene Fluvial Sequence; and Canyon Rhyolite. A similar

sequence is exposed in the southern Pueblo Mountains five miles north-

east of the map area. The author correlates the basalt sequence in
Idaho Canyon with that of the Pueblo Mountains. Fuller (1931) has

correlated the Pueblo Mountain Basalt "Series" with the Steens
Mountain Basalt and Steens Mountain Volcanic "Series," and Smith

(1927) has correlated the Steens Mountain Basalt with the middle
Miocene Columbia River Basalt. Since the welded tuff unit is younger

than the middle Miocene basalt "series" but older than the middle to
late Miocene Virgin Valley Formation, the welded tuff is middle
Miocene in age (see Table 1).
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Idaho Canyon is the southernmost known outcrop locality, and
the eastern and northern extents are unknown. The western extent is

not known but is presumed to occur as shown in the east-west crosssections of Plate 2.
Middle Miocene Fluvial Sequence (Tfl)

Field Relations

Outcrops of the fluvial unit are restricted to the eastern onehalf of the thesis area and are exposed due to uplift and subsequent
erosion along the Big Mountain-McGee Mountain escarpment. The

largest area of outcrop is in the vicinity of the Saddle between Big
Mountain and McGee Mountain (see Plate 2).

This area of outcrop

extends from the southern boundary of the area northward along the
Big Mountain escarpment, westward through the Saddle into Virgin

Valley, and northeast of the Saddle and along the face of the escarpment to the northeasternmost point of the Big Mountain-McGee

Mountain complex. A smaller area of outcrop occurs 3 1/2 miles due
north of the summit of McGee Mountain.

At this locality the unit is

exposed through a small window in the overlying Canyon Rhyolite,

Another large area of outcrop occurs about two miles northwest of the

latter location. This too is a large window in the Canyon Rhyolite with
the northern extent outside the map area. Immediately southeast of
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the southern end of Thousand Creek Gorge is another small area of
outcrop, The remaining smaller exposures occur in areas of active

stream erosion along the western margin of the Big Mountain-McGee
Mountain complex (see Plate 2).

Typically, the unit is nonresistant and exhibits exfoliate-like
weathering. The surface is covered by slopewash, alluvium, and

recently developed soils; the only good exposures occur on very steep

cliffs beneath the Canyon Rhyolite or where stream erosion is active.
Where exposures are good, hoodoo weathering forms are common,

and the overall coloration is a distinctive pink, with white, tan, and

gray interlayers. These distinctive features, as well as the
stratigraphic relations, provide easy correlation of the unit.
Five miles to the south in Idaho Canyon the fluvial unit has a
total thickness of 180 feet. Within the thesis area the thickness
ranges from 750 feet along the Big Mountain escarpment to 1100 feet

in the Saddle area to 700 feet 1 1/2 miles northeast of the Saddle along
the McGee Mountain escarpment, Outside the thesis area at the north

end of Thousand Creek Gorge it is approximately 600 feet thick. The

irregular thickening and thinning of the unit, its outcropping through
windows in the Canyon Rhyolite, and the configuration and limitations

of the rhyolite flows indicate that a terrain of irregular topography
was developed on the fluvial unit prior to the extrusion of the younger
Canyon Rhyolite.

The flows filled the topographic lows but the highs
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remained uncovered. The original thickness in the vicinity of McGee
Mountain must have been greater than 1600 feet. This is substantiated

by the fact that there is 1600 feet of section from the base of the
fluvial sequence to the top of the Canyon Rhyolite and it would have

required at least that thickness to limit the spread of rhyolite flows.
The Middle Miocene Fluviatile Sequence unconformably overlies

the Middle Miocene Welded Tuff, but the contact is covered at all

localities within the map area. At localities outside the map area

a relief of two to five feet occurs on the less competent upper portion
of the Middle Miocene Welded Tuff.

The middle Miocene Canyon

Rhyolite overlies the fluviatile sequence at most localities. The
contact with the Canyon Rhyolite was not observed, but strong angular

discordance seems probable. At scattered localities along the Big
Mountain-McGee Mountain escarpment the early to middle Pliocene
Thousand Creek Formation unconformably overlies the Middle Miocene

Fluvial Sequence. At two localities along the escarpment the
Pleistocene (?) Welded Tuff laps against the fluvial sequence.
Locally within Virgin Valley the middle Miocene to early Pliocene

Virgin Valley Formation is the unconformably overlying unit (see
Plate 2). The angular discordance with the overlying units ranges

from 5 to 20 degrees.
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Lithology

This unit is a thick sequence of fluvial deposits composed of a

heterogeneous association of volcanic siltstones, sandstones, and
conglomerates. Inter layered with the fluvial deposits are vitric tuff
beds. In Idaho Canyon a ten foot thick welded tuff unit occurs within

the fluvial sequence.

The conglomerates occur as large and small lenticular units.

Fresh surfaces are gray to pink and weathered colors are tan to pink.
The clasts range from pebbles to small boulders but are predominantly
in the 25 to 80 mm range. The pebbles, cobbles, and boulders are

subangular to rounded and consist of pumice, basalt, rhyolite welded
tuff, black and gray volcanic glass, and a few plutonic fragments.
The lithologic make-up is fairly constant with the rhyolite welded tuff,

basalt, and volcanic glass making up the largest percentage. Some
of the larger clasts are elongate to flattened and exhibit preferred
orientation. The gravel sized particles are set in a fine- to medium-

grained volcanic sandstone matrix composed of the same constituents

as the larger fraction. Induration ranges from fair to poor, increasing with an increase in matrix. Occasionally thin beds or lenses of
volcanic sandstone and siltstone occur within the conglomerates.
The volcanic sandstone weathers tan to pink and is gray to pink

on fresh surfaces. The mineral assemblage forming the sand grains
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is immature, consisting of angular to subrounded quartz, feldspar,
and biotite. Sand sized lithic fragments are of the same composition

as previously described for the gravel. The sand sized grains range
from very fine to coarse and different units range from poorly sorted
to moderately well sorted. Cross-stratification and graded bedding
are exhibited and individual beds range from laminations up to 10 feet
thick. Locally there are small lenses of siltstone and conglomerate.

From the outcrops examined the matrix of the volcanic sandstones

are estimated to be 30 to 40% of the total volume of the rock.
The volcanic sandstones grade laterally and vertically into siltstones.

The poorly indurated siltstones are white, gray, buff and

pink on fresh outcrops and tan to pink on weathered surfaces. Bedding

thicknesses range from laminations up to two feet thick. The siltsized

particles are composed of angular glass shards and quartz. The claysized fraction was not analyzed. Subordinate zones of coarser

particles indicate changes in current velocity.

The vitric tuff beds are composed of angular, dark gray glass

shards free of alteration. Bedding thicknesses range from 25 mm up
to 1 meter.
Sedimentary structures within the fluvial unit include scour-and-

fill, tabular and lenticular cross-bedding (usage of Dunbar and
Rodgers, 1957), and normal and reverse graded bedding.

The scour-

and-fill structures range in thickness from 10 mm up to 3 meters
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with horizontal dimensions greater than 80 meters. The large
structures cut through multiple beds and contain pebble to boulder
conglomerates.

The lenticular type is more common and indicates

shifting currents or braided streams. Tabular cross-bedding
(planar basal contact) occurs within the sandstone and some conglom-

erate beds. The latter type is produced by steadier currents. Normal graded bedding occurs within the sandstone and conglomerate

beds and reverse grading commonly occurs within the conglomerate
lenses. Graded bedding indicates varying current energy during
deposition.

Environment of Deposition and Source Rocks

Primary sedimentary structures indicate that fluvial processes
accounted for most of the sedimentation within the thesis area during
this period of deposition. However, gray, unaltered air-fall vitric
tuff beds occur throughout the unit. Sedimentary deposits in the

region probably consisted of fanglomerates adjacent to the highlands,

alluvial flood plains farther downstream, and lacustrine environments
in the valleys. The depositional environment represented in the thesis

area during this time was a well-drained alluvial flood-plain. The
volcanic sandstones and conglomerates represent stream channels

and the finer sedimentary rocks the interfluve deposits. The

immature nature of the rocks indicate that the source area(s) had
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high relief, and streams carried large quantities of mechanically
weathered debris. Sedimentary structures indicate varying stream

loads and current velocities, and the overall pink coloration is indicative of periods of little or no deposition and subsequent oxidation.

Fossil wood occurs occasionally but in general the unit is sparsely
fossiliferous.
Most of the detritus was derived from an older volcanic terrane
consisting of basalt, rhyolite welded tuff, and probably older

tuffaceous sedimentary rocks. A minor portion was derived from
plutonic masses. Present outcrops of the probable source rocks are
found to the northeast in the Pueblo Mountains, to the east in the Pine
Forest Range, and to the southeast in the Black Rock Range. All of

these ranges have plutonic cores with acidic and basic volcanic rocks
lapping upon them.

The present topographic expression is the result

of Basin and Range faulting, but the author postulates highland areas

at the same localities during the time of deposition of the fluviatile
sequence.

Age and Correlation

Stratigraphic relations indicate that the fluvial sequence is
younger than the Middle Miocene Welded Tuff and older than the

middle to late Miocene Virgin Valley Formation. Correlation of the
unit by previous workers is unknown. The writer has correlated the
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Middle Miocene Fluvial Sequence with similar units five miles to the
south in Idaho Canyon and tentatively twelve miles farther south on the
west flank of the Black Rock Range in the vicinity of Summit Lake.

Five miles to the northeast of the area in the Pueblo Mountains the

unit is missing (R. Burnam, 1969, oral communication). To the east
and west the outcrop extent is unknown.
Canyon Rhyolite (Tcr)
Definition

Merriam (1910a) proposed the name Canon Rhyolite for the

rhyolitic rocks occurring in the steep-walled canyons around the borders of Virgin Valley. Extensive investigation has revealed that the

Canyon Rhyolite is actually composed of two distinct members. The
lower member is made up of rhyolite flows (Trf) and the upper member is a rhyolite welded tuff (Trwt). The two members are separated
by an unconformity but are grouped together as_the Canyon Rhyolite

because they are both rhyolitic in composition and comprise a volcanic
sequence that is overlain and underlain by thick tuffaceous sedimentary
sequences. The lower member crops out at several localities within

the map area, but the upper member is restricted to outcrops on the
Big Mountain-McGee Mountain complex. Wherever the base of either

member is exposed, it rests unconformably upon the Middle Miocene
Fluvial Sequence.
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Lower Member (Trf): Field Relations
The lower member consists of several separate rhyolite flows

that coalesce to form one extensive unit. Some of the flows have

traveled up to 4 miles from their source, and some cover areas of
six to eight square miles. Figure 1 is a vertical aerial photograph
(1 :60, 000) showing some of the flows in the vicinity of McGee Mountain

and Thousand Creek Gorge. Extrusion occurred from closely spaced
vents and the photo exhibits the tongue-like form of the flows and the
excellently developed flow ridges. On the Big Mountain-McGee

Mountain complex there are three exposed and four inferred vents

(see Plate 2). Another vent is exposed just outside the thesis area
near the north end of Thousand Creek Gorge. Within the map area the

three exposed vents are circular plugs located at the center of concentrically developed flow ridges.

The plugs were not sampled. The

inferred vents are covered by the upper welded tuff member and
inference is based on the presence and configuration of flows that do
not imply sources from the exposed vents.
A large vertical rhyolite dike in the southeastern part of the

area is probably a feeder for the southernmost inferred vent (see
Plate 2).
The upper surface of the lower member forms the most uneven
topography in the area and is typified by rounded hills, flow ridges,

30

Figure 1. Aerial photograph showing Virgin Valley on the left and
McGee Mountain on the right. North is at the top and
Thousand Creek Gorge trends northeastward in the upper
left corner. Prominent tongue-like flows of the lower
unit are shown in the center and upper left. Portions of
other flows are at the bottom and upper right. The more
even surface at the lower right is the upper member of
the Canyon Rhyolite. Scale is one inch equals one mile.
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and fault scarps that have been dissected by steep-walled canyons

(Figures 1, 2, and 3). The fault scarps and ends and sides of the
flows are exposed as near precipitous cliffs ranging from 50 to 300
feet high.

Figure 2. Flow ridges on the upper surface of
the lower member of the Canyon
Rhyolite.

Outcrops of the lower member are present at several localities
within the map area with the largest exposure making up most of the
Big Mountain-McGee Mountain complex. Smaller areas of outcrop

are located in the central, southcentral, southwestern, and north-

western parts of the area (see Plate 2). The outcrop near the center
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Figure 3. Thousand Creek Gorge, exposing
a 300 foot thick rhyolite flow and
flow breccia of the Canyon Rhyolite.
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of the area is separated from the main rhyolite mass and consists of
four small rhyolite plugs and a black rhyolite vitrophyre. All are
adjacent and aligned trending N 65°E. The other small exposures

within the thesis area are only portions of more extensive outcrops

present outside the area. To the southeast, east, and northeast of
the Big Mountain-McGee Mountain complex the outcrop of the flows

is terminated by the Major Fault; therefore, the original extent is not

known. At several localities along the major escarpment large slump
blocks of rhyolite are found at elevations below the normal outcrop
position.

The thickness of the flows is greatest near the vents and thins
toward the edges. Based on several measurements along the McGee

Mountain escarpment the average thickness is 380 feet. Near two

vents which are close to the escarpment the thickness reaches 420
feet and the average thickness at the ends of flows is 100 feet. At

most localities the lower member represents a single period of
extrusion from numerous vents; however, in Thousand Creek Gorge,'
near a known vent, there are two flows separated by a thick flow
br eccia.

Within the thesis area the lower member always unconformably
overlies the Middle Miocene Fluviatile Sequence. The lower member

is unconformably overlain by the upper member at most localities on
the Big Mountain-McGee Mountain complex but in the remaining areas
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it is unconformably overlain by the Virgin Valley Formation. This

relationship is observable at several localities and is contrary to the
conclusion reached by Fyock (1963). Present outcrops suggest that

the Thousand Creek Formation was originally unconformably overlying

the Canyon Rhyolite at several localities.
Lower Member (Trf): Litho logy and Petrography

The color of fresh surfaces varies from light gray, gray-brown,
pink, pale purple, light brown, and dark red. The color changes are
probably a function of the iron content of the glass. Weathered surfaces are predominantly dark reddish brown but occasionally pale
pink or gray.

Thin section examinations show the flows to vary from

holohyaline at the surface to vitrophyric toward the middle. In
vitrophyre portions the phenocrysts make up to 25% of the rock and

consists of quartz, sanidine, and magnetite. Other mafic minerals
and plagioclase are lacking. The average percentages for the vitrophyre are as follows: glass 84%; sanidine 9%; quartz 6%; and
magnetite 1%. The sanidine crystals are euhedral to anhedral.

Most are partially corroded, some rounded, and occasionally deeply
embayed. The crystals vary in length from 0.5 mm up to 3 mm.

Carlsbad twinning is common and occasionally sanidine occurs as

laths. The quartz is commonly subhedral, partially rounded due to

corrosion, and varying in diameter from 1/6 to 1 mm. The magnetite
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crystals are euhedral to subhedral, partially altered to hematite, and
have a maximum width of 0.5 mm.

The glassy matrix exhibits flow-banding and contains aligned

microlites and crystallites. The reddish-brown color of the flow
bands probably resulted from oxidation of iron. The glass varies

from unaltered to completely divitrified, tending more toward the

latter. Devitrification products range from aggregates to radial intergrowths of cristobalite and alkali feldspar (Ross and Smith, 1961).

The aggregates have a granular texture and produce a salt and pepper

appearance under crossed nicols. The micrographic intergrowths
produce secondary spherulites which are distinguished from primary
ones by the fact that color bands pass uninterrupedly through them
instead of being deflected. Spherulites are very abundant and exhibit

extinction crosses.

Structures present include vesicles, flow-banding, primary
spherulites, and lithophysae. Vesicles make up from 15 to 35% of
the total volume of the rock and range in size from microscopic up to

7.5 cm in diameter. Some are rounded but most are angular. They
are commonly lined with banded and fibrous chalcedony and some are
completely filled with chalcedony and opal. Flow-banding is present

at all localities except where primary spherulites are predominant.
The individual bands range from microscopic up to 18 mm wide and

are laterally continuous for several feet. Phenocrysts are aligned

36

parallel to the flow-banding. Primary spherulites are prominent in

the upper glassy portions of the flows. They range from 2.5 mm to

6,5 cm in diameter and are filled with secondary, radially intergrown
fibers of cristobalite and alkali feldspar plus concentric banding produced by zones of varying iron content in the original glass. The
outer boundaries are commonly polygonal in form due to mutual interference during growth. The uniform size, shape, and lack of definite

nuclei tends to indicate that they were formed by rapid crystallization
of viscous magma rather than by devitrification of glass although the

glass has since been devitrified. Additional evidence for primary
formation is from microscopic analysis, which shows the growth of

devitrification products crossing original spherulite boundaries.
Lithophysae are common to abundant in the vicinity of vents. Locally

the lithophysae make up to 50% of the rock and vary from 3 mm up to

15 cm in diameter. The presence of lithophysae is indicative of vapor

phase crystallization.
Most of the good exposures are along the fronts and sides of
flows and consist predominantly of flow breccia (Appendix A). The

flow breccia is composed of up to 50% rock fragments set in a glassy
matrix that exhibits flow-banding and contains phenocrysts. The

fragments are angular to subrounded and range from 6 mm to 2

meters in diameter. Locally they show preferred orientation due to
flowage but more commonly are in a jumbled arrangement.
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Fragments consist of flow-banded rhyolite, spherulitic rhyolite, and
black vitrophyre. Also incorporated is pale yellowish to tan colored
partially weathered tuff. Weathering of the flow breccia is irregular,
producing many cavities and pinnacles.

Locally the flow breccia contains extraordinary amounts of a
distinctive black vitrophyre. No conclusive field evidence was found,

but since the vitrophyre is rhyolitic in composition, found only

associated with the rhyolite flows, and a similar rock is locally
exposed in the central part of the area, it probably accompanied or
preceded extrusion of the Canyon Rhyolite. Thin section examination
shows the black vitrophyre to consist of 87% glass and 13% pheno-

crysts. The glass is black and vitreous in the hand specimen and light
brown in thin section. It is still isotropic and exhibits abundant

angular cracks and few microlites. The phenocrysts consist of 6%
quartz, 6% sanidine, 1% magnetite, and traces of pigeonite. The

quartz occurs predominantly as subhedral crystals, sometimes
rounded, occasionally deeply embayed, and varies from 1/4 to 1/2
mm in diameter. The sanidine occurs as anhedral crystals due to
embayment and rounding, exhibits carlsbad twinning, and ranges from

0.5 to 1.5 mm in length. The magnetite crystals are euhedral to
anhedral and 1/5 to 1/6 mm in diameter. The pigeonite crystals are
anhedral and 1/3 to 1/2 mm long.

At several localities perlite is intimately mingled as lenses and
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irregular streaks within holocrystalline portions of the Canyon
Rhyolite.

The large dike in the southeastern part of the area cuts the
Middle Miocene Welded Tuff and Middle Miocene Fluvial Sequence.

Contacts with the older rocks are covered but upward the dike
coalesces with the lower member of the Canyon Rhyolite. The dike

has a general N 85°W trend and ranges from 30 to 60 feet wide.

Vertical platy jointing and vertical striations indicate upward intrusion. The dike rock is light gray to white in fresh samples and gray

to reddish brown weathered. Upward it grades into a gray and light
purplish flow-banded rock containing abundant lithophysae. Veins

and cavity fillings of chalcedony and opal are indicative of secondary

mineralization.
Thin section analysis of the selvage zone from the upper portion
of the dike revealed the following constituents: phenocrysts 10%,
crystalline groundmass 30%, and hyaline groundmass 60%. Flow-

banding is evident only in thin section, and individual bands vary in

width up to 2 mm. Phenocrysts are aligned parallel to the flowbanding, and locally there are zones with numerous aligned pheno-

crysts.
Of the 10% phenocrysts 3.0% are quartz, 4.5% sanidine, 1.5%

plagioclase, 0.5% magnetite, 0.5% hornblende, and a trace of zircon.
All phenocrysts are corroded and vary from slightly resorbed rounded
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crystals to deeply embayed irregular shaped crystals. The quartz

and feldspar crystals range from 1/5 mm up to 3 mm in diameter.
The sanidine occasionally occurs as subhedral laths which are
untwinned or exhibit carlsbad twinning. The plagioclase exhibits

very faint closely spaced albite twinning. The magnetite and hornblende crystals have maximum diameters of 3/4 mm and are generally
closely associated. Zircon occurs as euhedral to subhedral crystals,
1/10 to 1/30 mm in length, and usually in close association with the
magnetite and hornblende.

The crystalline groundmass is composed predominantly of small

sanidine laths in an irregular arrangement. The laths vary in length
from 1/10 to 1/5 mm and carlsbad twinning is common.

The glassy portion of the groundmass is a light tan color in
plane light and contains numerous crystallites. The glass has been
completely devitrified producing microscopic spherulites which

exhibit extinction crosses.
Upper Member(fl irwt): Field Relations

Outcrops of the upper member are confined to the crest of the
Big Mountain-McGee Mountain complex and are known to occur from

south of Idaho Canyon northward to Thousand Creek Gorge (see Plate
2).

The original extent is unknown because several intervals of

erosion have occurred since extrusion and the present outcrops are
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probably remnants of a once more extensive unit.

At most localities the upper member unconformably overlies
the lower member but south of Big Mountain and in the vicinity of
Thousand Creek Gorge it unconformably overlies windows of the
Middle Miocene Fluvial Sequence (see Plate 2).

The upper surface is fairly even, gently tilted to the northwest,
and the edges are steep erosional escarpments 40 to 120 feet high
(see Figure 1).
Columnar jointing is present throughout the unit with individual

columns variable in size. Occasionally the jointing is better
developed in the less welded zones. Horizontal platy jointing is com-

mon near the upper portion of the unit and is the result of weathering

along planes of eutaxitic structures.
Upper Member(frwt): Litho logy and Petrography

In the vicinity of the summit area of McGee Mountain the welded

tuff can be divided into three zones: a lower weakly to nonwelded
zone; a middle strongly welded zone; and an upper moderately
welded zone (Appendix A).

The lower zone is gray to pink in fresh outcrops and tan to
reddish brown weathered. It is composed of angular glass shards,

angular pumice fragments, and abundant (locally up to 20%) angular
inclusions of flow-banded rhyolite. The inclusions have a maximum
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length of 4 inches. The rock is light in weight, porous, weakly

consolidated, and unsorted. This zone grades upward into the middle
zone.

The middle zone is dark gray to light purplish colored on fresh
samples and dark reddish brown weathered. The rock exhibits
marked compaction and welding with well developed eutaxitic structure.

It is composed of collapsed pumice fragments, lenticular and elongate

structures filled with spherulites, and a few phenocrysts, all set in a
vitroclastic matrix. The lenticular structures range in length from
6 mm to 10 cm and are collapsed pumice fragments which have under-

gone complete devitrification, resulting in the formation of spherulites.
The upper zone is moderately welded and the color is similar
to that of the middle zone. Structurally and texturally the lower por-

tion of this zone is quite similar to the middle zone and the contact is
gradational. The upper portion of this zone is less compacted and

welded and horizontal platy jointing is typical. Thin section analysis
of the lower part of the upper zone revealed the following constituents:
pumice fragments 40%; glassy matrix 35%; glass shards 20%; and
phenocrysts 5%. The pumice fragments vary in length from less than

1 mm up to 15 mm and the original pore space has been eliminated by
compaction. The pumice has undergone almost complete devitrifica-

tion to spherulites which vary from microscopic up to 10 mm in

diameter. The vitroclastic glassy groundmass has also undergone
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complete devitrification, resulting predominantly in microscopic
spherulites. The glass shards are angular but moderately to strongly
compacted and complete devitrification has resulted in the production

of axiolitic structures. The devitrification products in all cases are
assumed to be intergrowths of cristobalite and alkali feldspar (Ross
and Smith, 1961). The phenocrysts make up only 5% of the rock and

of that 3% is feldspar, 2% quartz, with a trace of magnetite. Sanidine
is the predominant feldspar with minor amounts of plagioclase. The
crystals are predominantly subhedral but occasionally deeply embayed
and anhedral. The grain size varies from 0.2 to 1.5 mm, and

carlsbad twinning is common. The plagioclase occurs as subhedral
laths exhibiting combined carlsbad-albite twinning. Quartz crystals

are predominantly subhedral in form and range from 0.2 to 0.7 mm in
diameter. The magnetite varies from euhdral to anhedral, is com-

monly altered to hematite, and ranges from 0.2 to 1 mm in diameter.
In the vicinity of Thousand Creek Gorge the upper member is
only 40 feet thick and only slightly welded, with little or no compaction. At one locality near the southern end of Thousand Creek Gorge

three zones can be differentiated. The upper and lower zones are each
approximately 10 feet thick, and the middle zone 20 feet thick. The

lower and upper zones are pink on fresh surfaces and light reddish
brown on weathered surfaces. In these zones the rock is highly

pumiceous, coarse-grained, slightly compacted, and moderately
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resistant to erosion. The pumice fragments are angular with only
slight horizontal alignment and are pink to gray in color. They range
from 5 to 25 mm in length. The surface and base of the unit are

vesicular, with many vesicles near the surface filled with chalcedony
and opal. There is a marked difference between the pink, vesicular,

and moderately consolidated upper and lower zones and the dark gray

to purple, denser, and more strongly welded middle zone. Within
the middle zone only slight compaction and eutaxitic structure is
visible. Phenocrysts are few, and columnar jointing is poorly
developed.

Thin section analysis reveals the following constituents:

glassy matrix 48%; pumice fragments 25%; glass shards 25%; and
phenocrysts 2%. The glassy matrix is completely devitrified to

microscopic spherulites, which exhibit extinction crosses. The
pumice fragments range in length from 1/2 to 15 mm, are angular

to slightly lenticular-shaped, and are completely devitrified to
intergrowths of cristobalite and alkali feldspar. The glass shards

are angular, 1/10 to 1/2 mm in length, and completely devitrified,
producing axiolitic structures. The phenocrysts are predominantly
quartz, sanidine, and magnetite with subordinate amounts of plagioclase. Some phenocrysts are aligned parallel to the eutaxitic struc-

ture. The quartz is predominantly subhedral, partial resorption and
embayments are common, and crystals range from 1/5 to 1 mm in
diameter. Sanidine varies from subhedral laths to deeply embayed
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anhedral crystals. Carlsbad twinning is prevalent and dimensions

are the same as for quartz. Magnetite crystals vary from euhedral to
anhedral 1/10 to 1.5 mm in length, and partially altered to hematite.
The plagioclase occurs as small albite twinned subhedral laths.
South of Big Mountain the unit has only faint zonation. The

upper and lower zones are pink to gray in the fresh outcrop and light
reddish brown where weathered. The entire unit is only slightly

welded, and there is only a faint horizontal alignment of some
fragments. The upper and lower zones are composed of pink and
gray angular pumice fragments and few phenocrysts embedded in

a very fine pink glassy matrix. Some pumice fragments are

15

cm long, but most are 2.5 to 5 cm long. The upper and lower surfaces are vesicular, and the lower zone contains angular and subrounded rhyolite inclusions. The middle zone is distinguished only

by its gray color. The unit has fair to poor columnar jointing and
weathered surfaces are pitted owing to weathering out of pumice
fragments.

The ground in this vicinity is strewn with pumice

fragments weathered from the unit. A thin section from this
locality contains the following constituents: pumice fragments 50%;
glass shards 30%; glassy matrix 18%; and phenocrysts 2%. The

pumice fragments are angular, range in length from 1/4 to 15 mm,
and are in a jumbled arrangement that exhibits neither compaction

nor distortion.

The pumice fragments retain the original porous
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structure and fewer than 2% have undergone devitrification. The glass

shards are angular, range in length from 1/10 to 1/2 mm, and fewer
than 2% show devitrification. The glassy matrix is unaltered and light

tan to colorless in plane light. The phenocrysts are quartz, sanidine,
and magnetite. The quartz is predominantly slightly rounded owing

to resorption, is occasionally deeply embayed, and ranges from 1/8

to 1/2 mm in diameter. Sanidine ranges from 1/8 to 1 mm in length
and from slightly corroded subhedral laths to deeply embayed anhedral

crystals. Magnetite is rare as phenocrysts and occurs mostly as a
very fine black dust.

The upper member is 197 feet thick near the summit of
McGee Mountain and thins to the north and south. In the vicinity of

Thousand Creek Gorge it is 40 feet thick; in the northeastern part

of

the Big Mountain-McGee Mountain complex it is 100 feet thick; just

south of Big Mountain the member is 120 feet thick; and five miles

south of the area in Idaho Canyon it is 90 feet thick. Field evidence

indicates pronounced zonation at several localities. Vents for the
welded tuff are unknown but suspected to be near the summit of McGee
Mountain.

Evidence for this assumption is based on the following data.

Near the summit the unit is the thickest, most strongly compacted and
densely welded, exhibits pronounced eutaxitic structure and platy

jointing, is darker colored, and almost completely devitrified. To
the north and south the unit thins, is less compacted and welded,
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exhibits little to no eutaxitic structure or platy jointing, is lighter
in color, and there is little to no devitrification. These observations
agree with Ross and Smith's (1961) findings that at the ends of flows

more heat is lost during emplacement, resulting in less intense
welding and vapor phase crystallization. In areas of less dense
welding, such as the northern part of the Big Mountain-McGee

Mountain complex, the unit is less resistant to erosion and only

scattered erosional remnants are to be seen.
Canyon Rhyolite (Tcr): Correlation and Age
The Canyon Rhyolite has been correlated throughout much of

northwestern Nevada and southeastern Oregon. Willden (1961) has

mapped correlative rhyolitic and dacitic volcanic rocks for many

miles to the south and west of the thesis area. Merriam (1910a)
correlated the uppermost rhyolite unit in the southern end of the
Pueblo Mountains with the Canyon Rhyolite, and Maloney (1961) has

correlated the Canyon Rhyolite with the Lone Mountain Formation,

which crops out 10 to 15 miles north of the thesis area. Walker and
Repenning (1965) have correlated the Canyon Rhyolite with rhyolite

welded tuffs and flows, rhyodacite exogenous domes and flows, and

dacite flows in the following areas: 30 miles to the northeast in the
Trout Creek Mountains; 30 miles north at Beatty Butte; and 45 miles
to the northwest at Hart Mountain. Walker and Repenning (1966) have
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correlated a rhyolite unit 90 miles to the northeast in the Rome,
Oregon, area with the Canyon Rhyolite.
The age of the Canyon Rhyolite has been determined from

stratigraphic relations. In the Virgin Valley area the unit overlies
the Middle Miocene Fluviatile Sequence and in the Pueblo Mountains

it overlies an ash-fall and ash-flow tuff sequence that overlies the
middle Miocene Pueblo Mountain Basalt "Series" (Fuller, 1931). The
middle to late Miocene Virgin Valley Formation overlies the Canyon

Rhyolite within the thesis area, establishing the age of the Canyon
Rhyolite to be middle Miocene. In the Trout Creek Mountains and

Beatty Butte areas tuffaceous units said to be similar in age to the
Virgin Valley Formation are the overlying units (Walker and
Repenning, 1965).

Miocene-Pliocene Units
Virgin Valley Formation (Tvv)

Definition and Field Relations

The Virgin Valley Formation consists of a thick sequence of

lacustrine, fluvial, and eolian deposits. The name, Virgin Valley
Beds, was suggested by Merriam (1907) and applied to the entire

stratigraphic sequence in Virgin Valley. Merriam (1910a) arbitrarily
divided the formation into upper, middle, and lower zones.

The upper
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zone consisted of the part above and including a distinct conglomerate
unit and was separated from the middle zone by an unconformity.

Recent stratigraphic and structural studies by the writer indicates
that the Virgin Valley Formation makes up the part of the sequence
below the unconformity, whereas the part above is the Thousand

Creek Formation (Plate 2). The strata below the unconformity
exhibit numerous low gentle folds, but those above are undeformed and

flat-laying,
The unconformity between the Virgin Valley and Thousand

Creek Formations is an ancient erosional surface, having up to six
feet of local relief, and an overall inclination toward the northcentral
part of Virgin Valley, This produces variable thicknesses for both
formations. One mile west of the junction of Thousand and Virgin

Creeks approximately 760 feet of the Virgin Valley Formation was
removed prior to deposition of the Thousand Creek Formation.

At

this locality the Virgin Valley Formation has an estimated thickness
of 370+ feet, but three miles southwest of the latter locality on the
southeast side of the Horn the estimated thickness is 1230+ feet.

These figures are based on surface data and information concerning
an attempted water well, The well was drilled in the lowest part of

the Virgin Valley Formation and bottomed in sedimentary rocks at a
depth of 160 feet (Bob Wegman, oral communication, 1965).

The formation is easily eroded, producing rolling hills and
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badland topography (Figure 4). It crops out all around Gooch Table,

along the west side of Rock Spring Table, throughout the western and

southern parts of the valley except where locally covered by the basal
conglomerate of the Thousand Creek Formation and Recent landslide

masses, and at scattered localities on the east side of the valley where
not covered by Older Alluvium (see Plate 2). Along the tablelands the
formation generally crops out below the 5700 foot contour but locally
may occur below the 5600 foot or as high as the 5900 foot contour
(Plate 2). Much of the area is covered by a thin veneer of slopewash.

Figure 4. Looking south into Virgin Valley
from State highway 8A.
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Litho logy

For this study the Virgin Valley Formation has been divided into
lacustrine and fluvial-eolian facies but owing to complex interfingering has been mapped as a single unit. In the lower part of the forma-

tion the fluvial-eolian facies is dominant, whereas upward in the
section the lacustrine facies becomes predominant.

Fluvial-eolian Facies. The fluvial-eolian facies is composed
of a heterogeneous association of volcanic conglomerates, sandstones,

and siltstones with numerous interbedded air-fall tuffs. This facies
is dominant in the lower part of the Virgin Valley Formation and inter-

fingers with the lacustrine facies on all sides of the basin. Outcrops
generally occur below the 5200 foot contour but are occasionally found

as high as the 5400 foot contour, depending on the local structure.

The fluvial beds are commonly lenticular, show rapid textural

gradations, and are separated by minor erosional surfaces. The
fluvial units are predominantly buff to light gray on fresh and

weathered surfaces, but locally are light green, pale red, and tan.
The principal constituents are reworked pumice grains and angular

glass shards with lesser amounts of mineral grains, rhyolite, and
rhyolite welded tuff. Most of the vitroclastic material has undergone

strong alteration to clay. The clay mineral, as determined by x-ray

analysis of several randomly collected samples, is montmorillonite.
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The eolian deposits are fine-to coarse-grained vitric tuffs.

Colors include white, light gray, dark gray, gray-green, and
yellowish-green.

Shower bedding is exhibited by alternating coarser

and finer zones. Bedding is even except where the surface has been
scoured, and locally where beds have been completely removed by

scour-and-fill. The vitric tuffs have indices of refraction between
1.492 and 1.504. According to George (1924), this indicates a silicic
or rhyolitic composition with approximately 72% silica.

Detailed lithologies from a representative section of the fluvialeolian facies are given in Appendix B.

Lacustrine Facies. The lacustrine facies consists of three
brightly colored members, a carbonaceous member, and a
diatomaceous member. The color designation is a practical one and
does not have lithologic implications. The oldest member is green

and white, the next red, and the third yellow. The carbonaceous member overlies the yellow one, and the diatomaceous member is the
youngest. All of these members interfinger with the fluvial-eolian

facies.
The green and white member is composed of interbedded

volcanic sandstones and siltstones. Individual beds are white, buff,

red, light gray, gray-green, and yellowish-green with the whites and
greens predominant. The beds have widely uniform thicknesses and

range from one inch to eight feet thick. Some units are composed of
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reworked vitroclastic material that has been strongly altered to clay
(montmorillonite, x-ray identification). Others appear to have undergone very little reworking and are composed of unaltered pumice

grains and glass shards. Two units near the top of the member contain numerous manganese(?) nodules. The nodules are lenticular,

round, and botryoidal and range from 2 to 10 cm in diameter.
Twenhofel (1950) cites similar deposits in which algae was considered
the agent of precipitation. Detailed lithologic descriptions for this
member are given in Appendix C.

This member crops out along the north side of Thousand Creek
and the east side of Virgin Creek near the south end of Thousand
Creek Gorge. The outcrop area is less than 1/2 square mile, but

immediately north of the map boundary there is a much more exten-

sive area of outcrop. Within the thesis area the strata dip gently to
the south beneath the red member and is exposed only where the red
member has been removed by erosion. The green and white member
has a thickness of at least 92 feet (Appendix C). This member grades

upward into the red member and at one locality there is a 30 foot

interval of interbedded red, buff, green, and white strata.
The red member is composed predominantly of dark red to
light pink volcanic siltstones with a few interbedded white and gray

volcanic mudstones and gray-green volcanic sandstones. The silt-

stones are thin bedded and well-laminated. Some are predominantly
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buff with light red laminae and others are light pink to light purple

with dark red laminae. The predominant red coloration is due to
iron oxide coatings on the grains and suggests alternating periods of
slow accumulation and extreme oxidation. Detailed lithology from a

representative section is given in Appendix D.

The red member crops out at the northern end of Virgin Valley
along the north and south sides of Thousand Creek and east and west

sides of Virgin Creek. The area of outcrop is about one square mile.
Along the north side of Thousand Creek the red member is the
youngest unit exposed. It is folded into a few gentle anticlines and

synclines but has an overall gentle southerly dip. On the south side
of Thousand Creek and west side of Virgin Creek the red member
crops out as a narrow band and dips gently southward beneath the
yellow member. The two erosional remnants at the junction of

Thousand and Virgin Creeks are capped by the red member. Locally,

on the east side of Virgin Creek, the red member is the youngest
member exposed, conformably overlain by the yellow member, or
unconformably overlain by Quaternary Older Alluvium. This member

has an estimated thickness of 70 feet.
The yellow member crops out as narrow exposures on both sides
of Virgin Creek from the junction with Thousand Creek southward for

2 1/2 miles where it dips beneath the carbonaceous member. It also
crops out as a narrow band along the south side of Thousand Creek.
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The latter exposure extends for two miles west of the stream
junction before interfingering with the fluvial-eolian facies. The total

outcrop area is only about 2 1/2 square miles, the largest exposure
being a triangular-shaped area in the angle between Virgin and
Thousand Creeks.

The overall yellowish coloration occurs on weathered surfaces,

along fractures and bedding planes, and discolors the slopewash. The
coloration suggests incipient oxidation of iron compounds. Colors of

individual beds on fresh surfaces are white, light gray, gray-green,
light pink, buff, brownish-yellow, and locally reddish-brown.
The member is composed predominantly of volcanic mudstones

with interbedded volcanic siltstones and sandstones and locally
lignite. Bedding planes are even to slightly undulating with individual

beds exhibiting uniform thicknesses laterally for hundreds of feet.
The volcanic mudstones are white, buff, and light yellow in color.

They are massive, well-indurated, and beds vary in thickness from
1/2 inch up to 5 feet. Composition is predominantly silt-size

vitroclastic particles and authigenic clay (?), and may be
diatomaceous. The volcanic siltstones are light gray, buff, brownish-

yellow, and light pink and are similar in most other respects to those

of the red member. The volcanic sandstones are light gray to
gray-green and similar to those of the previously described mem-

bers. Reddish-brown lignite beds are locally present and represent
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gradation upward into the carbonaceous member. At several
localities on the east side of Virgin Creek the yellow member is
unconformably overlain by Quaternary Older Alluvium. Locally on

the west side the yellow member is the youngest member exposed,
conformably overlain by the carbonaceous member, or unconformably
overlain by the basal conglomerate of the Thousand Creek Formation.
Maximum thickness has been estimated to be 60 feet.

The best exposures of the carbonaceous member are to the west
of Virgin Creek in the northwestern part of the area. In the eastern
part of Virgin Valley most of the member has been removed by
erosion and is unconformably overlain by Quaternary Older Alluvium.

To the south it dips beneath the diatomaceous member and interfingers with the fluvial-eolian facies (see unit 3 Appendix B). The
carbonaceous member is about 150 feet thick and, owing to the gentle

structures, generally crops out between the 4900 and 5200 foot con-

tours in the northern half of the valley.
The member is composed of interbedded lignite and volcanic

siltstones and sandstones. The lignite beds are commonly one to two
inches thick and vary in color from dark brown and black to dark
reddish brown. They are generally soft and friable but occasionally

silicified. The original plant structure is preserved in the silicified

beds and also as molds and impressions on the overlying and underlying units. Plant specimens from these beds include rushes,
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willows, and several unidentified forms (Merriam, 1910b). The
lignite beds make up approximately 70% of the member, and ancient

rushes are estimated to make up greater than 90% of the lignitic

material.
The volcanic siltstones and sandstones are buff, medium gray,

and gray-green in color, and bedding ranges from laminations up to

beds three feet thick. They are similar to those in previously

described members. Detailed descriptions are given in Appendix E.
The carbonaceous member grades upward into the diatomaceous
member.
Within the map area the diatomaceous member locally interfingers with but commonly overlies the fluvial-eolian facies. In the

northern part of the area it is generally exposed above the 5200 foot
contour and in the southern half usually above the 5100 foot contour.

A thickness of 450 feet was estimated along Rock Spring Table
immediately east of Virgin Valley Ranch, whereas along the prominent

ridge 3/4 mile northeast of the Horn the sequence has a total thickness of only 130 feet (see Appendix E). At all outcrops along Gooch
and Rock Spring Tables the Thousand Creek Formation unconformably

overlies the diatomaceous member.
The diatomaceous member is composed mostly of diatomaceous
mudstone with interbedded volcanic sandstones and siltstones and a

few beds of pure diatomite. This member has an overall coloration
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of white to cream, with subordinate interbedded grays and graygreens. Detailed lithologies from a representative section are
given in Appendix E.

Throughout the diatomaceous member in the southern part of the

area there are numerous veins and beds of opaline chert. The opal
beds exhibit conchoidal fracture and are highly broken on weathered

surfaces. They are more resistant than the other rocks and form
ledges and locally cap hills. The beds range from 1/4 inch up to 3
feet thick but are commonly two to six inches thick. Colors include

dark brown, dark and light yellow, light gray, white, and clear.

Many are massive, others are laminated, and a few are dendritic. In
the vicinity of Virgin Valley Ranch a few opal beds contain yellow

uranium salts (H. B. Wilson, oral communication, 1965).
Sedimentary Structures and Secondary Mineralization

The common laminations, planar bedding, cross-bedding,

graded bedding, and mudcracks of the lacustrine-fluvial deposits are
described in the detailed descriptions (see Appendices).
Contemporaneous deformation of unconsolidated sediments is
exhibited within the diatomaceous member (Figure 5).

The zone of

deformation is approximately 14 feet thick and the strata involved

are interbedded diatomaceous mudstones, diatomites, and volcanic
sandstones and siltstones. This zone is overlain and underlain by

58

undisturbed strata, and the deformation occurs at several localities
on the east and west sides of the basin. Dips are less than five degrees and movement was toward the center of the basin.

Origin of

the phenomena is thought to be a minor orogenic pulse, resulting in

basinward sliding of highly saturated, incompetent sediments.

Figure 5. Contemporaneous deformation of unconsolidated
sediments. Large fold at left approximately 10
feet high. Notice undisturbed, flat-lying strata
immediately above deformed zone. View looking northwestward. Center of basin to left,
movement was from right to left. Diatomaceous
member, Virgin Valley Formation.

One of the volcanic siltstone units that has been strongly

altered to clay exhibits well-developed columnar structure (Figure

6).

The columns are uniformly hexagonal and about one inch in diameter.
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The origin is unknown, but a similar occurrence in a "subaqueous

clay" has been referred to concretionary processes (Salisbury, 1885).

Figure 6. Columnar structure in Virgin Valley
Formation. Volcanic siltstone strongly
altered to clay.
Throughout the Virgin Valley Formation there are numerous

irregular fractures or joints. Commonly along these breaks yellowishbrown iron staining occurs. Many of the fractures are partly filled
with opal. On weathered surfaces many fractures and bedding planes
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contain fibrous gypsum.

Throughout the formation the vitroclastic material exhibits

various degrees of devitrification and alteration. The vitric tuffs
and many volcanic sandstones and siltstones (water-laid tuffs) have

undergone little to no alteration.

Alteration is most prominent in

the strongly reworked fluvial and lacustrine deposits. The alteration
probably began during weathering and transport and continued after
deposition. During alteration to clay, silica is released and

reprecipitated as opal in the form of veinlets, petrified wood,
petrified bones, and opal cement in the more permeable vitric tuffs
and volcanic sandstones and conglomerates.

The opaline chert beds in the diatomaceous member occur
mainly in the southern part of Virgin Valley. In some cases the inter-

layered lignite beds and gray, gray-green, and yellowish-green
volcanic sandstone beds grade into chert. Commonly the colors and

bedding structures are retained, but locally the original identity is
completely lost. Some of the milky white opal beds were probably
produced by impregnation of a diatomite bed with additional opal.
The Virgin Valley Beds have been impregnated with finely

disseminated hematite for approximately 200 feet to the east and west
of a north trending fault located 3/4 mile south of Thousand Creek
Gorge. Iron-rich solutions migrated upward along the fault and dis-

colored the adjacent sedimentary rocks dark red. Some of the
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adjacent sedimentary rocks have also been strongly silicified.
Fossils and Age
The only fossils found in the green and white member are a few
unidentified twig (?) and leaf impressions. The manganese (?)

nodules from this member indicate the possible presence of manganese
secreting algae. A few opalized wood fragments were found in the red
member, and Fyock (1963) reports finding a few fossil fish bones in

the upper part of this member. The yellow member contains numerous fish scales and leaf impressions, and locally unidentified fish
bones (Merriam, 1910b). Plant specimens from the lignite beds of

the carbonaceous member include rushes, willows, and several
unidentified forms (Merriam, 1910b). Fossils from the diatomaceous

member include diatoms, carbonaceous fragments, and according to
Merriam (1910b) abundant fish bones. Fossil material is abundant

throughout the fluvial deposits. There are several zones of in situ

petrified tree stumps, some up to five feet in diameter and having
160 ± 20 growth rings. Fossil wood occurs as irregular shaped frag-

ments or well-shaped twigs, branches, and logs up to 40 feet long.
Occasionally fossil nuts (J. Howard, oral communication, 1965)
and small pine cones are found.

The wood is predominantly opalized,

but large quantities have been preserved. Many of the petrified and
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preserved pieces exhibit charing. Petrified vertebrate bones occur
at numerous localities within the fluvial deposits and have been
described by Gidley (1908), Merriam (1910b), Furlong (1910),
Kellogg (1910), and Savage (from Fyock, 1963).

The age of the Virgin Valley Formation has been the source of
considerable difference of opinion. On the basis of mammalian

fossils Gidley (1908) dated the Virgin Valley Formation as middle to

possibly early Miocene. Merriam (1910b) and Savage (from Fyock,
1963) have dated it as middle Miocene and early late Miocene,

respectively. Lohman (from Willden, 1964) dated several species of

freshwater diatoms, of known geologic ranges, as late middle
Miocene, late Miocene, and early Pliocene. The mammalian fossils
of Gidley, Merriam, and Savage were collected from the fluvial
deposits in the middle to lower part of the formation. In contrast,
the diatom samples of Lohman were obtained from the diatomaceous

member which represents the middle to upper part of the formation.
This information leads the writer to conclude that the Virgin Valley
Formation represents continuous deposition from middle Miocene to
early Pliocene.

Stratigraphic Relations and Correlation

At several localities within the map area the Virgin Valley
Formation unconformably overlies the lower member of the Canyon
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Rhyolite (Trf).

Immediately southeast of the entrance to Thousand

Creek Gorge and in the vicinity of the Saddle between Big and McGee

Mountains the Virgin Valley Formation unconformably rests on the
Middle Miocene Fluvial Sequence (Tfl) (see Plate 2). The Virgin

Valley Formation is unconformably overlain by the Thousand Creek
Formation (Ttc). In the vicinity of the Horn the basal conglomerate

of the Thousand Creek Formation unconformably overlies the
diatomaceous member. To the northeast the unconformable surface

truncates the carbonaceous member and the yellow member. Merriam
(1910b) has dated the Thousand Creek Formation as late early Pliocene. If Merriam is correct in this date, the unconformity represents

only part of early Pliocene time.
Merriam (1910b) has correlated the Virgin Valley Formation
with fossil beds in the High Rock Canyon area 30 miles southwest of
Virgin Valley. Cochran (from Maloney, 1961) and Burnam (oral

communication, 1969) have correlated rocks in the southern Pueblo
Mountains with the Virgin Valley Formation. Other correlatives of

the Virgin Valley Formation include the following: the Upper Cedar-

ville of the Cedarville Series of northeastern California (Chaney,
1925 and LaMotte, 1936): Beatty Butte beds of southern Oregon

(Wallace, 1946); Trout Creek Formation of southeastern Oregon
(Walker and Repenning, 1965); Mascall Formation of central Oregon
(Merriam, 1910b); Skull Springs beds of eastern Oregon (Gazin, 1932);
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and Sucker Creek Beds of eastern Oregon and Payette Formation of
western Idaho (Scharf, 1935).
Conditions of Deposition

During deposition of the Virgin Valley Formation the Virgin
Valley area was a basin surrounded by low mountains of Canyon
Rhyolite.

The lowest sedimentary rocks are predominantly of fluvial

origin and probably represent flood-plain, stream channel,
fanglomerate, and slopewash deposits. The interfingering lacustrine

facies indicates that a fairly large fluctuating lake was present during
that time. The abundant remains of large petrified trees indicate

partial forestation of the region surrounding the lake. According to

Merriam (1910b), vertebrate fossils collected from the lower part
of the Virgin Valley Formation indicate the following kinds of animals

were present: reptiles, rodents, carnivors, oreodonts, deer-like
forms, horses, camels, and mastodons. The horse and deer-like
forms were predominant, suggesting open grassland and glade or

forest environments, respectively (Merriam, 1910b). The environment suggested by the fauna during the early stages of deposition

accords well with that expected from the floral and rock assemblages.

In the later stages of Virgin Valley time a much larger lake
covered the area as indicated by the thick and extensive diatomaceous
member and the absence of fluvial deposits. According to Lohman
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(from Willden, 1964) the diatom assemblage consisted principally of

pelagic, freshwater species, suggesting that the lake was either fairly
deep or the water was too turbid to allow sufficient light to permit
a bottom living assemblage.

The nature of the fauna and flora indicate that the climate was
more humid and somewhat warmer than at present and that the
altitude was probably less than 5000 feet (Merriam, 1910b).

The freshwater nature of the lake is indicated by fossil fresh-

water diatoms, rushes, and willows. In addition, alteration of

vitroclastic material to montmorillonite, rather than zeolitization,
is evidence in support of a freshwater environment.

From the lithologic descriptions it is apparent that the upper
and lower members of the Canyon Rhyolite as well as reworked older

tuffs were providing most of the detritus to the Virgin Valley basin.

Interbedded vitric tuffs record volcanic eruptions, and, since these
beds are relatively thin and are predominantly fine-grained, a distant source is postulated.
Pliocene Units
Thousand Creek Formation (Ttc)
Definition

This formation was named for exposures along Thousand Creek
two miles north of Virgin Valley (Merriam, 1910a). The beds are
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nearly flat-lying in the type locality and Merriam called the surrounding region Thousand Creek flats. Vertebrate fossils from the forma-

tion were referred to late Clarendonian to possibly early Hemphillian
(Merriam, 1910b). Merriam defined the Thousand Creek Formation
to include only the fossil-bearing beds bordering and making up

Thousand Creek flats; however, on the basis of recent stratigraphic
studies the writer has correlated rocks in Virgin Valley with those
of Thousand Creek flats. As mapped (Plate 2), the Thousand Creek

Formation is exposed within Virgin Valley and as part of Thousand
Creek flats to the northeast and east of the Big Mountain-McGee

Mountain complex. Within the thesis area the Thousand Creek Formation is composed of fluvial deposits and air-fall tuffs.

Field Relations: Virgin Valley Area
Within Virgin Valley the Thousand Creek Formation crops out
high along Gooch and Rock Spring Tables and at lower scattered

localities in the central and northern parts of the area (Plate 2). The
formation is easily eroded except for a basal conglomerate member.

The conglomerate is present at several localities in the northwestern
part of the valley and generally occurs as a capping on rounded hills
protecting the underlying Virgin Valley Formation (Figure 7). It also

crops out at scattered localities along Gooch Table.

The widely

scattered outcrops of the basal conglomerate indicate that the

67

formation was originally very extensive, probably covering the entire
area except for a few rhyolite peaks. The rest of the formation has
been removed by erosion except where protected by the overlying
Mesa Basalt. Along the tablelands the formation is mostly covered

by slopewash and talus, and at the few outcrops the sections are
incomplete and contacts generally inferred. Best exposure of the

section is on the southeast side of the Horn, where the section was
measured and described (see Appendix F).

Figure 7. Looking to the northeast into Virgin Valley
from the Horn. The capping of the prominent ridge is the basal conglomerate member
of the Thousand Creek Formation. The
Pueblo Mountains are in the distance.
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Litho logy: Virgin Valley Area

In Virgin Valley the Thousand Creek Formation consists of a

basal conglomerate member overlain by a sequence of flat-lying
volcanic sandstone and siltstone with interbedded vitric tuffs.

The

members are not mapped separately.
The basal conglomerate is composed of angular to rounded

pebbles, cobbles, and boulders of rhyolite and rhyolitic welded tuff
embedded in a sandstone matrix. The color varies from light gray

to tan when fresh, depending on the amount of matrix, and tan to light
reddish brown when weathered. The unit is unstratified, poorly

indurated, and weathers to a loose rocky soil. Thickness ranges
locally from 20 up to 120 feet with a general thickening, and then
thinning, toward the middle of Virgin Valley.

The conglomerate

becomes finer grained upward. It also grades laterally into conglomerate sandstone and sandstone. Locally there are lenticular

beds of volcanic sandstone and interfingerings of the volcanic sand-

stone and siltstone member. The rhyolite and welded tuff clasts
resemble the Canyon Rhyolite that crops out all around Virgin Valley,

and there is a minor amount of well-rounded basalt pebbles. Fossil
wood is abundant throughout, occurring as small fragments and large
logs.

The volcanic sandstone matrix and lenses are composed

dominantly of reworked pumice and glass shards. A detailed
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description of the lithology of the conglomerate member is given in
Appendices E and F.

Overlying the basal conglomerate is a sequence of fine-grained
fluvial deposits with interbedded vitric tuffs. The fluvial deposits are

buff to tan, fresh and weathered, and the vitric tuffs are white,
medium gray, gray green, and yellowish green. Fluvial units are
predominantly sandy volcanic siltstones with subordinate volcanic
sandstone beds and lenses. Zones of rapid textural gradations are

separated by minor erosional surfaces. These units are dominantly
composed of vitroclastic material that has been strongly altered to
montmorillonite clay (x-ray identification), The entire sequence is
easily eroded. Detailed lithologic descriptions are given in Appendix
F.

Petrified and preserved fossil wood debris is abundant through-

out the fine-grained fluvial sequence. Merriam (1910b) reported finding a few imperfect mammalian bone fragments from this part of the
section, but was unable to date them.
The measured section, Appendix F, shows a minimum thickness

of 364 feet on the southeast side of the Horn, whereas an estimated
original maximum thickness near the intersection of Virgin and
Thousand Creeks is 1120 feet.
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Field Relations: Thousand Creek Flats Area
The Thousand Creek Formation is present to the northeast and
southeast of the Big Mountain-McGee Mountain complex (Plate 2).

This area is the southern part of the region Merriam (1910a) called
Thousand Creek flats. The beds generally dip less than 5° but locally,

especially near the escarpment, may increase to 10 to 15°. Distorted
beds adjacent to the fault have dips of up to 24°.

The Thousand Creek Formation is a soft, easily eroded formation except for a few highly resistant sandstone and conglomerate
units. Good outcrops are limited to areas of active erosion near

the base of the escarpment. Farther from the escarpment the surface
is mostly covered by alluvium.

At one locality the formation has

been partly protected from erosion by slumpblocks of the Pleistocene
Welded Tuff. As shown on Plate 2, the formation crops out con-

tinuously on the southeast side of the Major Fault from the southern
map boundary northeastward to the point where the fault swings to
the northwest.

It is also present on the upthrown northwest side of

the fault from a point immediately east of the summit of McGee
Mountain to the point where the fault changes trend. The outcrops

to the northeast of the Major Fault are partly covered by Older
Alluvium.

The best exposures are on the upthrown side of the Major

Fault in the vicinity where the fault swings to the northwest.
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Appendix G shows a measured section in this area (see Plate 2).

In the Thousand Creek flats area the total thickness of the formation is unknown. In the southeastern part of the map area it is 625

feet thick with an eroded upper surface and an unexposed base. One

mile north of the western half of the thesis area the formation is overlain by the Mesa Basalt and is 1000 feet thick with the base unexposed.
Litho logy: Thousand Creek Flats Area

Within this area the Thousand Creek Formation consists of a
thick sequence of interbedded fluvial deposits and air-laid tuffs. The
fluvial units range from 3 to 64 feet thick with individual units thickening away from the escarpment. The tuffs vary from 8 inches up to 6

feet thick and have uniform lateral thicknesses. The volcanic tuffs

are white, medium gray, gray green, and yellowish green. Planar
bedding and laminations are generally well-developed. The tuffs
commonly have scoured surfaces and locally have been completely
removed by scouring. The upper few inches are commonly strongly

altered, indicating subaerial weathering prior to burial. Detailed
lithologies are given in Appendix G.

Fluvial deposits are composed predominantly of a heterogeneous

association of nonresistant beds of volcanic conglomerate, sandstone,
and siltstone. Individual beds are commonly lenticular, show rapid

lateral and vertical textural gradations, and are separated by minor
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erosional surfaces. Colors are mostly buff and tan but locally brown,
light pink and pale green.

The predominant rock type is silty, pebbly,

very poorly sorted volcanic siltstones. Locally there are lenses of
better sorted sandstone and pebble conglomerate. The volcanic sandstones and siltstones consist dominantly of reworked pumice frag-

ments and glass shards that have been strongly altered to montmorillonite (x-ray identification). See Appendix G for detailed
lithologies.

Interbedded with the previously described units are three sand-

stone units that have completely different characteristics. These

units are fairly extensive, range from 15 to 40 feet thick, and crop
out as caprocks and benches in the southeastern part of the area.
These sandstones are light gray in color with a salt and pepper texture. Sorting is fair to good and grains are angular to subrounded.
Normal graded bedding and cross-bedding are well-developed.

sandstones are well indurated with siliceous cement.

The

This is

probably the result of good permeability, allowing migration and

precipitation of silica. The units crop out on the east side of the

major fault in the southeastern part of the area. On the western
upthrown side of the fault similar sandstones grade westward into
conglomerates. The uppermost conglomerate and sandstone unit of

the measured section, Appendix G, is a typical example.

This con-

glomerate is one of several that crop out at a similar elevation and
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cap prominent ridges on the upthrown side of the Major Fault in the

east central part of the area (see Plate 2). Similar exposures of conglomerate occur outside the map area, immediately east of Gridley
Lake, on the west flank of the Pine Forest Range. The conglomerates
have sharp scour-and-fill contacts with the underlying deposits and
extend for 1/4 to 1 mile basinward from the basin margins.

The con-

glomerates are thickest and coarsest near the sources, and pinch-out
and grade basinward into thick sandstone units.

The conglomerates

on the west side of the basin were derived from ancient McGee
Mountain and are composed of rhyolite and rhyolitic weld tuff clasts
embedded in a volcanic sandstone matrix (see Appendix G for detailed
lithologic description). Those on the east side of the basin were

derived from the ancient Pine Forest Range and are composed of

basalt and plutonic rock fragments in an arkosic sandstone matrix.
These conglomerates and related sandstones probably indicate

occurrences of minor orogenic pulses.
A detailed petrologic study was not conducted, but it is

important to mention that the resistant sandstones near the western
margin of the basin are volcanic sandstones. A thin section of one
sample showed the following constituents: 40% pumice fragments;

18% angular glass shards; 12% mineral grains (quartz, feldspar,
biotite, hornblende, magnetite, and zircon); and 30% opal cement.

In contrast, several samples from immediately west of Gridley Lake

74

are arkoses. Bioncular microscope examination of several samples
gave the following average composition: 50% quartz; 30% feldspar;
17% volcanic and plutonic rock fragments; 2% biotite; and 1% hornblende. The arkoses exhibit cross-bedding that suggests an easterly

source. This data suggests that the basin during Thousand Creek

deposition was farther west than the present basin.
Within the Thousand Creek flats area fossils include locally
abundant preserved and petrified wood fragments and several imper-

fect vertebrate bone fragments. The bone fragments were observed
near the point where the McGee Mountain escarpment and the northern

map boundary intersect (Merriam's locality 1053, 1910b).

In the area where the major fault changes trend, iron-rich
solutions came up along the fault zone and invaded the Thousand

Creek Formation. The units are stained dark red by minute hematite

crystals disseminated throughout. The solutions migrated up-dip to

the west through all units and red coloration is present in the
measured section, Appendix G, 1300 feet from the fault zone. A
detailed study of the invaded tuffs was not made. The age of the

intruding solutions is thought to be the same as that of the Pleistocene
Welded Tuff.
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Stratigraphic Relations, Age, and Correlation
By means of scattered outcrops and stratigraphic position the

writer has correlated Merriam's upper zone of the Virgin Valley
Formation with the Thousand Creek Formation of Thousand Creek

flats. Therefore, as mapped in Virgin Valley, the Thousand Creek
Formation unconformably overlies the Virgin Valley Formation (Tvv)
and is conformably overlain by the Mesa Basalt (Tmb). The erosional
unconformity between the Thousand Creek and Virgin Valley Forma-

tion varies from almost horizontal to truncating the Virgin Valley
Beds at an angle of 12°. The contact is irregular with local relief of

up to six feet. The ancient erosional surface has an overall inclination toward the northeast. Indications are that at least 760 feet of the
Virgin Valley Formation was removed prior to deposition of the
Thousand Creek Formation.

The upper contact is usually covered,

but where exposed indicates a gently undulating surface existed prior
to extrusion of the Mesa Basalt. At some localities there is an under-

lying red iron-stained zone up to six feet thick, but at other localities
the underlying sedimentary rocks have been little affected.

In the Thousand Creek flats portion of the thesis area the
Thousand Creek Formation locally unconformably overlies the Middle
Miocene Fluvial Sequence (Tfl), and is in fault contact with the Middle
Miocene Welded Tuff (Twt), lower member of the Canyon Rhyolite
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(Trf), and itself (see Plate 1). Within this area the Thousand Creek
Formation is largely unconformably overlain by Recent Alluvium
(Qal) and Older Alluvium (Qoa), and at one locality is unconformably

overlain by the Pleistocene (?) Welded Tuff (Qwt) (see Plate 2).
Johnson (1960) has mapped the Thousand Creek Formation for

20 miles to the north of the thesis area. The Thousand Creek Formation also crops out to the south of the area for five miles along Craine
Creek.

A large assemblage of principally mammalian vertebrate fossils
has been collected from the Thousand Creek Formation by Merriam
(1910b).

Most of Merriam's fossil localities are located between two

and eight miles north of the thesis area; however, one locality is
within the northern part of the map area (locality 1053). Merriam
(1910b) assigned an age to the Thousand Creek Formation of early to

possibly middle Pliocene, and suggested a possible correlation with
the Rattlesnake Formation of central Oregon (Merriam, Stock, and
Moody, 1925).

The Alturas Formation of northeastern California has

been dated as early to middle Pliocene (LaMotte, 1936), and is a possible correlative. Walker and Repenning (1966) have correlated the
Thousand Creek Formation at least in part with the Rome Beds of
eastern Oregon. The Tum-Tum Conglomerate of southeastern Oregon

is of early to middle Pliocene age, according to Walker and
Repenning (1965), and is a possible correlative of the Thousand Creek
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Formation.
Conditions of Deposition

The heterogeneous association of units of conglomerate, sand-

stone, and siltstone, the rapid vertical and lateral textural gradations,
and the abundance of scour-and-fill structures indicates that the
Thousand Creek Formation within the map area is principally of
fluvial origin. The deposition during this time suggest an advanced
stage of the basin-filling begun in Virgin Valley time. In the early

stages of Thousand Creek time, high discharge with deposition of

fanglomerates is indicated by the basal conglomerate in the Virgin
Valley area. In later stages, deposition was probably a complex
interfingering of flood-plain deposits and alluvial fans adjacent to
the highlands.

The latest stage of basin-filling is represented by the

flat-lying, poorly sorted, fine-grained deposits that crop out high in
the section along Gooch and Rock Spring Tables. These rocks

represent ancient flood-plain deposits. Elevated regions still

existed at this time but most basinal areas had been completely
filled and wide expanses of level country existed. This is exhibited

by the uniformly thick, flat-lying, and widely extensive Mesa Basalt
that conformably overlies the Thousand Creek Formation over much
of the surrounding region.

Intermittent volcanic eruptions in nearby areas are indicated
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by the interbedded vitric-tuffs that occur throughout the formation.
The well preserved tuffs in this predominantly fluvial sequence is
good evidence for aggrading streams. Distinct evidence indicating a

regional drainage pattern was not observed.
The Thousand Creek Formation faunal assemblage described by

Merriam (1910b) includes the following vertebrate forms: reptiles,

rodents, carnivore, horses, camels, rhinocerases, and mastodons.
Camels are the most common form, and antelopes are next in
abundance.

Only a few forms are common to both the Thousand

Creek and Virgin Valley Formations, and the Thousand Creek forms

are more advanced or specialized than those of the Virgin Valley
Formation, According to Merriam (1910b), the mammalian fauna of
the Thousand Creek Formation indicates a more extensive plains
region and dryer climate than during Virgin Valley time. In addition

Merriam (1910b, p. 219) states:
The mammalian fauna as a whole suggests plains with
occasional lakes or meadows bordering rugged or elevated
areas. The degree of humidity may have been somewhat
greater, and vegetation more abundant than at the present
time.

The nature of the fauna accords well with that expected from

the rock assemblage.
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Mesa Basalt (Tmb)
Definition and Field Relations

The name Mesa Basalt was suggested by Merriam (1910a)

because of its essentially flat upper surface that gave rise to the upland plateau region to the northwest, west, and southwest of Virgin
Valley (Figures 8 and 9). Outcrops within the map area are exten-

sions of this plateau and are located in the southwest and northwest
corners and called the Rock Spring and Gooch Tables, respectively
(see Plate 2).
The unit is an olivine basalt with a remarkably uniform thickness of approximately 25 feet over much of the region. Locally it

varies from 15 to 35 feet thick indicating that it was extruded over
a gently undulating surface.

The lower contact is generally covered by talus and large
blocks of basalt, but at a few localities the contact is well exposed.
The contact with the underlying Thousand Creek Formation was discussed on page 75.

The upper surface of the basalt is covered by irregular patches
of soil and strewn with weathered basalt fragments and obsidian
gravel.

Large circular and polygonal blocks have dropped below the

surface of the tableland at many localities (see Plate 2). Some of

these depressions are 3/4 mile across, 100 feet deep, and
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Figure 8. Mesa Basalt surface to northwest of thesis
area (Big Spring Table). In distance, peaks
of older rhyolitic and dacitic rocks rise above
the basalt surface.

Figure 9. Looking southwest toward Rock Spring Table
from Big Mountain. Canyon Rhyolite of Big
Mountain in foreground and rhyolitic peaks
rising above basalt surface in the distance.
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intermittently occupied by lakes. These depressions are thought to be

caused by surface waters migrating downward through joints or other

fractures, resulting in saturation of the soft underlying tuffaceous
sedimentary rocks with subsequent downward settling of the heavier
overlying basalt. Slump blocks capped with Mesa Basalt are found

at many localities a few hundred feet below the edge of the tableland.

The color of the fresh rock is dark gray to greenish black and

weathered surfaces are dark reddish brown. Mineralogical ly the unit

is very uniform vertically as well as laterally. However, there is a
marked difference in the percentage of vesicles and other structural

features. The unit can be divided into two distinct zones. The lower
2/3 contains numerous vertically oriented vesicles or gas tubes (see
Figure 10). The tubes vary in length from two inches up to four feet

and increase in size upwards, some being one inch in diameter. This
zone exhibits huge conchoidal fractures with some fracture surfaces

twelve feet across. A crude rectangular joint system occurs throughout the zone. The upper 1/3 has horizontally oriented oval to almond

shaped vesicles up to 1 1/2 inches long. Columnar jointing two to

three feet across and horizontal platy jointing four to ten inches thick
are typical of this zone (see Figure 10). The percentage of vesicles
is greatest in the upper zone and locally it is amygdaloidal. The
upper and lower surfaces of the unit are scoriaceous.
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Figure 10. Mesa Basalt, base unexposed. Lower more
massive zone exhibiting vertical gas tubes and
crude rectangular jointing. Upper zone showing horizontally oriented vesicles, poorly
developed columnar jointing, and horizontal
platy jointing.

Petrography

The texture is subophitic, holocrystalline, fine to medium

granular, and rarely porphyritic. A modal analysis gave: plagioclase
50%; pyroxene 25%; olivine 20%; and magnetite 5%.

The plagioclase is labradorite and occurs as unaltered, thin,
lath-shaped crystals predominantly 1/3 mm long but varying in length
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from 1/10 to 1 mm. Most crystals show combined albite and carlsbad
twinning. Uncombined twinning of both types also occurs and peri-

cline twinning is rare. Progressive or normal zoning of the feldspar

is rare to absent. The laths are in an irregular arrangement and
rarely glomeroporphyritic.
The pyroxene is pigeonite and typically unaltered. It commonly

occurs as anhedral intergranular crystals 1/10 to 1 mm in width and
rarely present as subhedral phenocrysts 1 to 3 mm long.
The olivine varies from anhedral with polygonal outlines to
subhedral. Crystals are commonly intergranular between labradorite

laths and are occasionally enclosed within pigeonite crystals and

varying in width from 1/15 to 1/5 mm. Many crystals are marked by
alteration to iddingsite.

Occasionally the alteration affects the entire

crystals but commonly it is confined to the rims, cores, and intermediate zones. As observed from three localities, an average of
40% of the total olivine has been altered to iddingsite.

Magnetite occurs as euhedral to anhedral grains partially
altered to hematite and ranging from 1/10 to 1/2 mm in diameter.
It is commonly associated with the olivine and iddingsite and

occasionally appears to be an alteration product after olivine. It is
intergranular with the plagioclase and occasionally enclosed within

plagioclase or pyroxene crystals.
Vesicles make up from 14 to 20% of the rock and vary from
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irregular to rounded and range from 1/5 to 1 mm in diameter.
Calcite and zeolite (stilbite?) are occasionally found as vesicle
fillings.
Correlation and Age

The Mesa Basalt is an extensive unit. The author has observed

its presence at least 10 miles south of the thesis area, 15 miles to
the west, and 12 miles to the northwest. Johnson (1960) and Maloney

(1961) report its presence 10 miles north of the area and Russell
(1928) has correlated it with the Warner Basalt 50 miles to the west

in northeastern California. To the north, south, west, and southwest

of the thesis area several prominent peaks rise above the basalt surface. The rocks comprising these peaks are correlated with the

Canyon Rhyolite of the map area (Willden, 1961) and can be seen in

the distance of Figures 8 and 9. Russell (1928) reports fissure

eruptions as the source for the Warner Basalt. No known source is

present in the thesis area.
Ten miles to the west of the thesis area a thick sequence of
tuffaceous sedimentary rocks overlies the Mesa Basalt and is
probably late Pliocene in age since its deposition preceded the late
Pliocene-early Pleistocene Basin and Range faulting.

The Mesa

Basalt is younger than the early to middle Pliocene Thousand Creek

Formation but older than the late Pliocene (?) sequence exposed
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to the west. Therefore, extrusion of the Mesa Basalt is designated

here to be middle Pliocene in age.
Quaternary Units
Pleistocene Welded Tuff (Qwt)

Field Relations

This unit is a rhyolitic welded tuff of local extent that crops
out in two small areas along the McGee Mountain escarpment.

The

outcrops are remnants of an original flow that lapped upon the
Thousand Creek Formation and Middle Miocene Fluvial Sequence.

The exposures are 400 feet above the base of the escarpment and

1 1/2 miles southwest of where the Major Fault changes trend (Plate
2).

The thickest part is 120 feet thick, and the upper surface is

even and gently tilted to the northeast. The original extent is unknown

owing to extensive erosion; however, a landslide mass involving the
welded tuff has protected a tongue-shaped area of the underlying

Thousand Creek Formation from erosion, giving some indication as

to the original areal extent (Plate 2). The landsliding was produced
by undercutting of the unit and resulted in a mass of slump blocks

and debris slides that extends eastward two miles from the outcrops
of the welded tuff.

The base is not exposed owing to talus and slope-

wash, but it apparently unconformably overlies the Thousand Creek
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Formation. The unit is partly covered by slopewash derived from

beds higher up on the McGee Mountain escarpment; otherwise, the

welded tuff is exposed as a small bench on the cliff face. Poorly

developed columnar jointing is present across the face of the outcrop,
and no zonal differentiation is apparent.

The source for the welded tuff appears to have been a fissure
or local vent eruption from the deep-seated Major Fault along the
east side of McGee Mountain. The dike or plug is not exposed,

because of extensive erosion and landsliding.
Litho logy and Petrography

The color of the hand specimen is dark red both fresh and
weathered. Eutaxitic structure is exhibited by flattened pumice

fragments in an aphanitic matrix. The pumice fragments are white
and pink and range from less than 1 mm up to 25 mm long. Some

are soft, cellular, and glassy, whereas most have been replaced by
secondary quartz in the form of banded chalcedony and tiny crystal

rosettes. The phenocrysts are colorless, 3 mm or less long, and
predominantly oriented parallel to the eutaxitic structure.
Thin section analysis gave the following mode: 63% glassy
matrix; 20% hematite; 12% pumice fragments; and 5% phenocrysts.

Under the microscope the eutaxitic structure is only faintly evident,
shown by the presence of flattened pumice fragments. Development
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of coarse-grained devitrification products has otherwise completely

destroyed the original structure. The devitrification products occur
as aggregates producing a coarse salt and pepper texture and as
imperfectly developed microscopic spherulites exhibiting extinction

crosses. The composition of the devitrification products is assumed
to be intergrowths of cristobalite and alkali feldspar (Ross and Smith,
1961).

A unique feature of the welded tuff is the high iron oxide content

that largely masks the texture of the rock. The constant dark red
color throughout the rock precludes weathering as a cause of oxidation but probably indicates the presence of an unusual amount of water

in the form of steam that oxidized the iron within the glass, producing
fine divided hematite throughout the rock.
The phenocrysts, which make up 5% of the rock, consist of 4%

sanidine, 1% quartz, and a trace of magnetite.

The sanidine com-

monly occurs as laths exhibiting carlsbad twinning. They range from

euhedral to subhedral crystals and range in length from 0.5 to 2.0

mm. Many of the laths have slightly resorbed borders. The quartz
occurs as subhedral to anhedral grains 0.1 to 0.5 mm in diameter.
The magnetite grains range from euhedral to subhedral with a maximum width of 0.25 mm.

Most of the pumice fragments have been altered to secondary

quartz and locally zeolite. The rock is highly fractured with many
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of the breaks filled with the latter minerals. Approximately 5 to 8%
of the rock is composed of secondary quartz and zeolite.
Age and Correlation

The age of this welded tuff is determined by the age of the

principal period of uplift along the Major Fault. Local and regional

data indicates the age of the faulting to be late Pliocene to early
Pleistocene with the greatest displacement during the Pleistocene;

therefore, an age of Pleistocene has been designated for the welded
tuff.

The unit is of local extent and has never been mentioned in

previous literature.
Older Alluvium (Qoa)

This consists of unconsolidated alluvial fan deposits that occur

all along the base of the major escarpment and also adjacent to the
Big Mountain-McGee Mountain complex on the east side of Virgin

Valley (see Plate 2). The older fans are generally strongly dissected, and Recent Alluvium is deposited at lower elevations and

farther from the base of the mountain. Locally there appears to be
two levels of Older Alluvium but a detailed study was not conducted

to determine this. These deposits are composed of a heterogeneous

association of silt to large boulders. The fan thicknesses range from
less than 10 feet to greater than 200 feet.
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Recent Alluvium (Qal)

Unconsolidated silt, sand, and gravel are present along the
permanent and intermittent streams within the map area. Locally on

the east side of the area alluvial fans occur at the mouths of inter-

mittent streams. The Recent Alluvium locally includes Recent
lacustrine sediments within the conservation ponds along Virgin and
Thousand Creeks. Recent uplift is indicated by incised stream chan-

nels within the Recent alluvial flood-plains.
Landslide Debris (Qls)

The landslides are characterized by slump blocks, hummocky

topography, closed depressions, and landslide scars at the heads of
the slides. These characteristics are readily recognizable on aerial
photographs and the map. The most extensive landslide deposits are
located along Gooch and Rock Spring Tables within Virgin Valley. In

this area slumping is directly, and debris slides are indirectly, the
result of the heavier Mesa Basalt overlying the predominantly incompetent Thousand Creek Formation (Figure 11). At many localities the
landsliding seems to be limited in downward movement by the more

competent basal conglomerate of the Thousand Creek Formation, and
the underlying Virgin Valley Formation is unaffected. Locally how-

ever, the slumping does involve the Virgin Valley Formation. Where
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the slump blocks and/or the basal conglomerate of the Thousand Creek

Formation overlies the Virgin Valley Formation it is protected from
erosion (see Plate 2).

Figure 11. Slumpblock and debris slide material
composed of Mesa Basalt and Thousand
Creek Formation overlying the Virgin
Valley Formation.
The Canyon Rhyolite is involved in landsliding at several
localities along the east side of Big and McGee Mountains. The

landsliding in this part of the area is generally due to the thick,
dense Canyon Rhyolite overlying the incompetent Middle Miocene
Fluvial Sequence. At one locality in the northeastern part of the

area a large mass of Canyon Rhyolite has broken away from the steep

91

fault scarp, coming to rest upon the Thousand Creek Formation, and

partly protecting the latter from erosion.
The Pleistocene Welded Tuff has undergone extensive under-

cutting and slumping, producing a large landslide mass that still protects the underlying Thousand Creek Formation from erosion (see

Plate 2). A complete explanation is made on page 85 of the text.

Playa 1L:tils(gp)
In the southeastern corner of the area older alluvial fan deposits,
coalescing from the east and west, produced a natural dam across
Craine Creek. Water imponded behind the dam during storms and
winter months is called Gridley Lake (Plate 2). When filled the lake

has an outlet, but during the summers the lake dries up. Playa
sediments include unconsolidated sand, silt, probably clay, and
some evaporite deposits.
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STRUCTURAL GEOLOGY

Regional Structure

The thesis area is located in the northwestern part of the Basin
and Range structural province. The characteristic structural features
of the region are north-northeast trending tilted fault-block mountains,

grabens, and horsts.
Fuller and Waters (1929) and Fuller (1931) have discussed the

history of early thought concerning the nature and origin of block
faulting in the Basin and Range province. Fuller and Waters con-

cluded that the faulting was of the high-angle normal variety produced

by tensional forces. Their theory is the one most widely accepted

today, but controversy still exists. According to Moody and Hill
(1956) the Basin and Range structures are second order wrench -

faults related to a world-wide wrench-fault system. Donath (1962)
concluded that the original faults in the Basin and Range province

were wrench-faults along which little lateral movement occurred.
Subsequent normal faulting along these older fractures formed the
fault-block topography.

The period of deformation that produced the broad, gentle folds
and fault-block mountains has been called the Basin and Range
orogeny by Osmond (1958). This deformation probably began in
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Oligocene or Miocene time and has continued to the present.

The

episode of greatest faulting, according to Osmond, occurred during
late Pliocene time and according to Dunbar (1960), during middle

Pleistocene.

Many fault-block ranges to the east of the thesis area have com-

plex internal structures produced by folding, thrusting, and intrusion
which took place during the Mississippian Antler orogeny and the

Late Jurassic to Early Cretaceous Nevadan orogeny (Clark and Stearn,

1960). None of the rocks in the thesis area are old enough to have
been affected by those two orogenies.

Local Structure

The principal structural features within the map area are the
Virgin Valley Syncline, the. Big Mountain-McGee Mountain Anticline,

and a fault-block superimposed on the Big Mountain-McGee Mountain
Anticline.

The fault block has previously been referred to as the Big

Mountain-McGee Mountain complex.

Minor structures include folds

and faults of more limited extent. All structures in the area were
formed during the Basin and Range orogeny.
Folds
Virgin Valley Syncline

The axial trace of the Virgin Valley Syncline is S-shaped and
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trends north-northeast across the thesis area (Plate 2). The syncline
is doubly plunging, has gently dipping limbs (2 to 6°), and is approxi-

mately symmetrical. Five smaller folds have been mapped on the
western limb of the Virgin Valley Syncline. These small folds trend

toward the northeast and northwest. The two small folds in the south-

west part of the area end abruptly against unfolded Canyon Rhyolite.
Dips on the limbs of these folds rarely exceed 8°. Other minor
flexures are present but were not mappable.
Evidence suggests that the Virgin Valley Syncline was produced

by more than one episode of deformation (see Historical Geology,
page 100).

During middle Miocene time, prior to extrusion of the

Canyon Rhyolite, uplift of the Big Mountain-McGee Mountain Anticline
and downwarping of the Virgin Valley Syncline began. Several minor

movements occurred during middle Miocene to early Pliocene time.

In late early Pliocene time, after extrusion of the Canyon Rhyolite
and deposition of the Virgin Valley Formation, another major warping
took place. The effects are clearly recognized in the Virgin Valley

Formation but difficult to distinguish in the Canyon Rhyolite. The

sinuous axial trace of the Virgin Valley Syncline was probably pro-

duced by masses of Canyon Rhyolite acting as buttresses. The older

synclinal axis was probably straighter (see cross-sections, Plate 2),
Folding ceased after the late early Pliocene deformation. Units
younger than the Virgin Valley Formation are almost flat-lying.
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Big Mountain-McGee Mountain Anticline

This anticline has an approximately north-south axial trace and
is truncated on the north and south by the Major Fault (Plate 2). Dips

on the limbs are gentle (less than 10°), and the fold plunges to the
north. The topographic expression of the anticline is obscured by the

doming of rhyolite flows and the irregular flow ridges.
Uplift of the anticline began during middle Miocene time as
mentioned above. Further movements, locally accompanied by fault-

ing, occurred throughout middle Miocene to early Pliocene time. The

last major warping probably took place in late early Pliocene, concurrent with the last recorded downwarping of the adjacent Virgin
Valley Syncline. Removal of the Virgin Valley Formation by erosion
makes the last major warping difficult to document.
Faults
The principal fault trends are N 25-35°E and N 20-45°W. The

faults are high-angle (50-85° dips) normal faults with variable displacements. All except one of the faults are of local extent and have

minor displacement ranging from 10 to 100 feet.

The prominent

exception is the Major Fault along the Big Mountain-McGee Mountain

complex. Some of the faults are deep-seated as exhibited by steam

emission, warm springs, zones of hydrothermal (?) discoloration
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and silicification, and extrusion of the Pleistocene Welded Tuff.
Several episodes of faulting have occurred from middle Miocene

to Recent times with every mappable unit cut by faults (see Historical
Geology).

The first mappable episode of faulting occurred during

middle Miocene time between the extrusion of the lower and upper
members of the Canyon Rhyolite. On McGee Mountain the upper mem-

ber partly obscures three north-northwest trending fault scarps in the

lower member. A possible earlier episode of faulting is discussed
in the following section dealing with the historical geology of the area.

Conglomerates in the Thousand Creek Formation suggest that

the initial movement along the Major Fault occurred in early Pliocene
time. Intermittent movements continued throughout the remainder of

the Pliocene and into the Pleistocene. The greatest movement
probably occurred during Pleistocene time. The Major Fault extends

for several miles to the northwest and south of the thesis area. With=
in the map area the fault trends northeastward along the southeast
side of Big and McGee Mountains, then swings northwestward along

the northeast side of McGee Mountain. Northwest of the map area

the same fault changes trend again to where it is nearly east-west.
The Major Fault scarp is composed principally of Canyon Rhyolite

and is topographically prominent (Figure 12 and Plate 2).

Two miles northwest of where the Major Fault leaves the thesis

area the flat-lying Mesa Basalt has been cut by the fault. At this
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locality the south side has been uplifted 500 feet relative to the north
side. Within the thesis area the displacement is harder to measure,

but between 300 to 500 feet of displacement probably took place south

of where the fault changes trend. Here the west side is upthrown, and

the estimate of the displacement is based on outcrops of the Pleistocene Welded Tuff on the west side of the fault and evidence for its

original presence on the east side (see page 85). Two miles to the
south of the map area the apparent displacement increases to between
500 and 700 feet. The apparent displacement along the fault is

exaggerated owing to extensive erosion. To the north of the map

area between 400 and 600 feet of soft sedimentary rocks of the
Thousand Creek Formation are known to have been removed by

erosion. Similar thicknesses probably have been removed within the

thesis area.
Near to where the Major Fault changes trend there are several
small faults which are directly related to the Major Fault. Displacements along these faults range from 10 to 40 feet. In the southern-

most part of the area the irregular configuration of the escarpment
also suggests the existence of a fault zone. To the north of the change

in trend there is evidence for only a single large fault. The northwest trending part of the Major Fault may mark the position of earlier

fractures. Other yet to be mentioned small faults within the area
appear directly related to the episode of greatest displacement along
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the Major Fault. These faults exhibit northeast, northwest, and

north-south trends.

Figure 12. Looking southeast into the thesis area.
Thousand Creek flats to the left and
McGee Mountain escarpment on the
right.

Renewed movement along the Major Fault in later Pleistocene

time is suggested by dissected older alluvial fans. Recent movement
is indicated by entrenched channels in Recent alluvium and steam

emission from one of the associated faults. Moreover, the temperature in a corehole within the fault zone is 55°C at a depth of 200 feet
(Glen Teague, oral communication, 1965). This is approximately

twice the expected temperature.
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HISTORICAL GEOLOGY

Within the thesis area the geologic history of the outcropping
formations began with extrusion of the rhyolitic Middle Miocene
Welded Tuff (Twt). The welded tuff and the slightly older middle

Miocene basalt flows, which are exposed to the south and northeast of

the area, are part of an ancient constructional plateau that originally
covered a large region in Nevada, California, Oregon, Washington,
and Idaho. Following extrusion of the welded tuff, vitric tuffs were

laid down over the region. The tuffs were reworked by fluvial

processes, and a thick sequence was deposited within the thesis area
as volcanic sandstones and siltstones. This Middle Miocene Fluvial
Sequence (Tfl) overlies the welded tuff with slight unconformity sug-

gesting a period of minor deformation and erosion prior to deposition.
The environment of deposition within the map area was an extensive
alluvial flood-plain. Vitric tuffs interlayered with the fluvial deposits

indicate intermittent volcanic activity throughout deposition of the
fluvial sequence. Local conglomerate lenses composed of abundant

plutonic rock fragments and mineral grains, in addition to the basalt
and welded tuff debris, indicate the presence of an ancient plutonic
highland nearby. The highland was probably a steptoe on the middle

Miocene constructional plateau and was composed of the Late Jurassic

to Early Cretaceous batholith that presently makes up part of the

Pine Forest Range seven miles east of the thesis area. The
topography of the map area was smoothed over during this time, and
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the thickness of the Middle Miocene Fluvial Sequence within the map

area was at least 1600 feet.
A period of folding produced a broad, gentle, north-south
trending anticline in the vicinity of the present Big Mountain-McGee

Mountain area, a syncline in the Virgin Valley area, and probably
another syncline to the east of the anticline. Subsequent or concur-

rent erosion of the nonresistant fluvial sequence resulted in a more
or less north-south line of peaks along the crest of the anticline.
Faulting is assumed to have been concurrent with the folding. The

faulting was deep-seated and resulted in numerous isolated but
aligned vent eruptions of the lower member of the Canyon Rhyolite
(Trf). The flows issued from near the crest of the anticline, filled

canyons and saddles and surrounded the north-south trend of peaks.

Similar occurrences of Canyon Rhyolite are present to the southwest,

west, northwest, and northeast of the thesis area. The flows did not
cover the synclinal area of Virgin Valley but produced natural dams
to the north and south forming an enclosed basin.

Erosion reduced the nonresistant peaks to approximately the

same level as the surface of the rhyolite flows. At the same time
deposition probably occurred within the enclosed basin.

The sedi-

ments probably consisted largely of fanglomerates and represented an
unexposed part of the Virgin Valley Formation (Tvv). The period of

erosion preceded or accompanied another episode of deformation that
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produced several northwest trending fault scarps in the lower member
of the Canyon Rhyolite. The faults during that time followed earlier

zones of weakness and are indicated by many of the vents of the lower

member located along the fault scarps. This faulting was locally

deep-seated, resulting in the extrusion of the welded tuff upper member of the Canyon Rhyolite (Trwt). No other source for this unit is
indicated. Present outcrops of the welded tuff are restricted to near

the crest of the anticline. The unit locally covers the fault scarps in
the lower member and the windows of the Middle Miocene Fluvial

Sequence that protrude through the lower member.

The earlier deposits of the Virgin Valley Formation (Tvv) were
possibly interbedded with the welded tuff member of the Canyon

Rhyolite (Trwt); however, the earlier deposits are unexposed, and
several periods of erosion have removed the welded tuff from all

localities except near the crest of Big and McGee Mountains.
Deposition of the Virgin Valley Formation occurred from sometime

during middle Miocene until early Pliocene. The oldest exposed

rocks of the Virgin Valley Formation are fanglomerate, alluvial

flood-plain, and lacustrine deposits. Intermittent volcanic eruptions

are represented by vitric tuff beds interlayered throughout the formation. The tuffs were derived from volcanic ash that drifted into the

area from volcanoes of unknown locations.

The source of the fluvial

and lacustrine sediments were the surrounding Canyon Rhyolite
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highlands, reworked ashes, and probably reworked material from the
Middle Miocene Fluvial Sequence (Tfl). In the later stages of deposi-

tion much of the Virgin Valley area was covered by a large, deep (?)
lake as indicated by the extensive and thick diatomaceous member
of the Virgin Valley Formation. Minor episodes of deformation

occurred throughout Virgin Valley time and are exhibited by the highly

fluctuating nature of the lake and the areally extensive zone of contemporaneous deformation of unconsolidated sediments. Deposition

of rocks correlative with those in Virgin Valley occurred in similar
basins throughout the region.

During early Pliocene time a period of uplift occurred producing
gentle folding of the Virgin Valley Formation but apparently not
affecting or unnoticeably affecting the Canyon Rhyolite. This episode

of gentle folding of the incompetent sedimentary rocks and the periods

or minor uplift during deposition of the Virgin Valley Formation are
thought to be a continuation of the deformation begun in middle
Miocene time. The uplift resulted in erosion of much of the Virgin

Valley Formation from the eastern and northern portions of the

Virgin Valley area. A thickness of 760 feet was estimated to have
been removed at one locality. Drainage was to the north and east,
and the cutting of steep-walled canyons in the Canyon Rhyolite to the

southwest, west, and north of Virgin Valley was probably begun. The

soft sedimentary rocks were stripped off the resistant Canyon
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Rhyolite, and a basal conglomerate (fanglomerate) of the overlying
Thousand Creek Formation (Ttc) was deposited. Aggradation of the

Thousand Creek Formation continued from early until middle Pliocene
time. Throughout the thesis area fine alluvial flood-plain deposits

are predominant. However, in the eastern part of the area the

presence of coarse-grained fanglomerate deposits interfingering with
the flood-plain deposits suggest minor episodes of uplift along the
Major Fault.

All of the minor topographic irregularities in the region were
smoothed over by the early to middle Pliocene Thousand Creek For-

mation. Within the thesis area the topography was flat, being predominantly broad open plains. It was probably very similar to that
following deposition of the Middle Miocene Fluvial Sequence (Tfl).

In middle Pliocene time the Mesa Basalt (Tmb) was extruded

over the entire area. The flatness of the area and surrounding region
prior to extrusion is shown by the wide extent and uniform thickness
of the basalt. The Mesa Basalt probably poured forth from fissure

eruptions associated with faulting outside the map area.

Within the thesis area the Mesa Basalt is the youngest Pliocene
unit exposed. However, approximately ten miles to the west a

sequence of tuffaceous sedimentary rocks overlies the Mesa Basalt.
Within this unnamed unit are numerous conglomerate lenses,

representing ancient stream channels. The channel deposits trend
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east-west and consist of well-rounded sand to small boulders of black
obsidian. Obsidian flows in the vicinity of Fish Creek Mountain

(12 miles west of the thesis area) are the likely source. The rounded
obsidian gravel on the surface of the Mesa Basalt and strewn over
much of Virgin Valley indicate that the tuffaceous unit originally

covered the Virgin Valley area. It was probably middle to late
Pliocene in age.
The principal period of faulting that formed the Basin and

Range structure occurred during Pleistocene time. Displacement
along the Major Fault varied from 500 to 600 feet. Within the thesis

area the faulting was deep-seated, tapping a magma chamber and
resulting in extrusion of the Pleistocene (?) Welded Tuff. Concurrent with the welded tuff extrusion there was upward migration of

iron-rich solutions along the fault plane at localities 1 to 1 1/2 miles
north of the area of the Pleistocene (?) Welded Tuff. The faulting
produced a tilted fault-block mountain (the Big Mountain-McGee

Mountain complex), and the subsequent erosion stripped the softer

sedimentary rocks from the blackslope of the mountain, exposing
the Canyon Rhyolite. Erosion removed the postulated late Pliocene

formation and much of the Mesa Basalt, Thousand Creek, and Virgin

Valley Formations. Much of the Thousand Creek Formation was
removed from the Thousand Creek flats area. The principal period of
faulting and the subsequent erosion produced the present features of
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the Basin and Range province within the thesis area and the surrounding region.

The major north and east trending streams were rejuvenated;

these cut through the soft sedimentary rocks, and were either superposed on the resistant Canyon Rhyolite barriers or relocated in
previously partly cut canyons. The streams cut through the rhyolite

and formed the present deep, steep-walled canyons.

Near the end of the period of extensive erosion, coalescing
alluvial fans (Qoa) were deposited along the east and west sides of the
Big Mountain-McGee Mountain complex. At one locality a fan from

McGee Mountain and another from the Pine Forest Range coalesced,

producing a natural dam within the thesis area, which resulted in playa
deposits (Qp).

Minor uplift during later Pleistocene (?) time resulted in partial
dissection of the older alluvial fans, additional erosion of the Pliocene
and Miocene formations, and deposition of Recent Alluvium (Qal)

along the present drainage system. Landsliding (Qls) has occurred
from Pleistocene to Recent.
Recent movement along the major fault is indicated and
described on page 98.

Climatically, the area was subjected to a continued drying trend
from Miocene into Pleistocene time. This phenomenon was related
to uplift of the Cascade Mountains.

The climatic changes associated
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with the development of glaciers in the nearby mountains created
many lakes in the Basin and Range province, but with final retreat

of the glaciers semi-arid conditions returned to the area and have
continued into the present.
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ECONOMIC GEOLOGY

Precious Opal

Virgin Valley, Nevada, is well known for its precious or "fire"
opal deposits. Precious opal was discovered in Virgin Valley in 1908

and intermittent mining has been carried on since. The gem material

occurs mainly as replacements or casts after wood, but the cellular

structure is not preserved. It is found as small twigs, branches,
and portions of large logs. On rare occasions it has been found to

replace small pine cones. The typical colors and color play (fire)
of the Virgin Valley opal are described by Frondel (1962). Origin of

the color play in precious opals is discussed by Frondel (1962) and

Dake, Fleener, and Wilson (1938), and will not be repeated here.
The logs and wood fragments were deposited in ancient flood-

plain and alluvial fan deposits where there was rapid burial and

preservation prior to silica replacement. Accumulations of opalized
wood are found throughout the lower to middle part of the stratigraphic

sequence in Virgin Valley, but the fire opal is found only in the
southern half of Virgin Valley. The writer has not made a detailed

study of the problem, but there appears to be a definite relationship
between the occurrence of fire opal in the fluvial deposits and the
presence of the overlying diatomaceous member of the Virgin Valley
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Formation. In the northern part of the valley the diatomaceous mem-

ber is missing, and the basal conglomerate member of the Thousand
Creek Formation unconformably overlies the opal containing beds of
the Virgin Valley Formation,
Building Stone

One of the flaggy volcanic siltstone units within the red member

of the Virgin Valley Formation was commercially quarried for
ornamental building stone up until 1967. The unit is 15 to 20 feet

thick in the vicinity of the quarry and thins rapidly in all directions.
The stone was marketed under the name of Owyhee Rose Stone and

distributed from Winnamucca, Nevada,
Coal

Prospecting for coal was carried out in the carbonaceous member of the Virgin Valley Formation around the turn of the century
but no deposits of economic value were found (Merriam, 1910a).
Diatomite

The diatomaceous member of the Virgin Valley Formation is

thickest in the vicinity of Virgin Valley Ranch. At this locality the
Johns Mannville Corporation has found some of the diatomite beds to

be of commercial grade; however, the accumulation is noncommercial
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owing to the several hundred feet of overburden and the geographical

location (H. B. Wilson, oral communication, 1965).
Uranium

Noncommercial occurrences of uranium salts are present in
some of the opal beds in the vicinity of Virgin Valley Ranch (H. B.

Wilson, oral communication, 1965).
Cinnabar

Small quantities of cinnabar reportedly have been found along

the Major Fault in the vicinity where it changes trend (Glen Teague,
oral communication, 1965). The cinnabar was emplaced by solutions

ascending along the fault and invading volcanic sandstones and siltstones of the Thousand Creek Formation. Mining operations proved
unsuccessful in 1965.
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Appendix A. Section of Canyon Rhyolite, measured on north side of Saddle between McGee
Mountain and Big Mountain (see Plate 2). Section trends N 20°E.
Erosional surface.
Description

Unit

Thickness (Ft)
Unit
Total

Upper member; Rhyolite welded tuff (Trwt)
4

Upper zone: moderately welded; dark gray to light purplish
fresh, dark reddish brown weathered; horizontal platy jointing;
surface vesicular. Composition -- flattened pumice fragments
up to 15 mm long; fine-grained vitroclastic matrix; few phenocrysts;
abundant spherulite filled lenticular structures (devitrified pumice
fragments) up to 7.5 cm long. Unit grades downward into middle
34

295

Middle zone: strongly welded; dark gray to light purplish fresh,
dark reddish brown weathered; well developed eutaxitic structure; poorly developed columnar jointing. Composition--very
fine vitroclastic matrix; collapsed pumice fragments; lenticular
structures filled with spherulites (devitrified pumice fragments)
up to 10 cm long; few phenocrysts; very small spherulites common throughout matrix. Grades downward into lower zone.

103

261

Lower zone: weakly to nonwelded; gray to pink fresh, reddish
brown to tan weathered; poorly developed columnar jointing;
pumiceous; light weight; poorly consolidated; unsorted. Composition--angular glass shards; angular pumice fragments;
abundant angular inclusions of flow-banded rhyolite (up to 60
cm in diameter).

60

158

98

98

zone.
3

2

Irregular surface, unconformity.
Lower Member; Rhyolite flow (Trf)
1.,

Flow Breccia: represents the margin of a flow; light gray to gray
brown fresh, dark reddish brown weathered. Compositionfragments of flow-banded and spherulitic rhyolite and black vitrophyre
embedded in flow-banded rhyolite matrix; few phenocrysts; fragments angular to subrounded; range from very coarse sand to
boulder size (1.8 m in diam. ); predominantly jumbled arrangement,
locally preferably oriented due to flowage; well to moderately
indurated, approximately 50% inclusions and 50% flow-banded
matrix; locally contains pods of tan tuffaceous debris. Irregular
weathering produces pinnacles and caves.
Total thickness

Base covered, arbitrarily designated at change in slope.

295
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Appendix B. Partial section of fluvial-eolian facies, Virgin Valley Formation. Measured along
south side of Virgin Creek 1/4 mile west of where major syncline crosses Virgin

Creek; section trends N 28°E (see Plate 2).
Ridge capped by slump blocks of Mesa Basalt. Contact with basal conglomerate member of
Thousand Creek Formation covered by talus and slopewash, arbitrarily selected at distinct change in
slope.
Thickness (Ft)
Total
Unit
Description
Unit
THOUSAND CREEK FORMATION (Ttc)
8

Basal conglomerate member: (no description, same as in
35

140

10-15% very fine to coarse sand grains and 5-10% fine pumice
pebbles scattered throughout; composed predominantly of vitroclastic material, strongly altered to clay; abundant carbonaceous
and petrified wood fragments; beds up to 6 feet thick; locally
grades into volcanic sandstone; numerous minor erosional surfaces; mudcracked surfaces abundant. Vitric tuffs-moderate
induration, ledge-formers; dark gray fresh, light gray weathered;
fine to coarse grained glass shards; subordinate quartz, feldspar, and
biotite; poorly sorted to well-sorted; beds up to 3 feet thick with
alternating finer and coarser zones; siliceous cement; surfaces
scoured, and filled with volcanic siltstone. Conformable contact
with underlying unit.

32

105

Interbedded volcanic siltstones and vitric tuffs: tuffs are ledgeformers, siltstones slope-formers. Siltstones--like those of unit
7. Tuffs--some gray like in unit 7; but most are gray-green to
yellow-green, fresh and weathered; fine to coarse grained; poorly
sorted; predominantly angular to subrounded pumice fragments;
subordinate angular glass shards and lithic fragments (rhyolite ?);
laminated; alternating coarser and finer zones (up to 3 inches
thick); surfaces locally scoured, and filled by volcanic siltstone.
No tuff or siltstone bed greater than 2 feet thick; light red to
yellowish iron staining along most contacts; many siltstones
exhibit mudcracked surfaces. Sharp, broadly undulating contact
with underlying unit.

28

73

Appendix E).

Contact. --Basal Member, Thousand Creek Formation/Virgin Valley
Formation: angular unconformity, ancient erosional surface,
up to 14 inches relief.
VIRGIN VALLEY FORMATION (Tvv)
7

6

5

Interbedded volcanic siltstones and vitric tuffs: siltstonesnonresistant, slope-formers; buff fresh and weathered; poorly sorted;

Volcanic conglomerate and sandstone: ledge-former; light gray
to buff fresh and weathered; grades upward from small pebble
conglomerate to medium grained sandstone; pebbles subrounded;
composed of rhyolite and rhyolite welded tuff. Volcanic sandstone

Description

Unit

and matrix - -60% pumice, 25% glass shards, 10% rhyolitic
fragments, 5% quartz, feldspar, and biotite (microscopic
analysis); grains subangular to subrounded; very fine.to
medium-grained, poorly sorted; silty. Unit is lenticular,
thins to east and west; abundant petrified wood fragments;
in sharp scour-and-fill contact with underlying volcanic
siltstone.
4

3

Thickness(Ft)
Unit
Total

2

45

15

43

Unit has sharp scour-and-fill contact with underlying
unit, up to 3 inches relief.

10

28

Volcanic siltstone: pale green fresh and weathered; otherwise
same as unit 4. Sharp scour-and-fill contact with underlying
unit.

12

18

6

6

Volcanic siltstone, subordinate volcanic sandstones: nonresistant, slope-former; buff fresh, tan weathered. siltstone-predominantly glass shards, strongly altered to clay (montmorillonite, x-ray identification); subordinate fresh vitroclastic
material; 10-20% sand grains and pebbles scattered throughout.
Sandstone lenses--scattered throughout, up to 3 inches thick and
4 feet wide; light gray to buff; very fine-to coarse-grained;
poorly sorted; silty; isolated pebbles in basal parts; subangular
to subrounded grains; predominantly pumice grains and glass
shards, subordinate rhyolite, quartz, and biotite; in sharp
scour-and-fill contact with siltstone. Abundant carbonaceous
and petrified wood fragments throughout unit; twigs, branches,
and logs, some chared; petrified tree stumps and roots in situ
within this and the underlying unit. Locally interfingers with
lignite beds of carbonaceous member. Sharp, broadly undulating
contact with underlying unit.

Volcanic conglomerate: moderately indurated, ledge-former;
light gray fresh, buff to tan weathered; predominantly pebbles
with subordinate cobbles embedded in a sandy matrix; clasts
are subrounded to rounded; dominantly rhyolite and rhyolite
welded tuff; abundant petrified wood fragments; normal and
reverse graded bedding; with overall upward grading (clasts
1/2 - 1/4" in diameter in lower 3 feet, less than 1/4" in
diameter in upper 7 feet); cross-bedding; preferred orientation
of elongate clasts and wood fragments (to the NE); unit thins
to east and west; numerous sandstone lenses throughout.

Locally the conglomerate interfingers with lacustrine
deposits--interbedded volcanic siltstones and lignite.

2

1

Vitric tuff: subdued ledge-former; white fresh, same color
weathered; fine-to coarse-grained; poorly sorted; fresh unaltered
glass shards; shower bedding, alternating finer and coarser zones;
few black laminations of darker glass shards; upper surface
scoured.

Total thickness
Base not exposed.

140

117

118
Appendix C. Partial section of the green and white member, Virgin Valley Formation. Measured

immediately north of the map boundary and 3/4 mile northwest of entrance to
Thousand Creek Gorge.
Erosional surface.
Unit
12

11

Description

Volcanic sandstone: well indurated, ledge-former; gray-green
fresh, weathers light green; very fine- to medium-grained,
poorly sorted; grains angular to subrounded; predominantly glass
shards and pumice grains; abundant lithic fragments (rhyolite ?);
subordinate quartz, feldspar, and biotite; massive; siliceous cement.
Conformable contact.

Thickness (Ft)
Unit
Total

2

92

15

90

Volcanic siltstone: very abundant manganese (?) nodules,
otherwise same as unit 11.

7

75

Volcanic siltstone: well indurated, ledge-former; dominantly
buff to light pink with dark red laminae; thin bedded and
laminated; composed predominantly of glass shards, strongly
altered to clay; numerous subrounded, altered, sand-size
pumice grains scattered throughout; siliceous cement; few leaf
impressions. Conformable contact.

3

68

Volcanic siltstone: slope-former; dominantly white, same
color weathered; lower 4 feet light gray; faint bedding, composed predominantly of angular glass shards; upper white portion
strongly altered to clay; lower gray zone unaltered shards;
subordinate quartz, feldspar (?), and biotite throughout; soft;
friable in part. Conformable contact.

16

65

Volcanic sandstone: moderately indurated, subdued ledgeformer; yellowish green; very fine- to medium-grained, poorly
sorted; grains angular to subrounded; predominantly pumice
fragments, altered in part; siliceous cement; friable in part;
massive to faint bedding. Conformable contact.

12

49

Volcanic siltstone: well indurated, ledge-formers; interlayered
white and buff beds, weathers to same colors; few interbedded
red zones; thin bedded and laminated; individual beds vary from
2 up to 30 inches thick; even bedding; composed predominantly
of angular glass shards, strongly altered to clay; subordinate
quartz, feldspar (?), and biotite; numerous lenticular, round, and
botryoidal manganese (?) nodules scattered through (2 to 10 cm
in diameter); slabby due to weathering along bedding planes; local
spheroidal weathering; siliceous cement. Conformable contact.
(attitude - N 40°W, 2°SW)

10

9

8

7

6

Volcanic sandstone: subdued ledge-former; gray to gray-green
fresh and weathered; very fine.grained; grains angular to subangular; predominantly angular glass shards, unaltered; four
thin ((1/2 inch) interlayered, white, highly silicified beds;
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Description

Unit

massive to faint bedding; firm to friable; few leaf and twig
(?) impressions. Conformable contact.

Thickness (Ft)
Total
Unit
12

37

6

25

10

19

Volcanic siltstone: interlayered white and light red beds, otherwise same as unit 4.

2

9

2

Volcanic siltstone: same as unit 4.

6

7

1

Volcanic siltstone: same as unit 3.

1

1

5

4

3

Volcanic siltstone: moderate induration, ledge-former;
light red to reddish-brown fresh and weathered; thin bedded
and laminated; predominantly glass shards, strongly altered
to clay; abundant subrounded, light green, fine to medium sandsize pumice grains scattered throughout. Conformable contact.

Volcanic siltstone: well indurated, ledge-former; interlayered
white and light green beds; individual beds vary from 2 up to
18 inches thick; evenly bedded; predominantly angular glass
shards strongly altered to clay (montmorillonite, x-ray identification); subordinate quartz, feldspar (?), and biotite. Conformable
contact.

Total thickness
Base not exposed.

92

120
Appendix D. Partial section of the red member, Virgin Valley Formation. Measured on southwest
side of westernmost erosional remnant at junction of Virgin and Thousand Creeks
(see Plate 2).
Erosional surface

Description

Unit
5

4

3

Thickness (Ft)
Total
Unit

Volcanic siltstone: well indurated, caprock; light red to
light purplish-red with dark red laminations, same color
weathered; thin bedded and well-laminated; flaggy with
horizontal slabbiness due to weathering along bedding planes;
induration due mainly to clay bonding; dark red laminations
slightly harder; upper one foot more strongly indurated, case
hardening with silica due to capillary action; composed predominantly of glass shards, strongly altered to clay; takes up
water rapidly; subordinate amounts of angular quartz, feldspar (?), and biotite; numerous white to light green, very fine
to nnedium sand-size, altered, pumice grains scattered
throughout. Conformable contact.

3

34

Volcanic mudstone: subdued ledge-former; white to light
gray, fresh and weathered; composed of about equal quantities
of silt and clay; clay is montmorillonite (x-ray identification);
silt is predominantly unaltered glass shards with subordinate
quartz and biotite; high clay content exhibited by ramifying
fractures on weathered surfaces due to swelling and shrinking;
induration produced by clay bonding. Conformable contact.

5

31

12

26

4

14
10

Volcanic siltstone: moderately well indurated, ledge-former;
buff with red laminae on fresh surfaces, light pink weathered;
flaggy but not as well laminated as unit 5; composed of strongly
altered glass shards; subordinate quartz and biotite grains. Con
formable contact.

2

Volcanic mudstone: like unit 4.

1

Volcanic siltstone: like unit 5 except less indurated.

10

Total thickness

34

Base not exposed.
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Appendix E. Partial section of Thousand Creek and Virgin Valley Formations. Measured on west

side of the north-south trending ridge located immediately northeast of the Horn.
Section trends N 65°W (see Plate 2).
Erosion surface.

Description

Unit

Thickness (Ft)
Total
Unit

THOUSAND CREEK FORMATION (Ttc), Basal Conglomerate Member.
27

26

Volcanic conglomerate: moderately resistant to loose, produces
gravely soil capping on low rounded hills; light gray to tan fresh,
light reddish brown weathered; pebbles, cobbles, and boulders
embedded in volcanic sandstone matrix; predominantly cobbles
and small boulders, but some up to 3 feet in diameter; clasts
angular to rounded, subrounded predominant; clasts composed of
spherulitic and flow-banded rhyolite and rhyolite welded tuff;
abundant fossil wood fragments; overall finer upward grading;
locally large scale cross-bedding. Sandstone matrix and lenses:
predominantly subangular to subrounded pumice grains, subordinate
angular glass shards, rhyolitic grains, quartz, feldspar, and biotite;
fine-to very coarse-grained. Volcanic sandstone lenses up to 3
feet thick and 15 feet wide; lenses laminated and cross-laminated.
Broadly undulating contact with underlying unit.

68.0

363.5

Volcanic conglomerate: light gray fresh and weathered; pebbles
to large cobbles, predominantly 2 to 4 inch pebbles, embedded
in very fine- to very coarse-grained sandstone matrix; pebbles
subrounded to rounded, ovoid and preferrably oriented; composition
same as for unit 27; lateral extent 60 feet, pinches-out to north
and south; at base is 6 inch zone of jumbled and unoriented, subangular cobbles and small boulders. Sharp scour-and-fill contact
with up to 10 inches relief; overall 10° angular discordance with
underlying Virgin Valley Beds.

12.0

295.5

Contact. --Basal Member, Thousand Creek Formation/Virgin Valley
Formation: angular unconformity, ancient erosional sur-

face, up to 10 inches relief.
VIRGIN VALLEY FORMATION (Tvv)
25

Interbedded diatomaceous mudstone, diatomite, and volcanic
siltstone and sandstone: individual beds range from laminations
up to 12 inches thick; even to slightly undulating and uniform
bedding, Diatomaceous mudstone -- slope-former; cream
colored; massive; moderately well indurated; abundant small
carbonaceous fragments; small scale rectangular jointing.
Diatomite -- slope-former; white, fresh and weathered; soft;
friable. Volcanic siltstone -- subdued ledge-former; medium
gray; predominantly fresh angular glass shards; massive to
laminated; moderately well indurated; friable. Volcanic
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Unit

24

23

22
21

20

19

18

17

Description

Thickness (Ft)
Total
Unit

sandstone -- subdued ledge-former; grayish-green,
occasionally yellowish-green; very fine- to very coarsegrained; silty; poorly sorted; locally grades upward into
siltstone; composed predominantly of fresh angular pumice
fragments, subordinate angular glass shards, quartz, feldspar (1),
and biotite; laminated and thin bedded; friable. Conformable
contact.

24.0

283.5

Interbedded volcanic sandstone and siltstone and lignite:
Lignite -- resistant, ledge-former; dark reddish brown, fresh
and weathered; plant molds and impressions on overlying and
underlying beds. Volcanic Sandstones -- like those of unit 2.5.
Volcanic siltstones -- like those of unit 25. Lignite beds range
from 2 up to 6 inches thick; volcanic sandstones range from
laminations up to 8 inches thick. All beds have uniform thicknesses and conformable contacts. Conformable contact with
underlying unit.

9. S

259.5

Interbedded diatomaceous mudstone, diatomite, and volcanic
sandstone and siltstone: Lithologies like in unit 25. Diatomaceous
mudstones range from 1 inch up to 3 feet thick, diatomite from
laminations up to 1 foot thick, and volcanic sandstones and siltstones from 1/2 up to 8 inches thick. Conformable contact with
underlying unit.

32.0

250.0

Lignite: ledge-former; dark reddish brown; friable. Conformable
contact.

0.5

218.0

Interbedded diatomite and volcanic siltstone: Diatomite -white; soft; friable; beds up to 6 inches thick. Volcanic siltstone -- medium gray; soft; friable; beds less than 2 inches thick.
Conformable contact.

5.0

217.5

Diatomaceous mudstone: slope-former; cream colored; massive;
small scale rectangular jointing; friable in part; moderately to
poorly indurated. Conformable contact.

6.0

212.5

Interbedded lignite, volcanic siltstone, and diatomaceous
mudstone: Lithologies like in above units. Volcanic siltstone
and lignite beds 1/4 to 2 inches thick; diatomaceous mudstone
beds 6 to 10 inches thick. Conformable contact.

11.0

206.5

Volcanic siltstone: slope-former; fluvial deposit; light gray
fresh, buff weathered; massive; composed predominantly of
silt-size pumice fragments, strongly altered to clay (montmorillonite, x-ray identification); subordinate very fine- to
medium-grained sand grains and small pebbles; sand and
pebbles composed of pumice, rhyolite, quartz, feldspar (?),
and biotite; abundant preserved and petrified wood fragments.
Sharp scour-and-fill contact with up to 4 inches relief.

19.0

195.5

Interbedded lignite and volcanic siltstone: ledge-former; 50%
lignite, 50% siltstone; beds vary in thickness from laminations
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Unit

Descriptions

up to 3 inches. Descriptions like in unit 24. Conformable
contact.

Thickness (Ft)
Total
Unit

10.5

176.5

16

Volcanic siltstone: Like unit 18.

3.5

166.0

15

Lignite, subordinate interbedded volcanic siltstone: Like
unit 17.

4.0

162.5

14

Diatomaceous mudstone: Like unit 20.

6.0

158.5

13

Volcanic sandstone and siltstone: moderately indurated, ledgeformer; alternating coarser and finer zones. Sandstone -- graygreen; angular to subrounded grains; very fine- to coarse-grained,
poorly sorted; predominantly fresh pumice; friable. Siltstone -medium gray; predominantly fresh angular glass shards, subordinate quartz and biotite; laminated. Conformable contact.

8.0

152.5

Volcanic siltstone: slope-former; tan fresh and weathered;
predominantly silt-size pumice grains, strongly altered to clay;
abundant pumice pebbles scattered throughout; few sand grains
of quartz, feldspar (?), and biotite; exfoliate-like weathering;
friable in part; abundant fossil wood fragments; yellow-brown
staining along fractures; fibrous gypsum locally along fractures
and bedding planes; high clay content indicated by swelling and
fracturing on weathered surfaces. Sharp scour-and-fill contact,
up to 4 inches relief.

14.0

144.5

Lignite and volcanic sandstone: ledge-former; dominantly dark
brown lignite beds (1 to 3 inches thick), subordinate gray-green
pumice sandstone (-4 1 inch thick). Sandstones like in unit 13.
Conformable contact.

6.0

130.5

Volcanic sandstone and lignite: ledge-formers; predominantly
gray-green, coarse-grained pumice sandstone beds (1 to 10 inches
thick), subordinate interbedded red brown lignite beds (< 2
inches thick). Conformable contact.

6.5

124.5

Lignite, subordinate volcanic sandstone: ledge-formers; one
14 inch thick gray- green, medium-grained, pumice sandstone
bed; other volcanic sandstones less than 4 inches thick. 75%
of unit is dark brown to black lignite beds; plant impressions on
overlying and underlying volcanic sandstones; undulating,
uniformly thick beds; one 3 inch thick yellowish brown opaline
chert bed; locally fibrous gypsum along fractures and bedding
planes. Contact conformable.

15.0

118.0

Volcanic siltstone: slope-former; Like unit 12. Sharp scourand-fill contact with underlying unit.

13.0

103.0

4.0

90.0

11.0

86.0

12

11

10

9

8

7

6

Lignite, subordinate volcanic siltstone: ledge-former; lignite
like in unit 9. Volcanic siltstone -- medium gray; predominantly
fresh, angular glass shards; laminated. Conformable contact.
Interbedded volcanic sandstone and siltstone: Like unit 13 .
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Description

Unit
5

4
3

2

1

Thickness (Ft)
Total
Unit

Interbedded lignite, volcanic sandstone, and volcanic siltstone:
Ledge-forme; lithologies like in unit 24. Locally fibrous
gypsum along fractures and bedding planes. Conformable
contact.

24.0

75.0

Interbedded volcanic sandstone and siltstone: Like units 6
and 13. Conformable contact.

12.0

51.0

Volcanic siltstone: Slope-former; like units 8 and 12. Sharp
scour-and-fill contact with underlying unit.

18.0

39.0

Interbedded lignite and volcanic siltstone: ledge-former; 50%
lignite beds (1/2 to 3 inches thick), 50% volcanic siltstone beds
(laminations up to 10 inches thick, predominantly less than 1
inch thick); siltstones like those of unit 5. Conformable contact.

6.0

21.0

Volcanic conglomerate, sandstone, and siltstone: Poorly indurated,
slope-former. Volcanic conglomerate at base; subrounded to
rounded pebbles of rhyolite, rhyolite welded tuff, and pumice;
faint bedding and preferred orientation of elongate clasts. The
conglomerate grades upward into very poorly sorted volcanic
sandstone (predominantly pumice grains). The volcanic sandstone grades upward into sandy siltstone; composed of vitroclastic material, strongly altered to clay (montmorillonite, xray identification). Small fossil wood fragments throughout
(preserved and petrified). Few thin (<1 inch thick) interbedded
fine-grained, medium gray vitri tuff beds. Composed of angular
glass shards; well-laminated; soft; friable; surfaces scoured,
locally completely removed by scouring.

15.0

15.0

Thickness
Base not exposed.

363.5
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Appendix F. Section of Mesa Basalt and Thousand Creek Formation, Virgin Valley Area. Measured
on southeast side of Horn (see Plate 2). Section trends S 42°E.

Unit

Description

Thickness (Ft)
Unit
Total

MESA BASALT (Tmb)
8

Basalt: rimrock and mesa former; dark gray to greenish black
fresh, dark reddish brown weathered; fine to medium granular;
rarely porphyritic; vesicular; surface scouriaceous; upper 1/3 of
unit has horizontally oriented oval to almond-shaped vesicles,
up to 1 1/2 inches long; locally amygdaloidal; columnar jointing, columns 2 to 3 feet in diameter; horizontal platy jointing,
4 to 10 inches thick. Lower 2/3 has numerous vertically
oriented gas tubes, 2 inches to 4 feet long; diameter of tubes
increase upwards, some 1 inch in diameter (see Figure 10); this
zone exhibits large conchoidal fractures, some 12 feet across;
crude rectangular joint system throughout. Upper surface flat,
covered by irregular patches of soil and strewn with weathered
basalt fragments; lower contact covered, base arbitrarily selected
at prominent change in slope.

20

384

45

364

Contact. --Mesa Basalt/Thousand Creek Formation: covered by talus and
slopewash.
THOUSAND CREEK FORMATION (Ttc)
7

Covered:

6

Volcanic siltstone with interbedded vitric tuffs: siltstone makes
up approximately 80% by volume, tuffs 20%. Siltstone: buff
to tan fresh and weathered; bedding indistinct; firm to soft; friable;
predominantly angular pumice grains, highly altered to clay;
subordinate fresh glass shards, lithic fragments, quartz, feldspar,
and biotite; few fossil wood fragments; 10-15% very fine- to
medium-grained scattered sand grains; 5-10% scattered lithic
(rhyolite ?) and pumice pebbles, subangular to subrounded. Finegrained tuffs: medium gray to white; white upper portion produced
by weathering prior to burial; firm to soft; faint to good shower
bedding; poorly sorted but overall finer upward grading; upper
contacts typically in sharp scour-and-fill contact with overlying
siltstone; lower contact undulating; individual beds vary from
less than 1 inch up to 20 inches thick; predominantly angular
glass shards, subordinate crystal tuff. Coarse-grained tuffs:
yellowish-green fresh and weathered; commonly white upper portions like the fine tuffs; firm to soft; friable; poor sorting; faint
shower bedding with alternating finer and coarser grades; sharp
scour-and-fill with overlying siltstones; individual beds from 1/2
inch to 3 feet thick; predominantly angular pumice grains; subordinate angular glass shards, lithic tuff, and crystal tuff. Contact
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Unit

5

4

3

2

Description

Thickness (Ft)
Unit
Total

arbitrarily selected by the occurrence of numerous volcanic
sandstone lenses and lack of interbedded vitric tuffs.

98

319

Volcanic siltstone, subordinate volcanic sandstones: siltstone -buff to tan fresh and weathered; massive; firm to soft; friable in
part; predominantly angular pumice grains and glass shards,
strongly altered to clay; abundant scattered sand grains and
pebbles of rhyolite and pumice. Sandstone lenses -- tan to dusky
yellow fresh and weathered; lenses up to 6 feet thick; in sharp
scour-and-fill contact with underlying volcanic siltstone; upper
contacts sharp and planar; some lenses with isolated fine pebbles
in basal part; laminated, festoon cross-bedding; where not corssbedded, planar beds or laminae; sandstones medium- to coarsegrained, poorly sorted; grains subrounded to rounded; firm to
friable; predominantly pumice, partially altered to clay; subordinate, rhyolite, quartz, feldspar, biotite, and angular glass
shards. Local thin (up to 3 inches) volcanic conglomerates composed of subrounded to well-rounded pumice pebbles. Broadly
undulating scour-and-fill contact with up to 3 inches relief.

73

221

9

148

50

139

Volcanic sandstone: tan fresh and weathered; cross-bedding,
cross-laminations, and normal graded bedding; where not crossbedded, planar beds or laminae; medium- to very coarse-grained,
poor sorting; grains angular to rounded, predominantly subrounded;
dominantly pumice, partially altered to clay; subordinate angular
glass shards and quartz; isolated pumice pebbles throughout unit;
occasional subrounded to rounded clasts (up to 1 foot in diameter)
of light gray volcanic tuff; abundant fossil wood fragments along
some bedding planes. Undulating, sharp scour-and-fill contact,
up to 6 inches relief.

Volcanic siltstone: buff to light pink fresh, tan weathered;
indistinct bedding; nonresistant; friable in part; predominantly
pumice and glass shards, partially to highly altered to clay;
10-20% sand grains and pebbles of pumice and rhyolite scattered
throughout; abundant fossil wood fragments. Occasional sandstone lenses: tan to dusky yellow; very fine- to medium-grained,
poorly sorted; sharp scour-and-fill contacts with underlying volcanic
siltstone; planar upper contacts; cross-bedding and cross-laminations;
firm to soft; friable; predominantly partially altered pumice grains.
Local thin (up to 2 inches) volcanic conglomerates composed of
subrounded to rounded rhyolite and sparse basalt pebbles. Few
interbedded fine-grained gray tuffs; shower bedding, finer and
coarser zones; laminated; beds up to 6 inches thick; similar to
tuffs in above units. Sharp, broadly undulating scour-and-fill
contact, up to 4 inches relief.
Volcanic conglomeratic sandstone: dusky yellow to tan fresh
and weathered; nonresistant; very poor sorting; predominantly
medium to very coarse sand grains; silty; abundant (20-30%)
scattered pebbles, cobbles, and small boulders of rhyolite and
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Description

Unit

rhyolite welded tuff, subordinate basalt; subangular to rounded
inclusions of gray to white tuff (up to 1 foot in diameter);
abundant petrified and preserved fossil wood fragments;
occasional lenses of subangular to subrounded pebble conglomerate.
Sandstone matrix: medium- to very coarse-grained, poorly sorted;
subangular to subrounded grains; predominantly pumice, partially
altered to clay. Entire unit has indistinct bedding, with locally
occurring better sorted sandstone lenses: medium- to coarse-grained,
fair sorting; subangular to subrounded grains; cross-bedding and crosslaminations; where not cross-bedded, planar bedded or laminated;
predominantly partially altered pumice. Several interbedded light
gray to white volcanic tuffs, up to 3 feet thick; scour-and-fill
upper contacts, locally completely removed by scouring. Sharp,
undulating contact.
1

Volcanic conglomerate: light gray to buff fresh, reddish
brown to tan weathered; nonresistant; very fine pebbles to
cobbles, fine pebbles predominant; subangular to subrounded;
dominantly rhyolite and rhyolite welded tuff; accessory basalt;
sandstone matrix. Matrix medium- to coarse-grained, poorly
sorted; grains subangular to subrounded; pumice predominant,
partially altered to clay; angular glass shards, rhyolite, and
quartz subordinate. Unit pinches out to south; sharp scour-andfill contact with underlying diatomaceous sediments of Virgin
Valley Formation.
Total thickness

Contact. --Basal unit of Thousand Creek Formation/Virgin Valley Formation:
angular unconformity, ancient erosion surface, up to 26 inches
relief.

Thickness (Ft)
Unit
Total

85

89

4

4

384
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Appendix G. Partial section of Thousand Creek Formation, Thousand Creek flats area. Measured

1/4 mile west of where Major Fault changes trend. Section trends S 12°W (see Plate 2).
Upper contact is erosional surface.
Unit

Description

120

403

Volcanic conglomerate and sandstone: well-indurated, ledgeformer; light gray fresh, dark gray to reddish brown weathered;
up to 15 foot conglomerate beds interfingering with sandstone
beds up to 8 feet thick; overall unit thickness increases to east.
Conglomerates: predominantly fine pebbles in a sandstone matrix,
subordinate medium to coarse pebbles and fine cobbles; clasts
are subangular to rounded, subrounded predominant; dominantly
rhyolite and rhyolite welded tuff, subordinate pumice; locally equal
amounts of rhyolitic fragments and pumice; siliceous cement;
planar bedding; cross-bedding; normal graded bedding; generally
grading upward into sandstone; in sharp scour-and-fill contact with
underlying sandstones, up to 2 inches relief; local load casts of
conglomerate project into sandstone below; conglomerates pinchout and grade eastward in sandstone. Sandstone beds and matrix:
very fine- to very coarse-grained, fair to poor sorting; grains
subangular to subrounded; predominantly pumice, subordinate
rhyolite, glass shards, quartz, feldspar (?), biotite and magnetite;
siliceous cement; laminated, cross -laminated, and normal graded
bedding; flaggy beds split along planar surfaces; beds thicken, are
better sorted, and finer-grained to the east. Contact with underlying unit, sharp, undulating scour-and-fill, up to 13 inches relief.

50

283

Volcanic sandstone, subordinate siltstone: nonresistant, slopeformer; dusky yellow to tan fresh and weathered; zones of rapid
textural gradation separated by minor erosional surfaces; numerous
irregular fractures or joints; occasional lenses of better sorted
volcanic sandstone and pebble conglomerate. Sandstone: poorly
sorted; very fine- to very coarse-grained; 15% subangular to subrounded altered pumice pebbles scattered throughout; composed
predominantly of reworked pumice fragments and glass shards,
strongly altered to clay; subordinate unaltered glass shards, rhyolite,
welded tuff, quartz, feldspar (?), biotite and magnetite; friable;
massive to crude normal and reverse graded bedding; locally grades
into volcanic siltstone of same composition. Contact, minor
erosional surface.

64

233

Volcanic sandstone, subordinate siltstone: buff to light pink fresh,
tan weathered; otherwise same as unit 15. Sharp, broadly undulating
scour-and-fill contact, up to 3 inches relief.

28

169

Covered: slopewash composed of sand, pebbles, and cobbles.
16

15

14

13

Thickness (Ft)
Total
Unit

Vitric tuff: nonresistant, slope-former; white fresh, weathers to
same color; predominantly coarse-grained, clear, fresh, angular
glass shards embedded in matrix of white, fine-grained ash; poorly
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Unit

Description

sorted; massive; friable; lower 1 1/2 feet more strongly
indurated, ledge-former. Sharp, undulating contact.
12

11

10

9

8

7

6
5

Volcanic sandstone: nonresistant, slope-former; buff to light
pink fresh, tan weathered; poorly sorted; very fine- to very
coarse-grained; highly silty; 15% subrounded, altered, pumice
pebbles; composed predominantly of reworked pumice fragments
and angular glass shards, strongly altered to clay; swells greatly
with addition of water; subordinate unaltered vitroclastic material,
angular to subrounded rhyolitic fragments, angular quartz, feldspar (?), and biotite; massive; friable; exfoliate-like weathering.
Sharp, undulating scour-and-fill contact, up to 2 inches relief.

Vitric tuff: moderately indurated, ledge-former; light gray fresh,
weathers to same color; predominantly coarse-grained, fresh,
angular glass shards; fair sorting; faint bedding, alternating
coarser and finer zones; friable; upper 4 inches white, strongly
altered to clay. Contact sharp, gently undulating.
Volcanic sandstone, subordinate siltstone: nonresistant, slope
former; tan to light brown fresh and weathered; zones of rapid
textural gradation, separated by minor erosional surfaces.
Sandstone: poorly sorted; very fine- to very coarse-grained;
silty; 10% subrounded, altered pumice pebbles; grains angular to
subrounded, dominantly reworked pumice fragments and glass shards,
strongly altered to clay; subordinate unaltered vitroclastic material,
rhyolite, welded tuff, quartz, feldspar (?), and biotite; friable;
crude normal and reverse graded bedding; locally grades into
volcanic siltstone having same composition. Sharp, scour-andfill contact, 2 inches relief.

Vitric tuff: well indurated, ledge-former; medium gray fresh,
light gray weathered; fine- to coarse-grained; poorly sorted;
predominantly fresh, angular glass shards, subordinate lithic
fragments (rhyolite ?), quartz, feldspar (?), and biotite; laminated;
black laminae composed of darker glass shards; surface scoured.
Contact sharp, undulating.
Volcanic sandstone, subordinate siltstone: buff fresh, tan
weathered; otherwise same as unit 10.
Vitric tuff: subdued ledge-former; white fresh and weathered;
dominantly fine-grained, clear, fresh, angular glass shards;
matrix of white, very-fine ash; subordinate lithic and crystal
material; friable; massive to faintly bedded; surface scoured.
Sharp, undulating contact.
Volcanic sandstone, subordinate siltstone: same as unit 8.

Vitric tuff: moderately well indurated, ledge-former; light
gray and gray-green beds, fresh and weathered; alternating finer
and coarser beds; friable; beds up to 6 inches thick; splits readily

Thickness (Ft)
Total
Unit
5

141

3

136

2

133

9

131

1

122

8

121

1

113

8

112

1 30

Description

Unit

along planar surfaces; upper 2 inches scoured and slightly
altered to clay. Coarse - grained beds gray-green; predominantly angular to subangular pumice fragments; subordinate lithic fragments (rhyolite ?) and angular glass shards;
rare quartz, feldspar, and biotite. Fine-grained beds -light gray; predominantly clear, angular glass shards; crystal
poor. Sharp, undulating contact.

Thickness (Ft)
Total
Unit

6

104

Section continued 300 feet to east at base of unit 5.
4

Interbedded volcanic sandstones and vitric tuffs: alternating ledgeand-slope formers; sandstones like units 6 and 8. Vitric tuffs
like units 5 and 7. Individual sandstone beds up to 9 feet thick,
tuffs up to 6 feet thick. Sharp scour-and-fill contact with underlying unit.

3

Vitric tuff: ledge-former; original color light gray to gray-green;
predominantly stained dark red by iron (hematite) from hydrothermal (?) solutions (see text page 74); alternating finer and
coarser zones; angular to subangular fragments; predominantly
pumice fragments and angular glass shards. Sharp undulating
contact.

2

32

Volcanic sandstone, subordinate siltstone: nonresistant, slopeformer; stained dark red like unit 2. Probably originally like
units 6 and 8.

8

30

22

22

2

1

Interbedded volcanic sandstones and vitric tuffs: originally
same as unit 4, but has been invaded and stained dark red by
iron-rich hydrothermal solutions.
Total thickness

Base not exposed; section ends in bottom of stream channel.

403

