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TERTIARY SYSTEM

Rocks of Tertiafy age crop out over the northeastern one-third -

of the Dolly Varden Mountains, and in aggregate are about 2,700 feet

thick. The oldest Tertiary rocks are a sequence of flow and pyroclastic

¢ . ) : .
rocks herein referred to as the Dolly Varden volcanic series. Rocks of

this series are correlated with similar rocks in eastern Nevada and

-‘_

assigned a probable age of legocene.

Restncted ﬂows and calcareous sediments are included with the

younger Tertiary rocks of questxonable Miocene-Pliocene age. A rhyo-

lite plug and assocxated flow, and small (less than one -half square: mxle)

a.

flows of andesite and basalt are included in this younger group. Ternary

sediment'a'ry rocks include limestones, marlstones. and poorly ht}nﬁed

conglomerates.

Dolly Varden Volcanics

General Features

Volcamc rocks, here named the Dolly Varden volcanic series,

overlie, with varymg degrees of angular unconformlty, Triassic sedi-

ments, the Permian Pequop Formation, and Lower Cretaceous mtrus:ve
rocks. In the area mapped a thickness of more than 2, 500 feet of vol-

Subdivisions within this series are based both

canic rocks is present,

on composition and lithology since in many cases rocks of a single

i N
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composition have numerous liFhologic variations. The principal units

of this squivisién are andesite, ivgni‘mbrite, quartz latite, rhyolité, and
volcaniq breccias. Vitric tu?{, block-and-ash-flows, and glassy hori- o v
zons have also been delineatéd on the map. They are of lim-ited exten’t,

are found at various horizons within the series, and may represent

lithologic vatiations of the prin.ci;;‘oal units or intercalcated deposits: V

within or between these_units.
. . ‘\;

Flows and most unit‘s!of coarse fragmentalkx"ock appear to be

lenticular and of limited extent, Unifa of fluft;a;eous rock. ére ﬁmoré ex-
tensive, a.lt;nough it is‘ difficult or iméossible to trace any unit for long
distance# because ‘6f poor exp.osurés ana ab;upt .chang.es. in li.th_ology and"
thickness; ) - | | o -

Angular and local unconf§rmities o;cixr within th.is'series as
faulting was coﬁtemporaﬁgous with extr\isiqn, and eroéiqn oc.curred
>betweer; periods of deéosidon. |

The Dolly Varden volcanics are the youngest volcanic rocks in
this area that were involved in the major epi;ode of basin—range type of
faulting. As can be see'nﬂfrom the bedding of the érystal tuffs anci the
planes of flattegi_ng in the ‘welc.led br.ockvs, thé entire volcaxvﬁ.c.sequence

has been tilted to the east an average of 15° - 20°, and a maximum of

30°, Because of theﬂifficulty in deterhining attitudes in critical areas,

the relations between the Dolly Varden volcanics and later volcanics and

sediments are conjectural, but deposition of these later units antedated



Distribution

A Andesite

feet are pre

‘water laid,

a périod of faulting and erosion,

also found on the western range front.

feet in ,depth;_

of flow and pyrocla
to calcic quartz lati

basis of surface expo

In the area mapped the volcanic rocks of th
are exposed in the central, eastern and northern pa
Erosxon has stripped most of the volcamc rocks fr

shoulders of Melrose Mountain, but a belt extends

.\

of the mountams for a dxstance of 8- 1/2 mxles. S

under alluvium as they have been discovered in a
mlle west of Mizpah Canyon where volcamc rocks

a depth of 235 feet and were still present at the bo

; ' p

sent (pl. 1, sec. B-B'),

forms the basal part of this unit.

e ﬁolly Varden series
rts of the range,
om the crest-and
along the east flank

catte red outcrops are

They extend to the northwest

drill hole about one
were encountered at

ttom of the hole, 780

- The lowest unit in the Dolly Varden volcanic series is composed
stic rocks whose composition ra.nges from andesxte

te.  An e‘lstimation'of the thickness of this unit on the
sureo is difficultto make: however, data obtained .
ffom a drill hole collared in Juniper Basin indicate that at lea.st 1,000
This unit was extruded on an irreg-
ular terrain thh local relief up to several hundred feet.

A white vitric- crystal and lithic-crystal tuff, which is in part

The well-bedded tuff_ is
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found resting on tne Pequop Formation and on Triassic-rocks in patches
around.thé north and west edge of Juniper Basin (pl. 1) where it y'lar.ies
in thickness from 5 to 25 feet. Younger flow x;ocks of andesite eomposi- v v
tion rest directly on Triassic and ‘in'trusive(?) rock in Spring Canyon,

and on the Pequop Formation at the northwest margin of Juniper Basin.

. ¢ . . - B
A crystal tulf is between the Triassic and the andesite along Dolly Var-

den Canyon near Watson Sp(ing.. , _ ' .

The andesite flow is exposed in the western part of Juniper Basin :u

as ledgy and rounded outcrops of an olive-green hornblende-rich variety.
It weathers to a grus -like soil. ' Near Spring Canyon more bold outcrops |
characteri’ze the unit. Columnar jointing may be seen, and on the hxlls
a thickness of‘several hundted feet of th1s unit is exposed A welded
andesite tuff is a light-gray to pinkish brown hornblende and biotite- rich
unit in which well developed sheeting is parallel to the plane of compac-
tion. Outcrops of this unit usually form cliffs with 20 to 50 feet of relief. ‘
Rocks of. the _andeeite unit occupy the greater part of J’nnipe‘r
Basin where they cov-er an area of about 3-1/2 square miies. The ande-
site is overlain by an ignimbrite along Dolly Varden Ca.nyon. and more
of the northeast portion of the andesite was once covered by the less
resistant 1gmmbr1te which has, except for 1solated remnants. been

g stripped away.

Phenocrysts constitute 25 to 30 percent of the andesite flowe,

and are clustered producing glomeroporphyritic texture. Plagioclase
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(Angg . An54) constitutes 55 to 75 perceﬁt of the phenocrysts as sub-
roundc'dA rectangular grains, Inclusi;)ns maostly of glass are common and ‘
are localiied along zones §; aggregated in the cbr-c; of the phenocrysts
' (fig. 6); The remainder.of tl;e phénocryéts are bzlxsalt»ic:vhornblende and
hornb}e’nde. T‘he .hornblen'dei is pl_eochi'oic frc;m yellow-brown (X) to
dark olivé-greén (Z), but where severe»ly- (Iindized pleochroism is absent
and only 10 percent of the original mineral remainz;. A few stout prisms
61‘ hypersthéne are pre.sé‘;\tk_. v Pilota;cit‘ic texture characterizes the ground- C
_mas§ (fig. 6)>wh'ere_ 0 04 millimetér microlites of andesine are arrayed |
with magnctité trichites in a %;ub-p:;lr‘allel faShith The feldks‘par of the |
grodndmass is more vsddic than. that of thé pbeqoé'rystQQ Common acces-
sories are enstatite, apatite, biotifé', and magnetite which i_s always |
present. The andesite has been little alteréd since emplacement.’
Wéathered hornblende is alteréc-i tlo chlorite and magnetit>e, soﬁxe -callcic
plagioclase is altered to calcite, and hematite is present as an oxidativon

prodﬁct.

: Ignimbrite- S R o ) -

' The term ignimbrite is used in thé sense of Cook (1961); that is
a pyroclastic rock unit formed during a single eruptive episode and con‘-
" taining a variety of lithologic types ranging from nonwelded fo firmly

welded rock. Here the nomenclatﬁre of the py;'ocla.stic rocks follou;i

the usage of Wentworth and Williams (1932). The pumice-lapilli tuff,

welded t\iff, and breccias which make~ué the iénimbrite, form, for the




Figure 6. Photomicrograph showing fluidal structure in.andesité of
Dolly Varden volcanics. Two grains of basaltic hornblende are next
to plagioclase phenocrysts. Core and outer zone have been corroded

and contain groundmass materials, especially glass. Plain light,
x 41 T ‘ . ' ’




36
!
most part, massive poorly bedded units, varicolored in pale-yellow,

maroon, black, red-brown, and gray shades. White ésh-fall C!'Yf‘tal '
tuff and some water lald volcamc eJecta are mgcrcalcated within the

ignimbrite. All are mamly or wholly composed of quartz latite matenal

The 1gmmbr1te is a single(?) cooling unit (Smith, 1960)- which

consists of fa lower partxally welded portion, a mxddle densely welded

portion, and a thick upper portion, part of which is nonwelded. The map

'\

subdivisions Tdi,, dez, and Td13, roughly correspoﬁd f-o these units.
Whert;: a sequence could be recogmzed obsxdxan vitrophyres were: used
as marker beds. Unit Tdi) constitutes the lower part of the coolmg unit
siince' it is mapped af the base of the lowex;most vitrophyré. Unit Tdi,.
does ;mt include fhe exitir‘e middle welded portion sihpe its upper bound-
ary is placed at the base of a second vxtrophyre (fig. 8). This vitro-
phyre which 1mmedxately underlies the upper partially welded portxon i’
seldom more than 50 fe_et thick. Subdivisions within the ignimbrxte have:
beén mapped from south of Dolly Va-rdep Canyon-north to the h‘ead’ of |
. Profile Canyon. From: this point north ‘the map units mentioned above
are no longer recogmzable ho;vever, vitrophyres have beeﬁ mapped and .
appear on Plate 1as glassy units within the undxt’ferentxated ,gmmbnte.
With the exception of some of theivitr‘c.)ph.yres most ligholbgic :
7 units cannot be mapped for great disfances becaus; of abrupt changes in

hthology and thxckness. An instructive outcrop in DO“Y Varden Canyon

shows where a tough brown, hthophysae -bearing, strongly welded tuff

3
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'3 feet to.an easily weathered, friable, light-

has changed in the space of

gray perlite with only the lithophysae to hint of the first identity {fig. 9).

In this Iocality as elsewhere glassy lithologies, vitrophyres, and perlites

appear on the map (pl. 1) as open-ended units, which means they are not

terminated but are lost because of cover or change of hthology.

The‘ignimbrite uncori{ormably overlies rocks of the andesite flow,

the quartz monzomte stock, and sechments of Triassic age. Fragments

'\

of rock older thanvthe igni‘n}brites, especxally the mtruszve rock, have P NS

numerous localities; however,

been observed within the ignimbrite at

they are not common. Quartz monzonite fragments are rounded and are

- generally less than one foot in diameter. The older {ragments are most

common in block-and .ash- flows and in the lower pumzce-lapxlh tuffs.

The average thxckness of the :gmmbnte is about 1,000 feet but

diifers greatly from place to place for several reasons: 1) it was depos-

1ted on an irregular surface. 2) since its deposition it has experienced

-differential compactxon. and 3) faultmg was probably contemporaneous

with extrusion. For example, the Tdij unit is about 250 feet thick where

it is cut by a northwest fault at the head of Profile Canyon (pl. 1). ' The

unit north of that fault is mapped as Tdi, undzfierentxated it has the

same lxthologlc charactensncs, comi)osition, and stratigraphic position

as del, but is about 600 feet thick. These two pa.rtxcular units may be.

equivalent, ‘but not sufficient evxdence was found to warrant their being

_called the same unit on the map.

\




View north across Juniper Basin. Trée-covered outcrops
e andesite of Dolly Varden volcanic series, .
d as the rounded light colored hills at

Figure 7.
in the foreground are th
The ignimbrite is well expose
the upper right.
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Detail of Ignimbrite units Tdi; and Tdi,. Typiéally rounded.

Figure 8.
pilli tuff underlies

hill of east-dipping partially welded pumice la
densely welded, black glass vitrophyre.



a lithology in a unit of the Dolly
tuff changes in space

Figure 9. Example of abrupt change i

“Varden volcanics. A brown densely welded
of two feet into gray perlite,
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Under the microscope the ash-{low character of this deposit is

attested to by the absence of sorting and the presence of welding and

devitrification. Rocks from the tuff and pumice -lapilli zones exhibit

similar characteristics which differ in quantity, not quality. The most

apparent dxfference within the 1gmmbr1te is the change in the amount of

crystal fra‘gments and in the relative amounts of pumxce and lithic frag-

e 1gmmbnte exhibit differing dcgrees of welding,

RS
-

ments. Rocks of th

depending on whether they are from the partially ‘welded base, ‘the

densely weided mxddle zone, or the zone of partial weldmg above, . All

samples of the ignimbrite exammed are quartz latite in composition and‘

are classified as more-or-less welded, c_rystal-vxtnc pumxce tuffs with

_ varying amounts of lithic fragments. Crystal fra‘gmei\ta of quartz, sani-

dine, plagioclase; and biotite are common; microcline is infrequently

seen, The quartz grains are broken and many are resorbed and cor-

roded by the groundmass. Feldspars are sub-angular. commonly show-

ing one or more euhedral faces, but where corroded by the matrix may

.is about 0.7 °

be seen as sub-rounded grains. Average phenocryst size

~ millimeters, but grains as large as 3. millimeters are common, There

is no apparent relationship between percentage of crystal fragments,

which range from 10 to 35 percent, and position within the ignimbrite.'

Two types of tuff fragments, shards, and pumice, are universally

N

present (fig. 10). Flat, or more commonly slightly curved, shard

plates, which-were derived from elongate bubbles, are présent in




Figure 10. Crystal pumice tuff from partially welde&, portion of
ignimbrite. Tuff shows only slight welding but platelike shards

at top are bent around fragment of feldspar. Note platelike
shards below feldspar grain. Plain light, x 82

Y g
w

Figure 11. Photomicrograph of glassy pumice tuff which is essentially
nonwelded. Retained tubular structure of the uncollapsed purnice
fragments is shown in the light-gray areas. Note perlitic cracks.in
pumice fragment in upper right. Plain light, x 41
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Figure 12, Enlarged lower right portion of Fig. 11 showing pumice . ’ .
structure and the same area under crossed-nicols. This shows '
coarse-grained intergrowth of feldspar and cristobalite in the
pumice fragment. Plain light and crossed nicols, x 86

. o : '
Figure 13, ‘An enlarged view of shards in the right part of Fig. 10
shows within the shards parallel intergrowths of cristobalite and
feldspar which well represent axiolitic structure. Plain light,
x 386 g ' ol - :

[
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Within a single thin

U-shape or much elongated Y -shaped forms.

section the shards have a limited size range, but when thin sections

from dlffetcnt parts of the ignimbrite are compared the range is sub-

‘ctantial, from 0,08 millimeters to 1 rr.*‘hmeter with a modal size of

.about 0.3 millimeters.b Pumice fragments are always present and may

or may hot be collapsed dependmg upon their posxtlon within the cooling

unit. The pumlce fragments are much larger than the shards and vary
: 1\ .

lxmeters.

within a single thin section from 0.4 millimeters to 6 mil

Uncollapscd pumice fragments seen only in ahsample of the uppei‘fnost
re roughly

portion of the ignimbrite and in a water laid(?) crystal tuff a

, equidimensionel and exhibit the tubular structure (fig. 10) seen in hand

_specimen. Where collapsed the pumice fragments are compacted so

that their length exceeds their width by a ratxo 5 to lin the partially

welded portlon of the ignimbrite, - -and by 8 orl0tolin the denaely

welded portion. Pumice fragments are molded around the crystal frag«

ments where the two are juxtaposed (fig. 10). When seen in cross

section '(ﬁg. 15) the collapsed pumxce fragments have a fau:ly regular,

although often bent, upper and lower surface;

out to the matrix., When seen in the plane of flattenmg, the fragments

are discoid or ovoid in shape.
Except for the least welded portxon of the ignimbrite the rocks

have a eutaxitic (Ross and Smi-th, 1961, p. 4) texture in whxch the flat-

tened shards and pumice fragments impax;f a foliate structure to the.

v . \

the ends however. feather




Figure 14. - Eutaxitic structure in specimen from unit Tdi} of Dolly
Varden series. The lighter colored matrix shows fine -grained pyro-

clastic structure. Several lithic fragments are included. The darker

areas represent completely collapsed welded pumice fragments. The
pumice character is shown by the feathered ends of many of the

’

pumice areas.. .

Figure 15. Photomicrograph of crystal-pumice tuff showing eutaxitic
h structure, - Compare with Fig. 14. Dark-colored areas represent
collapsed pumice fragments in which no pore space remains. Traces
of original pumice structure are retained in tail-like projections
extending toward the right, Pumice fragments are molded against
and around crystal grains. Plain light, x 39
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i

rock (figs. 14 and 15), The fabric is a function of the degree of welding
and the relative arrangemént partlcularly of the shards, but also of ‘the
crystal and pumice fragments, The degree of deformafion of'the pumice
fragménts and shards is expressed m thev-fabric. | |
Thin sections‘show that rocks of the ignimbﬁté have ’e‘xperienced
varyin'g d.eérees pf devitrificati.c;n. In evex:y slide examined the devitri-

fication process was superimposed on a fabric resulting from the weld-

Al

in‘g and distortion of the“pyroclastic material. However, ev.en though
the priﬁary shafd structures have been'modi{ied by devitrific'ation

(fig. lZ), they retain evidence of their origin. Axiolitic,st.ructure
(Zxrkel 1876, p- 167) represents the most common type of devitrifica-
tlon structure seen in these rocks (t’xgs 10 and 13) Aggregates of |
crystobahte(") and feldspar are found in collapsed pumxce fragments '
from the most densely welded pornon of the ignimbrite. Spheruhtes of
the same minerals are also commonly present as products of devxtnﬁ-'

cation.,

Welded Quartz Latite

The welded quartz latite unit, although of pyroclastic origi-ni-a.nd
of thé same composition as the ignimbrite. is separated from it«because'"
of its younger age and dissimilar lithology. ' The u'nitl is uniformly ql;artz
latite in composition and a var‘iety. of welded lithologies are present.

These lithologies vary from crystal-lithic tuff to felsite tuff. The tuffs

of this unit are various shades of pink-orange, gray-brown, and gray.
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Where denscly welded, the units are fairly resistant to weathering and

form blocky angular outerops§ where less welded, they are found'as

" rounded slopes. In some places the quartz latite occupies the same

stratigraphic position as the ignirﬁbrite in that it overlies the andesite

in Juniper Basin and the quartz monzonite north of Mizpah Canyon, Its
thickness is generally Iess than 300 feet.

"Two lithologic varieties crop out in the southwest part of Juniper’

1). A prominent hill is composed lar'gelly of pink-brown, .

Ay . -

Basin (pl.

4
-

moderately welded crystal-vitric tuff containing minute vessicles.

Feldspar and biotite constxtute the bulk of the crystal fragments hthic

fragments are present but not plent)ful Eutaxitic texture can be

detected in hand specimen, but it is not as obvious as with the more

welded varieties. A northwest-striking, southwest{?)~dipping vitro-

phyre probably underlies the above described tuff and separates it from

an apparently older densely welded variety., These c'ons'"pﬁuoﬁsly ‘banded

older(?) rocks axl'e pink to light-brown’, and form prominent, well-jointed
" outcrops,

Other rocks in the quartz latite member appear much like those
of the middle ignimbrite unit.r in that they are densely ‘welded.tuffs with
bundant crystal fragments and conspicuous eutax1t1c texture. At the
mouths of Horse, Crow, and Mizpah Canyons on the western range front

(pl. 1) this unit.is varicolored from light-gray to maroon to dark-brown,

The rocks are densely welded and contain abundent quartz fragments,
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and commonly lithic fragments which seldom exceed

collapsed pumice,

.

1-1/2 inches in diameter. Approximately 98 percent of the lithic frag-

ments are of other volcanic rocks. Some quartz monzonite fragments

are seen, but no sedxmentary inclusions were noted

In the southwest corner of Juniper Basin the qﬁartz latite unit

crops out over an area of approximately one’square mile, There it
.-
overlies the andesite unit to the north and east, and the Pequop Forma-

txon to the west and south No evidence has been found to mdmate that

its margin is anythmg but an erosxonal edge. Also within Juniper Basin,

but to the north (pl. 1), are two small exposures one, 1,000 yards -

‘square, the other, about one-qua.rter square mile, Both outcrops rest

on the andesite; the larger maiy also rest on or be equivalent to rocks of

the ignimbrite. North of Mizpah Canyon (pl. 1) the quar:z latite is

faulted into contact with the quartz monzonite, and apparently overlies

or is equivalent to the ignimbfit:e on the east,

Crow Canyon is faulted down into contact with the quartz monzonite, At

Horse Canyon the quartz latite probably overlies the Pequop(?) Forma-

tion which is in fault contact with the quartz monzonite stock to the east.

At Bellows Canyon and farther south this unit overlies the Permian

limestones,
Thin sections of rocku from the- quartz latite unit exhibit many of

s seen in rocks from the central, densely welded unit

the same feature

of the ignimbrite. The £elsite, referred to above, in Juniper Basm is

The small exposure near . .
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unique in that it contains only 5 percent crystal fragments} In hand

specimen the rock is a min\itely-banded pink felsite which under the

microscope exhibits eutaxitic texture. Devxtnflcatxon has all but obht-

cernible .

erated the original shard structure and microscopically dis

grains of feldspar and cristobalite can be seen. Trichites and skeleton

crystals are common in the glassy groundmass. Most of the crystal

(4

fragmex:ts are plagioclase (Anzg)- Corroded quartz crystals and biotite

make up the remainderg

The quartz latite unit is something of a catch-all and its relations

with other rocks are comp‘ex, therefore, only the most gene'ral estimate

of thickness can be made. Such an estimate would plaee 500 feet as a

minimum thickness, -

Rhyolite
The rhyolite unit is comprised of a flow and welded tuff of limited

aerial extent. The flow overlies the ignimbrite at the mouth of Dolly.

Varden Canyon and is exposed over an area. of half a square mile, An

associated welded equwalent is of about the same extent.

The flow is exposed as blocky outcrops on the hxll south of where

the road enters Dolly Varden Canyon (pl l) and the tuff on a roun

hill one drainage to the south of the rhyolxte. The rhyolite is pmk to

light red with flow banding a conspicuous feature. Around the margin of

the outcrop the flow banding has generally flat dips, but toward the top

of the hill the banding becomes contorted, and at the summit a spectacular

ded -
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flowage syncline, about 100 feet across.ih.as been formed by the

ballooning-out of this viscous flow very near its source. Examination
‘of the flow bands reveals evidenee indicative of the high viscosity of this ’

flow. Bands (on'e -quarter to 1 inch thick), which were less fluid than

others have developed tension cracks perpendicular to the direction of
tlowage. These tension cracks have opened as much as 1/8 inch and

are spaced an inch or two apart thhm the band Blocky outcrops of the

'\

-rhyohte are scattered on the hillside and are cut by small pebble or {
breccia dikes commonly an inch or two across, These dxkes contam .

breccia {ragments of the rhyohte, cemented in a dense calcedomc

matrix. They are respons1b1e for supportmg the outcrops.
The welded rhyohte to the south is cream colored to light pmk
It is poorly exposed except where breccxas cemented by silica, as is in '
.the case of the flow, support smallioutcrops. A slabby to chxp-hke
detritus is produced upon \x}eathering. Within the tuffaceous unit, are
thinly banded welded crystal-vxtnc tuffs, slxghtly pumaceous tuffs, and
vessicular tuffs. The contact between the rhyohte tuff and the rhyolite
flow is gradational and the tufi‘ is.ap_parently an ash-flow associated Wiﬂ'—l'.
the extru;ion of the rhyolite flow. | - J
Near the -rhouth éf Dolly Varden Canyon the rhyolite flow overlies
the ignimbrite, and to the ‘south' the tuff overlies the Iandesite. The unit

has an exposed thickness of 300 to 400 feet and covers an area of aboutp_ .

one square mile,
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Thin scctions of the rhyolite flow exhibit fluidal structure. The

groundmass contains an intimate mixture of microfelsite and micro-

crystall'me patches set in a matrix of ve rmillion, hematitically -stained
glass. Phenocrysts are as large as 1 millimeter and average 0. 1 milli-
meter in diameter. They are comprxsed of sanidine, plagxocl‘ase,’ and

or at least exhxblt such cataclasuc’structures

quartz, and are broken,

as bent twins and undulatory e\ctmctxon. These phenocrysts and the

\

cryptocry stalline ag

gregates constltute about 60 percent of the rock

which was extruded as a (vxscous, crystal mush with a hxgh prooottxon

of solids. Spherulites-with an average size of 0.8 millimeters are B

present as devitriﬁcatxon products.

The ash fall has the same phenocryst mmerals as the flow, but

they constitute only 15 to 20 percent of this rock. They are set in an’

eutaxxnc groundmass ‘of shards and collapsed pumxce fragme.n’t.s which

: ;have length to width ratxos of Z to 1. Hematitically- stamed sphetulitel

are present and JVerage 0 3 millimeters in dxameter. SOme beds are.

s are lined with zeolites. Amygdules of stxlbxte and’

porous and the vug

tridymite\(?) are also found.

Breccia

Outcrops of breccia which contain angular blocks of andesite up _'

to 12 feet in diameter are found aligned on the eastern range front,

nortb of Dolly Varden Canyon. Although the composxtxon of the matrix

may vary slightly from that of the enclosed blocka, it is generally the
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same. This unit probably rci)resents the last stage of the Dolly Ya_rdcn
series. The breccias may in fact be localized a’long fissures which
were the source of much of the rock within thé series.

The brecciag are ma;de dp of an unsorted jumble of large and
small angular blocks;- set in a matrix which is similér in composition

and texture to the blocks. Although some blocks are as large as 12 feet

across, their modal diameter is generaliy between 9 and 12 inches,
¥ . - . . :

The breccia blocks and matrix are composed of brown to tan weathering |
andesite characterized Ys\y the presence of biotite and clear crystal frag-

ments of plagioclase. On fresh fracture this dense andesite is seen to .

be a banded, tan to maroon rock contg.ining amygduieé fillga with silif:a.
The brecﬁcia cfops»out as isc;lated low hills eas't.b‘f the range (pl. l),v‘and
their da'rk color is pa.rticiﬂarly s;f{icing when compared wifh the light
tans and ;eliWs of ;'nost of the né;rby ign_imbrvite. Outcr.ops. stgnd with
lO-to 50 feet of 1eiiéf abox.re the surrouml’mé gray‘els'and ash flows, Two
rows of thesé outcrops are alignedislight‘ly west of north in en ve;heloﬁ'

fashion. This alignment of breccia outcrops is believed to represent a '

 fissure zone. Some of the breccias, in which the maximum size of the

blocks is 5 feet, may“-have moved i short distance;- but occurrences in
which the larger blocks are present are probably.in place as vent or _
fissure breccias. 3 ST |

Bo@ fragments md matrix are banded and in thin section exhibit

fluidal structure. Crystal fragments make up 20 to 25 percent of the
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rock and are comprised of élagioclase (An‘;o - Angg), havi'ngA an ave.rage
gize of 0.8 millimeterg, minor amounts of hornblende and biotité. botix
w.ith flamed rims, and augite, The groundmass is m_adc up of hematitic-
ally -stained glass and devitrification products which incl_ude’ microlites
of fcldspar. Amygdules which may be as large as 3 millimeters are
filled with radial chalcedony, and rimmed with tridymite(?). Abundant

magnetite is-always present as an accessory.
. ,

4
'

Lithologic varieties . The three varicties separated on the ‘map (pl. 1)

represen:t either- lithologic varieti_es of 'the‘ above described pfincipal
units in the volcanic series, or are‘intercalcated withir; or between the.m
at various horizons., Deposits of these Qafie;ies are not intended to be )
correlated \>v.ith one another; however, in spécial cases certain beds,
particularly of tuff, might be equivalent. |

Distinctive light-gray to white well-bedded vitric-crystal tuffs

are found interbedded with, or closely associated with most of the prin="

cipai units. In the western part of Juniper Easin {pl. 1) ‘is a unit up to
25 feet thick, which underlies tﬁe andesite and overlies the Pequopv
Fox:mation. At the south end of the same baéin a 100 foot thick tuff is
the y.ounge st unit the;ré overlying rocks of the andesite a;xd quartz latite
units., In Corral Valley at the ncrth end of the range the v-itric tuff.ov'er-
lies the‘quartz monz‘onite and underlies the ignimbrite,

'I‘h'esve bedded tuffs are usually banded and in south Junii)ér Basin

’

the banding is crenulated and contorted as if the tuff were deposited on

]
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A crystal tuff

a hillside and, before cooling, had slumped down slppe.

resting island-like on the quartz monzonite at the north end of Melrose

- Mountain (pl. 1) is well bedded. This rock is slabby in outcrop (fig. 16)

and has been used as hearth and paving stone by inhabitants of the range.

Thin sections of the pyroclastxc tuff reveal that it may or may

not be welded The welded varieties ex}ublt structures and textures

similar to tuffs of the 1gmmbr1te dcscnbed above. Pumxce fragments

PR
-

which constitute the bulk of the nonwelded or partxally welded tuffs are = - .
: : A

generally not collapsed. These glassy fragments range from 0.1 milli-

meters to 3 millimeters in size and are set in a matrix of shards. -

Broken grains of quarti, plagioclase (An,y - Ah3 1) and biotite are uni-

versally present, and occasionally sanidine is seen. Perlitic cracks

are well developed in some samples and are seen in their incipient

stages in others (fig. 11). Water-laid tuffs have been included with the

The constituents of both are the

ones of pyroclastic origin on the map.
same, and they both occur interspersed throughout the volcanic section,

 The water-laid tuffs commonly contain about 60 percent lithic fragments;

glass and arenite-size crystal fragments in varyxng proportions make

ub the remainder. A water-laid tuff in Spring Canyon (pl. 1), which

rests between Triassic limestone and andesite, exhibits graded bedding,

Graded bedding, cross-bedding, and current ripple marks have been

observed in the tuff on the north side of Dolly Varden Canyon near its

-mouth,
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Figure 16, Well banded crystal-vitric tuff. In detail the banding is
crenulated and its attitude is in part the result of slumping.-

BRS¢
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exposure is probably a lahar,

[

Figure 17. View of block-and-ash-flow showing unsorted material,
variety of clasts, range of clast size, and ash matrix, This
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k-and-ash- flows are typlﬁed by sub-

g. 17,

Outcrops mapped as bloc

angular to rounded blocks and lapilli set in a matrxx of ash (fx

Although these flows may be equxvalcnt in time to umts already described,
\
The locancn of these flows thhm

they are worthy of separate mention.

the volcanic stratigraphy is not always clear and they were probably

4
deposited during several intervals. They reptesent a varlety of depos1ts

which may include true {lows of blocks and ash, lahars, agglomerates,’

and volcanic conglome rates.
A notable example of this type of deposit which probahly repre-

n Spring Canyon 1, 500 feet upstream

sents a biock-and—ash—flow'is £ound i

£rom its junction with Keystone Canyon. An outcrop in the stream

channel reveals an agglomerate which has a light-gray very friable,

hth1c perhte matrix which is roughly strauﬁed Stratlﬁcauon was |

caused by the sorting of the lithic fragments, whxch range in size from

1to5 millimeters from layer to layer. Most of the grains are less than

2 millimeters in diameter. Agglomeritic inclusions of blocks and lapxlli :

have a maximum dimension of 3 feet in diameter, sphericity of 0. 5, and

gular to rounded. At least 11 different lithologies are repre-

\

are sub-an

sented, including 4 inch fragments of pink rhyohte, 5 inch fragments of

hornblende pumice, 8 inch fragments of hornblende andemte, and 2 foot

fragments of hornblende vxtrophyre. '

Another isolated outcrop just 500 feet to the west has blocks as

large as 12 by 15 feet set in a tuffaceous mattrix, The large blocks are




angular, whereas blocks and lapilli in the 6 inch to>

generally sub-angular to sub-round., Fragments of andesite :

The matrix .

k types are present.

common, although many other roc
nd feldspar. No bedding or

crystal tuff containing quartz_.' biotite, a

bandlng could be found in the ma.tnx.

¢
v

In gene ral nd-ash-flows can

the area of exposure of the block -a

T'heir occurrence is limited

- be measured in thousancls of square yards, .

to the southern and southe"astern margm of the volcamc field. Certaxnly v -

flows with huge blocks could not have moved Iar ftom their source.
Vltrophyres and perlites are included in thé glassy units. These '

are easily mappable although their sxgmﬁca.nce 15 not always clear.’
Some of the vitrophyres have defxmte strat:grap}uc posnxon, othérl,w - i

however, seem to crop out at random. Their locatxon is a function of

the degree of welding in that particular area. Perlites are found as .

lithologic varieties of many of the principal units in the volcanic series..

They no doubt formed when their parent material encountered ponds or

damp ground,

Age and correlation ,

From evidence avé.llable in the fxeld rocks of the Dolly Varden

volcanic series can be said to be younger than Lower Triassic and older .

than the main peridd of basin-range faultmg. A Lower Cretaceous i'adlo-

active age date on the quartz monzomte stock raises the lower limit -

txve age. date

somewhat, but since no fossils were found and no radioac




57

from the volcanic rocks has been obtained, more precise dating of this

series is not possible. The writer believes, however, that rocks of this

series were probably contemporaneous, -though by no means contiguous,

- with the ignimbrites and associated flows in southeastern Nevada {Cook,

1961). In the Sheep Pass Canyon area in the Egan Range 100 miles to

the south, an ignimbrite has been dated as approximately 34 million
years (early Oligocene)} by the Potassium-Argon method (Harris, 1959).

Young (1960) described a sequence of ignimbrites(?) and flows in the
central Schell Creek Range which he considers to be of Eocene-Oligocene

age. Volcanic- rocks of the Schell Creek Range have similar gross."

hthology to those in the Dolly Varden Mountains, but they differ in deta.xl

' Data supphed by Armstrong {oral commumcatlon) show Lhat extrusxves

in the eastern Great Basin range in age from 14 to 38 million years,

most of them occurring in the period from 25 to 30 _mxlhon years. Itis

on the basis of the indirect evidence deecﬁbed above that the Dolly Var-

den volcanic series is called Oﬁg_ocené('?).

- The writer believes that thier series, w;xth the exceptipn of the
andesxte which may be eqmva.lent to rocks in the Boone Spring Hxlll,
constitutes a deposit localized within this range, and does x;ot represent

a remnant of a widespread sheet such as those,characteristxc of the ash

flow tuffs in the ignimbrite province south of Ely.
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Sedimcnta}y and Volcanic Rocks of
Miocene(?) - Pliocene(?) Age

General features

Calcareous sediments and restricted flows of volcanic rock some |
of which antedate the period of basin-range faulting, are found in a few
places in the Dolly Varden Mountains. The flows, each covering areas.

of less than half a sqdare mile, are corriposed. of rhyoiite, andesite, and

A
o

basalt, . ' o !
. ) o _ ' ; "

Distribution

~

The volcanic rocks crop out periphefal to the southern part of )
" the range (pl. 1). The sedimentary rocks are found along the northeast

margin of the range.

-Andesite
A small andesite hill south of Tea_kettleﬁ C.anyon on the eastern
range front (pl.- 1) represents the total extent of a late Tertiary flow,
which may have been extruded from a fissure related to thg high angle
faults wﬁibh traverse that area. The rock is dark gray‘, dense, and has
a concoidal fracture. Near the toé of the flow, banding is contorted and
blocks which represent flow breccia are found-. ' Zirkel (in Emmons,

1877, p. 479) describes the rock as being "rich in plagioclase and

' yellow-brown augite'. These phenocryst minerals are set in a ground-

mass of pilotaxitic microlites. Emmons (1877, p. 479) reports a silica
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analysié of 62.46 percent for this rock.

A small and'esi_te flow lqcated on the southwest border of the

range covers a basin-range fault there. Where the flow laps on the

~Pequop Formation a brick-red oxidized margin, which ranges from -

paper thin to 20 feet thick, can be seen.

And'-sues at the southern extremity of the mapped area are part

of the volcanics of the Boone Spring Hills. They are tentanvely mapped

with the younger Tert:-hry group because they are isolated, and their Ty i
. . - 7

relations with rocks of the older Dolly Varden volcanic series are not

known. These andesites may in fact belong with the Ohgocene(") group,

but untxl geologic relatxons in the area south of the Dolly Varden Moun-- _

tains are determmed these scattered outcrops will be called, slmply,

Tertiary andesites, with full knowledge that their exact age 13 not known,
Basalt N
The remnant of a restricted basalt flow is expoaed on the south-

t rests on the quartz latlte urut of the

LN

west margin of the range where i

Dolly Varden volcanic series. The basalt is cut by a high-angle fault.

_ In several outcrops the scoriaceous top of the flow is preserved.

‘Rhyolite

A columnar jointed rhyolite plug has pierced the Ferguson Moun-

tain Formation south of Bellows Canyon near the western range front

{pl. 1). The plug crops out over an ﬁrea of about 2,000 square yards

i
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a.nd has local relief of hp to‘75 fect (fig. 18). ‘The flow associated with
this plﬁg is preserved where it overlies a range boundary fault and the
quartz latite unit of the Dolly Varden volcém_ic series a short dista.mj:e to

the northv;/est of the plug. The contéctﬁ between,thg plug a.nd the enclosing

limestone is complex. Much of the limestone in this part of the range

has been recrystallized and bleached Whether these w1despread thermal

J

effects can be simply attributed to. thxs plug is questxonable. But certain-

ly the sediments pe rxphbral to the plug were thermally metamorphosed,
Encircling the plug is a chllled zone, 5 to 10 feet thick, of felsxtxc rhyo-
lite which 1ncludes fragments of quartz monzonite and marble, Flow
banding within this chilled zone is generally parallgl to time margin-of the
plug. Glass dikes or digtrem-es, not a part of the chilled zone.;pe;etrate
the limestone for distances of up to 40 feet from the plug. - They probably
represent deposits from a gas- charged volatile phaae whlch was liberated
as the plug cooled. The change in lithology between the chilled felsitic .
zon; and tﬁe crystalline rhyolite is-abrupt, taking pla;ce within a few -
inches. Columnar .jointing within the plug is well devélbped, The joints

{fig. 19)_7ate about 2 feet in diameter, and, for the most part, are roughly

perpendicular to the margin of the plug. In one area the direction of

jointing changes from vertical to horizontal in the space of 20 feet (fig. 18).

The rhyolite is composed of phenocrysts of rounded smoky quartz, 1 to

8 millimeters in diameter, euhedral sanidine, up to 1 centimeter long, ~

and some biotite set in a gray aphanitic groundmass. Both the quartz




Figure 18. View of rhyolite plug showing columnar jointing, Note that
the attitude of the joints changes within a few tens of feet. The
" rhyolite -limestone contact is to the left of the highest part of the out-
Crop. )




Figure 19. vCloae.-up of well developed columnar jointing. Columns
have an average diameter of about 18 inches.’

[
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and the feldspar grains are cra_cked.

Calcareous sediments

At the north end of the range a sequence of predbominantly white

sedimentary rocks are conformable(?) on rocks of the Dolly Varden

volcéni'c series. .A thickness of approximately 200 feet is present.

Outcrops are scattered, as most of the formation is covered by

a gravel veneer from-the hlgher volcamc hills. Best exposures are

found along the stream valleys whe re a typ1cal outcrop contains a con-

glomerate, wh1ch ranges from 5 to 12 feet thxck, overlyinga 10 foot

thick tuffaceous, limy aremte, wh1ch in turn overhes a sequence of

marlstones and limestones at least 40 feet thick.’ The conglomerate

contains sub-angular to sub-rounded clasts up to 4 feet in diameter,

. . PN
with an average size of 6 inches or less, in a limy matrix, Pebbles

and cobbles of practieally every olde‘f rock eiposed at this end of the

range are present including quartz_monzonite, vitrophyre, welded

quartz latite, and limestone. The arenite is made of crystal fragments

and smaller shards cemented By carbonate. The _sequence below is

composed of yellow-white, dense, concoidally fr-actuiing marlstoneand

tuffaceous(-?_) lime stone.

Age and correlation

Rocks of this younger gtoup were depomted after the Dolly Yar-

den yolcamcs and prior. to the lake sediments of Plexstocene age. The

L
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sited prior to the period of basin-range .

sediméntary rocks were depo

faulting. The absolute age of these rocks is open to question as.no evi-

dence was found upon which to base an erstimate. Van Houten (1956) has

indicated that during the Mlocene and Pliocene, rocks of a similar

nature were deposxted in north central Elko County.

Thé younger volc¢anic flows on the west side of the range cover

faults whxch cut the older volcanic rocks, and overhe sediments which

i
‘\

were probably not exposed untxl after the period of basin- rémge faulting.

The tops of the flows there, as with the andesite flow south of Teakettle

Canyon, are horizontal, On the basis of the above descnbed structural

and lithologic considerations, the rocks of this younger group are tenta-

tively a_asignéd an age of Miocene(?) - Pliocene(?).

QUATERNARY SYSTEM

The deposits wAithin this system have nog been subdivided on the
map, b}xt include talus and landslide deposits, fan gravels, gravel
venéers on pediment, older and younger stream g-ra;rels, as well as -
earlier, Pleistocene beach, b;x;, and oth:er related lake dei:osits. The
elevation of ti)e highest lake deposits is about 5, 900 feet,

All Quaternary and older deposits are presently being dissected
and entrenched. This change from aggradatib‘n to degradation is prob-

ably a result of over-grazing and of more arid climatic conditions.
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