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INTRODUCTION

In the Yerington district, Nevada (fig. 1), a thick sequence
of Oligocene quartz latite 10 rhyolite ash-flow tuffs lies
unconformably upon Mesozoic basement rocks. These ash-
flow tuffs are overlain disconformably by a unit of dacite
breccias and ash-flow tuffs, which in turn is overlain dis-
conformably or possibly with minor angular unconformity
by Miocene andesites. The Miocene andesites are un-
conformably overlain by 8 to 11 m.y. old fanglomerate and
olivine basalt. As a result of extensive basin-and-range fault-
ing and east-west extension along numerous curved, concave
upward, east-dipping normal faults (Proffett, 1971a, 1972),
the Tertiary section, as well as the pre-Tertiary basement,
is now well exposed in a.number of steeply west-tilted
blocks. The Tertiary section has been divided into several
map units by mapping such exposures in detail at a scale
of 1 inch = 1000 feet. The areal distribution of units, and
lateral variations within them were determined by detailed
mapping of more than 80 square miles, by mapping core
and cuttings from about 100,000 feet of drilling, and by
reconnaissance work in surrounding areas. The units are
grouped into genetically related formations and shown on
a generalized map of the main part of the district (center-
fold). Since many of the formations extend well beyond
the Yerington district (fig. 1), it is thought that published
descriptions and formally established names for the forma-
tions ‘will be- useful -to others working in west central
Nevada. T o s e T

This paper will be concerned with that part of the Ter-
tiary section which is mainly older than basin-and-range
structure. Fanglomerate and basalt, dated 8 to 11 my.
old (centerfold and fig. 2), deposited during basin-and-
range faulting will not be described here.

The entire ash-flow tuff sequence in the Yerington district
has been referred to as the Hartford Hill Rhyolite Tuff
(Moore, 1969), a name first applied in the Virginia City
area. Certain units of the Yerington section may be present
in the lower part of the Hartford Hill Rhyolite Tuff near
Virginia City, but the Hartford Hill includes many units
dated at about 23 m.y., thatare considerably younger than
the Yerington ash-flow tuff section (Bonham, 1969). Since
there are four distinct units in the Oligocene sequence at
Yerington that have differing composition, distribution,
and probably different sOuICes, it has been necessary to
establish new names for these units.

TERMINOLOGY

In this paper an age of 22.5 m.y. is used for the Oligocene-
Miocene boundary (Turner, 1970). To avoid confusion,
rocks that may be close to the Miocene-Pliocene boundary
are referred to by their radiometric age.

The following rock names are used (Williams and others,
1955, p. 93, 121, 126). Rocks with 10 percent or more
total quartz: rhyolite — alkali-feldspar comprises two-
thirds or more of total feldspar; quartz latite — alkali-
feldspar comprises one-third to two-thirds of total feldspar;
dacite — alkali-feldspar comprises one-third or less of total
feldspar. Rocks with less than 10 percent total quartz:
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FIGURE 1. Map of part of west central Nevada showing jocation of
centerfold. Also shown are other locations where the Mickey Pass
—Tutf {M) and Singatse Tuff (S) have been identified, or tentatively
Zgentitied (M2, S, and approximate locations of some right lateral

Walker Lane faults {heavy lines). In most areas where Mickey Pass
Tuftf is shown, both members are present, except 30 miles south of
Yerington (Nye Canyon) where only the upper part of the Guild
Mine Member has been tentatively identified. .

andesite — alkali-feldspar comprises one-third or less of tota.
feldspar. “Total” quartz and feldspar as used here means
phenocryst minerals plus groundmass minerals or norma-
tive minerals in rocks with an aphanitic groundmass. Cer-
tain groups of rocks are referred to by a single name ever.
though the group may contain some rocks of other comp¢-
sitions, as for example the “Miocene andesite” group cor-
tains rocks on both sides of the andesite-dacite boundary.
Some workers us¢ @ chemical classification that subdivides
the dacite field into “rhyodacite” and “dacite”. Therefo::
where chemical analyses are available and indicate 2 dii-
ferent rock name according to the O’Connor (1965, p. B8
classification, it will be indicated in this paper.

The division between ash (tuff if consolidated) and lapil:i
is 4 mm and that between lapilli and blocks (volcanic
preccia if consolidated) is 32 mm (Williams and others.
1955). Tuff containing significant lapilli is lapilli ruft
and that containing significant blocks is tuff breccia. The
term ash-flow tuff will be used here in the sense defined by
Ross and Smith (1961) to designate a rock deposited by 2
w“quee ardente” or “ash flow”. As such the term “ash flow”
may refer to mixtures of ash and lapilli or blocks as well as
just ash, and the term “‘ash-flow tuff”” may designate rocks
that are lapilli tuff or tuff breccia as well as strictly tuff.
Thus the term “ash-flow tuff” is equivalent to the more
preferable term ignimbrite (E. Cook, 1955, 1965; Mackin,
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DESCRIPTION

NAME

Q

WIOCENE 5 3811 MY

7

——
‘,\/

b o o

OLIGOCENE

Alluvium, fangiomerate, sandstone, Iake and flood-
plain deposits.
____—— MINOR ANGULAR UNCONFORMITY e

Flows of pyroxene olivine basalt.

conglomerate, overlain by tanglomerste, in

Coerse basa!
by pobble-cobble conglomerate, sandstone,

turn overlain
snd siltstone.

MAJOR ANGULAR UNCONFORMITY
Flows, breccia, tutf-breccis, sediments, and intrusions of
grey andesite with abundant hornblende of hornblende
and plagioclese phenocrysts. Hornblende pyroxene ande-
sites common in northern Singatse Range. Associsted
intrusions ot hornblende biotite. Dacite quartz porphyry
present.

——

HORNBLENDE
ANDESITE
OF
LINCOLN
FLAT

- EROSIONAL OR SLIGHT ANGULAR UNCONFORMITY

Fiows and breccia of olivine pyroxene basalt.

___————— EROSIONAL UNCONFORMITY

Crysal-rich dacite tufi-breccia, breccia, and ash-flow
tuff with plagioclase, biotite, and pyroxene.

| —— EROSIONAL UNCONFORMITY —

MAP UNIT 10— White to pale-colored crystal-poor,
unwelded tuff, tufi-breccia, and sediments interbedded
with two crystal-poor, pale brown to reddish,poorly
welded tuffs.

BLUESTONE
MINE

| EROSIONAL UNCONFORMITY

MAP UNIT 9 — Brown to red-brown, strongly to
moderately welded, crystal-rich ash-flow tuff with
plagioclase, quartz, sanidine, biotite,and hornblende
phenocrysts and sparse pumice fragments. Relatively
biotite rich.

— ——————

MAP UNIT 8 — Similar to unit @ but with buff -
- —oofor and abundant foreign rock fragmefits. -

———— — e ——

o ———

Single cooling unit

SINGATSE
TUFF

MAP UNIT 7 — White, pale green, Of pale pink rhyo-

litic unweided tuffs and sediments.

MAP UNIT 6 — Buff to lavender to reddish brown
moderately welded, moderately crystal-rich ash-flow
tuff with plagioclase, sanidine, quartz, biotite, and
abundant white pumice fragments.

Cooling
unit

WEED
HEIGHTS
MBR.

MAP UNIT 5 — Rhyolitic sediments.

MAP UNIT 4 — White, poorly welded tuff.

e —

$ EARLY TERTIARY

_——.—_—_———__.——-_—_———_—

MAP UNIT 2 — Brownish-pink t0 lavender-gray
A_cr:vstal-rich ash-flow tuff with sanidine, quartz, -

plagioctase, minor biotite,and large white pumice ’

fragments. Moderately welded. :

MAP UNIT 1 — Crystal-rich, strongly welded, brown
ash-flow wff. Plagioclase, biotite, and pyroxene
phenocrysts at the base become less abundant up-
wards. Sanidine, quartz, some plagioclase, and biotite
phenocrysts are present near the top.

Lower cooling unit

NE
]

MICKEY PASS TUFF

GUILD MI
MEMBE

" EROSIONAL UNCONFORMITY

Erosional remnants of moderately welded ash-flow tuff
with quartz, plagioclase, and sanidine.

BASAL

Flows, breccia, and tuff of pyroxené basalt.

Coarse, unsorted, unstratified jandslide breccia.

TERTIARY
DEPOSITS
(Unnamed

Conglomerate. Well rounded cobbles, pebbles, and
boulders in sandy matrix.

 AARAAAAAAAA MAJOR UNCONFORMITY

Granitic and metamorphic rocks.

Tertiary stratigraphic section for

the Yerington district, Nevada.
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1960; H. Cook, 1968) but the former is used here to con-
form to widespread current usage.
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BASAL TERTIARY DEPOSITS AND THE
EARLY TERTIARY SURFACE

During early Tertiary and possibly Late Cretaceous time
a widespread erosion surface was developed on the pre-
Tertiary rocks of much of Nevada and eastern California
(for example,. Bateman and Wahrhaftig, 1966). The Oligo-
. cene ash-flow. tuff sequence of - the ‘Yerington district was
deposited upon this early Tertiary surface either directly
or, as in the central and northwestern parts of the district,
upon conglomerate and other basal Tertiary deposits which
lie on the early Tertiary surface (centerfold and fig. 2).

Where the basal conglomerate OCCUIS, it ranges in thick-
ness up to 400 feet, but is usually between 100 and 250
feet thick. It consists of about 25 to 30 percent matrix
which is composed of moderately consolidated, poorly
sorted, coarse, angular sandstone and about 70 to 75 percent
well-rounded to subrounded cobbles, coarse pebbles and
boulders, in ill-defined beds 10 feet to more than 100 feet
thick (fig. 8a). It is thought to be of fluviatile origin.

Pre-Tertiary rocks generally comprise about one fourth of
the pebbles, cobbles, and boulders in the conglomerates.
Many of these are of Jurassic granitic and volcanic rocks
and Triassic metasediments and metavolcanics which were
derived from the southern part of the district and the sur-
rounding region. Rock types not found in the Yerington
district, such as various types of chert, chert pebble con-
glomerate, and red quartzite are also present in the con-
glomerate and these are thought to have been derived from
east of the Yerington district.

One-half to three-fourths of the cobbles, pebbles and
boulders consist of nearly fresh pyroxene- of hornblende-
andesite. Boulders and cobbles of basalt and silicic ash-flow
tuff are less common. A K-Ar age date by Geochron of 28.8
m.y. was determined on biotite from an ash-flow tuff
boulder. This would suggest an Oligocene age for at least
part of the conglomerate, if it can be assumed that the K-Ar
age was not reset by heat from the overlying ash flow of the
Mickey Pass Tuff.

Locally the conglomerate is overlain by coarse, unsorted
sedimentary breccia up to 200 feet thick. The fragments in
the breccia are locally derived, and the breccia is thought to
be of landslide origin.

Other basal Tertiary deposits include flows, breccia, and

tuff, up to 350 feet thick, of pyroxene basalt, which locally
is interbedded with and overlies the conglomerate in the
north part of the district. The pyroxene basalt, as well as
the andesite cobbles in the conglomerate, may represent
predominantly andesitic volcanism that took place in re-
gions to the north, northeast and east of the Yerington dis-
trict, before eruption of widespread silicic ash-flow tuffs
(Bonham, 1969, McKee and others, 1971; Armstrong,
1970).
_ Isolated small exposures up to0 400 feet thick of a rhyolitic
ash-flow-tufflocallytie wpon the -early Tertiary Surface, of
on the conglomerate, but beneath the main ash-flow tuff
sequence— These are thought to represent remnants of an
early ash-flow tuff that was largely eroded away before
deposition of the main sequence.

A brick-red colored soil up to a few feet thick underlain
by a red weathering zone up to 150 feet thick characterizes
the early Tertiary surface in many places. This zone may be
developed on bedrock, conglomerate, or sedimentary brec-
cia. Locally it was removed by erosion prior to deposition
of the overlying ash-flow tuffs. It is thought to represent a
period of temperate to subtropical weathering known to

have occurred in early to ‘middle Tertiary time in parts of .
the-western - United States .(Bgtgmanai’\cﬂvﬁahrh‘aftig; 1966)- -

“Detailed mapping of the ash-flow tuff sequence shows
that each ash-flow sheet came to rest with a basal contact
that conformed to the underlying topography and an upper
surface that was nearly horizontal. The ash flows pinch out
against hills that surrounded valleys of larger volume than
the ash flow. That the “pinch-outs” of Tertiary ash-flow
tuff unitsin the Yerington district are due to pre-ash-flow
topography, and not to “running out of gas” at the distal
end of the flow, is shown by several observations: 1) the
abrupt nature of the “pinch-outs”; 2) the uniformity in
thickness of the next overlying unit across the “pinch-outs”;
3) the fact that the attitudes in the units are parallel to the
top of the units rather than the early Tertiary unconformity
(fig. 3); and 4) the presence of boulders and cobbles of pre-
Tertiary rock, derived from the pre-Tertiary hills beyond
the “pinch-outs”, in channels in the tops of units that pinch
out. Thus, the distribution of Tertiary ash-flow tuff units
can be used to determine the topography on the early Ter-
tiary surface.

A geologic map of one of the west-tilted blocks of the
district (fig. 3) shows the distribution of several ash-flow
tuff map units in what was originally an 'approximately
north-south cross section. The trace of the early Tertiary
unconformity on this map, when untilted, nearly represents
an original north-south topographic profile on the early
Tertiary surface. By removing the effects of faulting and
tilting from maps of the various blocks of the district, the
original distribution of the Tertiary units, and the early Ter-
tiary topography thus reflected, has been reconstructed on
a “paleogeologic” and “paleotopographic” map (fig. 4). On
this map the line along which a unit pinches out is approx-
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FIGURE 3. Map of an area one-half mile southwest of Weed Heights, showing pincho
against an early Tertiary hill to the south, and the distribution of basal vitrophyre. R

imately equivalent 10 2 contour line on the early Tertiary
surface. The elevation difference between such-contours is
equal to the thickness of the unit between them. ’
_ _ The-main featuresin ﬂxe;eaﬂyiﬂﬂary-iﬂpggraphﬂﬁcﬂg a
broad eastwest 10 northwest-trending, conglomerate-
covered river valley, bordered by a large mountain mass t0
the south and west. and by hills to the north and east
(fig. 4). The mountain mass was probably the eastern part
of the ancestral Sierra Nevada mountains. Rounded cobbles
of pre-Tertiary rock derived from the mountain mass lie on
the top of the Singatse Tuff north of Gallagher Pass, some
4,000 feet stratigraphically above the river valley of the
early Tertiary surface. Topographic relief on the early Ter-
tiary surface thus apparently exceeded 4,000 feet.

FIGURE 4. (on facing page} Map depicting distribution of Tertiary rock
and extension. The liggs‘}howing pinchout of Tertiary ash-flow tuff units are approximatehj equivalent to

10 basin-and-range $autting, tilting,

topographic contours on the early Tertiary surface. The vertical distance
somewhat variable over the map area. Absolute elevations are not known, but paleoclimatic data based on paleobotany

that the ancestral Sierra Nevada Mountains were 3,500 to 5,000 feet hi

feet deep.

ut of the Guild Mine Member of the Mickey Pass Tuff

OLIGOCENE ASH-FLOW TUFF SEQUENCE
Mickey Pass Tuff

The Mickey Pass Tuff is here named for exposures just
northeast of Mickey Pass in the Singatse Range (section 1;
fig. 5). It is about 2,400 to 2,500 feet thick in its type area
northeast of Mickey Pass (SE%,SIS,T13N,R24E;and SWia,
S18 T13N,R25E, M.D.BM.) but may be over 3,000 feet
thick southwest of the Guild Placer Mines. The Mickey
Pass Tuff contains two major ash-flow tuff cooling units,
with interbedded rhyolitic tuffs and sediments (f1g. 3). The
lower cooling unit, consisting of map units 1, 2. and 3, 1s
designated the Guild Mine Member for exposures 1% miles

units and oeneralized topography on the early Tertiary surface prior

between contours is the thickness of the unit between them, and is
(Axelrod, 1968) suggest

gh and the early Tertiary river valley should have been Jess than 1,000
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Location of present day reference points, shown in the

early Tertiary positions.
"a] Conglomerate covered areas on early Tertiary surface.

Area covered by early Tertiary landslide debris.

Early ash-fiow remnants.

ir A ,/ Line showing position of pinch-out of ash-flow unit against
4" early Tertiary surface. Ash-flow unit covers the area on the

\abeled side of the tine and lies directly upon the early Ter-

tiary surface between this line and any line showing the

pinch-out of an older unit.

Area of early/middie Tertiary surface covered chiefly by
Miocene andesites and tuff and breccia of Gallagher Pass.
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FIGURE 5. Aerial view of the map units in the upper part of the Mickey Pass

Peak (view looking west).

southwest of the Guild Placer Mines (centerfold), and the
upper cooling unit, consisting of map unit 6 is designated
the Weed Heights Member for exposures one-half mile
southwest of Weed Heights (centerfold; fig. 3). Map units 4
and 5 are thin tuffs and sedimentary beds between the two
cooling units, and map unit 7 consists of tuffs and sedimen-
tary beds at the top of the formation (fig. 3). -

Guild Mine Member I -

The Guild Mine Member is 1,700 to 1,800 feet thick near
Mickey Pass, but is up to 2.600 feet thick southwest of the
Guild Mines (section IA; fig. 2). Itis compositionally zoned
from dacite (thyodacite according to O’Connor’s 1965 clas-
sification) near the base, through quartz latite upward to
rhyolite near the top (figs. 6 and 7a; tables 2 and 4). This
ash-flow tuff isrich in crystals (fig. 7) and the compositional
zoning is reflected in modal analyses of the phenocrysts,
determined by point counting samples collected every 100
to 200 feet stratigraphically.

Locally, the basal part of map unit 1 is crowded with
angular to subangular lithic fragments, up to three inches in
size, consisting of rock types found in the underlying con-
glomerate and pre-Tertiary rocks. This lithic-rich basal part
is 0 to 200 feet thick and is yellow-brown to dark-brown in
color. Above this, or lying directly at the base of the unit

10

Tutf and the Singatse Tuff in the type area near Singatse

where the lithic-rich zone is not present, is a discontinuous
black vitrophyre, 0 to 100 feet thick (fig. 3). Strongly
flattened welded shard texture is visible in thin sections of
the vitrophyre. The vitrophyre commonly occurs at the

base of the cooling unit, even where the unit is only a few - -

hundred feet thick, and the top of map unit 1 or some part
of map unit 2 lies directly upon the early Tertiary surface
(fig. 3) (in such occurrences there may be less flattening of
welded shard texture). The virtophyre has commonly been
converted to brown devitrified rock characteristic of the
bulk of the unit (see below), along joints and fractures.
Hence, all but the upper few hundred feet of the cooling
unit might have been vitrophyre before devitrification,
and the present vitrophyre probably owes its preservation
to lack of devitrification near the base of the cooling unit.

The main part of map unit 1 is hard, chocolate-brown
colored, quartz latite ash-flow tuff with small, sparse, well-
flattened, brownish colored pumice fragments and a de-
vitrified groundmass of strongly welded shards. Columnar
jointing, with 30 to 15 foot long by 3 to 15 inch diameter 4
or 5 sided columns, is commonly present (fig. 8b). The
upper 100 to 200 feet of map unit 1 shows some character-
istics of both unit 1 and unit 2. Here, a few white, flattened
pumice fragments are present, phenocrysts are more abun-
dant than in underlying unit 1 (fig. 7a), and the rock is
purplish to lavender in color.
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Andesites of Lincoln Flat
Breccis of Gallagher Pass
Bluestone Mine Tuff
Singatse Tuff

Mickey Pass Tuff
O Weed Heights Member
O Guild Mine Member

- B B4

662 Sample numbers {see Table 2)

Ab

Total Fe as FeO

602X X665

X 67i
X 664

MgO

from the Yerington district plotted on triangular normative feld-

FIGURE 6. Chemical analyses of Tertiary volcanic rocks
spar diagram (a); and on an AFM diagram (b). Both in weight percent. Note trends in the two cooling units of the Mickey

Pass Tuff. Ses table 2 for sample numbers.
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FIGURE 7. Graph showing phenocrysts type and abundances for
the Mickey Pass and Singatse Tuffs. (a) Guild Mine Member (lowe:
cooling unit) of the Mickey Pass Tuff at its type section northeas:
of Mickey Pass. Two thin sections, one paraliel to bedding and on¢
perpendicular to bedding were point counted {400 to 500 points pe’
section) under the microscope for each sample. Refractive index of
glass: sample 292 = 1.498 * 0.002 and sample 267 = 1502 £0.002
Glass R.l. value for 292 is not from that sample, but from a vitro-
phyre developed where that horizon is in contact with the early
Tertiary surface. {b) Weed Heights Member {map unit 6, the uppe’

cooling unit) of the Mickey Pass Tuff at its type section northeast o’
Mickey Pass. (c) Singatse Tuff at its type section near Singatse Peak
Minor hornblende, although it doesn’t show on the graph, is charac
teristic of the unit. Sample S$-28 is shown for reference onh
it was not used to compose the histogram statistics.



Map unit 2 is usually pale brownish-pink to reddish-brown,
or pale lavender in color but may be buff colored due to
later alteration. It has abundant, large, white, flattened
pumice fragments commonly 1 to 4 inches in length, but
rarely up to 12 inches in length (fig. 9). The groundmass is
devitrified and little shard texture is evident (except rarely,
where unit 2 lies directly on pre-Tertiary rocks and a vitro-
phyre is present). The unit has abundant phenocrysts, and
breaks and weathers in a rough, crumbly fashion (fig. 9)-
Unit 2 is commonly a ridge-former (fig. 5).

Map unit 3 is comprised of small, sparse quartz and feld-
spar phenocrysts and rare, unflattened or slightly flattened
white pumice fragments in a porous, chalky, pink ground-
mass consisting of unflattened glass shards. The unit is
tavender to pink at its base and a characteristic deep rose
pink towards its top.

No sharp contacts have been found between map units 1
and 2 or between map units 2 and 3. The contacts between
these units are chosen for mapping convenience only, for
the characteristics of the units change gradationally across a
zone 100 feet or more thick between units 1 and 2, and
several feet thick between units 2 and 3. Phenocryst type
and abundance seems to vary gradationally through the
cooling unit also, at least within the resolution provided by
the sample spacing (fig. 7). A possible welding reversal

occurs locally about 100 feet above the unit 1 to unit 2_

-ontact. Here pumice fragments appear to be less flattened

‘than in Qv_gr_l_y_ingwn"rt*f.; Tocally a tim flow-parting that———
separates’ nearly” identicz “fock. above and below cinbé

found near here, indicating that unit. 2 was deposited by at
least two flows. Except for this reversal, the amount of
welding appears to decrease upward from the strongly
welded base of unit 1 to the moderately welded upper part
of unit 1 and unit 2, to unit 3, the unwelded top of the
cooling unit. No other partings, sorted horizons, dissected
fossil fumaroles, or other evidence of multiple eruptions
have been found in this cooling unit. The size and number
of pumice fragments increase upward, suggesting that gas
pressure was highest during the early part of the eruption.

Differential compaction during welding and cooling over
early Tertiary hills and valleys apparently resulted in 100
to 150 feet of relief on the upper surface of the lower cool-
ing unit. This is suggested by the fact that map units 4 and
5 are only a few feet thick over early Tertiary hills and are
100 to 150 feet thick over early Tertiary valleys.

Throughout the cooling unit feldspar phenocrysts are sub-
hedral, and bipyramidal quartz phenocrysts are rounded
and embayed. Phenocryst size ranges from 0.5 to 2 mm
near the base of unit 1, to 2, or 3 mm in unit 2. These
phenocrysts are almost always cracked or broken, and some
of the phenocryst material consists of angular broken frag-
ments that range in size down to less than one tenth of a
millimeter. Although phenocrysts are little more than half
as abundant in unit 3 as in unit 2, sanidine, plagioclase, and
quartz are present in about the same proportions in both
units. In unit 3, phenocrysts are generally small and broken
and rarely exceed 2 mm in diameter.

The large, white pumice fragments of unit 2 also include
phenocrysts, but these are present in slightly different
proportions than those of the rock as a whole. A typical

FIGURE 8a. Outcrop of early Tertiary conglomerate of the Yering-
ton district.
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FIGURE 8b. Outcrop of Map unit 1. Crude columnar joints trend
from tower left to upper right; bedding dips steaply toward upper
right.

FIGURE 9. Masp unit 2 approximately 150 fest below the top.
Streaky appearance of flattened pumice is accentuated by bleaching
along bedding planes. .
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TABLE 1. K-Ar ages of Cenozoic

rocks from the Yerington district, Nevada.

Determinations by Geochron Laboratories, Inc.
Rock unit Sample no. Mineral Age (million years)
Mickey Pass Tuff
Guild Mine Member 267 Biotite 27.1 (£0.9)
(Map Unit 1) 675 Biotite 28.0(£1.0)
675 Plagioclase 25.1 (£1.8)
Weed Heights Member 661 Biotite 27.8 (£1.0)
(Map Unit 6) 661 Sanidine 26.1 (£0.9)
Singatse Tuff S-29 Biotite 27.2 (£1.1)
S-29 Homblende 31.7 (£1.8)
Tuff and breccia of Gallagher Pass
Pumice block 662 Biotite 24.1 (20.9)
662 Plagioclase 23.6 (£2.0)
Andesites of Lincoln Flat
Porphyritic hornblende andesite breccia just 671 Homnblende 18.7 (£1.9)
above tuff and breccia of Gallagher Pass B 671 Plagioclase 17.0 (£2.5)
Hornblende andesite flow just above porphyritic 665 Hornblende 17.7 (£2.4)
hornblende andesite breccia
Porphyritic hornblende andesite dike—cuts and 602 Homnblende 18.5 (£2.5)
intrudes one of oldest basin and range normal 602 Plagioclase 18.9 (£2.8)
faults in district
Porphyritic hornblende biotite dacite intrusive— 664 Hornblende 18.7 (£2.5)
related to homblende andesite sequence of 664 Plagioclase 18.5 (£2.7)
Lincoln Flat 664 Biotite 14.2 (£0.6)
pumice fragment contains 1 or 2 percent plagibc]ase, 5 or Map Unit 4. i

6 percent sanidine, 8 or 10 percent quartz phenocrysts, and
a trace of biotite.

A little magnetite is present near the base of unit 1 and
decreases in amount toward the top of unit 1. It is generally
absent in unit 2 and 3 where hematite seems to have taken
its place. A little hornblende is sometimes present in the
basal vitrophyre of unit 1 in addition to pyroxene and
biotite (table 4)

The Guild Mine Member of the Mickey Pass Tuff is
present throughout the Yerington district and surrounding
areas except where it pinches out against early Tertiary
topographic highs to the south and southwest, and Tocally
in the north part of the district (fig. 4). In most places
where the Guild Mine Member has been identified outside
the Yerington district, only the upper few hundred feet is
present; the base usually lies directly on pre-Tertiary. rocks.
The full thickness of the unit is evidently only developed
over the deepest part of the early Tertiary river valley
previously described. Variations in certain field character-
istics have been observed in some areas, as in the northwest
Gillis Range, where the upper several hundred feet of the
unit is redder in color than at Yerington and weathering
has created many small caverns sub-parallel to bedding.

K-Ar ages of 27.1 (¥0.9) m.y. and 28.0 (¥1.0) my. on
biotite, and 25.1 (¥1.8) m.y. on plagioclase, all from the
basal vitrophyre of map unit 1 of the Guild Mine Member
of the Mickey Pass Tuff, have been determined by Geo-
chron Laboratories and indicate an Oligocene age. The
paleomagnetic polarity of the unit is normal.
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This unit disconformably overlies the Guild Mine Member.
A few feet of erosional relief was developed locally on the
surface of the Guild Mine Member, and a few thin lenses
of "conglomerate Or rhyolite tuff were deposited on this
surface before deposition of unit 4. Some of the conglom-
erate contains boulders of pre-Tertairy rock derived from
early Tertiary hills to the south. Map unit 4 ranges from 25
to 100 feet thick over most of the district, but thickens to
about 200 feet in the north part. The unit is absent in the
westernmost part of the district (Buckskin Range) where
map unit 6 lies directly on the Guild Mine Member.

Map unit 4 isa white, poorly welded, moderately lithified,
rhyolite ash-flow tuff. Locally there is a thin vitrophyre at
the base. Occasionally thin interbeds of white volcanic
sandstone are present in unit 4, indicating that it was
deposited by multiple, small, closely spaced ash flows. It
commonly weathers to a crumbly material and underlies
valleys or saddles.

Map unit 4 contains about 1 percent of dark lithic frag-
ments up to 2 cm in size. It contains 2 to 5 percent white
to buff-colored pumice fragments that are generally slightly
flattened and usually oriented sub-parallel to bedding.
Original pumice structure is commonly preserved. Map unit
4 contains about 3 percent plagioclase phenocrysts, 8
percent sanidine phenocrysts, 6 to 7 percent quartz pheno-
crysts, and less than 1 percent biotite. The groundmass
consists of undeformed or slightly deformed devitrified
glass shards and bits of pumice in a structureless devitrified




matrix that was probably originally glass dust. The index of
refraction of the glass in the vitrophyre is 1.485 1 0.002.

Map unit 4 may represent mild volcanism during the
period of general quiescence between the eruptions of the
Guild Mine Member and the Weed Heights Member, or
perhaps it may be the thin edge of an ash-flow tuff sheet
which is more extensive and thicker to the east.

Map Unit §.

This unit consists of thin lenses of rhyolitic sediments.
Maximum thickness is about 100 feet but commonly its
thickness is only 10 to 20 feet, and in some areas it is miss-
ing altogether. The unit consists mainly of beds of reddish-
stained, coarse, volcanic sandstone and fine, angular con-
glomerate alternating with beds of white, thin-bedded,
fine volcanic sandstone and siltstone. A few ash-flow tuff
‘interbeds up to 5 to 6 feet thick similar to unit 4 occur
locally.

The red volcanic sandstones consist largely of angular
sanidine, plagioclase, and quartz crystal fragments and
rhyolitic lithic fragments. The thin-bedded, white sand-
stone and siltstone consist of well-sorted, angular fragments
of quartz, sanidine, plagioclase, and glass shards, some of
which are devitrified. Minor biotite and rarely hornblende
and pyroxene are present.

~The lack of petrified wood or soil horizons associated
with unit 5 suggest that the time break between units 4
-- and 6 may not have been very long. The lateral persistence
of unif 5 suggests that the surface upon which it was
deposited was relatively flat.

Weed Heights Member.

The Weed Heights Member of the Mickey Pass Tuff,
(section IB) map unit 6, is about 400 feet thick near
Mickey Pass, but thins gradually to the north and is only
100 to 200 feet thick in the northern part of the district.
It attains a maximum thickness of 500 to 600 feet in part
of the area immediately west of Mason. It is generally 300
to 400 feet thick along the east margin of Mason Valley.

Map unit 6 commonly has a vitrophyre at its base. This
vitrophyre is light gray and perlitic and is 5 to 10 feet thick
near Mickey Pass, but is medium to dark gray and up to 20
feet or more thick in the northern part of the district and
along the east margin of Mason Valley. The lowest 20 to
100 feet above the vitrophyre is commonly light buff or
gray. Above this the color is lavender to lavender-gray
changing upward to pinkish-brown or reddish-brown
towards the top. The uppermost part of map unit 6 is a
dark pink or hematite red color but in some areas where the
unit is thin, the pink or red top is absent, and was appar-
ently removed by erosion before deposition of map unit 7.

Map unit 6 is a prominent ridge former and it sometimes
exhibits crude columnar jointing resulting in columns
several tens of feet long by several feet in diameter (figs. 5
and 10). The unit breaks along fractures that vary from
moderately smooth to rough. The surfaces of weathered
outcrops are usuzlly covered with a thin skin of hard
reddish-brown siliceous material.

Careful examination of excellent exposures (figs. 5 and
10), continuous across nearly 400 feet of stratigraphic
thickness, revealed no partings, sorted horizons, or dis-
sected fumaroles that would indicate multiple eruptions.
This suggests that map unit 6 was deposited during one
continuous or nearly continuous eruption. Small fossil
fumaroles were found in the unwelded red hematitic top.

Lithic fragments make up less than 2 to 3 percent of the
rock and usually are less than 1 or 2 cm in size, although
rarely, lithic fragments of volcanic origin 5 to 15 cm in
size are present. An abundance of small, white. flattened,
pumice fragments characterizes unit 6 in most of the
district (fig. 11). These increase in abundance upwards, and

- in the lavender-gray to reddish-brown colored zones, 5 to

10 percent or more of them are present and are mostly 0.5
to 2 cm in maximum dimension by 0.1 to 0.3 cm thick.
Rarely, pumice fragments up to a foot in length are present
near the center of unit 6.

Based on the flattening of glass shards and pumice frag-
ments, unit 6 appears to be moderately welded throughout
most of its thickness. The strongest welding is generally at
the base, and decreases gradually upwards. The top few feet
are generally unwelded to very poorly welded; here glass
shards and pumice fragments are generally undeformed.
Welding appears to increase to the north, northeast and

——east, where pumice fragments are: mure-ﬂattened and larger

T imlongest dimension. ~ """
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Type and abundance of phenocrysts in unit 6 are shown
in fig. 7b. In addition to the phenocrysts shown in the
graph, ferrohypersthene is found in the vitrophyre. The
average composition of zoned plagioclase is andesine
(Ango—as). Glass from the vitrophyre has a refractive
index of 1.497 * .002. Composition of the unit varies from
silicic dacite (quartz keratophyre according to O’Connor’s
[1965] classification) in the basal vitrophyre through
quartz latite (rhyolite according to O’Connor’s classifica-
tion) to rhyolite at the top (figs. 6 and 7b, tables 2 and 4).
The phenocrysts reflect this variation, just as in the lower
cooling unit. The base of unit 6 has sparse magnetite,
which decreases upward, with only hematite at the top.

Quartz phenocrysts are rounaed and embayed bipyramids
and feldspar phenocrysts are subhedral, but all of the
phenocrysts are fractured, and much of the phenocryst
material consists of broken fragments of quartz and feld-
spar. The groundmass consists of flattened glass shards that,
except in the basal vitrophyre, are devitrified. Locally the
vitroclastic texture is accentuated by the devitrification
products which in these localities consist largely of radi-
ating fibrous clumps of feldspar, cristobalite, montmoril-
lonite, and quartz. Elsewhere devitrification products are
very fine and equigranular; quartz is present instead of
cristobalite.

The Weed Heights Member of the Mickey Pass Tuff
extends throughout and well beyond the Yerington district
(fig. 1), except where it pinches out against pre-Tertiary
topography.

K-Ar ages of 27.8 (¢1.0) m. y on biotite and 26.1 (x0.9)
m.y. on sanidine (table 1) from the basal vitrophyre of the
Mickey Pass Member are nearly indistinguishable from K-Ar




TABLE 2. Chemical analyses of Tertiary volcanic rocks from the Yerington district, Nevada—Oligocene ash-flow tuff sequence
ample 675 270 295 661 300 277 $29() 529() 673 672 662 666

03 64.63 6893 7195 67.69 70.36
02 0.58 0.23 0.14 0.50 0.41
1,04 16.25 1267 11.48 16.37 15.27

;03 2.31 1.47

'O 1.18 0.13 0.00 0.66 0.16
L°;‘e‘fga 157 1u 221
MnO 0.07 0.11 0.06 0.04 0.06
MgO 1.12 0.30 0.09 0.64 0.29
(o] 3.06 1.09 0.71 2.52 1.79
Na,0 4.00 2.70 292 4.14 3.13
K,0 4.01 435 4.06 3.36 4.81
H,0" 2.62 1.62 0.92 255 1.44
H,0" 0.76 NA NA NA NA
P05 0.16 NA NA 0.10 NA
CO, 0.03 0.3% 0.40 0.08 0.53
St 0.051 0.009  0.007 0.042 0.031
Rb 0.013 0.018 0020 0.019 0.016
Zr 0.016 0.012 0011 0.013 0.014
Ba (0.0010  NA NA (0.0010 NA
S 0.03 0005 0.013 Ts 0.008

S

Total 100.07 94.00 93.89 100.15 100.38

Analyses by Harold A. Vincent, Chief Chemist, and V.

1970, 1971, and 1972. Nur=bers 675, 661,5-29(a), 672, 662,2nd 6
X-ray fluorescence. Numbers 270, 295, 300, 277, $-29(b) and 673 by X-1ay fluorescence except MgO and Na,O by fla

method; FeO. CO,, H2O'r and S by wet chemical methods. NA — not analysed for.
th of Weed Heights and northwest of Mason. Coll. by L. L. Gustafson. 270. Guild Mine Mem-

om canyon 4,000 feet northeast of Mickey Piss. 295. Near top of map unit 2, Guild

by colorimetric
Guild Mine Member, Mickey Pass Tuff, from sou
ber, Mickey Pass Tuff, ma? unit 1, 550 feet above base. FI

Mine Member of Mickey Pzss Tuff. From canyon 3,700 feet portheast of Mickey Pass

Mickey Pass Tuff. From rnorth of Gallagher Pass. 300. Near base of Weed Heights Member of Mickey Pai
Near top of Weed Heights Member, Mickey Pass Tuff. 3,500 feet north of Mickey Pass. S-29. Singatse Tuff, ridge

east of Mickey Pass. 277.

forming part of map unit
Mine Tuff, map unit 10A. Poorly welded, lithified vitric lapilli-

P. Rippee, D. L. Gustafso=. and J. proffett. 672. Bluestone

feet north of Mason valizv Mine. Collected by L. P Giovacchini, P. Rippee, D. L. Gustafson and 1
ce block in tuff-breccia from {uff and breccia of Gallagher Pass. From north of Gallagher Pass. 642
sanidine phenocrysts, from west of Singatse Peak.

pumi
kaolinized plagioclase, an 2 sparse

ages on the Guild Mins Member and indicate an Oligocene
age for these units. Both members of the Mickey Pass Tuff
could be very close ir. age. They ar€ similar in composﬁion
and in zoning, and mzy be genetically related. Map units 4
and 5, which lie between them, could have been deposited
in a short time intervz..

Map Unit 7.

This unit consists of a thin sequence of sedimentary and
volcanic rocks similz7 in composition 10 unit 6. It ranges in

thickness from about 50 to 200 feet; its average thickness
is about 150 feet. Rock types present are grayish-green 10
reddish-brown rhyolitic sandstone and siltstone, white,
gray, and greenish sir-fall tuff and pisolite tuff, rhyolitic
sedimentary brecciz. and white to pale green, unwelded,
pumice tuff-breccizs and lapilli tuffs that may be pumice
lahars of unweldeZ ash-flow tuffs. The unwelded pumice

< about one-third to one-half of the way above base. Churchill Canyon, 70: feet SSE of Sario .
tuff. A few hundred feet north of Masor. valley Mine. Coll. by L. P. Giovacchini,

Mine Tuff, map unit 10B. Poorly welded, Ethified vitric lapilli tuff. A few hundred

73.07 67.59 68.06 75.64 75.84 63.70 70.52
0.20 0.46 048 0.24 0.22 0.68 0.47
12.38 15.50 14.28 12.6] 11.57 15.61 14.18

2.9 1.06 2.26 2.31
0.15 022 0.0~ 0.00 1.28 0.28
1.26 3.03 2.83 1.2¢ 1.06
0.05 0.16 0.16 0.03 0.03 0.08 0.02
0.09 1.07 1.14 0.05 0.04 1.82 0.35
1.11 2.53 2.40 1.24 0.29 4.05 0.62
3.56 3.65 3.32 242 1.54 4.68 1.21
4.35 421 4.09 6.20 6.12 3.92 6.86
0.64 0.72 1.60 0.82 191 2.00
NA NA NA NA 0.66 0.43 0.38
NA 0.12 NA 0.05 0.20 0.13
0.56 0.49 1.08 0.33 0.10 0.06
0.014 0.040 004  0.003 0.061 NA
0.017 0.014 ¢025 0.024 0.013 NA
0.012 0.011 0040 0.040 0.0088 NA
NA NA NA NA NA {0.0010 NA
0.035 0.01 0.036 0.006 0.02 0.03

—— —

g

97.34 99.59 98.18  10i.89 97.91 100.38 99.04

C. Petersen and J. Cardwell, Chemists, the Anaconda Company, Salt Lake City, Utah,
66 by classical chemical whole yoct analysis except Sr, Rb, Zr, and Ba by

me photometry; MnO
¢5. Vitrophyre at base of map_unit 1,

_661. Vitrop=yre at base of Weed Heights Member,
< Tuff. From canyon 3,500 feet north-

s Well. 673. Blueston¢

Proffett. 662. Biotite pyroxene dacite

_Tertiary silicic intrusive, with biotite,

tuff-breccias contain pheaocrysts of plagioclase, quartz, and
sanidine, and less than i percentbietite in a glassy rhyolitic
matrix. The sediments zre in beds usually less than 5 to 10
feet thick, and the u-welded tuff-breccias are in beds
generally less than about 20 feet thick. Unit 7 underlies
valleys and saddles anc does not form prominent outcrops.

Map unit 7 contains Zossil plant remains about 1,500 feet
$20°E of Singatse Pez.. just below the base of the Singatse
Tuff. These include st:2Ks, Jeaves, and seed impressions in a
fine-grained, pale-gray. poorly bedded, biotite-ich, rhyolitic
water-aid or air-fall tuff associated with 3 lignitic bed.
Leaves of unidentifiel species of oak and other broadleaf
{rees were found alozg with acorns, leaf fragments resem-
bling juniper, and reel-like stems. Silicified wood is present
here and is abundar: in many other localities in unit 7.
Specimens diagnostic of age have not been identified, but

the implications of = fossil forest plus the local presence of
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possible fossil soil horizons suggest that map unit 7 repre-
sents a relatively long time span between the eruption of
map unit 6 and the Singatse Tuff, compared to the time
span between the two member units of the Mickey Pass

Tuff.
Singatse Tuff

The Singatse Tuff, named for exposures on Singatse Peak
in the Singatse Range (fig. 5), consists of a single ash-flow
tuff cooling unit 800 to 1,500 feet thick, which overlies
the Mickey Pass Tuff without angular discordance. The
type area is just north of Singatse Peak (section 1I; S13,
T13N,R24E, M.D.BM.) (centerfold and fig. 5), and an
additional reference section (section IIA) is designated 8
_.miles S74E of-Yerington (N%,836,T13N,R26E, M.D.B.M.).
The Singatse Tuff is divided into map units 8A, 8, and 9.
Map unit 8A is O to 100 feet thick and constitutes the base
of the cooling unit between Singatse Peak and Mason. It is
usually brownish-gray in color and forms prominent out-
crops. Map unit 8, which is buff in color, and rich in lithic
fragments forms the base of the cooling unit except where
it is underlain by unit 8A. Unit 8 varies from 100 to 200
feet in thickness. It forms small rounded crumbly outcrops
near the base of slopes formed by unit 9, or more com-
monly is covered by detritus from unit 9. Unit 9, which
forms the main part of the Singatse Tuff ranges in thick-

ness from about 700 to 1,200 feet. It is medium-brown,
pinkish-brown, or lavender-gray at the base and center and " -

changes to lavender -near the top.-The upper 10 to 50 feet
is bright reddish-brown or hematitic-red, but is commonly
missing, apparently due to erosion that preceded deposition
of the overlying Bluestone Mine Tuff. Unit 9 is the most
prominent ridge former of the Tertiary section and forms
much of the backbone of the Singatse Range from Singatse
Peak north. No vitrophyres are known in the Singatse Tuff
in the Singatse Range, but at the reference section south-
east of Yerington black, glassy, flattened pumice fragments
are present in map unit-8. Flattening of glass shards and
pumice fragments shows that the lower part of the cooling

—-unit-is ‘moderately to strongly welded with the strongest

welding about one-third to one-half of the way above the
base of the cooling unit, coinciding with the most promi-
nent ridge forming horizon. Welding is moderate above this
zone except for the top 50 to 100 feet which is virtually
unwelded. ’

The change from unit 8A to unit 8 and from unit 8 to
unit 9 takes place over a stratigraphic distance of a few feet
to a few tens of feet; abrupt changes represented by sharp
contacts have not been found. Unit 8A probably represents
a separate ash flow that slightly preceded units 8 and 9. A
sorted horizon about a foot thick approximately in the
middle of unit 8 indicates that unit 8 was deposited by at
least two flows of identical composition but slightly sepa-
rated in time. Other than this, no partings, sorted horizons,
pumice lump horizons, welding reversals, dissected fossil
fumaroles or other evidence of multiple eruptions have
been found within the Singatse Tuff. Exposures are not as
good as those of the Mickey Pass Tuff, however, and it is
not yet certain if map unit 9 represents a huge continuous
eruption or a few large multiple eruptions.
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FIGURE 10. Careful examination of these outcrops &f map unit 6,
which afford excsilent continuous exposures of about 400 feet of
thickness, revealed no “’partings” indicative of muitiple flows.

white, flattened, pumice fragments. Large oval pumice fragment in
tower right is 1-5/8 inches in long dimension.

FIGURE 12. Outcrop of map unit 8, viewed looking north. Bedding
is paraliel to head of pick. Crude columnar jointing is parallel to
pick handle.



Coarse columnar joints several tens of feet long bylto5

feet in diameter are present locally in the upper part of

unit 8 and the lower part of unit 9. Map units 8A and 9
are lithologically very similar and in both, outcrops com-
monly display a thin skin of a dark-brown siliceous material
due to weathering.

Unit 8A contains about 5 to 10 percent foreign lithic
fragments that rarely exceed 1 Of 2 cm in size. Unit 8
contains 10 to 30 percent angular to subangular foreign
lithic fragments that vary from 1 mm to 10cmin size (fig.
12). These fragments are dominantly of volcanic rocks,
including andesite and rhyolite, but metamorphic rocks,
limestone and granitic rocks are also present. The amount
of lithic fragments decreases gradually over a distance of a
few tens of feet at the contact with unit 9 such that unit 9
generally contains less than 5 percent lithic fragments. The
entire cooling unit has 2 to 4 percent of white, buff, or gray
flattened pumice fragments 2 mm to 2 cm in largest dimen-
sion. In unit 8 these are commonly weathered out of out-
crops, apparently because they have been altered to clay. In
much of unit 9, pumice fragments are rather inconspicuous
and of somewhat irregular shape, making it difficult to
obtain foliation attitudes.

Phenocryst abundance (fig. 7c) is fairly uniform through-
out most of the cooling unit. There is a slight tendency for
phenocrysts 10 be more abundant about one-half of the
way above the base, probably due to stronger welding and
less dilution from lithic fragments here. The upper 75 feet
of unit 9, however, has-considerably less phenocrysts than

the rest of the unit, though the different types ofpheno--

- crysts are present in roughly the same pr’(’ipOrﬁon‘jﬁn‘the
rest of the unit (fig. 7¢). This is due in part at least to lack
of welding. In addition t0 the phenocrysts shown in figure
7c, % to 1 percent green hornblende is characteristically
present in the Singatse Tuff. Much of the hornblende is
altered near Singatse Peak but is fresh and can be seen in
hand specimien in most areas, including the reference sec-
tion southeast of Yerington. Rarely, a trace of pyroxene is
present in the Singatse Tuff. The average composition of
zoned plagioclase is about Anso- The Singatse Tuff con-
tains about 0.5 percent of less of magnetite as small pheno-
crysts and microlites in the groundmass. The index of
refraction of glass from unit 8 at the reference section
southeast of Yerington is 1.498  .002. The composition of
the Singatse Tuff is quartz latite (rhyolite according to
O’Connor’s 1965 classification) and is more mafic than the
Mickey Pass Tuff (figs. 6 and 7b; tables 2 and 4).

Quartz phenocrysts are 2 to 3 mm rounded and partially
resorbed bipyramids; feldspar phenocrysts aré 2to 3mm in
size and subhedral, but these phenocrysts aré usually
broken. Some of the quartz and sanidine phenocrysts are
smoky-colored of stained yellowish of reddish-brown.

The groundmass is made up largely of devitrified glass
shards generally less than 0.1 mm in size. Devitrification
products are very fine-grained, low birefringence material,
consisting of feldspar, quartz, montmoritlonite, and prob-
ably cristobalite.

The Singatse Tuff occurs throughout and well beyond the
Yerington district. It pinches out 10 the south and south-
west against an early Tertiary mountain mass (fig. 4). The
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Singatse Tuff has been identified or tentatively identified
at a number of localities well outside the Yerington district
during reconnaissance work (fig. 1). At most of the local-
ities specimens have been collected and point counted
under the microscope, and found to closely resemble the
Singatse Tuff at Yerington.

A K-Ar date of 27.2 (1.1) m.y. on biotite from the
Singatse Tuff falls within the spread of K-Ar ages on the
Mickey Pass Tuff, but the 31,7 (£1.8) my. K-Ar age
on coexisting hornblende is considerably older (wable 1).
The Singatse Tuff has normal paleomagnetic polarity.

Bluestone Mine Tuff

The type area (centerfold) of the Bluestone Mine Tuff
(map units 10, 10A, 10B) is just east of the Biuestone
Mine (NW%,S32,NE%,S31 ,SE%,S30,SWV4,S29,T13.\‘,R25E,
M.D.BM.). Here exposures are good enough that some of

_the main features of the unit can be seen on ERTS photos.

Devitrification is strong in the type areas as in most of the
Singatse Range. A reference section (section I11A) that

TABLE 3. Chemical analyses of Tertiary volcanic rocks from
the Yerington district, Nevada—Miocene andesites of Lincoln Flat
Sample
602 664 665 671

Number

Si0, 59.04 62.19 59.47 58.92
TiO2 0.63 0.62 0.88 0.81
"Al, 03 17.92 16.94 17.40 18.29
Fe,03 431 - 318 a9 3.68
FeO ' 114 08T 1.07 ° 1.21
MnO 0.12 0.11 0.09 0.05
MgO 2.24 243 2.53 2.02
Ca0 5.22 496 6.40 5.62
Na,0 411 4.70 4.60 4.87
K,0 3.19 2.40 1.38 21
H,0" 1.36 0.71 1.68 0.44
H,0 1.1 0.67 1.58 0.22
P,0s 0.24 0.28 0.34 0.34
CO, 068 . 0.25 0.15 0.24
St 0.055 0.098 0.138 0.133
Rb 0.008 0.005 0.00:3 0.005
Zr ~0.004 0.003 0.00% 0.006
Ba B NA NA NA NA
S T 0.02 0.06 0.01 0.06
Total 100.21 99.78 100.09 99.3

Analyses by Harold A. Vincent. chief chemist, and V. C. Petersen,
chemist, of the Anaconda Company, Salt Lake City. Utah, 1970 and
1971. Analyses are by whole rock wet chemical techniques, except
for Sr, Rb, and Zr which are by XRF. 602. Tertiery porphyritic
hornblende andesite intrusion with plagioclase phenocrysts. From a
dike that cuts and intrudes a flat normal fault south of Gallagher
Pass. 664. Tertiary porphyritic hornblende biotite dacite intrusive
with quartz eyes and abundant plagioclase phenocty sts, from west

part of Yerington district. 665. Tertiary hornblende andesite flow

with microphenocrysts of plagioclase and clinopyroxene from west
of Singatse Peak. 671. Tertiary porphyritic hommblende andesite
with abundant plagioclase phenocrysts from blok in extrusive

breccia, west of Mason.
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shows the tuff where it is less devitrified is designated
7% miles S71E of Yerington. The Bluestone Mine Tuff
(consists of crystal-poor rhyolitic vitric tuffaceous rocks)
and related sedimentary rocks. It overlies the Singatse Tuff
without angular discordance, but its lower contact is
slightly irregular due to erosion of the Singatse Tuff before
deposition of the Bluestone Mine Tuff, and its upper con-
tact is even more irregular due to erosion before deposition
of the overlying units. The Bluestone Mine Tuff averages
about 500 to 600 feet in thickness, but it ranges in thick-
ness from about 250 to about 900 feet.

Most of the unit is easily weathered and eroded and
underlies saddles and valleyvs, but there are two thin, well
lithified ash-flow tuffs that are ridge formers (map units
- 10A and 10B).

The dominant rock type in the Bluestone Mine Tuff is
unsorted. unwelded to poorly welded pumice tuff-breccia
that is white, pale buff, pale green, or pale pink in color
(fig. 13). These deposits are in beds a few feet to a few tens
of feet thick. They contain 10 to 30 percent of unflattened
to slightly flattened fragments of pumice with less than 1
percent sanidine and plagioclase-phenocrysts, 5 to 10 per-
cent dark lithic fragments less than 1 c¢m in size, about §
percent crystal fragments including plagioclase, quartz,
sanidine, and less than 0.5 percent biotite, in a partially
devitrified groundmass containing abundant undeformed
glass shards. Thin beds of fine- to medium-grained crystal-

- vitric ‘and vitric tUff of air-fall or water-deposited origin

‘are also present. These are usually light-colored and poor in
crystals, but 75 feet above the base of the unit a-20 foot
thick bed of purplish-gray tuff was found which contains
about 30 percent plagioclase crystal fragments and minor
sanidine, biotite, pyroxene, and iron oxides in a matrix of
undeformed glass shards. Well-bedded sandstone and silt-
stone of dominantly rhyolitic composition occur in beds a
few feet thick throughout the unit. The lower-most of the
two lithified ash-flow tuffs (map unit 10A), is 75 to 100
feat above the base of the formation and is 100 to 150 feet
thick in the type area. It is generally brownish to bright
brick-red in color. It contains only 1 percent sanidine
phenocrysts, less than 1 percent quartz phenocrysts, and no
plagioclase. The only mafic minerals are a trace of pyroxene
and iron oxide. The rock contains 1 or 2 percent pale pink
or brown devitrified, flattened pumice fragments. The
remainder of the rock consists of flattened, devitrified glass
shards. The uppermost of the two lithified ash-flow tuffs
(map unit 10B) occurs 250 to 300 feet above the top of
map unit 10A, and is about 150 feet thick in the type area.
It is brown to reddish-brown in color. It contains 3 to 4
percent quartz phenocrysts, 3 to 4 percent sanidine pheno-
crysts, no plagioclase, and a trace of biotite and oxy-
homblende. The quartz and sanidine are in well-formed
euhedral crystals that are commonly broken, and only
part of the quartz bipyramids are rounded and embayed.
The rock contains moderately flattened, white, buff, or
pink devitrified pumice fragments. The groundmass consists
of unflattened to partially flattened glass shards, indicating
that this ash flow is only poorly welded. Unflattened shards
can be seen with a hand lens.
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At the reference section southeast of Yerington pumice
fragments and shards are still glassy in most of the Blue-
stone Mine Tuff including map units 10A and 10B.

The Bluestone Mine Tuff is poor in mafics as well as other
crystals and is chemically potash-rich rhyolite (fig. 6, tables
2 and 4).

Fragments of petrified wood occur at many localities in
the Bluestone Mine Tuff, but no identifiable fossils have
been found. K-Ar dates from the units above and below the
Bluestone Mine Tuff bracket its age as between about 23
m.y. and about 26 m.y., or late Oligocene. It is interesting
to note that crystal-poor ash-flow tuff of this approximate
age, such as the Shingle Pass Tuff and parts of the Bates
Mountain Tuff (McKee and Stewart, 1971; Ekren and

=others, 1974) are widespread in central Nevada, though no

correlations with the Bluestone Mine Tuff are attempted at
this time,

Tuff and Breccia of Gallagher Pass

A sequence of dacite tuff, tuff-breccia, and welded tuff
with plagioclase, biotite, and green augite as the main
phenocrysts, overlies the Bluestone Mine Tuff and is named
for exposures north of Gallagher Pass. The contact between
the Bluestone Mine Tuff and the tuff and breccia of Gal-
lagher Pass is a disconformity representing a few tens to a
few hundred feet of local relief developed by erosion after
-deposition of the Bluestone Mine Tuff. There is no evidence
in-the Singatse Range or surrounding area for an angular
unconformity at this contact. Near the Bluestone Mine,
beds of rhyolitic detritus derived from erosion of the Blue-
stone Mine Tuff are locally interbedded with the lower part
of the tuff and breccia of Gallagher Pass. In a few places the
tuff and breccia of Gallagher Pass are missing, apparently
due to its removal by erosion before deposition of the over-
lying Miocene andesite. In most of the Singatse Range the

~ tuff and breccia of Gallagher Pass ranges from 200 to 500

feet thick.

There is considerable lateral variation in the tuff and
breccia of Gallagher Pass in the Singatse Range. North of
Gallagher Pass, a 300 to 400 foot thick section of unwelded
pumiceous tuff-breccia is overlapped to the north by a 200
foot thick welded tuff. The tuff-breccia contains 10 to 20
percent of undeformed lapilli and blocks of gray, glassy
pumice, containing plagioclase, biotite, clinopyroxene,
orthopyroxene and iron oxide phenocrysts (fig. 14). About
one-third to one-half of the volume of the pumice frag-
ments is void. Recalculating volume percentage estimates of
the components of these fragments without including the
voids indicates that 30 to 35 percent is plagioclase pheno-
crysts, 5 to 10 percent is biotite phenocrysts, 2 to 3 percent
is pyroxene phenocrysts, 1 to 2 percent is magnetite pheno-
crysts, and 55 to 60 percent is glass. Traces of apatite
prisms and quartz are present in the pumice fragments, but
no trace of sanidine was found. Plagioclase phenocrysts
are strongly oscillatory zoned from calcic andesine to sodic
labradorite, and have an average composition of about
Anso. The index of refraction of the glass is 1.497 + .002.
A chemical analysis of one of the pumice blocks (tables 2
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TABLE 4. CIPW norms and modal analyses of Tertiary volcanic rocks from the Yerington district, Nevada
(see tables 2 and 3 for chemical analyses and ssmple descriptions)-

CIPW norms (in weight percent)
295 661 300 277 §-29(a) $29(b) 673 672 662 666 602 664 665 671

675 270
Q 18.21 34.83 38.86 24.81 30.92 34,72 24.82 27.93 37.74 43.40 1261 3591 10.93 13.57 12.57 17.47
C 13 242 192 1.6 289 109 1.69 1.45 1.92 241 4.09 37
Or 23.70 25.71 23.99 19.86 28.42 25.71 24.88 24.17 36.64 36.16 23.16 40.54 18.85 14.18  8.15 1637
Pi 48.04 25.85 25.70 46.57 3201 32.09 39,75 36.12 20.48 13.03 49.61 12.09 54.81 57.81 61.68 61.07
Ab 33.85 22.85 24.7] 3503 26.49 30.12 30.89 28.09 20.48 13.03  39.60 10.24 34.78 39.77 38.92 41.21
An 14.19 3.01 .99 11.54  5.53 1.97 887 8.02 1001 1.85 20.03 18.04 22.76 19.87
Di 6.57 246 453 333
Hy 279 .15 .22 1.59 72 22 266 2.84 15 10 149 87 5.58 491 420 3.49
Mt 2.24 11 .81 2.34 2.17 1.5 1.16 1.50
1 110 .44 .10 .95 .51 .37 .18 .83 06 129 .56 1.20 1.18 1.67 1.54
Hm 76 135 111 91 2.03 109 279 2.59 1.26 1.06 64 231 2.81 2.14 3.29 265
Ru .08 .14 .03 .05 .24 .19 17
Ap .38 .24 .28 .28 12 41 31 .57 .66 81 .81
Py .06 .02 .07 .02 .02 .05 .04 .06 .04 11 02 11
Calc .07 .86 .91 .18 1.21 127 L1l 1.11 2.21 .40 23 .14 155 57 34 .55
rest 338 162 .92 2.55 1.44 .64 .72 12 1.00 148 234 238 3.07 1.38  3.26 66

U i __—_——_——_____—- PR | ——
e

Total 100.86 93.94 93.84 100.16 100.30 97.30 99.56 98.10 101.69 98.41 100.84 99.42 101.94 100.48 101.68 99.54

Modal analyses (volume percent)

Q 0.15 See figure 7a. 1.7 See figure 7b. See figure 7c. 1.75 2.5 0.17
San 0.28 1.3
Pi 18.2 24.8 31.8 13.2 294 19.6 27.5
Bt 3.7 1.2 ) 3.57 39
Hb 0.7 o . 9.5 9.5 8.6 12.0
£\ 1.1 1.65 - - } 3.22 0.6
Mt AS 05 -~ T T - 0.36 . _ 0.54 24 1.83
Calc ) i i 0.81 0.2
Gdms 65.4 65.8 60.8 74.15 542 68.0 587
Lithic
frags 9.7 3.0
Secondary 0.3 0.6
Q - quartz Hy - hypersthene Calc — calcite
Cc - corundum Mt - magnetite Ssan — sanidine
or — K-feldspar n - ilmenite Bt - biotite
pl - plagioclase Hm - hematite Hb - hornblende
- __ ~ Ab - albite Ru - rutile Pyx - pyroxene
An — anorfhite — apatite Gdms — groundmass
Di - diopside py - pyrite

and 4) confirms the dacite composition suggested by th About three miles porth of Singatse Peak the tuff and
petrography (thyolite near quartz keratophyre according to breccia of Gallagher Pass consists entirely of tuff-breccia
O’Connor’s 1965 classification). containing 1 to 10 cm rock fragments in a soft, fine-grained
The plagioclase phenocrysts are 0.5 to 3 mm in size, and matrix. The rock fragments contain 20 to 25 percent
the biotite plates are 5 to 2 mm in size. Within the pumice plagioclase phenocrysts up to 8 mm in size. 2 10 4 percent
blocks much of the phenocryst material consists of broken biotite phenocrysts 0.05 to 1 mm in size. 1 to 3 percent
fragments even though the pumice matrix is not clastic. green augite phenocrysts 2 to 4 mm in size, and less than
The pumice blocks and lapilli are jn a tuffaceous matrix 1 percent magnetite phneocrysts. Augite commonly occurs
consisting largely of the same material that comprises the in well-formed eight-sided prisms. Hornblende and biotite
blocks and lapilli, plus a trace of brownish-green horn- are strongly altered to finely divided iron oxide along their
plende and about 5 to 10 percent of foreign lithic frag- rims. The plagioclase phenocrysts are commonly euhedral
ments (mainly of intermediate 10 silicic volcanics). The Carlsbad twins. They have an average composition of Aneo,
tuffaceous matrix includes undeformed glass strards. The but show reverse and oscillatory zoning with zones as calcic

glassy material of the (uffaceous matrix has more of a as calcic bytownite and rims of calcic andesine. The pheno-

tendency to be devitrified than the material of the pumice crysts are in 2 pink to light-gray groundmass that consists

blocks and lapilli. of 10 to 15 percent sub-parallel andesine laths .03 to 05
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mm long in a microcrystalline mosaic of low birefringence
material and finely divided iron oxide that probably rep-
resents devitrified glass. The rock fragments appear to have
been derived from a flow or shallow intrusion. The soft
matrix surrounding the rock fragments is similar in compo-
sition to the fragments except that the devitrified glass part
appears to be altered to pale green clay. This deposit could
be an autobrecciated flow or a flow breccia.

Just northwest of Singatse Peak the tuff and breccia of
Gallagher Pass includes white, buff, pale pink, and pale
green unwelded tuff and pumice tuff-breccia. These contain
25 to 30 percent plagioclase phenocrysts up to 3 mm in
size, zoned from calcic andesine to calcic labradorite, 5 to
10 percent biotite phenocrysts up to 2 mm in size, and

- —.. —traces - of —-sanidine phenocrysfs, qoartz ~ fragments, and

" “apatite prisms. No pyroxene or hornblende is present. The
phenocrysts are contained in undeformed pumice fragments

or are present.as fragments in a matrix of undeformed glass”

shards. The glassy matrix has devitrified to low birefringence
material.

Near the Bluestone Mine, breccia similar to that described
3 miles north of Singatse Peak occurs at the base of the tuff
and breccia of Gallagher Pass. The breccia is overlain by a
moderately to poorly welded, buff-colored welded tuff 50
to 250 feet thick that contains phenocrysts of plagioclase,
biotite, and pyroxene. Above the welded tuff is about 200

feet of moderately-sorted angular sandstone interbedded .
with well-rounded pebble conglomerate. The conglomerates

contain fragments of rhyolite, quartz latite and hornblende
andesite as well as-fragments of biotite pyroxene dacite.

A thick section of the tuff and breccia of Gallagher Pass
occurs 7% miles S71E of Yerington. A few hundred feet of
unwelded tuff at the base is overlain by a few hundred feet
of welded ash-flow tuff. Fragments of massive biotite
pyroxene dacite lava or intrusive rock occur in the un-
welded tuff near the base. At this locality an ash-flow tuff,
with “sieve”-textured resorbed quartz, which is not present
in the Singatse Range locally occurs between the Bluestone
Mine Tuff and the wff and breccia of Gallagher Pass.

The tuff and breccia of Gallagher Pass was deposited in
part by ash-flow eruptions and apparently in part by
breccia flows of other types, by air falls, and part was water
laid. Some of the breccia fragments were apparently derived
from shallow intrusions or lava flows. This suggests a fairly
nearby source, although no intrusions or other indications
of an eruptive center for the tuff and breccia of Gallagher
Pass are known in the Yerington district.

K-Ar dates of 24.1 (+0.9) m.y. on biotite and 23.6 (¥2.0)
m.y. on plagioclase (table 1) from one of the pumice blocks
from north of Gallagher Pass indicate a latest Oligocene age
for at least part of the tuff and breccia of Gallagher Pass.

OLIVINE PYROXENE BASALT

In a few localities flows and coarse breccia of olivine
pyroxene basalt fill channels cut into or through the tuff
and breccia of Gallagher Pass. The maximum thickness of
basalt is 600 feet. It is overlain by the Miocene andesites of
Lincoln Flat, and therefore is either latest Oligocene or
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FIGURE_13, White pumics tuff-breccia in the Bluestons Mine Tutf
ssst of the Bluestons Mine. Dark aress are whaere partially flattened
pumice blocks and lapilli are weathered out of the rock.
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FIGURE 14. Outcrop of tuff-breccia north of Gallagher Pass (sample
662 collected from this locality).

early Miocene in age. Because of its limited distribution
no formal name is applied to this unit.

The basalt has 5 to 15 percent of 0.2 to 1 mm olivine (65
to 80 percent forsterite) phenocrysts and 5 to 15 percent of
0.2 to 1 mm clinopyroxene phenocrysts. The remainder of
the rock consists of 2 to 3 percent magnetite phenocrysts,
2 to 3 percent hematite specks, S to 10 percent of 0.02 mm
clinopyroxene grains, 55 to 65 percent of 0.1 mm sub-
parallel oriented labradorite laths, and 10 to 15 percent
medium-brown interstitial glass (R.I. of 1.57) and a fine
titanium oxide mineral. Serpentine and hematite occur as
alteration products.

MIOCENE ANDESITES OF LINCOLN FLAT

A sequence of hornblende-bearing andesite and closely
related dacites overlies the tuff and breccia of Gallagher
Pass (or locally the Tertiary basalt) in the Singatse Range.
These andesites and related dacites are named informally
for exposures north of Lincoln Falt (centerfold). They
predate most of the basin-and-range normal faulting and




tilting in the district, but minor angular unconformities,
and dikes intruded along fault planes and subsequently
refaulted, indicate that some basin-and-range faulting began
during eruption of the Miocene andesites (Proffett, 1971a,
1972). The maximum thickness exposed in the well-
mapped part of the Singatse Range is 1,500 feet, but the
sequence is more than 5,000 feet thick north of Lincoln
Flat (centerfold), where the full thickness has not yet been
mapped.

The andesites are all characterized by hornblende pheno-
crysts in a light-gray groundmass, but they can be sub-
divided into three main types on the basis of their other
phenocrysts. These types are: (1) those that have significant
plagioclase s well as hornblende phenocrysts, (2) those
that have only homblende phenocrysts, and (3) those with
significant quartz phenocrysts as well as plagioclase, biotite
and hornblende phenocrysts, and which are chemically
dacite in composition. B

Andesite with Plagioclase and
Hornblende Phenocrysts

This type of andesite commonly occurs as extrusive
breccia (figs. 15 and 16), but also as intrusions and more
rarely as flows. Such extrusive andesite breccia usually
forms the basal part of the Miocene andesite section, where
it overlies the tuff and breccia of Gallagher Pass, the Blue-
stone Mine Tuff, or the Tertiary basalt. The contact
between the andesite bréccia and these uniderlying units is
an erosional disconformity with up to-3 few hundred feet
of relief, but is not an angular unconformity. The thickness
of andesite breccia ranges from more than 1,300 feet near
the Bluestone Mine, t0 200 feet or less west of Singatse
Peak.

The andesite breccias are crudely bedded in layers a few
feet to several tens of feet thick. Different beds are defined
mainly by differences in the average size of fragments. Frag-
ments in many beds are mostly three inches to two feet in
size, but in some beds boulders up to 10 feet in diameter
are present, and some beds are made up primarily of frag-
ments less than three inches in size. Beds of sandstone-size
——material-are present near the Bluestone Mine nearthe hase
of the sequence and also are interbedded with the coarser
material higher in the sequence. Fragments of fossilized
wood have been found in some beds. Some breccias are in 2
sense heterolithologic, that is, although all of the fragments
are of hornblende andesite with abundant plagioclase
phenocrysts, they differ from one another in color, which
varies from gray t0 reddish-brown, in oxidation state of the
hornblende, in grain size of the groundmass, and in grain
size and abundance of the phenocrysts.

Typically these andesites contain 20 to 35 percent of 03
to 3 mm plagioclase phenocrysts, 10 to 20 percent of 04
to 4 mm homblende phenocrysts and 2 to 4 percent of 0.1
to 0.2 mm opaque phenocrysts in a fine-grained gray
groundmass. The groundmass consists mainty of fine, sub-
paralle] laths and microphenocrysts of plagioclase up to 0.1
mm in length with subordinate 0.005 to 0.01 mm opaque
grains leucoxene, fine-grained low birefringence material,
and glass. The fine, Jow birefringence material consists in
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part, of potassium feldspar and a silica mineral, and prob-
ably originated from the devitrification of glass. The plagio-
clase phenocrysts arc strongly zoned, often with reverse and
oscillatory zoning. The zones range in composition from
andesine to calcic labradorite and the average composition
is Ango—s0. 1he plagioclase of the groundmass varies from
sodic oligoclase t0 sodic andesine in some specimens and is
labradorite in others. The hornblende is usually brownish-
green in color in intrusive rocks, and reddist-brown in
extrusive rocks. The hornblende commonly has a reaction
rim of finely divided iron oxides, and is sometines altered
to serpentine Of chlorite. Hematite is the common iron
oxide in extrusive rocks and magnetite is more 2hundant in
intrusives. North of Gallagher Pass 2 few phenocrysts of
clinopyroxene are present in addition to the hornblende
and plagioclase.

Chemical analysis of a block from the andesite breccia
(671) near the Bluestone Mine shows that it is silicic
andesite with about 7 percent normative quartz (tables 3
and 4). An intrusion of the same type of andesite south
of Gallagher Pass (602) is very similar in composition
(tables 3 and 4), though it falls into the rhyodacite field
in O’Connor’s (1965) classification.

Andesite with only
Hornblende Phenocrysts

This type of andesite occurs as a pile at least 800 feet
thick of columnar jointed layers that.appezr to be lava
flows and related subvolcanic intrusives, ‘wes: of -Singatse
Peak. These rocks appear to overlie-the andesite breccia
containing plagioclase and hornblende pheaocrysts, de-
scribed above, ona slight angular unconformizy.

The homblende andesite flows and intrusiozs contain 10
to 15 percent hernblende phenocrysts, 0.5 1o 5 mm long,
and 0 to 2 percent of 0.5 to 2mm plagiocles phenocrysts
in a pale gray aphanitic groundmass. Very rzrely, strongly
resorbed quartz phenocrysts or xenoliths ar= present. The
groundmass consists of weakly zoned 0.03 to 0.3 mm
plagioclase microphenocrysts (calcic -andesine to calcic
labradorite) which make up 30 percent of tt:2 rock, 0.02 to
0.2 mm microphenocrysts of clinopyroxens which constit-
ute 2 to-3 percent of the rock, and 0.03 tO 0.05 mm
opaque grains which make up 2 to 3 percent of the rock,
in a matrix of fine low birefringence material; leucoxene,
occasional tiny plagioclase laths, apatite nezdles (?), 0.002
to 0.004 mm equant opaque grains, and glass. Chemically
the rock is mafic K-poor dacite near andesite in composi-
tion, with 11 percent normative quartz (N¢. 665 of tables 3
and 4).

Homblende Biotite Dacite

This rock type occurs mainly as large <f-like intrusions,
cutting the Bluestone Mine Tuff and othe: soft units in the
western and northern parts of the district.

These rocks are similar to the other rocks of the Miocene
andesite sequence, except for the presen<e of biotite and
quartz “eyes”. They consist of about 23 percent of 0.5 to
2 mm plagioclase phenocrysts; 10 to 1% percent 0.2 to 2
mm green homblende phenocrysts; 3 te 5 percent, 0.5 to
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2 mm biotite books; 1 to 3 percent bipyramidal quartz
phenocrysts, rounded by resorbtion; and 1 to 2 percent
magnetite in a gray aphanitic groundmass. The plagio-
clase phenocrysts have reversed and oscillatory zoning,
from Ango to Anys, and average composition of about
Ango. The homnblende and biotite phenocrysts have a thin
reaction rim of finely divided iron oxide. The groundmass
consists mainly of sub-parallel laths of andesine less than
0.05 mm in length with interstitial very low birefringence
material that may be a silica mineral. Also present in the
groundmass are finely divided iron oxide, titanium oxide,
chlorite and apatite. Chemically the rock is 3 dacite with 12
percent normative quartz (No. 664 of tables 3 and 4).

K-Ar dates on hornblende and plagioclase from all three
petrographic types of hornblende-bearing andesites and
related dacites of the andesites of Lincoln Flat range from
17 to 19 m.y., or early to middle Miocene (table 1;the 14.2
m.y. determination on biotite from the hornblende biotite
dacite is considered incorrect, and the concordant ages on
hornblende and plagioclase are considered correct. How-
ever, it may be necessary to use ‘the -biotite age in corre-
lating with rocks in some other areas where only biotite
has been used for K-Ar determinations). The presence of
abundant intrusive feeders of the same composition and age
as the extrusive rocks indicates that the Yerington district

was part of a Miocene andesitic volcanic center. Regionally - —- Ge
...-it was probably part of a northerly trending chain of Mio- .-

cene 1o Pliocene(?) andesitic volcanoes that existed™ in
western Nevada and eastern California and which has appar-
ently been offset 40 to 50 miles right laterally by the
Walker Lane fault zone (Proffett, 1971b, 1972).

SUMMARY OF ASH-FLOW TUFFS
AT YERINGTON AND COMPARISONS
WITH OTHER ASH-FLOW TUFFS

The Yerington ash-flow tuffs are part of an Oligocene
ash-flow tuff province that extends throughout much of
Nevada and western Utah (E. F. Cook, 1965; H. E. Cook,
1968; McKee, 1970, 1974; McKee and Stewart, 1971;
Ekren and others, 1973, 1974a, 1974b). The tuffs of this
province were apparently erupted in 2 tectonic setting in
which the continental margin was being underthrust by
crust of the Pacific Ocean, before basin-and-range faulting
began in the area (Proffett, 1971b, 1972). Generation of
the magma was apparently related to subduction. Many
other ash-flow tuffs which have been studied in detail
were erupted in the Great Basin and other parts of the
western United States in quite a different tectonic setting,
that is, after subduction ceased and after extensional fault-
ing began in the area (Proffett, 1971b, 1972). These include
many of the Miocene to Pliocene tuffs of the Nevada Test
Site (Christiansen and others, 1965; Lipman and others,
1966; Byers and others, 1968; Noble, 1968; Noble and
others, 1968), the Bishop Tuff in California (Gilbert,
1938), tuffs of the Valles Caldera (Smith and Bailey, 1966),
and the tuffs of Yellowstone Park (Christiansen and others,
1968; Christiansen and Blank, 1972). A third type of
setting from which ash-flow tuffs are erupted are large
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FIGURE 15. Lowmsrmosz porphyritic hornblende andesite breccia
noith of Gallagher Pess. :

FIGURE 16. Porphyritic hornblende andesite breccis just esst of
the Bluestone Mins. The large block in the center of the photograph
is one foot across.

andesitic strata volcanoes of subduction-related island arcs
and continental margins, such as Crater Lake, Oregon
(Williams, 1942, 1968). In comparing characteristics of
ash-flow tuffs, it is useful to keep in mind to which of these
three settings they belong.

Eruptive Source

The source of the Yerington ash-flow tuffs is unknown.
One small rhyolitic intrusive, somewhat similar in composi-
tion to some of the ash-flow tuffs, but which cannot be
matched with any of them, occurs in the Yerington district
(centerfold and table 2). It is likely that the source of the
ash-flow tuffs is mainly or entirely outside the district. The
source vents are well known for few of the really large
volume Oligocene ash-flow tuffs of Nevada. Among the best
documented ones are ignimbrite dikes and plugs, up to 1%
square miles in area, in the southern Hot Creek Range
(H.E. Cook, 1968). There are no well defined calderas in
the region of these vents although the possibility of some
volcano-tectonic collapse cannot be ruled out. Just north-
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east of the southern Hot Creek Range an area of apparent
large scale volcano-tectonic (cauldron) collapse has been
mapped, and is inferred to be the source of at least two
very large volume Oligocene ash-flow tuffs (Ekren and
others, 1973, 1974b). Some smaller-volume ash-flow tuffs
also had their sources in the area, and some were accom-
panied (or followed) by caldron collapse while others
were not (Ekren and others, 1974b). Some other relatively
small-volume Oligocene ash-flow tuffs of Nevada are inter-
preted as having caldera - related sources (McKee, 1970,
1974).

Of the ash-flow tuffs erupted after basin-and-range fault-
ing began, many are known to have their sources in well-
defined calderas of the Valles type (Gilbert, 1938; Smith
and Bailey, 1966, 1968; Christiansen and others, 1965;
Byers and others, 1968; Noble, 1968; Noble and others,
1968 ; Christiansen and Blank, 1972).

Krakatoa-type calderas (Williams, 1968) formed at the
source of the larger-volume ash-flow tuffs erupted from
andesitic strata-volcanos, such as Crater Lake, Oregon
(Williams, 1942). Smaller-volume ash flows from such
centers were accompanied by little collapse or by Katmai-
type caldera collapse (Williams, 1968).

Vertical Zoning

Both major cooling units of the Mickey Pass Tuff are
zoned from mafic to silicic upwards, but the Singatse Tuff
shows little vertical zoning. Cook (1968) found mafic_to
silicic upward zoning in at least three. Oligocene ash-flow _

tuff cooling units in the Hot Creek Range. Just to the east

another ash-flow tuff with such zoning has been identified
(Ekren and others, 1974b). A number of other Oligocene
ash-flow tuffs east of the Hot Creek Range have silicic to
mafic upward zoning (Ekren and others, 1974b). ’

Silicic to mafic upward zoning is common in ash-flow
tuffs that are related to calderas of the Valles type and
Krakatoa type (Williams, 1942, 1968; Smith and Bailey,
1966; Lipman and others, 1966). Such silicic to mafic
upward zoning can be attributed to eruption and deposi-
tion of the upper silicic part followed by lower more mafic
parts of a zoned, differentiating magma chamber. Ash-flow

tuffs with mafic to silicic upward zoning are more difficult

to explain, but could perhaps have been erupted from a
zoned magma chamber if the mafic magma was allowed to
escape first. This may have been caused by tapping the
bottom of the magma chamber (Cook, 1968), by tapping
the lower end of an inclined magma chamber, o by tapping
the magma chamber after partial convective overturn of
magma. An alternative explanation suggested by Cook
(1968), is that the magma was generated with 2 mafic to
silicic variation by anatexis with decreasing water pressure.

Lateral Extent

The Singatse Tuff has a lateral extent of at least 70 miles
by 40 miles, even after the effect of basin-and-range exten-
sion is removed, and it may have been much more extensive
than this. The only place where it is now known to pinch
out is against existing topographic highs. The known lateral
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extent of the Mickey Pass Tuff is only 35 miles after
removing the effect of basin-and-range extension, but it
may be much more extensive than is now known. Some
other ash-flow tuffs of the Nevada Oligocene province are
thought to extend well over 100 miles (Cook, 1965) and
some are smaller (McKee, 1970, 1974; Ekren and others,
1974b). Ash-flow tuffs related to well-defined calderas of
the Valles type and Krakatoa type usually extend no more
than 20 to 30 miles and rarely 50 miles from their source
where they may pinch out even where they do not encoun-
ter topographic highs (Gilbert, 1938; Williams, 1942; Smith
and Bailey, 1966; Byers and others, 1968; Noble and
others, 1968).

Volume

The known volume of the Guild Mine Member of the
Mickey Pass Tuff is at least 600 km? and that of the
Singatse Tuff is at least 3,500 km?. These volumes may be
considerably larger. Many other ash-flow tuff cooling units
from the Nevada Oligocene province are thought to have
volumes of between 500 and 2,000 km® (Cook, 1965),
although some are smaller (Cook, 1965; McKee, 1970,
1974; Ekren and others, 1974b). On the average, ash-flow
tuff cooling units related to well-defined calderas of the
Valles type are smaller in volume, generally ranging from
200 to 1,000 km® (Smith and Bailey, 1966; Byers and
others, 1968; Noble, 1968, Noble and others, 1968) and
even these are often compound cooling units (Smith,

1960). Ash-flow tuffs elafed 16 calderas of the Krakatoa - '
erally range in

type are even less ‘voluminous; they gen
volume from 10 to 100 km® (Williams, 1968).

Number and Thickness
of Individual Flow Units

Partings between flows within cooling units are only
rarely seen in the major cooling units of the Oligocene
ash-flow tuffs at Yerington. Partings between flows are
commonly seen within some other ash-flow tuffs, such as
those of the Yellowstone region, which are associated with
Valles-type calderas (Christiansen and others, 1968; R. L.
Christiansen, oral communication, 1968). These flow part-
ings define flows that are mostly 5 to 20 feet thick and
rarely more than 50 feet thick. Evidently the Yerington
ash-flow cooling units were erupted in relatively larger,
less numerous eruptions.

Welding and Devitrification

The Guild Mine Member of the Mickey Pass Tuff scems to
show zoning similar to Smith’s thick-cooling-unit, high-
temperature type (Smith, 1960, pl. 20C) with the basal
unwelded or partially welded zone very thin or absent. The
most densely welded zone comprises the lowermost few
hundred feet of the unit with welding decreasing upward
from this zone to the unwelded top. The entire unit is
devitrified except for a zone 2 few tens of feet thick near
the base (the vitrophyre). This vitrophyre persists at the
base of the cooling unit even where the unit thins against




topography to where the basal vitrophyre is only a few
hundred feet below the top of the unit. Evidently all the
upper few hundred feet of the unit was sufficiently welded
to form vitrophyre but devitrification destroyed all but the
basal vitrophyre.

A non-welded zone is thin or absent at the base of the
Weed Heights Member, but a vitrophyre is usually present.
A vitrophyre is locally present at the base of map unit 4
even though strong welding is not evident. The Singatse
Tuff has a zone of fairly dense partial welding near its base
and the densest welding seems to be one-third to one-half
of the way above the base of the unit, similar to Smith’s
moderate temperature type (Smith, 1960, pl. 20A). Glass is
preserved only locally in the lower part of the unit. Most of
the Bluestone Mine Tuff is fionwelded to poorly welded.
In some areas it is devitrified and in some it is still glassy,
but no densely welded vitrophyre has been found in this
unit in the Singatse Range. .

Composition

The Mickey Pass Tuff and Singatse Tuff are quartz latite
in average composition, as are many of the Oligocene ash-
flow tuffs of Nevada. Some, such as the Bluestone Mine
Tuff are rhyolite. Ash-flow tuffs. that were erupted after
basin-and-range faulting began are similar incomposition,
though perhaps a little more silicic on the average (Smith
and Bailey, 1966; Lipman and others, 1966). Ash-flow tuffs
" associated with calderas of the Krakatoa type are probably
a little more basic than the Nevada Oligocene ash-flow

tuffs, and are commonly dacite (Williams, 1968).

Rock Association _

No other rock types are yet known to be genetically
associated with the quartz latite and rhyolite ash-flow tuffs
of Yerington, Relatively small amounts of andesite are
found near some of the Oligocene ignimbrite vents in the
Hot Creek Range (Cook, 1968) but it is not known if they
are genetically related to the ignimbrites, With few excep-
tions, only silicic rocks are associated with the cauldron
complex east of the Hot Creek Range (Ekren and others,
1974b). Eruptive centers for some smaller ash-flow tuffs
in the Nevada Oligocene province (McKee, 1970, 1974) do
not appear to be genetically associated with intermediate
or basic rocks. Ash-flow tuffs that followed the beginning
of basin-and-range faulting are dominantly rhyolitic, but
many appear to be part of a basalt-rhyolite association
(Gilbert and others, 1968; Noble, 1968; Christiansen and
Blank, 1972). Ash-flow tuffs related to calderas of the
Krakatoa type or Katmai type are associated with calc-
alkaline andesite, in volumes commonly larger than that of
the ash-flow tuff, and with differentiated dacite to rhyolite

(Williams, 1968).
Conclusions

The ash-flow tuffs at Yerington have many field and
petrologic characteristics in common with other ash-flow
tuffs that have been studied in detail. The units defined at
Yerington, as well as some other Oligocene ash-flow tuffs

of Nevada, exhibit characteristics such as mafic to silicic
upward zoning and very largre volume flow units that differ
from ash-flow tuffs studied in other parts of the world,
Differences such as these are perhaps most apparent be-
tween ash-flow tuffs erupted in different tectonic settings.
Those doing field work in these units should be aware of

such possible differences, a: well as the similarities, in

ash-flow tuffs.
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