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FISH CREEK MOUNTAINS TUFF AND VOLCANIC CENTER,
LANDER COUNTY, NEVADA

By EpwIN H. MCKEE

ABSTRACT

The Fish Creek Mountains in central Nevada are the site
of an early Miocene volcano (about 24 million years old on
the basis of potassium-argon and fission-track ages) from
which was erupted about 75 cubic miles of crystal-rich rhyo-
litic ash-flow tuff, here named the Fish Creek Mountains Tuff.
The formation appears to be a composite sheet, although
most of it was erupted during a short period of time and
cooled as a large, nearly homogeneous body. Two cooling
units that make up the sheet are separated by a cooling break
and can be distinguished in most places by the presence of a
large amount of lithic debris in the lower unit. The ashflow
spread outward uniformly in all directions from a vent area
in the south-central part of the range. Collapse of this vent
area probably accompanied eruption, and the depression so
formed acted as a trap for continued eruption of similar tuff.
Evidence of resurgence of the vent area is unclear, although
tectonic activity probably related to the final phase of vol-
canism is evident. Several long, arcuate faults that circum-
scribe about half of a “core” area of leached and tectonically
chaotic tuff may be remnants of a caldera structure.

INTRODUCTION

Numerous ash-flow sheets have been recognized in
central Nevada, and the distribution of many of
them has been delineated fairly accurately. The
source area of most of these units, however, has not
been found, although a definite effort has been
made to locate volcanic centers, especially those with
collapse caldera structures.

The south-central part of the Fish Creek Moun-
tains in Lander County, Nev., is the source of a thick,
but areally restricted composite sheet of ash-flow
tuff that is not found in any adjacent region of cen-
tral Nevada, except a short distance to the west in
the Tobine Range. The restricted occurrence of this
tuff in the Fish Creek Mountains is evidence that
its source was within the boundary of the pres-
ent range; its thickness and distribution pattern
within these mountains support this conclusion.
Inconclusive evidence suggests that there was some

subsidence of the vent area during eruption and per-
haps some resurgence at a later time.

Although about 75 cubic miles of ash-flow material
was erupted, it did not spread more than 10 miles
from its source; this suggests that it was low-energy
eruption. This ash-flow sheet formed a lens-shaped
body about 3,000 feet thick at its center and 15-20
miles in diameter.
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PHYSIOGRAPHY AND GENERAL GEO.LOGY

The Fish Creek Mountains, approximately 40
miles southwest of the town of Battle Mountain,
Nev. (fig. 1), form a circular-shaped range that cov-
ers an area of about 200 square miles and has an
average relief of about 1,500 feet. The range is sur-
rounded by broad alluvial valleys except on the
southwest near the north end of the Augusta Moun-
tains; here some low hills and a canyon separate the
two ranges. The circular shape of the Fish Creek
Mountains, in particular its broad arcuate southern
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FIGURE 1.—Map showing the general location of the Fish Creek Mountains and other topographic and cultural features in
the region, with index map. The dark shaded area on inset is the area of the geologic map (fig. 5).

































TERTIARY STRUCTURE IN FISH CREEK MOUNTAINS 13

FIGURE 10.—Normative molecular Ab, An, and Or. Norma-
tive classification after O’Conner 1965 (fig. 3). Nos. 1 and
2, Fish Creek Mountains Tuff; No. 8, the “average calc-
alkali rhyolite and obsidian” of Nockolds (1954, table 1).
Shaded area is the approximate field defined by eight
samples of two rhyolite ash-flow tuffs from southern
Nevada shown in O’Conner (1965, fig. 3).

magnetization laboratory. The results of the deter-
minations are shown in table 5.

The fields of the two directions (D and I) overlap
and the remanent magnetization is the same at both
localities. These data strongly suggest that the two

TABLE 5.—Mean remanent magnetization directions,
Fish Creek Mountains Tuff

Sample

(fig. b) N D 1 95 H
A 10 344.3° 36.7° 2.5° 200.00
B 3 344.0° 39.1° 3.3° 100.00

N = number of specimens.
D = declination, east of north.
I = inclination, downward.
a95 = radius of 95-percent confidence cone around
mean directions.
H = peak alternating field, in oersteds, used to
remove unstable magnetization.

parts of Fish Creek Mountains Tuff were contempo-
raneous in cooling, and it seems most likely that they
were also erupted at nearly the same time.

AGE

The age of the Fish Creek Mountains Tuff is con-
sidered to be early Miocene on the basis of radiomet-

ric dates. Three K-Ar age determinations were
made on sanidine in samples from different places
in the mountains, and two samples were dated on
zircon using the fission-track method. Samples 1-4
are from the upper cooling unit; sample 5 is from the
lower unit. The average age of the five samples date,
as shown in table 6, is 24.3 m.y., which is early Mio-
cene (Harland and others, 1964).

TABLE 6.—Radiometric dates of Fish Creek Mountains Tuff
[Average of dates is 24.3 m.y.]

Sample Method of Age Mineral

(fig. B) dating (m.y.) used Reference
1 K-Ar ... ... 23.6 Sanidine......... McKee and Silberman, 1970.
2 Fission-track .. McKee and Naeser, 1970.
3 -Ar .. _... McKee and Silberman, 1970,
4 do . 0.
5 Fission-track .. .- McKee and Naeser, 1970.

The standard deviation of this group of dates is
0.6. The range of the mean age at the 95-percent con-
fidence level is 0.7 m.y., as determined by a standard
table of cumulative ¢ distribution. From these age
determinations, the samples of Fish Creek Moun-
tains Tuff can be considered to be 24.3 + 0.7 m.y.

TERTIARY STRUCTURE IN THE
FISH CREEK MOUNTAINS

The generally massive nature of the Fish Creek
Mountains Tuff makes it difficult to recognize struc-
ture within the range. At various places along the
edges of these mountains, where the tuff is thin and
where its contact with older rocks serves as a datum,
faults can be observed, but in most places within the
tuff, few features exist that can be used to demon-
strate faulting or folding. Probable faults have been
mapped locally in the eastern part of the range,
where the horizontal layering or jointing offers some
control; however, in most of the range, where the
layering is not developed, faults have not been
mapped. Aerial photographs, however, .offering an
overall view of the body of tuff, show several persis-
tent linear features, not obvious on the ground, that
probably are faults (fig. 4).

PRE-BASIN AND RANGE STRUCTURE

Two or more linear arcuate faults parallel the
curved southern edge of the Fish Creek Mountains
for at least 10 miles. Inspection of these faults in the
field shows that they are zones about 100 feet wide
of crushed and leached Fish Creek Mountains Tuff
bounded on either side by relatively fresh tuff. Be-
cause they are bounded by identical material, it is
impossible to determine the amount of displacement
or even the relative movement along these faults.
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The trace of these faults across topography indicates
that they are steeply dipping and their arcuate shape
suggests that movement, if any, was approximately
vertical, with the central part of the range moving
relatively up or down, or perhaps both ways at diff-
erent times.

The two most prominent of these faults lie half a
mile or more from the topographic edge of the range
and are cut at places by drainage flowing outward
from the center of the range. They are not related to
the present physiography of the Fish Creek Moun-
tains. Younger, generally north-trending Basin and
Range faults are responsible for the present topog-
raphy of the Fish Creek Mountains and surrounding
ranges of central Nevada. The arcuate faults in the
southern part of the Fish Creek Mountains trend at
right angles to this regional northerly grain.

The projection of one of the arcuate faults as it
curves around the southwestern part of the Fish
Creek Mountains is defined by a belt of andesitic to
quartz latitic igneous rocks about 1.5 miles from the
western edge of the range (fig. 5). It is possible that
these rocks were emplaced along the zone of weakness
caused by the arcuate fault and that the fault is now
obscured by the intrusions and small extrusions.

The central and south-central part of the Fish
Creek Mountains (the “core” of the range) is a deeply
dissected region underlain by tuff characterized by ir-
regular zones of leaching, minor alteration, breccia-
tion, and variable welding. No definite faults can be
mapped, but the overall chaotic aspect of the rocks
suggests that this area has been subjected to intense
tectonism.

BASIN AND RANGE FAULTS

The Fish Creek Mountains are uplifted along their
western edge by well-defined Basin and Range faults.
Scarps can be seen in the field and a well-marked
north-northeast-trending line at the base of the range,
clearly visible on air photographs, probably is the
trace of the most recent fault. Uplift on this western
Basin and Range fault is about 1,000 feet or more and
has elevated the Fish Creek Mountains Tuff as well as
about 1,000 feet of the underlying Paleozoic basement.
The tuff-basement contact exposed here because of
Basin and Range faulting is not seen anywhere else in
the southern half of the Fish Creek Mountains, al-
though it is seen in the northern part of the range and
at the north end of the Augusta Mountains. (See sec-
tion on ‘“Rocks older than Fish Creek Mountains
Tuff.”)

Basin and Range faulting at other places in the
range is less obvious, or the faults have much less dis-

placement. Short faults with vertical displacement of
several hundred feet or less displace other units in the
northern part of the range, north of the northernmost
outcrops of Fish Creek Mountains Tuff. The line of
Pleistocene or Holocene basalt cones and flows along
the northwest edge of the range probably represents
eruption along the western Basin and Range fault
zone; this line of eruptions is about 10 miles long and
generally lines up (although it trends more north-
easterly) with the fault scrap along the southwestern
part of the range (see preceding section). The eastern
edge of the range is not defined by Basin and Range
faults, although several linear north-northeast-trend-
ing canyons in this part of the range may follow the
trace of, or have been caused by, block faulting.
About 5-7 miles east of the Fish Creek Mountains,
the western scarp of the Shoshone Range is a very
prominent north-northeast-trending fault; and in the
low hills between the Fish Creek Mountains and the
Shoshone Range in the Reese River Valley, there are
well-defined parallel faults of smaller displacement.

MIOCENE TO HOLOCENE GEOLOGIC HISTORY
SEQUENCE OF EVENTS

Eruption of Fish Creek Mountains Tuff began in
early Miocene time (24.3+0.7 m.y. by radiometric
dating). (See section on “Age.”) The first of the ash-
flows probably spread over an area of slight relief, but
local thick and lenticular accumulations of nonwelded
to " weakly welded lithic-rich tuff of the basal
units suggest that some of the tuff ponded in shallow
depressions. Eruption continued for an undeter-
mined period of time, but radiometric ages on both
high and low units in the series (maximum radiomet-
ric age 25.0, minimum 23.6 m.y.) suggest that the
eruptive phase probably lasted for about 1 m.y. Rem-
anent magnetization of two samples from differ-
ent levels in the pile suggests that much of the tuff
erupted and cooled at the same time. The Fish Creek
Mountains Tuff spread outward from its source in
the area that is now the south-central part of the
Fish Creek Mountains more or less uniformly for
about 10 miles in all directions. Tectonic adjustment,
probably of collapse type, must have taken place
during eruption, and the thick, massive tuff in the
south-central part of the mountains represents tuff
trapped in this caldera-type depression.

The dark andesitic to quartz latitic rocks were
probably emplaced along the western part of the cal-
dera fault zone shortly after subsidence, although
these rocks may not be related to the Fish Creek
Mountains Tuff volcanism at all.

Fish Creek Mountains Tuff accumulated to a thick-
ness of more than 3,000 feet near its source in the
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south-central part of the range, but less than 100 feet
of tuff was deposited within a distance of about 10
miles from the source. This pile of tuff remained as a
topographic high for at least a million years; during

this time a thin ash-flow sheet of Bates Mountain (?)
Tuff (radiometric age in the Fish Creek Mountains

about 24 m.y.) spread around the southern, eastern,
and northern part of the Fish Creek Mountains vol-
canic center. There is no evidence that this tuff sheet
ever completely overlapped the region that is now
the Fish Creek Mountains.

Following deposition of the Bates Mountain ash-
flow sheet in early Miocene time, there is no record of
geologic events in the Fish Creek Mountains until the
deposition of tuffaceous sedimentary rocks of late
‘Miocene(?) or early Pliocene(?) age. These strata ac-
cumulated in a shallow basin within the range and in
nearby areas to the east, south, and west. Local units
of conglomerate in some of these sedimentary se-
quences and the fact that basins in which they could
accumulate developed suggest that the first stage of
tectonism related to Basin and Range structure began
at this time. Basin and Range faulting responsible for
the present physiography of central Nevada subse-
quently “blocked out” the Fish Creek Mountains as
they are today. The main faulting of this type in the
Fish Creek Mountains is along their western edge.
Olivine basalt flows and cones, many of which were
erupted along the major western Basin and Range
fault, are the last volcanic rocks deposited in the Fish
Creek Mountains.

Recent erosion has deeply incised the south-central
part of the range in the vicinity of the source of the
Fish Creek Mountains Tuff. This area is particularly
susceptible to erosion because of pervasive alteration
as well as the presence of a large amount of soft,
partially to moderately welded tuff.

INTERPRETATION OF THE
FISH CREEK MOUNTAINS VOLCANIC CENTER

The thickness and distribution patterns of the Fish
Creek Mountain Tuff strongly suggest that the source
of this ash-flow sheet was from the south-central part
of the Fish Creek Mountains. Lithologic variations
and zones of alteration within the tuff, as well as
large tectonic features, support this conclusion and
offer clues to the nature of the volcanic center. No
single line of evidence is conclusive, and some of the
obvious features seen today, such as the basin in the
center of the range, the sedimentary beds within this
basin, and the capping basalt flow, are not related to
the Fish Creek Mountains volcanic center. These fea-
tures postdate the Fish Creek Mountains Tuff by as

much as 10 m.y. and belong to a later chapter in the
geologic history of the range.

A series of schematic diagrams showing what the
author considers to be the most likely history of the
Fish Creek Mountains volcanic center are shown in
figure 11. The major elements in this model of the
evolution of the volcano are: (1) Accumulation of a
thick pile of tuff erupted as a low-energy ash-flow
sheet (Noble, 1969) from a central vent area. The
margins of the pile are thin and show horizontal
joints which probably are partings between ash flow
pulses. (2) Probable subsidence of the central part of
the tuff pile during eruption and subsequent filling
and possible overflowing of the collapsed area by tuff.
Tuff in this area is nonstratified, and the collapse area
is characterized by chaotic structure, alteration of the
tuff, and irregular zones of welding. The long arcuate
faults that circumscribe the southern part of this cen-
tral core are probably traces of the original collapse
zone. (3) Possible resurgence of the central core of
the tuff pile along the same zones of weakness devel-
oped on collapse. Resurgence might account for eleva-
tion of the core area and the beginning of the deep
erosion of this part of the range. Later Basin and
Range faulting, however, has elevated the mountains
to their present height, and most erosion is related to
this uplift. The belt of andesitic to quartz latitic rocks
in the western part of the range may have been em-
placed along the fracture formed by collapse of the
source area of the Fish Creek Mountains Tuff, If it
was so emplaced, the time of emplacement was prob-
ably not long after the eruption and subsequent
collapse of the volcano.

SUMMARY

The Fish Creek Mountains in central Nevada are
composed almost entirely of a single probably com-
posite ash-flow sheet, the Fish Creek Mountains Tuff,
considered to be of early Miocene age. This sheet is
found only in this range or within a few miles of its
edge. In the south-central part of the range, the for-
mation is more than 3,000 feet thick, is devoid of
structure except for some columnar jointing, and ap-
pears to be pervasively faulted. Irregular zones of
alteration and differential welding also characterize
the thick central part of the tuff body. Around the
margins of the range a strong layering is present;
many layers of tuff can be seen, all of which are cut
by well-formed columnar joints which pass from one
layer to the next without change.

In the southern part of the range, several long ar-
cuate faults, trending approximately at right angles to
the regional north-south topographic grain of central
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FIGURE 11.—Schematic possible history of the Fish Creek Mountains volcanic center. Horizontal and
vertical scale approximate. 1, Initial eruption—a large volume (approximately 75 cu mi) of tuff
erupted nearly simultaneously. Layering more pronounced at the margins. Approximately 24 m.y.
ago. 2, Collapse during eruption—the collapse structure filled with tuff from continued eruption.
Central collapse are structurally chaotic and highly altered. Approximately 24 m.y. ago. 3, Possible
resurgence following eruption—elevation of the core area and beginning of deep erosion. Possible
intrusion of andesitic to quartz latitic rocks long the faults on the western edge of the core area.
Slightly less than 24 m.y. ago. 4, Present-day topography—the Fish Creek Mountains are elevated
along north-northeast-trending Basin and Range faults. Such faults are especially obvious on the
west side of the range,
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Nevada, separate the central massive and tectonically
chaotic and altered core area of tuff from the mar-
ginal layered tuff. These faults, which are not related
to more récent Basin and Range faulting, are consid-
ered remnants of collapse or resurgent structures
formed at the time of eruption (about 24 m.y. ago).
The ash-flow sheet probably was erupted from vents
within the south-central part of the Fish Creek
Mountains.

The geologic history of the Fish Creek Mountains
volcanic center started with the eruption of a volumi-
nous (about 75 cu mi) ash-flow sheet. The eruption
was probably of a low-energy type, for the ash flow
spread only a short distance from its source and
formed a relatively thick pile of tuff. Subsidence of
the source area probably accompanied eruption and
served to futher localize the ash flow near its source.
The total duration of ash-flow eruption probably was
less than several thousand years, and there was no
later ash-flow activity from the volcanic center.
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