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FISH CREEK MOUNTAINS TUFF AND VOLCANIC CENTER, 

LANDER COUNTY, NEVADA 

By EDWIN 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 
are(~ prob,ably accompanied eruption, and the depression so 
formed acted as a trap fOl' 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 
chao~c tuff may be remnants of a caldera structure. 

INTRODUCTION 

NUl1l,erous 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 i 11 the Fish Creek Mountains is evidence that 
its source was within the boundary of the pres­
ent range; its thickness and distribution pattern 
withi n 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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John H. Stewart, of the U.S. Geological Survey, 
visited the Fish Creek Mountains with the author 
a number of times and offered many valuable sugges­
tions on interpretation of the geology. Charles W. 
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ples of welded tuff and determined their age by the 
fission-track method. A summary of his data is 
included. C. Sherman Gromme, also of the U. S. Geo­
logical Survey, visited the area and collected drill 
samples for studies of remanent magnetization. The 
result of this work is also included. Donald C. Noble, 
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sion, and he and Ted G. Theodore of the U.S. Geo­
logical Survey critically reviewed the manuscript. 
Fieldwork was done in cooperation with the Nevada 
Bureau of Mines as part of the Lander County map 
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PHYSIOGRAPHY AND GENERAL GEOLOGY 

The Fish Creek Mountains, approximately 40 
miles southwest of the town of Battle Mountain, 
N'ev. (fig. 1), form a circular-shaped range that cov­
el'S 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 neal' 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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fact that the Fish Creek Mountains Tuff spread over 
a surface of some relief is shown by local thick accu­
mulations of weakly welded to nonwelded tuff at the 
base ' of the formation; the thickness indicates this 
material must have filled shallow depressions in the 
old topographic surface. The lithic-bearing portion of 
the tuff, the lowest unit in the vicinity of the mouth 
of Dacies Canyon (fig. 5), has an especially thick 
basal zone of non welded tu ff and probably filled a 
small basin at this site. 

ROCKS OLDER THAN FISH CREEK JlfOUNTAIN TUFF 

The oldest rocks in the Fish Creek Mountains are 
strata of Pennsylvanian a lld Permian age that make 
up a series of hills along the westel'll edges of the 
range; they are separated from the Fish Creek 
Mountains Tuff by an angular unconformity. It 
seems likely that Paleozoic rocks underlie that tuff 
in most of the southern part of the range also, 
although the basal contact is not exposed in this part 
of the mountains. South of the Fish Creek lVIoun­
tains, at the north end of the Augusta Mountains, 
the Fish Creek :Mollntains Tuff locally li es on the 
Triassic Augusta Mouiltain Formation. 

Coarse-grained gTanite rock of presumed Middle 
·Jurassic age underlies the Fish Creek Mountains Tuff 
at one place in the north-central part of the range. On 
the northeastern edge of the Fish Creek Mountains, 
a series of dark lava flows and lenticular tuffaceo'l1s 

,sedimentary rocks of ·· Oligocene (?) age crop out 
beneath the Fish Creek Mountans Tuff; the tuff 
lies unconformably on both of these older Tertiary 
rock types and in places overlaps the contact between 
these units. Stratigraphic relations between similar 
units in the Shoshone Range about [) miles east of ­
the Fish Creek :Mountains and K-Ar dates on rocks 
associated with them suggest that the older lava 
flows and sedimentary rocks probably are about 10 
million yea rs older than the Fish Creek Mountains 
Tuff. 

The Caetano Tuff (Gilluly an.d MasUl'sky, 1965), a 
widespread ash-flow unit in €lreas east of the Fish 
Creek Mountains, locally underlies the Fish Creek 
:Mountains Tuff in the northern part of the range. 
Both units here are flat 01' nearly f1atlying so that 
the contact appears conformable. Mapping on a re­
gional scale, however, shows that the units have a 
different geographic distribution, the Fish Creek 
Mountains Tuft· lapping onto the Caetano Tuff only 
in a small area in the northel'l1 part of the Fish 
Creek Mountains. Potass ium-argon ages of the two 
units (32.3 m.y. for Caetano Tuff in the Fish Creek 

I 
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K-Ar and fission-track dating for Fish Creek Moun­
tains Tuff) support a hiatus of nearly 10 m.y. 

ROCKS YOUNGER THAN FISH CREEK MOUNTAINS TUFF 

In the area where the Fish Creek Mountains Tuff 
is thickest, and throughout most of the region where 
it is found, it is the youngest unit. Only in the north, 
north-central, and western parts of the range are 
there younger rocks. The oldest of these younger 
units is an ash-flow cooling unit questionably identi­
fied as Bates Mountain Tuff, a formation wide­
spread southeast of the Fish Creek Mountains 
(Sargent and McKee, 1969; McKee and Stewart, 
1970). The Bates Mountain (?) Tuff is the same 
age (24.0 m.y. in the Fish Creek Mountains by fis­
sion-track dating (McKee and Naeser, 1970)) as the 
underlying Fish Creek Mountains Tuff (24.3 m.y. by 
K-Ar and fission-track dating; see section on "Age) 
within the resolution of the radiometric dates. This 
unit forms a thin (about 50 ft thick) veneer on the 
Fish Creek Mountains Tuff at several localities in 
the northel'l1 part of the range and probably was 
Qnce more extensive. There is no evidence, however, 
that it ever spread across what is now the central 

'and southel'l1 Fish Creek Mountains. The overlap­
ping of Bates Mountain (?) Tuff on Fish Creek 
Mountains Tuff in the northel'l1 part of the range and 
its absence in the central and southel'l1 parts, where 
the Fish Creek IVIountains Tuff is thickest, suggests 
that this thin tuff spread unconformably around and 
on the edge of a wedge-shaped body of Fish Creek 
Mountains Tuff. 

Sedimentary rocks, mostly tuffaceous sandstone 
and mudstone, crop out in a shallow basin in the cen­
tral part of the Fish Creek Mountains (figs. 3 and 
5). These strata dip gently away from the margins 
of the basin, reaching a maximum thickness of sev­
eral hundred feet neal' the center of the basin. No . 
fossils have been found in these rocks, bllt their gen­
eral similarity to vertebrae-bearing beds in nearby 
regions (including Jersey Valley to the west, the 
Shoshone Range to the east, and Reese River Valley 
localities to the southeast) suggests that they are 
la te Miocene or early Pliocene (Gilluly and Gates, 
1965, p. 88). On the basis of petrographic evidence, 
Deffeyes (1959, p. 35) speCUlated that they are older 
than late Miocene and early Pliocene but was unable 
to establish a definite age for them. They lie uncon­
formably on the Fish Creek Mountains Tuff (earli­
est Miocene). It seems likely that a hiatus of several 
million years, perhaps as much as 10 m.y., separates 
the tuffaceous sedimentary rocks from the Fish 
Creek :Mountains Tuff. 
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FIGURE 4.- Mosaicked a erial photograph of the southern part of the Fish Creek Mountains. The arcuate lines (unretouched) in the bottom half of the photo­
graph are probably faults ringing the vent area of the volcanic center. 

I I 
o 
t'j 
a 
f' 
g 

~ 
~ 
...3 
§ 
rn. 

~ I 
I 



6 --~.F"-" rSJLCREEK MOUNTAINS TUFF A-ND VOLGA-NrC CEN'¥ER, LA-NBER COUNT-Y, NEVADA 

11 7'30' 11 7' 15' 

t • . , (_ 

• .l , 

..J I.. ~ L A 

" ,. 
1\ './ < 

" ... r- . ::. ,... ~J 
J " I... l.- I. 

)/.. - J ")..J f' ') 

'- r- /.. '-
" \ ' I 7 L 

I " ..... '- "J ... . 
\ ~ > -

t.- t·" 
,... I' '-I ;-

" 1 l' 0(" 

,.... ~ '" ~ 
... L.- I" '" L 

I" \ ' J 1 

_ ? j L- ~ 

.J V t.. V 
L. > .., c.: \ 

) "> V L 
/\ ..l ,.. .::. 

" < ) v 

w 

40'15' 
w 
> 

Geology from Me I~ee ( 1969) and 
McI~ee and S tewar t ( 1969 a, b,) 

40'00' L-L-'---_______________ .2=:~_'___LL_L__~.::.:..:.:~_=__=~=_:....:~~~ 

o 
I 

5 10 MIL ES 

FIGURE 5,-Geologic map of the Fish Creek Mountains, 



-FISH CREEILMODN-TAINS T-URR'----------------'1------

EXPLANATION 

Olivine basalt 
Flows, cin. der CVne8,lI11d small 

'intrusive bodies 

~ 
Ld 

Sedimentary rocks 
.'ltm lified 11Ij),,,:euus siltstolle, 

sa lid stolle, (fod cUl/glomera te 

Bates Mountarn (?) Tuff 
Cr!J"t"l-poo!' I'II!Jolil '"~ ",elded 

til/I ' 

~ 
. 

• • v 
•• 

Dark-colored igneous rocks 
FlolUS nlld sllal/o/(l int !'lI sive 

bodies . A 71 desite 1.0 QlIlIrtz 
lutile , Age IIn"crt"ill 
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Sedi,mentary, metamorphic, and 
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A (llId B , remtlnent IIHl[Jllet-izul.ion ' 
a an d b, c hemical. ulialysis 

Thes'e tuffaceous sedimentary rocks are overlain 
in the center of the basin by an olivine basalt flow 
that covers about 1.5 square miles and is about 50 
feet thick. Other small olivine basalt flows, cinder 
cones, and dikes crop out in a northeast-trending 
belt along the northern edge of the range. These 
basalts intrude 01' lie on all older rock types and are 
the youngest rocks in the region. The cinder cones 
are only slightly eroded, retaining their original pro­
file, and samples of the basalt are fresh and show 
little signs of weathering. The age of the olivine ba­
salts is unknown but probably is late Tertiary or 
Quaternary. 

A belt of dark intrusive and extrusive rock of 
andesitic to quartz latitic composition of unknown age 
crops out along most of the western side of the Fish 
Creek Mountains. These rocks lie along the inferred 
northern proj ection of several long arcuate faults 
which ring the southern part of the range. The time 
of emplacement of the dark-colored igneous rocks 
may be related to the time of eruption of the Fish 
Creek Mountains Tuff 01' to subsequent tectonic ac­
tivity, 01' these rocks may be younger and related to 
later Basin and Range faulting. The fact that they 
lie about 2 miles from the range front and may be 
associated with the pre-Basin and Range arcuate 
faults suggests that the andesites and quartz latites 
are related to the development of the Fish Creek 
Mountains volcanic center and are possibly early 
Miocene in age. 

FISH CREEK MOUNTAINS TUFF 
DISTRIBUTION AND DIMENSIONS OF 

THE ASH·FLOW SHEET 

Fish Creek Mountains Tuff is here named for a 
composite ash-flow sheet that makes up the entire 
southern part of the Fish Creek Mountains. The 
tuff crops out within the range in a circular area 
about 16 miles in diameter. This tuff is also found in 
three other localities, all less than 5 miles from the 
southern edge of the Fish Creek Mountains and it 
occurs in the Tobin Range at localities as far as 
10 miles from the Fish Creek Mountains. Fish Creek 
Mountains Tuff is exposed over an area of about 200 
square miles. It seems unlikely that the tuff ever 
spread much beyond the area in which it is now 
found, as no outcrops of the tuff are known outside 
this area, although rocks of the same age are wide­
spread in nearby regions. 

The thickness of the formation ranges from a 
maximum of about 3,000 feet in the south-central 
part of the Fish Creek Mountains to about 100 feet 
at the margins of the range. This change in thick­
ness occurs across a distance of about 8 miles. 
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The present shape of the unit is approximately 
that of a lens. The original volume of tuft', assuming 
a radius o{about 16 miles and an average thickness 
of 'about 2,000 feet, was about 75 cubic miles. Com­
pared with other welded ash-flow sheets in Nevada 
for which enough information is known to determine 
apPl!oximate volumes, the Fish Creek Mountains 
Tuff is a medium-sized unit. Ash-flow sheets with a 
volume of more than 100 cubic miles are not uncom­
mon, and a few units had original volumes of sev­
eral hundred cubic miles (for example, the Winclous 
Butte Tuff of Cook, about 500 cu mi (Cook, 1965); 
the Rainer Mesa Member of the Timer Mountain 
Tuff, more than 285 cu mi (Byers and others, 
1968)). 

TYPE LOCALITY AND ALTERNATE LOCALITIES 

Excellent exposures of the formation ape found al­
most anywhere within the Fish Creek J'dountains. 
The type locality for Fish Creek Mountains Tuff is 
designa ted the exposures at the U.S. Govel'l1ment 
radio facility (see U.S. Geol. Survey, Mount Moses, 
Nev., 15-minute quadrangle), SW1/ t , sec. 19, T. 27 N., , 
R. 41 E. Outcrops of the tuff, 'which form the 1,000. 
foot cliff directly west of the radio facility, are typi­
cal of the unit. An alternate or reference section, 

which is thinner and shows a more pronounced lay~ ; ' ! .' 
ering but also representative of the formation, is on ~ . 
the east side of the range along Fish Creek Canyon 
at long 117° 15', lat 40° 12'. 

NATURE OF THE ASH-FLOW SHEET 

The Fish Creek Mountains Tuff is a composite . 
ash-flow sheet consisting of at least two ash-flow 
sequences separated locally by a complete cooling 
break that literally becomes a partial cooling break 
and finally dies out altogether (terminology of ash· 
flow units follows Smith (1960) as supplemented by 
Noble, Bath, Christiansen, and Oddld (1968)), 
The cooling break can be traced for about a mile be· 
fore it disappears and the upper and lower units 
merge. This cooling break is behVf~en a unit charac­
terized by the OCCllrence of locally abundant lithic 
fragments and an overlying lithic-free ash flow. 

At the mouth of Dacies Canyon (fig. 5), where 
the relationship between cooling units is best seen, a 
lower cliff composed of the welded and devitrified 
part of the lithic-bearing unit is separated from an 
overlying cliff of nonlithic tuff by about 10 feet of 
non welded tuff. This nonwelded tuff is gradational " 
upward into the upper unit and is the basal part of 
the ash flow. That no vapor-phase alteration was 

TABLE l.-Desc'l'iption and estimate of amount of 'I1lat1'ix and of c'l'ystal, lithic, and pumice Fragments at five ho7'izons th1'ough 
the lithic-becwing ash-flow cooling unit of the Fish C1'eek Mountains Tuff at the mouth of Dacies Canyon, west side 
Fish Ol'eek Mountains 

[The vertical section is completely gradational and these horizons are representative of parts of the series ] 

Thickness E stimate of percentage per unit area (no cOl'rection for compaction and porosity) 
(ft) Description Matrix Lithic fragments Pumice fragments Crystals 

Percentage Characteristics Percentage Characteristics Percentage Characteristics Percentage Type 

Top 
Sanidine--15 10 Densely welded 66-GO Flattened sha rds <5 1,4 in. 01' les!: . ._ ........ 10 Completely fla ttened 30 

crystal~rich visible on wet and devitrified. percen t . Smoky 
tuff; collapsed surface on ly. quartz- 16 
pumice faint Devitrified. percent. 
but v is ibl e. 

26 Densely welded 65 Flattened shards 112 in. or less, . 16 Blebs and fiamme 2.5 Sanidine--12 
eutaxitic are visible. average lh- 14 in. of black glass. percen t. Smoky 
crysta l-rich Devitrified. quartz 12 
tufT. (See percent. 
fig. GIl.) 

26 Moderate to 65 Shards are oriented 10 1112 in. 01' less, 20 Blebs of black 16 Sanidine and smoky 
d ensely welded and s lig htly average 1h-1A in. g lass . quartz. 
tuff with eutnx~ flattened. Some 
Hic structure. vapor-phage 
Characterized alteration. 
by "blebs" of 
g lass and 
lenticular 
,cn vities . 

25-76 Slightly welded to 50 Shards and small 15 3 in. 01' less, 30 2 in. or l~ss. Some Smoky quartz and 
non welded . pumice fragments avg. %-'h in. partially flattened snnidine. mostly 
Pumice oriented or iented but reta in masked by matrix. 
and partially horizontally, "woody" 
collapsed . not flattened. structure. 
(Sec fig. 68.) 

0-300 Nonwelded. soft. 40 White ash. shards. 26 Volcanic rock 35 Blocks of "woody" Trace Smoky quartz and 
(a ve l'uge weakly consoli~ and small pumice types. Scoria and tubular pumice, sanidine, mostly 

100) da ted l'ock . fragments. No dark lava types. unoriented and mas ked by rnn trix. 
( See fig. 6e.) preferred 4 in. 01' less, unftattened. 

orientation. avg, 1-'h in . 
Base 
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FIGUR8 6.-Fish Creek Mountains Tuff, lithic unit at the 
mouth of Dacies Canyon, in stratigraphic sequence (down­
ward A - C) through about the lower two-thirds of the unit. 
The pen is 6 inches long. A, Moderately to densely welded. 
Eutaxitic texture with relatively few smail lithic fragments. 
B, Slightly welded to nonwelded. Pumice orientated ancl 
slightly flattenecl. Moderate number of lithic fragments, 
most less than 2 inches in diameter. C, Completely non­
welded. Large blocks of pumice ancl numerous lithic frag­
ments up to 4 inches in diameter. 

observed in these soft rocks sllggests that in this 
place the lower unit was completely cool before the 
overlying ash flow was deposited. This cooling break 
can be mapped for about a mile in the vicinity of 
Dacies Canyon, but it becomes less discernible and 
ultimately cannot be found in the southern part of 
the range, where the main body of the ash flow was 
deposited. 

LOWER COOLING UNIT 

The lower cooling unit is a lenticular body of non­
welded to densely welded tuff characterized by nu­
merous large blocks of pumice and relatively large 
xenoliths"as much as 4 inches in diameter, of vol­
canic rock of intermediate composition. The volcanic 
fragments are concentrated neal' the base of this 
unit and are largest and most numerous in the lower 
non welded part of the tuff. The unit becomes progres­
sively more densely welded upward, and near the top, 
where it is most densely welded, it contains only a 
scattering of small lithic fragments. The difference 
in lithology between the top of the unit and its base 
is so great that were it not for the gradational mid­
dle part, one would not suspect that the two rock 
types are from the same ash-flow cooling unit. De­
tailed studies were made at five horizons in vertical 
alinement on a section of the lithic-bearing unit at 
the mouth of Dacies Canyon. At each point a 2-foot 
square was measured, and the percentage of lithic, 
pumice, and crystal fragments estimated. The degree 
of welding was also observed, and in the more densely 
welded parts of the tuff, the crystal content was 
ascertained. No correction is made in the relative 
percentage of lithic fragments and matrix with re­
gard to the amount of compaction. Had this correc­
tion been made on the assumption of several-fold 
compaction indicated by the flattening of pumice, the 
relative amount of lithic debris in the nonwelded to 
weakly welded lower part of the tuff would be in­
creased proportionally. The relative percentages at 
the five horizons through the cooling unit are given 
in table 1, and three horizons typical of intermediate 
parts of the tuff are shown in figure 6. The lower 
two-thirds of the unit is nonwelded to moderately 
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welded tuff (fig. 7). The concentration of the lithic 
fragments and their lateral and vertical gradation in 
this unit indicate that they probably represent a lo­
cal concentration related either to preeruption to­
pography or to contamination of one of the initial 
flows on eruption. 

FIGURE 7.-Fish Greek Mountains Tuff, lithic unit viewed 
west from the mouth ,of Dacies Canyon. About two-thirds of 
the coo ling unit shown. The upper, densely welded part has 
been eroded from the top. Approximately 500 feet of non­
welded to weakly welded tuff exposed. 

UPPER COOLING UNIT 

The general appearance of the upper cooling unit 
of the Fish Creek Mounb~ins Tuff in the south-cen­
tral part of the range, where it is thickest, differs in 
gross aspect from that at the margins of the range, 
where it is thinner. This difference is due to the de­
velopment of persistent subhorizontal to horizontal 

. layering, as well as to well-formed columnar joints 
normal to this stratification (fig. 8A, B) in the unit 
at the margin. The thick, massive central part of the 
tuff, structureless and otherwise devoid of any fea­
ture that would influence the erosion pattern, has 
eroded into deeply incised badland topography. With­
in the central region there are a lso large areas of less 
resistant, highly leached and altered Fish Creek 
Mountains Tuff. However, rocks representative of 
the thick central tuff and the thinner margin tuff 
usually cannot be distinguised from each another in 
hand specimen or thin section. 

LITHOLOGY · 

The Fish Creek Mountains Tuff is a light-gray to 
pink crystal-rich (greater than 30 percent crystals) 
rock that is usuaJly structureless (fig. 9A) and 
rarely shows eutaxitic structure except in thin sec­
tion or on wetted polished surfaces. At a few local-

ities, however, eutaxitic texture is obvious in the out· 
crop (fig. 9B). Most of the tuft' is hard, dense rock 
containing about equal amounts of smoky quartz and 
sanidine as crystals and crystal fragments as much 
as 1 mm in diameter. A very few completely altered 
mafic phenocrysts are present in the rock, and in 
some places a few lithic fragments can be seen on an 
outcrop of several square feet. Zones of vitrophyre 
and vapor-phase alteration are rare or nonexistent 
and weakly welded parts of the tuff are also uncom­
mon and not obvious in the field. Point counts on 
thin sections, however, reveal variations in the de­
gree of welding. The most densely welded rock is 
about half matrix (devitrified glass) and half crystal 
phenocrysts; the least welded of the samples studied 
contains about 25 percent crystals and 75 percent 
matrix and voids per unit area. A typical piece of 
Fish Creek Mountains Tuff is made up of about 65 
percent matrix and 35 percent phenocrysts. Modes 
based on 1,000 points counted on thin sections of 
foul' samples are shown in table 2. Two samples are 
"typical" or average Fish Creek Mountains Tuff; the 
oth~r two represent more or less welded varieties. 
Heavy minerals separated from three samples are 
zi!:con and apatite. They make up appreciably less ' 
than 1 percent of the rock. 

The quartz phenocrysts in most rocks are smoky 
to black, but in some places are colorless. Localities 
with smoky 01' clear quartz show no obvious correla­
tion with position in the volcanic pile or with degree 
of welding. The development of smoky quartz may be 
related to the heating or radiation history of the 
rock, but this is uncertain . 

CHEMISTRY 

The Fish Creek Mountains Tuff is of rhyolitic 
composition. Two whole-rock analyses of densely 
welded devitrified tuff are given in table 3, and nor­
mative Ab, An, and Or in molecular prGportions are 
plotted on a ternary diagram (fig. 10). The analyses 
are simi lar to the H average calc-alkali rhyolite and 
rhyolite-obsidian" of Nockolds (1954), shown in ta­
ble 3 and figure 10 for comparison, although they are 
richer in silica and poorer in total iron oxides, mag­
nesia, lime and titania. The triangular plot of norma­
tive Ab, An, and 01' shows that the samples of Fish 
Creek Mountains Tuft' are within the rhyolite por­
tion of the diagram as defined by O'Conner (1965, 
fig. 3) for volcanic rocks from southern Nevada. 
Within the rhyolite field, a subfield delineated by 
norma tive feldspar values from eight analyses of 
two rhyolite welded tuffs given by O'Conner is 
shown. The Fish Creek Mountains Tuff lies within 
this subfield. 
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FIGURE B.-Fish Creek Mountains 
Tuff at the east marg'in of the 
rang·e. The columnar joints cut 
the layering and are pervasive 
through the entire sequence. B 
is a closer view of tuff shown in 
A. 

TABLE 2.-Modes of four samples of Fish Creek MOllntains 
Tuff 

[Based on 1,000 points cou nted per thin section] 
Composition, in percent 

Densely Densely 
welded welded Densely Moderately 

"typica l" "typical" welded welded 
sample sample 

Matrix and voids: 
Devitrified pumice 

and glass shards 64 68 50 74 

Crystal phenocrysts: 
Snnidine .. 20 17 29 15 
Quartz 15 14 19 10 
Plngiocl~~-~'-" "- 1 1 2 <1 

Total 36 32 50 26 

TABLE 3.-Chemical n.nn.lyses of two samples of Fish Cl'eek 
Mountains Tuff and the "ave1'age calc-alkali 1'hyoUte and 
1'hyolite-obsidian" f1'om Nockolds (1954, table 1). 

[Saml)les analyzed by methods described In U.S. Geol. Survey Bull. 1144-A, 
Bupplemented by ntom ic·absorpt ion method; analyzed under the direction 

of L eona rd Shapiro] 

"Average 
Fish Creek Fish Creek calc-alkali rhyolite 
Mountains Mountains and 

Tuff: fig. 5, a Tuff, fig. 6, b rhyolite-obsidian" 
of Nockolds (1964) 

Si0 2 75.3 74.0 73.66 
A1 2 O:1 ._ -_. _--- . . . . . . 12.3 13.6 13.45 
Fe20 3 .. 1.1 .84 1.25 
FeO .20 .24 .75 
MgO. ... ......... . -_. .12 .15 .32 
CaO .. ...... . - .. -- .. - . .61 .84 1.13 
Na20 .. .. 4.2 3.3 2.99 
1(20 .... . 4.9 5.4 5.35 
H2O+. .68 .38 .78 
H20 - .. .30 .82 
Ti02 . .14 .17 .22 
P20 5 .04 .07 
111110 .02 .03 
CO2 <.05 <.05 
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A B 

,FIGURE 9,-Two hand specimens of Fish Creek Mountains Tuff, Dark phenocrysts are smoky quartz. Both specimens contain 
about 35 percent crystals of quartz, sanidine, a nd a littl e plagioclase. A, Eutaxitic structure not developed, B, Strong 
eutaxitic structure parallel to the base of the specimen, 

'Sr, Rb, and K values " for phenocrystic sanidine 
from three samples of Fish Creek Mountains Tuff 
are given in table 4, From these values, approximate 
Rb and Sr contents for the whole rock can be esti­
mated if the weight percent of sanidine phenocryts 
and groundmass material is known (see table 2) and 
the amount of Sr and Rb in the groundmass of the 
rock can be inferred. The estimated whole-rock val­
ues are 65 ppm Sr and 265 ppm Rb, values based on 
an average of the three Rb, Sr, and K determinations 
shown ih table 4, an average modal content of 26 per­
cent sanicline and 53 percent gronndmass with a 1(20 
content of 4,7 percent (table 3) and 20 ppm Sr, and 
the assumption that the K:Rb ratio of glass divided 
by that of coexisting sanidine is about 0,24 (D.C. 
Noble and C. E. Hedge, un pub, data). 

The calcu lated Sr va lu'e (65 ppm) is relatively low 
compared with that for many quartz latitic volcanic 
rocks in the Great Basin and is comparable with sub­
alkaline rhyolites from southern. Nevada (Noble and 
Hedge, 1969). The Rb value (265 ppm) is relatively 
high for si li cic rocks (Heier and Adams, 1965, Ewart 
and others, 1968). 

Although both the Rb and S1' values suggest 
appreciable differentiation by fractional crystalliza­
tion, the rocks do not appear to be as fractionated as 
many of the Sr-poor peralkaline and subalkaline 
rocks found at the margins of the Great Basin 
(Noble, Haffty, and Hedge, 1969). 

TABLE 4,-Analyses of Rb, S?', and K f?'o1n 
sanidine sepamtes of Fish C?'eek M oun­
tains Tuff 

[Rb and S .. determined by Donald C. Noble using 
X-ray fluorescence methods. K20 analyzed by Lois B. 
Sch locke l' using fl nme-pholometer rnethodsl 

Sample Rb S .. K 
(fig . 5) (ppm) (ppm) (pel'cent) 

1 154 200 7.85 
3 170 219 7,63 
4 215 182 7.43 

REMANENT MAGNETIZATION 

Thirteen drill samples from the upper cooling unit 
of the Fish Creek Mountains Tuff from two locali­
ties in the range were collected by Sherman Gromme, 
and remanent magnetization of the samples was 
determined in the U.S, Geological Smvey's remanent 
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An 

40 60 

Ab 20 40 60 80 Or 

. FIGURE 10.-Norma tive mol ecular Ab, An, and Or. Norma­
tive classification after O'Conner 1965 (fig . 3). Nos. 1 a nd 
2, Fish Creek Mountains Tuff; No.3, the "a verage calc­
alkali rhyolite and obsidian" of Nockolds (1954, ta ble 1) . 
Shaded area is the a pprox ima te field defin ed by eight 
samples of two rhyolite ash-flow tuffs from southern 
N evada ~hown in O'Conner (1965, fig. 3). 

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

,The fi el~s 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 

T AB LE 5.-M ea.n 1'ellWnent magnetization diTections, 
. . Fish C1'eek Mountains Tuff 

Sample 
( fi g. 5) 

A 
B 

N 

10 
3 

D 

344.30 

344.0° 

N = number of specimens. 

36.7° 
39.10 

D = declination, east of north. 
I = inclination, downward . 

<>96 

2.5 0 

3.3 0 

H 

200.00 
100.00 

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 F ish Creek Mountains Tuff is con­
s id ~ l'ed to be early Miocene on the basis of r adiomet-

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). 

T A BLE 6.- Rad1:omet·ric dates of Fish C1'eek Mountains Tuff 
[Average of dates is 24.3 m. y. ] 

Sample Method of 
(fig. 5) dating 

Age Mineral 
(m .y.) used Reference 

1 K -Al' .................... .. _ 23.6 Sanidine .. ____ __ ._ McKee and Silberman. 1970. 
2 Fission-track ________ __ 23.9 Zircon ____ ____ . ______ McKee and Naeser. 1970. 
3 K-Al' ________ ______ .. __ .. ____ 24.4 Sanid ine .... ______ .. McKee and Silberman. 1970. 
4 _. do ___ __ __________ .. __ ______ 24 .5 __ . do .. _____________ . __ __ Do. 
5 Fiss ion-track _______ ._ 25 .0 Zircon .. ______ _______ McKee a nd Naese r. 1970. 

Average ' . __ ___ 24.3 . ____ ... __________ __ __ 

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 t distribution. From these age 
determinations, the samples of Fish Creek Moun­
tains Tuff C9-n 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 01' more lineal' 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 
01' even t he relative movement along these fau lts. 

1 
I 

I 
I 
j 
I 

I 
I 
; 
i 
I 
I 
I 
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The trace of these faults across topography indicates 
----tJULctl1ey al.'e steeply dipping and their arcuat-€ shape­

suggests that movement, if any, was approximately 
vertical, with the central part of the range moving 
]'t~ l:ttively up or down, or perhaps both ways at diff­
eren t times. 

placement. Short faults with vel.tical cUsplacement of~ 
several h-undl'ed feet or less~dTsphrceotlTer unitsintl~le-~~ 
northern part of the rHnge, north of the northernmost 
outcrops of Fish Creek Moulltains Tuff. The line of 
Pleistocene or Holocene basalt cones and flows along 
the northwest edge of the range probably represents 
eruption along the w'estern Basin and Range fHult The two most prominent of these faults lie half a 

mile 01' 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 physiogTaphy 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 Nevacla. The arcuate faults in the 
southel'l1 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 southwestel'l1 part of the Fish 
Creek Mountains is defined by a belt of andesitic to 
quartz latitic igneous rocks about 1.5 miles from the 
westel'l1 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 ail' photographs, probably is the 
trace of the most recent fault. Uplift on this western 
Basin and Range fault is about 1,000 feet 01' 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 Cre€k 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-

zone; this line of eruptions is about 10 miles long and 
generally lines up (although it trends more north­
easterly) with the fault scrap alung the southwestel'l1 
part of the range (see preceding section). The eastel'l1 
edge of the range is not defined by Basin and Range 
faults, although several lineal' nOl'th-northeast-trend-
ing canyons in this part of the range may follow the 
trace of, 01' 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 
ea'rly 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 non welded 
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 westel'l1 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 neal' its SOUl'ce 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 ('1) 
Tuff (radiometI'ic age in the Fish Creek :lVIountains 
about 24 m.y.) spl'ead around the southern, eastern, 
and northern part of the Fish Cl'eek Mountains vol­
cimic 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 
lVliocei1e(?) 01' 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 ancl the fact Lhat basins in which they could 
accumulate developed suggest that the first stage of 
tectonism related to Rlsin and Range structure began 
at this time. Basin and Range faulting responsible for 
the present physiography of central Nevada subse­
quen tly "blocked out" the Fish Creek Mountains as 
they are today. The main faulting of this type in the 
Fish Creek ' MlJlIlltains 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 deposit€d in the Fish 
Creek Mountains. 
, Recent erosion lias 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 
asweIJ 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
hl"es postdate th e Fish Creek Mountains Tuff by as 

much as 10 m.y. and be ong ater chapterin tlre-- --------+ 
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 subs·equent 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 i1'l'egular 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 tliis 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 Cr€ek 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-cen tral part of the rang'e; the for­
mation is 1110re than 3,000 feet thick, is devoid of 
structure except for some columnar jointing, and ap­
peal'S 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 ll.--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 st;-ucturally 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 2·1 m.y. ago. 4, Present~day topography- the Fish Creek Mountains are eleva ted 
along north -northeast-trcncling 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 (;Ol'e area of tuff from the mar­
ginal layer·eel tuff.. These faults, which are not related 
to more r ece nt Basin <mel Range faulting, are consid­
ered remnants of co llapse 01' resurgent structures 
formed at the time of eruption (about 24 m.y. ago) . 
The ash~f]olV sheet pl'olJably was erupted from vents 
within the south -ce nt I'<tl Jl<ll't of the Fish Creek 
]V[ OLi nta in s. 

Tile geologic hi s tory ut' the Fish Creek Mountains 
volcanic center sta l'ted with the eruption of a volumi­
nous (about 75 cu mi) a s h-flo\\' sheet. The eruption 
was ))l'obably of a low-en ergy type, for the as h flow 
spread only a s hort c1i s l,lIH"e from its source and 
f~I'mecJ a r elatively t1lick pile of tuft'. Subsidence of 
the source area probably accompanied eruption and 
sen'ed to futher loutlize th e ash flow neal' its source. 
The total duration of ash-flow eruption probably was 
less than several thollsalld years, and there was 110 

later nsh-flow activity from tile volcanic center. 
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