
INTRODUCTION

The Bell Mountain Quadrangle lies in the south-
eastern part of Churchill County, in western Nevada
(fig. 1). It covers a series of modest hills east of
Fairview Peak, which lies in the Bell Canyon
Quadrangle (Henry, 1996) to the west. Detailed geo-
logic mapping of the Bell Mountain and Bell Canyon
Quadrangles was undertaken for several purposes.
(1) Significant mineralized areas lie within the quad-
rangles (Tingley, 1992), and initial reconnaissance
suggested that mineralization was related to a
Miocene ash-flow caldera. (2) The fault scarp result-
ing from the 1954 Fairview Peak earthquake runs
along the eastern edge of the Bell Canyon
Quadrangle (fig. 2; Slemmons, 1957; Caskey and
others, in press). Mapping was needed to provide a
framework for neotectonic studies and to evaluate
long-term motion on the fault. (3) The Bell Mountain
and Bell Canyon Quadrangles lie along or near the
transition between northwest-striking strike-slip
faults of the Walker Lane to the southwest and north-
northeast-striking normal faults characteristic of the
Basin and Range province to the northeast (Stewart,
1988, 1992a). The Bell Mountain-Bell Canyon area is
one of the few places where bedrock crops out in this
transition zone, so that the eastern extent of the
Walker Lane and the nature of the transition can be
examined.

Previous geologic maps of the area are small-
scale (1:250,000) compilations of Churchill County
(Willden and Speed, 1974) and the Reno 1° by 2°
Quadrangle (Greene and others, 1991). Rock units
within the Bell Mountain Quadrangle are predomi-
nantly Miocene igneous rocks, many related to a 19-
Ma caldera, and upper Tertiary to Quaternary sedi-
mentary deposits (fig. 2).

ROCK UNITS

Three major sequences of Tertiary volcanic, vol-
caniclastic, and intrusive rocks crop out in the Bell

Mountain Quadrangle. From oldest to youngest,
these are: (1) andesitic to rhyolitic lavas, tuffaceous
sedimentary rocks, and minor ash-flow tuff (informal-
ly named lavas of West Gate) that crop out north of
the Fairview Peak caldera and extend into the south-
ern West Gate Quadrangle; (2) conglomerate, sand-
stone, basaltic andesite, and dacite that crop out
south of the caldera and extend into the northern
Broken Hills Quadrangle; and (3) a complex assem-
blage of ash-flow tuff, lava domes, debris deposits,
and small intrusions that accumulated in and around
the Fairview Peak caldera. Relative and absolute
ages of all sequences are well established by field
relations and 40Ar/39Ar ages.

Figures 3, 4, and 5 and tables 1 and 2 summarize
petrographic, chemical, and 40Ar/39Ar age data on the
volcanic rocks of the Fairview Peak area. All Tertiary
igneous rocks are moderately alkalic (table 1; fig. 4).

Lavas of West Gate

The informally named lavas of West Gate and
possibly related rhyolite dome (Tor) and bedded tuff
(Tot) are the oldest rocks in the Bell Mountain
Quadrangle. These rocks form a series of generally
west-northwest-striking, southwest-dipping bands
that are poorly exposed in the low hills north of the
caldera. Dark-brown to dark-gray andesite is most
abundant, followed by rhyolite and minor tuffaceous
sedimentary rocks. Similar rocks, as well as abun-
dant dacite lavas and nonwelded ash-flow tuff are
extensive in the West Gate Quadrangle to the north
(fig. 2). 40Ar/39Ar ages were determined on sanidine
phenocrysts from a dacitic lava (22.53 ± 0.09 Ma;
H93-85; table 2) and a rhyolitic ash-flow tuff (22.46 ±
0.06 Ma; H93-102) in the West Gate Quadrangle.
These ages are consistent with the stratigraphic posi-
tion of the sequence between the 19.2-Ma tuff of
Fairview Peak and the 24.5-Ma tuff of Elevenmile
Canyon (John, 1995), which underlies the lavas of
West Gate to the north.

The total thickness of lavas of West Gate is
uncertain but appears to be large. The outcrop belt,
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including exposures in the West Gate Quadrangle, is
4 to 5 km wide perpendicular to the west-northwest
strike. However, uncertainty in dip and in the extent of
repetition by faulting makes determining an accurate
thickness impossible. If the average dip is 20° and the
sequence is not repeated by faulting, the outcrop
width indicates an apparent thickness of 1,500 m.

SEDIMENTARY ROCKS, BASALTIC ANDESITE,
AND DACITE SOUTH OF THE CALDERA

A thick sequence of coarse conglomerate, sand-
stone, basaltic andesite, and dacite crops out south
of the Fairview Peak caldera. The rocks appear to
form a northwest-plunging anticline with north-north-
west- and west-northwest-striking limbs. The base of
the sequence is not exposed in the mapped area, but
the area southeast of the quadrangle, where a base
could be exposed, is not mapped. Assuming that the
sequence is not repeated by faulting, total thickness
in the western limb is about 1,200 to 1,500 m.

Conglomerate (Tcg), which contains clasts of the
interbedded basaltic andesite and dacite as well as
sparse Cretaceous (?) granite, is the most abundant
rock type. Conglomerate is markedly coarser in the
western limb, where clasts are commonly up to 40 cm
across, than in the eastern limb, where maximum
clast size is about 20 cm. Sandstone, siltstone, and
pebbly sandstone (Ts) occur in the upper part of the
sequence in the western limb and in the lower part in
the eastern limb. Basaltic andesite (Tb) forms several
thin lava flows and flow breccias interbedded with
conglomerate in the western belt. Several flows
appear to consist entirely of breccia composed of
scoriaceous to, rarely, massive blocks. Flows are
absent in the eastern belt, but much of the conglom-
erate there consists entirely of basaltic andesite
clasts. Abundantly porphyritic dacite (Tl) occupies the
core of the anticline, forms several lenses in the west-
ern limb, and occurs only as pyroclastic breccia in the
eastern limb.

40Ar/39Ar ages on dacite are 20.04±0.10 and
19.88±0.07 Ma on hornblende and biotite, respec-
tively (table 2; fig. 5). Sanidine from pumice in sand-
stone gives 19.36±0.12 Ma. These ages are consis-
tent with the 19.2-Ma age of the overlying tuff of
Fairview Peak. However, the ages require that defor-
mation occurred between about 19.4 and 19.2 Ma,
because the caldera truncates both the rocks and the
anticline (see section on Structural Geology, below).

The thick sedimentary sequence dominated by
coarse conglomerate suggests deposition in a graben
or half graben generated by normal faulting. The dis-
tribution of lavas and the coarseness and clast-size
distribution of conglomerate suggest a nearby, high-
relief source to the west. Presence of Cretaceous (?)

granitic clasts in the conglomerate suggests pre-
Tertiary basement was exposed in the source area,
presumably the footwall of a normal fault. During ini-
tial mapping, before recognition of the eastern limb, I
interpreted the north-northwest-striking rocks of the
western limb to have been deposited in a north-north-
west-striking half graben, in which graben-bounding
faults lay to the west. Recognition of the eastern limb
requires a more complex evolution, although deposi-
tion in an initial north-northwest-striking half graben
remains possible.

Rocks of the Fairview Peak Caldera

A complex assemblage of ash-flow tuff, basaltic
andesite to rhyolite lava, rhyolite lava domes, and
dacite to rhyolite dikes form a probably cogenetic
suite erupted from the Fairview Peak caldera. These
rocks erupted from sources in and around the caldera
over a narrow time span between about 19.2 and
18.5 Ma (table 2; fig. 5). They form four distinct
groups, only three of which are well represented in
the Bell Mountain Quadrangle. The three are (1) the
tuff of Fairview Peak and related megabreccia and
debris deposits, (2) rhyolite lava domes and related
tuffs and basaltic andesite lava, and (3) late intra-
caldera dikes. Basaltic andesite to rhyolite lavas
(informal lavas of Bell Canyon) that are abundant in
the Bell Canyon Quadrangle are sparsely present in
the southwestern corner of the Bell Mountain
Quadrangle.

TUFF OF FAIRVIEW PEAK AND RELATED
MEGABRECCIA AND DEBRIS DEPOSITS

Major caldera-related volcanism began with
eruption of the rhyolitic tuff of Fairview Peak (Tfp) at
19.2 Ma. The tuff crops out extensively in the Bell
Mountain and Bell Canyon Quadrangles and locally in
the southwestern part of the West Gate Quadrangle.
Throughout most of this area, the tuff accumulated
within its own caldera, the Fairview Peak caldera. The
thickest intracaldera exposure is 700 m of tuff in the
east face of Fairview Peak in the Bell Canyon
Quadrangle, and the base is not exposed. Outflow
deposits extend into the southern part of the West
Gate Quadrangle, north of the map area, and in a
small area at the southern edge of the caldera.
Outflow tuff north of the caldera partly covers irregu-
lar topography developed on top of the lavas of West
Gate.

The tuff is sparsely porphyritic, moderately alka-
lic, high-silica rhyolite showing negligible composi-
tional zoning (table 1; figs. 3 and 4). Both intracaldera
and outflow deposits are densely welded and a single
cooling unit in most outcrops. Moderately to poorly
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welded tuff and multiple cooling units occur within the
caldera at Bell Mountain and in the northeastern part
in the stratigraphically highest preserved deposits.
Basal vitrophyre is present in probable outflow
deposits near the northern and southern edge of the
caldera.

One definite and one probable ash-flow vent
(Tfpv), petrographically indistinguishable from the tuff
of Fairview Peak, crop out in the quadrangle. The def-
inite vent is an east-striking, dike-like body of verti-
cally foliated rock that cuts through subhorizontal tuff
near the approximate northeastern margin of the
caldera (fig. 2). The dike is 200 m long, up to 20 m
wide, and has a vitrophyric margin and a devitrified
core. The probable vent consists of an irregularly

northeast-striking, southeast-dipping, apparent dike
of vitrophyre that cuts steeply through gently dipping,
devitrified tuff.

Lenses of coarse, massive to poorly bedded
debris-flow deposits, massive breccia, and minor
bedded tuff (Tfpx) are interbedded with and overlie
the uppermost parts of the tuff southwest of Bell
Mountain. Large blocks, or megabreccia (Tfpb;
Lipman, 1976), of precaldera rocks up to about 70 m
in diameter lie within tuff or debris deposits, particu-
larly in a north-striking belt east and northeast of Bell
Mountain. The debris deposits and megabreccia rep-
resent large blocks that slumped from the caldera
wall during eruption of the tuff of Fairview Peak and
caldera collapse.
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Ponding of the tuff and interbedding of
megabreccia and coarse debris deposits with tuff
within the caldera demonstrate that ash-flow eruption
and caldera collapse were contemporaneous. The
caldera underwent at least 700 m of collapse, the
maximum observed thickness of tuff of Fairview
Peak, and possibly much more than that.

LAVAS OF BELL CANYON

The lavas of Bell Canyon, which consist of
basaltic andesite to rhyolite lava, related coarse to
fine air-fall tuff, debris shed from the flanks of lava
domes, and feeder dikes, were the next youngest
igneous rocks of the caldera. These rocks crop out
extensively in the Bell Canyon Quadrangle (fig. 2) but
are present only as a small area of lava and one dike
in the southwestern part of the Bell Mountain
Quadrangle, where andesite lava (Tba) overlies flow-
banded rhyolite lava (Tbr). A mostly vitrophyric dike of
andesite (Tiba) cuts debris deposits 1 km east of the
lava outcrop. 40Ar/39Ar ages from the Bell Canyon
Quadrangle show that the lavas and dikes were
emplaced between about 19.0 and 18.9 Ma (table 2;
fig.4), 0.2 to 0.3 Ma after eruption of the tuff of
Fairview Peak.

RHYOLITIC LAVA DOMES, RELATED TUFFS,
DIKES, AND BASALTIC ANDESITE

Numerous rhyolite lava domes, accompanied by
air-fall tuff, dikes, and basaltic andesite lava, were
emplaced along or just outside the ring fracture of the
caldera. Most domes formed between 19.0 and 18.9
Ma; one dome may be as young as 18.5 Ma (table 2;
fig. 5). The domes are divided into three map units on
the basis of their distribution and petrographic-chem-
ical characteristics (table 1; fig. 3). A northeastern
group of high-silica rhyolites are divided into sparsely
and abundantly porphyritic types (Td and Tdp,
respectively). Both types have the same phenocryst
assemblage of plagioclase, sanidine, biotite, horn-
blende, and minor quartz. Abundantly porphyritic
rocks contain 10 to 20% phenocrysts whereas
sparsely porphyritic rocks contain no more than about
4% phenocrysts. A southern group consists of abun-
dantly porphyritic, low-silica rhyolite (Tds).These con-
tain about 30% phenocrysts, mostly plagioclase,
hornblende, and biotite, with quartz and sanidine in
some samples.

The northeastern group includes at least three
abundantly porphyritic and four sparsely porphyritic
domes. These domes form a northwest-striking belt
that parallels but is probably 1 to 2 km outside the

6

SiO2 wt%

50 55 60 6545

2

4


6

8

10

N
a 2

O
 +

 K
2O

 w
t%

12

70 75

Southern rhyolite domes (Tds)
Northern lava domes (Td, Tdp)
Intracaldera dikes (Tifbq, Tifbh)
Lavas of Bell Canyon (Tb..., Tib...)
Tuff of Fairview Peak (Tfp)
Rocks of Fairview district (Tfdy, Tir)
Southern sequence (Tb, Tl)
Lavas of West Gate (Twa, Twr)

Rhyolite

Dacite

Trachyte

Trachyandesite

Basaltic

trachy-

andesite

AndesiteBasalt

Trachy-

basalt

Basaltic

andesite

Figure 4. Total alkalies -
silica plot of igneous rocks
of the Fairview Peak
caldera and vicinity,
Nevada. Classification 
follows LeBas and others
(1986). Major elements
normalized to 100%
volatile free.



caldera ring fracture. Both petrographic types form
distinct topographic domes that probably mimic origi-
nal extrusive morphology. Most have vitrophyric
and/or vesicular margins that pass inward into devit-
rified, strongly flow-banded and flow-folded rock.

Several types of tuffs (Tdt) underlie or are
intruded by the domes. These include poorly weld-
ed, lithic ash-flow tuff, well-bedded air-fall tuff, and
minor tuffaceous sedimentary rock. Clasts in the
tuffs are mostly perlitic, devitrified, or pumiceous
blocks of rhyolite petrographically similar to that in
the adjacent dome. These relations indicate that the
tuffs are pyroclastic eruptions that immediately pre-
ceded lava extrusion.

40Ar/39Ar ages of two abundantly and three
sparsely porphyritic domes cluster tightly between
18.9 and 19.0 Ma (table 2). The 20.06 ± 1.00 Ma age
on plagioclase from one dome could indicate an older
body, but this age is indistinguishable from those of
other domes within the very large uncertainty.
Emplacement of the two petrographic types appears
to have overlapped in time. The northernmost sparse-
ly porphyritic dome overlies the adjacent abundantly
porphyritic dome, whereas an abundantly porphyritic

dome overlies a sparsely porphyritic dome near the
east-central edge of the quadrangle.

The southern rhyolite domes (Tds) form an east-
striking belt along and outward from the caldera mar-
gin. Individual domes vary from 200 m to 2 km
across. Most of the smaller bodies are probably shal-
low intrusions, but all probably fed lava domes. Most
are nonresistant and rise only slightly above the sur-
rounding ground. All bodies have thick perlitic mar-
gins; interiors show thick, generally planar flow bands
that parallel contacts and dip steeply inward. The
largest dome, at the western end of the belt, appears
to have intruded along the caldera ring fracture. It
intrudes between intracaldera tuff of Fairview Peak on
the northeast and precaldera conglomerate and
basaltic andesite on the south. Coarse, massive to
poorly bedded tuffaceous rocks (Tdst) occur around
the easternmost dome.

40Ar/39Ar ages determined on the westernmost
and easternmost of the southern domes differ signifi-
cantly (table 2; fig. 5). The hornblende age of 18.94 ±
0.06 Ma on sample H94-19 is probably the most reli-
able and is indistinguishable from ages on domes of
the northeastern group. The age of 18.53 ± 0.08 Ma
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on sample H93-118 is a weighted mean of one sani-
dine and five plagioclase analyses and is controlled
almost entirely by the sanidine analysis. This age
should be interpreted cautiously.

Basaltic andesite lavas occur at two stratigraph-
ic levels near the east-central edge of the quadran-
gle. The older basaltic andesite (Tba1) overlies a
sparsely porphyritic dome and underlies an abun-
dantly porphyritic dome. Therefore, the older basaltic
andesite was contemporaneous with the domes and
could be a part of the caldera magmatic system. The
younger lavas (Tba2) consist of several flows of
sparsely and very finely porphyritic basaltic andesite
that are more extensive to the east in the Quartz
Mountain NW Quadrangle. These flows overlie the

sedimentary rock sequence (Tsr) that overlies air-fall
tuff (Tdt). Therefore, they could be significantly
younger than the older basaltic andesite lavas or rhy-
olitic domes.

Unit Tsr consists of poorly cemented brown
sandstone composed of volcanic rock and mineral
fragments and white, tuffaceous sandstone. These
overlie air-fall tuff (Tdt) along the eastern edge of the
Bell Mountain Quadrangle. The brown sandstone
contains rhyolitic fragments that are probably
reworked from the domes and more mafic fragments
that may be derived from the older basaltic andesite
lavas. As with the younger basaltic andesite, these
rocks could be significantly younger than the
Fairview Peak caldera.
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Table 1. Chemical analyses of Tertiary igneous rocks, Fairview Peak area.

Lavas of West Gate Southern sequence Fairview district Tuff of Fairview Peak

Sample H93-7 H93-106 H93-85 H93-120 H94-19 H95-16 H95-5 H93-58 H93-135 H93-126
Map unit Twa Twa Twr Tb Tl in Tcg Tfdy Tir Tfp Tfp Tfp
W. Long 118°04.5 ′ 118°02.9′ 118°02.4′ 118°04.9′ 118°02.4′ 118°09.5′ 118°09.9′ 118°05.4′ 118°09.1′ 118°09.1′
N. Lat 39°15.8 ′ 39°14.7′ 39°15.8′ 39°07.0′ 39°07.8′ 39°14.8′ 39°14.4′ 39°08.1′ 39°11.9′ 39°13.5′
Quadrangle WG BM WG BH BM BC BC BM BC BC

Major oxides (weight %):
SiO2 60.41 61.74 64.01 54.82 66.31 62.79 76.27 75.41 76.02 76.00
TiO2 0.86 0.77 0.64 1.45 0.50 0.64 0.15 0.13 0.12 0.12
Al2O3 16.92 16.98 16.83 18.31 16.98 17.20 13.06 13.52 13.21 13.15
FeO* 6.12 5.21 4.30 7.68 2.99 4.61 0.93 1.06 1.02 0.97
MnO   0.06 0.09 0.14 0.12 0.08 0.10 0.02 0.06 0.06 0.06
MgO   2.81 3.13 1.08 2.48 0.92 2.47 0.16 0.04 0.02 0.11
CaO   5.83 5.28 5.70 6.88 3.58 5.02 0.82 1.40 0.51 0.51
Na2O  4.17 3.57 4.16 4.63 4.61 4.35 3.78 3.67 4.25 4.74
K2O   2.48 2.94 2.90 2.74 3.84 2.53 4.76 4.69 4.77 4.32
P2O5 0.35 0.30 0.24 0.89 0.20 0.28 0.05 0.03 0.03 0.03
Total 100.59 99.44 100.36 100.33 99.25 99.98 99.79 98.73 100.68 100.65

Trace elements (ppm):
Sc 15 12 17 19 8 16 0 4 4 3
V     124 117 102 142 57 99 8 0 13 8
Cr    39 28 27 25 6 12 0 5 7 2
Ni    13 10 10 9 7 6 11 10 11 10
Cu 23 17 10 135 0 10 5 4 5 8
Zn 87 80 68 108 65 78 32 46 30 34
Ga 20 18 19 25 22 21 18 15 14 14
Rb 57 74 82 73 83 56 159 204 151 130
Sr 980 680 750 658 495 885 94 179 79 85
Y 14 16 14 39 15 14 18 19 18 17
Zr 162 180 138 340 249 158 131 130 121 118
Nb 7 11 8 20 12 9 18 20 20 18
Ba 1437 1359 1118 1054 1621 1169 401 647 562 552
La 44 36 34 32 23 18 35 35 54 41
Ce 57 51 56 100 59 40 69 59 72 60
Pb 18 16 19 22 16 14 26 24 17 14
Th 8 9 14 7 7 6 19 14 15 15

All analyses by X-ray fluorescence at the Geoanalytical Laboratory, Washington State University. WG=West Gate; BC=Bell Canyon; BM=Bell Mountain; SM=Slate Mountain; BH=Broken
Hills. Major elements are normalized to 100% on a volatile-free basis; total is before normalization. *Total Fe expressed as FeO.



Table 1. Chemical analyses of Tertiary igneous rocks, Fairview Peak area (continued).

Lavas of Bell Canyon Late intracaldera dikes

Sample H93-144 H93-140 H93-139 H93-155 H93-137 H94-46 H93-20 H93-52 H93-141 H93-12 H93-90 H93-104
Map unit Tbb Tba Tba Tba Tbd Tibd Tbr Tbr Tibr Tifbh Tifbq Tifbh
W. Long 118°13.4 ′ 118°12.9′ 118°13.0′ 118°10.2′ 118°12.8′ 118°10.0′ 118°11.5′ 118°11.9′ 118°13.4′ 118°06.1′ 118°06.4′ 118°03.7′
N. Lat 39°10.2’ 39°09.3’ 39°09.3’ 39°08.7 ′ 39°08.9′ 39°08.9′ 39°08.6′ 39°08.3′ 39°08.4′ 39°13.6′ 39°11.7′ 39°13.7′
Quadrangle BC BC BC BC BC BC BC BC BC BM BM BM

Major oxides (weight %):
SiO2 52.21 56.50 57.81 60.62 68.68 75.38 75.87 76.41 76.52 67.87 67.68 70.94
TiO2 1.54 1.12 1.18 0.92 0.49 0.26 0.14 0.14 0.11 0.45 0.41 0.34
Al2O3 17.83 17.86 19.17 18.08 15.76 13.03 13.27 13.20 12.91 16.00 15.90 15.39
FeO* 9.38 6.97 5.00 4.95 2.58 1.56 0.78 0.92 0.66 3.33 3.11 2.24
MnO 0.15 0.13 0.08 0.10 0.04 0.05 0.03 0.03 0.07 0.09 0.09 0.05
MgO 4.32 3.17 2.41 1.99 0.68 0.44 0.00 0.66 0.00 1.38 1.25 0.46
CaO 8.62 7.53 6.98 5.52 2.11 1.84 0.69 0.79 0.62 2.60 3.69 1.99
Na2O 3.91 4.50 4.72 4.77 5.03 3.71 4.41 2.20 4.14 4.51 3.88 4.57
K2O 1.42 1.89 2.27 2.74 4.46 3.59 4.80 5.62 4.96 3.58 3.80 3.90
P2O5 0.62 0.35 0.37 0.30 0.17 0.13 0.02 0.03 0.01 0.20 0.18 0.13
Total 100.90 100.72 100.82 100.82 100.83 100.35 101.62 99.33 98.27 100.73 99.95 100.72

Trace elements (ppm):
Sc 30 25 24 19 9 9 6 5 3 6 10 10
V 214 160 171 114 32 19 0 9 0 52 53 30
Cr 73 61 52 27 2 0 1 0 2 5 11 5
Ni 20 16 15 4 5 9 10 9 8 6 6 6
Cu 37 22 27 15 5 4 8 5 10 8 11 4
Zn 114 82 86 79 56 40 27 46 35 63 55 55
Ga 20 19 21 20 19 15 17 14 14 19 19 20
Rb 20 52 53 68 131 169 162 175 218 103 131 121
Sr 803 695 740 607 321 291 75 70 43 414 550 307
Y 31 21 22 23 21 12 16 15 17 16 16 13
Zr 188 178 191 208 285 150 114 120 100 194 158 182
Nb 12 13 13 13 19 12 18 18 20 15 13 15
Ba 784 932 980 1216 1922 846 1058 1276 341 1235 860 1199
La 22 25 34 31 34 31 50 32 43 35 31 36
Ce 49 45 62 64 55 29 62 42 74 55 72 69
Pb 4 13 12 13 16 19 22 25 28 19 13 17
Th 2 4 3 7 14 8 17 19 20 11 9 11

All analyses by X-ray fluorescence at the Geoanalytical Laboratory, Washington State University. WG=West Gate; BC=Bell Canyon; BM=Bell Mountain; SM=Slate Mountain; BH=Broken

Hills. Major elements are normalized to 100% on a volatile-free basis; total is before normalization. *Total Fe expressed as FeO.

LATE INTRACALDERA DIKES

The youngest recognized igneous activity in the
caldera is a series of generally east-striking dikes and
small plugs that intrude the tuff of Fairview Peak and
continue westward into the Bell Canyon Quadrangle
(fig. 2). These are mostly low-silica rhyolite or dacite,
divided into two petrographic types (table 1; fig. 3):
plagioclase-biotite-quartz phyric (Tifbq) and plagio-
clase-biotite-hornblende phyric (Tifbh). Sanidine phe-
nocrysts are a minor component of some Tifbh dikes.
One andesite dike (Tia) is present.

The two largest plagioclase-biotite-quartz phyric
dikes are 10 to 20 m wide and extend 6 to 8 km west-
ward into the Bell Canyon Quadrangle. Several shorter

dikes and a small (~50-m diameter) plug occur east
along strike with the two larger dikes. The plagio-
clase-biotite-hornblende phyric type forms three
stocks and a northeast-striking dike near the northern
margin of the caldera. One stock, a 350-m wide body
at the western edge of the quadrangle, narrows west-
ward to a dike in the Bell Canyon Quadrangle.

40Ar/39Ar ages on three samples of the plagio-
clase-biotite-hornblende phyric intrusions are 18.82 ±
0.08 Ma (sanidine; H93-91), 18.83 ± 0.37 Ma (plagio-
clase; H93-12), and 18.37 ± 0.35 Ma (plagioclase;
H93-104). The sanidine age probably best indicates
the actual age of emplacement. Therefore, these
dikes were intruded about 0.2 Ma after the lavas of
Bell Canyon.

9
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STRUCTURAL GEOLOGY

Precaldera Structures

WEST-NORTHWEST-STRIKING LAVAS
OF WEST GATE

The lavas of West Gate strike west-northwest
and generally dip gently to the south (fig. 2). Detailed
structural analysis is hampered by the paucity of
good structural markers and poor exposure.
Nevertheless, the west-northwest strike and gentle
dip suggests an episode of low-magnitude north-
northeast extension unless the beds have undergone
subsequent vertical axis rotation. This episode of
extension must have occurred between 22.5 and 19.2

Ma, the age of the tilted lavas of West Gate and the
untilted tuff of Fairview Peak. John (1992) interpreted
a similar episode of low-magnitude, north-northeast
extension in the southern Stillwater Range at about
19 to 18 Ma on the basis of a swarm of west-north-
west striking dikes. Steeper dips in lavas of West
Gate and the older bedded tuff (Tot) near the buried
caldera margin in the northwestern part of the quad-
rangle may indicate slumping into the caldera.

NORTHWEST-PLUNGING ANTICLINE
SOUTH OF THE CALDERA

The sedimentary and lava sequence south of the
caldera appears to form an open, northwest-plunging

Table 1. Chemical analyses of Tertiary igneous rocks, Fairview Peak area (continued).

Northern rhyolite lava domes Southern rhyolite domes

Sample H93-107 H94-21 H94-22 H93-101 H93-114 H94-23 H93-118 H94-16 H94-20b
Map unit Td Td Td Tdp Tdp Tdp Tds Tds Tds
W. Long 118°01.4 ′ 118°00.8′ 118°01.5′ 118°02.1′ 118°00.2′ 118°01.4′ 118°06.1′ 118°30.1′ 118°01.6′
N. Lat 39°13.5 ′ 39°11.3′ 39°14.3′ 39°16.3′ 39°12.4′ 39°14.2′ 39°08.3′ 39°07.9′ 39°08.0′
Quadrangle BM BM BM WG BM BM BM BM BM

Major oxides (weight %):
SiO2 75.86 76.43 75.78 72.07 76.16 76.70 70.75 71.50 72.20
TiO2 0.10 0.11 0.09 0.32 0.11 0.10 0.28 0.31 0.30
Al2O3 12.65 12.98 12.62 14.95 12.87 12.82 15.13 15.26 14.76
FeO* 0.67 0.62 0.50 1.85 0.73 0.70 1.96 1.79 1.61
MnO 0.05 0.05 0.02 0.03 0.07 0.07 0.07 0.08 0.05
MgO 0.00 0.00 0.00 0.37 0.00 0.00 0.37 0.45 0.70
CaO 1.59 0.90 2.35 1.60 0.57 0.47 2.09 1.97 2.05
Na2O 4.27 4.09 4.04 4.79 3.65 3.97 5.07 4.41 3.87
K2O 4.81 4.80 4.57 3.92 5.82 5.17 4.17 4.11 4.36
P2O5 0.02 0.01 0.03 0.10 0.01 0.01 0.11 0.12 0.10
Total 100.72 100.62 99.95 101.16 99.41 99.09 100.00 99.53 99.35 

Trace elements (ppm):
Sc 7 2 4 5 2 6 5 4 4
V 1 0 8 25 7 11 21 28 37
Cr 2 0 0 1 2 0 8 0 0
Ni 7 9 8 6 9 8 6 10 12
Cu 9 3 0 4 6 4 9 4 5
Zn 32 38 29 49 39 42 45 45 47
Ga 18 17 18 19 15 16 16 20 18
Rb 165 162 138 111 170 164 119 117 116
Sr 44 48 109 268 20 14 339 311 354
Y 16 17 13 14 17 18 14 15 11
Zr 94 95 81 162 108 108 171 173 142
Nb 20 20 17 16 22 20 15 15 12
Ba 164 461 776 1221 312 209 1110 1197 1237
La 31 54 28 30 35 35 25 32 40
Ce 66 57 45 53 67 63 48 59 44
Pb 25 49 21 16 28 27 18 20 21
Th 19 19 17 12 17 17 13 13 15

All analyses by X-ray fluorescence at the Geoanalytical Laboratory, Washington State University. WG=West Gate; BC=Bell Canyon; BM=Bell Mountain; SM=Slate Mountain; BH=Broken

Hills. Major elements are normalized to 100% on a volatile-free basis; total is before normalization. *Total Fe expressed as FeO.



anticline (fig. 2). The western limb strikes north-north-
west and dips 20° to 50° westward. The eastern limb
strikes west-northwest and dips 15° to 40° to the
northeast. Details of the structure are poorly under-
stood. Most of the hinge line is within massive, struc-
tureless dacite. Only a small part of the nose of the
fold is exposed, but poor exposure precludes tracing
individual beds around it. Farther northwest, the fold
is buried beneath Quaternary deposits and cut off by
the Fairview Peak caldera. The southeastern continu-
ation of the structure in the Broken Hills Quadrangle
has not been mapped.

The origin of this structure is uncertain. An initial
interpretation was that the north-northwest-striking,
west-dipping limb was deposited in a half graben
resulting from east-northeast extension. East-north-

east extension is characteristic of early extension in
the Basin and Range province, including the Walker
Lane and other nearby areas (Proffett, 1977; Zoback
and others, 1981; John and others, 1989; John,
1992). Furthermore, east-northeast extension in the
nearest well-documented example, in the Paradise
Range 40 km to the south, occurred between 22 and
19 Ma (John and others, 1989), indistinguishable
from the timing of activity here. However, east-north-
east extension does not explain the west-northwest-
striking limb, which is similar to the structural orienta-
tion in the lavas of West Gate. Continuation of struc-
ture between the two areas can not be demonstrat-
ed because they are at least 10 km apart, and the
intervening area is covered by the caldera. Possibly
the anticline developed along early strike-slip faults
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Table 2. 40Ar/ 39Ar Ages of Tertiary igneous rocks, Fairview Peak caldera and vicinity, Nevada.

std.
Sample No. Rock type Quadrangle Mineral Age Method Mean dev.

Rhyolite domes
Northeast domes (Td and Tdp)

H93-114 Porphyritic rhyolite (Tdp) Bell Mtn sanidine single crystal 18.94 0.06
H94-23 Porphyritic rhyolite (Tdp) Bell Mtn sanidine single crystal 18.87 0.09
H94-21 Sparsely porphyritic rhyolite (Td) Bell Mtn sanidine single crystal 19.05 0.09
H94-22 Sparsely porphyritic rhyolite (Td) Bell Mtn plagioclase single crystal 20.06 1.00
H93-107 Sparsely porphyritic rhyolite (Td) Bell Mtn sanidine/plag single crystal 18.86 0.04

Southern domes (Tds)
H93-118 Rhyolite Bell Mtn plagioclase single crystal 18.53 0.08
H94-20 Rhyolite Bell Mtn hornblende plateau 18.94 0.06

biotite plateau 19.10 0.10
Late intracaldera dikes (Tifbh)

H93-91 Dacite dike Bell Mtn sanidine single crystal 18.82 0.08
H93-12 Dacite dike Bell Mtn plagioclase single crystal 18.83 0.37
H93-104 Rhyolite dike Bell Mtn plagioclase single crystal 18.37 0.35

Lavas of Bell Canyon
H94-46 Dacite dike (Tibd) Bell Canyon plateau 18.85 0.13
H93-20 Rhyolite lava (Tbr) Bell Canyon sanidine single crystal 18.98 0.06
H93-52 Rhyolite dike (Tibr) Bell Canyon sanidine single crystal 18.97 0.03

Tuff of Fairview Peak (Tfp)
H93-58 Vitrophyre Bell Mtn sanidine single crystal 19.25 0.03
H93-108 Devitrified Bell Mtn sanidine single crystal 19.22 0.03

Southern sequence
H94-17 Pumice in Sandstone (Ts) Bell Mtn sanidine single crystal 19.36 0.12
H94-19 Dacite (Tl) in Tcg Bell Mtn hornblende plateau 20.04 0.10

biotite plateau 19.88 0.07

Fairview district
H95-5 Rhyolite dome (Tir) Bell Canyon sanidine single crystal 19.31 0.06
H95-16 Younger dacite (Tfdy) Bell Canyon hornblende plateau 20.02 0.10

Lavas of Westgate
H93-102 Tuff (Tws) West Gate sanidine single crystal 22.46 0.06
H93-85 Dacite (Twr) West Gate sanidine single crystal 22.53 0.09



similar to those of the Walker Lane. Although folds are
common along strike-slip faults, they do not appear to
be common in the Walker Lane (Ekren and Byers,
1984; Stewart, 1988; Hardyman and Oldow, 1991;
Dilles, 1992). No clear evidence exists for strike-slip
faults in the Bell Mountain area. Further work is
required.

Caldera-Related Structures

CALDERA COLLAPSE 

The Fairview Peak caldera is the major volcanic
structure of the Bell Mountain and Bell Canyon
Quadrangles. Caldera collapse occurred at approxi-
mately 19.2 Ma at the same time as eruption of the
tuff of Fairview Peak.The caldera margin in the south-
ern part of the Bell Mountain Quadrangle is marked
by the truncation of the precaldera sedimentary rock
sequence by the tuff of Fairview Peak (fig. 2). Near hill
6126, this tuff appears to form a thin, outflow veneer
on precaldera rocks, with basal vitrophyre in several
locations. Therefore, the ring fracture of the caldera
must be slightly to the north. The linear, northwest-
striking contact between tuff of Fairview Peak and the
southern dome may follow the ring fracture.
Continuation of the caldera margin to the east is
uncertain. If outcrops of conglomerate (Tcg) east of
the basin-and-range fault east of Bell Mountain are
precaldera, then the caldera margin must turn abrupt-
ly northward and nearly follow the basin-and-range
fault. Alternatively, the conglomerate is younger, and
the caldera margin is buried beneath Quaternary fan
deposits farther east.

The northern and northeastern margins of the
caldera are buried by tuff of Fairview Peak. The ring
fracture must lie south of the southernmost outcrops
of lavas of West Gate. Postcollapse rhyolitic domes in
the northeastern and eastern part of the quadrangle
may lie along fractures parallel and related to, but out-
side, the caldera ring fracture.

CALDERA RESURGENCE

Resurgence of the Fairview Peak caldera is best
shown by fault relations in Bell Canyon west of the
quadrangle. There, the tuff of Fairview Peak was
uplifted as much as 1 km along a near vertical, west-
northwest-striking fault (fig. 2). Evidence for resur-
gence is more equivocal in the Bell Mountain
Quadrangle, but attitudes of the intracaldera tuff of
Fairview Peak suggest broad doming. The tuff in
interior parts of the caldera is mostly flat lying,
whereas tuff and debris deposits near the caldera
margin dip toward the margin as much as 60° (fig.

2). This pattern is irregular, in that tuff in the interior is
locally moderately dipping, and tuff across the buried
northern margin of the caldera appears to be mostly
flat lying. Nevertheless, the overall pattern suggests
the interior of the caldera has been uplifted relative to
the margins. These attitudes do not seem to reflect
tilting related to basin and range faulting.

The tuff of Fairview Peak forms gentle folds in two
locations, near and southwest of Bell Mountain and
north of hill 6483 in the northeastern part of the
caldera. These folds could have formed by caldera
resurgence or by protracted or episodic collapse.

Caldera resurgence occurred at about 18.9 Ma.
The resurgent fault in Bell Canyon cuts rocks dated at
18.98 ± 0.06 and 18.97 ± 0.03 Ma. The fault is intrud-
ed by a 18.85 ± 0.13-Ma dacite dike, which is itself
faulted. This indicates that resurgence is related to
the renewed pulse of magmatism manifest by the Bell
Canyon rocks.

Basin-and-Range Faults

North-northeast-striking, late Tertiary to
Holocene, basin-and-range faults are the major post-
caldera structures. The most prominent is the
Fairview fault, which bounds the eastern side of
Fairview Peak in the Bell Canyon Quadrangle (fig. 2)
and has at least 1800 m of normal slip. A basin-and-
range fault bounds the eastern side of Bell Mountain
and turns to a more northeastern strike in the north-
ern part of the quadrangle before dying out still far-
ther northeast.The topographic scarp and distribution
of tuff of Fairview Peak indicate minimum displace-
ment of 250 m along this fault. Bell (1984) showed the
latest break as Pleistocene, but probably most dis-
placement is older.

HYDROTHERMAL ALTERATION
AND MINERALIZATION

The Bell Mountain Quadrangle includes the east-
ern parts of the Gold Basin and Bell Mountain mining
districts (Tingley, 1990, 1992). Total production from
these districts has been minor. Several mines in the
Gold Basin district produced a small, but unknown
amount of gold and silver during sporadic activity in
the 1920s and 1930s (Tingley, 1990). The Bell
Mountain Mine produced 39 tons of ore with a grade
of 0.5 oz/ ton gold and 16.4 oz/ton silver in 1927 (A. L.
Payne, cited in Tingley, 1990).

Mineralization at the Gold Bug Mine in the Gold
Basin district at the western edge of the quadrangle
occurred along the contact between the thick part of
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one of the intracaldera dikes (Tifbh) and tuff of
Fairview Peak. Rock there is moderately kaolinized
and silicified. Several adits and shafts in the canyon
to the northeast follow minor north-northeast-striking
faults and fractures in the tuff of Fairview Peak. The
tuff has undergone minor silicification and weak
propylitic alteration, which is also developed in tuff
throughout most of the caldera. Intensely silicified tuff
forms two prominent knobs at the eastern end of the
canyon. Quaternary alluvium in the canyon has been
mined for placer gold.

Mineralization at the Bell Mountain Mine occurs
along a N70°E-striking, 50-60°S-dipping calcite vein
that is partly replaced by quartz. The vein is as much
as 15 m wide and at least 1.5 km long, extending
westward into the Bell Canyon Quadrangle. A similar
east-striking vein that occurs approximately 800 m
east of the eastern end of the Bell Mountain vein has
also been explored. In the Bell Canyon Quadrangle,
the vein contains native silver, cerargyrite, and possi-
bly acanthite, which are interpreted to have resulted
from supergene oxidation of hypogene electrum,
argentite, and possibly base metal sulfides and silver
sulfosalts (A.L. Payne in Garside and Bonham, 1984).
Gangue minerals are manganiferous calcite, quartz,
and minor adularia, barite, fluorite, rhodochrosite,
and montmorillonite. The tuff of Fairview Peak is
locally intensely silicified around the veins. Tingley
(1995) reported grades between 0.02 and 0.14 oz/ton
gold and 0.08 and 3.5 oz oz/ton silver over widths of
10 to 155 feet (3 to 47 m). Most of this material is
probably in the Bell Canyon Quadrangle. Globex
Mining of Montreal recently optioned the property and
plans additional drilling (Tingley, 1995).

The Cye Cox prospect in the eastern part of the
Bell Mountain district at peak 6483 is in highly frac-
tured and intensely silicified tuff of Fairview Peak.
Attempts to leach ore at the property were probably
unsuccessful (Tingley, 1990). A small outcrop sur-
rounded by gravel southeast of peak 6483 consists of
intensely brecciated, silicified bedded tuff (Tfph). The
tuff contains angular clasts of flow-banded rhyolite,
pumice, and other volcanic rocks and contains minor
pyrite. This deposit appears to be hydrothermal brec-
cia formed in the uppermost part of a hydrothermal
system, probably related to the Fairview Peak caldera.
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