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Abstract

Two sequences of rhyolite lava flows and associated pyroclastic deposits are exposed in
the Thomas Range (6 m.y.) and at Spor Mountain (21 m.y.) in west-central Utah. Both
contain topaz indicative of their F-enrichment (>0.2%) and aluminous nature. The
rhyolites are part of the bimodal sequence of basalt and rhyolite typical of the region.
Moderate changes in major elements coupled with large variations in trace elements in
vitrophyres from the Thomas Range are generally consistent with fractionation of observed
phenocrysts. Especially important roles for the trace minerals are suggested. Nonetheless,
disagreement between major and trace element models regarding the degree of crystalliza-
tion as well as improbably high DTa and DTh suggest that some diffusive differentiation
involving the migration of trace elements complexed with volatiles also occurred or that
monazite, titanite or samarskite fractionation was important. Higher concentrations of F in
the evolving Spor Mountain rhyolite drove residual melts to less silicic compositions with
higher Na and Al and promoted extended differentiation yielding rhyolites extremely
enriched in Be, Rb, Cs, U, Th, and other lithophile elements at moderate SiO2 concentra-
tions (74%).

Introduction

During the Late Cenozoic much of the western United
States experienced eruptions of bimodal suites of basalt
and rhyolite (Christiansen and Lipman, 1972) consequent
to the development of the Basin and Range province, the
Snake River Plain, and the Rio Grande rift. These rocks
are especially characteristic of the Great Basin where
bimodal rhyolitic and mafic volcanism commenced about
22 m.y. ago (e.g., Best et al., 1980). Those rhyolites
which are rich in fluorine (up to 1.5 wt.%) and lithophile
elements (Be, Li, U, Rb, Mo, Sn, and others) appear to
be part of a distinct assemblage of topaz-bearing rhyolite
lavas that occurs across much of the western United
States and Mexico. The general characteristics of topaz
rhyolites have been discussed by Christiansen et al.
(1980, 1983a,b). Perhaps the best known are those from
the area near Topaz Mountain in west-central Utah (Fig.
1).

Two age groups of topaz rhyolite lava flows and their
associated tuffs occur in this region, one forming the
Thomas Range and the other peripheral to Spor Mountain
(Fig. 1). The rhyolites of the Thomas Range have been
mapped as the Topaz Mountain Rhyolite (Lindsey, 1982,
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1979). The lavas and tuffs were emplaced 6 to 7 m.y. ago
from at least 12 eruptive centers (Lindsey, 1979) and
coalesced to form a partially dissected plateau with an
area in excess of 150 km2. Turley and Nash (1980) have
estimated their volume to be about 50 km3.

The topaz rhyolite of the Spor Mountain Formation has
an isotopic age of 21.3±0.2 m.y. (Lindsey, 1982). This
rhyolite and its subjacent mineralized tuff (the ''beryllium
tuff") occur in isolated and tilted fault blocks on the
southwest side of Spor Mountain and as remnants of
domes and lava flows on the east side of the mountain.
Lindsey (1982) suggests that at least three vents were
active during the emplacement of the rhyolite of Spor
Mountain. Eruptive episodes for both the Spor Mountain
and Thomas Range sequences commenced with the em-
placement of a series of pyroclastic breccia, flow, surge,
and air-fall units and were terminated by the effusion of
rhyolite lavas (Bikun, 1980).

This study documents the Petrologic and geochemical
relationships of these lavas. Particular attention is paid to
the role of fluorine in the evolution of these rocks and to
the origin of their extreme enrichment in incompatible
trace elements. We conclude that most of the variation is
the result of the fractionation of the observed pheno-
crysts; "thermogravitational diffusion" appears to have
played only a small role.

The petrology of these rhyolites was initially studied as
part of an investigation of uranium deposits associated
with fluroine-rich volcanic rocks (Burt and Sheridan,
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Fig. 1. Generalized geologic map of the southern Thomas Range, Utah (after Lindsey, 1979, 1982; Staatz and Carr, 1964). Sample
localities shown by dots (surface) and crosses (drill core). Sample numbers correspond to those in Tables 1 and 2. Samples 61a, b,
and c were collected from a site north of the area shown and sample 6-358 and 18-113 are from a drill core obtained from a site just to
the west of the map area (Morrison, 1980).

1981). The rhyolite of Spor Mountain is underlain by a
cogenetic tuff which is mineralized with Be, F, and U
(Lindsey, 1977, 1982; Bikun, 1980) and is associated with
sedimentary uranium deposits and small fluorite deposits.
Presumably the lavas or their intrusive equivalents were
the source of the ores. In contrast, the Topaz Mountain
Rhyolite is not associated with economic surface mineral-
ization, but is similar in many respects to the older lavas.
There is also increasing evidence that such fluorine-rich
volcanic rocks are intimately associated with subvolcanic
porphyry molybdenum deposits (Burt et al., 1982).

Analytical methods

The samples analyzed in this study were selected from
a suite of more than 100 samples collected from outcrops
in addition to drill-core samples obtained by Bendix Field
Engineering Corporation (Morrison, 1980). Samples se-
lected for chemical analysis were chosen to represent the
spectrum of fresh rock compositions on the basis of
Petrographic examination.

Wavelength dispersive XRF was used to determine Si,
Ti, Al, Fe, Mn, Ca, K and P. Analyses were performed
using glass discs (Norrish and Hutton, 1969). Energy
dispersive XRF with undiluted rock powders was used to
determine Rb, Sr, Y, Zr, Nb and Ga. Atomic absorption
spectrometry was used to analyze for Na, Mg, Be, Li and
Sn. Natural rock powders were used as standards in each
case. Fluorine was analyzed using ion-selective elec-
trodes and a few samples were also analyzed for F and Cl
using an ion chromatograph as described by Evans et al.
(1981). Estimates of analytical precision are included in

the tables. Other trace elements were analyzed by instru-
mental neutron activation at the University of Oregon and
are considered to be precise to better than ±5% except
for Cr and Eu (±10%).

Mineralogy

The mineralogy of the two sequences of rhyolites are
grossly similar. The Topaz Mountain Rhyolite generally
contains sanidine, quartz, sodic plagioclase ± biotite ±Fe-
rich hornblende±titanite. Biotite compositions show in-
creasing Fe/(Fe + Mg) with differentiation (Turley and
Nash, 1980). Two-feldspar and Fe-Ti oxide temperatures
correlate well and range from 630° to about 850°C (Turley
and Nash, 1980; Bikun, 1980). Augite is found in one lava
flow (SM-61) with a high equilibration temperature. Spes-
sartine-almandine garnet occurs in some lavas, generally
as a product of vapor-phase crystallization (Christiansen
et al., 1980). Titanomagnetite is present as micropheno-
crysts in most samples, but ilmenite is rare.

The rhyolites of the Spor Mountain Formation contain
sanidine, quartz, sodic plagioclase, and biotite. Biotites
are extremely Fe-rich (Christiansen et al., 1980) and
suggest crystallization near the QFM oxygen buffer. Two-
feldspar temperatures cluster around 680° to 690° at 1 bar.
Magnetite is more abundant than ilmenite.

Magmatic accessory phases in both rhyolites include
apatite, fluorite, zircon, and allanite. Topaz, sanidine,
quartz, Fe-Mn-Ti oxides, cassiterite, garnet, and beryl
occur along fractures, in cavities and within the ground-
mass of the rhyolites. They are the result of crystalliza-
tion from a vapor released from the lavas during cooling
and devitrification.
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Rock chemistry

Major element composition
Chemical analyses of vitrophyres and fresh felsites

from both volcanic sequences are presented in Tables 1
and 2, along with CIPW normative corundum or diopside
as calculated on a water- and fluorine-free basis (Fe2+/
(Fe total) = 0.52; Bikun, 1980). All of the samples have
high Si, Fe/Mg, and alkalies and low Ti, Mg, Ca, and P,
features shared with all topaz rhyolites and typical of
rhyolites from bimodal (mafic-silicic) associations from
around the world (Ewart, 1979; Christiansen et al ,
1983a). As expected, both suites are generally high in
fluorine (greater than 0,2%). Only two vitrophyres, one
from each sequence of lavas, are peraluminous (corun-
dum normative). Devitrification of the vitrophyres may
result in compositions with normative corundum, for
example compare SM-61a, b, and c or samples SM-34 and
35 which were collected from different "facies" of the
same lava flows. In both cases the intensely devitrified
samples are corundum normative. This is apparently
related to the loss of an alkali-bearing vapor-phase during
their subaerial crystallization (cf. Lipman et al., 1969).

Vitrophyres from the two rhyolites can be distin-
guished by their major element geochemistry. In general,
the rhyolites from the Thomas Range have greater con-
centrations of Si, Mg, and Ti, and less Al and F than the

older rhyolites from the Spor Mountain Formation.
Whole-rock compositions are plotted in terms of nor-

mative quartz-albite-orthoclase in Figure 2 for compari-
son with experimental work in the same system (with
H2O or with H2O-F). Normative femic constituents are
generally less than 2% of the total, so when contoured in
terms of An content, this systems is probably a reason-
able model for the magmas under consideration. Al-
though the vitrophyres from the Spor Mountain Forma-
tion show considerable scatter, there is no overlap with
those from the Thomas Range. Both suites lie on the
feldspathic side of the hydrous minima. Only sample SM-
35, which displays an anomalously high calcium content,
lies in the primary phase field of quartz on this diagram.
With decreasing Ca, Mg, Ti, and increasing F, the sam-
ples from the Thomas Range plot nearer the fluid-saturat-
ed minimum. We interpret this trend (also noted by
Hildreth, 1977) as a reflection of lower temperatures and
the approach to fluid-saturation of an initially unsaturated
magma crystallizing at about 1 to 1.5 kbar total pressure.
The displacement of the Spor Mountain rhyolites toward
the Ab apex is probably the result of their higher fluorine
content. Manning (1981) has shown that increasing F
concentration shifts the fluid-saturated minimum at 1
kbar to increasingly albitic compositions (Fig. 2). A
poorly constrained path defined by residual melts in a
cooling granite-HF-H2O system shows this same trend

Table 1. Whole-rock chemical analyses of rhyolites from Spor Mountain, Utah

* V= vitrophyre, F= felsite, T= tuff» S= spherulitic vitrophyre.
** L0I= Loss on ignition at 900°C for four hours.
*** Calculated from volatile - free analyses.
**** Estimated precision based on replicate analyses. Reported as one standard deviation expressed as percentage of amount reported.
n.d.= not determined.

Lithology*
Sample No.

SiO2

TiO2

Al A
Fe2°3
MnS 3
MgO
CaO
Na2O
K.,0
P2°5
Total

LOI**

Rb
Sr
Y
Zr
Nb
Ga

C
di

V
31

73.3
0.06
13.2
1.48
0.07
0.05
0.61
4.02
4.99
0.00

97.78

2.96

970
5
92
99
90
50

0.07
-

F
34

74.8
0.06
13.3
1.52
0.04
0.07
0.60
3.76
4.81
0.00

98.96

0.50

1000
10
135
120
135
50

0.81
-

V
35

73.9
0.06
13.1
1.43
0.06
0.08
1.27
4.33
3.65
0.00

97.88

3.55

1060
5

135
120
120
n.d.

_
0.64

F
37

75.3
0.07

12.7
1.01
0.08
0.07
0.70
3.85
4.86
0.00

98.64

2.57

605
5
46
120
73
40

_
0.37

F
47

74.5
0.05

14.4
0.81
0.02
0.08
0.14
2.63
5.95
0.00

98.58

1.43

1600
5
13
85
130
70

CIPW

3.40
- .

F
63

weight per

73.7
0.04
13.8
1.17
0.05
.0.21
0.45
3.83
4.91
0.00

98.16

0.91

parts per

1400
20
56
80
120
65

normative

1.40
-

M
67

cent

65.4
0.94
14.6
6.35
0.09
0.36
2.87
3.15
4.95
0.00

98.71

2.30

million

576
345
145
360
45
30

minerals
_

1.80

V
70

72.2
0.04
13.9
1.19
0.06
0.06
0.58
4.90
4.98
0.01

97.90

3.00

***

_
1.42

V
71

73.7
0.06
13.3
1.33
0.05
0.07
0.70
4.39
4.74
0.01

98.35

2.98

1000
30
122
110
114
45

_
0.66

F
6-358

74.0
0.06

13.5
1.63
0.07
0.23
0.43
3.92
4.88
0.00

98.72

0.77

860
40
94
105
105
35

1.01
-

F
18-113

74.4
0.06
13.4
1.48
0.06
0.11
0.59
4.01
4.83
0.00

98.94

0.57

1030
10
140
120
130
75

0.47

F
26-112

73.5
0.03
14.0
1.19
0.06
0.14
0.63
3.94
4.85
0.00

98.34

0.70

1450
15
77
87
130
70

1.11
-

1
3
2
5
5
10
4
2
2
20

io-

4
10
6
6
4
15


