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Ansrucr

The 55 km3 mid-Tertiary Taylor Creek Rhyolite in southwestern New Mexico consists
of 20 lava domes and flows. This rhyolite is metaluminous to weakly peraluminous and
contains an average of 77.6 + 0.4o/o SiOr; AlrOr, NarO, and KrO, the other major con-
stituents, also vary little throughout the lava field. The Taylor Creek Rhyolite contains
about 15-35 volo/o phenocrysts, which are principally subequal amounts of quartz and
sanidine accompanied by minor oligoclase and altered biotite or hornblende or both.

Compositional zonation in feldspar phenocrysts analyzed by electron microprobe is very
minor and nonsystematic; most grains show less than I molo/o Ab variation. In addition,
the compositions of each feldspar species vary little throughout the suite of analyzed
samples. This chemical homogeneity of phenocrysts reflects similar whole-rock homoge-
neity and suggests that the lavas were tapped from a single large reservoir of magma. Ages
of sanidine phenocrysts determined using 4oAr'l3eAr indicate that the Taylor Creek Rhyolite
lavas were emplaced during a period of less than 0.42 m.y. and possibly less than 0.13
m.y., which is consistent with the single-reservoir scenario. Based on the distribution of
vents for the lavas, it is inferred that the single reservoir was at least several hundreds of
sqrxlre kilometers in plan view.

Two-feldspar geothermometry suggests that Taylor Creek Rhyolite phenocrysts cryslal-
lized at about775 oC, at an assumed pressure of 2 kbar. Fe-Ti-oxide geothermometry
suggests phenocryst $owth at about 800 "C. These temperatrues are equal, within a con-
servative estimate of the uncertainties associated with the methods of determination, and
they are consistent with fluid-inclusion-homogenization temperatures and '8O-fraction-

ation temperatures between about 700 qC and 800 "C for vapor-phase minerals deposited
in the outer rinds of the lavas as they cooled, immediately following emplacement. A
temperature of 800 oC for phenocryst growth in high-silica rhyolite magma suggests a
volatile-poor (H2O, F, Cl) system. Experimental studies suggest that quartz and potassium-

feldspar crystals that grow from HrO-undersaturated granitic magmas should exhibit re-
sorption texture, a texture ubiquitous to Taylor Creek Rhyolite quartz and sanidine phe-

nocrysts.
Insofar as experimental results in the system NaAlSi3O8-KAlSi3OE-SiOr-HrO are appli-

cable to the Taylor Creek Rhyolite, a comparison between the natural and experimental
systems indicates that Taylor Creek Rhyolite magma at 800 "C could have been saturated
with HrO and at or near the liquidus at a pressure of about 0.5 kbar. We tentatively
conclude that the Taylor Creek Rhyolite magma was HrO undersaturated and subliquidus
at an unspecified pressure greater than 0.5 kbar during phenocryst growth and that Taylor
Creek Rhyolite pyroclastic deposits formed because volatile saturation developed during
the ascent of magma to sites of eruption.

INrnooucrroN devitrified gloundmass. Presumably because of their uni-
The Taylor Creek Rhyolite comprises a group of Ter- form appearance and the attendant difficulty in locating

tiary lava domes and flows that crop out in the east- interflow contacts, the lavas were lumped into a single
central part of the Mogollon-Datil volcanic field in New map unit (Fries and Butler, 1943) during the first com-
Mexico (Fig. l). These rhyolite lavas are flow-foliated and prehensive study of the area. Recently, successful subdi-
moderately porphyritic, and with rare exception have a vision into eruptive units indicates that at least 20 vents
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Fig. 1. Index maps showing Cenozoic volcanic fields (shaded
areas, upper map) around the Colorado Plateau and the location
of the Taylor Creek Rhyolite within the Mogollon-Datil volcanic
field. Calderas shown by hachured lines.

were active during gowth of the lava field (Duffield et
al.,1987). These vents and the lavas emplaced from them
are distributed within a rectangular area of several hun-
dred square kilometers elongated to the north. Each vent
appears to have been active only once and began with a
pyroclastic phase that was followed by the gowth of a
lava dome or flow. The lavas appear to be roughly con-
temporaneous, based on a comparable minor degree of
interflow erosion throughout the lava field, and all ofthern
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may have been emplaced in less than 130 000 years, as
indicated by high-precision 40Ar/3eAr age determinations
(Dalrymple and Duffield, 1988). Major-element compo-
sition is constant or nearly so. Silica averages about 77.6
+ 0.4 wto/o, and the other major constituents also vary
little (W. A. Duffield, unpublished data); the rhyolite is
metaluminous to weakly peraluminous.

The Taylor Creek Rhyolite has long been of special
interest to geologists because it locally contains cassiter-
ite-bearing veins and is the source ofcassiterite-rich plac-
er deposits, some of which have been mined intermit-
tently since about the mid-1900s (Maxwell et al., 1986).
The Sn of the cassiterite is interpreted to have come from
the lavas themselves as they degassed, cooled, and devit-
rified immediately after emplacement (Correa, l98l;
Lawrence, 1985; Eggleston, 1987; Duffield et al., 1987).
Thus, knowledge of the time-space-composition relations
that existed during the growth of the lava field and infor-
mation about the magma reservoir from which eruptions
were fed are essential to understanding the process of
mineralization and the petrogenetic history of the lava
field. Geologic mapping, determination of radiometric
ages, studies of whole-rock trace-element chemistry, and
modeling of Nd and Sr isotope systematics (Eggleston,
1987; Duffield et al., 1987; Duffield, in press; Dalrymple
and Duffield, 1988; Reece et al., in press) have provided
considerable information about the Taylor Creek Rhyo-
lite magma and lava systems. Additional information
about the temperature of Taylor Creek Rhyolite magma
has been obtained from determination of the composi-
tions of feldspar and Fe-Ti-oxide phenocrysts, as de-
scribed herein.

Gsolocv

The Mogollon-Datil, in southwestern New Mexico, is
one ofseveral Tertiary volcanic fields located around the
margin of the Colorado Plateau physiographic province
(Fig. l). The pre-Tertiary sequence exposed adjacent to
and near the Mogollon-Datil volcanic cover consists
principally of Mesozoic and Paleozoic sedimentary rocks
that ovedie a Precambrian granitic and metamorphic
complex. The volcanic field itself is an accumulation of
mafic, intermediate, and silicic lava flows and pyroclastic
rocks, mostly of mid-Tertiary age (Elston, 1984; Ratte,
1987), that encompasses roughly 10000 km3. The field
also includes several calderas that formed in response to
large volume, rapid eruptions of magma emplaced as ash-
flow sheets.

The Taylor Creek Rhyolite is located in the east-central
part of the volcanic field. These lavas are sandwiched
within the Mogollon-Datil ash-flow sequence, but they
apparently are not directly related to any ofthe calderas,
the nearest of which are tens of kilometers away. Most of
the Taylor Creek lavas form domes that are roughly equi-
dimensional in plan view, which indicates that lava
erupted onto terrain of moderate or little relief and thus
tended to spread radially away from vent areas. The bases
of flows are observed or inferred to be at approximately
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a common elevation, which further implies a low-relief,
lava-emplacement surface and also indicates that little
postemplacement tectonism has affected the region. A few
northeast- and northwest-trending normal faults of basin
and range and Rio Grande Rift affinities offset Taylor
Creek Rhyolite locally. These faults and gentle regional
westward tilting, indicated by a widespread westerly dip
of about 10-20' in ash-flow sheets, appear to represent
the only postvolcanic tectonism that has affected the area.

Most, if not all, eruptions of Taylor Creek magrna be-
gan with a pyroclastic phase that produced a variety of
products, including local ash flows, fallout deposits, and
surge beds. The pyroclastic phase was followed by a rel-
atively quiet eftrsion of magma that resulted in the growth
of a lava dome or flow. The relative volumes of pyro-
clastic and lava rocks vary among eruptive units, al-
though exposures do not permit accurate reconstruction
to a preerosion condition in most instances. Exposures of
most eruptive units give the impression that lava is more
voluminous than its genetically related pyroclastic de-
posits, but this impression may be an artifact of the high
erodibility of most pyroclastic materials. Some of the la-
vas have no known pyroclastic counterparts; these may
have been removed by erosion or covered by lava or
both.

Erosion has removed an unknown amount of rock from
the tops of all the lava domes and flows, and the eroded
debris forms an extensive sheet of rhyolite-rich alluvium
that surrounds and partly buries most of the remaining
rhyolite. Scattered remnants of flow-generated breccia lo-
cally mark the essentially uneroded maryins along the
steep flanks of several of the lavas and at the base of one,
but most current exposures are limited to coherent flow-
foliated rhyolite that represents interior parts of domes
and flows. The thickest continuous vertical exposure of
the rhyolite is nearly 300 m. Conservative reconstruction
to preerosion conditions suggests that the volumes of
domes and flows range from about 0.2 to 10.5 km3, and
that the 20 eruptive units cumulatively amount to about
55 km3.

Prrnocru,pnv

Almost all of the Taylor Creek Rhyolite is flow foliated
and has a devitrified groundmass. Vitrophyres are known
at only about a half-dozen localities, and most are in
pyroclastic phases of the rhyolite. Devitrification textures
include spherulitic, plumose, and granular intergrowths
of silica and alkali feldspar. These are the high-temper-
ature products ofdevitrification that occurred as the rhy-
olite cooled to ambient temperature immediately after
emplacement.

Phenocryst contents of the Taylor Creek Rhyolite lavas
range from 12-38 volo/o; most are between 15 and 35.
Variations within individual eruptive units are small and
probably within the uncertainty characteristic of stained-
slab and thin-section modal analysis. Most phenocrysts
are between 2 mm and 4 mm in maximum dimension; a
few grains are as large as 7 mm. Measurements of phe-
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nocryst size in thin sections suggest a positive correlation
between the volume of phenocrysts and grain size.

The phenocryst assemblage is dominated by subequal
amounts of quartz and sanidine (Duffield et al., 1987)'

Quartz and sanidine occur as euhedral and subhedral
grains. Most quartz and sanidine glains are partly round-
ed, and many exhibit deep smooth-walled embayments.
Many sanidine grains appear optically homogeneous,
whereas some show a microperthitic texture. Sanidine
chatoyancy seen at some outcrops presumably is an effect
ofthis texture. No sanidine grains appear optically zoned,
which is consistent with the intragrain compositional ho-
mogeneity described later.

The third most abundant phenocryst phase is potassic
oligoclase, which is present in amounts somewhat less
than 1.5 volo/0. Oligoclase generally is subhedral to an-
hedral and commonly occurs in glomeroporphyritic clots
with sanidine. Sanidine forms overgrowths on some oli-
goclase grains. Oligoclase grains exhibit weak or no op-
tical zonation, which is consistent with minor intragrain
compositional zonation. The petrographic relations sug-
gest that quartz, sanidine, and oligoclase grew in the same
stable magmatic environment under equilibrium condi-
tions.

In almost all thin sections examined, mafic pheno-
crysts, which account for less than 1.5 modal percent, are
altered to a very fine-grained opaque material that may
or may not preserve the original shape of the altered grain'
Parts of some altered mafic phenocrysts exhibit the bird's-
eye-maple extinction typical of mica, and a few others
exhibit shapes suggestive of amphibole cleavage. Fresh
grains of hornblende, and occasionally biotite in vitric
samples, strongly suggest that the mafic phenocrysts in
the devitrified rocks were indeed one or the other ofthese
phases before alteration.

Locally, the lavas are unusually porous and friable.
These localities are interpreted to mark relatively vesic-
ular zones of high permeability that served as major
channel ways for a vapor phase during degassing ofnewly
emplaced, cooling lava. Because many rock-forming con-
stituents are mobile within these zones of intense vapor
flux (Smith, 1960), original magrnatic rock compositions
may be considerably altered there (Eggleston, 1987). We
collected dense samples that crop out well away from the
vapor-phase zones for our study, and we further checked
samples in thin sections to avoid rocks with evidence of
vapor-phase crystallization.

ANlr-vrrcll PRocEDURES

The major-oxide compositions of feldspar phenocrysts
were analyzed at the U.S. Geological Survey in Denver,
Colorado, using an ARL SEMQ electron microprobe
equipped with six wavelength-dispersive spectromet€rs.
A beam 25 pm wide was employed to mitigate the effects
of microperthitic exsolution in sanidine and to minimize
alkali loss. The sample current was l0 nA, and the ac-
celerating voltage was 15 kV. Natural feldspars (Tiburon
albite and OR-IA) and hematite were used as standards.

DUFFIELD AND ou BRAY: TEMPERATURE OF THE TAYLOR CREEK RHYOLITE



I  O 8 0  0 o '

to62

Fig. 2. Geologic map of the Taylor Creek Rhyolite, gener-
alized after Dufreld et al. (1987). Three-letter codes identifu map
units, which are equivalent to eruptive units. Each map unit is
interpreted to represent lava from its own vent, which lies within
the area of outcrop. Stratigraphic relations are summarized by
boxes near groups of overlapping lavas. Relative ages of non-
overlapping lavas are unknown. Locations of samples for feld-
spar study shown by dots, and those for Fe-Ti-oxide study shown
by triangles; the map-unit desigrrations correspond with those in
Tables 1,2,3,at l .d4.

Data were reduced by the methods of Bence and Albee
(1968). Analytical uncertainties in wto/o for single analyses
are SiO2, t0.55; AlrO., +9.23; FeO, +0.03; CaO, +0.04
(sanidine) and 10.12 (oligoclase); Na,O, +0.15 (sani-
dine) and +0.20 (oligoclase); KrO, +0.07 (sanidine) and
+0.04 (oligoclase). These are ld counting errors, that is,
the square root of the number of on-peak counts ex-
pressed as oxide wto/0.

One sample was selected for feldspar analyses from each
of the 20 Taylor Creek Rhyolite lava domes and flows
mapped by Duffield et al. (1987). Four more samples (Fig.
2) from map-unit WHC of Duffield et al. (1987) were
analyzed to test for intraflow compositional variation of
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phenocrysts. In addition, one sample from a dike ofTaylor
Creek Rhyolite interpreted to be part ofthe shallow feeder
system for lava that it locally crosscuts and two samples
of Taylor Creek Rhyolite tephra were selected for the
feldspar study.

Within each sample, three 20-second analyses were
completed on three sanidine and three oligoclase grains,
at core, intermediate, and rim positions, to measure in-
tragrain zonation. Thus, nine spots on sanidine and nine
spots on oligoclase were analyzed in each sample. Ana-
lyzed grains were chosen randomly, except that crystals
with some of their original euhedral outlines were ana-
lyzed in order to test confidently for core-to-rim zona-
tion; few phenocrysts are anhedral. Analyses for BaO and
Sr0 were attempted for each feldspar species in several
samples, but concentrations of these elements are below
the limits ofdetection, approximately 0.03 and 0.04 wt0/0,
respectively. Whole-rock Ba and Sr contents for these
rocks range from about 5-100 ppm and 3-20 ppm (Duf-
field, unpublished data), respectively. We report mean
compositions and associated standard deviations for each
analyzed sample (Table l).

Fe-Ti oxides were analyzed at the U. S. Geological Sur-
vey in Menlo Park, California, using an ARL SEMQ elec-
tron microprobe. Scanning spectrometers were used for
Al, Mn, and V determination, and fixed spectrometers
were used for Fe, Ti, Ca, and Si. The sample current was
20 nA, the accelerating voltage was 15 kV, the beam di-
ameter was about 5 pm, and the counting time was l0 s.
Natural diopside and hematite and synthetic TiO,,
MgAl2O4, VrOr, and MnrO. were used as standards. Data
were reduced by the methods of Bence and Albee (1968).

Fnr-ospln coMPiosrrroNs

On a ternary diagram (Fig. 3), the field defined by the
27 compositions (Table l) of the more calcic of the two
feldspar species straddles the boundary between oligo-
clase and anorthoclase. The mean of all 27 data points
barely lies within the anorthoclase field at Ab 78, but we
call all these feldspar grains oligoclase to stress their co-
existence with sanidine. Most of the compositional vari-
ation in oligoclase is within the Ab and Or molecular
components. Similarly, variation in the An content of
sanidine is relatively small, whereas Ab varies from about
47 to 58. with a mean at Ab 52.

Examination of individual analyses, recast as molecu-
lar end-members, reveals as much variation within cores
(and within rims) as between cores and rims for 49 of the
54 examples. The remaining five examples deviate little
from this trend. Maximum rim-to-core compositional
variation within the samples is 4.1 molo/o Ab in oligo-
clase; Ab variation in most samples is <0.6 (Table 2).
Maximum rim-to-core compositional variation for sani-
dine is 4.7 molo/o Ab: Ab variation is less than I in most
samples. fum-to-core variation is monotonic in 20 of the
54 examples; in 12 of 27 oligoclase-sanidine pairs, one of
the feldspars is monotonically zoned, whereas the other



is not. Of four monotonically zoned pairs, three exhibit
opposite trends in sanidine compared with oligoclase.

The maximum variation of feldspar compositions
within a single flow (Table l, samples WHC/2,3,4,5,7)
is somewhat less than the maximum variation through-
out the entire suite of samples studied; both are small,
though slightly gtreater than analytical uncertainty. A
comparison of molecular end-member compositions of
individual samples with those of the mean of all samples
(see Table l) indicates that most samples are indistin-
guishable from the mean, within the associated ranges of
standard deviations; by such comparison, only about 300/o
of the samples differ from the mean by more than I mol0/0.
Intra- and intersample variations represent some com-
positional differences, albeit minor, within the feldspar-
phenocryst population of the Taylor Creek Rhyolite lava
field.

The molecular proportions of Ab in the cores of oli-
goclase and sanidine grains correlate with whole-rock Rb
(correlation coefficient of about 0.7), which in turn shows
a similarly strong negative correlation with phenocryst
abundance. Rb ranges from about 240-470 ppm
throughout the lava field and serves as a convenient mea-
sure of chemical evolution (Dufreld et al., 1987). A de-
tailed examination of relations among trace elements,
phenocryst abundance, and feldspar-phenocryst compo-
sitions is beyond the scope ofthis paper.

Two-r'nr-tsp.LR GEoTHERMoMETRy

The partitioning of Na between pairs of feldspar phases
that crystallize under equilibrium conditions is temper-
ature and pressure dependent. Several expressions have
been formulated for the calculation of crystallization tem-
perature over ranges of pressure appropriate for crustal
magma reservoirs (e.g., Stormer, 1975; Whitney and
Stormer, 1977; Haselton et al., 1983; Price, 1985; Fuhr-
man and Lindsley, 1988); no two formulations yield the
same results for a given set of analyses, although all are
based on the experimental data of Seck (1971).

Two-feldspar temperatures (Table 3) were computed
from the data in Table l, using three different formula-
tions. In a single sample, differences among these three
formulations range from about 20-120'C for the 27 feld-
spar pairs. We prefer the temperatures calculated from
the geothermometer of Fuhrman and Lindsley (1988),
principally because this geothermometer treats the feld-
spar system as a ternary and attempts convergence to-
ward a common temperature for each of the three mo-
lecular end-members by a process of iterative solutions
within a 2-molo/o window that is assumed to reflect typical
analytical imprecision. Thus, the technique not only yields
a temperature for each molecular end-member, but with
convergenc€ it also suggests simultaneous feldspar crys-
tallization under equilibrium conditions. All but five so-
lutions (Table 3) for Taylor Creek Rhyolite feldspar pairs
satisfu the equilibrium criteria of Fuhrman and Lindsley
(1988), and four of the five anomalous samples barely
violate the criteria. This evidence of equilibrium between
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Fig. 3. Molecular proportions of feldspar phenocrysts in
Taylor Creek Rhyolite. Black fields include 27 compositions each,
calculated from data in Table l.

feldspar-phenocryst species is consistent with the petro-
graphic characteristics noted earlier.

Through the Fuhrman and Lindsley technique (1988),
we also evaluated the effect of molecular Ab variation
(Table l) by calculating temperatures at the extremes of
the compositional space defined by the standard devia-
tions. Sample ADC was selected as a best case scenario
(one of the smallest standard deviations for Ab), BLP as
an average case, and WHC/4 as a worst case. ADC and
BLP exhibit a maximum effect of 28 "C, vrith sums of
differences 1ha1 srrggest equilibrium feldspar efofih.
WHC/4 exhibits solutions that indicate disequilibrium
feldspar gfowth when Ab is maximized; the temperature
calculated for the Or molecular is anomalously low. Thus,
all or most solutions for each of the three tested samples
converge toward a common temperature within the stan-
dard-deviation envelope. These results may be interpret-
ed to indicate that standard deviations associated with
the means reported in Table I have an insignificant effect
on temperatures calculated by the Fuhrman and Lindsley
(1988) technique. Temperatures so calculated for the grand
mean of Table I also reflect this common result.

We calculated two-feldspar temperatures from core
compositions to assess whether zoning, though apparent-
ly minor and nonsystematic, might produce different
temperatures for core vs. the mean compositions report-
ed in Table l. The maximum temperature difference is
74 .C (Price geothermometer, sample EXT, Table 3), but
almost all differences are less than 20 "C, far less than the
uncertainty associated with any of the geothermometers.
About half of the core temperatures are greater than those
calculated from the mean compositions by the method of
Fuhrman and Lindsley (1988), and about two-thirds are
greater for the other two geothermometers. The lack of
consistently greater (or lower) temperatures for core com-
positions agrees with our interpretation that zoning is
nonsystematic and minor.

The effect of pressure on temperatures derived from
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TA8Le 1. Mean compositions (n: 9), standard deviations (in parentheses), mole proportions, and cations per 8 O atoms for feldspar
phenocrysts

SMC

Map unit

sio,
Alro3
FerO."
CaO
Naro
K"o

Total

64.91(0.62)
21.33(0.53)
0.18(0.02)
2.1s(0.14)
9.36(0.16)
1.96(0.17)

99.89

10.03(0.70)
79.06(0.66)
10.91(0.91)

4.000
1.018

65.78(0.59)
19.56(0.34)
0.1 6(0.03)
0.3q0.07)
6.90(0.48)
7.82(0.411

100.55

1.47(0.31)
56.42(2.731
42.11(2.741

3.990
1.063

67.29(0.28)
19.16(0.16)
0.10(0.03)
0.38(0.08)
6.61(0.38)
7.00(0.42)

100.54

1.83(0.35)
57.82(2.67)
40.35(2.85)

6s.26(0.61)
2',t.22(0.181
0.14(0.03)
2.12(O.121
9.69(0.16)
1.71(0.25)

100.14

9.79(0.52)
80.8q1.13)
9.38(1.24

3.996
1.028

66.69(0.48)
19.18(0.17)
0.12(0.03)
0.35(0.04)
6.82(0.20)
7.23(0.20)

100.39

1.65(0.19)
57.93(1.29)
40.42(1.35)

3.994
1.020

4.001
0.985

An
Ab
Or

z
x

66.45(0.45) 66.51(0.88) 65.98(0.42)
20.99(0.33) 19.42(0.34) 21 .18(0.16)
0.20(0.02) 0.13(0.04) 0.13(0.03)
2.20(0.16) 0.34(0.04) 2.1 1(0.17)
9.01(0.10) 5.72(0.2',t1 9.27(0.241
1 .79(0.16) 8.21(0.31) 1 .58(0.02)

100.64 100.33 100.25
Mole proportions (%)

10.65(0.73) 1.66(0.19) 10.00(0.62)
7s.0q0.44) s0.58(1.87) 80.91(1.36)
10.32(0.94) 47.7s(1.761 9.10(1.54)

Numbel of cation3 per 8 O atomg
4.(x)5 4.008 4.006
0.969 0.982 0.979

WHC/3 WHC/4

sio,
Al"o"
FerO3'
CaO
Na.O
KrO

Total

65.25(0.42)
20.80(0.21)
0.23(0.04)
2.69(0.12)
8.86(0.19)
1.s6(0.13)

99.39

13.08{0.54)
77.87(0.99)
9.04(0.7s)

3.997
0.980

66.62(0.36)
18.42(O.271
0.14{0.04)
0.35(0.08)
s.76(0.14)
8.04(0.21)

99.3r3

1.71(0.42)
51.26(1.08)
47 .03(1.12)

3.996
0.985

66.28(0.47)
19.37(0.19)
0.17(0.03)
0.34(0.04)
5.06(0.20)
8.69(0.35)

99.91

1 .71(0.20)
46.15(1.81)
s2.14(1.97)

4.015
0.957

u.62(0.741
22.09(0.83)
0.24(0.03)
2.74\0.22)
8.66(0.2s)
1.80(0.38)

1 00.1 5

13.32(1.04)
76.2q1.61)
10.4g\2.221

4.O14
0.973

66.23(0.93)
19.39(0.71)
0.16(0.04)
0.3q0.06)
5.s8(0.35)
8.31(0.49)

100.03

1.78(0.27)
49.61(2.83)
48.61(2.ee)

4.008
0.982

An
Ab
Or

z
x

65.97(0.98) 66.51(0.47) 64.79(0.31)
20.64(0.37) 18.63(0.11) 21.50(0.26)
0.20(0.05) 0.12(0.03) 0.23(0.04)
2.20(0.31) 0.33(0.04) 2.57(0.24)
8.73(0.14) 5.79(0.18) 8.61(0.13)
2.09(0.33) 7.85(0.3i1) 1.89(0.27)

99.83 99.23 99.59
Mole proportions (%)

10.73(1.58) 1.6s(0.20) 12.59(1.19)
77.1310.52) 51.97(1.67) 76.37(0.68)
12.14(1.83) 46.38(1.82) 11.04(1.s6)

Number of cation3 per 8 O atomS
4.002 4.001 4.010
0.971 0.976 0.971

sio,
Alro3
FerO.'
CaO
Na2O
GO

Total

An
Ab
Or

z
x

64.00(0.93)
22.75(0.501
0.24(0.03)
2.41(0.11)
8.86(0.21)
1.96(0.37)

100.22

1 1.42(0.80)
77.34(1.7O)
11.24(2.1'tl

4.024
0.984

66.13(0.,13)
20.16(0.22\
0.19(0.04)
0.37(0.03)
5.76(0.26)
7.87(0.37)

100.48

1 .84(0.16)
51.67(2.08)
46.49(2.14)

4.O21
0.965

67.2840.251
18.71(0.34)
0.12(0.04)
0.32(0.06)
5.46(0.14)
8.61(0.25)

100.50

1.58(0.28)
48.3q1.*r)
50.1 2(1 .26)

6s.35(0.27)
20.89(0.17)
0.13(0.03)
2.14(0.1s)
9.11(0.45)
1.69(0.49)

99.30

1 0.38(1 .07)
79.92(2.021
9.70(2.64)

66.s4(0.1 5)
19.02(0.12)
0.1 1(0.04)
0.37(0.06)
6.47(0.21)
7.03/(0.221

99.54

1.8q0.29)
57.24(',t.54)
40.94(1.43)

65.03(0.85) 67.39(0.54) 6s.84(0.57)
21.01(0.14) 18.69(0.08) 21.12(O.471
0.23(0.03) 0.13(0.03) 0.22(0.06)
2.65(0.17) 0.39(0.05) 2.s2(0.36)
8.71(0.18) 5.51(0.11) 9.03(0.17)
1.61(0.12) 8.06(0.23) 1.66(0.22)

99.24 100.17 100.39
mole proportaoE (%)

13.04(0.77) 1 .94(0.24) 12.11(1.72)
77.54(1.19) 49.94(0.99) 78.40(0.90)
9.,f3(0.66) 48.11(1 .17) 9.48(1 .2s)

Number of oation3 per I O atom3
4.004 4.004 4.000
0.969 0.956 0.983

4.004 4.002
0.983 0.985

3.999
0.980

sPc

sio,
Alro3
FerOo'
CaO
Na.O
KrO

Total

An
Ab
Or

z
x

6s.40(0.37)
21.01(0.1s)
0.20(0.04)
2.26(0.21)
9.13(0.32)
1.79(0.44)

99.79

10.82(0.92)
78.99(2.32)
10.19(2.55)

66.94(0.15)
19.03(0.1 3)
0.1 7(0.03)
0.43(0.05)
6.42(0.29)
7.29(0.36)

100.28

2.09(0.21)
56.04(2.211
41.87(2.29)

3.999
0.992

65.e5(0.26)
19.09(0.1 1)
0.13(0.03)
0.42(0.06)
5.94(0.16)
7.9't(0.24)

99.44

2.06(0.31)
s2.2q1.31)
45.7411.41)

4.001
0.997

65.15(0.43)
21.0q0.21)
0.20(0.u)
2.24(0.141
9.0s(0.13)
2.30(0.09)

99.97

10.48(0.s6)
76.71(0.67)
12.81(0.43)

3.996
1.014

66.42(0.37)
18.89(0.1e)
0.14(0.04)
0.41(0.07)
5.6q0.24)
8.46(0.36)

100.00

1.e9(0.3it)
49.51(2.07)
48.51(2.10)

3.996
1.002

4.001
0.992

65.08(0.55) 66.33(0.26) 64.88(0.36)
20.75(0.27) 19.05(0.13) 20.66(0.35)
0.08(0.02) 0.07(0.04) 0.22(0.05)
2.00(0.31) 0.39(0.06) 1.92(0.30)
8.61(0.28) 5.81(0.28) 8.54(0.34)
2.53(0.s8) 7.71(0.36) 2.97(0.50)

99.05 99.36 99.19
mob proponions (%)

9.71(1.56) 1.95(0.30) 9.18(1.42)
75.67(2.271 52.3312.221 73.91(2.26)
14.62(3.36) 4s.71(2.33) 16.91(2.92)

Number of cations per 8 O atoms
4.004 4.007 4.001
0.986 0.970 1.003
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TABLE 1.-Continued

I 065

ADC

4.(X)3
0.988

sio,
Alro3
FerO3*
CaO
Na"O
K'O

Total

An
Ab
Or

z
x

65.24(0.30)
20.94(0.15)
o.22(O.041
2.52(0.161
9.47(0.10)
1.60(0.10)

99.99

1 1.67(0.68)
79.48(0.7s)
8.85(0.58)

3.990
1.023

66.813(0.31)
18.73(0.21)
0.17(0.04)
0.30(0.04)
5.78(0.21)
8.58(0.31)

100.39

1.4i](0.1 7)
49.85(1.75)
48.72(1.67)

3.993
1.008

66.81(0.3s)
1 9.1 7(0.12)
0.10(0.03)
0.34(0.04)
6.3e(0.20)
7.42(0.15)

100.23

1.65(0.19)
55.74{.1.12)
42.61(1.13)

64.61(0.61)
21.00(0.50)
0.18(0.03)
2.42(0.52)
8.68(0.30)
2.37(0.37)

99.26

11.61(2.68)
74.95(1.20)
13.43(1.97)

3.998
1.003

65.99(0.26)
18.92(0.14)
0.1q0.04)
0.3q0.06)
5.60(0.2s)
8.41(0.29)

99.44

1.89(0.29)
49.34(1.93)
48.77{2.121

65.00(0.43) 66.06(0.41) 65.77(0.321
21.11(0.18) 19.06(0.12) 21.'t9(0.221
0.17(0.01) 0.12(0.02) 0.16(0.04)
2.1q0.17) 0.36(0.04) 2.23(0.18)
8.90(0.14) 6.22(0.23) 8.97(0.77)
2.27(0.10) 7.57(0.02) 1.36(0.30)

99.64 99.39 99.68
Mole proportions (%)

10.40(0.78) 1.75(0.19) 10.93(1.51)
76.71(0.s9) s4.s8(1.6s) 81.00(2.36)
12.89(0.62) 43.67(1.55) 8.0q1.79)

Number of cations per E O atom3
4.002 4.001 4.003
1.001 0.998 0.989

4.000
0.996

sio,
Alr03
FerO.'
CaO
Na"O
K"o

Total

66.56(0.42)
20.95(0.21)
0.17(0.02)
2.0s(0.14)
9.27(0.171
1.70(0.35)

1(X).70

9.82(0.68)
80.4q1.33)
9.72(2.@l

66.2e(0.64)
1 9.19(0.1 7)
0.1 4(0.04)
0.32(0.05)
s.99(0.17)
7.63(0.21)

99.s6

f .il(o.24)
53.ss(1.33)
44.91(1.34)

4.008
0.977

66.97(0.38)
19.16(0.29)
0.0s(0.04)
0.25(0.05)
6.16(0.24)
7.s9(0.40)

100.22

1.2',t(0.27)
54.58(2.25)
44.2O(2.19)

4.006
0.978

64.98(0.32)
21.05(0.29)
0.20(0.03)
2.5q0.28)
8.56(0.15)
2.00(0.29)

99.32

12.4q1.29)
75.93(0.77)
11.67(1.721

4.004
0.973

66.15(0.30)
18.7q0.14)
0.11(0.03)
0.32(0.0s)
5.10(0.20)
8.Ulo.24l

99.22

1.61(0.23)
45.98(1.52)
s2.410.61)

4.003
0.976

4.003
0.979

An
Ab
Or

z
x

64.89(0.85) 66.67(0.24) 65.ss(0.28)
21.39(0.64) 18.94(0.18) 21.16(0.31)
0.21(0.04) 0.16(0.04) 0.17(0.04)
2.98(0.67) 0.43(0.06) 1.e0(0.17)
8.60(0.19) s.95(0.20) 9.30(0.13)
1.64(0.43) 7.67(0.37) 1.67(0.19)

99.71 99.82 100.15
ilole proportion3 (%)

14.s0(3.21) 2.11(0.30) 9.1q0.80)
75.95(1.54) 52.99(1.87) 81.24(0.87)
9.s5(2.s4) 44.90(2.05) 9.58(1.03)

Numbe. of cations per 0 O atom3
4.O02 4.002 4.009

0.9780.974 0.979

Grand mean

oo
sio,
Alro3
Fe2Os'
CaO
Na2O
K.o

Total

An
Ab
Or

z
x

6s.3s(0.53)
21.37(0.33)
0.20(0.03)
2.24(0.221
9.32(0.221
1.85(0.37)

100.33

10.49(1.00)
79.1 8(1.26)
10.32(2.10)

4.001
1.007

65.99(0.63)
19.2810.24)
0.13{0.03)
0.30(0.06)
s.78(0.26)
8.61(0.13)

100.09

1.41(0.26)
49.75(1.32)
48.85(1.47)

4.(X)0
1.014

66.45(0.34)
18.68(0.12)
0.1 2(0.0i')
0.33(0.04)
5.85(0.23)
7.90(0.35)

99.33

1.60(0.19)
52.09(1.97)
46.30(2.06)

4.000
0.984

65.24(0.63)
21.21(0.53)
0.19(0.04)
2.33(0.26)
8.e8(0.32)
1.89(0.35)

99.84

1 1 .15(1 .35)
78.06(1.99)
10.79(1.96)

66.49(0.43)
19.08(0.36)
0.13(0.03)
0.36(0.04)
5.91(0.47)
7.e5(0.51)

99.92

1.74(0.23)
52.11(3.38)
,16.16(3.38)

63.s5(0.66) 66.09(0.58) 65.21(0.34)
22.70(0.40) 19.48(0.74) 20.80(0.16)
0.23(0.04) 0.17(0.05) 0.19(0.02)
2.45(0.37) 0.40(0.18) 2.32(0.18)
s.37(0.4s) 5.3q0.21) 8.e0(0.17)
1.77(0.39) 8.44(0.58) 1.87(0.221

100.51 99.97 99.29
Itole proportions (06)

11.s7(1.61) 1.99(0.91) 11.24(0.81)
78.6q2.04) 48.30(2.13) 77.9810.821
9.80(2.30) 49.71(3.00) 10.78(1.35)

Number of cations p6r I O atoms
4.013 4 .011
1.020 0.974

4.001
0.985

4.OO4 4.q)3
0.989 0.988

Nofe.'See Figure 2 for sample locations and text for description of analytical procedures. Samples T1 and T2 are tephra that are tentativsly condated
with eruptions that produced lavas AXP and DGC, respectively. Fe,Os' is total Fe report€d as Feros. The grand mean is calculated tor n : 27. O :
oligocfase and S : sanidine. X and Z arc total cations (based on I O atoms) ior the alkali metal and tetrahedral sites, respectively.

two-feldspar geothermometry was examined by calculat-
ing temperatures for selected samples at 0.5, 2, 5, and l0
kbar. Temperatures increase by as much as 150 oC be-
tween 0.5 and l0 kbar. However, l0 kbar corresponds to
a crustal depth that may be too great for the Taylor Creek
Rhyolite magma reservoir. Although we have no inde-
pendent evidence to accurately define pressure, we be-
lieve that the depth to the top of the reservoir was more
nearly akin to the pressure equivalent of2 kbar than 10,
and thus temperatures calculated for 2 kbar are inter-
preted to approximate the temperatures at which feldspar

phenocrysts of the Taylor Creek Rhyolite grew. The mean
at 2 kbar is 775 "C (Table 3) for results computed by the
method of Fuhrrnan and Lindsley (1988). Calculated
temperatures increase by about 10-20 "tC per additional
kbar, which is only aboul halfthe uncertainty associated
with the Fuhrman and Lindsley (1988) method for a sin-
gle temperature.

A histogram of calculated temperatures identified by
sample exhibits a roughly noflnal distribution about the
mean; no correlation is apparent between temperature
and geographic position of samples (Figs. 4 and 2). Also,
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TABLE 2. Summary of chemical zonation in feldspar phenocrysts, as measured by electron microprobe

Oligoclase Sanidine

Map uniti
sample no.

Ab
variation

monotonic?

(Rim minus core) Ab
variation

monotonic?

(Rim minus coo

OrAb

wHci2
wHc/3
wHc/4
WHC/5
WHC/7
CBT
rDc
KPM
DGC
AXP
BLP
sMc
IDP
LGR
BRH
SPC
soc
HST
ADC
EXT
wTc
DIKE
RWC
RDM
DMC
T1
T2

0.0
-0.4
-o.2

1 . 3
2.2
0.1

-0.3
0.5
0.1

-0.4
2.0
0.6
1 .7
1 .7
0.0
1 . 9

- 1 . 0
-0.1
-0.4

4.1
0.4
0.6
1 .0

-0.1
0.3

-0.8
't.4

0.2
-0.2
-0.2
-  1 .8
-3.2

0.5
0.8
0.5
0.5
0.1

-2.7
0.1

- 1 . 0
-2.5

1 .4
-0.1

0.0
o.7

-0.1
-0.7
-0.3
- 1 . 3

1 .4
0.3
o.2
0.4
0.6

-0.2
0.6
o.4
0.5
0.9

-0.6
-0.6
- 1 . 0
-o.7

0.3
0.7

-0.7
-0.6

0.6
-1.4
-1.7

0.9
-0.6

0.5
-3.4
-0.1

0.7
-2.5
-0.2
-0.4

0.5
-2.0

0.9
-0.4

4.7
0.8
1 . 2
1 . 6
0.2

-  1 . 0
-0.6

0.1
1 .8

- 1 . 1
-o.7
- 1 . 6

3.8
-0.9

1 . 0
-3.1

o.7
0.1
0.4

- 1 . 1
2.4
1 .9

-o.2
-0.5
-0 .1

- 1 . 1
0.5

-4.8
-0.7
-1.2
-1.7
-0.2

0.7
0.4

-0.6
-  1 . 8

1 . 3
0.9
1 . 5

-4.3
1 . 0

-  1 . 0
2.9

-0.8
-0.1
-0.1

1 .2
-2.3
-2.1

0.2
0.8

-0 .1

0.2
-0.1

0.1
-0.1
-0.1

0.1
0.1
0.3
0.2
0.5
0.0

-0.2
-0.2

0.0
0.5

-0.1
0.0
0.2
0.1
0.0

-0.3
-0.1
-0.1

o.2
-0.1
-0.2

0.2

N

N
N
N

N
N

N

N
N

N
N

N
N
N
N
N

N
N

N
N
N
N
N
N
N

N

N
N
N
N
N
N
N
Y
N

A/ote.'Amounts in mol%, calculated from means (n: 3) of core, intermediate, and rim positions. See text for discussion of analytical procedures and
Figure 2 for sample locations. Samples Tl and i2 are tephra that are tentatively correlated with eruptions that produc€d lavas AXP and OGC,
respectively. Y: yes. N : no.

a plot of whole-rock Rb vs. two-feldspar temperature and
comparison of temperatures and relative ages of lavas
exhibit no apparent correlations. The range of 95 "C in
calculated temperatures is not much more than the un-
certainty of +40 "C for a single sample that Fuhrman and
Lindsley attach to their method, although some of this
range presumably reflects real though small composition-
al variation. We interpret 77 5 'C + 40 'C as the approx-
imate temperature at which feldspar phenocrysts crystal-
lized from Taylor Creek Rhyolite magma.

Fn-Tr oxrons

We searched for fresh coexisting magmatic magnetite
and ilmenite in polished thin sections of all seven avail-
able samples of vitric Taylor Creek Rhyolite and of two
samples of the devitrified counterparts. Magnetite is uni-
versally coarsely exsolved in the devitrified rocks, such
that it was not possible to analyze exsolution lamellae for
reconstruction of an average pre-exsolution composition.
Magnetite grains in three of the seven vitrophyres are
similarly coarsely exsolved, whereas the remaining four
samples contain homogeneous crystals that yielded com-
positions interpreted to reflect magmatic conditions. Co-
existing grains of ilmenite in these four samples also are
quite homogeneous and, with one exception, exhibit little
or no core-to-rim zoning.

Magnetite and ilmenite grains are subhedral to euhe-

dral and average about 60 pm in cross section. Equilib-
rium pairs of magnetite and ilmenite, used in the tem-
perature calculations, were selected principally on the basis
of satisfying the Mg-Mn partitioning criterion for equilib-
rium suggested by Bacon and Hirshmann (1988). Iow
totals for recalculated (Stormer, 1983) magnetite analyses
for all but sample DGC presumably are the result of fine-
scale oxidation manifested by delicate trellis patterns on
high-magnification SEM backscattered electron images.
As Fe,.o,/Ti ratios are unafected by such oxidation, cal-
culated temperatures are believed to be accurate.

Two of the vitric samples (DGC and BLP, Table 4)
that contain Fe-Ti oxides suitable for geothermometry
are from lava flows. Almost all analyzed grains in these
rocks form a tight cluster for each phase on Mn/Mg vs.
Fe,o,",/Ti plots. One magnetite-ilmenite pair within the
clusters consists oftouching grains. Rare grains that plot
away from the clusters may be xenocrysts.

Sample T3 is from a pyroclastic deposit of Taylor Creek
Rhyolite. This sample contains many broken crystals and
a variety of magnetite and ilmenite compositions. How-
ever, within individual glassy fragments in the sample,
the dominant Fe-Ti oxide population has Mn/Mg and
Fe,oo,/Ti essentially the same as those for the samples from
lava flows described above and, hence, similar calculated
temperature and for.

A sample from the chilled margin of a dike of Taylor



Tlale 3. Temperatures ('C) calculated for two-feldspargeother-
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Fig. 4. Histogram of two-feldspar geothermometer temper-
atures (Fuhrman and Lindsley, I 988) at 2 kbar for Taylor Creek
Rhyolite, calculated from data in Table 1. See Figure 2 for sam-
ple locations. The height of a sample within a column reflects
its temperature relative to other samples in that column.

atures indirectly deduced from fluid inclusions in min-
erals that grew from vapor emitted by Taylor Creek
Rhyolite lavas as they cooled. For example, Eggleston
and Norman (1986) and Eggleston (1987) reported tem-
peratures of fluid-inclusion homogenization somewhat
higher than 700'C in vapor-phase topaz, silica, and cas-
siterite. Rye et al. (in press) report temperatures of quartz
and hematite growth in miarolitic cavities of Taylor Creek
Rhyolite of about 800 .C, based on 'tO fractionation.
Presumably, the temperature of lava emplacement and
thus the maximum temperature of mineral deposition
from a vapor phase would have been somewhat lower
than the 800 "C at which we conclude the phenocrysts
crystallized.

High-precision 40Ar/3eAr age determinations for two
of the regional ash-flow sheets of the Mogollon-Datil vol-
canic field, one just beneath the Taylor Creek Rhyolite
lavas and the other just above, indicate that these lavas
were emplaced during a period of no more than 0.42 m.y.
(Mclntosh et al., 1986). Other {Arl3eAr ages on sanidine
phenocrysts from six of the 20 Taylor Creek Rhyolite
lavas mapped by Duffield et al. (1987) indicate that these
lavas were emplaced during a period of about 0.13 m.y.
or less (Dalrymple and Duffield, 1988); we speculate that
the entire lava field formed during <0.13 m.y., a specu-
lation that is being tested by determining 40Ar/3eAr ages
for sanidine phenocrysts from all 20 mapped units. The
idea that the lava field grew in such a geologically short
period of time is consistent with field evidence. Relative
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Map unit/
sample
number P W & S  F & L  S O D

wHct2
wHc/3
WHC/4
wHc/5
wHc/7
CBT
rDc
KPM
DGC
AXP
BLP
SMC
IDP
LGR
BRH
sPs
soc
HST
ADC
EXT
WTC
DIKE
RWC
RDM
DMC
T1
T2

771(750)
799(767)
808(773)
80317771
762(796)
802(800)
791(77O1
7s6(766)
747(t76)
773(748)
732(744)
7sq734l
745(750)
755(79s)
810(771)
822(81 3)
773(768)
746(773)
803(804)
7s3(7s4)
794(795)
790(786)
790(800)
727(7241
778(801 )
757(755)
775Q2s)

834(834) 808(820)
817(817) 757(797)
861(830) 834(806)
856(851) 834(830)
805(833) 790(808)
863(857) 8,13(837)
847(853) 820(823)
807(831) 787(809)
809(81s) 7921t971
869(877) 849(856)
830(832) 810(816)
833(842) 814{821)
848(866) 826(840)
8s1(883) 828(859)
88q860) 869(846)
923(970) 907(es0)
8ril2(823) 816(808)
804(826) 785(803)
900(890) 878(870)
815(889) 794(8521
872(861) 851(842)
849(860) 828(838)
911(924) 870(8771
806(808) 792(7941
825(827) 80s(807)
790(812) 772(790)
805(787) 790(772)

61(30)
2s(211
48(47)
48(41)
70(77)
38(42)
75(821
63(64)
40(5s)
66(62)
82(63)
86(94)
87(76)
67(54)
1 8(9)
5(1 6)

1 6(1 8)
70(84)
36(40)

1 03(1 1 3)
16(13)
58(63)
84(83)
670 00)
20(13)
s1(s3)
48(s3)

6
o
a s
E
G
o
* 4
o

o
.Ct
E 3
J
z

7 3 57 1 5

Mean
SD

843(850)
35(38)

822(828)
3q36)

77s1t71)
26(241

A/ofej Calculations use data reported in Table 1 and mean core com-
positions (in parentheses). See Figure 2 for sample locations. P : Price,
1985. W & S : Whitney and Stormer, 1977 (model 1, sanidine). F & L :
Fuhrman and Lindsley,1988. SD: standard deviat ion.  SOD: sum of
difterences associated with solutions to the F & L geothermometer; if SOD
< 80, the two feldspar species are interpreted to have grown in equilibrium
(Fuhrman and Lindsley, 1988).

Creek Rhyolite (Table 4, Dike) contains appreciably zoned
Fe-Ti oxides. The Fe,o,/Ti ratio tends to increase toward
the rims of grains, which may reflect partial equilibration
at lower temperatures, as the rock cooled relatively
slowly in the shallow subsurface. Temperatures (Andersen
and Lindsley, 1988) calculated for core compositions are
as high as 828 oC. We report data for grain margins in
Table 4. A few Fe-Ti oxide grains with aberrant com-
positions may be xenocrysts.

All of the reported results plot near the magretite-
quartz-fayalite buffer curve, indicative of relatively non-
oxidizing conditions and similar to most so-called topaz
rhyolites (Christiansen et al., 1986). Temperatures re-
ported for the vitric samples range from 798-819 "C (Ta-
ble 4). Temperatures calculated from the population
of oxides in three of the four samples suitable for
geothermometry are approximately 800 'C at log fo, of
-14. Temperatures of about 775 'C + 40 "C calculated
from the preferred two-feldspar geothermometer are com-
patible with these Fe-Ti-oxide results.

DrscussroN
Temperatures calculated from the phenocryst geother-

mometers are consistent with lava-emplacement temper-
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TABLE 4. Selected microprobe analyses of Fe-Ti oxides with
calculated temperatures and fo,

Map unit
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sio, 0.19
Al"o. 0.81
FeO' 80.4
MgO 0.18
CaO 0.01
MnO 1.78
Tio, 11.46
VrO" 0.03

Total 94.86
Fe.O." 45.18
FeO" 39.74

Total 99.38

sio, 0.03 0.06 012 0.03 0.07
At,o3 0.05 0.03 0.04 0.05 0.03
FeO' 47.6 47.4 47.2 46.0 44.8
MSO 0.35 0.75 0.70 0.74 0.79
CaO 0.0O 0.01 O.02 0.02 0.01
MnO 3.37 3.17 3.17 3.68 5.07
Tio, 48.00 47.9 47.9 47.9 48.4
V,O. 0.03 0.00 0.03 0.01 0.o2

Total 99.43 99.32 99.18 98.43 99.19
Fe,O,** 9.38 9.80 9.41 8.85 8.61
FeO.- 39.16 38.58 38.73 38.04 37.05

Total 100.37 100.30 100.12 99.32 100.05
Xuspt 0.331 0.354 0.355 0.9t8 0.345
xi$ 0.907 0.902 0.906 0.910 0.912
rc+ 800 819 813 798 798
log,oto.+ -13.9 -13.5 -13.6 -14.0 -14.0

Magnetite
0.06 0.26 0.16 0.19
0.09 0.83 0.81 0.90

79.0 78.0 78.0 76.6
0.35 0.37 0.27 030
0.00 0.00 0.00 0.02
1 .67 1.77 1 .69 1.86

12.28 12.07 11.42 11 .48
0.01 0.02 0.o2 0.04

94.06 93.32 92.37 91.39
43.41 42.G2 43.48 42.45
39.94 39.65 38.87 38.41
98.41 97.59 96.72 95.65

llmenite

this single-reservoir scenario. The lavas are ofnearly con-
stant major-element composition, and they contain the
same suite of phenocrysts, which are present in nearly
constant proportions (Duffield, in press). As reported
herein, each feldspar-phenocryst species is of nearly in-
variant composition throughout the lava field. In addi-
tion, the Taylor Creek area is within a few tens of kilo-
meters of and partly surrounded by several mid-Tertiary
calderas, some older and some younger than the Taylor
Creek Rhyolite (Mclntosh et al., 1986) and each of which
formed by collapse when part of the magma in an un-
derlying large-volume reservoir was erupted to feed an
ash-flow sheet. On the assumption that the magma rose
more or less vertically to sites of eruption, the proposed
Taylor Creek Rhyolite magrna reservoir was at least equal
in plan-view size to the nearby Mogollon-Datil calderas.
However, in contrast to the apparently volatile-rich cal-
dera-producing magmas in the penecontemporaneous
large reservoirs, Taylor Creek Rhyolite magma may have
been too volatile-poor to have been erupted in a single
large-volume pyroclastic event and instead leaked to the
surface to feed multiple eruptions that produced mostly
lava domes and flows.

Alternatively, Taylor Creek Rhyolite lava domes and
flows may have been fed from a series of independent
reservoirs or magma batches. This scenario requires that
magmas of nearly constant major-element composition
and temperature, and of nearly constant modal compo-
sition, were produced repeatedly beneath an area ofhun-
dreds of square kilometers during a period that may have
lasted less than 130000 years. Although not impossible,
this scenario seems somewhat improbable.

Temperatures of about 800 "C determined using phe-
nocrysts seem relatively high for porphyritic, high-silica
rhyolite magma, unless the magma is volatile (HrO, F,
Cl) poor. Comparison of this temperature with those
measured during experiments by Tuttle and Bowen (1958)
in the system NaAlSi3Os-KAlSi3O8-SiOr-HrO suggests that
either the Taylor Creek Rhyolite magma was HrO un-
dersaturated at an unspecified depth, or that it was HrO
saturated, but at such shallow depth that the HrO content
was quite low and thus had little effect in depressing liqui-
dus temperature. Minor extrapolation of the experimen-
lal dala of Tuttle and Bowen (1958) suggests a liquidus
temperature of about 800 "C for the H'O-saturated gra-
nitic system at a pressure ofabout 0.5 kbar.

That two-feldspar temperatures calculated from the
Fuhrman and Lindsley (1988) geothermometer increas-
ingly diverge from those of the Fe-Ti-oxide geothermom-
eter as pressure is reduced below 2 kbar argues against a
shallow magma reservoir. On the other hand, temperature
difference between other two-feldspar geothermometers
and the Fe-Ti-oxide geothermometer (Tables 3 and 4) is
reduced with pressure below 2 kbar. However, two-feld-
spar geothermometry and associated geobarometry are
almost certainly too inaccurate to resolve the issue (Grun-
der and Boden, 1987).

Application of the experimental results of Tuttle and

T3

A/ofe-'Sample T3 is tephra tentatively correlated with the eruption that
produced lava AXP. See Figure 2 for sample locations. BLP1 denotes
results for a single pair of touching grains within sample BLP.

* : total Fe as FeO.
'" Calculated from analysis, assuming stoichiometry (Stormer, 1983).
I Mole fractions calculated by the method ot Stormer (1983).
{ Determined by the method of Andersen and Lindsley (1988).

ages generally can be determined for pairs of lavas that
overlap in the field, and in such instances one finds no
evidence of substantial erosion between the lavas. On the
contrary, the plan-view shape of the younger of overlap-
ping lavas commonly appears to be controlled by the un-
modified form of the flow or dome against which it
banked. If our tentative conclusion about the maximum
lifespan of the lava field is correct, the average interval
between eruptions was less than about 6000 years.

A theoretical model of Smith and Shaw (1979) for res-
ervoirs of silicic magma cooling within the upper crust,
either conductively or by a combination of conduction
and convection, indicates that the residual magma body
left in the crust after eruption of the Taylor Creek Rhy-
olite would cool nearly to solidus temperature within
about 100 000 years. This period is about the same as the
inferred maximum lifespan of the lava field. Thus, it is
reasonable to conclude, on the basis of these thermal con-
siderations alone, that eruptions of Taylor Creek Rhyolite
magma could have been fed from a single reservoir.

Many chemical and physical data are consistent with



Bowen (1958) to the Taylor Creek Rhyolite is limited by
the fact that the composition of the natural system differs
somewhat from that of the experimental system. Such
constituents as MgO (averages 0.14 wt0/0), CaO (0.29),
and FerOf (total Fe) (1.12) are present in concentrations
low enough to encourage comparisons between the nat-
ural and synthetic magmas, but a relatively high F con-
tent in Taylor Creek Rhyolite indicates greatly differing
volatile constituents for the two systems. Christiansen et
al. (1986) report 0.38 wto/o F; our unpublished whole-rock
data suggest about 0.3V0. Nonetheless, the effects ofF on
the liquidus and solidus of rhyolitic magmas are broadly
similarto those ofH,O (Kovalenko, 1979; Manning, 1981;
Dingwell et al., 1985), and thus the application of the
experimental results of Tuttle and Bowen (1958) may in-
deed apply to the Taylor Creek Rhyolite. If so, and if the
presence of pyroclastic products as part of an eruptive
cycle is interpreted to indicate volatile saturation of the
magma at the depth where phenocrysts grew, then the
upper part of the reservoir was at only about 1.5 km
during the formation of the lava field. Alternatively, phe-
nocrysts may have grown at greater depth, in which case
pyroclastic deposits reflect volatile saturation only near
and at the surface during eruption.

Whitney (1988) summarized experimental results for
granitic systems and textural features of granites and ex-
trusive equivalents that are consistent with the scenario
that Taylor Creek Rhyolite magma was not HrO saturat-
ed during phenocryst $owth. He reports that cooling of
HrO-undersaturated granitic magma should result in uni-
formly coarse-grained rock (with a quenched groundmass
if quickly erupted), and primary magmatic quartz and
sanidine crystals should exhibit resorption textures
(Whitney, 1988). These are ubiquitous characteristics of
the Taylor Creek Rhyolite. In addition, consideration of
the experimental results for Cape Ann Granite of Mas-
sachusetts, whose major-element composition is nearly
identical to that of Taylor Creek Rhyolite, suggests that
Taylor Creek phenocrysts grew in magma that contained
about 2.5 wto/o HrO (Whitney, 1988, Table 2 and Figure
4). Independent evidence ofthe volatile species and total
volatile content of Taylor Creek Rhyolite magma is being
sought through attempts to analyze glass inclusions in
quartz phenocrysts.

Meanwhile, we conclude that the phenocrysts in Taylor
Creek Rhyolite grew within a single reseryoir of magma
of nearly constant major-element composition, and that,
as suggested by the areal distribution of vents, this res-
ervoir was at least 20 km by 50 km in plan-view dimen-
sions. The temperature at which phenocrysts grew was
about 800'C; the depth of the upper part of the reservoir
was at least 1.5 km, and perhaps considerably greater if
the magma was HrO undersaturated, as we tentatively
infer.
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