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ABSTRACT

The 1992 eruptions of Crater Peak, Mount Spurr,
Alaska, produced two types of andesite distinguished
macroscopically by color and texture. The two andesites
also have slight petrographic differences. The min-
eral assemblage of plagioclase, orthopyroxene, clino-
pyroxene, amphibole, and FeTi oxides is the same for
both andesites, and compositions of the mineral phases
are nearly identical. However, the color and compo-
sition of the groundmass glass differ; one type is brown
and andesitic (60-62 weight percent SiO,) and the
other type is colorless and rhyolitic (73-75 weight
percent Si0O,). Intermediate dacitic glass compositions
are also present. The stability of hornblende phenoc-
rysts also differs between the andesites. In the andes-
ite containing brown andesitic glass, hornblende typi-
cally shows little or no reaction corona, whereas in
andesite with rhyolitic groundmass glass hornblende
phenocrysts have well-developed coronas. Xenoliths
of partially melted metamorphic rocks were also gected
during the eruptions.

INTRODUCTION

Mount Spurr, Alaska, located approximately 125
km west of Anchorage, is the northernmost histori-
cally active volcanic center of the eastern Aleutian
arc. Prehistoric Mount Spurr was an andesitic strato-
volcano that underwent avalanche caldera formation
approximately 10,000 years ago (Nye and Turner,
1990). Following subsequent ash flows, a dacite dome
was emplaced in the caldera and now forms the sum-
mit of Mount Spurr. Crater Peak, a flank vent, was
built in the breach of the southern caldera rim and
has been the site of historic volcanism, including the
eruptions in 1953 and 1992.

The 1992 eruptions were subplinian (after Fisher
and Schmincke, 1984) and occurred on June 27, Au-
gust 18, and September 16-17. Each eruption lasted
3.5 to 4 hours (AVO, 1993; Eichelberger and others,
this volume). Most of the eruptive material consisted
of tephra fall (Neal and others, this volume; Swanson
and others, this volume); pyroclastic flows (Miller
and others, this volume), debris flows (Meyer and oth-
ers, this volume), and ballistic showers (Waitt and oth-
ers, this volume) were less significant. This study con-
centrates on juvenile blocks emplaced either as bombs
or as clasts in the pyroclastic flows during all three
eruptions (table 1). Originally, there was some debate
as to whether juvenile material was gjected during the
June eruption. However, presence of fresh vesicular
glass fragments in the distal tephra fall (Swanson and
others, this volume), small pumice lapilli, and geochem-
istry (Nye and others, this volume) indicate that ju-
venile magma was indeed erupted. Recycling of 1953
olivine-bearing material may be reflected in two
olivine-bearing samples— one collected from the June
deposits, and one collected from a September pyro-
clastic flow. The ejecta have been broadly classified
into three groups, two of which are juvenile andesite
on the basis of hand-sample characteristics. The first
group consists of brown-black, breadcrusted, cauli-
flower-shaped andesite (approximately 95 percent by
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Table 1. Eruption date, location and description, and bulk and groundmass glass weight percent SiO, of individual andesite samples from 1992 eruptions of Mount
Spurr, Alaska.

[Bulk-rock data from Nye and others, this volume. Average values for both bulk-rock and groundmassglass normalized to 100 percent. NA, not analyzed]

ovl

SiO2 content  SiO2 content

Samwle number Eruption date Location and description bulk rock groundmass alass
92JBS-01 June 27 Dense, brown, cauliflower-shaped andesite bomb (23 cmin 56.68 61.74+0.84
diameter)
92JBS-03A June 27 Black rounded breadcrusted andesite bomb (8 cmin diameter) 56.61 61.3610.85
92JBS-04A June 27 White pumice lapilli (1 cm in diameter) NA 74.85+0.54
92JBS-04B1 June 27 Pumice lapilli (1 cm in diameter) NA 77.04+1.49
92JBS-04B2 June 27 Pumice lapilli (1 cm in diameter) NA 68.05+£2.27; 72.31+1.63
92JBS-04B3 June 27 Pumice lapilli (1 cm in diameter) NA 61.02+0.77; 77.18%+1.65
92CNS-03B June 27 Rounded breadcrusted (cauliflower-shaped) andesite bomb (8 NA 60.59+0.98
cm in diameter) from north side of Crater Peak (2,149 m
elevation)
92MHS-12 Aug. 18 Brown cauliflower-shapedandesite (9 cm in diameter) from NA 62.18+0.78
pyroclastic flow (762 m elevation)
92AMm-101 Aug. 18 Brown andesite from pyroclastic flow 56.45 60.4410.64
92AMmM-102GS Aug. 18 Greenish colored scoria from fallout 56.59 65.87+1.60
92AMmM-111A-1 Aug. 18 Pumiceous metamorphic clast 60.15 73.4210.67
92AMm-111A-3 Aug. 18 Pumiceous metamorphic clast 66.68 74.44+0.75
92AMm-111B Aug. 18 Brown andesite from east side of Crater Peak 56.50 61.82+1.00
92AMm-113A Aug. 18 Pumiceous metamorphic material from pyroclastic flow onthe  65.02 74.97+0.90
south side of Crater Peak
92AMmM-113C Aug. 18 Sugary, grayish-green andesite from pyroclastic flow on the 58.84 75.56+0.38
south side of Crater Peak
92AMm-120A Sept. 17 Grayish-green prismatic andesite from 1,402 m elevationon 56.52 74.03+1.24
the west tongue of Kidazgeni Glacier
92AMm-120B Sept. 17 Dark-gray to black prismatic andesite from 1,402 m elevationon 56.54 67.47+1.68
the west tongue of Kidazgeni Glacier
92AMm-129a Sept. 17 Dark-gray to black andesite from 1,829 m elevation of 57.19 64.36+1.18
Kidazgeni Glacier
Stop 35 Sept. 17 Brown vesicular andesite from 1,402 m elevation of Kidazgeni 57.85 62.34+1.04; 64.60+0.83
Glacier 65.44+0.70
920924-3 Sept. 17 Dense, dark-gray to black andesite from 1,402 m elevation of 56.62 64.72+1.06
Kidazneni Glacier
920926-6 Sept. 17 Dark-gray to black andesite from 1.402 m elevation of 57.05 64.35+1.37

Kidazgeni Glacier
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volume of pyroclastic flows). The second group con-
sists of greenish-gray andesite (approximately 1 per-
cent by volume of pyroclastic flows) erupted in Au-
gust and September. The third group consists of xe-
noliths and old volcanic rocks (approximately 4-5 per-
cent by volume of pyroclastic flows) (Miller and oth-
ers, this volume).

PETROLOGY AND CHEMISTRY

Petrographically, the andesite of the first two
groups are nearly identical. Both contain phenocrysts
of plagioclase, orthopyroxene, clinopyroxene, horn-
blende, and FeTi oxides. One difference between the
andesites is the groundmass glass. The brown andes-
ite has a groundmass of very microlite-rich (plagio-
clase, pyroxene, FeTi oxides) brown glass. The green-
ish-gray andesite has a colorless groundmass glass with
or without microlites. The other striking difference
between the two andesite types is the apparent stabil-
ity of hornblende phenocrysts. Hornblende in the brown
andesite does not have reaction coronas, but hornblende
phenocrysts in the greenish-gray andesite have well-
developed reaction coronas.

Metamorphic xenoliths are present in small pum-
ice lapilli from the June eruption and as large blocks
in the pyroclastic flows and bomb fields of August
and September. These xenolithic blocks are as much
as 50 cm in maximum diameter and typically are highly
inflated (40-60 percent vesicles). Phases represented
in the xenoliths include vesicular colorless rhyolitic
glass, quartz, plagioclase, pyrrhotitetorthopyroxene
tcordieritetspineltmagnetitexilmenitetsillimanite
+biotitetgarnettapatitetgraphitetcorundum.

ANALYTICAL TECHNIQUES

Analyses of polished thin sections were performed
on the four-channel electron microprobe at the Uni-
versity of Alaska, Fairbanks. Mineral analyses were
done using an accelerating voltage of 15 Kev, a beam
current of 10 nA, a beam diameter of 5 pm, and a
counting time of 10 sec per element. Well-character-
ized natural minerals were used as standards. Glass
analyses were done at 15 Kev, 10 nA, 8 pm, and a
10-sec counting time per element. Natural glasses were
used as standards for al major elements. The scapo-
lite standard was used as a standard for chlorine. This
analytical routine was designed to minimize Na loss
during analysis of these glasses. Analysis of Redoubt
Volcano samples using this same analytical routine
(Swanson and others, 1994) indicates no significant
loss of Na during an analysis when Na is measured

within the first 10 seconds of the analysis. Analyses
that clearly included mineral grains were eliminated
from the data set. Statistical tests were then performed
on the data set to develop a good total range of ac-
ceptable analyses. The microlite-rich glasses were the
most contaminated, and some of the heterogeneity of
these glasses can be attributed to the presence of the
microlites.

GROUNDMASS GLASS

The brown-black andesite of the June and Au-
gust eruptions contains a microlite-rich brown glass,
but most samples from the September eruption and
some from the August eruption contain a microlite-
rich, lighter-brown glass. However, it is nearly im-
possible to macroscopically identify samples with the
light-brown glass because they are similar to samples
with a brown groundmass glass in August deposits,
but the clasts from September are lighter in color. Au-
gust and September ejecta also contain greenish-gray
andesite with a colorless groundmass glass.

Color differences among the groundmass glass
types identified to date correlate with differences in
the composition of the glass. Compositionally, the
brown microlite-rich glass from the June and August
eruptions is andesitic (60-62 weight percent SiO,) (fig.
1, table 2). Small pumice lapilli on the surface of the
June deposits contain brown andesitic (60-62 weight
percent Si0,) (the same as that in the large brown-
black blocks) and dacitic (65-71 weight percent SiO,)
glass and colorless glass that is dacitic (68—73 weight
percent SiO,) and rhyalitic (75-79 weight percent SiO,)
in composition. The boundaries between the two glasses
are sharp. One sample from the August eruption has
a light-brown microlite-rich glass that is dacitic (ap-
proximately 65 weight percent SiO,).

Brown-black andesite from the September erup-
tion is lighter in color and contains lighter, more si-
licic groundmass glass relative to that of the June and
August brown-black andesite. September glasses are
mostly dacitic (63-68 weight percent SiO,) (fig. 1,
table 2) but show a wide compositional range among
and within samples. This change in dominant glass
composition was also observed in analyses of distal
tephra fall (Swanson and others, this volume).

One sample from September (Stop 35, table 1)
contains al three colors of glass (brown, light brown,
and colorless) with diffuse contacts between the three
glasses; some of the brown glass has an andesitic com-
position similar to that of June and August samples
(table 2), and some is more similar to the light-brown
glass in the sample. Both the light-brown glass and
colorless glass are dacitic, but the light-brown glass
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Figure 1. Histogram of groundmass glass compositions analyzed for each of three eruptions
of Mount Spurr volcano, Alaska. June and August brown glasses are nearly identical, but the
peak is shifted toward more silicic compositions in September. The August and September
colorless glasses are also nearly identical. " Percent of Analyses" is the percentage of total
analyses of a given weight percent SiO,. The total number of analyses varies for each erup-
tion, 71 for June samples, 111 for August, and 261 for September. n, number of samples

analyzed from each eruption.

Table 2. Average groundmass glass compositions for andesite from 1992 eruptions of Mount Spurr volcano, Alaska.

[*, total Fe as Fe;04; n, number of analyses; T, sample from June eruption; ¥, sample from August eruption; §, sample from September eruption]

Andesite glass Dacite glass Rhyolite glass
92085017 g2uBsoaat goammi118? sStop3s®  g2aMmiozGst 92AMmizeaS g2AMmi208S g2aMmiiact  g2aMm1z08%
SiO2 60.39+1.63 61.34140.81 60.98+0.89 61.6510.80 65.24+2.04 63.27+1.36 67.08+1.61 74.28+0.54 73.46+1.27
TiO2 0.6710.12 0.6610.18 0.6510.18 0.50+0.07 0.481+0.15 0.5610.21 0.60+0.18 0.39+0.16 0.2630.12
A|2C)a 16.24+0.60 15.9540.71 15.44+1.11 16.2 +0.41 15.76£1.53 15.8610.93 14.61+1.07 12.21+0.14 13.41£1.01
Fezoa" 6.9240.69 7.6440.63 7.3410.90 7.03+1.20 5.24+1.03 6.09+0.90 5.34+0.82 2.6810.21 2.494+0.40
MgO 2.1430.43 2.33+0.67 2.80+0.94 2.26+0.32 1.21+£0.70 1.7510.46 0.94+0.45 0.39+0.03 0.26+0.04
Ca0 5.611+0.31 5.7340.33 5.3410.48 5.094+0.35 4.35+0.92 4 50+0.55 3.671£0.64 1.361£0.19 1.57+0.67
NaZO 4.3810.17 4.9140.25 4.54+0.29 4451019 4.75+0.37 4.50+0.26 4.85+0.29 3.7210.15 4.41+0.26
KzO 0.6710.12 0.6610.18 0.65£0.18 0.50+0.07 1.801+0.23 1.5940.20 2.14+0.31 2.96+0.08 3.02+0.28
Cl 0.1240.04 0.21+0.04 0.16+0.04 0.1740.04 0.21£0.04 0.1840.04 0.20+0.05 0.33+0.04 0.3510.07
Total  97.81f1.83 99.97M53 98.65+0.69  98. 9WL. 36 99.04M 95  98.31f1.30  99.42+0.51 98. 31 0. 56 99. 23k0. 62
n 14 44 24 7 22 38 32 46 44
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is slightly less Si rich. The three glasses also contain
different microlite abundances. The brown glass is very
rich in microlites, the light brown glass has abundant
microlites, and the colorless glass is relatively free
of microlites.

Blocks of greenish-gray andesite in August and
September ejecta have a colorless groundmass glass
that is rhyolitic (73-75 weight percent SiO,) and
peraluminous (table 2). The sample from the August
eruption contains no microlites in the groundmass glass,
but the sample from the September eruption has abun-
dant microlites.

MINERALOGY

PLAGIOCLASE

The modal percentage of plagioclase ranges from
approximately 17 to 31 percent (dense rock). It makes
up 70 to 90 percent of the phenocrysts, and it typi-
cally occurs as euhedral crystals as much as 1 mm
long with normal, reverse, oscillatory, and patchy zon-
ing. Sieved (abundant glass inclusions) cores or zones
paralle to grain boundaries are very common in pheno-
crysts.

An

50 50

50

M.

Ab EXPLANATION Or

June Sample
® August Sample

A September Sample

A

Figure 2. A, Range o plagioclase rim compositions of
andesites for each of the 1992 Mount Spurr eruptions.

Rim compositions vary over the eruption sequence
and correlate with the composition of the groundmass
glass; rhyalitic glass samples contain the more sodic
compositions. In June samples, rims range from Ang,
to Ansg, in August samples, they range from Ang, to
An,,, and in September samples, they range from Ang,
to An,; (fig. 2A, table 3). Samples from throughout
the eruption series that contain similar groundmass
glasses have similar compositional ranges. A range
of Ang, t0 Angs characterizes andesitic glass, Angs to
Ans;, characterizes dacitic glass, and Any5 to Any; char-
acterizes rhyalitic glass (fig. 2B).

CLINOPYROXENE

Light-green, weakly pleochroic clinopyroxene
phenocrysts make up less than 1 percent of the mode
(dense rock) in both andesite types. Crystals are
subhedral to euhedral and less than 0.5 mm in length.
The restricted compositional range of Enig_sg Fsj4_j9
Wosg_44 (rim compositions) (fig. 3, table 3) is nearly
identical to that of prehistoric Mount Spurr clino-
pyroxene (Nye and Turner, 1990). There is no clear
change in composition with changing groundmass glass
composition nor any compositional change through the
eruption series.

An
50 50
50
—\
Ab Or
EXPLANATION

@ Sample containing andesitic glass
® Sample containing dacitic glass
O Sample containing rhyolitic glass

B

Figure 2. Continued. B, Range o plagioclase rim com-
positions for different groundmass glass compositions.



Table 3 Representativeandyses of plagiodase and dinopyroxene of andesites from 1992 eruptionsof Mount Spurr volcano, Alaska

[*. total Fe as Fe,04; pyroxene recalculation scheme from Linddey (1983) and represents rim compositions; FeO,, totd meesured iron &8 Fe0;
Mg#, Mg/(Mg+Fe)100; T, sample from June eruption; ¥, sample from Augud eruption; §, sample from September eruption]

Plagioclase
92JBs01t 92AMm1118%F 92AMm102Gst  geAMmiiac? 92AMm129a8 92AMm120A8

SiOp 49.39 50.34 46.89 58.90 46.84 53.88
Alo03 3227 31.29 33.98 26.04 33.69 28.52
FepOg* 052 0.66 0.50 0.19 0.29 0.56
Ca0 14.92 13.44 16.45 7.19 16.54 10.97
NaxO 2.86 3.44 2.15 6.93 2.15 520
Ko0 0.03 0.01 0.02 0.34 0.04 0.08
Total 99.99 99.18 99.99 99.60 99.57 99.21
An 74.11 68.25 80.76 35.68 80.75 53.61
Ab 25.69 31.64 19.14 62.25 19.05 45.99
Or 0.20 0.10 0.10 2.07 0.20 0.40

Clinopyroxene
92)Bs0sAt  920NsSozBt g92AMm111B¥  92AMmiozast 92AMmi113c  92AMm120A8

Si0o 50.33 51.89 52.41 52.17 51.73 52.11
TiOo 0.54 0.38 0.37 0.44 0.44 0.35
AlbO3 3.28 2.00 1.95 2.40 242 1.70
FeoO3 279 1.63 1.04 0.55 1.37 1.51
FeO 6.74 7.40 8.70 8.47 7.56 8.23
MnO 041 0.43 0.28 0.32 0.30 0.42
MgO 15.72 16.30 16.97 15.72 15.36 16.32
Ca0 20.03 19.78 18.24 19.79 20.66 19.27
NaxO 0.33 0.26 0.27 0.26 0.35 0.26
Total 100.17 100.07 100.23 100.12 100.19 100.17
FeOy 9.25 8.87 9.64 8.96 8.79 9.59
En 44.23 45.61 47.59 44,71 43.48 45.58
Fs 15.25 14.60 15.62 14.82 14.45 15.70
Wo 40.52 39.79 36.79 40.47 42.07 38.71
Mg# 74.36 75.75 75.29 75.11 75.06 74.38

ORTHOPYROXENE

Di Hd

ﬁ Orthopyroxene phenocrysts are the most abun-

dant mafic phase in all andesite samples, typically 3

to 7 percent of the mode (dense rock). Crystals are

subhedral to euhedral and as much as 1.2 mm long,

pale greenish-brown, and weakly to moderately pleo-

chroic. Some crystals have zones (typically cores) that

En M NV Fs are more strongly colored. The abundance of such

"cored" crystals appears to increase in samples from
EXPLANATION each succeeding eruption. The wide compositional range
of Engg_y4 Fsyy_51 Wog 35 (rim compositions) (fig. 3,
. table 4) is similar to that for prehistoric orthopyroxene
O Orthopyroxene analysis (Nye and Turner, 1990). Unlike clinopyroxene, the
orthopyroxene shows a compositional change with
thopyroxene rim compositions of andesite samples from groundmass glass composition. Orthopyroxene phenoc-

three eruptions o Mount Spurr, Alaska, in 1992. Di, rysts in andesitic and dacitic glass samples havg‘a
diopside; Hd, hedenbergite; En, endtatite; Fs, forsterite. similar range of Eng;_74 Fs23_37 Wog g_s, but rhyolitic

[ Clinopyroxene analysis

Figure 3. Representative range d clinopyroxeneand or-
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glass samples contain orthopyroxene with more iron
-rich compositions (Engg_73 Fsa4_5; W0g3_5)-

AMPHIBOLE

Pargasitic amphibole phenocrysts (Hawthorne,
1981) form less than 2 percent of the mode (dense
rock) in al samples. Crystals are euhedral to anhedral,
less than 2 mm in largest dimension, and pleochroic
in shades of green and brown. Coronas of plagioclase,
orthopyroxene, and FeTi oxides surround amphibole
in some samples and presumably record disequilibrium.
Well-developed coronas are dominant in samples with

145

a colorless rhyalitic groundmass glass, whereas samples
containing brown groundmass glass typically lack evi-
dence of disequilibrium. However, amphibole both with
and without coronas are found in some samples. Com-
positionally, the amphibole is high in Al (AIQV) =
1.35-2, based on 23 oxygens) and alkalies (Na + K
in A site = 0.6-0.85) (table 4), similar to the range
for prehistoric Mount Spurr amphibole (Nye and Turner,
1990). Pargasitic Mount Spurr amphibole falls at the
end of the Aleutian amphibole trend (Kay and Kay,
1985) and is similar to other eastern Aleutian pargasitic
amphibole (from Augustine Volcano (Daley, 1986) and
Redoubt Volcano (Swanson and others, 1994)) (fig. 4).

Table 4. Representativeandyses o orthopyroxene and hornblended andesite from 1992 eruptionsd® Mount Spurr volcano, Aleska

[Pyroxene recalculation scheme from Lindsley (1983) and represents rim compositions; FeO,, total measured iron as FeO; Mg#, Mg/
(Mg+Fe)100; t, sample from Juneeruption; ¥, sample from August eruption; §, sample from September eruption]

Orthopyroxene
92)Bs03AT  g2cNso3zgt  g2AMmi11B%
Si0p 53.21 54.21 53.17
TlOz 0.19 0.12 0.16
Al03 1.66 0.96 1.09
FesO3 1.87 1.33 1.47
FeO 13.82 13.86 16.62
MnO 0.63 0.47 0.69
MgO 26.58 27.54 25.54
Cal 2.1 1.49 1.20
Nazo Nnna NN n nn
Total 100.10 100.04 99.94
FeOt 15.50 15.06 17.94
En 71.54 73.78 69.29
Fs 24.38 23.35 28.37
Wo 4,08 2.87 2.34
Mg# 74.58 75.96 70.95
Hornblende
92cNs03BT  g2AMm111BY  92AMm1c2aGS
Si0o 42.84 4294 4287
TiOo 2.14 2.39 270
AlbOg 13.51 1274 11.23
FeOt 10.64 12.69 12.60
MnO 0.07 0.11 0.27
MgO 15.01 13.34 14.26
CaO 11.10 10.75 10.70
NaxO 2.36 2.30 245
K20 0.26 0.38 0.35
e} 0.04 0.08 0.05
F 0.14 0.23 0.37
Ho0 1.99 1.90 1.83
=0 -0.06 -0.10 -0.16
Cl=0 -0.01 -0.02 -0.01
TOtal dAn AR 00 72 QQ RD

92AMm102GSt  92AMm113ct  92AMm120A8
83.04 51.31 52.01
0.26 0.19 0.16
1.90 125 253
1.32 0.18 2.00
14.79 25.39 15.69
0.52 0.77 0.51
26.29 19.24 25,32
1.62 0.87 1.49
0.00 0.01 nnn
99.74 99.21 99.71
15.98 25.55 17.49
71.61 55.54 69.37
25.23 42.65 27.69
3.16 1.81 294
73.95 56.57 71.47
92AMm113C# 92AMm 12088
42.64 43.36
2.61 2.38
11.92 12.45
12.85 12.09
0.15 0.30
13.53 13.91
11.01 10.77
2.42 2.28
0.35 0.31
0.06 0.03
0.37 0.05
1.83 2.02
-0.16 -0.02
-0.01 -0.01
99.56 99.92
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Figure 4. Al(1V) versus Na + K for hornblende of this
study and hornblende from Mount Spurr and other Aleu-
tian volcanoes from Nye and Turner (1990) and Kay
and Kay (1985).

OPAQUE MINERALS

Opaque minerals are dominantly magnetite, but
include a trace amount of pyrrhotite, and they may
make up as much as 5 percent of the mode (dense
rock). Magnetite occurs as anhedral to subhedral crys-
tals less than 0.2 mm in maximum dimension. Pyr-
rhotite occurs as anhedral masses as much as 0.5 mm
in maximum dimension.

CRYSTAL CLOTS

Small (< 2 mm) crystal clots of different miner-
as are found in all samples (1-2 percent of the mode).
The most common clots are (1) plagioclase and mag-
netite; (2) orthopyroxene and magnetite; (3) plagio-
clase, orthopyroxene, and magnetite; and (4) poikilitic
hornblende and plagioclase. Clinopyroxene is also
present in some clots. The pyroxene crystals are
subhedral to anhedral, whereas the plagioclase is
subhedral to euhedral and typically somewhat sieved.

XENOLITHS

Metamorphic inclusions are present in many
samples. The inclusions are of three types: (1) pla-
gioclase and spinelt+FeTi oxides, (2) polycrystaline
quartz, and (3) plagioclase, quartz, sillimanite, spinel,
FeTi oxides, pyrrhotitetbiotitetcordieritetcorundum.
Grains of cordierite are present in some andesites and

are probably derived from xenoliths. Nye and Turner
(1990) also described plagioclase-spinel clots in Mount
Spurr lavas, which they inferred to be altered an-
orthosite. The ubiquitous nature of spinel in the large
metamorphic blocks suggests that they are of meta-
morphic origin. Xenoliths of older volcanic material
are also present in some samples.

DISCUSSION

The brown-black and greenish-gray andesites are
petrographically and geochemically similar (Nye and
others, this volume); they differ only in their ground-
mass glass compositions. Groundmass glass composi-
tions in the brown-black andesite from the June and
August eruptions are nearly identical. However, in the
samples from the September eruption the dominant
glass is more silicic and the compositions shift rela-
tive to those of samples from the June and August
eruptions (fig. 1). This shift in the dominant melt com-
position from August to September could possibly be
the result of progressive crystallization. Presumably
this crystallization occurred in the magma body through-
out the eruption sequence. Thus, the shift in melt com-
position suggests the presence of a single magma body
undergoing progressive crystallization and tapped for
three eruptions. The presence of a single magma body
is supported by the geochemistry of the andesite (Nye
and others, this volume).

The rhyolitic groundmass glasses from the Au-
gust and September eruptions also show identical com-
positional ranges (fig. 1). This observation suggests
that the same process generated andesite with rhy-
olitic groundmass glass in August and September.

Differences in the groundmass glass composi-
tions also result in differences in the range of plagio-
clase and orthopyroxene compositions. The brown-black
andesite with both andesitic and dacitic glasses has
plagioclase rim compositions from Ang, t0 Ansg,
whereas in the greenish-gray andesite with rhyolitic
glass rim compositions are very sodic and extend to
An,,. The orthopyroxene in samples with andesitic and
dacitic glass has rim compositions of Eng;_54 and in
the rhyolitic glass samples, Enyg_73.

There are three possible mechanisms to explain
the origin of the various glasses and the resulting sym-
pathetic plagioclase and orthopyroxene compositional
differences. These mechanisms are fractional crystal-
lization, assimilation, and magma mixing. Incorpora-
tion of more felsic material either through melting of
continental crust (assimilation) or magma mixing could
cause changes in the melt and crystallizing phases.
However, the similarity of andesite geochemistry ar-
gues for a closed system (Nye and others, this vol-
ume) during the eruption sequence. Therefore, the more
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likely explanation is fractional crystallization. Ground-
mass glass mgjor-element variation diagrams (fig. 5)
show predominantly linear trends between the andes-
itic and rhyolitic glasses, with the exception of Na,O
and MgO. Na,O vector modeling of plagioclase crys-
tallization indicates it would be possible to drive glass
compositions from the dacitic glass to rhyolitic glass
through crystallization of plagioclase with composi-
tions of approximately Anss_ys.
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Hornblende phenocrysts, although identical in
composition, are stable in the andesitic glasses and
to a degree in the dacitic glasses, but they are clearly
unstable in the rhyolitic glasses. There are three pos-
sible explanations for this: differences in water con-
tent of the different glasses (melts); the peraluminous
nature of the rhyolitic melts; and reaction kinetics
(Rutherford and Hill,1993). It is unclear which of these
three mechanisms is the most likely explanation.
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Figure 5. Average groundmass glass compositions (in weight percent) of
major oxides plotted against weight percent SiO,. Glass from andesite sam-
ples collected following three eruptions of Mount Spurr, Alaska, in 1992.
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SUMMARY

The 1992 eruptions of Mount Spurr provided sev-
eral types of products for examination, including two
types of andesite. Derivation of the greenish-gray andes-
ite with rhyolitic glass appears to have been accom-
plished through fractional crystallization of brown
andesite with andesitic glass. Fractional crystalliza-
tion is supported by the compositional changes ob-
served in plagioclase and orthopyroxene. Examination
of the andesite groundmass glasses suggests that a
single magma body undergoing progressive crystalli-
zation was present. It seems likely that progressive
crystallization took place as microphenocrysts and
microlites. Work will be done on groundmass crys-
tallinity to determine any differences.

The role of the metamorphic xenoliths in the Cra-
ter Peak magmatic system is not understood. The sys-
tem was apparently closed during the eruption sequence
so any affect on the magma must have occurred prior
to the June eruption. Nye and Turner (1990) suggested
that crustal sweats have influenced the Mount Spurr
magmatic system. The presence of the xenoliths sug-
gests that they are the origin of these crustal sweats.
Future work will involve characterizing the xenoliths
to determine their role.
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