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THE IGNEOUS PETROLOGY AND GEOCHEMISTRY OF NORTHERN AKUTAN ISLAND, ALASKA

By 1
J.D. Romick

ABSTRACT

Volcanism on Akutan TIsland, In the eastern Aleutian Arc, 1{s
characterized by tholeiitic lavas ranging between 46 and 63 wt percent Si0,,
with FeO*/MgO ratios between 1.3 and 4.2. Olivine-augite-plagioclase basa
wvere found at Lava Peak, while the remaining flows and dikes on the island
conslst of hypersthene-augite-plagloclase basalts and andesites. The Lava
Peak basalts had <23 ppm Rb and >400 ppm Sr, while the other lavas sampled
had higher concentrations of Rb and lower concentrations of Sr. K-Ar whole-
rock dates of lava flows and dikes indicate that they erupted between 1.5 and
1.1 m.y. ago. Clinopyroxene, orthopyroxene, and olivine compositions are
uniform across the island, and average Ca Mg Fe Si 06’ Mg, Fe_ S10 and
Mg72 51,0 respectively. Plagioclase composit ond vary betwéen An and

w%%h %he more calcic plagioclage belng restricted to the Lava Pegak
basalts. The chemical trends seen in Akutan lavas are consistant with the
shallow—-level fractionation of olivine, plagioclase, and clinopyroxene from a
parental liquid, and the subsequent eruption of magmas from different levels
of a zoned magma chamber.
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INTRODUCTION
Purpose and Scope
The purpose of this study 1s to characterize the mineralogy, petrology,
and geochemigtry of the volcanic rocks exposed on northern Akutan Island.
Little is known about the petrology of volcanoes in the eastern Aleutian arc,

and this astudy will help fill the gap in our knowledge of this region.

1Department of Geology, Cornell University, Ithaca, New York 14853.



Geographilc Setting

Akutan Island 1s located in the eastern Aleutian chain at 54° 05°'
latitude and 165° 55' longitude, about 45 km northeast of Unalaska Island
(f1ig. 1). Commercial access to Akutan Island 1s limited to air service by
Grumman Goose and boat charter, out of Dutch Harbor on Unalaska Island to
Akutan Village.

The 1island is 29 km long, 21 km wlde, and oriented roughly east-west
(fig. 2). It is dominated by Akutan Volcano, a 1,304 m high composite
volcano. Ceuntral and easctern Akutan Island consist of steep ridges
separating glacially scoured valleys which radiate away from presently active
Akutan Volcano. Western Akutan has a gentle topography dissected by streams
flowing off the west flanks of the volcano.

The summit of Akutan Volcano contains a 2 ke wide caldera, which may
have been formed within the last 500 yr (Byers and Barth, 1953)., Within the
caldera 1s a cinder cone, which existed prior to 1931 (Finch, 1935), and a
small lake, The caldera 15 breached on the north side. Northwest of the
volcano are two small eruptive centers: an old eroded volcanic center con-
sisting primarily of lava flows, and a cinder cone with two lava flows which
erupted sometime before 1870 (Byers and Barth, 1953).

Previous Work

R.H. Finch conducted the first sclentific exploration of the island in
1931. He was a member of the U.S. Geological Survey's (USGS) Volcanology
gection conducting studles of the Aleutian volcanoes in preparation for the
establishment of a volcano observation post. Akutan Island was examined
because 1ts frequent eruptive activity and relative accessibility made it a
convenient place for observation. The result of Finch's (1935) study was 2
brief description of the geology and a topographic sketch of the island.
Finch noted that Dr. T.A. Jaggar had visited the igland in 1907 and 1927 and
had made some correlations between the sedimentary units on Akutan and those
on the Alaska Peninsula, but nothing was published regarding that correla-
tion.

Byers and Barth (USGS) conducted field work on Akutan Island in 1948 as
part of the USGS study of the Aleutian Islands after World War II, but no
official report was issued. Their geologic map of Akutan Island, (un-
published) was obtained from the USGS archives, in Menle Park, by R. Motvka
of the Alaska Division of Geological and Geophysical Surveys (DGGS). Byers
and Barth (1953) discussed the recent 1947 and 1948 eruptions on Akutan
Island, but not past volcanic activity, or geology, of the 1sland.

Perfit and Kay did some reconnaissance mapping and sampling of the
island in 1974 and the initial results were presented by Perfit (1978).
Motyka and others (1981) provided a brief description of Akutan geology, but
emphasized the geothermal resources of the island. Perfit and Gust (1981)
published some isotope and microprobe analyses of samples from Akutan Island,
and discussed how theilr results related to those of other Aleutian Islands.
McCulloch and Perfit (1981) published i1sotope and rare earth element (REE)



data for Akutan lavas and used the data to develop constraints for magma
genegls in the Aleutian Islands.

General Geology

Figure 2 is a copy of the general geology of Akutan Island adapted from
Byers and Barth (unpublished map) and slightly modified by Romick and Swanson
(in preparation). Akutan Island consists of interbedded lava flows aund
volcaniclastic deposits overlain in places by younger volcanic deposits as-
sociated with Akutan Volcano. The interbedded flows and volcaniclastic
materlial represent older deposits principally exposed on central and eastern
Akutan Island. Some of the older rocks are slightly to moderately altered and

contain secondary chlorite and carbonate, while the younger volcanics are
largely unaltered.

The older rocks can be divided into two units: the lower unit consists
of at least 700 m of volcaniclastic deposits with interbedded flows and
sills, while the upper unit 1s dominated by basaltic to andesitic flowa with

lesser amounts of interbedded volcaniclastic deposits (Motyka and others,
1981).

The older lavas are exposed in glacial valleys whose bottoms are filled
with alluvium, stream sediments, and in at lease one case, volcanic debris
flow deposits. Exposures along the coast indicate that sea level was con-
siderably lower when the valleys formed than at the present time. Valley
walls can be traced down below present sea level. Black (1974) indicated chat
deglaciation occurred at 8400 years ago for Umnak Island. Akutan Island is
about 160 kilometers from Umnak Island. Considering the proximity of Akutan
Island to Umnak, 1t seems reasonable to assume that deglaciation occurred on
Akutan at roughly the same time. Landsat images of Akutan show that the
radial glacial valleys on the island were carved prior to the formation of
pregent Akutan Voleano.

Agsociated with the older rocks, are numerous dikes, concentrated in Bot
Springs Bay, which decrease in abundance eastward. Dikes located around Hot
Springs Bay Valley strike north-west. Those located to the west of Hot
Springs Bay Valley are generally oxiented northeast, but dike orientations
span 180 degrees. Gabbroilc intrusions are asgsoclated with the older volecanie
complex. A large 81ll in Sandy Cove 1s exposed over approximately 150 m while
a smaller intrusion 1s exposed in the cliff on the west side of Hot Springs
Bay. The orientation and arrangement of several linear iIntrusions, exposed
south of Open Bight, (fig. 2) suggests that thay may be ring dikes associated
with an older caldera system. Dip measurements on the map prepared by Byers
and Barth (unpublished) also suggest an older center of volcanic activity
near Open Bight (fig. 2).

On northwestern Akutan Island is a 594 m high ridge, here called Lava
Peak, where at least 19 flows and 7 dikes are exposed. The flows are
gseparated into two groups by an unconformity (fig. 3). Eleven almost
flat-lying flows are overlain by at least 8 flows which have a 24° apparent
dip to the west,



Samples were collected from a section about 690 m thick. East of the
peak is a highly baked, oxidized, autobrecciated zone which 1is characteristic
of volcanic vents and has been 1interpreted to be the core of an eroded
volcanic center,

The dikes which intrude these rocks are only exposed on the north side
of the ridge, and strike in a northwesterly direction. A large dike, exposed
east of the flows, intrudes the lower !l lava flows but i1s truncated by the
upper sequence of flows. The dike 1is the backbone of the ridge to the east of
the flows and may have been a feeder dike from Akutan Volcano during an older
period of volcanism.

South of Lava Peak are several flows which are stratigraphically lower
than the Lava Peak rocks, and are mantled bv recent tephra deposits from
Akutan Voleano.

North of Lava Peak i1s a cinder cone and two lava flows which probably
formed before 1870 (Byers and Barth, 1953). Byers and Barth noted that the
Russians made no mention of the cone or associated flows during their visit
to the island in the 1870's, and suggested that the eruptive activity
occurred prior to their visit. Simkin and others (1981) list an eruption on
the northwest flank of the volcano in 1855 which may mark the eruption of the
Lava Point cone and flows. The cone is approximately 250 m high and 600 m
across. The flow is about 4 km? in area, and forms Lava Point (fig. 2).

Recent deposits include flows from 1947 and 1948 eruptions, which did
not leave the summit, and the 1978 lava flow which almost reached the north
coast. The lava flow followed two stream drainages down the north flank of
the volcano and came to within 1 km of the coast. Ash eruptions interspersed
with these flows mantle some of the deposits on western Akutan Island, and
reached Akutan Village on the east side of the island (Finch, 1935; Byers and
Barcth, 1953). Volcaniec activity, documented ou Akutan Island since 1790, is
listed in table 1.

PETROLOGY
Distribution
Igneous rocks on Akutan Island consist of older rocks exposed at Lava
Peak and on the central and eastern part of the 1sland, and younger rocks
agsociated with Akutan Volcano, exposed on the western side of the island.
Figure 2 shows the locations of samples collected from Akutan. The following
discussion will describe the petrology of the flows and dikes from which
these samples were collected.

Western Akutan Island

Lava Peak Flows

The lower section consists of |l flows ranging from 1.7 to 12 m
thick. The basal flow is the thickest flow exposed. Going up the section the
flows thin and then thicken again. Several flows have baked brecciated upper



zones, which grade downward into vesicular rock. All 11 flows contain plagilo-
clase, olivine, and clinopyroxene phenocrysts in a fine-grained holo-
crystalline groundmass consisting of plagloclase, titanomagnetite, augite,
and occasionally olivine (table 4). The rocks are fresh and generally cun-
altered, although some of the mafic minerals have oxidation stains.

Figure 4 ghows the mineralogic changes that occur going up the section.
Both olivine and clinopyroxene decrease im abundance going up the section.
The ratio of mafic phenocrysts to total phenocrysts decreases golng up the
section. There 1s a general decrease in the number of very large (3 to 7 mm)
clinopyroxene phenocrysts up the section, as well as g decrease 1n the over-
all grain size of the clinopyroxene. Olivine phenocrysts remaln about the
same size and skeletal olivine crystals are present in all 11 flows. The
abundance and size of plagioclase phenocrysts except for the cop flow stay,
remains constant. In addition to the decrease of both olivine and cliino-
pyroxene, there 1s a sympathetic relationship between the relative abundances
of the two minerals. Figure 4 shows that when olivine abundance 1s at a maxi-
mum, clinopyroxene 18 at a minimum, and visa versa. There are no soil
horizons, or weathering zones, separating one flow from another, indicating
that they erupted over a fairly short time period.

Three flows were sampled from the upper part of the section. The
exposure 1s very irregular, making 1t impossible to measure the thickness of
the flows sampled. 1Individual thicknesses are estimated at between 2 and 5 w,
The mineralogy of the three flows is {dentical to the lower flows. The rocks
are porphyritic, with large clinopvroxene, plagioclase, olivine, and opaque
minerals fine grained holocrystalline groundmass., The percentage of olivine
in the three flows is highly variable and rangea between 8.6 percent for the
top flow and 1.6 percent for the bottom flow, The olivine in all three flows
has partially oxidized rims.

Assoclated Dikes

0f the seven dikes that intrude Lava Peak the largest 1s exposed to the
east of Lava Peak and 1s 10 to 15 m wide (Ak-8l-1; fig. 3). 1In thin sec-
tion, the dike contains the same mineral assemblage as the Lava Peak flows;
randomly oriented phenocrysts of olivine, clinopyroxene, opaque minerals, and
plagioclase 1in a groundmass of opaque minerals, clinopyroxeune, and plagio-
clase laths, A 1.5 m wide zone of red rock near the dike may represent the
baked contact between the dike and the country rock. The dike 1s truncated
by the upper sequence of lava flows.

The six other dikes sampled stand out as resistant spines on the north
side of Lava Peak., The dikes range in thickness from 0.5 m to 4 m and are
oriented N 70° W. Except for the westernmost dike, the dikes are aphanitic in
hand specimen. They contain bands of vesicles aligned parallel to the walls
of the dike with individual vesicles elongate in the same direction. This is
probably due to cooling from the outside inward, forcing exsolving volatiles
toward the center of the dike. Movement of the cooling magma stretched the
vesicles in the directlon of flow.



The dikes intrude a series of interbedded lava and debris flows located
at 100 m elevation. The baked contact of these dikes 1s one to two
centimeters thick., Columnar jointing 1s moderately well developed and is
oriented perpendicular to the walls of the dike.

In thin section, the dikes vary from equigranular fine-grained to por-
phyritic. Plagioclase is the domlnant phenocryst. In several dikes olivine
and clinopyroxene are as abundant as plagioclase. The smaller dikes
(Ak-81-32, Ak-81-33, Ak-81-34, Ak-81-103A, and Ak-81-103B) show a strong
alignment of plagioclase laths in the groundmass. Several of the dikes con-
tain interstitial brown glass.

Other Flows

These flows are located stratigraphically below the Lava Peak flows,
and are similar to lavas exposed on the central and eastern side of the
island.

The three flows sampled were interbedded with debris flows consisting of
a clay-rich matrix with blocks ranging up to several meters in size. Sample
Ak-81-16 1s from a 7 m thick flow exposed in a canyon wall. It has a
scorlaceous top and flow banding. The lava contains about 17 percent
plagioclase phenocrysts and very little clinopyroxene and olivine. The
groundmass 1s very fine-grained and makes up about 80 percent of the rock.
The two other flows are located stratigraphically above and below Ak-81-16,
and contain plagloclase along with varying amounts of hypersthene and
clinopyroxene, with trace amounts of olivine and opaque minerals. The
groundmass in these rocks is very fine-grained and makes up to 75 percent of
the rock.

Recent Lavas

The most recent volcanism on Akutan Island resulted In tephra deposits,
the eruption of two lava flows, and a cinder cone on the north and northwest
flank of Akutan Volcano. Sometime before 1870 a cinder cone developed just
northeast of Lava Peak (fig. 2). A lava flow erupted from the base of the
cone, covering about 4 square km, and wakes up what 1is called Lava Point
(Byers and Barth, 1953). The lava flow 1is very blocky, and has two lobes
which entered the sea. Frosion has exposed numeryous lava tubes on the
northern border of the flow which have developed into spectacular bridges and
caves. The rock 1s very vesicular and contains plagioclase phenocrysts, with
minor clinopyroxene, olivine, and opaque minerals in a glassy groundmass. The
groundmass contains orilented plagioclase laths, some opaque minerals, and a
great deal of brown glass.

In 1978 a lava flow erupted in the summit caldera, flowed down the north
flank of Akutan Volcano in two lobes, and came within | km of the coast (fig.
2). The flow consists of very blocky lava ranging from vesicular to glassy in
texture. Plagioclase makes up about 32 percent of the rock, while
clinopyroxene, olivine, and opaque minerals make up less tham 7 percent. The
groundmass consists of oriented plagioclase laths and brown glass.



Central and Eastern Akutan Island

Open Bight

Open Bight is the next valley east of the 1978 lava flow. Samples were
collected from two flows (?) exposed at the mouth of the valley. Contacts
were concealed so 1t 1s unclear whether the rocks are flows or sills. About
31 meters of the upper flow (?) 15 exposed. Its lower section has large
columnar joints, while the upper section 1s massive. The other sample was
collected from a 2 to 5 m thick flow (?) exposed further down on the cliff,
Both rocks contaln about 32 percent plagioclase, 5 to 8 percent
clinopyroxene, trace amounts of orthopyroxene, and ! to 2 percent opaque
minerals, 4n a ctrachytic groundmass. Crystal clots of plagioclase,
clinopyroxene, and opaque minerals are present. Plapioclase phenocrysts
commonly contain glass inclusions.

Hot Springs Bay Valley Flows

Three valleys empty 1nto Hot Springs Bay, the largest being Hot Springs
Bay Valley. Samples were collected along the coast and within the valleys.
The small central valley was not explored. The westernmost vallev Js here
called Pickup Valley (fig. 2).

P{ckup Valley

Samples were callected from the head and walls of Pickup Valley (table
5, fig. 2). Two samples, Ak-81-20 and Ak-81-21, were collected from outcrops
described by Byers and Barth (unpublished map, 1948) as possible ring dikes.
The samples are porphrytic, and contain randomly oriented plagioclase,
clinopyroxene, and opaque phenocrysts 1imn a trachytic groundmass. The
groundmass 1is slightly altered to chlorite and carbonate. Quartz/carhonate
veinlets crosscut the groundmass and phenocrysts.

A lava flow exposed west of these samples has a baked lower contact and
crudely developed columnar joints. The rock contains a few plagioclase
phenocrysts in a very fine-grained trachytic groundmass and 1s partially
altered to chlortite, carbonate, and 1ron oxide.

Two samples were collected part way down the valley, Ak~81-23 contains
plagioclase, clinopyroxene, and orthopyroxene, while Ak-81-24 contains
partially altered olivine, plagioclase, and clinopyroxene. Both rocks contain
chlorite and carbonate alteration 1in a holocrystalline trachytic groundmass.

Cow Point

Cow Point is a high bluff separating Pickup Valley from the unnamed
valley to the southeast. Twenty-five dikes are exposed im this bluff and have
a dominant trend to the northeast, but there is a2 very wide variability in
strike. The dip for the dikes is quite variable, and may range from 0° to
180° for a single dike. They also occur in nested groups of 3 or more.



Mineral banding is fairly common iu these dikes. The banding consists of
vertical layers with matic minerals concentrated toward the interior and
felsic minerals concentrated toward the exterior (fig. 6). This phenomenon
has been studied by several workers (Bhattacharii and Smith, 1964; Gibb,
1968; Komar, 1972A; Komar, 1972b). The mineral segregation seems to be the
result of mechanical interactions between phenocrysts during intrustion
forcing early-forming minerals towards the center of the dike.

The dikes intrude pyroclastic deposits of poorly sorted volcanic
breccia. Some of the dike have fine-grained chilled margins where they
contact the pyroclastic debris. Higher on the bluff are several oxidized

layers which may represent the eruption of lava flows which baked the
underlying debris flows.

In hand specimen, the dikes range from porphyritic, containing
plagloclase phenocrysts, to aphanitic. Olivine and clinopyroxene are rare
phenocrysts. This lack of mafic minerals is probably due to their alteration
to the chlorite present 1in these rocks. Pseudomorphs of chlorite after
clinopyroxene are occasionally seen., The most common groundmass consists of a
trachytic mass of plaglioclase laths and chlorite. Occaslonally the groundmass

1s composed of an equigranular mixture of plagloclase, clinopyroxene, and
opaque minerals,

Flows

The five flows were sampled from the northeast side of RHot Springs Bay
Valley range from 3.5 to 10 m thick where exposed. They contain plagioclase,
clinopyroxene, and rarely olivine, phenocrysts. The groundmass ranges from
fine-grained to medium grained holocrystalline in texture, and shows no
preferred orientation. Mafic minerals in the groundmass are partially altered
to chlorite and carbonate. Sample Ak-81-65 18 the only flow sampled where
olivine made up a significant percentage of the phenocrysts. Most of the
rocks have some chlorite alteration, and in sample Ak-8}-65 the olivine is
partially altered to iddingsite.

Five lava flows, exposed farther up the valley differ from those farther
down valley in that they are almost completely unaltered, except for rare
carbonate grains. They are very fine-grained rocks and consist of phenocrysts
of plagioclase, clinopyroxene, orthopyroxene, and opague minerals in a
holocrystalline groundmass. Opaque minerals are unusually sbundant, composing
1.4 to 1.6 percent of the rocks.

Hot Springs Bay Valley Dikes

Nine variably altered dikes were sampled at the mouth of Hot Springs Bay
Valley. The dikes sampled ranged in width from 1.5 to 3 m. The dominant
orientation of these dikes is N 42° W, but orientations varied as much as 40
degrees,

The rocks are porphyritic, with plagioclase beilng the most abundant

phenocryst. Hornblende was present as a phenocryst in Ak-81-43. Sample
Ak-81-46 containg 29 percent phenocrysts, but the dikes usually contailned
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less than 15 percent phenocrysts. The groundmass 15 fine-grained, trachytic,
and composed of plagioclase laths and opaque minerals. Xenoliths, present in
some samples were similar in composition and texture to the host dikes, but
were usually more altered than the enclosing rocks.

The dikes contain chlorite and carbonate as a alteration products
replacing mafic phenocrysts, microphenocrysts, and glass.

Dikes

Hot Springs Bay Valley dikes are oriented roughly N 68° W with a
variation in attitude of about 40 degrees. The dikes range in width from 0.5
to 5 m and also occur as dike swarms up to 13 m wide. They have well
developed baked contacts, ranging in thickness from 1 to 4 cm. Vesicles are

concentrated toward the center of the dikes and are partially filled with
carbonate.

Alteration 18 auite variable between these dikes and alsoc varies within
a particular dike. Five samples were taken across a dike which was dipping
at an angle of about 70 degrees. The country rock (Ak-81-106-1.5) intruded
by the dike was partially altered to chlorite and carbonate. Alteration in
the dike increased toward the center until all of the mafic mwinerals and part
of the groundmass were altered.

The dikes are generally very fine-grained, with trachytic textures.
Crystal clots are occasionally present, and usually consist of plagioclase,
clinopyroxene, and opaque minerals. Plagioclase is the only individual pheno-
crvst. The groundmass 1s usually composed of plagioclase laths, opaque
minerals, chlorite, and carbonate. One dike, Ak-81-71, contained hornblende
and was collected from a dike on the east side of Hot Springs Bay Valley. It
was very coarse-grained, consisting of plagioclase, hornblende, and ortho-
pyroxene with no groundmass. Carbonate 1s present as an interstitial filling,
while chlorite is partially replaces plagiloclase.

Akutan Harbor Flows

The outcrop between Hot Springs Bay Valley and Akutan Harbor consist of
a thick sequence of volcaniclastic deposits, with very few flows or dikes.

Two dikes and a thick lava flow are exposed on the north side of Akuran
Harbor (Ak-B1-26, Ak-81~102A, 102B). The flow is about 8 m thick with a lower
section consisting of well developed columnar joints. It 1s a very
fine-grained equigranular rock with rare plagioclase phenocrysts and a
holocrystalline groundmass consisting of clinopyroxene, plagioclase, and
titanomagnetite., The plagloclase laths have a strongly preferred orientation.
Except for a small amount of chlorite in the groundmass the rock is
unaltered.

The two dikes that intrude the flow are different in wmineralogy and
texture. Dike Ak-81-102A is 1.5 m wide and is flow banded and contains only
plagioclase phenocrysts. The groundmass 1is holocrystalline and partially
altered to chlorite. Dike Ak-8!-102B 1s 5 m wide and contains chloritized
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olivine phenocrysts, and large clinopyroxene and plagioclase phenocrysts in a
holocrystalline groundmass composed of clinopyroxene, plagioclase, and titano
magnetite.

Intrusions

Three phaneritic intrusive rocks were sampled on Akutan Island. One
sample (Ak-81-100) was a plece of float found on Lava Peak, another
(Ak-81-102) was collected from a large plug located in Sandy Cove, while the
third (Ak-81-73) was exposed in the cliff west of Pickup Valley., These three
intrusives exhibit different textures,

Ak=-81-100 1is a coarsely crystalline equigranular rock consisting of
plagioclase and clinopyroxene. In thin section, the plagloclage and
clinopyroxene grainsg range from | to 2 mm in size (fig. 6a). The subhedral
to euhedral shape of the plagioclase and clinopyroxene suggest that the two
minerals did not grow in place, but were concentrated after most of their
growth was completed, possibly by crystal settling in a magma chamber,

In contrast, Ak-81-73 (fig. 6b) has an ophitic to subophitic texture

that one would expect for a magma crystallizing under statilc conditions, with
clinopyroxene crystallized around plagioclase.

In contrast to the previous intrusives, Ak-81-102 18 a porphyritic rock
containing clinopyroxene and plagioclase phenocrysts In a holocrystalline
groundmass (fig. 7). The plagioclase contains inclusions of opaque minerals
and clinopyroxene and appears to have crystallized after these two mafics
nucleated., The clinopyroxene does not contain any inclusions. The groundmass
contains plagioclase, clinopyroxene, and an opaque phase.

Summary

Akutan lavas fall into two petrographic groups: the flows and dikes in
which clinopyroxene and orthopyroxene are the major mafic minerals, and the
flows and dikes 1in which olivine and clinopyroxene are the major mafic
minerals. A rare lava type is represented by the hornblende-bearing andesite
dikes exposed in Hot Springs Bay Valley. The only flow sampled which was not
porphyritic was Ak-81-26, from Akutan Harbor. The lack of phenocrysts indi-
cates that this flow was very fluid, and may have erupted at a higher
temperature, or more quickly, than other flows on the island. The other flows
contain individual phenocrysts and crystal clots. The crystal clots are prob~-
ably the result of crystals clumping together during growth in a magma
chamber, or they may xenocrysts from earlier lavas. There has been some sug-
gestion that crystal clots represent the reequilibration of an amphibolite
mantle to lower pressures {(Stewart, 1975), but the variety in composition of
the crystal clots, and the lack of any relic amphibole suggests that this is
not the case on Akutan.

The dikes exposed on Akutan Island range from porphyritic to aphanitic,
and alteration In these rocks is quite variable. While some of the alteration
seen 1s due to fluilds assoclated with emplacement of the dikes, some of the
alteration seen may be due to sea water alteration (D. Bawkins, personal
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commun., Mottl and Holland, 1978). This 1s especially true of those dikes
exposed along the coast.

The dikes were examipned to determine if they might be related to forma-
tion of an older caldera. Significant differences in K-Ar ages of dikes from

the same localities suggests that they are not (Romick and others, in prepara-
tion).

MINERALOGY

Akutan lavas are characterized by phenocrysts of plagioclase, clino-
pyroxene, olivine, orthopyroxene, opaque minerals, and alteration products in
a finer-grained groundmass. Plagloclase is the only mineral present in all
of the samples.

Clinopyroxene

Calcium-rich augite is the one type of clinopyroxene present as pheno-
crysts. Filgure 8 shows the results of microprobe analyses of Akutan
clinopyroxenes and orthopyroxenes. The clinopyroxene compositions vary about
13 percent Fs, B8 percent Wo, and 2 percent En. The auglte from Lava Peak
Flows 1s the most Fs poor, while lavas from Hot Springs Bay contain the
highest percent Fs. Perfit and Gust's (1981) microprobe analyses of
phenocrysts Iin basalts and andesites are very similar to the analyses in this
study.

There are two texturally distinct populations of clinopyroxemne. The
first is a group of large anhedral to subhedral phenocrysts up to 7 mm long.
These large grains are commonly zoned, but rarely twinned. In contrast, the
second population of clinopyroxene consists of smaller subhedral grains which
average 0.75 to 1.5 mm in size, and are commonly twinned as well as zoned.
Both populations occur as individual phenocrysts and as glomerocrysts. The

glomerocrysts are up to 8 mm long and are usually composed of anhedral grains
0.5 to 2 mm long.

It would be convenient to be able to divide these two dissimilar groups
into two generations of growth, the larger grains growing earlier in a
relatively undisturbed environment, while the smaller phenocrysts growing in
a fairly active environment, possibly which the magma was erupting. However,
there are no compositional differences between the two groups of phenocrysts,
which one might expect 1f they crystallized at different times.

The clinopyroxenes are biaxial positive with a 2V ranging from 35 to
60°. The large phenocrysts have low birefringence while the small phenocrysts
are moderately birefringent. In plain light the clinopyroxenes are pale green
and nonpleochroic.

The groundmass pyroxenes are also pale green in plain light, biaxial

positive, and have low birefringence. The grains are, in general, too small
for 2V determination.
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Figure 9 show some the variety of zoning found in Akutan pvroxenes.
Figure lla shows well developed "hourglass' zoning. Most authors ascribe the
zoning to different growth rates in different crvstallographic directions
(Strong, 1969; Gray, 1971: Hollister and Gancarz, [97!; Wass, 1973), The re-
sulting skeletal form is larer filled by clinopyroxene richer in FeO, Ti0,,

a,0, and Al 0 Another type of zoning, not illustrated, appears as an
an%edral core surrounded by a euhedral rim. Deer and others (1978) suggest
that this type from zoning results from melting the grain during movement of
the magma prior to eruption. Thereafter the temperature drops and a euhedral
rim forms around the partially melted crystal (Deer and others, 13%78). The
zoning indicates that the clinopyroxene was not always in equilibrium with
the surrounding 1iquid. Diffusion of cations within the crystal lattice is
not fast enough to allow the crystal composition to readjust in response to
the change in liquid composition. The system's response to disequilibrium is
to mantle the erystal with a rim that can coexist with the liquid. As the
composition of the liquid changes so does the composition of the rim until
crystallization halts the process, or the crystal is resorbed.

Several types of twins occur in the clinopyroxenes (fig. 10). They

range from simple growth twins to polysynthetic twins with (010) as the
composition plane,.

Orthopyroxene

The orthopyroxene present in Akutan rocks 1s hypersthene. The mineral
appears in two forms: 1) as euhedral to anhedral phenocripts rimmed by
clinopyroxene, and 2) as subhedral to anhedral phenocripts without reaction
rims. The two textural types can occur In the same rock, and microprobe
analyses indicate that there is little compositional difference between the
two orthopyroxenes (see Appendix III), Nor are there any differences in the
composition of angite rimming the hyperothene and angite as independent
phenocrysts. This suggests that whatever causes the rimming of orthopvroxene
by clinopyroxene, it is not due to compositional differences between the two
orthopyroxenes (fig. 8).

The hypersthene phenocrysts are 0.5 to 0.75 mm long, biaxial negative
with a 2V between 55 and 70°, and have low birefringence. The phenocrysts
have pale pink, to yellow, to green pleochroism. Extinction is parallel to
cleavage, and the hypersthene is untwinned.

0livine

Olivine never makes up mwore than 8 percent of the rock when it is
present, and usually makes up only 2 to 4 percent. It is generally subhedral
and anhedral in form, commonly occurring as fragments of graims. Occasionally
euhedral olivine is present, and skeletal varieties are common in some of the
western flows. The phenocrysts are rarely greater than | mm in diam. The
olivine commonly has an oxldized outer rim, or 1s partially altered to
iddingsite. Biaxial positive and negative varieties of olivine occur Akutan
lavas. The skeletal variety analyzed by microprobe in figure 1l are biaxial
negative and have a compositional range between FO__and FO_,. No biaxial
positive olivine was analyzed. Figure 16 also shows the microprobe results
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from Perfit and Gust (1981)., For rocks containing only olivine and c¢lino-
pyroxene, Perfit and Cust’'s (1981) data closely compares with this study's
although some of their analyses have values up rto F°90‘

The olivine has high relief, moderate to high birefringence and 1is clear
in plain light. Zoning is either very weak or nonexistent.

Plagioclase

Plagioclase is the most abundant mineral In Akutan lavas. It 1s present
as phenocrysts and in the groundmass of all of the flows and dikes examined.
Plagioclase makes up 8 to 44 percent of lavas and may make up to 100 percent
of the phenocrysts present in a particular rock. Plagioclase phenocrysts
range from 0.5 to 7 millimecers i1in length. Inclusions of glass,
clinopyroxene, and opaque minerals are occasionally present.

Plagioclase phenoccrysts are generally subhedral to euhedral in form,
although there are anhedral fragments present. Normal, oscillatorv, and
reversed zoning are present in Akutan plagioclase. Twinning is ubiquitous,
and albite and carlsbad twins are the most common types. Cruciform
penetration twins are seen occasionally.

Figure 12 shows the type of compositional zoning present in samples from
Akutan Island. Microprobe data for the Lava Peak Flows shows the plagioclase
to be very calcic (An9 to An core values) and zoned between core and rim
about 10 percent anorthite. 8{%e zoning in these rocks appears as normal
zoning, where anorthite content decreases from core to rim, and as
oscillatory zoning where rim and core are approximately equal in anorthite
content, and the intermediate interior more sodic.

Plagioclase from Hot Springs Bay lavas are more albitic and show less
zoning. One sample is zoned between Anl‘5 and An50, while another is zoned 1

percent between An50 and AnSl.

Sample Ak-B1-73 1is from a gabbroic {intrusive on the west side of Hot
Springs Bay. The plagioclase from this sample shows extreme zoning. One
phenocryst 1s zoned between An93 and An60, while another 1s zoned from An87
to An1 midway to the rim, with an outer rim of alkali feldspar.

The division between the Lava Peak flows and the other lavas seen in the
microprobe data may, or may not, be a real phenomenon, More analyses are
needed to confirm the apparent separation of values.

Figure 13 shows the variety of glass inclusions preasent in plagioclase
phenocrysts. They occur as a fine dusting in the core, at some intermediate
point between core and rim, in the rim, or some combination of the three. The
zone of inclustions is usually parallel to the crystal boundaries. In some
cages the inclusions are not orilented with respect to the crystal faces and
appear as Irregularly shaped blebs in the interior of the phenocryst. The
textures shown in figure 13 indicate a change In the conditions of crystal
growth. This change may correspond to conditiona of higher undercooling,
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possibly caused by changes jin temperature or pressure, Undercooling is the
difference between the liquidus temperature of the crystal and the tempera~
ture of the liquid the crystal is growing in. As the degree of undercooling
increases, crystal growth changes from plamar to skeletal. (Lofgren, 1980)
High growth rate, combined wicth the skeletal crystal form, may make 1t
possible for the crystal to trap 1iquid as it grows. The trapped liquid is
quenched to a glass. A change to lower undercoolings would result in a return

to planar crystal boundary growth, and the euhedral outline seen on Akutan
plagloclase.

Other types of inclusions include large amounts of brown glass trapped
in the interior of plagioclase grains, and clinopyroxene and opaque grains
which appear to have been trapped in the plagioclase as it crystallized.

The plagioclase in samples Ak-81-73 and Ak-81-100, both coarse grained
intrusives, are essentially inclusion-free. FEmplacement at depth would cause
gradual cooling, resulting in crystallization at low undercooling. This would
cause planar crystal boundary growth. The slow cooling rate would also re-
sult in low growth rates which would not allow glass to be trapped within
plagioclase phenocryscs.

Accessory and Alteration Minerals

Opaque Minerals

Opaque phenocrysts, generally, make up less than 1 percent of Akutan
lavas, and are usually restricted to the groundmass. Those phenocrysts that
are present are subhedral to anhedral and less than 0.75 mm in diam. Skeletal
varieties were observed In some samples and probably crystallized late in the
history of the magma. The opaque minerals were occaslonally seen as
inclusions in angite and hypersthene phenocrysts, and rarely in olivine and
plagioclase. Some euhedral forms are present and usually appear as cubes or
octahedrons, suggesting they are some type of magnetite. Opaque minerals,
when present in the groundmass, are usually euhedral to subhedral and

approximately the same size (0.1 to 0.2 wm) as the other groundmass minerals
present.

Bornblende

Hornblende i1s present in two samples, both dikes from Hot Springs Bay
Valley. The amphibole has olive green to light green pleochroism
(X=yellow-green, Y=brownish-green, and Z=green) and moderate birefringence.
It is anhedral and 0.25 to 1.5 mm in diam. Hornblende never makes up more
than 1 percent of the rock.

Apatite

Apatite occurs as euhedral rods in plagloclase. It 1is approximately
0.1 mm long and was present in trace amounts in most of the rocks examined.
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Carbonate

Carbonate 18 a coumon aiteration mineral in the older lavas on Akutan.
It 18 a common vesicle filling and alteration product of mafic mineralg and
groundmass, and occasionally replaces plagioclase. The carbonate is uniaxial
negative, has variable relief, is clear in plain light, and has very high
birefringence. The graln size is quite wvariable, ranging from
microcrystalline to 4 wmm in d{iam.

Chlorite

Chlorite 1s the most common alteration product of Akutan lavas. It has
moderate birefringence and occurs as microcrystalline grains with light to
dark green, and light to medium yellow, pleochroism. Chlorite may make up to
10 percent of the rock and commonly occurs as pseudomorpha of olivine and

clinopyroxene., It sometimes occurs as a lining in amygdules where carbonate
fills the interior of the amygdule,

Quartz
Quartz 18 occasionally present as an alteration mineral, and usually
occurs in veinlets agsocilated with carbonate. It occurs in trace amounts and

18 legs than 0.25 mm in size.

Serpentine Minerals

Olivine 1s rarely altered to a nonpleochroic serpentine mineral. It is
fibrous, has low birefringence low relief and occurs as pseudomorphs after
olivine.

Crystallization Sequence

Table 4 show the crystallization sequence for Akutan lavas. In general,
plagioclase is the first mineral to crystallize. Opaque minerals occasionally
crystallize before plagioclase (Marsh, 1976), as in samples Ak-81-20,
Ak-81-34, Ak-B1-38, and Ak-81-62, but usually crystallize after nucleation of
plagioclase and are seern enclosed by olivine and clinopyroxene. Olivine 1s
the next phenocryst to crystallize. 1In those samples where both olivine and
orthopyroxene are present, clivine appears to have crystallized before ortho-
pyroxene. In those samples where orthopyroxene 1s present and olivine is not,
orthopyroxene 1s the next phenocryst to form after the opaque minerals,
Clinopyroxene 1s the last phenocryst to form, unless skeletal olivine, or
hornblende are present, then they are last phenocrysts to begin crystalliz-
ing. A generalized crystallization sequence for Akutan lavas is plagioclase-
opaque minerals-olivine/orthopyroxene-clinopyroxene-skeletal olivine/horn-
blende-groundmass. While there i1s no experimental data on the crystallization
of Akutan lavas, work done on Atka bagglts by Baker and Eggler (1983) at
various pressures reproduces the crystallization sequence described above for
magmas which crystallized at lesa than 8 Kb pressure. The early or late
appearance of opaque minerals depended upon the oxygen fugaclty of the
system. Thus, the sequence based upon textural relationships appears in
Akutan basalts and andesites appears to be consistant with experimental work
on rocks of similar composition,
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Summary

Mafic mineral compositions on Akutan are remarkably uniform suggesting
that whatever changes have occurred in the magmas which formed Akutap lavas,
the factors influencing mineral composition (pressure, temperature, PH,O,
liquid composition, etc.) remained fairly constant. Unalaska Island, Frosty
Peak Volcano, and Adak Island pyroxenes and plagioclase are very similar in
composition to Akutan minerals (Byers, 1959; Drewes and others, 1961; Marsh,
1976; Perfit and Gust, 1981) suggesting that the lavas for many Aleutian
volcanoes are similar 1n cowposition, and form minerals of similar
composition.

What 1s variable on Akutan 1s the relative abundance of particular
minerals. Olivine 1s abundant in Lava Peak rocks, while orthopyroxene 13 more
abundant 1n some of the Hot Springs Bay lavas. Plagioclase and clinopyroxene
are the only ubiquitous minerals in Akutan lavas.

GEOCHEMISTRY
Major Oxides

Appendix | lists the results of major oxide analyses. Oxide totals
ranged from 98.52 percent to 100.71 percent. Harker variation diagrams are
shown In figure 14, MgO, FeO, and Ca0O decrease with increasing 510, while
Na20 and K,0 generally increase with increasing 5102. Curves for T10, and
Al 0. are glat with respect to Si0,, and Fe, 0, data are too dispersed to draw
any Conclusions regarding a particular trend.” The relative merits of these
plots versus plots of more complex ratios are discussed bv Cox and others
(1979) and Maaloe and Peterson (1981). Samples from Lava Peak and from the
other parts of the island do not plot as separate groups on the Harker
diagrams.

These diagrams are supposed to represent the "liquid line of decent" of
a fractionating magma. As certain elements are incorporated into early-
forming minerals, theilr concentration in the remaining ligquid decreases,
while those elements not used in the minerals increase in abundance. These
trends, whether increasing or decreasing, indicate changes in the liquid com-
position as it fractionates. TIdeally, one should use analyses from glasses
(quenched 1liquid) to obtaln accurate measurements of composition, however
this 1s rarely possible. Most volcanics are crystallized to some degree, and
many are porphyritic. The local addition or subtraction of phenocrysts in
these rocks may significantly affect where samples plot on the trends,
although porphyritic rocks may still represent liquid compositions. TIf, for
instance, olivine crystals settle towards the bottom of a cooling flow that
portion will be enriched 1n olivime. If a sample 1is taken from that part of
the flow and analyzed it will plot above the trends for FeQ and Mg(, bhecause
it has been enriched in those components by the addition of olivine. Like-
wise, samples taken from the part of the flow depleted in olivine will plot
below the trends because they are depleted in the two oxides due to the re~
moval of olivine. If many of the samples analyzed are porphyritic, consider-
able scatter in the trends can occur due to the above effect. This may be the
case for Akutan samples. Partial alteration of some of the samples may also
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affect the analyses by preferentially adding or subtracting certain elements.

Oxide-oxide plots were constructed to see 1f any distinction could be
drawn between the Lava Peak rocks and the other lavas on the island. The re-
sults are shown in figures 15 through 18. Again, no clear distinction can be
made betweeu the Lava Peak volcanics and other volcamics on Akutan Island.
The fact that the two groups of lavas do not plot as separate trends suggests
that they were not derived from different parental magmas or significantly
different sources.

An AFM diagram (fig. 19) shows a slight iron enrichment similar to other
plots of Aleutian rocks (Marsh, 1976). The FeO/Mg0 vs S10, diagram (fig.
21) also shows the mild iron enrichment trend typical of Aleéutian tholeiites
as defined by Kay and others (1982), Marsh (1976) noted that Aleutian trends
were higher in iron enrichment than the trend for Cascade rocks, but lower
than the trend for Tongan volcanics. Again, the lava Peak rocks and the
other lavas intermix on the diagram. In a total alkalis (K,0+Na,0) versus
S10, diagram (fig. 20), Akutan rocks fall In the high-alumlna field as
def%ned by Kuno (1966). Perfit (1978) guggests that it is possible to derive
these high-alumina rocks from high magnesium basalts found on Akutan Island.

The effect of fractionation of plagioclase, olivine, and augite can be
seen 1in figure 22. As the magma(s) differentiated, the Ca0/Al,0, ratio
decreased and the FeO0/Mg0 ratio increased. This 1is due to the preéipitation
of early-forming calclc plagioclase and magnesian olivine and augite. This
left the remaining liquid enriched 1in FeO and depleted in Ca0 and MgO,
resulting in the trend observed.

Statistical Analyses

The oxide data were analyzed by two multivarjate statistical methods to
see 1f more sophisticated techniques could distinguish the two petrographic
groups. The oxide data was analyzed by cluster analysis (McCammon and others,
1970), and then a stepwise multiple discriminant analysis (Jennrich and
Sampson, 1981). A dendrograph (McCammon and others, 1970), obtained from the
cluster analysis, 1s shown in figure 23,

Cluster analysis separates samples into groups (or clusters) based upon
measured variables. The number of clusters that result from the analysis are
not known beforehand, and samples are generally free to enter any cluster
that develops. In contrast, discriminant analysis requires the number of
groups to be set prior to analysis, with each sample assigned to a particular
group (Davis, 1973). By minimizing the within-group variance and waximizing
the between-group varilance, the discriminant analysis identifies the vari-
able, or variables, which distinguish the groups. Stepwise multiple dis-
criminant analysis constructs a linear equation for each group by going
through a seriles of simple analygses which move from one analysis to the next

by adding, or subtracting, a classification variable along the way (Jennrich,
1977).

The cluster analysis distinguished four general groups of lavas
(fig. 23). The stepwise discriminant analysis used P205 and TiO2 to identify
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the four groups. The discriminant functions for the four groups are listed
below. PZO and T1i0, are in welght percent and X is the value of the
discriminané. See appendix V for an example of how the discriminant
functions are used,

WestF X=100. 33T40,,+264. 09,0 ~83. 22
Fast¥ X=93.55T10.$245.03P.0,272.26
WestD x=151.90T132+614.893235-194.34
EastD K=125.68T1024343.05P50,~133. 74

Based on the wultiple discviminant analysis we had difficulty
distinguishing the two groups of flows defined by the cluster analysgis.
Samples classified as EastF by the cluster analysis were classified as WestF
by the discriminant analysis and visa versa. Table 5 lists the posterior
probabilities for the two groups of flows. The probablities represent the
chance that any particular analysis will be classified in a particular group.
A high probability in one group 1s needed for a clear classificatfon. Most of
the flows listed in table 8 could be classified into efther group.

A canonical plot of the groups and their means 1s the best two-
dimensional display of the relationship between the four groups and 1s shown

in figure 24, The two groups of flows have only slight differences between
their means.

Both groups of dikes plot well away from eilther group of lava flows.
Both partially altered and unaltered dikes plotted together indicating that
the difference between the flows and dikes 1s a real phenomenon and not a
resulc of alteration. Two dikes (Ak-81-50, Ak-81-38) plot with the lava
flows.

The statistical analyses also suggest that the lava flows on Akutan
Island are chemically similar and are difficult to distinguish on the basis
of major element chemistry. The cluster analysis grouped Lava Peak flows
with flows from other parts of the island. The discriminate analysis per-
mitted some rearrangement of the groups, but it also could not distinguish
the two petrographic groups.

Normative Mineralogy

Appendix 1 1lists the normstive mineralogy for the 31 samples from
Akutan. All of the rocks contain normative hypersthene, which by definition
must be present in tholeiitic rocks (Cox and others, 1979). Most of the rocks
are quartz normative. Five samples are olivine normative and their geographic
distribution does not follow any pattern across the island. Lava Peak flows
range from slightly olivine normative at the bottom to quartz normative
further up the sequence., They also have greater than !l percent normative
hypersthene, while the other volcanics generally have less thanm !l percent
hypersthene (fig. 25).
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Minor Element Analyses

Rb and Sr Analvses

Figure 26 1is a plot of Sr versus Rb 1gneous rocks from Unalaska (Perfit
and others, 1980). Akutan Island samples plot along the same trend as
volcanics and intrusives from Unalaska Island, but tend to be lower in Sr.

Figures 27 and 28 are plots of Rb versus Rb/Sr and Sr versus Rb/Sr,
respectively, These two dlagrams successfully distinguish Lava Peak volcanics
(higher Sr and lower Rb and Rb/Sr) from the other volcanics on the island.

McCulloch and Perfit's (1981) data are also plotted on the two diagrams.
Two samples, Ak-4-EJ and Ak4-33, plot in the Lava Peak field, but the third
samples does not show a close relationship to either group. Unfortunately, it
1s not known whether the petrology of his samples is similar to that of the

Lava Peak Flows

MeCulloch and Perfit (1981) distinguished tholeiitic Akutan tocks from
cale-alkaline rocks 1in the Aleutians by plotting Ba (ppm) versus K,0 and
Rb/Sr versus K,0. Their results suggest that tholeiitic rocks have higher Ba0
and Rb/Sr values for a given K, 0 than the calcalkaline suites. Akutan sawples
plot in McCulloch and Perfit's tholelitic region, for the K,0 versus Rb/Sr
diagram, but the separation between the tholeiitic and cal-alkaline fields is
not very good and the fields overlap at the mafic end.

McCulloch and Perfit's (1981) Sr and Nd isotope data for Akutan are
shown in table 6 and are comparable to results reported by other workers (Kay
and others, 1978; Kay, 1980; Marsh, 1976) for Aleutian lavas,

Potassium—-Argon Dateg

Four K-Ar whole rock dates were obtalned from R. Armsctrong at cthe
University of British Columbia, Vancouver, British Columbia for two samples
from eastern Akutan and two from Lava Peak (table 7). Llava flows from Lava
Peak, Pickup Valley, and Hot Springs Bay Valley give ages around 1.2 m.y.
AK-81-30, a dike from the base of Lava Peak, may be about 0.3 m.y. older that
the three flows dated.

Summary

Both oxide-oxide plots and multivariate statistical analyses indicate
that the major element chemistry of two petrographic groups of lava follow
similar trends. Rb and Sr plots successfully distinguish the two petrngraphic
groups, and suggest that the two groups may be related via some fractionation
scheme. This 1s also indicated by the decrease in CaO/Al 03 with increasing
FeO/MgO (shown in fig. 22). Whole rock potassium-argon &%tes Indicate that
the Lava Peak satellite vent and the main vent lava suites erupted contempor-—
aneously between 1.} and 1.5 m.y. B.P. The major element chemistry of these
lavas 1s typical of rocks derived from mantle material (McCulloch and Perfit,
1981). UNeodymium and strontium isotope ratios reported by McCulloch and

- 19 -



Perfit (198l) also suggest that the lava were derived from mantle material,
and that contamination by continental crust was negligable.

GEOTRERMOMETRY AND GEOBAROMETRY

Two geothermometers and one geobarometer were used to estimate
equilibrium temperatures and pressures for mineral pairs in Akutan lavas.
Both geothermometers could not be used on the same samples, because none of
the samples analyzed by microprobe contained the three phases needed.

Wood and Banno's (1973) geothermometer used the distribution of FeO and
MgO between orthopyroxene and clinopyroxene to determine the equilibrium
temperature. This geothermometer was used on a sample collected from Pickup
Valley (Ak-81-23). Wells (1977) modified Wood and Banno's geothermometer
uging additional microprobe data. His geothermometer 1s used to corrohorate
the results obtained from Wood and Banno's (1973) geothermometer. Powell and
Powell's (1974) geothermometer used the distribution of Mg and Fe between
olivine and clinopyroxene to determine equilibrium temperatures. This
geothermometer was used on two samples from Lava Peak (Ak-81-1 and Ak-81-13).
The results for the geothermometry are shown in table 8., They 1indicate
equilibrium temperatures between 992 and 1,330° C for both sets of mineral
pairs.

Wood (1976) noted several problems with the olivine-clinopyroxene geo-
thermometer which would result in temperature estimates that did not reflect
the actual crystallization temperature, but seem geologically reasonable.
The temperature determining equation for Powell and Powell's (1974) geo-
thermometer 1is:

T-—ZXA1(920000+3.6P)—0.0A35(P-l)+10100
8+R inD-714.3 (2XA1)
;h?re XAi XA1+XT}X% :X Ml/xM
and X5°'° and kM Le %he mole fractions of Fe and Mg in olivine,
respectiveEy 810

Fe’Ml_;T(*ﬁ_i#Fe Cpx
ng M1 Fe,Ml

Hi=l- XAl

R=1.98726 cal/mole K

P= pregsure in bars

Other difficulties involve the pressure dependence of the olivine-
clinopyroxene geothermometer and whether the phenocrysts used are in equili-
brium. A crystallization pressure must be supplied in the equation to deter-
mine the temperature. The values listed Iin table 1l are for pressures between
1 bar and 15 kb.

The olivine in Akutan lavas commonly occurs as both skeletal and sub-
hedral grains. Both types of phenocrysts are similar in composition. It is
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not known whether this is due to buffering of the olivine composition by che
liquid, or to the two types of grainsg crystallizirg during the same time
period. If both types of grains crystallized during the same time interval,
then the skeletal olivine indicates crystallization at higher undercoolings.
The clinopyroxene is subhedral, suggesting that it crystallized at a lower
undercooling than the skelectal olivime. Clinopyroxene crystals are zoned over
a compositional range of 5 mole percent, while zoning of both phenocrysts mav

mean they formed under similar conditions and are in equilibrium with each
other.

Wood and Banno's (1973) orthopyroxene-clinopyroxene geothermometer is
pressure Independent, or at least they feel the pressure effect can be
ignored because of some evidence published by Davis and Boyd (1966) which
indicated a 30 kb change in pressure only changed the equilibrium temperature
50° C. This is within the error of the technique. They assume that any A1203
in the pyroxenes does not affect the activity of the Mg in either of the
pyroxenes appreciably.

The determining equation is:

T= -10202 opy op
ln(Acpx/Aopx)—7.65 Xpo 3.88(xpe¥2-4.6

where A _ Mg2 Y « Mgz )
cpx,opx= ( 3
)

(FedMg +Ca +Mn +Na ') M2 (Fe 4FedsMgZrar vce +T1? M1

and nggmole percent Fe in orthopyroxene

The amounts are in mole fractions. Wood and Banno (1973) feel that the
temperatures are accurate to * J0 degrges C. They ignore Fe™ in the pyroxenes
because 1f 10 percent of the Fe as Fe™, the equilibrium temperature goes up
20 to 30°, which 1s within the error of the technique.

Wells (1977) modified Wood and Banna's (1973) pyroxene geothermometer to
fit additional pyroxene equilibrium data. Wells' corrections may result in
an increase or decrease In the temperature estimate.

The determining equation is:

T= 73410px
3.3554244X, -1nK
Fe

where K= the activity of Mg in clinopyroxene
divided by the activity of Mg in orthopyroxene
{(see Wood and Banno, 1973)

xFe =mole fraction of Fe in orthopyroxene
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The temperatures obtained form this geothermometer are listed in table
11. In this 1Instance the temperatures calculated are too high.

The lack of precision in these temperature estimates results from the
insufficient data available regarding the thermodynamics which govern Fe and
Mg substitution in cation sites. These temperatures should be considered
rough estimates of equilibrium temperature for the mineral pairs concerned,
and not accurate measurements.

As yet, no good geobarometers have been developed for mafic igneous
rocks, Finnerty (1976) examined the exchange of Mn, Ca, Mg, and Al between
garnet, olivine, clinopyroxene, and orthopyroxene in attempt to develop a
suitable geothermometer and geobarometer. To use their geobarometer olivine
must be in equilibrium with orthopyroxene and clinopyroxene, because the
pyroxene pair buffered the system with respect to calcium. Finnerty and Boyd
(1977) worked with ulteramafic rocks and the two pyroxenes were the only
calcium bearing phases present. None of the rocks examined in this study
contaln all three mafic minerals, but plagioclase 1s always present and may
act as a calclum buffer for the system. If it 1is valid to use plagioclase as
a buffer, Finnerty and Boyd's technique suggest that the olivine crystallized
at some pressure less than 10 kb which 1s consilstent with the experimental
studies of Baker and Eggler (1983),.

From the crystallization sequence of phases in Aleutian lavas, Marsh
(1976) estimated their crystallization temperatures to be between 1,150 and
1,101° C, at pressures between | and 5 kb. Perfit and Gust's (198l) estimate
of crystallization temperatures based upon ortho-clinopyroxene pairs ranges
between 990°C and 1,100°C. These values compare well with those discussed
above. Marsh (1976) noted that other workers found that plagioclase was the
liquidus phase 1in andesitic magmas with less than 2 percent water (Eggler and
Burnham, 1973). For water saturated conditions plagioclase was replaced by
orthopyroxene as the liquidus phase above about 500 bars pressure. Marsh
concluded that crystallization took place at about 500 bars in andesitic
magnas with less than 2 percent water.

The temperatures obtained from the geothermometers are in the range
expected for an erupting magma, but do not provide any additional information
regarding the origin of Akutan lavas.

MAGMA GENERATION MODELS

Several models have been suggested to account for the chemical composi-
tion of Aleutian lavas. Most of these involve partial melting of oceanic
crust with some oceanic sediments, depleted mantle, or combinations of all
three to account for the winor element and REE abundances,

Coats (1962) used a "megathrust' to carry sediments down to mantle
depths where they melted to form a rhyolitic melt. The melt then mixed with
basaltic liquids to form andesitic magmas. Marsh (1976) derived Aleutian
magmas from partial melts of subducted oceanic crust. He argued that there
was not sufficient water in the mantle to form the magmas, and a more likely
place would be subducted oceanic crust. Marsh did not use sediment
contamination to modify the magma.
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McCulloch and Perfit (1981) argued that REE and minor element ratios
precluded the formation of Aleutian magmas directly from melted oceanic
crust. Rather a multistage mixing/melting model was invoked in which the
depleted mantle below the ar¢ 1is metasomatized bv a partial melt of oceanic
crust. McCulloch and Perfit suggested cthat between 2 and 8 percent oceanic
sediments are required to generate the variable large-ion lithophile
enrichments and Sr and Nd isotope values in these wmagmas.

Kay and others (1978) also argued for sediment mixing to account for Pb
and Sr values differing from those of MORB. Aleutian samples have Pb isotope
ratios between those of MORB and Pacific sediments, which can be accounted
for by contamination of about 2 percent sediments. Both Kav and others (1978)
and McCulloch and Perfit (198l) note that the lack of variability and low
values of the St isotope ratios indicate that passage through old continental
material has not affected the composition of these magmas.

Perfit and Gust (198]) suggested that the high magnesium basalts found
on Akutan and Unalaska islands could represent primary magmas. The
high-alumina basalts and basaltic andesites seen on the islands could be
generated by fractionation of olivine, clinopyroxene, and plagioclase from
the magnesium-rich basalts. Kay (1978) also suggested that these
high-magnesium lavas were primary melts.

Eichelberger (1678) derived andesites from a mixture of rhyolite and
depleted mantle., He suggested that under hydrous conditions, the lower
oceanic crust would be amphibolite. Up to a 20 percent melt derived from this
composition would be rhyolitic. This rhyolitic component would mix with a
basaltic melt derived from mantle material to form andesites.

Kay (1980) modeled magma generation using mass balance calculations, and
concluded that one could account for the variety of magma types in the
Aleutians by partially melting different amounts of subducted sediments,
oceanic crust, and depleted mantle.

Summary

The diversity of opinion vregarding the origin of andesitic magma
indicates the lack of knowledge of both mantle composition and the role
played by the subducted oceanic slab and sediments. It is agreed that magmas
are related to regions of subduction, but the role of the subducted slab,
mantle, and sediments 1n the development of andesitic magmas is still under
debate.

EVOLUTION OF IGNEOUS ROCKS ON NORTHERN AKUTAN ISLAND

Tha lack of continuous outcrop makes it difficult to ascribe any
detailed petrologic trends to Akutan lavas. The only location on northern
Akutan Island where flows are exposed in a section not separated by debris
flow deposits is at Lava Pesk. There, the lower series of lava flows follows
a typilcal trend for a fractionating magma: the lavas become more silica-rich
up section, and the percentage of mafic minerals decreases with increasing
s1lica content. Elsewhere on the 1sland exposures do not allow for similar
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interpretations. Flows are commonly separated by thick sequences of
pyroclastic debris making it 1impossible to determine whether a sequence of
flows is the product of one, or more, magmas.

Two petrographic groups are present on Akutan Island: Lava Peak flaws
and dikes, and lavas exposed elsewhere on the 1sland. Clinopyroxene and
orthopyroxene are the major mafic minerals in the latter lavas, while olivine
and clinopyroxene are the mafic minerals in Lava Peak flows. Only rarely is
olivine present in other lavas from Akutan Island, and even more rarely is it
abundant. This appears to be due to higher silica values, making ortho-
pyroxene the stable mafic phase. The most recent volcanics, the pre-1870 and
1978 lava flows, are petrologically similar to volcanics exposed on the
central and eastern part of the 1sland (see table 4).

Many aspects of the major element chemistry of the two petrologic groups
are gquite similar. Oxide diagrams and multivariate statistical analyses do
not suggest any differences in the way the two groups fractionated or theilr
parental magmas. The use of Ti0, and P,0. as discriminates indicates that the
variance of the more abundant ox%des is"tdo great to be able to distinguish
the four groups identified by the cluster analysis. Even these two oxides can
not clearly distinguish between the two groups of lava flows, although they
are able to distinguish between flows and dikes.

Both Rb and Sr analyses, and plagloclase microprobe analyses, suggest
compositional differences between Lava Pegk flows and other lavas on the
island. The Lava Peak flows are higher in Sr and lower in Rb and Rb/Sr then
lavas from the remalnder of the island, ULlava Peak flows appear to have a more
calcic plagloclase then plagioclase in lavas from other parts of the island.

Whole rock potassium~argon dates of 3 lava flows and one dike indicate
volcanic activity began at least 1.5 m.y. ago. The Lava Peak flows and lava
flows from the eastern and central part of the 1sland were erupting
contemporaneously about 1.1 m.y. ago.

Any model developed to explain the igneous activity on Akutan Island
must explain: 1) the different wineral assemblages, 2) the overall chemical
similarity between the two petrographic groups, 3) the differences in Rb and
Sr contents, 4) the differences in phenocryst abundance, and 5) the identical
radiometric ages of the two groups of flows.

One model which accounts for these differences relies on a compositional-
ly 2oned magma chamber (fig. 29). According to this model, the lavas exposed
over most of the island are from central vent eruptions, which drew magma
from the top of the chamber. Lava Peak flows are from lateral eruptions which
tapped magma lower in the chamber. Crystallization and settling of early-
forming plagioclase, olivine, and clinopyroxene from the upper part of the
magma chamber would create an upper layer deficient in phenocrysts and
enriched in silica and incompatable elements. The local concentration of
these phenocrysts would create a lower layer enriched in phenocrysts and
relatively silica deficilent. Lavas erupting from the top of the magma chamber
would be relatively phenocryst poor and sufficiently enriched in silica that
orthopyroxene would replace olivine as the first mafic phase to crystallize,
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resulting in fine-grained rocks containing orthopyroxene and clinopyroxene
phenocrysts.

The Lava Peak eruptlons, tapping & lower layer in the chamber, would be
enriched 1in early formed phenccrysts and relatively gilica poor. The result
would be phenceryst-rich rocks contailning olivine and clinopyroxene. The
tholeiitic character of Akutan lavas 1s the result of iron enrichment in the
liquid caused by the suppression of iron oxide precipitation.

Different Rb and Sr abundances in the two petrologic groups result from
partitioning of the two catlons in the melt. Rb (8-fold coordination) cations
have ionic radii of 1.49 A, while Sr (6 to 8-fold coordination) cations have
ionic radii of 1.16 A (Shannon and Prewitt, 1969). The smaller divalent Sr
cation can substitute for Ca (ionic radius= 1.00 A) in plagioclase, while Rb
is excluded from the plagloclase crystal lattice and 1s concentrated in the
residual ligquid. The early—-forming plagloclase would selectively remove Sr
from the upper layer of the magma chamber, leaving a liquid relatively
enriched in Rb. The lower layer, enriched in plagioclase phenocrysts, would
also be enriched in Sr. Magma drawn from the upper layer would have more Rb
and less Sr than magma from lower layers.

The overall chemical similarity between the two petrologic groups 1s due
to their derivation from the same magma body, however some magma mixing may
have complicated many of the simple trends seen. Simultaneous eruptions from
different regilons of the magma chamber resulted in lavas with the same
radlometric age, but different characteristics.

Magma composition on Akutan Island has not changed appreciably through
time. While Lava Peak flows can be distinguished from the other lava flows on
the island, the small range in chemical composition for these lavas making
evolutionary interpretation impossible. This compositional monotony is
characteristic of Aleutian lavas, and suggests that the magmas erupt so
quickly that they do not differentiate significantly, or are replenished by
the source material, resulting in lavas of relatively uniform composition.

Dike orilentations on Lava Peak, the location of the Lava Peak center,
and the location of the recent cinder cone and lava flow suggest a persistent
zone of weakness exlsting on the northwestern side of the island since at
legst 1.5 million years ago. The character of rocks from this zone has
changed such that the most recent lavas are similar to the main vent lavas,
and not the Lava Peak flows.

Akutan Island 15 composed of basaltic and andesitic lavas, ranging from
46 to 63 percent silica; compositions typlcal of other Aleutlan volcanoces
(Byers, 1959; Drewes and others, 1961; Marsh, 1976; Kay and others, 1982).
Mineral compositions are also similar between varlous volcanoes (Byers, 1959;
Drewes, 1961; Marsh, 1976; Perfit and Gust, 198l). The similarity in oxide
analyses, mineralogy, and isotoplc ratios suggests that Akutan lavas, and the
other Aleutian volcanoes, are derived from a similar, 1f not the same,
source.
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Current theories suggest that Aleutian magmas result from partially
melting oceanlc crust and/or mantle, contaminated by 2 to 8 percent
sadiments, which rises through the overlying plate and erupts on the surface.
Nd and Sr isotope analyses indicate a mantle origin for Akutan lavas
(McCulloch and Perfit, 1981; DePaolo, 1981). Ba/La and Pb/La ratlos suggest
that continental sediments also play a role in the development of Akutan
magmas. At present, if 1s difficulc to constrain the relative importance of
mantle vs oceanic crust in Aleutian magwmas.

Volecano distribution in island ares may be due to segmentation of the
subducting oceanic plate (Stoiber and Carr, 1973; Hughes and others, 1980).
Kay and others (1982) developed a segmentation model to explaim the distribu-
tion of tholelitic and calc-alkaline volcanoes In the Aleutian arc. Their
model restricts tholelitic volecanoes to sagment boundariles, with calc-
alkaline; volcanoes found in segment interiors. The segments are defined by
zones of great earthquake movement. Akutan Island is in the middle of thelr
Cold Bay segment. According to their model, Akutan lavas should be calec-
slkaline; instead they show tholeiitic affinities (Perfit amd Gust, 1981),.
Kay and others' model breaks down because little petrologlc information 1is
available for volcanoces in the eastcern Aleuvtian arc. Whether or not
tholeiitic and calc-alkaline volcanoes fit into a segmentation model will not
be clear until a great deal more information 1s gathered on the petrology and
geochemisgtry of the region.

This study described the petrology and geochemistry on northern Akutan
Island. The southern half of the island should be examined in similar detail.
In particular, Flat Tip Peak should be examined to see if it is petrological-
ly similar to lLava Pegk. Additional plagioclase microprobe analyses should be
conducted to see if the compositional difference between Lava Peak plagio-
clage and the other lavas 1s a real phenomenon. Several more potassium-argon
dates are needed to constrain the perlod of igneous activity more closely.

It is not known what compositional type (tholeiitic or calc-alkaline) is cur-
rently erupting from Akutan Volcano. A detalled study of the geo-
chemistry and petrology of the volcano is needed to identify the current
trend and describe its relation to lavas erupted in the past.
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Appendix IV - Rb and Sr analyses

Rb Sy

Sample (ppm) (ppm) Rb/Sr
AK-81-1 21 4472 0.050
AK-81-2 ND 455 ND
AK-81-3 16 465 0.034
AK-81-5§ 10 480 0.021
AK-81-8A 22 440 0.050
AR-81-8B 13 440 0,029
AR-BL-11 H 440 0.025
AK-81-14 {9 430 0.044
AK-81-17 29 310 0.094
AK-81-~22 71 205 0.346
AK-81-23 31 305 0.102
AK-81-24 33 335 0.098
AK-81-26 27 365 0.074
AK-81-30 12 405 0.030
AK-81-31 12 460 0.026
AK-81~33 49 325 0.151
AK-81-51 31 355 0.087
AK~81-52A 31 290 0.107
AK-81-52B 25 290 0.086
AK~81-102 20 350 0.057
AK-80-9A 25 355 0.070
AK-80-11 26 330 0.079

Samples AK-81-8A and 8B, and AK~52A and 52B were duplicates submitted to test
the reproducibility of the analyses.
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AK-81-1:

AK-81-2:

AR-81-3:

AK-Bl-4:
AK-81-5:
AK-81-6:
AK-B81-7:
AK-8]-8:
AK-81-9:
AK~81-10:
AK-81-11:
AK-81-12:
AK-81-13:
AR-81-14:

AK-81-16;

AK-81-17:

AK-B1-18:

AK-81-19:

AK-81-20:

Appendix V
Petyographic Descriptions of Akutan Lavas

Porphyritic basalt dike containing plagioclase, clinopyroxene,
and olivine phenocrysts 1in a holocrystalline groundmass.

Porphritic basalt lava flow contairing olivine, clinopyroxene,
and plagioclase phenocrysts in a holocrystalline groundmass,

Pophyritic basalt lava flow containing the same mineralogy as
AK-81-2.

Similar mineralogy and texture to AK-8]-3.

Similar to AK-81-4,

Similar to AK-81-5.

Similar to AK-81-~6

Similar to AX-81-7,

Similar to AK-81-8,

Similar to AK-81-9,

Similar to AK-81-11.

Similar to AK-81-12.

Similar to AK-81-13,

Similar to AK-81-14.

Porphyritic andesite lava flow containing plagioclase, olivine,
and clinopyroxene phenocrysts 1n a verv fine—grained, vesicular
groundmass.

Prophyritic andesite lava flow containing plagioclase,
clinopyroxene, orthopyroxene, and trace olivine phenocrysts in a
very fine-grained groundmass.

Prophyritic andesite lava flow containing plagioclase, olivine,
clinopyroxene, and orthopyroxene phenocrysts in a fine-grained
groundmass.

Float from the northern flank of Akutan Volcano. Porphyritic rock
containing plagioclase, olivine, orthopyroxene, and clinopyroxene
phenocrysts in a vesicular glassy groundmass.

Andesite from Pickup Valley. Porphyritic rock containing

plagioclase, orthopyroxene, and clinopyroxene phenocrysts in a
trachytic groundmass.
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AK-81-21:

AK-81-22:

AK~81-23:

AK-81-24:

AK-81-26:

AK-81-27:

AK-81~28:

AK-81-29:

AK-81-30:

AK-81-31:

AK-81~32:

AK-81-33:

AK-81-34:

AK-81-35:

AK-81-36:

Andesite plug containing clinopyroxene and plagioclase
phenocrysts. The groundmass 1s partially altered to chlorite and
carbonate. Quartz veinlets intrude the rock.

Porphyritic andesite containing about 8 percent phenocrysts
(plagioclase, orthopyroxene, and clinopyroxene).

Porphyricic, partially altered andesite lava flow. The rock
contains clivopyroxene, orthopyroxene, and plagloclase

phenocrysts in a trachvtic groundmass which is partially altered
to carbonate.

Porphritic andesite lava flow containing phenocrysts of
plagioclase, c¢linopyroxene, and olivine in a trachytic
groundmass. The olivine 1s largely altered to serpentine
minerals, while the clinopyroxene and groundmass are partially
altered to carbonate and chlorite.

Aphanitic basalt flow. Trace plagioclase phenocrysts in a very
fine-grained trachytle groundmass comnsisting of olivine,
clinopyroxene, opaques, and plagioclase.

Porphyritic andesite lava flow containing clinopyroxene,
orthopyroxene, plagloclase, and trace olivine phenocrysts in a
brown, vesicular, glassy groundmass.

Similar mineralogy and texture to AK-81-27,

Same as AK-81-28,

Aphanitic basaltic dike consisting of an equigranular mass of
olivine, clinopyroxene, plagloclase, and opaque minerals,

Porphyritic andesite dike containing plagioclase phenocrysts in a
fine-grained vesicular groundmass consisting of olivine,
plagioclase, clinopyroxene, and opaque minerals.

Aphanitic dike. Contains rare plagioclase phenocrysts in a very
fine-grained vesicular groundmass.

Similar to AK-81-32. The groundmass has a trachytic texture and
contains brown glass.

Slightly porphyritic dike containing large plagioclase and
clinopyroxene phenocrysts in a fine-grained groundmass.

Porphyritic andesite lava flow containing plagioclase,
clinopyroxene, and rare olivine phenocrysts in a glassv trachytic
groundmass.

Altered andesite dike. Plagloclase phenocrysts in a partially
alctered, fine-grained, groundmass. The mafic phenocrysts have
been altered to chlorite and carbonate.
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AK-81-~37:

AK-81-38:

AK-81-40:

AK-81-41:

AK-81~42:

AK-81-43:

AK=-81-44:

AK~B1~45:

AK-81-46:

AK-81-47:

AK-81-48:

AK~-81-50:

Altered andesite dike. Two percent plagioclase phenocrvsts in an
altered groundmass.

Partially altered porphyritic andesite dike. The rock contains
plagioclase, clinopyroxene, and opaque phenocrysts in a

fine~grained trachytic groundmass. The phenocrysts are usually in
the form of crystal clots.

Partially altered porphyritic andesite dike. The rock contains
plagloclase phenocrysts in a dark brown groundmass. The mafic
phenocrysts have been altered to chlorite as has part of the
groundmass.

Aphanitic dike. The rock consists of an equigranular mixture of
plagioclase and opaque minerals, and is partially altered to
carbonate.

Similar to AK-81-4], but vesicular and has a well developed
trachytic texture,.

Hornblende andesite dike. The rock is porphyritic and contains
plagioclase, hornblende, and clinopyroxene phenocrysts in a
holocrystalline groundmass. The hornblende has reaction rims of
plagioclase and opaque minerals.

Slightly porphyritic andesite dike. The rock contains about 10
percent plagioclase phenocrysts in a fine-grained groundmass
consisting of plagloclase and opaques. Both the plagioclase and
the groundmass are partially altered to chlorite.

Similar to AR-81-44, but 1s slightly coarser grained. The rock
also contains xenoliths which have a similar mineralogy as the
host rock, but are more highly altered., The amygdules are f{lled
with carbonate.

Partially altered porphyritic andesite dike. The rock contains
plagioclase and clinopyroxene phenocrysts in a trachytic
groundmass. The amygdules are filled with carbonate, while the
groundmass contains both carbonate and chlorite.

Similar to AK-81-46.

Similar to AK-81-47, except that carbonate alteration is more
pervasive,

Slightly altered porphyritic basaltic dike. Plagioclase and
clinopyroxene phenocrysts in a holocrvstalline groundmass. The
clinopyroxene exhibits two periods of growth: an earlv state as
independent phenocrysts and a late stage where it ophitically
encloses groundmass plagioclase laths. The two stages are
optically continuous.
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AK-81-51:

AK-81-52:

AK-81-53:

AK~81-54:

AK-81-55:

AK-81-56"

AK-81~57:

AK-81~57a:
AK-81-57b:
AK~81-58:

AK-81-59:

AK-81~60:

AK-81-61:

AK-81-62:

Porphyritic andesite lava flow. The rock contains clinopvroxene,
orthopyroxene, plagioclase, and opaque phenocrysts In a trachvtic
groundmass. Minor amounts of carbonate and chlorite are present.

Slightly altered porphyvritic andesite lava flow. The flow
contalns plagloclase, orthopyroxene, clinopyroxene, and opaque
phenccrysts in 2 holocrvstalline groundmass. The orthopyroxene
occurs in trace amounts.

Altered porphyritic andesite dike. The rock contains plagioclase,
clinopyroxene, and altered olivine phenocrysts in a
holocrygtalline groundmass. The olivine is altered to chlorite.
Chlorite-filled amygdules and carbonate~filled amygdules, rimmed
by chlorite, are also present.

Altered andesite dike. A few plagloclase phenocrysts in a very
fine-grained groundmass. Carbonate and chlorite alteration is
pervasive.

Aphanitic dike. Less than | percent plagioclase phenocrvsts in a
fine-grained trachytic groundmass contalning plagioclase aund
opaque minerals, and some chlorite alteratiom.

Altered dike. Holocrystalline rock containing less than 1 percent
plagioclase phenocrysts in a groundmass composed of plagloclase
laths, opaque minerals and clinopyroxene. Chlorite and carbonate
occur as amygdule fillings and in the groundmass.

Partially altered andesite dike. The dike contains large
plagioclase phenocrvsts in a very fine-grained groundmass.
Chlorite alteration is common.

Partially altered andesite dike. Similar to AK-B81-56.
Similar to AK-81-57a.

Similar to AK-81-57b.

Altered andesite dike. The dike contalns large plagioclase
phenocrysts in a groundmass altering to chlorite.

Similar to AK-81-59.

Coarsely porphyritic basaltic dike. The dike contalns large
plagioclase, and minor oclivine, phenocrysts in & holocrystallioe
groundmass. There 1s a great deal of brown alteration material
present.

Partially altered andesite lava flow. The flow contalns crystal

clots of plagioclase, opaque minerals, and clinopyroxene in a
fine-grained trachytic groundmass.

- 46 -



AK-B81-63:

AK-~-81-64:

AK~81-65:

AK-81-66:

AK-81-69:

AK-81~70:

AK-81-71:

AK-81-72:

AK-81-73:

AK-81~100:

AK-81~101:

AK-81-102:

AK-B1-102A:

Andesite lava flow. The flow contalns plagioclase phenocrvsts in
a trachytic groundmass composed of opaque minerals, plagioclase,
and clinopyroxene. Olivine was present, but has altered to

chlorite. Chlorite, and carbonate are present In the groundmass.

Similar to AK-81-63,

Porphyritic andesite lava flow. The flow contains olivine,
plagioclase, and clinopyroxene phenocrysts in a holocrystalline
groundmass. Olivine has oxidized rims, but 1s otherwise
unaltered.

Porphyritic andesite lava flow. The flow contains plagioclase and
clinopyroxene phenocrysts in a trachytic groundmass.

Similar to AK-81-66 but originally contalned olivine phenocrysts
which have been alcered to chlorite.

Altered andesite dike. The dike contains plagioclase phenocrysts
in a groundmass composed of plagloclase, clinopyroxene, and
opaque minerals. The groundmass has been partially altered to
chlorite and carbonate. Amygdules are filled with chlorite and
carbonate.

Coarsely crystallinme andesite dike. the dike contains hornblende,
orthopyroxene, and plagloclase phenccrysts. There is very little
groundmass present. Carbonate is present as an interstitial
fi1lling between grains,

Porphyritic andesite dike. The dike contains aligned phenocrvsts
of plagioclase, clinopyroxene, olivine, and opaque minerals in a
microcrystalline groundmass.

Plagioclase, clinopyroxene gabbro. Intrusive rock contalning
large plagloclase grains ophitically enclosed by clinopyroxene.

Plagioclase, clinopyroxene gabbro. Intrusive rock containing
large plagioclase grains ophiltically enclosed by clinopyroxene.

Porphyritic andesite. Plagioclase and orthopyroxene phenocrysts
in a brown glassy groundmass.

Porphyritic basaltic plug. The intrusive contains clinopyroxene
and plagioclase phenocrysts In a groundmass counsisting of
plagioclase, clinopyroxene, and opaque minerals. The plagioclase
phenocrysts commonly ceontain Inclusions of clinopyroxene and
opaque minerals.

Porphyritic andesite dike. The dlke contains plagloclase and
phenocrysts in a holocrystalline groundmass.
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AK-81-102B:

AK-81-106-
10:

AK-80-7a:

AK~80-8:

Partially altered andesite dike. The dike contains phenocrvsts of
olivine, clinopyroxene, and plagioclase in a holocrystalline
groundmass.

1.5 through

Altered andesite dike., The dike contains clinopyroxene and
plagioclase phenocrysts in a holocrystalline groundmass. The
amount of alteration of the clinopyroxene, phenocrysts as well as
groundmass, increases across the dike. At the top of the dike the
mafic minerals are completely altered to chlorite and carbonate.

Porphyritic andesite/dacite lava flow. The flow contailns
plagicclase, orthopyroxene, and clinopyroxene phenocrysts in a

very fine-grained, unaltered groundmass.

Similar to AK-80-7a.
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APPENDIX VI
Application of discriminant functions

The fellowing Discriminant functions were produced by the stepwise
multiple discriminant analysis (Jenrrich and Sampson, 198l) and are listed in
the text. P205 and TiO2 are 1n weight percent.

WestF  X=100.337T0,+264.099,0,.-83.22
EastF  X=93.55T10,%245.03P,0.272.26
WestD  X=151.90Tif +414.89,0,-194,84
EastD  X=125.68T10.+343.05P302~133,74

A particular case 18 classified into the group where the value of the
discriminant function is the largest. For example, AK-81-61, a dike from Hot
Springs Bay, containing 0,33 percent P,0. and 1.07 percent Ti0,. Putting
these values into the four discriminang ?unctions produces the values listed

below:
WestF 107.35+87.15~83.22=]11.28
EastF 100.10+80.86~72.26=108.69
WestD 162.534+136.91-194.84=104.60
EastD 134.48+113.21-133.74=113.95

The value for EastD is the largest and AK-81-61 would be classified with
that group. Table 8 shows that AK-81-61 has been technique, see Jennrich
(1977).
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LAVA PEAK

]Uppcr flow scries

Dike (AK-81-1)
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Sketch of Lava Peak showing the relationship between the upper and lower flow series.

Figure 3.
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The dike 1s abhout | m

Mineral banding in a Cow Point dike.

Figure 5.

across.
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A) Coarse grained intrusive from western Akutan

B) Plagioclase-clinopvroxene gabbro from Hot Springs Bay. Scale

Intrusive rocks.

Island.

= 1 mm.

Figure 6.
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Porphyritic intrusive from Sandy Cove. Scale

Figure 7.
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CaFeSinOg

°®
°

MgSiO3 50 | FeSiO3

Figure 8. Microprobe analyses for Akutan clinopyroxenes and orthopyroxenes.
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Figure §. C(linopyroxene zoning types. A) Hourglass zoning. B) Concentric
zoning. Scale = 1 mm,
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Figure 10. Common clinopyroxene twinning types. A) Simple growth twins. B)
Polysynthetic twinning (bottom center). Scale = 1 mm.
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Molecular percent Forsterite

Figure 11. Microprobe analyses for olivine phenocrysts. Also included are
analyses from Perfit and Gust (198l). o represent analyses from this
study, represent analyses from Perfit and Gust (1981) where olivine
exists ipn orthopyroxeme and clinopyroxene, and O represents Perfit and
Gust's (1981) analyses where olivine exists only with clinopyroxene.
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INTRUSIVE

|

EASTERN AND CENTRAL LAVAS O/\l

-
/ LAVA PEAK

) ‘

90 80 70 60 50
Molecular percer: Anorthite

Figure 12. Microprobe analyses of plagioclase phenocrysts. core o; rimia;
intermediate values @.
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Figure 13. Inclusions in plagioclase phenocrysts. A) Glass inclusions
parallel to the margins of the crystal and brown glass in the interior
of the crystal. B) Opaque minerals and clinopyroxene within the
crystal. Scale = | mm.
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Mg0O-Ca0 and K,0-Ca0 plots of Akutan samples. O represents
western lavas and [3 represents eastern lavas.
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Figure 16. MgO-FeO and Al,0,-FeO plots of Akutan samples. O are western
lavas™and Q are eastern lavas.

- 65 -



we % 3 ’_
MnO

a

(o}

8o
T eaftes
n @

L1

] ! | ) { ]
1 2 3 d4 5 [5)

Wt. % Nas0

Figure 17. Nazo-MnO plots of Akutan samples. & are western lavas and 1 are
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Figure 18. TiOQ—KZO plots of Akutan samples, O are western lavas and
11 are eastern lavas.
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Figure 19. AFM diagram for Akutan samples.
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Figure 20. Total alkalils vs. sllica diagram from Kuno (1966). Akutan lavas
fall in the high alumina field.
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Figure 21. FeO /MgO vs. S10, diagram for Akutan samples. Diagram is from
Miyashiro (1974).
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Figure 22. CaCb/Al

203 VS,

FeO/MgO dilagram showing Ca0 and Mg0 fractionation in Akutan lavas.
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Figure 23. Dendrograph plot of Akutan lava flows and dikes. D = dikes, F =
lava flows, I = intrusives, and DF = debris flows deposits.

- 71 -



"sueaw dnoild a3yl Jussardelr syoquss pyros

*sardues pue suesu dnoi3 sdnoi3 jo 3jord Teafuoue)

“yg 31ndyy
I 91YeLRA |RDIUOUERY) .
0492'S  04LE 0522 00S5¢ 00SL- 0S92’ 0SL°E- 062'9 94649 04’8 964G
—1 I T T . — T I — T ]
-152°9
aNip 1sam €D —~00'S
sexip Isea O
SMmo|) 1SLd 7 G717 |
smop) 1som O _ o~
G ™~
L Q4% )
o —152°1-
O Z arqenep
Vv g 8 3" 5
o [raone)
—-16¢°1
: 0 -1 0G°¢
—H44°t
100G
-1629




18 1 ©

17 |-

16 |-

15k

O

14 |- o}

13 @] (@]
—~ o
2L o 0
e o)
—~ A
g _
= A ’
= A
> A
= gl o
5@

@

8- A A

7’— A

(3 EPAN A A Ja\

5L

oy
) i 1 \ ! [ t | ) 1 ; | |
50 35
WL 25 $i0

Figure 25. Normative hypersthene vs. wt percent 8102 are eastern lavas are
western lavas.

- 73 -



T T A | LI N i T T 1 17 Y'TT 1 [
1000 .
[ 3
- J
500 n
Sr ]

(ppm) 200

100 E A Akutan analyses -:
9 Unalaska analyses i
50 | -

I N R O A S W | ¢ v g gl [

2 5 10 20 50 100 200

Rb {ppm)

Figure 26. Sr va. Rb diagram. Unalaska analyses taken from Perfit and others
(1980).
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Figure 26. Sr vs. Rb diagram. Unalaska analyses taken from Perfit and others
(1980).
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Table 1,

Date

1790

1828

1838

1845
March 1848
1852

1862

1865

1867

1883

1887

1892

1896

1907

Feb. 22, 1908
1911

1912

1928

May 1929
1931
1946~47
1948

Oct. 1951
1953

1972

1974

1976-77
Sept. 25, 1978
1980

Sources: Finch (1935), Byers and Barth (1953), and Simkin and others (198L}.

Type of eruption

Smoking

Smoking

Smoking

Smoking

Small explosive eruption
Parasitic cone eruption
Smoking

Glow seen from Unimak Pass

’

Small steam and ash eruption
Lava flow

?

Glowing

Continuously active

Lava flow

Ash fell on Akutan Village
Smoking

Smoke and "“flaming"
Explosive eruption and lava flow
Explosive eruption

Lava flow and explosive eruption
Explosive eruption

Explosive eruption

4

Explosive eruption

Parasitic cone, ash eruption,
and lava flow

Explosive eruptions

Lava flow and ash eruption
Explosive eruption
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Table 2.

AK-81-1
Mean

Std. Dev.
Ak~-81-10
Mean

Std, Dev.

Modal analyses based on four 500 point counts of each sample.

Plag

20.45
1,35

26.10
2.45

Plag = plagioclase, Olv
= groundmass.

olivine, Cpx

Values are 1in volume percent.

_Cpx

10.65
0.55

0.66

clinopyroxene, Opqg

62,95
1.17

61.30
2,55

opaques, and GM



Location

Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava
Lava

Peak (D)
Peak (U)
Peak (U)
Peak (U)
Peak (L)
Peak (L)
Peak (L)
Peak (L)
Peak (L)
Peak (L)
Peak(L)
Peak (L)
Peak (L)
Peak (L)
Peak (L)

01d Flow
01d Flow
0ld ¥Flow
01d Flow
1978 Flow

Pre-1870 Flow

(D) = dike,
olivine, Cpx
groundmass.

Sample # plag

AR-B1~1
AK-81~2
AK-81-3
AK-81~4
AK-81-~5
AR-81-6
AR-81~7
AK-81-8
AK-81-9
AK-81-10
AK-81-11
AK~81-12
AK-81~13
AK~-8(-1{4
AK~81~15
AK-81-16
AK~81-17
AK~81-18
AK-81~31
AK-81-27
AK~81-135

18.4
41.8
36.8
39.2
41.0
25.6
24.4
24.2
27.2
23.0
20.4
21.8
18.4
23.0
15.4
17.0
L4.0
35.0
30.0
32.2
26.0

upper series, (I
clinopvroxene, Opx

Olv

- O~ PNV DN W
OV ONMRNONYEEQO ST

tr.
tr.
0.2

.

.

OO A S ORI SO —
NOOD®NORRODODNANRTONNO P F

~ o
-]

g

Table 2. Modal analyses for western Akutan lavas.
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lower series, Plag = plagioclase, Olv =
opaques, and GM =

~ 79 -

orthopyroxene, Opq



Table 3. Modal analyses for eastern and central Akutan lavas.

H.S.V. (D) AK-81-37 1.8 tr. 10,2 88.0
H.S.V, (D) AK-81-38 7.8 tr. 2.4 1.2 1.6 87.0
H.S.V.(D) AK-81-39 tr. ty., 12.0 88.0
H.5.V. (D) AK-81~40 20.4 0.2 79.4
H.S.V. (D) AK-81-44 10.0 8.0 82.0
H.S.V. (D) AK-81-46 23,6 S.4 8.2 62.8
H.5.V. (D) AK-81-47 17.4 9.4 72.8
Op.Bt. (F) AK-81-51 31.8 5.0 0.8 2.2 60.2
Op.Bt. (F) AK-81-52 32.6 7.2 0.6 1.4 1.8 56.2
H.S.V.(F) AK-B1-63 28.8 0.4 70.8
H.S.V.(F) AK-RM-7a 10.6 1.2 0.6 1.4 86.2
H.S.V.(F) AK-RM~8 12.8 1.6 0.6 1.6 83.4
P.V.(F) AK-81-21 20.0 7.0 1.0 7.0 65.0
P.V.(F) AK-81-22 6.4 0.6 0.6 91.8
P.V.(F) AK-81-24 20.6 5.4 5.2 tr. tr. 68.8
H.5.B. (1) AK=81-102 19.6 0.4 3.4 76.6
P.V.(I) AK-81-20 17.4 0.4 3.6 tr. 1.0 77.6

H.5.V, = Hot Springs Bay Valley, Op.Bt., = Open Bight, P.V. = Pickup Valley, T
= intrusive, F = lava flow, D = di1ke, Plag = plagioclase, Olv-olivine, Cpx =
clinopyroxene, Opx = orthopyroxene, Opg = opaques, Alt = alternation miner-
als, and GM = groundmass.
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Table 4. Crystallization sequence for Akutan lavas.

Crystallization sequence

Sample Location from left to right
AK-81-1 Lava Peak(D) Plag-0pq-0lv-Cpx—-GM
AK-81-2 Lava Peak(U) Plag-Opq-01v-Cpx~-GM
AK-81-3 Lava Peak(U) Plag-Opg-0lv-Cpx—-GM
AK-81-4 Lava Peak(U) Plag-0pq-0lv-Cpx-GM
AK-81-5 Lava Peak(L) Plag-Opg-0lv-Cpx~GM
AK-81-6 Lava Peak(L) Plag-0pq-0lv-Cpx-GM
AK-81-7 Lava Peak(L) Plag-0Opq-0lv~Cpx-GM
AK-81-8 Lava Peak(L) Plag-0pq-01lv-Cpx-GM
AK-81-9 Lava Peak(L) Plag-Opq~0lv-Cpx-GM
AK-81-10 Lava Peak(L) Plag-Opq-0lv-Cpx~GM
AK-81-11 Lava Peak(L) Plag~0Opq-01v~Cpx-GM
AK-81-12 Lava Peak(L) Plag-0Opq-0lv-Cpx~-GM
AK-81-13 Lava Peak(L) Plag-Opq-0lv-Cpx~-GM
AK-81-14 Lava Peak(L) Plag-Opq-0lv-Cpx-GM
AK-81-15 Lava Peak(L) Plag-Opg-0lv-Cpx~GM
AK-81-16 01d Flow Plag-Opg—-0lv-Cpx~GM
AR-81-17 0ld Flow Plag-Opg-01lv/Opx-Cpx—GM
AX-81-18 0ld Flow Plag-Opq-0lv-Opx-Cpx-GM
AK-81-31 0ld Flow Plag~0lv-GM
AK-81-32 0ld Flow(D) Plag=-GM

AK-81-27 1978 Flow Plag-0Opx-Cpx-GM
AK-81-35 Pre-1870 Flow Plag-Opg~Cpx~GM
AK-81-100 Float Plag-Cpx

AK-81-51 Open Bight Opg-Cpx/Plag-GM
AK-81-52 Open Bight Plag-Opq-Cpx—-GM
AK-81-21 Pickup Valley Opq-Plag-Cpx-GM
AK-81-22 Pickup Valley Plag~0pq-Cpx-GM
AK-81-23 Pickup Valley Plag-0Opq-Opx-Cpx=-GM
AK-81-24 Pickup Valley Olv/Plag-Cpx~GM
AK-81-54A Cow Point (D) Plag=-0Opq-Cpx~GM
AK-81-57A Cow Point (D) Opq-Plag-GM
AK-81-57B Cow Point (D) Plag-0Opg-Cpx—GM
AX-81-38 H.S. Valley(D) Plag~Cpx~GCM
AK-81-43 R.S. Valley(D) Plag-Cpx-Hb-GM
AK-81-50 H.S. VYalley(D) Plag~Cpx—Cpx/GM
AK-81-61 H.5. Valley(D) Plag-Opq-0lv~GM
AK-81-~70 H.S. Valley(D) 01-Plag-Cpx-GM
AK-81-71 H.S. Valley(D) Plag-Opx-Hb-GM
AK-81-62 H.S5. Valley(F) Plag-Opg-Cpx-GM
AX-81-65 H.S. Valley(F) Oly-Cpx-Plag-GM
AK~-81-69 B.S. Valley(F) Plag-Opq-01-GM
AK-81-73 Wegt H.S.B. (1) Opq—-Plag-Cpx
AK-81-102 Sandy Cove(I) Opq-Cpx~Plag

(D) = dike, (U) = upper series, (L) = lower series, Plag = plagioclase, Opq =

opaque, 0lv = olivine, Opx - orthopyroxene, Cpx = clinopyroxene, and GM =

groundmass, H.S. Valley = Hot Springs Bay Valley, (F) = flow,

blende.
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Table 5. Posterior probabilities for the four groups of lavas distinguished
by the cluster analysis.

Sample Class. EagtF WestF WestD EastD
AK-81-5 WestF 0.651 0.347
AK-81-50 WestF 0.532 0.468
AK-80-4a WestF 0.735 0.249
AK-81-62 WestF 0.704 0.165 0.131
AK-80-1b WestF 0.731 0,175
AK-80-9b WestF 0.762 0.221
AK~80-12b WestF 0.532 0.468
AK-80-3b WestF 0.566 0.433
AK-80-7a WestF 0.651 0.345
AK-80-8 WestF 0.655 0.341
AK-81-1 EagtF 0.348 0.652
AK-81-2 EastF 0.397 0.602
AK-B1-3 Eastf 0.457 0.603
AK-81-8 EastF 0.376 0.624
AK-81-14 EastF 0.439 0.561
AK-B80-5 EastF 0.442 0.558
AR-81-23 EastF 0.320 0.680
AR-81-51 EagtF 0.313 0.687
AK-81-52 EastF 0.364 0.636
AK-81-102 EastF 0.240 0.760
AK-80-5 EagtF 0.452 0.548
AK-8-2a EastF 0.276 0.724
AX-80-1a WestD 0.998 0.002
AK-80-14 EastD 0,301 0.031 0.668
AK-81-30 EastD 0.046 0.954
AK-81-61 EastD 0,054 0.004 0.942
AR-80-1d EastD 0.005 0.995
AK-81-38 EastD 0.025 0.001 0.973
AK-81-39 EastD 0.008 0.991

fastF = east flows, WestF = wesat flows, EastD = east dikes, and WestD = west
dikes. The classifications are those assigned by the multiple discriminant
analyslg. The origlnal classificatlion was taken from the groups identified
by the cluster analysis (see figure 26). Seven samples were run as unknowns
to see {f the multiple discrimipnant analysis would place them in more
appropriate groups than the ones they were originally in.
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Samele

AK4-EJ
AK4~-3

AK4=15
AK4-22
AK4-33
AK4-47

Table 6, WNeodymium and strontium data for Akutan Island.

Location

SE of Akutan Harbor
Akutan Harbor

Hot Springs Bay
Akutan Harbor
Sarana Bay

Sarana Bay

8

7Sr/868r

0.70342%44
0.7031525
0.70317z4
0.70302%6
0.70308%5
0.70324%3

143Nd 144N

/ d
0.5121923
0.51225%2

0.51220=*2

Data from McCulloch and Perfit (1981) and Pe;&it (unpublished data). Errors

are in the last figures given and represent ~
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Table 7., Whole rock K—Ar dates for Akutan lavas.

40

_ 7 K S 40 ate
Sample Location Wt Z 10 "“mole/g 7 tAr (210" yra)
AK-81-14 L.P. (L) 0.691 0.0133 8.5 1,120.2
AK-81-30 L.P. (L) 0.648 ¢.0175 23.8 1.5#0.1
AK-81-23 P.V.(F) 1.23 0.0305 10.0 1.4%0.2
AK-80-%a H.S.B.V, 0.806 0.0159 13.6 1.1+0.1
(D) = dike, (L) = lower series, rAr40 = radiogenic argon, L.P. = Lava Peak,
P.V., = Pickup Valley, H.S.B.V. = Hot Springs Bay Valley, (F) = flows.
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Table 8. Geothermometry for Akutan mineral pairs.

Sample Mineral Pair
AK-81-23 Opx-Cpx
AK-81-1 Olv-Cpx
AK-81-10 0lv-Cpx

Opx = orthopyroxene, Cpx =

_ Temp.

1180°C*
1185°C*
L317°CH*
1329°CH*
992°C#
1009°CH#
1015°C#
1012°Cc#

at 5 kb

1020°C
1037°C
1042°C
1039°C

clinopyroxene, and Olv= olivine.

at 10 kb

1044°C
1063°C
1068°C
1066°C

at 15 kb

1075°C
1090°C
1095°C
1092°C

*Wood and Bauno

(1973) geothermometer, **Wells (1977) geothermometer, #at one bar pressure.
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