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THE IGNEOUS PETROLOGY AND GEOCHEMISTRY OF
NORTHERN AKUTAN ISLAND, ALASKA

By
J.D. Romick!

ABSTRACT

Volcanism on Akutan Island, in the eastern Aleutian Arc, is characterized by tholeiitic lavas ranging between 46 and 63 woight-
percent Si0,, with FeO*/MgO ratios between 1.3 and 4.2. Olivine-augite-plagioclase basalts were found at Lava Peak; the other
flows and dikes on the island consist of hypersthene-augite-plagioclase basalts and andesites. The Lava Peak basalta had <23 ppm
Rb and > 400 ppm Sr, whereas the other laves sampled had higher concentrations of Rb and lower concentrations ofSr, K-Ar whole-
rock dates of lava flows and dikes indicate that they erupted between 1.5 and 1.1 Ma ago. Clinopyroxene, orthopyroxene, aad olivine
compasitions are uniform across the island, and average Ca Mg, Fe 81,0, Mg Fe SiO,, and Mg, Fe, §iO,, respectively.
Plagioclase compositions vary between An_, and An,, with the more calcic plagioclase being restricted to the Lava Peak basalts. The
chemical trends seen in Akutan lavas are consistent with the shallow-level fractionation of olivine, plagioclase, and clinopyroxene
from a parental liquid and subsequent eruption of magmas from different levels of & zoned magma chamber.
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INTRODUCTION

The purpose of this study is to characterize the mineralogy, petrology, and geochemistry of the volcanic rocks
exposed on northern Akutan Island.

GEOGRAPHIC SETTING

Akutan Island is located in the eastern Aleutian chain at S4°05° N. and 165°55' W., about 45 km northeast of
Unalaska Island (fig. 1). Commercial access to Akutan Island is limited to air service (by Grumman Goose) and boat
charter out of Dutch Harbor on Unalaska Island to Akutan Village. Akutan Village is located on the east side of the island
in Akutan Harbor (fig. 2). The village was established in 1879 as a fur trading post, and subsequently operated as a whale-
processing station. The present population of approximately 120 people depend upon commercial and subsistence
fishing, and hunting, for their livelihood. Several fish processors operate out of Akutan Harbor during the summer
months (Morgan, 1980, Motyka and others, 1988).

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

'Daow Chemical U.S.A., 1602 Building, Midland, Michigan 48640
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The summit of Akutan Volcano contains a 2-km-wide caldera, which may have been formed within the last SO0 yr
(Byers and Barth, 1953). Within the caldera is & cinder cone, which existed prior to 1931 (Finch, 1935), and a small
lake. The calders is breached on the north side. Northwest of the volcano are two small eruptive centers: an old eroded
volcanic center consisting primarily of lava flows, and a cinder cone with two lava flows that erupted sometime before
1870 (Byers and Barth, 1953).

PREVIOUS WORK

R.H. Finch conducted the first scientific exploration of the island in 1931. He wasa member of the U.S. Geological
Survey's (USGS) Volcanology section conducting studies of the Aleutian volcanoes in preparation for the establishment
of a volcano observation post, Akutan Island was examined because its frequent eruptive activity and relative
accessibility made it a convenient place for observation. The result of Finch’s (1935) atudy was a brief description of
the geology and a topographic sketch of the island. Finch noted that Dr. T. A. Jaggar had visited the island 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 correlation.

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 I, but no official report was issued. Their geologic map of Akutan Island (unpublished) was
obtained from the USGS archives, in Menlo Park, by Motyka (DGGS). Byers and Barth (1953) discussed the 1947 and
1948 enuptions on Akutan Island, but not past volcanic activity or geology of the island.

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 their results related to those of other Aleutian Islands. McCulloch and
Perfit (1981) published isotope and rare-earth-element data for Akutan lavas and used the data to develop constraints
for magma genesis in the Aleutian Islands.

GENERAL GEOLOGY

Figure 2 ig a copy of the genera] geology of Akutan Island adapted from Byers and Barth (unpublished map) and
slightly modified by Swanson and Romick (1988). Akutan Island consists of interbedded lava flows and volcaniclastic
deposits overlain in places by younger volcanic deposits as sociated with Akutan Volcano. The interbedded flows and
volcaniclastic material represent older deposits principally exposed on central and eastern Akutan Island, Some of the
older rocks are slightly to moderately eltered and contain secondary chlorite and carbonate, whereas the younger
volcanics are largely unaltered.

The older rocks can be divided into two units: & lower unit of at least 700 m of volcaniclastic deposits with
interbedded flows and sills and an upper unit dominated by basaltic to andesitic flows 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 least one case, volcanic debris-flow deposits. Exposures along the coast indicate that sea level was considerably lower
when the valleys were formed; valley walls can be traced below present sea level. Black (1974) indicated that deglaciation
occurred 8,400 years ago for Umnak Island (160 km west of Akutan Island). Considering the proximity of Akutan Island
to Umnak, it seems reasonable to assume that deglaciation occurred on Akutan at roughly the same time. Landsatimages
of Akutan show that the radial glacial valieys on the island were carved before formation of present Akutan Volcano.

Associated with the older rocks are numerous dikes, concentrated in Hot Springs Bay, which decrease in abundance
eagtward. Dikes located around Hot Springs Bay Valley strike nporthwest. Those located to the west of Hot Springs Bay
Valley are generally oriented northeast, but dike orientations span 180°. Gabbroic intrusions are associated with the older
volcanic complex. A large sill in Sandy Cove is exposed over 150 m, whereas a smaller intrusion is exposed in the cliff
on the west side of Hot Springs Bay. The orientation and arrangement of several linear intrusions, exposed south of Open
Bight (fig. 2), suggests that they may be ring dikes associated with an older calder 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).
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On northwestern Akutan Island is a $94-m-high ridge, here called Lava Peak, where at least 19 flows and seven
dikes are exposed. The flows are separated into two groups by an unconformity (fig. 3). Eleven almost flat-lying flows
are overlain by at least eight flows with a 24° apparent dip to the west.

LAVA PEAK

]Uwy Hovs wpries

Dike (AX-81 11

ynconlormity

Figure 3. Sketch of Lava Peak showing the relation-
ship berween the upper and lower flow series.

Samples were collected from a section about 690 m thick. East of the peak is a highly baked, oxidized,
autobrecciated zone characteristic of volcanic vents; it is probably the core of an eroded volcanic center.

The dikes that 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 iower 11 lava flows but is truncated by the upper sequence
of flows. It is 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 that are stratigraphically lower than the Lava Peak rocks and mantled by recent
tephra deposits from Akutan Volcano.

North of Lava Peak is & cinder cone and two lava flows that probably formed before 1870 (Byers and Barth, 1953).
Byers and Barth noted that the Russians made no meation of the cone or associated flows during their visit to the island
in the 1870s and suggested that the eruptive activity occur before their visit. Simiin 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 about 250 m high and 600 m across. The flow occupies 4 km? and forms Lava Point (fig. 2).

Recent deposits include flows from 1947 and 1948 eruptions, which did not Jeave 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 Barth,
1953). Table 1 shows volcanic activity on Akutan Jsland since 1790.

PE Y
DISTRIBUTION
Igneous rocks on Akutan Island consist of older rocks exposed at [ava Peak and on the central and eastern part of

the island, and younger rocks associated with Akutan Volcano, expased on the westarn side of the island. Petrographic
descriptions of Akutan lavas are cataloged in appeadix A.



Table 1. Volcanic activiry on Akusan Island since 1790

Date Type of ecuption Location
1790 Smoldng
1828 Smoking
1838 Smolking
1845 Smoking
March 1848 Small explosive eruption
1852 Parusitic cone eruption NW of Summit
1862 Smoking
1865 Glow seen from Unimak Pass
1867 ?
1883 Small ateam and ash eruption
1887 Lava flow
1892 ?
1896 Glowing
1907 Continuously active
Feb. 22, 1908 Lava flow
1911 Ash fell oo Akutan Village
1912 Smoking
1928 Smoke and ‘‘flaming’’
May 1929 Explasive eruption and lava flow
1931 Explosive eruption
194647 Lava flow and explosive eruption
1948 Explosive eruption
Oct. 1951 Explosive sruption
1953 ?
1972 Bxplosive eruption
1974 Parasitic cone, ash eruption, and lava flow West flank?
1976-77 Explogive eruptions
Sept. 25, 1978 Lave flow and ash eruption
1980 Explosive eruption

Sources: Finch (1935), Byers and Barth (1953), and Simkin and others (1981).
WESTERN AKUTAN ISLAND

LAVA PEAK FLOWS

The lower section consists of 11 flows ranging from 1.7 to 12 m thick. The basal flow is the thickest flow exposed.
Going upsection the flows thin and then thicken again. Several flows have baked brecciated upper zones, which grude
downward into vesicular rock. All 11 flowscontain plagioclase, olivine, and clinopyroxene phenocrysts in a fine-grained
holocrystalline groundmass consisting of plagioclase, titanomagnetite, augite, and occasionally olivioe (table 2). The
rocks are fresh and generally unaltered, although some olivine has oxidized rims.

Figure 4 shows the mineralogic chapges that occur going npsection, particularly olivine and clinopyroxene, which
decrease markedly. The ratio of mafic phenocrysts to total phenocrysts decreases going up the section. There is a general
decrease in the number of very large (3 to 7 mm) clinopyroxene phenocrysts upsection, as well as a decrease i the overall
grain size of the clinopyroxene. Olivine phenocrysts remain about the same gize and skeletal olivine crystals are present
in all 11 flows. The abundance and size of plagioclase phenocrysts (except for the top flow) remasin constant. In addition
to the decrease of both olivine and clinopyroxene, there is & sympathatic relationship between the relative abundances
of the two minerals. Figure 4 shows that when olivine abundance is at 2 maximum, clinopyroxene is at 8 mipimurm,
and vice versa, There are no soil horizons or weathering zones separating one flow from another, indicating that they
enupted over a fairly short time.



Location

Lava Peak(D)
Lava Peak(U)
Lava Peak(U)
Lava Peak(U)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Old flow

Old flow

Old flow

Old flow
1978 flow
Pre-1870 flow

Table 2. Modal analyses for western Akusan lavas

Sample

AK-81-1
AK-81-2
AK-81-3
AK-814
AK-81-5
AK-81-6
AK-81-7
AK-81-8
AK-81-9
AK-81-10
AK-81-11
AK-81-12
AK-8%-13
AK-81-14
AK-81-15
AK-81-16
AK-81-17
AK-81-18
AK-81-31
AK-81-27
AK-81-35

Plag

18.4
41.8
36.8
39.2
41.0
25.6
24.4
242
27.2
23.0
20.4
21.8
18.4
23.0
15.4
17.0
14.0
35.0
30.0
322
26.0

0l

4.2
8.6
3.2
1.6
2.4
24
4.4
4.0
5.4
52
7.0
5.6
52
5.0
4.8
1.0
0.75
1.8
tr.
tr,
0.2

Cox

11.4
34
8.0
42
7.6
6.8
6.6
7.2
4.8
6.0
6.8
5.6
4.6

112
6.8
3.0
8.0
1.6

5.0
1.2

Opq

1.0
0.2
0.4
1.6
1.0
1.4
1.0
1.0
2.0
1.2
1.2
1.2
2.0
1.6
2.0
0.75
1.0
2.0
04
0.2

64.6
61.8
69.4
59.0
70.0
75.0
74.0
53.2
70.0
61.6
72.4

D - dike, U - upper series, L - lower series, Plag - plagioclase, Of - olivine, Cpx - clinopyroxene, Opx = orthopyroxene,
Opq = opaques, GM - groundmass.
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Three flows were sampled from the upper part of the section. The exposure is very irregular, making it impossible
to measure the thickness of the flows sampled. Individual thicknesses are estimated at between 2 and 5 m. The
mineralogy of the three flows is identical to that of the lower flows. The rocks are porphyritic, with large clinopyroxene,
plagioclase, olivine, and opague minerals in a fine-grained holocrystalline groundmass. The percentage of olivine in
the three flows is highly variable and ranges between 8.6 for the top flow and 1.6 for the bottom one. The olivine in
all three flows has partially oxidized rims.

ASSOCIATED DIKES

Of the seven dikes intruding Lava Pesk, the largest is exposed to the east of Lava Peak and is 10 to 15 m wide (AK-
81-1; fig. 3, app. A). In thin section, the dike contains the same mineral assemblage as the Lava Peak flows; randomly
oriented phenocrysts of olivine, clinopyroxene, opaque minerals, and plagioclase in a2 groundmass of opaque minerals,
clinopyroxene, and plagioclase 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 is 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 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 paralle] to the walls of the dike with individual vesicles elongale 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 direction of flow.

The dikes intrude a series of interbedded lava and debris flows located at 100 m elevation. The baked contact of
these dikes is 1 to 2 cm thick. Columnar jointing is moderately well developed and is oriented perpendicular to the walls
of the dike.

In thin section, the dikes vary from equigranular fine grained to porphyritic. Plagioclase is the dominant
phenocryst. In several dikes olivine and clinopyroxene are as abundant ag plagioclase. The smaller dikes (AK-81-32,
-33,-34,-103A, and -103B) show a strong alignment of plagioclase laths in the groundmass. Several of the dikes contain
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 eastorn side of the island.

The three flows sampled were interbedded with debris flows copsisting of a clay-rich matrix with blocks ranging
up to several meters high, Sample AK-81-16 is from a 7-m-thick flow exposed in a canyon wall. Tt has a scoriaceous
top and flow banding. The lava contrins about 17 percent plagioclase phenocrysts and very little clinopyroxene and
olivine. The groundmass is very fine grained and makes up about 80 percent of the rock. The two other flows sandwich
AK-81-16 and contain plagioclase 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 7S percent of the rock.

RECENT LAVAS

The most recent volcanism on Akutan Jsland resulted in tephra deposits, the eruption of two lava flows, and acinder
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 sq km, and makes up what is
called Lava Point (Byers and Barth, 1953), The lava flow is very blocky and has two lobes that enter the sea. Erosion
has exposed numerous lava tubes on the northern border of the flow that have developed into spectacular bridges and
caves. The rock is very vesicular and contains plagioclase phenocrysts with minor clinopyroxene, olivine, and opaque
minerals in a glassy groundmass. The groundmass contains oriented plagioclase laths, some opaque minerals, and a great
deal of brown glass.

In 1978 a Java flow erupted in the summit caldera, flowed down the north flank of Akutan Volcano in two lobes,
and came within 1 km of the coast (fig. 2). The flow consists of very blocky lava ranging from vesicular to glassy.
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Plagioclase makes up about 32 percent of the rock; clinopyroxene, olivine, and opaque minerals make up less than
7 percent. The groundmass consists of oriented plagioclase laths and brown glass.

E L EA A NI
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 it is unclear whether the rocks are flows or sills. About 31 m of
the upper flow(?) is exposed. Its lower section has large columnar joints; the upper section is massive. The other sample
was collected from a 2- to 5-m-thick flow(?) exposed farther down the cliff. Both rocks contain about 32 percent
plagioclase, 5 to 8 percent clinopyroxene, trace amounts of orthopyroxene, and 1 to 2 percent opaque minerals in a
trachytic groundmass. Crystal clots of plagioclase, clinopyroxene, and opaque minerals are present. Plagioclase
phenocrysts commonly contain glass inclusions.

HOT SPRINGS BAY VALLEY FLOWS

Three valleys empty into Hot Springs Bay, the largest being Hot Springs Bay Valley. Samples were collected along
the coast and within the valleys. The small central valley wasnot explored. The westernmost valley is here called Pickup
Valley (fig. 2).

PICKUP VALLEY

Samples were collected from the head and walls of Pickup Valley (table 3, fig. 2). Two samples, AK-81-20 and
-21, were collected from outcrops described by Byers and Barth (unpublished map, 1948) as possible ring dikes. The
samples are porphrytic and contain randornly oriented plagioclase, clinopyroxene, and opaque phenocrysts in a trachytic
groundmass. The groundmass is slightly altered to chlorite and carbonate. Quartz-carbonate veinlets crosscut the
groundmass and phenocrysts.

Table 3. Modal analyses for eastern and central Akutan lavas

Location Sample Plag 0Ol Cpx Opx Opa Alt GM
HSBV(D) AK-81-37 1.8 - - tr. - 10.2 88.0
HSBV(D) AK-81-38 7.8 tr. 2.4 - 1.2 1.6 87.0
HSBV(D) AK-81-3% - - tr. - tr. 12.0 £8.0
HSBV(D) AK-8140 204 - 0.2 - - - 79.4
HSBV(D) AK-81-44 10.0 - - - - 8.0 82.0
HSBV(D) AK-81-46 23.6 - 54 - - 8.2 62.8
HSBV(D) AK-8147 17.4 - - - — 9.4 2.8
Op.Bt(F) AK-81-51 31.8 - 5.0 0.8 22 - 60.2
Op.Bi(F) AK-81-52 32.6 - 7.2 0.6 1.4 1.8 56.2
HSBV(F) AK-81-63 28.8 - - - 0.4 - 70.8
HSBV(F) AK-RM-Ta 10.6 - 1.2 0.6 1.4 - 86.2
HSBV(F) AK-RM-8 12.8 - 1.6 0.6 1.6 - 83.4
PV(F) AK-81-2t 20.0 - 7.0 ~ 1.0 7.0 65.0
PV(F) AK-81-22 6.4 - 0.6 0.6 - - 91.8
PV(F) AK-81-24 20.6 54 52 - te. tr. 68.8
HSBV({) AK-81-102 19.6 0.4 34 - - - 76.6
PV(D) AK-81-20 17.4 0.4 3.6 tr. 1.0 - 7.6

HSBV - Hot Springs Bay Vslley, Op.Bt - Open Bight, PV - Pickup Valley,I - intrusion, F - lava flow, D - dike, Plag - plagioclase,
O! - olivine, Cpx - clinopyroxene, Opx - orthopyroxene, Opq - opaques, Alt - alternation minerals, GM - groundmass.



A lava flow exposed west of (hese 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 is partiatly altered to chlorite,
carbonate, and jron oxide.

Two samples were collected partway down the valley. AK-81-23 contains plagioclase, clinopyroxene, and
orthopyroxene, whereas AK-81-24 cootains partially altered olivine, plagioclase, and clinopyroxene. Both rocks contain
chlorite and carbopate alteration in a holocrystaitine 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 in this bluff and have a dominant trend to the northeast, but there is g very wide variability in strike, The
dip for the dikes is quite vanable and may range from 0° to 180° for a single dike. They also occur in nested groups
of three or more.

Mineral banding is fairly common in these dikes. The banding consists of vertical layers with mafic minerals
concentrated toward the interior and felsic minerals concentrated toward the exterior (fig. 5). This phenomenoa has been
studied by several workers (Bhattachar)j and Smith, 1964; Gibb, 1972; Komar, 1972a,b). The mineral segregation seems
10 be the result of mechanical interactions between phenocrysts during intrusion, forcing early-forming minerals toward
the center of the dike.

Figure 5. Mineral banding in a Cow FPoins dike. The
dike is about 1 m across.



The dikes intrude pyroclastic deposits of poorly sorted voleanic breccia. Some dikes have fine-grained chilled
margins where they contact the pyroclastic debris. Higher on the bluff are several oxidized layers that may represent
the lava flows that baked the underlying debris flows.

In hand specimen, the dikes range from porphyriticcontaining plagioclase phenocrysts to-aphanitic, Olivine and
clinopyroxene are rare phenocrysts, This lack of mafic minerals is probebly due to their alteration to the chlorite present
in these rocks. Pseudomorphs of chlorite after clinopyroxene are occasionatly seen. The most common groundmass
consists of a trachytic mass of plagioclase laths and chlorite. Occasionatly the groundmass is composed of an equigranular
mixture of plagioclase, clinopyroxene, and opaque minerals.

FLOWS

Five flows, sampled from the northeast side of Hot Springs Bay Valley, range in thickness from 3.5 to 10 m where
exposed. They contain plagioclase, clinopyroxene and, racely, olivine phenocrysts. The groundmass ranges from fine
to mediur-grained holocrystalline in texture and shows no preferred orientation. Mafic minerals in the groundmass are
partially altered to chlorite and carbonate. Sample AK-B1-65 is the only flow sampled where olivine made up a significant
proportion of the phenocrysts. Most of the rocks have some chlorite alteration, and in AK-81-65 the olivine is partially
oxidized,

Five lava flows exposed farther upvalley differ from tower ones 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 opaque minerals in a holocrystalline groundmass. Opaque minerals are unusually abundant,
composing 1.4 10 1.6 percent of the rocks.

HOT SPRINGS BAY VALLEY DIKES

Nine variably sltered dikes were sarupled 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°.

The rocks are porphyritic, with plagioclase being (e most abundant phenocryst. Hornblende is present as a
phenocryst in AK-81-43, Sample AK-81-46 contains 29 percent phenocrysts, but the dikes usually contain less than
15 percent phenocrysts. The groundmass is fine-grained, trachytic, and composed of plagiociase laths and opaque
minerals. Xenoliths, present in some samples, are similar in composition and texture to the host dikes, but are usually
more altered than the enclosing rocks.

The dikes contain chlorite and carbonate as altzration 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°. The dikes
range in width from 0.5 to 5§ m aud also occur as dike swarms to 13 m wide. They have well-developed baked contacts,
ranging in thickness from 1 to 4 crn. Vesicles are concentrated toward the center of the dikes and are partially filled with
carbonate.

Alteration ig quite variable not only between dikes but within them. Five samples were taken across a dike. The
country rock (AK-81-106-1.5) intruded by the dike was partially altered to chlorite and carbonate. Alteration in the dike
increases toward the center unti) all of the mafic minerals and part of the groundmass sre altered.

The dikes are generally very fine grained with trachytic textures. Crystal clots, when present, consist of plagioclase,
clinopyroxene, and opaque minerals. Plagioclase is the only individual phenocryst. The groundmass is usually
composed of plagioclase laths, opaque minerals, chlorite, and carbonate. One dike (from the east side of Hot Springs
Bay Valley), AK-81-71, contains hornblende. It is coarse-grained, rock consisting of plagioclase, homblende, and
orthopyroxene. Carbonate is present as an interstitial filling, with chlorite partially replacing plagioclase.
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AKUTAN HARBOR FLOWS

The outcrop between Hot Springs Bay Valley and Akutzn Harbor consists 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 Akutan Harbor (AK-81-26, -102A, -102B). The
flow is about 8 m thick with a lower section consisting of well-developed columsar joints. It is a very fine-grained
equigranular rock with rare plagioclase phenocrysts and a holocrystalline groundmass consisting of clinopyroxene,
plagioclase, and titano-magnetite. The plagioclese laths have e strongly preferred orientation. Except for a small amount
of chlorile in the groundmass, the rock is unaltered.

The two dikes that intrude the flow are different in mineralogy and texture. Dike AK-81-102A, 1.5 m wide, is
flow banded and contains only plagioclase phenocrysts. The groundmass is holocrystalline and partially altered to
chiorite. Dike AK-81-102B is 5 m wide and contains chloritized olivine phenocrysts and large clinapyroxene and
plagioclase phenocrysts in a holocrystaliine groundmass composed of clinopyroxene, plagioclase, and titano-magnetite.

INTRUSIONS

Three phaneritic intrusive rocks were sampled on Akutan Island. One sample (AK-81-100; app. A) was a pisce
of float found on Lava Peak, another (AK-81-102; app. A) was collected from a large plug in Sandy Cove, and a third
(AX-81-73; app. A) was exposed in the cliff west of Pickup Valley. These three intrusions exhibit different textures.

AK-81-100is a coarsely crystalline equigranular rock consisting of plagioclase and clinopyroxepe. In thin section,
the plagiociase and clinopyroxene grains range from 1 to 2 mm (fig. 62). The subhedrs) 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 a8 magma chamber,

In contrast, AX-81-73 (fig. 6b) has an ophitic to subophitic texture that one would expect for a magma crystalljzing
under static conditions, wilh clinopyroxene crystallized around plagiociase.

In contrast to the other intrusions, AX-81-102 is a porphyritic rock containing clinapyroxene and plagioclase
phenocerysts 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 doeg not contain
any inclusions. The grourdmass contains plagioclase, clinopyroxene, and an opaque phase.

SUMMARY

Alutan lavas fall into two petcographic groups: the flows and dikes with clinopyroxene and orthopyroxene as the
major mafic minerals, and the flows and dikes in which olivine and clinopyroxene are the major mafic mineralg. A rare
lava type is represented by the hormblende-bearing andesite dikes exposed in Hot Springs Bay Valley. The only flow
sampled that was not porphyritic was AK-81-26, from Akutan Harbor. The lack of phenocrysts indicates that this flow
was very fluid and may have erupted at 8 higher temperature (or more quickly) than other flows on the island. The other
flows contain individual phenocrysts and erystal clots. The clots are probably the result of crystals clumping together
during growth in 8 magma chamber, or possibly xenocrysts from earlier lavas, There has been some suggestion 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. Some of the alteration seen is due to fluids associated with emplacement of the dikes whereas some of the
alteration seen may be due to sea-water alteration (D. Hawking, personal commun.; Mottl and Holland, 1978). This
is especiatly true of those dikes exposed along the coast.

The dikes were examined to determine if they might be related to formation of an older caldera. Significant
differences in K-Ar ages of nearby dikes suggests that they are not (Swanson and Romick, 1988).
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Figure 6. Photomicrographs of intrusive rocks. (a) Coarse-grained intrusion from western Akutan
Island; (b) plagioclase-clinopyroxene gabbro from Hot Springs Bay. Scale = 1 mm.

MINERA Y

Akutan lavas are characterized by phenocrysts of plagiociase, clinopyroxene, olivine, orthopyroxene, opaque
minerals, and alteration products in & finer grained groundmass. Plagioclase is the only mineral present in all samples.
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Figure 7. Photomicrograph of porphyritic intrusion from Sandy Cove. Scale = 1 mm.

CLINOPYROXENE

Calcium-rich augite is the one type of clinopyroxene present as phenocrysts. Figure 8 shows the results of
microprobe analyses of Akutan clinopyroxenes and orthopyroxeses. The clinopyroxene compositions vary about
13 percent ferrosilite (Fs), 8 percent wollastonite (Wo), and 2 percent enstatite (En). The augite from Lava Peak Flows
is the most Fs poor, whereas lavas from Hot Springs Bay contain the most Fs. Pecfit and Gust's (1981) microprobe
anafyses of phenocrysts in basalts and andesites are very similar to thoss analyses reported in this study. Both simple
growth twing and polysynthetic twins occur 1a the clinopyroxenes (fig. 9a, b).

CaMgSinOg CaFeSiyOg
O&o
O#)

A A \ AV4 Vs L 2

50 FeSiO3

MgSiOj
Figure 8. Plot of microprobe analyses for Akuan clinopyroxenes and orthopyroxenes.
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Figure 9. Photomicrographs of commmon clinopyroxene twinning types. (a) Simple growth
rwins; (b) polysynthetic twinning (bortom center). Scale = 1 mm.



There are two texturally distinct populations of clinopyroxene. The first is a group of large anhedral to subbedral
phenocrysts up to 7 mm long. These large grains are commonly zoned, but rarely twinned. Ib contrast, the second
population of clinopyroxene consists of smaller subhedral grains that 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 usually composed of anhedral grains 0.5 to 2 mm long.

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

The clinopyroxenes are biaxial positive with & 2V ranging from 35° to 60°. The large phenocrysts have low
birefringence; 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
graing are, in general, too small for 2V determination.

Figure 10 shows well-developed "bourglass” zoning found in Akutas pyroxenes. Most authors ascribe the zoning
to different growth rates in different crystallographic directions (Strong, 1969; Gray, 1971; Hollister und Gancarz, 1971;
Wass, 1973). The resulting skeletal form s later filled by clinopyroxene richer in FeO, TiO,, Na,O, and A1,0,. Another
type of zoning, not illustrated, appears as an anhedral core surrounded by & euhedral nm. Deer and others (1978) suggest
that this type of zoning results from melting the grain during movement of the magma prior to eruption. Thereafer,
the temperature drops and a euhedral rim forms around the partially melted crystal (Deer and others, 1978). The zoning
indicates that the clinopyroxene was not always in equilibrium with the surrounding liquid. Diffusion of cations within
the crystal lattice is not fast enough 1o allow the crystal composition to readjust in response to the change in liquid
composilion. The system's response Lo disequilibrium is to mantle the crystal 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.

Figure 10. Photomicrograph of clinopyroxene “hourglass® zoning. Scale = | mm.
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ORTHOPYROXENE

The orthopyroxene present in Akutan rocks is hypersthene. The mineral appears in two forms: (1) as euhedral ta
anhedral phenocripts immed by clinopyroxene and (2) as subhedrat to anhedral phenocripts without reactiop rims, The
two textural types may occur in the same rock, and microprobe analyses indicate that there is little compositional
difference between them (app. B). There is lime difference in composition between then angite riaming the hyperothene
and augite as independent phenocrysts.

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

OLIVINE

Olivire never makes up more than 8 percent of the rock when it is present, and usually makes up only 2 to 4 percent.
Itis generally subhedral and anhedral in form, commonly occurring as fragments of grains, Occasionally euhedral olivine
is present, and skeletal varieties are common in some of the western flows. The phenocrysts are rarely greater than 1 mm
in diam. The olivine commonly has an oxidized outer rim or is partially altered to iddingsite. The olivine has high relief,
moderate to high birefringence, and is clear in plain light. Zoning is either very weak ornonexistent. The skeletal variety
analyzed by microprobe in figure 11 have 8 compositional range between FO,, and FO,,. Figure 11 slso shows the
microprobe results from Pesfit and Gust (1981); for rocks containing only olivine and clinopyroxene, their data closely
compare with these of this study although some of their analyses have values up to FO_,.

PLAGIOCLASE

Plagioclase is the most abundant mineral in Akutan lavas. It is 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 mm long. Inclusions of gless,
clinopyroxene, and opaque minerals are occasionally present.

Plagioclase phenocrysts are generally subhedral to euhedral, although there are anhedral fragments present.
Normal, oscillatory, and reversed zoning are present in Akutan piagioclase. Twinning is ubiquitous, and albite and
carisbad twins are the most cormmon types. Cruciform penetration twins are seen occasionally.

Figure 12 shows the type of compositionat zoning present in samples from Akutan Island, Microprobe data for
the Lava Peak Flows show the plagioclase to be very calcic (An, to An, core values) and zoned 10 percent anorthite
between core and rim. These plagioclase are normally zoned, where anorthite content decreases from core to rim, but
occasionally have oscitlatory zoning, where rim and core are about equal in anorthite content and the intermediate intenor
mare sodic.
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Rigure 12. Diagram showing microprobe analyses
of plagioclase phenocrysts. Open circle = core;

open square = rim; solid circle = intermediate
values.
Intrusion
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Plagioclase from Hot Springs Bay lavas are more albitic and show less zoning. One sample is zoned between An,
and An, whereas another zoned 1 percent between An,, and An,,.

Sample AX-81-73 is from a gabbroic intrusive on the west side of Hot Springs Bay. The plagioclase from this
sample shows extreme 2oning. One phenocryst is zoned betwesn An, and An,, whereas anotber 2oned from An,, to
An, 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 reflect the number
of samples analyzed, rather than a real difference. More analyses are needed to confirm the apparent separation of values.

Figure 13a and b show the variety of plass inclusions present in piagioclase phenocrysts. They occur as a fine
dusting in the core, at sorue intermediate point between core and rim, in the nim, or at some combination of the three.
The zone of inclusions is usually parallel to the crystal boundaries. In some cases the inclusions are not oriented with
respect to the crystal faces and appear as irregularly ghaped blebs in the interior of the phenocryst. The textures shown
in figure 13a and b indicate a change in the conditions of crystal growth. This change may correspond to conditions of
higher undercooling, possibly caused by changes in temperature or pressure. Undercooling is the difference between
the liquidus temperature of the crystal and the temperature of the Jiquid that the crystal is growing in. As the degree
ofundercooling increases, crystal growth changes from planar to skeletal (Lofgren, 1980). High growth rate, combined
with the skeletal crystal form, may make it possible for the crystal to trap liquid as it grows. The trapped liquid is
guenched to a glass. A change to lower undercoolings would result in a return to planar crystal boundary growth and
the eubedral outline seen on Akutan piagioclase.

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

The plagioclase in samples AK-81-73 and -100, both coarse grained intrusions, are essentially inclusion free.
Emplacement at depth would cause gradual cooling, resulting in crystallization at low undercooling. This in turm would
cause planar crystal boundary growth. The slow cooling rate would also result in low growth rates, which would not
allow glass to be trapped within plagioclase phenocrysts.
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Figure 3. Photomicrographs of 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 crysial. Scale = I mm.
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ACCESSORY AND ALTERATION MINERALS
OPAQUE MINERALS

Opaque phenocrysts generally make up less than 1 percent of Akutan lavas. Oxides are usually restricted to the
groundmass. Those present as phenocrysts are subhedral to anhedral and less than 0.75 mm in diameter. Skeletal
varieties observed in some samples probably crystallized late in the history of the magma. The opaque minerals were
occasionally seen as in clusions 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 about the same size (0.1 to
0.2 mm) as other minerals present.

HORNBLENDE

Homblende is present in two samples, both dikes from Hot Springs Bay Valley. The amphibole has olive- 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 diameter. Horanblende never makes up more than 1 percent of the rock.

APATITE

Apatite occurs as evhedral rods in piagioclase. It isabout 0.1 mm long and occurs in trace amounts in most of the
rocks examined.

CARBONATE

Carbonate is a common alteration mineral in the older lavas on Akutan. It is a common vesicle filling and alteration
product of mafic minerals and groundmass, and occasionally replaces plagioclase. The carbonate ig uniaxial negative,
has variable relief, is clear in plain light, and has very high birefringence. The grain size is quite variable, ranging from
microcrystalline to 4 mm in diameter,

CHLORITE

Chlorite is the most common alteration product of Akutan lavas. It has moderate birefringence and occurs as
microcrystalline grains with light to dark-green and to medium-yellow pleochroism. Chlorite may make up 10 percent
of the rock and commonly occurs as pseudomorphs of olivine and clinopyroxene. It sometimes occurs as & lining in
amygdules where carbonate fills the interior of the amygdule.

QUARTZ

Quartz is occasionally present as an alteration mineral and usually occurs in veinlets associated with carbopate. It
occurs in trace amounts and is less than 0.25 mm in size.

SERPENTINE MINERALS

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

CRYSTALLIZATION SEQUENCE

Table 4 shows the crystallization sequence for Akutan lavas. Generally, plagioclase is the first mineral to
crystallize. Opaque minerals occasionally crystallize before plagioclase (Marsh, 1976), as in samples AX-81-20, -34,
-38, and -62, but usually crystallize after nucleation of plagioclase and are seen enclosed by olivine and clinopyroxene,
Clinopyroxene sppears to follow olivine in the crystallization sequence. This is indicated by the presence of basalts
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Location

Lava Peak(D}
Lava Peak(U)
Lava Peak(U)
Lava Peak(U}
Lava Peak(L)}
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Lava Pesk(L)
Lava Peak(L)
Lava Peak(L)
Lava Peak(L)
Old flow

Old flow

Old flow

Oid Bow

0id flow(D)
1978 flow
Prc-1870 flow
Float

OCpen Bight
Open Bight
Pickup Valley
Pickup Valley
Pickup Valtey
Pickup Valley
Cow Point(D)
Cow Point(D)
Cow Point(D)
HSB Vailey(D)
RSB Valley(D)
HSB Valley(D)
HSB Valley(D)
HSB Valley(D)
HSB Valiey(D)
HSB Valley(F)
HSB Valley(F)
HSB Valley(F)

West HSB Valley(l)

Sandy Cove(l)

D - dike, U - upper series, L - lower series, HSB Valley - Hot Springs Bay Valley, R - lava flow, { - intrusion, Plag - plagioclase,

Table 4. Crystallization sequence for Akutan lavas

Sample

AK-81-1
AK-81-2
AK-81-3
AK-814
AK-81-5
AK-81-6
AK-81-7
AX-81-8
AK-81-9
AK-81-10
AK-81-11
AK-81-12
AK-81-13
AK-81-14
AK-81-15
AK-BI-16
AK-81-17
AX-81-18
AX-81-31
AK-81-32
AK-81-27
AK-8(-35
AK-81-100
AK-81-51
AK-81-52
AK-81.2)
AX-81-22
AK-81-23
AK-81-24
AK-81-S4A
AK-81-57A
AK-81-57B
AK-81-38
AK-81-43
AK-81-50
AX-81-61
AX-81-70
AK-81-71
AK-81-62
AK-81-65
AK-81-69
AK-81-73
AK-81-102

Crysuallization sequence

from left to right

Plag-Opq-Ol-Cpx-GM
Plag-Opg-0i-Cpx-GM
Plag-Opg-031-Cpx-GM
Plag-Opq-01-Cpx-GM
Plzg-Opq-Ol-Cpx-GM
Plag-Opq-Ol-Cpx-GM
Plag-Opq-O)-Cpx-GM
Plag-Opg-Ol-Cpx-GM
Plag-Opg-0Cl-Cpx-GM
Plag-Opg-0Oi-Cpx-GM
Plag-Opq-Oi-Cpx-GM
Plag-Opq-01-Cpx-GM
Plag-Opq-0)-Cpx-GM
Plag-Opq-Ol-Cpx-GM
Plag-Opqg-Ol-Cpx-GM
Pleg-Opq-O1-Cpx-GM

Plag-Opg-O1+Opx-Cpx-GM
Plag-Opgq-Ol-Opx-Cpx-GM

Plag-O1-GM
Plag-GM
Plag-Opx-Cpx-GM
Plag-Opq-Cpx-GM
Plag-Cpx

Opq-Cpx + Plag-GM
Plag-Opg-Cpx-GM
Opq-Plag-Cpx-GM
Plag-Opg-Cpx-GM
Plag-Opq-Opx-Cpx-GM
O1+Plag-Cpx-GM
Pleg-Opq-Cpx-GM
Opq-Plag-GM
Pleg-Opg-Cpx-GM
Plag-Cpx-GM
Plag-Cpx-Hb-GM
Plag-Cpx-Cpx + GM
Plag-Opq-01-GM
O1-Plag-Cpx-GM
Plag-Opx-Hb-GM
Plag-Opq-Cpx-GM
Ol-Cpx-Plag-GM
Plag-Opq-Ol-GM
Opq-Plag-Cpx
Opq-Cpx-Plag

Opq - opaque, Ol = olivine, Cpx - clinopyroxene, GM - groundmass, Opx - orthopyroxene, Hb - homeblende.
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which contain plagioclase, opaque minerals, olivine, and clinopyroxene, but no orthopyroxene. In samples where
olivine is absent, orthopyroxene is usually present. Skeletal olivine (in the basalts) and hornblende (in the andesites and
dacites) are the 1ast minersals to form. A genersalized crystallization sequence for Akutan lavas is: (1) plagioclase, (2)
plagioclase + oxides, (3) plagioclase + oxides + olivine, (4) plagioclase + oxides + olivine + clinopyroxene, (5)
plagioclase + oxides + clinopyroxene + orthopyroxens, and (6) plagioclase + oxides + clinopyroxene + homblende.
Although there is no experimental data on the crystaltlization of Akutan lavas, work done on Atka basalts by Baker and
Eggler (1983) at various pressures reproduces the crystallization sequence described above for magmas that crystallized
atless than 8 kb pressure. The early or late appearance of opaque minerals depended on the oxygen fugacity of the system,
Thus, the sequence based on textural relationships appears in Akutan basalts and andesites appears to be consistent with
experimental work on rocks of similar corposition.

SUMMARY

Mafic mineral compositions on Akutan are remarkably uniform, suggesting that whatever changes have occurred
in the magmas that formed Akutan lavas, the factors influencing mineral composition (pressure, tempersture, P , liquid
composition, ete.) 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), which suggests that the lavas for many Aleutian volcanoes are similar in composition and form
minergls of similar composition.

What is variable on Akutan is the relative abundance of particular minerals. Olivine is abundant in Lava Peak
rocks, whereas orthopyroxene is more abundant in some of the Hot Springs Bay lavas, Plagioclase and chnopyroxene
are the only ubiquitous minerals in Akutan lavas.

EOCHEMISTRY
MAJOR OXIDES

Appendix C lists the whole rock major-oxide analyses. Oxide totals ranged from 98.52 to 100,71 percent. Harker
variation diagrams are shown in figure 14. MgO, FeO, and CaO decrease with increasing SiO,, whereas Na,O and K,0
generally increase with increasing SiO,. Curves for TiO, and Al O, are flat with respect to Si0,, and Fe,0, data are
too dispersed to draw conclusions regarding a particular trend. The relative merits of these plots versus plots of more
complex ratios are discussed by Cox and others (1979) and Mealoe 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 descent’’ of a fractionating magma. As certain
elements are incorporated into early- forming minerals, their concentration in the remaining liquid decreases, whereas
those etements not used in the minerals increase in abundance. These trends, whether increasing or decreasing, indicate
changes in the Jiquid composition as it fractionates. Ideally, one should use analyses from glasses (quenched liquid) to
obtain accurate measurements of composition; however, this is 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 treads, although porphyritic rocks may still represent liquid compositions. If, for instance,
olivine crystals settle toward the bottom of a cooling flow, that part will be enriched in olivine. And if a sample is taken
from that part of the flow and analyzed it will plot above the trends for FeQ and MgO because it has been enriched in
those components by the addition of ofivine. Likewige, samples taken from the part of the flow depleted in olivine will
plot below the trends because they are depleted in the two oxides because of the removal of olivine. If many of the samples
anatyzed are porphyritic, considerable scatter in the trends can occur because of the above effect. This may be the case
for Akutan samples. Partial alteration of some of the samples may also affect the analyses by preferentially adding or
subtracting certain elements.

Oxide-oxide plots were constructed to see if any distinction could be drawn between the Lava Peak rocks and the other
lavas on the island. The results are shown in figures 15 through 18. Again, no clear distinction can be made between the
Lava Peak volcanics and other volcanics 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.
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An AFM diagram (fig. 19) shows a slight iron enrichment similar to other plots of Aleutian rocks (Marsh, 1976).
The FeO*/MgO versus Si0, diagram (fig. 20) also shows the mild iron-enrichment trend typical of Aleutian tholeiites
as defmed 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. Agsin, the lava Peak rocks and the other lavas
intermix on the diagram. In a plot of total alkalis (K,0+Na, O) versus SiO, (fig. 21), Akutan rocks fall in the high-
alurgina field as defined by Kuno (1966). Perfit (1978) suggests that if is possible to derive these high-alumina rocks
from high-magnesium basalts found on Akutan Island.

The effect of fractionation of plagioclase, olivine, and angite can be seen in figure 22. As the magma(s) differentiated,
the CaO/AL O, ratio decreased and the FeO*/MgO ratio increased. This is due to the precipitation of early-forming calcic
plagioclase and magnesian olivine and augite, which left the remaining liquid enriched in FeO and depleted in CaO and
MgO.

STATISTICAL ANALYSES

The oxide data were analyzed by two multivariate statistical methods to see if more sophisticated techniques could
distinguish the two petrographic groups. The oxide data were analyzed by cluster analysis (McCammon and Wenninger,
1570), ard then a stepwise multiple discriminant analysis (Jennrich and Sampson, 1981). A dendrograph (McCammon
and Wenniger, 1970), obtained from the cluster analysis, is shown in figure 23.

Cluster analysis separates samples into groups (or clusters) on the basis of measured variables. The number of
clusters that result from the analysis are not known beforehand, and samples are generally free (o enter any cluster that
develops. In contrast, discriminant analysis requires the number of groups to be zet before anelysis, with each sample
assigned to a particular group (Davis, 1973). By minimizing the within-group variance and maximizing the between-
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group variance, the discriminant analysis identifies the variables, that distinguigh the groups. Stepwise multiple
discriminant analysis constructs g linear equation for each group by going through a series of simple analyses that move
from one analysis to the next by adding or subtracting a classification vaciable along the way (Jennrich, 1977).

The cluster analysis digtinguished four general groups of lavas (fig. 23). The stepwise discriminant analysis nsed
P,0, and TiO, to identify the four groups. The discriminant functions for the four groups are listed below and in
appendix D. (P,O, and TiO, are in weight-percent and X is the value of the discriminant.)

WestF X=100.33TiO, +264.09P,0,-83.22
EastF  X=93.55Ti0,+245.03P,0,-72.26

WestD  X=151.90TiO,+414.89P,0-194.84
EastD  X=125.68TiO, +343.05P,0,133.74

With multiple discriminant analysis we bad difficulty distinguishing the two groups of flows defired by the cluster
analysis. Samples classified as EastF by the cluster analysis were classified ag WestF by the discriminant analysis and
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vice versa. Table S lists the posterior probabilities for the two groups of flows, The probablities represent the chance
that any particular analysis will be classifieq in a particular group. A high probability in one group is needed for a clear
classification. Most of the flows listed in table 6 could be classified into either group.

A cancnical plot of the groups and their means is the best two-dimensional display of the relationships between the
four groups (fig. 24). The two groups of flows have only slight differences between their means.

Both groups of dikes plot well away from either group of lava flows. Both partiatly altered and unaltered dikes
platted togetber indicating that the difference between the flows and dikes is 2 real phenomenon and not a result of
alteration. Two dikes (AK-81-50, -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 permitted some rearrangement of the groups but it also could not
distinguish the two petrographic groups.
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Table 5. Posterior probabilities for the four groups of lavas distinguished by cluster analysis
[The classifications are.those assigned by the multiple discriminant analysis. The original classification was taken from the groups
identified by the cluster analysis (fig. 26). Seven samples wese run as unknowas to see if the multiple discriminant analysis would
place them in more appropriate groups than the ones they were originally in.]

Sample lass. EastR WestF WestD BastD
AK-81-5 WestF 0.651 0.347 _ -
AK-81-50 WestF 0.532 0.468 - -
AK-80-4a WestF 0.738 0.249 - -
AK-81-62 WestR 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 WeslF 0.532 0.468 - -
AK-80-3b WestF 0.566 0.433 - -
AK-80-7a WestR 0.65¢ 0.345 - -
AK-80-8 WestF 0.655 0.34) - -
AK-8]-1 Bas(F 0.348 0.652 - -
AK-81-2 BastF 0.397 0.602 - -
AK-81-3 BastF 0.457 0.603 - -
AK-81-8 BastF 0.376 0.624 - -
AK-81-14 BagtF 0.439 0.561 - -
AK-80-5 BastF 0.442 0.558 - -
AK-81-23 EastF 0.320 0.680 - —
AK-81-51 EastF 0.313 0.687 - -
AK-81-52 BastF 0.364 0.636 - —
AK-81-102 Bas\F 0.240 0.760 - -
AK-80-5 BastF 0.452 0.548 - -
AK-8-2a BastF 0.276 0.724 - -
AK-80-1a WestD - -~ 0.998 0.002
AK-80-14 EastD 0.301 0.031 - 0.668
AK-8§-30 BastD - -~ 0.046 0.954
AK-8{-61 EastD 0.054 0.004 - 0.942
AK-80-1d Bas(D - - 0.005 0.995
AK-81-38 BastD 0.025 0.001 - 0.973
AK-81-3% EastD 0.008 - - 0.991

WeslF - west flows, BastF - cast {lows, WeslD - west dikes, BastD - cast dikes.

Table 6. Geothermometry for Akutan mineral pairs

Temp Temp Temp
Minerat at S kb at 10 kb at 15 kb
Sample ~ pair TcmE (“C) *C) (°C)
AK-81-23 Opx-Cpx 1130 - - -
1185 - - -
107¢° - - -
1068° - - -~
AK-81-1 0O)-Cpx 992° 1020 1044 1075
1009 1037 1063 1050
AK-81-10 O}-Cpx 1015¢ 1042 1068 1095
1012¢ 1039 1066 1092

Opx - arthopyroxene, Cpx - clinopyroxene, O! - olivine.
*Woad and Banno (1973) geolthesmometer.

*Wells (1977) geothermometer.

°Al 1 bar pressure.
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NORMATIVE MINERALOGY

Appendix C lists the normative mineralogy for the 31 samples from Akutan. Al of the rocks contain normative
hypersthene, which by definition must be present in tholeiitic rocks (Cox and others, 1979). Most of the rocks are quariz
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 farther up the sequence.
They also have greater than 11 percent normative hypersthene, while the other volcanics generally do not (fig. 25).

18] °
171
16 |-
(1Y %
o
Ml o
®
s 1l [} °
& o
5 2t o o
a ° A
:E- e ——— e o —_— e —,—— e — o —— —
A
2 w0l 4 s °
©
E o A
sg— (IS
=]
8| a A
T A
6 A A A &
5k
A
L ] ] i i L 1 1 1 P | |
Figure 25. Normative hypersthene versus SiO,. S0 55
Triangles = eastern lavas, circles = western lavas. 10,(vit.%)

-29 -



RB AND SR ANALYSES

Figure 26 is & plot of Sr versus Rb igneous rocks from Unalaska (Perfit and otbers, 1980). Akutan Isiand samples
plot along the same trend as volcanics and intrusions from Unpalaska Island but tend to be lower in S¢. Appendix E lists
the resuits of Rb and Sr analyses.

Figures 27 and 28 are plots of Rb versus Rb/Sr and St versus Rb/Sr, respectively. These two diagrams successfully
distinguish Lava Peak volcanics (higher Sr and lower Rb and Rb/Sr) from the other voleanics oo the istand.

McCulloch and Perfit’s (1981) data are also plotted on the two diagrams. Two samples, AK-4-EJ and -33, plot
in the Lava Peak field bat the third sample does not show a close relationship to either group. Unfortunately, it is not
koown whether the petrology of his samples is similar to that of the Lava Peak flows.

McCulloch and Pesfit (1981) distinguished tholeitic Akutan rocks from cale-atkaline rocks in the Aleutians by
plotting Ba (ppm) versus K,O and Rb/Sr versus K,O. Their results suggest that tholeiitic rocks have higher Ba and Rb/Sr
values for 2 given K O than the calcalkaline suites. Akutan samples plot in McCulloch and Perfit’s tholsiitic region for
K, O versus Rb/Sr, but the separation between the tholeiitic and cal-atkaline fields 1s ot very good and the fields overlap
at the mafic end.

McCulloch and Perfit's (1981) Srand Nd isotope data for Akutan are shown in table 7 and are comparable to results
reported by other workers (Kay and others, 1978; Kay, 1980; Marsh, 1976) for Aleutian lavas,

T T T [ TTT17] T [ —y rrrriy rT
s
1000 [ 3
gL - B LN -
a a
g B o .
& 200} T e
100 : & Akutan analyses E
- Unalaska analyses
50 h
. 3 ) I N B | P | e daaa a1
Figure 26. Sr versus Rb diagram. Unalaska analyses 2 5 10 20 50 100 200
taken from Perfit and others (1980). Rblppml

Table 7. Neodymium and strontium data for Akutan Island

Location Sample S1Sr/*8r H3NG/Nd
SE of Akutan Harbor AK4-EJ 0.70342+44 0.5€21943
Akutan Harbor AK4-3 0.20315+5 -
Hot Springs Bay Valley AK4-15 0.70317 +4 0.5122542
Akutan Harbor AK4-22 0.70302+6 -
Sarana Bay AX4-33 0.70308 +5 0.51220+2
Sarana Bay AX4-47 0.70324 £3 -

Data from McCulloch and Perfit (1981) and Perfit (unpublished dalz). Errors are in the last
figures given and represent *2mean.
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+ Rb versus Rb-Sr diagram. Crosses indicase rypical precision. Circle = Lava Peak rocks; triangles =
lavas from elsewhere on 1he island; squares= samples from Perfit and others (1980).
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POTASSIUM-ARGON DATES

Four K-Ar whole rock dates were obtained from R. Armstrong at the University of British Columbia, Vancouver,
for two samples from eastern Akutan and two from Lava Peak (table 8). Lava flows from Lava Peak, Pickup Valley,
and Hot Springs Bay Valley give agesaround 1.2 Ma. AK-81-30, adike from the base of Lava Peak, may be about 0.3 Ma
older than the three flows dated.

Both oxide-oxide plots and multivariate statistical analyses indicate that the major element chemistry of two
petrographic groups of lava follow similar trends. Rband Sr plots successfulty distinguish the two petrographic groups
and suggest that the two groups may be related via some fractionation scheme. This is glso indicated by the decrease
in CaO/Al O, with increasing FeO*/MgO (fig. 22). Whole-rock potassium-argon dates indicate that the Lava Peak
satellite vent and the main-vent lava suites erupted contemporaneously between 1.1 and 1.5 Ma. The major-element
chemistry of these lavas is typical of rocks derived from mantle material (McCulloch and Perfit, 1981). Neodymium
and strontium isotope ratios reported by McCulloch and Perfit (1981) also suggest that the lava were derived from mantle
material and that contamination by continenta) crust was negligable.

Table 8. Whole-rock K-Ar dates for Akutan lavas
[Analytical work for this study done under the direction of R. Armstrong, University of British Columbia,
Vancouver, Canada. LP - Lava Peak, PV - Pickup Valley, HSBV - Hot Spriags Bay Valley, L - lower series,
F - lava flows, tAr* - radiogenic argon.]

K rAr® rAr® Date
Localion Sample (W %) 10"°mole/g (%) (x10% yr)
LPR) AK-81-14 0.691 0.0133 8.5 1.140.2
LP(L) AK-81-30 0.648 0.0175 238 1.5+0.1
PV(F) AK-81-23 1.23 0.0305 10.0 1.44£0.2
HSBV AK-80-9a 0.806 0.015¢9 13.6 1.1+0.1

GEOTHERMOMETRY 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 geothermometsr by using additional microprobe
data. His geothermometer is used to corroborate 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 sampies from Lava Peak (AK-81-1 and -13).
The results for the geothermometry are shown in table 6. They indicate equilibrium temperatures between 992 °C and
1,180 °C for both sets of mineral pairs.

Wood (1976) noted several problems with the olivine<clinopyroxene geothermometer that 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) geothermometer is:

-2X, {920000+83.6P)-0.0435(P-1)+10100
8 + RInD- 714.3 (2X,)

T=
where

Xu= Xyt Xni+ X+ Xeo
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X, aand X, equal the mole fractions of Fe and Mg in olivine, respectively, and M1 is a specific

Pe.el M,
octzhedral site in clinopyroxene.
X H1
FoMt =
.M 1+ ( XMQ )
XF: epx

Xuq.w = Hi- xFeM(

Hi=i-X,

R=1,98726 cal/mole K

P= pressure in bars

ol = olivine, cpx = clinopyroxene, opx = orthopyroxene

Other difficulties involve the pressure dependence of the olivine—<linopyroxene geothermometer and whether the
phenocrysts used are in equilibrium. A crystallization pressure must be supplied in the equation to determige the
temperatuce. The values listed in table 6 are for pressures between 1 bar and 15 kb.

The olivine in Akutan lavas commonly occurs as both skelefal and subhedral grains. Both types of phenocrysts
are similar in composition. This may be due to buffering of the olivine composition by the liquid or to the two types
of grains crystallizing during the same period. If both types of grains erystallized during the same interval, the skeletal
otivine indicates crystallization at higher uadercooling temperatures. The clinopyroxene is subhedral, suggesting that
it crystallized at a lower undercooling than the skeletal olivine. Clinopyroxene crystals are zoned over a compositional
range of § mole-percent, whereas zoning of both phenocrysts may mean they formed under similar conditions and are
in equilibrium with each other.

Wood and Banno (1973) felt that pressure effects on their geothermometry could be ignored. This presumption
was based upon experimental evidence published by Davis and Boyd (1966) which indicated only a SO °C change in the
calculated temperature with & 30 kb change in pressure. This was within the error of the technique. Wood and Banno
(1973) also assumed that any A}, O, in the pyroxenes would not appreciably affect the activity of Mg in either of the
pyroxenes.

The determining equation is:

10202
Ts —
In (A—;%)-resx;gu 3.88(X%)?- 4.6
Mg
where

A coxoox _ Mg* Mg**
Mo Fe+MgZ+ CaZ+Mn2+ Na' | M2 ® | FZ Fe™ Mg®+ AI®+ Cr¥+ Ti % ) M1

¥ = mole-percent Fe in orthopyroxene and
M1, M2 are specific octahedral sites in clinopyroxene

All amounts are in mole fractions. Wood and Banno (1973) feel that the temperatures are accurate to + 70 °C.
They ignore Fe® in the pyroxenes because if 10 percent of the Pe?is Fe?, the equilibrium temperature goes up 20 °C to
30 °C, which is within the error of the technique.

Wells (1977) modified Wood and Banno's (1973) pyroxene geothermometer to fit additional pyroxene equilibrium
data. Wells' corrections may alter the temperature estimate.

The delermiring equation is: 734 1
3.355+244 X%~ InK
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where K= the activity of Mg in clinopyroxene
divided by the activity of Mg in orthopyroxene
(see Wood and Banno, 1973)

where X%*= mote-percent Fe in orthopyroxene

The temperaturss obtained form this geothermometer are listed in table 6.

The lack of precision in these temperature estimates results from the ipsufficient data available regarding the
thermodynamics that govern Fe and Mg substitution in cation sites. These tempersatures should be considered rough
estimates of eqailibrium temperature for the mineral pairs concerned, 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 an attempt to develop
a suitable geothermometer and geobarometer. To use their geobarometer, olivine must be in equilibrinm with
orthopyroxene and clinapyroxene because the pyroxene pair buffered the system with respect to calcium. Finnerty and
Boyd (1977) worked with ultramafic rocks and the two pyroxenes were the only celcium-bearing phases present. None
of the rocks examined in this study contaig all three mafic minerals, but plagioclase is always present and may act as
a calcium buffer for the system. Ifit is valid to use plagioclase as a buffer, Finnerty and Boyd’s technique suggests that
the olivine crystallized at some pressure less than 10 kb, which is consistent 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 °C and 1,101 °C, at pressures between 1 and 5 kb. Perfit and Gust’s (1981) estimate
of crystallization temperatures based on orthoclinopyroxene 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 plagiociase was the liquidus
phase in andesitic magmas with less than 2 percent water (Eggler and Burmham, 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 magmas 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 accouat for the chemical composition of Aleutian lavas. Most of these
involve partial melting of oceanic crust with some oceanic sediments or depleted mantle or combinations thereof to
account for the minor-element and rare-earth-element (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 magruas. Marsh (1976) derived Aleutian magmas from
partizl melts of subducted oceanic crust. He argued that there was not enough 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.

McCulloch and Perfit (1981) argued that REE and minor-element ratios precluded the formation of Aleutian
magmas directly from melted oceanic crust. Rather, a mnitistage mixing-melting mode} was invoked in which the
depleted mantle below the arc is metasomatized by & partial melt of oceanic crust. McCulloch and Perfit suggested that
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 magmas,

Kay and others (1578) also argued for sediment mixing to account for Pb and St values differing from those of Mid

Ocean Ridge Basalts (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 Xay and others (1978) and McCulioch
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and Perfit (1981) note that the lack of varability 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 (1981) sugpested 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, clinopyroxens, and plagioclase from the magnesium-rich basalts. Kay (1978) also suggested
that these high-magnesium lavas were primary melts,

Eichelberger (1978) 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 8 20-percent melt derived from this compaesition would be
rhyolitic. This rhyolitic component would mix with a basajtic melt derived from mantle material to form andesites.

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

The diversity of opinion regarding the origin of andesitic magma indicates the lack of knowledge of both mantle
composition and the rote played by the subducted oceanic slab and sediments. 1t is agreed that magmas are related (o
regions of subduction, but the role of the subducted slab, mantle, and sediments in the development of andesitic magmas
is still under debate,

EVOLUTION OF IGNEOUS ROCKS ON NORTHERN AKUTAN ISLAND

The lack of continuous outcrop makes it difficult to ascribe any detailed petrologic trends to Akutan lavas, The only
focation on northern Akutan Island where flows are exposed in a section not separated by debris flow deposits is at Lava
Peak. There, the lower series of lava flows follows a typical trend for a fractiopating magma: the lavas become more silica-
rich upsection, and the percentage of mafic minerals decreases with increasing silica content. Elsewhere on the island,
exposures do not altow for simtlar interpretations. Flows are commonly separated by thick sequences of pyroclastic debris,
making it impossible to determine whether a sequence of flows is the product of one magma, or more than one.

Two petrographic groups are present on Akutan Island: Lava Peak flows and dikes, and lavas exposed elsewhere
on the island. Clinopyroxene and orthopyroxens are the major mafic minerals in the latter iavas, whereas olivine and
clinopyroxene are the mafic minerals in Lava Peak flows. Only rarely isolivine present in other lavas from Akutan Island,
and even more rarely is it abundant. This appears to be due to higher silica values, making orthopyroxene the stable
mafic phase. The most recent volcanics, the pre-1870 and §978 lava flows, are petrologically similar to volcanics exposed
on the central and eastern part of the island (table 4).

Many aspects of the major-element chemistry of the two petrologic groups are quite similar, Oxide diagrams and
multivariate statistical analyses do not suggest any differences etther in the way the two groups fractionated or their
parental magmas. The use of TiO, and P,O, as discriminates indicates that the variance of the more abundant oxides js
too great to be able to distinguish the four groups identified by the cluster analysis. Even these two oxides cannot clearly
distinguish between the two groups of lava flows, although they are able to distinguish between flows and dikes.

Both the Rb and Sr analyses and the plagioclase microprobe apalyses suggest compositional differences between
Lavs Peak flows and other tavas on the island. The Lava Peak flows are higher in Sr and lower in Rb and Rb/St than
Javas from the rest of the istand. Lava Peak flows appear to have a more calcic plagioclase than plagioclase in Javas from
other parts of the island.

Whole-rock potassium-argon dates of three lava flows and one dike indicate volcanic activity began at least 1.5 Ma.
The Lava Peak flows and lava flows from the eastern and central part of the island were esupting contemporaneously
about 1.1 Ma.

Any model developed to explain the igneous activity on Akutan Island must explain; (1) the different minerat
assemblages, (2) the overall chemical similarity between the two petrographic groups, (3) the differences in Rb and St
contents, (4) the differences tn phenocryst abundance, and (5) the identical radiometric ages of the two groups of flows.
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One model that accounts for these differences relies on a compositionally zooed magma chamber (fig. 29).
According to this model, the lavas expoged over most of the island ere from central-vent eruptions, which drew magms
from the top of the chamber, Lava Peak flows are from lateral eruptions, which tapped magma lower in the chamber.
Cryatallization ard 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 Jower Jayer enriched in phenocrysts and relatively silica deficient.
Lavas erupting from the top of the magma chamber would be relatively phenocryst poor and sufficiently enriched insilica
that orthopyroxene would replace olivine as the first mafic phase to crystallize, resulting in fine-grained rocks containing
orthopyroxene and clinopyroxene phenocrysts.

Akutan Volcano

Lava Point Cinder Cone Sandy Cove ntrusive

T_‘I)km

Figure 29. Sketch of Akuian Island showling the central vent, Lava Peak, and zoned magma chamber.

The Lava Peak sruptions, tapping & lower layer in the chamber, would be enriched in early-formed phenocrysts and
relatively silica poor. The result would be phenocryst-rich rocks containing olivine and clinopyroxene. The tholeiitic
character of Akutan lavasis the resuit 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 cations in the melt.
Rb (etghtfold coordination) cations have ionic radii of 1.49A, whereas (sixfold to eightfold coordination) cations have
ionic radii of 1.16A (Shannon and Prewitt, 1969). The smaller divalent Sr cation can substitute for Ca (jonic
radius = 1.00A) in plagioclase, whereas Rb is excluded from the plagioclase crystal lattice and is concentrated in the
residual liquid. The early-forming plagioclase would selectively remove St 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 is 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 regions of the magma chamber resulted in lavas with the same radiometric 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 makes
evolutionary interpretation impossible. This compositicnal 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 oreptations on Lava Peak, the location of the Lava Peak center, and the location of the recent cinder cone
and lava flow suggest a pergistent zone of weakness existing on the northwestern side of the island since at Jeast 1.5 Ma.
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The character of rocks from this zone has changed such that the most recent lavas are similar to the majin-vent lavas, not
the Lava Peak flows,

Akutan Island is composed of basaltic and andesitic lavas, ranging from 46 to 63 percent silica; compositions typical
of other Aleutian volcanoes (Byers, 1959; Drewes and others, 1961; Marsh, 1976; Kay and others, 1982). Mineral
comppasitions are also similar between various volcanoes (Byers, 1959; Drewes and others, 1961; Marsh, 1976; Perfit
and Gust, 1981). The similarity in oxide analyses, mineralogy, and isotopic ratios suggests that both Akutan lavas and
the other Aleutian volcanoes are derived from a simitar-if not the same-source.

Current theories sugpest that Aleutian magmas result from partially mejted oceanic crust or mantle, contaminated
by 2 to 8 percent sediments, which rises through the overlying plate and erupts on the surface. Nd and 8r isotope analyses
indicate a mantle origin for Akutan lavas (McCulloch and Pecfit, 1981; DePaolo, 1981). Ba/La and Pb/La ratios suggest
that continental sediments also play a role in the development of Akutan magmas.

Volcano distribution in island arcs 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 explain the distribution of
tholeiitic and calc-alkaline volcanoes in the Aleutian arc. Kay and others® (1982) model restricts tholeiitic volcanoes
to segment boundaries, whereas calc-alkaline volcanoes are found only in segment interiors. They argue that these two
types of volcanoes reflect different stress regimes in the Aleutian crust. Tholetitic volcanoes form in areas of relative
extension whereas calc-alkaline volcanoes form in areas of compression, The segment boundaries are delineated by zones
of great earthquake movements, and tectonic features on the North American and subducting Pacific plates. Akutan
Island is in the middle of their Cold Bay segment. According to their model, Akutan lavas should be calc-alkaline; instead
they show tholeiitic affinities (Perfit and Gust, 1981). Kay and others' model breaks down because little petrologic
information is available for volcances in the eastern Alentian arc. Whether tholetitic and calc-alkaline volcanoes fit into
a segmentation model will not be clear until much more informatian is gathered on the petrology and geochemistry of
the region.

This study describes the petrology and geochemistry on northern Alutan 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 petrologically similar
to Lava Peak. Additional plagioclase microprobe anatyses should be conducted to see if the compositional difference
between Lava Peak plagioclase and the other lavas is 8 phenomenon. More potassium-argon dates are needed to define
the period of igneous activity. It is not known what compaositional type (tholeiitic or calc-atkaline) is currently erupting
from Akutan Volcano. A detailed study of the geochemistry and petrology of the volcano is needed to identify the current
trend and describe its relation to other lavas.
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APPENDIX A
Petrographic Descriptions of Akutan Lavas

Sample Description

AK-81-22  Porphyritic andesite containing about 8 percent phenocrysts (plagioclase, orthopyroxene, and
clinopyroxene).

AK-81-1 Porphyritic basalt dike containing plagioclase, clinopyroxene, and olivine phenocrysts in a holocrystalline
groundmass.

AK-81-2 Porphritic basalt lava flow containing olivine, clinopyroxene, and plagioclase phenocrystsin a holocrystalline
groundmass.

AK-81-3 Pophyritic basalt lava flow containing the same mineralogy as AK-81-2.

AK-81-4 Similar mineralogy and texture to AK-81-2.

AK-81-5 Similar to AK-81-2.

AK-81-6 Similar to AK-81-2.

AK-81-7 Similar to AK-81-2.

AK-81-8 Similar to AK-81-2.

AK-81-9 Similar to AK-81-2.

AK-81-10  Similar to AK-81-2.

AK-81-11  Similar to AK-81-2,

AK-81-12  Similar to AK-81-2.

AK-81-13  Similar to AK-81-2.

AK-81-14  Similar to AK-81-2.

AK-81-16  Porphyritic andesite lava flow containing plagioclase, olivine, and clinopyroxene phenocrysts in a very
fine grained, vesicular groundmass.

AK-81-17  Prophyritic andesite lava flow containing plagioclase, clinopyroxene, orthopyroxene, and trace olivine
phenocrysts in a very fine grained groundmass.

AK-81-18  Prophyritic andesite lava flow containing plagioclase, olivine, clinopyroxene, and orthopyroxene
phenocrysts in a fine-grained groundmass.

AK-81-19  Float from the northern flank of Akutan Volcano. Porphyritic rock containing plagioclase, olivine,
orthopyroxene, and clinopyroxene phenocrysts in a vesicular glassy groundmass.

AK-81-20  Andesite from Pickup Valley. Porphyritic rock containing plagioclase, orthopyroxene, and clinopyroxene
phenocrysts in a trachytic groundmass.

AK-81-21  Andesite plug containing clinopyroxene and plagioclase phenocrysts. The groundmass is partially altered

to chlorite and carbonate. Quartz veinlets intrude the rock.
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APPENDIX A (continued)

Sample Description

AX-81-22  Porphyritic andesite containing about 8 percent phenocrysts (plagioclase, orthopyroxene, and
clinopyroxene),

AK-81-23  Porphyritic, partially altered andesite lava flow. The rock contains clinopyroxene, orthopyroxene, and
plagioclase phenocrysts in a trachytic groundmass that is partially altered to carbonate.

AK-81-24  Porphyritic andesite lava flow containing phenoceysts of plagioclase, clinopyroxene, and olivine in a
trachytic groundmass. The olivine is largely altered to serpentine minesals, whereas the clinopyroxene and
groundmass are partially altered to carbobate aad chlorits.

AK-81-26  Aphanitic basalt flow. Trace plagioclase phenocrysts in a very fine grained trachytic groundmass
consisting of olivine, clinopyroxene, opaques, and plagioclase.

AK-81-27  Porphyritic andesite lava flow containing clinopyroxene, orthopyroxene, plagioclase, and trace olivine
phenocrysts in a brown, vesicular, glassy groundmass.

AK-81-28  Similar mineralogy and texture to AK-81-27.

AK-81-29  Similar mineralogy and texture to AK-81-27.

AK-81-30  Aphanitic basaltic dike consisting of an equigranular mass of olivine, clinopyroxene, plagioclase, and
opaque minerals.

AK-81-31  Porphyritic andesite dike containing plagioclagse phenocrysts in a fine-grained vesicular groundmass
consisting of olivine, plagiociase, clinopyroxene, and opaque minerais.

AK-81-32  Aphanitic dike. Containg rare plagioclase phenocrysts in a very fine grained vesicular groundmass.

AK-81-33  Similar to AK-81-32. The groundmass has a trachytic texture and contains brown glass.

AK-81-34  Slightly porphyritic dike containing large plagioclase and clinopyroxene phenocrysts in & fine-grained
groundmass,

AK-81-35  Porphyritic andesite lava flow contaiuing plagioclase, clinopyroxene, and rare olivine phenocrysts in a
glassy trachytic groundmass.

AK-81-36  Altered andesite dike. Plagioclase phenocrysts in a partially altered, fine-grained groundmass. The mafic
phenocrysts have heen altered to chlorite and carbonate.

AK-81-37  Altered andesite dike. Two percent plagioclase phenocrysts in an altered groundmass.

AK-81-38  Partially altered porphyritic andesite dike. The rock contsins plagioclase, clinopyroxene, and opague
phenocrysts in a fine-grained trachytic groundraass. The phenocrysts are usually in the form of crystal clots.

AK-81-40  Partially altered porphyritic andesite dike. The rock contains plagioclase phenocrysts in a dark-brown
groundmass. The mafic phenocrysts have been altered to chlorite, as has part of the groundmass.

AK-81-41  Aphanitic dike. The rock consists of an equigranular mixture of plagioclase and opaque minerals and is
partially altered to carbonale.

AX-81-42  Similar to AK-81-4%, but vesicular and has 2 well-developed trachytic texture.
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APPENDIX A (continued)

Description

AK-81-43

AK-81-44

AK-81-4§

AK-81-46

AK-81~47

AK-81-48

AX-81-50

AK-81-51

AK-81-52

AK-81-53

AX-81-54

AK-81-55

AK-81-56

AK-81-57

AK-81-57A

AK-81-57B

Hornblende andesite dike. Therock isporphyritic and contains plagioclase, hornblende, and clinopyroxene
phenocrysts in g holocrystatline groundmass. The homnblende has reaction rims of plagicclase and opagque
minerals.

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

Similar to AK-81-44, but is slightly coarser grained. The rock also contains xenoliths that have a
mineralogy similar to the host rock, but are more highly altered. The amypgdules are filled with carbonate.

Partially altered porphyritic andesite dike. The rock contains plagioclase and clinopyroxene phenocerysts
inatrachytic groundmass. The amygdules are filled with carbonate, whereas the groundmass contains both
carbonate and chlorite.

Similar to AK-81-46.

Similar to AK-81-46, except thal carbonate alteration is more pervasive.

Slightly altered porphyritic basaltic dike. Plagioclase and clinopyroxene phenocrysts in a holocrystatline
groundmass. The clinopyroxene exhibits two periods of growth an early state as independent phenocrysts
and a lale stage where it ophitically encloses groundmass plagioclase laths, The two stages are optically

continuous,

Porphyritic andesite lava flow, The rock contains clinopyroxene, orthopyroxene, plagioclase, and opaque
phenocrysts in a trachytic groundmass. Minor amounts of carbonate and chlorite are present,

Stightly altered porphyritic andesite lava flow. The flow contains plagioclase, orthopyroxene, clinopyroxens,
and opaque phenocrysts in a holocrystalline groundmass. The orthopyroxene ocours in trace amounts.

Altered porphyritic andesite dike. The rock contains plagioclase, clinopyroxene, and altered olivine
pbenocrysts in 8 holocrystallive groundmass. The olivine i8 altered to chlorite. Chlorite-filled amygdules
and cacbonate-filled amygdules, rimmed by chlorite, are also present.

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

Aphanitic dike. Less than 1 percent plagioclase phenocrysts in a fine-grained trachytic groundmass
containing plagioclase and opaque minerals; some chlorite alteration.

Altered dike. Holocrystatline rock containing Jess than 1 percent plagiociase phenocrysts in a groundmass
composed of plagioclase laths, opague minerals, and ciinopyroxene. Chlorite and carbonate occur as

amygdule fillings and in the groundmass.

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

Partially altered andesite diks. Similar to AK-81-56.

Similar to AK-81-56.
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APPENDIX A (continued)

Description

AK-81-58

AK-81-59

AX-81-60

AK-81-61

AK-81-62

AK-81-63

AK-81-64

AK-81-6S

AX-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

Similar to AK-81-56.
Altered andesite dike. The dike containg large plagioclase phenocrysts in a groundmass altering to chlorite.
Similar to AK-81-59.

Coarsely porphyritic basaltic dike. The dike contains large plagioclase and minor olivine phenocrysts in
g holocrystalline groundmass, There is 8 great deal of brown alteration material present.

Partially altered andesite lava flow. The flow contains crystal clots of plagioclase, opaque minerals, and
clinopyroxene in a fine-grained trachytic groundmass.

Andesite lava flow. The flow contains plagioclase phenocrysts 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 is otherwise unaltered.

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

Similar to AK-81-66 but originatly contained olivine phenocrysts that have been altered to chlorite.
Altered andesite dike. The dike contains plagioclase phenocrysts in a groundmass coroposed of
plagioclase, clinopyroxene, and opaque minerats. The groundmass has been partially altered to chlorite
and carbonate. Amygdules are fitlled with chlorite and carbonate.

Coarsely crystalline andesite dike. The dike contains hormbleade, orthopyroxene, and plagioclase

phenaocrysts. There is very little groundmass present. Carbonate is present as an interstitial filling between
grains.

Porphyritic andesita dike. The dike contains aligned phenacrysts of plagioclase, clinopyroxene, olivine,
and opaque minerals in & microcrystalline groundmass.

Plagioclase, clinopyroxene gabbro. Intrusive rock containing large plagiociase graing ophitically enclosed
by clinopyroxene.

Similar to AX-81-73.
Porphyritic andesite. Plagioclase and orthopyroxene phenocrysts in a brown glassy groundmass.
Porphyritic basaltic plug. The intrusion containg clinopyroxene and plagioclase phenocrysts in a

groundmass consisting of plagioclase, clinopyroxene, and opaque minerals. The plagioclase phenocrysts
commonly contain inclusions of clinopyroxene and opague minerals.

AXK-81-102A Porphyritic andesite dike. The dike contains plagioclase and phenocrysts in & hoJocrystalline gronndmass.
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APPENDIX A (continued)

Sample Description

AX-81-102B Partially altered andesite dike. The dike conlains phenocrysts of olivine, clinopyroxene, and plagioclase
in a holocrystalline groundmass.

AK-81-106- Altered andesite dike. The dike contains clinopyroxeme and plagioclase phenocrysts in a

1.5-10 holocrystatline 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
minerats are completely altered to chlorite and carbonate.

AK-80-TA  Porphyritic andesite-dacite lava flow. The flow contains plagioclase, orthopyroxene, and clinopyroxene
phenocrysts in a very fine grained, unaltered groundmass.

AK-80-8 Similar to AK-80-7A.



APPENDIX B
Microprobe data for Akutan lavas.

[Analysos pesformed at Alaska Division of Geological and Geophysical Surveys by Roman Motyks. Symbols arc as follows: of - olivine, ¢cpx -
clinopyroxcne, plag - plagioctase, opx - orthopysroxene, hb - hornblende. Oxide values are in weight-parcent)

Sample AK-61-1

ol o ol 0 ol ol Opx O Opx om

ot core. core dm Am_ fm (5220 20r0. co oore. fm,
Oxides
sio, 38.66 37,95 3833 38.06 36.77 M $2.18 30.98 0.9 5239 48.50
O, 0.04 0.04 0.0 0.04 0.05 0.03 0.27 0.3 0.41 0.8 a4
ALD, 0.00 0.02 0.00 0.00 0.00 0,00 2.8 342 k¥ 191 5.9
C1,0, 0.02 003 0.0 0.08 .00 0.01 0.29 0.8 0.13 0.61 0.00
FeO 21,00 27.92 ne 25.49 30.21 0.60 4.5 $.26 $.45 148 2.9
Mo 0.45 0.67 0.49 0.51 0.8 0.47 o3 a.16 0,14 0.08 0.8
Ni0o 0.06 0.07 0.08 all 0.00 0.10 0,08 0.03 0.03 0.02 0.03
MgO 38.76 1892 38.93 5.8 a7 18.08 16.34 (6.8 15.74 1.9 14.06
%) 0.19 o 0.9 0.18 on 0.2 .65 b73Y n8s n.07 2088
Ns,0 0.m 0.00 004 0.00 0.00 0.00 .29 (37 0% 017 0.42
KO 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.0l 0.01 0.02 0.01
P,0, 0.06 0.08 0.06 0,03 0.05 0.06 _0.00 0.0t Y _0.01 000
Toul 101.26 102.53 10(.00 10116 »n 100,56 .33 9.2 99.68 ».0 9975

Molecular propoctions
sio, 1.028 1,088 1.016 1.0 0.95§ 1.004 1,893 1.880 1.8 1.897 1.817
Tio, 0.000 0.00( 0.001 0.000 2.001 0.001 0.008 0.010 0,011 0.008 0,021
ALO, 0.000 0.000 0,000 0.000 0.000 0.000 0.44) 0.492 0.160 0,082 0,248
Cr0, 0.000 0.001 0,001 0.001 0.00 0.000 0.008 0.008 0.004 0.018 0.000
FeO 0,5)2 0.649 0.506 0.5 0.683 0.525 0.13% 0.160 0.1 0.105 0,267
MO 0.010 0.0)6 0.011 oIt 0.016 0.01( 0.004 0.008 0.004 0.003 0.008
Nio 0.001 0,001 0.001 0.012 0.000 0.002 0.001 0.000 0.001 0.001 0.001
Mg0 1.536 141 1.3 (4M 128 1,500 0.985 0.888 0.881 0.93% 0.9
o 0.006 0,007 0.006 0.00$ 0.008 0.006 0.883 0.873 0.898 0.89$ 0.630
Ni,0 0.001 0.000 0.002 0.000 0.000 0,000 0.003 0.017 0,013 0.012 0.0(
K0 0.000 0.000 0.000 4.000 0.000 0.000 0,000 0.000 0.000 0.00( 0.000
P,0, 0.001 .00 0.001 9.000 0.001 a.001 0,00 0060 0.001 0.00 0.000
Toul 3.098 .Y 1.083 3.080 2.048 3.050 A821 3.560 3.99( 3.982 4012
Sample AK£1-L.Contbuud

Cpx Cm O Cyx Plag Piag Plag Plag Plag Plag Plag

fm im omid mid goms _oorg mid mid| midd o m
Oxidca
$i0, 50.37 8.5 .20 49.2) “.19 45,20 46.80 921 en 4.2 46.40
Tio, 0.53 0.84 0.42 0.60 0.02 0.03 0.04 0.07 0.13 .68 0.01
ALO, 4.0 $.47 1.9 3,93 3434 3812 33.61 33.47 2.4 34,64 .42
C1,0, 0.00 0,01 0.25 0,00 0.00 0.m 0.02 0.02 oAl 0.08 0.00
3% 8.2 9.21 537 8,48 0.65 0.67 0.67 0.72 omn 0.7 0.67
MnO 0.31 0.26 0.16 0.25 0.03 0.00 0.03 0.04 0.00 0.0 0.08
NiO 0.04 0.04 0.04 0.07 0.02 0.04 a.04 060 0.0 0.01 0.
MO 1533 13.88 15,59 14.04 0.01 0.06 0.0 o6 0.0 0.04 0w
Cs0 20.04 20.61 0.4 20.64 1739 17.68 6n 18,40 15.28 17.41 17.21
Ne,0 0.7 0.34 0.26 0.5 1.36 L3 1.87 212 280 1.68 1.6
X,0 0.00 0.0 0.0 0.02 0.04 0.08 0.07 0.0 0.10 0.06 0.04
P,0, 0.0t 00| _0.01 _0.08 0.0 0.02 0.03 0.07 0.0 0.00 0.0
Totsl 99.12 9.21 99.54 24.8) 100.26 (00.09 100.02 100.40 100.19 100,89 100.52

Motecubar proporison s Conrinued

sio, 1.845 1798 187 1.7 213 2.087 2.188 2183 2.0 2.188 2.18¢
1i0, 0.015 0.073 0.01) 0.022 0.000 0.001 0.001 0.003 0.001 0.001 0.000
ALO, 0.)41 029 0188 0,287 187 1551 1.825 1828 (.756 1.508 1582
C1,0, 0.000 0.000 0.007 0.000 0.000 0.00) 0.001 0,001 0.000 0.0 0,000
FeO 0.245 0.285 0.168 0.259 0.028 0.024 0.0% 0.027 0.008 0.0%9 0.026
MnO 0.010 0.008 0.008 0.008 0.001 0.000 0.001 0.001 0.000 0.000 0.003
Nio 0.001 0.001 0.00) 0,002 0,000 8,001 0,001 0,000 5.000 0.000 0.000
Mpo 0.837 0.764 0.852 0768 0,000 0,004 0.008 0.012 0.006 0.00 0.004
[ 0.786 0.818 0.894 0.812 0,862 0314 0,825 0813 0731 0.6% 0.85$
Ng,0 0.019 0.025 0.018 0008 0.139 0.102 0.162 0.189 0.249 0.td8 0.145
K,0 0,000 0.00) 0.000 0.00) 0,003 0.00 0.004 0.007 0.008 0.004 0.008
LA 0.00 9000 0,000 0.002 .00 0.000 9.001 0.0 0.00 .60 0.000
Toul 3.909 1.962 2,985 3.928 5.008 5010 $.008 5.004 303 5018 5.000
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APPENDIX B (continued)

Sample AK-81-13
o) a) ol ol (o)) Cmx Cpx

oL ore. e fim dm Ao oo, com.
Oxides
S0, 31.87 3.6 38,06 3.6 38.12 37.42 43,88 49,59
Tio, 0.06 0.01 0.0% 0.0 ¢.02 0.06 omn 0.6
ALD, 0.05 0.0 0.00 0.00 0.01 0.m .17 $.09
Cr0, 0.02 0.02 4.04 0.03 0.01 0.3 0.02 an
FeO n.82 2.2 23.82 2A4.32 .54 2403 7.08 8.61
MoO 0.5l 0.47 0.47 0.54 0.46 0.55 a.19 0.30
NiQ 0.0% 0.03 0.0 0.07 0.08 0.01 0.01 0.08
Mg0 38.78 3308 8.9 38.01 38,94 37.47 14.62 4,72
CaO 0.20 0.19 0.2 0.2 0.18 0.2 21.9 2.8
Ny,0 0.00 0.01 0.00 0.00 0.00 0.2 0.8 0.34
K,0 0.01 .00 0.0) 0.00 .00 0.0 0.00 0.01
P,0, 0.02 008 0.0J 0.03 0.00 _0.00 .00 0m
Total 101.43 96.74 101.4& 100.76 101,42 9.9 877 L Xis

Molecular proporions
$i0, LoL6 0940 1019 1.607 1.020 0.934 1.788 1.826
TiO, 0.00] 0.000 0.001 0,001 0.000 0.00( 0,020 0019
AlLO, 0.001 0.000 0.000 0.000 0.000 0.00§ .23 0.178
€0, 0.001 0.001 0.001 0.001 0.000 0.001 8.000 0.001
FeQ 0.534 0.48$ 0.52% 0.543 0.528 0.53 0.214 8,266
MnO 0.011 0.010 0.011 0.012 0.011 0.012 0.006 0.009
Nio 0.002 0.00( 0.000 0.001 0.001 0.000 0.000 0.001
MgO 1.551 1.310 1.886 1.513 1.554 1.469 0.8 0.807
CiO 0.006 0.008 0.006 0.008 0.008 0.006 0.85) 0.811
Ns,0 0.000 0.001 0.000 0.000 0,000 0.001 0.020 0,024
K0 0.0C0 0.000 0.001 0.000 0.000 0.000 0.000 0.001
70, 2.000 0.001 .00 2.001 .00 0.000 0.000 0.000
Toul 33 2234 324 3.8 3119 3.006 3.916 3.944
Rample AK-R1+1\.Continued

Cpx Cpx Cpx Pag Plag Plag Py

G2 am dm re o dm, fdm
Oxldeg
N{eA 48.88 51,30 50,9 45.29 0.0 45.92 30.08
T, 0.7 0.% 0.49 0,00 0.0 0.0l 0.06
AL0, 4.60 2.88 2.36 13.46 32.66 33.66 .78
Cr,0, 0.03 0.29 0.00 0200 0.00 0.01 0.03
FeO 8.18 4.98 .22 0.64 0.67 0.9 0.8§
MnO 0.20 0.17 0.30 0.3 0.01 0.00 0.04
NID 0.04 0.01 0.01 0.0} 0.07 0.00 002
MgO 14.50 16.48 18,72 0.08 0.13 0.08 0.14
C.0 2110 024 .42 12.00 157 17.713 13.4
N2, 0 0.36 0.16 0,26 1.9 222 1.57 3.84
K0 0.00 0.0 0.00 0.08 0.8 0.05 0.14
PO, 001 o0 o0 008 o 003 0.00
Total 9888 98,85 .76 9.9 9908 ».n .17

Molacutar propor Lon-Condnued

sio, 1796 1.8S8 1.863 2048 2.183 2.084 2.266
TiO, 0.022 0.008 0.014 0.000 0.00( 0.000 0.003
ALO, 0.208 0.1 0,102 1.788 1749 1.80( 1.642
€40, 0.00! 0.008 0.000 0.000 0.000 0.000 0.001
Fc0 0.251 851 0.281 0.024 0.024 0.026 0.012
MnO 0.006 0,005 0.00% 0.001 0,000 0.020 0.001
NiO 0.0 3.000 0.000 0,000 0,008 0.000 0.000
MsgO 0.74 0.8%0 0.836 0.004 0,009 0.008 0.4010
G0 0.8 0.863 0.79 0.82 0.76% 0814 0.6%4
Ns,0 0.026 aon 0.019 0.139 0.193 0.138 0.310
K,0 0,000 0.000 0,000 0.007 0.008 0.003 0.008
RO, 0.000 0.000 ) 0.001 .00 2001 200
Tow) ).936 3917 3914 4877 4.9 48 4.9%



APPENDIX B (continued)

fample AKS81-8
O Opx O Opx Opx Omx
Opx_ Opx_ Sorg. o, e, fm_ dm fm_ Lox Opx
Oxldes
Si0, 5282 3237 5215 2.0 52.55 $2.76 52.53 .60 30.64 50.38
Tio, 0.19 0.2 04 a.21 0.2 0.2 0.29 0.4 0.5 0.48
AL, 0.6) 1.40 0.93 0.75 0.5 0.7% 0.%0 0.86 2.18 2.8
Cr,0, o0 0.02 0,00 0.03 o004 0.00 0.09 0.00 0.14 0.02
FeO 21.00 2.18 20.24 2.62 21.52 2,39 2.09 2032 9.96 10,18
MnO 1.05 0.9 $.00 1.14 IRV 1.02 [X£] 1.06 0.56 0.%6
Nio 0,03 0.00 0.04 0.00 0.04 0.02 0.00 0.00 0.05 0.0
Mg0 23.42 .15 23.67 2.4 2.3 nee n.61 BN 14.86 14.50
€0 1.88 1.48 1.50 1.52 1.2 1.53 1.52 1.5 19.96 19.90
Ne,O 0.08 0.0 0.00 0.00 0.00 0,04 0.00 0.4 0.3 0.21
K,0 0.00 0.0( 0.00 0.00 0.0¢ 0.02 0.00 0,01 0.00 0.02
»0, 0.02 0.0 0.00 0.00 0.04 0.00 0.01 _0.04 0.0 _0.00
Total 100.79 100.44 (00.2% 100.62 100.11 100.4% 100.02 100.10 P.U $6.90
Moteeular propocisons
sio, ).990 1,956 1,969 1.975 1.968 1.978 1951 1,9¢0 187 1.860
TIO, 0.008 0.003 0.007 0.006 0.006 0.007 0.008 0,007 0.014 0.016
ALD, 0.027 0.06) 0.042 0.033 0.3 0.028 0.039 0538 00% a.11l
€0, 0.001 0.0 0.000 0.00) 0.001 0.000 0.001 0.000 0.004 0.001
FeO 0.662 0.630 0.632 0.648 0.677 0.6% 0.624 0.602 0,309 0314
MnO 0.033 0.009 0.031 0036 0.037 0,002 0.032 000 0418 0.018
NiQ 0.001 0.000 0.001 0.000 0.001 0.001 0.000 4.000 0.001 0.000
MO 1318 132 1317 130 1.250 1321 1.307 t.2d 0.6n 0.7%8
Cs0 0.00 0.05¢ 0.060 0,064 0.061 0.061 0.061 0089 0.794 0.788
Nl,o 0.006 0.000 0.000 0.000 0,000 0.00% 0.000 0.003 0028 0.018
X,0 0.000 0.001 0.000 0.000 0,001 a.00 0.000 0,000 0012 0.00)
P,0, 000! 0000 0.000 0.000 9,001 0.00 0.000 0.001 .00 0,000
Total 4.104 4001 4.089 400 402 4075 PXex] o 3.964 3922
Sample AX-BL . Continued
Flag Flag
Cpx Omx Cp, Cox_ g Blag, Bleg Plrg mid-1 mb
Oxides
510, 51.4 5138 5103 5¢.30 477 .82 4.0 3431 55.46 $3.98
Ti0, 0.4 0.26 0.42 0.43 0.06 o0.m 0.04 00l 0.06 0.7
ALG, 1.66 1,81 0.42 176 %) 2.6 22 3.2 752 2.8
cro, 0.00 0.00 0.3 0.2 om 0.02 0.3 0.02 0.08 0.03
12%6) 9.96 10.72 10,45 9.68 0.53 0.43 047 0.4 0.51 119
MnO 0.5 0.62 0.60 0.5% 0.00 0.04 0.00 0.0l 0.08 0.7
NiQ 0.03 0.00 0.04 0.00 004 0.00 0.00 0.00 0.08 0.08
MgO (5.10 14.80 14.81 15.01 0.0 0.00 048 04s om 0.5
) 19.78 19.49 19.80 19.89 10,54 10.68 10,13 16.24 9.5l 0.8
Ng,0 031 038 0.32 0.8 $.43 $.08 51 s 500 541
K0 0.00 0.0t 0.0% 0.00 0,28 0.1% 0.19 0.n 0.25 0.49
PO, .04 045 0.0 0.02 0.00 0.00 o0 040 0. 8.06
Tosl 99,32 99.52 98.78 99.94 99.38 98.94 9€.9¢ 98.83 9.4 9937
Moteoular proporons Condnsrd
5i0, 1.908 1.508 1512 1.850 2407 2.403 2.4%0 2419 2,481 2418
Tio, 0,012 0.013 0.012 0.012 0.0 0.001 0.001 0,000 8.001 0.009
A1,0, 0073 0.080 [1X:7/3 0.074 1495 1,507 1.4 {484 L4l 1.468
€10, 0.000 0.001 0.000 0,000 0.000 0.001 0.001 0.001 0.003 0.00)
FeO 0.309 0,338 0325 0.209 0.019 0.018 a.018 0418 0.019 0.045
MrO 0.017 0.0% 0.019 0.017 0.000 0.001 0.000 0.000 0.001 0.0
Nio 0.001 0.000 0.001 0.000 0.00) 0.000 0.000 0.000 0.001 0.00§
MgO 0.5H 082 0.6 0824 0.001 0.000 0.004 0.0m 0.001 0.010
C:0 0579 0.7% 0.7% 0.788 0. 0.509 0484 0.487 0.485 0.4)
) 0.219 0077 0023 0.020 047 0.440 0.462 0,488 0.3 0.47
K0 0.001 0,001 0000 0.014 0.020 0.0(0 0.010 0013 0.0t4 0.029
R0, 0.00| 0.0 [X0] .00 0.000 0,000 0.001 0.000 Q.00 9.0
Toual 4.131 3.999 3.087 1.938 4941 4590 4994 4,880 4,91 4.968
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APPENDIX B (continued)

Sample AX81-Z3-Combiauad

Plag Pleg Plag Plag Plg Pleg Plag Plag Plag

fm dm_ fm e core core. oore. core, core,
Oxides
8io; X Prat 54.74 $4.54 5624 4.53 5.8 4.3 35.69 $4.9¢
Tio, 0.09 0.03 0.0 0.08 0.0 0.08 0.06 0.08 0.00
AL,0, 28,44 17.67 7.6 26.64 28.37 20.40 2.9 2.48 .57
o0, 0.00 0.00 0.01 om 0.04 004 0.0) 0.01 0.08
FeO 047 4.53 0.5 0.4 0.48 0.62 0.51 0.46 0.45
MnO 0.01 0.04 0.00 0.01 0.02 0.01 0.04 0.04 0.00
Nio 0.0) 0,01 041 0.04 0.01 0.00 0.0 0.03 0.02
M0 0.08 0.01 0.03 0.04 0.03 0.01 0.00 0.0$ 6.08
Ca0 .as (3} 10.19 9.04 10.18 2.7 10.02 923 9.8
Ng,0 5.29 $.87 5.48 6.28 $.51 4.08 5.41 589 $.26
K0 019 033 0.32 0.26 0.2 0.02 0.3 0.26 0.23
1o, 003 004 00 0.0 0.0y 000 0.00 0.0 0.8
Tow) 9.3 99.50 9,80 9.02 2945 99.30 9.1 99.25 98,34

Molecular propor tlon L Conilmizd
Sio, 2418 2.463 2.431 2.3 2.442 234 2.449 2.485 2.4
Ti0, 0.003 0.001 0.001 0.00) 0.001 0.001 0.0m 0.0m 0.00y
ALO, 1.506 }.468 1,455 1,400 1.40 1.621 1.474 1.449 1.437
Cr0, 0.000 0.00) 0.000 0.004 0.000 0.000 0.000 0.000 0.001
FeO 0.018 0.020 0.018 0.016 0.018 0.023 0.019 0.017 0.017
MnO 0.000 0.001 0.000 0.000 0.00! 0,000 0.001 0.001 0.000
Ni0 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.0
Mg0 0.003 0.000 0.003 0.003 0.003 0.001 0.000 0.004 0.005
CuO 0.532 0.492 0.487 0.1 0.490 0.617 0.480 0.443 0.4%
Ni0 0.46} 0.513 0.474 0.540 0.479 0.248 0.489 0.509 0.481
Ko 0.014 a.012 0.013 0,000 0.014 0.000 0.013 0,014 Q.014
?,0, 0.001 0.001 0001 0.000 0.001 0.000 0.000 0.000 .00
Toul 4,949 4,972 4.883 4.899 4.984 4.9438 4.908 4.9268 4813
Ramgple AX-81-T1
Hb s Omx O Plag Plag Plag Plag

o fm_ O Opx gore. am oore sore, o dm.
Oxldes
$i0, 41.86 42.14 52.5% 53,04 31.76 51.81 $3.64 .13 J3.61 53.5)
TIO, k1] 3.9 0.9 on 0.20 0.7 0.04 0.06 0.04 0.03
AL, n2a 11,26 1.30 0.7 0.68 1.9 29.34 2.31 2042 .38
Ci,0, 0.0l 0.00 0.00 0.7 0.03 0.02 0., 0.08 0.02 0.00
FeQ 13.98 14,2( 19.37 18.60 .64 21,99 0.3 0.43 0.46 0.42
MO 0.4 054 1.08 1.05 1.2 1.33 0.00 0,04 0.08 002
NiQ 0.02 0.05 005 0.07 0.8 0.07 0.00 0.2 0.00 0.00
Mz0 12.84 12.48 .16 AU 2.95 21,8 0.08 0,08 0.04 0.00
€20 10.42 10.56 1.50 1.51 1.42 1.4 1.3 11.41 1.21 il
N,0 280 k¥ 0.00 0.06 0.00 0.05 5.05 4.89 s.13 29
K0 Q.41 0.48 0.00 0.01 0.00 0.00 Q.14 0.45 Q.13 e.17
r0, 0.02 0.0 _0.04 00 080 001 000 00 Y 000
Toul 97.49 97.95 100.38 9.9 9.9 9.5 9.9 99.63 9.99 9.90

Molecular proporilons

Si0, $.609 s 1,958 1984 1.963 1.9% 2.427 2% 2438 2421
TiO, 0,333 0.324 0.008 0.006 0.006 0.007 0.001 0.003 0.001 0.001
ALO, .m 1.801 8,057 0,042 0,020 0.057 1.564 0.562 1.588 1.568
Cr,0, 0,000 0,000 0.000 0.002 0,001 0.00( 0.001 0,001 0.00( 0.000
fas0 1,566 1.6(¢ 0.603 0.526 0.641 0.686 0.014 0017 0.007 0.016
MnO 0.051 0.062 0.034 03 0.039 0,042 0.000 0.00( 0.001 0.001
Nig 0.004 0.004 0.001 0.0 0.002 0.002 0.000 0.00 0.000 0.000
MgO 2.5%4 2.518 1.239 1,32 1271 LI® 0.003 0.004 0.0 0.000
G0 1.50t 1.535 A.059 06.060 0.0 0.0587 0.543 0.58) 0.844 0.539
NeO 0.727 0.798 0.000 0.004 0.000 0.003 0.444 0.48 0.450 044
X0 0.072 0.080 0.000 0.000 0.000 0.000 0.008 0.009 0.008 0.010
PO, 0,000 0004 0.001 0.00( .00 0000 9.000 200 2.000 0000
Total 14.159 (4,448 4.057 4.009 4011 3964 5.010 4.978 s.018 5016
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APPENDIX B (continued)

{plag - plagiociass, opx - orthopyroxene, ¢px - ¢linopyroxens, ol - olivine. Oxide valueg are in weight-percent)

Sample AK-81-73
Cpx Cpx Cm Cpx Plag Plag

e [5-8 sere, o, dm qm core o
Oxldas
$i0, 50.93 0.0l $0.68 49.88 51.08 4.2 44.3] 45.18
TiO, 0.72 0.9 0.68 1.5 .73 0.6 0.4 0.04
ALO, 2,06 318 2.07 3.28 178 4.39 38.77 8.2
C,0, 0.03 0.0 0.0 0.00 0.00 0.00 0.00 0.00
F20 10.16 9.95 10,03 10.50 (s 11.01 0.49 0.0
Mn0Q 0,33 0.27 0.32 0.30 0.40 0.9 0.03 0.03
Nio 0.00 0.08 0.03 0.04 0.00 0.00 0.0] 0.00
MgO 14.54 13,64 14.63 13.63 13.58 12.48 0.02 0.04
Ci0 19.90 2.4 2.14 20.02 19.9% 18.80 18.78 12.99
Ne O 0.2 0.28 1.39 0.3 0,29 0.50 0.80 LA
K,0 0.00 0,00 0.00 0.02 0.01 0.01 0.3 0.0
P,0, 2.0 0.0 _0.00 0.03 £0 _0.06 0.0 _0.64
Toal 98.91 %8.72 .98 99.37 9.5 97.94 100,27 100,39

Molecubs proporiions
Sio, 1.878 1.841 1.874 L.8%6 4,500 1.8 2.087 2.004
TiO, 0.020 0,028 0.019 0.014 0.020 0.090 0.001 0.001
ALO, 0.089 0.137 0.0%0 0.144 0.07 0.189 1.958 1.929
Cr0, 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0,001
PO 0.313 0.307 0.310 a7 0.384 0.336 .02 0.020
MnO 0010 0.008 0.010 0016 0.013 0.012 0.00% D.001
Nio 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.00)
Mz0O 0.7% 0.749 0.804 0.767 0.793 0.680 0.00( 0.003
Ca0 0.786 0.804 0.798 0.8 0.794 8.6 0.934 D.893
N0 0.0)6 0.018 0.028 0.028 0.018 0.064 0.07m2 0.111
K0 0.000 0.000 0,000 3,001 0.001 0.000 0.001 0.003
RO, 0.0 0.001 0.000 0001 g.001 000 0.0 2.00(
Total 1912 2.894 1.936 1.944 1.93) 3.907 $.048 5.061
Sample AK€1-T3-Coninued

Plzg Plag Plag Plag Plag Plag Plag

sore, mid md fim dm fdm fim
Oxldas
810, 45.69 A3.90 43,88 5.0 a5,17 45.07 .21
Tio, 0.04 0.08 0.67 0.08 8007 0.04 0.06
ALD, 34,63 34.94 EN]| 30.83 18.86 18.98 .14
Cr,0; 0.02 0.04 0.02 0.00 0.00 0.01 0.02
FeO Q.52 0.58 0.57 0.7l 0,32 0.22 0.46
MnO 0.03 0.00 0.02 00 0. 0.00 0.02
NiO 0.00 0.02 0.0t 0.0 0,08 0.02 0.00
MzO 0.02 0.04 0.08 0.09 0.01 0.00 0.04
Ca 1731 17.59 1729 12.76 0.2 0.26 9.7
N0 1.48 1,49 1.5%0 428 432 452 6.19
K0 0.04 0.02 0.4 0.19 (0.40 [N 0.3?
20, pys) 00 001 o0 001 o0 o0
Total $9.87 100.32 100.18 100.31 .46 [N x] 9.61

Malecular proporitans—Continued

§i0, 2.4 2,108 2.119 23683 2.941 2.9 2.519
Tio, 0.001 0.001 0.003 0.001 0.003 0.001 0.003
ALO, 1877 1.507 1.850 L6485 1,004 1.008 1.433
Ce,0, 0.00 0.000 0.000 0.000 0.000 0.000 0.00)
PeO 0.0 0.02 0022 0.027 0.012 0.010 0.017
MnO 0.00) 0.000 0,001 0.000 0.001 0.000 0,001
NiO 0.000 0.001 0.000 0.000 0.001 0.001 0.000
M3g0 0.001 0.003 0.004 0.l 0.000 0.000 0.003
Ca0 0352 0.673 0856 0.624 0.010 0.013 0.436
Ng,0 0.131 0.138 0.134 0.326 037 0.40 .53
K0 0.003 0.001 0.003 0,012 0.59%¢ 0.356 0.021
»0, 0.0 0.00] 0.00 0.001 9000 9001 9001
Towl 4989 5.09 5.003 5.056 4.946 4.9% 497
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APPENDIX C
Major oxides analyses and CIPW norms on volcanic rocks from northern Akutan Island
(Aunalyses performed at Alaska Division of Geological and Geophysical Surveys by M. A. Wilise and Bebeue Farris. Abbreviations of normative minerals:
ap - apatite, il - ilmenite, ml - magnetite, ab - slbite, an - anorthite, gz - quat, of - olivine, di - diopside, and hy - hypersthene. Water was notincluded
in the oxide lotals or the normative mineral calculations]

Sample AK-81-1 AK-81-2 AK-8(-3 AK-8I1-§ AK-8)-8 AK81.14 AX-8)-2 AX-81-30 AX-81-38 AK-81-39 AK-81-30
Chrmicat anslyees (welght percenl)
Oxidas
§i0, 9.8 48.99 30.01 5189 50.6) 9.3 5670 48.89 35.82 $8.71 46.04
TiO, 0.9 0.99 0.97 1.03 0.95 0.95 0.86 1.67 110 1.05 1.4
ALO, 17.36 18.78 19.31 18.80 11.4) 17.54 1737 16.90 15.93 16.10 18.98
Fe,0, $.88 343 4% 303 138 398 34 2.9 2.96 2.49 4.9
FeO 453 650 5.45 6.53 857 821 4.00 10.30 334 $.00 6.66
MO 0.19 0.2 0.0 0.2l a.l$ 0.19 0.19 0.28 0.20 0.25 0.19
MgO 6.49 $.81 5.06 477 6.80 6.19 289 501 2.3 1.7§ RR 3
Cu0 10.26 10.39 10.11 9.31 1037 1020 6.8 10.20 572 6.16 11.34
No,O 2,4 287 2.9 3.40 2.68 .89 4.16 2.98 4.01 4.4 .40
K0 0.86 0.6 0.80 1.08 0.65 0.98 135 0.74 2.17 1.89 0.77
10, 2.0 01 o2 on 020 02 01 0.0 0n 0.6 a2
Total 9.4 9.9 100.73 N7 100.21 9.11 91.97 160.20 95.9 95.26 9.4

CIPW noemi {welght peccent)

19 0.46 0.46 0.51 0.5 0.4% 0.5 0.53 0.48 0,76 08 049
il .82 1.88 1.84 1.596 1.80 1.82 1.6 3.17 2.0 1.9 1.9
m 8.48 4.97 681 4.39 3.9 n 3.8 429 4 3.6l .90
1Y 23.19 % UM - Yeel 22.42 4.4 3520 8.2 33.93 11.99 17,11
or 5.08 4,08 4.7 6.26 5.02 5.3 7.98 4.37 12.82 11.17 458
n 32.83 36.32 3T 291 33.(0 2.9 U4 .01 19.08 18,49 M 58
qu 2.10 0.00 1.3 1.2 02?7 0.00 9.3 0.00 .73 7.06 0.00
ol 0.00 4.37 0.00 0,00 0.00 0.00 9.33 6.7 0.00 0.00 Inm
4l 13.47 11.3% 0.18 9.61 3.2 13.62 $.48 16.6 £.02 8.7 16.18
by JEXTRR T 208 1609 180 144 136 o8 up X 01

Todal 9.2 9.2 N 9.7 100,21 9.0 97.98 .8 95.93 95.25 972
Sample AK-81-51 AK-8(-52 AK-81-61 AX-81-62 AK-81-102 AK-B80-1A AX-90-18 AX-80-(D AK-80-2A AK-80-3A

Chemlcal salyses (welpil percent). Conrtnued

Oxidas
sio, $6.43 3384 .1 56.70 49.43 3).87 51.56 56.91 $6.38 56,97
TiO, 0.9) 0.97 1.07 093 0.94 1.40 0.9 0.4 0.83 1,06
ALO, 1.8 (8.3( 20.06 18,50 11.84 16.61 212 18.32 16.90 18.19
Fe,0, 3.40 EXis) 6.03 .46 AU 634 4 p3:2] 484 2.4
R0 an 5 3.51 sl s 1.8 3.00 EAH 3.87 %]
Mn0 0.1? 0.(8 0.2( 0.16 0.17 0.2 0.14 0.28 0.8 0.2
M0 3.18 182 1.6 2.3) 5.8S 40 2 ;) 484 2.9
10 1.26 8.67 9.68 1.06 11.84 .17 10.58 1.8 8.67 74
N2,0 . .74 3. 4.2 2.9 4.19 118 3.91 332 L&
K0 1.20 1.00 0.76 1.53 0.87 1.49 6.98 0.85 1.9 0.94
2,0, 02 02 o e 0.8 04 030 o3l on 0t
Toel 98.83 98.58 9.4 98.60 99.10 $8.58 100.90 99.88 100,62 100,18
CUPW normas (welght percen))-Coruinged
2p 0.49 0.4 0.76 0.74 0.42 0.97 0.7 1.18 a.83 049
il [¥x) .84 2.0% L7 .79 266 1.86 L4l 1.88 2.01
ol 4.9 5.26 8.74 502 40 8,26 8.1 4.2 &6.58 3.61
b 3191 3).68 27.43 34.88 23.86 35,48 26.91 .05 20 ¥
or 1.0% 591 4.49 9.04 S04 8.80 §.9 3n 703 835
n 187 N2 .41 17.47 33.7 2.1 a9 2.9 2.0 2738
qe 9.90 3.6t kX .¢) 9.32 0.00 6.9¢ d.76 2.9 $.71 .46
olv 0.00 0.00 0.00 0.00 3.9 0.00 0.00 6,00 0.00 0.00
4 $.31 9.33 6.47 4.4 18.45 i 5.7 N 10,85 [ Fre)
by 0® K §.2 .5 &3 8.0 e u 8.6 1021
Tota) BB 96.58 100.32 98.60 92,81 9.6 .90 99.98 100.51 100.16
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APPENDIX C (continued)

Sanple AK-8D-4A  AKS80-5 AK-20-6 AK-R0-7A AK-80-8 AX-80-99 AX-80-12B AX-80-)4 AK-80-13 AK-80-16
Chemica) analyses (welght percent).Coninued
Ox\dea
Si0, 517 5243 3778 &.18 62.54 49.47 .87 $8.4¢ $5.49 5521
Tio, 1,04 0.94 0.88 0.84 .37 115 (.04 (.18 .16 (.36
ALOy 18.78 17.08 19.00 7.2 16.86 18.47 12.76 12.32 12.40 17.46
Fo,0, 5.38 3 1A 3.14 1.42 in 4.80 2.98 2.80 3.04
F:0 an 554 3.48 2.52 2.84 818 3.01 6.4 6.57 630
MO 0.3 0,17 0.19 0.20 0.7 0.17 0.8 on 0 0.23
Mg0 4.(0 6.16 237 1.46 137 5AL an 3.4 2.8 .68
Ce0 8.43 10.81 679 4.0% 4.08 10.84 9.58 2.87 7.98 8.00
Na O N 2.5 445 531 $.38 256 3.04 % 4,07 4.12
K,0 0.84 L8 1.36 1.93 1.% 086 0.84 0.83 0.87 0.88
PO, 026 023 025 ot 0. 0 o o1 2.2 021
Toul 96.58 100.06 99.96 100.00 91.10 9.13 9.09 99.90 100.43 100.26
CIPW norms {welghl peccent)-Cannnucd
P 0.60 0.53 0.58 0.72 0.% 0.53 0.49 0.83 0.49 049
i 1,98 19 1.67 L& 1.8$ 2.8 1.98 2.24 2.20 2.20
m 1.43 439 4.70 4.58 2.06 LM 6.56 4R 4.06 A4
ab 2.9 PN 12.68 49N 43.82 21,66 5.1 3241 UM MB6
or 4.9¢ 685 8.04 11.40 [ fra) 5.08 4,96 $.02 .14 5.2
wn 36.60 31.64 21.85 16.9) 16.24 36.37 2.1 21.%6 26.64 26,64
qu 10.)2 26 8.89 14.67 13.18 .16 520 6.51 18 5.m
olv 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
di 2.14 16.49 3.4 1.09 1.55 12.67 .08 8.00 9.55 9.60
by 854 1.5 2.2 4.1 537 13.80 107 nz 1284 1200
Totsl 96.30 10017 99.96 100.01 971.20 9.3 99.09 9.9 100.44 100,26
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APPENDIX D
Application of discriminant functions

The foltowing discriminant functions were produced by the stepwise multiple discriminant analysis
(Jennrich and Sampson, 1981) and are listed in the text. P,0, and Ti0, are in weight-percent,

WestF X =100.33Ti0, +264.09P,0,-83.22
EastF X =93.55Ti0, +245.03P,0,-72.26

WestD X =151.90Ti0, +414,89P,0-194.84
EastD X =125.68Ti0,+343,05P,0,-133.74

A particular case is 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 discriminant functions produces the vatues listed below:

WestF 107.35+87.15-83.22=11].28
EastF  100.10+80.86-72.26=108.69

WestD 162.53+136.91-194.84=104.60
EastD 1(34.48+113.21-133.74=113.95

The value for EastD is the largest and AK-81-61 would be classified with that group.
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APPENDIX E

Rb and Sr analyses
[Samplos AK-81-8A, -8B and AK-32A, -52B were duplicates aubmitied (o test the reproducibility of the
analyses. ND - no délermination)

Rb Sr

Sample {ppm) (ppm) Rb-Sr
AK-81-1 21 442 0.050
AK-81-2 ND 455 ND
AK-81-3 16 465 0.034
AK-81-§ t0 480 0.021
AK-81-8A 22 440 0.050
AK-31-8B 13 440 0.029
AK-81-11 11 430 0.025
AK-81-14 19 430 0.044
AK-81-17 29 310 0.054
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 40S 0.030
AK-81-31 12 460 0.026
AK-81-33 49 325 0.151
AX-81-51 3t 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
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