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PREFACE

I n October 1945 the War Department (now Department of the
Army) requested the Geological Survey to undertake a program of
volcano investigations in the Aleutian Idands—Alaska Peninsula
area. Thefirst field studies, under general direction of G. D. Robin-
son, were begun as soon as weather permitted in the spring of 1946.
Theresultsof thefirst year's work in thefield, laboratory, and library
wereassembled hastily astwoadministrativereports. Part of thedata
was published in 1950 in Geological Survey Bulletin 974-B, 'V olcanic
Activity intheAleutian Arc,"” by Robert R. Coats. The remainder of
the data has been revised for publication in Bulletin 1028.

The investigations of 1946 were supported amost entirely by the
Military Intelligence Division of the Office, Chief of Engineers, U.S
Army. The Geological Survey is indebted to the Office, Chief of
Engineers, for itsearly recognition of the value of geologic studiesin
the Aleutian region, which madethis report possible, and for its con-
tinuing support.
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INVESTIGATIONS OF ALASKAN VOLCANOES
GEOLOGY OF RAT ISLAND, ALASKA

By

RicHArRD Q. Lewis, Wirris H. NeLson, and Howarp A. Powers

ABSTRACT

Rat Island is formed of volcanic rocks, conglomerate, and sandstone that
are divided into two stratigraphic units. The older, Rat formation, consists of
porphyritic hornblende andesite lava flows and breccias, and conglomerate de-
rived from them. Theyounger, Gunners Coveformation, contains tuffs and 1avas
of basalt, sandstone and conglomerate composed largely of basaltic fragments,
and some hornblende andesite similar to that of the Rat formation. Marine
conglomerate interbedded in the basalts contains a small fauna of middle Ter-
tiary age. The older andesitic rocks, and, to a lesser extent the basaltic rocks,
have been chemically altered and pyritized along west-northwest-trending frac-
ture zones. Normal high-angle faults are abundant and strike generally west-
northwest or within a few degrees of north; the few dikes, all of basalt, strike
north. Zones of altered and mineralized rock seem to trend west-northwe& .

The physiographic forms are all those of erosion—marine platforms and cliffs
that are greatly to slightly dissected by stream erosion, and are modified by
glaciation. An extensive emerged marine platform, slightly dissected and gla-
ciated, risesto an inland altitude d about 180 feet. Much of the sea cliff is not
attacked by present wave action, being separated from the active shoreline by
emerged boulder beachesand rock benches.

INTRODUCTION

Rat Island is near the center of a segment of the Aleutian Ridge
on which also are the islands of Amchitka to the southeast and the
southern part of Kiska to the northwest (fig. 79). Rat Islandis be-
tween lat 51°45’50”7 and 51°50’15”” N. and long 178°11’32"” and
178°28’10”” E. About half the island is a partly dissected plateau
ranging from 125 to 200 feet in altitude. A strongly dissected high-
land ridge in the east half of theisland rises above the plateau to a
maximum altitude of 1,127 feet. The surface is amost completely
mantled with tundra-type vegetation.

The island is uninhabited and undeveloped, although the remains
of many Aleut dwellingsand kitchen midden indicate a former Aleut
population.
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Fieore 79.—Location of the Aleutian Idands, Alaska, and of Bat Island on the western Aleutian R dge.
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The climate is typical of the western Aleutians. Rain, fog, and
overcast predominate during the summer; strong winds, heavy snow,
and violent storms are common in the winter. The marine influence
temperstheclimate; the summersarecool and thewinters seldom have
temperaturesas low as0° F. Snow and ice accumulate only onthe
higher slopes and prolonged freezes are rare.

This report is based on about 3 days of fieldwork in August 1951,
by a U.S. Geological Survey party made up of Dennis P. Cox, Joseph
P. Dobell, Richard Q. Lewis, Willis H. Nelson, Howard A. Powers,
and Edward C. Stover, Jr. The party was supported logistically
by theU.S. Geological Survey M S Eider, Carl Vevelstad, captain.

PHYSIOGRAPHY

The island isabout 6 mileslong and 2 mileswide. About half of
theisland isa partly dissected terrace ranging from 125to 200 feet in
atitude. Onesmall isolated knob near the west end of theisland rises
abovetheterraceto an altitudeof 404 feet. A strongly dissected ridge
rises above the benchin theeast half of theisland to a maximum alti-
tudeof 1,127 feet. Thecrest of thewesternpart of theridgeisnarrow
and sinuous, and theeast end is abroad summit of low relief.

Locally the higher slopes show physiographic features typical of
glaciated areas-cirque-shaped valley heads, smoothed rock knaobs,
and undrained rock depressions. These features are not noticeableon
the lower slopes or on the partly dissected terrace; however, the ab-
sence of any morainesindicates that ice must have covered the entire
island.

Shoreline features such as wave-cut benches 6 to 8 feet above sea
level and at mean sea level, pebble and boulder benches caused by
present wave activity, and slightly higher and turf-covered sea cliffs
resemblethose of Amchitka Island (Powersand others, 1960).

Rat Island ison themidpart of that segment of the Aleutian Ridge
which includesAmchitka and southern Kiska Islands (fig. 79). Some
features of the submarine physiography around Rat Island resemble
those around each of theother two islands. A wide bench at a depth
of about 300 feet is southwest, and perhaps northwest of the island.
Tothenortheast, thisbenchismissing and is replaced, at that depth,
by a steep slope which resemblesboth the opeinto Murray Seavalley
(Gibson and Nichals, 1953) west of southern Kiska Island and the
slope north of the east end of Amchitka Island. A second, more
steeply sloping bench terminates shoreward in submerged cliffsand
more rugged topography. This bench is well formed at a depth of
about 165 feet along the south, but poorly formed along the north side
of theisland (pl. 70). A third bench, between the 50-foot submarine
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contour and the present shoreline, is more than half a mile wide
around theisland except in avery few places.

GEOLOGY

Volcanic rocks of subaerial and submarine emplacement make up
Rat Island. The rocksare mapped as two formations, onelimited to
the southeastern part of theisland and probably older, and the other
isinthenorthwestern two-thirdsof theisland. Therocksin the south-
east area, here named the Rat formation, are lava flows and breccias
of porphyritic hornblende andesite and conglomerate derived from
them. The rocks forming the larger northwest area, here called the
Gunners Cove formation, from the small embayment of that nameon
thenorthside of theisland, aretuffsand lava flowsdf basaltic compo-
sition, and sandstone and conglomerate made up largely of basaltic
material, but including some hornblende andesite possibly from the
Rat formation.

Therocksdf theRat formation arelithologically similar to parts of
the Amchitka formation; those of the Gunners Cove formation are
similar in lithology and type of occurrence to the Banjo Point of
Amchitka Island (Powersand others, 1960). The samefossi| pecten
has been collected from the Gunners Cove and the Banjo Point rocks.

RAT FORMATION

The Rat formation contains only andesitic rock and conglomerate
derived from it. The most abundant andesite is porphyritic and has
many conspicuous phenocrysts of zoned plagioclase and elongate
prisms of hornblende. The rock occurs as thick, columnar-jointed
lava flows and massiveflow breccia. 1t isthe only constituent of the
pebblesand cobblesof afew layersof conglomeratewithin theforma-
tion. Phenocrysts make up about athird of therock: zoned labrado-
rite-andesine crystal saslarge as1.cmare abundant but not conspicuous
bemuse they are unaltered, and prisms of green hornblende from 1
to 5 mm long are conspicuous but less abundant (from 10 to 15 per-
cent). Thereareaso aFewn phenocrystsof augitic clinopyroxeneand
apatite. The groundmass is dominantly stubby crystals of sodic
plagioclasein intergranular texture, containing a very small amount
o interstitial cryptocrystalline material having a low index of re-
fraction. Commonly therock isaltered sothat theplagioclasecrystals
appear a chalky gray to white, and the groundmass is speckled gray
and greenish gray. At the head of the cove about 214 milessoutheast
of Gunners Cove, the rock isintensely altered and pyriteis abundant.
One specimen of slightly altered material was collected for analysis
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from the small isolated area of the Rat formation a mile north of
Gunners Cove, though even here most outcrops are red from oxidized
iron. Thesampleisfrom a thick flow that dips about 20° N. judging
from the inclination of well-developed columns. The results of the
analysisaregiven below:

Analysis o porphyritic hornblende andesite from the north coast o Rat Island at
lat N. 61°49'15"", long E. 178°18"41', laboratory No. 64~444, Denver rock
analysis laboratory, U.S. Geological Survey

Analysis H

Norm
(an ajcygle,nlll FaI]{ehl) (an&aj)%r’ogr ﬁo.h]IBCamett)

Si0g o 57.81 | Bo._.______ <0. 001 Qe "13.9
ALO; . 18.34 | Ba_____._.__ .04 o5 S, 6.1
Fey O3 380} Coo___. . 002 ab___._____ 30. 4
FeO . __.__. 1.8 | Cro._._.__ . 004 :3 ¢ DA 30. 7
MgO_ .- 3.81 | Cu_.______ . 005 WO oo m .2
CaO_ ... __. 6.49 | Ga_.____._. . 001 €N oo 9.5
Na,O.________ 3.61 | Li_________ . 001 mb__ ... 4.6
KO . 102 | Ni.___.__ . 002 il .9
H,O0— . _____ L1I7| Rb..____. . 001 hm..______ .6
H,04+____.__._ 1.21 | Se_ce . . 002 F-1 T .3
TiOpo oo e B2 | Sroceoo .07 H, O 2.4
COpceee 01| Vo .02 -
PyOp e A5 Yoo . 004 Symbol 11, 4’7, /'3, 4!
Foo . .02 Ybo oo . 0002
MnO..o. . U/ S . 006

99. 88
LessO._._.-. .01

99. 87

Lessabundant in the Rat formation is an andesite containing many
amphibole phenocrysts, a few biotite phenocrysts, and no augite crys-
tals. Theamphiboleinthisrockisasoahornblende,in yelow, green,
and brownish green, but the colorsare fainter than in the hornblende
of the more common rock. The texture and other constituents are
similar in both rocks.

No fossils were found in rocksof the Rat formation, and the con-
tact with the Gunners Cove formation is not exposed. The trace of
the contact trends north-south acrossthe high crest of theisland and
is probably a high-anglenormal fault. Thesmall area of Rat forma-
tion north of Gunners Cove is probably a window through overlying
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beds of the Gunners Cove formation (pl. 70). Some cobblesof por-
phyritic andesite sSimilar to the rocksof the Rat formation arein the
conglomerated the Gunners Cove formation; it isinferred that the
Rat formation is older than the Gunners Cove formation, and prob-
ably isof Tertiary or older age.

GUNNERS COVE FORMATION

The Gunners Cove formation includes, in approximate order of de-
creasing abundance, tuffaceous conglomerate and sandstone, crystal-
vitric basaltic tuff, and thin flows of basdtic lava. These rocks make
up two-thirds of the island; they are exposed from sea level to an
altitudeof about 1,050 feet. Bedsdip from 5° to 85° in diversedirec-
tions. Becausestructural detailswere not determined, no estimate of
total thicknesscan be made.

The sandstone and conglomerate is made of moderate- to well-
rounded fragments, mostly of basalt but some of porphyritic horn-
blende andesite, in a matrix containing less well-rounded fragments
of basaltic glassand commonly fragments of marine shells. Many of
the beds were deposited in the littoral zone, and one cobble deposit
now exposed on the north shore of Gunners Cove is especialy rich
in fragments of barnacles, echinoids, crinoids, and pectens.

The crinoid and the pectens were identified in 1954 by F. Stearns
MacNeil of theU.S. Geological Survey whoreports:

The crinoid, I'socrinus aff. | . oregonensis (Moore and Vokes) and t he peetens,
Ohlamys aff. C. washburnei Arnold, are consdered to be of probable middle
Tertiary age (Oligoceneor early Miocene). These two species are associated
in rocks in the sea diff north of the mouth of the YachatsRiver, Oregon, which
have been assigned variously to the Pliocene (Arnold), Middle Miocene?
(Weaver), and to the early Oligocene (Vokes, written communication 1954).
According to Parke D. Snavely (oral communication 1959) the locality near
Y achatsisequivalent to somepart of theKeasey for mation.

Basaltic lava occurs as thin flows, some with pillow structure and
some with poorly formed columnar jointing, in thick crudely bedded
partly glassy scoria intruded by irregular-shaped bodies, and in
swarms of thin dikes. One complex of scoria, irregular intrusive
material and thin flows, probably a local vent deposit, forms the
headland of the north shore of Gunners Cove, and a second similar
complex formsa promontory on the Pacific coast due west of Gunners
Cove. The basalt is porphyritic to microporphyritic containing
phenocrysts of augite and olivine, and a few phenocrysts of calcic
plagioclase. Thegroundmassrangesfromglassy tofineintergranular
in texture, and is composed of euhedral to subhedral crystals of
plagioclase and clinopyroxene.
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STRUCTURE

The only obvious structures on Rat Island are high-angle normal
faults. Two directions of faults seem dominant, one strikes about
N. 60° W., paralel with the alinement of the Aleutian Ridge, and
the other, nearly at right angles, strikes approximately north.
Several high-angle faults appear in seacliff exposures and others
have beeninferred fromlinear e ementsd thetopography.

One fault near the west end of the island is nearly vertical, strikes
N. 10° E.,and hasabout 50 feet of displacement. This fault is nearly
parallel to the north-trending contact between the Rat and the
Gunners Cove formations south of Gunners Cove, This contact is
exposed as a fault in the sea diff at Gunners Cove. The high-angle
contact observable on the ridge crest south of Gunners Cove suggests
that the fault is continuous across the island to the south coast.

A shear zone representative of the faults striking N. 60" W. is
exposed in the west shore diff of the small cove 214 miles southeast
of Gunners Cove. The fault dips about 70° NE. Many linear
elements to the topography and the apparent fault scarps in the
submarine topography suggest theexistence of many additional faults
in the area.

Fieldwork wasinadequate to determine the presence of any signif-
icant folds or structures in the rocks.

GEOLOGIC HISTORY

The first geologic event recorded on Rat Island is the eruption
of porphyritic andesite lava flows and flow breccias, probably sub-
aerial. Land areas probably were small, as marine conglomeratede-
rived from these lava flows are locally interbedded with them. The
age of this activity is known only to be before the emplacement of
the Rat formation.

The rocks werefaulted and chemically altered, and some pyrite was
introduced along the fracture zones. By anaogy with the history of
Amchitka Island, this occurred perhaps in more than one episode.

Erosion of these rocks preceded and accompanied middle Tertiary
volcanic activity during which rocks of basaltic composition were
erupted. Much of this activity was submarine, but locally shoals
and many small islands were formed. Regional subsidence during
this time is inferred from accumulation of these shoal deposits to
thicknesses of several hundred feet in a region including the Rat,
Amchitka, and southern Kiska | slands.

Before the last mgjor glaciation, the island was uplifted, perhaps
in more than one episode, and the topography shaped by both sub-
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aerial and marine erosion. Possibly theridge crest at an altitude of
350 to 400 feet and almost certainly the terrace at about 180 feet,
are wave-cut platforms. The 180-foot terrace* may be a platform
cut at the sealevel of thelast interglacial sea

The broad bench submerged about 300 feet* may be the wave-cut
bench of a low sea level during a glacia maximum. A shallower
bench that terminates in an inferred shoreline at a depth of 165 feet *
may be related to the last glaciation.

After the last glaciation, a shoreline was formed whose cliffs are
beyond present wave attack and whose boulder beaches were the site
o many Aleut dwellings.

Six to eight feet below these boulder beaches are the tops of the
storm beaches, whichresult from present waveactivity.
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