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EXPLANATION

MAGNETIC CONTOURS--Showing total intensity magnetic field
of the Earth in gammas relative to arbitrary datum.
Hachured to indicate closed areas of lower magnetic

intensity.

Contour interval 10 gammas

MAXIMUM OR MINIMUM INTENSITY--Location measured within
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FLIGHT PATH--Showing location and spacing of data

151°30°
58°30°

10 n ks
A/ &

. “;/+ /Ba/%{

g =

s K Np?l-f anof

;

N T

{
(e \ /
< S >

° =600 " | 1415 Rks

i 4

\
_ Outlet Cape

| L
y ) ,6°0t s

,,(,‘."

Exe Cape lzht

Sy %00
e S SN S S : o
ust;om:tmm‘/\ Sop. A

/ 580

58°00°

58°00°
153°30°

Base by U.S. Geological Survey, 1952, 1975

153°00°

152950"

152°30’

AEROMAGNETIC MAP

SCALE 1:250 000

152°10°

20 MILES
]

5 0 5 10 15
B e e fe— —
5 0 5 10 15 20 25

30 KILOMETERS
]

CONTOUR INTERVAL 200 FEET
NATIONAL GEODETIC VERTICAL DATUM

OF 1929

152°00°

151°30°

Aeromagnetic survey flown and compiled by LKB Resources, Inc., 1979

PRELIMINARY GEOLOGIC INTERPRETATION OF THE AEROMAGNETIC
MAP OF AFOGNAK AND SHUYAK ISLANDS, ALASKA
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DESCRIPTION OF MAP UNITS1
Q s SURFICIAL DEPOSITS (QUATERNARY)
k K KODIAK FORMATION (UPPER CRETACEOUS)
K C CAPE CURRENT TERRANE OF CONNELLY ( 1978) (UPPER CRETACEOUS)

UYAK COMPLEX (LOWER CRETACEOUS)--As mapped, includes some
blocks of pre-Cretaceous age

Kux

ULTRAMAFIC ROCKS

Ja | AFOGMAK PLUTON (JURASSIC)

TS SCHIST OF KODIAK ISLAND (JURASSIC)

SHUYAK FORMATION (UPPER TRIASSIC)--In this area, divided into:
Sedimentary member

Rss

Volcanic member

Rsv

3 GABBRO OF UNKNOWN AGE

‘LW\P AMPHIBOLITE OF UNKNOWN AGE

1For a more complete description of map units, see text and Connelly

and Moore (1979).

CONTACT - Includes both intrusive and tectonic

contacts; dashed where approximately located

/__——Q."‘ FAULT - Approximately located except at coastline;
dashed where existence doubtful; queried where
uncertain; dotted where concealed

—'-'-f"' THRUST FAULT - Approximately located except at
coastline; dotted where concealed; sawteeth on
upper plate

('/rp\ AREAS OF NEGATIVE ANOMALIES - R, Possibly caused
e
by reversed remanent magnetization; P, Possibly

caused by polarization or "edge" effects; L,

Unspecified origin

INTRODUCTION

An aeromagnetic survey was flown over Afognak and Shuyak Islands and
vicinity (fig. 1) in 1979 as part of the Chugach RARE II Wilderness mineral
assessment program, but the area was subsequently deleted from that Wilderness
program. The resulting aeromagnetic map, at a scale of 1:250,000, was
released on open file by the U.S. Geological Survey in 1980. This brief
interpretive report has been prepared to aid future detailed geologic mapping
and geochemical studies of Afognak and Shuyak 1Islands, to assist in
interpretation of offshore magnetic anomalies (Fisher, 1979, 1981; Fisher and
others, 1981a, 1981b), and to demonstrate the potential usefulness of
aeromagnetic data in solution of geologic problems over northwestern Kodiak
Island whose geology is similar to that of northwestern Afognak Island.

The aeromagnetic survey was drape flown at a height of about 300 m above
the surface, along flightlines spaced about 1.6 km apart. Lines were flown
northwest and southeast, perpendicular to the regional geologic trend. A
fluxgate magnetometer was used to measure the total magnetic field. Magnetic
anomalies were computed from these total-field data by subtracting the
International Geomagnetic Reference Field (IGRF) of 1975 (updated to 1979) and
then adding a 56,000-gamma constant; the resulting anomalies were contoured by
computer using a 300 by 300 meter grid. A reconnaissance geologic map of
northwest Kodiak, Afognak, and Shuyak Islands, prepared by Connelly and Moore
(1979), and references cited by them provide the geologic background for this
map and report. Several major rock units are sources for distinctive
anomalies shown on the aeromagnetic map.

SUMMARY OF GEOLOGY

Sedimentary and igneous rocks of Mesozoic age form most of northwestern
Afognak and Shuyak Islands, although a few Paleozoic fossils have been found
within a melange unit. A brief description of major rock units, summarizing
descriptions of Connelly and Moore (1979), follows:

Shuyak Formation

This formation consists of a lower sequence of pillow greenstone of
tholeiitic composition, pillow breccia, tuff, and argillite wnit ® sv that is
overlain by an upper sequence of volcanogenic sandstone, conglamerate,
argillite, and tuff unit & ss. Both sequences are thought to be Late Triassic
in age.

Schist of Kodiak Island

A schistose belt of presumed metasedimentary and metavolcanic rocks of
Jurassic age extends from Kodiak Island into the southwestern coastal region
of Afognak Island. The metamorphic grade ranges from the greenschist to the
amphibolite facies, and includes rocks of the blueschist facies. K-Ar ages
range from 162 to 192 m.y.

Afognak Pluton

An elongate plutonic complex trends northeast across Afognak and Shuyak
Islands and has an intrusive contact with the Upper Triassic rocks to the
northwest. The complex is mainly tonalite, amphibole diorite, hornblende
quartz diorite, and gabbroic phases. K-Ar ages of 184 to 193 m.y. (Jurassic)
have been reported (Connelly and Moore, 1979). Hill (1979) reported that the
Afognak pluton has geochemical affinities to plutonic and volcanic rocks of
normal (subduction-related) magmatic arcs.

Uyak Complex

This melange unit includes argillite, gray chert, minor tuff, massive
arkosic sandstone, pillowed and massive greenstone, bedded radiolarian chert,
minor limestone, and tuffaceous argillite. Fossils found in various blocks
within the melange include Paleozoic(?), Permian, Iate Triassic, Late
Jurassic, and Early Cretaceous forms. Several bodies of gabbroic and
ultramafic rocks have been found in melange of the Uyak Complex, especially on
Kodiak Island. The complex is everywhere in fault contact with adjacent rocks
on Afognak and Shuyak Islands. The Uyak is probably correlative with the
McHugh Complex of the Kenai Peninsula and Anchorage area (Clark, 1973, Tysdal
and Case, 1979).

Kodiak Formation and Cape Current terrane of Connelly (1978)

The Kodiak Formation is part of the widespread flysch sequence of the
Chugach terrane (Berg and others, 1972, Jones and others, 1981) off south-
central Alaska. The formation includes massive arkosic to volcanogenic
sandstone, argillite, slate, and "suspended"-pebble conglomerate. A few
exposures of vesicular pillow basalt and pillow breccia occur in the Cape
Current terrane of Connelly (1978) in association with pelagic limestone
containing Turonian to Santonian foraminifers. A few fossils of Late
Cretaceous Age have been found in the flysch sequence (Jones and Clark,
1973). The rocks appear to be isoclinally folded and strike northeast; most
axial surfaces dip northwest.

FAULTS

Major faults separate several of the rock units. Near the northwest
corner of Afognak Island, a northwest-dipping high-angle normal(®) fault
separates the Triassic volcanogenic strata unit &ss to the northwest from the
Triassic greenstone belt (unit & sv) to the southeast. A large fault,
presumably continuous, separates the Afognak pluton and schist off Kodiak
Island on the northwest from the Uyak Complex to the southeast. This fault is
considered to be a high-angle, northwest-dipping reverse fault, which may
represent the continuation of the Border Ranges fault of MacKewett and
Plafker (1974) (see discussion by Fisher, 1981). A third major northwest-
dipping thrust or reverse fault separates the Uyak Complex from the Kodiak
Formation. This fault occupies a geologic position analogous to the Eagle
River fault to the northeast in the Anchorage and Seward quadrangles: (Clark;
1973; Tysdal and Case, 1979) that separates the McHugh Complex from the Valdez
Group.

INTERPRETATION OF AEROMAGNETIC MAP

Magnetic anomalies over the northwest side of Afognak Island hiave high
amplitudes and steep gradients, indicating that sources of the anomalies are
at or near the surface. Some conspicuous elongate magnetic highs have
amplitudes of more than 1,000 gammas, but most of the positive anomali.es range
between 100 and 500 gammas. Numerous magnetic lows of a few tens of gjammas to
more than 100 gammas also occur in the northwest part of the map area.
Magnetic lows may be produced in several different ways:

First, some lows are the result of a topographic effect of tlhe drape
flying. Because of the rugged steep terrain in much of the area, drape flying
at a constant elevation of about 300 m above the surface was imposssible to
achieve. Flight elevations were approximately 300 m over ridge crests and
lakes, but over the narrow deep glacial valleys and fiords the aircraft could
not safely maintain a constant height above the surface and normally f'lew at a
height greater than 300 m; therefore some apparent anomalies result from the
geometry of the actual survey. For example, magnetic lows may appear over
valleys if the topography is carved in a magnetic medium even though magnetic
properties do not vary laterally. On the other hand, if the magnetic 'basement
is buried beneath the topographic relief, magnetic highs may occur over
valleys because the aircraft is actually closer to the magnetic basement than
over the ridges, even though the distance above the ground surface may be
greater over the valleys. A possible additional effect is that of the: Earth's
main dipole field: an elevation increase of 1 km above sea level can decrease
the Earth's main dipole field by about 25 gammas. Griscom (1975) further
discussed problems inherent in drape flying (see also Case and others, 1979).

A second cause of magnetic lows may be reversed inclination of the
Earth's magnetic field at the time the rocks acquired their magnet:ization.
Thirdly, many are normal polarization lows caused by the dipolar nature of
magnetization. Finally, some lows may be due to alteration of otherwise
magnetic rocks. Because no results of paleomagnetic properties have been
published for rocks in the area (although several investigations are in
progress), it is presently impossible to assess the likelihood of remanent
magnetization as a producer of the lows.

MISCELLANEOUS FIELD STUDIES
MAP MF-1718

Anomaly groups are discussed below, fram southeast to northwest across
the islands. The southeastern two-thirds of the map area is almost
magnetically featureless. Magnetic anomalies over the Kodiak Formation are
small in extent and of low amplitude (less than about 30 gammas). Small
positive anomalies may be related to isolated volcanic bodies (unmapped or not
exposed). This subdued magnetic expression characterizes most of the flysch
deposits here, as it does in the Chugach terrane in the Seward and Blying
Sound quadrangles, in the Prince William Sound region (Case and others,
1979). Gentle magnetic gradients indicate relatively great depth to magnetic
basement (5 km or more). A closed low of 30 gammas near Katenai Hill, north
of Afognak Bay, remains unexplained because the geology has not been mapped
there.

The melange of the Uyak Complex, which is bounded by two major northwest-
dipping reverse or thrust faults, has a subdued magnetic pattern nearly
identical to that of the McHugh Complex of the Seward quadrangle (Case and
others, 1979). Although most of the magnetic pattern over the Uyak Complex is
subdued, a series of small oval highs, having steep magnetic gradients, are
discontinuously distributed across the outcrop area (g). Many of these highs
have a close spatial correlation with greenstone bodies (shown on detailed
inset maps of Connelly and Moore, 1979), and we infer that most of them are
caused by greenstone or ultramafic blocks, similar to relations in the McHugh
Complex of the Seward quadrangle. The southeast limit or envelope of the oval
anomalies closely parallels the major fault mapped between the Uyak Complex
and Kodiak Formation. But locally, this 1limit diverges from the previously
mapped trace of the fault contact with the Kodiak Formation. This divergence
is greatest near 58°17' N., 152°42' W., where anomalies of steep gradient
extend over rocks mapped as part of the Kodiak Formation, but the geology is
poorly known where these discrepancies occur.

Unfortunately, where the Uyak Complex and the schist of Kodiak Island are
in contact, these rocks have little difference in magnetic expression. Small,
low-amplitude highs over the schist belt may be caused by (1) magnetic rocks
(amphibolite?) within the belt, (2) concealed masses of the Afognak pluton,
(3) ultramafic bodies, or (4) greenstone layers below the northwest-dipping
reverse fault.

The most highly magnetic rock unit of the area is the Afognak pluton.
Magnetic susceptibility of 41 specimens of igneous rocks from western Afognak
and Shuyak Islands were measured to determine variation in susceptibility as
comapred with bulk composition. Samples were supplied through the courtesy of

Dr. M. D. Hill, Earth Sciences Department, Northeastern University, Mass.
Seventeen specimens have susceptibilities of 0.001 to 0.004 cgs units
(moderately to strongly magnetic). Six specimens have susceptibilities

greater than 0.004 cgs units. The more mafic specimens, which are amphibole
gabbro, tend to be more magnetic than the tonalite, diorite, and quartz
diorite. Anomalies over exposed parts of the pluton range from a few hundred
to more than 1,000 gammas, indicating the variability of magnetization. Steep
gradients on the flanks of most of the anomalies indicate that the source
rocks crop out or are buried at relatively shallow depth below the surface,
generaly within 1 km of the surface.

The near-continuity of anomalies over the pluton is interrupted near
Shuyak Strait in the northern part of the map area and near Raspberry Strait
in the southern part. On Shuyak Island, the steep gradient on the southeast
flank of the magnetic high lies considerably west of the trace of the fault
that lies between the pluton and the Uyak Complex. This may be evidence that
the fault dips northwest, as inferred fram geologic mapping , or that an
unmapped subparallel fault occurs on the northwest side of Shangin Bay. The
large negative anomalies on the flanks of the high on Shuyak Island are
probably polarization lows (or edge effects).

In several areas it is difficult to distinguish anomalies caused by the
Afognak pluton from those caused by the Triassic volcanic rocks unit R sv
especially adjacent to Malina Bay. Resolution of the origin of such composite
anomalies will require more detailed geologic mapping.

Conspicuous magnetic highs and 1lows occur over the Triassic mafic
volcanic rocks. In the absence of available measurements of remanent
magnetization, it is unknown whether or not some of the lows are caused by
reversed remanent magnetization. Some of the lows, especially the one on the
northeast side of Foul Bay (near VABM Black Cape), have an inverse correlation
with high topography, and we suspect that either reversed remanent
magnetization or alteration of original magnetite causes the anomaly.

Steep gradients caused by Triassic volcanic rocks bound the northwest
side of the northern belt of anomalies, and these gradients are close to the
mapped contact between the volcanic sequence and the relatively nonmagnetic
Triassic sedimentary sequence.

Both positive and negative aeromagnetic anomalies were detected offshore
along the margin of Shelikof Strait. The positive anomalies could be caused
by either the Afognak pluton or the Triassic volcanic sequence.

Marine magnetic data were obtained by the U.S. Geological Survey in
fiords along the northwest coast of Kodiak Island and over the continental
shelf between Kodiak and Sutwik Islands (Fisher and others, 1981a, 1981b).
The dominant marine magnetic anomaly in these data, called the Shelikof
anomaly (Fisher, 1981), appears to coincide closely with the aeromagnetic
anomaly at mouth of Kupreanof Strait, and is most likely caused by plutonic
rocks that correlate with the Afognak pluton. Magnetic data obtained over
offshore strike extensions of the Uyak Complex and Kodiak Formation show only
minor anomalies, and are in agreement with aeromagnetic data obtained over
equivalent rocks on Afognak and Shuyak Islands. South of the map area the
Shelikof anomaly extends southwest of Kodiak Island; about 25 km southwest of
this island, the anomaly attains its largest observed value of 1,100 gammas.
Ssouthwest of this peak value, the anomaly abruptly decreases in average peak
value and increases in width but continues to the southwest 1limit of the
magnetic data southwest of Sutwik Island.

A single trackline passes between Shuyak Island and the Barren Islands to
the north, and magnetic data obtained along this trackline show that the
Shelikof anomaly extends northeast of Shuyak Island (Fisher, 1981). Rocks
correlative with the Afognak pluton crop out on the Barren Islands (Cowan and
Boss, 1979); magnetic data along this isolated trackline suggest that the
plutonic rocks underlie the offshore area between Shuyak Island and the Barren
Islands.

Several zones of steepened magnetic gradients trend northwest, especially
north of both Raspberry Strait and Foul Bay. Similar zones have been
identified on the Alaska Peninsula in the Chignik and Sutwik Island
quadrangles, where they are interpreted to reflect a rather fine-scale
segmentation of the magmatic arc that is related to convergence across the
Aleutian trench (Case and others, 1981; Fisher and others, 1981a). These
zones on Afognak Island may also reflect topographic effects of drape flying.

DISCUSSION

The belt of magnetic highs over the Afognak pluton and the Triassic mafic
volcanic rocks is essentially on trend with the "Knik Arm anomaly" discussed
by Grantz and others (1963). Indeed, as more data accumulate, it becomes
apparent that an intermittent magnetic high may extend from the central part
of the Valdez quadrangle (U.S. Geological Survey, 1979), along the margin
between the Chugach terrane and the south flank of the Copper River Basin
(Andreasen and others, 1964), through the Anchorage quadrangle, and across the
Kenai Peninsula to the latitude of Homer. From there the high appears to
extend south across Afognak and Kodiak Island and beyond. This seemingly
continuous anomaly is caused by a diverse suite of intrusive rocks ranging
from layered gabbro to quartz diorite (Valdez quadrangle, Winkler and others,
1981, Case and others, 1985), with ultramafic rocks (near Anchorage) and
tonalite, quartz diorite, and gabbro on Kodiak, Afognak, and Shuyak Islands.
Available K-Ar ages for these intrusive bodies fall between 154-171 m.y. for
the northeastern part of the belt (Winkler and others, 1981) and 160-190 m.y.
for the southwestern part (Connelly and Moore, 1979). This age difference may
indicate that the magmatism shifted geographicaly with time.

The geologic enviromment of such a long but relatively narrow belt of
intrusive rocks of such diverse composition, located along a major suture zone
(Border Ranges fault and associated faults), is an enigma for which no
generally accepted geologic model exists at the present time. However,
numerous investigations of the problem were underway by several governmental
and academic groups in 1982. The problem is compounded by the question of
which accreted terrane was the original site of magmatism: the Peninsular

terrane, the Kachemak terrane, or Wrangellia (as defined by Jones and others,
1981; and Coney and others, 1980), or an independent magmatic terrane.
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Figure 1.--Major magnetic features and tectonostratigraphic terranes of

southern Alaska. Terranes slightly modified from Jones and others (1981):
ACr, Alexander (Craig); Bp, Broad Pass; C, Chugach; CY, Chugach (Yakutat); Ch,
Chulitna; Ow, Clearwater; KJf, deformed upper Mesozoic flysch; Nn, Nenana; P,
Peninsular; PO, Pacific ocean floor; PW, Prince William; Su, Susitna; W,
Wrangellia; Wf, West Fork. Postaccretionary rocks: K, middle and wupper
Cretaceous sedimentary rocks; Cz, Cenozoic sedimentary and volcanic rocks.
Note that plutonic rocks are not shown except for magnetic features III, IV,
and V. Magnetic features: I, linear magnetic anomalies of Pacific Ocean
floor; II, continental slope anomaly; III, Shelikof anomaly; IV, Knik Arm
anomaly; V, North Chugach Mountains anomaly; VI, North Fork anomaly; VII,
Copper River Basin anomaly; VIII, Cook Inlet anomaly. Afognak and Shuyak
Islands shown by heavy line.
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