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STUDIES RELATED TO WILDERNESS

The Wilderness Aet {Pubtic Law 88577, September 3, 1964) and related acts reguire the .8, Gaeologlcal Survey snd the
U.8. Buresu of Mines to survey certain areas on Federal lands to determine their mineral resource potential. Results must be
made avatieble to Lhe public and be submitted to the President and the Congreas. This report presents the results of a geophysical
survey of the Chugach National Forest, Alaska, including the Nellie Juan-College Fiord Wilderness Study Area estsblished by

Public Law 96-487, Dec. 2, 1986,

INTRODUCTION

The saromagnetic map of the Chugach Wilderness area
is a composite of four maps prepared by government
contractors supporting tnls project and three projects of the
Alaskan Mineral Resource Assessment Program (AMRAP)
Acromagnetie sucveys were flown between 197S and 1879 by
two separate contractors, whose resuits were publlshed and
interpreted separately as components of the (foliowing
AMRAP quadrangle (or extended quadrangle) projects:
Seward-flying Sound (U.S. Geological Survey, 1978; Case and
others, 1979b); Valdez (U.S. Geological Survey, 1979b; Case
and others, 1988); Cordove~Middieton Island (U.S, Geological
Survey, 1979a); and Anchorage (U.S. Geological Survey,
1980), The pubiished interpretations of components of the
Chugach survey provide somewhat fuller treatments of the
data and muitiple maps, which permit readers to make
compar{sons hetwean the aeromagnetic data and topography
ag well as geologic interpretations. The mep in thig report is
o gsomposite of the aeromagnetic data, printed on a
topographic bese showing only shorelines, culture, and
drainage, to which have been added overpcints of the
generallzed geology pilug the framework for a simplified
aeromagnetic interpretation. Aeromagnetic data ate not yet
gvallable {or two smal areas on the mnorthern and eastern
sides of the nat{ona! forest, which were late additions to the
study sres, The three southernmost refraction profiles of the
Trans Alaska Crustal Transect (TACT, Page and others,
1986), lie within the mapped ares, and consideration of the
combined data sets shouid improve both the magmetic and
gseismic interpretations. The recorder and shot point
locations of these 1284 and 1985 seismic measurements are
thus shown on the Chugseh gravity map (Barnes snd Morin,
1990). The text also mentlons two magnetic features, the
interpretation of which shoutd be aided by the seismic results.

AEROMAGNETIC DATA

The peimary specifications of 1-ml flightline
seperation and 1,000-ft above-mean-terrain DNight elevation
were |denticat for all components of the swurvey, but
differences in equipment, jn flightline orlentation, and
especially in the contractor's treatment of the data caused
significant differences between individual parts of the
aeromagnetic map. Data for the southern two-thirds of the
map were acquired by Geometries Ine., which used a proton-
precession magnetometer on north-south flightlines and then
contoyred the diffecence between the obsarved magnetie
tield and the International Geomagnetic Referense Field data
of 1963 (IGRE) updated to 1976 (FPabiano and Peddie, 1969).

Use of trade names in this report is for descriptive
purposes only and does not imply endarsement by the
U.S. Geological Survey.

Thus both halves of the southern part of the mgp (Sewerd-
Blying Sound and Cordova-Middieton lsland) heve the same
datum, ard the contours are continwous across the two
southern parts of the map.

Data for the northern one-third part of the map were
acquired by LKB Resources, lnc,, which uwsed a model
ANASQ-10 fluxgate magnetometer on N. 50° W. end S. 50° E,
flightlines in the west (Anchorage quadrangle) and north-
south to N. 13° B. or 8. 15° W. flightlines in the east (Valdex
quadrangle). Regional gradients determined from mean
valyes of TGRF date were removed from the magnetic fleld
values, but constants of 58,000 and 57,000 gammas were then
added to the residual velues to approximate the mean total-
intensity magnetie field in each quadrangle.

These differences in flight and Jdata-reduction
procedures cause significant differences In cortour values,
magnetic datumn, and even ocontowr form across the
quadrangie boundaries of the two northern surveys. Attempts
to eliminate the differences by redrawing and relabeling the
contours would involve either complete data reproeessing or
anjustified assumptions, but the maesn datum differences
between the surveys can be estimated. Labeled magnetic
field strengths in the Anchorage quadrangle are about
57,290+30 gammas higher than the labels of contours in the
Seward qusdrangle to the south; and those In the Valdez
quadrangle are about 57,540430 gammas higher than adjo/ning
labels in the Cordova quadrangle. Thus the labeled fleld
strengths in the Valdez quadrangle are about 258t10 gammas
higher than those in the adjoining Anchorage quadrangle. 'The
eontour interval is 5 gammas throughout the map except
where dropped in regions of high geadient and tn the Vaidez
quadrangle, whnere the contour interval Is 10 or locally 20
gammas because of much steeper gradlants In other parts of
the quadrangle.

Nomlnal fight elevations for all parts of the swrvey
are stated as 1,000 [t terrain clearance (Lc.) or above mean
terrain (amt), but in practice the afrcraft could not malntain
a constant elevation above the ground surface over
topography ez rugged as that of muech of the Chugaeh
Nationa] Porest. Over the ocean and areas of subdued
topography the aircraft was probably close to 1,000 ft above
the terrain, bat over rugged topography the sircraft's healght
was significantly greater than 1,000 ft above valley {loors and
it was probably cloger than 1,000 ft to ridge and hill crests.
Furthermore, when climbing towerd the higher parts of &
mountain renge, the aircraft's abiiity to parallel the
underlying terrain was probadly less than on a raturn leg
white descending to lower clevations. The effects of these
departures from perfect "drape (flying" varied somewhat
depending on the magnetic properties of the rocks formlng
the topography. Where the rocks sre magneti¢ and the [ield
is normally induced, the ridges tended to produce magnatic
highs and the valleys produced magnetic lows. Mowever,
when in valleys the aircraft Is closer to deep sources of
magnetic anomalies and to the center of the Barth's dipolar



magnetic fleld. At this latitude the Earth's magnetic fjeld
has a vertical gradient of about -8 gammaes per 1,000 feet of
elevation Increase, so an aircraft descent of 3,000 ft can
cause a W-gamma increase. Although topographic contours
are not shown on the present map, the princlpal valieys are
indlcated by river and glacier drainage, and some topographic
or flight~elevation anomaties are mentioned in the discussion
ol regional anomaltes, Combined aeromagnetic and
topographic maps are published in the aeromagnetic
interpretations of the individual quadrangles forming parts of
the study area (Case and others, 1079b and 1986); and longer
digcussions of topographic and flight-elevation effects on
Alaskan aeromagnetic data can be found in Griscom (1975)
and Cady (1979).

GEOLOQY, LITHOLOGY, AND MAGNETIC
CHARACTERISTICS OF GENERALIZED ROCK UNITS

A separate map in this series (Nelson and others, 1983)
summarizes the regional geology and deseriptions of the rock
units of the Chugach National Porest; a generatized geologic
map derived from It ls part of the base map for this
aeromagnetic map., Other recent summaries of the geology
of some of the component quadrangles have been published by
Tysdat and Case (1879; S8eward and Blying Sound), Winkler and
Plafker {1981, Cordova and Middleton Island}; and Winkler and
others (1941, Valdez),

The predominant rock type of the region ls a flyseh
sequence that ranges in age from Cretaceous through earty
Tertiary, with its older more metamorphased rocks on the
north and west. This fiysch sequence has traditionally been
divided into the Orca and Valdez Groups. Throughout the
past century geologlsts have debated both the distinguishing
chargecteristics of these two units and the placement of the
contact between them (Moffit, 1954). The two groups show
no magnetic distinction, because all sedimentary rocks of the
fiysch have a very low content of magnetite, However, many
assoclated mafic voleaniec roeks and some plutons have
relatively stronger magnetic expresslon and are the main
features interpreted in this report. Most geologists now
beliave the Contact fault (and its strands and extenstons, the
‘Jack Bay, Landlocked, Gravina, and Bagly faults} is the
probable boundary between the Oreca and Valdez groups, but
geophysical trends are continuous across these faults. Neaar
the extreme western boundary of the national forest, the
flyseh sequenca is in fgult contact with an older melange
known as the McHugh Complex, which has strong magnetle
expression west of the projeat boundary. The oniy other
stratigraphic sequence within the study area is & serles of
Bocene and Oligocene formations that are in probable fault
contact with the flyseh In the southeastern corner of the
national forest.

The generalized geologie map that forms part of this
map has been simplified from Netson and others (1985). Many
lithologic units have been combined into simplifjed units with
nearly equivalent geophysiecal propertles, The map
explanation shows which units from the detalled map are
included In each of the simptifled units, Outlines of most of
the alluvial cover have been omitted except in areas where
the alluvial cover obscures other geologic boundaries,
Lineaments, structure symbols, fleld localities, and other
details have been omitted from this generalized geologic
base.

Case and others (1879b) reported the magnetia
properties of hand and shallow-drill-hole speclmens {rom the
mafic-ultramatic complexas of Knlght Island and
Resurrection Peninsyls, These complexes prabadbly contain
the most magnetic rocke wlithin the nationa) forest.
However, Case and others (1978) also recognized that near-
surface weathering had probably lowered the magnetita
content of most specimens and that many of the maasured
susceptibilities were probably too low to explain the
aeromagnetic anomatles. Onty 20 pereent of the 83 random,
unoriented hand specimens had ausceptibilities greater than
1x107" egs (centimeter-gram-second) units, and the maximum
suseeptibilities measured for basalt, dlabgge, and greenstone
were all in the range of 3x107% to 4x10™" cgs, Nearly 400
oriented samples from 9 slitas on Resurrectlion Peninsuta and

Rnight Island yielded simllar susceptibllitles and additional
information about remanant magnetization. In this latter
group, the sheeted dikes had slightly larger susceptibillties
and remanent magnetizations than the pillow basalts had.
Values of Q, the Koenigsberger rat{o of remanent to induced
magnetigation, varied generally in the range of 6.5~1.0 so
that remanent components only locelly domnate the induced
components,  Virtually all the sedimentary rocks, their
metamorphosed phases, and the granites had measured
susceptibilities of less than 1x107 cgs units.

AEROMAGNETIC INTERPRETATION

Correlatlon of the aeromagnetic features with the
gecloglc unlts permits the interpretation of the causes of
some of the anomalies and the drawing of passible unexposed
boundaries of the magnetic rock units. However, much
judgment Is involved In locatlng these boundaries, which
should be used with care. Many boundaries have been copied
directly from previous maps of Case and others (1979b, 1986).

The regional gradient based on IGRP-65 seems to have
adequately approximated the lateral variations of the Barth's
main magnetic (ield over most of the project area. Residual
anomaly contours In the range of 120¢50 gammas (of
nanoteslas) are typfcal of background field strengths over
most of the southeastern part of the Chugach National Porest
(Cordova, emgtarn Seward and adjoining parts of Middleton
Istand, Blylng Sound, and Bering Glacler guadrangies).
However, strong reglonal gradients seem to be present near
both the northern and western edges of the map in higher
parts of the Chugach Mounteins. The contours representing
these gradients trend almost east-west in the north and
north-south in the west. Both of these gradients have
magnitudes of about 2 gammas per inile, which is about 50
percent of the removed IGRF parameters, However,
localization of the gredients to the more mountainous parts
of the Chugach ares and the neer right-angle change in their
directions suggest a geologic explanation involving deep parts
of the crust or mountain system, Perhaps the gradiant could
be an expression of a slab of magnetic materlal dipping down
to depths below the Curie-point isotherm (the temperature
above which rocks cease to be magnetic). The ahange In
direction of the seromagentic contours is somewhat simltar
to chianges in direction of geologic fold axes (Hellwig and
EmmIit, t981) and dip of planes formed by the loci of
earthquake hypoeenters (Lafr, 1975), However, such ideas
are speculations; other features of the magnetic map
represent shallower structures that can de better corretated
with mapped geologic features,

Apart from the regional gradient on the northern and
western -parts of the map, the magnetice field of mueh of the
mountainous part of the Chugsch National Forest Is
remarkably flat and suggests a great depth to magnetic
basement. This flat fleld is typleal of most of the thick
flysch sequences In the nationat forest. Case and others
(1979b) estimate depths of 3—6 ml to sources of some of the
steeper gradients in these areas,

The most promlnent feature of the aeromagnetic map
is ar arcuate belt of Righ-amplitude anomalies thal extends
northeast across the map from near Evans Island and forms a
natural nearly diagonal partition of the map. Thig
aeromagnetic belt closely paraljels or coineldes with a belt of
gravity highs that Case and others (1966) referred to as the
Prince William Sound high; the same geographia name could
also be applied to this belt of aeromagnetic anomalles. The
remaining festures of the meromagnetio map are more local
in nature and can be discussed in two groups, depending on
their position relative to the diagonal Prince Willam Souad
belt of anomalies. The discussion dbeging with the anomalles
in the northwestern part of the mep, proceeds to the Prince
Willizm Sound belt which is considered as & unit, sand
conciudes with anomalies southeast of the beit.

NORTHWESTERN ANOMALIES
Near the extreme northwest corner of the map a

positive aeromagnetic anomaly, indlecated by westward
deflection of the wmagnetic contours (anomaly 1) over



Turnageln Arm, is probably caused by the low elevation of the
afreraft ag It flew over Turnagaln Arm. The 5~ to 15-gamma
amplitude s approximately the increase that would result
from the 500- to 2,000-ft decresse in fight elevation. The
anomaly I3 largely outside the national forest boundary and (s
a good eoxample of the possible topogrsphle effects In
seromagnetic interpretation.

Farther south glong the western side of the map, a
serfes of sma)l magnetlec highs and lows with amplitudes of &
tew gammas (anomalies 2 and 3) seem to be sssoclated with
small plutonic bodles in the McHugh Complex west of the
Bagle River fault. The largast of these (anomaly 3) colncides
with soma maflc and wtramafic rocks reported by Case and
others (1979b).

Some simllar features (anomelles 4 and 5) extend
farther south into the Valdez fyseh, and some of these laws
(labeled 4R) are the result of reversed remanent
magnetization. These are not assoslated with known outcrops
of igneous rocks but probedly represent small, shallow!l
burled igneous Dodies. The largest of these (anomaly 511{
probably represents the source of some geochemical
anomalles {Qoldfarb and Smith, 1987).

East of these anomalies along the western boundary of
the natlona) forest, the magnetle field flattens and shows
primarily the regional gradient and the relatively smooth
field associated with the Valdez flysoh sequence. However,
the regional gradient is not constant from west to east but is
broken into three north-south belts of steepened gradlent
{anomalies 6, 7, 8 and 9). These might result from diurnal
variatlons batween flightlines or erroneous flightline recovery
in rugged topography, but most belts are wider than a pair of
{ightiines and they pacrsllel the reglonal structural trend.
Case and others (1879b) suggosted that they could result {rom
steps fn the depth of magnetic basement or from
magnetization verlations within it or possibly within the
overiylng flyseh, The gentle gradients suggest thal the
source Is probably at depths of 5-10 km. A few local
anomalles that Interrupt the belts probably represent small
bodfes of igneous rocks. One possible voleanic dike or stock,
representad by anomaly 10, Interrupts gradient belt 9 and
may be & cause of geochemjcal anomallegz (Goldfarb and
others, 1984).

South of Portage townslte a long magnetic high
(anomaly 11) follows the belt of schist along the Placer River,
which Case and others (1979b) considered a high-grade
metamorphle unit (chlefly dlotite~zone greenScthS ol the
Valdez Group and which may [nclude small amounts of toff
8nd other volcanlie rocks. Other higher amplitude anomalies
{12 and 13) along this belt may coincide with even higher
grade metamorphlc rooks and possible jncreased propartions
of volesanic rocks. Case and others (1979b) reported
amphibolite-grade rocks in the vieinity of anomealy 12. A
lower amplitude high (anomaly 14) west of the schist outerop
along the Placer River and approximately above the valley of
Lower Trail Leke, could suggest more higher grade
melamorphic rocks at depth or, as Case and otherg (1978b)
suggest, a possible very deeply buried northward extension of
mafi¢c and ultramafic rocks on the Resurrection Peninsula.
Another explanatjon of anomaly 14, however, is that it may
represent another area where the aircraft's low elevation
caused higher measuremensts of the Rerth's primary fleld.
The fact that aignificant snomalies follow the trend of
metamorphic rocks along the Placer River does suggest ihat
the same rocks at depth might cause some of the subtle, low-
amplitude anomalles and steepened gradients observed to the
west.

Parther south along the west sjde of the Placer Rlver
fault, one of the larger and more geologically signlificant
features of the aeromagnetic map (anomalies 13-19) is
associated with the mafic complex of the Resurréction
Peningula. A complex pattern of high-ampUtoude highs ard
lows {(srea 18} correlates with the outerops of the sheeted
dike complex and plllow basalls near the center of the
peoninsule, but the breadth of the anomaly pattern shows that
the rocks are much more extensive than the outerop. Most of
the anomelles are positive, although & few lows over
topographic peaks (area 19) clearly suggest locally reversed
remanent magnetization. Case and others (1979b) sampled o

single site from the most southern of these greas and fou
positive inclination, although revecsed speclmens were fo .4
at other sites on the peninsula. The anomglies clearly extend
offshore to both the south and west. Two anomalles (area 17)
along the northern and eastern sldes of the group, however,
have lengths and magnitudes that suggest a difference in
character and origln from the remainder of the group. Thelr
peaks colncide with flysch areas outside the edge of the
mafic-ultramaflc outerop area, so s buried but probably
related source s suggested. Case and others (1979b)
compared the anomalles to simllar ones mapped over
serpentinite bodles In Callfornla and guggested & similar
ocigin or possibly a large shallowly burted, serpentinized
dunite. They prepared a \wo-dimensional mode) of a buried
secpentinite mass that could explain a magnetic profile acrass
the center of the large northern anomsly, but their model Is
not a unique explanation. The proposed body was a
trapezofdal mass (about 1,500 1 thlck and 5 mi wide) with &
susceptibility of 0.003 cgs units that was burled at a depth of
less than 500 {t. The sloplng sides suggest that much of the
anomaly source Is much deeper, so that a thin serpentinite
slab might be as deep as 2,000 ft beneath parts of ares 186,
representing the deeper margln of the body eausing the broad
anomaly. Anomaly 15 at the northern end is probably a
separate mafle or ultramafle body although [t eould be a
metamorphi¢ feature ke enomaly 13.

Immediately east of the Placer Rlver fault the
magnetie field Is fairly flat and featureless over a very broad
area of flysch. Within this large area Case and others (1978b)
identifled two broad lows (anomelles 20 and 21), which they
speculated might represent thicker flyseh or higher alreraft
clevation above the nigh peaks. Furthermnore, the southern
anomaly may in part be only a dipole polarization effeot of
the adjacent Rasurrection Panlnsula magnetic high,

On the meiniand east of the Placer River fault, the
most prominent anomaly (22) j8 a long arcuste north-to~south
bell of contours representing a steeper gradient, which Case
snd others (1979b) named the 3argent lineament for the
icefleld that It transects. Field strengths on the east slde of
the lineament are 20-50 gammas higher than on the west, and
the slope of the gradient suggests a probable depth of §~10
km for {ts source. Loglcal explanations might be s shallowing
of the magnetic basement or an increase in the magnetization
to the east. Granltlc plutons seem more abundant east of the
Uneament, but thls could be either coincidentsl or &
consequence of changes (n megnetle basement. The
lingament may also In part represent a change In elevation of
the topography and fiight elevatlon glong much of its length.
For example, In the center of the Sargent Icefield the
glaclers on the west slde of the lineament are &t least 1,000
ft higher than those on the esst, which would probably cause
8 10- to 15-gamma magneti¢ gradient because of the change
In airoraft elevation. The gradleni (3 steepened on the
southeast by a serfes of amall magnetic highs (snomaly 23).
Smal) outerops of greenstone on the shore of Whidbey Bay
suggest that these highs might represent burled bodles of
maflc roek.

A varlety of subtle anomalles neasr and east of the
Sargent lineament can probably be correlated wlth varlous
plutons. One of the more obvious ones Interrupts the
linesment near the middle of the srea where It causes an
eastward flexure of the contours (anomaly 24) that correlates
with the outerop of the Nelile Juan granltic pluton. This
pluton thus causes = smsall magnetic low, which suggests
reversed magnetlzation. Other plutons have even weaker
expregsion, for example the Passage Canal pluton (anomaly
25), where the contour fexures cannot be clesrly correlated
with the outerop. This Is, however, the only pluton clearly
west of the Sargent llneament, Parther north between
College Fiord and upper Unekwik Inlet, another group of low-
ampltude anomalies, combined with a northward flexure of
the contours (anomaly 28), is interpreted as suggesting a
granitic pluton, which Is only exposed In a samll outerop south
of Yele glacier. Parther east, gentle contour flexures
(anomalles 27, 28, and 29) seem 10 correlate with outcrops of
the meafie pluton nesr Miners Bay and granitie plutons near
Cedar Bsy snd Columbia Glacier. The avallable magnetle
data do not, however, permit exact delineation of the



boundarjes of such weakly magnetio ptutons. Deeply buried
granitic rocks could underlle a broad area of the southern
Anchorage and northern Seward quadrangles plus adjacent
cornerg of the Valdez and Cordova quadrangles. The daghed
line (anomaly 30) Is a speculative outline of an area of small
low-amplitude anomalles that might be expressions of a single
or composite burled pluton, but other oullines are also
posgible, A more distinet magnetic low (anomaly 31) was
mapped south of College Fiord and north of Esther Passage
over 4 topographic high. It was considered an expression of a
small, concealed and reversely magnetized pluton by Case
and others (1979b). South of this distinet anomaly, a gentle
eastward flexure of the magnetic contours indicates a smatl
low over the pgranitic pluton of Esther Island (anomaly 32).
The anomaly couldd represent weak reversed remanant
magnetization or a lower susceptibility than adjacent rocks,
However, a much more prominent positive anomaly (33)
coincldes with a gabbrolc phase at the southeast corner of the
island, snd the marginal lows are evidence of the dlpolar
nature of the magnetization.

Parther south, the magnetic field mapped over Perry
Istand {anomaly 34) shows the most prominent magnetic
expression of any granitle pluton in the national forest. Steep
gradlents colneide with mapped contacts of the granite on
both the north end south sides of the island, which suggests
that the granite §s the source of the anomalies. However,
susceptibillties measured on & few hand specimens were low,
and the cause of the unique magnetic expression of this
ptuton is uncertaln. Proximity to the previously discussed
ptutons on Esther lgland, where a gabbro body is assoc{ated
with the granitic pluton, suggests that gabbro or other mafle
rocks may underlie the granite of Perry Island at shallow
depth. As another explanation, Case and others (1979b)
suggested that this granite may have been emplaced through
a conslderadle thickness of mafic rocks that contaminated it
with magnetic minerals, Lower amplitude versions ol these
anomalies extend westward (anomaly 35) across Perry
Passage and gre mapped over outerops of the Culross granitic
pluton and nearby sedimentary rocks on both shores of
Culross Passege (anomaly 38). The magnetic field over the
pluton outerop is flatter than that over much of the area
oacupied by sedimentary rocks and includes a few prominent
anomalies near the western margin of the pluton (anomalies
37). This variety of magnetie expression suggests that these
Culross anomalies (35, 36, and 37) may, like the Perry and
Esther Isiand anomaties (32, 38, and 34), have composite
sources that Inelude both granitic and mefic rocks and
poas(bly metasedimentary rocks {Case and others, 1379b).

Farther south, a prominent inear magnetic low
(anomaly 38) follows the coastilne between Poul and Palls
Bays. No plutonle rocks crop out elong this anomaly but
strong reversed remanent magnetization of a4 near~surface
Intrusion body is suggested. Stil) farther to the south, the
Bshamy pluton seems to have little magnetle expression on its
eastern and western sides, but two prominent magnetic
anomalies (39) correlate well with a central gabbroic phase,
The Eshamy pluton thus appears to de composite with both
geanitic and mafic phases. Still farther to the southwest,
another group of small magnetic highs and lows (area 40)
occurs gt the northern end of anomaly 28 and by simiiarity to
other anomalies suggests a granitic, matle, or composite
pluton. In this group, two small megnetie lows eoincide with
high  topography and suggest reversed remanent
magnetization.

In the extreme northern part of the national forest,
north of the granitic and composlte plutons, the magnetic
contours in the Anchorage quadrangle trend northwest-
southeast {anomalies 41), These trends parallel the flightlines
and represent narrow highs and lows; a few of the axes have
been drawn on the map for emphasis. Most of these highs and
lows have amplitudes of §-16 gammas and widths of one or
two flightline spacings. The trends do not extend beyond the
quadrangle boundary into tha Valdez quadrangie, where the
{itghtline directions were north or south. The narrow highs
and lows are thus believed to be a result of either the data
collection or data compilation in the high mountains. Perhaps
the alreraft had greater problems in malntaining an accurate
ground—clearance elevation when ellmbing toward the higher

peaks of the Chugach Mountains than on a reverse flightline
when flying toward a lower elevation. Perhaps a problem was
encouyntered in recovering correct flight elevatlon for a
tiellne flown along a serrated ridge line so that locatlon could
be more accurately checked. Whatever their cause, these
rorthwest trands are not considered en expresslon of geotogy,
and the true magnetic field Is probably very smooth as in
most of the mountalnous flysch areas to the sast in the
Valdez quadrangle.

In the northern and northeastern parts of the nationat
torest (area 42), the magnetic field is very ftat and suggests a
great thickneas of flysch (probably 3-5 ml). One palr of small
anomalies (ares 43) oceurs near outcrops of Valdew Qroup
voleanie rocks, which probably cause the anomalles. A few
other smaller anomalies may have similar causes, although no
assoclated volecanic outcrops have been mepped. Other
almost ldentical anomalies (area 44) were mapped south of
the Jack Bay strand of the Contaet fault, but these anomailes
nominally represent volcania roeks of the Orea Group. Theve
is no signifleant di{ference (n the anomalies and probabdly
little difference In the causative rock bodies.

PRINCE WILLIAM SOUND BELT

Southeast of the granitic and composite plutons is a
belt of complex end high-amplitude anomalies that are the
mogt prominent feature of the Chugach National Porest
aeromagnatic map. This arcuate belt of anomaties follows
outerops of predominantly mafic voleanle rocks and minor
gabbro and ultramafic bodies north-northeastward along the
trend of Rirlngton, Bvans, Knight, Eleanor, and Glacler
1alands and then eastward south of Bligh Island, Rilamae, and
the mountainous spine that inciudes Mt, Denson, the cirques
of Wortmanns, Woodworth, and Schwan Glacier, and Cordova
Peak. Copper mines and deposits are found along or close to
this belt of anomalles. The character of the anomalles along
tha trend varies, and the reasons for some of the variations
are poorly understood. In spite of discontinuities and
varlations, the anomalies along the belt are best disoussed as
parts of a unit, beginning with the zone of beat development
and outorops, then southward to the most Important
mlneratienation, then northward and eastward into zones
where the anomatles are poorly developed and could be
diseontinuous.

On Knight Island (anomaly 45) the highest-amplitude
anomalles approximately coincide with the contact between
the sheeted dike complex and the pillow basaits.
Measurements on hand speclmens suggest that the sheeted
dlkes are slightly more magnetic than the basalts, but the
amplituede of the anomaldes may be more a function of
thioknesa of the ssquence of magnetle rocks than of their
magnetic properties, The mafic assemblage Inetudes sheeted
dlke complexes, pillow basalts, pillow breccies, mafle sills,
sma}l gabbrole bodies, and three smaller ultramafia units of
dunite and peridotite. The largest negative anomalles oceur
over low topography, but some magnetic lows are probably
the result of reversed remanent magnetization. On the
eastern side of the island, lower ampMtude anomalles are
present over the sheeted dikes, pitlow basalts, associated
sedimentary rocks, and offshore areas (anomaly 48). These
fowar amplitudes can result from a possible higher degree of
metamosphigm, increased oroportion of interbedded
sedimentary roaks, sea-fioor alteration, or an averal} thinning
of the magnetic section. The contours suggest that all the
anomaties of northern Knight Island and adfacent iglands may
be guperimposed on & broad almost ovat high. Cese and
others (1879b) have suggested that this broad anomaly could
rapresent a deeply buried volcanic center or Joasl seamount,
although they knaw of no supporting geologle evidence.

The anomaly belt is widest and the amptitudes are
highest near Knlght and Chenega Isiands, which have the
largest varlety of rocks interpreted a3 causes of the
snomalies. Here both the anomalies and the causative rock
unlts resemble those of the Resurrection Peninsuls, although
the latter are considered older because of the postulated age
of the adjaocent rocks. The highest amplitudes of the belt
{800 gammas) in area 47 were measured over Chenegae Island,
where most of the mafic outerops consist of greenstones with




tow susceptibilities. However, very steep gradients and large
anomalies were measured on the ground surface (Cese and
others, 19790) so the causatlve megnetle rocks (probably
plllow basaits and sheeted dlkes) may be burled at very
shallow depths. A magnetic low over the deep water of
Knight Island Passage between Chenega and Knlght Islands is
probably more than a topographlc effect. Magnetic modeling
by Cage end others (1979b) suggests that magnetic rocks are
probably absent under the passage or at least buried at very
great depths. The model also Indicates that the enomalies
could be explained by thicknesses of 0.8~1 ml of magnetie
rock. However, much larger thicknesses are required to
explaln the observed gravity anomalles (Barnes and Morin,
1980), which suggests that the magnetization of the dense
racks varies greatly,

On Bainbridge, Bvans, Elrington, and Latouche Islands
{anomaly 48), the anomalies have small amplitudes, and few
mafle rocks are exposed. There are no exposed sheeted dikes
or ultramafic rocks, but outorops of pillow basalts and
anomalies with gentle dips suggest that other magnetic rocks
could be buried at depths of 1 mi or less. Inverse correlation
tetween topography and magnetio fleld suggests that at least
one of the anomalies (marked R) {8 an expression of reversed
remanent magnetization. On Latouche Island small anomalies
suggest the presence of deeply buried mafte rocks near some
copper mines, A sharp shallow anomaly (anomsly 49) was
recorded close to where one f{lightline crossed the Beatson
feult trace. A single steep-gradient anomaly (anomaly 50)
measured over Knight Island Passage south of the Pleiades
1slands shows that the mafie rocks are probably continuous
across the southeast arm of the passage.

At the north end of Knight Island Passage m belt of
anomelias (anomaly 51) extends from the northeast corner of
the pessage near Crafton lsland porthward through Looe
island, and the Axel Lind Island group. Mafic rocks crop out
on Crafton and Lone Islands where steep gradients indicate
the source rocks are close to the surface. However, gentler
gradlents near the Axel Lind Island group suggest that the
mati¢ rocks are buried 1 mi or lass beneath the exposed
fiyseh, Here the belt bends sharply eastward toward Glacier
Island. Many other features of the geologic and geophysical
maps also reflect this oroclinal banding, but the dend in the
beit of magnetic anomalies is partlcularly abrupt.

Both sheeted dikes and pillow basalts crop out on
Glacler Island, where the highest eanomalias (anomaly 52)
ocour a short distance north of the contact between the two
geologie units, perhaps where their thickness |s greatest. The
anomalies extend westward almost to Little Axel Lind Istand
and suggest that the mafic rocks are very close to the bottom
of Prince William Sound. Outpost Igland within this anomealy
pattern consists of greenstones. The ghallow anomalfes also
axtend northeastward to the entrance of Valdez Arm and
Point Preemantle, where more Orca Group volcanle rocks
crop out. However, the anomaly trend }a not ¢ontinuous
aqrosy Veldez Arm, although the Interruption is mare of an
offget and change in enomaly charaeter than a real break in
the magnetic belt.

The high amplitude anomalles associated with the
sheeted dlkes and pillow basalts of Knight 131and do not
extend north of pillow basalt outcrops on Eleanor Island, and
8 much fatter field between Eleanor and Glacler Istands
suggests that a thick flysch sequence breaks the sontlpuity of
the magnatic rocks. However, gravity highs on Knlght and
Glagler Islands do seem to be connected by a trend of lower
but distinetly high gravity that extends along the channel
between Naked and Lone Islands, through western Storey
Island, and northeast to Glacier Island (Barnes and Morin,
1980). The flatness of the magnetic field along this trend
indlcates absence of, or great depth to, magnetlc roeks and
suggests thet nonmagnetie rocks such as a structursl or base-
ment high may be partly responsible for the high gravity.

A broad magnetie high (anomaly $3) between Naked
1siand and the deeper water to the east suggests a very deeply
burled magnetic object. Case and others (1878b) estimate
that the feature has a depth of about 8 ml and probably
represents a large body of serpentinite, although a granitic
pluton could be another possidbllity. A simllar feature

(anomaly 54) Is mapped southeast of Knight Island and (s
centered on Qreen Island.

The oharaoter of the anomaly belt changes In Several
ways at Valdez Arm. Over the arm itself (anomaly 55) the
anomaly field Is (alcly flat and suggests either very deep
water or a thiok flysech sequence., Bathymetry alone,
however, cannot expleln the flatness becsuse & high-
amplitude negative anomaly is present over equally deep
water at the entrance to Port Fidalgo (anomaly 58). East of
the arm on Ellamar Peninsula and northeastern Bligh Island
(anomaly 56), plllow basalts interbedded with sedimentary
rocks are abundant, but the magnetic anomalies are much
smaller than those over simllar outerops along the belt, The
anomaly amplitudes actually inerease where no voleanlc rocks
are exposed In southwestern Bligh Island and adjacent
offshore areay (anomaly 57). Some of the anomalles seem to
be continuous across the Landlocked Bay strand of the Jack
Bay fault, which suggests that the source rocks are either
younger than the fault movement or below its dipping f{ault
plane. The mast pronounced offshore anomalies are two palr
of lows (anomaly 58), which are south of the island and have
amplitudes of more than 100 gammas, These glmogt certainly
manifest some fealure of remanent magnetization—pacheps 8
sill of reversely magnetlzed volcanic rocks. However, the
anomalies colnclde with a belt of gravity contours that are on
the south slde of the regional gravity high and whleh
represent & steep gradient to the north. Flows with strong
remanent magnetization probably could explain the observed
magnetic Jows [f they are folded or draped over & major
geologic structure so that they dip steeply or are
overturned. These well-developed lows are part of & much
longer magnetlc low (anomaly 59) that follows the anomaly
belt from Knlght Island Passage (between Knight and Chenega
Islands) northward and around Naked Island and then esstward
through northern Port Fidalgo to a termination near the Jack
Bay fault, Por most of Its length the low follows the
southeast side of the gravity high, but in Knight Island
Pagsage 1t Lles west of the area with the highest gravity. In
Knight Island Passage the long low can be explained merely
by the sbsence of magnetle roek, but south of Bligh Island Jt
seems to represent a gtructure that deforms rocks that have
remanent magnetlam. Such variation of probable causes
suggests that the apparent continuity of the low may be more
coincidental than structurally significant.

Between Bllamar end the Jack Bay fault (anomaly §0)
the magnetlc field Is almost as flat as it is over Valdez Arm.
However, the contours trend almost esst-west and seem to
represent a feature 1~3 mi deep with continuity across the
fault. East of the fault the anomaly character changes again,
and more equidimensional, higher amplitude anomalies
predominate over @ broad area that extends to the Copper
River (area 81). The steeper gradlents bounding most of the
anomaliss within this area suggest shallow sourees, and many
anomalies coincide with outerops of metavoleanic rocks of
the Valdez Group. The assymmetry of most of the anomalies
suggest that the causastive rock bodies dip northwerd, and
some of thelr northern boundaries are probably 1-3 ml deep.
Most of the magnetic lows are on the northern or eastern
sides of the anomalles and probably are the result of the
dipolar edge effects, but a few lows are topographic effects-
Most of the anomalies are close to outerops of the Valdex
Group but a few large ones {for example, anomaly 82) have no
associatad outerops although voleanic rocks must be presant
at shallow deptha beneath the flysch or glacier ice, Most of
the anomaulles ocour Ir the high mountains near the
Wortmanns, Deserted, Tasnuna, Woodworth, and Sahwan
Glaciers. One wltramafle body northwest of anomaly 62 crops
out between two flightlines and did not seem to affect the
contouring, so (t8 dimenslons are probably small. Thlg part of
the long belt of aeromagnetic amomalies lies south of a
gravity high (Barnes and Morin, 1990) that has been mapped
between the h(ghest pesks snd the Tasnuns River to the
north, but the apparent northward dip of the sources of the
anomalies suggests that the gravity and magnetic anomaties
could have related sources. One TACT refraction proflle
follows the south slde of the Tasnuna River Valley, and lts
analysis should aid the interpretation of these anomalies.



The eastern end of this group of anomalies (s marked
by a [(lattening of the magnetic fleld and 8 deorease in
anomaly amplitude approximately 10 mi west of the Copper
River (anowmaly 63). Most of the gradients In this srea are
ateep enough to indicate shallow sources, and there are many
outerops of Valdez Group voleanJe rocks. The decereased
ampltudes may suggest thinner flows Interbedded with
sedimentary rocks or a decrease In magnetization, perhaps as
a result of metamorphism or hydrothermal alteration.
Parther south (anomaly $4) the amplitudes are even smaller
and more uniform, although many outerops of the same
voloanie rocks have been mapped. However, the contours on
the northern side of anomaly 84, near Allen Qlacier, have a
uniform gradlent that seems to suggest & magnetic boundary
that {8 probebly at least 2 mi deep. Another pronounced
magnetic lineament (anomaly 86) forms the southwestern
boundary of anomaly 64 and suggests a southern boundary of
magnetic rock at a shallow to medium depth of 0.3-1.5 mi;
this lineament almost coincides with the Bagiey fault. North
of the lineament the low-amplitude, shallow~source magnetic
anomalles in area 65 closely resemble the snomalies in areas
63 and 84, where they probably Indicate the Valdez Group
voleanie rocks, Such rocks do not crop out in area 65, but the
gimbarity between the anomalies suggests that they may be
present at ghallow depths. If such rocks are present, the
Contaot fault probably coincides with the Bagley fault for a
longer distance than that indicated by recent geologic
mapping (Winkler and Plafker, 1981; and Nelson and others,
1863), and it could be almost contlnuous with the Jack Bay
fsult a3 shown by the dashed line.

Bast of anomalies 63 and 84 the amplitudes agsin
{ncrease near the Copper River In area 87. Here the
anomalies represent a complex aombination of the eftects of
topography, varied flight elevatlon, near-surfsce voleanic
roeks, and deep fill of weakly magnetle sadiments in parts of
the rlver valley. Near Miles Lake volcanic rocks of the
Valdez Group crop out on both sides of the river valley, and
the anomaly pattern suggests that they are extensive under
Mlles Lake, the termini of Miles and Allen Glaclers, Baird
Canyon, and adjacent parts of the Copper River valley and
bordering hillsides. North of the terminus of Allen Glacier
the conlours closely paralle] the walls of the valley, and the
gradlents probably represent a complex combination of flight-
elevation, topographie, and sedimentary-fil] effects. One low
in the center of the valley suggests that at least part of the
sedimentary fill is even less magnetic than the adjacent
fysch and sedimentary rocks, although lower {light elevations
in the valley cause most of it o appear as magnetic high.
Purthermore, the steepness and amplltude of the gradients
elong the valley walls seem too large to be explsined by
{ight-elevation changes and suggest that other parts of the
river-valey sedimentary fill may be magnetic. .Many of these
steep gradients are outside the national forest boundsry so
their detailed analysis is beyond the scope of this report.

Bast of the Copper River Valley the map does not show
any of the high-amplitude, steep-gradient anomalies
assoclated with the voleanic rocks of the Valdez Group that
occur west of the river, and no outcrops of these rocks have
been mapped on the east side. The most prominent magnetic
festure east of the river is a broad high (anomaly 88) that
suggests that a large magnetic body Is buried at great depth
benerth the mountains south of the Wernloke Glacier. One
possible explanation for the snomaly Is a large mass of ser-
pentinite or peridotite buried at a depth of 2-5 mi. Magnetic
lineamentg (anomaly 69) north and south of the anomaly may
be part of the anomaly or couwld represent bordering and
perhaps shallower features. The gnelssic rocks of the Valdez
Group and grenites of the Miles Glaeier pluton that erop out
near anomaly 68 have no detectable magnetie expression.
Bast ‘of the Copper River the gravity blgh continues to lie
north of the magnetic highs that are here represented by
enomaly 68; the parallelism of the regiona) gravity and
magnetic trends suggests that they are structurally related.
Parther east only reconnaissance gravity and magnetic data
are avaliable, but a preliminary jnterpretgtion of the limited
gravity data (Barnes, 1977) suggests that the high may have a
total length of more than 500 mi and that it connects with a
gimilar (eature near Glacier Bay {0 the southeast.

SOUTHEASTERN ANOMALIES

Near Latouche and Elrington Islands, the Prince
William Sound belt of high-amplitude anomalies colngldes
with the northwest end of an even broader high (area 73 and
approximate boundary 73), which marine magnetie surveys
have shown axtends many mlles southeastward. The anomaly
was previously discussed by Taylor and O'Neil} (1974), who
referred to it as the “continental margin® anomaely beeause It
follows the top of the continental slope and truncates
magnetic stripes observed in surveys over the Quif of
Alaska. Most of 1t lles both offshore and outside the
boundarles of the Chugach National Forest.

The magnetic field is fairly flat over most of
Montague Island and suggests snother thick flyseh sequence.
A very weak magneti¢ low {(anomaly 74) resulted because the
aircraft had to clfmb to higher elevations to clesr the pesks
on the {sland. Two small offshore magnetic highs (anomaty
75) are on a trend that also passes through smell outerops of
voleanie rooks of the Oroa Group on Neck and Jeanle Points,
go the anomalles probably represent submarine accumulations
of similar rocks, although {he map does not show anomatles
near the outerops. Although no voleanic or intrusive roaks
have been mapped near another group of small anomalies
(area 78) west of Patton Bay, the proximity to dJeanfe Polnt
suggests that these anomalies represent shallowly burled
mafic volecanice rocks of the Orea Group.

Over the center of Prince William Sound the magnetle
field is very flat and suggests a thick flyseh sequence with a
probable 3- to 8-ml depth to magnetic basement, The broad
low (anomaly 77) approximately coincides with the deepest
water and may suggest that underlying sediments and {lysch
have a slight but very low susceptibility. Parther east s small
anomaly (78) at the pofnt south of Port Gravina colncldes
with an outerop of Orea Group voleanie rocks and interbedded
sedimentary rocks. A similar anomaly (79) just offshore to
the west undoubtedly represents similar rocks. There are
some small contour flexures (anomaly 80) near the lacge
Sheep Bay pluton east of Port Graving, but the magnetle
susceptibility of these granites must be very low to cause
sueh minimal magnetic expression,

A small outerop of Orea Group mefie voleenie rocks at
Johnstone Point on northern Hinehinbrook Istand suggests that
similar rocks probably cause the small magnetic kigh mapped
Just offshore to the west (anomaly 81). Three other
anomalies (82) close to the western shore of the jsland are
also probably caused by mafle roeks. A much larger complax
of anomalies (83) extends from near the center of the Island
northeastward throvgh Hawkins Island end the adjacent
Hawkins (sland Cutoff and Orcae Inlet to the vloinity of
Shephard Glacfer on the malnland, Several outerops of Orca
Group mafle voleanle rocks and interbedded sedimentary
rocks are mapped dlong the trend and near the highest
amplitude anomalies. Dipolar edge effects cause saveral
bordering magnetie lows (anomaly 84), The southwestern end
of these ghallow~sour¢e anomalies is superimposed on & much
broader magnetic low (anomaly boundary 85) that has
approximgtely the same shape and size as Hinchinbrook
INand. Thls low Is too broad to be an edge effact of these
anomalies and probably represents a deeply buried festure. it
could be a reversely magnetized object such as a pluton or
flyseh-covered gsemmount or it might represent a pluton or
other rock unlt with megnetization even lower than that of
the surrounding flysch. One TACT refraction profile orosses
this large anomaly and should aid its interpretation.

Many magnetic anomalies with amplitudes and
dimenslons similar to those of anomalies caused by the Orea
Group voleanjc rocks were mapped over the lowlands, rlver
channels, and offshore islands of the Copper River Delta, but
no nearby outcrops of the mafic volcanic rocks have been
found. Nevertheless, the similarity of the anomaly pattern
strongly suggests thet mafic voleanic rocks buried at shallow
depths below the delta sediments are the cause of these
anomaties §n thls area (88). However, other possible causes
might Involve large accumulations of magnetite In the delta
sediment or {rregular topography of en underlying basement
surface. A few magnetlc lows (anomaly 87) are adjacent to
magnetfe highs snd have amplitudes and dimensions thet



suggest that they represent dipole edge effects. However, 2
few other lows (anomaly 88) in thls area are more Isolated
and have large enough amplitudes end dimensions Lo suggest
that they represent mafic rock unlts with reversed remanent
magnetization, North of the delta a broad magnetl¢c high
(anomaly 89) follows the valley of the Copper River south of
Miles Lake. This rather lineat high has an emplitude of about
255,, which could be explained by the fact that the aseeraft
was about 3,000 ft lower (closer 10 the Earth's center) over
the river valiey than it was over the adfacent hilltops. The
gradient on the eastern side of the valley has a higher
amplitude and probably represents some bordering mafic
voleanic rocks. Small contour llexures over the MeKinley
Peak pluton (anomaly 90) are the only indlcation of these very
weakly magnetic intrusive rocks on the western side.

Similarly, the only indicatlon of the weakly magnetic
Miles Glacier pluton in the mountalns east of the Copper
River are three broad lows (anomaly 91), which ecould glso be
explained by the high flight elevations over the mountains.
The tuffaceous sedimentary rock unit south of the Martin
fault has a much stronger magnetic expresslon as shown by
the string of highs (anomaly 92) that follows much of the
outerop belt. This unit of the Orca Qroup has e varfed
lithology that includes sedimentary rocks, voleanic bredeias,
pillow basailts, and porphyritle dlkes. The relatlve abundance
and magnetic properties of these Lithle units are unknown, but
the latter two are considered the more probable cause of the
magnetic anomalies, Farther south another group of high-
amplitude anomalies (anomaly 83) follows the string of Orca
Group pillow basalts and assoclated volcanic rocks that are
exposed in a north-south delt near the Ragged Mountain
fawlt. The asymmetry of the snomalies indicates that the
voleanic rocks dip westward, and the string of lows to the
east (anomaly 94) is a ecombination of topographic and dipole
edge effects. The southern end of the anomalies is offshore
and suggests that the same rocks extend about 5 ml offshore
although buried at shallow depths beneath the Guif of Alaska.

Parther east a very broad magnetic high (anomaly 5%)
is centered over the lower Berlng River. This featwe
indicates a large deep megnetic object below the upper
Tertiary sedimentary rocks that erop out in the Don Miller
Hills and adjacent lowlands, The gravity minlmum associated
with these sedimentary rocks (Barnes and Morln, 1990) is less
than 10 mGal and is nearly e¢entered over the magnetic high.
The density and thickness (at least 6,000 ft) of these
sedimentary rocks (Plafker, 1967) are such that 8 mugh lower
gravity anomaly might be expected, s¢ the deep magnatic
object may have a density high enough to compensate for the
gravitational effects of the overlying sedimentary roocks.
This suggests that the deep magnetic objeat could be a
peridotite or gabbro, although lower density rocks such as
aerpentinite are other possibilites.

The highest amplitude anomalies {(anomaly 98) on the
Chugach National Porest magnetic map were measured
offshore of Wingham and Kayak Jslands near the southeast
corner of the map. A few outcrops of volegnic rocks of the
Orca Group on Wingham Island suggest that such rocks are
the probable cause of the anomalles. The asymmetry of the
anomalies suggest that the roaks have o westerly dip, end the
string of lows to the east (snomaly 97) indicates another
dipole edge effect. Other rocks that might cause the
anomalies are the volcanic rocks of the Poul Creek Formation
that crop out on the northern end of Kayak Island, where they
have little magnetic expression; but offshore flows might be
mueh thicker and more magnatic. Low-amplitude ineaments
to the northwest and east suggest possible structural
conneetions to the Ragged Mountains and soeme possible
offshore anomalies.
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