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INTRODUCTION

Aeromagnetic surveys over the Ugashlk and part of the
Karluk quadrangles were flown In 1980 and 1982 as part of the
Alsgska Minera) Resource Assessment Progrem (AMRAP).
Magnetloc data provide Information on the composition,
structure, and three-dimensional geometry of mafor rock
unlts and, hence, sre useful in tracing geologic features that
are covered by alluvivm, water, end glacia) deposits. Some
rock units assoclated with metallic ore deposits or
occurrences have characterigstic magnetic exprassion; this
expresgion, when used with geologle and geochemical data,
may indicate arecas that have potential for mlaeralizatlon.
The magnetic dats also provide a means to estimate depth to
basemen! and the configuration of sedimeatary basins that
also have potentlal tor hydrocarbon resources.

This report Includes the aeromagnretlc map
superimposed on the topogrsphic base (sheet 1) and en
interpretation map superimposed on the topography and
simplifled geology (sheet 2). The discussion provides an
interpretation of the seromeagnetic data with respect to
reglonal geology, occurrence of ore deposlts and prospects,
and potentlsl oil and gas resources.

Dsata from sgeveral diffecent sources were used In
compilation of the resldual aeromagnetic msp. The principal
data set derives from a survey completed in 1980 by Fugro
Geometrles Inc. The survey covers an Irregularly sheped area
extending southwest~northeast across the central part of the
Ugashik~Kacluk cegion. Filght Jines, spaced about 1 ml apart,
were flown in a northwast-southesst direction st a nominal
height of 1,000 ft above the ground surface.  The
International Geomagnatic Reference Field (IGRF) of 1975,
updsted to 1880, was removed (rom the observed total-
intenslty magnetle fleld, and the data were computer-
contoured at scale 1:63,380 using a grid interva) of 660 x 660
ft st intervals of 20, 100, and 500 gammas. An arbitrary
constant value of 53,000 gammas wes added to the fleld
values. The orlginal contour maps contalned numerous highs
and lows snd tinear steepened gradients parsllel to and
normal to the flight-line directlons, parheps becsuse the grid
interval was too smalt in comparison to flight-line spacing. A
second major survey over the Bristol Bay lowlands (area A,
sheet 1), in the vicinlty of Alinchak Bay {area B), and near
Mount Chiginagak and Chiginagek Bay (area C) was flown by
Diversified Technleal Services Inc. (U.S. Geologlcal Survey,
1984). Flight lines were spaced at | to 2 mi apart and were
flown at about 1,000 ft above the ground sucface. IGRT of
1875, updated to 1982, was subtracted from the data, and a
residual anomaly map was contoured by computer using a grid
interva) of 2,000 ft and @ contour interval of S0 gammas.
Both of these surveys probably contain some errors in
geographic location becsuse of the rugged terrain and
extremely bad weathee, Including fog and high winds. As a
result of positionsl discrepancles and dilterent contouring
algorithms, anomalies shown on these two original data sets
do not match In detail in some areas. The two date sets were
merged by Frank Petralaso (U.S. Geologlea) Survey) as part
of a ecompllation of a 11,000,000-scale magnetic anomaly magp
of Alaska. Values on both surveys were adjusted to e common
datum (zero anomaly) compatible with data elsewhere In
southern Alaska. A smoothed map at scale 1:250,000 and a
contour Interval of 200 gemmas was provided for vuse In thls
report. We have added local 100-gamma c¢ontoucs from the
original maps in areas of lower magnetic gradients. Another

source of dats was a widely spaced survey by Andreasen and
others (1963) in the area near Cape Igvak, which we have used
to approximately locate contours near Mount Becharof.
Comperlson with the survey of the asdjacent Chignik-Sutwik
Island quadrangles to the south (Case and others, 1981) shows
u falr to good positional correlation of anomalies.

In summary, magnetic anomalies determined by this
study may be somewhat suspect with respect to detailed
position and amplitude. This map should not be used for
Jetailed geologlc correlations or for prospecting purposes, but
It s usefu) in defining regional geologic patterns and areas
where more detalled geophysical surveys might be
appropriate.

Because of the inclement westher aad ruggedness of the
centra) and southeast parts of the Alaska Peninsula, it was
difficult for the aircraft to maintain a constant helght of
1,000 ft above the terrain, particularly across deep narrow
valleys or narrow marlne inlets. Therefore, some apparent
magnetic anomalles are related to the geometry of the survey
rather than to geologic features. More detatled discussions of
anomalies related to drape-flylng elsewhere in Alaska can be
found in reports by Grlscom (1975) and Case and others (1879),
and a theoretical discusston has been provided by Grauch and
Campbell (1984),

In some places, the origina) detalled aeromagnetic maps
have & northwest-southeast graln parallel to the airectlon of
the flight lines and a less prominent graip ortented northeast-
southwest. This apparent orthogonal pattern, in part, has an
origin Independent of geologle features: (1) the Earth's
diurnal fleld may have changed significantly between flying
adjacent lines, and (2) the algorlthm used for the somputer-
contouring process introduces spuriovs lineaments paraliel to
the orlentation of the grid. These possibilities introduce
interpretive difficulties regarding the presence or absence of
magnetic expression of geologicatly significant lineaments,
whlch may be related to northwest-trending segmentation of
the voleanic are that oecurs along the Alaska Penlnsula, We
ere confident that some ol these lineaments, however,
expregs geologle features, as discussed {n & subsequent
section,

SUMMARY OF GEOLOGY

Geologie deseriptions of the Ugashik and Karluk
quadrangles are provided in reports by Detterman &nd others
(1983, 1986) and Burk (1885), and the generslized strallgraphy
i{s shown on figure I. Briefly, this segment of the Alaska
Peninsula Is dominated by Quaternary volecsnic centers at
Mount Yanterni, Mount Chiginsgak, Mount Kialagvik, and
Mount Peullk. Severa) smaller centers occur In the area, and
material from Aniakchek Crater, just to the south In the
Chignik quadrangle, covers large areas In the southern part of
the Ugashik quadrangle.

Thiok sequences of Quaternary deposits end Tertlary
marine and nonmarine sedimentary rocks occur In one or
more large besins along the Bristol Bay side of the perinsula
and in gmaller northeast-trending basins or synclines near
Lower and Upper Ugashlk Lakes and Becharof Lake. Lowes
Tertlary voleanlc rocks and interstratified sedimentary rocks
are exposed sporadically across much of the mountainous pact
of the area.

Permian )imestone and Trlassic Nimestone, limestone
conglomerate, and basalt are exposed in & smal) area near
Puale and Alinchak Bays. Marine and nonmarine Jurassic and



Cretaceous clastic and ¢arbonate straia form thick sequences
exposed in the gores of northeast-trending, complexly~laulted
anticlines. Folds are generally broad and open, and & major
deformational event in the ares occurred after deposition of
the Bear Lake Formation (Miocene). Most Taults are high
angle, and northwest-dippiag reverse faults have been mapped
in the vicinity of Mount Chiginagak and northeast of Puale
Bay. Major sets of northwest-trending faults occur In the
central part of the area between Wide Bay and Beoharof
Lake, possibly related to transverse segmentation of the
Alagka Peningula.

Numerous late Tertiary dloritie to quartz dioritie
plutons are scattered throughout the area and have agsociated
copper and molybdenum mineralization of the porphyry type
in both plutons and wallrocks. Hypabyssal intrusive centers
are common and range from andesite to dacite fin
composition.  Unless otherwlse noted, ages of Cenozoic
igneous rocks olted In thls report were determined by P. H.
Wilson usging K-Ar techniques- Detalled descriptions are
provided in reports by Wilson {1978, )980), Wilson and others
(1981), Wilson and Shew (1882, In press).

Magnetic basement

In places magnetic anomalles are produced by rocks not
exposed at the surface. The sources of the anomalies coused
by this magnetic basement may be shallow or deep, depending
on the thickness of relatively nonmagnetic cover. Estimates
of depth can be made from the steepness of gradients along
flight lines, The age and lthology of the magnetic basement
are uncertatn: {n the northeast part of the area near Puale
Bay, Trlassio limestones ere Intercalsted with basaltic
breccias, agglomerates, and sills that may preduce magnetic
anomalies, A singte locality of mid-Permian limestones has
also been reported nesr there (Hanson, )857), $0 pre-Permian
magnetic roeks could be sources of some anomalies. The Gulf
0il Corporation Port Helden No. 1 drill hole near the north-
eentral edge of the adjacent Chlgnik-Sutwlk Island ares
bottomed (n graalite rocka of Jurassic age (Brockway, 1875,
Reed and Lanphere, 1873) at a depth of about 13,600 (t. In
the northwest pert of the Ugashik-Ksrluk area, the General
Petroleurn Great Basing No. | bottomed in Jurassic granitic
vocks (isotople age, 177 Ma) at a depth of 1,080 ft, and the
General Petroleum Great Bastng No. 2 boitomed (n undated
granitic rocks at a depth of 8,868 It (Brockway, 1975). In the
southwest part of the area, the City Serviee Corporation
Painter Creek No. 1 hole bottomed in the S8hellkof Formation
of Middle Jurassic age at a depth of 8,000 ft (Brockway,
1975). In the southgast part of the arer, the Richfield Wide
Bay Unit No. 1 drill hole penetrated a total of 12,568 ft,
including Jurassle (about 1,000 feet), Triagsie (about 7,500 ft),
and Triassic or older deposits (sbout 4,000 1) (Sweet, 1984,
and dritllng log). In the east part of the area, the Humble~
Shell Bear Creek No. 1 unit bottomed at B depth of 14,374
ft. It penetratod about 4,000 ft of Upper Jurassic deposits,
5,750 ft of Middle and Lower Jurassic deposits, and about
4,600 ft of Triassic deposlts (drilling tog).

Jurassio quartz dlorite orops out on a small Island near
Gas Roceks In the south part of Becharof Luke. Elsewhere In
the region, rocks of the Jurassic batholith are commonty
magnetic (Reed end Lanphere, 1973; Reed and others, 1983;
and Case and Nelaon, 1988), Jurassic graniteld and volcanic
rocks exposed to the north in the Naknek quedrangle produce
ovoid magnetlc highs of severs! hundred gammas {Andressen
and others, 1962).

Slmple Bouguer snomaliex cange from about -10 mGals
to +40 mGals in the area (Barnes, 1977). Such snomalies are
not definitive of crustal type. On a larger regional scale,
however, large positive anomalies (+30 to +100 mGals) suggest
oceanic or transitiona} erust under the penlnsula south of the
Ugashik-Karluk area, and large negative anomalies (0 to -40
mGals) suggest transitlona) to continentat values aorth of the
area.

Thus, the magnetic basement (n pert may consist of
Jurasgic and (or) Cretaceous plutonic rocks and older rocks,
especially (n the northern part of the Ugashik quadrangle, and
pre-Jurasstc oceanle or trangittonal crust In the central and
southern parts of the area.

A complicating factor about the age, depth, and
compasition of the magnetic basement of the area is that the
Jurassic Naknek Formation (2,500 ft or more thiek) 13 a highly
magnetic unit in places, as discussed more (uily tn subsequent
sections.

SUSCEPT!BILITIES OF MAJOR ROCK GROUPS

Magnetle susceptibilitles have been measured on about
210 samplas from {he Ugashik, Karluk, Chignik, Sutwik 1siand,
und edjacent quadrangles on the Alaska Penlnsula by Rober!
Morin, Measured values for the Chignik and Sutwlcek Istand
area, prevliously tabulated by Case and orhers (198l), are
included on the histogram shown on figure 2. Most samples
are random grab samples collected during the oourse of
goologic mapping, and they do not constitute a statistically
signifleant sample of the magnetic properties of major rock
upits. However, the few messurements provide an
approximatien of the range of values of susceptibility and
indicate expectable values for most rock units. To general,
rocks producing significant magnetic anomalies, as measured
at a height 1,000 ft sbove the body, have susoeptlbilities
greater than 0.0005 centimeter-gram-second (cgs) units.
Rocks having susceptibilities of less than 6.001 cgs unit are
regarded as weakly magnetic. Those having susceptlbilites of
0.004~0,063 ogy units are moderately magnetic, producing
anomalies of as much as several hundred gammas. Rocks
heving susceptibilitles grester than 0.003 cgs urnits are
regarded as strongly magnetic and produce anomglies of
several hundred gammas or more. Most sedimentary rocks
have susceptibliities of less than 0.0002 c¢gs units, The
susoeptibllity messurements also Indicate abnormally high
values for many samples from the Naknek and Shelikof
Formations of Jurassic age. Parts of these .Juressic
sedimentary rocks produce large aeromagnetic anomalies.

No measurements of remanant magnetization heve been
made on any of the samples collected for thiz investigation.
This psrameter should be measured for complete analysis of
the aeromagnetic anomalies, Paleomagnetle investigations
elsewhere in ihe region have been descrlbed by various
university Investigators (Stone and Packer, 1979: Stone and
others, 1982) Thrupp, 19844,b; Thrupp and Coe, 1983; Coe and
others, 1885: and Panuska and Stone, 1985). Remanent
magnelizations that have been rep_%ried have" an extremely
wide range -~ from less than ix10™° emu/em® {o more than
368 emu/cm”. Remanent magnetization may be dominant for
younger volaanie rocks.

Jurassic sedimentary rooks

The Shellkof Formation iz a Caliovian ammonite-
bearing volcanogenle clastic unit that is as much as 1,500 ft
ot more thick. Several samples have susceptibilities of &z
much ag 0.008 cgs unlts, but most values are ‘ow, less than
0.0001 cgs unit.  The Tithonian to Ox(ordlan Naknek
Paormation appears to have beaen derived from erosion of the
Jurasste part of the Aluska-Aleutiun Rarge batholith., In the
Ugashik and Karluk quadrangles, the general pattern of facies
changes from thick conglomerates and crossbedded
sandstones~perhaps continental—~in the northwest to paralic
and marine sandstones and siitstones in the southeast. Many
of the crossbedded sandstones are cich Ir magnetite in
keaeplng with their derivation from Jurassic granitoid piutons
that are magnetite-rich elsewhere In Alaska (Reed &nd
Lanphere, 1973; Case and Nelson, )986), Susceptibilities of 25
samples range from 0 to 0.010 egs units, and 11 samples have
values greater than 0.001 cgs onit (fig. 2) The Naknek
Formation, 3,000 to 8,000 fi or more thick, 18 known to
produce aeromagnetic anomalles in many places. The
conglomeratle facles appears to be especially magnetic as
judged from correlation of outcraps of the facles with the
position of magnetio highs. Whether the magnetiterich
zones are accompanied by gold or other placer concentrates
remains to be determined.

Cretaceous and Tertiary sedimentary rocks

Clastic rocks of the Cretaceous Hoodoo and Chignik



Formations and the Tertlary Tolstoi and Stepovak Formations
appear to be virtually nonmagnetic even though some of the
deposits are of voleanle provenance. Susceptibilifies of 23
samples ere iess than 0.0001 cg units, and only one sample—-a
conglomerate containing voleanic clasts—hes a susceptlbllity
of more than 0.002 egs units.

Tertiary Intrusive rocks

Batholiths, stocks, slils, and dikes of Tertiary age are
abundant tn the ared, sngd most have granodioritic-dioritic 10
mafic compositions. Susceptibilities have a wide range --
from less than 0.0001 to more than 0.007 egs units. Most are
magnetic, having values of 0.001 to 0.003 cgs uniiz. Many
Tertiary plutons produyce large positive magnetic anomalies,
but magnetic anomsalies are subdued where the rocks are
altered.

Tectlary voleanic rocks

Lower Tertiary volcanic rocks tend to be basaitic to
andesitic In composition. The average sugceptibility of 49
samples Is about 0.002 ogy unlts, moderataly magnetic.

Quaternary voleanic rocks

The Quaternary volcanic rocks tend {0 be andasitie to
dacitic. Susceptibilities of 22 samples range from about
0.0001 to 0.004 cgs units and average sbout 0.002 cgs units,
which js sufficient to produce many of the anomalies
observed over the valeanie centers.

INTERPRETATION OF AEROMAGNETIC ANOMALIES

Five broad groups of anomalies are superimposed on the
regional field; (1) Single anomalies or olusters of anomalles
of moderately high ampltiude and short wavelength are
related to the young voleanie centers of Mount Chiginagak,
Mount Kislagvik, Mount Peulik, and Mount Kejulik (s center
just north of the map area). (2) Other groups of anomalies
form oval or partly oval patterns over older volcanic-plutonic
complaxes near Chiginagak Bay, and similar complexes are
interpreted to oceur near Alinchak Bay. (3) Strongly positive
oval anomalies occus over many exposed or shallow Tertlary
piutons, such as those near the head of Port Wrangell. (4)
Long-wavetength, high~amplitude anomalies that have gentle
gradients reflect deep~seated features of the bagsement,
possibly quartz diorite plutons. uader the basin aress. (5)
Elongate snomaly belts of high amplitude oceur over Tertiary
voleanle rocks. over some exposures of Jurassic
congiomerates, and poasibly over other magnetite-rich zones
in sandstones of the Jursssic Naknek Formation.

In the following descriptions, groups of anomalies shown
on the aeromagnetic map (sheet 1) are numbered on the
interpretation map {sheet 2); the interpretive discussion is
keyed to these numbers, Known or inlerred rock types that
may be sources for the anomalies are shown on the
interprative map also. Roundsries between areas ace
subjective and have been drawn near wones of steepened
megnetlc gradients that crudely define groups of anomaiies.
Locally, boundaries have been drawn that diverge ({rom
gradients in order to Inciude roeck upits that have been
mapped {p the field.

Some of the larger and more conspicuwous cloged
magnetic lows, which generally have an amplitude greater
than -50 gammas, are indicated by hachured contours. The
source of smany lows cannot be determined from available
data. Some lows may be produced Dby: (1} normal
polarization, (2) effects ol topography retated fo the drape-
flying process or buried channeis in the magnetic basement,
(3) effects of nslterstion, or (4) reversed remanent
magnetization. Only where the cause of the low can be
postulated with some confidence has a gource been assigned
(see sheet 2). Identificalion of the sources of the anomalies
is of gpecial significance for two reagong (1) if magnetic
reversals are present over the flows of the younger voleanie
centers, some of the rocks are probadty older than 0.7 Ma,
which {8 the approximate age of the first major magnetle

reversal in the past; identification of reversals would have
implications for the Quaternary magnetostratigraphy of the
Alagka Peninsula; (2) if lows indlcate areas of hydrothermal
alteration, particuwlarly areas associated with granodioritic
piutons, they may be guides to orc mineralization. Only &
few areas of suspected alteration have been added to the
interpretive map. Other areas of known alteration are siiown
on the geologic map {sheet 2).

Specific areas and anomalies
Bristol Bay lowlands

Much of the Bristol Bay lowlands is underlaln by & thick
layered sequence of Tertlary sedimentary snd volcanie
rocks. The aeromagnetic anomalies and scant well data
indicate that the layered sequence is underiain by moderately
to strongly megnetic plutons, probably granitoid bodies of the
Alaska-Aleutian Range batholith, which ranges from Jurassie
to Tertlary in age.

Acea 1 is cheracterized by anomalies that have low
smplitudes and gentle magnetic gradients. The magnetic
gradients indicate that the magnetic basement )ies at 3 to 5
km or more beneath the flight elevation of the airoraft, This
interpretation is svpported by evidence from two drill holes
(General Petroleum's Great Basins Nos. )} and 2), which
bortomed in granitoid rocks at about 11,080 ft and 8.865 {t,
respectlvely. No Tertiary volcanic rocks (Meshik Formation)
have been reported from these wells, but they were
encountered in adjacent areas. Small relative positive
anomalies of about 60 to 100 gammas in arges 2 indicate
weakly to moderately magnetic source rooks, probably
granitoid plutons. Two large ovoid positive anomelies (areas
3) have amplitudes of about 400 to 500 gammas. Consldering
the depth to the sources, which {s probably 3 km or more. the
anomalies must be produced by strongiy magnetic bodies.
Although some granlioid plutonic rocks that crop out in the
Lake Clark area to the northeast produce anomalies ol
stmilac magnitude (Case and Nelson, 1986), we belleve that a
more mafic and magnetic rock—pearhaps a dioritl¢ or gabbroic
phase~should be consldered as an equally possible souvrce for
the anomalies. The northern anomaly near Cagpe Oreig is
agsoclated with & positive gravity anomaly of 10 to 20 mGals
(Barnes, 1977). Dioritic and small mafie and ultramafic
bodles are exposed in the Iliamna quadrangle along the
Aleufian Range to the northeast (Dettermsn and Reed,
1980). Elsewhere, similar positive magnetic anomaliey caused
by deep-seated sources occur gver the Cook Inlet basin and
the Copper River bagln where the deep sources have been
interpreted to be related to mafic magmatism associated
with tensional opening that formed the basins {Griscom and
Case, 1982).

Smaller highs, ranging in amplitude from about 50 to
300 gammas, occur sporadically over the Bristol Bay lowtands
(araas 4}. The sources may be burled Tertiary or Quaternary
volcanic rocks. The Great Basins Ugashik No. 1 well
bottomed in voleanle rocks at a depth of 9,478 ft after
penetrating about 2,500 ft of voleanic and volecapiclastic
rocks. However, granitoid plutens at greater depth could be
the source for some or all of tha snomalies.

Quaternary voleanic rocks of the Blue Mountaln region
preduce steep-gradient anomalies of more then 500 gammas
in area 5. Magnetic lows on the northeast, east, and south
sldes of the Blue Mountain anomsly are probably edge or
polarlzation lows related to the dipolar nature of magnetized
objecis. Other Quaternary volcanic rocks may produce small
shallow-source anomalles (shown on more detaitled maps (U.S.
Geological Survey, 1984)) superimposed on deeper source
anomalles, such as those in areas 3 gnd 4.

Magnetic highs in areas 6, which range up to 600
gammas in amptituda, occur principally over Becharof lLake
or over Quaternary sedimentary deposits; hence, their sources
are unknown. Steep gradients on detailed maps (U.S.
Geological Survey, 1984) indicate shallow burial; thus. either
shallow intrusive or volcanic sources are most likely.
Immediately to the south and east. however. Jurassic
conglomerates and sandstones also produce elongate positive
anomalies and could be a sedimentary source of the highs.



Western zone, Aleuttan Range

Along the southwest part of the western mountain
front, anomalies ranging from 200 to 1,000 gammas in
amplitude ocecur over a belt of Meshik volcanic rocks. In area
TA, the rocks strike northeast and dip northwest at 38 to
60°. In area 7B, strikes and dips indicate a poorty defined
anticlinal nose (Detterman and others, 1983, 1968), and the
pattern of magnetic anomalies Is much less linear than in
area TA. tf the structural geology shown is correct, then a
northwest-trending fault probably occurs bDetween the
valcanic rocks of areas 7A und 7B.

Small exposures of Mesghlk valeaaie rocks near the Clty
Service Palnter Creek No.l well have tiftle expression on the
maegnetic map and hence are very thin or celatively
nommagnetic.

A prominent tow is present along the northwest flank of
anomaly araa 7. The low may be caused by reversed remanant
megnetization a8 its amplitude is rather large to be a
polarization low related to slmple induced magnetization.
The magnetic source may be bounded to the northwest by a
southeast~-dipping faul{, or the magnetic source may have a
strong remanent component of magnetization whoze
Inclination and declinstion are different from that of the
Earth's present fleld. One possible cause for such an
anomalous dip of the magnetic field is folding of the source
body after magnetization was acquired. Albert {1882)
identified a faull on SLAR tmagery that trends northeast,
parallel to but northwest of the magnetic low. The SLAR
lineament (s close to the topographic mountain front.

The anomaly along profile A-A' (fig. 3) comprises a
large high of more than 400 gammas partly over exposed
Meshik volcanic rocks, a low in areas underlain by the Meshik,
and thin(?) surficlal deposits. Some exposed Mesghik strata
goutheast of the main magnetic high have little or no
magnetic axpression. A simplified twe dimensional model
was computed along oroftle A-A' using the (ollowlng
assumptions: (1) the magnetization is induced by the Earth's
present (leld (declinatlon 219, Inclination 70°, and intenslty
of Eerth's fleld 0.536 gauss) snd (2) the susceptibility of
antictinal body 1 Is 0.002 e¢gs units and the apparent
gusceptibility of body 2 is -0.0008 cgs units (reversed
remanent magnetization?). As can bDe seen, the model
produces an aaomaly that orudely fits the observed profile ln
amptitude and gradient. Discrepancles batween observed and
computed profiles are ag much es 100 gammas, but it should
be noted that on edjacent parallel flight lines anoraly
amplitudes commonly differ by more than 100 gammas from
those on profile A~A'. This probably results from varlation In
suseeptibllity along strike, which s very common (n volcanie
rocks. The main points are that the magnetic bodles may
extend in depth to as much as 10,000 f¢, that bogy 1 may
represent an anticlinal structure, and that rocks having
reversed magnmetization can ¢suse the negative anomaly over
body 2 to the northwast.

On trend to the northeast, the Ugashik Lakes anomalies
(areas 8A and BB) are a conspicuons group of anomallies that
tave amplitudes of 206 to 300 gammas and cotrelote closely
with the thick conglomerates of the Naknek Formation on the
southeastern limb of an anticline. The asymmetry of the
anomalies, as well as geologic data, indicate a southeast dip
of the anticlinal limb. Anomalies in area 8C have gentler
gradients, (ndicating greater depth to the buried source, and
the asymmetry of the anomaligs indicates a northwest-dip
dlrection.  According to (his interpretation, the burled
Naknek conglomerate extends to T. 28 S., R. 46 W. (about lat
S7°45'N.. long 156%45'W.), west of the north end of Upper
Ugashik Lake, where the anomaly terminates rather
abruptly. We specwlate that this termination indicates either
the position of the Bruln Bay feult or a strand of the fault
system, as discussed more fully In a subsequent section.

The offset and the change in strike of anomalies
between areas BA and BB colincides approximately with
mapped faulis that strike northwest.

Magnetic profile B-B' scross the inferred anticllne
comprises two highs separated by a large relative low (fig.
4). Using the same parameters for the Earth's field, an

anticlinal two-body model was computed. The northwestern-
dipping body 1 was assumed to have a susceptibility of 0.0025
¢gs units, and the southeastera-dipping body 2 was assumed to
have a susceptibility of 0.002 cgs units. Thus, we interpret
the anomaiy to be caused by a breached anticline of Naknek
conglomerates and sandstones. The limbs could extend to a
depth of 10,000 ft or more, and the northwest limb is
somewhaf thinner then the southwest limb. A magnetic nose
on the southwest end o the anomaly suggests that the
anticline may plunge southwesi. As adlong profile A-A', the
anomaly amplitudes vary grestly on flight linres adjacent to
profile B-B', indicating targe chenges (n susceptlbility or
source geometry salong strike so that a close fit is not
warranted.

Farther northeast, in area #, anomalies range from 200
to 600 gammas. Exposed bedrock unlts are Quaternasy
voleanic deposits associated with various centers such &s
Mount Peulik, Ugashik crater, and Ukinrek maars. The
anomalies might be produced by these young voleanic rocks if
they have a substantial thlokness, but they are somewhat
broader than typical aromalies over Quaternary volcanic
rocks elsewhere in the reglon. Because the anomalies are on
trend with mnomalles related to Nakmek congiomerates in
ared 8, we believe that suech burled Jurassic deposits are the
moyt likely principal source of anomalies {n area 9. A third -
possibility is that the anomaslles are produced by largely
concealed Jurassic granftold rocks, one exposure of whioh
oceurs on a small island in Becharof Lake northwest of The
Gas Rocks (geologic map, sheet 2).

The Mount Peulik-Ugsshlk orater voleanic center in
area 10 is expressed by magnetic nighs of as much as 1,400
gammas in amplitude at a position batween the {wo present
cralers

Central Mountain Belt

This bett is cheracterizad by broad open synclines and
anticlines. Deeply buried magnetic basement characterizes
much of the area, as inferred from gentle magnetic
gradients. Small anomalles of 100 to 200 gammas occur over
Naknek conglomerates or sandstones. but the amgplitudes are
generally much lower than over fhe frontal mountain zone
and probably reflect increasing distance of the clastic rocks
from magnetite-rich source rocks. In aress where the
siitstone facles of the Naknek dominates, few significant
anomalies ecan be seent the pattern of small high and low
anomalies {n area 11 probably indleates tenticular
concentrations of magnetite within the conglomeratez and
sendstones. ns well ag minor terrain effects. Some of the
anomalies, however, may be related to small buried plutons or
10 Quaternary volcanic rocks as in area 11A, Ovold
anomalies in areas 118 occur ovar the Shalikof and Naknek
Formations on the nocthwest Nank of Wide Bay anticline. No
Igneous rocks have been mapped in the area, so that
sedimentary sources are probable.

On the Severson Peninsule in area 12, Naknek
conglomerates and sandstones are exposed on the western
end, and siltstone s exposed In the central and eastern
pacts. Prominent magnetic highs of as much as 200 gammas
in amplitude (ndicate that the conglomeratic facies Is buried
at shallow to moderate depth throughout the tength of the
peninsula. The westerly trend of the anomaly is somewhat
oblique to the inferred northeast trend of fold axes In the
ares; this discrepancy may reflect channels of magnetic
conglomerate.

Near the northeast edge of the map (area 13), small
anomaties of about 200 gammas are associated with
Quaternary volcanie rocks and ace probably produced by flows
ralated to the Kejullk voleanic center in the Katmal
quadrangle just north of the map area.

In the southwest part of the Central Mountsin belt,
magnetic highs of as much as 400 gammas tn emplitude are
associated with a complex center of Tertiary (Eocene)
intrusive and volcanic rocks (area L4) between Wandering and
Voleano Creeks. This is the site of the Rex gold prospect.
The main high is centered over the west-central part of the
plutonic compiex, but the eastern part of the complex has



less magnetic expression. Alteration may be suspected in
areas of low-amplitude anomalies.

Wide Bay anticline (area 15) is cored with Triassio rocks
at depth and by the Jurassic Talkeetna, Kialagvlk, and
Shelikof Formations. The crestal region ls virtually devoid of
significant magnetic anomalies.

Southeastern plutonic province

This province is characterized by many positive
anomaties whose amplitudes range from 400 to as much as
2,200 gammas. Many of the anomaliey correlate closely with
known Tertiary plutons, and some corralate with volcanic
rocks. A few anomalies cannot be accounted for by exposed
igneous rocks or the Naknek Formation, and they are inferred
to be caused dby buried plutons. Each of the meln anomalies
or groups of anomalies will be brlefly described from
southwest to northeast. A positive anomaly occurs In area 16
over the Tolstoi Formation. Tertiary plutong are exposed just
to the southwest in an area of no magnetic data. The source
of the magnetic high is inferred to be a eoncealed pluton
buried at very shallow depth. Several small exposures of
Tertiary plutons underlie the area of anomaly 17, the site of
the Mike molybdenum prospeet. Anomaly area 18 colncides
closely with the eastern part of a pluton, but the western part
is not expressed magnetically. A series of anomalles in area
19 correlates with several plutons, but the most northerly
plutons are not magnetically expressed, and alteration may be
suspeeted. Volcanic rocks may cause part of the anomaly in
area 19A.

Anomalies of as much as 400 gammas In area 20 sre
produced by volcanic rocks of the Mount Chiginagak center
and possibly by a concealed pluton. To the northeast, a very
large negative anomaly in area 21 has values a3 low ss -800
gammas. Polarization effects may account for pact of the
anomaly, but the amplitude is so mueh larger than at Mount
Chiginagak proper reversed remanent magnetlzation of the
flow sequences on the north flank of the volcano or a
concealed reversely magnetized pluton must be present.

A positive anomaly of 1,400 gammas in area 22 overlies
sedimentary rocks, but a pluton is exposed on the north llank
of the anomaly, and a shallow concealed exteaslon of the
pluton is the likely source.

West of Port Wrangell, Agripina Bay, end Cape Xllaokak,
a quartz diorite batholithic complex of very late Tertiary age
causes positive anomalies of as much as 1,000 gammas In area
23. A southwestern part of the anomsly group overlies the
transition between plutonic and voleanie rocks in area 23A.

A prominent magnetic low of 300 gammas overlies the
altered Tertiary volcanic rocks of David Island [o area 24.

In area 25, Quaternary volcanic rocks and Terttary(?)
plutons of the intrusive complex at Mount Kialagvlk produce
anomalies that have amplitudes of as much as 600 gammas.

Anomalies in area 26 mre offshore. (nasmuch as the
nearest known magnetic sources are batholithie rocks tn ares
23, a plutonie source is inferred.

On the north side of lmuya Bay, an anomaly of 400
gammas in area 27 may have multiple sources: (1) a small
Tertiary pluton crops out on the north flank of the anomaly
and (2) Naknek conglomerates (containing boulders gs large as
10 ft) crop out on the south flank of the anomaly. As
elsewhere in the area, ground magnetio surveys would bo
required to determine which rock unit is the principal source.

Small anomalies in area 28 are mainly offshore and
their sources are unknown.

Anomalieg in area 29 range up to 1.400 gammas. The
ontand part of the area, north of Cape Igvak, correlates
closely with Tertiary quartz diorite plutons.  Because
offshore anomalies have amplitudes as hlgh as 1,000 gammas,
we believe that their sources are likewise quartz dlorile.

Northeastern coastal province

Rocks in this arbitrarily defined province are principully
Mesozoic sedimentary, volcanogenic. and volcanic rocks,
Only a few small Tertiary intrusive bodies and a small patch
of Quaternary voleanic rocks are exposed. The Shelikol and
Naknek Formations of Jurassic age sre the most widely

exposed In the area. In areas of anomaly 30, amplitudes
range from 100 to 400 gammas principally over exposures of
the Shelikol and Kislagvik Formations, but concealed
magnetl¢ plutons may be more likely sousces.

Several gonspicuous negative anomaties of 100 to 400
gammas amplitude comprise areas 3%; they have no obvious
explanation.

A prominent negative anomaly of as much as 200
gammas fs present over quartz diorite plutons near Mount
Kubugakll (area 32). The plutons are surrounded by hornfels
and altered rocks. The negative anomaly extends offshore
and probably indicates alteration as well,

Bruin Bay fault

Magnetic anomelies in area 9 cross the projected trace
of the Bruin Bay fault, a geologic projection based on the
ocecurrence of Juraysic granodiorite on the small island in
Becharof Lake. Anomalies of areas 8C and 9 appear to
terminate along magnetic lineament X-X'. If the geologic
projection of the fault is correct, it seems likely that the
fault splays into geveral strands southwest of Becharof Lake
and that the magnetically defined strand is parallel to but
north of the exposed strand.

Transverse segmaentation

Numerous geologists have observed that the Aleutian-
Alaska Peninsula volcanic ace is segmented along zones
transverge to the are {for example, Fisher and others, 1981;
Mersh, 1979, 1982; end Nakamura, 1977). The segmentation
s defined by differences in patterns of seismicity, dip of
Banioff zones, and by offsets in rectilinear groups of
voieanoes. In the Ugashik-Karluk region, & southern line of
volcanoes includes Aniakechak Crater (south of map area),
Yantarni vol¢ano, Mount Chiginagak, and Mount Kialagvik.
The next lne to the northeast is the Mount Peulik-Ugashik
caldera and the Kejullk volecanic center (north of map acea).
Fisher and others (1981) identified a northwest-trending zone
of discontinuity extending from south of Xodiak Island
through the region of Becharof Lake. The lines of voleanoes
have an apparent left offset of about 20 to 30 km, aad a gap
of about 6 km Is present in which no recognized large
voleanic centers oceur. Numerous northwest-trending faults
have been mapped in the gap between Mount Kialegvik and
Mount Peullk (sheet 2), but only a few prominent northwest-
trending magnetic lineaments have been observed in the
gap. Thus, any arc segmentation is not well expressed by
exposed magnetic rocks; the arc segmentation is expressed by
Neogene volcanism that does not substantially offset earlier
structural and Mthologic trends,

Magunetlc anomalies and resource appraisal

Ten minersalized areas have been defined by S.E. Church
(written commun., 1987) in the Ugashik and western part of
the Harluk quadrangles. Most of the pgeochemically
anomalous areas are near Tertiary plutonic rocks, their wall
rocks, and Tertlary volcanic rocks. The most common
geochemieal anomalies in stream-sediment samples are
copper, molybdenum, stiver, lead, and zine. Many areas also
have anomalous amounts of cobait, nickel, boron, bismuth,
arseni¢, gold, cadmium, antimony, tungsten, barjum, and tin.
Minerals in stream sediments include pyrite, chalcopyrite,
molybdenite, sphalerite, galena, tourmaline, barite, ecinnabar,
scheelite, and gold. The area numbers for each of the
following ten minecadzed areas are from S.E. Church (written
commun., 1987),

P.ex Prospect (area 1 of S.E. Church)

This prospect is a porphyry copper-molybdenum system
contalning gold developed in a hypabyssal dacite. Two
magnatic highs of several hundred gammas, separated by a
Jow, occur over the Intrusive rocks and the adjacent Tolstoi
Formatton (area 14, sheet 2). The low is probably due to
hycrothermat alteration ang horafelsing.



Ares west of Painter Creek (area 2 of S.E, Church)

Geochemlical anomaties of copper, silver, lead, zine,
boron, nioke), and cobatt occur In this area undertain by the
Tolstol Formation that (s intruded by smal) Tertiary plutons.
A magnetio high In area 16 (sheet 2) suggests a buried pluton,
and a magnetic low to the northwest generally coincides with
rock alteration.

Mike prospect (area 3 of S.E. Church)

A large geoohemical anomaly of copper and
molybdenum is surrounded by drairage basins whose
sediments contain anomalous lead, zinc, silver, cadmium, and
bismuth, Sllls and dikes cut the hornfelsed and altered
Naknek Formation and Tertlery voteanie rocks, The prospect
oceurs on the west fNank of a magnetic high of about 400
g;immaa that is produced by a Tertiary pluton {area 17, sheet
2).

Mount Chiginagak-Chiglnagak Bay (srea 4 of S.E. Church)

Geochemloal anomalies of ecopper, molybdenum,
tungsten, lead, zinc, cadmium, silver, and arseni¢ are found
south of Mount Chiginagak and eastward to Chiginagak Bay.
Magnetic nighs of areas 18, 19, and 20 {sheet 2) correlate
with Tertiary intrugive and volcsanic roeks and with the young
voleanic rocks of Mount Chiginagak. Mesozoic and Tertiary
sedimentary rooks have heen hornfelsed; the hydrothermal
alteration that occurs In some of the Tertiary voleanice rocks
appeacs to have had llittle effect on the positive anomaly in
area 134,

Mount Kialagvik to west of the Agrlpina Bay batholith (areas
b and 8 of S.E. Church)

Geochemlcal esnomalies of copper, molyhdenum,
tungsten, lead, zlno, silver, arsenle, bismuth, and gold occur
east and southeast of Mount Kialagvik where Mesogoic and
Tertiaey sedimentary rocks and Tertiary volcanic rocks are
attered and hornlaelsed in the vicinity of Tertiary intrusive
bodies. Magnetie highs in ereas 22, 23, 23A, and 25 are
produced mainly by the Intrusive compiex and Tertiary
voleanie rocks. Several negative snomalies probably indicate
unexposed or unmapped alteration areas.

Portage Bay (grea 7 of S.E. Church}

Siml)ar geochemical anomalies, especiaily molybdenum,
silver, 2in¢, boron, and cobslt, occur in the area from Mount
Bacharof south to Cape Igvak. A prominent magnetic high of
more than 1,000 gammas ig produced by the quartz diorite
pluton north of Cape lgvak {area 28). Some areas of horafels
and hydrothermal alteration near Cape Igvak were not
covered by the magnetic surveys.

Cape Kubugakll (area 8 of S.E, Church)

Geochemical anomalies of moiybdenum, copper, boron,
gold, tungsten, and cobalt are pregent in the Cape Kubugakli
area. Minor amounts of gold have been produced. The
geochemleal sultes associsted with the Tertiary intrusive
rocks appesr to define both porphyry copper-molybdenum and
porphyry molybdenum systems, Mesozoic sedimentary rocks
have been extengively hornfelsed around quariz diorite
plutons on the cape. A prominent magnetic low (area 32) of
about 200 gammas ocours over the cape and extends offshore
to tha east. Alteration Is strongly suggested by the low.
Although the area northeasi of Puale Bay has few exposed
Igneous rocks, geochemical anomalies of silver, boron, and
molybdenum are found over Mesozoic rocks (n the Portage
Creek dralnages. Small magnetic highs and lows in this part
of area 30 (sheet 2) may refiect unexposed intrusive rocks,

West slde of Wide Bay (area 9 of S.E. Church)

Scattered goochemica) anomalies northwest of Wide

Bay include copper, silver, lead, boron, and bartum., No
intrusive roeks or alteration zones have been mapped In the
area. Small ovoid magneiic highs and tows (50 to 100
gammas) of area 11B (sheet 2) may reflect magnetic phases
of the Mesogzoic sequences or small scattered plutons.

East of Becharof Lake and north of the Kejulik Rlver {area L0
of 8.E, Church)

The area northeast of Besharol Lake and northwest of
the Kejulik River Is characterized by anomaslous copper,
sitver, and barium. Quaternary volecanio rocks, tocafly
altered, are widely exposed over the Mesozoic sedimentary
rocks. Magnetic highs and tows, most having amplitudes of
about 100 gammas, are produced by the volesale roeks.

Other areas

Geochemical anomalies of molybdenum, copper, and
lead were found in rock samples (Wilson, 1986) from Davld
Island, near Port Wrangell, where a consptcuous magnetic low
occurs over altered voleanie rocks In area 24. Anomalies of
motybdenum, zine, and silver were reported by Wilson from
rocks near Cape Kekurnoi (south of Allnchak Bay), on the
flank of a magnetic low. Wllson reported anomalies of
copper, lead, zinc, and gold from rocks on the south side of
Imuys Bay. The geochemical anomalies are In magnetic lows
on the north side of erea 23,

Summsary

Perhaps the most significant guldes to gotentls)
mineralization are the ovold highs of more than 100 garmmas
in amplitude in areas of known or suspected Tertlary
plutons. Magnetic lows related to alteration and horafelsing
constitute a secondary guide. In additlon to the magnetic
anomalies assoelated with geochemicsal anomalles diseussed
above, magnetic highs in area 27 at the hesd of Imuys Bay
and offshore highs in areas 28 and 29A may Indicate
concealed plutons. Any of the magnetic lows, such as those
in areas 31, may indicate alteration zones related to
concealed plutons,

Oil and gas

Within the mountainous reglon, anticlines, such as the
Wide Bay and Ugashik Laka anticiines, are polential targets
for oil and gas exploration. Because of virtual absence of
magnetic anomalies, the Wide Bay anticline probably contalns
few igneous bodies. In the Chignlk aree to the south, the
small anomalies in the core of Chignik anticline were thought
to be caused by small intrusions, which might Indicate a low
potential for hydrocarbon production (Case and others,
1981). Now that we have recognized that sedimentary rocks
of the Naknek and S8helikof Formations ecan produce
detectable aeromagnetic anomalies, our evaluation of Chignlk
anticline must be revised to e less pessimistic estimate.

Magnetic anomalies in the Bristol Bay Jowlands Indicate
the depth to the sources (s 10,000 to 16,000 ft or more, which
agrees with data from deep drill holes. Thus, a large area I3
underlain by a thiek, stratitied sequence of rocks that may be
potentially favorable for ofl and gas exploration.
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and Karluk quadrangles, Aleska. Modlfied from Burk (1965}, Brockway
(1975), and Detterman and others (1983), Wavy lines indicate

unconformities.
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Figure 2.— Magnetlc susceptibllities of rock zamples from the Ugashik and Karluk
quadrangles and vicinity, Alaska.
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Figure 3. — Interpretation of magnetic anomalies along profile A - A K, magnetic
sugceptibility. Observed anomalies from detalled maps (U.S. Geologtcal
Survey, 1984),

11



MAGNETIC ANOMALY, IN GAMMAS

DEPTH, IN KILOFEET

/
B B
600 Li 1 1] L] I A} 1) T 1 I ) R ) T T I 1) T T T I T T v T I T [] L] 1) I ’ T 1 T l ) B
i EXPLANATION a ° .
300 o Obsaxved nnomaly R Apomaly produced |

100

-100

x Calonlatad nnomaly by spother body

_800 I | L L A L 1 ] ! L [} 'S i ] ) 1 L L I ) A L i I 1 1 i | ’Al 1 1 i | i
4 [ T 1 71 b l 1 T L T ( L T | T T T T T" T T T I T T T 1 ] T T T T I | L
- L SR -
P T S T S S RO R T T T T TR L T SR S T N 2
0 [~ 8od leval Blovation of aircraft _j
[ Body t 'J
10 — K«0.0028 K=0.002 oxs uolte -
r ags uanlte i
20 [ L 1 ) ). I ) ) L L l 1 i L L I 1 1 1 L } { Sy | L I L L L 1 I . — | o) I ) 1
0 10 20 30 40 60 80 70

HORIZONTAL DISTANCE, IN KILOFEET

Figure 4. — Interpretation of magnetic anomaltes along profile B - B. K, magnetic
susceptibllity. Observed anomalies (rom detaited maps (U.S. Geological
Survey, 19684).
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