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SOME GEOPHYSICAL GUIDES TO ORE 
IN SOUTHERN AND SOUTHWESTERN ALASKA 

J.E. Case 

In southern Alaska, massive sulfide deposits 
are associated with Lak Cretaceous-Palmgene 
pitlow basalt, sheeted dikes, and overlying flysch 
deposits. Most such mafic assemblages in Prince 
William Sound are characterized by prominent 
positive gravity anomalies. Magnetic anomalies 
over the volcanic belts are positive, but their 
amplitudes range widely. Where massive sulfide 
deposits occur on Knight Island and the Ellmar 
Peninsula, magnetic anomalies are relatively flat 
or negative-a strong indication of hydrothermal 
alteration accompanying mineralization. To the 
north and west, a belt of late Mesozoic gabbros, 
diorites, and ultramafic rocks of the northern 
Chugach Range and western Kenai Peninsula is in- 
dicatd by large positive gravity and magnetic 
anomalies. These m k s  may contain chromite, 
massive sulfide, magnetite, and gold deposits. The 
gravity and magnetic anomalies show that the 
complex continues beneath glaciers, alluvial mver, 
and watercovered arem. 

On the Alaska Peninsula, ore deposits include 
porphyry copper-molybdenum types, some of 
which are accompanied by gold deposits. Few sig- 
nificant gavity anomalies have yet been identi- 
fied, except that large granitoid plutons of Ter- 
tiary age commonly cause negative anomdies. 
Magnetic anomalies, however, have a twofold role 
in identifying grhtoid plutons. First, most 
plutons cause prominent ovoid magnetic highs, 
which coincide with '"centers of mineralization" as 
defined on the basis of geochemical anomalies and 
outcrop geolow by D. Cox and D. Detra. Second, 
the most highly mineralized arem on or adjacent 
to the granitoid plutons are commonly expressed 
by subdued or dative negative anomdies, also in- 
dicating alteration associated with the ore-farming 
process. 

Elsewhere in southern and southwestern Alas- 
ka, gold deposits in the flysch terrane west of the 
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Alaska-Aleu tian Range batholith are commonly 
associatad directly or indirectly with granitoid 
plutons that cut the Mesozoic flysch. These 
plubns nomalty produce small-amplitude posi- 
tive magnetic anomalies, or no anomdy at d, sur- 
rounded by negative anomalies caused by reverse- 
1y magnetized pyrrhotite that resulted from 
metamorphism in contact aureoles. 

Major positive magnetic anomalies on the 
Alaska Peninsula are produced by magnetite-rich 
sandstones of the Naknek Formation of Jurassic 
age whose sedimentary provenance is the Alaska- 
Aleutian Range batholith of Jurassic age. 
Whether fossil placer gold deposits might be 
assmiabd with the Naknek Formation remains to 
be determined by geochemical sampling. 



n 
*- MINERAL RESOURCES OF THC SURVEY PASS 
e QUADRANGLE, BROOKS RANGE, ALASKA 
r 

Donald 1. Grgbeck and Steven W. Nelson 

The mineral resources of the Survey Pass 
quadrangle (mapped at 1:250,000) in the central 
Brooks Range were evaluated under the Alaska 
Mineral Resource Assessment Program (AMRAP) 
beginning in 1977. Like all AMRAP studies, the 
Survey Pass effort is not a literature search but is 
based on a comprehensive field program specifical- 
ly tailored to collect and integrate geo1@cal, 
geochemical, geophysical, and minerd deposit 
data to achieve a modern (reconnaissanm) assess- 
ment of the quadrangle's mineral resources. 

The essential framework for produdrig the 
mineral reswrce assessment is the geoI@c map; 
more than hdf the effort in the study and con- 
siderable scientific talent in several disciplines was 
devoted to understanding the geology of the quad- 
rangle. The geologic map was then used as the 
foundation far interpreting and integrating the 
geochemical, geophysical, and mineral deposit 
data with ore deposit models to define mas of 
mineral resource potentid. The areas varied m a t -  
ly in their apparent minerd potential, not only 
because of differences in their inherent mineral en- 
dowment but because of the considerable variation 
in the amount and the implications of the data 
that were available. 

Seven brranes, bounded mainly by h o r n  or 
suspected north-dipping thrust faults, can k 
distinguished by stratigraphy, metamorphic 
grade, structural fabric, and magnetic signature. 
Almmt all the rocks in the quadrangle are h o r n  
or presumed b be Late Devonian or Early Missis- 
sippian in age, dthough they differ widely in 
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lithology. The northemmost terrane consists 
mainly of a thick, unmetamorphosed &-bed se 
quence deposited in a delta that covered much of 
what is now the Brwks Range in Lak Dwonian 
time. South of the red-bed sequence, four terranes 
consist of unrnetamorphosed to low-grade mks, 
mainly phyllibs, and carbonatas. South of them, 
the central portion of the quadrangle consists of 
low- to medium-@e catcareous to pelitic schist, 
gneiss. marble, and quartzite that s m m d  two 
Devonian gneissic granite batholiths. The south- 
ernmost terrane, the "schist belt"', msista of low- 
grade pelitic schists with scattmd occurrences of 
blueschist. The schist belt also contains a distinc- 
tive sequence of felsic and calcareous schist, rhye 
lib, and mafie igneous mks, which hosts large 
volcanogenic massive sulfide Cu-Zn-PbI-AgAu) 
deposits. 

Only two classes of deposits appear to be of 
major importance in the quadrangle: the volcano 
genic massive sulfide deposits and several types of 
deposit associated with felsic plutonic rocks. 
Numerws lines of evidence indicate that addi- 
tional massive sulfide deposits may exist in the 
schist belt, but only in ih western half in the quad- 
rangle. This study identified many skarn and other 
contact metamorphic deposits and veins contain- 
ing various combinations of Pb, Fa, Cu, Agv Au, 
Mo, Sn, W, and other elements m n d  the . h v e  
nian granite batholiths, and the geochemical data 

indicate additional undiscovered deposits of this 
type. However, dl the known deposits asswiated 
with the granites are small; mmt are little more 
than mjneralogical occurrences. W e  the hm 
granite plutans are an attractive environment for 
mineral depmits of several types, their roof zones, 
which were the most likely sites of minerahation, 
are largely eroded away. However, the geochem- 
i d ,  remomensing, and mineral deposit data 
strongly suggest that at least two large buried and 
previously unsuspected granitic plutons are pres- 
ent in the northern part of the quacErangle, and 
;several more are suspected elsewhere. 

BASE METALS, PRECIOUS METALS, AND 
MOLYBDENUM: NEW OCCURRENCE TYPES 

IN THE WESTERN UNmED STATES 

Wayne Hall, Stew Ludington, Ted C. Theodore, 
and Norman J Page 

Central Idaho B h k  Shah Mined  Belt 
(HdlEI-A highly mineralized black shale belt 60 mi 
I96 lan) long and 8-30 mi (13-48 km) wide of Or- 
dovician to Permian age crops out on the east side 
of the Aaanta lobe of the Idaho bathdith in cen- 
tral Idaho. These black shales o a r  in imbricated 
ktonostratigraphic plates separakl by regional 
thrust faults. Mineralized resources include (1) 

Open-pit molybdenite mine at  Quwta New Mexicn 

19 



A MULTlDlSClPLlNARY RESOURCE ASSESSMENT 
OF THE CHWGACH NATIONAL FOREST, AlASKA 

Steven W. Nelson 

The Chugach Nationd Fmst, a 9,000-mia 
(23,000-kmq area, is the s a n d  largest national 
forest in the United States and the largest national 
forest evduated under the National Forest 
Wilderness Act. A multidisciplinary resource 
assessmenb was conduckd between 1979 and 
1982, The largely reconnaissmcescale study by 
the U.S. Geological Survey included geologic map- 
ping; regional ammagnetic and gravity surveys; 
stream-sediment, panned<oncentrate, bedrock, 
and organic-geochemistry studies (for hydrocar- 
bons); and stable-isotope geochemistry and fluid- 
inclusion studies of specific mineral deposits. Con- 
currently, the US. Bureau of Mines conducted 
mapping and m h e m i c d  md mineralogical 
studies d mines, prospects, and mineral occur- 
rences. From these studies, 25 resource areas were 
iden ti fied To f aciii tab land-planning decisions, 
these meas have been ranked, fxom most favorable 
to least favorable, for potential for additional 
resources of those commodities IAu, Cu, oil, coal) 
with a history of production in the study area 

The geology of the national forest is dom- 
inated by two major lithaIogic units, the Late C r e  
-us Valdez Group and the Paleocene and (or) 
Emme Orca Group. Both groups, separated by 
the Conk t  fault system, consist largely of meta- 
morphosed to unrnetamorphosed graywacke, silt- 
stone, and shah. The Orca Group has baditionally 
been considered to be somewhat less metamor- 
phosed than the Vddez Group and to be further 
distinguished from it by the presence of mrlfrc 
volcanic rocks and local beds of conglomerate. Our 
mapping, however, has shown that these m k  
types are found in both groups. Sedirnenhy 
rocks, in part younger than the Orca Group, crop 
out in the southeastern part of the project area 
Plutonic rocks were emplaced in E m n e  and 
Oligocene time. Most of the plutons are granitic in 
composition, but an early phase of the Oligooene 
plutons ranges in composition from quartz diorite 
to gabbro. 

Previous studies7 have suggested that the 

Tysdd KG.. w d  Caw, J.E., 1982, Metallifarous mineral nzmm 
potential of the Sewanl and Hying Swnd ~ ~ I e s ,  southern Alaska: 
U.S. Cdagica l  Survey Miacellanews Field Sbhes Map MF-880-H, 
acale 1:260,000. 





Vddez and Qrca Groups represent two different 
metaUic mineral provinces. The Valdez Group is 
characterized by deposits worked for gold and the 
Orca Group by deposits worked for copper. Tkis 
distinction is weakened by our study, which shows 
that the copper deposits appear to be related to 
mdic volcanism and are generally found in, or 
spatially related to, mafic volcanic rocks in both 
the Vddez and Orca Groups and that the gold- 
bearing deposits occur in quartz fissure veins ap- 
parently hosbd by various rock units. Gold, for 
example, is found in quartz veins that have been 
dated at 53 M a  which cut Valdez Group sedimen- 
k a q  rocks, arrd in quartz veins cutting 34-Ma 
plutons. In these occurrences, the gold-bearing 
quartz veins occur along fractures and shem that 
cut across regional structure and fabric. Stable 
isotop studies suggest, at least for the older 
veins, that hot meteoic water leached the goEd 
from the country rock. In the Orca Gmp,  gold oc- 
cxmenws are restricted to quartz veins cutting 
sedimentary mks near the 51-Ma McKinley Lake 
pluton and te quartz veins cutting greenstme in a 
few small areas. 

An estimated 264.000 m. of gold have been 
recovered, from both lode a d  placer sources. Dur- 
ing a 30-year p w i d  beginning in the 1900's, nedy  
206,400,000 lb. of copper, with minor mounts of 
gold and silver, were produced. Most of the are 
was produced from faur mines, though small 
amounts of copper were mind from at teast 17 
other operations. The placer gold deposits are prin- 
cipally confined to the Kenai Peninstlla area, 
although other occurrences have been identified in 
dmos t  all of the metd-bemhg resoum potential 
areas. 

Extensive cod deposits occur in structurally 
complex Tertiary rockg in the Bering River area, 
and large tonnages of minable ma1 appear to be 
present. A total of about 20,000 tons of coal was 
produced inkmithntly in the early 19003, The 
Katda area has substantiated potential for 03 
and gas. The production of the field over a 30-year 
period was relatively small (354,000 bbl), and the 
complex structure and lack of suitable reservoir 
rocks in the area suggest that major fields are 
unlikely. 

METALLOGENETIC HISTORY 
OF THE WRANCELLlA TERRANE, 

EASTERN ALASKA RANGE, AeASKA 

Warwn J. Noklebq and Ian M. tange 

Much of the southern part of the mtwn 
Alaska Range. in the Mt. Hayes, Gulkana, md 
Nabesna quadrangles, consists of the Wrangellia 
terrane, which exhibib a long and complicated 
stratigraphic and structural history and a long 
and complicated metallogenetic history. In the 
eastem Alaska Range, WrmgeKa consisb mainly 
of (1) a thick sequence of late Paleozoic island arc: 
rocks, including submarine andesite flows, bm- 
c ia ,  epiclastic rocks, volcanic graywacke, rlrgillite, 
marble, and altered andesite and dacibe por- 
phyries, disconformably overlain by (2) Middle to 
Lake Wassic Nikolai Greenshe,  intruded by (3) 
cumulate mdic and ultrarnafic m k s  probably 
comagmatic with the basalt flows of the Nikolai 
Greenshe, and disconformably overlain by ( 4 )  
Late Triassic limestone. These and other terranes 
are meonformably overlain by Late Jurassic and 
Early Cretaceous flysch and intruded by isolated 
plutons of probable Late Jurassic and Early 
Crehcwus age. The Wrangefia terrane exhibits 
upper greenschist facies metamorphism with a 
weak cleavage or shistosity. 

Six principal types of mineral dewits and m- 
currences are found in Wrangellia in the eastern 
Alaska Range: (11 Small areas of sulfides, up to a 
few meters wide, with anomdous concentrations 
of Cu, Pb, Zn, Ag, and Au, occur in fracture zones 
and are disseminated in h y d r o t h d y  al&red 
late Paleozoic volcanic &a. Common sulfide 
minerals are chalcopyrite, brnite, sphderite, and 
pyrite. (2) Pcds and lenses of massive sulfides and 
skarn deposits containing chalcopyrite and pyrite 
with anomalous concenbations of Cu, Ag, and Au 
occur in marble and in hydrothemally altered 
volcanic m k  adjacent te Permian andesite and 
dacite porphyries. Maximum ckimensians am a few 
meters. (3) Lmal disseminabd sdfides with 
anomalous concentrations of Cu, Pb, Zn, and Ag 
occur in hypabyssal Pennian andesite and da5t.e 
porphyries. These porphyries are often propy- 
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liticdly altered. contain calcite w d  chalcopyrite 
veinlets, and are laced with disserninakd chal- 
copyrite and pyrite. ( 4 )  Disseminated pains and 
lenses of Ni-bearing chromite occur in lavers in 
cumulate mafic and u~tramdic rock in extensive 
sills. ( 5 )  Disseminated sulfides with anomdous 
concentrations af Cu. Ag, and Au occur in various 
granitic plutonic rocks. These granitic rocks com- 
monly contain very fine grained K-feldspar, 
quartz, secondary sericite, and pyrite, and minor 
chalcopyrite in fractures and isolated g i n s .  (6) 
Sulfides with anomalous concentrations of Cu, Ag, 
and Au occur in quartz veins and associakd al- 
tered Nikolai Greens tone and otder metavolcanic 
rocks. The common sulfides are chalcopyrite. 
bornik, and pyrite. 

Our prelirninq accretionary krrmtne model 
rerates the oripn of these mineral deposits ta the 
origin, migation, and accretion of WrangeUia. In- 
itially, subduction formed a late Paleozoic island 
arc. During the early stages of the arc, dissem- 
inated and vein sulfide deposits formed in volcanic 
flows and associated rocks. Later, during the final 
stages of the island arc. sulfide deposits formed in 
s k m  and voIcanic rocks adjacent to shdow por- 
phynes. Subsequent rifting during the Middle and 
Late Triassic result4 in submarine and subaerial 
extrusion of the Nikolai Greenstone and ernpIace- 
ment of associated cumulate mafic and ultramafic 
rock containing disseminated grains and lenses of 
chmmite. In the Late Jurassic through Late Creta- 
ceous, subduction and formation of an island arc 



dong the leading edge of WxangeKa oc.cumd dur- 
ing migration towards North Ameriea This 
resulted in intrusion of plutonic rocks containing 
disseminated and vein basemetal sulfides and in 
local s k m  formation adjacent te granitic plutons. 
Finally, Wrangellia was accreted onto the western 
margin of North America during the middle or 
Late Cretaceous, resulting in regiona2 greenschist 
facies metamorphism and deformation that cul- 
minated in formation of latestage quartz sweat 
veins and altered areas with Cu-, Ag-, and Au- 
bearing sulfides. This mdel may be an i m p o h t  
predichive tool for mineral resource assessment 
and for d i w e r y  of new mineral deposits in 
WrmgelJia throughout the North Americm 
Cordika. 



CHARACTERfSTlCS OF LODE-COLD DEPOSITS 
IN THE PRINCE WllLlAM SOUND REGION, 

SOUTHERN ALASKA 

Miles L, Silberrnan and Dawn 1. Madden 

Lodegold deposits in low- to mediwn-grade 
metamorphosed, accretd sedimentary rocks are 
mmrnon and economicdy important throughout 
the world. Perhaps the best known examples of 
this deposit type are in the Klamath Mountains of 
nodhem California. Other occumnces are found 
in South Island (New Zealand), Papua New 
Guinea. southwest .  Alaska, and parts of the 
Mother Lode Belts of centrd California. Because 
of the importance of depsits of this type, we 
decided to study in detail one region where tfiey oc- 
cur in order to detarmine their mechanisms of for- 
mation and localization. The dewits near Prince 
William Sound, southern Alaska, are pmticularly 
suited for detailed study now, after ten years of 
regional and lwal geo1ogic study, when a com- 
prehensive regional picture is emerging. 

The deposits occur as n m w  fissure veins 
emplaced along faults, fractws, and she= in 
metasdimentary rocks of the Upper Cretaceous 
Valdez Gmup in the Prince William h n d  region. 
In some mining districts, the veins are peripheral 
to and cut small granitic stocks and plugs that in- 
truded the metasedirnentmy m k s  kkween 55 and 
50 Ma and again at 35 MEL In other districts, the 
veins occur in metmedimentq host rocks that 
lack plutonic intrusions but contain s m d  felsic to 
intermediate dikes, which are locally altered and 
cut by the veins. 

The veins consist of quartz and minor calcite 
they contain generally low concentrations of 
sulfide minerals, predominantly arsenopyrita, and 



Metamorphism Heating of thickened wedge, 
(55-62 Ma) high-grade metamorphism at 

depth, lower grade near surface. 
Generation of metamorphic 
fluids, which leach metals from 
wedge sediments. Formation of 
metamorphic segregation 
quartz veins. 

Intrusion Migration of melts to shdow 
(55-50 Ma) depth, and emplacement as 

plutons and dikes. Contact 
metamorphism, faulting. 

Uplift Uplift by thennal expansion, or 
losa of compression, opening of 
fractures, extensional shearing. 

Mineralization Idlux of meteoric water, mix- 
(55-53 Ma) ing with metamorphic fluids as 

they ascend, deposition of 
quartz, calcite, metals in open 
fractures and shears. Late 
stages of process driven by heat 
of anatectic granites. 



PROGESSINC OF LANDSAT IMAGERY TO MAP 
SURFACE MINERAL ALTERATION ON THE 

ALASKA PENI'NSU LA, ALASKA 

Fder ic  H. Wlson and James E. Yorkl' 

Landsat images were digitally processed to 
facilitate assessment of the mineral resources of 
the Port Moller, Stepwak Bay, and Sirneonof 
Island 1:250,000 quadrangles. Field mapping and 
assessment of these quadrangles were begun in 
1983 as part of the Alaska Mineral: Resource 
Assessment Program (AMRAP). I t  was quickly 
realized that time and budget constraints would 
limit mapping coverage. Therefore, at the sugges- 
tion of Roger Ashley, we used &sting Landsat 
multispectral scanner imagery tn aid in locating 
surface alteration, which could be field checked or 
related to stream-sediment or hand-sample geo- 
chemical data. 

" J m  E. Y d ,  Tech& Govemnaent SePvicea Im.; wwk par. 
fwmed under W.S. Geological Suwey Carrtract Number 14-08-001- 
20129. 



ation of an area They allow rapid selection of areas 
that merit detailed field examination and gee 
chemical sampling. 



THE ALASKA MINERAL RESOURCES 
ASSESSMENT PROGRAM 

AMRAP (Alaska Mineral Resources Assess- 
ment Program), the prototypic U.S. Geological 
Survey regional resource assessment program, 

. enters its second decade with the continuing goal 
to provide comprehensive information on the min- 

a eral and energy r e m e  endowment of Alaska ta 





the public, the private sector, the academic com- 
munity, and those who m concerned with na- 
tional mineral policy. The program is designed (1) 
to provide information to land management agen- 
cies for decisions regarding the dassification and 
allwation of Alaska's Federal lands in response to 
mandates of the Alaska National Interest Lands 
Conservation Act (ANILCAk (2) to p d u c e  sys- 
tematic, stateof-theart geoscienee information to 
the mineral and energy industries, Alaska natives, 
and other public and private interests concerned 
with exploration and development of Alaska's 
resources; and (3) to expand the general knowledge 
of Alaska's complex geological setting, much of 
which is known presently only in reconnaissance. 

In order ta meet these broad objectives, 
AMRAP conducts four levels of study at progres- 
sively greater detail: h e 1  1, statewide compila- 
tions to identify the total mineral and energy 
resource base available for nationd n& Level 2, 
synoptic regional assessments of geologic prov- 
inces (scale, 1:1,000.000), with an analysis of prob- 
able sizes and grades of potentid resources (fig. 3); 
Level 3, interdisciplinary studies of key 
1:250,000-scale quadrangles that are thought tu 
have significant mineral or e n e w  potential (fig. 
3); and Level 4, investigations of mineral districts 
and deposits, energy provinces, and technical 
topics that will aid in interpreting the setting and 
character of specific m i n d  or energy resources in 
Alaska 

The m of the program presently is Level 3 
studies. Fieldwork has been completed in 33 quad* 
rangles, and compleb folios (which include p 
logic, geochemical, and geophysical maps, a 
mineral and energy resource assessment, a sum- 
mary circular, and derivative reports) are available 
for 19 of those quadrangles. Many individual folio 
components are available presently for the other 
14, and investigations mtinue in 16 quadrangles, 

About 40 percent of the quadrangIes intendd for 
campletion in the program are completd or are be- 
ing studied. When key quadmng1ea in in large 
region or geological province have been completed 
(for example, the Seward Peninsula), a Level 2 syn- 
thesis is begun or updated. A regional mineral 
resource assessment for southeastern Alaska has 
been completed recently that has drawn upon new 
detailed Level 3 studies. A similar stage will be 
reached scan for the Alaska Peninsula, the Brooks 
Range, and the eastem part of southern Alaska 
(fig. 3). Synoptic mineral an$ energy resource 
assessments will provide u p - W t e  information 
on the p o h t i a l  for these Pegions and will show 
where additional information is needed. 

Level 4 research investigations always have 
been an integral part of AMRAP. Theee studies in- 
dude a broad spectrum of topical or detailed 
geological mapping, geochemical and isotopic 
studies, hnostratigraphic and biostmtigraphic 
interpretation, geophysical studies, and evaluation 
of specific mineral or energy resource occurrences 
or commodities. Work currently underway on 40 
projects will improve mineral deposit models, 
appraise specific resource potentials. and provide 
data that can directly aid explmation and 
development. 

Two approaches in Level 4 studies wil l  be ae 
celeratd in the next few years. First, detailed and 
comprehensive mcurrence studies have begun of 
large, high-grade districts, such as the Red Dog 
and affiliated deposits in the western Brooks 
Range, and districts that have unique features, 
such as the southern Ambler district in the 
southwestern B m k s  Range, where the copper- 
base-metal deposits are rich in cobalt. Secondly, 
detailed multidisciplinary studies of strategic com- 
modities, such as tin and chromium, have begun 
because knowledge of Alaska's large apparent 
resources wilI be imptant in the future. 


