
Interpretation of Reconnaissance 
Geochemical Data from the 
Port Moller, Stepovak Bay, and 
Simeonof Island Quadrangles, 
Alaska Peninsula, Alaska 

By J.G. Frisken 

Porphyry copper- and molybdenum-type sulfide systems 
and precious-metal systems are delineated in the study area 
by interpretation of geochemical data 

U.S. GEOLOGICAL SURVEY BULLETIN 1968 



U.S. DEPARTMENT OF THE INTERIOR 

MANUEL LUJAN, JR., Secretary 

U.S. GEOLOGICAL SURVEY 

Dallas L. Peck, Director 

Any use o f  trade, product, or firm names i n  this publication is for descriptive purposes only and 
does not  imply endorsement by  the U. S. Government 

U N I T E D  STATES G O V E R N M E N T  PRINTING OFFICE: 1992 

For sale by 
Book and Open-File Report Sales 
U.S. Geological Survey 
Federal Center, Box 25286 
Denver, CO 80225 

Library of Congress Cataloging-in-Publication Data 

Frisken, James G. 
Interpretation of reconnaissance geochemical data from the Port Moller, Stepovak 

Bay, and Sirneonof Island quadrangles, Alaska Peninsula, Alaska / by J.G. Frisken. 
p. cm. - (U.S. Geological Survey bulletin ; 1968) 

Includes bibliographical references and index. 
1. Ore deposits-Alaska-Alaska Peninsula. 2. Geochemistry-Alaska- 

Alaska Peninsula. I. Title. II. Series. 
[QE390.F75 19921 
557.3 4 ~ 2 0  91-281 75 
[553'.097981 CIP 



CONTENTS 

Abstract 1 
Introduction 1 

Physiographic and geologic setting 1 
Mineral occurrences on the Alaska Peninsula 3 
Mineral deposits of the Port Moller study area 3 

Geochemical methods 4 
Statistical summary 4 
Factor analysis methods 8 
Sediment-sample factor-analysis associations 8 
Concentrate-sample factor-analysis associations 14 
Discussion of mineral occurrences and geochemical anomalies 17 
Description of gold anomalies 20 
Centers of porphyry copper-molybdenum-type mineralization 26 
Conclusions 43 
References cited 43 

PLATES 

[Plates are in pocket] 

1. Map showing distribution of selected gold values determined in stream-sediment, 
panned-concentrate, and rock samples collected from the Port Moller, Stepovak Bay, 
and Simeonof Island 1 "x2" quadrangles, Alaska Peninsula, Alaska 

2. Map showing sites that have stream-sediment, nonmagnetic heavy-mineral- 
concentrate, or rock samples that are anomalous in both copper and molybdenum or 
sites that have some combination of copper and molybdenum anomalies in a stream- 
sediment and a nonmagnetic heavy-mineral-concentrate sample collected from the 
Port Moller, Stepovak Bay, and Simeonof Island 1°x2" quadrangles, Alaska 
Peninsula, Alaska 

3. Generalized geologic map of the Port Moller, Stepovak Bay, and Simeonof Island 
quadrangles, Alaska Peninsula, Alaska 

FIGURES 

1. Index map of the Alaska Peninsula showing location of Port Moller study 
area 2 

2. Bar diagrams showing distribution of selected data for minus-80-mesh stream- 
sediment samples and for copper and molybdenum in rock samples 9 

3. Bar diagrams showing distribution of selected data for nonmagnetic heavy- 
mineral-concentrate samples 10 

4. Distribution of selected factor scores for stream-sediment factor 4 16 
5. Distribution of selected factor scores for nonmagnetic heavy-mineral-concentrate 

factor 1 18 
6. Distribution of selected factor scores for nonmagnetic heavy-mineral-concentrate 

factor 5 19 
7-16. Sample site maps for: 

Contents Ill 



TABLES 

Area 1 (plate 2) 
Area 2 (plate 2) 
Area 3 (plate 2) 
Area 4 (plate 2) 
Area 5 (plate 2) 
Area 6 (plate 2) 
Area 7 (plate 2) 
Area 8 (plate 2) 
Area 9 (plate 2) 
Area 10 (plate 2) 

Statistical summary of stream-sediment data 5 
Statistical summary of nonmagnetic heavy-mineral-concentrate data 6 
Statistical summary of all gold data 7 
Chosen thresholds and corresponding percentiles for selected elements in stream- 
sediment samples 12 

Chosen thresholds and corresponding percentiles for selected elements in nonmag- 
netic heavy-mineral-concentrate samples 13 
Factor loadings after Varimax rotation of log-transformed analytical data from 
stream-sediment samples 14 
Factor loadings after Varimax rotation of log-transformed analytical data from 
nonmagnetic heavy-mineral-concentrate samples 15 
Tables showing summaries of selected geochemical anomalies for samples plotted 
on: 
8. Figure 7 (area 1 on plate 2) 29 
9. Figure 8 (area 2 on plate 2 31 

10. Figure 9 (area 3 on plate 2) 33 
11. Figure 10 (area 4 on plate 2) 35 
12. Figure 11 (area 5 on plate 2) 37 
13. Figure 12 (area 6 on plate 2) 39 
14. Figure 13 (area 7 on plate 2) 41 
15. Figure 14 (area 8 on plate 2) 43 
16. Figure 15 (area 9 on plate 2) 45 
17. Figure 16 (area 10 on plate 2) 47 

IV Contents 



l nterpretation of Reconnaissance Geochemical Data 
from the Port Moller, Stepovak Bay, 
and Simeonof Island Quadrangles, 
Alaska Peninsula, Alaska 

By J.G. Frisken 

Abstract 

During the 1983 through 1985 field seasons, the U.S. 
Geological Survey conducted a reconnaissance stream- 
sediment geochemical survey of the Port Moller, Stepovak Bay, 
and Simeonof Island 1°x2" quadrangles on the Alaska Penin- 
sula. This study i s  based primarily on emission-spectrographic 
data plus atomic-absorption gold data obtained from the anal- 
ysis of minus-80-mesh stream-sediment samples and from the 
analysis of nonmagnetic heavy-mineral-concentrate and bulk- 
concentrate samples derived from stream sediment. 

Interpretation of the analytical data delineates zones 
enriched in gold and zones enriched in copper plus molybde- 
num. The zones enriched in copper plus molybdenum are 
located within zones of hydrothermally altered volcanic and 
clastic rocks that are spatially associated with intrusive bodies 
of intermediate composition. The zones of alteration and 
copper-plus-molybdenum enrichment are thought to indicate 
the presence of porphyry copper- and molybdenum-type sul- 
fide systems that may include associated base- and precious- 
metal veins. Most zones of gold-rich rocks overlap zones of 
rocks enriched in copper plus molybdenum; this suggests a 
possible genetic relationship. However, some quartz-sulfide- 
vein samples containing relatively high concentrations of gold 
were collected in the vicinity of the Devils batholith from intru- 
sive or country rocks that were not obviously enriched in cop- 
per plus molybdenum. 

Base-metal veins in the study area generally contain 
either precious metals or are spatially associated with 
precious-metal veins. Common minerals in the base-metal 
veins include quartz, calcite, pyrite, chalcopyrite, galena, and 
sphalerite. Antimony, arsenic, and bismuth minerals are also 
often present in these veins. 

Geochemical maps (plates 1 and 2) show anomalous 
areas that include, but are not limited to, areas with known 
mineral prospects. These maps indicate favorable new targets 
for mineral exploration. 

INTRODUCTION 

A reconnaissance geochemical survey was conducted 
within the Port Moller, Stepovak Bay, and Simeonof Island 
1 "x2" quadrangles from 1983 through 1985. For this report, 
these quadrangles are referred to as the Port Moller study 
area. This survey represents a part o f  the Level 111 
1:250,000-scale Alaska Mineral Resource Assessment 
Program (AMRAP). Samples o f  stream sediments and 
heavy-mineral concentrates were collected during this sur- 
vey and analyzed by semiquantitative emission spectrogra- 
phy. Data from rock samples collected during the 
reconnaissance geochemical survey (Arbogast and others, 
1987) and during geologic mapping studies (Angeloni and 
others, 1985; Wilson and others, 1987) are also discussed. 
Most rock samples and selected panned-concentrate and 
stream-sediment samples collected were analyzed for gold 
by atomic absorption spectrophotometry. Stream-sediment 
and panned-concentrate geochemical data and gold data 
obtained from all sample media are interpreted i n  this report. 
Extensive reference is made to anomaly distribution maps 
for stream-sediment data (Frisken and Arbogast, 1991a), 
nonmagnetic heavy-mineral-concentrate data (Frisken and 
Arbogast, 1991b), and for gold data from all sample media 
(Frisken and Kelley, 199 1). Unreferenced discussions o f  the 
geology o f  the study area, presented throughout this paper, 
are from F.H. Wilson (written commun., 1989), the AMRAP 
geological map (Wilson and others, i n  press), or from field 
observations made during the reconnaissance geochemical 
survey 

Physiographic and Geologic Setting 

The land area o f  the Port Moller study area (fig. 1) com- 
prises about 8,800 krn2 on the Alaska Peninsula and offshore 

Manuscript approved for publication December 28,1990. islands. Few roads exist i n  the study area. Access is by ferry 
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Figure 1. Index map of the Alaska Peninsula showing location of Port Moller study area. 

or airplane to Sand Point located on Popof Island, and to 
Ivanof, Perryville, Port Moller, and Nelson Lagoon by char- 
tered boat or plane. The climate is moderated by the effect 
of the Japanese Current and moist conditions have led to lux- 
uriant vegetation below about 450 m throughout most of the 
study area. The vegetation consists primarily of low- 
growing plants, but salmonberry and alder thickets occur 
along some drainages. 

The study area is part of the Nushagak-Bristol Bay Low- 
land and Aleutian Range physiographic provinces 
(Wahrhaftig, 1965). The part of the Aleutian Range prov- 
ince within the study area is characterized by glaciated peaks 
having average elevations near 1,000 m. Several Holocene 
volcanic peaks dominate the landscape. The northwestern 

part of the study area is in the Nushagak-Bristol Bay Low- 
land province and is characterized by less than 50 m of relief. 

The most comprehensive report covering the geology of 
the study area prior to the AMRAP study was a reconnais- 
sance stratigraphic study by Burk (1965). The Pavlof 
volcanic centers were mapped by Kennedy and Waldron 
(1955) and part of the outer Shumagin Islands was mapped 
by Moore (1974). The Port Moller AMRAP geologic map 
(Wilson and others, in press) combines elements of these 
studies with extensive new field mapping. 

Mesozoic rocks in the study area are entirely sedimentary 
and range in age from Late Jurassic to Late Cretaceous. The 
oldest rocks in the area are sandstone and siltstone of the 
Upper Jurassic Naknek Formation. These rocks are 
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conformably overlain by siltstone and shale of the Lower 
Cretaceous Staniukovich Formation and the stratigraphically 
higher calcarenite of the Herendeen Formation. Overlying 
these units are Upper Cretaceous clastic rocks of the 
Chignik, Hoodoo, and Shumagin Formations (Burk, 1965; 
Detterman and others, in press). 

Episodes of volcanism occurred during the Tertiary and 
earlier Quaternary and continue into the present day. The 
large granodiorite batholith in the Shumagin Islands and the 
Paleocene nonvolcanic sandstone in the Tolstoi Formation 
are the oldest Tertiary rocks known in the area. The upper 
part (Eocene) of the Tolstoi Formation is rich in volcanic 
debris and is the earliest evidence for volcanic activity 
related to the Meshik magmatic arc of Wilson (1985). 
Eocene and Oligocene volcanic sandstone and siltstone ot: 
the Stepovak Formation and volcanic rocks of the Meshik 
Volcanics and correlative units, including the Popof volca- 
nic rocks, constitute the main part of the Meshik arc. Meshik 
arc volcanism ceased in middle Miocene time with the d e p  
osition of the uppermost part of the Unga Formation, which 
includes lahars associated with volcanic centers on Unga 
Island. The tuffaceous clastic rocks of the upper Oli- 
gocene(?) to middle Miocene(?) Belkofski Formation may 
be, at least in part, correlative with the Unga Formation. The 
nonvolcanic Miocene Bear Lake Formation was deposited 
during a time of volcanic quiescence. Late Miocene volca- 
nic and intrusive rocks indicate the initiation of Aleutian arc 
magmatic activity. The Pliocene Milky River Formation is 
the youngest recognized Tertiary geologic unit in the area 
and is composed mainly of volcanic flows and sandstone. 
During Quaternary time, additional volcanic units, hypabys- 
sal plugs, and domes were emplaced and much of the low- 
land part of the study area was covered by alluvial, colluvial, 
lacustrine, glacial, and marine beach deposits. 

Mineral Occurrences on the Alaska Peninsula 

Known mineral occurrences on the Alaska Peninsula are 
dominated by porphyry-type copper-molybdenum sulfide 
systems. In the Chignik-Sutwik Island study area, immedi- 
ately north of the Port Moller study area, Wilson and Cox 
(1983) described porphyry mineralization associated with 
early Tertiary to Quaternary intrusive rocks of intermediate 
composition that intruded marine and nonmarine clastic 
rocks. Wilson and Cox (1983) also stated that copper- and 
molybdenum-rich porphyry systems were characterized by 
drainage basins in which stream sediments were anomalous 
in copper, molybdenum, and tungsten; these basins were sur- 
rounded by drainage basins in which stream sediments were 
anomalous in lead, zinc, bismuth, arsenic, and precious 
metals. Rocks exposed in basins with copper-molybdenum- 
tungsten anomalies typically showed argillic, sericitic, or 
phyllic alteration and contained disseminated molybdenite, 

chalcopyrite, and scheelite. Surrounding the zones of 
intense alteration were zones of propylitically altered rocks 
containing both disseminated and vein pyrite and lesser 
amounts of galena, sphalerite, arsenopyrite, precious metals, 
barite, and tourmaline. Some placer gold was found in 
streams surrounding the centers of mineralization. Weather- 
ing and oxidation of exposed pyrite commonly produced 
yellow-brown and reddish color anomalies. Observations 
made during the present study indicate that similar geologic 
and geochemical features are associated with centers of min- 
eralization in the Port Moller study area. However, most 
samples with detectable tungsten concentrations and most 
nonmagnetic heavy-mineral-concentrate samples that con- 
tained scheelite were collected from the central Shumagin 
Islands, an area primarily underlain by the Shumagin Islands 
batholith. 

Mineral Deposits of the 
Port Moller Study Area 

Known mineral occurrences in the Port Moller study area 
include porphyry copper and molybdenum deposits and 
base- and precious-metal vein deposits. Hydrothermally 
altered rocks associated with both the Meshik and Aleutian 
magmatic arcs are common within the study area and indi- 
cate areas that may host mineral deposits. In the late 1800°s, 
gold prospecting led to the establishment of the Apollo gold 
mine, located near the head of Delarof Harbor on Unga 
Island. Between 1892 and 1912, the Apollo and nearby Sitka 
mines produced more than 107,900 oz of gold from ore that 
averaged about 0.22 ozlton. The bulk of the gold produced 
was from quartz-sulfide veins, which were exceedingly rich 
in places (Atwood, 191 1). Additional reserves discovered in 
recent years may amount to 1,453,600 tons of ore grading at 
0.317 odton gold and 1.37 odton silver (Green and others, 
1989). Recent exploration has also found ore reserves on 
Unga Island at the Shumagin deposit, located near the head 
of Baral of Bay. This deposit has reserves of 278,201 tons 
of ore grading at 0.524 oz/ton gold and 2.47 ozlton silver 
(Green and other, 1989). In addition, the Aquila prospect, 
located southeast of the Shumagin gold deposit near Achere- 
din Bay, has an estimated 30,000 tons of ore grading at 0.22 
ozlton gold and 0.8 ozlton silver (Wilson and others, 1988). 
All of the precious-metal reserves are located in open- 
growth quartz veins that are hosted by andesite flows and 
tuffs. The host rocks have undergone extensive propylitic 
alteration and local argillic and sericitic alteration along frac- 
ture zones. Between 3,000 and 4,000 oz of placer gold were 
also recovered, primarily in 1904 and 1905, from beach 
gravels near Sand Point, the site of the present-day airport on 
Popof Island (B.S. Webber, J.M. Moss, F.A. Rutledge, and 
R.S. Sanford, U.S. Bureau of Mines, written comrnun., 
1946). Upland source rocks are presently being reevaluated 
for gold-ore reserves. 
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Since the 1950ts, copper exploration has located small 
porphyry copper systems at Pyramid Mountain (Armstrong 
and others, 1976) and at the Ivanof porphyry copper prospect 
northwest of Humpback Bay (Mackevett and Holloway, 
1977). These mineral systems feature quartz diorite intruded 
into clastic rocks and show zoned alteration patterns that 
include potassic cores, pervasive sericitic alteration with 
veinlet and replacement mineralization, and propylitic mar- 
gins. The Pyramid porphyry copper prospect was drilled in 
1975 and has reserves of 126 million tons of ore averaging 
0.413 percent copper and 0.025 percent molybdenum 
(Christie, 1975; Christie and Wolfhard, 1977; Arrnstrong 
and others, 1976). The Ivanof porphyry copper prospect has 
reported grades as high as 0.72 percent copper with potential 
for large tonnages (Green and others, 1989). Gold is associ- 
ated with known porphyry copper-molybdenum occurrences 
in the study area (Frisken and Arbogast, 1991b; Wilson and 
others, 1988) and may be a significant by-product if any of 
these occurrences prove to be of economic significance. 

GEOCHEMICAL METHODS 

Heavy-mineral-concentrate and stream-sediment sam- 
ples were collected from active stream channels, most drain- 
ing areas of 1-8 krn2. Sample density is highest in areas of 
visible phyllic or argillic alteration that are often character- 
ized by extensive red color anomalies. Overall sample den- 
sity is lowest in the swampy lowlands near the Bering Sea 
coast where pre-Holocene outcrops are rare. During the 
reconnaissance geochemical sampling program, 777 stream- 
sediment samples and 939 panned-concentrate samples were 
collected. Both sample media were collected by wet sieving 
through a 10-mesh stainless steel screen. At each site, one 
36-cm (14-in) gold pan of sediment was collected and about 
0.5 kg of minus-2-mm material was retained as the stream- 
sediment sample. The remaining material was panned at the 
site to produce a heavy-mineral concentrate. At 161 sites, a 
second concentrate sample was collected solely for low- 
level gold analysis. 

The minus-2-mm stream-sediment samples were dried in 
an oven and then shipped to the laboratory where they were 
sieved through an 80-mesh screen. This fraction was ground 
between ceramic plates to minus-150 mesh and retained for 
chemical analysis. The panned concentrates were dried in an 
oven and then shipped to the laboratory where the 778 con- 
centrates collected for spectrographic analysis were sieved 
to minus-30 mesh. Following removal of the light-mineral 
fraction by flotation in bromoform (specific gravity about 
2.8), the heavy-mineral fraction was separated into three 
splits by electromagnetic separation. The most magnetic 
fraction contained magnetite and other highly magnetic min- 
erals and rock fragments. The second fraction was of inter- 
mediate magnetic susceptibility and consisted of rock 

fragments as well as most of the more magnetic mafic sili- 
cates. The nonmagnetic fraction contained the high- 
specific-gravity rock-forming minerals such as apatite, 
zircon, rutile, and sphene, as well as minerals that might 
indicate alteration and mineralization processes, such as epi- 
dote, tourmaline, native gold, fluorite, barite, scheelite, and 
the sulfide and sulfosalt minerals. This least magnetic frac- 
tion of the heavy-mineral concentrate was then split again, if 
adequate sample was recovered: one portion was used for 
mineral identification (759 of 778 samples), and a second 
portion was ground for spectrographic analysis. Out of all 
samples collected, 721 contained sufficient material for 
spectrographic analysis. 

The minus-80-mesh stream-sediment samples and non- 
magnetic heavy-mineral-concentrate samples were analyzed 
by a six-step semiquantitative direct-current-arc emission- 
spectrographic method (Grimes and Marranzino, 1968). In 
addition, 140 stream-sediment samples and 551 rock sam- 
ples were analyzed by atomic-absorption spectrophotometry 
for gold (Meier, 1980) with a detection limit of 0.002 parts 
per million (ppm). Another 2,013 rock samples and the 161 
unprocessed, bulk panned-concentrate samples were ana- 
lyzed for gold by an atomic-absorption method with a detec- 
tion limit of 0.05 ppm (Crock and others, 1987). Data for the 
latter bulk-concentrate samples, many of which were col- 
lected downstream from altered or mineralized outcrops, 
were converted to pg of gold per pan of collected sample. 
Geochemical data from the analyses of rock samples col- 
lected during geological mapping studies between 1982 and 
1986 are tabulated in Wilson and others (1987), and in 
Angeloni and others (1985). The geochemical data from 
samples collected during the reconnaissance geochemical 
survey are tabulated in Arbogast and others (1987). 

STATISTICAL SUMMARY 

Statistics for the analytical data for the minus-80-mesh 
stream-sediment samples, nonmagnetic heavy-mineral con- 
centrates, and for gold determined in various sample media 
are presented in tables 1-3. Many of the elements analyzed 
were censored, with concentrations for some samples above 
or below analytical determination limits. Detection ratios, 
which are calculated as the number of noncensored values 
divided by the total number of samples analyzed for a given 
element, describe the degree to which the data are censored. 
Univariate statistics were computed for those elements with 
detection ratios greater than 0.10. For tables 1 and 2, the 
entire data set was used to calculate geometric means, geo- 
metric deviations, and percentiles. The G (greater than) val- 
ues were replaced by values one spectrographic step above 
the upper determination limits; the L (less than) values were 
replaced by values one step below the lower determination 
limits; the N (not detected) values were replaced by values 
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Table 1. Statistical summary of minus-80-mesh stream-sediment data for the Port Moller, Stepovak Bay, and Simeonof Island quadrangles, Alaska 

[Method of analysis: 6-step semiquantitative emission spectrography; values reported in ppm except Ca, Fe, Mg, and Ti (in percent). Au, Sb, W, and Th not detected. Leaders (--),no meaningful data1 

Spectrographic determi na t i on  Percent i  l e  d i s t r i b u t i o n  based on 

Number o f  Samples l i m i t s  and range o f  unqual. d a t a  ~ c u l a t l o n s  based e n t i  r e  data  s e t  

qua1 i f  ied Lower deter-  Range Upper deter -  on e n t i r e  data s e t 1  

Ele- va l ues5 Unqua I- m i  na t  i on o f  minat ion Geometric Geometric Ele- 

ment DR' N2 L3 G4 i f  ied l  i m i t 6  values I  i m i t 6  mean dev ia t i on  50th 85th 95th 97th 99th ment 

Zn 0.1 1 456 233 0  88 200 200-2,000 10,000 100 1.6 N 200 500 Z n  L 200 
Z r  0.99 1 0  0  776 10 10-1,000 1,000 109 1.6 100 200 200 300 500 Z r 

V) 
'Detect ion r a t i o  (DR) i s  t h e  number uf unqua l i f i ed  values d i v i ded  by t h e  t o t a l  number o f  samples analyzed f o r  a  given element. - ;N i s  t h e  number o f  samples i n  which the element could not  be detected a t  the  lower determinat ion  l i m i t .  

%. L i s  t h e  number of samples i n  which the  element could be detected, but which are  less than t h e  lower determinat ion l i m i t .  z. 
0 

;G i s  t h e  number o f  samples i n  which the  element could be detected, but which are  g rea te r  than t h e  upper determinat ion l i m i t .  
2 6The qua1 i f  ied popu la t ion  of  t h e  data se t  cons is ts  o f  samples having element concent ra t ions  outs ide o f  t h e  determinat ion range; coded N, L, o r  G. 

r The l i m i t s  o f  de terminat ion  f o r  a  given a n a l y t i c a l  method are  t h e  lowest and h ighest  concentrat ions t h a t  can be determined accura te ly  and 

3 reported w i th  confidence. 
3 7 ~ e e  t e x t  f o r  d iscuss ion o f  how the  qua l i f  ied data a re  hand led. 
C 



Table 2. Statistical summary of nonmagnetic heavy-mineralconcentrate data for the Port Moller, Stepovak Bay, and Sirneonof Island quadrangles, Alaska 

[Method of analysis: 6-step semiquantitative emission spectrography; values reported in ppm except Ca Fe, Mg, and Ti (in percent). Leaders (--), no meaningful data] 

Spectrographic and atomic 

absorpt ion determinat ion  l i m i t s  Ca l cu la t i ons  based Percent i  l e  d i s t r i  bu t l on  based on 

Number o f  Samples and range o f  unqua l i f  ied data on e n t i r e  data s e t  7 e n t l  r e  data s e t  

Q u a l i f i e d  values3 Unqual- Lower Range Upper 

i f i e d  determinat ion o f  determinat ion Geometric Geometric Ele- 

Element OR N~ L3 G4 values l i m i t 6  values 1 i m i t  
6 mean dev la t i on  50th 85th 95th 97th 99th ment 

i ~ e t e c t i o n  r a t i o  (OR) i s  t h e  number o f  unqual i f  ied values d i v i ded  by t he  t o t a l  number o f  samples analyzed f o r  a given element. 
N i s  t h e  number of samples i n  which the  element could not  be detected a t  t h e  lower determinat ion  l i m i t .  

3~ i s  t h e  number o f  samples i n  which the  element could be detected, but which are  less than t h e  lower determinat ion i l m i t .  
4~ i s  t h e  number o f  samples i n  which the  element could be detected, but which are  g rea te r  than t h e  upper determinat ion I im i t .  
z ~ h e  qua1 i f  ied popu la t ion  o f  t he  data se t  cons is ts  o f  samples having element concent ra t ions  outs ide the  determinat ion range; coded N, L, o r  G. 
The l i m i t s  of determinat ion f o r  a given a n a l y t i c a l  method a re  t h e  lowest and h ighest  concent ra t ions  t h a t  can be determined accura te ly  and 
reported w i th  confidence. 

7 ~ e e  t e x t  f o r  d iscussion o f  how the  qua1 i f  ied data a re  handled. 



Table 3. Statistical summary of all gold data for the Port Moiler, Stepovak Bay, and Sirneonof Island quadrangles, Alaska 

[Methods of analysis: R (rock samples): quantitative atomic absorption, data in ppm; R1.0.002 lower determination limit; R2,0.05 lower determination limit; S (minus-80-mesh stream-sediment sam- 
ples): quantitative atomic absorption, data in ppm; C (nonmagnetic concentrates): 6-step semiquantitative emission spectrography, data in ppm; BC (bulk concentrates): quantitative atomic absorption, 
data in micrograms per pan (see text); M (nonmagnetic concentrate remaining after split taken for spectrographic analysis): number of gold flakes noted during microscopic examination. Leadem (--), 
no data] 

Number o f  Samples Determination l i m i t s  and range o f  Percent i l e  d i s t r i b u t i o n  based on e n t i  r e  data se t  

unqua l  i f  i ed data - 
Lower Range Upper 

Samp l e Qua l i f  ied4 Unqua l i f  ied determinat ion o f  de terminat ion  Samp l e 

t y p e  N' L~ G~ I  i m i t  va l  ues I i m i t  
5 5 50th 75th 85th 90th 95th 97th 99th type 

IN i s  t h e  number of samples i n  which go ld  was not  detected a t  t he  lower determinat ion  l i m i t .  

2~ i s  t h e  number of samples w i t h  detected gold values below t h e  lower determinat ion  l i m i t .  

3~ i s  t h e  number o f  samples w i th  detected gold values above t h e  upper determinat ion  I i m i t .  

4The qua1 i f  ied populat ion o f  t h e  data s e t  cons is ts  o f  samples having go ld  concentrat ions outs ide o f  t h e  determinat ion range; coded N, L, o r  G. 
!2 
B 5 ~ h e  i i m i t s  o f  determination f o r  go ld  a r e  t h e  lowest and highest concent ra t ions  t h a t  can be determined accura te ly  and reported w i t h  confidence. 
,- 



three steps below the lower determination limits. The reli- 
ability of mean and deviation values is therefore dependent 
on how closely the chosen replacement values approximate 
the actual means of the qualified parts of the data set for each 
element; reliability also depends on the detection ratio for 
that element. Minimum, 50th, 8% 9% 97th, and 99th per- 
centile, and maximum values were tabulated to show the dis- 
tribution of geochemical data. Geometric means and 
deviations were not calculated for gold data in table 3 
because of low detection ratios for the R2 rock samples and 
the nonmagnetic heavy-mineral concentrate samples. 
Means and deviations were also not calculated because the 
R1 rock samples, stream-sediment samples, and bulk- 
concentrate samples analyzed by atomic-absorption methods 
are biased samples collected primarily from mineralized 
areas. 

Anomalous element values are those that stand out above 
some geochemical background. Commonly in geochemical 
studies, the 95th percentile for a given geochemical distribu- 
tion is chosen as a geochemical threshold: all values greater 
than that threshold are considered to be anomalous. The 
95th percentile values for all analyzed elements are listed in 
tables 1-3. However, for many elements, the reader may 
wish to adjust geochemical thresholds up or down from the 
95th percentile to accommodate distinct breaks in the fre- 
quency distribution of the data. Therefore, bar diagrams 
have been included that show elemental distributions for 
selected analytical data (figs. 2 and 3). The anomaly thresh- 
olds chosen for selected elements detected in stream- 
sediment samples (Frisken and Arbogast, 1991a) are shown 
in table 4, and those for selected elements detected in non- 
magnetic heavy-mineral concentrates (Frisken and 
Arbogast, 1991b) are shown in table 5. Rock-sample anom- 
aly thresholds for copper (150 ppm) and molybdenum (5 
ppm) are chosen at the 97th and 95th percentile, respectively 
(calculated from data in Angeloni and others, 1985; 
Arbogast and others, 1987; and Wilson and others, 1987). 
Except for gold data from nonmagnetic heavy-mineral- 
concentrate samples, thresholds for gold cannot be accu- 
rately determined by the above procedure because samples 
selected for low-level atomic-absorption analysis were pri- 
marily collected from areas of mineralized rocks. 

Geologic mapping in the study area (Wilson and others, 
in press) forms the geologic framework for geochemical 
interpretations. A simplified geologic map of the study area 
is shown on plate 3 and is from Wilson and others (1991). 
This map is also used as a base for figures 4-6, which are ref- 
erenced in the interpretive discussions that follow. 

FACTOR ANALYSIS METHODS 

R-mode factor analysis with Varimax rotation was used 
to identify the dominant geochemical associations in log- 
transformed stream-sediment and nonmagnetic heavy- 

mineral concentrate data sets. Prior to log transformation, 
several highly censored elements were removed from each 
database: all elements having detection ratios less than 0.80 
were removed from the stream-sediment data matrix; for the 
nonmagnetic heavy-mineral-concentrate data, elements hav- 
ing detection ratios less than 0.30 were removed-however, 
some highly censored elements (silver, molybdenum, tin, 
and zinc) that are common pathfinders for various mineral- 
resource types were retained. A series of analyses, both with 
and without these four highly censored elements, showed 
that inclusion of these elements caused virtually no change 
in the other variable correlations. Inclusion of these cen- 
sored elements provides a quick means for identifying corre- 
lations within the upper ends of their distributions. 

Factor analysis places elements with like behavior into 
groups termed factors. Specific lithologies or ore-deposit 
types may be defined by a distinct suite of trace elements, 
and, therefore, certain factors can be used to definne com- 
mon geochemical signatures in a study area. Factor loadings 
for the stream-sediment and nonmagnetic heavy-mineral- 
concentrate data sets are listed in tables 6 and 7. The factor 
loadings, which depict the influence of each variable on a 
factor, may be interpreted similarly to correlation coeffi- 
cients. The optimal number of factors chosen from each data 
matrix, discussed below, was based on breaks in slope on 
plots of factor number versus total variance. Factor scores 
for each sample on each factor measure the contribution of 
that factor for each individual sample. The 0-2.5,90-97.4, 
97.5-98.9, and 99-100 percentile ranges of factor scores for 
the two data sets were plotted and examined. The 0-2.5 per- 
centile range was included to better understand the nature of 
samples representing each factor. Samples with the lowest 
factor scores are least representative of that factor and may 
suggest, for example, a lithological control if factor scores 
are highest for samples collected from areas underlain by 
granite and lowest for samples collected from areas under- 
lain by basalt. 

SEDIMENT-SAMPLE FACTOR-ANALYSIS 
ASSOCIATIONS 

A five-factor model that explains 71 percent of the total 
variance was selected to summarize the stream-sediment 

Figure 2 (facing page). Bar diagrams showing distribution of 
selected data for minus-80-mesh stream-sediment samples and 
for copper and molybdenum in rock samples. N is the number 
of samples in which the element could not be detected at the 
lower determination limit; L is the number of samples in which 
the element was detected but at concentrations below the low- 
er determination limit; and G is the number of samples in 
which the element was detected at concentrations above the 
upper determination limit. 
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Figure 3 (above and facing page). Bar diagrams showing distribution of selected data for nonmagnetic heavy-mineral- 
concentrate samples. N is the number of samples in which the element could not be detected at the lower determination limit; 
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i s  the number of samples in which the element was detected at concentrations above the upper determination limit. 
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Table 4. Chosen thresholds and corresponding percentiles for selected 
elements in stream-sediment samples 

Element ~hreshol d l  (ppm) Percentile 

L(0.5) PPm 

200 ppm 

70 PPm 

70 PPm 

5 PPm 

50 PPm 

L(10) PPm 

200 ppm 

 he threshold value i s  the lowest value considered to be 
anomalous. The thresholds assigned for Ag, As, and Sn are 
equal t o  the lowest detected values. ( L  indicates the 
specific element was detected b u t  a t  concentrations below 
the lower determination limit).  

data. Four of the factors are apparently related to lithology, 
but one stream-sediment factor (SSF-4, table 6) indicates 
areas of mineralized rock. 

The first factor (SSF-1) shows high positive loadings for 
the mafic elements iron, vanadium, and titanium; it shows 
somewhat lower loadings for cobalt, manganese, magne- 
sium, chromium, and scandium and shows a weak negative 
loading for boron (table 6). Samples with high SSF-1 factor 
scores are dominated by dark mafic minerals. The SSF-1 
factor therefore represents high concentrations of magnetite, 
ilmenite, amphiboles, and pyroxenes, all of which were 
probably derived from mafic rocks. Most samples with high 
SSF-1 scores were collected from areas on the Shumagin 
Islands that are underlain by the Popof volcanic rocks. 

The second factor (SSF-2) has high positive loadings for 
barium and zirconium and somewhat lower loadings for 
yttrium, boron, and lead (table 6). Although the SSF-2 fac- 
tor has high positive loadings for elements characteristic of 
felsic rocks, the granodioritic Shumagin Islands batholith is 
not delineated by this factor. Many of the samples with high 
SSF-2 scores are from drainage basins underlain by the Bear 
Lake Formation, which contains clasts of granite. The factor 
probably represents barium-rich feldspar, or barite and zir- 
con weathered from various rock units. 

The third factor (SSF-3) has high positive loadings for 
the mafic elements nickel and chromium and somewhat 
lower loadings for cobalt and scandium (table 6). Samples 
with high SSF-3 scores are scattered throughout the Port 
Moller study area, though many of these samples represent 
drainage basins underlain by the Hoodoo Formation or by 

the Popof volcanic rocks in the northeastern part of Popof 
Island. 

The fourth factor (SSF-4) has high positive loadings for 
copper, lead, and boron (fig. 4, table 6). Most samples with 
high SSF-4 scores were collected from areas of mineralized 
and altered clastic or volcanic rocks associated with 
hypabyssal intrusive rocks of intermediate composition. 
These areas of mineralized rocks typically show stream- 
sediment geochemical anomalies for copper, molybdenum, 
silver, lead, and zinc, and less frequently for boron, tin, and 
arsenic. Frisken and Arbogast (1991a) delineate 14 areas of 
highly anomalous stream-sediment geochemical values. 
Twelve of these areas are also represented by most of the 
high SSF-4 scores. From west to east on the mainland, these 
12 areas include: (1) the Canoe Bay gold prospect located 
between Mount Dana and Canoe Bay, (2) the Four Bear 
Creek area located between Mount Dana and Hoodoo Moun- 
tain, (3) the Beaver River drainage basin, (4) the Pyramid 
porphyry copper prospect, and (5) the San Diego Bay por- 
phyry copper prospect area, located between Albatross 
Anchorage, Dorenoi Bay, and San Diego Bay. To the north 
and northwest, areas include (6) an area between Mud Bay 
and Grass Valley, (7) the Mount Stepo area, and (8) the pen- 
insula northwest of Grub Gulch. On offshore islands, from 
west to east, areas include (9) northwestern Dolgoi Island, 
(10) southeastern Unga Island, (11) south-central Popof 
Island, and (12) central Nagai Island 
Of the nine sites with high SSF-4 scores that are not located 
within the above 12 areas, four sites are adjacent to and 
downstream from the Four Bear Creek area and one site with 
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Table 5. Chosen thresholds and corresponding percentiles for selected 
elements in nonmagnetic heavy-mineral-concentrate samples 

Element ~hreshol  d l  (ppm) Percentile 

L(20) PPm 

1,500 ppm 

Ba G(10,OOO) ppm 80 

L(20) PPm 

L(50) PPm 

150 ppm 

Fe 20 percent 92 

Pb 150 ppm 84 

Sr 2,000 ppm 92 

L(100) PPm 

700 ppm 

l ~ h e  threshold value i s  the lowest detectable value considered t o  
be anomalous. The threshold values assigned for Ag, As, A u ,  Bi, 
Cd, Sb, and W are their  lowest detected value. ( L  indicates the 
specific element was detected b u t  at  concentrations below the 
lower determination limit; G indicates concentrations above the 
upper determination l imit) .  

a very high SSF-4 score lies on the north side of Andronica 
Island. Samples collected at the latter site are collectively 
anomalous in copper, lead, zinc, nickel, cobalt, barium, 
arsenic, boron, and manganese. A site with a slightly high 
SSF-4 score occurs on a tributary of Driftwood Creek in the 
northwestern comer of the study area. There, a stream- 
sediment sample contained anomalous concentrations of 
copper and zinc, and, nearby, disseminated sulfides occurred 
in sandstone that contained anomalous concentrations of 
molybdenum, zinc, and arsenic. No intrusive or volcanic 
rocks were noted in this area. Two other sites with slightly 
high SSF-4 scores lie northwest of Grub Gulch along the 
north side of the Aleutian Range. The rocks at these 

locations are propylitically altered and contain abundant dis- 
seminated and vein pyrite. Stream-sediment, concentrate, 
and rock samples collected at the two sites collectively con- 
tain anomalous concentrations of copper, molybdenum, 
lead, zinc, nickel, cobalt, and arsenic. The final site with a 
slightly high SSF-4 score is located north of Herring Lagoon 
in the northeastern comer of the study area. Samples of fine- 
grained intrusive(?) rocks and contact-metamorphosed 
sedimentary rocks collected from this area collectively con- 
tain anomalous concentrations of gold, silver, and boron. 

The fifth factor (SSF-5) has high positive loadings for 
calcium, strontium, scandium, and magnesium and some- 
what lower loadings for yttrium, manganese, and cobalt 
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Table 6. Factor loadings for the first five factors after Varimax rotation of log- 
transformed analytical data from stream-sediment samples 

[Total variance explained by five factors equals 71 percent. DR. detection ratio. Leaders (--), loadings 
less than 10.311 

"Stream-sediment factors1' (SSF) 
Element DR 1 2 3 4 5 

Percent of total 30 14 12 8 7 
variance explained 
by the factor 

(table 6). Samples with high SSF-5 scores are scattered has high positive loadings for iron, cobalt, nickel, and copper 
throughout the study area and do not appear to represent a and somewhat lower loadings for zinc, lead, barium, and 
particular geologic environment. molybdenum (fig. 5, table 7). The nonmagnetic heavy- 

mineral concentrates with high PCF-1 factor scores contain 
a very high percentage of pyrite, considerable barite, and 

CONCENTRATE-SAMPLE lesser amounts of sphalerite, galena, molybdenite, chalcopy- 

FACTOR-ANALYSIS ASSOCIATIONS 
rite, and cinnabar. Quartz and pyrite veins, red color anom- 
alies, and quartz diorite were noted in outcrop or stream 
cobbles near most of these sites. This factor identifies con- 

The six-factor model chosen to reduce the nonmagnetic centrates rich in base-metal sulfides and shows a distribution 
heavy-mineral-concentrate data explains 71 percent of the similar to that of SSF4.  All but three of the concentrates 
total variance. The first nonmagnetic heavy-mineral- with high PCF-1 factor scores plot within areas of nonmag- 
concentrate factor, or "panned-concentrate factor," (PCF-1) netic heavy-mineral concentrate anomalies delineated by 
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Table 7. Factor loadings for the first six factors after Varimax rotation of log-transformed 
analytical data from nonmagnetic heavy-mineral-concentrate samples 

[Total varianceexplained by five factors equals 71 percent. DR. detection ratio. Leaders (--), loadings less than 10.311 

Elements DR 
"Panned-concentrate factors" (PCF) 

1 2 3 4 5 6 

Percent of total 22 21 10 7 6 5 
variance explained 
by the factor 

Frisken and Arbogast (1991b). Most concentrate samples 
with high PCF-1 scores surround the Ivanof porphyry cop- 
per prospect, located east of Ivanof Bay in the northeastern 
part of the study area. This area, characterized by molybden- 
ite in nonmagnetic heavy-mineral concentrates, was not 
delineated by SSF-4 sediment-factor scores. Other samples 
with high PCF-1 scores occur in the Grub Gulch, Mud Bay, 
San Diego Bay, Pyramid Mountain, and Beaver River areas. 
Most known mineralized areas, and the porphyry copper- 
molybdenum systems in particular, are delineated by this 
factor. Concentrate samples collected near the Apollo gold 
mine and zones of mineralized rocks on Dolgoi, Mitrofania, 
and the central Shumagin Islands are not represented by 
anomalous PCF-1 scores. 

The second factor (PCF-2) has high positive loadings for 
calcium, manganese, and magnesium, somewhat lower 

loadings for chromium and scandium, and weak negative 
loadings for barium and molybdenum (table 7). Nonmag- 
netic heavy-mineral concentrates with high PCF-2 scores 
are rich in feldspars, amphiboles, or pyroxenes: these min- 
erals are not, however, typically found in heavy-mineral 
concentrate fractions. The presence of these minerals in 
heavy-mineral-concentrate samples is likely due to poor 
quality bromoform or magnetic separations of some concen- 
trate samples. Most of these samples were too small in vol- 
ume to undergo further separations. 

The third factor (PCF-3) has high positive loadings for 
yttrium, lanthanum, and titanium and somewhat lower load- 
ings for scandium, manganese, and boron (table 7). This fac- 
tor probably represents granitic rocks or sedimentary rocks 
derived, in part, from a granitic source. The nonmagnetic 
heavy-mineral concentrates with high PCF-3 factor scores 
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Figure 4. Distribution of selected factor scores for stream-sediment factor 4 (SSF-4). Factor has high positive loadings for copper, lead, and boron. The area shown on 
this figure i s  shown at a larger scale on plates 1-3. 



contain abundant zircon; the titanium mineral anatase (octa- 
hedrite) was noted in some samples. Zirconium was deleted 
from the database because most of the nonmagnetic heavy- 
mineral-concentrate values for zirconium were above the 
upper determination limit. Most sites with high PCF-3 
scores are in the outer Shumagin Islands: an area underlain 
primarily by granodiorite of the Shumagin Islands batholith. 
Most of the other high-score sites lie between Canoe Bay and 
Port Moller Bay: a region dominated by siltstone, sandstone, 
and some conglomerate. Other sites with high PCF-3 scores 
lie between the Ivanof porphyry copper prospect and Mitro- 
fania Island. Sites with low PCF-3 scores occur in the east- 
ern half of Popof Island and surround Pavlof Volcano; both 
areas are dominated by mafic volcanic rocks. 

The fourth factor (PCF-4) has high positive loadings for 
strontium and barium, a somewhat lower loading for boron, 
and a weak negative loading for tin (table 7). The nonmag- 
netic heavy-mineral concentrates with high PCF-4 scores 
are rich in barite and (or) celestite. Most of the sites with 
high PCF-4 scores are underlain by marine sedimentary 
rocks, especially the area within and to the west and east of 
the Beaver River drainage-this area is dominated by silt- 
stone, sandstone, and black shale. Areas with very low 
PCF-4 scores occur at the Ivanof porphyry copper prospect 
and in the outer and central Shumagin Islands (excluding the 
northern end of Nagai Island). 

The fifth factor (PCF-5) has high positive loadings for 
silver and lead and somewhat lower loadings for tin and zinc 
(fig. 6, table 7). Examination of single-element anomaly 
maps for silver, gold, and antimony in nonmagnetic heavy- 
mineral concentrates shows that there is a good correlation 
between these three elements. This correlation suggests that, 
were they not highly censored, gold and antimony would 
also fall into concentrate factor 5 (PCF-5). Nonmagnetic 
heavy-mineral concentrates with high scores for this pre- 
cious-metal factor contain sulfides but do not contain as 
much pyrite as do the nonmagnetic heavy-mineral concen- 
trates that represent the base-metal factor (PCF-1). Sites 
represented by high PCF-5 factor scores are located around 
the following areas: the Apollo gold mine, the area of placer 
gold mining in the southwestern part of Popof Island, the 
northeast coast of Unga Island, northwestern Dolgoi Island, 
the upper Beaver River drainage basin, the west side of the 
peninsula east of Grub Gulch, and the Ivanof porphyry cop- 
per prospect. 

The sixth factor (PCF-6) has high positive loadings for 
vanadium .and chromium, and somewhat lower loadings for 
magnesium, boron, titanium, scandium, and tin (table 7). 
Many of the nonmagnetic heavy-mineral concentrates with 
high PCF-6 factor scores were collected in areas of pyrite- 
rich altered rocks or in areas of gossen or iron-oxide-stained 
rocks. Most areas of highly altered or pyrite-rich rocks are 
not, however, indicated by this factor. Most ofthe sites with 
high PCF-6 scores are in areas underlain by Tertiary volca- 
nic rocks, especially in the southeastern half of Unga Island, 

on Popof and Dolgoi Islands, around the San Diego Bay por- 
phyry copper prospect, and on the Kupreanof Peninsula. 

DISCUSSION OF MINERAL OCCURRENCES 
AND GEOCHEMICAL ANOMALIES 

Within the Port Moller study area, conspicuous 
geochemical anomalies all appear to be related to areas of 
hydrothermally altered and mineralized clastic or volcanic 
rocks and are usually spatially associated with hypabyssal 
intrusive rocks of intermediate composition. Known min- 
eral occurrences in the study area include porphyry copper 
and molybdenum deposits and base- and precious-metal vein 
deposits. Other types of mineral or energy resources could 
exist within the geologic environment of the Port Moller 
study area, but none were suggested by geochemical meth- 
ods during the present study. A non-economic occurrence of 
sulfur deposited around fumaroles is located at an elevation 
of about 900 m at the head of the main river draining into 
Ramsey Bay (Wilson and others, 1988). During the present 
study, sulfur was also noted in stream cobbles collected from 
the upper Milky River drainage basin, from the head of Grub 
Gulch, and from the east side of the Big River drainage 
basin. Small quantities of coal have been mined on Unga 
Island and on the peninsula between Herendeen Bay and 
Port Moller Bay (Atwood, 191 1). Scintillometer readings 
were made at most sample sires, and eight rock samples were 
collected for uranium analyses from sites that had readings 
of two to three times background. These samples were not 
found to contain anomalous concentrations of uranium. In 
addition, no anomalous concentrations of thorium were 
obtained from any of the 2,263 spectrographic analyses 
done on stream-sediment, nonmagnetic heavy-mineral- 
concentrate, or rock samples. 

Geochemically anomalous areas, which are thought to 
indicate the most favorable ground for porphyry copper- 
molybdenum-type deposits or base- and precious-metal vein 
systems, are outlined on maps for stream-sediment data 
(Frisken and Arbogast, 1991a) and nonmagnetic heavy- 
mineral-concentrate data (Frisken and Arbogast, 1991b) and 
are shown on maps for gold data from all sample media 
(Frisken and Kelley, 1991). 

In this report, maps showing the distribution of scores for 
factors related to mineralization are shown in figures 4-6, 
and the distribution of anomalous gold concentrations, deter- 
mined from stream-sediment, panned-concentrate, and rock 
samples, is shown on plate 1. Plate 2 shows sites that have 
stream-sediment, nonmagnetic heavy-mineral-concentrate, 
or rock samples that contain anomalous concentrations of 
copper and (or) molybdenum. These sites are generally sur- 
rounded by drainage basins that contain anomalous concen- 
trations of copper, lead, zinc, silver, gold, tin, arsenic, 
antimony, bismuth, tungsten, cadmium, iron, boron, barium, 
or strontium, and they are interpreted as centers of porphyry 
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Figure 6. Distribution of selected factor scores for nonmagnetic heavy-mineral-concentrate factor 5 (PCF-5). Factor has high positive loadings for silver and lead and some- 
what lower positive loadings for tin and zinc. The area shown on this figure is  shown at a larger scale on plates 1-3. 



copper-molybdenum-type mineralization, possibly sur- 
rounded by base- and (or) precious-metal veins. 

DESCRIPTION OF G O L D  ANOMALIES 

Plate 1 shows the distribution of gold within the study 
area, as determined from rock, stream-sediment, bulk 
panned-concentrate, and nonmagnetic heavy-mineral- 
concentrate samples. The choice of threshold values used to 
define anomalies for the various sample media is compli- 
cated by several factors. The 140 stream-sediment and 551 
rock samples analyzed by the atomic-absorption method 
with a 0.002 ppm determination limit, in addition to the bulk 
panned-concentrate samples, were primarily collected from 
areas known to be mineralized and are therefore biased sam- 
ples. In addition, the acid digestion used in the atomic- 
absorption methods attacks primarily nonsilicate minerals 
present in the sample. Most detectable gold is, therefore, 
thought to be introduced by mineralization processes. The 
lowest detectable atomic-absorption gold values may or may 
not be anomalous. Numerous gold values that were detected 
(but at levels slightly below the 0.002 ppm lower determina- 
tion limit) in stream-sediment samples and rock samples 
(below 0.004 ppm) most likely represent background con- 
centrations and are not plotted. In the bulk panned- 
concentrates, detectable gold values presumably represent at 
least minimum values for the original concentration of gold 
in each pan of collected sediment. The finest grained gold 
dust, known as flour gold, can float on water and, if present 
in the sediment, can be lost in the panning process. For 
example, 10 pg of gold determined in a bulk-concentrate 
sample could represent the weight of a single flake of flour 
gold. 

The samples indicated by solid symbols on plate 1 con- 
tain gold concentrations above the 95th percentile for the 
large data sets that represent 2,564 rock samples and 721 
nonmagnetic heavy-mineral concentrates. The smaller, 
biased, bulk panned-concentrate and stream-sediment data 
sets are subdivided at the 85th percentile; the solid symbols 
on plate 1 represent gold concentrations above the 85th per- 
centile. 

Nineteen areas of clustered gold anomalies that appear to 
be most significant are numbered and delineated by solid 
lines on plate 1 and are disc1;ssed below. Areas with past 
gold production or that presently have proven reserves are 
limited to area 1 in the southeastern part of Unga Island and 
to beach placer deposits along the southwest coast of Popof 
Island, located in area 4 (plate 1). Plate 1 shows that gold is 
widely distributed in the Port Moller study area. Many of the 
highest gold concentrations were obtained from samples col- 
lected on Unga and Popof Islands. Most of the gold values 
that fall within areas delineated by dashed lines on plate 1 are 
associated with an abundance of other metal anomalies in 
stream-sediment and nonmagnetic heavy-mineral-concen- 
trate samples (Frisken and Arbogast, 1991a, 1991b). These 

anomalies include some combination of the elements cop- 
per, molybdenum, silver, lead, zinc, boron, tin, arsenic, anti- 
mony, bismuth, gold, strontium, cadmium, iron, tungsten, 
and barium or are indicated by the presence of visually 
identified chalcopyrite, molybdenite, gold, galena, pyrite, 
scheelite, powellite, celestite, barite, fluorite, or cinnabar. 

Most of the gold detected in rocks is associated with 
anomalous concentrations of silver, copper, lead, zinc, 
arsenic, antimony, or bismuth. The highest gold values in 
rocks, which range from 1.2 to 9.5 ppm, were determined 
from epithermal quartz-sulfide vein samples collected on 
southeastern Unga Island, western Mitrofania Island, and 
along the west side of Kuiutka Bay in the northeastern comer 
of the study area. Gold values determined in stream- 
sediment and panned-concentrate samples that were among 
the most anomalous were from samples collected from 
southeastern Unga Island, southwestern Popof Island, the 
Canoe Bay gold prospect, the Four Bear Creek drainage 
basin, the upper Canoe Bay River drainage basin, the drain- 
age basins immediately north of the Four Bear Creek and 
Canoe Bay River drainage basins, the middle and lower 
Beaver River drainage basin, and the San Diego Bay por- 
phyry copper prospect. 

Southeastern Unga Island, including areas 1 and 2 (plate 
l), is underlain in part by andesitic, dacitic, and tuffaceous 
rocks of the Popof volcanic rocks that have been locally 
intruded by Tertiary intrusive bodies. The rocks have under- 
gone extensive propylitic alteration. Local argillic and seric- 
itic alteration has occurred along fracture zones, especially 
in areas of permeable rocks. Silica flooding along generally 
northeast-trending fault zones has formed numerous epither- 
mal quartz veins, some of which are enriched in base and (or) 
precious metals. Quartz veins are best developed where 
fracture zones cut competent flow rocks and are poorly 
developed in areas of flow breccia and volcaniclastic rocks. 
The veins vary in width and length and represent multiple 
periods of fracturing, brecciation, and silicification (B.M. 
Gamble, written commun., 1983). Primary ore minerals are 
native gold, electrum, galena, sphalerite, and chalcopyrite. 
Because the gold is primarily microscopic and is therefore 
easily lost during the panning process, gold values deter- 
mined by atomic-absorption analysis of stream-sediment 
and rock samples best delineate the distribution of gold on 
Unga, Popof, Korovin, and Andronica Islands, where all 
stream-sediment samples have been analyzed for gold by 
atomic absorption. 

In area 1 (plate I), no bulk concentrates were collected 
and gold was detected in only three nonmagnetic heavy- 
mineral concentrates. Gold values as high as 0.15 ppm were 
detected in 19 of 26 stream-sediment samples collected in or 
adjacent to area 1, and 12 of the rock samples collected in 
area 1 have gold concentrations ranging from 0.05 to 9.5 
ppm. The samples with the highest gold concentrations were 
collected from quartz-sulfide veins at the Sitka mine and 
Shumagin gold deposit. At least 20 mines, prospects, or 
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mineral occurrences are located within or adjacent to area 1 
(Wilson and others, 1988) and probably account for most of 
the geochemical anomalies in the vicinity of area 1. 

Area 2 (plate 1) lies in the east-central part of Unga Island 
and is underlain by the Popof volcanic rocks, clastic rocks of 
the Unga Formation, and Tertiary intrusive bodies. Five pre- 
cious- and base-metal prospects and occurrences are located 
in area 2 (Wilson and others, 1988). Quartz veins, quartz 
dioritic intrusive rocks, and red color anomalies were noted 
in area 2, and three altered andesite samples and one quartz 
diorite sample had gold concentrations ranging from 0.032 
to 0.15 ppm. Gold was seen in a nonmagnetic heavy- 
mineral-concentrate sample collected on the east side of the 
ridge southeast of the head of Zachary Bay. Gold was 
detected (3 and 4 pglpan) in bulk-concentrate samples col- 
lected from two drainage basins that drain the area of the 
Thormac prospect, which is located about 5 km southeast of 
the head of Zachary Bay. Eight of 13 stream-sediment sam- 
ples collected in area 2 had gold concentrations ranging from 
less than 0.002 to 2.4 ppm. The most anomalous samples 
were collected from a small tributary drainage basin imme- 
diately south of the Thormac prospect (0.25 ppm) and from 
a small tributary drainage basin 3 km south of the head of 
Zachary Bay on the west side of a large valley (2.4 pprn). 

Area 3 (plate 1) lies in the northeastern part of Unga 
Island and is underlain by the Popof volcanic rocks. Gold 
concentrations of 0.002, 0.006, and 0.012 pprn were deter- 
mined in iron-oxide-stained andesite samples collected 
along Zachary Bay. Mercury values of 0.06, 2.8, and 0.16 
pprn also occurred in these rocks. Abundant cinnabar was 
seen in a nonmagnetic heavy-mineral concentrate collected 
from the largest stream draining area 3, but the stream- 
sediment sample collected there did not contain detectable 
gold. Only four other samples from sites in the study area 
contained two or more grains of cinnabar in nonmagnetic 
heavy-mineral concentrates, although mercury concentra- 
tions ranging from 0.1 to 15 pprn were common in analyzed 
pyrite or iron-oxide-rich volcanic rocks collected from many 
parts of the study area. A nonmagnetic heavy-mineral con- 
centrate collected south of West Head contained 20 pprn 
gold and 20 pprn silver; the stream-sediment sample from 
this same site contained 0.3 pprn gold. 

Area 4 (plate 1) includes most of the central and south- 
western parts of Popof Island. A small inactive placer gold 
mine, three prospects, and two mineral occurrences lie on 
Popof Island along the northeasterly trend of faults mapped 
on both Unga and Popof Islands. The Mary Lou (Sand 
Point) placer deposit (Atwood, 191 1) was exploited in 1904 
and 1905. An estimated 3,000 to 4,000 oz of gold (B.S. 
Webber, J.M. Moss, F.A. Rutledge, and R.S. Sanford, U.S. 
Bureau of Mines, written commun., 1946) was recovered 
from beach sand and gravel, mostly around boulders near the 
low-tide mark. Additional placer gold concentrations may 
occur seaward of the present-day low-tide line. The gold 
was eroded from a mineralized area that includes the 

Herman Lode prospect, located in the cliffs above the beach 
placers. Gold, galena, chalcopyrite, and sphalerite are 
reported to occur at this prospect in quartz veins hosted by 
andesite and tuff (B.S. Webber, J.M. Moss, F.A. Rutledge, 
and R.S. Sanford, U.S. Bureau of Mines, written commun., 
1946). Small intrusive bodies and altered rocks of the Popof 
volcanic rocks and clastic rocks of the Stepovak Formation 
occur in area 4. Zones of alteration show red color anoma- 
lies, quartz veins, argillically altered rocks, and altered 
quartz-rich intrusive(?)rocks. Several rock samples col- 
lected within area 4 contained anomalous gold concentra- 
tions. The highest gold concentrations occur in three quartz 
vein samples (0.1 ppm) and four altered andesite(?) samples 
(0.04-0.9 pprn). The highest gold concentration was deter- 
mined from a pyrite-rich andesite sample collected from the 
south-central part of the island, east of Red Cove. Sphalerite 
was abundant in the nonmagnetic heavy-mineral concentrate 
collected downstream from this site. Most gold anomalies 
occur in the southwestern part of the island between Sand 
Point and Red Cove. Geochemically anomalous samples 
collected at a site west of the airport at Sand Point were 
beach sediments and pebbles that may have been transported 
by longshore currents-the nonmagnetic heavy-mineral 
concentrate collected at this site contains more than 1,000 
pprn gold and 1,500 pprn silver. Several flakes of gold were 
identified in two nonmagnetic heavy-mineral concentrates 
collected from a small drainage basin located about 4 km 
southeast of Sand Point along the southwest coast of the 
island. Gold was detected in stream-sediment samples from 
the south coast of the island at Sand Point (1 pprn), 4 km 
southeast of Sand Point (1.2 pprn), and east of Red Cove 
(0.002 pprn). 

Area 5 (plate 1) includes the Canoe Bay gold prospect, 
where Freeport Exploration Company found as much as 415 
pprn of fine-grained gold in panned-concentrate samples 
(Wilson and others, 1988). Nokleberg and others (1987) 
describe the Canoe Bay prospect as a gold-bearing quartz- 
cemented breccia with gold in altered late Tertiary or Qua- 
ternary felsic intrusive and extrusive rocks consisting of rhy- 
olite to rhyodacite porphyry, and vent, explosion, and lithic 
breccia. Dikes of andesite to dacite and tuffaceous rocks are 
associated with the Canoe Bay prospect. The central part of 
the prospect is characterized by rocks showing argillic, seric- 
itic, and silicic alteration grading outward into weak propyl- 
itic alteration. Igneous rocks intrude shale, sandstone, and 
conglomerate of the Cretaceous Hoodoo Formation. Field 
observations include a local red color anomaly and cobbles 
of bleached (altered or deeply weathered), sometimes brec- 
ciated, intrusive(?) rocks characterized by subhedral to euhe- 
dral quartz crystals, argillic alteration, and numerous small 
quartz veins. Gold was detected in mineralized rocks that 
had gold values as high as 0.1 ppm. The highest concentra- 
tions (0.1 ppm) were from two rock samples collected during 
geologic mapping studies. In addition, seven altered quartz 
dioritd?) samples contained 0.002-0.072 pprn gold and as 
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much as 3 pprn silver. Three quartz vein samples contained 
as much as 0.012 pprn gold and 1 pprn silver. One stream- 
sediment sample, collected on the north fork of a small 
northeast-trending drainage that bisects the hill of the Canoe 
Bay prospect, had the highest gold concentration (2.8 ppm) 
obtained from all analyzed stream sediment samples. From 
the same site, a bulk-concentrate sample was collected that 
contained 820 pg of gold. One nonmagnetic heavy-mineral- 
concentrate and four additional bulk-concentrate samples, 
collected from small streams draining the prospect, con- 
tained lesser amounts of gold. Silver concentrations as high 
as 1 pprn were determined for stream sediments and one 
value of 50 pprn was determined for the nonmagnetic heavy- 
mineral concentrate. 

Area 6 (plate I) extends eastward from area 5 to Hoodoo 
Mountain and the upper Beaver River drainage basin. The 
area is primarily underlain by clastic rocks of the Hoodoo 
and Chignik Formations and Tertiary intrusive rocks. Peb- 
ble or breccia dikes are found in quartz diorite and sedimen- 
tary rocks at the head of Four Bear Creek (Wilson and others, 
1988). Red color anomalies, silicified rocks, and local argil- 
lic and sericitic alteration are present in area 6. A zone of 
contact metamorphism located north and west of Four Bear 
Creek produced several gold anomalies from panned- 
concentrate and rock samples. An altered andesite(?) sample 
collected at the head of Four Bear Creek contained 0.05 pprn 
gold. Twelve panned-concentrate samples, collected from 
tributaries of Four Bear Creek, upper Canoe Bay River, and 
from small drainage basins along the north side of the ridge 
north of Four Bear Creek, produced gold concentrations 
ranging from 3.3 to 70 pg/pan from bulk concentrates and 
20 and 150 pprn from nonmagnetic heavy-mineral concen- 
trates. The two highest gold concentrations were obtained 
from samples collected on either side of the saddle between 
the west fork of upper Four Bear Creek and the drainage 
basin to the north. Gold flakes were also identified in five 
nonmagnetic heavy-mineral concentrates collected along the 
southern boundary of area 6. 

In the upper Beaver River drainage area, tourmaline- 
cemented breccia pipes occur in the vicinity of a quartz por- 
phyry granodiorite(?) plug and argillically altered andesites 
and dacites (Wilson and others, 1988). Red color anomalies 
and intrusive rocks, similar to those described in area 5, were 
seen in the upper Beaver River valley and on the east side of 
Hoodoo Mountain. Tourmaline- and galena-bearing quartz 
veins were seen in the upper Beaver River valley. Anoma- 
lous gold concentrations occur in many panned concentrates 
and rock samples collected from the upper Beaver River 
drainage basin including the east side of Hoodoo Mountain. 
In the upper Beaver River valley and Hoodoo Mountain area, 
the eight rock samples that had the highest gold concentra- 
tions included quartz diorite and andesite with disseminated 
pyrite, contact-metamorphosed clastic rocks, and a galena- 
bearing quartz vein sample. Gold concentrations ranged 
from 0.042 to 0.22 ppm, and the samples contained as much 

as 20 pprn silver. Along the east side of Hoodoo Mountain, 
a bulk concentrate had a gold value of 2.3 pg/pan, and a non- 
magnetic heavy-mineral concentrate contained two flakes of 
gold. In the upper Beaver River valley, three nonmagnetic 
heavy-mineral concentrates contained 30 to 100 pprn gold 
and 20 to 300 pprn silver. Eight bulk concentrates contained 
gold ranging from 1.1 to 15 yglpan. 

Area 7 (plate 1) is an area defined by scattered anomalous 
gold concentrations determined from panned-concentrate 
samples collected from the middle and lower Beaver River 
drainage basin. The northern part of area 7 is underlain by 
fine-grained clastic rocks of the Hoodoo Formation. Quartz- 
calcite veins are numerous and diorite dikes also occur. The 
southern part of area 7 is predominantly underlain by clastic 
rocks of the Tolstoi and Stepovak Formations and by the 
Meshik Volcanics. Alteration is not obvious except for 
minor iron-oxide-stained rocks along the ridge to the east of 
area 7. On the west side of the Beaver River valley, two bulk 
concentrates collected from east-flowing tributary streams 
located 2 and 6 km north of Beaver Bay contained gold con- 
centrations of 4.1 and 12 pglpan. A nonmagnetic heavy- 
mineral concentrate from the latter site contained more than 
1,000 pprn gold and 700 pprn silver. In the east-central part 
of the Beaver River valley, six bulk-concentrate sites had 
gold concentrations ranging from 0.7 to 20 pglpan. The site 
with the highest bulk-concentrate gold value also contained 
more than 1,000 pprn gold and 3,000 pprn silver in a non- 
magnetic heavy-mineral concentrate. This site is located 
about 8 krn north of Beaver Bay and about 3 km east of the 
Beaver River. Anomalous gold concentrations, however, 
were lacking in rock samples collected from area 7. In addi- 
tion, few anomalous concentrations of other elements were 
determined from rock, concentrate, or sediment samples col- 
lected in area 7. No sulfides were noted in quartz veins from 
the area, although limonite is a common constituent. 

At the mouth of the Beaver River, 300, 1,900, and 6,100 
pg of very fine-grained gold occurred in three bulk concen- 
trates collected from black-sand beach deposits. These black 
sand lenses appear to comprise only a small percentage of 
the total volume of the beach deposits and probably do not 
constitute a resource. Large-volume random samples would 
have to be collected, processed, and analyzed to properly 
evaluate the economic potential of this gold anomaly. Gold 
was detected in many samples and in all sample media col- 
lected within the Beaver River drainage basin, indicating a 
probable source area for the beach deposits. 

Area 8 (plate 1) is an east-west-trending zone that 
includes the Pyramid porphyry copper prospect (Christie, 
1975; Christie and Wolfhard, 1977). The western half of the 
area is underlain by the Hoodoo Formation, which contains 
quartz-calcite veins. Pyramid Mountain is underlain by the 
Tolstoi Formation, which is intruded by bodies of late 
Miocene quartz diorite. The Pyramid porphyry copper 
prospect shows porphyry-type mineralization and alteration 
in quartz diorite intrusive rocks and Eocene sedimentary 
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rocks. The deposit is zoned outward from a barren potassic 
core, through a zone of strong pervasive sericitic alteration, 
to a propylitic margin. Ore reserves of 126 million tons of 
0.413 percent copper and 0.025 percent molybdenum have 
been determined. Seven analyzed intrusive rock and altered 
sandstone samples collected from Pyramid Mountain con- 
tained gold concentrations ranging from 0.02 to 0.30 ppm. 
About 1 km to the west of the mountain, small drainage 
basins along the west side of a low divide were sampled: 
anomalous gold concentrations were found to be 0.4 and 1.0 
pg/pan in two bulk concentrates and 30 and 200 ppm in two 
nonmagnetic heavy-mineral concentrates. The nonmagnetic 
heavy-mineral concentrates contained 30 and 100 ppm sil- 
ver, respectively. In the same area, 0.036 ppm gold was 
determined for a sericitically altered andesite sample. 

Area 9 (plate 1) is located between Albatross Anchorage, 
San Diego Bay, and Dorenoi Bay and includes the San Diego 
Bay porphyry copper prospect (Wilson and others, 1988). 
The prospect was drilled in 1975 for porphyry evaluation 
and was later extensively sampled primarily for gold. The 
area is a 50 km2 color anomaly in Miocene volcanic rocks. 
Small stocks and northwest-trending dikes of diorite and 
quartz diorite occur but are difficult to distinguish texturally 
from the intruded andesite. Sericitically altered rocks are 
common, and the area includes widely scattered zones of 
intense silicification with strongly developed stockwork 
veining. Gold concentrations in veins rarely exceed 2 pprn 
and the highest reported gold concentrations occur in quartz- 
barite-carbonate veins. Two bulk-concentrate samples with 
gold concentrations of 1.4 and 8 pglpan and two nonmag- 
netic heavy-mineral concentrates with gold concentrations 
of 300 ppm (70 and 200 ppm silver) occur between San 
Diego and Dorenoi Bays. Only one stream-sediment sample 
was analyzed from area 9. This sample was collected from 
a drainage basin that extends northwest from the head of San 
Diego Bay. The sample was analyzed twice and averaged 
1.7 ppm gold. Several gold values were determined for 
rocks collected primarily in the western half of area 9. Gold 
concentrations of 0.02 and 0.10 ppm were determined for 
quartz-vein samples; pyrite-bearing andesite samples con- 
tained 0.01 and 0.014 ppm, and a fine-grained felsic intru- 
sive rock sample contained 0.004 ppm gold. 

Area 10 (plate 1) is a north-south-trending zone extend- 
ing south from Mud Bay to the southern end of Grass Valley. 
An altered zone covers an area of Tertiary intrusive rocks 
and surrounding Tertiary volcanic rocks. The Stepovak and 
Tolstoi Formations also underlie a part of area 10. Field 
observations include scattered red color anomalies. Two 
mineral occurrences are described within area 10 (Wilson 
and others, 1988). A mineralized coarse-grained granodior- 
ite pluton with many pyrite-bearing quartz veins is located at 
the upper end of the valley northeast of Grass Valley, and a 
concentrate sample collected from the drainage basin to the 
north contained 20 ppm silver. The Mud Bay occurrence, 
located on a ridge 7 km south-southwest of Mud Bay, con- 

sists of siltstone and sandstone of the Stepovak Formation 
cut by andesite(?) dikes and by veins containing masses of 
galena (Wilson and others, 1988). A sulfide vein sample 
collected at the Mud Bay occurrence contained 0.3 ppm 
gold, 5,000 ppm silver, more than 2 percent lead, more than 
2 percent zinc, and more than 1 percent antimony. Four 
panned concentrates collected from drainage basins to the 
northeast, east, and southeast contained gold concentrations 
of 0.5 to 2.8 pg/pan for bulk concentrates and 100 pprn gold 
and as much as 20 ppm silver from nonmagnetic heavy- 
mineral concentrates. A nonmagnetic heavy-rnineral- 
concentrate sample and a bulk-concentrate sample, collected 
from the main south-flowing drainage just south of Mud Bay 
and from an east-flowing mbutary drainage located 3 km 
south of Mud Bay, had gold concentrations of 100 pprn and 
0.5 pg/pan, respectively. 

Area 11 (plate 1) is located northeast of Grub Gulch and 
is centered around an altered Tertiary quartz diorite pluton. 
Rocks in the vicinity have undergone phyllic, argillic, and 
propylitic alteration and are cut by quartz and pyrite veins 
(Wilson and others, 1988). Most of the area is underlain by 
Tertiary volcanic rocks and, to a lesser extent, by the Tolstoi 
Formation. Gold occurs in a stream-sediment sample (0.02 
ppm), in a nonmagnetic heavy-mineral concentrate (100 
pprn gold, 50 pprn silver), and in two bulk concentrates (31 
and 70 pglpan). Gold concentrations in four altered andesite 
samples range from 0.006 to 0.042 ppm. 

Area 12 (plate 1) is a southwest- to northeast-trending 
zone that includes the Ivanof porphyry copper prospect 
(MacKevett and Holloway, 1977). The prospect consists of 
a small quartz diorite pluton that intrudes both sandstone and 
conglomerate of the Tolstoi Formation. Veinlet and replace- 
ment mineralization occurs in the intrusive rocks as well as 
in the country rocks. Rocks in the area have been subjected 
to minor potassic and sericitic alteration and widespread pro- 
pylitic alteration and silicification. Grades as high as 0.72 
percent copper are reported; there is a potential for large ton- 
nages (Green and others, 1988). Red color anomalies occur 
in the area and molybdenite flakes are relatively abundant in 
nonmagnetic heavy-mineral concentrates collected around 
the prospect. Northeast of the Ivanof porphyry copper pros- 
pect, area 12 is underlain by clastic rocks of the Naknek For- 
mation and by Tertiary volcanic rocks. Several anomalous 
gold concentrations were determined from panned- 
concentrate and rock samples collected around the Ivanof 
porphyry copper prospect. Five bulk concentrates had gold 
concentrations ranging from 0.3 to 89 pglpan associated 
with silver concentrations as high as 50 ppm. One nonmag- 
netic heavy-mineral concentrate contained 20 ppm gold and 
5 ppm silver. Five samples of quartz diorite and granodiorite 
had gold concentrations ranging from 0.04 to 0.1 ppm; one 
diorite sample contained 0.8 ppm, and a vein sample con- 
tained 0.1 ppm. Samples collected from streams draining the 
small hills northeast of the Ivanof porphyry copper prospect 
yielded two gold values: 14 pglpan from a bulk concentrate 
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and 0.006 pprn from a cobble of pyrite-rich andesite. About 
11 km northeast of the Ivanof porphyry copper prospect, 
samples collected from a drainage basin on the west side of 
the Kametolook River contained a gold concentration of 7.3 
pglpan in a bulk concentrate, and a flake of gold was identi- 
fied in the nonmagnetic heavy-mineral concentrate. 

Area 13 (plate 1) lies in the central part of the Kupreanof 
Peninsula and is underlain by the Meshik Volcanics and by 
other Tertiary volcanic and intrusive rocks. Gold was visu- 
ally identified in one nonmagnetic heavy-mineral concen- 
trate and gold concentrations of 8.1 and 70 pglpan were 
determined for two bulk concentrates. Gold was not deter- 
mined in rock samples. Minor red color anomalies were 
seen in the area. 

Area 14 (plate 1) is located on Mitrofania Island and is 
underlain by Tertiary volcanic rocks in contact with rocks of 
the Miocene Devils batholith. A bulk concentrate containing 
1.7 pg of gold was collected from the northeastern part of 
the island, but no gold was detected in three samples of 
altered andesite collected in this area. Gold concentrations 
as high as 3.0 pprn were determined from quartz-calcite- 
sulfide vein samples collected along the west coast of 
Mitrofania Island. These vein samples also contained as 
much as 50 pprn silver, 26,000 pprn arsenic, 2,000 pprn anti- 
mony, and 190 pprn bismuth. 

Area 15 (plate 1) extends northward from Herring 
Lagoon into the Chignik quadrangle between Fishrack and 
Kuiukta Bays. The area is underlain by the Tolstoi and 
Hoodoo Formations plus Tertiary volcanic rocks in contact 
with the Devils batholith. A vein sample contained 3.4 pprn 
gold and a value of 80 pglpan was obtained from a bulk-con- 
centrate sample. 

Area 16 (plate 1) lies in an area of red color anomalies in 
the northwestern part of Dolgoi Island. A propylitically and 
argillically altered Miocene quartz diorite body intrudes tuf- 
faceous rocks of the Belkofski Formation (Angeloni and 
others, 1985). Gold occurs in one bulk-concentrate sample 
(2.5 pglpan), one nonmagnetic heavy-mineral concentrate 
(100 pprn gold, 3,000 pprn silver), and in two stream-sedi- 
ment samples (0.004 pprn). Gold concentrations of 0.002 
and 0.004 pprn were determined in altered andesite and 
0.015 pprn gold was determined in a shale sample. 

Area 17 (plate 1) lies on Nagai Island and extends from 
East Bight north to inner Porpoise Harbor and northwest to 
inner Sanborn Harbor. The area is underlain by clastic rocks 
of the Shumagin Formation that are intruded by dacite dikes. 
A rock sample from one of these dikes was determined to be 
the same age as the Shumagin Islands batholith, which is 
exposed south of area 16. Disseminated sulfides in sand- 
stone, numerous quartz veins, and contact-metamorphosed 
rocks occur in the area. Gold was determined in two bulk- 
concentrate samples (0.3 and 1.5 pg/pan) and in two non- 
magnetic heavy-mineral concentrate samples (200 and 500 
pprn gold, 70 and 5 pprn silver) that were collected at four 
sites surrounding area 17. Gold also was determined in a 

stream-sediment sample (0.002 ppm) and in four rock sam- 
ples collected within area 17. Three samples of felsic dike 
material contained 0.012, 0.05, and 0.16 pprn gold and a 
sample of sandstone with disseminated sulfides contained 
0.014 pprn gold and 5 pprn silver. 

Area 18 (plate 1) consists of two drainage basins on Big 
Koniuji Island. Gold was detected there in one stream- 
sediment sample (less than 0.002 ppm) and gold flakes were 
identified in two nonmagnetic heavy-mineral concentrates. 
Four samples of shale and siltstone collected near the 
Shumagin Islands batholith contained 0.002-0.022 pprn 
gold. Quartz-vein material was noted at one site but was not 
collected for analysis. 

Area 19 (plate 1) includes the northeastern part of Little 
Koniuji Island north of Sandy Cove. The area is underlain 
by the Shumagin Islands batholith and gold concentrations 
of 0.002 pprn and 0.15 pprn were determined in granodiorite 
samples. 

Only 16 of the 173 rock samples analyzed for gold that 
had values equal to or greater than 0.004 pprn were collected 
from areas other than the 19 areas discussed above, and only 
one of these 16 samples was associated with a panned- 
concentrate gold value. Of the 16 rock samples, an altered 
andesite with disseminated pyrite (0.004 pprn gold) and an 
altered intrusive rock (0.04 pprn gold) were collected from 
the south end of Inner Iliasik Island and the north end of 
Outer Iliasik Island, respectively, in the southwestern corner 
of the study area. To the northwest, north of Volcano Bay, 
an iron-oxide-stained and bleached cobble collected from 
stream gravel derived from the Belkofski Formation con- 
tained disseminated pyrite and 0.004 pprn gold. Kennedy 
and Waldron (1955) report that prospectors had seen gold 
while panning near the head of Volcano Bay. Iron-oxide- 
stained andesite float (0.004 pprn gold) was collected from a 
small stream that drains the Stepovak Formation and Meshik 
Volcanics and flows into the west side of Beaver Bay. The 
sample is associated with two bulk-concentrate gold anoma- 
lies. The source of the gold, however, may be the Beaver 
River drainage basin because gravel deposits appear to 
extend down the west side of Beaver Bay from the Beaver 
River. 

Six samples of andesite, silicified andesite, and sand- 
stone, with varying amounts of disseminated and vein pyrite 
(0.00M. 12 pprn gold), were collected from drainage basins 
surrounding the high, largely ice-covered spine of the 
Aleutian Range, which extends northeast from the American 
Bay-Right Head area. The area is underlain by Tertiary and 
Quaternary volcanic rocks and is characterized by large 
areas of heavily iron-oxide-stained, pyrite- and silica-rich 
rock. Fumarole-type sulfur occurrences also have been 
found in this area. On the north end of the Kupreanof 
Peninsula, along the east-west-trending valley north of 
Osterback Creek, a sample of rhyodacite with disseminated 
pyrite (0.02 pprn gold) was collected from the Meshik 
Volcanics. To the east, in the southeastern part of Paul 
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Island, an iron-oxide-stained volcanic rock sample (0.026 
pprn gold) was also collected from the Meshik Volcanics. 
Slightly north of the northeastern comer of the study area, a 
sample of altered granodiorite (0.03 pprn gold) from the 
Devils batholith was collected along Seal Bay. Along the 
north shore of Popof Island and at Cape Devine on Korovin 
Island, samples of shale collected from Popof volcanic rocks 
contained 0.01 and 0.08 pprn gold, respectively. South of 
Cape Devine, a sample of andesite with disseminated pyrite 
(0.004 pprn gold) was collected from an area underlain by 
the Popof volcanic rocks on Andronica Island. 

Several panned-concentrate and stream-sediment gold 
anomalies also occur outside of the 19 numbered areas. 
Gold flakes were noted in two nonmagnetic heavy-mineral 
concentrates collected along the west side of a ridge extend- 
ing north-northwest from Mount Dana, perhaps indicating 
that area 5 extends north of Mount Dana. However, no other 
element was found in this area in anomalous concentrations. 
Arcuate glacial moraine deposits occur north of Mount 
Dana; this suggests that gold may have been transported 
northward by glacial action. A flake of gold seen in a non- 
magnetic heavy-mineral concentrate collected 20 km north- 
east of Mount Dana was probably transported by glacial 
processes. Pyroclastic and debris-flow deposits of Holocene 
age that surround Mount Dana are a possible source for gold, 
although most panned concentrates collected from the area 
of these deposits do not contain detectable gold. A sample 
site west of Jackson Lagoon on the northwest shore of Pavlof 
Bay is also located in an area of glacial deposition. The non- 
magnetic heavy-mineral concentrate collected at this site 
contained 1,000 pprn gold and 500 pprn silver. Pyrite is 
present in this concentrate sample and also in a cobble of 
andesite collected from the same site. The andesite sample 
contains anomalous concentrations of silver, mercury, and 
arsenic. The geochemical anomalies obtained from samples 
collected at this site may indicate the presence of mineral- 
ized rock presently covered by Holocene deposits. How- 
ever, no gold was detected in two stream-sediment samples 
collected at this site, and the nonmagnetic heavy-mineral 
concentrates and stream sediments did not contain anoma- 
lous concentrations of other elements. A single-element 
gold determination (detected, but less than 20 ppm) from the 
mouth of Wolverine Gulch, located southeast of Canoe Bay, 
may have been derived from sediments transported down the 
Canoe Bay River valley during the time of glaciation. Fur- 
ther to the southwest, gold (43 pg/pan) occurs in a bulk con- 
centrate collected from a small stream draining the northeast 
side of Bobrovia Mountain, an area underlain by Tertiary 
volcanic rocks and the Unga Formation. No other elements 
were found in this area in anomalous concentrations. About 
7 km southeast of the mouth of the Beaver River, a flake of 
gold was seen in a nonmagnetic heavy-mineral concentrate 
collected downstream from a small red color 'anomaly in an 
area underlain by the Unga Formation and Tertiary volcanic 
rocks. Other elements were not found in anomalous concen- 

trations. Cobbles of quartz-vein material were noted at the 
site but were not collected for analysis. Cobbles of an apha- 
nitic volcanic rock with quartz phenocrysts and disseminated 
pyrite were collected from the adjacent drainage basin to the 
northeast, but no anomalous concentrations of gold or other 
elements were detected in these cobbles. 

Additional panned-concentrate and stream-sediment 
gold values occurring outside of the 19 numbered areas were 
determined at the sites described below. The headland sep- 
arating Lefthand Bay and Albatross Anchorage is underlain 
by Tertiary volcanic rocks and by the Stepovak Formation. 
Gold concentrations occur in this area in two bulk concen- 
trates (0.5 and 2.1 pg/pan) but not in analyzed rock samples. 
Samples from this area contain anomalous concentrations of 
other elements, however, and quartz and calcite-pyrite veins 
occur in pyrite-bearing andesite. A flake of gold was seen in 
a nonmagnetic heavy-mineral concentrate collected 1 km 
southeast of Marble Point on Herendeen Bay. Samples col- 
lected from this site did not contain anomalous concentra- 
tions of other elements. Calcarenite of the Herendeen 
Formation underlies this area and two intersecting faults are 
mapped at the site. Iron-oxide-stained rock cobbles were 
noted at the site but were not collected for analysis. Along 
the upper eastern section of Coal Valley, located northwest 
of area 10, a gold value of 110 pglpan occurred in a bulk 
concentrate. A flake of gold was also seen in a nonmagnetic 
heavy-mineral concentrate collected 2 km downstream. 
This area is underlain by clastic rocks of the Naknek, 
Staniukovich, Herendeen, and Chignik Formations. Iron- 
oxide-stained rocks occur in the upper valley. Only one 
panned-concentrate gold value (detected, but less than 20 
ppm) occurred in the drainage basins surrounding the spine 
of the Aleutian Range northeast of Right Head and American 
Bay. The sample was collected from the northeast side of the 
drainage basin that extends southeast from Bear Lake. Sam- 
ples collected at this site did not contain anomalous concen- 
trations of other elements. A bulk-concentrate sample 
(collected from a large drainage basin northwest of area 12) 
contained 1.5 pg of gold and is associated with other anom- 
alous element concentrations. The area is underlain by the 
Naknek, Chignik, and Tolstoi Formations and the Meshik 
Volcanics. Another bulk-concentrate sample that contained 
6 pg of gold was collected from a small drainage basin 
underlain by the Tolstoi Formation. This sample site is 
located between Ivan Bay and Fishrack Bay in the northeast- 
em comer of the study area. Cobbles of quartz-vein material 
were noted but were not collected for analysis. A stream- 
sediment sample collected from the northwestern part of 
Korovin Island had a gold value of 0.4 ppm, although no 
other elements were found in anomalous concentrations. In 
addition to the panned-concentrate gold values that surround 
area 17, two nonmagnetic heavy-mineral-concentrate gold 
values of 20 and 200 pprn (7 and 20 pprn silver) occur to the 
southeast on Nagai Island. Most of the gold anomalies 
determined on Nagai Island and on Big and Little Koniuchi 
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Islands were obtained from samples collected from the deposit types. Figures 7-16 show the 10 centers of mineral- 
Shumagin Islands batholith, from dikes determined to be the ization and sample locations in the vicinity of each center. 
same age as the batholith, or from the Shumagin Formation Tables 8-17 present anomalous concentrations of selected 
close to these intrusive rocks. elements determined in the stream sediments and bulk and 

nonmagnetic heavy-mineral concentrates plotted on figures 

CENTERS O F  PORPHYRY COPPER- 
MOLYBDENUM-TYPE MINERALIZATION 

A center of porphyry-type mineralization is defined here 
as a drainage basin or group of contiguous drainage basins 
that are characterized by both copper and molybdenum 
anomalies in the stream-sediment or nonmagnetic heavy- 
mineral-concentrate samples--these basins are generally 
surrounded by drainage basins anomalous in selected ele- 
ments associated with porphyry systems. Drainage basins 
representing centers of mineralization are delineated by solid 
lines on plate 2 and on figures 7-16. Rock samples with 
anomalous copper and molybdenum values are also plotted 
for reference because they may be associated with porphyry 
copper-molybdenum systems. As on plate 1, the dashed 
lines delineate conspicuous areas of multielement, base- and 
precious-metal anomalies in stream-sediment samples and 
nonmagnetic heavy-mineral-concentrates (Frisken and 
Arbogast, 1991a, 1991b). Much of the known copper- 
molybdenum mineralization is characterized by hydrother- 
mally altered rocks that are rich in finely disseminated pyrite 
and associated red color anomalies. Exposures of plutonic or 
hypabyssal intrusive rocks of intermediate composition are 
usually present. Zoned alteration patterns are seen around 
the areas of mineralization in rocks that show potassic, seric- 
itic, and (or) argillic alteration near the center of the systems 
and in rocks that show propylitic alteration away from the 
centers. 

The most conspicuous areas of porphyry mineralization 
include drainage basins containing both stream-sediment 
and nonmagnetic heavy-mineral-concentrate copper-plus- 
molybdenum anomalies. Ten centers of mineralization are 
delineated in the study area that have copper-plus- 
molybdenum anomalies in both stream-sediment and non- 
magnetic heavy-mineral concentrates. These 10 centers, 
which include all of the previously known porphyry copper 
and molybdenum prospects, are numbered on plate 2 and are 
discussed below. Anomalous concentrations of gold were 
determined in stream-sediment, concentrate, and (or) rock 
samples collected from all 10 centers. Some or all of the cen- 
ters may fit porphyry copper-gold mineral deposit model 
20C described by Cox and Singer (1986). This model is 
characterized by having a gold (ppm) to molybdenum (per- 
cent) ratio greater than 30 in the ore zones. Several rock 
samples from the study area, including rock samples col- 
lected in areas 2,3,5,7, and 10, have ratios greater than 30, 
but it is not known if any of these samples were collected 
from the centers of porphyry systems. More detailed outcrop 
or drill core sampling is required to determine mineral- 

7-16. The tables also list ore-related minerals identified in 
the nonmagnetic heavy-mineral concentrates. The outlined 
drainage basins shown on figures 7-16 are those represented 
by copper-plus-molybdenum anomalies in both stream- 
sediment and nonmagnetic heavy-mineral-concentrate sam- 
ples. Geological and mineral-exploration data in the follow- 
ing descriptions are from Wilson and others (1988) and the 
AMRAP geological map (Wilson and others, in press). 
Some field observations are also included. Because many of 
the gold occurrences in the study area are probably related to 
porphyry-type mineralization events, several of the follow- 
ing areas overlap areas previously discussed in the descrip- 
tion of gold anomalies section. 

Area 1 (plate 2) is centered around the Canoe Bay gold 
prospect (fig. 7, table 8). Drainage basins within about 5 km 
of this prospect have anomalous concentrations of copper, 
molybdenum, silver, gold, lead, zinc, boron, and tin in 
stream-sediment samples; copper, molybdenum, silver, lead, 
zinc, arsenic, bismuth, gold, strontium, cadmium, iron, and 
barium in nonmagnetic heavy-mineral concentrates; and 
gold in bulk concentrates. Barite-celestite, cinnabar, galena, 
gold, molybdenite, pyrite, and sphalerite were identified in 
the nonmagnetic heavy-mineral concentrates. Although this 
prospect was examined by the Freeport Exploration Com- 
pany primarily for its gold potential, it is geologically and 
geochemically typical of all 10 centers of porphyry copper- 
molybdenum-type mineralization. A11 mineralized areas 
have a similar suite of anomalous elements and minerals and 
similar exposures of hypabyssal or plutonic igneous rocks, 
often of quartz dioritic composition, which are intruded into 
clastic and volcanic rocks. Zoned hydrothermal alteration 
patterns are always present. The most obvious features due 
to alteration processes are red color anomalies; these areas of 
oxidized, disseminated pyrite are quite extensive in certain 
parts of the study area. 

Area 2 (plate 2) is located in the upper end of the Beaver 
River drainage basin (fig. 8, table 9). Drainage basins within 
about 5 km of this mineralization center have anomalous 
concentrations of copper, molybdenum, silver, lead, zinc, 
boron, and arsenic in stream-sediment samples; copper, 
molybdenum, silver, lead, zinc, boron, tin, arsenic, anti- 
mony, bismuth, gold, strontium, cadmium, iron, and barium 
in nonmagnetic heavy-mineral concentrates; and gold in 
bulk concentrates. Barite-celestite, cinnabar, galena, gold, 
molybdenite, pyrite, scheelite-powellite, and sphalerite were 
identified in the nonmagnetic heavy-mineral concentrates. 
The geologic map (plate 3) shows area 2 to be underlain pri- 
marily by clastic rocks of the Upper Cretaceous Hoodoo and 
Chignik Formations. In the upper Beaver River valley, the 
Hoodoo and Chignik Formations are overlain by 
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sedimentary rocks of the Paleocene and Eocene Tolstoi For- 
mation and by Quaternary volcanic rocks. An altered zone 
is shown around a Tertiary intrusion, and altered rocks are 
also mapped around Hoodoo Mountain. 

Area 3 (plate 2) is located in the Pyramid Mountain area 
and includes the Pyramid porphyry copper prospect (fig. 9, 
table 10). Drainage basins within about 5 km of this miner- 
alization center have anomalous concentrations of copper, 
molybdenum, silver, lead, zinc, and boron in stream- 
sediment samples and copper, molybdenum, silver, lead, 
zinc, boron, arsenic, antimony, bismuth, gold, strontium, 
cadmium, iron, tungsten, and barium in nonmagnetic heavy- 
mineral concentrates. Barite-celestite, galena, molybdenite, 
pyrite, scheelite-powellite, and sphalerite were identified in 
nonmagnetic heavy-mineral concentrates. Area 3 is under- 
lain by clastic rocks of the Hoodoo and Tolstoi Formations, 
which are intruded by quartz diorite. Clastic rocks of the 
upper Eocene and lower Oligocene Stepovak Formation and 
upper Miocene volcanic rocks also occur in area 3. A second 
intrusive body and associated area of altered rock is located 
4 km northeast of the Pyramid porphyry copper prospect. 
This area was not directly sampled during the geochemical 
reconnaissance study, although a panned-concentrate sarn- 
ple was collected in the valley on the east side of the area 
along a large stream. 

Area 4 (plate 2) is located between Albatross Anchorage, 
San Diego Bay, and Dorenoi Bay and includes the San Diego 
Bay gold and porphyry copper prospect (fig. 10, table 11). 
Drainage basins within about 5 km of this mineralization 
center have anomalous concentrations of copper, molybde- 
num, silver, gold, lead, zinc, boron, and tin in stream- 
sediment samples; copper, molybdenum, silver, lead, zinc, 
tin, bismuth, gold, strontium, cadmium, iron, and barium in 
nonmagnetic heavy-mineral concentrates; and gold in bulk 
concentrates. Barite-celestite, fluorite, galena, molybdenite, 
pyrite, and sphalerite were identified in nonmagnetic heavy- 
mineral concentrates. 

Area 5 (plate 2) is located near the eastern upper end of 
Grass Valley (fig. 11, table 12). Drainage basins within 
about 5 km of this mineralization center have anomalous 
concentrations of copper, molybdenum, silver, lead, zinc, 
and boron in stream-sediment samples; copper, molybde- 
num, silver, lead, zinc, boron, arsenic, antimony, bismuth, 
gold, strontium, cadmium, iron, tungsten, and barium in non- 
magnetic heavy-mineral concentrates; and gold in bulk con- 
centrates. Barite-celestite, pyrite, and scheelite-powellite 
were identified in nonmagnetic heavy-mineral concentrates. 
The geologic map (plate 3) shows an altered zone covering 
both an area of Tertiary intrusive rocks and surrounding Ter- 
tiary volcanic rocks. A mineral occurrence located at the 
upper end of the valley northeast of Grass Valley is 
described as a mineralized coarse-grained granodiorite plu- 
ton with many quartz-pyrite veins. Scattered red color 
anomalies were seen in the area. 

Area 6 (plate 2) is located in the Grub Gulch (Dent Point) 
area (fig. 12, table 13). Drainage basins within about 5 km 
at this mineralization center have anomalous concentrations 
of copper, molybdenum, silver, gold, lead, and zinc in 
stream-sediment samples; copper, molybdenum, silver, lead, 
zinc, boron, tin, arsenic, antimony, bismuth, gold, strontium, 
cadmium, iron, tungsten, and barium in nonmagnetic heavy- 
mineral concentrates; and gold in bulk concentrates. Barite- 
celestite, galena, pyrite, and sphalerite were identified in 
nonmagnetic heavy-mineral concentrates. 

Area 7 (plate 2) includes the Ivanof porphyry copper 
prospect (fig. 13, table 14). Drainage basins within about 5 
km of this mineralization center have anomalous concentra- 
tions of copper, molybdenum, silver, and detectable gold in 
stream-sediment samples; copper, molybdenum, silver, lead, 
zinc, boron, tin, arsenic, bismuth, gold, and iron in nonmag- 
netic heavy-mineral concentrates; and gold in bulk concen- 
trates. Chalcopyrite, galena, molybdenite, and pyrite were 
identified in nonmagnetic heavy-mineral concentrates. 

Area 8 (plate 2) is located in the northwestern part of 
Dolgoi Island (fig. 14, table 15). Drainage basins within 
about 5 km of this mineralization center have anomalous 
concentrations of copper, molybdenum, silver, gold, lead, 
and zinc in stream-sediment samples; copper, molybdenum, 
silver, lead, zinc, boron, tin, bismuth, gold, cadmium, iron, 
and barium in nonmagnetic heavy-mineral concentrates; and 
gold in bulk concentrates. Barite-celestite, pyrite, cinnabar, 
and sphalerite were identified in nonmagnetic heavy-mineral 
concentrates. 

Area 9 (plate 2) is located in the center of Unga Island 
south of Zachary Bay (fig. 15, table 16). Drainage basins 
within about 5 km of this mineralization center have anoma- 
lous concentrations of copper, molybdenum, silver, gold, 
lead, and zinc in stream-sediment samples; copper, molyb- 
denum, silver, lead, zinc, tin, arsenic, strontium, cadmium, 
iron, and barium in nonmagnetic heavy-mineral concen- 
trates; and gold in bulk concentrates. Barite-celestite, gold, 
molybdenite, and pyrite were identified in nonmagnetic 
heavy-mineral concentrates. The geologic map (plate 3) 
shows Tertiary intrusive bodies and areas of alteration in the 
upper Eocene and lower Oligocene Popof volcanic rocks 
and, to a lesser degree, in rocks of the upper Oligocene to 
middle Miocene Unga Formation near Zachary Bay. Red 
color anomalies and propylitically altered, quartz-rich intru- 
sive(?) rocks were noted in the area. Area 9 contains a base- 
metal prospect and a base-metal mineral occurrence and has 
precious-metal prospects and occurrences to the north, east, 
and south. The Zachary Bay base-metal prospect is 
described as mineralization associated with a feldspar por- 
phyry body on the western edge of a color anomaly. Quartz 
diorite intrudes andesite; propylitic, sericitic, magnetite- 
plagioclase, and rare potassic (biotite) alteration is reported. 
Drilling in 1975 produced assay values from a 46 m interval 
as high as 0.36 percent copper, 0.004 percent molybdenum, 
0.08 odton silver, and 0.016 ozlton gold. The Zachary Bay 
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Figure 7. Sample site map for area 1 (plate 2). Drainage basin containing centers of mineralization delineated by solid line. 
Sample sites shown by solid circle and site number. 
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Table 8. Summary of selected geochemical anomalies for samples plotted on figure 7 (area 1 
on plate 2) 

[All values in pprn except for Fe (in percent) and bulk-concentrate Au (in micrograms of gold per pan). The follow- 
ing abbreviations are used: L, detected but less than; G ,  greater than; Py, pyrite; Gal, galena; Mol, molybdenite; Cin, 
cinnabar; Bar-Cel, barite-celestite; and Sph, sphalerite. Leaders (--), no anomalous data] 

Sample Anomalous values Anomalous values Minerals i d e n t i f i e d  
s i t e  from sediments from concentrates i n  concentrates 

-- 
70 B 
200 Cu; 20 Sn 

-- 
1 Ag; 200 Pb; 200 Zn 

0.7 Ag; 300 Zn; 7 Mo 

1 Ag; 50 Pb; 300 Zn; 
5 Mo; 100 Cu; 2.8 Au 

20 Ag; 5000 Pb; 1500 As; Py, Gal, Mol, 
15 Ag; 3000 Pb Cin, Py, Bar-Cel 
300 Pb; 500 As Py, Bar-Cel Cin 
20 Ag; 300 Cu; 5000 Zn; Py, Gold 

100 Au; 200 Cd; L(20) Bi  

-- 
22 pg pan Au 
2000 S r  
1000 Pb; 2000 S r ;  

6110.000) Ba 

50 Ag; 3000 Pb; 2000 Zn; PY 
2000 As; 32 ug/pan Au 

200 Cu; 50 Mo; 5 Ag; PY, SPh 
300 Pb; 10,000 Zn; 
20 Fe; 18 pg/pan Au 

300 Cu; 20 Ag; 300 Pb; Py, Gold 
10,000 Zn; 50 Cd; 30 Fe; 
G(10,OOO) Ba; 
820 pg/pan Au 

breccia occurrence is described as a 15-m-wide exposure of 
brecciated, silicified, pyrite-rich andesite with analytical val- 
ues as high as 1.09 ozlton silver, 2.07 percent zinc, and 0.58 
percent lead. 

Area 10 (plate 2) is located in the east-central part of 
Popof Island (fig. 16, table 17). Drainage basins within 
about 5 km of this mineralization center have anomalous 
concentrations of copper, molybdenum, gold, zinc, and 
boron in stream-sediment samples and copper, molybde- 
num, silver, lead, zinc, tin, arsenic, gold, strontium, 
cadmium, iron, tungsten, and barium in nonmagnetic heavy- 
mineral concentrates. Barite-celestite, cinnabar, fluorite, 
pyrite, molybdenite, and sphalerite were identified in non- 
magnetic heavy-mineral concentrates. The geologic map 
(plate 3) shows alteration in the Popof volcanic rocks. Field 
observations include red color anomalies, intrusive(?) rocks, 
and abundant sphalerite in one panned concentrate. 

In addition to the 10 centers of mineralization discussed 
above, other copper-plus-molybdenum anomalies were 
found in: stream-sediment samples (1 1 sites), nonmagnetic 
heavy-mineral-concentrate samples (9 sites), in a combina- 
tion of stream-sediment and nonmagnetic heavy-mineral- 
concentrate samples (5 sites), and in rock samples (9 sites). 

Many of these sites are located near one of the 10 numbered 
areas on plate 2 or are spatially associated with one of the 19 
areas of anomalous gold values mentioned previously. 
These additional anomalous sample sites are discussed 
below. 

A site at Moss Cape in the southwestern comer of the 
study area contained 50 pprn copper and 5 pprn molybdenum 
in the stream-sediment sample and 200 pprn copper associ- 
ated with lead, zinc (10,000 pprn), cadmium, iron, and pyrite 
anomalies in the nonmagnetic heavy-mineral concentrate. 
The area is underlain by Tertiary intrusive and volcanic 
rocks. Field observations include iron-oxide-stained rocks 
and quartz-pyrite-rich altered rocks. 

A sample of andesite with disseminated pyrite collected 
from the Four Bear Creek drainage basin contained 200 pprn 
copper, 100 pprn molybdenum, and 0.004 pprn gold. This 
area of copper, molybdenum, silver, gold, lead, boron, and 
barium anomalies includes a mineral occurrence described 
as pebble or breccia dikes occurring in quartz diorite and 
nearby sedimentary rocks (Wilson and others, 1988). 

Three sites define a geochemically anomalous area in the 
east-central part of the Beaver River drainage basin. This 
area contains 70 pprn copper in a stream-sediment sample 
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Figure 8. Sample site map for area 2 (plate 2). Drainage basin containing centers of mineralization delineated by solid line. 
Sample sites shown by solid circle and site number. 
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Table 9. Summary of  selected geochemical anomalies for samples plotted on  figure 8 (area 2 on  plate 2) 

[All values in ppm except for Fe (in percent) and bulk-concentrate Au (in micrograms of gold per pan). The following abbreviations 
are used: L, detected but less than; G, greater than; Py, pyrite; Bar-Cel, barite-celestite; Gal, galena; Sph, sphalerite; Cin, cinnabar; Mol, 
molybdenite; and Sch-Pow, scheelite-powellite. Leaders (--), no anomalous data] 

Sample Anomalous values Anomalous values 
s i t e  f r om  sediments f rom concentrates 

Minera ls  i d e n t i f i e d  
i n  concentrates 

-- 
L(0.5) Ag; 100 B; 
200 Pb 

100 B; 70 Cu 

1 Ag; 200 As; 
200 B; 100 Cu; 
10 Mo; 100 Pb 

100 B; 200 Zn 

100 B 
0.5 Ag; 100 8; 
150 Pb; 
500 Zn 

0.7 Ag; 70 B; 
5 Mo; 70 Pb 

L(0.5) Ag 
1 Ag; 200 As; 
150 Pb; 
500 Zn 

(no sample) 
1 Ag; 200 B; 
150 Pb 

200 Ag; 300 As; 300 
B; 100 Cu; 5 Mo; 
200 Pb; 700 Zn 

1 Ag; 500 B; 70 Cu; 
5 Mo; 100 Pb; 
200 Zn 

100 B 
100 B 
100 B; 5 Mo 
L(0.5) Ag; 200 B; 5 

Mo; 50 Pb; 500 Zn 
150 0;  100 Cu; 200 Zn 

2000 B 
G(10,OOO) Ba 
G(10,OOO) Ba; 10,000 Sr 
G(10,OOO) Ba; 7000 Sr  
500 As; G(10,OOO) Ba; 50 Bi; 2000 Sr 
20 Ag; 1000 As; 5000 B; G(10,OOO) Ba; 
5000 Pb 

30 Ag; 500 As; G(10,OOO) Ba; 10 Mo; 
2000 Pb;10,000 Sr; 1500 Zn; 
15 pg/pan Au 

20 Fe; 20 Ag; 50 Au; G(10,OOO) Ba; 
200 Cd; 150 Cu; 100 Mo; 300 Pb; 
10,000 Zn; 2.7 ug/pan Au 

150 Ag; 1500 As; G(5000) B; G(l0,OOO) 
Ba; 50 Cd; G(50,OOO) Pb; 5000 Sr 

G(5000) B; G(10,OOO) Ba; 150 Pb 
300 Ag; 2000 As; 100 Au; G(5000) B; 
G(10,OOO) Ba; 100 Sn; G(50,OOO) Pb; 
7000 Sr; 2000 Zn 

20 Fe; 100 Ag; 10,000 As; 30 Au; 3000 
B; G(10,OOO) Ba; 70 Bi; 100 Cd; 150 
Cu; 1500 Pb; 3000 Sr; 10,000 Zn; 
1.1 pg/pan Au 

G(10,OOO) Ba; 2000 Sr 
30 Fe; 200 Ag; G(10,OOO) As; 
G(10,OOO) Ba; 30 Bi;  L(50) Cd; 
150 Cu; G(50,OOO) Pb; 200 Sb; 
3000 Sr; 1000 Zn; 7.6 ug/pan Au 

(no spectrographic data)  2.9 pg/pan Au 
50 Fe; 15 Ag; 1500 As; G(10,OOO) Ba; 
50 Cd; 200 Cu; 700 Pb; 3000 Sr; 
5000 Zn; 11 ug/pan Au 

300 Ag; 5000 As; G(10,OOO) Ba; 
500 Cd; 200 Cu; 30 Mo; 20,000 Pb; 
500 Sb; 2000 Sr; G(20,OOO) Zn 

100 Ag; 1000 As; G(10,OOO) Ba; 20 Bi ;  
200 Cd; 300 Cu; 30 Mo; 10,000 Pb; 
1000 Sb; 5000 Sr; G(20,OOO) Zn 

(no spectrographic data)  
G(10,OOO) Ba 
20 Fe; G(10,OOO) Ba; 150 Pb; 10 Mo 
30 Fe; 1000 As; G(10,OOO) Ba; 
500 Bi;  1000 Pb; 2000 Sr 

G(10.000) Ba; 200 Pb; 10,000 Sr 

Bar-Cel , Gold 
Py, Bar-Cel, C in  
Bar-Cel 

Py, Bar-Cel, Gold, 
Sch-POW 

Bar-Cel 
Bar-Cel, Sch-Pow 
Py, Bar-Cel 

Py, Bar-Cel 

Py, Bar-Cel , Mol 

Py, Bar-Cel 

Py, Bar-Cel, Sch-Pow 
Py, Bar-Cel 

Py, Bar-Cel , Gal, 
SP h 

Py, Bar-Cel 

Py, Bar-Cel 

Py, Bar-Cel, 
Gal, Sph 

Py, Bar-Cel, 
Gal, Sph 

Py, Bar-Cel 
Py, Bar-Cel 
Py, Bar-Cel 
Py, Bar-Cel 

Py, Bar-Cel, Sch-Pow 
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Table 10. Summary of selected geochemical anomalies for samples plotted on figure 9 (area 3 on 
plate 2) 

[All values in pprn except for Fe (in percent) and bulk-concentrate Au (in micrograms of gold per pan). The following abbre- 
viations are used: L, detected but less than; G, greater than; Py, pyrite; Bar-Cel, barite-celestile; Gal, galena; Sph, sphalerite; 
Mol, rnolybdenite; and Sch-Pow, scheelite-powellite. Leaders (--), no anomalous data] 

Sample Anomalous values Anomalous values Minerals i d e n t i f i e d  
s i t e  from sediments from concentrates i n  concentrates 

L(0.5) Ag; 200 Cu; 
200 Mo 

70 B; 100 Cu; 300 Zn 
-- 
100 B; 70 Cu; 50 Pb 

100 Cu 
2 Ag; 200 Cu; 50 Mo; 

150 Pb; 300 Zn 
0.5 Ag; 500 Cu; 50 Mo; 

100 Pb; 200 Zn 
70 Cu; 200 Zn 
100 Cu; 70 Pb; 300 Zn 

-- 
100 B; 100 Cu; 

50 Pb; 200 Zn 
L(0.5) Ag; 100 B 

L(0.5) Ag; 70 B; 
70 Cu; 200 Zn 

200 Zn 
200 Zn; 70 B 
0.5 Ag; 50 Pb 

-- 
L(0.5) Ag; 70 B; 

50 Pb; 200 Zn 

L(500) As; 50 Cd; 10 Mo; Bar-Cel, Mol 
200 Pb: 1000 Zn 

200 Cu; 200 Mo; L(100) W; Py, Mol 

G(10,OOO) Ba; 200 Pb; 1000 Zn Py, Bar-Cel 
~ ( 5 0 )  Cd; 1000 Zn 
100 Ag; 200 Au; G(10,OOO) Ba; Bar-Cel 

200 Pb: L(200) Sb: 2000 Sr: . .  , - 
500 Zn 

200 Cu; 200 Pb; 2000 Zn Py, Bar-Cel, Sph 
20 Fe; 10 Ag; 1000 As; 150 Cd; Py 

200 Cu; 200 Pb; 100 W; 7000 Zn 
50 Mo; L(100) W 

20 Ag; 7000 Zn 
50 Ag; G(10,OOO) Ba; L(20) Bi; 

200 Cd; 200 Cu; 10,000 Pb 
-- 
G(10,OOO) Ba; 300 Pb; 

700 Zn; 150 Cu 
G(10,OOO) Ba; 20 Fe; 3 Ag; 1000 

As; 200 Cu; 2000 Pb; 2000 S r ;  
5000 Zn; 0.4 vg/pan Au 

30 Ag; 500 As; G(10,OOO) Ba; 
300 Bi ;  200 Cu; 1000 Pb; 
5000 Sr; 5000 Zn 

G(10,OOO) Ba; 50 Mo; 5000 S r  
G(10,OOO) Ba; 2000 S r ;  

0.5 pglpan Au 
30 Fe; G(10,OOO) Ba; 150 Cu; 

10 Mo; 5000 Sr 
G(10.000) Ba; L(50) Cd; 10 Mo 
2000 B; G(10,OOO) Ba 
30 Fe; 30 Ag; 2000 As; 30 Au; 

G(10,OOO) Ba; 300 Bi; 500 Cd; 
300 Cu; 1000 Pb; 300 Sb; 
20,000 Zn; 1 vg/pan Au 

20 Ag; 2000 As; G(10,OOO) Ba; 
2000 Sr; L(50) Cd; 500 Cu; 
1000 Pb; 700 Sb; 5000 Zn 

20 Fe; G(10,OOO) Ba; 30 Mo; 
2.1 pg/pan Au 

G(10,OOO) Ba; 3000 S r  
G(10,OOO) Ba; 2000 S r  

Py, Bar-Cel, 
Gal, Sph 

Py, Bar-Cel, Sph 

Py, Bar-Cel 

Bar-Cel 

Py, Bar-Cel 
Py, Bar-Cel 

Py, Bar-Cel 

Py, Bar-Cel 
Py , Bar-Ce 1 
PY, Sph 

Py, Bar-Cel, 
Sch-POW 

PY 

Py, Bar-Cel 

and contains, in two nonmagnetic heavy-mineral concen- 
trates, 150 and 500 pprn copper, 10 pprn molybdenum, 3,000 
and 5 pprn silver, more than 1,000 pprn gold, 300 and 500 
pprn lead, 5,000 and 7,000 pprn zinc, 500 and 700 pprn 
arsenic, 200 pprn antimony, plus boron, barium, strontium, 
iron, barite-celestite, pyrite, and cinnabar anomalies. 

The largest area of pyritic alteration within the study 
area, as indicated by extensive red color anomalies, lies 

within and around the San Diego Bay porphyry copper pros- 
pect (area 4, plate 2). Concurrent or spatially overlapping 
periods of alteration and mineralization are indicated by cop- 
per-plus-molybdenum anomalies in a stream-sediment sam- 
ple and a nonmagnetic heavy-mineral concentrate collected 
at two sites located about 3 km southwest of area 4. The 
stream-sediment sample contains 100 pprn copper and 20 
pprn molybdenum, plus anomalous concentrations of silver, 
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Figure 10. Sample site map for area 4 (plate 2). Drainage basin containing centers of mineralization delineated by solid line. 
Sample sites shown by solid circle and site number. 
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Figure 11. Sample site map for area 5 (plate 2). Drainage basin containing centers of mineralization delineated by solid line. 
Sample sites shown by solid circle and site number. 
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Table 12. Summary of selected geochemical anomalies for samples plotted on figure 11 (area 5 on 
plate 2) 

[All values in ppm except for Fe (in percent) and bulk-concentrate Au (in micrograms of gold per pan). The following abbre- 
viations are used: L, detected but less than; G, greater than; Py, pyrite; Bar-Cel, barite-celestite; and Sch-Pow, scheelite-pow- 
ellite. Leaders (--), no anomalous data] 

Sample Anomal ous values Anomalous values Minerals i d e n t i f i e d  
s i t e  from sediments from concentrates i n  concentrates 

-- 
100 B; 50 Pb 
100 B 
0.5 Ag; 150 P b  
100 Cu; 70 Pb; 200 Zn 
- - 
200 B; 100 Cu; 15 Mo 

- 

G(10,OOO) Ba; 2000 S r  
100 Mo 
20 Ag; 100 Au; G(10,OOO) Ba 
G(10,OOO) Ba; L(50) Cd; 1000 Zn 
G(10,OOO) Ba 
L(1) A9 
5000 B 
20 Ag; 1000 Pb; L(200) Sb 
2 Ag; L(500) As; 50 Bi ;  300 Pb 
-- 
20 Fe; 200 Cu; 20 Mo; 1000 W 

-- 
300 Pb 
G(10,OOO) Ba; 3000 S r  
30 Fe; 15 Ag; 150 Cu; 3000 Pb 

2.8 ug/pan Au 
20 Fe; 10 Ag; 150 Cu; 200 Pb; 

1.1 ug/pan Au 
20 Fe; L(1) Ag; 3000 As; 

G(10,OOO) Ba; 500 Cu; 2000 S r  
30 Fe; L(1) Ag; G(10,OOO) Ba; 

150 Cu; 20 Mo; 200 Pb; 
2000 S r ;  0.5 ug/pan Au 

Bar-Cel 

Py, Bar-Cel 
Bar-Cel 
Py, Bar-Cel 

Bar-Cel 
PY 

Py, Bar-Cel, 
Sch-POW 

Bar-Cel 
Py, Bar-Cel 

Py, Bar-Cel 

Py, Bar-Cel 

heavy-mineral concentrates. Surrounding drainage basins 
contain low-level copper, molybdenum, and boron anoma- 
lies in stream-sediment samples and low-level copper, 
molybdenum, lead, zinc, boron, strontium, tungsten, and 
barium anomalies in nonmagnetic heavy-mineral concen- 
trates. Pyrite and barite-celestite are also present in nonmag- 
netic heavy-mineral concentrates. Tertiary volcanic and 
intrusive rocks are in contact with the Stepovak Formation in 
this area and altered rocks were noted at some sites. 

About 5 km north of Mount Stepo, a drainage basin has 
low-level copper, molybdenum, lead, and zinc anomalies in 
a stream-sediment sample. Surrounding drainage basins are 
anomalous in copper, molybdenum, silver, lead, arsenic, 
cadmium, barium, pyrite, and barite-celestite. This area is 
underlain by Tertiary and Quaternary volcanic rocks that 
have, in part, been brecciated and silicically and propyliti- 
cally altered. 

Two drainage basins, underlain by Tertiary and Quater- 
nary volcanic rocks and by the Bear Lake Formation, are 
located along the north side of the Aleutian Range and have 
copper and molybdenum anomalies in nonmagnetic heavy- 
mineral concentrates. One drainage basin, located about 6 
km northeast of Left Head, is anomalous in copper, molyb- 

denum, silver, arsenic, strontium, and barium. Surrounding 
drainage basins are anomalous in zinc, tin, arsenic, barium, 
pyrite, and barite-celestite. Propylitically altered volcanic 
rocks were noted. The drainage basin located at the head of 
Milky Creek, east of Bear Lake, is anomalous in copper, 
molybdenum, lead, arsenic, and iron, and is surrounded by 
drainage basins anomalous in copper, silver, tin, arsenic, bis- 
muth, iron, barite-celestite, and pyrite. This drainage basin 
and the drainage basin across the Aleutian Range to the south 
contain altered rocks with the highest pyrite content noted in 
the study area. 

Between Orzinski Bay and Clark Bay, an area underlain 
by the Stepovak Formation, a site contains 70 ppm copper in 
a stream-sediment sample and 20 ppm molybdenum and 
more than 5,000 ppm boron in a nonmagnetic heavy-mineral 
concentrate. Sericitically altered zones and basalt(?) dikes in 
sandstone crop out in this area (Wilson and others, 1988). 
Rock samples collected from this site were anomalous in 
arsenic and antimony. 

A stream-sediment copper-plus-molybdenum anomaly 
occurs at a site on the west side of Red Hill in an area of 
iron-oxide-stained Tertiary volcanic rocks. Surrounding 
sites are anomalous in copper, silver, zinc, boron, cadmium, 
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Figure 12. Sample site map for area 6 (plate 2). Drainage basin containing centers of mineralization delineated by solid line. 
Sample sites shown by solid circle and site number. 
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Table 13. Summary of selected geochemical anomalies for samples plotted on figure 12 (area 6 on 
plate 2) 

[All values in ppm except for Fe (in percent) and bulk-concentrate Au (in micrograms of gold per pan). The following abbre- 
viations are used: L, detected but less than; G ,  greater than; Py, pyrite; Bar-Cel, bariteselestik; Gal, galena; and Sph, sphaler- 
ite. Leaders (--), no anomalous data] 

Sample Anomalous values Anomalous values Minera ls  i d e n t i f i e d  
s i t e  from sediments from concentrates i n  concentrates 

1 Ag; 100 Cu; 10 Mo 
500 Cu; 20 Mo 

100 Cu; 200 Zn 
-- 
- - 
L(0.5) Ag; 200 Cu; 

100 Pb; 0.02 Au 

-- 
L(0.5) Ag 
L(0.5) Ag; 70 Cu; 

50 Pb 
L(0.5) Ag 

0.5 Ag; 100 Cu; 
10 Mo; 50 Pb 

0.5 Ag; 150 Cu; 50 Mo 

- -  - - - 

1 Ag; G(10,OOO) Ba; 200 Cd; 
150 Cu; 50 Mo; 2000 Sr 

10 Mo; 100 W 
20 Fe; 5 Ag; L(500) As; G(10,OOO) Ba; 

20 Bi ;  200 Cu; 20 Mo 
- - 
200 Pb; 70 Sn 
5000 B; 70 Bi ;  200 Mo; 1000 Pb 
50 Ag; L(500) As; 100 Au; 1000 Cd; 

500 Cu; 1000 Pb; L(200) Sb; 150 Sn; 
L(1OO) W; 7000 Zn 

3000 B; 30 Mo; 500 Pb 
(no spectrographic data)  
20 Mo 
20 Fe; 0.5 Ag; 500 As; G(10,OOO) Ba; 

200 Cu; 20,000 Pb 
G(10,OOO) Ba; 10 Mo; 500 Pb; 5000 Sr;  

5000 Zn 
100 Mo; 700 Pb 
20 Ag; 1000 As; 50 Bi;  700 Cu; 

150 Mo; 15,000 Pb; 2000 Zn 
20 Fe; 70 ug/pan Au 

30 Fe; 150 Cu; 50 Mo; 31 ug/pan Au 

Py, Bar-Cel 

PY 
Py, Bar-Cel 

PY 
Py, Bar-Cel,  

S P ~  

PY 
Py, Bar-Cel 

Py, Bar-Cel 

PY 
Py, Gal 

PY 

Py, Bar-Cel 

strontium, barium, pyrite, sphalerite, and barite-celestite. 
This area may be an extension of the mineralization center 
at Grub Gulch (area 6, plate 2), discussed previously. 

A nonmagnetic heavy-mineral concentrate collected 
from a drainage basin located about 5 km north of area 7 
(plate 2) contains 200 pprn copper, 30 pprn molybdenum, 
5,000 pprn boron, and 30 percent iron. Nearby drainage 
basins are anomalous in copper, zinc, iron, boron, barium, 
pyrite, and cinnabar. The area is underlain by the Meshik 
Volcanics. 

A drainage basin on Pinusuk Island is underlain by the 
Meshik Volcanics and is represented by 700 pprn copper, 10 
pprn molybdenum, and more than 5,000 pprn boron in a non- 
magnetic heavy-mineral concentrate. 

Two rock samples collected on Mitrofania Island and 
another collected south of Herring Lagoon on the mainland 
are quartz-sulfide vein samples collected from areas of con- 
tact-metamorphosed rocks associated with the Devils 
batholith. Rock samples cgllected in these areas are anoma- 
lous in copper, molybdenum, silver, gold, lead, zinc, boron, 
bismuth, arsenic, antimony, and cadmium. 

Both Unga Island and Popof Island have four centers of 
copper-molybdenum mineralization in addition to areas 9 

and 10 (plate 2) that were discussed previously. From north 
to south on Unga Island, these include the area of gold and 
mercury anomalies east of the mouth of Zachary Bay (area 
3, plate l),  underlain by the Popof volcanic rocks. An andes- 
ite sample collected in this area from an iron-oxide-stained 
fracture zone contains 150 ppm copper, 10 pprn molybde- 
num, 200 pprn zinc, 500 pprn boron, and 50 pprn arsenic. 
Cinnabar, molybdenite, and pyrite were noted in nonmag- 
netic heavy-mineral concentrates. 

To the south, at Quartz Point, a nonmagnetic heavy- 
mineral concentrate contains 150 pprn copper, 10 pprn 
molybdenum, 2,000 pprn zinc, 2,000 pprn arsenic, and 
pyrite. Iron-oxide staining and large masses of chalcedony 
occur at this site. 

About 2 km southwest of the head of Baralof Bay and 
adjacent to the Shumagin gold deposit, a drainage basin con- 
tains 70 pprn copper, 5 pprn molybdenum, and 50 pprn lead 
in a stream-sediment sample and 1,000 pprn zinc, 50 pprn 
cadmium, and more than 10,000 pprn barium in a nonmag- 
netic heavy-mineral concentrate. 

Anomalous concentrations of copper plus molybdenum 
were determined in two rock samples collected along the 
east side of Acheredin Bay. An altered volcanic-rock sample 
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Figure 13. Sample site map for area 7 (plate 2). Drainage basin containing centers of mineralization delineated by solid line. 
Sample sites shown by solid circle and site number. 
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Table 14. Summary of selected geochemical anomalies for samples plotted on figure 13 (area 7 
on plate 2) 

[All values in ppm except for Fe (in percent) and bulk-concentfate Au (in micrograms of gold per pan). The following 
abbreviations are used: L, detected but less than; Py, pyrite; Gal, galena; Mol, molybdenite; and Cp, chalcopyrite. 
Leaders (--), no anomalous data] 

Sample Anomalous values Anomalous values Minerals identified 
s i t e  from sediments from concentrates i n  concentrates 

-- 
L(0.5) Ag; 150 Cu; 

20 Mo 

0.7 Ag; 200 C u ;  70 Mo 
-- 

-- 
100 C u ;  5 Mo; 

0.002 Au 

- - 
30 Fe; 10 Ag; 200 Bi; 500 Cu; Py 

100 Mo; 1000 Zn; 
89 pg/pan Au 

70 Ag; 1000 As; 20,000 Pb PY 
50 Fe; 3 Ag; 2000 As; 30 Bi; Py, Mol 

700 Cu; 150 Mo; 
9.1 pg/pan Au 

5000 B; 1.5 pg/pan Au PY 
2000 Zn 
5 Ag; 20 Au; 150 Cu;  100 Mo; Py, Cp, Mol 

50 Sn; 39 pg/pan Au 
30 Fe; 2 Ag; 1000 As; 200 C u ;  Py, Cp,  Mol 

1000 Pb; 1.5 pg/pan Au 
-- 
50 Ag; 5000 Pb; 30 Sn; Py, Gal 

0.3 pglpan Au 
14 pg/pan Au 

with 50 percent sulfides contains 500 pprn copper, 5 pprn 
molybdenum, 70 pprn lead, 500 pprn zinc, 10 pprn silver, 
0.15 pprn gold, more than 6 pprn mercury, 150 pprn arsenic, 
and 20 percent iron. The other mineralized rock sample con- 
tains 500 pprn copper, 50 pprn molybdenum, 70 pprn lead, 
detectable silver, 50 pprn tin, 150 pprn bismuth, 100 pprn 
antimony, and 250 pprn arsenic. A nonmagnetic heavy- 
mineral concentrate contains 10 pprn molybdenum and a 
stream-sediment sample contains 200 pprn copper; these 
samples are associated with anomalous concentrations of 
silver, gold, lead, zinc, bismuth, and tungsten in this area. 

On Popof Island, from west to east, a site at Sand Point 
contains 5 pprn molybdenum, 100 pprn lead, and 200 pprn 
zinc in a stream-sediment sample and 1,500 pprn copper, 
1,500 pprn silver, more than 1,000 pprn gold, more than 
50,000 pprn lead, 2,000 pprn tin, 30 pprn bismuth, and 1,500 
pprn antimony in a nonmagnetic heavy-mineral concentrate. 
The samples at this site were collected from active beach 
sediments that may have been moved westward by longshore 
currents. 

A site about 4 km to the southeast may be closer to the 
source of the Sand Point samples. A stream-sediment sam- 
ple collected at this previously described precious-metal site 
contains 70 pprn copper and 10 pprn molybdenum. Native 
gold and molybdenite were noted in nonmagnetic heavy- 
mineral concentrates. 

A sample of brecciated andesite collected about 2 km 
northwest of area 10 (plate 2) contains 150 pprn copper, 10 
pprn molybdenum, 200 pprn zinc, 1 pprn silver, 600 pprn 
arsenic, and 20 percent iron. Propylitically altered, quartz- 
rich intrusive rocks were seen in this area. 

About 2 km southeast of area 10 (plate 2), a stream- 
sediment sample contains 70 pprn copper, 5 pprn molybde- 
num, and 200 pprn zinc, and a nonmagnetic heavy-mineral 
concentrate contains 100 pprn tungsten, pyrite, and cinnabar. 
Altered rocks were seen in the area. 

Three stream-sediment samples, collected from drainage 
basins draining the Shumagin Formation on Nagai Island, 
also contained anomalous concentrations of copper plus 
molybdenum. On the east side of Eagle Harbor, a stream- 
sediment sample contains 70 pprn copper, 5 pprn molybde- 
num, 200 pprn zinc, and 70 pprn boron, and a nonmagnetic 
heavy-mineral concentrate collected from the same site con- 
tains 200 pprn copper, 70 pprn silver, and 200 pprn gold. A 
stream-sediment sample collected 2 km north of Caton Cove 
on the east side of Sanbom Harbor contains 70 pprn copper, 
5 pprn molybdenum, and 200 pprn zinc. A site at the north- 
east side of the mouth of East Bight contains 70 pprn copper, 
5 pprn molybdenum, 200 pprn zinc, and 100 pprn boron. No 
color anomalies or other evidence of extensive hydrothermal 
alteration were noted at any of the sites on Nagai Island or on 
the outer Shumagin Islands. 
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Table 15. Summary of selected geochemical anomalies for samples plotted on figure 1 4  (area 
8 on plate 2) 

[All values in ppm except for Fe (in percent) and bulk-concentrate Au (in micrograms of gold per pan). The following 
abbreviations are used: G ,  greater than; Py, pyrite; Bar-Cel, barite-celestite; Sph, sphalerite; and Cin, cinnabar. Lead- 
ers (--), no anomalous data] 

Sample Anomalous values Anomalous values Minerals  i d e n t i f i e d  
s i t e  from sediments from concent ra tes  i n  concent ra tes  

500 -- - - 
501 -- - - Ci n 
502 -- - - 
503 -- 30 B i ;  20,000 Pb 
508 0 .5Ag;  150Cu;  50Mo; 5 A g ;  200Cu;  20Mo; 7 0 0 P b ;  PY 

70 Pb; 0.004 Au 150 Sn; 10,000 Zn; 1000 B 
765 -- - - 
766 -- G(10,OOO) 8a Ci n 
768 -- - - 
773 0.7 Ag; 150 C u ;  50 Pb; 30 Fe; 3000 Ag; 100 A u ;  Py, Bar-Cel, 

200 Zn; 0.004 Au G(10,OOO) Ba; 700 Cd; 200 C u ;  Sph 
G(20,OOO) Zn; 2.5 ~ g / p a n  A u  

CONCLUSIONS 

Examination of geological and geochemical evidence 
indicates that the Port Moller study area has potential for the 
discovery of additional porphyry copper or molybdenum 
deposits and for additional epithermal gold deposits. Gold 
anomalies, especially those associated with quartz-sulfide 
veins, are the best indicators for areas with potential for epi- 
thermal gold deposits. The copper- and molybdenum-rich 
porphyry sulfide systems are best indicated by extensive 
zones of hydrothermally altered rocks-these zones of 
altered rocks are generally spatially associated with intrusive 
rocks of intermediate composition and with one or more 
drainage basins that have copper and molybdenum anoma- 
lies in both stream-sediment samples and nonmagnetic 
heavy-mineral concentrates. These drainage basins are 
generally surrounded by drainage basins that have stream- 
sediment samples plus panned concentrates that contain 
anomalous concentrations of copper, lead, zinc, silver, gold, 
boron, tin, arsenic, antimony, bismuth, cadmium, iron, tung- 
sten, strontium, or barium. Plates 1 and 2 show geochemi- 
cally anomalous areas that include, but are not limited to, 
areas containing known mineral prospects. These maps indi- 
cate favorable new targets for mineral exploration. 
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Table 16. Summary of selected geochemical anomalies for samples plotted on figure 15 (area 9 
o n  plate 2) 

[All values in ppm except for Fe (in percent) and bulkconcentrate Au (in micrograms of gold per pan). The following 
abbreviations are used: L, detected but less than; G, greater than; Py, pyrite; Bar-Cel, baritecelestite; and Mol, mo- 
lybdenite. Leaders (--), no anomalous data] 

Samp 1 e Anomalous values Anomalous va lues  Minerals  i d e n t i f i e d  
s i t e  from sediments from concent ra tes  i n  c o n c e n t r a t e s  

-- 
150 C u ;  0.004 Au 
70 Pb; 0.002 Au 
200 Cu;  50 Pb; 2.4 Au 

-- 
0.15 Au 
100 Cu;  100 Pb; 200 Zn 

70 Cu 
150 Cu;  100 Pb; 0.002 Au 
100 Cu; 10 Mo; 50 Pb; 

0.002 Au 
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7 Ag; 2000 Zn 

PY 
Py, Mol 

Mol 

Bar-Cel 

Bar-Cel 
Py, Bar-Cel 
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Table 17. Summary o f  selected geochemical anomalies for samples plotted on  figure 16 (area 
10 on  plate 2) 

[All values in ppm except for Fe (in percent). The following abbreviations are used: L, detected but less than; G, 
greater than; Py, pyrite; BarCel, barite-celestite; Sph, sphalerite; Cin, cinnabar; Mol, molybdenite; and FI, fluorite. 
Leaders (--), no anomalous data] 

Sample Anomalous values Anomalous values Minera ls  i d e n t i f i e d  
s i t e  f rom sediments from concentrates i n  concentrates 

70 Cu; 10 Mo; 1.2 Au 
(no sample) 
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100 Cu; 200 Zn 
100 Cu 
100 Cu; 200 Zn 

-- 
70 Cu; 5 Mo; 200 Zn 
200 Zn 
70 Cu; 200 Zn 
70 Cu; 200 Zn 
200 Zn 
5 Mo; 200 Zn; 0.002 Au 
200 Zn 
200 Zn 
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100 Cu; 7 Mo; 300 Zn 

882 70 Cu; 200 Zn 
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L ( l )  Ag; G(10,OOO) Ba; 
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- - 
- - 
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-- 
-- 
200 Pb 
2000 As; G(10,OOO) Ba; 

10 Mo; 1000 Zn 
- - 
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L ( l )  Ag; 1000 Pb; 100 W 
20 Ag; 3000 Pb 
(no sample) 
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10 Mo 
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2000 Sr 
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30 Fe; 1 Ag; 1000 As; 

G(10,OOO) Ba; 100 Cd; 
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G(20,OOO) Zn 
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(no sample) 
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Bar-Cel 
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Py, C in  
PY 

Ci n 
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Py, C in  

PY 
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Py, Bar-Cel 

Sph, F1 
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