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MINERAL INVESTIGATIONS IN THE KETCHIKAN MINING DISTRICT
SOUTHEASTERN ALASKA
1990-1994

By Kenneth M. Maasl, Peter E. Bittenbenderl, and Jan C. Still?

ABSTRACT

The U.S. Bureau of Mines conducted a mineral resource assessment of the Ketchikan Mining District from
1990-1993. Over 440 mines, prospects, and occurrences were examined in the 2.83-million- hectare district.
More than 25 of these are discoveries or newly described. Land status, history, geology, and land use issues
are discussed for 26 areas.

The district has potential for hosting deposits containing gold, silver, copper, lead, zinc, molybdenum,
tungsten, uranium, rare-earth elements, platinum group metals, and carbonates. Deposit types include
volcanogenic massive sulfide, skarn, magmatic segregation, low-sulfide vein gold, polymetallic vein,
porphyry, and pegmatite dike. Principal production includes 18,200 mt of copper and 2.6 mt gold. The
greatest potential for additional discoveries lies in Wales Group rocks on Prince of Wales Island that host
volcanogenic massive sulfide deposits. Hazelton Group rocks near Hyder have potential for hosting large
tonnage, low-grade gold deposits. Several hundred million mt of high-purity limestone are present including
high-purity, high-brightness carbonates in the Calder area.

Prefeasibility studies for a massive sulfide model indicate that a 32 M mt deposit containing metals worth
$137/mt would produce a 15% DCFROR, whereas a low-sulfide gold deposit would require 16 M mt of ore
valued at $54/mt to produce a similar 15% return.

! Geologist, Juneau Branch, Alaska Field Operations Center, Juneau, Alaska.

2 Mining Engineer, Juneau Branch, Alaska Field Operations Center, Juneau, Alaska.



EXECUTIVE SUMMARY

OVERVIEW

U. S. Bureau of Mines (Bureau) personnel examined mines, prospects, and mineral occurrences in the 2.83-
million ha Ketchikan Mining District (KMD) between 1990-1993. The study was initiated to provide minerals
data to support the USDA Forest Service in their revision of the Tongass Land Management Plan. Work was
performed at 446 mineral locations containing copper, silver, gold, uranium, lead, zinc, tungsten,
molybdenum, chromite, iron, platinum group elements, rare-earth elements, building stone and limestone.
Over 4,800 samples were taken for geochemical analyses and several kilometers of underground and surface
workings were mapped. More than 25 locations were either newly discovered or incorporated into the
literature for the first time. Many other properties were found and examined for the first time since being
abandoned by the original workers. Several other areas with favorable geology were examined in search of
new mineral occurrences. The main focus of the study was to examine as many known mineral locations as
possible rather than to discover new deposits.

The objectives of the study were to identify the type, amount, and distribution of mineral deposits in the
district; validate established ore reserve estimates; study beneficiation technologies for representative ore
types; perform feasibility studies to determine gross revenue per ton of ore necessary to produce a 15%
discounted-cash-flow-rate-of-return (149)’; and address many of the resource and land use issues related to
potential mineral development. A comprehensive bibliography was compiled from an exhaustive literature
search and is included in this report.

More than 16 publications and presentations were prepared during this study. Separate open-file reports were
published by the Bureau after the first three years of fieldwork. These reports provided preliminary
descriptions of several of the mineral locations investigated by Bureau geologists as well as analytical results
from geochemical sampling (48, 331, 333). The State of Alaska Division of Geological and Geophysical
Surveys contributed to the study by producing 1:63,360-scale geologic maps of the Hyder and Helm Bay areas
(4,131). H. H. Murray and Associates was subcontracted to perform a market survey of high-calcium
limestone in selected Pacific Rim countries. Their report is still in the publication process, but preliminary
conclusions are presented in this report. An exhaustive search through several Ketchikan-area newspapers
published between 1901 and 1936 will result in a soon-to-be-completed index of mining-related articles for the
district. This compilation will be valuable from a historical perspective.

The KMD includes the historic Hyder Mining District for purposes of this study. The KMD includes an area
bounded by Prince of Wales Island (POWI) and adjacent islands to the west extending east to the Canadian
border at Hyder. The district extends south from Bradfield Canal and Sumner Strait (not to include Etolin and
Zarembo Islands) and north from the disputed International Boundary with Canada in Dixon Entrance. The
district occupies the southern portion of the Alexander Archipelago and is dominated by islands and
interconnected waterways. This area is part of the "Inside Passage", a protected waterway adjacent to the
Pacific Ocean.

Ketchikan is the largest population center in the district and provides a hub from which supplies and
transportation can be obtained and distributed. Commercial airlines, floatplanes, helicopter services, Alaska
State Ferries, and boat charters can be obtained in Ketchikan. Hyder, Alaska is linked to the North American
road network via the Cassiar Highway in British Columbia, Canada. An extensive logging road network exists
on POWI. Vehicles can be ferried to Hollis via Ketchikan.

*Underlined numbers in parentheses refer to items in the bibliography at the end of this report.



Topography is varied within the KMD, ranging from the precipitous, mountainous terrain present in Misty
Fjords National Monument Wilderness and in the Hyder area (peaks to 2,000 m elevation) to the gentle relief
present on Duke Island. The district is located within a temperate rainforest containing several varieties of
commercially harvested conifers as well as several species of hardwoods and small shrubs.

Average annual temperature is 8.6°C (47.5°F) and annual precipitation rate is 277 cm as measured at Annette
Island (8). The majority of the district is amenable to year-round mining operations except for the Hyder area
where winters are more extreme.

Outcrops are mainly found along beaches, in stream drainages and on alpine ridges. Wildlife is plentiful
throughout the district, but there are no species on the endangered list under the Endangered Species Act (590).
Black bears are present throughout the district, while brown bears are found primarily on the mainland.

Land ownership within the KMD is dominated by the USDA, Forest Service. Sealaska Native Regional
Corporation manages the mineral estate for both regional and village corporation lands throughout the district.
The State of Alaska, Bureau of Indian Affairs, U.S. Fish and Wildlife Service, U.S. Navy, U.S. Coast Guard,
and private individuals own or manage the remaining acreage. Misty Fjords National Monument Wilderness
comprises over 900,000 hectares and is the largest single parcel of land closed to mineral entry in the district.
Much of the district remains open to mineral entry and location.

Known mineral deposit areas (KMDA) were established throughout the Tongass National Forest during the
revision of the Tongass Land Management Plan completed in 1991. The KMDA's are management tools that
were initially defined by a high concentration of historic mines and prospects or the presence of a significant
deposit. These areas were further refined after interpreting the geologic environment and determining the
likelihood for finding additional deposits in any particular area. There are 26 of these areas within the district.
This report present historical, geological, and analytical information on mines, prospects, and mineral
occurrences in the district using these KMDAs.

Resource and land use issues associated with potential mining-related activities have also been identified for
each KMDA. These land uses may actually conflict with mining related activities or the issues may simply
arise during the public scoping process if mining were to occur in selected parts of the district. The data were
derived from management alternatives and resource mapping data (GIS products) generated during the
Tongass Land Management Plan Revision, prepared by the USDA Forest Service in 1991 (590). Fifteen
relevant resource data mappings were selected for this examination to represent the variety of concerns present
throughout the forest. Subjective criteria were established to rank the significance of each issue by KMDA, as
any mineral development is site-specific and therefore transcends the level of detail used in this analysis.
Criteria rankings for any issue vary from no issue to significant potential impact. The most common issues
district-wide include subsistence deer hunting, the presence of anadromous streams, recreational
developments, important tourism areas, wilderness areas, and timber harvest options.

GENERAL PRODUCTION HISTORY, GEOLOGY, AND MINERAL DEPOSIT TYPES

Copper was the principal commodity recovered from mines in the KMD. Several thousand metric tons were
produced from skarn deposits on Jumbo Mountain and Kasaan Peninsula. Lesser amounts were recovered
from volcanogenic massive sulfide deposits hosted in Wales Group rocks on POWI. Several thousand metric
tons were also produced from a magmatic segregation deposit at the Salt Chuck Mine along with several
hundred kilograms of byproduct palladium. A total of 18,200 mt of copper was produced. Nearly 2.6 mt of
lode gold was produced from several small mines near Hollis, Dolomi and Helm Bay, the three largest gold-
producing areas in the district. Uranium was produced from a peralkaline granite ring-dike complex at Bokan
Mountain. Tungsten was produced from quartz veins at the Riverside Mine in the Hyder area. Nearly $3
million worth of building stone was produced from marble quarries located at Calder and Tokeen. Over 1.4
million mt of cement-grade limestone was produced from a quarry at View Cove on Dall Island, and several
hundred million mt of high purity Heceta limestone remain in the district. High-purity, high-brightness
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carbonates suitable for chemical applications have recently been identified in the Calder area.

There are five lithotectonic terranes present in the district. These include the Alexander terrane, Gravina belt,
Taku terrane, Coast Mountains Batholith, and Stikinia terrane. The most productive rock packages within
these terranes have been the pre-Ordovician Wales Group, Silurian-Ordovician Descon Formation, Jurassic-
Triassic Hazelton Group, Triassic Texas Creek Granodiorite, Cretaceous-Jurassic
metasedimentary/metavolcanic rocks of the Gravina overlap assemblage, and Tertiary granitoids associated
with the Coast Mountains Batholith. Several mineral deposit types are hosted in these assemblages; the most
important varieties being skarn, volcanogenic massive sulfide, polymetallic vein, low-sulfide vein gold, and
primary magmatic (including porphyry copper-molybdenum, magmatic segregation, and uranium/rare earth
element deposits).

Copper-iron skarn deposits with appreciable gold and silver are found along the contact of Wales Group calc-
silicate rocks with the Cretaceous Jumbo Mountain granodiorite. Equally productive copper-iron skarn
deposits are found on Kasaan Peninsula where alkalic dike swarms have intruded calcium-rich volcaniclastic
rocks and marble of the Descon Formation. Smaller copper-molybdenum skarn showings occur in the
Shakan/El Capitan area where a Cretaceous granite has intruded Silurian limestone. Bureau geologists
discovered molybdenum-copper skarn mineralization near the head of Gold Harbor on Dall Island. Several
million mt of additional magnetite-chalcopyrite ore have been identified in the Kasaan skarns, some of which
contain anomalous quantities of precious metals. Smaller pods of magnetite-copper ore have been identified
on Jumbo Mountain. Total copper production from these skarns is large when compared to the rest of
Southeast Alaska, but represents about one week of production from a contemporary porphyry copper mine.

Wales Group rocks have hosted the most productive Cu-Zn-Pb-Ag-Au volcanogenic massive sulfide (VMS)
deposits in the district. These deposits are located mainly on Southern POWI. The most productive mines
have been the Niblack, Khayyam, and Copper City. The Copper City Mine contained the highest grade of
byproduct precious metals of this deposit type. Currently, industry exploration efforts are most promising at
the Niblack property, the Ruby Tuesday prospect, the Stumble-On south of McKenzie Inlet, and at the Corbin
Mine on Hetta Inlet. A VMS deposit at Moth Bay on Revillagigedo Island occurs in a roof pendant of Taku
terrane volcanic rocks within Cretaceous granodiorite.

Polymetallic vein deposits are widespread throughout the district and occur in a variety of host rocks. The
shear vein at the Rush and Brown Mine contained high-grade copper ore with byproduct gold and silver and
was mined continuously for over 20 years. Several of the other deposits contain high-grade silver, lead, and
zinc ore, but none were large enough to support long-term mining operations. Production of copper, tungsten,
lead and zinc occurred at the Cymru, Riverside and Mahoney mines, respectively. The greatest density of
polymetallic veins in the district occurs in the Hyder area in the Jurassic Texas Creek granodiorite, Eocene
Hyder quartz monzonite and in Hazelton Group rocks.

Low-sulfide vein gold deposits were historically mined near Dolomi, Hollis, Helm Bay, and at the Sealevel
Mine on Thorne Arm. These deposits are hosted in Wales Group and Descon Formation rocks of the
Alexander terrane, Gravina overlap assemblage rocks and in Taku terrane rocks, respectively. No individual
deposit produced more than 350 kg gold, and therefore all are considered small by current industry standards.
A recent discovery of a stratabound, quartz-carbonate breccia vein in the Kael-7 Mile area of Dolomi
Peninsula has generated industry interest. The Gold Standard Mine in Helm Bay and an exhalative gold
horizon located along the north shore of Smugglers Cove are also promising exploration targets for gold
mineralization. Gold mineralization occurs in free-milling and refractory ores in nearly a 1:1 ratio in the Helm
Bay and Thorne Arm deposits.

Primary magmatic deposits of several varieties are found in various types and ages of igneous rocks. Deposit
types include copper +/- molybdenum porphyries; copper, chromite and iron segregations; and uranium and
rare-earth element dike swarms. These deposits are found in rocks ranging in age from Silurian-Ordovician to
Oligocene. The copper/palladium deposit at Salt Chuck and the uranium deposit at Bokan Mountain were the
only producing mines of this deposit type in the district. The world-class Quartz Hill molybdenum deposit was
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recently discovered in a Tertiary, aplitic quartz monzonite stock. This deposit contains proven resources of
1.36 billion mt of molybdenite ore grading 0.2% MoS?. Quartz Hill was thoroughly evaluated in the 1970s-
1980s when U.S. Borax was attempting to develop it. The property is currently owned by Cominco, Inc. and
development plans are on hold awaiting a significant rise in the price of molybdenum. An ultramafic intrusion
at Union Bay hosts iron, chromite and platinum-group metals (PGM) mineralization. Bureau geologists
recently discovered significant quantities of PGM from geochemical samples in drainages flowing from the
core of this intrusion. This anomaly provides a practical exploration target.

Bureau engineers performed preliminary feasibility studies of VMS and low sulfide vein gold deposits to
explore gross metal value per ton of ore necessary to achieve a 15% discounted-cash-flow-rate-of-return for
various mine models in the KMD. These models were based on several tonnage options and both on-site and
off-site milling scenarios for mines located in the Hyder area and on Southeastern POWI. The off-site mill
considered in this evaluation is located at the Westmin Premier Mine in British Columbia. VMS deposits
would require gross metal values of $137/mt for a 32 million mt deposit using an on-site mill to $526/mt for a
1 million mt deposit using an off-site mill. Low sulfide vein gold deposits would require gross metal values
ranging from $54/mt for a 16 million mt deposit using an off-site mill to $100/mt for a 1 million mt deposit
using an on-site mill (149).

KNOWN MINERAL DEPOSIT AREAS

Bureau personnel present mineral deposit information using the 26 known mineral deposit areas (KMDA)
listed in table 1. Mineral development potential for these locations is based on the following two criteria: 1)
anomalously high-grade analytical results and/or 2) continuity of mineralization. The following list identifies
those properties with medium or high mineral development potential. A more detailed description of these
properties can be found in the main body of the report. It should be pointed out that these determinations are
not definitive; rather they represent a comparative analysis of the known prospects based on limited data
coupled with the expertise and experience of the examiners.



Table 1.-- Mineral locations with medium or high mineral development potential listed by KMDA.

KMDA Mine, prospect, or occurrence
Shakan/El Capitan El Cap Gold, Shakan (AK Chief)
Salt Chuck Salt Chuck, Rush & Brown

Kasaan Peninsula

Poorman, Iron King, Mamie, Mount Andrew

Hollis Puyallup, Crackerjack, Dawson, Harris River

Big Harbor Big Harbor

Khayyam Khayyam, Stumble-On

Jumbo Corbin, Magnetite Cliff

South Arm Cholmondeley Ruby Tuesday

Dolomi Kael Pit, 7 Mile Gold, Kael-7 Mile Trend, Valparaiso, Paul Lake
Niblack Niblack, Mammoth, Lindsey, Lookout, Trio, Copper Cliff

Hetta Inlet Copper City

Bokan Mountain

None individually, several taken as a package

McLean Arm Apex

Nichols Bay None

McLeod Bay None

Mount Burnett Mount Burnett Drainages

Helm Bay Gold Standard, Annie, Blue Bucket (Smugglers Cove trend)
Ketchikan Carlanna Creek Quarry

George Inlet None

Sealevel None

Moth Bay Moth Bay

South Gravina

Seal Cove, Dall Bay area, Dall

West Hyder Solo, Solo Pecos, Double Anchor

East Hyder Velikanje Placer, Top, Daly Alaska, Alaska Premier, Iron Nos. 2-4,
Shaft Creek Copper, Riverside

Quartz Hill Quartz Hill

Roe Point None




INTRODUCTION

U.S. Bureau of Mines (Bureau) geologists examined mines, prospects, and mineral occurrences in the 2.83-
million ha Ketchikan Mining District (KMD) from 1990-1993 (fig. 1). Bureau work focussed on known
mineral deposit locations as gleaned from numerous literature sources and on contemporary deposits currently
explored by private industry. Most properties were evaluated by a combination of geologic mapping, sampling
and site surveying. Limited reconnaissance investigations were conducted peripheral to known mineralized
areas. Metallurgical samples were taken from nine representative deposits for beneficiation testing at the
Bureau's Salt Lake City Research Center. These properties were chosen to represent the variety of significant
deposit types within the district and then provide a baseline level of information on metals recovery. Mineral
characterization studies of these samples were performed by personnel from the Salt Lake City and Albany
Research Centers. In all, Bureau geologists visited 446 properties, mapped several kilometers of underground
and surface mine workings, and took over 4,850 samples for geochemical analysis. Over 25 new mineral
occurrences were discovered during the study.

The objectives of this mining district study were to determine the type, amount, and distribution of mineral
deposits in the area, determine ore resources when possible, study beneficiation technologies for the ore, and
perform feasibility studies on selected deposit types. Individual reports containing brief deposit descriptions
and analytical results specific to the annual program of work were published after the first three years of the
study (48, 331, 333). This final report presents data for the entire district. The discussion is organized
geographically using known mineral deposit areas (KMDA) as a tool to convey mine, prospect, and mineral
occurrence information.

KMDA's depict areas with favorable mineral development potential based on density or value of known
mineral deposits and favorable geologic terranes which may contain additional deposits. There are 26
KMDA's within the Ketchikan Mining District containing a wide variety of deposit types. Several mineralized
localities lie outside an established KMDA. Noteworthy locations are summarized in a separate chapter
following the KMDA writeups. Mine, prospect, and occurrence information is conveyed using text, tables,
graphs, and maps. Information concerning industrial minerals such as carbonates, crushed stone, sand and
gravel, and clay is also presented for the district. Several appendices were prepared to convey analytical
results from sampling (Appendices A, C) and tabular information for all mineral deposits in the district
(Appendices B, D).

LOCATION AND ACCESS

The Ketchikan Mining District is located in the southern-most part of Southeast Alaska and from west-to-east
includes Prince of Wales and surrounding islands, Gravina, Revillagigedo and proximal islands, Cleveland
Peninsula, and the mainland east to the U.S.-Canadian border (fig.1). The City of Ketchikan is the largest
population center in the district with over 8,500 residents (14,110 within the Ketchikan Gateway Borough).
Ketchikan is also the major transportation and supply center for the district. Commercial airline, floatplane,
helicopter, ferry, and charter boat services can be obtained there.

There is a limited road network emanating from Ketchikan that serves the west-southwest part of
Revillagigedo Island. Hyder is connected by road through Stewart, British Columbia to the North-America
road network. An extensive logging road network exists on Prince of Wales Island (POWI), as well as on
some of the smaller islands west of POWI. Four-wheel drive trucks and all-terrain vehicles are recommended
to negotiate the logging roads, although any high-ground-clearance vehicle can be safely used with care.
Shoreline and low-elevation properties are accessible by floatplane and boat. Helicopters are the most
practical method of accessing high-elevation mineral occurrences.



PHYSIOGRAPHY AND CLIMATE

Physiography within the district varies from lowlands dominated by thick brush, muskeg, and forests to
rugged, glacially-carved peaks in the Hyder area which approach 2,000 m in elevation. Treeline occurs at
various elevations throughout the district, but is generally around 750 m above sea level.

Conifers present include the commercially harvested Sitka spruce, red and yellow cedar, and western hemlock.
Also present are hardwoods such as alder, willows and cottonwood; various berry bushes; and other shrubs and
forbs including the formidable devil's club. Muskeg openings provide relatively easy cross-country access
and contain a unique blend of stunted growth foliage quite different than that of the forest.

Wildlife in the district is plentiful and there are no species on the endangered list under the Endangered
Species Act (590). Land mammals include the Sitka black-tail deer, black bear, brown bear on the mainland,
furbearers such as wolf, beaver, land otter, mink, marten and many species of small rodentia. Marine
mammals, such as whales, porpoise, seals, sea lions and sea otters inhabit the inland and coastal waterways.
Birdlife consists of bald eagles, crows, ravens, and many seabird and waterfowl species. There are numerous
anadromous fish streams within the district.

Climatological data is recorded at Annette Island (south of Ketchikan) by the National Oceanic and
Atmospheric Administration (8). The mean annual precipitation rate at Annette averaged from 1963-1992 is
277 cm with extremes of 335 cm measured in 1991 and 216 cm measured in 1985. September through January
are the wettest months, with October consistently being 33% wetter than any other month. The average annual
temperature over the same period is 7.6°C (45.7°F) with an average maximum temperature of 10.6°C (51.1°F)
and an average minimum of 4.6°C (40.3°F). July and August are usually the warmest months with high
temperature averages reaching 18.1°C (64.6°F). January is typically the coldest month with average low
temperatures dropping to -1.3°C (29.7°F). The majority of the district is subjected to typical southeast Alaska
maritime weather characterized by mild daily variations in temperature and frequent storms emanating from
the Gulf of Alaska. Topography has a marked influence on temperature and precipitation patterns. For
example, the precipitous terrain surrounding Hyder produces more extreme cold temperatures and snow than
other areas in the district.

LAND STATUS

The majority of land within the KMD is managed by the USDA, Forest Service but Native regional and village
corporations also administer significant acreage. The State of Alaska, Bureau of Indian Affairs, U.S. Fish and
Wildlife Service, U.S. Navy, U.S. Coast guard, and private individuals own or manage the remaining acreage.
The availability of land for mineral exploration and development is generally depicted in figure 2.

Most Forest Service land is open to mineral exploration. Designated wilderness areas such as Misty Fjords,
Southern POWI, Warren and Maurelle Islands, and Karta are closed to mineral location and motorized or
significant earth-disturbing exploration activities. There is an administrative closure to mineral entry at the
Uncle Tom Natural Area, but the Maybeso Experimental Forest is open to mineral entry.

Sealaska Regional Corporation manages the subsurface or mineral estate on native corporation lands
throughout the study area obtained under the provisions of the Alaska Native Claims Settlement Act, 1971.
Native holdings in the KMD include the Craig-Klawock, Kasaan, Hydaburg, Klukwan, Angoon, and Saxman
village withdrawals. Sealaska has also received full title to certain lands on Dall Island. Sealaska has been
actively exploring and promoting the mineral potential on these lands and welcomes proposals from the
minerals industry for lease arrangements on their land.
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State of Alaska holdings in the KMD are sparse and can be found peripheral to several non-native communities
in the study area. Most State land outside residential subdivisions, airport rights of way, mental health lands,
and commercial centers is open to mineral entry and development. There are scattered State-selected parcels
which are closed to Federal claim-staking. These parcels can be staked with State mining claims but no work
can be performed on them until the lands are adjudicated to the State. The State's primary management role in
this part of Alaska involves tidelands and submerged lands. The Department of Natural Resources has
developed area management plans for Prince of Wales Island (2, 3). These plans also depict State parcels
closed to mineral location by administrative mineral closing orders.

The Metlakatla Indian Community, in cooperation with the Bureau of Indian Affairs, manages Annette Island,
the only remaining Indian Reservation in Alaska. Public prospecting and private mining ventures are not
allowed without permission from the Metlakatla community. The Bureau did not receive permission to
investigate and publish information on mineral occurrences on Annette Island during this study.

The U.S. Fish and Wildlife Service manages the Forrester Island National Wildlife Refuge, located in the
southwest corner of the district. This area is closed to mineral exploration and development. U.S. Coast
Guard and U.S. Naval stations are limited in size and are located in Ketchikan and on Back Island in Behm
Canal, respectively.

Numerous unpatented and patented mining claims are present in the study area. Location information for the
unpatented claims can be obtained from the State recorders offices in Ketchikan or Juneau. Patented claim
locations are depicted on master title plats; details within the patent boundaries can be obtained from the
mineral survey plats. Both of these entities are available from the Forest Service or Bureau of Land
Management. It should be pointed out that determining ownership of patented claims outside of a taxing
authority (e.g. Ketchikan Gateway Borough) is difficult without local knowledge or the help of a title search
company. Mineral survey numbers are identified for specific properties and have been listed in table B-1.

SCOPE AND METHODOLOGY

The Bureau initiated study in the KMD at the bequest of the USDA Forest Service who had given mineral
assessment priority to this district during their current revision of the Tongass Land Management Plan. Bureau
geologists initiated field studies of known mineral localities in 1990 after completing an extensive literature
search. Reconnaissance studies were undertaken in areas with favorable geology or where USGS geochemical
investigations identified anomalous areas. Geologists from the State of Alaska Division of Geological and
Geophysical Surveys (DGGS) conducted site-specific geologic mapping in Helm Bay and at Hyder. Results
from their mapping efforts have been incorporated into the individual area maps and geologic descriptions.
Carbonate rocks throughout the district were sampled and analyzed for total CaO content. A report examining
the marketability of high calcium limestone was prepared by an outside contractor and results are summarized
in the carbonate section of this report.

The main body of this report describes metallic mineral localities organized geographically using KMDAs as a
tool for discussion. These areas are shown on figure 5 (1:250,000-scale map of the Ketchikan Mining
District) along with mineral localities and reconnaissance sample locations outside the KMDAs. The
discussion progresses from west to east across the district starting on POWI and the outer islands to the west
and continues with Cleveland Peninsula, Revillagigedo, Gravina and the smaller islands to the south. Finally,
a description of the properties and mineralization in Hyder and throughout the Coast Mountains will be
provided. Individual area writeups are broken into several subparts including: 1) location information,
physiography and land status; 2) history, workings and production; 3) areawide and deposit geology,
describing mineralization styles present in the area; 4) Bureau work efforts at individual localities; 5)
significant sample results and mineral resource estimates, if available; 6) an overview of resource and land use
issues related to potential mineral development; and 7) a tabular summary of information for individual
mineral localities in the area. These writeups are intended to provide salient information for deposit types
present in a given area, but not to provide an exhaustive recap of every mine, prospect or occurrence.
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Individual deposit information and maps not provided in this report are available from the Bureau library in
Juneau, Alaska.

Economic prefeasibility studies were completed for two deposit types in the district. These deposit types are
Cu-Zn-Au-Ag volcanogenic massive sulfide and epithermal low sulfide vein gold. A brief summary from
these studies (149) is provided in this report. A separate open-file report detailing the methodology and
iterative process used to determine gross revenues per ton of ore and deposit size for both an on-site and off-
site milling scenario is currently in the review process and will be published soon.
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PREVIOUS STUDIES

Various workers from the U.S. Geological Survey (USGS), Territorial Dept. of Mines (TDM), State of Alaska
Division of Geological and Geophysical Surveys (DGGS), and the Bureau have studied the geology and
mineral deposits in the KMD since the early 1900's. These studies have emphasized area-wide and site-
specific geology, mineral resource summaries on a quadrangle and site-specific basis (to include geochemical
and geophysical studies), commodity-specific war mineral studies, and selected studies. Private company
reports summarizing site-specific and regional exploration programs have been prepared. Additionally,
graduate students have written theses on several topics related to the geology and mineral resources of the area.

A compilation of selected references is provided in tabular fashion, organized by quadrangle, subject, and
source agency as shown in table 2. Reports published by the USGS and TDM occasionally overlap quadrangle
boundaries and thus are duplicated in the table. Recently published Bureau reports on the KMD contain
expanded narrative on these studies and a comprehensive recap will not be included here (48, 331, 33).

Several reports published by non-government sources are listed by quadrangle as 'other’.
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Table 2.—Selected geologic references by quadrangle.

Quadrangle Subject Agency/Source References
Petersburg (117) | Area geology USGS (27, 68)
Mineral USGS (62, 63, 137, 143, 236, 296, 297)
Resources
Site-specific TDM/DGGS (98, 159, 220, 227, 252)
USGS (257, 276, 582)
USBM (567, 584, 598)
Bradfield Canal Area geology USGS (88, 179, 504, 506)
(118)
Mineral USGS (102, 134, 140, 179, 309, 311, 312)
resources
Site-specific USGS (88, 348, 609)
TDM/DGGS (499, 536, 555, 556, 619, 629)
USBM (184, 301, 302, 303, 357, 584, 644,
645, 646)
Craig (119) Area geology USGS (43, 54,118, 150, 172, 174, 176,
3717, 473, 591, 592, 593)
DGGS (251, 392)
Mineral USGS (108, 109, 123, 124, 125, 126, 139,
resources 141, 161, 345, 471, 606, 640)
DGGS (250, 254)
Other (239, 240, 241, 242, 244)
Site-specific USGS (112,201, 202, 299, 300, 328, 384,
385, 386, 459, 581, 596, 601, 602,
604, 639)
USBM (22,25, 186,192, 266,267,268,269,
270, 271, 388, 396, 569, 570, 575,
608, 647, 649

(Table 2 continued next page)
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Quadrangle Subject Agency/Source References
Craig (119, TDM/DGGS (129, 130, 181, 193, 196, 200, 221,
cont.) 226, 248, 249, 253, 259, 277, 278,
368, 389, 401, 402, 404, 407, 409,
410,411, 412, 413, 414, 416, 420,
421, 422,423, 424, 425, 427, 428,
429, 430, 432, 436, 444, 615, 618,
620)
Other (29, 51, 69, 243, 306, 317, 319,
322,327, 346, 352, 356, 359, 362,
366, 374, 380, 379, 383, 394, 469,
542)
Ketchikan (120) Area geology USGS (32, 33,42, 44, 45, 54, 65, 66, 88,
114, 180, 217, 310, 504, 506, 509,
540, 591, 592)
Mineral USGS (34, 35, 37,41, 108, 109, 136, 144,
resources 161, 178, 314, 345, 505)
Site specific USGS (300, 398, 399, 471)
USBM (21, 47, 183, 185, 597)
TDM/DGGS (129, 153, 272, 315, 318, 324, 350,
405, 406, 408, 415, 431, 433, 446,
460, 499, 573, 576, 594, 616, 617,
621, 624, 628)
Other (16,17,18, 110, 111, 116, 158,
210, 217, 256, 273, 274, 279, 280,
293, 294, 365, 383, 390, 391, 462,
541)
Dixon Entrance Area geology USGS (54, 174, 205, 212)
(121)
Mineral USGS (108, 109, 135, 142, 161, 345)
Resources
Site specific USGS (122, 147, 208, 313, 337)
USBM (599)
TDM/DGGS (133, 166, 222, 225, 400, 439, 579,
612, 613,615, 625, 626, 627)
Other (14, 23, 160, 204, 243, 321, 334,
336, 364, 474, 538, 543, 564, 565,
566)
Prince Rupert Area geology USGS (42, 44, 54, 310, 540, 591, 592)
(122)
Mineral USGS (34, 35,41, 44, 45, 108, 109, 138,
resources 144, 161, 178, 314, 345, 505, 506)
Site specific USGS (289, 472)
USBM (572, 583)
TDM/DGGS (223,224, 417)
Other (217, 288, 289, 476)
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MINING HISTORY/PRODUCTION

Significant mineral exploration and development activities have occurred in the KMD since the Copper Queen
claim was staked near the present village of Kasaan by Charles Baranovich in 1867 (458). This claim is
acknowledged as the first lode claim staked in Alaska (601). Gold was discovered on the Unuk River in the
1870's and early 1880's, but most activity occurred on the Canadian side of the border (348, 643). Fishermen
in the Ketchikan area are reported to have located many quartz veins and copper deposits prior to the 1890's.

James Bawden reported discovery of a gold deposit on the eastern side of Annette Island in 1892.

In 1897, gold discoveries were made on Gravina Island, at Thorne Arm (70), and at Helm Bay (416). Several
gold deposits were discovered in the Dolomi area in 1899; among them were the Valparaiso and Golden
Fleece. The first gold discoveries in the Hollis area occurred in 1900. Many of the properties became small,
producing mines; among these are the Crackerjack, Harris River, Lucky Nell, Flagstaff, and Puyallup mines.
The Dawson Mine was discovered in 1908.

In 1898, copper deposits near Dall Bay on Gravina Island were discovered (643). Nearly a dozen noteworthy
copper discoveries were made on the Kasaan Peninsula and at Jumbo Mountain by 1907 (458). During the
same time period, marble deposits at Tokeen, Calder, and El Capitan were explored and developed as
dimension stone sources.

A shaft and other minor workings on a mineral prospect in the Hyder area indicate mineral exploration activity
prior to 1898, but no known details are available. In 1898, a shipload of prospectors were brought to the area
in search of placer deposits in the Salmon River valley and Bear River valley in British Columbia, Canada.
Only minor amounts of gold were discovered (286). The discovery of the Silbak-Premier orebody adjacent to
the international border in Canada in 1910 sparked a renewed interest in the mineral potential of the Hyder
area. The major discovery on the United States side of the border was at the Riverside Mine in 1915 (112).
Prospectors discovered, staked, and explored numerous claims in the area between 1910 and 1930. Mineral
exploration and development on both sides of the international border have continued sporadically through the
years to the present.

This brief overview illustrates that most productive mining areas in the KMD were discovered around the turn
of the century. An exception to this was the discovery of the Ross-Adams Mine at Bokan Mountain during the
uranium rush of the 1950's. Mines in the district have produced more than 18,200 mt copper, 1,040 mt lead,
41 mt zinc, 32 mt tungsten trioxide (WOs3), 13 mt silver, 2,569 kg gold, 639 kg palladium, and considerable
uranium pentoxide (U;Og) (see table 3).

Historical summaries for these significant deposits are provided in the known mineral deposit area writeups.

Table 3. - Summary of mine production4 for the Ketchikan Mining District.

Mine Activity Gold, Silver, | Copper, Lead, Zinc, Palladium | Tungsten
years kg kg kg kg kg kg (WO3), kg

Annie 1900-01 7.9

Big Harbor 1913, 16 8,567

Production figures derived mainly from Bureau and USGS production records.
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Mine Activity Gold, | Silver, | Copper, | Lead, Zinc, Palladium | Tungsten
years kg kg kg kg kg kg (WO ), kg
Copper 1902-06 4.5 321.3 101,734
Mountain
Copper City 1906-08 10.5 146.5 76,746
(Red Wing)
Corbin 1906 0.47 142.9 9,697
Cymru 1906,15 0.88 46.2 68,615
Flagstaff 1937-41 8.0 61.6 1,299 2,688
Gold Banner 1939-40 0.3 0.2
Gold 1899- 310+ 33+
Standard 1907,
1915,
1922-42
Goldstream 1906, 08 8.1 15
Goo Goo 1915, 35 1.4
Green ?7-present | Unspecified quantity of museum-quality epidote crystals produced.
Monster
Harris River 1909-10, 204 162 103 894
(includes 1914-21,
Dawson 1923-25,
Mine) 1927-29,
1935-42,
1946-51
Houghton 1917 0.1 1.3 2,180
It 1908-12, 111.8 714.6 1.83M
1914-18
Jumbo 1907-18, 220 2,730 4.63M
1923
Khayyam 1906- 4.0 53.2 80,635
1909
Lucky Nell 1905,12,1 | $1,062 combined value gold, silver, lead.
4
Mahoney 1947-49 0.25 11.6 1,270 18,053 | 33,112
Mamie 1905-08, 107.2 659.2 2.826 M
1915-18
Marion 1938 0.16 0.09 16.3
(Nutkwa)
McCullough 1905,06 181
Moonshine ? Limited tonnage of high-grade lead-silver ore sacked.
Mount 1906-11, 58 697 1.973 M
Andrew 1916-17
Nelson and 1936-40, 108.3 19.8 32,335 315
Tift 1942
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Mine Activity Gold, | Silver, | Copper, | Lead, Zinc, Palladium | Tungsten
years kg kg kg kg kg kg (WO ), kg
Niblack 1905-08 41.7 622.1 889,040
Old Glory 1908 0.3 0.8
Portland 1923, 25, 2.5 1.2 11
1939-41
Puyallup pre- 20.2 14.7
(includes 1915(7),
Crackerjack) 1915-16,
1934,45,
46
Rich Hill 1917-18, 1.98 13.2 42,793
1928
Riverside 1925-50 76 2,700 34,300 1.024M | 8,100 32,000
Ronan 1920- <15
present
Ross-Adams 1957-71 79,392 mt produced @ 0.76% U308.
Rush & 1905-08, 209.4 1,262. 1.96 M
Brown 1910, 4
1912-23,
1929
Salt Chuck 1916-24, 365 1,728. | 2.81 M 639
1934-41, 9
1943
Solo 1930-50 12
Stevenstown 1906-08 50.6 383.5 929,864
Uncle Sam 1907 11,975
Valparaiso 1913,33 22.7 16.2
Total 1,983. 12,558 | 183 M 1.046 41,100 | 638.8 32,000
2 M
CURRENT ACTIVITY

The majority of recent exploration activity in the KMD has occurred on POWI and in Hyder. Cominco Alaska
Exploration evaluated the skarn deposits at Mount Jumbo and Copper Mountain in 1989, and subsequently
dropped the properties. They also evaluated the Khayyam-Stumble-On massive sulfide trend above McKenzie
Arm in 1990. Kennecott is currently evaluating this property. Cominco also evaluated the Big Harbor
massive sulfide deposit on the north shores of Trocadero Bay. LAC Minerals USA, Inc. in conjunction with
Noranda, Inc., is in the midst of an extensive drilling program at the Niblack copper-silver-gold massive
sulfide deposit. LAC is working in conjunction with Kennecott at the Ruby Tuesday zinc-lead-copper massive
sulfide deposit along South Arm Cholmondeley Sound.

Sealaska Corporation has been evaluating native land holdings in the study area since 1987. Their geologists
discovered the 7-Mile Gold and Kael Pit prospects five miles north of the Dolomi area in 1988. These two
occurrences were drilled in 1990. Exhalative massive sulfide deposits on Sealaska land are being evaluated by
American Copper and Nickel Corporation (ACNC) at Deer Bay. ACNC is also evaluating the east shores of
Hetta Inlet for other massive sulfide deposits.

Cominco Alaska is the current owner of the world-class Quartz Hill molybdenum deposit located in Misty
Fjords National Monument. The company has been performing annual labor requirements to preserve their
unpatented claims until a development decision can be made.
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Exploration continues in the Hyder area. During the 1970's, El Paso Natural Gas Company explored and
carried out a limited exploration drilling program at the Greenpoint, Heckla, and Solo prospects (45, 584).
During the 1980's, Pulsar Resources Limited explored the area southeast of Fish Creek and in the vicinity of
Mineral Hill with limited diamond drilling. From 1989 to 1991, Hyder Gold Incorporated optioned or staked
over 500 mining claims north of Hyder, in the Mineral Hill-Fish Creek area, and explored the area with
geologic mapping, rock and soil sampling, and shallow diamond drilling.

Private industry has recently explored the Sealevel area. From 1984 until 1988, Villebon Resources Limited
held a block of 170 claims that covered the northeast Thorne Arm area. Pacific Northwest Resources
Company held claims in the Sealevel area in 1993, as well as on South Gravina, Dall, and Long Islands.

There are numerous unpatented and patented mining claims scattered throughout the Ketchikan Mining
District. These claims appear on BLM or State of Alaska records and are of less significance than those listed
above. These claims will be described and ownership information provided (when available) in each area
(KMDA) analysis.

TECTONIC/GEOLOGIC SETTING AND MINERAL DEPOSIT TYPES

There are five lithotectonic assemblages/terranes identified in the KMD, although definitive boundaries are
still being debated. From west to east across the district these are: 1) Alexander terrane, 2) Gravina belt, 3)
Taku terrane, 4) Coast Mountains Batholith with tonalite sill, and 5) Stikinia terrane (fig. 3). The tectonic
framework in Southeast Alaska has been discussed by many USGS workers. The review presented here
generally follows the work of Gehrels and Berg (206). A general overview of the geology, rock units and
mineral deposits present in the district accompanies this tectonic overview. A generalized geologic map is
presented as figure 4.

Alexander terrane rocks are found on POWI and the smaller islands to the west (Baker, Suemez, Noyes, etc.).
There is a sliver of Alexander terrane rocks exposed east of Clarence Strait on the west half of Gravina Island,
the southern part of Annette Island, Duke Island and the western edge of Peninsula Ridge on the mainland
south of Boca De Quadra. This terrane contains Proterozoic to Upper-Paleozoic arc-related metavolcanic and
metasedimentary rocks that have been intruded by Paleozoic to Tertiary igneous rocks of varying
compositions. The main rock assemblage in this terrane with potentially economic concentrations of minerals
is the pre-Ordovician Wales Group Metamorphic Complex. Wales Group rocks include thick sequences of
volcanic and sedimentary rocks which have generally been subjected to greenschist facies metamorphism, but
locally exhibit mineralogy consistent with amphibolite facies pressure/temperature conditions. Wales Group
rocks are found on southern POWI, Dall, and Long Islands. A suite of Cambrian plutonic rocks has intruded
Wales Group rocks on southern Dall Island and provide a minimum age of 554 ma for the Wales Group
protolith (205).
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Numerous Cretaceous and older plutons have intruded Wales Group rocks and several have produced
economic mineral deposits (e.g. Salt Chuck ultramafic complex, Bokan Mountain peralkaline granite ring-dike
complex).

Wales Group rocks are in fault contact with the Silurian-Ordovician Descon Formation to the north and east.
The Descon Formation contains similar protolith rock types to those of the Wales Group but are differentiated
by less pervasive penetrative deformation. Descon Formation rocks crop out on central to east-central POWI
as well as on some of the smaller islands to the west. North and west of Descon Formation rocks are younger
chemical and detrital sedimentary rocks which are largely Silurian-Devonian in age. These rocks display a
minor degree of metamorphism except for contact aureoles surrounding large plutons (e.g. Shakan
granodiorite). The predominance of shallow-marine limestone, the lack of regionally significant
unconformities or thick sequences of conglomerate, and limited extent of volcanic members suggest a
tectonically stable environment was present here in contrast to the early Paleozoic orogenic and magmatic
activity found on southern POWI. This may help explain the disparity in mineral deposit concentrations found
within Alexander terrane rocks in the KMD. The youngest rocks included in the Alexander terrane are
Quaternary volcanics found near southern Suemez Island.

Mineral deposit types found in Alexander terrane rocks include volcanogenic massive sulfide (Niblack
Anchorage, Cholmondeley Sound, Hetta Inlet, Trocadero Bay), polymetallic vein (Long Island, Paul Lake,
Cholmondeley Sound), skarn (Copper Mountain, Jumbo Mountain, Kasaan Peninsula) low-sulfide and
stratabound vein gold (Hollis, Dolomi), magmatic uranium-rare earth (Bokan Mountain-Stone Rock Bay),
magmatic segregation (Salt Chuck), and porphyry copper/molybdenite (Black Bear Lake, Baker Island). The
Wales Group metamorphic complex hosts the widest array of mineral deposits in the district and has the
greatest potential for hosting potentially economic vms deposits in the entire district.

Gravina belt rocks are found predominantly on Cleveland Peninsula, the western part of Revillagigedo Island,
and the eastern part of Gravina Island (type locality). These rocks represent the southern extension of the
Gravina-Nutzotin belt of Berg et al. (46) and were deposited on the eastern margin of the Alexander and the
western margin of the Taku terranes. The Gravina belt marks the juxtaposition of the Alexander and Taku
terranes by at least Late Jurassic time (462). The Clarence Strait fault roughly separates Alexander terrane
rocks from the Gravina assemblage, although depositional contacts between the two entities are preserved on
central-Gravina Island (33). This strike-slip fault system coincides with a major topographic lineament but
only displays 15 km of dextral displacement (206).

This overlap assemblage is primarily composed of Upper Jurassic to mid-Cretaceous marine argillite and
graywacke, interbedded andesitic to basaltic volcanic and volcaniclastic rocks, and subordinate polymictic
conglomerate. This sequence is believed to have formed in a submarine volcanic arc setting (46, 462). The
rocks of the belt were metamorphosed and deformed during a mid-Cretaceous tectonic event (462). The
metamorphic grade generally increases from greenschist facies on the west to amphibolite facies on the east.
There are several plutons within the Gravina belt, most notably the Cretaceous Alaskan-Type ultramafic
complex at Union Bay and the Oligocene Deer Mountain gabbroic stock northeast of the city of Ketchikan.

Mineral deposit types present in the Gravina belt include low-sulfide vein gold (Helm Bay, Tongass Narrows),
polymetallic vein (South of Saxman), copper and molybdenum porphyry (Hump Island, Carlanna Creek
Quarry), and volcanogenic massive sulfide (southern Gravina Island). The metamorphosed porphyry copper
occurrence on Hump Island is unique to the district and will be
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Figure 4. - Generalized geologic map.
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discussed later in the report.

Taku terrane rocks lie east of the Gravina belt and are separated from the Coast Mountain Batholith (plutonic-
metamorphic complex) by the Coast Range Megalineament (CRM). The Taku terrane consists of Permian to
Tertiary metavolcanic and metasedimentary rocks deposited in a submarine environment, possible adjacent to
a rifted island arc or within a back-arc basin (466). These rocks are generally metamorphosed to a higher
grade (mid-upper amphibolite) than the Gravina Belt rocks to the west. Roof pendants of metamorphic rocks
within the Batholith may in fact be Taku terrane rocks (206). Mineral deposit types are relatively limited in
Taku terrane rocks. Deposit types present include polymetallic vein (George Inlet), porphyry molybdenum
(Burroughs Bay), low-sulfide vein gold (Sealevel area), and volcanogenic massive sulfide (Moth Bay, Roe
Point).

The Coast Mountains Batholith was emplaced in late Cretaceous through Tertiary time and includes a wide
variety of acidic/alkalic intrusives surrounding roof pendants and country rock of pre-Tertiary age. These roof
pendants may be correlative to Taku terrane rocks (206), the Yukon-Tanana terrane (210) or another distinct
terrane. The world-class Quartz Hill molybdenum deposit is located in an Oligocene- age composite felsic
intrusive within the batholith. Several minor mineralized occurrences within the original host rocks for the
batholith have also been prospected. The majority of the Coast Range Batholith is included within Misty
Fjords National Monument Wilderness Area and is closed to mineral location and exploration.

A sliver of the Stikinia Terrane is located near Hyder in the easternmost portion of the study area. This terrane
as exposed in Alaska contains Upper Triassic to Middle Jurassic arc-type volcanic, plutonic, and clastic
sedimentary rocks of the Mesozoic Hazelton Group (11). Hazelton Group rocks have been extensively
mapped on the Canadian side of the border because they host numerous base and precious metal deposits (e.g.
British Columbia's Golden Triangle).

Hazelton Group rocks in the Hyder area have been intruded by the Jurassic Texas Creek Granodiorite and the
Eocene Hyder Quartz Monzonite (88). Structural relations and lead isotope studies suggest two episodes of
mineralization directly associated with these distinct intrusive bodies. There are several mineral deposit types
present in the Stikinia terrane and among these are polymetallic vein (Riverside, Ronan, Solo, Double Anchor),
porphyry molybdenum (Banded Mountain), skarn (Mount Dolly), and volcanogenic massive sulfide (Ibex
Saddle). The highest concentration of mineralized occurrences in the KMD is found in this terrane, but despite
its potential, no economic deposits have been found to date. Detailed mapping of the Hazelton Group rocks to
differentiate individual units will aid future exploration efforts.

RESOURCE AND LAND USE ISSUES RELEVANT TO POTENTIAL
MINING RELATED ACTIVITIES

The USDA Forest Service, along with other land management agencies, is currently in the process of
instituting an ecosystem management approach to land use planning in Alaska. Ecosystem management
emphasizes the interrelationship between biotic communities, their habitat, and other activities managed on the
forest. This concept utilizes ecologic and socioeconomic principles to produce desired resource values,
products, services, and environmental conditions from ecosystem units without rigorous adherence to
jurisdictional boundaries and regulatory authority. These products must be attained while restoring,
maintaining, or enhancing the diversity and productivity of the land's biological communities and their ecology
over the long-term. Recognizing the significance of this shift in land management philosophy, the Bureau is
according greater emphasis to the ecological aspects of natural resources and land use issues pertinent to
mining-related activities.

This narrative examines, identifies, and ranks various resource and land use issues present within the
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Ketchikan Mining District which may ultimately accompany future mining-related activities. The evaluation
is organized geographically using the same KMDA's that facilitate the organization of the minerals sections of
the report. This discussion is intended to assist proponents of mining projects and the Forest Service in their
respective roles as preparers and reviewers of site-specific plans of operation. It also provides a guide for the
interested public to identify potential concerns and scoping issues prior to or early in the site-specific NEPA
process.

Information used in this examination was derived from management alternatives and resource mapping data
utilized in the Tongass Land Management Plan Revision completed in 1991 (590). Bureau personnel
evaluated this information and formulated the issue ranking criteria for each KMDA as presented in table 4.
The authors related the resource and land use data to area geology, ore deposits and mineral potential; past
mining history and production; and conceivable future mining operations. Many parameters were considered
for these operations including potential mining methods, milling and tailings disposal options, likely access
corridors (both land and tidewater) and potential size. While subjective judgements were made in these
evaluations and in the establishment of ranking criteria, the investigators spent four seasons working in the
district (1990-1993) and gained insight into local conditions. This experience and local knowledge helps
establish a reasonable level of assurance that issues are treated consistently.

Fifteen relevant resource data mappings and land use designations were selected for this examination to
represent the range of issues present in the mining district. The geographic influence of these issues were
correlated with the twenty-six KMDA's and examined for the likely level of effects that might be expected
should mining-related activities ensue. In the 'Resource and Land Use Issues' sections of each area analysis
geographic details are provided to give the reader an idea where specific effects/conflicts might occur. The
fifteen resource and land use issues are defined as follows:

A) Wilderness/Monument - This designation is characterized by extensive unmodified natural
environments, and is withdrawn from all mineral entrys.

B) Land Use Designation II - This designation is managed in a roadless state to preserve
wildland character, and is open to locateable mineral entry with
potentially significant restrictions.

C) Research Natural Area - This designation is managed for 'nonmanipulative' (hands off)
ecological research, observation, and study, and is withdrawn
from all mineral entry6.

D) Special Interest Area - This designation is managed to provide for the inventory
maintenance, interpritation, and protection of characteristics
unique to a particular area, and is open to locateable mineral
entry if compatible with the management objective(s)6.

> Valid existing rights for claims located prior to designation would allow for access and mining-

related activity.
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Ranking Criteria Issues

{-) None -

{1) Minor -

(2) Moderate-

(3) Major -

No specific effect identified;
potential impact deemed inconsequential.

A slight effect identified which may be easily
mitigated; potential impact deemed low.
Any effect may be mitigated by site-specific
stipulations; average potential for impact.

A considerable effect is identified requiring

extensive mitigation measures and/or relo-
cation; potential impact deemed significant.

' Issues A-N defined as follows:

A-Wilderness /| Monument
B-Land Use Designation Il

C-Research Natural Area
D-Special Interest Area

E-Wild & Scenic River Candidate
F-Enacted Municipal Watershed

G-Experimental Forest
H-Subsistence Deer Hunting

|-Anadromous Streams
J-Recreation

K-Recreation Developments
L-Tourism Areas

M-Timber Harvest

N-Minerals Prescription Candidate

O-State Land




E)

F)

G)

H)

D)

J)

K)

L)

M)

N)

N)

Wild and Scenic River -

Enacted Municipal Watershed

Experimental Forest -

Subsistence Deer Hunting -

Anadromous Streams -

Recreation -

Recreational Developments -

Important Tourism Areas -

Timber Harvest -

Minerals -

State Land -

Wild, scenic, and recreational river classifications are three
separate designations. Most candidates include at least two such
designations. Wild rivers are withdrawn from all mineral entry 0.4
km from each bank (0.8 km or 0.5 mile total)é. Scenic and
recreational designations are open to locateable mineral entry with
variable restrictions.

This designation is mandated for municipal water supply purposes.
Municipal watersheds are closed to all mineral entry.

This designation is managed for a variety of 'manipulative' (e.g.
cutting, altering, road-building) research activities. Experimental
forests may be open to mineral entry if deemed compatible with
research objective(s)6.

This resource mapping datum gauges the intensity of subsistence
hunting based upon the number of households taking Sitka black-
tail deer from specific areas.

This resource mapping datum identifies all streams supporting any
anadromous fish (Stream Class I).

Includes both primitive and semi-primitive recreation
designations. Managed for a wide range of recreational activities
in a predominantly natural setting. Semi-primitive designation
allows road-building. Recreation areas are open to mineral entry.

This resource mapping datum identifies Forest Service cabins and
campgrounds which are withdrawn from all mineral entry.

This resource mapping datum identifies areas considered
important to tourism activities.

There are three timber harvest designations: timber management,
modified landscape, and scenic viewshed. These designations are
open to mineral entry.

This designation is managed to encourage and facilitate locateable
mining-related activities in an environmentally sound manner.

State of Alaska lands and management objectives exist within and
surrounding KMDA's. The State of Alaska Department of Natural
Resources has developed the Prince of Wales Island

Area Plan (2) and the Southwest Prince of Wales Island Area Plan
(3) to document management objectives for several distinct areas
on POWL
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The following criteria were established to rank the significance of each resource and land use issue (table 4):

) No Issue - No specific effect is identified, or the potential for impact is deemed
inconsequential.
1 Minor Issue - A slight effect is identified which may be easily mitigated, or the potential

for impact is deemed low.

2) Moderate Issue -  An effect is identified which may be mitigated by site-specific stipulation, or
the potential for impact is deemed average.

3) Major Issue - A considerable effect is identified which requires extensive mitigation
measures and/or relocation, or the potential for impact is deemed significant.

Other specific resource issues, notably bald eagle nest sites and habitat concerns of management indicator
species6 were not addressed in these examinations primarily because of the widespread nature of their
occurrence. Forest Service policy concerning habitat conservation areas (HCA) and their potential inclusion in
the planning process have not been established at this time. These HCA's are an ecosystem management
strategy proposed to maintain viable and well distributed populations of wildlife associated with old growth
forests in southeast Alaska, and could develop into a significant issue if implemented. Proponents of mining
projects drafting plans of operation would need to address these potential issues on a site-specific basis.

BUREAU INVESTIGATIONS

The following section provides information on the 26 known mineral deposit areas (KMDAs) identified in the
Ketchikan Mining District. Information is organized similarly for each area and includes: 1) a general
overview and depiction of land status, 2) history/production/workings, 3) geology of the area and deposit
geology, 4) Bureau work, 5) significant samples/mineral resources, 6) a discussion of ecological and land use
issues, and 7) a tabular summary of pertinent information for each mineral deposit in the area.

Following this discussion, a brief narrative will be given for 9 other significant mineral localities that were not
included within a KMDA. The KMDA's are depicted on figure 5, as are map numbers for mineral localities
and reconnaissance sample locations (R-numbers). Analyses from mineral locality and reconnaissance
samples can be found in tables A-2 and A-3, respectively.

6 Management indicator species identified in the Tongass Land Management Plan include mountain goat, Sitka
black-tail deer, river otter, marten, brown and black bear, gray wolf, red squirrel, bald eagle, red-breasted
sapsucker, hairy woodpecker, brown creeper, dolly varden, and coho and pink salmon.
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KNOWN MINERAL DEPOSIT AREAS

The 26 KMDAs discussed in this section are organized geographically, starting with those on POWI, then
moving east to Cleveland Peninsula, Revillagigedo and Gravina Islands, and finishing with the mainland (see
fig. 5 for district-wide organization).

1) Shakan/El Capitan

2) Salt Chuck

3) Kasaan Peninsula
4) Hollis

5) Big Harbor

6) Khayyam

7) Jumbo Mountain
8) S. Arm Cholmondeley
9) Dolomi

10) Niblack

11) Hetta Inlet

12) Bokan Mountain
13) McLean Arm
14) Nichols Bay

15) McLeod Bay

16) Mount Burnett
17) Helm Bay

18) Ketchikan

19) George Inlet

20) Sealevel

21) Moth Bay

22) South Gravina
23) West Hyder

24) East Hyder

25) Quartz Hill

26) Roe Point
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Shakan/El Capitan Area

General/Land Status

The Shakan/El Capitan area is located in the northeastern corner of Kosciusko Island and a small portion of
Prince of Wales Island (POWTI) along the western and southern shores of El Capitan Passage from Devilfish
Bay to Shakan Strait. The area contains the Alaska Chief (Shakan) molybdenum deposit; the El Cap Gold
prospect; and two areas of molybdenum/copper skarn mineralization, one at Devilfish Bay and the other near
Dry Pass/Sutter Lakes.

The topography in this area is generally rugged and steep except for an area of low relief surrounding the El
Cap Gold prospect. The steep topography is directly related to the underlying intrusive rocks, while areas of
low relief are generally underlain by bedded volcanic and volcaniclastic rocks. The area is heavily wooded
except around the El Cap Gold area where scrub and poorly vegetated glacial till are present. Logging slash
around the Shakan deposit severely inhibits access to surface showings and trenches.

Land status in the area is mainly Federal land open to mineral location; however several patented mineral
surveys are present. Ownership information from 1991 is provided for these patented parcels, however it
should be noted that this is subject to change.

MS 541, 542,701, 1050, 1051, 1052, 1053: Sealaska Corporation (Juneau, AK)
MS1010, 1059: Trillium Corporation (Bellingham, WA)
MS1450A/B: Roger Schnabel (Haines, AK)

Claimants at the El Cap Gold prospect intend to initiate a patent application on this property. A mineral survey
has been completed (MS 2526 filed by Eichner-Munoz-Lillie, Ketchikan, AK).

There are a few small parcels of native conveyed land near Calder. The State of Alaska has selected land
along the east shore of El Capitan Passage, outside the boundaries of this area.

History/Workings/Production

During and after World War I, the Alaska Treadwell Gold Mining Co. developed the Shakan molybdenum
deposit by driving a 174-m adit and excavating 14 surface cuts (582). The Alaska Juneau Gold Mining Co.
picked up the property after World War II but no additional work was completed. The U.S. Geological Survey
conducted a comprehensive study of the deposit in 1942 as part of a Southeast Alaska molybdenite
investigation (567). The Bureau of Mines (Bureau) published a war minerals study that discussed reserves,
described beneficiation tests, and suggested areas for additional work on the deposit (567). Herreid and
Kaufman examined the Dry Pass area in 1963 as a result of a new molybdenite occurrence discovered by
Angus Lillie (252). This discovery is known as the Angus Lillie or Hump deposit and is exposed in a 20-m
trench located close to tidewater.

Several other molybdenum-copper showings occur east of the Angus-Lillie showing, but dense vegetation
coupled with limited workings severely hampers examination. Herreid's report mentions the presence of a 30-
m adit northeast of Sutter Lakes, but this working was caved in 1963 (252). Similarly, the Devilfish Bay
showings were staked by Lillie in 1962 and are also referred to in Herreid's report. An open cut and surface
showings expose mineralization at this prospect. El Paso Natural Gas worked this property in the late 1960's-
early 1970's and again in the late 1970's, but dropped it after completing an extensive soil sampling and
geologic mapping program (584). Eakins examined the Devilfish Bay area in 1970 as part of a Southeast
Alaska study intended to encourage prospecting for radioactive deposits (167).
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According to KARDEX records, the El Cap Gold prospect was initially discovered in 1962 by Theron and
Ecker. The prospect was dropped and subsequently restaked in 1967 (584). Currently, Eichner, Munoz, and
Lillie have completed a mineral survey on the property with the intent of going to patent (MS 2526). The
property is developed by eight trenches and one short adit. There are two separate veins (153 m long, 51 m
long) 38 m apart exposed by these workings. The main west trench is actually a 15-m-long open stope that at
one time contained a 6-m shaft at the face. Ore from this trench was bagged but never shipped from the

property.

Geology

The general geology in the Shakan/El Capitan area is depicted in a reconnaissance geologic map of the
Petersburg Quadrangle compiled by Brew, Ovenshine, Karl and Hunt in USGS OF 84-405 (68). In addition,
the USGS published a mineral resource map of the Petersburg Quadrangle in 1989 (63). Both of these maps
depict a Cretaceous quartz monzodiorite complex that has intruded a series of Silurian volcanics,
volcaniclastics, conglomerates, turbidites, and limestones (Heceta Limestone). Several sills/dikes are present
in the map area including a feldspar porphyry near the Angus Lillie prospect, and diorite dikes, felsites, and
lamprophyre dikes on the western edge of the main batholith (Kwqo) (fig. 6).

Regional structure in the area is dominated by north-northwest trending faults. These same fault orientations
control mineralization at the El Cap Gold prospect, but an east-west fault localizes mineralization at the
Shakan Molybdenite deposit. Buddington and Chapin suggest the presence of macroscopic northwest-trending
folds (89) in this part of POWI, but on a larger-scale southwest-trending folds seem to dominate (252).
Mapping along the shoreline of El Capitan Passage did not reveal microfolding to provide clues to smaller-
scale folds. The shoreline exposes east-west-trending limestones, greenstone volcanics, volcanic
conglomerates, and argillite (Scg on fig. 6).

A large contact aureole formed around the quartz monzonite intrusion. This aureole is characterized by the
recrystallization of calcareous and calc-silicate rocks into marble/skarn and the metamorphism of
volcanic/volcaniclastic rocks and banded argillites (turbidites) into well-indurated, fine-grained hornfels.
Contacts between rock types are gradational in character and schistosity is largely absent. The skarn zones
recognized during the current investigation were generally small, with thin zones of garnet, epidote, calcite,
and occasionally sulfide mineralization present. This is in marked contrast with the thick zones of garnet-
epidote skarn developed peripheral to the Jumbo Mountain intrusion near Hetta Inlet. The most extensive
garnet-epidote skarn was observed at the Angus Lillie/Hump prospect. There are other small skarn
occurrences reported east of the Angus Lillie prospect (252), but they were not examined during this study.
The molybdenite-chalcopyrite breccia-vein at Shakan is hosted in a fault zone within hornblende diorite, unlike
the other occurrences in the area. Sulfide mineralization is accompanied by intense potassic alteration within
the fault zone, but this alteration does not pervade the diorite selvage. There is minimal pyritization of the
diorite peripheral to this mineralized area.

The El Cap Gold veins are composed of quartz/calcite and lithic fragments hosted in faults within greenstone
schists. The faults cut into the adjacent marble beds to the west, but mineralization
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abruptly stops at the contact. There is no indication of gold mineralization in bedrock west of the veins;
however, the mineralized veins probably extend eastward under the waters of El Capitan Passage.

The Silurian rocks in the Shakan/El Capitan area have been assigned to the Alexander terrane (213).
Generally, the Silurian rocks underlying the northern third of POWI, excluding Kasaan Peninsula, are among
the least mineralized Alexander Terrane rocks in the Ketchikan Mining District. In addition to the Shakan
molybdenum-copper occurrences (fig. 6, map No. 4), Devilfish Bay magnetite (fig. 6, map No. 6), and El Cap
Gold prospect (fig. 7), a minor copper occurrence is located near Lake Bay (McCullough prospect; fig. 5, map
No. 8) and a rare-earth-element, thorium-columbium occurrence is located near Salmon Bay (fig. 5, map No.
1). Besides these few areas, the only remaining known mineral potential in this portion of POWI occurs in
chemical-grade Silurian carbonate rocks.

Bureau Work

Bureau geologists reexamined the underground workings at the Shakan molybdenite deposit, confirming the
geology as mapped by Robinson (582) and taking character samples in several places. The vein is exposed
intermittently along a 150-m strike length with average widths of 1.25 m. Molybdenite mineralization is
concentrated in two zones along this strike length; one zone about 50 m long with an average width of 1.37 m,
and the other zone extending for 13 m across an average width of 1.3 m just in front of the incline at the face of
the adit. A chip sample taken across 1.37 m of the highest grade molybdenum zone contained 3.9%
molybdenum and 678 ppm copper (map No. 4-1, sample 4664). A 1.22-m-thick zone of silicified gouge
sampled 18.3 m from the inclined raise near the face of the adit contained 5,390 ppb gold and 112 ppm
molybdenum (map No. 4-1, sample 4681). The next highest gold value obtained during Bureau sampling was
36 ppb (map No. 4-1, sample 4678). The trenches shown on Robinson's map were sloughed-in and have been
subsequently covered by slash. The creek adjacent to the adit was traversed down to the beach. Several areas
of unmineralized contact rock (banded green/brown hornfels), diorite apophyses, and marble were observed in
the creek. No samples were taken to identify the presence of a larger tonnage porphyry-type deposit because
chloritic alteration and pyritization were not apparent.

Considerable time was spent examining the El Cap Gold prospect. A detailed survey and accompanying map
of the numerous trenches and quartz outcrops was made (fig. 7). Twenty one samples were taken from the
property and another 13 reconnaissance samples were taken to help determine the extent of gold mineralization
in the area. Although only two separate quartz veins have been explored on the property, the presence of free-
milling gold increases the property's potential. There is no published drill-data available, although the west
vein was drilled in the 1950's. The west vein extends nearly 153 m along strike and attains widths up to 1 m
across. The east vein is about a third as long and is narrower, but does have a rich shoot of gold-bearing quartz
between samples 1768-1769 (map Nos. 5-20, 5-21). A 10- to 12-cm-thick zone of quartz often yielded visible
gold. Both the east and west veins strike northwesterly and dip 65° to 83° east. A trench excavated
perpendicular to strike of the veins, starting east of the east vein and extending to the creek, would help
determine the presence of additional veins. A 45° drill hole positioned east of the east vein and directed
southwest (225°) could help verify the downward extent of these veins.

The Angus Lillie prospect (fig. 6, map No. 2) and Sutter Lake occurrences (fig. 6, map No. 3) were briefly
examined by Bureau personnel. The main trench at Angus Lillie was easily found adjacent to a small stream
and exposes a garnet-epidote skarn containing molybdenite. The trench was mapped and samples were taken.
Results from these samples are similar to analyses obtained by previous workers (252). The molybdenite
occurrences around Sutter Lake were examined. Several outcrops of skarn

37



-
S
X
—_
s rgﬁ{% 5- 17—-——"\‘\
% —19/ 5 18
5-9
9
5-10
A A
5-11
gS
Cross Section : 5-5
(not to scale) '
y

E XPLANATION

@ Greenstone, greenstone schist
Limestone

Quartz vein, showing dip,
=S SR dashed where inferred

@————-‘ Vein width In meters

— i Contact, dashed where inferred

N Shear zone

(g Trench

~—,3— 5-20 Sample location / map number

a—<§)—b-

Q 20

scale, meters
60

scale, feot Mapped by K. Maas, E. Redman, and K. Bentz, 1991, 1983

Figure 7. — El Cap Gold prospect, showing geology and sample locations.

38



and hornfels were observed, but sulfide mineralization was scanty. Bureau personnel sampled one small
quartz vein containing visible molybdenite and took several stream sediment samples. The thick vegetative
cover in this area precluded a thorough examination. Previous workers found isolated pods

of low-grade mineralization and a more complete examination was deemed inappropriate during the current
investigation as mineral potential and outcrop density are very low.

Significant Samples/Mineral Resources

An extensive sampling program was undertaken at the Shakan Molybdenite deposit by the original companies
developing the property. The Alaska Juneau Gold Mining Co. took several samples from both underground
and surface workings and reported an average molybdenum grade of 0.95% MoS’ (526). Robinson calculated
measured and indicated ore reserves at this deposit after interpreting surface and underground sample results.
Reserves were calculated using information from the higher grade portions of the workings. The entire vein
did not merit equal consideration. His figures range from 9,100 to 18,200 mt of ore grading 1.5% MoS®
(582). A metallurgical sample was taken from a high-igrade portion of the orebody at Shakan for beneficiation
testing. These tests produced a 93% recovery of MoS” (567).

Samples from the Angus Lillie prospect contained up to 4.6% molybdenum across 1.22 m (map No. 2-1,
sample 4700). A chip sample from a thin quartz vein near Sutter Lakes contained 1,035 ppm molybdenum,
1,430 ppm copper, and 1,188 ppb gold (map No. 3-3, sample 4686).

Samples from the El Cap Gold prospect were erratic in their gold content and most contained very little silver.
Metallic sieve analysis of a select sample from the west vein contained 2,027 ppm gold (59.01 opt) and over
50 ppm silver (fig. 7, map No. 5-8). Another sample taken from a 6-cm-thick portion of the west vein adjacent
to Tokhini Creek contained 259.4 ppm gold (fig. 7, map No. 5-3). Two samples taken from the east vein
contained a weighted average of 67.41 ppm gold across an average width of 19 cm (fig. 7, map Nos. 5-20, 21).
A reserve calculation for the El Cap Gold prospect is not warranted until more information on the downdip
extent of the veins is obtained.

Resource and Land Use Issues

There are several resource and land use issues identified in the Shakan/El Capitan area. Among these are: 1)
over 50% of the area is included in a Land Use Designation II (LUD II) restrictive development area, 2) a
small part of the northeastern corner is included in a 'karst' special interest area, 3) several anadromous fish
streams are present, 4) the occurrence of subsistence Sitka black-tail deer hunting, and 5) there is a State of
Alaska recreation area in the northeast corner of the area and several private parcels around Shakan and Calder
(590).

The LUD II area encompasses the majority of the KMDA located on Kosciusko Island. The area surrounding
the El Cap Gold prospect is excluded from this restricted area, as is the Shakan molybdenite deposit, but
several of the minor skarn occurrences around Dry Pass are included. The remainder of the area is managed
for timber harvest and the existing road system on POWI is being expanded by the Forest Service to access
future timber harvest areas. The karst area surrounding EI Capitan Peak and Calder Mountain is still being
defined but current assessments have identified significant caves and cave resources. These caves are being
evaluated for scientific and recreational values. Anadromous fish streams have been identified at the head of
Devilfish Bay, at several places along El Capitan Passage, and on Shipley Creek and Marble Creek. These
designations may have a seasonal effect on developments at El Cap Gold and at
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Calder. Subsistence deer hunting pressure is classified as high along the Forest Service road system accessing
El Capitan (FS road 15), medium in Devilfish Bay and along the south shore of Dry Pass, and low throughout
the rest of the area. Private parcels have been previously identified in the land status section of this area
writeup.

Table 5. Mineral locality information for the Shakan/El Capitan area.

Map | Name |Land | Deposit (Workin (Productio Significant results Select MDP
No. status type gs n references
2 Angus OF S: Mo T, P, NA 4.6% Mo across 1.2m (333); |98, 159, 252, L
Lillie/Hu ocC av 0.16% Mo across 17 m 333
mp (252)
3 Sutter OF S: Mo T, P, NA 1,430 ppm Cu, 1,035 ppm Mo |252, 333 L
Lakes OoC
4 Shakan [P: MS |PV: br Adit- NA Probable ore: 12,455 mt @ 252, 333, M
(Alaska |1450 |fissure 174 m: 1.31% Mo ;Possible ore: 3,727 1526, 567, 582
Chief) A/B |veinin T,P mt @ 2.08% Mo; (567); 9,100-
hnbd di; |(14) 18,200 mt ore @1.5% MoS?
Mo, Cu (582)
5 ElCap |OF, |V: Au T, P (8); INA Select sample - metallic sieve (333 M
Gold MS Adit - analysis contained 2,027 ppm
2526 3.8m Au, > 50 ppm Ag; native
(open); copper
vein
exposed
153 m
6 Devilfish [OF S: Cu, Fe, |C,OC |NA Rep sample contained 3,695 167, 252, 333 |L
Bay Au ppm Cu across 4.6 m
Salt Chuck Area

General/Land Status

The Salt Chuck area is located on east-central Prince of Wales Island (POWI), encompassing the area from the
head of Karta Bay north to Tolstoi Bay, west to Salmon Lake and including Rush Peak. This area is directly
west of the Kasaan Peninsula area and is separated from it because of the distinctive geology and mineral
deposit types surrounding the ultramafic Salt Chuck intrusion. Mineral deposits in the area include the Salt
Chuck and Rush & Brown Mines, the Venus, Rush Peak, and Paul Young prospects, and the North Pole Hill
and Kathy occurrences.

Thorne Bay is the closest population center to the area, located approximately 3 km to the north. Logging
roads branching from the main POWI road system provide access to many of the area's deposits. Most of the
densely forested land in the area has been logged, providing exposures that rapidly revegetate with scrub and
brush. Topography is gentle and outcrops are generally scarce outside of logging road corridors. The
exception to this is Rush Peak which rises to 834 m (2,734 ft) on the western edge of the area.

The majority of land in the area is managed by the Forest Service and is open to mineral exploration. The
Venus prospect is the only patented property in the area (MS 2048); current ownership is unknown. Active
mining claims are maintained at the Salt Chuck, Rush & Brown, and Rush Peak properties.
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History/Workings/Production

The Rush & Brown Mine was discovered about 1900 by U.S. Rush and his partner, G. Brown. Development
work began in 1904 and ore was mined almost continuously from 1906 until 1923, originally by the Alaska
Copper Co. (which operated the Coppermount Smelter) and later by U.S. Rush. Operations were suspended in
1923 because of difficulties related to securing smelter contracts for the copper-iron ore (601). Total reported
production from the mine was 1,960 mt copper (569), 1.5 mt silver, and 209 kg gold (585). Mine workings
consisted of a 30-m-deep glory hole and a 61-m inclined shaft leading to a series of 5 levels, connected by a
winze below the 61-m level. The Sawmill adit (originally 393 m long, later extended to 461 m) was driven by
the Solar Development Co. after they acquired the property in 1929. Solar also acquired the Salt Chuck Mine
at this time. The Sawmill adit was intended to undercut the lower levels in the Rush & Brown Mine, but it was
also used to position drill holes. Additional exploration occurred in the 1960's-1980's (584). The Sawmill
adit was extended to intersect the ore zone sometime during this time period.

Two prospects of minor importance were located southwest of the Rush & Brown Mine. The Venus deposit
was located by magnetic survey in 1904 (643). The deposit was explored by 244 m of trenches and a 23-m-
long adit. Assessment work was reported until 1908. Roehm examined the property in 1938 (428) and the
USGS mapped the deposit in 1943 (601). The claim was surveyed for patent in 1938. The earliest report on
the Paul Young prospect was in 1917 (115). This prospect was explored by numerous pits and cuts that were
not located during the current investigation.

The original discovery at the Salt Chuck Mine occurred in 1906 when the Goodro claims were staked after
bornite-bearing rocks were discovered during a hunting trip (458). Copper, silver, and gold production began
by 1909 and continued until 1914. In 1915, platinum was discovered by assay as a byproduct in the ore, but it
wasn't until 1917 when palladium was discovered that a different milling process was implemented to recover
these platinum group metals (PGM). The new flotation mill produced a copper-palladium concentrate through
1926 that was ultimately shipped to New Jersey for final processing (458). The Salt Chuck was the largest
producer of palladium in the U.S., annually producing up to 117 kg, which often generated a profound effect
on the world price of palladium (458). Palladium sold for $155/ounce in 1917 and by mid-1926 the price had
dropped to $76.82. Development workings at the Salt Chuck include 3 adits with a cumulative length
exceeding 400 m on 3 levels, a large glory hole, and a flotation mill. By 1929, Solar Development Co. had
acquired the Salt Chuck and drilled 7 holes. Solar dropped the property in 1931. In 1934, Alaska Gold and
Metals Co. acquired the Salt Chuck Mine and leased the Rush & Brown Mine. They produced ore until 1941.
Total production from the Salt Chuck amounted to 2,820 mt copper, 365 kg gold, 1.73 mt silver, and 639 kg
palladium from 296,363 mt ore (268).

The Bureau of Mines (Bureau), in conjunction with the USGS mapped, sampled, and drilled the Salt Chuck
and Rush & Brown deposits in 1943-44. Bureau geologists returned in 1957-59 to continue drilling efforts
(382). Juan Munoz initiated geophysical and geochemical work at North Pole Hill in 1953-54 that continued
until 1958. Several companies have explored the Salt Chuck area between 1958 and the present. This interest
is attributed to Salt Chuck being the only lode platinum producer in the U.S. Orbex Minerals Ltd. acquired the
ground in 1980 and performed extensive drilling, mapping, and geochemical work. The Salt group of claims
(Salt Chuck and Rush & Brown properties) are currently held by Fox Geological Consultants Ltd.

Geology

The geology in the Salt Chuck area is characterized by a variety of Cretaceous to Silurian-Ordovician igneous
rocks intruded into a sequence of Descon Formation sedimentary and volcanic rocks (176, 473). Descon rocks
present include volcanic graywacke tuff, conglomerate, feldspathic graywacke, and andesite flows
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with lesser amounts of argillite, chert, and limestone (fig. 8). There are large areas of alluvium concealing the
SOg units in low elevation areas but outcrop patterns suggest the continuity shown in figure 8. The igneous
rocks include the pyroxenite-gabbro-diorite mafic-ultramafic body hosting the Salt Chuck deposit and North
Pole Hill mineralization (SOum); two small pods of quartz diorite porphyry about 1.5 km north of Salt Chuck
(Kqdp); a gabbro body south of the Venus prospect (SOq); and the northern extension of a large Cretaceous
quartz diorite batholith (Kqd - Granite Mountain). This quartz diorite intrusion hosts several gold deposits that
are discussed in the Hollis area analysis.

Descon Formation rocks have been weakly metamorphosed to lower-greenschist facies and exhibit a

slight foliation (seen best in the slaty argillites), but no intense penetrative deformation. The older igneous
rocks are not foliated which corroborates the low pressure regime present during regional metamorphism.
Rocks generally strike north-northwest with variable dips. There are a few large northwest-striking faults
mapped in the area, one of which controls mineralization at the Paul Young prospect (fig. 8, map No. 16).

There are several mineral deposits within the Salt Chuck area. Copper-palladium mineralization related to an
early Paleozoic Alaskan-type ultramafic is present at the Salt Chuck Mine and on North Pole Hill (327); a
magnetite-copper skarn and a separate shear-related chalcopyrite-rich vein hosted in andesite occur at the Rush
& Brown deposit; a pyrrhotite-chalcopyrite-sphalerite massive sulfide vein occurs at the Venus; fault-related
quartz-pyrite mineralization is seen at the Paul Young prospect; and chalcopyrite hosted in a quartz-calcite
fault breccia zone in argillite is exposed in a rock pit near Rush Peak.

Mineralization at the Salt Chuck Mine (fig. 8, map No. 13) consists primarily of chalcopyrite, bornite, digenite,
chalcocite, and covellite with magnetite, pyrrhotite, and pyrite (604). The palladium mineral kotulskite (PdTe)
was found singularly or in association with sperrylite (PtAs;) (604). There were three separate tabular ore
zones exploited at Salt Chuck, all plunging about 70° east-southeast along the irregular pyroxenite/gabbro
contact (379). These zones are exposed in several of the mine workings. The Central zone is roughly
delineated by the large glory hole, while the southeast orebody has been mined by underground stopes, and the
north orebody simply penetrated by mine headings. Dimensions of the large Central zone are roughly 15 by
61 by 91 m. The sulfide ore is commonly disseminated in magnetite clinopyroxenite, but is also found in
pyrite-pyrrhotite veins, epidote veinlets, and calcite-rich veins near the contact with layered gabbro.
Mineralization is also noted in the less-fractured gabbro. Alteration and metamorphism have produced an
assemblage of epidote, actinolite, chlorite, sericite, titanite, and calcite minerals adjacent to ore minerals (604)
but these same minerals are present in lesser amounts throughout the intrusion (379). Faulting has occurred
contemporaneously with ore deposition, localizing a high-grade chalcopyrite seam, but this fault has not offset
mineralization within the pyroxenite.

The genesis of the copper-palladium ore at Salt Chuck has been the subject of much work as other Alaskan-
type ultramafic complexes are not similarly enriched in these metals. The current view proposed by Loney and
Himmelberg (USGS) is that the deposit formed from a two-stage process: 1) initial magmatic crystallization in
which the sulfides and PGM were disseminated in the layered gabbro and 2) a later magmatic-hydrothermal
event dominated by calcium-bearing chloride-rich solutions that remobilized the sulfides and PGM and
concentrated them in veins and fractures controlled by the complex magnetite clinopyroxenite-gabbro contact
(327). Most PGM is found in epidote or bornite (604).

The North Pole Hill occurrence (fig. 8, map No. 12) is similar to the Salt Chuck deposit in geology and sulfide

mineralogy, but PGM has not been identified during sampling. Test pits reveal bornite and chalcopyrite
mineralization in a magnetite pyroxenite unit along a structure known as Murphy's Slip
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(359), which continues southeast to the Rush & Brown Mine.

Mineralization at the Rush & Brown (fig. 8, map No. 14) occurs in two separate deposits: 1) a magnetite-
chalcopyrite orebody hosted in greenstone and skarn (originally calcareous clastic rocks) and 2) a 10- to 40-
cm-wide chalcopyrite-rich sulfide vein emplaced along a 055° to 060° fault also hosted in fine-grained
greenstone. Mining of the magnetite-dominated ore led to the discovery of the richer shear-vein deposit.
Gold and silver is associated with both deposits. The main portion of the magnetite deposit was mined out by
glory hole methods and only small shoots of ore are left in pillars and in the shell surrounding the hole. The
shear-vein was originally mined to a depth of 152 m and is intersected by the Sawmill Adit at 91 m, below
which the workings are flooded. The deposit is cut by numerous mafic dikes as opposed to the alkalic dikes
common in Kasaan Peninsula skarns. At least three other subparallel shear veins have been identified within a
kilometer of the main deposits.

The Venus prospect (fig. 8, map No. 15) contains a massive pyrrhotite-sphalerite-chalcopyrite vein up to 1.83
m wide hosted in volcanic graywacke, near the contact with a gabbro-diorite intrusive (Kg). The pyrrhotite
and sphalerite are banded, but the chalcopyrite fills fractures in both these sulfides and in the country rock up
to 2 to 4 cm from the main sulfide vein. Both the hanging and footwall portions of the vein contain gouge
from the 085° striking fault. The vein is exposed in an adit and several trenches and extends for nearly 76 m
along strike. Metamorphic textures are evident as the ore is seen enveloping quartz porphyroblasts.
Brecciated country rock is incorporated into the ore zone. Volcanic and intrusive rocks several meters away
from the sulfide vein have been pyritized and appear severely altered (chlorite, epidote). There is no
compelling field evidence as to the origin of this vein.

The Rush Peak occurrence (fig. 8, map No. 10) consists of clots and disseminations of chalcopyrite and pyrite
hosted in a 23-m-thick section of intercalated brecciated argillite and volcanic agglomerate. Sulfides are
concentrated in calcite-quartz stringers along several small shears of variable strike/dip (010°-020°/60°-74°
southeast; 320°-335°/60°-85° southwest; 045°/70° northwest) creating a stockwork arrangement. The
mineralization is concealed by vegetation outside the confines of the pit. Chalcopyrite concentrations are up to
3% locally, and malachite staining is evident, but the overall sulfide concentration is low.

Bureau Work

Bureau geologists briefly examined the geology and mineralization at the Salt Chuck Mine. No detailed maps
or extensive sampling program were completed because of the wealth of data previously collected and made
available by private industry (, ,, , ). However, four samples were taken from the tailings comprising the mud
flats below the mill. Analyses from these samples revealed up to 2.67% copper, >5,000 ppb palladium, 1,890
ppb gold, and to 1,162 ppm vanadium (fig. 8, map No. 13-1).

The extension of the Sawmill adit at the Rush & Brown Mine was mapped and sampled by Bureau geologists
(fig. 9) and plotted relative to the stopes mapped by Warner, Ray, and Flint (602). Samples taken across the
0.15- to 0.46-m thick vein contained from 1.86% to 10.4% copper, 11.9 ppm to 60.0 ppm silver, and up to
7,509 ppb gold (fig. 9, map Nos. 14-2 to 14-5).

The adit and trenches at the Venus prospect were mapped and sampled. A continuous chip sample taken
across the thickest portion of the ore zone (1.83 m) contained 1.68% copper, 1,916 ppm zinc, and 40.2 ppm
silver (map No. 15-1, sample 1750). Mineralization exposed at the face of the adit contained 1.57% copper,
and 24.9 ppm silver across 0.91 m (map No. 15-1, sample 1748). The massive sulfide veins at the Rush &
Brown and Venus are separated by nearly 2 km on opposite sides of a conglomeratic unit and additional
prospecting is warranted around this SOcg unit to search for similar style mineralization.
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The pit at Rush Peak was mapped and several samples of chalcopyrite were taken, primarily in an attempt to
associate precious metal content with copper mineralization (fig. 10). A select sample of hand-picked
chalcopyrite contained less than 5 ppb gold (map. No. 10-4). The highest gold value obtained was 10 ppb
(map No. 10-5).

Significant Results/Mineral Resources

A geologic ore reserve of 244,545 mt grading 0.6% copper, 0.45 ppm gold, 5.55 ppm silver, and 0.1 ppm
palladium has been established for the Salt Chuck deposit (366). Several geochemical and IP anomalies have
been identified at Salt Chuck and need to be verified by drilling (229). Similar mineralization style is present
along the pyroxenite-gabbro contact on North Pole Hill, although no PGM has been identified to date. There
may be additional ore reserves along strike at the high-grade shear vein at the Rush & Brown Mine. The
parallel shear veins need to be further explored.

The Venus prospect contains about 7,300 mt of low-grade resources if the present outcrop exposure is
extended to a depth of one-half the length of outcrop exposure.

Resource and Land Use Issues

There are four resource and land use issues identified in the Salt Chuck area that may affect future minerals
development. These issues relate to: 1) Sitka black-tail deer hunting, 2) the presence of two anadromous fish
streams, 3) a Forest Service campground at Lake No. 3 (1 km east of North Pole Hill), and 4) timber
management objectives (590).

Sitka black-tail deer hunting pressure has been classified as high, medium, and low at various locations within
the Salt Chuck area. Logging roads enter the area off the main Forest Service road (FS 30 road) that connects
Klawock to Thorne Bay through Control Lake. A high level of hunting pressure is identified within the road
corridor and pressure decreases away from this vehicular access. Anadromous fish streams are identified at
the head of Salt Chuck and on a tributary of the Thorne River in the northern part of the area. The Forest
Service campground is closed to mineral entry and any development of existing claims will have to avoid this
area. The eastern half of the area has experienced intense logging and consequently an extensive road network
has been developed. The remainder of the area is being managed for additional
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Table 6. Mineral locality information for the Salt Chuck area.

Map | Name | Land | Deposittype | Workings Production Significant results Select MDP
No. status references
10 Rush OF PV: T,P NA Select sample w/ >0.5% Cu,|333 L
Peak stockwork; Cu nil Au; chip across 1.22 m
contained 2,619 ppm Cu, nil
Au
11 Kathy OF ?7:Fe NA NA Not examined 632 ND
12 North OF Mag Seg: Cu, |P (several) NA Au values reported to 6.9 40, 473,587 |L
Pole Hill Au, Fe in gb ppm (40)
13 Salt OF Mag Seg: Adits (3): 2.820 mt Cu, |244,545 mt geologic ore 201, 268, 327, M
Chuck Alaska-type |[>400mon3 (1.73 mt Ag, reserve w/0.6% Cu, 0.45 366, 379, 382,
ultramafic; Pd, |levels, 9m, [639 kg Pd, 365 |ppm Au, 5.55 ppm Ag, 0.1 |570
Pt, Cu, along |35 m; glory [kg Au from ppm Pd (366)
px-gb contact |hole, mill 296,363 mt ore
14 Rush & |OF V, S: msv sulf |Adit: 461 m |1,960 mt Cu, |45,000 mt; all classes; shear (267, 458, 569, (M
Brown shear vein; (open); glory |1.5 mt Ag, 255 |vein and glory hole; 1- 601, 602, 608,
Cu, Fe, Au, hole; inclined (kg Au 4.25% Cu, 1-4 ppm Au, 8- (639
Ag; Fe-Cu shaft (several 20 ppm Ag
skarn levels)
15 Venus P: MS [V: massive Adit: 23 m |NA Cont. chip across 1.83 m 428, 601, 602, |L
2048 |sulfide vein in |(open); T, P contained 1.7% Cu, 0.2% 639
gs: Cu, Zn, Ag|(4) Zn, and 40.2 ppm Ag;
inferred resources of nearly
7,200 mt ore, variable grade
16 Paul OF PV:cp,pyin |T,P,C NA Not examined 115, 473 ND
Young arg

General/Land Status

Kasaan Peninsula Area

The Kasaan Peninsula area is located on east-central Prince of Wales Island (POWI), bounded by Clarence
Strait to the north and Kasaan Bay to the south. The native village of Kasaan is centrally located within the
area and is headquarters for Kavilco, Inc., the local native village corporation.

Access to the peninsula is presently limited to boat and aircraft from either Hollis or Ketchikan. A logging
road is being constructed from Kasaan to Tolstoi Bay and may eventually hook up with the main POWI road
system near Thorne Bay. The peninsula is a long mountainous ridge culminating in 868- m-high (2,846 ft)
Kasaan Mountain.

Numerous abandoned mines, prospects, and mineral occurrences occur within the western half of the steep,
heavily timbered peninsula. Several of these mines produced copper from iron-copper skarn depo