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SUMMARY 

Section 1011 of the Alaska National Interest 
Lands Conservation Act (ANILCA) of 1980 re­
quires that "On or before October 1, 1982, and 
annually thereafter, the President shall transmit 
to Congress all pertinent public information relat­
ing to minerals in Alaska gathered by the United 
States Geological Survey, Bureau of Mines, and 
any other Federal agency." This report was pre­
pared in response to that requirement. 

The U.S. Geological Survey and the Bureau of 
Mines are the principal Federal agencies that 
publish information about mineral resources in 
Alaska. Their reports and data are commonly 
used by other Federal agencies in making deci­
sions about land use, access, environmental im­
pacts, and claim evaluation. Because of the time 
required for sample analysis and data synthesis 
and the publication process, scientific reports are 
generally issued a year or more after data and 
sample collection. Other sources of information 
included Federal and State publications, trade 
and professional journals, newspaper and 
magazine articles, talks at public meetings and 
hearings, and press releases. 

This is the fifth in the series of annual ANILCA 
reports. It provides information about current 
projects and events that occurred during 1985 and 
in the early months of 1986; emphasis is on Fed­
eral activity. This report addresses onshore areas 
of Alaska only. Information is provided for two 
broad categories of minerals: energy resources 
and nonfuel minerals. 
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OIL AND GAS 

Alaskan oil production increased by nearly 
100,000 barrels per day during 1985 and was re­
sponsible for a slight overall gain in the Nation's 
oil output over the previous year. Alaska contin­
ues to rank second among oil-producing States. In 
1985, the North Slope and Cook Inl~t, Alaska's 
two petroleum-producing areas, provided a total 
of more than 666 million barrels of oil, more than 
206 billion cubic feet of dry natural gfl~, and 1.15 
billion cubic feet of casinghead gas. These totals 
represent an increase of about 5.6 per~ent for oil 
and 3 percent for dry natural gas ov~r the 1984 
totals. Alaska continues to provide al''1Ut 20 per­
cent of the United States oil production. During 
May 1985, U.S. oil production reached its highest 
level since 1974, most of the gain being attributed 
to production increases from the Ku:paruk River 
field on the North Slope. 

Industry onshore exploration and development 
drilling in Alaska in 1985 proceeded at a faster 
pace than in 1984. State and Feder:~ 1 agencies 
continued their regulatory functions and con­
ducted lease sales and surveys relat~.ng to land 
classification and oil and gas resource evaluation. 
Exploration activity included geological and 
geophysical surveys and drilling of eight ex­
ploratory wells, six on the North Slope, and one 
each in the Bristol Bay and Cook Inlet basins of 
southern Alaska. Development activi+y included 
the startup of production from the l"'ilne Point 
field (the third producing field on the North 
Slope), drilling about 230 new production wells, 
mostly in the Prudhoe Bay and Kuparuk fields, 
and the continuation of enhanced oil recovery 
projects in both fields. 



Three competitive oil and gas lease sales were 
held in 1985, all by the State of Alaska. Compa­
nies and groups of investors bid nearly $20 mil­
lion for about one-half million acres of land at 
these events. A competitive lease sale for land in 
the National Petroleum Reserve in Alaska was 
postponed for at least 1 year. 

Federal agencies conducted studies related to 
oil and gas as required by ANILCA. This year 
marked the culmination of a major interagency 
study of the oil, gas, and wildlife resources and 
wilderness characteristics of the Arctic National 
Wildlife Refuge. The Fish and Wildlife Service, 
Bureau of Land Management, and the U.S. Geo­
logical Survey have been preparing a report to 
Congress due in late 1986 describing their respec­
tive assessments of the refuge. 

COAL AND PEAT 

Industrial interest and activity continued in 
four coal fields in southern Alaska. Coal produc­
tion plans center on Pacific markets and local 
electrical power generation; all development 
plans depend on coal prices and competition from 
hydroelectric or petroleum-fired powerplants. 
Coals from these fields have low sulfur contents, 
and the risk of combustion during shipping is low 
for such coals. 

The U sibelli Coal Mine, in the Healy coal field 
of interior Alaska, produced more than 1.3 million 
short tons of coal, of which more than half was 
shipped to Korea. This was the second year of coal 
export for the company. 

State of Alaska geologists are investigating a 
coal field in northwest Alaska as a source of local 
heat and power and a possible power source for 
the planned Red Dog zinc-lead-silver mine. 

The U.S. Geological Survey continues to assess 
coal resources in the central part of the North 
Slope and along the northern flank of the Brooks 
Range. This coal is part of the very large Northern 
Alaska field. Survey studies are also ongoing in 
the Bering River coal field near Prince William 
Sound. 

Peat use in the past year has been almost en­
tirely in horticultural applications. The decline in 
new home construction caused a decline in peat 
production relative to previous years. Federal 
studies of peat are under way as part of a mineral 
assessment of a quadrangle in west-central 
Alaska. 
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URANIUM RESOURCES 

The world surplus of uranium continues to 
create a low demand. Consequently, thnre is little 
uranium exploration activity nationwide, and 
particularly in Alaska, with its high, exploration 
and production costs. The U.S. Geological Survey 
continued basic studies of uranium-bearing rocks 
in several parts of Alaska. The Depart~ra.nt of En­
ergy released a report that describes analyses for 
uranium and other elements in strearr.-sediment 
and water samples for Alaska. 

GEOTHERMAL RESOURCES 

Geothermal resource studies focus,~d on the 
Mount Spurr area, the Copper River P~sin, and 
volcanic centers in the Aleutian Islands. Of these, 
the Aleutian areas are thought to have the great­
est potential for local power generation. The Uni­
versity of Alaska and the State of Alaska Division 
of Geological and Geophysical Surveys have coop­
erated in this work, with funding frmn the De­
partment of Energy. Two tracts were leased in a 
State geothermal lease sale on June 24·~ 1986. 

NONFUEL MINERALS 

Low mineral prices and the generally depressed 
condition of the domestic mining industry were 
reflected in Alaska by a decline in the number of 
new mining claims and in expenditure~ for min­
eral exploration and development. Nevertheless, 
the value of Alaska's total mineral production for 
1985 rose to $226.4 million, an increas~ of about 
$27 million above the value for 1984. Gold produc­
tion increased by nearly 10 percent, to 190,000 
ounces. However, placer miners are f?ced with 
several significant problems, principally compli­
ance with water-quality standards and the regu­
lation of mining activities on State an~ Federal 
lands. 

The demand for sand and gravel, primarily for 
construction of pads for petroleum-related facili­
ties, resulted in an increase in production to the 
extent that their value exceeded that of gold in 
1985. 

Several major mining projects moved yet closer 
to production in 1985 and early 1986. Construc­
tion of a shallow-water dock and the staging area 
at the port for the Red Dog zinc-lead-silver deposit 
in northwestern Alaska has begun. The Final En­
vironmental Impact Statement for tl: e Quartz 



Hill molybdenum deposit near Ketchikan is to be 
submitted in 1986; construction projects for mine 
operation may follow in the next 4 years. Work at 
the Greens Creek zinc-lead-copper deposit on Ad­
miralty Island in southeastern Alaska is nearing 
the end of the exploration stage. 

The results of studies that are part of two U.S. 
Geological Survey programs, the Alaska Mineral 
Resource Assessment Program and the Trans­
Alaska Crustal Transect, continued to provide in­
formation about mineral wealth and geologic 
structures on both regional and local scales. The 
Bureau of Mines increased the volume of data in 
its computerized files for mineral deposits and 
land status. Bureau fieldwork centered on mining 
district studies, particularly in the Juneau and 

Glacier Bay areas. Several topical studies of gold 
deposits were completed, and evaluation of de­
posits of critical and strategic and rare-earth min­
erals continued. The Bureau is also involved in a 
major effort to use new technology in treating 
placer-mine eftluent waters. 

The National Park Service began to increase its 
activity in examining mining operatk~s on Fed­
eral land. This agency and the Fish and Wildlife 
Service have been the principal participants in 
Environmental Impact Statement wr~k for the 
Quartz Hill project. The Department of Agricul­
ture has been similarly involved with ·mork at the 
Greens Creek deposit. Major concerr~ of these 
agencies are mitigation of the impacts of mining. 

v 
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INTRODUCTION 

Section 1011 of the Alaska National Interest 
Lands Conservation Act (ANILCA) of 1980 re­
quires that "On or before October 1, 1982, and 
annually thereafter, the President shall transmit 
to Congress all pertinent public information relat­
ing to minerals in Alaska gathered by the United 
States Geological Survey, Bureau of Mines, and 
any other Federal agency." The U.S. Geological 
Survey has been delegated the lead agency in re­
sponding to this requirement. This circular, the 
fifth in the series, is a synthesis of information 
made public in 1985 and early 1986. This circular 
presents information about onshore areas of 
Alaska only; Outer Continental Shelf areas are 
not discussed. 

The U.S. Geological Survey and the Bureau of 
Mines are the principal Federal agencies that 
generate information about mineral resources in 
Alaska. Their data and reports are used by other 
agencies in making decisions about land use, ac­
cess, environmental impacts, and, in some in­
stances, claim evaluation. As used herein, the 
term "public information" includes published re­
sults of Federal projects as they appear in U.S. 
Government reports or in professional and trade 
journals. Additional sources are talks by repre­
sentatives of Federal and State agencies and in­
dustry at symposia, conferences, and other public 
forums, as well as proceedings volumes, press re­
leases, and newspaper and magazine articles. 
Each section of this circular includes a list of cited 
references, and selected pertinent literature 
sources are listed in the final section. The Alaska 
Division of Geological and Geophysical Surveys 
and other State agencies publish an annual sum­
mary of industrial activity, data from which have 
been used in parts of this report. 

The report is structured around two primary 
types of resources: energy resources (oil, gas, ura­
nium, geothermal, coal, and peat), and nonfuel 
minerals, including critical and strategic miner-
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als. Although sand and gravel are economically 
very important in Alaska, they are not exten­
sively discussed in this report because their pro­
duction is largely a matter of local marketing and 
demand rather than mineral exploration and pro­
duction. 

The next several pages describe the roles of land 
management and other Federal agencies as they 
relate to mineral resources, particularly in 
Alaska. The distribution of ANILCA conservation 
units is shown in figure 1. 

DEPARTMENT OF THE INTERIOR 

U.S. GEOLOGICAL SURVEY 

The mission of the U.S. Geological Survey is to 
provide information about geology, topography, 
and hydrology that contributes to prudent man­
agement of natural resources and promotes the 
well-being of people. The Survey carries out its 
mission through research; producing geographic, 
cartographic, and remotely sensed information; 
geologic, geochemical, and geophysical maps and 
studies; energy-, mineral-, and water-resource as­
sessments; geohazards research, including toxic­
waste studies; astrogeologic studies; participation 
in multidisciplinary projects; and publishing re­
ports and maps, and maintaining data bases. 

In Alaska, the Survey is active in assessing 
mineral resources, including metalliferous and 
energy resources. Information about domestic 
petroleum, coar, uranium, and geothermal re­
sources is collected from field and laboratory re­
search projects. In addition, Federal law requires 
that mineral assessments be made of areas to be 
set aside as wilderness and those established by 
ANILCA. The Alaska Mineral Resource Assess­
ment Program (AMRAP, more fully described 
in the nonfuel minerals section of this report) 
is an example of the Survey's response to this 
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FIGURE !.-Distribution of National Interest Lands and conservation units established by the Alaska National Interest Lands Conservation Act of 1980. Boundaries as 
of January 1, 1986. 



legislation. The program's goal is systematic in­
vestigation of the State's metalliferous mineral 
resources. 

Begun in 1975, AMRAP examines mineral re­
sources at four progressively more detailed levels 
of study in many parts of Alaska. Levels I and II 
are general and cover large areas. Studies at 
Level III draw on many geologic disciplines to pro­
duce areal resource reports and maps at scales of 
1:250,000 and 1:125,000. Nearly 30 Level III stud­
ies have been finished or are nearly complete. 
Thirty-nine Level IV studies were under way in 
1985; these are studies of mining districts, min­
eral deposits, or topics related to mineral deposit 
genesis. Products of such studies are used to help 
determine distribution and quality of the national 
mineral and energy endowments and aid in for­
mulating policy affecting their use and in improv­
ing technology to minimize potential hazards or 
impacts. These studies also help industry locate 
mineral deposits and assist in developing con­
cepts, models, and techniques to identify such de­
posits. U.S. Geological Survey publications are 
frequently used by industry as a source of infor­
mation about mineral deposits in the State. 

The U.S. Geological Survey carries on its work 
in Alaska through several programs in addition to 
AMRAP. Among the programs active in 1985 
were: (1) the Earthquake Hazards Reduction Pro­
gram, which seeks to mitigate earthquake losses 
through providing data and evaluations for land­
use planning, engineering, and emergency prepa­
rations; (2) the Volcano Hazards Program, an in­
tegrated study of volcanic hazards assessment, 
reduction, and prediction; (3) the Geologic Frame­
work Program, involving both basic and special­
ized research; ( 4) studies of mineral resources on 
public lands, especially those under study for 
wilderness status; (5) the Development of Assess­
ment Techniques Program, whose goal is im­
provement of the ability to identify and evaluate 
mineral resources; (6) the Critical and Strategic 
Minerals Program that seeks to identify the po­
tential of these resources to meet national mili­
tary and economic needs; (7) the Sedimentary 
Basins Program, which conducts studies of deposi­
tional, structural, diagenetic, and thermal proc­
esses so as to predict and evaluate water, mineral, 
and hydrocarbon resources; and (8) the Geother­
mal Investigations Program, which is intended to 
improve understanding of the nature, distribu­
tion, and energy potential of these resources na-
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tionally. The Trans-Alaska Crustal Transect 
(TACT) seeks to apply a multidisciplinary ap­
proach to studying the Earth's crust al'lng a corri­
dor from the Pacific Ocean to the Ar~tic Ocean. 
TACT is coordinated with the TrE.ns-Alaska 
Lithosphere Investigation that includes earth sci­
entists from the Alaska Division ofGe<'logical and 
Geophysical Surveys, the University of Alaska, 
other universities, and private industrJT. Many of 
these program activities are more full~~ described 
in later sections of this report. 

The U.S. Geological Survey's Branch of 
Alaskan Geology has its headquarters in Anchor­
age and a field office in Fairbanks. Other branch 
geologists are stationed in Menlo Fark, Calif. 
Alaskan seismic observatories are maintained in 
Adak, Barrow, Fairbanks, and Sitka. 

BUREAU OF MINES 

The Bureau's mission is to help assr.re that the 
Nation's mineral supplies are adequate to main­
tain national security, economic gro~h, and em­
ployment. The Bureau of Mines Alaska Field Op­
erations Center (AFOC) has headquarters in 
Anchorage and offices in Juneau and Fairbanks. 
The AFOC carries out its mission tl'rough five 
programs: 
(1) Minerals availability-This program is part 

of a worldwide Bureau program responsible 
for developing the Minerals A vail ability Sys­
tem (MAS) computer data base and the Min­
eral Industry Location System (MILS), a sub­
set of MAS. MILS contains basic information 
about the identification and location of 
known mineral deposits. MAS is 1nore exten­
sive, containing information about reserve 
estimates, mineral extraction and beneficia­
tion methodologies, environmental con­
straints to mining, and cost anal:·ses for se­
lected major mineral deposits. ]\ computer 
and communications system allow8 the infor­
mation to be stored, manipulated, and re­
trieved as computer-plotted map overlays and 
printouts of MAS/MILS data, enabling rapid 
and uniform development of co~t data for 
MAS mineral deposit evaluationr. MAS and 
MILS mineral deposit data are cr1ss indexed 
to several other minerals inforn1ation data 
bases. 

(2) Policy analysis-This program emphasizes 
analyses of newly developed and existing 



mineral data to interpret their significance 
relative to local and national mineral needs. 
Assessment of technical, institutional, politi­
cal, social, and economical factors that affect 
the supply of and demand for domestic and 
international minerals is the key to identify­
ing mineral issues. 

(3) State mineral activities-The program pro­
vides coverage of minerals-related activities 
in Alaska and assists in developing and re­
leasing nonfuel mineral industry informa­
tion. The section of State Mineral Activities 
at the AFOC provides the Bureau direct com­
munication with industry, the State's Divi­
sion of Geological and Geophysical Surveys 
and Division of Mining, other minerals­
oriented agencies, individuals, and private 
firms. The Bureau's State Mineral Officer col­
lects, analyzes, and reports mineral data and 
develops information about activities and 
trends in the mining industry. This program 
produces the annual Minerals Yearbook 
chapters and Mineral Industry Surveys. 

(4) Mineral land assessment-This is the Bu­
reau's major Alaskan program, conducted in 
cooperation with State and other Federal 
agencies. Mineral assessments are both area 
and commodity oriented. Recent assessments 
include those for the National Petroleum Re­
serve in Alaska, the Chugach and Tongass 
National Forests, and the Kantishna Hills 
area in the Denali National Park and Pre­
serve. In support of the Secretary of the Inte­
rior's commitment to assessing mineral poten­
tial of public lands in Alaska, AFOC has begun 
a program to evaluate mineral resources of the 
mining districts in the State. The first project is 
concentrating on the Juneau Mining District 
and seeks to identify the type, amount, and 
distribution of mineral deposits; related studies 
will determine ore reserves and beneficiation 
technologies. Studies of economic feasibility 
and legislative effects on mineral development 
will also be addressed. 

A statewide program provides an inventory 
and specific technical evaluations of the State's 
critical and strategic mineral deposits on Fed­
eral lands that are closed to mineral entry and 
on lands open to entry that are not of current 
interest to industry. The Bureau also helps in­
dustry with studies of mineralogy and benefici­
ation of these deposits. In addition to locating, 
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mapping, and estimating size and grade of de­
posits, the Bureau obtains bulk samples for 
metallurgical research to determine recovery 
and extraction methods and costs; there studies 
are undertaken in cooperation with Bureau Re­
search Centers in Albany, Oreg., and Salt Lake 
City, Utah. Taken together, these investiga­
tions identify an inferred reserve bas~ of mar­
ginal and submarginal deposits in A1 aska and 
its coastal waters. 

(5) Mining research-Mining research at AFOC 
is directly related to mineral land assess­
ment. Bureau of Mines and unive~sity re­
search centers cooperate with AFOC to solve 
mineral utilization problems. Sin~e 1981, 
AFOC has worked with the Tuscalo'lsa (Ala­
bama) Research Center to apply rec~ntly de­
veloped techniques to problems of tur-bidity in 
placer mine discharge water. In addition, re­
cent studies in the Albany Researc'l Center 
focused on cobalt recovery from CC'"lper de­
posits in interior Alaska, chromium deposits 
in south-central Alaska, and cobalt, nickel, 
and platinum-group metals in the east­
central Alaska Range. 

BUREAU OF LAND MANAGEMENT 

The Bureau of Land Management is responsible 
for multiple-use management of both th~ surface 
and subsurface of 23 million acres of the National 
Petroleum Reserve in Alaska, plus an aiditional 
76 million acres elsewhere in Alaska (fig. 1). The 
second figure changes from day to day b~cause of 
the ongoing program of land conveyance to the 
State and Native organizations. In addition, the 
Bureau of Land Management administers min­
eral resources on approximately 100 mill~qn acres 
of other Federal lands, including acquir~d lands 
and private lands where the Federal government 
has retained the mineral rights. 

In December 1984, the Bureau of Land Manage­
ment revised its mineral resources policy state­
ment to reflect the Bureau's continuing commit­
ment to encourage private enterprise tC' develop 
domestic minerals consistent with the need for 
these resources. Land-use planning deciE'jons will 
reflect energy and mineral values through min­
eral resource assessments. Public lands are gener­
ally to remain open to environmentally sound 
mineral exploration and development. 



The principal activities of the Bureau of Land 
Management that are related to Alaska's onshore 
mineral and energy resources are (1) preparation 
for the scheduling of Federal oil and gas leases in 
the onshore areas with the concurrence of the 
surface management agency, (2) organization 
and evaluation of Federal oil and gas leases, 
(3) recording of mining claims and determination 
of validity of mining claims for mineral patents, 
and (4) regulation of mining activities on Bureau 
of Land Management lands to protect the environ­
ment. The Bureau is also responsible for enforcing 
the environmental and technical stipulations of 
the Agreement and Grant of Right of Way for the 
Trans-Alaska Pipeline System. The overall goal is 
to maintain a continuous supply of energy with 
minimal environmental impact. In addition, the 
Bureau issues land-use authorizations and con­
ducts mineral and material sales to support pre­
construction activities for the planned natural gas 
pipeline and other projects. Administrative re­
sponsibilities for minerals require close coordina­
tion with other surface management agencies. 
Generally, in the case of upland or onshore leases, 
the Bureau issues leases and integrates leasing 
with other land uses in cooperation with the sur­
face management agency. After a lease is issued, 
the Bureau assumes jurisdiction of exploratory 
and development activities in cooperation with 
the land manager to assure proper surface protec­
tions. 

NATIONAL PARK SERVICE 

The act establishing the National Park Service 
(39 Stat 535) in 1916 directed it to "***consider 
the scenery and natural and historical objects and 
the wildlife***and to provide for enjoyment of the 
same in such a manner and by such means as will 
leave them unimpaired for the enjoyment of fu­
ture generations." Administrative policy is based 
on the principles of maintaining the natural re­
sources and on the concept that national interest 
dictates decisions affecting private or public en­
terprise in the parks. The National Park Service 
currently has jurisdiction over an estimated 52 
million acres in Alaska (fig. 1). The main Alaskan 
office is in Anchorage. 

The National Park Service's responsibility for 
mining claims and mining on park lands in 
Alaska and elsewhere is basically limited to min­
eral examinations and determinations of valid ex-
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isting rights, environmental assessnents of the 
potential impacts of mining on natural and cul­
tural resources on Federal or other lt'nds, protec­
tion of park resources through mining plans de­
veloped under Federal regulations, and approval 
of mining plans of operation. The asse~sments and 
mining plans are available for public review. 

Except for validity determinatio~s, the N a­
tiona! Park Service rarely collects or publishes 
basic data about mineral deposits, cmnmonly rely­
ing on information gathered by claimants, the 
U.S. Geological Survey, the Bureau of Mines, or 
State or private sources. Validity determinations 
also involve the Bureau of Land Man~gement and 
the Office of Appeals and HearingF. Results of 
mineral examinations are made public when deci­
sions are final. 

U.S. FISH AND WILDLIFE SERVICE 

The U.S. Fish and Wildlife Service provides 
Federal leadership to conserve, protect, and en­
hance fish and wildlife and their hatitats for the 
continuing benefit of people. In Alas~a, the Fish 
and Wildlife Service seeks to accomplish this mis­
sion through programs that implement provisions 
of the Endangered Species Act, Marine Mammals 
Protection Act, Fish and Wildlife Coordination 
Act, Rivers and Harbors Act, National Wildlife 
Refuge System Administration Act, various mi­
gratory bird laws, and other statute;;-. Direct ac­
tivities under these laws include administration 
of 77 million acres of National Wildlife Refuges 
(NWR), fish and wildlife research, law enforce­
ment, and habitat protection throug~ agency re­
view of and comments on permit reouests, envi­
ronmental impact statements, and other items. 

Under ANILCA, 16 refuges (fig. 2) were created 
or enlarged to conserve fish and wildlife popula­
tions and their habitats, as well as ether values. 
Except for valid rights existing at th~ time of es­
tablishment, these refuges are closed to entry and 
location under mining laws. The refuges are open 
to entry under leasing laws; howev~r, they are 
closed to mining of Federal coal by the Federal 
Coal Leasing Amendments Act of1975 and closed 
to geothermal resource leasing by the Geothermal 
Steam Act of 1970. While many traditional activ­
ities have been deemed appropriate for these 
refuges, other uses, including oil and gas leasing, 
will be permitted only when such adivities are 
compatible with the purposes for which the 
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refuges were established. Compatible uses will be 
determined through a comprehensive conserva­
tion planning process under way for several 
Alaskan regions. 

DEPARTMENT OF AGRICULTURE 

FOREST SERVICE 

The mission of the U.S. Forest Service of the 
Department of Agriculture is to provide a contin­
uing flow of natural resource goods (including 
mineral and energy resources) and services to 
help meet National needs and contribute to meet­
ing such needs worldwide. The U.S. Forest Serv­
ice's responsibility in regard to these resources is 
to encourage and support environmentally sound 
mineral enterprises on Federal lands under its 
jurisdiction, consistent with other surface re­
source values. Under authority of the Forest Serv­
ice Organic Act, the U.S. Forest Service adminis­
ters regulations for the protection of surface 
resources from activities concerned with locatable 
minerals. In managing the use of these resources, 
it is the objective of the U.S. Forest Service that 
adverse environmental impacts to surface and 
cultural features and values that might result 
from lawful prospecting operations be minimized 
and damages be repaired. This is accomplished 
through the application of reasonable conditions 
that do not interfere with legitimate, well­
planned mineral operations. The U.S. Forest 
Service also provides research information and 
technology to help with postmining reclamation. 
Annually, the U.S. Forest Service in Alaska pro­
vides for the disposal of millions of tons of sand, 
gravel, and stone. 

Under a Memorandum of Understanding with 
the Bureau of Land Management, the U.S. Forest 
Service jointly admininsters the general mining 
laws on U.S. Forest Service lands. An example of 
this joint responsibility is the patent issued to 
U.S. Borax and Chemical Company for mining 
claims at their Quartz Hill deposit near 
Ketchikan. The U.S. Forest Service recommended 
issuance of this patent based on favorable find­
ings in the mineral report prepared by U.S. Forest 
Service mineral examiners. 

The U.S. Forest Service cooperates with De­
partment of the Interior agencies, particularly the 
Bureau of Land Management, in issuing mineral 
leases and assuring mitigation of surface impacts 
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of such activities. The U.S. Forest Service also 
cooperates with the State of Alaska and private 
sectors in development of energy and mineral re­
sources on inholdings. One such inholding is the 
Bering River coal field, under consHeration for 
possible development by Chugach Alaska, Inc., 
and others in a consortium. 

The Alaska region of the U.S. Forest Service 
administration encompasses about 23 million 
acres (fig. 1). The Service's regional office is in 
Juneau. Offices for the Chugach Fore;;ot are in An­
chorage, and for the Tongass Forest. in Juneau, 
Sitka, Ketchikan, and Petersburg. 

DEPARTMENT OF ENERGY 

It is the mission of the Federal Government to 
reduce the Nation's vulnerability to d~sruptions of 
energy supplies and to mitigate any adverse im­
pacts on the Nation should a shortage occur. With 
regard to Alaska, the energy sourc~s currently 
being addressed by the Department o:f Energy are 
fossil fuels (petroleum and coal) and geothermal. 

The strategy for responding to pet:··oleum sup­
ply interruptions is to rely on the free market, 
supplemented as necessary and appropriate with 
other measures, such as the Strategi ~ Petroleum 
Reserve. With the Department mission in mind, 
the Department of Energy's Fossil Energy Re­
search and Development programs are based on 
careful consideration of the alternatives available 
and the relative chances for success in fostering 
an adequate supply of energy at a rea~Qnable cost 
through long-term, high-risk researc:'l and devel­
opment. Alternatives for increasirg domestic 
petroleum supplies include (1) the Department's 
Unconventional Gas Recovery program, which 
emphasizes the development of advanced tech­
nologies for the extraction of natur~l gas from 
resources that are classified as unc()nventional 
because of unique geologic settings and produc­
tion mechanisms that are not now well under­
stood, and (2) Department of Energy r"t'ograms for 
developing tertiary oil recovery, tar sand, and 
heavy oil deposits ofthe United Stater. To develop 
a better understanding of both conVE''1tional and 
unconventional petroleum resources and to de­
velop fundamental information to ac~elerate use 
of these resources, the Department o{' Energy fo­
cuses on investigating resources and technologies 
that continue to expand the body of essential basic 
scientific knowledge of conventiona] and heavy 



petroleums, shale oil, tar sands, gas hydrates, and 
other deep sources of gas. Gas hydrates and deep 
source gas are specific targets of Department of 
Energy research in Alaska. 

The Department of Energy is evaluating 
Alaskan coal in terms of its contribution to the 
total resources of the Nation. Coal research cur­
rently centers on utilization methods suitable to 
Alaskan coals and conditions. 

The purpose of the Department of Energy's 
Geothermal Energy Program is to develop the 
technology needed by industry for the use of our 
geothermal resources. Department research is 
aimed toward improving our ability to locate, ex­
tract, and convert geothermal heat to usable 
forms of energy. In Alaska, the University of 
Alaska's Geophysical Institute and the Alaska Di­
vision of Geological and Geophysical Surveys re­
ceived Federal funding to participate in a nation­
wide geothermal resource assessment (discussed 
in the U.S. Geological Survey Circular 892, 
"Assessment of low-temperature geothermal re­
sources of the United States," published in 1983) 
and to contribute research data about specific 
geothermal systems. Through the cooperation of 
Federal and State agencies, a significant informa­
tion base on Alaska's geothermal resources has 
been developed and is available to the public. 

A further purpose of Department of Energy pro­
grams is to generate data essential to the private 
sector's decision-making process, leading to im­
plementation of commercial projects. Therefore, 
several data bases are being established, includ­
ing the Arctic and Offshore Technology Data 
Base, which is designed to provide a single com­
puterized scientific oil and gas related informa­
tion base for use by the Arctic energy community. 

The Department of Energy in Alaska also ad­
ministers current petroleum acts and Congres­
sional mandates relating to energy, monitors 
grants, and oversees contracts for energy resource 
studies. Department of Energy's funding helps to 
support U.S. Geological Survey resource assess­
ment studies and, as mentioned, research by the 
State of Alaska's Division of Geological and 
Geophysical Surveys and the University of 
Alaska. 

The Energy Department's National Uranium 
Resource Evaluation (NURE) Program, formerly 
active in Alaska, has been terminated. All non­
proprietary geoscience data from this program 
have been transferred to the U.S. Geological Sur-

8 

vey. However, proprietary information about re­
serves or production are being retained by the 
Department's Energy Information Adrr..ininstra­
tion. Inspection of cores and cuttings can be ar­
ranged through T.C. Michalski, U.S. Geological 
Survey, MS 975, Box 25046, Denver Fed~ral Cen­
ter, Denver, CO 80225. Information about sample 
analyses can be obtained from B.R. Burger, MS 
973, P.O. Box 25046, Denver Federal Center, 
Denver, CO 80225. 

The Department of Energy has clost"d its re­
gional office in Anchorage. Requests for informa­
tion about the Department's Alaskan activities 
should be addressed to the offices listed in 
"Contacts for futher information." 

CONTACTS FOR FURTHER INFORMATfON 

Department of the Interior 

Bureau of Land 
Management 

Bureau of Mines 

U.S. Fish and 
Wildlife Serv­
ice 

U.S. Geological 
Survey 

National Park 
Service 

Michael Penfold, State 
Director 

Federal Building 
701 C Street, Box 13 
Anchorage, AK 99513 

Donald P. Blasko, Chief 
Alaska Field Oper::'ltions 

Center 
201 East 9th AveiJue, 

Suite 101 
Anchorage, AK 99501 

Robert Gilmore, Regional 
Director 

1011 East Tudor E.oad 
Anchorage, AK 99503-

6119 

Donald Grybeck, Chief 
Branch of Alaskall 

Geology 
4200 University D."ive 
Anchorage, AK 99~08-

4667 

Boyd Evison, Regional 
Director 

Alaska Regional Office 
2525 Gambell Street 
Anchorage, AK 99~03-

2892 



Department of Agriculture 

U.S. Forest 
Service 

Michael Barton, Regional 
Forester 

Alaska Region 
P.O. Box 1628 
Juneau, AK 99802 

Department of Energy 

Hydrocarbon re- William Little 
sources: Morgantown Energy 

Geothermal re­
sources: 

Technology Center 
P.O. Box 880 
Collins Ferry Road 
Morgantown, WV 26505 

Marshall Reed 
Geothermal Technology 

Office 
U.S. Dept. of Energy, 

CE-324 
Washington, D.C. 20585 

OIL AND GAS 

In 1985, oil and gas continued to be the most 
valuable mineral commodities produced in 
Alaska, with a total value of nearly $20 billion. 
Alaska's two oil-producing areas, the Arctic 
North Slope and Cook Inlet, provided a total of 
666.2 million ( 42-gallon) barrels of oil, more than 
206 billion cubic feet of dry natural gas, and about 
1.15 billion cubic feet of casinghead gas in 1985 
(Alaska Oil and Gas Conservation Commission, 
in press). These figures represent an increase over 
1984's figures of about 5.6 percent for oil and 
3 percent for dry natural gas. Production in­
creases on the State of Alaska's North Slope 
leases offset production declines not only from 
Cook Inlet but also for the rest of the Nation as 
well-specifically, Alaskan oil production in­
creased by nearly 100,000 barrels per day in 1985, 
mainly as a result of production increases from 
the Kuparuk River field, to offset production de­
clines from the "Lower 48" of 61,600 barrels per 
day (World Oil, Feb. 1986). The daily rate of oil 
production from the entire State of Alaska at the 
end of 1985 amounted to 1.85 million barrels, or 
about 20 percent of the U.S. daily production. 
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A decline in the world price of oil that began in 
late 1985 continued into 1986. The decline, from 
about $30 per barrel in late December 1985, to 
less than $11 per barrel in earliest April 1986, 
was rapid and portends major readjustments for 
producers and consumers alike. The State of 
Alaska is especially vulnerable because 85 per­
cent of the State's current revenue is derived from 
royalties and taxes paid on State-oV~~ed oil and 
gas leases (Alaska Division of Geological and 
Geophysical Surveys, 1986). Two recent economic 
studies, by the Alaska Petroleum Audit Division 
and the University of Alaska, demonstrate the 
sensitivity of North Slope oil field development 
and production to oil prices. (See the article by 
W.W. Wade in the February 1986 isr~Ie of World 
Oil). The validity of the conclusions o{' these stud­
ies appears to be reflected by the anno•1ncement of 
the developers of the Milne Point oil field that all 
drilling was halted, hiring stopped, and the capi­
tal budget drastically reduced (Anchorage Daily 
News, Feb. 4, 1986). Other operators are consider­
ing curtailing exploration activity, emphasizing 
completion of production construction instead. 

Summaries of industry onshore activities have 
been published in the Jan. 22, 19~6, issue of 
Petroleum Information, Alaska Repo~ (hereafter 
simply Alaska Report), the Oil and Gas Journal 
(Aug. 5, 1985), and Pacific Oil World (Aug. 1985). 
Industry data for surface geologic investigations 
and geophysical surveys are generally obtained 
from private scouting services, and rtatistics for 
1985 will not be available until lat~ 1986. The 
most recent summary figures indicate increases 
in field crew-months of work in 1984- over previ­
ous years (Boyd and Hiles, 1985). 

Industry activity for onshore Alaska in 1985 
included discovery of a new oil field and startup of 
oil production from another field, both located on 
the North Slope, as well as geophysical and geo­
logical surveys and drilling of several exploratory 
wells and about 230 development wells. Develop­
ment drilling was concentrated primarily on the 
North Slope in three producing and several devel­
oping fields. 

Four companies, one Alaskan Native corpora­
tion, and their partners drilled 8 onshore ex­
ploratory wells in 1985, as compared to 9 in 1984 
and 10 in 1983. Six of these wells are on the North 
Slope, and one each in the Bristol B~.y and Cook 
Inlet basins (table 1, fig. 3). Although few data 
from these wells have been released, s~~veral of the 



TABLE 1.-0nshore exploratory test wells, 1985. (See fig. 3) 

Well O:lrpany, Location Total Date Ranarks 
mnber well name (township-range depth cmpleted 

-section) (in feet) 

Arctic 
(Uniat meridian) 

1 AOC 33-1, Burglin 10N-14E-33 9,42'1 3/14 suspended 
2 AHD 1, Brontosaurus 18N-20W-18 6,660 3/2'1 p +A* 
3 AHD 26, KmJ West Sak 9N-10E-11 '1,300 2/2'1 P+A 
4 Texaco 1, COlville Delta 13N-'1E-1'1 9,45'1 4/10 suspended 
5 Texaco lA, Cb 1 ville De 1 ta 13N-'1E-1'1 6,640 4/26 suspended•• 
6 AHD 3, Hemi Springs Unit 9N-13E-13 10,059 4/06 P+A 

O>ok Inlet 
(Seward mer ldian) 

'1 AHD/CIRI 2, Wo 1 f Lake 'IN-M-29 14,451 2/22 P+A 

Alaska Peninsula 
(Seward mer ldlan) 

8 AMDOO 1, Becharof 28S-48W-10 9,023 1/20 P+A 

• Plugged and abandoned; •• Oil discovery 

North Slope wells were drilled near known oil 
fields and have been suspended (as reported in 
several issues of the Alaska Report). One oil dis­
covery was announced in the Colville River delta 
area, 36 miles west of Prudhoe Bay, by Texaco, 
Inc., and its partners Amerada Hess, Diamond 
Shamrock, Placid Oil, Texas Union Petroleum, 
Louisiana-Hunt Petroleum, and Rosewood Re­
sources. Early in 1985, Chevron USA, Inc., Sohio 
Alaska Petroleum Co. (parent company now 
Standard Oil Co.), and BP Alaska Exploration Co. 
began drilling an exploratory well on Kaktovik 
village lands in the Arctic National Wildlife 
Refuge (NWR) (fig. 4), which is considered by 
many geologists to be the most prospective area 
remaining on the North Slope. The 1985 opera­
tions were suspended in May and were resumed in 
November after winter freezeup. Drilling contin­
ued into 1986. 

A second winter seismic survey of the coastal 
plain of the Arctic NWR was completed by 
Geophysical Service, Inc., a subsidiary of Texas 
Instruments, for a group of oil companies. This 
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survey will provide infill data to the 1984, survey 
and more detailed information about the 
petroleum potential of the area than is available 
from surface studies alone. (See the par~.graphs 
describing the U.S. Fish and Wildlife Service ac­
tivity during 1985.) 

The Prudhoe Bay field (fig. 3), the worH's 19th 
largest oil field (Tiratsoo, 1984), continue~ to pro­
duce about 1.5 million barrels of oil per day. A 
seawater treatment plant, installed in 1984, in­
jects about 1.3 million barrels per day of water 
into the producing reservoir to increase the 
amount of oil recovered (Alaska Report, Jan. 22, 
1986). 

In the Kuparuk River oil field (fig. 3), the Na­
tion's second largest producer, the unit area was 
increased by nearly 13,000 acres in 19,Q5. Sea­
water injection, which amounted to about 400,000 
barrels per day at yearend, is expected to triple 
the amount of oil recoverable-from 500 million 
barrels to 1.5 billion barrels. Cumulative: oil pro­
duction in January 1986 reached 200 million 
barrels, and daily production was about 240,000 
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FIGURE 3.-Locations of exploratory wells drilled in 1985, oil and gas fields, and Alaskan onshore and nearshore sedimentary basins. 
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(See tables 1 and 2) 
1 Cook Inlet 46A 
2 North Slope 45A 
3 North Slope 47 
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4 Seward Peninsula 
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6 Denali/Tiekei/Siana 

Native Corporation Lands referred to in text 
K Kaktovik 

Public land units 
··· · ANWR Arctic National Wildlife Refuge 
E'ZJ ANILCA 1002 study area 

NPRA National Petroleum Reserve in Alaska 
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Transportation System pipeline (ANGTS) 
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FIGURE 4.-Favorable Petroleum Geological Provinces, areas offered for lease, Arctic National Wildlife Refuge study area, Native and public land units referred to in text, and 
proposed gas line route. 



barrels. A record production level of 264,490 bar­
rels of oil per day was announced by ARCO 
Alaska, Inc., in early November. This rate ex­
ceeds the expected peak production level of 
250,000 barrels per day, which was not antici­
pated until late 1986 (Alaska Journal of Com­
merce and Pacific Rim Reporter, Nov. 11, 1985). 
This increase in production was in part responsi­
ble for the 5.6-percent increase in Alaskan oil pro­
duction in 1985 and for the highest U.S. oil pro­
duction level recorded since 1974 (World Oil, 
Aug. 1, 1985). Major owners of the Kuparuk field 
are ARCO Alaska Inc., BP Alaska Exploration 
Co., Sohio Alaska Petroleum Co. (now Standard 
Alaska Production Co.), and Union Oil Co. of Cali­
fornia. Minor interest owners are Exxon Co. 
U.S.A., Mobil Oil Corp., Phillips Petroleum Co., 
and Chevron USA, Inc. 

In late 1985, the Milne Point oil field (fig. 3) 
began production, ahead of schedule and only 21 
months after project startup. Reservoir conditions 
have limited oil production to about 20,000 bar­
rels per day, about two-thirds of the expected rate 
(Anchorage Daily News, Feb. 4, 1986). Current 
operations include production from 20 wells and 
water injection at 11 wells (Oil and Gas Journal, 
Nov. 25, 1985). Further development is planned, 
subject to economic conditions, according to 
Conoco, Inc., and partners (Champlin Petroleum 
Co., Cities Service Oil and Gas Co., Chevron USA, 
Inc., and Reading and Bates Petroleum Co.). 

ARCO Alaska, Inc., proceeded with develop­
ment work on the Lisburne oil pool, which under­
lies the northeastern part of the Prudhoe Bay field 
(fig. 3) and is estimated to contain from 1 billion 
to 3 billion barrels of oil in place. Development 
work consisted of gravel road and pad construc­
tion, production well drilling, and fabrication of 
production facilities. ARCO reported that two 
long-term production test wells produced more 
than a million barrels of oil during 1985 (Alaska 
Report, Jan. 22, 1986). Ownership of the field is 
split among ARCO, Exxon Co. USA, and Stand­
ard Alaska Production Co. 

ARCO Alaska, Inc., continued its pilot project 
begun in 1984 to determine the producibility of 
the multibillion barrel heavy-oil accumulation 
known as West Sak (fig. 3). This oil accumulation 
overlies the Kuparuk River oil field at depths of 
3,000-4,000 feet. The project consists of injecting 
hot water into the reservoir to heat the oil suffi­
ciently to reduce its viscosity, thus making it eas-

ier to produce. Oil production is abc,tt 1,000 bar­
rels per day from eight test wellf (Pacific Oil 
World, Aug. 1985). The shallow de:'Jth of the oil 
and poorly consolidated reservoir s~nds will ne­
cessitate many wells and special prc<iuction tech­
niques, making this a very expensive field to de­
velop (Alaska Journal of Commerc,~ and Pacific 
Rim Reporter, Mar. 11, 1985). 

Alaska's first, but long-abandoned oil field, 
Katalla, located in the Gulf of I Iaska basin 
(fig. 3), may soon be revived. Alaska Crude Corpo­
ration has received permits for 10 shallow produc­
tion wells. The corporation estimates that as 
many as 30 wells will be drilled to 1·ecover about 
3 million barrels of oil (Alaska Report, Dec. 31, 
1985). 

At the three 1985 competitive State lease sales, 
a total of $18.83 millio~ was offered in high bids 
to acquire about 538,000 acres for future explo­
ration. At least nine oil companieE and several 
lease brokers representing numerous individual 
investors participated in one or mor~~ of the three 
sales. Information about the sales iE summarized 
in table 2, and the lease sale areas are shown in 
figure 4. The terms ofthe 1985leases, all ofwhich 
are on State lands, can be obtained from the Lease 
Administration Office, Alaska De:ryartment of 
Natural Resources, 3601 C Street, Anchorage, AK 
99503. For further information about State 
petroleum-related activities, readert~ should con­
tact the Alaska Division of Oil and Gas, 3601 C 
Street, Anchorage, AK 99503, or consult the 
Alaska Department of Natural Res"''urces Infor­
mation Circular 31, Oil-and-gas resources of 
Alaska (Alaska Division of Geclogical and 
Geophysical Surveys, 1986); this publication 

TABLE 2.-0nshore oil and gas lease sales, 1£'85. [Areas shown in 
fig. 4; all sales were conducted by the State of Alaska, and most of the area 
offered in sales 1 and 2 was offshore; value of high bids in millions of dollars] 

Area Sale Sale Acres Acres Total 
no. no. date offered bid on _ high 

(x 1000) (x lOGrr) bids 

1 46A 2/26 248 19~ 2.52 
2 45A 9/24 193 183 11.65 
3 47 9/24 606 165 4.66 
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provides an illustrated summary of the history, 
current prospects, resource estimates, and leasing 
program for oil and gas in Alaska. 

ACTIVITY BY FEDERAL AGENCIES 

During 1985 and continuing into 1986, Federal 
agencies carried on their required activities, mon­
itoring and supervising lease development, col­
lecting rent on leases and royalties on production, 
and performing numerous geologic and geophysi­
cal studies relating to oil and gas resource evalua­
tion and land classification. 

Bureau of Land Management 

In establishing and implementing an oil and 
gas leasing program as required by Section 1008 
of ANILCA, the Bureau of Land Management has 
made land available for noncompetitive oil and 
gas leasing or mineral leasing in three areas 
south of lat. 68° N. The Minchumina area was 
opened in 1981, the Denali-Tiekel area in 1982, 
and the Seward Peninsula in 1983. As of March 
31, 1986, about 385 leases on 94,450 acres in the 
Minchumina area, 5,168leases on 1,841,000 acres 
of the Denali-Tiekel-Slana area, and 1, 760 leases 
on 1,153,500 acres on the Seward Peninsula were 
being held. The general lease areas are shown in 
figure 4; at this map scale it is not possible to 
indicate precisely the leased portions of these 
areas. 

A fifth lease sale in the _National Petroleum 
Reserve in Alaska (NPRA) (fig. 4) had been 
planned for August 1985. Because no bids had 
been received for the fourth sale in July 1984, the 
Bureau initiated a study to determine the need for 
a fifth sale. Among the issues analyzed were mar­
ket and economic conditions, geology and drilling 
data, industry interest, surface management, and 
litigation. After considering all these factors, the 
Bureau decided to postpone the 1985 sale for at 
least 1 year. 

The Bureau is transferring lands in the utility 
corridor between the Yukon River and Washing­
ton Creek to the State of Alaska. The Bureau will 
begin preparing a Resource Management Plan in 
FY 1986 for the corridor and adjacent Bureau­
administered lands north of the Yukon River. The 
planning effort will follow the Bureau's planning 
process and will have public input. 
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The annual report of the Bureau's Branch of 
Pipeline Monitoring is available through the Pub­
lic Affairs Office in the Anchorage FederFl Build­
ing. This Branch, part of the Bureau's Division of 
Mineral Resources, assures that terms and condi­
tions of the Alyeska Pipeline Service Co~pany's 
pipeline right-of-way are met. 

The Bureau's involvement with the Nc~hwest 
Alaska Pipeline Company's proposed nat·1ral gas 
pipeline project (ANGTS, fig. 4) remains at a low 
level because the project is delayed. The Yukon 
Pacific Corporation submitted a right-of-way ap­
plication to the Bureau for a gas pipeline from 
Prudhoe Bay to tidewater, possibly nea1· Kenai. 
The Bureau has responsibility for procesri.ng this 
application. The viability of both pipeline projects 
is linked to worldwide demand and price for natu­
ral gas. 

U.S. Fish and Wildlife Service 

As noted in the introductory pages of this re­
port, the primary efforts of the agency iii Alaska 
are protection and conservation of r~sh and 

'wildlife and their habitats and the administration 
of 16 refuges (NWRs) (fig. 2). The Service also 
cooperates with State and Federal age.,.cies in 
similar efforts on behalf of wildlife in tho. rest of 
the State. Any oil- or gas-related activities on 
refuges are subject to restrictions and pr">tective 
stipulations developed by the Service. 

On the Kenai NWR in 1985, some oil wells were 
reworked to maintain production at E'"~anson 
River, Alaska's first commercial field. From the 
Beaver Creek field, maximum gas production has 
probably been reached. Chevron USA, Inc., 
operator at Swanson River, entered an agree­
ment with the Environmental Protection Agency 
(EPA), arranged with the assistance of the Fish 
and Wildlife Service, for the cleanup of PCB­
contaminated materials inadvertently used on 
some parking areas and roads for dust control. 
This agreement is the first in the U.S. rE'~arding 
cleanup from a NWR of a substance identified as 
hazardous by the EPA. 

Exploration-related surface activitier on the 
Arctic NWR coastal plain continued under the 
Service's surveillance as provided for in Section 
1002 of ANILCA, which mandates an ass~ssment 
of fish and wildlife resources and potentia 1 impact 
of petroleum exploration, development and pro­
duction in the area. Section 1002 (c) autt'lrizes a 



baseline study of biological and human resources. 
Section 1002 (d-g) calls for limited petroleum ex­
ploration. The Fish and Wildlife Service is the 
overall coordinator of the Section 1002 resource 
assessment. That agency, the Bureau of Land 
Management and the U.S. Geological Survey 
have a Memorandum of Understanding regarding 
exploration in the refuge. The exploration pro­
gram allows private industry to gather data about 
the area's petroleum potential. In accordance with 
Service regulations promulgated in 1983, six per­
mittees were allowed to conduct surface geologi­
cal field studies in the summer of 1985, the third 
summer of such work. No surface vehicles were 
allowed; access was by helicopter. The work in­
volved observations, measurements, mapping, 
and sample collection. Rock samples were ana­
lyzed for age and geochemistry (hydrocarbon gen­
eration potential) and porosity and permeability 
(reservoir characteristics). The Fish and Wildlife 
Service monitored all activities, and no adverse 
impacts to fish or wildlife were observed. 

The Service also approved a second winter sea­
son of seismic exploration on the coastal plain. 
The single permittee, Geophysical Service, Inc., 
was authorized to collect 580 line miles of infill 
data, the amount of additional information be­
lieved necessary to develop a credible hydrocar­
bon assessment of the coastal plain. A total of 537 
line miles was run. The Fish and Wildlife Service 
placed monitors with each seismic crew to help 
minimize environmental impacts. 

An interagency advisory work group made up of 
Fish and Wildlife Service, Bureau of Land Man­
agement, and U.S. Geological Survey employees 
is overseeing the preparation of the report to Con­
gress that is mandated by Section 1002 (h). This 
report is scheduled for completion in September 
1986. Its purpose is to help Congress weigh the 
hydrocarbon potential of the area and the need for 
additional domestic sources of oil and gas against 
the enviromental consequences of allowing 
petroleum development. 

Section 1008 of ANILCA provides for oil and 
gas exploration on refuges in Alaska to provide 
information for use in future land managment de­
cisions. In 1985, special-use permits were issued 
for surface geological work on the Alaska Mar­
itime, Alaska Peninsula, Arctic, Becharof, and 
Yukon Flats NWRs (fig. 2); $10,000 bonds are re­
quired with these permits. Copies of data result­
ing from such exploration must be submitted to 
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the Fish and Wildlife Service; they are stored with 
the Bureau of Land Management. 

Section 1008 also calls for establishing a pro­
gram for oil and gas leases of land s<Juth of lat. 68° 
N., pursuant to the Mineral Leasin~ Act of 1920 
as amended. The program does not apply to those 
NWR lands where the Secretary o~ the Interior 
determines that oil and gas exploration or devel­
opment would be incompatible with the purpose of 
the refuge. Section 314 (g) of ANILCA cites the 
comprehensive conservation planni"lg process as 
the means of identifying parts of NWRs where 
leasing or related activities may b~ compatible. 
During 1985, this planning process began on the 
Alaska Maritime, Arctic, Innoko, and Selawik 
NWRs. First steps in the process invnlve defining 
the limits of the study and the form ~nd content of 
the report and collection of related c1.fita. Then al­
ternatives are drawn up. A draft C'f the plan is 
released for a 90-day period of p•1blic review. 
Final plans were issued for the Alaska Peninsula 
NWR and, with Records of Decision, for the 
Becharof, Izembek, and Kenai NWRs. Draft plans 
were released for Kodiak, Tetlin, Togiak, and 
Yukon Flats NWRs in 1985; final versions are 
scheduled for 1986. Public releases of drafts are 
scheduled for 1986 for the Arctic, Kanuti, 
Koyukuk, Nowitna, Selawik, and Yukon Delta 
NWRs. (See fig. 2 for NWR locations). The Bristol 
Bay Regional Management Plan waF submitted to 
the Department of the Interior in 1985. 

If refuge lands are to be leased by the Bureau of 
Land Management, the leases will b~ competitive 
if the land is in a Favorable Petroleum Geological 
Province (fig. 4), or noncompetitive if not within 
such a province. All leasing, exploration, and pro­
duction would be subject to permits and stipula­
tions designed to protect fish, wildli£~, and subsis­
tence activities. 

Fish and Wildlife Service mineral-related activ­
ity includes making recommendathns for miti­
gating impacts adverse to fish, wildl~fe, and their 
habitats. Therefore, the Service reviews Corps of 
Engineers permit applications unde:-- Section 404 
of the Clean Water Act; the applications may in­
volve public or private lands. As a result of Sec­
tion 404 permit negotiations with Standard 
Alaska Production Co. (formerly Fnhio Alaska 
Petroleum Co.) and ARCO Alaska, fnc., concern­
ing the offshore part of the Lisbur:-1e Project, a 
letter of agreement was received frcm each com­
pany stating their intent to prepar~ mitigation 



plans in consultation with the Fish and Wildlife 
Service. 

With the Alaska Department ofFish and Game 
and the Bureau of Land Management, the Service 
entered a memorandum of agreement for joint de­
velopment of a Habitat Management Plan for the 
Teshekpuk Lake Special Area in the northeastern 
part of NPRA. This area, which is potentially 
available for leasing, is one of the most productive 
and diverse wetland ecosystems in arctic Alaska. 

In May 1985, the Fish and Wildlife Service, 
with the Alaska Association of Petroleum Land­
men, sponsored a two-day conference for exchange 
of information and views about mitigation of im­
pacts to fish and wildlife from petroleum develop­
ment in Alaska. The conference was attended by 
persons in industry and government. Papers pre­
sented have been compiled by Wohl (1985). Al­
though disagreements persisted, the conference 
resulted in communication among the partici­
pants, and the Service plans to foster additional 
meetings. 

Department of Energy 

The Arctic and Offshore Research Subprogram 
of the Department of Energy's Advanced Process 
Technology Program was established to enhance 
petroleum energy development by quantifying 
critical natural forces (such as ice formation in the 
Arctic) and their impacts and to establish a data 
base for Arctic parameters. Much of the subpro­
gram's efforts are directed at offshore develop­
ment; onshore objectives involve enhanced oil re­
covery and study of heavy oil, oil shale, and tar 
sands. In 1985, Department petroleum-related 
work was carried on through initiating a technol­
ogy data base, sponsoring seminars, coordinating 
interagency research, and delineating, as well as 
examining the applicability of recovery tech­
niques to Arctic petroleum occurrences. 

A primary petroleum target is gas hydrate 
reservoirs, which contain gas in a solid, icelike 
form. Occurrences of such hydrates have been 
identified on Alaska's North Slope. The technol­
ogy for characterizing and developing the re­
source is under study as part of the Department's 
Environmental and Advanced Research Subpro­
gram. The subprogram has recently been concen­
trating on laboratory testing of natural and syn­
thetic hydrates to define pressure and 
temperature conditions and geophysical and me-
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chanical properties in both in-house and contrac­
tors' facilities. 

The Department's deep source gas res~arch is 
evaluating the potential for recovering gas from 
depths greater than 30,000 feet, based on the hy­
pothesis that natural gas would be gene•ated in 
sediments carried to these depths by tectonic proc­
esses. Primary targets are subduction zones 
where suitable sediments have been encapsu­
lated. Among such areas is the Yukon Flats area 
(in the Fairbanks area), where cooperative strati­
graphic, structural and magnetotelluric studies 
are under way. (Further details are pro"~.Tided in 
the following section.) The Department of Energy 
has also sponsored, through the Univc .. sity of 
Alaska, a search for such gas sources in south­
central and southwestern Alaska. 

U.S. Geological Survey 

The North Slope continues to be the focus of 
most U.S. Geological Survey studies related to on­
shore oil and gas resources; many of thE: studies 
are part of the Sedimentary Basins Pro5Tam or 
the Alaska Mineral Resource Assessment Pro­
gram. The paragraphs below summariz~ recent 
activities. Selected pertinent reports a1·e listed 
with the U.S. Geological Survey publicat~flns and 
other references at the back of this report. 

The operational phase of the Federal petroleum 
exploration program in the NPRA was c<J m.pleted 
in 1981. A nontechnical report (Gryc, 1985) de­
scribes this program. Meanwhile, more than 30 
technical reports by Survey scientists are nearing 
completion for publication as U.S. Geolog~~al Sur­
vey Professional Paper 1399. Topics to be included 
are stratigraphy, sedimentation, seismic stratig­
raphy, petrography, paleontology, biostratigra­
phy, petroleum source-rock geochemistr:T, struc­
tural geology, direct hydrocarbon dete,'!tion by 
aeromagnetic and helium methods, ass~ssment 
results, and exploration history. Most data from 
the 1974-81 exploration program, as well as nu­
merous pertinent contractor reports, are available 
to the public through the National Geophysical 
and Solar-Terrestrial Data Center, Boulder, CO 
80303. Their catalog itemizes information about 
38 wells, 14,770 line miles of reflection seismic 
surveys, 52,000 gravity measurements, and nu­
merous reports about geology, geophysicL the en­
vironment, construction, and logistics. 



Numerous talks or poster sessions concerning 
geologic aspects of Alaskan oil and gas sources 
were presented at the regional meeting of the 
American Association of Petroleum Geologists 
(AAPG), Society of Economic Paleontologists and 
Mineralogists (SEPM), and Society of Exploration 
Geophysicists (SEG) held in Anchorage in 1985. 
Abstracts of these presentations were published 
in the American Association of Petroleum Geolo­
gists Bulletin (1985, v. 69, no. 4, p. 655-683). 

A collection of seven papers about the geology of 
the Nanushuk Group was published in 1985 
(Huffman, 1985). The papers treat the petrogra­
phy and reservoir characteristics, stratigraphy, 
sedimentation, tectonics, and paleontology of 
these Cretaceous rocks in the central part of the 
North Slope. 

The study of naturally occurring gas hydrates 
on the North Slope, funded by the Department of 
Energy, progressed on several fronts during 1985. 
Topics of publications or talks include: identifica­
tion of gas hydrates using well logs (Collett and 
others, 1984); determination of permafrost thick­
ness from well logs (Osterkamp and others, 1985); 
evaluation of geothermal gradients (Collett, 
1985a); geologic control of hydrate occurrence 
(Collett, 1985b); and regional stratigraphic rela­
tions (Collett and others, 1985). In progress are 
investigations to determine the compositions of 
natural gases on the North Slope and the charac­
teristics of potential gas-hydrate reservoir rocks. 

With funding from the Department of Energy, 
Geological Survey and university scientists con­
ducted studies in the eastern Brooks Range and 
Charley River-Eagle area (along the Canada­
Alaska boundary) with the goal of projecting es­
tablished geologic relations into the swampy low­
lands of the Yukon Flats to evaluate the potential 
of that region for generating and trapping deep 
gas resources. This study is part of a larger effort 
to evaluate the potential for the occurrence of 
deeply buried petroleum resources along ancient 
convergent continental margins where obduction 
processes have been dominant. Field mapping and 
paleontologic and geochemical studies have 
shown new age and structural relations in these 
geologically complex areas in which several ac­
creted terranes are now recognized. General char­
acteristics of these terranes are described by 
Coney and Jones (1985). 

During 1985, geologists of the U.S. Geological 
Survey and Bureau of Land Management com-

pleted summer field studies in the Arctic NWR 
and, later in the year, met to jointl~7 assess the 
undiscovered oil and gas resources of the ANILCA 
1002 (coastal plain) area. This asses~·ment marks 
the culmination of several years of geologic and 
geophysical studies by both agencies. As noted 
above, the required report to Congr~ss is being 
drafted by members of the Fish and ~1ildlife Serv­
ice, Bureau of Land Management, end the U.S. 
Geological Survey. 

Results of two U.S. Geological Survey studies 
have recently been made available. U.S. Geologi­
cal Survey Bulletin 1596, edited by L.B. Magoon, 
is a collection of eleven papers ab'lut geologic 
studies related to the lower Cook Inle~ COST well; 
this bulletin was in press in April19f(). The other 
publication, "Ameri~an Association of Petroleum 
Geologists Special Studies in Geolog? 20", edited 
by Magoon and Claypool (1985), pre~ents there­
sults of studies by research groups from industry, 
academia, and government that have been inves­
tigating the correlation of North Slope petroleum 
source rocks with known North Slopq oils. 

Survey scientists continued their project to 
summarize the geology and evaluate the 
petroleum potential of all interior Alaska basins 
(those south of the North Slope ar1 generally 
north of Cook Inlet as shown on fig. 4) during 
1985. A 6-week helicopter-supported field pro­
gram focused on the stratigraphy, secHmentology, 
and petroleum source-rock potential of Tertiary 
fluvial and lacustrine deposits in the Nenana and 
Susitna basins (fig. 4). Preliminary p-avity maps 
and accompanying structural mc~els of the 
Nenana and Yukon Flats basins we"'e presented 
at the AAPG-SEPM-SEG meeting in Anchorage 
(Kirschner and others, 1985). 
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COAL AND PEAT 

Alaska's coal prospects are favorable, despite 
falling world energy prices, and Alaskan coal 
fields have many features that contribute to a 
hopeful outlook for coal development and export. 
Alaska's coal resource base is estimated at 1,886 
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billion short tons, approximately half of the U.S. 
resource base and probably one-sixth of the total 
world resource base (Alaska Division of Geologi­
cal and Geophysical Surveys, 1983). In addition, 
many Alaskan coals have low sulfur contents; for 
example, coal from the Beluga coal field has a 
total sulfur range of 0.08-0.33 percent, o--te of the 
lowest reported ranges for any U.S. coal (Stricker 
and others, 1986). The proximity to tidewater of 
several of the State's coal fields (U.S. ~ological 
Survey, 1982, fig. 5) makes the economics of de­
velopment attractive. And, when compared to 
other suppliers of coal to the Pacific regi~n coun­
tries, Alaska has a more stable political Hnd labor 
environment (Alaska Economic Report, Aug. 11, 
1985). 

During 1985 industrial activity was fo~used on 
five Alaskan coal fields: Beluga, Bering River, 
Jarvis Creek, Matanuska Valley, and Healy 
(fig. 5). The Alaska Journal of Commerce and 
Pacific Rim Reporter (Oct. 28, 1985) ncted that 
the Diamond Alaska Coal Company has finished 
preliminary drilling in the Beluga field and will 
soon submit plans for a surface mine there and a 
loading dock in Cook Inlet. The company proposes 
initial export of 2 million short tons annually, 
building to a maximum annual production of 4 
million short tons. Construction could begin as 
early as 1987. Diamond Alaska is also cor~idering 
building an electrical powerplant that would sup­
ply not only its mining power needs but also allow 
it to offer its surplus electricity to utilit~r compa­
nies in south-central Alaska. Initial pr1jections 
put the cost per kilowatt hour higher than current 
gas-powered electricity, but Diamond A1aska be­
lieves that in the 1990's coal might be a cheaper 
power source (Anchorage Times, Feb. 2, 1986). 

An article in the Alaska Journal of Commerce 
and Pacific Rim Reporter (July 8, 1985) noted that 
Chugach Alaska Corp. planned to drill a total of 
17,000 feet in the Bering River coal field in 1985. 
The low-volatile bituminous to anthracite coal 
there is present in five major seams, and resources 
are estimated at 59 million short tons. The per­
mitting process should begin in 1986 ar.f would 
take at least three years. Current planr call for 
this coal to be exported to Korea or other Pacific 
region countries. Also encouraging is a report 
(Alaska Journal of Commerce and Pacific Rim Re­
porter, Aug. 8, 1985) that notes that coal from the 
Jarvis Creek coal field may be developei to pro­
duce coal gas, which in turn would be used to 
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FIGURE 5.-Areas of Federal, State, and industry activity for coal and peat, uranium, and geothermal resources, 1985. 



generate electrical power for the Fort Greely mil­
itary base near Delta Junction. The coal has a low 
sulfur content (0.42-1.5 percent) and an apparent 
rank of subbituminous B and subbituminous C. 
The joint-venture partnership of Hawley Re­
sources, Rocky Mountain Energy, Signal Energy 
Systems, and Cook Inlet Regional, Inc., has been 
planning a $420-million coal mine and 170-
megawatt electrical generating plant in south­
central Alaska. Approximately 25 years of re­
serves of bituminous coal are present on the State 
of Alaska lease in the Matanuska Valley. The 
Alaska Economic Report (Sept. 9, 1985) stated, at 
that time, uncertainty about the Susitna River 
hydroelectric project was delaying the coal­
powered electric generating project for 
Matanuska coal; State support for the Susitna 
project was withdrawn ir.. March 1986. 

Alaska's coal production in 1985 was signifi­
cantly higher than in 1984. The Usibelli Coal 
Mine, Alaska's only active coal mine (Healy coal 
field, fig. 5), produced more than 1.3 million short 
tons of coal by surface mining and exported 
595,000 short tons of this total to South Korea for 
steam production (Anchorage Daily News, Nov. 
11, 1985). The coal was transported in 138 train 
shipments to Seward, where it was put aboard 
ships bound for Korea. 

The Alaska Division of Geological and 
Geophysical Surveys (ADGGS) continued explo­
ration in the Chicago Creek coal field on the Se­
ward Peninsula (fig. 5). The coal will probably by 
used in nearby villages for heat; the feasibility of 
mining and transportation to the local use site, as 
well as of a powerplant, are being investigated. 
The Alaska Journal of Commerce and Pacific Rim 
Reporter (Aug. 8, 1985) reported that the State of 
Alaska is also evaluating the coal potential of the 
Cape Beaufort and Deadfall Syncline areas in the 
western part of the Northern Alaska coal field 
(fig. 5). Coal there is reported to have low sulfur 
content (0.06-0.64 percent) and heat values as 
high as 12,000 Btu. It is estimated that there are 
15.8 million short tons of strippable coal for local 
village needs and as a power source for the pro­
posed Red Dog mine development (discussed more 
fully in the nonfuel minerals section of this re­
port). 

Peat in Alaska is used primarily in agriculture 
and greenhouses as soil conditioners; minor 
amounts are used locally in villages for heat. Be­
cause of a general slump in housing construction 
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statewide, production was only 85,000 cubic 
yards, or about 42 percent less than in 1984 
(Bundtzen and others, 1986). About 80 P'~rcent of 
Alaska's horticultural peat is produced ir the An­
chorage area. 

Table 3, in the section discussing nonf·1el min­
erals, lists volume and value of coal and peat pro­
duction for recent years. 

ACTIVITY BY FEDERAL AGENCIES 

U.S. Geological Survey 

The Geological Survey investigated the quality 
and quantity of coal in the Chandler Lake 
1:250,000-scale quadrangle (fig. 5) in tr~ south­
eastern part of the Northern Alaska coal field as 
part of the Alaska Mineral Resource Asr~ssment 
Program (AMRAP). Coal is present in tl'~ flanks 
of east-west-trending synclines and anticlines in 
the northern one-third of the quadrangle. Prelim­
inary results indicate that the coal has low con­
tents of sulfur (0.13-0.56 percent) and r~h (2.7-
15.4 percent) and an apparent rank of 
high-volatile bituminous A to high-volatile bitu­
minous C. 

Tertiary coal in the eastern part of th ~ North­
ern Alaska coal field (fig. 5) is being studied as 
part of the Survey's Sedimentary Basins program 
(briefly described in the introductory pag~s of this 
report). Preliminary results suggest that the coal 
along the Sagavanirktok and Shaviovik Rivers 
has a low sulfur content (0.11-1.42 percn.nt) and 
an apparent rank of lignite A to subbituninous B 
(Molenaar and others, 1984). Work on es~imating 
the size of the resource and defining the deposi­
tional environment is under way. 

Detailed geochemical and mineralogic studies 
to characterize the coals from the Beluga resource 
area continue. This information will provide 
background data for future coal development that 
the Diamond Alaska Coal Company pro:')oses for 
the area. The coal has an apparent rank of subbi­
tuminous C to subbituminous Band an ash con­
tent that ranges from 4. 7 percent to 46.5 percent. 
The ash is composed primarily of kaolinite, but it 
contains minor amounts of other clays arq_ varied 
amounts of quartz; definition of the type and 
amount of ash is critical to the design of t.he plant 
that will use the coal. 

The U.S. Geological Survey has been investi­
gating the lditarod 1:250,000-scale quadrangle 



(fig. 5) as part of its AMRAP program. Prelimi­
nary studies indicate that the area contains sig­
nificant amounts of blanket peat deposits of good 
quality, in beds as thick as 5 feet and having a low 
(less than 5 percent) ash content. 

Bureau of Land Management 

The Bureau of Land Management continued its 
management of the Delta Coal Company lease in 
the Jarvis Creek coal field near Delta Junction 
(fig. 5). Coal in this field is a potential power 
source for Fort Greely. Interest in additional fu­
ture coal leasing on Federal land is low at this 
time. 

Department of Energy 

The Department is examining coal resources in 
Alaska as part of its Arctic and Offshore Research 
Subprogram. The goal of the subprogram is to 
evaluate coal in terms of its contribution to the 
National resource base. The Department of En­
ergy is also actively studying coalbed methane on 
a nationwide basis, and it has sponsored, through 
the University of Alaska, research projects that 
investigate means of liquefying certain Alaskan 
coals and the beneficiation potential of coals 
crushed to various fragment sizes. 
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URANIUM RESOURCI'!S 

A slump in the demand for ur~.nium in the 
United States and a surplus of relatively cheap 
uranium from foreign countries, especially from 
Canada, France, and Australia, continue to de­
press the domestic uranium industry. Funds for 
research in uranium geology are very restricted 
both in industry and among dorrestic Federal 
agencies. Uranium mining and development in 
the United States is limited to high-grade de­
posits or those (such as surficial deposits) from 
which production is relatively c:b eap. Current 
uranium exploration is limited to se;.~.rches for this 
type of deposit (Otton, 1986). The ur;:-nium picture 
in Alaska is even less promising be~ause costs of 
exploration and development are higher than 
those in the conterminous States. However, many 
areas in Alaska are favorable for low-radiation 
surficial uranium deposits. These deposits are 
generally in young, organic-rich alluvium on or 
near uraniferous granite plutons or other ura­
nium sources. Little exploration fo ... this kind of 
deposit has been undertaken, and no deposits 
have yet been found. 

In 1985, the U.S. Department <'f' Energy de­
clared the uranium industry in the United States 
nonviable for the 1984 calendar year. This finding 
requires that the Administration take action, 
such as import restrictions, to protect the domes­
tic uranium industry. In Denver Federal Court, in 
a suit filed by uranium producers, :c~partment of 
Energy contracts to enrich foreign-produced ura­
nium for use by domestic facilities were declared 
null and void. The outcome of this action remains 
uncertain. 

ACTIVITY BY FEDERAL AGENCIES 

U.S. Geological Survey 

Uranium and tin occurrences in the Circle 
quadrangle (east-central Alaska, fig. 5) have been 
studied by Jones and others (1985). They used 
statistical discrimination on trace ehment analy­
ses of stream-sediment samples to distinguish be­
tween areas favorable for tin and uranium. They 



found that niobium and scandium are indicator 
elements for uranium-enriched areas. 

The uranium potential of the Cretaceous 
Nanushuk Group on the North Slope has been 
evaluated by Huffman (1985). No uranium-rich 
rocks were found, but Huffman described the 
rocks as marginally suitable for uranium on the 
basis of such factors as depositional environment, 
hydrologic characteristics, host rock texture, pres­
ence of potential uranium sources in the sur­
rounding areas, and carbonaceous material (a 
chemical reductant) in the potential host rocks. 
The easternmost part of the North Slope, now be­
ing evaluated, appears to have somewhat more 
uranium potential than the remainder of that 
area. 

The U.S. Geological Survey has terminated its 
project on uranium in sedimentary rocks in 
Alaska, but it will continue ongoing uranium re­
search in other parts of Alaska. Areas currently 
being studied include the Death Valley uranium 
area in the southern part of the Seward Penin­
sula, the Healy Creek coal basin on the north side 
of the Alaska Range, and the northern part of the 
Admiralty Trough in southeastern Alaska (fig. 5). 
Present work consists of laboratory analyses and 
report preparation. Additional fieldwork in 
Alaska will depend on funding. 

Department of Energy 

Information Systems Programs, Energy Re­
sources Institute (1985), on behalf of the Depart­
ment of Energy, released a report on uranium in 
Alaska that summarizes data from stream­
sediment and water samples for all Alaskan quad­
rangles that were part of the NURE program 
studies. 
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GEOTHERMAL RESOURCES 

Primary use of Alaska's geothermal resources 
is for recreation, space heating, and agriculture, 
but this use is highly localized and on a very small 
scale. Potential sources of geothermal enp·gy are 
widespread, as evidenced by the present and for­
mer volcanic activity on the Aleutian Islands, the 
Alaska Peninsula, the Wrangell Mountains, and 
elsewhere in the State (fig. 5). The Aleut~an vol­
canic arc geothermal sources may be sig'1ificant 
to fishing industries, whereas those sources closer 
to transportation routes or population centers, 
such as the Wrangell Mountains, may provide 
power that can be transmitted to other pars of the 
State. 

Federal funding and activity in geother"'llal re­
sources is currently low. The Department of En­
ergy contracted for two geothermal studies in 
Alaska, briefly described below. While the U.S. 
Geological Survey continues studies of vclcanoes 
in Alaska, the emphasis of this work is not cen­
tered on their energy potential. 

The Department of Energy provided funds for 
studies of geothermal characteristics and of the 
origin of gases and saline water at mud vclcanoes 
in the Copper River Basin (fig. 5). Scientists from 
the University of Alaska Geophysical Institute 
gathered the data and performed geochemical 
analyses that indicate that a magma b1dy in­
truded limestone bedrock as much as 2,000 me­
ters below the Klawasi mud volcanoes, the inter­
action being responsible for the carbon dioxide 
gas and bicarbonate in the saline wate¥ there. 
Methane- and nitrogen-rich gases at the nearby 
Tolsona volcanoes suggest a different c'lemical 
environment for magma-limestone reactiflns. 

The Alaska Division of Geological and 
Geophysical Surveys (ADGGS) and the Univer­
sity of Alaska, with funding by the Department of 
Energy, started an investigation of the geother­
mal potential of the Mount Spurr area on t.he west 
side of Cook Inlet (fig. 5). Petrologic studies are 
being done by the ADGGS, and other radiometric, 
geological, geophysical, and geochemical studies 
are being carried on by University scientists. Ini­
tial results of this work indicate the presE:~ce of a 



shallow magma chamber and warm springs 
whose waters are derived from diverse sources. 
Targets for further study have been delineated 
(Wescott and others, 1985). 

The ADGGS completed reports about two 
prospective geothermal energy sources: Akutan 
Island and the Makushin geothermal area of 
Unalaska Island (fig. 5). For Akutan, data indi­
cate a warm water reservoir (120-135 °C) at 
about 150 meters below the surface of the lower 
end of a valley about 6 kilometers west of the 
village of Akutan. The energy available from this 
source appears to be more than sufficient for local 
heating and electrical power needs. Two technical 
reports published prior to 1985 concerning the 
Makushin area conclude that the deep hot-water 
source here resides above a shallow magma cham­
ber. Further, in the recent past, the reservoir was 
perhaps 50-100 °C warmer and was hot-water 
dominated, not steam dominated as it is now. The 
energy source here is more than adequate for local 
needs. These studies were partly funded by the 
Department of Energy as well. 

In November 1985 a second geothermal lease 
sale was proposed for the Mount Spurr area. The 
Alaska Department of Natural Resources Divi­
sion of Oil and Gas issued a request for public 
comments and applications for about 2,640 acres. 
If sufficient interest is expressed, tracts for which 
multiple applications are received will be offered 
for competitive sale; tracts for which single appli­
cations are received may be issued geothermal 
prospecting permits. In a geothermal lease sale on 
June 24, 1986, both offered tracts, totalling 2,628 
acres, were awarded. The State earned nearly 
$13,000 in the sale. The previous sale, in 1983, 
attracted one bid for 640 acres. 
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NONFUEL MINERALS 

The depressed condition of the domestic mining 
industry continued to adversely affect explo­
ration, development, and production of nonfuel 
minerals in Alaska in 1985. Worldwide, metals 

experienced another year of low p ... ices, some of 
which dropped below the already lov·· values of the 
past several years. For example, goH. was down as 
much as 20 percent from 1984, silve: was down 33 
percent, and lead and zinc were do"vn 19 and 14 
percent, respectively (Alaska Journal of Com­
merce and Pacific Rim Reporter, July 15, 1985). 

Some people attribute the general economic sit­
uation of mining to the strength of tl, ~ U.S. dollar. 
In an article about the mineral iniustry in the 
Fairbanks Daily News-Miner (June 20, 1985), 
John Sims, then director of Alaska's Office ofMin­
eral Development, saw the major dmnestic mining 
companies having extremely difficult times, caus­
ing many mines to close, while mines in places 
such as Chile and central Africa are in full pro­
duction. The effect of this competitk'"l is shown in 
some changes in minerals compani ~s in Alaska. 
Anaconda Minerals Company, a very active in­
vestor in mineral exploration in Alaska during 
the past several years, was dissolved during 1985 
and sold by the parent company, Atlantic Rich­
field Company (ARCO). Similarly, Phillips 
Petroleum Company, established 3C years ago in 
Alaska, closed its Anchorage exploration office in 
July and transferred its Alaska headquarters to 
Kenai. Nerco Minerals, Inc., laid off 15 employees 
from its Fairbanks headquarters as a result of 
reorganization and continued depressed gold and 
silver prices. 

According to State of Alaska recm·ds, the num­
ber of new mining claims filed in Alaska during 
the first quarter of 1985 was less t]'~n half that 
filed during the first quarter of 1984. This repre­
sented the lowest number of claimE filed during 
this period for the past 6 years. The low level of 
activity, due in part to the depressed worldwide 
mineral prices, may also reflect ervironmental 
protection regulations, such as water-quality 
standards, and the lack of transportation facilities 
to known mineral deposits. 

Data obtained by the State of AlPska indicate 
that statewide mineral production totaled about 
$226 million in 1985 (table 3). This represents a 
modest increase over the 1984 total. The increase 
is due principally to increased coal p ... oduction for 
the export market, increased placer gold produc­
tion (despite lower prices), and increased sand and 
gravel production in the Fairbanks and Prudhoe 
Bay areas (Alaska Construction and Oil, 1986; 
Bundtzen and others, 1986). Exploration expendi­
tures dropped again in 1985 and were nearly 60 
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TABLE 3.-Mineral production in Alaska, 1984-85. [Assumed av­
erage prices: gold, $325/oz; silver, $6/oz; antimony, $1.50/lb; coal FOB Healy, 
$29/ton; peat $6.50/cubic yd; sand and gravel $3.99/ton, varying with location 
(Bundtzen and others, 1986)] 

~ 

Gold (oz) 
Mercury (lb) 
Antilll)ny (lb) 
Silver (oz) 
Tin (lb, metal) 

Industrial minerals, 
coal, and peat 

Voltme 

1984 1985 

175,000 
380 

135,000 
20,000 

225,000 

190,000 
2,094 

65,000 
28,500 

300,000 

Value 
($ X 1000) 

1984 1985 

63,000 
1.5 

225.7 
159 
400 

61,175 
10 
98 

171 
650 

Sand and grave 1 27 .o 28.2 95,000 112,062.7 
(million short tons) 

Building stone 2. 7 2.5 16,000 12,150 
(million short tons) 

Jade, soaps tone 5.5 16.5 
(tons) 

Coal (short tons) 849,161 1,370,000 23,775 39,730 
Peat (cubic yd) 125,000 85,000 859.3 552.5 

Total 199,437.1 226,439.2 

percent less than in the previous year (fig. 6). De­
velopment expenditures also decreased, but, ac­
cording to Bundtzen and others (1986), this total 
may be deceptive because 1984 saw record spend­
ing,·primarily for the Seward coal loading facility. 

In spite of low metal prices, some see a bright 
future for Alaska's mining. Ed Eboch of the 
Alaska Department of Labor has said the poten­
tial for mineral, coal, and industrial mining in 
Alaska in the next decade is excellent. Eboch pre­
dicts that by the mid-1990's demand for minerals 
should increase because many developing coun­
tries will be needing coal for energy production 
and sand and gravel and other minerals for con­
struction or industries (Anchorage Daily News, 
July 11, 1985). If metal prices improve, three ma­
jor mines in Alaska could go into production and 
put about 1,500 people to work. The three poten­
tial mines are: the Red Dog lead, zinc, and silver 
deposit north of Kotzebue; the Greens Creek sil­
ver, gold, zinc, and lead occurrence near Juneau; 
and the Quartz Hill molybdenum property near 
Ketchikan. These and other areas discussed in the 
following pages are shown on figure 7 and listed 
in table 4. 

Red Dog is the world's largest undeveloped zinc­
lead-silver deposit, having reserves of 85 million 
tons and a projected mine life of 50 years. (See 
previous annual reports in this series.) The de­
posit moved closer to production in 1985 as are­
sult of legislation passed by the Federal Govern-
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ment that provides for a land exchange l'~tween 
NANA Regional Corporation and the Dep~rlment 
of the Interior. The land swap permits construc­
tion of a 57-mile haul road from a port fa~ility to 
the mine site. The Alaska Legislature has made it 
possible for the Alaska Industrial DeveJ opment 
Authority (AIDA) to finance as much as $175 mil­
lion of mine-related construction and a port; a 
March 1986 agreement allows port construction 
to begin in 1986, and road and mine construction 
will start in the next 2 years. A shallo,.~-water 
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FIGURE 6.-Minerals exploration and development expendi­
ture and production value, 1980-85. 
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dock and staging area are being built in 1986. 
Repayment negotiations between AIDA and Com­
inco Alaska, the company that will mine the de­
posit, may require a 3-year road construction 
schedule rather than 2 years. This would delay 
startup of mining from 1989 to 1990 (Alaska Eco­
nomic Report, Sept. 21, 1985). The timing for the 
development of Red Dog is thought to be favor­
able. Some mineral economists feel that the end of 
the current decade would be the ideal time to 
bring a new zinc mine on line as mines elsewhere 
run out of ore (Alaska Journal of Commerce and 
Pacific Rim Reporter, Oct. 21, 1985). The eco­
nomic potential of the proposed mine is also the 
basis for a request by a Native group to form a 
new borough; the mine would be the tax base and 
a major employer for that borough. Voters ap­
proved creation of the borough in a May 1986 elec­
tion. 

The U.S. Borax and Chemical Company's 
Quartz Hill molybdenum mine project near 
Ketchikan is one of Alaska's largest mineral de­
posits-1.5 billion tons of material having a grade­
of0.136 percent molybdenite, about 20 percent of 
that being easily accessible. Located as an inlier 
in the Misty Fiords National Monument, the 
Quartz Hill property has managed to survive as a 
potential mine despite a highly restrictive land 
status. Mining is projected to begin in the early to 
mid-1990's, when molybdenum prices are ex­
pected to increase. The Final Environmental Im­
pact Statement (EIS) for the project is to be sub­
mitted in 1986, and mine construction should 
take about 4 years. Three major decisions remain 
ahead for the project: (1) location of tailings dis­
posal-the mine is expected to generate about 
80,000 tons of ore per day for 55 years, (2) a source 
of mine makeup water, and (3) a power source 
(Alaska Economic Report, July 10, 1985). 

The Noranda Mining, Inc., Greens Creek proj­
ect is a lead-zinc-copper-gold-silver deposit on Ad­
miralty Island in southeast Alaska. Exploration 
drilling continued in 1985, but the permit to ex­
plore expired in December 1985. However, the 
President signed legislation to extend exploration 
for one more year. Road construction is planned to 
begin in 1986, and underground development in 
1989. The EIS was completed in 1982, and the 
mine plan has been approved by the U.S. Forest 
Service. The deposit, except for being in the Admi­
ralty Island National Monument, is relatively 
free of serious environmental issues (Alaska Eco-
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TABLE 4.-Selected areas of industrial nonfuel min?.ral activity 
mentioned in the text [See fig. 7] 

Area number Activity 
or letter 

1. Red Ibg zinc-lead-silv~r 
prospect 

2. Name area, gold placer~ 
3. Grant gold mine, Fai rt'lnks 

district 
4. Kantishna Hills 
5. Denali National Park 
6. Valdez ~eek gold min~ 
7. Asbestos prospect 
8. Circle Mining District 
9. TUluksak River placer gold 

operation 
10. Cbok Inlet submarine rlacer 

gold prospect 
11. Greens Creek zinc-lead-copper-

silver-gold prospect 
12. Quartz Hi 11 rmlybdenlln deposit 

A Anchorage 
B Bethel 
E Eagle 
F Fairbanks 
M Mltanuska 

Valley 

K Kotzebue 
Ke Ketchikar 
J Juneau 
P Prudhoe P~y 

area 

nomic Report, July 10, 1985). Published reserves 
are 1,457,000 tons grading 9.31 percent zinc, 3.37 
percent lead, 0.45 percent copper, and 17.58 
ounces of silver and 0.14 ounces of golil per ton. 
Discovery by Noranda of a new north or~ zone in 
1984 would increase reserves to 10 million tons 
(Northern Miner, April 25, 1985). 

Total reported Alaskan 1985 gold p~oduction 
was 190,000 ounces, nearly a 9 percent increase 
from 1984. The Circle Mining District northeast 
of Fairbanks remained the largest producer of 
gold. However, Valdez Creek produc~d about 
30,000 ounces in 1985, a sizeable percl"~ntage of 
the State total. Drilling at Valdez Creek has iden­
tified buried channels indicating several more 
years of production (Alaska Construction and Oil, 
1986). (See fig. 7 for locations.) 

Although the total production from gold placer 
mines increased, the number of active 1nines de­
creased slightly in 1985. The decrease in activity 
was partly a result of lower gold prices, but was 
also due to water-quality standards. The Alaska 
Department of Environmental Conserv?tion im­
posed water-quality standards on mininp- that are 
more stringent than those of the Federal Environ­
mental Protection Agency. The Miners Advocacy 



Council (MAC) filed a lawsuit charging that the 
State did not hold the required public hearings 
when adopting the standards. The MAC feels that 
the standards are virtually impossible to comply 
with and, if enforced, would shut down nearly 
every placer mining operation in Alaska (Fair­
banks Daily News-Miner, May 7, 1985). Two envi­
ronmental groups in the State have added their 
arguments to the litigation. Trustees for Alaska 
and Northern Alaska Environmental Center feel 
that the State has not gone far enough to protect 
water quality in Alaska, arguing that the new 
State standards on settleable solids and turbidity 
should not pose great difficulty for the miners 
(Anchorage Times, May 23, 1985). 

Additionally, the seventh annual Conference on 
Alaska Placer Mining held in Fairbanks in March 
1985 was largely concerned with the State water 
pollution laws for placer miners. It was generally 
agreed that the technology needed to comply with 
the State turbidity regulations (that water com­
ing from mines be no more than 5 turbidity units 
dirtier than natural stream water) does not exist. 
Miners claimed that water discharged from even 
the cleanest mines is several thousand units dirt­
ier than the upstream or original water (Anchor­
age Times, March 29, 1985). 

A State program was created in July 1984 to 
provide funds for research in innovative placer 
mining methods, with goals of decreasing envi­
ronmental damage from placer mining, reducing 
water pollution, and improving fine gold recovery. 
The Departments of Natural Resources and Envi­
ronmental Conservation distributed grants to­
talling $2.7 million to 30 miners in 1985. Those 
methods that proposed a reduction in water use 
through recycling received special consideration 
(Alaska Journal of Commerce and Pacific Rim Re­
porter, April 22, 1985). 

In related actions, mining operations in seven 
national parks and preserves in Alaska were 
ordered closed by a July 22, 1985, Federal District 
Court order until the Park Service completes full 
environmental studies of the effects of mining op­
erations in the parks. (See fig. 1 for park loca­
tions.) The mandatory shutdown date was ex­
tended from September 5, 1985, to October 15, 
1985, allowing a complete season of mining. Sub­
stantial environmental damage by mining was 
found to have occurred in some parks. About 40 
mines that operate in the parks and several hun­
dred claim-holders are affected by this action. 

27 

Under this court decision, the mines would not be 
allowed to operate in the 1986 season, and the 
claim-holders would not be permitte-t to do their 
annual assessment work (Anchorage Daily News, 
July 24, 1985; Anchorage Times, DE'~. 10, 1985). 
The ruling was in appeal in Mar~h 1986. In 
February 1986 Native and environm~ntal groups 
sought to have stricter review and enforcement of 
mining regulations by the Bureau o~ Land Man­
agement and to have mining cease: on Federal 
land until the effects of mining are evaluated. The 
Alaska Miners Association, opposi"lg the suit, 
sought to have the State enter the caE"e with them, 
but was turned down. 

Mining for gold in coastal areas is part of 
Alaska's history and may well increase. At Nome 
(fig. 7), an offshore dredging operation recently 
began producing test runs of placer ~Tavel. Inspi­
ration Mines, Inc., is using a 5--cubic-yard 
clamshell bucket mounted on a 180-foot barge to 
mine the underwater gravels about 1,000 feet 
from the shoreline (Alaska Construc-l;ion and Oil, 
1986). However, Aspen Exploration Corporation 
was denied a permit to dredge offshm·e acreage in 
upper and lower Cook Inlet in a search for gold, 
silver, nickel, and other minerals. T~~e company 
had applied for the permits in 1981 and spent 
5 years and $1 million working with State agen­
cies so the permits could be issued. The Alaska 
Department of Natural Resources denied the per­
mit request because of the potential impact to the 
fishery resources. The dredging would have oc­
curred in one of the State's most popular and pro­
ductive fishing grounds. 

For Denali National Park and P,"eserve, the 
Alaska Land Use Council, an appointed body of 
State and Federal officials, has reco:'llmended to 
Congress that mining for gold, silve~, antimony, 
and other minerals be substantially increased. 
They have asked Congress to open 103,435 acres 
in the Kantishna Hills area (fig. T to mining. 
Congress is expected to act on this proposal in 
1986 (Anchorage Times, Dec. 16, 1985). Mean­
while, approximately 320,000 acres ir the Susitna 
River (fig. 7) watershed were closecl to mineral 
entry by the State Department of Natural Re­
sources. The need for retaining State lands for 
recreation near urban areas prompted. the action. 
However, existing gold placer minin.~ operations 
will have grandfather rights under tl'~ new regu­
lations (Anchorage Times, Aug. 20, 1985). 



What was expected to become a model for future 
gold mines in the area, the Grant gold mine near 
Fairbanks (fig. 7) began production in November 
1985. The mine was built to process as much as 
230 tons of ore per day, and its production cost was 
expected to be $175 per ounce. Reserves are esti­
mated at 591,000 tons of ore averaging 0.61 
ounces of gold per ton (Petroleum Information, 
Alaska Report, Dec. 4, 1985). One quartz vein at 
the mine was expected to supply ore for about 16 
years, and there are at least 12 other gold-bearing 
veins in the Grant mine area (Fairbanks Daily 
News-Miner, Nov. 6, 1985). Gold recovery rose 
from 0.2 ounces per ton in October 1985 to about 
0.5 ounces per ton in early December 1985 (Fair­
banks Daily News-Miner, Jan. 3, 1986). However, 
after only two months the mine shut down (Fair­
banks Daily News-Miner, Jan. 2, 1986), and a 
major partner withdrew. 

A plan for gold mining on the Tuluksak River in 
southwestern Alaska (fig. 7) was approved by De­
partment of the Interior Board of Land Appeals in 
August 1985. The project involves dredging a 
channel through the floodplain of the Tuluksak 
River. The mining of the floodplain deposits had 
been challenged by the village of Tuluksak, the 
city of Bethel, and fishermen in the area who felt 
that mining could disrupt the fishing industry 
and harm the environment. 

Echo Bay Mining, a Canadian company, an­
nounced plans to reopen the Alaska-Juneau gold 
mine near Juneau (fig. 7), which produced more 
than 2.8 million ounces of gold earlier in this 
century. 

Sand and gravel continued to be economically 
important, accounting for more than half of the 
value of minerals produced in 1985. The majority 
of this material was used for petroleum develop­
ment on the North Slope. A lull in the housing 
market and road construction has reduced the 
need for gravel near major urban areas. An article 
in the Alaska Journal of Commerce and Pacific 
Rim Reporter for the week of May 13, 1985, notes 
that an average of 38,280 tons of gravel were 
moved by train from the Matanuska Valley to 
Anchorage daily. Reserves in this area are 
thought to be adequate for the next few years. 

Doyon Ltd.'s asbestos prospect near Eagle (fig. 
7) is not now scheduled for development because 
of current market conditions and health concerns. 

A court decision in late 1985 claimed that the 
Interior Department unlawfully reclassified 170 
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million acres of previously protected Fec1eralland 
throughout the United States. The ruling could 
halt oil and gas exploration, homesite r"'ograms, 
mining, and other activities on at least 11 million 
acres of Alaska lands. The decision, vrhich fol­
lowed a lawsuit by the National Wildlife Federa­
tion, prohibits staking of additional mining 
claims, obtaining new leases, mining, t~mber re­
moval, land clearing, construction, or other types 
of development. The precise impact of the ruling is 
uncertain; clarification of the court decir~on is be­
ing asked by the Bureau of Land Mar qgement 
(Anchorage Daily News, Dec. 10, 1985). 

The State of Alaska Office of Mineral Develop­
ment, Division of Mining, and Division C'f'Geolog­
ical and Geophysical Surveys (ADGGS) continue 
to publish an annual summary of information 
about Alaska's mineral industry. Their Special 
Report 38 for 1984 (Eakins and others, 1985) is 
the fourth in the series; the fifth was pul,~ished in 
June 1986. (Bundtzen and others, 198~'~). Those 
reports are useful complements to this renort, em­
phasizing industrial activity. 

ACTIVITY BY FEDERAL AGENCIES 

U.S. Geological Survey 

Studies of nonfuel minerals in Alaska are an 
important part of the U.S. Geological Survey's 
program in Alaska. The Alaska Mineral Resource 
Assessment Program (AMRAP) continues as a 
prominent effort of the Survey in its goa 1 of map­
ping and assessing the mineral potential of 
Alaskan lands. The activities of this program 
were carried on at a level commensurate to that of 
the past few years. The Trans-Alaska Crustal 
Transect (TACT) project (fig. 8) is well under way, 
and a major portion of the data has been gathered 
for the southern part of the transect. Work on the 
Wilderness Study program and the National 
Petroleum Reserve in Alaska (NPRA) (fig. 3) is 
essentially complete. 

AMRAP studies are conducted at four progres­
sively more detailed levels to produce cmnprehen­
sive assessments of Alaska's mineral all d energy 
resources. Level I studies are statewide in scope; 
their products are generally at a scale of 
1:2,500,000. In 1985 work continued on raintain­
ing and updating the mineral data baE~ for the 
entire State. Level II of AMRAP looks at large 
regions of the State; resulting maps are at a scale 
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of about 1:1,000,000. Work continued on the 
metallogenesis of the eastern Alaska Range, and 
a Level II study is planned for the Alaska Penin­
sula, to begin in 1986. 

Level III currently receives the major effort of 
AMRAP. It consists of multidisciplinary evalua­
tions involving team studies of selected 1 o x go 
quadrangles. Geologic, geochemical, and geophys­
ical data are gathered to produce an inventory of 
areas having mineral resource potential. Studies 
are currently progressing in 22 quadrangles. In 
1985 Level III studies were begun in the Lime 
Hills quadrangle in southwest Alaska and in the 
Livengood quadrangle in central Alaska, but not 
all of these are active projects in 1986. AMRAP 
fieldwork continued in the Juneau, Taku River, 
Craig, and Dixon Entrance quadrangles in south­
eastern Alaska; the Port Moller, Stepovak Bay, 
Mount Katmai, and Naknek quadrangles on the 
Alaska Peninsula; the Baird Mountains, Killik 
River and Chandler Lake quadrangles fn the 
Brooks Range; and the Gulkana quadrangle in 
central Alaska. The Iditarod quadrangle AMRAP, 
also in central Alaska, is a joint effort of the U.S. 
Geological Survey and the Alaska Division of Ge­
ological and Geophysical Surveys. Reports are be­
ing prepared and are in review for the following 
quadrangles for which fieldwork is complete: 
Ugashik and Karluk on the Alaska Peninsula; 
Anchorage, Healy, and Mount Hayes in south­
central Alaska; Solomon and Bendeleben on the 
Seward Peninsula; Wiseman in the Brooks 
Range; and Petersburg in southeastern Alaska. 
Figure 9 shows the current status of AMRAP 
Level III studies. 

Level IV of AMRAP consists of detailed studies 
(at a scale of 1:63,360 or larger) of mineral dis­
tricts, specific deposits, or related topics. The gen­
eral locations of current Level IV studies are 
shown in figure 8, and the project titles are listed 
in table 5. Among the Level IV work begun in 
1985 are studies of sand and gravel resources of 
the eastern Arctic Coastal Plain, a Northwest 
Alaska Mineral Assessment, and investigations 
of ash-flow tuffs of the Pavlof Islands. 

Some of the products of AMRAP released in 
1985 are reports in the Survey's Miscellaneous 
Field Studies series about onshore energy re­
sources of the Chignik-Sutwik quadrangles (Det­
terman and others, 1984 [1985]), and mineral re­
source and geochemical maps for the Lake Clark 
(King and others, 1985) and Philip Smith Moun-
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tains (Menzie and others, 1985) quad-angles. 
Open-file reports published in 1985 cover geo­
chemical data for the Solomon and Bendeleben 
quadrangles (Arbogast and others, 1985) and the 
Mount Hayes quadrangle (Zehner ancl others, 
1985), as well as geologic maps of the Atlin, 
Juneau, Taku River, and Skagway quairangles 
(Brew and Ford, 1985). An annotated bibliogra­
phy for the Baird Mountains quadrangle by Karl 
and others (1985) was also released. A l~~t of re­
port products of AMRAP through January 1, 
1986, is presented in U.S. Geological SuT"Vey Cir­
cular 978 (Bartsch-Winkler and Reed, 1986). Se­
lected 1985 AMRAP-related releases are listed at 
the end of this section and the back of this report; 
about 40 reports were generated by the program 
in 1985. 

A public meeting on the subject of the r()lomon­
Bendeleben AMRAP project was held on March 
19, 1985, in Anchorage. The meeting was at­
tended by personnel from private mining compa­
nies, State and Federal government agencies, and 
private citizens with an interest in the region. The 
~iscussion at this meeting indicated partkular in­
terest in the gold-quartz veins on the Seward 
Peninsula. 

In addition to the mineral resource assessment 
studies, geologic mapping is ongoing at 1 :250,000 
scale in several areas of the State. Geolo~ic maps 
of the northern and central parts of the Unalak­
leet quadrangle (Patton and Moll, 1985) end of the 
Ophir quadrangle (Chapman and othe~s, 1985) 
were published. 

The second year of work on the Trans-Alaskan 
Crustal Transect (TACT) program proc~eded on 
schedule. This is a multidisciplinary stu-iy of the 
geology, potential field geophysics, deep seismic 
refraction and reflection of the Alaskan crust 
along the Trans-Alaskan Pipeline Syste"ll route. 
As a result of work during the 1984 ~nd 1985 
seasons, fieldwork for a bedrock strip map at a 
scale of 1:63,360 is complete for the soutl'em one­
third of the State, from the mouth of th~ Copper 
River on Prince William Sound to the De:"lali fault 
in the Alaska Range. The map will hav~ a mini­
mum width of a 15-minute quadrangle and ex­
tends to several quadrangles width in critical 
areas along major geologic sutures such as the 
Contact and Border Ranges faults, the Broxson 
Gulch thrust, and the Denali fault, Fhich lie 
within or north of the area shown for TACT on 
figure 8. This map will be used as a basis for inter­
preting the deep seismic refraction, gravity, and 



c,., ...... 
I I 

13) . 
(> 

" \ 

'1-

" ~ 

[$ 
" 
. 

/V 1/,- 1/ I IVU IUV IUL IV;;J IV~ I;.IU 1,-/ 1,., 1,-1 70° 0 

r 00 

C liUK CHI s t:A 

v~,..A. ... \ \ \./"""""' J I r. 11 1.f' 0 F 

pAciFIC 

__ $ 

EXPLANATION 

D Quadrangle-scale studies in progress 

~ 
D 
~ 

Folio published or in press at the end of 
1985. 

Study begun in 1981 to meet 
requirements of ANI LCA 

Priority quadrangle studies tentatively 
scheduled to begin between 1986 
and 1990 

.1!1' 

FIGURE 9.-Status of Level III Alaska Mineral Resources Assessment Program studies, January 1, 1986. 



TABLE 5.-Level IV studies of the Alaska Mineral Resource 
Assessment Program active in 1985; figure 8 shows general­
ized areas under study. Projects marked by an asterisk are of 
statewide scope. [Modified from Bartsch-Winkler and Reed, 1986] 

Areal mineral resource assessments 

*Tin commodity studies 
*Placer gold deposit studies 
*Subjective probability estimations of Alaskan mineral 

resources 
Mineral deposits, western Brooks Range 
Metallogenesis, eastern Alaska Range 
Mineral resources, interior Alaska 
Geology and mineral resources, Yukon-Tanana Upland 
Geology and mineral resources data summary, southwest-

ern Alaska 
Geology and mineral resources, Norton Bay-Unalakleet 

region 
Tin and tungsten deposits, Circle district 

Areal energy resource assessments 

Oil and gas potential of interior basins 
*Geochemistry of sedimentary organic matter, crude oil, and 

natural gas in Alaska 
Stratigraphy and depositional history of Jurassic and Cre­

taceous sequences, North Slope 
Reservoir characteristics of the Lisburne Group, arctic 

Alaska 
Coal resources of northern Alaska 
Coal studies in the Nenana basin 
Uranium potential of Alaskan basins 

Exploration geophysical studies 

Gravity studies (including Red Dog, Haines, and Red 
Mountain deposits) 

Geophysics and Yukon-Koyukuk basin and its border lands 
Mining geophysics of central Alaska 

Biostratigraphic studies 

Brooks Range and Arctic Slope studies 
*Paleozoic and Mesozoic radiolarians 
*Brachiopod and conodont paleogeography 
Cenozoic molluscan biostratigraphy, southern Alaska 
Mesozoic dinoflagellate biostratigraphy, southern Alaska 

Framework or process studies 

Yukon-Koyukuk crustal transect study 
Structural analysis of interior metamorphic terranes 
Mafic and ultramafic rocks of interior Alaska 
Coastal sediments of upper Cook Inlet 
Mesozoic stratigraphy of the Alaska Peninsula 
Upper Cook Inlet-Nelchina area stratigraphic studies 

*Paleomagnetism of accreted terranes 
*Metamorphic facies map of Alaska 
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Exploration geochemical studies 

Gold amalgamation studies in streams 
Evaluation of Department ofEnergy National Uranium 

Resource Evaluation studies 

Isotopic and radiometric studies 

*K-Ar studies and radiometric age file 
Zircon geochronology, interior Alaska 
Lead, oxygen isotope studies (Brooks and Alaska Ranges, 

Alaska Peninsula, Seward Peninsula, Prince William 
Sound) 

Geochemical characterization of accreted igneous arcs, 
southern Alaska 

magnetic data that are now complete for southern 
Alaska along the TACT route, and for the forth­
coming deep seismic reflection studies that will be 
conducted for approximately 200 kilometers of the 
TACT route in southern Alaska in 1986. TACT 
seismic refraction lines have been surveyed and 
interpreted for the southern part of Alaska; also 
completed are detailed gravity and magnetic sur­
veys of the area. Several short descriptions of 
TACT seismic study results that provide prelimi­
nary definition of deep structures in the area are 
given in Bartsch-Winkler and Reed (1986) and 
Bartsch-Winkler (1985). 

Several papers about current research pertain­
ing to mineral resources in Alaska were presented 
at the first McKelvey Forum in February 1985 in 
Denver, Colo., entitled "USGS Research on Min­
eral Resources-1985" (Krafft, 1985). A summary 
of AMRAP work to 1985 was presented as a poster 
session at this gathering. This forum was estab­
lished to improve communication between the 
U.S. Geological Survey and the earth science com­
munity. The forum will be an annual event, and 
its subject matter will alternate between mineral 
and energy resources. 

Two circulars published in 1985 (Bartsch­
Winkler and Reed, 1985; Bartsch-Winkler, 1985) 
present a broad selection of short papers about 
mineral resources (for example, Jones and others, 
in Bartsch-Winkler and Reed, 1985), as well as 
other topics currently under study by the Survey. 
The results of selected geologic studies in 1985 are 
described in Circular 978 (Bartsch-Winkler and 
Reed, 1986). 



Bureau of Mines 

The Bureau of Mines Alaska Field Operations 
Center (AFOC) conducts programs under four 
designated responsibility areas in the directorate 
of Mineral Data Analysis and coordinates work 
with Bureau research centers throughout the 
United States. Such activities in Alaska are sum­
marized in the following paragraphs. 

The Minerals Availability program (MAS) is 
described in the introductory pages of this report. 
In 1985, data for 552 Alaskan properties were en­
tered in its Mineral Industry Location System 
(MILS, a subset of MAS) file as potential mineral 
producers. Publication of a MILS directory for 
Alaska, which gives names and locations of 281 
deposits and detailed information for 67 signifi­
cant deposits, is planned for 1986. MAS activities 
also included a study to predict remaining re­
serves of past Alaska lode precious metal produc­
ers. In addition, a study of the application of cur­
rent Bureau methodologies for estimating 
undiscovered resources to accomplish MAS objec­
tives was completed. 

The Policy Analysis program has focused atten­
tion on land ownership categories on Federal and 
State land. These data have been plotted on maps 
at 1:500,000 or larger scale, thereby providing a 
visual determination of land available for mineral 
exploration and development in the State. 
Roberts (1985) presents land availability informa­
tio for southeastern Alaska, and work on maps for 
north- and south-central Alaska is nearing com­
pletion. Study of northern Alaska will commence 
in 1986. However, because of the dynamic nature 
of land status, these maps present information 
that is valid only for a limited time frame. 

Reports written under the aegis of the State 
Mineral Officer include the Alaska chapter in the 
"Minerals Yearbook, Volume II" and the annual 
preliminary "Mineral Industry Survey," which 
details significant mineral activity throughout 
the State in the preceding year. Periodic updates 
have been prepared for the "Alaska Mineral 
Briefing Profile," as have listings of associations 
and organizations interested in minerals and of 
meetings, conferences, and symposia of the min­
eral industry. The State Mineral Officer contin­
ues to participate with the interagency team 
preparing the EIS for the Quartz Hill molybde­
num mine development project. 

Mineral Land Assessment (MLA) work com­
pleted in 1985 included publication of reports 
about mineral resources in the Juneau and Kan­
tishna Mining Districts, Chugacl· National 
Forest, and Seward Peninsula area and a report 
summarizing gallium and germanium potential 
in Alaska. 

The Bureau's fieldwork in the Juneau Mining 
District (locality 8, fig. 10) is part of a 4-year min­
ing district study. This program will identify the 
type, amount, and distribution of mineral deposits 
in the district, determine ore reserves. study ben­
eficiation technologies for the ore, make feasibil­
ity studies, and address economic and legislative 
effects on mineral development. The Juneau 
study is a cooperative study involving the Bureau 
of Mines and the Alaska Division of Geological 
and Geophysical Sur\reys (ADGGS). A DGGS per­
sonnel will make detailed geologic studies of se­
lected areas, while Bureau personnel C'lnduct site­
specific examinations. The Juneau studies are on 
or ahead of schedule in most areas. To promote 
efficient evaluation of the district, fie1~ responsi­
bilities have been subdivided into three areas: the 
Porcupine Mining, Juneau Gold Belt, and Glacier 
Bay/Mount Fairweather areas. 

In the Porcupine mining area, 25 lode deposits 
and occurrences and nine formerly pro-iucing gold 
placer streams were examined, and 736 samples 
were collected. Highlights of this work include the 
rediscovery of a high-grade silver dep~sit, defini­
tion of a zone of gold mineralization that has po­
tential for containing a large-tonnage, low-grade 
gold deposit, and identification of 8 million-9 mil­
lion cubic yards of placer resources haYing subeco­
nomic to marginal grades at 1985 gold prices. In 
the Juneau Gold Belt, 85 mines, prc~pects, and 
occurrences were examined, and 700 samples 
were collected in 1985. Accomplishments included 
the discovery of a molybdenum occurrence near 
Mount Ogden, detailed mapping of the Alaska­
Juneau mine lode system, and definition of two 
areas with volcanogenic massive sulf-le mineral 
potential. A total of 100 samples wer~ collected, 
and three deposits were mapped in the Glacier 
Bay/Mount Fairweather area. Accomplishments 
in this area included collection of 2.000 feet of 
site-specific geophysical survey data, discovery of 
arsenopyrite-bearing veins near the margin of the 
Marjorie pluton, identification of anomalous 
placer gold in a drainage adjacent to the Orange 
Point deposit, and the location of arePs favorable 
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for mineralization along the north and west mar­
gins of the Mount Fairweather ultramafic pluton. 

In 1985 the Bureau conducted sizing studies of 
gravel and gold samples collected in 1983 from 
Spruce, Glen, Eureka, Moose, and Eldorado 
Creeks in the Kantishna Mining District (loc. 3, 
fig. 10). More than 99 percent of the gold in these 
samples ranges in maximum dimension from 3.36 
to 0.21 millimeters (from -6 to +70 mesh). These 
kinds of data are used in designing recovery 
plants and settling ponds. Results of the study are 
described in Fechner and Hoekzema (1986). 

Fieldwork for the Chugach National Forest 
Roadless Area Resource Evaluation II study was 
completed in 1982. The study area includes local­
ity 7 of figure 10 and land to the east. Bureau of 
Mines site-specific sampling studies in the north­
central part of the area are described in Meyer 
and Fechner (1985). 

Studies of the Seward Peninsula (loc. 2, fig. 10) 
have resulted in a report by Mowatt and Jansons 
(1985a) that describes chemical and petrographic 
studies of selected tin-bearing rocks of contact­
metasomatic origin in the Cassiterite Creek and 
Brooks Mountain areas of the Seward Peninsula. 
Tin content of these rocks ranges from 0.39 to 8.9 
percent, although cassiterite, a primary tin ore, 
was not observed in the samples. 

Bureau reports (Fechner, 1986; Kurtak, 1986) 
summarize investigations of lode and placer de­
posits in the Y entna and Willow Creek Mining 
Districts (fig. 10). Two potentially significant de­
posits were identified in the Y entna District: An 
unreported mineral occurrence in the Talkneetna 
Mountains containing from 5 to 10 percent zinc 
and as much as 6 ounces of silver per ton, and 
samples from an outcrop of banded quartz­
hematite-pyrite-chalcopyrite in the Talkeetna 
Mountains containing 6 percent copper. Three 
significant mineralized areas in the Valdez Creek 
Mining District were delineated, primarily from a 
literature search: the Chulitna River-Broad Pass 
area, the Clearwater Mountains area, and the 
Maclaren River and Glacier area. A report con­
cerning site-specific studies in the Valdez Creek 
Mining District is nearing completion. 

Two additional Bureau reports released in 1985 
discuss other mineral resources. Fechner (1985) 
suggests than the most likely sources of gallium 
and germanium (used in high-technology indus­
tries) in Alaska are large massive sulfide and coal 
deposits but that additional sampling is needed. A 
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report about platinum and palladium in mafic 
and ultramafic rocks in the Noatak quadrangle 
(Rabbit Creek area, fig. 11) in the western Brooks 
Range (Mowatt and Jansons, 1985b) summarizes 
the results of preliminary chemical and petro­
graphic studies. Platinum concentratk~s ranging 
from 412 to 1,406 parts per billion (ppb) and palla­
dium concentrations of from 343 to 892 ppb were 
present in five of eight float samples analyzed; 
copper content ranges from 0.1 to 0.3 :percent. Ge­
ologic relations suggest that similar r'lcks in the 
are~ should be considered as prospective for these 
elements. The most significant knowr platinum­
group metal reserves are in river placers near 
Goodnews Bay (fig. 11) in southweste:~ Alaska; 
in 1985 the Bureau continued evaluation of 
nearby lode and marine placer oc~urrences. 
Copper-nickel deposits in the east-central Alaska 
Range were also found to contain minor amounts 
of platinum-group metals and cobalt: beneficia­
tion studies are under way. To facilitat~ field eval­
uations of platinum-group-metal orf!urrences, 
Barker and others (1985) made a statistical study 
of the sampling variance for certain platinum­
palladium deposits. 

As part of the MLA studies mandated by 
ANILCA, the Bureau is evaluating occurrences 
of critical and strategic minerals. PP<>ject work 
in 1985 was divided between studies of tin­
tantalum-columbium and chromium-cobalt­
platinum-group metals. Warner (1985) summa­
rizes available data on tin, tantalum, and colum­
bium in Alaska. At least six geologic terranes fa­
vorable for tin and columbium and a region in 
southeast Alaska containing columbium and 
rare-earth minerals have been identifi ~d. Several 
prospects were studied in 1985 (fig. 11). Investiga­
tions and sampling for metallurgical testing of 
lode tin were carried on in the Chulitna area, Cir­
cle district (Burton and others, 1985), Kougarok, 
Kanuti region (including the Sithylemenkat de­
posit), and Fort Hamlin Hills. Dist-:-ibution of 
placer tin was mapped at Tozimoran Creek in the 
Hot Springs district, and carbonate-rock-hosted 
columbium and rare-earth minerals in the Tofty 
area were mapped and described. Bu':"eau geolo­
gists made a brief reconnaissance of potential 
marine tin placers near Cape Prince of Wales on 
the Seward Peninsula. Other areas wrere tin oc­
currences are being studied are shown in figure 11 
and listed in table 6. Barker and Swainbank 
(1985) report that an extensive area of porphyry 
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TABLE 6.-Areas of Bureau of Mines and U.S. Geological Sur­
vey activity in critical and strategic mineral in 1985 shown in 
figure 11 [PGM, platinum-group metals; * USGS project also in this area] 

Area Element or mineral of interest 

1. cape Prince of Wales, 
cape Mtn.* 

2. Kougarok 

3. Selawik Hills 

4. Rabbi t Creek 
5. Bornite 
6. Bear Mbuntain 

?. Kanuti region 
8. Ft. Hamlin Hills 
9. West Crazy Mts. 

10. Lime Peak (Rocky Mtn.) 
11. Ketchl.lll Creek 
12. Tofty 

13. Tozirnoran Creek 
14. Kaiyuh Mts. 
15. Sheep Creek 
16. Chultina area 
17. Rainbow Mtn. 

18. Tonsina 
19. Eklutna 
20. Goodnews Bay area 
21. Red Mbuntain 
22. I 1 iarma Bay 

23. Halibut Bay 
24. Wi 11 iam Henry Bay 

Tin 

Tin, co 1mb i l.lll, 
tantahm 

Coll.ITbiun, rare­
earth minerals, 
fluorite 

Copper, cobalt 
Copper, cobalt 
Mblybdemm, 

tungsten, 
colurrbiun 

Tin 
Tin 
Zinc, copper, 

cobalt 
Tin 
Tin 
Rare-earth miner-
als, coll.lllbiun 

Tin 
Chraniun 
Lead, zinc, tin 
Tin 
Copper, nickel, 

coba 1 t , PG\'1 
Chraniun, PG\'1 
Chraniun 
P<M, gold 
Olraniun 
Copper, nickel, 

PG\'1 
Olraniun 
Rare-earth miner­
als, cohnbiun, 
uraniun 

25. Salmon Bay Rare-earth miner-
als, cohrrbiun 

26. Bokan Mbuntain Rare-earth miner-
als, cohrrbh.m, 
uraniun 

27. Stone rock Bay Rare-earth miner-
als, colurbiun, 
uranhm 

F, Fairbanks; M, ~rath-Takotna; N, Nane 
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molybdenum-tungsten mineralization near Bear 
Mountain in northeastern Alaska has ]'~'-product 
amounts of columbium. In southeastern Alaska, 
Bureau personnel are investigating and sampling 
columbium and rare-earth mineral d~posits at 
Bokan Mountain, Stone Rock Bay, arrl Salmon 
Bay. Columbium, fluorite, and rare-earth­
mineral deposits were also mapped in tro. Selawik 
Hills of western Alaska (Barker, 1985). 

A final summary of Bureau chromiu:n investi­
gations (Foley and others, 1985) estirnates that 
2.8 million short tons of Cr20 3 in low-grade de­
posits are present near existing access routes in 
south-central Alaska, particularly near Tonsina, 
Eklutna, and at Red Mountain near Seldovia and 
Halibut Bay on Kodiak Island. Other occurrences 
are along the Kanuti River and in tr~ Kaiyuh 
Mountains. This tonnage is equivalent to 6 years 
of domestic consumption at 1981 rates. The loca­
tions of chromium deposits are shown on 
figure 11. 

Cobalt occurs in a variety of mineralo.ncal asso­
ciations. A significant amount of cobalt is present 
in the Bornite copper deposit (fig. 11). T~·'o, Albany 
Research Center is working on methods to recover 
this cobalt. Recent Bureau studies have identified 
other sites favorable for cobalt deposits in the 
White Mountains area north of Fairbar ks, in the 
Cape Krusenstern area (Barker and Roberts, 
1985), and in the western Brooks Rang~. See fig­
ure 11 for other localities known to contain cobalt. 

The AFOC, in cooperation with other Bureau 
Research Centers, arranged for memb~rs of the 
Tuscaloosa (Ala.) center to observe plac~r mining 
in selected areas of Alaska. The object~.ve of this 
activity is to determine if Bureau dewatering 
techniques developed for the phosphate industry 
in Florida might be applicable to pro b) ~ms faced 
by Alaskan placer miners in their at+~mpts to 
meet turbidity standards for water discharged 
from their operations. The Bureau is C'lnducting 
several demonstration projects that will test these 
techniques in 1986. In addition, a panE:1 of scien­
tists from the Bureau's Spokane (Wash.) center 
conducted meetings in Alaska to solicit opinions 
from the mining community about rese~rch needs 
that could be addressed by the Bureau to assist in 
restoring a viable industry. Ideas garnered during 
the meetings may help to justify additional fund­
ing for mining research. 



Bureau of Land Management 

The Bureau issued five mineral patents in 1985 
for 31 gold placer mining claims. A total of 
599.315 acres was conveyed. These claims are in 
the McGrath-Takotna, Fairbanks, and Nome 
areas, shown in figure 11. 

The National Wildlife Federation v. Burford et 
al.lawsuit concerning land withdrawals and clas­
sifications specifically affects areas of the Seward 
Peninsula opened to oil and gas leasing and the 
mining laws under the authority of Section 204(a) 
of the Federal Land Policy and Management Act, 
by Public Orders 64 77 and 6559 of October 5, 
1983, and August 9, 1984, respectively. The In­
junctive Order effective February 14, 1986, does 
not affect third parties but enjoins the Depart­
ment of the Interior from: (1) revoking with­
drawal or termination classifications in existence 
as of January 1, 1981; (2) taking actions inconsis­
tent with specific terms of the above withdrawals 
or classifications; (3) suspends all revocations- of 
withdrawals and terminations of classifications 
completed after January 1, 1981; (4) allows the 
Department to accept filings required by law; and 
(5) exempts Alaska from the order where lands 
affected are for Native or State conveyances. Es­
sentially, for the Seward Peninsula area, any 
pending offers on oil and gas leases will be sus­
pended, and no new offers will be considered. Min­
ing Plans of Operation may not be approved if the 
lands were not open to location on January 1, 
1981, and the lands remain closed to the full oper­
ation of the mining laws. However, many areas 
were open to the location of metalliferous miner­
als under the terms of the withdrawals in effect 
prior to January 1, 1981. 

National Park Service 

The National Park Service has significantly 
increased its budget and staff to implement a 
minerals-management program that is consistent 
with Federal regulations for implementation of 
the 1872 Mining Law and the Mining in the Parks 
Act of 1976. The National Park Service will do an 
environmental assessment for all submitted plans 
of operations. Additionally, the National Park 
Service will prepare minerals management plans 
and EISs for the minerals management program 
in Denali National Park and Preserve, Yukon­
Charley Rivers National Preserve, and Wrangell­
St. Elias National Park and Preserve. 
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Department of Agriculture-Forest Sen·.~ce 

One of the large mining developmentr in south­
east Alaska, Greens Creek, is in the Admiralty 
Island National Monument, which is adminis­
tered by the Tongass National Forest. Noranda 
Mining, Inc., in order to facilitate exphration of 
the ore body, requested that the Forest Service 
adjust the boundary of the monument S'l that the 
Greens Creek project would be excluded from that 
area. The Forest Service prepared an EIS on 
Noranda's request, but no decision on th~ EIS was 
made because Alaska's congressional ~~legation 
subsequently introduced successful legislation re­
sponsive to Noranda's proposal. 

U.S. Borax and Chemical Corporation's Quartz 
Hill molybdenum deposit is in Misty F·~ords Na­
tional Monument on a 152,000-acre tr~ct that is 
excluded from designation as wilderness. The 
Forest Service was the lead agency for the Draft 
EIS released in 1984; a revision to this report has 
been necessitated by U.S. Borax's providing addi­
tional information about marine tailing~~ disposal. 
The revised draft is scheduled for rek!ise early 
in 1986, and the Final EIS is to follow in the 
summer. 

The Forest Service is preparing to update 
minerals-related data for revision of th~ Tongass 
Land Management Plan, scheduled for comple­
tion in 1989 and covering the forest areE' in south­
eastern Alaska. Mineral resource data, including 
areas of mineral interest, claim staking and ex­
ploration activity, and field investigatio~s such as 
the U.S. Geological Survey's AMRAP, will be 
used to update the existing data base. This infor­
mation will in turn be used to determine the areas 
of the Tongass National Forest where mineral ex­
ploration and development is most like]Tr to occur 
and to integrate minerals-related actidties into 
the land management process. 

U.S. Fish and Wildlife Service 

In keeping with its primary mission, efforts of 
the Service relating to mineral activity emphasize 
fish, wildlife and habitat protection. However, 
some mining claims were located befm·e refuges 
were established. As of December 1985, Bureau of 
Land Management records showed ab'lut 1,000 
placer, lode, and tunnel site claims in 12 Alaskan 
national wildlife refuges (NWRs). Ofth~se, about 
400 lode and 150 placer claims were ascribed 



active status. Most are in the Togiak, Alaska 
Peninsula, Innoko, and Yukon Delta NWRs (fig. 2). 
On the Togiak NWR, a mineral survey has been 
made and approved for 40 placer claims near 
Goodnews; application for patent will probably 
ensue. Mineral survey applications also remain 
authorized for six lode claims in the Alaska Mar­
itime NWR near the Apollo mine on Unga Island. 

A technical assistance report was prepared 
jointly by the Fish and Wildlife Service and the 
National Marine Fisheries Service, leading to the 
consideration of less environmentally damaging 
alternatives for the Draft EIS for the Quartz Hill 
mine plan. At the ore-loading facility at Skagway, 
Fish and Wildlife Service and Alaska Department 
employees investigated heavy metal contents of 
sediment and fauna. Concentrations of lead, zinc, 
cadmium, copper, and mercury in the sediment in 
the harbor were higher than in a control area 
outside the harbor. Also, the concentrations of 
lead and zinc were greater in the blue mussel 
(Mytilus edulis) from inside the harbor than in 
specimens from the control area (Robinson­
Wilson and Malinky, 1986). 
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