


About
the
Journal

The journal Arctic Research of the United States
is for people and organizations interested in learn-
ing about U.S. Government-financed Arctic
research activities. It is published semi-annually
(spring and fall) by the National Science Founda-
tion on behalf of the Interagency Arctic Research
Policy Committee and the Arctic Research Com-
mission. Both the Interagency Committee and the
Commission were authorized under the Arctic
Research and Policy Act of 1984 (PL 98-373) and
established by Executive Order 12501 (January
28, 1985). Publication of the journal has been
approved by the Office of Management and
Budget.

Arctic Research contains

» Reports on current and planned U.S. Govern-
ment-sponsored research in the Arctic;

« Reports of ARC and TARPC meetings;

« Summaries of other current and planned
Arctic research, including that of the State of
Alaska, local governments, the private sector
and other nations; and

« A calendar of forthcoming local, national and
international meetings.

Arctic Research is aimed at national and inter-
national audiences of government officials, scien-
tists, engineers, educators, private and public
groups, and residents of the Arctic. The emphasis
is on summary and survey articles covering U.S.
Government-sponsored or -funded research rather
than on technical reports, and the articles are in-
tended to be comprehensible to a nontechnical

audience. Although the articles go through the
normal editorial process, manuscripts are not
refereed for scientific content or merit since the
journal is not intended as a means of reporting
scientific research. Articles are generally invited
and are reviewed by agency staffs and others as ap-
propriate.

As indicated in the U.S. Arctic Research Plan,
research is defined differently by different agen-
cies. It may include basic and applied research,
monitoring efforts, and other information-gathering
activities. The definition of Arctic according to the
ARPA is “all United States and foreign territory
north of the Arctic Circle and all United States
territory north and west of the boundary formed by
the Porcupine, Yukon, and Kuskokwim Rivers; all
contiguous seas, including the Arctic Ocean and
the Beaufort, Bering, and Chukchi Seas; and the
Aleutian chain.” Areas outside of the boundary are
discussed in the journal when considered relevant
to the broader scope of Arctic research.

Tssues of the journal will report on Arctic topics
and activities. Included will be reports of confer-
ences and workshops, university-based research
and activities of state and local governments and
public, private and resident organizations. Unsolici-
ted nontechnical reports on research and related ac-
tivities are welcome.

Address correspondence to Editor, Arctic Re-
search, Division of Polar Programs, Room 620,
National Science Foundation, Washington, D.C.
20550.

Covers The Sondrestrom Radar Facility. This facility, located above the Arctic Circle in southwestern Greenland
and operated for NSF by SRI International, is a major hub for upper-atmospheric and solar—terrestrial
research. The principal instrument, an incoherent scatter radar with a 33-m fully steerable parabolic
antenna, is complemented by a wide range of instrumentation, including spectrometers, imagers, inter-
ferometers, magnetometers, riometers and a lidar. The Sondrestrom Radar Facility is the largest NSF-

supported facility north of the Arctic Circle.
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National Science Foundation

National Science Foundation research is concerned with the entire Arctic
region, including Alaska, Canada, Greenland, Svalbard, the Arctic Ocean
and adjacent seas, and the upper atmosphere and near space. Research
falls principally within seven major scientific disciplines: atmospheric
science, ocean science, biology, earth science, glaciology, engineering
and education. The total expenditures for FY 91 were $27 million.

NSF supports a formal Arctic research program
within the Division of Polar Programs (DPP). Oth-
er divisions and programs throughout NSF, prima-
rily in the Directorate for Geosciences and the Di-
vision of Environmental Biology in the Director-
ate for Biological Sciences (formerly known as the
Division of Biotic Systems and Resources in the
former Directorate for Biological, Behavioral and
Social Sciences), support Arctic research as part of
their overall funding. Research grants are provided
on the basis of unsolicited proposals and are peer-
reviewed.

In FY 91, NSF awarded funds for Arctic re-
search to 98 institutions in 38 states and the Dis-
trict of Columbia, representing 229 projects.
NSF’s support of Arctic research, including facili-
ties support and field operations, over the past sev-
eral years is shown below (in thousands of dol-
lars).

FY 85

DPP 7947

Other NSF 11482

programs
Total

FY 86

8005
10139

FY 87

8095
13799

FY 88

8211
14907

FY 89

10175
13556

FY 90

12310
11778

FY 91

14696
12455

19429 18144 21894 23118 23731 24088 27151

The following sections present highlights of
several major programs and selected projects. A
complete listing of NSF Arctic funded projects is
given in the publication Arctic Science, Engineer-
ing, and Education Awards: FY 91, available from
the Division of Polar Programs, National Science
Foundation, Washington, DC 20550.

Arctic System Science

The National Science Foundation established
the Arctic System Science (ARCSS) program in
1986. ARCSS is structured to be a regional com-
ponent within the U.S. Global Change Research
Program. Administration of the program utilizes
review expertise and financial support from the di-
visions of the Geosciences Directorate and from

FY 91 FUNDING (thousands)

Atmospheric Sciences 5147
Ocean Sciences/Ship Support 5351
Biological Sciences 3059
Arctic System Science/Glaciology 8168
Earth Sciences 2537
Engineering 122
Social Science/Education 2026
Coordination 221
Arctic Research Commission 497

other components of NSF as appropriate. ARCSS
is coordinated by the Division of Polar Programs.

Through a series of workshops and interactions
with a broad scientific community, ARCSS has re-
fined its goals and mandates. Its goals are:

» To understand the physical, chemical, bio-
logical and social processes of the Arctic sys-
tern that interact with the total earth system
and thus contribute to or are influenced by
global change, in order

» To advance the scientific basis for predicting
environmental change on a decade to centu-
ries time scale and for formulating policy op-
tions in response to the anticipated impacts of
rapid climate change on humans and societal
support systems.

ARCSS consists of two principal areas of en-
deavor: reconstruction of paleoenvironments and
process studies of present-day environmental
interactions. It consists of three principal compo-
nents: Paleoenvironmental Studies, Ocean/Atmo-
sphere/ Ice Interactions (OAII) and Land/Atmo-
sphere/Ice Interactions (LAII). Individual Science
Steering Committees (SSCs) for each component
facilitate and enhance the ARCSS program and
provide a focal point for communication with the
scientific community. Overall coordination and in-
tegration of the ARCSS components and individu-
al projects are accomplished by the ARCSS Coor-
dination Panel. The panel includes representatives
from each SSC, plus a few others to enhance the
scientific breadth and experience of the group.



Paleoenvironmental Studies

The first component of the ARCSS program to
be initiated was paleoenvironmental studies. An
element of that component is the second Green-
land Ice Sheet Program (GISP2), which is in the
process of retrieving a deep ice core from central
Greenland. The 3000-m-deep GISP2 core will
yield a high-resolution, 200,000-year history of
global change, including two interglacial and two
glacial cycles, the longest such record available
from the Northern Hemisphere. This program be-
gan with FY 89 funding. Its five-year field effort
will end after the summer of 1993. Investigators
will continue to analyze the ice core retrieved by
GISP2 and synthesize and publish their results for
years following the program. Funds released with
the cessation of field work will be invested in oth-
er components of ARCSS. Further discussion of
GISP is included in the description of NSF’s Gla-
ciology Program.

ARCSS is a ten-year effort, taking place concurrently
with expanded operational capabilities of U.S. re-
search platforms and improved monitoring capabilities

Paleoclimates of Arctic Lakes and Estuaries
(PALE), another element of the paleoenvironmen-
tal studies component, is a program to evaluate
terrestrial and near-shore climatic fluctuations and
the environmental response to changing climate
over the past 20,000 years by obtaining and ana-
lyzing lake and ocean sediment cores. This ele-
ment was initiated through the Division of Polar
Programs’ Polar Earth Sciences Program in FY
90. ARCSS funding for PALE began in FY 92.

Ocean/Atmospherellce Interactions

This component is designed to address the fol-
lowing priority areas: surface energy budget,
atmospheric radiation and clouds; circulation of
the Arctic Ocean; hydrologic cycle of the Arctic
Basin; productivity and biogeochemical cycling in
the marginal and adjacent seas; coupled modeling
of the air—-sea—ice system; and paleo-oceanogra-
phy of the Arctic.

This program began in earnest using FY 91
funds. A solicitation, responsive to science com-
munity input, was issued in 1991. The Northeast
Water Polynya (NEW) program, a multidisciplin-
ary program composed of 14 principal and co-
principal investigators, will undertake field re-

search in July 1992 using the U.S.C.G.C. Polar
Sea.

In addition to the NEW project, several individ-
ual proposals were funded to undertake early mod-
eling efforts and to analyze existing data sets. Bio-
geochemical studies will also be undertaken in the
Chukchi and Beaufort seas using the R.V. Alpha
Helix.

An interagency (NSF, ONR, NASA) solicita-
tion for proposals to establish a long-term mooring
array in the Western Arctic was issued. Data ob-
tained from this effort will be available to the
oceanography community.

Land/Atmospherellce Interactions

The Land/Atmosphere/Ice Interactions (LAII)
component of ARCSS emphasizes multidisciplin-
ary coordinated programs evaluating:

» Arctic feedback processes that may amplify

global climate change;

« Changes in Arctic hydrologic and biogeo-

chemical systems and their effects;

e Changes in biotic communities and how these

will affect Arctic and global systems; and

= How these changes in the Arctic will affect,

and be affected by, human activities.

Execution of all components of the program
will require coordination of field experiments and
laboratory studies, modeling activities, data syn-
thesis and space- and ground-based observation
systems. An efficient data and information net-
work is necessary to facilitate research on these
key areas. New modeling initiatives will be under-
taken to incorporate new information and our im-
proved understanding of Arctic processes into pre-
dictive models of the Arctic and the global climate
system.

The ARCSS program is a ten-year effort, tak-
ing place concurrently with expanded operational
capabilities of U.S. research platforms and im-
proved monitoring capabilities. The early phase of
ARCSS research will emphasize analysis and syn-
thesis of existing data, time series experiments that
must begin immediately, modeling and the design
of experiments. Observations that aid in planning
more intensive field efforts are also needed at the
earliest possible stage. The measurement program
will be coordinated as closely as possible with oth-
er ongoing and planned field programs to maxi-
mize the benefit derived from logistical opportuni-
ties.

Development of the ARCSS program has been
facilitated through the Arctic Research Consor-
tium of the U.S. (ARCUS) and the Joint Oceano-
graphic Institutions (JOI, Inc.). Workshop reports,



science plans and further information on the Sci-
ence Steering Committees and Coordination Panel
are available from the ARCSS Project Office of
ARCUS.

NSF funded 51 projects in Arctic system sci-
ence and glaciology, totaling $8.17 million in FY
91, including logistical and technical support of
the Polar Ice Coring Office (PICO) at the Univer-
sity of Alaska—Fairbanks and the scientific coordi-
nating activities of the University of New Hamp-
shire’s GISP2 Science Management Office
(SMO).

Glaciology

The research that was supported includes the
study of all forms of naturally occurring ice and its
history under a broad multidisciplinary glaciology
research program. Some examples are studies of
past climates and atmospheric paleochemistry
from ice cores, ice stream dynamics, glacial geolo-
gy, hydrology and the mass balance of mountain
glaciers and ice sheets. The research takes place
primarily in Alaska, Greenland, Arctic Canada and
Washington state. However, some limited funding
goes to support research in high-altitude, mid- and
low-latitude regions of the Northern Hemisphere.

The program also supports research on new
methods of studying glaciers and ice sheets, in-
cluding the development of improved remote sens-
ing capabilities, drilling methods and methods for
analyzing ice cores. In addition a variety of theo-
retical, laboratory and data analysis projects were
funded in this biennium. These include studies of
liquid-like water in frozen porous media, a study
of the motion of particles in melting snow, and
analyses and syntheses of glaciological data from
Greenland and Alaska.

Arctic Glacier Studies

The purpose of these projects was to increase
the understanding of the mechanisms responsible
for the surge behavior of glaciers. Work has fo-
cused on the role of subglacial water in the surge
process. Internal deformation, basal water pres-
sure, ice temperature, electrical conductivity and
turbidity, among other characteristics, have been
measured in boreholes in the ice and at the termini
of various glaciers.

Scientists from the University of Alaska and
University of Washington have made automated
measurements since 1986 to define the seasonal
motion and stream behavior of Fels and Black
Rapids glaciers in Alaska. They also studied the

August 1987 to July 1988 surge of the West Fork
Glacier, Alaska; the maximum displacement was
about 4 km.

University of Alaska and University of Maine
scientists have been studying the Jakobshavn Gla-
cier in Greenland. They measured very high veloc-
ities (up to 22 m/day) on the floating terminus.
There was no seasonal variation of velocity. The
grounding line was defined, and an ice rise be-
neath the floating terminus was discovered. They
determined that the concave-up surface profile is
similar to Antarctic ice streams. Large calving
events occur and vary strongly with season. They
studied sheet-flow-to-stream-flow transitions us-
ing orthophoto maps of surface elevation and
velocity produced by photogrammetry, and they
determined the relationship to the types and distri-
bution of crevasses.

GISP2

During the summer of 1990 the GISP2 remote
field camp in the summit region of central Green-
land (latitude 72°34.79’N, longitude 38°27.11'W,
elevation 3203 m) was reoccupied, and more camp
facilities and a processing line for handling the ice
core were constructed. Drilling began again at ap-
proximately 200 m (where it had left off at the end
of the 1989 field season), and by the end of the
season, ice core had been recovered and processed
down to 335 m. The 1990 field season was the
first in which the new 13.2-cm-diameter deep
drill, developed by the Polar Ice Coring Office,
was used with the new drilling fluid chosen for the
GISP2 project, n-butyl acetate.

During the 1991 field season the camp was
again reoccupied, and two shifts of drillers work-
ing around the clock successfully drilled to 1510
m. The ice core between about 700 and 1300 m
was too brittle to process immediately and was put
in storage over the winter of 1991-92. This ice will
be processed during the 1992 field season.

Preliminary results of the GISP2 research have
been published in a variety of specialized journals,
and new results are being prepared for publication.
Some of these results include very accurate dating
(year-by-year) of the ice core obtained to date.
This dating has been accomplished using a combi-
nation of techniques, including visible stratigra-
phy, electrical conductivity measurements (ECM),
laser light scattering analyses of submicron parti-
cles, oxygen isotopes, chemical analyses and iden-
tification of volcanic time horizons. The estimated
age is about 700 A.D. at 336 m and approximately
9000 years B.P. at 1500 m.

A temperature history for the last 1000 years



has been obtained, showing a record that is very
different from the classical record for Europe. This
record has allowed an estimate to be made of the
natural variability of temperature, which is on the
order of 2°C. This temperature record shows a
cold period at the beginning of the 20th century,
with a warming since then. Warming peaked in
the 1940s and 1950s and is beginning to show evi-
dence of a renewed increase, although at the mo-
ment there is no clear greenhouse signal. Warming
of the magnitude predicted by various models
should be detectable above the natural variability.

Much Arctic upper-atmosphere research focuses on
understanding global change; the upper atmosphere
is critically sensitive to greenhouse gas changes—an
effective “thermometer” for global warming.

Analyses of carbon dioxide in air bubbles in the
ice core have demonstrated a constant atmospheric
level of CO, of 280+5 ppmv between 1530 and
1810. Thereafter the concentrations rose abruptly.
The record connects smoothly to the direct atmo-
spheric observations from Mauna Loa.

Work is in progress to extract information on a
large number of variables that will provide data on
atmospheric composition and climate over the last
8000 years. Drilling at GISP2, which is expected
to sample the entire depth of the Greenland ice
sheet, is expected to be completed in 1993. This
core will provide a climate baseline record for the
Northern Hemisphere extending back some
200,000 years through two complete glacial-inter-
glacial cycles.

In addition to the coring research, several sci-
entific projects were conducted at the GISP2 camp
and in the vicinity to provide supplementary in-
formation about the site for interpretation of the
deep ice core results. These include snow pit and
shallow core studies and a variety of atmospheric
studies at the solar-powered clean air facility
(ATM) located 28 kim upwind from the main
camp. The research at ATM involves projects to
assess air-snow fractionation and to provide infor-
mation about the transfer mechanisms of material
from the atmosphere to the ice sheet. Fresh and
aged snow and vapor were sampled to identify
precipitation sources and postdepositional process-
es affecting the preservation of the chemical rec-
ord in snow pits and ice cores.

During this period, two new automatic weather
stations were installed downslope of the GISP2
camp (100 km west and south). This brings to sev-
en the number of automatic weather stations that

have been installed in the summit region of Green-
land. Four of these units are positioned in such a
way so as to be able to determine the vorticity and
divergence around the Greenland crest. This work
is in progress.

The 1990 field season included a test to deter-
mine the feasibility of using deep ice as a neutrino
detector using photomultiplier tubes lowered down
a six-foot borehole to a depth of 200 m. This work
has been repeated now at the South Pole and is pro-
viding some exciting new results for astro-
physicists.

In addition to the NSF-sponsored projects in
Greenland, NSF, through the Polar Ice Coring Of-
fice, provides support on a cost-reimbursable and
non-interference basis to other agencies for work in
Greenland. These include projects supported by the
U.S. Geological Survey, the National Aeronautics
and Space Administration, the National Oceanic
and Atmospheric Administration, the Department
of Energy, the Naval Command Control and Ocean
Surveillance Systems Center, the U.S. Air Force
and the U.S. Army Cold Regions Research and En-
gineering Laboratory.

Permission to work in Greenland is generously
provided by the Commission for Scientific Re-
search in Greenland and the governments of Den-
mark and Greenland. The 109th TAG Air National
Guard from Schenectady, New York, and the U.S.
Air Force Military Airlift Command from McGuire
Air Force Base in New Jersey provide transport to
and from Greenland. Support at Sondrestrom Air
Base in Greenland is provided by the U.S. Air
Force Space Command.

Atmospheric Sciences

Atmosspheric sciences programs supported 39
projects totaling $5.15 million. NSF funding sup-
ports atmospheric research in the lower atmosphere,
the upper atmosphere and the geospace regions
from the middle atmosphere to the sun. Research
projects include meteorology, climate dynamics,
tropospheric and stratospheric chemistry, aerono-
my, ionospheric physics, magnetospheric physics
and solar physics. Within these disciplines, research
involves studies of Arctic stratus clouds, Arctic
haze, long-range transport of aerosols and trace gas-
es over the Arctic Basin, polar stratospheric (nocti-
lucent) clouds, stratospheric chemistry related to
ozone depletion, auroral physics, airglow and au-
roral excitation and emission processes, magneto-
spheric—ionosphere interactions, and wave—particle
coupling processes.

Much Arctic upper-atmosphere research focuses
on understanding global change. The upper atmo-



sphere has miniscule thermal inertia compared to
the oceans and lower atmosphere and thus is not a
significant driver of weather and climate. Never-
theless, it is precisely this property that makes the
upper atmosphere critically sensitive to greenhouse
gas changes—an effective “thermometer” for glo-
bal warming. Model calculations performed at the
National Center for Atmospheric Research indicate
that surface greenhouse warming of 2-9°F would
lead to cooling in the upper atmosphere by 20—
90°F, depending on altitude. Such dramatic chang-
es would cause the upper atmosphere to change ap-
preciably. Important human economic consequenc-
es, such as increased satellite drag and altered radio
communications, would result.

Models predict that increasing methane abundance will
lead to increasing hydrogen densities in the highest
regions of the atmosphere, where the resulting increase
in drag will reduce the lifetimes of orbiting satellites

Observations of the upper atmosphere already
have revealed appreciable cooling during the past
decade (about 5°F). The implied change in the low-
er atmosphere is small and nearly impossible to
measure because of uncertain assumptions in
weighting the enormous range of surface mea-
surements needed to determine a global average.
Clearly another advantage of the upper atmosphere
as a global change indicator is that its sensitivity to
local surface variability is far smaller than for the
oceans and the lower atmosphere.

The CEDAR program (Coupling, Energetics
and Dynamics of Atmospheric Regions) is a Global
Change initiative in the Upper Atmosphere Re-
search Section focused on exploiting these ad-
vantageous properties of the upper atmosphere in
support of national global change objectives. More
than half of its projects are directly related to or are
carried out within the Arctic. State-of-the-art opti-
cal and radar remote sensing equipment has been
deployed in the Arctic regions, and existing Arctic
facilities have been upgraded and employed in sup-
port of the CEDAR community campaign objec-
tives.

An important focus of CEDAR studies is the
enigmatic Arctic noctilucent clouds discovered in
1885, two years after the Krakatoa eruption inject-
ed massive amounts of water vapor into the strato-
sphere. These clouds, which form in summer near
an altitude of 50 miles, are the highest clouds on
earth. The dramatic increase in the brightness and
occurrence of noctilucent cloud displays since their
discovery is believed to be related to decreasing

upper-atmosphere temperatures and to increasing
levels of methane, which reacts with oxygen to
form water vapor. Incompletely understood radar
and lidar echoes from the region of noctilucent
cloud formation are believed to hold keys to deter-
mining their relationship to global change.

Models also predict that increasing methane
abundance will lead to increasing hydrogen densi-
ties in the highest regions of the atmosphere, where
the resulting increase in drag will reduce the life-
times of orbiting satellites. Sensitive measurements
of hydrogen airglow by a series of CEDAR-sup-
ported optical interferometric spectrometers distrib-
uted in Arctic and lower-latitude sites indicate that
the predicted effect could be confirmed in the near
future if careful measurements are continued. Cur-
rent measurements indicate an increase consistent
with predictions but only at a low confidence level.

The Geospace Environment Modeling (GEM)
program is using a combination of theory and ob-
serving campaigns in a systematic effort to develop
a general circulation model for the geospace en-
vironment, comparable to and inspired by general
circulation models used for the lower atmosphere.
GEM includes a comprehensive set of coordinated
observations of auroral emissions and associated
particle precipitation, electron densities and tem-
peratures, and electric fields and currents from the
Sondrestromfjgrd radar site, the Greenland magne-
tometer chain and other Arctic observing stations.

At the international level the Solar—Terrestrial
Energy Program (STEP) is an effort of the Interna-
tional Council of Scientific Unions (ICSU) to study
the generation, storage and transfer of energy and
matter from the sun to the earth’s surface. STEP
comprises 30 projects and 6 working groups. It in-
volves approximately 4500 scientists in 42 coun-
tries. Since the polar regions are the prime access
region to geospace, STEP has many Arctic science
linkages, including NSF’s CEDAR and GEM pro-
grams and a planned NSF-STEP initiative that will
focus on scientific issues generally falling outside
the Global Change initiative.

The Sondrestrom Radar Facility, located on the
southwest coast of Greenland and operated by SRI
International, is NSF’s largest permanent base
north of the Arctic Circle and a major hub of upper
atmospheric and solar—terrestrial research. The fa-
cility is essential to the Global Change initiatives of
CEDAR and GEM. The principal instrument is an
incoherent scatter radar with a 33-m-diameter para-
bolic antenna. This radar is capable of measuring
electron densities, electron and ion temperatures,
and Doppler velocities over a large field of view at
all ionospheric heights. To further the scientific ca-
pabilities and usefulness of the radar, the Sondre-
strom facility also supports a wide range of instru-



ments (mostly university-owned), including spec-
trometers, images, interferometers, magne-
tometers, ionosondes and riometers. With this
broad panoply of instruments and capabilities, the
Sondrestrom facility attracts a continuous stream
of scientists. Over the last three years, 150 scien-
tists from over 50 institutions in 10 countries have
done research using the Sondrestrom facility.

Currently a Rayleigh—aerosol lidar is being de-
veloped for Sondrestrom that will permit observa-
tions of stratospheric aerosols (including polar
stratospheric clouds), middle atmospheric densi-
ties and temperatures, and polar mesospheric
clouds. The lidar will become operational in early
1993.

A joint project between scientists from the Uni-
versity of Wyoming and the Russian Central Aer-
ological Institute, entitled “Study of North Polar
Vortex Phenomena,” flew balloon-bome instru-
mentation from four Arctic sites, two in Canada
and two in Russia. The instruments measure
ozone, aerosols and polar stratospheric cloud
(PSC) particles. There is some evidence for the di-
rect (non-photolytic) destruction of ozone by
PSCs, as well as the expected correlation between
PSC development and the photochemical destruc-
tion of ozone by chlorine. There is also evidence
of the destruction of ozone by aerosols from the
Mt. Pinatubo volcano. This was perhaps the first
NSF grant for research with a Russian co-principal
investigator.

The high-latitude oceanic environment has two unique
features: the low-salinity, low-density surface layer of
the Arctic Ocean and the cold surface layers of the
largely ice-free surrounding seas

The University of Maryland has built an imag-
ing riometer (Radio Ionospheric Opacity Meter)
called IRIS (Imaging Riometer for Jonospheric
Studies) for Sondrestromfjord, Greenland, and
South Pole Station, Antarctica. In addition, they
operate nonimaging riometers at Iqaluit, N.W.T.,
Canada, and McMurdo Station, Antarctica. The
IRIS pair provides, for the first time, the capability
of studying auroral morphology at opposite ends
of the same geomagnetic field lines, or “conju-
gate” auroral studies.

New York City Technical College, in collabo-
ration with AT&T Bell Laboratories, operates a
digital fluxgate magnetometer at Iqaluit, N.-W.T.,
Canada, as well as at South Pole and McMurdo
stations, Antarctica. This array, especially when
coordinated with magnetometers of other investi-

gators, allows the monitoring of ionospheric cur-
rents associated with auroral phenomena in both
hemispheres.

The University of New Hampshire, in collabo-
ration with the University of Minnesota and Augs-
burg College, operates an array of search coil
magnetometers at Sondrestromfjord, Greenland, as
well as at South Pole and McMurdo stations, Ant-
arctica. This instrumentation detects ultra-low-fre-
quency plasma waves,which propagate within the
earth’s magnetosphere. This work is closely coor-
dinated with similar measurements taken from
several NASA satellites operating within the mag-
netosphere. NASA has provided funds for that part
of the research.

Stanford University continues to analyze data
from very-low-frequency (VLF) radio waves de-
tected by receivers at Lake Mistasini, Quebec,
which were placed there specifically to receive
signals from a VLF transmitter at Siple Station,
Antarctica. These VLF waves are a sensitive probe
of the inner magnetosphere. This project also uses
satellite data.

Ocean Sciences

Ocean Sciences Programs supported 40 pro-
jects totaling $5.35 million in FY 91. Approxi-
mately two-thirds of the totals supported tradition-
al oceanographic and sea-ice research, while one-
third supported research in atmospheric chemistry,
primarily at the GISP2 site.

The high-latitude oceanic environment has two
unique features: the low-salinity, low-density sur-
face layer of the Arctic Ocean, which inhibits deep
vertical convection and allows the quasipermanent
ice cover to exist, and the cold surface layers of
the largely ice-free surrounding seas, which pro-
mote deep convection, ventilation of the deep
ocean and production of the intermediate and bot-
tom water masses of the global ocean. The Arctic
Ocean, and the surrounding Chukchi, Bering, Bar-
ents, Norwegian and Greenland seas, form an inte-
gral part of the global climate system.

FY 91 marked the conclusion of the Greenland
Sea Acoustic Tomography Program. The observa-
tions obtained by the six acoustic transceiver
moorings that had been deployed in the Greenland
Sea from 1988 to 1989 have been analyzed. The
repeated advance and retreat of the sea ice over
the array had a significant effect on the structure
of the upper layers, and in midwinter there was at
least one major deep mixing event on a horizontal
scale of about 100 km.

A three-year study of the thermal, mechanical
and electrical characteristics of sea ice as func-



tions of growth conditions was begun. These prop-
erties of sea ice are complex, depending on exter-
nal factors such as air and ocean temperature, salin-
ity, dissolved gas content, winds and currents at the
ice—ocean interface, as well as the immediate
growth history itself. Theoretically defined models
of sea-ice growth and development could not be
adequately tested because of the lack of indepen-
dently derived data. One early result of this project
has been the development of an instrument for
measuring seismic velocities in small ice samples
for nondestructive observations of the elastic mod-
ulus of sea ice.

The thermal, mechanical and electrical characteristics
of sea ice are complex, depending on external factors
such as air and ocean temperature, salinity, dissolved
gas content, winds and currents at the ice—ocean inter-
face, as well as the immediate growth history itself

The study of Arctic atmospheric chemistry pro-
cesses continued in connection with the GISP2
program. Proper interpretation of the proxy cli-
matic data recovered from the analysis of the ice
core requires a detailed understanding of the ex-
change of gases and aerosols between the atmo-
sphere and the snow surface, as well as their post-
depositional chemical changes. Current studies fo-
cus on wet and dry deposition processes, scaveng-
ing in the atmosphere, sublimation and the loss of
deposited material back into the atmosphere. Subtle
variations, such as the concentration of soluble gas-
es in snow and the temperature dependence of
chemical equilibria at the snow—air interface, need
to be studied and defined.

Biological Sciences

Biological Sciences Programs supported 18
projects totaling $3.06 million in FY 91. While the
program supports research in all aspects of Arctic
biology, most of the work focuses on questions in
ecosystem studies, population biology and physio-
logical ecology.

The major field program supported during FY
91 was the multi-investigator ecosystem project at
Toolik Lake, in the foothills of Brooks Range,
Alaska. The goal of the project is to understand and
predict how the tundra lakes and streams function
and how they respond to change. Long-term exper-
imental manipulations of the system, including nu-
trient additions and lake trout manipulations, have
shown that Arctic systems often do not respond for

many years. In addition, it was found that long-
term responses are not often predictable from short-
term responses.

Studies of lake primary productivity and its con-
trol have shown that the lakes are strongly limited
by phosphorus availability. The overall level of
algal biomass can be predicted from the phosphorus
inflow. By dividing the lake with a curtain and
treating half the lake with nutrients, whole-system
experiments on the mechanisms of nutrient cycling
were possible. The results showed that phytoplank-
ton biomass and primary production responded im-
mediately to added nutrients. Zooplankton, fish and
most benthic organisms respond after one or two
years or not at all. One reason for the lag was that
much of the phosphorus added to the lake was
tightly bound to the iron-rich sediments and was
not recycled to the overlying water. Other studies
of the aquatic system have suggested that Arctic
lakes and streams may act as gas conduits to the
atmosphere, with the carbon dioxide flux from the
water to the atmosphere. This is in contrast to the
terrestrial system, which is thought to be a sink for
atmospheric carbon in the Arctic.

A range of topics were supported as single-
investigator projects, including studies of Arctic
marine macroalgae, terrestrial plant communities
and marine mammals. Research on metabolic
adaptation for fasting in polar bears required mon
itoring changes in body composition and physio-
logical processes during times of feeding and fast-
ing. It was shown that polar bears probably recycle
their nitrogenous wastes in ways similar to winter-
dormant black bears. Studies of the behavioral
ecology of sea otters are focusing on the foraging
ecology and demography of sea otters at Amchitka
Island, Alaska. Research on plant succession in
coastal terrestrial ecosystems in the high Arctic fo-
cuses on the role of cyanobacteria in carbon accu-
mulation and nitrogen fixation. The results showed
that these nitrogen-poor lowlands have a rich and
dominant cyanobacterial flora, which, through ni-
trogen fixation, provide the major source of nitro-
gen in high-Arctic ecosystems. Other studies of ni-
trogen cycling focused on nutrient additions to
moss—willow hummock and sedge—moss commu-
nities.

The Long-Term Ecological Research (LTER)
network established by NSF beginning in 1980 of-
fers a number of advantages to the ecological re-
search community in general and to Arctic-oriented
ecologists specifically. These include:

» The emplacement of two LTER projects in the
U.S. Arctic region: the Toolik Lake project de-
scribed in the Spring 1990 issue of this publi-
cation and the Bonanza Creek project located
near Fairbanks, Alaska;



« The accumulation of long time-series data
sets; and

« The orientation of LTER projects toward col-
laboration and cooperation with other scien-
tists who share interest in ecosystems of the
Arctic region.

The principal focus of the Bonanza Creek
LTER project is a long-term study of taiga ecosys-
tem structure and function, emphasizing the pat-
tern and rate of successional change and the con-
trols over these processes during floodplain suc-
cession along the Tanana River and following fire
in the uplands. To document the changing nature
of ecosystem controls, a series of long-term ex-
periments have been implemented to examine:

» Vegetation change and demographic controls

over successional processes;

» Vegetation-induced modifications in resourc-
es and standing crops of biomass and nutri-
ents;

« Controls over the nutrient supply; and

« The influence of herbivores on ecosystem
structure and function.

Although one cannot expect quick results from
long-term experiments or observational data sets,
the value of such efforts has already been apparent
during the first five years of the Bonanza Creek
LTER project. During this initial period a record
seed year was recorded for white spruce, which
produced more than 57 million seeds per hectare
during 1987. During extremely cold periods the
Bonanza Creek floodplain weather station consis-
tently records temperature that are 8—10°C colder
than the Fairbanks airport weather station. The sta-
tions are located in nearly identical topographic
positions, but the LTER station will be a much
better indicator of climate trends than the airport
station, which is subject to “heat island” effects
from the city. Ongoing data-gathering efforts re-
vealed a major disturbance phenomenon in the

It is not difficult to see that these ongoing studies will
become more valuable as data time lines are extended,
there is no substitute for being “up and running” when
irregular, episodic events occur

1990-91 winter, when a record snowpack was re-
corded, 144% more than the previous record. A
significant result of this record set of snow condi-
tions was the breakage of 10-30% of the white
spruce stems in both upland and floodplain tree
stands. Damage appraisals of tagged and mapped
trees enabled project scientists to relate breakage
to tree position within a stand and stand position

within the successional sequence. A much more
refined view of the productive capacity of interior
Alaska forests will result from the continuation of
LTER project efforts like these. It is not difficult
to see that these ongoing studies will become more
valuable as data time lines are extended; there is
no substitute for being “up and running” when ir-
regular, episodic events occur.

The Toolik Lake LTER project has produced
equally intriguing results. Tundra plant fertiliza-
tion experiments show that there is a two- to three-
year delay in plant growth and flowering respons-
es to nutrient amendments. In rivers, competitive
interactions between caddis flies and black flies
intensify under nutrient enrichment, causing cad-
dis flies to outcompete and dominate black flies.
Carbon dioxide occurs in a supersaturated state in
tundra soil water, streams and lakes. The excess
CO, appears to derive from organic decomposi-
tion in soils and probably accounts for 20-50% of
the net primary productivity for the tundra ecosys-
tem. A model-based comparison of the tundra sys-
tem with a temperate forest has shown that the
very different looking ecosystems share similar
qualitative behaviors. Both respond very little to
increased CO, alone (simulated over 50 years to a
doubling of current levels) because of severe ni-
trogen limitations. Both systems respond signifi-
cantly to simultaneous increases in CO, and tem-
perature by increasing plant-bound carbon by one
and a half times. This combined effect is most
likely a result of more available soil nitrogen
caused by increased microbial decomposition. The
general similarities of the two systems are proba-
bly associated with the large stocks of soil organic
matter in both and the inherently slow turnover of
these soil carbon stocks.

Resurrection Bay, near Seward, Alaska, is the
sampling site for a study by scientists from the
University of Alaska on the genetic characteriza-
tion of marine ultramicrobacteria, which are some
of the smallest bacteria on earth. These mysterious
organisms appear to be near the lower limit of size
for cellular life, and they may also be of consider-
able ecological importance in Arctic waters. Stud-
ies of these bacteria involve measuring their ge-
nome size, the size of the DNA molecule coding
for their life functions. Other techniques of molec-
ular biology are being used to assess genetic diver-
sity, define species and determine evolutionary re-
lationships among these organisms.

Another study will be looking at phenotypic di-
versification in the three-spined stickleback (Gas-
terosteus aculeatus). With the retreat of Pleisto-
cene glaciers from the coasts of Alaska, many new
freshwater habitats formed. These streams and
lakes were colonized by this diminutive marine



fish. These freshwater populations rapidly evolved
differences in behavior and body form, a process
referred to as adaptive radiation. The divergence
of reproductive behavior among these freshwater
populations may have already led to the origin of
new species or is in the process of doing so, and it
may have been the principal factor setting the
stage for the genetic isolation of populations and
diversification of other characteristics among the
freshwater sticklebacks as they departed from their
marine ancestors. This study comparing marine
and freshwater populations seeks to understand the
role played by changes in reproductive behavior
during this episode of explosive evolution. Field
data for this project will be collected for stickle-
back populations in many lakes surrounding Cook
Inlet, Alaska. Laboratory parts of the project will
be done at the University of Arkansas.

There are very few sources of paleoclimatic data from
the Arctic; currently only ice cores can provide contin-
uous records with annual resolution
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Building on the recommendations of two ear-
lier NSF workshops on the Arctic, a planning
workshop for the International Tundra Experiment
(ITEX) was held at Michigan State University in
December 1990 to design a simple, inexpensive,
long-term experiment to assess the effects of cli-
mate change on Arctic vegetation. An internation-
al group of experienced Arctic botanists and soil
ecologists developed an experiment focused on
organisms’ responses within a system, which they
felt would complement the larger, system-function
experiments being conducted by multidisciplinary
groups and funded by several agencies. The plan-
ning workshop and the resulting experimental
protocol contribute to the terrestrial component
of NSF’s Arctic System Science Program and can
serve as a model for further international experi-
ments involving other critical biological taxa, such
as invertebrates and microorganisms.

Earth Sciences

Earth Sciences Programs supported 44 projects
totaling $2.54 million in FY 91 in geological,
geophysical and quaternary research. These pro-
Jects seek to understand the tectonic evolution and
geologic history of the Arctic Basin and its mar-
gins and to answer local and regional geologic
questions.

There are very few sources of paleoclimatic
data from the Arctic. Currently only ice cores can

provide continuous records with annual resolution,
but the interpretation of ice core isotopic data on
time scales of decades to centuries is very diffi-
cult. Different cores provide inconsistent records.

A possible additional source of paleoclimatic
information is laminated lake sediments. Hydro-
logical conditions in the Arctic favor the forma-
tion of annually laminated sediments since runoff
and associated sediment flux is confined to a two-
to three-month period each year, followed by a pe-
riod when the lacustrine environment is quiescent
and ice covered. Not all Arctic lakes contain lami-
nated sediments; in most lakes benthic organisms
disturb and mix the accumulating sediments, de-
stroying the laminar structure. However, in some
locations, seawater has been “trapped” in lake ba-
sins by isostatic emergence of the coast, resulting
in density-stratified (meromictic) conditions in
which the lake bottom waters contain no oxygen.
Under such conditions, no benthic organisms are
present to mix the sediment, and laminated sedi-
ments can be preserved.

Several meromictic lakes containing “old” sea-
water are present along the northern coast of Elles-
mere Island. At Taconite Inlet the University of
Massachusetts, in collaboration with Bates Col-
lege, has established a research camp to investi-
gate the processes involved in the formation of
laminated sediments in coastal meromictic lakes.
The objective is to understand contemporary pro-
cesses in order to interpret longer-term environ-
mental changes represented in sediment cores
from the lakes.

To this end, meteorological and hydrological
processes have been monitored during the 1990
and 1991 melt seasons, and the sediment flux in
the rivers draining to the lakes was studied at the
same time as the biological and physical limnolo-
gy of the lakes was being monitored. The results
so far point to the importance of solar radiation in
controlling runoff in the early season; more than
70% of the annual sediment flux was associated
with snowmelt runoff, although rain events later in
the season may also be very significant.

Biological productivity is primarily confined to
the shallow water moat around the lake ice. Trap-
ping of solar radiation in one ice-covered lake has
led to year-round water temperatures above 10°C
at a depth of about 12 m, creating a unique habitat
analogous to conditions found in some Antarctic
Dry Valley lakes. Further research is underway to
date the sediments and to clarify their sedimentary
and biological characteristics.

Paleontologists from Harvard University con-
tinue their investigations into the origin of mam-
mals. This work is being conducted in the Late
Triassic Fleming Fjord Formation of Jameson



Land in East Greenland. Specifically scientists
hope to obtain more complete material of Late Tri-
assic mammals to resolve a number of long-stand-
ing problems; for example, the oldest record of
mammals is a haramiyid tooth, but is a haramiyid
really a mammal?

The Fleming Fjord Formation is well exposed
and offers the opportunity to examine a range of
facies over a greater geographic extent than at Eu-
ropean localities that have yielded isolated teeth of
mammals. Because of this some scientists believe
that the Fleming Fjord and underlying formations
may provide a more complete sample of Norian
Age vertebrates than previously known. It has
been demonstrated that the Fleming Fjord Forma-
tion is fossiliferous and represents the appropriate
Late Triassic Age (Norian) in which to search for
a more complete record of the early evolution of
mammals.

Previous research identified several sites where
small bones occur in abundance and has already
determined that the fauna of the Fleming Fjord
Formation will be one of the best-documented
Late Triassic faunas known in the world. Current
and future research may make it possible to actual-
ly quarry and retrieve some of these bones for fur-
ther study and to examine other areas for verte-
brate fossils. Establishing the age of the Fleming
Fjord fauna will contribute substantially to our
understanding of those major faunal transitions
that took place between Late Triassic and Early
Jurassic time and will provide an essential base for
evaluating hypotheses regarding extinction events,
as well as rates of origination.

A cooperative effort among scientists from
Norway, Denmark and the University of Wyo-
ming is focusing on processing and interpreting
crustal reflection data obtained from the Archean
rocks of West Greenland in 1989. The Archean
rocks represent some of the best-exposed, best-
studied and oldest rocks known and therefore are a
prime target for crustal reflection studies.

A gravity study in the area has been completed,
and scientists are working on a combined gravity
magnetic interpretation. To date the research has
shown that the Isua supracrustal rocks are 3.75 bil-
lion years old and that the Godthab area is marked
by two Archean crustal sutures. Coincident CDP
and reversed wide-angle seismic reflection pro-
files were recorded along the coast and along two
fjords up to 150 km inland. The CDP data showed
good dipping reflections to depths of 30 km that
may be from mylonites marking a suture, and the
wide-angle data with close-station spacing out to
150-200 km showed numerous intracrustal phas-
es. The problems currently being addressed by
their continued research are:

« The continuation of the deformation zone to
depth;

» Crustal shortening and the mode of defor-
mation;

« The role of volatiles in the deep crust;

« Changes in the Moho depth;

« Archean crustal development;

» The nature of the deep crust under granulites;

« The continuation of supracrustal rocks to
depth;

« The nature of the Moho; and

» The structural transition to a passive margin.

Engineering and
Technology

NSF funded five projects in Arctic engineering
and technology, totaling $122,000 in FY 91. Sup-
port in engineering, material sciences and perma-
frost are provided by the Engineering, Geoscienc-
es, and Mathematical and Physical Sciences direc-
torates. Research includes studies of the mechani-
cal properties of ice, the hydraulic conductivity of
frozen soils, metamorphism of dry snowpacks,
three-dimensional analyses of ice, and permafrost.

NSEF also sponsors a program for science-based
and high-technology small business firms, the
Small Business Innovative Research (SBIR) pro-
gram in the Engineering Directorate. SBIR is in-
terested in research on advanced concepts in sci-
entific or engineering areas, particularly where the
research may serve as a base for technological in-
novations. In FY 91 the SBIR program funded
projects on water treatment by application of high
potential gradients and ozone, and on fuel cells for
energy production in the polar regions.

Social Science and
Education

Following recommendations from the National
Science Board and the Polar Research Board, a
broad multidisciplinary research program in the
Arctic Social Sciences was established in the Divi-
sion of Polar Programs in FY 89. The NSF Arctic
Social Sciences Program is the only national Arc-
tic social sciences research funding program in the
circumpolar world.

The Arctic Social Sciences Program recently
initiated its fourth funding cycle. In its first year,
36 proposals from 27 institutions in 18 states were
received. Some $3.2 million was requested, and
awards amounting to $1.2 million were made.
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Seventeen awards were made in FY 91, of
which four were for dissertations, three were for
workshops and one was for a three-year Research
Experience for Undergraduates Program. Awards
were made to 13 institutions in 11 states. Includ-
ing the co-investigators’ institutions, researchers

The NSF Arctic Social Sciences Program is the only
national Arctic social sciences research funding pro-
gram in the circumpolar world
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from 24 universities received support. Proposals
were reviewed by both U.S. and international ex-
perts, including Canadian, Nordic, British and
Soviet scholars, as well as Native, Lappish,
Greenlandic and Inuit experts.

The awards encompass the disciplines of physi-
cal, social, cultural and visual anthropology, ar-
chaeology, sociology, political science, law, eco-
nomics, science education and psychology, in
conjunction with physiology, ecology, paleo-
botany, archaeozoology and paleoclimatology.
The projects address timely scientific themes
throughout Alaska, as well as in Canada, Green-
land, Iceland and the former U.S.S.R.

One project involves research on human per-
formance in polar environments. A joint NSF—
NASA program in Human Factors Research in the
polar regions has been planned. Of special interest
are studies of small group interactions, stress and
adaptation, and cognition and performance.

Several projects address contemporary issues
of rapid social change. One project from the Uni-
versity of Alaska examines the complex cultural
and linguistic problems faced by Native peoples in
the courtroom. A sociological study from the Uni-
versity of Mississippi looks into the social conse-
quences of the Red Dog Mine in northwest Alas-
ka. A number of Native teachers are participating

in this project with the support of the NSF Teacher
Preparation and Enhancement Program.

Archaeology projects are investigating the ear-
liest settlement period in America at the Broken
Mammoth and Mead sites in central Alaska, as well
as human subsistence practices in response to envi-
ronmental fluctuations in northwest Alaska during
the last millennium.

In the area of political science and policy, a
workshop titled “Rational Development in the Arc-
tic” brought together U.S. and Russian scholars at
Dartmouth College. A dissertation project from the
University of Alaska focuses on the political econo-
my of whaling, a subject of great interest to Alas-
kans, Greenlanders and other citizens of northern
whaling countries.

The Arctic Social Sciences Program provides a
major impetus for science education in the Arctic
through the Research Experience for Undergradu-
ates and Young Scholars programs and particularly
through the development of culturaily relevant sci-
ence curricula. Two dissertation grants went to
Alaskan Natives. One project examines the articu-
lation between Yupiaq and Western knowledge and
assesses how traditional knowledge and practices
can be used to develop science curricula in North-
ern schools.

Coordination

NSF expenditures for information, planning and
advisory services and for the Arctic Research Com-
mission were $718,000 in FY 91, which funded
nine projects. NSF supported a program of polar in-
formation and advisory services, provided support
for the Interagency Arctic Research Policy Com-
mittee, provided funds for the Arctic Research
Commission ($497,000), partially supported the Po-
lar Research Board and supported conferences,
workshops and studies to further devel-op and im-
plement Arctic research planning and policy.



Department of the Interior

The Department conducts research, mapping and monitoring programs
throughout Alaska and its offshore regions and manages lands established
under the Alaska National Interest Lands Conservation Act. These activi-
ties are performed by seven services or bureaus, each with administrative
and technical offices located in Alaska. In FY 91, a total of $26 million
was identified in support of these activities.

The TA&R’s biennial
report of its research pro-
gram is available without

charge from the TA&R Pro-
gram, Minerals Management
Service, 381 Elden Street,
Herndon, Virginia 22070-
4817. Pleasc request Tech-
nology Assessment and
Research Program for
Offshore Minerals Opera-
tions—1991 Report.

Minerals Management
Service

The Minerals Management Service (MMS)
is responsible for regulating the leasing, explora-
tion and development of oil and gas in the Federal
waters known as the U.S. Outer Continental Shelf/
Exclusive Economic Zone (OCS/EEZ). The MMS
is required by law to provide assurances that oper-
ations on the OCS/EEZ are safe and pollution free
and that the “best available and safest technolo-
gies” are used in the development of oil and gas.
In addition, MMS must determine the environ-
mental cost and possible multiple-use conflicts in
leasing and subsequent development and produc-
tion activities on the OCS/EEZ.

Arctic research is conducted under the Tech-
nology Assessment and Research (TA&R) pro-
gram, and environmental studies are conducted
under the Alaska Environmental Studies Program.
Studies of both programs are conducted with uni-
versities, private companies, the states and other
Federal agencies.

Technology Assessment and
Research Program

The TA&R program is designed to assess and
evaluate technology, equipment, industry proce-
dures and intemal procedures relevant to the post-
lease exploration, development and production of
minerals on the OCS/EEZ. It also applies engi-
neering and research approaches to mitigate haz-
ardous conditions, and it transfers the resulting in-
formation to MMS regulatory personnel. The
MMS regulators use this information to make reg-
ulatory decisions and to issue permits and review
applications for installing structures, pipelines or
other equipment used to drill for and produce oil,
gas or other minerals.

FY 91 FUNDING (thousands)

1230
5975

Technology Assessment/Research
Environmental Studies

The TA&R program has projects in the follow-
ing areas: engine exhaust emission control; oil-
spill containment and cleanup; well control; risk,
reliability and inspection; and structures, pipelines
and ice mechanics. The TA&R program projects
that pertain to Arctic and subarctic OCS/EEZ wa-
ters include ice loads on structures and ice—struc-
ture interaction, design criteria, structural materi-
als, and oil-spill containment and cleanup.

Because research in the Arctic and subarctic is
very expensive, most projects are performed joint-
ly with other interested Federal agencies, En-
vironment Canada (EC), the offshore industry and
universities. Projects are accomplished by con-
tract, and a small administrative staff is main-
tained to manage the program.

During the past two years, MMS has expanded
its oil-spill-response research to include, in addi-
tion to EC, the American Petroleum Institute. In
addition, with financial assistance from EC and
the U.S. Coast Guard, MMS has refurbished the
Ohmsett oil-spill-response test facility, formerly
known as the Oil and Hazardous Material Simu-
lated Environmental Test Tank (OHMSETT). This
facility is scheduled to be available in the spring
of 1992 for testing by U.S. and foreign govern-
ment agencies and private entities. A user fee will
be charged.

The spill-response program includes mechan-
ical, chemical (including dispersants) and in-situ
burn response strategies, as well as developing ca-
pabilities for remote slick detection and identifi-
cation. In addition, the program is evaluating the
effectiveness of crude-oil cleanup strategies for
shorelines and is investigating the behavior and
fate of heavy oils spilled in the ocean to optimize
response strategies as oil weathers. The emphasis
has been on three major areas. The first is the in-
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situ burning of slicks, a technique that under many
conditions, especially in ice-covered waters, has
been proven to be very efficient and environmen-
tally safe as a primary open-ocean response tech-
nique. The National Institute of Standards and
Technology has conducted research experiments
at meso-scale in which bum efficiencies and
combustion products have been quantified. Open-
ocean, large-scale testing is scheduled for 1992.
The second area has been the effectiveness of
dispersants. In the laboratories of Environment
Canada, new experimental dispersants have been
developed that are significantly more effective
on medium and heavy crude products than are
existing formulations. Third, remote sensing tech-
niques have been developed using laser technol-
ogy to determine if targets are, in fact, oil slicks
and to measure the thickness of slicks. These sen-
sors should for the first time provide the capability
of detecting oil in or on broken ice. Configurations
suitable for aircraft use are being field tested.
Arctic offshore exploration for oil and gas con-
tinues to be slow because of the lack of commer-
cially important discoveries, not the limitations of
technology. However, the MMS program con-
tinues its investigations into the engineering prop-
erties of sea ice, where at Dartmouth College such
phenomena as the effects of temperature and strain
rate on brittle compressive fracture are being in-
vestigated. At the Cold Regions Research and En-
gineering Laboratory the stresses generated in an
ice sheet impacting a structure are being studied.
MMS has participated in an experiment with Esso
Resources, Canada, which has demonstrated that
grounded spray ice islands are feasible for use as
platforms for exploratory drilling. MMS also has
participated in a study by INTEC Engineering to
provide updated technical and economic require-
ments for transporting oil and gas by pipelines and
tankers from Chukchi Sea discoveries.

Arctic offshore exploration for oil and gas continues to
be slow because of the lack of commercially important
discoveries, not the limitations of technology
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Research sponsored by the TA&R program is
presented in reports, seminars and workshops. Re-
cent international workshops sponsored by MMS
include “Reliability of Offshore Operations,”
March 20-22, 1991, and “Offshore Pipeline Safe-
ty,” December 4-6, 1991. The TA&R program
planned a program seminar for the public in the
spring of 1992,

Alaska Environmental Studies
Program

As the managing agency for the MMS OCS
leasing program in Alaska, the Alaska OCS Re-
gion has conducted environmental, social and eco-
nomic studies to obtain information needed to
make sound leasing decisions as well as to moni-
tor human, marine and coastal environments. In
anticipation of shifts in information needs, the pro-
gram has increased studies to meet post-lease and
monitoring information requirements. The detailed
rationale for the Alaska OCS Region’s program
can be found in the Alaska Regional Study Plan
(RSP), which is prepared annually. All environ-
mental, social and economic studies are adminis-
tered and contracted directly from the MMS re-
gional office in Anchorage. The National Oceanic
and Atmospheric Administration’s Outer Conti-
nental Shelf Environmental Assessment Program
(OCSEAP), which used to conduct a portion of
these studies, has been closed out.

Endangered Species

The bowhead whale, an endangered marine
mammal of importance to Native culture, makes
extensive annual migrations through six OCS
planning areas. Efforts to define the habitat and
migrations of endangered whales and the potential
effects of offshore operations on these species
continue. These studies include on-going aerial
monitoring of bowhead whales in the Arctic, a
comparison of the behavior of the Davis Strait and
Bering Sea stocks of bowhead whales, and an
analysis of the stable isotopes of bowhead whale
and zooplankton tissues. Also, preparation of an
authoritative book on bowhead whales and a study
of the effects of production activities on Arctic
whales are ongoing. A study of the prediction of
site-specific interactions of acoustic stimuli and
endangered whales was completed. MMS has
made several attempts to implant satellite tags on
whales. Two right whales were tagged off Nova
Scotia in the fall of 1990 and monitored via satel-
lite for five to six weeks in field tests conducted in
preparation for Arctic tagging efforts. Bowhead
whale tagging will be attempted in 1992 in the
Arctic. MMS is also sponsoring a study to develop
an improved biopsy technique for cetaceans.

Living Resources

The Marine Mammal Protection Act of 1972
established a national policy to protect marine
mammal populations and to encourage their pres-
ervation to the greatest extent feasible. Seabirds,
waterfowl and commercial fish species are also



protected under various international agreements.
One recent study, begun in FY 91, has applied sat-
ellite tags to male northern fur seals and northern
sea lions in an effort to better understand their dis-
tributions, particularly during the winter. Another
FY 91 study is producing a field manual on polar
bear encounters for use near gas and oil industry
activities.

The Marine Mammal Protection Act of 1972 estab-
lished a national policy to protect marine mammal
populations and to encourage their preservation to the
greatest extent feasible

MMS studies on nonendangered marine mam-
mals (other than monitoring studies) have focused
on their vulnerability to noise disturbance and
their use of specific geographic areas where OCS
development might occur. Noise disturbance stud-
ies included field tests of the potential responses
of beluga whales to OCS production sounds (in
conjunction with similar research on bowhead
whales).

Habitat utilization of specific marine areas by
both marine mammals and avifauna has been stud-
ied in the Unimak Pass and Kasegaluk Lagoon.
The study in the Unimak Pass included extensive
oceanographic sampling to describe major ecolog-
ical processes affecting the seasonal occurrence of
regional seabird groups. A study at Kasegaluk La-
goon, begun in FY 89, has focused primarily on
the use of this area by beluga whales, spotted seals
and migratory waterfowl. The potential effects of
aircraft overflights on black brant and other geese
is being studied on the Izembeck National Wild-
life Refuge and near Teshekpuk Lake on the Arc-
tic coast.

The potential effects of offshore oil and gas op-
erations on fisheries continue to be a major focus
of the Environmental Studies Program (ESP). A
study of fisheries oceanography in areas of po-
tential oil and gas activities that was initiated in
1989 continues to determine the fisheries resourc-
es at risk in the central Chukchi Sea. A study of
Arctic fish sensitivities and habitats in the Beau-
fort Sea continues. A major effort to better define
the coastal fisheries and related environment in the
southern Bering Sea, particularly in the North
Aleutian Basin, should be completed in 1992. This
work includes investigations of the life stages and
sensitivities of salmon, king crab and herring, as
well as the nearshore physical oceanographic envi-
ronment that constitutes the habitat of these com-
mercially important species.

Environmental Monitoring

The MMS Alaska OCS Region initiated a pro-
gram in 1984 to monitor the long-term effects of
oil and gas discharge in the Beaufort Sea. The ini-
tial three-year sampling and analysis study was
completed in 1986. Field sampling and analyses
took place again in 1989 and 1990. Comprehen-
sive reports summarizing the results are available.
Monitoring is planned for every three years.

Seabirds continue to be monitored through an
interagency agreement with the U.S. Fish and
Wildlife Service, beginning in FY 89. Several
Bering Sea and Chukchi Sea seabird colonies are
being monitored each summer using standardized
protocols developed by both agencies, focusing on
the numbers of birds on preestablished plots, re-
productive success and feeding habits,

A multiyear project to acquire, curate and ana-
lyze marine mammal tissues continues. The study
is archiving tissues for future analysis and is sam-
pling baseline levels of chemical contaminants in
tissues to monitor any increases that might be as-
sociated with future oil and gas drilling and pro-
duction.

Pollutant Transport

Potential oil spills are a major focus of the en-
vironmental assessments for Alaska OCS lease
sales. An improved three-dimensional numerical
computer model for simulating circulation and oil-
spill trajectories is being tested for predicting the
movement and dispersal of spilled oil. The neces-
sary data from the coastal environment of Alaska
have been assembled for use in a model for pre-
dicting the transport of oil into and along a beach.

Efforts to improve knowledge of actual circu-
lation for model-confirmation purposes continued.
The final report for the Bering Sea Continental
Shelf Edge Cross-shelf Transport Study will be
completed in 1992. The report will reflect the 12
months of continuous data from the Bering Sea
shelf edge. The results of this work will allow
MMS to increase the accuracy of the Oil Spill
Risk Analysis, which is a part of all offshore lease
sales.

Ecosystems

The purpose of ecosystem studies is to learn
about habitats and biological and physical pro-
cesses that support important species. Ecological
studies were completed recently in the Chukchi
Sea and the Unimak Pass areas. An MMS-funded
study, in coordination with the NSF Inter-Shelf
Transport and Recycling (ISHTAR) program, was
completed to assist in determining the processes
responsible for the interannual variability in pri-
mary productivity, nutrient recycling and habitat
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utilization for Kotzebue Sound and near Hope
Basin. The Yukon Delta Ecosystem Processes
Study focused on the movement of saltwater into
the delta, juvenile fish use of the delta habitats,
and seabird uses of the delta front. The Unimak
Pass study focused on higher trophic use of the
pass area and the processes that sustain this use.
The Kasegaluk Lagoon on the Chukchi Sea coast
is being modeled for ecosystem processes, pri-
marily marine bird and mammal use.

Oil Spill Fates and Effects

Laboratory and field studies sponsored by
MMS have shown that there may be long resi-
dence times and extended recovery periods for
Arctic and Subarctic biological and physical com-
ponents and processes affected by hydrocarbons.
A predictive oil-weathering model is being used to
describe the physical and chemical changes of oil
spilled in open seas or in the presence of sea ice.

Hazards

Hazards are physical processes that may ad-
versely affect exploration and development struc-
tures. Active surface and near-surface faulting are
examples that have been studied extensively in the
past. In recent years, studies that focused on sea
ice mechanics, dynamics and superstructure icing
were funded through the MMS TA&R program.
Recent studies have focused on possible con-
straints to oil and gas development activities im-
posed by meteorological or oceanographic condi-
tions such as sea ice movement, storm surges, and
extreme winds and waves.

Social and Economic Studies

The Alaska OCS Region’s social and economic
studies are unique within MMS. Because subsis-
tence activities are important in the culture of the
Natives of coastal Alaska, studies of the effects of
offshore petroleum development go beyond con-
ventional economic considerations. Case studies

and sociocultural and socioeconomic update stud-
ies define the social environment and describe the
variables that may change with new OCS activi-
ties. Recently completed studies have documented
the importance of subsistence activities in the
Bristol Bay region. This research has revealed the
extensive sharing networks existing within and be-
tween communities in the area. A recently re-
leased report described the economic importance
of mining in northern Alaska and showed the
structure of the negotiated agreements on issues
such as local hire and subsistence activities be-
tween a regional Native corporation and a multi-
national mining corporation. A great deal of re-
search has been conducted on the consequences of
the Exxon Valdez oil spill for communities in the
Gulf of Alaska region. Reports on these conse-
quences are being published. In addition MMS is
engaged in a cooperative agreement with the Alas-
ka Department of Fish and Game’s Subsistence
Division to study the long-term subsistence, social
and cultural consequences of the spill for a sample
of 19 communities in Alaska.

Environmental Information Management

During FY 90 and 91 the Environmental Stud-
ies Program included approximately 30 studies in
seven subject areas covering the three Alaska leas-
ing regions. The size and scope of this program
call for mechanisms to integrate study results. In-
formation Transfer Meetings (ITMs) are spon-
sored by MMS to provide a forum for exchanging
information among Federal and state agencies, in-
dustry, academia and the general public. The
Third Alaska OCS Region ITM, which took place
in January 1990, focused on marine mammals,
birds and socioeconomic studies. The Fourth Alas-
ka OCS Region ITM took place in January 1992
and covered studies in the Gulf of Alaska, Cook
Inlet and the Bering Sea. This meeting also served
as part of the MMS Information Base Review
(IBR) process.

Fish and Wildlife Service

The U.S. Fish and Wildlife Service (FWS)
conducts research in the Arctic to generate infor-
mation that will help it to meet its resource man-
agement responsibilities. These responsibilities
include conservation of migratory birds, certain
marine mammals, endangered species, anadro-
mous fishes and all biota inhabiting National
Wildlife Refuges and other FWS lands. Research
questions addressed include the effects of develop-
ment, disturbance, hunter harvest and natural envi-

FY 91 FUNDING (thousands)

Migratory Birds 1900
Marine Mammals 1600
Terrestrial Ecology 1100
Fisheries Research 470
Cooperative Research 350

ronmental cycles on populations. Other research
seeks to develop improved methods of census and
survey that will better detect trends in populations.
All research has the ultimate goal of providing
information that will lead to better management



decisions and actions to promote the conservation
of living resources. Fish and wildlife populations
in the U.S. Arctic are extensively shared with Can-
ada and Russia, and a portion of the research effort
is directed toward treaty and other international re-
quirements for jointly managing shared resources.

Biological research is difficult to conduct in the Arc-
tic; this has meant that some of the most advanced
technologies have been developed for, or first applied
to, Arctic research

Most of the Arctic research of the FWS is con-
ducted from the Alaska Fish and Wildlife Re-
search Center, Anchorage, and the Cooperative
Fishery and Wildlife Research Units at the Uni-
versity of Alaska—Fairbanks. Some Arctic research
is also performed by others of the 13 national re-
search centers and the more than 30 cooperative
research units, each of which has special capabili-
ties that may be applicable to problems in Arctic
research.

Biological research is difficult to conduct in
the Arctic, given the harsh conditions, frequently
inaccessible habitats and often wide-ranging
movements of Arctic biota. Therefore, it has often
been necessary to develop new methods of obtain-
ing information. This has meant that some of the
most advanced technologies have been developed
for, or first applied to, Arctic research. Satellite-
linked biotelemetry and molecular genetics are but
two of many new techniques that have first been
successfuily applied to the problems of fish and
wildlife conservation in the Arctic.

Migratory Birds

Migratory birds of the Arctic regions of Alaska
include substantial populations of nesting geese
and swans, large populations of several species of
ducks, several populations of shorebirds, and some
of the greatest known concentrations of breeding
seabirds. The focus of FWS research is to learn
more about the dynamics of these populations and
to assess the effects of human activities on them.
A few populations of migratory birds in the U.S.
Arctic have declined to levels that cause concern,
while others remain abundant. Certain species that
remain abundant in the Arctic have become de-
pleted in temperate regions. Special attention may
be paid to populations that are of concemn, either
locally or on a continental basis, but research at-
tention is directed to all populations of migratory

birds. For those for which precarious or declining
populations do not cause immediate concern, ef-
fort is directed toward predicting the effects of
known or anticipated changes. The primary factors
affecting geese, swans and ducks are believed to
be harvest, losses to predator populations that may
have been abetted by human activities, and distur-
bance on staging areas. Shorebirds breed and stage
in tundra habitats that are extremely vulnerable to
disturbance of land and vegetation. The huge sea-
bird populations depend on both nearshore and
offshore marine fishes, which vary greatly in
abundance in response to changes in ocean cur-
rents and other factors. Depletion of fish stocks by
commercial fishing may alter the delicate balance
between need and availability of food for any of
the 40 species of seabirds occurring in Alaska.

Pacific black brant are a species of small Arctic
nesting geese that has shown long-term population
declines. To investigate whether these declines are
due to events during migration or wintering, pre-
liminary investigations were undertaken to deter-
mine whether brant from Alaska could be found
on wintering grounds in Mexico. Of a large num-
ber of birds color-banded in Alaska, a total of
1064, or 18% of the marked population, were ob-
served in San Quentin Bay, Baja California, Mexi-
co. An additional 41 birds were represented by
bands recovered from birds harvested there by
hunters. Birds from all subpopulations marked in
Alaska were present in this area, suggesting that
birds from different breeding areas do not winter
separately. These initial results indicate that inves-
tigators should be able to assess the effects of
mortality and disturbance on populations through
both major segments of the annual cycle.

Newly developed satellite radio transmitters
that are small enough to be carried by medium-
sized geese and have relatively long life spans
were donated to the FWS by the Nippon Tele-
phone and Telegraph Company. Using this new
technology in a joint project, investigators from
the Northern Prairie Wildlife Research Center,
Jamestown, North Dakota, and the Alaska Fish
and Wildlife Research Center, and cooperators
from Russia were able to track geese through their
long annual fall migration. Lesser snow geese
were fitted with radios at their breeding grounds
on Wrangel Island, Siberia. They were tracked
moving through mainland Siberia, across the Ber-
ing Sea, staging at St. Lawrence Island, pro-
ceeding down the Pacific coasts of Alaska and
Canada, and moving to wintering areas in Califor-
nia via an inland route that took them through Al-
berta, Canada. Research on this population will
continue, with emphasis on threats at migration
stopover sites and on the wintering grounds.
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The northern pintail is known as one of the
most abundant species of dabbling ducks and one
of the most sought-after by hunters. The breeding
range includes most of the northwestern quarter of
the North American continent, with the prairie
potholes of Canada being the most productive
breeding areas. Populations have declined seri-
ously: continental breeding populations have de-
clined by more than 60% over the past 35 years.

Depletion of fish stocks by commercial fishing may
alter the delicate balance between need and availa-
bility of food for any of the 40 species of seabirds
occurring in Alaska
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Part of the decline is believed to result from per-
manent changes in the central prairie regions of
the U.S. and Canada, including wetland drainage
and intensified agriculture. Also contributing to
recent declines has been a prolonged drought af-
fecting much of the same area through the late
1980s. By 1990 it was believed that there was no
significant reproduction of prairie-breeding pin-
tails; northward-migrating ducks proceeded all the
way to the Arctic, having failed to find suitable
breeding areas along the way. Arriving later than
the normal time to initiate nesting and failing to
find suitable habitats, they appear to remain, with-
out breeding, in the Arctic until it is time to begin
the southward migration. It is believed that the
only significant breeding of pintails during the late
1980s and early 1990s occurred in Alaska. Re-
search on pintails breeding in Alaska was consid-
ered essential to explain factors that might be af-
fecting populations in other areas.

That research has indicated that ducks arrive in
the Alaska breeding areas with good fat reserves,
suggesting that food reserves along migration
routes may be important for the initiation of nest-
ing. It also indicated that a large percentage of ar-
riving ducks initiated breeding attempts. Studies
of genetic variation addressed questions of wheth-
er Alaska pintails are a separate subpopulation or
whether they represent a core breeding population
that will repopulate other regions when conditions
become favorable. Mitochondrial DNA and re-
striction enzymes show a large amount of genetic
variation and suggest considerable interaction
among regional populations. Reproductive success
of breeding populations studied varied from low to
high over two years, and adult survival appeared
to be good. Related research conducted by the
Northern Prairie Wildlife Research Center in
Jamestown, North Dakota, and Dixon, California,

the National Wetlands Research Center in LaFay-
ette, Louisiana, and the Patuxent Wildlife Research
Center in Laurel, Maryland, examined the breeding
biology in the prairies, the wintering ecology and
the movements of pintails in a coordinated attempt
to better understand factors contributing to the re-
markable decline of this species.

Research on shorebird populations has focused
on the ecology of the bristle-thighed curlew, a large
species of sandpiper in a group that includes sever-
al rare and elusive species. The world population of
bristle-thighed curlews appears to be less than 7000
individuals, and the habitats they occupy are vul-
nerable to disturbance. Historical population levels
are unknown, but reports from wintering islands in
the tropical Pacific suggest either significant de-
clines or major shifts in winter distribution. The
population studied breeds on the Seward Peninsula,
stages on the Yukon Flats, and may winter on any
of a number of Pacific islands. Birds were banded
on the breeding grounds, and studies of habitat use,
food availability, timing of migration and propor-
tion of young in the population were examined on
breeding and staging areas. Detailed studies of
nesting examined territoriality, the roles of parents,
the behavior of the young and major causes of nest
loss. The abundance of various fruits used by cur-
lews on staging areas were tracked seasonally to
determine the role of food availability in the timing
of migration. Wintering-ground studies were con-
ducted on Laysan Island in the Hawaiian Archipel-
ago, where a marked population of about 250 birds
was monitored.

Breeding studies indicated that the nesting area
is restricted to the west-central portion of the
Seward Peninsula. Breeding success varied from
50 to 72% in three years of study. There were high
rates of returning birds banded the previous year,
indicating good overwinter survival, at least in the
portion of the population studied on the breeding
grounds. Birds wintering on Laysan Island were
marked and followed through the wintering
period. They were discovered to have a flightless
molting period, an unusual phenomenon in shore-
birds. More than 90% of the birds wintering on
Laysan Island returned the following year, indicat-
ing strong fidelity to wintering islands and con-
firming other indications that adults are long-lived.
Birds marked on breeding areas in the northern
Seward Peninsula were not found on Laysan Is-
land; those marked as wintering birds on Laysan
were discovered to breed in the southern part of the
breeding range. It is believed that the breeding
birds under study winter on islands farther south.
Population estimates have been refined, and there
were estimated to be 3400 breeding pairs in 1991,
There is concern that birds undergoing the flight-



less molting period in winter may be vulnerable to
predation on those islands where there are popula-
tions of introduced predators.

Marine Mammals

The FWS is responsible for managing three
species of marine mammals: the polar bear, the
Pacific walrus and the northern sea otter. Of these
three species, the polar bear and walrus are charac-
teristic of Arctic regions. Populations of both spe-
cies are shared with Russia, and polar bear popula-
tions are also shared with Canada. A major focus
of research on these populations relates to interna-
tional actions that will be necessary to conserve
populations. The issue of harvest is important, be-
cause both species have been subject to legal or
subsistence harvest or both, and research seeks to
develop methods of defining and monitoring pop-
ulations so that local or region-wide populations
do not become depleted by excess harvest. Anoth-
er issue addressed by research is the potential im-
pact of development on areas that may be essential
for the stability of populations.

Studies of polar bear movements have been un-
dertaken for several years, using conventional and
satellite-linked radiotelemetry. The objective of
this research has been to determine the extent to
which local populations may be isolated from one
another or may mix with larger regional popula-
tions. If populations are isolated and relatively dis-
tinct, overexploitation or excessive losses from
other causes might have permanent consequences
in the area affected. If, on the other hand, polar
bears undertake long movements and mix freely

The issue of harvest is important, because polar bears
and Pacific walruses have been subject to legal or
subsistence harvest or both; research seeks to develop
methods of defining and monitoring populations so
that local or region-wide populations do not become
depleted by excess harvest

over large areas, local depletion might be less im-
portant, but any effects could have international
consequences. Results indicate that polar bears
followed over relatively short periods tend to stay
in reasonably distinct areas, but those tracked over
the longer term may travel great distances. Bears
first located in the Beaufort Sea may move to the
Chukchi or even the Bering seas, indicating that
there is mixing of populations; 80% of the female
polar bears that were in the Chukchi Sea when

they had transmitters attached have been found to
den in Siberia. Examination of a variety of molec-
ular and biochemical indicators has attempted to
detect the existence of distinct subpopulations,
without success; these results are not taken as de-
finitive, however, because additional development
and refinement of techniques is judged to be nec-
essary.

Long-term research on polar bear reproduction
seeks to understand recruitment in polar bear pop-
ulations and to relate reproductive success to envi-
ronmental factors. Female bears are fitted with ra-
dio collars and followed to denning sites. Observa-
tions during and after occupancy of dens, includ-
ing re-sighting bears that may be accompanied by
cubs, become part of a growing base of informa-
tion on polar bear reproduction. Observations of
well over 100 polar bear dens have documented
denning sites on drifting pack ice, on shore-fast
ice and on land, primarily offshore islands. Only a
minority of dens are located on land, but there are
increasing indications that these sites are more
productive than other sites. This information may
be useful in developing safeguards should coastal
areas be affected by petroleum exploration or
development.

Research on the Pacific walrus seeks to develop
reliable census methods that can be used by U.S.
and Russian biologists to monitor population sta-
tus. Walruses are normally observed when hauled
out on land, and aerial surveys are used to count
hauled-out walruses over large areas. The portion
of the population that may be hauled out at any
given time is not known, however, and any accu-
rate census must account for animals that are in
the water and therefore not recorded in censuses.
A major goal of cooperative U.S.—Russian re-
search has been to standardize existing census
methods and to evaluate their ability to provide
population trends. A subsample of walruses in a
study area was tagged with radio transmitters to
help determine the percentage of the population
that might be present but not detected by an aerial
census. Current interpretation of results indicates
that aerial surveys, as now conducted, cannot
accurately indicate population numbers and trends.
Research into improved census techniques is con-
tinuing.

Wildlife Ecology

Research on wildlife ecology on FWS lands
centers on the Arctic National Wildlife Refuge.
Basic information on the ecology of species of
management concern and specialized information
on the effects of development are sought to under-
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Additional details (in-
cluding copies of technical
publications) related 1o the

migratory bird, marine mam-
mal, wildlife ecology and
fisheries research programs
are available from the Alaska
Fish and Wildlife Research
Center, U.S. FFish and Wild-
life Service, 1011 East Tudor
Road, Anchorage, Alaska
99509. For further informa-
tion on the Arctic National
Wildlife Refuge studies, con-
tact the 1002 Study Coordi-
nator, Region 7, ai the same
address. Additional informa-
tion on cooperative research
can be obtained from the Di-
rector, Cooperative I'ish and
Wildlife Research Units Cen-
ter, Region 8, U.S. Fish and
Wildlife Service, 1849 C
Street, NW., Washington,
D.C. 20240.
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stand and predict the effects of potential petroleum
exploration and development. Species of greatest
concem are polar bears, certain populations of
Arctic-nesting geese and populations of large her-
bivores, including caribou and muskoxen. A focal
point for investigations is the “1002 Area,” a por-
tion of the refuge open to potential petroleum
exploration. Other studies focus on areas outside
the refuge where petroleum has been under pro-
duction for more than a decade.

Caribou occupying areas now in petroleum pro-
duction belong to the Central Arctic Herd (CAH),
while those that occupy the 1002 Area are from
the Porcupine Caribou Herd (PCH). Caribou un-
dertake annual migrations, driven by the need to
find suitable wintering grounds, favorable areas
for calving, ample forage for calves and relief
from harassment by biting insects. The PCH win-
ters in Canada and migrates northward and west-
ward toward the coast of the Beaufort Sea at calv-
ing time. The exact location of calving depends on
the snow cover, but calving grounds are ideal on
the Arctic coastal plain, where predators are not
abundant. Also, calves are thought to be safer
there because the flat, open topography permits
the caribou to sight predators at relatively great
distances. Forage is also generally good, but its
quality and abundance depends on the timing of
annual weather events. Research on breeding suc-
cess indicates that reproduction is much more like-
ly to be successful if calving takes place on the
coastal plain; losses of calves from various causes
are greater when calving occurs closer to the foot-
hills. After calving, caribou migrate toward the
coast to seek relief from insects, which reach great
abundance in the short summer. The use of specif-
ic areas by the PCH have been documented, with
the intent of evaluating use of the 1002 Area and
its importance to caribou. Parallel studies of the
CAH have sought to understand their relationship
to the disturbance caused by oil production activi-
ties and the possible effects of developments in
disrupting normal migration routes. Reproductive
success in the portion of the CAH studied is lower
than that observed in the PCH, but the reasons for
this are still unknown. Also, the CAH has shown a
period of growth despite apparently poorer repro-
duction; the population was estimated to be 13,000
in 1983 and 19,000 in 1991.

Research on muskoxen examines the ecology
of a small reintroduced population. Muskoxen are
year-round inhabitants of the Arctic coastal plain
and could conceivably be affected by oil-drilling
activities in winter. The population seems to have
stabilized at 300-400 adults. Continuing research
focuses on movements, habitat utilization and sta-
tus of the population.

Fisheries Research

FWS fishery research in Alaska focused on
Yukon River salmon, an anadromous resource
shared by the U.S. and Canada. Allocation of the
harvest has been an international issue. The objec-
tive of research has been to determine what por-
tion of harvested populations are of U.S. and
Canadian origin, as a basis for allocating the har-
vest. Because the U.S. harvest is of spawners as-
cending the river, harvest limits must ensure an
adequate escapement of migrating fish to Cana-
dian portions of the river system. There is an ex-
tended period of migration, with different peaks
for different species and for fish populations
spawning in different parts of the system. At any
given time the salmon run at a particular point will
be composed of different proportions of different
stocks. Using a variety of biochemical and mole-
cular techniques (including mitochondrial and nu-
clear DNA techniques) to distinguish stocks, stud-
ies were undertaken to determine the composition
of salmon stocks at different times and places. As
a result of those studies, it is now possible to esti-
mate the percentage of chum salmon stocks that
originate from U.S. and Canadian waters. Tech-
niques that permit discrimination of chinook salm-
on stocks are still under development. The in-
formation produced in these studies has been an
important component of international treaty nego-
tiations and was presented as a report for the U.S./
Canada Joint Technical Meeting in December
1991.

Cooperative Research

The FWS is involved in a national program of
cooperative fish and wildlife research in partner-
ship with state fish and wildlife agencies, land
grant universities and, in some instances, the
Wildlife Management Institute. The cooperative
units are organized within the FWS as a single re-
search center headquartered in Washington, D.C.,,
but units have traditionally had a great deal of lati-
tude to respond to local issues and needs in choos-
ing research projects. The major goal of the coop-
erative research program is to provide specialized
graduate-level training for fish and wildlife biolo-
gists. This training is usually provided by joint
participation in research projects by faculty and
students. The FWS funds salaries and some ad-
ministrative costs, but funding for research pro-
jects is usually obtained elsewhere on a project-
by-project basis. Research funding for the Alaska
units, for example, comes from the Alaska Depart-



ment of Fish and Game, the Canadian Wildlife
Service, other bureaus of the Department of the
Interior (including the U.S. Geological Survey, the
National Park Service and the Bureau of Land
Management) and other Federal agencies (includ-
ing the National Science Foundation, the U.S.
Forest Service and the Environmental Protection
Agency).

The Alaska Cooperative Fishery Research Unit
completed a study of two shallow lakes in Minto
Flats, a subarctic wetland in interior Alaska. The
lakes were found to be eutrophic, with high nutri-
ent concentrations and high biomasses of aquatic
plants. Invertebrate biomasses were higher than
those found in some temperate lakes. Productivity
seemed to be related to the abundance of detritus.

Another study examined invertebrate abun-
dances in glacial outwash. Streams fed by active
glaciers are known to have low abundances of
benthic invertebrates, but stomachs of fishes in
those streams are often full of invertebrates. Re-
search indicated that deep gravels through which
there is subsurface flow may have abundant inver-
tebrates. Groundwater monitoring wells near the
Tanana River, Fairbanks, were pumped for inver-
tebrate samples at a distance of 130 m from the
river edge and at depths to 7 m. Caddisfly larvae,
chironomids and springtails were recovered.

A third study completed by the Alaska Cooper-
ative Fishery Research Unit investigated the be-
havioral ecology of Arctic grayling in small
streams. Grayling establish stations in the pools of

clear streams and feed on insect drift. Previous
studies have shown that larger grayling are to be
found at the heads of pools and that the largest are
in the headwaters of streams. This study demon-
strated that the stations occupied by larger fish are
those that are most energetically cost-effective;
larger fish drive smaller fish from these choice
feeding stations.

A study completed by the Idaho Cooperative
Fish and Wildlife Research Unit examined the
breeding biology of tundra swans on the Arctic
National Wildlife Refuge. Data were recorded for
100 nests, and the extreme sensitivity of nesting
swans to disturbance by humans was documented.

The Missouri Cooperative Fish and Wildlife
Research Unit completed a study to evaluate the
ability of aerial surveys to adequately census
breeding waterfowl in boreal forests of interior
Alaska. Thirteen species of nesting waterfow!
were observed from the air, and population esti-
mates were compared to ground-truth data. Vari-
ables that affect estimates, such as habitat type,
time of day, weather conditions and stage in the
breeding cycle, were evaluated.

The Massachusetts Cooperative Wildlife Re-
search Unit completed studies on the tundra of the
northcentral coastal plain that related habitat fea-
tures to use by migratory birds. The results may be
used in predicting potential effects from energy
development; a computer program successfully
predicted the occurrence of 28 species of birds in
various habitats.

National Park Service

The National Park Service (NPS) is mandated
by the Alaska National Interest Lands Conserva-
tion Act (ANILCA) to assure, in areas under its
administration, continuation of geological and bio-
logical processes unimpaired by adverse human
activity. The act also, however, assures the contin-
uation of many human activities, including sport
hunting in national preserves and subsistence uses
in most areas, which can potentially impair these
very resources and processes. The areas are also
vulnerable to outside influences, such as air pollu-
tion and oil spills, and to consumptive uses, in-
cluding reindeer grazing and mining. They lack
complete ecosystems, resulting in island effects.
They require rehabilitation of old mine sites, fuel
dumps and similar areas, and they must provide
special protection to threatened and endangered
species such as whales and peregrine falcons. Nat-
ural resources management, enlightened by know-

FY 91 FUNDING (thousands)

Cultural Resources 342
Natural Ecology 1470

ledge and information obtained through research
and monitoring, is thus imperative for preserving
the areas and assuring the continuation of high-
quality visitor experiences.

Research is conducted to identify and quantify
the natural resources, to examine and understand
basic ecological processes and interactions, and to
determine and evaluate influences from man’s ac-
tivities. Monitoring is carried out to detect and
measure natural and anthropogenic changes.

Natural Resources

The most significant study in the national parks
of Alaska during FY 90 and 91 was the predator—
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prey research at Denali National Park and Pre-
serve. This project, which began in 1985, is con-
tinuing into 1992 in cooperation with the Fish and
Wildlife Service (USFWS). It primarily involves
the interactions between wolves, bears and caribou
but includes predation on Dall sheep and moose
and the activities of smaller predators, such as ea-
gles, coyotes and wolverines. Tracking of radio-
collared wolves allows up to 15 wolf packs to be
monitored. Tracking radio-collared caribou
showed that a series of contrasting mild and harsh
winters has directly affected caribou calf survival.
In the hard winter of 1991, for example, only 10 of
40 radio-collared calves survived into early June,
and only 5 remained at the end of June.

Another continuing study at Denali is looking
at golden eagles. During 1991, 53 occupied breed-
ing territories containing 51 pairs were located in
the study area, a portion of the park, and 59 young
were raised to at least 80% of their fledgling age.
A productivity of 1.16 fledglings per breeding pair
was similar to that of 1990. In August 1990 an ex-
perimental satellite radio transmitter was attached
to a golden eagle in Denali, and its movements
were monitored during migration to Idaho and
Montana until the transmitter batteries expired in
March.

Merlins are also being studied at Denali. This
cooperative research project with USFWS, which
began in 1983, is carried out along a 125-km sec-
tion of the park road corridor. Productivity, habitat
use, contaminant levels and adult turnover were
evaluated at over 100 nests found in trees and on
the ground. The productivity was 2.8-3.8 young
per pair per year. Mirex, DDE, dieldren, mercury
and other organochlorides were detected in over
50% of the eggs analyzed. Long-distance band re-
coveries were from Venezuela and southern Cali-
fornia.

Careful management founded on explicit knowledge of
specific populations of grizzly bears and their basic
biology is needed if they are to survive
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A study of the population ecology of wolves in
Gates of the Arctic National Park and Preserve, in
cooperation with the Alaska Department of Fish
and Game (ADF&G), was completed in FY 91.
Eleven packs consisting of 100 wolves were moni-
tored by radio telemetry. Pup production varied
from 3.7 to 5 per mated pair over four years. Dur-
ing the winter of 1990-91, 58 wolves were har-
vested by subsistence users within the park, more
than twice the average over the previous five

years. This represents a 29% removal rate, which
is at the lower extreme of the harvest rates be-
lieved to stabilize wolf populations. In November
1990 four packs were monitored daily for 25 days
to compare fall predation rates (which are seldom
studied) with those of the late winters of 1989 and
1990. The rates at which the packs killed prey
(primarily caribou, many of which migrate out of
the area) and the composition of the prey killed
were similar between those periods; the wolves
did not make a significant switch to other prey, but
more calves were taken in the fall kill, resulting in
a lower meat consumption rate for the wolves.

The demography and movements of wolves in
relation to the Western Arctic Caribou Herd were
studied in cooperation with ADF&G. Radio telem-
etry, including satellite collars, was used to follow
13 packs in areas that included Noatak National
Preserve and Kobuk Valley National Park. Wolf
densities ranged as high as 6.3 wolves per 1000
square kilometers. A wolf census method was test-
ed that involved the probability of intercepting
wolf tracks during aerial surveys. An outbreak of
rabies in wolves was documented, affecting four
or five packs in the area over a two-year period.
Wolf pack territories ranged from 950 to 2358
square kilometers. Some packs migrated as far as
230 km south, apparently following migrating car-
ibou. Caribou and moose were the primary prey
species, with moose becoming dominant when
caribou migrated out of the area.

The NPS continued to support an ADF&G
study of grizzly bears in the Brooks Range that
has been in progress since the late 1970s. These
bears are smaller than their counterparts in more
moderate climes, and they have a lower reproduc-
tive rate. Females produced young for the first
time at an average age of seven years, but some
did not have cubs until they were 11 or 12. Fe-
males often did not separate from their offspring
until the young were in their fourth year, which
enhances their chances for survival. These griz-
zlies are very vulnerable to any changes affecting
their environment, and they are easily hunted be-
cause of the sparcity of cover. Human access to
the area continues to increase. Careful manage-
ment founded on explicit knowledge of specific
populations of bears and their basic biology is
needed if they are to survive.

Another study of grizzly bears was conducted
in Noatak National Preserve and environs, in co-
operation with ADF&G, to evaluate bear demog-
raphy in relation to human exploitation and min-
ing development. This project began in 1986; 146
bears were marked with ear tags and tattoos, 67
have radio collars and 6 have satellite transmitters.
The age of first reproduction ranged from 5 to 9



years, with 77% of the young weaned at 2.5 years;
the interval between weanings averaged 3.9 years.
The use of the Red Dog Mine garbage dump by
bears was documented by radio telemetry. The age
structure of harvested bears in relation to those
captured indicated that males were heavily har-
vested, while the female age structure was similar
for harvested and captured bears. However, a large
portion of the subsistence harvest is not reported,
which limits the usefulness of the comparisons.
Modeling indicated that the population may be
overexploited at current harvest rates.

Since 1987, NPS has cooperated in a study with
ADF&G and USFWS on the dynamics of a hunted
brown bear population at Black Lake, on the Alas-
ka Peninsula. The density and characteristics of
the population were described. An annual exploi-
tation rate of 5.1-5.7% was estimated for 1989-90.
Over 1200 relocations of 63 radio-collared bears
were recorded. Preliminary survival rates were
48% for cubs of the year, 84% for yearlings, 87%
for females over three years of age and 85% for
males over three years of age.

A study of the demography of a harvested mar-
ten population was started at Yukon—Charley Riv-
ers National Preserve in FY 91; the project is
scheduled to continue for three more years. A field
camp was established in a 30-square-kilometer
live-trapping area, where 1700 trap nights yielded
30 marten, of which 28 were radio-collared. Over
500 radio locations were recorded; 8 of the col-
lared marten were taken by trappers. A mark—
recapture density estimate exercise was complet-
ed, but the data are not yet analyzed. Over the
winters of 1989-90 and 1990-91, 540 carcasses of
commercially trapped marten were obtained from
the preserve and nearby areas. They will be exam-
ined to determine marten fecundity rates and sex
and age ratios.

A two-year study of lagoon contaminant levels
and the breeding ecology of shorebirds in coastal
habitats of Cape Krusenstern National Monument
began in FY 91, in cooperation with the National
Marine Fisheries Service (NMFS). The objectives
are to document the use of the lagoons by birds,
obtain data on the epifaunal and infaunal compo-
nents of macrobenthic communities used as a bird
food base, and establish baselines for specified or-
ganic compounds and heavy metal concentrations
in these areas, where contamination from oil de-
velopment and heavy metal mining could become
a factor. One summer’s data were obtained, and
plots and transects were established for future
study and monitoring.

A survey designed to characterize surface water
quality for comparison with previously gathered
data from NPS areas in Alaska was carried out at

Noatak in FY 90 and 91 and will be extended into
1992. The project will also assess the presence of
marine—terrestrial atmospheric input and provide
research into natural factors responsible for varia-
tions in surface water chemistry within a water-
shed or lake—watershed context. Sites were estab-
lished for later long-term ecosystem-level studies.
Water and soil sampling were carried out and re-
lated to vegetation conditions.

A study of reindeer range and productivity was
initiated at Bering Land Bridge National Preserve
in FY 91, in cooperation with the University of
Alaska—Fairbanks. It is intended to become a col-
laborative project with the Russian Republic as a
part of the planned Beringian Heritage Interna-
tional Park. The project will assist managers in
maintaining balances between herbivore numbers
and range carrying capacity as influenced by fire.
An international objective is to define techniques
for describing critical habitat requirements for
reindeer. During 1991, study sites were selected,
methods were defined, and preliminary data were
collected.

A three-year project began in 1990 to complete
initial vegetation data collection from the nine
fire-sensitive Alaska Region units. Species and
their distributions were determined through aerial
and ground surveys. The information will assist
classification of Landsat TM data and assess the
accuracy of vegetation maps produced using the
data. The maps will be used for ecological studies,
cultural resource inventories, vegetation species
inventories, long-term monitoring of vegetation
change and land use planning. Fuel maps will be
generated for applications such as fire behavior
prediction, wildland fire suppression and pre-
scribed fire planning. Subsequent vegetation data
will be collected to resolve and refine classifica-
tions and to update maps.

In 1990 and 1991, six stack-filter fine-particu-
late sampling stations were operated in Alaska Re-
gion units to establish baseline air quality con-
ditions until more sophisticated sampling technol-
ogy can be funded. The data were analyzed by the
University of California, Davis. Preliminary data
analysis indicated that sulphur levels were as high
as those recorded at the Grand Canyon. The data
appear to indicate a northwest to southeast trend,
with the highest values in the northwest. Pollution
from Eurasia is suspected to be the cause.

An Interagency Monitoring of Protected Visual
Environments (IMPROVE) site operated at Denali
National Park and Preserve during both fiscal
years. The purpose was to establish baseline air
quality conditions, determine if they exceeded Na-
tional Ambient Air Quality Standards, and moni-
tor for changes or trends in pollution levels.
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Cultural Resources

In recognition of the important role that humans
play in Alaska’s ecological systems, the National
Park Service has built a strong program in the so-
cial sciences. This emphasis is also in keeping with
their service-wide mission, which charges the Na-
tional Park Service to “preserve and foster appreci-
ation of the cultural resources in its custody
through appropriate programs of research,

Ethnographic studies are gaining increased promi-
nence in the Park Service’s social science research

24

treatment, protection, and interpretation.” Tradi-
tionally archeological and historic research have
been major components of the Park Service’s over-
all research effort, but ethnographic studies are
gaining increased prominence in the social science
arena. This rising interest reflects the Service’s
new awareness that almost all park areas are part of
the homelands of living Native Americans. The
links between particular park areas and Native
American groups are often strong; this is especially
the case in Alaska, where subsistence and other tra-
ditional uses of park lands and resources are
everyday activities for one of the largest Native
populations in North America.

National Park Service research goals in the Arc-

tic are:

» To acquire and maintain an accurate park in-
formation base;

« To identify and evaluate cultural resources;

* To develop strategies for treating, protecting
and interpreting cultural resources;

* To involve park-associated Native groups in
research and resource management;

» To foster international and interagency co-
ordinated research of Beringian natural and
cultural resources; and

« To develop ethnographically sensitive ap-
proaches to cultural and natural resource man-
agement.

Research projects helping to achieve these goals in-
clude:

* Ethnographic and archeological overviews and
assessments, which compile and evaluate ex-
isting cultural resources information and ex-
pose critical research and resource manage-
ment needs;

* Development of computerized data bases and
GIS capabilities;

» Cultural resource identification and evaluation
studies, which help build park information
bases, define the significance of resources and
recover information from threatened and im-

pacted resources;

» Integrated, multidisciplinary research that
helps provide understanding of past and
present human—land-resource relationships
and supplies information essential for sound
management decisions in both cultural and
natural resources;

* Research that includes active Native par-
ticipation and involvement and that enables
the development of inventories of ethnograph-
ic sites, Native Alaskan place names, and tra-
ditional and current resource use, and ensures
that NPS plans reflect the concerns and needs
of park-associated Native groups; and

 The Shared Beringian Heritage Program,
which promotes interagency and international
cooperation in multidisciplinary Beringian
studies.

The Shared Beringian Heritage Program is a
multiyear, multidisciplinary program focused on
bilateral U.S.—Russian studies in ethnography, ar-
cheology, historical architecture, geology, ecology,
paleoecology, paleogeography and wildlife biology
in the Bering Strait area. This integrated research
has both interagency and international participation
and has been stimulated by planning for the pro-
posed Beringian Heritage International Park. The
research involves close collaboration between cul-
tural and natural scientists in the U.S. and Russia,
as well as Northern Native people from both na-
tions. The first phase of the program began in 1991
in the Bering Land Bridge National Preserve and
resulted in the first Historic American Buildings
Survey-level documentation of historic Native ar-
chitecture on the American coast of the Bering
Strait. Other results include ethnohistoric and eth-
noarcheological analyses of the effects of reindeer
herding on traditional economies in the early
1900s, a report on the history and ecology of rein-
deer herding, the initiation of American support for
a Russian—English archeological dictionary project
piloted in Magadan, support for the development
of the “Crossroads of Continents: RFD Alaska”
traveling exhibit, and partial production of a docu-
mentary videotape.

An archeological overview and assessment was
initiated for Gates of the Arctic National Park and
Preserve (1991) and Noatak National Preserve
(1991) and completed and published for Denali
National Park and Preserve (1991) and Cape Kru-
senstern National Monument (1992). The results of
these projects are the publication of a synthesis
document that compiles, reviews and evaluates all
existing archeological data for a park and its imme-
diate vicinity. The results include an up-to-date
park resource information base, as well as recom-
mendations and directions for future research and
management of the resource. An archeological



overview and assessment for Kiondike Goldrush
National Historical Park is in the final stages of
production. Historical archeological research in
that turn-of-the-century trading center for the Sub-
arctic and Arctic has generated new data on how
early industrial America became established in
Alaska within an amazingly brief span of years.

Archeological inventories are a dominant re-
search activity of the National Park Service in the
Arctic. A comprehensive report on a two-year re-
connaissance survey of Cape Krusenstern National
Monument was published in 1990, and a summary
report on over 600 archeological sites located in
the course of a four-year survey in Gates of the
Arctic National Park and Preserve was published
in 1991. These reports provide a more complete
picture of the character and distribution of archeo-
logical resources and enable the parks to manage,
protect and interpret these resources. A follow-up
survey along a portion of the Killik River in Gates
of the Arctic was conducted in 1990 and resulted
in the recovery of information from threatened and
impacted archeological sites.

The largest single inventory effort centers on
mining claims in Alaska’s parks. This ongoing,
multiyear survey program continues to add to an
unparalleled data base on the history of mining
technology and the processes by which industrial
America penetrated Alaska’s Arctic wilderness.
The Mining Inventory Program is in its sixth year
of a comprehensive survey and inventory of cul-
tural resources within the Alaska Region’s mineral
lands. The inventory program objectives incorpo-
rate compliance, research, interpretation, visitor
safety and management needs into an examination
of over 80% of the mineral lands found with the
National Park System. Using a multidisciplinary
approach to data collection, the survey field teams
consist of archeologists, historians and historical
architects. So far 380 properties have been docu-
mented, representing a broad range of site types
that include multiple-component prehistoric sites
to extensive lode mining complexes. The historic
mining properties represent the most important ac-
tivities in the development of Alaska’s interior.
Historic mineral development stimulated the first
exploration and formation of permanent communi-
ties. The 1990 and 1991 field seasons saw investi-
gations within Wrangell St. Elias National Park
and Preserve, Denali National Park and Preserve,
Kenai Fjords National Park and Bering Land
Bridge National Preserve. Historic site documen-
tation included the Fairhaven Ditch (1906), a 38-
mile-long water diversion system in Bering Land
Bridge National Preserve, and the former town site
of Chisina (1903-04) in Wrangell St. Elias, settled
during the last great gold rush in Alaska.

An intensive archeological testing program was

conducted in the Bering Land Bridge National
Preserve between 1988 and 1991 to determine the
significance of several sites threatened by erosion.
The sampling strategy emphasized cultural affilia-
tions and chronological placement of the sites. The
results, scheduled for publication in 1992, will be
used to set management priorities and strategies
for future mitigative action. Important findings,
based on testing and other sampling at 16 coastal
and interior sites, include data indicating that inte-
rior areas were occupied as early as 5000 years
ago. This moves the earliest Paleoeskimo use of
the Seward Peninsula to at least 700 years earlier
than previously thought. New information on the
use of coastal areas in late prehistoric times indi-
cates the existence of a basic dichotomy in pat-
terns of the use of coastal resources, one with a fo-
cus on seal populations and another with a focus
on whales. The data also indicate that a third pat-
tern in which caribou was the primary resource fo-
cus is ancient in the area, persisting from the time
of Paleoeskimos, 5000 years ago, to traditional Es-
kimo times of the 19th century.

Full data recovery excavations were conducted
on the National Park Service headquarters tract in
Kotzebue in 1990. The excavation yielded impor-
tant habitational remains and the earliest structure
yet documented near Kotzebue.

A three-year ethnographic research project in
northwest Alaska is nearly complete. This regional
ethnography encompasses Cape Krusenstern Na-
tional Monument, Noatak National Preserve and
Kobuk Valley National Park. One of the most sig-
nificant results is the discovery of a high degree of
subregional variation that prevails in the cultural
forms and practices of the study region.

Native Place Names of the Kantishna Drain-
age, Alaska, which was published in 1991, is an
annotated record of place names and traditional
land use patterns for the area. The study resulted
in preserving an important aspect of the local cul-
tural history, and it provides insight into Athabas-
kan land use in the Kantishna drainage between
the 1890s and 1940s.

Research projects in history include the devel-
opment and publication of a historic preservation
plan for Unalaska (1990). The results include a
program of strategies to preserve cultural resourc-
es in the Unalaska community. The city contains
three National Historic Landmarks, and the island
at large has 150 recorded cultural sites represent-
ing over 4000 years of local and regional history.

The Alaska Region is continuing to maintain
the Alaskan portion of the National Archeological
Data Base and develop a regional computerized
Cultural Sites Inventory. Both Autocad and GIS
formats are being used for mapping and geo-
graphic analysis of site location.
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Bureau of
Land Management

The Bureau of Land Management (BLM) Arc-
tic program primarily consists of inventory, moni-
toring and applied research activities focused on
energy, minerals and renewable resources. These
activities cover more than 32 million acres of Arc-
tic surface and subsurface lands and are performed
entirely in terrestrial and freshwater environments.
Research is directed towards obtaining informa-
tion needed to make multiple-use management de-
cisions for BLM-managed lands.

BLM'’s renewable resources program in Arctic
Alaska includes several ongoing wildlife and fish-
eries habitat management programs. During FY 90
and 91, work continued on implementing the Nor-
ton Sound Habitat Management Plan, including
inventorying anadromous-fish habitats in tribu-
taries of the Nome River, measuring levels of sub-
sistence use and identifying habitat enhancement
opportunities. BLM participated in a cooperative
fish hatchery project with the Alaska Department
of Fish and Game at Nome—Beltz High School.
This project, which recently received a $3000
grant from a major corporation, will help educate
high school students in natural resource manage-
ment issues as well as supplement pink salmon
runs in the Nome area. Work continued with the
Alaska Department of Fish and Game on deter-
mining the population dynamics of grizzly bears
on the Seward Peninsula; radio-collaring will help
identify bear denning sites. Other studies in

FY 91 FUNDING (thousands)

National Wildlife Refuge 120
Habitat—Arctic District 345
Habitat—Kobuk District 527
Pipeline Studies 300
Fire Control 350
Narional Petroleum Reserve—Alaska 65
Minerals/Mining 310
Global Change 40

agement Service, completed the field research
phase of the Teshekpuk Lake black brant study in
FY 91. This area is potentially important as a
transportation corridor for North Slope oil and gas
development and lies in the National Petroleum
Reserve—Alaska (NPRA). The five-year study,
which focused on the energy requirements of
black brant geese, will help in predicting how any
future development activities might affect them.
The results are being analyzed, and a final report
will be issued during FY 92.

BLM’s “Adventures in the Past” initiative in
cultural resources sparked studies that have result-
ed in the nomination of the Wild Goose Pipeline
to the National Register of Historic Places. The
pipeline is associated with the Nome gold rush at
the turn of the century.

BLM’s Division of Mineral Resources com-
pleted several reports related to the oil and gas po-
tential of Alaska’s North Slope including the Na-
tional Petroleum Reserve—Alaska and the Arctic
National Wildlife Refuge.

Two research projects are anticipated to begin
in FY 92. One study will compare sequential Syn-

thetic Aperture Radar (SAR) images from the Eu-
ropean Space Agency to NPRA images taken by
Side-Looking Airborme Radar (SLAR). The results
will help refine SLAR lake depth interpretation,
provide circumpolar capability and extend inter-
pretation capability into the Subarctic. This in-
formation will help delineate access points and
routes and will also help BLM manage resources
such as fisheries, waterfowl and fresh water.

A second study will use obsidian hydration
techniques to date at least 250 archaeological sites
on BLM-managed lands in northern and interior
Alaska. Obsidian, or volcanic glass, was often
used by ancient peoples to make arrowheads and
other tools because it forms very sharp edges.
Once obsidian has been cut, it begins to absorb
moisture, so an artifact can be dated based on the
amount of moisture it contains. The results will
1 help determine prehistoric culture chronologies.
These studies will be part of an ongoing involve-
ment of BLM researchers with other researchers
in Siberia and may help reveal more about the
intensity of cultural contact between Asia and
North America.

BLM and Alaska Department
of Fish and Game biologists
determining bear denning
areas on the Seward Penin-
sula in northwestern Alaska.

progress focus on waterfowl, caribou and Dall
sheep habitat.

The BLM, with financial assistance from the
Fish and Wildlife Service and the Minerals Man-
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U.S. Geological Survey

The U.S. Geological Survey (USGS) conducts
both terrestrial and marine research in the Arctic
in a number of disciplines. Among these are en-
ergy and minerals, marine geology and geophys-
ics, natural hazards, climate and paleoclimate, gla-
ciology, hydrology, Quaternary geology, deep
continental studies, the magnetosphere, mapping
and data management.

Energy and Minerals

Energy and minerals research in the Arctic is
conducted, both onshore and offshore, to system-
atically describe and understand the geological
settings where energy and mineral resources may
occur and to provide quantitative assessments of
the energy and mineral resources of the Arctic for
land-use planning and national need. USGS con-
ducts its work in Alaska through several programs,
the most significant being the Alaska Mineral Re-
sources Assessment Program (AMRAP).

AMRARP provides an assessment of “the oil,
gas, and other mineral potential on all public lands
in the State of Alaska in order to expand the data
base with respect to the mineral potential of such
lands,” as directed by Section 1010 of Alaska Na-
tional Interest Lands Conservation Act.

AMRAP studies are conducted at four progres-
sively more detailed levels to produce comprehen-
sive assessments of the mineral and energy re-
sources of Alaska. Level I studies are statewide in
scope, and published maps are generally at a scale
of 1:2,500,000. During FY 90 and 91, work was
completed on a statewide map portraying the
metamorphic history of Alaska; also completed
was the first crustal section from the Gulf of Alas-
ka to the Arctic Ocean.

Level II studies address large parts of the state,
and the resulting maps are generally published at a
scale of 1:1,000,000. Level II studies were com-
pleted in FY 90 and 91 for the mineral resource
assessment of southeastern Alaska, with special
empbhasis on Federal lands within the Tongass Na-
tional Forest; studies are in progress on the geol-
ogy and mineral resource potential of the Alaska
Peninsula.

Level III studies, the primary focus of the AM-
RAP program, consist of multidisciplinary evalua-
tions of selected 1:250,000-scale quadrangles.
Geologic, geochemical and geophysical data are
gathered to produce an inventory of areas defined
to have undiscovered mineral resource potential.
Level III studies have been completed for 34 of
the 153 1:250,000-scale quadrangles in Alaska; 19

FY 91 FUNDING (thousands)

Energy and Minerals 2534
Natural Hazards 1209
Ice and Climate 350
Hydrology 310
Glaciology and Quaternary 150
Marine Geology 500
Magnetosphere 25
Mapping 915

quadrangles were underway in FY 90 and 91.
Geologic maps and mineral resource assessments
were completed for the following quadrangles:
Anchorage, Bendeleben, Bethel, Bradfield Canal,
Cordova, Goodnews Bay, Hagemeister Island,
Middleton Island, Mount Katmai, Naknek, Solo-
mon, Survey Pass and Valdez. Prefield assess-
ments based on existing data were completed for
the Howard Pass, Iditarod, Lime Hills, Sitka and
Table Mountain quadrangles and for the National
Petroleum Reserve—Alaska (NPRA). A prelimi-
nary mineral resource assessment was completed
for the proposed Beringian Heritage International
Park.

Level IV AMRAP studies comprise topical
studies on individual research problems at the pro-
ject or deposit scale. Topical research projects un-
derway in FY 90 and 91 investigated mercury de-
posits of southwestern Alaska, the Juneau Gold
Belt, placer gold deposits of the Eagle area, the
geology of the Prince William Sound region, gold
deposits of the Seward Peninsula, ultramafic rocks
and the distribution of platinum-group elements
and chromium.

Other active USGS energy and mineral pro-
grams include:

* The Geologic Framework Program, involving
both general and specialized research on the
regional geology of the state;

» The Development of Assessment Techniques
Program, which seeks to improve the ability
to identify and evaluate mineral resources;

* The Ciritical and Strategic Minerals Program,
for identifying the potential of these resources
to meet national military and economic needs;

« The Evolution of Sedimentary Basins Pro-
gram, which conducts studies of depositional,
structural, diagenetic and thermal processes to
predict and evaluate water, mineral and petro-
leum resources;

» The Marine Geology—Exclusive Economic
Zone (EEZ) Program, which evaluates the
morphology and mineral potential of the con-
tinental margin, including research cruises in
the Bering Sea, which systematically imaged
the seafloor using Geologic Long Range In-
clined Asdic (GLORIA) sonar surveys;
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« The Gas-Hydrate Program, which attempts to
determine the distribution, quantity and envi-
ronment of methane hydrate; and

« The Geothermal Investigations Program,
which focuses on studies of the nature, dis-
tribution and energy potential of geothermal
TeSOUICES.

North Slope Petroleum Project

Funded by the Onshore Oil and Gas Investiga-
tions Program, the North Slope Petroleum Project
focuses on the thermal history of the fold-and-
thrust belt of the Brooks Range. This part of the
North Slope, which is virtually unexplored for oil
and gas, is estimated to have significant potential
for undiscovered oil and gas and is an area of ma-
jor Federal landholdings. Our preliminary findings

Oil and gas exploration in the fold-and-thrust belt is a
matter of understanding the thermal history and the
sequence of structural development and then looking
for remigrated and retrapped oil and gas
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from thermal analysis show that the areas favor-
able for the preservation of oil (the oil window)
extend farther south (closer to the Brooks Range)
in some areas than in others. This observation sug-
gests that some parts of the fold-and-thrust belt are
more favorable for oil than other parts. A detailed
analysis of a profile along the Dalton Highway
shows that deformation continued after the maxi-
mum heating of the rocks. If this is a characteristic
of the entire fold-and-thrust belt, it has major com-
plications for exploration strategies and future as-
sessments of oil and gas. Because oil and gas de-
posits were formed when the maximum thermal
imprint was imposed on the rocks, later structural
deformation has likely rearranged and possibly de-
stroyed the initial trapping architecture and any oil
and gas deposits. Thus, oil and gas exploration in
the fold-and-thrust belt is a matter of understand-
ing the thermal history and the sequence of struc-
tural development and then looking for remigrated
and retrapped oil and gas.

North Slope Gas Hydrate Project

The North Slope Gas Hydrate Project, funded
by the Onshore Oil and Gas Investigations Pro-
gram, the Department of Energy and the Climate
Change Program, has documented with well logs
the occurrence of natural gas hydrates in multiple
sandstone reservoirs at shallow depths in the re-
gion overlying the Prudhoe Bay and Kuparuk Riv-
er oil fields. The amount of natural gas in these

hydrates is estimated at about 40 trillion cubic feet
(equivalent to the total volume of gas in all con-
ventional oil and gas fields on the North Slope).
Current efforts are devoted to:

« Identifying favorable locations for testing gas-
hydrate production schemes;

« Examining the flux of methane (a greenhouse
gas) in permafrost regions and the possible
contribution of methane from the decomposi-
tion of hydrates; and

» Documenting hydrate-related problems asso-
ciated with oil and gas drilling and pro-
duction.

Interior Basins Project

The Interior Basins Project, funded by the On-
shore Oil and Gas Investigations and the Alaska
Mineral Resource Assessment programs, seeks to
appraise the petroleum potential of all Alaskan ba-
sins south of the Brooks Range. A multi-tiered ap-
proach has been followed. A regional-scale ap-
proach has produced maps summarizing all salient
information on offshore basins, onshore basins
and the thermal maturity of the surface and, local-
ly, the subsurface rocks relative to the stages of
petroleum maturation. A basin-specific approach
has focused on the Cook Inlet, Nenana and Kandik
basins. Studies in these basins have evaluated the
geophysical signature of the basin, the petroleum
source rock potential, the reservoir characteristics,
the thermal history and oil-source rock correla-
tions.

Metallogenesis and Tectonics of the
Russian Far East, Alaska and the
Canadian Cordillera

In 1989 the Branch of Alaskan Geology started

a cooperative project on the formation of mineral
deposits and bedrock geology in the Russian Far
East, Alaska and the Canadian Cordillera with the
Far East Branch of the Russian Academy of Sci-
ences, the Ministry of Geology, the Alaska Divi-
sion of Geological and Geophysical Surveys
(ADGGS) and the Geological Survey of Canada
(GSC). The goals of this project are to conduct
collaborative field studies of lode mineral depos-
its, metallogenic belts, bedrock geology and tec-
tonics in the Circum-North Pacific region and to
publish:

* A series of mineral deposit, metallogenic and
tectonic maps that show the distribution of ore
deposits, rocks associated with specific types
of ore deposits, and their relations to the over-
all geologic evolution of the area;

« A series of tables containing detailed sum-
maries of the major lode ore deposits and
placer districts of the region; and



« A series of interpretive articles describing the
formation of mineral deposits in the context
of the geologic and tectonic history of the two
regions.

Reciprocal visits to the Russian Far East were
undertaken by USGS, ADGGS and GSC geolo-
gists in 1989 and 1991, and Russian geologists
visited Alaska in 1990. Field trips in both regions
were conducted to examine the details of major
mineral deposit types, detailed characteristics of
ore deposits and the host rocks containing the de-
posits. Also, scientific workshops have been held
in Vladivostok, Khabarovsk, Magadan, Fairbanks
and Anchorage, in which the initial compilations
of mineral resource data and bedrock geologic
map data for the Russian Far East, Alaska and the
Canadian Cordillera were started. In 1992 the pro-
ject will publish two major preliminary reports:

» An Open-File Report for the Russian North-
east and mainland Alaska containing mineral
deposit maps, mineral deposit tables and met-
allogenic belt maps and interpretive text with
references; and

* An Open-File Report for the Circum-North
Pacific, including the Russian Far East,
Alaska and the Canadian Cordillera, con-
taining tectonic—-magmatic maps, descriptions
of bedrock geology and stratigraphic columns
and references.

Eventually the mineral deposit, metallogenic and
tectonic maps will be formally published in color
in English by the USGS and in Russian by the
Russian Academy of Sciences and Ministry of
Geology. In the summmer of 1992 the Russian
metallogenic team will be hosted in Anchorage,
Alaska, and the Canadian Cordillera. Interpreta-
tive publications on the metallogenesis and tecton-
ics of the Circum-North Pacific region will also be
started.

Collaborative Study of the Ophiolitic
Terranes of Alaska and Northeast Russia

In 1989 geologists from the USGS, ADDGS
and the Far East Branch of the Russian Academy
of Sciences began this study of ophiolitic terranes,
which are critical to the study of global plate tec-
tonics because they lie at the juncture of North
America and Eurasia, offering a unique op-
portunity to learn about the relative motions be-
tween these two great continental plates. Ophi-
olitic terranes such as these also provide an impor-
tant source of chromite, nickel, copper, man-
ganese, asbestos, talc and other commodities.

Work on the project started in 1989 with joint
field trips to key ophiolite localities in Alaska, fol-
lowed by workshops and study sessions at the
USGS offices in Anchorage. In 1990 geologists

from the USGS and ADGGS traveled to the Rus-
sian Far East, where they joined their Russian col-
leagues for field excursions to ophiolite localities
in the Chukotka region of northeast Russia and for
workshops at the Institute of Tectonics and Geo-
physics in Khabarovsk and the Far East Geologic
Institute in Vladivostok. The U.S. team returned
again in 1991 to Khabarovsk for another confer-
ence with the Russian team.

As a final project of this study the U.S. and
Russian teams have prepared a 1:2,500,000-scale
geologic map of the ophiolite terranes, including
tables summarizing the lithology, geochemistry,
age, mineral deposits and geologic setting of the
terranes. The maps and tables cover all of Alaska
except for the southeastern panhandle and the
Aleutian Islands and an equal area of northeast
Russia extending from the Bering Strait westward
to the Kolyma River and south to northern Kam-
chatka. The maps and tables will be published in
Russian by the Russian Academy of Sciences and
in English by the USGS.

The initial results of this joint study show that
there are many similarities between the ophiolitic
terranes in Alaska and those in contiguous parts of
northeast Russia. This is not surprising because
both areas are composed of far-traveled fragments
of continental and volcanic arc rocks that were ac-
creted to the North American and Eurasian conti-
nents in Mesozoic and Cenozoic time as a result of
the northward drift of the oceanic crustal rocks of
the Pacific Ocean basin. The ophiolitic terranes
mark the boundaries of these accreted fragments
and are successively younger toward the present-
day Pacific margin.

Paleontologic and Stratigraphic Studies
in Support of Mineral Resource
Assessment of Alaska

This project has focused on Mesozoic deposits
in both western and southern Alaska. Diverse pro-
ducts over the past two years include studies of:

« The geology, geochemistry and biostratig-
raphy of Chugach and Kachemak terrane
rocks in southern Alaska;

» New methods for extracting radiolarian fau-
nas from Alaskan and other Cordilleran sili-
ceous rocks;

* Detailed locality data and taxonomy of mol-
luscan fossils from Jurassic and Cretaceous
deposits in western Alaska;

« Stratigraphic investigations in Ordovician—
Devonian rocks over a large part of Alaska
(Kuskokwim Mountains, western Brooks
Range, Shubblik Mountains, Lime Hills D-4
quadrangle, Nixon Fork Terrane and Farewell
Terrane); and
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» Inoceramid biostratigraphy of the Kuskokwim
Group and its implications for basin evolu-
tion.

Products near completion are geologic maps
(1:250,000 scale) of the Port Moller and Katmai
quadrangles of southern Alaska and a study on the
accretionary timing of Kenai Peninsula melange
terrancs.

PRISM Project

The Paleontology and Stratigraphy Branch
PRISM Project has conducted the following major
research studies in the Arctic and adjacent regions
during FY 90 and 91:

» Reconstruction of mid-Pliocene global
warmth in northern Alaska;

* Determination of the age and paleoclimate of
Pliocene deposits on Meighen Island, Canada
(in collaboration with GSC),

* Analysis of Pliocene paleoclimate records of
northern Iceland and the Kamchatka Peninsu-
la, Russia, and implications for global meridi-
onal ocean heat flow;

 Reconstruction of the northern Greenland
Pliocene paleoclimate record;

* Publication of the modem Arctic ostracode
database and application of this database to
Plio-Pleistocene deposits collected from
Northwind Ridge; and

 Acquisition of 1300 cores and bottom sam-
ples from the ARCTIC 91 North Pole expedi-
tion for analyses of ostracodes. These data are
being used to unravel the paleooceanographic
history of the Arctic.

Cores from Northwind Ridge and the Beaufort Sea
continental slope show that climate change has
produced 10 glacial-interglacial cycles in the last
million years

Data from the analysis of conodonts, used in
conjunction with other thermal maturation indices,
have been used to produce a thermal maturation
map of Alaska. The map is used to assess the po-
tential for hydrocarbon and some types of mineral-
ization, as well as a wide range of other topical
geologic studies. Conodont age, paleoecologic and
thermal maturation analyses of Paleozoic and Tri-
assic rocks in Alaska are also helping in decipher-
ing the tectono-sedimentary framework of the
state. Conodont studies have proven invaluable in
unraveling the geologic history of the low- to me-
dium-grade metacarbonate terranes of the Seward
Peninsula and Brooks Range.
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Marine Studies

Marine Geological and Geophysical
Investigations of the Arctic Basin

Studies were conducted by USGS scientists
from the U.S. Coast Guard icebreaker Polar Star
in 1988 and 1989. Continuing analyses of samples
and data have significantly advanced our under-
standing of the geologic framework and plate tec-
tonic development of the Arctic Basin and the his-
tory of climate change in the Arctic for the last
million years. Other studies have shown that sea
ice is a major mechanism for removing clastic and
biogenic sediments from Arctic shelves and dis-
persing them in the Arctic Basin and the North At-
lantic Ocean. The geologic framework studies
have shown that near 75°N the Northwind Ridge
of the Chukchi Borderiand consists of a continen-
tal margin sedimentary prism and suggest that it
and the other ridges of the borderland were de-
rived from the continental margin in the East Sibe-
rian Sea. These findings have provided the basis
for a model of the Cenozoic tectonic development
of the Arctic Basin that proposes that in Paleogene
time mid-Atlantic seafloor spreading in the Eura-
sian Basin was transformed to the north-trending
basins of the Chukchi Borderland and from there
into northwest Alaska via the eastern North Chuk-
chi and Hope basins. The tensional structures cre-
ated by this process in the North Chukchi Basin
may have petroleum potential. The model suggests
that the complex and poorly understood Cenozoic
structure of the western Chukchi and Laptev
shelves and adjacent Arctic Basin resulted from
the inability of the Arctic Mid-Ocean Ridge, the
extension of mid-Atlantic spreading in the Arctic,
to work its way across the Eurasian and North
American continents in Siberia and western
Alaska.

Cores from Northwind Ridge and the Beaufort
Sea continental slope show that climate change
has produced 10 glacial-interglacial cycles in the
last million years. Interpretation of several older
events is underway. Correlations of variations in
the relative thickness of the portions of these cy-
cles that contain erratics and represent deglacia-
tion, and of variations in maximum erratic clast
size, are being indexed against the strength of cor-
relative late Quaternary glaciations in the Arctic.
If successful, this indexing will provide a sedi-
mentological method for estimating the relative
strength of continental glaciations in earlier Qua-
ternary time, for which no continental morainal
record is preserved. It has also been found that the
distribution of erratic clasts in the glacial portions
of the glacial-interglacial cycles in the Arctic



cores may reflect the relative distribution of gla-
cial ice and sea ice in the Arctic during continental
glaciations. This finding suggests that during gla-
ciations the central Arctic was covered with thick
sea ice that prevented the dispersal of erratic-bear-
ing icebergs from the termini of continental gla-
ciers, which are known to have reached the mar-
gins of the Arctic Basin. It also suggests that hy-
potheses proposing that the Arctic Basin was cov-
ered by a thick floating sheet of glacial ice during
continental glaciations are untenable. Attempts
were made to collect and analyze ice and ice-
borne sediments during several icebreaker cruises
to the Arctic Basin, These studies attempted to de-
termine the source areas, mode of incorporation,
mode of metamorphosis and mode of deposition
of the sediment and ice. A key reason for this
analysis was to quantify changing trends in mod-
emn sediment content and to examine their influ-
ence on Arctic albedo. This ongoing activity will
attempt to determine the sediment load and char-
acter in the ice canopy of the Arctic Basin. As a
result of completed analyses, USGS estimates the
episodic transport capacity of sea ice to remove
sediment from the shelf inshore of the 50-m iso-
bath to be 4 mm/yr.

Effects of the Exxon Valdez Oil Spill

Studies of the effects of the Exxon Valdez oil
spill were conducted by USGS scientists on two
cruises to Prince William Sound following the
March 24, 1989, spill. Bottom sediment was sam-
pled along the spill trajectory in May 1989 and
August 1990 to assess the fate of the oil and deriv-
ative products. During the first cruise, 50 days af-
ter the spill, evidence of spilled oil could not be
conclusively identified in bottom sediments col-
lected from deep basins. Samples collected 15
months later, however, showed evidence of oil
contamination. Qil and tar was present in beach
sediments, and traces of crude oil were geochemi-
cally measured in samples of the nearshore sedi-
ments and deep basin sediments within Prince
William Sound. The oiled sediments obtained
from the island beaches matched the geochemical
signature of oil impounded from the tanker Exxon
Valdez, but tar samples from two beaches have
chemical parameters that indicate a source other
than the March 24, 1989, spill at Bligh Reef.

GLORIA

In November 1991, USGS released a new “I”
Map (I-2053), Atlas of the U.S. Exclusive Eco-
nomic Zone, Bering Sea, a 145-page compilation
of explanatory information, maps, ship tracklines,
seismic profiles, gravity profiles, magnetic pro-
files and 27 1:500,000-scale, long-range, sidescan

sonar mosaics of 250,000 square miles of the Ber-
ing Sea Exclusive Economic Zone (EEZ) sea
floor. The sonar data were collected with the
GLORIA (Geological Long Range Inclined Asdic)
system. Each computer-enhanced mosaic covers a
2° % 3° area of the EEZ. The resulting maps show
the distribution of many physiographic and geo-
logic features of the Bering Sea EEZ seafloor.
These include volcanic features, canyons, chan-
nels, deep-sea fans, submarine slides, large sedi-
ment bedforms and textural and tonal differences
in sonar signal, corresponding to differences in
sediment type.

Elsewhere, ongoing analyses of GLORIA im-
ages collected from 1986 to 1989 in the Gulf of
Alaska between Unimak Pass and Dixon Entrance
show the morphology of the seafloor 400 km sea-
ward of the shelf break. These data are being pro-
cessed for presentation in an image atlas. Major
features include the following continental-margin
deformational structures and submarine-channel
systems.

The Aleutian convergent margin is character-
ized by canyons and numerous slumps along the
upper and middle slope. Sediment is dominantly
trapped in midslope basins, and canyons seldom
reach the trench, except for some prominent can-
yons near Middleton Island. Unimak Ridge is a
prominent midslope feature from Sanak Island to
Unimak Pass. Along the lower trench slope, the
structure ranges from highly discontinuous folds
to long continuous folds.

The margin between Middleton Island and
Cross Sound is commonly either extensively cut
by dendritic drainages or covered by glacially de-
rived sediment. Large, actively growing structures
are present beneath the slope between Middleton
Island and Pamplona Spur, but they are notably
absent from Pamplona Spur to Cross Sound.

From Cross Sound to Dixon Entrance the active
trace of the Queen Charlotte—Fairweather fault is
strikingly imaged as a narrow linear feature com-
posed of ridges and troughs that have a vertical
offset. The fault lies on the middle to outer shelf
from Cross Sound to Chatham Strait, then trends
across the middle slope to Dixon Entrance. A hori-
zontal offset is visible on a canyon wall and on
offset channels. Off Dixon Entrance, numerous
large anticlines are present seaward of, and trend
parallel to, the fault.

Southeast of the Aleutian Trench, ocean plate
structural and bathymetric features are either
parallel to magnetic anomalies or paralle] to the
trench and caused by normal faults as the plate
bends into the Aleutian Trench subduction zone.
These features formed during the development of
the seafloor at a spreading center and project
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through the thick sedimentary layer that covers the
oceanic basement.

On the abyssal plain, four active turbidite chan-
nel systems were imaged. The Surveyor channel
system consists of tributary channels that arise
along the margin between Pamplona Spur and
Alsek Canyon and coalesce on the abyssal plain
into a single channel, Surveyor channel, ending at
the Aleutian Trench southeast of Kodiak Island.
Sediment delivered by the Surveyor channel sys-
tem or by slope canyon systems into the Aleutian
Trench is transported southwest along the Aleutian
Trench, as shown by the development of a channel

As much as 1600 million metric tons of sediment are
resuspended in the Chukchi Sea by the feeding
processes of walruses
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that bypasses an obstruction in the trench between
Chirikof Island and the Shumagin Islands. The
Chirikof channel system arises from feeder drain-
ages between Fairweather Ground and Sitka, with
the greatest sediment input coming from Cross
Sound. The feeder channels eventually coalesce
into a single channel that terminates in turbidite
fans south of the Kodiak—Bowie seamount chain.
The Horizon channel system begins off Chatham
Strait and shows at least two abandoned channel
systems offset northward along the Queen Char-
lotte—Fairweather fault system. The Mukluk chan-
nel system begins off Dixon Entrance and also
shows northward offset. Both the Horizon and
Mukluk systems cross the Kodiak-Bowie sea-
mount chain, then extend 1000 km southward to
the Tufts abyssal plain.

Studies of Coastal Erosional Processes

Elsewhere, studies of coastal erosional pro-
cesses focused on the role of ice in coastal pro-
cesses and the potential for existing and future in-
fluences of changing climate on coastal processes
in the Arctic National Wildlife Refuge (ANWR).
Observations revealed a major change in the rates
of erosion and accretion in the last 200 years. Co-
operative studies with the University of Alaska
and GSC on nearshore ice gouging were complet-
ed. This work linked ice motion to seafloor gouges
and assessed the role of ice in modifying the near-
shore profile and beach replenishment. These
studies confirmed the recency of gouging inshore
of the 20-m isobath and documented the role of
gouging in eroding the shelf. The results also sug-
gested that ice pile-up on beaches was important
in forming elevated barrier islands.

Whale and Walrus Benthic Feeding

USGS studies of whale and walrus benthic
feeding in the Chukchi Sea are mapping and quan-
tifying the extent of seafloor disturbance and feed-
ing by gray whales and Pacific walruses. Over
5000 km of USGS side-scan sonar images have
been reviewed for evidence of whale feeding pits
and walrus feeding furrows. As much as 60% of
the ice-free portion of the Chukchi Sea with mud-
dy substrate is covered by walrus furrows, while
an average of about 3% of the northeastern sandy
seafloor is disturbed by whale pits. Mammal popu-
lation estimates, sediment biomass weights and
sediment bulk density data can be used to show
that a significant proportion of the 234,000 wal-
ruses feed on the Chukchi Sea benthos, a mini-
mum of 2% of the 21,000 gray whales feed on the
sandy substrate, and as much as 1600 million met-
ric tons of sediment are resuspended in the Chuk-
chi Sea by the feeding processes of these mam-
mals. For comparison, the northeastern Bering Sea
provides 5—-15% of the benthic food supply for the
whales, a relatively low amount of the walrus food
source, and resuspension of 172 million tons of
sediment of whale feeding processes. Considering
that the Yukon River, the third largest river in
North America, annually discharges 60 million
tons of suspended sediment into the northeastern
Bering Sea, the mammal feeding on the Arctic
epicontinental shelf is a major geologic process.

Natural Hazards

The primary objective of USGS research on
Arctic natural hazards (earthquakes, volcanoes and
landslides) is to mitigate loss of life and property
by providing data and evaluations essential for
land-use planning. Research is focused on hazards
related to offshore lease areas, engineering design
and emergency preparedness decisions. Three pro-
grams are actively investigating natural hazards:

« The Earthquake Hazards Reduction Program,
which seeks to mitigate earthquake losses by
providing data and evaluations for land-use
planning, engineering and emergency prepa-
rations;

+» The Volcano Hazards Program, which in-
cludes studies on the assessment, reduction
and prediction of volcanic hazards; and

« The Landslide Hazards Reduction Program,
which includes studies on the assessment, re-
duction and prediction of landslides.

Comprehensive studies are conducted under each
of these programs.

The Alaska Volcano Observatory (AVO), a co-
operative effort of the USGS, University of Alaska



and ADGGS, was created in 1988 to provide erup-
tion warnings and information about long-term
volcanic hazards in Alaska. As a result of the Re-
doubt eruptions of 1989-90, the AVO received
significant budgetary increases. The AVO suc-
cessfully warned of the initial eruption and sub-
sequent eruptions, provided early warnings and
ash-trajectory predictions to the aviation industry
and deployed a new flood-monitoring system on
the Drift River upstream from an oil-tank farm to
monitor floods resulting from eruption-generated
melting of glacier ice and snow. The AVO moni-
tors Cook Inlet volcanoes by a seismic network,
operates an ash-detection system in the Cook Inlet
region and responds to reports of eruptive activity
elsewhere in the Aleutian arc (such as eruptions of
Westdahl volcano late in 1991) as

capability allows.

The Earthquake Hazards Reduction Program
has long supported projects in Alaska that focus
primarily on two broad topics: the seismicity of
one of the world’s most active subduction zones
and geologic studies bearing on the Holocene seis-
micity of Alaska. Support for non-USGS research-
ers totaled about $375,000 per year in FY 90 and
91. Activities include analyses of data from re-
gional seismic networks, geodetic studies, geolog-
ic framework studies and studies of major historic
earthquakes. About $400,000 per year supports the
regional USGS network, which monitors coastal
Alaska from Anchorage to the southeast and in-
cludes the transition from subduction to transform
faulting. Another $175,000 per year supports
USGS studies of prehistoric earthquakes, surface
deformation during great earthquakes, and the re-
lation of seismicity to changes in the crust in
southern Alaska and the Aleutian Islands. One of
the most significant accomplishments of the
EHRP in Alaska during 1990-91 was its contribu-
tion to the successful seismic monitoring and pre-
diction of the Redoubt eruptions.

A seismic station, part of the world seismology
network, is operated by the National Mapping Di-
vision (NMD) at the Amundsen—Scott South Pole
Station, a site located at 90° south latitude. The lo-
cation of this station instantly provides the latitude
of all epicenters, including the very active seismic
areas in the Arctic—Alaska Region. Station opera-
tions include daily interpretations of analog data
captured during the previous 24 hours. During the
austral summer, data are sent to USGS’s National
Earthquake Information Center (NEIC) in Golden,
Colorado, via McMurdo Station by HF radio data
communications. This method of communication
was interrupted during the Gulf War, and a meth-
od of sending data via electronic mail (through the
ATS-3 or LES-8 satellite) was implemented. De-

pending on satellite window availability, the data
arrive at NEIC 12-18 hours after an event is re-
corded, unless priority tsunami warning data are
required. The NMD program also provides support
for a joint USGS—university study of earth tides.
These data are collected and stored for geophysi-
cists who use the seismic data captured at the
South Pole to study the structural layer of the
earth’s interior and its core, including studies of
areas beneath Alaska and the Arctic.

Climate and Paleoclimate

The record of late-Cenozoic warm intervals in
Alaska is being studied under the Climate Change
and Global History Program. Glacial-eustatic high
sea level stands as old as the late Pliocene are evi-
dent along the Arctic Coast. During the Colvillian
marine transgression, which occurred sometime
between 2.48 and 3.0 million years ago, forest
vegetation not unlike that of modern south-central
Alaska extended north to the Arctic Coast. A
younger Pliocene transgression also was character-
ized by warm climates and by the absence of per-
mafrost and sea ice, but permafrost has been pre-
sent nearly continuously since that time. Marine
mollusk shells from the deposits of the youngest
two marine transgressions have isotopic values that
suggest that summer sea ice was less extensive
than it is now.

Farther inland on the Alaskan Arctic coastal
plain, a continuing study of the warm period that
peaked about 9,000 or 10,000 years ago has pro-
duced abundant data on former water temperatures
and chemistry, wind direction, surface moisture
conditions, snow cover and other parameters. This
warm period is a possible high-latitude analog for
future warming that will likely result from the
buildup of anthropogenic greenhouse gases in the
atmosphere.

Precision Borehole Temperature Studies
The USGS has been acquiring precision tem-
perature logs within deep boreholes in the Alaskan
Arctic since the 1950s. In 1986, based on an anal-

ysis of these temperature logs, USGS scientists
concluded that the upper surface of the permafrost
layer in northern Alaska has warmed as much as
2-4°C during the last 50100 years. Additionally,
their analysis revealed a recent cooling event in the
immediate vicinity of the boreholes, coinciding
with the construction of the drilling pads during
the late 1970s and early 1980s.

During FY 90 a new set of precision tempera-
ture logs was obtained from 19 of the National
Petroleum Reserve—Alaska (NPRA) boreholes. An
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inversion method (called singular value decompo-
sition), which was much more powerful than the
one used in the 1986 study, was developed to ex-
tract the climatic signal from these logs. Applica-
tion of this inversion technique to the FY 90 data
confirmed the earlier conclusion that the earth’s
surface has warmed 2—4°C in the Alaskan Arctic
during the last 50-100 years. In addition, the anal-
ysis indicated that the apparent cooling that coin-
cided with the construction of the drilling pads has
in many cases reversed; surface temperatures near
at least four of the boreholes are now higher than
they have ever been during this century.

The FY 90 data confirmed the earlier conclusion that
the earth’s surface has warmed 2—4 °C in the Alaskan
Arctic during the last 50-100 years
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Six automated climate-monitoring stations were
deployed in the NPRA during 1991. Each station
monitors ground temperature at seven depths, air
temperature at the standard “screen” height, solar
radiation, wind speed and direction, relative hu-
midity, and snow depth every 30 seconds. These
stations will serve several purposes:

 They will establish which components of the

climate system are potentially responsible for
the observed 2—4°C warming of the perma-
frost surface in northern Alaska.

 They will provide baseline data necessary for

determining the sensitivity of near-surface per-
mafrost to future climatic changes.

» They will be used in conjunction with the ex-

isting boreholes to monitor future climatic
changes in this critical region.

Late Cenozoic Climate History of
Alaska and the Yukon

In FY 90 the USGS and the Geological Survey
of Canada began a joint research project aimed at
reconstructing the history of climates and environ-
ments of Alaska and the Yukon Territory during
the late Cenozoic. An interdisciplinary research
team from the USGS, the GSC and Agriculture
Canada carried out the first field investigations
for the project in August 1990 in northeastern
Alaska. The field season was spent collecting sam-
ples and data from middle Miocene and latest Mi-
ocene fossil-bearing deposits exposed in the walls
of the Porcupine River canyon. Studies included
palynology, sedimentology, pedology, paleobota-
ny, paleoentomology, paleomagnetism, geomor-
phology, stratigraphy and isotope geology. Prelim-
inary analyses of samples collected from the Por-

cupine River exposures suggest that middle Mi-
ocene warming was of sufficient magnitude to
permit many broadleaf temperate tree types to
spread far north into interior Alaska. Conifers such
as sequoia, dawn redwood, spruce, pine, hemlock
and fir dominated the vegetation of interior Alaska
during the middle Miocene, but broadleaf taxa
such as elm, oak, hickory, walnut, holly, beech
and basswood were growing nearby, perhaps in
floodplain environments. Late Miocene floras
from the Porcupine River contain few broadleaf
taxa, except birch, willow, alder and a few others,
and the conifer assemblage is less diverse, with
pines dominating. Pines no longer grow in interior
Alaska.

In 1991 the project’s second field season was
conducted in interior Alaska and the Yukon Terri-
tory during June and July. The field party collect-
ed a wide variety of samples from about 20 locali-
ties in Alaska and the Yukon, and the ages of the
deposits sampled range from early Miocene to
middle Pleistocene. In April 1992 the project
members and collaborators presented scientific
results from the 1990 field season and preliminary
reports from the 1991 field season at a USGS—
GSC workshop held in Whitehorse, Yukon Terri-
tory.

In the summer of 1992 a small USGS-GSC
field party will carry out some additional field in-
vestigations in the Alaska Range to collect sam-
ples that may improve understanding of the chro-
nology of the tectonic events associated with the
rise of that high mountain barrier. The formation
of east—west-trending mountain chains in southern
Alaska during the late Neogene and Quaternary
had significant effects on the climate of interior
Alaska and northwestern Canada. Therefore, an
improved understanding of the chronology of the
mountain-building events will improve the re-
search team’s ability to separate regional from
global climate changes recorded in the geologic
record of northwestern North America.

In 1993 the USGS and GSC plan to carry out
core-drilling operations in interior Alaska to re-
cover a long, relatively continuous record of cli-
mate and environmental changes during the late
Cenozoic. The current drilling target is Yukon
Flats, where a long Cenozoic sediment record is
likely to be preserved. Data collected during this
project will not only provide a basis for recon-
structing paleoclimates and paleoecological condi-
tions from the Miocene through the Pleistocene
for the region, but they will provide an improved
biostratigraphic and geochronologic framework
for Alaska and the Yukon that will have broad
applications for mapping, resource investigations
and tectonic reconstructions.



Glaciology

Glaciers cover nearly 30,000 square miles of
Alaska, about 5% of the total area of the state.
Snow forms a veneer on most of Alaska for half to
three-quarters of the year, and the freezing and
thawing of water affect virtually all of Alaska to
some extent. USGS research in glaciology (the
study of ice in all its forms) focuses on:

* Understanding the interaction between cli-
mate and sea ice (particularly the marginal ice
zone), snow and glaciers;

» Developing remote sensing techniques from
aerial and satellite platforms to investigate
changes in glacier extent, sea ice extent and
morphology, and snow cover characteristics;

+ Evaluating the water resource and hazard po-
tential of alpine glaciers;

» Obtaining ice cores for paleoclimatic re-
constructions;

» Assessing the importance of Alaskan glaciers
for interpreting climate; and

* Determining and evaluating the extent of per-
mafrost.

The goals of USGS glaciological research closely
parallel those of USGS Quaternary geological
research.

Glaciers cover nearly 30,000 square miles of Alaska,
about 5% of the total area of the state

Most of the sea ice studies are conducted in the
international Arctic, primarily by the Water Re-
sources Division (WRD), through long-standing
joint programs with NASA and the French Space
Agency (CNES). Studies consist of a three-level
observational system that uses satellite, aircraft
and surface sensors to acquire simultaneous obser-
vations of sea ice. The USGS role has been in both
the design of microwave sensors for satellite mis-
sions and the subsequent analysis and use of the
satellite data. WRD researchers continue to partic-
ipate in planning and carrying out aircraft remote
sensing missions in conjunction with the satellite
missions and in surface-truth experiments on drift-
ing ice stations and ships.

A joint WRD-NASA study of the upper Col-
orado River basin snowpack using Nimbus-7
SMMR observations to measure snow water
equivalence is now entering its ninth snow season.
The results from these observations are useful for
understanding snowfall-runoff relationships in the
Arctic. WRD researchers have developed numeri-
cal models for sea ice dynamics and thermody-

namics in cooperation with other agencies, notably
the Goddard Space Flight Center of NASA.

Bering Glacier Project

This project, involving researchers from the
Geologic Division, the Water Resources Division
and the National Mapping Division, is in its fourth
year of evaluating the longest glacier in North
America. The Bering Glacier, the largest temper-
ate and largest surging glacier in the world, has
been retreating for much of this century, resulting
in the opening of a large, freshwater, ice-marginal
lake, Vitus Lake, and in most of the glacier’s
southern terminus becoming an iceberg calving
margin. Since 1968 this ongoing recession appears
to have accelerated into an irreversible calving re-
treat.

Coupled with the expansion of the lake has
been a downcutting of the lake’s outlet channel,
the Seal River; since 1938 the lake level has
dropped more than 3 m to about 2 m above sea
level. Gulf of Alaska storm surges entering into
Vitus Lake have deposited log flotsam as much as
5 m above the present lake level. Observations of
the flow in the Seal River made in 1990 and 1991
show that when Gulf of Alaska tidal stages are
more than 2 m above mean high water, saline
ocean waters enter Vitus Lake; this probably af-
fects both the circulation in the lake and the ice
melt rate.

Vitus Lake is more than 180 m deep. The lake
basin approaches 275 m below sea level. Ice-
penetrating-radar thickness measurements of the
glacier show that much of the glacier’s bed is be-
low sea level for a distance of up to 60 km from
the terminus.

A continuation of present conditions—drastic
retreat of the glacier, erosion of the beach separat-
ing Vitus Lake from the Gulf of Alaska and saline
ocean waters entering Vitus Lake—will result in
the lake evolving into a large saltwater bay ex-
tending far into the Chugach Mountains.

The USGS has extended its remote sensing ca-
pability of ice sheets by developing an airborne
impulse radar system. This instrumentation has
been successfully used in Greenland to determine
the depth and internal layering of the ice at the
Greenland Ice Sheet Program (GISP2) site. These
data were fundamental to the selection of the
GISP2 site now being cored. Currently this radar
system is being used in Antarctica.

Benchmark Glacier Program

WRD’s Benchmark Glacier Program studies
the effects of glacier changes on streamflow and
the effects of climate changes on glacier extent.
This long-term monitoring program examines
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three glaciers, two of which are in Alaska (Wolver-
ine and Gulkana). Measurements on these glaciers
consist of mass exchange, ice movement and
stream flow. The research objectives include un-
derstanding the mechanics of water flow through
glaciers and understanding the effect of weather
and climate patterns on the mass exchange at the
glacier’s surface.

In addition to these three glaciers, annual aerial
photographic missions are flown over large geo-
graphic regions to document glacier variations.
Tidewater Hubbard Glacier, which closed Russell
Fjord in 1986, and rapidly retreating Columbia
Glacier are being systematically monitored by pho-
togrametric-quality, vertical aerial photographic
missions, supplemented by occasional oblique
aerial surveys.

High-Resolution Paleoclimate

Reconstruction from Alaskan Ice Cores
Unlike Greenland and Antarctica, where deep
ice cores from large continental ice sheets provide
long-term climate records, little is available from
Alaska, where the ice contains a record of a cli-
mate influenced by northern Pacific Ocean weather
patterns. A USGS and Canadian team will recover
an ice core from an elevation of 4200 m in a col
between Mount Churchill and Mount Bona in the
St. Elias Range of southeastern Alaska. The ice
core is likely to contain a high-resolution paleo-
climate record dating back as far as 1200 years.
The site is a broad, relatively flat expanse of snow
and ice, about 1.0 x 1.3 km, sloping gently to the
east. In the late spring of 1991, initial field recon-
naissance was conducted. It emphasized observa-
tion, sampling of snow strata from snow pits and
sampling of gases in the snow and firn using shal-
low and deep probes. The site is located in the dry
facies zone and is part of the ultimate source of the
Klutlan Glacier, well above the equilibrium line.

Unlike Greenland and Antarctica, where deep ice cores
from large continental ice sheets provide long-term
climate records, little is available from Alaska, where
the ice contains a record of a climate influenced by
northern Pacific Ocean weather patterns
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No significant melting horizons were observed in
snowpits. The net annual accumulation of snow is
1.9-2.0 m/yr (about 70 cm of water equivalent),
judging by the minimally compacted stratum of the
most recent year. Snow densities of the topmost
year range from a minimum of about 0.18 glem3

near the spring surface to a maximum of about
0.43 g/cm? at a depth of 2 m.

The preliminary analytical results show the fol-
lowing. The light stable isotopic composition of
snow within one year’s accumulation exhibits a
very large seasonal range, indicating at least two
sources of moisture and a correspondingly large
range in temperature. The concentration of
biologically produced oceanic methanesulfonic
acid (MSA) in snow strata closely parallels the
isotopic extremes, with a small time lag. MSA
maxima appear with the most negative isotopic
values (cold times). This may suggest that there
are different latitudinal sources of moisture in dif-
ferent seasons and that the more Arctic regions
produce more biogenic sulfur. Altemnatively these
variations in stable isotopic composition and bio-
genic sulfur may be related to the tropospheric
stratification proposed to dominate in these alti-
tudes and latitudes. Shallow and deep firn gases
were collected using 2 USGS-designed sampling
probe capable of approximately 30 m of penetra-
tion. Gases adsorbed from the atmosphere onto
snow crystals are present in different proportions
than in the atmosphere. Upon recrystallization of
snow grains with aging and burial of the strata, ex-
cess adsorbed gases are released, and residual ad-
sorbed gases approach atmospheric proportions,
exchanging in an open system with the atmospher-
ic gases that circulate through the permeable
snowpack. At least a decade may be required in
this locality for desorption and redistribution of
gases from the snow and equilibration of firn gas-
es with the atmosphere. Strata isolated by imper-
meable layers may retain the fractionated and
anomalous proportions of adsorbed atmospheric
gases. From ongoing studies by isotope dilution
mass spectrometry, we anticipate that concentra-
tions of rock-forming, sea-salt and volcanic-
exhalation metals in seasonal snow strata will give
additional information about changing air mass
sources.

In preparation for innovative procedures to be
applied to ice core studies of paleoclimate records,
the new National Ice Core Curatorial Facility
(NICCF) in Denver is developing and installing
ice core handling and processing facilities, new
stable isotope mass spectrometer instrumentation,
laser microbeam gas bubble sampling and quadru-
ple mass spectrometer equipment, cold rooms and
ultra-clean chemistry laboratory facilities. The
NICCEF is jointly funded by the National Science
Foundation and the USGS. The facility is jointly
operated by the University of Colorado and the
USGS. Eventually ice cores collected from the
Alaskan drill site targeted in 1991 will be archived
at this facility. All of the ice cores returned from



the GISP?2 site and all of the cores previously ar-
chived at the former NSF site in Buffalo, NY, will
reside at the new facility.

Permafrost Map of Alaska

A new permafrost map of Alaska is being com-
piled to incorporate data that have become avail-
able since the last compilation (in 1962) of an
Alaskan permafrost map. New data are available
from boring records along the Trans-Alaska Pipe-
line route, oil exploration and development work
on the Alaskan North Slope, water wells, highway
improvements and other engineering projects. The
map will provide baseline data for evaluating
changes in the distribution, thickness and general
character of permafrost that would be caused by fu-
ture changes in climate. It should also shed light on
whether recent climatic warming has caused per-
ceptible changes in permafrost distribution, tem-
peratures or other parameters.

Quaternary Geology

The goals of Quaternary geological research are:

» To understand complete cycles of glacier be-

havior;

« To provide advice on glacial and engineering

geological hazards; and

« To interpret Quaternary geological environ-

ments and Quaternary climate by reading the
record of events recorded in loess, permafrost,
glacier ice and glacial deposits, and marine
and lacustrine sediments.

The last interglacial period in Alaska is being
studied under the Climate Change and Global His-
tory Program. This project includes an initial field
survey of potential interglacial sites, a review paper
discussing known and potential Alaskan sites, and
follow-up studies of sites that are considered par-
ticularly significant. One important offshoot of this
study was the recognition that the Old Crow tephra,
a widespread stratigraphic marker in Alaska and
the Yukon, is present in about half of the intergla-
cial sites in this region. The volcanic ash, evidently
deposited near the beginning of the last interglacia-
tion, is an important marker bed for the glacial—
interglacial transition.

Eolian-dominated alluvial sediments at Epigu-
ruk, an extensive river-bluff exposure in northwest
Alaska, demonstrate that river aggradation was
caused by intensified eolian activity during at least
two phases of the Wisconsinin glaciation. Two pa-
leosols record interstadial conditions in which eo-
lian sand did not reach the site and richly organic
soils accumulated. Rooted willows and grasses,
and the abundant remains of large grazing animals,

show that the Epiguruk area was a favorable ref-
ugium for plants, animals and possibly humans
during the maximum of the last glaciation.

Farther south, Quaternary geologic mapping of
the Copper River Basin is continuing with the
completion of the Gulkana 1:250,000 quadrangle.
This map helps define the complex interrelation-
ship between multiple glacial advances from the
Alaska Range and the succession of glacial lakes
that filled the basin.

Hydrology

Most USGS hydrology activities in activities in
Alaska and the Arctic are conducted by WRD.
These activities can be divided into three broad
categories:

« The collection of hydrologic data required for
planning and conducting hydrologic appraisals
and research. In FY 90 and 91 this type of
work constituted the major part of the USGS
hydrology effort in Alaska.

« Conducting hydrologic appraisals, including
studies of water resources in areas likely to be
or being affected by mineral energy, fisheries,
coastal zone or urban development; investiga-
tions of potential hydrologic hazards; and
studies of ground- and surface-water contami-
nation on Federal lands.

« Conducting basic and applied research in
hydrologic topics unique to cold climates.
Examples include studies of the quantity and
quality of surface and ground water, hydro-
logic instrumentation, glacier and snow and
ice dynamics, and limnology.

The surface waters of Alaska include many
large rivers. Six Alaskan rivers—the Yukon, Cop-
per, Stikine, Kuskokwim, Susitna and Tanana—are
among the 30 largest U.S. rivers. Glacial sources
for most Alaskan rivers cause important hydrologic
consequences in addition to the heavy loads of gla-
cier-derived silt carried by the glacial streams.
Even a small glaciated area in a drainage basin can
have a significant effect on the amount and timing
of runoff. A USGS data collection and processing
effort continues. In 1990 USGS operated 90 gaug-
ing stations and 70 crest-stage gauges in Alaska.

Alaska lakes are so numerous they are essen-
tially uncounted. Lake Iliamna, Alaska’s largest,
covers 1000 square miles. Springs occur through-
out the state as innumerable small seeps and as
warm or mineral waters that support recreational
centers. On the North Slope, flows from large
springs produce widespread icings in winter.

Groundwater is an untested resource in most of
Alaska, and in many areas the potential develop-
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ment of the resource far exceeds the current use.
Groundwater conditions are diverse: major aqui-
fers are present in the alluvium of large river val-
leys (Yukon, Kuskokwim, Susitna), in glacial out-
wash deposits under coastal basins (Cook Inlet)
and valleys (Seward and Juneau), and in the car-
bonate bedrock of the Brooks Range. In many ar-
eas, however, the fine-grained material of glacial
and glacial-lake deposits and poorly permeable

Groundwater is an untested resource in most of Alaska,
and in many areas the potential development of the re-
source far exceeds the current use
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consolidated rocks offer a much less promising
groundwater potential. In addition, the recharge,
discharge, movement and thus the availability of
groundwater over much of the interior, western
and northern parts of the state and on the flanks of
the Alaska Range are restricted by permafrost. In
1990 USGS monitored about 75 wells for water
levels. Of these, 27 are equipped with devices that
record water levels on a continuous basis. Water
levels in the other wells were measured from 2 to
12 times per year.

The quality of Alaskan waters is generally ac-
ceptable for most uses. However, there are natu-
rally occurring problems, such as suspended sedi-
ment in glacier-fed streams, saltwater intrusion
and undesirable concentrations of iron or arsenic
in groundwater at various locations. Pollution
from septic tank leakage has occurred in several
locations, and an increasing number of cases of
groundwater contamination by gasoline or other
petroleum products have been reported.

Water quality data collection is conducted at
about 25 surface-water stations and several surface
or groundwater sites. Water quality data may con-
sist of chemical or biological constituents, sedi-
ment concentrations or temperatures. Included are
five National Stream Quality Accounting Network
stations. One hydrologic benchmark station pro-
vides data for a basin in which the hydrologic reg-
imen will likely be governed solely by natural
conditions. Collection of miscellaneous sediment
data is continuing at the five National Stream
Quality Accounting Network stations, one bench-
mark station and several other stations.

Deep Continental Studies

Deep continental research involves multidisci-
plinary studies of the continental lithosphere, with
an emphasis on deep crustal environments and

processes that control or influence the near-surface
geology. The goal of deep continental studies is to
obtain information about the composition, struc-
ture and dynamics of the earth’s crust and upper
mantle in order to understand the occurrence of
energy and mineral resources and processes asso-
ciated with major geologic hazards such as earth-
quakes and volcanic eruptions. In the Arctic, deep
continental studies are conducted as part of the
Trans-Alaska Crustal Transect (TACT) program.
The TACT program applies a muitidisciplinary
approach to study the earth’s crust along a corridor
from the Pacific Ocean to the Arctic Ocean. The
objectives of the program are to determine the
structure and composition of the Alaska crust and
to investigate the geologic processes that have
shaped the crust, particularly the processes of
accretion, mountain building, rifting and exten-
sion. The transect parallels the Trans-Alaska Pipe-
line System (TAPS) and extends from offshore
south of Valdez and Cordova in the Gulf of Alas-
ka, northward across Alaska and offshore onto the
Beaufort Sea. The transect, about 1400 km long,
crosses the place in North America with the great-
est variety of geologic features, including active
subduction zones, offscraped oceanic and island
arc terranes, various fault-bounded fragments of
the North American Cordillera, major active
strike-slip faults and large-scale overthrust belts.

The goals of the TACT program are to:

« Obtain state-of-the-art data (including seismic
refraction, deep seismic reflection, gravity,
and magnetic and magnetotelluric data) and
detailed geologic studies (including bedrock
mapping and detailed structural, isotopic, pa-
leontologic and geochemical studies); and

* Conduct and publish integrated, concurrent,
multidisciplinary analyses of the data.

The TACT program is a collaborative study in-
cluding academic institutions, petroleum and min-
ing companies and government research groups.
Within the USGS the TACT program includes sci-
entists from the branches of Alaskan Geology,
Geophysics, Geochemistry, Seismology, Paleon-
tology and Stratigraphy, and Isotope Geology.

A complex series of maps and reports are being
published by the program, including a series of
bedrock geologic and geophysical maps along the
entire transect and a comprehensive series of inter-
pretive geologic and geophysical articles in the
Journal of Geophysical Research, Geology and
Tectonics. The first field studies began in the sum-
mer of 1984 in the Chugach Mountains of south-
ern Alaska with seismic refraction surveys, bed-
rock geologic mapping, companion specialized
studies and aeromagnetic and gravity surveys.
Subsequent investigations, some scheduled



through the summer of 1992, have extended and
expanded these studies. Conducted were seismic
reflection in selected regions across major faults,
continuous magnetotelluric studies along the en-
tire length of the survey, and offshore marine seis-
mic surveys in Prince William Sound.

Some of the main findings from TACT concern
the processes of tectonic underplating of large
rock units and the relative thinness of many Alas-
kan tectonostratigraphic terranes. Data from the
southern part of Alaska reveal underplated ocean-
ic-crustal rocks that were emplaced in extensive,
thin (23 km), parallel layers, whereas below the
Alaska Range in the middle part of the state, un-
derplated Mesozoic flysch forms a thick (15-18
km) mass. The reason for this fundamental differ-
ence in geologic processes remains unknown.
Geophysical data indicate that most of the terranes
evident at the surface are thin, varying from as lit-
tle as 4 km to about 10 km thick. Given the many
thrust-fault and strike—slip-fault contacts between
major rock masses, simple extrapolation of out-
crop geology into the deep subsurface commonly
does not aid in establishing the likely composition
of deep crustal rocks.

TACT is coordinated with the Trans-Alaska
Lithosphere Investigations (TALI), which utilizes
earth scientists from the ADGGS, the University
of Alaska, other universities and private industry.

Magnetosphere

Geomagnetic measurements are made to:

« Infer the physical properties of the earth’s in-
terior and atmosphere;

« Aid in the navigation of air-, sea- and space-
vehicles and satellites, and

» Identify short- and long-term variations of the
earth’s magnetic field for thousands of maps
and charts.

The USGS magnetic observatory at Barrow, Alaska,
is the only source of geomagnetic data close to the
geomagnetic pole

Accurate, up-to-date magnetic information is nec-
essary to orient instrument approach systems at
some 4000 airports, to establish and verify land
surveys, to operate sophisticated weapons sys-
tems, to determine the effects of solar and terres-
trial magnetic substorms on communications and
other electronic systems and to estimate the
amounts of energy transferred within the coupled

system of the magnetosphere and the ionosphere.

The USGS operates three magnetic observato-
ries in Alaska, one of which is located at Barrow
on the Arctic coast. This station is of particular im-
portance as it is the only source of geomagnetic
data close to the geomagnetic pole. It is at the geo-
magnetic pole where charged particles following
magnetic field lines enter and leave the earth. Geo-
magnetic data are critical for understanding the ef-
fect of sunspots on communications and the rela-
tionships between the earth’s internal magnetic
field and the atmospheric magnetic field.

Mapping

NMD mapping goals with respect to the U.S.
Arctic and Alaska include preparing and maintain-
ing a variety of high-quality multipurpose base
maps and digital cartographic databases to meet
specific national priorities, including the require-
ments of Federal and state agencies, the Congress
and others. The primary map product and series are
1:63,360-scale (1 inch = 1 mile) topographic maps.
Additionally, complete 1:250,000-scale topo-
graphic map coverage is available for all of Alas-
ka. Multi-color orthophotomaps at 1:24,000 scale
are available for about a dozen quadrangles in the
Prudhoe Bay area. A number of cities are covered
by 1:24,000-scale and 1:250,000-scale topographic
maps.

Other cartographic data and products available
include:

« Black-and-white orthophotoquads at 1:63,360

scale for selected areas;

* A series of more than two dozen black-and-
white Landsat RBV image maps at 1:250,000
scale for Alaska north of 68°N latitude;

* Multicolored Landsat MSS image maps at
1:250,000 scale for ANWR;

» Side-looking airborne radar (SLAR) digital
and photographic data;

» SLAR image maps at 1:250,000 scale for se-
lected quadrangles;

« Land cover maps and digital data;

« Digital elevation data at 1:250,000 scale and
selected areas at 1:63,360 scale;

« Digital planimetric data at 1:2,000,000 scale;

« Alaska Boundary Series of 1:250,000-scale
maps for the ANILCA units;

« Alaska High-Altitude Photography (AHAP)
program products, including 1:120,000-scale
black-and-white and 1:60,000-scale color in-
frared coverage for most of Arctic Alaska; and

 Small-scale state base maps and 1:1,000,000-
scale topographic maps.

The first phases of data collection for the Fed-
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Additional information on
Arctic and Alaska mapping
activities may be obtained

from the USGS Earth Science
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Information Center, USGS,
4230 University Drive,
Anchorage, Alaska
99508-4664.

eral Land Information System were completed in
1985. Information essential to the development of
policies governing mineral exploration and re-
source development on Federal lands and data on
surface and subsurface ownership, restrictions and
withdrawals related to mineral development were
obtained from BLM’s Alaska Automated Land
Records System and combined with data from the
USGS’s various mineral resource data and assess-
ment programs, the Bureau of Mines’ Mineral In-
dustry Locational System and the USGS’s base
cartographic and water resources data programs.

An “Arctic Sheet” has been added to the
Circum—Pacific Council for Energy and Mineral
Resources’ Circum-Pacific Map Series. Produced
by USGS are an Arctic Geographic Base Map and
an Arctic Geodynamic Map. In preparation is an
Arctic Tectonic Map. The new permafrost map of
Alaska will serve as the cornerstone of an Arctic
permafrost map now in preparation.

Data Management

In response to requirements stated by the Arctic
Research and Policy Act, USGS has taken the lead
in developing a two-part Arctic data management
effort: the Arctic Environmental Data Directory
(AEDD), an inventory of about 500 existing Arc-
tic data sets; and the Arctic Data Interactive
(ADI), an innovative CD-ROM (compact disk—
read only memory) for distributing Arctic infor-
mation and data. USGS has begun both projects
on behalf of the Federal Interagency Arctic Re-
search Policy Committee (JARPC). JARPC mem-
ber agencies have contributed both data and finan-
cial support to develop ADI and expand AEDD.

AEDD is maintained by the USGS as an on-
line system, accessible from anywhere in the
world. AEDD consists of a compilation of infor-
mation about specific earth science, environmental
and natural resources data sets. AEDD databases
are held by a number of entities, including aca-
demia, government and industry.

The ADI prototype is an electronic Arctic re-
search journal using multimedia and CD-ROM
technologies. A CD-ROM can hold more than 600
megabytes of digital information, a volume sub-
stantially in excess of 25,000 printed pages. The
ADI prototype can put large quantities of Arctic
data in the hands of a researcher in a mode where
it can be used on a standardized and inexpensive
workstation, either an Apple Macintosh II or IBM
PC-compatible computers. ADI uses a graphical
and intuitive hypermedia interface, a software sys-
tem that permits full-text retrieval of bibliographic
data and data set descriptions, image display, and
text and graphic integration. In addition to AEDD
the ADI prototype contains full-text articles with
illustrations and selected data sets, including tabu-
lar data, text with figures and imagery. The joint
AEDD-ADI concept is an effective way for the
permafrost community to inventory the results of
past programs, keep track of present research and
provide selected results and data for peer groups.

The results of USGS Arctic and Alaska re-
search are reported annually in several publica-
tions. See, for example, Geologic Studies in Alas-
ka by the U.S. Geological Survey During 1990
(USGS Bulletin 1999) and United States Geologi-
cal Survey Yearbook, Fiscal Year 1990. Both are
available from the Books and Open-File Reports
Section, USGS, Federal Center, Box 25425, Den-
ver, Colorado 80225.

Bureau of Mines

The Bureau of Mines (BOM) is a primary
source of information on mineral production in the
United States and throughout the world. BOM
assesses the worldwide availability of minerals,
giving highest priority to deposits in the U.S. It
analyzes the impact of government policies, eco-
nomic conditions and political events on the min-
eral sector of the economy and the Nation’s miner-
al supplies.

Minerals Availability

Under the auspices of the Minerals Availability
Program, BOM investigated mineral development

FY 91 FUNDING (thousands)

Minerals 1028

potential near proposed port sites, studied cyanide

use in precious-metal extraction under Arctic con-

ditions, and assessed the impacts of permitting and
environmental costs on mining.

Port Site Evaluation

The BOM examined the potential for minerals
development in the areas adjacent to Balboa/
Herendeen Bay, Beluga, Bethel, Iliamna Bay, Kiv-
alina, Kotzebue, Lost River, Nome, Omalik La-
goon and Point MacKenzie, as well as coal devel-
opment impacting Beluga, Kotzebue, Omalik La-



goon and Point MacKenzie. The evaluations were
done as part of a study by the Army Corps of En-
gineers on the future needs of port site facilities in
Alaska. The BOM inventoried the mineral depos-
its around the port sites, listed the commodities
found in each mineral deposit, and determined the
likelihood of mineral development around each
site.

The number and types of mineral deposits were
determined within a radius of 100 miles around
each site; for Point MacKenzie, deposits were
identified within 30 miles of a major road or rail-
road. The BOM identified 859 deposits that meet

Coal basins underlie nearly 51 million acres of Alaska,
of which about half are under Federal jurisdiction

the criteria for development within the proposed
access area of the ports. The deposits contain alu-
minum, antimony, asbestos, barium, bismuth, cal-
cium, chromium, clay, coal, cobalt, copper, diato-
mite, fluorine, gemstones, gold, graphite, iron, ky-
anite-group minerals, lead, mercury, mica, molyb-
denum, niobium, pumice, silver, sulfur, tin, urani-
um and zinc. Major commodities using each port
would include coal for Omalik Lagoon, Kotzebue
and Beluga; copper and molybdenum at Balboa/
Herendeen Bay; lead and zinc at Kivalina; tin at
Lost River; gold at Nome; and coal, copper and
gold shipped to Point MacKenzie.

Cyanide Leach Technology

Data on cyanide use in Alaska collected by the
BOM include information on the chemistry of cy-
anide leaching, the types of leach operations avail-
able (heap vs vat), the environmental effects on
leaching, and economic information to conduct a
feasibility study of a gold-leach operation in Alas-
ka. The costs of a hypothetical heap-leach mining
operation in Alaska were compared to those in Ne-
vada.

Although there are a few problems unique to
northern heap leaching, this study showed that
heap leaching is economically feasible in Alaska.
However, an Alaskan precious-metal deposit that
would be amenable to cyanide heap leaching re-
quires a recoverable metal value twice that of sim-
ilar deposits in Nevada to realize a 15% return on
investment. The increased costs of Alaskan heap
leaching stem from circumstances such as a short-
er leach season, larger holding ponds to accommo-
date heavy snowmelt, permafrost insulation,
heavier vegetative cover and higher costs of labor,
transportation and shipping.

Permitting and Environmental
Constraints

The BOM published a report detailing the costs
of mine-permitting requirements and procedures
for placer and lode mines in Alaska. For placer
mines the study found that increased operating
costs and lost production time during a short oper-
ating season account for a markedly decreasing
rate of return as effluent treatment is increased.
Lode mines face greater permitting and compli-
ance costs than placer mines of similar size due to
the physical impact of their operation. Direct per-
mitting costs for lode mines average 4% of the to-
tal project cost, and total permitting and compli-
ance costs are approximately 8%. Indirect costs
associated with compliance include mitigation,
monitoring and reclamation.

Policy Analysis

The BOM inventoried all lands in Alaska to de-
termine the availability of land for oil, gas and
coal leasing. The BOM found that coal basins un-
derlie nearly 51 million acres of Alaska. Of this
land, 26.4 million acres are under Federal jurisdic-
tion, 17.3 million acres of land are managed by the
State of Alaska, and nearly 7.3 million acres are
managed by Native corporations.

Mineral Land Assessments

Mining District Studies

The Mining District Studies in Alaska are de-
signed to assist land management agencies in
land-use decisions and to reduce the dependency
of the United States on foreign sources for strate-
gic and critical minerals. The Anti-Apartheid Act
of 1986 (P.L. 99-440) mandates that the United
States decrease its import reliance on South Afri-
can supplies of platinum-group metals, chromium,
manganese, cobalt and other minerals. The Mining
District Studies are conducted in cooperation with
the State of Alaska and provide detailed informa-
tion on identified mineral resources on Federal
and State lands and the potential for their econom-
ic development. Emphasis is also placed on devel-
oping more extensive quantitative information on
potentially economic mineral resources, especially
of strategic and critical minerals.

Valdez Creek

Work in the Valdez Creek mining district
(VCMD) during 1990 was the culmination of a
four-year project begun in 1987. Field work per-
formed by the BOM encompassed district-wide re-
connaissance, geochemical rock and stream sedi-
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ment sampling, and detailed examinations of 176
of the 218 previously known mineral occurrences
in the district. Of the 42 occurrences not visited,
13 were located inside Denali National Park, 11
were located but could not be investigated safely
due to rugged terrain, and 18 could not be located
on the ground. The BOM collected and analyzed
1632 rock samples and 781 placer samples and
had 7 bulk samples tested for beneficiation char-
acteristics.

During the mining district study the BOM lo-
cated 19 new mineral occurrences within the
VCMD. Reconnaissance placer sampling resulted
in the identification of 10 previously unreported
gold placer occurrences, some of which contain
subsidiary placer platinum-group metals (PGM) or
tin or both. Conglomerate units in the district were
identified as sources of the placer gold and PGM.
Reconnaissance lode sampling resulted in the
identification of two gold-silver occurrences,
three PGM occurrences that contain subsidiary
chromium, nickel or cobalt, three copper occur-
rences that contain subsidiary molybdenum or
zinc, and one zinc occurrence. The BOM found
that the VCMD also has a potential for economic
quantities of the industrial minerals argillite, lime-
stone, intrusive rock, basalt, perlite, zeolite and
sand and gravel.

The BOM and the Alaska Division of Geologi-
cal and Geophysical Surveys jointly conducted a
probabilistic mineral resource and economic as-
sessment of the mining district. The results indi-
cate that the bulk of the present-day gross metal
value of the mineral endowment (except placer
gold) lies in plutonic-related deposits, including
skarns, vein-replacement gold, plutonic tin—silver—
zinc, various porphyry-type deposits and ultramaf-
ic-hosted deposits. This partly reflects the abun-
dance and variety of plutonic rocks in the district
and the variety of plutonic-related deposits known
to exist, and it partly reflects the fact that many
plutonic-related deposit types contain large quanti-
ties of metal. Much of this plutonic-related endow-
ment is speculative, however, because so little is
known about the plutonic rocks in the district.

Order-of-magnitude mining feasibility investi-
gations were conducted for eight mineral deposit
models. The models were based on real and hypo-
thetical deposits that occur in the VCMD. Sixty-
six mine models were developed for application to
the mineral deposit models, and capital and oper-
ating costs were calculated for each mine model.
From the cost data for each mine model, a capital
investment schedule (CIS) was developed to show
the timing of capital investment into the mining
model. A cash flow analysis was performed for
the CIS data for each mine model, and the dis-

counted cash flow rate of return on investment
versus the recoverable metal value distribution
was evaluated. The results of the mining feasibili-
ty analysis of these mine models can be used as a
preliminary evaluation of the mining potential of
real mineral deposits in Alaska that are similar to
the deposit models.

Colville

The Colville mining district is located in north-
ern Alaska and includes the southern portion of
the National Petroleum Reserve—Alaska (NPRA).
A mineral resource inventory of the NPRA was
conducted in 1977 and 1978 by the BOM and the
United States Geological Survey (USGS). The
USGS conducted regional geologic mapping and
regional geochemical sampling, while the BOM
conducted site-specific examinations and detailed
sampling of mineralized localities. Samples show-
ing high zinc and lead values, along with anoma-
lous values of silver, gallium, indium and germa-
nium, were collected. Rocks with high fluorine,
phosphate, rare earths, barium, vanadium and
chromium values were also identified in the area,
as was coal.

In 1991 the BOM started a four-year investiga-
tion of the district. The mineral information gath-
ered will be used by the Bureau of Land Manage-
ment for their land management plan of the
NPRA. The BOM examined in more detail the
portion of the study area between Drenchwater
Creek in NPRA and the Chandler River in Gates
of the Arctic National Park and Preserve. Approxi-
mately 97% of the earlier-identified USGS geo-
chemical anomalies in the area were investigated,
and approximately 750 samples were collected.
Thirteen mineral occurrences and 12 mineralized
areas were identified, examined and sampled at a
reconnaissance level. Detailed site-specific ex-
aminations of the Drenchwater, Story Creek, Kiv-
liktort West, Koiyaktot East, Koiyaktot West and
Kady occurrences were completed. Examinations
included detailed mapping, soil sampling, geo-
physical surveys (at Drenchwater Creek) and bulk
sampling.

Site-Specific Mineral Investigations

The BOM site-specific program, which began
in 1981 in Alaska, provides detailed data on small
areas of Federal lands that have potential for im-
portant metals like chromium, tin and cobalt. In-
vestigative procedures include estimation through
field studies of the identified resources, character-
ization of deposit types and mineralogy, and bene-
ficiation and metallurgical testing. Nearly 300
Alaskan sites containing strategic and critical min-
erals have been, or continue to be, under study.



Reconnaissance field work was carried out at
several localities in 1990 to identify future pro-
jects. On the Seward Peninsula, beach sands at
Golovin and nearby radioactive dikes in the Kach-
auik Mountains were evaluated for rare-earth ele-
ments (REE) and zirconium contents. In the Cape
Prince of Wales area, marine placer deposits were
investigated for titanium-bearing ilmenite and ac-
cessory REE-, tin-, tungsten- and zirconium-bear-
ing minerals. Forty-five core samples were col-
lected from the sea floor. In central Alaska the
Egries sedimentary occurrence near Medfra was
examined, as well as manganese-bearing sedimen-
tary rocks in the nearby East Fork Hills. Reported
grades of 22% manganese at the Egries occurrence
were confirmed.

During FY 90 and 91 the BOM conducted de-
tailed investigations of the tin deposits, which may
also contain niobium, REE and tungsten by-prod-
ucts. Most of the tin deposits in Alaska occur on
land available for exploration and development
and are located near water or road access. The
Win prospect in southwest Alaska yielded samples
averaging as high as 7% tin and 19 oz/ton of sil-
ver. High-grade zones contained as much as 57%
tin and 334 oz/ton of silver. Reports of high indi-
um values in the tactite deposits around Tin City
were investigated, and samples containing up to
750 ppm of indium were collected.

A cooperative BOM and USGS investigation of
the ultramafic complex at Sinaktanneyak Moun-
tain identified about 2.5 million tons of chromic
oxide. Anomalous concentrations of PGM and
gold detected in the bedrock suggests a potential
for platinum and gold placer deposits in the area.

Field investigations in northeastern Alaska,
near the Yukon River, consisted of sampling out-
crops of the Calico Bluff Formation, Ford Lake
Shale and Lower Glenn Shale. These units may
contain anomalous vanadium and silver values.

Technology Research

The BOM is conducting the following technol-
ogy research projects in Alaska: mine closure in
Arctic environments, subaqueous disposal of min-
ing wastes, analysis of underground mining, un-
derground mining methods for Alaskan deep plac-
ers, borehole mining of precious metals, and fro-
zen tailings as backfill material.

Mine Closure in Arctic Environments

The goal of this project is to identify possible
environmental impacts from various types of min-
ing activities and to develop methods for closing
mines that will mitigate any undesirable impacts.

Factors evaluated include revegetation, wetland
preservation, surface drainage and visual aesthet-
ics. The work is conducted in cooperation with the
USDA Soil Conservation Service on mined lands
near Nome.

Subaqueous Disposal of Mining Wastes

This project will determine if it is environmen-
tally and economically feasible to dispose of min-
ing wastes in marine or lacustrine environments.
In 1991 a bibliography that contains 2000 refer-
ences was prepared. A reconnaissance of Alaskan
and Canadian mines that use or would like to use
marine disposal of tailings was also conducted.
Samples of tailings were collected from the Island
Copper Mine (British Columbia), the AJ Mine
(Alaska), the Kensington Mine (Alaska) and the
Greens Creek Mine (Alaska).

Analysis of Underground Mining

This cooperative project between the Greens
Creek mine and the BOM entails an analysis of
the behavior of soil, rock and the mining infra-
structure in extreme environments. A rock me-
chanics study of the Greens Creek mine confirmed
that the present mine layout would not create any
surface disturbance. Sensors have been installed in
the mine to monitor stress and SO, levels. A BOM
evaluation of the backfill method used in the mine
led to a change from backfilling using “slinger”
trucks to backfilling with slurries pumped into the
underground openings.

Underground Mining Methods for
Alaskan Deep Placers

The purpose of this project is to develop eco-
nomic, safe and environmentally sound techniques
for recovering metals from deep placer deposits in
Alaska. In 1991, underground placer mining oper-
ations were examined in the Fairbanks area, and
samples of material were collected to characterize
the physical properties of materials under different
conditions. Initial computer modeling has indicat-
ed that a creep material code is needed to predict
the behavior of permafrost accurately. Pertinent
data have been compiled from the Cold Regions
Research and Engineering Laboratory tunnel re-
search to quantify the behavior of the materials in
the Fairbanks region.

Borehole Slurry Mining

Borehole slurry mining is a method in which
large cavities can be eroded in an ore body using a
high-pressure water jet and slurry pump operating
in a vertical borehole. The BOM is trying to adapt
the method, which has been successful in mining
uraniferous sandstones, coals, phosphate and
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foundry sand, to deep Alaskan placer deposits.
BOM researchers have developed a borehole
mining jet that cuts frozen as well as unfrozen
gravel. Research is concentrating on pumping
between boreholes and on mechanical means of
breaking cobbles in the borehole to improve
pumping capabilities.

Frozen Tailings as Backfill Material

This project evaluates the disposal of frozen
tailings as backfill material in Arctic environ-
ments. A literature search was conducted on
current and proposed underground mining tech-
niques and placer deposits. The chemical stability
of the frozen material will be evaluated.



Department of Defense

Arctic research is conducted by all three services and includes virtually all
environmental sciences, engineering and health disciplines. A total of 325
million was devoted to basic research and related testing in FY 91.

The Department of Defense (DOD) conducts
Arctic research to ensure the development of the
knowledge, understanding and capability to meet
national defense needs in the Arctic. The range of
military requirements extends from Army ground
operations to Arctic engineering, logistics, health,
oceanography and atmospheric research. Within
the broad scope of current research are such topics
as human adaptability to cold, auroral and iono-
spheric phenomena, deep ocean water formation
and construction in permafrost regions.

The military services conduct Arctic research
to address specific needs stemming from their re-
quirements. The Army is strongly driven by the
need to understand the Arctic terrain and its im-
pact on ground operations and equipment perfor-
mance, to understand the performance of troops in
the field under adverse conditions, and to under-
stand the constraints imposed by the Arctic envi-
ronment on construction, roads, buildings and sup-
port systems, such as wastewater. The Navy
focuses largely on Arctic oceanography but also
conducts research on high-latitude communica-
tions, Arctic storms and the response of sea ice to
atmospheric and oceanographic forcing. The Air
Force’s primary interest is the impact of iono-
spheric processes and phenomena on communica-
tions, navigation and surveillance systems.

The Army must be sure of its capability to con-
duct combat operations in northern regions. The
stationing of the 6th Light Infantry Division in
Alaska has focused Army attention on the special
environmental conditions of the Arctic. Three ma-
jor bases are located in Alaska. Fort Wainwright
and Fort Richardson are the locations of the 6th
Light Infantry Division, and Fort Greely is the
home of the Cold Regions Test Center (CRTC)
and the Northern Warfare Training Center. In ad-
dition, the 10th Mountain Division at Fort Drum,
New York, must be capable of operation in winter
terrain.

The Army Corps of Engineers has responsibili-
ties for military construction, water resources and
environmental impact permits. Both nationally and
internationally the Corps is called on to provide
construction and engineering services at cold wea-
ther sites. These include Army bases in Korea, Eu-
rope and the northern tier of the United States, as

FY 91 FUNDING (thousands)

Arctic Engineering 2507
Permafrost/Frozen Ground 1417
Snow and Ice Hydrology 2681
QOceanography 13513
Lower Atmosphere 794
Upper Atmosphere 3525
Medical and Human Engineering 560

well as Air Force sites in Canada, Greenland, Ice-
land and Norway. The Alaska District of the
Corps of Engineers is located on Elmendorf Air
Force Base and at Fort Richardson.

Five U.S. Army organizations are involved in
Arctic research and development: the Cold Re-
gions Research and Engineering Laboratory
(CRREL) in Hanover, New Hampshire; the CRTC
at Fort Greely, Alaska; the Natick Research, De-
velopment and Engineering Center in Natick,
Massachusetts; the Army Research Office (ARO)
in Research Triangle Park, North Carolina; and the
Medical Research and Development Command at
Fort Detrick, Maryland. CRREL is a national cen-
ter of excellence in cold regions research and tech-
nology. The mission of CRREL is to study and un-
derstand the characteristics of cold regions and to
use this knowledge to solve cold regions problems
of the Army and other Federal and state agencies.
CRREL conducts the largest share of the Army’s
Arctic-related research, concentrating on snow,
ice, frozen ground and cold weather engineering.
It sponsors the Cold Regions Bibliography at the
Library of Congress, which includes over 140,000
citations and is available both on-line and on CD-
ROM. Natick conducts research on cold regions
clothing, equipment and rations, while the Medical
Research and Development Command investigates
basic cold physiology and cold stress adaptation.
ARO sponsors Arctic-related research in snow and
ice, atmospheric propagation of near-millimeter
waves (NMMWs) in adverse weather including
snow, and NMMW backscatter from snow sur-
faces. The ARO program provides support to CR-
REL and other Army cold regions research and
development activities and is executed largely
through grants and contracts to the university re-
search community.

The Army CRTC at Fort Greely is a test and
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evaluation activity focusing on cold weather
operations. CRTC does not conduct research but
performs technical testing for the Army Materiel
Command, other DOD agencies and services, gov-
ernment agencies such as the National Aeronautics
and Space Administration (NASA), and industry.
Its support facilities, instrumentation and firing
ranges aliow it to test a variety of military equip-
ment and weapons.

Air Force efforts over the past several years
have concentrated on the high-latitude ionosphere,
thermosphere and magnetosphere and the coupling
processes that take place there. The objectives of
the Air Force Arctic research program are to de-
velop the fundamental understanding necessary
for comprehensive models and real-time support
for DOD systems affected by ionospheric process-
es and to develop predictive models that depend
on ground-based and satellite measurements, The
program uses multitechnique observations from a
number of high-latitude locations.

The Navy’s Arctic-related activities range from
basic environmental investigations to applied re-
search associated with operational systems. These
activities are pursued within a number of organi-
zations. The Office of Naval Research (ONR) in
Arlington, Virginia, supports basic multidisciplin-
ary efforts through grants and contracts, primarily
with academic institutions. The Naval Research
Laboratory (NRL) performs basic and applied re-
search with an emphasis on acoustics, numerical
modeling and remote sensing. The Office of Naval
Technology (ONT) in Arlington, Virginia, sup-
ports applied research and development through
specific Navy laboratories such as the Naval
Underwater Weapons Center (NUWC; formerly
NUSC, the Naval Underwater Systems Center)
in New London, Connecticut; the Naval Com-
mand Control and Ocean Surveillance Center
(NCCOSC; formerly NOSC, the Naval Ocean
Systems Center) in San Diego, California; the
Naval Surface Warfare Center NSWC) in Silver
Spring, Maryland; and the Naval Civil Engineer-
ing Laboratory (NCEL) in Port Hueneme, Califor-
nia. ONR and ONT form the core of the Naval
Research Command, which addresses broad, basic
research issues and the initial transition of useful
results to fleet applications. More focused applica-
tions occur under the Chief of Naval Operations
through the Space and Naval Warfare Systems
(SPAWAR) Command.

The overall goal of the Navy’s research in the
Arctic sciences is to provide accurate knowledge
of the environment for naval operations. In pursuit
of this goal the Navy funds comprehensive theo-
retical and experimental research on a range of
high-latitude processes and phenomena. A multi-

disciplinary perspective is necessary for a full un-
derstanding of the inherent interactions. Contribut-
ing disciplines, in order of relative emphasis, are
physical oceanography, ice dynamics, acoustics,
meteorology, biological oceanography, geological
oceanography, chemical oceanography and geo-
physics. Within each discipline, insight is pursued
through both observation and modeling. Observa-
tion includes remote and in-situ sensing with the
strategy of determining optimal sampling distribu-
tions in time and space. Modeling includes analyt-
ical, numerical and physical analogs with the strat-
egy of formulating essential governing dynamics
and estimating the limits of predictability. Across
disciplines, some infrastructure (for example, plat-
forms and data management systems) is common
and supported to ensure adequate expertise and ca-
pability when necessary. For example, logistics for
the Arctic basic research program (ONR) is
contracted to the Polar Science Center at the Uni-
versity of Washington. Ice camps, aircraft, ice-
strengthened vessels and remote staging facilities
are deployed regularly and effectively with a per-
manent staff of three. No ships or planes are
owned but rather are chartered as necessary to
support specific science experiments.

Investigations for which enhanced funding has
been formally identified within ONR are termed
Accelerated Research Initiatives (ARIs). ARIs are
typically five years in duration and are established
on the basis of scientific merit, technical feasibili-
ty, timeliness and relevance. Current ARIs within
the ONR Arctic Sciences Program are Ice Me-
chanics, Ice Electromagnetics and Arctic Lead
Dynamics.

Arctic Engineering

The U.S. Army Cold Regions Research and En-
gineering Laboratory (CRREL) in Hanover, New
Hampshire, and Fairbanks, Alaska, is the center of
expertise in engineering for cold regions and win-
ter conditions for the Corps of Engineers, the
Army and DOD. The current CRREL program re-
flects recent world events and the resulting chang-
ing national policy. The engineering emphasis has
shifted to the technologies needed to rehabilitate
and maintain the aging military infrastructure that
must support forces returning from foreign posts.
Alaska, because of its strategic, resource-rich loca-
tion, is experiencing the opposite trend, with con-
tinued growth in military installations and mis-
sion. This has increased the need to make Army
and Air Force installations there more energy-
efficient and maintenance-free.

One CRREL program is studying the use of
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is best developed when it is cured between 50 and
70°F. When placed during cold weather, concrete
must be protected to prevent damage from freez-
ing. Estimates indicate that the cost of using con-
crete can increase by 50-100% in cold weather.
CRREL, in partnership with private industry, is
working to develop a chemical admixture that will
eliminate the need for thermal protection and
thereby simplify cold weather construction. In en-
ergy savings alone, antifreeze admixtures have the
potential of saving the lion’s share of the estimat-
ed $800 million spent each year to protect freshly
placed concrete.

Research in pavements has included laboratory
criteria for using less costly materials, design
criteria for seasonal performance changes, and a
new standard for evaluating low-temperature
cracking in asphalts. Laboratory tests and comput-
er modeling were used to develop pavement de-
signs for the $16-million Minnesota Test Road Fa-
cility. The performance of the test facility will
provide further verification of the frost effects
pavement design model developed at CRREL.
Meanwhile, validation tests in CRREL’s Frost Ef-
fects Research Facility (FERF) were completed on
cold regions asphalt pavement designs. The
29,000-square-foot FERF is unique because it al-
lows the opportunity for full-scale evaluation of
pavement designs. The facility can rapidly freeze
and thaw soils, yielding several winters” worth of
data in a few months.

Studies were completed on the use of insulation
under pavements to reduce frost effects and on the
use of scrap rubber from tires in asphalt concrete
to reduce the retention of ice on roadways. New
methods were developed for interpreting non-
destructive test data obtained from falling-weight
deflectometer tests on frozen and thawing pave-
ments. A refrigerated test chamber was fabricated
to measure the drainage of water through pave-
ment structures during freezing and thawing,

An investigation of the use of geotextiles to
mitigate frost heave was completed. In laboratory
tests geotextiles reduced frost heave by up to 60%.
It is speculated that the material’s pore size and

structure and the surface properties of the fibers
attribute to the geotextile’s capillary break action.
The reduction in frost heave may mean a cost sav-
ings in military runways of up to several million
dollars per year.

Other engineering research at CRREL focuses
on the performance of equipment in cold regions.
CRREL and the Army’s Tank—Automotive Com-
mand evaluated the performance of the Swedish
Flextrac vehicle. CRREL engineers participated in
the winter evaluation and also tested the vehicle’s
performance in a wetland and in summer terrain
typical of cold regions. The Flextrac is an all-ter-
rain vehicle designed primarily as a snowmobile,
but because of its unusunal design it is in reality an
all-terrain vehicle having potential as an individual
soldier transporter.

A model study of the stability of a towed snow-
plow for the Small Unit Support Vehicle (SUSV)
was completed. The SUSV is the over-snow, all-
terrain vehicle used extensively by the Army’s 6th
Infantry Division (Light) in Alaska. The purpose
of the plow is to clear winter trails for wheeled
vehicles during field training exercises. A hitch
arrangement was devised that controlled the loca-
tion of the plow bottom relative to the ground and
snow surfaces. A half-scale version of the plow
was constructed, attached to the SUSV and evalu-
ated at the Keweenaw Field Station in northern
Michigan.

In conjunction with Belvoir Research and De-
velopment Center (BRDEC), the Army’s Quarter-
master School, the 6th Infantry Division (Light)
and the 10th Mountain Division (Light Infantry),
CRREL conducted a preliminary field evaluation
of the concepts involved in a winterization kit for
the 600-gallons-per-hour Reverse Osmosis Water
Purification Unit (ROWPU). A tent and heaters
were used to shelter the ROWPU and the water
storage tanks. CRREL also evaluated heating sys-

Half-scale model of snow plow successfully demonstrated with
the Small Unit Support Vehicle (SUSV).
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tems to provide warm water to keep the raw water
subsystem from freezing.

CRREL completed work for the Navy on a
laboratory test for measuring the adhesion strength
of spray ice on coated flat plates. Icing by sea
spray and atmospheric precipitation is a problem
for all shipping and creates similar problems for
all materials from railroad switches to radar anten-
nas in the world’s cold regions. This effort was
undertaken to compare the force required to shear
freshwater ice from flat test plates coated with the
candidate materials. The results showed a signifi-
cant difference in surface performance, but none
of the candidate coatings shed ice better than the
deck paints that are already being used.

CRREL researchers have developed and tested
two new devices that improve thermosyphon
operation. Thermosyphons are passive heat trans-
fer devices that are widely used in Alaska and
other permafrost areas to maintain the stability of
foundations. They remove heat from the ground
when the air temperature is below the soil temper-
ature, and they keep the permafrost frozen under
structures such as buildings, roads, oil tanks and
pipelines. The first patented device is a deconden-
sate return collector and pipe that delivers about
70% of the condensate to the far end of the evapo-
rator section by gravity. This device enables the
evaporator to be installed horizontally under a
building or other structure and prevents thermo-
syphon failure caused by differential soil heaving.
The second device is an integrated heat exchanger
that is connected to a mechanical refrigeration sys-
tem. This active component enables the thermosy-
phon to operate any time of year. A passive—active
(hybrid) thermosyphon reduces the risk of summer
thaw and capitalizes on the advantages of both a
passive and an active thermosyphon.

Permafrost, Frozen Ground
and Geology

DOD research on permafrost and frozen ground
is primarily conducted by two agencies: CRREL
and the Army Research Office (ARO). This re-
search provides design data and criteria for con-
structing and operating facilities in cold regions.
Other efforts include studies of toxic and hazard-
ous waste movement and control in frozen soils.

ARO efforts include laboratory and field pro-
grams that study the physical mechanisms control-
ling processes in frozen ground. An experimental
program being conducted by the Geophysical
Institute of Alaska is examining the physical
mechanism controlling the strength and deforma-
tion behavior of frozen sand. Another program,
being performed by the Massachusetts Institute of
Technology, is measuring water and salt move-
ment in permafrost and the active layer.

The behavior of water at the freezing front of
frozen soil and in thawing soil is critical to under-
standing frost heave, ice lens formation in perma-
frost, and the transport and movement of contami-
nants and impurities. Emphasis on this topic con-
tinued, with measurements of the hydraulic con-
ductivity of frozen soil, measurements of unfrozen
water content using freezing-point depressants,
and formulation of a theory relating water move-
ment to the gradients of moisture content and tem-
perature. The consolidation and permeability ef-
fects caused by freeze—thaw cycling of soils were
measured and reported. These are important for
evaluating and predicting the performance of clay
landfill liner caps during winter.

Methods for exploring geophysical conditions
beneath the surface continued to be developed,
with efforts centered on the behavior of radar
wavelengths, antenna—receiver configurations and
improved signal processing. The source of an
anomalous thaw zone in a permafrost setting on
Caribou Peak in central Alaska was mapped by ra-
dar and shown to be a probable fracture zone. This
technology is critical to the construction of new
strategic facilities in the Arctic and the location of
buried objects, such as might be encountered at a
hazardous waste site.

Field observations were made to investigate the
concept that variations in the surface concentration
of radon gas should provide an indication of fro-
zen ground distribution at depth. At Alaskan study
sites there was a noticeable contrast between
radon levels in areas of shallow permafrost and
areas free of frozen ground when the subsurface
geological conditions were similar. The results
also seem to reflect variations in the depth to the



top of the permafrost because of a radon contribu-
tion from thawed overburden at the sites. It is not
clear if data on surface concentrations of radon
can be used to provide quantitative information on
permafrost distribution; however, these results
suggest that radon measurements might be a use-
ful reconnaissance tool, particularly in geological
settings where major subsurface variations are
related to permafrost distribution, in contrast to
changes in soil and rock type.

Snow and Ice Hydrology

DOD research in snow and ice hydrology is
primarily carried out by CRREL and ARO.
CRREL carried out hydrologic investigations at
several sites in Alaska using high-resolution
ground-penetrating radar to determine its ability
to locate and define highly localized sources of
water at depths up to 20 m. Particular attention
was devoted to detecting water in frozen Arctic al-
luvium, to mapping frozen river beds and to delin-
eating water beneath icing mounds that form in
otherwise solidly frozen Arctic rivers. At the mar-
gin of the Matanuska Glacier in southeastern Alas-
ka, water conduits up to 5 m in depth were identi-
fied by polarization reversals between signals re-
flected from the top and bottom of the conduit. On
the North Slope near Prudhoe Bay, surveys were
carried out on the Sagavanirktok River floodplain
to evaluate large ice blisters in the river for use as
water sources. It was concluded that radar can
map the thaw—freeze state of riverbeds in winter
and thus identify winter water sources, a critical
requirement for the deployment of military forces
in northern latitudes.

Radar can map the thaw—freeze state of riverbeds in
winter and thus identify winter water sources, a critical
requirement for military forces in northern latitudes

An electromagnetic system for lake and river
sub-bottom profiling was developed and tested.
This was done in an attempt to develop methods to
obtain data in cases where acoustic systems are in-
effective. Recent experience with marine resistivi-
ty sounding and with calibration of low-frequency
radar antennas in aquatic environments suggests
that techniques that discriminate subsurface
changes based on electrical properties may be able
to perform well where sediments contain gas and
where acoustic velocity contrasts are poor.

CRREL continued work on characterizing and

measuring the properties and processes associated
with snow and ice as they occur and evolve on the
ground. The snowpack’s liquid water content
greatly influences its strength, its interaction with
energy across the spectrum of wavelengths, and its
thermal response to the ever-changing flows of en-
ergy into and out of it. The interaction between
these energy flows and the snowpack also results
in layering, vapor transport, changes in crystal size
and temperature profiles. A one-dimensional mod-
el of the flow of air and vapor transport in dry
snow was completed and validated. A three-
dimensional finite-element model of the thermal
behavior of dry snow was constructed, and initial
field experiments were completed, including mea-
surements of the multidimensional dry snow tem-
perature profiles. These models enable character-
ization and explanation of the nonuniform and
temporally changing appearance of snow fields to
various sensors.

Floating ice studies at CRREL include lake ice,
river ice and Arctic sea ice. At the near-molecular
scale a cyclic loading experiment was conducted
to determine the mechanical properties of ice and
relate these to the molecular structure and disloca-
tion movement in ice. At the intermediate scale a
relationship was established between porosity and
tensile strength. This is important when estimating
loads associated with ice at both geophysical and
structure-size scales. The growth of the ice cover
through the process of wave-induced collisions of
small floes was identified and measured. Coinci-
dent stress and strain measurements during defor-
mation of Arctic pack ice were related to the ex-
ternal thermal, wind and current forces acting on
the pack.

The evolution of the optical properties of the
sea ice cover during freeze-up was documented
and modeled using a multi-stream approximation
of the spectral adsorption, transmission and scat-
tering properties. An estimate of the carbon incor-
porated into sea ice covers or associated with ice
edge processes in the ocean showed that signifi-
cant productivity in polar regions is associated
with the ice and may be a substantial contributor
to the carbon dioxide cycle of the earth.

The atmospheric boundary layer in cold regions
is distinctly affected by the presence of and inter-
action with the snow and ice surface beneath it.
Continued theoretical studies and field observa-
tions resulted in a technique using electromagnetic
wave scintillation to infer the turbulence parame-
ters and heat flux rates occurring over a path
length. This is advantageous since most applica-
tions involve the effects of transmission or as-
sessment over distances. It also makes it easier to
assess the effects of turbulence over such distanc-
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