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ABSTRACT

DALTON HIGHWAY

The Alaska Division of Geological & Geophysical Surveys (DGGS) is a branch of the Alaska
Department of Natural Resources that collects and distributes information about Alaska's
geologic resources and hazards. The broad spectrum of DGGS publications includes a Guide
Book series consisting of “field trip” guides that contain general and technical information to
help visitors understand the geologic conditions they observe in Alaska. As part of the 2008
Ninth International Conference on Permafrost (NICOP), held in Fairbanks, Alaska, DGGS
worked with a diverse group of scientists, engineers and researchers from the public and
private sectors as well as universities to publish preliminary guide books for field trips that
spoke to the theme of the conference: Permafrost on a Warming Planet - Impacts on Ecosystems, Infrastructure and Climate. Additionally, all the previous DGGS guide books were
scanned and compiled into a single CD for distribution at the conference. Work is currently
underway to complete publication of four of the new guide books in formal, polished form.
These guide books describe permafrost, geology, ecology and related processes and physical
features that are visible along the coastal region of northern Alaska, the Dalton Highway
(consisting of extensive updates and expansions to an earlier guide book), Denali Park, and the
Fairbanks area of Interior Alaska. All DGGS publications, including completed guide books, are
available for viewing and free download on the Publications page of the DGGS web site at
www.dggs.alaska.gov.

This guide book was created for a 5-day field trip that traversed the Elliott and Dalton highways
from Fairbanks to Prudhoe Bay, Alaska, June 23–27, 2008. It is intended as a supplement to the
Elliott and Dalton Highways, Fox to Prudhoe Bay, Alaska guidebook created for the Fourth
International Conference on Permafrost, held in Fairbanks in 1983 (Brown and Kreig, 1983),
which was reprinted for this field trip and is still the most comprehensive guide to permafrost and
related features along the route.
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On behalf of the United States, the University of Alaska hosted the 2008 International
Conference on Permafrost (ICOP) under the auspices of the U. S. Permafrost Association
(USPA) and International Permafrost Association (IPA). This Ninth International Conference on
Permafrost (NICOP) marked the 25th anniversary of the formation of the IPA and the Fourth
ICOP (1983), both having taken place at the University of Alaska Fairbanks. The fourth
International Polar Year (IPY) was celebrated in 2008, as were the 50th anniversary of the
International Geophysical Year (IGY), and the 125th anniversary of the first International Polar
Year (IPY). Both the International Union of Geological Sciences and the International Geographical Union, IPA parent organizations, held their international congresses in August 2008. The
International Year of Planet Earth was also celebrated in 2008. Taken together, summer 2008
represented a special time to celebrate our national and international permafrost heritage.
Special efforts were made to involve young researchers, educators and students of all ages, and
native communities from all countries with an interest in permafrost science and engineering.
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A supplement to Guidebook 4, “Guidebook to permafrost and related features along the Elliott and Dalton
Highways, Fox to Prudhoe Bay, Alaska,” 1983, by Jerry Brown and R.A. Kreig, editors, published by the
Alaska Division of Geological & Geophysical Surveys for the Fourth International Conference on Permafrost.
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Major Themes of the Guide Book
How does permafrost affect arctic biotic systems and vice versa?

Much current research focuses on the complex interactions that occur between climate, vegetation,
soils, water, and the underlying permafrost. The vegetation mat and the organic soil horizons strongly
affect soil thermal regimes, and can have major effects on a wide variety of permafrost-related
phenomena, including the depth of the active layer, distribution of permafrost, the development of icerich permafrost layers, buried carbon, and the nature of patterned-ground features.
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The Arctic Coastal Plain of northern Alaska is the
northernmost portion of the United States and is
America’s connection to the Arctic. It is the largest
contiguous region of wetlands within the Arctic, in
large part due to the continuous presence of permafrost beneath the surface. The land is dominated by
lakes and ponds, sedge and grass marshes, and wet
sedge tundra that remains frozen for most of the year
but bursts into plant and animal activity during a short
summer. Migratory birds from all parts of the world
converge on this region to breed, nest, and raise
young. It is also a place where many global forces
have been converging. First, it was a pathway for the
spread of the Inuit culture eastward across arctic
North America. In modern times, whalers followed
bowhead whales into the pack ice, military contractors constructed the network of Distant Early Warning
radar stations bringing the first large-scale development to the region, and oil companies developed one
of the largest industrial complexes on the planet.
These natural and human dimensions of the arctic
environment are all forced to deal with permafrost,
whether it be its effects on soil properties and ecological productivity or the engineering constraints on infrastructure developments.

This field guide was designed to appeal to a broad range of interests, with individual sites focused on engineering applications, ecological interactions, hydrology, and periglacial processes.
Fairbanks is an ideal setting to easily view many permafrost features first-hand. Living in the
zone of warm, discontinuous and ice-rich permafrost, local residents had to adapt or develop
innovative building techniques to protect permafrost from thawing. This guide includes discussions of construction techniques that minimize thermal and mechanical disturbance to the
underlying permafrost as well as an examination of the role played by permafrost in the boreal
forest ecosystem. As a small city with a less–than-century-long history, it is still quite easy to find
undisturbed permafrost features, including relict ice wedges and polygonal ground. We hope
readers will find this guide useful in developing a better appreciation for the challenges of living
with permafrost in a warming climate.
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Guide Book Organization
The guide book is organized into five parts. Part 1 provides an overview of the coastal-plain
environment with special emphasis on permafrost and its consequences to ecological and
human development. Part 2 provides an overview of oil development in the region that has been
the main driver of societal and economic changes. In the remaining three parts, the guide book
focuses on providing detailed descriptions of tour stops in the Prudhoe Bay and Kuparuk oilfields, the Colville River delta, and the Barrow region that illustrate prominent permafrost-related
phenomena and human adaptation to the permafrost environment.
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Guide Book Organization

Using the climate gradient along the Dalton Highway to examine the effects of climate
change on permafrost environments

The guide book is organized into two sections. The first section, “Part I: Field Guide to Permafrost, Periglacial, and Quaternary History Sites near Fairbanks, Alaska,” describes individual
sites that were designed to be visited in various combinations and sequences by multiple groups
attending the NICOP local field trips. The second section of the guide book, “Part II: Field Guide
for Permafrost Features in Caribou–Poker Creeks Research Watershed (CPCRW) and Environs
of Fairbanks, Alaska,” is a fully realized, self-contained field trip.

The Dalton Highway traverses the northern portion of the Boreal Climate Zone, and the warmer and
relatively well vegetated Low Arctic portion of the Arctic Bioclimate Zone. As one travels farther north, the
elevation belts in alpine areas of the Brooks Range provide a glimpse of vegetation transitions similar to
the more poorly vegetated High Arctic.

How do permafrost and arctic systems change through time?

This theme is addressed at two primary scales: the quick changes associated with vegetation succession following fire in the boreal forest, and the long-term changes associated with major glaciations on
the Arctic North Slope.
Landsat image of the Beaufort Coastal Plain

How are humans affecting permafrost environments?

The guide book examines some of the human-induced changes occurring along the Dalton Highway and
the Alyeska Pipeline, including how the oil industry is adapting its operations to permafrost environments.
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How is research being conducted in permafrost environments?

Numerous scientific research sites are discussed, including active fire-research sites in the boreal forest,
the Long-Term Ecological Research sites at Toolik Lake and Imnavait Creek, the Permafrost Observatory Network, Circumpolar Active Layer Monitoring (CALM) sites, and the Biocomplexity of Patterned
Ground transect in northern Alaska, as well as ongoing applied research being conducted by the oil
industry at Prudhoe Bay.
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Field Trips

Nine pre- and post-conference field trips were planned in conjunction with NICOP, as well as a
series of local field trips in the immediate Fairbanks area. The Alaska Division of Geological &
Geophysical Surveys (DGGS) coordinated the publication of guide books for four of the five trips
for which formal guide books were compiled. Draft field trip guides were completed at the time
of the conference and the guidebooks for the Dalton Highway, northern coast, and local Fairbanks area are now either published or nearing release as final edited and peer-reviewed
publications. The fourth DGGS-coordinated guide book, covering Central Alaska and Denali
National Park, is on indefinite hold due to the unexpected and much-grieved death of the
principal author and trip leader, Denali Park geologist Phil Brease.
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