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PREFACE

Brief outlines of the history, development, climate, physiography, perma-
frost and ground i1ce, geology, vegetation, and solls along the Elliott and
Dalton Highways between Fox and Prudhoe Bay are provided in this guidebook. A
detailed road log 1s accompanied by strip maps of the route at scales of
1:63,360 and 1:250,000, beginning at Fox at the southern end of the Elliott
Highway and terminating at the northern end of the Dalton Righway at Prudhoe
Bay. Exposures of seasonally and perennially frozen ground mentioned in the
text may uno longer be visible due to thawing and slumping.

This guidebook was prepared in cooperation with the State of Alaska De-
partment of Natural Resources Divislon of Geological and Geophysical Surveys
(DGGS), the U.S. Department of Interlor Bureau of Land Management (BLM), the
Alyeska Pipeline Service Company, and the North Slope Borough. Portions of
the road log are based on work by Hamilton (1979a) and Robertson (1981), and
on recent editions of 'The Milepost' (published by the Alaska Northwest Pub-
lishing Company). The State of Alaska Department of Transportation and Public
Facilities (DOTPF) provided considerable assistance in determining milepost
locations.

A vumber of individuvals faithfully read and edited various versions of
this guldebook, and special thanks are extended to them, particularly John R.
Williams, Glenn E. Johns, Michael C. Metz, and Frank R. Fisher. Ray Norman of
the Arctic Environmental Information and Data Center, University of Alaska,
Anchorage, prepared the strip maps. Tom O'Brien and Bobby King, National
Mapping Division, U.S. Geological Survey, Denver, provided valuable assistance
in arranging for the preparation of the strip maps. K.S. Pearson (DGGS) pro-
vided a cartographic review of the manuscript. The Cold Regions Research and
Engineering Laboratory, the Department of Energy, and BLM provided support for
preparation of the text and maps, and DGGS provided funds to publish the
guidebook.

Support to gather basic fileld data for thils guidebook was provided by
Alyeska Pipeline Service Company, the University of Alaska Foundation and the
Loglstic Center (David Witt), the State of Alaska DOTPF, Kodiak-Nabors (a
subsidiary of Anglo-Energy), Alaska Industrial Resources, Inc., and Explorer
Post 47-Search and Rescue {(Fairbanks). Thelr contributions are greatly appre-
clated.
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GUIDEBOOK TO PERMAFROST AND RELATED FEATURES ALONG THE ELLIOTT
AND DALTON HIGHWAYS, FOX TO PRUDHOE BAY, ALASKA

Edited by
Jerry Brown, Cold Regilons Research and Engineering Laboratory
R.A. Kreig, Ray Kreig and Associates, Inc.

INTRODUCTION

This book 18 a guide to permafrost terrain along the highway from Fox,
Alaska, northward for some 800 km to the shore of the Arctic Ocean (fig. 1).
The route parallels the Trans~Alaska Pipeline System (TAPS) and covers three
major regions: the forested and subalpine interior, the mountainous Brooks
Range, aud the tundra-covered Arctic Slope. Although the southern portion of
the route lies within the discontinuous permafrost zone, the entire route is

172° 164° 156° 148° 140°
70°\. y 7 Barrow g, ! !

Prudhoe 7]

66°

62°

58° L. Discontinuous /
permafrost
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Figure 1. Field-trip route and distribution of
ice wedges and permafrost in Alaska.
Details of the areas within the outlined
rectangles are provided in figure 2. The
area within the smaller rectangle is cover-
ed by geology, vegetation, and soil maps
(figs. 7, 8, 12 and 13) (modified from
Péwé, 1966, fig. 3).



2 GUIDEBOOK 4

dominated by permafrost close to the ground surface. The occurrence of perma-
frost 1is iInfluenced by past and present climate, geologic characteristics,
hydrology, vegetation, and soll cover. The Interrelationship of these con-
ditions and their 1influence orn the formation, preservation, and degradation of
permafrost and related ground ice features are discussed and illustrated in
this guldebook. Examples of natural and man-induced (anthropogenic) modifica-
tions to permafrost terrain are 1llustrated, particularly those related to the
freezing of ground water and changes lan surface drainage and vegetation.

HLSTORY AND DEVELOPMENT ALONG THE ELLIOTT AND DALTON HIGHWAYS
Elliott Highway

The history of the Elliott Highway dates from the early days of gold
mining in 1902, when Felix Pedro and Tom Gllmore discovered gold north of
Fairbanks. The highway begins at Fox, where 1t leaves the Steese Highway. It
exteunds northwestward to Livengood, and then west to Manley Hot Springs, a
distance of 233 km,

By 1903, nining communities had sprung up at Fox, Olnes, Gllmore, and
Chatanika. The narrow-gauge Tanana Valley Mines Rallroad was constructed in
1905 to haul freight from Chena, at the mouth of Chena Slough on the navigable
Tanana River, 34 km north to Gllmore and Pedro Creeks. An 8~km branch was
also built to Falrbanks. Two years liter, the Tanana Valley Mines Railroad
was extended 32 km to Chatanika. The Tanana Valley line was incorporated into
the federally owned Alaska Railroad in 1917. The Happy-Falrbanks section of
the line has been modernized and now forms part of the Alaska Railroad. Train
service was discontinued on the Happy-Chatanika section in 1931,

In 1914, Jay Livengood and N.R. Hudson discovered gold near what 1s now
the community of Livengood. To serve the promising new developments, the
Alaska Rpad Commission constructed an 87-km sled road from Olnes to Livengood
between August and December 1915, The Falrbanks Commercial Club helped
finance the construction, and the route was located by R.A. Jackson. About
900 metric tons of freight was hauled over the road during the winter of
1915-16. The road became legs Important in the 1920's, when the Alaska Road
Commission bullt the Dunbar-Brooks sled road to the west of the Olnes-Liven-
good route through less hilly country in Minto Flats,

In the early 1930's, the Alaska Road Commission decided to 1improve the
original sled road from Olnes to Livengood to accommodate wagom traffic.
Designated the Elliott Highway after Malcolm Elllott, president of the Alaska
Road Commission, the road was extended from the Steese Highway near Fox to
Livengood—-—a total distavce of 114 km. By 1936, about 64 km of the road was
in good enough condition for use by automobiles. Two years later, gravel sur-—
facing was completed and the road became an all-weather highway. The road was
completed to Manley Hot Springs in 1958. Since 1960 the road has been
improved between Fox and livengood; new bridges were bullt, and the first 32
km or so was paved.

Hickel Highway

In the 2 years following discovery of oil at Prudhoe Bay in 1968, a
winter ice road was constructed north from Livengood to northeru Alaska. The
road, called the Hickel Highway after Walter Hickel, then governor of Alaska,
was a bulldozer-bladed trail over which trucks drove on the exposed frozen
ground, crossing atreams on ice bridges. Because the surface organic mat was
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digsturbed in many places, substantial summer thawing took place, aund portions
of the road became a quagmive, The road crossed the Yukon River on an ice
bridge im the Yukon Flats, 1l km upstream from Stevens Village. After
crossing the Yukon and Xanutli Flats, the trall crossed the present Dalton
Highway just north of 0ld Man Camp and turned west to Bettles. The ice road
continued up the John River through Anaktuvuk Pass in the Brooks Range, and on
to Prudhoe Bay west of the Sagavanirktok River. Spur roads went to Dletrich,
Coldfoot, and Prospect Camps on the south side of the Brooks Range and to
Galbraith Lake on the north side.

Dalton Highway

Dalton Highway begins at Mile 73.1 (118 km) on the Elliott Highway,
several kilometers west of Livengood. It was bullt by Alyeska Pipeline
Service Company in two sections. The first section, constructed between
August 1969 and July 1970 and extending approximately 90 km from Livengood to
the Yukon River, was formerly referred to as the "TAPS Road.” The second
section, the 577-km—long "haul road" between the Yukon River and Prudhoe Bay,
was built in seven segments in five wonths between April 29 and September 29,
1974 (McPhaill and others, 1976). The points where these segments jolned are
posted with road signs along the route. A total of 18 million nd of gravel
was used for the road and for conatruction of airfields at the pipeline con-
struction camps., This "haul road" was named for James Dalton by the Alaska
Legislature in.1981. Dalton had been active 1n petroleum and construction
activities in northern Alaska since the mid-1940's,

Although the Elliott and Dalton Highways are state owned and malntained,
they pass through land with a variety of owmers--—mostly federal. The largest
portion of land, managed by the BLM, 1s a strip called the utility corridor
(U.S. Department of Interior, 1980; fig. 2; see also Division of Policy
Development and Planning, 1977). The land was withdrawn by Public Land Order
5150 in 1971 to provide for transportation and transmission lines and pipe-
lines, The corridor, 19 to 37 km wide, extends from Washington Creek on the
Elliott Righway to Pump Station 2, some 100 km south of Prudhoe Bay; the
remaining section of the road crosses state lands, Adjacent federal land 1is
managed by the National Park Service (Gates of the Arctic National Park and
Preserve) and the Fish and Wildlife Service (Yukon Flats National Wildlife
Refuge). Few private individuals own land along the Dalton Righway, although
there are numerous mining claims in the Koyukuk River valley in the vicinity
of the old mining towns of Coldfoot and Wiseman.

On October 5, 1980, the State Legislature authorized public summer use of
the Dalton Highway north of the Yukon River. Begimning in summer 1981, the
Dalton Highway from the Yukon River to Dietrich Camp was open to the public
from June 1 to September 1 each year. In other months, and north of Dietrich
Camp, travel was limited to holders of permits, which were 1ssued only to
industrial and commercial users and to residents of the area. (See Laycock
(1979) for an early account of the road.)

Trans-Alaska Pipeline System

The Elliott and Dalton Highways parallel more than 800 km of the Tranms-
Alaska Pipeline System, bullt and operated by the Alyeaska Pipeline Service
Compauny, which is owned by elght oll companies with holdings in the Prudhoe
Bay oilfield. The route provides excellent opportunities to view the pipeline
and its support facilities.
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Figure 2. Map of field-trip route (delineation of the utility corridor from
U.S. Department of Interior, 1980; physiographic map modified from
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The pipeline was constructed between 1975 and 1977 following 6 yr of
intensive engineering design, environmental planning, and mobilization. The
l.2-m-diameter plpe went on-line on Aug. 1, 1877, carrying up to 1.6 million
barrels of crude oil a day from Prudhoe Bay to Valdez, 1,300 lm to the south.
By the end of 1982, more than 2.67 billion barrels of oil had been shipped
through the system.

There are seven pump stations north of Fairbanks. Pump Statiomns 1, 2, 3,
5, and 6 are built on ilce-rich solls and have refrigerated foundations to
prevent thawing of permafrost, which could cause differential sgettlement of
the structures.

Because of permafrost conditions, more than half of the pipeline 1is
above ground. The construction mode used-——elevated or buried~——depended on
soll conditions and on the anticipated effects of the hot olil line on the
permafrost (the oil temperature 1is 60°C at Prudhoe Bay and 32°-35°C at
Valdegz). Normal burial (fig. 3a) was used in thawed or thaw-stable soils and
in bedrock. Burial was allowed where thawing of permafrost would not cause
loss of soil support for the pipe. Conventional burial also allowed €for
reslating the forces generated by the thermal stresses and the high internal
pressure 1In the large-diameter pipe. Speclal refrigerated buried sectlons
were used for animal and highway crossings in thaw-unstable solls where the
plpe had to be buried. Where thawlng of the permafrost would create thaw-un-
stable conditions, the pipeline 1s elevated., In elevated sections, the pipe-
line 1s supported on bents made of two vertical support members (VSM's) and a
horizontal beam, which are designed to allow lateral or longitudinal movement
(fig. 3b). Elevated sections were bullt in a zigzag configuration so that
longitudinal expansion or contraction of the pipe caused by temperature
changes 1s converted into lateral movement. The plpe is anchored every 250 to
550 m onto support platforms supported on four VSM's., Gate and check valves
are located .along the line, particularly at stream crossings and major over-
land sections, to allow stopping of the oil flow when necessary,

A gravel overlay workpad was used for constructing almost all the pipe-
line; two short experimental snow and ice pads were used for segments totaling
11 km, North of Atigun Pass the gravel overlay in aboveground pipeline areas
was placed on polystyrenme insulatiom 3.75 to 11 cm thick, The insulation was
designed to reduce the necessary thickneas of the gravel overlay and to
prevent thawing of permafrost (Metz and others, 1982). A total of 26.4
million m3 of gravel was used for construction of the entire pilpeline workpad,
and related facllities.

The VSM's are of three general types: a) thermal (corrugated with heat
pipes), b) adfreeze (without heat pipes), and ¢) end bearing. The soils sur-
rounding VSM's in warm permafrost are kept frozen by heat plpes with radiators
(fig. 3c¢). The heat pipes are used to maintain frozen conditions around the
VSM's since the disturbaace caused by the workpad would cause thawing of the
permafrost and faillure of the support structure, Two heat pipes 1in each
thermal VSM contain liquid ammonia and ammonia vapor. The tops of the pilpes
extend above the VSM and are fitted with aluminum cooling fins (radlators)
elther 1.2 or 1.8 m long. The longer radlators provide for additional
dissipation of heat from heat plpes longer than 10 m. As vapor cools in the
top of the heat pipe 1in winter 1t condenses and flows to the bottom where 1t
absorbas heat, turns to vapor, and rises to the top, forming a contianuous,
nomme chanical heat removal system. The process ceases when the ailr becomes
warmer than the ground. The net result is removal of heat from the ground in
the winter, which promotes refreezing of the ground around the VSMs or keeps
the permafrost from thawling. North of Atigun Pass, heat pipes are not
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Figure 3. Buried and elevated construction modes for the oil pipeline (dia-
grams courtesy of Alyeska Pipeline Service Company). A. The buried mode
was used where the ground was thawed, {n frozen or thawed bedrock, and 1in
some permafrost conditions, which on thawing would be thaw stable. B.
Elevated mode. C. Cross sections of the elevated mode showing details
of the heat pipes.
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generally required io the VSM's since the 1nsulated workpad 1s designed to
prevent thaw of the cold permafrost. WHowever, if massive 1ce 18 present they
are used to cool the 1ce below its natural temperature in order to lucrease
its load carrying capacity.

End-bearing VSM's were designed to support the pipe in areas where firm
material such as bedrock or massive gravel deposits are encountered at shallow
depths., Most end-bearing VSM's did not require freezeback for additiomnal
stabllity. Norxth of the Yukon River some VSM's and heat plpes were fileld
mitred and tllted outward to provide additional room for lateral movement of
the pipe. Several summaries of the geotechnical aspects of the pipeline are
availlable (Liguorl and others, 1979; Luscher, 1981), as are numerous Alyeska
Pipeline Service Company data sheets and publications.

Communication along the pipeline 1s accomplished via a microwave system
wlith a satellite backup system linking earth stations at Pump Statlons 1, 4,
and 5 and the Valdez Terminal,

CLIMATE!

The interior 1s a zone of temperature extremes and of relatively high
precipitation compared to the Arctic, During summer, storms track through the
region from the south or southwest, but most of the precipitation 1s of the
convectional type, and is widely scattered and variable (Watson, 1959). Most
precipitation occurs during summer. During the winter, the interilor 1s
dominated by relatively dry continental polar alr masses, and sinking cold air
creates high atmospheric pressure. Occasionally, maritime air intrudes into
the area from the west or southwest, causing major snowstorms (Bilello, 1974)
and, rarely, winter rain. Alpine areas within the interior typically have
legs extreme temperatures but more precipitation than forested areas at lower
elevations.

North of the Continental Divide 1s a region of extremely low winter temp-
eratures, low summer temperatures, and relatively low precipitation. Unlike
the continental interior, wind is a major environmental factor throughout much
of the year. Although winde rarely exceed 17 m/s on the Arctic Coastal Plain,
it 1s seldom calm (Conover, 1960). Winds cause considerable drifting of snow,
poor visibility, and severe wind-chill factors during the coldest months
(Searby and Hunter, 1971).

During July and August, a sea breeze from the open water of the Arctic
Ocean dominates the coastal climate (Moritz, 1977; Kozo, 1979). Radiational
heating of 1nland tundra surfaces creates a local pressure deficlt, which
causes colder alr from the ice-dominated Arctic Ocean to move inland, re-
sulting in a prevailing northeasterly wind. Thege conditions often cause
cloudiness and coastal fog, which extends inland and persists until the air is
warmed by radiation. The inland extent of the sea breeze phenomenon is at
least 17 km (Kozo, 1979), although fog and the prevailing northeasterly wind
are observed considerably farther from the coast.

This climatic description 1s based on stations and data reported by
Haugen (1982). The ranges of temperature and precipitation values are sum-
marized in table 1. Estimated wean annual air tewperatures along the route
are shown in figure 4.

1 gee Haugen (1982) and Haugen and Brown (1980) for additional details.
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Figure 4. Estimated mean annual air temperature (MAAT)
as a function of elevation and latitude along the
field-trip route (prepared by Haugeo based on data
from Haugen, 1982).
Table 1. Ranges of annual climatic values; summary of 1975-79
stations (Kaugen, 1982).
Brocks Coastal
interlor Range Foothllis Plaln
Degree-days
Thaw Ing 1,182-1,904 453-1,189 760~1,125 318-897
Freezlng 2,767-4,513  3,173-3,888 4,225-5,412  4,409-5,642
Thew season
Length (days) 123~168 87-131 104~13¢9 91-128
Starting dates Apr 18-June | May 3-June 10 May 18-June 27 May 25-July S
Precipitation (mm)
frozen NA 57-181 87-t10 125=-142
Untrozen 84-367 117-292 52~157 58-81
Total 168-445 295-450 140~267 183-223
Temperature {°C)
Mean ~6.9 to =3,7 =6.9 to =5,9 ~11,1 to =6,2 -12,8 to -10,3
Range (mean dlurnaj} 12,8 to 14,6 10.8 to 12,6 7.6 to 11,6 7.6 to 9.6
Range (extremes) ~53,3 to +33,0 -37.8 to *+26,t -53,3 to +30,0 -50.6 to +28,9
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Temperature

Temperature regimes Ilnclude some of the most extreme ranges encountered
on the North American Continent. The all-time low temperature for the United
States, —62°C, was recorded at Prospect Creek Camp on January 24, 1971. Most
locations have extreme minimum temperatures below -50°C, and at least half the
stgtiona have summer maximum temperatures over 30°C, a range of more than
80°C.

Average annual air temperatures are estimated to range from -11.5°C at
Prudhoe Bay to -4°C at some of the statlions south of Dietrich (fig. 4). The
extremely low temperatures recorded at valley stations (for example, Prospect,
Coldfoot, Dietrich) are a result of inversions of the vertical temperature
profile, caused by cold air draining downslope. Higher elevations (repre-
sented by Gobbler's Knob and Chandalar Shelf) are above the average height of
the inversion and have higher average winter temperatures. Lower summer temp—
eratures at higher sites reflect a normal decreagse of temperature with eleva-
tion.

Temperature patterns for the entire reglon typify a contimental climate
for the entire year, except for the maritime influence on summer temperatures
in the region north of Happy Valley. The mean annual diurnal range of temper-
atures (amplitude x 2) serves as an index of continentality. This range aver-
ages less than B8°C north of Happy Valley Camp and more than 10°C south of it.
The highest mean annual diurnal temperature range is 13.7°C (at Five Mile).
Values of 12° to 13°C, however, are common between the Brooks Range and Happy
Valley and at the interior stations with low elevations.

Thawing degree—day2 (°C) accumulations range from approximately 1,850
degree-days at the Yukon River to fewer than 500 Iin the Prudhoe Bay area. The
length of the thaw season ranges from approximately 160 days at the Yukon
River to 105 days at Prudhoe Bay. At higher elevations along the route
(Chandalar, Atigun Pass, and Atigun Gamp), thawing-degree~day accumulations
are similar to those north of Sagwon.

Freezing degree-days (°C) usually range from slightly less than 3,500 in
the southern portion of the route to about 5,000 in the north, The year-to-
year variation of thawing degree—days at any given site is considerably less
than the variation of freezing degree-days.

Summer temperature gradients with latitude and elevation may be compared
to vegetation distribution and growth characteristics., The altitudinal and
latltudinal treelipe of the white spruce forest occurs within the road tran-
sect at approximately 720 m elevation near Finger Mountain and Gobbler's Kunob
and the latitudinal treeline occurs 40 km north of Dietrich., Application of
the so-called 'Nordenskjold formula' for determination of the temperature
equivalency of treeline (Haugen and Brown, 1978) gives an approximate July
mean tempetrature of 12°C, which agrees with temperatures that have been mea-—
sured at treelines along the Dalton Highway (Densmore, 1980).

Temperature-vegetation gradients on the Arctic Coastal Plain indicate
that thawing~degree—~day accumulations are linearly related to distance south
of the coast (Haugen and Brown, 1980; Walker, 1981).

2 Thawing and freezing degree-days represent the cumulative departure of mean
dally temperatures above or below 0°C, respectively,
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Precipitation

Although distinct differences exist in precipitation amounts and charac-
teristics, varlations with latitude and elevation are not as readily defined
as variations with temperature. Annual total precipitation ranges from 140 wmm
at Sagwon to more than 400 mm in the Atigun Pags — Chandalar Shelf area. The
30-yr normal precipitation value of 360 mm at Bettles is probably representa-
tive of all but the higher elevatlons from treeline in the Brooks Range south
to 0ld Man Camp. South of 0ld Man Camp to the Yukon River, total precipita-
tion distinctly decreases, not generally exceeding 300 mm at Five Mile Camp.
The greatest single—-day totals registered are 89 mm at Chandalar (July 27,
1975) and 52 mm at Prospect (July 24, 1977).

During moat years, rain is the dominant form of precipitation., To the
south, the thaw season becomes longer and the percentage of precipitation that
falls as rain becomes larger. South of Chandalar, about two—thirds of the
annual preclpitation 1s unfrozen. Intense preclpltation occurg during
thunderstorms south of the Continental Divide. Thunderstorms are less common
north of the Divide. Weak low-pressure centers passing from west to east,
often along the boundary of the summer Maritime Polar Front, are responsible
for perhaps half the summer precipltation in the Arctic. The 1immediate
coastal area, however, i1s usually under the influence of maritime alr, which
causes cloudy skles and fog, onshore winds or sea breezes, and precipitation
that is more frequent but lighter tham that to the south.

Benson (1982) reported that, because of measurement problems, the amount
of snowfall on the Arctic Slope may be underestimated by a Factor of 3.

PHYSTOGRAPHY 3

North of Fox, the road traverses the Yukoo—~Tanana Upland and Kokrine-
Hodzana Highlands of the Intermontane Plateau Province, which is broken by the
east end of the Rampart Trough (fig. 2). The uplands consist of even—topped,
rounded ridges with elevations of 600 to 1,200 m that are replaced to the
north beyond the Yukon River by more rugged mountains. Next, the road
progresses into the Ambler and Chandalar Ridge and Lowland Province, which
begins at the South Fork Koyukuk River. The southern part of this sectilon is
a digcontinuous line of gently irregular to rugged ridges with elevations of
900 to 1,400 m. Farther north and extending to Coldfoot is a regilon of low-
lands and low passes (60 to 600 m in elevation) that contains several east-
west-trending ridges.

Fast-west—trending topography continues in the Brooks Range, which begins
abruptly at Coldfoot. Ridges rilse to rugged, glacfally sculptured peaks of
about 1,300 to 2,000 m elevation in the south and 2,300 to 2,700 m in the
north. Differences in erosion of belts of sedimentary and metamorphic rock
have produced the east-west graln of the topography. Cliff and bench slopes
characteristic of glaclally eroded bedded rocks are also present. Major
rivers flow north and south in flat—floored, glacifated valleys.

North of the Brooks Range, the road drops abruptly to the hills and low-
lands of the Arctic Foothills just north of Galbraith Lake. The southern part
of the Foothills varies 1In elevation fyrom 350 to 1,050 m and includes 1ir-
regular buttes, knobs, mwesas, east—west—trending ridges, and Intervening,
gently irregular tundra uplands. Elevation in the northern part of the Arctic

3 Modified from Brown and Berg (1980).



INTRODUCTION 11

Foothllls decreases from about 350 m above sea level in the south to 180 m in
the north. The foothills there are characterized by broad east-west-trending
ridges and local mesalike mountalas.

Finally, near the confluence of the Sagavanirktok and Ivighak Rivers,
the road passes into the White Hills section and the Arctic Coastal Plain,
which slopes gently to the Arctic Ocean. The flat topography of the Coastal
Plain 1s broken by scattered pingos (ice-cored mounds), occasional low hills
of Tertiary rocks, and bluffs bounding river terraces 1n Quaternary deposits.
The Coastal Plain 1s poorly drained, and a significant part 1s covered by
elongated and orilented thaw lakes and marshy thaw-lake basins.

PERMAFROST AND GROUND ICE"

Perennially frozen ground, or permafrogt, 1is defined as a thickness of
goll or other superficlal deposit (or even of bedrock) that has been colder
than 0°C for 2 or more years (Muller, 1947). Permafrost 1s countinuous north
of Atlgun Pass and discontinuous in much of interior Alaska to the south, in-
cluding areas within the valleys south of the Continental Divide in the Brooks
Range (Ferrians, 1965, Ferrians and others, 1969). The term 'continuous
permafrost’' implies that permafrost uanderlies all or nearly all the landscape,
including small ponds and streams, and has a tewmperature lower than -5°C at
the depth of zero annual seasonal change or amplitude (about 15 m). In the
zone of discontinuous permafroat, ground temperatures are higher than ~-5°C,
and most north-facing and low areas are underlain by permafrost, but south-
facing slopes and areas beneath bodies of water may be permafrost free.,

Permafrost i1s thicker than 600 m in northern areas but is only ome to
several meters thick near 1its southern limit. Permafrost soils may be nearly
1ce free iIn coarse, unsaturated material and may contain more than 50 percent
l1ce 1n fine-textured soils., The 8o0ll layer overlying permafrost thaws and
freezes each year and 1s therefore termed the 'active layer.'

Permafrost underlies much of the route. The road traverses major por-
tions of both the discontinueous and continuous permafrost zomes (fig. 1).
Temperature of the permafrost below the zone of seasonal temperature variation
generally ranges between -5° and -1°C in the lowlands of the southern discon-
tinuous zone (Ferrians, 1965). The mean annual air temperature there probably
ranges between -7° and 0°C. In the continuous zonme north of the Continental
Divide, permafrost temperatures are believed to range between —L1° and -5°C.

Considerable information on the permafrost terrain over which the route
passes 1s avallable from pipeline and road borings (Kreig and Reger, 1976;
Krelg, 1977; Tart and Ghuman, 1979) and is summarized on pipeline terrain maps
(R&M Consultants, 1974) and in a route atlas of annotated stereo aerial photo-
graphs (Xreilg and Reger, 1982). In addition, the location and mode of con-
struction of the plpeline offer indirect evidence of ground—-ice conditions.

The design of the pipeline required thaw—stable conditions for the buried
mode; thus the pipeline 18 elevated where 1t 18 underlain by frozen, or
posalbly frozen, fine-grained soils likely to contaln significant amounts of
ground 1ce. In the northera sectiom, VSM's with heat pipes are 1ndicative of
the presence of massive ice. Insulated, gravel-covered berms around some
VSM's maintain or reduce the thickness of the active layer. Buried portions
of the pipeline (except for where specilal designs were used) are in locations
where unconsolidated deposits are relatively free of excess ground ice, in

“ Modified from Brown and Berg (1980).
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competent bedrock, or 1n nonpermafrost terrain, North of the Yukon River more
than half of the pipeline is elevated.

Ground ice in permafrost, particularly its abundance and distributionm,
are significant conslderations in route selection, road design, construction
techniques, and maintenance practices. Ground 1ce occurs as pore fillings,
films, lenses, layers, and other small segregated masses as thick as 15 om,
and as masslive ice in the form of large sheets, wedges, and dome-shaped in-
trusions in peat mounds and pingos (see the discussion of pingos in the
hydrology section). Segregated 1ce, which results from the separation of
water from saturated solls during the freezing process, can occupy as wuch as
80 percent of the total volume of the upper 5 m or so of permafrost terrain
(Sellmann and others, 1975). Vertical ice wedges, which commonly exceed 1 n
in width at the top, have formed over many centuries in the permafrost and are
responsible for the delineation of polygonal ground 1in the treeless tundra
(Leffingwell, 1919; Lachenbruch, 1962). It is not uncommon, however, for ice
wedges to show virtually no polygonal surface expression. Ice wedges are
actively growing in the colder, continuous permafrost zone (fig. 1). Most
segregated ice occurs in fine-grained, unconsolidated sediments. Ground ice
is also found in coarse, uncongolidated materials and in apparently competent,
frozen bedrock. Buriled 1icings, pond ice, sheets of injected ice, and possibly
buried glacial ice (Hamilton, 1982) can also be found in the permafrost.

The distribution of ground ice 1s highly variable, and in places masses of
ground ice are abundant. Windblown s8ilt (loess) commonly contains buried
masses of ground lce (for example, near the Yukon River), and fine-grained
colluvial, glacial, and fluvial deposits may also be 1ce rich., For example,
highway drill logs of silt near Erickson Creek reveal large amounts of massive
ice (Kreig and Reger, 1982, pl. 12), The domlnant form of 1ice masses 1s the
polygonal 1lce wedge.

South of the Brooks Range, the presence of permafrost and the thickness
of the active layer are closely related to slope angle and aspect, vegetation,
thermal properties of parent materials, aund drainage. Vegetation 1s a gemeral
indicator of permafrost conditions. Within the regions covered by the guide-
book, black spruce, larch, and bogs nearly always 1indicate the presence of
permafrost within 0.6 m of the surface. White spruce and aspen usually
indicate an area that is free of permafrost or that has an active layer 1 m or
more thick., Pure stands of paper birch are found on sites free of permafrost
or where the active 1layer has been temporarily deepened by burning or
clearing. Generally, well-drained, south-facing slopes and sediments beneath
the active channels of large streams are free of permafrost. Valley bottoms,
north-facing slopes, and wet lower slopes are usually underlain by permafrost
with an active layer thickness of 0.5 to 1.0 ms In perennially frozen areas,
thaw bulbs exist beneath smaller streawms. The overall thickness and lateral
continulty of permafroast generally increase northward.

The Brooks Range is within the continuous zone of permafrost north of the
Continental Divide and within the discontinuous 2zone south of the Divide.
Both air and ground temperatures are extremely varlable, as 1s the thickness
‘of permafrost, but the bedrock and unconsolidated deposits on glopes are
generally perennially frozem, except for south-faclog 'slopes south of the
Divide. The coarse-textured and freely drained material on upper slopes has a
deep actlve layer, and the wet, fine-grained material on lower slopes has an
active layer that 1g commonly between 0.5 and 1.0 m thick. Permafrost is,
however, generally discontinuous beneath the flood plains and south of the
Divide is probably absent in most places beneath the active channels of larger
rivers like the Chandalar, Dietrich, and Middle Fork Koyukuk. Thaw bulbs
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occur beneath small drainages such as Minnie Creek. On the basis of observa-
tions made during pipeline conatruction, the valleys of the Dietrich and
Koyukuk Rivers should now be considered to occupy the northern discontinuous
permafrost zone. The fine-gralned deposits of the Brooks Range usually con—
tain large amounts of ice-wedge 1ce. Coarse-—grained materials contain ice in
their volds, as coatings on individual particles, or as massive bodies in md-~
flow cones, rock glaciers, and some talus deposits.

The Arctlc Foothills and the Arctic Coastal Plain are underlain by thick
permafrost that reaches a maximum depth of approximately 600 m at Prudhoe Bay
(Gold and Lachenmbruch, 1973). About 130 km south of the Arctic Ocean, ice-
bearing permafrost 1s 200 m thick; it increases northward to more than 500 m
(and locally to 630 m) near the shore at Prudhoe Bay (Osterkamp and Payne,
1981; Lachenbruch and others, 1982). Primary causes of changes in permafrost
thickness are differences 1in thermal conductivity of the rocks aund increased
heat flow. Permafrost 18 thickest 1In the highly porous Tertiary and
Quaternary deposits, successively thinner in the less porous Upper Cretaceous
rockg, and thinnest in the least porous Lower Cretaceous rocks. Thickness of
the active layer 1s generally less than 0.5 m 1in predominantly fine-grained
soils. Unfrozen zones are generally limited to deep river channels, some of
which have unfrozen gravel beneath them, and large, deep lake basinsg.
Perennlal springs 1ndicate that local zones of unfrozen bedrock provide
avenues for recharge and discharge of ground-water systems.

In the Arctic Foothillg, 1ce—wedge polygons are particularly conspilcuous
in poorly drained depressions and drained lake basins, Ice-wedge polygons
cover most of the Arctic Coastal Plain. Closed-system pingos have developed
in some refrozen lake basin sediments of various ages. Although locally pre-
sent in large amounts, other forms of massive 1ce show little surface expres-
slon. Ground 1ce was observed and logged by Alyeska in many VSM borings, in
fuel-gas line trenches, and in the plpeline trench in areas where the pipe was
placed ia thaw-stable gravel beneath a silty, 1ce-rich suxface layer.
Development of thermokarst ponds indicates its presence In other areas.

HYDROLOGY

Streamflow and water—-quality data have been collected at a number of
gltes along the Elliott and Dalton Highways. Many of the sites are part of
the U.S. Geological Survey (USGS) network of hydrologic observation statlons
in Alaska, but many more were imstalled in connection with the Trans-Alaska
Pipeline System and have since been discontinued. The purpose of these obser-
vations 18 to determine the flow characteristics of the principal rivers and
representative small streams, the total runoff, and changes in water quality.
Specific hydrologlc studies were needed in connection with the pipeline to
determine sgcour depth at bridges and crossings, to predict lateral channel
erosion, to design river training structures, and to obtain preconatruction
baseline water quality and biological data. The results of these studles are
published in USGS Water-Supply Papers and in various technical journals,

Mean annual rynoff (Feulner and others, 1971) along the route is less
than 0.005 m3/s+km? in northern Alagka, between 0.005 and 0.011 nd/sdm? in
the interior, and from 0.0l1 to slightly more tham 0.022 m3/s<km? in the
Brooks Range, where the orographic effect results in higher precipitation.
Mean annual peak runoff is less than 0.27 ma/a-kmz, except in the Brooks
Range, where i1t exceeds 0.54 m3/a-km2. Aunual low wmonthly runoff 1s zero
north of the crest of the Brooks Range and less than 0.00l4 n3/s km? south of
the range along the highway route. The lowest flow generally occurs in late
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March or April; peak flow, provided by melting of the winter snow, takes place
in May or June. The winter ice cover usually breaks up between late April and
early June, the latter being characteristlc of the northern part of the
route. Freezeup generally occurs in late September or October.

Along the road In the central and northern' Brooks Range, summer precipl-
tation apparently 1s greater on the north side than on the south side (239 mm
v8 165 mm; L.J. Onesti, pers. commun.). Watershed observations in the
northern Dietrich River and the Atigun River indicate that 42 percent of the
summer runoff 18 from summer precipitation and the rest from ground water and
melting of snow and lce. June and July discharge from snowmelt and precipita-
tion represent approximately 80 percent of the annual precipitation, The
average annual sediment yleld for streams in the Atigun Pass area varles from
87 to 1,240 metric tons/kmZ.

Ground-water resources along the Elliott and Dalton Highways are meager
compared to the prolific aquifers of the Tarana River Valley near Fairbanks
(Williams, 1970; PFeulner and others, 1971; Zenone and Anderson, 1978). From
Fox to the South Fork Koyukuk River, the route crosses bedrock uplands with a
varying thickness of gencrally fine-grained surficial deposits. These
deposits are typilcally frozen to bedrock, except on southerly exposures.
Valleys are commnonly filled with frozen, fine-grained, wunconsolidated
deposits. Larger valleys 1like Hess Creek are filled with partially frozen
coarge—grained alluvium. The Yukon River 1s large enough to malntain a talik
or thaw bulb through the permafrost beneath 1its channel. The Middle Fork
Koyukuk River and Dietrich River valleys have many areas of unfrozen ground
beneath and near their channels. 1In some places the cover of fluvial gravel
is thin, and much of the unfrozemn underlying sediment conslgts of glaclo-
lacustrine deposits and t1ll that lack sufficlent permeability to produce
large amounts of water.

North of the Brooks Range, where permafrost extends from near the surface
to depths of 200 to more than 600 m, ground water beneath permafrost in bed-
rock of pre-Tertiary age or in unconsolldated deposits of Tertiary age is
generally too highly mineralized to be useful as a water supply. A collection
gallery installed in gravel within the thaw bulb beneath a stable channel of
the Sagavanirktok River at Prudhoe Bay (Sherman, 1973) was 1inadequate to
supply the requirements for domestic and drilling water, and it eventually
became clogged with silt. To accommodate winter demands, reservoirs were
created in thaw lakes that were deepened and filled from the river during the
sunmer. Wells were used to supply pipeline construction camps at Livengood,
Dietrich, 0ld Man, Prospect, Galbraith, and other sites by locating unfrozen
zones In gravel, commonly adjacent to streams. Ground-water sources, where
avallable, provide a year-round supply of water that eliminates the need for
storing and for hauling from a river,

Special cases of ground-water flow are described in the following sec—
tions on 1leings and pingos.

Icings

Icings (aufels) are sheets of surface ice composed of a number of 1ce
layers formed during successlve overflows on broad, braided-river flood
plains, narrow channels of small streams, or the ground downstream from sea-
sonal or perennlal springs. In rivers, 1leings generally form when water is
forcad to discharge at the surface because freezing has blocked the stream
flow within the channel or the thaw bulb beneath 1it, Iclugs are fed not only
by river water and underflow but also by discharge of ground water stored in
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Pigure 5. ©Location of pingos, icings, and springs 1o northeastern Alaska
(based on Carter and Galloway, 1979, fig. 14; Hamiltom and Obi, 1982,
fig. 1; S5loan and others, 1976, figs. 7, 8, and 11; and Ferrians, pers.
commun. ) ,

unfrozen, uncousolidated deposits of tributary alluvial fans and by water disg-
charged from bedrock through solution channels, joilnts, and faults.

Icings are an Important part of the anoual cycle of stream flow, storing
water in winter at the expense of stream flow and releasing it to augment
gtream flow during the thaw season. Only a few preliminary egtimates of the
affect of icings on gstream flow are available (Williams and van Everdingen,
1973). This effect is particularly important in evaluating fish habitat and
in designing structures along streams.

Processes of lcing formation and measures that can be taken to eliminate
them or divert them from sites where they cause problems have been discussed
by Carey (1973). Perlodic studies of icings have been made by the USGS since
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Figure 6. Echooka River icing, about 5 m thick. Layering in 1ce shows that
numecrous overflows built the icing (Sloan and others, 1976, fig. 10).

1969. Special emphasis has beeo placed on 1icings along the pipeline route and
in the central and eastern Brooks Range, where they are fed by numerous
aprings issuing from faults bounding the Lisburne Limestone or from fractures
and solution cavities within that formation (Willisms, 1970; Childers and
others, 1973; Williams and van Everdingen, 1973; Sloan and others, 1976;
Sloan, unpublished data). Hall (1980) and Hall and Roswell (1981), in a com—
parison of the chemigtry of icings and river water, indicated a possible bed-
rock source for water feeding 1cings on the Shaviovik, Canning, aond other
rivers of the eastern Arctic Coastal Plain.

Icings along the Elliott and Dalton Highways based on pre-pipeline obser-
vations (Sloan and others, 1976) are shown on the strip maps; the locations of
icings In northeastern Alaska are shown in figure 5. Larger 1icings occur
annually, but their size and thickness may vary, depending on meteorological
and hydrologic conditions. Most of the icings between Fox and the Middle Fork
Koyukuk River are confined in small stream channels, except at Fish Creek,
where icings are produced by numerous springs issuiog from schist bedrock.
Slaughter (1982) reported annual variations of icings on Caribou Creek, situ-
ated northeast of Fox 1n the uplands. The Middle Fork Koyukuk River has
icings that are generally limited to the main channel and which probably form
by constriction of the channel flow and underflow by freezing. On the
Dietrich and Atigun Rivers, broad icings occupy the entire braided £lood
plain. They seem to be supplied by water stored in the unfrozen gravel of
tributary alluvial fans, by freezing of the river and its bed, and possibly by
discharge of water from bedrock. East of the highway route, along the north



INTRODUCTION 17

flank of the Brooks Range, there are more tham 50 spring-fed 1icings, some of
which grow to be more than 5 m thick (fig. 6). Several of the larger icings
(for example, those on the Kongakut, Echooka, and Ivishak Rivers), melt com
pletely some years, but persiast throughout the summer and winter during other
years, as does the icing located on the west side of Galbraith Lake (Childers
and others, 1977).

Pingos

Pingos are speclal hydrologic features that form under periglacial con—
ditions. Leffingwell (1919) and Porsild (1938) were among the first to note
pingos on the Arctic Coastal Plain in the continuous permafrost zone. More
recently, nearly 300 pingos and pingolike mounds have been located in central
Alaska in the discontinuous permafrost zope (Holwes and others, 1968), and 74
have been reported im the Brooks Range (Hamilton and Obi, 1982). More than
1,000 pingos have now been catalogued or the Arctic Coastal Plain (0.J.
Ferrians, Jr., pers. commun.; Galloway and Carter, 1978)., The locatlons of
individual pingos or groups of pingos are shown in figure 5.

Pingos are perennial, conical-shaped 1ce-cored mounds that are, Iin ex-
ceptional cases, as much as 65 m high and 1,000 m in dlameter (Mackay, 1979).
The largest pingos are on the Arctic Coastal Plain, where they dominate the
flat terrain. They can be seen along the Dalton Highway west of Frauklin
Bluffs. Studies of pingos 1n Alaska have been largely restricted to descrip-
tion and classification in open- and closed-system categories (following
Miller, 1959). . Little attention has been given to the mechanics of their
formation.

Baslecally, open-system pingos, characterlstic of interior Alaska and many
of the southern valleys of the Brooks Range, are formed on lower slopes.
There artesian pressure 1is likely to be greatest and artesian flow may be
blocked or localized (Holmes and others, 1968), either in an alluvial aquifer
buried by fine-grained deposits or in bedrock, as shown by the alignment of
pingos along rock fractures and by the inclusion of bedrock <fragments 1in
plogo sediments. Most pingos are apparently of Holocene age, for the youngest
sediments that have been deformed are no older tham 7,000 yr in the interior
(Holmes and others, 1968). Pingos postdate the late Wisconsin.glaclation in
the Brooks Range (Hamilton and Obi, 1982).

Closed-system pingos occur 1n regions of continuous permafrost and are
formed by hydrostatic pressure caused by freezing of water—saturated sediments
within the thaw bulb beneath recently drained lakes (Mackay, 1979)., All the
pingos of the Arctic Coastal Plain and those reported (Hamilton and Obi, 1982)
from a northern valley of the Brooks Range and from the Noatak River Valley
are of this category. Hall and Roawell (1981), however, believed that several
pingos located in &n area devold of drained deep lakes near the Shaviovik
River lcing may be of the open—system type, supplied, like the icings, from an
arteslian system that perforates the permafrost.

Pingos in the Arctlc Coastal Plsin west of the Colville River are con-
centrated lan areas, largely of dune gand, where the sand thickness exceeds 15
m. Only 8 percent of the 732 pingos have developed on thin sand, alluvium,
and upland silt, and none have been formed on marine sgilt (Galloway and
Carter, 1978; Carter and Galloway, 1979). Those pingos east of the Colville
River and east of the Canning River, including the area of the Dalton Highway,
have formed on the Coastal Plain, which 1s commonly underlain by 1 to 5 m of
poorly bedded to massive, pebbly, silty sand and sandy silt, which in turn 1s
underlaln by more than 300 m of sandy gravel and gravelly sand. '
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GEQLOGY
Bedrock Geology

The bedrock geologic maps (figs. 7, 8) furnigh a generalized overview of
the types and ages of bedrock units along most of the route (Brosgé and
Patton, 1982). These maps may be supplemented by reference to a) a statewlde
map with a cross section along the pipeline corridor (Bennison, 1974) and b)
the following more detailed maps of the route (see figure 15 for the locations
of the 1:250,000 quadrangle sheets):

entire route at 1:1,000,000
Fairbanks (1:250,000) Quadrangle
Livengood (1:250,000) Quadrangle
Tanana (}:250,000) Quadrangle
Beaver (1:250,000) Quadrangle
Bettles (1:250,000) Quadrangle
Wiseman (1:250,000) Quadrangle
Philip Smith Mountains
(1:250,000) Quadrangle
Chandalar (1:250,000) Quadrangle

(Beikman and Lathram, 1976)
(Péwé and others, 1966)

(Chapman and others, 1971)
(Chapman and others, 1975, 1982)
(Brosgé and Reiser, 1973)
(Patton and Miller, 1973)
(Brosge and Reiser, 1971)

(Brosgé and others, 1979)
(Brosgé and Relser, 1964)

Coverage of those portions of these quadrangles along the pipeline-high-
way corridor, including Quaternary deposits as well as bedrock, wae prepared
by the USGS in 1971 as basic information needed for the TAPS pipeline project
(Ferrians, 1971b; Kachadoorian, 1971a, b, c¢). These 1:125,000-scale maps also
cover the transportation corridor in the Arctic Coastal Plain and Foothillg
within the Beechey Point and Sagavanirktok Quadrangles (Ferriauns, 1971a). The
1:125,000 maps, reduced to 1:250,000 scale, have been supplemented by mineral

deposit information and republished by Mulligan (1974),

DESCRIPTION OF MAP UNITS

IN FIGURE 7

Sedimentary rocks Igneous rocks

Qu Undifferentiated surflclal depostts (Quaternary) QTv Volcanle rocks (Quaternary or Upper Tertiary)—flat-lying

Ts Sedimentary rocks (Miocene?)—tuff, siltsione, conglomerate flows of olivine basait.
and coal. Nonmarine. Tt Felslc and Intermedlate volcanie rocks (Paleocene)—porphy-

Ks Conglomerate and saadstone (Upper and Lower Creta- ritic flows, breccia, copglomerate and suff.
ceous)—clasts of quartz, quartzite, schist and igneous rocks.  Kg Granitic rocks (Lower Cretaceous)—porphyritic quariz mon-
Nonmarine. zonite; granodiorite and monzonite.

Ke Igneous pebble conglomerate (Lower Cretaceous; Albian)— umf Ultramafle rocks (Jurassic?)—serpentinized peridotite and
clasts of mafic volcanic rocks, chert and graywacke. dunite.

Marine(?). TrMyv Voleanic rocks (Triassic, Permian, Pennsylvanian and Mis-

Km Marine graywacke and mudstone (Lower Cretaceous; Al- sissippiar)—pillow basalt, diabase and gabbro; chert and
bian)—clasts of volcanic rocks. cherty mudstone.

Dy Unnamed graywacke and slltstane (Upper and Middle(?} Metamorphic rocks
Devonian)—dark gray phyllite and polymetamorphosed Dv Voleanic rocks (Upper and Middle{?] Devonian)—mafic
chloritic meta-siltstone. Thin beds of marble in upper part. greenschist.

Dc Urnamed chloritic and calcareous mela-sediments (Middle{?) qms Undivided quartz-mica schis( (Precambrian(?}, Devonian{?},
Devonian)—brown and gray weathering partly calcareous and Mississippian[?])—quartz-mica schist, chlorite schist and
slate and phyllite. Polymetamorphosed. minor quarizite. Lower greenschist to aimandine-amphibofite

Dp Phyllite and graywacke (Devonian{?} or younger)—dack gray facies; andalusite-cordierite hornfels near Cretaceous
phyllite and fine-grained lithic wacke. Slightly metamorph- granites.
osed. csm Undivided calcareous schist ard marble (Precambrian[?} to

ca

Undlvided carbonate rocks (Devonian(?} or younger)—
marble and calc-silicate hornfels,

Devonian|[?])—brown-weathering muscovite-qoartz-calcite
schist interbedded with schistose marble and quarlz-mica
sehist.



20

I4:3°30‘

14300 ¢p00

14 ?'50'

A

150°00'| ,

50°30'

e Camp, vilage,or pump siotion (PS) ®

Figure 8.

_\/ ’III

2 Knt
Dolton Hw %, Kfl K'(&o

%Kn’?“

Okm

GUIDEBOOK 4

Corralation of Map Uniis

Metomorphic 1gneous

Sedimentary

Rocke \ Rocksl Aocks
]Qualemary
G e
Cretaceous
@ Cretaceous
Lower
Cretacsous
[ke] [
KJs|
Jurosaic
Tricssic
Permian
®C Peantylvanian
qma Mississippiaa
{
DK Uppae
Devoniaa
Oh (
‘
]
—{Dv Upperor Devonian
Dg Middle
Da Davanian
De
|
Middle
Pzg bss Devonion 1
Siurian
Qrdovicion
‘
— i
»
Combeian
cuem| Precambrion

Regional geologic map of bedrock between Wiseman and Toolik (com-
piled from published sources by W.P. Brosgé and W.W. Pattom, Jr.).
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DESCRIPTION OF MAP UNITS

IN FIGURE 8

Sedimentary rocks

Qu
Kc

Knt

Kf

Ko

Kk

TrC

Dk

Dh

Undifferentiated surficial deposits (Quaternary)—shown only
in the largest valleys.

Colvllle Group (Upper Cretaceous)—sandstone, shale and
tuff. Mostly nonmarine. Exposed thickness about 60 m.
Nanushuk Group &nd Torok Formation (Upper and Lower
Cretaceous; Ceromanian and Albian)--Nanushuk Group:
conglomerate, sandstone and shale; fluvial and shallow
marine; thickness at least 600 m. Underlying Torok Forma-
tion: marine shale and siltstone: more than 130 m thick.
Fortress Mountain Formatlion (Lower Cretaceous; Albian)—
polymict conglomerate, wacke, siltstone and shale. Marine
and nonmarine. Thickness 1300 m.

Okpikruak Formatlon (Lower Cretaceous)—rhythmicatly
bedded siltstone, graywacke and conglomerate. Marine.
More than 600 m thick.

Kongakut Formatlon (Lower Cretaceous)—black shale and
siltstone; floating chert pebbles in Jower part, Marine. More
than 300 m thick.

Kongakut Formation and Kingak Shale, undivided (Lower
Cretaceous and Jurassicy—black shale and siltstone. Marine.
As much as 700 m thick.

Shublik Formation, Otuk Formattan, Sedierochit Group,
Lisburne Group and Kayak Shale undivided (Triassic, Permi-
an, and Carboniferous)—Shublik Formation: black cal-
careous phosphatic shate and siltstone and gray limestone:
marine; 30 to 150 m thick. Otuk Formation: varicolored
chert laterally equivalent to Shublik Formation. Sadlerochit
Group: siltstone, shale, sandstone and limestone; marine in
this area; about 500 m thick, Lisburne Group: gray cherty
limestone and dofomite; marine; about 700 to 1000 m thick.
Kayak Shale: black shale, limestone and sandstone; marine;
aboul 300 m thick.

Lisburne Group, Kaysak Shale and Keklktuk Conglomerate
undivided (Pennsylvanian and Mississippian)—Fennsylvanian
part of Lisburne Group is thin to absent in this area. Kekik-
tuk Conglomerate: quartzite and granule conglomerate abow
10 m thick present onty in southernmost outcrops; rests un-
conformably on Lower Paleozotc rocks.

Kansyut Conglomerate (Mississippian{?) and Upper Devon-
ian)—quartzite, sandstone, conglomerate and gray to red
shale and silistone. Fluvial; deposited by southwestward-
flowing streams. About 1000 m thick; absent where Kekiktuk
Conglomeratc rests on Lower Paleozoic rocks.

Noatak Sandstone, Hunt Fork Shale and Besaucoup Forma-
tion undivided (Upper Devonian)—mostly drak gray shale
and siltstone; interbedded wacke in upper part: some reefal
limestone and conglomerate in lower part; minor sandstone
throughout. Marine. Upper pari is prodeltaic and shorgline
deposits gradational into Kanayut Conglomerate. About
1500 to 2000 m thick; absent where Kekiktuk Conglomerale

Dg

DS8s

Pzcs

OEv

Eb

rests on Lower Paleozoic rocks. Metamorphosed to slate and
phyilite in southern part of area.

Usnamed graywncke and siltsfone (Upper and Middle[?] De-
vonian)—dark gray and gray-greeu state and phyilite, meta-
graywacke with mafic rock clasts, and chioritic meta-
silistane; thin fossiliferous Upper Devonian limestones in up-
per part. Polymetamorphosed.

Unnamed chloritic and calcareous metasediments (Middle(?)
Devonian)—green, red, purple and dark gray slate and phyl-
lite; brown and orange weathering calcareous slate, meta-
sandstone and schist; gray marble. Polymetamorphosed.
Unnamed volcanic conglomerate (Devonian[?})—sheared
mafic pebble conglomerate and breccla grades into voleanic
phyilite.

Skajit Limestowe (Middle Devonian and Silurian)—gray,
non-cherty marble, and gray and orange dolomite. As much
as 600 m thick,

Uonamed calcareons meta-siitstone (Lower Paleozolc)—gray
and gray-green partly calcareous slate and meta-siltstone,
and gray thin-bedded micaceous limestone. Weathers brows
and orange.

Unwuamed volkcanlc sud sedimentary racks (Ordovician and
Cambrian(?})—andesitic and basaltic pyroctastic rocks and
volcanic conglomerate; black and green phyllite; sills ard
dikes of gabbro and diorite.

Unnamed black meta-silistone (Cambrian)—black, pyritic
meta-siltstone and phyliite; thin fossilifesous limestone local-
ly in upper part. [ncludes many small unmapped mafic sills
and dikes.

Igneous rocks

Dv

Unnamed voleanle rocks (Upper and Middle[?] Devon-
lan)—gabbro and diabase silts as much as 108 m thick; pil-
low basalt flows 10-80 m thick. Metamorphosed to green-
stone and greenschist.

Graanltle rocks (Devonianf?] and/ar Ordovician{?))—gneissic
granodiorile and quartz monzonite with conflicting Ordovi-
cian, Devonian and Cretaceous’ isotopic ages.

Metamorphic rocks

qms

esm

Undivided quartz-mica schist (Precambrian(?], Devonian{?)
and Mississippian(?})—gray to black, coarse to fine-grained
quartz-muscovite-chlorite~albite schist, locally with biotite
and garnet. Includes some mafic greenschist. Polymeta-
morphosed. Ages are from Dillon, Hamilton, and Lueck
(1981) and Nelson and Grybeck (1980).

Undlvided calcareous schist and marble (Precambrian[?) to
Devonian{?))—brown weathering muscovite-quactz-caicite
schist interbedded wilh schistose marble and quartz-mica
schist. Polymetamorphosed. Aliered to cale-silicate hornfels
around granitic rocks (Pzg).
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Glacial Geology of the Brooks Range5

The physiography of the Brooks Range has been strongly modified by re-
peated glaclal advances during late Tertiary and Quatermary time. Glaclation
has also been responsible for many of the surficial deposits within the range
and in the foothills beyond its north and south flanks. The Brooks Range
glaclal sequence was defined initially by Detterman (1953) and subsequently
modified by Detterman and others (1958), Williems (1962), Porter (1964, 1966),
Hamilton and Porter (1975), and Hamilton (1978c, 1979d, 1982). Glacial
deposits are divisible into three major groups, with the youngest group repre—
senting at least three separate episodes of valley-glacier advances that were
followed by cirque-glacler expansion during the last 3,000 to 4,000 yr (table
2; figc 9) .

The oldest period of glaclation is represented by the informally named
'Gunsight Mountain' erratics. Large (1l to 2 m) boulders of highly resistant
Kanayut Conglomerate were deposited during one or more glacial advances of
presumably late Tertiary age that extended north from the Brooks Range into
the Arctic Foothills (Hamilton and Hopkins, 1982). These erratics later ac—
cumulated as lag deposits in alluvium during a long interval of stream erosion
and pedimentation when drainage courses beyond the north flank of the range
flowed 50 to 100 m above their modern levels. Gunsight Mountain erratics and
correlative deposits are restricted to piledmont zones and to uplifted plateaus
along mountain fronts; they cannot be traced to existing mountain valleys,

Table 2. Central Brooks Range glacial sequence with suggested age
assignments (Hamilton, 1982; Hamilton and Hopkins, 1982).

Fan Mountain LATE HOLOCENE
Itkillik II (Walker Lake) LATE WISCONSIN
Ttki1llik I EARLY WISCONSIN(?)
P.9.6.0.9.5.09090906090400699960090009.9000060000980560966009664
Sagavanirktok River MIDDLE PLEISTOCENE
).0.6:6.6.0.0.8.0.0.00.0.00.000.0.06.0.6.0.6000:0.000:00000606.6006068600.04
Anaktuvuk River EARLY PLEISTOCENE
)0.0.0:066.8.606.606606600.00.00000080006060660000066660000.964
Gunsight Mountain erratics LATE TERTIARY

=== Minor nonglacial erosion interval

xxxx More significant erosion 1interval correlated with
Pelukian marine transgression
of Hopkins (1973)

XXXX Major erosion interval

5 Prepared by T.D. Hamilton,
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GLACIAL LIMITS
Itk D (Waiker Lake) drift
Yekislik 1 drift
Sagavanirkiok drift
Anaktovuk drift

Gunaight Mountain drift

Figure 9. Glaclal geology along the Dalton Righway.
The index maps (shaded rectangles) show the loca-
tions of figures 71, 86, 125, and 129, which con-
tain details of the glacial geology at 1:250,000
scale (Hamilton, 1978a,b, 1979c, 1982).
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During a much younger glaclial phase, the Anaktuvuk River Glaclation
(Detterman and others, 1958), ice streams occupled the major mountain valleys
of the present Brooks Range, but typically flowed across valley floors that
were 100 m or more above the level of wmodern valley floors. Extensgive
moraines beyond the mountains are fairly continucus but subdued, with slope
angles generally ounly 1° to 2°, drainage networks maturely developed, and com-
plex thaw-lake basins demonstrating repeated cycles of lake formation.
Erratics generally are sparse and, despite their large (1.5 to 2 m) size,
typlically are buriled nearly flush with the ground surface. Piedmont drift
sheets have been dissected by streams that flowed 40 to 65 m above their
moderu levels and eroded valleys as wide as 10 km, Concentric serles of
arcuate drainage courses geparate subdued morainal ridges that could represent
either several individual glaclal advances or recession of a single ice
tongue. Drift of Anaktuvuk River age commonly overlaps erosion surfaces of
post-Gunsight Mountain age. Deglaclation was followed by a long interval of
valley enlargement and pedimentation by fluvial and mass-wastage proceases.

The youngest complex of drift sheets occurs on or cloge to modern valley
floors and extends into valley centers, where it generally 1s within 40 m of
modern stream levels, Drifts of younger and older glacial advances within
this complex differ markedly from each other in weathering, soll development,
and sharpness of surface morphology. The oldest drift sheet, assigned to the
Sagavanirktok River Glaciation (Detterman and others, 1958), 1s: relatively
strongly weathered, subdued by mass wastage, and dissected by streams. Slope
angles rarely exceed 4°, except where surfaces have been steepened by post—
glacial downcutting. A much younger appearing drift, assigned to the Ttkillik
Glactlation of Detterman aud others (1958), was formerly assumed to be entirely
of late-Wisconsin age (Porter, 1964; Hamilton and Porter, 1975). Re cent
radlocarbon dating and stratigraphic studies, however, demonstrate that
initial glacial advances of Itkillik age took place prior to 50,000 yr B.P,
(Hamiltom, 19794, 1982). Deposits formed during these advances are morpho-
logically similar to and continuous with dreift .sheets that date from late-
Wisconsin time, and they may still be {ce cored in places. For these reasons,
the outermost Itkillik deposits are believed to postdate the last major
Plelstocene 1interglaciation and to be of early-Wisconsin age (Hamilton and
Hopkins, 1982). Younger deposits of Itki1llik age, dated at between about
25,000 and 10,000 yr B.P. in the south-central Brooks Range (fig. 10), are
morphologlcally fresh and are still 1ice cored in some valleys. These drift
sheets, equivalent in age to the late-Wisconsin substage of the standard North
American glacial successlon, have recently been assigned to the Walker Lake
advance in the southern Brooks Range (Hamiltom, 1982),. The older term
"Itkillik II' is s8ti1ll used in valley systems north of the Contimental Divide.

During the early~ and late-Wisconsin episodes of glaclation, ice bodies
originated mainly within a belt of cirques, about 30 km wide, that was
centered gomewhat north of the Continental Divide. 1Ice flowed northward along
relatively short and steep glaclal troughs with cirque-headed tributaries.
Massive end-moralne belts dominate the surficial geology north of the range,
and basians that formed behind end moraines as the glaclers retreated tended to
fil1l rapidly with sandy sediment, Glacial valleys south of the Divide
typlcally are lounger and have gentler gradients, The absence of glaciarion in
many of their tributarles during the 1ce advances of Itkillik age led to com-
plex flow patterns in which main-valley glaclers extended varying distances up
those tributary valleys. Long (up to S50 km) depositional basins with complex
geometries formed during glacier retreat, and filled slowly with clayey and
sllty sediments. Glacler tongues that extended beyond the south flank of the
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Outwash, showing gravel and sand facies
Periglacial Toess and fan deposits

Figure 10. Time-distance diagram showing
glacial and proglacial deposits of
south—central Brooks Range. Rad1lo-
carbon dates (black dots) in thousands
of years B.P. (modified from Hamilton,
1982, fig. 13).

range remained confined within the east—west-trending Chandalar and Koyukuk
troughs. Deep erosilion along parts of these river systems has exposed sections
of Quaternary deposits as thick as 40 to 90 m that commonly contain successive
layera of till separated by alluvium and lacustrine sedimeuts beneath peat,
loess, and thaw-lake deposits.

The youngest glacler expansions, of later Holocene (Neoglacial) age, are
confined to cirques above about 1,500 m elevatilon. Thege advances have
created complex assemblages of cirque moraines (Calkin and Ellis, 198la) aond
cauged widespread alluviation of cirque—headed mountaln valleys (Hamilton and
others, 1982).
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Figure 11. Idealized cross section of topography, vegetation, permafrost, and
active layer from Fairbanks to Wickersham Dome (modified from Van Cleve
and others, 1979, fig. 1).

VEGETATION®

The two major units of vegetation encountered along the route are tundra
and taiga (boreal forest)., From the beginning of the route at Fox to treeline
in the upper Dietrich River valley, the route runs primarily through forested
areas 1nterrupted occasionally by treeless bogs in the lowlands and alpine
tundra on some of the higher ridges.

The distribution of vegetation in the Yukon-Tanana Upland between Fair-
banks and Wickersham Dome (fig., 1l1) can serve as a rough guide for discerning
the relation between vegetation and permafrost between the Yukon River and the
Brooks Range, although permafrogt and the digtribution of black spruce on
south—-facing slopes become nuch more widespread north of the Yukon River.
Along actively meandering rivers, point bars usually show a successional
gsequence on freshly formed alluvium, with productive willow, balsam poplar and
white spruce stande in a rarrow, generally permafrost—free band along the
rivers, On older terraces back from the river and on the outside of
meandering rivexrs, black spruce and bogs underlaln by a high permafrost table
are dominant (fig. 11).

On south-facing slopes underlain by thick loess, highly productive aspen,
birech, and white spruce are abundant to elevations of about 400 m., On north-
facing slopes, 1n areas of thin loess, and in areas above 400 m, black spruce
in all stages of postfire recovery 18 the dominant forest cover. At treeline,
about 750 m, mixed black and white spruce stands are open and are dominated by
nearly continuous shrub layers of shrub birch and alder.

For general mapping and descriptive purposes, the forest types can be
subdivided 1into bottomland apruce—-poplar foresta, upland spruce-hardwood
forests, and lowland spruce-hardwood forests., The tundra 1is divided into wet
tundra, moist tundra, and alpine tundra and barren ground. Low and high shrub
communities are also recognized (fig. 12; Selkregg, 1975a, b).

6 Prepared by L.A. Viereck.
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Figure 12. Major vegetation types along the route (modified from Selkregg,
1975a, fig. 114, and 1975b, fig. 164),
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Bottomland Spruce—Poplar Forest

Bottomland spruce-poplar forest is a tall, relatively dense forest along
actively wmeandering rivers and streams. It 1s composed primarily of white
spruce {(Picea glauca) and balsam poplar (Populus balsamifera). Tall willows
(Salix alaxensis, S. interior, S. arbusculoides, and others) and alder (Alaus
tenuifolia) are early invaders on the freshly formed alluvium but are quickly
replaced by rapidly growing balsam poplar stands, 1including horsetail
(Bquisetum pratense), bent reed grass (Calamagrostlis canadensis), wintergreen
(Pyrola spp.), and scattered shrubs of alder (Alnus spp.), prickly rose (Rosa
acicularis), and high bushcranberry (Viburnum edule). Balsam poplar stands
are gradually replaced by rapidly growing white spruce. Because of the dense
shading of the spruce, the forest floor develops a thick mat of feathermosses
(Hylocomium splendens and Pleuxozium schreberi). Rose and high bushcranberry
persist and a low shrub and herbaceous layer of lingenberry (Vaccinium vitis-
idaea), twinflower (Linnaea borealis), and horsetall (Equisetum sylvaticum) is
common in white spruce stands. This forest occurs on flood plains, low river
terraces, and more deeply thawed, south—facing slopes of major river valleys
in the interior. It 1s found exteusively along the Yukon and Koyukuk rivers
and is less extensive along their major tributaries.

Upland Spruce-Hardwood Forest

Upland spruce-hardwood forest 1s the most extensive forest along the
route, It is composed of white sapruce with sgcattered paper birch (Betula
papyrifera), and aspen (Populus tremuloides) on moderate south-facing slopes.
Rlack spruce (Picea mariana), often with scattered paper birch, grows on
northern exposures and in poorly drained flat areas. The understory consists
of mosses and low shrubs—---prickly rose, currants (Ribes spp.), Labrador tea
(Ledum groenlandicum), and blueberries (Vaccinium uliginosum)---on cool, moist
slopes; grasses on dry slopes; and willows, alders, and resin birch (Betula
glandulosa) in the high, open forests near treeline. White spruce trees as
tall as 25 m occur in mixed stands near streams. Paper bilirch and aspen
staads, one early stage of succession followlng fire, are usually even-aged
and more uniform in size than spruce stands. Paper birch and aspen stands
predominate on well- to excessively drained south~faclng slopes.

Bladk spruce stands are by far the predominant vegetation type in the up-
land spruce—hardwood forest, especially along the route between Fairbanks and
the Yukon River. They range from dense, closed stands to open and woodland
types. Labrador tea, blueberry, resin birch, and diamondleaf willow (Salix
planifolia ssp. pulchra) are the most common shrubs. The forest floor is
dominated by feathermosses and lichens (Cladonia s8pp. and Peltigera spp.). In
colder, wetter sites, Sphagnum woss and cottongrass tussocks (Eriophorum
vaginatum) are common 1in open, slow-growing spruce stands.

Lowland Spruce—-Hardwood Forest

Lowland spruce-hardwood forest 18 characterized by extensive pure stands
of black spruce or by mixed stands of black spruce, paper birch, balsam
poplar, and aspen. Tawarack or larch (Larix laricina) occurs in this type
only as far unorth as Livengood. Diamondleaf willow, Labrador tea, shrub
birch, blueberry, sedge, and bog moss coupose the understory. Treeless bogs
occur 1in depressions throughout this forest type. TLarge areas burned siace
1900 are covered by willow scrub and by dense stands of small black spruce.
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This type of forest grows on lowland sites on peat, glacial deposits, outwash
plains, and alluvial valley bottoms.

High Shrub

The high shrub community consigts of dense thlckets of several specles of
willow and alder with a number of low shrubs, herbs, and grasses. High shrub
consists of alder and willow on the flood plains of many large rivers in the
Arctic, particularly in the mountains and foothills, where the active layer is
deeper than in the surrounding uplands. Other specles are the low shrub
buffaloberry (Shepherdia canadensis) and bentgrass. Thickets of resin birch,
alder, and wilillow—~-especially Richardson's willow (Salix lanata ssap. richard-
gonli)-—-are also found near treeline, and represent a transition between up-—
land spruce-hardwood forests and alpine tundra. These thickets are often
interspersed with lichens, low shrubs, and patches of alpine tundra., Crow-
berry (Empetrum nigrum), Labrador tea, Spiraea (Spiraea beauverdiana), blue-
berries, and reed grass occur In the understory.

Low Shrub Bogs

Low shrub bogs occur where conditions are too wet for tree growth~-—pri-
marily in unglaciated areas, on o0ld river terraces and outwash plains, in
partly filled ponds and abandoned stream channels, and occasionally on gentle,
north—facing slopes. Some areas contain a nearly continuous stand of low
shrubs; others are characterized by a nearly uniform cover of sedges and
moss. Bog surfaces that have elevated, meandering ridges are called
strangmoors. Bog vegetation consistas of varying amounts of sedges, Sphagnum
and other mosses, bog cranberry (Vaccinium oxycoccus), bog rosemary (Andromeda
polifolia), resin birch, Labrador tea, willows, and blueberries. Some low~
lying saturated solls support cottongrass tuasocks, and these areas are sur-
tounded by zones of tall willow and alder. Widely spaced stunted spruce may
occur on higher ground.

Moist Tundra

North of the Brooks Range, molst tundra varies from stands of nearly con-
tinuous and uniform cottongrass tussocks, which are locally interspersed with
a gparge growth of sedges and dwarf shrubs, to stands with dwarf shrubs
domlnant. Mosses and lichens grow between the tussocks. Frost action creates
small frost bolls. Other plants in the cottongrass meadows include dwarf
birch, willows, Labrador tea, bistort (Polygonum bistorta), blueberry, and
cloudberry (Rubus chamaemorus). Molst tundra 1s the dominant plant community
in the Arctic Foothtlls, where it 1s broken locally by river drainages along
which high-shrub communities grow. Cottongrass tussocks 15 to 25 cm high
cover large areas of gently irregular terrain on moderately drained silt or
peat accumulations modified by frost action.

Wet Tundra

Wet tundra conslsts of an almost continuous cover of grasses and sedges
(Carex spp. and Erlophorum angustifolium) rooted in mosses and licheus. On
slightly ralsed ridges, dwarf shrubs may be found; 1u standing water, tooted
aquatic plants such as ware's tail (Hippuris vulgaris) grow. Sedges are
common. Differences in vegetation composition are related to the microrelief
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formed by growth of ice-wedge polygons. Many moss specles grow i1in the
understory, but few lichkens occur in this wet habltat, Plants of secondary
importance 1include cottongrags tussock, louseworts (Pedicularis gpp.), and
buttercups (Ranunculus spp.) In the wetter sites, and four—angled Casslope
(Cassiope tetragona) and purple saxifrage (Saxifraga oppositifolia) in raised,
drier habitats as on ridges that form the margios of the ice-wedge polygons.
Wet tundra 1s common 1n the coastal area.

Alpine Tundra

Alpine tundra communities occur in mountainous areas and on well-drained,
rocky ridges within both the tundra and tailga. Vegetation 1s usually sparse
and low. Dryas and lichens generally dominate, but low-growlng hexrbs,
grasseg, and sedges also occur, Dwarf birch, resin birch, cranberry, alpine
azalea (Loiseleuria procumbens), four-angled Cassiope, small Labrador tea,
moss camplon (Silene acaulls), and oxytropes (Oxztropis Spp.) are cOmmon.
Cushion plants such as moss camplon and purple saxifrage occur in dry talus
communities on well-drained ridges and scree slopes, where soils are thin and
coarse textured., Alpine tundra 1s most common at elevations between 600 and
1,250 m. Above this elevation most of the mountains are bare of vegetation
except for rock lichens, but a few flowering plants grow at elevations ap-
proaching 1,800 m.

The Brooks Range acts as a barrier to the northern advance of -coniferous
trees. Hare (1950) and Patric and Black (1968) suggested that the growth of
northern forest in Alaska 1s determined by temperature bDecause precipitation
or substrate molsture 18 adequate. The July temperature equivalency of
latitudinal treeline along the route 1s estimated to be 12°C (Haugen and
Brown, 1980). On the basis of this relationship, alr temperature during the
growing season 1s presumably high enough to support the growth of white spruce
in some areas north of the Brooks Range, such as in the vicinity of Umlat and
Rappy Valley. Therefore, in the absence of the Brooks Range arctic treeline
would be farther uorth than it is (Viereck, 1979; Viereck and Van Cleve,
1983).

Disturbance Patterns

The upland vegetation between Fox and Livengood is characterized by man-
and fire-caused patterns. O0ld mining roads, ditches, and rallroad grades can
be clearly discerned from lines of alder, willow, and birch that cut through
bladk spruce forests. Abandoned fields, resulting from early attempts to
clear land for agriculture or to fulflll homestead title requirements, are
obvious in several locations along the road. Most of these fields now support
dense stands of willows or young bilrch and aspen.

0ld mine tailings, most of which date from the 1930's to the 1950's, can
be seen in all stages of revegetation in the Fox and Livengood area., The
coargse, rildged tailing piles are slow to be revegetated but are eventually
invaded by shrubs and trees, especlally willows and birch. Low areas between
the tailing ridges are revegetated more quickly, often to dense stands of
wlllow and alder. Several authors have reported that permafrost has begun to
return in the talling deposits in the Falrbaoks—Fox area (Theis, 1944; Kreig
and Reger, 1982).

The most conspicuous vegetation pattermns along the route are those caused
by wildfires, In the past, wildfires have burned more than 400,000 ha/yr in
Interior Alaska. Fire-suppresslion efforts have reduced this total in the past
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decade to about 240,000 ha/yr. Most of the fires in {nterior Alaska are
cauged by lightning during the hot, dry summer. However, between Fox and
Livengood many of the fires date from the early 1900's and were probably
caused by early gold miners. Many of the slopes adjacent to the early mining
towns were also logged for firewood, cabin logs, and mine supports, and this
actlvity has affected the general vegetation pattermn.

FLORA’

In the dinterior, uplands with only modest topographic relief support
taiga in 1lte various forms, Forested sites yleld 24 to 50 plant taxa. The
extensive tussock tundra of the Arctic Foothills has a ramge of 13 to 60 taxa
per site. There the primary taxa are highly predictable, the floristic dif-
ferences between sites belng due largely to forbs that occur in small amounts
and consequently do not signify differences in structure.

In the mountains, where there 1s a large altitudinal range and a variety
of habitats, floristic diversity 1s greater—-—about 250 taxa~——yet two ad-
jacent mountains may share only 60 percent of the flora. This difference in
floras probably reflects different rock types at these sites, one beilng pre-
dominantly conglomerate, the other being predominauntly limestone. Comparable
differences in flora exist on the Arctic Coastal Plain, where one substrate is
highly calcareous (Prudhoe) and the other is largely acidic (Barrow).

The route 1is an outstanding latitudinal tranmsect, along which can be
traced the successive disappearance of the consplcuous trees and shrubs.
These northern limits are valild omly for this particular route, but 1t 1is
doubtful i1f the relative posiltion for specific taxa will vary greatly. The
location of these limits 1s presented in the road log.

Several taxa have been found that significantly extend theilr previously
known ranges. Specles common in the taiga south of the Brooks Range that have
slnce been found in the Arctic on dry bluffs and terraces formed by the
Sagavanirktok River include the two-color sedge (Carex aurea) and low northern
sedge (C. concinna), mnorthern bedstraw (Galium boreale), and twinflower
(Linnaea borealis). Several alpine specles are found disjunct from previously
known populations, and these help refine distribution maps for matted sandwort
(Arenaria chamissonis), the sedge Carex albonigra, rockcress (Draba cana aud
D. macounil), fleabane (Erigeron grandiflorus), koenigia (Koenigia islandica),
spring beauty (Montia bostockil), scamman oxytrope (Oxytropls scammaniana),
chickweed (Stellaria umbellata), and pennycress (Thalaspl arcticum).

Significant floristic records of bryophytes and lichens are found north
of the Yukon River and include taxa new to sclence, taxa new to North America
or to Alaska, or additional collections of very rare plants 1o Alaska.
Detalls as to these records can be found at the Herbarlium of the Universgsity of
Alaska Museum at Falrbanks; many of the bryophyte records have been cited by
Steere (1978) and Steere and Inoue (1978). Several of the most interesting
cryptogams are part of an assemblage of rare mosses and lichens found oo lime-—
stone—~--especlally on well-watered cliffs-——in the Brooks Range. One of these
1s the narrow endemic Andreaeobryum macrosporum, reastricted to a few sites in
northwestern North America but locally common at three sites along this route:
Sukakpak Mountain, Wiehl Mountain, and 'Mt., Hultén' (Muxray and others, 1980).

7 Prepared by D.F. Murray.
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Solls
EFT

EQL

EOP

EOT
HYP

IAHP

IARHP

IAP

ICF

ICpP
ICT

MAP

MBP

RM

Well drained solls in stratified materl-
als on flood plalns and low terraces
(Typic Cryofluvents)

Waell drained gray solls; shallow bed-
rock (Lithic Cryorthents)

Waell drained loamy or gravelly gray
solls; deep permafrost table (Pergellc
Cryorthents)

Well drained loamy or gravelly gray
solls (Typic Cryorthants)

Poorly drained flbrous peat; shallow
permatrost table (Pergelic Cryofibrists)
Poorly dralned soils with peaty surface
layer; shallow permafrost table (Histic
Pergelic Cryaquepts)

Poorly drained solls with many frost
scars; shallow parmafrost table (Rup-
tic Histic Pergelic Cryaquep!s)

Poorly drained solls; shallow 10 deep
permafrost tabie (Pergelic Cryaquepts)
\Well drained brown soils; contain tens-
as of fine-grainad materlal (Alfic Cryo-
chrepts)

Wosll drained thin brown soils; deep
permafrost table (Pergelic Cryochrepts)
Weil drained brown solls; nonacid
(Typlc Cryochrepts)

Poorly dralned soils with dark, nonacid
upper layer; shallow to deep perma-
frost table (Pergelic Cryaquoils)

Wael! drained solls with dark, nonacid
upper layer; deep permafrost table
(Pergsiic Cryoborolls)

Very steep rocky or ice-covered iand

Stlope Group

§ Slopes predominantly less than 11°
2 Slopes predominantly more than 11°

O 20 40 60
o 20 @ 40

80 00m
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s

Textural Group

g Very gravelly
m Loamy (medium)

Major soll types along the route (wodified from Selkregg, 1975a,
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Flgure 1l4. Schematic cross section of soil, permafrost, and
vegetation relationships between Fairbanks and the Yukon
River. Horizontal distance 1is about 5 km, Maximum
local relief 1s about 1000 m (prepared by K.R. Everett).

so1Ls®

The soils encountered along the route have developed Iin a low-temperature
regime 1in which blological and chemical trangformations are slow and in which
80il horizoms——-the results of these processes——are subject to physical dis-
location as a resgult of freeze~thaw processes. The distribution of the
principal soll assoclations encountered along the route is presented in figure
13 along with theilr related textures and permafrost conditions (Selkregg,
1975a,b; Soil Survey Staff, 1975; Rieger and others, 1979).

Through the Yukon-Tanana Upland between Fairbanks and Livengood the road
crossea broadly rounded hills and ridges whose summit elevations range from
700 to approximately 1,000 m. For about 55 km, or half the distance between
these points, the hills and ridges are composed of Precambrian or Paleozoilc
metamorphic rocks, formerly known as the Birch Creek Schist. The topography
of the remailning distance to Livengood 18 similar, but cut predominantly in
argillite and graywacke of late Paleozole and Jurassic-Cretacecus age.
Idealized 801l sections as a function of topography and parent material are
ghown in figure l4.

Lowland goils on flood plains and terraces over shallow permafrost im-
clude Pergelic Cryofibrists (fibrous organic soils) and Ristic Pergelic
Cryaquepts (half-bog soils) with a thick (>20 cem) organic surface horizon over
sllty or fine—sandy subhorizons. Alluvial solls that lacdk permafrost or are

8 Prepared by K.R. Everett; see Appendlx A for a more detailed explanation of
soll taxonomy and classification.
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perennially frozen below 1.5 m are Cryofluvents. Where permafrost occurs
shallower than 1.5 m, the alluvial soils are termed Pergelic Cryorthents,
Upland solls on south—facing slopes are generally well-drained silt loam, free
of permafrost, and have developed under white spruce. They are Alfic Cryo-
chrepts (Subarctic Brown Forest soils). Thelr counterparta formed In gravelly
or stony materials weathered from the local bedrock are Typle Cryochrepts., In
gome localities, gravelly Pergelic Cryorthods (Podzolic soils) are found.

On both north—-facing slopes and long footslopes and in the valleys are
poorly and very poorly drained Pergelic and Histic Pergelic Cryaquepts formed
under black spruce, moss and shrubs. Above 750 m to about 1,000 m is a com
plex of alpine soils, iIncluding Pergelic Cryaquepts, Pergelic Cryorthents,
Pergelic Cryochrepts, and Pergelic Cryorthods.

Between Livengood and the Yukon River, the road passes through hilly
terrain where local relief ranges between 150 and 600 m. Bedrock consists of
upper Paleozolc and lower and middle Mesozolc metamorphic and volcanic rocks.
Except for the highest ridge tops and steep slopes, the area 1s mantled by
loess that becomes wvery thick close to the Yukon River. On south-facing
slopes, the solls formed beneath white spruce, birch, and aspen stands that
are free of permafrost are Typlce Cryochrepts. On poorly drained sites,
especlally on north-facing slopes underlain by permafrost, Pergelic and Ristic
Pergelic Cryaquepts form beneath black spruce, moss, and sedge. Organic solls
(Pexgelic Cryofibrists) are common in poorly dralned sites such as filled
meander cutoffs 1n larger valleys. Pergelic Cryorthents are common on steep
g8lopes of any exposure and on many alpine summits and ridges.

North of the Yukon River, the road passes into the Kokrine-Hodzana High-
lands. The goilg are, for the most part, slightly acidic to slightly alkaline
Bilt loams. In the southern part of this area, near the Yukon River, loess is
a significant component, and the soils are gray and fine-textured Alfic Cryo-
chrepts (Subarctic Brown Porest soils). Moderately well-drained soils on
slopes are neutral to slightly alkaline and commonly consist of fine-textured
upper horlzons overlying coarse, weathered bedrock fragments. Acidic, base-
poor soils composed of gravelly materials (Pergelic Cryorthents) derived from
granites are common on the uplands. Organlc soils or mineral soils with thick
organlc horizons occur in tussock meadows agsoclated with drainageways.

In the foothills and mountain areas south of the treeline, mass movement
on steep forested slopes produces complexes of poorly drained, gray, mottled
silt loam or gravelly, acidic soils with relatively thin organic horizons
(Perglic Cryaquepts). In this complex, similar poorly drained soils with
thick organic horizons are Higtic Pergelic Cryaquepts. Seasonal thaw is
generally less than 50 cm, except on hilltops and gravelly terraces, where
deep thawing of well-drained s8o01ls occurs along with oxidized horizons
(Pergelic Cryorthents or Pergelic Cryorthods).

In the higher parts of the Brooks Range, most of the area consists of
steep, exposed bedrodc and coarse, unstable colluvial deposits with local
areas of poorly or very poorly drained gravelly and stony solls (mostly
Pergelic Cryorthents). Some solls with a sgignificant organic component are
Pergelic Cryagquepts or Histic Pergelic Cryaquepts. Stable, relatively well-
drained glacial and colluvial deposits have gravelly soils with dark, leached
upper horizons and reddish, iron-stained subhorizons.

North of the Continental Divide, permafrost generally shallower than 50
cm retards internal dralnage. Thus, as a consequence of the low temperatures
and poor drainage, most soils exhibit wet, shallow, poorly differentiated pro-
files with a significant organic component that is generally 1little decour
posed. Horizons with contorted admixtures of darker, more highly decomposed
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organlic materials are common In mineral subhorizons down to aund into the
permafrost.

Most soils of the Arctic Foothills are poorly drained and have developed
in such fine-textured materials as s81lt loam and s8ilty clay loam. Poorly
drained soils (Pergelic Cryaquepts, Upland Tundra soils) occur om long slopes
and In broad valleys. These tundra soils are found under a tussock microtopo-
graphy, and most are acidic. A few moderately well-drained to well-drained
gravelly soils (Pergelic Cryorthents} occur on ridges and on terraces marginal
to larger rivers. Organic soils, mostly Pergelic Cryofibrists (bog soils),
are uncommon and occur mostly in polygounal ground of old dralned lake basins,

On the Arctic Coastal Plain, solls are poorly drained and generally do
not thaw to depths of more thanm S0 em., In most soils, organic materials of
variable thickness overlie silt-loam mineral horizons (Pexrgelic and Histic
Pergellc Cryaquepts, Meadow Tundra solls). A few soils, especlally those in
depressions, may exhibit a sufflcient thickness of organlc materials to be
termed organic soills (mostly Pergelic Cryofibrists). Other aolls restricted
to well-drained sites display well-developed horizons and bright oxidation
colors (Pergelic Cryaquolls). Most soils are alkaline. Some well-drained
solls with organic-rich surface horizons over gravel (Pergelic Cryoborolls,
Arctic Brown soils) have free carbonates in their profiles (Everett and Brown,
1982).
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ROAD LOG
INTRODUCTION

The road log 1s based
on numerous sources, including
the observations of the con-
tributors listed in the Pre-
face. The log of the Elliott
Highway is based on many years
of observations made during
road construction and mining
activities, Including highway
investigations (Livingston,
1966; Livingston and Balvin,
1977; Livingston and Kahler,
1979). The log of the Dalton
Highway 1s based on early ob-
servations of the TAPS road
and numerous summer observa-
tions north of the Yukon
River, Specific published re-
ferences are Hamilton (1979a),
Brown and Berg (1980), and
Robertson (1981). Other re-
ferences are cited for parti-
cular descriptions.

The strip maps are based
on the 1:63,360- and
1:250,000~scale topographic
waps, as& shown in the index
sheet (fig. 15). Mileposts (E
for Elliott Highway, D for

Figure 15. Index to 1:63,360
and 1:250,000 U.S. Geo-
logical Survey topo-
graphic maps covering
guldebook route.
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Dalton Highway) run from Fox to Deadhorse and are given on the maps and in
the log in miles. North of Livengood, official milepost eigns had not
actually been placed along the road when this log was prepared. ZEvery effort
has been made to ensure that mileposts presented in this log will agree with
those actually installed. However, some discrepanciles are likely to occur.
South of Livengood, there may be some discrepanciles because of recent road
realigonmentg. The locations of icings are based on observations made before
construction of the pipeline (Sloan and others, 1976).

Accompanying this fileld -trip guidebook 1s a companion publication
entitled "Air-photo Analysis and Summary of Landform Soil Properties Along
the Route of the Trams-Alaska Pipeline System” (Raymond A. Kreig and Richard
D. Reger, 1982, Alaska Division of Geological and Geophysical Surveys Geo-
logic Report 66). It contains 30 airphoto plates, of which 18 are along the
route covered by this guldebook. Each plate is annotated with a discussion
of geomorphic features, soil and permafrost types, and soll-boring data.
Hereafter in the route log the location of plates from Krelg and Reger (1982)
will be indicated on the strip maps and a brief summary of the appropriate
features will be given.

FoX

Fox, located 16 km northeast of Fairbanks, 1s the official starting polnt
of this fileld trip and guidebook. It is the site of a former mining camp
that predates 1905. A substantial amount of information on permafrost aund its
distribution, construction practices, and gold mining, which 1s available as
part of the publicatlions of the Fourth International Conference on Permafrost
and other sources, will not be repeated here (see, €for instance, Boswell,
1979; Pawé, 1982; Reger and Péwé, 1983). Flgure 16 illustrates the general
distribution of permafrost In the Fairbanks area, enroute to Fox, and north to
the Chatanika River. A number of interesting permafrost-related subjects can
be observed in the valley and uplands surrounding Fox. The trans—-Alaska pipe-
line crosses the valley in both the elevated and buried modes (see previous
discussion on construction modes).

Fox 1llustrates classic stripping and dredging operations of placer gold
mining (figs. 17 and 18). The frozen ‘'muck' (organic, ilce-rich silt) was
stripped from over the gold-bearing gravel by directing large volumes of water
onto the materlals through hydraulic 'giants.' These devices, which resembled
large hydraulic cannons, helped thaw and wash away the silt. Frozen gravel

~—Stripping I~Thawing —=| Dredqing

ck
verburgen
> Giani M;:nnor

-be

-3

*5:Gol oriag Bravel 7 e AT Tailings

AR N
LRy

T2 Bedrock

Figure 17, Diagrammatic cross section showing
sequence of operatlons used in placer gold
wining in the Fairbanks area (modified
from Boswell, 1979, p. 78).
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Figure 19. Highway cut made through ice wedges at Fox in October and November
1977. See Sellmann and others (1979) and Osterkamp and others (1980) for
detalls (photograph taken by P.V. Sellmann in spring 1978).

was thawed by driving well points into the materlial and circulating cold water
through pipes to thaw the sediment. Once the gravel and the upper meter of
bedrock were thawed, gold dredges plcked up the gravel, passed 1t through the
sorting and recovery equipment, and then discharged the worked matertal from a
conveyor at the rear. The hummocky tailings piles formed by these dredging
operations can be seen chroughout the Fox area. Discontinuocus permafrost,
which is locally 1ice rich, has returned to portions of these tailings (Theis,
1944; Krelg and Reger, 1982)., An excellent description of the operation of
the United States Smelting, Refining and Mining Company 1is available (Boswell,
1979), and exhibits on mining history and methods used in the Fairbanks area
can be seen in the University Museum at Fairbanks.

Stripping of the frozen muck overburden exposed excellent examples of
ground-ice features, mainly ice wedges, which serve as sgtratigraphic markers
for the Quaternary deposits of the Fairbanks area (Péwé, 1975b, 1977).
Details of the upper section are exposed in the permafrost tunnel at Fox
(fig. 16). Large lce masses were recently exposed 1n a highway cat located
just south of the tunnel entrance but have since melted back and are no longer
visible (fig. 19).

The Fox tunnel was excavated by the U.S. Army Cold Regions Research and
Engineering Laboratory during the early and wid-1960's (Sellmann, 1967, 1972;
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Flgure 20. Idealized section showlng 1ce-wedge
distribution and radiocarbon dates 1n the Fox
tunnel, Radiocarbon ages are given in un-
corrected years before present (B.P.). The

location of the main tunnel and inclined drift
are shown schematically (modified from Sellmann,
1972, fig. 9).

Swinzow, 1970). It enters a near-vertical silt escarpment left at the edge of
the valley by the gold-mining operations (figs., 16 and 18), Tunneling was
performed by a prototype continuous mining machine (Alkirk cycle miner) that
had never before been used 1in permafrost. When operating properly, the
machine could cut as much as 2.1 m of tunnel in an hour. In late 1965, a
l.2-m~dlameter vertical shaft was augered through 15 m of permafrost to
provide cold air ventilation in the winter.

Most of the tunnel passes through thick, i1ce-rich, retransported silt,
termed 'muck' by the early miners because of its fetid smell. The distinctive
odor In the tunnel 1is common to most permafrost excavations in this region.
It results from the oxlidation of exposed organic materials in the silt. This
organic material originated as plants and animals that lived in the wvalley.
Bones of extinct large-horued bison and other large Ice Age mammals were ex—
posed during excavation of the tunuvel.

The retransported silt eroded from loess on the upper slopes and ridge
crestg fills the valleys of the southern Yukon-Tanana Upland to depths as
great as 110 m, Much of it was carried downslope by streams and by slope and
rill wash, although the occasional presence of folded layers Indicates that
gome 801l flow occurrad. Valley-bottom deposits also include loess that was
deposited by wind in the lowlaunds. Below the silt are the gold-bearing
gravels that date from the early Pleistocene. The gravels are underlain by
the Birch Creek Schist, a general term for the metamorphic bedrock of the
Yukon—-Tanana Upland. The upper portion of this schist 1s generally highly
weathered. 1In valleys contalning placer deposits, the gold i3 found in the
upper wmeter of the weathered and jointed schist.

In stratigraphic sections exposed in the Fox tunnel (fig. 20), a lower
zone of large 1lce wedges 1 to 2 m across underlies a zome of smaller 30-cm-
wide ice wedges. Radiocarbon dates from the lower 1ce-wedge zoue range from
about 31,400 to 33,200 yr B.P. and in the upper zoune range from about 8,500 to
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14,000 yr B.P. Above the zone of small 1ce wedges another change occurs,
which marks the transition to a silt that does not contain ice wedges. Radio~
carbon dates above and below this break place its age at between 8,500 and
7,000 yr B.P, Thils transition zone is belleved to wark the lower limit of
Holocene thawing.

The 1inclined drift passes through the thin zone of much older gravel and
reaches the top of the disintegrated Birch Creek Schist., The gravel is en-
countered about 1.5 to 3 m below the floor of the main tuanel at a sharp but
irregular contact. The alignment and stratification of the pebbles indicate
that the gravel was stream deposited. The gravel is bonded by ice, but unlike
the silt it does not contaln lce wedges. 1In fact, the lower end of one large
ice wedge in silt terminates at the gravel contact.
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Plate 11 refers to illustration
in Kreig and Reger (1982).
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E-0.0 9: Junction of Elliott and Steese Highways.

E-0.0 to E-1.0

Here the distribution of typical interior vegetation types can be ob-
served. Black spruce occurs on lower slopes that are underlain by permafrost
close to the surface. Hardwoods, both birch and aspen, dominate the south-
facing slopes. They are particularly evident when one 1s traveling north. In
the uplands southeast of Fox 1s a vegetatilon pattern controlled by substrate
conditions that is typical of the Yukon-Tanana Upland. Upland loess has been
nearly completely removed from the higher ridges, leaving bedrock with only a
thin cover of loess, colluvium, and residual soils. The ellipsoidal and tri-
angular ridges that point upslope are composed of 'flatiroun'-shaped bodies of
frozen~in-gltu loess and retransported silt, Permafrost 1is shallow under
black-spruce—covered 'flatirons,' and is deeper under well-developed aspen and
birch that typlcally grow on their upper margins (fig. 18). The sharp vegeta-
tion boundary between stunted black spruce on retransported silt and stands of
large aspen, birch, and white spruce on unfrozen loess is useful for roughly
separating permafrost and nonpermafrost terrain im this part of 1aterior
Alaska. However, large white spruce and birch trees can also grow on lower
slopes where ice-rich permafrost occurs only 1.2 to 2.4 m below the surface
(Kreig and Reger, 1982, pl. 11).

Where the highway was constructed over sectilons of ice-rich permafrost,
it caused thermal disturbance of the permafrost. This disturbance resulted in
conaslderable thaw settlement, which has required continuing maintenance of the
road. Several cuts have been made in the Birch Creek Schist along the west
glde of the road. Aspen is found on upper slopes and alder grows near the
rock cuts. A spring located 0.6 lkm north of the road 1intersection flows
year—-round, and has been a source of fresh water for many Fairbanks and local
regidents for the last 30 yr. An o0l1d mining operation can be seen in the
valley.

E-2.2

Davidson Ditch, which parallels the road from Fox, 1s located higher up
on the hillside to the wesat (see fig. 21; it 1is onot visible from the road).
As the road ascends, the ditch crosses it at this point and then parallels it
on the lower slope to the east. The ll6-km-long ditch, built to bring water
from the headwaters of the Chatanika River to the Fairbanks placer—-mining
operations, was constructed between 1924 and 1929 (Boswell, 1979). The width
of the bottom of the ditch was originally 3.7 m, and it had a constant grade
of 0.4 m/km and a water depth of 1.l m. At operating capacity, it delivered
about 307 million L/day of water. Fifteen inverted siphouns were used to cross
the numerous creek bottoms. The largest giphon crogged the Chatanika River.
It had a maximum head of 166 ® and was slightly less than 2,438 m long. The
Inside dismeter of the pipe was 1.2 to 1.4 m. The ditch was excavated through
frozen soil and rock using tractors, graders, power ghovels, and hand tools.
Over 1.15 million m3 of earth were excavated and moved. During the winter,
icings caused many problems 1n the operation of the ditch. Ice overflow
filled the ditch and dynamite had to be used to open a narrow trench prior to
spriang runoff. Other technlques used to keep the ditch open included moss-—
insulated underdrains and paper dams to confine the spreading ice overflow.

9 Letter E stands for Elliott Highway; nunerals show mileage.
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Where 1t doubles back across the east side of the valley, the location of
the ditch can be occaslonally seen from the road as a line of trees. Above 1t
on the east side of the valley the bed of the old Tanana Valley Mine Railroad
can stlll be seen above Davidson Ditch. The railroad coumnected Chena (a
former town at the mouth of Chena Slough), Fairbanks, and the mining camps at
Fox, Gllmore, Olnes, Dome City, and Chatanika from 1905 to 1931.

E-3.3

This 1s the summit of the drainage divide. Davidson Ditch passes back to
the west about 100 m beneath the present road through a tunnel constructed in
the Birch Creek Schist., The old railroad also crossed the pass 1into the
Chatanika River dralnage at this location. Panoramas visible for the next few
kilometers north of here give an lmpression of the percentage of the landscape
that 1s £frozen. Permafrost covers 50~60 percent of the area. Terrain
vegetated with stunted black spruce 1s generally frozen, while slopes
vegetated with deciduous forest (aspen, birch) are generally unfrozen except
on north—facing and some Llower east— and west—facing birch-covered slopes,
which may be discontinuyocusly frozen (R. Kreig, pers. commutu,).

3—4 .5
Haystack Mountain (780 m) can be seen ahead. The mountain marks the
wegtern boundary of the Poker - Caribou Creeks Research Watershed, which i1s

operated under an 1Interagency agreement to study the hydrology and climate
of thils interlor region (Lotspelch and Slaughter, 1981; Haugen and others,
1982). The line of trees on the hill to the east marks the location of the
Davidson Ditch. Between here and Livengood, the loess 1s generally thimner
than 1.5 m on the hills. The highway section is located in bedrock, which re-
sults In notilceably better roadway conditions. Throughout this region, trees
were burned and cut down during the peak of the gold-mining peried. Black
spruce and solifluction lobes are present on some north-faclng slopes.

E-5.5

In the valley below is the road to Dome City and the Eldorado Mining
Camp. To the east are Pedro Dome and Dome Creek. Dome Clity 18 the site of an
early mining camp. Placer gold mining, which used hydraulickipg and large
dredges as recently as the early 1960's, produced many excellent exposures of
retransported organic-rich silt of late—Pleistocene age. The frozen, buried
placers are 15.2 to 61 m deep (Mulligan, 1974). A palr of enormous
(4.1-r1long) mammoth tusks that weigh approximately 160 kg each came from
these deposits; they are exhibited {n the University of Alaska Museum. The
tusks, which were found with a fairly complete skull, other bones, aund
considerable well-preserved mammoth halr, have been dated at 32,700 £ 980 yr
B.P. (ST-1632) (Pewé, 1975b, 1977). Small streams crossing the slumped silt
cliffs at Dome Creek have exposed large lce masses that may still be observed.

From the silt in these exposures, a partlal carcass of Bison superbison
crasslcornis was recovered by miners and Otto W, Geist of the Unilversity of
Alaska 1n 1951. The carcass consisted of a head (complete with hide, horns,
and one ear), four legs with hooves, and much torso hide about 3 mm thick. An
initial date of more than 28,000 yr B.P. (L-127) was obtained on a plece of
the carcass., In 1965, a date of 31,400 (+2,040 or -1,815) yr B.P. (ST-1721)
was obtailned by the radlocarbon laboratory of the Geological Survey of
Sweden. A photograph of the carcass 18 on display at the Unlversity of

Alaska. Pleces of the fur and hide of a female superbison recovered from

nearby Fairbanks Creek have been dated at 11,950 * 135 yr B.P. (ST-1633)
(rPewé, 1977).
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Figure 23, Bank of the Chatanika River 2 km downstream from Elliott
Highway bridge. Goldstream Formation (Wisconsin) with ice wedges
and Chatanika Ash Bed is overlain by the Ready Bullion Formation
(Holocene) (modified from Pewe, 1975a, fig. 10).

E-9 l2 : OlneB-

Olnes was a mining camp and station on the Tanana Valley Mine Railroad.
On the slopes to the north beyond the bridge are more examples of frozen silt
flatirons, Solifluction lobes are visible on north~facing slopes to the west,
which have a sparse cover of black spruce and a thick ground cover of mosses.

E~9.5 to E~10.8

Black spruce bogs are visible on a fan of retransported frozen silt from
the Dome Creek drainage. The frozen silt covers an old terrace gravel of the
Chatanika River. Placer gold was mined from underground shafts and drifts
sunk to the base of the alluvium and into the upper meter of bedrock, and many
talling plles of gravel from the underground workings are present on the sur-
face (Mulligan, 1974). Gravel was hauled to the surface during winter and
washed during the summer.

E-11.0 : Chatanika River.

A band of balsam poplar of various ages 1s conspicuous on the point
bars. Although the Chatanika River 1s a small stream, in Wisconsin time it
was large enough to carry away s8ilt deposited in 1t by its tributaries.
Rounded flood-plain gravel is close to the surface and overlies the Birch
Creek Schist at a depth of about 55 m,

The type section for a distinctive volcanic ash bed is located 2 km down-
stream from the Chatanika River bridge, where the river has exposed a cut in
the frozen wuck (Péwé, 19752, 1977). The Chatanika Ash Bed occuts within and
near the top of the Goldstream Formation (Péwé, 1975a). At that location, the
Goldstream Formation is overlain by a thick deposit of retransported silt and
buried forest beds, the Ready Bullion Formation of Holocene age. The ash bed,
a white, vitric, laterally persistent volcanic ash layer about 1 to 10 um
thick, occurs about 4 m below the top of the Goldstream Formation (fig. 23).
One of 1ts outstanding characteristics is that 1t 1is greatly contorted by
ice-wedge growth; in many places adjacent to the ice wedges, the ash bed is
almost vertical. A radiocarbon date of 14,760 % 850 yr B.P. (GX~0250) was
obtained for a ground squirrel (Citellus) nest 4 m below the ash layer. A
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date of 14,510 * 450 yr B.P. (W-2703) was obtalned for Citellus coprolites
from silt ! m above the ash. The ash 18 thus considered to be about 14,600 yr
old.

The road was rerouted up the hill between here and about 1 ¥m north of
the bridge because of erosion caused by the Chatanika River. This rerouting
was expected to be in ice-poor silt because this terrain is covered by tall
birch forest. However, during construction massive 1lce was exposed.

E-12.4 : Willow Creek.

This flat terrain with permafrost within 0.5 wm of the surface 1s covered
by an open black spruce - larch forest. Prior to road and bridge reconstruc-
tion the entire valley floor filled with winter Icings. Installation of the
vertical-walled, timbered bridge and two levels of culverts has solved the
problem. The subgrade was raised to permit installation of a two—-layer system
of culverts. After the lower culverts fill with ice, the upper ones contilnue
to carry the overflow. A small thermokarst pond exists on the east side of
the road where the ground ice has melted.

E-12.8

A cabin and a meat house are located on a low mound on the west side of
the road, The mound is an open—system pingo. The roadcut through the pingo
expogsed 6 m of pure ice. The builldings have settled about } m as the under-
lying 1ce melted due to the heat generated by year-round occupancy.

E“‘13.5
The road ascends a hill Iin which schist was exposed within 2 m of the
surface to the west and fce-rich frozen silt was exposed to the east.

E-18.1

From this pullout on the west side of the road, there is a view to the
north acrogs the valley of the Washington Creek Fire Ecology Experimental
Area, the Wickersham fire scars, and old homestead flelds that are mnow
revegetated with birch and aspen. Following the Wickersham flre in 1971, this
area was designated as a research area for studying the effects of fire on up-
land vegetation. In 1975, another fire burned 1,376 ha 1in the upper
Washington Creek valley. That fire, which was exceptionally intengse and
fast-moving, threatened the oil pipeline, which was under construction at the
time.

Because of 1ts proximity to PFairbanks and the University of Alsska, this
site provided an excellent opportunity to study the effects of fire on the
mature black spruce ecosystem. The study has been a joint effort of the
University of Alaska, the U.S. Forest Service Institute of Northern Forestry,
and the Bureau of Land Management. The interaction of vegetation and perma-
frost were simulated by removal of organic material from the forest floor by
burning and by mechanical means. In addition, a heated-soll experiment in the
135-yr-old black spruce stand was established to examine the effect of
artificially increased temperature on the thickness of the active layer and on
tree and forest-floor productivity. In 1976 and 1978, a series of experi-
mental fires were conducted to provide before—and-after measurements of
various intensities of fire in the black spruce and to study fire behavior
under varying weather and fuel-moisture conditions. The studies conducted
here have contributed especially to understanding the limiting factors in this
nutrient-poor, cold-dominated, low-productivity forest site (Dyrness and
Grigal, 1979; Dyruness, 1982; Van Cleve and others, 1983).
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E-18.3 : Washington Creek.

E~-19.7 : Entrance to Washingtou Creek Fire Ecology Experimental Area,

E-20.3

The road crosses Custman Creek. Along Cushman Creek to the northeast 1s
the site of the U.S. Forest Service fireline-permafrost investigations on the
effects of firelines on the permafrost terrain., It is located about 1.6 km up
the creek from the road at the fire boundary. Birch Creek Schist 1s exposed
on the southeast side of the creek, The new section of road is built on lce-
rich silt.

E-21.5 to E-23.6
Th