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AIR-PHOTO ANALYSIS AND SUMMARY OF LANDFORM SOIL PROPERTIES
ALONG THE ROUTE OF THE TRANS-ALASKA PIPELINE SYSTEM

By

Raymond A. Kreig' and Richard D. Reger?

ABSTRACT

The Trans-Alaska Pipeline System (TAPS) crosses
798 mi of diverse Alaskan terrain, including three
major mountain ranges, 13 physiographic units, and 590
mi of permafrost. During preconstruction geotechnical
evaluation of the TAPS route, primary reliance was
placed on air-photo interpretation (supplemented by
field checking) to map 55 individual landforms and four
landform-surface phases within the 2-mi-wide inner
corridor.

Detailed subsurface information on soils, bedrock,
ground water, permafrost, and other environmental
factors was obtained for 129 individual and composite
landforms from 3,500 soil borings that produced over
33,700 test samples. This massive amount of informa-
tion was stored in computer-data banks, and critical
properties such as texture, moisture content, thaw
strain, and dry density were summarized for each land-
form. The lessons learned during the TAPS geotechnical
investigations, especially concerning landform identifi-
cation and properties, can be applied to other mapping
projects in the Subarctic and Arctic.

INTRODUCTION

Preliminary geotechnical investigations and con-
struction of the Trans-Alaska Pipeline System presented
geologists and engineers with a unique opportunity to
improve techniques of terrain analysis in the Arctic and
Subarctic. The lack of available detailed geotechnical
information for design of the 798-mi-long, 48-in.-
diameter warm-oil pipeline across 590 mi of permafrost
(fig. 1) necessitated the collection of a massive amount
of surface and subsurface data from a wide variety of
landforms. Computerized techniques were used to
evaluate soil properties in each landform along this
north-south transect through complex arctic and sub-
arctic terrain.

The purposes of this report are a) to briefly sum-
marize the geotechnical properties of representative
landforms identified during these investigations, and

1R.A. Kreig and Associates, 1503 W. 33rd Ave., Anchorage,
Alaska 99503.
2DGGS, P.0. Box 80007, College, Alaska 99708.

b) to present and discuss outstanding aerial photographs
that show representative and unique landforms and
significant terrain relationships.
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METHOD OF INVESTIGATION

Before the final TAPS route could be selected and
the pipeline designed, detailed geotechnical information
had to be gathered on soils, bedrock, ground water,
permafrost, and other environmental conditions along
the entire proposed route. Early in the geotechnical
analysis, it was realized that a conventional foundation
investigation (based on closely spaced ‘soil borings to
determine the specific geotechnical properties needed
for design) was not feasible in the complex soils along
the route because of the high expense of field opera-
tions, difficult logistics, and sheer magnitude of the
project. Consequently, an efficient, integrated pro-
gram of field reconnaissance, soil testing, and air-photo
interpretation was developed and combined with a com-
puter-assisted data-index and storage system to evaluate
terrain conditions over large areas where ground-truth
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information was meager. Heavy reliance was placed on
the mapping of landforms on black-and-white, 1:24,000-
scale aerial photographs by experienced photo-
interpreters.

To provide detailed information on the distribu-
tion of permafrost, ground water, and bedrock, over
3,500 soil borings were eventually drilled along the
proposed route, 2,100 on centerline. Several hundred
frozen cores--obtained by the use of refrigerated drilling
fluids (Hvorslev and Goode, 1966)---permitted labo-
ratory testing and study of undisturbed soil samples,
including ground ice. Soil-test data from over 33,700
samples documented variations of such soil properties as
texture, moisture, density, specific gravity, and thaw
settlement for each landform type. These characteristics
were added to a computerized data bank of basic geo-
technical information gathered during the field program,
thereby permitting the first extensive correlation of
landforms and soil characteristics in a complex terrain,
much of which is perennially frozen (Kreig and Reger,
1976; Kreig, 1977).

During photointerpretation, special attention was
given to delineating and collecting ground-truth informa-
tion from landforms likely to contain permafrost.
Permafrost mapping was most successful when based
on converging evidence from several indicators, including
vegetation, site slope and aspect, landform, soil type,
and local drainage. It was less successful when sole
reliance was placed on certain vegetation types (black
spruce, sedge tussocks), or on terrain microfeatures
(polygonal ground, solifluction features, thermokarstlike
mounds) that may occur in nonpermafrost areas (Hop-
kins and others, 1955; Bird, 1967; Ferrians and others,
1969; Ferrians and Hobson, 1973). For example, stunt-
ed and scattered black spruce are usually an accurate
indicator of near-surface permafrost in the Fairbanks
area, but scrubby and sparse black spruce frequently
occur on unfrozen ground in the Tonsina area. Solifluc-
tion lobes can be related to shallow bedrock rather than
shallow permafrost, especially on moderate to steep
slopes. Although polygonal ground, thaw ponds and
lakes, pingos, beaded drainage, active rock glaciers, and
well-preserved  cryoplanation terraces are generally
accurate indicators of permafrost, their absence does not
necessarily imply unfrozen ground.

Permafrost distribution can be mapped accurately
only with a thorough understanding of the natural
environment of a particular site. Air-photo analysis,
used in conjunction with ground-truth information, is
the most efficient method of gathering data about
terrain elements. In fact, we believe one cannot delineate
the areal distribution of permafrost with reasonable
accuracy without photointerpretation, even in areas
where extensive ground-truth information is available.

ROUTE DESCRIPTION
PHYSIOGRAPHY AND GEOLOGY

The TAPS route traverses a terrain that includes
three major mountain ranges and 13 physiographic units
(fig. 2). From the Valdez Terminal at sea level in the
Chugach Mountains, the pipeline extends up the in-
tensely glaciated---and spectacularly scenic---Lowe River
valley, bypasses Keystone Canyon, passes through
Thompson Pass, winds down the Tsina River valley to
the confluence of the Tiekel River, and then continues
up the Tiekel River valley. Bedrock of the rugged
Chugach Mountains in this section of the route is com-
plexly folded and faulted Cretaceous graywacke, phyl-
lite, and greenstone (Coulter and Coulter, 1961, 1962;
Rose, 1965). Permafrost is absent at low elevations
(Ferrians, 1965).

At the head of the Tiekel River, the pipeline crosses
the inactive Border Ranges fault and enters a rugged
terrane of late Paleozoic volcanic and volecaniclastic
rocks that are regionally metamorphosed to greenschist
and amphibolite facies and locally intruded by Mesozoic
granitic plutons (Beikman, 1974; Robinson and Metz,
1979). The route then follows the drainage of the
Tonsina River to Tonsina, across complex glaciofluvial
and glaciolacustrine deposits that contain isolated
masses of locally ice-rich permafrost. At Tonsina the
pipeline leaves the Tonsina River valley and traverses the
north flank of the Chugach Mountains to Willow Moun-
tain, where it enters the Copper River Lowland, a broad
basin floored by extensive and complexly interlayered
glacial, glaciofluvial, glaciolacustrine, colluvial, eolian,
and fluvial deposits (Nichols, 1956, 1960, 1961, 1963,
1966; Ferrians and Schmoll, 1957; Ferrians and others,
1958; Nichols and Yehle, 1961ab, 1969; Ferrians,
1963a,b; Ferrians and Nichols, 1965). About 24 mi
north of Willow Mountain, in the vicinity of the Tazlina
River, the southern limit of discontinuous permafrost®
is crossed; permafrost remains discontinuous through
the Copper River Lowland, the Gulkana Upland, and the
Alaska Range.

At Hogan Hill, about 65 mi north of Gulkana, the
route enters the Gulkana Upland, an area of glacially
modified bedrock hills and ridges separated by low-
lands underlain by ‘glacial and lacustrine deposits. The
greenstone bedrock of Pennsylvanian to Triassic age is

3In this report, the term ‘discontinuous permafrost’ means that
50 to 90 percent of the land surface is underlain by perennially
frozen ground. The terms ‘sporadic permafrost’ and ‘con-
tinuous permafrost’ mean that up to 50 percent and more than
90 percent of the terrain is underlain by perennially frozen
ground, respectively,
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TAPS LANDFORM ATLAS

intruded by Mesozoic granitic stocks (Moffit, 1912,
1954; Stout, 1976).

The pipeline leaves the Gulkana Upland and enters
the Alaska Range just north of Summit Lake. For the
next 45 mi, the line closely parallels Phelan Creek and
the upper Delta River, which cut through late Paleozoic
marine sedimentary, volcaniclastic, and flow rocks and
middle Tertiary coal-bearing continental clastic rocks as
far north as the Denali fault (Bond, 1976; Stout, 1976).
This major strike-slip fault and the associated McGinnis
Glacier fault are both active and transect the TAPS route
near the crest of the Alaska Range (Stout and others,
1973; Brogan and others, 1975; Packer and others,
1975). From the Denali fault north to the vicinity of
Donnelly Dome, the Delta River flows through a U-
shaped glacial valley cut across the structural trend of
Precambrian to Paleozoic quartzite, schist, and amphibo-
lite. About 24 mi south of Delta Junction, the pipeline
alignment climbs out of the Delta River valley and
curves around the west flank of Donnelly Dome, where
it crosses an extension of the Donnelly Dome fault, an
active normal fault (Péewé and Holmes, 1964; Hudson
and Weber, 1977). From just north of Donnelly Dome
to Delta Junction, the pipeline crosses discontinuously
frozen late Pleistocene till and related outwash gravel.
The boundary between the Alaska Range and the
sediment-fiiled Tanana-Kuskokwim Lowland is about 12
mi south of Delta Junction.

From Delta Junction northward 9 mi to the Tanana
River, the route crosses sporadically frozen glacio-
fluvial, fluvial, and eolian sediments of late Quaternary
age. At the Tanana River, the route enters the southern
Yukon-Tanana Upland and follows its southern margin,
which roughly parallels the Tanana River, 90 mi north-
west to the vicinity of Fairbanks. At the southern limit
of the Yukon-Tanana Upland, permafrost becomes dis-
continuous and remains so northward into the southern
Brooks Range. The southern Upland consists of round-
ed, loess-covered, stream-dissected hills and ridges of
Precambrian to early Paleozoic crystalline quartzose
and pelitic rocks of the greenschist and amphibolite
facies that are locally intruded by small granitic plutons
of Cretaceous and Tertiary age (Péwé and others, 1966;
Foster and others, 1973; Bundtzen and Reger, 1977;
Weber and others, 1978). North of Fairbanks, the route
crosses this metamorphic terrane for about 30 mi to the
vicinity of Globe Creek.

From Globe Creek north to the Yukon River, the
route traverses northeast-trending belts of Paleozoic to
Cretaceous volcanic and sedimentary rocks in fault
contact with pods of ultramafic rocks (Beikman and
Lathram, 1976). Eleven mi northwest of the Hess Creek
crossing, the pipeline passes over the axis of the Rampart
Trough, a very narrow and discontinuous belt of weakly
consolidated volcaniclastic and coal-bearing Tertiary
clastic sedimentary rocks that are tightly folded into
mafic extrusive and intrusive rocks and associated

clastic sedimentary rocks of Permian and Triassic age
(Chapman and others, 1971). North of the Rampart
Trough, the TAPS line enters the southern Kokrine-
Hodzana Highlands and crosses frozen, loess-covered
ridges of Permian to Triassic volcanic and sedimentary
rocks north to the Yukon River (Chapman and others,
1971). The rest of the route through the Highlands to
the South Fork Koyukuk River is over rounded, stream-
dissected hills and ridges of late Paleozoic pelitic schist
and phyllite, mafic volcanic and intrusive rocks, and
pods of peridotite and dunite of Permian to Jurassic age;
these rocks are intruded by Cretaceous granitic plutons
(Patton and Miller, 1973). Lowlands contain fluvial and
colluvial deposits of late Tertiary and Quaternary age.
Evidence of Pleistocene glaciation from the Brooks
Range occurs as far south as Prospect Creek.

The pipeline then enters the glaciated Brooks Range
and ascends through the valleys of the Middle Fork
Koyukuk River and the Dietrich River, climbs onto the
Chandalar Shelf, and reaches its highest elevation (4,788
ft) at the Continental Divide in Atigun Pass. From there
the system descends the Atigun River valley to the
northern range front at Galbraith Lake. About 25 mi
south of Wiseman, the pipeline corridor transects a
narrow belt of Late Cretaceous continental sandstones
and conglomerates containing shale, siltstone, and coal
(Beikman and Lathram, 1976). From the northern limit
of these rocks to Galbraith Lake, the route crosses east-
and northeast-trending belts of middle to late Paleozoic
marine sedimentary and volcanic rocks and low- to
medium-grade schist, slate, and quartzite that are rough-
ly equivalent in age (Reiser and others, 1979). North of
Wiseman, the structural fabric is dominated by numer-
ous low-angle faults resulting from northward thrusting
in Late Cretaceous and early Tertiary time (Wahrhaftig,
1965; Churkin and others, 1979). Valleys contain a
complex of glacial, glaciofluvial, lacustrine, alluvial, and
colluvial deposits of early Pleistocene to Holocene age
(Hamilton, 1978a-c, 1979a,b; Hamilton and Porter,
1975; Hamilton and Trexler, 1979). Wiseman marks the
discontinuous-continuous permafrost boundary.

From Galbraith Lake north for 70 mi, the pipeline
passes between low hills and over gentle piedmont
slopes of the Arctic Foothills, closely following the
Sagavanirktok River for 48 mi. Bedrock in the south-
ern part of this section consists of Devonian to Cre-
taceous sedimentary rocks that are intensely folded and
thrust faulted. In the northern part of this section, more
gently folded marine and continental sedimentary rocks
of Cretaceous and Tertiary age (Detterman and others,
1975) underlie Quaternary fluvial, glacial, eolian, and
colluvial deposits containing continuous permafrost. The
limit of Pleistocene glaciation lies about 50 mi north of
the Brooks Range in the drainage of the Sagavanirktok
River.

The northernmost segment of the TAPS route
gradually descends from the Arctic Foothills--about 60
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mi across the Arctic Coastal Plain---to the pipeline
Origin, just south of Prudhoe Bay. The southern 47 mi
of this section follows the Sagavanirktok River across a
wedge of perennially frozen marine, fluvial, eolian, and
lacustrine sediments that is underlain by nearly flat-lying
Cretaceous and early Tertiary sedimentary rocks (Wahr-
haftig, 1965; Detterman and others, 1975). Permafrost is
continuous and shallow.

VEGETATION

The TAPS route crosses several major vegeta-
tion types (table 1). From the Valdez Terminal to the
south side of Thompson Pass in the Chugach Mountains,
the route passes through a coastal forest dominated by
Sitka spruce and western and mountain hemlock with
abundant black cottonwood on stream flood plains and
low fluvial terraces. Beneath the upper canopy is a
dense, shrubby understory, and profuse mosses cover
the ground, logs, and lower tree limbs.

From the north side of Thompson Pass to the
headwaters of the Dietrich River in the central Brooks
Range, the pipeline traverses the interior boreal forest---a
mosaic of white and black spruce, paper birch, aspen,
balsam poplar, and tamarack formed largely in response
to a complex fire history and the effects of permafrost.
This extensive taiga includes widespread, open forests of
low-growing spruce in the Copper River Lowland,
in the Tanana River valley, in low areas of the Kokrine-
Hodzana Highlands, and in numerous treeless bogs and
fens on lower walls and floors of small stream valleys in
the Yukon-Tanana Upland.

Alpine tundra, consisting of widespread barren soil
and rock debris interspersed with low mats of herba-
ceous plants and shrubs, exists in Thompson Pass, in the
uplands of the Kokrine-Hodzana Highlands, and across
the crest of the Brooks Range from the headwaters of
the Dietrich River to the headwaters of the Atigun
River. A moist sedge-tussock tundra with scattered wil-
lows and dwarf birch overlies discontinuous and con-
tinuous permafrost from Paxson Lake to Isabelle Pass
and from the headwaters of the Atigun River to the
lower Sagavanirktok River. The route passes over wet
tundra on the Arctic Coastal Plain along the lower
course of the Sagavanirktok River to the Origin at
Prudhoe Bay. This gently sloping section has widespread
standing surface water and shallow continuous perma-
frost. Sedges and cottongrass mats, usually without
tussocks, are widespread except in well-drained situa-
tions, where shrubs grow.

CLIMATE

The TAPS route passes through four climatic
zones: maritime, transitional, continental, and arctic
(Watson, 1959) (fig. 2).

A maritime climate dominated by oceanic in-

fluences affects the line from the Valdez Terminal to the
north side of Thompson Pass. This area is characterized
by cool, cloudy, moist summers and mild, cloudy,
snowy winters. Annual and diurnal temperature varia-
tions are small. The mean annual temperature at Valdez
is about 36°F; summer and winter extremes generally
reach 64°F and -25°F, respectively. The freezing index,
or average number of degree-days below 32°F each year,
is 1,455 degree-days. Mean annual snowfall is heavy,
about 245 in.; average annual precipitation is about 62
in.

From the north side of Thompson Pass to Willow
Mountain just north of Tonsina, the climate is transi-
tional between the maritime climate to the south and
the continental climate to the north. Summers are
warmer and less cloudy than in the vicinity of Valdez;
winters are long, less cloudy, and colder. Diurnal and
annual temperature fluctuations are more pronounced
than in the maritime section. The mean annual tempera-
ture at Tonsina is 27°F; the coldest months, December
and January, are as cold as -55° to -60°F and warmest
summer days typically range from 65° to 69°F. The
freezing index is 4,670 degree-days. Precipitation is less
than south of Thompson Pass; at Tonsina, average
annual snowfall is about 64 in. and average annual
precipitation is about 13 in. Streams generally freeze in
late October to late November; spring breakup, which
is influenced by snowfall and rainfall, the presence
of stream icings, and spring temperatures, usually
occurs in April or early May.

A continental climate exists from Willow Mountain
north to the Continental Divide at Atigun Pass in the
central Brooks Range. Variations of daily and annual
temperatures are the greatest in this 545-mi-long section
of the route. For example, at Gulkana, in the southern
part of this section, the mean annual temperature is
279F, the maximum summer temperature is 91°F, and
the winter minimum is -65°F. At Fairbanks, near the
middle of the section, the mean annual temperature is
26°F, the highest summer temperatures are 93° to
96°F, and the lowest winter temperatures are below
-60°F. At Bettles, 15 mi northwest of the alignment on
the southern flank of the Brooks Range, the mean
annual temperature is 21°F, summer highs reach 91° to
93°F, and winter minimums plummet to -65°F. Freez-
ing indices range from 4,710 degree-days at Gulkana to
about 6,600 degree-days at Bettles. Winter ice fog is
common in low areas, especially near settlements, from
late November through January, and steep temperature
inversions develop during calm, clear weather. Winters
are dry and the frequency of cloudy days is low relative
to coastal areas. Average annual precipitation ranges
from 11 in. at Gulkana to 14 in. at Bettles. Snowfall is
quite variable, especially in mountainous areas, generally
ranging from 46 in. at Gulkana to over 70 in. at Bettles.
Streams usually freeze from late October through No-
vember. Stream breakup occurs from mid-April through
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May, and is earlier farther south.

The arctic climate of the North Slope is cold and
maritime, with extreme summer temperatures moder-
ated by the nearby Arctic Ocean (Walker and Webber,
1979). Summer fog is common. Maximum summer
temperatures reach 71° to 74°F and minimum winter
temperatures drop below -50°F. Mean annual tempera-
tures are in the 9° to 21°F range (Johnson and Hart-
man, 1969). Freezing indices range from about 7,500
to over 8,500 degree-days. Winter winds sweep un-
hindered across the landscape (Sloan and others, 1979),
preventing formation of the temperature inversions
typical of the Interior. Average annual precipitation is
low (4 to 8 in.), and average annual snowfall ranges from
20 to about 50 in. Fall freezeup generally occurs be-
tween late September and early October and spring
breakup lasts from late May through early June (Harden
and others, 1977).

LANDFORM CLASSIFICATION SYSTEM

In this report, a landform is defined as an element
of the landscape that has a definite composition and
range of physical and visual attributes---topographic
form, drainage pattern, and gully morphology, for

example--that occur wherever the landform exists
(Belcher, 1946, 1948). Although the term ‘form’ implies
shape only, for geotechnical purposes the composition
must also be a major consideration in subdividing
the landscape. Thus, in this report the term ‘landform?’ is
used to describe not only the surface topography,
but also the deposits comprising the feature (Howard
and Spock, 1940).

The landform classification developed during the
TAPS geotechnical investigation groups 55 individual
landforms on the basis of genesis, with the rationale
that similar geologic processes result in landforms with
similar properties that present similar engineering
problems (Kreig and Reger, 1976, p. 57-61). Each
landform is identified by letter symbols, the first of
which is capitalized and indicates the basic genesis of the
deposit, for example, C for colluvial deposits, F for
fluvial deposits (table 2). Subsequent lowercase letters
differentiate specific landforms in each genetic group,
such as Fp for flood-plain alluvium and Ffg for coarse-
grained alluvial-fan deposits. Compound symbols were
developed to label composite landforms that cannot be
readily mapped separately (an outstanding example is
the complex glaciolacustrine deposits, G+L, in the
Copper River Lowland), to demonstrate an uncertainty
of landform identification (G or F), and to indicate

Table 2. Landforms along the route of the Trans-Alaska Pipeline System.

Symbol Landform

Bx Bedrock

Bx-u Unweathered, well-consolidated bedrock
Bx-w Weathered or weakly consolidated bedrock
C Colluvial deposit

Ca Avalanche deposit

Cg Rock glacier

Cl Slide deposit

Cm Mudflow deposit

Cs Solifluction deposit

Css Silty solifluction deposit

Ct Talus

Cte Talus-cone deposit

Ctp Protalus rampart

E Eolian deposit

El Loess

Ell Lowland loess

Elr Frozen complex upland silt?

Elu Upland loess

Elx Frozen upland loess?

Es Sand-dune deposit

F Fluvial deposit

Fd Delta deposit

Ff Alluvial-fan deposit

Ffg Coarse-grained alluvial-fan deposit
Fp Flood-plain alluvium

Fp-c Flood-plain cover alluvium

Fp-r Flood-plain riverbed alluvium
Fpa Abandoned flood-plain alluvium

2In Arctic Foothills only.

Symbol Landform

Fpa-c Abandoned flood-plain cover alluvium
Fpb Braided flood-plain alluvium

Fpb-c Braided flood-plain cover alluvium
Fpb-r Braided flood-plain riverbed alluvium
Fpc Creek or small watercourse alluvium
Fpm Meander flood-plain alluvium

Fpm-c Meander flood-plain cover alluvium
Fpm-r Meander flood-plain riverbed alluvium
Fpt Old terrace alluvium

Fs Retransported deposit

Fss Retransported silt

G Glacial deposit

Gt Till

Gg Glacier

GF Glaciofluvial deposit

GFo Outwash

GFk Kames and eskers

H Man-made deposit

Hf Fill and embankment deposits

Ht Tailings

L Lacustrine deposit

Lt Thaw-lake deposit

M Marine deposit

Mc Coastal and coastal-plain deposit
Mcb Beach deposit

Mct Tidal-flat deposit

(6] Organic deposit

Ox Organic basin filling?

In northern Yukon-Tanana Upland and southern Kokrine-Hodzana Highlands.
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burial of one landform by another (G/F). Of the 129
individual and composite landforms mapped along the
pipeline centerline during our geotechnical investiga-
tions, only 18 units represent more than 1 percent of the
total area in the plane from the ground surface to a
depth of 50 ft (table 3).

In addition to these landform subdivisions, some
consideration was given to ground-surface conditions
that have geotechnical significance-but do not affect
soils at depth. For example, in contrast to flood plains,
stream terraces are not flooded and commonly have
distinctive vegetation and surface-drainage charac-
teristics that do not affect terrace alluvium. Because
these surface differences do not reflect different soils,
they are identified as distinctive surface phases by
symbols enclosed in parentheses following the landform
symbol (Kreig and Reger, 1976, p. 61) (table 4).

SUMMARY OF LANDFORM SOIL PROPERTIES
GENERAL STATEMENT

Although specific data on engineering properties,
texture, and composition of Alaskan surficial deposits
have been published (Pewe, 1955, 1958a, 1968, 1975a;
Davidson and others, 1959; Williams and others, 1959;
Rieger and others, 1962, 1963; Péwé and Holmes, 1964;
Schoephorster, 1968, 1973; Péwé and others, 1969;
Hinton, 1971; Schoephorster and Hinton, 1973; Fur-
bush and Schoephorster, 1977; Hamilton and Trexler,
1979),4 no systematic soil evaluation on the scale of the
TAPS geotechnical effort has been attempted.

During the TAPS studies, two computer-based data
banks were established to store all geotechnical informa-
tion from field and laboratory investigations and to
correlate ground-truth information with landforms in
order to study soil-property variations. The Lab Data
Bank (LDB) contains unweighted laboratory soil tests
such as gradation and hydrometer analyses, modified
Unified Soil Classification, organic content, specific
gravity, dry density, plasticity characteristics, and
moisture content. The Soil Data Bank (SDB) contains
most of the soil-test information in the LDB, but these
data are corrected to compensate for nonrandom soil
sampling due to varying methods and spacing. The SDB
also contains estimated properties for poorly sampled
intervals in borings and values for properties not directly
sampled (saturation, excess ice content, and thaw
settlement) (Kreig and Reger, 1976).

4Exce_llent sources of specific geotechnical data are the Engineer-
ing Geology and Soils Report, Engineering Geology and Foun-
dation Report, Engineering Geology and Hydrology Report,
and Materials Site Report series prepared by the Engineering
Geology and Materials section of the Alaska Department of
Transportation and Public Facilities. These references are too
numerous to cite.

To compare soil conditions in various physiographic
and climatic conditions, the TAPS route was subdivided
into segments (table 5), and the texture, percent frozen,
ground-ice content, and median-thaw strain of landforms
for which there is sufficient subsurface information
were summarized for both the LDB and SDB (table 6).
In general, a more accurate portrayal of the soil prop-
erties in each landform is obtained from weighted SDB
data rather than unweighted LDB data. The magnitude
of the difference between SDB and LDB data is a rough
indication of sampling difficulties or bias for each land-
form.

TEXTURE

Double textural-triangle plots define the gravel,
sand, silt, and clay content of 15 landforms for which
the most complete unweighted LDB data are available
(app. A). The sample population (N) differs between
top and bottom triangles for a given landform in a given
segment because not all samples were measured by both
sieve and hydrometer analyses; typically, lower triangles
have fewer data because fewer hydrometer analyses
were completed on coarse-grained deposits. For this
study, the division between silt and clay is 0.002 mm
(U.S. Department of Agriculture and the Massachusetts
Institute of Technology soil classifications).

MOISTURE CONTENT

Appendix B illustrates the variation of moisture
content in 26 landforms in seven physiographic sub-
divisions. In general, samples of organic-rich, fine-grained
soils such as lowland loess (Ell) and cover deposits
(Fpb-c or Fpa-c) consistently had higher moisture
contents than coarse-grained soils such as alluvium (Fp-r

or Ffg).
THAW STRAIN

Because thawing of ice-rich frozen ground can have
serious consequences, thaw strain (defined as the de-
crease in volume a frozen soil sample undergoes when
thawed) is an important consideration in the design of
engineering structures in subarctic and arctic regions.
For the TAPS project, thaw strain was either computed
from estimates of soil-index properties in the weighted
frozen boring data of the SDB or was based on the
results of laboratory tests (app. C). Samples of fine-
grained, organic-rich frozen soils with high ice content,
especially if the ice was in the form of clear lenses or
massive bodies, were invariably subject to greater thaw
strain than samples of coarse soil with less ice.

DRY DENSITY

Density-distribution curves were prepared from
weighted SDB information for seven physiographic
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Table 3. Frequency of individual and composite landforms along the Trans-Alaska Pipeline System centerline based on
occurrence between ground surface and depth of 50 ft. Landform symbols such as Cg are not listed and do not
occur on centerline but are found within the 2-mi-wide inner pipeline corridor (Kreig and Reger, 1976).

Cumulative Cumulative
Landform Area (%) area (%) Landform Area (%) area (%)
Bx 13.63 13.63 GForG+L 0.13 96.95
Gt 10.61 24.24 Ffg + Cs 0.12 97.07
G+L 10.32 34.56 Elr + Gt 0.12 97.19
Fp-r 8.86 43.42 Fp-c+C 0.12 97.31
Fpb-r 7.49 50.91 CorF 0.11 97.42
Bx-w 4.75 55.66 Ell 0.11 97.53
Bx-u 3.84 59.50 GF + Ffg 0.11 97.64
Ffg 3.24 62.74 Ff + Fp 0.11 97.75
C 3.23 65.97 Fp-b 0.10 97.85
Fss? 2.95 68.92 Fs® + Es 0.10 97.95
GFo 2.62 71.54 Ell + Lt 0.10 98.05
G+ GF 2.39 73.93 Fp-r? 0.09 98.14
GF 2.27 76.20 Ell + Fs 0.09 98.23
Elx 1.73 77.93 G+F 0.08 98.31
FsP 1.67 79.60 Ffg? + G 0.08 98.39
L 1.52 81.12 Fpt? 0.07 98.46
Me 1.25 82.37 GF or Ffg 0.07 98.53
GF? 1.19 83.56 Fp-c? 0.07 98.60
Gt? 0.93 84.49 Elx + Cs 0.07 98.67
GForL 0.91 85.40 L+F 0.07 98.74
Fpm-r 0.87 86.27 Elx? 0.06 98.80
Es 0.71 86.98 Elx or Css 0.06 98.86
Elr 0.67 87.65 Fs?P 0.06 98.92
GF + L 0.67 88.32 Fpm-c 0.06 98.98
Fp + GF? 0.65 88.97 Fpm-r 0.06 99.04
Fp-c 0.62 89.59 Ffg + Fpr 0.06 99.10
Cor F? 0.53 90.12 Fp 0.05 99.15
C+Cs 0.45 90.57 o) 0.05 99.20
Bx-w? 0.40 90.97 G 0.05 99.25
F 0.40 91.37 Gt + Ff 0.05 99.30
Fpb-c 0.37 91.74 cl 0.05 99.35
Fp-c + Fs 0.37 92.11 C or Bx-w 0.04 99.39
Ht 0.36 92.47 C or Bx 0.04 99.43
FsP + Fss? 0.34 92.81 ~ GF?+L 0.04 99.47
Fpa-c 0.34 93.15 C+G 0.04 99.51
Bx? 0.33 93.48 Cs 0.04 99.55
Fpt 0.29 93.77 EI? + C 0.03 99.58
Fp 0.28 94.05 GF or L 0.03 99.61
Bx-u? 0.26 94.31 GF? or L? 0.03 99.64
F? 0.26 94.57 Fp-c + Es? 0.03 99.67
GFk 0.23 94.80 Fpr + G 0.03 99.70
GFor F 0.22 95.02 C + Elx 0.03 99.73
Elu 0.22 95.24 Fp-c 0.02 99.75
Elx + Css 0.21 95.45 Fs + Ffg 0.02 99.77
G or GF 0.19 95.64 Lt 0.02 99.79
F+L? 0.18 95.82 Fp-c + Fs 0.02 99.81
Ell + Fp-c 0.16 95.98 L? or FsP 0.02 99.83
L? 0.16 96.14 Ffg + C 0.02 99.85
GorF 0.14 96.28 Ff 0.02 99.87
C?orF 0.14 96.42 Elu + C 0.02 99.89
Mc? 0.14 96.56 Fs+ O 0.02 99.91
Ff 0.13 96.69 El 0.02 99.93
El + Fp-c 0.13 96.82 EI? 0.02 99.95

2Includes retransported silt from solifluction (Css).
Includes retransported deposits from solifluction (Cs).
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Table 3. (Cont.). Frequency of individual and composite landforms along the Trans-Alaska Pipeline System centerline
based on occurrence between ground surface and depth of 50 ft. Landform symbols such as Cg are not listed and
do not occur on centerline but are found within the 2-mi-wide inner pipeline corridor (Kreig and Reger, 1976).

Cumulative
Landform Area (%) area (%)
Csf 0.01 99.96
Ca + Fp-c 0.01 99.97
(G + L)? 0.01 99.98
C+F 0.01 99.99
ForL 0.01 100.00
Es + Fp-c 0.01 100.01
Fs? + Fp-c 0.01 100.02
Fp-c + Fss 0.01 100.03
GF? or L 0.01 100.04
Ff + Csf? 0.01 100.04
Ct 0.01 100.05
Fss?2 0.01 100.05

Cumulative
Landform Area (%) area (%)
C or Fpt 0.01 100.06
Fp or Gt 0.01 100.06
Hf 0.01 100.07
(034 0.01 100.07
Ct + Ca 0.01 100.07
Fpa-c + Fs 0.01 100.07
Cs? 0.01 100.08
Gt or Bx 0.01 100.08
FsP or El 0.01 100.08
Fs? + El 0.01 100.08
Cs+ Lt 0.01 100.08

Table 4. Landform surface phases that identify distinctive topographic conditions along the route of the Trans-Alaska
Pipeline System.

Symbol Phase
(ft) Young fluvial terrace or dissected
remnant of alluvial fan
(fk) Permafrost-modified flood plain
(gm) Moraine
(gd) Drumlin

subdivisions for which a significant amount of data was
available (app. D). Typically, samples of coarse sedi-
ments---alluvium (Fp-r) or till (Gt)---had higher dry
densities than samples of organic-rich material such as
peat (O) or cover deposits (Fpa-c).

PHOTOINTERPRETATION OF LANDFORMS
GENERAL STATEMENT

Although most general texts on aerial-photograph
interpretation (Smith, 1943; Leuder, 1959; Miller, 1961;
Scovel and others, 1965; Avery, 1968; and Way, 1973)
illustrate a few typical arctic and subarctic landforms,
the origin of these features is often misunderstood or
not mentioned and the complex terrain invariably

Definition

Former flood plain or alluvial-fan surface that is
no longer actively flooded. Terrace deposit in
this phase is not significantly weathered in con-
trast to older terrace deposit of landform Fpt.

Hummocky flood-plain surface, possibly modi-
fied by the formation or thawing of perma-
frost.

Irregular topography of discontinuous ridges,
knolls, and hummocks surrounding closed
depressions on till sheets.

Low, linear ridge separated by shallow, linear
valleys formed in unconsolidated deposits by
the flow of glacial ice.

contains elements that are not discussed.

Individuals learning to interpret Alaskan terrain
conditions with aerial photographs depend on several
sources, including a scarce two-volume manual by Frost
(1950), a report by Hopkins and others (1955), the
collection by Ray (1960), a generally unavailable report
by Hussey and Anderson (1963), and several short
articles (for example, Belcher, 1943, 1948; Hussey,
1962; Pomeroy, 1964). A collection of aerial photo-
graphs and ground stereoscopic pairs by Zall (1974)
includes examples of terrain features in the southern
Yukon-Tanana Upland near Fairbanks. Terrain analogs
in Canada, where a great deal of work has been done,
provide useful comparisons (Arctic Construction and
Frost Effects Laboratory, 1962; Mollard, 1975). Several
references provide information on the photointerpreta-
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Table 5. Relation of the Trans-Alaska Pipeline System route segments and physiographic units.

TAPS route segment Segment limits

A Valdez to Tonsina

B Tonsina to Willow Lake

C Willow Lake to Hogan Hill

D Hogan Hill to Big Delta

E Big Delta to Yukon River

F Yukon River to Prospect Creek
G Prospect Creek to Bettles River
H Bettles River to Galbraith Lake
1 Galbraith Lake to Sagwon

J Sagwon to Prudhoe Bay

tion of vegetation in Alaska (Stoeckler, 1949, 1952;
Lutz and Caporaso, 1958; Haack, 1962; Johnson and
Vogel, 1966; Hegg, 1967). A particularly important
aspect of terrain analysis in the Arctic and Subarctic has
been delineation of permafrost by photointerpretation
(Frost, 1950, 1951; Frost and Mintzer, 1950; Sager,
1951; Fletcher, 1964; Frost and others, 1966; Mollard
and Pihlainen, 1966; Crampton and Rutter, 1973;
Ferrians and Hobson, 1973). Most examples in these
references were verified by fieldwork, but few references
discuss the composition of a wide variety of landforms,
information that is vital to any extensive geotechnical
terrain analysis. A notable exception is Mollard’s (1975)
excellent collection of over 500 stereopairs.

The following 30 plates of aerial photographs were
selected to illustrate the broad diversity of landforms
crossed by the TAPS route (fig. 3).° The source and
date of the photographs are given in parentheses after
the plate title. In selecting these photographs, emphasis
was placed on areas of permafrost terrain with consider-
able ground-truth information or pertinent references.
Nearly all examples are in the TAPS corridor; however,
some examples of important terrain features from other
parts of Alaska that are also present along the pipeline
route are included. Insets accompany several plates;
directions and scales of these insets are identical to the
accompanying plate unless otherwise indicated. Each

5The index at the end of this section provides quick reference
to various plates for specific landforms.

Physiographic units (from Wahrhaftig, 1965)

13

Chugach Mountains

Southern Copper River Lowland

Central and northern Copper River Lowland
Gulkana Upland, Alaska Range

Tanana-Kuskokwim Lowland, Yukon-Tanana
Upland, Rampart Trough, southern Kokrine-
Hodzana Highlands

Central and northern Kokrine-Hodzana Highlands

Ambler-Chandalar Ridge and Lowland, southern
Brooks Range

Central and northern Brooks Range
Arctic Foothills

Arctic Coastal Plain

plate is also accompanied by a discussion, usually
including subsurface data from soil borings. The range of
soil types in each landform can be estimated from the
borings within each unit. Many references cited in the
discussions describe field sites or data collected within,
or directly pertaining to, the area or features illustrated.
Reference citations are not comprehensive for general
subjects. Only references published before 1980 are
cited.

KEY TO SUBSURFACE DATA ON PLATES

Soil-boring locations are indicated by various dot
symbols that also illustrate the distribution of frozen
ground encountered by each boring:

O Unfrozen soils for entire depth

@ Generally frozen soils for entire depth
@ Unfrozen soils overlying frozen soils

® Frozen soils overlying unfrozen soils

(D Both frozen and unfrozen soils in layers.

Although the active layer of annual freezing and
thawing is not separated from permafrost in frozen
borings, dates when drilling began and when the active
layer was penetrated are provided in tables listing
subsurface information. The lack of temperature-
sensing devices made detection of permafrost difficult in
borings into bedrock and dry dune sand. Therefore,
symbols indicating thermal state in these units are
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Table 6. Summary of soil properties of selected landforms along the route of the Trans-Alaska Pipeline System. Values
give percentage of landform in each soil-property category, except median thaw strain, which is expressed in average
percentage thaw strain. The percentage of soils in a given landform containing more than 50 percent ground ice is
obtained by adding Massive Ice and Soil + Ice columns. The limits of each route segment are defined in table 5. Lab
Data Bank (LDB) is unweighted test information; Soil Data Bank (SDB) is weighted and estimated information.

Modified Unified Soil Classification?

SP-SM GP-GC
- - -ML|SC- SC |SW-SM| SW [GM-ML]GC-CL GC |GW-GC| GW Massive| soiL | MEDIAN|NUMBER| ;ooraqe|
thR‘:A MSEENGT éﬂi B OHE Y O | M} ML | [MHECHIMLIOL GH) [ <GL. ;t:l\: :Lgt SM smsc|sp-sc| sp [Muamci-L| M |omoe|oP-aM| GP [T ice | 4 icE |Tmar lsaumed OMLLED
GW-GM bl ¢
c E [LDB <3 23 5120.9 7 1.3 2.9 15.4 3 3.6 3| 71 —=ee|----| 305 [----
SDB 2.8 .3[19.8 .9 9 .7 1s5.7 10.4 3.705.7]] 61 3.5] 7|----]2007
[ LDB| 2.2 1.8 .9[10.8 1.3] -4] 1.8 4 3.0 21.2] 4.5[ 5.8] 1.3 223 [----
SDB| .1 4[13.9 12 3.0 2.8 4.0 22.5) 3.9] 5.6] 1.9 ----|2010
EIl |E [LDB[30.0 30.0 5.0 20----
SDB 48.0 95 24|----| 38
Ell+ |[J |LDB 15.4 Y E 100]-—~=[--—- -] 13]----
Lt SbB 31.3 42.5 2.2 .6 6| 87[17.8(35.8| 46]----| 90
Elu |E |LDB 100 S| [—---] 31]----
SDB 100 -—--| 484
Elx |t |woB] .4 .4 6.7] .8[89.7 6 6| .2] -6 99 | 509 [----
SDB .8] 4.9] .7]85.8 1.4 1.8 ---- 2158
Es E  |LDB 4.6 1.5 20.2 44,6 65 [----
SDB .9 1.6 .4 27.4 |46.9 45 6|----| 579
Ffg |A |LDB 3.0 12.1 15.2 21.2(15.2 e =l i | =
SDB 7 A 4.7] .1 20.2 24.3(14.7 ----] 431
D |LDB | 1.4 18.9] 1.4 8.7 37.8(11.5  8[-—--[--—-[----] 69[----
SDB 1.3 1.7 18.6] 1.0 11.1 36.9]11.4] 6 3|----| 787
G+H |LDB| .7 7] 6.3 7 2.8 7] 2.1] 2.8 8.4 7]25.9fa0.5 ez2|-——|-—-[----] 143]----
SDB 2.0 .4 2:2 2.9) 1.7 12.8] .8[29.8[43.0] 85| .1 2| 2)----l1252
Fs E |LDB| 1.8] 1.2] 7.9 .6]6l.1 1.2[17.1 1.2] 1.2 95— [-—-- [---- [ 164 [----
spB| .1| .3] 9.8 62.3 .7 16.5 2| 211 2 2| .3 96| 2.2]2.6] 22|----3803
F  |LDB| 5.0| 1.3] 5.0| 6.3|71.0 1.3 1.3] 1.3 7 95 - 80[----
SpB| .3| .5 3.3] 2.6[85.3 2.3] 3.0 1.5 4 2 88 7.3] 12|----| 500
G+H |LDB[15.4] 3.3 8.9] 2.4[49.8 1.6 7.3 7.3 8 2.4 sl 97]---—-[---—-[----] 123]----
SDB| 4.1| 2.4]17.9] 1.7[54.3 5.5 3.6 1.2 1.0 s| 98] 7.8)10.3] 31|----1| 625
Fss |E |LDB| 2.4| 1.5| 8.6| .1|85.0 1| 1.5 8 95 [-—-- [---- [---- [ 792[----
spB| .3| 1.0] 7.5 85.7 2.2 7 34 1 1) 94l 2.0] 3.3 18[----1370
Fp-c |E |LDB] 1.4 2.8 69.2 9.8 5.6 7.0] 2.8 1.4 78|---- -
SDB 4.1 54.1 18.6 T2 11.701.9 .2 2.2] 62 318
G+H |LDB] 6.3 6.3 37.5 3.115.6 21.9 6.2 3.1 100[----[-=--|----| 32]----
SbB| 1.7 7.2 39.4 1.7 27.8 2.2] 6.4 2.201.4] 91 3.3 18]|----|18
Fpa-c |E LDB 2.9(11.4 79.9 259 2.9 100 |-=== |====|-=-= 35 |----
SDB| 7.1 1.9]14.6 62.7 5.5 3.0 4.7 .5 100 15.4| 24|----| 182
Fpb-c |1+J |LDB] 5.0 10.0 65.0 10.0 5.0 5.0 80 [----[---- |[----| 20]----
SDB 8.3 56.2 5.1 9.4 15.0 1.6 4l 1.6 22|----] 127
Fp-r |D  |LDB 1.7 13.8 41.410.3 13.8[19.0 -
SDB 3 11.1 47.7] 5.3 9.5 2.9]23.2 3
E_ |LDB 3.5 6 -6 19.9 [1.1] 8.5|14.8 5.7 19.9(24.4 =
SDB w2 .7 .2 1] .5 5.9 .2]6.3[12.5 14.3 21.3]37.8 2
G+H |LDB 2.2 1.4 8.8 8.7] 3.6 9.5 .7[2a.1]a1.0 E—
SDB 3 +8 1.2 9.3 9.0 3.7 11.6 +3129.2 |35.3 2
1+J [LDB 1.3 1.4 .7] 8.6 2.6 .7 6.0 .7|12.6[65.4] 99[----[----[----
SDB .4 1.1 o7 =8 14.5182.5 9 4 1
Fpb-r |[A  |LDB 38.5 7:7 7.7 30.8[15.4 of----[----[----
SDB 24.1 22.5] 6.7 2.3 21.5[22.9] o
D |LDB] 3.3 10.0 20.0(13.3 3.3 20.0(30.1] oOf----[----[----
SDB 7:2 23.3012.6 1:43 18.3[37.3] 2
G+H |LDB 8.6 (5.2 13.8 7.9(34.5| 75[--—--{----|----] s8[----
SDB .1 4.2 2.9] 3.4 10.5| .1]36.5[42.3] 55 1]----] 6%
I+J |LDB 1:2 4] .4 8] .4 B 4.3 1.6] 9.0[81.1 —emm [== |[--==] 254 [----
SDB 3 .8 =3 4.7] .9]9.1(83.9 2 1|---- 2038
Fpt |[F  [LDB 5.3 10.5 42.0 26.310.6 5.3 81 [---- [--—= |--==| 19 [----
SDB .9 2.1 7.9 49.3 21.613.0 4.3] .9] 63 5|----] 291
G+L |B |LDB 4 29.1| .4 9.4(16.9(10.2| .4|21.5 |1.2] 2.8| .8 6.3 8 59[--—-
SDB .9 18.1 .3 4.8] 8.6]21.0 24.8| .6|3.0[2.8] .6 9.3 2.9] 2.3] 56
C |wB| .4 .2| .3| .7]12.1] 3.0|21.0] 3.7(38.8] 6.0 2.9 6.2 | .9| .o .7 1| .3] .7 2| .8 87]----
SDB| .1 .5| .5|13.5] 2.9019.7] 2.4|30.2] 8.4| 1.6[11.1| .8| .8[1.0] .3 1.3) .4 .7[3.4) 77| .4
Gt A |LpB 18.8 2.1 10.4 43.6 6.3 2.1 16.7 7[----
SDB 15.3 13.6 39.5| .6]5.0]2.5 20.2 3.2] .1 0 ----| 472
D [LbB| 1.9 2.6 8.7 2.3 1.0[11.0 1.0[33.7 [1.6] 6.7 9| .3[19.0] .6| 8.4 3| S7|--—- |- |- 311 |----
SDB .3 4.4 1.7 .6l13.5| .9032.7 |1.6|7.7|1.5] .7| .4[21.0] .4]9.9]2.6] 46| .1 8| 3|----|3668
G+H |LDB| 1.6 8] 1.6[13.0 1.6 3.3[11.4 14.7 3.2 4.0] 1.6 [1.6 11.4] 4.1[17.1] 9.0 L [-=-= [-==- |-==- | 123 [----
SDB| .2 4l1.1] 3.8 .2 .2]10.5 17.2 [4.5] 6.7] 1 5 17.9] 4.7]16.1[11.2] 82| 3.1[3.7] 3|----| 666
1d [wB|3.a] 7] 1.4 .7 2.1 2.8 12.9 [6.2] 1.4 2.1]32.0[17.8] 9.6 6.9
spB| .1 52 5 .7] 4.7 13.9 [4.0] .6] .1 1.5[35.2(21.4[10.6] 5.6
GF G |LDB 30.0 1.7 a1.6 5.0[16.7 3.3 1.7
or L SDB 27.4 5.7 45.4 4.2]12.6 3.3 1.4
GFo |[D  |LDB 543 1.7 15.0 8.3| 1.7 8.3 31.7[30.0
SDB 1:1 2.8 12.0 8.2] 4.3 3.8 29.138.7
Ht E |LDB 4.5 18.2 9.1 18.2 22.8 18.2 4.5 4.5
SDB 6.8 7.5 18.0 22.2 8.1 10.826.6] 41 5|----| 295
L G |LDB 81.7 3.8 1.9] 2.0 7.7 1.9 1.0 63[---- - | 104 [----
SDB 88.2 S5 7 7.5 2.9 1200
H LDB 17.7150.2] 5.9 2.9].2.9] 5.8 2.9 8.8 2.9 == =
SDB 1.3]10.5[37.9 9.8] .7|9.6[12.8 13.8 .1 100] 3.5[13.1 669
Mc J |LpB 9.4 3.1 21.9 18.8 3.1 3.1 9.4[31.2 89[----[--- -
SDB .2 1.2 1.5 4.0 3.1 4.1 11.3 21.7(52.90 79 3.3 1137

276 better define borderline soil classes, the Unified Soil Classification was modified by 1) adding classes for coarse-grained soils having 45
to 55 percent fine fraction (passing the No. 200 sieve), 2) extending the dual-symbol borderline area through the entire range of liquid
limits, and 3) deleting the dual symbols CL-OH, ML-MH, CH-OH, and CL-OL (Kreig and Reger, 1976, fig. 8).

Percentage of total soil footage drilled through massive ice.

Cpercentage of total soil footage drilled through soils containing between 50 and 99 percent ground ice.

Sample data from till of Itkillik Glaciation (Hamilton and Porter, 1975).
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Figure 3. Location of plates and insets relative to the route of the Trans-Alaska Pipeline System.

tentative. Lowercase letters next to borings are keyed to designate specific locations and features. Small numbers
detailed subsurface data (logs) that are presented in ab- next to small dots indicate depth to permafrost (pl. 7),
breviated form (table 7) in tables accompanying ap- thickness of silty cover deposits over granular riverbed
propriate discussions. To avoid confusion, the letters ‘I’ deposits (pl. 13), or thickness of colluvium over bedrock

and ‘o’ are not used. Large numbers on photographs (pl. 17). -
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Table 7. Explanation of abbreviations, terms, and format used in logs of soil borings along the route of the Trans-
Alaska Pipeline System.

Org - organic or organic material

Cl - clay or clayey

Si - silt or silty

Sa - sand or sandy

Gr - gravel or gravelly

Cob - cobbles

Bol - boulders

Massive Ice - large ice wedge or lens

Ice - ground ice of undefined form (lake ice is identified separately)

Ice + - more than 50 percent nonmassive ground ice

Basalt - basaltic volcanic bedrock

Schist - schistose metamorphic bedrock

Phyllite - phyllitic metamorphic bedrock

Granite - granitic igneous bedrock

Wea - weathered

High - highly

Rock Frag - angular rock fragments

Fract - fractured

Interbed - interbedded

w/ - with

tr - trace (4 - 12 percent)

s - some (12 - 30 percent)

and - with major component (more than 30 percent)

occ - occasional (drilling encountered two cobbles or boulders within interval of more than 15 ft)
sc - scattered (drilling encountered two cobbles or boulders within interval of 10 to 15 ft)
num - numerous (drilling encountered two cobbles or boulders within interval of 2 ft)
to - grading downward to

WT@ - water table encountered at (depth follows)

? - questionable occurrence or precise information lacking

Fr - frozen

Example:

d) 0-3 ft Org; 3-25 ft SiGr w/s Sa, occ Cob; 25-30 ft Wea Schist. Fr 0-20 ft.

WT@4 ft. [7-21-73] (24-32).— Source and reference number (unless otherwise indicated, all borings are by
Alyeska Pipeline Service Company)
Date soil boring commenced (month-day-year)

Location of boring on appropriate aerial photograph
The following soil conditions were encountered: from the ground surface to a depth of 3 ft, organic material; from 3
to 25 ft, more than 50 percent silty gravel with 12 to 30 percent sand and occasional cobbles; and from 25 to 30 ft,

weathered, schistose metamorphic bedrock. The ground was frozen from the surface to a depth of 20 ft and unfrozen
between depths of 20 and 30 ft. The water table was encountered at a depth of 4 ft.



Landform

C

Ell

Ell + Es
Ell + Lt
Elu

Elx

Es

Ffg

Fs

Fss

Fp-c

Fpa-c

Fpb-c

aTable 5 defines route segments.
bplate numbers in parentheses indicate landform in different segment.

Route
segment?

E
F

E

I+J

TAPS LANDFORM ATLAS

INDEX OF SELECTED LANDFORMS ON PLATES

Air-photo
exampleb

11,12,13
14,15, 16

(6), 8

30

28

10,11
12,13

9

none

6

21, 23,24
9
14,15,16,18
19, 21
10,11

8,13
19, 20

13, (18)

29

Route

Landform segment?
Fpr D

E

G+H

I+J
Fpb-r A

D

G+H

I+dJ
Fpt F
G+L B

C
Gt A

D

G+H

Ic

1d
GF or L G
GFo D
Ht E
L G

H
Mc J

CYoung (late Pleistocene) till (Itkillik Glaciation of Hamilton and Porter, 1975).
dypper 20 ft is mid-Pleistocene(?) till (Sagavanirktok Glaciation of Detterman and others, 1958; Sagavanirktok River Glaciation of
Hamilton, 1978b,c).

17

Air-photo
exampleP

(3)

8,13

19, 20, 22, 25
28

none
6

21, 24
29, 30
14

1,2,3
4

none

5,6

19, 20, 21, 22, 24
none

28

19

none

11

20

29, 30
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APPENDIX A

Textural triangle plots of landforms along the route of the Trans-Alaska Pipeline System (TAPS)
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Figure 14. Textural triangle plots of till [Gt] along the TAPS route through the Chugaca Mountains (route segment A,
table 5).
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Figure 15. Textural triangle plots of till [Gt] along the TAPS route through the Gulkana Upland and Alaska Range
(route segment D, table 5).
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Figure 16. Textural triangle plots of till [Gt] along the TAPS route through the Ambler-Chandalar Ridge and Lowland
physiographic unit and Brooks Range (route segments G and H, tzble 5).
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Figure 17. Textural triangle plots of till [Gt] along the TAPS route through the Arctic Foothills (route segment I,
table 5).
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Figure 18. Textural triangle plots of coarse-grained alluvial-fan deposits [Ffg] along the TAPS route through the
Ambler-Chandalar Ridge and Lowland physiographic unit and Brooks Range (route segments G and H, table 5).
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Figure 19. Textural triangle plots of overbank alluvium [Fp-c] along the TAPS route through the Tanana-Kuskokwim
Lowland, Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E,
table 5).
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Figure 20. Textural triangle plots of riverbed alluvium [Fp-r] along the TAPS route through the Gulkana Upland and
Alaska Range (route segment D, table 5).
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Figure 21. Textural triangle plots of riverbed alluvium [Fp-r] along the TAPS route through the Tanana-Kuskokwim
Lowland, Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E,
table 5).
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Figure 22. Textural triangle plots of riverbed alluvium [Fp-r] along the TAPS route through the Ambler-Chandalar
Ridge and Lowland physiographic unit and Brooks Range (route segments G and H, table 5).
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Figure 23. Textural triangle plots of riverbed alluvium [Fp-r] along the TAPS route through the Arctic Foothills and
Arctic Coastal Plain (route segments I and J, table 5).
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Figure 24. Textural triangle plots of braided flood-plain alluvium [Fpb-r] along the TAPS route through the Ambler-
Chandalar Ridge and Lowland physiographic unit and Brooks Range (route segments G and H, table 5).
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Figure 25. Textural triangle plots of braided flood-plain alluvium [Fpb-r] along the TAPS route through the Arctic
Foothills and Arctic Coastal Plain (route segments I and J, table 5).
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Figure 26. Textural triangle plots of retransported deposits [Fs] along the TAPS route through the Tanana-Kusko-
kwim Lowland, Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route seg-
ment E| table 5).
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Figure 27. Textural triangle plots of retransported deposits [Fs] along the TAPS route through the central and north-
ern Kokrine-Hodzana Highlands (route segment F, table 5).
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Figure 28. Textural triangle plots of retransported deposits [Fs] along the TAPS route through the Ambler-Chandalar
Ridge and Lowland physiographic unit and Brooks Range (route segments G and H, table 5).
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Figure 29. Textural triangle plots of retransported silt [Fss] along the TAPS route through the Tanana-Kuskokwim

Lowland, Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E,
table 5).
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Figure 30. Textural triangle plots of colluvium [C] along the TAPS route through the Tanana-Kuskokwim Lowland,
Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E, table 5).
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Figure 31. Textural triangle plots of upland loess [Elu] along the TAPS route through the Tanana-Kuskokwim Low-
land, Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E, table

5).
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Figure 32. Textural triangle plots of frozen upland loess [Elx ] along the TAPS route through the Tanana-Kuskokwim

Lowland, Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E,
table 5).
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Figure 33. Textural triangle plots of dune sand [Es] along the TAPS route through the Tanana-Kuskokwim Lowland,
Yukon-Tanana Upland, Rampart Trough, and southern Kokrine-Hodzana Highlands (route segment E, table 5).
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Figure 34. Textural triangle plots of glaciolacustrine deposits [G+L ] along the TAPS route through the Copper River
Lowland (route segments B and C, table 5).
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Figure 35. Textural triangle plots of outwash [GFo] along the TAPS route through the Gulkana Upland and Alaska
Range (route segment D, table 5).
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Figure 36. Textural triangle plots of lacustrine deposits [L] along the TAPS route through the Ambler-Chandalar
Ridge and Lowland physiographic unit and Brooks Range (route segments G and H, table 5).
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Figure 37. Textural triangle plots of coastal-plain sediments [Mc] along the TAPS route through the Arctic Coastal
Plain (route segment J, table 5).
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APPENDIX B

Comparisons of the moisture content of landforms along the route of the Trans-Alaska Pipeline
System (TAPS)
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APPENDIX C

Comparison of the thaw strain in 12 landforms in several route segments of the Trans-Alaska Pipeline
System (TAPS)
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APPENDIX D

Comparisons of the dry density of landforms along the route of the Trans-Alaska Pipeline System
(TAPS)
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