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PREFACE

This report was prepared by Paul V. Sellmann, Geologist, and Kevin L. Cirey, Research
Civil Eugineer, of the Experimental Engineering Division: and Dr. Charles M. Keeler,
Geologist, and Lt. Allan D. Hartweil, Geologist, of the Research Division, USA CRREL.

The teport was prepared as part of the Arctic Surface Effect Vehicle progrim of the
Advanced Research Projects Agency imder ARPA Order 1615,
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ABSTRACT

This group of four reports describes the characteristies and seasoual variation of
prominent relief features on and along the margin of the arctie coustal plain, These rehet
features inchide polygoual gromd patterns, lake searps and voastal featwmes,

The tange of polyponil ground patterus commonly found is illustrated by a number of
transects. The intluenee of the seasonal snow cover ol relief 15 indicated by profiles taken
duriug the swmmer and the winter, The winter profiles were taken during the period of nixi-
mm snow accumulation, The subduing influence of the seasonal snowpack is meh more
appareut in areas of high relief. leregularities in the suow surfice may approaeh those
found in the more featureless areas of summer reltef,

A discussion of propenties of the suow cover is also inchuded from observations in the
Barrow study area, Coustaut reworking by the wind of small amoums of suow results in i
snow surface with high bearing capacity amd low ( 0.2 m) surfaee relief,

The aerial photo study of the Barrow study area provided statistics concenting the
occurrence aud antount of relief associated with polygouil pround terraiu, Approximately
647 of the area was covered with promiuent polyponal ground relief. Polvgonal ground
patterns with relief - 0.5 w and seldom exceeding 1.0 m with 1.5 m being the praetical
upper limit cover 10.7% of the area. The remainder of 1he study area can be grouped into
two peneral catepories: 1) 53% with polygoual pround reliet less thau 0.5 m, and 2) 36%
contaiuing all other relief categories, ineluding water surfaces,

The study of eoastal processes and relief features along the northern Alaskiau coast
was in part based on maps and aerial photos, Meau coastil relief or sea-cliff height was
approximately 3.9 m, with about 75% of the coast having 5 m or less relief, Profiles (rom
the Barrow area reveal that the surfiee geometry of the coast is dramatically altered by the
seasonal windblown snow cover which 1ends to ramp the sei clifts. The frequeney of
gullies, streams, embayed rivers and drowned thaw lakes aloug the coast was examined
since they provide "*windows"' through the searp and aceess to iuland areas, There are
approximately 800 windows along this coast or about 0.4 per km, with a mean width of
about 200 m and mean inland extent of .4 ki,



TERRAIN AND COASTAL CONDITIONS ON THE ARCTIC ALASKAN COASTAL PLAIN

Introduction

Among, the many variables which influence mobility in auy particular region of the world, the
physical relief of the land surfacs ineluding variations in relief resulting from seasonal phenowmer,
is very significant, n areas where vegetation is absent of slight, relief assuwes priumary impor-
tance.

This report cousiders this topic for the region in Aluska known as the Arctie Coastal Plain
(now commonly called the North Slope). Wahrhaftig (1965) deseribes the Aretie Coustal Plain as
. a smooth plain rising imperceptibly from tie Arctic OQceanto d maximum altitnde of 600 feet
at its southern nargin. The coastline makes little break in the profile of the coastal plain and
shelf, and the shore is penerally only 1-10 feet above the ocein, the highest coastal elifts are only
50 feet high. The Arctic Coastal Plain is ... 1for the most part] ... flat ... land] ... is very poorly
drained and consequently 1s very marshy in summer. It is crossed by rivers which head in highlands
to the south. Rivers west of the Colville River meander sluggishly in valleys ineised H0-300 feet;
those east of the Colville cross the plain in braided channels and are building deltas into the
Aretic Ocean. [Mostl ... of the Arctic Coastal Plain province is covered by elongated thaw lakes
oriented N 15° W, these range from a few feet to nine miles long. are from two to twenty feet deep,
and are oval or rectangular in shape .... The lakes expand about one meter per yeur in places, and
several generations of drained lake basins may be seen. ... A network of jce-wedge polygpons covers
the coastal plain ...""

While it is not sugpested by Wachaftip's deseription, polyizonal ground has merorelief
associated with it which, due to its ubiguity, 1% a8 important to mobility considerations as macro-
relief, This is particularly true since macrorelief features, except for the coastline itself, are not
overly abundant or widespread on must of the Arctic Coastal Plain. Furthermore, both micro- and
macrorelief ure subdued by the seasonal snow cover for up to eight months of the year, and thus
this moderating effect and the characteristics of the snow cover itself are gernane 1o the snbject,

These topics are treated in this report in four separate but related chapters:

1. Relief characteristics and variations due to snow: Barrow, Alaska

2 Classification, mapping and measurement of the distribution of microrelief troni airphotos:
Barrow, Alaska

3. Properties of the suow cover: Barrow. Alaska

4. Coastal conditions of aretic northern Alaska.

The terrain and climatic eharactenisties in the vieinity of Barrow are representative of much
of the Arctic Coastal Plain. For this reason, but also because of the invaluable logistical support
available from the Naval Arctic Research Laboratory at Barrow, concentrated field studies for all
four chapters of this report were conducted in that area. Chapter 4, however, deals in detail with
coustal conditions from the U.8. - Canadian border westward to Cape Thompson, and includes a
portion of the Arctic Foothills in addition to the Arctie Coastal Plain (Wahrhaftig 1965). Much of
the information in Chapter 4 was compiled from maps and airphotos.



1. RELIEF CHARACTERISTICS AND VARIATIONS DUE TO SNOW: BARROW, ALASKA
by

Panl V. Sellaun

Study Area

The Barrow area, with its Liek of trees, ita low vegetation sid low regional relief, appears at
first 1o be almost featureless, Closer inspecticu, however, reveals small but significant local relief,
Terrain features fuclude all stages in the evolution of polypoual gronud (1.¢, low-center through high-
center polygons), oriented thaw lakes, natural and artificially draived thaw lake basins, associated
lake shore scarps and strands, coastal Ligoous and enbayments, relatively small streans with
associated scarps and swales, coustal scarps, and coastal gravel beaches, For eight wonths of the
year the pround is covered with snow, which greatly subdues the local 1elief.

The general study sieea (Fig. 1) is vonghly rsmpeular and covers about 100 km’, It measures
abont 10 km in the north-sonth direction, with its southern boundary at abont Lititude 71715',
Coastlines form the eastern and western boundaries, with Elsou Lagoon (pat of the Beaufort Sea)

Y P i)
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71°20'F 1
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Figure 1. Study area near Barrow. Numbers indicate sites where prolile information was
ohtained,
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on the east and the Chukehi Sea on the west, ‘The lhighest ground surface elevation in the general
study area is 15.2 meters, with the average elevation being about five or six metors. A detailed
topographic map of the Barrow vicinity with a geale of 1°25,000 and 1-meter contour intervals has
heeu published by Brown and Johnson (1966). This map portrays the topography on i photomosiic
base, and coincides with the gen® study area for this report.

Reliet

Based on a ground survey conducted during August 1970 sites were selected to reflect the
range of relief common to the area. Emphasis was plaeced on polygonil ground features, since they
represent the dominant source of microrelief. The amount of vertical relief assoeiated with polygonal
ground is, in many cases, related to the proximity of maerorelief features, such as streams, lake and

coastal scarps and other topographic highs.

Polygonal ground patterns are the surficial expression of large vertical ice wedges that form
below the surface in perennially frozen ground. In general, the amount of relief associated with
them changzes throughout their development. Initially, the trough areas and the polyron centers are
low and the ridges surrounding the troughs form the highest microrelief, These forms are known as
low-centered polygons. At the time ot maximum development, the centers stand above the troughs
and the features are referred to as high-centered polygons. Figure 2 jllustrates the range of poly-
gon types commonly found. Surface drainage aids in the development of polygonal forms by
accelerating thaw in the troughs, thereby causing settlement and evolution toward high-eentered
forms. Therefore, areas near major relief features with better drainage have the greatest frequency
of high-centered polygons of greater relief. Based on this topographic control, the amount of micro-
relief associated with polygonal ground can be considered in two categories:

1. Low microrelief polygonal ground in areas with little local macrorelief,
2. High microrelief polygonal ground associated with major local macrorelief, such as stream
and lake margins.

Variations in microrelief during the snow-free period were measured at 12 study sites. During
the time of maximum snow cover, surface geometry data were acquired in the same study areas.
Several additional sites were selected in lake and stream scarp £reds.

The surface relief was measured on line transects using conventional surveying techniques.
The winter lines were not identical to the summer lines.but were intentionally separated to indicate
the local variability within like microrelief categories. Additional surface relief information was
obtained by the U.S. Army Waterways Experiment Station. Their data points were obtained by
surveying plots having a 1-meter grid spacing. The sites were further documented by using both
ground-base stereo and aerial hand-held photography. During the winter study, snow thickuess and
ground surface profiles were determined by probing along the surveyed lines. A total of 27 profiles
were surveyed at the study sites (Fig. 1). The information from these sites also served as ground
control for the airphoto interpretation and microrelief mapping study discussed inthe following
chapter.

The range of relief in the two categories mentioned earlier is illustrated by selected profiles
and photos. 1n Figure 3, profiles 1-3 represent the relicf in category 1, which is continuous over
a larger area than category 2. Both high-centered and low-centered polygons in category 1 are
shown in Figures 4 and 5. Relief in this category varies from essentially featureless surfaces to
areas of high-centered polygons with as much as 60 cm of relief in the low trcugh areas, as
illustrated by profiles 4 and 5.
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The higher relief common to category 2 is illustrated by profiles 9 and 10, made across the
crest of a lake escarpment. Since this microrelief is associated with larger macrorelief features,
it is not us widespread as the telief forms in category 1. Reduction in vertical relief of the
polygonal patterns away from the larger relief features is noticeable, as can be seen in Figure 6.
These profiles were taken parallel to and progressively inland from the scarp at approximately 20-
m intervals. This pronounced decrease in microrelief away from the larger relief features can also
be seen in the airphoto of a drained lake margin east of Barrow.(Fig. 7). Occasionaliy pronounced
polygonal ground microrelief is not associated with major relief for several reasons: i) insufficient
time for development, 2) unsuitable ground ice conditions, and 3) insufficient surface runoft.

This increase in microrelief near major relief features is also apparent in profiles 6-8.

For vehicle operations, category 2 areas should contain the most difficult obstacles, since they
combine high microrelief and high macrorelief. Statistics concerning this can be found in Table 11
(p. 27). The H, mapping class, defined in Chapter 2, would encompass all the features in this
category. For the 100-km® Barrow study area this only amounts to 9.2% of the area.

Seasonal Variations

In the Barrow area snow covers the ground for most of the year. The amount of annual
precipitation in the form of snow is only a few centimeters but the snow cover is subjected to al-
most continual drifting «nd transport by the winds (see Fig. 22), which greatly reduces and subdues
the effective relief. This movement causes filling-in of depressions, snch as polygon troughs, and
increases accumulation from drifting near larger macrorelief features. The properties of the snow
cover are covered in Chapter 3.

Snow depths over this irregular terrain range greatly. Topographic highs such as polygon tops,
particularly at escarpment margins, are often snow-free, while small stream channels may contain
2 meters or more of snow. Winter profiles 7a and 9a illustrate topographic highs with minimal snow
cover. In contrast, winter profiles 4a and 5a illus.rate the flat snow surface over twocontrasting
subsnow relief conditions. 1n Figure 8 the grouud is essentially flat and is mantled with a uniform
snow cover of approximately 45 cm. In contrast, Figure 9 shows a trough with a maximum accumula-
tion of approximately 70 cm, thinning to near zero accnmulation on the adjacent highs.

Comparison photos from the study site provide an even better record of the snrface conditions
during the two contrasting seasons. In Figure 10 and 11, high-centered polygon relief is reduced
from maximum relief of a meter to only small irregularities in the snow sinface. For additional
comparison, profiles at site 6 can be compared. Comparative photos (Fig. 12 and 13) show sub-
stantial masking of even the largest relief features. The drained lake escarpment in Figure 12 has
more than 2 meters of relief. In winter the steep face is ramped, with little noticeable relief,
Similar conditions can be seen in Figure 13, Winter profiles 9a-11a and 13a also show the seasonal
change in relief in this general area. Figure 14 und profile 7 show the masking of a prominent dvain-
age channel.

The average and range of the accumulation values obtained from measnremeits along the profiles
show several trends. Category 1 relief features (even though they contain a wide range of polyvgon
types and surface relief) have similar average snow accunulation despite differing ranges in accumula-
tion.

In Category 2 naturally the high relief areas suech as the scarps have the highest accumulation.
The flat areas adjacent o the high relief features have lower aceumulation than siwilar relief areas
in Category 1, as can be seen in profiles 7, 8, 9, 10, and 13. The snow depth data are shown in
Table 1.
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Table I. Snow accumulation along profiles.
Sampled at i-meter intervals.

Profile Max cover Min cover Average
(m) (m) (m)
1 0.82 0.08 0.40
82 0.61 0.19 0.40
3 0.58 0.04 0.35
9 (Scarp) 1.46 0.0 0.86
9 (Flat) 1.12 0.00 0.29
10 (Scarp) 1.47 0.35 0.69
10 (Flat) 0.45 0.00 0.20
it 1.60 0.00 0.52
13 0.60 0.00 0.20
4N 0.68 0.23 0.42
45 0.60 0.28 0.43
5 0.83 0.00 0.34
6 0.93 0.10 0.50
7 (Valley) 2,98 0.07 0.95
7 (Flat) 0.93 0.00 0.28
8 0.72 0.00 0.82

.
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Figure 2. Airphoto taken in the Barrow arca showing the

range of polygon types commonly found on the coastal

plain. A: little apparent reliel. B: low-centered polygons.
C: high-centered polygons.
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Figure 4. High-cemcred polygons with approximately 30 cm of relief asso-
ciated with the troughs. Vehicle tracks crosising the area provide some

scale.

Reproduced from
best available copy.

Figure 5. Lower-centered polygons near the coast. High water covers the
low areas, leaving the ridges adjacent to the troughs more apparent.
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Figure 6. Profiles taken parallel to and progressively inland
from a lake scarp at approximately 20 meter intervals, illus-
teating a pronounced decrease in relief,

Figure 7. Wigh polygonal relicf associated with the margin of a drained
lake,
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Figure 8. Snow accumulation over flat terrain,

Reproduced from
best available copy.

Figure 9. Flat snow surlace subduing the reliel of a deep pelygon trough.
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Figure 10. Summer view of high-centered polygon near profile 6.
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Figure 11. Winter view at same location as Figure 10.
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duced from ~D
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Figure 12. Drained lake escarpment showing ramped winter configuration.
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Figure 13, Subduing effect of snow along another lake escarpnent,
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d,

Reproduced from }
b:gl available copy.

h.

Figure 14. Noticeable relief differences associated with a small drainage
channel,
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2. CLASSIFICATION, MAPPING AND MEASUREMENT OF THE DISTRIBUTION
OF MICRORELIEF FROM AIRFHOTOS: BARROW, ALASKA

by

Kevin L. Carey

Introduction

In an effort to establish the characteristics, proportion and distribution of various types of
microrelief, the Barrow vicinity has been mapped by stereoscopic interpretation of aerial photographs.
This mapping effort involved the development of a microrelief classification scheme which was
preceded by ground study of the terrain features during the summer of 1970. The study area described
in Chapter 1 (Fig. 1) coincides with most of the mapped area; in addition, a small area extending
about 3 km to the right (east) of the areua in Figure 1 was mapped.

Ground Study

In the summer of 1970, two weeks were spent in the Barrow area examining the various micro-
relief types in detail, Ground profiles totuling about 1300 meters in length were surveyed in several
separate locations. These profiles are discussed in Chapter 1. The profiles, plus about 100 km of
reconnaissance travel by trucked vehicle, during which ground-based stereo photogruphy was obtained,
provided information that contributed to the development of 4 microrelief classification scheme.

Aerial Photographs

The aerial photographs used in the photointerpretation of microrelief were obtained for USA
CRREL in July 1964. The photo scule is 1:9500, so that each 9 x 9-in. airphoto represents an areu
on the ground about 2.2 km square. The photography was obtained using black und white ififrared
film. Due to the high absorptivity of solur infrared radiation by water, open water surfaees and very
wet ground appear very dark on prints of this type, compared with conventionzl panchromatic film.
The abundance of moisture at the ground surface in the Barrow area or any tundra region provides a
great deal of contrast in the photographic image. This contrast miy be useful for photointerpretive
studies considering the distribution of surface moisture. However, for the present stuly, the high
contrast is excessive and distracting, and tends to make the stereo relief less-easily perceived.
Nonetheless, the large scule of this photography made it the logieal choice for this microrelief study.

Earlier uses for this photography include its original purpose, the preparation of the 1:25,000
scale Burrow area topographic map {3rown and Johnson 1966), plus various research studies con-
ducted by USA CRREL in tht Barrow vicinity in recent years.
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Microrelief Classification 3ystem

A microrel ° classification scheme was desired which would not only express the charucter-
istics of the ground surface and the height or relief of the terrain features, but also provide an in-
dication of the spacing of the microrelief features. As a result, a three-dimensional microrelie(
classification scheme was developed. The horizontal dimension desired was the spacing between
polygonal ground troughs, rather than an expression of gross ground slopes or the spacing of scarps.

The final formusation of the classification system had to await preliminary examination of the
aerial photographs. This exumination esiablished the degree of c.rrespondence between field-
measured relief and the relief that could be resolved through stereo photointerpretation. As indi-
cated in Chapter 1, the terrain is flat in a gross sense, and therefore the visual stereo model is a
subtle one.

The classification system is expressed by mapping classes, whichrepresent the various types
of ground surface configuration. The mupping classes are expressed in two ways: 1) For polygonal
ground with distinct microrelief, each mapping class is made up of two components, a terrain-relief
class, and a feature-spacing class, which respectively indicate the vertical and horizontal dimen-
sions of the microrelief. 2) For ground without distinct microrelief, or where macrorelief greatly
overshadows microrelief, a feature-spacing classification is inapplicable, and therefore the mapping
class has only one component, the terrain-relief class alone.

Terrain-relief classes

The terrain-relief classes are based on the character of thé ground surface as well as the
amount of vertical relief found in the field and recognizable through airphoto interpretation. They
are as follows:

High-center polygons covering more than two-thirds of the ground surface:

H, 0.1 to 0.5 m microrelief

Greater than 0.5 m microrelief

i

H,

Low-center polygons covering more than two-thirds of the ground surfiace:

L, 0.1 to 0.5 m microrelief
LZ

Transitional polygons: high-center and low-center polygons finely dispersed. each teirain type
covering between one-third and two-thirds of th2 ground surface; or mature low-center polygons with
trough depths significantly greater than center depression depths:

Greater than 0.5 m microrelief

T, = 0.11t0 0.5 m microrelief
T, = Greater than 0.5 m microrelief
Featureless ground: mictorelief less than 0.1 m, generally flat togently sloping ground having
3% ground slope or less:

Fh Characteristics suggestive of high-center polygons
Fy = Characteristics suggestive of low-center polygons

F Neither high-center nor low-center polygon characteristics
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Sloping or steep grovad: mtctaeliel lelined and @waally msignifican compatd with
mactoteltel. gronnd slope greatet than 3%, generally nmch geater and apgosching scag -\vgtical
SCMPS t some Jacalities

S, Sucam valley stdes
Sh Lake, dry lake of lagoon hastn scatps and strauds
S,  Ocean scarps

Fealure-spaciag classes

The classtftcatton of e hattzontal spacing of 1elief s hased on the spactie, of [Tequency
per fixed lmeat distance, of polyeonal-cromnl ttoughs, As such, this classtfreation 1s asaningful
and applicable only m the 1, L and T tesratuteltef classes. The featusesgacing classes ate as
follows:

A Lasxs than & troughs 100 m
B Between & and 7 troughs /100 m
C Between 7 and 9 ttouehs 100 m
D Magee thian 9 trouchs /100

To establish this classtfication seheass 15 sttes wete xelected (from the aet’ 1] phitoagraphs),
with cach St measuring ainas 200 f syuate,  BEach stie was chusen for #s télative unifoomity of
polyonal ground pattern, but together the 10 sites (ojresent 2 constdetable tange th polyign sizes,
Eieht equally spaced tadtating tianaects wete diawn ftom the center of each site on e aiiphtos,
Troueh encounters along the photo Hanserty wete counted, and cach site eezme chatactetized by
an average uambet of touglis per 100 awters, The fange in trouch fequency i the 15 xamples was
found ta be from 3.8 t1ouehs/ 100 m 30 10.1 t1omshs 100 m. These values lod 10 the adoption of ths
featmte-spacing classes given above.

Mappling claases

Mapping classes mebidmg the 11, L and T tenadelbd classes ate signified by g svishol
whiteh s a combination of a tetrain-teliel clasx as a mswtator and o fralwesspacaug class as a
denamtnator, For example, the mapptae class H, D indicates high-center polvgonal monnd wil
an average mtctorelted i exeess of 0.5 o, and a towh fleguency o & lnedd path sroatet thau 9
teoughs 106 m. The nappme class L,/A s low-center polygonal gronnd with .1 1o 0.5 @ sdero-
teliof, and with Latge polviatix 5o that the ttough fteguency is Jess than 5 tieushs 100 m.

As tudteated eatlier, the Foand S tetrangeliol classes have the states of mapping classes hy
themselves,

As an atd 10 visitalizmig the vattons mapring classes, tealtzed poftles of selected mapptog
classes are shown tn Figste 15, and Freutes 16:19 shora some of the nappine classes as photos
graphed 10 July and August 1970, In additton, (igutes elsewlete n this tepat depict vattons
mapping ¢ lasses as follows

Figute Napping claxs Flmg Mapping class
la n,/» " 5,
12a Sy, by, o ot 60 S,
13 8, ¥y, m tieht, 11,/C on lent i S,

above Sb and tn feregtonnd
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I A & S N
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Figure 15. Idealized pmbiles of selected mapping classes,

Mapping and Ratistical Resalts

Actial photographs were amranged in ap mconttollod mosaie on a 4 - 81 mount ing boatd, The
amount of ovetlap in the photography allowed every other photo 1ot temoved withimt loss of cover-
age, The phitos that had been temoved were ysed o steteoscopic exsmnatlion of any potnt o the
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Figure IS, Class B, B,

Figure 19, Claas T °C.
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a. Central Marsh i~ a deatned lake hasin,

Figure 20. Examples of mictorelicl mapping.

mosate by pestaperan them with the costesponding mounted photos The meesaate was ovetlatn v a
shevst of ol aeetate, o which uapping was st thed . Mapping prostessed v pattk o the overlay
with the boundattes and omfnes of vach R esentative nuje e of the tettameteliel classes, thionsh
stegeoscapie phololuterjeetatton. Sideseguentiy. these map units wets fialeet sutsbividest aceording
1o featugesspactig classes, by dtaw e addittonal Downwbaties whetee approge tate Thas Tatter mtete
pretive techutgue was avvomplished by visial compatison of the patttenkn mageo s witloa
“eompatising scale,” a devies whiteh contatns 15 actual actal photostaph secnails (2 e snase),

i progeet sciale. showtne each of the 15 stes wsesd 1o develop e featimesspocing ¢ Jasstfteat o

[ysten.

Selected oxamplen of the 1e1Ta0 Tappim e shoran 0 Frome 20, Unftinnately, presentation
of The entre tertatn najeo i this gepeal ix not pactteal, The otzmal phateeosaie and map ovetlay

ate vetained at USA CRREL.
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2

d. The large map unit marked F, is a drained lake basin which is much older than Central Marsh
in a.

Figute 20 (Cont'd).

In an attempt to determine quantitative measures which would charactetize the vatious types of
tetratn in the Barrow atea. the following paranmetets wete established for each mapping ciass,

1. Petcentage of the total map atea occupied by the sum of all map umits of the particular mapping
class,

2. Average frequency with which a map unit of the mapping class is encountered along a random
linear path.

3. Average length of the path segment over a map unit of the mapping class.
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[
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c. The central area is a subtle upiand compared to the drained lake basiss at ihe right, left and
top.

Figute 20 (Cont’d).

The quantitative parameters wete deieimined from measureiments made along a grid of transects
which blanketed the mapping area on a second acetate overlay. The transects totaled 145 km in
length over the 100-km’ study area. With this degree of transect coverage, the “‘length percentage’’
of transect segments over map units of a given mapping class is an excellent approximation of the
**area petcentage’” of that particular mapping class. Moreover, the transect procedure permitted
evaluation of the frequency of encounters and the average path segment length for the map units of
the various mapping classes. Table Il presents these data. It can be seen that high-center poly-
gonal ground is the largest single ground type (34% of the area), and that all polygonal ground with
microrelief greater than 0.1 m accounts for neatly two-thirds of the total mapping area. Polygonal
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d. Tridurary streams to Elson Lagoon flow northwaed, beyond the top of the photo,

Figure 20 (Cont'd),

mround in the mictoreltef range of 0.1 to 0.5 m 18 mich arwe common than such ground with an
average microrelief in excess of 0.5 m. Water, in the form of steams, stream months ( locally
termed sloughs), lakes and lagoons, covers only 7.2% of the mapped atea,

The frequency of encounters ranged from 0.007 encounter ‘km (f.e. 1w the 145 km of transects)
t0 0.955 encounter /km (or 139 encounters in the total length of all transects). I all the map unies
of each mapping class were the same size, the encounter frequencies wonld vy daieetly ith the
area percentages. Birt since the sizes (as well as the shapes) of the map units are quite vatlable,
such a carespondence is not fomd. For example, compate the H,/A class with the Sh class. Each
covers about 1% of the tetal arca, but a map unit of S,, I8 encowntered an avorage of 0.309 time ‘km,
or about once every 3 km. while a map unit of H,/A may be expected to be eeconntered only



DISTRIBUTION OF MICRORELIEF

0.055 time/km. or about once every 18 km. The reason for this difference is that map unils of
H,/A. though less numerons than map units of S, have much greater areal dimensions, as indi-
cated by the average path segment lengih of 173 m, compared 10 an average of 33 m for mup nils

ofs,.
»
Table II. Quaatitative summary of microrelief, Barrow, Alaska viciaity.
Average
Frequency nath length
of encounters over a typical
Microrelief as percentage of area (encounters/km) map unit (m)
n,/A 1.0% 0.000 173
ey n,/B 8.7% 0.708 123
M 2.6% | poc 149 0.955 158
i",D 0.6% 0.082 79
1. 33.8% S —

n, A - — -
n ok H,’8 0.9% 0.103 89
W 9.2% | yc a.9% 0.584 118
i, 1.4% 0.206 66
L, A 4.1% 0,282 1H
- L, B 12.4% 0.577 25
L 20.3% | ¢ 3.8% 0.234 164
L/D  <0.1% 0.007 a8

L. 20.9%
LA = . =
) 3 L,/8 0.5% 0,028 190
L, 980 L,/C 0.1% 0.007 133
L,/D - - -
T,/A 0.7% 0.048 tH7
. . T,/B 3.5% 0.371 94
T aew l §oe 37% 0.343 107
T, D 0.1% 0.028 H0

T: 8.9%
i T,A - - -
' . T, B 0.1% 0.007 152
T 09% | 1/¢  o06% 0.041 154
T, D 0.28 0.014 128
Fy: 7.4% 0,426 172
All F: 24,0 Fyo 5.0% 0.295 216
Pt 0.171 225
S,: a5% 0,371 93
ALS H.om 5, LO0% 0304 a3
) b 0.7% 0. 206 RY|
Water: 7.2% 0,261 4
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3. PROPERTIES OF THE SNOW COVER: BARROW, ALASKA
by

Charles Keeler

Microrelief

As has amply been demonstrated, the scasonal snow cover in the Barrow area effectively
smooths all but the largest natural relief features. However, there is a microrelief on the snow
surface itself which is, by and large, independent of the underlying terrain. This microrelicf is
generated by erosion and deposition of the snow by wind. It may consist of such features as
barchanoids (Fig. 21) which are formed by erosion at a windward face and deposition to leeward,
Other features such as sastrugi (elongate ridges). dunes and pits are formed by wind sculpturing and
snow deposition (Fig, 22). In general, in arctic Alaska, these Jeatures remain small in scale
(less than 0.20 m in height) and would not be expected to impdn the ride characteristies of any
SEV of the SK-5 class or larger.

A potential use of these features is for navigation in the absence of other aids, These features
are aligned in the direction of the prevailing winds, which at Birrow have a strong easterly com-
ponent (see Fig, 23), Consequently, the direction of alignment canbe used as a compass needle,
Naturally, storm winds can disturb this pattern.

Mechanical Properties

In eeneral, the snow surface of arctic coastal Alaska presents a firm hearing surface for men
on foot and low ground pressure tracked vehicles, Figure 24 shows the track left by an M29C
Weusel (GVW 1100 kg, track pressure 15 ~ 10° N m™, The surface is so hard in some areas that
the grousers do not even register.

As a measure of the variability of surface hardness, a traverse of Canadian hardness (an index
of hardness measured with a hand-held, circular plate penetrometer) was made at winter profile 8a
(Fig. 25). The values are spread over two orders ot magnitude; however, all values are high rela-
tive to those for snow in the continental United States. The eause of this is, of cowrse, the effect
of the wind continually reworking a rather sparse snow cover,

Three representative vertical sections of the snow cover are shown in Figure 26, Pits A and
B show the common succession over the tundra of a hard, wind-packed layer overlying a eoarse,
granular layer with little to no cohesion. This layer, referred to as **depth hoar,"" is created by
the mass transport of water vapor along the temperature gradient (and consequently a vapor pressure
gradient) which exists between the ground snrface and the atmosphere. Pit C shows a somewhat
different situation in which a deep snow cover overlies a streambed (Voth Creek, profile 7, Fig. 3).
In this case the water in tlie creek, before fully freezing, indurated the lower snow layers, muking
them extremely compact and coherent. Benson (1969) describes the genesis of the features much
more fully and also presents profiles further inland from the Barrow area. Profiles over sea ice
may or may not have a depth hoar layer, depending on the snow thickness and exposure to wind
action, In all cases the lowest surface snow density exceeded 280 kg m™,
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Figure 21. Barchanoids formed by wind erosion of the snowpick, Prevailing
wind direction indicated by arrow,

Figure 22, Wind transport of snow across the surface creates a varied

microrelief. The arrow indicates the direction of movement. Note erosion

by undercutting ¢n the windward side of the microfeatures.(for example to
the left of the pencil).

29
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Figure 23. Wind direction data from the Barrow area,
Wind roses show the percent frequency of dircction
for the winter months.
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Figure 24. Vehicle tracks made by an M29C Weasel, indicating the
limited depth of track penetration in the hard, high density snow. Arrow
indicates prevailing wind direction.
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Figure 25. Canadian hardness values shown above the winter snow surface
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4. COASTAL CONDITIONS OF ARCTIC NORTHERN ALASKA
hy

Allan D, Hartwell

Introduction

This chapter sunmarizes peneral coastal processes and terram features of mose than 2150 kw
of coastline along the large part of northem Alaska referred 1o as the Atette Slope (Payne et al.
1951). This stiddy was undertaken in order to obtatn quantitative data on the copstal saviromnent
of urctic Alaska for use in technological development of surfaee etfeet velicles (SEV s) capable
of arctic operation, This coast, which extends from Cape Thompson castward along the Clivkeln
and Beaunfort Seas to the U.S.-Canadian border near Pemarcation Bay (Fue 27), s pant of two
physiographic provinees. the Aretie Foothills and the Aretwe Coastal Platn (Pavne ot al, 1951,
Williams 1958, Wahrhaitig 1965). The foothills to the sonth, which ae peologteally old, lave hieh
relief that is controlled largely by the nnderlying folded edroek. The coastal plam s geologteally
vounger, with lower celief. and has been formed prmantly by e and flevial sedimentation.

The coast of this extensive tundra ared s i penerally narrow transthion zone between the bad
surface and the sea, rmging from steep, nesirly continons S cliffs with gnllies and warrow vallevs,
to low gentle slopes. Other coastal landforms common to the regton e lndes beaches, batties
islands, spits, dunes and river deltas. Despite this vartety of Landfors, tie proce sses whiteh
shape this coast are abowt e same from place 1o place, Breaks w the coastal seap which wotld
permit inland aeeess 10 anrface transportation sueh as Lage SEV's are called ** windows. ™’ They
ocenr where streams, rivers and lakes have bheen nterseeted by the sea,

This coustal enviromnent has soveral nntgne leatnres, For up to nine months of thee yvear sed
jce is frozen Tast to the coast, protecting it fiom the norn] processes of erosion and sednnent
transport. Unconsolidated material 1s honded by ive (permafiost) to depths as great as 00 .
During the simmer months the prennd smface and pear-shope sea1ee melt, allowmg theral croston
and wave attack of exposed sections. These processes resnlt m featipes such as steep sea chiffs
and marked annnal retreat of shorelmes.

Methods of Study

This report is prinarily the resnlt of a map and photo study whitel was substanttated by limited
field studies in the Barrow area, A literature snrvey was underts ken 10 obtatn all avatlable mfotma-
tion pertinent 1o the coastal processes i morphology of this region, Portions of the following
topographic map series were nsed 1o classify peographic tegions and coastal types and to acquire
auantitative information on relief and motphology of sea cliffs and windows Army Map Serviee
1:50,000 series (1955): U.S. Geological Survey 1:63.360 series (1959) and 1.24.000 sertes of
Beechey Point area (1970). and U.S. Coast and Geodetic Survey 1:50,000 hathvietrie sertes (1968),
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Linwar erasurements of terrsin (vatwes were made (tom maps ustig a wheel-type nap sweasuring
device, with a precision of abouwt 0.5% for nearly stratght coastltnes, and abost 4.0 for very
itregular coastlines. Because of the anttcapated size of the proposed SEV's, coastal relief o sea
el height along the coast was estimaied inthe following height categonies: 0-1, 12, 2-3, 34,

45, 58 and ~ 8 m. Vertical aenal photographs taken in 1955 (seale abowt 1.50,000) were used to
confum the conliguration of the coasthine at a number of selected lovations . however, these est)-
mates of caastal 1elief are believed accwate only to within abow one meter, due 10 the genetally
low. flat chatacter of the coast and the paucity of spot elevations mcoastal ateas, In high telief
atvas the 26-foot contout fnterval ob the maps was also utthzed, lo vtew of the objectives of this
study, these levels of tehabihity were considered adequate,

Field studies were undertaken in the Batow study siva desetibed fn Chapter 1. Diring the
winter investigations (March 1971) profiles wete made at 12 sites which imeluded beaches, sea eliffs
and estnary banks, The profiles wete used fue the same purpose as those acquined for the redief
study in Chapter 1: 1o determine the morphology of coastal featutes ant to detetmine vatiations tn
reltef caused by the seasonal snowpack.

Ceoaatal Processes

The coastal envitamucat of the Chitkeht and Beaufort Seas ix untque in many ways, The hasie
processes of sediment transpott and deposition are controlled prumartly by waves and cuttents; how-
ever, the effectivencas of these processes 18 severely limited duting the Jong winter seasos (about
eight months) when the coast is frozen fast with pack iee, The tee itsell is responsible for several
unigue processes of coastal modification’ scouning of the near-shioe sea floor, tee push, and rafting
of sediments, The outstanding unique featore of this coast s the prevalence of perenmially ffozen
pround or permaftost, The jce-bonded sediments ate vety suscoptible to etosion, amd retreat of
escarpments a8 much as 10 m a year is not uncommon (Lewellen 1970), However, duting stinme
months surface thaw of the permaftost can make the escatpnaenis unstable, and shuping fiaprently
occwrs, Wave and curtent action at the base of sea chifs may destioy the jee bonding i the perou-
frost and form a *‘thermo-erosional niche’ o thermal undetentting of the blull face. These processes
acting in ice-indutated matenial can forn nnigue morphologie featmmes such as steep sea chiffs, tilted
blocks of shvmped tundra, and windows,

Sea ice

Fust-yeat fce is found adjreent to the coast all along the Chinkeht and Beaufort Seas, This
ice. which attains a thickness of about 1.5 m duting the wintet, appears to be protective rather than
destiuctive. Commencing in late (all, the jee freezes fast tothe beach and sea (looe along the coast,
and in bays and lagoons, for a distance of sevetal tens of neters offshore (Fig. 25), and remains
thete for ahout eight months of the year, (The actnal dates of heeze-np and reaknp ate snnmatized
in Table 11.) Duiing this petiod the iee is Tumly (tozen to the shote and no wave of emtent action
is possihle. Thus, neat-shote etosion. sevhiment ttanspart and coastal medifeation are essentially

halted nnt1] spring.

Sheating may occur offshote between the fast 1ce and the (oating tee to paxdiee large pessie
tidges and jumbled tubble fields, Ofishore of Point Bartow, pack 1ce forms a major pressare fidge
nine yeats out of ten (MacGinitie 1955) and grounds on the sea (lom between depths of 18 amd 30 m.
From shore to a depth of over 30 m. the sea floot is tubbexd and gouged by the deep keels of pressige
tidges which extend beneath the floating sea ice, cansing constdetable alictation of snbmatine
topography (Carsola 1954, MacGinitie 1955, Rex 1955). lce which i1s grounded neat shate 18 nsually
uplifted and contains considerable sedtment (Fig. 29),
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Figure 28. Winter view of the Chukchi Sea showing snow-covered (rozen
beach near Barrow and near-shote zone with lazge ice dlocks. Note Eski-
mos with sled for scale.

Figure 29. Grounded sca ite which has been uplilied. Note sediments
trapped in ice.
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Table [ll. Dates of ice iseakup and freeze-up at selecied
locatioas aloag the northera Alaskaa coast.®

 lcetecakep ) lce lieese-wp Avg yis of

Location  Avetage  Eatliest Lalest  Average }.‘.ulu-u Latest  1ecord
Foim Hope M0 June 20 May 7 8 Jul 40 11 Rov 6 Oct 42 19 Dec 47 8
o Lay 24 June 1Jun 43 10 Jul 53 § Nov 120c1 43 27 Nov 44 4
Wainwnght 3 June 7dun 44 26 Jul 48 2 Oct N Sep 48 ? Oct 45 ki
Point Bamrow 22 July 15Jun 44 22 Aug 31 3 0ct 31 Aug % 19 Dec 47 3

Batier island laie Jui, uli) Aug mid Sept r.ul) Oct

'Dau feom U.8. Deparunent of (:ommrtra Coast and CGmrdetic Suvey, l!nurd States Coast Pilot No. 0
1984. Dates for Batter island not availabdle.

Ftgure 30. lce-push eidges aboat | m high at Barrow,

Dating the breakup pettod, the shell of fast tce tends 1o otect the beach and shareline from
posstble distithances by the fee flovs. When the pack tee 15 moved sttongly towatd the land by
cuttents and wind actton, it mayv overtide this protective belt of fast tce. id only tately impinges

apainst actial beach matestal. As this belt thaws, the sea tce may be ditven ashote to modify

shorelines locally and produce push tidges up to sevetal meters high (Fig. 30). Majoe tee shoves,
which occur in the vicinity of Potnt Battow at least once tn every four of {ive vears, may butld up
the beach, Ixinging considetable quanttties of sand and gravel landwatd where 1t s deposited on the
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wsach when the tce mehs (MacCarthy 1953). At sany lorations the fast 1ce and ditfted snow also
foem 3 1o at the bhase of coastal sea chiffs which i 17 @taed well into the thaw season, protecting
the beeach and lower slope from waves, curtents and, permafrost thawing.,

After Invakup, the concentration of e 1t coastal waters deponds mostly on wind ditection,
Offshore winds tend 10 hold the fee away (tom shote, whwrcas landward winds cany it in. Neart
Pomt Bastow. casterly and southerly winds tend to hold the sain toe ~ack offshare, wherseas the
noetherly and westerly winds Jtee the tee ohaliore.  However, near-sh o 1ee (lons and grounded
e may be present even when the nuck tee retteats. Moving castwatd from Pott lope, the
amoupt of open —ater progtessively decteases whtle the wilemee of pack e gereases, At Powt
Barrow the tee pack usually tetieats from shote s mid-July and ietiens in laté Octoti (see Table
). On a few ocvasions there has been as much as 320 km of open ocvan off Nartow (Numee akl
Schalk 1967) and 10 some yoars the pack foe hax rematned against the shate for the entite sumges
(Rex 1961). Safe ship movement i these walers tequites many vears of expefience in iavigating
theough e, and often tequites the sipport of reconnatssance afresaft,

Waves

I genetal, the size of waves \s controlled by wind velocity and fetch (amount of open watet
that the wind can blow across), Because of the pack tee, wave action along this coast s mch e
duced 1n compatison with mote southern latitudes, The foating 1ee, which is present eves duiiog
the watmet months, helps 1o protect the beaches from dyect wave action and has a stronge ihtbitng
»ifect on wave developenent. The waves expend a latge propuottion of their eierey on the floating
jee offshore and ate greatly tediced befege wearhie the aches, wven when no floating e ts
visthile (rom the sheme, the edge of the palat pack aay be only a few Kilomesters bevond the hatizon,
allowtng a relatively small feteh of open water for wave developaent, At Point Barow these factors
tend 1o minimize effective wave octioi and only several thees o sumiier 15 wave developmen!
sulfictent 1o produce much active sl (MacCarthy 195).

Stuee the tegton 18 daistnated by the polar high-pressre system, the prevadhing wind is northeast
ot every month of the yeat (Stettler 1952). The most severe wave condtiions oeent dan tapidly
movitge starms, eovided 100 condithons permtt an apprectable fotoh avtoss open watet, The lateess
waves evet tecorded offshote of this coast were geatet than 9 m (Lewellen 1964), Near Pott
Basrow waves of 8-13 height woere obscrved dintuge 3 statm 0 latee Angust 1951 (Carsola 1952) and
waves 3 m high occutrsd duttog the greatest storm of record, 30 October 1963 (Hume and Schalk
1967). However. such waves may be guekly eltmuated when the pack tee ts blown onshage, A
tabnlation of sea height versus ditection for the vicinuy of Pant Bartow shows that abont 907 af
e Line sea hetght is less than 1 m, and that the dominant winds are from the notheast {Table V),

Waves ate also panttally responsible for the formation of “Katmoos' m tee amt gavel rampants,
a unigie featie of many arctic eaches (Moate and Scholl 1961). This featwe. which ts especially
common on beaches neat Cape Thompson. begins to form in mid-Octohet #hen att tesguetatines fall
twelow ficezing, Because seq tee has not vl started 10 form, waves conttne 1o beeak ot the beach,
freczine and leaving a thiu layer of tee, Frozen spray fiegquently coats the beach with a glaze that
may extend mote thau 35 m wiland (Rex 1961). Geadually a bed of tee up to 1.5 w thiek, conmonly
intethedded with sediments, ts bt up on the wach, T e upper sface becomes very flat and
contiming wave action only affects the teststant ontet face of the katmoo, manking the end of
effective wave actjon on the beach for the season. Oceastonally, a heavy fall storm may andetmisie
the kaimoo but the neat-shote sea ee som foms and sl activity ts terminatest (o the veu (Moot

1966).
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Table IV. Obsarvations of sea beight verses wave directioa for seas-shote areas
Setwoes Poist Barrow and Lesely, Alaska (data takes July to November).

Sea beighl, »

Wave Total % of
direction ~ 1 ] 12 A3 L o obs lotal
NNE-NE 146 HoA e pJ 1 t7e¢ .3
ENE-E N7 57 7 2 ] b 1Y 159
FSE-SE a8 ¢ 1 0 at
SSE-S &8 3 25 1.0
SSW-SW 3 ? " Le
WSW. W we €N 7 4 133 %
WNW-NW &3 N ] g t 133 % |
NNW-N (5] b ] L3 1.6
CALM 170 _ win sag
Totat 2178 68 " 2 4 M

% 90,2 7.0 1.8 .9 N |

°5ﬂmi mnman-m; v_nn--v 4w, 4.0m, am\ 2ol ‘Om,

Cwutents

The currents along the coast are generally weak due to the domnance of pack tee, himted
wave action, and snall tdal range. Thiee main citents are present  the Northers Alaska Litteeal
Cuntent which Mlows along the Chnkehit Sea from the southwest, a lawgshore cuttent from Cape
Simpson castward 1nto Canadian waters. and the Pacific Gyral of the Arctic Ocean which meeis the
coast near Point Barrow, creating o weak longshare cartent from the southeast (Fig. 31). These
curtents are genetally weak (less than 1.9 km/he or 1 kuat), bt west of Poist Bastow velocitieos up
10 5.5-7.4 km/hr or 3-4 knots have been measiuted (Lewellen 1969).

Tides

The astronomical tides along the coast ate weak and somewhat unprediietable (Fig. 31). At
Point Barrow the tide 1 only abont 15 cm (Fig. 32). ranging from 7.6 om duting neap tide to 15,2
cm duting spring tide (Don Schell 1971, prrsonal commnteation). Tidal conditions ate about the
same west of Point Barrow, but become less gredictable to the cast (Fig. 31). Neat Herschol
Island 1n Canada the tides are about 61 em (Lewellen 1969).

In addition tothese asttonomical variations. stotms cause longer pettod changes in sea level of
up to I m. This storm surge o storm tide 18 the resull of two factors: a tiae i xea level under an
atmospheric low-pressure area. and a rise in sea level cansed by wind blowing onshote (Hume and
Schalk 1967). Far example. at Barrow Village winds fiom the west hlow water aganst the coast and
tatse the sea level, whereas winds from the cast tend to lowet the sea level, Under eettam condi-
ttons of ice Ireakup. suging oscillations i sea level have been ohserved, apparently due to the
impinging of a strong cirtent on the shore-fast oo (Rex 1964),

The lareest sea-level fluctuations ate storm suges which ocent duging the polar stotms tu the
fall. On 30 Octobwr 1963, the greaiest storm on tecord attacked the coast with winds up to 88.5
km/he (55 mph) and gusts up 1o 120 km/he (75 mph) which blew over an tee-free ocean (feteh abont
100 km). Waves estimated at 3 m. combined with a statm sutge of abowt 3.6 m. cansed coastal
Nooding and over $3.3 mtilion damage at Barrow (Hume and Schalk 1967). The area of strongest
attack was between Wainwright and Point Barrow, with decteasing effects in both duections from
this zone. From Point Bartow eastward 1o Cape Simpson the offshate hattter islands were
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Figure 31. Currents and :ides along the coast of northern Alaska.
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drastie o1y ahiered by eroston and treaching,

Near Coe Siapson, sea level rose about

2.4 m Lat little damage ocewrred hecanse sea

e i the atea had dampened the waves, The

§ o e 4 somm surpe decreased further 1o the vast with
the greatest beach changes noted along western

; b 1 exposures,. The storm surge at Barter Island

| was about 1.7 m, Bevond Watnetight to the

aF 1 sowhwest a surge of abowt 2.7 m occurred

near Point Lay, The magnitiude of this sterm

1 sagests that it was a “1wo hundred year storm®’

for the area (Hnme and Sehalk 1967). Other
-"':’ ] i l.. -

o T 1 f . =

= recent storm Udes at Bartow wete 2.7 m
saty WA e {Ociobier 1954) and 1.2 m (6-7 October 1956;
Schalk 1963).

Figure 32, Tidal record from Elson Lagoon near
Point Barrow, 30 July 1o 4 August 1965 (from Sedimentation

y 8965).
reinlian o Sediment transport and deposition along

the coast are pomarily die to waves, enrrem s

and sea ice. In late spong after the pack e
has broken up along the shore, waves and currents begin to rework the coastal matenial and trans-
port 1t in two primary duections: normal to the shoreline and along the shote. Near Cape Thompson,
studies over several seasons revealed that the former direction is mote impoctant in terms of the
volume of matetial transponied (millions of Kilograms during a single siotm) it that sediments
catried offshore ate soon retiened to the beach in tesponse to changing s cotichtians (Moote
1966). Thus in this area, offshore and onshore movements tend to balance each other during the
year, causing Intle permanent ahieration to the position of the shiorelme.  Farther notiheast along
the coastal plain, the coast is slowly retreating landward due to wave mitack and theimal erosion.
Longshore transport, which is cansed by wave attack at an angle, with some assistance from weak
longshote emrents (Moote and Scholl £961), carries material along the shore and has bnlt beaches,
spus, barrier 1slands and offshore submarine bars along mnch of the coast. In addition, sea we
can bemg constderable quantities of sedimem ashore, either by 1wee push along the sea floor or
throngh sediment betng frozen mtorhe iee, rafted onshore and released dunmg melting,

The beaches along the coast are quite variable, largely due to differences m guamtity of sedi-
ment supply, lithology of sanrce material, and domtmam coastal processes, In general, the beaches
are nartow, steep and coarse-priined and commonly abmt the mainland at the base of sea eliffs,
Beaches i the vicinity of Pomt Baniow which are similar to those along much of this coast are of
two types, Where sea elffs are high, sueh as afew kilometers sonthwest of the pomt, beaches are
nartow with a well-developed fareshore, Here a backshote develops only where the beaeh tom-
cates the months of estuanes. Waves reach the base of the cliffs only diting severe storms, In
contrast, heaches on the Point Barrow spit have a modetately steep foreshore and a pently sloping
hackshote which 1eaches 10 Elson Lagoon. The inderwater pottton of the hackshote is steep and
the beach sands and gravels form a sharp contact with the grey mnd on the lagoon bottom. Beach
sediments in the Point Batrow area me coarse-gramed with coarse and medinm gravel in the suef
zone that grades into Nine gravel and sand onthe foreshore of the beach. (Sample means of fore-
shore matertal 1.0 to 2.5 mw and standard deviation abont 1.0: Rex 1964.) Backshore areas nswally
consist of laminated sand and fne ravel, Under favorable wind conditions convex ridges of coatse
sand and fine gravel may develop on the foreshore. In the Point Bartow atea, beach pravels ate
renerally hard and abrasive with lithologies dominated by chert, quartz, sandstone and limestone
(Rex 1964, Moote 1966).
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Figure 33, Vertical aerial view of Covper Island near Cape Simpson showing how sea ice is
held offshore by the barrier islands,

In the west at Point Hope, the coastal sediments have been deposited as i complex pointed
projection of spits and barrier 1slands called a cuspate foreland (Shepard 1963), Further east the
sediments have formed narow spits that extend out parillel to the coast, shallow offshore hars,
and nearly eontinnous barrler islands, piving the coust a smooth shoreline with shallow inland
Lagoons amd river deltas (see Fig, B3 and 47). These isLinds have very low relief (0 to 2 m) but
form an eftfective obstacle to offshore pack ice and the direct effects of the open ocean, At the
same time they Keep Large portions of the landwird lugoons elear of 1ce and provide openwater
where waves can form and attack the coast (Fig, 33),

The 1963 storm which attacked the coast demonstrated the unsteady rate at which sediment
transport mid other geologic processes operate over short time spans, At Point Barrow this storm
moved more sediment in a few hours thian wonld normally be transported in 20 yvears (abont 152,920
m'; Hume and Schalk 1967). Thus, the shoreline is changing constantly but one sndden storm can
canse tens of meters of erosion and deposit sediments many Kilometers away tfrom their original
location,

Erosion

Along most of the coastul plain the celitfs are retreating rapidly, even where sheltered from
direct wave action, and losses of np to 10 m/year have been recorded (Lewellen 1970), Cliff
erosion ocenrs primarily due to thawing of permatrost and physical attack by wives and currents,
During the snmmer months the siface of permafrost thaws, making the ice-bonded materials un-
stuble and highly susceptible to slumping, Along the base of the sea eliff iud inland along the
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Figure 34. Closeup view of a thermo-erosional niche near Barrow (from
Lewellen 19G5). Scale in centimeters.

banks of estuaries and rivers, water can thermally undercut the permafrost, forming a ‘‘thermo-
erosional niche'* (Walker and Arnborg 1963). These niches can form rapidly and may extend several
meters under the bank (Fig. $4). This niching makes the overhanging bank unstable and it can
collapse easily, espccially where ice wedges are intersected (Lewellen 1965). Thawing along the
ice wedges which underlie the troughs of polygonal ground features frequently causes the cliff to
slump as lurge tundra blocks (Fig. 35, 36). At many locations microrelief along the margins of
polygons is accentuated by erosion in the polyvgonal troughs at the edge of the main sea cliffs (see
Fig. 40). Frequently vegetation hangs together ias a thin mat draped over the edge of the cliff

(Fig. 37).

Temporary protection from coastal retreat is provided by material which accumulates at the base
of the main coastal slope. In the summer slumped soil and tundra vegetation material protect the
slope from direct wave attack (Fig. 38). The ramp of snow and ice which forms along the sea cliffs
during the winter (Fig. 39) tends to insulate the slope from thermal erosion well into the summer
melt season (Fig. 40). Large ramps which usually develop along higher sea cliffs are retained
later than small ones. In general the areas of low cliffs have less protection than those with higher
cliffs (relief greater than about 5 m) and seem to be retreating more rapidly. The net effect of
continual cliff retreat is to form smooth, straight or gently curved cousts with narrow beaches uabove
which gullies are left hanging on the steep cliff faces as they retrzut (Fig. 40, 44).

Bathymetry

West of Point Barrow the continental shelf is broad and shallow (averaging about 42 m in depth)
and the 11-m (6-fathou1) bottom contour is very close to shore (5 to 8 km; Fig. 31). East of Point
Barrow the 11-m coatour is further offshore (about 15 to 32 km) but shortly beyond (about 70 to
100 km offshore) there is a very sharp break in slope from the continentzl shelf into the oceanic
deep of the Arctic Basin.
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Figure 35. Tilted blocks of tundra near Cape Simpson, cansed by thermal
erosion along the margin of polygons.

Nr

Figure 36. Aerial view showing slumping of tundra hlocks along the coast
near Drew Point.
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Figure 37. Steep erosional scarp near Cape Simpson. Note draped vegeta-
tion mats and mussive appearance of permafrost,

Figure 38. Closeup view of same scarp as Figure 35. Note slamped mate-
rial at hase of slope,
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Figure 39. View of snow ramp at profile 23. Weasel is parked on the snow-
covered beach.
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Figure 40. Vertical aerial view of coastal scarp with residnal snow ramp at profile 24, 30
June 1971.
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Coastal Classification

In order to meaningfully describe the terrain conditions of the northern Alaskan coast and
develop a classification scheme for relief features that would be useful to the purposes of this
report, it was first deemed necessary to evolve a gevetie classification of coastal types based on
an understanding of the dominant geologic processes acting on this environment. Four main types
of coast are recognized (after Shepard 1963);

1. Primary coasts — configuration due to the sea coming 10 rest against a landform shaped by
terrestrial rather than marine agencies,

4. Land erosion coasts — shaped by subaerial erosion and partly drowned by rise in sea
level: characterized by a nearly straight shoreline with steep, sheer sea cliffs and blnffs formed in
hedrock (Fig, 41); the cliffs are in a reneral erosional state but at sowe locations are fromed by
near-shore sedimentary deposits (barriers) whieh provide some protection from the open ocean; relief
is high to very high (about 10 m to several tens or himdreds of meters),

b. River deposition coasts — largely due to deposition by rivers extending the shoreline:
fluvial deltaie deposits consisting of multiple braided and branching river ehamels separated by
sedimentary lobes (Fig, 42); dune fields are present on some deltus where loose sediments are aot
vegetated; channel banks are frequently steeply eroded by thermo-erosional niching and active slnmp-
ing (Walker and Arnborg 1963); some sections are fronted by near-shote barrier islands (Fig. 43);
renerally low to very low relief (about 0 to 4 w).

2. Secondary coasts — coastlines shaped primarily by marine agencies but which nay have
originally been primary coasts.

a. Wave erosion coasts — coastlines which are exposed ditectly to the open ocean and
along which marine deposition is negligible; characterized by sea cliffs inbedrock or poorly con-
solidated frozen material (permafrost) which are either imder roing marked erosion or in a near-
equilibrium condition; cliffs are wave-straightened and have a senerally sheer and nearly continuous
appearance (Fig. 44); may have a narrow beaeh a1 the base of the slope (Fig. 45); moderate to low
relief (less than ahout 11 m).

h. Marine deposition coasts — coastlines prograded by waves and ewrrents and aloug which
marine deposition is active; fronted by near-shore sedimentary deposits (barrier islands and spits)
that extend roughly parallel to the general coastal trend but are separated from the mainland by a
relatively narrow body of water (usually less than about 5 km wide; Fig, 46); these barriers tend to
straighten the coastline and provide seme coastal protection from the pack ice, waves and emrents
of the open ocean (Fig. 47); spits may a:s0 extend across river valleys and partiallv close them
(Fig. 48 and left-hand portion of Fig. 24); relief generally low (less than abont 4 m),

The distribution of coastal types is shown in Figure 49 and tabulated in Table V. Abont 307
of the coast is considered primary (dominated by terrestrial processes) whereas 70% is marine-
dominated (secondary).

Geographic Regfons

In order to describe the geographic distribution of these different genctic coastal 1Ivpes, the
northein Alaskan coast was subdivided into six distinct reographie regions on the basis of geology,
physiography and recent marine processes (Fig. 49).
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Figaee 11, Vertical actial view of Jand ctosion coast with exposates of (ifted bedrock geas
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Fignre 42. Vertical aerial view of tiver deposition coast showing braided channels and delta
of the lkpikpuk River sontheast of Cape Simpson,
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Figure 43. Vertical aetial view of tiver deposition coast fronted hy barrier islands located
ncar Demarcation Bay.
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Figure 44. Vertical aetial view of wave erosion coast several kilometers soathwest of Bartow,
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Figure 45. Vettica” aerial view of wave “rosion coast near Cape Simpson.
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Figure 46. Vertical aetial view of matine depo dtion coast near Paint Lav. Note lobate ap-
pearance of baetier islands caused by storm washovers,
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Figure 47, Vertical acrial view of marine deposttion coast near Cape Simpson, N

ofe how hag-
tier ixlands hold the sea ice olfshore

ol

Figure 48. Acrial view of an embayed-tiver-tvpe window with mouth nearly
blocked by a sedimentary battier located southwest of Point Barrow, §
tents for scale,
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Table V. Distribetion of coastal types ia northera Alaska
from Cape Thompees to U.5.-Canadian border.®

Caantal Leagth of % of
Iyge coast (km) 10tal coant

Primasy 6211 N8

s. Land emsion 191.9 LR

b. River deposition 42 .9
Secondary 1534.% mn.2

a. Wave erosion 807.6 n.s

b. Marine depasition 7.9 a7
Toial 2156 100.0
¢*Coupiled from U.S Geological Survey (opographic maps of scale
1:63, W0,

Southera foothiils

Thix region is the southern partion of the Arctic Foothills provinee and extends about 192 km
from Cape Thompson notth and northeastward along the Chukchi Sea 10 Sapumik Ridge. 1t ix a Nilly
region which has the structiral complexity of the Brooks Range province 1o the south tat I8 com-
posed of less resistant rocks (late Paleozole and Mesozoic marine sedimentaty rocks. Payne et al.
1951). The coast is primarily the land eroston type, exposed ditectly 1o the open ocean except at
Poiat Hope where waves and curtents have built a pointed cuspate ““Jeland of hattier tslands which
poject offshore. The mainland is charactertzed by neatly coniinuous steep sea cliffs and blulfs,
up to 260 m high at Cape Lishurne. Beaches, common along the hase of the cliff, e generatly
nartow, steep and coarse-grained. Windows, or hreaks in the cliffs that permit inland access hy
surface transport such as SEV's ocour whete siream valleys meel the coast. These valleys genetally
have floots at or slightly above sea level. Coastal relief Ix generally high to very high (about 10 10
260 m).

Northera foothilla

‘This regton is the northern pottion of the Arctic Foothills province and estends about 82 km
from Sapumik Ridge northeastward along the Chukchi Sea to the Exkimo vilkuge of Panikpiad neat
Cape Beaufort. 1t is primarily a belt of folded rocks which form paratlet tidges, mesas and hills
(Payne 2t al, 1951). The topography is much mote regular than in ateas to the sonth, The coant
is primantly the land erosion type and 18 characterized by nearly continious steen sea elifls ex-
posing Cretaceous matine sedimentary torks (see Fig. 41). Nartow beaches and sedimentary
hattiers actoss windows of the strean-valley type are present hat provide tittle protection from the
open ocean. Reltef along the coast 1s high (abowt 1010 75 m) bt 18 lowet than that of the southern

foothitls.

Foothill silt swface

This tegion is the westernmost part of the Teshekpuk Lake section of the Aretie Coastal Plamn
province and extends abom 172 km from near Cape Beaufort to the Utwkok River near ley Cape,
This region is primarily a low rothing topographic extension of the northem foothills which hax been
burted by up to 45 m of Quaternary silt (O'Sullivan 1961). The matnland 1= chatactetized hy neatly
continwous moderate 10 kizh reltef sea cliffs (abowt 4 to 14 m). The southermmost section is wave
otosion coast. exposed duectly 1o the open ocean. The northern portion Is marine depostitional
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coast, fronted by a nearly continuons cham of low-teliel Uess than 3 m) offshore bagrier 1slands
which inclose a shallow lagoon (see Fig. 46). Behind the barrler 1slands rivers have fotnned
numetous suall deltas which project om 1o the shallow lapgoon,

Coastal Plain vest of Poiat Barrow

This region 18 2iso part of the Teshekpuk Lake section of the Coastal Plun and extends
about 365 km from the Utnkok River northeastwand afong the Chukeln Sea 1o Pomt Battow. The
Coastal Pla. ts low and smooth, sloping gently ftom the tootlalls to the Archie Ovean. It s
chatactetized by wet tandes and abmndant Tk, mesndersng streams aud swimp areas, The general
werness s due 1o slow evaporation and pone dramige as well ax petationt at shallow depths e
hw the sufaee vogetation (Payue et al, 19510, Thetegion 1s undetlam by 3 to 46 m of uneonsolys
dated Quatetnary marme sedinwents testing on nearly flat Cretacvous seddimentary tocks contammg
coal (Wahehaftigz 1965). The mamband s chagsetestzed by neatly contimons sea ehitfs which me
either exposed duectly 10 the open ocean (Wave srosion vaast, such as Fig. 44) or fronted hy neas-
shore sedimentary batriers (matine depositional coast), Nattow beaches alan mneh of the sea chiff
(Fie, 505, Although the ocean has mtersectod mmmous tivers along this coast, none bave tommed
deltas of any stentficance (for example, see Fig, 48). Coastal telsof 1s renetally moderate to fow
(ess than about 12 m) and 18 a funetjon of the elevatton of the adjacent fat Land suifas o with
tespect 10 seg Jevel,

Waves and longshare ditht from the southwest have produced neatly conttnnous cadns of aiger
islands (Potmt Lay and lee Cape) and lasge spits (Pownt Franklm and Pomt Bantow), At Pom
Batrow two systems of longshore ttansport converge (ltom the somhwest and sontheast) hnt they
have not produced bars and SpEs as extenstve as gl be expected (Rex 1961), Justead, this 1s
actually an area of large scale erosion. about 4 10 6 m per year (LefMingwell 1919, MacCmthy 1953).
Apparently the sediments transported nto and eroded within the area are | -hg carried offshore and
into the Arctic Ocean hasin through the Barrow Sea Valley (Carsolu 1952) whicl passes approximately
8 km to the northwest of Point Barrow (Rex 1964).

)
£

»
-

Figure 50, Moderate-relief coast with narrow heach abatting sea clifts ahout
5 m high locatad southwest of Point Barrow.



54 TERRAIN AND COASTAL CONDITIONS ON THE ARCTIC ALASKAN COASTAL PLAIN

Coastal Plaia east of Point Barrow

This region is also part of the Teshekpuk Lake section of the Coustal Plain and extends
about 1054 km fron Point Barrow southeastward along the Beaufort Sea to Konganevik Point neur
the mouth of the Canning River, It is a continuation of the Coustal Plain region to the west,
except that sea ice influences the shoreline more strongly. The pack ice sarely moves far offshore
and in many areas has helped carry sediments in landward from the wide, shallow sea floor and
bitild them into low-relief barrie: islands. The coast is characterized by nearly continuous, mod-
erate to low relief sea cliffs (less than abont 8 m) which are either wave erosion coust (exposed
directly to the open ocean, a i Figure 45) or marine depositional (fronted by nearshore harrier
islands, as in Figure 47). Much of the coast has an irregular appearance due to the drowning of
old lakes and river vitlleys by the general rise in sea level during the last 20,000 yewrs (Creager
and McManus 1967). Rivers have built numerous large, low-relief deltas (less than 3 m high) which
extend many kilometers offshore (see Fig. 42 and 43). Narrow beaches and spits also abut much of
the mainland.

White bills

This region is the easternmost section of the Coastal Plain and extends 290 km from Konganevil:_
Point southeast along the Beaufort Sea to the U.S.-Canadian border. This portion of the Coastal
Plain is characterized by scattered groups of low hills and a wide, broad alluvial fan which slopes
rently northward from the Romunzof Mountains. This region has a nearly continuous, moder.te to
low relief sea cliff (less than 8 m) which is either wave erosion crust or marine depositional. A
number of small, low-relief deltas are present, many of which are fronted by near-shuie barrier
islands. This region also has an irregular appearance due to drowning of old terrain features by
the ocean. Because of its position with respect to the main arctic ice pack, the region is
dominated by sea ice more than any other portion of the coast, and coastal retreat seems to be
proceeding at a slower rate,

Coastal Relief Features

Although much of northern Alaska is flat coastal Plain, the extensive lengths of nearly contin-
lous sea cliffs offer a formidable obstacle to surface transportation such us SEV's. The previous
discussion on coastal types and geographic regions permits the identification of three ciategories
of coustal relief, based on snow-free conditions. Note that because of the generally flat terrain and
the nnique process of coastal retreat in this region, maximnm coastal relief is primarily i function
of the el=vation of the adjacent land surface with respect to seu level,

Low relief \less than ~o0ut 2 m; 568 km or 26% of the total coast)

Relief of this type is primarily associated with depositional features such as barrier islands
and barrier spits along marine deposition coasts and across river valley entrances (see Fig. 33, 43
and -18), deltas of river deposition coasts (see Fig, 42 and 43). and beaches which abnt nost of the
coastline (see Fig, 30 and 50). This category also inclndes sections of sea cliffs along low points
in the tundra surface (wave erosion couasts). The lateral variations in morphology along the coust
are generally minor becanse of the low heights, Typical profiles in the low relief category from
the vicinity of Point Barrow (location map, Fig. 51) are shown in Figure 52, Profile 15 is a gently
sloping featureless beach with no scarp or ice-push ridges. Profiles 16 and 17 are low erosional
scarps which form a sharp break in t.e tundra along Elson Lagoon. Profiles 18 and 19 are gentler
slopes along the banks of estuaries some distance inland from the open ocean.
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Figure 51. Location map for coastal profiles 15-26 near Barrow,
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Figure 52. Low-relief coastal profiles from near Point Barrow.
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Moderate relief (about 2 to 5 m; 939 km or 44% of total coast)

Relief of this type is primarily associated with sea cliffs or scarps along wave erosion coasts
and the mainland of marine deposition coasts (see Fig. 35-38, 50). These cliffs are undergoing
some degree of erosion and form a generally sharp break along the edge of the tlat tundra surface.
Slopes and lateral characteristics are variable, Some cliffs are steep with nearly uniform slopes
across long distances (see Fig. 45 and 47). Owhers are more irregular due to differential erosion
along polygonal ground features and thawing of permafrost (see Fig. 37, 38, 53). Typical moderate
relief profiles from the vicinity of Point Barrow are shown in Figure 54. Profiles 20 and 21, along
the shore of Elson Lagoon, have sharp erosional breaks in slope. Profile 22 is located about 1 km
inland along a large estuary where slumped material forms gentler slopes (located in same area as
Fig. 62 and 63).

Figure 53. Aerial view of eroding and slumped moderate-relief coast
southwest of Point Barrow.
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Figure 54. Moderate-relief coastal profiles from near Point Barrow.
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High relief (greater than about 5 m; 566 km or 26% of total coast)

Relief of this type is found along the sea cliffs of land erosion coasts and wave erosion coasts,
Because of bedrock control and protection by the large ramps of snow and iee which form in the
winter, these cliffs are undergoing much more gradual erosion and slope retreat than moderate-relief
sreas, The eliffs are generally steep, sheer, and nearly uniform across long distances (see Fig.

40, 41, 44, 55). Typical high-relief profiles trom the Point Barrow area are shown in Figure 56,
Profiles 23 and 24 have steep slopes and forn! a sharp break between the tundra surface and the
sea. Profile 25 is along the coast in an area where the slope has eroded back less steeply, much
as in Figure 53. Profile 26 is inland along Nunavak Bay where slopes are gently and steep scarps
raiely develop.

An additional 82 km or 4% of the coast is open water where streams, rivers and lakes are
intersected by the ocean.

Distribution of coastal relief

As noted previously, the total coastal relief (or height of the sea cliff where present) was
estimated from topographic maps and tabulated in increments of 0-1, 1-2, 2-3, 3-4, 4-5, 5-8 and
~>8 m for each of the six geographic regions (Table V1). Mean scarp heights were caleulated by a
weighting process, using mid-point values in the relief increments, and a value of 10.5 for the -8 m
increments. These data revealed that about 1590 km or 74% of the couast has a scarp height of 5 m
or less and that mean scarp heights decreased to the east along the coastal plain (Fig. 57). Mean
scarp height for the entire coast is about 4 m,

Figure 55. High-relief coast of sea cliffs about 12 m high located near
Skull Cliff between Point Barrow and Wainwright.
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Southeast Northwest

Srpthaget Northwest

76.5m

B heii

Figure 56. High-relief coastal profiles southwest of Barrow.,
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Wisdows

As noted peviously, the primary obstacle to smface transportation such as SEV's moving
between tnland areas and the ocean across 1his coast 15 the sections of seatp or sea el 1hat are
sheer and nearly conttnious, Except where the coastal rehief 15 low, the valy avenues of mland
movement are through windows or eeaks in the coamal searp, These can e genertcally classifted
mnto fout peinuty types:

1. Gullies - narrow Veshaped valleys, at feast 30 w wide and generally extendng less than
about 1 km inland; carry only minor water flow; prusanly erosional features developed along the
margins of polygons such as m Figures 40 aud 4.

2. Streams - narrow flowing bodies of warer i valleys, at least 30 m wide and extendmg
several kilometers indand: streamy carry significant water flows bat the mauths of the valleys are
at or above sea level, preventing flooding ef the valleys by the ovean (see Fig, 41, right side),

3. Embayed rivers - drowgred stream valleys of wide nver channels which provide wide win-
dows that may extend tens of Kilometers mland (such as deltas in Fig. 42 and 43); valleys that
have been drowned by the ocean to form wide estuanies are usually fionted by low«teliel hatrier
spits (see Fig., 44 and 48).

4. Lakes - thaw lakes (Carson and MHussey 1962) which bave been mierseeted by the ocean
and drowned; penerally wide and shallow but only extend short distances mland (see Fig, 456),

Datit on window type, encounter frequency, nean width, and mean imfnd extension are sum-
marized by peographic region in Table VI, Noute how closely the ehatacteristics of the windows
are related to the relief featwes of the different geographie regious, To the west there are few
windows per kilometer and gullies predominate, Futther east slong the coastal plain windows are
much more freguent and waterway-type windows such as streams, enhayed rivers and lakes pre-
dominate, Data on window spacing ate summiarized by peopraphic region in Table VIII, Abowt 83%
of all windows ate 1.5 km or less apart,

Seasonal variations in coastal relief

The winter profiles from fhe Point Bairow area iliustrate how dramatically the sarficial geometry
of the coast is altered by the seasoml] cover of windblown snow. In the winter the ocean surface
is frozen fast along the coast and the otvsi shoreline is diffienlt to locate except for the difference
in elevation between the tdra surface and the sea ice. Where a pronounced sea cliff ot scarp 1s
present, a compact wedge of windblown snow frequently acenmmlates to form a gently sloping ramp
from the tundra edge down onto the frozen sea surface (Fig, 58). The adjacent beach is nsually
smoothly covered by the toe of the ramp but irregnlarities may form aronnd gronnded blocks of sea
ice and ridges of sediment (see foregronmd of Figure 65). Rarely are the surficial sediments of the
beaches visible throngh the snow cover. In some areas the wind deposits the suow in a steep cornice
which only partially ramps the sea cliff (Fig. 59).

Data from the winter profiles which represent varying beights and orientations of coastal
scarps sunggest that the shape of the ramp or the potential for holding snow is controlled by the
following factors:

buight of sea chff

steepness or slope of clift face

configuration or ronghness of slope sarface

4, orientation of sea cliff with respect to prevailing winds and spow sonree.

KON

Profiles 15 and 16 (Fig. 52) have no scarp where swow can accunmlate and the winds have terded
to scour the snow cover, making it aneven. At profile 17 on Elson Lagoon where the coast has
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Figure 58. Ramp und small cornice along sea cliff aboxt 9 m high near
Rarrow.

Reproduced from
best available copy.

Figure 59. Steep cornice along sea clitf about 10 m high located ahont
1 km southwest of Barrow,
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higher relief and a north-south orientation, a low, gently-sloping ramp has been built (note the
dramatic change from summer to winter shown in Figures 60 and 61). Profiles 18 and 19 are
located along small estuaries a shott distance inland from the coast, Smooth ramps have formed
over tho low cliffs and ihe °ntire estuary valley has been filled with snow (note snmmer and winter
views of the same location, Figures 62 and 63). With increasing relief (see profiles 20-22,

Figure 54), larger and more steeply-sloping camps develop.

Along high relief sea cliffs (5 m or greater) very large ramps were observed (see profiles 23-
26 Fig. 56). The steep summer profiles of slumped material (see profiles 23 and 24; Fig. 56a, b
and 84) were completely covéred by a large, gently sloping ramp of windblown snow (Fig. 65). The
snow swiface is generally smooth except near the toe of the ramp where grounded ice blocks may
cause local irregularities (Fig, 65). Summer profiles which are less steep (such as profiles 25 and
26; Fig. 56c, d) have thinner snow cover but are still smoothly ramped. From these profiles it
appears that ramps which form on the lee side of scarps tend to have smoother surfaces dne to the
dumping’’ effect of the snow, whereas those to windward have rougher surfaces because of wind
abrasion.

For several kilometers southwest of Barrow Village along sea cliffs about 9 m high no ramps
were observed. Instead, steep cornices developed (Fig. 59), apparently due to the orientation of
the coastline with respect to prevailing winds., That is, the winds here tend to blow over the cliffs
and along the coast, reworking the previously deposited snow and forming the cornice, Summer
and winter views of this area are very similar (Fig. 66, 67) with the =now forming ouly a thin layer
over the sloping sea cliff and beach.

Data from these profiles are summarized in Table 1X. Low relief profiles (mean relief 1.4 m)
have a southeasterly exposure, thin snow cover (mean about 0.54 m), and summer and winter slope
angles of 13.3° and 2,3° respectively. Moderate relief profiles (mean relief 3.1 m) have a northeast
exposure toward the prevalent wind direction and have a thicker mean snow cover (1.04 m). Summer
slopes are steep (39.7°) and narrow (3.8 m) whereas winter slopes are very gentle (5.2°). High
telief profiles (mean 6.7 m) have a northwesterly exposure, thick snow cover (mean 1.52 m) and wider
slopes (29.0 m). Summer slopes are about 15.4° and winter abont 8,2°, Highest slope values for
all profiles (excluding shott, steep scarps) was 23.4° for summer and 12,5° for winter,

Operation of Swiace Effect Vehicles

In summary, the primaty obstacle to the operation of SEV's moving across the coastal zone be-
tween inland areas and the Arctic Ocean in northern Alaska is the long stretches of nearly continnons
sea cliffs. The mean coastal relief forthis coast is about 4 m (based on snow-free conditions); how-
ever, about 566 km ot 26% of the coast has sea cliffs which are more than 5 @ high (Table V1),

The relief conditions along the coast which are summarized in Figure 57 show thLat highest scarps
occur to the west along the foothills. The profiles from the Barrow area are typical of the coast
and demonstrate that during late winter and early summer inclined ramps of windblown snow which
frequently form can greatly subdue the coasal relief. These ramps can make all but the highest
relief features considerably easier to cross for even small SEV's with limited slope-climbing
capability.

In areas with high relief the windows or breaks inthe coastal scarp aloug streams, rivers
and lakes provide ready avenues for inland access by SEV's along much of the coast. The
distribution of windows which is snmmarized in Tables V11 and V111 shows that as relief increases
the frequency of windows decreases. About 83% of the windows are spaced at 1.5 km or less. It
should also be noted that local accumulations of Ariftwood along portions of the eastern coast
(especially near large rivers) form tangled masses which may be a threat to skirts of SEV's.
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Figure 60. Summer view of profile 17 along Elson Lagoon. Note slumped
tuadra and absence of a beach,

Reproduced from
best available copy.

Figure 61. Winter view at same location as Figure 60. Note smoothing
elfect of snow ramp.
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Figure 62. Summer view of estuary near profile 19, Note slumped tundra
along shore,

Reproduced from
best available copy.

Figure 63. Winter view u same location

as Figure 62. Note that snow has
filled in the estuary valley.
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Figure 64. Summer view of eroding sea cliff about 9 mn
high near profile 23.
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Figure 65. Winter view at profile 23. Note large ramp of windblown snow
and sea ice blocks on beach in foregronnd,
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Figure 66. Summer view of < 1 cliff and beach at Barrow. Relief about 7 m.
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Figure 67. Winter view at same location as Figure 66, Note thin snow
cover and cornice in background.
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