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ABSTRACT 

This uroup of lour rt-poris desrnlM'H i\w chafucterislir» and MMMMl variation of 
prominent relief features on and alonn the marmn of the an n. . oasial plain.  Th.se relief 
f.-atures inrlude polygonal ground patterns, lake scarps and roastul features. 

The lanp- of polygonal ffoiind palt.-rns .•oinmonly found is illusirated hy a nuinlM'r of 
transeets.  The niilnenn- of the seascmal snow rover on relief is indnalfd »»> fMofiles taken 
durum the sutmner and the winter.  The winter profiles were taken durnn: the period of maxi- 
mum snow accumulation.  The nubduln»! inflneiiee of the seasonal snowpack is much more 
apparent ill areas of Inch relief.   Irrepilarilies in the snow surface mas approach those 
found in the more featureless areas of summer relief. 

A discussion of properties of the snow .over is also included from ohservalions in the 
Barrow study area.  Constant reworkmu hy the wind of small amounts ol snow results in a 
snow surface with hmh bearnn: capacity and low (   0.2 m) surface relief. 

The aerial photo study of the Barrow study area provided statistics concerninn the 
occurrence and amount of relief associated with polygonal ground terrain.   Appioximately 
64"', of the area was covered with prominent polygonal «round relief.   I'olymmal p<MM 
patterns with relief    O.r, m and seldom exceeding 1.0 m with 1.5 m lieiim the practical 
upper limit cover 10.7".. of the area.  The remainder of the study area can he immped into 
two general catenones;   1) BIX with polygonal ground relief less than 0.5 m. and ,') :16". 
containinn all other relief categories, mcludnm water surfaces. 

The study of coastal processes and relief features alone the northern Alaskan coast 
was m part hased on maps and aerial photos.  Mean coastal relief or sea-diff height was 
approximately 3.9 m, with about 75V, of the coast having 5 m or less relief.  Protiles trom 
the Barrow area reveal that the surface geometry of the coast is dramatically altered by the 
seasonal windblown snow cover which tends to ramp the sea cliffs.  The fieqnency of 
gullies, streams, embayed rivers and drowned thaw lakes along the coast was examined 
since they provide ••«tadows" through the scarp and access to inland areas.  There are 
approximately 800 windows along this coast or about 0.4 per km. with a mean width of 

about 200 ■ and mean inland extent of .1 km. 



TH.RA.N AND COASTAL COND.T.ON8 ON THE ARCT.C ALASKAN COASTAL PLA.N 

Introducllon 

^is::!;-":-^       - ^wltof -^ ^ v ,,,',,ur' 
^ rep., .o.su.rs «. u.  t« ^V^-^^^r;:;;:';^'C^ PI^^ 
(„ow ooMdy Orttod .!..■ Mrtk »«•).  WtetoftJ '     ) *   '     Ö    ■n.xu.uu., altmul- of 800 feet 
r. slIKM)tll pw, rtuj N^juy j«. - A- ^ -; t - „ oastill 1)IalI1 allll 
„ m sou...... ■.„.,..  Tta ***** l'^;    1    t1"^ S „.„.s, ..uasul ellff. - only 
sli.'lf. ami tlu- slier.' is n.'ii.'rally onh 1-10 f'   •'"'v ,     ,, my „)üriv 
50 fee, hi,h.  The ArH, Coas.al Plan, .s ... Ilor to ^^^^^ J „> „...lands 

„rauu-d and .ons^u.-n.lv .s very „.arsl.y '" sunin,e;'  !'  ^™  J' „ vall,vs tnc.sed 50-300 feet; 
,., Ik. sonth.   Rwers m* ot Ike Colv.lU- Rwer ^^u^^^mm deltas into the 
.„ose eas, of the Colv.lle eross the pla.n "' -'^   '' ^      f.o ered hv elongated thaw lakes 

Ari.„.. 0.ean.  [Ml ... - *™*^^%Z£, are .Ton, two to twenty tee, deep. 
or.en.od N 15   W; these ran«« fro., few f     «^JJ JJ « nieter per ye;ir ,. pla(..s. and 
and are oval or reetan^.lar .n shape ....   H» l^es.^xpan to^wdiB polygons covers 
several ^enerat.ons of drained lake basins may he seen.   ... A m twork 

i lif coastal plain .... .        i .r 
,... hv ».   rtafUi'l description, polygonal ground has nncrorelie. 

While it is no. sunnes.ed hy Wu. ..ulMt- ^nfVtZl ,0 „.OIMIUV considerations as macro- 
assoc.ta.ed wi.h i. which, due .o i.s nhu.ui.y. "^J^J^^ (,ü;istline „sell, are no, 

These .opu:s are .rea.ed in .his report in four separa.e hn. rela.ed chapte.s: 

!.  Relief characterishcs and vanaUons ^^^^^m fron, anphotos: 
2.  Classifica.ion. mappmt: and nmasurenien. of .he dis.ri.ni..on 

Barrow. Alaska 
3 Proper.ies of .he snow cover    Barrow. Alaska 
4 Coas.al conditions of arctic northern Alaska. 

TV -r i*££ZZ%z ssrcis UP», 
mltabk from «• N«al «Mta M-«* ^"^ ^Z,,,,,. taw.-v,T, InU m .Wall «ith 
,« ,,,ap„,, n. «. rep«. ..■..■ •■°"d"'1"'"   ;,",."„ Capo Tlu .son, a,»l l»!»*» a 
^jri^ÄVÄr^Ä Pi -l„l,a,„B I-,,   «„I, o, 



1.   RELIEF CHARACTERISTICS AND VARIATIONS DUE TO SNO».  BARROft. ALASKA 

t.v 

Paul V. Sfllinaiiii 

Study Area 

The Barrow area, with Us lack of lives. <is low vepetuMon and low regional ri'lief, app^-ais at 
lust to he almost t'eatiireless.  Closer itiHpectuii, however, reveals small hut sicnilicani local rehet. 
Terrain features Include all stages in the evolution ol polygonal pound li.e. low-i enter through hi>:li- 
center polygons), oriented thaw lakes, natural and artificially dtauvd thaw lake hasins, associated 
lake shore scarps and strands, coastal lagoons and emhayments. relatively small streams with 
associated scarps and swales, coastal scarps, and coastal travel Iteaches.   Fin eijiht months of the 
year the ground is covered willi snow, which greatly MMWI Hie Unal telicl. 

The general study area (Fij;. 1) is lonelily tnaimular and coveis about KM) km'.   It measures 
about 10 km in the north-south direction, with its southern boundary at about latitude 71  If. 
Coastlines form the eastern and western boundaries, with Klson Lagoon (part ol the Beaufort Sea) 

71*20' 

ri'is'L 
ise-so' 156*40' 156« 30' 

Figure I.  Study area near Barrow.  Numbers indicate sites where profile information was 
obtained. 



RIUIF CHARACTERISTICS 

,    Th« MuhPst üroimd aiirfan: elevation in the general 

-»'•' a^-;::;r■:"n: ::;:■..■':.»-»z, ,*, *.«—.i»-r-. study area is UM n»*tBr*. *»" " h .,r QQQ    ,, UmH,t vouHmt „itervals lias 
MPMM. nuip of tlu. B^row vanity witl. a s     . MO^ ^ a ^^^ 
iHwn published Iw Brown aiuUol.nson (196b).   Ihis M.ap por  ay 
,Wse  and «oineides with the ne.r   . study area lorthis report. 

Relltf 

 ,„, 1070 Kites were selected to relleet the 
Based on a .round survey «-^-^J^,^ pö y.ol 1 .roiuid features, since they 

ra„,e of relief common to the area.  Kmphasis «U PU u on p^    U^ »^^ ^ ^^^^ 

SS.t rSH^tSÄS ^Irelief features, such as streams, la.e and 

coastal »»P« and oll.enop<*™pl"c htfUs. ,„.,„,,,„,„, 

be.^w the suttee It. petettmally ftozen Bto«nd. h ^'7'; * "'s° ,, ,„„ p^«, „eetets ate 
mm «MM thtotwltout IM developtaent. In« ally, t » «ü*m» •"»        ^ „ 

,„» a„d the ,tdBe8 ***** the ttouBhs t«u, ''"*;'; ^J^, „,„,„ ,„„ t,o«hS 

Hi Mini poly«"»- « «■ *" ffl ,,ax,n'un:d' 7'^ F1le ■> Lttate» the nnge of poly 
mi ,te reatote. at. ^^^^^ZJZ^Z^ lotn» b, 

"eher asBociated with polysotta. Btout,d can he coosidered ,„ t.o cttWOta.. 

t srs^^^^:,:r ^iS=iet,.., „ _ 
and lake marpins. 

V.tiatlon. m micoteliet dutw the snow-tree petiod wete measated at 12 stud» »Ites. Dttrtng 
the t« ol ra«:,: suuw uovet. surface Be„„,et„ data »ere aceulted u, the satue study ateas. 
Several additional sites wete selected in lake and st-eam scarp urea». 

The surface relief «as measured on line transects usinB conventional suryeyiuB teclinupies 

The ITJXZ wtnot ide al to the — ^'^^^S^^T 

T; '"ed l^'u's' rrirCrnX^Sl^riere ohtaiticd hy 
obtained by the U.S. Army waterways     P documented by using both 

^z^^^^^^^^^ - -t;study A r ^^ ™d surface profiles were determined by probing along the surveyed lines.  A total o 27 profiles 
weTsu veyed at the study sites (Fig, 1).  The information from these sites also served astound 
Tomrol for the airphoto interpretation and microrelief mapping study discussed in the following 

chapter. 
The range of relief in the two categories mentioned earlier is illustrated by selected profiles 

and pho os    In FiK„re 3. profiles 1-3 represent the relief in category 1. which is continuous over 
Tlar^aL Mian category 2.   Both high-centered and low-centered polygons in category 1 are 
ho^ n FiP  "rand 5   Relief in this category varies from essentially featureless surfaces to 

IreTs of high-centered polygons with as much as 60 cm of relief in the low trough areas, as 

illustrated by profiles 4 and 5. 



4    TERRAIN AND COASTAL CONDITIONS ON THE ARCTIC ALASKAN COASTAL PLAIN 

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 as widespread as the relief 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).  Occasionally pronounced 

polygonal ground microrelief is not associated with major relief for several reasons:   1) insufficient 
time for development, 2) unsuitable ground ice conditions, and 3) insufficient surface runoff. 

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-kma 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 i.nd trawoport by the winds (see Fig. 22), which greatly reduces and subdues 
the effective relief.  This movement causes filling-in of depressions, such 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 9;i 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.  In Figure 8 the groii'id 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 accumulation on tlie adjacent highs. 

Comparison photos from the study site provide an even better record of the surface conditions 
during the two contrasting seasons.  In Figure 10 and 11, high-ct'iitered polygon relief is reducfd 
from maximum relief of a meter to only small irregularities in the snow surlace.   For additional 
compjinson, 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 If 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-lla and 13a also show the seasonal 
change in relief in this general area.   Figure 14 and profile 7 show the masking of a prominent drain- 
age channel. 

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

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

Pre I He Max cover 
(aj 

Min cover 

4 •'»•'•■•• 

FL* 2.  Airphoto ukrn ,n rl.r Borrow ^- sA^.i.* ifcr 
«   n/ oolvLn lyprs commotlr loun4 on tbr co^laJ 
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Figure 4.  High-centered polygons with approximutely 30 cm of reliel asso- 
ciated with the troughs.   Vehiclt trucks cros.-iing the area provide some 

scale. 
ReproducecMrom        4t% 
best  available  copy   ^^ 

Figure S.   Lower-centered polygons near the coast.   High water covers the 
low areas, leaving the ridges adjacent to the troughs more app.irent. 
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South 

c iS 

Figure 6.   Profiles taken parallel to and pronressively inland 
from a lake scarp at approximately 20 meter intervals, illus- 

tratinf! a pronounced decrease in relief. 

figure 7.   High polvgonal relief associated with the margin of a drained 

lak». 
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Figure S.  Snow iitfumiilalion ovi-r Hut terrain. 

Reproduced  Irom 
b»il  «v«iUbU  copy. 

^ M:'is*£-J 
V • 

FKPirr %   Flat %Hom surlM'r subduing the rrliel of a deep polvfon trough. 
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Fimo 10.   Simmer view of high-centered pnlygon near profile 6. 

■ 

Figure 11.  Winter view nt same /otatlon M Figure to. 
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Figure 12.   Drained lake escarpment showing ramped winter c( n/i«uration. 
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Figure H.   Subduing effecl of snow along another lake escarpment. 
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a. 

Reproduced from 
best available copYj. 
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Figure 14. Noticeable relief (inferences associated with ;i small drainage 
chnnnel. 
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CLASSIFICATION, MAPPING AND MEASUREMENT OF THE DISTRIBUTION 
OF MICRORELIEF FROM AIRPHOTOS:  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 area 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 totaling 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 tracked vehicle, during which ground-based stereo photography was obtained, 
provided information that contributed to the development of a microrelief classification scheme. 

Aerial Photographs 

The aerial photographs used in the photointerpretation of microrelief were obtained for USA 
CRREL in July 1964.  The photo scale is 1:9500, so that each 9 x 9-in. airphoto representr an area 
on the ground about 2.2 km square.  The photography was obtained using black and white iufrared 
film.  Due to the high absorptivity of solar infrared radiation by water, open water surfaces and very 
wet ground appear very dark on prints of this type, compared with conventional 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 may be useful for photointerpretive 
studies considering the distribution of surface moisture.  However, for the present stiriy, the high 
contrast is excessive and distracting, and tends to make the stereo relief less-easily perceived. 
Nonetheless, the large scale of this photography made it the logical choice for this microrelief study. 

Earlier uses for this photography include its original purpose, the preparation of the 1:25,000 
scale Barrow area topographic map (Brown and Johnson 1966), plus various research studies con- 
ducted by USA CRREL in th«  ikirrow vicinity in recent years. 
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Microrelief Classification System 

A microre!     classification scheme was desired which would no» wily express the character- 
istics of the «round 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-diniensiooiü microrelief 
classification scheme was developed.  The horizontal dimension desired was the spacmt; between 
polygonal ground tnughs, rather than an expression of gross ground slopes or the spacing of scarps. 

The final formulation of the classification system had to await preliminary examination of the 
aerial photographs.  This examination esiablished the degree of c rrespondence between fie!d- 
measured relief and the relief that could lie 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, which represent the various types 
of ground surface configuration.  The mapping classes are expressed in »wo ways    1) For polygonal 
ground with distinct microrelief, each mapping class is made up of two components, a lerntin-rehel 
class, and a leature-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 c!'ss alone. 

Terrain-relief classes 

The terrain-relief classes are based on the character of the 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: 

W,  ■ 0.1 to 0.5 m microrelief 

//,  ■  Greater than 0.5 m microrelief 

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

L,       0.1 to 0.5 m microrelief 

Lj      Greater than 0.5 m microrelief 

Transition;!/ polygons: high-center and low-center polygons finely dispersed, each terrain type 
covering between one-third and two-thirds of tl.a ground surface, or mature l(iw-cenier polvgons with 
trough depths significantly greater than center depression depths 

T,       0.1 to 0.5 m microrelief 

T,  ■ Greater than 0.5 m microrelief 

Featureless ground: microrelief less than 0.1 m. generally flat to gently sloping ground having 
3" ground slope or less: 

F.       Characteristics suggestive of high-center polygons 

f.   = Characteristics suggestive of low-center polygons 

F  - Neither high-center nor low-center polygon characteristics 
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Figutv IV   CU^t.. H. 

Figmr IK  CU%» T   C. 
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0.055 inirv km. or about uuc-e every 18 km.   The reason for this (litference is that map mills of 
H, A. Ihouclt less numerous than map units of Sb. have muth w«'aler areal dimensions, as indi- 
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ofS,,.  " 
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3.   PROPERTIES OF THE SNOW COVER:  BARRO», ALASKA 

by 

Charles Keeler 

Microrelief 

As has amply been demonstrated, the seasonal snow cover in the Barrow area effectively 
smooths all but the largest natural relief features,   lioweve-. there is a microrelief on the snow 
surface itself which is, by and lar^e. independent of the underlying terrain.  This microrelief 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. 
Otter features such as sastmgi (elongate ridges), dunes and pits are formed bv wind sculpturing and 
snow deposition (Fig. 22).   In general, in arctic Alaska, tbm Matures remain small in scale 
(less than 0.20 m in height) and would not be expected to iiu^iii the ride characteristics of any 
SKV of the SK-5 class or larger. 

A potential use of these features is for navigation in the abseiu > of other aids.  These features 
are aligned in the direction of the prevailing winds, which at Barrow ha-'e a strong easterly com- 
ponent (see Fig. 23).  Consequently, the direction of alignment can be ustd as a compass needle. 
Naturally, storm winds can disturb this pattern. 

Mechanical Properties 

In general, the snow surface of arctic coastal Alaska presents a firm bearing surface for men 
on loot and low ground pressure tracked vehicles.   Figure 24 shows the track left bv an M"9C 
Weasel (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 
ot hardness measured with a hand-held, circular plate penetrometer) was made at winter profile 8a 
{Fig. 25).  The values are spread over two orders of magnitude: however, all values are high rela- 
tive to those for snow in the continental United States,  The cause of this is, ofrourse, the effect 
of the wind continually reworking a rather sparse snow cover. 

Three representative vertical sections of the snow cover are shown m Figure 26.   Pits A and 
B show the common succession over the tundra of a hard, wind-packed layer overlying a coarse 
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 surface 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 tiie creek, before fully freezing, indurated the lower snow lavers, making 
them extremely compact and coherent.   Bensoi (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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Fisute 21. Batchanoids formed by wind erosion of the snowpnek. Prevailing 
wind direction indicated by arrow. 
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F/Ä"re ^2.   IVind transport of snow across t/ie 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). 
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Figure 23.  Wind direction data from the Burrow area. 
Wind roses show the percent frequency of direction 

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 
profile from which they were obtained. 
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Figure 26.  Snow stratigraphy data from the Barrow study area (early April). 
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l.iiMMi nFMM«tMd.'iii» al i«it*m Ifjtwt»» »«i«- audf (fuaa aufm UKttic 4 «rtH»<>l-ivpi- aap iM*A%i«iiiie 

.».•» i. ••  » Kir « prarision of sbwtt u "r I<M iM>«|y »iiatühi (oaialit*>H. and ..i«-«' . ••   far wry 

imnruLu • (ia<<iltn<i     ti<< JUS<  uf 0».- ait<i< t(uitiil oitr uf Ibr pfufxiMHt SKV'K. rtu«lji| H'lut 1« «tr« 

«III» hfigtii alimv Ihr VOM* %*•* ftiinumJ imh*' (t>il(i«itn hi »tdi tjtricWM^«    0-1. I-X. Kl. :t-l, 

4^5. S4 and    S •.  Vtvtical artui |ihnii(«r«pli)i i*k<^i in 19'.". tmsir JIH«« I TiO.OOO) «w-n- wwil 10 

• •«ilun ihr (-andisuralian al Ihr t-aantliitr ai a nunhn of »rl«H-ii*d I«M 4lii«tM   IM.*<\«-   Ibmr mil- 

Rulr* of . ■Msiji irhrf air hrlirvrd «fcuralr only 10 «Hhin ahmii unr mrlri   dur lo Hi« .«IMUIU 

Um. fUl 1 luU4< I«I a( Ihr raawt and tin- pji» it\ al »piii rlrvaltiws ini tiaitlAl JI- .i-    In hiidi r»li«f 
«trau ihr 'iS-fool raolmu ininvjii an ihr n jp» »a» alao iiiili/«tl    In vir« of ihr lAjwiivr» of llil» 

Mudy. 1 >»■•.«' Irvrl» i4 rrliahilitv wrtr ««i«»dr««*d .»«»••«jiMf»- 

Firld Hiudirit *»nr utidrtijifcm m Hu« IWt«»» »itidy air* drwitihrd in Vhnpit I.   (»«mnt ihr 

winirf invrKiiiuliaa» (Mirrh 1971) praTll»« wrt* aiadr at I.' mir» *tii<-h tiKlwhtl ha-jn hr«. am «1111% 

«nd r«iiui% hank»,   Thr picrfih-H wnr u»rd (« Ihr nonir putpirM- 4- UM»-.- 4< c|iiir>-d )•« ih»* M-II«-! 

Mudv in t'tMpirt I    lo drirfimnr UH1 nxvplKilaKy a( raaMal '/raliar» jnd l« dridnuiH^ v«iiaii(ai« in 

rrllrl rau»rd In Ihr M>aiwnal Mi<m|u< k 

Thr i-oaBial mviratiim at of thr Chukrhi and Hrjufiat SIM» I» lauqur in manv way«.  Thr »M»I< 

|rroi*r«»ni of »rdioimi 11411 •.!««' «ml drptmilKai air < onliultrd (ainwuih »n waw» «ndrunrni»  h«*- 

rv«. Ihr .•Ortiivrnr»» a( Ibriir ptormar« la »rvptrly limttrd dmin»: ihr |N| •ittlH «UM»«« uhmil 

«•11*1 bMmih»! »»H-n ibr roaal 1» lroiu»n (a»i »Hh pa« k n-r.   Th«» hr ii»«-ll 1» ir»>twm»ililrti« »r^-otal 

uniqiir pt««-r»»r» a( < tM»«.tl nmdifirailan    »• main«: «4 ihr nr.»»-»hi«r »rj (Ima. m* pii»h. and lafiint: 

vt MHlmnnil».   HIT ouiKlandint: «m«»"" fraiiar al tin« < «M*I «- ih»' prrvahinr «4 i» 1.HHMIU it../, n 

CH«M»<I al primafinnl.   Ihr i€-r-»M»wlrd »»•diiMrnl'» air vrtv M»«« rpiihl«1 I«» «OMIW. awl iniral «4 

r»<-arpnirni» a» murh a» 10 RI a vrai 1» not IHH imm«*« (|^<«rllrii 1970).   liiwrvrf. diatm: oiminn'i 

monih» »lafj.. ihatt al ihr pnmalio»! ■ an makr ih** r»i aipn«>nio iniHlahlr. ami »lumpint: ln^in-niU 

oi-rur».  Wavp and runrai aiiitn al ihr ha»r al »ra «hll» nuvdt^iun ihr m« UmdiiH: in Hu- (■•in.« 

turn» and lorm a '■lhmnoHto»n«ial ni< hr" ui ihrtnul und'tf miint: «4 ihr hlnll la««-.   Th«'«»r pti* i-\^-> 

.i> 'in. in Irr-indiaaird malriial «an («am imiqur im<ph<ilai:i«' Iraimr» »urh a   ^Ufp wa «illl». lilii-d 

hlark» r4 »lumprd iimdla. and windnws. 

iaate« 

KiiM v«-4i irr I» foiaid adj.n-mi 1» U»r «-oa»! all altati: ihr Cluikthi and Ih-aulial Sra».   Ilii» 

lc*. whK-h allatnit a Ihlrknr»» «4 ahwrt I 'i m liuttm IIH'^IIIU'I. ..(.$■ US I«» hr um.. nv. iaih«i than 

drMiuaiiv-r    ( im.n-ii. mi: in lair fall   llw l«*r fn-r/r* faM iniln« h«'a« 1» awl •»••a II««« ahwirlhr ««w»l. 

and in hav« and laitoan». fat a dwiaw-r al M-vrial i«m» ol mri«^» «4l»lH«r IKIR. 2Si. and irnuiiin 

ihnr f.< ah«im rithi nwnih» of Ih»- vrai.   iThr atiual dalr» id ni>r/.r-iip ami hirakup air »immuiiftHl 

in Tahlr HI.)  Dinuii: «hin priiad ihr n «• is fiimlv fioxm lo UM« »iMwr and no waw «a «uin-ni a. Htm 

1» pimnihlr.   Thu». waiMwar rtosuai   wdinwm iiannpiai and««M*ial nnlifMalliai air ••»•.••nii.illx 

halird uniil Hptint: 

Shraf im: mav «11-ria alT»h»»r »»i».-. n ih«- fa»! irr and im- fliuiini: »•«• «o pmdm «• lat»:«- r««-»M8r 

iidKr» awl jianhM tuhblr fn-ldv  (»fHlKar «4 Piani llait«m   pa« k i« •• f.am«. a mapa |«..»M«r ndcr 

mw vrai» ««it ol im (MacCimiiir HH| »nd taauwl* «mlhr ««'a floi« lwi»i^'n «h'pih» «4 IH and .'W) m. 

Ficari shorr lo a drplh ol m-«'i ."10 m. ihr tmm On* 1» IUWUHI and couüi-d h\ IW' «h^'p k«-»-!* <4 |ar»»i«r 

nder» whirh nimd hmraih ih«' floaiin^ »ra Mr. 1 au»ini: ««mnKhnahlr alhtaiuwi «4 »nlniaiiw 

iop««Taphv )C 4r»«.la 19TA. Ma«<;inilir 19V,. Rrx 19-V,)    |i r whirh 1» proundrd nrai »hear 1» U»IMIIV 

uphfird and < «aiiatn» 1 on»id«nab|r «rdinirni iFi«. 29). 
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Figurr SU.   Wintn view i4 tk* Chuki hi Sea «Anwinjt **<**■-coveted trafen 
IteMli neM ÜMtf» Jfli* neM-shttte tone wtth latge ice block».   Note £■*!■ 

man wtlh tied tot Male. 
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Figvre 2».   Grnmnded VJ irr mhuh !>».% been uplllted.   Srtv >edimeiH\ 
trapped tn irr. 
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TaM« 111.   DMM O* IM tovakap aai rires»-«p at wlwMi 
(ocalkMft alM| Ife» —IWni Alasku COM« • 

<.r Vra*^ li r fr.. /.   U(. /«.<  .r» ,..• 

UrMM IMIIMI UM 4VMMP       CMIMM Uto« PPCww 

»'••11.1  11.1'r ^> June «Itay «7 » Jul  ♦#. II Ko»          «OrMS 1« IJM- 47 1 
P'Hni Lat .'« JMUP IJM4S 10 Jtti M ( N<>v        1« Ort «S 97 N««« • 
*<in«ti||kl •. 1 „. 7JM44 Miut 48 « Orl        » !Wfi «1 • Orl 4ft 7 
P<»lW Han»« ■ July IS Jim M &' AIIK 31 .lOrl         .ilA^tin 1« IM 47 11 
Hanrt UlaiMi lair J.(l, fMfU     \.l|t mid Srvi Mrly Ori 

•Data t»<M» 1   S IVftafimrtii i>f Cn—IIIII >. OMMa^ I'll.., Nu   H 

I*.I    t)«i»m for Bamr l«U«) MM availaM«. 

I-1gun- W.   /<>■ i»u»/» rulgrs jfxui / m hi<eft .i( fforr«». 

Durini: UM* tiri*akiip |» ii<«l  HH'MIHI >>• (^M I<<- '•IHIM IO imi«.« i ih«- i» .u h and nhofltw fnrni 
p<issili|«  ■li'.iiiriMii. < •. hv Ih«* UP flnr*.   Wh»'n ih»- pti< k H»* ir. nuninl *ltnni:lv tcmatA ll»« lainl In 
runvMa awl «ind .n in«)   H nwv nvrttid«- ihi» prnipiiiw hf|i nC laM u«». Imi <m\\ fan-lv ini|iiiiL>- 
.Kr.iiii*-i acliul t»-.i< h malituit.   An Ihin IM-II tltawi«. ih«* **•* i< •• nay In* dnvi-n .i>-li<««- to rnidilv 
^li<««lin.-- larallv and pradiHi- pimh ridi:«><« tip in wvi-ral IIH*I«-I*. hii:h (Kic. W'    Mate» UP nhm-i»». 
which «rur in HIP vuinHv n( Point lUn«» ji It-a^i HK p m «'wtv fm« cw liw WM*. nav hnild up 
the hrarh. hunisimc ronHidcMhlf qiuniHK'H «.; «MWI .iml urav***! Undwurd whfif U i» «l»|niviii(i ,m id.- 
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hwb »hm lb»- H* w*% iUM<'Mthy I9M». Al auiiy lauiitn« ihr la-« i. • und *in«l *««» alwi 
(um j •»■• ji «tif »M«W i< « HIHUI «a . Uli» »hu h i» i' <*itm-*l »«ll IM«" •»••• Uu» - MMW. ptuin um: 
IN« b-^h md Umrt %lvfp>' Uuoi waw». ii»f«^ii» »mf P«BMIIOI«I IIUIVIIU:. 

AH« Nfakuf». ihr < um^niMiun ol u-r in caaMtal «4i<n» ilefntid» munilv «« *iwl dii«iii«i. 
Odftliaf wind» i«n»d lo hold ihf Mt« «way Irt« »hott., «hrtf«« Uiutwaid »lud» • «ny U m.  Sv*i 
Poini Hanuw. .JM.^K aul »auihtnU wind* it-nd lo huld ih»- nain i«^ ^m k l<l^h«•^ «hi-fa» ihr 
mallirtlv Mtd »r»lr||\ «ind»   ■«• r Ihr kr miKliarr.   Howrvri. nralHih    <• Hf llw* «ndKIlMtHh«! 
Uf Buy hr pr«>»mi rvr« »li.ii ihr >.k u-r inrrai».  Muviiu: MMMl lr««i P«»MII ftPi ihr 
.HMWO.« .4 apm r*irt |iiuior»*iwlv rtniras.^ »hih- ih.' IUIIWIH %• «a pa« k Hr imtraM*».   Al Poirn 
Haiti»» ihr ii r p* k onually rriirai» It««» »lH»r m mid-Julv andinuniH in lair Oiuhri .-.«• Tablr 
Uli.  On a Irw •■ . 4>.i.ais Ihrer ha» hwn a» muih a» »20 km a( t^irji «fan oil Bain»* (Hi«»1 awl 
% halk I1»7» and in MWir wai» ihr park K-r ha» rwnainrd aeain»! ihr »It««- I«« ih»- rnin«- »un«"-! 
«Rr» l«>»i   Salr slup wmmfni in ilw»»' wai«n« ir«|uiir» many yrai» i< ripwiriHi' in navicaiiw: 
II.IKUI. H-r. and «dm frquitr« ihr »uppott .4 m uniuiiA»an< r ainrali 

■■M 
In Brnreal Ihr MW ol *avr% M I «rttulM hv *ind vrkaiiy and Irti h (amuuni .< oprn wai. t 

lliai IIH- «ind «an hl.m a. im»..   IWi au- .« UH- p.. k l.*. wavr a« U« ,I«IK Ihl» . IM»I i» mu. 1.1- 
to* .M| in . .anpaiiMm »uh m«r *«Hihrii. toiiludrii.  Thr lli-tin« n r. »hi. h i» pt.^in .v.-,, diaint: 
Ihr »aiiwi liionlh». hrlpn lo proirH ite- »-a. hr» In«, dins i *a%- a- U.m awl ha» a »UimK inliihiiUM: 
rffwi i« »4v.- 4. x.l.<«^.«    Th.- *av.»   «i-nd - l***- fn^ttnm nlihrii mntv .m ih- IliMiim: 
H r ,in»hc«r and air aratlv trdu.^ hrl-ar fra. h«« ih.- h.a. IH».   Kvm whrt, n» niuimi: u <   i» 
vi»ihlr Cum. UH. »hi«. . Ihr rdcr ul ih.- polai pa. k auv hi- unh a lr» kilmw-lr«» »-v.m.1 Ihr »..-i/.m 
all.miw: a irUtlvrly nmall in. h .< up-n »ai.^ I.« »a«- drvrlopmrnl.   Al P.m.1 lUut.m ih-».- la. i«» 
l.wl lo minimi/r rlhnivr »ayv -. U.m and i«U -y.f al Un»» a »unman i» »aw drvr|.iwir,il 
»nlli. inii lo piodii. r min h aiiivr «i«l «MaKaHliv 19.VI). 

SIIK^ ihr ifi.-ion •» doMinaird h> Uir pnlai h»ch-|«r»»iM.. »>»irn.. U.- pir%aiJim: »ind i» i»«lhM»i 
1.« rv.n\ BKmih <* ihr vrai tSl»'iiln iftV».  Tin' mm» wyit»* »av.- i«m.Uii.m» .«.»u durw« lapwlh 
n.mim: »mn«.. pi«vid.Hl i.c- .andili.m» pmnil an app.« lahlr |ri,h a.io»» *v» *■*•■*■  Tin- laiw.-M 
»avr» rm I.H .adrd .<l»li«r «rf ihl» . »M»I »«ir oral.i Uian » m lUwr»rn IWHi.   Va» l»..ml 
Baito» »avr» ol »-i- IwitlH »rir olMu»tv.»i dufiiw: a »nan. in lai- AuKuni l«M iCamola l««-.,'( and 
»avr» .1 n. hiKh M -utrd dniim:   IH- aralrnl »l«m of lr. «d. 10 (> i.*-n \9M .Hun., and S. IMU 
l«67)   H««wvrf  «mh »avr» nav hr qm. kh .Un.mai.-.l »inn ill.-pa. k i. «• i» Mimn .m»h.ar.   A 
lahiiUU«! ol »ra hriKhl v^»H» dlt« lion I« Ihr vn inilv «» Poini Uanim »Inm» Uiai al«Hil «0   <4 
ihr tin»' »ra hmrhl I» W» Uian I m  and lhai ihr d.m.inani »ind» air Hon. Ihr nrtthra»! «Tahlr l\). 

»aw» air al»o pattlalU r.»p.m»ih|r lot Ihr l.anulion ol "kaliroo»- ol l.f and aav.l lampaM». 
a uniour lrai,«r i4 mam an ...  N-a. h.-» .M.«.. wi S. h.Ml IV«!..   Thl* U-ali.r  »huh .» r»pr, ullv 
, „mmon «. bra. h-» ...a. ( apr ni«..p»an hrßin» lo U.m in mid-O lobrt »hrn an irn.pmamrr» lall 
hrli.» U^tim    Br, au»r «a •< - ha» n.a «I »U.I.HI to l«m. wavr» rcmlmur lo hirak .m.lH- Ua. h 
Itnvmi: and Iravm« a ihm Uv.n .4 Mr    Kto/.m »piav l..Nu.n.ilv - .«i» ihr hra. h »Uh a «rla/r ihal 
mav rximd n«r.. .han »r. m inland .R.« ISOD-  Uad.ulh a hrd .4 ur „p lo I r. „. ihH k  . oB«onlv 
in..ib.^d^ »Uh »rdinn-ni»   .» »mill up «m UH- bra. h.  Tlr „pp.n »mla.r b.. omr» mv llai and 
. «mlinuine »avr a...... onlv aU« I» Uir ir»i».ani ouirr la.. ol lb- kam««, maikim: .!»• .IHI .W 
rn« IIV,. »aw m-uon nn UH- brmh I« UH- »raMm.   O. a»i.mallv   a bravv lall »n.n. n«v iindrtmHH- 
thr kaimoo hut ihr nrai-»hotr »ra u-r »con lortn» and »Mil a.iiviiv I» i.nmmal.m U.Ihr vrai .M.«.. 

1966). 
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TaM« IV. OkMrvattflu of M« MfiN ««•■■ »•«• «IMUM Im MWslwrt 
k»«*wa POIM Bano« mi Lo—iy. Alaska («al« utoi Jaly u> rtmiafcwl 
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■MM IM m t .' 1 17« : i 
BNEE Ml &T 7 *• ir »h Ifc» 
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T«al                 K% Mt 44 «I 4 n. 
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ATIMI abmmMHm* «M»   3.4 a. 4.S m. aotf «of -t a. 

C«TMU 

Tb»-1 larmis alcmi: Ihf rnoM on« KIIHI ullv »vak «Im- i«i ih»- lUmiinatu i> «if patk let». Iimilcd 
•aw aiiiuo. 4iiii MMII lidol raatr.   TIUM' nuin cmtrm* Mf (■•■s.ni    ih»* Nnrthntti Ab*ka Litioral 
Cantmi wtiwh flim» jluni: UH» ('hiik< hi Sej fitmi ih.- Miiiihtt«>M  a ICOIKHIM«!' «iitntii dooi Cap»- 
s.r (..,,, . ..s.*.„.| mi,, Cuwdian want». OIH! ih«- Pai Hi. (Jvial •< ill- Ai. in (). IMI» wtinh iwrt« iht- 
room W4t Potm fiuta». • f. .miu a «wak UmcHh««*. wii.tii liian HH- HOUUHMM (Flu. 31).  Tb«'M- 
immii» an- ctwiallv w.>ak (!••»« ihan 1  « kn  hr .* | knoi}. hut •WJ.I a( Puun llaium Vf>tai »H-H up 
to 5..V7.4 km ht or 3H knoii» bavf »awn HHMKUIH U>'«<-|liti 196»» 

MM 

TV aMtrananural H*»» ahmt: itn- raa*i aif wak and Mim-wliai impf.Mi. lablt« (FIK. .11»   At 
Poim Batrow ih«« udi- i* onlv alNMii 1*. < m (Pig. 32». latKim: if.m 7 6 «m liuniu: map ndi« m l'i J 
«m durimr »prm« nd«- it>«i S. h.'ll 1971. p^tMmal f immiiHiu aiion».  Tidal rnndman* a»«- ..u-n th« 
MJW »T»I .4 Poinl Hanu». hut IMI ami* I«-*!» jw.-dii Mhl.- to ih»- rani (Pig. 31).   Nrai Mitm bfl 
Maud in Canada ihf iid»«H an« almui 61 «m iLcwHIpn 198»). 

In addiiian ioih»'M- aMmnanm al vatiaiionn  Main» iau!^ Unwit prtrodi hamspn m^-a U'W\ i< 
up to I m.  Thi«» Hiiwni MMBI» c« Hinrm ndp IK ihi. r« KUII of two la« totH    a nw in m-a It-wl ut>.l-1 an 
.iin-ns^,. i,.  low.pifKKurp an-a  and a IHM» in ra^a IrvH rauitpd hv wind hliiwini: fm*lH*<- (liunH- atnl 
Schalk 1987).   P« . x.inj.l.   .,i Bann« Villa«i> wind» rtooiihf »VM hlo» »afii aiuunM iln> nwsi and 
faiw llw wa IPVPI. »I..I. .,>. wind» (tnni ih»» Paul tpnd to Lm-f »I... wa l-wl.   Und.t ««itain roodi- 
tian« at irf ln>akup  MMinnc (KM ilUtiMin in wa Irvrl havt- hw-n «it»».nvtMl. appan-nih dw in UH- 

m prumit: <rf a Ktram: «urtHnt m ih»« nhafc-fani tw iRi't 1984). 

Th«' latKctl <M>a-lf>Vp| nutiuaiiniK at»- Marin %\w» whifh oit-ut dwim: UM« pol« Maim* in UH« 

tali.  On .lOOiahit 1983. the erf*aii>M Marm an rward aiiark«^) UH« «n^mi »uh winds up lo *».% 
km hi t.Vi mptii and KUM» up to 120 kni hi (7.'i n^ihl whu h l»lfw om an w-p-ftw o<fan (tftrh ahnut 
100 km),  »aw» intimated at 3 m, <anihiwd with a Mctm •onn' ot ahowt 3.8 m. «auMtl niaM.il 
noodini: and om »3 3 mtilirm daituKf ai Bannw  Hun-- and f5«halk 1967».   TV an«a ot -»nanc-M 
attack wa» hflw»H.n »amwiicht and Point Harrow, with rt»it«vi!nni: fOwt* in hnlh dittt tims ttimi 
till!« ume.   Prom Pnint Bannw <>aMwaid to Cap»- SimpMm thf nn^hi««1 >>ani<t ivlamb w.i.' 
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Figurr 32.   Tidal tecind Inm Elsutu l.tf-'n nrM 

f'tuni Brntm. 30 Julv to 4 Augum ItdS i/mn 
/..-. //.•« I96SK 

tu . IK jlimcd by efdHiiNi 4IH1 tuejiluni;. 
(* pi» Siii..|.s.«i,   »m |«'vH Htm' jiMmi 

2 4 m i ui Im If (Lmucf onuntil IwH-auw «M«« 

Mf «n ih«' aji'4 II,MI d.inipi«n«*d Ih»* *j«vi'!i. ■nM« 
Mi»ni nuriir (Ifi-ri-jMil fitrilut lo U»» <'i!ii with 

UH" jai'aii'M t».u »i < lidiiKi'H mfii jlim»: wi'simn 
fxpoHtirvH.    Iti-  Mivni vuti •  at Hin. t island 
»as JIMHII I 7 ii.    HfviHKt Manittfmhl «o th.- 
HuutliwrHi .i tutj;i- (■( .IIHMII J 7 m w «'umHi 
II«-.»I Point l^tv.   I h-  nutKintiidi' of this Hlutni 
Miffsis iii.ii it »an .i "two hittidnil viMt siom 
far the Mi-* (lliinw and Srhalk 1967).  Olliii 
ti'iimi !«u»ni inb'H at Hair«»» wt^i- 2.7 m 
(. I..K. i 19.VI) and I  • m (6-7 Olobof WS. 

tcbäik I-». !■ 

SrdlotrM&tioa 

SfdinHMii II.IIIS|M«I and ik'piiMtum almn: 
tin' rua»t an* primalily due let waves nirriMits 
and si»a in«.   In latf   IH.I.. aft»*i th«* park in« 

ha- hrokim up alimi: thi- shor«-. wave» and < mt.-iiis benin to rewnrk tli«' roaxtul mati'iial and tranM- 
p««t it in two prinorv dirviticms   nurnuil to ttw ühnrelini* and almn: tin- sliori-.   NIMT Capi' TliiMiipsim. 
MIKIM'H ov.'i M-vi'tal si>asiRi<« t<>vi'ali>d that th»' former din rtiui is more impivtunt in terms of IIM» 

vi'lume of material transpnrted (milhotis {4 kilograms diviin: a sinKle storm) IM»I that wnliments 
• ained offshore ate -.»H, returned to the In«*-*! in respimse to rhanema snt   ronditums (MiMire 
1966).  Thus in this area, offshore and onshore movements tenJ to halanre eaih other dunnu the 
y*at. ■ .IUMIU little permanent alteration lo the ponitnm of the shoreline.   Furthei northeast aloni: 
th»' ruastal plain. UM' «oast is siowlv tetreatini: landward dw to wave attai k and thermal erosion. 
Langshore transpevt. whnh is raused by wave attack at an ancle, with some assistatire from weak 
lonKshore «iinents (Moore and .Vholl 1961). carries material alone the shore and has Ituili beaches, 
spits. Itaniet islands and ofTshme sultnianne bars alone HIIMII of the coast.   In addition, sea ice 
can brine considerable i|uatitities of sediment ashore, either by ice push alone the sea fbtoi (» 
throneh sedimmt lieine frozen intothe ice. rafttsl onshore and released «luritu- meltme. 

Tin' beaches alone the coast are quite variable, lareely due to dlfTerenres in quanllty of sedi- 
ment supply. litholoKy of SIMIK- material, and dominant coastal processes.   In eenenl. (he beaches 
are narrow, steep and coatse-etained and commonly altut ihe mainland at the base of sea cliffs. 
Beaches in the vicinity of Point Hartow which are similar to those alone much of tins coast are of 
two tvp.-s.   Where sea cliMs are hiuh   such as a lew kilometers southwest ol the point. Iteaches are 
nanow with a well-developed foreshore.   Here a backshore develops only where the beach irun- 
cales the mouths of estuaries    Waves reach the base of the cliffs only dünne seveie storms.   In 
contrast   beaches on the Point Barrow spit have a moderalelv sleep foreshore and a eentlv slopine 
backshore which teaches to Klson UUINMI.   The underwater pititiiHi of the backshore is sleep and 
the beach sands and eiavels f«wm a sharp contact with the erev mud «HI the laeoon bottom.   Beach 
sediments in the Point Barrow area are coarse-eramed with coarse and medium uravel in the surf 
zone that erades into fine eravel and sand on the lureshnre of the IKMCII.   (Sample means of fore- 
shore material 1.0 to 'J.Tt mm and standard deviation ahoul 1.0. Rex 196-1.)   Backshore areas usually 
consist of laminated sand ami line eravel.   Utulet favorable wind conditions convex ndees of coarse 
sand and fine eravel may develop on the foreshore.   In the Point Barrow area, beach eravels are 
eenetaUiy hard and abrasive with lithologies dominated by eher«, quartz, sandstone- and limestone 
(Rex 1961. Moore 1966). 
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Finurv .?.?.   V'crrifii/ uvriul \ftew «I Cooper IsUml MW C.ipc Siapsofl skowing how sen ice is 
/!('/(/ offshore hy the h:irrier islands. 

In ll»' west at Point Hope, the coastal st'dinn'iits liavo been deposited as a complex pointed 
projecttm 0( spits and harrier islands called a enspate loreland (Siiepard 1963),   Further east the 
sediments have luniied nairow spits that extend out parallel to the coast, shallow offshore hars, 
and nearly continuous harriei islands, giving 'I»' coast a smooth shoreline with shallow inland 
lauoons an : river deltas (see Kin,  l:' Md 47).   These islands have very low relief (0 to 2 m) hut 
form an effective obstacle to offshore pack ice and the direct effects of the open ocean.   At the 
same time they keep Urge portions of the landward lagoons clear of ice and provide open water 
where waves can form and attack the coast {Fiji. .■?;}). 

The !%:{ storm which attacked the coast demonstrated the unsteady rate at which sediment 
transport and other peoloinc processes operate over short time spans.   At Point Barrow this storm 
moved more sediment in a few hours than would normally be transported in 20 years (about ir)2.920 
m'. Hume and Schalk 19fi7).   Tims, the shoreline is changing constantly but one sudden storm can 
cause tens of meters of erosion and deposit sediments many kilometers away from their original 
location. 

Erosion 

Along most of the coastal plain the cliffs are retreating rapidly, even where sheltered from 
direct wave action, and losses of up to 10 m year have been recorded (Lewellen 1970).  Cliff 
erosion occurs primarily due to thawing of permafrost and physical attack by waves and currents. 
During the summer months the surface of permafrost thaws, making the ice-honded materials un- 
stable and highly susceptible to slumping.   Along the base of the sea cliff and inland along the 
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Figure 34.   Closeup view of a t/iermo-erosionaJ niche near Barrow (from 
Lewellen 1965).  Scale in centimeters. 

banks of estuaries and rivers, water can thermally undercut the permafrost, forming a "thermo- 
erosional niche" (Walker and Arnborn 1963).  These niches can form rapidly and may extend several 
meters under the bank (Fig. 84).  This niching makes the overhanging bank unstable and it can 
collapse easily, especially 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 large tundra blocks (Fig. 35. 36).  At many locations microrelief along the margins of 
polygons is accentuated by erosion in the polygonal troughs at the edge of the main sea cliffs (see 
Fig. 40).  Frequently vegetation hangs together as 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 greatn- 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 coasts with narrow beaches above 
which gullies are left hanging on the steep cliff faces as they reti eat (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-fathom) bottom contour is very close to shore (5 to 8 km; Fig. 31).  East of Point 
Barrow the 11-m contour 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 continental shelf into the oceanic 
deep of the Arctic Basin. 
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Figure 35.   Tilled blocks of tundra neur C;ipe Simpson, caused by thermul 
erosion uiong the margin of polygons. 

Figure 36.   Aerial view showing slumping of tundni blocks along the const 
near Drew Point. 
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Figure 37.   Steep erosionul scarp near Cape Simpson.   Note draped ve^efa- 
tion mats and massive appearance o( pemalrost. 

Figure 38,  Closeup view ol same scarp as Figure 35.  Note slumped mate- 
rial ut base of slope. 
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Fiiure 3i).   View of snow ramp at pro«]e 23.   Weasel is parked on the snow- 
covered bench. 

I ■—'—-1—'   *3>; ^w, tn~ i •»... ana      ■..- ..^>..    i 

Fifi(;re 40.   Kertical aeriai view of coastal scarp with residua] snow ramp af proWe 24. 30 
June 1971. 
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Coastal Claulficattoa 

In order to meaningfully describe the terrain conditions of the northern Alaskan .oast and 
develop a claSSif,cation sehen.« for relief features that would IM- useful to the purposes »f th.s 
report   ,t was first deemed necessary to evolve a geuetic classification of coastal tvpes based on 
an understanding of the dominant geologic processes acting on th.s environment.   Kou. ma... tvpes 
ol coast are recognized (after Shepard 196?.) ' 

1    Primary coasts - configuration due to the sea coming to rest against a landform shaped bv 
terrestrial rather than marine agencies. 

a. Land erosion coasts - shaped by subaenal erosion and partly drowned bv rise in nea 
level; characterized by a nearly straight shoreline with steep, sheer sea cliffs and bluffs formed ... 
bedrock (Fig. 41); the cliffs are in a general erosionalstate but at some locations are f.on.H bv 
near-shore sedimentary deposits (barriers) which prov.de some protect,«, from ,he op.-,, ocean  reliei 
is high to very high (about 10 m to several tens or hundreds of meters). 

b   River deposition coasts - largely due to deposition by rivers extending thi shoreline 
lluvial deltaic deposits consisting of multiple braided and branching r.ver channels separated bv" 
sedimentary lol.es (Fig. 42); dune fields are present on some deltas where lcK.se sediments are „ot 
vegetated; channel banks arc frequently steeply eroded by thermo-erosi.mal niching and active slump- 
ing (Walker and Arnborg 196:1); some sections are fronted bv near-she«., barnet islands ,F.g  4:i) 
generally low to very low relief (about 0 to 4 m). 

t.  Secondary coasts - coastlines shaped primarily by marine agencies but which mav have 
originally been primary coasts. 

a. Wave erosion coasts - coasfl.ms which are exposed directly to the open ocean and 
along which marine deposition is negligible, characterized by sea cliffs in bedrock or poorly con- 
solidated frozen material (permafrost) which are either unde,going marked erosion or in a near- 
equilibrium condition; cliffs are wave-straightened and have a generally sheer and nearly continuous 
appearance (Fig. 44); may have a narrow beach at the base of the slo|>e (F,g. 4r,). modeiate to low 
relief (less than about 11 m). 

b. Marine deposition coasts - coastlines prograded by waves and currents and along which 
marine deposition is active; fronted by near-shore sedimentary deposits (barrier islands and sp„s» 
that extend roughly parallel to the general coastal trend but are separated from the mainland bv a 
relatively narrow body of water (usually less than about 5 km wide. F.g. 46). these barriers lend to 
straighten the coastline and provide some coastal protection from the pack ice. waves and cuirents 
of the open ocean (Fig. 47); spits may a^o extend across river valleys and part.allv close them 
(Fig. 48 and left-hand portion of Fig. U), relief generally low (less than about 4 m). 

The distribution of coastal types is shown in Figure 49 and tabulated in Table V.  About .10". 
of the coast is considered primary (dominated by terrestrial processes) whereas 70". is marine, 
dominated (secondary). 

Geographie Regions 

In order to describe the geographic distribution of these different genetic coastal type's, »e 
northern Alaskan coast was subdiv.ded into six distinct geographic regions «, ,|,e basis of geology 
physiography and recent marine processes (Fig. 49). 
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Figutr 4y   Krrilr*" tetul virw of wjtvr tonttm cwuH trat Cape Simpson. 
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Fiffmr M.   ffflirj* *WM/ ri«r nt mitriitr thpn ,iiinm ruav *r*r Powf U%.   Vnfr ;«.».i»r .ip- 
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riorr 17.   Vmictl aerial view ol mm*- drpoMim« r.M*i *-* Cap.- Smpv«.  Smr ft..» h^,. 

Figurv 4!t.   Aettal virm of ,■„ nl««MlW^r rim/on «nft m.-uft »...f/, 
fc/oc»ed h» a %«f/«rt»f^v hMnvr locsird .»uihwtsi nl fomi Harrow.   Vofr 

».»■»»i lor *i .ii> 
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T«W# V.   In ,inb«uo« of eouul lyfM tm uotttmu AUaka 
tnm C*p» ThoapMi I* L S Cua4iu toftf«.* 

Cmm*l Lrmtlkol 
MMtftal MUlr«Mt 

Pnaatt 
«    I.M4 »in*»»« 

«.   V«*» Mo«!«« 

Mil 
»I.« 
Ui.t 

-    • 
7«.t 

M 

7l.t 

Ä7 

tteul »IM.S IM.« 

•On^tM AMI U.t. OMI« pMl iMnw] rino«tr«|* te MINI«! «Ml« 

SOHUMWI toockUls 

ll.is Ktum » the H.Hiili.f i. piyliin of th«- Atrlir PoolbllU |fMit. ■  .UKI'-U.-IKN jhuui W km 
nroa ( JI» ThoaipRon north and nanbraiiiwant alom: ih«* Chukrhi Spa lo Sapumik RidKc  |i i» a tttiy 
r.-cK«! whwh ha» ihr sini. im.il . IKI pl.»ii\ << thf Btook» Kant • proviwf lo Ihf MNMh bul lo r-oifc' 
poMMl of W%» n*HiMaoi nx-k» «Ulr PMI««OW and MIMMNCOU matUH- Hrdimtmiary roik». Paym« rt at. 
I*»h.  TV • oaM i» primarily ihf land mMion lypf. fipoMKl dmn ilv lo ih«- opM« «fan ••ir««|i« ai 
Poini MofM* ■*!.•■(•  MMl uixl" mt'-ni- Itavr huiii a pomli'd < u»|Mit*' -;«*land >* ttaitut I-IUKI- whi<-h 
ptoj«-. t orTnharr.   Thr mainland in rharacmurd by nearly conimiKJUi» *Ufp wa rlifl» and hluflH. 
up lo WO m hiKh ai Cape Lmburne.   Bearhen. rommon alom: ihe ha»«- u( the 'lid. are uenerallv 
nano«. «iieep and ioame-cramed.  Aindown. « hreak» in ihe «lin>» lhai perm» inland a«-re*» by 
nvrtmrr trannport »uih a» SEV« om» orhefe mream valley« meet ibeiiMKl.  Tbeiie vallevt «eneiallv 
have floor» al or «ItfChlly above ne* level.  CowiUl relief is inwtally hu!. lo very hush labooi 10 lo 

260 n). 

Nortkcta loolklll» 

Tlii»« ie»:ian !•* the nnrihern piwiion of the Amu KooihillH prmime ai>d -•»»endH jtmut &> km 
from Sapumik Ridge nonbeaMward along the Chukrhi Sea to Ihe Kitkimo vilLac'- of Panikpi,^ near 
Cape Beaufort.  It in primarily a belt of folded roi k» whirh form parallel tuUse*. menas and hill» 
(Payne .'i al. 1951».   The lopoeraphv i» mmh iw«»' t- cnl.u than in area» lo lb»- »oulh.   The vmnt 
in ptimatily ifw land erosion ivpe and ii» »haranei i/.« d by nearly raoiinnouH Min-n wa ihfT» ex- 
poMnt: Ctetareou» matim1 sedinn'tuaiv roi k» (»ee Kic 111    Narto» »learb»"» an«» »edimentarv 
barrier» attn»» window» of HH- sif.Miii-vall.-\ ivpe .ir<- pt«-».'»! hm ptnvide lilile prole« ticm from the 
open nrean.   Relief alone lb«' roa»i I» hith »abowl 10 lo 7') m» Nil i» lower than ih.il of the »ouiheni 

foothlUK. 

FMIUII «III »«fare 

Thi» tetion i» IIH* we»lernmo»l part of th«' Tesliekpuk l.ake »iTiini of lh»> Art in Coa»lal Plain 
prmim-e and extend» about 172 km Umi near Cape Beaufort to ihe IHukok Rivet war Icy Cape. 
Tbw repon i» primarily a low rollmi: lopoKraphi« e«en»inn of the northern foothill» whu h ha» been 
buried hv up to 45 m of yuaternary »ill «OSullivan 1961).   The mainland i» rharartertüed bv nearly 
«tmtiniiffli» moderaie to t.ih n-hef »«a .iiff» «ahout I to H m).  TV »outlKtnmo»« »«lion i» wave 
eroHion roast, exptmed diteetly loth»» open orean.   Tbe nonlwrn portion i» mariw d<>po»iiianal 
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MM. Ifoui^ b> a nearly . «..inuoun . lum a* low-MM M™ ,lu« .1 mi arfslH,.. »u.,..-. .sla.nls 
*hi. h ,m IUM. a Hha||w Utfo«, (M, FIS. 4«).   behind lb.- ha,,^! ISUIH!» IIVWS haw f«ni«l 
numerou» »uull «fella» wl.n b pru).-« i urn iM.. ihr nhallo« UüUOQ. 

Ceaaui Plata   «a of P01.1 B«io» 

Thu rnrian 1» nmo |»n uf ih.- L-Hh^kpuk Uke mMiion .rf HH- Cuasial Plan, ami .-xitHls 
4»HM .W, kn. fiun. ihr Uiukuk Rivn BonliKaiUward al«.u ih.- Clink. In S-a lo Poim Han.,*.  Tl... 
C uaMal Plan. 1» |o» and HIHOUIII. sUy»* KvMlv lam, ih.- l.wdulU t„ i|„. Ar. l|. tk .-an    It in 
. »«ra. l.f ,/.HI I« w..| ..„Klia and alnindan. lak.-s. n-aml,.,«,« s.i.-a.us .,.,.) ^..„.p Mt.^,   T,,,. Ul,ll.|(|, 
»^ine« ,» due lo ,1,* .•vap.,all«, ami p.« .b^w.a^. ..s w..|| ... p..,,^,,^, ^ s,w|,w ,,„,,„ ,„.. 
..* the »«fare ve^efaU«, «PaMH- el al. |».-.|,.   Tbeiem.« ,H „,„|.,|a,„ I» :| ,„ ,R „, .„ mi.ini^u. 
«at.Hl guai^^v «urn»- »edlmenl» leMiw .„ „..aih ttal Creta..«». H.Hl,m..|„aiv imks . .„lain».« 
. aal .»ahrhafl.« IW."...  1!,.. „an.laml .. . IM,.„ „.,„..M| l.v m-arlv . „mu»^ sea . liffs wl... I. .,.. 
e..m. exp.^ ,„.,,,, ,0 ^ lipt.n Wi| ,mU)|i . ^   ^ ^ ^   ^^ ^^ ^ ^ 

Hh«e H.Hl,n....,a,v luine,. ,nia,1IH. ..^.„..„al. .MM,.   Sari.m U-a. l.-s aim. mm I. ... .he MM . 1,11 
.HK.  «l.   Al.h.«,Kh .lie «..an has „„...H... ,. ,| umn-un* nveis almn: .h.s . .MS., „.HM- have I.,„^| 
*.!.« or anv snanfi.an.e .f.. example. ^ Ki«. «,.   (-.MMal lehef m «nn-ialh „.odeia.e ... |o» 
• le»» .han al-n,. I- n.l and is a r.m. lion .4 i|„. elevalnm ,< UH- a.l.a. enl Ila. land smu e »id, 
lenpe«. 10 »ea lewl. 

»-ves and lonKHhore .|„(, .„«. „..■ s,M..h»..s, |Wve p,.ri,M....| „earlv .-.„.„„.«i» r^nn of ham« 
.slamls (Pom. Us ami l.e tape, and laip. spiiH (Pom. Plänkln, and pom. Hal..«)    A. "on,. 
Bamm .»o »vMen» of towshore .,ai,sp«i . Wve,ue (|,.mi im- S,H,.|,»,.S. ai,.l smilheas.. hn.   hev 
luve n.K prodm.Ml »MIS and sp.-s as ..xi..„s,ve as „„d,. l-expe. I.HI (R.-X \m\).   InMead  .his ,s 
a.-..-ll> an ar.u .., u,,. MiW erosion, abon. 4 .0 6 n. per yea. (LefringweU 1919. Ma.C aMhv 195.1) 

iTrl* '.    ^1,,W,^,8 lran,lpor,,M, ""ü •"'d "'«^ *'""" •• mt are I   M ,arr.ed «MM and 
.n.o .he Arc.ic Ocean ha»,n .hiuiKh .IH- llano» Sea Valley .CarsoL 1952) which pa«HeS approxm.a.elv 
8 km lo «he nonhwesi oT Pom. Barrow (Rex 1964). ««"»•«».« iy 

1 
* m huh /oealed southwest of Pom «;im,w, "' 
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Coastal PI als eaat of Poltf Barrow 

aho^TT ,S ^0 T ? ,he T,>8h'ikpuk Lakt' sec,i0" of ,h« Coastal Plain and extends 

motiih of the Canning River.  I. ,s a continuatioe. of the Coastal Plain renion to the went 
except thai sea ice influenees .he shoreline more stron.lv    Th« n I ? " 

oU ..^::,:r:ass trm:': r2a:rr:;,ds rrzs<>, 

«he mainland. ^ bead,es and spits also ubut niuch of 

»kit« hills 

NÄSiiTÄsrÄ^Ä cc
Ms':, «*- -«-■ *ta'"»» K

"-»-«-. 

Coastal Relief Features 

Low relief vless than ^out 2 m; 568 km or 26% of the total coast) 

arul ÜÜÜ 0'' ,IUS
1
type iS Pr,,,,a"lv ^«ociated with deposit.onai features such as Darner islands 

ml^rtT Trine dePOS,MOn e0aS,S ^ af;r0SSriWr ^ ^^ (i   Fi 43 

■n .he ..rnla s.1;;^e  w^ts^    cS^Thf ^ ^^ Cli,TS ^ ^ ^ 
are «enerally minor because of ^1^1 Is   Tv^! 7?™* '? "T"1^ ^ ^^ 
the vcnity of Point Barrow al^^. I^fl^Z C £ I^L^T fr0m 

slopin. featureless beach with no scarp or ice-push r^e     ^ ilel   6 ^d 17 ^^      11^ 
scarps which form a sharp breaR in Z tundra In, Elsoi L.^       P of les   «Id   9 aTeTn 
slopes alon, the banks of estuaries somedistance inland from the open tJan 'entler 
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Figure 51.   Location map [or coastal profiles 15-26 near Barrow. 

Om 

Southeast 

2  ■ 

i I ■■ 

WINTER        PROF  I L  E  S 

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 scaips along wave erosion coasts 
and the mainland of marine deposition coasts (see Fig. 35-38, 50).  These cliffs are undergoint; 
some degree of erosion and form a generally sharp break along the edge of the flat tundra surface. 
Slopes and lateral characteristics are variable,  Some cliffs are steep with nearly uniform slopes 
across long distances (see Fig. 45 and 47).  Others 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. 

Om a 20 49m 

North 

45m 

.i 1111 1111 

WINTER        PROF  I L E  S 

5 10 r 

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 alont; the sea cliffs of land erosion coasts and wave erosion coasts. 
Because of bedrock control and protection by the large ramps of snow and ice which form in the 
winter, these cliffs are undergoing much more gradual erosion and slope retreat than moderate-relief 
;',reas.  The cliffü are generally steep, sheer, and nearly uniform across long distances (see Fig. 
40, 41, 44. 55).  Typical high-relief profiles from the Point Barrow area are shown in Figure 56. 
Profiles 23 and 24 have steep slopes and form a sharp break between the tundra surface and the 
sea.  Profile 25 is along the coast in an area where the slope lias eroded back less steeply, much 
as in Figure 53.  Profile 26 is inland along Nunavak Bay where slopes are gently and steep scarps 
rarely 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 rej-ions (Table VI).  Mean scarp heights were calculated 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 tiie coast has a scarp height of 5 in 
or less and that mean scarp heights decreased to tiie east along thecoastal plain (Fig. 57).   Mean 
scarp height for the entire coast is about 4 m. 

-% 

Figure 55.   High-relief const of sen cliffs nhout l'J m high located near 
Skull Cliff between Point Burrow and Wainwhght. 
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Southeast 

76.5 m 

Figure 56.   High-relief coastal profiles southwest of Borrow. 
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ttiado»s 

As IICNltl {«i'VUMsh. Hl«' («inkUV (ltlM4> 1'   lU Mltl.i- •- IIa|i-|M«l4l|i«i HIH ll 4H SKV  v rt.«i\ lln,' 
lM*ivki-i-ii IIIIOIK) .mas 4IHI thf IM «Mti 4(-ttM%H lins < tM'4 is litt' stti ums III S4 dip IM M'a < llff Uljl Jl' 
-l»<i .UHI iM'dfly r«iiiiinuuus.   Kim'pi vlu»ii- Mi.- nu-ijl M-IIH IH lim. llw IMIIV «veuufs ul IHIJIKI 

nttiviniifiii Mf thrtMiuli wiiid<ws <« imMks m ihr nu-ral s« oip.   Tn-sf ■ .m In- L-< nd i< ally lUsüiht^l 
inlo limr prinufy lypi-s 

1. CJUIIU'S • narrow V-»li4f»Ml VJIU-VH. ji I.-JM :t0 m wick* ami liint.ilh i'xifiitiiiit: l<«.s i|iai, 
JIKHII 1 km inland, carry INIIV muu« »ah«! fltrar ptintarily miMcitul Icalurrs <|tvi-|iipi-il ahMii: ihr 
manun* <»f IKIIV^WIS su« h as m Figures 10 ami 14. 

2. Strranis - narro« llowini: IHHIH-S nf watii in valleyK. al li*aHi :i0 m wnk- and •*»!• inline 
several kilonH'lers inland, sin-amr* rarrv smnituant »al'-r flows imi Hie immihs irf «tu* Valleys are 
at or above sea level, previ-ntin»: floiMtuii: uf it» valleys by Ihe oiean (see Vtf.. 41. riKhi sidel. 

3. Kmbaved rivers • dniwaed stream valleys in »id» river i-hannels whuh provide wide win- 
dows that may extend tens uf kilometers inland (swh asdeltas m VIVL. IL' and 4.1). valleys that 
liave beei, drowniHl by the ocean to form wide estuaries are usiutly fronted by low-rehi'f barrier 
spttH (see Fij:. 44 and 48>. 

4. Lakes • thaw lakes (Carson and liussey 196^» whnh have lieen intersiMted by the ocean 
and drowned, generally wide and shallow Imt only extend short distances inland (see Fis. 4r)). 

Data on window type, encoiuiler frequency,  m-aii width, and IIXMII «ii'and extension arc sum- 
manzed by «eocraphic region in Table VII.   Nute how closely the chatac tenstics of the windows 
arc related to the relief features of the diffen-nt aem:ta|ibii regions.  To the west there are few 
windows per kilometer and gullies predominate.   Futthet east alon^ the cuaslat plain windows are 
much more frequent and waterway-type windows such as streams, embayed rivers and lakes pre- 
dominate.  Data on window spacing are summarised by geographicregimi m fable VIII.  About 8.1". 
of all windows are 1.5 km or less apart. 

Seasonal variations In coastal relief 

The winter profiles from the I'nnt Burrow area illustrate how dramatically the surficial geometry 
of the coast is altered by the seasoiul cover .>f windldown snow.   In the winlet the ocean surface 
is frozen fast along the coast and the .;,,tu;.» shoreline is difficult to locate except for the difference 
in elevation between the tundra surface and the sea ice.   Where a pronounced sea cliff or scarp is 
present, u compact wedge of windblown snow frequently accumulates to torm a gently sloping ramp 
from the tundra edge down onto the frozen sea surface (Fig. 58).  The adjacent beach is usually 
smoothly covered by the toe of the ramp but irregularities may form aroundgrwtnded blocks of sea 
ice and ridges of sediment (see foreground of Figure 65).   Rarely are the surficial sediments of the 
beaches visible 'lirough (lie snow cover.   In some areas the wind deposits (he snow in a steep cornice 
'shidi only partially ramps the sea cliff (Fig. 59). 

Data from (he winler profiles wlm h represent varying heights and orientations of coastal 
scarps suggest (ha( the shape of the tamp or the poiential lor holding snow is controlled by the 
following factors 

1. Ivight of sea chU 
?. steepness or slope of clill lace 
3. configuration or rongliness of slop«' surface 
4. orientation of sea cliff with respect to prevailing winds and snow source. 

Profiles 15 and 16 (Fig. 52) have no scarp where snow can accuimilate and the winds have tended 
to scour the snow cover, making it uneven.   Al profile 17 on F.lson Lagoon where the coast has 
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higher relief and a north-south orientation, a low. Kently-slupini! ramp ha-n IMHMI built (note Uf 
dramatic- rhange from summer to winter shown in Figures 66 and 61).  PruTilfM is and 1» are 
located alont: small estuaries a sliort distance inland from the coast. Smooth lumps have forimil 
over the low elirfs and the »ntire estuary valley has been filled with snow (noti- siiEiino't and winter 
views of the same location. Figures 62 and 63).  With uicreasm»: relief (see profiles .'o-.' .■ 
Figure M), larger and more sleeptyslopint: (amps develop. 

Along high relief sea cliffs (5 m or greater) very large ramps were observed (sec profiles 23- 
26. Fig. 56).  The sleep summer profiles of slumped material (sec profiles 23 and 24. Ku:. r«Ha. h 
and 64) were completely covered by a large, gently slopini: ramp of windblown snow (Fii*. 65).  The 
snow surface is generally smooth except near the toe of the tamp where grounded ice blocks may 
cause local irregularities (Fig. 65).  Summer profiles which are less steep (such as profiles 25 and 
26. Fin. 56c. d) have thinner snow «over but are Mill smoothly ramped.   From these prohles it 
appears that ramps which form on the lee side of scarps tend to have smoother surfaces due to (he 
"dumping" effect of the snow, whereas those to windward have rougher surfaces because of wind 
abrasion. 

For several kilometers southwest of Barrow Village alon^: sea cliffs about 9 m Inuli na ramps 
were observed.  Instead, steep cornices developed (Fig. 59). apparently due to the orientation of 
the coastline with respect to prevailing winds.  Thai is. the winds here tend to blow over (he cliffs 
ind along the coast, reworking the previously deposited snow and fornnni: the cornice.  Summer 
and winter views of this area are very similar (Fit;. 66. 67) with the rnow formini: only a ihm layer 
over the sloping sea cliff and beach. 

Data from these profiles are summarized in Table IX.   Low relief profiles (mean relief 1.4 m) 
have a southeasterly exposure, thin snow cover (mean about 0.54 m), and summet and wiater 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 
relief 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 about 8.2 .  Highest slope values for 
all profiles (excluding short, steep scarps) was 23.4   for summer and 12.5   for winter. 

Operation of Surface Effect Vehicles 

In summary, the primary obstacle to the operation of SKV's moving across the coastal zone be- 
tween inland areas and the Arctic Ocean in northern Alask.i is the long stretches of nearly continuous 
sea cliffs.  The mean coastal relief for this coast is about 4 m (based on snow-free conditions): how- 
ever, about 566 km or 26";. of the coast has sea cliffs which are more than I B high (Table VI). 
The relief conditions along the coast which are summarized in Figure 57 show tl.at 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 coaf al relief.  These ramps can make all but the highest 
relief features considerably easier to cross for even small SEVs with limited slope-climbing 
capability. 

In areas with high relief the windows or breaks in the cnastal scarp along streams, rivers 
and lakes provide ready avenues for inland access by SEVs along much of the coast.  The 
distribution of windows which is summarized in Tables VII and VIII 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 ol Iriftwood along portions of the eastern coast 
(especially near large rivers) form tangled masses which may be a threat to skirts of SEVs. 
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Figure 60.   Summer view o( prattle IT along Elson Lugoon.   Note slumped 
tundru and absence of .1 bench. 

Reproduced from 
bot <v»ilablt copy, 

■   1 

Figure 61.  Winter view at same locution us Figure 60.  Note smoothing 
effect of snow rump. 
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Figure 62.  Summer view of estuary near profile 19. 
ulong shore. 

Note slumped tundnt 

Reproduced  from        jSB^ 
best available copy   ^jjjg 

nme 63.   W.nter vie*« same location as Figure 62.   Note that snow has 
lined in the estuary vallev. 
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Figure 64.   Summer view of eroding sea c/iY/ ahoul 9 
high near profile 23. 
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It f 

Figure 65.   Winter view at profile 23.   Note hirge ramp of windblown i 
und sea ice blocks on bench in foreground. 

snow 
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^^"^....^ 

Figure 66.  Summer view of i   i cliff and bench at Barrow.   Relief about 7 

Reproduced  frorp 
best  availabfe  copy. 

m 
K'-» 

Figure 67.   Winter view at same location as Figure 86.   Note thin snow 
cover and cornice in background. 
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