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INTRODUCT ION

The interprated directions of net longshore
sedimant trangport along the Alasksn mainland
coast of the Bering Sea, from Bexing Strait in
the north to Unjmak Pass in the south, are shown
on sheeta 1 to 5 of this report. Longshore sedi-
ment tronsport is the mowvemant of sediment, mosgtly
sand and gravel, Ln alongshore directions on beaches
and in the adjacent shallow-wstex zone of breaking
waves, On mo3t coasts, waves and wave-driven
currents are the main transporting agents, bat
tidal and other currents may be¢ locally important
causes of transport, We do not attempt to show
the directions of transport in deeper water,
where tidal an@ other currents are more likely
to be important.

The rate of longshora transport increases
with increasing wave size. Whers wave size is
congtant, the trangport ratd i greatest when
the waves spproach shore at an angle of about
459 (Zenkovitch, 1967) Komar, 1976) .

Longshore transport at any given point along
a cotst can be in either of the two shore-para-
llel dixections, Along many cossts the trans-
port direction altexnates many Cimes a year as
wave conditions change. Thua, the direction
of net trangport over a period of a yesar may
dAiffer from the directlon at any lnstant, and
the direction of net transport over many years
may Qiffer from the dirsction over a single year.
The symbols shown on the summary map (sheet 1)
ara the interpreted directions of long-term net
trangport, where long-term mé¢ans at least several
years and porhaps as many as a few thousand years.
The locationa of tha spaclfic features used in
making thes& intarpretstions arxe shown on sheets
2 to 5, and the symbols uvsed on theae sheets are
explained on sheet 1.

Directions of longshore transport can be
determined by several methods, such as monitor-
{ng the movement of artifictally introduced
tracoxr grains {Ingle, 1966), calculating the
txangport fxom known wava ¢onditiong by the use
of a formula (Komar and Inman, 1970), making
interpratations from longshore variations in
the grain sige ox composition of the beach
asediments, or making intarpretations from
coastal landforms. ALl these mathods have
advantages and disadvantages. Monitoring the
movement of txacer graing, for example, ia the
mogt rgllable mathod for determining short-term
trangport but would ba 2 very time-consuning
method of determining the long-term net trans-
port. The use of & formula {s probably fairly
reliable but requires axtensive wave data that
axe not now available for the Bering Sea. The
methods based on grajn gize, sediment composi-
tion, and landform interpretation are moderately
xaliable; of these, the interpretation of land-
forms is the quickeat and most inexpensive method.

The dirgctions of longshore trangport shown
in this report were interpreted from coastal
landfoxms,. The interpretations were made from
agxial obsarvations during two summers and from
maps and serial photogxaphs. Only certain kinds
of coastal landforms, which are described later
An this report and sketeched on sheet 1, indicate
the direction of longshore transport.
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GENERAL PRODLEMS OF (NTERPRETING
TRANSPORT DIRECTIONS FROM LANDFORMS

One of the more serious problems in interpreting
the directions of longshorxe transport from coastal
landforms is that some landforms mimi¢c those pro-
duced by longshore tranaport but in actuality owe
their form to other cesuses, such as the gealogic
structure of the bedxock. M problem leading to
gimilar uncertainties {s that some cosstal landforms
can be interpreted as indicating transport in either
of the two longshora directions. On sheets 2 to 5
of this report we indicate by question marks those
interpretations that we judge to ba questionable.

Another problem ia to estimate how much time
was required for a landform to develop. The largest
landforms take many centuries to develop and thus
indicate the long-term transpoxt dirsction, whereas
the smallest landfonns, such as oblique bars, may be
produced during a single stoxwm &nd thus indicate only
gshort-term transport. Depogitional landforms, which
are composed of uncongolidated sadiment, may develop
more quickly than erosional landforms cut in bedrock.
We distinguish by the symbol “m" thosga minor land-
forms that we judge c¢ould have foxmed {n less than
a year. The significance of minox landforms ig
increased, however, {f they are aumercus along a
section of coast at any one tima or if they were
obgserved during several years: we note multiple
occurrences by the symbol “s". We alszo note by a
special symbol (an arrow marked by &n X) those
short-term drift diractions that we consider to ba
opoosite from the diractions of long~term net drift.

Still another problem is that a landform may
cause a change in the pattern of transport as it
develops. Many coastal landforms, such 3s hooked
bays, develop in ways that reduce the net transport
rate (see, for example, Zenkovitch, 1967),; these
may eventually reach equilibrium gtates, in which
there is no net trangport. Some coagtal lLandforms,
such as spits, sometimes produce reversaly of txans-
port direction as thay grow and sheltaxr downdrift
parts of the coast from the dominant waved. A few
of the landforms in the Bering Sea may have reached
equilibrium; if so, the trangport directions shown
on the maps indicate the directions duxing the devel-
opment of these landforms.

The absence of landforms that indicate transport
direction along a stretch of coast does not nacesgsar-
ily mean that transport is negligible. T£ landforus
indicate transport in the same divection at two
points along the coagt and it the intaerveniny shore-
line is straight or curves gradually from one point
to the other, it can be assumed that the tranaport
is in the same divection along that stretch of coast-
line. Considerations of thisg Xind were usad {n pre-
paring the generalized map of transport directiona



(sheet 1) from the specific features shown on gheets
2-5. On gome sactions of coast, such as the active
Yukon River delta, landforms that indicate transport
direction are too rare for interpretations to be
made even with these congiderations.

The grain size of the available gsediment affects
the interpretation of a coastal landform. Cobrse
gravel can be moved only by the largest waves, whexeas
fine sand or silt can be moved by relatively small
waves. It is concelvable, then, that fine-~grained
sediment might be transported in a differant divection
from cocarse-grained sediment if the smbdller waves moved
in a different direction from the larger waves and Lf

directly by faulting or folding, by diffezing ero-
sional resistanceg of the bedrock on either side of
tha headland, or by differing amounts of sediment
supplied to the shoreline on either gide of the
headland. Such possibilities can most easily be
ruled out wheve the offsets occur in a series, form-
ing what might be called a "stepped shoreline.”

Offsets at Jetties
Jettles axre marmade seaward-extending structures

built at the sides of stream mouths, tidal inlets, or
harbors to prevent shoaling or migration of the channel.

the smaller waves persisted long enough to trans-
port moxe fine-grained sediment than wasg trang-
ported by the lnfrequent larger waves.

TYPES OF LANDFORMS THAT
INDICATE TRANSPORT DIRECTION

As a general rule, if the direction of long~
shore transport is to be inferred from a coustal
landform, the landform must be asymmetxic with
respect to a line normal to the generalized shore-
line. In most coastal landforms, the asymmetry
of the shoreline itself provides a sufficient
basig for interpretation. Coastal landformsg
have been described by many other workers, includ-
ing Zenkovitch (1967), King (1972), Silvesf-arl
(1974) , and Komar (1976) .

Shoreline Offsets

Offsets or steps in the map view of a cocagt-
line were recognized as an indicator of trans-
port direction by Gullivex (1896, 1899). Gao~
metrically, offsets are of two types. In one
type, a downdrift section of the shoreline is
offset seaward from an updrift section (sheet 1,

. d
symbols GH' GG' GJ, GR' and GI) In the secon

type, a downmdrift section of the shor¢line is
offset landward from an updrift section (sheat
1, symbol I). Offsets can be produced entirely
by erxosion, antirely by deposition, or by a
compination of the two effects. They Occux at
resistant headlands, at manmade structures,

and at channel mouths.

Ooffsets at Groins

Groins are manmade structures placed across
a beach to siaw down or halt coastal exogion.
Tney produce a downdrift-landward offset (shest
1, symbol Gg) by causing deposition ox lessening
erosion updrift of the structure. Becauge most
groins trap relatively small amounts ¢f sediment,
the offsets visible at any one time do not nacess~
arily indicate the direction of longterm nec trans-
part. The only examples of what might be called
groins in the Bering Sea are some accidental collac~
tions of metal debris on the beaches nesr Nome.

Offsets at Headlands

Headlands of registant bedrock tend to act
like groins, producing downdrift-landward offsats
{sheet 1, symbol Gg), and in fact they have been
called "natural groins" (Imman and Frautschy,
1965) . Most offsets at headlands are produced
by differential ezosion, but deposition uvpdxift
of the headland may be involved in the formation
of some offsets. Offsets at most headlandg are
large-gcale features that indicate the direction
of long-term net transport.

When inferring trangport directions frow
offgets at headlands, ane must take care to rxule
out the possibility that the offset was produced

They tend to act like groina, producing a downdrift-
landward offset of the shoreline across the channel
mouth (sheaet 1, symbol Gj). MHowever, the complicated
patterns of watar flow and sediment transport in the
viginity of the channel mouth can produce exceptions
to this tendency; these possible camplications are
discussad in ths pext section. The only jetties in
the Bering $e¢2 are the pair at the mouth of the Snake
rRiver in Nopme.

Offsets at Tidal Inlets

Offsets at tidal inlets can be either downdrift-
landward or downdrift-seaward (sheet 1, symbols Gy
and X). The ocauses of these offsets bave been studied
by Todd (19€8), Rayes and others (1970), Goldsmith
and others (1975), and Lynch-Blosse and Kumar (1976},
but are still not completely upderstood. Among the
factors responsible for offsets at inlets are tidal
currents and wave refraction, both of which can be
very complax. Another factor probably important in
controlling the kind of offset is whether the inlet
is a net sink (that is, an area in which sediment is
loat from tha trangport system) or a net source for
eediment moving along the coast. If the inlet traps
sediment coming from the updrift direction and does
not aupply an equal amount to the downdrift coast,
it i3 a nat sink, just as a groin is, and will tend
to produce a downdrift-landward offset. If the inlet
is a net source of sediment, it will tend to produce
a downdrift-saaward offset.

It may not ba easy to determine if a tidal inlet
ig a net wource or sink of sediment. One indication
1s the size ratio of the ebb-tidal and flood-tidal
deltas; a flood=tidal delta that is larger than the
ebb-tidal delta suggests that the inlet is a net
sink, and conversely. An inlet that migrates along-
shore and cuts into a large body of sand or gravel
{8 likely to ba & net source of sediment.

Offsets at Stream Mouths

1f the interaction of stream mouths with the
longahore trangport follows the rule hypothesized
for tidal inlets, all stream mouths should be char-
acterived by downdrift-seaward offsets, for all
streams are net suppliers of sediment to the sea.
In actuality, no offsets of any kind acecur at the
mouths of many small streams=, evidently because they
axe too small to have any significant effect.

Surprieingly, many small streams in the upper
part of Bristol Bay and in southern Norton Bay have
downdri ft~landward offsets at their mouths (sheet 1,
symbol Gg), the direction of met drift being confirmed
by other avidence, All offsets of this kind occur
only on low, eroding coasts vegetated by tundra and
underlain by unoconsolidated clay, silt, or peat.
Evidently the streams draining the low tundra carxy
vary little s¢diment and somehow act as groins, per-
haps by thelr water discharge stopping part of the
littoral drife, as swygested by the common occurrence
of amall gpits at the updrift sides of the stxeam
mouths .



Hooked Bays

Certain bays have a distinctively aaymmetric
plan form (sheet 1, zymbol H) as noted in 1306
by Ralligan (quoted by Davies, 1973, p. 136). The
significance of such bays as indicators of trans-
port dirsction has been stressed by Bilvaster
(1960) . Thesze bays, which have variously been
called zataform bays, spiral bays, headland bays,
half-heart bays, crenulate bays, and hooked bays
(pavies, 1973 LeBlond, 1972; Rea and Xomar, 1975;
Silvester, 1960, 1970, 1974; and Yagso, 1965), are
produced by coastal erosion downdrift of headlands.
Although thé reasons for their form are not fully
vndergtood, they seem to be one of the more relia-
ble indicators of the direction of long-term net
transport- They are commonly associated with off-
sets at headlands.

Channel-~Mouth Deflections

The fact that gtream mouths tend to become
deflected in a downdrift direction (sheet 1, sym-
bol Dg) has been known for many yeaxs (Gulliver,
1896, 1899). Such deflection 1s ocauged by (1) the
halting of longshore transport as the sediment
reaches the deeper water of the channel, (2) the
consaquent tendency for the channel to be filled
on the uvpdrift side, (3) the diveraion of the
atream flow to the downdrift side, and finally,
(4) the arosion of the downdrift side of the
channel. Channel moutha can migrate many miles
downdrift by the continued operation of this
process. Tidal inlets can be deflected in the
game way (sheet 1, gymbol D.) and therefore com-
monly migrate to the dawnd.rfft ends of the lagoons
that they drain (Price, 1552).

Channel-mouth deflections caused by longshore
transport can be confused with thase due to other
cauges. Some deflectiona are caused by longshora
variations in wave helght, these variations being
caused most commonly by wave refraction (Bascom,
1954), peflections of this kind are produced
when gtorm waves build a bexrm or heach ridge that
dams a stream mouth, whereupon the impounded water
breaks through the lLowest part of the berm. Since
the height of the berm is roughly proportional
to Wwave height, the point of breakthrough is
controlled by longshore variationa in wave height.
As deflections of this kind are produced suddenly,
any evidence of a graduvally inoreasing deflaction
rules out this process and indicates an origin by
longshore transport.

Stream-mouth deflections take different forms
on atable coagtg, on straight prograding coasts,
and on deltas. A deflected gtream on a stable
coast flows parallel to the shoreline in back of
a bavrm ridge for some diatance, whether the
deflection is produced by longshore transport
or by longshore variations jn wave height. Streams
that flow obliquely to the shoreline across a
straight prograded strand plain can be inter-
preted as having been gradually deflected by
longshore transport (Allen, 1365); some well-
daveloped deflections of this Xind occur on the
north side of Bristol Bay betwean Cape Constantine
and Kulukak Point. Deflectiona of delta-building
straams can also be ascribed to the gradual offect
of longshore transport durxing dalta growth; some
wgll-developed though small-acale examples occux
on the sast aides of Kuskokwim Bay and Norton
Bay., A delta itself is likely to be made agymme-
tric by longshore transport (xomar, 1973).

Depositional Bodias

Oblique hars. Rara are ridges of sand or
gravel in the intertidal or shallow subtidal gones

of & beach (shset 1, symbol O). Only bara that

ara oblique to ghore can be used to interpret
transport directiongy oblique barz trend seaward

in a downdrift direction (Guilcher, 1974). If tha
bars are submerged, they may be visible from aircraft
{t the water ig cleax) otherwise, their form may be
indicated by the pattern of breaking waves or stranded
{ca an the bar creste. BAlso, obligus bars can often
be recognized frow protuberances of the shoraline
where the bars are attached to shore; these protuberc-
ances are called giant cusps, though not all giant
cusps are assoviated with oblique bars. Most oblique
bars are relatively small depositional bodies and thus
do not necessarily indicate the long-~texm net trans-
poxt¢ direction.

Spits. Spits differ from oblique bars in being
at least partly above the high-water line. Some spits
protrude from m shoreline that was relatively straight
before the spit grew, whereas others continue the line
of an updrift shoraeline where the shoreline orlginally
ourved landward {nto an embayment; in either type, the
free end of the spit points in the Adowndrift direction
{sheet 1, aymbol §). Most spits are large enough to
indicate the direction of long-term net transport. Thay
are one of the most reliable indicators of transgport
direction. .

A spit may produce a local reversal in transport
direction in the area behind and downdrift of the spit
by protecting that part of the shoreline from the dowi-
nant waves while leaving it exposed to wavaes from otherxr
directions. The diffraction of the dominant waves
around the tip of the spit can also cause a reversed
trangport direction in the area behind the spit.

Cuspate forelands and spits. A cuspate foreland
is a roughly triangular depositional plain that pro-
trudes from the generalized shoreline (sheet 1, symbol
F). The seawaxd tip of a cuspate foxeland may be
either shaxply pointed or rounded. Smallexr faatures
of this type have been called cuzpate spits. Most
cuspate forelands and spits are composed of gediment
that was carried to the depositional site by longshore
trangport, but some have been interpreted as having
formed by othexr procegses, such as modification of a
previoualy formed delta (Hoyt and Henry, 1971). The
origin of cuspate forelands and apits has been a sub-
ject of much discussion (Gulliver, 1896; Zankovitch,
1859) Tannex, 1962; Price, 1964; vVoskoboynikov, 1366}
White, 1966; Hoyt and Henry, 1971; Swift and others,
1972} .

Cuspate forelands composad of material carriad
by longshore transport can occur in two different
settings, either where the net transport approaches
the foreland from both zide= or where the net trans-
port is unidirectional but decreases in a downdrift
direction. The second kind, which is typically
asymmetric in form, commonly occurs at pre-existing
shoreline irregularitieg. The few cuspata forelands
in the Bering Sea seem to be of the asymmatric type.

Downdrift-tapering barxiers. Barrier islands
that have one wide, bulbous, rounded end and one
narrow, pointed end (sheet 1, symbol T) are very sug-
gestiva of net transport in the direction of narrow-
ing (Price, l954; Hayes and othars, 1973). This intey-
pretation ia based on the similarity of a tapering
island to a spit.

Depositional Ridgeg Marking Former Shorelines

Many coastal depositional features are covered
by ridges that mark former shorelines and thereby
record the stages of growth of the depositisnal bodiasg.
These rxidges inelude (1) beach xidges, most of which
are propably formed by wave swash during storm surges,
(2) foreduna ridges, which are formed by onshore winds
blowing sand into vegetated areas behind the beach,
where the sand is trapped, and (3) cheniers, which



are baach ridges separated from one another by
tidal flat or maren Asposits.

The pattern of ridges may permit the long-~
term transport directicn to be interpreted even
where the gross form of the depositional body itself
does not furnish sufficient evidence (sheet 1, symbol
B) . The historical type of evidence furnished by
beach ridges is of the same type furnished by repeated
mapa or aerial photegraphs of the coast. The principle
on which interpretation is based is that a depositional
coastal landform generally ygrows or migrates in a
downdrift direction. However, some coastal landforms,
such as cuspate forelands, can perhaps migrate updrift
undar certain coenditions (R. C. H. Rusgell, in Williams,
1956) , and this possibility should be considered when
trangport directions are being interpreted from the
pattexn of ridges.

GENERAIL. PROPERTIES OF LONGSHORE TRANSPORT SYSTEMS

The patterns of longshore transport along shore-
lines can best be analyzed in terms of coastal cells
(Inman and FPrautschy, 1965; Longinov, 1965; Zenkovitch,
1967; xing, 1972; pavies, 1973; Inman and Brush, 1973;
Tannay, 1973; and Silvester, 1374). A coastal cell
i definad here as a section of shoreline bounded by
poincs of net divergence of the longshore transport;
other authors use samewhat different definitions.
Bacauge B cell is defined as having divergence points
at elther end, {t must have a convergence point some-
whexe within the cell.

Coaatal cells are commonly marked by coastal
eroslon at and near the divergence points that bound
the cells and by accretion at and near the convergence
points. The divergence pointg tend to be located at
haeasdlands and the convergence points within embay-
mantg, but exceptions can occur.

Every coastal cell has a sediment budget consist-
ing of the various sediment sources and sinks, which
may be located onshore, offshore, or alongshore.

The most common onshore sources are rivers, while
the mogt common onshore ginks are coastal dumes.
The mogt common offshore gources are eroding shelf
depogits, while the most commen offshore sinks arve
growing sholf deposits, shelf edges, and submarine
canyons; canyons do not cccur near the Bering Sea
const. The most common alongshore sources are
aroding coagtal bedrock and unconsolidated deposits,
while the most common alongshore ginks are growing
coastn)l dapositional bodies.

INTERPRETED DIRECTIONS OF NET LONGSHORE TRANSPORT
General Discussion

Wave-induced sediment transport along the eastern
Bexring 8ea cvast is seasonal. During winter it is
curtaileod by ice cover, which begins to advance
southward in Octaber, covers most of the coast by
February, and remains on northern parts of the
coast until June (Arctic Environmental Information
and Data Center, 1974), Offshore ice inhibits the
gonerstion of large waves by limiting the wind fetch,
and i{ce attached to shore or sheathing the beach
gives protection against wave-induced sediment move-
ment. In general, the period during which ice does
not directly affect the coast varies from three
monthg (July~September) in the northern part of the
gtudy 8xea (Boring Strait to Norton Sound) to seven
montha (May~November) along the Alaska Peninsula
coast of Bxistol Bay.

Coastal weather atations in the southern Bering
Sea (Cep¢ Newenham and Port Moller) report an
esgentially bimodal distribution of wind directions
for the ice-free season, with the stronger component
from the south and the other from the northwest
{Arctic Environment Information and Data Centez,

1974) . Net littoral drift directions, which are
summarized on sheet 1, typically reflect transport
by waves fram ocne of these two directions. The
Alaska Peninsula coast of Bristol Bay is protected
from the south, and transport along the coaat ig
to the northeast in response to waves genarated by
winds from the northwest or west. Between the Alaska
Peninsula and Norton Sound the transporxt is genex-
ally to the north in response to waves generated by
southerly winds. Wind directions recorded at Nome,
in the northern part of the study area, are more
nearly uniformly distributed. However, the noxth-
trending sections of coast on the eastern zide of
Norton Sound and between Bering Strait and Noxton
Sound still reflect transport predominantly to the
north. The east-trending sections of coast on the
north and south sides of Norton Sound indlcate trans~
port to the east in response to the considexably
longer fetch to the west.

buring storms, much more sediment can be trans-
ported by waves than under noxrmal conditions, and
many of the coastal features used to interpret trans-
port direction may have been formed largely during
storms. A major storm track crosseg the eastern
Bering Sea from southwest to northeast during the
latter part of the ice-free seagson (late July to
early September} (Arctic Environmental Information
and Data Centexr, 1974). The cyclonic air flow about
the low-pressure storm systems following this txack
causes a northward aixr flow along the coast, which
correlates well with the interpreted dominantly
northward transport aleng the coast.

Discuasion of Sheets 2-5

Foar this report the nearly 3,000 km of open coast~
line of the eastern Bering Sea has been divided into
four sections. Coastal strip maps for each section
have been compiled on sheets 2-5. Longshore trans-
port directions and the geomorphic criteria used 1n
interpreting the directions are indicated on these
sheetg., Sheet 2 covers the Alaaka Peninsula coust
of Bristol Bay and Unimak Island. Sheet 3 includes
the coastal area between the Alaska Peninsuld ang
the Yukon-Kuskokwim Delta complex and Sheet 4 includes
the Yukon-Kuskckwim Delta. Sheet 5 covers thae noxthexn
portion of the study area from Norton Sound to the
Bering Strait.

Alaska Peninsula Coast of Bristol Bay (sheet 2)

This coast is relatively straight but is sagmentad
by six large bays that are more or less protected
from the Bering Sea by barriex spits or islands.
Between the bays are subtle headlands, wost of whigh
are bluffs ercded in uncensolidated sediment. In
general, the net transport direction along this coast
is to the northeast with local reversalg pear tha bays.

The coast is divided into a series of coastal
cells in which the convergences of longshore trang-
port occur at the bays and the divergences are a
short distance northeast of each bay. The positions
of divergence occur most commonly about 10 km to the
northeast of each bay (Bechevin Bay, Izembek Lagoon,
Port Heiden, Ugashik Bay, and Bgegik Bay). The Port
Moller area forms a much larger cell with a divergence
occurring at Cape Kotuzof, 37 km to the noxtheast of
Port Mollex. The long-texm effect of wave action in
this system of coastal cells is to straighten the
coast by eroding the headlands and filling the bays§.
One former cell, whose embayment was at the mouth of
Cinder River, has been incorporated into the Ugashik
Bay cell by the filling of the embayment, and other
cells will be combined as eoast straightening continues.



High-Tidal Egtuaries (sheet 3)

Between the Alaska Peninsulg and the Yukon-Kus-
kokwim Delta complex are a sariss of funnel-shaped
embayments., A3 the tides move into these bays they
are amplified, crsating very laxge tidal ranges.
For example, the dlurnal range at Clarks Point
in Nughagak Bay 13 5.9 m and at Xvichak at the
head of Kvichax Bay ls 5.0 m. Within Kvichak,
Nushagak and Kuskokwim Bays are found linear
shoals that are alined parallal to the tidal
currents. These shoals, approximately 10 m in
height and spacad 4 Xm apart, arxe characteriatic of
high-tidal environmenzs.

In general, the net langghore, trangport direc-
tiong range from northeasiward to northwestward
depending on shoreling orientation. The bays, Most
of which are Xept open to the Bering Sea by atrong
tidal currenta, form coastal cells with convergénce
points at the heads of bays and divergence points
at the headlands between bays., The transport dlong
the shorelines of the bays is probably only 2 small
fraction of the sediment trangpoxt caused by tidal
currents in the despexr parts of the bays.

Yukon-Kuskokwim Delta Complex (sheet 4)

The Yukon-Kugkokwim delta complex encompasses the
region between Kuskokwim Bay to the aouth and Norton
Sound to the north. % is an arga of relatively low
relief, interrupted only by the Askinuk Mountains south
of Scarmon Bay and Nelson Island south of Hazen Bay.
The Coustline is extremely variod, in part because of
the heterogenelty of source material and the variability
in £idal range. Extremely byoad tidal flats, locally
bordered by ghort barrier islands, flank the macro-
tidal Ruskokwim delta, whereas the microtidal Yukon
delta {s fringed by prograding distributary~mouth
bars and interdigtributary tidsl flats. Rclatively
coarge~grained sandy beaches occur in the vicinlty
of Hooper Bay, where eroding Plejistocene sand
dunes supply tha sediment., $teep gravel beaches
occur along the cliffed shorelines in the vicinity
of Nelson Island, Capé Romanzof apd foint RADBAOE.
Elsewhere, the coast consists mainly of eroding low
bluffs cut into unconsolidated peaty silt and gands.

The general trend of nearchore sediment trans-
port iz to the north due to the combined effocts of
local winds and stormg, southwesterly swell tidal
currents, and north~flowing coastal waters. Whare
examined in detall, however, the patterns are more
complex.

Most of the sediment along the northern margin of
Kuskokwim Bay is transported perpendicular to the
shoreline by tidal currents; such transport is not
shown on the map sheets. Tida) flats are locally
10 km wide, with the result that wave action 8t the
shoreline is negligible except Quring major storms;
sediment trangport by waves ig important only on the
sandy shoals along the outer fringe of the tidal
flats.

The western margin of the delta complex batween
Cape Avinof and Cépe Romanzof is dominated by north-
ward sediment Cransport, as evidenced by obligue
bars, prograding spity, and longshore variations
in ggain size. There are, howevar, some signifi-
cant exceptions to northward transport. Thé
shoreline of Hazen Bay is essentially erosionsl,
with few depositional featureg to define a domi-~
nant direction of longshore transport. Most of
the sediment appears to be trangported perpendi-
cular to the shoreline by tidal currents and sa
i beyond the scops of this report. There is a
aignificant divergence of longshore sediment
txansport near ball Point, with gouthward trans-
port south of the divergencs polnt as evidenced
by Nuok Spit. This divergence appears to be
cauzed by the refraction of gouthwesterly waves
due to offshore bathymetry.

The Sand Islands north of Cape Romanzof show
zome evidence of northward transport; however, the
direction of sediment transport along the adjacent
mainland shoreline, wherg broad mudflats tend to
dissipate the effect of waves, is lesa clear. A
prograding gpit at the mouth of tha Black River may
indicate some northward txansport, but lobes of rivaer—
derived sand extending to the south ovex mud flats
guggest that most of the sadiment {8 transportsd to
the south, perhaps in part by river-induced currents.

There are virtually no geomorphic fndicators of
longshore trangport along the marglns of the presently
active Yukon delta. Much of the assdiment is trapped
in distriputary-mouth bars or adjacent tidal flats,
Much of tha remaining sediment remaing in suspension
to be trangported across tho shelf (Nelson and Creager,
1977) . The shelf is extremely shallow in this area,
with breakers having bsen reported as much as 15 km
offshore (Natl. Ocean Survey Nautical Chart 16240).
The breadth of the shallow shelf teands to reduce wave
height by frictional attenuation and to decrease the
angle of wave iucidence by rxefraction, thereby decreas-
ing longshora currents (see Wright and Coleman, 1973),

Norton Sound teo Bering Strait (sheet 5}

Norton Sound is a roughly rectangular embaywent
approximately 110 km widv and 220 Jm long. It has a
remarkably uniform depth averaging about 20 m. hlong
the southern side of Norton 5Sound betwean the Yukon
deita and Sruwart Island, longshore transport is to the
east. East of Stuert 13land is a lava-flow coast com-
posed of boulders and bedrxock with little indication
of net transport direction. Probably little longshore
transport occurs along the lava-flow section of coagt,
due to the scarcity of material fine anough to be rrans-
ported. Along the north-trending coast forming the
east sida of Norton Sound, the transport is to the
north. 1Inlet migration to the noxth at Unalakleet
threateng soveral houses at the south gnd of the vil-
lage. The transport in Norton Bay, a relatively shal-
low embayment at the northeast corner of Norton Sound,
i8 generally to the northeast, with convergence at
Koyuk Inlet at the head of the bay. Golovnin Bay to
the west of Norton Bay forms a closed coastal cell
with northward transport into the bay. B8stween
Golovnin Bay and the norxthwest corner of Norton Sound
the drift is inferred to be more vaclable through
time than on most parts of the Bering Sea coast.
Stream-mouth deflections, a4 small sediment accumula-~
tion hehind a jetty, beach ridges on the barrier
spits encloging Safety Lagoon, and spit growth at
Safety Lagoon inlet all indicate transport gemerally to
tho east. One set of vertical aerial photographs
of the region between Topkok Head and Sledge Islang,
however, shows longghoru bars which are slightly
obligue to the shoreline and attached to shore at
their eastarn ends, indicating drift to the west at
the time of the photographs.

Coastal features between Rorton Sound and the
Bcring Stralt include a classic hooked bay, a recurved
spit over 30 km in length encempassing Port Clarence,
and rocky headlands west of Port Clarence. Between
Norton Sound and Port Claronce the long-term drift
is generally to the north. The norphology of the
hooked bay may, however, have reached equilibrium
with waves coeming from the south, go that there may
now be little net transport within the bay, Two
calls oparate within Port Clarence, one with conver=
gence at the mouth of Grantly Harbor and the other
with convergence at the southern margin of Port
Clarence. Between Port Clarence and Bering Strait
there is a divergence point near King Miver. To the
east of the divergenca, sediment is transported into
Port Clarence, and to the west transport i3 toward
the Bering Strait.
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