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ABSTRACT

The epicontinental shelf of the Bering Sea is characterized by variations
in river and glacial sedinent supply, wave energy, tidal range (microtidal to
mesotidal), and tidal, geostrophic, and storminduced currents. These
factors, combined with the effects of the Holocene rise in sea |level, have
resulted in the formation of a conplex assenblage of |inear sand bodies of
simlar norphol ogy and lithology, but different origins. The sand bodies are
| arge features <10 km long found from the present shoreline to tens of
kiloneters offshore in water depths up to 50 m  They include nodern sand
bodies formed by present-day processes; relict sand bodies forned during |ower
stands of sea level; and palimpsest sand bodi es forned under past conditions
but nodified by nodern day processes. Together they reflect the wide variety
of offshore sand bodies that nay be found in epicontinental settings |ike the
modern North Sea or sone ancient shelves.

The different types of sand bodies (linear tidal sand ridges, shore
parall el shoals, delta front channels, |eeside shoals, ancient shoreline
shoal s and morainal features) may be identified by variations fromthe norm
|'i near morphol ogy, orientation parallel to the strand line, enclosure by shelf
sand or nud, fine sand texture, and horizontal lamnation. Linear tidal sand
ridges (5-35 by 1-3 km) which format the present time in the macrotidal,
funnel -shaped Kuskokwi m Bay, are oriented perpendicular to the shoreline,
enclosed by tidal flat and shelf nud, and sonetines sigmoidal in shape. The
modern shore parallel shoals (including barrier islands) (5-10 by .5-1 km
formin mesotidal environnents, are the smallest of the shelf sand bodies, and
typically are bounded by tidal flat mud inshore and shelf nud offshore. Delta
front channels {20 -30 by 2-4 km extend seaward from the nodern river distri-
butaries and form sand bodies perpendicular to the shoreline; they are
encl osed by graded overbank sand beds and nud, and are characterized by large-
to small-scale trough cross lamnation. Leeside shoals, (25-100 by 5to 25
km) which formnow and in the past behind obstructions to unidirectional
shelf currents, are the |ongest, possess the finest grain size, and exhibit
the nost consistent rhythmic flat lamnation of any sand bodies encountered on
the Bering shelf. Ancient shoreline shoals (15-30 by 3-7 km are remant
shoreline features paralleling strand lines of |lower sea levels; they contain
cycles of ripple and trough cross lanmination alternating with high angle
foreset beds formed by nodern sand waves that cover crests of these sand
bodies. Relict sand and gravel bodies deposited in moraines are distinguished
by their coarse grain size and irregular size and shape.
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| NTRODUCTI ON

The epicontinental shelf of the eastern Bering Sea is characterized by
| arge variations in fluvial input at different locations and in the energy of
systems that distribute and deposit the load. Sedinment is distributed not
only by wave and tidal currents but also by strong geostrophic and storm-
induced currents. The wide variety of processes, cambined wWith the effects of
the Holocene rise in sea level, has resulted in the deposition of sand bodies
with simlar linear norphol ogy but different depositional settings,
orientations, and origins that this paper describes. Exanples include:
linear tidal sand ridges, and shore-parallel shoals (including barrier
islands) like those in the North Sea, as well as delta-front (sub-ice)
channels, |eeside shoals, ancient shoreline shoals, and morainal features that
may be nore specific to the Bering shelf.

The Bering epicontinental shelf contains a conbination of (1) nodern sand
bodies formed by present-day processes, (2) relict sand bodies formed under
past conditions, and (3) palimpsest sand bodies formed under past conditions
but nodified by nodern-day processes. The variety of nodern sand bodies on
Bering shelf may be simlar to that found on ancient shelves. The recognition
of these differences is crucial to reconstruction of ancient epicontinental
shel f facies and the task of hydrocarbon exploration.

Me thods

The norphol ogy, geonetry, and lithology of the sand bodies on the Bering
shel f have been studied over the past decade using a conbination of high-
resol uti on bathymetry, seismc profiling, side-scan sonar, vibracores of 2~
6 m box cores, and grab sanples. Sedinent sanples have been anal yzed for
grain size and X-rayed to determine internal sedimentary structures. Grain-

size distributions have been mapped vertically and horizontally using standard




grain-size techniques, although the degree of detail varies in different

| ocati ons. In sane areas of extrenely shall ow water of Kuskokwim Bay and of f
the Yukon pelta, shipboard surveys and sanpling have not been possible.
There, sedinments have been sanpled by helicopter and sand bodies have been
mapped using satellite inagery.

Geologi C and oceanographic settings

Tidal range and wave climate vary greatly in different |ocations of the
eastern Bering shelf. \Waves with 10-12-second periods and with heights of 10-
20 m are possible in the southern shelf, but maxi mum wave heights are only 7 m
on the northern Bering shelf (Arctic Environnental Information, 1977) .
Simlarly, maximmspring tidal heights range fromup to 5 min the upper
Kuskokwim Bay to less than 0.5 min the northeastern Bering shelf. \ere the
Al askan Coastal Water flows northward and is constricted by the eastern Seward
Peninsula side of Bering Strait, bottam current speeds of over 200 cm's occur
(see Fig. 1 of Nelson, this volume). 1n the constrictions of Aanadyr and.
Shpanberg Straits, maximum current speeds are 100-150 cm's. In Norton Sound
even small-scale storm tide events have been observed to increase current
speeds of the northward geostrophic flow fram | ess than 30to70 cm/s
{Cacchione and Drake, 1979).

Quaternary glaciation and sea-level fluctuations on the northern Bering
shel f have been crucial to the devel opnent of morainal and ancient shoreline
sand bodies. Continental and valley glaciers near the eastern side of aAnadyr
Strait and off Nome, respectively, have |eft noraines that have been reworked
by the Pleistocene-Holocene transgression of the past 20,000 years (see Fig. 4
in Nelson, this volune). Sea-level stillstands acconpanying the late
Pleistocene-Holocene transgression remain as coast-parallel offshore bars

(Nel son and Hopkins, 1972; Tagg and G eene, 1973). The stillstands are nost




apparent at depths of 10 to 12 m 20to 24 m 30m and 38 m (see Nelson, this
vol urme) .

Both the Yukon and Kuskokwim Rivers contribute [arge amunts of sediment
to the northeastern Bering Sea and th-s input is a significant factor in the
development of presently forning sand bodies. The Yukon provides 60-90x10°t,
or 90% of the nodern fluvial sediment introduced into the entire Bering Sea;
the second | argest source is the Kuskowki m River which yields nearly 4 x 10°t
of sedi nment annually (Drake et al., 1980).

TI DAL SAND RI DGES

Linear tidal sand ridges formin structurally subsiding macrotidal (>4 m
embaynents (Hayes, 1975) such as Kuskokwim Bay (Fig. 1). Tidal sand ridges
are best developed in the bay at the mouth and offshore fram the Kuskokwi m
Ri ver but also occur in other nearby macrotidal embayments (e.g. , Bristo
Bay) . The tidal sand ridges in Kuskokwi m Bay typically are 7.5 to 4 km wi de,
4 to 50 ke long, and range in relief from4 to 10 m near the mouth of the
river to 32 moffshore (Fig. 2). sSame of the Kuskokwim tidal sand ridges
like those in the North Sea, are asymmetric in cross section and slightly
sigmoidal in plan view, a configuration that reflects opposing tidal currents
(Caston, 1972).

The grain size on the energent surface of the tidal ridges consists of
fine, well-sorted sand (Fig.2). The tidal nud flats that flank the ridges
consi st of very poorly sorted silt (Fig. 3). Bedforms on ridge surfaces
consi st of sand waves of about 50 m wavel ength that contain superinposed
current ripples. The only internal structures observed in shallow trenches
cut into the enmergent ridges were horizontal parallel |amnations
Apparently, like the predeminance of parallel |am nation observed on the ebb-

dani nated side of the tidal sand ridges of the Oosterscheld Estuary in the




Net herl ands (Nio and others, 1979), preservation of internal structures of
| arge-scale bedforms is limted in Kuskokwim Bay tidal ridges.

Orientation of the tidal sand ridges is roughly parallel to the
rectilinear tidal currents (Fig. 2). The currents range fram slightly over
50 cm's in the outer part of the bay to nearly 150 cm/s knots at the nouth of
the Kuskokwim River (U S. Department of Commerce, NOAA, 1977). The [andward
increase in tidal current velocity is also paralleled by a |andward increase
in tidal range, the maximum of which is 5 mat the river’s nouth. Current
attenuation within the river channel results in an upstream decrease in tida
anplitude to slightly less than 1.5 m approximately 100 km inland and al so
causes an asymretry in the tidal currents to flood-dominated in the |ower part
of the river, simlar to that described in the Od River, Australia by Col eman
and Wight (1978).

Most sand ridges in Kuskokwi m Bay appear to be formed by present-day
tidal reworking of sand by the river. Sane of the sand bodies farthest
of fshore may have fornmed during intervals of |owered sea |evel and thus may be
pal i npsest or relict features like the “noribund” sand ridges described by
Kenyon and others (1979). The sand ridges in the nearshore regions of the bay
are slightly offset to the east of the main trend, smaller in scale and size
and nore closely spaced than are the ridges farther offshore (Fig. 2) . The
sand ridges that trend more northwesterly are nore sigmoidal i n shape,
possi bly because of the increased tidal anplification and flood-dom nated
tidal asymmetry toward the river’'s nouth. The longest and straightest ridges
are found in the southeastern part of the region, where it is possible that

ebb and flood currents are nore equal (Fig. 2) .




SHORE- PARALLEL SAND SHOALS AND ASSCCI ATED BARRI ER | SLANDS

The linear tidal ridges of the macrotidal upper xuskokwim Bay region
grade westward into mesotidal (2-4 m) areas where wide tidal flats, large
tidal channels, and an outer fringe of submergent to energent shoals occur
(Fig. 3). The shoals nearest the nouth of the Kuskokwim River are
approxi mately 30 km offshore and are energent only during |lowest spring tides,
They grade westward into lowlying barrier islands approximately 10 km
offshore.  Simlar barrier islands present in mesotidal areas along the
western margin of the Yukon-Kuskokwi m delta complex of f Cape Romanzof were not
st udi ed.

The shore-parallel shoals (including barrier islands) in Kuskokwi m Bay
are 5to 10 kmlong, 0.5 to 1 km wde; and may have as nuch as 15 m of relief
above the adjacent seafloor. They, like the tidal shoals, are characterized by
wel | -sorted fine sand (Fig. 2) and are enclosed by silty sand that grades
inshore to the silty nud of the tidal flats (Figs. 2 and 3). The barrier
islands rise approximately 2 mabove sealevel,but unlike those fornmed in
drier tenperate climates, they lack eolian dunes. \When the easternnost shoals
are emergent, however, sand waves are seen that sametimes intersect each other
at right angles (Fig. 4-1). The sand waves, although planed to snall
amplitudes, are covered by sets of divergently oriented ripples forned by
diversely oriented nearshore waves and tidal currents. The only observed
internal sedinentary structures of these epheneral ripples and sand waves are
parallel |am nations.

The shore-parallel sand bodies and barrier islands form in equilibrium
W th the mesotidal setting on the west. Emergent barrier islands grade
eastward to submergent shoals where there is an increase in tidal range.

Barrier islands decrease in length and tidal channels became nore nunerous.




Tidal flats increase in width to morethan 10 km  Farther to the east the
shore-paral l el shoals grade into theshore-perpendicular linear tidal ridges
in a macrotidal setting.

The barrier island, shore-parallel shoals and tidal sand ridges formng
inequilibriumwith tidal and wave energy today in Kuskokwim Bay are simlar
to those in the Rhine River estuary of the North Sea (Hayes, 1975; Nummendal,
1979)9 The size and setting of the Kuskokwim system make it essentially a
replica of the Rhine River-North Sea system if Kuskokwi m Bay were inverted
from north to south. Sand bodies in both systens are representative of
epicontinental shel f macrotidal, funnel -shaped estuary systems with a
significant sedinent input (Coleman and Wight, 1978)

DELTA FRONT (OR SUB-1CE) CHANNELS

The Yukon River mouth, in contrast to the funnel -shaped estuary of the
near by xuskokwim River, has a constructional, lobate delta (Fig. 1). The
delta shoreline is an area of relatively |ow wave energy and tides (typically
1 mor less) (Arctic Environnental Information, 1977). Deltaic sedimentation
also is strongly affected by the presence of shorefast ice that fringes the
delta for alnost seven nmonths of the year (bupré, this volune) . The shorefast
ice forns over the sub-ice platformthat is typically 23m deep and extends
as far as 30 km offshore. The platformis crossed by a series of subaqueous
channel s that extend offshore fran major distributaries of the delta (see
Fig. 5 in Dupre, this volume) . These channels are typically 5 to 10 m deep,
and 0.5 to 1 xm wide; lateral mgration of the channels produces sand bodies
approxi mately 10 mthick and 1to 4 kmw de that extend up to 25 km beyond the
shorel ine.

The grain size of the channel £ill varies widely from well-sorted medi um

to fine sand in thalwegs of the inshore active channel (Fig. 4-F) to graded




sand beds interbedded with silty nud that flank and may in part fill abandoned
channels (Fig. 4-G. Individual graded units up to 30 cm thick vary from

well-sorted fine sand at the base to poorly sorted silt at the top. Of the

eastern delta, where current channel fill is low, fine sand occurs and the
sand beds in the upper sequence of channel fill are only a few centineters
t hi ck.

Large-scal e megaripples on the floor of active subagueous channel s appear
to be represented by large-scale, noderately dipping crossbhedding
(Fig. 4-F). Subaqueous point-bar sequences presently formin meandering sub-
i ce channels and consist of trough cross-lamnated sand fining upward into
interbedded silt and peat. A caomplete vertical sequence of sedinentary
structures in ascending order is flat-lamnated, trough cross-lamnated and
flat-lamnated sand (Fig. 4-G). Farther offshore the basal flat-Iam nated
beds may be replaced by mainly trough cross-lanminated or ripple-Ilamnated
units with thin, flat-lamnated upper parts.

The presence of the sub-ice platform and associ ated subaqueous channel s
appears to be restricted to the ice~daminated deltas (see Fig. 5 in Dupré,
this vol.) that are cammon in arctic and sub-arctic shelves today. The effect
of the shorefast ice is to extend the well-sorted distributary sand far beyond
the shoreline, resulting in elongate sand bodies enclosed in thinner sand and
mud overbank deposits.

LEESI DE SHOALS

Leesi de shoals are large accunul ations of sand deposited in the current
[ ee behind land barriers that interrupt continuous, strong geostrophic current
flows in the northern Bering sea (see Fig. 1 in Nelson, this volume). The se
shoal s are nost typically found on the eastsides of straits where |and

projects westward into the strongest current flow  Exanples are north of Cape




Romanzof, the Yukon delta, and northwest of Cape Prince of wWales (Fig. 1)
leeside shoals also formin the north lee of King and St. Law ence I|slands
whi ch obstruct the strong northerly water circulation (Fig. 1)

leeside shoals vary in size and shape from | ong and narrow behi nd King
Island (20 by 5 kn) and Cape Prince of wales (100 by 14 km) (rig. 1) to broad
and di ffuse sand bodies (45 by 25 lon) north of the nodern Yukon delta. The ir
relief ranges from 10 to 20 m and their orientation generally parallels the
current flow direction rather than the shape of the coastline, fran which they
are typically detached

The grain size of the leeside shoal in all settings is very fine sand
(Fig. 1), and consequently, asymretric current ripples are the typical surface
bedform. Sedinentary structures of the shoal north of Cape Prince of Wales
where geostrophic current shear is maximum and nost continuous, are very even
parallel flat laminations and intermittent ripple |anminations (Fig. 4-D). The
| eesi de shoal north of the Yukon delta (Fig. 1) exhibits well-devel oped
alternating |ayers of crossbedded and horizontally laninated sand (see Fig. 2
in Howard and Nelson, this volune). Large-scale tabular foresets also devel op
as the sand body apparently grows offshore from the edge of the the Yukon
delta-front platform (Fig. 4-E)

Because deposition results from flow separation on the |lee side of
obstructions (Middleton and southard, 1977), the sedinent source for |eeside
shoal s is entrainment of sedinent that has been stripped from adjacent
coastlines, river nouth discharge, or upcurrent shelf sand. One sand source
of the cape Prince of Wales |eeside shoal is believed to be very fine sand
eroded fran the southern Seward Peninsula beaches between Cape Prince of Wales
and Port Clarence. These beaches lack very fine sand (<5% at 8 stations)

whereas the |eeside shoal and beach on the north side of Cape Prince of Wales




are camposed of dominantly very fine sand (>37% at 6 stations) . The very fine
sand fraction normally eroded from beaches and deposited in offshore bars
during storm events apparently is entrained and carried northward through the
Bering Strait by the geostrophic current. Because of flow separation on the

| ee side north of cape Prince of Wales, the entrained very fine sand is
deposited on the beaches and |eeside shoal.

The leeside shoal north of the nmodern Yukon delta contains very fine sand
derived fran the southwest distributary that is the main discharge point of
the Yukon River (Dupré, this volume) . This distributary is located in the
maxi num current-shear region of eastern Shpanberg Strait (see Fig. 1 of
Nel son, this volume) , where strong geostrophic currents are |ocated. The se
currents entrain the deltaic sedinent and deposit the sand in the |eeside
shoal |ocated 30-130 km north and east of the nain river discharge point (see
Fig. 5in Dupré, this volume). In the delta-front area, geostrophic water
circulation is not vigorous and is reinforced by intermttent stormtides
(Nel son and Creager, 1977; Nelson, this volune). Apparently, in this nore
compl ex delta setting, the |eeside shoal develops a diffuse fan shape and
contains a wider variety of internal sedinmentary structures (rig. 4-E and
Fig. 2 in Howard, this volune)

ANCI ENT SHORELI NE SHOALS

Many areas of the Bering shelf are marked by well-devel oped fields of
linear sand bodies formed by ancient shorelines (Fig. 1). The largest of
these is a series of long, linear shoals that lie offshore from Port C arence
at water depths of 10-12, 20-24, 30, and 38 neters (Fig. 5). A well-defined
linear field of ridges at simlar water depths exists off None (Nelson and
Hopki ns, 1972; Hopkins, 1973; Tagg and Geene, 1973). West of St. Lawence

Island is a long, linear ridge at a depth of 30 mthat al so appears to be an
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anci ent shoreline (Fig. 1). Al of the shoals described above occur in the
Chirikov Basin, an area where detailed studies of ancient beaches have been
made because strong currents have prevented burial by post-Hol ocene deposition
(Nel son and Hopkins, 1972; McManus and others, 1974; see Nelson, this volume).

The sand bodies formed by ancient shoreline shoals are 15 to 30 km | ong,
3to 7 kmwide, and 10 to 15 mhigh. Seismic reflection and sanpling reveals
that the sand ridges off Port Clarence are at least 6 mthick and are composed
of well-sorted fine to medium sand (Figs. 1 and 5). Troughs between the sand
ri dges contain very fine sand to silt (Fig. 5}« Near Nome and northwest of
St. Lawence Island, the ancestral shoreline features have been incised into
pebbly, sandy glacial till (Nelson and Hopkins, 1972; see Fig. 4 in Nelson,
this volume) and consequently contain fine to coarse sand and gravel.

Near Port Clarence, bottom currents rework the crests of the ancient
shoreline shoals into a series of maobile bedforms (Fig. 5). The largest
features are sand waves with wavelengths up to 200 m and heights of 2 m
(Nel son and others, 1978). Superinposed on them are snaller, slightly oblique
sand waves that have wavelengths up to 10 m and heights of up toO5 m
Linguoid ripple fields with wavel engths of 10-30 cm and wave heights of a few
centineters occur on the stoss side of sand waves (Fig. 4-H . Al of the
bedforms have crests aligned transverse to the linear ridge crest and are
asymmetric, steep side to the north, transverse to the flow direction of the
strong geostrophic currents. Significant modification of ice gouges by these
mabile bedforms shows that the bedform fields are presently active. Near Port
Cl arence, when strong north winds create large storm waves, the snall-scale
bedforms may be nodified by epheneral oscillation ripples until the normal
northward current reginme resumes. Near Nome, there is an even greater degree

of mxing between asymetric ripples developed by tidal current flow and
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oscillation ripples devel oped inshore by storm waves (Hunter and Thor, this
volume) . The region of the large, linear ridge west of St. Lawence Island
also has nobi |l e bedforms (Nelson and others, 1978)

In the largest area of ancient shoreline shoals near Port C arence
reworking of the ancient shoreline shoals by nmodern currents results in well-
devel oped sedinentary structures, especially on the shoals closer to shore
Ripple lanmination is ubiquitous and bioturbation is dominant, particularly on
of fshore shoals and at several neters depth in all shoals. Ripple lanination
camonly present near the surface, caps an underlying sequence of foreset
beds. This cycle sometimes i s repeated at about 50-cm intervals and nay
represent alternating episodes of lingueoid ripple and small-scale (50 cm wave
hei ght) sand-wave migration along shoal crests (Fig. 5-C and 5-H). Thin muga-
drapes and storm pebble | ag horizons also are typical in the nearsurface
sedi ment of ancient shoreline shoals (Fig. 5A)

The ancient shoreline shoals typically are flanked by ol der, limnic,
peaty mud with radi ocarbon dates ranging from 12,000 to more than 40,000 years
B.P. (see Fig. 5in Nelson, this volume). The presence of thin, nodern nud
(<50 cn) over peaty nmud with radi ocarbon dates exceeding 40,000 yrs B.P.

i ndicates lack of modern deposition or scour between the shoals.

Consequently, the intervening sand shoals on bedrock highs (Fig. 5) appear to
represent ancient constructional ridges undergoing present-day modification on
their crest by migration of surface bedforms; the main ridges, however, do not
change significantly in size or shape.

The shape of the submerged shoals west of Port Clarence is simlar to
that of the nodern, subaerial Port Clarence spit (Fig. 5F=F'); in addition
their grain size is coarser (fine to medium sand) relative to that of

encl osing i nner shelf deposits (fine to veryfine sand) , or of |eeside shoals
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(very fine sand) in Chirikov Basin (Fig. I) (see Figs. 3 and 6 of Nelson, this
volure ) . Both characteristics suggest that the subnerged shoals may be

Pl ei stocene shoreline analogs to the Port Carence Spit and that they forned
by littoral drift processes, depositing fine to medium sand at |ower
stillstands of sea level (Figs. 1 and 5; Nelson, this volune) . subnerged
shoal crests off Port Carence and St. Lawence Island are sinmilar in depth
and grain size to ancient shoreline features at None and el sewhere in the
northern Bering Sea (Figs. 1 and 5) , again |lending support to an origin during
ol der sea-level stillstands at water depths of 10-12, 20-24, and 30 m (Nel son
and Hopkins, 1972; Hopkins, 1973).

Many areas of the U'S. Atlantic shelf characterized by simlar fields of
linear sand ridges (Duane and others, 1972) have been interpreted as shoreface
ridges stranded by a retreating shoreline (Field, 1980). Present-day reworKking
by shelf currents is nodifying these features into active nobil e bedform
fields like those on Bering Shelf (Swift and Field, 1980).

GLACI AL MORAI NES

A few large bodies of sand and gravel deposited by ancient glacial
activity remain exposed and surrounded by Pleistocene transgressive sand on
the seafloor in the Chirikov Basin region. A large outwash fan approxi mately
5 kmin diameter is located offshore southeast of Nane (Fig. 1). Two very
| arge coarse sand and gravel ridges about 75 kmlong and 25 km wi de extend
southward fran Cape Prince of Wales toward the center of chirikov Basin and
northward from St. Lawence Island to the same point. The two ridges are
traceable as the ends of mmjor noraines of continental glaciers that noved
southward into Chirikov Basin from Siberia (see Fig. 4in Nelson, this volune;

Gimand McManus, 1970; Nel son and Hopkins, 1972).
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The glacial features in general are coarser grained than the other shoals
of the eastern Bering continental shelf (Fig. 1). Because gravel is difficult
to sanple, we have not been able to observe internal sedinmentary structures.

SAND BODY CENESI S

Hydrographic and sedimentary processes vary from south to the north on
the eastern Bering epicontinental shelf and consequently genesis and age of
shel f sand bodies vary according to geographic location. Toward the
sout heast, tidal currents and wave energy daminate Sedimentation as well as
the local transport history, whereas in the northeastern shelf area, the
effects of ice and geostrophic bottam currents flowing to the north are nore
inportant. The influx of fluvial sediment is particularly inmportant in the
sout heastern and east-central region of the shelf, whereas glacial deposition
and |ocal transgressive history during the Pleistocene are nore significant in
the northeastern shelf area.

The extensive devel opment of nodern sand bodies in the southeastern and
east-central Bering shelf relates to high influx of fluvial sediment in that
area, which receives 90% of the Bering Sea’s sedinent |oad (Lisitsyn, 1966).
The sand bodies in the southeastern shelf are nodern features derived from
sedi ment deposited by the Kuskokwim River and nodified by tidal currents and
waves in Kuskokwim Bay. The funnel -shaped estuary of the Kuskokwi m River
contains l|inear, coast-perpendicular sand ridges that are characteristic of a
tide-dominated rvermout h (Col eman and Wight, 1978).  Shore-parallel sand
bodies in west and northwest Kuskokwim Bay result from a mesotidal regime. In
the microtidal (<2 nm) environment off the Yukon River, channel sand bodies
develop on the delta front platform mainly because of processes associated

with shorefast ice and the high sedinent discharge of the Yukon River (pupré,

this volume).
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By contrast, sand and gravel bodies in the northeastern Bering shelf are
the result either of relict or palinpsest deposition. The |eeside sand bodies
probably accunul ated during the present Holocene high sea |evel and other
Pl ei stocene highstands. Seismic-reflection profiles over the north end of the
| eesi de shoal in east-central shpanberg Strait and the shoal north of the
Yukon delta show significant Hol ocene deposition (see Fig. 4 in Nelson, this
volune) . Profiles over |eeside shoals indicate several episodes of
deposition, nost likely from sedi mentation during several past high sea
levels. The consistent lithology of very fine sand and horizontal flat
| ami nations indicates that flow separation in the lee of obstructions results
in deposition of the suspended sand |oad as bottom currents pass over the sand
body. Ripple lanminations and high-angle foreset beds in the Yukon shoal, show
the influence of storm events on these typical flat-lamnated deposits.

Unlike the leeside sand bodies, which exhibit significant Hol ocene
deposition, the formation of the ancient shoreline sand bodies is related
mainly to deposition of fine to nmediumsand by littoral drift currents on
strandlines during |ower stands of sea levels. The history of these ridges is
conpl ex, as deposits formerly at a | ower sea level are now being nmodified into
active ripple and sand wave fields by present-day bottom currents. Mbile
bedforms are further disrupted by pebble lags and nud drapes formed during
present-day storm events; thus, the resultant internal sedinentary structures
do notrepresent the shoreline processes mainly responsible for fornation of
the main sand ridges. Internal structures, except for rare trough
crosshedding, are mainly unknown in those relict sand and gravel bodies
deposited by glacial events, but nowarepreserved by strong nodern

geostrophic currents,
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GEOLOG C SIGNIFI CANCE OF SAND- BODY CHARACTERI STI CS

The eastern Bering epicontinental shelf contains nunerous offshore and
nearshore large, linear sand bodies. Nearshore and offshore sand bodies
resenbl e one another in that they are composed of well-sorted fine sand and
are essentially linear, except for several of the |eeside shoals and gl acial
features. They differ in that nearshore sand bodies orient with wave and
tidal currents, but offshore shelf sand bodies mainly follow trends of
geostrophic and stormrelated currents.

O her distinctions may help to differentiate sand bodies because of
differences in shape, grain size and internal sedinmentary structures
(Table 1). Shore-parallel shoals appear to be consistently shaped, smaller,
and nore coincident with shoreline trends than the other types of shoals.
Linear tidal ridges and delta-front channels are generally perpendicular to
shoreline trends and are quite consistent in gross size and shape, except for
sinuosity of meanders in channel-fill bodies and sigmoidal shape in tidal
ridges. Leeside shoals are oriented parallel to daminant shelf currents and
are long and narrow where current speeds are consistently unidirectional and
strong; elsewhere, they may be nore fan-shaped. Overall size varies quite
mar kedly depending on the size of the adjacent land barrier, the magnitude of
flow, and sediment load. Ancient shoreline sand bodies al so vary in size and
have different shapes and orientations with respect to the shoreline (Fig. 1).

Gain size varies for different types of shelf sand bodies (Table 1).
Deposits of subaerial glaciers deminated by coarse sand and fine gravel are
distinctively coarser grained than all other types. In contrast, |eeside
shoal s consisting of very fine sand because of deposition from the suspended
sediment load, are typically the finest grained (Fig. 1). Ancient shoreline

shoal s areconsistently coarser grained than deltaic or |eeside deposits.
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Internal sedinentary structures, although difficult to assess in cores
fram nodern deposits, again help differentiate nodern shelf shoals and perhaps
provi de oneof the best criteria for ancient anal ogs. Leeside sand bodi es,
where unconplicated by deltaic and storm sand sedi mentation? are characterized
by consistent, rhythnmic flat lamnation (Fig. 4-C. The very fine grain size
of sand making up leeside sand bodies inhibits devel opment of |arge-scale
bedforms and thus such deposits generally should lack |arge- and medium-scale
crossbedding, although ripple lanination of storms may interrupt flat
[ am nati on. Large-, medium, and snall-scale trough cross-lam nations, on the
other hand, are persistent in sand bodies and enclosing overbank deposits of
del ta-front channels. Because | arge-scal e bedforms formin channel thalwegs,
| arge-scal e cross-bedding in clean sand should characterize the main-channel
sand body, while smaller scale trough cross-lamnation should characterize
overbank nud that encloses the sand body. Rhythnmic graded storm sand with
vertical sequences of internal structure, organic debris, and nud caps also
shoul d be associated with younger channel-fill and laterally equivalent
deposits. Hgh-angle foreset beds in cyclic sequences with ripple and trough
cross-lanmination help identify shoreline sand bodies stranded by eustatic
rises of sea level, but reworked by nobile bedforms while submerged.

Modi fication of these ancient shoreline sand bodies by present-day nobile
bedform fiel ds and bioturbation suggests that internal structures of the
original beach formation processes may rarely be present in such sand bodies.

In reconstructing ancient shelf environnents, researchers nust realize
that 1) sand-body genesis is highly variable within the sane shelf setting,

2) large sand bodies may be detached far from shore and not parallel later
strandlines, and 3) features of different history and age nmy coexist

(Table 1).
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AGE TYPE ENVI RONMENT  OF LENGTH WIDTH RELI EF LI T HoLOGY SEDIMENTARY DI STI NGUI SHI NG
DEPOCSI T 1 oN (KM (K M ) STRUCTURES FEATURES
Linear tidal  Macrotidal funnel- 5-35 1-3 4-32  Finesand paral | el lamination, Enclosed by tidal
sand ridges shaped bay and surface ripple flat and shelf mud, shore-
estuary. fields, sand waves per pendi cul ar, varying in
g observed size and shape--sonetinmes
%} sigmoidal.
= Shore-parallel Quter edge of sub- 5-1o0 0.5-1 15 do. Sane as above Encl osed by tidal flat
! shoal s tidal flats in and shelf nud, shore
% (+ barrier mesotidal regions. paral lel, consistent
g i sl ands) limted size and shape.
-~
2 Delta front Of fshore extensions 20-30 2-4 5-15 Fine to very fine Trough crossbedding Encl osed by graded overbank
(sub-ice) of mgjor sand in thalweg, graded sand beds sand beds in nud, shore
channel s distributaries. graded sand beds with flat lamina- perpendi cul ar, large-scale
in overbank mud tion, cross | anmina- trough crossbeds in thalweg
tion in vertical sand beds.
sequence
!g o | Ieeside shoals Lee of islands or 25-100 5-25 10-20 Very fine sand Rhythmic flat |am - Encl osed by shelf sand and
$ o2 peninsulas inter- nations alternating nud, orientation parallel to
358 rupting strong wi th occasi onal shel f currents not shoreline,
ub g geostrophic bottom thin ripple |anmna- wi dely varying shape and sise,
33 currents. tions very fine sand size with rythmic
SR flat lamnation interrupted by
ripples.
Anci ent shore- Shoreline deposits 15-30 3-7 10-15 Fine to nmedium sand inter- Alternating ripple Encl osed by shelf sand and nud,
l'ine shoal s formed during still- interrupted near surface and trough cross- parallel to ancient strandlines,
stands of sea l|evel. by pebble lags and mud lamination wth high angle foresets interrupted
drapes hi gh-angl e foreset by ripple and trough crosslami-
beds, bioturbation nation, storm pebble and shell
conmon | ags, bioturbation in | ower and
of f shore sequences.
2 Moratnal dacial deposition 5-75 5-25 10-15 Mediumcoarse sand and Rare trough cross- Encl osed by shelf sand and nud,
o features during lowstands of gravel lamination and size and shape variable, not
D w sea |evel. shel | |am nations shore parallel or perpendicular,
a9 coarse and variable grain size.
a0
o
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Figure 1.

Figure 2.

Figure 3.

Figure Captions

Location of sand bodies on the eastern Bering epicont inental
shelf.

Physiographic, hydrographic, and textural characteristics of
Kuskokwim Bay sand bodi es.

General geol ogy of Kuskokwi m Bay sand bodi es.

Fi gure 4. Seafl oor bedforms and internal sedinmentary structures of sand body

Figure 5.

deposits on Bering Shelf. See Fig. 1 for photo |ocations.

A. Boxcore Slab from crest of Ukivek ancient shoreline shoal
west of Port Carence showing storm shell lags and clay drapes
(31 mwater depth).

B. Boxcore slab containing thick well-sorted transgressive lag
gravel from shoreline stillstand at depth of 30 m off NW cape of
St. Lawrence Island. Note faint crossbedding in center of cast.

C. vibracore radiograph fran crest of ‘Tin City shoal west of
Port Clarence showing ripple lanination, foreset bedding and
trough cross-lanination in a typical sequence (18 m
wat er depth)

D.vibracore radi ograph from leeside shoal north of Cape Prince
of Wales (6 m water depth) showing rhythnic horizontal
| am nations and occasional ripple |amnations.

E. BoxCore radiograph from Yukon |eeside shoal northwest of
Yukon Delta showing ripple lamnation and foreset bedding
(10 mwater depth).

F. vibracore radi ograph fromdelta-front channel thalweg Showi ng
trough crossbedding off Yukon Delta (1 m water depth).

G Phot ograph of vibracore epoxy peel frommargin of delta front
channel west of Yukon Delta showing a graded storm sand
layer with a typical vertical sequence of flat, cross, and
flat lam nation fram base to top of layer (1.5 m water depth).

H.70-mm bot t om phot ogr aph of a small sand wave (0.5 m wave
hei ght and 10 m wavel ength) w th superinposed linguoid
ripples on the crest of York shoal west of Port Clarence

(17 mwater depth).

I. Qblique aerial photograph of a shore-parallel shoal in
northelt Kuskokwim Bay.. Note subdued cross sets of sand waves.

J. Gound-based photograph of ripples on a shore-parallel shoal in
northwest Kuskokwim Bay.

Mor phol ogy texture, and bedforms of sand ridges near Bering Strait.
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