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Introduction

The northern Bering Sea is a broad, shallow eplcontinental shelf region
covering approximately 200,000 km2 of subarctic sea floor between northern
Alaska and the U.S.S.R. (Fig. 1). The shelf can be divided into four general
moxphologic areas: (1) the western part, an area of undulating, hummocky
relief formed by glacial gravel and transgressive = marine sand substrate
{Nelson and Hopkins, 1972); (2) the southeastern part, a relatively flat
featureless plain with fine-grained transgressive — marine sand substrate
(Madanus, et al, 1977); (3) the northeastern part, a complex system of sand
ridges and shoals with fine- to medium—- grained transgressive sand substrate
(Nelson et al, 1978): and (4) the eastern part, a broad flat marine reentrant
(Norton Sound) covered by Holocene silt and very fine sand (Nelson and
Creager, 1977).

The northern Bering Sea is affected by a nunber of dynamic factors:
winter sea ice, sea lavel setup, storm waves and strong currents (geostrophic,
tidal, and storm)-. The sea is covered by pack ice for about half the year,
from November to May. A& narrow zone of shorefast ice develops around the
margin of the sea during winter months. During the open water season, the sea
is subject to occasional strong northerly winds, in the fall, strong
southwesterly winds cause high waves and storm surges along the entire wegt
Alaskan coast. Throughout the year, there is a continual northward flow of
water with currents intensifying on the east side of strait areas (Coachman et
al., 1975). BAlthough diurnal tidal ranges are small, stong tldal currents are
found in shoreline areas and within central Norton Sound (Fleming & Haggarty,

1966; Cacchione et al., 1982).



This report reviews the methodology employed and the data collected over
a period of nearly 20 years in the northern Bering Sea. A brief geologic
history and background are presented followed by a discussion of distribution
of gediment types and distribution of specific sand and gravel bodies. The
limitations of the data base and needs for further study are explained and a

brief summary of resource potential apd environmental considerations is given.

Methods and Data Base

The majority of data applicable to the evaluation of sand and gravel
resources and environmental hazards of their exploitation, were collected on
several U.S.G.S. cruises aimed at assessment of potential environmental
hazards to exploration and production of oil and gas resources. Much of the
data collected and analyses completed cannot be applied, however some studies
of surficial sediment distribution, specific sediment bodies, and dynamics of

sediment transport provide the data base for this report.

Geophysical Records

High-resolution seismic-reflection profiling data provide bathymetric
information as well as subbottom information on sediment thickness and
morphology. A qualitative assessment of the nature of the sediment can be
made on the basis of acousgtic character. Side-scan sonar imagery yields
information on bottom morphology and lateral extent of discrete sediment
bodies as well as another gualitative assessment of sediment nature. The
trackline coverage of geophysical data used in thisg report 1s shown in Pigures

2A & 2B.




Bottom sampling

An extensive array of bottom samples were analyzed to provide the
sediment data used in this report. Figure 3 shows the location of all sample
stations. The samples include simple grab samples of the surficial sediment,
box cores penetrating up to several 10's of centimeters in substrate, and Kiel
and Alpine vibracores penetrating up to 7 m into the seafloor. In addition, a
geries of deeper holes, up to 75 m in depth, were drilled within 3 miles of
the cocast off Nome, as part of a precious metal resource evaluation in the

late 1960's.

Photographic data

TV and Black and White still photography were collected at numerous
stations. This type of data provide qualitative information on sea floor
morphology, active processes, and the nature of gurficial sediment.

U.S.G.S. operated cruises were conducted with two broad emphases. The
first being a regional, reconnalgsance, survey to categorize and classify
areas as to sediment type, sediment dynamlcs, active tectonics, and other
regional characteristics. Secondly, cruises or portions of cruises, were
devoted to discrete survey areas or objectives to delineate specific features
and/or phenomena.

In addition to information from U.S. Geological Survey cruises, numerous
data from University of Washington cruises are included in the data set.
Similarly, data collected during operations by NOAA ships, U.S. Coast Guard
ships, and research vessels of Scrippsa Institution were also incorporated into

the data set.



Geologic Background

The northern Bering Sea is bounded by the Seward Peninsula on the north,
Yukon-Koyukuk geologic province on the east, the Yukon delta and St. Lawrence
Island on the south, and the Chukotsk Peninsula of Siberia on the west (Pig.
1). The United States - Russia Convention Line of 1867 marks the western end
of the area that is likely to be included in any sand and gravel resource
lease sale.

Three subbasing underlie the northern Bering Sea. The northwest Bering
Sea is underlain by ghallow basement, mainly Precambrian through lower
Mesozoic rocks. Geophysical data show that the basement is overlain by an
average of 1 Xan of rocks of late Neogene and Quaternary age (Fisher et al,
1982)., The second and third subbasins are separated by a structure, the Yukon
Horst (See Fisher et al., 1982, Fig. 10), which strikes northwest from near
the mouth of the Yukon River. Rocks in the St. Lawrence subbasin, west of the
horst, are locally as thick as 5 km. The subbasin east of the horst contains
fill as thick as 6.5 km.

In terms of potential sand and gravel resources, the late Pleistocene
(>10,000 years B.P.) and Hclocene (X!0,000 years B.P.) sedimentation is the
facet of geologic history of the greates£ impact and interest. The
distribution of late Pleistocene and Holocene surface sediment on the northern
Bering Sea floor 1s patchy and dependent upon locations of seafloor bedrock,
pre-late Pleistocene glacial debris, late Holocene river borne sediment
influx, modern bottom currents, and past eustatic sea-level changes.

To assess the effect of these factors the northern Bering Sea can be
divided into two provinces, Chirikov Basin on the west, and the shallower

(Generally <20 m deep) Norton Basin in the central and east. The last late-



Plelstocene and Holocene transgression began about 12,000 to 13,000 years
ago. A narrow seaway developed from Anadyr Strait (between St. Lawrence
Island and Siberia) to Bering Stralt (Hopkins, 1979), and then from Shpanberg
Strait (between St. Lawrence Island and Yukon Delta) to Bering Strait (Nelson
and Creager, 1977). The narrow seaways expanded to fill the deeper western
area of Chirikov Basin until about 10,000 years ago.

The late Pleistocene to Holocene shoreline transgression deposited a thin
sequence of transgressive deposlts on the margins of Chirikov Basin. On some
margins, only a thin gravel lag is found over bedrock ocutcrops or glacial
deposits. Thege lags developed as the transgressive shoreline reworked
bedrock or glacial deposits, removed finer grained sediment, and left a gravel
lag (Nelson and Hopkins, 1972).

In other areas of Chirikov Basin, the typical sequence is late
Pleistocene freshwater peaty silt overlain by transgressive sand. The tundra
and freshwater sllt developed where topographic elevations of bedrock or
glacial moraines were not present. AsS the shoreline transgressegd over the
emergent freshwater peaty mud, a basal coarse— to medium-grained sand was
deposited. A fine-grained inner shelf sand was deposited immediately off the
shoreline as it transgressed; this generally overlies the basal coarser sand
and forms a blanket deposit now covering most of the central and southern
Chirikov basin.

The entire Norton Sound region remained emergent until about 10,000 years
ago. Radiocarbon dates in Norton Sound show that from 10,000 to 9,500 years
B.P., the shoreline rapidly transgressed eastward over Norton Sound and buried
tundra peat deposits. Marine sandy silt interbedded with very fine sand

layers overlie the freshwater peaty muds. Above thig sequence in central



Norton Sound is bioturbated; sandy silt derived from the Yukon River (MaManua
et al., 1977; Howard and Nelson, 1982). The sgurficial Holocene deposits in
Norton Sound vary from fine-grained sand surrounding the delta and in a trough
along northern Norton Sound to very fine sand and coarse silt in central and
aastern Norton Sound.

The thick blanket of Holocene sllt and interbedded sand layers in Norton
Sound differs from to the thin transgressive sequence of sand deposgited in
Chirikov Basin. Thick sections of Holocene sediment have been deposited in
southern Norton Sound becauvse of progradation of the Yukon Delta. Only 2 m or
less of bioturbated mud has been deposited in the more distal areas of
northern and eastern Norton Sound (Nelson and Creager, 1977).

Numerous subsurface alluvial channels, cavered by the transgregsive
deposits, have been mapped in the Norton Sound region (Fig. 4). In Chirikov
basin, tha limited grid of seismic data does not permit detailed mapping of
the subsurface channe;s, but major channels are known extending west of Port
Clarence, in the gea valley extending south from King Island (Hopkins et al.,
1976), and in the central part of Chirikov Basin. These channel deposits have
not been identified in cores.

Early and middle Pleistocene continental glaciation extending off Siberia
to the central Chirikov Basin, and local valley glaciation extending offshore
from Seward Peninsula have been mapped by seismic reflection profiling and by
sediment sampling (Grim and MaManus, 1970; Nelson and Hopkins, 1972; Tagg and
Greene, 1973; Hopkins, 1975, 1979). The glacial moraines are present in the
subsvrface of central Chirikov Bagin (Fig. 5) and emerge toward land as gravel
ridges. Sequences of moraines and outwash were documented in the nearshore

areas off Nome and from drillholes (Nelson and Hopkins, 1972).



The other major geologic event that significantly influenced the
distribution of late Pleistocene and Holocene deposits is the change in
position of the active Yukon Delta lobe on the Bering Shelf. About 16,000
years aqo, the Yukon River apparently crossed the present Bering shelf in the
vicinity of Cape Romanzof, 100 km ;outh of the present Yukon deltA, and
deposited a deltaic sequence south of St. Lawrence Island (Knebel and Creager,
1973). BAs sea level rose, various active lobes developed far south of Norton
Sound (Nelson and Creager, 1977). The present active delta lobe first
developed in gouthern Norton Sound after 2,500 years B.P. (Dupre, 1978).

Since then the Yukon River has prograded significantly into Noxton Sound.

Surficial Sediment Distribution

Analyses of surficial sediment samples from over 467 stations were
compliled and computer-contoured maps of sediment distribution were prepared.
The resulting maps are meant to be an extension and refinement of maps
generated by MdManus and others at the University of Washington {(McManus et
al., 1970, 1977).

Caution should be used in interpreting contoured data. Contours imply a
gradation in value from one area to another that may not exist. In general,
areas of relatively closely-spaced contours are suspect and may represant a
sharp boundary between widely different sediment types.

The sand content maps (Fig. 6B and 6B) show sandy areas or shoals in
central and western Shpanberg Strait, eastern Bering Strait, north-central and
northeast Norton Sound, south of St. Lawrence Island, in shoals west of the
mouth of the Yukon River, and over much of the central Chirikov basin.

Figures 7A and 7B show a gravel distribution controlled by the presence of



glacial moraines and outwash, bedrock, alluvial deposits, and adjacent
terrestrial sources. The gravel concentrates are producta of the winnowing of
fine material by strong currents through the straits and along the Seward
Peninsula. Areas of gravel abundance are reflected by areas of low sand
content.

Tha mean sediment grain size (Fig. 8A and 8B) digtribution map was
prepared by calculating the first moment parameters for each sediment
sample. This map is a composite of the areas of maximum content of each
sediment size clagsg, l.e., gravel, sand, silt, and clay. Again, caution must
be used in interpretation. Apparent transition or grading from one average
grain-size to another may not be real. The map of modal sediwment size (Fig.
9A and 9B) is very similar to the mean grain-size map but in general shows
values 1/2 f coarser than the values of the mean grain-size map. To simplify
interpretation and summarize the distribution of sediment on the northern
Bering Seafloor, gravel, sand, and mud (silt and clay) abundances are
portrayed on Pigures 8B and 98B. [Figure BB is based on mean grain-size and
figqures 9B is based on modal analysis. Sand-size materlal characterizes the
majority of both surficilal sediment maps with a plume of muddy sediment
extending northwest from the Yukon delta, mud-rich sediment in eastern Norton

Sound, and gravel rich sediment off the Seward Peninsula and in the straits.

Discussion
Unconsolidated Surface Sediments
Lag gravel over bedrock
Very thin surficial covers of gravel over older Precamprian to Cretaceous

bedrock outcrops (Flg, 10) occur in the area west of Nome near Sledge Island,



northward toward Port Clarence, and in a large area from Port Clarence along
the York coastline to Cape Prince of Wales (Nelson and Hopking, 1972; Nelson,
1982). Sampling in these areas reveals only scattered occurrences of gravel
suggesting that only small, thin (few cm thick) pockets of gravel are present
over these bedrock locations and that distribution of the gravels is quite
patchy. The sporadic, thin pockets of gravel over bedrock would not be a
renewable resource because these relict gravels were produced by shoreline
sedimentatlion during periods of lower sea level and are not being replenished.
Environmental change from mining, however, would leave a substrate of
scattered pebbles over bedrock and would alter the already high concentration
of guspended sediment. BAlso high values of suapended sediment already occur
sporadically in the Alaskan coastal water of this region because of large
quantities of suspended sediment created by storm events {Nelson, 1971; Nelson

and Creager, 1977; Cacchione and Drake, 1982).

Lag gravel over glacial deposits

Gravels were deposited by the Holocene shoreline transgression as it
reworked glacial till. A substantial surface area of this gravel type occurs
out to the three mile 1limit off Nome, Iin a large area southwest of Cape Prince
of Wales, and north and northwest of St. Lawrence Izland (Fig. 10). The
location of these gravels correlates with subsurface occurrxence of glacial
till. Where the gravel has been penetrated it 18 thin, less than 30 cm thick,
and without a matrix of silt or mud. Beneath the thin veneer of relict lag

gravel over glacial deposits, the till is composed of pebbly sandy silts.



The complete lack of any shallow coring in these regions, prevents
detalled knowledge of the thickness of the gravel lags and the resouxce
potential cannot be estimatred. The techniques for amining would be difficult
to asgcertain becauge of unknown thicknesses and variability of gravel type.
Additional complications exist in the Nome nearshore region because the relict
gravels are rich fn gold in certain locations. The gold resource should be
considered along with the sand and gravel resource. Assessing the gold
regource is complex because of the heterogenelty of deposits near Nome,
especially where surface and subsurface alluvial channels have been in-filled
by finer sands (Nelson and Hopkins, 1972).

The mining or gkimming off of this clean relict lag gravel would change
the substrate of the mined region. The new substrate would be one of muddy
gravel that would not provide the same bouldery, clean gravel substrate as at
present. The mining of such gravels and the generation of large sediment
plumes by mining to some extent emulates the Seward Peninsula coast where
coastal water freguently contains elevated levels of suspended sediment caused
by storm surge ebb flow (Nelson, 1271; Nelson and Creager, 1977; Cacchione and

Drake, 1982).

Basal transgressive medium sands

Coarse- to medium-grained sand covers reglons paralleling the gravels;
particularly along the western edge of Seward Peninsula from Sledge Island to
Cape Prince of Wales and perhaps in bands through Bering Strait and Anadyr
Stralt (Fig. 10). They are poorly assessed in terms of thickness; where they

have been penetrated they tend to be only a few centimeters (Fig. 11). The
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only exception to this is northwest of Port Clarence where large, linear
ridges of this sand have been reworked by strong currents into sand wave
fields (Field et al., 1981).

The resource potential of transgressive sands in most regiong will be
influenced by their thinness and interbedding with overlying finer-grained
sands and underlying Pleistocene muds. In terms of environmental
considerations this sand produces a distinct substrate for certain sets of
fauna such as sand dollars (Nelson et al., 1981). If the well-sorted sands
are mined out this substrate would no longer exist. At this point the
relationships of these coarse- and medium—~grained sands to biological food
chains and mammals are not well assessed. Determination of long term effects

of mining this subgtrate cannot be made with the present data base.

Inner shelf sand sheets

Throughout mosgt of central Chirikov Basin and extending toward Norton
Sound and its western edge 1s a sheet of fine-grained sand of about 125
microns mean graln size dliameter and consisting of about 80% sand and 20%
coarse to medium silt (Fig. 10). This sand sheet consists of sands layed down
by the shore line transggression throughout the Holocene and is a thin sheet
overlying a very widespread area of Northern Bering Sea. Its thickness 1s not
well assessed, since only a few vibracores have penetratéed its entire
thickness (Fig. 11, cores in Chirikov basin); indications are that it rarely
exceeds more than 1l meter, except where it may fill in subsurface and surface
channels (Fig. 4).

This widespread sand sheet 1s a potential resource if this very fine sand

1s of the proper grade for development purpoges. It can be skimmed off over
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wide regions and is a very consistent material throughout the entire Chirikov
Basin region. This uniformity means that little processing or sizing of the
material might be required to provide fine sand sources.

If this substrate is stripped off to the coarser sands below or more
likely to the underlying Pleistocene peaty mud, the surface substrate in such
regiong would be changed. Environmental effects of this are predictable
because this fine sand sheet is a habitat for Ampilicid amphipods. The
Ampilicid amphipods are a focd source for whales, particularly the Grey whale
specles. If wide regions of this sand are used as a resource and it is
stripped off completely the distribution of a major food source for the grey
whales would be changed. In addition, mining operations causing large
sediment plumes could alter the normal envirorment of this region which is not
prone to high gquantities of sugpended sediment in the water column (Drake et
al., 1979).

Holocene sediment covers the region of Norton Sound (Fig. 10). This
deposit varies from 14 meters thickness, close to the Yukon Delta, to a thin
(1-2 meter), very fine sand sheet over northern Norton Sound and may be absent
in the north central region. Again this widespread sheet of very fine sand-
coarse silt is a minable resource if such sands are required for any
development purposes.

Like the inner shelf sands, if surficial Holocene deposits of Norton
Sound are stripped off, the underlying Pleistocene peaty mud will form the new
substrate. The food source and ecological relationships of this change in
substrate are not well known and relationship to higher mammal food chains are

not well established.
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Distribution of sand and gravel bodies

A number of sand and gravel bodies have been defined in the Norton Basin
area on the basisg of topography and surface grain size. The thickness of
these bodles and consequently total volumes cannot be estimated because there
are only very shallow vibracores, generally lesa than 2 meters in penetration,
available over these regions. Their geometry can only be determined from
surface relief and estimates of their general thickness. This also holds true
for the general grade of material since there are no shallow stratigraphic
cores through these sand and gravel bodies. The homogeneity of the material
is unknown and the only data avalilable is in the upper 2 meters or from the
surface samples collected over them. Table I summarizes the characteristics
of these shelf sand bodies.

Two gravel bodies are known in the Northern Bering Sea area. The first
lJies west of St. Lawrence Island and appears to be a large old beach ridge
formed by a Holocene gtill-stand of the sea level at approximately minus 30
meters of water depth (Flg. 12). The ridge consists of fine gravel and
extends approximately 30 km to the northeast from the northwest Cape of St.
Lawrence Island and has an undefined thickness because there are no shallow
cores within this gravel body.

The second known gravel deposit occurs east of Nome off the Nome River
area within 3 miles of shore. It 1is an outwash fan created during Pleistocene
times of lowexr sea level (Nelson and Hopkins, 1972). This gravel body ls well
shown in the topography and seismic profiles of the reglon (ibid; Tagg and
Green, 1973) and has been penetrated by drill holes providing core cuttlings
but no detailled stratigraphic sections. It appears to be at least several

meters thick. However, there is not sufficient detail in the seismic
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profiling data nor in the drilling to assess the specific known volumes or
size distribution of this outwash fan deposit.

The series of thin, relict, lag gravels over glacial till has been
described in the previous section of this report. BAs has been noted, these
cover wide areal regions over the northern Bering Sea but where they have been
penetrated by vibracores or box cores they are guite thin, generally less than
.5 m in thickness. They do not represent thick gravel deposits but do
represent wide regions of a gravel occurrence. Outwash channels and alluvial
channels in these relict glacial deposits have the greatest potential as
gravel resources. In addition, the subsurface structure is poorly known
because of the difficulty of cobtaining good profile data in coarse-grained
surficial deposits. The only good way to assess such alluvial channels is to
have a shallow-core drllling program and such work has not yet been undertaken
in the northern Bering Sea.

Large, deep, outwash and/or fluvial channels are observed on seismic
reflection profileg collected over central Chirikov basin. These deep,
filled, channels typically are incised 60 to 80 meters into the sea floor and
occasionally over 100 meters. Assessment of the true width is somewhat
difficult as the crogsing angle is not known. Oblique crossings produce
expansive cross-sections whereas more orthogonal crossings yield a narrow,
steeper-sided record of the channel (Fig. 13 A & B).

Trackline density is not great enough to reliably connect these discrete
crossings into a coherent drainage system. The channels are completely fillead
and show no surface expression, 80 sidescan records are of no aid in
determining trend or continuity of channels. Their occurrence in Chirikov

Bagln suggests the upper part of the fill has been reworked during
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transgression and a thin veneer of coarse— to medium-grained sand deposited.

A complete lack of deep core information from within the channels leaves the
nature of the filling material unknown. The detail of internal structure seen
within the channel f1ll suggests it is not coarse-grained but rather contains
numerousg silt and mud horizons. Good subsurface penetration in high-
resolution seismic profiles is rarely observed in coarse-grained deposits.

Coarse—grained material would likely be present in the channel fill as
channel-lag deposits and ip point-bar portions of the fill. Exploitation of
disseminated pockets of sand and gravel would require removal of fine-grained
deposits to gain access to the target gravel lenses. Delineation of potential
gravel zones would require detailed seismic surveys that at presenﬁ do not
exist. Working and removal of significant volumes of finer grained deposits
would generate an extensive sediment plume in an area of typically low
suspended sediment concentrations (Drake et al., 1979).

A series of large, linear, medium- to fine-grained sand shoals are
present southeast of Bering Straits near Port Clarence (Fig. 14A). These sand
shoals are well mapped in the surficial bathymetry and a number of shallow
vibracores penetrating up to 6 m into the shoals have been taken. Some
definition of these sand bodies is possible from surficial relief (Fig. 14B)
and subsurface coring information (Ftg. 14C) (Nelson et al., 1982).

These ancient shoreline shoals are 15-30 km in length, 3-7 km in width,
and 10-15 m in relief with a known minimum thickness of 6 m of clean, very
well sorted medium-to-fine-sand with a very low matrix content. They comprise
a possible clean-sand source but it is a non-renewable source because these
shoals were deposited as ancient shoreline sediments during a series of still-

stands in the late Pleistocene-Holocene rise of sea level in the past 18,000
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bodies are by-in-large relict or palimpsest deposits and as such represent a
non-renewable resource. Once mined, the substrate would be changeg.

The nature of the data base wmakes assessment of environmental impacts
speculative and inferential. In areas where the underlying material differa
from the sand and gravel, a change in substrate is one of the likely products
of mining or stripping. Such a change affects bottom dwelling organisma that
depend on a certain bottom character for their habitat. Disruption of this
lower portion of the food chain could have an effect on the biologic community
of a given area.

The generation of a suspended sediment plume will change the background
suspended sediment levels. High levels of suspended sediment are not unugual
in much of the northern Bering Sea, however, there are distinct areas of low
suspended sediment wvalues, and introduction of sediment laden water could
increase suspended sediment concentrations.

Additional data aimed specifically at sand and gravel assessment is
needed in much of the area. Once targeted ags a potential resource area,
detailed studies would be necessary to accurately define the resource and any

potential environmental hazards associated with its exploitation.
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Figure Captions
Location map and generalized bathymetry of northern Bering Sea.

Contour interval is 10 m.

Tracklines and data type collected prior to 1980. Includes USGS,
NOAA, and University of Washington.

Survey lines and sample stations of 1980 USGS cruise.

Station location map. Locations of profiles of figure 11 shown
by solid lines A-A' and B~B',

Location of filled and buried channels.

Elements of pre-transgressive geologic history in northeastern
Bering Sea showing locations of seafloor and near-surface bedrock
outcrops, glacial moraines, and alluvial channels. (For complete
coverage of alluvial channel distribution see figure 4).

Percent sand in surface sediment. Contour interval 5%.
Simplified map of sand-size material content of surficial
gediment.

Percent gravel in surface sediment. Contour interval 5%.
Simplified map of gravel size material in surficial sediment.
Mean graln size for surface sediment. Contour interval 0.5 .
Gravel, sand, and mud content of surficial sediment based on mean
grain size.

Modal grain size for surface sediment. Contour interval 0.5 4.
Gravel, sgand, and mud content of surficial sediment based on
modal analyslis.

Map of northeastern Berlng shelf surficial geology.
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Figure

Figqure
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Figure 14a.

Figqurc 14B.

Figure

11.

12.

13.

14C.,

Near-surface late Pleistocene and Holocene stratigraphy in Norton
Sound (A-A') and Chirikov Bagin (B-B'). (See figure 3 for
locations). 1In profile A-A' the date of 1500 years BP in core C
dates influx of freshwater and Yukon River Delta lobe. In
profile B-B', the region of sand ridges in northeast Chirikov
Basin extends from King Island shoal to Port Clarence.

Location of sand bodles on the eastern Bering epicontinental
shelf.

High-regocluticn seismic reflection profiles over filled alluvial
channels, central Chirikov BRasin.

Location map of active large sandwaves off Port Clarence.
Bathymetric profiles of figure 14B shown by so0lid lines.
Bathymetric profiles across area of large sandwaves.

Mean grain slze of surface sediment in area of large sandwaves.
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Table 1.

TYPE

Characterigtics of ering Shelf 3and Dodics

ENVIRONMENT 0O¥
DEPOSITIUN

LITHOLOGY

SEDIMENTARY
STHUCTYHRES

DISTINGULSHING
FEATURES

AGE
[+
[
L]
3
Y
1
-
c
-
8
~
4]
E

1

3

[=4 Lol
$el
g3
]

285
L

—~ O 8

4 T o

Plaistocena

Relict

Linear tidal
sand ridges

Shore-parallel
shoals

[+ barrier
ialands]

Dalta front

{aub-1ce)
channels

Leeside shoals

Anclent ahore-
Line shoals

Horalnal
featurea

Macrotidal funnel-
shaped bay and
esLuary.

Cuter edge of sub-
tidal flata Ln
mt3otidal reglons.

of fehore extensicna
of major
distr tbutarten.

Lee of lalands or
penlnaul ag inter-
tuptlng strong
geostrophic hottom
currants.

Shoreline depositca
formed durlng still-
gstande of sea level.

Glacia}l depostition
Auring lowatan:ds of
gea lewel.

Fine sand

Fine to very Fine
samil Ln thalweg,
ygraded sand beds
in overbank mud

very Fine Band

Fine to medlum sand inter-
interrupted near autface
by pebble lays and mud

ilrape s

Hedium—coarse gsand and

gravel

Parallel lamlnacicn,
surface ripple
fields, sand waves
obsrrved

Same: a3 above

Trough crosabedding
grailed sand beds
with flat lamina-
tion, cross lamina-
tion in vertical

Be quence

Rhythmlc flat lami-
nations alternating
with occaslonal
thin ripple lamina~
tiona

Altecrnating ripple
and trough cross-
lamination with
high-angle foresetk
beds, bioturhatlon
Lo pilns ]

Rare trough <CragB-
lamloatton and
shell lamlnations

Enclosed by tidal

flat and shelf mud, ashore-
perpendicular, warylng n
slze and ghape--pometimes
slgmoidal.

Enclosed by tidal [iat
and shell aud, shore
parallel, conslatent
lmited slze and shape.

Enclosed by qraded overbank
sand beds in mud, shore
perpendlcular, large~scalae
trough ¢roeabeds in thalweg
aand beds.

Enclosad by shel? sand and

mud, orientatlon parallel to
shelf currents not shoreline,
widely varying shape and aize,
very [ine sand plze with rytmmic
flat lamination iaterrupted by
ripples. .

Enclosed by shelf sand and mud,
parallel to anclent strandliness,
high angle foresets interrupted
by rlpple and trough crosalami-
nation, storm pebble and shell
lags, bioturbatlon in lowar and
offshoce sequences.

Enclosed by shelf sand and mud,
aize and shape variabla, nat

ahore parallel or parpendicular,
coarse and varilable grain size.
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(Yukon) modern river sandy silt inter- ‘
bedded with thin sand fayers Holocene
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