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INTRODUCTION

Geologic processes on high latitude shelfs are poorly understood because
of the harsh environment, sea ice, and the limited number of previous
studies. Studies of the high latitude shelf environment of the Chukchi Sea
were initiated to provide the Government and the public with adequate
knowledge to safely lease offshore lands. This report presents preliminary
findings from a study of the geologic environment of the Chukchi Sea from
Point Hope north to 71° 38' and to the convention line on the western part of
%?e shelf and to the vicinity of Point Franklin on the eastern shelf (figure

Data were gathered from the NOAA ship SURVEYOR from August 26 to
September 17, 1984, High-resolution seismic profiles, bathymetry and side-
scan sonar surveys were collected along approximately 2440 km of trackline
(figures 2 and 3). Forty box cores, 4 dredge samples and 2 gravity cores were
also obtained (figures 4 and 5). Bottom drifters were deployed at 8 sites.
During part of the study bad weather and ice hampered our research. Short
period high northeast storm waves seriously interferred with the seismic and
side-scanning sonar records and caused the termination of some lines on the
outer and inner shelf. However, during periods of high wind and waves the
nearshore areas protected by the capes allowed us to continue our
jinvestigations. Pack ice conditions also limited investigations north of 71
degrees in the eastern part of the study area. The pack ice front was
approximately 5 to 7 miles northwest of Point Franklin when studies were
started (figure 6).

The objectives of the scientific program include the following: (A)
determine the location, density and depth of modern sea floor ice gouging, (B)
observe recent changes in bathymetry and sea bed morphology and determine
their origins, (C) obtain seismic profiles of the modern sediment cover and of
bedrock to determine the history of ice gouging, and (D) identify potential
sand and gravel resources.

METHODS

On the cruise we obtained analog recordings of side-scan sonar, 3.5 khz
sub-bottom profiler, high-resolution seismic, and 12 khz and 3.5 khz
bathymetry. A 100 khz and 500 khz side-scan fish towed approximately fifteen
meters above the sea-bed was used as the source for the sonar data. The side-
scanning fish also contains a 500 khz microprofiler and a a 3.5 khz sub-bottom
profiler for viewing expanded sea-floor relief and shallow sub-bottom
stratigraphy. Under optimum conditions subsurface reflections were obtained
to depths of 15 meters below the sea-floor. An ORE geopulse sub-bottom
profiler was used at 100, 105, and 175 joules of power with a single channel,
25 element hydrophone. Under optimum conditions sub-bottom penetration was
obtained to 150 meters. Bathymetry was obtained with 12 Khz hull-mounted
transducer source.

The sea floor was sampled with a 60x31x22 cm box core, a 3 meter gravity
core (8 cm diameter), and a pipe dredge.

Navigation for tracklines and sample sites consisted of Satellite
Navigation, using a Magnavox Omega system, a Del Norte UHF transponder system
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and deduced reckoning.

BATHYMETRY

Much of the Chukchi Sea floor is relatively flat and shallow with depths
averaging between 40 and 50 m. Locally, enclosed depressions and scattered
highs have as much as 5 m of relief (figure 7). Two areas contain bathymetric
highs; Blossom Shoals off Icy Cape, where migrating sand banks rise to within
10 m of the sea surface, and Hanna Shoals on the northern part of the shelf,
which is as shallow as 25 m (Hill and others, 1984). The Barrow Sea Valley
forms a major erosional incision into the shelf along the northeast part of
the Chukchi Sea starting west of Point Franklin and trending northeast
parallel to shore. The sea floor rapidly drops to over 100 m depth within the
sea valley (Hill and others, 1984). On the outer shelf, north of Hanna Shoal,
the sea floor slopes north toward the shelf break where at approximately 60 m
depth the shelf slope rapidly increases. Local gulleys and larger erosional
features disect the outer shelf edge (figure 7).

CURRENTS

Surface wind-generated currents, the shore-parallel Alaska Coastal
Current and shelf currents erode and transport sediment modifying the sea
floor of the Chukchi Sea. The nearshore currents are generated mostly by
winds, whereas, the offshore region is dominated by northeast- and southwest-
directed storm currents and by the northeastward flowing Alaska Coastal
Current (figure 8).

During the summer months, storms from the southwest commonly move across
the Chukchi Sea. Their maximum fetch then develops across the open water
(Wiseman and Rouse, 1980). The resulting storm waves and storm-generated
currents erode and scour the sea floor and transport sediment on the shelf and
shoal regions. The storm-generated currents probably reinforce the normal
shelf currents resulting in periods of bedform migration and sediment
transport.

The Alaska Coastal Current represents a northeastward flowing "warm"
water mass derjved from the Bering Sea (Paquette and Bourke, 1972). The
northward flowing Bering Sea water bifurcates near Point Hope, one part
flowing to the northwest around the south side of Herald Shoal and the other
forming the Alaska Coastal Current which flows to the northeast parailel to
the Alaska Coast (figure 8). The Alaska Coastal Current, which can be as
narrow as 37 km, approaches the coast near Wainwright and Barrow. Surface
velocities of up to 200 cm/sec. are reported for the Alaska Coastal Current
southwest of Point Franklin (Hufford, 1977). Southward flowing clockwise
gyres develope east of the Alaska Coastal Current north of the major
promatories off Cape Lisburne, Icy Cape and Point Franklin (Fiemming and
Heggerty, 1966; Sharma, 1979; Lewbel and Gallaway, 1984). West of the Alaska
Coastal Current off Point Franklin on the west side of the Barrow Sea Valley a
southwest-directed current is reported with surface velocities of up to 80
cm/sec (Hufford, 1977). The southwest flowing currents are poorly defined in
space and time. Southeast-directed bottom currents are also identified on the
western part of the outer shelf (Coachman and others, 1975). Large clockwise
rotating spiral currents are also reported northwest of Barrow and may
represent interaction between the Alaska Coastal Current and the westward
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Chukchi Sea bathymetry.

Data modified from Hi1l and others, 1984.
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flowing current of the Beaufort Gyre (Solomon and Ahlmas, 1980).
ICE REGIME

The ice covers the Chukchi Sea for 8 to 10 months every year with 2 to 4
months of open-water during the summer-fall season. During September to early
October the Arctic pack ice usually reaches its maximum northern retreat, near
72 to 73 degrees. The pack ice then advances to the south, and by January the
entire Chukchi Sea is ice covered (Grantz and others, 1982). Nearshore, fast
ice forms and reaches its maximum development in March and April (figure 9).
Storms and winds from the northeast will move the pack ice to the west
resulting in the formation of the persistent Chukchi Polynya usually by
January (Stringer, 1982). The overall pack ice movement west of the Chukchi
Polynya is to the west and northwest (Stringer, 1978, 1982, Lewbel, 1984)
except for short periods during ice breakout when ice movement is to the south
through the Bering Straits.

QUATERNARY SEDIMENT

Over much of the Chukchi Sea shelf a thin blanket of Quaternary sediment
overlies inclined and folded bedrock. The surficial sediment cover ranges in
thickness from less than 1 m to over 12 m (Creager and McManus, 1967; Moore,
1964; Grantz and others, 1982). Thicker accumulations of Quaternary sediment
are reported in channel-fill deposits of paleovalleys that were cut into the
shelf during Pleistocene sea level lowstands (Grantz and others, 1982).

High-resolution seismic profiles obtained during this study show that:
(1) a thin sediment cover, generally less than 4 m thick, overlies folded
bedrock over much of the Chukchi Sea; (2) local accumulations of sediment,
greater than 6 m thick are limited and are only identified on the shelf
southwest of Cape Lisburne (14 m sediment thickness), and at the head of
Barrow Sea Valley northwest of Point Franklin (over 14 m of sediment); and
(3) in the northwest part of the Chukchi Sea a series of paleochannels cut
into bedrock contain up to 64 m of channel-fill sediment. The age of the
channel-fill deposits is uncertain.

In the southern part of the study area, south of 70 degrees N, bedrock is
overlain by a thin sediment cover. Local accumulations of up to 14 m of
sediment are found directly west of Cape Lisburne at depths of 32 m (figure
10). Horizontal reflectors that are almost transparent overlie gently
inclined stata (figure 1la). The seismically transparent sedimentary deposit
thins toward shore near Cape Lisburne. To the north of Cape Lisburne a wide
(> 20 kilometer) band of surface sediment, approximately 4 m to 5 m thick,
trends to the northeast (figure 10). Landward, toward Cape Beaufort, the
sediment cover rapidly thins to 1 to 2 m as the water depth shallows to 20 m
(figures 1lb, 12¢c). To the northwest of the wide sediment band the Quaternary
deposits also thin, varying from 1 to 3 m in thickness (figure 10).

The northeast trending sediment band, which continues toward Icy Cape,
continues to contain horizontal reflectors overlying inclined strata (figures
12d, 13a, 13b). This sediment band may have been formed by the northward
flowing Alaska Coastal Current in combination with ice groundings and ice
push. This sediment band also underlies an area of severe ice ridging
(Stringer 1978). To the east in shallow water, storm waves apparently have

11
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and ice rafting. However, the well-rounded siliceous pebbles are similar to
the suite present on the beaches north of Icy Cape. This may suggest that
fluvial transport to the west occurred across the exposed coastal plain during
sea level lowstands.

Discussion

The variety of gravel bedforms found to depths of 49 m, are the result of
a combination of factors including: (1) current erosion and sediment transport
by the northward flowing Alaska Coastal Current (along the east side of the
Chukchi Sea) and east or west flowing shelf currents (the northwest part of
the shelf), and (2) westward flowing storm-generated currents on both the
inner and outer shelf regions. Evidence for currents is best demonstrated in
the area of greatest gravel accumulation off Cape Lisburne where the gravel
ribbons and the crests of symmetrical gravel bedforms are oriented north-
south, essentially parallel to shore (figure 35) and to the northward flowing
coastal current. The dominant ice gouge trend in this same region is
northeast-southwest, with a secondary component oriented east-west, normal to
the gravel ribbons and gravel waves. Ice can only move to the east, upslope,
when storms come from the west. During periods of open water the symmetrical
shore-parallel gravel waves may be initially produced by storm waves moving
from the west to the east (allows maximum fetch). The shore-parallel bedforms
are then further maintained by the northward flowing coastal current. The
crests of the gravel waves in the northwest part of the study area, likewise,
are oriented north-south and transverse to the gravel ribbons, suggesting
currents from the east or west produced the bedforms. Storms from the west
may also have reinforced the shelf currents moving gravel on the sea bed.

The recurrence interval of the storm events capable of moving pebbles at
49 m depth is unknown, but the presence of gravel bedforms on the shelf
indicates bottom currents of up to 150 cm/sec (8 mm quartz clasts at 20° C,
Miller and others, 1977) do occur periodically.

Mud

Sandy mud to slightly gravelly sandy mud are the common textures on the
outer shelf. The sand fraction contains abundant mica. Internally the box
cores record crude bedding, disrupted strata, abundant bioturbation, scattered
pebbles, filled clay-lined and oxidized burrows, as well as bivalves and
gastropod remains (figures 36 and 37). Gravel is rare in the 3 cores north of
71 degrees and the mud fraction increases to 83 percent (Appendix A).

The biological composition of the outer shelf box cores, when compared to
the inner shelf cores, show Tow species diversity and abundance. The Tiving
organisms found on the surface and within the cores include brittle stars,
anemonies, crustaceans (shrimp), a variety of polychaete worms, and a few
pelecypods and gastropods. The shell fraction of all cores only contains
pelecyod and gastropod remains. In the upper part of cores 33 and 34 the
shells are thin and fragile suggesting dissolution of calcium carbonate,
whereas in the bottom 30 cm pelcypods are leached and are identified by molds.

In all cores bioturbation is abundant. Based on the apparent low

abundance of infauna but the presence of intense bioturbation suggest that the
outer shelf is an area of low sediment input. Biological processes dominate

43
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concentration of these feeding traces were preserved within the Outer Gravel
Facies.

The reconnaissance surveys on the Chukchi Sea show that gray whale and
walrus feeding areas do exist on and adjacent to the region bounded by the
Alaska Coastal Current. Other feeding areas can be expected on the outer
shelf and on the west side of the Barrow Sea Valley adjacent to Hanna Shoal.
The areal distribution of the feeding areas as well as the total sea floor
utilized by mammals in feeding in the northern Chukchi Sea is unknown.

ICE GOUGING

Sea ice plays an active role in the reworking and transport of sediments
on the Chukchi Sea shelf. The seasonal ice canopy can be divided into three
distinct zones. Along the coast and extending from promontory to promontory
is the quasi-stable, often uniform ice of the fast-ice zone. Immediatly
seaward of this zone, pressure and shear ridges develop in response to the
interaction between the stationary fast ice and moving ice further offshore.
The ice ridges in this zone are often grounded. Further offshore pack ice and
ice ridges are essentially free to drift guided by winds and currents.

Unequal pressures within the yearly ice pack gives rise to numerous pressure
ridges of varying heights. Ice keels extend to varying depths beneath the
shear and pressure ridges in the ice canopy. Ice keels to 50 m have been
observed from limited data sets in the Arctic Basin to the north and even
deeper keels have been statistically predicted. When keels of sufficient
draft to ground are incorporated in a moving ice canopy the sea floor sediment
is disrupted and bulldozed forming linear plow marks or gouges.

TERMINOLOGY

An ice gouge is defined as a single sea floor groove or plow mark
generated by one protrusion of an ice keel. A single ice keel having more
than one protrusion may create many parallel gouges. This results in a set of
closely spaced gouges generated by the same ice keel. Gouge depth is the
measured depth of a gouge below the surrounding sea floor. This measurement
does not necessarily indicate the depth of ice incision as sediment may have
infilled the gouge since its inception. Ridges usually flank one or both
sides of a gouge and represent the plowed debris from the gouge event. Gouge
relief refers to the vertical distance from the floor of the gouge to the
crest of the ridge. The gouge orientation refers to the trend of linear
gouges and, as used here, is the dominant trend within our observational
segment on the sonograph. Orientation trends of gouge Tineations do not
necessarly imply the direction of motion of ice which created the gouge.

RESULTS

A summary of ice gouge trends in the Chukchi Sea indicates a dominant
northeast-southwest orientation (figure 56). Toimil (1978) also notes local
dominant ice gouge trends that parallel the bathymetric contours which agree
with our data. The ice gouge trends in the Chukchi Sea apparently reflect the
effects of shelf currents, storms and pack ice movement. The northwest-
southeast ice gouge trend (C, figure 56) may reflect ice movement by shelf
currents as a southeast-directed current is reported for area "C" (figure 8)
(Coachman and others, 1975). Likewise, the shore-parallel ice gouge trends
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along the eastern part of the Chukchi Sea reflect ice movements by the Alaska
Coastal Current. Ice generally moves 45 degrees to the right of the wind
(Thorndike and Colony, 1982). The winds in the Chukchi Sea region are from
the northeast with summer storms generally from the southwest or west which
should move ice to the northwest and to the east respectively. The summer
storms may account for the onshore trends of gouges off Cape Lisburne (G,
figure 56) and on the east side of the Barrow Sea Valley (H, figure 56).
However, the dominant northeast-southwest ice gouge trend on the Chukchi Sea
shelf must reflect the pack ice movement to the south during the fall as well
as the effects of shore parallel shelf currents. The dominant pack ice
movement to the west and northwest (Springer, 1978, 1982) apparently does not
readily affect the sea floor on the outer shelf.

On the outer shelf (northwest part) of the Chukchi Sea the maximum ice
gouge incision depth is 1.3 m (table 1). Most of the ice gouges are shallow,
0.3 m or less in depth below the sea floor. The "shallow" gouges may
represent "older" gouge events that are now being filled with sediment or they
may also reflect the thin sediment cover over bedrock (ice is not cutting into
bedrock).

The maximum ice gouge density for lines 25, 26, 27, and 44 (figure 3) are
5 gouges per km with these values only found on gravel-covered bathymetric
highs. The adjacent low regions average 1 gouge per km on line 44, 1 gouge
per 3 km on line 27, 1 gouge per 4 km on line 26, whereas, 1ine 45 varies from
1 gouge per 3 km to 1 gouge per 7 km. The ice gouge abundance rapidly
decreases with increasing depth (table 1).

On the inner shelf (northeast part of the Chukchi Sea) within and
adjacent to the Barrow Sea Valley ice gouging is identified to 58 m depth.
The maximum ice gouge incision depth, 2.9 m with 3.9 m ice gouge relief,
occurs on Tine 23 (figure 4) at the head of the Barrow Sea Valley. The water
depth is 45 m where the maximum ice gouge incision is located. Multiple,
parallel ice gouges formed by large ice sheets or ridges account for the
abundance of shallow, 0.3 m depth or less, bottom disturbances in shallow
water areas (24 to 34 m water depth) (table 2). The ice gouges at deeper
depths tend to represent solitary grounding events, especially within the
deeper parts of the sea valley.

The maximum ice gouge density within the Barrow Sea Valley ranges from 19
gouges per km at 44 to 46 m depth (line 24, outer sand facies) on the west
flank of the sea valley, to 24 gouges per km at 28 m depth (1ine 17, inner
sand facies) directly west of Point Franklin. Low ice gouge densities, 1
gouge in 10 km (35 m depth) to 1 gouge per km (24 to 29 m depth) are recorded
on the shoreward part of the outer gravel facies and in the coastal current
sand facies respectively. These low gouge densities are apparently the result
of active currents filling in the gouge traces within these two facies as at
deeper depths and at shallow depths ice gouging ranges from 14 per km to 12
per km respectively.

In the southern part of the Chukchi Sea, north of Cape Lisburne (line 4),
ice gouge incision depths are also shallow with most gouges 0.3 m or less.
The gouge densities are greatest on the shoreward regions ranging up to 6
gouges per km between 24 to 28 m depth.
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Water depth (m)

60

5
58
11 1 2
56
26 1 1
54
35 3
52
52 1 1
50
30
48
77 2 4 1 1
46 .
One ice gouge
nsj 1 1 2 1 2 1 1 2 to 2.9 m depth.
44
[} 2
42 :
38 1
40
118 2 3
38
49
36
68 1 1 1
34
199 4 1 2 1
32
74
30
299 1 1 1 1
28
203 2 2 3 2 3 1 1 1
26
236 4 3 3 1 1 2 1 1
24

03 04 05 06 O7 08 09 10 12 13 14 15 16 17 18 18 20 21
ice gouge depth (m)

Table 2. Maximum ice gouge incision depth verses water depth for the Barrow
Sea Valley region. Numbers in boxes represent number of gouges in
class. Data obtained from tracklines in figure 3. The maximum ice
gouge incision depth is 2.9 m at 45 m water depth near the center of
the Barrow Sea Valley. Most of the ice gouges are shallow, 0.3 m or
less in depth below the sea floor. Multiple ice gouge incisions are
common to 32-34 m water depth; at deeper depths the ice gouges are
usually solitary events.
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DISCUSSION

Ice gouging is pervasive on the Chukchi shelf, especially on topographic
highs and the nearshore slopes; elsewhere, gouging is rare and gouge depths
are shallow. In the deep water areas gouge relief is commonly subdued,
indicating that waves, currents and biological activity are perhaps the
dominant surface reworking processes.

The highest gouge intensities (most numerous and deepest) are found on
the east-facing slopes of bathymetric highs and along the steeper slopes of
the coastal margin. The bathymetric highs and inshore areas comprise a
relatively small portion of the shelf area yet are subject to higher gouge
intensities. Gouging occurs here because a greater number of ice keels exist
with shallower draft which interact with the shallow sea floor. The broad flat
areas, depths of 40 to 50 m, provide the rarer deep draft ice a large surface
to gouge.

Over the broad and generally flat regions of the study area gouging
increases northward, This is because of the southward incursion of ice ridges
and ice island fragments from the Arctic Basin and to the greater period of
ice cover in the northern areas. Conversely, longer periods of open water in
the southern parts of the study area allow greater sediment reworking by storm
waves and currents. Additionally, the shoals and broad expanse of the
northern shelf filter out southward moving ice of sufficient draft to gouge
the sea floor. This implies that much of the gouging in the study area may be
the result of locally generated ice ridges. From studies in the Beaufort Sea
we know that gouges from locally generated ice ridges are shallow due to the
general incompetence of newly created ridges and their keels.

Ice gouging is a process that is constantly reworking the surface
sediment of the Chukchi Sea shelf. However, currents, waves, and biological
processes are also active in reworking the this surficial sediment layer at a
higher rate in the deeper and southern portion of the study area, masking the
effects of gouging. Inshore of about 30 m water depth and on the flanks and
the crests of bathymetric highs, ice gouging dominates the surficial sediment
processes except in areas where the Alaska Coastal Current actively impinges
on the sea floor.

CONCLUSIONS

1) A thin sediment cover, less than 4 to 5 m thick, overlies folded
bedrock over much of the Chukchi Sea shelf.

2) Channel-fill deposits of unknown age occur in the northwest part of
the Chukchi shelf, These channel deposits may represent possible hazard if
they contain gas or permafrost. They may also represent a potential source of
sand and gravel on the outer shelf.

3) The outer shelf surface sediment is composed of micaceous sandy mud
with scattered surficial gravel on bathymetric highs.

4) The surface sediment in the southern part of the Barrow Sea Valley

can be divided into 4 facies, an outer sand, an outer gravel, a coastal
current sand, and an inner gravel. Distinctive benthic biological communities
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inhabit these facies.

5) Storm-generated currents, shelf currents, and biological processes
dominate on the outer shelf; storm-generated currents, the shore-paraliel
Alaska Coastal Current, and biological processes rework the eastern shelf
regions.

6) Sand waves, gravel waves, gravel ribbons, extensive gravel sheet
deposits, and linear erosional furrows are the common bedforms on the Chukchi
shelf that indicate active bottom currents.

7) Gray whale feeding areas are identified within the coastal current
sand facies off Wainwright; walrus feeding traces are identified in the outer
gravel facies as well as on the outer shelf.

8) Ice gouging, to 58 m water depth, occurs throughout the Chukchi
shelf; however, most of the gouges are shallow, less than 0.3 m in depth below
the sea floor, and scattered. High ice gouge densities are identified on the
northern shelf areas investigated and on the flanks of the Barrow Sea Valley.

This study was funded in part by the Minerals Management Service through
interagency agreement with the National Oceanic and Atmospheric Administration
as part of the Outer Continental Shelf Assessment Program. We thank the
officers, and crew of the RV Surveyor for their help.
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Appendix A

1984 Chukchi Sea Samples

—
Sample Sample Latitude | Longitude | Depth | Gravel | Sand Mud
* Type (North) | (West) | (m) (%) (%) (%)
001 Box Core 70.79330 | 161.12830 | 435 1211 750 129
002 Box Core 70.73330 | 160.84670 | 453 204 66.3 43
003 Box Core 70.70830 | 160.65500 | 439 94 69.3 213
004 Box Core 70.64170 | 16040170 | 223 205 745 50
005 Box Core 70.52670 | 160 57330 18.3 242 636 12.1
006 . Box Core 70.64670 | 16141000 | 370 76 826 97
007 Box Core 70.55170 | 161.64830 | 28.7 20 047 32
008 Box Core 70.54330 | 161.78330 | 246 08 98.4 08
009 Box Core 70.65830 { 162.16330 | 39.2 211 745 44
010 Box Core 70.77170 | 162 54330 429 22 89.7 80
011 Box Core 70.88330 | 162.86170 | 425 18 743 239
012 Box Core 70.93330 | 16634000 | 42.1 — 36.0 640
013 Box Core 70.95500 | 16694830 | 455 — 292 708
014 Box Core 70.97320 | 167.39670 448 — 424 576
015 Box Core 70 98000 | 167.73670 444 229 409 36.1
016 Box Core 70.47170 | 16695330 | 495 05 571 424
017 Box Core 70.41000 | 16647500 | 432 35 §3.2 433
018 Box Core 70.94500 | 159.35330 | 239.2 317 60.3 79
019 Box Core 70.97500 | 159.37170 522 | ROCK — —
020 Box Core 70.96000 { 159 42670 494 157 649 19.3
021 Box Core 71.02000 | 161.36330 477 17 88.9 94
022 Box Core 70.88330 | 161.75670 | 42.1 15.1 742 10.7
023 A Box Core 70.72670 | 160.17500 | 237 38 95.3 09
023 B Box Core 70.63670 | 160.20830 237 29 96.8 03
023 C Box Core 7069330 | 160 20830 23.7 18.3 799 08
024 Box Core 70.77670 | 160.09000 36.6 280 69.6 24
025 Box Core 70.76000 | 160.33170 40.2 227 732 41
026 Box Core 70.71170 } 160.27000 293 234 746 18
027 START | Pipe Dredge | 70.57000 | 160.98330 313 07 93.6 57
027 END 70 57000 | 16099170
028 START | Pipe Dredge | 70.61330 | 160.93670 350 53 87.1 76
028 END 70.61500 | 160.93930
029 Box Core 70.67920 | 161.26850 | 40.3 128 825 47
030 Box Core 70.73170 | 16157500 | 40.2 143 7.5 82
031 Box Core 70.76000 | 161.70670 420 17.3 756 7.1
032 Box Core 71.28830 | 16572670 | 41.2 03 274 723
033 Box Core 7137330 | 16612830 | 424 — 16.7 833
034 . Box Core 71.40830 | 166.35330 430 10 159 830
035 Box Core 7091500 | 168.46670 430 13 457 529
035 G Gravity Core | 70.91500 | 168 46670 430
036 Box Core 70 83000 | 167.78170 | §3.5 0.2 233 76.5
036 G Gravity Core | 70.88000 | 167.78170 53.9
037 Box Core 70.84000 | 167.10330 | 460 06 416 578
038 Box Core 69.57830 | 167.41170 | 457 63 489 4“8
039 Box Core 69 49330 | 167.06170 45.0 0.1 376 62.3
040 Box Core 68 82000 | 166.74500 405 0.5 30.2 69.3
041 START | Pipe Dredge | 6891830 | 16656000 | 36.5
041 END 68.92130 | 166.56050
042 START | Pipe Dredge | 69.10170 | 166.41500 311
042 END 69 10170 | 166 42183
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Appendix B

1981 Chukchi Sea Samples

Sample | Sample | Latitude | Longitude | Depth | Gravel | Sand Mud
# Type | (North) | (West) (m) (%) (%) (%)

008 Grab 7096104 | 15898534 28.6 §59.6 345 55

1982 Chukchi Sea Samples

Sample | Sample | Latitude | Longitude | Depth | Gravel | Sand Mud—T
¥ Type | (North) | (West) (m) (%) () | (%)
001 Grab 70.43645 | 161.31513 220 41 838 6.9
002 Grab 70.57261 | 160.88451 270 9.7 725 178
003 Grab 70.30769 | 161.38040 8.7 435 55.6 08
004 Grab 70.32925 | 161.44785
005 Grab 70.36929 | 161.60620
006 Grab 70.40710 | 161.77314 16.7 59 84.1 99
007 Grab 70.45207 | 161.96241 16.5 0.1 988 1.0
008 Grab 70.35409 | 161.75108 108 197 757 46
009 Gradb 70.99737 | 158.54305 190 59 909 31
010 Grab 70 98577 | 158 38219 210 0.1 70.8 ‘281
011 Grab 70.95229 | 158.28459 190 40 383 577
012 Grab 7090994 | 15821192 170 04 186 80.7
013 Grab 7087287 | 15819676 140 37 408 555
014 Grab 70.84760 | 158.17605 140 400 396 204
015 Grab 70 83480 | 158.23021
016 Grab 70.98072 | 157.42988
017 Grab T0.93045 | 157.61289
018 Gradb 7093518 | 157.62725
019 Grab 70 87266 | 157.87974

81



Appendix C

Biological Composition of Inner Shelf Samples
Biological Sample Biological Specimen Depth
Environment # (m)
Ba Bi By Br Ee Cp Ga Pt

Outer 84-10 995 02 02 | 420
Sand 84-11 96.1 39 425
Facies 84-21 0.4 98.2 0.2 1.2 477
84-22 12.6 78.5 89 42.1

84-1 549 36.7 44 23 1.7 435

84-2 56.4 345 09 1.2 0.1 0.1 68 453

84-3 61.8 25.0 05 9.5 17 1.5 439

Outer 84-9 50.2 42.1 0.6 6.7 39.2
Gravel 84-18 713 25.6 0.1 2.5 0.1 0.4 39.2

" Facies 84-20 52.0 36.7 93 13 0.1 0.6 494
84-24 10.8 86.0 29 03 36.6

84-25 7.7 16.0 02 39 0.6 0.1 1.5 40.2

84-26 19.6 78.3 0.1 01 12 0.7 293

84-30 55.5 345 70 09 21 | 402

. 84-31 60.0 33.8 37 03 2.2 420
81-8 43.9 50.5 5.5 28.6

. 846 1 264 723 11 0.2 37.0

Coastal 84-7 0.5 90.7 6.0 27 0.1 28.7
Current 84-8 3.5 85.2 83 3.0 246
Sand 84-23 15.5 68.6 03 11.6 16 2.5 23.7
Facies 84-28 19 69.9 13 14.7 10.9 19 313
84-29 36.2 45.7 2.6 11.4 03 3.7 35.0

Inner 84-4 708 26.9 04 19 223
Gravel 84-5 249 69.6 5.5 183

Facies
Biological Composition of Outer Shelf Samples
Biological Sample Biological Specimen * Depth
Environment # (m)
1 Ba Bi By Br Ec Cp Ga Pt __J

84-34 89.1 10.9 430

Outer 84-36 100.0 53.5
Shelf 84-37 ’ 89.9 10.1 46.0
Facies 84-39 28.5 71.56 450
Cape 84-42 6.4 75.1 0.2 18.3 31.1

Lisburne

* Biological specimens: Percentage (by weight) of biological fraction of sediment sample. Codes used are as
follows:

Ba - Barnacles

Bi - Bivalves

By -Bryozoans

Br - Brachiopods

Ec - Echinoids

Cp - Chitons

Ga - Gastropods

Pt - Polychaete ( Pectinaria sp.) tubes
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