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| NTRODUCTI ON

Between August 1 and August 21, 1982, narine geologic
i nvestigations were conducted on part of the inner shelf of the
nort heast Chukchi Sea using the RV Karl uk. This report
sumarizes the results of the reconnaissance investigations for
the northeast nost part of the Chukchi Sea shelf from 14 km north
of Pt. Barrow (71° 29') south to Skull diff (71° 08), (figure
1). The purpose of this continuing investigation is to define
the nmarine processes, identify geologic hazards and characterize
the sea floor for nearshore regions generally for depths Iess
than 30 m on the inner shelf of the Chukchi Sea.

Approxi mately 104 km of subbottom profiles (Uniboom, andzi46
km of side-scanning-sonar records and bottom profiles were
collected during this study (figure 2).

The study area is bordered to the north by the Beaufort Sea

shel f. A narrow barrier island extends from Pt. Barrow south to
where the barrier chain attaches to the coastal plain. The

coastal region contains low relief south to Barrow, where at the
southern part of town, steep eroded cliffs domnate. The cliffs

extend south throughout the study area rising to a maxi num height
of 18 m (Harper, 1978). Cretaceus bedrock is exposed at the
base of the sea cliff from approximately 71° 10° south to Skull
diff (Hanna, 1954).

The ol dest bedrock wunderlying the offshore region between
Pt. Barrow and Skull diff consists of Cretaceus sandstones,
siltstones and nudstones of the Torok Formation overlain by
sandst ones, siltstones and nudstones of the Nanushuk G oup

(Gantz and others, 1982). The west to northwest trending Barrow
Arch forms the nmmjor bedrock structure in the northern part of
the study area. Unconfornably overlying the Cretaceus strata is

the Quaternary Gubic Formation of Black (1964). The Barrow unit
of the Gubic Formation is exposed within the sea cliffs wthin
the area studied. The wunit consists of clay, silt, sand and
gravel; ice locally constitutes nore than half the volune of the
Barrow unit (Black, 1964) The Gubic Formation nost Ilikely
extends of fshore.

The pack ice was |ocated over 30 km north of Pt. Barrow
during this part of the study noving down to Barrow on the 21 of
August at the end of this study period. Persistent west to
northwest storns and winds occurred in the Chukchi Sea during the

period of this study.
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BATHYM ETRY

The Barrow Sea Valley domnates this northeast part of the
Chukchi Sea shelf. From Pt. Barrow south to the end of line 1 1
(figure 2) a gentle seaward sloping platform extends from the
beach to depths of 12 to 14 m where the slope rapidly drops away
into the Barrow Sea Valley. The shallow platform is 3 km wi de off
of Pt. Barrow rapidly narrowing to less than one km at Barrow
(figure 3). Seaward of the break in slope off Pt. Barrow the sea
floor slopes to depths of approximately 30 to 32 m where the
slope rapidly increases. Where the steepest slope occurs bedrock
apparently outcrops on the sea floor as identified by seismc
profiles. Two discontinuous northeast-trending linear ridges rise
above the sea floor at approxinmate depths of 44 m and at 56 m
The deeper ridge zone is well developed containing up to 6 m of
relief (figure 3). Northeast of Pt. Barrow the sea floor
gradually slopes toward the northeast on the Beaufort Sea shelf.

CURRENTS

The northeast flowing warm water of the Al askan Coastal
Current is conpressed against the east side of the Barrow Sea
Valley within the study area (Aagaard and Coachman, 1964). The
current can range up to 37 km in width, narrowing directly north
of Pt. Barrow and contains surface velocities up to 100 cm/sec.
(Paquette and Bourke, 1974, Hufford, 1977). Bottom velocitis of
80 cm/sec. were reported directly off of Barrow at 38 m depth
(shumway and Beagles, 1959). A returning southwest-directed
current with surface velocities up to 130 cm/sec is identified
west of the Alaska Coastal Current off of Skull diff by Hufford
(1977)0 North of Pt. Barrow clockwise rotating currents have
been identified which may reflect the interaction of the north
flowing Alaska Coastal Current and the west flowing currents of
the Beaufort gyre (Solonbn and Ahlnas, 1980)

Asymmetrical sandwaves also define the direction of bottom
current novenent. Sandwaves have been identified only directly
north of Pt. Barrow where northeast-directed bedforms are
identified near the slope break into the Barrow Sea Valley,
changing orientation beconing eastward-directed sandwave fields
to the east on the Beaufort shelf. The east-directed sandwave
fields represent flow of the Alaska Coastal Current water
probably reinforced by the strong west w nds which dom nate the

Chukchi Sea this sunmer. Eastward coastal flow in the Beaufort
Sea in the summer has also been identified by Hufford (1973) and
Paquette and Bourke (1974). The eastward-directed sandwaves may

reflect this eastward transport of the coastal current (figure
4).

Evidence for northward noving currents and sedinent
transport is also indicated by the building to the north of the
sand-gravel spit fornming Pt. Barrow (Hume and others, 1972, Rex,
1964) .
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GEOLOGY

The Al aska Coastal Current within this region has also
eroded the Quaternary sedinments exposing bedrock on the sea
floor. Apparent northward dipping Cretaceus strata is
identified throughout the study area in subbottoniprofi 1les. At
depths generally greater than 24 m Cretaceus strata outcrop on
the sea floor or the Quaternary-Holocene Sedinent is less than

one neter in thickness (figure 5). At deeper depths between 42
and 56 m (line 7, 1981 only), the Quaternary sedinent |locally
thickens to 8 to 10 m on two apparent |inear (northeast trending)
banks (figure 3). Bedrock outcrops of the Cretaceus strata are
also identified on seisnmc profiles on the steep slope on the
Barrow Sea Valley north of Pt. Barrow (line 12, figure 2). Moor e

(1964) reports that gentle dipping bedrock is also exposed on the
sea floor at deeper depths within the Barrow Sea valley off of
Bar r ow.

H gh angle reverse faults with displacements of a few neters
are also identified within the Cretaceus strata (figure 6).
Faults within the Quaternary section have not been identified
suggesting the faulting is older than the Quaternary sedinents
and probably related to folding of the Cretaceus strata.

An apparent slightly northward dipping flat erosional
surface truncates the underlying Cretaceus strata. Quaternary
sedi nent, probably the Gubic Formation, overlies the erosional

surface. The Quaternary strata thicken toward land obtaining a
maxi mum thi ckness of 15 m at 7 m depth (line 11), (figures 7 and
8). An isopach map of the southern part of the study area shows

the landward thickening of the Quaternary sedinents (figure 9).

A paleochannel cutting into the Cretaceus strata, with up to 1 1
m of fill, is also identified to the west of walakpa Bay (figure
9).

North of Pt. Barrow at least 20 m of Quaternary sedinment is
identified at 10 m water depth, however, a thicker section
probably exists. The Cretaceus strata is identified on seismic
profiles below depths of approximately 42 to 45 m directly north
of Pt. Barrow where the sea floor slope increases into the Barrow
Sea Vall ey. This suggests a thickness of 20 to 32 m for the

overlying Quaternary sedinments on the nearshore shelf north of Pt
Bar r ow.

The youngest sedinents of Holocene age conprise the sands
and gravels of the barrier island that fornms Pt.’ Barrow.

SURFICIAL SEDI MENTS

The offshore surficial sedinents are conposed of materi al
reworked from the Gubic Formation and range from gravel and sand
nearshore to dominately silt offshore. A seaward texture grading
is reported off Barrow from diving observations. Near shor e
coarse sand and gravel dominate from the beach out to 5 m depth
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Oretaceots strata:

Figure 7. H gh-resolution seismic profile southwest of Barrow (see figure 9 for |ocation
of profile). Gentle northward dipping Cretaceus strata outcrop on the sea floor. T h e
Quaternary sedinment forms a thin veneer, less than 1 m thick, over the Cretaceus strata *“

thickening as the depth decreases toward land (to the right).
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Fi gure 8. High resolution

of profile). Northward dipping Cretaceus strata form the basal beds. An essentially
flat but northward dipping erosional surface truncates the Cretaceus strata (dotted
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changing to silty sand with scattered pebbles at 9 m depth on the
shallow shelf platform silt with abundant ice gouging occurs at
21 m depth and silt with cobbles at 38 m depth (Shumway and

Beagl es, 1959). Two cores obtained north of Barrow, one on the
shallow platform at a depth less than 10 m and one at an
approximate depth of 30 m both contained 2 to 5 feet of soft
grey silt overlying conpacted silt (Rex, 1964). The sharp relief
on nost “of the ice gouged sedinment would also confirm the
presence of stiff silty over-consolidated clay over nuch of the
shal l ow shelf region. The presence of bedform fields north of
Pt. Barrow and small-scale ripples near the edge of the shallow
platform also confirnms the presence of sand size sedinment on the
shel f. The strong northward-flowing coastal currents would be
expected to transport the sand-size fraction to the north into
the Barrow Sea Valley as well as erode the over-consolidated
sedi nent .

Extensive biological communities are also identified wthin
the nearshore region north of Barrow and consists of abundant
pelcypods and brown algae (Kkelp). As many as 400 pelcypods per
square neter were counted on the shallow shelf north of Barrow
(shumway and Beagles, 1964) . Kelp was associated with the
pelcypods and was attached to the gravel on the sea floor. The
conmposition and extent of the biological communities is not known
for this region.

I CE GOUGA NG

Movenent of ice by wnd, current and pack ice pressures
results in ice grounding on the sea floor which disrupts the
surfical sedinents formng ice gouges. Ice gouging along this
part of the Chukchi Sea coast is locally intense with an apparent
gouge zonation based on depth, currents and pressure ridge
groundi ng

Ice gouges are identified to at least a depth of 52 m on the
deepest northeast trending ridge located northwest of Barrow

(figure 3). A bottom profile northwest of Pt. Barrow, into the
Barrow Sea Valley, documents the zone of maxinmum ice gouge
intensity as well as the zone of naxinmum ice gouge incision

(figure 10). Multiple ice gouges are found to depths of 28 to 30
m confirmng previous observations of Rex (1964) who reports a
simlar depth for maximum ice gouging in the nearshore shelf near
Bar r ow. The rapid reduction in ice gouge abundance and reduction
in incision depth below depths of 30 m is probably related to the
substrate the ice is grounded on. Bel ow depths of 30 m the
Quaternary sedinent cover is thin or lacking and Cretaceus
bedrock is exposed; above depths of 30 m Quaternary sedinents are
readily gouged.

The ice gouged terrain also records a depth control on the
ice gouge incision into the sea floor. Above depths of less than
10 m west of Barrow to Pt. Barrow the nmaxinmum ice gouge incisions
depth is 20 cm northeast of Pt. Barrow the 20 cm incision depth
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contour extends to depths of approximately 1 1 m (figure 1 1)

Seaward of the 10 m contour the ice gouge incision depth

increases to a maximum of 1.7 m Rex (1964), likewise reports
the maximum ice gouge relief for of 12 feet (3.6 n) between 6.1 m
and 30 m depth for this region. Bel ow approximately 30 m depth
the ice gouge incision depth decreases and ice gouges becone
separ at ed.

Along the northeast slope of the Barrow Sea Valley off
Barrow the ice gouges also exhibit a depth related zonation based
on the gouge orientation. Bel ow depths of approximately 12 m
multiple ice gouges parallel the isobaths (figure 12). Thi s
suggests that the northward flowing Al aska Coastal Current
transport the deep draft ice parallel to the slope resulting in
ice gougings with a northeast-southwe st orientation. Near the
crest of the break in slope from the shallow nearshore platform
to the Barrow Sea Valley between depths of 9 to 12 m the ice
gouges contain varied orientation with gouge trends ranging from
nort hwest - sout heast to northeast-southwest (figure 13) . The two
major trends in ice gouging still reflect ice nobving parallel to
the isobath (northeast-southwest trend) and ice noving directly
onshore (northwest-southeast trend) . At shallower depths on the
nearshore platform the ice gouge incisions are shallow (less than
30 cm incision depth), narrow and show sone variability in
orientation (figure 14). Most of the shallow gouges also appear
to be fornmed from ice noving onshore or parallel to shore. Nort h
of Pt. Barrow on the shallow shelf platform the ice gouges are
oriented mainly parallel to shore.

The ice gouges are also nodified in shape and are filled
with sedinment transported by the northward flowing Al aska Coastal

Current. The multiple ice gouge incisions l|located directly off
Barrow contain abundant small-scale bedforms Wi thin the gouges
and on the surrounding sea floor (figure 15). Li kew se,

northeast of Pt. Barrow bedform fields are identified within the
ice gouge terrain. The migrating bedforms would be capable of
filling in the gouge traces but the rate of filling and the

yearly rate of ice gouging is unknown for this region.

CONCLUSI ONS
1. The offshore coastal region between the northern part of
Skull diff north to Pt. Barrow contains a thin Quaternary
sedinment cover in the offshore regions thickening toward | and
overlying northward dipping Cretaceus strata. The Cretaceus

strata outcrop on the sea floor generally below depths of 24 to
32 m

2. The nearshore bathynetry is conposed of a narrow shelf
platform varying in width for one kiloneter to 3 kiloneters,
extending form the beach seaward to depths of approximately 12
m Seaward of the 12 m contour the sea floor slope rapidly
increases into the Barrow Sea Valley.
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Figure 13. Multiple ice gouge incisions near the break in slope into the Barrow Sea
10.5 m (left) and 1 1.0 m (right) directly north of Barrow (see

Valley between depths of ) dil _ B (s¢
figure 11 for profile location). The maximum ice gouge incisions are identified wthin
this area. The gouges are variable in orientation now in relation to gouges at deeper

depths (figure 12) . Mpj or gouge trends are northwest-southea st and northeast-southwes t

(southwest is to the right).
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directly off Barrow between depths of 8.5 m (left) and
10.2 m (right), (see figure 11 for profile location). The ice gouges are being nodified
apparently by currents of the Alaska Coastal Current as abundant snall-scale bedforms are

abundant in the top half of the sonograph.

Figure 15. Miltiple ice gouges
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3. Ice gouges are identified to 52 m depth on Iinear,
northeast trending ridges wthin the Barrow Sea Valley. Mul tiple
ice gouge incisions, to 1 .7 m occur between depths of
approximately 1 2 to 30 m above 12 m depth the ice gouge incision
depth is less than 30 cm

4. The ice gouges parallel the isobaths below depths of 12 m
suggesting that the Al aska Coastal Current is noving the deep

draft ice. Above depths of 12 m the ice gouge orientation is
vari abl e.
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