Attachnment A

I NNER- SHELF GEOLOGY OF THE NORTH SIDE OF
KOTZEBUE SOUND- - HOPE BASIN

By Ralph E. Hunter, Peter W Barnes, Edward W Xempema
and Tom Rei ss

| NTRODUCTI ON

The bi ght of the Chukchi Sea between Cape Prince of Wales and Point Hope
has received no single nane. The inner part of the bight is Kotzebue Sound,
and the geol ogic basin underlying |arge parts of the bight is Hope basin. W
have nade reconnai ssance surveys of the north side of this bight during two
cruises of the R'V KARLUK, one in 1975 on which Peter Barnes was chi ef
scientist, and one in 1981 on which Ral ph Hunter was chief scientist
(Fig. 1). The tracklines referred to in this report are nunbered separately
for the two cruises. Bad weather and a shortage of time have so far prevented
the collection of data from the south side of the bight.

ENVIRONMENTAL SETTI NG

The stretch of coast from Kotzebue northwestward to Point Hope is exposed
to waves from the south and west, Waves from these directions are generated
by the relatively nmild summer wi nds and by occasional storns during the
fall. Because of its orientation, this stretch of coast is not severely
affected by the strong northerly and easterly wi nter w nds.

The strength and direction of tidal currents are not well known in
Kotzebue Sound. G ven the low tidal ranges (the diurnal range is only 2.7
feet at Xiwalik, at the head of Kotzebue Sound, and is even |lower toward the
open Chukchi Sea), the currents are probably not strong except in constricted
channel s, such as Hotham Inlet. The Alaskan Coastal Water Current is probably
not strong in the eastern part of the area but becomes stronger towards the
west because of the constricting effect of Point Hope. This effect is well
shown by the current neasurenents reported by Creager (1963). Those
measur enents show weak currents southeast of Kivalina and near-bottom currents
sonetimes stronger than 25 em/sec from Kivalina northwest to Point Hope.

This stretch of coast is relatively unaffected by sea ice being driven
ashore, because the winter wnds blow predomnantly offshore, from the north
and east. lce drifting alongshore, however, affects the bottom

BATHW ETRY

No detailed navigation charts of Kotzebue Sound and adjacent parts of the
Chukchi Sea are available. The nost detailed bathynetric nap available is
that by Creager (1963). Creager’'s nmap shows nearly shore-parallel isobath
lines out to the 60-feet isobath, which is located 4 to 8 nautical niles
of fshore. The shoal off Cape Krusenstern shown on Navigation Chart 16005
(National Ccean Survey, 1980) does not seemto exist now, if it ever did. A
wi de shoal does exist off Kotzebue; this poorly charted shoal is transected by
a single large channel, which is an extension of Hotham Inlet.
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SEDI MENT CHARACTER

The beaches along this entire stretch of coast are conposed of gravel and
sand (Mbore, 1966; Hayes and others, 1979). O fshore sedinents have been
sanpl ed extensively by Creager (1963). According to Creager, coarse sand and
gravel extend to distances of 3-12 nautical niles offshore along the stretch
of coast from Kivalina to near Point Hope. Sand forns a nearshore zone a few
nautical mles wide fromKivalina sout heast to Cape Krusenstern, and sandy
silt forms the nearshore zone from Cape Krusenstern to Kotzebue. Hi gh-
resolution seismc data suggest that the thickness of Hol ocene sedinent
decreases shoreward along the stretch of coast from Point Hope to Cape
Krusenstern, beconming less than 2 mon the inner shelf (Holmes, 1975).

SHOALS AND CHANNEL NEAR KOTZEBUE

The very shallow (water depth less than 2 mas far as 13 km of fhsore)
shoal west of Kotzebue is an ebb-tidal delta forned by deposition at the point
where flow from Hotham I nl et enters Kotzebue Sound. No data have been
gathered yet from the shoal areas, but aerial photographs reveal a conplex
pattern of sand bars, which can be expected to shift rapidly due to wave and
current action. The channel that extends through Hotham Inlet and runs
southwestward past Kotzebue through the shoal was studied in 1975 (Lines 1 and
2). Uniboom seisnmic records show locally a subhorizontal reflector that lies
near the level of the channel floor and extends beneath the adjacent channel
sides (Fig. 2); this suggests that at l|east parts of the shoal are a recent
depositional feature fornmed during lateral migration of the channel.

Monographs of the channel floor southwest of Kotzebue show closely spaced
furrows parallel to one another and to the channel axis (Fig. 3a). These
furrows have a vertical relief of less than 0.3 m  Some of the furrows bend
sharply and cross others (Fig. 3b) and therefore must be ice gouges, but nany
of the furrows may be current-generated; current-generated furrows have been
described from estuarine nuds in England (Flood, 1981). Sone of the furrows
extend downchannel from small irregularities on the nmonographs (Fig. 4). If
the furrows are “comet marks” forned by current scour or deposition
downcurrent from the irregularities, which may be gravel concentrations and
i sol ated boulders, the flow was seaward (to the southwest). Besides the
furrows, the nonographs locally show “pockmarks,” flat-bottoned depressions of
undetermined origin a few neters wide and less than 0.3 m deep (Fig. 5).

KOTZEBUE SCUND FRaM SHOALS TO CAPE KRUSENSTERN

The part of Kotzebue Sound from the edge of the ebb-tidal delta (18 km
sout hwest of Kotzebue) to Cape Krusenstern was traversed along a single
trackline (Line 2a-3) in 1975. The seafloor along this line is nearly flat,
at water depths of 12-16 m  Monographs show ice gouging that is locally
fairly dense and “fresh” |ooking, but fathograms show that the gouging is
nowhere nmore than 0.3 m deep. The doninant trend of the gouges is northwest-
sout heast (parallel to isobaths), but the range of directions is fairly
wide. At least one gouge was fornmed by an ice nmass that reversed its
direction of mvement (Fig. 6a), possibly as a result of reversing tidal flow

The 7 kHz seismic records from parts of this line show a flat to
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irregularly wavy reflecting horizon at a depth of 1 to 6 m below the flat
seafloor (Fig. 7). The material underlying this contact is presumed to be
bedrock or sedinent that is older and nore consolidated than the overlying
sedi ment of presunmed Hol ocene age.

CAPE KRUSENSTERN AREA

In 1981 as we skirted skirted Cape Krusenstern at a distance of 1 to 2 km
from shore (Line 6). Ice gouging was virtually absent north of Cape
Krusenstern (along the west side of the foreland whose tip is formed by Cape
Krusenstern), where the line was in water depths of 4-7 m but was locally
intense and fresh | ooking (Fig. 6b) southeast of the cape (along the south
side of the foreland), where the line reached water depths as great as 14 m
The gouges, nost of which trend nearly parallel to shore, are not visible on
the depth records and therefore are less than 0.5 m deep. A poorly defined
reflecting horizon 2-6 m below the seafloor is visible on 7 kHz seisnic
records fromthis area

KI VALI NA  AREA

One trackline in 1981 (Line 5) zigzags along the coast southeastward from
Kivalina, reaching water depths of as much as 19 m at a point 3.5 km
of fshore. Ice gouges occur commonly nore than’ 1 kmfromshore (Fig. 8). Most
of these gouges trend at small angles to the shoreline and appear fresh. The
deepest gouge is only 0.6 m deep. Gouges are rare or absent closer than 1 km
to shore; here, the nonographs show light and dark nottled areas that are
interpreted as patchwork of relatively fine sand and relatively coarse sand

or gravel. Sone of the dark patches contain symretrical, wave-formed ripples
that are spaced about 1.2 m apart and that trend northwest-southeast, at a |ow
angle to the shoreline. The patches and large wave ripples in this area, like

those in nearshore areas of the Bering Sea (Hunter and others, in press), were
probably shaped by storm waves. A faint reflecting horizon visible on the 7
kHz records suggests that the shoreface off Kivalina is underlain by a
Quaternary sedinent body that thins seaward

CAPE THOMPSON AREA

The inner shelf from Cape Thonpson southeast to Kisimlok Creek, a
distance of 27 km was studied in great detail by Scholl and Sai nsbury
(1966). In 1975 we ran a single shore-normal trackline out to a water depth
of 20 m (6 km from shore) in this area (Line 4), and in 1981 we skirted Cape
Thompson al ong a single trackline 0.5-2 kmfromshore (last part of line 4).
The nonographs from both these tracklines show bedrock and/or gravel patches
close to shore (Fig. 9) and few if any visible features farther offshore
however, the quality of the offshore parts of the 1975 nonographs was degraded
by the presence of features interpreted to be internal waves along a
pycnocline. A few ice gouges are visible, and a few “pocknarks” (steep-sided
flat-floored, shallow depressions as nmuch as 25 min length) are visible close
to the bedrock near Cape Thonpson (Fig. 10a). The pockmarks are of unknown
origin.



Uniboom seismc records fromthis area showed no subbottom reflectors.
Pal eozoi ¢ bedrock probably lies very near the seafloor throughout the area
(Schol I and Sai nsbury, 1966).

PO NT HOPE AREA

W ran zigzag tracklines (Line 5 in 1975 and line 4 in 1981) reaching a
water depth of 23 mat a point 2.2 km offshore. The nonographs from parts of
this area nore than 1 or 2 km offshore show sparse to noderate ice gouging
(Fig. 10pb). Most of the gouges trend at small angles to the shoreline and are
not deep enough to be visible on the depth records. The nonographs also show
some dark patches, which are probably forned by coarse sand or gravel. The
dark patches closest to Point Hope are associated with vertical relief of as
much as 3 m(Fig. ha) and may be bedrock, as nay other dark patches (Fig.
11v) . Some of the patches of coarse sediment contain symretrical wave ripples
that are spaced about 1 m apart and that trend at small angles to the
shoreline (Fig. 10b). Barnes observed some of these ripples by underwater
tel evision; they had spacings of 0.3-0.5 m heights of 3-5 cm and were in
gravelly sediment with mud filling the troughs. The ripples are of such size
that they nust have been formed by storm waves. Uniboom Seismic records from
this area locally show gently dipping reflecting layers in presuned Cenozoic
bedrock. The gently folded beds extend up to or very near the seafl oor,

t hough locally the Quaternary sedi nent cover is thick enough (nore than 1 or
2 m to be measurable (Fig. 11).

CONCLUSI ONS

(1) lce gouging was not found to be intense anywhere on the inner shelf
(at water depths less than on the inner shelf (at water depths less than 12~
23m); local ly the gouges are noderately dense, but nowhere was a gouge deeper
than 0.6 mfound. A possible exception is in the channel that cuts through
t he shoal southwest of Xotzebue, where erosional furrows of underterm ned
origin are abundant. It should be remenmbered that ice gouges may be
obliterated by wave or current activity, so that ice effects on the seafloor
may be more intense than the existing gouges suggest.

(2) Patches of material that appears dark on nonographs and is conmmonly
ri ppl e-nmarked are common in very shallow water and occur locally on the deeper
parts of the inner shelf. The ripple-narked patches nust be coarse sand or
gravel. Patches that are not ripple-marked nmay be gravel that is too coarse
or too poorly sorted to be ripple-marked, coarse sand or gravel in which
ri ppl e marks have been destroyed by the activity of animals or by ice action,
fine-grained cohesive sedinment, or bedrock outcrops. The ripples in the
coarse sedinent patches are of symmetrical, wave-generated type and are spaced
about a meter apart. Their size and occurrence only in coarse mterial
indicate that they were generated by storm waves. When the sediment grain
size is known, it will be possible to estinmate the sizes of the waves that
produced the ripples.

(3) Pockmarks (relatively small depressions) of unknown origin occur
locally in the area. Some pockmarks in other areas have been attributed to
the escape of gas from the sediment, but origins by current scour, ice action,
or the activity of animals are also possible.
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(4) Sand waves were not found in the area. Their absence along the
coast sout heast of Kivalina i s probably due to insufficient current strength,
whereas their absence along the coast northwest of Kivalina may be due to
insufficient sand-sized naterial.

(5)Hi gh-resol uti on seisnic data suggest that the thickness of
unconsol i dated sedi nent of Hol ocene and/or Pleistocene age is thin (less than
10 m) on nmuch of the inner shelf. The large shoal southwest of XKotzebue,
however, is a major depositional area for sediment supplied by the Xebuk and
Noat ak Rivers.

@Al of the above conclusions are based only on reconnai ssance
surveys and need to be tested by additional data. The conclusions should not
be assumed to apply to the south side of Kotzebue Sound-Hope basin.

(nIn Kotzebue Sound it beconmes apparent that both ice-related and
wave- and current-related seabed event will be inportant in determining the
stability and geologic history of the seafloor. Several seafloor features are
at present unexplained, except in conjecture: furrows, pockmarks, textural
patterns on nonographs, to name a few. The nearshore seafloor environment of
Kot zebue Sound is apparently a conplex and unique result of ice, wave and
current, and pre-Holocene events.



REFERENCES

Creager, J. S., 1963, Sedimentation in a high energy, enbayed, continental
shel f environment: Jour. Seal. Petrology, v. 33, p. 815-830.

Flood, R D., 1981, Distribution, norphology, and origin of sedinmentary
furrows in cohesive sedinents, Southanpton Water: Sedimentology,v 28, p.
511-529.

Hayes, M Q, and Ruby, Christopher, 1979, QO1l spill vulnerability, coastal
mor phol ogy, and sedinentation of Kotzebue Sound, in Environmental
assessment of the Al askan continental shelf, annual reports of principal
investigators for the year ending March 1979, v. VII, Transport: NOAA-BIM,
p. 115-170.

Hol mes, M L., 1975, Tectonic framework and geol ogic evolution of the southern
Chukchi Sea continental shelf: University of Washington unpublished Ph.D.
thesis, Seattle, 143 p.

Hunter, R E, Thor, D. R, and Swisher, M L., in press, Depositional and
erosional features of the inner shelf, northeastern Bering Sea: Geologie
en Mijnbouw, V. 61.

Moore, G W, 1966, Arctic Beach sedinentation, in Wilimovsky, N. J. , and
Wlfe, J. N, eds., Environnent of the Cape Thonpson region, Al aska: U S
Atomi ¢ Energy Commission, p. 587-608.

Nati onal Ocean Survey, 1980, Cape Prince of Wales to Point Barrow NOAA-NOS
Chart 16005, scale 1:700,000.

Scholl, D. W, and sainsbury, C. L., 1966, Marine geol ogy of the Ogotoruk
Creek sea, in Wilimovsky, N.J., and Wolfe, J.N., eds., Environnent of the
Cape Thonpson region, A aska: US. Atomc Energy Conmi ssions p. 787-806.



CHUKCHI
SEA

163°

161°
+69°

PB:Peter Barnes

RH:Ralph Hunter

I T 1 T | 1

0 20 40 60

+ 68°

Fig. 1. Index map showi ng tracklines on the north side of Kotzebue

Sound - Hope basin.
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Fig. 2. Uniboom seismic profiles across floor and side of channel in

Hotham Inlet and its seaward extension near Kotzebue. (a. 1975, line 1,
1701-1707 hrs. b. 1975, line 1, 1536.6-1538.5 hrs).



Fig. 3. Mnographs showing furrows in channel that cuts through shoals
sout hwest of Xotzebue. a. Large parallel furrows in deepest part of channel

(1975, line 2b, 1045-1049 hrs, water depth 5 nm. b. Furrows, some of which
bend and cross others and therefore must be ice gouges (1975, line 2b, 1032-

1036 hrs, water depth 34m).
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Fig. 4. Monographs showing furrows, sone of which ternminate at seafl oor
irregularities, in channel that cuts through shoals southwest of Kotzebue.
Furrows are parallel to channel axis and, if generated by current scour or
deposition downstream of the irregularities, indicate seaward flow.

a. Furrows terminating at relatively small irregularities that nmay be

i sol ated boul ders (1975, line 26, 1019-1021 hrs, water depth 4 m. b.
Furrows terminating at relatively large irregularities that my be
concentrations of gravel (1975, line 26, 1052-1054 hrs, water depth 4 m).
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Fig. 5. Pockmarks associated with furrows i n channel that cuts through
shoal s sout hwest of Kotzebue. The pockmarks (relatively small depressions )
are of undetermined origin. a.  Sonograph (1975, line 2b, 102641030 hrs,
water depth 3 m. b. Fathogram from sane |ocation, showi ng several flat-
fl oored pockmarks.



Fig. 6. Mnographs show ng ice gouges in area between Kotzebue and Cape
Krusenstern. a. Gouge formed by ice mass that reversed its direction of
movenent (1975, line 2d, 1347-1350 hrs, water depthf4 n). b. (Gouges near
Cape Krusenstern (1981, line 6, 1555-1600 hrs, water depth 14 n).
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Fig. 7. 7 kHz seismc profiles showing reflector at depth of a few nmeters
bel ow the seafl oor, in area between Kotzebue and Cape Krusenstern. a.
Reflector irregular (1975, line 2d, 1452-1500 hrs) . b. Reflector relatively
smoot h (1975, line 3, 1650-1700 hrs).
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Fig. 8. Monographs showi ng ice gouges in Kivalina area. a
nearly paralle

Gouges
to shore (1981, line 5, 0841-0845 hrs, water depth 11 m.
%2 rr)Giouges variable in orientation (1981, line 5, 1020-1023 hrs,

water depth
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Fig. 9. Mnographs show ng bedrock and/or gravel patches close to shore

in Cape Thonpson area. a. 1981, line 4, 1309-1312 hrs, water depth 9 m
b. 1975, line 4, 1149-1153 hrs. water depth 4 mat left, increasing to right.



Fig. 10 Monographs show ng features between Cape Thonmpson and Poi nt
Hope. a. Pockmarks (relatively small depressions, here visible as light-
toned areas) of undetermined origin and a few ice gouges near Cape Thonpson
(1981, line 4, 1305 1/2-1308 1/2 hrs, water depth 11 nm. b. Ice gouges and
wave ripples near Point Hope (1975, line 5a, 1353 1/2-1356 hrs, water depth

20 .
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Fig. 11. Possible bedrock outcrops on seafloor southeast of Point Hope.
a. Fathogram showing ridge with relief of 3 m (1975, line 5b, 1423-1434
hrs). b. Mnographs showing raised, platforms (dark-toned areas) that mav be
outcrops of nearly flat bedded rock or relatively consolidated sedinent (1981,
line 4, 0945-0947 1/2 hrs, water depth 9 nj.



