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MARINE GEOLOGY AND BATHYMETRY OF THE CHUKCHI SHELF CFF
THE OGOTORUK CREEK AREA, NORTHWEST ALASKA

By

D. W. Scholl and C. L. Salnsbury
ABSTRACT

During July and August 1958 the U. S. Geological Survey con-
ducted a study in behalf of the Atomic Energy Commission of the
oceanography, bethymetry, and marine geology of the nearshore shelf
of the Chukchl Sea off the Ogotoruk Creek area, northwest Alaska.
Ogotoruk Creek enters the Chukchi Sea about 32 miles southeast of the
large cuspate spit of Point Hope at long 165°44'46" W. and
lat 68°05'51" N. The Ogotoruk Creek area extends approximately 10
miles west and 7 milea east of the creek mouth. Knowledge of the
marine geology and oceanography is confined primarily to the nearshore
shelf, which includes about 7O square miles of the ahelf and 1is
defined as the sea floor lylng shoreward of the 50-foot submarine con-
tour. The 50-foot contour generally lies from 2 to 4 miles f@ _
shore. Submarine topography was studied to & distance of 15 miles frag
shore over an area of approximately 340 square miles.

A northwest coestal current flowsa past the Ogotoruk Creek area
and during July and August averaged 0.5 mile per hour. Persistent |
northerly winds cause gemlrnl upvelling near shore and at times of
pronounced upwelling the coastal current was reversed or appreciably
reduced in speed. Longahore currents shorseward of the breaker zone
averaged 0.3 mile per bour and moved to the east for the greater part

of the time of the study.



The overall seaward slope of the inner 15 miles of the
Chukchi shelf fram a depth of %0 to 135 feet i{s approximately 0°04°,
or about 6 feet per mile. Slopes near shore to depths of 15-20
feet are steep and average 2°30'. Beyond these depths they decrease
gradually out to s depth of 40-45 feet. Seaward of this point the
shelf 18 flottest aend slopes ere ag low as 0°01'. This terrace or
flat part of the nearshore shelf 18 about 2 miles wide and descends to
a depth of 50-55 feet beyond which the gradient increases to about
0°06', At depths greater than 85 feet the submarine declivity
gradually decreases to 0°03' at a distance of 15 miles from shore.

A flat-bottomed trough, Ogotoruk Seavelley, heads about a
quarter of a mile from shore off the mouth of Ogotoruk Creek. The
shallow seavelley aversges only 6 feet in relief and extends 15 |
miles from shore to a depth of 135 feet. A nimiber of smaller channels
also indent the gentle sloping inner Chukchi ghelf east of the sea~
velley and nearshore west of it.,

Many outcrops of Paleozoic and Nkeaoz_oic formations on the
nearshore shelf indicate that it is s wave-planed platform. Wave
planation is thought to have taken place primarily in Sangemon and
pre-Sangamon time (approximately 100,000 to 1,000,000 years ago).
Ogotoruk Seavalley is believed to de a drowned subaerial valley
vhich wae excavated by Ogotoruk Creek during periods of gl&cialli
depressed sea level. |

Unconsolidated sediments overlying the nearshore shelf are chief-
ly elightly rounded residual gravel vhich have been derived from sub-

merged outerops., Detrital sand and silt, contributed from the nearby



coastal area during Recent time, overlie the shelf near shore and
at depth as much as 50 feet seaward of segments of the coast under-
laln by filne-grained clastic rocks of Mesozoic age. Owlng to a
small volume of detrital clasts contributed by the coastal area
detritel sedimentation is not prominent over the nearshore shelf.
Beaches fronting the Ogotoruk Creek area are 30-260 feet wide,
range from less than 10 to about 25 feet thick, and are composed of
sandy gravel having a median diameter of about 10 mm. Rounded
clasts of graywacke, Biltstone, limestone, and chert are the
principal constituents of the gravel. Longshore currents accom-
penying moderate storms tramsport gravel and sand parallel to
shore at rates of 5 cublc yards per hour. Sediment transported by
longshore currente accumulates as spits at stream mouths and as

areas of new beach below rocky headlands.
INTRODUCTION

In 1958 the U. 8. Geological Survey was requested by the
Albuquerque Operations QOffice, U. S Atomic Energy Commission to
conduct geologic studies to develop data which will contribute to
determining the feasibilify and safety of detonating several
nuclear explosives to create an excavation that could be used for'
a channel and harbor near the mouth of Ogotoruk Creek, northwest
Alaska, The proposed test excavation 1ls project Chariot of the

Atomic Energy Commission's Plowshare pfbgram.



The U. S. Geological Survey carried out investigations 1n the
vieinity of Ogotoruk Creek from July 7 to August 25, 1958. The
work was divided into two phases, an onshore mapping and engineering
geologic study, and an offshore geologic examination of the shallow
shelf of the Chukchi Sea. This paper concerns only the latter
phase, although some coastal geology and physiography is described.
The onshore geology will be discussed in a separate publication
when onshore mapping is completed.

Marine investigetions included the collection of some biologlc
data, but the work primarily entelled a study of the physical
oceanography, the bathymetry, and the marine geology of the near-

shore shelf of the Chukchi Sea.
TLocation

Ogotoruk Creek 1s approximately 32 miles southeast of Point
Hope, a prominent cuspate splt, ana about 125 miles northwest of
the town of Kotzebue, Alaska (fig. 1). Ogotoruk Creek enters the
Chukchi See at long 165%4k'46" W. and lat 68°05'51" N. The Chukehi
Sea 1s the shallow arm of the Arctic Ocean that lies nortﬁ of

Bering Strait.
Climate

The average yearly air temperature at the test site is about
-7°C; hence, the ground is permenently frozen probably to a depth
of several hundred feet. Winter snowfall is light and summer pre-

eipitation is about 8 to 12 inches (U. S. Weather Bureau, 1958).
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During the present study (July and August 1958) air semperstures
renged from 27° C to within & few degrees of freezing and approxi-
mately 5 inches of rain were recorded. Deily cloud cover was
generally 60-65 percent; winds everaged about 15 miles per hour,
and blew meinly from the north and northwest.

The sea off the Ogotoruk Creeklarea is frozen from about mid-
RNovember to mid-June, although in any particular year freeze-up

and break-up may be more than a month earlier or later.

Previous investigations

A number of investigatorse have studied the geology and oceanog-
raphy of the Chukchi See. Notable emong these are: Buffington,
Carsola and Dietz (1950); LaFond and Pritchard (1952); Carsola
(1954e, 1954b, and 195kc); L&Fond (1954); and U. S, Navy Elec-
tronics laboretory (195&).:

In the vicinity of Ogotoruk Creek virtuslly no published data
on the marine geology and bathymetry exist. The geology of the
coastal region has been briefly sketched by Colller (1906) and
Kindle (1909a); Kindle (1909b) made a few commenteries on the
nature of the beach gravels near Cape Thompson, a promontory 7

miles west of Ogotoruk Creek.
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investigation. Dr. George Shumwey and Messrs. John Beagle, George
Dowling, and Park Richardson, who were part of the civilian

sclentific staff aboard the Burton Island, made elght dives off
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the authors.

Foraminifera in bottom sediments collected from the nearshore
shelf were identified by Mrs. Patsy Smith of the U. S. Geological

Survey.

Pregent study

Areas described

The nearshore Chukchi shelf of tke QOgotoruk Creek area that
wag gtudied 1s delimited epproximately by the 50-foot Bubmarine
contour, and includes the inner 2-k miles of the shallow sea floor
fram the mouth of Eesock Creek eastwﬁrd to the mouth of Kisimmlowk
Creek (fig. 2), a distance of 17 miles. Eesook Creek 1s approxi-
mately 10 miles west of Ogotoruk Creek, and Kisimulowk Creek enters
the Chukchi Sea about 7 miles east of Ogotoruk Creek. Although dis-
cussion of the marine geology is limited to the area of the nearshore
shelf, which includes approximately 70 square miles, description of

the bathymetry extends sesward for 15 miles (fig. 2).



Collection of date

Most of tﬁe oceanographic and geologlc data discussed in this
paper were collected by members of the U. S. Geological Survey fram
a lk-foot open-cockpit boat powered with an outboard engine. In
all, 302 data-collecting stations were occupled from July 9 to
August 21, 1958; station positions were determined with horizontal
sextant angles to onghore reference points which were easily
identifiable on asrial photographs and publiehed topographic maps.
Depth sounds were made at 268 stations and samples of the uncon-
solidated bottom sediments were procured at 225 stations; these
stations are ahown on figure 2. Bottom pamples were teken with a
positive-acting grab mttached to a hand-scunding line having 5-foot
gradu.ationﬁ. The maximnm capacity of the grab was not more than
about one kiloéram of sample.

Surface water temperature and Becchi diak transparency
rendings (the Secchi disk is & white-painted diak 30 cm in diemeter
which 1s lowered until 1t just passes from view; this depth 18
then recorded as the Secch{ disk transparency reading) were recorded
at most of the stations shown on figure 2. Burface water samples
were collected st P8 ptations and later analyzed for salinity and
other pertinent data. Velocity (speed and direction) of surface
currents was mesgured at 33 stations by surface Arogues. The
drogues were eimply constructed wooden curremt-crosses or venes
vhich were weighted to float about 6 inches balow tha surface with
only s thin tracking periscope-like extenslion remaining above the

surface. Drogues were elso uped to measure speed and direction of



longshore currents; these measurements, together with recordings
of wave and surf conditions, were made dally mnd scmetimes hourly.
A graduated staff driven into the sea bottom about 10 feet from
shore served as a rough gauge for determining tidal fluctuations.
A portion of the datse used in constructing the bathymetric
chart shown on figure 2 was taken by the U. S. Geological Survey,
but most of the information was supplied by Holmes and Narver,
Inc., of Los Angeles, and by the U. 8. Navy. Civilian geologlists

and biologists aboard the U.S S. Burton Island made eight dives

off the Ogotorik Creek area. Theae descents provided valuable
information on the bo?tom Bediments end permitted sccurate
location and descriptian of the 1lithology and attitude of sub-
marine cuterops. Photographs of the sea floor were also taken
by the diving team. Eighteen bathythermograph lowerings were

made from the Burton Island to determine subsurface water temper-

atures; the position of four of these lowerings are shown on
figure 2.

The authors were Jjointly responsible for the collection of
field data mnd samples. The laboratory work leading to the |
classification of the sediments, analyses of the oceanographic
data, and preparation of the maps, are the work of the sepior
author. Most of thes conclusions presented were reached after.

Joint discussion, and separation of reasponsibility is not attempted.



COASTAYL. PHYSIOCRAPHY AND GEOLOGY

Meaningful interpretation of the nsamhnre ‘bathymetry and
merine geology of the Ogotoruk Creek area 15 dependent upon &
general knowledge of the coastal physiogrephy and geology. It is
useful, therefore, to describe the physiography and geology

between Eesook and Kisimilowk Creeks.

Physiography

For 1-1/2 miles dast of Eesock Creek the shoreline {8 8 narrow
alluviated cometal plain which terminates in low coastal bluffs
10-15 feet high. Landward of the coastal plaein are abandoned sea
cliffs which rise to elevations of 300 to 400 feet (fig. 2).
Several fresh-water lagoons are lmpounded by beach gravels at the
outer edge of the coestal plain.

East of the low coastal plain and for approximately 7 miles
eastward to Cape Crowbill (fig. 2), the shoreline iB a precipitous
sen cliff fram 600 to 700 feet high. The cliffs rise to a roughly
flat upland which can be traced into the intertor of western
Alseka (Hopkins, 1959). The continuity of the sheer geawall is
broken only east of Emmikroak Creek where the coastline for approxi-
mately 1-1/2 miles is lower and cliffs are less precipitous (fig.
2).

Except at strean mouths, east of Cape Crowbill to Kisimulowx
Creek the shoreline 18 fringed by a coastal terrace from 200 to
500 feet wide which terminates in comptal bluffs 20 o TO feet
high. The terrace fronts @ line of abandoned sea cliffs which

rise to elevations of 800 feet (fig. 3).



Figure 3. Mouth of Ogotoruk Creek; view 1s to the east.
White spots by Airstrip oear center of photograph are
tentas of U.3. Gecloglcal Survey camp. Line of ¢liffs east
of creek mre sbandoped sea Wmlls; they are fronted by
seavard-thinning wedge of colluvium which terminates in
low coagtel bluffs 20-T0 feet high.
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Major streams flow parallel to the reglonal structursl grain,
which strikes northesstward, and consequently valleys and inter-
stream ridges trend sonthwestward and intersect the coa.stli‘.ne
nearly at right angles. Valleys are cut below flat-topped ridges
of roughly concordant height (760-980 £t.) which are believed to
be remnants of an erosional surface of Pliocene age (Hopkins,
1959). Downwarping of this surface farther to the wept in late
Pliocere or eurly Pleistocene time formed the shallow Chukchi
Sen, and the present dralnage pattern has largely formed since
that time (idid.). -Ogotoruk mnd Kisimulowk Creeks, the largest
stireams draining the cosstal area, meander gently in flood plaJ.nsl
approximately a quarter of & mile wide in their lower reaches.
The valley of Ogotoruk Creek is about 2 miles wide and is cut
iﬁt.o bedrock; mmerous outcrops are in the bed of the creek.
Spaller stremms entering the Chukchi Sea occupy parrow V-shaped
valieys cut in bedrock and alluvium and extend inland for a dis-

tance of 1/h-mile to & miles (fig. 2).

Gepl__ogz |

In general, the rocks are progressively younger eastward
from Besook Creek toward Kisimulowk Creek (fig. 12), and includs
units ranging in age from Devonin.n(?) tp Cretacecus-Jurassic(?).
At the base of the lov comstal bluffs near Eesook Creek fine-
grained quartzite and micaceous Bilty ahale of probmble Misgiss~
ipplan sge are exposed. Unexposed calcareous sandstone and shale
beds of Devonian age (7) are thought to underlie the Mississipplan
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clastic rocks (Collier, 1906, pl. 1), and to crop out on the sea
floor approximately 1 mile from shore.

The sheer sea cliffs east of the coastal plein expose lime-
gtone which is provisionally correlated with the Lisburne group of
Mississippian age (Bowsher and Dutro, 1957, p. 3). The limestone
is commonly siliceous and some of the units consist chiefly of black
chert. A synclinal belt, trending nearly at right angles to the
shoreline, of clastie rocks of Mesozolc and Permian age is expoged
along the lower and less precipitous sea cliffs near Emmikroak
Creek. Fine-grained graywacke, slltstone, and shale believed to
represent the lowermost Jurassic(?) rocks of the area occupy the
central part of the syncline; green argilllite, shale, and limestone
tentatively correlated with the Shublik formation of Triassic age
(Patton, 1957), and green srgillite end chert beds provisionally
correlated with the Siksikpuk formation of Permian age (ibid.),
crop out along both flanks of the syncline and at Cape Crowbill.

East of the Triassic rocks near Cape Crowbill, and probably
beneath most of Ogotoruk Valley, the rocks are predominantly silt-
stone. Farther east the rocks coneiet of interbedded graywacke and
siltstone and are probably Cretaceous in age. The coestal terrace
which fronts the ancient sea cliffe consists of a seaward-thinning
wedge of colluvium; the colluvium is derived from outerops of
fine-grained rocks cf Mesozocic age ard conslsts of coarse mngular

rock fragments enclosed in a silty matrix.
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Btructurslly, the geology of the Ogotoruk Creek area is very
complex, but {n general the structural grain strikes northeastward
or pearly at righ{: angleg to the trend of the coastline. West of
Cape Crowblll bdeds are overturned and thrust eastward, East of
Cape Crowbill the Mesozolc rocks dip steeply and are intricately
folded. The prineipal stratigraphic units and a few of the major
structural elements of the QOgotoruk Creek area are shown on

figure 12.
OCEANQGRAPHY

The Chukchi Sea is8 esgentially a thin layer of water
averaglng about 150 feet in depth which overlies a drowned con-
tinental shelf connecting North Americe and Siberis (fig. 1).
Water enters the Chukchi Sea primarily from the south through /
Bering Stralt and in part from the northwest along the Siberisn
coast (LaFond, 19',‘510. MajJor currents flow parallel to the Alaskan
coast and eventually enter the Arctic Ocean near Point Barrow,
Alaska, The eha.raci;.eristics of this cosstal current as {t passes
the Ogotoruk Creek area, together with other oceanographic obser-

vations, are described and discussed dbelow.

Water temperature and salinity

During moet of July mnd August 1958 surface water temper-
gtures over the nearshore shelf remained near 12°C. Surface
salinities during these 2 months averaged near 20.9°/oo (parts per
thousand by weight). In the Chukehi fea, water having a temper-
ature from 10°-12°C and a salinity less than 50.00°/oo has been
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defined as Alaskan Coastal water by LeFond (1954): Alaskan
Coastal water 1s formed by admixing of Bering Sea water setting
through Bering Strait with runoff water from western Alaska.

Fram August 1 to 6 surface water off Cape Thompson and eaét
of Ogotoruk Creek was unusually cold and saline (fig. 4). Tem-
peratures as low as 7.5°C and salinities as high as 30.93%/oo
were recorded. LaFond (ibid.) has assigned the term Intermediate
water to water masses of thip tempersature and salinity. Inter-
mediate water results from mixing of Alaskan Coastal water with
cold and saline Deep Shelf water. The relationship of Alaskan
Cometal and Intermediate water on August 10 and 11 is shown on
figure 5.

Throughout the period éf observation surface watar near shore
was almost comsistently 3.0-0.2°C colder and 1.57-0.33°/o0 more
saline than surface water from 2 to 4 miles from shore. A single
recording of a seaward decrease in temperature was made -on August
10 and 113 surface isctherms for these 2 days and for August 1
to 6 are shown on figure 4.

Subsurface temperatures were msssured only on August 10 and
11. Tn genersl, temperatures decreased from about 9°to 10.5°C
at the surface to 5.2°C at a depth of 14k feet. Over the inner
10=11 miles of the ahelf the water was nearly isothermal with depth
but temperature decressed with distance fram shore at any glven
depth. This relationship 18 Bhown on figure 5. At greater dig-
tances fram shore a tongue of cold Intermedinmte water (less thaun
8.5°05 protruding shoreward caused the isotherms to be more nearly

horizontal.
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Curfents

Coastal

During most of July and August the predowinaﬁt surface current
moved parallel to shore in a northwesterly direction. Velocities
of this current ranged from 0.1 mile per hour to 0.8 mile per hour,
and aversged 0.5 mile per hour. Current velocities and dates of
measurement are shown on figure 4. South snd southeast currents
of low veloclity were occesionslly recorded on the up-current side
of Cape Crowbill, which presumebly indicates an eddy or swirl of
water close to shore off the mouth of Ogotoruk Creek. From August 1
to 6 the northwesterly coastal current was reversed or apprecisbly
reduced in velocity off Cape Thompson and emst of Ogotoruk Creek.
Currente east of Ogotoruk Creek slowed to 0.3 mile per hour and
flowed to the south and southeast (fig. 4). OFff Cepe Thompson the
northward-setting coeastal current was reduced to gbout 0.2 mile
per hour, which 18 nearly two-thirds lower then 1ts typicelly

recorded veloclty.
Longshore

Longshore currents are set up by waves striking the beach at
obllque angles and ere strongeet shoreward of the breaker zone
(fig. 6). While the Burvey party was in the field between July T
and August 25, varisble winds caused repeated reversals in wave
epproach and hence in longshore currents. Longshore currents flowed

to the east for the greater part of the time (epproximately 75 percent)l
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and averaged 0.3 mile per hour 10-15 feet from shore; however, the
highest velocities (as much ms 1.1 miles per hour) were measured
during east snd southeast storms when the longshore currents moved
to the west.

Velocity of longshore currents in general increesed with wave
height end with the angle formed by the breaking waves and the
shoreline. Highest velocities occurred when waves 3-5 feet high
struck the beach et angles between 15 and 20 degrees. Undoubtedly
stronger currents accampany violent storms which strike this seg-
ment of the Aleskan coast during fall months prior to freeze-up.
The genergl relastionship of longshore current veloclty to wave
height and angle of approach for the Ogotoruk Creek area is dim-

grammed on figure 6.
Wavee

At Ogotoruk Creek wave action is limited to the ice-free
‘summer and fall months except for occesionsl severe winter storms.
The characteristics of wave trains veried greatly in the Ogotoruk
Creek area owing to frequent chenges in wind velocity and direction.
Throughout the period of study waves were typically 10 inches high,
25-30 feet in length, and had & period of 4-5 seconds. Waves with
heights of 3-5 feet and periods of 6-7 seconds accompenied strong
onshore winds (30-40 miles per hour) which blew for more than e
day. Frequently waves of somewhat smaller height but similar
‘period arrived from distent Btorms, and were not accompanied by

strong onshore windg. BRBecause the shoreface drope off rather
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steeply to & depth of 15-20 feet, most waves did not bresk until
they were within a few feet of shore; only the larger waves (3-5 ft.)
broke more than 20 feet from shore. _Marked changes in the foreshore
profilelwere produced by these larger waves; erosion and growth of

the shoreline is taken up under a discussion of beaches.
Tide

Tides in the Ogotoruk Creek ares were characterized by a one-hslf
period of 6-6% hours, & height of 9 inches, and & lag time of the
arrival of tide crests of ebout 20-30 minutes per day. When strong
onshore winds blew (30-40 miles per hour) sea level rose an addi-
tional 1-1% feet; conversely, sea level fell 1-2 feet below mean
low water at times of strong offshore winds. Driftwood at elevatlons
of 10-15 feet is evidence that higher sesa levels and waves than were
recorded during July and August 1958 occur along this segment of
thé Alasgken coasst. This belief is in part substantieted by published
accounts of 1l0-foot rises 1n sea level during severe fall storms at

Point Hope (Kindle, 1909b) and at Point Barrow (Schalk, 1957).

Yater transparency

Transparency of-the coastal water varled greatly owing to
chenges in the emount of suespended inorgenic perticles end plankfon
and to the concentration of soluble orgmanic pigments. Water clarity
increased with distance from shore. Secchi d1sk readings near shore

were commonly only 15-20 feet; at & distance of 3-4 miles remdings
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increased to 30-45 feet which is competible with a measurement of
3l feet teken appraximately 60 miles off the Ogotoruk (reek area
in August of 1949 (Buffington, Carsola, ‘and Dietz, 1950, p. 23).
Water clarity from August 1 to 6 in areas of cold and saline water
were 5-10 feet lower than at other times. Low transparency also

accompanied storms when large amounts of detrital particles were

stirred into the sea water by waves and stremm discharge.
Digcussion

Upwelling of subsurface water is indiéated by the cold and
saline Intermediante weter present at the surface from August 1 to 6
off Cape Thompson and east of Ogotoruk Creek (figs. 4 and 5). Dur~
ing thie time pergistent north to northwest offshore winds of 10-30
miies per hour apparently caused Intermediate water to rise to the
surface east of segments of the coast which are topographically low,

The consistent cold and saline surface water close to shore
throughout July and Aagust suggests that weak but almost constant
upwelling vas taking place. Unfortunately there are insufficilent
subsurface temperature and salinity data to substantiate this
probability; however, the prevailing northerly winds of 10-15
miles per hour which blew during the parisd of observation could
concelvably maintein such a general upwelling. Moreover, the
single recording of a temperature decrease with distance from ahore
(£ig. 4) was made on August 10 and 11 during a periocd of easterly
winds when upwelling near shore theoretically should not have teken

place.
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Upwelling Intermediste water from August 1 to 6 also explains
the reversal and slacking of speed of the coastal curremt. On
figure 4 it can be seen that east of Ogotoruk Creek currents
flowed to the right and parsllel to the slope of the dymamlc
topography which can be roughly envisloned from the surface
isotherms. An increase in concentration of zco-phytoplankton in
areas of upwelling water probably accounts for the lower water
transparency from August 1 to 6. Similar reletionships of low
wvater trameparency and upwelllng water have been described by

other authors (Ewery, 1955a).

BATHYMETRY

Construction of the bathymetriec chart

Approximatel& 3,000 soundinge were used in constructing the
bathymetriec chart shown on figure 2. Sounding density varies
considerably (fig. 7) and ranges from 1.4 poundings per sguare
mile to 270 mnd averages 8.4 moundings per square mile. The
chart comprises approximately 340 square miles of the ahallow '
.Chukehi shelf out to a depth of 1lk5 feet.

Holmes and Narver, Inc., of Los Angeles, complled the data
used in contouring the submarine topography ocut to a depth of
55-65 feet for several miles east and west of Ogotoruk Creek
(f1g. 7). Soundings were made with m fathometer installed on @
gmell comstal tug. Positions of the tug east of Cape Crowbill
were determined by the range method with two onshore transits;
soundings were located west of Cape Crowbill with horizontal

sextant anglees to surveyed onshore Bighting stations.
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Data east and west of the area' surveyed by Holmes and Narver
are lead line soundings made by the U. S, Geologtcal Survey. '
Sounding positians were determined with horizontal sextmnt angles
to onshore reference points. The Survey alsc established 188
depth reedings within the ares traversed by Holmes and Narvers
these stationg are shown on figure 2.

All bnthymefric readings seawerd of the 65-foot contour were

made with the eczho-sounding equipment of the U.S.S. Burton Island,

Bavigetion was by radar fixes with cosstal reference points.

Because different aumying-mthods were employed in collecting
the bathymetric dats, only areas comprising one navigation andi one
sounding technique are intermally consistent; these areas are shown
on figure 7. DaBhed contours are used where only lead line tnfor-
mhtion 1s availsble and where different surveys closely mUoiﬁ but
do not overlap.

Figure 7 shows that the sounding density Lmnedimbel} semrd
of the mouth of Ogotoruk Creek is more than 10 times greater than
that to the east and west. Owing to this density the submarine
topography off Ogotoruk Creek is better known and appears acme-
what more irregular than the adjacent see floor. HNearshore
sounding lines tremd south fram shore between Cape Crowbill and
Kiaimulowk Creek, and ip sgome areas there is A corresponding
tendency for topographic features to follow the sousding lines.
This x'lalntionahip 16 evident in the well~soundad area off the mouth
of Ogotoruk Creek. Northward-trending bathymetric features probably
represent Bpuriocus aligmments as they are oblique to the general
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Blope of the submarine topography, and are inconsistent with

the known northwest trend of the coastal physiography and geologic
structure. Several authors have described in more detail the
fictitious alignments of submarine features parallel wlth sounding
lines (Kuenen, 1950, p. 488-491; and Dietz, 1954, p. 1201). In
compilation of the chart, spurious alignments of the topography
were reduced to a minimum by cooperation between geologists of
the U. S. Geological Survey and topographic engineers of Holmes

and Narver, Inc.
General

The floor of th; Chukchi Sea is remarkably free from local
or even regional relief. BSubmarine declivities over the central
part of the shelf are as low as 00°00'12" (0.3 £t. per mile) and
in the opinion of many geologists it is one of the flattest regloms
on the earth (Buffington, Carsoles, and Dietz, 19503 and LaFond,
1954).

Submarine gradienfs near the Alsskan co#st steepen scmewhat
and the topography 1s more irregular. Except in the vicinity of
Point Barrow, the Chukchi shelf adjacent to the coast is poorly
known. The {nner 15 miles of the sea floor off the Ogotoruk
Creek area, which i1s described below, is probably the most

thoroughly known nearshore region of the Caukchi shelf,
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The sea floor slopes very gently away fram the Ogotoruk Creek
area and 1s exceptionally flat to moderately irregular in local
relief {fig. 2). The shelf is flattest between depths of 40-55
feet and samewhat steeper farther seaward. Near shore the bottom
riges abruptly to the shoreline.

The most prominent bathymetric feature is a shallow and rather
flat-bottomed trough lesding semward from the mouth of Ogotoruk
Creek. This submarine channel is hereafter referred to as Ogotoruk

Senvalley.

Topography of shelf

Submarine gradients extending fram the shoreline average about
2°30' and the bottom descends quickly to a depth of 15-20 feet. Off
cliffed headlands the initial declivities are as steep as 4°, The
relatively steep slope near shore 1s termed shoreface by some authore
(Price, 1954) and off gravelly beaches of the Ogotoruk Creek area it
repregents a slope adjusted to depositional and erosionnl forces.
Schalk (1957) has shown that moderate storms in the vicinity of Point
Barrow produce no major change in the s horeface, but that major storms
result in profound changes in the shape and slope of the shoreface
profile. |

In the Ogotoruk Creek area the lower part of the shoreface below
depths of 15-20 feet descends less mteeply (0°17' to 0°30') to a
depth of 40-45 feet. For approximately 2 miles seaward of this point,

to & depth of 50-55 feet, the nearghore shelf ip flattest snd slopes
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are as low a8 0°001l'. The inner and outer edges of this terrace or
flet part of the nearshore shelf are indicated by brackets on pro-
files B-B', C-C', and D-D' included on figure 8. At the outer

edge of the shelf terrace gradients steepen to near 0°%06' and from
this point semward gradually fall to 0°03'. The overall declivity of
the shelf seaward of the inner edge of the shelf terrace is 0°04:,

or 6 feet per mile.

Seaward of Xisimulowk Creek at depths greater than 55-60 feet,
the shelf 15 markedly more irregular than the nearly featureless
bottom immediately to the west. The sea floor in this area is
gently undulaeting and comprises a series of five southwestward-
trending valleys and ridges (fig. 9) and a number of isolated knolls
a8 much as 15 feet high.

Ridges and valleys range from one-half to one-~quarter mile in
width and have a relative relief of 10-12 feet. Gradients down
the valleys are between OPO4' and 0°03'., NWear their inner reaches
slopes leading into the valley are about 0°30'. At depths greater
than about 85 feet the valleys and ridges gradually merge with
the sea floor and virtuaslly disappear at & depth of 105 feet.

Ogotoruk Seavalley heads mpproximately a quarter of & mile
from shore at a depth of 30 feet mnd extends seaward for a distance
of 15 miles to & depth of 135 feet. The valley axis is sinucus
but in generaml trends southwestward. A principal chennel can be
traced along the floor of the seavalley but & number of conver-
ging channels or "tributaries' enter near 1ts head. The seavalley
has & maximm relief of about 15 feet which i8 at a depth of

gbout 85 feet.
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Near shore the seavelley iB epproximately 2 miles wide, but 1t
graduslly narrows to about 1} miles st & depth of 85 feet (fig. 10).
Gradients along this part of the valley floor are rather uniform snd
average 0°07' (11 ft. per mile), which is about 0°03' greater than
the slope of the adjacent ses floor (fig. 2, profileIA;A'). The
sides of the seavalley slope between 0°09' and 0°12), however,
declivities ieading into the velley fram shore slope about 2, A
number of knolls rising 1-5 feet above the valley floor charamcterize
the inner reaches of the seavalley.

At depths greater than 85 feet the seavslley narrows to a single
chennel approximately half a mile wide (fig. 11) end then widens to
merge gredually with the adjacent sea floor at B depth of 135 feet.
Between depths of 85 mnd 120 feet the gredient falls to about 0°03°
and throughout the outer 5 miles the gradient decreases 10 near
0%02+.

Ogotoruk Seavalley is simllar to other submaripe valleys or
canyons in that it hes a gentle sinuous course, a smooth gradient,
end "tributeries" erter at grade. Also like meny other submarine
velleys, Ogotoruk Seavalley has been cut directly into bedrock,
and outcrops of Paleozolic an& Nbs&zoic rocks have been lacated in
many parts of the seavalley by bottom Bamplings and divers (fig. 12).
The seavalley differs from others, however, in that transverse pro-
filea ere not V-shaped but are broed and, although somewhat hummocky,
rather flat (figs. 10 and 11). Moreover, Ogotoruk Seavalley is not

deeply entrenched in the Chukchl shelf but averages only 6 feet in
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Figure 10. Fathogram L-L' scross Ogotoruk Seavalley
approximately 4 miles from shore. Add 27 feet to indicated
depth for correct depth reading. Line of trace shown on
figure 2.
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relief. The overall gredient of the seavalley, 0003', stands in
marked contrast to gradients of other submerine valleys which range
from about 8° near their heads to about 2° in their lower courses
(Xuenen, 1950, p. 487).

Other arctic submarine valleys have been described by Carsola
(1953 and 1954c). These dissect the outer edges of the continental
ghelves of the Chukchi and Beaufort Seas and are similar to sub-
marine velleys elsewhere in the world. One of these arctic canyons,
Barrow Canyon, has an apparent broad aend flat-bottomed extension
which cuts across the upper part of the continental shelf northwest
of Point Berrow. Carsole has termed this feature Barrow Seavelley
to distinguish it from Barrow Canyon, which hes the typical V-shaped
profile. Barrow Seavelley is the only submarine festure yet described
from the Alssksn arctic which is similmr to the shallow trough of
Ogotoruk Seavalley.

Although bathymetric data are scanty, and limited to lesd line
soundings, there ig an indication of 2 broad shellow channel off
Fmmikroak Creek which heads in water 20 feet deep (fig. 2). The
axis of this depression is not directly sligned with the creek, but
rather 18 mligned with the synclipal infold of Mesozoic and Permian
rocks. Much narrower subhmarine furrows, however, can be traced from
the mouths of Nusocgruk Creek apnd the small stream entering the Chukchi

Sea l1mmediately west of Cape Crowhill.
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Origin of submarine topography

The topography of the shelf to & distance of 15 miles from
ghore 18 believed to represent erosional forms cut on bedrock.
Some of the initial topography has been buried or partly subdued
by subsequent merine sediment ation.

Bottom sampling to a distance of %4 miles from shore indicates
that bedrock crops out over most of the area of the nearshore
shelf or i8 veneered thinly by unconsolidated sediments. Criteria
for locating submarine outcrops from the nature of the bottom
deposits are given in & discussion of the shelf stratigraphy}
divers have &also mapped exposed bedrock near the mouth of Ogotoruk
Creek and in water 40 feet deep off Cape Crowbill, and visual
Blghtinge of outcrops were made by the writers on several occasions
in shallow {as deep ag 30-35 ft.) clear water. The flat and
relatively smooth bedrock surface of the nearghore shelf is intef-
preted ss B wave-planed pletform.

Bopkins (1959) has given evidence that crustal downwarping
formed the shallow Chukchi end Bering Seas in late Pliocene or
" early Pleistocene time. It is probable, therefore, that wave-
planation of the nearshore shelf involved At least several and
perhaps all of the Pleistocene mea level fluctuations. However, con-
sideration of the age of an abandoned shore in the Ogotoruk Creek
area tends to indicate that much of the planation took place during
Sangamon and pre-Sangamon time (approximstely 100,000 to 1,000,000
years ago). This mncient shoreline and deposits mssociated with it
will be discuseed more fully in a forthcoming paper by Salnsbury

and others.
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The ancient shore cuts across folded rocks of Jurassic and Cre-
taceous age at the base of the abandoned sea cliffs east of Ogotoruk
Creek and 1s overlain by the seaward-thinning wedge of colluviwm. The
wave-planed surface of the ¢ld shore also lies beneath colluv;um de-
rived from the infolded Mesozoic rocks east of Emmikroak Cfeek and
underlies the alluviated coastal plain in the vicinity of Eesook
Creek. Beach gravels rest upon the old shore in many areas and
driftwood had been collected from these sediments near Emmikroak
Creek. The shore probably does not rise to elevations much ex-
ceeding 20-25 feet, butlita gently sloplng bedrock floor can be
traced seaward where 1t probably merges with the bedrock surface
of the nearshore shelf.

The authors believe that the shoreline was cut by a relatively
high-standing ses level of Sangemon(?) age, and that the colluvium
accumlated subaerlally from the exposed Jurassic and Cretaceous
rocks, during Wisconsin and Recent time. The Sangamon(?) age of
the ancient shoreline implies that the nearshore shelf wes carved
by the end of Sangamon time. The terrace or flat area of the near-
shore shelf at depthe of 40 to 55 feet may have been caused by a
temporary halt in a rising or falling Pleistocene sea level, or
may represent the seaward continuation of the wave-planed plat-
form. The nearshore shelf probebly was subjected to marine
planation prior to Sangamon time, but older Pleistocene sea level

fluctuations are not clearly recorded in the Ogotoruk Creek area.
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Ogotoruk Seavalley

‘Shepard and Emery (1941) discussed in detail six possible
origins for submarine valleys or canyons. More recently geolo-
gists have come to believe that submarine valleys are (1) ex-
cavated by submarine erosion, such as by turbidity currents or
strong water motion (Kuenen, 1950 and 1953); (2) are of com-
posite origin involving both subaerisl and subagueous processes
(Shepard, 1952); or (3) are drowned subaerial valleys. However,
any hypothesis proposed for the origin of Ogotoruk Seavalley
met adequately account for the following facts and relation-
ships:

(1) The axis of Ogotoruk Seavalley and Ogotoruk Valley
are perfectly aligned.

(2) The gradilent profile of Ogotoruk Creek is continuous
with only a slight decrease in slope (0017' to 0007') with the
gradient profile of the seavalley (fig. 2, profile A-A').

(3) Both valleys are primarily cut into relatively soft
siltstone and shale flanked by more resistant rocks.

.(4) The abundance of rock outcrops along the margins of
the seavalley.

(5) Tributaries or minor channels neer the head of the
seavelley have increased its width to that of the valley of

Ogotoruk Creek.
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(6) A number of isolated knolls in the inner reeches of
the seavalley suggest differentially eroded bedrock.

(7) The seavalley gradually merges with the edjacent sea floor
end virtusglly disappemers at & depth of 135 feet.

Carsola (1953, p- 41) hes shown that Barrow Semvalley may have
1n pert been scoured by strong currents directed mlong the axis of
the valley. However, water motion over Ogotoruk Seavalley is ob-
lique to the trend of the valley end current scouring cannot be
postulated as an origin. Tidal currents, wnich must in part move
elong the axis of the valley, also could not have eroded the sea-
valley as the aversge tlde range 18 less than one foot and it is
not reasonable that attendant tidal currents are competent enough
to scour a valley in bedrock.

Excavation by turbidity currents in the manner envisioned by
Kuenen and Daly'(Knenen, 1950, p. 509) cannot be spplied to Ogotoruk
Seavalley. This hypothesis limits the time of cutting to periocds of
glecially lowered sea level, and therefore cannot be considered
in this case as the Chukechi Sea was largely dreined of marine
waters during glacial ages of the Pleistocene epoch (Hopkins, 1959).
It hes also never been adequately demonstrated that turbidity cur-
rents are capeble of eroding bedrock on very gentle submarine
slopes (Kuenen, 1950, p. 526).

A composite origin seems more pleusible &s it only requires
that turbidity currents periodicelly sweep the valley clear of un-

consolidated sediments (Shepard,. 1952). More fundamental to .the
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composite hypothesis, however, 1is the drowning‘of submerially
carved valleys. Indeed, the perfect alignment‘gf Ogotoruk Valley
and Ogotoruk Seavelley, their similar gradients, and the fact that
both valleys are cut in soft .siltstone gnd shale beds of the Tig-
lukpuk formation, are consldered strong evidence thet the seavalley
ig simply a drowned segment of the valley of Ogotoruk Creek.

Becmuse Ogotoruk Creek probably remched the sea cosst in early
Pleistocene time, excavation and drowning of the seavelley cen be
interpreted in two ways: (1) the seavalley mey represent the
inundated valley floor of an older subaerisl valley whose sides
were bevelled down during wave-planation of the nearshore shelf;
or (2) the seavalley was excavated during periods of glecielly
lowered ses level when Ogotoruk Creek was free to extend out onto
the exposed Chukchi shelf.

In regard to the first possibility, it 1s reesoned that
wave~-plenation of the nearshore shelf would have cut beneeth the
steeper Pleistocene gradients of Ogotoruk Creek end would not
have preserved the velley floor as s submerged d4epression. The
best .interpretation seems to be that the semvalley is & drowned
segment of Ogotoruk Velley which was cut into an emerged continental
shelf during glacial stages of the Pleistocene epoch. Near the
heed of the sesvalley it 1s apparent that new tributaeries also
developed which appreciebly broadened its shallower reeches.
Differential streem and wave erosion of the rocks underlying the

seavalley probably cerved the isolated knolls. Since the last



30

t

episode of Btream erosion the hesd of the valley has been filled
with beach sediments and Recent marine sediwmentation has
apparently buried and subdued the outer part of the seavalley.
Farther out onto the Chukchi shelf a thick blenket of Recent
gediments is thought to have formed ope of the flattest reglons
on the earth.

Owing to a luck of a clear record of pre-Samgamon events, the
time of initiml shaping of Ogotoruk Seavalley cmnnot be precisely
determined. There can be little doubt, however, that some stresm
erosion, and conceivably all of 1t, took plece during the Wisconsin

glacial stage.
Minor features

In view of the foregoing discussion, 1t 15 assumed that the
gmall channels leading seaward from the mouths of Nusoaruk Creek
and the smmll creek west of Cape Crowbill, are also probebly
drowned Pleistocene streambeds (fig. 2). The much broader sub-
merine depression lying off Emmikroask Creek and the synclinal
infold of Mesozoic and Permimn rocks is probably alsc a Pleisto-
cene subaserially eroded feature, but it may alsoc reflect differen-
tial marine erosion of the less competent Jurmssic rocks occupying
the central part of the syncline (fig. 12).

Although bottom samples were not collected from the valley-and-
ridge area off Xisimulowk Creek, it is probable that the low ridges
reflect bedrock dbrought into relief by stre=mms eroding an emerged

shelf during a pericd of glacirlly depressed spea level. In support
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of this interpretetion sre the feacts that the smell valleys have
gredients similer to those of Ogotoruk Seavslley and the south-
westward-trending ridges are parallel to the strike of steeply
dipping Mesozolc rocks in the coestel area. The outer reaches of
the valley-and-ridge area have apparently been buried under a
blanket of Recent marine sediments.

Rex (1955) and Carsole (1954d) have described small bathymetric
structures gouged by pack ice in the shallow sea floor northwest of
Point Barrow snd over the inner shelf ares off the Colville River.
Divers have examined some of these features near Point Barrow
(George Shumwey, U. S. Nevy Electronics Leboretory, San Diego,
personal communication). Grounding of peck ice in water as deep
85 120 feet (Carsola, ibid.) has been substantiated by meny in-
-vestigators and tekes place along most of the Aretlc coast
(Transehe, 1928). Sounding lines were too widely spaced during
the present study to contour microrellef gouged by peck ice, but
1t 18 likely that deteiled sounding of the flat see floor east

of Ogotoruk Seavalley will dellneate ice-gouged microrelief.
MARINE 3EOLOGY

Discussion of the marine geology is divided into two parts:;
(1) a description of the bedrock geology or stratigraphy of the
nearshore shelf, and (2) a description of the unconsolidated

bottom sediments and beach deposits of Queternary age.
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Bhelf stratigraphy

Coarse rock debris was collected at pearly 80 percent of all
sampling stations off the Ogotoruk Creek area. This rock debris
was classified as either transported, or indicating 1;,he cloee
proximity of submerged outcrops. In making the distinction most
of the criteria listed by Emery and Shepard (1945, p. 434) were
used; these are:

Rocks collected at or near submerged outcrops
(1) Fresh fractures.

(2) Large size of individual rocks.

(3) Abundance of rocks of similar lithology.
(4) Gceneral angularity of rocks.

(5) Fraglle or poorly consolidated rock.

(6) Catching of sampling device on bottom.

Transported rock

(1) Varied lithology

(2) General rounded character.

(3) Small size of {ndividuml rocks.
In addition, submarine outcrops were located by consigtent inability
toc collect 8 bottam sample in a given area, by direct cbservetion of
submerged rock ledges in clear shallow water; Bnd by divers.

The character of all rocky or gravelly sediments collected

from the nearshore shelf ig described under the discussion of uncon-
solidated bottom sediments; transported rock, such as ice-rafted

debris, is also discussed here.




Submarine outcrops

Angular pebbles end cobbles indicating the close proximity of
pubmerged bedrock were collected at 75 stations, visual sightings
of outcrops ledges were made at 12 stations, epparent bedrock bottom
which could not be smmpled was located at 5 stations, and divers
mapped submarine outcrops at 2 stations (table 1). The areas of
known sulmarine outcérops sre shown on figure 12; residual rock
debris flanking sulmmrine outcrops i shown on figures 13 and 1k,

Submerine outerops a;re most numercur of £ the precipitous sea
cliffs and the coastal plain farther to the west. Exposed bedrock
was found at 75 percent of all stations occupled off these areas;
stations at vwhich outerops were not indicated were mostly near
shore where bedrock 18 overlain by a thin veneer of send and silt.

Exposed bedrock was located at 9 stations near the head of
Ogotoruk Seavalley aud st 5 stations om the elightly shallower
shelf to the east (fig. 12). The series of submarine outcrops
trending seaward fram skhore about one mile west of Kisimulowk Creek
is gssociated with a topographic high which mpparently represgents
8 residual strike ridge. Probeble resscas for the general paucity
of expoged submarins cutcrope east of the seavalley are discussed
under unconsolidated bottom sediments. Although clear evidence
of outcerops a.lo;ng the floor of Ogotoruk Seavalliey was not obtained
in many arsas, the mmerous {solated knolls and pa.rallel ridges
wlang the ixmer part of the peavalley suggest that bedrock 18
present benesxth a thin veneer of unconsolidated gravelly sediments.

An underwater photograph of the coerse angular rocks lying along
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Figure 13. Angular shale frageents of Mississipplan or
Devonian age derived from submerine cutcrope. Well-rounded
clasts at top are mostly greywacke, lisestone, and cheri,
and probably are ice rafied. Subrounmded rocks st top are
clasts of coarse-grained micaceous sendstome. Theses have
apparently been derived Trom nearby submarine cutcrops but
have been smmevhat rounded by wave-gbresion during Recent
time. Bample was taken four miles off Eesook Creck at a
depth of 50 Tfeet. Gcale reads In inches and centimeters.
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Figure 14. Apgular rock fragments of limestone and chert
derived from submarine cutcrope of the Lisburne group of
Missiseipplan age. OSemple was collected helf & mile off
Cape Crowbill at & depth of 34 feet., Scale reads in
inches and centimeters.
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the floor of the seavalley is glven on figure 15.

The 1ithology of the submerged outcrops correlates readily
with stratigraphic units exposed along the coastline. From the
distribution of submerged outcrops of these stratigraphic units
a general geologic map of the nearshore shelf has been prepared
(fig. 12). Locations of submarine contacts as shown on figure
12 are only approximate and are based on abrupt changes in the
l1ithology of the coarse angular gravel collected from the nearshore
ghelf. Stratigraphic and structural relationships of the submerged
lithologic units are almost entirely extrapolated from knowledge
of the coastal stratigraphy and geologic structure. The following
lithologic units exposed in see cliffs weyre recognized on the near-
shore shelf.

Clastic rocks of Mississippian and Devonian age, undiffer-

entiated.~-~Submarine exposures of fine-grained quartzite, silty
shale, and celcareous sandstons and shale are widespread over the
nearshore shelf off Eesook Creek (fig. 13). These outcrops can bs
correlated with beds of Mississippian age exposed at the base of
low coastal bluffe & ahort distance east of Eesook Creek, and
with unexposed clastic rocks of Devonian age(?) which are thought
to underlie the Mississippian beds at shallow depths (Collier,
1906, pl. 1). Thess clastic rocks lie in apparent conformity
beneath limestone of the Lisburne group which forms the prominent
sea cliffs to the east. The submarine contact of the Lisburne
group and the older cvlastic rocks can be traced for approximately
i miles seaward from the northwest terminus of the cosstal lime-

stone cliffs (fig. 12).
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Flgare 15. Underwmter photograph of gravelly floor of Opotoruk
Seavalley at diving station 3 shown on Clgure 2. The dark
areas are ahadowvs cast by larger cobbles end boulders., ©&Eea
table 1 for descriptioa given by divers. Scale is approxi-
nate Emumg‘rnph courtesy of U.5. Navy Blectroples lLaboratory,
SBan Mego, California).
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14 sburne group (Mississippian).--Submarine exposures of lime-

stane, cherty limestone, and black chert of the Lisburne group of
Mississippisn age (Bowsher and Dutroc, 1957) are very mumerous on
the sea floor west of Ogotoruk Seavalley (£ig. 14). They are
restricted, however, to the shelf area lylng seaward of the
precipitous ecliffs of the Lisburme group. RKRear Fmmikroek Creek
the Lisburne group is thrust to the southemst over younger Mesozolc
and Permian rocks and this thrust contact apparently continues
for nearly 4 miles across the nearshore shelf. At Cape Crowbill
a high-angle reverse fault is st the contactlof overturned beds
of the Lisburne group and younger Mesozolc and Permian rocks;
this fault probably continues for several miles along the western
flank of Ogotoruk Seavalley. |

Ehublik(?) formation (Trisssic) amd Siksikpuk(?) formation

(Permian), undifferentiated.--Because the Siksikpuk formation of

Permian age directly underlies the Shublik formation of Triaasic
age IPatton, 1957) and both formations contain thick-bedded green
argillite, it was not possible to separate sutmarine outerops of
these rormaticmé and they are' mepped as an undifferentiated unit
(fig. 12). Outcrops of green argillite beds extend seavard as
lipear belts from outcrops of the Shublik and Sikxsikpuk formations
near Cape Crowbill and from exposurer on both flenks of the syn-
clingl infold of Mesogzolc and Permian rocks near the mouth of
Emmikroak Creek. On the nearshore shelf off Emmikroekx Creek smd
off Cape Crowbill the green argillite beds probably lie in fault

contact with limestone and chert beds of the Lisburne group.
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Clastic rocks of Jurassic asnd Cretaceous age, undifferentated.--

Siltstone, shale, and fine-grained graywacke probably of Jurassic or
Early Cretaceous sge crop out seaward of the coastal arez in the
vicinity of Ogotoruk Creek and off the infolded Mesozole rocks near
Emmikroak Creek. Off the latter srea submarine outerops of the
Juressic and Cretaceous rocks are flanked by outcrops of the Siksik-
puk(?) and Shublik(?) formations and it is apperent thet the syn-
c¢linal infold continuee seaward for several miles. A high-angle
fault, however, cuts obliquely across the eastern flank of the syn-
cline, and limestone of the lLisburne group has apperently dbeen
brought into fault contact with the Jurassic and Cretaceous rocks.
The thick black siltstone and shale near Emmikrosk Creek conformably(?)
overlies the Shublik formation of Triassic age, and may be Jurassic
-in age, an interpretation favored here, although the Creteceous age
is not ruled out.

Similar black siltstone overlies the Triassic rocks on the west
side -of Ogotoruk Valley. Esstwaerd, the rocks contain progressively
greater amounts of interbedded graywacke, and probably are Cretaceous
in age. The rocks exposed on shore continue seaward, as indicated by
submarine outecrops and bottom samples. On the map, =all the rocks
east of the Triassic rocks on the west s8ide of Ogotoruk Valley are

shown as undifferentiated rocks of Jurassic and Cretaceous age (KJsg).

Unconsolidated Quaternary sediments

Unconsolidated sediments on the shelf comprise marine deposits
of late Pleistocene to Recent age, and beach sediments of Recent

age. In this paper, Recent time is considered to begin with the
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last major sea level rise corresponding to the withdrawel of the
Manksto ice Pilelds mpproximstely 10,000 years ago {Hopkins, 1959).

Most of the Quaternary sediments overlylpng the nearshore shelf
are gravels. Near shore, & linear belt of sand is commonly present.
Off the general vicinity of Kisimulowk Creek the shelf is overlain
by sand and gilty send. Sandy gravel and gravelly sand are found
in transition zones between deposits of sand and gravel and slong
the floor of Ogotoruk Seavalley.

Beach deposits are principally composed of small pebbles and

coarse rock sand. Gravelly beaches are usually between 50 and 150

feet wide although they are sbsent below rocky headlends.

In order to determine the sources and deposition of the uncon-
solidated sediments, & number of anmlyses were performed on eech
sediment sample. In eddition these date were used to differentiate

and areally mep sediment types.
Sediment analyses

Beach deposits end marine sediments were screened to separate
gravel (grester than 2.00 mm), send (2.00-0.062 mm), and silt-clay
fractione. Textural parameters of gravel were obteined by the
counting technique descerided by Emery (1955b) or by sdditionsl
screening. Grain-sigze distribution of send was determined with
the Emery Settling Tube (Emery, 1938)4 mechanical anelyses of the
Bilt-clay fraction .were mede by the pipette method (Krumbein snd

Pettijohn, 1938, p. 166).
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The sand fraction of all sediment samples was exsmined visumlly
for celcareous organic matter, authigeric minerals, roundness of
graing, and ratio of rock to mineral fragmenis. Rourndness values
of send- and gravel-glze clasts were determined with the aid of
visual comparison charts (Krumbein, 1941).

Separation of light and heayy (greater than 2.96 sp gr)
minerals were made on neerly all sediments cartalining more than 10
percent sand. Total ¢alcium and magnesium carbonate and total
organic matter were determined for many of the sand and finer
grained sediments. Carbonate content was smmlyzed by leaching a
known weight of sediment with dilute hydrochloric acid. This method
of analysis inherently glves values which are sbout 2 percent too
high, but it is rapid and useful for determining significant chaages
within a _gﬁmn area. Organic matter was calculated as the ignition

1088 &t 450°C (Thompson, 1953, p. 64).
Merine sediments

Unconsolidated marine sediments are composed of three primcipal
8ize grades; grm}el, pend, and silt-clay. The relative proportions
of thege size grades were plotted on a trimngular fleld for eacha
sediment sample and 10 sediment types were differentisted (fig. 16).
These are: (1) gravel, (2) sandy gravel, (3) silty-sandy gravel,
(4) sand, (5) gravelly sand, (6) silty sand, (7) silt, (8) gravelly
s11t, (9) sandy silt, and (10) sandy-gravelly silt. Cley-size
particles (less than 0.004 mm) have beer combined with silt as =
gingle size grede.
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rigum 16 shows that 105 sediment ssmples contained less than
one percent sand and silt. In situ, bhowever, these bottan sediments
probably contain slightly more sand snd silt than indicated on this
figure.

The loss of the gand and silt was due principslly to wlnnowing
of the sample when the grab was hauled up from the bottom. Such
winnowing was indiceted during the sempling operation by a trall
of muddy water behind the grab. Bowever, this sampling error is
probably not large as the sediments as reported by divers (table 1)
were esgentially identical to those plotted on figure 16 and shown
on table 2. Probably the greatest sampling error arises not from
the lose of sand and 8ilt but from the 1inedbility of the grad to
adequately sample the entire size distribution of the gravel at any
one station. Only the smaller rock clasts (less than about 200 mm
in maximm length) were recovered, as larger cobbles and boulders
could not be gathered essily by the grab. Visual obaervations in
shallow water, underwster photographs (fig. 15) and reports of
divers (table 1) show that large cobbles and boulders are common
over certain aress of the shelf.

Only four of the sediment types--gravel, sandy gravel, sand,
and silty sand--are common and overlie mpre than a few square miles
of the nearahore shelf. The four silt sediment types are rares two
of these are represented by single Bediment samples (fig. 16). The
diptribution of the sediment types is shown on figure 17. Typical
cumulative curves of the fiwgy grained mediment types are given on
figure 1B, and table 2 ligts some of the physical and chemical

properties of the sediment types..




Table 1.~--Sea floor description by divers

Diving station no.

See fig. 2 for Depth
station positions (in ft.) Description

1 63 Gravel of cobbles and pebbles in a
matrix of silt and clay

2 58 Silt covering gravel of pebbles snd cob-
bles as much as 150 mm in length

3 e} Gravel of pebbles and cobbles with e thin
veneer of silt (see pl. 6 for bottom
photograph)

L 37 Gravel of cobbles and boulders, sponges,
and other animal life common on' roecks.
Silt about 2 inches thick overlies the
gravel in small patches

5 39 Outcrops of limestone end chert beds of
the Ligburne group. Residual cobbles
and boulders surround the outcrops.
limestone beds strike N. 27° W. and
dip about 35° to the west

6 : L& Bottom of angular pebbles and .cobbles
with some 811t between and etop rocks

7 20 Send bottam with ripple marks perallel
to shore; locally dpebble gravels

8 0-25 75 feet from shore ocutcrope of Tigluk-

puk formation, striking N. 50° E. and
dipping 30° E. Ripple-marked sand out
to 300 feet from shore locally is grav-
elly. Send is about 9 inches thick
end overlies gravel

¥ Information given in thise teble was made aveilable by Dr. George
Shumway, and Messrs. John Beagle, George Dowling and Park
Richardson, eivilian scientistsstationed avoard the U.S.S. Burton
Island.




Table 2.--Average character of unconsolidated marine sediments

Fine-greined sediments

Sediment Mediman Sorting Skewness  Percent Percent Dominant Parcent Percent
type diameter coeffi- coeffi- gravel (g) carbonates bioclast organic heavy min-
in mn cient cient sand (s) in sand-silt in order matter ermals in
Md. So. Sk. silt (s1) fraction of abun- in Band- sand-silt
clay (c) dance gilt frac- fraction
tion
Sand 0.125 1.15 1.06 2.1 g3 1.5 813 6.7 Mollusk, 1.1 5.9
0.5 ¢ Foreminifers,
Ostrecods
Silty send 0.088 1.40 0.89 14.9 81y 4.9 ¢ 3.8 © Mollusk, 1.7 5.9
{ Foraminifers,
Ostracods
Gravelly 0.427 3.01 8.63 20.7 g 1.k sly --- Mollusk, —-- 5.7
sand 0.4 ¢ Foreminifera,
Barnacle
Silt 0.007 2.89 0.81 0.1 g; 7.1 &3 - Foraminifera, 3.4 -
36.0 ¢ Mollusk
Sandy silt 0.012 k.60 1.85 L.9 g; 25,4 55  --- Foreminifera, 3.k -
26.2 ¢ Mollusk
Gravelly 0.017 13.9 28.7 23.4 g; 3.7 8; -_— Foraminifers, -— ——
silt AB.7 e Mollusk,
Ostracod
Sendy-grev-- 0.003 6.1 18.6 31.2 g3 20.0 83 —-- Foreminifera, ——— —
elly silt 9.2 ¢ Mollusk,

Ostracod

T



Coarse-grained sediments

Table 2.--Average character of unconsolidated msrine sediments--continued

Sediment Intermediate dim- Roudness value Common rock Percent Dominant Percent
type meter of typical of gravel (1.0 fragments com- sand {s) bioclasts heavy min-
rock clast of maximum ) posing gravel silt (sl) in order erals in
gravel {(mm) i clay (e) of sbun- sand-silt
) dance fraction
Gravel 20 0.40 Graywacke, silt- 1.k s; Foraminifera, 1.9
stone, chert end- sl + ¢ lees Molliusk, Ostra-
limestone then 0.1 cods, barnacles
Sendy 10 0.40 Principelly gray- 17.2 s; Foreminifersa, 2.0
gravel wacke, lesser = 2.9 sl Mollusk, Ostra-
anounts of lime- 0.9 ¢ cods, barnacles
stone and chert
Silty- 10 0.45 Principelly gray- 24%.9 s; Foraminifera, 3.0
sandy wacke, lesser 8.1 81; Ostracods,
gravel smounts of lime- 2.6 ¢ Mollusk

stone and chert

I



Lo

The sediment types are in general not discussed separetely be-
yond this point; aonly the mejor sediment groups--gravel, sand, and
Isilt--are discussed further.

Gravel. -~ Bottom sediments containing more than 50 percent gravel
overlie about 85 percent of the nearshore shelf or about 65 squere
miles of sea floor. West of Ogotoruk Seavalley and seawerd of the
precipitous sea cliffs gravels contain 1ittle sand and silt. How-
ever, gravel having more than lo;percent sand-silt lies along the
floor of Ogotoruk Seavalley and/;zsociated with sccumuletioms of
sand end silty sand farther to the emst. Other areas of sandy
gravel overlie the shelf seeward of Eesook Creek.

Owing to the 1nmbility of the sampling gradb to adequately
asmple gravel, detailed mechanical analyses of the coarse fractjaon
were not made of these sediments. Instepd measurements were taken
. 0of the Intermedimte dimension of the estimeted typical or average
rock clast. These wvalues ranged fram 5 to 50 mm end aversged about
20 mm (table 2). Thus the recovered marine gravels are approximately
2 to 3 timers cosrser than the modern beach gravéls wvhich average about
7 mm in medign diameter.

Gravels west of the seavmlley have roundness values of 0.35
(1.0 is maximum), or are subangular to subrounded (Pettijohn, 1949,
p- 51). Many of the rocks overlying this part of the shelf esre quite
anguler and show virtually no effectes of abrasion or rounding (figs.
13 end 14). Along the floor of the seavalley and to the east gravels
are relatively better rounded and heve wvAlues averaging 0.45. In a
mmber of small srems over this pert of the shelf are patches of un-

usually well rounded (0.6) gravel; these petches are shown on figure
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19 8s areas of relict beach sediments. Raundrneéss of ‘the bottaom
clasts increases rapidly in shallow water near shore where wave
actlon is effective.

Sand snd silt typlcally sasccompany the marine gravel but ususally
in gmounts much less than 10 percent (table 2). The send-silt
fraction typically hss two modes, & coarse mode which is composed of
rock fragments snd 8 fine mode consisting primarily of mineral greins
end subordinete amounts of fine rock fragments (fig. 18, curve 4).
The rock fragment mode is lithologicelly simlilsr to the associmted
gravel size clasts snd therefore is related to them. Mineraloéically
and texturally the fine mode is similar to deposits of sand and silty
pand elsewhere on the shelf. The textural reletlonship 18 brought
out on figure 19, which .includes lsopleths of median diemeter. A
progressive seaward decrease 1s shown by these isoplethe which clearly
reletes the deposition of the fine mode 1o that of the sand and silty
sand. The comrse rock fragment mode mekes up from 80-45 percent of
the total sand-silt .content of most marine gravels. For deposits
containing much more then 10 percent sand-eilt {sandy and silty-
sand gravel) the break to the fine mode aversges nesr 0.200 mm, for
gravels having much less than 10 percent sand-gllt the break is
coarser and pverages at 0.260 mm.

The lithologic . campoeition of the gravel is merkedly different
over different aremas of the nearshore ghelf. This ig brought out
an figure 19 and is particularly evident west of Ogotoruk Seavalley
where the bottom gravel undergoes rapid latersz) changes in camposition
and consists predominantly of either limestone and chert or fragments

of clastic rocks. Along the axis of the seevelley and farther to the
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eest gravel conslists mainly of clestic rocks, principelly fine-grained
graywacke and siltstone, with lesser emounts of chert and rarely lime-
stone. The lithologlic composition of the bottom gravels differs greatly
from the modern beach gravels directly shoreward except for the

several areas of well-rounded gravel shown on figure 19.

Send vnd silt.--Sand containing lese than 10 percent silt is

restricted to e discontimious belt running parallel to shore at
depths of 15-30 feet (fig. 17). The sand tract is epproximstely
helf a mile wide off the mouths of Eesook and Xisimulowk creeks.

It 18 narrowest in sglight reentrants of the shoreline west of Cape
Crowbill, absent off cliffed heedlends, and very narrow and dis-
continuous off the coastal bluffs east of Ogotoruk Creek. At a dis-

tance of approximstely 200 yards from shore neer the mouth of Ogotoruk

Creek divers found the nearshore sand belt to be about 9 imches thick

and to overlie gravel. Pebbles are common in the send and neer shore

the deposits become gravelly; gravelly sands are also on the seaward
Bides of the sand belt. Silty sand forme & broad crescent-sheped
tract over the sea floor off Kisimulowk Creek and nearly encompesses
an ares of bottom gravel (fig. I7).

Accumuletions of Bilt and sandy s8ilt are restricted to smmll
petches with indefinite boundaries in shallow water off Oape Crow-
bill and seaward of Eesook Creek (fig. 18, curves 10:and 11). Smell
ereas of gravelly silt and sandy-gravelly silt oecur slong the floor
of Ogotoruk Sesmvelley.

Sand ranges from 0.117 to 0.135 mm in median dismeter and
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averages 0.125 mm. The sand is nearly perfectly sorted and has Trask
sorting coefficients ranging from 1.0l to 1.19 and avereging 1.15
(fig. 18, end teble 2). Silty sand averages 0.088 mm in median
grain size and is somewhat less well sorted with coefficients aver-
aging 1.40. The silt in the sand causes the sediment to be slightly
skewed toward the finer grains (table 2). The median &iemeter of
the sand and silty sand decreases with distance from shore; this
trend 18 shown by the isopleths on figure 19. Isopleths on this
figure also indicate thet send and silt tend to settle slong the
floor of Ogotoruk Seavalley, end the bottom sediments become more
silty with distance from shore along the valley mxis (table 1 end
fig. 17).

Silt deposits average 0.007 mm in median diameter and are
relatively poorly sorted with coefficients near 3.00 (table 2);
they are also slightly skewed to the finer grains (Sk less then
1.0). Sendy silt, gravelly silt, and sandy-gravelly silt are also
poorly sorted but they are mll bimodal (fig. 18, curves 10, 9, and
8) and ehow positive skewness, or an ssymmetrical spread of the
size distribution of the coarse fraction of the sediment. Clay-
Bize particles form & significent part of the silt sediment types and
range from about 10 to 40 percent (teble 2); however, in relstion to
8llt, clay decreases with distance from shore in most sediment types.

Rock and mineral gralne constitute approximate¥y 95 percent of
deposits of sand end silty sandj rock fragments alone make up from

20 to 35 percent of these sediment types. Heavy minerals rarely
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form more than 10 percent of the sediments and average about 6 per-
cent (tsble 2). The most sbundant mineral grains in the sands are
quartz, chert, feldspars, micas, and chlorites; the latter two
mineral groupg are more abundant with distance from shore.
Approximately 1O percent of the tests of species of Elphidium
and Buccella contain light-greern to derk-brown friable filllings or
partial fillings in one or more chambers. The crumbly filling
natter is thought to be glauconite of authigenic origin. Glau-
conite 18 uged here as & field term in the sense suggested by
Burst (1958, p. 311). Carsola {1954b, p. 1570) described cogmolite
pellets from nearshore samples taken in the Chukchi Sea which may be
partially glauconitized; to the authors' knowledge this is the only
previous reference to the occurrence of glauconite in sediments of
the Chukchi Sea. In the Ogotoruk Creek area fecal pellets were
rarely seen and these showed no physical evidence 6f glauconitization.
Cerbonate mineral grains and bioclasts constttute about 4 per-
cent of deposits of sand and silty sand east of Cepe Crowbill. West
of this point, and offshore frar the limestone cliffs, sand accumm-
lations have carbonate contents neer 10 percent. Comparisons of
estimated weight percentages of organic carbanate to the chemically
determined total carbonate, indicate that east of Cape Crowbill
recognlizable bloclasts account for about 50 percent of the total
calcaresous matter. However, west of Cape Crowbill the carbonate
content i mpproximately 70 percent detrital limestone and dolomite

grains and unrecognizable comminuted bioclasts.
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Tests and fragments of mollusks {chiefly pelecypods) and
foraminiferal tests make up the greater part of the organic celcareous
matter of send and silty sandy foraminifera are relatively more abun-
dant in sand associated with gravel deposits (tabvle 2). Eggerells

advena (an arenaceous form), Elphidium orbiculare, E. bertletti,

and Buccella frigida, mre the most ebundant species of foraminifera

(Mrs. Patsy Smith, USGS, written communication). The abundance of
gpecles of forsminifers with increesing depth off Kisimulowk ere list-
ed on teble 3. Other commonly occurring bioclests ere bryozoan
zoarle, ostracod valves, echinold spineg and plates, snd fragments
of barnacle plates and calcereous algae (table 2).

Sand conteins the least amount of combustible orgenic matter
and averages only-‘l.l percent. Silty sand conteins 1.7 percent
‘orgenic detritus but the highest concentration i1s in gilt deposits
which averege 3.4 percent orgenic mstter. Although & number of
factore éfe involved, concentration of orgmnic substances in the
finer grained sediments is usually ettributed to the inherent
fineness and slow settling rates of organic detritus (Trask, 1939,
P. 43L). The organic content of the finer sediment types is in
general comparable to Trask's world-wide aversge of 2.5 percent for
neershore eediments, and is virtually identicel to the amount of
orgenic matter found in sediments from other aress oflthe Chukchi

Sea and in the Beeafort Sea (Carsole, 1954%b, p. 1573).



Teble 3.--Relatlve abundance of specles of Foraminifera at increasing

depth off mouth of Kisimulowk Creek

Species Depth in feet
{Showing number of specimens in
approximately 50 cc of semple) 20 28 38 43 .50

Eggerella advens {Cushman) 6 34 156 300 160
Bigenerina arctica (Brady) 2
Textularia torguata Parker 2
Reophex arctica Brady
Ammobaculites cassis (Parker) 3
Trochemmine. nens (Brady)
Trochemmina sp. (broken) 2 b 1
Mittamrina sp.
Quinqueloculina sp.
Lagena semilineata Wright 1
Lagena mollis Cushmen 1
Pseudopolymorphing curte Cushmen

& Ozawa 2
Glandulina laevigete &'Orbigny 1
Elphidium clavatum Cushman 1 1k
Elphidium bartletti Cushman ' 1
FElphidium frigidum Custimen 3 6
Elphidium orbiculare {Brady) 2 25 3 s
Elphidium oregonense Cushman

& Grant? 13
Buccelle frigida (Cushman) 1 7 47 97 59
Buccellr inusitate Anderson 1 2 9
Asterigerina sp. 5 6
Discorbis baccata (Heron- Allen

& Eerland)
Patellina corrugata Williemson
Cessiduline sp.
Buliminella elegantissime (d'Orbigny) . 2 1
Globigerine bulloides d'Orbligny l

@

N

O wviw

= oo\

Foraminifera identified by Mrs. Patsy Smith of the U. 8. Geologicel
Survey.
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Deposition of rarine gediments

Discussion of the shelf stratigraphy emphasized thet most of the
rocks overlying the nearshore shelf are derived from submarine out-
crops. Therefore, the lithologic composition of the bottom gravel
undergoes abrupt lateral changes which match changes in the
lithology of the outcropping rocks. This relationship is brought
out sharply by comparing figure 19, which includes a plot of the
ratio of chert and limestone to clastic rocks in the marine gravels,
with figure 10, a general geologic map of the nearshore shelf.

The general subrounded nature of many of the rock clasts, how-
ever, indicates the effects of transportation or abrasiomn. Most
probably this slight rounding was produced by moderate wave erosion
of the nearshore shelf during Recent time. It is also possible that
grounding pack ice abrades and rounds the bottom gravels in certain
areas.

Immediately east of Ogotoruk Seavalley the marine gravels show
the most pronounced rounding and few very angular pebbles snd cobbles
were recovered (fig. 20); primarily for this reason it 1s thought
that submarine outcrope are not expceed over this area of the shelf
(fig. 12). However, it is clear from the numerous submarine outcrops
on the adjecent shelf area that bedrock must 1ie at Bhallow depthe be~
neath (probably less than 5 feet) these moderately rounded residual
gravels, The clasts forming these gravels may have been formed
during Wisconsin time by frost action on the up-turned edges of
truncated Mesozoic dbeds. The rounded and polished chert clasts
(£1g. 20) in these deposits may ﬁave been carried in by the returning

post-Wisconsin sea, or posgibly they have been emplaced by ice-rafting.
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Figure 20. Typical example of moderately rounded bottom
gravel overlying the shelf terrace lmmediately east of
Ogotoruk Seavalley., Graywacke is the predominant rock
clast; polished chert (approximately 20 percent) is also
present. Scale reads in inches and centimeters.
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The several areas of rounded and lithologically diversified
gravels shown on flgure 19 may represent relict beach deposits as
. they are more similar to the modern beach sediments directly shoreward
than they are to fhe relatively angular and monolifhologic adjacent
gravels (fig. 21). Relict beach sediments may be of Recent age but
they could also be as 0ld as Sangamon, as beach sediments of this
age are known in the coastal area.

Jce refting has also deposited coarse rock clasts over the near-
shore shelf. Rafted gediments have been described from other areas
of the Chukchi Sea by Buffington, Carsola, and Dietz (1950) and
Carsola (1954b), and from other polar and subpolar regions by Menard
(1953), Hough (1956) and Lisitsin (1958); Kindle (1924) dimcussed in
detail some of the mechenisms of ice-rafting.

In the Ogotoruk Creek area evidence for rafted rock is (1)
assoclation of rounded beach pebbles of foreign lithology with angular
rocks derived from submarines outcrops (fig; 13)s (2) rounded igneous
and metamorphie rocks in bottam sediments; and (3) rounded pebbles
" with algae growing on one side assBoclated with deposits of silt.

Rounded pebbles of foreign lithology form 5-20 percent by nunber
of the residual angular gravels flanking submarine outcrops. Very
angular rocks (roundness values less than 0.2) not of foreign lithology,
which would not be easily recognized as rafted debris, may also be |

eontributed to the nearshore ahelf by pack ice which has been driven
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Filgure 21. FRounded bottom gravel probably representing
relict beach sediments; compare this sample with those
shown on figures 14 snd 2L. Sample was collected near
head of Ogotoruk Beavelley where zhown on figure 159.
Bcale reads in inches and centimeters.




51

against the shear limestone cliffs and the colluviel bluffs east of
Ogotoruk Creek. Similarly, sngular pebbles with roundness values of
0.2-0.3 could be conveyed to‘offshore regions by local stream ice.
Lisitein (1958) reported, however, that a study of tens of thousands
of rafted rocks in polar oceans indicates that they are characteris-
tically well rounded and hence have been derived primarily from beach
gediments. However, the ice-rafted deposits are in general not as
maturely rounded as most beach sediments owlng to the addition of
anguler talus and rock slide debris to the ice.

Ice-rafted rocks are not thought to bz numerically significant
on the nearshore shelf off the Ogotoruk Creek area in comparison tq
residual gravels derived from nearby cutcrops. Facts indlcatling
thie interpretation are: (1) most of the rockslare neither well rounded
nor very angular and therefore have not been derived from the present
beaches nor from the nearby coastal pramontories and streams; and (2)
the lithologic composition of the hottom gravel has not been made
uniform by the introduction of foreign debris, but changes rapidly and
'is directly related to submarine outcrops. Hunkins (1959) has recembly
emphasized the uniform lithology of ice-rafted gravel in the deep Arctic
Ocedan. Possibly a reasonable eptimate would be that about 10 percent
of the rock clasts overlying the nearshore shelf off the Ogotoruk Creek
erege have been dropped from transient ice floes.

Although the isopleths on figure 19 indicate that detrital rund

pand and silt tend to accumulate ln Ogotoruk Seavalley, the
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sandy and silty-sandy gravels overlying the valley floor are primarily
due to an sccumulation of residual rock fregments of sand size. Con-
centration of the small rock fragments may reflect the subaqueous
breakdown of the fine-grained Mesozolc clastic rocks whieh underlie
the seavalley, and possibly also accumulation of fine rock debris
that formed during the Pleistocene gubaerigl erosion of the seavalley.
Similar depoeits east of the seavalley are thought to be relict beach
sediments. The rock fragments forming the coarse mode of the sand-
sllt fraction of these drowned beach sediments were probably con-
centraeted by shoreline procesges, as is true of the modern beach
gravels which contain sbout 10 percent coarse send-size rock
fragments. ©Sandy gravel near the head of the seavalley and farther
to the west (fig. 17) is associated with submarine ocutcrops. The
sand-sizg rock fragments forming the principal part of the sand
fraction is very engular and represents a residual accumietion of
fine outcrop debris.

| The deposits of send and silty sand shown on figure 17 are com-
posed of detritel clasts derived from the nearby coastal area during
Recent time, This conclusion is based on the facts that these Bedi-
ments (1) are principally assceiated with segments of the coast
drained by streams eroding fine-grained clastic rocks, (2) are
mineralogically similar to these clastic rocks but show an incrsase
in detritsl carbonate grains seaward of the sheer limestone cliffs,
(3) are well sorted and indicate deposition under current or wave

action, and (4) decrease in grain size with distance from shore.
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The fine mineral grain mode of the bimodal smnd-~silt content of gravel
deposits 1s also of Recent deposlitlon as this mmide is texturally and
mineralogically similar to the sand and silty sand.

The broad crescent-shaped tract of sand and silty sand off Kisi-
mulowk Creek has apperently accumulated atop residual grevels. The
sands are probably thin (not more then about 5 feet thick) as bedrock
c¢rops out pear the center of the tract and the fine-grained sedi-
ments grade laterally into gravel. As mentioned earlier divers found
leas than ome foot of sand overlylng gravel near the mouth of Ogotoruk
Creek.

Accumylationse of sand are absent at depths greater than about 50
feet except off Kisimulowk Creek. This may Indicate that sand is pre-
vented from settling or remaining on the bottom farther from shore by
ewifter currents. Bowever, this interpretation does not adequately
explain the seaward decrease in grairn size shown by the isopleths on
flgure 19. A more accepteble explanation is that competent currents
are lacking which can transport sand-size clasts far from shore.
Fine-grained detrital clasts introduced into offshore waters are
carried parallel to shore by the predominant coastal current. The
slight depression of Ogotoruk Seavalley apparently traps some of the

pediment transported by this current. In most sediment types clay |
decreages relative to silt with distance from shore, and it is ;

apparent that partiecles finer thap about 0.004 mm tend to bypass
p
the outer part of the nearshelf. Most likely much of the silt and -

¢lay contributed by local streams does not settle over the nearshore

shelf but 18 carried along by the coastel current and eventuslly

!

i
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accummlates on deeper parts of the shelf or on the steep slopes lead-
ing into the Arctlc basin.

Deposits of s1ld and sandy silt are assoclated with submerine
outcrops and posslbly represent locelized trapping of fine—grainedl
sediments by outerop ledges. Melting of grounded sediment-laden
sea ice could conceivably alsc form these depcsits.

Observations during July &and August 1958 indicate that fine
detrital clasts are contributed to the nearshore shelf primarily
by streams and winnowing of beach sediments. During and for sev-
eral days after a 4-inch rain storm lasting from August 8 to 12,
surface turbldity currents spresd seaward from the mouths of the
larger streams draining the coastal area. Diascharge fram Ogotoruk
Creek, which at its meximon was about 600 cfs and carried a suspended
load of 2,500 ppm (suspension dnta ccmputed by George Porterfield,
U. 8. Geological Burvey, 1958, writien cammmnication), flowed
Beﬁward for spproximately half a mile as a distinct band of turbid
water, before the coastal current turped the turbidity flow parallel
to the coast. Sand and silt which becomes incorpaxabdd in the beech
padiments is winnowed by storm waves and carried onto the nearshore
shelf. Storm waves fram 3 to 5 feet high during July and August
typically produced a nearshore zone of turbid water geveral hundred
yards in width.

The nearshore shelf of the Ogotoruk Creek area ig In general s
reglion of limited fine-grained detrital sedimentation. This fact

cen be determined from the paucity of fime sediments of Recent age,
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except very near shore and off areasg of the .coa,st drained by streams
eroding fine-grained clastic rocks. Glauconite filtings 1n forzm-
iniferal tests also signify poor or insignificant detrital sedi-~
mentation (Shepard, 1948, p. 162).

A low volume of detrital clasts shed from the coastal area 1s
thought to be responsible for limiting fine-grained deposition on the
nearshore shelf. This low volume 15 attributed to (1) the low annual
rainfall of 8 to 12 inches and the short 4~5-month season of runoff
and wave action; (2) drainsge of much of the coast by streams
eroding limestone and chert beds; (3) the low base suspension load
of stresms eroding regioms of clastiec rocks and the fact that
particles are primarily fine =ilt and clay-~~Ogotoruk Creek has a
suspension load of only 6-13 ppm at base flow (George Porterfield,
written cammnication); and (L) a general lack of clastic rocks
in the coastal area which supply & large volume of particles afy
sand size. This final point 1B {mportant because sand tends to re-
main on the nearshore shelf and does not bypass it as does fine silt
and clay. The small volume of sand contridbuted by the coestal rocks
18 emphasized by the facts that (1) only about 20 percent of the sus~
pended load carried by Ogotoruk Creek during its highest period of
discharge in Augwst 1958 was coarser than 0.125 mm, which is the aver~
age median diameter of the nearshore sand belt; and (2) beach d.eposits‘
are primarily composed #f coarse rock fragments rather than of

detrital mineral sands as are many of the world's beaches.
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Beach Sediments

Distribution and form of deposits.--From Kisimulowk Creek westward

to Cape Crowbill the shore is formed by gravel beaches 60-260 feet wide.
Beaches are absent or are only 30-40 feet wide in front of the preci-
pitous limestone cliffs west of Cape Crowbill; however, at the narth-
west terminus of the sea cliffs the beach widens to 200-300 feet and
18 continuous for approximately 40 miles to the mouth of the Kukpuk
River (fig. 1).

In the vichnity of Ogotoruk Creek, beach gravels are about 25
feet thick and overlie an ancient wave-planed bedrock surface probably
of Sangamon sge. The estimated maximum thickness of beach sediments
was determined by projecting the glope of the wave-planed surface
beneath the profile of the beach deposits to & polint a few hundred
feet from shore where bedrock crops out on the sea floor. At the
mouth of Kisimlowk Creek exposed beach deposits are about 10 feet
thick. GQGravel beaches fronting the sheer cliffs west of Cape Crow-
bill are thinner than elsewhere and exposures are less than 10 feet
thick 1n most places.

Beach sediments are stratified in lens-shaped layers of different
grain size ranging from about 3 inches to 3 feet in thickness
(f1g. 22). The thicker lenses probably represeut the deposition of
berms efter erosion of the beach by storm waves.

Profiles constructed across the beach are not smooth but delineate
a number of wave-built berms and bars or beach ridgee at the mouths of
large stresms (fig. 23). 'The backshore, or the part of the besch which
slopes most gently, has an overall seaward gradient of about 3°30', how-
ever, reverse or landward slopes are on the back sides of berms and

beach ridges (fig. 23). Declivities on the steeper foreshore increase
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Flpire 22. Btrean cul through stratifisd sandy beach gravels
approximately midway between Ogotoruk Creek and Kisimulowk
Creek. Btaff is 5 feet long; driftwocd atop backshore of
beach is at an elevetion of about 10 feet Ll 5tTEAN
pebbles are derived from colluvliur .. outerasps of Mesorole
formations.
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to 10-14° and merge with the more gently sloping subaqueous shore-
face. Q@ravel beaches with grains having medién dilemeters between
2 and 6% mm typically have foreshore depositional slopes near 12°
(Shepard, 1948, p. 85). This slope is in good agreement with that
of the foreshore sediments in the Ogotoruk Creek area which average
10-15 mm in median diameter.

During attack by storm waves of moderate height (3-5 FPeet) the
foreshore 1s appreciably reduced in slope and smell berms within 20
to 30 feet of the shoreline are removed. Profile G-G' on figure 23
shows the shape of the foreshore during a storm on July 26, 1958 and
of a small berm constructed after the storm subslded; the steep |
outer face of this small berm i1s erosional and was being cut by
suall waves at the time of measurement. Much of the sediment re;
moved from the frontal berms by storm waves is transported parallel
to shore by longshore currents and accumulates as spits at stream
mouths and aB areas of new dbeach below cliffed headlands. During
noderate storms in August 1958, epits et the mouth of Ogotoruk
Creek accreted gravel and sand &t rates of as much as 5 cubie
yards per hour. BSediment not ueed in constructing splts or areas
of new beach are thrown back upon the shore as betms during the

waning phases of the storm.
Texture and lithologic composition.--Texturally the beach

sediments are sandy pebble gravels (fig. 24); they are well sorted
and well rounded. Coarse rock sand constitutes abdut 10 percent of
the beach deposits. Included on figure 18 are three cumulative

curves of beach gravels.
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Figure 24. Portion of 10-foot vertical channel sample of
beach gravel exposed near mouth of Ogotoruk Cresk. COumu-
lative curve of this sample is included ou rigure 1B, Beale
reads in inches and centimeters.
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The grain Bize distribution of the gravels is varisble with
depth. Surface gravels are in genersl much coarser then deeper sedi-
ments. On table 4 the median diameter of the surface gravel at the
seaward edge of the backshore is given for e number of areas between
Eesook and Kisimulowk creeks. Near Ogotoruk Creek the upper few inches
of the foreshore gravels range from 15 to 30 mm in median diamter;

10 inches deeper the median falls to 7 mm. A vertical channel sample
of the upper 10 feet of beach deposits near the mouth of Ogotoruk
Creek also ylelded a median grain size of approximately 7 mm (fig.
18, curve 2). Tne upper 5 feet of Beach gravel near the mouth of
Xisimulowk Creek has a median diameter near 5 mm (fig. 18, curve 3).

Sorting coefficients vary over a nerrow range and avergge about
1.30, which is considerably less then Trask's (1932) well-sorted
1imit of 2.50, and nearly 1denticel to the medien sorting velue of
beech gravel from other areas of the world (Emery, 1955b). Round-
ness of the clasts ranges from about 0.3 to 0.9 and averages near
0.65, which falls within the well-rounded grade of Pettijohn (1949,
p. 51). The excellent sorting and roundness velues of the beach
sediments attest to the vigor of wave action which is virtually
limited to the ice-free summer and early fall months along this
segment of the Arctic coast.

Rocks which compose the gravel are principally fragmente of
fine-grained graywacke, siltestone, chert, and limestone; shale and
vein quartz are less ebundant and igneous and metamorphic rocks occur

rarely. The lithologic composition of the surface beach gravels is
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glven on table 4 end indicated on figure 19 as the ratio of clastic
rocks {chiefly graywacke) to limestone and chert. Inspection of
figure 19 shows that clestic rocks form a greater percentage of the
surface gravels east of Cape Crowbill; conversely limestone and
chert constitute about T8 percent of the beach clasts fronting the
sheer limestone cliffs and only about 42 percent of the beach rocks
east of Cape Crowbill. However, west of the high sea ¢liffs lime-
stone and chert form about 87 percent of the surfsce grevel. Kindle
(l909b) 8lso reported that the coarse materimsl of the beach et

Point Hope is composed of chert and limestone.

Sources and transportation of beach sediments.--Fragments of

graywacke, siltstone, end shale are principally derived from out-
crops of the Tiglukpuk formation end from colluvial bluffs east of
Ogotoruk Creek (fig. 3). Iimestone and chert are derived chiefly
from outcrops of the Lisburne group west of Cape Crowbill and from
outcrops about 20 miles east of Ogotoruk Creek neer Cape Seppings.
Chert, limestone, end graywecke claets which are far from
posslble source areas are gttributed to 1littoral trensportation by
longehore currents. Throughout the present study the littoral
trangport was to the east for the greatest part of the time; how-
ever, the period of observation was too short to establish that
the net annual transport is to the east. The progressive east-
ward decrease in graywacke clasts near Kisimulowk Creek, ss in-
dicated on figure 19, msy denote the effects of weetward-trans-

ported limestone and chert clasts from the Cape Seppinge area.
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Teble U4.--Iithologic composition and median diameter of

coerse surface gravel at seaward edge of the backshore

~ Percent by number of

Semple npumber Greywacke Medien diemeter,
88 shown on and Shale Lime- Chert Vein determined after
Pigure 17 siltstone stone Quartz Emery (1955)

13 11 2 52 35 -- 27.0

12 23 - 64 13 - 24.0

L3 9 - 37 52 2 23.1

Lk 56 o/ 13 30 = 2u3

15 61 1 1k 23 1 30.5

16 68 6 10 16 - ——

L7 43 ot/ 16 40 pt/ 31.0

l/ p signifies less then 1 percent but greater than 0.1 percent
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Ice rafting (Kindle, 1924) may aleo aid in c0nveyiné sediment
along the coast; ice rafting is perhaps indicated by the large lime-
stone cobbles 150-200 mm in length commonly found more then 10 miles
from the neerest source. Igneous and metamorphlc rocks constitute
probably less than O.1 percent of the beach deposits but they also
signify distant transport, as sources are not known within a radius
of 40 miles. Most probably these erratics were rafted by sea or |
river ice and possibly by driftwood (Emery, 1955c) which 1s very
abundant along the western and northwestern Alaskan shores. Reft-
ing has probably been fram the south as the nearest outcrops of
igﬁeous and metamorphic rocks are to the south, and coastal currents
prevent sedim@pt—ladon ice and driftwood from reaching the Qgotoruk
Creek area fram the north (see Carsolas, 1954b, p. 1571, for a photo-
graph of "dirty" sediment-bearing ice in the Chukehi Sea).

McCarthy (1958) has described erratic boulders along the nor~
thern Alnﬁk;n coasts which have been rafted into place by icebergs.
‘It is not likely, howaver, that glacial ice conyeys debris to the
Ogotoruk Creek area, as the bergs would haﬁe to come fram the north
against the prevailing currents of the Chukchi Sea (LaFond, 195k,
Bnd MacGinitie, 1955). Moreover; {cebergs much more than 20 feet
highlunuld not be able to anter the shallow Chukchi Sea, let alone

regch the Ogotoruk Creek ares,



SUMMARY

Salient points pertalning 4o the oceanography, bathymetry, and
marine geology of the nearshore Chukehi Sea and shallow submerged
shelf off the Ogotoruk Creek area are summarized below:

(1) A prevailing coastal current flows to the northwest; dur-
ing July and August 1958 surface velocities of this current averaged
0.5 mile per hour. _

(2) Persistent northerly winds cause general upwelling of cold
subsurface water near shore. At times of pronounced upwelling the
coastal current is locally reversed and reduced in velocity.

(3) During July and August 1958 longshore currents moved to
the east for spproximately 75 percent of the time} however, the
highest velocitlies were measured during easterly storms when the
longshore current was to the west.

() The nearshore shelf descends rather steeply to a depth of
15-20 feet and then graduslly flattens to a depth of 4045 feet.
Beyond this point the nearshore ghelf is flattest and gredients are
as low as 001! out to a depth of 50-55 feet. Submarine declivities
at the outer edge of this terrace, or flat part of the nearshore
shelf, steepen slightly and then graduslly fall with distance from
shore. The overall geadient of the Chukchi sghelf from the inner
edge of the terrace to & depth of 135 feet is about 0°04', or about
6 feet per mile. .

(5) A shallow and rather flat-bottomed t¥ough, Ogotoruk Sea~

velley, heads about B gquarter of & mile from shore off the mouth of
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Ogotoruk Creek and extends seaward for a distance of 15 milee where
it merges with the adjacent sea floor at a depth near 135 feet. A
number of smaller channels are off Kisimulowk Creek and near shore
west of Cape Crowbill.

(6) The nearshore shelf is & wave~planed platform cut across
up-turned beds of Paleozolc and Mesozoic formations. Most of the
planation is thought to have taken place in Sengamon time. Ogotoruk
Seavalley and other smaller channels were excavated by streams durlng
periods of glacially depressed sea level. The seevalley was cut into
the emerged shelf by Ogotoruk Creek. The oﬁter part of Ogotoruk
S8eavalley has been buried under & blanket of fine-grained Recent
marine sediments, and the inner reaches have been filled with beach
gravels. . -

| (7) Wost of the nearshore shelf is overlain by anguler to
slightly rounded rocky debris which hes been derived primarily from
nearby submerged ocuterops. Four lithologic units crop out on the
Bhelf which are readily correlated with formations of Paleozoic and
Mesgsozolc hge exposed in the coastal area. | '

(8) Some of the bottom gravel has been deposited by ilce rafting.
It 18 thought that sbout 10 percent of the rocky debris overlying the
nearshore shelf s ice-rafted sediment. .

(9) During Recent time (lsst 10,000 years) sand and silt shed
from the n=arby coastal area have accumulated near shore and over
most of the shelf off Kisimulowk Creek. The latter area lies off

a segment of the coast drained by streams eroding fine~greined
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clestic rocks. Most of the marine gravels, in particular those lyling
along the floor of Ogotoruk Seavalley, also contain.s smgll iercentage
of Recent send and silt.

(10) The nearshore shelf 1s in general a region of slow fine-
grained detrital sedimentation. Although a number of fectors are
involved in restricting detrital deposition, e low volume of fine
sediments being shed from the nearby coastal ares 1s thought to be
the primary cause.

(11) Beaches in the Ogotoruk Creek area are 30-260 feet wide,
less than 10 to about 25 feet thick,are stratified, and composed
of sandy gravel having & median diameter near 10 mm. The surface
gravel is much cogrser then deeper sediments and averages sbout 25 mm
in median grein size. Well-rounded rocks of graywecke, siltstone,
limestone, and chert are the principal constituents of the beach
gravels.

(12) During moderate storms (waves 3-5 feet high), grevel iB
transported parallel to shore by longshore currents and the outer
20-30 feet of beach asedimente are removed. Some of the sediment
carried parallel to shore accﬁmulates a8 splts at stream mouths
and as areas of ney beech below rocky headlends. After subsidence
of the storm waves, gravel is returned to .the beach and berms are

constructed.
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