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MARINE GEOLCGY AND BATHYMETRY OF THE CEUXCHI SEELF CFF
THE OGOTORUK CREEK AREA, NORTHEWEST ALASKA
By |
D. W. Scholl and C. L. Szinsbury

ABSTRACT

During July and August 1958 the U. S. Geological Survey con-
ducted a study in behalf of the Atomic Ezergy Commission of the
oceanography, bathymetry, and marine geolog:} of the nearshore shelf
of the Chukcki Sea off the COgotoruk Creek area, northwest Alaska.
Ogotoruk Creek enters the Chukchi Sea sbout 32 'miles southeast of the
large cuspate spit of Point Hope at long 16594k 146" W. »é,nd | |
lat 68°05'51" N. The Ogotoruk Creek area extends approximately 10
miles west and T miles east' of: the creek mouth. Xnowledge of the
marine geology ard oceanography is confined primerily to the nearshore
shelf, which includes about 70 square miles of the sh_elf and is
defined as the sea floor lying shoreward cf the 50-foot submarine ccn-
tour. Tae 50-foot contour generally lies from 2 to U4 miles from
phore. Submarine topography was studied €0 2 distance cf 15 miles from
shore over an area of approximetaely 240 squsre miles.

A northwest cosstal current flcws past the Ogotoruk Creek area
and during July and August aversged 0.5 mile par hour. Persistent
northerly winds cause general upwelling near shore aand at times of
pronounced upwelling the coastal current was reversed or appreciably
reduced in speed. Longshore currents snorsward of the dbresker zone
aversgsd 0.3 mile per kour and moved to the east for thé greater part

of the time of the study.



The overall seaward slope of the inmner 15 miles of the
Chukxchi shelf frcm a dspth of 40 to 135 feet 1s approximately o°Cht,
or about 6 feet per mile. Slopes near shore to depths of 15-20
feet are steep and aversge 2°30'. Beyond these depths they decrease
gradually out to s depth of 40-45 Peet. Seaward of thls point the
shelf 15 flattest and slopes are 83 low as OQOl'f This terrace or
flat part of the nearshore shelf is sbout 2 milzs wide and descends to
a depth of 50-55 fzet beyord uhich the gradiénx increases to ghbout
C°06'. At depths greater than 85 feet the submarine declivity
grsdually decreases to 0°03' at a distance of 15 miles from store.

A flat-bottomed trough, Ogotoruk Seavalley, hesds about a
q#arter of a mile from shore off the mouth of Cgotoruk Creek. Tre
shallow seavalley averages only 6 feet in relief and extends 15
miles from shore ﬁo a depth of 135 feet. A mumber of smaller chamnels
also indsni the gentle sloping inner C@ukchi shz2lf eést cf the sea-
valley and nearshore west of it. |

Many outerops of Paleozoic‘and Mesozole formaticns on the
nearshore shelf indicate that it is a wave-plansd platform. Wave
plenation 1s thought to heve taken place primarily in Sargamon and
pre-Sangamon time (mpproximately 1C0,C00 to 1,000,C00 years azo).
Cgotorux Seavalley is believed to bs a drowned subasrial valley
vhich was excavated by Cgotoruk Creek during periods of glaclally
depressed sesa level. | » |

Unconsolidated sesdiments overlying the neérshcre shelf are chief-
ly slightly rounded residual gravel whlch have been derived froa sub-

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



coastal aresa during Recent time, overlie the shelf near shore and
at cdepth as much as 50 feet seaward of segments of the coast under-
lain by fine-grained clastic rocks of Mesozolc age. Owing to a
small volume of detrital clasts contributed by the coastal area
detrital sedimen*tation is not prominent over the nearshore shelf.
Beaches fronting the Ogotoruk Creek area are 30-260 feet wide,
rarge from less than lO-to ebout 25 feet thick, and are éomposed>of
sandy gravel having a median diameter of about 10 mm. Rounded
clasté of graywacke, siltstone, limestone, and chért are the
principal constituents of the gravel. Longshore currents acccm-
panying moderéte storms transport gravel and sand parallel to
shore at rates of-S cubic yards per hour. Sediment transported by
longshore currents accumulates as spits at stream mouths and as

areas of new beech below rocky headlands.
INTRODUCTION

In 1958 the U. S. Geological Survey was requested by the
Albuguerque Crerations Office, U. S Atomic Energy Commission 1o
conduct geologic studies to develop data which will contribute to
detemining the feasibility and safety of detonating several
nuclear explosivés to create an excavation that could be.used for_
& channel and harbor near the mouth of QOgotoruk Creek, northwest
Alaska, The proposed test excavation is project Charict of the

Atomic Erergy Commission's Plowshare program.



The U. S. Geological Survey carried cut investigaticas iz the
vieinity of Ogotorux Creek from July 7 to August 25, 1958. Tze
work was divided into two phases, an orshore mapping snd enginsering
geclogic study, ard an offshore geologic examination of the shallow
shelf of the Chukchi Sea. Thils paper concerns only the lathter
phase, although scme coastal geology and physiography is described.
The onshore geology will be discussed in a separate publicatlon
when onshore mepning 1s completed. »

Marine investigations included the collection of some biologic
data, but the work primsarily entailed a study of the physical
oceancgraphy, the bathymetry, and the marine geology of the negr-

shore shelf of the Chukchi Sesa.
Location

Cgotoruk Creek is'approximately 32 miles southeast of Point
Hope, a prominent cuspate spit, and about 125 miles northwest of
the town of Kotzebue, Alaska (fig. 1). Ogotoruk Creek enters tre
Chukchi Sea at long 165°44'L6" W. and lat 68°05'51" N. The Chukchi
Sea 1is the shallow arm of the Arctic QOcean thaﬁ lies rortna of

Rering Strait.
Climate

The pverage yearly alr temperature at the test site is asbout
~7°C; kence, the ground is permanently frozen probably to & depti
of several hurndred feet. Winter snowfall is light and summer pre-

cipitation is about 8 to 12 inches (U. S. Weather Bureau, 1958).






During the present study (Jul& and August 1958) air temperatures
ranged from 270 C to within a few degrees of freezing and approxi-
mately 5 inches of rain were recorded. Daily cloud cover was
generally 60-65 percent; winds averéged about 15 miles per hour,
end blew mainly from the north and northwest.

The sea off the Ogotoruk Creek.area is frozen from about mid-
November to mid-June, although in any particular year freeze-up

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

Previous investigations

A number of investigetors have studied the geology and oceanog-
raphy of the Chukchi Sea. Notable among these sre: Buffington,
Carsols and Dietz (1950); LaFond and Pritchard (1952); Carsola
(195ka, .1954b, and 1954c); LaFond (1954); end U. S. Navy Elec-
tronics Laboratory (1954). |

In the vicinity of Ogotoruk Creek virtually no published.daté
on the marine geology and bethymetry exist. The geology of the
coastal region has‘been briefly sketched by Collier (1906) and
Xindle (19092); Kindle (1909b) made a few commentaries on the
nature of the beach gravels near Cape Thompéon, a promontory 7

miles west of Ogotoruk Creek.
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Present study

Areas described

Ttz nearshore Taukzchi shelf of tke Ogotoruk Creek area that
wasg studied 1s delimited avpproximately by tke 50-foot submarine
contour, aad inclucdes the laner 2-% miles of the shallow sea floor
from the mouth of Eescok Creek esastward to the mouth o: Kisimalowk
Creex (fig. 25, a distance of 17 miles, Eesook Cresk 1s approxi~
mately 10 miles west of Ogotoruk Cresk, and Kisimulowk Creesk eniers
the Chuxchl Sea abcut T miles east of Cgotoruk Creex. Although dis-
cussiocn of the marine geology is limited So the arems of the nearshore
nelf, which Includes approximately 7O square miles, description of

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



Collection of data

Most of the oceancgraphic and geologic data discussed in this
paper were collected by members of the U. S. Geological Survey fram
a lh-foot open-cockpit boat powered with an outboard engine. In
all, 302 data-collecting stations were oceupied from July 9 to
August 21, 1958; station positions were determired with horizontal
sextant angles to onshore reference points which were easily
identifiasble on merial photographs snd published topographic maps.
Depth sounds wers made 8t 268 statlons and samples of the uncon-
solidated bottom sediments were procured st 225 ststicns; these
stations é.re shown on figui'e 2. ‘Boticom samples wers taken with a
positive-acting grab attached to B hand~gounding lire havip.g' S5-faoot
gradustions. The Ivna,.ximmvcapacity of the grsb vas mot more than
about one kilégram of sample. '

Surface water temperature and Secchi dlsk transparency
readings (the Secchl disk 1s & white-painted disk 30 cm in d.iameﬁ;'.er
wnlch 1s lowered until it just passes froxm vlew; this depth is
then recorded as the Ssechd dlsk transparsency reading) were recordsd
et mest of the staticns shown on figurs 2. Surface water samples
were collected st 28 statlons apd later analyzed for salinity and
other pertinent data. Veloelty (speed ard direction) of surface
currents was memsured st 33 stations by surface drogues. The
drogues were simply comstrucied woodan current-crosses or vanes
vhich were welghted to float about 6 inches below the surface with
only a thin tracking periscope-like exténsi,on rerpaining above the

surface. Drogues weres also used ip measyre speed and direction of



longshore currents; these measuremenis, together wiith recordings
of wave and surf conditions, were mede Caily and soﬁetms hourly.
A gradusted staff driven 1ito the sea bottom about 10 feet from
shore served &8s a rough gsuge for determining tidal fluctuations.
A portion of the data used in constructing the bathymetric
chart shown on Zigure 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 geologists

and biologists shoard the U.S S. Burton Islspd made eight dives

off the Cgotoruk Creek area. These descents provided valusble
information on the bo‘gtom sediments and permitted accurate
locgtion and descriptian of the litb.o;cgy and sttitude of sub-
marine outerops. Fhotographs of the sea floor were also taken

by the diving tesm. Eighteen bathythermograpa lowerings were
made from the Burton Isi.an.d to determine subsurfaces water temz_:er-'

atures; th2 position of four of these lowerings are shown on
figure 2. '

Tha éuthors were Jointly resporsible for th= collection of
fleld data and zamples. The laboratory work leading to the
classification of the sedlrents, analyses of the gceanographic
data, and preparation of the maps, are the work of +the senior
author. Nost of the concluslons preseanted were reacked after

Joint discussion, and separation of responsibility is not attempted.



COASTAL PHYSICGRAPHY AND GEOLOGY

Meaningful interpretation of the nearmfe ‘bathymetry and
marine geology of the QOzotoruk Creek area 1s dependent upon a
generzl knowledge of the coastal physiocgrachy and geolcgy. It 1s
useful, thersfore, to describe the physiogravhy and geology

between Eesook and Xisizmulowk Creeks.

Physiography

For 1-1/2 milés &ast of Eesook Crezk the shoreline is a narrow
alluviated ccastal plain which terminates in low coastal bluffs
10-15 feet high. Landward of the coastal plaln are sbsndoned sea
cliffs which rise to elevations of 300 o 400 feet (fig. 2).
Several fresh-water lagoons are impounded by beach gravels at the
outer edge of the coastal plain.

East of the low coastal plaln and for approximately 7 miles
eastward to Cape Crowbill (fig. 2), the shorelins is a precipitous
sea cliff fram 600 to 700 feet high. The c¢liffs rise to a roughly
fleat uplard which can bz traced into the interior of western
Alagka (Hopkins, 1G55). Tre continuity of the sheer seawall is
broken only east of Emmikroak Cresk whers the wast;ine for approxi-
mately 1~1/2 miles is lower and cliffs ars less precipitous (fig.
2).

Exécpt at stream wouths, east of Cspe Crowbill to Kisimulowik
Cresk the shoreline 135 fringed by a coastal terrace from 200 to
500 fest wide which terminztes in coastal bluffs 20 to 70 feet
high. The terrace fronts a line of abandoned sea cliffs which

rise to elevations of 800 feet (fig. 3).
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Major streams flow parallel to the regional structural grain,
which strikes rortheastward, ard conseguently valleyé and Inlter-
strean ridges trend southwestward and intersect the coastline
nzarly at right asgles. Valleys are cut below flat-topped ridges
of roughly concordant keight (T760-980 £t.) which are belleved to
be remnants of sa erosicmal surface of Pliocene age (Fopkirs,
1959). TDownvarping of this surface fertier to the west in late
. Pliocena or early Pleigtccene time. formed the shallow Chukechi
Sea, and the present drainage patterm has largely formed since
that time {ibid.). Ogotoruk and Kisimulowk Creeks, the largest
streams draining the coastal aréa, nmeander gently in flood plains.
approi:imately a unarter of a mile wide In their lower reaches.
The valley of Qgovoruk Creek 1s about 2 miles wide and is cut
into bedrock; munercus outcrops are in the bed of the creek. |
S;zaller streums autering the Cnakcéﬁ. Sza occupy narrow V-shaped
valleysi cut in bedrock and alluvium and extené inland for a dis-

tance of 1/4-mile to 4 mlles (fig. 2).
Geology

In gsreral, the roqks ars progressively younger eastwasrd
from Essook Creek toward Xisimulowk Cresk {fig. 12), end include
unlts ranging in age from Dc'(cnian,(?) tp {retacecus-Jurassic(?).
At the base of the low cozstal bluffs near Eescck Cresk fine-
gfained quartzite and micaceous siliy aa.a.:.e of probable bviississ;
iprian sge are exposed. Urexposad calecareocus sandstone and shale

bads of Devonlan ege (2) ars thought 5 underlie the Missiasippian
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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 plain expose lime-
stone 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 clastic rocks of Mesozoic and Permian age is exposed
along the lower and less precipitous sea cliffs near Emmikroak
Creek. Fine-grained graywacke, siltstone, and shale believed to
represent the lowermost Jurassic(?) rocks of the area occupy the
central part of the syncline; green argillite, shale, and limestone
tentatively correlated with the Shublik formation of Triassic age
(Patton, 1957), and green argillite and 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 consist of interbedded graywacke and
siltstone and are probably Cretaceous in age. The coastal terrace
which fronts the ancient sea cliffs consists of a seaward-thinning
wedge of colluvium; the colluvium is derived from outcrops of
fine-grained rocks of Mesozoic age and consists of coarse angular

rock fragments enclosed in a silty matrix.
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Structurally, the g=ology of the Ogotoruk Creek area is very
complex, but in general the structural grain s‘trikeé northeastward
or nearly at righ‘b angles to the trend of tne coastline. West of
Cape Crowbill beds are overturned and thrust eastward, East of
Cape Crowbill ths Mesozolc rocks dip steeply and are intricately
folded. The principal stratigraphic units sad a few of the major
structﬁml elements of the Ogotoruk Creek area Bre shown on

Pigure 12.
OCEANOGRAPHY

The Chukxchi Sea 1s essentially a tain layer of water
averaging about 150 feet in dapth vhicﬁ. overlies e drcwned con-
tinental shelf connecting North America and Siberia (fig. 1).
Water enters the Chukeni Sea primarily from the south through '
Bering Stralt a:nd.: in part from the northwest along the Siberian .
coast (LaFond, 1951!»). Major currents flow parallel to the Alaskan
coast ard eventually enter the Arctic Ocean near Point Barrow,
Alaska. The cb.arac’z‘;eristics of this coazstal current es 1t passes
tie Czotoruk Creek ares, together with other ceeanographic obser-

vatlons, are described zad discussed balow.

Water temperature and salinity

During wost of July and August 1958 surface vater temper-
atures over the nearshore shelf remeined nesr 12°C. Surface
salinities during these 2 months averaged near 28.9%/co (parts per
thousand by welght). In the Chukeki Ses, waher havircg a temper-

ature from 10°-12°C ard a salinity less thsn 30.00°/co has been
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defined as Alaskan Coastal water by LaFond (1954). Alaskan
Coastal water is formed by admixing of Bering Sea water setting
through Bering Stralt with runoff water from western Alaska.

From 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 7.59C and salinities as high as 30.930/00
were recorded. LaFond (ibid.) hés assigned the term Intermediate
water to water masses of this temperature and salinity. Inter-
mediate water results from,mixing of Alaskan Coastal water with
cold and saline Deep Shelf water. The relationship of Alaskan
Coastal and Intermediate water on August 10 and 11 is shown on
figure 5.

Throughout the period 6f observation surface water near shore
was almost consiste;ltiy 3.0-0.29C colder ard 1.57-0.33°/co more
saline than surface water from 2 to 4 miles from shore. A single
recording of a seawsrd decrease In temperature was made on August
10 and 11; surfece isotherms for these 2 days and for August 1
to 6 are shown on figure k4. . |

Subsurface temperatures were measured oaly on August 10 and
11. In general, temperatures decreased from about 9%to 10.5°¢C
at the surface to 5.2°C at & depth of 144 feet. Over the inner
10-11 miles of the shelf the water was nearly isothermal with depth
~ but temperature decreased with distance frdm shore at ény glven
éepth. This relationship is shown on figure S. At grester dis-
tances from shore a tongzue of cold Imtermediate water (less than
8.5°C) protruding shoreward caused the isotherms to be more nearly

norizontal.
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Currents

Cosstal

During most of July and August the predominant 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 averaged 0.5 mile per hour. Current velocities and dates of
measurement are shown on figure 4. South and southeast currents
of low velocity were occasionsally recorded on the up-current side
of Cape Crowbill, which presumably 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 eppreciably
reduced in Yelocity off Cape Thompson and east of Ogotoruk Creek.
Currents east of Ogotoruk Creek slowed to 0.3 mile per hour and
flowed to the south and southeast (fig. 4). Off Cape Thompson the
northward-setting coastal current wes feduced to about 0.2 mile
per hour, which is nearly two-thirds lower than its typically

recorded veloecity.

Longshore

Longshore currents are set up by waves striking the beach at
oblique angles and are strongest shoreward of the bresker zone
(fig. 6). While the Survey party was in the fleld between July 7
and August 25, variable winds caused repeated reversals in wave
approach and hence in longshore currents. Longshore currents flowed

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

Velocity of longshore currents in general increased with wave
height and with the angle formed by the breaking waves and the
shoreline. Highest velocities occcurred when waves 3-5 feet high
struck the beach et angles between 15 and 20 degrees. Undoubtedly
stronger currents accompany‘violent storms which strike this seg-
ment of the Alaskan coast during fall months prior to freeze-up.
The general relatlonship of longshore current velacity to wave
height and angle of epproach for the Ogotoruk Creek ares is dia-

grammed on figure 6.
Yaves

At Ogotoruk Creek wave action is limited to the ice-free
summer and fall months except for occaslonal severe winter storms.
The characteristics of wave trains varied greatly in the Ogotoruk
Creek ares owing to frequent changes in wind veloclity and direction.
Throughout the periocd of study waves were typlecally 10 inches high,
25-30 feet in length, and had s period of 4-5 seconds. Waves with
helghts of 3-5 feet and periods of 6-7 seconds accompenied strong
onshore winds (30-40 miles per hour) which blew for more then a
day. Frequently waves of somewhat smaller height but similar
period arrived from distant storms, and were not accompanied by

strong onshore winds. Becguse the shoreface drops off rather



16

steeply to a depth of 15-20 feet, most waves did not bréak 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
profile were 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 area were characterized by & one-half
period of 6-6% hours, a height of 9 inches, and & lag time of the
arrival of tide crests of about 20-30 minutes per day. When strong
onshore winds blew (30-40 miles per hour) sea level rose an addi-
tional ;-l% feet; conversely, sea level fell 1-2 feet below mean
low water at times of strong offshore winds. Priftwood at elevations
of 10-15 feet is evidence that higher ses levels and waves than were
recorded during July and August 1958 occur along this segment .of
the Aleskan coast. This belief is in part substantiated by published
accounts of 10-foot rises in sea level during severe fall storms at

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

Water transparency

Transparency of.the coastal water varied greatly owing to
changes in the emount of suspended inorganic particles and plankton
and to the concentration of soluble organic pigments. Water clarity
increased with distance from shore. Secchi disk readings near shore

were commonly only 15-20 feet; at a distance of 3-4 miles readings
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increased to 30-45 feet which is campati-le with a measurement of
34 feet taken approximately £0 miles of? <he Ogotoruk Creek area
in August of 1949 (Buffington, Carsola, zzd Dietz, 1950, p. 23).
Water clarity from August 1 to 6 in arezs of cold and saline water
were 5-10 feet lower than at cother times. ITow transparency also

accompanied storms when large amounts of dstrital particles were

stirred into the sea water by waves and stresn discharge.
Discussion

Upwelling of subsurface water is iniiégied by tke cold and
saline Intermedinte water present at ths surface from August 1 to 6
off Cape ’I‘hoﬁpson and east of Ogotoruk (-eek (figs. 4 and 5). Dur-
ing this time .pérsisten'b north to nortbwest offshore winds of 10-30
miles per hour apparently caused Inter’as-iia;te vater to rise to the
surface east of segments of the coast wiich are topographically low.

The consistent cold and saline surfzce water close to shore
throughout July and August suggests that weaX but almosi constant
upwelling waé teking place. Unfortunstely there are insufficient
subsurface temperature and salinity dstz to substamtiate this
probability; however, the prevalling no-therly winds of 10-15
miles per hour which blew during the pe-icd of observaticn could
conceivably maintain such a general upweiling. Moreover, the
single recording of a temperature decrezse with a.istance from shore
(£ig. 4) was made on August 10 and 11 é-=ing a period of easterly
winds when upwelling near shore theoretizally should not have taken

place.
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Upwelling Intermediate water from August 1 to 6 also explains
the reversal and slacking of speed of the coastal current. On
figure 4 1t can be seen that east of Ogobtoruk Cre;k currents
flowed to the right and parallel to the slope of the dynamlc
topograpay which can be roughly envisioned from the surface
isotherms. An increase in concentration of zoo-phytoplankton in
areas of upwelling water probably accounts for the lower water
transparency from August 1 to 6. Similar relstionships of low
water transparsncy and upwelling water have been described by

other authors (Emery, 1955a).

BATHYMETRY

Construction of the bathymetric chart

.Approxima‘tel& 35,000 soundings were used in constructing the
bathymetric chert shown on figure 2. Scunding deasity varies
considerably (fig. 7) and rarges from 1.4 soundings per sqﬁare
mile to 270 and averages 8.4 socundings per square mile. Tb..e.
hha.rt comprises approximately 340 squars miles of the shallow
Chukchi shelf out to a depth of 145 feet.

Holmes and Narver, Inc., of Los Angeles, compiled the dsta
used in contouring the submarine topography out to a depth of
55-65 feet for several miles east snd west of Ogotoruk Creek
(fig. 7). Soundings were made with a fathometer installed on a
small cosstal tug.\ Positions of the tug east of Cape Crowbill
vere determined by the range method witha twc onshore transitis;
soundings. were located west of Cape Crowbill with horizontal

sextant angles to surveyed omstore sighting statioas.
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Data east =nd west of the arse surveyed by Holmes aand Naxver
are lead line soundings made by tze U. 5. Gaologleal Survey.
Sounding positions were determined with horizonbtal sexbtarnt argles
to orshore reference points. The Survey alsc established 188
depth readirgs within the area traverssd by Helmes and Narver;
these stations are shown on figure 2.

All bathymetric ‘reaﬁings seaward of the 65-foot contour were

made with the echo-gsocundinrg equipment of the U.S.S. Burton Island.

Bavigation %aa;s by radar fixes with coastal reference poluts.

Because different surveying methcds were employed in collecting
‘t.hé bathymetric data, only areas compriaing one nevigation and one
sounding technigue are internally conalstemt; these areas are shown
on figure 7. ' Dasned contours are used wkhere only lead line irfor-
mation is availsble end waere differewt surveys closely sdjoin but
do rot overlap. |

Figure 7 zhows that the sourding density imediatel& segaward
of the mouth of Cgc‘tofuk Creek is more than 10 times greater than
that 1o the east and west. OCvwing to this demsity the aﬁbmarim
‘opography ©ff Cgoiomuk Creek is betier kuown and apﬁem-a scme-
what more irrsgular than the aﬂ,}a&eﬁh 23 flopw, . N=arshore
sourding Iires -tr@.#ﬂ. gouth frem ahcre tetween C_ape Qrswbill &nd
Kisimilovs Creek, acd in pome areas there 1s @ corresponding
tendercy for topograpnic features tz:x' foligy ths eousadirg linas .
Tzin relationaidiy 15 evident in the well-goumnded area off the mouth
cf Ogotorux Creex. NHorthward-ireading baiXymetric features prodably

represens spuricus aligrments.as they are oblique to the gereral
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slope of the submarine topography, and srs inconsistent with

the known northwest trend of the coastal physiograéhy and geologic
structure. GSeveral authors have described in more detall the
fictitious alignments of submarine features parallel with scurnding
lines (Kuemen, 1950, p. 488-491; and Dietz, 1954, p. 1201). In
compilation of the chart, spurious aligmnments of fhe'topography
were reduced to a minimum by cooperation between geologists of
the U. S. Geological Survey end topograpkhic engineers of Holmes

and Narver, Inc.
General

The floor of the Chukchl Sea is remarkably free frcﬁ local
or even regional relief. Submarine declivities over the central
- part of the shelf are as low as 00°00'12" (0.3 ft. per mile) and
in the oplnion of many geologists it 1z one of the flattest regions
on the earth (Buffington, Carsolz, snd Dietz, 1950; and LaFond,
1954).

Submarine gradienfs near the Alaskzn coast steepen somewhat
and the topography is more irregular. Except in the viecinity of
Point Barrow, the Chukxchi shelf adjacent to the coast is poorly
known. The inner 15 miles of the sea floor off the Ogotoruk
Creek area, which is 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 from the Ogotoruk Creek
area and i1s exceptionally flat to moderastely irregulsr in local
relief {fig. 2). The shelf is flstiest between depths of L0-55
feet and scmewbat steeper farther seaward. Near shore the bottom
rises abruptly to the shoreline.

Thz most prominent bethymetric feature 1s a shallow and rather
flat-bottomed trough leading seaward from fhe mouth of Cgotoruk
Creek. This submerine channel is hereafter referred to as Ogotoruk

Seavalley.

Topography of shelf

Submarine gradients extending from the shoreline average about
2050‘ and the bottom descends guickly to & depth of 15-20 feet. OfF |
cliffed headlands the initial declivities are as steep as 4°. The
relatively steep slope near shore is termed shore._f.'a.ce by some euthors
(Price, 1954) and off gravelly beaches §f the Ogotoruk Creek area it
represents a slope adjusted to depositional and erosional forces.
Schalk (1957) has shown thet moderate storms in the vieinity of Point
Barrow produce no mejor change in the shoreface, but that major storms
result in profound changes in tha shape 224 slope of the szhoreface
profile. ‘

In the Ogotoruk Creek area the lower part of the shcoreface below
depths of 15-20 feet descends less steeply (0°17' to 0930') to a
depth of L0-L5 feet. For approximstely 2 miles seaward of this point,

to 3 depth of 50-55 fzet, the nearghore shelf is flattest ard slopes



22

are as low as 0P01l'. The inner and outer edges of this terrace or
flat 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 seaward gradually fall to 0903'. The overall declivity of
the shelf seaward of the inner edge of the shelf terrace is 0°0k',

or 6 feet per mile.

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

Ridges and wvalleys range from one-~half to éne-quarter mile in
width and have a relative relief of 10-12 feet. Gradients down
the valleys are between OCO4' and 0°03'. Near their inner reaches
slopes leading into thz valley are about 0%30'. At depths greater
than about 85 feet the valleys and ridges gradually merge with
the sea floor and virtually disappear at e depth of 105 feet.

Ogotoruk Seavalley heads approximately a guerter of & mile
from shore st a depth of 30 feet and extends seaward for a distance
of 15 miles to a depth of 135 feet. The valley axis 1s slnuocus
but in general trends southwestward. A principal channel can be
traced along the floor of the seavelley but a number of conver-
ging chennels or "tributaries" enter near its head. Tke seavalley
has a maximum relief of about 15 feet which is at a depth of

about 85 feet.
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relief. The overall gradient of the seavalley, 0003i,‘stands in
marked contrast to gradients of other submarine 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 195k4c). These dissect the outer edges of the continental
shelves of the Chukchi and Beaufort Seas and are similar to sub-
marine valleys elsewhere in the world. One of these arctic canyons,
Barrow Canyon, has an apparent broad and flat-bottomed extension
which cuts across the upper part of the continental shelf northwest
of Point Barrow. Carsola has termed this feature Barrow Seavalley
to distinguish it from Barrow Canyon, which hes the typical V-shaped
profilé. Barrow Seavalley is the .only submarine feamture yet described
from the Alaskan arctic which is similar to the shallow trough of
Ogotoruk Seavelley.

Although bathymetric data are scanty, and limited to lead line
soundings, there 1s an indication of a broad shzllow channel off
Ermikroak Creek which heads in water 40 feet deep (fig. 2). Tae
axis of this depression is not dirsctly aligned with the creek, but
rather is aligned with the synclinal infold of Mesozoic ard Permian
rocks. Much narrower submarine furrows, however, cen be traced from
the mouths of Nusoaruk Creek and the small stream entering the Chukchi

Sea immedistely west cf Cape Crowbill.
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Origin of submarine topography

The topography of the she]_f to a distance of 15 miles from
shore is believed to represent erosional forms cut on bedrock.

Some of the initial topography has been buried or partly subdued
by subsequent marine sedimert ation.

Bottom sampling to a distance of 4 miles from shkore indicates
that bedrock crops out over most of the area of the nearshore
shelf or 1s vensered fhinly by unconsolidated sediments. Criteria
for locating submarine outcrops from the hgture of the bottom
deposits are given in a discussion of the shelf stratigraphy;
divers have alsc mapped exposed bedrock near the mogth of Ogotoruk
Creek and in water 4O feet deep off Cape Crowbill, and visual
sightings of outcrops were made by the writers on several occasicns
in shallow (as deep a3 30-35 ft.) clear water. The flat and
relatively smooth bedrock surface of ths nearshore shelf is inter-
preted as & wave-planed platform.

Hopkins (1959) has given evidence that crustal downwarping
formed the shallow Caukchi and Beringz Sesas in late Pliocene or
early Plelstocene time. It is probable, therefore, that wave=
planation of the nearshores shelf involved at least several and
perhaps all of the Pleilstocene sea level fluctuations. However, con-
sideration of the age of an abandoned shore in the Ogotorux Creek
areg tends to indicate that much of the planation took place during
Sangamon and pre-Sangszmon time (approximately 100,000 to 1,000,000
years ago). Tals anclent shoreline and deposits associated with it
will be discussed 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-
taceocus age at the base of the abandoned sea cliffs e#st of Ogotoruk
Creeck and is overlain by the seaward-thinning wedge of colluvium. The
wave-planed surface of the old shore also lies beneath colluvium 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, but its gently sloping bedrock floor can be
traced seaward where it probably merges with the bedrock surface
of the nearshore shelf.

The authors believe that the shoreline was cut by a'relatively
high-standing sea level of Sangamon(?) age, and that the colluvium
accumulated subaerially from the exposed Jurassic and Cretaceous
rocks, during Wisconsin and Recent time. The Sangamon(?) age of
the ancient shoreline implies that the nearshore shelf was carved
by the end of Sangamon time. The terrace or flat area of the near-
shore shelf at depths 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 probably was subjected to marine
planation prior to Sangzmon 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 subaerial and subaqueous processes
(Shepard, 1952); or (3) are drowned subaerial valleys. However,
any hypothesis proposed for the origin of Ogotoruk Seavalley
mst adequately account for the following facts and relation-
ships:

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

(2) The gradient profile of Ogotoruk Creek is continuous
with only & slight decrease in slope (0 17' to 0°07') 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 near the head of the
seavalley have increased its width to that of tke valley of

Ogotoruk Creek.
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(6) A number of isolated knolls in the inner reaches of
the seavalley suggest differenti;lly eroded bedrock.

(7) The seavalley graduelly merges with the adjacent sea floor
and virtually disappears at a depth of 135 Teet.

Carsola (1953, p. 41) has shown that Barrow Seavalley may have
in part been scoured by strang currents directed along the exis of
the valley. waevér, water motion over Ogotoruk Seavslley is ob-
lique to the trend of the valley and current scouring cannot be
postulated as an origin. Tidal currents, waich must in part move
along the exis of the valley, also could not have eroded the sea-
valley as the average tide range is less than one foot arnd it is
not reagonable that attendant tidal currents are competent enough
to scour a valley in bedrock.

Excavation by turbidity currents in the marner envisioned by
Khenen and Daly (Khenen, 1950, p. 509) canrot be applied to Ogotoruk
Seavalley. This hypothesis limits the time of cutting to periods of
glacially lowered sea. level, and therefore cannot be considered
in this case as the Chukchi Sea was lergely drasined of marine
waters during glacial ages of the Pleistocene epoch (Sopkins, 1959).
It has also never been sdeguately demonstrated that turbidity cur-
rents are capable of eroding bedrock on very gentle submarine
slopes (Xuenen, 1950, p. 526). |

A composite origin seems more plgsusible as it only requires
that turbidity currents periodically sweep tiue valley clear of un-~

consolidated sediments (Shepard, 1952). More fundemental to the
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camposite hypothesis, however, is the drowning‘of subaerially
carved valleys. Indeed, the perfect alignment’ef Ogotoruk Valley
and Ogotoruk Seavalley, their similar gradients, and the fact that
both valleys are cut in soft siltstone and shale beds of the Tig-
lukpuk formation, are considered strong evidence that the seavalley
is simply a drowvmed segment of thé valley of Ogotoruk Creek.

Because Ogotorux Creek probably reached the sea coast in early
Pleistocene time, excavation and drowning of the seavalley can be
interpreted in two ways: (1) the seavalley may represent the
inundated valley floor of an older subaerial valley whose sides
were bevelled down during wave-planation of the neershore shelf:;
or (2) the seavalley was excavated during periods of glacisally
lowered sea level when Ogotoruk Creek was free to extend out onto
the exposed Chukchi shelf.

In regard to the first possibility, it is reasoned that
wave-planation of the nearshore shelf would have cut beneath the
steeper Plelstocene gradients of OgotorukX Creek and would not
have preserved the valley floor as a submerged depression. The
best. interpretation seems to be that the seavalley is a drowned
segment of Ogotoruk Valley which was cut into an emerged continental
ghelf during glacial stages of the Pleistocene epoch. Near the
head of the seavelley it is apparent that new tributaries also
developed which appreciebly broadened its shallower reaches.
Differential stream and wave erosion of the rocks underlying the

seavalley probably carved the isolated knolls. Since the last
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episode of stream erosion the head of *the valley has been‘filled
with beach sediments and Recent marine sedimentatiﬁn has
apparently burled and subdued the cuter part of the seavalley.
Farther out onto the Cauxchi shelf a thick blaaket of Recent
sediments is thought to have formed one of the flattest reglons
on the earth.

Owing to a lack of a clear record of pre-Sangamon events,; tkte
time of initisl shaping of Ogotoruk Seavalley cannot be precisely
determined. There can be little doubt, however, that some strezn
erosion, and concelvably all of it, took place during the Wisconsin

glacial stage.
Minor features

In view of the foregecing discussion; it is assumed that the
small channels leading seaward from tkhe mouths of Nusoaruix Creek
and the small creek west of Cape Crowbill, are also probebly
drovned Pleistocene streambeds (fig. 2). Tae much broader sub~
marine depression lying off Ermikrcak Creek and the synclinal
infold of Mesozolc and Permlan rozks is prgbably alss a Pleisto-
cene subaerially eroded feature, but it may also reflect differen-
tlal marine erosion of the less competent Jurassic rocks occupying
tke central part of tke syncline (fig. 12).

Although.bottam samples were not collected from the valley-and-
ridge ares off Kisimuzlowk Creek, 1t is proheble that the low ridgzs
reflect bedrock brought into relief by streams ercding an emerged

shelf during a pzriod of glacially depresssd sea level. Ia suppors
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of this interpretation are the facts that the small vaileys have
graedients similar to those of Ogotoruk Seavalley and the south-
-westward-trending ridges are parallel to the strike of steeply
dipping Mesozoic rocks in the coastal area. The outer reaches of
the valley-and-ridge area have apparently been buried under a
blanket of Recent msrine sediments.

Rex (1955) and Carsolas (1954d4) have described small b;thymetric
structures gouged by pack ice in the shallow sea floor northwest of
Point Barrow and over the inner shelf area off the Colville River.
Divers have examined some of these features near Point Barrow
(George Shumway, U. S. Navy Electronics Laboratory, San Diego,
personal communication). Grounding of pack ice in water as deep
as 120 feet (Carsola, ibid.) has been substantiated by meny in-
vestigators and takes place along most of the Arctic coast
(Transehe, 1928). Sounding lines were too widely speced during
the present study to contour microrelief gouged by pack ice, but
it is likely that detailed sounding of the flat s=za floor east

of Ogotoruk Sesvalley will delineate ice-gouged microrelief.
MARINE 3EOLCGY

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

bottom sediments and beach deposits of Quaternary age.



Shelf stratigrapzy

Coarse rock debris was collecited at rearly 80 percent of all
saxpling statioms off the Ogctorulk Cresk area. This rock debris
was classified as either transported, or lndicating the clase
proximity of submerged ocutcrops. In making the distinction most
of the criteria listed by Emery and Skepard (1945, p. 43h4) were
used; these are:

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

(2) Large size of individual rocks.

(3) Abundance of rocks of similar li‘bhologf.
(4) General angularity of rocks.

(5) Fragile or pcorly cousolidated rock.

(6) Catehing of sampling device oa bottom.

Transported roc

(1) Varied lithology

(2) Gezeral rounded ckaracter.

(3) Small size of individual rocks.
In addition, submarine outcrops ¥ere locghed by consistent inability
to collect a bottom semple in & glver srea, by direct observation of
submerged rock ledges in clesr shallow wabter; and by divers.

The character of all rocky or gravelly sedirents collected

from the nearshore shzlf 1s cescribed uader the discussion of uncon-
solidated bottom sediments; transportad rock, such as ice-rafted

debris, 1s also discussed here.
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Subtmarine outerops

Angular pebbles and cobbles indicating the ciose proximity of
submerged bedrock were collected et 75 stations, visual sightings
of outcrops ledges were made at 12 stations, apparent bedrock bottom
which could not ba sampled was located at 5 gtations, and divers
rapped submarine cutcrops &t 2 stations (table 1). The areas of
knovn submarine cuterops are shown on figure 12; resildual rock
debris flanking submarine outcrops is shown on figures 13 end 1%4.

Submarine ocuterops a;ré wost numerous off the precipitous sea
cliffs and the coastal plaln farther to the west. Exposed bedrock
was found at 75 percenf of all stations occupled off these aress;
stations at which outerops were rot indicated were mostly near
shore wnere bedrock is overlsin by a thin veneer of sand and silt.

Exposed bedrock was locaded at 9 stations near the hesd of
Ogotoruk Seavalley and at 5 stations om the slightly shallower
shelf to the east (fig. 12). The series of submarine outecrops
trending seaward from shore about ore mile west of Kisimulowk Creek
is assoclated with & #cpaéiaphic high vhich apparently represents
& resldual strike ridge. Probable reasons for the general paucity
of expogad sulmardins cuterops east of the seavalliey are discuzssed
under unconsclidated bottom sedimerts. Although clear evidence
of outcrops alang the floor of Ogoteruk Seavalley was not obtalned
ir many areas, fhe nzerous isoleted knolls and paré.llel ridges
alorg the inmsr part of the seavalley suggest that bedrock is
present bensath & thin venzer of uncomsolidated gravelly sesdiments.

4An underyater photograpa of the coarse angular rocks lying slong
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Lisburne group (Mississippisz).--Submarine exposures of lime-

stone, cherty limestone, and black chert of the Lisburne group of
Mississippian age (Bowsher and Dutro, 1$57) are very numercus on
the sea floor west cf Ogotoruk Seavalley (fig. 14). They are
restricted, however, to the shelf area lylng seaward of the
precipitous cliffs of the Lis’qume group. Near Emmikroselk Creek
the Lisburne group is thrust to tﬁe southeast over younger Mesozoic
and Permian rocks and this thrust contact spparently continues
for nearly 4 miles across the nearshore shelf. At Cape Crowbill
a high-angle reversge fault is at the contact of 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 .Sea'fal_ley.

Shublik(?) formation (Triassic) and Siksikpuk(?) formation

(Permian), undifferentisted.--Because the Siksikxpukx formation of

Permlan age directly underlies the Stublik formation of Triassic
age {Patton, 1957) mnd both formations contain thick-bedded green
argillite, iﬁ was not rossible to separate submarire outcrops of
these fomaticﬁ.é a,nd.. thay are. mapped 83 an undifferentiatad unilt
(fig. 12). Outerop® of green mrgillite beds extend seaward as |
linear belts from outcrops of the Shublik and Siksikpuk formations
rear Cape Crowbill and from exposures oa both flanks‘ of the syn-
clinal infold of Mesozoic and Permien rocks near the mouth of
Fmnikrosk Cresk. On the nearshore shelf off Smmikroak Creek and
off Cape Crowbill the green arglllite beds probably lie in fault

contact with limestore arnd ckert beds of the Lisburne group.
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Llastic rocks of Jurassic and Cretaceous age, undifferentated,--

Siltstone, shale, and fine-grained graywacke probably of Jurassic or
AEarly Cretacecus age crﬁp out seaward of the coastal area in the
vicinity of Ogotoruk Creek and off the infolded Mesozolc rocks near
Emmikroak Creek. Off the latter area submarine outcrops of the
Jurassic and Cretaceocus rocks are flanked by outerops of the Siksik-
puk(?) and Shublik(?) famations and it is apparent that the syn-
clinal infold continues seaward for several miles. A high-angle
fault, however, cuts obliquely across the eastern flank of the syn-
cline, and limestone of the Lisburne group has apparently been
brought into fault contact with the Jurassic and Cretaceous rocks.
The thick black siltstone and shale near Emmikroak Creek conformebly(?)
overlies the Shublik formation of Triassic age, and may be Jurassic
‘in age, an interpretation favored here, although the Cretaéeous age
is not ruled out.

Similar black siltstone overlies the Triassic rocks on the west
side of Ogotoruk Valley. Eastward, the rocks contain progressively
greater amounts of interbedded graywacke, and probably are Cretaceous
in age. The rocks exposed on shore continue seaward, as indiqated by
submarine outcrops and bottom samples. On the map, all the rocks
east of the Triassic rocks on the west side 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 1s considered to begin with the
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lest major sea level rise corresponding to the withdrawal of the
Mankato ice fields approximately 10,003 years ago (Hopkins, 1959).

Most of the Queternary sediments overlying the nearshore shelf
are gravels. Near shore, a linear belt of sand is commonly present.
Off the general vicinity of KisimulowkX Creek the shelf is overlein
by sand and silty sand. Sandy gravel and gravelly sand are found
in transition zones between deposits of sand and gravel and along
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 absent below rocky headlands.

In order to determine the sources and deposition of the uncon-
soliiéted sediments, a number of analyses were performed on each
sediment sample. In addition these date were used to differentiate

and areally mep sediment types.
Sediment analyses

Beach deposits and marine sediments were screened to separate
gravel (greater than 2.00 mn), sand (2.00-0.062 mm), and silt-clay
fractions. Textural parameters of gravel were obtained by the
counting technique described by Erery (1955b) or by additional
screening. Grain-size distribution of sand was determined wlth
the Emery Settling Tube (Emery, 1938); mechenical snalyses of the
silt-clay fraction were made by the pipette method (¥rumbein and

Pettijohn, 1938, p. 166).
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Tae gand fraction of all eediment samples was examined visually
for calcarsous organic mather, authigenic mirzerals, roundnsss of
grains, and ratio of rock o minerml fragmemis. Roundness values
of sand- and gravel-size clasts wers deterrzized with the aid of
visual comparison ckarts (Krumbein, 1941).

Separation of light and heavy {(grester thar 2.95 sp gr)
minerals were made on nearly all sediwents cortaining more tham 10
rercent sand. Total ca;lcium and magr=siun carbonate and total
orgenic matier were dztermined for mary of the sand and firer
grained gediments. Carbonate content was amalyzed by leaching =
known weight of sediment ﬂth dilute hy&mchloric acid. This method
of analysis inkersntly glves values which are sbout 2 percent oo
nigh, but it 1s rapld and useful for determining significezt changes
within 8 given =rea. Orgaric matter was culculated as the igmition

loss at 450°C (Thampson, 1953, p. 64).
Marine sedimenis

Unconsolidated marine sediments are composed of three principsl
size grades; gmﬁl, gend, end silt-clay. The relatlive proportions
of thesa gize grades were plotied on & triamgular fleld for esch
gediment sample and 10 sediment types were differentiamted (fig. 16).
These are: (1) gravel, (2) sandy gravel, (3) silty-sandy gravel,
(4) sand, (5) gravelly seand, (6) silty sund, (T) silt, (8) gravelly
silt, (9) sandy silt, axd (10) sandy-gravelly silt. Clay-siza
particles (less then 0.004 mm) bave been combined with silt as &

sizxgle size grade.



Figure 16 shows that 105 sedimert samples contained less than
one percent sand and silt. In situ, however, these bottca sediments
probably contaln slightly more send apd silt than indicated on this
Pigure.

The loss of the sand and sili was due principally to winnowing
of the sample when the grab was hauled up from the bottom. Such
winnowing was indicated during the sampling operation b-y a trail
of muddy water behind the grab. However, this sampling error 1s
probably not large as the sediments as reported by divers (table 1)
were essentially identicel to those plotted on £igure 16 and shown-
on table 2. Probably the greatest ssmpling error arises not from -
the loss of sand and silt but from the inability of the gredb to
adequately sample the entire size disiribution of the gravel at any
ore station. Only the smaller rock clasts (less than about 200 rm
in meximm length) were recovered, as larger cobbles and boulders .
could not be gathered eesily by the grab. Visual observations in
shallow water, underwater photographs (f£ig. 15) and reports of
divers (table 1)‘ shoy that large cobbles snd boulders are common
over certain areas of the shelf.

Only four of the sediment types--gravel, sandy gravel, sand,
and sllty ssnd--are common and overlle more than a few squai'e miles
of the nearshore shelf. The four silt sediment types are rare; two
of these are represented by single sediment samples (fig. 16). The
distribution of the sediment types is showzn on figure 1F. Typical
cumulative curves of the flrad grained sediment types are glven on
figure 18, and table 2 lists some of the physical aud chemical

properties of the szdiment types..
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Table l.--Sea floor description by divers

Diving station no.
See fig. 2 for Depth
station positions (in ft.)

Tescription

1 63
2 58
3 49
L 37
5 39
6 46
T 20
8 0-25

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

5ilt covering gravel of pebbles and cob-
‘bles as much as 150 mm in length

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

Gravel of cobbles and boulders, sponges,
and other animal life ecommon on' rocks.
Silt sbout 2 inches thick overlies the
gravel in small patches

Outcrops of limestone end chert beds of
the Lisburne group. Residual cobbles
end boulders surround the outcrops.
Iimestone beds strike N. 27° W. and
dip about 350 to the west

Bottom of angular pebbles and cobbles
with some silt between and atop rocks

Sand bottam with ripple marks parallel
to shore; locally. pebble gravels

75 feet from shore cuterops of Tigluk-
puk formetion, striking N. 50° E. and
dipping 30° E. Ripple-merked sand .out
to 300 feet from shore locally is grav-
elly. Sand is about 9 inches thick
and overliss gravel

% Information given in this table was made available by Dr. George
Shumway, and Messrs. John Beagle, George Dowling and Park
Richardson, eivilian scientistsstationed aboard the U.S5.S. Burton

Island.
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The sediment types are in general not discussed separately be-
yond this point; only the major sediment groups--gravel, sand, and
silt--are discussed further.

Gravel.-- Bottom sediments containing more than 50 percent gravel
overlie about 85 percent of the nearshore shelf or about 65 square
miles of sea floor. West of Ogotoruk Seavalley and seaward of the
precipitous sea cliffs gravels contain little sand and silt. How-
ever, gravel having more than loqpercent sand-gilt lies along the
floor of Ogotoruk Seavalley and/;:sociated with accumulstioms of
sand and silty sand farther to the east. Other areas of sandy
gravel overlie the shelf seaward of Eesook Creek.

Owing to the inability of the sampling grab to adequately
sample gravel, detsiled mechanical enslyses of~the coarse fraction
were rot made of these sediments. Instead measurements were taken
of the intermediate dimension of the estimated typicel or average
rock clast. These values ranged fram 5 to 50 mm and averaged about
20 mm (table 2). Thus the recovered marine gravels are approximately
2 to 3 times coarser than the modern beach gravéls which average sbout
7 mm in median diameter.

Gravels west of the seavalley 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 are quite
angular and show virtually no effects of abrasion or rounding (figs.
13 and 14). Along the floor of the seavalley and to the east gravels
are relatively better rounded and have yalues averaging 0.45. In a
number of esmall areas over this part of the shelf are patches of un-

usually well rounded (0.6) gravel; these patches are shown on figure
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19 as areas of relict beach sedirents. Edguniness of the boitom
clasts increases rapidly in shallow water near shore where wave
action is effective.

Sand and silt typicelly sccompany the marine gravel but usually
in gmounts much less than 10 percent {tabie 2). The sand-silt
fraction typically has two modes, a coarse mode which is composed of
rock fregments and a fine mode consisting primarily of mineral grains
and subordinate amounts of fine rock fragments (fig. 18, curve 4).
The rock fragment mode is lithologically similar to the associated
gravel size clasts snd therefore is related to them. Minerelogically
and texturally the fine mode is similar to deposits of sand and silty
sand elsewhere on the shelf. The textural relationship is brought
out on figure 19, which includes isopleths of medimn dismeter. A
progressive geaward dzcrease is shown by these isopleths which clearly
relates the deposition of the fine mode to that of the sand end silty
sand. The cosrse rock fragment mode makes up from 80-45 percent of
tke total send-sili .content of most marine gravels. For deposits
conteining mich more than 10 percent sand-silt (sandy and silty-
sand gravel) the breakX to the fine mode averages near 0.200 mm, for
gravels having much less than 10 percent sand-silt the break is
coarser and mverages at 0.280 mm.

The lithblogic.composition of tre gravel is markedly different
over different areas of the nearsizore skhelf. This is brought out
on figure 19 and is particularly evident west of Ogotoruk Sesavalley
whers the bottom gravel undergoes rapid latexral changes in camposition
and consists predominantly of either limestons and chert or fragments

of clastic rocks. Along the axis of the seavalley arnd farther to the



Ll

east gravei consists mainly of clastic rocks, principally fine-grained
graywacke end siltstone, with lesser amounts of chert and rarely lime-
stone. The lithologic composition of the bottom gravels differs greatly
from the modern beach gravels directly shoreward except for the

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

Sand and silt.--S5and containing less than 10 percent silt is

restricted to & discontinucus belt rurnning parallel to shore at
depths of 15-30 feet (fig. 17). The sand tract is approximately
helf a mile wide off the mouths of Eesook end Kisimulowk creeks.

It is narrcwest in slight reentrants of the shoreline west of Cape
Crowbill, absent off cliffed headlands; and very narrow and dis-
continuous off the coastal bluffs east of Ogotoruk Creek. At a dis-
tance of approximately 200 yards from shore near the mouth.of Ogotoruk
Cresk divers found the nearshore sand balt to be about 9 inches thick
and to overlie gravel. Pebbles sre common in the sand and near shore
the deposits become gravellyy gravelly sands are also on the seaward
sides of the sand belt. Silty sand forms a broad crescent-saaped
tract over the sea floor off Kisimulowk Creek and nearly ercompasses
an area of bottom gravel (fig. I7).

Accumulations of silt and sandy silt mre restricted to small
patches with indefinite bounderies in shallow water off Cape Crow-
bill and seaward of Eesook Creek {fig. 18, curves 10-end 11). Small
areas of gravelly silt and sandy-gravelly silt oeccur along the floor
of Ogotoruk Seavalley.

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 psriectly sorted and has Trask
sorting coefficients ranging from 1.01 tc 1.19 and averaging 1.15
(fig. 18, and table 2). Silty sand averazss 0.088 mm in median
grain size and is somewhat less well sort=i with coefficients aver-
aging 1.40. The silt in the sand causes —ze sediment to be slightly
skewed toward the finer grains (table 2). The median diasmeter of
the sand and silty sand decreases with diztance from shore; this
trend is shown by the isopleths on figure 19. Isopleths on this
figure also indicate that sand and silt tez2 to settle slong the
floor of Ogotoruk Seavalley, and the bottcz sediments become more
silty with distance from shore along the vzlley axis (table 1 and
fig. 17).

Silt deposits average 0.007 mm in mecien diameter and are
relatively poorly sorted with coefficients near 3.00 (teble 2)s
they are also slightly skewed to the finer zresins (Sk less than
1.0). Sendy silt, gravelly silt, and sandr-gravelly silt are also
poorly sorted but they are all bimodal {fiz. 18, curves 10, 9, and
8) and show.positive skewness, or an asym=:trical spread of the
size distribution of the coarse fraction c2 the sediment. Clay-
size particles form a significant part of <ze silt sediment types and
renge from about 10 to 40 percent (table 2); however, in relation to
silt, cley decreases with distence from s-cres in most sediment types.

Rock and mineral grains constitute ap:zroximstely 95 percent of
Geposits of sand and silty sandy rock frag-snts alone make up from

20 to 35 percent of these sediment types. Zzevy minerals rarzly
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form wore than 10 percent of the sediments and average about 6 per-
cent (table 2). Tze most abundant mineral grains in the sards are
quartz, chert, feldspars, micas, and chlorites; the latter two |
mineral groups are more abundant with distance from shore.
Approximately 10 percent of the tests of species of Elphidium
and Buccells contain light-green to dark-brown friable fillings or
partial fillings in one or more chambers. The crumbly £illing
matter is thought to be glauconite of authigenic origin. Glau-
coni'be_ 1s used here as a field term in the sense suggested by
Burst (1958, p. 311). Carsola (1954b, p. 1570) described copmolite
pellets from nearshore samples taken in the Chukchi Sea which may be
partially glauconitized; to the asuthors' knowledge this is the only
previous reference to the occurrence of glauéonite in sediments of
fhe-Chukcbi Sea. In the Ogotoruk Creek area fecal pellets were
rarely seen and these showed no physical evidence 6f glauconitization.
Carbonate mineral grains and bloclasts constﬁﬁte about 4 per-
cent of deposits of sand and silty sand east of Cape Crowbill. West
of thls polnt, and offshore frar the limestone cliffs, sand accumu-
lations have carbonate contents rear 10 percent. Comparisozs of
estimated weight percentesges of organic carbonate to the chemicelly
determined total carbonate, indicate that east of Cape Crowbill
recognizable biloclasts account for about 50 percent of the total
calcareous matter. However, west of Cape Crowbill the carbonate
content is approximately 70 percent detrital limestore and dolomite

grains and unrecognizable comminuted bloclasts.
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Tests and fragments of mollusks {criefly pelecypods) and
foraminiferal tests make up the greater part of the organic calcareous
matter of sand and silty sand; foraminifera are relatively more abun-
dart in sand essocieted with gravel deposits (tsble 2). Eggerella

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

and Buccella frigida, are the most abundant species of foraminifera

(Mrs. Patsy Smith, USGS, written communication). The abundance of
species of foraminifera with increasing depth off Xisimulowk are list-
ed on table 3. Other commonly occurring bioclasts are bryozoan
zoaria, ostracod valves, echinoid spines and plates, and fragments
of barnacle plates and calcareous algae (table 2). |
Sand contains the least amount of combustible organic matter
and averages only - l.l percent. Silty sand contains 1.7 percent
‘organic detritus but the highest concentration is in silt deposits
which average 3.4 percent organic matter. Although a number of
factors é;e involved, concerntration of organic substances in the
finer grained sediments is usually attributed to the inherent
fineress and slow settling rates of orgenic detritus (Trask, 1939,
p. 434}. The organic content of the finer sediment types is in
generel comparable to Trask's world-wlde average of 2.5 .percent for
nearshore sediments, and is virtually identical to the amount of
orgenlc matter found in sediments from other areas of.the ChuXkchi

Sea and in the Beenfort Sea (Carsola, 1954b, p. 1573).



Table 3.--Relatjve abundance of species of Foraminifera at increasing

cepth off mouth of ¥isimulowk Creek

Species Pepth in feet
(Showing number of specimens in
approximately 50 cc of sample) 20 28 38 43 50

Eggerella advena {Jushman) 6 34 156 300 160
Bigenerina arctica (Brady) 2
Textularia torquata Parker 2
Reophax arctica Brady
Ammobaculites cassis (Parker) 3
Trochammina nana {Brady)
Trochammine sp. {broken} 2 1 1
Miidsmmina sp.
Quingueloculina sp.
lagena semilineata Wright 1
Lagena mollis Cushman 1
Pseudopolymorphina curta Cushman

& Ozawa 2
‘Glandulina laevigata 4'Orbigny 1
Elphidium clavatum Cushmen : 1
Elphidium bartletti Cuskman 1
Elphidium frigidum Cusiman 3 6
Elphidium orbiculare {Brady) 2 25 3 hs
Elphidium oregonense Cushman

& Grant? 113
Buccella frigide (Cushmsn) 1 T y7 97 59
Buccella inusitata Anderson 1 2 9 -
Asterigerina sp. 5 6
Discorbis baccata {Feron~ Allen

& Earlend)
Patellina corrugata Williamson
Cassidulina sp.
Buliminelle elegantissima (d'Orbigny) 2 1
Globigerina bullcides dfOrbigny 1

=

v N

QO \wnw
=
=

P oy

Foraminifers ldentified by Mrs. Patsy Smith of the U. S. Geological
Survey.



Discussion of thke shelf siratigraphy emphasized that most of the
rocks overlying the nearshore shelf are derived fram submarine out-
crops. Therefore, the lithologlc composition of the bottom gravel
undergoes abrupt lateral caanges which match changes in the
lithology of the outcropping rocks. Tais relationship is brought
out sharply by comparing figure 19, whlch includzss & plot of the
ratio of chert snd limestone to clastic rocks in the marine gravels,
with figure 10, a general geologic map of the nearshore shelf.

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

Immedliately east of Ogotoruk Seavalley the marine gravels show
the most pronounced rounding and few very angular pebbles and cobbles
were recovered (fig. 20); primarily for this reason it is thought
that submarine outcrops are not expcsed over this area of the shelf
(fig. 12). However, it is clear from the numerous submarine outcrops
on tie ad)acent shelf arss that bedrock must lie at shallow depths be-
neath (probably less than 5 £set) these moderately rounded residual
gravels. The clasts forming these gravels may have been formed
during Wiscorsin time by frost asetion on the up-turned edges of
truncated Mesozoic beds. The rounded and polished chert clasts
(£ig. 20) in these deposits may iave been carried in by the retwrring

post-Wisconsin see, or pcssibly they heve een emplaced by lce-rafiing.
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against the shear limesitone cliffs and ths colluvial bluffs east of
Cgotoruk Creek. Similarly, anguiar pebbies wita roundaess values of
0.2-0.3 could be conveyed taloffshore regions by local stream ice.
Lisitain (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
sediments. However, the ice-rafted deposits are in general not as
maturely rounded as most beach sediments owlng to the addition of
angular talus and rock slide debris tc the ice.

Ice-rafted rocks are not thought tb be numerically significant
on the néérshore shelf off the Ogotoruk Creek area in couparison tq
residual gravels derived from nearby cutcrops. Facﬁs indicating
this interpretation ere: (1) most of fhe rocks»are neither well rounded
nor very angular and therefore have not tesn derived from the present
beaches nor from the nearﬁy coastal pramontorles and streams; and (2)
the lithologic composition of the bhottonr gravel hes not been made
' uniform by the introduction of foreign dabris, but changes rapidly and
-is directly related to submarine outecrops. Hunkins (1959) has recently
emphésized the uniform litholegy of lce~-rafted gravel 1n thne deep Arctilc
Ocezn. Possibly a reesonable e3timate would be that about 10 psrcent
of the rock clasts overlying the nearshore shelf off the Ogotoruk Crgek
ares have been dropped from transient ice floes.

Although the isopleths on figure 19 indicate that detrital nond

sand and silt tend to eccumulate in Ogotoruk Seavalley, the
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sandy end silty-sendy gravels overlying the valley floor are primarily
due to an accumulation of residual rcck fragments of sand size. Con-
centration of the smail rock fragments may raflect the subaqueous
breakdown of the fine-gralned Mesozole clastic rocks which underlie
the seavalley, and possibly also accumulation of fine rock debris
that formed during the Pleistocene subaerial erosion of the seavalley.
Similar deposits east of the seavalley are thought to be relict ﬁeach
sediments. The rock fragments forming the coarée mode of the sand-
silt fraction of these drowned beach sediments were probably con-
centrated by shoreline processes, as ig true of the modern beach
gravels wﬁich containlabout 10 parcent coarse sand-size rock
fragments. Sandy gravel near the head of the seavalley and farther
to the west (fig. 17) is assoclated with submarine outcrops. The
sandésizg rock fragments forming the principai part of the sand
fraction is very angﬁlar and represents a residual accumulation of
fine outcrop debris.

| The deposits of sand and silty sand shown on figure 17 are com-
posed of detrital clasts derived from the nearby coastsl area during
Recent tima., This conclusion is based on the facts that these sedi-
ments (1) are principally associated with segments of the coast
drained by streams erodirg fine-grained clastlic rocks, (2) are
mineralogically similar to these clastic rocks but skow an incresase
in detrite] carbonate grains sesward of the sheer limestone cliffs,
(3) are well Soried 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 sand-silt content of gravel
deposits is also of Recent depcsition as this mode is texbturally and
minerslogically similar to the sand and silty sand.

The broad crescent-shaped tract of sand and silty sand off Xisi-
mulowk Creek has apparently accumulated atop residual gravels. The
sands are probably thin (nct more than about 5 feet thick) as bedrock
erops out near the center of the tract and the fine-grained sedi-
ments grade laterally into gravel. As mentioned earlier divers found
less than one foot of sand overlying gravel near the mouth of Ogotoruk
Creek. .

Accumulations 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
swifter currents. However, this interpretation does not adequately
explain the seaward decrease in grain size shown by the isopleths on
figure 19. A more acceptable 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
sediment transported by this current. In most sediment types clay
decreages relative to silt with distance from shore, and it is g
apparent that particles finer then about 0.004k mm tend to bypass |
the outer part of the nearshelf. Most likely much of the silt and
clay contributed by local streams does not settle over the nearshore

shelf but is carried along by the coastal current and eventually
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accumulates on deesper parts of the shelf or cc the steep slopes lesad-
ing into the Arctic basin.

Deposits of silé and sandy silt are associated with submarine
outcrops and possibly represent loczlized trapping of fire-graine
sediments by outcrop ledges. Melting of grouaded sedimeni-laden
sea ice could concelvably alsc form these depqsits.

OCbservations during July snd August 1958 irdicate that fine
detrital clasts are contributed to the nearshore shelf primarily
by streams and winnowing of beach sediments. TILuring ard for sev-

" eral days after a 4~inch rain storm lasting from August 8 to 12,
surface turbidity currents spresd seaward from tke moutas of the
larger streams draining the coastal area. Discharge from Ogotoruk
Creek, vhich at its meximum was about 60C cfs and carried a suspended
loed of 2,500 ppm (suspensicn data computed by George Porterfield,
U. S. Geological Survey, 1958, writter compmmicstion), flowed
seé.ward for approximately half a mile 25 a distinct ba’z@ of turbid
water, before the coastal current turmed the turbidlty flow parallel
to the coast. Sand and silt which becomes incorpearatéd in the beach
sedimznts 1s winncowed by storm waves and cerried onto the nearshore
shelf. Storm waves from 5 to 5 feev high durirg July and August
typlcally produced a nearshore zone of turbid water several hundred
yards in width. |

The nearshore shelf of the Cgotorukx Creek area is in genersl g
reglon of limited fine-grained detrital sedixentation. Tals fact

can be determined from thz paucity of fine sediments cof Recent age,



25

except very near shore and off areas of the coast drainad by streasms
ercding fine-grained clastic rocks. Glauconite fillings in forsm-
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 is
thought to_ be responsible for limiting fine-grained deposition on the
nearshore shelf. This low volume is attributed to (1) the low annual
rainfall of 8 to 12 inches and the short 4-5~month season of runcff
and wave action; (2) drainage of much of the coast by streams
eroding limestone and chert beds; (3) the low base suspension load
of stresms eroding reglons of clestic rocks and the fact that
particles are primarily fine sllt and clay-~Ogotoruk Creek has a
suspension load of only 6-13 prm at base flow (Géorge Porterfield,
vwritten comminication); and (4) a general lack of clastic rocks |
in the coastal area which supply a2 large volume of particles od.
sand size. This final point is important because sand tends to re-
main on the nearshore shelf and doces not bypass‘ it as does fine silt
and clay. The small volume of sand contributed by the coastal rocks
is emphasized by the Pacis that (1) only asbout 20 percent of the sus-
pended load carried by Qgotoruk Cresk during its highest period of
discharge in August 1958 was comrser tzan 0.125 mm, which is the sver-
age median dismeter of the nearshore sand belt; and (2) beach deposits
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 Xisimulowk Creek westwvard

to Cape Crowpill ‘i:he 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 s'ea cliffs the beach widerns to 200-300 feet and

is continuous for spproximately 40 miles %o the mouth of the Kukpuk
River (fig. 1).

In the vicanity of Ogotoruk Creek, beach gravels are about 25
feat thick and overlie an ancient wave-planed badrock surface protshly
of Sangamon age. The estimated meximm thickness of beach sediments
was Qetermined by projecting the slope of the wave-planed surface
beneath the profile of the beach deposits to a point a few hundred
feet from shore where bedrock crops out on the sea floor. At the
mouth of Kisimulowk Creek exposed beach deposits are shout 10 feet
thick. GravelA beaches fronting the sheer cliffs west of Cape Crow-
bill are thinner than elsewhere and exposures are less than 10 feet
thick in most places.

Beach sediments are stratified in lens-shaped layers of different
grailn size ranging from about 3 inches to 3 feet in thickness
(fig. 22). The thicker lenses probably represezt the depositio.n of
berms after erosion of the bzach by storm waves.

Profiles constructed scross the beach are not swcoth but delineste
a2 number of wave-built besrms and bars or teach ridges at the mouths of
large streams (fig. 23). The backshore, or the part of the beach which
slopas moca%t gently, has an oversll seaward gradient of sbout 3°30° s hCy-
ever, reverse or landward slopes ars on the back sides of berms and

beach ridges (fig. 23). Declivities on the steeper foreshore increase
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The grain size distribution of the gravels is variable with
depth. Surface gravels are in general much coarser than deeper sedi-
ments. On table 4 the median dismeter of tke surface gravel at tﬁe
seaward edge of the backshore is given for & number of areas between
.Eesook and Kisimulowk creeks. Near Ogotoruk Creek the upper few inches
of the foreshore gravels ranges from 15 to 30 mm in medisn 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 medien grain size of approximstely 7 mm (fig.
18, curve 2). The upper 5 feet of Beach gravel near the mouth of
Kisimulowk Creek has a median diameter near 5 mm (fig..18, curve 3).

Sorting coefficients vary over s narrow range and average about
1.30, which is con;iderably less than Tresk's (1932) well-sorted
limit of 2.50, and nearly identical to the median sorting value of
beach gravel from other areas of the world (Emery, 1955b). Round-
ness of the clasts ranges from shout 0.3 to 0.9 and averages near
0.65, which falls within the well-rounded grade of Pettijohn (19h9,
P. 51). The excellent sorting and roundness values of the beach
seiiments attest to .the vigor of wave sction 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 fragments of
fine-grained graywecke, siltstone, chert, and limestone; shale and
vein quartz are less abundent and igneous and metamorphic rocks occur

rarely. The lithologic composition of the surface beach gravels is
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given on table 4 and indicated on figure 19 as the ratio of clastic
rocks (chiefly graywacke) to limestone and chert. Inspection of
figure 19 shows that clastic rocks form a greater percentage of the
surface gravels east of Cape Crowbill; conversely limestone and
chert constitute sbout 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 cliffs lime-
stone and chert form about 87 percent of the surface gravel. Kindle
(1909b) also reported that the coarse material of the beach at
Point Hope is composed of chert and limestone.

Sources and transportation of beach sediments.--Fragments of

graywacke, siitstone, and shale are principally derived from out-
crops of the Tiglukpuk formation and from colluvial bluffs east of
Ogotoruk Creek (fig. 3). Limestone and chert are derived chiefly
from outcrops of the Lisburne group west of Cape Crowbill and from
outcrops sbout 20 miies east of Ogotoruk Creek nesr Cape Seppings.
Chert, limestone, and graywacike clasts which are far from
possible source areas are attributed to littoral transportation by
longshore currents. Throughout the present study the littoral
transport was to the east for the greatest part of the time; how-
ever, the §eriod of observation’was too shors to establish that
the net annuel transport is to the east. The progressive east-
ward decrease in graywacke clasts near Xisimulowx Creek, as in-
dicated on figure 19, may denote the effects of westward-trans-

ported limestone and chert clasts from the Cape Seppings area.
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Table 4.--Lithologic composition and median diameter of

coarse surface gravel at seaward edge of the backshore

Percent by number of

Sample number  Graywacke Mediean dismeter,
&s shown on and Shale Lime- Chert Vein determinesd after
figure 17 siltstone stone Quartz Emery (1955)

11 o 2 52 35 -- 27.0

12 23 - 6k 13 -- 24,0

13 9 - 37 52 2 23.1

I 56 p/ 13 30 & oh3

15 61 1 14 23 1 30.5

16 68 6 10 16 - —

L7 43 "y 16 40 px/ 31.0

;/ P signifies less then 1 percent but greater than 0.1 percent
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Ice rafiing (Kindle, 1924) may also aid in conveying sediment
along the coast; ice rafting is perhaps indicated by the large lime-
stone cobbles 150-200 mm in length conmonly found more than 10 miles
from the nearest source. Igneous ard metamorphic rocks constitute
probably less than 0.1 percent of thg beach deposits but they also
signify distent transport, as sources are not kﬁown within a radius
of 40 miles. Most probé.bly these erratics were rafted by sea or |
river ice and possibly by driftwocd (Emery, 1955¢) which is very
sbundant along the western and northwestern Alaskan shores. Raft-
ing has probebly been f@ the socuth &s the nearest ocuterops of
ignéous and metamorphic rocks are to the south, and coastal currents
prevent sedine;xt-laden ice. and driftwood from reaching the Ogotoruk
Creek area from the north (see Carsola, 1954b, p. 1571, for a photo-
grazh of "dirty" sediment-bearing ice in the Chulkchi Sea).

M,cCartﬁy (1958) has describad erratic boulders elong the nor-
thern Ala;ska,n coasts which have been rafted into place by icebsrgs.
‘It 18 not likely, however, that glacisal lce conveys debris to the
Ogotoruk Creek srea, as the bergs would ha.w’re to come from the nqrth
sgainst the prevalling currents of the Chukchi Ses (LaFond, 1954,
Bnd MacGinitie, 1955). Morsover, icebergs much more than 20 feet
high would not be able to enter the shallow Chukchi Sea, let alone

reach the Cgotoruk Creek area,
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SUMMARY

Salient pcints pertainiocg to the ocsancgraphy, bathymetry, and
marine gaology of the rearshore Chukchi Sea and shallow submerged
shelf off the Ogotoruk Creek area ars summarized below:

(l) A prevailing coashal current flows 50 the northwest; dur-
ing July and August 1958 surface veloclties of this current averaged
0.5 mile per hour.

(2) Persistent nortiaerly wirds cause gereral upwelling of cold
subsurface water near shore. At times of promounced upweliing the
coastal current is locally reversed and reducgd in velocity.

(3) During July and August 1958 longshore currents moved to
the east f&r approximately 75 percent of the time; however, the
highest velocitles were measured durlng easterly storms wiken the
longskhore curren_t was to the west.

(%) The nearshore shelf descends rather steeply to a depth of
15-20 feet and then graduslly flatiens o a depth of 40-45 feet.
Beyond this point the nearshore shelf 1s flattest and gradients are
as low &as 0’30"_5 cut to a depth of 50-55 feet. Submarine declivities
at the outer edge of thls terrace; or flal part of the nearshore
shelf, steepen slightly and then gradually fall with distance from
saore, The overall geadient of the Chukeni ghelf from the i-ner
edge of the terrace to & depth of 135 feet is sbout 0%ok * s or about
6 feet per mile.

(5) A skallow and rather flat-bottomed t:l'o*' ; Ogotoruk Ses-

valley, heads ahout a quarter of g wlle from shore off the mouth of
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Ogotorukt Creek and extends ssaward for a distance of 15 miles where
it merges with the adjacent sea floor at a depth neaf 135 feet. A
number of smaller channels are off Kisimulowk Creek and near shore
west of Cape Crowbill.

(6) The nearshore shelf is a wa.ve-plé,ned platform cut across
up~turned beds of Paleozoic and Mesozolc formations. Most of the
planation is thought to have taken place in Sengsmon time. Ogotoruk
Seavalley and other smaller channels were excavated by streams during
periods of glaclally depressed sea level. Th= seavalley was cut into
the emerged shelf by Ogotoruk Creek. The outer part of ngtpmk
Seavalley has been buried under a blanket of fine-grained Recent
marine sediments, and the inner reaches havé been filled with beach
gravels.

(7) Most of the nearshore shelf is overlain by angular to
slightly rounded rocky debris which has been derived primarily from
nearby submerged outcrops. Four lithologic units crop ou£ on the
shelf which are readily correlated with formations of Paleczoic and
Mesozoic age exposed in the coastal area. |

(8) Some of the bottom gravel has been deposited by ice rafting.
It i3 thought' thét abaout 10 percent of the rocky debris overlying the
nearshore shelf is ice-rafted sediment.

(9) During Recent time (last 10,000 years) sand and silt shed
from the nearby coastal ares have accumulated near shore and over
nmost of the .shelf off Kisimulowk Creek. The latter area lies off

a segment of the coest drainsd by streams eroding fine-grained
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clastic rocks. Most of the marine gravels, in particular those lying
aiong the floor of Ogotoruk Seavalley, also contain a small percentage
of Recent sand and silt.

(10) The neershore shelf is in general a region of slow fine-
grained detrital sedimentation. Although a number of factors are
involved in restricting detrital deposition, a low volume of fine
sediments being shed from the nearby coastal area is 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 a median diameter near 10 mm. The surface
gravel is much coarser than Qeeper sediments and averages about 25 mm
in median grain size. Well-rounded rocks of graywacke, siltstone,
limestone, and chert are the principal constituents of the beach
gravels.

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

constructed.
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