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MARINE GEOLOGY AND BATEiYlMETRY OF THE CF'LJKCHI SHELF OTF 

TEB OGOTORUK CREEK AREA, NOR'lXWEm ALASKA 

BY 

D. W. Scholl and C .  L .  Sainsbury 

ABSTRACT 

During July and August 1958 the U. S. Geological Survey con- 

ducted a study i n  behalf of the Atomic Energy Commission of the 

oceanography, bathymetry, and marine geology of the nearshore shelf 

of the Chukchi Sea off  the Ogotoruk Creek area, northwest Alaska. 

Ogotoruk Creek enters  the Chukchi Sea about 32 miles southeast of the 

large cuspate s p i t  of Point Hope a t  long 1.65~4-4'46" W. and 

l a t  a 0 0 5  '51" N. The Ogotoruk Creek area extends approximately 10 

miles west and 7 miles eas t  of the creek mouth. Knowledge of the 

marine geology and oceanography i s  confined primarily to the nearshore 

shelf,  which includes about 70 square miles of the ahelf and i s  

defined as the sea f loor  lylng shoreward of the 50-foot submarine con- 

tour.  he 50-foot contour generaUy liea from 2 t o  4 milee from 

shore. Submarine topography was studled to  a d i e t a c e  of 15 miles f r o m  

shore over an area of approximately $0 square miles. 

A northwe~t  coastal  current flows past the Ogotoruk Creek area 

enit during m y  and August averaged 0.5 mile per hour. Persistent 

northerly winds cause geaeral upwelliag near Wre and at  times of 

pronounced upwellin& the coastal  current was reversed o r  appreciably 

reduced i n  6peed. Longahore currents shoreward of the breaker zone 

a averaged 0.3 mile per hour and moved to the east f o r  the greater penrt 

of the time of the study, 



The overall seaward slope of th% inner 15 miles of the 

Chukchi shelf fram a depth of 40 t o  135 feet  Is appmximstely a', 
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 a depa of 40-45 feet.  Seaward of this point the 

ahelf i s  f l d t e e t  and slopes are as low as QOOP'. This terrace or 

Slat part of the nearshore &elf' i s  about 2 dies wide and descends to 

B depth of 50-55 fmt beyond which the gradient increases to  about 

0%' . At depthrr greater than 85 feet  the submarine declivity 

grsdually decrease8 t o  0~03' a t  a distance of 15 miles from shore. 

A flat-bottomed trough, Ogotoruk Seavalley, heads about a 

quarter of 8 mile from shore off the mouth of Ogotoruk Creek. The 

ehallow seavaUey averages only 6 feet  i n  relief 831d extends 15 

dies from Bhore to  a depth of 135 feet .  A number of' smaller channels 

ale0 indent the gentle sloping inner Chukchi shelf eaat of the sea- 

valley and nearshore west of it, 

Many outcrops of Paleozoic and Mesozoic formations on the 

nearshore shelf indicate that it is a wave-planed platfom. Wave 

planation i s  thought, to have taken place primarily in Ssgamon and 

pre-Sangamon t- (approximately 100,000 ta 1,000,000 yearla ago). 

qgotoruk Seavalley i s  believed to be a drowped erubaerial valley 

which was excavated by Cgobruk Creek during periods of glacially 

depressed sea &vel . 
Unconsolidated sediments overl- the nearahore shelf are eMef- 

l y  elightly ro-d residual gravel which have been &rived f r o m  sub- 

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



coastal  area during Recent time, overlie the shelf near shore and 

at depth a s  much as  50 f e e t  seaward of segments of the coast under- 

l a i n  by fine-grained c l a s t i c  rocks of Mesozoic age. Owing  t o  a 

small volume of d e t r i t a l  c l a s t s  contributed by the coastal area 

d e t r i t a l  sedimentation i s  not prominent over the nearshore shelf.  

Beaches frontin@; the Ogotoruk Creek area are 30-260 f e e t  wide, 

range from l e s s  than 10 t o  about 25 fee t  thick, and are composed of 

sandy gravel having a median diameter of about 10 arm. Rounded 

c la s t s  of graywacke, s i l ts tone,  limestone, end chert are the 

principal constituents of the gravel. Longshore currents accom- 

panying moderate storms transport gravel and sand para l le l  to  

shore at  r a t e s  of 5 cubic yards per hour. Sediment transported by 

longshore currents accumulates a s  s p i t s  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 Office, U. S Atomic Energy Conmission to  

conduct geologic studies t o  develop data which w i l l  contribute t o  

determining the f eas ib i l i ty  and safety of detonating eeveral 

nuclear explosives to  create an excavation tha t  could be used fo r  

a chaanel and harbor near the mouth of Ogotoruk Creek, northwest 

Alaake. The proposed t e s t  excavation is project Chariot of the 

Atomic Energy CommI.esion's Plowshare program. 



The U. S. Geological Survey carried out investigations i n  the 

v ic in i ty  of Ogotoruk Creek from July 7 t o  August 25, 1958. The 

work was divided into t w o  phases, an onshore mapping and engineering 

geologic study, and an offshore geologic examination of the a h a l l o w  

shelf of the Chukchi Sea. This paper concerns only the l a t t e r  

phase, although some coastal  geology and physiography is described. 

The onshore geology will be discussed i n  a separate publication 

when onahore mapping i s  completed. 

Marine investigations included the collection of some biologic 

data, but the work primarily entai led a study of the physical 

oceanography, the bathymetry, and the marine geology of the near- 

shore shelf of the Chukchi Sea. 

Ogotoruk Creek i s  approximately 32 miles southeast of Point 

Hope, a prominent cuspate spi t ,  and about 125 miles northwest of 

the town of Kotzebue, Alaska ( f ig  . 1). Ogotoruk Creek enters  t;he 

Chukchi Sea a t  long 165~44 '46" W. and l a t  68O05 ' 51" I,  he Chukchi 

&a i s  the 6 h a U o w  am of the Arctic Ocean that l i e s  north of 

Bering S t ra i t .  

The pverage yearly a i r  temperature a t  the test site is about 

-7'~; hence, thR ground is permanently frozen probably t o  a depth 

of several hundred feet. Winter snowfall is l i g h t  and summer pre- 

cipi tat ion is about 8 t o  12 inches (u& S. Weather Bureau, 1958). 





During the present study (~uly and August 1958) air hemperatures 

ranged from 27' 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 aver&ed about 15 miles per hour, 

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

Previous investigations 

A number of investigators have studied the geology and oceanog- 

raphy of the Chukchi Sea. Notable among these are: Buffington, 

Carsola and Dietz (1950); LaFond and Pritchard (1952); Carsola 

(195ba, 1954b, and 1954~); IiaFond (1954); and U. S. Navy Elec- 

tronics Laboratory ( 1954). 

In the vicinity of Ogotoruk Creek virtually no published dsts 

on the marine geology and batwetry exist. The geology of the 

coastal reglon has been briefly *etched by Collier (1906) and 

Kindle (lwga); Kindle (1909b) made a few commentaries on the 

nature of the beach gravels near Cape Thampeon, a promontory 7 

&les weet of Ogotoruk Creek. 

From August 9 . t o  11 the U. 8 .  Navy generouely allowed the 

Survey personnel to make uee of the fecilitiee of the icebreaker U.8.8. - 
Burton Island. The authors are especially appreciative of the 



cooperation shown them by the off icers ,  c iv i l ian  pemonnel, and crew 

of the Burton Island. Dr .  K. 0. W r y  accompanied the  authors aboard 

the Burton Island and was largely responsible f o r  directing a bathy- 

metric survey of the sea f lmr  fram 4 t o  15 miles from shore. Dr. 

Errnery also ass-d and advised the writers i n  other phases of the 

investigation. D r .  George Shumway and Messrs. John Beagle, George 

Dowling, and Park Richardson, who were par t  of the c iv i l ian  

sc i en t i f i c  s t a f f  aboard tihe Burton Island, made eight dives off  

the Ogotoruk Creek area and freely made t h e i r  findings available to 

the authors. 

Foraminifera i n  bottom sediments collected from the warshore 

shelf were ident i f ied by Mrs. Patsy Smith of the U. 5. Geological 

Survey. 

Present study 

Areas described 

The nearshore Chukchi shelf of the Ogotoruk Creek area t h a t  

was studied i s  delimited approximately by the 50-foot submarine 

contour, and includes the inner 2-4 n i l e s  of the shallow sea f loor  

frorathe ~ o u t h  of Eesook Creek eastwaxd t o  the mouth of Kisimlowk 

Creek (w. 2), a distance of 17 milebs. Eesook Creek i s  agproxi- 

mately 10 miles west of Ogotoruk Creek, and Kisinnil.owk Creek enters  

the  Chukchi Sea about 7  mile^ east of Opotoruk Creek. Altbugh a s -  

cussion of the maxine geology i s  U t e d  t o  the area of the nearshore 

shelf, whlch includes rtpprc#Imstely 70 equare Izliles, dR~cxipti6n of 

the bathymetry extends seaward for  15  miles ( f ig .  2). 



Collectimn of data 

Most of the oceanographic and geologic da ta  discussed i n  t h i s  

paper were collected by members of the U. S. Cteological. Survey from 

a 14-foot open-cockpit boat powered with an outboard engine. In 

all, 302 data-collecting stations w r e  occupied from Jlrly 9 t o  

August 21, 19583 station positiom were ktermiped with horizontal 

sextant angles t o  onshore reference points which were easily 

Edentifiable on aerial photographs and pubU~A8d topographic maps. 

Depth sounds were made a t  268 stations eLnd m3ampl .e~ of the uncon- 

sulidated bottom sediments were procured a t  225 stations$ these 

stations are ehawn on figure 2. Bottom 8-IZes w e r e  taken w i t h  a 

positive-acting grab attached t o  a hand-sounding l ine having 5 - f a t  

graduations. 'Ilhe? maximum capacity of the grab was not more -t;han 

about one kilogram of ssmple 

Surface water temperature and Secchi di& transparency 

readings (the Seechi disk is a whib-paln%ed disk 90 cm in  diameter 

which i s  ldwered until it juet passes from ~ e w j  this depth is 

then recorded ae the Secchi cUak transparency reading) were recorded 

a t  m s t  of the stations &nun on figure 2. Surface water samples 

were collected at statfans and later q e d  for salinity and 

ather pertinent data. Velocity (speed ruDd direction) of' surface 

aurmnts wea meaauhd at 33 statiaae by eurface drogues. W 

drogues were simply constructed woodrn current-crosees or ~ a a e s  

whi& -re weighted to flat about 6 inches be- the surfsee with 

Only a thin traokiag periscope-like extensFQn r s m a w  above the 

surface. D-a were aleo u e d  to measure speed a d  directian of 



longdmm currentsj these measurements, together wi* recordings 

of wave and surf conditions, were mule daily and sametimes hourly* 

A graduated staff driven M t o  the sea bottom sbout 10 feet fram 

shore served t ~ 1  a rough gauge for determining t i d a l  fluctuationsl 

A portion Of the data used in coastructing the bethymetric 

chart shown OA figure 2 was taken by the U . S. Geological Survey, 

but most of the information was supplied by Holmes and Narver, 

Tnc . , ~f Lus lbngeles, aad by the U. El. Navy. Civilian geo log i~ t s  

snd biologists aboard t k  U.S S. Burton Island made eight diws 

off the 984tOnrk Craek area. Them descWs provided valuable 

informatbn on the b~%kan sediments and pemnitted accurate 

location and description of the lithology 8nB attitude of sub- 

marine outcrops. B m i a g r a ~  of the Bea floor were also taken 

by the diving k a m .  Eighteen bsthythrmgraph Lowerings were 

made f r o m  the Barton Island to detelaaine ~uheurface water temper- 

atures; the position of four of these lowerings are sham on 

figure 2, 

The authors uere Jointly responsible for the collection of 

field &%a end a8mple8. The labarabllg nor$ lsadiag to the 

~UUS mt ~f t$e COZUZ~US~W ~mwn'bd. W C ~  m8-d after 

joint discuasian, wad mpwation of reepcwibillty is aot aOtapted. 
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CaASTAT; PEESIOG!m ANE, GEOLOGY 

Meaningful inkrpretation of the neariW$= bathymetry and 

marine geology of the Ogotoruk Creek area is dependent upon a 

general knowledge of the coastal physiography and geology. Tt is 

useful, therefore, ta describe the physiograNy and geology 

between Eesook and KisFmulowk Creeks. 

Physiography 

For 1-1/2 miles best of Eesook Creek the shoreline is a narrow 

alluviated coastal plain which terminates in l o w  coastal bluffs 

10-15 feet high. Landward of the coastal plain are abandoned sea 

cliffs which rise to elevations of 300 to 400 feet ( f ig ,  2). 

Several fresh-uater lagoons are Impounded by beach gravels at the 

outer edge of the wastal plain. 

East of the l o w  coastal plain and for approximately 7 miles 

ees.t;ward ta Cape Cl.awb1l.l (fig. d ) ,  the &oreline is a precipibus 

sea c l i f f  fm 600 to 700 feet high.  he c l i f f s  r i s e  to a roughly 

f l a t  upland which can he traced into the interior af western 

Alaska ( B o w ,  1959). The continuity of the sheer seawall l s  

brobRn only east of Emmik.roak Creek where the m e t l i n e  for approxi- 

mately 1 4 2  miles f s Lower and cliffs are less precipitous ( f ig .  
I 

Ekcept at strewn mouths, east of Cape Crawbill to KisimulcMk 

Creek dharellw is fringed by a coastal terrace from 200 to 

500 feet wide whit& terminates in cosetal bluffs 20 to 70 fee* 

high. The terrace fronts e line of a b a n e d  sea c l i f f s  which I 
rise t o  eI.cvatims af 800 feet (fig. 3) ,  



Figure 3. Mouth of Ogotoruk Creek, view i s  t o  the east .  
White spots by a i r s t r i p  near center  of photograph are 
ten ts  of U.S. Geological Survey camp. Line of c l i f f s  eas t  
of creek are  abandoned sea walls; they are fronted by 
seaward-thinning wedge of colluvium which terminates i n  
low coastal  bluffs  20-70 fee t  high. 



MaJor st~eau flw parallel to the regional structural grain, 

which strikes mrtbastward, and consequently valleys and inter- 

atman ridges trend southwestward and intersect the coastline 

nearly a% right aagles. Valleys a m  cut below flat-topped ridges 

of roua;hly concordant height (760-980 ft*) which are believed to 

be zmrumts of an erosiaaal surface of Pliocene age ('Eopkins, 

1959). D o w n ~ i ~  of this surface farther to the west in late 

Pllocerao or early Pkistocene t ime formtd the shaJlm Chukchi 

Sea, and the present dxainege pattern has Largely formed since 

tfaat time! ( ibid.  ) a Ogotoruk &nd Kisimulmk Creeks, the largest 

streems draining the coastal m a ,  mc:ander gently in flood plains 

rapproximately a quarter of a mile wlde in their lower reaches. 

me yalley of Qgotcsruk Creek i s  abaut 2 miles wide and i s  cut 

into bedmekj D L L I P ~ ~  outcmp~ are Ln the bed of the creek. 

smrnlller strema exbring tbR Chukchi Sea occupy narruu V-&aped 

mUeys cut in bedrock and rcUuvium and exfiend InUnd for a dis- 

tance of lkmile to 4 miles (fig. e). 

In general, the rocks are progressively yDunger eastwazd 

f- ~ c m d ~  C- tcmud rnsirmrlmAr ~ltck (f ig.  u), a ~ncludo 

w i t s  ranging I n  age fm DevonLan(?) trp Cretaceous-~zzraseic(1). 

A% the baae of the ~ Q W  coastal bluffs  near Eesook Creek fine- 

grained quartzite and micaceoau s i l t y  ahah of probable Mississ- 

ippian 8ge are exposed. Unexposed calcsreaus sandstone and shale 

bde  of P s ~ a n  we (?) larc thought ta underlie the Mississippian 



clastic rocks (collier, 1906, pl. l), 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 (~owsher 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 graywscke, siltstone, and shale believed to 

represent the lowermost ~urassic(?) 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 Pexmiap 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 graymcke and 

siltstone and are probably Cretaceous in age. The coastalterrace 

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. 



Stmctwslly, the geology of the O g o - d  Creek area i s  very 

complex, but in general the structural  grain strike6 northeastward 

or nearly at right angles to the trend of t b  eos~itlime. West of 

Cape CrowbiU. btds are overturned and thrust eastward, East of 

Cape Crowbill the Mesozoic rocks Bip ~lteeply and are intricately 

folded. The principal stratigraphic units and a few of the major 

structural  elements of the Ogotoruk Creek azea are shown on 

figure U ,  

The Cbulkcchi Sea is essentially a th in  layer of water 

averaging about 150 feet in depth which overlies a drowned con- 

t inental  shelf connecting north America and Siberia ( f i g  . 1). 

Water enters the Chukchi Sea primarily from the south through 

Bering S t ra i t  and in part from the nar%Prweat along the Siberian 

coast (Lelbnd, 1954). IQIJor c u m n t s  flow parallel t o  the Alaskan 

coast and eventually enter the Arctic Ocean near Point Barrow, 

Ala~ka, The cBaracterietice of this caastal current a8 it paarses 

the Ogotoruk Creek area, together with other oceanographic obser- 

vations, are described and discussed below. 

Water temperature and salinity 

During met of JUy aad August 195.8 surface water temper- 

a t u r e ~  over the nearshPre shelf remained near 12'~. Surface 1 
eal in i t ies  during these 2 amnth8 averaged mar 28.9O/m (part. per 

thousand by weight), In the Chukci *a, water having a temper- 

ature frm ~ o ~ - J @ c  and a. aal ini ty less th.n 30.0@/m has been 



defined as Alaskan Coastal water by LaFond (1954) , Alaskan 

Coastal water i s  formed by admixing of Bering Sea water setting 

through Bering Strait with runoff water from wersCern Alaska. 

From August 1 t o  6 surface water off Cape Thompson and east 

of Ogotoruk Creek was unusually cold and saline (f ig.  4).  Tem- 

peratures as Low as 7.5'~ and sal in i t ies  as high as 30.93O/oo 

were recorded. LaFond (ibiii.) Bas a~signed the term Intermediate 

water to water masses of this temperatwe and salini ty,  Inter- 

mediate water results from mixi-rg of Alaskan Coastal water with 

cold and saline p e p  Shelf water. The relationship of Alaskan 

Coastal and Intemediate water on August 10 and ll i s  sbwn on 

figure 5 . 
Throughout the period of observation surface watzr near shore 

was a h s t  consistently 3.0-0.2°~ colder and 1.57-0.3)3°/oo more 

thsa ~urface water from 2 to 4 miles f .mm shore. A single 

recording of a seaward decrease in temperature was made On August 

10 and 11; eurface isotherms for these 2 days and for August 1 

t o  6 are shown on figure 4 .  

Subsurface temperatures were meamred only on August 10 and 

11. Jh general, temperatures decreased from about g0to 1 0 . 5 ~ ~  

at the surface t o  5 at  a depth of 144 feet. Over the inner 

10-ll miles of tbe shelf the water was nearly isotb.em1 with depth 

but temperature &creased with distance from shore a t  any given 

depth, 7!his reletionship Fs  shown on figure 5. A t  greater dis- 

tances from shore a hngue of cold Intermediate water ( less than 

8.5Oa) protmdiag shoreward caused the isotherms t o  be more nearly 

hori&ontal. 



Curkent s 

Coastal 

During most of July and August the predominant surface current 

moved para l le l  t o  shore in a northwesterly direction. Velocities 

of t h i s  current ranged from 0.1 mile per hour t o  0.8 mile per hour, 

and averaged 0.5 mile per hour. Current veloci t ies  and dates of 

measurement a re  shown on figure 4. South and southeast currents 

of low velocity were occasionally recorded on the up-current side 

of Cape Crowbill, which presumably indicates an eddy or  swirl  of 

water close t o  shore off the mouth of Ogotoruk Creek. From August 1 

t o  6 the northwesterly coastal  current was reversed o r  appreciably 

reduced i n  velocity off Cape Thompson and east  of Ogotoruk Creek. 

Currents eas t  of Ogotoruk Creek slowed t o  0.3 mile per hour and 

flowed t o  the south and southeast ( f ig .  4). Off Cape Thompson the 

northward-setting coastal  current was reduced t o  &bout 0.2 mile 

per hour, which i s  nearly two-thirds lower than i ts  typical ly  

recorded velocity. 

Longshore currents are s e t  up by waves s t r ik ing  the beach a t  

oblique angles and are  strongest shoreward of the breaker zone 

( f ig .  6). While the Survey party was i n  the f i e l d  between July 7 

and August 25, variable winds caused repeated reversals i n  wave 

approach and hence i n  longshore currents. Longshore currents flowed 

t o  the eas t  for  the greater part  of the time (approximately 75 percent) 



and averaged 0.3 mile per hour 10-15 fee t  from shore; however, the 

highest veloci t ies  (as much as 1.1 miles per hour) were measured 

during east  and southeast storms when the longshore currents moved 

t o  the west. 

Velocity of longshore currents i n  general increased with wave 

height and with the angle formed by the breaking waves and the 

shoreline. Highest veloci t ies  occurred when waves 3-5 f ee t  high 

struck the beach a t  angles between 15 and 20 degrees. Undoubtedly 

stronger currents accompany violent s toms  which s t r ike  t h i s  seg- 

ment of the Alaskan coast during f a l l  months prior t o  freeze-up. 

The general relationship of longshore current velocity t o  wave 

height and angle of approach for  the Ogotomk Creek area i s  dia- 

grammed on figure 6. 

Waves 

A t  Ogotoruk Creek wave action is limited t o  the ice-free 

summer and f a l l  months except for  occasional severe winter storms. 

The c h a r a c t e r i ~ t l c s  of wave t ra ins  varied great ly In the Ogotoruk 

Creek area owing t o  frequent changes i n  wind velocity and direation. 

Throughout the period of study waves were typically 10 inchee krigh, 

25-30 fee t  i n  length, and had a period of 4-5 seconds. Waves with 

heights of 3-5 f ee t  and periods of 6-7 seconds accompanied strong 

onshore Kinds (30-40 miles per hour) which blew for  more than a 

b y .  Frequently waves of somewhat smaller height but similar 

period arrived from dis tant  storms, and were not accompanied by 

strong onshore winds. Because the shoreface drops off rather 



steeply t o  a depth of 15-20 feet,  most waves did not break u n t i l  

they were within a few f e e t  of shore: only the larger  waves (3-5 f t .  ) 

broke more than 20 fee t  from shore. Barked changes i n  the fo re~hore  

profi le  were produced by these larger  waves; erosion and growth of 

the shoreline i s  taken up under a discussion of beaches. 

Tides i n  the Ogotoruk Creek area were characterized by a one-half 

period of 6-6* hours, a height of 9 inches, and a lag  time of the 

a r r iva l  of t ide  crests  of about 20-30 minutes per day. When strong 

onshore winds blew ( 30-40 miles per hour) sea level  rose an addi- 

t ional  1-1* feet; conversely, sea level  f e l l  1-2 f ee t  below mean 

low water a t  times of strong offshore winds. Driftwood a t  elevations 

of 10-15 fee t  is evidence tha t  higher sea levels and waves than were 

recorded during July and August 1958 occur along t h i s  segment of 

the Alaskan coast. This bel ief  i s  i n  part  substantiated by published 

accounts of 10-foot r i se s  i n  sea level  during severe f a l l  storms a t  

Point Hope ( ~ i n d l e ,  1909b) and a t  Point Barrow  chalk, 1957). 

Water transparency 

Transparency of the coastal  water varied greatly owing t o  

changes i n  the mount of suspended inorganic part ic les  and plankton 

and t o  the concentration of soluble organic pigments. Water c l a r i t y  

increased with distance from shore. Xecchi disk readings near shore 

were commonly only 15-20 feet ;  a t  a distance of 3-4 miles readings 



increased to 30-45 feet which is campstible with a measurement of 

34 feet  taken approxhstely 60 miles off the agotoruk Creek area 

i n  August of' 1949 (Buff ington, CBraoLa, and Dietz, 1950, p . 23) . 
Water clari ty frnm August 1 %o 6 i n  areas of cold and saline water 

were 5-10 feet  lower than at other times. Low transparency also 

accompanied storms when large mounts of de t r i t a l  particles were 

s t i r red into the sea water by waves and stream discharge. 

Discussion 

UpuellFng of subsurface water is indi6ated by the cold and 

saline a t e d a t e  water present a t  the surface ~ v n a  *st I. to 6 

off Cape !Lbmpson and east of Ogotontk Creek (figs . 4 and 5 ) . Dur- 

ing  t h i ~  t i m e  persistent north t o  northwest offshore winds of 10-30 

miles per hour apparently caused Intermediate water to r ise  t o  the 

surface east af segments of the coast which are topographically low. 

The consistent cold and saline surface water close t o  shore 

fhrougWt a l l y  and Axlgust mggests tbat weak but .t&Dat constaat 

upwelling was taking place. Unfortunately there are insufficient 

subsurface temperature and seliniOy data to substarrtiate this 

probability; however, the prevailing northerly winds of 10-15 

miles per hour which blew duriag the period of observation could 

conceivably malntaln such a general upwelling, breover, the 

single recording af a tqprature decrease with distance from &re 

(fig. 4) was mede on August 10 and ll during a period of easterly 

winds when upwellizqj near shore theoreticaUy should not have taken 

place. 



18 

Upwelling Intermediate water from &gust  1 t o  6 also explains 

the reversal and slacking of speed of the coastal current. On 

figure 4 it can be seen that east of Ogotoruk Creek currents 

flowed t o  the r ight  and para l le l  t o  t h e  slope of the dynamic 

topography which can be roughly envisioned from the surface 

isotherms. An increase i n  concentration of zoo-phytoplankton i n  

areas of upwelling water probably accounts fo r  the lower xater 

transparency from -st 1 t o  6. SUM relationahips of l o w  

water transparency and upwelling water have been described by 

other authors ( ~ m e r y ,  1955a). 

Construction of the bathymetric chart 

Approximately 3,000 soundings were used in constructing the 

ba-tric Eheurt shown on figure 2. Sounding density varies 

considerably ( f ig .  7) and ranges from 1.4 soundings per square 

mile to 270 and ayerages 8.4 soundings per square mile . The 
chart comprises approximately 340 square miles of the shallow 

.Chukchi ehelf' out to  a depth of 145 feet. 

Holmes and IYarver, Inc., of Los Angeles, compiled the d ~ t a  

used i n  contouring the submarine topography out t o  a depth of 

55-65 fee t  f o r  several miles eas t  and west of Ogotorulr Creek 

(fig. 7 ) .  Soundipgs were made with a fathametes ins ta l led  an a 

small coastal tug- Positions of the tug eas t  ~f Cape Crawbill 

were determined by the range method with two onshore t r a n ~ i t s j  

soundings ere located west of Cape Crarbill  w i t h  horizontal 

sexthsnt angles ta fsuf~epd o a o p e  si&%hg stations. 



DEsts esst and west of t8e area s m y e d  by B o w s  m d  Nmxer 

are lead Une soundings made by %he U, S , Geological Survey. 

Souding ~sitiuns were determined WItb brizoatal sextant angles 

t o  omhore reference points. TBe Survey slw, established 188 

depth readings withln the area traverraed by H a h s  and Nameri 

these stations are shown on figure 2. 

A L ~  bathylgetric readings =award of w 65-foot contour were 

mede with the echo-wnrrrding equipaent of the U.S.S . Burton Iebmd~ 

Bavigation wsa by radar fixes w i t h  eoerstaa reference points. 

Becrwiae different eurreying methods we= wsplopd in collecting 

tihe bathymtric data, only areas -rising one navlgati~n aad one 

80- kchmitp? internally -iSh~b*j thew areas are ahawn 

oa figure 7. Daehed contours are used whrtre only lead line infor- 

plstian is smUable and where different sumrep closely e4joi.n but 

Q laot overlap. 

Figure 7 shme that the soUpdigg d e ~ ~ i t y  immdirtely se8JJaud 

or  the mauth of ~ o t o n t L  Creek i s  rplore tBbaa l0 times greater Chan 

that to  the eaet sad west, Owlug to th is  d e ~ e i t y  tBe aub3nerriw 

bpograrphy ~ f f  ~ b m k  Creek is better bmm a p p m  same- 

w h s C m o r e i ~ t ; h a n t h a * - m f l a o ~ .  marshore 

so- Uaee tread mtb frm sbom beQmen Cape C d i l l  aaB 

represent S ~ Q U S  edigments as they are abUque &a the generial 



slope of the  submarine topography, and are  inconsistent w i t h  

the known northwest trend of the e o w t a l  physiography and geologic 

structure. Several authors have described i n  more de ta i l  the  

f i c t i t i o u s  alignments of submarine features para l le l  with sounding 

l ines  (~uenen, 1950, p. 488-491; and Dietz, 1954, p. 1201). I n  

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 the Chukchi Sea i s  remrkably f ree  from loca l  

or even regional r e l i e f .  Submarine dec l iv i t i e s  over the central  

part of the shelf are as low as 00~00~12" (0.3 ft . per mile) and 

in the opinion of many geologists it is  one of the f l a t t e s t  regions 

on the earth (~uff ington ,  Carsola, and Dietz, 19503 and LaFond, 

1954) 

Submarine gradients near the Alrrakan coast steepen somewhat 

and the topography is more irregular. Except i n  the  v ic in i ty  of 

Point Barrow, the Chukchi shelf adJacent t o  the coast is poorly 

known. The inner 15 miles of the sea f loor  off  the Ogotoruk 

Creek area, which is described below, 16 probably the most 

thoroughly known nearshore region of the Chulschi shelf.  



The sea floor slopes yery gently away frm the Ogotoruk Creek 

area and is exceptionally flat t o  wderate ly  irregular i n  loca l  

relief (f ig.  2). iPhe shelf is fla;tb& between bepthB ~f 40-55 

f e e t  and samewhat steeper far ther  seaward. gear shore the bottom 

r i s e s  abruptly t o  the &reline. 

The most prominent hathymetric feature i s  a shallow and rather 

flat-bottamed trough leading Beamml f'rom the mouth af O g o t u ~  

Creek. This submarine channel is h e d t e r  referred to as OgotoruEr 

Seavalley. 

Topography of shelf 

8'1,1bmarlne gnuLkrt8 extending f rom the shore- average about 

2'30' and the bottam de~cends quickly t o  a &pth of 15-20 fee t ,  O f f  

cliffed headlads the initial decllvitiee are as steep as kQ. The 

relatively steep slope near shore is termed shoreface by some authors 

[Price, 1954) and off gravelly beache6 of the Ogotonrlt Creek area it 

reprerrents a slope adjusted to depositional and erosional forces. 

Schalk (1957) has ahcmn that moderate stoms i n  the v ic in i ty  of Point 

Barrow produce no major change lzI the shorefacer but that w a r  s t o n a ~  

result In profound r_hRnpea in the shape and slope of the shoreface 

prof 1le . 
In the Ogotoruk Creek area the lower part of the shoreface below 

depths of 15-20 feet descends less steeply (@17' to @301) to a 

depth of 40-45 fee t .  For approximately 2 miles seaward of t h i s  point, 

to a depth of 50-55 feet, the n e b r e  shelf is flatted and s70pes 



are a s  low as OoOll. The inner and outer edges of t h i s  terrace or  

f l a t  part of the nearshore shelf are indicated by brackets on pro- 

f i l e s  B-B ', C-C ', and D-D ' included on *figure 8. A t  the outer 

0 edge of the shelf terrace gradients steepen t o  near 0 06' and from 

t h i s  point seaward gradually f a l l  t o  0 ~ 0 3 '  . The overall  decl ivi ty of 

the shelf seaward of the inner edge of the shelf terrace i s  0'04 ' , 
or  6 f ee t  per mile. 

Seaward of KisFmulowk Creek a t  depths greater than 55-60 feet,  

the shelf is  markedly more irregular than the nearly featureless 

bottom immediately t o  the west. The sea f loor  i n  t h i s  area i s  

gently undulating and comprises a ser ies  of f ive southwestward- 

trending valleys and ridges ( f ig .  9) and a number of isolated knolls 

as much as 15 fee t  high. 

Ridges and valleys range from one-half t o  one-quarter m i l e  in  

width and have a relat ive rel ief  of 10-12 feet .  Gradients down 

the valleys are between 0004' and 0°03'. Meax t h e i r  inner reaches 

slopes leading in to  the valley are about 0'30 ' . A t  depths greater  

than about 85 fee t  the valleys and ridges gradually merge with 

the sea f loor  and vir tua l ly  disappear at a depth of 105 feet .  

Ogotoruk SeavaUey heads approximately a quarter of a mile 

from shore a t  a depth of 30 fee t  and extends seaward fo r  a distance 

of 1 5  miles t o  a depth of 135 fee t -  The valley axis  i s  sinuous 

but i n  general trends southwestward. A principal channel can be 

traced along the flour of the seavalley but a number of conver- 

ging channels or  "tributaries" enter near i t s  head. !lke seavalley 

has a maximum relief of about 15 fee t  w h i c h  is at a depth of 

about 85 fee t .  





I Near shore the seavalley i s  approximately 2 m i l e s  wide, but it 

gradudly narrows t o  about 1s miles a t  a depth of 85 f e e t  (fig. 10)- 

I Gradients along t h i s  par t  of the valley f loor  a re  rather uniform and 

I average o007r (11 f t .  per mile), vhich i s  about 0°03t greater than 

the slope of the adjacent sea f loor  ( f i g .  2, p rof i le  A-A:) . The 

I sides of the seavalley slope between 0'09 1 and 0'12 1 ,  however, 

dec l iv i t ies  leading in to  the valley fram shore slope about 2'. A 

I number of knolls r i s ing  1-5 f e e t  above the valley f loor  characterize 

1 the inner reaches of the seavalley. 

~ A t  depths greater than 85 fee t  the seavalley narrows t o  a single 

I channel approximately half  a mile wide ( f ig .  11) and then widens t o  

merge gradually with the adjacent sea f loor  at a depth of 135 feet.  

I Between depths of 85 and 120 fee t  the gradient falls t o  about 0°03'f 

and throughout the outer 5 miles the gradient decreases t o  near 

0°02 t . 
Ogotoruk Seavalley is similar t o  other submafine valleys o r  

canyons i n  tha t  it has a gentle sinuous course, a smooth gradLent, 

and " t r i b u 0 ~ r i e s "  enter  at grade. Also l i k e  many ather submarine 

valleys, Ogotoruk Seavalley has been cut d i rec t ly  in to  bedrock, 

and outcrops of Paleozoic and &sozoic r b ~ l r s  have been located i n  

many parts  of the seavalley by bottom samplings and divers ( f ig .  12). 

The seavalley d i f fe rs  from others, however, i n  tha t  transverse pro- 

f i l e s  a re  not V-shaped but a re  broad and, although somewhat hummocky, 

rather  f l a t  ( f igs .  10 and 11). Moreover, OgotoPuk Seavalley is not 

deeply entrenched in the Chulcchi shelf but a v e m g e ~  only 6 feet i n  
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r e l i e f .  The overall  gradient of the seavalley, 0'03 1 ,  stands f n 

w k e d  contrast t o  gradients of other submarine valleys which range 

from about 8 O  near the i r  heads t o  about 2' i n  t h e i r  lower courses 

(~uenen, 1950, p. 487). 

Other a r c t i c  submax5ne valleys have been described by Carsola 

(1953 and 1 9 5 4 ~ ) .  These dissect  the outer e a e s  of the continental 

shelves of the Chukchi and Beaufort Seas and are similar t o  sub- 

marine valleys elsewhere i n  the world. One of these a r c t i c  canyons, 

Barrow Canyon, hss 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 

t o  distinguish it from Barrow Canyon, which has the typical  V-shaped 

profi le .  Barrow Seavalley i s  the only submarine feature yet described 

from the Alaskan a r c t i c  which is similar t o  the shallow trough of 

Ogotoruk Seavalley. 

Although b a t h p t r i c  data a m  scanty, and limited to lead l i n e  

soundings, there is  an indication of a broad shallow channel off 

Emmikroak Creek which h e ~ d s  i n  m t e r  40 f ee t  deep (fig. 2). The 

axis  of t h i s  depression i s  not d i rec t ly  ali@ed with -the creek, but 

rather  is  aligned with the synclinal infold of Mesozoic and Penlrian 

rocks. Much narrower submarine furrows, however, can be traced from 

the mouths of Nusoaruk Creek and the small stream entering the Chukchi 

Sea inwadlately west sf C m  CmubLU.. 



Origin of ~ubmarine t opography 

The topography of the shelf t o  a distance af 15 miles fron 

shore is  believed to  represent erosional forms c u t  on bedrock. 

Some of the i n i t i a l  topography has been buried or partly subdued 

by subsequent m i n e  sedimenb a t  ion. 

Bottom sempling to  a distance of 4 miles from shore indicates 

that bedrock crops out over most of the area of the nearshore 

shelf or  is veneered th in ly  by u n c o ~ l i ~ t e d  sediments, Criteria 

for  locating submarine outerops from the nature of the bottom 

deposits are given in a discussion of the  shelf stratigraphy; 

divers have also mapped exposed bedrock near the mouth of Qgotoruk 

Creek and In water 40 feet  deep off Cape ClatbiU, and visual 

sightings of outcrops were ma& by the writers on several occasions 

I in shallaJ (as deep as 30-35 ft.) c h a r  water. The f l a t  and 

I relatively ~ l l l ~ o t h  bedrock surface of the nearahore shelf is  inter- 

preted as a mve-planed platform. 

EopkFns (1959) has given evidence that  crustal downwarpirmg 

formed the shaJbw Cbukchi and Bering Sew in late Pliocene or 

early Pleistocene time. It is probable, therefore, that wave- 

planation of the nearshore shelf involved at leas t  e v e r a l  and 

perhaps all of the Pleistocene qea level fluctuatians. Howver, con- 

sideration of the age of an abandoned aBQre in the Qgotoruk Creek 

area tends t o  indim%e that much of the planation took place during 

Sangamon and pre-Sangamon time (approximately 100,000 t o  1,000,000 

years ago). This ancient shoreline a.nd deposits asssciated w i t h  it 

w i l l  be discussedmre fully i n  a f ~ r t h c m n g  paper by Saiwbury 

and others. 



The ancient  shore cu t s  across folded rocks of Jurass ic  and Cre- 

taceous age a t  the  base of the  abandoned sea c l i f f s  e a s t  of Ogotoruk 

Creek and i s  overlain by the  seaward-thinning wedge of colluvium. The 

wave-planed surface of the  old shore a l so  l i e s  beneath colluvium de- 

r ived from the infolded Mesozoic rocks e a s t  of Emmikroak Creek and 

underl ies the  a l luv ia ted  coasta l  p l a in  i n  the  v i c i n i t y  of Eesook 

Creek. Beach gravels r e s t  upon the  old  shore i n  many a reas  and 

driftwood had been col lected from these  sediments near Emmikroak 

Creek. The shore probably does not r i s e  t o  elevations much ex- 

ceeding 20-25 fee t ,  but  i t s  gent ly  sloping bedrock f l o o r  can be 

t raced seaward where it probably merges with the  bedrock surface 

of t he  nearshore shelf .  

The authors believe t h a t  the  shoreline was cut  by a r e l a t i v e l y  

high-standing sea l eve l  of sangamon(?) age, and t h a t  the  colluvium 

accumulated subaer ia l ly  from t h e  exposed Jurass ic  and Cretaceous 

rocks, during Wisconsin and Recent time. The sangamon( 7 )  age of 

the  ancient  shoreline implies t h a t  the  nearshore shelf  was carved 

by the  end of Sangamon time. The te r race  o r  f l a t  area  of the  near- 

shore shelf  a t  depths of 40 t o  55 f e e t  may have been caused by a 

temporary h a l t  i n  a r i s i n g  o r  f a l l i n g  Pleistocene sea level ,  o r  

may represent the  seaward continuation of the  wave-planed p l a t -  

form. The nearshore shelf  probably was subjected t o  marine 

planation pr io r  t o  Sangamon time, but older Pleistocene sea l eve l  

f luctuations a r e  not c l ea r ly  recorded i n  the  Ogotoruk Creek area,  
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Ogotoruk Seavalley 

Shepard and Emery (1941) discussed i n  de ta i l  s i x  possible 

origins for  submarine valleys or  canyons. More recently geolo- 

g i s t s  have come t o  believe tha t  submarine valleys are (1) ex- 

cavated by submarine erosion, such as  by turbidi ty currents o r  

strong water motion (~uenen,  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 fo r  the origin of Ogotoruk Seavalley 

must adequately account for  the following fac ts  and relation- 

ships : 

(1) The axis of Ogotoruk Seavalley and Ogotoruk Valley 

are perfectly aligned. 

(2) The gradient profile of Ogotoruk Creek i s  continuous 

0 0 
with only a s l ight  decrease i n  slope (0  17' t o  0 0 7 ' )  with the 

gradient profi le  of the seavalley (f ig.  2, profi le  A-A' ). 

( 3 )  Both valleys are  primarily cut in to  relat ively sof t  

s i l t s tone  and shale flanked by more resis tant  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 i t s  width t o  that  of the valley of 

Ogotoruk Creek. 



( 6 )  A number of isolated knolls in the inner reaches of 

the seavalley suggest differentially eroded bedrocko 

( 7 )  The seavalley gradually merges with the adjacent sea floor 

~ n d  virtually disappears at a depth of 135 feet. 

Carsola (1953, p. 41) has shown that Barrow Seavalley may have 

in part been scoured by strong currents directed along the axi~ of 

the valley. However, water motion over Ogotoruk Seavalley is ob- 

lique to the trend of the valley and current scouring cannot be 

postulated as an origin. Tidal currents, which must in part move 

along the axis of the valley, also could not have eroded the sea- 

valley as the average tide range is less than one foot and it is 

not reasonable that attendant tidal currents ape competent enough 

to scour a valley in bedrock, 

Excavation by turbidity currents in the manner envisioned by 

Kuenen and Daly (~uenen, 1950, p. 509) cannot be applied to Ogotomk 

Seavalley. This hypothesis limits the time of cutting to periods of 

glacially lowered sealevel, and therefore cannot be considered 

in this case as the Chukchi Sea was largely drained of marine 

waters during glacial ages of the Pleistocene epoch (bpkins, 1959). 

It has also never been adequately demonstrated that turbidity cur- 

rents are capable of eroding bedrock on very gentle submarine 

slopes (~uenen, 1950, p. 526). 

A camposith origin seems more plausible as it only requires 

that turbidity currents periodically sweep the valley clear of un- 

consolidated eediments (Shepard, 1952). More fundamental to the 



composite hypothesis, however, is  the drowning of subaerially 
1 

carved valleys. Indeed, the perfect alignment' of Ogotoruk Valley 

and Ogotoruk Seavalley, the i r  similar gradients, and the fac t  tha t  

both valleys are cut i n  so f t  s i l t s tone  and shale beds of the Tig- 

lukpuk formation, a re  considered strong evidence tha t  the seavalley 

is simply a drowned segment of the valley of Ogotoruk Creek. 

Because Ogotoruk Creek probably reached the  sea coast i n  ear ly  

Pleistocene time, excavation and drowning of the seavalley can be 

interpreted i n  two ways: (1) the seavalley may represent the 

inundated valley f loor  of an older subaerial valley whose sides 

were bevelled down during wave-planation of the nearshore shelf:  

o r  (2) the seavalley was excavated during periods of glacial ly 

lowered sea level  when Ogotoruk Creek was f ree  t o  extend out onto 

the exposed Chukchi shelf.  

I n  regard t o  the f i r s t  possibili ty,  it i s  reasoned that 

wave-planation of the nearshore shelf would have cut beneath the 

steeper Pleistocene gradients of Ogotoruk Creek and would not 

have preserved the valley f loor  as a subaperged depreseion. The 

bes t  interpretat ion seems t o  be tha t  the seavalley is s drowned 

segment of Ogotoruk Valley which was cut in to  an emerged continental 

ahelf &wing glacial stages of the Pleistocene epoch. N e a r  the 

head of the seavalley it i s  apparent tha t  new tr ibutar ies  also 

developed which appreciably broadened i ts  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 ~f the v'alley bas been f i l l e d  

with beach sediments and Recent marine seaimentation has 

apparently buried and subdued the outer part of the seavalley. 

Farther out onto the Chukchi shelf a W c k  blanket of Recent 

sediments i s  thought t o  have formed o m  of the f l a t t e s t  regions 

on the earth. 

Owing to a lack of a clear record of pre-Sangamon events, the 

time of ini t ial  shaping of Ogotoruk Seavalley cannot be precisely 

determined. There can be l i t t l e  doubt, however, that  some stream 

erusicm, and conceivably a l l  of it, took place during the Wisconsin 

gla.eial shge.  

Mimr feature 6 

In view of the foregoing discussion, it is  assumed that  the 

small channels leading seaward from the m t h s  of Nusoanrk Creek 

and the small creek west of Cape Crowbill, are also probably 

drcrwned Pleistbcene streembeds ( f ig  . 2) . The much broader sub- 

marine depression lyiqg off Emnaikroak Creek and the synclinal 

infold of Meriazaic and Permian rocks is probably also a Phisto- 

eene subaerially eroded feature, but it may also ref lec t  differen- 

tial marine erosion of the l e s s  coqetent  & m e i e  rocks occupyk?g 

the central part  of the syncline (f  fg . 12) . 
Although bottam samples were not collected f m  the valley-azad- 

ridge erea off Kisimulowk Creek, it is probable thst the lOWr ridges 

ref lec t  bedrock brought into rel ief  by ~ ~ t r e e m r s  emding sm eaaerged 

shelf during a perid of glacial ly depressed Bcea level. In support 



of t h i s  interpretation are the facts  tha t  the small valleys have 

gradients similar t o  those of Ogotorulr Seavalley and the south- 

westward-trending ridges are para l le l  t o  the s t r ike  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 marine sediments. 

Rex (1955) a d  Carsola (1954d) have described small bathymetric 

structures gouged by pack ice  i n  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  i n  water as  deep 

a s  120 fee t  ( ~ a r s o l a ,  i b i d a )  has been substantiated by many in-  

vestigators and takes place along most of the Arctic coast 

(Transehe, 1928). Sounding l ines were too widely spaced during 

the  present study to contour microrelief gouged by pack ice, but 

i t  is l ike ly  tha t  detailed sounding of tbe f l a t  sea floor eas t  

of Ogotoruk Seavalley will delineate ice-gouged microrelief. 

1 MARINE GEOLOGY 

I Discussion of the marine geology is divided into two parts; 

(1) a description of the bedrock geology or  stratigraphy of the 
I 

1 nearshore shelf, and (2)  a description of the unconsolidated 

bottom sediments and beach deposits of Quaternary age. 



Ghelf stratigraphy 

Coarse m& debris m collected at marly 80 percent af all 

sampling stations off the OgotorulP; Creek area. This rock debris 

was classif ied as e i ther  t r w p a r t e d ,  o r  indicating the close 

praximity of submerged ou%crops. I n  making the dis t inc t ion  most 

of the c r i t e r i a  listed by Enaery and Shkepasd (1945, p. 434) were 

used; these are: 

Rodw ~ U e c k d  a t  or mar submerged outcrops 

(1) Fresh fractures. 

(2) Large size of individual. rocks. 

(3) Abundance of rocks of similar lithology. 

(4) Wneral angularity of rocks. 

(5) Fragile o r  poorly consolidated rock. 

(6) Cakching of m ~ l n g  device on bottom. 

Transported rwk 

(1) Varied lithalogy 

(2) General rounded cbarcaeter. 

(3) rannl.l site of indlsidual mas. 

In addition, submarine outcrops were  located by cornistent inab i l i ty  

to collect a bttam sample in a given area, by di rec t  observation of 

submerged rock ledges in clear skhallorbP waterg and by divere. 

The character of all rocky or gravelly sediments collected 

from the nearshore shelf i s  described under the discussion of w a n -  

solidated b o t t m  sedimentsj tramporbed rock, such as i c e r a f t e d  

debria, is also ascussed here. 



w a r  pebbles Eand cobbles iaadicating the close proximity of 

submerged bedrock were collected at 75 stations, visual sightings 

of outcrops ledges were made at I 2  stations, apparent bedrock bottom 

which could not be s q l e d  was located at 5 stations, and divers 

mapped s;u'smbl%pim gpatcrraps at 2 stations (table 1) . The areas of 

known submarine outcrops are shawn an figure l2; residual rock 

debris flanking subnimine outerops is shown on figures 13 and 14. 

S u b m a r i n e  outcrops a - e  most numerous off the precipitous sea 

rlif f s and the coast&l plain farther t o  the west. Exposed bedrock 

-6 found at 75 preen% of all s r t ~ t i o n ~  occupied off these areas; 

statiaxw at mch 6utcmps were not indicated were lmstly near 

shore where bedrock is overhixa by a Wa veneer of send and silt, 

Exposed b60c .k  was located at 9 statFons near the head of' 

Ogo%oruk SeamU.ey a& at 5 stations a3 the sl ightly shallower 

&elf t o  east (fig. 112) The ser ies  O f  subnuwine outcrops 

trending seaward fmn s&re about one m i l e  west of Kfsimulowk Creek 

i~ 19i8fwciattd WLtb a tgpogramc Ugh w h i c h  bpparcntly repreeents 

a re8idual strike ridge, Probable rewsuas for t$e general paucity 

of e q = d  sllhmaP5.m mtcmps egst of the seavalley are discussed 

undier unccamlldated bottrnn setllrgtntsr. Althuugh cLear evidence 

of' aulcmpsi almg tbQ floor sf Ogo%onrls. Seuwlley was not obtained 

In r~tirn~r mut the rumemus issolated knolls and parallel ridges 

along the i8llroer pax=% of P;he seavaUey wlggest t h t  bedrock is 

pre~en.t; bewa-kh a tJhFQ veneer of umcmmlidated g~p~ve3J.y sedfments. 

An tm89nrakr m g m *  of tihe ccmr-eje w&ar rocks l y i n g  along 



Figure 13. Angular.shale fragments of Mississippian or 
Devonian age derived from submarine outcrops. Well-rounded 
clasts at top are mostly graywacke, limestone, and chert, 
snd probably are ice rafted. Subrounded rocks at top are 
clasts of coarse-grained micaceous sandstone. These have 
apparently been derived from nearby submarine outcrops but 
have been somewhat rounded by wave-abrasion during Recent 
time. Sample was taken four miles off Eesook Creek at a 
depth of 50 feet. Scale reads in inches and centimeters. 



Figure 14. Angular rock fragments of limestone and cher t  
derived from submarine outcrops of the  Lisburne group of 
Mississippian age. Sample was col lec ted ha l f  a mile o f f  
Cape Crowbill at  a depth of 34 f ee t .  Scale reads i n  
inches and centimeters. 



the f loor  of the seavalley i s  given on figure 15. 

The lithology of the submerged outcrops correlates readily 

with s t rat igraphic uni t s  exposed along the coastl ine.  From the  

dis t r ibut ion of submerged outcrops of these stratigraphic uni t s  

a general geologic map of the nearshore shelf has been prepared 

( f ig .  12). Locations of submarine cantaets as  shown on figure 

12 a re  only approximate and are based on abrupt changes i n  the 

l i thology of the coarse angular gravel collected from the newshore 

shelf .  Stratigraphic and s t ruc tura l  relationships of the submerged 

l i tho logic  uni t s  are almost en t i re ly  extrapolated from knowledge 

of the coastal stratigraphy and geologic structure.  The following 

l i thologic  uni t s  exposed i n  sea c l i f f s  were recognized on the near- 

shore shelf. 

Clastic rocks of Mississipglan and Ilevonian age, undiffer- 

entiated.--Submarine exposures of fine-grained quartzite, s i l t y  

shale, and calcareous sandstone and shale are widespread over the 

nearshore shelf off  Eesook Creek ( f ig .  13). These outcrops can be 

correlated w i t h  beds of Mississippian age expose8 at the base of 

low coastal  bluffs a ehort distance east of Eesook Creek, axrd 

with unexposed claet1.c rocks of Devonian age ( 7 )  wPlicEa are thought 

t o  underlie the Mis6issippia;n beds at shallow depths (collier,  

1906, p l .  1 ) .  These c la s t i c  rocks l i e  i n  apparent conformity 

beneath limeetane of the Lisburne group which forms the prominent 

sea cliffs to the east .  The submarine contact of the Ll8burme 

group and the older e l a s t i c  rocks can be traced f o r  approximately 

4 miles seaward from the  mrthrest terminus af the coastal  lime- 

stone c l i f f s  (fig. 12). 



Figure 15. Underwater photograph of gravelly f loor  of Ogotoruk 
Seavalley a t  diving s ta t ion  3 shown on figure 2. The dark 
areas are shadows cast  by larger  cobbles and boulders. See 
table  1 for  description given by divers. Scale i s  approxi- 
mate (photograph courtesy of U. S . Navy Electronics Laboratory, 
San Diego, ~ a l i f o r n i a )  . 
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stone, cherty limestone, and black chert of the Lisburne group of 

Mississippian age (~owsher and btm, 1957) are very rurmemu8 O n  

the sea floor west of Ogotomk Seavalley (f ig.  14) . They are 

restricted, however, to  the ahelf area lying seaward of the 

precipitous c u f f s  of the Lisburne group. Near IWmiIsroak Creek 

We Lisburne group i s  thrust -t;o the mutheast over younger MemMic 

and Permian mchs and this thrust cantact apparently continues 

for nearly 4 miles across the msrshare ~ h e l f ,  At Cape Crowbill 

a high-angLe reverw fault I 6  at the c a n t a t  of o~er turned beds 

af the Lisburne group and younger Mesozoic and Permian rocks; 

this faul t  prpbably continues f o r  several miles along the western 

~lhublik(t)  funnation ( ~ r i a s s i c )  and ~ l k s i k p u k ( ~ )  formation 

[~rmi&n), undiffhmatieted.--lboause the Sikeikpds forrmatian of 

Permian age directly underlies t;tae fhublik f ~ m a t i o n  of Triassic 

age wtton, 1957) snd bath formstium euntain thick-bedded green 

argillite, it was ncrt possible to separate ~~bmwine  outcrops af 

these form~tiam ELnd they are mapped as an undifferentiated unit 

(fig . 12) . Outcroprr of green a rg i l l l t e  beda extend seaward ere 

Unear belts from outcrops of the ShubWr and Siksikpuk f a rmt iom 

near Cape Crowbill aud fram eJsposures on bath fl8nlhB of the sgn- 

cl ina l  infold of Mesozoic and Permian racks near the m u t h  of 

rahanrkroalr Creek. On the nearshare 8b.eI.f' off Fhmdkraak Creek an8 

off Cspe C r e w b i l l  the green a r g i l l i t e  bedsl probably lie in  fault 

contact w i t h  Ilmert~m azad chert bedie of tbc Lisburne groupd 



Clastic rocks of Jurassic and Cretaceous age, undifferentated.-- 

Siltstone, shale, and fine-grained graywacke probably of Jurassic or 

Early  Cretaceous age crop out seaward of the coastal area in the 

vicinity of Ogotoruk Creek and off the infolded Mesozoic rocks near 

~ k r o a l r  Cree& Off the latter area submarine outcrops of the 

Jurassic and Cretaceous rocks are flanked by outcrops of the Siksik- 

puk(?) and ~hublik(7) formations 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 conformably(?) 

overlies the Shublik formation of Triassic age, and may be Jurassic 

in age, an interpretation favored here, although the Cretaceous 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 indicated 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 (KTsg). 

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 



l a s t  major sea level  r i s e  corresponding t o  the withdrawal of the 

E$.;nlPato i ce  f i e lds  approximately 10,QQO years ago ( ~opkins,  1959). 

Most of the Quaternary sediments overlying the nearshore shelf 

a re  gravels. Near shore, a l inear  b e l t  of sand is commonly present. 

Off the general vicini ty of Kisimulowk Creek the shelf is  overlain 

by sand and s i l t y  sand. Sandy gravel and gravelly sand a re  found 

i n  t ransi t ion zones between deposits of sand and gravel and along 

the f loor  of Ogotoruk Seavalley. 

Beach deposits are  principally composed of small pebbles and 

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

fee t  wide although they are  absent below rocky headlands. 

In order to  determine the sources and deposition of the uncon- 

solidated sediments, a number of analyses were performed on each 

sediment sample. In  a d u t i o n  these data were used t o  different iate  

and area l ly  map sediment types. 

Sediment analyses 

Beach deposite and marine ee8iments were screened t o  separate 

gravel (greater than 2,00 mm), eana ( 2 0 ~ ~ - ~ .  062 mm), and s i l t - c l ay  

fractions.  Textural parametere of gravel were obtained by the 

counting technique described by Emery (1955b) o r  by additional 

screening. Grain-size dis tr ibut ion of sand wers determined with 

the Emery Sett l ing Tube (Ehery, 1938)) mecinanical analyses of the 

s i l t - c l ay  fract ion were made by the pipette method (Bhmbein and 

Pettijobn, 1938, p. 166). 



The sand fraction of a l l  eediasewt aaqles was exambed. visually 

for ~ a l c a m ~ u s  Organic matter, aut2xLge~d.c -erals, roundness of 

grainsl and ratio of r9@k ta- aniarereil fragments. R Q ~ B ~  Wuesr 

of sand- and grawl-size c1sss-b~ were de ted3dl  with the aid of 

visual compaxiaon charts (~rulgbein, 1941). 

~ e p a s a t ~ m  of lfgBt and ~ e ~ f ~ y  (greater than 2-96 ep gr) 

mirrerahe were made fin nearly all s e d i n ~ n t ~  c ~ ~ ~ i n g  more thm 10 

percent s a d .  T#tal Wcium etod maga~sium carbanate and totsll 

grgauie m t k r  were &&mined for many of the sand and finer 

g.rained e n t s .  Carbanate content nas Eadyzed by leaching a 

lsmwn w e i g h t  af sedbent with dilute hydroehlorf c acid. This nethad 

i ~i analysis inherently gives values which are &out 2 percent too 

high, but it is rapid and useful for detemidng si@laJif'fcant eh%es 

within a g i m  area.. Organic matter msr calculated ah3 the ignition 

loss at 450% (Thompson, 1953, p. 64). 

Marine sediments 

UnwnwWted marhe sediments are ccqpctsed of t h e  princip@.l 

size g-sj gravel, 8emd, an8 silt-clay. me relative proporbiom 

af them size grades were plotted on a trimguhz f ie ld for each 

sediment sample and 113 sediment types were differentiated (fig. 16) , 

'Ilhese are: (1) gravel, (2) wxdy gravel, (3)  silty-wdy- gra-rel, 

(4) sand, ( 5 )  gravelly sand, (6) s i l t y  ~ttmd, (7) silt, (8) gramuy 

silt, (9) saady silt, kmd (10) ~.aadg*&rayeUy silt @ Clay-sim 

particles (Less than ~ ~ 0 0 4  mm) have b e e  

single size @IX@E. 



Pi@;ure 26 shows +that 105 sediment samples contained less  -khan 

one percent eland rtnd silt. I n  situ, howewr, these bottan sedinents 

probably mntahB  lightly mre isaJ7.d and. silt than indicated on *is 

figure . 
ah& 121818 ~f the sand and silt was b e  principally to  winnowing 

of the semple &en the grab was kmiled up from the bottom. Such 

whncwing waE Wc=t;ed dur- the sampling operation by a trail 

Of muddy water W n d  the grab, However, W s  rrermpling error is 

probably not large as the sedinaents aa reported by divers (table 1) 

were es8entlaU.y identical to thorn pkot%ed on figure 16 and shown * 

on WLe 2- Probably the greatest sampling e r m r  arises not f rorm 

the luss of sand and silt but f m  the inabil i ty o f  the grab t o  

adequately ample the entire size di-ibution of the gram1 at any 

one station* Only the &amlbr roe$ cWts (less than about 200 mm 

in maxiwmL length) wre ~caper'ed~ a8 Uger cobbles and boulders 

could not be gaWre?d easily by the grab. V i W  obqervatiw in 

ahUm water, uademdxr phfttogra- (fig. 15) and reporte of 

divers (table 1) W that large cobbles and boulders are campnon 

uver certain areas @f the &elfn 

Only four of the se-nt types--gravel, sandy gravel, sand, 

and s i l t y  Baado-are mmnmn and cwerUe Wze thaaz a few square miles 

of the nearshore shelf. The four r s i l t i  smlime& types are rare; two 

of these are regresented by 8ingl.e prediuent samples ( f ig  . 16). The 

distribution of Che sediment types is &am an figure 17. Typical 

cuaau1a;tive curves ef the i graLned seU.mznt types are given on 

figure l8, and table 2 l i ~ t a  sf %he physical. and chemical 

groperties of %be qedben-k types, 



Table 1. --Sea floor description by divers 

Diving s ta t ion  no. 
See f ig .  2 for  Depth 
s ta t ion  positions ( i n  f t .  ) Description 

63 Gravel of cobbles and pebbles i n  a 
matrix of s i l t  and clay 

58 S i l t  covering gravel of pebbles and cob- 
bles as much as 150 mm i n  length 

49 Gravel of pebbles and cobbles with a th in  
veneer of s i l t  (see pl .  6 fo r  bottom 
photograph) 

4 37 Gravel of cobbles and boulders, sponges, 
and other animal l i f e  common on i-ooks. 
S i l t  about 2 inches thick overlies the 
gravel i n  small patches 

39 Outcrops of limestone and chert beds of 
the Lisburne group. Residual cobbles 
and boulders surround the outcrops. 
Limestone beds s t r ike  N. 27' W. and 
dip about 35' t o  the west 

46 B o t t m o f  anguJ~rpebblesandcobbles 
with some s l l t  between and atop rocks 

20 Sand bottom with r ipple  marks pa ra l l e l  
t o  shore; loca l ly  pebble gravels 

0-25 75 fee* from shore outcrops of Tigluk- 
puk format5on, s t r ik ing  No 50° E. and 
dipping 30' E. Ripple-marked sand out 
t o  300 fee t  from shore loca l ly  i s  grav- 
e l ly .  Sand i s  about 9 inches thick 
and overlies gravel 

* Information given in t h i s  table  was made available by D r .  George 
Shumway, and Messrs. John Beagle, George Dowling and Park 
Richardson, c iv i l ian  scientistisstationed aboard the U.S.S. Burton 
Island. 



Table 2.--Average character of unconsolidated marine dediments 

Fine -grained sediments 

Sediment Median 
type diameter 

i n  mm 
1 Md. 

Sorting Skewness Percent Percent Dominant Percent Percent 
coeffi-  coeffi- gravel (g) carbonates bioclast organic heavy min- 
cient c ient  sand ( s )  i n  sand-si l t  i n  order matter erals i n  

So. Sk. s i l t  ( s l )  f rac t ion  of abun- i n  sand- sand-si l t  
clay ( 4  dance si l t  frac- fraction 

t ion  
1.15 1.06 2.1 g j  1.5 sl; 6.7 Mollusk, 1.1 5 -9 

0.5 c Foraminif era, 
Ostracods 

s i l t y  sand 0.088 1.40 0.89 14.9 s13 4.9 c 3.8 Mollusk, 1- 7 5.9 
f Foraminifera, 

I Ostracods 

Gravelly 0.427 3.01 8.63 20.7 g; 1.4 sl j  --- Mollusk, --., 5.7 
sand 0.4 c Foraminifera, 

I Barnacle 

S i l t  0.007 2.89 0.81 0.1 g; 7.1 s; --- Foraminifera, 3.4 
36.0 c ~ o l l u s k  

Sandy s i l t  0.012 4.60 1.85 4.9 g; 25j4 s; --- Foraminifera, 3 .  k 
r 26.2 c m n u s k  

Gravelly 0.017 13.9 28.7 23.4 g; 3.7 s; -- - Foraminifera, - -- 
silt  18-7 c ~ o ~ u s k ,  

Ostracod 

sandy-grav-. 0.063 6.1 18.6 3 . 2  g; 20.0 s; --- Fortmini f era, --- 
elly silt 9.2 c Mollusk, 

Ostrscod 



Table 2.--Average charact.er of unconsolidated marine sediments--continued 

Coarse-grained sediments 

Sediment Intermediate dia- Roudness value Common rock Percent Dominant Percent 
tY-Pe meter of typical of gravel (1.0 fragments corn- sand I s )  bioclasts heavy min- 

rock c las t  of maximum) posing gravel s i l t  (sl)  i n  order e ra l s  i n  
gravel (mm) clay ( c )  of abun- sand- s i l t  

dance fraction 

Gravel 

gravel 

S i l ty-  
sandy 
gravel 

0.40 Graywacke, s i l t-  1.4 s j . 

stone, chert andz s l  + c l e s s  
lime stone than 0.1 

0.40 Principally gray- 17-2 s; 
mcke, lesser  2.9 s l ;  
amounts of lime- 0.9 c 
sto,ie and chert 

0.45 Principally gray- 24.9 s j 
wacke, lesser  8.1 sl; 
amounts of lime- 2.6 c 
stone and chert 

Foraminifera, 1.9 
h l l u s k ,  Ostra- 
cods, barnacles 

Foraminifera, 2.0 
Mollusk, Ostra- 
cods, barnacles 

Foraminif era, 3.0 
Ostracods, 
Mollusk 



The sediment types sre i n  g e n e ~ a l  not discussed separately be- 

yond t h i s  point; only the major sediment groups--gravel, sand, and 

silt--are discussed f'urther. 

Gravel.-- Bottom sediments containing more than 50 percent gravel 

overlie about 85 percent of the nearshore shelf o r  about 65 square 

miles of sea floor. West of Ogotoruk Seavalley and seaward of the 

precipitous sea c l i f f s  gravels c o n t a i n ~ l i t t l e  sand and silt. How- 

ever, gravel having more than 10 percent s a d - s i l t  l i e s  along the 
is 

f loor  of Ogotoruk Seevalley snd/associated with accumulatiors of 

sand and s i l t y  sand farther t o  the east. Other areas of sandy 

gravel overlie the shelf seaward of Eesook Creek. 

Owing t o  the inabi l i ty  of the mmpling grab t o  adequately 

sample gravel, detailed mechanical analyses of the coarse f rac t  i on 

were not msde of these sediments. Instead measurements were taken 

of the intermediate dimension of the estimated typical o r  average 

rock c las t  . These values ranged from 5 t o  50 mm and averaged about 

20 mm ( table 2). Thus the recovered marine gravels a re  approximately 

2 t o  3 times coaPser tllan the modern beach gravels which average about 

7 i n  meditin diameter. 

Gravels west of the seavalley have roundness values of 0.35 

(1-0 is leaxirmun), or  are subssgular t o  subrounded ( p e t t i  john, 1949, 

p. 51). &my of the rocks overlying t h i s  part of the shelf are quite 

angular and show vi r tua l ly  no effects  of abrasion or rounding ( f igs .  

13 and 14). Along the f loor  af the seavalley and to the east gravels 

a re  relat ively be t ter  rounded and have v&lues averaging 0~45. In a 

number of aver this part of the shelf m e  patches o f  un- 

usually well rounded (0.6) gravel; these patches are shown on figure 



19 as areas of r e l i c t  beach sediments. RdU&ess of the boQtom 

c las t s  increases rapidly i n  shallow water near shore where wave 

action is effective. 

Sand and s i l t  typically accompany the m i n e  gravel but usually 

i n  mounts much l e s s  than 10 percent ( table  2). The sand-silt  

fraction typically has two modes, a coarse mode which i s  composed of 

rock fragments and a f ine  mode consisting primarily of mineral grains 

and subordinate mounts of fine rock fragments ( f ig .  18, curve 4). 

The rock fragment mode i s  lithologicrtlly similar t o  the associated 

gravel s ize  claats and therefore is related t o  them. Mineralogically 

and textuPlally the f ine  made i s  similar t o  deposits of sand and s i l t y  

sand elsewhere on the shelf. The textural. relationship is  brought 

out on figure 19, which includes i s o p l e t b  of median diruneter- A 

progressive a@av&pd &elrase is shorn by %he= isopleths which clearly 

re la tes  the deposition of the fine mo* to a t  of the sand and s i l t y  

sand. The caapse rock m n t  mode makes up from 80-45 percent af 

the total sand-silt .content of most marine &pawls, Far depoeits 

containing mch  more than 10 percent sanci-eilt (spurdby aLnd s i l ty -  

sand gravel) the break t o  tJae fine mock avePQge8 near 0,200 ma, for 

gravels having much less  than PO percent sand-silt tihe break is 

coarser and averages at 0.280 mm. 

The l i thologic campositian of t h  gravel is markedly diffkrent 

over diffel~ent areas of the nearshore shelf. ! l M s  is brought out 

on figure 19 and is particularly evident west of Ogo toPu ls  Seavalley 

where the bo&.tam gravel undergoes rapid lateral changes i n  co~lposition 

and consists predminantly of either lirrpestone and chert o r  fragments 

of c l a s t i c  rocks. Along the axis of the seavalley anB farther t o  the 



eas t  gravel consists mainly of c l a s t i c  rocks, principally fine-grained 

graywacke and si l ts tone,  with lesser  amounts of chert and rarely l i m e -  

stone. The l i thologic composition of the bottom gravels d i f fers  greatly 

from the modern beach gravels d i rec t ly  shoreward except for  the 

several areas of well-rounded grave1 shown on figure 19. 

Sand and silt.--Sand containing l e s s  than 10 percent silt is 

res t r ic ted  t o  a discontinuous belt  running parallel ta shore at 

depths of 15-30 fee t  ( f ig .  17). The sand t r a c t  is approximately 

half a mile wide off the mouths of Eesook and Kisimlowk creeks. 

It is narrowest i n  s l igh t  reentrants of the  shoreline west of Cape 

Crowbill, absent off c l i f f ed  headlands, and very narrow and dis- 

continuous off the coastal bluf fs  emat of ~ t o r u h  Creek. A t  a die- 

t m c e  of approximately 200 yards from shore near the mouth of OgotoPuk 

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

and to overlie gravel. Pebbles ape common i n  the sand rasd near shore 

the deposits became gravelly) gravelly sands are! also on the eeamrd 

aides of the sand bel t .  S i l t y  sand forms a braad c~escent-shaped 

t r a c t  over the sea floor off fiisimulouk Cmek and nearly encompasses 

an area of b o t h  gravel ( fig- 17). 

Accumulations of silt and sandy silt a r e  res t r ic ted  t o  small 

patches with indefinite boundaries i n  s h a l l m w ~ t e r  off hpe Crow- 

b i l l  and seaward of Eesook Creek (, f ig .  18, curves loaxid 11). Small 

areas of gravelly s i l t  and sandy-gravelly s i l t  occur along the floor 

of Ogotomk Seavalley. 

Sand ranges from 0.117 t o  0.135 mrn i n  median diameter ;acrid 



averages 0.125 mm. The sand is nearly per fec t ly  sor ted and has Trask 

sor t ing coeff ic ients  ranging from 1.01 t o  1.19 and averaging 1.15 

( f i g .  18, and tab le  2).  S i l t y  sand averages 0.088 mm i n  median 

grain  s ize  and i s  somewhat l e s s  well sorted with coeff ic ients  aver- 

aging 1.40. The s i l t  i n  the  sand causes the  sediment t o  be s l i g h t l y  

skewed toward the  f i n e r  grains ( t ab l e  2 ) .  The median dfaetesr  of 

the  sand and s i l t y  sand decreases with distance from shore; t h i s  

trend is  shown by the isopleths  on f igure  19. Isopleths on t h i s  

f igure  a l so  indicate  t h a t  sand and s i l t  tend t o  s e t t l e  along the  

f l oo r  of Ogotoruk Seavalley, and the  bottom sediments become more 

s i l t y  with distance from shore along the val ley ax is  ( t ab l e  1 and 

f i g .  17). 

S i l t  deposits average 0.007 mm i n  median diameter and a r e  

r e l a t i ve ly  poorly sorted with coeff ic ients  near 3.00 ( t ab l e  2);  

they a re  a l so  s l i g h t l y  skewed t o  the  f i n e r  grains  (Sk l e s s  than 

1 .0) .  Sandy s i l t ,  gravelly s i l t ,  and sandy-gravelly s i l t  a r e  a l so  

poorly sor ted but they a r e  a l l  bimodal ( f i g .  18, curves 10, 9, and 

8) and show posi t ive  skewness, o r  an asymmetrical spread of the  

s i ze  d i s t r ibu t ion  of t he  coarse f rac t ion  of the sediment. Clay- 

s ize  pa r t i c l e s  form a s ign i f ican t  par t  of the  s i l t  sediment types and 

' 
range from about 10 t o  40 percent ( t ab l e  2);  however, i n  re la t ion  t o  

s i l t ,  c lay decreases with distance from shore i n  most sediment types. 

Rock and mineral grains const i tu te  approxim&z%y 95 percent of 

deposits  of sand and s i l t y  sand! rock fragments alone make up from 

20 t o  35 percent of these sediment types. Heavy minerals ra re ly  



form m r e  khan 10 percent of the ~ ~ d i n a e n t s  and average about 6 per- 

cent (table E) - The most abundant mineral grains i n  the sands are 

quartz, chert, feldspars, micas, a&. chlorites; the l a t t e r  t-wo 

mineral groups are  more abundant with distance from shore. 

Approximately 10 percent of the t e s t s  of species of Elphidium 

and Buccella contain light-green t o  dark-brown f r iab le  f i l l i n g s  o r  

partial f i l U n g s  i n  one o r  more chambers. The crumbly f i l l i n g  

matter is thought t o  be glauconite of authigenic or igin.  Glau- 

confte is used here as a f i e l d  term i n  the sense mggested by 

B u r s t  (1958, p .  311). Carsola (1954b, p. 1570) described co$mlite 

peUets from n e a r h r e  samples taken i n  the Chukchi Sea which may be 

s t f a U y  glauconitized; t o  the  authors' knowledge this i s  the only 

previous reference t o  the occurrence of glauconite in sediments of 

the ChulcM Sea. In  the Ogotonik Greek area f eca l  pe l l e t s  were 

raze* seen and these showed no physical evidence bf glauconitization. 

C&rbamte mineral grains and bioclasts  comt%tute about 4 per- 

cent sf deposits; of sand and. s i l t y  sand e a s t  of Cape Crowbill. West 

of t h i s  point, and off shore f rm the limestone c l i f f s ,  sand accumu- 

la t ions  have carbonate contents near 10 percent. Cmparisons of 

estimated weight percent-es of organic carbonate t o  the chemically 

&termfred t o t a l  earboxate, indicate that east of Cape Crowbill 

recagnizable b ioe lss t s  account for about 50 percent of the t o t a l  

calcareous matter. However, met of Cape Crawbill the carbonate 

content is approximately 70 percent det~ital limestone and dolomite 

grebs snd unrecognizable c o m b &  b b c l a s t s .  



Tests and fragments of mollusks (chief ly pelecypods) and 

foraminifera1 t e s t s  make up the greater par t  of the organic calcareous 

matter of sand and s i l t y  sand; foraminifera a re  re la t ive ly  more abun- 

dant i n  sand associated with gravel deposits ( tab le  2).  Eggerella 

advena ( an arenaceous f om) ,  Elphidim orbiculare, E . bar t l e t  ti, -- - 

and Buccella frigida,  a r e  the most abundant species of foraminifera 

(Mrs. Patsy Smith, 'JSGS, written communication). The abundance of 

species of foraminifera with increasing depth off Kisimulowk a re  list- 

ed on table 3. Other commonly occurring bioclasts are  bryozoan 

zoaria, ostracod valves, ecbinoid spines and plates, and fragments 

of barnacle plates and calcareous algae ( table  2).  

Sand contains the l eas t  amount of combustible organic matter 

and averages onlyDl. l  percent. S i l t y  sand contains 1.7 percent 

organic de t r i tus  but the highest eoncent~ration i s  i n  s i l t  deposits 

which average 3.4 percent organic matter. Although a number of 
, 

factors  a re  involved, concentration of organic substances i n  the 

f iner  grained sediments is  usually a t t r ibuted  t o  the inherent 

fineness and slow s e t t l i n g  rates  of organic de t r i tus  ( ~ r s e k ,  1939, 

p. 434). The organic content of the f ine r  sediment types i s  i n  

general comparable t o  Trask's world-wide average of 2.5'percent f o r  

nearshore sediments, and i s  v i r tua l ly  ident ical  t o  the amount of 

organic matter found i n  sediments from other areas of the Chukchi 

Sea and i n  the Beaufort Sea (carsola, 1954b, p. 1573). 



Table 3---Relatj.ve abundance of species of Foraminifera at increasing 

depth off mouth of Xisimulowk Creek 

---- - - 

Species Depth in feet 
(showing number of specimens in 
approximately 50 c c of sample ) 20 28 38 43 50 

- 

Eggesella advena ( 2us7mn) 
Bigenerina arctica i~rady) 
Textularia torquata Parker 
Reophax arctica Brady 
Ammobaculites cassis ( ~arker ) 
T~ochammina nana (~rady ) 
Tsochammina sp0 (broken) 
MMersmnina sp. 
Quinqueloculina sp. 
Lagena semilineata Wright 
Lagena mollis Cushman 
Pseudopolymorphina curta Cushman 

& Ozawa 
GPandulina laevigata dgOrbigny 
Elphidium clavatum CusLvneLn 1 
Elphidium bartletti Cushman 
Elphidium frigidum Cuskman 3 
Elphidium orbi eulare ( BP&~Y) 2 
Elphidium oregonense Cus1:um.n 

& Grant? 
Buccella frigida (~ushman) 1 
Buccella inusitata Anderson 
Asterigerina sp. 
Discorbis baccata (~leron- Allen 

& ~arland) 
Patellina corrugata Williamson 
Cassidulina s p ~  
Buliminella elegantissima (dqOrbigny) 
Globigerina bulloides dq Orbigny 

Foraminifera identified by Mrs. Patsy Smith of the U. S. Geological 
Survey. 



Discussion of the shelf s-bra-bigraphy emphasized that nost of the 

rocks overlying the nearslaore shelf are iberived %ran submarine out- 

crops. TBerefore, the l i t h s b g i c  compssitioln of the bottom gravel 

undergoes abrupt l a te ra l  charges which match changes i n  the 

lithology of the outcropping rocks. This n?lationship is brought 

stat sgbarply by comparing figure 19, which includes a plot of the 

ra t io  of chert and limestone t o  claetic roclss i n  the marine gravels, 

with figure 10, a general geologic m p  Q% the nearshore shelf. 

The general subrounded n ~ t u r e  of many of the sock clasts, hm- 

eyer, iBdicertes the effects of transportation or Ebbrasion* Most 

probably this sli&% r o w  was produeed by moderate wave erosion 

of the nea;rsbore shelf d.uriaag Recent time. It i s  ~ B Q  possible that 

gramding pack ice abrades & maas the b t t m  gravels i n  certaln 

areas. 

Imnaedeately east of B g o ~ ~  SeavUey the u r i n e  gravels show 

the most pronounced mwidiq and few yew aragular pebbles and cobbles 

were recovered (f ig.  20); p r b a r i b y  for  this reaeon it i s  thought 

that  SprbJ&%rine ou%erope me a& e x p ~ d  over this area of the shelf 

(fig. 12) . However, it Is clear f m  the numerous submarine outcrops 

on the adjacent shelf ares that bedpcsck must l i e  a% Bhal low depths be- 

neath (probably lerss than 5 feet) these noiderately rounded residual 

gravels. The e h e t s  forming these gravels m a y  have been formed 

during Wisconein time by frost  =tian on the u p - % m d  edges of 

truncated Mesozoic beds. The rounded and polished chert clasts 

(fig. 20) In theae deposits m y  have been carried i n  by the retllrning 

post-Wiaconnsln sea, OP possibly t h y  have been emplaced by ice-rafting. 



Figure 20. Typical example of moderately rounded bottom 
gravel overlying the shelf terrace immediately eas t  of 
Ogotoruk Seavalley. Graywacke i s  the predominant rock 
c l a s t  ; polished chert (approximately 20 percent ) i s  a lso 
present. Scale reads i n  inches a-nd centimeters. 



The sesreral areas of rounded and lithologically diversified 

gravels shown an figure 19 may represent r e l i c t  beach deposits as  

they are more similar to the modern beach sediments direct ly shoreward 

than they are  to the relatively angular and monoli&hologic adjacent 

gravels (f ig.  21). Relict beach sediments may be of Recent age but 

they could also be as  old as Sangamon, as  beach sediments of t h i s  

age are known i n  the coastal area. 

Ice raf t ing has also deposited coarse rock c las ts  over the near- 

fahclre shelf. Rafted qediments have been described from other areas 

of tbe Chukchi Sea by Buffington, Carsola, and Dietz (1950) c8na 

Clel;rsola (1954b), and. from other polar aad subpolar regions by Menard 

(1953)s Hough (1956) and L l s i t s b  (1958); Kindle (1924) discussed in 

de ta i l  some of the mechanisms of ice-rafting.. 

In  the  Ogotoruk Creek area evidence for  rafted rock is (1) 

asssocfation of rounded beach pebbles of foreign lithology with angular 

rocks derived fsom submrine outcrops (f ig,  13); (2) rounded igneous 

and metamorphic rocks i n  bottom sediments; and (3) rounded pebbles 

with algae growing on one side associated with &posits of silt.  

Rounded pebbles of foreign lithology form 5-20 percent by number 

of the residual. sngulsr gravels flanking submarine .outcrops, Very 

angular rocks ( r o ~ s s  values less than 0.2) not of foreign lithology, 

which wcnitd not be eas i ly  recognized as rafted debris, may also be 

contributed to  the nearebore shelf by pack ice which has been driven 



Figure 21. Rounded bottom gravel probably representing 
r e l i c t  beach sediments; compare t h i s  sample with those 
sho\.jn on figures 14  and 24. Sample was collected near 
head of Ogotoruk Seavalley where shotm on figure 19. 
Scale reads i n  inches and centimeters. 



against the shear limestone c l i f f s  and the colluvial  b luf fs  eas t  of 

Ogotoruk Creek. Similarly, angular pebbles with roundness values of 

0,2-0.3 could be conveyed t o  offshore r e g i ~ n s  by loca l  stream ice.  

L i s i t s in  (1958) reported, however, t ha t  a study of tens of thousands 

of raf ted rocks i n  polar oceans indicates tha t  they are characteris- 

I t i c a l l y  well rounded and hence haw been derived primarily f r o m  beach 

sediments. However, the Ice-rafted deposits a re  i n  general not as 

maturely rounded as  most beach sediments owing t o  the addition of 

angular t a lus  and rock slide debris t o  the ice .  

Ice-rafted rocks are not thought t o  be numerically significant 

on the nearshore shelf off the Ogotoruk Creek area i n  comparison t o  

residual gravels derived from nearby outcrops. Facts indicating 

this interpretat ion are  : (1) most of the rocks are neither well rounded 

nur very angular and .therefore have not been derived from the present 

beaches nor from the n e a ~ b y  coastal pramontories and streansj and (2) 

the l i tha logic  composition of the bottorm gravel has not been made 

uniform by the  introduction of foreign debris, but changes rapidly and 

i s  d i rec t ly  r e l a t ed  t o  submarine outcrops Hunkins (1959) has recenOly 

emphasized the uniform li thology of ice-rafted gravel i n  the deep Arctic 

Ocean. Possibly a reasonable estimate would be that about 10 percent 

of the rock c l a s t s  overlying the nearshore shelf of f  the 0gobruk Creek 

area have been dropped from t ransient  ice  f loes ,  

Although the  isopleths on figure 19 indicate that d e t r i t a l  i:~:ilcl 

eand and sil t  tend t o  accumulate i n  Ogotoruk Seavalley, the 



sandy and silty-sandy gravels overlying %he v a l l e y  flarrr are primarily 

due t o  an a~cwnulatiqn of residual rca& fragwnts  of sand size.. Can- 

centration of the s m a l l  rock fragments may r e f l e c t  %he subaqueous 

breakdown of the fine-grained Mesozoic c l a s t i c  rocks w h i c h  underlie 

the seavalley, and possibly a lso  accumulation of f ine rock debris 

tha t  formed during the Pleistocene subaerial  erosion of the seavalley. 

Similar deposits east of the seavalley are thought t o  be r e l i c t  beach 

sediments. The rock fragments forming the coarse mode of the sand- 

sil t  f r a c t i n  of these drowned beach sediments were probably con- 

centrated by shoreline processes, as is t m e  of the modern beach 

gravels which contain about 10 percent c o m e  sand-size rock 

fragments, Sandy gravel near the head of the seavalley and far ther  

t o  the west ( f ig .  17) i s  associated with submarine outcrops. The 

sand-size rock fragments forming the principal part  of the sand 

f rac t ion  is very angular and represents a residual accumulation of 

f ine  outcrop debris. 

!the deposits of sand and s i l t y  .sand &own on f igure 17 are cam- 

posed of d e t r i t a l  c h a t s  derived from the  nearby coaetal area during 

Recent the.  This conclusion i s  baeed on the f ac t s  that t h e e  sedi- 

ments (1) are prlncipaUy associated with e e p n t s  of the coast 

drained by s t r eam e r o d l q  f ine-grained c l a s t i c  rocks, (2) are 

mineralogically similar t o  these claa t ic  rocks but show an increase 

i n  detri- carbonhte grains seaward of %he sheer l imetone c l i f f s ,  

(3)  are well sorted and 'indicate deposition under current o r  wave 

action, and (4) decrease i n  g r a b  s ize with distance f r w  shore. 



The f ine  mineral grain mode of the bimodal sand-sil t  content of gravel 

deposits i s  also of Recent deposition as t h i s  mGde i s  textural ly and 

mineralogically similar t o  the sand and s i l t y  sand. 

The broad crescent-shaped t r a c t  of sand and s i l t y  sand off K i s i -  

mulowk Creek has apparently accumulated atop residual gravels. The 

sands are probably th in  (not more t h a n  about 5 f ee t  thick) as bedrock 

crops out near the center of the  t r a c t  and the fine-grained sedi- 

ments grade l a t e r a l l y  in to  gravel. As mentioned e a r l i e r  divers found 

l e s s  than me foot of sand overlying gravel near the mouth of Ogatoruk 

Creek. 

Accumulations of sand are absent a t  depths greater than about 50 

f e e t  except off Kisimulowk Creek. This may indicate tha t  sand i s  pre- 

vented f r o m  se t t l ing  or remaining on the bottom far ther  from shore by 

swifter currents. However, this interpretation does not adequately 

explain the seaward decrease Fn grain size shown by the isopleths on 

figure 19. A more acceptable explanation is  tha t  competent currents 

are lacking which can transport sand-size c las ts  f a r  from shore. 

Fine-grained d e t r i t s l  clasts introduced in to  offshore waters are 

carried para l le l  t o  shore by the predominant coastal  current. The 

s l ight  depression of Ogotoruk Seavalley apparently t raps  some of the 

sediment transported by t h i s  current. I n  most sediment types clay ' 

decreases relat ive t o  s i l t  w i t h  distance from shore, and it is 
f 

I 

apparent tha t   particle^ f ine r  than about 0.004 mm tend to bypass 
4 

the outer part  of the nearshelf. Most l ike ly  much of the silt and 

clay contributed by loca l  streams does not settle aver the nearshore 

shelf but is carried along by the coastal current and eventually 



accumulates on deeper parts of t h e  s5eBf o r  on the s%eep slopes led- 

ing into the Arctic basin, 

Deposits of sildi and s a y  sil t  =e s.6soeiated with submarine 

outcrops and possibly represeat localized trapping of fine-grained 

sediments by outcrop ledges. Melting of grouaded sediment-Jmkn 

sea ice could conceivably also %om these deposits .. 
obervations during ~ u l y  ma ~ugu8.t; 1958 indimte that f ine 

d e t r i t a l  clasts  are contributed Lo the n e m s h s ~  shelf prFmaPily 

by streams and winnuwing  of beach sedimentso During and far sev- 

eral days after a 4-inch re3.n s t ~ m  lasting fram August 8 tea 12, 

surface turbidity currents spread seaward f m m  %he muths of t h e  

larger stre~m~ draining the cufts%al area4 Discharge frm Ogo%cm& 

Creek, w h i c h  at i ts  ma.xfiYbum w a s  abgt 600 c f ~ l  and carriedb a suspemd.ed 

laad of 2,500 ppm (suspension emu-&Qd by George PoAexf ield? 

U, S. Geological Survey, 1958, written t xma~ea%fon ) ,  flwwed 

seaward fur  approximately W a mile: as a, dA@tfic% b&d of -burbid 

water, before the coastal. current turned the turbidity flw paral lel  

t o  the coast. Saxxi an8 ~11% whfelz 'baecomes inreoqc%&kld i n  the beach 

sedimentls is  winnuwed by stona wares and cmried onto the nearehare 

shelf. Storm waves from 3 to 5 feet Ugh during July a d  August 

typically produced st nea~&cvre z~ne ~f turbid water geverc%E hundred 

yards Fn width. 

The nearshore ahelf of the Ogwbomk Creek arrea is in general a 

region of Ilmited fine-grained &triW sedimentation.. TPlis f aet 

cerzl be &mined from the p c i k y  of' fine ~&limen%8 of Recent age, 



except very near shore and aff weas of the coast drained by streams; 

eroding fine-grained clastic m&s, Glauconite fillings i n  form- 

in i fe ra l  t es t s  also signify poor or ini3ignificant de t r i t a l  see- 

mentation (shepwd, 1948, p. 1e). 

A low volume of det r l t a l  clasts shed Pram the coastal mea is 

thought t o  be responsible for limiting fine-grained deposition on the 

nearahore shelf. !Chis low v o l w  is attributed ta (1) the low annual 

ra infal l  of 8 t o  12 Fnches and the short 4-5-month seasan of runoff 

and wave action: (2) drainage of much of the coast by s t ream 

eroding limestone and chert beds; (3)  the low base suspension load 

of streams eroding r e g i m  of elastir racks and the fact that; 

particles are primarily fine silt and clay--Qgotonik Creek has cs 

suspension load of only 6-13 ppm at base flow ( ~earge  Porterfield, 

written cwrunanication) 3 ad (4) a 8cnera.l lack of clkstie rocks 

i n  the coastal area which supply a large volume of particles gfi 

sand size* This f ina l  point 18 lapartant becaue 8and  tend^ t o  re- 

=in on the nearahore ahelf asd does qat bypass it as daes fine silt 

and clay.. The wnn'll mime of cmtributed by the caarertal racks 

ie emphasized by the facts  that (1) only a b u t  20 pereent of the BUS- 

pendied Load carried by Ogotbruk C e  dur- its highRet period of 

dischsrge i n  August 1958 was coarser than 0.125 mm, w h i c h  i e  the aver- 

age median diameter of the warahore ecmd belt3 aaB (2) beach deposits 

are prlmasily camposed W mge rock fragments rather than of 

de t r i t a l  mineral. srtnds as are m y  of the world's beaches, 



Beach Sediments 

Distribution and f o m  of deposits. --From Kisimulowk Creek westward 

t o  Cape Crowbill the shore is formed by gravel beaches 60-260 fee t  wide. 

Beaches are absent o r  a r e  only 30-40 fee t  xi& in  front of the preci- 

p i b u s  limestone c l i f f s  west of Cape Crowbill; however, a t  the ncrth- 

west terminus of the sea c l i f f s  the beach widem to 200-300 fee t  and 

is continuous f o r  approximately 40 miles t o  the mouth of the  Kukpuk 

River (f ig.  1) . 
In  the vicdub.%ty of Ogotaruk Creek, beach gravels are about 25 

f e e t  thick and overlie an ancient wave-planed bedrock surface prob'tily 

of Sangmn age. The estimated maximum thickness of beach sediments 

was determined by projecting the slope of the wave-planed surface 

beneath the profi le  of the beach deposits to a point a f e w  hundred 

f e e t  from shore where bedrock crops out on the sea f laor .  A t  the 

mouth of Kisimulswk Creek exposed beach deposits a re  about 10 feet 

thick, Gravel beaches fronting the sheer c l i f f s  west of Cape Crow- 

b i l l  are thinner than elsewhere and exposures are l e s s  than 10 fee t  

thick i n  most places, 

Beach sediments are s t r a t i f i ed  i.n lens-shaped layers of different 

grain s ize  ranging fram about 3 i n c h e ~  t o  3 feet  i n  thickness 

(f ig.  22). The thicker lenses probably represent the deposition of 

b e m ~  after erorrion of t he  beach by storm waves. 

Profiles constructed across the beach are  not smooth but delineate 

a wmber ai? --built berms and bars or  beach ridges at the mouthe of 

large streama ( f ig  . 23). !I!k badkshure, o r  the part gf the beach which 

sbpee mast gently, has an overall  seaward gradient of about 30301, how- 

ewr, relrerae or landward slopes 81% on she back sides of berms aad 

beach ridges ( f ig .  23). Declivities on the steeper foreahore increase 



Figure 22. Stream cut through s t r a t i f i e d  sandy beach gravels 
approldmately midway between Ogotoruk Creek and Kisimulowk 
Creek. S t a f f  i s  5 f e e t  long; driftwood atop backshore of 
beach i s  a t  an elevation of about 10 fee+ -L,;;l~r stream 
pebbles are derived from co l luv iw  ..L~u outcrops of Mesozoic 
formations. 



t o  10-lbD and merge with the more gently sloping subaqueous shore- 

face. Gravel beaches with grains having median diameters between 

2 and 64 mm typically have foreshore depositional slopes near 12' 

(shepard, 1948, p. 85).  This slope i s  i n  good agreement with tha t  

of the foreshore sediments i n  the Ogotoruk Creek area which averege 

10-15 mm i n  median diameter. 

During attack by s t o m  waves of moderate height (3-5 f e e t )  the 

foreishope i s  appreciably reduced i n  slope an& small berms within 20 

t o  30 f ee t  of the shoreline are removed, Pmf i l e  Q-G' on figure 23 

srhows the shape of the foreshore during a s t o m  on July 26, 1958 and 

of a smdA berm constructed a9ter the s t o m  subsided; the steep 

~ u k r  face sf t h i s  small berm is  erosional and was being cut by 

small waves at the time of measurement. Much of the sediment re- 

moved from the f ronta l  berms by a tom waves is transported para l le l  

t o  shore by longshore currents and accumulates a s  s p i t s  ar; strearm 

m u t b  and as areas of new beach below c l i f fed  headlands. During 

moderate s t o m s  i n  August 1958, sp i t s  a t  the mouth of Ogotoruk 

Creak aeereted gravel and sand at rates of  as IQU& as 5 cubic 

yards per %lau~. Sediment nut used In conetmcting spits or  areas 

of new beach are thrown back upon the rahore as be- durm the 

wmin%g phases of the stonn. 

Texture m d  l i thologic c ~ l t i o n . - - 2 k x t u r a l l y  the bee& 

readiments are sandy pebble gravels (f ig .  24) ; they are well carted 

and well rounded. Coarse rock sand constitutes about 10 percent of 

the beach deposits. Included on figure 18 w e  three cumulative 



Figure 24. Portion of 10-foot ve r t i ca l  channel sample of 
beach gravel exposed near mouth of Ogotoruk Creek. CUDU- 
la-tive curve of t h i s  sample i s  included orl Sigure 18. Scale 
reads i n  inches and centimeters. 



The grain s ize dis tr ibut ion of the gravels is  variable with 

depth. Surface gravels are i n  general much coarser than deeper sedi- 

m e n t ~ ~  On table  4 the median diameter of the surface gravel a t  the 

seaward edge of the backshore i s  given for  a number of areas between 

Eesook and Kisimulowk creeks. Near Ogotoruk Creek the upper few inches 

of the foreshore gravels range from 15 t o  30 mm i n  median diamter; 

10 inches deeper the median f a l l s  t o  7 m. A ver t ica l  channel sample 

of the upper 10 fee t  of beach deposits near the mouth of Ogotoruk 

Creek also yielded a median grain s ize of approximately 7 mm ( f ig .  

18, curve 2). The upper 5 f ee t  of beach gravel near the mouth of 

Kisimulowk Creek has a median diameter near 5 mm ( f ig .  18, curve 3 ) -  

Sorting coefficients vary over a narrow range and average about 

1.30, which is  considerably less  than Trask' s (1932) well-sorted 

l i m i t  of 2.50, and nearly ident ical  t o  the median sorting value of 

beach gravel from other areas of the world (Emery, 195573). Round- 

ness of the clasts ranges from about 0.3 t o  0.9 and averages near 

0.65, which f a l l s  within the well-rounded grade of Pettijohn (1949, 

p. 51) The excellent sorting and roundness values of the beach 

sediments a t t e s t  t o  the vigor of wave action which ie vir tua l ly  

limited t o  the ice-free summer and early f a l l  months along t h i s  

segment of the Arctic coast. 

Rocks which compose the gravel are principally fragments of 

fine-grained graywacke, sil tstone, chert, and limestone; shale and 

vein quartz are l e s s  abundant and igneous and metamorphic rocks occur 

rarely. The li thologic composition of the surface beach gravels i s  



given on table 4 and indicated on figure 19 as the r a t i o  of c l a s t i c  

rocks (chief ly graywacke) t o  limestone and chert. Inspection of 

figure 19 shows tha t  c l a s t i c  rocks form a greater percentage of the 

surface gravels east  of Cape Crowbill; conversely limestone and 

chert consti tute about 78 percent of the beach c las t s  fronting the 

sheer limestone c l i f f s  and only about 42 percent of the beach rocks 

east  of Cape Crowbill. However, west of the high sea c l i f f s  lime- 

stone and chert form about 87 percent of the surface gravel. Kindle 

(1909b) also reported tha t  the coarse material of the beach a t  

Point Hope i s  composed of chert and limestone. 

Sources and transportation of beach sediments.--Fragments of 

graywacke, s i l ts tone,  m d  shale are  principally derived from out- 

crops of the Tiglukpuk formation and from colluvial  bluffs  eas t  of 

Ogotoruk Creek ( f ig .  3). Limestone and chert a re  derived chiefly 

from outcrops of the Lisburne group west of Cape Crowbill and from 

outcrops about 20 miles east  of Ogotosuk Creek near Cape Seppings. 

Chert, limeetone, and grayrmcke c l a s t s  which are  fir from 

possible source areas are  a t t r ibuted  t o  l i t t o r a l  transportation by 

longshore currents. Throughout the present study the l i t t o r a l  

transport was t o  the eas t  for  the greatest  part  of the time; how- 

ever, the period of observation was too shor*, t o  establ ish tha t  

the net annual transport i s  t o  the east .  The progressive east-  

ward decrease i n  graywacke c l a s t s  near Kisimulowk Creek, as in- 

dicated on figure 19, may denote the e f fec ts  of westward-trans- 

ported limestone and chert c las t s  from the Cape Seppings area. 



Table 4. --Lithologic composition and median diameter of 

coarse surface gravel a t  seaward edge of the backshore 

Percent by number of 
Sample number Graaywacke &dian diameter, 
as shown on and Shale Lime- Chert Vein determined a f t e r  
figure 17 s i l t s tone  stone Quartz Emery (1955) 

p signif ies  lees  than 1 percent but greater than 0.1 percent 



Ice rafting ( ~ i n d l e ,  1924) m y  also aid i n  conveying sediment 

along the coast; ice raFting i s  perhaps indicated by the large lime- 

stone cobbles 150-200 mm i n  length eomgaJly found more than 10 miles 

from the nearest source. Igneous and metamorphic rocks constitute 

probably less  than 0.1 percent of the beach deposits but they also 

signify distant trmsport, as sources are mt known within a radius 

of 40 miles. Most probably these erra t ies  were raf'ted by sea or  

r iver  ice and possibly by driftwood (~~ae ry ,  1955c) which i s  very 

abundant along the western and northwestern Ala&an shores. Raft- 

ing has probably been from the south as the nearest outcrops of 

igneous and metamorphic rocks are t o  the south, and coastal currents 

prevent sediment-ladRn ice and driftwood f r m  reaching the Ogotoruk 

Creek area from the north (see Carsola, 1954b) p. 1571, f o r  a photo- 

graph of "dirty" sediment-bearing i c e  i n  the Chukchi sea), 

McCarthy (1958) has described erra t ic  boulders along the nor- 

thern Alaekan coasts which have been raf'ted into place by icebergs. 

It is not likely, however, thst glaciaJ. ice eonyeys debris t o  the 

Ogotoruk Creek area, as  the bergs would have t o  collae franatkbe north 

again86 the prevailing currents of the Chukehi Sea (LPFond, 1954, 

tmd MacGinltie, 1955). Moreover, icebergs much nore %hn 20 feet  

high would not be able to enter the shallow Chukchi &a, l e t  alone 

reach the Ogotoruk Creek areao 



Salient points p e r a  raphy, b a t m e t r y ,  and 

marine geology of the nearshore Chukchi Sea and shallow submerged 

shelf off the Ogotssuls Creek area are s m r i z e d  below: 

(1) A prevailing coastal current flows t o  the northwest; dur- 

ing July and August 1958 surface veloci t i e s  of this current averaged 

0.5 m i l e  per hour. 

(2) Persistent northerly winds causre genepal upwelling of cold 

subsurface water near shore, A t  times of promuzaeed upwelling %Be 

coastal current i s  local ly reversed and reduced in velocity. 

(3)  Ruring July and August 1958 longshore currents mved t o  

the east  fo r  approximately 75 percent of the timej however, the 

highest velocities were measured during easter ly storms when the 

longshore currest was t o  the west. 

(4) The nearshore shelf descend8 rather steeply t o  a depth of 

15-20 feet  and then g r a d W y  flaktens t o  a depth of 4045 fee t .  

Beyond this point the nearshore h e l f  is f l a t t e s t  and gradients w e  

as Low as O~OPJ, out to  a depth of 50-55 fee t .  Submarhe decl ivi t ies  

at  the outer edge of this terrace, o r  f l a t  parb of ttae neardwre 

shelf, steepen s l ight ly  asd then gradually f a l l  w i t h  distance from 

shore. The overall gzmdient of the Chukchi &eLf from the inner 

edge of the terrace to a depth of 135 feet ie about @Ok\ or about 

6 fee t  per mile 

( 5 )  A shallow asrd mtlher flat-bottomed trough, Ogatoruk Sea- 

valley, heads about s quarter of" ea mile from shore off tihe muth  of 



Ogotoruk Creek and extends seaward fo r  a distance of 15 miles where 

it merges with the adjacent sea floor at a depth near 135 fee t .  A 

number of smaller channels are off Mfsbulowk Creek and near shore 

west of Cape Crowbill. 

(6) The newshore shelf is a wave-planed platform cut across 

up-turned beds of Paleozoic and Mesozoic! formations. M s t  of the 

planation is thought t o  have taken place in Sangamon time. Ogotoruk 

Seavalley and ather smaller channels were excavated by streams b r i n g  

periods af glacial ly depressed sea level.  The seavalley was cut into 

the emerged shelf by Ogotoruk Creek. The outer part of Ogotoruk 

Seavalley has been buried under a blanket of fine-grained Recent 

marine sediments, and the inner reaches have been f i l l e d  with beach 

gravels, 

(7) Most of the neardwre shelf is overlain by angular to 

s l ight ly  rounded rocky debrie which has been derived primarily from 

nearby submerged outcrope. Four li thologic unite crop out on the 

shelf which are readily correlated with formations of Paleozoic and 

Mesoeoic age exposed i n  the coastal area. 

(8) Some of the bo t tm  gravel  ha^ been depoeited by ice rafting, 

It is thought tha t  about 10 percent of the rocky debris overlying the 

marehore &elf i6 ice-rafted sediment. 

(9) During ~ e c e n t  time ( l a s t  10,000 years) sand and s i l t  &ed 

fromthe nearby coastal area hare accunnil-ated near shore and over 

most of the shelf off Xisirmilowk Creek. The Utter area lies off  

a segment of the coast drained by strems eroding fine-grained 



e l a s t i c  rocks. Most of the  marine gravels, i n  par t icular  those lying 
I 

along the f loor  of Ogotoruk Seavalley, a lso contain$a small percentage 
I \  

of Recent sand and s i l t .  

(10) The nearshore shelf  is  i n  general a region of slow f ine-  

grained d e t r i t a l  sedimentation. Although a number of factors  are  

involved i n  r e s t r i c t i ng  d e t r i t a l  deposition, a low volume of f ine  

sediments being shed from the nearby coastal  area  i s  thought t o  be 

the primary cause, 

(11) Beaches i n  the Ogotoruk Creek area. a r e  30-260 f e e t  wide, 

l e s s  than 10 t o  about 25 f e e t  thick,are s t r a t i f i ed ,  and composed 

of sandy gravel having a median diameter near 10 mm. The surface 

gravel i s  much coarser than deeper sediments and averages about 25 mm 

i n  median grain s ize .  Well-rounded rocks of graywacke, s i l t s tone ,  

limestone, and chert are  the  pr incipal  consti tuents of the beach 

gravels. 

(12) During moderate storms (waves 3-5 f e e t  high), gravel i s  

transported pa ra l l e l  t o  shore by longshore currento and the outer 

20-30 f e e t  of beach sediments are  removed. Some of the  sediment 

carr ied pa ra l l e l  t o  shore sccumulates as s p i t s  a t  stream mouths 

and as  areas of new beach below rocky headlands, After subsidence 

of the s t o m  waves, gravel i s  returned t o  the beach and b e m  are 

constructed. 
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