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This report: was prepared a s  part  of a research contract awarded to  the 
Department of Oceanography of the University of Washington, by the Office 
of Harine Geology of the United States Geological Survey. The study is 
concerned with the northernmost part  of the Bering Sea which is hounded by 
land masses - the Seward Peninsula, the Yukon lowland, St. Lawrence Island, 
and the coast of the Chukotka Peninsula. Siberia (Fig. 1 1 .  A great variety 
of rocks and minerals (metals ihcluding the e c o d c a l l y  useful ones] are 
present on these land masses [NELSON and BOPKINS, 19691 SAINSBURY e t  al.. 
1969; SAIMSBLIRY, 1970al. An attempt i s  made in t h i s  report t o  study the 
nature and distribution of sediments with regard t o  grain-size, litholcgy 
of pehbles and cobbles and mineralogy of the sands and to re la te  the 
sediments t o  thei r  respective provenances, and then trace the migration 
routes of the sediments. Based on the grain size,  heavy minerals and color 
of the sediments, certain strandline r e l i c t  deposits are also distinguished. 
Where possible, the relation between the economically ~ e f u l r n e t a l s  - gold 
and copper, and certain mineral assemblages, is painted out. 

Geoloqic and oceanographic setting 

, . The following information on the geology of the land surrounding the 
Nor- Bering Shelf is taken fmm MITRO and PAYXE (19571, NELSON and 
HOPWMS (19691, and SAINSBLlRY (1970a, b) . 

Quaternary alluvial ,  glacial  and eolian deposits are c m o n  throughout 
the area. The Seward Peninsula and the Chukotka Peninsula were glaciated 
during the Pleistocene time and the glacial  d r i f t  reached and extended well 
beyond the present shoreline (HOPKWS, 1967; PETROV, 1967; NELSON and 
HOPKINS , 1969, GlUM and K ~ N U S ,  1970) . Searaard Peninsula i s  composed of 
pre-Cambrian and early Paleozoic metemorphic rocks ischistose and gneissic 
rocks), Paleozoic sedimentary rocks (limestone, s la tes ,  phylli tesl ,  
Quaternary basalts, granitic plutons and numerous dykes (ranging i n  con- 
position f r o m  diabase to rhyolite). The northern Chukotka Peninsula i s  
underlain by a similar sequence of rock types; but here, the granitic 
plutonic rocks are more widespread and dominant than i n  Seward Peninsula. 
The southern Chukotka Peninsula is underlain by l a t e  Mesozoic volcanic and 
some plutonic rocks. Some metamorphic and sedimentary roc- a re  also present. 
exposed in structural  highs. The western par t  of St. Lawrence Island is 
primarily mmposed of granitic rocks, the central  par t  of Faternary  basalts, 
and the eastern part ,  again, of granitic rocks. The Yukon River drains 
Mesozoic and Tertiary sedimentary mcks, Mesozoic volcanics lmainly basalts, 
with some andesites, dacites and rhyolites) and some pre-Cambrian metamorphic 
mcks i n  the upper reaches of the river (DIITRO and PA=, 1957). Quaternary 
basalts are  common i n  the Yukon drainage basin but compared to the other 
types of rocks, they are less  significant. The presence of basalts on the 
southern shores of Norton Sound, however, is noteworthy. Much of the 
northern Bering Shelf i s  underlain by a prism of Tertiary sediments locally 
rechi- thickness excess of 6[0W fee t  (SCHOLL and H O P ~ M S ,  19691. 



S t d i e s  on the grain s ize  of the eedhemts and bathpet ry  of the 
area were reported by CBEbGER and MEHALYIS (19671 and studies on seismic 
profil ing by MOORE (1960) and GBIM and &HANUS Q970). The sediments in 
the nearshore areas off W e ,  w r e  s t d i e d  in  de t a i l  by RELSOPI a d  HOPKIAS 
(1969) and several glacial  dr i f t s .  outwash, a l l uv ia l  and straudlSne deposits 
were distinguished by them. The occurrence and dispersal of particulate 
gold i n  the sediments of the Chirikov Basin has aleo been studied by 
NELSON and BOPKZNS (1969). VEtWTABdTEWM and MctUNUS (1969) and 
VlBUTBBdTKNAH (1969) b t ief ly  reported on the  heavy mineralm of the muds 
and lithology of pebbles of the sedhents  of the shelf .  The present report 
is, however, a conprehep~ive account of t he  niwralogp of the muds, the 
grain-aize distribution of the sediments. and the lithology of gravela and 
pebbles of t he  Northern Bering Shelf. 

Over nost of the  region, the water i m  l eas  than 50 m deep. The 
bottom is relatively featureleas except fo r  some minor ridgea end depressions 
( 8 .  2 Off Port Clarence at depths of 12 a and 20 m, and between the 
eastern part  of the St. Lawrence Island and Ynlron Delta, a t  depths of about 
20 m, submerged ridgas of depositional origin are praaent (CBM and McMANUS. 
1970). A broad eballav depression trending nosthuest-southeast occurs i n  the 
central  part  of the Chirikov Bamin and th i s  can probably be traced mooth- 
eastward in to  the vestemmost part  of Haston Sound. A few depressions and 
valleye of restricted areal  extant a r e  present off Sward Peninsula, i n  
placea off St. Laurence Xslnnd a d  off Golovnia Bay. A broad depreaeion with 
marbum depths exceeding 50 m ext& from Amdyr S t r a i t  t o  Bering St ra i t .  
A recent bathmetric chart of the Chirikov Baain publiehed by the 0. S. COAST 
ham GEODETIC SURVEY (1969) provided many othar details .  

Strong currents of one heot or =re move along much of the coastline. 
and bottom currents intermittently reach speeds of nearly three knots 
(150 emlsec) in  the e u t e r n  Baring S t r a i t  (-.lWX%Ul!T. 1966; 
Fig. 3). En the N o w  region. h l s o n  and Bopitins reported current floving 
i n t e d t t m t l y  and suddenly a t  speeds up t o  nearly two h o t s  (100 cdeec) 
ei ther  eastward or mmtuard para l le l  t o  the coamt. In the central  parts of 
the Chirikov Basin, relatively low current speeds p r e v a l  and no currents 
stronger than 1/2  a knot (25 d s e c )  have been reported. 

Hoving ice coven, tha sea fo r  about seven month of each year. 
Pressure ridges of i ce  occasionally become grounded i n  depths am great as 
15-34) m below sea level d t h i s  grounded i ce  "bull dozes0' the  bottom 
sediaent for  ehort distances- on the sea floor (NELSOH and HOPKIlYS. 1969). 

The Yultop River is the lflrgest r iver  of the Bering Sea catchmeat bssir, 
with an aanual runoff of 185 km /year (LISITSYPI, 1966). This r iver enters 



Fig. 3. Bottom currents of the Northern Bering Shelf. The arrow head points toward the direction 
i n  which the current i s  flowing, and the length of the arrow is proportional to the cuffent speed. 
(NELSON and HOPKINS, 1969). 



direc t ly  in to  the study area. Other r ivers  d i rec t ly  draining into the 
area a r e  m a l l  and the data on the i r  vater- or sediment-discharges a r e  
not available. Tvo important rivers, the Anadyr and Kuekotsriol v i t h a n  a-1 
runoff four t o  f ive  trimas less than tha t  of the Yukon, drain in to  the 
nearby Bering Sea areas south of the present study area (LISITSYN. 1966). 

Size analysis of sediment samples has been done by standard 
sieving and pipet te  techniques. The data from about.250 sauples are  wed 
fn the present study and include those of CEUGEB and McWItUS (1967) and 
McMANUS e t  al. (1969; Pig. 4 ) .  

Heavy-mineral separation baa been done on 204 samples in  two s i ze  
fractions of the d 1-2.756 and 2.75-4.06 using aethylene iodide 
(sp. gra. 3.14-3.17) a s  heavy liquid. We data on the heavy residues 
(the material v i t h  speci f ic  gravity 23-14 -3.17) of these tw sites, and 
the individual heavy minerals c o k e d  under the microscope a re  given i n  
Tables I, XI and Iff. An exnmiaatioa of about 120 samples of heavy 
minerala i n  two separate sizes. it was hoped, would help t o  evaluate the 
ef fec ts  of grain s i ze  on the mineral composition. Special studies on the 
var ie ta l  characters of zircons of s i x  samples have a l so  been made t o  see 
how t h i s  particular mineral is different i n  the different areas. Light 
minerals of selected samples have a lso  been elrsmiaed by staining techniqua. 
A preliminary examination of lithology of the pebblas aud gravela from a l l  
over the area has beea mde a s  an aid in deteraining vhether the milration 
routes of sand and coarser material a r e  the same or different.  

RESULTS OF STUDY 

Gravel (>2m or -14) is locally abundant i n  several  placea and Ls 
a predominant component of the sediments off Cepe Prince of Wales. off 
Nom-Port Clarence and off St. Lawrence Is1and (Fig. 5). The extent and 
trends of theee gravels nay provide information in certain cases M to  the 
directions from which they vere derived. The lithology, size,  shape and 
roundasas of pebbles and gravels i n  the nearsbore are- off Nome have bean 
studied i n  de t a i l  by HOPKINS (personal comunicatian) and i n  park reported 
by NELSON and EOPKIHS (1969). GBIM and HcNiWUS (1970) reported the  
occurrence of possible Pleistocene mra ina l  sediments buried under the 
younger sediments extending part of the way between the Baring S t r a i t  end 
St. Lawance Island. 

Much of the Chirikav Basin is carpeted with mad (Fie. 6). In 
Norton Sound sand dominates only just  off Golovnin Bay. Much of the area 
between St. Lawrence Island and Yukon Delta is a h a  camposed of sand, 
except for  a narrow band of f ine  material near the  Yukon River. The 
fine-grained s e d b n t s  ( s i l t  and clay) a r e  confined mostly t o  Morton Sound 
and Port Clarence Bay (Fig. 7). The distribution of f i ne  sediments fa 
the Norton S o d  and i n  the -tern part  of the Chirikov Rasin, is an 
indication of the extent of the dispersal of the Yukon s i l t a .  



8a 
Fig. 5. Percantega distribution o f  gravel in bottom s e d h t e .  

Fig. 6. Percentage diattibution of sand in bottom sedimente. Contour internal: 20%. 



In much of the Cbirikw Basin, the man size of the sedimeats 
(FOLK and UABD. 19.57) falls ,in the fine sand and very fine sand range. 
and in the Norton Soond, in the coarser silt range except off Golomin 
Bay (Fig. 8). Ia general, the sean aiee increases tuuarde the shora, 
the illcrease being definite in the areas of gravel sediments. Prominent 
modes in the BaDd grade material in the central part of the Chi* 
Basin, fall between 2 1  a d  36 end o~lly rarely decrease to 3.51. In the 
areas of gravel sediments, the sizes of the sand mod- increase to 
coarser than 26, and in the areas of fine sediments the sizes of the 
sand d e a  decrease (36-46). In some gravel-rich sedimnta off Nome and 
in the fine aedimants of Rortrm Soand, merial vith distinct silt-size 
modes are frequently present. 

Using the statiatical parameters of POLK and WARD (1957). well- to 
moderately-sorted sediments are present on the sand ridges and smetincss 
in the chmels between the St. Lavreace Island and Pukm Delta. on the 
sand ridges off Port Clarence Bay, off Northwest Cape of St. Lawrence 
Island (2E-36 m depth), and in a feu restricted araaa elsewhere (Fig. 9). 
Much of the area, hmver, is dominated by poorly sorted sediments; vithLn 
theae. usually, the gravel-rich sediments a d  the fine sediments near the 
Yukon River are more poorly sorted. 

Positive skewness values are characteristic of the sediments in 
general (Fig. 10). Some of the vell sorted sediments, but not all, are 
negatively skewed and in a feu caee8, the p~orly sorted sediments are also 
negatively skeved. The maximum skewness values are found in the poorly- 
sorted sandy sediments and in the Yukon silts; the gravel-rich sediments 
in general are lees positively skeved. 

To slanmarize the grain-size characteristics. the meen size of the 
gedhnts increases in a general way taards the shores. The gravel-rich 
sediments, be8ides gravel d m ,  have coarse sand modes and coarse silt 
modes. and are extremely poorly sorted with usually high but not extreme 
positive ekevuees values. Well-sorted gravel-rich sediments are found in 
a feu localities. On the basis of a detailed study of many samples. EOPKIhlS 
(per-1 c ~ c a t i m )  distinguished well-sorted gravel deposits besides 
the poorly mrted ones in the area off Nome. In the Chirikov -in, the 
sandy aedimants have fine sand modes; in a few places these sediments 
are vell sorted and are both positively a d  negatively skewed. In much of 
the area ths sandy sediments aad the fine s e d h t s  of Norton Sound are 
poorly sorted. with eatreme pa8itiver skeunese values. 

I Usually the color of the sands.is gray. Some sands, however, are 
reddish brown or brwo with vesthered angular grains. These sediments. " which are aleo well sorted, occur as the submerged sand ridges (at 12 and . 20 m) oppoeite Port Clarence, including the sand wave area there (JORDAN, " 19621, and off Northwest Cape at 34-36 1. 

Off Nome, pebbles and cobbles of usually quartzites, micaceow 
quarreitee,quartz-micaschists, garnet-hornblende schists, cale-silicate 



Fig. 8: Diatcibubion o f  phf mean alee f n  the bottom sediments 

Fig. 9. Distribution of inclusive graphic standard deviation measure of the bottom sediments. 5 
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I a  general, the distribution pattern of heavy mineral content 
i n  the 1-4d s i z e  fraction is similar t o  tha t  of the 2-75-44 send 
fraction (Fig. 12). although the contentrations are  greatly reduced. 
This is betanee the  amounts of hea-vp minersle in the 1-2.756 sand 
grade a r e  lov in proportion (Table I). The arms of mad ridges off 
Port Clarence and off IPone, and betweem the St. Iawrence Iebnd and 
Yukoa mlta, tend t o  have high amounts of heavy minerals in 1-41 a h a .  
Not a l l  the sample8 with relatively high coacentrations of heavy 
miaentla in  the f i ne  sands, howevas, have high amounts i n  the 1-46 s i te .  

The heavy minerals identified aad counted are: opaques, 
orthopyroxene (mostly hypersthene), ~linopyroxene, amphibole (mst ly  
hornblende), epidote, sphane. olivine, garnet, apatite. zircon, etauroli te,  
kyanite, chloritoid and rock fragments. Of these minerals, c ~ o p y r o x e n e ,  
garnet, orthopyroxene, r o c k - f r a m e s  and amphibole a r e  usually praaent 
i n  high proportions. 

C Z i r n w z e m .  In 2.75-46 s i ~ e  fractioa, clinopyroxene i e  present 
in high coneantrations off the  Y u h  River, i n  Worton S o d ,  in tbe 
veetetnmost part  of Chirikov Baein, and off the cent ra l  part of 
St. Laurence Island (Fig. 13). The abundance occurs off the  
central  par t  of St. Lawrence Island and i n  the eaaternaost part  of 
Rorton Socmd. Rear Gololmin Bay, i t  is l e s s  c-n than i n  the r e s t  
of Norton Sound and dm- t o  a miaimm off Noma. Betwm Port Clarence 
a d  Cape Prince of Wales, there are  tuo areas of alternately lw and 
high percentagw of clinopyroxam. A high percentage off the central  
part of St. Lawrence Ialand is bordered on e i ther  side by areas of lesser 
percentagw. In the vemterrmost part  of the CbirLkov Basin, again. 
c lhpyroxene  tends t o  increase. 

In the coarser sand fraction (P4. 14). mmy of the  seaplea off 
the Yukon River have very l i t t l e  heavy residues and b-e cormting of 
theae s ize  fractiona b not reliable. Along  a l i ne  of s ta t ioae  behram 
the Yukon River aurd the eastern part  of St. laurance Island. in  the aaady 
aedimenta, clinopyroxene in the coarser fractions tea& t o  be aa high 
M i n  the f i ne r  fractions. and these percentages may also  be representative 
fo r  the coarser fractions of Norton Sormd. 10 the r e s t  of the area, the 
distribution i a  b r o d l y  similar t o  tha t  i n  the f ine  sand. 

OZZvins. The dis t r ibut iom of olivine i n  both the coarse and f ine  
s d e  a r e  nearly the a m e  (Fig. 15, 161. The omall differencm probably 
a r e  not aigaifieant i n  view of the usual inadequate amounts of h e m  
minerals i n  the  coarser frartionn. 

Olivine occurs i n  very lw patcentagw throughout much of the 
region. 8wever, it is -n juat off St. Lawrmce Ialand and i n  the 
eastern part  of Norton S o d ,  attaiaing mxhm abnadancea off the central  
pert  of the St. Lawrence Ialand and i n  the a r m  near' Stuart  Island. 
The mimum abundance of olivine off St. k e n c e  Island is not at the sane 
leeation as the  ~rsxhtm abuadance of clinopyroxeue. Olivine is preeent i n  
s w t  lover amounts i n  places near Cape Pr ime of W a s  and Port 
Clareace. 



Fig. 13. Percentage distribution of clinopyroxene in 2.75 - 4.04 sized heatry minerale. 8 



Fig. 14. Percentage distribution of clinopyroxene in 1 - 2.756 sized heavy minerals: 2 

Fig. 15. Percentage distribution of olivine i n  2.75 - 4.01 sized heavy minerals. 



&met. The garnet mini- occupies such of Norton Sound and 
the vestern Chirikov Basin (Fig. 17, 18). h e  5as imum percentage of 
garnet is fomd off Nolee with a gradual decrease auay from the Blow 
area. Thc distribution of gold (WI;SOIIXmd BOPKIES, 1969) off None 
is similar to that  of garnet, the difference befng tha t  the decreaae 
of gold away fron Horn is rather abrupt and andden. The distributions 
of garnet i n  both the fine and coarse s h e a  is s h i l a r .  Between 
St. Lawrence Island and the Yukon delt& relatively h i ~ h  aaamta of waree 
garaet a r e  present on one of the ridgea. F W . g a . i n e d  garnet occurs i n  
the tidjacent depression tbt f a  i n  s d a t  bathymetric continuity v i th  
the  area of very hfgh gamet off Nome. 

Opuqm miffsraza. Opaque minerals a t t a in  the i r  maximum abundance 
off Nome, Port Clarence, and i n  some place8 off Cape Prince of Walea 
(Pig. 19, 20). In these areas, the distribution of opaque rmineraIa 
resenbles the t  of garnet. The w?stenmmst section of the  Clairikov Basin. 
including areas off the Northwest Cepe of St. Lavrence Island and part  
of Auadyr S t r a i c a l s o  contain high proportions of opnqne minerals, 
anollg vhich a re  common matallic flak- tbat.vete identified by microprobe 
analyzer t o  be mostly copper end sorm copper-imn sulphide. The acid 
volcanic pebblea described ea r l i e r  a r e  associated with theee sands. 
The opaque minarale are  present i n  low proportiom ia much of Norton 
Sound, except its emtenmart  part. 

Amphibole Ih4PRbZendsJ. In the  2.75-41 a i ze  fraction (Fig. 21). 
hornblende is relatively abmdant opposite G o l d a  Bay, i n  a restricted 
area off the Yukon River, ia a f e ~  localized places off t?m, off 
b r t h e a s t  Cape, nnd i n  the westerumst part  of the Chirikov Barin. In 
the r e s t  of the  region. i t  occurs i n  relatively lw percentages. In 
the 1-2.751 fraction (Pig. 22). the pe~centage of hornblende is high off 
Golovnin Bay and i n  the vesta=at eec t im  of the Chirikov hain. In 
sp i t e  of the mny lw valuse i n  the Rorton Sound off the Ytlkon fiver. 
it is -tines present er ra t ica l ly  in high 8.ounts. m a  aay be partly 
due t o  the amall amount of material of 1-2.7s s i z e  tha t  caueea an 
inadequacy of the  samples fo r  miaeral-corntius. Glaucophane has been 
observed occasionally i a  traces off Rome and Port Clarence. 

&thoppacme fhgp~ethonel. This mineral is more abundant 
i n  Norton Souad near the Yukon Elver, especiaIly i n  the  sandy sediaemw 
between the Yukon Delta and St. Laurence Island (Fig. 23, 24). The sandy 
sedinents far ther  auay fron the Yuhon River i n  the Chirikov h i n ,  however, 
contain lesser  awuuW of orthopyroxene. 

Bpidota. Epidote i n  both the aize fractione is maxbum near 
Borne (Big. 25, 26). In parts of Norton Somd s-hat farther from the 
Yukon River, in  the central part of the Chirikov Basin and off the Cape 
Prince of Wales, the mineral i s  d s o  present i n  re la t ive ly  high proportions. 
The distribution of epidote fa the coaraa f rac t iaa  off Plome i a  s3milar to  
Chat of garnet. 

C h W t o i d  mrd etmcroMb. Tbe distributions of these &erala 
a r e  very similar (Fig. 27 - 30). In general, both chloritoid and stauroZite 
a r e  preaent in high caaomts i n  the aorthern par ts  of the C h i r i h v  -in 



. . 
Fig. 17. Percentage distribution of garnet i n  2.75 - 4.06 heaw minerals. 

lu 

Fig. 18. Percentage distribution of gatnet in 1 - 2.756 shad heavy minerale. 
01 
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P i .  0 Percentage dietribution of opqm i l n e n l a  i n  1 - 2 . 7 5 l  aired h u y  minerals. rn 



Fig. 22. Percentage distribution of amphibole in 1 - 2.756 eised heavy minerals. 8 
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Fig. 24.  Percentage distribution of orthopyroxeae ia 1 - 2.754 ~ieed heavy minerals. 



Fig. 25. Percentage d i s t r i b u t i m  of epidote in 2.75 - 4.0d s i ead  heavp minerals.  
I2 

Fig. 26. Percentage distr ibution of epidote i n  1 - 2.75d elzed heavy minerals. 



Pig. 28. Percentage dirtributioo of, ehloritoid In  1 - 2.756 sized h e q  minerela. 
M 



Pig. 29. Percentage diatribntion of rtaurolite in 2.75 - 4.06 aired heavy ainerpls. u u 

Fig. 30. Percentage distribution of ateurolite i n  1 - 2.756 sited heavy minerals. # 



end iYorton S o d .  High amnunts of both minerals. especial ly in the 
w a r q e  f rac t ion ,  a r e  associated with the  high garnet content of a 
r idge and channel betveen St. Lawrence Island and the Yukon Delta. 

Rcok fragments. The proportions of rock fragnents in  both the  
grade s izes ,  e r e  higher i a  Norton Sound off the Yukon River and ia t h e  
c e n t r a l  part of western Chirikov Basin (Fig. 31, 32). In  the coarser 
f rac t ion ,  t h e  rock fragments tend t o  be present  i n  higher proportions. 

Sphsm.  This mineral is present i n  re la t ive ly  high proportiom 
i n  t h e  northern p a r t  of Morton S m d ,  off Golovnin Bay and off Nme, and 
i n  t h e  northern par t  of Chirikov Basin (Fig. 33, 34). The d is t r ibu t ion  
i n  these a reas  is more similar  to  t h a t  of garnet. Sphene is a l s o  
concentrated i n  the  Chirikov Basin near Northeast Cap .  and off  U o r t h u ~ s t  
Cape. The presence of higher amounts of sphene unlike zircon off Nom 
is noteworthy. 

Z i w o n .  Zircon on the  whole is a d o o r  campoaent of the heavy 
minerals (Fig. 35. 36). I t s  presence i n  r e l a t i v e l y  higher proportion i n  
the  e a s t e m m e t  par t  of Norton Sound, off  Northeast and Northweet capes 
and off Cepe Prince of Walee, is, however, eharc te r i s t ic .  The consistent 
low 8mounts of zircon i n  the high garnet and sphene areas off Nome is 
interest ing.  

In order t o  study the v a r i e t a l  charac te r i s t ics  of zircons. the t o t a l  
heavy residues f o r  each of severe1 semples were concentrated For zircons 
by means of a Pranz separator. Though the  absolute amounte of zircons thus 
obtained, a r e  more than enough i n  a l l  cases for  the  etudy of the  v a r i e t a l  
characters ,  the  r e l a t i v e  amounts i n  d i f fe ren t  areas a r e  8s already deecribed 
f o r  the  counts of this-mineral. 

Zming,color, authigenic grovths, degree of euhedrism, roundness, 
inclusions. length and breadth of 200 unbroken graina have been noted. 
Charactere other than length and breadth. have a l s o  been noted vbenever 
possible, f o r  t h e  broken grains. Only the s ign i f ican t  characters of the 
zircone a r e  described here. 

The samples analyzed a r e  l i s t e d  i n  Table I V .  One sample is off 
Nome. One is from the  beach a t  Northeast Cape on St. Laurence Ieland and 
from a s t a t i o n  off  shore (68 ANC-147). Two samples a r e  off Northvest Cape 
(68 SU-138. 68 ANC-905). One sample is off Cape Prince of Wales (TT 016-371, 
and one sample is from the eastern sect ion of Norton Sound (TI 018-9). The 
percentage of zircon grains with each charac te r i s t ic  a r e  l i s t e d  and a repre-  
sented graphically i n  Fig. 37 and 38. The designation "aubhedral" re fe rs  
t o  grains euhedral on one end but brokenon the other  end; "anhedral" 
r e f e r s  t o  prains broken on all sides. 

The zircons i n  the  Nome area (area of l o w  zircon concent) a r e  
more rounded and less euhedral. Rmong the  rounded aircone, hyacgnths 
(pink) a r e  common. The elongation ( l e ~ t h / b r e a d t h )  larurima occur a t  1.52 
(prominent) and 2.12 ( less  prominent) values (Fig. 39. 40). Though the 
aircoaa off Cape R i n c e  of Balm (aa area of re la t ive lv  hiah zircon content) 
a r e  s imi la r  t o  tbose off &me, there is a difference between the  two. 111 
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Fig. 32. Percentag@ disttibmtion of rock frapants ia l - 2.756 eized hea* oiaerals. L. 

Fig. 33. Percentage distribution of sphene in 2.75 - 4.06 eieed heavy minerals. 
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W Fig. 34. Percentaga distributide of sphcne in 1 - 2.751 eked heavy mineral#. 

F Q .  35. Percentage distributian o f  zircon in 2.75 - 4.06 aized heavy minerals. % 



Fig. 36. Percentage distribution of zircon ia 1 - 2.756 aired heavy minarala. 
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the forrmer area, the zircone are  more euttedral than i n  the l a t t e r  era. 
Hanp of t he  zircons off Northeast Cape a re  euhedral and only a feu rormded. 
A few hyacynths have been obserPed. In the case of Northwest Cape. there a r e  
a l so  many eahedral drcone,  but unlike those of #orrheast Cape, they a re  
zoned. The occurrence of elongation maxim a l so  looks dist inctive (Table E P ) .  
The zircons of rho eesternaost part of Horton Sound a r e  similar t o  those of 
Plortheaat Cape in the i r  euhedriam and i n  the i r  lack of zoning. The 
elongation maxima of the former area, however, a r e  different.  

Light minsrab. Selected sar~ples were examined fo r  l ight  miaeral 
cdmposition, h particular quartz. K-feldspar, and plagioclase (Tables V and 
VL). The distribution of quartz in both the coarse and f ine  sands are  
a in i lar ;  the  percent of quartz in the coarse fraction tends t o  be highar 
(Pig. 41, 42) .  Quartz is the =st donilumnt compoaent ia the northern part 
of t he  Chirikov Basin end Norton Sound. and from these are- i t  decreaaea 
southvard. It is Latereating to  note that  i n  the area of channels and 
ridges between the  Yukon Delta and St. lavreuce lelaad the percent of quartz 
i n  the  coarse fractions tends t o  be high compared t o  the adjacent areas. 

K-feldspar is more concentrated i n  the f iner  sand fraction (Fig. 
43. 44). Tha percent X-feldspar is umimum off Northvest and Northeaet 
capes a d  in the adjacent areas of the Chirikov Basin. K-feldspar is also 

* present i n  re la t ive ly  high proportions i n  the f ine  sands just  off Golovnin 
Bay and Cape Prince of Wales i n  the Bering St ra i t .  

Plagioclaae is also concentrated more i n  the f ine  fraction (Fig. 45, 
46) .  10 both the s i ze  fractions, plagioclase i s  present i n  maxlmrrm 
proportions off the central  part of St. Lavrence Island and minimum off 
N m h  - Port Clarence. Off the Yukoa River, the percent of plagioclase is 
very high compared to  the central  parts of Chirilcov Baain. In the coarse 
fractions, hwever, the muall emount of material i n  each sample makes 
th is  conclusion l e s s  certain. 

DISCUSSION 

Based on the distribution of aedimerrt characterist ics,  especially 
the mineral conteat, tea  eedimntary provinces can be distinguished i n  the  
northern Berfag Shelf (Fig. 47): 1) Yukon province is characterized by 
high amounts of cliwpyroxeae. hyperatheue, rock f r apen t s .  and plagioclase. 
The sediments of t h i s  province are,  t o  a great extent, poorly sorted fine- 
grained sediments. The sand modes associated with these sediments are  often 
i n  the  3-46 range. The sediments between the Yukon and the eastern part of 
the St. Lawrence Island are relatively coarser and sand-predominant. These 
sediments, except i n  the areas of channels and ridges, have a mineral content 
similar to  tha t  of the f ine  sediments of Norton Sound. 2) Stuart Island 
province is characterized by abundance of olivine and is confined to  the 
beaches and nearsfiore areas of Stuart Island in  Norton Sound. 3) East- 
Norton Sound province consist6 of high amounts of clinopyroxene and opaques. 
d is t inc t  types of zircon and some olivine. 4 )  Golomin Bay province has 
considerable amounts of clinopyroxene and garnet. maximum percent of 
hornblende, high amo~mts of sphene, quartz and K-feldspar. The amomts of 
clinopyroxene are  usually l e s s  than tha t  of Yukon province and the garnet 
l e s s  than tha t  of the  adjacent Nome province. Stauroli te end chloritoid 
are  high In the northern part of Norton Sound near Golovnin Bay a s  a lso  in  



F i g .  42. Percentage diecrlbutiwn of quartz la 1.0 - 2.751 sized l ight  fraction. u (.I 

Fig. 43. Percentage distribution of K-feldspar in 2.75 - 4.01 sized l i g h t  fraction. 
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Fig. 44. Percentage distribution of K-feldspar i n  1 - 2.756 sized lipt fraction. 

Fig. 45. Percentage distribution of plagioclase 2.75 - 4.06 sized l i g h t  fraction. 8 



U Fig. 46. Percentage distribution of plagiaclase i n  1 - 2.75d sired Light fraction. 
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t h e  northern part of Chirikov Basin off Wome and Port Clarence-Cape Prince 
\ef Wales. The sand content of the  Golovadn Bay province sediments is high. 
5) Nom province is characterized by high percent of garnet (max im)  and 
opaque rsinerals and sphene. The percent of zircon is very low, but the  
types of zircons a re  d is t inct ive .  Of the  l i g h t  minerals, quartz is the 
dominant component. Poorly sorted coarse sediments a r e  common f n  t h i s  area. 
Often pebbles of schistose rocks and quar tz i tes  a r e  associated v i t h  these 
sediments. 6) Prince of Wales province: A t  l e a s t  one (possibly more) 
sedimentary province can be distinguished off Port Clarence-Cape Prince 
of Wales. Considerable proportions of clinopyroxene, garnet and aome 
opaques and olivine,  high amounts of zircon and sphene characterize the 
sediments here. The sediments of t h i s  province a r e  usually coarse 
(excluding Port Clarence Bay). The pebble lithology indicates at l e a s t  
two sub-provinces within the major province - one i n  the  Bering S t r a i t  
and the  other off York. 7) Chukotka province is based on re la t ive ly  few 
samples analyzed from the western pa r t  of the Chirikov Basin. The sed-iments. 
however, seem t o  be characterized by high parcent of hornblende and 
clinopyroxene, opaquea with of ten metal l lc  f lakes (mostly of metal l ic  
copper and some of iron-copper sulphide) and sphene. The sediments a r e  
usually sandy, although gravel predominates a t  places. Pebbles and c o b b l ~ s  
of acid volcanica with occasional presence of copper sulphidee a r e  
associated with these sediments. 8) Northvast Cape province: With the  
number of samples analyzed, it may be  d i f f i c u l t  to distinguish th ia  province 
from Chukotka province. However, the  higher proportion of K-feldspar and 
zircon i n  the  adjacent areas off the  Cape may be character is t ic .  Zfrcon 
types i n  t h i s  area appear d is t inct ive .  9) Central St. Laurence Island 
province has ol ivine  a s  the dominant compunent with high proportions of 
clinopyroxene. Pebbles of olivine-basalt6 a r e  common. 10) Northeast 
Cape Province: Higb mounts of hornblemde, considerable mount of 
clinopyroxene, and high percent of zircon, sphene, and K-feldspar d ts t inguish  
t h i s  province. Distinctive types of zircon a re  found i n  these sediments. 

m.. 

An attempt has been made to  evaluate whether the d i f fe ren t  mineral 
assemblages are  an eff&ct  of sor t ing by s i z e  and density o r  the  e f fec t  of 
derivation from the source rocks. The p lo t s  of mean s i z e  of sediments 
versus the percent of the major heavy minerals a r e  shown i n  Fig. 48-51. 
Except f o r  a suggestion of a smell increase i n  amphibole (hornblende) 
content with decrease i n  grain s i ze ,  no systematic and discernible trends 
a r e  apparent. Even i n  the case of hornblende, s i z e  var ta t ion does not seem 
to  have any systematic influence upon samples wi:h high amounts of the 
mineral, i.e. upon the samples used t o  delineate some provinces. Also, 
supporting the lack of sor t ing e f fec t  upon province definit ions,  the v a r i e t a l  
characters of zircons, which indicate  that  a t  l eas t  those provinces where 
t h i s  mineral has been studied i n  d e t a i l ,  a r e  d i f ferent .  

Not a l l  minerale present i n  high percent i n  the di f ferent  provinces, 
a r e  necessari ly exclusive t o  the  respective provinces, nor have they been 
derived from a s ingle  s u i t e  of rocks. Where di lu t ion of the sediment i n  a 
province by the  sediments from other provinces is suspected, it is so  
indicated i n  Fig. 47. 

Detailed knowledge of the  mineralogy of the rocks on the land is lacking. 0 0 
It is therefore d i f f i c u l t  t o  precisely relegate the sedfments of the d i f fe ren t  
provinces t o  the i r  respective sources. 
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Fig. 49. Mean s i z e  of the sediment versus percent total heavy minerals I n  1.0 - 4.08 
sized heavy mineral fraction. 

Pig* 50. M U .  s i z e  of the sediment varaue percent elln0pyrmene in 
2-75 - 4-06 sized heavy mineral fraction. 
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Q MEAN SIZE 

F i g .  51. Mean size of the eedimant versus percent clinopyroxene in 
1 - 2.75d sized heavy mineral fraction. 

F i g .  52. Mean size of the sediment verPua percent garnet in 2.75 - 4.06 
sized.heavy mineral fraction. 



# MEAN SIZE 

Fig .53 .  Man size of the e e d i m t  v e n u  percat garnet in 1 - 2.751 
eized heavy mineral fraction. 

Fig. 54. Maan size of the sediment versus percent amphiboles in 
2.75 - 4.06 sized heavy mineral fraction. 



MEAN SlZE 

Fig. 55. Mean size of the sediment versus percent amphibole in 
1 - 2.756 aized heavy mineral fraction. 

Fig. 56. Mean size of the sediment vereua percent orthopyroxene in 
2.75 - 4.08 sized heavy mineral fraction. 



In  view of the  presence of d i f ferent  rocks i n  the  drainage basin 
of the Yukon River and i n  view of the  nearness of Chis river.  t he  Yukon 
province is believed t o  be wholly the r e su l t  of Yukon silt deposition. 
The Quaternary basalt8 of Stuart  Island and adjacent mainland a r e  
responaiblte f o r  olivine-rich sand near Stuart  Island and the quaternary 
basalts of cen t ra l  St. Lavtence Island for the  olivine-rich sediments i n  
the  nearby areas. The dorainant presence of grani t ic  and some volcanic 
rocks on the Porthweat and N~rtheaat  aapes, cause t h e  two provinces off 
these capes. These  province^ may a l so  have received some sediment f r m  
other adjacent ones. The Chukotka province with cha rac te r i s t i c  acid- 
volcanic rocks, high awamts of amphiboles, clinapyr.oxene, opaques and 
sphene, must have been derived from Southern Chukotka peninsula. The 
sediments of Prince of Wales province have been derived from the  t e r ra in  
of dominant sedimentary rocks (limeatones, sandstones) and some grani t ic ,  
volcanic and metamorphic roeka on h r d  Peninsula. Some of the  sediments 
of t h i s  province m y  have been derived from northern Chakotka peninsula 
a d  from Nome province. The differences betwe- the  Noma and Golovnin 
Bay provinces, a r e  presmably due to  the  differences i n  the source rocks 
on the nearby land areas (see D m 0  and PAYME, 1957). The sediments of 
the  easternmost pa r t  of Norton Somd may have been s imilar ly  derived from 
yet another source of rocks. 

Working so le ly  with the  sediment textare,  CB&BGER and HdhtWS (1967) 
concluded tha t  much of the mad of the Chirikov Baain is re la ted t o  the 
lowered se&evels, whereas the  f ine r  sediments of Norton Sound re f l ec t  
modern conditioae. The present study confirms t h i s  a d  provides many 
d e t a i l s  on the  nature and sources a& dispersal of the& sediments (Fig. 47). 

I n  Norton Sonud, the  di f ferent  provinces, par t icular ly  the  Yukoa. 
the hat-Norton Sotmd, and Dolomin Bay provinces, can be re la ted t o  
modern processes. The Nome province not only r e f l e c t s  a modern dispersal 
but a l so  the  influence of dispersal  during conditions of lowered sea levels.  
BOPKINS (1967) distinpuished several strandline deposits i n  the  nearahore 
areas off Nome from which some of the samples analyzed i n  the present study, 
were collected. I ce  r a f t ing  i n  a limited way could be important i n  the 
nearshore area off Home. 

I n  the  northern pa r t  of the Chirikov Basin, along the coast from 
Nome t o  Cape Prince of Wales, the heavy minerals occur not only i n  sediments 
presently affected by waves and strong currents, but a l s o  i n  sands a t  water 
depths too great  fo r  water motion t o  exert  a dominant influence on sand 
dimpersal. Because the  mineral assemblages characterizing the  sedimentary 
provinces do not change s ignif icant ly  with depth i n  the northern par t  of the  
Chirikov Basin and because the bedrock that could supply ,these minerals l i e s  
buried under a th ick p i l e  of sediments of l a t e r  age, the  same provenance 
m u a t  have supplied the material i n  any given area t o  t h e  locations both 
within and below the  influence of modern nearshore processes. This suggests 
that much of tde  wand:in the northern part  of the  Chitikov Basin was deposited 
during the  c o d i t i o n a  of lmered sea levels. 

Off the  coast between Port Clarence and Nome, higher concentrations of 
heavy minerals (sp. gravity 3.14-3.17) a r e  found at depths of 12 m, 20 m and 
30-34 a thaa i n  the  nearshore areas that  have been sampled. These high 



c contents occur mar the  submerged ridges which character is t ical ly  contain 
brown o r  red coated sands 8nd mfght r e f l ec t  s t i l l  stands of sea level  a t  
these dep th .  The percent of garnet in the  centra l  par t  of Cbirikov Basin 
decreases s ignif icant ly ,  but is still higher than i n  the  Yukon province 
and the provinces off St. Lawrence Island. This may re f l ec t  the deposition 
of these sediments by a weaker mechanism than would be present at still 
stands, o r  may r e f l e c t  mixing of the  sediment from the dif ferent  provinces. 

EOPKINS (1967) distinguished beaches at 11-13 m. 20-22 m depths off 
Nome eas t  of the above mentioned high heavy-mineral areaa. CREAGER and 
NcMANUS (1967) distinguished a s t i l l s t a n d  at 36 m depth i n  the southeast 
Chutcchi Sea and they extrapolated t h i s  s t i l l s t a a d  t o  the Northern Bering 
shelf also. 

A t  lbst pare of the  sediments of Chukotka province and Northvest 
Cape a r e  a lso r e l i c t  deposits that possibly re f l ec t  g lac ia l  transport of 
materiel from Chukotka peninsula prior t o  reworking by the  transgreasln8 
sea. LLSITSYEl (1966) l i s t e d  the characteristic8 of ice-rafted and algae- 
transported sed-ats under present sea Level conditions and submarine 
raoraiaes deposited mtder past sea level  cmditione. Applying LISITSYN'S 
(1966) c r i t e r i a ,  it may be inferred that the ueuaUy poorly sorted angular 
boulders, cobbles and pebbles of acid volcanic rocke i n  Anadyr S t r a i t  and 
off Northwest Cape a r e  morainal deposits. Also. off Northwest Cape a t  
34-36 m depth, a lin-r zone of well-sorted reddish brown colored sands 
with high momts of haavy minerals and with small rounded pebblee of acid 
volcanic rocks describad, might indicate a beach deposit. 

The high concentration of heavy minerals off the  eastera  end of 
St. Lawrence Island at depths of 20 mi i n  the regions of ridges may alao 
represent former strandliues,  although additZ-1 etudy is required here. 
The re la t ively  high content of garnet on a ridge and i n  a channel compared 
t o  the adjacent areaa in  t h i s  region, may indicate derivation of sediments 
i n  per t  from the Elom area. 

Became of coneiderable revorking of the  d i n t e n t s  t o  be  expected 
thrangbont the C h i r i k n  3asin during sea level  f lmtas t ione  and because of 
influx of fine-sized material, only a few strandline deposits may be 
detectable. The sediments i n  the broad-valley like feature  in the central 
par t  of the Chirilcov Beein represent an area of lw heavy mineral content ae 
in Norton Sound, but t h e  d n e r a l s  do not appear t o  have been derived t o  any 
great extent from the Yukon River. The valley-like depression may not  
therefore, have a d i rec t  re la t ion t o  the Yukon at a time of lowered sea level. 
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Weight percentages of material 
with specific gra~ty >3.15 in the different 
size fractions of the Q1ortlmern Bering Shelf. 
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Percentages of the heavy minerals on opaque-f'ree basis 
Sn the 2.75-4.g afze fractions 

A m ~ h i '  olss Garnet 
0 0 

e 
rl 

i V1 % j 1 1  
68 
-159 9-80 4.05 5-07 22.64 1.01 O 28.72 21.98 3.38 1.35 8-70 3-94 ll.82 3.38 11.49 - .34 - 4.39 

~67-336 .29 3.14 2.00 4.29 - 0 6.29 13.43 4.00 - 7.71 54.W 61.n 1.14 4.29 - 2.00 - 3.71 
68 

-172 1.89 23.U 3.07 4.48 - 0 7.55 15.33 4.48 2.36 6.60 20.52 27.12 7.31 1.18 4.07 .23 4.72 
n-019 

6.38 30.10 3.83 6-93 - 0 12.76 13.02 4.34 2.83 7.14 9.18 16.32 1.28 8.16 - 1.28 - 3.57 
6.36 23.66 1.39 U.13 - 0 U . 2  U.13 5.57 1.99 3.98 19.16 23.46 .40 4.57 1.39 2.98 - 4.97 

-55 7-99 31.96 3.63 13.80 - 0 17.43 9.44 4.a -24 5.33 8.23 U.56 1.45 7.51 .73 .48 .24 4-12 
68 JW 
- 5 0 ~  -49 25.24 4.85 2.43 - o 7.28 7.77 8.25 1.46 8.25 22.33 30.58 1.46 7.77 .97 1.46 .m 6.31 
-76 9-66 34-87' 1-89 U.97 - 0 13-86 15-32 3.99 .EL 3.78 6.09 9.87 .63 8.61 .84 .21 .k 1.68 
-169 4.34 26.82 4-21 8.17 - 0 12.38 33.41 4.98 1.15 6-90 15.84 22.74 .89 6.26 - 3.07 - 3.96 
-77 4.98 39.10 6.63 10.66 - 0 17.29 8.06 5.45 .95 5.21 8.77 13.98 1.42 7.11 .24 .24 .24 .95 

-79 6-56 28-23 4.17 22.47 - 0 26.64 33.78 .6O 3.78 2.98 6.76 1.39 9.34 .80 .40 .2O 2.39 
-84 3.47 e.69 7.41 24-31 - 0 31-72 10.88 4.68 .23 3.47 7.87 U.34 1.62 11.U - .69 23 1.S 
-89 6.25 26-36 5-98 16.58 - 0 22-56 U.41 3.26 .54 3-53 5.43 8 . s  2.17 13.59 1-09 - - 3.80 
40 5-76 24-75 4.75 12-54 - 0 17.29 9.83 5.76 2.37 5-06 10.57 15.59 .34 12.88 2.37 1.02 - 2.03 
-212 3 .h  12.15 3-20 3.62 .2l 0 7-03 9.59 6.61 .U 4.05 40.09 h.14 a85 7.66 .85 1.n .2l 5.51, 

-215 7 . e  a - 8 5  3.99 4-10 - 0 9.09 U.44 5.90 .48 6.70 2l.W 27.75 .32 9.25 A8 1.44 - 3.99 
-8l 7-47 25.W 4.63 144.0 - 0 19.2L? 4.88 4.63 .89 4.63 3.38 8.07 1.96 13.17 -18 .36 - 5.16 
-239 u - o "  a-56 7.69 14-29 - 0 U.98 9.71 2.20 .55 2.38 4.95 7.33 2.01 13.19 .37 .55 - 2.56 

Amphl.boles Garnet 
P) 

C1 2 

68 rn 
-210 1.82 17.09 1.82 3.27 - 0 5.09 9.82 4.00 - 5.45 43.27 48.72 - 5.09 .36 1.09 -7'3 6.18 
-2de 3.73 16.00 2.93 9.07 - O U.OU ~3.07 6.93 .27 4.80 85.07 29.87 .27 9.60 - 2.U .53 5.60 

NrV-~261 
-1 14.20 30.66 5.56 13.17 - o 18.73 12.14 2.67 1.44 4.32 2.67 6.99 2.06 10.08 - .a - .& 
-3 1.50 20.30 ll.15 U.31 - 0 22.46 7.82 7.32 .83 3.99 18.47 22.46 1.33 6.66 - 1.66 .17 .49 
-4 3.11 22.60 n.44 16.10 - 0 27.54 9.89 10.59 .14 5.65 7.34 12.9 1.27 5.23 .a 1.55 - Z.94 
-5 3 .a  51.98 1.52 2.74 - o 4.26 4.26 .PI 2.u 3.95 5.17 9.12 .3i 22.80 .gi - - .31 
-8 14,8731.68 3.724.98 .18 o 17.88 9.91 3.07 .18 2.65 4.07 6 . ~ 1 . 5 9 ~ 2 . 7 4  - .18 - 1.24 
-10 7.11 34.10 5.23 14.64 - 0 19-87 U.76 3.77 .Y 3.14 1.46 4.60 1.26 15.06 - - - 1.26 
-U. 6.71 31.94 7-18 12.73 - O 19.91 14.- 1-85 .93 3.44 1.39 5.33 .69 17.59 - - - .93 
-12 10.18 32.74 4.65 17.48 .22 0 22.35 U.27 3.55 .66 .88 2.88 3.76 1.33 U.40 .4h .22 - - 
-13 7.14 31.85 5.79 19.88 - O 25.67 U.00 1.74 - -40 2.90 3.30 1.35 16.m .58 .lg - 1.16 
-2l U.47 31.37 5.23 U.47 el7 O 16.87 16.69 2.19 -67 2.m 2.36 4.38 .51 13.83 - .17 - 1.85 

68 ANC 
-237B 4993 10.59 4.19 3.69 - O 7.88 U.58 4.43 .25 7.14 38.42 45.56 1.72 8.62 .49 1.48 - 2.46 
2 l2.08 28.26 8.45 16.67 .24 O 25.36 12.32 1.45 .48 3.62 2.66 6.38 .72 10.14 - .48 - 2.42 
-231 10.29 32-10 6.17 16.26 - 0 22.43 10.91 1.03 - 1.23 1.23 2.46 2.26 1.5.01 .20 - - 3.09 

-228 3.3 8.78 2.79 2.59 - O 5.38 10.38 4.99 .20 3.59 51.50 55.09 1.80 4.39 .2O 1.40 - 3.99 1.g u.66 5.62 4.75 - o 10.37 16.90 3.09 3.67 5.18 41.68 46.86 .z 5.62 - 1.73 - 3.60 
CtR25-B 

QSO - 2.87 - 2.81 - 0 6.32 5.17 - - 17.82 57.47 75.29 1.15 6.32 - 1.15 .57 1.15 3.45 
CtIiII.9-3A - 4.00 .40 1.60 - 0 3.20 8.80 4.80 .80 22.80 37.20 60.00 .80 7.60 - 4.40 -40 5.20 1.20 
mu30 

3@ 2.67 39.04 5.08 16.31 - o 21.39 1.q 5.61 8.56 3.74 2.67 6.41 .28 8.56 6.15 - - .28 - 
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TABLE I1 



PerceatAges o f  heavy miaerals on opsque-free baaL h t h e  
1-2.754 size fractions. 



TABLE 111 

---- I ! - " " - I  - - 

Amphiboles 
I I --.I - - !  - 



TABLE 111 3 .S 

I Amphiboles 

TABLE IV 

SOME CMRACTERESTICS OF ZIRCONS - 
Partly Euhedral 
Partly Rounded Rounded Subhedral Euhedral 

6rl 

13.0 

Anhedral 
P 

7 . 7  

24.2 

Elongation Maxima 

Nome Area 

Northeast Cape 
Beach 

SU- 138 

ANC-9OB 

W18-37 

Tl'O18-9 

ANC- 147 

* prominent 



Percentages of quartz ,ad felspars in 
the light material with specific gravity<3.15 i n  the 

2.75-4.6 size fracti.ons of a few samples 

Station no. 

m-116 
SV-138 

Amc-144 
Am- 93 
hNC-147 

-243 
a-19-55 
TE-19-29 
TT-19-31 

94 

: 8 - @ - 77 
a-18-30 
'PI!-18-31 
A E -  50 
ME-237 
AHC-228 

-225 
-220 

TI'-18 (l6) 
RSP 3x912 (New 

TT-18 (20 
W-l8-15 
n-18-26 
TT-18-25 
a-18-24 
TT-18-23 
m-18-22 

ESP II-10 ( ~ d  
m-1S.E 

92-18-13 

Orthoclase 

19 -75 
49.76 
41.30 
43 -62 
25.28 
13.46 
15 013 
25 063 
17.22 
45 -10 
36.20 
29-89 
33.44 
21.88 
13-95 
13 095 
16.48 
12.92 
19.16 
20.68 
23 .hb 
17-52 

Percentages of q&z and felsparlp in 
the light material with specific gravity < 3.15 in the 

1-2.754 size fraetium of a fen typtcal samples 

Station Ho. 

m-sou 
m-018-29 
~f-018-30 
m-0~8-31 ' 
m-018-15 
TT-018-16 
n-018-20 
IT-018-25 
n-018-24 
Ta-018-26 
ns i8 -23  
n-018-22 
n-018-12 

H.W-261-10 
N.W-261- 4 
mew-261- 3 
m- 116 

SU-U8 
m-144 
Aarc- 94 
Amc- 83 
Rmc-147 
ARC-243 

m-019-31 
m-019-55 
n-019-29 
m- 93 
AKC- 84 
mc- 89 
a- TI 
m-237 
m-228 
ARC-225 
ME-220 

Shell 


