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I. SUMMARY 

2-dimensional contour and 3-dimeneional value-surface maps of semi- 

q u a n t i t a t i v e  emission spectographic ana lyses  for over 50 elements i n  s u r f a c e  

eediment from 1 8 0  sampling s t a t i o n s  are presented. For purposes of 

d i scuss ion ,  c e r t a i n  of these  elements have been grouped i n t o  t h e  fol lowing 

ca t egor i e s :  petroleum i n d i c a t o r s ,  heavy metale,  p o t e n t i a l l y  t o x i c  elements,  

chemically s e n s i t i v e  elements,  major elements,  minor elements,  and a group of 

elements of economic i n t e r e s t .  

O f  t h e  petroleum i n d i c a t o r  elements,  Ni and V, Ni showed only average 

concent ra t ions  i n  sediment near a gas seep 35 km south of Nome, Alaska; V 

showed s l i g h t l y  lmer values i n  samples taken r e c e n t l y  from t h e  gas-seep a r e a  

and r e l a t i v e l y  high values i n  samples c o l l e c t e d  e a r l i e r  from t h e  same area.  

High amounts of V and N i  were found i n  sediment 40 h west of the south  t i p  of 

S t .  Lawrence I s l and ,  sugges t ing  t h a t  p o t e n t i a l  petroleum seeps should be 

searched  f o r  i n  this area.  A l l  o the r  anomalous va lues  f o r  Ni and V seem t o  be 

related t o  s p e c i f i c  sediment types  o r  t o  nearby onshore sources.  

The elements Z r ,  Sn, C r ,  and Ce were categorized a s  heavy metals.  Zr is  

found i n  high amounts i n  sediment surrounding t h e  Yukon Delta and i n  Norton 

Sound. I t  is genera l ly  l o w  i n  sediment i n  the region of t h e  Chir ikov Basin. 

Very high Z r  concent ra t ions  aTe found o f f  NE Cape of St. Lawrence I s l a n d  as 

well as of f  the western and southern p o r t i o n s  of St. Lawrence I s land .  These 

high amounts a r e  probably der ived  from z i rcon  conta in ing  quartz-monzanite 

p lu tons  widely d ispersed  throughout the i s l and .  Sn was de t ec t ed  i n  only 23 

samples. High concent ra t ions  were found of f  Cape P r ince  of Wales, i n  Anadyr 

Strait; and i n  the a r e a s  of King I s l and ,  P o r t  Clarence, B lu f f ,  Cape Rodney, 

and o f f  the nor th  c e n t r a l  coas t  of S t .  Lawrence Island. It is  p o s s i b l e  t h a t  

t h e  high va lues  i n  Anadyr S t r a i t ,  Po r t  Clarence and King I s l a n d  a r e  



h y d r a u l i c a l l y  concentrated. Values i n  o t h e r  a r e a s  appear t o  be derived from 

immediate land sources.  C r  is evenly d i s t r i b u t e d  except  for high 

concent ra t ions  c l o s e  t o  S t u a r t  I s l and ,  a t  l oca t ions  south and nor th  of S t .  

Lawrence I s l and ,  and of f  Cape Pr ince  of Wales. These high amounts appear t o  

be c l o s e l y  r e l a t e d  t o  t h e  m f i c  rock types found on ad jacent  land areas .  

Cerium is  found i n  few raw-bulk samples but  where p re sen t  it is  a s s o c i a t e d  

with lanthanum and neodymium which sugges ts  t h e  presence of the heavy mineral 

monazite. The g r e a t e s t  concent ra t ions  of Zn, C r  and C e  were found i n  a sample 

taken from 30 km south of  Cape Pr ince  of Wales. Because t h i s  sample a l s o  

con ta ins  t h e  h ighes t  amounts of T i ,  Mn, La, Sc, Y ,  Y b  and N d ,  it may i n d i c a t e  

a s i g n i f i c a n t  p l a c e r  area.  

O f  t h e  p o t e n t i a l l y  t o x i c  elements,  Sb, As, Cur Pb and Zn, Sb was de tec ted  

i n  only a f e w  samples from t h e  Bluf f ,  NE Cape of St. Lawrence I s l and ,  and 

S t u a r t  Island beaches. &was de tec t ed  only i n  samples from Bluff beach where 

lode  cinnabar  depos i t s  occur. High concent ra t ions  f o r  Cur Pb, and Zn occur 

t oge the r  i n  t h e  same a r e a s  off S t .  Lawrence I s l and ,  a long  t h e  southern coas t  

of the Seward Peninsula  and i n  Norton Sound. These high va lues  seem d i r e c t l y  

r e l a t e d  t o  h ighly  mineral ized a r e a s  i n  concent ra t ions  ad jacent  t o  land 

areas .  Cu and Zn a l s o  show t h e  same t r end  a s  Zr, with high values off t h e  

Yukon Del ta  i n  Norton Sound and low va lues  i n  t h e  Chir ikov Basin. 

Value-surface maps f o r  t h e  chemically o r  environmentally s e n s i t i v e  

elements Fe, MI, Co and Ba a l l  show high concent ra t ions  of f  t h e  volcanogenic 

a r e a s  of nor th-cent ra l  St. Lawrence I s l a n d  and Stuaxt  I s land .  They a l s o  

e x h i b i t  high values  of f  Yukon Del ta  and low values wi th in  Chir ikov Basin. Ba 

is s i n g l e d  ou t  i n  t h i s  group because of i t s  use  i n  d r i l l i n g  muds. It a l s o  

e x h i b i t s  high concentxat ions surrounding Yukon Delta ,  near S t u a r t  I s l a n d  and 

along the southern coas t  of t h e  Seward Peninsula.  Maximum values occur of f  t h e  



southern  edge of St. Lawrence I s l and  and i n  t h e  middle of Anadyr S t r a i t .  The 

e l eva t ed  Ba concent ra t ions  off the Yukon Delta  probably o r i g i n a t e  i n  sediment 

f r o m  t h e  Yukon River drainage as do h igher  concent ra t ions  of Z r ,  Cur  Zn, Fe, 

and Mn. The anomalies near S t u a r t  I s l a n d  and Sewafd Peninsula  appear t o  be 

de r ived  from s p e c i f i c  land  sources.  

O f  t h e  major elements,  t h e  h ighes t  amounts of Ti ,  as with Fe and Mn 

d i scussed  above, a r e  i n  sediment found c l o s e  t o  volcanic source rocks of 

S t u a r t  I s l a n d  and St .  Lawrence I s l and ,  although the h ighes t  value of T i  is 

from a sample from 30 km south of Cape Pr ince  of Wales. Sediment con ta in ing  

h igh  concent ra t ions  of T i ,  Fe and Mn i s  t y p i c a l l y  found i n  reg ions  a s soc i a t ed  

with mafic rock types.  Ca and Mg a l s o  e x h i b i t  e l eva t ed  va lues  i n  t h e s e  a r e a s  

b u t  a r e  i n  g r e a t e s t  abundance i n  sediment south of P o r t  Clarence and o f f sho re  

from Cape Pr ince  of Wales where pa leozoic  l imestone formations are found. 

Value-surface maps for Na, K, and A l  do not  show s t r o n g  t rends .  Concentrat ions 

of K a r e  h ighes t  off  NE Cape of St .  Lawrence I s l and ,  and a r e  probably r e l a t e d  

t o  t h e  g r a n i t i c  bodies there .  A 1  shows h ighes t  values i n  t h e  S t u a r t  I s l and  

area and e a s t e r n  Norton Sound. Mn, Fe, T i ,  and t o  a lesser degree Ca, Mg, Na, 

K, and A 1  a l l  have high concent ra t ions  i n  t h e  reg ion  of t h e  Yukon Del ta  and i n  

Norton Sound. The h ighes t  amount of P w a s  i n  a sample from an enclosed bas in  

no r theas t  of St. Lawrence I s land .  

Of the minor elements,  S r  has t h e  h ighes t  c o r r e l a t i o n  c o e f f i c i e n t s  wi th  

K, Na, and Ba, bu t  t h e  h ighes t  S r  values a s  depic ted  by value-surface maps 

c o r r e l a t e  wi th  t h e  h ighes t  Ca values.  Concentrat ions of Sc c o r r e l a t e  c l o s e s t  

to concent ra t ions  of T i ,  Fe, V, La, and Mn and Sc shows t h e  same broad h igh  

anomaly surrounding t h e  Yukon Delta  and the low anomaly i n  t h e  Chir ikov Basin 

a l ready  mentioned f o r  T i ,  Fe, and Mn. Ga has high c o r r e l a t i o n  c o e f f i c i e n t s  

with La, Sc and T i  and high amounts of Ga a r e  found i n  Anadyr Strait and t h e  



e a s t e r n  end of Norton Sound. N b  is  concent ra ted  e a s t  of Cape Darby and may be 

r e l a t e d  to t h e  high concent ra t ions  of N b  r epo r t ed  i n  stream sediments from 

Cape Darby peninsula.  Nd c o r r e l a t e s  c lo se ly  with Ce and La. Concentrat ions 

of Y fo l law t h e  t r e n d  of high amounts i n  t h e  Yukon De l t amor ton  Sound a rea  and 

lowest  amounts i n  Chir ikov Basin. Yb has t h e  h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t s  

with Mn, Zn, and Y and a l s o  is  found i n  g r e a t e r  concent ra t ion  i n  t h e  a r ea  of 

the Yukon Holocene sediment d i s t r i b u t i o n .  Ag i s  found i n  8 samples c lo se  t o  

areas of St .  Lawrence I s l a n d  known t o  have s i l v e r  minera l iza t ion ,  c l o s e  t o  

S t u a r t  I s l and ,  t h e  Yukon Delta ,  Cape Nome, and Bluff .  The h ighes t  

concent ra t ions  of Mo were found c lose  t o  S t u a r t  I s l and  of f  Cape Pr ince  of 

Wales i n  a sample conta in ing  a high amount of Sn, and i n  a Bluff beach sample. 

Q-mode f a c t o r  a n a l y s i s  showed t h a t  4 f a c t o r s  were s u f f i c i e n t  t o  expla in  

92% of the var iance  between samples. A map of loadings f o r  t h e  mat 

s i g n i f i c a n t  f a c t o r  (Fac tor  111) covers an a rea  t h a t  roughly corresponds t o  t h e  

a r e a  of Yukon Holocene sediment deposi t ion.and a n a r e a  NW of St. Lawrence 

I s land .  Elements t h a t  a r e  r e l a t e d  t o  Factor  I11 a r e  La, N a ,  Ga, Ba, S r ,  Sc, 

K,  V and A l .  A map of loadings f o r  t h e  next  most s i g n i f i c a n t  f a c t o r  (Fac tor  

I )  corresponds approximately t o  t h e  e x t e n t  of r e l i c t  sediment cover i n  

Chir ikov Basin. Elements r e l a t e d  t o  Fac tor  I a r e  B, V, Y b ,  Ba and A l .  These 

two f a c t o r s  (Fac tors  I and 11) seem t o  expla in  t h e  t r e n d  exh ib i t ed  by many of 

t h e  elements of gene ra l ly  high concent ra t ions  i n  sediment surrounding t h e  

Yukon Delta  and i n  t h e  Norton Sound a rea  and genera l ly  l o w  concent ra t ions  i n  

t h e  Chir ikov Basin. However, some of the elements t h a t  show t h i s  t r e n d  most 

conspicuously a r e  not  c l o s e l y  r e l a t e d  t o  Factor  111, but i n s t e a d  a r e  b e t t e r  

r e l a t e d  t o  Fac tor  11. D i s t r i b u t i o n  of samples w i t h  high loadings f o r  Fac tor  

I1 corresponds roughly t o  t h e  h ighly  minera l ized  a r e a s  a long  t h e  southern  

Seward Peninsula.  Elements r e l a t e d  t o  Fac tor  I1 a r e  Y, Yb,  T i ,  Fe, Sc, Co, V 



and Mn. Plots of Factor IV loadings indicate this factor correlates somewhat 

w i t h  subaqueous glacial morain deposits. The one correlative element is Nb. 

11. INTRODUCTION 

A. General Nature and Scope of Study 

This study has been undertaken to assess the major and trace element 

content of bulk bottom sediment in the northern Bering Sea. The values 

arrived at are useful as geochemical baseline data that can be coqared with 

similar data from bottom sediment in the same region and elsewhere. The data 

are also useful for monitoring possible changes in chemistry of the bottom 

sediments that might result from future development in the region. Present 

anomalously high major and trace element concentrations are mapped and related 

to highly mineralized sources on land so that these high values will not be 

mistaken at some future tinre as sites of contamination caused by mineral 

resource development. 

B. Specific Objectives 

More specifically, this study considers 7 groups of elements of varying 

environmental significance and resource potential; we map their areal 

distribution in surface sediments and relate these to probable sediment 

source. The 7 groups of elements include: (1 )  V and Ni as possible petroleum 

indicators; (2) the heavy metals Sn, Zr, Ce, and Cr as possible indicators of 

placer deposits (Hg and Au are considered in separate studies, see Nelson et 

all, 1975; and Nelson and Hopkins, 1972); ( 3 )  the potentially toxic elements 

Pb, Cur Zn, As, Sb, and Cd (Hg is considered elsewhere, see above); (4) Fe, 

Mn, Con and Ba as elements which are sensitive to change in the chemistry of 

the sedimentary environment, with Ba as a particular indicator of petroleum 

drilling muds; (5) a suite of major and trace elements, and (6) a 

miscellaneous group of economic elements. 



The da t a  are both graphica l ly  and s t a t i s t i c a l l y  displayed. Computer maps 

have been generated t h a t  d i sp l ay  both contoured and 3-dimensional value- 

s u r f a c e s  f o r  each element. Geometric means and dev ia t ions  as we l l  as va lue  

ranges f o r  each element axe given i n  Tables I and 11. Resu l t s  of c o r r e l a t i o n  

ana lyses  are found i n  Tables  I11 and IV.  Maps showing t h e  genera l ized  geology 

of t h e  area, t h e  sampling loca t ions  and onshore mineral izaton sites, and t h e  

s i g n i f i c a n t  o f f sho re  anomalies a r e  depic ted  i n  Figs.  1, 2, and 3. A map of 

s i g n i f i c a n t  Q-mode f a c t o r  loadings is  found i n  Fig. 4. 

111. CURRENT STATE OF KNOWLEDGE 

The t o x i c  element Hg,  has  been previous ly  s tud ied  i n  the sediments of 

t h i s  a r ea  by Nelson, e t  a l . ,  1975. Gold p l a c e r  depos i t s  i n  the nearshore 

areas of Nome-Bluff and i n  t h e  o f f sho re  areas of Chir ikov Basin have been 

extensively s t u d i e d  by Nelson and Hopkins, 1972, Reports by McManus, e t  al. 

(1977),  Venkatarathnam (1971) ,  and Sheth, (1971),  d i scuss  i n  d e t a i l  t h e  

r e l a t e d  t o p i c  of heavy mineral and sediment d i s t r i b u t i o n ,  d i s p e r s a l  and 

provenance i n  t h e  nor thern  Bering Sea she l f  region. Gardner e t  al . ,  (19801, 

have completed a s tudy s i m i l a r  t o  t h i s  one i n  t h e  c e n t r a l  and southern Bering 

Sea she l f  regions. 

I V .  STUDY AREA 

The bottom su r face  sediment samples analyzed f o r  t h i s  study came from 180 

sampling s t a t i o n s  spread over Norton Basin (Fig. 2 ) .  The western p a r t  of t h e  

a r e a ,  Chir ikov Basin, i s  covered with what i s  thought t o  be r e l i c t  medium-fine 

sand (Nelson and Hopkins, 1972). The region surrounding t h e  Yukon D e l t a  as 

w e l l  a s  m c h  of Norton Sound, and s e v e r a l  depressions i n  an e a s t e r n  c o r r i d o r  

extending up to t h e  Bering S t r a i t ,  is genera l ly  covered with more r e c e n t  

sediment grading from coarse s i l t  to f i n e  sand. The major source of Holocene 

sediment i n  t h i s  region i s  t he  Yukon River (Nelson and Creager, 1977). There 



are some a r e a s  where the r e l i c t  and modern sediments i n t e r s e c t  c r e a t i n g  a 

p a l i u p s e s t  mixture of the  t w o  (McManus e t  al,, 1977). Much of the  sediment 

coming from the Yukon and deposi ted i n  Norton Sound is thought to be re- 

suspended p e r i o d i c a l l y  and then f lushed  through t h e  Bering S t r a i t  and 

depos i ted  i n  the Chukchi Sea by normal and storm t i d e s  (Nelson and Creager,  

1977). This  is helped by c u r r e n t s  which t r e n d  genera l ly  northwards t o  t h e  

Bering s t r a i t  and have v e l o c i t i e s  a s  high as 190 cm/sec i n  t h e  S t r a i t  i t s e l f  

(Coachman, et al., 1976). 

Water i n  t h e  reg ion  is  cha rac t e r i zed  by two f a i r l y  d i s t i n c t  masses. 

Colder,  more s a l i n e  waters  dominate the c e n t r a l  and western p a r t s  of t h e  

region. These a r e  surrounded by a shoreward hugging mass of Alaskan c o a s t a l  

water which is  warmer, less dense and genera l ly  moving along t h e  e a s t e r n  coas t  

northward t o  the Bering S t r a i t .  

S i g n i f i c a n t  minera l ized  depos i t s  a r e  found i n  s e v e r a l  a r e a s  bounding t h i s  

reg ion  (Fig. 2; Cobb, 1960a,b,c, 1962, 1964, and 1970; Eber le in  and Menzie, 

1978; Hudson and DeYoung, 1978, Hudson, et a l , ,  1977; Hummel, 1977, Nelson and 

Hopkins, 1972, Nelson, et  al . ,  1972; Over s t r ee t ,  et a l , ,  1974, 1978; Pa t ton  

and Cse j tey ,  1971, 1972; and Sainsbury, 1969, 1975). O f  p a r t i c u l a r  importance 

a r e  t h e  gold p l a c e r  depos i t s  found i n  t h e  N o w  Bluff area. Gold p l a c e r s  a r e  

a l s o  loca t ed  i n  var ious  r e l i c t  beach r i dges  o r  reworked g l a c i a l  moraines 

p r e s e n t l y  submerged of f  t h e  coas t  from Nome a s  w e l l  as of f  Chutkotka Peninsula  

and St, Lawrence I s l a n d  (Nelson, Hopkins, 1972). 

Lode depos i t s  of economic i n t e r e s t  occur i n  many a r e a s  surrounding Norton 

Basin. They inc lude  copper, l ead ,  z inc ,  s i l v e r  and molybdenum depos i t s  i n  

western and e a s t e r n  St. Lawrence I s land;  t i n  and beryl l ium depos i t s  of the  

Los t  River i n i n g  district on the western t i p  of Seward Peninsula  which also 

conta in  high concent ra t ions  of copper, l ead ,  z inc ,  antimony, gold and 



molybdenum; the general area of the southern Seward Peninsula where there are 

numerous occurrences of gold, copper, lead, zinc, mercury, antimony, iron, and 

some tungsten and niobium; the lands to the east of Norton Sound where gold, 

tungsten, antimony, tin, copper, silver, lead, zinc, molybdenum, platinum, 

chromium and titanium are found; and the entire Yukon drainage basin where 

mineral concentrations containing high concentrations of most of the 

aforementioned elements are located. 

All of the areas mentioned are drained by streams and rivers that have 

undoubtedly been contributing substantial amounts of mineralized sediment to 

Norton Basin for the past several thousand years. 

V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION 

Two groups of samples were utilized for this study. The first group 

consists of samples collected on 3 different cruises during the years 1968, 

1969, and 1970. These samples were originally collected to delineate sediment 

characteristics and faunal distributions in the region and to assess placer 

gold dispersal from Seward Peninsula sources (Nelson and Hopkins, 19721. They 

were taken using a 5 gallon galvanized steel Van Veen grab sampler which would 

normally penetrate the top 5-10 cm of bottom sediment. The resulting samples 

were given no special treatment and were stored at room temperature. The 

second group of samples were collected using a Soutar Van Veen grab sampler 

during 1976 and 1977 U.S.G.S. cruises of the U . S . G . S .  R/tr SEA SOUNDER. The 

Soutar grab sampler is teflon coated and causes minimal disturbance of surface 

samples. Subsamples were selected for trace element analysis from the top 1-2 

cm of each sample collected using the Soutar sampler and were immediately 

frozen and kept frozen until analyzed in Menlo Park, California:- 



This sampling technique was developed by Ian Kaplan of UCLA for BLM/NOAA trace 

element study of sediments on the western North American outer continental 

shelf. 

The average distance between samples is approximately 30 km. In an 

analysis of variance of samples from the central and southern Bering Sea, 

Gasdner, et al., 1980, found this distance to be adequate to show 

statistically significant trends in sediment composition. 

Samples, including pore water salts, were air dried at 1100 C, Each 

sample was then homogenized and a one gram split of each sample was analyzed 

by the Analytical Uboratories Branch, U.S.G.S ,  for a suite of over 50 

elements using semi-quantitative optical emission spectroscopy (Grimes and 

Marinzino, 1968). 

To assess the precision and accuracy of the 6-step semi-quantitative 

optical emission spectrographic technique used in this study, replicate 

analyses were done on both U.S .G.S .  rock standards and on subsamples of the 

sediment samples being studied. Additionally, several replicate subsamples 

were analyzed by neutron activation. 

VI. ANALYTIC RESULTS 

Semi-quantitative emission spectroscopy, although not as precise as other 

analytic techniques, yields values that are adequate to delineate regional 

trends. Care m s t  be taken, however, to establish the limits of precision and 

accuracy for the technique as used with a particular type of sample to detect 

a particular element. 

The precision of the 6-step emission spectroscopy technique is influenced 

by two factors: variability of the substance being analyzed and the 

variability introduced by the imprecision in the use of the technique or in 

the technique itself. To reduce errors due to sample variability, samples 



were ground to 230 mesh and homogenized. Sub-splits from the sample were then 

used for replicate analyses. The overall precision of the 6-step emission 

spectrographic technique was determined by running 5 to 8 replicate analyses 

on each of three samples. The subsamples used for the replicate analyses were 

submitted in a random sequence along with the other samples analyzed. The 

precision was calculated by averaging the percent difference between each 

replicate analysis and the mean value for all of the replicate analyses. 

Additional replicate analyses were run on subsamples from the same set of test 

samples by neutron activation as a further test of both the precision and 

accuracy of the emission spectrographic technique. Values of replicate 

analyses for all elements except zinc, were within 25 percent of the mean 

values for the replicate analyses, and replicate values for most of the 

elements fall within 15 percent of their mean (Patry, et al., 1977). 

The accuracy of the 6-step emission spectographic analyses was tested by 

analyzing four U.S.G.S. standard rock samples of known element composition. 

Two analyses were made on each rock sample and the average of the two values 

was calculated for each of 30 elements. Then the percent difference between 

these values and the actual values for each rock was determined. Next, the 

percent differences for all four rock standards were averaged to give the 

average percent error between values yielded by the 6-step emission 

spectrographic technique and the known values for the rocks. Element values 

for Y, Ca, Ba, K, Cr, Cu, Na, Co, Nb, Ni, V, and Zn, as determined by emission 

spec, were within 30 percent of the established values for the rock 

standards. This group of elements is almost entirely within the bounds of the 

'accepted' error for this analytic technique and therefore provides baseline 

data for the study area that is relatively free of analytic error. values for 

eleven elements including Sr, Al, Sc, Zr, Ti, Ga, Pb, Fe, Mn, and Mg, were 



within  35 t o  65 percent  of the a c t u a l  values for t he  rock standards and can 

still be considered reasonable basel ine data f o r  these  elements. Two 

elements, Yb and B, had values varying by more than 808 from the known 

values. Values f o r  these  elements should be regarded a s  only gross es t imates  

of t h e i r  a c t u a l  content  i n  the  sediment, Accuracy f o r  t h e  determination of 

e igh t  elements, Ag, As, Bi, Mo, N d ,  Sb, Sn, and Ce, could not be assessed 

because q u a n t i t i e s  present  were too low t o  be detected by the  ana ly t i c  

method. These elements were not s t a t i s t i c a l l y  analyzed but where p resen t  

above the detec t ion  l i m i t ,  they were p l o t t e d  a s  anomalous values. S i  was 

eliminated because i t s  values w e r e  a l l  grea ter  than the  upper l i m i t  of 

de tec t ion  of the  a n a l y t i c  technique (Patry,  e t  a l . ,  1977). 

The data was transformed i n t o  base 10 logarithms and the  ar i thmet ic  means 

and standard deviat ions were determined f o r  the  log  values. The ar i thmet ic  

mean of the  log  values of a d i s t r i b u t i o n  is equivalent  t o  t h e  geometric mean 

of the o r i g i n a l  values and if t he  d i s t r i b u t i o n  approximates log  normality, the  

geometric mean is the  bes t  measurement of the  c e n t r a l  tendency of t h e  

d i s t r ibu ton  (Table I; Miesch, 1967). The d i s t r i b u t i o n s  i n  t h i s  study were 

presumed t o  approximate log normality. Corre la t ion  analyses r e l a t i n g  element 

pairs  were a l s o  run on the logs of the data values. Q-mode f a c t o r  ana lys i s  

was pexformed t o  examine s i g n i f i c a n t  r e l a t ionsh ips  among samples and elements 

(Fig. 4, Tables V I ,  V I L ,  and V I L I ) .  Most of the  elements had no values less 

than the  lower l i m i t  of detect ion.  If an element had only one t o  th ree  values 

above or below the upper o r  lower l i m i t  of de tec t ion ,  these  indeterminate 

values were subs t i tu ted  with d e f i n i t e  values s e t  two class i n t e r v a l s  above or 

below the value of the  l i m i t  of detect ion.  Nine elements (Ag,  As, B i ,  Mo, N d ,  

S i  Sb, Sn, and C e )  had too  few values f o r  s t a t i s t i c a l  t reatment but enough 

values were obtained f o r  Ag, Mo, and Sn to be p l o t t e d  graphically. 



Concentrations of twenty-six elements were all below detection limits (Table 

11). Two elements, Ga and P, had a considerable number of values that were 

less than the lower limits of detection. 

Computer software developed by the Dynamic Berkeley, 

California (Dynamic Graphics Surface Display Library) was used to display the 

geochemical values. For each element (Figs. 5-66) there is a two-dimensional 

contour map of the value-surface and a three-dimensional mesh plot of the 

1 
value-surface shown at an oblique perspective to the land surface.- A single 

viewing perspective of 20' degrees to the horizontal and looking NNW was 

chosen for all of the three-dimensional mesh plots because the uniformity was 

found to enhance the ease with which one can compare plots for different 

elements. The value surface of each three-dimensional plot was made to 

decrease to zero as it impinged on a rough polygonal outline of surrounding 

coastlines. To further help viewer orientaion, a map view showing the coastal 

outline in the same perspective as the three-dimensional plot was generated 

above the three-dimensional plot. 

The Dynamic Graphics software used to generate the plotting grids from 

which the two- and three-dimensional map plots are made, employs an iterative 

technique to solve biharmonic equations which produces a surface of least 

tension passing through all the data points. It is this surface which is 

contoured or graphically represented by a mesh pattern. Contour intervals for 

the two-dimensional contour plots are chosen automatically by the program 

which makes the selection based on the maximum, minimum and distribution of 

values encountered. 

VII. DISCUSSION 

A. Petroleum Indicators 

High concentrations of V and Ni in sediments near petroleum seeps have 

been attributed to contamination of the sediments by high concentrations of 

1 Microfiche copy displaying lists and map-plots of element - 
concentrations and locations is available as Open-File Report 80-399B. 



t hese  elements a s  chelated porphyrins i n  the o i l s  and tars of the  Beeps (Reed 

and Kaplan, 1977; Yen, 1975). Therefore, r e l a t i v e l y  high concentrat ions of V 

and N i  together  i n  a p a r t i c u l a r  area might i n d i c a t e  the  presence of 

thermogenic hydrocarbons. 

The one known gas seep i n  Norton Basin is located  roughly 35 km south of 

Nome. A t  t h i s  site concentrat ions of N i  i n  surface  sediment a r e  not  

anomalously high but concentrat ions of V a r e  up t o  200 ppm, more than two 

geometric deviat ions higher than the  geometric mean f o r  V i n  sediment of t h e  
I/ 

northern Bering Sea region (Figs. 5,7,8; Table I). But the high V values i n  

the  gas-seep area  may be a r e s u l t  of being located in t he  region of Yukon 

Holocene sedimentation because equally high values a r e  found quite general ly 

throughout t h i s  area. The lack of both N i  and V anomalies a t  the  Norton Sound 

Seep is i n  keeping with the  f a c t  t h a t  it is  primari ly a C02 gas seep w i t h  only 

t r a c e s  of l o w  molecular weight thermogenic hydrocarbons (Kvenvolden, e t  a l . ,  

1979) 

Additional sediment samples were co l l ec ted  i n  a grid surrounding the  gas 

seep i n  order  t o  look f o r  poss ib le  chemical d i f ferences  between sediment i n  

t h e  gas seep a rea  and sediments i n  surrounding areas ,  The samples were 

analyzed f o r  54 elements including V and N i .  The average concentrat ions of V 

and N i  i n  these  samples a r e  68.8 ppm and 18.8 pprn respect ive ly ,  which a r e  

lower than backgound V and N i  concentrat ions f o r  this region (Table I). 

It is  c l e a r  t h a t  the  V and N i  values f o r  the  d e t a i l e d  sampling grid do 

not support thermogenic o r i g i n  of the anomalous hydrocarbons found i n  t h i s  

area. There was a seven-year d i f ference  between the  co l l ec t ion  time of the  

g r i d  of samples and the  f i r s t  group of sanples i n  the  gas-seep area. 

Differences i n  the  V and N i  content  of these  two s e t s  of samples may r e f l e c t  a 

bas ic  change in the  sediment due perhaps t o  t h e  large storm surge of 1974 

(Fathauex, T.F., 1975). 



Sediments in an area located approximately 40 km west of the southern tip 

of St. Lawrence Island had V and Ni concentrations of 200 and 100 ppm 

(Fig. 3 ) .  Both of these values are higher than the expected ranges for V and 

Ni (Table I). These relatively high values coupled with the fact that the 

sample locations are at some distance from any possible land source could be 

taken as sufficient evidence to warrant a closer examination of this area for 

hydrocarbons. 

B. Heavy Metals 

General Characteristics 

Sn, Cr, Zr, and Ce are treated as a group because they are found in 

minerals which are heavy and stable enough to be mechanically concentrated 

into placer deposits. Au and Hg, etc., are not considered in this report 

because their distribution is described in other published reports (Nelson and 

Hopkine, 1972; Nelson et al., 1975-1977). 

Previous studies including those by Venkatarathnam, 1971; Sheth, 1971; 

' and McManus et al.$ 1976, have looked at the distribution of heavy minerals in 

the Norton Basin region but these studies were either limited to a small area 

or involved only mineral concentrates from a portion of the sand-size range. 

The degree to which a heavy mineral is concentrated in placers is 

dependent on winnowing forces and the magnitude of the density and size 

differences between the heavy mineral and the containing sediment. For 

example, if the heavy mineral particles in a sediment are relatively uniform 

in size, the mineral may be evenly distributed throughout hydraulically- 

equivalent sediment. Concentration can begin to take place only when the 

hydraulic balance between the particle size and density for the various 

mineral constituents of a sediment becomes unequal, An example would be when 

mechanical and chemical forces wear down heavy mineral particles in a sediment 

at a slower rate than the other mineral constituents of the sediment. 
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Once a given heavy mineral has been concentrated, the main factor 

influencing whether the concentration will be detected is the sampling 

interval. If the sampling interval was chosen primarily to detect significant 

areal variability in an average suite of elements, it may be too large to 

detect significant variability in specific heavier elements that tend to 

change in concentration over shorter distance. Also, the sampling interval 

may be entirely adequate to pick up general variability of the heavy element 

as it is distributed in sediments from a particular provenance but it may miss 

smaller scale variability caused by localized hydraulic fractionation (Flores 

and Shideler, 1978 1. 

zr - 
Relatively high concentrations of Zr are found in sediments surrounding 

the Yukon Delta, in Norton Sound, and around St. Lawrence Island (Figs. 9 and 

10). This contrasts with the much lower values in Chirikov Elasin. The 

presence of relatively higher concentrations of zr in Yukon-derived sediment 

is probably because the Yukon River passes through a terrain which is composed 

mainly of sialic rocks, predominant contributers of zircon (Mason and Berry, 

1968). A comparison of our contoured value-surface map for Zr and 

Venkatarathnam's percentage distribution maps (1971) of the heavy-mineral 

zircon in the 1-2.75 and 2.75-4.0 phi size-range show that his areas of high 

values generally correspond with the high value areas of our 2-dimensional 

map. This is particularly true off the NE Cape of St. Lawrence Island where 

his values as well as ours are highest. O u r  data also show persistently high 

concentrations for Zr off the western and southern parts of St. Lawrence 

Island. Probable sources for these high values are sediments derived from 

quartz-monzanite plutons which are found over much of st. Lawrence Island. 



A s t r o n g  Zr concent ra t ion  occurs  i n  a sample from the  c e n t r a l  p a r t  of 

Norton Sound, r e l a t i v e l y  f a r  from land. Sediment analyzed a t  t h i s  l o c a l e  was 

taken from a depth of about 10 meters and, according t o  McManus et al., 1976, 

i n  an a r e a  of genera l ly  higher  sand content  than t h e  rest of Norton Sound. 

The lack  of a nearby land source and t h e  lack of genera l ly  high values i n  

s i m i l a r  surrounding sediments might suggest  t h a t  t h i s  sample may con ta in  

h y d r a u l i c a l l y  concent ra ted  z i r con  i n  a zone of coa r se r  sediment. S t rong  t i d a l  

c u r r e n t s  pas s  through t h i s  area (Cacchione and Drake, 1978) and may 

concent ra te  t h e  heavier  z i r con  gra ins .  

Another sample with a high concent ra t ion  of Zr was found 30 )an south of 

Cape Pr ince  of Wales ( s ee  Fig. 3; t h i s  sample i s  not  represented  on t h e  value- 

s u r f a c e  maps). The Z r  content  i n  sediment from t h i s  Location is  a s  g r e a t  a s  

i n  any o the r  sample i n  t h i s  study and t h e  concent ra t ions  of T i ,  Mn, C r ,  La,  

s c ,  Y ,  Z r ,  Yb, N d ,  Ce, Sn and Zn a r e  a l s o  g r e a t e r  than the expected ranges f o r  

t h e s e  elments,  

Venkatarathnam r e p o r t s  high concent ra t ions  of heavy minerals  i n  t h e  2.75- 

4.0 ph i  s ize-range from t h i s  area, e s p e c i a l l y  f u r t h e r  south and e a s t  i n  t h e  

sand wave reg ion  w e s t  of P o r t  Clarence. S imi l a r  concent ra t ions  a r e  found i n  

Anadyr and Shpanberg S t r a i t s .  It is probable t h a t  t h e  high speed c u r r e n t s  i n  

t h e s e  a r e a s  have concent ra ted  heavy minerals  t he re .  The high concent ra t ions  

of var ious  elements i n  t h e  sample 30 km south of Cape Pr ince  of Wales may 

r e p r e s e n t  a s i g n i f i c a n t  anomaly and may i n d i c a t e  depos i t s  he re to fo re  

undetected and of cons iderable  economic p o t e n t i a l .  

Sn concent ra t ions  i n  156 of t h e  180 samples analyzed were below t h e  l i m i t  

of de t ec t ion  of 2 ppm. The h ighes t  values occurred c l o s e  t o  T in  Ci ty  on t h e  

southwest coas t  of Cape Pr ince  of Wales; l e s s e r  anomalies were found i n  the 



a r e a  of King Is land,  Port Clarence, Bluff, Cape Rodney, the  western and north- 

c e n t r a l  coas t  of St. Lawrence Is land,  half way between Cape Prince of Wales 

and St.  Lawrence Island,  and the  aforementioned sample from 30 km south of 

Cape Pxince of Wales (Figs. 11 and 12 1. The highes t  concentrations of Sn, 

near  Tin City,  a r e  obviously derived from the  same mineralized formation which 

gave Tin City i t s  name. Anomalies near Bluff,  north c e n t r a l  St. Lawrence 

Is land,  and Cape Rodney-Nome areas  a l s o  appear t o  be r e l a t e d  t o  adjacent  

onshore mineral izat ion.  The i s o l a t e d  high concentrat ions off of the  NW t i p  of  

St .  Lawrence Is land may have been hydraul ica l ly  concentrated. High values off 

Pt. Clarence and i n  the  area  of King Is land a r e  i n  an area  of high cur ren t s  

and sand dune f i e l d s  that a l s o  may represent  an area  of t i n  concentration. 

cr - 
The d i s t r i b u t i o n  of C r  i n  the Norton Basin is uniform except i n  the  areas  

of S t u a r t  X sland, St. Lawrence Island,  and Cape Prince of Wales (Figs. 13 and 

14) .  These loca t ions  have r e l a t i v e l y  high concentrat ions of C r ,  some of which 

a r e  g rea te r  than one geometric deviat ion above the  geometric mean. 

A l l  of these  anorrmlies, except the sample s i t e  30 km south of  Cape Prince 

of Wales discussed e a r l i e r ,  a r e  located c lose  t o  igneous outcrops on land. 

Cape Prince of Wales is  the s i t e  of g r a n i t i c  plutons t h a t  a r e  cut by 

occassional  mafic dikes. Gabbro and metagabbro bodies are a l s o  found 

throughout the same region. S t u a r t  Is land,  the  adjacent  peninsula and the  

c e n t r a l  por t ion  of St. Lawrence Is land a r e  composed l a rge ly  of a l k a l i  o l i v i n e  

basa l te .  Because chromite (FeCr204), which is the  p r i n c i p a l  mineral of 

chromium, is thought t o  form as a magmatic segregation i n  u l t r a b a s i c  rocks and 

is  usual ly  associa ted  with o l iv ine ,  t h e r e  is probably a d i r e c t  connection 

between anomalous values of C r  offshore,  and the  adjacent  mafic igneous 

outcrops on land. 



Nelson and Hopkins found an abundance of harzburgite among rock fragments 

collected in dredge hauls in Akeftapak Bay off the NNE end of St. Lawrence 

Island (Patton and Csejtey, 1972). Semi-quantitative emission spectrographic 

analysis of some of these harzburgite samples yielded chromium values as high 

as 2,000 to 10,000 pprn. Patton and Csejtey also reported very high chromium 

values in the lower reaches of streams feeding into Akeftapak Bay. From this 

evidence, Patton and Csejtey infer the presence of an ultramafic body existing 

just below a thin veneer of sediment at this location. However, samples from 

the same area in our study did not have high concentrations of Cr. The 

distance between the dredge haul site and the nearest sampling site used in 

this study is 14 km. The fact that our study did not detect the dredge haul 

anomalies illustrates the importance of selecting the right sampling interval 

when attempting to delineate concentrations of heavy minerals and their 

associated heavy metals. 

Ce (and associate Lanthanides, and Nd) - 
Ce (cerium) is a heavy metal classified with a group of chemically 

similar elements called the lanthanides. The lanthanides usually occur 

together and their most common source mineral is monazite which is a fairly 

rare and complex phosphate oecuring as an accessory mineral in granites, 

gneisses, aplites, and pegmatites. Monazite is resistant to chemical attack 

and is often concentrated in sands, particularly beach placers (Bateman, 1965; 

Sienko and Plane, 1961). The presence of cerium and other 1anthani.de elements 

in the same samples would be strong evidence for the presence of monazite in 

the samples. 

La (lanthanum) and Ce anomalies on our maps (Figs. 15, 16, and 49, 50 ) 

generally coincide. The only real difference is that Id has a much lower 

limit of detection than Ce and therefore shows much greater definition in the 



lower value range. Neodymium (Nd), another  lan thanide ,  was de tec ted  i n  three 

raw bulk samples and these  t h r e e  samples a l s o  had anomalously high 

concent ra t ions  of La and Ce.  I t  i s  c l e a r  t h a t  t h e s e  t h r e e  elements occur  

toge ther .  Addit ional  evidence t h a t  t h e  conta in ing  mineral f o r  t h e s e  elements 

i s  nonaz i te  is  t h e  de t ec t ion  of Ce and Nd i n  ana lyses  of mechanical 

concent ra tes  of samples used i n  t h e  study ( n o t  r epo r t ed  he re ) .  Analyses from 

raw bulk samples of t h e  same sample s e t  show e i t h e r  an absence of Ce or N d  or 

much lower values.  This i n d i c a t e s  t h a t  t hese  elements a r e  p re sen t  i n  a heavy 

mineral  l i k e  monazite t h a t  may be hydrau l i ca l ly  concentrated.  

The h ighes t  concen t r a t io s  of Ce, La, and Nd a r e  i n  a sample 30 km south  

of Cape Pr ince  of Wales. Thei r  presence toge the r  lends  support  t o  t h e  

p r o b a b i l i t y  t h a t  t h e  sample had indeed been concentrated.  Areas where 

monazite has been r epor t ed  i n  t h i s  reg ion  a r e  from Brooks Mountain, Ear 

Mountain, and Gold Run on t h e  e a s t e r n  Seward Peninsula  (Cobb, 1970).  High 

concent ra t ions  of Cerium i n  sediment west of Cape Rodney may be r e l a t e d  t o  t he  

Gold-Run loca t ion .  

C .  P o t e n t i a l l y  Toxic Elements 

Of t h e  p o t e n t i a l l y  t o x i c  elements considered i n  t h i s  r e p o r t ,  only Cu, Pb, 

and Zn have s u f f i c i e n t  numbers of va lues  g r e a t e r  than t h e i r  lower limits of 

d e t e c t i o n  t o  c a l c u l a t e  meaningful s t a t i s t i c s  or t o  p l o t  t h e i r  va lue  

sur faces .  Cd (cadmium) was not  de t ec t ed  i n  any sample analyzed. Sb 

(antimony) was de tec t ed  only i n  beach samples taken near  Bluf f ,  t h e  NE Cape of 

St.  Lawrence I s l and ,  and from S t u a r t  I s land;  As ( a r s e n i c )  was de tec ted  only i n  

t he  beach samples from Bluff .  Anomalous values a r e  n o t  found of fshore  from 

t h e s e  beach areas .  The values f o r  Sb and As i n  t h e s e  samples are s e v e r a l  

o r d e r s  of magnitude higher  than their l i m i t s  of de t ec t ion  by the 6-step 

emission spec t rographic  technique and can t h e r e f o r e  be considered t o  be 



anomalous. The map dep ic t ing  source a r e a s  (F ig ,  2 )  f a r  some of t h e  more 

economically important  elements of t h i s  s tudy shows Bluff t o  be a known a r e a  

of concent ra t ions  of As. 

D i s t r i b u t i o n  of Cu,  Pb, and Zn su r f ace  va lues  i n  she l f  sediments of 

Norton Basin a r e  genera l ly  s i m i l a r ,  inc luding  anomalously hi* values off  St .  

Lawrence I s l and ,  a long  t h e  southern coas t  of t h e  Seward Peninsula ,  and 

throughout Norton Sound. The maps f o r  Cu and zn shm much g r e a t e r  s i m i l a r i t y  

t o  each o the r ,  however, than t o  t he  map f o r  Pb (Figs. 17, 18, 19, 20, 21, and 

22).  S t a t i s t i c a l l y ,  Pb c o r r e l a t e s  b e t t e r  with Cu and Zn than with any o t h e r  

element represented  i n  t h e  study (Table III), b u t  Cu and Zn have a much higher  

c o r r e l a t i o n  between themselves (.8023) than with Pb which suppor ts  t h e  

r e l a t i v e  v i s u a l  s i m i l a r i t y  between the maps of t hese  elements. 

A s i g n i f i c a n t  t r end  t h a t  appears  i n  value-surface maps of both Cu 

and Zn is t h e  genera l ly  higher  values i n  Norton Sound compared t o  Chixikov 

basin. High va lues  f o r  Cu and Zn form a ha lo  surrounding t h e  Yukon Delta and 

t h e  western edge of t h e  ha lo  t r ends  due nor th  a long  a l i n e  extending from t h e  

southern edge of t h e  Yukon Delta  towards t h e  Bering S t r a i t .  The loca t ion  of 

t h i s  h a l o  co inc ides  c lo se ly  with t h e  a r ea  of maximum depos i t ion  of Yukon- 

der ived  sediment i n  Norton Sound (Nelson and Creager, 1977). The grada t ion  of 

Cu and Zn va lues  away from the d e l t a  and t h e  genera l ly  h igher  concent ra t ions  

of t h e s e  elements i n  Norton Sound suggest  a source and d i s p e r s a l  co inc iden t  

wi th  Yukon-derived sediment. The Yukon River flows through an a rea  h ighly  

minera l ized  i n  t h e s e  elements and thus  appears t o  be t h e  dominant source f o r  

minera ls  bear ing  t h e s e  elements. 

Another s i g n i f i c a n t  a spec t  of t h e  d i s t r i b u t i o n  of Cu, Zn and Pb is t h e  

presence of l o c a l i z e d  high va lues  genera l ly  c l o s e  t o  c e r t a i n  c o a s t a l  a reas .  

A l l  three elements have t h e i r  h ighes t  concent ra t ions  i n  beach samples taken near  



Bluff, Alaska (not completely represented on value surface maps.) Pb and Cu 

show a continuation of these high values up to 20 lan offshore from Bluff. 

Unlike Cu and Zn, and except for values from the Bluff beach samples, Pb 

deviates little from the geometric mean throughout Norton Basin; although 

fairly high values can be seen adjacent to Stuart Island and the eastern tip 

of St. Lawrence Island. Cu is also concentrated near Stuart Island and the 

eastern tip of St. Lawrence Island. In addition, high concentrations are 

found off the southern coast of eastern St. Lawrence Island and off the north- 

central projection of the island as well as off Nome and in an area around 

King Island. High Zn concentrations occur off south-central and north-central 

St. Lawrence Island. Concentrations of Zn are also relatively high 

concentrations off Nome, in a sample taken 30 lan south of Cape Prince of 

Wales, and along the eastern edge of Norton Sound, but are greatest (except 

for the Bluff beach samples) in the central part of eastern Norton Sound. 

This last Zn anomaly is rather puzzling and does not appear to be related to 

dispersal of Yukon sediment or to the nearshore high values that seem to be 

caused by concentration in sediment derived from immediately adjacent land 

areas. 

In summary, the toxic elements discussed here apparently have their 

highest values in relatively localized beach areas close t o  known terrestrial 

sources or are clearly derived from the sediments eroding from nearshore areas 

close to probable higher concentrations of these elements. Other elevated 

concentrations offshore are probably related to general sediment dispersal 

within the region and the possible placer concentration of those elements 

aggregated in heavy minerals. An example of high values over a broad area 

which are probably related to sediment type/source terrains are the regionally 

high values of Cu and Zn over Norton Sound. 



D. Chemical-Environmental Change Indicators 

Though the evidence cited below indicates concentrations of Fe, Mn, and 

Co in Norton Basin sediments are source related, they are singled out here 

because they are more responsive to changing oxidation/reduction environments 

than most of the other elements under discussion. Ba is included because of 

its use as a drilling mud and the resulting potential contamination of 

sediment where it is used. 

The value-surface maps for Fe, Mn and Co are quite similar (Figs. 23, 24, 

25, 26, 27, and 28). The most obvious correlations are the high anomalous 

values each map shows in the areas of the volcanics of north-central St. 

Lawrence Island and Stuart Island. Anomalies in these volcanogenic areas have 

also been found for Cur Ni, and Cr (other mafic-associated elements) as has 

already been pointed out, The other obvious correlation is the wide area with 

high values surrounding the Yukon Delta in particular and Norton Sound in 

general. 

High values surrounding the Yukon Delta, much of Norton Sound, and 

northward toward the Bering Strait seem to fall mainly within the area 

defining the prevalence of modern Yukon sediment. The generally high values 

in this region probably are directly related to Yukon source sediments which 

are in part derived from the input of mafic volcanic terrain in the river 

drainage basin. Anomalous values of Fe, Mn or Co resulting from concentrated 

precipitates of these elements are not readily apparent. This could only be 

determined by taking a closer look at the exact mineral species containing Fe 

and Mn. 

The highest Mn value was detected in a sample from 30 km south of Cape 

Prince of Wales that has been previously discussed. This sample is 

considerably removed from land and it is probable that its high Mn values are 

22 



due t o  mechanical concent ra t ion  r a t h e r  than having been d i r e c t l y  der ived  from 

volcanic  t e r r a i n .  

The va lue  su r f ace  r aps  f o r  Ba  show s l i g h t l y  anomalous values surrounding 

t h e  Yukon Delta ,  i n  add i t i on  t o  high values near S t u a r t  I s l and  and a t  va r ious  

l o c a t i o n s  along t h e  southern coas t  of Seward Peninsula  (Figs.  29 and 30) .  The 

h ighes t  anomalies are j u s t  off t h e  southern edge of St. Lawrence I s l and  and i n  

t h e  middle of Anadyr S t r a i t .  The general i nc rease  i n  concen t r a t ions  of a 

number of elements in t h i s  a r ea  surrounding t h e  d e l t a  has a l ready  been noted 

and seems t o  be r e l a t e d  t o  t h e  Yukon sediment source and d i s p e r s a l  pa t t e rn .  

The anomalies near S t u a r t  I s l and  and t h e  southern coas t  of Seward Peninsula  

appear a s  lobes  coming off t h e  land and may be c o r r e l a t e d  with sediment 

sources from igneous rocks i n  those  axeas. The o r i g i n  of t h e  high va lues  

close t o  St. Lawrence I s l and  a r e  snore obscure. None of t h e  elements t h a t  

c o r r e l a t e  with Ba have outs tanding  anomalies i n  the  Anadyr S t r a i t  and only Sr  

has  high va lues  off t h e  southern edge of S t .  Lawrence I s land .  The value of 

1500 ppm i n  Anadyr S t r a i t  i s  equal  t o  .15% and could r e f l e c t  a source f o r  Ba 

mine ra l i za t ion  on t h e  p o i n t  of t h e  Chukotka Peninsula.  

E. Major Elements 

A l l  samples used i n  t h i s  s tudy were analyzed f o r  a l l  of t h e  major 

elements S i ,  T i ,  Al, Fe, M n ,  Mg, Ca, N a ,  K, and P. Values for S i ,  however, 

were higher  than t h e  upper l i m i t  of de t ec t ion  (10%) i n  every sample analyzed 

and are not  repor ted  here. 

Value-surface maps f o r  major elements show some of t h e  general  element 

d i s t r i b u t i o n  p a t t e r n s  a l ready  discussed. Mn, Fe, and T i  have higher  va lues  

surrounding the Yukon Delta and i n  Norton Sound r e l a t i v e  t o  t h e  Chir lkov Basin 

(Figs.  23, 24, 25, 26, 31, and 32) .  Ca ,  Mg, N a ,  K, and Al show a s i m i l a r  

trend t o  some degree (Figs. 33,  34, 35, 36,  37, 38, 39, 40, 41, and 42).  Each 



element a l s o  has anomalously high values shown as lobes t h a t  appear t o  be 

coming from nearby land sources. 

Areas with h igher  Ti  concent ra t ions  genera l ly  correspond t o  a r e a s  with 

high concent ra t ions  of Mn and Fe which have a l r eady  been shown t o  be 

a s s o c i a t e d  with t h e  volcanics  of S t u a r t  I s l and  and St.  Lawrence I s land .  This  

i s  expected because T i  is r e l a t i v e l y  high i n  b a s a l t i c  rock types. The h ighes t  

T i  value is from t h e  sample previous ly  discussed t h a t  comes from a p o s s i b l e  

p l a c e r  30 )an south of Cape Pr ince  of Wales. 

Concentrat ions of Ca and Mg a r e  a l s o  high near t h e  S t u a r t  I s l a n d  and St. 

Lawrence volcanics ,  bu t  they a r e  h ighes t  of fshore  from t h e  southern coas t  of 

Cape P r ince  of Wales and south of Po r t  Clarence. High concent ra t ions  of Ca  

and M g  i n  t h e s e  l a s t  a r eas  probably a r e  r e l a t e d  t o  t h e  l imestone formations 

found on Cape P r ince  of Wales and i n  outcrops r epo r t ed  on t h e  sea  f loox  south 

of Po r t  Clarence (Nelson e t  al .  i n  prepara t ion , ;  Nelson and Hopkins, 1972) .  

Sr  anomalies, normally a s soc i a t ed  with l imestone, e x i s t  i n  t h e  same areas .  

Value-surface maps f o r  Na, K, and A 1  a r e  more va r i ed  than maps of t h e  

o t h e r  major elements. They c o n s i s t  of a l t e r n a t i n g  high and law values and 

show only s l i g h t  r eg iona l  d i f fe rences .  The anomalies that do seem t o  

o r i g i n a t e  from land sources appear broader i n  a r e a l  e x t e n t  than some of t h e  

l e s s  common elements a l ready  discussed. The sample conta in ing  h ighes t  

concent ra t ions  of K i s  o f f  of the  NE Cape of S t .  Lawrence I s l a n d  and is 

probably derived from g r a n i t i c  bodies t h a t  a r e  found the re .  Samples wi th  

h i g h e s t  concent ra t ions  of A1 a r e  from the a r e a s  of S t u a r t  I s l a n d  and e a s t e r n  

Norton Sound and a r e  probably derived from b a s a l t s .  

P (phosphorus) was de tec ted  i n  only 54 samples, and was not used i n  t he  

c o r r e l a t i o n  ana lys i s .  The lower l i m i t  of de t ec t ion  is  . l o %  which i s  somewhat 

h igher  than  concent ra t ions  found i n  average s h a l e s  and sandstones (Mason, 



1966). Elevated concen t r a t io s  of P a r e  found i n  t h e  e a s t e r n  po r t ion  of Norton 

Sound, i n  a few patches  surrounding t h e  Yukon Delta  and i n  a swath running 

through e a s t e r n  Anadyr S t r a i t  and hooking t o  nor th  of St .  Lawrence Is land.  

The h ighes t  concent ra t ion  of P occurs  i n  a sample from an enclosed bas in  just 

o f f  t h e  no r theas t  coas t  of S t .  Lawrence Is land.  This  high value may be 

r e l a t e d  i n  some way t o  t h e  reducing conditons of t h e  enclosed basin (Mason, 

1966). 

F. Minor Elements 

The minor elements Sr ,  SC, La, Ga, Nb, Nd, B, Y, Yb, and Be correlate 

with o t h e r  elements. Sr i s  normally associated with limestone and, a s  

expected, high concent ra t ions  of Sr  correspond q u i t e  c lo se ly  t o  t he  Ca 

anomalies prev ious ly  mentioned. However, c o r r e l a t i o n  c o e f f i c i e n t s  a r e  h igher  

between Sr and K, N a ,  Ba, and A 1  than between S r  and Ca ( s e e  Tables  I11 and 

I V ) .  The a s s o c i a t i o n  of Sr with Ba is cormnon. The a s soc i a t ion  of Sr with K,  

Na, A l ,  and Ca sugges ts  a p o s s i b l e  r e l a t i o n s h i p  with f e ld spa r  where Sr and Ba 

s u b s t i t u t e  f o r  K, 

Sc (scandium) c o r r e l a t e s  most c lose ly  with Ti ,  Fe, V, La and Mn and 

e x h i b i t s  t h e  same general  d i s t r i b u t i o n  a s  t hese  elements,  with higher va lues  

grad ing  o f f  t h e  Yukon t o  lower values i n  Chir ikov Basin (Figs.  47 and 48) .  

The a s s o c i a t i o n  of Sc with La and Nd is  common and t h e  usua l  mineral  

con ta in ing  them is  monazite (Figs. 49 and 5 0 ) .  G a  (ga l l ium)  a l s o  shows some 

a s s o c i a t i o n  with La, Sc, and Ti.  The h ighes t  va lues  of Ga a r e  i n  Anadyr 

S t r a i t s  and the e a s t e r n  end of Norton Sound (Figs.  51 and 52) .  

N b  (niobium) e x h i b i t s  no c o r r e l a t i o n  with any o the r  element. The h ighes t  

concent ra t ions  a r e  i n  samples from of f  Cape Darby i n  Norton Sound and 

southwest of S t .  Lawrence I s l a n d  (Figs.  53 and 5 4 ) .  The anomaly o f f  Cape 

Darby c o r r e l a t e s  with t h e  h ighes t  Nb anomalies de t ec t ed  i n  western Alaska 



found on the Darby Peninsula  (Mi l le r  and Grybeck, 1973). 

B (boron) i s  mostalosely c o r r e l a t e d  with K and Ba. High concent ra t ions  

are l oca t ed  a t  t h e  eas t e rn  end of Norton Sound, o f f  Cape Darby, o f f  t h e  coast 

from Bluf f ,  o f f  Cape Rodney, and southwest of St. Lawrence I s l a n d  (Figs.  55 

and 5 6 ) .  

Y (y t t r i um)  fol lows t h e  p a t t e r n  of elements with genera l ly  high 

concent ra t ions  i n  sediment surrounding t h e  Yukon D e l t a  and Norton Sound and 

l o w  concent ra t ions  i n  sediment from the  Chirikov Basin (Figs.  57 and 58). It  

c o r r e l a t e s  most c l o s e l y  with Mn, Fe, and T i  which a l s o  follow t h i s  p a t t e r n .  

Very l o c a l i z e d  high anomalies are found off Cape Pr ince  of Wales, Nome, and 

Bluff .  

Yb (yterbium) c o r r e l a t e s  most closely with Mn, Zn, and Y but has no 

pronounced t r ends  except f o r  t h e  general  t r end  of high values i n  Norton Sound, 

and l o w  values  i n  Chir ikov Basin (Figs.  59 and 60). A few very high 

concent ra t ions  occur i n  sediment o f f  Cape P r ince  of Wales, a t  va r ious  

l o c a l i z e d  points off  t h e  southern coast of Seward Peninsula ,  i n  t h e  general  

area of e a s t e r n  Norton Sound, and NNE of St .  Lawrence I s land .  

Beryllium ( B e 1  c o r r e l a t e s  closest with La, Yb, and Sc with high 

concent ra t ions  i n  ea s t e rn  Norton Sound, a long  t h e  southern coas t  of t h e  Seward 

Peninsula ,  and off t he  southwest and southeas t  coas t s  of St.  Lawrence 

I s land .  Highest concent ra t ions  occur i n  samples from just off Tin Ci ty  a t  

Cape Pr ince  of Wales and one c lose  t o  S t u a r t  Is land.  These two high va lues  a s  

w e l l  as o the r  high values t h a t  appear as lobes coming off t h e  land i n d i c a t e  

t h a t  s p e c i f i c  mineral ized t e r r a i n s  are probable sources.  This  i s  confirmed 

for Cape Pr ince  of Wales where ex tens ive  economic grade beryl l ium depos i t s  

have been r epor t ed  by Sainsbury, 1969, i n  the c e n t r a l  York Mountains. 



G. Other Miscellaneous Economic Elements 

Au was not  detected i n  any of the samples analyzed. This was t o  be 

expected because the  lower l i m i t  of de tec t ion  f o r  Au using the  emission 

spectographic method, i s  7 ppm (7000 ppb), A study by Nelson and Hopkins, 

1972, has shown t h a t  average Au concentrat ions i n  open Bering Sea sediments 

a r e  about 2-3 parts per b i l l i o n  (ppb), and t he  h ighes t  nearshore 

concentrat ions found i n  r e l i c t  gravel and se lec ted  ruby sands, ranged from 556 

t o  2,118 ppb. 

~g was detected i n  only 8 of the 180 samples and 3 of these  samples could 

not be assigned a reasonable q u a n t i t a t i v e  value. Some of the  samples 

containing Ag concentrat ions were from off t he  NW Cape and the  southern t i p  of 

St. Lawrence Is land (Figs. 63 and 64) .  Mineral izat ion containing appreciable 

amounts of A g  has been reported on both ends of St .  Lawrence Is land and could 

be the  source f o r  f o r  Ag i n  these  samples. Rela t ive ly  high values were a l s o  

found near S t u a r t  I s l and  and c lose  i n  t o  the  Yukon Delta. In  addi t ion ,  Ag was 

detec ted  i n  a few samples from off  Nome and Cape Nome. H i g h  concentrat ions of 

A g  ('3 ppm) were found i n  beach samples from Bluff but these values were not 

p l o t t e d  on t h e  value-surface maps. 

Mo concentrat ions i n  a l l  but 5 samples were below t h e  l i m i t  of de tec t ion  

of 2 ppm. The h ighes t  values were detected i n  Bluff beach samples (30 ppm) 

(Figs. 65 and 66). Another high value was found i n  a Stewart I s land beach 

sample (2 pm) and the  presence of Mo was detected off Cape Rodney. M o  

minera l iza t ion  has been reported inland from the  coas t  of eas te rn  Norton Sound 

and in t he  Nome area.  

B i  was below the  l i m i t  of detec t ion  of 7 pprn i n  a l l  but 2 samples. The 

highes t  value of 70 ppn was i n  a sediment sample close t o  the  Lost River 

f i n i n g  D i s t r i c t  on Cape Prince of Wales t h a t  a l s o  had an anomalously high Sn 

concentration. B i  is  often found i n  associa t ion  with Sn ores and is known t o  



occur in the form of bismuthinite as one of the main mineral constituents of a 

skarn zone associated with the Sn and Be deposits at Lost River (sainsbury, 

1969). A sample from off the known mineralized area of Bluff contained Bi; 

this sample also had high concentrations of Cut Pb, Zn, Mn, Sb, and As. 

H. Q- W e ,  Factor Analysis 

Q-mode analysis was employed to discover possible relationships between 

groups of samples. The basic algorithms used in the Q-mode analysis are from 

Klovan and Imbrie (1971) and Imbrie (1963). A more complete description of 

the program is in Van Trump (1975). 

The raw data was first transformed to proportions or the value range of 

each element so that the transformed values would lie between 0 and 1. 

Four factors from the Q-mode varimax factor matrix were found to explain 

92% of the variance between samples (see Table VII) and only these four 

factors seemed to be related to sediment characteristic and geologic 

background. Of these factors, Factor 111 was judged to include the most 

important sample group because it explained 33.4% of the variance between 

samples. Factor I explained 24.3%, Factor IV explained 22.5% and Factor I1 

with a variance of 11.8%, encompassed the fewest samples. 

Samples with the highest loadings ( > . 7 )  for Factor I11 were found in an 

apron around the Yukon Delta and in patches in the west-central part of Norton 

Sound and NNW of St. Lawrence Island and in Anadyr Strait (Fig. 4). Samples 

with intermediate loadings (.6 to .7) values were found in a wide apron around 

the Yukon Delta, throughout m s t  of Norton Sound, around the northern, 

eastern, and southern coasts of St. Lawrence Island, and south of Cape Prince 

of Wales. 

Samples with the highest loadings for Q-mode Factor I, which explained 

the second highest percentage of variance, were from an area that generally 



has low loadings  f o r  Fac tor  111, namely t h e  Chir ikov Basin reg ion  (Fig. 4 ) .  

Samples with t h e  h ighes t  l oad ings  f o r  Factor  I1 are fram along the  c o a s t  

between Cape Rodney and Golovnin Bay, j u s t  o f f  Cape P r ince  of Wales and near 

King Is land .  Samples with t h e  h ighes t  loadings f o r  Factor  I V  are from pa tches  

no r th  af St .  Lawrence I s land ,  from random areas throughout Norton Basin, and 

from a r e a s  j u s t  o f f  t h e  south coas t  of t h e  Seward Peninsula .  

Scaled varimax f a c t o r  scores  (Table VI) were computed f o r  each element 

during the Q-mode a n a l y s i s  i n  order  to  determine t h e  elements t h a t  a r e  mos t  

c o r r e l a t i v e  with each f a c t o r  group. A s  an a d d i t i o n a l  check of  t h e  

r e l a t i o n s h i p  between samples and t o  h i g h l i g h t  p o s s i b l e  nega t ive  r e l a t i o n s h i p s  

between f a c t o r s ,  c o r r e l a t i o n  c o e f f i c i e n t s  were computed between element values 

and f a c t o r  loadings f o r  a l l  t h e  samples (Tables I11 and V) .  Both t h e  Q-mode 

s c a l e d  varimax f a c t o r  scores  and the  c o r r e l a t i o n  c o e f f i c i e n t s  between varimax 

f a c t o r  Loadings and element values i n d i c a t e  t h a t  samples with high loadings  

f o r  Fac tor  111 conta in  r e l a t i v e l y  high concent ra t ions  of Ba, Na, Sr ,  La, Kt 

Ga, A l ,  and Sc. B, V, and Yb a r e  concentrated i n  Factor  X samples; Factor  I1 

loadings  c o r r e l a t e  most c lo se ly  with Y, Fe, Mn, Ti, Yb, Zn,  Co, Sc, and Cu. 

The only element t h a t  seem t o  c o r r e l a t e  somewhat with Factor  I V  i s  Nb and i ts 

most nega t ive  r va lues  (Table V) a r e  almost t he  same as t h e  elements t h a t  

belong t o  Factor  I1 which i n d i c a t e s  it may simply be t h e  negat ive of Fac tor  

11. 

The a r e a  of sediments with high f a c t o r  loadings f o r  Fac tor  I11 of t h e  Q- 

mode a n a l y s i s  (0.5 and above) corresponds c lose ly  t o  t h e  a r ea  covered 

predominantly by Yukon Holocene sediment, although samples with high loadings 

f o r  Factor  111 a r e  a l s o  found nor th  of St.  Lawrence I s l a n d  and i n  Anadyr 

S t r a i t .  The elements used i n  grouping samples i n  t h i s  f a c t o r  a r e  p r imar i ly  

those  elements t h a t  are most abundant i n  s i a l i c  rock types.  N a  cannot r e a d i l y  



be regarded a s  an a r t i f a c t  of res idual  pore water sal ts  because it increases  

i n  concentrat ion i n  sediments c loser  t o  the  hyposaline runoff of the  Yukon 

River. The occurrence o fh igh load ings  f o r  Factor I11 i n  areas not covered by 

Yukon sediments probably ind ica tes  t h a t  the  sediments i n  these areas  a r e  

similar t o  Yukon-type sediment and that they also o r ig ina ted  i n  s i a l i c  rock 

t e r r a i n .  

Samples with high loadings f o r  Q-mode Factor I a r e  from areas  where 

modern Yukon sediment i s  absent  but where Holocene t ransgress ive  sands of 

mixed o r i g i n  are found. This general a rea  covers the  region of Chirikov 

Basin, but the re  does not seem t o  be any clear re la t ionsh ip  between t h e  

elements of t h i s  f a c t o r  and the  sediments of the  region. 

Samples with highest  loadings fo r  Factor IX of the  Q-mode analys is  are 

from vexy c lose  t o  the  Nome-Bluff s t rand l i n e  and off of Cape Prince of Wales 

and King Island,  regions of highly mineralized mafic rocks. Factor X I  i s  

the re fo re  grouping sediments derived from these  t e r ra ins .  This is  borne out  

by the  associa t ion  of severa l  mafic-related elements t o  Factor 11, 

p a r t i c u l a r l y  Ti, Fe, Co, and Mn. 

The contoured surface  of Factor IV shows a rough cor re la t ion  with areas  

reported to be covered by r e l i c t  g l a c i a l  debr is  and l a g  gravel,  p a r t i c u l a r l y  

i n  a lobe extending NE of St. Lawrence Is land (McManus e t  a l , ,  1977). 

Otherwise, i t s  s igni f icance  i s  not r ead i ly  apparent,  except a s  a negative 

f a c t o r  t o  Factor 11. 

I t  i s  not  a l toge the r  c l e a r  why some of the  minor elements should be 

grouped with a p a r t i c u l a r  f a c t o r  or why, i n  some cases, they should be r e l a t e d  

to one another through t h e i r  r values. These re l a t ionsh ips  should be regarded 

with caution. 
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VXI .  CONCLUSIONS AND NEED FOR FURTHER STUDY 

Measured concentrations of Y, Ca, Ba, K, Cr, Cu, Na, Co, Nb, Ni, V, and 

Zn are within 30% of reported values for rock standards and are therefore 

reliable baseline data. Measured concentrations of Sr, Al, Sc, Zrr Tir Ga, 

Pb, Fe, Mn, and Mg were within 35-65% of the reported values for rock 

standards and can probably be regarded as providing reasonable baseline 

data.' The elements Ag, As, Bi, Mo, Sb, Sn, PI Ce, and Nd had too few 

concentrations above detection limits to say anything about the accuracy of 

their measurement. Concentrations of Si were higher than the upper limit of 

detection in every sample. All concentraticqs ofAu, Cd, Pd, Pt, Te, U, W, Ge, 

Hf, In, Li, Re, Ta, Th, T1, Pr, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, and Lu were 

below limits of detection. 

High concentrations of V and Ni have been noted in sediment in the areas 

of hydrocarbon seeps. Concentrations of these elements in samples from a grid 

covering a probable thennogenic gas seep 35 km south of Nome however, were no 

different than background concentrations for these elements in the northern 

Bering Sea. Lack of V and Ni anomalies for this gas seep may only mean that 

the seep source is of a light hydrocarbon gas type that does not result in 

high Ni and V values as do some heavy hydrocarbon petroleum seeps. Samples 

40 h west of the southern tip of St. Lawrence Island contains high 

concentrations of V and Ni and their location warrants a closer study for 

hydrocarbon seeps. Other high concentrations of Ni occur in sediments in the 

vicinity of Stuart Island and off the north and south coasts of St. Lawrence 

Island and are related to the basaltic volcanics in these areas, not petroleum 

sources. 

Pb, Cu, Zn, As, Sb, and Cd are considered to be potentially toxic when 

found in sufficient concentrations. Presently, the highest values of any of 

these elements are derived from highly mineralized onshore locations, for 



example, Cu and Zn of f  St .  Lawrence I s l and ,  Norne, and Bluff beaches, and high 

Cu values off S t u a r t  I s land .  The few values de t ec t ed  f o r  Sb and A s  a r e  i n  

sediment der ived  from areas of onshore mine ra l i za t ion  near Bluf f ,  t h e  N?Z t i p  

of st. Lawrence I s l and ,  and j u s t  off S t u a r t  Is land.  Both Cu and Zn have 

r e l a t i v e l y  high va lues  i n  a r e a s  off  t h e  Yukon Del ta  and i n  Norton Sound t h a t  

correspond to  t h e  a r e a s  covered by Yukon Holocene sediment. 

Concentrat ions of Pb vary l i t t l e  from the  geometric mean but  t h e r e  a r e  

some r e l a t i v e l y  high concent ra t ions  of f  Bluff beach, S t u a r t  I s land ,  and t h e  

e a s t e r n  t i p  of St. Lawrence I s land .  

Because Z r ,  Sn, Cr, and Ce a r e  commonly found i n  heavy minerals ,  high 

concent ra t ions  of these elements may wel l  i n d i c a t e  p l ace r  as wel l  a s  primary 

lode  occurrences of t hese  minerals.  Anomalously high Zr values were found off  

t h e  NE Cape and t h e  western po r t ions  of St.  Lawrence I s l and  and probably 

o r i g i n a t e d  from zircon-containing qua r t z  monzanitic rocks on the i s land .  

Concentrat ions genera l ly  above t h e  mean were found i n  t h e  a r ea  of Yukon 

Holocene sediment. The h ighes t  values f o r  Sn are found c lose  t o  Tin Ci ty  and 

a r e  r e l a t e d  t o  t h e  t i n  mine ra l i za t ion  there .  Detect ion of Sn in samples near  

Bluff and Cape Rodney-Nome a r e a s  again may be r e l a t e d  t o  t i n  minera l iza t ion  

known t o  e x i s t  i n  t hese  a reas .  Samples conta in ing  de t ec t ab le  concent ra t ions  

of Sn i n  t h e  areas of King I s l and ,  Port Clarence, and i n  t h e  Anadyr S t r a i t  may 

be from t i n  p l a c e r  depos i t s  concentrated by t h e  r e l a t i v e l y  high c u r r e n t s  

t he re .  High C r  concent ra t ions  were found i n  sediment of f  S t u a r t  I s l and ,  Cape 

Pr ince  of Wales and nor th-cent ra l  St .  Lawrence I s l a n d  and appear t o  be r e l a t e d  

t o  h a s a l t s  o r  g r a n i t e s  conta in ing  ul t ra-mafic  d ikes  t h a t  a r e  sources of 

chromite. Samples with high Ce values a l s o  have high La values and o f t e n  have 

h igh  N d  va lues ,  sugges t ing  that t h e  heavy mineral  monazite concentrated as a  

p l a c e r  mineral and may be t h e  source of t hese  elements. Because monazite i s  



probably t h e  primary c a r r i e r  of Ce and r e l a t e d  elements and because it is  

concent ra ted  i n  p l a c e r  depos i t s ,  it promises t o  be a good i n d i c a t o r  of 

sediment d i s p e r s a l  t rends .  

A sediment sample from 30 Ian south of Cape Pr ince  of Wales conta ins  t h e  

g r e a t e s t  amounts of C r ,  Z r ,  Ce,  Ti, Mn, La, Sc, Y, Yb, and N d  of all t h e  

samples analyzed and a l s o  conta ins  a high concent ra t ion  of t i n .  Because of 

these  high concent ra t ions  and because the  sample conta ins  high va lues  of La 

and Nd which are commonly found with Ce i n  t h e  heavy mineral  monazite, t h i s  

sample may r ep resen t  an a rea  of p l a c e r  depos i t s  t h e  ex i s t ence  and e x t e n t  of 

which should be explored. Future s t u d i e s  of Sn, Z r ,  Cr, and Ce and a s soc i a t ed  

heavy minerals  should use sampling i n t e r v a l s  close-spaced enough t o  d e t e c t  

s i g n i f i c a n t  v a r i a t i o n s  caused by hydraul ic  concentrat ion.  Mechanical 

concent ra t ion  of samples before  a n a l y s i s  would a l s o  he lp  t o  enhance e x i s t i n g  

t rends .  

Fe, Mn, Co, and Ba were considered toge the r  a s  chemically o r  environ- 

menta l ly-sens i t ive  elements b u t  i n  t h i s  study t h e  evidence i n d i c a t e s  t h e i r  

concent ra t ions  a r e  source r e l a t e d .  Fe, Mn, and Co a l l  show high values near 

t h e  voleanics  of Stewart  I s l a n d  and nor th-cent ra l  St.  Lawrence I s land .  These 

elements a l s o  c o r r e l a t e  with Cur Zn, V, Y, and Z r ,  wi th genera l ly  high values 

i n  t h e  a r eas  of Yukon Holocene sedimentation and genera l ly  low values  i n  

Chir ikov Basin. Co, however, does not  follow t h i s  t r end  a s  c l o s e l y  a s  Fc and 

Mn. Concentrat ions of Ba above t h e  mean a r e  found genera l ly  throughout t h e  

a r e a  of Yukon sediment d i s t r i b u t i o n  b u t  a l s o  a r e  found c lose  t o  S t u a r t  I s l a n d  

and a t  va r ious  loca t ions  a long  t h e  southern c o a s t  of t h e  Seward Peninsula.  

The nmximum concent ra t ion  of Ra ( .15%)  is  found i n  a sample from the  Anadyr 

S t r a i t  and is unique i n  t h a t  o t h e r  concent ra t ions  of o the r  elements t h a t  

u sua l ly  c o r r e l a t e  with Ra a r e  no t  s i m i l a r l y  high a t  t h i s  loca t ion .  



Of t h e  major elements,  T i  is c l o s e l y  a s soc i a t ed  with Fe and Mn, discussed 

above, a l l  of which have genera l ly  high concent ra t ions  i n  Yukon sediment wi th  

very high concent ra t ions  i n  a r eas  close t o  t he  volcanics  of S t u a r t  I s l a n d  and 

St. ~ a w r e n c e  I s land .  Ca and Mg are r e l a t i v e l y  high i n  Yukon sediment and 

sediment close- t o  t h e  volcanic  a r eas  mentioned. However, sediment with t h e  

h ighes t  concent ra t ions  of Ca and M g  was probably der ived  from the l imestone 

formations i n  the Cape Pr ince  of Wales and P o r t  Clarence areas .  Values f o r  Na, 

K, and A l  e x h i b i t  more errat ic v a r i a t i o n  than va lues  for t h e  o the r  major 

elements and t h e  anomalies of Na, K and A 1  t h a t  appear t o  o r i g i n a t e  from land 

sources and a r e  broader i n  a r e a l  ex ten t .  Concentrat ions of P occur i n  pa tches  

i n  e a s t e r n  Norton Sound, Anadyr S t r a i t ,  and surrounding t h e  Yukon Delta.  The 

h ighes t  concent ra t ion  of P was i n  a sample from an enclosed bas in  NE of S t ,  

Lawrence I s l a n d  and could be a r e s u l t  of reducing condi t ions  i n  t h e  basin. 

O f  t h e  minor t r a c e  elements t h a t  are not  u sua l ly  regarded as p o t e n t i a l l y  

t o x i c ,  Sc c o r r e l a t e s  c l o s e s t  with T i ,  Fe, V, La, and Mn. Yttrium c o r r e l a t e s  

c l o s e s t  with Mn, Fe, and Ti. Yb c o r r e l a t e s  c l o s e s t  with Mn, Zn, and Y. 

Concentrat ions of Sc, Y, and Yb a r e  a l l  h ighes t  i n  Yukon sediment and lawest 

i n  Chir ikov Basin sediment. Nb exh ib i t ed  maximum concent ra t ions  i n  sediment 

o f f  Cape Darby where t h e  h ighes t  Nb anomalies on land i n  western Alaska have 

been found. N d  was de tec ted  i n  two samples from Norton Sound and i n  samples 

of sediment nor th  of King I s l and ,  samples t h a t  a l s o  have high concent ra t ions  

of La and Ce. These elements probably e x i s t  i n  t h e  mineral  monazite. 

S l i g h t l y  higher  va lues  of Be can be found jus t  o f f  t h e  c o a s t s  enc los ing  Norton 

Basin bu t  maximum of f sho re  va lues  near Cape Pr ince  of Wales c o r r e l a t e  wi th  

economic Be depos i t s  there.  

Of  t h e  economically important elements,  Ag, Mo, and Bi, de tec t ab le  Ag 

concent ra t ions  occur i n  samples o f f shso re  from t e r r e s t r i a l  ~g minera l i za t ion  



s i t e s  on St .  Lawrence Is land,  near S t u a r t  Is land,  and c lose  t o  the  Yukon 

Delta. Highest concentrat ions of Mo were found off the Bluff beach 

minera l iza t ion ,  B i  was detected i n  samples off the  Cape Prince of Wales 

minera l iza t ion  area t h a t  has associa ted  B i .  

A contour map of the  Q-mode f a c t o r  loadings f o r  Factor 111 o u t l i n e s  an 

area  corresponding t o  the  d i s t r i b u t i o n  of Yukon Holocene sediment p lus  a reas  

i n  Anadyr S t r a i t  and north of St .  Lawrence Island. Scaled varimax f a c t o r  

scores and cross cor re la t ion  between f a c t o r  loadings and element 

concentrat ions ind ica te  t h a t  Factor I11 i s  bes t  charac ter ized  by elevated 

concentrat ions of Ba, N a ,  Sr,  La, K, Gar A l ,  and Sc. The s ign i f i cance  of t h i s  

element grouping is t h a t  these elements tend t o  be concentrated i n  s i a l i c  rock 

types. Samples with high loadings fo r  Factor I of the  Q-mode ana lys i s  

general ly corresponds with the  area of r e l i c t  sediment i n  the Chirikov 

Basin. Samples with high loadings f o r  Factor I1 of the  Q-mode analys is  occur 

off the  coast from Bluf f ,  Nome, and Tin City,  suggest ing a s t rong influence 

from the  mineral izat ion i n  these  areas. This i s  confirmed by high 

c o r r e l a t i o n s  between loadings f o r  t h i s  f a c t o r  and concentrat ions of Fe, Mn, 

Ti ,  Co, Zn,  Sc,  Cu, Y, and V. Factor fV of the  Q-mode analys is  does not have 

any s t rong  r e l a t i o n  t o  sediment o r  mineral c h a r a c t e r i s t i c s  but shows some 

cor re la t ion  with areas of known g l a c i a l  debris .  
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TABLE I 

Gaometric mans, gaometric daviat iona,  c s n t r a l  and -cud  v d u e  ranges, 
and mxirmm and aln- Value8 for differOnt  e l e m n t  gFmp6 in tb. Northern Bmring 8ea. 

El-nt Geopctr ic  Gecmotric WniPaM Mmximm 
Group E l e ~ m l t  Uesn Deviation Cent ra l  R&nge* Lxpacted range** Values Values 

P e t r o l e m  Index N i  22.7 pppn 2.01 11.3 - 45.6 5.6 - 91.6 7.0 1500.0 
E l w n t s  V 87.3 p p  1.51 57.8 - 131.8 38.3 - 198.9 30.0 200.0 

Heavy eta1 Sn too fcw vuluea N 100.0 
El-nt Z r  162.4 ppm 1.56 104.2 - 253.1 66.8 - 394.5 50.0 2000.0 G 

Cr 45.2 ppm 1.82 24.8 - 82.5 13.6 - 150.4 10.0 1000.0 
too f w  values N 300. 

Toxic Xlaments Pb 20.5 ppm 1.66 12.3 - 34.0 7.4 - 56.5 N 500.0 
Cu 12.6 ppm 2.17 5.8 - 27.4 2.7 - 59.5 3.0 700.0 
Zn 72.8 ppm 1.70 42.8 - 124.0 25.1 - 211.0 N 1009.0 
A8 t c m f s w v a l u e a  N 3000.0 ppm 
W too faw value8 N 1000.0 ppm 

Chemically o r  re 2.29% 1.63 1.4 - 3.7 .86 - 6.1 .7 10.0 G 
Environmentally P b  462.5 gpm 1.88 245.7 - 870.6 130.5 - 1638.8 150.0 7000.0 
Sens i t ive  Co 11.6 p p  1.80 6.4 20.9 3.6 - 37.7 5.0 100.0 
Elsments Ba 551.3 ppm 1.70 323.6 - 939.3 189.9 - 1600.3 100.0 1500.0 

Major Elements A 1  5.6% 1.40 4.0 - 7.9 2 . 9  - 11.0 .5 10.0 
Na 1.79 1.72 1.0 - 3.0 .6 - 5.2 .07 3.0 
K 1.5% 1.74 .9 - 2.7 .5 - 4.6 .1  5.0 
Ca 1.6% 2.06 .8 - 3.4 .4 - 7.0 .2 10.0 G 
ng -8% 2.08 .4 - 1.7 .2 - 3.5 .15 10.0 G 
Ti .4% 1.59 .3 - .7 .2 - 1.1 e l  2.0 
P too few values N .7% 

Hinor Elrnrentr S r  227.7 p p  
Y 26.9 p ~ m  
s c  12.1 ppm 
Nb 11.3 ppm 
B 73.7 ppm 
La 41.4 p p  
Ga 10.3 p p  
Yb 3.4 Ppm 
Be 2.4 ppm 
Nd too fav values 

30.0 1000.0 
10.0 150.0 

5.0 50.0 
I 30.0 
N 150.0 

10.0 100.0 
N 30.0 

1.0 10.0 
N 10.0 

150.0 ppm 

n i r c e l  laneous A g  too few values N 3.0 ppm 
Economic Elemente Bi t m  fw values N 70.0 ppm 

Ho too few values N 30.0 p p  

Cent ra l  Range = ~ . m c a n / g s m .  &v. M geom. m a n  x gcom. dev. 
+%xpucted Range - geom. mean/(qeom. dev. l2 t o  geom. =an x (geom. dev. ) 

2 

G = > g r e a t e r  than accompanying value (upper l i m i t  of d e t e c t i o n )  
L = > less than accompanying value (1-r l i m i t  of d e t e c t i o n )  
H = > not detected i n  a w l e  



TABLE I1 

Analytic results for miscellaneous elements not shown in  
general element groups of TABLE I. 

Number of L i m i t  of Number of L i m i t  of 
samples detection samples detection 
element was (lower l i m i t  element w a s  (lower l imit  

Element detected i n  except for Si) Element detected in  except for Si) 

0.7  pprn 
100.0 pprn 

7.0 pprn 
7.0 pprn 
7.0 ppm 
2.0 pprn 
0.1  % 

1.0 pprn 
5.0 ppm 

20.0 pprn 
2.0 ppm 

300.0 pprn 
150.0 pprn 

10.0 ppm 
10.0% upper . l i m i t  
50.0 pprn 

0.7 pprn 
7.0 ppm 

50.0 ppm 
1.0 pprn 

100.0 pprn 
7.0 ppm 

50.0 pprn 
150.0 pprn 

3.0 ppm 
20.0 ppm 
20.0 ppm 
50.0 pprn 

1.5 pprn 
5.0 pprn 

100.0 ppm 
20.0 ppm 

5.0 pprn 

30.0 ppm 
2.0 ppm 

15.0 pprn 

* Looked for only when La or Ce is found 

** Looked for only when Y i s  >50 pprn 

***Si was a major component i n  a l l  samples analyzed, i.e., >10.0%. However, 
exact values cannot be assigned above t h i s  l i m i t .  



TABU I11 

Lista m a t  cloamly related or blsralated alaments according to 
correlation coefficients batman their lag valua.. 

Csxtreg negative correlrtlon. 





Table IV cont . 
v 

I U A b Y  O F  C O R R E L l f I O N  C O E F F I C I E M T S  - COHT. 
11  t 2 ? 3 1 4  

CUPPR-S  LAPPM-S NBPPM-S NI FPR-5 

1 G A  PPR-S 
2 FE X-s 
3 fit X-S 
4 C l  X-s 
5 T I  X-s 
6  MN PPM-S 
7 B PPfl-S 
8 0 4  PPR-S 
9 c o  PPM-5 

1 0  C R  PPR-S 
1 1  cu P P ~ - s  
1 2  L 1  PPM-S 
1 3  HB PPR-S 
1 4  H I  PPR-S 
1 5  PB PPM-S 
1 6  SC PPM-S 
1 7  S R  PPM-S 
18 V PPM-S 
1 9  I PPM-S 
20 Z N  PPR-S 
2 1  Z R  PPM-S 
2 2  h L  X - s  
2 3 H 1  X-S 
24 K X- S 
2 5  Y B  PPR-S 
2 6  BE PPR-S 

1 5  
PB PPR-S 

1 6  
S t  PPM-S 

1 7  
S R  PPM-S 

01 JOVI 
0 . 0 0 8 1  
0,1979 
0 ,5469  
0.7 a85 

-0  ,I  694 
0 ,1981  
0.6241 

- 0 . 0 6 6 1  
0.3323 
0 . 0 1  2 4  
0 , 5 5 3 9  

-0 .OR 29 
0 , 0 0 4 1  

- 0 , 0 7 7 2  0 ,3238  

1 . 0 0 0 0  
0 . 2 1  6 3  

- 0 , 0 6 7 5  
-0 ,1362  

0 . 3 2 0 6  
O,.6140 
0 , 6 8 6 5  
0 ,6994  

- 0 . 0 7 0 5  
0 , 2 0 5 6  

1 8  
V PPR-S 
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TABLE VI 

A. Q-mode scaled varimax factor scores relating which elements are most 
correlative with each factor ( i n  order of descending importance). 

B. Lists elements most closely related to the f i r s t  four factor loadings 
according to the correlations among their non-log values. 

Factor I 

Factor I 

Factor I1 

Y 2.05 
Yb 1.78 
Ti 1.75 
Fe 1-52 
SC 1.49 
Cu 1.28 
V 1.08 
Mn 1.04 

Factor I1 

*Extreme negative correlation. 

Factor 111 

Factor I11 

Ba .71 
Na .67 
Sr .65 
La .61 
K .59 
Ga. 57 
A 1  .57 
Sc .47 
*Pb -. 33 

Factor IV 

Factor IV 



TABLE VII 

Q-mde varimax factor matrix associating samples into factor  groupings. 

P F a c t o r  b n r l y s i s  on 2 5  c o t  bu 
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Table VI I con t . 

V A Q I  A N C E  2 L . 2 3 2  1 1  .a&.? 

C U M .  V A R  2 L . 2 3 2  5 6 . 0 7 4  
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Figure 1. Generalized map of the northern Bering Sea region, (Nelson 
and Hopkins, 1972). 
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Figure  3 .  Map depicting significant anomalies defined as values falling 
outside the upper limit of the expected value range or as the 
highest f e w  values (see Table 1 1  . 
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