
DISTRIBUTION OF TRACE ELEMENTS IN BOTTOM SEDIMENT

OF THE NORTHERN BERING SEA

by

B. R. Larsen, C. H. Nelson,
C. Heropolous, and J. J. Patry

U.S. Geological Survey
Menlo Park, California

Final Report
Outer Continental Shelf Environmental Assessment Program

Research Unit 413

July 1980

193



TABLE OF CONTENTS

I.

11.

III.

IV.

v.

VI.

VII.

VIII.

Page

suMMARY. . . . . . . . , . . . . . . . . . . . . . . . . . . 197

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . 201

A. General Nature and Scope of Study. . . . . . . . . . . . 201

B. Specific Objectives. . . . . . . . . . . . . . . . . . . 201

CURRENT STATEOFKNOWLEDGE . . . . . . . . . . . . . . . . . 202

STUDY AREA. . . . . . . . . . . . . . . . . . . . . . . . . 202

SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION . . . . . 214

ANALYTIC RESULTS. . . . . . . . . . . . . . . . . . . . . . 215

DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . 224

A. Petroleum Indicators . . . . . . . . . . . . . . . . . . 224

B. Heavy Metals. . . . . . . . . . . . . . . . . . . . . . 230

c. Potentially Toxic Elements . . . . . . . . . . . . . . . 243

D. Chemical-Environmental Change Indicators . . . . . . . . 252

E. Major Elements. . . . . . . . . . . . . . . . . . . . . 259

F. Minor Elements. . . . . . . . . . . . . . . . . . . . . 275

G. Other Miscellaneous Economic Elements. . . . . . . . . . 297

H. Q-Mode Factor Analysis. . . . . . . . . . . . . . . . . 302

CONCLUSIONS AND NEED FOR FURTHER STUDY . . . . . , . . . . . 305

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310



1. SUMMARY

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

quantitative emission spectrographic analyses for over 50 elements in surface

sediment from MO sampling stations are presented. For purposes of

discussion, certain of these elements have been grouped into the following

categories: petroleum indicators, heavy metals, potentially toxic elements,

chemically sensitive elements, major elements, minor elements, and a group of

elements of economic interest.

Of the petroleum indicator elements, Ni and V, Ni showed only average

concentrations in sediment near a gas seep 35 km south of Nome, Alaska; V

showed slightly lower values in samples taken recently from the gas-seep area

and relatively high values in samples collected earlier from the same area.

High amounts of V and Ni were found in sediment 40 km west of the south tip of

St. Lawrence Island, suggesting that potential petroleum seeps should be

searched for in this area. All other anomalous values for Ni and V seem to be

related to specific sediment types or to nearby onshore sources.

The elements Zr, Sn, Cr, and Ce were categorized as heavy metals. Zr is

found in high amounts in sediment surrounding the Yukon Delta and in Norton

Sound. It is generally low in sediment in the region of the Chirikov Basin.

Very high Zr concentrations are found off NE Cape of St. Lawrence Island as

well as off the western and southern portions of St. Lawrence Island. These

high amounts are probably derived from zircon containing quartz-monzanite

plutons widely dispersed throughout the island. Sn was detected in only 23

samples. High concentrations were found off Cape Prince of Wales, in Anadyr

Strait; and in the areas of King Island, Port Clarence, Bluff, Cape Rodney,

and off the north central coast of St. Lawrence Island. It is possible that

the high values in Anadyr Strait, Port Clarence and King Island are
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hydraulically concentrated. Values in other areas appear to be derived from

immediate land sources. Cr is evenly distributed except for high

concentrations close to Stuart Island, at locations south and north of St.

Lawrence Island, and off Cape Prince of Wales. These high amounts appear to

be closely related to the mafic rock types found on adjacent land areas.

Cerium is found in few raw-bulk samples but where present it is associated

with lanthanum and neodymium which suggests the presence of the heavy mineral

monazite. The greatest concentrations of Zn, Cr and Ce were found in a sample

taken from 30 km south of Cape Prince of Wales. Because this sample also

contains the highest amounts of Ti, Mn,

a significant placer area.

Of the potentially toxic elements,

La, Sc, Y, Yb and Nd, it may indicate

Sb, As, Cu, Pb and Zn, Sb was detected

in only a few

Stuart Island

lode cinnabar

samples from the Bluff, NE Cape of St. Lawrence Island, and

beaches. As was detected only in samples from Bluff beach where—

deposits occur. High concentrations for CU, Pbr and Zn occur

together in the same areas off St. Lawrence Island, along the southern coast

of the Seward Peninsula and in Norton Sound. These high values seem directly

related to highly mineralized areas in concentrations adjacent to land

areas. Cu and Zn also show

Yukon Delta in Norton Sound

Value-surface maps for

the

and

the

same trend

low values

chemically

as Zr, with high values off the

in the Chirikov Basin.

or environmentally sensitive

elements Fe, Mn, Co and Ba all show high concentrations off the volcanogenic

areas of north-central St. Lawrence Island and Stuart Island. They also

exhibit high values off Yukon Delta and low values within Chirikov Basin. w

is singled out in this group because of its use in drilling muds. It also

exhibits high concentrations surrounding Yukon Delta, near Stuart Island and

along the southern coast of the Seward Peninsula. Maximum values occur off the



southern

elevated

from the

and Mn.

derived

of

edge of St. Lawrence Island and in the middle of Anadyr Strait. The

Ba concentrations off the Yukon Delta probably originate in sediment

Yukon River drainage as do higher concentrations of Zr, Cu, Zn, Fe,

The anomalies near Stuart Island and Seward Peninsula appear to be

Erom specific land sources.

the major elements, the highest amounts of Ti, as with Fe and tln

discussed above, are in sediment found close to volcanic source rocks of

Stuart Island and St. Lawrence Island, although the highest value of Ti is

from a sample from 30 km south of Cape Prince of Wales. Sediment containing

high concentrations of Ti, Fe and Mn is typically found in regions associated

with mafic rock types. Ca and Mg also exhibit elevated values in these areas

but are in greatest abundance in sediment south of Port Clarence and offshore

from Cape Prince of Wales where paleozoic limestone formations are found.

Value-surface maps for Na, K, and Al do not show strong trends. Concentrations
1

of K are highest off NE Cape of St. Lawrence Island, and are proba$ly  related
,,

to the granitic bodies there. Al shows highest values in the Stuart I~sland

area and eastern Norton Sound. Mn, Fe, Tit and to a lesser degree Ca, Mg, Na,

K, and Al all have high concentrations in the region of the Yukon Delta and in

Norton Sound. The highest amount of P was in a sample from an enclosed basin

northeast of St. Lawrence Island.

Of the minor elements, Sr has the highest correlation coefficients with

K, Na, and Ba, but the highest Sr values as depicted by value-surface maps

correlate with the highest Ca values. Concentrations of Sc correlate closest

to concentrations of Ti, Fe, V, La, and Mn and Sc shows the same broad high

anomaly surrounding the Yukon Delta and the low anomaly in the Chirikov Basin

already mentioned for Tit Fe, and Mn. Ga has high correlation coefficients

with La, Sc and Ti and high amounts of Ga are found in Anadyr Strait and the



eastern end of Norton Sound. Nb is concentrated east of Cape Darby and may be

related to the high concentrations of Nb reported in stream sediments from

Cape Darby peninsula. Nd correlates closely with Ce and La. Concentrations

of Y follow the trend of high amounts in the Yukon Delta/Norton Sound area and

lowest amounts in Chirikov Basin. Yb has the highest correlation coefficients

with Mn, Zn, and Y and also is found in greater concentration in the area of

the Yukon Holocene sediment distribution.

areas of St. Lawrence Island known to have

Stuart Island, the Yukon Delta, Cape Nome,

Ag is found in 8 samples close to

silver mineralization, close to

and Bluff. The highest

concentrations of Mo were found close to Stuart Island off Cape Prince of

Wales in a sample containing a high amount of Sn, and in a Bluff beach sample.

Q-mode factor analysis showed that 4 factors were sufficient to explain

92% of the variance between samples. A map of loadings for

significant factor (Factor III) covers an area that roughly

area of Y~k.n Holocene sediment deposition.and an area NW of;>@

the most

corresponds to the

St. Lawrence

Island. Elements that are related to Factor III are La, Na, Ga, Ba, Sr, Sc,

K, V and Al. A map of loadings fOr the next most significant factor (Factor

I) corresponds approximately to the extent of relict sediment cover in

Chirikov Basin. Elements related to Factor I are B, V, Yb, Ba and Al. These

two factors (Factors I and II) seem to explain the trend exhibited by many of

the elements of generally high concentrations in sediment surrounding the

Yukon Delta and in the Norton

the Chirikov Basin. However,

conspicuously are not closely

Sound area and generally low concentrations in

some of the elements that show this trend most

related to Factor 111, but instead are better

related to Factor 11. Distribution of samples with high loadings for Factor

II corresponds roughly to the highly mineralized areas along the southern

Seward Peninsula. Elements related to Factor II are Y, Yb, Ti, Fe, Sc, Co, V
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and M. Plots of Factor IV loadings indicate this factor correlates somewhat

with subaqueous glacial morain deposits. The one correlative element is Nb.

II. 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 compared 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 time 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

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

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

Mn, Co, 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.
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The data are both graphically and statistically displayed. Computer maps

have been generated that display both contoured and 3-dixnensional value-

surfaces for each element. Geometric means and deviations as well as value

ranges for each element are given in Tables I and II. Results of correlation

analyses are found in Tables III and IV. &ps showing the generalized geology

of the area, the sampling locations and onshore mineralization sites, and the

significant offshore anomalies are depicted in Figs. 1, 2, and 3. A map of

significant Q-mode factor loadings is found in Fig. 4.

III. CURRENT STATE OF KNOWLEDGE

The toxic element Hg, has been previously studied in the sediments of

this area by Nelson, et al., 197S. Gold placer deposits in the nearshore

areas of Nome-Bluff and in the offshore areas of Chirikov Basin have been

extensively studied by Nelson and Hopkins, 1972. Reports by McManus, et al.

(1977), Venkatarathnam (1971), and Sheth, (1971), discuss in detail the

related topic of heavy mineral and sediment distribution, dispersal and

provenance in the northern Bering Sea shelf region. Gardner et al., (1980),

have completed a study similar to this one in the central and southern Bering

Sea shelf regions.

Iv. STUDY AREA

The bottom surface sediment samples analyzed for this study came from 180

sampling stations spread over Norton Basin (Fig. 2). The western part of the

area, Chirikov Basin, is covered with what is thought to be relict medium-fine

sand (Nelson and Hopkins, 1972)- The region surrounding the Yukon Delta as

well as much of Norton Sound, and several depressions in an eastern corridor

extending up to the Bering Strait, is generally covered with more recent

sediment grading from coarse silt to fine sand. The major source of Holocene

sediment in this region is the Yukon River (Nelson and Creager,  1977). There
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Geometric means, geometric deviation8, central and expected value rengeB,
and maximum and minimum values for different element groups in the Northern Bering Sea.

Element Geometric Geometric Minimum
Group Element Mean

naximum
Deviation  Central Range* Expe cted range** Values Values

Petroleum Index Ni 22.7 ~Pl!! 2*O1 11.3 - 45.6 5.6 - 91.6 7.0
Elements v

1500.0
07.3 ppal 1.51 57.8 - 131.8 38.3 - 198.9 30.0 200.0

Heavy Hetal Sn too few nlues N 100.0
81ement Zr 162.4 ppm 1.56 104.2 - 253.1 66.8 - 394.5 50.0

Cr
2000.0 G

45.2 Ppm 1.82 24. S - 82.5 13.6 - 150.4 10.0 1000.0
Ce ton few valuea N 300.

Toxic Zlements Pb 20.5 ppm 1.66 12.3 - 34.0 7.4 - 56.5 N 500 .0
Cu 12 .6  Ppm 2 . 1 7 5.S -  2 7 . 4 2 . 7  -  5 9 . 5 3 . 0 700 .0
Zn 72.8 ppm 1.70 42.8 - 124.0 25.1 - 211.0 N 1000 .0
As too few values N
Sb

3000.0 ppm
tco few valuea N 1000.0 ppm

Chemically or Fe 2.290 1.63 1.4 - 3.7 .86 - 6.1 .7 10.0 G
Environmentally Mn 462.5 ppm 1.88 245.7 - 870.6 130.5 - 1638.8 150 .0 7000 .0
Sensitive co 11.6 ppm 1.80 6.4 - 20.9 3.6 - 37.7 5.0 100.0
Elements Be 551.3 ppm 1.70 323.6 - 939.3 189.9 - 1600.3 100.0 1500.0

Major Elements Al 5.6% 1.40 4.0 - 7.9 2.9 - 11.0 .7
Na 1.7%

10.0
1.72 1.0 - 3.0 .6 - 5.2 .07

K 1.50
3.0

1.74 .9 - 2.7 .5 - 4.6 .1
Ca

5.0
1.6% 2.06 .8 - 3.4 .4 - 7.0 .2 10.0 G

Mg .8% 2.08 .4 - 1.7 .2 - 3.5 .15 10.0 G
Ti .4% 1.59 .3 - .7 .2 - 1.1 .1
P

2.0
too few values N .7%

Ninor Elements Sr 227.7 ppm 1.81 123.1 - 402.5 68.2 -727.5 30.0
Y

1000 .0
26.9 ppm 1.50 17.9 - 40.5 11.9 - 60.9 10.0 150 .0

Sc 12.1 ppm 1.50 8.0 -  1 8 . 2 5.3 -  27.4 5* o
Nb

50.0
11.3 ppm 1.47 7.6 - 16.6 5.2 - 24.5 N

B 73.7 ppn
30.0

1.72 42.8 - %26.9 24.9 -218.6 N 150.0
La 41.4 ppm 1.63 25.5 - 67.3 15.7 -109.5 10.0
Ge

100.0
10.3 ppm 2.45 4.2 - 25.3 1.7

Yb
- 62.1 N 30.0

3.4 ppm 1.52 2.2 - 5.1 1.5 - 7.s 1.0
8e

10.0
2.4 ppm 1.51 1.6 - 3.7 1.1 - 5.6 N

Nd
10.0

too few valuee N 150.0 ppm

Miscellaneous ag too few values N 3.0 ppm
ECOnOm.iC Elements Bi too few values N 70.0 ppm

Ho too few values N 30.0 ppm

e Central Sange = gwm.mean/geom. dev. to gacm. mean x gem. dev.
● %xpected Range = geom. mean/(geom.dev.) 2 to geom. mean x (geom. dev. )2
G = > greater than accompanying value (upper limit  of detection)
L = > leaa than accompanying value (lower limit of detection)
N E > not detected in a sample
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TABLE II

Analytic results for miscellaneous elements not shown in
general element groups of TABLE 1.

Number of Limit of Number of Limit of
samples detection samples detectio~
element was (lower limit element was (lower limit

Element detected in except for Si) Element detected in except for Si)

Ag
As
Au
Bi
Cd
Mo
P
Pd
Pt
Sb
Sn
Te
u
w
Si***

Ce
Ga
Ge

5

3
0
2
0
5

54
0
0
8

23
0
0
0

179

19
151

0

0.7 ppm
100.0 ppm

7.0 ppm
7.0 ppm
7.0 ppm
2.0 ppm
0.1 %
1.0 ppm
5.0 ppm

20.0 ppm
2.0 ppm

300.0 ppm
150.0 ppm
10.0 ppm
10.0% upper

limit
5010 ppm
0.7 ppm
7.0 ppm

Hf
In
Li
Re
Ta
Th
T1

1

Pr
Nd *
Sm
&

1

G
Tb
Dy *
Ho

Er
T

o
0
0
0
0
0
0
0
3
0
0
0
0
0
0

0
0
0

50.0 ppm
1.0 ppm

100.0 ppm
7.0 ppm

50.0 ppm
150.0 ppm
3.0 ppm

20.0 ppm
20.0 ppln
50.0 ppm
1.5 ppm
5.0 ppm

100.O ppm
20.0 ppm
5.0 ppm

30.0 ppm
2.0 ppm
15.0 ppm

* Looked for only when La or Ce is found

** Looked for only when Y is >50 ppm

● **Si was a major component in all samples analyzed~ i.e. 8 >10.0%. However,
exact values cannot be assigned above this limit.



TABLE III

Lists mst closely related or dinrelated elementm  according to the
correlation coefficients between their log values.

GA
La .49s0
se .4047
Ti .3806

Ba
K .8040
Na .6S47
Sr .6241
XI . 6 0 9 2

Ni
CO .8263
Fe . 8 1 0 1
Cu . 6 8 3 3
Ti .6153
Zn .6142
cr .6132
m .5954
B -.5464*

Zr
La .4933
Y .4552
Ti .4059
K .3770
WI .3694

Fe
Cu . 8 3 2 3
Ni .elol
ZTI  . 7 8 6 8
Mn . 7 7 3 a
m . 7 5 0 3
Ti . 7 2 5 1
SC .6326
B-.3164*

Be
La .3720
Yb .3388
Sc .3351
cu .3211
Ti .3058

Ml
Cu .5114
Zn .4194
Y .3701
Fe .3106
h .2615
Na-.4041a

Al
Na .8348
K .6999
Sr .6140
se .6092
B .4328

Mg
Ca .5861
co  .5151
m . 4 9 4 9
Fe . 3 8 0 4
Ti .3884
SC .3565
Cr .3331

co
Ni .8263
Fe .7503
cu .6296
zn .5982
B -.4110e
K -.3177*

Sc
Ti .7180
Fe .6326
v .5790
La .5572
m .5571
Cu .5470
Cr .5274

Na
Al .8348
K .7935
Sr .6863
sa .6847
B .4109
Pb-.4o4l*

Ca
Mg .5861
Sr .5469
Sc .3371
Nb -.3232*

Cr
Ni .6132
Ti .5623
SC .5274
Fe .4796
CO .3879

Sr
K .6994
Na .6863
Al .6740
8s .6241
La .5539
cu .5469

K
se .8040
Na .7935
U .6999
Sr .6994
Ls .5171
B .4929
co .3177*

Ti
Fe .7251
S C . 7 1 8 0
h . 6 6 1 7
Ni .6153
m .5717
Cu .5682
cr .5623
Y .5435
Yb .5181
Co .5067

Cu
Fe .8823
zn .8023
Ni .6833
~ .6612
CO .6296

v
Sc .5790
La .5189
Cu .4801
Yb .4589
Zn .4584
Ti .4352
Fe .4039

Yb
!4n .5729
Zn .5713
Y .5678
Fe .5294
Cu .5112
Ti .5181
V .4589
SC .4278

h
Fe .7738
zn .6657
Ti .6617
cu .6612
Y .6103
Ni .5954
Yb .5729
Sc .5571

L a
SC .5572
Sn .5539
m .5508
v .5189
K  .5171
Ga .4950
Zr .4933
Ti .4473

Y
Mn .6103
Yb .5678
Fe .5563
Ti .5435
Cu .4S42
Zr .4552
Sc .4335

B
K .4929
Be .4508
Al .4328
Na .4109
Nb .2884
La .2815
Ni -.5464*
co -.411O*
Fe -.3164*

Nb
B .2804
Ca-.3232*

Zn
cu .8023
Fe .7868
M .6657
Ni .6142
CO .5982
Ti .5717
Yb .5713

-xtrem negative correlation.
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TABLE IV

Correlation coefficients between element log values

9 0 1 0 1  tORRELATtON  A N A L Y S I S  -  US6S  STATPAC  ( 0 4 / 2 7 / 7 ? )

A R R A Y  OF C O R R E L A T I O N  C O E F F I C I E N T S  -

1 GA
2 FE
5 MG
4 Ch
S 11
6  MN
70
8 BA
9  c o

1 0  CR
1 1  Cu
1 2  L A
13 NB
16 Ml
1 5  P s
16 S C
1 7  SR
18 v
1 9  Y
2 0  ZN
2 1  tR
2 2  A L
2 3  NA
2k K
2 5  YB
2 6  BE

PPR-S
x - s
x - s

::;
PPM-S
PPR-S
PPM-S
PPM-S
PPM-S
PPU-S
PPn-s
PPM-S
PPU-S
PPM-S
PPM-S
PPM-S
PPM-S
PPM-S
PPM-S
PPM-S

% - s
% - s
% - s

PPM-S
PPM-S

1
G A  PPM-S

1 . 0 0 0 0
0 . 3 2 8 9
0 . 1 1 8 1
0.1505
0.3806
0 . 1 1 5 4

- 0 . 0 2 5 3
0.1866
0 . 2 6 4 9
0 . 3 1 2 8
0.2418
0.6950
0 . 1 8 7 5
0 . 3 0 9 0
0 . 0 2 2 7
0.4047
0 . 3 0 9 ?
0.0446
0.2224
0 . 2 1 4 0
0 . 2 ? 3 2
0.2245
0 . 2 5 2 8
0 . 1 8 0 0

- 0 . 0 6 1 7
0 . 1 0 9 8

2
FE x-s

0;3289
1 . 0 0 0 0
ot3a84
0 . 2 6 7 8
0 . 7 2 5 1
0 , 7 7 3 8

- 0 . 3 1 6 4
- 0 . 0 3 9 8

0 . 7 5 0 3
0 . 4 7 9 6
0.8323
0 . 3 3 6 9

- 0 . 0 7 7 7
0.6101
0 . 3 1 0 6
0 . 6 3 2 6
0.0D81
0.4D39
0 , 5 5 6 3
0 . 7 8 6 8
0 . 2 5 4 7
0 . 0 5 8 5

- 0 , 0 5 2 4
- 0 . 1 5 3 6

0 . 5 2 9 4
0 . 2 7 4 1

3
MG %-S

0.1181
0.3884
1.0000
0.5861
0.3884
0.2669

-0.2313
-0.1395

0 . 5 1 5 1
0 . 3 3 3 1
0.2714
0 . 0 6 8 8

‘ 0 , 2 9 7 4
0.4949

- 0 . 2 1 8 6
0 . 3 5 6 5
0 . 1 9 7 9
0 . 2 3 3 3
0 . 1 4 8 0

0 . 1 5 2 8
0 . 1 4 8 5
0.2193
0 . 1 9 6 3
0 . 0 2 2 5

- 0 . 0 2 3 4
- 0 . 0 6 1 8

4
Ck %-s

0.750s
0 . 2 6 7 8
0.5861
1 . 0 0 0 0
0 . 2 8 2 3
0 . 1 4 5 8

- 0 . 0 4 2 4
0.0475
0 . 2 8 3 7
0.2014
0 , 2 4 3 4
0 . . 2 8 7 9

- 0 . 3 2 3 2
0.2480
0,0812
0 . 3 3 7 1
0 . 5 4 6 9
0.1561
0 . 2 3 9 2
0 . 0 4 6 6
0,2224
0 . 2 6 7 9
0t.2352
0 . 2 0 ? 6
0 . 0 6 9 2
0 . 0 1 9 4

5
TI %-S

0:3806
0,7251
0q3884
0 . 2 8 2 3
1 . 0 0 0 0
0,6617

-OV7365
0 . 0 9 3 2
0 , 5 0 6 7
0 . 5 6 2 3
0 , 5 6 8 2
0 . 4 4 7 3
0 . 0 4 3 5
0n6153

- 0 , 0 1 1 8
0X7180
0.1885
0,b352
0 . 5 4 3 5
0 . 5 7 1 7
0,4059
0.2162
0,f629
0 , 0 2 9 6
0 , 5 1 8 1
0 . 3 0 5 8

6
M N  PPM-S

0,1154
0 , 7 7 3 8
0 . 2 6 6 9
0 . 1 4 5 8
0 , 6 6 1 7
1 , 0 0 0 0

‘Of12643
-0,1461

0,5187
0,3113
0 . 6 6 7 2
0 . 2 4 2 4

- 0 , 0 6 8 6
0A5954
0,2615
0 , 5 5 7 1

- 0 , 1 6 9 4
0,3714
Oa6103
0.6657
0 , 2 3 8 8

‘OR1887
- 0 , 2 5 2 0
‘ 0 , 2 7 3 4

0 , 5 7 2 9
0 . 2 5 5 8

7
B PPM-S

- 0 , 0 2 5 3
-OP3164
‘0#2313
‘ 0 , 0 4 2 4
- 0 , 1 3 6 5
‘ 0 . 2 6 4 3

180000
0 , 4 5 0 8

- 0 , 4 1 1 0
- 0 . 2 1 7 ?
- 08 2 4 8 2

0 . 2 8 1 5
0 , 2 8 8 4

- 0 , 5 4 6 4
- 04 0 2 ? 1

0 . 0 7 2 4
0,198~
0 , 2 1 9 6
0 , 0 5 9 0

- 0 , 1 7 2 2
0 . 1 4 9 7
0 , 4 3 2 8
0 , 4 1 0 9
0 , 4 9 2 9
0 , 1 3 9 7
0 . 0 9 4 5

8
BA PPU-S

0;1866
?0.0398
-0,7395

0.0475
0,0932

‘0.1461
044508
1,0000

-0,2254
0,2336
0,0008
0.5508
0,1651

‘061467
-0,0241

0.3589
0.6241
0:3529

-0,0607
0i0552
0,3694
0,6092
0,6847
0,8040
0,1760
0.2710

9
c o  PPM-S

0;2649
0 * 7 5 0 3
0 , 5 1 5 1
0 , 2 8 3 ?
0 , 5 0 6 7
0.5187

-0,4110
- 0 , 2 2 s 4

1 , 0 0 0 0
0 , 3 8 ? 9
0 , 6 2 9 6
0 . 1 0 3 2

-o,fa94
0 , 8 2 6 3
0,2152
0 . 3 9 8 4

-oao661
0@2090
0 , 4 2 7 2
0,598Z
0,94s0
0a0046

‘ 06 1 1 7 8
- 0 , 3 1 7 7

0 , 2 1 3 8
0 . 0 1 4 4

1 0
C R  PPM-S

0;3128
0+4796
0;3331
0 , 2 0 1 4
0 , 5 6 2 3
0 , 3 1 1 3

‘ 0 , 2 1 7 7
0 , 2 3 3 6
0 , 3 8 7 9
1 , 0 0 0 3
0.3S22
0 , 3 6 2 9

- 0 , 0 0 3 9
0 , 6 1 3 2

- 0 , 2 5 2 9
0 . 5 2 7 4
0i3323
0 , 3 4 0 7
O*1O15
0,2692
0 , 3 0 0 5
0 , 2 3 6 5
0 “ 3 3 s 4
0 . 1 9 4 7
0.19s4
0 . 1 3 1 3



Table IV cont.

0 0 1 0 1  C O R R E L A T I O N  A N A L Y S I S  - U S G S  STATPAC  ( 0 4 / 2 7 / 7 7 )

A R R A Y  O F  C O R R E L A T I O N  C O E F F I C I E N T S  -  C O N T .

1  G A  PPM-S
2 fE %-S
3 MG  %-S
4 CA %-S
5 TI %-s
6  RN PPP1-S
7 B PPm-!j

8 BA PPIII-S
9 co PPM-S

10  C R  PPM-S
1 1  Cu PPM-S
1 2  L A  PPM-S
1 3  NE P P M- S
14 N1 PPM-S
1 5  PB PPM-S
1 6  S C  PPM-S
77 SR PPM-S
1 8  v  PPM-S
19 Y PPM-!3
2 0  2N  PPM-S
2 1  ZR PPM-S
22 AL x-s
23 MA %-S
24 K X-S
2 5  YB PPM-S
2 6  B E  PPM-S

11 1 2 1 3
Cu PPM-S

0.2418
0 . 8 3 2 3
0 . 2 7 1 4
0.2434
0.5682
0 . 6 6 1 2

- 0 . 2 4 8 2
0 . 0 0 0 8
0 . 6 2 9 6
0 . 3 5 2 2
1 . 0 0 0 0
0.6102

- 0 . 1 3 0 0
0 . 6 8 3 3
0.5114
0.5670
0.0144
0 . 4 8 0 1
0.4862
0 . 8 0 2 3
0.1652

- 0 . 0 5 3 4
- 0 . 1 7 4 7
-o.l&?fl

0 . 5 1 1 2
0 . 3 2 1 1

L A  PPF!-S

0,4950
0 . 3 3 6 9
0 . 0 6 8 8
0 , 2 8 7 9
0.4473
0.2624
0 . 2 8 1 5
0 . 5 5 0 8
0 . 1 0 3 2
0 . 3 6 2 9
0.4102
1 . 0 0 0 0
0 . 1 0 8 9
0.1760
0 . 2 1 0 0
0 . 5 5 7 2
0 . 5 5 3 9
0 . 5 1 8 9
0 . 3 8 8 6
0 . 3 3 3 3
0.4933
0 . 3 2 9 4
0 . 3 ? 5 4
0 . 5 1 7 1
0 . 3 7 4 6
0 . 3 ? 2 0

NE PPfl-S

0.1875
- 0 . 0 7 ? ?
- 0 . 2 9 7 4
- 0 , 3 2 3 2

0 . 0 4 3 s
- 0 . 0 6 8 6

0 . 2 8 8 4
0 , 1 6 5 1

- 0 , 1 8 9 4
- 0 . 0 0 3 9
- 0 . 1 3 0 0

0 . 1 0 8 9
1 . 0 0 0 0

‘ 0 . 0 9 8 3
- 0 . 0 7 2 0
- 0 . 0 2 9 7
‘ 0 . 0 8 2 9

0 . 0 9 3 1
0 . 0 1 3 9
IJOC171)(3
0 . 1 2 1 3
0 . 2 1 1 6
0 . 2 0 2 1
0 . 1 4 4 5
0.1340
0 . 0 3 7 8

74
NI PPM-S

0 , 3 0 9 0
0 . 8 1 0 1
0 . 4 9 4 9
0,2480
0 . 6 1 5 3
0 . 5 9 5 4

- 0 . 5 4 6 4
‘ 0 . 1 6 6 7

0 , 8 2 6 3
0 . 6 1 3 2
0 . 6 8 3 3
0 . 1 7 6 0

- 0 . 0 9 8 3
1 . 0 0 0 0
0 . 1 6 2 6
0.4481
0 . 0 0 4 1
0 . 2 7 6 6
0 . 3 5 1 6
0 , 6 1 4 2
0 . 2 6 1 5

- 0 . 0 1 6 2
- 0 . 0 6 1 5
- 0 . 1 9 9 8

0 . 3 0 2 7
0 . 0 8 8 4

1 5
PB PPM-S

0 % 0 2 2 7
0,3106

- 0 . 2 1 8 6
0R0812

- 0 . 0 1 1 8
0 . 2 6 1 5

- 0 . 0 2 7 1
- 0 , 0 2 4 1

0 . 2 1 5 2
- 0 . 2 5 2 9

0 . 5 1 1 4
0 . 2 1 0 0

- 0 . 0 7 2 0
0 . 1 6 2 6
1 , 0 0 0 0

- 0 . 0 4 3 9
- 0 , 0 7 7 2

0 . 0 0 5 3
0 “ 3 7 0 1
0 . 4 1 9 4
0 . 0 8 5 7

- 0 . 2 6 3 0
- 0 . 4 0 4 1
- 0 , 1 2 7 7
0.25&7
0.1790

+6
Sc  PPM-S

0:4047
0 . 6 3 2 6
0 . 3 5 6 5
0*3371
0.7180
0,5571
0 . 0 7 2 4
0h3589
0 . 3 9 8 4
0 . 5 2 7 4
0 , 5 4 7 0
0W5572

- 0 . 0 2 9 7
0n4481

- 0 , 0 4 3 9
lPOOOO
0 . 3 2 3 8
0 . 5 7 9 0
0.4335
0.g5294
0 . 3 5 0 9
0 , 3 3 6 5
0 , 3 2 1 2
0 . 2 0 4 0
0 . 4 2 7 8
0 . 3 3 5 1

77
SR PPM-S

0:3097
0 . 0 0 8 1
0 . 1 9 7 9
0X5469
0 . 1 8 8 5

‘ 0 , 1 6 9 4
0,1981
0 , 6 2 4 1

- 0 . 0 6 6 1
0 . 3 3 2 3
0,0J44
0 , 5 5 3 9

- 0 . 0 8 2 9
0 , 0 0 4 1

- 0 , 0 7 ? 2
0 , 3 2 3 8
1 . 0 0 0 0
0 , 2 1 6 3

‘ 0 , 0 6 7 5
- 0 , 1 3 6 2

0 . 3 2 8 6
0,6740
0 , 6 8 6 3
0 , 6 9 9 4

- 0 . 0 7 0 3
0 . 2 0 5 6

1 8
v  PPn-s

0:0446
0,4039
0 , 2 3 S 3
0,~56f
0.+352
0,3714
0 . 2 1 9 6
0 , 3 5 2 9
0 . 2 0 9 0
0,3607
0.4801
0 , 5 1 8 9
0 . 0 9 3 1
0 , 2 7 6 6
0 , 0 0 5 3
0 . 5 7 9 0
0 . 2 1 6 3
1 . 0 0 0 0
0 , 2 2 3 7
0,4584
0 . 2 4 0 1
o*331&
0 , 2 7 1 3
0 , 2 6 6 1
0 . 4 5 8 9
0 . 2 9 0 0

1 9
Y PPM-S

o;222b
0 . 5 5 6 3
0.1480
042392
0,543s
0,6103
0 , 0 5 9 0

-Oa0607
0 . 4 2 7 2
0 , 1 0 1 s
0A&8b2
0a3886
0 . 0 1 3 9
0,3516
0*3701
0 4 4 3 3 5

- 0 , 0 6 7 5
0 , 2 2 3 7
1 , 0 0 0 0
0 4 4 1 2 1
0 , 4 5 5 2

- 0 , 0 4 s 7
-OF1440
-o,lo3~

0 , 5 6 7 8
0.24i4

2 0
ZN PPR-S

0:2160
0 . 7 8 6 9
0 , 1 5 2 8
0iOL6b
0 , s 7 1 7
0 . 6 6 5 ?

- 0 , 1 7 2 2
0 . 0 5 5 2
0 . 5 9 8 2
0,26~2
0 , 8 0 2 3
0 . 3 3 3 3
0;0703
0.6142
0,4194
0 , 5 2 9 6

- 0 , 1 3 6 2
0.4584
0 , 4 1 2 1
1 , 0 0 0 0
o.191b

- 0 . 0 3 3 2
-Om1644
-O*18L0

o,57~3
0.2771



Table IV. cont.

D O 1 O 1  C O R R E L A T I O N  A N A L Y S I S  -  U S G S  STATPAC  (04/27/7?)

A R R A Y  O F  C O R R E L A T I O N  C O E F F I C I E N T S  -  C O N T .
21 22 23

ZR PPM-S AL  Z-S
1  6 A  PPM-S 0 . 2 7 3 2 0.2245
2 FE %-S 0.2547 0.0585
> RG Z-S 0.1485 0.2193
4 CA %-S 0.2224 0.2679
5 TI X-S 0.6059 0.2162
6 MN PPM-S 0.2388 -0.?887
7 B PPr’4-s o.’lf497 0 . 4 3 2 8
8  BA  PPf4-S O .  3 6 9 4 0 . 6 0 9 2
9  c o  PPM-S 0.1650 0.0046

1 0  CR  PPM-S 0.3005 0.2365
11 Cu PPM-S 0.1452 -0.0534
12 LA PPM-S 0 . 4 9 3 3 0 . 3 2 9 4
13 NB PPH-S 0.1213 0.2116
14 NI PPM-S 0.2615 -0.0?62
15 PB PPM-S 0.0857 -0.2630
16 SC PPM-S 0.3509 0.3365
17 SR PPM-S 0.3286 0.6160
18 V PPM-S 0.240? o.33f4
79 Y PPM-S 0.4552 - 0 . 0 4 5 7
2 0  Z N  PPM-S 0 . 1 9 1 4 - 0 . 0 3 3 2
2 1  ZR PPM-S 1 . 0 0 0 0 0 . 2 7 8 4
22 AL %-S 0.2784 1.0000
23 NA %-S 0.3000 0.8348
2.4 K %-s 0.3778 0.6999
25 YB PPFI-S 0 . 3 3 2 2 0 . 0 9 5 3
26 BE PPM-S 0.2169 0.1454

NA %-S
0.2528

-0.0524
0.1963
0.2352
0.1629

-0.2520
0.4109
0.6847

-0.1178
0.3354

-0.7747
0.3754
0.2021

-0.0615
-o.404f
0.3212
0.6863
0.2713

-0.14.40
‘0.1644
0.3000
0.8348
1.0000
0.7935
0.0077
0.0699

24
K % - s

0.1800
-0.1536
0.0225
0.2076
0.0296

-0.2734
0.4929
0.8040

-0.3177
0,1947

-0.1474
0.5171
0.1445

-0.1998
-0.?277
0.2040
0,6994
0.2661

-0.1034
-0.1860
0.3778
0.6999
0.7935
1.0000
0.0875
0.2228

25
YB PPR-S
-0.06T7
0.5294

-0.0234
0,0692
0,5181
0.S729
0,1397
0.1760
0@2138
0.1956
0.5112
0.3746
0,1340
0.3027
0.2547
0.4278

-0.0703
0,4589
0.5678
0.5713
0e3322
0.0953
0.0077
0.0875
1.0000
0.3388

26
BE PPWS

0 . 1 0 9 8
092747

-0,0618
0,0194
0R3(’J58
0.2558
0,0945
0.27?0
0.0364
0.1313
0.3211
0,3720
0,0378
0.0884
0,1790
0P3351
0,2056
0.2900
0.2444
0,.27?9
0P2169
0.1454
0.069Q
0,2228
0.3388-
1.0000

2 0 8
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are some areas where the relict and modern sediments intersect creating a

palimpsest mixture of the two (McManus et al., 1977). Much of the sediment

coming from the Yukon and deposited in Norton Sound is thought to be re-

suspended periodically and then flushed through the Bering Strait and

deposited in the Chukchi Sea by normal and storm tides (Nelson and Creager,

1977). This is helped by currents which trend generally northwards to the

Bering Strait and have velocities as high as 190 cm/sec in the Strait itself

(Coachman, et al., 1976).

Water in the region is characterized by two fairly distinct masses.

Colder, more saline waters dominate the central and western parts of the

region. These are surrounded by a shoreward hugging mass of Alaskan coastal

water which is warmer, less dense and generally moving along the eastern coast

northward to the Bering Strait.

Significant mineralized deposits are found in several areas bounding this

region (Fig. 2; Cobb, 1960a,b,c, 1962, 1964, and 1970; Eberlein and Menzie,

1978; Hudson and DeYoung, 1978, Hudson, et al., 1977; Hummel,  1977, Nelson and

Hopkins, 1972, Nelson, et al., 1972; Overstreet, et al., 1974, 1978; Patton

and Csejtey, 1971, 1972; and Sainsbury, 1969, 1975). Of particular importance

are the gold placer deposits found in the Nome Bluff area. Gold placers are

also located in various relict beach ridges or reworked glacial moraines

presently submerged off the coast from Nome as well as off Chutkotka Peninsula

and St. Lawrence Island (Nelson, Hopkins, 1972).

Lode deposits of economic interest occur in many areas surrounding Norton

Basin. They include copper, lead, zinc, silver and molybdenum deposits in

western and eastern St. Lawrence Island; tin and beryllium deposits of the

Lost River ining district on the western tip of Seward Peninsula which also

contain high concentrations of copper, lead, zinc, antimony, gold and

213



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, 1972). 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. Rfl 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.
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This sampling technique was developed by Xan Kaplan of UCLA for BLMfiOAA 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,

Gardner, 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 11OO cc Each

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

by the Analytical Laboratories 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 must 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
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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

submitted in a random sequence along with

precision was calculated by averaging the

replicate analysis and the mean value for

Additional replicate analyses were run on

used for the replicate analyses were

the other samples analyzed. The

percent difference between each

all of the replicate analyses.

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 spectrographic 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, Bat 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

‘acceptedc 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, Zr8 Ti$ Ga, Pb, Fe, kin, and Mg, were
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within 35 to 65 percent of the

still be considered reasonable

elements, Yb and B, had values

actual values for the rock standards and can

baseline data for these elements. Two

varying by more than 80% from the known

values. Values

of their actual

eight elements,

for these elements should be regarded as only gross estimates

content in the sediment. Accuracy for the determination of

Ag, As, Bi, Mo, Nd, Sb, Sn, and Ce, could not be assessed

because quantities present were too low to be detected by the analytic

method. These elements were not statistically analyzed but where present

above the detection limit, they were plotted as anomalous values. Si was

eliminated because its values were all greater than the upper limit of

detection of the analytic technique (Patry, et al., 1977).

The data was transformed into base 10 logarithms and the arithmetic means

and standard deviations were determined for the log values. The arithmetic

mean of the log values of a distribution is equivalent to the geometric mean

of the original values and if the distribution approximates log normality, the

geometric mean is the best measurement of the central tendency of the

distribution (Table I; Miesch, 1967). The distributions in this study were

presumed to approximate log normality. Correlation analyses relating element

pairs were also run on the logs of the data values. Q-mode factor analysis

was performed to examine significant relationships among samples and elements

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

than the lower limit of detection. If an element had only one to three values

above or below the upper or lower limit of detection, these indeterminate

values were substituted with definite values set two class intervals above or

below the value of the limit of detection. Nine elements (Ag, As, Bi, Mo, Nd,

Si Sb, Sn, and Ce) had too few values for statistical treatment but enough

values were obtained for Ag, Mo, and Sn to be plotted graphically.
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TABLE V

Correlation coefficients between Q-mode Factor loading values and non-log
element values.

00101  C O R R E L A T I O N  A N A L Y S I S  - u S G S  ST8TPAC  ( 0 4 / 2 7 / 7 7 )

A R R A Y  O f  C O R R F L A T I O N  C O E F F I C I E N T S  -

1 factor~
? factor2
3 factor3
4 factor&
5 G A  PPM-S
6 FE  %-S
7 MG %-S
8 CA %-S

N 9 TX %-S

+ 1 0  wN PPM-S

m 11 B PPM-S
1 2  6 A  Pc’~-S
13 CO PPM-S
]4 C R  PPY-S
15 cU PPM-S
1 6  L A  PDM-S
1 7  NB PPf’1-S
18 NI POM-S
1 9  P@ PPM-S
2 0  S C  PPM-S
2 1  S R  PPM-S
2.? v pP~-s

73 Y PP~-s
?4 Z N  PPM-S
25 2P PPM-S
26 AL  Z-S
27 NA Z-S
28 K Z-S
29 YB PPY-S

1 2
factorl

1 .Oflocl
- 0 . 3 2 5 $
- 0 . 1 7 5 8

0.0181
-0.568Q
-o.5c?93
-0.4750
-0.42F9
-0.35?6
-0.335?
(-).539?
0.1990

-0.6077
-@.3Qll
-0.3316
-0.0977
0.1628

-0.6219
-0.3033
-0.2070
-0.2064
0.2?03

-11..?662
-@.3’199
-0.06?9
0.0527

-0.0708
C,0796
0.1!5?P

factor?

-P.3258
1 . 0 0 0 0

- 0 . 2 7 8 5
-C).480F
0.09?6
n.66J6
0.1630
13.716R
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(3.65?7

-fi.1656
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n.4444
0.1546

- 0 . 0 2 6 6
( ) . 2 2 4 6
Q.~931J
I-I..!+SQ8

- 0 . 2 6 2 1
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-(-),4254
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Q.1728
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-0.2136
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-n.4~37
0.4133

-n.2139
-11.3356
-0.5150
-n.163g
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-0.4607
‘tl.C516

n.c17?9
0.0416
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r).9926
C).5729
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!I.2323
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n.4rmn
?9196?
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!-).5193
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-Q*037?
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( ) , 3 9 0 9
~.17z@

O.l$lq
Q.I(16V
Q91167
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17.5LI-)4
n.4125
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FE %-S

-0.5093
P.6b~6

- 0 . 1 3 0 4
- 0 . 4 9 3 3
n.2373
1.001-JO
().35J.4
0.1270
0.6072
0.8L05

-0.2368
-0.1194
n,78t5
0.4351
n.6852
o.j447

-0,165?
n.5~45
0.5928
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fl.19~o
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(’lt7f!69
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-0.9144
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0.63?9
o.ono5

-OP06R7
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(1.116R
n.1668
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0.41Q9
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7).0055

-0.1292
-nrl’16~
n.7775
0.1227

-0.00?5
n~1215

-0.32R3
0,0401
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(IPJQ43
lTp5443
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-0.(16J6
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0.2847
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0.7798
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0.0778
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Mu  PPM-S
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TABLE VI

A. Q-mode scaled varimax factor scores relating which elements are most
correlative with each factor (in order of descending importance).

B. Lists elements most closely related to the first four factor loadings
according to the correlations among their non-log values.

F a c t o r  X

B 2.74
v 2.10
Yb 1.62
Ba 1.22
Al 1.05

B.—

Factor I

B .54
V .27
Ba .20
Yb .16

*co -.61
*Ga -.55
*Fe -.51
● Mg -.48
%li -.42
*Ca -.42
*Cr -.39
*Ti -.36
*m “.34
*- -.33
● Zn -.32

Factor II

Y 2.05
Yb 1.78
Ti 1.75
Fe 1.52
Sc 1.49
CU 1.28
v 1.08
Mn 1*O4

Factor II

Y .72
Fe .66
m .65
Ti .63
Yb ● 57
Zn .54
co .50
SC .46
Cu ● 44

% -.42
*Ba-.35
%Ja-.33

Factor III

La -2.02
Na -1.98
Ga -1.70
Ba -1.70
Sr -1.67
se -1.46
K 1.29
v -.93
Al -.86

Factor III

Ba .71
Na .67
Sr .65
La .61
K .59
Ga. 57
Al .57
Sc .47
*Pb =33

Factor IV

Nb -2.40
Ga -2.35
B -1.97
Al -1.67
Na -1.38

Factor IV

Nb .41

w -.56
*s c -.52
*yb -.51
*Fe -.49
*Mn -.49
*Zn -.44
*TI -.43
%La -.41

● Extreme negative correlation.



TABLE VII

Q-mode varimax factor matrix associating samples into factor groupings.

S0097 fACTOR  A N A L Y S I S  (@=-HOBE) -  U  S 6 S  STATPAC  06107177

0 factor  ● nalysis on 25 CO1 bu

VARIMAX FACTOR MATRIX

1
2
3
4
5
6
7
8
9

10
?1
1 2
1 3
24
*5

1 6
17
78
1 9
2P
2 1
2 2
2 3
24
2 5
2 6
2 7
2FI
29
3 0
3 1
3 2
3 3
34
3 5
3 6
3 7
3F
3 9
4P
4J
f92
43
44
45
46
4 7
48
49

69ANcIO0
69A5CI01
69A5C1CIS
69ANC107
69ANC114
69ANclt6
69AAIC121
69A5C155
69ANC200
69ANC206
69ANC238
69ANc2D9
69ANC220
69AhC22?
69ANC?2fI
69ANC227
69ANC229
694NC232
69ANC235
67ANc.247
71JANC7B
70ANC??B
70ANC13B
70ANC14B
70ANC15S
7!JANC16S
70A5C20S
70ANC24S
7CANC270
70ANC29S
70ANc32B
70ANC35S
70ANc40R
70AtiC45S
7@ANc47B
70Akc48t3
7@ANC53S
7oAtJC54S
7pANc560
7PANc597
7CANc61T
t7ANc30
68AuF3117
68AIiF327
68AbIF338
6~AuF3~3
68AuF344
684UF3L5
6.?AkF346

COMH.

0.9484
0.9440
0.9773
0.9481
0.9585
0.9727
0.9322
0.9613
0.9300
0.9646
CI.9632
o.9k99
@.9368
@.9680
0.9364
0.9C97
0.9336
0.9720
0.9514
0.9029
0.9609
0.8948
0.9658
C.9T56
0.9610
0.9303
0.9261
0.9578
0.9337
C!.9383
0.9757
0.9597
!3.9432
0.9362
D.9337
0.9373
0.8663
0.9484
C.9460
0.9532
0.9266
C.8690
0.8950
0.8667
0.9619
0.9319
0.9537
0.95L7
0.9733

1

0.423?
0.4476
0.4202
0.4572
0.4006
0.4459
0.4767
0.5693
0.521?~
0.453P
0.h163
0.b636
0.b127
@.356~
@.343s
0.3356
?.k~h?
0.4616
C.4560
0.5502
0.5759
0.4364
0.5066
0.5066
0.5425
0.4445
0.4357
0.4J22
o.~~g~
0.5582
0.4878
0.542b
0.4999
0.5568
0.58!0
0.5555
0.4755
0.538b
0.4965
0.6870
0.k721
0.5279
0.4137
0.4049
0.347?
0.3005
0.3296
0.3733
0.3573

0.3825
0.3271
0.2779
0.18?0
0.2533
0.3677
0.3968
0.1800
0.3561
0.2277
0.2746
0.1907
12.7696
0.7194
C!.2519
0.1820
0.C843
0.3126
-o.@249
@.29C6
0.2?57
0.2424
0.2039
0.29!!6
0.243?
0.0799
0.19L2
0.1384
0.2702
0.3855
0.3486
0.3971
0.3090
0.3249
0.3LJ7
0.3395
0.3627
0.2752
@.3379
0.3153
o.f5P7
0.4976
o.k76~
0.5763
@.L5P7
0.3757
0.2750
0.4562
0.3553

3

-().t516E
-0.6588
-0.5858
-0.5552
-0.7559
‘0.6634
-0.6592
‘0.5227
-0.3572
‘0.5654
-0.7042
-0.6528
-0.6747
-C!.7602
-0.7037
-0.7473
-0.6401
-0.6604
-0.5355
-C.5967
-0.6379
-0.5643
-0.5994
-!3.6570
-0.6660
-0.7395
-0.6840
-0.6691
-0.6696
-0.6325
-0.6964
-0.5493
-0.6078
-0.5934
-0.5284
-0.6292
-0.6375
-0.5928
-0.64P6
-g.6643
-0.5394
-@.41!16
-0.2763
-@.3;7(j
-0.5557
-0.4777
-@.3425
-0.4744
-0.3988

-0.4974
-0.4562
-0.6167
-0.6310
-9.4037
-0.4655
-0.4082
-0.5758
-3.6292
-9.6222
-0.4980
-0.52?7
-2.5375
-9./)984
-0.5095
-0.4632
-9.5632
-9.4745
-0.6753
-0.39Q8
-3.4744
-3.5779
-0.53?2
-0.3P21
-0.4050
-0.4235
-0.L8D4
-0.5666
-3.3794
-0.2792
-0.3701
-0.6560
-9.bl154
-3.4757
-0.4448
-0.34?8
-!).3?9$!
-9.4811
-0.L083
-0.618.9
-3.6247
-9.4776
-0.6686
-0.5@65
-0.5680
-0.7256
-0.8076
-0.6599
-0.7073

220



l?able VII cont.

SD
51
5?
53
54
55
56
57
se
59
60
61
62
63
64
65
66
67
68
69
70
7J
72
73
76
75
76
77
78
79
8P
61
82
83
g&
85
86
8?
8P
P9
9@
91
92
95
9L
95
96
9?
98
9Q

1 @o
lQ?
102
103
7P6
7 @5
106
1137
7C8
lrJ9

68 Au f350
68 Au F354
68 Au F?5:
68AUF357
6g4uFL19
e8Ab’F430
6g~u~&Lo
68AUF555
%84NC3’313
68ANC61B
68ANC?09
68ANC95B
68ANCIC)5
68ANcl~2
tE&Nc175
68ANC118
68ANc120
69ANc126
684NCl&P
694NC154
65ANC166
68&Nc179
68AKc781
6BANC182
68ANC1E7
t+9ANC1917
6BANC20?
634NC212
68ANc215
69At+c231
68&NC233
68ANC23L
68ANC260
68ANC241
6EANc24L
6@ANC248
4pANc257
68ANC766
68A&c7QB
68ANc!?39
654NC148
68ANC156
68ANc?58
68ANC16P
68ANC163
6YANc16Q
68ANC19L
68Auc21L
6t3ANc27~
6$A&c  221
6PANC223
61jANc22~

69ANCl@2
6 9 A N C 1 0 4
69ANC11Q
6QANC~lt
6?ANc112
69ANC~13
69&kCl15
69ANC1?7

0.9629
0.9516
0.9676
0.9739
9.9652
0.9L64
0.9378
0.8597
Q.95L7
0.7867
0.7790
0.9286
0.9789
0.9572
0.8643
0.9271
0.9278
0.9073
@.9207
@.9565
0.9550
P.9t30
(’.6896
0.7059
0.9552
0.2377
Q.9855
@.9527
0.9290
0.9559
C.964L
0.9769
C.9616
0.960L
o.96@Ei
0.9L50
0.9L61
o.9tL3
P.9259
Q.8958
C.9128
0.9196
C.9298
P.9347
0.9380
11.9581
C.9382
0.93L?
0.9437
C.9782
0.8672
0.9577
C.9520
0.9427
C.9483
0.9826
0.9671
~.9767
0.959C
0.9877

0.41+3
0.3?36
0.2864
0.4131
0.LJ3J
o.k607
0.372?
o.&.319
D.LL79
0.2441
0.3230
ct.3070
9.2no~
0.326?
0.06L4
0.225?
0“.3284
0.3785
0.3305
3.3045
r3.5Li!L
oe~~J~
0.3753
0.6045
0.7767
0.2L29
0.7714
9.7923
13.6878
0.4P.?5
0.75Q?
3.776?
0.6Q.33
0.725d
0.7>42
2.68FQ
0.714!2
13.77.!!P
~.7z15
9.66(5Q
o.6JQ7
0.6771
0.6897
0.77!6
0.7013
o.75n3
Q.73E3
9.76Q6
@.7249
0.5222
@.5L86
9.L2?ic
o.~282
o.519~
0.67&6
0.5322
13.6927
Q.5772
o.&929
0.4617

0.4042
0.365R
0.;079
0.43:2
0.3524
0.4339
C.3901
0.2095
0,2Q59
Q.fso51
0.2936
0.0L97
0.279L
o.f645
0.3589
0.3215
0.3170
0.1983
0.2739
t3.7L99
o.1277
c.iik527
(3*23p~
0.IP76
0.3269
C.QU7Q
0.2255
0.2554
0.0987
C.Z961
o.579n
o.4R26
0.39@2
0.7457
(J.k3p7
c.5396
0.4263
Q.7157
0.(2777
0.J4P3
0.2206
0.09~6
o.c3135
p.op97
0.1127
0.2086
CJ.226J
C.JJO!I
0.?OQ5
0.2Q21
P.?Q91
0.43$3
0.31P6
0.2885
0.368m
0.246Q
tl.b057
0.2272
o.3P7t
0.37b2

-0.6747
-0.6953
-0.4429
-0.5483
-P.6(153
-0.5155
-@.51fJf!
-0.L516
-0.2’133
-0.6690
-0.6989
-0.6874
-~.662T
-0.77L3
-0.7JLQ
-0.7242
-0.6567
-0.6157
-i?.727f!
-@.5v47
-0.3336
-fi.5643
-0.4730
-9*J3Q7
-0.3369
-Q.~>57
-P.3593
-0.2470
-().5J17
-0.53L2
-0.4752
-0.4212
-0.5LD4
-c.4P3k
-0.39?8
-0.5418
-0.3577
-0.39Q9
-0.45L5
-13.5AIIJ13
-o.6f48
-@.4u5&
-C!.5289
-0.1285FJ
-0.6868
-0.2989
-0.L12Q
-0.2665
-0.3586
-0.5020
-0.4L02
-o.671\
-0.5835
-0.6475
-0.59Q9
-0.7074
‘0.6827
-0.7182
-@.686n
-0.595?

-o.503~
-0.6522
‘9.7671
-0.S612
-9.55f4
-0.5292
-0.6??9
-0.6767
-3.7PQL
-0.33Q8
-0.3141
-0.605?
-o.6?>9
-CI.5601
-0.47~6
-3.49?5
-2.5377
-0.5828
-!3.4561
-3.65J7
-9*77P9
-o.bQk3
-9.5509
-p.~~~g
-3.3636
-3.25L7
-0.4738
-3.L272
-0.L203
-0.3299
-9.3557
-3.2255
-3.J7C)3
-0.2?52
-3.3~32
-3.2L!?9
-3.3536
-oe43wJ3
-C.42?J
-3.3@~5
-9.3195
-0.4660
-0.4158
-3.4?65
-3.L4?3
-0.5121
-0.L1<l
-3.5036
-3.4966
-!3.6L?4
-9.532!)
-~.3059
-3.L.?~6
-0.6174
-0.4778
-3,3714
‘9.2960
-9.3??8
‘9.388P
-0.5607
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119
111
1 1 2
713
774
715
1 1 6
1 1 7
qls
1 1 9
1 2 0
?21
122
125
124
1 2 s
? 2 6
12?
?22
7 2 9
1 3 0
131
l;?
73:

13&
1 3 s
736
J37

738
1 3 9
IL?
741
342
1L3
144
JL5
IL6
IL?
148
1L9
1 s@
1 5 1
1 s 2
153
7s6
1s5
J56

157
~s8
1s9
1 6 0
1 6 1
762
163
764
1 6 5
166
1 6 7
1 6 8
1 6 9

69 AN C11O
69 ANC2@5
6? AN C211
69 AN C218
734NC28
70& NC?81
7CAk  C&21
7CAN(51
7CANC5?I
70 AN CS71
7gAP.,  c6C
60 AN C12’2
58 ANC39
68 At:ct19
63 AhCls
6eANC?3
63PR23

69 AN C727
69 ANc131?
69 A?f Clf15
69ANC147
158AWF821
!58AwFF’02
68AUF8C7
69AuFS27
59ANC85
69AhC86
6L’ANC95
69ASC97
5P4NC3C!7
6P4NC?94
68akC3C7
613ANC3?9
69AIVC216
69A!.C235
69ANC2C~
~OANC2~7

69ANc2?3
69ANC23Q
69ANc245
6?ANc252
69ANC255
70A!’JC58H
M131C!3?
W 1 3 1 0 3 3
P13103L
M731C36
W131C37
M137C38
M13?039
m l  31G4C
~131041
Y13JC42
M1510&3
u131c10&
U137QI!S
F!1;1046
~137c147
m131@49
~1 37049

0.9573
0.97s0
0.948s
0.9444
@.9794
0.9619
@.9727
0.9664
0.9699
0.9s10
rJ.Q771
0.978S
0.9s?4
C.9299
C.6726
o.877J
0.7044
0.9288
Q.9336
0.B8C8
0.9073
@.S6Ll
0.7666
P.8339
0.s930
0.7732
0.3P2J -
0.7F83
0.8668
0.7C34
C!.831&
C.P992
0.9053
C.9539
o.9klo
0.9306
0.9776
12.9667!
C.9778
0.9505
@.9J2s
0.9838
0.93L’4
0.9666
o.8t?6L
0.9500
0.5672
~.53J2
0.9499
0.9L73
0.9628
0.9297
C.9703
0.954s
P.9671
0.9827
0.9.343
0.9418
0.9797
0.9728

0.4s07
o.3032

0.628?
0 . 3 3 5 5
Q.4698
0 . S 2 S 6
0 . S 3 ’ 3 6
o*5~37

0.467?
0.S29?
0.4312
0.410?
9.5340
0.363~
0.43213
0.4901
0.341P
0.S2SQ
0.L827
C).5C4P
0.4125
0.29SL
().1053
0.PQ37
0.029?
9.Q82Q
e. 1003
9.796S
0.2!3??
p.3oLQ
o.4J2~
g,5Q~7 .
0.327~
@.553?
@.~cc/.
CI.S73C
0.&669
0.4621
C.S789
0.58s$
0.5596
C.S897
0.53ZC
0.63C?
o~5fj8@
0.6335
O.li’n?
fj.6~37
0.4790
9.542Q
0.6795
!3.3196
o.&903
!3.Lo9@
0.4?93
o.459p
0.LC123
0.336~
0.3698
3.4S8?

0.3894
0.2409
0.7794
0.09L0
0.2466
0.268&
o.2S64
@.3643
0.37s0
C!.3L72
o.2?63
o.y~gq
Q.L619
o.ct~4
0.3756
0.79??
0.5S27
n.5E?2
0.6779
0.?053
0.666:
o.81.OQ
0.8215
P.8964
0.7!+Q2
o.hft67
0.4880
0.4F25
o.L072
C.3192
P.2272
,c.cp3q
0.05LS
P.26Q8
@.L~9L
0.16~3
@.2338
C.1071
(!.0’?7s
o.221!R
0.3766
0.74L6
0.3Q3L
0.4735
0.s6?7
o.2J3Z
0..?777
Q*7973
@.4cP~
12.2660
C.L457
o.&762
0.4222
13.L937
C.469S
o.49~5
o.75~9
c.L@F3
0.3793
0.3965

-0.64F2
-0.6342
-0.6?23
-0.?666
-0.6882
-Q.ksFj~
-0.ss38
-0.s537
-0.636?
-P.S5.?4
-P.5677
-o.6R28
-0.5668
-P.69P4
-0.3559
-0.3137
-0.43P0
-P.2720
-0.236f
-0.4436
-0.3!57
-1).lLF1
-0.2112
-o.l&2fl
-C.1209
-@.6:55
-0.2847
-0.60?5
-9.6?31
-0.L779
-o.6~94
-C).6653
-0.7L69
-?.4974
-?.SC!74
-13.5CI?2
-0.737?
-@.75c5
-0.413Q?
-0.5193
-o.5?27
-0.4297
-0.6332
-0.7269
-0.L7F6
-0.33?8
-0.6376
-0.>729
-().6896
-0.5397
-0.6432
-~e7?s6
-Q.6Q67
-0.64Pl
-0.6693
-o.7r-Jl.Q
-P.752Q
-0.7642
-0.?897
-0.7315

-0.4270
-0.6002
-0.5983
-0.6R57
-3.4?37
-0.6352
-0.s646
-9.4927
-0.4’$7s
-0.s70>
-9.6??J
-3.4398
-3.3655
-9.ss31
-3.k666
-3.?6?7
-3.3013
-o.~88fl
-2.L3JQ
-9.6221
-3.6L$!9
-P.2195
-0.0950
-9.0717
-gco~3g
-9.35s1
-0.23?7
-3.38?9
-o.3g9~
-0.4660
-0.4885
-3.54$45
-3.4877
-p.57~3
-o.5n7p
-9.56RL
-9.4459
-P.44T4
-0.6283
-3.5;43
-9.42Q?
-0.6567
-oo~lol)
-3.17C);
- 0 . 2 2 6 3
=-0.6?69
-o.?~c15
- 0 . S 2 3 9
- 3 . 2 7 0 1
- 0 . 5 5 8 3
-9.3&bQ
- 0 . 2 5 S 5
..0e2~90

-0.35?7
-0.2510
-3.2?77
-9.:561
-0.279?
-5.276.6
-0.2648
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@.8930
Q.97L1
0.9677
P.97C)4
0.’?670
C’.93LI7
0.9561
0.9384
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CUM. WAR 24.?32

0.3978
0.4F42
0.3032
C.3655
0.29s8
C.2975
0.2372
0.2691
0.L4?9
IJ.32C>

71.842

36.074

-Q.6Q5J
- 0 . 7 7 8 3
-0.7700
- 0 . 7 6 7 3
_t)o(jRzg
-C).7991
-~.6532
-9.63LQ
-().6599
-!j.77p4

69.453

- 0 . 1 9 6 1
-o.2g4q

-0.248Q
-3.19q7
-0.4065
-0.3139
-Q.44Q7
-3.&?L19
-0.3202
-0.36??

22.489
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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 Graphics Company, 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 NW 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 orientation, a map view showing the coastal

outline in the same perspective as the three-dimensional

above the three-dimensional plot.

plot was generated

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.

been

1

DISCUSSION

A. Petroleum Indicators

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

attributed to contamination of the sediments by high concentrations of

A microfiche plate displaying lists and map-plots of element
concentrations and locations is available on request.
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these elements as chelated porphyrins in the oils and tars of the seeps (Reed

and Kaplan, 1977; Yen, 1975). Therefore, relatively high concentrations of V

and Ni together in a particular area might indicate the presence of

thermogenic hydrocarbons.

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

Nome. At this site concentrations of Ni in surface sediment are not

anomalously high but concentrations of V are up to 200 ppm, more than two

geometric deviations higher than the geometric mean for V in sediment of the
b’

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

the gas-seep area may be a result of being located in the region of Yukon

Holocene sedimentation because equally high values are found quite generally

throughout this area. The lack of both Ni and V anomalies at the Norton Sound

Seep is in keeping with the fact that it is primarily a C02 gas seep with only

traces of low molecular weight thermogenic hydrocarbons (Kvenvolden, et al.,

1979).

Additional sediment samples were collected in a grid surrounding the gas

seep in order to look for possible chemical differences between sediment in

the gas seep area and sediments in surrounding areas. The samples were

analyzed for 54 elements including V and Ni. The average concentrations of V

and Ni in these samples are 68.8 ppm and 18.8 ppm respectively, which are

lower than backgound V and Ni concentrations for this region (Table I).

It is clear that the V and Ni values for the detailed sampling grid do

not support thermogenic origin of the anomalous hydrocarbons found in this

area. There was a seven-year difference between the collection time of tie

grid of samples and the first group of samples in the gas-seep area.

Differences in the V and Ni content of these two sets of samples may reflect a

basic change in the sediment due perhaps to the large storm surge of 1974

(Fathauer, T.F., 1975).
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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 1). 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.t are not considered in this report

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

Hopkins, 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 h@raulically-

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. iin 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

influencing whether the

mineral has been concentrated, the main factor

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

change

may be

significant variability in specific heavier elements that tend to

in concentration over shorter distance. Also, the sampling interval

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).

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

presence of relatively higher

is probably because the Yukon

much lower values in Chirikov Basin. The

concentrations of Zr in Yukon-derived sediment

River

mainly of sialic rocks, predominant

passes through a terrain which is

contributes of zircon (Mason and

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

Venkatarathnam’s percentage distribution maps (1971) of the

zircon in the 1-2.75 and 2.75-4.0 phi size-range show that

Zr and

composed

Berry,

heavy-mineral

his areas of high

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

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

his values as well as ours are highest. Our data also shw persistently high

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

Island. Probable sources for these high

quartz-monzanite plutons which are found

values are sediments derived from

over much of St. Lawrence Island.
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A strong Zr concentration occurs in a sample from the central part of

Norton Sound, relatively far from land. Sediment analyzed at this locale was

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

in an area of generally higher sand content than

The lack of a nearby land source and the lack of

similar surrounding sediments might suggest that

the rest of Norton Sound.

generally high values in

this sample may contain

hydraulically concentrated zircon in a zone of

currents pass through this area (Cacchione and

concentrate the heavier zircon grains.

coarser sediment. Strong tidal

Drake, 1978) and may

Another sample with a high concentration of Zr was found 30

Cape Prince of Wales (see Fig. 3; this sample is not represented

surface maps). The Zr content in sediment from this location is

km south of

on the value-

as great as

in any other sample in this study and the concentrations of Ti, Mn, Cr, La,

Sc, Y, Zr, Yb, Nd, Ce, Sn and Zn are also greater than the expected ranges for

these elments.

Venkatarathnam reports high concentrations of heavy minerals in the 2.75-

4.0 phi size-range from this area, especially further south and east in the

sand wave region west of Port Clarence. Similar concentrations are found in

Anadyr and Shpanberg Straits. It is probable that the high speed currents in

these areas have concentrated heavy minerals there. The high concentrations

of various elements in the sample 30 km south of Cape Prince of Wales may

represent a significant anomaly and may indicate deposits

undetected and of considerable economic potential.

Sn—

Sn concentrations in 156 of the 180 samples analyzed

of detection of 2 ppm. The highest values occurred close

southwest coast of Cape Prince of Wales; lesser anomalies

heretofore

were below the limit

to Tin City on the

were found in the
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area of King Island, Port Clarence, Bluff, Cape Rodney, the western and north-

central coast of St. Lawrence Island, half way between Cape Prince of Wales

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

Cape Prince of Wales (Figs. 11 and 12). The highest concentrations of Sn,

near Tin City, are obviously derived from the same mineralized formation which

gave Tin City its name. Anomalies near Bluff, north central St. Lawrence

Island, and Cape Rodney-Nome  areas also appear to be related to adjacent

onshore mineralization. The isolated high concentrations off of the NW tip of

St. Lawrence Island IMY have been hydraulically concentrated. High values off

Pt. Clarence and in the area of King Island are in an area of high currents

and sand dune fields that also IMY represent an area of tin concentration.

Cr—

The distribution of Cr in the Norton Basin is uniform except in the areas

of Stuart Island, St. Lawrence Island, and Cape Prince of Wales (Figs. 13 and

14). These locations have relatively high concentrations of Cr. some of which

are greater than one geometric deviation above the geometric mean.

All of these anomalies, except the sample site 30 km south of Cape Prince

of Wales discussed earlier, are located close to igneous outcrops on land.

Cape Prince of Wales is the site of granitic plutons that are cut by

occasional mafic dikes. Gabbro and metagabbro bodies are also found

throughout the same region. Stuart Island, the adjacent peninsula and the

central portion of St. Lawrence Island are composed largely of alkali olivine

basalts. Because chromite (FeCr204), which is the principal mineral of

chromium, is thought to form as a magmatic segregation in ultrabasic rocks and

is usually associated with olivine, there is probably a direct connection

between anomalous values of Cr offshore, and the adjacent mafic igneous

outcrops on land.
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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 ppm. 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, La 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 occuring 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 Ianthanide  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 La has a much lower

limit of detection than Ce and therefore shows much greater definition in the
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lower value range. Neodymium (Nd), another lanthanide,  was detected in three

raw bulk samples and these three samples also had anomalously high

concentrations of LS and Ce. It is clear that these three elements occur

together. Additional evidence that the containing mineral for these elements

is monazite is the detection of Ce and Nd in analyses of mechanical

concentrates of samples used in the study (not reported here). Analyses from

raw bulk samples of the same sample set show either an absence of Ce or Nd or

much lower values. This indicates that these elements are present in a heavy

mineral like monazite that may be hydraulically concentrated.

The highest concentration of Ce, La, and Nd are in a sample 30 km south

of Cape Prince of Wales. Their presence together lends support to the

probability that the sample had indeed been concentrated. Areas where

monazite has been reported in this region are from Brooks Mountain, Ear

Mountain, and Gold Run on the eastern Seward Peninsula (Cobb, 1970). High

concentrations of Cerium in sediment west of Cape Rodney IMY be related to the

Gold-Run location.

c* Potentially Toxic Elements

Of the potentially toxic elements considered in this report, only Cu, Pb,

and Zn have sufficient numbers of values greater than their lower limits of

detection to calculate meaningful statistics or to plot their value

surfaces. Cd (cadmium) was not detected in any sample analyzed. Sb

(antimony) was detected only in beach samples taken near Bluff, the NE Cape of

St. Lawrence Island, and from Stuart Island; As (arsenic) was detected only in

the beach samples from Bluff. homalous values are not found offshore from

these beach areas. The values for Sb and As in these samples are several

orders of magnitude higher than their limits of detection by the 6-step

emission spectrographic technique and can therefore be considered to be
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anomalous. The map depicting source areas (Fig. 2) for some of the more

economically important elements of this study shows Bluff to be a known area

of concentrations of As.

Distribution of Cu, Pb, and Zn surface values in shelf sediments of

Norton Basin are generally similar, including anomalously high values off St.

Lawrence Island, along the southern coast of the Seward Peninsula, and

throughout Norton Sound. The maps for Cu and Zn show much greater similarity

to each other, however, than to the map for Pb (Figs. 17, 18, 19, 20, 21, and

22). Statistically, Pb correlates better with Cu and Zn than with any other

element represented in the study (Table III), but Cu and Zn have a much higher

correlation between themselves (.8023) than with Pb which supports the

relative visual similarity between the maps of these elements.

A significant trend that appears in value-surface maps of both Cu

and Zn is the generally higher values in Norton Sound compared to Chirikov

basin. High values for Cu and Zn form a halo surrounding the Yukon Delta and

the western edge of the halo trends due north along a line extending from the

southern edge of the Yukon Delta towards the Bering Strait. The location of

this halo coincides closely with the area of maximum deposition of Yukon-

derived sediment in Norton Sound (Nelson and Creager,  1977). The gradation of

cu and Zn values away from the delta and the generally higher concentrations

of these elements in Norton Sound suggest a source and dispersal coincident

with Yukon-derived sediment. The Yukon River flows through an area highly

mineralized in these elements and thus appears to be the dominant source for

minerals bearing these elements.

Another significant aspect of the distribution of Cu, Zn and Pb is the

presence of localized high values generally close to certain coastal areas.

All three elements have their highest concentrations in beach samples taken near
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Bluff, Alaska (not completely represented on value surface maps.) Pb and cu

show a continuation of these high values up to 20 km 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

St. Lawrence Island. Concentrations of Zn

concentrations off Nome, in a sample taken

off south-central and north-central

are also relatively high

30 km south of Cape Prince of

Wales, and along the eastern edge of Norton

for the Bluff beach samples) in the central

This last Zn anomaly is rather puzzling and

Sound, but are greatest (except

part of eastern Norton Sound.

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

highest

sources

summary, the toxic elements discussed here apparently have their

values in relatively localized beach areas close to known terrestrial

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.

which are probably related to

high values of Cu and Zn over

AII example of high values over a

sediment type/source terrains are

Norton Sound.

broad area

the regionally
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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. 13a 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 Cu, Nit 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 m values are
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due to mechanical concentration rather than having been directly derived from

volcanic terrain.

The value surface maps for Be show slightly anomalous values surrounding

the Yukon Delta, in addition to high values near Stuart Island and at various

locations along the southern coast of Seward Peninsula (Figs. 29 and 30). The

highest anomalies are just off the southern edge of St. Lawrence Island and in

the middle of Anadyr Strait. The general increase in concentrations of a

number of elements in this area surrounding the delta has already been noted

and seems to be related to the Yukon sediment source and dispersal pattern.

The anomalies near Stuart Island and the southern coast of Seward Peninsula

appear as lobes coming off the land and may be correlated with sediment

sources from igneous rocks in those areas. The origin of the high values

close to St, Lawrence Island are more obscure. None of the elements that

correlate with Ba have outstanding anomalies in the Anadyr Strait and only Sr

has high values off the southern edge of St. Lawrence Island. The value of

1500 ppm in Anadyr Strait is equal to .15% and could reflect a source for Ba

mineralization on the point of the Chukotka Peninsula.

E. Major Elements

All samples used in this study were analyzed for all of the major

elements Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, and P. Values for Sit however,

were higher than the upper limit of detection (10%) in every sample analyzed

and are not reported here.

Value-surface maps for major elements show some of the general element

distribution patterns already discussed. Mn, Fe, and Ti have higher values

surrounding the Yukon Delta and in Norton Sound relative to the Chirikov Basin

(Figs. 23, 24, 25, 26, 31, and 32). Ca, Big, Na, Kp and Al show a similar

trend to some degree (Figs. 33, 34, 35, 36, 37, 38, 39, 40, 41, and 42). Each
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element also has anomalously high values shown as lobes that appear to be

coming from nearby land sources.

Areas with higher Ti concentrations generally correspond to areas with

high concentrations of Mn and Fe which have already been shown to be

associated with the volcanics  of Stuart Island and St. Lawrence Island. This

is expected because Ti is relatively high in basaltic rock types. The highest

Ti value is from the sample previously discussed that comes from a possible

placer 30 km south of Cape Prince of Wales,

Concentrations of Ca and Mg are also high near the Stuart Island and St.

Lawrence volcanics, but they are highest offshore from the southern coast of

Cape Prince of Wales and south of Port Clarence. High concentrations of Ca

and Mg in these last areas probably are related to the limestone formations

found on Cape Prince of Wales and in outcrops reported on the sea floor south

of Port Clarence (Nelson et al. in preparation,; Nelson and Hopkins, 1972).

Sr anomalies, normally associated with limestone, exist in the same areas.

Value-surface maps for Na, K, and Al are more varied than maps of the

other major elements. They consist of alternating high and low values and

show only slight regional differences. The anomalies that do seem to

originate from land sources appear broader in areal extent than some of the

less common elements already discussed. The sample containing highest

concentrations of K is off of the NE Cape of St. Lawrence Island and is

probably derived from granitic bodies that are found there. Samples with

highest concentrations of Al are from the areas of Stuart Island and eastern

Norton Sound and are probably derived from basalts.

p (phosphorus) was detected in only 54 samples, and was not used in the

correlation analysis. The lower limit of detection is .10% which is somewhat

higher than concentrations found in average shales and sandstones (Mason,
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1966). Elevated concentration of P are found in the eastern portion of Norton

Sound, in a few patches surrounding the Yukon Delta and in a swath running

through eastern Anadyr Strait and hooking to north of St. Lawrence Island.

The highest concentration of P occurs in a sample from an enclosed basin just

off the northeast coast of St. Lawrence Island. This high value may be

related in some way to the reducing conditons of the enclosed basin (Mason,

1966).

F. Minor Elements

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

with other elements. Sr is normally associated with limestone and, as

expected, high concentrations of Sr correspond quite closely to the Ca

anomalies previously mentioned. However, correlation coefficients are higher

between Sr and K, Na, Ba, and Al than between Sr and Ca (see Tables III and

IV). The association of Sr with Ba is common. The association of Sr with K,

Na, Al, and Ca suggests a possible relationship with feldspar where Sr and Ba

substitute for K.

Sc (scandium) correlates most closely with Ti, Fe, V, La and Mn and

exhibits the same general distribution as these elements, with higher values

grading off the Yukon to lower values in Chirikov  Basin (Figs. 47 and 48).

The association of Sc with La and Nd is common and the usual mineral

containing them is monazite (Figs. 49 and 50). Ga (gallium) also shows some

association with La, Sc, and Ti. The highest values of Ga are in Anadyr

Straits and the eastern end of Norton Sound (Figs. 51 and 52).

Nb (niobium) exhibits no correlation with any other element. The highest

concentrations are in samples from off Cape Darby in Norton Sound and

southwest of St. Lawrence Island (Figs. 53 and 54). The anomaly off Cape

Darby correlates with the highest Nb anomalies detected in western Alaska
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found on the Darby Peninsula (Miller and

B (boron) is most alosely correlated

are located at the eastern end of Norton

Grybeck,  1973).

with K and Ba.

Sound, off Cape

High concentrations

Darby, off the coast

from Bluff, off Cape Rodney,

and 56).

Y (yttrium) follows the

and southwest of St. Lawrence Island (Figs. 55

pattern of elements with generally high

concentrations in sediment surrounding the Yukon Delta and Norton Sound and

low concentrations in sediment from the Chirikov Basin (Figs. 57 and 58). It

correlates most closely with Mn, Fe, and Ti which also follow this pattern.

Very localized high anomalies are found off Cape Prince of Wales, Nome, and

Bluff.

Yb (yterbium)  correlates most closely with Mn, Zn, and Y but has no

pronounced trends except for the general trend of high values in Norton Sound,

and low values in Chirikov Basin (Figs, 59 and 60). A few very high

concentrations occur in sediment off Cape Prince of Wales, at various
b

localized points off the southern coast of Seward Peninsula, in the general

area of eastern Norton Sound, and NNE of St. Lawrence Tsland.

Beryllium

concentratitms

Peninsula, and

(Be) correlates closest with La, Yb, and Sc with high

in eastern Norton Sound, along the southern coast of the Seward

off the southwest and southeast coasts

Island. Highest concentrations occur in samples from

Cape Prince of Wales and one close to Stuart Island.

well as other high values that appear as lobes coming

of St. Lawrence

just off ‘I% City at

These two high values as

off the land indicate

that specific mineralized terrains are probable sources. This is confirmed

for Cape Prince of Wales where extensive economic grade beryllium deposits

have been reported by Sainsbury, 1969, in the central York Mountains.
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G. Other Miscellaneous EcoQomic  Elements

Au was not detected in any of the samples analyzed. This was to be

expected because the lower limit of detection for Au using the emission

spectrographic method, is 7 ppm (7000 ppb). A study by

1972, has shown that average Au concentrations in open

are about 2-3 parts per billion (ppb), and the highest

Nelson and Hopkins,

Bering Sea sediments

nearshore

concentrations found in relict gravel and selected ruby sands, ranged from 556

to 2,118 ppb.

Ag was detected in only B of the 180 samples

not be assigned a reasonable quantitative value.

containing Ag concentrations were from off the NW

and 3 of these samples could

Some of the samples

Cape and the southern tip of

St. Lawrence Island (Figs. 63 and 64). Mineralization containing appreciable

amounts of Ag has been reported on both ends of St. Lawrence Island and could

be the source for for Ag in these samples. Relatively high values’ were also

found near Stuart Island and close in to the Yukon Delta. In addition, Ag was

detected in a few samples from off Nome and Cape Nome. High concentrations of

Ag (3 ppm) were found in beach samples from Bluff but these values were not

plotted on the value-surface maps.

MO concentrations in all but 5 samples were below the limit of detection

of 2 ppmo

(Figs. 65

sample (2

The highest values were detected in Bluff beach samples (30 ppm)

and 66). Another h~gh value was found in a Stewart Island beach

pm) and the presence of Mo was detected off Cape Rodney. Mo

mineralization has been reported inland from the coast of eastern Norton Sound

and in the Nome area.

Bi was below the limit of detection of 7 ppm in all but 2 samples. The

highest value of 70 ppm was in a sediment sample close to the Lost River

Mining District on Cape Prince of Wales that also had an anomalously high Sn

concentration. Bi is often found in association with Sn ores and is known to
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occur in the form of bismuthinite as one of the”” main

skarn zone associated with the Sn and Be deposits at

1969). A sample from off the known mineralized area

mineral constituents of

Lost River (Sainsbury,

of Bluff contained Bi;

a

this sample

H. Q-

Q-mode

also had high concentrations of Cu, Pb, Zn, Mn, Sb, and As.

Mode Factor” Analysis

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).

each

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

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

Four factors from the Q-mode varimax factor matrix

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

factors seemed to be related to sediment characteristic

background. Of these factors, Factor III was judged to

were found to explain

only these four

and geologic

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 XI

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

Samples with the highest loadings (>.7) for Factor III 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 most 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

the second highest percentage of variance,

Q-mode Factor 1, which explained

were from an area that generally



has low loadings

Samples with the

for Factor III, namely the

highest loadings for

Chirikov Basin region (Fig. 4).

Factor II are from along the coast

between Cape Rm3ney and Golovnin Bay, just off Cape Prince of Wales and near

King Island. Samples with the highest loadings for Factor IV are from patches

north of St. Lawrence Island, from random areas throughout Norton Basin, and

from areas just off the south coast of the Seward Peninsula.

Scaled varimax factor scores (Table VI) were computed for each element

during the Q-mode analysis in order to determine the elements that are most

correlative with each factor group. As an additional check of the

relationship between samples and to highlight possible negative relationships

between factors, correlation coefficients were computed between element values

and factor loadings for all the samples (Tables III and V). Both the Q-mode

scaled varimax factor scores and tie correlation coefficients between varimax

factor loadings and element values indicate that samples

for Factor III contain relatively high concentrations of

Ga, Al, and Sc. B, V, and Yb are concentrated in Factor

with high loadings

Ba, Na, Sr, La, K,

I samples; Factor II

loadings correlate most closely with Y, Fe, Mn, Ti, Yb, Zn, Co, Sc, and Cu.

The only element that seems to correlate somewhat with Factor IV is Nb and its

most negative r values (Table V) are almost the same as the elements that

belong to Factor II which indicates it may simply be the negative of Factor

II.

The area

mode analysis

predominantly

of sediments with high factor loadings for Factor III of the Q-

(0.5 and above) corresponds closely to the area covered

by Yukon Holocene sediment, although samples with high loadings

for Factor III are also found north of St. Lawrence Island and in Anadyr

Strait. The elements used in grouping samples in this factor are primarily

those elements that are most abundant in sialic rock types. Na cannot readily
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be regarded as an artifact of residual ~re water salts because it increases

in concentration in sediments closer to the hyposaline  runoff of the Yukon

River. The occurrence ofhigh loadings for Factor ZII in areas not covered @

Yukon sediments probably indicates that

similar to Yukon-type sediment and that

the sediments in these areas are

they also originated in sialic rock

terrain.

Samples

modern Yukon

mixed origin

with high loadings for Q-mode Factor I are from areas where

sediment is absent but where Holocene transgressive  sands of

are found. This general area covers the region of Chirikov

Basin, but there does not seem to be any clear relationship between the

elements of this factor and the sediments of the region.

Samples with highest loadings for Factor II of the Q-mode analysis are

from very close to the Nome-Bluff  strand line and off of Cape Prince of Wales

and King Island, regions of highly mineralized mafic rocks. Factor II is

therefore grouping sediments derived from these terrains.
.

This is borne out

by the association of several mafic-related elements to Factor II,

particularly Ti, Fe, Co, and Mn.

The contoured surface of Factor IV shows a rough correlation with areas

reported to be covered by relict glacial debris and lag gravel, particularly

in a lobe extending NE of St. Lawrence Island (McManus et al., 1977).

Otherwise, its significance is not readily apparent, except as a negative

factor to Factor II.

It is not

grouped with a

to one another

with caution.

altogether clear why some of the minor elements should be

particular factor or why, in some cases, they should be related

through their r values. These relationships should be regarded



VII. CONCLUSIONS AND NEED FOR FURTI+!3R 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, Zr, Ti, 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, P, 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 concentratiqs  ofAu, Cd, Pd, Pt, Te, U, W, Ge,

Hf, In, Li, Re, Ta, Th, Tl, 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 thermogenic 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 km 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. Otb.er 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
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example, Cu and Zn off St. Lawrence Island, Norne, and Bluff beaches, and high

Cu values off Stuart Island. The few values detected for Sb and As are in

sediment derived from areas of onshore mineralization near Bluff, the NE tip

of St. Lawrence Island, and just off Stuart Island. Both Cu and Zn have

relatively high values in areas off the Yukon Delta and in Norton Sound that

correspond to the areas covered & Yukon Holocene sediment.

Concentrations of Pb vary little from the geometric mean but there are

some relatively high concentrations off Bluff beach, Stuart Island, and the

eastern tip of St. Lawrence Island.

Because Zr, Sn, Cr, and Ce are commonly found in heavy minerals, high

concentrations of these elements may well indicate placer as well as primary

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

the NE Cape and the western portions of St. Lawrence Island and probably

originated from zircon-containing quartz monzanitic rocks on the island.

Concentrations generally above the mean were found in the area of Yukon

Holocene sediment. The highest values for Sn are found close to Tin City and

are related to the tin mineralization there. Detection of Sn in samples near

Bluff and Cape Rodney-Nome areas again may be related to tin mineralization

known to exist in these areas. Samples containing detectable concentrations

of Sn in the areas of King Island, Port Clarence, and in the Anadyr Strait may

be from tin placer deposits concentrated by the relatively high currents

there. High Cr concentrations were found in sediment off Stuart Island, Cape

Prince of Wales and north-central St. Lawrence Island and appear to be related

to basalts or granites containing ultra-mafic dikes that are sources of

chromite. Samples with high Ce values also have high La values and often have

high Nd values, suggesting that the heavy mineral monazite concentrated as a

placer mineral and may be the source of these elements. Because monazite is
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probably the primary carrier of Ce and related elements and because

concentrated in placer deposits, it promises to be a good indicator

sediment dispersal trends.

it i s

o f

A sediment sample from 30 km south of cape Prince of Wales contains the

greatest amounts of Cr, Zr, Ce, Ti, Mn, La, Sc, Y, Yb, and Nd of all the

samples analyzed and also contains a high concentration of tin. Because of

these high concentrations and because the sample contains high values of La

and Nd which are commonly found with Ce in the heavy mineral monazite, this

sample may represent an area of placer deposits the existence and extent of

which should be explored. Future studies of Sn, Zr, Cr, and Ce and associated

heavy minerals should use sampling intervals close-spaced enough to detect

significant variations caused by hydraulic concentration. Mechanical

concentration of samples before analysis would also help to enhance existing

trends.

Fe, Mn, Co, and Ba v?re considered together as chemically or environ-

mentally-sensitive elements but in this study the evidence indicates their

concentrations are source related. Fe, Mn, and Co all show high values near

the volcanics  of Stewart Island and north-central St. Lawrence Island. These

elements also correlate with Cu, Zn, V, Y, and Zr, with generally high values

in the areas of Yukon Holocene sedimentation and generally lCYW values in

Chirikov Basin. Co, however, does not follow this trend as closely as Fe and

Mn. Concentrations of Ba above the mean are found generally throughout the

area of Yukon sediment distribution but also are found close to Stuart Island

and at various locations along the southern coast of the Seward Peninsula.

The maximum concentration of m (.15%) is found in a sample from the Anadyr

Strait and is unique in that other concentrations of other elements that

usually correlate with Be are not similarly high at this location.
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Of the major elements, Ti is closely associated with Fe and Mn, discussed

above, all of which have generally high concentrations in Yukon sediment with

very high concentrations in areas close to the volcanics of Stuart Island and

St. Lawrence Island. Ca and Mg are relatively high in Yukon sediment and

sediment close to the volcanic areas mentioned. However, sediment with the

highest concentrations

formations in the Cape

K, and Al exhibit more

of Ca and Mg was probably derived from the limestone

Prince of Wales and Port Clarence areas. Values for Na,

erratic variation than values for the other major

elements and the anomalies of Na, K and Al that appear to originate from land

sources and are broader in areal extent. Concentrations of P occur in patches

in eastern Norton Sound, Anadyr Strait, and surrounding the Yukon Delta. The

highest concentration of P was in a sample from an enclosed basin NE of St.

Lawrence Island and could be a result of reducing conditions in the basin.

Of the minor trace elements that are not usually regarded as potentially

toxic, Sc correlates closest with Tit Fe, V, La, and Mn. Yttrium correlates

closest with Mn, Fe, and Ti. Yb correlates closest with Mn, Zn, and Y.

Concentrations of Sc, Y, and Yb are all highest in Yukon sediment and lowest

in Chirikov Basin sediment. l-lb exhibited maximum concentrations in sediment

off Cape Darby where the highest Nb anomalies on land in western Alaska have

been found. Nd was detected in two samples from Norton Sound and in samples

of sediment north of King Island, samples that also have high concentrations

of LS and Ce. These elements probably exist in the mineral monazite.

Slightly higher values of Be can be found just off the coasts enclosing Norton

Basin but maximum offshore values near Cape Prince of Wales correlate with

economic w deposits there.

Of the economically important elements, Ag, Mo, and Bi, detectable Ag

concentrations occur in samples offshsore from terrestrial Ag mineralization
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sites on St. Lawrence Island, near Stuart Island, and close to the Yukon

Delta. Highest concentrations of Mo were found off the Bluff beach

mineralization, Bi was detected in samples off the Cape Prince of Wales

mineralization area that has associated Bi.

A contour map of the Q-mode factor loadings for Factor III outlines an

area corresponding to the distribution of Yukon Holocene sediment plus areas

in Anadyr Strait and north of St. Lawrence Island. Scaled varimax factor

scores and cross correlation

concentrations indicate that

concentrations of Bar Na, Sr

between factor loadings and element

Factor III is best characterized by elevated

La, K, Ga, Al, and Sc. The significance of this

element grouping is that these elements tend to be concentrated in sialic rock

types. Samples with high loadings for Factor I of the Q-mode analysis

generally corresponds with the area of relict sediment in the Chirikov

Basin. Samples with high loadings for Factor 11 of the Q-mode analysis occur

off the coast from Bluff, Nome, and Tin City, suggesting a strong influence

from the mineralization in these areas. This is confirmed by high

correlations between loadings for this factor and concentrations of Fe, Mn,

Ti, Co, Zn, Sc, Cu, Y,

any strong relation to

correlation with areas

and V. Factor IV of the Q-mode analysis does not have

sediment or mineral characteristics but shows some

of known glacial debris.
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