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1. SUMMARY

2-dimensional contour and 3-di nensional val ue-surface maps of semi-

quantitative em ssion spectrographic anal yses for over 50 el ements in surface
sediment from180 sanpling stations are presented. For purposes of

di scussion, certain of these elenments have been grouped into the follow ng
categories: petroleum indicators, heavy netals, potentially toxic elements,
chemcally sensitive elenments, mjor elements, minor elenents, and a group of
el ements of econonmic interest.

O the petroleum indicator elements, Ni and V, N showed only average
concentrations in sediment near a gas seep 35 kmsouth of Nome, Al aska; V
showed slightly lower values in sanmples taken recently from the gas-seep area
and relatively high values in sanples collected earlier fromthe same area.

H gh amounts of V and N were found in sediment 40 km west of the south tip of
St. Lawence I|sland, suggesting that potential petroleum seeps should be
searched for in this area. Al other anomalous values for N and V seemto be
related to specific sediment types or to nearby onshore sources.

The elenments zr, Sn, Cr, and Ce were categorized as heavy netals. 2r 1S
found in high amounts in sedinent surrounding the Yukon Delta and in Norton
Sound. It is generally low in sedinment in the region of the Chirikov Basin.
Very high 2Zr concentrations are found off NE Cape of St. Lawence Island as
well as off the western and southern portions of St. Lawence Island. These
hi gh anounts are probably derived from zircon containing quartz-nonzanite
plutons W dely di spersed throughout the island. Sn was detected in only 23
sanples. High concentrations were found off Cape Prince of Wales, in Anadyr
Strait; and in the areas ofKing Island, Port Carence, Bluff, Cape Rodney,
and off the north central coast of St. Lawence Island. It is possible that

the high values in aAnadyr Strait, Port C arence and King |sland are
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hydraulically concentrated. Values in other areas appear to be derived from
imediate |and sources. O is evenly distributed except for high
concentrations close to Stuart Island, at |ocations south and north of St.
Lawence Island, and off Cape Prince of Wales. These high anounts appear to
be closely related to the mafic rock types found on adjacent |and areas.
Cerium is found in few raw bul k sanpl es but where present it is associated
with [anthanum and neodym um which suggests the presence of the heavy mineral
monazite. The greatest concentrations of 2n, Cr and Ce were found in a sanple
taken from 30 km south of Cape Prince of Wales. Because this sanple also
contains the highest anpunts of Ti, Mn, La, Sc, Y, ¥b and Nd, it may indicate
a significant placer area.

O the potentially toxic elements, Sb, As, Cu, Pb and Zn, Sb was detected
inonly a few sanples fromthe Bluff, NE Cape of St. Lawence Island, and
Stuart Island beaches. As was detected only in sanples from Bluff beach where
| ode cinnabar deposits occur. High concentrations for cu, Pb and zn occur
together in the sane areas off St. Lawence 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 |and
areas. Cu and 2zn al so show the same trend as 2Zr, with high values off the
Yukon Delta in Norton Sound and |ow values in the Chirikov Basin.

Val ue-surface maps for the chenically or environmentally sensitive
el enents Fe, Mn, Co and Ba all show high concentrations off the volcanogenic
areas of north-central St. Lawrence Island and Stuart Island. They also
exhi bit high values off Yukon pelta and | ow values within Chirikov Basin. BRa
is singled out in this group because of its use in drilling muds. It also
exhi bits high concentrations surroundi ng Yukon Delta, near Stuart |sland and

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

198



southern edge of St. Lawence Island and in the niddle of Anadyr Strait. The
el evated Ba concentrations off the Yukon Delta probably originate in sedinent
from the Yukon River drainage as do higher concentrations of zr, cu, Zn, Fe,
and Mn. The anomalies near Stuart Island and Seward Peninsula appear to be
derived Erom specific |and sources.

of the major elenents, the highest amounts of Ti, as with Fe and Mn
di scussed above, are in sedinent found close to vol canic source rocks of
Stuart Island and St. Lawence Island, although the highest value of Ti is
froma sanple from 30 km south of Cape Prince of Wales. Sediment containing
hi gh concentrations of Ti, Fe and My 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 of fshore
from Cape Prince of Wil es where paleczoic |inmestone formations are found.
Val ue-surface maps for Na, K, and Al do not show strong trends. Concentrations
of K are highest off NE Cape of St. Lawence Island, and are probag;g rel ated
to the granitic bodies there. A shows highest values in the St uar’t £E.1and
area and eastern Norton Sound. M1, Fe, Ti,and to a |lesser degree Ca, M, Na,
K, and al all have high concentrations in the region of the Yukon Delta and in
Norton Sound. The highest amobunt of P was in a sample from an encl osed basin
northeast of St. Lawrence Island.

O the minor elements, Sr has the highest correlation coefficients with
K, Na, and Ba, but the highest Sr values as depicted by value-surface naps
correlate with the highest Ca values. Concentrations of Sc correlate closest
to concentrations of Ti, Fe, V, La, and Mh and Sc shows the same broad high
anonmaly surrounding the Yukon Delta and the low anomaly in the Chirikov Basin
al ready nentioned for Ti,Fe, and M. Ga has high correlation coefficients

with La, Sc and Ti and high anounts of Ga are found in Anadyr Strait and the
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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 sedinents from
Cape Darby peninsula. Nd correlates closely with ce and La. Concentrations
of Y follow the trend of high anpunts in the Yukon Delta/Norton Sound area and
| owest anounts in chirikov Basin. ¥b has the highest correlation coefficients
with Mn, Zn, and Y and also is found in greater concentration in the area of
the Yukon Hol ocene sedinment distribution. Ag is found in 8 sanples close to
areas of St. Lawence Island known to have silver mneralization, close to
Stuart Island, the Yukon Delta, Cape Nome, and Bluff. The hi ghest
concentrations of Mo were found close to Stuart Island off Cape Prince of
Wales in a sanple containing a high anount of Sn, and in a Bluff beach sanple.
Q nmode factor analysis showed that 4 factors were sufficient to explain
92% of the variance between sanples. A map of |oadings for the nost
significant factor (Factor |l1) covers an area that roughly corresponds to the
area of Y\i‘})cgn Hol ocene sedi ment deposition.and an area NWof St. Lawence
[ sl and. El ements that are related to Factor IIl are La, ¥a, Ga, Ba, Sr, Sc,
K, Vand Al. A map of |oadings for the next nobst significant factor (Factor
I) corresponds approximately to the extent of relict sedinment cover in
Chirikov Basin. El ements related to Factor | are B, V, ¥b, Ba and &l. These
two factors (Factors | and Il) seemto explain the trend exhibited by nany of
the elements of generally high concentrations in sedinent surrounding the
Yukon Delta and in the Norton Sound area and generally |ow concentrations in
t he Chirikov Basin. However, sone of the elenents that show this trend nost
conspi cuously are not closely related to Factor 111, but instead are better
related to Factor II. Distribution of sanples with high |oadings for Factor

Il corresponds roughly to the highly mneralized areas along the southern

Seward Peni nsul a. El ements related to Factor Il are Y, Yb, Ti, Fe, Sc, Co, V
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and Mn. Plots of Factor |V loadings indicate this factor correlates somewhat
W th subaqueous gl aci al morain deposits. The one correlative elenment is Nb.
I'1. | NTRODUCTI ON

A General Nature and Scope of Study

This study has been undertaken to assess the ngjor and trace el ement
content of bulk bottom sediment in the northern Bering Sea. The val ues
arrived at are useful as geochemical baseline data that can be conpared with
simlar data from bottom sedinment in the same region and el sewhere. The data
are also useful for nonitoring possible changes in chemstry of the bottom
sedinents that might result from future devel opment in the region. Present
anonal ously high major and trace elenent concentrations are napped and rel ated
to highly mneralized sources on land so that these high values will not be
m staken at sone future tine as sites of contamination caused by mineral
resource devel oprent.

B. Specific Objectives

Mre specifically, this study considers 7 groups of elenents of varying
envi ronnental significance and resource potential; we map their areal
distribution in surface sedinents and relate these to probable sedinent
source. The 7 groups of elenents include: (1) V and N as possible petrol eum
i ndicators; (2) the heavy netals Sn, 2zr, Ce, and Cr as possible indicators of
pl acer 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, 2n, As, Sh, and Cd (Hg is considered el sewhere, see above); (4) Fe,
M, Co, and Ba as elements which are sensitive to change in the chemistry of
the sedinentary environnent, with Ba as a particular indicator of petroleum
drilling nuds; (5) a suite of major and trace elements, and (6) a

m scel | aneous group of econonic el enents.
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The data are both graphically and statistically displayed. Conputer maps
have been generated that display both contoured and 3-dimensional value-
surfaces for each elenent. Ceonmetric means and deviations as well as value
ranges for each elenent are given in Tables |I and Il. Results of correlation
anal yses are found in Tables IIl and Iv. Maps show ng the generalized geol ogy
of the area, the sampling |ocations and onshore mineralization sites, and the
significant offshore anonmalies are depicted in Figs. 1, 2, and 3. A nap of
significant Q node factor loadings is found in Fig. 4.

[11.  CURRENT STATE OF KNOW.EDGE

The toxic elenment Hg, has been previously studied in the sedinents of
this area by Nelson, et al., 197S. CGold placer deposits in the nearshore
areas of Nome-Bluff and in the offshore areas of chirikov Basin have been
extensively studied by Nel son and Hopkins, 1972. Reports by McManus, et al.
(1977), Venkatarathnam (1971), and Sheth, (1971), discuss in detail the
related topic of heavy mineral and sedinent distribution, dispersal and
provenance in the northern Bering Sea shelf region. Gardner et al., (1980),
have completed a study simlar to this one in the central and southern Bering
Sea shel f regions.

IV. STUDY AREA

The bottom surface sedinent sanples analyzed for this study came from 180
sanmpling stations spread over Norton Basin (Fig. 2). The western part of the
area, Chirikov Basin, is covered with what is thought to be relict mediumfine
sand (Nel son and Hopkins, 1972). The region surrounding the Yukon Delta as
wel | as much of Norton Sound, and several depressions in an eastern corridor
extending up to the Bering Strait, is generally covered with nore recent
sedi ment grading from coarse silt to fine sand. The nmmjor source of Hol ocene

sediment in this region is the Yukon River (Nelson and Creager, 1977). There
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TABLE I

Geonetric means, (EONMBLriC deviations, CENtTral andexpected VAl UE ranges, .
and maxi num and mini num val ues for different elenent groups in the Northern Bering Sea.

El enent Geonetric Geonetric Mninmum Maximom
Group Element Mean Deviation Central Range* EXpected range** Val ues Val ues
Petrol eum | ndex wt 22.7 ppm  2*(QL 11.3 - 45.6 5.6 - 91.6 7.0 1500.0
Elements v 07.3 pm 151 57.8 - 131.8 38.3 - 198.9 30.0 200.0
Heavy Metal N 100 TEeW values N 100.0
Element zr 162.4 pem 1.56  104.2 - 253.1 66.8 - 394.5 50.0 2000.0 G
Cr 45,2 ppm 1.82 24. S - 82.5 13.6 - 150.4 10.0 1000.0
Ce ton few values N 300.
Toxic Elements Pb 20.5 ppm 1.6 12.3- 340 7.4 - 56.5 N 500.0
Cu 12.6 ppm 2.17 5.8 - 27.4 2.7 - 59.5 3.0 700.0
Zn 2eppm 170 42.8 - 124.0 25.1 - 2110 N 1000.0
As too few Val Ues N 3000.0 ppm
sb too W values N 1000.0 ppm
Chemcally or Fe 2. 290 1,09 1.4 - 3.1 .00 - 0.1 I 10.0 G
Environnental ly 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
El ement s Be 551.3 ppm 170  323.6 - 939.3 189.9 - 1600.3 100.0 1500.0
VBj OF & EmEnts A 5. 6% 40 70 - 7.9 2.9 - 110 | 0.0
Na 1.7% 172 1.0- 3.0 .6 - 52 07 3.0
K 1.50 1.74 9 - 27 .5 - 4.6 1 5.0
ca 1.6% 2.06 8- 3.4 4 - 7.0 2 10.0 G
Mg 8% 2.08 A - .2 - 3.5 15 10.0 G
T 4% 1.59 3- .7 2 - 1.1 1 2.0
P too few val ues N .7%
Minor LI EMENLS N ZZ77T ppm 181 1231 ~402.5 0o. 2 -121.9 30.0 1000.0
Y 26.9ppm  1.50 17.9 - 40.5 11.9 - 60.9 10.0 150.0
Sc 12.1 ppm 1.50 8.0 - 18.2 5.3 - 27.4 5% o 50.0
Nb 1.3 ppm 147 7.6 - 16.6 52 - 24.5 N 30.0
B 73.7 ppn 1.72 42.8 - 126.9 24.9 -218.6 N 150.0
La 41.4 ppm 163 25.5 - 67.3 15.7 -109.5 10.0 100.0
Ga 10.3 ppm  2.45 4,2 - 25.3 1.7 - 621 N 30.0
Yb 3.4 ppm  1.52 2.2 - 5.1 1.5- 175 1.0 10.0
Be 2.4 pm 151 1.6 - 3.7 1.1 - 5.6 N 10.0
Na 100 few values N 150.0 ppm
M scel | aneous ag  too few values N 3.0 ppm
Economic El ements Bi too few val ues 70.0 ppm
Mo  too few val ues N 30.0 ppm

+* Central Range = geom.mean/geom. dEV. 10 geon. mean X gem dev.

o Opect ed Ran?e = geom. ITEAN/(gEOM dev.) © t0 geom MBAN X (geom, dev. )2
G = greater fhan accompanying val ue ﬁupper 1mitordet ection)

L « > 1ess than acconpanying val ue (lower limt of detection)

N=>not detected in a sample
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TABLE 11

Analytic results for niscellaneous elenents not shown in
general elenent groups of TABLE I.

Nurmber  of Linmit of Number  of Limt of

sanpl es detection sanpl es detection

el enent was (lower limt el ement was (lower limt

El ement detected in except for Si) El enent detected in except for Si)
Ag 5 0.7 ppm Hf 0 50.0 ppm
As 3 100.0 ppm In 0 1.0 ppm
Au 0 7.0 ppm Li 0 100. 0 ppm
Bi 2 7.0 ppm Re 0 7.0 ppm
cd 0 7.0 ppm Ta 0 50.0 ppm
Mo 5 2.0 ppm Th 0 150.0 ppm
P 54 0.1 % Tl 0 3.0 ppm
Pd 0 1.0 ppm Pr 0 20.0 ppm
Pt 0 5.0 ppm Nd * 3 20.0 ppl n
sb 8 20.0 ppm Sm 0 50.0 ppm
Sn 23 2.0 ppm Euj 0 1.5 ppm
Te 0 300.0 ppm Gd] 0 5.0 ppm
u 0 150.0 ppm Tb 0 100. O ppm
w 0 10. 0 ppm Dy 0 20.0 ppm
Si *** 179 10. 0% upper Ho 0 5.0 ppm
. limt

Ce 19 50.0 ppm Er 0 30.0 ppm
Ga 151 0.7 ppm Ty 0 2.0 ppm
Ge 0 7.0 ppm At 0 15.0 ppm

* Looked for only when La or Ce is found

** Looked for only when Y is >50 ppm

e **Si was a major conponent in all sanples analyzed, i.e. , >10.0%. However,
exact values cannot be assigned above this limt.
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TABLE | | |

Lists mostciosely [ €] at €d Or disrelated elements according to the

correlation coefficients between their leg val ues.

GA Fe Mg Ca
La .49s0 Cu .8323 Ca .5861 Mg . 0861
Se .4047 NHi .8101 co .5151 sr . 5469
Ti .3806 Zn .7868 Ni 4949 se . 3371
Mn .773a Pe .3804 Kb =-.3232¢
Co .7503 Ti .3884
TL 7251 Sc . 3565
sc. 6326 G L3331
B. 3164*

Ba Be co Cr
K. 8040 la. 3720 ¥ . 3263 § . 0132
Na .6S47 b . 3388 Fe. 7503 . 5623
Sr 241 Sc . 3351 cu . 6296 Sc . 5274
Al 60092 cu . 3211 zn . 5982 Fe .4796

oi . 3058 B -.4110¢ Co . 3879
K -.3177*

Ni Pb Sc Sr
Co. 8263 cu .bl114 . 7180 K. 6994
Fe .8101 zn . 4194 Fe. 6326 Na . 6863
Cu .6833 Y .3701 v . 5790 Al .s140
Ti .6153 Fe .3106 La .5572 8s . 6241
Zn . 6142 Mn .2615 Mn . 5571 La .5539
cr . 6132 Na~.4041¢ cu . 5470 cu . 5469
Mn . 5954 cr . 5274
B -.5464*

zr Al Na K
1a . 4933 Na . 8348 . se . 8040
Y 4552 K . 6999 K .7935 Na .7935
i . 4059 Sr . 6140 Sr . 6863 al . 6999
k.3770 Ba . 6092 Ba . 6847 Sr . 6994
Ba . 3694 B .4328 B .4109 La .5171

Pb~.4041* B .4929
CO .3177+

*Extreme Negative correl ation.
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Ti
Fe 7251
Sc.7180
Mn 6617
N . 6153
zm . 5717
cu . 5682
or . 5623
Y .5435
w . 5181
Co . 5067

cu . 5112
Ti

V . 4589
sc . 4278

Mn B
zn . 6657 Be . 4508
o . 6617 A . 4328
cu . 6612 va . 4109
Y .6103 W . 2884
§ . 5954 La . 2815
v . 5729 Nl -. 5464*
Sc . 5571 co -. 4110
Fe =.3164%
La Nb
Sc. 5572 B . 2804
Sn . 5539 Ca-.3232¢
Ba . 5508
v .5189
K «5171
Ga . 4950
zr . 4933
Ti . 4473
Y Zn
Mn .6103 cu . 8023
v . 5678 Fe . 7868
Fe. 5563 Mn ., 6657
71, 5435 N . 6142
cu . 4542 Co . 5982
2r . 4552 Ti 5717
Sc . 4335 yb . 5713
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TABLE |V

Correlation coefficients between elenment |og val ues

90101 CORRELATION ANALYSIS

- USGS STATPAC

ARRAY OF CORRELATION COEFFICIENTS
1 2

OO WU SWHN -

PR MO RN b owl ek
O N W NER, O ©CH -y PRTTEWN = O

PPM=S
X-S
X-S
X=5
%-S

PPM=$

PPM=§
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PPM-$

PPM=S

PPM=S

PPM=-$

PPM-$

PPM=S
%-s
%-s
%-s

PPM=$§

PPM=S

GA PPM-§

1.0000
0.3289
0.1181
0.1505
0. 3806
0.1154

-0.0253
0. 1866
0.2649
0.3128
0.2418
0.4950
0.1875
0.3090
0.0227
0.4047
0.309°?
0.0446
0.2224
0.2140
0.2232
042245
0.2528
0.1800

-0.0617
0.1098

FE

0

1.

0

oo © ©ocoo

0
0

-0

oo ©O0 oo oo

0
0
0
0
0

X-5

(3289
0000
<3884
L2678
.7251
, 7738

.3164
.0398

.7503
L4796
«8323
.3369

0777

8101
.3106
.6326
. 0081
« 4039
,5563
.7868
L2547
.0585
,0524
.1536
.5294
L2741

3
MG %-S

0.1181
0.3884
1.0000
0,5861
0.3884
0.2669
-0.2313
-0.1395
0.5151
0.3331
0.2714
0.0688
‘0,2974
0.49649
-0.2186
0.3565
0.1979
0.2333
0.1480
0.1528
0.1485
0.2193
0.1963
0.0225
-0.0234
-0.0618

(04/27172)

CA %-s

0.1505
0.2678
0,5861
1.0000
0.2823
0.1458
-0.0424
0,0475
0.2837
0.2014
0,2434
0..2879
-0.3232
0.2480
0,0812
0.3371
0.5469
0.1561
0.2392
0.0466
0.2224
0.2679
0,2352
0.207?6
0.0692
0.0194

6
MN PPM=§

0,1154
, 7738
.2669
.1458
, 6617
1,0000
=0,2643
=0,1461
0,5187
043113
0.6672
0.2424
-0,0686
0,5954
0,2615
0,5571
-0,1694
0,3714
0,6103
0.6657
0,2388
~0,1887
-0,2520
‘00,2734
0,5729
0.2558

ocoocoo

8 PPM=S

-0,0253
-0,3164
-0,2313
‘0,0424
-0,1365
‘0.2643
1,0000
0,4508
-0,4110
-0.2177?
-0,2482
0.2815
0,2884
-0,5464
-0,0271
0.0724
0,1981
,2196
,0590
,1722
L1497
,4328
,4109
,4929
,1397
.0945

coocoocoocoo@oo

DATE 4711779

8
BA PPM-§

0,1866
-0,0398
“0,1395

0.0475

0,0932
‘0.1461

0,4508

1,0000
-0,2254

0,2336

0,0008

0.5508

0, 1651
‘0,1467
-0,0241

0.3589

0,6241

04,3529
-0,0607

0,0552

0,3694

0,6092

0,6847

0,8040

01760

0.2710

co PPM-§

0.2649
0*7503
0,5151
0,283?
0,5067
0,5187
-0,4110
-0,22s4
1,0000
0,38?9
0,6296
0.1032
-0,1894
0,8263
0,2152
0.3984
-0,0661
0,2090
0,4272
0,5982
0.1450
0,0046
©0,1178
-0,3177
0,2138
0.0144
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Table IV cont.

00101 CORRELATION ANALYSIS = USGS STATPACL (04/27/77)

ARRAY OF CORRELATION COEFFICIENTS

1 GA PPM-S
2 FE %-S
3 MG %-S
4 CA %-S
5 T1 %-s
6 MN PPM=§
7 B PPMes
8 eappm-s
9 CO PPN=S
10 CR PPM-§
11 CuU PPM=3
12 LA PPM-S
13 NB PP MS
14 N1 PPM=S
15 PBPPM=§
16 SC PPM=~§
17 SR PPM=§
18 v PPM=§S
19 Y PPM=-S
20 INPPM=S
21 IRPPM=-S
22 AL x-S
23 NA %-S
24 K X-S
25 YBPPM~S
26 BE PPM=$

11
cuU PPM-§

0.2618
0.8323
0.2714
0.2434
0.5682
6612
2482
.0008
6296
3522
.0000
0.4102
-0.1300
0.6833
0.5114
0.56470
0.0144
0.4801
0.48642
0.8023
D.1652
-0.0534
-0.1747
=0.1474
0.5112
0.3211

rooo@o

12
LA PPM=§

0, 4950
0.3369
0.0688
0,2879
0.,4473
0,2624
0.2815
0.5508
0.1032
0.3629
0.4102
1.0000
0.1089
0.1760
0.2100
0.5572
0.5539
0.5189
0.3886
0.3333
0,4933
0.3294
0.3?754
0.5171
0.3746
0.3?20

CONT.
13
NB PPM-§

0.1445
0.,1340
0.0378

NI

0
0
0
0
0
0

CoCPCOPCoocoocoorPoco0o0o©@Co

14
PPM-S

,3090
.8101
L4949
« 2480
.6153
.5954

.5464
.1667

,8263
.6132
.6833
L1760

.0983

.0000
.1626
+4681
.0041

.2766
.3516
,6142
.2615

.0162

.0615
.1998

.3027
.0884

15
P8 PPM-§

0%0227
0,3106
-0.2186
0,0812
-0.0118
L2615
L0271

0
0
0
0
0
0
0
0
0
0
1
-0.0439
0
0
0
0
0
0
0
0
0.
0.

S¢

0
0
0
0
0
0
0
o]
0
0
0
0
-0
0
-0
1
0
0
0
0

coocooco o

16
PPM=S

L d
4047

.6326
.3565
a3371
w7180
#5571
0724
23589
.3984
.5274
,5470
n5572

.0297

nb481

,0439

20000
.3238
.5790
W6335
25294
.3509
,3365
,3212
.2040
L4278
.3351

17?7
SR PPM=§

053097
0.0081
0.1979
0,5469
0.1885
‘00,1694
0,1981
0,6241
-0.0661
0.3323
0,0144
0,5539
.0829
,0041
,07?2
,3238
.0000
,2163
,0675
,1362
.3286
0.6140
0,6863
0,6994
-0.0703
0.2056

OO0 O Rko@PooO

DATE

v

0
0
0
0
0
0
0
0
0
0
0

o

ORrroocoocoo

0
0
0

0
0
0

4111779

18
PPM-§

-

L0666
.4039
,23S3
a 1561
04352
$3714
L2196
,3529
.2090
. 3407
26801
,5189
.0931
,2766
,0053
5790
.2163
.0000
,2237
£ 4584
.2401
W 3314
, 2713
,2661
.4589
.2900

Y

19
PPM~S

0,2224
0.5563
04,1480
042392
0,5643%
0,603
0,0590
-0,0607
0.4272
0,101s
0h 6842
0,3886
0.0139
0,3516
03701
0,4335
-0,0675
0,2237
1,0000
04121
0,4552
-0,04s7
=0, 1440
~0,1034
0,5678
D.2444

20
IN PPM=S

0,2140
0.7869
0,1528
0.0468
0,s717
0.665?
-0,1722
0.0552
0.5982
0,2692
0,8023
0,3333
0,070)
0.6162
046194
0,5296
-0,1362
0,4584
0,4121
1,0000
0.1914
-0.0332
“0,1644
-0,18¢0
0,5713
0.277



Table V. cont.

DO101 CORRELATION ANALYSIS

USGS STATPAC (04/s27/77)

ARRAY OF CORRELATION COEFFICIENTS 'CONT.

6A PPM=-S

FE %S
MG Z-S
CA  %-S
T1 X-S
NN PPM=-S
§ PPM-S
BAPPM~S
co PPM~§
CR PPM=S
11 Cu PPM=§
12 LA PPM-S
13 N8B PPM-S
14 NI PPM-S
15 PA PPM-S
16 SC PPM-§
17 SR PPM-S
18 V PPM-§
19 Y PPM=S
20 ZN PPM=S
21 IRPPM-S
22 AL %-S
23 NA %-S
24 K %s
25 YBPPM-S
26 BE PPM-S

H
@O N UISWN-

21
ZR PPM=S
0.2732
0.2547
0.1485
0.2224
0.4059
0.2388
0.1497
0. 3694
0.1450
0.3005
0.1452
0.4933
0.1213
0.2615
0.0857
0.3509
0.3286
0.2401
0.6552
0.1914
1.0000
0.2786
0.3000
0.3778
0.3322
0.2169

22

AL x-S
0,2245
0.0585
0,2193
0.2679
0.2162
-0.7887
0.4328
0.6092
0.0046
0.2365
-0.0534
0.3294
0.2116
-0.0762
-0.2630
0.3365
0.6140
0.3314
-0.0457
-0.0332
0.2784
1.0000
0.8348
0.6999
0.0953
0.1454

23
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
-0.4041
0.3212
0.6863
0.2713
-0.14.40
“0.1644
0.3000
0.8348
1.0000
0.7935
0.0077
0.0699
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DATE 4/11179

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
D.2661
-0.1034
~0.1840
0.3778
0.6999
0.7935
1.0000
0.0875
0.2228

25

Y8 PPM-S
~0,0617
0.5294
-0.0234
0,0692
0,5181
0.S5729
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
0,3322
0.0953
0.0077
0.0875
1.0000
0.3388

26

BE PPM-§
0.1098
0.2741
-0,0618
0,0194
0,3058
0.2558
0,0945
0,2710
0,0144
0.1313
0.3211
00,3720
00,0378
0.0884
00,1790
0,3351
0,2056
0.2900
0,2666
0,.2779
0.2169
0.1454
0.0699
0,2228
0.3388-
1.0000
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are someareas where the relict and nodern sedinents intersect creating a
palimpsest m xture of the two (McManus et al., 1977). Mich of the sedi ment
comng 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 an/sec in the Strait itself
(Coachman, et al., 1976).

Water in the region is characterized by wofairly distinct nasses.

Col der, more saline waters dominate the central and western parts of the
region. These are surrounded by a shoreward hugging nass of Al askan coasta
water which is warmer, |ess dense and generally noving 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, Nel son and
Hopkins, 1972, Nelson, et al., 1972; Overstreet, et al., 1974, 1978; Patton
and Csejtey, 1971, 1972; and sainsbury, 1969, 1975). O particular inportance
are the gold placer deposits found in the None Bluff area. Gold placers are
also | ocated in various relict beach ridges or reworked glacial noraines
presently subnerged off the coast from Nome as well as off Chutkotka Peninsula
and St. Lawence Island (Nelson, Hopkins, 1972).

Lode deposits of economic interest occur in nany areas surroundi ng Norton
Basin. They include copper, lead, zinc, silver and molybdenum deposits in
western and eastern St. Lawence Island; tin and beryllium deposits of the
Lost River ining district on the western tip of Seward Peninsula which al so

contain high concentrations of copper, lead, zinc, antinony, gold and
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mol ybdenum the general area of the southern Seward Peninsula where there are
nunerous 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, antinony, tin, copper, silver, lead, zinc, molybdenum platinum
chromum and titanium are found; and the entire Yukon drainage basin where
m neral concentrations containing high concentrations of nost of the
aforenentioned elements are |ocated

All of the areas mentioned are drained by streams and rivers that have
undoubt edly been contributing substantial amounts of mneralized sediment to
Norton Basin for the past several thousand years
V. SCURCES, METHODS, AND RATI ONALE OF DATA COLLECTI ON

Two groups of sanples were utilized for this study. The first group
consists of sanples collected on 3 different cruises during the years 1968
1969, and 1970. These sanples were originally collected to delineate sedi ment
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 sanpler which would
normal |y penetrate the top 5-10 cm of bottom sediment. The resulting sanples
were given no special treatnent and were stored at room tenperature. The
second group of sanples were collected using a Soutar Van Veen grab sanpl er
during 1976 and 1977 U.S.G.S. cruises of the U.S.G.S. RV SEA SOUNDER.  The
Soutar grab sanpler is teflon coated and causes mnimal disturbance of surface
sanpl es.  Subsamples were selected for trace element analysis fromthe top 1-2
cm of each sanple collected using the Soutar sanpler and were inmmediately

frozen and kept frozen until analyzed in Menlo Park, California.
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Thi s sampling technique was devel oped by Tan Kaplan of UCLA for BLM/NOAR trace
el ement study of sediments on the western North American outer continental
shel f.

The average distance between samples is approximately 30 km In an
anal ysis of variance of sanples from the central and southern Bering Sea,
Gardner, et al., 1980, found this distance to be adequate to show
statistically significant trends in sediment conposition.

Sanples, including pore water salts, were air dried at 1100 o = Each

samplewas t hen honpgeni zed and a one gramsplit of each sanple was anal yzed
by the Analytical Laboratories Branch, U.5.G.s, for a suite of over 50
el ements using sem-quantitative optical enission spectroscopy (Gimes and
Marinzino, 1968).

To assess the precision and accuracy of the 6-step sem -quantitative
optical em ssion spectrographic technique used in this study, replicate
anal yses were done on both U.s.G.S. rock standards and on subsamples of the
sedi ment sanples being studied. Additionally, several replicate subsamples
were analyzed by neutron activation.
VI. ANALYTIC RESULTS

Sem -quantitative em ssion spectroscopy, although not as precise as other
anal ytic techniques, yields values that are adequate to delineate regional
trends. Care nust be taken, however, to establish the limts of precision and
accuracy for the technique as used with a particular type of sanple to detect
a Particular elenent.

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 inprecision in the use of the technique or in

the technique itself. To reduce errors due to sanple variability, sanples
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were ground to 230 mesh and honogenized. Sub-splits from the sanple were then
used for replicate analyses. The overall precision of the 6-step enission
spectrographic technique was deternmined by running 5 to 8 replicate anal yses
on each of three sanples. The subsamples used for the replicate analyses were
submtted in a random sequence along with the other sanples analyzed. The
precision was cal cul ated by averaging the percent difference between each
replicate analysis and the nean value for all of the replicate analyses
Additional replicate analyses were run on subsamples fromthe same set of test
sanples by neutron activation as a further test of both the precision and
accuracy of the enission spectrographic technique. Values of replicate
anal yses for all elenents except zinc, were within 25 percent of the nean
values for the replicate analyses, and replicate values for nobst of the
elenents fall within 15 percent of their mean (Patry, et al., 1977).

The accuracy of the 6-step emssion spectrographic anal yses was tested by
anal yzi ng four U.S.G.S. standard rock sanpl es of known el enent conposition
™o anal yses were made on each rock sanple and the average of the two values
was calculated for each of 30 elenents. Then the percent difference between
these values and the actual values for each rock was determned. WNext, 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. Elenment values
for Y, Ca, Ba, K, O, cu, Na, Co, ¥b, Ni, V, and 2n, as deternmi ned by em ssion
spec, were within 30 percent of the established values for the rock
standards. This group of elements is alnost entirely within the bounds of the
“accepted®error for this analytic technique and therefore provides baseline
data for the study area that is relatively free of analytic error. Values for

eleven el enents including Sr, A, Sc, Zr, Ti, Ga, Pb, Fe, kin, and Mg, were
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within 35 to 65 percent of the actual values for the rock standards and can
still be considered reasonabl e baseline data for these elenents. Two

el enents, Y¥b and B, had values varying by nmore than 80% from the known
values. Values for these elements should be regarded as only gross estimtes
of their actwa content in the sediment. Accuracy for the determ nation of
ei ght elenents, 2g, As, Bi, M, Nd, Sb, Sn, and Ce, could not be assessed
because quantities present were too low to be detected by the analytic
method. These elenents were not statistically analyzed but where present
above the detection linit, they were plotted as anomalous values. Si was

el imnated because its values were all greater than the upper limt of
detection of the analytic technique (Patry, et al., 1977).

The data was transformed into base 10 logarithnms and the arithnetic neans
and standard deviations were determined for the log values. The arithmetic
mean of the log values of a distribution is equivalent to the geonetric nean
of the original values and if the distribution approximtes |og normality, the
geonetric mean is the best measurenent of the central tendency of the
distribution (Table |; 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. Qnpde factor analysis
was perfornmed to examne significant relationships anong sanples and el ements
(Fig. 4, Tables V., VI , and VIl ). Mst of the elenents had no values |ess
than the lower linmt of detection. |If an element had only one to three val ues
above or below the upper or lower limt of detection, these indeternminate
values were substituted with definite values set two class intervals above or
bel ow the value of the limt of detection. N ne elements (Ag, As, Bi, Mo, N4,
si Sh, Sn, and Ce) had too few values for statistical treatment but enough

values were obtained for Ag, My, and Sn to be plotted graphically.
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TABLE Vv

Correlation coefficients between Q node Factor | oading val ues and non-log
el ement val ues.

00101 CORRELATION ANALYSIS - uSGS STATPAC (04/27/77) DATE  3/723/78

ARRAY Of CORRFLATION COEFFICIENTS

1 2 3 4 5 6 7 8
factor1 factor? factor3 factor4 GA PPM-S FE %-S 16 %-s CA %-S
1 factor? 1.0000 -0.3258 -n,1758 r,0181 -0,5480 -0,509% -0,4750 -0.4209
2 tfactor? -0.325% 1.0000 -0.2785 -N,4R)8 n,N926 n,6616 0.1620 0,116R
3 factor3 -0.1758 -0.2785 1.0000 -N,1591 n,5729 -0.1304 ~0.0144 n,1668
4« factoré 0.0181 ~D.4R0R -0.1591 1.0000 n,1481 -0.4933 -0.1958 -0,2655
5 GA BPM-§ -0.5480 n.0926 0.5729 N.1481 1,0N00 n,2323 0.0767 n.1157
6 FE %-S ~0.5093 N.6616 -0.1304 =N, 4033 n.,2323 1.001-J0 0,353¢4 0.1270
7 MG %S -0.4750 0.1630 -D.0144 -0.1958 n,0767 D.35%% 0000 0.4199
8 CA %S -0.4209 N.1168 0.1668 -0.2655 0.1157 n,1270 0.4199 1.0000
9  TX %S -0.3576 0.6328 0.2239 ~D 4254 n.3497 n.6022 0.2847 0.2017
10 MNPPM-§ -0.335? (3.6577 -0,2894 -0.4867 0.0%56 0.8405 N.N8%51 n.nOSS
11 B PPM-§ 0.5392 -N0,1656 -n.0089 N 1728 0.1575 -0.2368 -0.7685 -0.1292
12 6A PPM-§ 0.1990 -0,3470 0.7106 S0.1613 n,4nnn -0.1194 -0,2664 -0,1561
13 CO PPM-§ -0.6077 n.s020 -0,1428 -n. 2790 N,1962 n,7815 0,5335 nN.17?5
14 CR PPM-§ -0.3911 0.2106 0.1n73 -0.2136 0.1573 0.4351 0.6379 n.1227
15 CUPPM-§ -0.3316 N.444s -0.2697 -0. 3765 n.0312 N.6852 0.000% -0.0075
16 LA POM=§ -0.0977 N, 1546 n.6N73% -n,4107 0.5193 N,1447 -N,06R7 0,1215
17 NBPPM-§ 0.1628 20,0266 ~0.1231 024133 09,1705 -0,1657 -1,23#89 -0.32%%
18 NI PPM-S -0.6219 ().2246 -0.1548 -N.2129 n,0263 N,5145 0.6984 0.0401
19 ppPPM-§ -0.3033 0.2939 -0.3279 -11. 3356 -n,0372 0,5928 ~0.NR29 n,0072
20 SC PPM~$ -0.2070 N.LS9R D.4683 -n,5150 n,47727 N, 4371 (-).142(3 0,1943
21 SR PPM-§ -0.2044 -0.2621 0.6476 -N,1438 (),3909 -N,0362 0.1171 Ny 564473
22 v PPM-g3 0.2703 N.2858 0.2886 -0.5579 2.1720 n,1910 0.9242 ~0.0143%
73 Y PPM-§ -0.2662 r.7176 -0,1753 -0.39721 n. 1518 0.53n9 -0.N513 0.2354
24 ZN PPM=-§ -0.3199 0.5440 -0,2229 -0, 4407 n,1069 n,7869 N,0N&4 -0,0516
25 1R PPM-S -0.0679 N.0418 LY -n,0516 11,1167 n,0155 -0,N3%5 n.n27?
% AL 7S 0.0527 -0.2436 n.s7n7 n.0729 0.4666 -(). 0257 0.0199 0.1024
27 NA ZS -0.01Ng -0,3275% N, EAT L 0.0416 n.sans -0,0169 0.n213 0.086%
28 K  zS 0.0796 -0.4179 n,5049 -N,0SR3 n,4125% -0.7494 -0.1554 0.0003
29 vg ppu-s 0.1620 N.566% -0.1618 -n.5081 n.a12ex N.4684 -0.1397 -n,0%57

Q

TI1 %-S

-n,3586
n.6328
0,2239

-0,425¢
n.3407
0,6022
N,2R47
0,207
1,01100
06214

-0.1006
0,0600
N,3948
0,4659
0,1593
n,334n

-n, 0241
0,2242
0.0383
0.6L01
71,1646
0n,3°0s
0.4335
0.2700
N.1798
n.2603%
N, 2%RQ
N, N11R%
00,4097

in
MN PPM<S

-0,13352
n,6527
-Cl. 2894
=N, 4867
01,0346
0,8405
0.0R51
0,0055
0,4714
1,0002
-0,2279
-0.1s98
0.6020
0.1228
0,6637
n,049¢
-0,1743
0,2R27
.62 R0
0.3%225
-0,1729
n.115%4
0.6178
n,7980
.n,0%07
~N, 2648
-11.2490
-0,2%29
0.5124



TABLE vi

A. Q@ node scaled varimax factor scores relating which elements are nost
correlative with each factor (in order of descending inportance).

B. Lists elenents nost closely related to the first four factor I|oadings
according to the correlations amobng their non-log val ues

A.

Factor I Factor |1 Factor |1 Factor |V
B 2.74 Y 2.05 La -2.02 Nb -2.40
v 2.10 ¥Yb 1.78 Na -1.98 G -2.35
Yb 1.62 Ti 1.75 G -1.70 B -1.97
Ba 1.22 Fe 1.52 Ba -1.70 Al ~1.67
Al 1.05 Sc 1.49 Sr -1.67 Na -1.38

cu 1.28 se -1.46
v 1.08 K 1.29
Mn 1*O4 Y -.93

Al -.86

B_

Factor | Factor || Factor |11 Factor 1IV
B .54 Y 72 Ba .71 Nb .41
vV .27 Fe .66 Na .67
Ba .20 Mn . 65 Sr .65 *v -.56
¥Yb .16 Ti .63 La .61 *s¢ -.52

Ybe 57 K .59 *Yb -.51
*co -.61 Zn .54 Ga. 57 *Fe -.49
*Ga . 55 co .50 Al .57 *M -. 49
*Fe -.51 Sc . 46 Sc .47 *Zn -.44
o g -.48 Cue 44 *Ph =33 *Pi - 43
Ni -.42 g -.41
*Ca -.42 W o-.42
*C -.39 *Ba~-,35
*Ti -.36 *Na-.33
*Mn “. 34
*Cu -.33
e /n -.32

e Extreme negative correlation
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TABLE VI |

Q node varimax factor matrix associating sanples into factor groupings.

20097 FACTOR ANALYSIS (@=MODEY - U S €& S STATPAC 08/07/77

@ Factore nal ysis on 25 col bu

VARIMAX FACTOR MATRIX

COMM, 1 2 3 4

1 69ANC100 0.9484  0.423? 0.3825 =D.6168 =D.492¢
2 69ASCI01 0.9440 D.4416 0.3271 -0.6588 -0.4562
3 69A5C105S 0.9773 0.4202 0.2779 -0.5858 -0.6167
4 G69ANC107 0.9481 0. 4572 0.18?0 -0.5552 -0.6310
5 6%ANC114 0.9585 0. 4006 0.2533 -0.7559 =D.4031
6 69ANCI16 0.9727 0. 4459 0.3677 “0.6634 -0.4655
T 69ANC121 0.9322 0.4167 0.3968 -0.6592 -0.4082
8 6%A5C155 0.9613 0.5693 0.1800 <0.5227 -0.5758
9 e&9aNc200 0.9300 0.5289 0.3561 -0.3572 -3.6292
10 e5anC2D6 0.9646 0.4538 0.2277 <0.5654 -9.6222
11 69ANC2D8 N,9632 N.4163 0.2146 -0.7042 -0.4980
12 69ANC2DO 0.9499  0,46358 0.1901 -0.6528 -0.5277
13 69ANC220 N.9368 0,4127 0.1696 -0.6747 =2.53%5
14 69ANC221 0.9680 0.356° 0.1194 =0,7602 =-0.4984
15 69ANC224 0.9364 0.3438 0.2519 -0.7037 -0.5095
16 69ANC227 0.9097 0. 3356 0.1820 -0.7473 -0.4632
17 69ANC229 0.9336 0.466% 0.0843 =0.6401 _9.5632
18 69ANC232 0.9720 0.4616 0.3126 -0.6604 -9.4745
19 69ANL235 0.9514 0.4560 =~D.024D _0.5355 -0.6753
20 6FANC247 0.9029 0.5502 0.2904 -0.5967 =-0,3998
21 T7TOANC78B 0.9609 0. 5759 0.2251 <=0.6379 =3.4144
22 TDANC11B 0.8948 0.4364 D.2424 -0.5643 =1.5719
23 70ANC13B 0.9458 0.5066 0.2030 -0.5994 -0.5372
24 TO0ANC14B 0.9156 0. 5066 0.2986 =~0.6510 -0,3221
25 T70ANC15S 0.9610 0.5425 0.243% _0.6660 =0.4050
26 TOANC16S 0.9303 0.4445 0.0799 -0.7395 =-0.4235
27 TPOASC20S 0.9261 0. 4357 0.1942 -0.6840 =~0.4804
28 70ANC24S 0.9578 0.4122 0.1384 -0.6691 -0.5666
29 TCANC27B 0.9337 0.5181 0.2702 -0.6696 -3.3794
30 7O0ANC29S C.9383 0,.5582 0.3855 -0.6325 -0.2792
31 7O0ANC3Z2B 0.9757 0.4818 0.3486 =-0.6964 -0.3701
32 70ANC35S 0.9597 0.5424 0.3971 _-0.5493 -0.6560
33 70ANC4OB D.9432 0.4999 0.3090 -0.6078 =D,4854
34 TDANCALSS 0.9362 D.5548 0.3249 -0.5934 =23.4131
35 TPDANC47R N.9337 0.58%0 0.3417 _0.5284 -0.4448
36 7DANC4BB 0.9373 0. 5555 0.3395 -0.6292 -0.3478
37 ?0ANCS3S 0.8663 0. 4755 0.3627 -0.6375 <=D.319%
TR 7DANCS4S D.9484 D.S384 0.2752 =0,5928 ~N, 4811
39 T7DANCS6B 0.9460 0,4945 D,.3379 -0.648% <=0,4083
40 7CANCSOT 0.9532 0.4270 0.3153 -0,6643 =-0,4188
41 7CANCAIT 0.9266 D.4&721 0.1501 -0.5394 -3.6247
42 E7ANC30 C.8690 D.5279 0.4976 =0,4106 <=D,4&176
43 6BAWF 31D 0.8950 0.4137 0.4762 _0.2763 -0.6686
46 BBAWF327 0.8¢661 0.4049 0.5763 =0.3370 .p,s5065
4S5 68AWF33R 0.9619 0.347? 0.45RY  _0_.5557 -0.5680
46 GRAWFILT 0.9319 0.3005 0.375%1 -0.4777 -0.7256
47 bBAWF344 0.9537 0.3296 D.2750 -0.3425 _0.8076
48 6BAWF3ILS 0.9547 0.3733 D.4562 =0.6744 -0,.6599
49 6PAWF34L6 0.9133 0.3573 0.3553 =0.3988 -0.7073
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Table VI|

68 Au F350
68 Au F354
68 Aw F255
6BANF3S57
GRAWFLID
CBAWF4L30
6RAWF&LO
6BAWFSOS
ABANCINB
6BANC61B
48ANC708
68ANCOSB
S8ANC10S
6B8ANCTT2
ERBANCTITS
48ANC118
48ANC120
69 ANCT26
A8ANCTLD
68ANCTISE
68ANCI66
4&BANCY79
6BANC 181
6BANCI1E?
4BANCIE7
48ANC190
6BANC20D
68aNC212
6BANC21S
68ANC231
68ANC 233
6BANC 234
68ANC 24D
68ANC241
GBANC 244
6BANC248
ERANC2S1
KBANCT6B
68ANCT7OB
ABANCE3R
68ANCT14LB
6BANCISE
6BANCTISE
6RANCIED
6BANC163
6B ANC 160
68ANC 194
SBANC21L
ABANC2'8
6eANC 221
6RANC22Y
6BANC22S
9ANCI02
69ANC104
69ANCIIN
6QANCTTY
6IANCYY12
69 ANCT1Y
69 ANCITS
6GANCTIT7

cont.

0.9629
0.9516
0,964
0.9739
N.94652
0.9464
0.9318
0.85¢97
£.9547
0.7867
0.7790
0.9286
0.9189
0.9572
0.8643
0.9271
0.9278
0.9013
0.9207
0.9565
0.9550
0.9¢30
(’.6896

0.7059
N.9s552
0.2377
0.9855
0.9527
0.9290
0.9559
C.9644
0.9749
£.9818
0.9604
0.9¢08
0.9450
0.94461
0.5¢43
0.525¢%
C.,8958
t.9128
0.9166
C.92%98
0,9347
0.9380
11.9581
t.9382
0.9341
0.9431
0.9782
0.8672
0.9577
0.9520
0.9427
0.9483
0.9826
0.9611
£.9761
D.95%0
0.%817

0.6113
0.3?36
0.2864
0.64131
D.6131
0.4607
D.3728
0,429
D.4L4L79
0,244
0.3230
05,3070
0,200
N.326"
0.0644
D.2252
0“.3284
0.3785
D.3305
D.3945
D. 5444
D.L315
0.,3151
N.6045
0.7767
0.2429
D.7714
85,7922
D.6878
D.6EES
D.750¢
59,7168
D.698%
0.725¢4
N,7%W2
D.6880
D.7140
p.778¢
D.731S
N,6660
0.6107
0.6771
0.6897
D.712¢
D.7013
0.75n%2
0.7383
0,769%
0.,7240
N.S5222
0.54886
N.s22C
0.%282
0.519n
D.4746
0.5322
D.4927
D.S5112
D.492°9
D.6617
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0.4042
D.365%
X079
Qo322
0.352¢
0.4339
C.3901
0.2095
0.2959
g.40%1
0.2936
0.0497
0.279¢4
0.1645
0.3589
0.3215
0.3170
0.1983
D.2739
0.1499
0.1272
C.4é27
0.2204
0.1874
0.3269
JR?7¢
0.2255
0.2554
0.0987
0.2961
0,.319"
D.4826
0.3902
0.2452
0.6107
0.23098
0.42¢7%
0.1157
0.(2777
D.1483
0.2206
0.0916
D.0385
n.0897
0.1127
0.2086
0.2261
c.110n8
0.20095%
0.2021
0.29091
0.4383
D.318¢
0.2885
0.3680
0.2489
0.6087
0.2272
0,307
0.3182

~0.6142
-0.6953
-0.4429
-0.5483
-0.8053%
-0.5155
-D.S5148
-0.,64514
-0.298%
-0.6690
-0.6989
-0.6R82¢
-N.64621
“0.7143
-D.,714N
-0.7242
-0.6567
-0.6157
-g,7270
-0.5947
-0.3336
-N.5643
-0.4730
-0,.3197
-0.3369
-0,¥2¢7
-0,33912
-0.2470
-0,5117
-0.5342
-0.61%2
-0.4212
-0,54D4
-0, 4828
-0.3978
-0.5418
-0.3577
-0.3990
“0.4545
-0.5R00
~0.6148
~0.4854
-0.5289
-0,48%8
-0.6868
-0.2989
=0,4120
-0.2665
-0.3586
-0.5020
-0.,4402
~0.6715
-0.5835
-0.6475
-0.5999
-0.7074
“0.6827
-0.7182
-0,4860
-0.595%1

-D.S50%1
-0.6522
“9.7671
-0.S612
-0,5514
-0.5292
-0.6779
-0.6767
=},789¢4
-0.33%8
-0.3151
-0.6057
-3.60210
-0.5601
-0.,4706
=J.49RS
-2.5377
-0.5828
-0.4561
=J.8517
-3,72r9
-D, &0y
-2.5%99
=3.4358
=2.3636
-1,2547
-0.4738
=J.4212
-0.L293
-0.3299
-9.3557
-3.2255
-3.1793
-0.2752
-0.3132
-3.26%93
-3.3536
-0,4203
=0.4221
-3.3045
-9.3195
-0.4660
-0.4158
=J).4260
=J. 6433
-0.5121
-0.41%1
-3.5036
~0.4964
=N 8424
=0,5320
=J.3040
=J.4876
=0.6134
-0.4778
-3,3714
“9.2960
-0.3818
-0.38asg
-0.5607



Table VII cont.

110
"
112
113
114
1158
116
117
118
119
120
121
122
122
124
12s
?26
127
122
729
130
13
132
132
134
13s
13¢
127
138
139
140
141
142
143
144
145
146
147
148
149
150
151
1s2
153
154
189S
156
157
158
159
160
161
162
163
164
165
16¢
167
168
169

69 AN C110
69 ANC20S
6FANC21Y
69 AN C218
7DANC28
70ANC 23]
7CANCL2]
7CanC s
7CANCS?21I
TOANCS7]
TOANCOC
69ANC127
48ANC3S
6BANCRR
&3ANC1S
CBANC23
63PR23
49ANC127
69 ANC13D
E9ANC14S
CRANCIL7
68AWFED
“8ARFEN?
68AWFEBLC?
6RAWF827
49 ANCRS
LPANCRS
AQANCGS
69A5(C97
LPANCID?
6BANC2IDG
SR8ANC3CT
6RANCIDS
6RANC 214
68ANC235
ERANC204
50ANC 207
6FANC2273
6FANC23D
6F9ANC24S
E€FANC2S2
69ANC25E
7D0ANCS8BH
M131032
W131033
¥131034
M131036
4131037
M131038
M131D39
ml 31040
*131041
"M13104°2
M121043
M131044
M1 31045
mI1IT1046
w131047
mi31048
131049

0.9573
0.97s0
0.948s
0.9444
0.9794
0.9619
0.9727
0.9664
0.9699
0.9510
0.0771
0.978S
0.9s7?4
£.9269
C.6726
0.8771
0.7044
0.9288
0.9336
D.BaDS
0.9073
0.8641
0.7666
0.8339
0.s930
0.7732
D.3821
0.7883
0.8¢668
C.7034
C.8314
0.8992
0.9053
£.9539
0.5410
0.9306
0.9716
12.96671
0.9778
0.9505
£0.9125
0.9838
0.9349
0.9666
0.8264
0.9500
0.5672
N.§312
0.9499
0.9473
0.9628
0.9297
€.9703
N.9545
N.9611
0.9821
0.9.343
0.9410
0.9797
0.9728

o~ e

0.450
0.303
0.428

- g

0.3355
0,4698
0.52S6
0.S3’36
D.5137
D.4677%
N.520%2
0,4312
0.4102
0.5340
0.363¢
0.4328
0. 4001
0.3410
0.525°
0.4827
0.5048%
0.4125%
0.2954
0.198%3
0.0031
0.029%
n,082¢

.0.1003

n,1965
0.282¢
0. 3040
9.4120
0,047
0.3274
0.5532
0. 5004
0.573C
0.4669
0,L421
0.5789
D.585%
0.5596
0.5897
0.5320
D.4302
0.5580
0.6335
0.1702
0.6037
0.4790
0.5429
0.4795
7.3196
0.4903
0.4060
0.4293
D.4290
0.4023
0,3364
0.3698
0.4587
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0.3294
0.2409
0.1794
0.0940
0.24 K4
D.2684
0.2564
0.3643
0.3150
0.3472
0.2263
D. 8RN
0.4619
0.0¢614
0.3754
0.192"
0.5S27
n.Sex?
0.6779
2ns3
L6665
8400
0.8215%
0.8%44
0.7592
D,4626?2
0.4880
0.,4825
0.4072
0.3192
0.2272

e.
D.
0.

~0.00 38

0.0545
0.2698%8
06,4194
0,1613
0.2338
c.1071
0.0915
0.228%
0.3766
0.1446
0.393¢
0.4735
0.5421
0.2132
0..?2777
0,913
Q.&08R8
0.2660
C.4457
D.4762
0.4222
Q.49
C.46095
0.,4918¢
0.3s589
C.L0ET
0.3793
0.3965

-0.6482
-0.6342
-0.6723
-0.7666
-0.6882
-0.4585
-0.ss38
-0.s537
-0.6367
-0.5%84
-0.5677
-0, 6R28
-0.5668
-0, 6984
-0.3559
-0,211%7
-N,4380
-0,2720
-0,2361
-D,4436
-0.3157
-D.1481
-0.2112
-0,1420
-0,1209
-0.46355
-0.2841
-0.6075
-9.6731
-0,4779
-0.6M94
-0,6453
-0,7469
-N_4974
-N,.5N74
-0.5022
-0.737?
«D.750S
-0,4802
-0.5193
-0.5227
-0.4297
-0.6332
-0.7269
-0.4788%
-0.3378
-0.6376
-0.,2729
-0,6806
-0.5397
-0.6432
=N,7256
-N,6961
-0,64L81
-0.6693
-0.7040
-0.7529
-0.7642
-N,7891
-0.7315

-0.4270
-0.6002
-0.5983
=0.6851%
-3.47?37
-0.6352
-0.s646
-0,4922?
-0.47%7s
-0.510%
-2.6221
-3.4398
-3.3655
-9.ss31
0. 4666
-3.7677
-3.3013
-D.4B80O
-0.4%10
-9.6221
-J.6480
-0,2185
-0.0950
-1,0717
-3.0338
-9.35s1
-0.237?7
-3.3879
-D.2891%
-0.4660
-0.4885
-1 .%485
). 4871
-0,.5723
-0.5072
-0,56R4
-0,4459
~0,.4647%4
-0.6283
-3.5%43
-0,42092
-0.6567
-0.2100
9,170
-0.2263
=-0,6260
~0,2405%
-0.S5239
-3.2701
-0.5583
=-0,3469
-0.25S5
=0,2%90
-0.357?7
-0.2510
-3.2?277
=0,%561
-0.2797?
-5.276.6
-0.2648
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170
171
172
173
174
175
176
177
178
170

%“131059
e 1 31051
®131052
M131053
%131054
M131055%
%131056
%131087
M131059
M131064

0.9535
0,9812
0.8930
0.9741

0.9671
0.9704
D.9¢70
£.9307
0.9561

0.9384

VARIANCE

CUM, vaR

0.5231
0. 4986
0.4509
D.4619
0.4966
0.3%06
n.53009
0.4832
3.4526
D,4292

24,232

24,232
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0.3078
00,4042
0.3032

C.3655
0.29%8
C.2975
0.2372

0.2691

0.4419
0,320?

11.842

36.074

-006°S1
-0.7783
-N0,7200
-0.7673
-0.6%39
-0,7951
~0.6532
-0.6349
~0.6690
«-N,7184

13,379

69,4583

-0.1961
-D.2348
-0.2489
-3.19%87
-0.4065
-0.3139
-0.4497
-3.4709
-0.3202
-0.367?

22,489

91.942



Concentrations of twenty-six elements were all below detection linits (Table
11). Two elenments, Ga and P, had a considerable nunber of values that were
less than the lower limts of detection.

Comput er software devel oped by the Dynanic Gaphics Conpany, Berkeley,

California (Dynanmic Gaphics Surface Display Library] was used to display the
geochemical val ues. For each elenment (Figs. 5-66) there is a two-dinensiona
contour map of the value-surface and a three-dinensional nesh plot of the

val ue-surface shown at an oblique perspective to the |and surface.i—A single
vi ewi ng perspective of 20°degrees to the horizontal and |ooking NNW was
chosen for all of the three-dinensional mesh plots because the uniformty was
found to enhance the ease with which one can conpare plots for different

el ements. The value surface of each three-dinensional plot was made to
decrease to zero as it inpinged on a rough polygonal outline of surrounding
coastlines. To further help viewer orientation, a map view showi ng the coastal
outline in the sane perspective as the three-dinensional plot was generated
above the three-dimensional plot.

The Dynamic Graphics software used to generate the plotting grids from

which the two- and three-dinensional map plots are made, enmploys an iterative
techni que to sol ve bi harnoni c 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
t he two-di nensional contour plots are chosen automatically by the program
whi ch nakes the selection based on the maxi mrum mninum and distribution of
val ues encountered
VI1. DI SCUSSI ON

A. Petroleum Indicators

Hi gh concentrations of V and Ni in sedinents near petrol eum seeps have

been attributed to contamnination of the sedinents by high concentrations of

1 A ncrofiche plate displaying lists and nap-plots of el enent
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 hydrocar bons.

The one known gas seep in Norton Basin is |ocated roughly 35km south of
Nome. At this site concentrations of Ni in surface sedinent are not
anonal ously high but concentrations of V are up to 200 ppm nore than two
geonetric deviations higher than the geonetric nmean for V in sediment of the
northern Bering Sea region (Figs. 5?;,8; Table 1). But the high V values in
the gas-seep area nmay be a result of being located in the region of Yukon
Hol ocene sedinmentation because equally high values are found quite generally
throughout this area. The lack of both Ni and V anonalies at the Norton Sound
Seep is in keeping with the fact that it is primarily a C0, gas seep with only
traces of |ow nolecul ar wei ght thermogenic hydrocarbons (Kvenvolden, et al.,
1979).

Addi tional sedinent sanmples were collected in a grid surrounding the gas
seep in order to look for possible chenical differences between sedinent in
the gas seep area and sediments in surrounding areas. The sanples were
anal yzed for 54 elenents including V and Ni. The average concentrations of V
and N in these samples are 68.8 ppm and 18.8 ppm respectively, which are
| ower than backgound V and Ni concentrations for this region (Table 1).

It is clear that the V and Ni values for the detailed sanpling grid do
not support thernogenic origin of the anonmal ous hydrocarbons found in this
area. There was a seven-year difference between the collection tine of tie
grid of sanples and the first group of sanples in the gas-seep area
Differences in the Vand N content of these two sets of sanples may reflect a
basi ¢ change in the sediment due perhaps to the large storm surge of 1974

(Fathauer, T.F., 1975).
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Sedinents in an area located approximately 40 km west of the southern tip
of St. Lawrence Island had V and Ni concentrations of 200 and 100 ppm
(Fig. 3). Both of these values are higher than the expected ranges for V and
Ni (Table I). These relatively high values coupled with the fact that the
sanple locations are at some distance from any possible |and source could be
taken as sufficient evidence to warrant a closer examination of this area for
hydr ocar bons.

B. Heavy Metals

General Characteristics

Sn, Cr, 2r, and Ce are treated as a group because they are found in
m nerals which are heavy and stable enough to be mechanically concentrated
into placer deposits. Au and Hg, etc., are not considered in this report
because their distribution is described in other published reports (Nelson and
Hopki ns, 1972; Nelson et al., 1975-1977).

Previous studies including those by Venkatarathnam 1971; Sheth, 1971;
and McManus et al., 1976, have |ooked at the distribution of heavy ninerals in
the Norton Basin region but these studies were either limted to a small area
or involved only nmineral concentrates from a portion of the sand-size range.

The degree to which a heavy mineral is concentrated in placers is
dependent on w nnowi ng forces and the nagnitude of the density and size
differences between the heavy mineral and the containing sedinment. For
example, i f the heavy nmineral particles in a sediment are relatively uniform
in size, the mineral may be evenly distributed throughout hydraulically-
equi val ent sedinent. Concentration can begin to take place only when the
hydraul i ¢ bal ance between the particle size and density for the various
m neral constituents of a sedinent becomes unequal. &n exanple woul d be when
mechani cal and chemical forces wear down heavy mineral particles in a sedinent

at a sl ower ratethanthe other m neral constituents of the sedi nent.
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Once a given heavy mineral has been concentrated, the main factor
i nfluencing whether the concentration will be detected is the sanpling
interval. If the sampling interval was chosen prinmarily to detect significant
areal variability in an average suite of elements, it may be too large to
detect significant variability in specific heavier elenments that tend to
change in concentration over shorter distance. Also, the sanpling interval
may be entirely adequate to pick up general variability of the heavy el enent
as it is distributed in sediments from a particular provenance but it may mss
smal l er scale variability caused by localized hydraulic fractionation (Flores
and shideler, 1978).
2Zr

Rel atively high concentrations of zr are found in sediments surrounding
the Yukon Delta, in Norton Sound, and around St. Lawrence Island (Figs. 9 and
10). This contrasts with the much |ower values in chirikov Basin. The
presence of relatively higher concentrations of 2zr in Yukon-derived sedi nent
is probably because the Yukon River passes through a terrain which is conposed
mai nly of sialic rocks, predomi nant contributes of zircon (Mason and Berry,
1968). A comparison of our contoured val ue-surface map for Zr and
Venkat arat hnami s percentage distribution maps (1971) of the heavy-mineral
zircon in the 1-2.75 and 2.75-4.0 phi size-range show that his areas of high
val ues generally correspond with the high value areas of our 2-dimensional
mp. This is particularly true off the N Cape of St. Lawrence Island where
his values as well as ours are highest. Qur data also shw persistently high
concentrations for gzr off the western and southern parts of St. Lawence
Island. Probable sources for these high values are sedinents derived from

quartz-nonzanite plutons which are found over nuch of St. Lawence Island.

231



¢ec

BERING RALASKA

STRAIT

FIL 4 ZR  PPM [N BOTTUM SURFACE SEQIMENT OF NORTON BASIN. BEHING SEA



€ec

NORTON BASIN PERSPECTIVE

YUKON OELTA

g5

TrTTTY

T T YT TS

FREEEE328

FIG 10 7R

PFM IN BOTTOM SURFACE SEDIMENT OF NURIUN BRSIN., BERING SER

AR



A strong 2r concentration occurs in a sanple from the central part of
Norton Sound, relatively far from land. Sedinment analyzed at this locale was
taken from a depth of about 10 neters and, according to McManus et al., 1976,
in an area of generally higher sand content than the rest of Norton Sound.

The lack of a nearby land source and the lack of generally high values in
simlar surrounding sedinments nmight suggest that this sanple may contain
hydraulically concentrated zircon in a zone of coarser sediment. Strong tidal
currents pass through this area (Cacchione and Drake, 1978) and may
concentrate the heavier zircon grains.

Anot her sanmple with a high concentration of Zr was found 30 km south of
Cape Prince of Wales (see Fig. 3; this sanple is not represented on the value-
surface maps). The zZr content in sediment fromthis location is as great as
in any other sanple in this study and the concentrations of Ti, Mn, Cr, La,

Sc, Y, 2r, Yb, Nd, Ce, Sn and zn are also greater than the expected ranges for
t hese elments.

Venkat ar at hnam reports high concentrations of heavy minerals in the 2.75-
4.0 phi size-range fromthis area, especially further south and east in the
sand wave region west of Port Clarence. Sinmilar 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 elenents in the sanple 30 km south of Cape Prince of Wles nay
represent a significant anomaly and may indicate deposits heretofore
undet ected and of considerable econonmic potential.

Sn

Sn concentrations in 156 of the 180 sanples analyzed were below the limt

of detection of 2 ppm  The highest values occurred close to Tin Gty on the

sout hwest coast of Cape Prince of Wles; lesser anomalies were found in the
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area of King Island, Port Cl arence, Bluff, Cape Rodney, the western and north-
central coast of St. Lawence Island, half way between Cape Prince of Wales
and St. Lawence Island, and the aforenmentioned sanple 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 nmineralized formation which
gave Tin Cty its nane. Anomalies near Bluff, north central St. Law ence

I sl and, and Cape Rodney-Nome areas al so appear to be related to adjacent
onshore nineralization. The isolated high concentrations off of the Nwtip of
st. Lawmrence |Island may have been hydraulically concentrated. H gh values off
Pt. Carence and in the area of King Island are in an area of high currents
and sand dune fields that also may represent an area of tin concentration.

Cr

The distribution of ¢cr in the Norton Basin is uniformexcept in the areas
of Stuart Island, St. Lawence 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 geonetric deviation above the geometric mean.

Al of these anomalies, except the sanple site 30 km south of Cape Prince
of Wl es discussed earlier, are located close to igneous outcrops on |and.
Cape Prince of Wales is the site of granitic plutons that are cut by
occasi onal mafic di kes. Gabbro and metagabbro bodies are also found
t hroughout the same region. Stuart Island, the adjacent peninsula and the
central portion of St. Lawrence Island are conposed largely of alkali olivine
basalts. Because chromite (FeCr,0,), which is the principal nineral of
chromum is thought to formas a magmatic segregation in ultrabasic rocks and
is usually associated with olivine, there is probably a direct connection
bet ween anomal ous values of Cr offshore, and the adjacent mafic igneous

outcrops on |and.
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Nel son and Hopki ns found an abundance of harzburgite anong rock fragments
collected in dredge hauls in Akeftapak Bay off the NNE end of St. Lawence
Island (Patton and csejtey, 1972). Semi -quantitative emnission spectrographic
anal ysis of some of these harzburgite sanpl es yielded chrom um val ues as high
as 2,000 to 10,000 ppm Patton and Csejtey al so reported very high chrom um
values in the |ower reaches of streans feeding into Akeftapak Bay. Fromthis
evi dence, Patton and csejtey infer the presence of an ultramafic body existing
just below a thin veneer of sedinent at this |ocation. However, sanples from
the same area in our study did not have high concentrations of C. The
di stance between the dredge haul site and the nearest sanpling site used in
this study is 14 km The fact that our study did not detect the dredge hau
anonalies illustrates the inportance of selecting the right sanpling interva
when attenpting to delineate concentrations of heavy minerals and their
associ ated heavy netals.

Ce (and associ ate Lanthanides, La and Nd)

Ce (cerium) is a heavy netal classified with a group of chemcally
simlar elenents called the lanthanides. The |anthanides usually occur
together and their nost common source mineral is nonazite which is a fairly
rare and conpl ex phosphate occuring as an accessory mineral in granites,
gnei sses, aplites, and pegmatites. Mnazite is resistant to chenical attack
and is often concentrated in sands, particularly beach placers (Bateman, 1965;
Si enko and Pl ane, 1961). The presence of cerium and other lanthanide el enents
in the sane sanples would be strong evidence for the presence of nonazite in
the sanpl es

La (lanthanum) and Ce anommlies on our maps (Figs. 15,616,and 49, 50)
generally coincide. The only real difference is that La has a nuch | ower

limt of detection than Ce and therefore shows much greater definition in the
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| ower val ue range. Neodym um (Nd), another lanthanide, was detected in three
raw bul k sanples and these three sanmples also had anonal ously high
concentrations of La and Ce. It is clear that these three elements occur
together. Additional evidence that the containing mneral for these elements
is nonazite is the detection of ce and Nd in anal yses of nechanical
concentrates of sanples used in the study (not reported here). Analyses from
raw bul k sanples of the sane sanple set show either an absence of ce or Nd or
much |ower values. This indicates that these elenents are present in a heavy
m neral |ike monazite that may be hydraulically concentrated.

The highest concentration of Ce, La, and Nd are in a sanple 30 km south
of cape Prince of \Wales. Their presence together |ends support to the
probability that the sample had indeed been concentrated. Areas where
monazite has been reported in this region are from Brooks Muntain, Ear
Mountain, and Gold Run on the eastern Seward Peninsula (Cobb, 1970). High
concentrations of cCerium in sedinent west of Cape Rodney may be related to the
Gol d-Run | ocati on.

c* Potentially Toxic Elenents

O the potentially toxic elements considered in this report, only Cu, Pb,
and zn have sufficient nunmbers of values greater than their lower limts of
detection to calculate neaningful statistics or to plot their value
surfaces. Cd (cadmiun) was not detected in any sanple anal yzed. Sb
(antinmony) was detected only in beach sanples taken near Bluff, the NE Cape of
St. Lawence Island, and from Stuart Island;, As (arsenic) was detected only in
the beach sanples from Bluff. Anomalous values are not found of fshore from
these beach areas. The values for Sb and As in these sanples are several
orders of magnitude higher than their limts of detection by the 6-step

em ssion spectrographic technique and can therefore be considered to be
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anomal ous. The map depicting source areas (Fig. 2) for some of the nore

economically inportant 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 sedinments of

Norton Basin are generally simlar, including anomalously high values off st.
Lawence Island, along the southern coast of the Seward Peninsula, and
t hroughout Norton Sound. The maps for cu and 2n show nuch greater sinmilarity
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
el ement represented in the study (Table 111), but cu and zn have a nuch higher
correlation between themselves (.8023) than with Pb which supports the
relative visual simlarity between the nmaps of these elenents.

A significant trend that appears in value-surface maps of both Cu
and zn is the generally higher values in Norton Sound conpared to Chirikov
basin. High values for cu and 2n forma hal o 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 maxi mum deposition of Yukon-
derived sedinment in Norton Sound (Nelson and Creager, 1977). The gradation of
cu and 2Zn values away fromthe delta and the generally higher concentrations
of these elenents in Norton Sound suggest a source and dispersal coincident
wi th Yukon-derived sedinment. The Yukon River flows through an area highly
mneralized in these elements and thus appears to be the dom nant source for
mnerals bearing these elenents.

Anot her significant aspect of the distribution of cu, Zn and Pb is the
presence of localized high values generally close to certain coastal areas.

211 three elements have their highest concentrations in beach sanples taken near
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Bluff, Al aska (not conpletely represented on value surface maps.) Pb and Cu
show a continuation of these high values up to 20 km of fshore from Bl uff.
Unlike Cu and 2zn, and except for values fromthe Bluff beach sanples, Pb
deviates little from the geonetric nean 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 I|sland and the
eastern tip of St. Lawence Island. In addition, high concentrations are
found off the southern coast of eastern St. Lawence Island and off the north-
central projection of the island as well as off Nome and in an area around
King Island. High 2Zn concentrations occur off south-central and north-central
St. Lawence Island. Concentrations of zn are also relatively high
concentrations off Nome, in a sanple taken 30 km south of Cape Prince of
Wl es, and along the eastern edge of Norton Sound, but are greatest (except
for the Bluff beach sanples) in the central part of eastern Norton Sound.
This last 2zn anomaly is rather puzzling and does not appear to be related to
di spersal of Yukon sediment or to the nearshore high values that seemto be
caused by concentration in sedinent derived from i mediately adjacent |and
ar eas.

In summary, the toxic elenents discussed here apparently have their
hi ghest values in relatively localized beach areas close to known terrestrial
sources or are clearly derived from the sedinments eroding from nearshore areas
close to probabl e higher concentrations of these elements. Oher elevated
concentrations offshore are probably related to general sedinment dispersal
within the region and the possible placer concentration of those elenments
aggregated in heavy mnerals. an exanple of high values over a broad area
which are probably related to sedinent type/source terrains are the regionally

hi gh val ues of cu and 2zn over Norton Sound.
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D. Chenical - Environmental Change |ndicators

Though the evidence cited below indicates concentrations of Fe, M, and
Co in Norton Basin sediments are source related, they are singled out here
because they are nore responsive to changing oxidation/reduction environments
than nmost of the other elements under discussion. 13a is included because of
its use as a drilling nmud and the resulting potential contanination of
sedi ment where it is used.

The value-surface maps for Fe, M and Co are quite simlar (Figs. 23, 24,
25, 26, 27, and 28). The npst obvious correlations are the high anomal ous
val ues each map shows in the areas of the wvolecanics of north-central St
Lawrence Island and Stuart Island. Anonalies in these volcanogenic areas have
al so been found for cu, Ni, and Ccr (other mafic-associated el enments) as has
al ready been pointed out. The other obvious correlation is the wide area wth
hi gh val ues surrounding the Yukon Delta in particular and Norton Sound in
general .

H gh val ues surrounding the Yukon Delta, much of Norton Sound, and
northward toward the Bering Strait seemto fall mainly within the area
defining the preval ence of modern Yukon sediment. The generally high val ues
in this region probably are directly related to Yukon source sedinments which
are in part derived fromthe input of mafic volcanic terrain in the river
drai nage basin. Anonal ous values of Fe, M 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 sanple from 30 km south of Cape
Prince of Wales that has been previously discussed. This sanmple is

consi derably renoved fromland and it is probable that its high Mn values are
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due to nmechanical concentration rather than having been directly derived from
vol canic terrain.

The value surface maps for Be show slightly anomal ous val ues surrounding
the Yukon Delta, in addition to high values near Stuart Island and at various
| ocations along the southern coast of Seward Peninsula (Figs. 29 and 30). The
hi ghest anomalies are just off the southern edge of St. Lawrence Island and in
the middl e of Anadyr Strait. The general increase in concentrations of a
nunber of elements in this area surrounding the delta has already been noted
and seenms to be related to the Yukon sedinment source and dispersal pattern.
The anomalies near Stuart |sland and the southern coast of seward Peninsul a
appear as |obes coming off the land and may be correl ated with sedi ment
sources from igneous rocks in those areas. The origin of the high val ues
close to st. Lawrence Island are nmore 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 ppmin anadyr Strait is equal to .15%and could reflect a source for Ba
m neralization on the point of the Chukotka Peninsul a.

E  Mjor Elenents

All sanples used in this study were analyzed for all of the mjor
elenents Si, Ti, Al, Fe, Mn, Mj, Ca, Na, K, and P. Values for Si, however,
were higher than the upper limt of detection (1094 in every sanple analyzed
and are not reported here.

Val ue-surface maps for major elenents show sone of the general elenent
distribution patterns already discussed. Mn, Fe, and Ti have hi gher val ues
surrounding the Yukon Delta and in Norton Sound relative to the Chirikov Basin
(Figs. 23 24,25 26 31, and 32). ca, Mg, Na, X, and Al show a sim | ar

trend to some degree (Figs. 33, 34, 35, 36, 37, 38, 39, 40, 41, and 42). Each
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el enent al so has anonal ously hi gh val ues shown as | obes that appear to be
coming from nearby |and sources.

Areas with higher Ti concentrations generally correspond to areas wth
hi gh concentrations of Mn and Fe which have al ready been shown to be
associated with the volecanies of Stuart Island and St. Lawence Island. This
is expected because Ti is relatively high in basaltic rock types. The highest
Ti value is fromthe sanple previously discussed that comes froma possible
placer 30 km south of Cape Prince of Wales,

Concentrations of Ca and Mg are also high near the Stuart Island and St.
Lawr ence volcanics, but they are highest offshore fromthe southern coast of
Cape Prince of Wales and south of Port Clarence. H gh concentrations of Ca
and My in these last areas probably are related to the limestone fornmations
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.

Val ue-surface maps for Na, K, and Al are nore varied than maps of the
other major elements. They consist of alternating high and |ow values and
show only slight regional differences. The anonmalies that do seemto
originate fromland sources appear broader in areal extent than some of the
| ess conmon el ements already discussed. The sanple containing highest
concentrations of Kis off of the NE Cape of St. Lawrence Island and is
probably derived from granitic bodies that are found there. Sanples with
hi ghest concentrations of a1 are fromthe areas of Stuart Island and eastern

Norton Sound and are probably derived from basalts.

p (phosphorus) was detected in only 54 sanples, and was not used in the
correlation analysis. The lower linmt of detection is .10% which is somewhat

hi gher 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. Lawence Island
The highest concentration of P occurs in a sanmple from an enclosed basin just
off the northeast coast of St. Lawence Island. This high value may be
related in sone way to the reducing conditons of the encl osed basin (Mson,
1966) .

F. Mnor Elenents

The minor elements Sr, Sc, La, Ga, Nb, Nd, B, Y, Yb, and Be correlate
with other elenents. St is normally associated with |imestone and, as
expected, high concentrations of Sr correspond quite closely to the Ca
anomal i es previously mentioned. However, correlation coefficients are higher
between Sr and K, Na, Ba, and Al than between Sr and ca (see Tables Ill 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 (scandiun) correlates nost closely with Ti, Fe, V, La and M and
exhibits the same general distribution as these elenents, with higher values
grading off the Yukon to | ower values in Chirikov Basin (Figs. 47 and 48).
The association of sc with La and Nd i s conmon and the usual ninera
containing themis monazite (Figs. 49 and 50). G (gallium also shows sone
association with La, se, and Ti. The highest values of Ga are in Anadyr
Straits and the eastern end of Norton Sound (Figs. 51 and 52).

No (niobium exhibits no correlation with any other element. The highest
concentrations are in sanmples fromoff Cape barby in Norton Sound and
sout hwest of St. Lawrence Island (Figs. 53 and 54). The anomaly off Cape

Darby correlates with the highest Nb anomalies detected in western Al aska
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found on the barby Peninsula (MIler and Grybeck, 1973).

B (boron) is nost elosely correlated with K and Ba. H gh concentrations
are located at the eastern end of Norton Sound, off Cape parby, off the coast
from Bluff, off Cape Rodney, and southwest of St. Lawence Island (Figs. 55
and 56).

Y (yttriun) follows the pattern of elenents with generally high
concentrations in sediment surrounding the Yukon Delta and Norton Sound and
| ow concentrations in sedinment fromthe Chirikov Basin (Figs. 57 and 58). It
correlates nost closely with Mn, Fe, and Ti which also follow this pattern.
Very localized high anomalies are found off Cape Prince of \Wales, wNome, and
Bl uff.

¥b (yterbium) correlates nost closely with Mn, Zn, and Y but has no
pronounced trends except for the general trend of high values in Norton Sound,
and | ow values in chirikov Basin (Figs, 59 and 60). A few very high
concentrations occur in sedinment off Cape Prince of Wales, at various
| ocalized points off the southern coast of Seward Peninsula, in the ge;eral
area of eastern Norton Sound, and NNE of st. Lawence Island.

Beryllium (Be) correlates closest with La, ¥b, and Sc with high
concentrations in eastern Norton Sound, along the southern coast of the Seward
Peni nsul a, and off the southwest and southeast coasts of St. Lawence
Island.  Hi ghest concentrations occur in sanples from just off Tin City at
Cape Prince of wales and one close to Stuart Island. These two high values as
wel | as other high values that appear as |obes conming off the |land indicate
that specific nineralized terrains are probable sources. This is confirmed
for Cape Prince of Wales where extensive economc grade beryllium deposits

have been reported by sainsbury, 1969, in the central York Muntains.

288



68¢

ALASKA

YUKON
DELTA

\N
Xﬁan
163
sca

| e |

IIIIIIII
S0 100w

CONTOUR INTEAVAL = 1D

FICSS B PPM IN BOTTOM SURFACE SEDIMENT OF NORTON BASIN., BERING SEH




06¢

PPM

«u s 883 R
T T T T T TTT

FICS6 B

(TR =
RTINS
AN e
B SN S
SN, S SN

U.5.5.R.

e,

s
R RIS
N :"'0 '0...’.0’0
7 = CISEA AT
QQ...
\“

0 b T
7

o

PPM [N BOTTGM SURFACE SEDIMENT OF NORTON BASIN, BERING SEA

RLASKA

|
Nl ] AL
g

N NS
= /"“0\\\\\ "&QJ”“%
Y]
B,

NORTON BASIN PERSPECTIVE VIEW

YUKON DELTA

SR

QAT
7 \\z“/c’ '"Q';\‘

17
N\
ll:%f&"&"/' ;

77/ ‘n".' N
e
|

0\§¢9 77

o
o
I

(

LA

Y
Pewn

I S N Y
=

‘ : S
\ : .ﬁ%:gsEEz,
\ =5



16¢

BERING / ALASKA

STRAIT
\ .
'(63 § 3 '

FIG &#Y PPM IN BOTTOM SURFACE SEDIMENT OF NORTON BASIN, BERING SER



6¢

PPM
CmGENNENSANUESY

Y

FIC 58

U.5.5.8,

PPM IN BO" OM SURFRCE SEUIMENT OF NORIUN BASIN. BERING SER

NORTON RS

AL ASKA

PERSPEL

VE VIEW

EEEREEENEEELEE R

L1



€6¢




¥6¢

NORTON BRSIN PE®SPECT VE VEW

L.S.S.R.

YUKON DELTA

3
e s +
52 .0.,3. .. ST !
-h..
STTRT
’.’ f
5
‘\\\\s' 0.

s

e ﬁ. 252> Y = 0'. ‘
ﬂ 0“:‘; e ...-,. RS /1 \1
/ \\\\:‘0’0°° ’o ZHTR é‘ /,

\\\@ "\ "’ Pa e = B!
\\\ N ‘\\\ 7 Ny iy Imf/f = ,\ £3 ¢'~..~.~.~.".~. :
-:;:.-ﬂ ‘\ \\\,,/,\ ‘o? TSN , 7 A ) 0‘\\\ L _&\\ , RLORZAD

I'o \Y2; \"’ 9, e
7 ».& R N t », S l”’l"”l \\\\\\\\Jl Q 2 > .!0‘,_ :
33 s "’, !
AN 1

I" é‘\\’ .01

R
0" l""ll' ""lll"""t.z 27 "# / ,ln. ,0...
i \

I.l ll \« .‘Q \ //
;..4,' u«. X /.s\\
'II S s ‘“

22

",

-
——'_—g
'ﬁ :,y
————“'_v,,o..
l
. 0.0 4
00":"'."—_-5%‘
.0." ..0,-
"'0":'0.‘,————'—-—" \
&%.‘
.0..' -’—_
0 l:‘? 7
0.:.'
0,.

FIC Lo YB PPM IN BOTTOM SURFACE SEDIMENT 0F. NORTON BASIN, BERING SEA

e

-



G6¢

\

FILG] BE  PPM IN BOTTOM SURFACE SEDIMENT OF NOKJON BASING BERING F R




'
l

NORTON BNSIN PCRSPCOTIVE VIFK

U.S5.5.R.

YUKON DELTA

N

2o P

o~

2

T
RS
e

222

==
2T

HORTON BRSIN. BRERING SFR

SEDIMENT O

PPM [N BOTTOM SUREACT

FIr, &2 BE



G Oher Mscellaneous Econemic El enents

Au was not detected in any of the sanples analyzed. This was to be
expected because the lower linmt of detection for Au using the emni ssion
spectrographic nethod, is 7 ppm (7000 ppb). A study by Nelson and Hopkins,
1972, has shown that average Au concentrations in open Bering Sea sedinents
are about 2-3 parts per billion (ppb), and the highest nearshore
concentrations found in relict gravel and selected ruby sands, ranged from 556
to 2,118 ppb.

Ag was detected in only 8 of the 180 sanples and 3 of these sanples could
not be assigned a reasonable quantitative value. Some of the sanples
containing Ag concentrations were from off the Nw Cape and the southern tip of
st. Lawrence Island (Figs. 63 and 64). Mneralization containing appreciable
amounts of Ag has been reported on both ends of St. Lawence 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. 1In addition, Ag was
detected in a few sanples from off None and Cape Nome. High concentrations of
Ag (3 ppm) were found in beach sanples from Bluff but these values were not
plotted on the value-surface maps.

Mo concentrations in all but 5 sanples were belowthe Ilimt of detection
of 2 ppm The highest values were detected in Bluff beach samples (30 ppm
(Figs. 65 and 66). Another high value was found in a Stewart Island beach
sample (2 pm) and the presence of Mo was detected off Cape Rodney. Mo
mneralization has been reported inland from the coast of eastern Norton Sound
and in the Nome area.

Bi was below the limt of detection of 7 ppmin all but 2 sanples. The
hi ghest value of 70 ppm was in a sedinment sanple close to the Lost River
Mning District on Cape Prince of Wales that also had an anonal ously 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 mamin mneral constituents of a
skarn zone associated with the Sn and Be deposits at Lost River (Sainsbury,
1969). A sanple from off the known mineralized area of Bluff contained Bi
this sanple also had high concentrations of cu, Pb, Zn, Mn, sb, and As.

H @- Mde Factor” Analysis

Q nmode analysis was enployed to discover possible relationships between
groups of sanples. The basic algorithns used in the Q node analysis are from
Klovan and Inbrie (1971) and Imbrie (1963). A nore conplete description of
the programis in Van Trunp (1975).

The raw data was first transformed to proportions or the value range of
each element so that the transforned values would lie between 0 and 1

Four factors from the Q node varimax factor matrix were found to explain
92% of the variance between sanples (see Table VII) and only these four
factors seened to be related to sedinment characteristic and geol ogic
background. O these factors, Factor IIl was judged to include the nost
i mportant sample group because it explained 33.4% of the variance between
samples.  Factor | explained 24.3% Factor |V explained 22.5% and Factor II
with a variance of 11.8%, enconpassed the fewest sanples

Sampl es with the highest |oadings (>7) for Factor IIl were found in an
apron around the Yukon Delta and in patches in the west-central part of Norton
Sound and NNWof St. Lawence Island and in Anadyr Strait (Fig. 4). Sanples
with intermediate | oadings (.6 to .7) values were found in a wide apron around
the Yukon Delta, throughout nost of Norton Sound, around the northern
eastern, and southern coasts of St. Lawence Island, and south of Cape Prince
of Wl es

Sanples with the highest |oadings for Q nmode Factor I, which expl ained

the second highest percentage of variance, were from an area that generally
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has low | oadings for Factor IIl, nanely the Chirikov Basin region (Fig. 4).
Sanples with the highest |oadings for Factor Il are from along the coast
bet ween Cape Rodney and Golovnin Bay, just off Cape Prince of WAl es and near
King Island. Sanples with the highest loadings for Factor IV are from patches
north of St. Lawrence Island, from random areas throughout Norton Basin, and
fromareas just off the south coast of the Seward Peninsul a.

Scal ed varimax factor scores (Table VI) were conputed for each el ement
during the Qnode analysis in order to determine the elements that are nost
correlative with each factor group. As an additional check of the
relationship between sanples and to highlight possible negative relationships
between factors, correlation coefficients were conmputed between element values
and factor loadings for all the sanples (Tables Ill and V). Both the Q node
scal ed varimax factor scores and tie correlation coefficients between varimx
factor |oadings and el enment values indicate that samples with high |oadings
for Factor Il contain relatively high concentrations of Ba, Na, Sr, La, K
Ga, aAl, and Sc. B, V, and vb are concentrated in Factor | sanples; Factor Il
| oadi ngs correlate nost closely with v, Fe, M1, Ti, ¥b, 2n, Co, Sc, and Cu.
The only elenment that seens to correlate sonewhat with Factor IVis Nb and its
most negative r values (Table V) are alnpst the same as the elenents that
belong to Factor Il which indicates it may sinply be the negative of Factor
[,

The area of sedinents with high factor |oadings for Factor IlIl of the @
mode analysis (0.5 and above) corresponds closely to the area covered
predom nantly by Yukon Hol ocene sediment, although sanples wth high |oadings
for Factor Il are also found north of St. Lawence Island and in Anadyr
Strait. The elements used in grouping sanples in this factor are primarily

those el enents that are nost abundant in sialic rock types. Na cannot readily
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be regarded as an artifact of residual pore water salts because it increases
in concentration in sedinents closer to the hyposaline runoff of the Yukon
River. The occurrence ofhigh | 0oadings for Factor III in areas not covered by
Yukon sediments probably indicates that the sedinents in these areas are
similar to Yukon-type sediment and that they also originated in sialic rock

terrain.

Sanples with high loadings for Qnode Factor | are from areas where
modern Yukon sedinent is absent but where Hol ocene transgressive sands of
mxed origin are found. This general area covers the region of Chirikov
Basin, but there does not seemto be any clear relationship between the
elements of this factor and the sedinents of the region.

Sampl es with highest |oadings for Factor |l of the Q mde analysis are
fromvery close to the Nome-Bluff strand line and off of Cape Prince of Wales
and King Island, regions of highly mneralized mafic rocks. Factor Il is
therefore grouping sedinents derived from these terrains. This is borne out
by the association of several mafic-related elements to Factor |1,
particularly Ti, Fe, Co, and Mn,

The contoured surface of Factor |V 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. Lawence |sland (McManus et al., 1977).
Qherwise, its significance is not readily apparent, except as a negative
factor to Factorll.

It is not altogether clear why sone of the minor elenents should be
grouped with a particular factor or why, in some cases, they should be related
to one another through their r values. These relationships should be regarded

with caution.
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VII. CONCLUSI ONS aND NEED FOR FURTHER STUDY

Measured concentrations of Y, Ca, Ba, K C, Cu, Na, Co, Wb, 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, G,
Pb, Fe, M, and My were within 35-65% of the reported values for rock
standards and can probably be regarded as providing reasonable baseline
data. The elenents Ag, As, Bi, M, Sb, Sn, P, Ce, and Nd had too few
concentrations above detection limts to say anything about the accuracy of
their measurenent. Concentrations of Si were higher than the upper limt of
detection in every sanple. All concentratims ofau, Cd, Pd, Pt, Te, U W GCe,
H, In, Li, Re, Ta, Th, T1, Pr, sm, Eu, Gd, Th, Dy, Ho, Er, Tm and Lu were
below linmits of detection.

H gh concentrations of V and N have been noted in sediment in the areas
of hydrocarbon seeps. Concentrations of these elenents in sanples froma grid
covering a probable thernogenic gas seep 35 km south of None however, were no
different than background concentrations for these elements in the northern
Bering Sea. Lack of V and N anonalies for this gas seep may only nean that
the seep source is of a light hydrocarbon gas type that does not result in
high N and V values as do sone heavy hydrocarbon petrol eum seeps. Sanpl es
40 km west of the southern tip of St. Lawrence Island contains high
concentrations of V.and NN and their |ocation warrants a closer study for
hydr ocarbon seeps. otker high concentrations of NN occur in sedinents in the
vicinity of Stuart Island and off the north and south coasts of St. Law ence
Island and are related to the basaltic volcanics in these areas, not petroleum
sour ces.

Pb, Cu, 2n,as, Sb, and Cd are considered to be potentially toxic when
found in sufficient concentrations. Presently, the highest values of any of

these elenents are derived from highly mneralized onshore locations, for
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exanple, cu and zn off St. Lawrence |sland, Nome, and Bluff beaches, and high
Cu val ues off Stuart Island. The few values detected for Sb and As are in
sedi ment derived from areas of onshore nmineralization near Bluff, the NE tip
of St. Lawence 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 by Yukon Hol ocene sedinent.

Concentrations of Pb vary little from the geonetric nmean but there are
some relatively high concentrations off Bluff beach, Stuart Island, and the
eastern tip of St. Lawence Island.

Because 2zr, sn, Cr, and Ce are commonly found in heavy minerals, high
concentrations of these elements may well indicate placer as well as primary
| ode occurrences of these minerals. Anomalously high zr values were found off
the NE Cape and the western portions of St. Lawence Island and probably
originated from zircon-containing quartz nonzanitic rocks on the island.
Concentrations generally above the mean were found in the area of Yukon
Hol ocene sedinment. The highest values for Sn are found close to Tin City and
are related to the tin mneralization there. Detection of Sn in sanples near
Bl uff and Cape Rodney-Nome areas again nay be related to tin mneralization
known to exist in these areas. Sanples containing detectable concentrations
of Sn in the areas of King Island, Port Clarence, and in the aAnadyr Strait may
be fromtin placer deposits concentrated by the relatively high currents
there. High C 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 di kes that are sources of
chromite. Sanples with high Ce values also have high La values and often have
high Nd values, suggesting that the heavy mineral nonazite concentrated as a

pl acer mneral and nay be the source of these elenents. Because nobnazite is
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probably the primary carrier of Ce and related elenments and because it is
concentrated in placer deposits, it promses to be a good indicator of
sedi ment dispersal trends

A sedi ment sanple from 30 km south of cape Prince of Wales contains the
greatest amounts of Cr, 2r, Ce, Ti, M, La, Sc, Y, Yb, and Nd of all the
sanpl es anal yzed and al so contains a high concentration of tin. Because of
these high concentrations and because the sanple contains high values of La
and Nd which are commonly found with Ce in the heavy mneral monazite, this
sanple may represent an area of placer deposits the existence and extent of
whi ch should be explored. Future studies of Sn, zr, Cr, and ce and associ ated
heavy minerals should use sanpling intervals close-spaced enough to detect
significant variations caused by hydraulic concentration. Mechani cal
concentration of sanples before analysis would also help to enhance existing
trends.

Fe, M1, Co, and Ba w¥=re considered together as chemically or environ-
mental | y-sensitive elenments but in this study the evidence indicates their
concentrations are source related. Fe, M, and Co all show high val ues near
t he volcanics of Stewart Island and north-central St. Lawence Island. These
elements also correlate with cu, 2n, V, Y, and 2r, with generally high values
in the areas of Yukon Hol ocene sedimentation and generally low values in
Chirikov Basin. Co, however, does not follow this trend as closely as Fe and
Mn. Concentrations of Ba above the nean are found generally throughout the
area of Yukon sediment distribution but also are found close to Stuart Island
and atvarious |ocations along the southern coast of the Seward Peninsul a.
The maxi num concentration of Ba(15%)isfound in a sanple from the Anadyr
Strait and is unique in that other concentrations of other elenents that

usually correlate with Be are not simlarly high at this |ocation.
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O the major elenents, Ti is closely associated with Fe and M, discussed
above, all of which have generally high concentrations in Yukon sedinent with
very high concentrations in areas close to the volecanics of Stuart |sland and
St. Lawence Island. Ca and Mg are relatively high in Yukon sedi nent and
sediment close to the volcanic areas nentioned. However, sediment with the
hi ghest concentrations of Ca and Mg was probably derived fromthe |inestone
formations in the Cape Prince of Wales and Port C arence areas. Values for Na,
K, and Al exhibit nore erratic variation than values for the other mjjor
el ements 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
hi ghest concentration of P was in a sanple from an enclosed basin NE of St.
Lawence Island and could be a result of reducing conditions in the basin.

O the minor trace elements that are not usually regarded as potentially
toxic, Sc correlates closest with Ti, Fe, V, La, and Ma. Yttrium correlates
closest with Wh, Fe, and Ti. Yb correlates closest with Mn, 2Zn, and Y.
Concentrations of Sc, Y, and Yb are all highest in Yukon sedinent and | owest
in Chirikov Basin sedinment. Nb exhibited maxi num concentrations in sedinent
of f Cape Darby where the highest Nb anonalies on land in western Al aska have
been found. Nd was detected in two sanples from Norton Sound and in sanples
of sediment north of King Island, sanples that also have high concentrations
of La and ce. These elenments probably exist in the nineral nonazite.

Slightly higher values of Be can be found just off the coasts enclosing Norton
Basi n but maxi mum of fshore val ues near Cape Prince of Wales correlate with
econonmi ¢ Be deposits there.

O the economically inportant elements, Ag, M, and Bi, detectable Ag

concentrations occur in sanples offshsore from terrestrial Ag mineralization
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sites on St. Lawence Island, near Stuart |sland, and close to the Yukon
Delta. Highest concentrations of M were found off the Bluff beach
mneralization, Bi was detected in sanples off the Cape Prince of Wiles
mneralization area that has associated Bi.

A contour map of the Qnode factor loadings for Factor 11l outlines an
area corresponding to the distribution of Yukon Hol ocene sediment plus areas
in Anadyr Strait and north of St. Lawence Island. Scaled varimax factor
scores and cross correlation between factor |oadings and el ement
concentrations indicate that Factor |1l is best characterized by elevated
concentrations of Ba Na, Sr, La, K G, &al, and Sc. The significance of this
el ement grouping is that these elements tend to be concentrated in sialic rock
types. Sanples with high |oadings for Factor | of the Q mde analysis
generally corresponds with the area of relict sedinent in the Chirikov
Basin. Sanples with high | oadings for Factor II of the Q npbde anal ysis occur
off the coast fromBluff, Nome, and Tin Gty, suggesting a strong influence
fromthe mneralization 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, and v. Factor Iv of the Q node anal ysis does not have
any strong relation to sedinment or nmineral characteristics but shows some

correlation with areas of known glacial debris.
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