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I. SUMMARY

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

quantitative emismion spactographic analyses for over 50 elements in surface
sediment from 180 sampling stations are presented. For purposes of
discuseion, certain of these elements have been grouped into the following
categoriag: petroleum indicators, heavy metals, potentially toxic elements,
chemically sensitive elements, major elements, minor elements, and a group of
elements of economic interest.

0f the petroleum indicator elements, Ni and V, Ni showad only average
concentrations in sediment near a gas eeep 35 kxm gouth of Nome, Alaska; V
Bhowed slightly lower values in samples taken recently from the gas-~seep area
and relatively high values in samples collected earlier from the same area.
High amounts of V and Ni were found in sediment 40 km west of the south tip of
St. Lawrence Island, suggesting that potential petroleum seeps should be
gearched for in this area. All other anomalous values for N1 and V seem to be
ralated to Bpecific sediment types or to nearby onshore sources.

The elements 2r, Sn, Cr, and Ce were categorized as heavy metals. Zr is
found in high amounts in sediment surrounding the Yukon Delta and in Norton
Sound. It is genarally low in sediment in the region of the Chirikov Basin.
Very high Zr concentrations are found off NE Cape of St. Lawrence Island as
well as off the western and southern portions of 8t. Lawrence Island. Thesge
high amounte are probably derived from zircon containing quartz-monganite
plutons widely dispersed throughout the island. 8Sn was detected in only 23
samples. High concentrations were found off Cape Prince of Wales, in Anadyy
Btrait) and in the areas of Xing Island, Port Clarence, Bluff, Cape Rodney,
and off the north central coast of St. Lawrence Island, It is possible that

the high valuea i{n Anadyr Stralt, Port Clarence and King Island axe



hydraulically concentrated. Values in othex areas appear to be derived from
immediate land sources. Cr is evenly distributed except for high
concentrations close to Stuart Island, at locations south and north of St.
Lawrence Igland, and off Cape Prince of Wales. These high amounts appear to
be closely related to the mafic rock types found on adjacent land areas.
Cerium is found in few raw-bulk sampleg but where pregsent it is associated
with lanthanum and neodymium which suggests the presence of the heavy mineral
monazite. The greatest concentrations of Zn, Cr and Ce ware found in a sample
taken fxom 30 km gouth of Cape Prince of Wales. Becausge this sample also
contains the highest amounts of Ti, Mn, La, 8c, ¥, ¥Yb and N4, it may indicate
a slgnificant placer area.

Of the potentially toxic elements, Sb, As, Cu, Pb and Zn, Sb was detected
in only a few samples from the Bluff, NE Cape of St. Lawrence Island, and
Stuart Island beaches. As was detected only in samples frow Bluff beach where
lode cinnabar deposits occur. Kigh concentrations for Cu, Pb, and 2n occur
together in the same areas off St. Lawrence Igsland, along the southern coast
of the Seward Peninsula and in WNorton Sound. These high values seem directly
related to highly mineralized areas in concentrations adjacent to land
areas. Cu and 2Zn also show the same trend as 2y, with high values off the
Yukon Delta in Norton Sound and low valuesg in the Chirikov Basin.

Value~surface maps for the chemically or environmentally sensitive
elements Fe, Mn, Co and Ba all show high concentrations off the volcanogenic
areas of north-central St. lLawrence Island and Stuart Island. They also
exhibit high values off Yukon Delta and low values within Chirikov Bagin. Ba
is Bingled out in this group because of its uvse in drilling muds. It also
exhibits high concentrations surrounding Yukon Delta, neaxr Stuart Island and

along the gouthern coast of the Seward Peninsula. Maximum values occuxr off the



southern edge of St. lLawrence Island and in the middle of Anadyr Strait. The
elevated Ba concentrationz off the Yukon Delta pyrobably originate in sediment
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 from specific land sources.

Of the major elements, the highest amounts of Ti, ag with Fe and Mn
discussed above, are in sediment found close to volcanic source rocks of
Stuart Island and St. Lawrence Island, although the higheat value of Ti is
from a sample from 30 km south of Cape Prince of Wales. Sediment containing
high concentrations of Ti, Fe and Mn is typically found in regions associated
with mafic rock types. Ca and Mg also exhibit elevated values in these areas
but are in greatest abundance in sediment south of Port Clarence and offshore
from Cape Prince of wWales where paleozoic limestone formations are found.
value-gurface maps for Na, K, and Al do not show gtrong trends. Concentrations
of K are highest off NE Cape of St. Lawrence Island, and are probably related
to the granitic bodies there. Al shows highest values in the Stuart Islangd
area and eastern Norton Sound. Mn, Fe, Ti, and to a lesser degree Ca, Mg, Na,
K, and Al all have hign concentrations in the region of the Yukon Delta and in
Norton Sound. The highest amount of P was in a sample from an enclosed basin
northeast of S5t. Lawrence Island.

Of the minox elements, Sr has the highest correlation coefficlients with
K, ¥Na, and Ba, but the highest 8xr values as depicted by value-surxface maps
correlate with the highesat Ca values. Concentrations of Sc¢ correlate closest
to concentrations of Ti, Fe, V, La, and Mn and Sc shows the same broad high
anomaly surrounding the Yukon Delta and the low anomaly in the Chirikov Basin
already mentioned for Ti, Fe, and Mn. Ga has high correlation coefficients

with La, S¢ and Ti and high amounts of Ga are found in Apnadyr Strait and the



eastern end of Norton Sound. Nb is concentrated east of Cape Darby and may be
related to the high concentrations of Nb reported in stream gediments from
Cape Darby peninsula. Nd correlates closely with Ce and La. Concentrations
of Y follow the trend of high amounts in the Yukon Delta/Norton Sound area and
lowest amounts in Chirikov Basin. Yb has the highest correlation coefficients
with Mn, 2n, aﬁd Y and algo is found in greater concentration in the area of
the Yukon Holocene sediment distribution. Ag is found in B samples close to
areas of St. Lawrence Island known to have silver mineralization, close to
Stuart Island, the Yukon Delta, Cape Nome, and Bluff. The highest
concentrations of Mo were found close to Stuart Island off Cape Prince of
Wales in a sample containing a high amount of Sn, and in a Bluff beach sample.

Q-mode factor analysis showed that 4 factors were gufficient to explain
928 of the variance between samples. A map of loadings for the most
gsignificant factor (Factor III) covers an area that roughly corregsponds to the
area of Yukon Holocene sediment deposition and an area NW of St. Lawrence
Island. Elements that are related to Factor III are La, Na, Ga, Ba, Sr, Sc,
K, V and Al. A map of loadings for the next most significant factor (Factor
1) corresponds approximately to the extent of relict sediment cover in
Chirikov Basin. Elements related to Factor I are B, V, Yb, Ba and Al., These
two factors (Factors I and 11) seem to explain the trend exhibited by many of
the elements of generally high concentrations in sediment surrounding the
Yukon Delta and in the Norton Sound area and generally low concentrations in
the Chirikov Basin., Bowever, some of the elementa that show this trend most
conspicucusly are not closely related to Factor III, but instead are better
related to Factor 1Y. Distribution of samples with high loadings for Factor
II corresponds roughly to the highly mineralized areas along the éouthern

Seward Peninsula. Elements related to Factor II are Y, Yb, Ti, Fe, Sc, Co, V



and Mn. Plots of Factor IV loadings indicate this factor correlates somewhat
with subaqueous glaclal morain deposits. The one correlative element is Nb.
IX. INTRODUCTION

A. General Nature and Scope of Study

This study has been undertaken to assess the major and trace element
content of bulk bottom sediment in the northern Bering Sea. The values
arrived at are useful as geochemical baseline data that can be compared with
similar data from bottom sediment in the same region and elsewhere. The data
are also useful for monitoring possible changes in chemistry of the bottom
sediments that might result from future development in the region. Present
anomalously high major and trace element concentrations are mapped and related
to highly mineralized sourceg on land so that these high values will not be
mistaken at some future time as siteg of contamination caused by wmineral
resource development.

B. Specific Objectives

More specifically, this gtudy considers 7 groups of elements of varying
environmental significance and resource potential; we map their areal
digtribution in surface sediments and relate these to probable sediment
gsource. The 7 groups of elements include: (1) V and Ni as possible petroleum
indicators; (2) the heavy metals Sn, 2r, Ce, and Cr as possible indicators of
placer deposits (Hg and Au are consldered in separate studies, see Nelson et
al,, 1975; and Nelson and Hopkins, 1972); (3) the potentially toric elements
Pb, Cu, Zn, As, Sb, and C4 (Hg is considered elsewhere, see above); (4) Fe,
Mn, Co, and Ba as elements which are sensitive to change in the chemistry of
the sedimentary environment, with Ba as a partlcular indicator of petroleum
drilling muds; (5) a suite of major and trace elements, and (6) ;-

miscellaneous group of economic elements.




The data are both graphically and statistically displayed. Computer maps
have been generated that display both contoured and 3-dimensional value-
surfaces for each element. Geometric means and deviations as well as value
ranges for each element are given in Tables I and II. Results of correlation
analyses are found in Tables III and IV. Maps showing the generalized geology
of the area, the sampling locations and onshore mineralizaton sites, and the
significant offghore anomalies are depicted in Figs. 1, 2, and 3. A map of
significant Q-mode factor loadings is found in Fig. 4.

I1X. CURRENT STATE OF KNOWLEDGE

The toxic element Hg, has been previously studied in the sediments of
this area by Nelson, et al., 1975. Gold placer deposits in the nearshore
aredas of Nome=Bluff and in the offshore areas of Chirikov Basin have been
extensively studied by Nelson and Hopkins, 1972, Reports by McManus, et al.
(1977), Venkatarathnam (1971), and Sheth, (1971), discuss in detall the
related topic of heavy mineral and sediment @distribution, Adispersal and
provenance in the northern Bering Sea shelf region. Gardner et al., (1980),
have completed a study similar to this one in the central and southern Bering
Sea shelf regions.

IV. §STUDY AREA

The bottom surface sediment samples analyzed for thisg study came from 180
sampling stations spread over Norton Basin (Fig. 2). The western part of the
area, Chirikov Basin, is covered with what is thought to be relict medium-fine
sand (Nelson and Hopkins, 1972). The region surrounding the Yukon Delta as
well as much of Norton Sound, and several depressions in an eastern corridor
extending up to the Bering Strait, is generally covered with more recent
sediment grading from coarge silt to fine sand. The major source of Holocene

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




are pome areas where the relict and modern sediments intersect creating a
palimpsest mixture of the two (McManus et &l.,, 1977). Much of the sediment
coming from the Yukon and deposited in Rorton Sound is thought to be re-
suspended periodically and then flushed through the Bering Strait and
deposited in the Chukchi Sea by normal and storm tides (Nelson and Creager,
1977). This is helped by currents which trend generally northwards to the
Bering Strait and have velocities as high as 190 cm/sec in the Strait itself
(Coachman, et al., 1976).

Water in the region 1s characterized by two fairly distinct masses.
Colder, more saline waters dominate the central and western parts of the
reglon. These are surrounded by a shoreward hugging mass of Alaskan coastal
water which is warmer, less dense and generally moving along the easterm coast
northward to the Bering Strait.

Significant mineralized deposits are found in several areas bounding this
reqgion (Fig. 2; Cobb, 1960a,b,c, 1962, 1964, and 1970; Eberlein and Menzie,
1978; Hudson and DeYoung, 1978, Hudson, et al., 1977; Hummel, 1977, WNelson and
Hopkins, 1972, Nelson, et al., 1972; Overstreet, et al., 1974, 197B; Patton
and Csejtey, 1971, 1972; and Sainsbury, 1969, 1975). Of particular importance
are the gold placer deposits found in the Nome Bluff area. Gold placers are
also located in various relict beach ridges or reworked glacjal moraines
presently submerged off the coast from Nome as well as off Chutkotka Peninsula
and st. Lawrence Igland (Nelson, Hopkine, 1972}.

Lode deposita of economic interest occur in many areas surrounding Norton
gasin. They include copper, lead, zinc, silver and molybdenum deposits in
western and eastern St. Lawrence Island: tin and beryllium deposits of the
Lost River ining district on the western tip of Seward Peninsula which also

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



molybdenum; the general area of the southern Seward Peninsula where there are
numexrous occurrences of gold, copper, lead, zinc, mercury, antimony, iron, and
some tungsten and niobium; the lands to the eagst of Norton Sound where gold,
tungsten, antimony, tin, copper, silver, lead, zinc, molybdenum, platinum,
chromium and titanium are found; and the entire Yukon drainage basin where
mineral concentrations containing high concentrations of most of the
aforementioned elements are located.

All of the areas mentioned are drained by streams and rivers that have
undoubtedly been contributing substantial amounts of mineralized sediment to
Norton Bagin for the past several thousand years.

V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

Two groups of samples were utilized for this study. The first grouwp
congists of samples collected on 3 different cruises during the years 1968,
1969, and 1970. These gfamples were originally collected to delineate sediment
characteristics and faunal distributions in the region and to assess placer
gold dispersal from Seward Peninsula sources (Nelson and Hopkins, 1972). They
were taken using a 5 gallon galvanized steel Van Veen grad sampler which would
normally penetrate the top 5-10 cm of bottom sediment. The resulting samples
were given no special treatment and were stored at room temperature. The
second group of samples were collected using a Soutar Van Veen grab sampler
during 1976 and 1977 U.S.G.S. cruises of the U.5.G.S. R/V SEA SOUNDER. The
Soutar grab sampler is teflon coated and causes minimal disturbance of surface
samples., Subsamples were selected for trace element analysis from the top 1-2
cm of each sample collected using the Soutar sampler and were immediately

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



This sampling technique was developed by Ian Kaplan of UCLA fox BIM/NOAA trace
element atudy of sediments on the western North American outer continental
shelf.

The average Adistance between samplesg is approximately 30 Jn. In an
analysis of variance of samples from the central and aouthern Bering Sea,
Gardner, et al., 1980, found this distance to be adequate to show
statistically significant trends in sediment composition.

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

sample was then homogenized and a one gram split of each sample was analyzed
by the Analytical Laboratories Branch, U.S5.G.S, for a sulte of over 50
elements using semi-quantitative optical emission spectroscopy (Grimes and
Marinzino, 1968).

To assess the precision and accuracy of the 6-step semi-gquantitative
optical emission spectrographic technique used in this study, replicate
analyses were done on both U.5.G.S. rock standards and on subsamples of the
sediment samples being studied. Additionally, several replicate subsamples
were analyzed by neutron activation.

VI. ANRALYTIC RESULTS

Semi~-quantitative emission spectrogcopy, although not as precise as other
analytic techniques, yields values that are adeguate to delineate regional
trends. Care must be taken, however, to establish the limits of precision and
accuracy for the technique as used with a particular type of sample to detect
a particular element.

The precision of the 6-step emisslion spectroscopy technique is influenced
by two factors: variability of the substance being analyzed and the
variability introduced by the imprecision in the use of the technigue or in

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



were ground to 230 mesh and homogenized. Sub=gplits from the sample were then
uged for replicate analyses. The overall precision of the 6-step emission
spectrographlic technigque was determined by running 5 to 8 replicate analyses
on each of three samples. The subsamples used for the replicate analyses were
submitted in a random sequence along with the other samples analyzed. The
precisgion was calculated by averaging the percent difference between each
replicate analysis and the mean value for all of the replicate analyses.
Additional replicate analyses were run on subsamples from the same set of test
samples by neutron activation as a further test of both the precision and
accuracy of the emigsion spectrographic technique. Values of replicate
analyses for all elements except zinc, were within 25 percent of the wmean
values for the replicate analyseg, and replicate values for most of the
elements fall within 15 percent of their mean (Patry, et al., 1977).

The accuracy of the 6-gtep emission spectographic analyses was tested by
analyzing four U.S5.G.S. standard rock samples of known element composition.
Two analyses were made on each rock sample and the average of the two values
was calculated for each of 30 elements. Then the percent difference between
these values and the actual values for each rock was determined. Next, the
percent differences for all four rock standards were averaged to give the
average percent error between values ylelded by the 6-step emission
spectrographic technique and the known values for the rocks. Element values
for Y, Ca, Ba, X, Cr, Cu, Na, Co, Nb, Ni, V, and 2n, as determined by emission
spec, were within 30 percent of the established values for the rock
atandards. This group of elements is almost entirely within the bounds of the
'accepted' error for this analytic technique and therefore provides baseline
data for the atudy area that is relatively free of analytic error. Values for

eleven elements including Sr, Al, Sc, Zr, T, Ga, Pb, Fe, Mn, 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 reasonable baseline data for these elements. Two
elements, Yb and B, had values varying by more than 80% from the known
values. Values for these elements should be regarded as only gross estimates
of their actual content in the gediment. Accuracy for the determination of
elght elements, Ag, As, Bi, Mo, N4, Sb, Sn, and Ce, could not be assessed
because guantities present were too low to be detected by the analytic
method. These elements were not statistically analyzed but where present
above the detection limit, they were plotted as anomalous values. Si was
eliminated because its values were all greater than the upper limit of
detection of the analytic technique (Patry, et al., 1977).

The data was tranaformed into base 10 logarithms and the arithmetic means
and standard deviations were determined for the log values. The arithmetic
mean of the log values of a distribution is egquivalent to the geometric mean
of the original values and if the distribution approximates log normality, the
geometric mean ig the best measurement of the central tendency of the
distributon (Table I; Miesch, 1967). The distributions in this study were
presumed to approximate log normality. Correlation analyses relating element
pairs were also run on the loga of the data values. Q-mode factor analysis
was performed to examine significant relationships among samples and elements
(Pig. 4, Tables VI, VII, and VIII). Most of the elements had no values less
than the lower limit of detection. If an element had only one to three values
above or below the upper or lower limit of detection, these indeterminate
values were substituted with definite values set two class intervals above or
below the value of the limit of detection. WNine elements (Ag, As, Bi, Mo, Nd,
8i Sb, Sn, and Ce) had too few values for statistical treatment.but enough

valueg were obtained for Ag, Mo, and Sn to be plotted graphically.
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Concentrations of twenty-six elements were all below detection limits (Table
I1). Two elements, Ga and P, had a congiderable number of values that were
less than the lower limits of detection.

Computer software developed by the Dynamic Graphics Company, Berkeley,

California (Dynamic Graphics Surface Display Library) was vsed to display the
geochemical values. For each element (Figs. 5-66) there ia a two-dimensional
contour map of the value-surface and a three-dimensional mesh plot of the
value-gsurface shown at an oblique perspective to the land eurface.‘:L A single
viewing perspective of 20° degrees to the horizontal and looking NNW was
chosen for all of the three-dimensicnal mesh plots because the uniformity was
found to enhance the eage with which one can compare plots for different
elementg. The value surface of each three-dimensional plot was made to
decrease to zero as it impinged on a rough polygonal outline of surrounding
coastlines. To further help viewer orientaion, a map view showing the coastal
outline in the same perspec¢tive as the three-dimensional plot was generated
above the three-dimensional plot.

The Dynamic Graphlc¢s software used to generate the plotting ¢9rids from

which the two- and three-dimensional map plots are made, employs an iterative
technigue to solve biharmonic equationg which produces a surface of least
tension passing through all the data points. It 18 this surface which is
contoured Or graphically represented by a mesh pattern. Contour intervals for
the two-dimensional contour plots are chogen auwtomatically by the program
which makes the selection based on the maximum, minimum and distribution of
values encountered.
VII. DISCUSSION

A. Petroleum Indicators

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

been attributed to contamination of the sediments by high concentrations of

kY Microfiche copy displaying lists and map-plots of element
concentrations and locations is available as Open-File Report 80-399B.
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these elements as chelated porphyrins in the oils and tars of the seeps (Reed
and Kaplan, 1977; Yen, 1975). Therefore, relatively high concentrations of V
and Ni together in a particular area might indicate the presence of
thermogenic hydrocarbons.

The one known gas seep in Norton Basin is located roughly 35 km south of
Nome. At this site concentrations of Ni in surface sediment are not
anomaloﬁsly high but concentrations of V are up to 200 ppm, more than two
geometric deviations higher than the geometric mean for V in sediment of the
northern Bering Ssa region (Figs. g??,a, Table I). But the high ¥ values in
the gas-seep area may be a result of being located in the region of Yukon
Holocene sedimentation because equally high values are found quite generally
throughout this area. The lack of both Ni and V anomalies at the Norton Sound
Seep i in keeping with the fact that it is primarily a CO, gas seep with only
traces of low molecular weight thermogenic hydrocarbons (Kvenvolden, et al.,
1979).

Additional sediment samples were collected in a grid surrounding the gas
seep in order to look for possible chemical differences between sediment in
the gas seep area and sediments in surrounding areas. The samples were
analyzed for 54 elements including V and Ni« The average concentrations of V
and Ni in these samples are 68.8 ppm and 18.8 ppm respectively, which are
lower than backgound V and Ni concentrations for this region (Table I).

It is clear that the V and Ni values for the detailed sampling grid do
not support thermogenic origin of the anomalous hydrocarbons found in this
area. There wag a seven-year difference between the collection time of the
grid of samples and the first group of samples in the gas-seep area.
Differences in the V and Ni content of these two sets of samples may reflect a
basic change in the sediment due parhaps to the large storm surge of 1974
(Pathauer, T.F., 1975}.

13



Sedimentg in an area located approximately 40 km west of the southern tip
of S5t., Lawrence Island had V and Wi concentrations of 200 and 100 ppm
(Fig. 3)s+ Both of these values are higher than the expected ranges for V and
Ni (Table I). These relatively high values coupled with the fact that the
sample locationg are at some digtance from any possible land source could be
taken as sufficient evidence to warrant a closer examination of this area for
hydrocarbons.

B. Heavy Metals

General Characteristics

8n, Cr, 2Zr, and Ce-are treated as a group because they are found in
minerals which are heavy and stable enough to be mechanically concentrated
into placer deposits. Au and Hg, etc., are not considerxed in this report
because theiyr distribution is described in other published reports (Nelson and
Hopkins, 1972; Nelson et al., 1975-1977).

Previous studies including those by Venkatarathnam, 1971; Sheth, 1971;
and McManus et al., 1976, have looked at the distribution of heavy minerals in
the Norton Basin region but these studies were either limited to a small area
or involved only mineral concentrates from a portion of the sand—sizg range.

The degree to which a heavy mineral is concentrated in placers is
dependent on winnowing forces and the magnitude of the density and size
differences between the heavy mineral and the containing sediment. For
example, if the heavy mineral particles in a sediment are relatively uniform
in gize, the mineral may be evenly distributed throughout hydraulically-
equivalent sediment. Concentration can begin to take place only when the
hydraulic balance betwaeen the particle size and denaity for the various
mineral congtituents of a sediment becomes unequal. An example would be when
mechanical and chemical forces wear down heavy mineral particles in a sediment

at a slower rate than the other mineral comstituents of the sediment.
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Once a given heavy mineral has been concentrated, the main factor
influencing whether the concentration will be detected is the sampling
interval., If the sampling interval was chosen primarily to detect significant
area)l variability in an average suite of elements, it may be too large to
detect significant variability in specific heavier elements that tend to
change in concentration over shorter distance. BAlso, the sampling interval
mgy be entirely adequate to pick up general variability of the heavy element
as 1t is distributed in gediments from a particular provenance but it may migs
gmaller scale variability caused by localized hydraulic fractionation (Flores
and Shideler, 1978).
2r

Relatively high concentrations of Zr are found in sediments surrounding
the Yukon Delta, in Norton Sound, and around St. Lawrence Island (Figs. 9 and
10). This contrasts with the much lower values in Chirikov Basin. The
presence of relatively higher concentrations of Zr in Yukon-derived sediment
is probably because the Yukon River passes through a terrain which is composed
mainly of sialic rocks, predominant contributers of zircon (Mason and Berry,
1968). A comparison of our contoured value-surface map for 2r and
Venkatarathnam's percentage distribution maps (1971) of the heavy=-mineral
zircon in the 1-2.75 and 2.75-4.0 phi sBize=range show that his areas of high
values generally correspond with the high value areas of our 2-dimensional
map. This is particularly true off the NE Cape of St. Lawrence Island where
his values as well as ours are highest. Our data also show persistently high
concentrations for Zr off the western and southern parta of St. lawrence
Island. Probable sources for these high values are sediments derived from

quartz-monzanite plutons which are found over much of St. Lawrence Island.,
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A strong Zr concentration occuxs in a sample from the central part of
Norton Sound, relatively far from land. Sediment analyzed at this locale was
taken from a depth of about 10 meters and, according to McManus et al., 1976,
in an area of generally higher msand content than the rest of Norton Sound.

The lack of a nearby land gource and the lack of generally high values in
similar gurrounding sedinents might suggest that this sample may contain
hydraulically concentrated zircon in a 2one of coarser gediment. Strong tidal
currents pass through thieg area (Cacchione and Drake, 1978) and may
concentrate the heavier zircon grains.

Another sample with a high concentration of Zr was found 30 Jm south of
Cape Prince of Wales (see Fig. 3; this sample is not represented on the value-
surface maps). The 2Zr content in sediment from this location is as great as
in any other sample in this study and the concentrations of Ti, Mn, Cr, La,
8c, Y, Zr, Yb, N4, Ce, 5n and Zn are also greater than the expected ranges for
these elments,

Venkatarathnam repeorts high concentrations of heavy minerals in the 2.75-
4.0 phi size-range from this area, especially further south and east in the
sand wave region west of Port Clarence. Similar concentrations are found in
Anadyr and Shpanberg Straits. It is probable that the high speed currents in
these areas have concentrated heavy mineralg there. The high concentrations
of various elements in the sample 30 Jm south of Cape Prince of Wales may
represent a gignificant anomaly and may indicate deposits heretofore
undetected and of considerable economic potential.

_Sﬂ

Sn concentrations in 156 of the 180 samples analyzed were below the limit

of detection of 2 ppm. The highest values occurred close to Tiﬁ City on the

southwest coast of Cape Prince of Wales; lesger anomalies were found in the

186



arsa of King lsland, Port Clarence, Bluff, Cape Rodney, the western and north-
central coast of St. Lawrence Island, half way between Cape Prince of Wales
and St. Lawrence Island, and the aforementioned sample from 30 km gouth of
Cape Prince of Wales (Figs. 11 and 12). The highest concentrations of Sn,
near Tin City, are obviously derived from the same mineralized formation which
gave Tin City its name. Anomalies near Bluff, north central St. Lawrence
Island, and Cape Rodney-Nome areas also appear to be related to adjacent
onshore mineralization, The isclated high concentrations off of the NW tip of
St. Lawrence Igland may bave been hydraulically concentrated. High values off
Pt. Clarence and 1in the area of Xing 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 uniform except in the areas
of Stuart Igland, St. Lawrence Island, and Cape Prince of Wales (Figs. 13 and
14). These locations have relatively high concentrations of Cr, some of which
are greater than one geometric deviation above the geometric mean.

All of these anomalies, except the sample gite 30 km south of Cape Prince
of Wales discussed earlier, are located clogse to igneous outcrops on land.
Cape Prince of Wales is the site of granitic plutons that are cut by
occagssional mafic dikes. Gabbro and metagabbro bodies are algo found
throughout the same region. Stuart Island, the adjacent peninsula and the
central portion of St. Lawrence Island are composed largely of alkali olivine
baaqlts. Because chromite (FeCr204), which 1s the princ¢ipal mineral of
chromium, isg thought to form as a magmatic segragation in ultrabasic rocks and
is usually associated with olivine, there is probably a direct connection

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

outcrops on land.
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Nelson and Hopkins found an abundance of harzburgite among rock fragments
collected in dredge haula in Rkeftapak Bay off the NNE end of St. Lawrence
Igland (Patton and Caejtey, 1972). Semi-quantitative emigsion spectrographic
analysia of some of these harzburgite samples ylelded chromium values as high
ag 2,000 to 10,000 ppm. Patton and Cgejtey also reported very high chromium
values in the lower reaches of streams feeding into Akeftapak Bay. From this
evidence, Patton and Csejtey lnfer the presence of an ultramafic body existing
just below a thin veneer of sediment at thils location. However, samples from
the game area in our study did not have high concentrations of Cr. The
distance between the dredge haul Bite and the pearest sampling glte used in
this study is 14 km. The fact that our study 4id not detect the dredge haul
anomalies illustrates the importance of selecting the right sampling intexval
when attempting to delineate concentrations of heavy minerals and their
associated heavy metals.

Ce (and associate Lanthanides, La and R4)

Ce (cerxium) is a heavy metal classified with a group of chemically
gimilar elements called the lanthanides. The lanthanides usually occur
together and their most common source mineral is monazite which is a fairly
rare and complex phosphate occuring as an accessory mineral in granites,
gneigses, aplites, and pegmatites. Monazite is registant to chemical attack
and is often concentrated in sands, particularly beach placers (Bateran, 1965,
Sienko and Plane, 1961). The presence of cerium and other lanthanide elements
in the same samples would be strong evidence for the presence of monazite in
the sampleg.

La (lanthanum) and Ce anomalies on our maps (Figs. 15, 16, ‘and 49, 50)
generally coincide. The only real difference ig that La hags a much lower

1jmit of Adetection than Ce and therefore shows much greater daefinition in the
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lower value range. Neodymium (Nd), another lanthanide, was detected in three
raw bulk samples and these three samples alsc had anomalously high
concentrations of La and Ce. It is clear that these three elements occur
together. Additional evidence that the containing mineral for thaese elements
18 monazite is the detection of Ce and Nd in analyses of mechanical
concentrates of samples used in the study (not raported here). Analyses from
raw bulk samples of the same sample set show either an absence of Ce or Nd or
mich lower values. This indicates that these elements are present in a heavy
mineral like monazite that may be hydraulically concentrated.

The highest concentratios of Ce, La, and Nd are in a sample 30 km south
of Cape Prince of Wales. Their presence together lends support to the
probability that the sample had indeed baen concentrated. Areas where
monazite has been reported in this reglon are from Brooks Mountain, Ear
Mountain, and Gold Run on the eastern Seward Peninsula (Cobb, 1970). High
concentrations of Cerium in sediment west of Cape Rodney may be related to the
Gold-Run location.

C. Potentially Toxic Elements

O0f the potentially toxic elements considered in this report, only Cu, Pb,
and Zn have sufficient numbers of values greater than their lower limits of
detection to calculate meaningful statistics or to plot their value
surfaces. Cd (cadmium) was not detected in any sample analyzed. Sb
(antimony) was detected only in beach samples taken near Bluff, the NE Cape of
8t. Lawrence Igland, and from Stuart Island; Rs (arsenic) was detected only in
the beach samples from Bluff. Anomalous values are not found offshore from
these beach areas. The values for Sb and As in these gamples are several
orders of magnitude higher than their limits of detection by the 6-step

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

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

of concentrations of As.

Digtribution of Cu, Pb, and Zn surface values in shelf sediments of
Norton Basin are generally sgimilar, including anomalously high values off St.
Lawrence Island, along the southern coast of the Seward Peninsula, and
throughout Norton Sound. The maps for Cu and Zn show much greater similarity
to each other, however, than to the map for Pb (Figs. 17, 18, 19, 20, 21, and
22). Statistically, Pb correlates better with Cu and 2n than with any other
element represented in the study (Table III), but Cu and Zn have a mich higher
correlation between themselves (.8023) than with Pb which supports the
relative visual similarity between the maps of these elements.

A gsignificant trend that appears in value-surface maps of both .Cu
and 2n 1s the generally higher values in Norton Sound compared to Chirikov
basin. High values for Cu and Zn form a halo surrounding the Yukon Delta and
the wegtern edge of the halo trends due north along a line extending from the
southern edge of the Yukon Delta towards the Bering Strait. The location of
this halo coincides closely with the area of maximum deposition of Yukon-
derived sediment in Norton Sound (Nelson and Creager, 1977). The gradatiomn of
Cu and zZn values away from the delta and the generally higher concentrations
of these elements in Norton Sound suggest a source and dispersal coincident
with Yukon-derived sediment. The Yukon River flows through an area highly
mineralized in these elements and thus appears to be the dominant source for
minerals bearing these elements.

Another significant aspact of the distribution of Cu, 2Zn an§ Pb ig the
presence of localized high values generally close to certain coastal areas.

All three elements have their highest concentrations in beach samples taken near
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Bluff, Alaska (not completely represented on value surface maps.} Pb and Cu
show a continunation of these high values up to 20 Xm offshore from Bluff.
Unlike Cu and Zn, and except for values from the Bluff beach samples, Pb
deviates little from the geometric mean throughout Norton Basin; although
fairly high values can be seen adjacent to Stuart Island and the eastern tip
of St. Lawrence Island., Cu is also concentrated mnear Stuart Igland and the
eastern tip of St. Lawrence Island. In addition, high concentrations are
found off the southern coast of eastern St. Lawrence Island and off the north-
central projection of the island as well as off Nome and in an area around
King Island. High Zn concentrations occur off south-central and north-central
St. Lawrence Island. Concentrations of Zn are also relatively high
concentrations off Nome, in a sample taken 30 km south of Cape Prince of
Wales, and along the eastern edge of Norton Sound, but are greatest {except
for the Bluff beach samples) in the central part of eastern Norton Sound.

This last Zn anomaly i1s rather puzzling and does not appear to be related to
dispersal of Yukon sediment or to the nearshore high values that seem to be
caused by concentration in sediment derived from immediately adjacent land
areas.

In summary, the toxic elements discussed here apparently have their
highest valuea in relatively localized beach areas close to known terrestrial
sources or are clearly derived from the sediments eroding from nearshore areas
close to probable higher concentrations of these elements. Other elevated
concentrations offshore are probably related to general sediment dispersal
within the region and the possible placer concentration of those elements
aggregated in heavy minerals. BAn example of high values over a broad area
which are probably related to sediment type/source terrains are the regionally

high values of Cu and Zn over Norton Sound.
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D. Chemical=-Environmental Change Indicators

Though the evidence cited below indicates concentrations of Fe, Mn, and
Co 1in Norton Basin sediments are source related, they are singled out here
because they are more responsive to changing oxidation/reduction environments
than most of the other elements under discussion. Ba 1s included because of
its use as a drilling mud and the resulting potential contamination of
gediment where it is used.

The value-surface maps for Fe, Mn and Co are quite similar (Figs. 23, 24,
25, 26, 27, and 28). The most obvious correlations are the high anomalous
values each map shows in the areas of the volcanics of north=-central St.
Lawrence Island and Stuart Island. Anomalies in these volcanogenic areas have
also been found for Cu, Ni, and Cr (other mafic-associated elements) as has
already been pointed out. The other obvious correlation is the wide area with
high values surrounding the Yukon Delta in particular and Norton Sound in
general.

High values surrounding the Yukon Delta, much of Norton Sound, and
northward toward the Bering Strait seem to fall mainly within the area
defining the prevalence of modern Yukon sediment. The generally high values
in this region probably are directly related to Yukon source sediments which
are in part derived from the input of mafic volcanic terrain in the river
drainage basin. Anomalous values of Fe, Mn or Co resulting from concentrated
precipitates of these alements are not readily apparent. This could only be
determined by taking a closer look at the exact mineral apeciles containing Fe
and Mn.

The highest Mn value wag detected in a sample from 30 Jm south of Cape
Prince of Wales that hag been previously discussed. This sample is

considerably removed from land and it is probable that its high Mn values are
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due to mechanical concentration rather than having been directly derived from
volcanic terrain.

The value surface maps for Ba show slightly anomalous values surrounding
the Yukon Delta, in addition to high values near Stuart Island and at various
locations along the southern coast of Seward Peninsula (Figs. 29 and 30). The
highest anomalies are just off the southern edge of St. Lawrence Island and in
the middle of Anadyr Strait., The general increase in concentrations of a
nunber of elements in thig area surrounding the delta has already been noted
and seems to be related to the Yukon sediment source and dispersal pattern.
The anomalies near Stuart Island and the southern coast of Seward Peninsula
appear as lobes coming off the land and may be correlated with sediment
gources from igneous rocks in thoge areas. The origin of the high values
close to St. Lawrence Island are more obscure. None of the elements that
correlate with Ba have outstanding anomalies in the Anadyr Strait and only Sr
has high values off the southern edge of St. Lawrence Island. The value of
1500 ppm in Anadyr Strait is equal to .15% and could reflect a source for Ba
mineralization on the point of the Chukotka Peninsula.

E. Major Elements

All samples used in this study were analy2ed for all of the major
elements Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, and P, Values for Si, however,
were higher than the upper limit of detection (10%) in every sample analyzed
and are not reported here.

Value-surface maps for major elements show some of the general element
digtribution patterns already discussed. Mn, Fe, and Ti have higher values
Burrounding the Yukon Delta and in Norton Sound relative to the Chirikov Rasin
(Figs. 23, 24, 25, 26, 31, and 32). Ca, Mg, Na, K, and Al showlg simjilar

trend to some degrea (Figs. 33, 34, 315, 36, 37, 38, 39, 40, 41, and 42). Each
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element also has anomalously high values shown as lobes that appear to be
coming from nearby land sources.

Areas with higher Ti concentrations generally correspond to areas with
high concentrations of Mn and Fe which have already been shown to be
associated with the volcanics of Stuart Island and St. Lawrence Island. This
is8 expected becauvse Ti is relatively high in basaltic rock types. The highest
Ti value is from the sample previously discussed that comes from a posgible
placer 30 lm south of Cape Prince of Wales.

Concentrations of Ca and Mg are also high near the Stuart Island and St.
Lawrence volcanics, but they are highest offghore from the southern coast of
Cape Prince of Wales and south of Port Clarence. High concentrations of Ca
and Mg in these last areas probably are related to the limestone formations
found on Cape Prince of Wales and in outcrops reported on the sea floor south
of Port Clarence (Nelson et al. in preparation,; Nelson and Hopkins, 1972).
Sr anomalies, normally associated with limestone, exist in the same areas.

Value-surface maps for Na, K, and Al are more varied than maps of the
other major elements. They consist of alternating high and low values and
show only slight regional differences., The anomalies that do seem to
originate from land sources appear broader in areal extent than some of the
less common elements already discussed. The sample containing highest
concentrationg of XK is off of the NE Cape of 8St. Lawrence Island and is
probably derived from granitic bodies that are found there. Samples with
highest concentrations of Al are from the areas of Stuart Island and eastern
Norton Sound and are probably derived from basalts.

P (phosphorus) was detected in only 54 samples, and was not used in the
correlation analysis. The lower limit of detection is .10% wh;ch is somewhat

higher than concentrations found in average shales and sandstones {Mason,
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1966). Elevated concentratios of P are found in the eastern portion of Norton
Sound, in a few patches surrounding the Yukon Delta and in a swath running
through eastern Anadyr Strait and hooking to north of St. Lawrence Island.
The highest concentration of P occurs in a sample from an enclesaed basin just
off the northeast coast of St. Lawrence Island. This high value may be
related in some way to the reducing conditons of the enclosed basin (Mason,
1966).

F, Minor Elements

The minor elements Sr, Sc, La, Ga, Wb, N4, B, Y, ¥Yb, and Be correlate
with other elements. Sr is norxrmally associated with limestone and, as
expected, high concentrations of Sr correspond quite closely to the Ca
anomalies previously mentioned. However, correlation coefficients are higher
between Sr and K, Na, Ba, and A}l than between Sr and Ca (see Tables III and
IV). The association of Sr with Ba is common. The association of Sr with X,
Na, Al, and Ca sBuggests a possible relationship with feldspar where Sr and Ba
subgtitute for X.

5S¢ (scandium) correlates most closely with Ti, Fe, V, lLa and Mn and
exhibits the same general distribution as these elements, with higher values
grading off the Yukon to lower values in Chirikov Basin (Figs. 47 and 48).
The asgsociation of Sc with La and Nd is common and the usual mineral
containing them is monazite (Figs. 49 and 50). Ga (gallium) also shows some
asgsociation with La, Sc, and Ti. The highest values of Ga are in Anadyr
Straits and the eastern end of Norton Sound (Figs. 51 and 52).

Nb (niobium) exhibits no correlation with any other element. The highest
concentrations are in samples from off Cape Darby in Norton SOQnd and
gouvthwest of St. Lawrence Island (Figs. 53 and 54). The anomaly off Cape

Darby correlates with the highest Nb anomalies detected in western Alaska
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found on the Darby Peninsula (Miller and Grybeck, 1973).

B (boron) is most closely correlated with X and Ba. High concentrations
are located at the eastern end of Norton Sound, off Cape Darby, off the coast
from Bluff, off Cape Rodney, and southwegt of St. Lawrence Island (Figs. 55
and 56).

Y (yttrium) follows the pattern of elements with generally high
concentrations in sediment surrounding the Yukon Delta and Norton Sound and
low concentrations in gediment from the Chirikov Basin (Figs. 57 and 58). It
correlates most closely with Mn, Fe, and Ti which also follow this pattern.
Very localized high anomaliegs are found off Cape Prince of Wales, Nome, and
Bluff.

Yb (yterbium) correlates most closely with Mn, Zn, and Y but has no
pronounced trends except for the general trend of high wvalues in Norton Sound,
and low values in Chirikov Basin (Figs. 59 and 60). A few very high
concentrations occur in sediment off Cape Prince of Wales, at various
localized points off the southern coast of Seward Peninsula, in the gemneral
area of eastern Norton Sound, and NNE of St. Lawrence Yaland.

Beryllium (Be) correlates clogest with La, Yb, and Sc with high
concentrations in eastern Norton Sound, along the southern coast of the Seward
Peninaula, and off the southwest and southeast coasts of St. Lawrence
Island. Highest concentrations occur in samples from just off Tin City at
Cape Prince of Wales and one close to Stuart Island. These two high values as
well as other high values that appear as lobeg coming off the land indicate
that specific mineralized terrains are probable Bources. This is confirmed
for Cape Prince of Wales where extensive economic grade beryllium deposits

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

Au was not detected in any of the samples analyzed. This was to be
expected bacause the lower limit of detection for Au using the emission
spectographic method, 1s 7 ppm (7000 ppb). A etudy by Nelson and Hopkins,
1972, has shown that average Au concentrations in open Bering Sea sediments
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.

Rg was detected in only 8 of the 180 samples and 3 of these samples could
not be assigned a reasonable quantitative value. Some of the samples
containing Ag concentrations were from off the NW Cape and the southern tip of
St. Lawrence Igland (Figs. 63 and 64). Mineralization containing appreciable
amounts of Ag has been reported on both ends of St. Lawrence Island and could
be the Bource for for Ag in these samples. Relatively high values were also
found near Stuart Island and close in to the Yukon Delta. In addition, Ag was
detected in a few samples from off Nome and Cape Nome. High concentrations of
Ag (3 ppm) were found in beach samples from Bluff but these values were not
plotted on the value-surface maps.,

Mo concentrations in all but 5 samples were below the limit of detection
of 2 ppm. The highest values were detected in Bluff beach samples (30 ppm)
(Fige. 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
mineralization has been reported inland from the coast of eastern Norton Sound
and in the Nome area,

Bl was below the limit of detection of 7 ppm in all but 2 samples. The
highest value of 70 ppm was in a sediment sample close to the Lost River
Mining District on Cape Prince of Wzles that also had an anomalously high Sn

concentration. Bi is often found in association with Sn ores and i3 kxnown to
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occur in the form of bismthinite as one of the main mineral constituents of a
skarn zone associated with the Sn and Be deposits at Lost River (Sainsbury,
1962). A sample from off the known mineralized area of Bluff contained Bi;
this sample also had high concentrations of Cu, Pb, Zn, Mn, Sb, and As.

H. Q= Mode Factor Amalysis -

O-mode analysis was eumployed to discover possible relationships between
groups of samples. The basic algorithms used in the Q-mode analysis are from
Klovan and Imbrie (1971) and Imbrie (1963). A more complete description of
the program is_in Van Trump (1975).

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

Four factors from the Q—-mode varimax factor matrix were found to explain
92% of the variance between sgsamples (see Table VII) and only these four
factors seemed to be related to gediment characteristic and geologic
background. Of these factors, Factor III was judged to include the most
important sample group because it explained 33.4% of the variance between
samples. Factor I explained 24.3%, Factor IV explained 22.5% and Factor II
with a variance of 11.8%, encompassed the fewest samples. .

Samples with the highest loadings (>.7) for FPactor III were found in an
apron around the Yukon Delta and in patches in the west-central part of Noxton
Sound and NNW of St. Lawrence Island and in Anadyr Strait (Fig. 4). Samples
with intermediate loadings (.6 to .7) values were found in a wide apron around
the Yukon Delta, throughout most of Norton Sound, around the northern,
eagtern, and southern coasts of St. Lawrence lsland, and south of Cape Prince
of Wales.

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

the second highest percentage of varjiance, were from an area that éenerally
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hags low loadings for Factor III, namely the Chirikov Basin region (Fig. 4}.
Samples with the highest loadings for Factor 11 are frxom along the coast
between Cape Rodney and Golovnin Bay, just off Cape Prince of Wales and near
King Island. Samples with the highest loadings for Factor IV are from patches
north of St. lawrence Igland, from random areas throughout Norton Bagin, and
from areas just Off the south coast of the Seward Peningula.

Scaled varimax factor scores (Table VI) wexre computed for each element
during the Q-mode analysis in order to determine the elements that are most
correlative with each factor group. As an additional check of the
relationship between samplas and to highlight possible negative relationships
between factors, correlation coefficients were computed between element values
and factor loadings for all the samples (Tables III and V). Both the O-mode
gcaled varimax factor scores and the correlation coefficlents between varimax
factor loadings and element values indicate that samples with high loadings
for PFactor III contain relatively high concentrations of Ba, Na, Sr, La, K,
Ga, Al, and Sc. B, V, and Yb are concentrated in Factor I samplesg; Factor IIX
loadings correlate most closely with Y, Fe, Mn, Ti, ¥b, Zn, Co, Sc, and Cu.
The only element that seems to correlate somewhat with Factor IV is Nb and its
most negative r values (Table V) are almost the same as the elements that
belong to Factor Il which indicates it may simply be the negative of Factor
II1.

The area of sediments with high factor loadings for Factor III of the Q-
mode analysis (0.5 and above) corresponds closely to the area covered
predominantly by Yukon Holocene sediment, although samples with high loadings
for Factor III are also found north of St. lLawrence Island and in Anadyr
Strait. The elements used in grouping samples in thig factor are primarily

thoge elements that are most 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 sediments closer to the hyposaline runoff of the Yukon
River. The occurrence of high locadings for Factor III in areas not covered by
Yukon sediments probably Ilndicates that the sediments in these areas are
similar to Yukon-type sediment and that they also originated in sialic rock
terrain.

Samples with high loadings for Q-mode Factor I are from areas where
modern Yukon sediment is absent but where Holocene transgressive sande of
mixed origin are found., This general area covers the region of Chirikov
Basin, but there does not seem to be any clear relationship between the
elements of this factor and the sediments of the region.

Samples with highest loadings for Factor II of the Q-mode analysis are
from very cloge to the Nome-Bluff strand line and off of Cape Prince of Wales
and King Island, regions of highly mineralized mafic rocks. Factor II is
therefore grouping sediments derived from these terrains. This is borne out
by the apsociation of several mafic~related elements to Factor II,
particularly Ti, Fe, Co, and Mn.

The contoured surface of Factor IV shows a rough correlation with areas
reported to be covered by relict glacial debris and lag gravel, particularly
in a lobe extending NE of St. Lawrence Island (McManus et al.,, 1977).
Othaerwise, its significance is not readily apparent, except as a negative
factor to Factor 1I.

It is not altogether clear why some of the minor elements should be
grouped with a particular factor or why, in Bome cases, they should be related
to one another through their r values. These relationships shou¥§ be regarded
with caution.
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VIX. CONCLUSIONS AND NEED FOR FURTHER STUDY

Meagured concentrations of Y, Ca, Ba, K, Cr, Cu, Na, Co, Nb, Ni, VvV, and
Zn are within 30% of reported values for rock standards and are therefore
reliable Dbaseline data. Measured concentrations of Sx, Al, &5¢, Zr, Ti, Ga,
Pb, Fe, Mn, and Mg were within 35-65% of the reported values for rock
atandards and can probably be regarded as providing reasonable baseline
data.’ The elements Ag, AS, Bi, Mo, Sb, Sn, P, Ce, and Nd had too few
concentrations above detection limits to say anything about the accuracy of
their meagurement. Concentrations of Si were higher than the upper limit of
detection in evexy sample. Al)l concentratiags ofRu, C4, P4, Pt, Te, U, W, Ge,
Hf¢, In, Li, Re, Ta, Th, T1, Pr, Sm, Eu, G4, Th, Dy, Ho, Er, Tm, and Lu were
below limits of detection.

High concentrations of V and Ni have been noted in sediment in the areas
of hydrocarbon seeps. Concentrations of thege elements in samples from a grid
covering a probable thermogenic gas seep 35 km south of Nome however, were no
different than background concentrations for these elements in the northern
Bering Sea. Lack of V and Ni anomalies for this gas seep may only mean that
the seep source is of a light hydrocarbon gag type that does not result in
high Ni and V values as do some heavy hydrocarbon petroleum geeps. Samplesg
40 km west of the southern tip of St. Lawrence Island contains high
concentrations of V and Ni and their location warrants a closer study for
hydrocarbon seeps. Othexr high concentrations of Ni ocecur in sediments in the
viclnity of Stuart Island and off the north and south coasts of St. Lawrence
Island and are related to the basaltic volcanics in these areas, not petroleum
sources.

Pb, Cu, Zn, As, Sb, and Cd are considered to be potentially toxic when
found in sufficient concentrations. Pregently, the highest values of any of

these elements are derived from highly mineralized onshore locationsg, for
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example, Cu and Zn off St. lawrence 1lsland, Nome, and Bluff beaches, and high
Cu valves off Stuart Island. The few valueg detected for 8b and As are in
sediment derived from axeas of ongshore mineralization near Bluff, the NE tip
of St. Lawrence Island, and just off Stuart Island. Both Cu and Zn have
relatively high values in areas off the Yukon Delta and in Norton Sound that
correspond to the areas covered by Yukon Holocene sediment.

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

Because 2r, Sn, Cr, and Ce are commonly found in heavy minerals, high
concentrations of these elements may well indicate placer as well as primary
lode occurrences of these minerals. Anomalously high Zr values were found off
the NE Cape and the western portions of St. Lawrence Island and probably
originated from zircon-containing guartz monzanitic rocks on the island.
Concentrations generally above the mean were found in the area of Yukon
Holocene sediment. The highest values for Sn are found close to Tin City and
are related to the tin mineralization there. Detection of Sn in samples near
Bluff and Cape Rodney-Nome areas again may be related to tin mineralization
known to exist in these areas. Samples containing detectable concentrations
of Sn in the areas of King lsland, Port Clarence, and in the Anadyr Strait may
be from tin placer deposits concentrated by the relatively high currents
there. High Cr concentrations were found in gediment off Stuart Island, Cape
Prince of Wales and north-central St. Lawrence Island and appear to be related
to basalts or granites containing ultra-mafic dikes that are sourcea of
chromite. Samples with high Ce valueg also have high lLa values and often have
high N& values, suggesting that the heavy mineral monazite concentrated as a

placer mineral and may be the source of these elements. Because monazite is
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probably the primary carriex of Ce and related elements and because it is
concentrated in placer deposits, it promiges to be a good indicator of
gediment dispersal trends.

A sediment sample from 30 km south of Cape Prince of Wales contains the
greatest amounts of Cr, 2r, Ce, Ti, Mn, La, Sc, Y, Yb, and Nd of all the
sampleg analyzed and also contains a high concentration of tin. Because of
these high concentrations and because the sample contains high values of La
and Nd which are commonly found with Ce in the heavy mineral monazite, this
savple may represent an area of placer deposits the existence and extent of
which ghould be explored. Future studies of Sn, 2r, Cr, and Ce¢ and assoclated
heavy minerals should use sampiing intervals close=-spaced enough to detect
significant variations caused by hydraulic concentration. Mechanical
concentration of samples before analysis would also help to enhance exigting
trends.

Fe, Mn, Co, and Ba were considered together as chemically or environ=-
mantally-sensitive elements but in this study the evidence indicates their
concentrations are source related, Fe, Mn, and Co all show high values near
the volcanics of Stewart Island and north~central 5t. Lawrence Island. Thesge
elements also correlate with Cu, 2Zn, V, Y, and 2r, with generally high values
in the areas of Yukon Holocene sedimentation and generally low values in
Chirikov Basin. Co, however, does not follow this trend as clogely ag Fe and
Mn. Concentrations of Ba above the mean are found generally throughout the
area of Yukon sediment distribution but also are found close to Stuart Island
and at various locations along the southern coagt of the Seward Peninsula.
The maximum concentration of Ba (.15%) is found in a sample from the Anadyr
Strait and is unique in that other concentrations of other elemenés that

ugually correlate with Ba are not similarly high at this location.

33



Of the major elements, Ti is closely associated with Fe and Mn, discussed
above, all of which have generally high concentrations in Yukon sediment with
very high concentrations in areas close to the volcanics of Stuart Island and
St. Lawrence Island. Ca and Mg are relatively high in Yukon sediment and
sediment clogse to the volcanic areas wentioned. However, sediment with the
highest concentrations of Ca and Mg was probably derived from the limestone
formations in the Cape Prince of Wales and Port Clarence areas. Values for Na,
¥, and Al exhibit more erratic variation than values for the other major
elements and the anomalies of Na, X and Al that appear to oxiginate from land
sources and are broader in areal extent. Concentrations of P occur in patches
in eagtern Norton Sound, Anadyr Strait, and surrounding the Yukon Delta. The
highest concentration of P was in a sample from an encloged basin NE of St.
Lawrence Island and could be a result of reducing conditions in the bagin.

Of the minor trace elements that are not usually regarded as potentially
toxic, Sc correlates closest with Ti, Fe, V, La, and Mn., Yttrium correlates
closest with Mn, Fe, and Ti. Yb correlateg closest with Mn, Zn, and Y.
Concentrations of Sc, Y, and Yb are all highest in Yukon sediment and lowest
in Chirikov Basin sediment. Nb exhibited maximum concentrations in sediment
off Cape Darby where the highest Nb anomalies on land in western Alaska have
been found. Nad was detected in two samples from Norton Sound and in samples
of sediment north of King Island, samples that also have high concentrations
of La and Ce. These elements probably exist in the mineral monazite.

Slightly higher values of Be can be found just off the coasts enclosing Norton
Bagin but maximum offshore values near Cape Prince of Waleg correlate with
aconomic Be deposits there.

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

concentrations occur in samples offshsore from terrestrial Ag mineralization
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sites on St. Lawrence Island, near Stuart Island, and cloge to the Yukon
Delta. Highest concentrations of Mo were found off the Bluff beach
mineralization, Bi was detected in samples off the Cape Prince of Wales
mineralization area that has associated Bi.

A contour map of the QO-mode factor loadings for Factor XII outlines an
area corresponding to the distribution of Yukon Holocene sediment plus areas
in Anadyr Strait and north of St. Lawrence Island. Scaled varximax factor
scoregs and cross correlation between factor loadings and element
concentrations indicate that Pactor III is best characterized by elevated
concentrations of Ba, Na, S5r, la, K, Ga, Al, and Sc. The significance of this
element grouping is that these elements tend to be concentrated in sialic rock
types. Samples with high loadings for Factor I of the Q-mode analysis
generally corresponds with the area of relict sediment in the Chirikov
Basin. Samples with high loadings for Factor II of the Q-mode analysils occur
off the coast from Bluff, Nome, and Tin City, suggesting a strong influence
from the mineralization in these areas. This is confirmed by high
correlations between loadings for this factor and concentrations of Fe, Mn,
Ti, Co, 2Zn, S8c, Cu, Y, and V. Factor IV of the Q-mode analysis does not have
any strong relation to sediment or mineral characteristics but sghows some

correlation with areas of known glacial debris.
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TABLE I

Geometric moans, geosetric dsviations, cantral and expectad value ranges,
and maximon and min{me values for 4&ifferant alement groups in the Horthern Bering Bea-

Elemgnt Geometric Gecmatric Minimum  Masximm
Growp Element Hean Deviation Central Range® Bxpected range*® Values Values
Petrolews Index Ri 22.7 ppne 2.01 11.3 - 45.6 5.6 ~ 91.6 7.0 1500.0
Blemants v 87.3 ppin 1.5¢ 57.8 - 131.8 38.3 ~ 198.9 30.0 200,0
Heavy Metal &n too few values N 100.0
Blemant zr 162.4 ppm 1.3%6 104.2 ~ 2523.1 66.8 - 394.5 30,0 2000.0 &
- cr 45.2 ppom 1.82 24.8 -~ B2,5 13.6 - 150.4 10.0 1000.0
Ce too few valoes N oo,
Toxic Klemants Pb 20.5 ppm 1.66 12.3 ~ 34.0 7.4 -~ 56.5 N 500.0
ca 12.6 ppm 2,17 5.8 ~ 27.4 2.7 - 859.5 3.0 700.0
In 72.8 ppm 1,70 42.8 - 124.0 25.1 - 211.0 N 1000.0
Ra too few values N 3000.0 ppm
Eb too few valueg N 1000.0 ppm
Chemiocally oxr e 2.29% 1-63 1.4 - 3.7 .86 ~ 6.1 .7 10.0 G
Xnvironmentally Hn 482.5 ppm 1,98 245.7 - 870.6 130.5 - 1638.6 150,0 7000.0
Gensitive Co 11.6 ppm 1.80 6,4 -~ 20.9 3.6 - 377 5,0 100.0
Elemonts Ba 551.3 ppm 1,70 323.6 - 939.3 189,9 -~ 1600.3 100.0 1500.0
Major Rlements Al 5.6% 1.4¢0 4.0 - 7,9 2,9 - 11,0 -7 16.0
Ra 1.7% 1.72 1.0 -~ 3.0 & - 5,2 <07 3.0
) 4 1,5% 1.724 9 - 2.7 .5 - 4.6 .1 5.0
Ca .60 2,06 8 - 3.4 a4 - 7.0 ’2 10.0 G
Mg -8% 2,08 & - 1.7 <2 - 3.5 .15 10.0 G
LY » 48 1.59 I - L7 2 - i a1 2,0
) 4 too few wvalues N I8
Minoxr Elements s 227.7 ppa 1.81 123.1 - 402.5 6B.2 -727.5 30.0 1000.0
Y 26.9 ppo 1.5%0 17.9 - 40.5 11.9 ~ 60.9 10.0 150.0
e 12.1 ppm 1.50 8.0 - 18.2 5.3 - 27.4 5.0 0.0
¥b 11.3 ppo .47 7.6 - 16.6 5.2 - 24.5 " 30.0
B 13.7 ppo 1.72 42.8 - 126.9 24.9 -218.8§ N 150.0
La 41.4 ppm 1.63 25.5 - 67.) 15.7 -109.5 10.0 100.0
Ga 10,3 ppm 2,45 4.2 - 25.3 1.7 ~ 62.1 N 30.0
Yb 3.4 ppm 1.52 2.2 - 8.1 1.5~ 7.8 1.0 10.0
Be 2,4 ppm 1.51 1.6 -~ 3.7 1.1 - 5.6 N 10.0
N4 too fev values n 150.0 ppm
viscellaneous Ay too few values N 3.0 ppm
Economic Elements B4 toc few values W 70.0 ppm
o too few values . 30.0 ppm

* Captral Range = geom,.,mean/geof. 44V, to geoln. Bean X geom. dav.
¢*Expected Range = geom- mean/(geom.dev.)” to geom. mean x (geom. dev.)2
G = > grester than accompanying value (uvpper limit of detection)

£ = 5 lesz then eccosmpanying value (lower limit of detection)

¥ = > not detected in a sample



TABLE II

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

Number of Limit of Number of Limit of

samples detection samples detection

element was {lower limit element was (lower limit

Element detected in except for Si) Element 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 D 100.0 ppm
Bi 2 7.0 ppm Re 0 7.0 ppm
ca 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
P4 0 1.0 ppm Pr 0 20,0 ppm
Pt 0 5.0 ppm Ng| * 3 20.0 ppm
Sb 8 20.0 ppm Sm 0 50.0 ppm
Sn 23 2.0 ppm Eul 0 1.5 ppm
Te 0 300.0 ppm Gq] 0 5.0 ppm
U 0 150.0 ppm Tb 0 100.0 ppm
w 0 10.0 ppm Dy* 6 20.0 ppm
Siwkw 179 10.0% upper Ho 0 5.0 ppm
. limit

Ce 19 50.0 ppm Ex| 0 30.0 ppm
Ga 151 0.7 ppm 0 2.0 ppm
Ge 0 7.0 ppm 0 15.0 ppm

* Looked for only when La or Ce is found
*®* Looked for only when Y is >50 ppm

**75{ wags a major component in all samples analyzed, i.e., >»10.0%. However,
exact values cannot be assgigned above this limit.



TABLE IIIX

Lists most closely rvelated or disrelated alements according to the

correlation coafficients between their log valuas.

GA Pe Mq Ca TL Mn 8
La ,4950 Cu .08323 Ca .5861 Wy .5861 Pe .7251 ye .7738 X 14929
sa .4047 Hi .8101 Co 5151 gr .5469 8c .71806 Zn .6657 Ba .4508
TL .2806 Zn .7668 Ni .4949 Bc »3371 M (6617 T™L 6617 Al .4328
Ma 7738 Pe .3884 Nb -,3232e N ,6153 Cu .6612 Na .4109
Co .7503 Tt .3884 2o .S5717 Y .6103 ¥b .2884
T .7251 8¢ .356% Cu .5682 L .5954 La .281%
S5c ,6326 Cr .33 Cr .5623 Yd .5729 Nl =-.5464"
B-.3164" Y .5438 8 L5579 Co -.4110%
Yb .5181 Pe —-.3164"
Co .5067
Ba Be co Cy ca La Wb
K .B040 La .3720 Ny .8263 Ny .6132 Pe .8823 Sc 5572 B .2884
Na .6847 Yb ,3388 Pe .7503 ™ ,5623 Zn .8023 Sn .5539 Ca-,3232¢
Sy .6241 80 .335%1% Cu .6296 Sc .5274 Ni .683] Ba 5508
Al .6092 Cu (3214 Zn 5982 Pa 4796 Bn (6612 v .5189
T .3058 B —-.4110° Co .3879 Co ,6296 K 5171
X =,3177¢ Ga .4950
2y 4933
L 4473
Ni Pb So Sr v Y Zn
Co ,8263 Cu .511¢ Ti .7180 X .6994 5c .5790 Mn .6103 Cu .,8023
Fe ,8101 2n ,4194 FPe .6326 Ra .6862 1a .5189 Yb .5678 Pe .7868
Cu .6833 Y .370% v .5790 Al .6140 Cu .4801 Pe .5563 Mn .6657
™ .6153 Pe .2106 La .5572 Ba .6241 Yb .4589 ™ .5435 N 6142
Zn 6142 My 2615 Mo .5571 La .5539 Zn .4584 Cu .4842 Co .5982
Cr .6132 Na-,4041° Cu .5470 Cu .5469 T .4352 Zr .4552 ™ .S5747
Mn .5954 Cr .5274 Fea ,4039 8c .4335 Yb 573
B8 -.5464¢
zr Al Na X o
La ,4933 Na .8348B Al .8348 Ba .8040 Mn .5729
Y .4552 K 6999 X .7935 Na .7935 Zn .5713
T4 .4059 Sr .6140 Sr .6863 Al .6999 Y .5678
X .3778 Ba .6092 Ba .6847 Sr .6994 Fe .5294
Ba .3694 B .4328 B .4109 La ,5171 Cu .5%12
Ph-.4041% B .4929 T4 5181
Co 3177¢ vV .4589
Bo .4278

"Extreme negative correlation.
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0,1480
042392
0,56%5
0.,4103
0,0590
'0;060’
0,4272
0q 1075
04862
0,3886
0,0139
0,3516
0,3701
0,4335
-0,0675
0,2237
1,0000
D412}
80,4552
-0,0657
-0, 1440
-0,103¢
0,5678
0, 2444

20 |
IN PRR-Y

0.2940
0,7888
0,1%28
0.0446
0,577
0.6857
-0,t722
0,.0552
0,59082
0,2692
06,8023
0,33%3
0,078
0.6142
04194
0,529
-0,1362
0,4584
0,6121
1,0000
0. 1914
-0,0332
-0 1648
-0,1840
0,5713
0.2771
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TABLE VI

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

B. Lists elements most clogely related to the first four factor loadings
accoxding to the correlations among their non—-log values.

A.
Factor I Factor IX Factor III Factor IV
B 2,74 Y 2.05 Ls =-2.02 Nb -2.40
vV 2.10 Yb 1.78 Na =1,98 Ga =-2.,35
Yb 1.62 Ti 1.75 Ga =-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 Sc =-1.46
v 1,08 X 1.29
Mn 1,04 \Y -.93
Al -.86
B,
Factor I Factor IX Factor IXI Factor IV
B .54 Y 72 Ra ,71 Nb .41
vV .27 Fe .66 Na .67
Ba .20 Mn ,65 Sr .65 v =-.56
Yb .16 Ti .63 La .61 *Sc =-.52
Yb .57 K .59 ¥b =-.51
*Co —-.61 Zn .54 Ga. 57 *Fe -.49
*Ga -,55 Co .50 Al .57 *Mn -.49
*Fa -.51 Sc .46 Sc .47 *7Zn =-.44
*Mg -.48 Cu .44 *Pb <33 *r{ -.43
*Ni -.42 *Ta -.41
*Ca —-.42 R —,42
*Cr -.39 *Ba-~.35
*Ti ~.36 Na-.33
*Mn -,34
*Cu -.33
*Zn —-.32

*Extxeme negative correlation.
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TABLE VII

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

ONC97 FACYOR ANALYSIS (6-MODE) = U S 6 § Svavpac 06707777

@ Factor anplysizx on 25 col bu

VARIMAX FACTOR MATRIX

comnm, 1 2 3 'y

1 69ANC1DD 0.9484 0.4232 0.3825 -0.6168 -0.492&

2 69ASC1M 0.9440 0.4416 D.3271 =-0.6588 -0,45%82

3 89ASCINS 0.9773 D.4202 0.2779 -0,5858 -0.6167

& LYANTIDTY 0.9481 0.4572 0.18t0 =-0,555¢2 =-0.63V0

§ 69ANCITG 0.9585 0.4006 0.25%3 +~0.75%9 -D. 4D
6 O6YANCIT1G 0.9727 0,4459 0.3677 -0,6634 -D,.445S

7 49ANCT21 0.9322 0,4147 0.39683 -0,4%9%2 ~0.4082
8 A9ASC155 0.9613 0.5693 0.Y800 =0.5227 -0.%7%8
9 49AaNC200 0.93%00 0.5289 0.3561 -0.3572 -2.6292
10 é%ANC206 0,.9646 D.4532 0.2277 -0.5654 -2.6222
11 69ANC 228 n.9¢3? 0.4143 0.2%¢6 ~0,70¢2 -0.4980
12 69ANC2DD 0.94%9 0.4636 0.1901 ~0.4528 -0.%5221
13 69ANC220 0.93648 0.4%27 C.1694 ~0,6747 -).331S
14 69ANC22Y 0.9680 0.3560 0.1194 ~0.7A02 -D0.49B4
15 49AN( 224 0.936¢4 0, 3638 C.2519 =0.7037? -D.509%5
16 69ANC227 0.9092 D, 3356 0.1820 -0.7¢13 ~-0.4832
17  69ANC229 Q,9336 N,64667% 0.0B&3 -0.640Y -9.56432
18 64QANC232 0.9720 0.4616 0.3126 =0.6604 -D_4745S
19 G6PANC23S 0.9514 0.4560 -0.0240 -0.5355 -D.6753
20 6YANC247 0.9029 0.55C2 0.2904 -0.5967 -0.3998
21 TOANCT7D 0.9609 N0.5759% 0.2251 -0,4379 -2_.414¢
22 T7O0ANC11B 0.8948 D.43%64 0.2424 -~0,56¢3 -2.5%719
23 70ANCI3B 0.94538 0.5066 0.203) ~0.5994 -0.9372
24 TDANC14B €.9156 0.5066 0.2926 =-0.4570 -0.3221
25 70ANC15S 0.%410 D.5428 0.243 -D.6660 -0.405D
26 70ANCY6S 0.9303 D.444S 0.0799 -0.,7395 -D.&235
27 ?20A5C20S D.9261 0,4357 0,1942 -0.6240 -0.4804
28  7DANC24S 0.9578 0,4122 0.7384 -0,669Y -0,5%5666
29 TCANC27B 0.9337 0.5%181 0.2702 -0,6696 -J.379¢
30 70ANC29S £.9383 0.5%82 0.3855 -0,632S -D.2792
It T0ANC32B 0.9757 0.4818 0.3486 -0.6964 -0.3701
32 7TDANC3SS 0.9597 0.5424 0.397Y =0.5493 -0.4540
33  T0ANCLOG 0.9432 0.49%% 0.3090 -0.6018 -D,4254
34 TDANCALSS 0.93642 0.5548 0.3249 -0.593& -2.41%1
35 ?PCANC4L7?R 0,9337 D.58%N 0.349? -0.%5284 -D.4448
36 TOANC4BD 0.937% 0.555¢ 0.33%395 -0.4292 ~D.3428
37  70ANCS3S 0.8663 0.4755% 0.3627 =-0.63?S -D.319%
38 70ANCS4S 0.948¢ 0.538¢4 0.2752 -0,5928 -0,4811
39  7QAMCS6B £.9%460 D0.4945 0.3379 -0.8486 -Q.4083
0 T0ANCS9Y 0.9532 0.4879 0.37S3 ~0.6643 -D,4188
41 TCANCSIT 0.9266 0.4721 0.15M  =0,5304&4 -D,6247
42 ETANCIO C.265%0 D.%279 0.4974 -0.¢106 ~D, 6176
4T 48AMF3IN 00,8950 0.4132 0.47672 -0,276% -0.6436
L4 GBANFI27 0.8¢661 0.4049 0.57463 =~0.3'70 -D,5065%
45  68AmMFI3R 0.9616 0.3472 0,458% -0.5557 -0.%56%0
L6  LEAWFILS 0.931% 0.3005 0,371 =0.4172 -0.7256
47  ABAWF 34L& 0.,9537 0.329¢6 D.2750 -0,342% ~0.8076
48 ABAWF34LS D.9542 0.3733 0.4582 ~D.4144 =-0.6599
49 HPALF3LS 0.9133 00,3673 0.355% -~0.3o88 -0.7073



Lable VII cont.

SO BBaAWFRLD 0.962% 0.&11% 0.4042 =D.4%42 =0,50U1
51 oBawFISL 0.951¢ 0,338 D.3858% =D,4953 =0,6522
57 AEAWFISS 0.9414 0.285¢ 0,.%07?9 =0.4429 ~=0,7671
531 SBAWF3IST7 G.92739 p.é111 D632 -D.548Y =0,5612
54 GRALFLYD 0.96%2 0.4a131 0.3%24 =0,605% =0.5514
$%  ABAWFLIO G.9464 D.4s07 0,4339 =03,5%55 ~-0,5292
6 SLRAWFLLD 0,938 0,372% 0,.3901 =0.5148 ~0,56123
X7 &BAWFSDS B.2597 D, 4219 0.2095 ~0.45%14 =0,.6161
SR ABANCYOB C.9%L7 G.4479 0.2959 =0,2N08%  =7,7P94
S¢ &BaNT 1B 0.78647 0, 2641 0.405% =0,6690 ~0,1398
A0  &4BAN({?09 0.?2790 0.3230 0.2934 =-0.598% -0,3141%
61 LBANLOSH 0.9286 N.3070 0,0497 =0,8R2¢ =0,6052
62 SLRANCIDS 0.%189 19,2007 0.2794  =0,6421 =3,60297
63 ABANLYI1Z 0.9572 0,3z26" D.1844% =D.714%  =-0,5609
&L ERANCIVS D.B6LY 0. 0644 D,I%89 =0,71460 -0, 4704
45 SBANCIIA 0D,%271 0.22%2 D.3215 =D,7242 =3,69%%
86 HEANC1Z20 0,9278 0.3284 0.3170  -0,6%&1 =3,517?7
67  6RANLI2S 0.9013 0,3785 0.1983 =0,81%7 <03,5828
68 B&ANCILD £.9207 0.330% D,2731% =0,.7270 =D_4581
4%  ABANCYSL 0,.9%85% 3,3945 0.1499 {0, S¢L47 -3_.65%17
70 ALANC14S 0.955%0 D, 5444 0.127> -D,33%86 =-3,7289
71 ABANCIVO 0,930 D.4345 L.eb2? =0_S8L3 =D.&94%
T2 6BAKL18) C.6B9% 0, 3151 0.2¥n4  =-0,L730 -9,%39%
TY 6BANCYE? 0.7059 N.604% N.18724 =n_%197 -7,421%%
TL ABAN{127 0.9552 0,7747 0.3%267 =0.%349 =3,%&%%
75  ARANC190 0.2377 0.2427 C.ORTG -0 TvET .0, 2847
76  6Ban{200 C.o8%5% D, 7714 0,2255 =0,.319T =-0.4732
7T 6BANC 212 p.9%27 19,7922 0.25%4 =0.2870 =3,8L212
78 BBANCZYS 0.9290 0.4B78 0.0987 =D.5317 0,429
79 ABANLZY) 0.9559 O,4E825 02961 ~0,.5342 -0,3209
B0 &BANCZ2IY 0.984¢ 0, 7502 D.3¥18"  =D.41%2 =8,3%%7
BT 4BANC2I4 D.97¢9 31,7149 0.4%286 =D_e212 =3.225%
82 &BANC24D D.%616 Q. 608F 0.3902 =-9.5u04  -23,170%
BY  &GBANC 241 O.9804 D.7254 D.,X52 -0 4834 -0, 2857
Ba  ARANCRLL D.9408 0,7%47 D.L10? =0.39384 =-),3%132
8%  SRANC2LB 0.9450 N.6R20 0.13988 =D_%5478 -3,2L2)
88 SBANCZYY g.%d4 D.7140 O.4283 -0_3%71 =3.35%%
B7 ABANC?SB O.5¢d} n.77asg L1157 «0,3900  -p.410Y
BR GBANC 798 0,.9259 D. 7315 0.0?7? =0,4%5 =0,4221
AR ABANCR3D C.B95%8 N.&&s6% 0.14%3 =Q_.%A00 =3,30¢5
0 ANANCI4LE o.9t24 D.&197 0.22N048 =-0_.4748 =0,3195%
Q1 L8ANCISS 0.9198 D.4771 0.0918 =0,48%4 -0.4640
P2  4BANCTISE C.,9298 D.&8%7 0.03185 ~-0,%28% ~0,.471%8
9T  SRANCTIEN 0.9347 0, 7138 N.0MG? -0 4858 =3.426D
96  ABANC143 0.9380 p.r01% 0.1727 -0.4848 -~J,441%
9%  HRAN(YAED nN,9581 0.7%n* 0.2088 =-0,2989 =D.S5121
95 ABANCIVL C.9582 g.7383 0,226t =0,4120 -0,41%9
97  SBANC21L 0,9%43 D,76%4% L1905  =0,268% =J.508%
9R  ABANC2TR 0.9431 0.7240 0,200% ~D_31588 -0,49584
P9 ALaNn( 221 0.9782 n,s222 0.2021 =0.5020 -n,64724
100 &Ran(22% 0.8s72 0.5L88 £.2991  -D.4&02 -9,5320
101 SBANCZ2S D.95?7 N, 4280 C.42R3  «0,8715 =7,394]
102 4%ANCIQ?2 C.9520 D,.52R2 0.3184 ~-D,583S =2,.487%
T0T ARANCIQ4 0.9427 0,519 D.7885 Q6475 «D,41%
104 &9ANCI1D 0.9u8% G.4748 D.368R  =-D,5990 =0 _L77A
10%  S9ANCTIYY D.982¢é D,5322 D,244% =0_707¢4 =3.%3714
106 &RANCYIT2 D.9s11 D.4927 0.4087 =0_&827 =D.2%60
107 ARAN{I1Y C.9740 0,512 D,2272 =0,7182 =-0,.3228
1CE  &49ANC115 0.9%90 0.4929 0,307 =0, 48467 =0_38RA

109 4%aNC117 d.9817 0.4837 D.31462 ~-0,5951 =0.560G7



Table VII cont.

119
1411
112
113
114
1%
174
117
11
119
120
129
122
123
124
12%
126
127
12¢
129
130
1311
112
133
134
13%
136
147
138
139
140
141
142
143
144
145
TLE
147
148
149
150
151
1452
153
15¢
15%
156
157
1SR
1%9
140
181
182
143
164
145
166
167
1468
149

&PANCIIR
ARANC 205
G¥ANRC 211
AFANLC21A
TIANL?2D
20ANCA]
TCANCLZ2]
TCANC S
TEANLS2]
POANCSY]
TOAMCHE
&RANCTIZD
SHANCIH
GBAKLERD
ETAMCYS
CEANC?X
LIPR2T
AOANCT27
ATANCIED
GRANLILS
LPANCYEY
GEAWFADY
ARAWFRO?Y
ABAWFADT
BRAWFB27
LIAMERS
LPANCRS
AGANCHS
LRRSCO?
LPANCINY
LRANCTDG
SEANCIGT
SBANTITY
68 ANC 214
GRARC23S
ETANC20C
S0ANC DY
AFANCZ22Y
SFANL2ID
SFANL2LS
EFANL 252
AGANC 2SS
TOANCSAH
MIZI10%7
1310783
¥1310%:2
MI131036
%13103%7
®131038
M131039
M13i0GLD
134021
wtiy ey
miYi043
MI10LL
B134CeS
LRRA NN
131047
mI3ID4
1131049

0.957)
0.97%0
D,9485%
D.9LL4
D.9794
0.9461%
o.9727
0.9664
0,.%869%
0.9510
.o
0.9785
0.9534
C.92%9
c.8726
0.8771

D.7D&4
D.P288
L.%33%s
D.BATS
c.o073
D.3k41

0.7864
D839
0.5930
0.7732
o3

D.7F33
0,868
0.7034
C,a83%714
C.epe2
0.905%
0.953%
0.9¢10
0.930¢
G.97216
C.9¢48
t.2778
0.950%
0,.9125%
0.9834
0.9349
G.56686
D.82sL

0.9500
0.5672
0,831¢
0.9499
N.9273
0.9628
06.9227
L.970%
0.9%45%
n,9411

0.9821

D.9pey
0D.9412
0.9797
0.9728

D.s507
0.3932
D.i28®
0.33I85%
0,4694
D.5256
D,53%4
G.5%37
0,44677
N.5291
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