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I. SUMMARY 

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

quantitative emission spectographic analyses for over 50 elements in surface 

sediment from 180 sampling stations are presented. For purposes of 

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

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

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

elements of economic interest. 

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

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

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

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

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

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

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

related to specific sediment types or to nearby onshore sources. 

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

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

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

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

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

high amounts are probably derived from zircon containing quartz-monzanite 

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

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

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

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

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

immediate land sources. Cr is evenly distributed except for high 

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

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

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

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

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

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

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

contains the highest amounts of Ti, Mn, La, Sc, Y, Yb and Nd, it may indicate 

a significant 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 from Bluff beach where 

lode cinnabar deposits occur. High concentrations for Cu, Pb, and Zn occur 

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

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

related to highly mineralized areas in concentrations adjacent to land 

areas. Cu and Zn also show the same trend as Zr, with high values off the 

Yukon Delta in Norton Sound and low values 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. Lawrence Island and Stuart Island. They also 

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

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

exhibits high concentrations surrounding Yukon Delta, near Stuart Island and 

along the southern coast of the Seward Peninsula. Maximum values occur off the 
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southern edge of St. Lawrence Island and in the middle of Anadyr Strait. The 

elevated Ba concentrations off the Yukon Delta probably 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, as with Fe and Mn 

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

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

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

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

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

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

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

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

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 Island 

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

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

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

northeast of St. Lawrence Island. 

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

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

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

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

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

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

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

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

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

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

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

the Yukon Holocene sediment distribution. Ag is found in 8 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 sufficient to explain 

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

significant factor (Factor III) covers an area that roughly corresponds 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 

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

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

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

the elements of generally high concentrations in sediment surrounding the 

Yukon Delta and in the Norton Sound area and generally low concentrations in 

the Chirikov Basin. However, some of the elements that show this trend most 

conspicuously are not closely related to Factor III, but instead are better 

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

II corresponds roughly to the highly mineralized areas along the southern 

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

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

II. INTRODUCTION 

A. General Nature and Scope of Study 

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

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

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

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

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

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

anomalously high major and trace element concentrations are mapped and related 

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

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

resource development. 

B. Specific Objectives 

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

environmental significance and resource potential; we map their areal 

distribution in surface sediments and relate these to probable sediment 

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

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

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

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

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

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

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

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

miscellaneous group of economic elements. 
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The data are both graphically and statistically displayed. Computer maps 

have been generated that display both contoured and 3-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 offshore anomalies are depicted in Figs. 1, 2, and 3. A map of 

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

III. CURRENT STATE OF KNOWLEDGE 

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

this area by Nelson, et al., 1975. Gold placer deposits in the nearshore 

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

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

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

related topic of heavy mineral and sediment distribution, dispersal and 

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

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

Sea shelf regions. 

IV. STUDY AREA 

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

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

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

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

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

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

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

sediment in this region is the Yukon River (Nelson and Creager, 1977). There 
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are some areas where the relict and modern sediments intersect creating a 

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

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

suspended periodically and then flushed through the Bering Strait and 

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

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

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

(Coachman, et al., 1976). 

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

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

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

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

northward to the Bering Strait. 

Significant mineralized deposits are found in several areas bounding this 

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

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

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

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

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

also located in various relict beach ridges or reworked glacial moraines 

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

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

Lode deposits of economic interest occur in many areas surrounding Norton 

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

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

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

contain high concentrations of copper, lead, zinc, antimony, gold and 
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molybdenum; the general area of the southern Seward Peninsula where there are 

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

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

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

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

mineral concentrations containing high concentrations of most of the 

aforementioned elements are located. 

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

undoubtedly been contributing substantial amounts of mineralized sediment to 

Norton Basin for the past several thousand years. 

V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION 

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

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

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

characteristics and faunal distributions in the region and to assess placer 

gold dispersal from Seward Peninsula sources (Nelson and Hopkins, 1972). They 

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

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

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

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

during 1976 and 1977 U.S.G.S. cruises of the U.S.G.S. 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. 
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