UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

GRAIN SIZE, TOTAL CARBON, MINERALOGY, AND INORGANIC GEOCHEMICAL DATA
FROM SURFACE SEDIMENTS OF THE SOUTHERN BERING SEA OUTER
CONTINENTAL SHELF

By

1 2

James V. Gardnerl, Tracy L. Vallier®, and Walter E. Dean

1U.S. Geological Survey, Menlo Park, California

2U.S. Geological Survey, Denver, Colorado

U.S. Geological Survey
OPEN FILE REPORT
78-923

This report is preliminary and has
not been edited or reviewed for
conformity with Geological Survey
standards and nomenclature.



GRAIN SIZE, TOTAL CARBON, MINERALOGY, AND INORGANIC GEOCHEMICAL
DATA FROM SURFACE SEDIMENTS OF THE SOUTHERN BERING SEA OUTER
CONTINENTAL SHELF

The Pacific-Arctic Branch of Marine Geology initiated a jointly
supported program in the Southern Bering Sea with the Bureau of Land
Management through the Quter Continental Shelf Environmental Assessment
Program (OCSEAP) Office. The data in this report present the analyses
performed on surface samples collected during this program in the outer
continental shelf region of the Southern Bering Sea during the U.S.
Geological Survey cruises S4-76 to S6-77.

The 1locations of the samples are shown in Figure 1 and a map
number is indicated for each station; The types of analyses performed
on each sample from each station (map number) are given in Table 1.
Table 2 1lists calculated sediment-size parameters using methods of Folk
and Ward (1957).

Table 3 1lists the grain size, mineral, and geochemical data for
each core. The first two numbers represent the year that corresponds to
each of the two cruises: 76 is cruise S4-76; and 77 is cruise S6-77.
The next letters and numbers under the column "sample" are the core type
and core number. Core types are: ¢ = gravity core; p = piston core; v
= Soutar van Veen. An example of the proper identification is: 76 g103
indicates cruise S4-76, gravity core 103. Mean grain size is reported
in phi wunits; all other values are in percentages or ratios.

Geochemical units are as indicated on the column headers.



Tracklines for these cruises are described in Gardner and Vallier
(1977, 1978).

Techniques

Samples were obtained at 83 stations using piston corer, gravity
corer, or Soutar van Veen grab sampler. The upper 30 cm of cores were
homogenized by mixing with sea water as a result of the coring
operations. Consequently, analyses from cores represent an average
value for the upper 30 cm of the sea floor. Samples collected by Soutar
van Veen were undistributed and are representative of surface sediment
to within a few centimeters below the sediment-water interface.
Subsamples for analyses of grain-size, composition of heavy (p>2.85) and
light (p <2.85) minerals, clay nnineralogy, and inorganic geochemistry
were collected from the top 3 cm of van Veen samples and usually from
the top 5 cm of gravity and piston cores.

Grain size was measured by first splitting samples into >63 ym and
<63 um size fractions. The >63 ym fraction was analysed using a 2-m
rapid sediment analyser (Thiede, et al., 1976) and the <63 um fraction
was analysed with a hydrophotometer (Jordan et al., 1971). Replicate
runs and calibration tests show that the rapid sediment analyser has a
precision of +5% and accuracy of +5%. The hydrophotometer has a
precision of +10% and an accuracy of +1%.

Total carbon was determined with a LECO model WR-12 carbon
analyzer. Three analyses of total carbon per sample were averaged. The
LECO has a precision of +12% and an accuracy of +1%.

Bulk samples of sediment were sieved to retrieve the 63 to 88 um

fraction. This fraction was thin floated on diluted tetrabromoethane



(p=2.85) to separate heavy minerals and rock fragments from light
minerals and rock fragments. Random-mounted slides were prepared and
over 300 counts were made covering the whole area of each slide using
the 1ine method.

A1l samples used for clay mineralogy, as well as all samples for
other studies reported here, were kept moist in air-tight sample vials
at 3°C from the time of collection until the time of preparation. The
<2 ym fraction was used for clay mineralogy following the preparation
procedures of Hein et al. (1975), and the semiquantitative weighted-peak
x-ray diffraction technique of Biscaye (1965). A polar planimeter was
used to measure the areas under the peaks on the x-ray diffractograms.
Barium saturation was attempted on several samples to help differentiate
between chlorite and vermiculite. Although a peak at 7.8 R commonly did
appear, it was not used. Diffractograms were run from 3° to 14° 26 and
measurements of peak areas were taken on the glycolated sample. X-ray
diffraction peaks corresponding to d-spacings of 7R, 102, and 172, were
routinely measured for chlorite/kaolinite, illite, and mixed layer
clays. A slow scan between 24° and 26° 2p was used to differentiate
kaolinite from chlorite. No internal standards were used in this study.
We emphasize that the values shown in Table 3 are relative within this
study only and should not be taken as absolute percentages of clay
minerals present.

Analyses were performed for 32 major, minor, and trace elements
using a combination of semiquantitative optical emission spectroscopy,
x-ray fluorescence, and atomic absorption methods, as described in

Miesch (1976). Twenty percent of the samples were chosen at random to



be duplicated in the analytical laboratories and all analyses were
submitted in a randomized sequence (Table 3B). Samples from twenty
stations in the vicinity of the Pribilof Islands collected during the
1976 field season were analyzed for concentrations of 19 major, minor
and trace elements by semiquantitative optical emission spectroscopy
(Table 3C).

Samples for chemical analyses were air-dried and ground in a
ceramic mill to pass a 100-mesh (-149 m) sieve. Because the samples
were air dried, analytical values of Na, S, and Mg will be too high due
to Na+, S04~, and Mg** dissolved in interstitial water and left as a
residue after evaporation. To correct these values, we assumed that all
of the C1 determined by x-ray fluorescence was due to C1~ dissolved in
intestitial water, and that the intérstitia1 water contained the same
proportions of Na, S, Mg, and Cl1 as average sea water. Interstitial
water contributions of Na, S, and Mg were then subtracted from the

analytical values.
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I1lustrations

Figure 1.--Locations of stations occupied on cruises S4-76 and S6-7 of
U.S.G.S. R/V Sea Sounder on the outer continental shelf and
continental rise, Southern Bering Sea, Alaska. Station numbers
are arbitrary and correspond to the map numbers listed in column 1

of Table 1.
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Table

Table
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Tables

1.--Summary of analyses of samples collected on cruises S4-76 and
S6-77 of the USGS R/V Sea Sounder. Map numbers correspond to
numbers beside each station in Figure 1.

2.--Graphical statistics determined from grain size analyses of
sediment samples from the outer continental shelf, Southern Bering
Sea (methods of Folk and Ward, 1957).

3-A.--Results of grain size, total carbon, clay mineral, heavy
mineral, and light mineral analyses of sediments from the outer
continental shelf, Southern Bering Sea.

B.--Results of major, minor, and trace element analyses of 103
samples from 65 stations on cfuise S4-76 and 15 samples from 15
stations on cruise S6-77. Method of analysis for each element is
indicated in the column headings; the methods are X-ray
fluorescence (-xrf or -x), atomic absorption spectrophotometry
(-aas or -a), optical emission spectroscopy (-s), and neutron
activation analysis (-n). Values of 0.0 followed by "L" indicate
values less than the 1limit of determination for that element.
Values of 0.0 followed by "B" indicate no analysis available
(usually because of insufficient sample for analyses of As, Ge,
and Sn).

C. Results of major, minor, and trace element analyses by optical
emision spectroscopy only of 24 additional samples in the vicinity

of Pribilof Islands.



T Tocigaulc
Map Core Interval | Grain Heavy Light Geochemistry
Number year ] {cm.) Size Clay Mineral | lincral Jroaplete | G6-step Carbon
. themistrg secc, v
: E ol
1 77 Vo5 0-3 x x
2 77 VoG 0-3 x X x x x
3 7 Vo7 0-3 x X
4 % G121 0-5 % X x x x x
4 % v23 0-3 x
s 77 G014 0-5 x x b b4 x
6 7% G002 15-20 X ’ % x % X
y] 7% Gn05 0-5 x x X x X X
7 % G006 3-4 x
8 % G017 0-5
[} 2 Gn08 7-15 b4 x X x X X
e 7% G009 4-5 X
9 76 G010 0-10 Py
9 76 Gn11 13-18 x X x X x
9 7% Go12 4-5 b
10 76 G052 9-13 b4 X x X x x
11 76 G253 0-1 b
11 7% 54 0-3 X b x x X X
12 76 G119 0-5 X % X X x
12 7% G120 4-5 x
13 77 GO16 0-5 x x X x X
14 77 G019 0-5 X X x X X
15 76 G117 0-1 X
15 k9 Gl18 6-11 X X ¥ x X
16 7% GD55 4-5 X
16 7 G056 0-4 X X X X b4
16 76 GO57- 0-S x
17 76 G050 0-1 . x
17 76 | Gos1 6-11 pd X x X X
17 76 b P03 3-8 3 X
18 76 Gol3 14-19 x X X b x x
18 76 Gol4 4-5 x
19 76 G249 0-5 x X x X . x
20 76 G059 5-8 X X X X X
20 76 G060 0-2 - X
21 16 G115 4-5 x
21 76 G116 0-5 b x X X X
22 77 G020 0-5 b X X X X
.23 76 G113 3-8 X X X X X
23 76 G114 0-1 x
24 7% GOG1 4-5 x
24 7% G062 a-5 X x X X X X
24 76 PO5 0-5 X
25 16 047 45 X
25 76 G048 0-8 X \ X X x X
26 76 Gn15 -5 X
26 [ 016 7-9 b b X X
27 7 G046 11-16 X X X X X x
28 76 GOG3 15-20 X X b4 X x
28 76" POG 6-11 x
29 % G111 1-5 X X X X x X
29 76 G112 4-5 X
30 77 G022 0-5 N x X X X
3 76 G109 3-8 X X X b X X
3 76 Gl1o 4-5 X
32 7% [ 4-5 X
32 7 OG5 10-15 X x b3 x X X
33 k14 G042 0-1 X
33 7 coa3 0-6 x b X X X X
34 .| .7 ColR 4-5 X
34 76 A 0) 0-3 X X X x X
35 76 co4l 6-11 x X X X X X
L1 76 P13 0-2 b X X b3 b3 X
37 77 G023 0-5 X X X
as 77 G024 0-5 X x x
b1 I 77 Go2% 0-3j0 X . X . X X
33 2% 110 0-2 X X b4 X x X




"mu': 3 cont.

r“' Inorganic
Eap Core Interval] Crain Heavy Light |~ Grochemistry
e r yuar ' {em.) Size Clay ineral | Mineraljcomplete| Gi-step | Carbon
chemstry) spec, .
. onty
49 76 G0GGo 4-5 X
40 7 G067 5-10 X b ¢ X X X X
4} kX Gn12 11-12 X X
£2 7 coo7 - 0-1 b 4 b ¢
43 70 G033 8-13 X X X
-43 6 Gnia 4-5 b ¢
43 7 G365 2-7 X
44 2% G137 2-8 b 4 X X X X
45 [ co3le 0-5 b4 X X
45 26 G039 0-5 X ’
46 76 G040 6-10 X X X
47 76 G020 €-11 X X X X X X
{7 7% G021 £-5 X
£8 76 G232 6-11 b4 X X
49 76 clo3l 2-7 X X X X X X
43 76 v25 0-3 X
S0 76 v23 0-3 X X X
51 76 v21 0-3 X X X
52 76 v20 0-3 X X X X
53 76 V1o 0-3 X X X
54 o G030 1-6 X X X X X
54 76 G031 4-5 . X
S5 76 Vo2 0-3 X X X X X
56 76 GD27 14-19 X X X X X
56 7% Gn28 0-5 X
56 75 G029 4-5 X
57 76 vis - 0-3 X X X X X X
58 76 G105 10-15 X - X X X X X
$8 76 G107 0-5S ¥
58 76 P08 3-8 2 X
59 76 G069 0-5 X X X X
59 76 Vo7 0-3 -X X X X X
60 75 vi4 0-3 X X X X X
61 76 v1s 0-3 X X X
62 76 G094 0-3 X X X X
63 76 vi? 0-3 X X X X X X
64 76 Vo6 0-3 X X X X X
€5 76 ves 0-3 X b 4 X
66 76 vo4 0-3 X X X
67 76 Vo3 0-3 X X X X X X
€8 76 Vil 0-3 x X X
69 76 v12 c-3 X X X X X X
70 76 G089 0-3 X X X X X X
1 76 G030 2-4 X X X
22 76 G091 0-1 X
2 76 PO7 %“-10 X X X X X X
3 76 G070 0-1 . X
3 76 G071 2-7 X X X X X X
4 77 G029 0-5 X X ‘X b3 X
% 77 G026 0-5 X X X X X
70 76 G072 4-5 X
% 76 G074 0-5 X X X
7 76 75 6-10 X X X X X
78 76 G072 0-~-5 X X X X X X
Kb} k() G078 0o-1 X
9 76 G079 0-5 X X X X
RO 76 cono 0-5 X X b4
0l % GOR1 0-5 X X X X
62 6 coa? 0-5 X - X X X
83 L6 vio 0-3- X X x
B84 76 Vo9 0-3 X X X X’ X
8S 76 von 0-3 X .
86 k9 V22 0-3 X X X X X X
87 76 v24 0-3 X ) X
[11:] 76 V2o 0-3 X X
0o kxi vo4i 0-3 X . .
90 7 ril 0-5 X ' b 4
9l 76 \'29 0-) X X X




TABLE 2 |
' GRAPHICAL STATISTICS FROM GRAIN SIZE ANALYSIS
(Folk and Ward, 1957)

SAMPLE 1ﬁggx MEDIAN (MA)| MEAN (M) | SORTING (o)|SKEWNESS (Sk;} KURTOSIS (Kg)
NUMBER (¢) ($)
76-G4 6 3.54 3.81 1.05 0.63 2.71
76-G5 7 3.72 3.88 0.69 0.55 "3.02
76-G8 8 3.66 3.98 1.20 0.46 -1.27
76-G10 9 3.20 3.52 1.32 0.43 1.66
76-G19 34 3.45 3.85 1.52 0.46 1.16
76-G20 47 3.01 3.33 1.32 0.49 1.44
76-G28 56 3.18 3.53 1.36 0.55 2.06
76-G30 54 3.18 3.29 1.05 0.38 2.38
76-G32 48 3.06 3.29 1.19 0.49 2.12
76-G33 43 3.14 3.71 1.68 0.59 1.54
76-G36 43 3.21 3.83 1.70 0.62 1.20
76-G37 44 3.04 3.32 1.30 0.46 1.48
76~-G38 45 3.28 3.70 1.47 0.52 1.42
76-G39 45 3.29 3.75 1.52 0.53 1.35
76~G40 46 3.15 3.39 1.26 0.40 1.25
76-G43 33 4.84 4.80 2.06 0.13 1.08
76-G48 25 5.63 5.80 1.97 0.25 1.71
76-GR) 17 a.02 4,01 1.62 c.C7 1.37
76-G52 10 4.91 4.89 1.45 0.10 1.61
76-G54 11 4.60 4.52 1.66 0.07 1.30
76-G56 16 4.85 4.89 1.60 0.19 - 1.56
76-G57 16 5.12 5.26 1.57 0.28 1.72
76-G59 20 5.35 5.32 1.90 0.16 1.48
76-G60 20 5.26 5.11 2.17 0.06 1.16
76-GG62 24 5.34 5.25 2.27 0.09 1.15
76-G67 40 2.00 1.93 1.45 0.19 5.24
76-G69 59 2.90 3.05 1.12 0.50 2.45
76-G71 73 6.52 6.76 3.27 0.17 0.93
76-G75 77 2.99 3.37 1.28 0.55 1.68
76-G77 78 3.79 4.15 1.60 0.43 1.16
76-G79 79 3.75 4.16 1.61 0.46 1.15
76-G80 80 4.60 4.64 1.67 0.16 1.05
76-G89 70 3.69 4.19 1.36 0.68 1.63
76-G90 71 4.94 5.01 1.70 0.20 1.44
76-G94 62 0.75 0.65 1.53 0.02 0.63
76-G103 49 1.72 1.77 2.06 0.19 2.27
76-G105 58 6.16 6.60 2.97 0.30 0.86
76-G107 58 5.36 6.66 3.08 0.60 0.97
76-G109 31 2.64 2.87 0.94 0.59 2.90
76-G111 29 3.02 3.71 1.59 0.69 1.06
76-G113 23 4.04 4.50 1.57 0.49 1.21
76-G116G 21 " 4.68 4.80 2.04 0.12 1.34
76-G118 15 4.73 4.57 1.96 0.03 1.04




TABLE 2 cont.

SAYPLE Igg;x MEDIAN (Md)| MEAN (Mz) | SORTING (o0)|SKEWNESS (Skj) KURTOSIS (Xg)
NUMBER (¢ (¢) o
76-G119 12 4.48 4.57 1.50 0.22 1.27
76-G121 4 4.64 4.75 1.51 0.27 1.13
77-G14 5 6.56 6.77 2.61 0.21 1.14
77-G16 13 5.11 5.18 - 2.65 0.11 1.43
77-G19 14 5.34 5.48 2.69 0.17 1.32
77-G290 22 7.40 7.58 2.76 0.17 1.09
77-G22 30 7.08 7.30 2.74 0.19 1.13
77-G23 37 7.12 7.25 2.56 0.19 1.38
77-G24 38 7.36 7.61 2.84 '0.19 0.85
77-G25 38 7.12 7.24 2.90 0.12 0.97
77-G26 75 6.23 6.51 2.35 0.30 1.19
77-G29 74 6.90 7.01 2.91 0.14 0.99
76-V2 55 2.58 2.59 0.76 0.26 2.41
- 76-V3 67 2.75 2.75 0.68 0.19 1.94
76-v4 66 2.59 2.66 0.68 0.36 1.79
76-V5 65 2.65 °.7 0.79 0.38 2.10
76-v6 64 2.80 2.99 0.72 0.48 3.34
76-v7 59 3.19 3.19 1.11 0.31 2.41
76-V3 84 2.16 2.13 0.43 0.14 Z2.22
76-Vv10 83 2.23 2.22 0.44 0.09 4.58
76-v11 68 2.80 2.80 0.66 011 .1.66
76-v12 69 2.17 2.20 1.18 -0.03 3.13
76-v14 60 3.00 2.94 0.87 0.22 2.86
76-V15 61 1.42 0.93 1.56 -0.32 0.5
76-V16 62 0.45 0.65 2.10 0.36 1.07
76-V17 63 2.64 2.73 0.64 0.50 2.11
76-V18 57 2.84 2.81 0.64 0.06 1.33
76-V19 53 3.04 3.03 0.91 0.21 2.48
76-v21 51 2.93 2.90 0.89 0.21 2.42
76-v22 86 2.85 2.86 0.97 0.29 2.63
76-v23 50 2.66 2.67 0.93 0.33 2.96
76-v24 87 1.87 1.61 1.57 -0.12 1.86
76-v25 49 + 1.68 1.43 1.78 -0.01 2.36
. 76-v26 88 1.96 1.60 1.33 -0.34 2.11
76-v28 4 4.66 4.83 1.48 0.29 1.08
76-v29 91 1.86 1.93 1.33 0.12 3.64
77-v4 89 1.79 1.49 1.23 -0.32 1.94
77-V6 2 3.22 3.25 0.68 0.49 5.47
76-P3 26 5.02 5.06 1.75 0.17 1.56
76-P6 32 5.36 5.36 12,21 0.17 1.14
76-p7 55 5.13 5.14 1.69 0.15 1.16
76-P8 70 6.46 6.47 3.79 0.05 1.32
76-pP11 73 7.73 7.72 3.08 0.06 0.89

i
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