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ABSTRACT : Mincral composition and chemistry of the clay minerals in the three cores from the
continental shelves of South Shetland Islands (NCS09) and Anberse Island (GC98-2), and from the fjord
of King George Island (A10-01) were determined by X-ray diffraction and electron microprobe analysis in
search of the distributions and origin of the clay minerals in the Antarctic marine sediments. Smectite
content is relatively high in NCS09 regardless of core depths (av. 8.3%), but low in GC98-2 (1.1%). In A10-
01, smectite content is higher in the upper section than in the lower section. Kaolinite was not detected
from all the cores in this study. Yellow to yellowish green clay granules were commonly scattered in the
sediments of NCS09 cores. The clays contain 16.97% Fe-O; and 2.53% KO. Average structural formula
of the clay indicates ferrian beidellite. The (Fe, K)-rich smectite of NCS09 must have been derived from
relatively young basaltic volcanics altered by reaction with seawater near South Shetland Islands by



glacial erosion or colian process related to volcanic cruption. GC98-2 nearer to Antarctic continent is very

low in smectitc content. In A10-01,

the lower diamicton was deposited from the glacial crosion of

smectite-free ancient voleanics in the interior of King George Island, while the upper section was derived
from the smectite-bearing terrestrial debris and eolian materials after retreat of glaciers in Marian Cove
and ice cover in Barton Peninsula. The high K contents of smectites suggest the interstratification of illite
and smectite layers, which might be observed by future TEM lattice fringe imaging.

Key words : Antarctica, marine sediments, clay mincrals, smectite, origin.
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Fig. 1.

A10-02 core is located in the Marian Cove of

Barton Peninsula.
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Table 1. Mineral compositions of sediment core GC98-2 in wi%.

Depth(m) Q Pl A M Ch Sm Z Ca Py H
0 21.0 555 2.9 (.1 3.1 0.9 0.5 0.0 0.0 48
10 20.9 45.4 4.1 153 7.7 0.8 1.5 0.0 0.5 3.9
20 16.7 37.7 8.3 16.4 9.7 1.7 0.8 0.2 0.7 7.9
30 14.8 44.0 5.0 15.9 7.9 1.5 0.8 0.0 0.0 10.0
40 18.9 429 4.9 10.8 6.2 1.6 0.8 0.0 0.1 13.7
50 16.3 37.4 6.0 23.8 8.1 1.9 0.8 0.0 0.3 54
60 18.6 45.2 2.8 17.1 6.4 1.0 1.1 0.0 1.0 6.7
70 24.7 375 4.0 18.5 7.3 0.1 0.9 0.0 0.9 6.1
80 18.9 57.8 5.7 8.8 4.0 0.6 0.6 0.9 1.0 1.8
90 15.1 59.8 4.4 10.6 3.9 1.5 0.9 0.8 0.0 3.0
100 19.6 16.2 2.9 19.2 3.6 0.7 1.5 0.1 1.1 5.1
110 217 47.0 1.6 12.5 2.6 0.2 6.3 0.6 2.1 54
120 17.0 49.9 6.1 16.5 54 1.8 0.7 0.5 0.4 1.7
130 15.5 52.4 10.2 10.4 43 2.2 0.8 0.8 0.8 2.7
140 215 50.6 7.1 10.6 5.1 1.0 0.7 0.4 0.0 3.1
150 12.7 63.7 42 11.0 2.9 1.1 0.7 1.0 0.4 2.3
160 252 492 5.8 11.9 4.0 0.1 0.6 0.2 0.4 2.7
170 153 54.7 10.8 9.3 54 1.1 0.6 0.3 0.0 25

Average 18.6 48.7 54 13.9 54 1.1 1.1 0.3 0.5 49

(126)  (ELI) (£35 (LD (L19) (£10) (£03) (10.6) (L02) (£03) (t1.5)

Abbreviations: Q=quartz, Pl=plagioclase, A=amphibolc,

Py=pyrite, H=halite.
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Fig. 2. X-ray diffraction patterns of clay fraction
of sediment at depth 130 m of GC98-2 core. A=

amphibole, C=chlorite, I=illite, P=plagioclase, S=

smectite, EG=ethylene glycol.

M=mica, Ch=chlorite,

Sm=smectite, Z=zcolite, Ca=calcite,
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Table 2. Mineral compositions of sediment core NCS9 in wt%

Depth(m) Q Pl A M Ch Sm Z Ca Py H
0 20.8 56.7 0.0 2.6 7.9 3.7 2.1 3.2 0.8 2.2
10 11.8 63.2 0.0 4.9 7.9 5.6 1.8 1.9 0.0 2.9
20 153 55.0 1.7 5.5 6.9 7.7 2.1 3.6 0.0 2.2
30 18.9 58.6 2.0 6.1 8.4 3.7 1.1 0.0 0.0 1.4
40 14.5 63.0 0.3 1.5 8.4 6.9 1.9 0.9 0.0 2.6
50 13.6 47.5 4.9 5.5 10.1 10.3 1.9 0.8 0.0 5.6
60 16.0 529 4.0 5.1 8.6 38 14 0.4 0.7 7.2
70 15.3 504 4.0 6.7 8.0 10.8 1.7 0.0 0.0 3.1
80 14.1 44.5 9.5 5.5 9.6 9.3 2.2 1.8 0.0 3.6
90 11.8 58.6 4.4 2.8 6.2 9.8 1.3 0.4 0.0 4.6
100 10.6 69.2 0.0 4.3 44 5.1 1.4 0.0 0.0 5.0
110 11.3 61.5 0.0 4.9 9.2 7.8 1.7 0.0 0.0 3.5
120 17.7 49.1 3.9 4.2 9.7 8.4 2.3 0.1 0.0 4.6
130 12.4 55.2 4.8 4.7 5.8 10.1 1.3 1.2 0.0 4.5
140 10.5 553 4.7 6.3 7.3 11.0 1.4 0.0 0.0 3.6
150 10.5 553 4.7 6.3 7.3 11.0 1.4 0.0 0.0 3.6
160 14.0 57.0 8.8 3.5 58 5.5 1.7 1.5 0.0 2.2
170 12.9 63.4 1.7 0.0 6.8 10.4 2.1 0.0 0.0 2.6
180 14.9 61.2 4.4 1.7 4.2 8.6 1.4 0.0 0.0 3.6
190 13.4 60.7 3.0 4.0 5.8 8.5 0.9 0.1 0.0 3.7
200 17.1 499 6.3 4.7 5.1 8.0 1.6 1.1 0.0 6.3
210 12.4 58.2 3.7 5.7 53 9.0 2.6 0.0 0.0 3.1
220 16.8 60.0 0.0 1.6 5.8 9.4 1.5 0.0 0.0 4.9
230 16.1 56.7 0.0 2.7 sS4 12.0 1.5 0.0 1.1 4.6
240 16.6 60.2 0.0 5.3 4.7 9.8 1.2 0.1 0.0 2.0
Average 14.4 56.9 3.1 4.2 7.0 8.3 1.7 0.7 0.1 3.7
(720) (L) (F22) (£0.7 (£0.7) (%0.7) (F£1.0) (£02) (+04) (F0.1) (F0.5

Abbreviations: same as shown in Table 1.
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Table 3. Mineral compositions of sediment core A10-01 in wi%.

Depth(m) Q Pl A M Ch Sm PP Z Ca Py H G
0 20.7 46.1 3.6 9.1 11.1 4.2 2.9 2.0 0.0 0.3 1.6 0.4
10 20.8 46.6 23 9.2 7.9 1.7 4.7 1.7 0.0 0.6 3.9 2.3
20 19.6 49.1 0.3 9.4 6.7 7.1 4.0 2.0 0.8 0.7 1.5 0.9
30 22.0 379 2.1 12.8 9.0 4.7 4.4 1.1 0.0 0.7 4.8 1.5
40 22.7 38.1 2.0 10.9 12.6 5.9 2.8 1.9 0.0 0.0 3.0 2.1
50 20.4 38.4 3.7 9.4 11.5 5.6 5.0 1.8 0.0 0.7 4.0 1.3
60 19.4 39.0 2.1 13.2 9.5 7.5 3.9 1.4 0.0 0.1 4.0 1.3
70 18.0 51.0 32 6.7 8.1 3.1 3.7 1.7 0.2 0.3 4.3 1.5
80 22.8 40.0 0.7 10.9 11.5 4.7 4.7 22 0.0 0.0 34 1.3
90 19.1 44.9 4.7 9.2 8.0 2.8 33 1.3 0.6 0.0 4.9 2.2
100 247 37.5 3.1 8.4 10.4 5.1 2.9 1.4 0.1 1.1 4.6 2.1
110 22.6 45.0 2.3 9.7 10.3 44 1.4 1.7 0.0 0.4 2.5 1.3
120 23.3 46.7 2.9 9.3 8.6 0.9 1.8 2.1 0.0 1.0 2.5 3.0
13 24.7 43.0 1.7 10.5 9.3 0.4 1.4 1.3 0.0 3.3 34 2.2
140 17.2 492 1.1 10.5 12.8 1.6 0.0 1.4 0.4 1.2 2.2 3.6
150 20.2 44.0 4.0 10.4 11.9 2.0 1.5 1.4 0.0 1.2 2.9 2.0
160 21.9 49.5 4.0 5.5 8.7 2.6 1.2 1.7 3.9 0.4 1.9 0.5
170 20.6 55.2 1.6 9.5 6.6 1.1 0.0 2.0 0.9 1.2 1.5 1.9
180 39.8 38.3 3.2 7.3 8.6 0.1 0.0 1.4 0.0 1.0 1.1 0.6
190 10.7 73.3 1.1 4.4 3.2 2.8 0.6 0.9 0.3 0.9 0.5 2.2
200 21.6 51.7 1.1 10.3 7.4 1.4 1.5 1.5 0.0 0.6 22 2.2
210 15.9 68.5 3.6 3.5 4.6 1.2 0.0 2.5 0.2 1.0 0.7 0.9
220 18.0 56.5 0.0 6.8 8.6 23 1.1 1.4 4.3 0.3 0.5 1.4
230 26.7 474 2.0 7.4 6.5 1.9 2.2 1.4 2.6 0.0 0.3 3.0

Average 21.4 47. 2.4 8.9 8.9 '% 1 1.6 0.6 0.7 2.6 1.7

(t20) (£2.0) (T3.6) (105) (£0.9) (L1.0) (1038) *07) (702) (£0.5) (£0.3) (10.6) (103

Abbreviations: same as shown in Table 1 ¢xcept PP=pyrophyllitc, G=gypsum.
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Fig. 3. X-ray diffraction patterns of clay fraction
of sediment at depth 20 m of NCS09 core. A=

amphibole, I=illite, P=plagioclase, S=

C=chlorite,
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smectite, EG=ethylene glycol.
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Fig. 4. X-ray diffraction patterns of clay fraction
of sediment at depth 40 m of A10-01 core. A=

amphibole,

C=

chlorite,

G=gypsum, I[=illite,

plagioclase, S=smectite, EG=ethylene glycol.
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Fig. 5 Back- scattered electron image of thm
section of sediment of NCS09 core at depth 0 m.
CP=calcic plagioclase, KP=K-feldspar, NP=sodic
plagioclase, PX=pyroxene, Q=quartz, S=smectitic
clay granule. Dark area: pore.
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Table 4. Electron microprobe analysis of yellow-green granules of smectitic clay in the sediment cores.

NCS09 (26points) GC98-2 (8points) A10-01
Average Range Median _ Average Range Median

Si0; 50.60£1.03 42.21-54.54 50.82 48.03 12.86 41.03-51.40 49.97 43.31
ALO; 12.5142.24 1.64-25.37 11.94 7.5913.06 3.25-14.61 6.38 8.57
Fe,03* 1697 12.58 3.17-28.97 18.28 16.96 .1.3.94 6.81-24.43 18.32 15.65
MgO 42610.82 1.45-11.99 3.74 5.60 £3.98 3.03-19.72 3.45 12.64
TiOz 048 10.17 0.01-1.97 0.44 0.70 £0.40 0.11-1.70 0.42 0.11
MnO 0.04 £0.02 0.00-0.28 0.03 0.0510.03 0.01-0.13 0.04 0.11
K.O 2.5310.78 0.22-6.80 1.65 1.75£0.61 0.48-2.89 1.91 0.22
Na,O 0.08 1.0.02 0.01-0.30 0.07 0.47+0.31 0.13-1.47 0.26 0.11
CaO 0.35+0.09 0.04-0.94 0.29 0.70+0.39 0.08-1.64 0.53 0.16
Total 86.1111.90  76.31-92.98 88.19 80.15+4.90 67.48-89.66 79.36 79.30

Number of cations on the basis of O20(OH)4

Si 737+0.13 6.08-7.82 741 7.59+0.43 6.30-8.14 7.79 6.87
Al(IV) 0.63+0.13 0.18-1.92 0.59 0.41+0.43 -0.14-1.70 0.21 1.13
Sum 8.00 8.00 8.00 8.00 8.00
Al(VI) 1.49+0.31 0.11-3.03 1.42 0.98+0.27 0.67-1.66 0.83 0.47
Fe' 1.87+0.29 0.32-3.35 1.89 2.02£0.46 0.79-2.69 2.25 1.87
Mg 0.93+0.18 0.30-2.58 0.79 1.30.£0.90 0.72-4.51 0.84 2.99
Ti 0.05 £0.02 0.00-0.23 0.05 0.08+0.05 0.01-0.18 0.05 0.01
Mn 0.00 0.00-0.03 0.00 0.01%0.00 0.00-0.02 0.00 0.01
Sum 434£0.11 3.92-5.08 4.29 438 4.03-6.03 4.17 5.35
K 047+0.14 0.05-1.27 0.32 0.34+0.11 0.09-0.52 0.40 0.04
Na 0.02+0.01 0.00-0.09 0.02 0.14+0.09 0.04-0.40 0.08 0.03
Ca 0.06 +0.01 0.01-0.15 0.05 0.11+0.06 0.01-0.26 0.09 0.03
Charge 0.60 1 0.16 0.08-1.53 0.44 0.7210.22 0.31-1.30 0.63 0.13

* Total FexOs.

Table 5. Electron microprobe analysis of volcanic glass in the sediment cores GC98-2 and A10-01.

Samples G10 G50 G120 G120 GI20 A100 A100 A200 A220
Analysis No. 57 67 70 72 73 78 79 82 83
SiO; 4979 5139 5291 49.18  56.03 50.95 51.08 54.11 51.30
ALO; 13.89  20.67 16.12 15.24 16.12 14.94 15.28 15.13 16.76
FeO* 11.78 7.09 10.16 9.41 8.48 10.01 10.16 10.05 9.96
MgO 4.49 3.14 3.99 5.54 3.00 5.26 4.91 3.56 4.11
MnO 0.22 0.13 0.13 0.18 0.24 0.18 0.17 0.18 0.14
TiO, 3.14 1.71 2.23 2.07 1.65 2.38 2.41 2.35 2.40
Cr:05 0.00 0.00 0.00 0.06 0.00 0.04 0.00 0.00 0.00
P-Os 0.50 0.24 0.32 0.28 0.48 0.19 0.16 0.19 0.39
K20 0.70 0.36 0.67 0.50 0.98 0.53 0.60 0.89 0.43
Na,0 3.79 4.80 4.04 4.15 2.53 3.92 3.83 3.80 4.01
Ca0 8.75 9.84 7.65 10.38 6.24 8.76 8.86 7.35 8.29
Total 97.06 9938 98.21 96.99  95.74 97.15 97.45 97.60  97.79
Type B B AB B AB B B AB B

* Total FeO. Abbreviations: B = basall, AB = andesitic basalt.
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