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Abstract

On the bottom sediments collected on the continental shelf, off the Shimane Peninsula,
heavy mineral analysis was carried out, and distributional patterns of heavy minerals and their

provenances were discussed in this paper.

The heavy mineral concentrates (2-3¢ and 3-4¢ size-fractions) in the continental shelf
sediments are composed mainly of green hornblende, clinopyroxene, hypersthene, brown hornb-
lende, oxyhornblende and olivine, and subordinately of zircon, tourmaline and rutile.

The similarity of these mineral assemblages among the studied samples were statistically
examined by the cluster analysis method. Thus, four groups were recongized for 2-3 ¢ and 3-4¢

size-fractions, respectively.

On the basis of these results of the cluster analysis, four heavy mineral provinces (A, B,
C and D) are proposed, each of which shows the following mineral suite and distribution area

(Fig. 24) :

A : clinopyroxene + olivine ; off the eastern Shimane Peninsula
B : clinopyroxene + olivine ; around the Oki Islands
C:brown hornblende + oxyhornblende + hypersthene + zircon;shallow sea east of the

Shimane Peninsula

D : green hornblende + clinopyroxene + olivine + zircon ; Oki Strait and bottom areas deeper

than 150m

Heavy minerals from these mineral provinces are in general clearly traceable to their

source rocks exposed on nearby land areas.
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Table 1.

Heavy mineral composition of bottom sediments (2 -3 @) off the San-in coast.

Sample
Mineral Species

8

34

36

40

45

51

64

80

81

92

93

97

Green hornblende
Brown hornblende
Oxyhornblende
Clinopyroxene
Hypersthene
Zircon

Olivine

Others

26.5 53.1

0.4
0.9

14.8
52.7

2.2
2.5

59.9 57.1 69.5 62.8

5.8
1.4
6.3
17.4

1.9
7.3

2.9
5.1
4.6
5.7

2.3
22.3

3.8
1.4
3.8
8.0
0.9
4.2
8.4

3.5
3.5
9.0
12.6

5.5
3.1

56.3 80.2

1.4
0.5
6.5
19.5

2.3
14.0

66.7
0.7
1.4

12.5
3.5

11.0

75.7 56.6 86.7

58.8
8.3
1.0
8.8

14.2
0.5
2.5
5.9

35.9
6.6

18.2
28.3

4.0
7.0

42.4 T1.6 81.2 83.1 69.5

4.0
1.3
8.4
8.8

4.4
7.5

76.3 65.6 57.8

6.3
1.0
8.3
8.9
0.5
6.3
10.9

24.3
3.8
1.9

40.8
6.3

11.2
11.6

Biotite

8.6

2.7

10.0

4.0

1.2

2.6

1.5

Non-opaque
heavy minerals(%)

10.3

1.9

3.6

11.0

5.6

10.5

10.7

25.0

11.5

4.4

Heavy mineral
weight percent

1.4

4.7

0.3

1.5

2.5

0.6

1.0

0.8

1.2

0.9

1.1

0.1

Sample
Mineral Species

a8

103

106

107

108

109

112

118

120

130

133

134

Green hornblende
Brown hornblende
Oxyhornblende
Clinopyroxene
Hypersthene
Zircon

Olivine

Others

74.3

4.0
1.0
7.4
3.5

5.0
4.8

51.2
2.4
0.6

13.3
6.0
0.6
6.6

19.8

13.3
11.7
3.3
50.0
1.7

3.3
16.7

15.0
5.0

33.3
25.0
1.7
3.3
16.7

63.0
5.3
2.4
6.3

13.5

5.8
3.1

40.6
4.5
3.6

21.0

15.6
0.4

11.2
3.1

34.0
8.5

30.0
6.4

12.8
8.3

6.8
13.0
3.9
32.4

1.0
2.8

.1 26.8

8.9
10.8
35.0

8.3

5.7
4.5

2.7
1.1

49.5
2.1

26.6
18.0

37.3
12.0
17.7

0.5
13.9

1.9
16.7

26.5
5.1
16.6
2.8
41.2

7.2

Biotite

34.6

39.3

0.7

22.7

Non-opaque
heavy minerals(%)

6.3

6.5

8.7

72.9

8.1

1.3

6.5

4.6

14.8

9.7

10.8

Heavy mineral
weight percent

0.3

1.2

0.6

1.1

2.9

2.0

0.7

3.3

1.0

16.3

99
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Table 1. (continued)
Sample
Mineral Species 135 136 138 139 140 142 144 145 147 149 150 151 152 155 156 158 159 160 161 162 165 166 170 171 176
Green hornblende | 33.5 41.4 39.5 17.8 1.3 51.9 29.3 43.0 41.1 64.2 52.9 43.0 25.6 38.8 57.2 61.5 62.8 53.0 60.7 63.8 42.2 37.1 66.1 48.7 27.3
Brown hornblende | 9.7 12.3 5.3 4.3 10.7 80 56 1.9 59 45 1.7 50 6.5 58 38 4.0 2.4 25 85 10.3 4.7 5.1 13.7
Oxyhornblende 14.6 13.8 1.3 2.7 16.6 10.3 3.3 3.8 4.2 2.5 9.0 84 1.9 32 1.0 36 2.5 10.9 10.3 2.6 5.1 1.5
Clinopyroxene 2.9 2.5 184 28.9 32.5 13.0 5.9 8.5 17.8 1.9 15.1 28.5 21.4 3.5 4.2 11.5 5.8 13.5 13.1 5.0 3.8 4.7 7.7 0.8
Hypersthene 35.9 24.6 10.2 34.6 26.0 2.2 1.7 1.0 6.8 33.8 12.6 5.1 4.5 31.8 82.9 1.7 1.4
Zircon 2.2 0.5 1.7 0.5 1.5 1.7
Olivine 0.5 2.0 26 89 21.3 2.7 20 14 67 19 34 2.0 188 1.0 14 3.8 45 3.0 1.8 25 0.9 1.9 2.1 12.8 0.9
Others 2.9 3.4 34.2 42.2 43.6 14.7 0.9 2.8 23.3 26.3 16.8 17.5 24.5 8.9 9.2 15,5 14.8 19.56 18.4 23.7 5.7 3.7 16.4 20.6 4.3
Biotite 7.3 10.83 1.9 2.7 4.9 5.1 2.5 1.6 3.7 0.6 46.6 51.3 b4.1 48.0 3.3 43.0 65.3
Non-opaque
heavy minerals(?) [ 12.3 18.2 1.2 2.6 5.0 6.8 5.7 2.4 0.7 4.8 59 4.3 16.6- 48 0.7 2.0 1.2 1.9 1.3 8.2 9.3 1.2 4.7 15.6
Heavy mineral
weight percent 9.2 2.9 0.6 0.04 3.1 05 2.1 24 15 31 1.0 0.1 1.4 46 09 05 1.3 0.5 0.1 0.7 19.7 6.3 0.3 0.4 14.1
Sample
Mineral Species 177 179 180 182 186 183 180 1897 198 208 209 218 219 221 229 230 262
Green hornblende |{40.2 51.7 52.1 53.2 34.0 61.6 34.8 28.2 34.2 44.4 73.4 26.6 48.2 71.8 43.2 65.0 34.4
Brown hornblende | 7.2 5.0 6.2 8.5 6.8 8.0 169 4.7 11.1 5.1 3.9 3.7 6.1 45 7.0 10.0 3.4
Oxyhornblende 13.4 5.0 3.4 4.3 109 5.4 4.5 10.3 9.5 8.7 10.1 0.9 11.2 1.4 8.0 10.0 0.8
Clinopyroxene 3.3 18.3 8.2 85 1.8 4,5 2.5 0.6 2.6 2.0 1.4 5.6 3.0 2.7 4.2 26.5
Hypersthene 31.1 5.0 3.4 4.3 4.0 5.4 6.7 53.5 34.2 30.6 6.8 53.3 26.9 8.1 31.0 10.0 15.4
Zircon 0.5
Ofivine 0.5 3.3 4.8 0.9 2.7 56 09 1.2 0.5 0.5 3.6 0.5 2.6
Others 3.8 11.7 21.9 21.2 0.6 124 8.0 3.4 7.3 87 44 3.4 46 6.9 6.1 5.0 16.8
Biotite 59.9 3.0 7.8 2.4 40.4 61.3 8.3 — 36.8 5.4 2.1
Non-opaque
heavy minerals(?) | 6.0 4.6 3.2 9.6 11.6 185 7.4 16.3 9.5 9.3 6.0 — 86 7.2 6.2 1.9 5.4
Heavy mineral
weight percent 1.6 0.3 0.3 0.2 0.8 05 1.0 41 7.2 8.9 0.4 17.6 3.2 3.0 6.1 1.5 3.4
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Table 2.

Heavy mineral composition of bottom sediments (3 -4 ¢) off the San-in coast.

Mineral Spei?zzle 5 8 10 1 23 2 28 34 36 40 4 51 56 64 66 76 18 19 8 -8 82 8 88 89 90
Green hornblende |49.8 54.1 54.1 52.8 61.0 60.5 65.5 45.4 50.9 55.8 41.9 57.1 57.4 52.8 48.7 63.6 60.6 33.5 50.0 47.0 48.3 69.4 73.0 71.6 58.6
Brown hormblende | 2.5 2.2 4.2 2.3 1.3 4.0 1.8 34 4.0 2.4 8.1 2.1 31 2.7 31 388 4.2 2.6 55 4.0 156 2.9 24 1.0 2.0
Oxyhornblende 1.5 1.6 1.3 6.9 25 4.0 0.9 2.1 9.4 1.4 38 48 25 1.1 7.7 380 4.7 3.7 65 1.0 1.0 24 14 1.5 2.5
Clinopyroxene 2.4 55 6.7 37 1.9 103 6.2 3.0 7.6 8.7 11.4 4.2 9.1 18.7 12.3 6.4 8.0 26.7 85 14.9 10.3 6.3 6.2 10.3 6.6
Hypersthene .35 11.5 6.3 2.3 0.6 05 106 183 1.3 1.4 219 1.6 1.0 2.7 1.5 0.4 1.9 1.1 2.0 84 177 1.0 1.4 1.5
Zircon 0.5 0.8 0.5 1.3 5.0 1.0 1.5 0.6 4.2 2.3 05 1.5 6.4 24 1.4 15
Olivine 45 9.3 58 1.8 1.3 49 31 3.0 5.4 106 57 37 51 9.1 1383 3.8 1.4 89 80 84 2.0 2.9 57 39 7.1
Others 17.3 15.8 20.8 29.7 31.4 15.8 10.6 19.8 21.4 18.7 7.2 26.5 20.3 12.8 12.9 14.8 16.9 23.5 19.0 14.8 12.8 12.7 8.5 8.7 23.2
Biotite 0.5 0.6 1.2 14.1 0.7 0.7 0.6 0.6 0.7 11.0 0.6 0.6 0.7 — 1.9
Non-opaque
heavy minerals(?) | 3.6 3.8 3.8 11.4 1.3 12.4 6.3 7.0 5.1 3.1 1.9 0.6 13.6- 2.0 8.4 156 1.9 9.3 7.2 3.9 — 10.3 9.4
Heavy mineral
weight percent 94 34 1.2 42 59 5.3 5.9 163 1.3 3.0 6.0 2.6 51 34 2.7 1.7 15 43 1.8 7.3 9.0 2.6 3.4 3.4 45
Sample
Mineral Species 91 92 93 97 98 99 100 101 102 103 106 107 108 109 110 112 113 116 11T 118 120 122 124 125 127
Green hornblende | 63.3 41.1 59.7 7.9 176.9 64.4 79.7 51.9 12.4 49.5 55.4 12.6 62.4 62.3 32.8 27.9 57.1 24.56 39.7 50.0 31.8 48.2 30.3 42.8 33.6
Brown hornblende [ 3.1 2.1 3.1 34 34 14 19 7.6 2.0 2.3 2.6 4.0 42 3.4 31 31 47 71 49 23 71 7.0 2.3 1.3
Oxyhornbl ende 3.9 0.4 1.5 1.4 34 19 19 1.0 09 42 14 1.0 33 2.9 1.0 2.1 104 98 49 1.4 2.2 6.0 20.0 1.8
Clinopyroxene 8.3 18.1 1.7 62.6 4.3 li.l 5.8 12.4 40.8 19.1 10.9 49.8 8.9 13.6 22.5 43.2 14.1 27.4 9.4 6.3 39.2 13.0 8.5 2.3 36.4
Hypersthene 3.1 6.8 6.1 25 48 63 53 95 25 32 1.6 150 5.0 7.0 14.7 6.1 5.2 11.3 21.0 18.4 11.1 9.8 33.8 18.6 4.1
Zircon 6.8 1.5 1.0 1.0 3.3 05 0.9 05 1.0 0.9 8.3 1.1 05 2.2 1.0 09 1.3 4.0 0.5 0.5
Olivine 7.9 18.1 3.1 1.3 3.4 1.6 3.9 8.1 17.9 5.5 11.4 10.1 159 65 7.8 127 387 0.9 3.6 87 7.4 10.3 1.5 4.5
Others 10.4 10.6 13.3 12.3 4.8 1.8 1.5 5.3 22.9 18.6 13.4 10.1 2.8 2.3 7.6 6.0 13.6 20.3 7.2 5.8 59 8.1 2.9 13.5 6.8
Biotite 0.5 0.7 2.6 0.6 0.6 1.4
Non-opaque .
heavy minerals(%) | 8.4 82.7 21.1 9.1 11.6 19.6 14.6 29.7 7.2° 11.0 1.3 24.7 23.4 17.1 63.0 1.9 13.8 20.8 22.6 25.2 15.1 19.0 63.7 20.3 12.6
Heavy mineral
weight percent 44 6.6 34 1.5 43 2.7 54 25 144 1.2 3.4 210 42 16 6.6 1.6 3.2 3.6 24 1.0 4.3 6.7 31.3 1.8 0.4
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Table 2.

(continued)

Mineral Spei?ggle 128 129 130 133 134 135 136 138 139 140 141 142 144 145 147 148 149 150 151 152 155 156 168 159 160
Green hornblende |29.1 2.9 6.4 81.9 27.1 21.6 58.1 29.8 22.0 3.0 16.9 49.3 16.2 36.1 49.7 25.2 52.0 68.6 47.7 38.7 39.9 56.9 60.0 64.0 53.1
Brown hornblende | 3.0 0.5 15 10.6 2.4 87 59 2.1 1.0 30 1.1 52 25 87 37 44 30 10 35 57 6.1 74 25 25 24
Oxyhornblende 1.5 0.5 2.0 18.8 12.6 11.6 3.2 4.2 05 1.8 1.1 5.2 10.8 38 1.9 3.1 1.b 1.6 15 2.6 83 1.9 3.0 3.5 2.4
Clinopyroxene 33.5 28.5 38.1 4.8 4.3 1.0 4.1 28.8 39.5 26.4 45.1 10.0 1.5 4.3 14.3 27.0 19.3 8.8 18.1 19.6 4.8 7.4 11.0 6.5 9.1
Hypersthene 2.5 1.0 4.5 16.2 39.1 42.3 15.3 2.6 1.0 1.2 2.7 6.6 5.3 34.1 3.1 2.5 0.5 1.0 2.5 2.6 2.3 11.1 1.5 2.4
Zircon 25 0.4 34 29 7.2 0.5 3.3 2.5 24 06 1.3 0.5 0.5 0.9 1.8 1.0
Olivine 3.9 57.6 20.8 1.3 1.0 1.9 4.1 5.8 12.7 2.2 163 3.8 2.0 3.8 10.6 15.1 5.0 5.2 5.0 7.4 1.8 56 7.0 7.5 5.7
Others 26.5 9.1 24.2 16.1 10.1 10.1 2.1 26.2 23.3 39.4 16.8 16.6 5.2 6.8 16.1 21.4 18.2 13.3 21.7 22.5 11.0 9.7 16.5 14.5 23.9
Biotite 0.6 1.3 0.6 4.9 1.3 0.7 1.1 1.4 0.6
Non-opaque
heavy minerals(¥) | 4.1 0.6 16.4 7.2 58.3 29.7 40.2 2.7 8.5 10.7 5.7 17.2 40.4 21.2 3.3 4.2 3.8 3.3 14.2 57 3.5 7.3 3.4 1.4 9.5
Heavy mineral
weight percent 2.6 12.6 5.1 5.0 27.0 25.6 17.8 4.1 2.0 8.1 9.8 5.5 10.7 22.3 6.4 1.6 1.9 4.4 2.5 54 345 1.0 1.5 2.9 2.0

Sample
Mineral Species 161 162 165 166 170 171 172 176 177 178 179 180 182 186 188 189 190 197 198 208 209 218 219 221 229 230 262
_Green hornblende | 64.3 60.4 23.9 41.5 63.5 55.3 41.8 21.9 49.8 54.6 58.5 48.0 38.7 22.0 56.3 60.6 56.1 25.6 32.4 32.5 61.0 17.9 44.0 54.4 30.2 48.2 5l.1
Brown hornblende | 3.9 2.0 10.4 9.2 2.9 2.2 2.1 105 9.8 46 1.9 2.4 39 25 30 6.1 59 101 56 52 2.6 50 6.8 2.7 9.5 4.5 3.4
Oxyhornblende 1.9 5.9 1.7 7.4 4.1 4.0 2.1 1.0 11.6 2.6 33 6.7 2.9 123 55 56 32 177 9.4 6.2 85 6.0 7.7 53 9.9 10.6 2.6
Clinopyroxene 8.2 6.4 2.3 4.8 10.2 12.4 196 5.2 4.0 10.2 9.9 13.4 27.0 5.8 5.0 87 10.2 1.9 2.8 1.6 2.2 2.0 34 175 2.7 10.1 11.1
Hypersthene 2.4 1.5 3.0 28.4 0.4 0.4 1.1 45.7 187 6.1 2.4 0.5 0.5 3.6 4.5 1.3 3.2 47.3 32.9 50.5 12.1 56.7 27.5 4.9 39.6 6.6 6.9
Zircon 1.0 5.0 0.4 0.5 0.5 0.4 0.5 0.5 0.5 1.4 5.0 1.4 0.5 1.5 L3
Olivine 6.8 5.5 09 39 6.6 2.7 53 33 49 6.6 33 6.2 4.9 2.5 45 4.3 4.3 0.9 1.3 0.5 1.0 49 1.8 6.5 6.9
Others 11.5 18.3 9.8 4.8 11.9 23.0 28.0 2.9 1.2 15.3 20.2 22.8 22.1 15.8 25.7 13.4 17.6 6.9 14.6 4.1 11.3 6.9 8.2 2.3 5.8 12.0 16.7
Biotite 0.7 0.6 1.9 2.5 1.2 2.4 39 1.9 1.8 A 2.5 — 4.3 1.2 12.3
Non-opaque
heavy minerals(¥) [ 10.0 1.9 42.0 18.6 14.4 124 4.4 24.3 9.4 176 6.6 10.5 8.9 33.3 7.2 12.7 4.4 31.4 383 8.4 157 —— 21.1 12.8 15.6 6.7 0.6
Heavy mineral .
weight percent 2.2 4.0 7.9 165 1.1 1.7 2.6 19.7 16.8 0.6 0.9 1.2 04 1.7 0.5 1.5 2.7 9.0 169 37.0 1.5 73.5 224 2.9 33.3 4.0 2.0
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Table 3. Heavy mineral composition of shore sediments (2 -3 &) along the San-in coast

Sample
Mineral Species Tottori Dune Hojo Dune Yumigahama Maruyama R. SendaiR. TenjinR.  HinoR.  GoR.
Green hornblende 214 29.5 54.9 22.3 24.6 39.7 41.8  65.9
Brown hornblende 10.9 16.1 7.8 7.8 7.7 10.1 9.6 9.0
Oxyhornblende 3.5 9.8 3.5 0.5 2.1 6.0 10.1 3.3
Clinopyroxene 4.5 2.1 2.8 23.3 11.3 1.0 2.4 5.2
Hypersthene 47.3 36.8 18.3 28.2 33.9 3%.2 212 1.0
Zircon 1.0
Olivine 2.5 0.5 3.4 4.1 0.5 3.4 2.4
Others 3.9 5.2 12.7 14.5 20.4 7.5 10.5  13.2
Biotite 0.7 0.6 0.7 o
Non-opaque
heavy minerals(%) | 14.5 5.8 43.5 9.6 20.1 10.5 38.9 6.8
Heavy mineral -
weight percent 7.3 15.9 26.7 13.6 6.3 15.3 7.0 6.4
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Table 4. Heavy mineral composition of shore sediments (3 -4 ¢) along the San-in coast.
Sample

Mineral Species Tottori Dune Hojo Dune Yumigahama Maruyama R.  Tenjin R. HinoR.  GoR

Green hornblende 24.9 40.6 66.4 16.4 41.5 52.5  63.0

Brown hornblende 6.1 12.7 4.1 2.9 13.8 8.3 5.3

Oxyhornbl ende 10.5 7.1 2.8 0.5 10.1 4.2 2.9

Clinopyroxene 1.7 2.8 16.8 0.5 1.8 5.3

Hypersthene 52.4 23.6 3.3 36.5 30.4 12.0 2.4

Zircon 0.4 1.9 3.8 1.0 1.8 1.0

Olivine 1.3 0.5 4.8 2.3 6.3

Others 2.7 14.1 15.7 21.1 3.7 17.1 13.8

Biotite 1.3

Non-opaque

heavy minerals(%) | 36.9 31.0 46.8 22.5 10.8 21.7  26.8

Heavy mineral

weight percent 50.0 9.1 15.8 32.1 15.1 8.2  23.4

Table 5. Percent range, mean, standard deviation and variance of heavy mineral components.
Range (%) Mean (%) Standard Deviation(%) Variance
Component
F VF F VF F VF F VF

GREEN HORNBLEND | 1.3~83.1 | 2.9~79. 46.6 | 45.2 18.4 17.2 337.7 |295.0
BROWN HORNBLEND | 0.0~16.9 | 0.0~13 5.6 4.2 3.7 2.7 13. 8 7.4
OXYHORNBLEND 0.0~17.7 | 0.0~20. 4.7 4.5 4.6 3.8 20.9 14. 8
CLINOPYROXENE 0.0~50.0 | 0.0~62. 11.9] 12.7 11.4 11.9 129.3 | 142.2
HYPERSTHENE 0.0~59.3 | 0.0~59. 16.0| 11.7 14. 4 14.6 208.8 | 211.7
ZIRCON 0.0~ 3.8 (0.0~ 8 0.2 1.2 0.6 1.7 0.3 2.8
OLIVINE 0.0~71.0 | 0.0~57. 4.5] 6.3 8.0 6.7 63.5 44.3

F=fine sand(2~3¢)

VF=very fine sand (3~4¢)
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Fig. 7. Distribution of heavy minerals of the 2 -3 ¢ fraction.
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Fig.10. Distribution of brown hornblende (3 -4 ¢).
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Fig.17. Distribution of opaque minerals(3-4 ¢).
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Dendrogram for the R-mode cluster analysis by group average

method for 2 -3 ¢ heavy minerals.

Fig. 20.
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Dendrogram for the R-mode cluster analysis by group average

method for 3 -4 ¢ heavy minerals.

Fig. 21.
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