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Abstract: Marine Co-rich crusts are important as potential mineral resources for Co, Ni, Cu, Mn, and other metals, as well as
for the paleoenvironment signals stored in their stratigraphic layers. The higher Co, Ni and Pt contents of crusts relative to pe-
lagic polymetallic nodules and hydrothermal deposits have made seamount crusts a potential target for commercial exploitation.
In order to obtain the amount of Co-rich crust resources on seamounts in the Pacific, based on the surveying data of Co-rich
crust resources on seamounts in the western Pacific by means of dredge hauling, a series of detailed research on the distribution
of Co-rich crust resources and parameter index for delineation of Co-rich crust resources on seamounts in the Pacific, each sea-
mount is endowed with the crust thickness according to its height and age of ocean crust and consequent amount of dry crust re-
sources is at first calculated to be (507. 06—1014. 11) X10® t, (111. 15—222. 29) X 10® t manganese, (3. 04—6. 08) X 10® t co-
balt, (2.23—4. 46) X 10® t nickel, (0. 66—1.32) X 10® t copper, and distributed area of crusts on seamounts in Pacific is
2 062 862 km®. By means of analyzing relationships between Co-fluxes with amount of Co-deposited in the crust and crust thick-
ness, the endowed crust thickness accounts for 6. 10% —12. 20% of the theoretical deductive thickness, which is close to Ku's
conclusion of “the crusts were actually growing for 4% of their lifetime”. It is shows that the endowed number of crust thick-
ness is reasonable and the obtained resource amount is reliable. This paper provides a new method for estimating the amount of
Co-rich crust resources on seamounts in a whole deep-sea basin.
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Fig. 3 Relationship between Co contents of cobalt crusts and the water depth
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Table 1 Relationship between cobalt crust thickness and depressed depth of the ocean crust (seamount)

( ) (m) (m) (Ma) (mm/Ma) (mm)
500~1 000 500 2. 04 L1 2.24
500~1 500 1000 8. 16 L1 8.98
500~2 000 1500 18. 36 L1 20. 20
500~2 500 2000 32. 65 L1 35. 92
500~3 000 2 500 51.02 11 56. 12
500~3 500 3000 73. 46 L1 80. 81
500~4 000 3500 100. 00 L1 110. 00
h,1995; Koschinsky et al., 1997). 4 000~5 000 m
(Zhang et al. . 2008), )
(Martin and Co 4~5 (Craig
Knauer,1985), N etal. ,1982).
( ) ,
\ 3 C
CO ’
Co
¢ 3:(D Co (
r=0. 68, r=0.65);(2)2 500 m C (
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0.61%, 0. 81%); (3) 2 500 ~ d(m) t(Ma) ( ,1991)
3000 m Co 0. 59% ( ) d=2500+3504"". ;
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9°ND 5 Co 2. 24 mm 4000m 110 mm( 1).
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Table 2 Estimation of cobalt crust resource amount on the seamount in the Pacific (based on seamount height)

(m) (Ma)
0~2 000 3333 74.50 131. 42 256. 25 198. 29 —64. 92 58. 70 —0.97
2 000~3 000 3334 89. 04 131.52 256. 98 192. 98 —63. 62 58. 77 1.77
3 000~4 000 924 112. 55 131. 28 252. 48 186. 50 —63. 56 56. 24 4. 89
4 000~5 000 281 111. 46 140. 98 252. 87 186. 17 —61. 36 55. 10 7.43
5 000~6 000 75 111.18 140. 22 248. 88 187. 56 —63. 49 50. 85 6. 09
6 000~8 000 75 107. 63 147.02 244, 42 190. 07 —48. 19 56. 47 6. 36
(m) (m) (km) (km?) (cm) (kg/m?*) (108 t) (108 ©)
0~2 000 1831 10. 13 1243 043. 37 1. 00 18. 00 223.75 447, 50
2 000~3 000 2415 13. 59 2756 136. 45 1. 50 27.00 744. 16 1488. 31
3 000~4 000 3477 18. 07 1881 715. 03 2.00 36. 00 677. 42 1 354. 83
4 000~5 000 4409 19.98 786 981. 60 2.50 45. 00 354. 14 708. 28
5 000~6 000 5528 18.12 131 235.13 3. 00 54. 00 70. 87 141. 73
6 000~8 000 6941 16. 75 77 096. 82 3. 50 63. 00 48. 57 97. 14
/ 2436 12. 96 6 876 208. 00 1. 71 30. 78 2118. 90 4 237. 80
2
) 5.3
N s s 0~ 30 Ma, 30 ~
, 60 Ma, 60 ~ 90 Ma, 90 ~ 120 Ma, 120 ~ 150 Ma,
150~180 Ma 6 (
5.2 87. 22 Ma ), 0. 5 ecm,
N 1.0cm.1.5em. 2. 0 em, 2.5 cm, 3. 0 em(
, 0~ 2 000 m, 2 000 ~ 2. 08 cm )
3000 m.3 000~4 000 m,4 000~5 000 m,5 000~ 9 kg/m?®.18 kg/m? .27 kg/m?. 36 kg/m’. 45 kg/m?
6000m 6000~8000m 6 , 54 kg/m?, 37. 44 kg/m”.
1.0cm,1.5cm.2. 0 em.2. 5 em. 3. 0 cm, 6 876 208 km? ,
3.5 cm, 1. 71 cm, 2576.07X10% t(  3).
18 kg/m?*.27 kg/m? .36 kg/m? .45 kg/m? .54 kg/m? McMurtry et al. (1994)
63 kg/m?, 30. 78 kg/m?. 1 mm/Ma,
6 876 208 km? , 70~80 Ma(Ling et al. ,2005),
2 118.90X10% tC 2). 7~8 cm, 3. 07 cm.
5 662 3,
0~ 22 cm, ;
3. 08 cm, (1"\’3. 5 cm, ’ 5
1. 71 ecm) . , 0~2 000 m,2 000~ s
3000 m,3 000~4 000 m,4 000~5 000 m,5 000~ s
6000m 6 000~8 000 m ,
2cm,3 cm.4 cm.5ecm.6cm 7 cm, s
3. 42 cm, 36 kg/m*.54 kg/m?*, ,
72 kg/m? .90 kg/m? . 108 kg/m* 126 kg/m’, (Hein et al. ,1988). )
61. 56 kg/m?. (4.
4 237.80X10% t( 2. — CLDO01 CB12.CJo1
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Table 3 Estimation of cobalt crust resource amount on the seamount in the Pacific (based on ocean crust age)
(Ma) (Ma)
0~30 1355 13. 83 136. 08 256. 98 236. 94 —64. 92 56. 24 —6.19
30~60 864 42.62 133. 00 236. 42 203. 22 —62. 99 58.19 —4.17
60~90 695 77.11 167.92 222.78 206. 00 —58. 69 50. 68 —11.63
90~120 1527 107. 38 148. 35 215. 25 195. 69 —50. 86 46.70 10. 40
120~150 922 132. 97 143.75 193. 08 175. 26 —6.18 43.79 15.75
150~180 968 161. 88 145. 88 176. 75 159. 83 0.12 31. 38 13. 89
1691 87.22 131. 28 250. 55 178. 77 —63. 62 58. 77 —8.02
(Ma) (m) (km) (km?) (cm) (kg/m?) (10% O (108 ©
0~30 2203 10. 48 560671 0. 50 9. 00 50. 46 100. 92
30~60 2 258 11.43 429 638 1. 00 18. 00 77.33 154. 67
60~90 2 400 13. 25 544 225 1. 50 27.00 146. 94 293. 88
90~120 2538 15. 65 1681634 2. 00 36. 00 605. 39 1210.78
120~150 2576 14.75 853 284 2.50 45. 00 383.98 767. 96
150~180 2843 19. 48 1576 789 3. 00 54. 00 851. 47 1702.93
2327 13.13 1229 966 2.08 37. 44 460. 50 921. 00
/ 2 436 13.94 6 876 208 2.08 37.44 2576.07 5152.13
: 2
4 ( )

Table 4 Distribution of cobalt crust thickness on seamounts in the world-wide oceans (dredge haul samples)

(m) (cm) (Ma) (mm/Ma)
OSM3 10°50'N 157°40'E 1772~1950 19.0 Kim ez al. ,2005,2006
OSM4 12°50'N 157°50'E 1555~2015 11.5 Kim et al. ,2005,2006
OSM5 15°20'N 158°45'E 1421~1564 14.0 Kim et al. ,2005,2006
OSM6 15°40'N 160°05'E 1385~1631 13.0 Kim et al. ,2005,2006
KK84-RD50 Schumann 25°42'N 159°48'W 2 250~2 600 9.5 78.5 1. 10 McMurtry et al. ,1994
CLDO1 21°45"00"N 160°44'24"E 2210 8.0 81.8 0.98  Ling et al. +2005;Pan et al. ,2002
CB12 17°59'52"N 178°39'36"E 2 381 7.0 78.1 0.90  Ling et al. ,2005;Pan et al. ,2002
cJol 17°59'18"N  177°42'34"W 3082 8.0 77.7 1.03  Ling et al. ,2005;Pan et al. ,2002
CD29-2 16°42'N 168°14'W 2390~1970 10.5 55.0 2.10  Ling et al. ,2005;Pan et al. ,2002
D11-1 11°39'N 161°41'E 1870~1690 14.7 58.0 2.53  Ling et al. ,2005;Pan et al. ,2002
BM1969. 05 39°00'N 60°57'W 1 800 13.0 80. 0 1. 62 Frank ez al. ,1999
ALV539 35°00'N 59°00'W 2700 8.0 41.0 2.37 Frank et al. ,1999
SS663 12°57'S 76°06'E 5 250 6.7 26.0 2. 80 Frank et al. ,1999
109D-C 27°58'S 60°48'E 5434 3.0 24.0 1. 60 Frank et al. ,1999
89-D09 11°45.10'N  161°33.60'W 2530 5.4 14.0 2. 00 Jeong et al. +2000
89-D11 11°37'N 161°40'W 1870 10. 4 47.0 3. 00 Jeong et al. ,2000
90-D01 10°27.29'N  156°41. 80'W 2180 8.5 33.0 3. 00 Jeong et al. 2000
91-D16 8°33.49'N 135°36. 79'W 3400 1.5 8.0 2. 00 Jeong et al. . 2000
8 cm.7 cm 8 cm, s
81.8 Ma.78.1 Ma 77. 7 Ma, (0. 5~
0. 98 mm/Ma, 0. 90 mm/Ma 3.0 cm, 2. 08 cm)
1. 03 mm/Ma(Ling et al. ,2005). Kim ez 2
al. (2005,2006) N lem2 ecm.3ecmy4 ecmbecm 6 cm,
11. 5~19. 0 cm. 4. 16 cm, 18 kg/mz‘
22 cm 36 kg/nt .54 kg/n .72 kg/n’ .90 kg/m? 108 kg/m?,
s 7~8 cm

74. 88 kg/m?,
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5152.13X10% t(  3). "Be /em? e a, "Be
49%. Mn 0. 05 mg/cm® » ka,
6 Co Co (38 ) Mn (1. 30 mg/
em® ¢ ka) 4%, Co
Co 6.10% . Ku et al. (1982)
| ~7 em “Be  Mn , O
( 1. 71~3. 42 cm), | A
0. 5~6. 0 em( 2.08~4.16 cm). ’
, Co Co
. Halbach et al. (1983)
Co 7
, Co 2.95+0. 45 pg/cm” « ka,
Co 2.947+0. 43 pg/cm” « ka, ’
Co
,Co .
) Co ( ), (%)
0.60%. Co 2.95pug/cm’ « ka, 2596~ 60, Hein et al.
1.8 g/cm’, Co ( (1990) 25%~45% .
5. 5  IMa  Co 0. 029 5 kg/m?, Horizon 520,
180 Ma Co 5. 31 kg/m?’. Co SP Lee 24 % (Richey, 1987),
, Co Co , 22% (Craig et al. , 1982),
Co . ’ 36. 88%.
Co ’
Co 6.10%¢( ) ’ 304
12.20%).  .30Ma Co 0. 885 kg/m’, 2874 Mn. Co,Ni, Cu
0.5 cm, 30 Ma Co 21. 92%.,0. 60%.,0. 44% 0. 13%
0. 054 kg/m?*, Co Co ¢ 6.
6.10%. 100%., 6 876 208 km®,
8.2 em. 30%.

Ku et al. (1982)

2062 862 km” (0. 3X6 876 208 km®) ;
(2 118. 90~4 237. 80) X10° t,

1. 5 mm/Ma, 19 Be 2% 10" (2576.07~
5 Co Co
Table 5 Relationship between Co flux and Co deposited amount and thickness of cobalt crust
Co Co Co Co

(Ma) (kg/m?) (cm) (kg/m?) (kg/m?) (Co /Co ) X100 (cm)

1 0. 0295 0.016 653 0.029 5 100. 00 0.273
30 0. 885 0.5 9 0. 054 6. 10 8.2
60 1. 770 1.0 18 0. 108 6. 10 16. 3
90 2. 655 1.5 27 0.162 6. 10 24.5
120 3. 540 2.0 36 0.216 6. 10 33.0
150 4. 425 2.5 45 0. 270 6. 10 41.0
180 5. 310 3.0 54 0. 324 6. 10 49.0
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Table 6 Amount of cobalt crust resource on the seamount in the Pacific
CcC * * *

()] (10%0) (108 v 108 v 10° v
(Mn) 21.92 111. 15~222. 29 7.06~26. 00 20. 00 580
(Co) 0. 60 3.04~6. 08 0.064~0. 24 0. 085 5.2
(N1 0. 44 2.23~4. 46 0.35~1.31 0. 540 132
(Cw) 0.13 0.66~1. 32 0.29~1.08 4. 600 1490

6 876 208 km?

2062 862 km?”

(507. 05~1014. 11) X108 ¢

: ¥ Manheim, 1986. Marine Cobalt Resources. Science,232:600~608.

5152.13) X10° t,
(2 347. 49~4 694, 97) X 10° t, 30%

28%
(507. 06~1 014. 11) X 10° t,
. (111. 15~222. 29) X
10° t, (3. 04~6.08) X 10° t,
(2. 23~4. 46) X 10° t, (0. 66~1.32) X
108 t. v
(Manheim, 1986)
(6.
8
(1) 8 000
13. 94 km, 2 436 m,
87. 26 Ma, 857. 17 km?,
6 876 208 km?.
, 30%,
2062 862 km?.
(2) 30% 28%,

Mn, Co, Ni, Cu 21. 92%.0. 60%.

0.44%.0.13%,

(507. 06~1014. 11) X 10° t, (111. 15~

222.29) X 10° t, (3.04~6.08) X 10° t,
(2. 23 ~4. 46) X 10° t,

(0. 66~1.32) X10° t.

(3)Co Co .

. 6. 10% ~
12.20%., Ku et al. (1982) “ 1 Be
Mn Be . Mn 4%,

4%”
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