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Abstract Marine Co-riched crusts are important as potential mineral resources for Co, Ni, Pt, M n and other metals as
well as for the paleoenvironment signals stored in their stratigraphic layers. The higher Co, Ni and Pt content of crusts rela-
tive to abyssal polymetallic nodules and hydrothermal deposits have made seamount crusts a potential target for commercial
exploitation and has thus led to a surge of interest in their genesis and geochemistry. Twenty six seamounts and guyots in
the Western Pacific (M aggellan Seamounts Marcus Wake Mountains, Marshall Islands, Mid-Pacific Mountains Line
Islands) were sampled in detail environmentally surveyed, and photographed by bottom cameras in order to better under-
stand the distribution, origin, and evolution of marine Co-enriched crusts by Second Institute of Oceanography of SOA and
Guangzhou Marine Geological Survey of MLR in the last decade. The major purpose of exploiting Co-riched crusts is to de-
lineate and mine the deposits. Unfortunately, the parameter and index for delineating and evaluating the crust resources are
not available so far. Based on the various data collected from the twenty-six seamounts and guyots, together with marine en-
vironment information of the Pacificc we have analyzed the changes of crust thickness, abundance, grade, coverage,

resource amount, seamount slope and water depth by the quantitative method. We determined the mine area studied the
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distribution characteristics of crust resources, delineated and evaluated the crust resources of thirteen typical seamounts and

guyots. Accordingly proposed eight important parameters and indexes for delineating and evaluating Co-enriched crust de-

posits: (1) crust thickness =3 em or =4 cm, depending on the different seamount locations; (2) water depth <<2 500 m or
< 3000 m; (3) Co content =>0. 50% or=0. 60%; (4) abundance == 60kg/ m? or ==70kg/ m?; (5) seamount slope << 15 5
(6) crust coverage =>30%; (7) application area 17 000— 20000 km?% (8) reservation area 5 000— 6 000 km®.

ters and indexes we present here will promote the deposit delineation, resource estimation and evaluation, and will also pro-

The parame-

vide the quantitative parameter index for our country s active participation into the establishment of regulations on exploiting

Co-enriched crust resources by the International Sea-bed Authority of United Nations.

Key words; W estern Pacifig Co-rich crust; resource evaluation; parameter index.
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1 +Co ASHX CSHX . ASHX
Table 1 Relationship between seamount water depths and 5960 m., 1625~3275 m,

abundances, Co contents of crusts in study area 0% ~50% 21%

(m) 0 (kym?)  CoUO  2000~2 400 m : 2 951 m
1 000~ 1500 43 103. 55 0. 65 .CSHX 4830 m
1500~ 2 000 176 80. 87 0. 60 ’ 0 0 ’
2000~ 2 500 218 57.50 0. 60 1618 ~3 084 m, 0% ~ 90 %
2500~ 3 000 166 52.92 0.59 359%. 1 881 ~2 809 m,
3000~ 3500 54 52.86 0. 55 2759 m ( ).

25% ~60%, Hein

65.29 kg/m”. , et al. (1990) 25% ~45%
1000 ~ 1500 m 100 kg/m2 . Horizon 52%,
2000 ~2 500 m 60 kg/m’, SP Lee 24% (Richey, 1987),
, 22% (Craig et al., 1982),
60 kg/m’ C 1. 13 <3 500 m
1.3 36.88%. Horizon +SP Lee .
, (%) ,
30%
, 1.4 Co
1.4.1 Co Co
, s Co . Co
s . Co 0.22% ~1.61%,
0.88%, Co ( )
2
Table 2 Crust coverages photographed by bottom camera from different water depths in Maggellan Seamounts
(m) (¢Z))
1625~1945 0
1945~2 000 . 15
2 000~ 2200 s 50 ’ ’
2200~ 2400 , , 40 ; s s
ASHX
2400~ 2557 s 15 s ;
2557~2868 , . 30 2951 m
2 868~ 2987 15
3043~3275 5
1618~1783 0
1783~1 881 s 30
1881~2098 s 70 2098~2633m
CSHX 2098~2633 90
s 279 m
2 633~2 809 s 40
2 809 ~ 3 000 s 15

3000~ 3 084 , 0
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Table 3 Comparison between cobalt crust deposit and polymetallic nodule deposit
(km2) 6250 (km2) 5132 (km?2) 5337 (km2) 75000
(m) 2 500 (m) 2 500 (m) 3 000 (kg/ m2) 5
(kg/ m2) 60. 00 (kg/ m2) 73.07 (kg/ m2) 70. 27 Mn(%) 20. 00
%) 30 2 30 %) 30 Cu(%) 0. 80
(km2) 20833 (km2) 17 107 (km2) 17790 Co( %) 0.20
(G 11. 88 ) 9.76 ) 6. 68 Ni (%) 1. 00
83.70 kg/m’, 60.35kg/m’). 60 kg/m”, 6 250 km’
157, 0 ~ 15 75 000 km’ . 30%5,
76.44 kg/m’, 157 ~ 34 20 833 km’ . 11. 88
60.35 kg/m’. : 100X 10* t .
27", 20 8 500~ 10 000 km”,
<10, . 2500~ 3 000 km”,
. 15, 2
2 500 m,
=>2500m
1.6 , ,
. 13
<3500 m 52 162. 80 km”, X
4012.52 km’, 69. 54 kg/m’; 26
<3000 m 34 635. 12 km®, , ,
2664.24 km’, 70. 27 kg/m’; . ,
<2500 m 22 791. 62 km’, ., 13
1753.20 km’, 73. 07 kg/m’.
2500 m . ,
150 000 km>. 8
75 000 km’ ( 200% 10* t (1) =3 em
, 20 ) ( =4 cm; (2) <2500 m
» 1989), 5132 km’ <3000 m; (3) Co  =0.50%
75 000 km’ (Rao,  =0.60%; (4) =60kg/m’
1987; . 200D, 30%. =70 kg/m’; (5) <157 (6)
17 107 km’, =30%; (7)
1 753. 20 km® . 9.76 ( 17 000 ~ 20 000 km*; (8)
3).  3000m . 5000 ~6 000km?.
75 000 km® . ( . .Co
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50 ~ 100 km”,

(Hein et al., 1988)9

b

Y RO R FFEELE T RAEAR M F
) TR RfF RBARBE TSR EL.

References

Craig, J. D.. Andrews, J. M., Meylan A. M., 1982. Ferro-
manganese deposits in the Haw ailan Archipelago. Ma-
rine Geology, 45. 127— 157.

Frank, D. J., Meylan M. A., Craig J. D., et al., 1976. Ferro-
manganese deposits of the Haw ailan Archipelago. Ha-
waii Inst. Geophys. Rep., HIG— 76— 14 71.

Halbach, P., Manheim, F. T., Otten, P., 1982. Co-rich ferro-
manganese deposits in the marginal seamount regions of
the central Pacific basin— Results of the Midpac " 81.
E rzmetall, 35(9). 447— 453.

He, G.W., Liang, D. H., Song, C. B., et al., 2005. Determi-
ning the distribution boundary of cobalt-rich crusts of
guyot by synchronous application of sub-bottom profi-
ling and deepsea video
Journalof China University of Geosciences, 30(4); 509
— 512 (in Chinese with English abstract).

Hein J. R., Kirschenbaum, H., Schwab W. C., et al., 1990.

recording. Earth Science—

Mineralogy and geochemistry of Co-rich ferromanga
nese crusts and substrate rocks from Karin Ridge and
Johnston Island Farnella Cruise F7— 86— HW. U. S.
Geological Survey Open File Report, 90— 298.

Hein J. R., Manheim, F. T., Schwab, W. C., 1985. Ferro-
manganese crusts from Necker Ridge, Horizon guyot
and S. P. Lee guyot: Geological considerations. Marine
Geology, 69. 25— 54.

Hein J. R., Morgan C, L., 1999. Influence, of substrate

rocks on Fe-Mn crust composition. Deep-Sea Research
1, 46: 855— 875.

Hein J. R, Morgenson L. A., Clague, D. A., et al., 1987.
Cobalt-rich ferromanganese crusts from the exclusive
economic zone of the United States and nodules from
the oceanic Pacific. In: Scholl, D. W., Grantz, A., Ved-
der J. G., eds., Geology and resource potential of the
continental margin of western North America and adja
cent ocean basins—Beaufort Sea to Baja California. Cir-
cum-Pacific Council for Energy and Mineral Resources.
Res. Earth Science Series V. 6 Houston Texas.

Hein J. R., Schwab, W. C., Davis A., 1988. Cobalt-and
platinum-rich ferromanganese crusts and associated
substrate rocks from the Marshall Islands. Marine Ge-
ology, 78:255— 283.

Hugh C. J., Paul, A. W., 1999. Stratigraphy, paleoceanogra-
phy, and evolution of Cretaceous Pacific guyots: Relics
from a greenhouse earth. AmericanJournal of Science,
299; 341—392.

James, Z., Mark, P., Lisa S., et al., 2001. Trend rhythms,
and aberrations in global climate 65M a to present. Sci-
ence 292: 686— 693.

Manheim, F. T., 1986. Marine cobalt resources. Science, 232.
600— 608.

McMurtry, G. M., VonderHaar D. L., Eisenhauer A., et
al., 1994. Cenozoic accumulation history of a Pacific fer-
romanganese crust. Earth and Planetary Science Let-
ters, 125: 105— 118.

Pan, J. H., Liw S. Q., Eric; D., 2002. The effects of marine
phospharization on element concentration of cobalt-rich
crusts. Acta Geoscientia Sinica, 23(5); 403— 407 (in
Chinese with English abstract).

Rao, V. P., 1987. Mineralogy of polymetallic nodules and as-
sociated sediments from the Central Indian Ocean ba-
sin. Marine Geology, 74(1—2). 151— 157.

Richey, J., 1987. Assessment of cobalt rich manganese crust
resources on Horizon and S. P. Lee Guyots. U. S. EEZ
Marine Mining, 6:231— 243.

Segh M., Mangini A., Bonani G., et al., 1984.'° Be dating
of the inner structure of Me-encrustations applying the
Zurich tandem accelerator. Nuclear Instruments and
Methods in Physics Research, B5:359.

United Nations Ocean Economics and Technology Office,
1989. Delineation and evaluation of manganese nodules
deposits. Translated by Jin J. C., China Ocean Press,
Beijing (in Chinese).

Xu M.Z., et al., eds, 1999. Submarine mineral resources..O-



258 —

33

cean University of Qingdao Press Qingdao (in Chi-
nese).

Yao, D., Zhang, L. J. s John, W., et al., 1996. Mineralogy and
geochemistry of ferromanganese crusts from Johnston
Island EEZ. Marine Geology & Quaternary Geology,
16(1):33— 49 (in Chinese with English abstract).

Zhang, F. Y., 2001. Evaluation principle and delineation
method of polymetallic nodule resources. Ocean Press,
Beijing (in Chinese).

Zhang, W.Y., Zhang, F. Y., Yang K. H., et al., 2007. Frac
tal characteristics of resources quantity of cobalt crusts
and seamount topography, the West Pacific. Front.
Earth Sci. Ching 1(2):233—240.

Zhang, H.S., Zhao, P. D., Chen, S. Y., et al., 2001. Mineral-
izing characters of cobalt-rich ferromanganese nodule
and crust in central Pacific ocean seamount. Earth Sci-
ence—Journal of China University of Geosciences, 26

(2):205—209 (in Chinese with English abstract).

’

]

» 2005.

»30(4): 509—512.

, 1989.
s , Eri¢ D., 2002.
, 1999.
s John W., ,1996.
16(1):33—49.
, 2001.
s , , 5 2001

205— 200.

» 24— 43,

s 23(5):403— 407.

, 26(2):



