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Fig. 1 Feature of Co-rich crusts on submarine guyot in Pacific
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Fig. 2 The variation of growth rate with
depth in CHAOS crust
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Table 1 Content of major and trace elements in different depth of CHAO0S5 crust

R EE HE Fe Mn Co Ni Cu Zn Si Al Pb P R ER A

(mm)| (9% 7)) 5 | % | % | 8 | (%) | (%) (X109 (%) | (mm/Ma) (Ma)
CHAO05-1 2 16. 37 15. 80 0.341 0.25 0.08 0. 05 7.31 1. 46 1368 0.41 12.31 0.16
CHAO05-2 5 17.88 17.89 0.39 0.30( 0.10| 0.05 8.16 1. 90 1419 0. 44 8.59 0.51
CHAO05-3 8 17.13 17.01 0.41 0.30] 0.10 | 0.05 9.14 1. 89 1307 0. 40 7.76 0. 90
CHAO05-4 11 16. 26 17.08 0. 47 0.30| 0.09 0. 05 8.62 2.30{ 1249 0. 38 5.59 1. 44
CHAO05-5 14 16. 04 18. 90 0.53 0.33 0.10| 0.05 7.29 2.12 1270 | 0.40 4. 48 2.11
CHAO05-6 17 15.70 18. 54 0.53 0.31 0.10 | 0.05 7.08 | 2.15 1284 | 0.40 4.48 2.78
CHAO05-7 20 16. 82 19. 50 0.54 0. 31 0.11 0. 05 7.78 2.26 1408 | 0.42 4.28 3.48
CHAO05-8 23 17.43 17. 68 0.52 0.30 | 0.10] 0.05 8.48 2.32 1387 0. 40 4.52 4.14
CHAO05-9 26 17.32 17. 84 0. 48 0. 31 0.13 0. 06 8.33 2.62 1436 0. 41 5.40 4.70
CHAO05-10 29 16. 34 24.75 0. 89 0. 47 0.16 0. 06 5.73 1.50 1626 0. 38 1.98 6.22
CHAO05-11 32 14.24 22.95 0. 88 0. 47 0.14 | 0.06 5.07 1.50 1476 0. 34 1. 99 7.73
CHAO05-12 35 14. 94 23.22 0.75 0. 46 0.15 0. 06 5.01 1.22 1574 0. 36 2. 49 8.93
CHAO05-13 38 15. 25 22.82 0.72 0. 45 0.15 0. 06 6. 39 1.22 1624 0. 38 2.66 10. 06
CHAO05-14 41 15.29 25.12 0.78 | 0.49 0.16 | 0.07 4.00 | 0.93 1656 0. 38 2.37 11. 33
CHAO05-15 44 14. 96 27.07 0.79 0.59 0.17 0.07 2.90| 0.71 1486 0. 38 2.32 12.62
CHAO05-16 47 16. 16 26.16 0.72| 0.52| 0.16 0. 06 3.24| 0.81 1703 0.38 2. 66 13.75
CHAO05-17 50 19. 87 29.70 0.74 | 0.54| 0.19 0.08 4. 36 1.02 2036 0. 45 2.55 14. 93
CHAO05-18 53 16. 07 22.75 0.581 0.39{ 0.14 0. 06 3.40 | 0.88 1627 0. 37 3.72 15.74
CHAO05-19 56 16. 25 23.96 0.64 | 0.42] 0.15 0. 06 3. 60 1.01 1567 0. 40 3.21 16. 67
CHAO05-20 59 15. 40 26. 05 0.71 0.48 0.16 0. 06 3.80 | 0.99 1510 | 0. 36 2.70 17.78
CHAO05-21 62 14.15 26. 65 0.82| 0.52 0.18 | 0.07 4.93 | 0.98 1516 0. 35 2.21 19. 14
CHAO05-22 65 12,82 26. 32 1.06 | 0.53 0.17 0. 07 3.49 1.03 1460 0.34 1.56 21.06
CHAO05-23 68 11. 68 29.74 1.09 0.74 | 0.20| 0.09 2.43 0.68 1603 0.31 1.51 23.05
CHAO05-24 71 12. 80 29.25 0.63 0.79 0.20| 0.09 3.19 0.75 1709 0. 30 3.27 23.97
CHAO05-25 74 8.43 32.97 0.78 | 0.97 0. 27 0.11 1.85 0. 34 1846 1.16 2.55 25.14
CHAO05-26 77 7.23 29. 65 0.72 0.94 | 0.23 0.10 1.44 0.53 1558 2.17 2.76 26.23
CHAO05-27 80 5.80 23. 66 0.53 0.72 0.18 | 0.08 1.10| 0.34 1423 2.59 3.82 27.01
CHAO05-28 83 8.26 20. 46 0. 39 0. 41 0.12 | 0.06 1.30| 0.25 1689 4. 60 4.00 27.76
CHAO05-29 86 7.19 22.73 0. 46 0.60 | 0.16 0.08 1.64 | 0.28 1817 4.35 3.44 28. 63
CHA05-30 89 6. 01 25. 84 0.43| 0.87| 0.22 0.11 1.19 0. 38 1967 3.59 3.01 29. 63
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ZEE FEITE Co.Ni,.Cu, Al .Si P KAk
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Fig. 4 Diagram of the variation of growth

rate vs Si content
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Fig. 6 The relation between Co and Si content in CHAO5 crust (a) and the crust from Hawaii (b)
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Fig. 7 The relation between Si,Co content and Mn/Fe
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T G e B PRV FI5R 55 9 Ni/Fe Cu/Fe E35 &8
BEHREEZD RSP 4B R0, 05F10. 03 (Rogers et
al. , 2001, Tl 76 22 ¥ & ¥ L X 45 5% P 31 3 51 2 255.
3M74. L, I EMER TR/ GRS D BT
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2 B E ZH FE A D K BT AR AL R RE B DL AR
EREBRBAFER.BIES FTERT TR (Mn,
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Fig. 8 Changes of minerogenes and non-minerogenesis

in process of CHAO5 crust formation
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24, R . H REFEEHC 4 HIX K ELE T
BH.FERY IENEENBESEFEEIBEEN
ST 56 B L 25 B &R 4 B 98 (Koschinsky et al. ,1999;
Wiltshire et al. ,1999; Usui et al. ,1997) K FEH,
iR —MKBRRE N EETRY, EEKH Co,
Cu.Ni.Zn.Pb HE T RFERBKEHEREHE T
T X 4 gk S AL W B AR BT B, 45 7% H Co. Cu,
Ni.Zn.Pb B n K EERB THEK AHE P THRA
KPP E TN L X 2555 008 BRI, BE 45
BT CHAGSH MR FHEER L —HTEK
SR EAIE KRR HET TR (B, 4

lgK p( Mn-crusts)
O = NW T~ 0WwO
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Fig. 9 Plot of 1gKp for CHAO05 Mn-crust and

1gKp for pelagic clay
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ABKp HEMHFPETESENAEBKFETE
Z B (Li Y-H,1981) B9 B/, X B F 8 VLR Y
h RN ARG EERENREMERR,H
X RBNO0. 9585 X TLEER M, B 5T X
KHTTENREHLE  JLF 2R BB ER,
MEMNMEERF TEYEENEB KT EE AW,
B9 EERA TTE Co.Cu.Ni,Zn . Pb & i TZ
HHKZ E, i Fe.Ba.Si.Al.Ca ST E M FTHAEL
Z T WIS, 54 EHEITX B AR TRY R/ EE
RAEENER #—-SNRERTRPTENE
ERERM T B,
2.2 BEEBESTENBEHEMNXER

Whitfield & (197D ¥ — M nEEH FIEEE
HEESHEENTRPHRHARZ LRZ BT
2 {9 #9989 B e (MORT) . MORT £ & 75
EEBERTHNDHE. ¥ Y T R —
AN B E.B10K4 50K K #F 9 8 8] (Whitfield et al. ,
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B E) & A R B E R AR L.
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Fig. 10 Residence time of elements in seawater
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7K o R A T A BT R BB T R R R
X, FIT R AR K I B I B R, R E X
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B J6E Co.Ni.Cu FEL TR ERNER FH, H
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KB, XS RBT KEERF R T R EA
g G5 — Pk A AR L, B R KB AN R R4 72 R
TTENTHESBEAASHFEERER BEED
¥, LA S REIM R KE R REES I B ZBRER
AN EBARRBERAIMNEEESR RITERYLE
ES5FTERTF TESRBNWCOSERR XA ER
H40) R, WA FHTEMERRBEELE TP
Cu TR EE, MHENT RS ZXEDEH
KB A RE EYEHE AR E X (Takematsu
et al. , 1989),

2.3 BERESTEBFREENMABERNXE

B12K CHAOGSE R F TENEE RS HME
7 B FaRAE (3B Li Y-H,1991 VWX R,

Ho, m TR RME, e B FRERAFE
FHg A ITE M CouMn, Ni,Cu,Zn,Pb, Mg % #
EEFFHEZERKR, B FRERS . EBKPUS
MEFCERMMERNFEMNTEN SLAINERER
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Fig. 11 The comparison of element enrichment characteristics

between crusts from western and central Pacific
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Fig. 12 The relation between enrichment coefficient in

CHAO5 crust and electron binding energy of elements
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K\ AN AREEAREREIMEEE TZH
(M—OH)— R X REFE N R E . 1gK EM K, M
BTEREELYEaYaEmsk, RERMH
BFMRENAE FZHMERERK BERST,
X pH=8HI M KR, |MHFE L, MRBEEFH
lgK,<<—8, 24 Co #) IgK, 5 —9. 7. Mn 1y IgK, K
—10. 6, Ni By IgK, & — 9. 9 C Li Y-H, 2000), |
(M ]/ (MO P I LB K F 1, BHRE EA]
EEKPEFELHHE FHOEXEE RIS
T, % Co" &AL L Co® i, 34 Co By 1gK, K
—1.3; Mn** & 1k B Mn®*" Bf, 34t Mn B 1gK, N
—0.3(Li Y H,2000), Bl IlgK,>>—8, IR T , 34
CofiMn BB FRESE2KE FREUSE R %ES
¥ CoOOH #1 MnOOH MR F &, W& L FFI
2 A B | R A B MnO,, DA T 3 45 67 B3 77 39 Min
B S E LY %4 Y (MnO, » nH,0) (Hein et al. ,
1999) 5 IEB R Co B FAHE K 5] B 4 Co:
CoOOH+MnOOH+2H* =Co?* + 2H,0-+MnO,

S, EEHE AN . CoMn L EEEEZDHE
£ WRIATARAETHEEBKPKBITINE
ERW,MXSHKPRESEFHNETREEUR
HRERKN TN KERMEXREY L, K RL
FeIE B R AL R, TR R KR ROKEBIT N
REMERMIES R RFTH - S BEEMBR.

K,

oy

3 g

b, ATLIR BT 3R 48

(D) ZARBILR=ZEHEETNERERE
HIELH ARBENT PR ESEE TR KE
43 B F o 6L 42 B T il (24 ~ 30Ma) . I 347 357 it
(24Ma) ZHiE 4L LF R (1. 4Ma) ZER B 5 1Y
LHEER KL M) A REREFAESLBS
BTHEL QMO HEKAR . FHEREZ
HLURBERHAFERRAARNBRERER .4
FRAEKEEEFLREHET, BLUBEERNL 5~
12. 3mm/Ma, BEMEE TR ER, FHEKE
4 3. 81lmm/Ma  ZRHIE 5 KT 7 HoAh 1 X 4555 49
KW ERKEFR R ~6mm/Ma HiE, WG AEELSE
BEBNE K ER—F,

@ EKSBRP, FERT TEHR S B FZ
27 v v VR IR AR AR A 0 5 RN 1 2 BT T/ P i
(O/MOYBBRIH RSB “BEREENBERE LS
B, AR PR EE=EMEERF,. T F42
B REMBEMAFE REH—-TEEERER,F.
Ry 2 (6] B T RO S e A K R — 45 e
EARHR.

3) BHERSHEMH L EA/ LU ITE RH
MESNE, TERY TEYEEREBK.EEE
RS ITRTEN K o B ¥ B B IA) B AR g T B Y
BB XR WA BHER T TENEEFTED
SHETHETREREERKTHKBETIES
XK. H I, IR S SR BT B Ve I B R T S A
MBS, M RARE R KERERZ R BHES
ETHEENELMLREEX.

T B

O BRE, NBE, B, /¥, BRL, RER. 2000. 7§ KF#
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Growth and Enrichment Characteristics of Co-rich Crusts in the Western Pacific
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1) Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing, 100037

2) Oceanogeography of Hawaii University, U.S. A. , Hawaii, 96822
3) Graduate School of the Chinese Academy of Sciences, Beijing, 100039

Abstract

Detailed researches on the growth and enrichment characteristics of Co-rich crusts from the Magellan
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seamounts in the Western Pacific have been approached in the paper. The studies show that the crusts have
been growing since the Paleogene, and that the growth rate varies from 1. 5 to 12. 3 mm/Ma, showing a
difference of almost one order of magnitude between them. The mean growth rate is 3. 81 mm/Ma. There are
Remarkable differences in the geochemical behaviors of ore-forming elements during the growth. The
environmental change around the O/M boundary, which probably corresponds to abrupt changes in the
structure, color and luster in profile, hints an important message on the growth age. The temporal evolution of
ore-forming elements is mainly controlled by a combined effect of the properties of seawater chemistry and the
actions of various geological agents. The minerogenetic and non-minerogenetic processes are closely related and
affect each other during the growth. A striking liner relationship between the partition coefficients of Co-rich
crusts and pelagic clays is found, illustrating their similar mechanism of element enrichment. Besides, the paper
also discusses the relations between the element’s mean retention time, the electron binding energies of cations

and their hydrolysis in seawater as well as the enrichment of Co-rich crusts.

Key words: Western Pacific; Co-rich crust; characteristics
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