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Fig.1 Location of contract areas of Co-rich Fe-Mn crusts in western Pacific
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Table 1 Results of XRD analysis of Co-rich Fe-Mn crusts

in contract area (mass fraction, %)
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Table 2 The major elements oxides composition in Co-rich Fe-Mn crusts in contract area
i B/ %
aREK — ,
Nazo MgO A1203 SIOZ P205 Kzo CaO T102
PR JuFEl  1.48-2.77 0.70-2.45 0.73-12.21 1.35-30.64 0.89-25.23 0.37-1.39 2.93-37.89 0.11-2.42
LR M 212 1.57 2.17 7.67 7.04 0.69 12.36 1.52
(n=52) SR DA< 2.10 1.51 1.80 6.75 6.68 0.66 12.48 1.54
FE1E T JuE  1.74-2.65 0.12-2.97 0.79-4.62 1.52-16.31 0.87-22.32 0.31-1.15 3.21-34.62 0.60-2.08
TL#E CF¥HME 210 1.42 1.74 6.51 7.46 0.55 13.50 1.52
(n=138) LA 2.09 1.37 1.59 6.10 7.22 0.53 13.50 1.52
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Table 3 Main metal elements content in Co-rich Fe-Mn crusts in contract area

TR E%
GRIX T8 :
Mn Fe Co Ni Cu
o ) Y 8.81-31.19 7.00-19.7 0.13-0.65 0.23-0.57 0.01-0.25
KA L B
FIME 21.76 13.81 0.41 0.42 0.11
(n=52) ‘
AL AE 22.04 13.48 0.41 0.43 0.11
. . Ju 7.86-26.38 8.36-19.6 0.11-0.91 0.15-1.02 0.03-0.29
S TH L
(n=138) FHME 20.85 14.67 0.39 0.39 0.11
=
L DA(E) 20.80 14.65 0.37 0.37 0.10
T4 GRAXKEHSETHLETRSE
Table 4 Rare earth elements content in Co-rich Fe-Mn crusts in contract area
SRS HU(ng g )
ERKX FE
Y La Ce Pr Nd Sm Eu Gd Tb
JuFE  39.7-676 103—425 489-3053 15.0-69.5 52.5-284 9.36-55.0 2.35-13.5 20.8-72.9 1.70-9.75
FIME 281 280 1217 46.3 186 36.1 8.90 47.0 6.41
K PALfH 208 289 1075 46.8 190 36.6 9.23 482 6.59
WL e Dy Ho Er Tm Yb Lu 3Ce (La/Yb)y  YREE
(n=52) JulE 9.09-64.7 1.87-14.5 5.47-44.5 0.90-6.10 6.36-41.0 0.90-6.67 0.82—12.17 0.88-2.13 1105-3654
FHIE 411 8.99 26.6 3.74 25.4 4.02 2.64 1.13 2218
hAAE 417 9.14 27.0 3.78 25.7 4.03 2.20 1.10 2186
Ew Y La Ce Pr Nd Sm Eu Gd Tb
JUE  135-846  203-584 529-2209 22.6-89.6 90.6-383 14.7-69.4 4.80-18.1 26.2-91.2 3.11-13.1
= CFIME 308 316 1041 48.7 200 37.7 9.53 48.5 6.78
eI P 278 305 946 46.7 192 35.9 9.04 46.7 6.42
W S Dy Ho Er Tm Yb Lu 3Ce (La/Yb)y  YREE
(n=138) i 21.4-90.9 5.28-21.1 15.8-60.8 2.15-8.11 15.1-51.8 2.41-8.11 0.76-3.69 0.92-1.55 1336-3613
SEIE 442 9.92 28.8 4.01 27.4 430 1.93 1.16 2136
i 42.0 9.41 27.5 3.85 26.7 4.18 1.82 1.14 2102
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Photo and stratification of cobalt-rich crust

4 HISIE

4.1 RREHEE

BT TR T KRR IR . KEEBER T IR R
BTN, WO Z & BRI 75 .
X LR R MORSCERT AT 43 K Y | s 2R AR G
B2 @4 Few Mn. Cu. Ni fl Co & & 1145
ALK 73 JOSSO Z5PIZE & IGIR 4K Fe-Mn
g AR, RETHN. mAAW
15 X (Weut Whi)—=100 X (Wz A Wy+Wee)=( Wret Win)/4
=PRI R R R AL R0 77 o R IX — 5o

Table 5 Rare earth elements content in crust sample of MAD16

S (ng g )

ERR) SREE 2
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Dl6( 1) 187 534 349 143 289 747 357 548 359 7.58 223 333 223 346 152 1223

D16(1) 224 763 449 176 362 9.03 425 6.28 39.5 790 22.8 341 226 344 130 1531 #H#iZ

Dle(Ill) 207 717 399 158 324 8.18 394 573 36.0 7.30 21.1 3.11 20.5 3.12 167 1466

D16(IV) 304 978 47.8 195 36.4 948 509 7.03 473 10.8 32.6 4.67 30.8 5.00 464 2223 .

D16(V) 237 1267 394 153 288 7.51 41.7 557 374 837 258 389 259 4.14 315 2201 e




2531 4555 10

TR0, 58 VAT e Bl e B o A X PR Mo 2659

(Zr+Y+Ce) X 100

[ oo

(FetMn)/4
{1 = 7040 30 I 4r 2

(CutNi)X 15
10 RS R 226
DZETE AT FORE % )
Fig. 10

classification of oceanic Fe-Mn deposits”™” (Studied data

Ternary discriminative diagram for genetic

shown as red diamond empty points)

F B G 1R X & A A Fe e b AT B, a5 R R
JUF- A B AR A T N OK R X 35, B 5 R X
4558 J@ /K I R PR AR TR PR (LI 10)

42 HFREKFRIERHE

FIH Co 2568 232 5 Os A Z M 2 210 AR 45
A 17 3EC I 25 57 58 4F B AT DLIK B8 5 I A4 4
R, AT DUHERT 45 7 I AR KR W . Co 256 A 5K
PRl e Co &R nR A RAE KR 2 ]
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SREERRHELE T . Os FAL KRB R E L 1
SEFH Y BUR ARG, MR R D T AR
G L\Tﬂﬁﬁﬁmﬁﬁwﬂ,ﬁiﬁkﬁﬁ
T 8 B 4 SR AR AE 2 e ™ 2, Os A 26
&ﬁﬁECOJ%ﬁﬁ&%%@Qﬁﬂb{h%L
Os [ 2 5E 1B R AR Ak 35 5 1 /K il 28 %6 EL A 5
A RK—TAIK, Co vEAERE I A SkAl A A K
BN RE R AEAR RGN — D32 m AR AR HE L 1)
IR

Fyres R A 12 Fh 256 A X G5
TH TURPEEEES RN Co 1EE KRR/
R, EdoaTERMEEEEERME, FIH

Co—Os MZxf & AT IfIE, RikiE M T & F X 1)
Co Z&4 5/ Manheim F1 L-Bostwick> 2
A RCEKE SR R=0.68/ wST), MIMI1FE]4E 52 HIE
RIELL . FIHH A FIXFES MCSD57 #5751 Co—Os
EFER IR 6 Fx, nTLUEH, SRR EA
KA K AL 79~66 Ma. 54 Ma. 41 Ma. 35~28 Ma.
18~10 Ma £l 6~0 Ma, “F-¥)4K#HZ 3.69 mm/Ma.

F6 LRIX45E Co—Os VkEF4gs

Table 6 Result of Co—Os dating of crusts in contract area

. BUREIRE, AR/ Co—0Os
5 INE
HURE R mm (mmMa ") 4E#/Ma Iz
1 2 4.68 1.12
2 45 6.66 1.50
3 8 2.24 3.73
4 13.5 2.13 6.43
5 19 7.64 10.00 5
6 22 1.85 1352 %2
7 28 2.78 14.60
8 32 2.28 16.80
9 36 4.02 17.42
10 39 2.95 18.18
11 435 4.02 28.00
12 48 3.75 29.67
13 56 5.37 30.60
14 59 8.52 31.24
15 66 7.91 31.88 i
16 68 2.58 32.65 =
17 71 2.53 34.03
18 715 2.49 34.94
19 81 2.67 4135
20 92 2.20 54.00
21 97 3.07 66.00
22 103 2.72 67.84
23 107 2.97 69.52
24 113 2.62 71.05 o
e
25 115 2.59 73.60
=
26 120 3.02 75.09
27 124 3.33 76.59
28 128 4.50 77.26
29 132 2.99 78.93
TFIIME 3.69
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Mineral deposit characteristics of cobalt-rich Fe-Mn crusts in
COMRA contract area, Western Pacific Ocean
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Abstract: Using the data of cruises in many years and the analysis results of cobalt-rich crusts, the mineral deposit
characteristics of Fe-Mn crusts in the COMRA contract area were studied. The results show that, the plate crust is
the main type in the contract area, which is usually continuously distributed on the flat top edge of the seamount
and the substrate rocks of the seamount slope. Gravel-like crusts and nodules are often discontinuously distributed
on flat terrain such as the top of seamounts, the gentle area of slopes and the foot of slopes. The cobalt-rich crusts
are mainly composed of vernadite and iron hydroxide(FeOOH), trace natural gold, silver, copper, tin and copper-tin
minerals are also found. The average content of Co in crusts is 0.40%, the average content of XREE in crusts is
2158 pg/g. The genetic type of crusts in the contract area belongs to hydrogenetic ferromanganese deposits, the
main growth periods include 79-66 Ma, 54 Ma, 41 Ma, 35-28 Ma, 18—10 Ma and 6—0 Ma, the average growth
rate is 3.69 mm/Ma. The formation of crusts undertook the following three main stages: ferromanganese mineral
phase formation, trace element enrichment and later transformation. Enrichment of the valuable elements may be
caused by the surface energy of ferromanganese minerals. Phosphatization events promoted the yttrium
enrichment.
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