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Bau  (2009) DY105-11 , 2 075 m,
, 61.73%~81.63% , ) , )
, (14.07%~34.05%) (2) CD16 ”
Mohwinkel  (2014) DY105-16A , 1838 m,
(PC2) , , , , ,
, ;(3)CD70 09
Koschinsky  (2020) DY 125-31(11I) ,
, 2722 m, , )
, , ; (4) WDI1  ~ ”
DY105-17B ,
2397 m, , ,
, ; (5) WD18 ”
, , DY135-51 ,
1747 m, s >
, 1
, 0~1 cm , MD09 CD16
, CD70 WDI1 WDIS, 200
1.2
1 (50.00+0.50) mg ,
1.1 1.0 mL 1.0 mL 1.0 mL ,
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3.0mL 1.0 pg/g 0.5 mL,
150 8 h 2% ,
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Thermo , Xseries2 ) , X (D/MAX2500HB+/PC
GBWO07337 GBWO07338 GBWO07339 , ) X
s 5% H
90%~110%
2
1.3
Koschinsky (1995, 2003) 2.1
(D) : lg ,  XRD 2 s
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5h, ; (2) ,
: (D) 0.1 mol/L > >
(pH=3.7) 175 mL, 20 h, / (FeOOH'nH,0) (Hein et al,
;) : @) 20000
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Q)
(P1) (Or)
(Hein, 2.2
2004) ,
1 . , Mn  Fe 5
, (CFA) , Mn 16.87%~26.55%, 21.34%; Fe
(Koschinsky et al, 1997), 14.34%~18.08%, 16.62% CaO
, AlLO; Na,0O MgO TiO, P,0s K,0,
0.54%~3.87% Ba Co Ni Pb Sr Cu,
0.06%~0.92% \% Zr,
s , 471~681 ng/g
*1 EfFE=EHERPEERREIE
Tab. 1 The major elements contents of cobalt-rich crusts
Fe Mn Al,O3 CaO K,O MgO Na,O P,0s TiO, Ba
1% /% /% 1% 1% 1% /% 1% 1% %
CD16 15.90 16.87 3.34 2.66 0.76 1.61 2.48 0.80 1.70 0.10
CD70 18.08 22.95 1.93 3.26 0.86 2.08 2.55 0.88 1.76 0.14
WDI11 17.12 26.55 1.03 3.87 0.65 2.00 2.34 0.97 1.89 0.15
WD80 17.66 22.77 1.69 3.60 0.63 1.92 2.36 0.96 1.48 0.13
MDO09 14.34 17.55 2.09 2.31 0.54 1.54 1.85 0.87 1.22 0.11
14.34 16.87 1.03 2.31 0.54 1.54 1.85 0.80 1.22 0.10
18.08 26.55 3.34 3.87 0.86 2.08 2.55 0.97 1.89 0.15
16.62 21.34 2.02 3.14 0.69 1.83 2.32 0.90 1.61 0.13
Co Cu Ni Pb Sr v Zn Zr Mn CaO
/% /% 1% /% /% /(ngl/g) /(ngl/g) /(ngl/g) /Fe /P,0s
CD16 0.42 0.09 0.29 0.13 0.11 538 471 583 1.06 3.31
CD70 0.71 0.10 0.50 0.18 0.15 646 645 659 1.27 3.68
WDI11 0.92 0.10 0.55 0.16 0.16 681 632 610 1.55 3.97
WD80 0.65 0.06 0.46 0.16 0.15 677 592 591 1.29 3.76
MDO09 0.39 0.07 0.36 0.14 0.12 513 547 488 1.22 2.66
0.39 0.06 0.29 0.13 0.11 513 471 488 1.06 2.66
0.92 0.10 0.55 0.18 0.16 681 645 659 1.55 3.97
0.62 0.09 0.43 0.15 0.14 611 577 586 1.28 3.48
CaO/P,0s5 2.66~3.97, « 3 (Bonatti et al,
3.48 CaO/P,0; 1972),
2 , 2016), )
CaO/P,0s 2, 2.3
Mn/Fe 1.06~1.55, 1.28 2 s R
Mn/Fe 2.5 , Mn/Fe 1 287~2 000 pg/g, 1 673pug/g
2.5 (Halbach et al, 1983) Mn/Fe , Ce , Ce
2.5, 632~946 ng/g, 774 pglg,

Mn-Fe-Co+Cu+Ni 50%, Ce
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(Corlur M=10 1 037~1 604 pg/g, 249~
395 pg/g, LREE/HREE 3.20~4.16,
, Y/Ho
17.4~20.4, (47~93)
( , 2011)
Y/Ho 17~22 ( , 2011),
, 4 ,
)
100 RIER . 0 ) ,
Fe o 25 50 75 100 Mn
+ ZERBELE A TERBELUHA O ZERBUEB Lan/Yby 0.86~0.99,
3 ( Bonatti et al, 1972) ’ oCe  1.37~
Fig.3 The ternary discrimination diagram of cobalt-rich crusts 1.67, 6Ce 1, Ce , Ce
(mociﬁed from Bonatti et(;z(l),li)9572) 5 : SEu  0.99~1.02, 5Eu 1,
(2016) Eu
*2 EHHEEHRPHLITERSE
Tab.2 REE contents of cobalt-rich crusts
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm
fnglg)  Auglg) /(ugle)  /nglg) /uglg) /(ug/e) /(ug/e) /(ug/e)  /(ug/e)  /(ug/e)  nglg)  /(ng/g)
CDI16 188 632 353 145 29.3 7.56 36.1 5.54 33.0 6.95 20.4 3.06
CD70 285 889 56.6 227 46.8 11.1 50.9 7.82 50.3 10.1 28.9 3.97
WDI11 302 946 58.9 239 47.6 11.5 53.6 8.11 54.0 10.8 31.5 4.41
WD77 249 756 46.1 189 38.2 9.32 43.4 6.57 44.1 9.11 26.9 3.71
WDS80 228 648 46 204 40.65 10.73 53.94 7.61 46.40 9.34 27.35 3.84
188 632 353 145 29.3 7.56 36.1 5.54 33.0 6.95 20.4 3.06
302 946 58.9 239 47.6 11.5 53.9 8.11 54.0 10.8 31.5 4.41
250 774 48.5 201 40.5 10.04 47.6 7.13 45.6 9.27 27.0 3.80
Yb Lu Y REE LREE HREE LREE Y Lay 5Ce SEu
Mng/g)  Nnglg)  /ng/e)  /Auglg) /(ug/g) /(nglg) /HREE /Ho /Yby
CD16 20.4 3.17 121 1287 1037 249 4.16 17.4 0.89 1.67 1.02
CD70 27.8 4.19 196 1896 1515 380 3.99 19.4 0.99 1.52 0.99
WDI11 30.8 4.56 198 2000 1604 395 4.06 18.2 0.95 1.53 1.00
WD77 26.3 4.04 186 1637 1288 350 3.68 20.4 0.92 1.52 1.01
WDS80 25.6 3.86 190 1545 1177 368 3.20 20.4 0.86 1.37 1.01
20.4 3.17 121 1287 1037 249 3.20 17.4 0.86 1.37 0.99
30.8 4.56 198 2000 1604 395 4.16 20.4 0.99 1.67 1.02
26.2 3.96 178 1673 1324 349 3.82 19.2 0.92 1.52 1.01
: (LREE)=La+Ce+Pr+Nd+Sm+Eu; (HREE)=Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu+Y; dCe=2Cen/(LaxtPry), JEu=2Eun/
(Smy+Gdy), Lay Cey Pry Smy Euy Gdy Yby Yy Hox ; (1989)
5Ce Nd oCe Nd 100x107°% 6Ce 1, Ce ;
Yxn/Hon 5 5a 5b oCe 1,0Y 1, Ce
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*3 EHHEES5HMHMREAKLITEIENER
Tab.3 Comparison in REE content between cobalt-rich crusts and other geological bodies
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y REE
250 774 48.5 201 40.5 10.04 476 7.13 456 9.27 27.0 3.80 262 3.96 178 1673
18 35 4.8 20 4.8 1.1 46 0.8 3.7 — 2.3 — 1.9 — 22 119
19 38 4.9 19 4.6 1 4.2 0.7 33 — 2 — 1.6 — 20 118
12 30.2 4.1 21 5 1.9 5.5 0.9 5.3 1 2.6 0.4 2 0.3 25 117
32 73 7.9 33 6 1.2 5.2 0.9 5.8 1 3.4 0.5 3.1 0.5 27 201
3.8 5.5 — 3.5 1 0.2 — 0.1 — — — — 0.3 — — 14
3.4 1.2 064 28 0.45 0.13 0.7 0.14 091 022 087 0.17 0.82 0.15 13.3 26
0.568 132 — 0868 0.187 0.542 0.17 — 0.123 — 0.0493 — 0.036 0.00441 — 3.87
f( ) 14 22 10 10 8 9 10 9 12 — 12 — 14 — 8 14
f( ) 13 20 10 11 9 10 11 10 14 — 14 — 16 — 9 14
f( ) 21 26 12 10 8 5 9 8 9 9 10 9 13 13 7 14
f( ) 8 11 6 6 7 8 9 8 8 9 8 8 8 8 7 8
f( ) 66 141 — 57 41 50 — 71 — — — — 87 — — 119
SO o) 74 645 76 T2 90 77 68 51 50 42 31 2 32 26 13 64
f( ) 441 586 — 231 217 19 280 — 370 — 548 — 728 899 — 432
e S pe/g, ng/g, ng/e; 2 ;
(1989); (2004); Mills  (1995)
,Mn AlLO; ;Fe Mn CaO , 96.97% 82.98% 44.23%
K,O0 MgO Na,O P,0s5 TiO, Ba Co Ni Pb 78.17% 66.66%;Fe Al P Ti Cu Pb V Zn
St V Zn Zr REE , Fe Al,O4 Zr REE ,
;CaO Fe Mn MgO Na,O P,Os 89.49% 54.08% 96.71% 90.99% 86.61% 97.98%
TiO, Ba Co Ni Pb Sr V Zn Zr REE 76.08% 62.07% 97.11% 67.18%; Al K
, CaO ALO; ; PyOs , 42.52% 17.61%
Fe Mn CaO MgO Ba Co Ni Pb Sr V ,
Zn REE , P,Os ALO; K,O (Hein et al, 2013, 2016; Halbach et al,
;o AlLO, K,0 , ALO; 2017) s
Fe Mn CaO MgO P,0Os Ba Co Ni Pb s Na K Ca
Sr V Zn REE , Mg Sr (Koschinsky
REE CaO MgO P,0s TiO, Ba et al, 2003; , 2004),
Co Ni Pb Sr V Zn Zr ,
,ALO; K0 ,
, , Ba Sr Co Ni
R , ( , 2005)
, / ,
(Koschinsky et al, 1995, 2003; , 2015): , Al P Ti
( ) Cu Pb V Zn Zr REE
R 6 (Halbach et al, 2017)
, R Si Al K
,Na K Ca Mg Sr , S S
90.84% 48.41% 69.39% 72.10% (Koschinsky et
54.65%;Mn Ba Sr Co Ni al, 2003; Halbach et al, 2017)
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GEOCHEMISTRY AND OCCURRENCE PHASE OF THE ELEMENTS IN COBALT-RICH
CRUSTS FROM THE MAGELLAN SEAMOUNTS

GAO Jing-Jing"*? ~LIU Ji-Hua"*?, ZHANG Hui"*?, YAN Shi-Juan"*°, WANG Hong-Min" >

(1. Key Laboratory of Marine Geology and Metallogeny, MNR, First Institute of Oceanography, Qingdao 266061, China; 2. Laboratory
for Marine Geology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. Key
Laboratory of Deep Sea Mineral Resources Development, Shandong (Preparatory), Qingdao 266061, China)

Abstract To explore the geochemistry and occurrence phase of the elements in cobalt-rich crusts from the ocean, three
cobalt-rich crusts samples from Magellan Seamounts in western Pacific were chosen for this research, for which X-ray
diffraction (XRD), inductively coupled plasma optical emission spectrometry (ICP-OES), inductively coupled plasma mass
spectrometry (ICP-MS) and phase analysis methods were used to analyze the mineral composition, major elements
contents, and rare earth elements (REE) contents in the cobalt-rich crusts. Results show that the main crystalline minerals
are vernadites, and the minor minerals include quartz, plagioclase, and potassium feldspar. Also, many amorphous ferric
minerals are contained in the cobalt-rich crusts. Meanwhile, Mn and Fe contents are the highest in abundance. Mn contents
are 16.87%~26.55%, and Fe contents are 14.34%~18.08%. REEs are enriched in cobalt-rich crusts in a range of
1 287~2 000 pg/g, and Ce contents of 632~946 ng/g; Ce is nearly half of REE in content. Moreover, light rare earth
elements (LREE) contents are 1 037~1 604 pg/g, and heavy rare earth elements (HREE) contents are 249~395 pg/g; the
LREE contents are more than HREE in cobalt-rich crusts. REE diagrams show the positive Ce anomalies and no Eu
anomalies, thus Ce is enriched in cobalt-rich crusts. In addition, cobalt-rich crusts from then Magellan Seamounts are
hydrogenetic deposits, and they are basically not affected by hydrothermal action and diagenesis. Meanwhile, the
occurrence phases of the elements are closely related to minerals. Na, K, Ca, Mg, and Sr are mainly enriched in carbonate
phase, Mn, Ba, Co and Ni are mainly enriched in iron oxide phase, Fe, Al, P, Ti, Cu, Pb, V, Zn, Zr, and REE are mainly
enriched in the iron oxide phase, and Al and K are partly enriched in the residual phase. This study enriched scientific data
of metallogenesis in cobalt-rich crusts of the Magellan Seamounts in the western Pacific.
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