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Fig. 1 Distribution of different generation nodules
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Fig. 2 Two generations of manganese nodules
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Tab. 1 Chemical compositions of the old nodule cores (old generations of nodule)

and their Fe-Mn crusts (young generations)

t % 4 B (%
Mn Fe Ni Cu Co Zn Pb Mg H,0* | H,0~

s | SRS

CCA27 | #HEJRSME | 27.27 | 6.40 | 1.47 | 1.01 ] 0.20 0.15 0.06 1.54 8.57 13.01
BeERL | 32.81 | 4.50 | 1.61 | 1.26 ] 0.13 | 0.19 | o¢.06 1.97 | 8.44 | 10.22
CCA41 | #ERms= |27.70 | 6.18 | 1.48 | 1.15| 0.19 | o.15 | o0.06 1.56 | 8.16 | 12.95
BB | 30,27 | 4.37 | 1.42 [ 1.49 | o0.11 0.16 | 0.05 1.72 | 8.41 | 10.02
CCB48 | 4kEfsr= | 27.54 | 6.01( 1.46 [ 1.23] 0.17 0.14 | 0.06 1.58 8.32 | 12.23
EgEE L | 28.58 | 4.82 | 1.51 | 1.49 | 0.17 0.14 | 0.06 1.88 8.91 9.58
CCC18| #&ERFE | 29.90 [6.27 [ 1.52{1.20| 0.20 0.16 0.07 1.61 7.81 | 12.81
BB | 30.41 [5.68 [ 1.50 ] 1.30 | 0.18 0.16 | 0.06 1.76 8.14 | 10.50
CCC35| “ERFEs%E | 26.09 [5.79 [ 1.42 1 1.35 | 0.17 0.12 | 0.06 1.60 8.98 | 12.23
ZrEED | 33.16 [ 3.64 [ 1.59 1} 1.81| 0.12 0.14 0.05 1.88 8.36 9.88
CCC72| 4% | 26.47 | 6.0t | 1.43]1.07 ] 0.17 0.15 | 0.06 1.52 | 8.67 | 12.90
ZeEBol | 34.19 | 3.03 | 1.73 | 1.60 | 0.10 0.20 | 0.05 1.93 | 8.29 9.44

ERBUEROTEBRERRZERREIBIRETRAK, YRESENZRER

D FRES, 1990, KFFEDBEFTERGTRE. (BIRIH)
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Tab. 2 Mineral compositions of the old nodule cores (old generations of nodule)

and their Fe-Mn crusts (young generations)
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MBHRy WAKET 6-MnO,
SIS 27.07 21.10 42.83
ccer2 :
2B 36.60 14.00 43.60
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BET R RERCGE 3-MaO, — YK —~MEES) Mn,Ni,Cu,Zn, Mg BHEE;
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REGHEN LB TR Eg RS, TE LB THESRESN, IAANEERT
HERAHE 8-MnO, ZYPBEEH ZRNERN, WRNAFE Marchig F(1982)K AH
REKR T AHZRLCE ERBELOF ERBITTNERNEAR, ¥ ERHHEBEEITR
EREZ A, RITOM A SHAER B OELRERBE GE 3).

#3 TRASEBNHBOSHROLERH"

Tab. 3 Chemical compositions of core and crusts of different manganese nodules

T B & B @
RS 23 TR

Mn Fe Ni Cu Co Zn Pb Mg

40 S RIS 20.69 | 6.10 | 0.95 | 0.56 | 0.26 | 0.14 | 0.05 | 1.13
EEE B 28.30 7.23 2.31 0.91 0.20 0.14 0.02 1.99

106 SR 20.54 | 5.09 1.08 | 0.66 | 0.19 | 0.11 | 0.08 1.26
LR 31.48 | 3.46 | 1.44 | 1.39 | 0.13 | 0.27 | 0.01 | 2.15

134 BEFENE 20.45 | 3.29 | 1.07 | 0.74 | 0.17 | 6.13 | 0.09 | 1.19
BLEB B 25.64 | 5.97 | 1.15 | 0.96 | 0.17 | 0.13 - 1.79

144 S HIN R 16.88 3.31 0.85 0.56 0.17 0.11 0.08 1.13
EERED 27.68 | 6.96 | 1.27 | 1.00 | 0.21 | 0.14 — 1.97

1) # Marchig %, 1982 PO G518 o
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BB EFHBIENL) BN FRERNE=ZNR(FERELRERED 5% 1 81
ATASA( L FE BB MRS, mES I BRERS 1 JUBET RESN, RRENR
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Fig. 3 The changes of deposit rate and hiatus in cores of different area
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Tab. 4 Formation time of manganese nodules of different generations
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Fig. 4 The changes of deposit rate and oxygen isotope of sediments in core CC48
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GENERATIONS OF MANGANESE NODULES FROM
THE CENTRAL PACIFIC OCEAN AND
THEIR RELATIONSHIP WITH
PALAEO-OCEAN EVENT

Shan Lianfang
(Institute of Marine Geology, Ministry of Geology & Mineral Resources, Qingdao 266071)

AspsTrACT

Study of 37 manganese nodules obtained by the R/V “Ocean 4” cruises HY4-
861, 871, 881 showed they could be divided into three generations delimited gener-
ally by their growing period: first generation nodules formed in Early Miocene
(«<20Ma), second generation formed in Early Miocene—Late Miocene (>>6Ma),
third generation formed in Pliocene—Quaternary. Comparison of the mineral and
chemical compositions of the old and young nodules showed the former contained
more todorokite, and is richer in Mn, Ni, Cu, Zn, Mg, but poorer in Fe, Co, Pb
than later. A preliminary conclusion is that scouring by Antarctic Bottom Water
current during the hiatus, resulting in breaking and abrasion of the old generation
nodules, probably provided the material and favorable growing environment for the
new generation of nodules which formed probably when climate was colder, and se-
dimentation rate was slower and salinity higher in bottom water where pore water
Fe-Mn hydroxides separated out and accumulated to manganese nodules.

Key words Manganese nodule Generation - of manganese nodule Pacific
Ocean Palaeo-ocean event o



