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A Study of Manganese Nodules’s Distribution in the Area of
05-10°N, 170-175°W, Central Pacific

Shuji MarRUYAMA

Abstract

Geological Survey of Japan carried out an on-board investigation on the
deep sea bottom geology and manganese nodules deposits in the area of 05-10°N,
170-175°W (conveniently called GH76-1 cruise area) from January to March
1976. The survey stations were arranged with a distance of about 60 nautical
miles to each other, and a big wire line grab sampler and two free fall grab samplers
were usually used to obtain the samples of nodules and sediments on every
station.

The manganese nodules obtained were classified to some size groups at each
station and the typical nodules of each size class were chemically analysed. This
report is concerned with an outline of results of examination on quantity and
chemical composition of nodules, deep sea topography and 3.5 KHz records, as
follows.

1) In general, the majority of nodules is found on the surface of almost flat
deep sea floor near a seamount or a remarkable abyssal hill. Stations with higher
concentration of nodules are as follows.

20-30 kg/m? St. 407 & 408
10-20 kg/m? St. 414 & 430.
5-10 kg/m? St. 419 & 429.

2) The concentration of manganese nodules does not show a striking change
under the same topographical environment. However, it changes remarkably in
response to a topographic change, particularly of the difference in topographical
height.

3) The manganese nodules show various metal content. However, the major
five metals (Mn, Fe, Ni, Co, and Cu) are similarly concentrated at the stations
closely distanced under the same topographic environment, showing not any
relation with the size of nodule.

4) The content of the useful elements in nodule (with wet specific gravity of
1.68-2.08, and water content of 31.5-36.49,) varies to some extent as follows:
nickel 0.54-1.469,, cobalt 0.12-0.299%,, copper 0.35-1.589%,. Cobalt content is
generally in negative relation with those of nickel and copper, and, in most cases,
copper content tends to be a little lower than nickel content.

5) In this area, the nodules with higher nickel and copper content is restricted
to the following some stations.

Ni+Cu 29% < 5 kg/m< St. 419.
1.5-2.0% 10 kg/m< St. 414 & 430.
1.5-2.0%, 5-10 kg/m St. 429.

6) The extent of those nodules deposits with higher concentration of nickel
and copper is likely restricted to less than about 10 nautical miles at each station (to
less than 40 nautical miles in maximum).
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B}k 31.5-36.4% (EH 33%) (&Kt 460-570) TH
5.

AT, FEBEoR

20-30 kg/m?
407 B X 408
10-20 kg/m?
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13—(515)




Foi Y

BERAH FE228% 8 8%

1R FARABRTN—&

R 7 F 7 HERHA TY =T x-S T T EENE
MELRED | ) g | masemE | DRSEEE | kK B | KBSISME  T)-Ti—n
m kg/m? kg/m? m POOFMEE 2 A M OB M
GH761-403 | 5,620 moL 5 E SO0 | M MOBBE N0 e
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© 407-G171 5860m  30kg/m? 407A-2 FG32-1 5760m  0.8kg/m?
32-2 5880m 18.0kg/m?

FG5-1 5860m  29kg/m? 32-3  5880m  l.2kg/m?
FG5-2 5870m  29kg/m? 32-4 5890m  0.3kg/m?

32-5 5870m  05kg/m?
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WEBEEFRBEBR (B 228%F 5B 8 %)

wox GHT6-1 dhi~ >

AEHAEFS | GHT761-405 GH 761-407
RBREAES G169 G171 FG5-1 FG5-2
Ko B (m) 5,850 5,860 5,860 5,870
£k e E RE Y57 RE S5 7 TNV =T =N TFTN TNV =T 53—NFFT
®OoO#B £ i B Bt 2l i,
A E (kg/m?) tr 30. 29. 29.
Hr & ($cm) 2-1 8-6 6-4 4-2 6-4 4-2 6-4 4-2
Mn % 18.28 17.89 18.54 18.83 18.89 21.41 20.88 20.78
Fe % 8.05 10.83 11.16 10.80 11.38 9.79 9.83 10.56
Ni % 0.66 0.54 0.58 0.67 0.63 0.68 0.84 0.75
Co % 0.13 0.23 0.26 0.26 0.26 0.26 0.25 0.29
Cu % 0.79 0.54 0.49 0.55 0.50 0.75 0.68 0.64
Pb ppm 95 500 580 480 580 740 450 515
Zn ppm 1,080 550 600 610 650 810 750 710
1,0+ % 25.71 24.79 23.00 24.73 19.66 22.40 21.11
Ni4+Cu) % 1.45 1.08 1.07 1.22 1.13 1.43 1.52 1.39
HAEHARES GH 761-411 GH 761-414 GH 761-
g G175 & FG9 FG12-1 FG12-2 G193
7k % (m) 5,830-10 5,400 5,400 5,250

. Wy 5 : I - I
% & = Z}uf}f_/;y;;‘ TV =T d—=NF 5T TV —T =N T 5T KRB 7 Z 7
S b 4 i [ il i) Sl
A E (kg/m?) 1.3-0.2 16. 17. 11.
B & (dcm) 4-2 6-4 6-4 6-4 6-4 6-4 4-2
Mn % 26.29 20.04 17.14 20.04 22.34 19.31 20.72
Fe % 5.01 9.54 9.45 8.81 7.74 12.00 13.12
Ni % 1.16 0.79 0.78 0.82 1.04 0.68 0.68
Co % 0.14 0.19 0.16 0.17 0.19 0.22 0.24
Cu % 1.14 0.80 0.70 0.94 1.17 0.54 0.58
Pb ppm 190 450 350 320 385 610 645
Zn ppm 1,550 760 690 780 1,000 680 720
H.O+ % 18.19 21.60 21.26 21.60 20.89 24.26 25.85
Ni+Cu) % 2.30 1.59 1.48 1.76 2.21 1.17 1.26
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GH76-1 fitik (PEHATRE) kKT s~vH vERROBREREC2WT GuliEs)

HvERILRESRERE
S ¥fEi: Fujinuki and Mochizuki, in Mizuno and Moritani (in prep.) X %.

GH 761-407A GH 761-408 GH 761-409
D137 G172 FG6-1 FG6-2 FG7-1&2
5,810 5,790 5,780 5,780 5,790

KEFvy Y RE /5T TY =T F AT TN TN =T =T FT Z}”v;;;

E2ih i [, e i il
12. 23. 20. 2.2-0.3

6-4 4-2 4-2 8-6 4-2 6-4 4-2 4-2
18.34 15.72 16.96 18.30 18.85 | 19.07 | 18.21 | 18.34 25.72
12.82 10.36 10.00 10.00 11.63 | 11.00 | 10.41 9.15 5.89
0.45 0.52 0.52 0.65 0.54 0.60 0.57 0.51 1.11
0.27 0.25 0.25 0.27 0.27 0.27 0.23 0.21 0.14
0.36 0.37 0.40 0.57 0.40 0.49 0.44 0.42 1.24
645 480 580 515 500 580 450 350 255
270 560 870 690 560 580 600 500 1,140
26.89 23.05 21.91 22.00 24.42 | 21.66 | 22.56 | 19.19 19.75
0.81 0.89 0.92 1.22 0.94 1.09 1.01 0.93 2.35

414A GH 761-417 GH 761-418
FG 25-1 & 2 G181 FG 15-1 G182 FG16-1 FG 16-2
5,440 5,620 5,630 5,560 5,550 5,540
VT s T | kBT | D)7 K75 T 7V=Ta-nrz7| 20070

Bt i, i [ il i, i .

3.5-2.2 0.3 tr 0.3 1.1 0.4

4-2 42 42 2-1 2-1 2-1 4-2 2-1 2-1
27.57 | 27.50 32.18 27.57 30.20 | 28.72 | 22.24 | 28.62 26.82
6.98 5.44 4.37 4.66 4.73 4.40 6.92 5.22 4.93
1.38 1.46 1.40 1.28 0.97 1.20 0.86 1.14 0.97
0.14 0.15 0.12 0.16 0.14 0.16 0.14 0.16 0.18
1.55 1.51 1.43 1.34 1.02 1.21 0.80 1.13 1.00
225 225 190 160 160 130 225 160 160
1,240 | 1,140 1,910 1,950 2,600 | 2,160 | 1,500 | 2,210 2,120
20.10 | 19.54 18.32 18.14 17.28 | 17.91 | 18.26 | 17.32 16.89
2.93 2.97 2.83 2.62 1.99 2.41 1.66 2.27 1.97
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wEHEMAR (FBE 3T
Wo2E (05%)
HAEWAES GH 761-419
RERES G183 FG17-1 FG17-2 G187
K B (m) 5,480 5,490 5,480 5,420
Bk & 28 KMy 57 TV T 3= ANT5T | T YV—Tx—RNF 5T KB Y ST
A * £ i . i,k i .} [
SAEE (kg/m?) 3.3 6.3 5.9 0.5
L % ($cm) 4-2 4-2 4-2 4-2 4-2 2-1 4-2 2-1
Mn % 24.12 24.25 23.04 24.86 23.78 24.90 28.09 26.86
Fe % 5.73 5.29 7.30 6.65 6.71 6.09 4.13 4.29
Ni % 1.13 1.13 1.06 1.23 1.15 1.30 1.29 1.15
Co % 0.18 0.19 0-18 0.20 0.18 0.19 0.14 0.15
Cu % 1.07 1.07 1.06 1.02 1.01 1.08 1.31 1.10
Pb ppm 350 320 350 290 385 255 190 190
Zn ppm 1,090 1,060 1,020 1,250 1,090 1,250 2,100 2,110
H:0+ % 20.92 20.34 20.57 20.33 20.66 19.99 18.33 18.49
Ni+Cu) % 2.20 2.20 2.12 2.25 2.16 2.38 2.60 2.25
FAELEES GH 761-429 GH
HPREEES FG 27-1 FG 27-2 G195
KB (m) 6,210 6,220 5,800
& e B PR W TV T =T 5T KMy 57
#®OOB % i i EilE
A EE (kg/m?) 9.7 8.3 10.
B &% (dem) 6-4 4-2 6-4 4-2 6-4 4-2 2-1
Mn % 19.11 20.08 19.48 24.15 22.18 23.72 23.62
Fe % 8.31 8.83 8.70 7.30 7.85 7.45 7.42
Ni % 0.68 0.66 0.76 1.02 0.84 0.95 1.07
Co % 0.20 0.24 0.20 0.19 0.19 0.21 0.22
Cu % 0.75 0.72 0.73 0.93 - 0.90 0.97 1.02
Pb ppm 530 386 420 350 450 450 385
Zn ppm 600 680 620 860 850 910 890
H:0+ % 23.78 21.68 22.74 21.39 29.02 21.38 21.48
(Ni+Cu) % 1.43 1.38 1.49 1.95 1.74 1.92 2.09
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GH76-1 #idgid (Fp#ATRE) Kk 2 <v# vERORERTE oW T (GLiliEs)

GH 761-423 GH 761-424 GH 761-426
FG19-1 FG19-2 FG 20-2 G190 FG22-1 FG22-2
5,380 5,380 5,750 5,400 5,400 5,400
V=T a5 ATV =Ta-nrs 7|70 7 E KBy 5T EEFEV Y & S At
i i [ i, H Y i
0.5 1.2 1.9 1.4 4.8 1.4
4-2 2-1 4-2 2-1 4-2 4-2 4-2 4-2 4-2
25.84 | 28.68 | 28.00 | 27.40 | 24.40 28.06 | 26.93 | 28.02 | 26.98 | 26.99
6.01 4.36 4.46 5.0 6.51 5.60 6.31 5.41 5.82 6.05
1.25 1.21 1.38 1.09 0.91 1.29 1.40 1.34 1.38 1.35
0.14 0.15 0.12 0.15 0.17 0.13 0.13 0.12 0.13 0.14
1.10 1.16 1.29 1.07 1.06 1.50 1.43 1.58 1.53 1.47
320 190 225 225 190 255 255 255 255 255
1,870 2,340 1,800 2,220 1,460 1,400 1,360 1,320 1,300 1,300
19.62 | 18.04 | 18.49 | 18.46 | 17.67 20.35 | 19.55 | 19.94 | 19.99 | 20.16
2.35 2.37 2.64 2.16 1.97 2.79 2.83 2.92 2.91 2.82
761-430 GH 761-431 GH 761-433
FG 28-1 FG 28-2 G196 FG29-1 | FG29-2 FG 31-1
5,800 5,800 5,830 5,820 | 5,810 5,900
TV T kAT ST TV =T AT 5T KES 5T Zi};;ii};§~79“7¢_”f97
i Eif. il il i, Gife
10 13 0.2 0.9 2.5 4.4
4-2 4-2 42 4-2 2-1 2-1 4-2 2-1 42 4-2
22.75 | 22.53 | 23.38 | 20.98 | 29.26 | 30.09 | 26.85 | 27.35 25.48 | 25.89
7.57 8.38 7.15 7.45 5.02 5.67 5.88 5.57 6.60 7.34
0.92 0.96 0.90 0.85 1.27 1.02 1.20 0.99 1.11 1.19
0.20 0.21 0.19 0.19 0.15 0.19 0.14 0.17 0.15 0.15
0.91 0.90 0.94 0.84 1.32 1.08 1.18 0.94 1.19 1.17
385 385 385 385 225 160 320 190 290 290
850 850 970 800 | 1,440 | 2,000 | 1,440 | 1,760 1,080 | 1,180
22.00 | 21.72 | 22.01 | 21.37 | 19.07 | 17.86 | 19.75 | 18.15 20.67 | 20.11
1.83 1.86 1.84 1.69 2.59 2.10 2.38 1.93 2.30 2.36
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GH76-1 et (PEARE) wk¥ s~y #vEROBRERRL2WT GLUER)

Db DTHB.

5.1 FEE5mEOMRAHE

HF2RBDEES5 £BELE Mn-Fe-Ni-Co- Cu)
OHWHERZ RS &, M—ALE, R—REA0&EH
i1, FhFhEE—BoREL 5.

ZOFEMEZART 57D, Mn » Fe 0&FR2ER
BE&ic, Ni, Co & Cu O0&FEREZAMBBRICTY, £
FEHAOENMO 5 TRBREZ LT 5 &, FEMA
417, 423, 426, 430, 433 LOLFHMWITE 4-A LD
AL OFIBRD 5 TLHEBRD X 51, £
B &7, Th bR AhEOFBILE DR/
b b, EE— R 5 TRBR L 55 T EBbr 5.

5.2 FZEHhE 414 OB

L 4-A HIEFRUFET, HEHhA 414 oL
DR AT 5 L5 4-B HEn5,

CIOEi XD L, AEENSOEBE G193, FG12
BIORFG25 b, 2 EnE{RRBAC LR, Rixoiz
5 JLEBRE RS,

5 HITEANS 414 FhEOBEHE & RIEHS 2K
BLicb DT, RFEHALKE 1,900m yrliomELl
B, NELTAECAEL, KA G193 (KiE 5,200
m) & RIS FG12 (ki 5,400m) & i3—EOHHE Ric

414

FET 5, Biem FG25 (OkiE 5,440m) PIRTEC 2 #h
B BEFC, 1.5 RN, LOMIT/NERST
ET 5.

ZHBHORIWP S, EREA G198 Xt FG12 ol
Wiz, —f%, —EOLDT, LFELSEESEELAL
T550LdELON5. Ll O 28RBS ERIBS
FG25 ¢ oM, AR EOHEE, i Cu
TEDOEMMILE, FOMI/NEROBEIRDLNS
T & LK ORI S RO ELG S B 5 W REME S5
255,

ks, FWAEME 407, 408, 418, 431 L@IHLA O
BRI, 2 6-A HICR L FEHA 429 ORI 5 5%
Bk & R, SATERIREES A UE - e Fid e o fdt
ET5., TOWEEZRS E, FRONE - BREDE:
HEDOLNTNWC P BEDRRNE, HECEET S M
AR B2 5 BHASREL 2D EE X\,

5.3 5 TEROHEEREFR LAY

%2 BRBIVE 4 BS»5KEROBBA 2 RS
L, TCRIELMBN % X 5 i (SKORNYAKOVA et
al., 1962), @ o 555K E, Mn & Ni-Cu, Fe & Co
B (+) OMERER, Mo I Fe ff e ofic
i (=) OHBEERCSS L Rbrb,

50,
. BE

a2 —fEfE100m

[X]th #5756 %5 (3 K iE5600mEx % 4 R T

EESR AEHS A4 HEOBERE - REAN
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GH76-1 i (h®WAFRE) kI s<vFvELoRERR 2T GulET)
ma% GHT6-1 Wi~y # v 5 TREEER

[ GUral) Mn % Fe % Ni % Co % Cu %
I (408) 20 DT 1.3 BUF 0.7 LT 0.25 B\TF 0.6 DT
I (429) Rk 10 LT 0.7 At 0.2 M4t 0.7-0.8
1 (430) 20-25 8  pst 0.9 W5 I 0.9 W
v (419) Rk 7 Wi 1.1 [t Rk 1.05 W4t
v (423) 25-30 5-6 1.2 W& 0.15 A4t 1.1 R4t
VI (426) H 6 W4t 1.3-1.4 It 1.4 Bk

¥ 70, AUHROEBER KA Mn, Ni, Cu o 3 T 6. RS OB & A

Wi D, $IEOX 5, ML 408, 429, 430, - RPERERRIEIR S c Rl

419, 423, 426, & 6 YRR BAFKETHY, Bk 7, WROEERICh 5%, £FEA DR
t, Ni fhfopt Mo Jfro 1/20 Psbeirb, Cu b WOFHRIEZEN - BNCHBERT T 530 THY, 1k
B NI X Db THIEVORER & 58, ik, FERC O vk, REREEShTtws Ni & Cu
P, 426, 409 HDHWIE 417, 414 OEREHEF  LOGEREFFEC L - TRLTH S, ARERLO
O—ROFERDO L S, Cu TERFAFLRETSHIOD FHEFELA T, N & Cu OEFEAFIR 3% Sk

b5 (% 6-B [ St. 426 £8). L@ ERORE, 5 vii, HRIHAEES
kg/mz
30 & %5
7. —-5(\\
20+ pox
) \ s X )
15+ "y 408 \\‘ XX _ 414
&
I\‘H'——i-q_-:ﬁ\\ \\‘ 430
~ 10+ P e e
L \\x___‘_>_::&
: C oS \\*-x—%
A6y o B
s St N ° I~ P
) !
4 -+ N 433 AL
ﬁ \ /\\ :xl
- WS fi
& \\\ { i
X
;3 ETR SNl
2T N\ :409 I
~ 424 149 1426
NS A
e f——y
T U gl
br \ Logaiy 423
T \ | ab3| m\ ]
074 \ VAN
iR \ooam vy
AR
05+ \ i &;_Iﬁ_ LA
qi8 | iUy
\ % i i \ 431
405 \ 1418
TR & it bd e
: \ . , ,
o} | 2 3(Ni+Cu%)
( BoOo& T )
+ KBSFT X ZU=T4—=NI57

HTH GH76-1 i 4HELEEEO R e SHEE
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wEHENABR (B28%

Hak GHT6-1 il Sy - BmikEs—%

Ni+Cu % 5] 3 5 7 2 B i -
2 Bk 10 kg/m? Ll oL
” 5kg/m? DLk St. 419
1.5 DAk 10 kg/m? Bl 1= | St. 414, St. 430
” 5kg/m? Bl k St. 429

30kg/m? P LD EIREWSEDFELBD L LN TER
B otehs, —IG, BRAIRINE - mREMmAR L LT, § 4
ROHWEEBT L LB TED,

7. SaiERSREHER

AHE - BIFHERIC X, FROSAR - A
BT, BRORIE L EIENTS 2 & B b o
7z,

LD, AUEHEO E A FBIRE SRS AHE O
BERERE L, toomBNEHET 5 L TRk
3.

7.1 HAEHAE 419

AFERAL, FIMA (3.5kHz) Gz dREND
X 50, sk 5,450-5,550m pyst &, RERCIMEANT B
B ER P AET 5.

T OV, FEHERAEEESES 30-40m
THHT D, AFEEMS O, 195 BEO/NETE» S
S DIk, ¥ 5 R E oM, ¥ 10 MR E M
WD, BE-HROBETCD - EHELLN5.
Fie, FOREE, WILE»DEERA~E, X DK
BEBDETIEINS,

7.2 REHXK 414

AR SR (5.3) 0 X 5, WULEROET
ERlEfrEL, BROMERELCES, 8RB
REINB XS, RENERERREIFECE,

AFEHS OB AL, FEH S RIS, RIE A
FG25 03 DT, MEFNER - THAT 5 T & dF
T, WHEERAT UL, MRTERP -T2,

7.3 FAEHE 430

AFEHAE, B8 C (3.5kHz) Fiffic o3 X
51, BEZFAMSIERL (KR 5,000m) ORENLE, &k
€ 5,800 m DEHFIBICAIE L, REMEIEWRE X
EE 10m WAL EEL, BEEEIME M MERT.
Z DFEE R I AT 7-8 VEE DA X & 1n 528,
AR OHIGEN D S, BRI ~LIERS D LRI
5.

7.4 FEHAE 429

ATV, FEAEFE e SRR &8 AR A

® 8 %)

RICAIE L, WHREIKE 6,300m pALC, ¥amalic
WATT WL E OHEIEREKKN 1,000m &5,
AR SN OWRANEIE 3-4 ¥R E LR A8, At
WEFH 10 BEMMETE, WX 6-7HR LA BB
d 5.

8. ¥ & ®

GH 76-1 &gy, Jbig 5-10°, WL 170-175°,
7K 5,500-5,900 m o FEEREEEE & < v 7 v I
HiamazEme LT Eiish, FAEHLER 1°
(9 100 km) FHKE, EIdLpEHAHE T 0.5° (9 50 km)
Mk THRE, SREWA TR I 78I R2207Y
=T =77 T ERE S THEBM RS s, REWE
Sl oW TRBEC LT, (LESTE .

R o FRFIC oW T, M E-EHEENTS
LTRERS.

1. Ao, Bkbrh, BEETRCRE

L, FERENR & LCTRO 6 AEHAZET S
no,

© 20-30kg/m? HBX  St. 407 & 408
© 10-20kg/m? X St. 414 & 430
© 5-10kg/m? MK St. 419 & 429

¥, ChbLMURERRMETE, BLHB5
IR B RS OFESEHIL D,

2. FROBIFRI, FFCRERIE, BEOIL Y
TTORER R E LRI BVERTD 508, WA
b, FBERERD HHERIL, RERBICIRE
nELBED NG,

3. Ay OFMHICE Eh A FHTERL,

Mn 16.9-32.2 %  Fe 41-13.1 %

Ni 0.45-1.46%  Co 0.12-0.29%

Cu 0.36-1.58%

THD, Mo & Ni, Cu, Fe & Co RERFNIE
@, Mn #2 Fe HIIAOHBBRED 5. i,
Cu ¢H%: Ni FRIVbTrREVWT 8%
v,

4. EBPoOEESILHE (RED) &FRE, 0.5-1 ¥
BEAE, EELZR—ERE BT, BlRox
N LT, BIERBRTDH .

5. AR CEHAMEIRARES AT HHREE LT,
TROAFHEMEHESET S5,

Ni+Cu 2% BiE, Skg/m?BlE St 419
” 1.5% Dl b, 10kg/m? DAk St. 414
& 430

” 1.5% DLk, 5kg/m?llE St 429

24—(526)




GH76-1 Bii® (FHATE) Ki¥ < v ¥ vARORFERIIT2WT (FLLETR)

; =
. B
S
,%r

R Sl
AL

fe:«!s »ﬁ:ﬁ:
/335
B

=
x‘uz“f&h(} aO-r(/

e

jrw W
SIS .

wam GH76-1 #i¥ 3.5kHz PDR s (St. 419, 414 % X 8 430 i)

25—(527)




wERETRAH B228E ¥ 8%

6. LED, WAL - WIRER QYA b X, 3.5kHz
PDR kA ERLEB E, WTFhd 10 BEAS
By ERIBENI VNS L, FARERORIBERE -
VHEALADIR 2 I 7o — B O MRS ARk, 30-40 18
BREELFHEINS.

ZNBEERIP D, S5, REEIHED 5 Wiz o
BOILREBRT, ~ v vERKET 5H@E2EET 5
i, AENSOFREMEE, BIHETIZ 60 5%
Wik 30 BE, FEMmFAE T 10, 5, 5k 2-31
Br3RETHY, £, ¥R, FEMTEENEZIEE
THZEPUETDHS,

F i, REROFABESE, BFTch, WL - BEE
DI 5 &R IC o0 B HIRIC %L, F DIREE -
(LA ST OZEL E D5 BRED B EE & %
b, RWHACHEET SERIEE, FRERETREARE
THEARD 5.
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