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the northern and central parts of the Central Pacific Basin—Results of the
“Basic Study on Exploration of Deep Sea Mineral Resources”—Bull. Geol.
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Abstract : Morphological, geochemical, mineralogical characteristics and growth
history of manganese nodules of the Central Pacific Basin are summarized in
relation to the sedimentary history, based on the five year program, “Basic Study
on Exploration of Deep Sea Mineral Resources (FY 1974-1978)” conducted by the
Geological Survey of Japan.

Manganese nodules of this area are classifiable principally into the two
types, “s” (smooth) and “r” (rough), according to surface structure. The smooth
structure is composed of monotonous layers of hydrogenous 6-MnOQ,, containing
high Fe, Co, Pb and low Mn, Cu, Ni, Zn, while the rough structure is composed
of growth cusps of diagenetic 104 manganate, containing high Mn, Cu, Ni, Zn
and low Fe, Co, Pb. Metal contents, inter-element relations, and their relation-
ships to nodule types are consistently interpreted by the mode of development of
the two ferromanganese mineral components.

Both types are abundant in case the mean sedimentation rate is low
enough, but are barren in areas of high sedimentation rates, i.e., in the vicinity
of the Equatorial high-productivity zone and topographic highs above CCD
(carbonate compensation depth). Regional distribution of the type-s makes up a
high-abundance zone within the pelagic/zeolitic clay area in the northern Central
Pacific Basin, as a broad ENE-trended belt of variable width (100-300 km)
extending more than 1000 km. The type-s nodules from this zone are generally
large in size, great in abundance, high in sea-floor coverage, and have two-
layered internal structure. In contrast, the type-r nodules are irregularly
distributed in the siliceous surface sediment area of the southern deep-sea basins
with variable abundance. Their occurrence are vice versa, and the nodules have a
marked concentric internal structure.

Based on a comparative study of nodule internal structure, mineralogy, and
radiochemical dating with substrata stratigraphy, it is inferred that internal
older nodules of the type-s initiated their growth at the late Miocene age or
earlier, forming the vast belt zone during the low-sedimentation condition under
the strengthened Antarctic Bottom Water. The younger outermost layers of the
type-s nodules and the entire parts of the type-r seem to have been formed during
the Quaternary age. Difference of redox conditions in the surface sediments may
have controlled the areal variation of nodule mineralogy, resulting in these
different nodule types.
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In the aspect of metal reserves, the nodule deposits of this area are worth
noting that the type-s shows abundant continuous distribution and moderate
enrichment of cobalt though the type-r is less important because of its low

abundance and very local distribution.
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Tablel Survey program in the northern Central Pacific Basin, F.Y. 1974 through
F.Y. 1978, by the R/V Hakurei-Maru.

F.Y. year Survey area Survey date Cruise Chief GsJ
scientist Cruise Report

F.Y.1974 5°-10° N, August 14 to October GH 74-5 A. MizuNo No. 4 (1975)
165° -170° W 17, 1974 (65 days) .

F.Y.1975 5°-10° N, January 10 to March . GH 76-1 A. MizuNo No. 8 (1977
170° -175° W 9, 1976 (60 days)

F.Y.1976 5° -10° N, January 12 to March GH 77-1 T. MORITANI No.12 (1979)
175° W-180° 12, 1977 (60 days)

F.Y.1977 5°-13° N, January 7 to March GH 78-1 T. MORITANI No.17 (1981)
175° E-180° 7, 1978 (60 days)

F.Y.1978 10° -13° N, January 13 to March GH 79-1 A. Mizuno No.15 (1981)
165° E-180° 13, 1979 (60 days)
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Fig. 1 Location map of survey areas.

A : survey area of this five-year program, B: survey
area of the program phase II (1979-1983).

Base map modified from Cronan (1980)

and PipEr et al. (1979). Dotted lines and dashed lines indicate the plate boundaries
of the island arc-trench systems and the mid-oceanic ridges, respectively. ’
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Table 2 Results of ship~board operations and shore-based analyses.

Number of Number of available operations Number of analysis
Cruise stations - .
B/G P D FG FGC C Chemistry Mineralogy Growth rate

GH 74-5 36 15 - 9 — — 2 7 — —
GH 76-1 31 30 6 2 67 — 2 69 27 -
GH 77-1 39 31 5 2 85 75 2 118 — -
GH 78-1 39 36 — 2 71 64 2 57 55 —
GH 79-1 45 42 5 1 170 122 — 63 48 10
GH 80-1* 17 5 5 1 43 0 — 41 26 —
total 207 159 21 17 436 301 8 355 156 10

*Supplementary data for stations within 5°N-15° N region of the GH 80-1 cruise.
B/G : box core (40X 40 cm) or Okean—70 grab (70X70cm), P : piston core, D : dredge, FG : free—fall grab,
FGC : 16 mm one-shot camera with FG, C . 35 mm deep-sea camera.

Box corer

Freefall grab Observation of Sediment surface
Piston corer ¥

Dredger | —— Rinsing by fresh water
&

Observation of external morphology

¥
Marking dot on nodule top

¥
Size classification

\4
Air-drying for 1 day

¥
Weighing
04
Photographing

[ Cut sample | [ Powder sample |
Resin imbregnation Grinding in agate mortar Packing
Cutting byﬁdiamond saw X-ray diffr:;tion analysis
Rough ;olishing Chemical ;%a]ysis**
Observation o¥ internal structure
Photo;raphing
Complete v[:011'Sh'ing*"’ #% Shore~based laboratory work
v

Microscopical analysis**

FIR AHEICB T B~ v 4 v EROKR HER CERN M OFIE
Fig. 3 Procedure of ship-board study and shore-based analysis.
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¥ L Yy —#HE (MurraYy and RENARD, 1891) i
-oTRUDTHLhIcE N, ZD%, BHENTERE
SEEED Meyer (1973) 1T & » TiRZEEXH, MEYLAN
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Table 3 Morphological classification of
manganese nodules.

A.Field classification criteria of MORITANI et al. (1977)
Sr  =s-m(S,Elr
SPr =s-m(S,E,Pir
SEr =m-1(S,E)r
Db =m-1(D,D-Elb
Ss/SPs=s-m(P,S, Els
DPs =s-m(D,P,E)s
ISs =1(S,F)s
V. =s-1(B,Fr,s

B.Field classification criteria of MgeyLan (1974)
Example : s—-m(D)s
1. Primary morphology
(S]) =spheroidal
{E]) =ellipsoidal
(D] =discoidal (or tabular-discoidal)
(P) =*“ poly ” (coalespheroidal or botryoidal)
(B} =biological (tooth, verterbra or bone)
(T) =tabular
(F) =faceted (polygonal due to angular
nucleus or fracturing)
2. Nodule size
(prefix)
s =3cm
m =3-6cm
1 =6cm
(maximum diameter)
3. Surface texture
(suffix)
s =smooth (smooth or microgranular)
r =rough (granular or microbotryoidal)
b =bortyoidal

Fa4k <A VEAROBRERHEESH (RFRES

Table 4 Frequency distribution of nodule abundance (all cruises).

nodule type

abundance (kg/m? total
s intermediate r

<1 21%( 9.2) 13 (20.9) 89 (63.1) 123 (28.6)
<5 59 (26.0) 30 (48.4) 131 (92.9) 220 (51.2)
5-10 34 (15.0) 20 (32.3) 6 ( 4.3) 60 (14.0)
10-15 31 (13.7) 10 (16.1) 2 (1.4 43 (10.0)
15-20 39 (17.2) 2 (3.2 2 (1.4 43 (10.0)
20-25 20 ( 8.8) 0 0 20 (4.7
25-30 21 (9.3 0 0 21 ( 4.9
30-35 19 ( 8.4) 0 0 19 ( 4.4)
35-40 2 (0.9 0 0 2 (0.5
40-45 1 (0.4 0 0 1(0.2)
>45 1(0.4) 0 0 1C0.2)
total 227 (100%) 62 (100%) 141 (100%) 430 (100%)
median 13.0 kg/m? 5.5 kg/m? 0.6 kg/m? 4.3kg/m?

* expressed as numbers of sampling stations.
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Fig. 5 Cumulative curves of nodule abundance on a log scale.
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Table 5 Sea floor coverage of nodules revealed by sea-bed photographs.

nodule type

coverage (%) total
s intermediate r

<9 6% ( 4.4) 7 (22.6) 59 (78.7) 72 (29.8)
10-19 4 (2.9 4 (12.9) 10 (13.3) 18 ( 7.4)
20-29 5 (3.7 6 (19.4) 1(1.3) 12 (5.0
30-39 6 (4.4 6 (19.4) 3 (4.0 15 ( 6.2)
40-49 11 (8.1 2 (6.5 0 13 ( 5.4)
50-59 19 (14.0) 1(3.2) 0 20 ( 8.3)
60-69 20 (14.7) 1(3.2) 2 (2.7 23 ( 9.5)
70-79 4 (32.7) 2 (6.5 0 46 (19.0)
80-89 19 (14.0) 1(3.2) 0 20 ( 8.3)
>90 2 (1.5 1(3.2 0 3 (1.2
total 136 (100%) 31 (100%) 75 (100%) 242 (100%)
median 68% 21% 5% 43%

* expressed as numbers of sampling stations.

Bk <A VERONESR (EED

Table 6 Size distribution of manganese nodules (number of samples).

size

nodule type

(long axis in cm) total
s intermediate r ‘
>8 106*( 0.3) 25 ( 0.4) 26 (0.4 157 ( 0.3)
6—8 647 ( 2.1) 48 ( 0.7) 25 ( 0.4) 720 ( 1.6)
4—6 4495 (14.3) 498 ( 7.3) 187 ( 2.7) 5180 (11.4)
2—4 16445 (52.2) 2773 (40.6) 1782 (25.8) 21000 (46.4)
1—2 8650 (27.4) 2478 (36.3) 2865 (41.5) 13993 (30.9)
<1 1167 ( 3.7) 1002 (14.7) 2022 (29.3) 4191 ( 9.3)
total 31510 6824 6907 45241
mode 2-4cm 2-4cm 1-2cm 2-4cm
median 2.7cm 2.0cm 1.5cm 2.4cm
number of samplers 227 62 141 430

* expressed as number of nodules.
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Sediment Type Nodule Type

Zeolitic smooth
n=9

Pelagic
49

Siliceous C,
58

Siliceous O. no nodule

6

Calcareous }/
10 o 100 %

HoX Es 1 FERBERY A TLOBFR @uEF-s50
Fig. 6 Relationship between occurrence of nodule types and surface sediment type.
n: number of data.
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A0Z T 40
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30% 30
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0
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BN FROBEWEROEENN GAEREy ¥ 7Y ¥ /EEE 100% & L1
Fig. 7 Frequency distribution of sea floor coverage of nodules on the basis of sea-bed
photographs.
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wHBEENHEGEBE FI0D

EOTH m OFRECEWRIES 2. FiEELOz 7
O TREBET 200-300m @Y = B> T
ET20lbd 25 (GLassy, 1978) #5, A#gEDEER
EL TE—BAEEE EENCRABCBELTVLS

CERBVWRTBW, 2575 TRy RaTS
(BEAEH 30cm) itk % 159 HOMED S B 92 15T
v v A VESRES NI, BET 30cm F TicE
BLTETbDELT LI ETH -7,

INoOHRYRLBICIE s B« r B« hfRIAH
BONBE, BERIFHRO YA Fick-TRERB &
PG I ERERERIC r BIEEETEL, s B
TEY. rHOETIREBADY B, 4kg/m? 2HA
55D 10% LUTTHaDicwtl, s BITIR 5% %8
23, sBITII 10kg/m? 28X 5 bDHH 60% T
KR 4A0kg/m® ic#Ed 5. RIEITIE 4kg/m? %8
Z 35D 50% T, s BE r Bl ARG
(A& B4 5.

WA A S, ¥y 237 F0ERLBBETHOERK
BEROERIC XN, BIRIREE, IBERER, RpER
Wb, FS A ISR L TRE- T3 (5L, 56,
TR, X A-4). s BEFAZBRICERLTED,
Drg &b PEMITEBEREK S EML TV, RRo

REWV S OPAHRNLTRERD b O TR THOHEREY
& OEEREE ARSI O RIS A E O BAMBHICH
5. — I BT T IRIRE O R - iR o B —
BELTHETZ ESRD. WER 40-80% 1EL
T, BKI0% IcET B, M5 R REEY, B
BHAEHEZ V., —F, r MIBEGD S cm DA
KREREHERY IR T 2 HAICH 50T, #1245 TR
RAOCHERTERVILBEL EIRD. r Bols
THEERIFEL (W 5ke/m? UL Ba1d, HsEs
HASTHRESNBI E0H B, TOBATHEMLE
WABCHBYIRE-TVWB I EME V. r BB
BRI sHBEIWNBHTHY, BEROLDIIhLhD
53 10% DI EREKIc W 7, IR, r BIFH
LS REHEREY R BB RS L AEE BT H
h, EBHBYWOEKILIIEF TEV (300-400% ;
Tsurusaki and Hanpa, 1981). %5 10 K< 2 FE=
B (3R s BOMARE ), EEEE (3 r 35
il & —8), RO EROXEHEREY & 1 7L oB#EE
BRENTWV S,

4.4 WK B HELE

KR OFBMOTR IR, BER, FEABRE O
ZNOHHERE LBk R gD, BRIK, BERO

WK 70— 74— 005 TIHELREBIEA 2 5iICk 3 s BEBOER

IS

FETBEEAM vy FHBSD, E10cm. LbE

Fig. 8 Sea-beds occurrences of s-type nodules as revealed by one-shot deep-sea cameras.

Size of the marker in the lower left corner is ca. 10 cm in diameter.

is observed in the upper left corner.

Benthic animal
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Fig. 9 Relationship between nodule abundance and seafloor coverage. Plots are dispersed
because of differences in nodule shape, size, and rarely wrong operation of samplers.

Hiid CCZ ORI EHBEL TV 3B, CCZ KFFD
WhW B N vo—F—fR” (REEMAFETETSEY
b o) FHiAHIR TIRE S W (Usur and MiTa,
1987). Wi AFABLRD s MEBIAS AR THEE TH
3. BT 3 AHHEOHREIC XY, oBRKEHHED
MR OEIN B %> TR L iR Th 5 C
EHEEAL 72, r BRI —BICERIRE VW L 2 O L
TR E b0, E 11 XIcHEKE s B, r BIFHOA
BAERT

HS R ER > T EMNEL, —BIOBRIc L ->T
TR REE 0B, 7272 UHEERERF oA s i
B b s FaE L e T ERE A E > FI T I E L O
RWEALH L. MO BAE (FRIK+FkG
cEIHTFoR) XEHEEE (FEezrx 254 1)

DABATFIROEATH 5. BhICF v —+, KRS
th (X0, MOBEARME) BELEDEND. s
TR AHATRENVEFOBEANEL, r TR
&S, BEBKT 2B —RICEEHEY &S RE
123, FhBtyBoRBHCaRNIIC 3y T, %
1A, FHEREHL TEREROMEISNAEFNTVS
ORI R IZHRAK 40cm 2L EB) 5 1mm Bl
TovA 780/ Ya2—ETEOWAARRTD, FH
i3 2-4 em WERUERTEHET 5 (E6 XK, F12
13 B, WERBESH O S hotE & Ef, Hly
4 FILE>TRE->TVWS, s BIFBTIE 2-4 cm ME
Bt E L 2FEHK D 50% 28A, lem IR 5% &
ETHD. E—0Y v 75— OFEBE T I LEWIRIE HHi
S TW5. & s B ToORNBEHRER 2.7cm TH
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Fig. 10 Distribution of nodule abundance and lithologic types of surface sediments.

Type S Type_ i"

GH77-1-G383

GH76-1-G182

GH76-1-G171"

H11R B0 AR R E LR

Fig. 11 Typical surface structure and shape
of nodules of types s and r. Scale
bar: 1cm.
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TR WA X TS (CuKa)
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-5 5 5kH2 10 A manganate (T) IK&UBE, EF8ES -Mn0, (D) KEURK
Q4% P RHLAUIK Rl Ok — 7 25T

Fig. 14 Typical X-ray powder diffraction patterns of manganese nodules (Cu Ka radiation).
10 A manganate (T) dominates in the upper five samples and 6-MnQ, (D) in the last

sample.
phillipsite.

5. REFMOMAEE s HoEBEREEBEL 8T
% (X A-5). r BIER T 12 cm HEIBHETH D,
2cem LAT OB 10% ##A 5. iz 1.5cm T
s BUZHANNS WS LR TH S, H—r 75—
i€ 34dcm 2 5 mm DTFOEY 1 XOBRIKEEAEE
FTHEIEBLELRDY, w4270/ Va—VIHiBd
BEOICRZB. =470/ Ya—VIZEET BEYIO,
1t o %5 % (FriepricH, 1976 ; Hismipa and
UcHio, 1981 ; Ucato and HisHipa, 1981 ; UcHro,
1982) W r Ao Z N LEPL THY, WEHFORRA
HILEREERE LTV 5.

<A vEFROLBERERR - EBEREEED LT
BERMETHA. GHT6-1 LU GHTT-1 i TiEL
AR E L SR (MorITaNI et al., 1977, 1979 b)
T, BEAEORR1.9-2.1 Officgh L, HBEs
1 7L BFEBEGRD SNIL .

4.5 SAPHER R UiEES

MBEICEET % < v A VRO [EI5E 1T 13 Bk 4 75 R 72 R
EhHY, FMZIC2VT RIS VO HER
T % (Burns and Burns, 1977). % O B3
RFPBO TSV &, MEPHKIE X > TE{T 3

“Q” indicates the strongest peak of quartz, and “P” plagioclase and/or

BONH B L, BREESMBEVWCERETHE. LhL
B AR id Buser and GruTrER (1956) 2SE#icid
#HL 10A manganate 10 A manganite, todoro-
kite, buserite & FEiEN 3), TA manganate (TA
manganite, birnessite & & Mt ¥ ©1 %), 6—MnO,
(vernadite & bMEEN3) D IFRSNS. 22U, T
A manganate R EBUKEIED < v # ¥ B
(LONSDALE et al., 1980) ®HREYhDO<A 70/ Vo

— (GLover, 1977) 73 & OHBK 2 EERERTHAH

£, HANREERE Y H Y El» S 0MERI LA
L, A#Edo< v # L 51 7TA manganate
e v H VSRR RD Shith oo, X BREC
y—v (FE14R) LT 104, 5A FEOE—2 2510
A manganate (A%TI3 Arrhenius, 1979 25t - <
COEBMERATE) KBETHD, 24A RUL4A
EfEDE — 2713 6—MnO, (BIF 6—MnO, i3 2.4A,

I4A D RHH 2 A0 b0 54T ) & 10A
manganate DHFICHKBET 2. - 7T X REHED
Bl k> CHMED 6—MnO, OFEAK 5 2 & 3R
HRBard 50, RNEMGEEHELMHET Ltk
> T kD 2 Y OHEEREENTE 5.
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thale CEEER AL « Do < v v JIB (FUE 182)

o

%15 DCETERMREE I (A W@ s MNHRO Rk, B X r MNBIO NS & ZE0 ST/ fs Ll ko T, D &
#x10A manganate, §-MnO, /9. 247 —id 20 m)

Fig. 15 Micrographs of nodule mineral components under reflecting microscope. A : upper
surface of a s-type nodule, B: surface and interior of a r-type nodule (nodule
surface is in the right side). T and D indicate 10 A manganate and 6-MnO, phases,

respectively. Scale bar: 20 yum.
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HHE M AR H O CE 38 & 510 0T

W16 r MPHBEONEIED -#

02D VT ORA X BRI/, BaeEE
B, X470 70— 70 REOLRICED,
B PRI E S RN H 5120 T, AR
RDEWE ML TE 2 /BEOMREEERT 52 &
Bhho-TERL (HHEH» 1978; Usur, 1979 a).
6—MnO, BEKR = v 4 rvB{ftoans F&LTH
BB L oSk ch D, BB A WRTRICET
DEREM, S REREEZEL, s IHBOBHETH 3
S LS £ TR T 5. — 4 10 A manganate 34
YRR OB Y« &H T 5 KB o VIRRIEH ©
WETHIBEAKD ST LI EZELZ SN TED
(Usut, 1979 a, Haweace and Ozkara, 1979), & 15

(o IR 13 1OA manganate OHHKIGHARDFEEIC L 5 D)
Fig. 16 Typical cross section of a r-type nodule composed of 10 A manganate layers.
Photographed under reflecting light.

B iR d &2 Imm HUTOLEOKMED 513 i
B oBEE2 L, r BHBOKYTH 2V XS
AT 5. ERicBVLTR, HBEATEERHE ST 2L
(s, H (o o L& IZE 0T NEBE & EkoE
S, [ &R oBIRmIcRET 5. 0, SR
oS & OXHGBR G AMICR 53, HHAEc b H
BicdTidgn, &5IARRAAOMBIcI®m L <38
Hon, FINZTIEEAERRL,

4.6 A W B E

TR U7z k D 2 gk, KBEEMEET CHRENHE
WWEASVTHEANEN B, £ -FROoANHIC 3KERET
O KIS G OXBIHHINTVWEDTE
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Table 7 Comparison of average chemical compositions of manganese nodules in the world oceans.

NE Pacific Manganese
Nodule Belt

Pacific Nodules World Ocean

Nodules This study*

HeN (1977) CRONAN (1980) CrONAN (1980) mean  s.d. max. min.
Mn 26.6 19.8 16.0 19.77 3.98 32.18 7.33
Fe 6.4 12.0 15.6 10.15 3.07 16.94 3.30
Cu 1.05 0.39 0.26 0.60 0.33 1.80 0.11
Ni 1.25 0.63 0.48. 0.70 - 0.28 1.72 0.25
Co 0.24 0.34 0.28 0.25 0.08 0.54 0.09
Pb 0.050 0.085 0.090 0.058  0.022 0.124  0.010
Zn 0.13 0.068 0.078 0.081  0.038 0.260  0.067
Cu+Ni+Zn 2.43 1.09 0.82 1.39 0.64 3.67 0.41
Cu+Ni+Co 2.54 1.36 1.02 1.56 0.56 3.61 0.50
Mn/Fe 4.18 1.65 1.03 2.30 1.87 9.68 0.69
(Cu+Ni+Zn)/Mn 0.091 0.055 0.051 0.068  0.020 0.120  0.032
Cu/Ni 1 0.84 0.62 0.54 0.81 0.15 1.33 0.38
Pb/Fe 0.0078 0.0074 0.0058 0.0056  0.0011 0.0110  0.0012
Co/Fe 0.038 0.028 0.018 0.025  0.005 0.052  0.008
H,0+ — — — 21.2 2.8 26.9 11.8

* pased on 344 analysis for air—dried samples.

O ES%2FHAID C EPARETH 5. FE, W oh
DOEBRO NI G ERRBRR AR L 7230 & i 72 R4
DEVWHERED SN BIZANH 5. S OREKEZEIHRPAET
TETORNBSELZ &0 8EbH 55 (Burns and
Burns, 1978), AMEEHOREK ©3FHAITE L VT
FBHERTHBRAE SN TVOT, 2 RERO
Hitn S RENCE D » CTHROBFEAEZ CL L Ebh
5. PIARKESO r BEBR G, SREE THOE
#-5% b 10A manganate D/NIHEBEDL SR, £
B E B4 U< 10 A manganate 2VERT 2335
Hofcl EERLTV S, TN F B EOHEE
BABHICED SN D & 1I6RKIic—FD. F/ s BH
TR S EEREELHBESETY 6—MnO, ©

BRSNS EEICED S50, s Bl 3ARERAE L
THERZ " 2OWRERAF -V BH LN T EMB—DDF
BeB-oTwa, b5, AKKE §—MnO, ©H
M ORAEHEIR O OB et h, £ ORI 2-5
mmEOEIC - THENE. AEOABRER
5—MnO, » 5E %45, B2 10 A manganate OHJE
DEAEL I, BRBREO—WMEWET B L5 5.
HHFBIC 3E L WBROREN R S LA T
W3, Co_E#EEIENREREOREEERL,
HLREFREREIIBT S “NM 7R WA D, 2
ABUTCRD SN s B TEAEES OB

HHFES L 0FH L v 27 — Y OABERLIANICBERER

BOELEZ Y, LEVEHTEIEEEICEA LT

LERIRT 5.

4.7 & ¥ #H &

< v IO I 2 W TR, SR T O
5, BREVEICARShTWE (FUJINUKI et al.,
1977 ; MORITANT et al., 1979 b ; Nakao et al., 1981 ;
MocHIZUKT et al., 1981 ; B, 1978). 4#r i3 EEZA
BE~N—-24& LT, Mn, Fe, Cu, Ni, Co, Pb, Zn
CLEBFRNENE), HO0E (v 74— FEITK
BIBGRE) oW TiThNn e, —#kicid 110°C %
BHaX—2L LzafEsE LTHRESNTWVWB0T,

S E LR T 2B IEREET 3.

HRIICR T v & v EBR O EAER IS B, IR
FEREN C DI > TRELSEFTE L0EHTH
3. COEHICIEEC X 25, EEE 0K KA
HEE & OBEG, FBAS T OMMEE R r — v oz s &
MBHY, WINLEREEOREZLEHEELF>. Ll
—oDFFHIEN BNy v FABTR, Hrx0R
BAREICKEBEFND > TORELE L TREEORRK
sk &7, EEREO/LFHR LT 2 EE S 5.
SorREM et al. (1979) B AFEAEERBE DO Ni, Cu @
RS ERE (0/x) B10% EEELHMEL TV 5,

AMEE O~ v v EROLER S F oA R &
CEBT A EMNEMTH S (TR A-2, 3). FlZE
Mn/Fe L TREA 9.7, H&/N0.7TERESEMAL, &
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Table 8 Chemical composition of three types of manganese nodules of this study.

type s (n=219)

mean s.d. v.C. max. min.
Mn 17.97 2.38 0.13 22.95 7.33
Fe 12.00 1.90 0.16 16.94 6.40
Cu 0.41 0.14 0.34 1.17 0.11
Ni 0.54 0.13 0.23 1.04 0.25
Co N 0.29 0.07 0.24 0.54 0.09
Pb 0.069 0.017 0.25 0.124 0.010
Zn 0.062 0.014 0.23 0.133 0.027
Cu+Ni+Zn 1.00 0.26 0.26 2.31 0.41
Cu+Ni+Co 1.23 0.24 0.20 2.40 0.50
Mn/Fe 1.53 0.30 0.20 2.89 0.69
(Cu+Ni+Zn)/Mn 0.056 0.013 0.22 0.103 0.032
Cu/Ni 0.74 0.11 0.15 1.20 0.38
Pb/Fe 0.0057 0.0009 0.16 0.0105 0.0012
Co/Fe 0.024 0.004 0.16 0.036 0.008
HOx 22.2 2.7 0.12 26.9 11.8
intermediate (n=52)
mean s.d. v.cC. max. min.
Mn 20.36 3.93 0.19 26.88 9.25
Fe 8.16 1.64 0.20 13.34 5.29
Cu 0.74 0.22 0.29 1.08 0.19
Ni 0.84 0.21 0.25 1.30 0.34
Co 0.21 0.05 0.24 0.34 0.09
Pb 0.046 0.015 0.33 0.100 0.012
Zn 0.086 0.021 0.24 0.144 0.048
Cu+Ni+Zn 1.67 0.44 0.26 2.51 0.58
Cu+Ni+Co 1.79 0.43 0.24 2.57 0.84
Mn/Fe 2.60 0.79 0.30 4.58 0.99
(Cu+Ni+Zn)/Mn 0.082 0.013 0.15 0.106 0.042
Cu/Ni 0.88 0.11 0.12 1.10 0.56
Pb/Fe 0.0057 0.0014 0.25 0.0110 0.0013
Co/Fe 0.026 0.005 0.19 0.036 0.010
H,0x 20.2 2.0 0.10 23.8 14.5
type r (n=173)
mean s.d. v.c. max. min
Mn 24.76 3.47 0.14 32.18 14.47
Fe 6.02 1.26 0.21 9.59 3.30
Cu 1.09 0.24 0.22 1.80 0.61
Ni 1.10 0.19 0.17 1.72 0.69
Co 0.17 0.03 0.17 0.23 0.09
Pb 0.032 0.011 0.33 0.057 0.013
Zn 0.135 0.045 0.33 0.260 0. 067
Cu+Ni+Zn 2.32 0.43 0.18 3.67 1.37
Cu+Ni+Co 2.36 0.40 0.17 3.61 1.49
Mn/Fe 4.38 1.42 0.32 9.68 1.55
(Cu+Ni+Zn)/Mn 0.094 0.011 0.11 0.120 0.069
Cu/Ni 0.98 0.10 0.10 1.33 0.78
Pb/Fe 0.0053 0.0014 0.26 0.0084 0.0028
Co/Fe 0.028 0.006 0.21 0.051 0.016
H,0+ 18.6 1.5 0.08 22.7 13.6

All analyses made on air—dried samples. n : number of analysis, s.d. : standard deviation, v.c. : variation coefficient.
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analysis see in Table 8.
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HSATER RIS -« o< v B (B )

WBEE DR 2 BHIBOHAROES (Frazer and FIsk,
1981) 2AN—LTWA. Ko< v 4 v ElROFE
bl GO 344, 7R 1, 2WE (Cronax,
1980) XU CCZ @iﬁ@qu’:]ﬁﬁ (HeN, 1977) & o
PR 25 L CWw% (Usul and Mrta, in press).

—7, EoRlSE O LM I R AR RERNZE
EHEEL, &5 IORBEEFEROTEN S 4 7
ONTEE E ORI ZIHRARERISAD SN D (B8R,
r B3 Mn, Cu, Ni, Zn MM ILEL, Fe, Co
MEWL. Mn/Fe Hi3 1.6-9.7 (F#54.38), Cu+ Ni+
In 121.4-3.8% (E¥52.3%) O&EHIcd 5. s BIIK
stic Mn, Cu, Ni, Zn #ME<, Fe, Co &\, Mn/
Fe K13 0.7-2.9 (15 1.53), Cu+Ni+Zn 0.4~

2.3% (CE¥H1.0%) 0fificd 3. T r BosmE
AR SHET 2 s B, RUZOFEDESICS L
WD 54 7 E A E ORIBEER I > TV, s
L r HOSHBROER T REROEE#E L 250
(LM AT LIS WIES S Ficd 508, AEEEEE
B35 itk DBBATE 3. (Usur and MOCHIZUKI,
1982). 17 K3tk oM ERLIZER TS
ATHD. s A1 Fic X 2EEPFRICESRN S,
Fe, Cu, Ni, Zn, Mn/Fe th7s & ik s r B
MO E R L C2ROEFROEEATIE A £
— SV OMERERLTWS. FlZE Mn/Fe thTid 2.0,
NiT30.8% #55& LTy 4 7B A h 5.
HPREE s RIS r o bRIHERE RS

FOER <A HAROBSSHOBEE

Table 9 Characteristics of nodule constituents*.

10-A manganate

Characteristics 6-MnO3 phase
phase
Optical properties
(reflecting microscope)
colour light grey dark grey
reflectivity high low
anisotropism strong none
hardness (VHN)** high (52-112, mean 82) low (10-24, mean 17)
internal reflection none none

Occurrence deep-sea manganese nodules
(chiefly bottom surface)
shallow-water manganese
nodules
Texture conformable thin layer

(reflecting microscope)

Chemistry
(microprobe analysis)

Mineralogy

dendritic
(caulifiower-like cusps)

network

crack filling

cementing of clastics

massive aggregate

rich in Mn
Mn : 30-50 wt%

Fe: 0-2
Ni: 1-3
Cu: 1-2
Co: 0-0.4
Si: 0-1

monomineralic (10- A manganite)

deep-sea manganese nodules
(chiefly top surface)

crust or coating of rocks from
topographic highs

stratification (sometimes columnar)

rich in Mn, Fe and Si
Mn: 10-30 wt %

Fe: 11-18
Ni: 0-0.8
Cu: 0-0.8
Co: 0.3-0.6
Si: 1-8

mixture of some minerals—two-line
form 6-MnQO:, amorphous iron
hydroxide, and minute detrial
minerals, such as quartz, plagioclase,
zeolite and clay minerals

* From Usui (1979 b)
*¥VHN, Vicker's hardness number.
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#wEHERR B EGERBE E105

s BlE r HoxtBH S bR KR OO E R
WAL ORIEEIR I, EHEBRT 2otk
Bick - TREHICHBEsI NS (HHFEH, 1978;
Usut, 1979 a). Rifi TR 7 & 5 i AMR OB &
b oh 8 6—MnO, & 10 A manganate T&
H, HAES A4 7HET 5 TA manganate R4
RFAB 5NV, 10A manganate i Fe 23 & AE
%9 (BEIR), Cu Ni, Zn & ERFEEEFHICE
DAL=V H VBB TH D, B4 DEBEFRD
BT T—EE (J1/6) v (Usut, 1979 b).
—7 6—MnO, 13 Fe & Mn # 3EEESALZEER
BakBILWTH 5. Cu, Ni, Zn OSERIR 10A
manganate IZHAT LHRECEY. o5 {bFE
ROBMETIE B4 0BG TEBINDI Ltk
TET B ELTHEENE. CO2EMHBCOET
OHEEEE & 54, = OEBNIEE OFHBRORH
CHEEARITTIEERELBL,

H1IBRREESFEL LFoSBEEROMORK
ZEANRic oy b LD TH B, BlEKSD Cu, Ni,
Co, Zn, Pb BEEKSDD Mn, Fe OEBBRICHEICH
BLTWAB Z EWbh B, BoNart et al. (1972) i
Mn, Fe & Cu+Ni+ Co ORAKTHIROSEE LT
VWA, TEHCTey LK (B18K A-C, E, F)
HoEZEZNE Cu+Ni Xid Cu+Ni+7Zn % 1k E
THEIPBEYUTHS. F18X D TR EFO T Y
F3HB5DD Cu+Ni+Zn, Mn, Fe OEICHEVWE
BEBNED SNE. TOEBO—HOKSIE10A
manganate O ML E LT Mn- (Cu+ Ni + Zn)
BAEEToy VENETHAHD L, MilFE 6—MnO, O
EFEMRL & LT Mn-Fe A e s h 3.

Cu+Ni+Zn# Mn & FeBItXhREENB
LRRD2ODFEEEBITITEL ENTE S,

1) Cu, Ni, Zn & 10A manganate ® & ic i
£, ZOHBMO Mn K3 2HI3—ETH 5.

[X =kMzr]
2) Fe ld 6—MnO, DA IEEHN Fe/Mn tid—
ETH5. [Mp=IFp]

T 2T My, Mp, My (=Myp +Mp) i 10A manga-
nate IZ&EN3% Mn &, 6—MnO, k&ENh3 Mn &,
& Mn EThY, Fp, Fy (=Fp) @& 6-MnO, k&F
N3 Felk, 2 Fe BT®% 3. X34 Cu+Ni+Zn
Bk | 3EHTHS.
wic X BIRATcROE S,
X =kMr =k (M — Mp)
=k (M, —IFp) =k (Mo — IFy)

S X =kM, — kiF,
X i34 MnB &4 Fe BO—Ikf5aTHRbEh, HE18
Ro=fAK7o v r DEREBL KT 5. EEOHT
i (334 M) BRORIHES bOLIREL, SBAEER
MOBIGRR U aHR & OBBRERDTHS &,

X =aXy, + bXp, + ¢

(22T X, Xyn Xpe & Cu+Ni+Zn, Mn, Fe ®
FE%, a, b, ¢c RN BEICLLERRHTH B)
Z DFERI a=+0.0835, b=-0.116, ¢c=+0.913 &
By, EMEBEGEKE0.89 THs. ERROBRTIE
BIH c - TWVW3EH, Thid 6—MnO, HiTd Cu,
Ni BENEFEBESNEBELEAEBRALILLOTHA
3.

T PR > ORENEILT 57 5 ESBEEREOM
OIIBEIRIRI E R TE 2. Mn & Fe OHEEE
(% 19K A) 12 6—MnO, & 10A manganate ® &
WHZEHT 20 THY, s BE r BIHNERN - 5K
K7ey hENRBTEE—HT S, L LEPHRBYO
BEESRXVIEAICE, HEBERKRESEE BBV,
Mn, Mn/Fe & Cu, Ni, Zn O8WHEE GE19XK B
& 0) i3 10A manganate BOZEEHE - T Cu, Ni,
In BEET 55 TH5. HL 10A manganate %
SFERVEATS 6—MnO, i2id Mn BERSELT
EFENTVAHERERIZ O AUl 2@ 570, Mn/
Fe iz LB A H S 3 L LI LITHY
5N 3. HawsacH et al. (1981) & Cu+ Ni & Mn/
Fe OGN EFE COMEn b T L E2RE L BE20
K). EBOREICES VT Fe/Mn HicoWTEEKT

5,
[Fel _ Fo _ Fp _ Mp
[Mn] Mo MT+MD Z(MT+MD)

70 Fe/Mn i3 6—MnO, OHHEAERLTWS
LIBINTE 3. 6—MnO, DRI~ v 4 viEwLis
DEEN/NSVWEEZ ML, Fe/Mn & Cu+Ni &
BREACEREAGRERE> B 19K C). - TZ DHEL
Mn/Fe & Cu+ Ni & ZEE TR R cal
ENBENEINS.

SBEHEOMHBMRERMB Y 1 FBlicE EHTRL
12bOBEINRKVENTHE. Wy 7E2EDT
B4, Mn-Cu-NiZn WOME, XU Fe-Co-Pb i
OB OIEMB, RO V- 7OROEMHESIER
BEETH 5. OMREERD 2EYOHEICL - T&
(BiAsh3. K51 7BOMEEBEROE 1 TOBE
Ef B EROM, ¥4 TRIET B LY OEREE
BUNS {2 B, AEEINCHEBREI/ N (85,
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+ intermediate
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9]

Fig. 18 Ratios of Mn/Fe/(minor elements) plotted on ternary diagrams. Numbers in the
right edge on Figure 18 D shows ratios (Cu + Ni+ Zn)/Mn.
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Fig. 18 continued
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Fig. 19 Correlation plots of element concentrations and their ratios.
to Figure 18.
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(Mn/Fe)/(Ni+Cu)-correlation in ferromanganese nodules (CP and SEP)

r a b
©
- cP 0,91 3,41 -3,74
X x
i x -
N . SEP I 0,81 2,53 -2,1
A L N SEP 1 -0,85 1,03 5,21
X N R

r: coefficient of correlation
a3b: coefficients of regression

&
=
(&)
+
z @ T T T T T T T T T 7 T T T T T T T T T T T T T ré——
< 8.95 2.85 4.75 6.65 8.55 10.45 12.35 14.25 16.15 18.05 19.95 21.85 23.75
Mn/Fe
© regression curve SEP I
a4 regression curve SEP 1I
+ regression curve CP
x values CP (Central Pacific Nodules.)
o+ values SEP  (Mn Oxides near East Pacific Rise)

55 20 Mn/Fe H 1264 5 Cu + Ni OMphEHEEl  (HALBACH et al., 1981icE-5<. Mo SEP Ho—HisALEE
WA D BUKIES O EZ 3 L TH b, BN ERIERBTIREEW)
Fig. 20 Hyperbolic regressions of Cu+ Ni grade versus the ratio Mn/Fe (Hausacu et al.
(1981)). Manganese oxides signed SEP were collected near the hydrothermal field of
the East Pacific Rise, which are not classified as normal deep-sea nodules.

Bz Co DHEERARIBRE B BT, Mn-Co i s BIT
FIE (+0.54), HRIBTRIE (+0.45), r MTIRA
(~0.43) & ->TWVW3. Co id 6—MnO, It% < B
LTWaC ERHEERD, YD Co DL FEED
R >WTiE, Co DMEPREIC L - TE(LT 3
SEPh OFESRFHINIBE SRS 2 (Burns, 1976 ; FHHIE
», 1978) MEOHEEHEM LD, SHOFEE L TEX
hTw3,

5. HROFEHKBE - RRE

AHE oMM O RAECHE L THBEOERF -5
BEY:, (EG Eic k) BIEFEDEVIZY, H
BRI DWW TOREL VERIZE L v, AR
DFEMWHE & HERE - LEHEY S oflicw oDk
HEHEESH Y, N5 RTEKEEEE - TEERGBREICEET 2 RE
2EHZTWE,

B3R Lck i, REEFESEERIC X 2HHER
OEEEFITBVT, Bthb-Eritor=y + I
REOHEBWHEE»S AT A, B, CizofEsh, 3

74 7ETEBLTCHEESRRENED SN B, BHRIC
BOTEBHCE SN/ 3.5kHz SBP ilicd 5bh 3
TEEFABRIA 7T A KBV TREVWEIAERVT
FiEExL=y P I1&EEREL, #4147 B, CitbL
Tida=y b I DR EWPIELAT IBHBELREL TV
T iV, EES 1T A, B, $147C
WRBERLREW, 47 A, B OFEHEBFERR
ORI d AREEORMEMNDH 5. 3.5kHz SBP T
K 2B L < v I ORER E ORRER L
2HIZED LMD &SI, FREEROSVHIRILE
HEORBENK 40m LITTH 5. 7, s BIHBIZE
E 40m DIToHgicfRoNm LT3, r BSR4~
BES TN, BEERI s BERIcH TS
WS, BEMN 40m 2L 2 HIRK OB AR kT
BERIEHICES RAFEESERLH . WTho s
47Th, BRBEBEMN 0m 2HASEIATRTY
HyBRoOESBERERE S TERY. Fha=y b I
OHIBHNICBWT S, v A VABOBER . ¥4 7l
2=y b IOBREICH AEREHNT A ESHONTH
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Table 10 Inter-element correlations of manganese nodules.

Mn Cu Ni Zn Fe Co Pb
Total Mn 1
(344) Cu +0.822 1
Ni +0.816 +0.972 1
Zn +0.782 +0.773 +0.757 1
Fe —0.555 —0.839 —0.842 —0.731 1
Co —0.251 —0.669 —0.642 —0.516 +0.843 1
Pb —0.397 —0.726 —0.709 —0.645 +0.878 +0.892 1
Mn Cu Ni Zn Fe Co Pb
Type s Mn 1
(219) Cu +0.457 1
Ni +0.478 +0.895 1
Zn +0.367 +0.454 +0.458 1
Fe +0.281 —0.514 —0.534 —0.213 1
Co +0.535 —0.346 —0.265 +0.006 +0.737 1
Pb +0. 384 —0.432 —0.404 —0.134 +0.774 +0.830 1
Mn Cu Ni Zn Fe Co Pb
Intermediate Mn 1
(52) Cu +0.825 1
Ni +0.839 +0.941 1
Zn +0.595 +0.706 +0.759 1
Fe —0.199 —0.613 —0.584 —0.569 1
Co +0.448 —0.044 +0.015 —0.038 +0.662 1
Pb +0.238 —0.189 —0.166 —0.129 +0.621 +0.808 1
Mn Cu Ni Zn Fe Co Pb
Type r Mn 1
(73) Cu +0.725 1
Ni +0.641 +0.909 1
Zn +0.754 +0.313 +0.242 1
Fe —0.772 —0.499 —0.525 -0.712 1
Co —0.433 —0.564 —0.557 —0.343 +0.419 1
Pb —0.741 —0.438 —0.325 —0.802 +0.658 +0.502 1
%, COMEMEREE—BEcEEEI TV AL E AR LTWA (NisHmMura, 198D). HERFEZEA K
WOMEI /NS WIHEEESNBERETH S T AR HSARESEEL MR (GHT79-1, GHS80-5) o/h

LTw3 (CroNAN, 1980) 73, T OBAfRIZdH < FTHE
FER), SRR LT R, TS EE
B MR O ENHEE ORI TH D “HIEENER”
ARBMLTOWEWHALTHE., £I0T &iE, “HRE
SHEE” MEETEAMERRRZVOM?, A VEIR
DOFERVOBE-7O»?, LLIHRHEEZEATVS
Wiz b OREERET 5.

2=y b 1 OREBOHENOL < EHEMFLIERE
NTVEH0OTHBD, HIEE=RIcE THIMEG
EEW (GKR0%) SCGH» b0, HEHOV 7 -7

BRI B L TIRE NPt D S EE R T T
Oy 2 FHER, PEH%REH o Bt IIch I To
4-5 TR, MEHERETS W LHISIIC X B HERERIES o 7
DOBNCEATH I EMFRICSh, £ 512 OHD
FEBERROERIHENCGERT 2 b0 LHEEIATY
3. 0L SHEREREIIEREETDS L TORRIE S
O THREETH B0, LEOERSEHRERRICERT
3501 517 OB I EKHOMREME & L CAEER
WHEET A ENTFHEENS.

GH79-1 $&#E® (10°N, 167°40° W i) kB
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Fig. 21 Dendrograms drawn from the re-
sults of cluster analysis for metal
concentrations in manganese nodu-
les, based on correlation coeffi-
cients. New correlations between
groups or elements are calculated
by simple averaging.

T, YA vEBO s 1 7, EER NI, Cu &F%
& 3.5kHz SBP &0 HEEHRE & ORTIc Btk Hs
Avons (FBK). HIPBEVER, THOGKE
¥ —E5 A+ 2B —EOEF R - R o
R o b HERERIME A & » THi7- b b, EFiRS-
BHE GF 200 T74ERD) oMt » 5755 (BB 2-
30m). MG % B & E L 718 o - BB DI
HERE 1 & OB TN, s BIEIHE (B4R 7-18
kg/m®) HEFRGEE 2 mm/10° SEAF, r BUEE (tr-7

kg/m?) WHERHE 2-5 mm/10° 0 & T AL,
HERE Y 5 mm/10° FERL LD & A TIRERIEEL
2. Ni, Cu SBXIEMROEEREHHEET 2. H
W EEE 7 — % (PreEr and GiBson, 1981) itk 3
& 2.2-5.0mm/10° £ (r BTG 4. 47 mm/10° 4,
s BT 3.35 mm/10° 5F) TH B, BEEETH
W, B 2cm DNOFBRORE 3 200 TFEEEL

TERB, BE rBEILT 2em DNTH Y, HRE
MBELIBCRE L2 EZBZTRFE LR, —F s B3
bl &S iR AEE T 5 ZEfEIC £ - TEED
Jond, ZoOARBHOES b5k 200 FEDK D
BEZRET 5 EHNTE S,

ARUFEOE B O ARERMERER B ) itk s
HHIER O SR AR R IILIRTIC A E - 12 S & AR L
TW3 FEEX, RAK). v 2 0HoRELA R
WotkeE LTIESEL, 487 S0kt 70 & o
/BoNTWA, ¥ 2A0ELAR TELEDON, 205
H® 2 & Carcharodon megalodon, Isurus benedeni
FHEEETH D, WMED L v VI hE (F 72 g
THB (AR HHf, 1982). 2O &b+ * D%
KR > FIB O TERCGE it (3 721 3@gr) LI &
3., CO2BobAE s By, r BT R3EDLR
V. HHEBOREBEEO F -y R0, Tol
ED S, KBEBED TR r BIFBIEET R EDED
HRMBELEZO b - & b3V OHERIERICEEL T
ER LT E, s BIFic-> Wi}, NEOEIIEIZ
HERRRIRERS (b ) /-2 nlElcREL, &
< & b HERERIBRR I R A (b &, ARSI r BF
BWEHICHEOEBRICKE LI &R 3, KEFS
(Mrzuno et al., 1980 ; Mizuno, 1980 ; 7K B « B4,
1981) 13, EFMEEEEBIcBIT S r e B (Ficst
&) DRk E, BEK 200 J7ERM O REBIRE K O His
HISRGEHT & » T XA S M A MRRER ORE LB s ¥ T
FRL TV, DlEoZEgTR, BRLRET 38T
BEOO b 2HEYIC L > TEEE BT &ML AN
B4 AEEARELTWE. FIMETOEBHEYO
ZLRBFERANSDTH BT &0, BHMBEKET S
BEICBWT, FIZRIEESYOESSE (PreEr and
FowLER, 1981 % &) Itk - T, HEUEmIcEEED
BOBWOKELIDOTHAS.

C O TRD b h I HERERIE & F3S 7 & o BRI
BT 2601 CCZ offEficB LT dHliEshTL
% (von STACKELBERG, 1982). 4 b b, T DEEH®D
HER IEE T m i P R it e o
BEERCERT 2 HREMESILFEEL, < v A vE
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Fig. 22 Relationship between nodule abundance and thickness of the uppermost transparent

layer on seismic records.

PR EIEE & RSB O > DB bREIhT
W3, BiIEOMBREE R _EREERL, BEREL
F#o z gREEELELTWS,

ProceEnrs, F—5@3FRDBVH, RiEHOF
BRI E=A D SHE DT TREREL KT DB LD
ISILEF OHREEREOZE LB KRS h TR s i
EEZTHEBVIRVWTH A, b, WHFR il
Ko ot I TEZ o RERICREL-D B,
HERERARRE I B L U, SRR IR W LRI
BEHIT, rBEFEHES VI ZERED s HEHO
ABHSTER S hic LHESh S, BESEVHFLVE
ey, MRick - TS YBELBE LI
SVWTR, REBHREM S 1 7 & OBEE GG (r
TUCHEEHRY), s BICEEML ; Usur, 1983) ok

STHRTES., chid r BEMAEMBRT 3 10A
manganate |FEEEHEREY OISR ER I WE R
ORI & 2 FRITBEET T Mn 72 & OLBSIEMFEE
TEE L CTHERRT %5 & DEF v (HALBACH et al., 1981 ;
Usur, 1979 a ; MarcHIG and GUNDLACH, 1981) i
ZE, ERBOHBYOBRILETRESRMIICERL 2
CENFEREEAL OGNS,

Pbo &S icFAROERER, »4=XsBELT,
RIBH T OWFRIC & » CHYRORE & HERES & o%#EnR
BlENIER E h, AEMZ O b 0D LFEH « GRES
EWEHOMERM O it Nk, L LEMY 4 7 &1
FEEE O BGRs Ll & @ o R % /Rd (NISHIMURA,
1984 ; Usur and Nakao, 1984) # &, o ER %%
BT 20ENDBEE6H 5 (PR, 1983) 0T, 4%
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©
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® o
X B oA X x mxx 0t S
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5 J
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Fig. 23 Variability of nodule abundance, chemistry and acoustic records in the detailed

survey area of the GH 79-1.

SO IHEP RO LEE LY 2 T LT N5,
6. EREERS

AR D < v 7 v Fh of HERERR O &
B4 RAMEEBERDS S 5720, FBEREL V. BHEOR
LB L RIS RAEE, BEROE, I, BE
W, FROMEREOBERGKRBEENLLHIM, TIT

RERERBRO—-OREL LT, BEEMEEN:D
OB EHSERE (RAlRIcB Y 2EMEBERL Cu
+Ni FEEFEORE) #HWVWT, CCZ O &K
LTH 5. —RIEROBEEMD NS Y +id+10% BE
T (SoreM et al., 1979) JRIRHIZA LIS 2 SR T
%5%. ZOffild CCZ TIREME 100-600 g/m® BETH
D, O ORGTERANR T I3 300 g/m® B A
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W3 (Fewks et al., 1978). H 11 £z o—Hl&
LT DOMES site C &AMEEEHER L 7. FigsT),
10g/m? PIFH 5 270 g/m?> £ TREEEHLTWA.
RSB CCZ itk 235X LBl > TV 54, i
2ETRES»ICTES., AEROBHE s BTtan
ERBREEZRTETHY GB2URD, ERA - SiEE
K EVWZ B, T LT CCZ OFBoE < i3 r B
AT AETNEREM TS S (SoreM et al., 1979).
SBREMPFE UK S EMREFTROFGVIE S B S

WTHBRIERBH, TOETOREBROTRIBIEE L

TOTHMIMEL 725, BEERE FENOBRERLE 25 K
KRONDE &5 s BFBIE—RICAIRSALICZEL T
WYV, oM 5 r BROHRREE O I~
AL BERLSGIEETHS. LhrLIns0FEHL
D> ETREELZRSRTET v 5 7B ORER
Th 5.

PIEoEED S, KEHIciZ=y r v« R 3R
D CCZ VLl d 5 » BER 2R HFRAHIRIZE
WA T DA THY ZDENV RS v FTE
. RELOWIEA O BPET IS R FMASHR L8 B
%% (ArcHER, 1979) » 5, AREROFMIDEL &
SO OB ORI ZMIS & UCRET A LIEEL
WEBbhd., Lh UARIEBEHO s BB A&
JEFIIEL pobR pEfERd 55 LW L, HHRE
ERPF O & (PRE 13kg/m? LI L), &5 Co
SHROF I~V i B S sy (0. 36
%) TEEREETSHE, s DO SEERE IHE
RTOWITIEE, b LT,

1. WERUESR

REROBREICHFT 5 < v H v FIHROBSHIIER,
R (R RMEMAEE), (WAL, SRS & iciig
BEEDOHB2547 (B, r B) wHETEB L
THY, s MERONHBMBIEVWC L THD. sl
B 5 1 7ORMAIEEES IREROER 5 2 >0
M, b BiEKe CEHBERET 5 06— MnO, HE
EHE), VPEEHRIEBEOBE cHLET 5 10A
manganate GGHEE) xfiEd 5.

7 4 7oA 3—H O FHHELIZH 2 DD,
2R E L THBHNRASBSGSED S5, s BIFBIIE
AW DR HIT IZFEALE - AR O A AR R > T
18 100-300 km, %EEHE 1000 km Pl Eic b 7z 5 s MRS
THicRIROERAIE AT 5. BEERIG 10-30 kg/
m?, BIERE R 60-80% i HErh L HUSMZEEY 3 i
FUhEs . BEEB RIS Micikdic B3 22K
Ax LHIRE IGHERIcEb L T, RERKE
< (thskfl 2.7 cm), TR ARHEABUR D — BT H
3. WEc 3L LU R RS ES T 0, 2FEEA
B Q5mmE) BEDELLEVWIZODDOHRERT—
UheEo s BARCEENTH S, B v v T VL
YoM E S 5 &, HHEARIEFIAGL 6-MnO, »
5D, FEONER 6—Mn0,; 10A manganate,
XFWEP SR> TV, 25tF¥Mkid 6—MnO, ®
M AR LT Fe, Mn BMiZIZRET, Cu, Ni, Zn
&L, Co, Pb BFEV. —F r BIFMI AR O
REER ST OB HERE WIS e O AL PR o B A Mg I /3 Ah

BLUE BUEESSRERR

Table 11 Metal resources per unit area.

(abundance) X (Cu+Ni grade)

g/m? number of stations
mean s.d. max. min.
Central Pacific Basin (this area) Total 113 79 273 1 121
Type s 149 69 273 1 71
Interdiate 91 66 225 2 13
Type r 51 60 241 2 37
Northeast Pacific Manganese
Nodules Belt (DOMES site C)* Area 1 192 - — — 3
Area 2 330 — — 3
Area 3 185 — — — 2
Area 4 146 - — 5
Area 5 179 — — — 3

*PIPER et al. (1979)
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Fig. 24 Frequency distibution of metal reserves (product of average concentration and

average grade). n : number of stations.

T3, BERI—MBIC bkg/m® DT TH h £ Oty
EHEREV. zofholE s s BB E RT,
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Fig. 25 Relationship between nodule abundance and grade (Cu+ Ni). Mining cut-off grade
and concentration are cited from MENARD and Frazer (1976). All concentrations are

based on 110°C dried samples.
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Appendix A-1 Regional variation of nodule abundance. The nodule abundance on the
map is represented as the maximum within each station. Base topographic
map of following five figures is taken from ONODERA and Mizuno (1981).
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Appendix A-2 Regional variation of nodule chemistry (Mn/Fe). The ratio Mn/Fe is
calculated from the arithmetic averages of metal contents within each
station.
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Regional variation of nodule chemistry (Cu + Ni).
represented as the average within each station.
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Appendix A-4 Regional variation of sea floor coverage of nodules. The coverage ratio

corresponds to the maximum abundance within each station used in A-1.
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' Appendix A-5 Regional variation of nodule size. The size is calculated as median value

of long axis from the frequency distribution of the maximum nodule

abundance within each station used in A-1.




