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. Distribution-map of
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in the Ryukyu Islands.

AL B
EAE TRbk R
7 BBIRFE
HEBHEED
FEANERM
” kj(
7» B
7 BAFRKTF
n EZ
7 BRI
S RN& R
A ETEE T IR
” g =y
B LA 3R 7L AT
7  EH#
A ES Y &R
4R A I L
” 5388
” R

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

SRENEEEL
v Y —bRF—Ua A
»  HFEF
E BA 4 70 1
FRENERL B
” BEJNEA, B, C
REANE
BENN AR s a4 i
” Y il
” RIRZ2 s (i
” KE
SRIRT Hr
BT E
GETER
P2 53
5B E my & i
” H
” A B
B IR RS O BfHE

— 2 —



FERKEHECERT ST YH Y/ Va—VEFRELZEPRDIIRBICA LN B, RENERIARE
ST A L, BORBAFREEEFEN, Fv— b, B, HREPS25, BOTERIC
REMBESIET D, v Y H Y/ ¥ a—vEMOHBRICENTPPREL (2mEiR) , HBO
MEEORELERICALNDS,

VAV V2= VEABETHRAKALOEENRBERISRONEECCAO NS (K2) o

R T : C BTN M T, TEHARENTRI
At ZZ g3, —idAKE DR
bt EENOEEEEZ MEITRT,
v VAV Va—vBEEZT D
e O b B AKAEDESL T D HTHEE
S T8, / Va—MIAILTE LR
REDEAT + 7 v T ENIYE
Bad LlERINLODLEEL
b b,

B S ‘ ZOM, ChETORBEDKE,

Fig.2. Manganese nodules contained in weathe- &EzEMDS> L, EHE, Ml

ring soils on the Ryukyu limestone 7 i SR B O T B IR LD
(Nakijin- son Tokijin)e
HR—RBatRICERR v F Y

)Y A= VBHTT B, Ei, REEORKEDTRICS, ARKIC, / V- VHBEHT DL
FRIN 5,

T VYA VI Va2 —vOREESR, HLT, ROMAREET, BRILYBLRBESEEEZ VK
4 (B « K% 1978) o BILHED KD IFERETH 6, DT hICHEEEIL I todoroki-
te ® birnessite MHEET 3,

I . sfH*x

S s—F vz ve—iH8 ) FRE AR 5038 A O TEHE BRSO TIT> 7,
FEL7 0.2~0.5 $oakklc, 2.5 NHCIARKIOn & i@ Bk R, wmE#%, 50~100m&
LTEIKE S 5, T REEABESICHFRL T, SRSCONT2EL DEUIT -7, BEEEEE
RAE BIBBLETH -1, BRI, BAMTREEE~ Y 7Y/ v — VBERKE, MEFEER
cEEERK JG—1, JB—1 b FETL T SN, SHAE b5 BUAOHEET—KT ST L%
Ui,

IV fERLEER
IV—1 LS8R0 eIt

F1CERHBO< Y/ Va—VOFMRDFEEE R U, ERDTHE~ V#3838
BD18 2% EAXLEHT S, UL, 2~3DHIRD / ¥V 2a=nE2BROT, TOFEHEHFRERI
12~14%Th 5 BELILHBD / V2~ ri3 BB REN LYY EFRE b2, AIZH,



FANAKREBLICEF v VBERINLETNI23T , 12878 Thb, ERNBLCBO TS
ZLOBEARBRICE - THE2HODZDEHIHEV, AKBLETZ2ZMBD /) Y a—nho
TYAVEHERBIA~BBEN A BORNERT, L LIENG, BEH/ ¥V a—nTiR, RA—&
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HEITROTT, MW, 8, W, = v v, a v RBEhThEED 5 9h%ERT, SO FY
BERFIICRIBOTH B4, COEGHFRBOEMD, FRHTHS vV rvoEh & Kk—%KT 5,
THbhE, TOEAEBRIAKEY Vv —H<E/ Va—WIHbh, £C TR, EHETI1259
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B, CARBAEN/ Va— @ ERBHESAATO 2O BZDOERI BHMNITD, BOBRE
BRUEWE, Yo — Ao 16220pm TH 5, MOHBEHIZE L, HICAKBICEOTEH
200 ~ 1,000ppm & 2D EL IR A&, BEPEZROT, o MR TRESN AR, BER, AKX
BRERMAE, KEE/ Ya—vhicBO TR0 1 % EROERS bNE, #EEOHELERT a3
Wb, 83 ER XS EBER TV, SHEEHEM, AXKEO—B, BRIBE/ Ya—n
th T O 500 ppmD EEBRG Z, AERKICI3EEETH 6002 5 1,000ppm EDfEE R, HEh L
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1 2 [} 7 t 12 4 16 17 19 23
Mn  12.95 12.79  12.37  12.87 9.90 13,77 15.01 13.07 12.18 13,03 12,35
Fe 7.36 7.28 5.63 6.20 8.98 7.68 7.86 5.89 7.09 6.97 7.18
cu 97 134 49 69 47 163 180 210 135 169 222
Pb 409 374 989 644 846 1017 847 702 675 670 1622
Zn 103 170 79 132 45 163 320 236 129 152 148
Ni 132 96 171 171 92 297 399 303 102 145 387
Co 881 750 831 788 642 852 823 779 828 730 790
24 25A 258 250 27 28A 288 29 ao 36
Mn 9.178 10.11 8.83 10.01 16,27 18.24 15.36 14,03 13.58 13.54
Fe 2.97 5.36 5.72 2.77 8.89 7.45 7.91 8.06 8.57 5.24
Cu 78 11 5 20 317 1259 583 234 186 42
Pb 531 473 466 379 283 222 422 1051 1039 419
Zn 151 38 300 85 427 303 325 226 248 253
Ni 206 81 95 41 223 363 284 274 175 168
Co 796 519 531 488 578 485 709 968 895 492

Table 1. Average chemical composition of manganese nodules from the

Ryukyu Islands( Mn, Fe in wt%, others in ppm).
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some elements in man-

ganese nodules from

different environments.

T-nodule: terrigenous

nodules
C-nodule:

nodules from

continental borderland

S—-nodule:
seamount
P-nodule:
pelagic region.

V-2

nodules from

nodules from

B YAV Va—nEREE VYY) Va
— VDMK AE RN TAH L EFE IO &S K 3,
R~ H /) Va—whil BT, TERDTH
YAV, RERRBCEBY 3Rk~ Y Y
/P a— P BE S SFRICHRTH &N, Lk
L, B~ v H Y/ Va—nov v vAEERE
B A/ OOz 0EEEOETHEA
KhHd (BEHE, Y a-nhovry ¥ VEERE
1.4~43% L EHIC K » TR ESETT 5) , fihh,
GEBRIEEE ) Va— it T, FERED,
EFre@FREVEERT OO, KREETES M E
/Y a—nvHOSEEREONESFNTH B, WET
FOHRT, RV Y/ Va—-vRD=w T,
SR, MOMIWEEME, Va2 —MCHEEL T, EL LA
X, MEKED 3EHE, BEE~rvFY/ Va
—SE= v e g BHRTHEAT T OB DI
WU, Ry Y Va—nid, OBRBTES
FESEWEICE, avvt, SosEsicERE
THdCLETHD, I 0 MFEUEED/, Va—
ViCEEETH O ( MERO, 1965),cDC &3
Pel= vy # v/ Va— ik iREETH 5 LR
SNBHTH S ( ARRHENIUS and BONATT],
1965; BONATTI and NAYUDU , 1965) , L
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bhd, HANKADOEAGR, RETH0miCHE T304 T, THITITENICHE D, TH
GBIREE OEMBET Ya—vHENT 2 HENTOKEE, XBHO THEZ cHBEOWHICE
B1s, —fBic, TRMBL E o7z, REVKROH BT BICRIRBOSICHTL, THRICEA
Eofewd 70/ Va—vOHBBREIND, RBHBFEPAKEMHE /24 DL 572k« FiB&
RO+ FHSLIERLDOLERTR, BEBLOTHEIT Y H Y/ Pa— i@ ol

Depth (cm) Mn Fe Cu Pb Zn Ni co
0 M* 15.94 7.45 214 875 225 210 838
S** 5080 7.04 84 66 217 90 50

R¥*% 31 1.10 2.5 13.3 1.04 2.3 16.8

40 M 16.59 8.25 227 1245 135 240 1100
s 2140 8.68 84 56 197 98 41

R 78 0.95 2,7 22.2 0.68 2.5 26.8

70 M 15.99 8.34 203 948 114 244 964
S 5040 8.68 79 70 191 93 62

R 32 0.96 2.6 13.5 0.60 2.6 15.5

90 M 15.98 8.56 215 1244 118 291 1050
S 1280 8.76 82 39 188 92 29

R 125 0.98 2.6 31.9 0.63 3.2 36.2

120 M 16.62 8.17 230 1228 133 327 1096
s 6840 8.76 92 80 188 106 77

R 24 0.93 2.5 15.4 0.71 3.1 14.2

150 M 16.00 8.80 222 1136 123 194 1178
s 1960 9.40 134 52 208 141 60

R 82 0.94 1.7 21.8 0.59 1.4 19.6

Table 2A. Vertical distribution of some elements in manganese nodules
and associated weathering soils (Fe,Mn(in nodule) in wt. %,
and others in ppm).

*: manganese nodule; **:associated wethering soil;

* k% :Me /Dde

in nodule sediment or soil

ER2AC—HIL LT, RAFTERCET BV H Y/ Va—n L BHORTHR OB BEEE T
T, BEIT g L@, vy HY/ Va—wiiTiE, ERDTHET VT VBRENEENE/LE
REBODICEN, FERTR2~3BOEMNTECETHE, M, BEAERI/ Ja—niz
DOFfifeLEh ETARERL, BHT—HRTH 5, BEBELROBT, M, #HH, =virrlsg, /v
a—VHTEVAVOTHRG, HHELER T REVBMEREBO, i, BEar v, /
Va—n&tBhehith KIBRENERT, Ry F Y/ V- TE, TR ISHEIK
BELTO3OH—@ITH 0 ( BARNES, 1967; CrRONAN and Tooms, 1968), #HC a/<w
FRFST E BB ERRT 370 TH B EBISNT NS, Lirl, R2OKELD R, 8, an
WOEMBEIC YV a— oS EBEERERICHZLIELL MRV, LETOAERICHT B/ Y
a—VHOEEEROH, BEFFRREZLET 5E, HOMIT, AL /v OREICREVERER
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RIC i 2 BB ORI DO TRRIEMAS L TIROLS, T EE > TH L — MEAEE
B, BRETH L LB 5N T3, BEHERGDICHBOESH SHEING 2 L1
OHEMBEBLTOE0E, LROBHKEZEVDN TS, L, BERvYH#F Y/ Yo~
DOHBEHEN, TOMELERCZORBAIBRD 6115 L9 T, TN EHBRILER T # —
4, PIZE, PpHPEWSHELOBRBREEFB L TOE D ThH b EMIN 5,

R ERRBHE~YH Y Va— Ml D0THBERIBOIICIE B, HREEENEITZOD
THENZERIR D BRSO, 52 VPETH 28 « v Y I VBILHORMBTE~NDORE
BOZ LT 2 L TG TH 5, R2BHSHSHLO X HIC, §, MO/ ¥ 2 — L OEMREEE
AHDTERIC A TR ED, $hid/ Y2 —VBRICHO THMEIEAZ £ ( CRERAR and BAr-
NES, 1970 &ZA T, / Ya—vhiCHBENBELEOEHPATE 3, &RNICA T, BER<
YHV I Va—wEBER VT Y/ V- vERTOHRBHRMEICEOT, BMEE AT S EE
ATCHEETHEDHD, cOLEE, BE~Y VY H Y/ Pa N ABIrRERETH I IS T,
KEWNCHgRERE =Y Y/ Va—wERU L todorokite % birnessite £7213 § ~MnOatrd
T2 EOHEHENE (BRE - R, 1978) ,

Mn Fe Cu Pb Zn Ni Co

Nodule 27.50 3.84 13010 317 1850 12550 1860
Sediment 0.45 4.44 378 17 156 174 85
R 61 0.9 34,4 18.7 11.9 72.1 21.9

Table 2B, Average chemical composition of manganese nodules and associated

sediments from the Central Pacific Basin.
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B~ v H Y/ Ya—nid, TN FTRRTE I, WY H Y/ ¥a— v ETBRER,
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b, KB, HHEETYH Y/ Va—vhOBWEORGRE KT ICFRKT, =20 Nbh 5L
POXIIC, MBECBIZT YAV EGREOEHBLHTH S, chid, #RERERIhTHS
LORBOMPEERTICEF 27 v Y OUBEREE I BEE<YFV/) Va—NOFKRA #1 =
RoH, BIR< YHY ) Va—nREHE TR ELBOCEZERT 5, LrLENS, HAREIETF
KBOT, ARQEmd TRxEE " HEE” 2RTcEsmonTEy, ZOBRIKCEO THE, .
B~ Y # Y/ Va—VHPOMTERSEHBRICH S ERYURTH 2 LD RIS,
M~ YAV Ya— it 0T, EOHBE NSV DEFMn—Cu—Ni—~Zn, Fe—~Co—~Pb~
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AHRENS, 1962; CroNAN and Tooms. 1969; Nonara, 1977) o
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Fig.4: Relationship between Fe and Mn contents in terrigenous
manganese nodules.

A :Tamagusuku- sony: Chinen-son, @: Yomitan-son
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Fig.5. Relationship between Cu and Mn contents in terrigenous

manganese nodules. For symbols see in Fig.4.
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Fig.6. Relationship between Pb and Co contents in terrigenous

manganese nodules. For symbols see in Fig 4.
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Mn Fe Cu Pb Zn Ni Co

Naha limestone  12.94 6.84 147 495 170 177 803

Yontan 13.44 7.07 121 879 195 247 834
limestone

Izena 9,65 4,62 12 439 141 72 513

chert layer

Table 3. Chemical composition of manganese nodules-on different mother rock
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Abstract-Manganese nodules from the Ryukyu Islands (terrigenous manganese
nodules) are morphologically spheroidal to ellipsoidal with smooth surface, ranging n
mm to 3cm in diameter. Most of terrigenous nodules are mineralogically microcry-
stalline, but poor crystalline phases to be todorokite and birnessite as same as in
marine manganese nodules.

Chemical compositions of terrigenous nodules are variable from region to another.
The average Mn contents vary from about 5% to 20%. Its high contents are observed
in manganese nodules from the Nakama-Gumui and Ohara, Kume-jima Islands.
Similarly, Fe contents are variable but little. Manganese nodules from the Gushikawa-
jima, and Izena-jima, where alternation of chert-sand-shale strata (Izena Formation) is
distributed, have the relative lower Fe contents (2.7—5.7%). of trace elements, Cu
contents are enriched in manganese nodules from the Kume-jima especially, from
Yajagama where its value is 3-fold greater than in other regions. Terrigenous man-
ganese nodules have the elevated Pb and Co contents, although they are generally
poor in Cu, Zn and Ni. The higher Pb contents are observed in manganese nodules
from the Yomitan, Sesoko-jima, Hedomisaki, Kume-jima air port and Ohara in which
its values are 2 to 4-times higher than in ones from the rest regions. Co contents are

also rich in manganese nodules having the elevated Pb content. Ni and Zn contents
in terrigenous nodules show no remarkable variations, except in some cases.

In general, Cu and Ni tend to enrich in manganese nodules from the Ryukyu limestone
area compared with ones from noncabonate region.

The rerationship between Fe and Mn in terrigenous manganese nodules show
positive patterns which are exactly contrary to that in marine manganese nodules.
This fact suggests that Fe in terrigenous manganese nodules was simply co-precipitated
with Mn in the associated wethering soils, while Fe acts as catalyzer in the formation
of marine manganese nodules.

The major and minor elements in terrigenous manganese nodules have their
origin in the associated weathering soils. The predominant colloformic internal strac-
ture indicates that manganese nodules from the Ryukyu Islands have been intermitently
formed from colloidal states of iron-manganese oxides including trace elements which

are extracted from the associated weathering soils by aqueous solution.



