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BREMN KELE® AAR
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R E FLELAZAINTE, RETEBSEETUBRTHNAENERNTOFRERREE
ELRTRAMNXR, B TERASETV AN EERK. B. 540H0AEFRHX, KEEFREM
MREAEEREOEZT NE R Eh AROTHAR T EOER; BET (0 Ma** | Ni**, Cu®*, Zn**
B)MERALXEEER Mn IXETRREMAX; FRARFEAEH 2L RISHURYBEERH
F Mo HEB, XM RENRYT, EVABEVERNBREN,: FYPELAER, XSEBIER
EHARARES: AMEPHEBSESH- —RABREGNEAERTWAEREEREENEM.
R EETHRAEN, DEBRTEERLEBDEBIRETH.

XA - KAFE Z2REB ABET

H—EENAT HEBNX B 535 HAIER BEXARY9F

ALBHFTAEX Tod. (MBEET, UTRH) EXFZBETRNEE. SHHFL BRMEK
WFEFREURGERERNERETHFZABNHER, QML Tod MATEH Tod. . %
HMAX—MERR, YAHKEEREHETH Tod. FHREMHR.

1 NEET TR

MIS7TS HEXE “hREFS” AR EREALEHUR, AIHELREBWTER
ITHEATRANAR, HEFTEELIGARBYEN, FETHEERFREEKIH
MHR, MEBEASHERNTYRIWHARIXRRLPRTISIHEENE. FEONEN
EH, FETHERSETHEEZT HE Tod. . UKET M 0-MnO,, i ZE L HBEEHEX I
BEWAREF, HEM Mn, Cu, Co. Ni BYIHX, XMt ARSBRE RXE AL HiEIER
WEEREBP Tod. WEE.

Bi W RE Tod. ¥ERS, Pl BEZE (1934) 89 Todorokite, B KPP ET W HIA R
2 Tod . HE.FHUEAHRTCERZWHREIEN X HERATHIEZNT WENRN Tod. .G. Fren-
zel® 7£ { The Manganese Ore Minerals) — X “Todorokite” — ¥ X 54E 5 (IR Tod.)
MY BT, ZHEAFESOETERC. B TERLEEXTUNEERK, EELF”
HEBER—-BWER., I Giovanoli ¥ EENHERY, HBEE R H r-MnooH # 104 .

® Updating of the publication prepared together with P. Ramdogr on the occasion of the 20th International Geological Con-
gress in Mexico, 1956. '
WA E B 1995—03—10
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TAKETHBNWESYD. A THERFEHERMERE, AKh Tod. RMKH “—K”, R
BERBI R, RURMREZEREETUHNSIGE, EEIAN 10AMHBR Tod.
M. Buns ¥R ENT WA R RE R, BT 5 o0 8 ko 8 R 45 %5 07 @ % RHESC
Tod. HIFIE.

MH, ZTYHMALERERALBAARBOXR, FHBRETEFHOSR. B Buser
(1954) ERMET YR K FHEPFEEN 10AFT WHBHEA. RIEHK Torgny A. M. Mellin
ABDPHE 10AKETHMATARLOBREBTHRE. BREETFYHESRA “hERT”
(buserité) X —ZF, RNE B ¥E WA Todorokite Xf 10AEFT MK E 4 .

2 HIEEEE KA

NEREBEERMEBTYWERRMEEL—FRILR, GBEFTYHNTRRERERK, H
FEFRRET: —RVYELHBE, —RyyHima., B, EEELHERS, B
ATZEHFREGEE, UXAMHXNBREFNER.

2.1 THEMETHIE

BHEATHREENANZSIEART YN RE. XX, BUEE. FHBER
Sk =

EEREETLREBEAFNERLE, HORBRBEBEREA = KFELRBXHE
H—EPR. EAR7TSr WRMHRREE, 615 S SRAHMMREEM 430 5 S+r B
RBRRGEH., HARE cMASH B (FH) ZTEH Tod. E4KLS HABMXEE, 2
R4/, 40.2—0.50 (HMEEE/N), AXERIEE Tod. BEEFERMGHRTT,
RIVHEHBELRE Tod. AL DBMEMRNAER, AR 3—10pum, HEFEREXX
B, AN 120°, BRI 4. Tod. —ESWEXBETHHEFEER I -5, Hd
(A) =2.46(FR3).1. 42(3R) . 1. 23(5) . EEHE S R & Mn H Ca, M HITHER (UF
R2AEHED:

S w6y

5 BFH BT
TR mEOD

Ca 6.378 8.923 2 0. 847
Mn 57.554 91. 077 4 5.576

(@) 36. 068 / 2 12. 000

TYHESRERZAEBERAEFR, KBERE: FYREHR, RANHT AR
M, RECEKE-K, XY Tod FHHEHBE. REUENSBHEZSHHFILE. 1 B
s BIR, RTHBEEFR (X)), ISHERRERRAIEEY. FEXNRENRSE
MREEKKRFr B>s+r B (HPTERrBXKRTEETSH) >SH, IRBRARBE
HEEE, FETYSENSBLEUZRER.

BMAUT S RKMERI-DAHNAESEBRFNIE —PHEAFRABHETESEHAE
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HWE—REMBRAEBUET Tod. FHRFE—NFET=EH—URET =FRHOET

HHERC,
ﬁ“/o:mZ

(MLNO—SIe

I T
°
Z mino-ise

NO3IN—L5¢

{

Bl ZEREE X FRTHEH

Fig. 1 The x-ray diffraction spectrum
of the polymetallic nodules

2.2 XARETRIFTESREASBHOME

EXRMBRERM L, e EmdtaE TRRIASHBREMHEAMRFOEL, FR
SN, XBESHHEAGECCHCP R=ZMERITRE. FREREBRLNB K, &
HEE—#R2mm, 3£ 1548, SHERE L 2, EMRH 5P HELRHR
HABRRENGHE. FAEEL, AGHESEERHERE, TRE. RUTGONS
REERREE, FYURSE/), HFEFZXEERS. BHBRIMHIKATHOORAGRZ
5 51 B #b (0. 3345 nm, 0.4267 nm, 0.1817 nm), H—FF PR ILEBRBZERBIRS
0. 99 nm(100), 0. 48—0. 49 nm(40), 9,245 nm(30), 0.142 nm(16), L%k, NN S5MEE
EVMNEEBRRZ «fi—F. Ft, ERWHBERESSENIMFERARESTHRE X M
KNG A Tod WEZBRARH,

G. Frenzel (1956, FRG) X b L &7 AF YR T, Tod. 8 X A FHRMTHE « H
X 9.6AM 4.8A (BF 0.96 nm, 0.48 nm)®, X EH , KH¥EEBPANFELER Tod. , M HiE

O HERKFARAIHTLEHUEERENESHT
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EREEN-HETY.

C 0.942

0. 489

0.334
: : i : :
H2 £&REEXHERTHEARY
Fig. 2 The x-ray diffraction spectrum
of the polymetallic nodules
RIS ENE. 5o REEnR %1 THBBSHNTENLE
ETVYHYELSER.EAKRNZF Table 1 Contrast table of cell parameters
SCRLAH T E FF 00 357 SR 8 A B I < ) .
SHMTHH R X MM ERE MR 0
Hek. FISRIE SBERME, X e 1 9.765A | 2.847A | 9.627X | 92.27°
RER, AR/ _RE#HTIHELH, 2 9.75A | 2.849A | 9.594 90°
BRESHE, P=BKS5KM.a=0. » HRMAEXRDONE
9765 (4) nm. b=0. 2848 (5) nm, c= ** 1 ¥FRWMEHKTHREHERE o
: . . 2. Selected Powder Diffraction Data for Minerals piblished
0. 9627 (3) nm, B=92.27°, W1 55 B by the Joint Committee on Powder Diffraction Standards U.
F Tod. BEHHEREE (XD, ALEA 5. A.1974.

W, bHIRE. ANAREESR FHHESKMNEEH] —FiE . Tod. B b MHFRKKE
HAREEHY, BEAEER Tod. MESKIKHSUFRERMEREER.
2.3 ki

A ESFHERAELISS 1278 HIISEBRZIARTERE (S E£XXHH
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Fig. 3 Infrared spectrum of the polymetallic nodules

S ARSI RA — L ERIE,
B Wi F 500 e AL #R A — BB R,
MEELBILIREFRESARE, R
A 3. 28 BREGERE E Y+ Mn-
O By 4= 30 B W ¥, 2 Tod. i % 4E 3 4, 3%
RUENGBT PR EZRS,
MR, WHSFNTHEREY
EHERBYE,HIEMT Tod. REATE
RYYBRAIGEETRELEED,
2.4 HAERESETFRIERSH
M ER LA F BB 4 07 4 SE ATTE , 357
SHEBEONRR, Hit, XEAEHE—545
. '

430(s+r)

e

357(r)
B4 Z2REBEEBTFRESTSNEREHE

Fig. 4 Analytic location of electron-

probe in polymetallic nodules

(1) w4 B o0 REE X B R AL NE, AR RET YR ES K
ZRANEFTONEEAERS. KERR, ATEMBTHFLOARS Lk ILFH I %
MEHAMTER— B, GEPERBRE, ARAT—. = THEERS IR LI %GB
5 MREEEFEENANMREEAKETR, MO & B35 70% 0 I, %9 5 F S
WTHRET Y. ENA RN RO, YR NERT NS N R RRBER,
MERMBRNETYXRBER, BHEFIHERTOLRIET IO GELRSHA

A, TRERKMRMELT).

QO TRV - BUETHEHMBANRER LWOETHEEST, WA THEKT
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BRREESEREEHEOECERSBLNOE 5 TH. PHRE 357 SH, &5
615 S 430 SH . HHSFRESBEAFPAGMEREA . k¥ EBAHRE 2. R
R, REHFEH MO FBERE GOXPLE), ERAFEFRM (25%—37%) . Fe MAMHR,
FJ2E Fe,0,1%—18%, EERE : Fe,0,5%—20% . {Hi W IT 5 Mn il Fe A& Cu, Co,
Ni FBEHUMEAHE, EMNSBNASERRALEHABE X, B S>S+r—>r B MnO
EREKRER, Fe,O, KM M. B FHREFINERAMNKRY T HBRE & KM E X H &
1, BRFGHERFEFRORERTYEEN Tod. .

3 BUBRERE B A R AL

Tod AFZLBEBFHAGHEURTEBEEARAABRRER 8. LR —#
RYAAXBEHRER - SENARABLANER D EBFERROER.
3.1 EFITHAGEERRAREXR |

X HAMHPEELRANRBRRT X —MALR. RERAMHERENE  BE
BRT, AEXWRE, SHrEZEETARESRELINLMT SBA B, HEit,
Tod. £HSERBRIEEMHBEHR “BRRE”, HABEL 100%. SHRE, “BE” Y
BEEAT, SHBRF_FHZE, HHEBRE “B” 5 “9” £450%. WERBMIE
rARERET S, W, SEPREETON BKEF, MO IHBREREAR
Tod. . XHBRELTLUERY, EHRBLEES, Tod KHEETHHLEREF. SBHE.
EHETRREREN K, BXEX Tod. A6 MEBRERT ObH), PHRHE
15.82%, R @B REKA G, TE >MnO, XBMM, Tod AFEBMIM S LKA L,
RHEFHEANS. 6%, REEUKRGRE. N

£ HBUFRAERSHR(X)
Table 2 Electron-probe analytic data

Bas S i Si0; | NaQ, | ALO; | MgO | Fe;0; | MnO | TiO, C
357(n)1 x =3 2.68 6. 35 8.66 | 17.94 | 1.36 | 51.56 | 0.06 1.87
2 B B2 9. 01 1.38 | 6.00 | 4.54 | 20.26 | 32.93 | 0.34 | 11.31
3—(1) * R 2.13 | 3.30 [ 5.16 | 11.06 | 0.00 | 54.11 | 0.12 | 3.54
3I—(2) X B 4.00 | 2.25 6.75 | 12.09 | 0.00 | 52.21 | 0.18 | 3.54
4 =] B | 10.96 | 2.17 9.02 | 10.06 | 5.08 | 37.30 | 0.46 | 8.72
5—(1) x B 2.19 | 3.85 2.15 | 8.65 0.00 | 55.11 | 0.03 | 2.39
5—(2) *x B 1.33 |- 4.09 | 2.51 | 11.56 | 0.00 | 54.45 | 0.04 | 2.39
5—(3) * B 0.24 5.24 1.16 10.9 | ©0.00 | 53.52 | 0.04 | 2.39
6 B B | 9.19 | 1.44 | 5.11 | 3.19 | 7.79 | 24.56 | 0.17 | 6.78
7 x 2 0. 41 4.42 | 3.52 [ 10.14 | 0.00 | 51.88 | 0.00 | 2.88
430(S+1)1 tREER 8.27 | 0.95 4.25 2.76 | 15.14 | 27.14 | 1.bo | 10.30
-2 BN ER 7.64 0.51 | 10.06 | 12.33 | 1.56 | 36.34 | 0.32 0. 80
3 TRER 2.14 0.50 | 11.30 | 14.20 | 0.13 | 33.10 | 0.13 | 13.39
615(S)1—(1) SAERER 4.19 | 3.34 1. 95 2.41 | 13.57 | 36.77 | 1.65 | 4.09
1—(2) NEXER 4.94 2.42 2.35 3.54 | 16.28 | 33.05 | 1.75 4.09
2— (D) BARER 5.54 2.63 2.00 1.77 | 18.11 | 28.60 | 1.62 | 10.01
2—(2) BARR 6.01 1.29 | 2.46 1.63 | 17.83 | 31.28 | 1.68 | 10.01
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S ameE Ca0 Co0 K.0 NiOQ CuO P05 SO, 3

357(r)1 x 2 2.26 0. 86 1.59 1.79 0. 70 0. 00 0.00 | 97.38
2 B 2 2.57 2.15 0.83 1.25 | 0.70 0.07 0.58 | 93.92
3—(D = B 2.32 0. 44 1.29 2.54 3.51 0. 00 0.28 | 89.80
3—(2) b= 2 2.32 0.44 1.29 2.54 3.51 0. 00 0.28 | 91.40
4 i3 B 3.33 0. 60 0.71 2.59 2.55 0. 00 0.91 | 94.46
5—(1) | % = 1.76 0. 03 1.83 1.92 2.52 0.00 0.11 | 82.54
5—(2) z = 1.76 0.03 1.83 1.92 2.52 0. 00 0.11 | 84.54
5—(3) = 1= 1.76 0.03 1.83 1.92 2.52 0. 00 0.11 | 81.11
6 . | B = 3.27 0. 00 1. 66 1. 60 1. 96 0. 00 0.37 | 67.09
7 b 2 2.58 0.23 0.92 3. 99 2. 66 0.05 0.43 | 84.11
430(S+n)1 rTERER 5.78 3.41 0.82 0. 61 0.54 0.00 0.90 | 82.53
2 SRR 5.17 1.12 2.03 2.97 3.24 0.79 0.23 | 85.11
3 THRER 1.43 0. 46 0.59 5.63 5.14 0.00 0.32 | 88.46
615(S)1—(1) HERER 5.77 2.38 0.62 1.14 0.56 0.01 0.89 | 79.34
1—(2) SRR 5.77 2.38 0.62 1.14 0.56 0.01 0.89 | 79.79
2—D BAN R R 5.82 4.45 0.57 0. 29 0.27 0.01 0.36 | 82.05
2— (2 BN RZ 5.82 4.45 0.57 0.29 0.27 0.01 0.36 | 83.96

B BB 7 AR R R b BT

AHREHUAA, Tod EEBEREBEUNESREE . SRF. BARMNIBOIHEE, XH
FAWE, TRSEBERTLEMBREAX,
3.2 MRBMV AHEREMERBXR

MFR—A4%E,Tod EXEZEANTHABRAYT., HUTBR, ESHELRBXRK
K. GidalF AT EM Mn SRS BA, B E Tod A HHBEPHLT, —RERLTE
SRWE HERWEMHERRBERTES, MERAREE, Tod. B> HHE,HFU S
MnO, BE. M=MHUEXRUSEHMER PN ELHEBUEKZ T, NRE LR, LB
il A B R S5 8, WP R BB ST R W BR AR T AL Tod. 89 B &3 57 '
3.3 MRRTHHESERTARERMBEXR

AFRBAER, b TP ZHN, WHEE TR B LR EMESB, HN Tod. & &8
BA - REFEXHSETEHELXEK CCXAMCP XML, &AM FHE Mn SEHE
HTCPX,MnOEEHE R 50%L L, M CP X MnO £ 30% LK, M5k 52% 7., Fe &
B 4555 Mn MR, B Mn % (R 89 458, Fe MK (RB). ML mi4 b 25 (55
7 Mn), BRERT YES SR EHAR, BRER CCXERREKL T Tod. FRET
CP X, :

4 X TR AR

4.1 FEMBARBENESEREBTIE Tod. £RHT I
HBBRREERTHRBEAT2ZENEAREP ELBEBRHERMUAKNTHEL, W
FRAE EIRBAHIOAMENERERRAREEAR , MERNERBETEXEANE.
HHEEMN. BREBRNOAERIHE - N T2EHMNRE, B - STUEE, P YIFE -
FPHEAEFEEMENEMRREZXERENWEE, H X Tod. ME RS H BN HIE
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. AT EEET YW E)PH Y, Tod. RESEHSEATHL, 2FERX TG,,
HPAT b SHEM, X B MO RS HAR, BEE RS/, XFHRE
BRTASER M  5SEFERBE . AFERAMUOEEF(FER N .G 20" %)
HETZHERRAL,FE Mo X EEEFEE R EMC SIS, WK T Tod. #
AHBRE, HRREIR Tod WEALRFRMNERTEBEAREET IHE, Hik Eh HRKHF
BAEFT Tod. WM., HEBEMLEBEREBULEE D Tod. FEZHAUSTARER, RN
ALY Eh K FIREKS Eh H2Z 8. SR KPFH¥EE(CCKEhHEE P K TFH
¥ (CP K. Bi# Eh BHMEK 459 mv, /5% Eh FHEKN 473 mv, KX TFHEBZUH
Y B Eh FHME 432 m) XETH EEERE K451 mv), Bk Tod. £ HEE EHH
MR, SEOHENES.

4.2 MBHBULER Tod BERMNEEIGHH.

RS S HEANKEIRYERUT 10—30cm MBAEF, X BHHYBAE
BMEL LTRHRI—FRIRE . EHREFAZETEERK, B Tod ERMEZSH.
Tod X MATREAS M B TFHERE,MBRALE M BFRELEUTHREEEEZNHE
FtEWERASHES., NIBERE ManfiOFeMOMEASNAR, MEKEERE.
Mn 5 Fe ERHABRPREEST B, Fe EBEPERFRELIA, Mn WA REEREK
BUFRYRLES ., BRAEHEREL . BUERR-ITBEMEEAE TEREFINRKYD
B, EMT Mot WER, 3t m LY BUEHZE B P Tod. WARC. iR+ 4 Fe.Mn ¥ F
THEREWEEHEAS R U —BEHBITF . Tod. TRA.

4.3 WEWIEANEZNER

ZRINASABENEFRERDERERE, HFEIERK¥HARTEYER
KWET, ZRBRKRTHEEBRAFAERBEEANFLES REERISNEBERA . FEEHEEM
AL RHTERAMNMEANARFE. MBERAMEREGFERBANBRAEY LA
(PEMBERBEMRTFHEERAEERTRY. BEEREYRESIXNSEETIE Tod. A&
AR B |

FRESBREBHNFYFkHREFRIM - NEFNMEEHLBR LR SR EE, A%T
BER, RS RTRARR ARSI RET .

$ £ x W

(1) kW$ . XBEELAETWE . WHRKFH ML, 1987,25—80,138—135.

(23 Torgar, A M Mellin. Structural of Synthetic Manganate and'fron Comp‘ounds;lmplications for Geochemistry of Marine
Ferromanganese Deposit. Maringeologiska Institutionen Sweden, 1981.

(3) BEF. AFEPRELREBLET TONBREUESENTRR . SHBASFEENLHE.1991, 1108 FD.

(4) BEY. LMAAFSEKELSENHMR . SRR S HHL R, 1984, 4Q)..

(5) B #%. KERESH - MR .1981,36—40.

(6) G Frenzel. The Manganes Ore Minerals, 1956, Updating of Publications Prepared together with P Ramdohr on the O-
ceasion of the 20th. International Geologica-l Congress in Mexico. 75—77.

7 BREM. PAFEEZEEB ISR . WHEFR,1990, 12(6).

(8) MY . BREAKNFIEAREEHR . TEHFM 1988, 12(5).

O WBARHEEEET TR . ARESEREIE . WR/S7THDD, 5 35 Mg ¥ i i 5T -
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The Todorokite in Polymetallic Nodules in East Pacific Ocean

Chen Jianlin' Zhang Fusheng® Lin Chengyi*

1 (Second Institute of Oceanography, State Oceanic Administration, Hangzhou 310012)
2 (Center for Materials Analysis, Nanjing University, Nanjing 210093) -

Abstract

The reasearch area of polymetallic nodules is located between Clariion Fracture and Clip-
perton Fracture, where polymetallic nodule resources are most abudant. The authors have in-
vestigated in this area for many times, and have obtainted a lot of materials and samples. The
todorokite existing in nodules as the most useful manganese mineral is in a close relationship
with many metallic elements. To analyse the distribution of todorokite and its relative factors is
meaningful for probing into the nodu!es’ formation mechanism. For its poor crystallinity and
tiny grain, to identify todorokite is very difficult. By all sorts of analysis methods, the authors
tried to prove the existence of todorokite, to study its mineral features and the relationships a-
mong its main metallic elements, and then to provide scientific basis for ore dressing and metal-
lurgy.

The study result reveals:1) There exists todorokite in marine nodules that act as the most
important manganese mineral phase. Its optic characteristic, x-ray diffraction analysis data and
cell parameters are close to those, of manganese. Infrared analysis also show typical todorokite
spectrums. Electron microscope analysis suggests that the manganese in crystallizing band is
mainly todorokite and its Mn, Cu, Ni contents are higher than those in amorphous band. 2)
The todorokite content in coarse-surface nodules in deep-sea plain is often richer than that in
smooth-surface nodules found in seamount. Todorokite is abundant when the substratum
structure is laninar, compact, or taxitic.

The paper suggests that the factors causing todorokite distributed in such a way are main- 7
ly related with the local geochemical environment. The reduction-oxidation potential value is a
direct factor which affects the formation of todorokite. The low reduction-oxidation potential is
helpful. The isomorph of some metal elements such as Mn, Ni, Cu, Zn, is positively related
to manganese. The slight reduction-oxidation environment and peneliquid substratum are an
ideal horizon which is favourable not only to the migration of the Mn ion, but also to the accu-
mulation of Mn . The metal elements engendered by dissolution of the living beings can pro-
mote the formation of manganese noudules. Recrystalization also changes a part of amorphous
body into todorokite.

Based on the study of the nodules’ mineralogy, it is suggested that the best mineral re-
source for ore dressing and metallurgy is rough-surface nodules and semi-rough-surface
nodules.

Key words: East Pacific ocean polymetallic nodule todorokite
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