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Table § Characteristics of Mn minerals

L AR By T 5 L R + B DA1(10-0m)
- %EE@H—H—K, BEOF | e i f:gg-—z.57,2.22—2.24,1.52—
ML iR, i 2R S B4R AR 2.45—2.47,1.43—1.45

2.1 KRZ2EY (vernadite)

BN WA TIEE —RKRAG 6-MnOy, A EL EERBEREARELE THSEH
YT o 76 5 S L 58 T WLES, /KRB B AEH 40/ N AR, KE BB B SR 4R IR 5 & Ao
Mk AR SRR 0.005-—0.03um, FBE 0.14—0.25 um (B K 1-1,3),

KPS REERE, EXE THHFRT KRR TUEL, REESHE
B BRSO R AR 4, Ho FRTSHE AR A L RRFRENE &I, R TRIFK
d (E% 2.56 X 107®m, 1.57 X 107 "m &b, B4 -—-PMFER 2.22 X 107"m (& 2), X5
Chukhrov JZMikheev ‘SiR:EZEWRHIM: KBSV REE K24 2.46107°m  f11.42 X
107"m, ARA 2.22 X 107™"m HFHEEXER. AFRITMW d —2.23 X 107"m HHFHEIR
(AR 1-2) {AFRABA TR, WER -4 FURRIEIRA 2.52 X 107°m, RIEIRA
1.46 X 107°m, fj 2.15 X 107" mERFR AT ARG AR IEMT . X B a4 D RS (CCC-
56) s EHA, RHEEFWEBCRETEMN. KBREF RS ER, FTRESSR
ERBROTEND GHLCDNBEDCEREZE A Si Al BRDo & 2 FrolkESET
W dE, 5 A.S. T. M |F 15—604 R 2/, BREN FARBERANMAXHE
FEENERKEETEASE, CORETHE AT REER SR INEERNL, A
FI A X B F AT T TS AN, - W AT SR 4, BT LL R T BRI IUAT &Y d SR E R

PRI RAOKBRED , T O A EB U RN TE. RO RS ERELY
YRR A/NE S Y. TIRAIA A X SRR I DUENRAR R K. SIERERY
(B D, KEEF AR EE%H Mo, Fe J/DHt Ni,Mg,Na %, Fe &aE®E, (8
W EHERA , Fe,0y % 0—20% , 7EHESH A-27 P&ELUERIAEGR 3)o ERATKEHEN 5
AT A EREMU, KR RRIEEBENE Y, B X HEREESITE 0.1
pm XA, IR EMBR4E W, HE/KBET RORRE, 2YE AR Z®RT Wi
B —REZNINED, KEGET SHRELBEN R,

KBRS 5% METitEt. SRR, AKX EFZNRELTWRATHRT X
HAGT S SKEET L AEMOFER(ER 1-5), KB FRIHERELZ R,
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Table 3, The EDAX data for Mn minerals

1
= 5 1 l 2 I 3 4 5 | ¢ { 7 ] 8 | 9 l 10
. METEY (todorokize)
' b7} KEBEY (vernadite)
: a % R . R ® &R
H¥S .
cc-22 | A-27 |[cCC-56] C-41 [CCA-45|CCA-45[CC-121 | CC-22 |[CCC-39 | CCC-39
Y
Na,0 1.43 5.98 1.83 2.32 2.53 4.44 -
MgO 3.22 1.31 ) 5.41 1.79 6.16 ©2.21 3.38 3.86
Al,0, 1.76 | 0.65 ' 1.16 .| 0.96 | 0.53 | 0.50 | o0.62 1.40.
Si0O, 1.68 1.97 1.54 3.09 1.56 1.05 3.25
K,0 0.33 0.30 1.40 0.63 2.80 0.80 2.46 1.74
Ca0 1.89 0.70 6.97 3.29 1.94 1.96 1.21 2.82
MnO, 77.48 90.92 82,71 97.78 74.39 84.95 78.71 88.73 87.12 80.07
Fe,0, 9.08 0.00 [ 4.32 0.00 0.00 1.29 2.82 0.00 . 0.00 0.00
CoO 0.66
NiO . 2.39 4.70 12.97 4.56 0.25 0.73 2.81 1.92 1.06 1.23
TiO, 2.16 1.15
BaO : 0.82 2.54
. CC-22 ABINEKBER KRS >CCC-56 NN FAKZET KD
Mn - Min CCC—56 '
CcC-22 | A= _ Mn
Fe Ni|
. Ni o A n
/\N&__A_A_a mvljl Pt =z ,- v A =3 v e T
0 2 4 6 kev ) 2 4 6 kev 0 2 4 6 kev

B 1 KRRVt E
Fig. 1 EDAX spectra of vernadite
T ER S, B d [H2% 4.595.2.620,1.078 X 107°m &, KT &I SKBET Bt
e, BEAEREMERCAER Pt 5 Mot BRTR, MAKREN —ENiE. R
W0 BT MR AL 2 R A Fe TR AT R
HE—-ANEERSERE, KRG EENHESROEENESR. THUNERE
X, KRR RZe MOEEEK T o

2.2 ST (todorokite)
SR MERZA 10 KRR, MR (PR SBEE), BERFRSKERWEN
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5, XEAERE IS R s TR TR, RIFTE SR WR0s FATHIE R
FEEAFFRE, —FERKOIRR, AR KRS 0E TAHER. B—FREA
R, ERBAT NI HETRS d @ 2.45—2.47; 143—145(F 2)o XX
KEAESEXA dE. BASEHENNET UBRESNEET. RERE TRESY
3 4R B RS Ro

FRRNEEYT SHABTUEY 3 BER, REFTAEMLE, BASH= A
ELUCERR U-1), BERA . BEAMERRGER 1-3), FREAKE—HHE
#, HRERRCER 1-1),

YEET HEMRRR GBS S R (Pseudo-Orthorhombic)o X SHERHT4 ik
8= 9.75, by = 2.85, ¢, = 9.59,8 = 90°, LK B THIHE RS BEAT A
DLBH TS d H34 2.45 X-107%m F75HBEA 8, 30 d {24 9.67.4.83,3.26 X 10™°m
HISBBE, X BE A RS R, BILK IR (R 11-2,4). EERMHBAH BRE
TTYR 5T, B AT B A UL TS0 X 20 s, T I E MR Bl L R S S5
EROR o RGBT N BRI, Mt T SEF R B IE R , B T 47 S 75 R4 M BR
HOBEE s X FHORAT T A AR, T TR RO TR IR s X o T30 S P 4 SR — T FA B,
G — P AT R — BRI ARG 5D, Hi, FRAREHTESSENAR
FRB L o

BERNEET wBETUSRARSKRELENBR. THARKETE 2—
3um CERR 11-8,10), EEBEEEZ) 0.04—0.1um, B FHISHEREB AT IR, Gt A
BEA,ET d % 247,143 X 107m (ER 11-9),

BAROASET Sg TISESERAEENNLR, BREMEM 120°0 FEiN
TN, — R 7E 0.03—0.06 pmo R KR, B BN AR & AR (BURII-S, 6)o 2K i, TR 44 TE BE
EEAT K, BN 2ILRTERE 1-7)0E% d {H2 2.47X 10 m, 1.43X 10 "m,

FroR R SR P56, XS Chukhrov SR AOBISK EF TR M, E
AR KR IA G ER, RS TR LR T IRA BT

MEET 3 MANE FAAERST AR L EES KN TR. BNZANEER
SIET: FRRUEET BRT d f5 9.91, 493,327 X 107°m 3 MBEA, B A.S.T.M

CCA—45 Ma CC—22 | tMn CCC —39 Mr
4R AR HRAR
Na Ca o .
IRNT - K ;
'ﬂthL_J‘ .Wﬁwﬁi .UN‘ .Nzﬁéz—J
0 2 4 6 kev 0 2 4 6 kev. -0 2 4 6 kev

B2 Mg RESITIEA
Fig. 2 EDAX spectra of todorokite
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£ R (13-164), 5 skl 25125 (001), (002), (003), XA AENRERIR P
S RIEA I K.

GESEETRESTERENLE I RE 2, SKAREFrEHBRNETESRERD, B
T4&%4 NaK.Ca,Ni ETEN, Mg WERFABKS, EHFERNEETH Ni S8R
A, T EL BaO &8k 2.54%,

3 itig

AR R KRB K R Mo® SHUEWEA ., B Mo EENERHTT
R, TEBETBARIMEE . KAXKEREV; EEEXHRANEET Y, HE
MRS, WEERAR. MER -3 BT BRE/KEBET (B& CCC-56), BAR
EAatbhR2EMmOM R, BRMAFSHBREEES, FERHARITERN. XWER
I-8 FIR(EES A-27) BALRSAREME, DEH LEEH. WFERE TN,
FBR d B4 2.52, 1.46 X 107°m FAKIRI 4 2.15 X 107°m b4 TR IR 1 B4
4.65X107°m 4hH EFHOERBEIR(EUR DM LRARE, BHRE S QSEET FIE, X2
BEABRETHORTE SRR T KRS AR L EAFLRENSKEALD,
EEE T REA FF K 0 45 R T OB SR 0 o B 45 B I IR, K ER ST AP D
TR MBS R G NIBEIRAE R, IR EIB T R T 45 5 1F F BT o 45
BHNERE BLRRR AL, h A K B ET RN NBEEN QIS T &4V ML LT LIRS,
RKEKEETRETEENGERPIEN, M ERREERPEERFEANTE™.

FHROEE BEREMEYSIT, HER PSS RN, XM EEENEAL
BB RS R AR, R S A 4ROl R, A 2.46, 143X
107%m EEFHdE. MBEEERERSVRE, BITTRARERKENEEY
W AR BB BISh , B R 1-10 FroR FrRE R (RES, CC-45), He 174t d fHkR 2.46,
1.43X 107%m &b, 7 2.25 X 107 °m FIHT 5 BE A RIRBIR (BIR 1-9)(R 2o F BB ST
B, RS ER -8 FRASNRBETEE RS d ER 2.52X10'm, [iARZ
2.46 X 10 " m TR A BEEEANE G0 510, (B X BRAKREIAIRE d E(2.25 X
107°m) B RSB BT o XM R BAKBE P E HBSEE TIRE, ©2M
S r TR BRET B, BAERARAERNT. B2, TP NBET 5KE
G EEBINERRXR.

AR B R 2B — R M ORI E 4, B, R4 0.012—0.025 em (B
-6)0 XEENFEBINE T, MR C-41 BNt LI, SO BEE I R & R
B EXEFAHEE, BARTAEREN LIBEE. B dEX 252 X 107%m Jb,
YR 4.83,3.06,2.06,1.51 X 107°m HIR(FE 2)o Wb WL RIEE 2, HTH IR B IR 8o
B, FHERDE A KEET MG WRHER (BIR 1-7) EDAX FHTHER
HREET W 3)e XMIRERURF P BNEE, TREEERESERFERD,
KBETHERERENERT . BRT KRGV 5@ RRET o

1) wittgh. DAFEFSSRERSUWERRRSE. 1989,
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ELECTRON MICROSCOPIC INVESTIGATION ON MANGANESE
MINERALS IN THE MULTI- METALLIC NODULES FROM
THE MIDDLE PACIFIC OCEAN

Xiao Xuqi

(Instizute of Mineral Deposits, Chinese Academy of Geological Sciences, Beijing)

Guo Shiqin
(Ch-ina Ocean Mineral Resources Research and Developmen: Association (COMRA) Peoples Republic of China)

Abstract

The mineral samples were collected in the Northern Equatorial Pacific Ocean. They are

composed of multi-metallic nodules and micro-nodules. The electron microscopic study, mainly
selected area electron diffraction, was applied to the specimen for precise identification of Mn
minerals. ' .
The Mn minerals of the multi-metallic nodules are.microcrystals usually in the form of mul-
ti-phase intergrowths of Mn oxides. In order to precisely identify the structure and components
of the minerals, electron microscopy, including the diffraction contrast image, selected area
electron diffraction and energy dispersive X<ray analysis, was applied to the nodules. On the
basis of the results of laboratory studies, especially those of the characteristics of the electron
diffraction patterns, the principal Mn minerals were determined as vernadite and todorokite.
Todorokite may be fibrous, lamellar or elongated lamellar.

While vernadite was precipitated directly as an authigenic mineral from the relevant so-
lution by the oxidation of Mn®* to Mn** through the catalysis of micro-organisms, todorokite
was separated from the solution chemically without the he]p of microbe. Some lamellar todo-
rokite is morphologically and structurally similar to part of the related characteristics of ver-
nadite and hence these two minerals were genetically closely related.

Fine mixtures of vernadite and cryptomelane were observed in the sample.

Key words electronmicroscope, multi-metallic nodules, vernadite, todorokite
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