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Fig. 1 Replacement of hematite and magnetite in various ore deposits
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(a) idiomorphic elongated hematite crystals are replaced by magnetite crystals which are in flaky or granular texture, Pegmatite of
Hagendorf, Bavaria, Germany; (b) granular magnetite crystals are replaced by fine granular hematite crystals which are in pore spaces of
magnetite, Tom Price BIF, Australia; (c) hematite crystals replace magnetite crystals which are granular texture in hematite and a cubic
inclusion of cobaltiferous pyrite is also occurred in hematite, Au—Pd Mineralization at the Conceido Iron Mine, Brazil; (d) magnetite
crystals are replaced by late hematite crystals which are in veins or cores of magnetite crystals, iron oxide Cu—Au(—Zn—Ag) deposits,
Chile; (e) hematite crystals are totally replaced by tabular magnetite crystals which crosscut early hematite crystals, Xieertala Fe—Zn
deposit, Inner Mongolia; (f) idiomorphic magnetite crystals are replaced by hematite crystals which are partially occurred along the rim of
magnetite, iron formation of Daitari, Orissa, India; (g) hematite crystals are replaced by columnar magnetite crystals and replacement
reactions occur in the edge of hematite crystals, Jiawula Pb—Zn-—Ag deposit, Inner Mongolia; (h) hematite crystals are replaced by
columnar magnetite crystals and replacement reactions occur in hematite crystals, Xieertala Fe—Zn deposit, Inner Mongolia; (i) tabular
magnetite crystals are partially replaced and corroded by hematite crystals, Oak Dam Iron Oxide Cu—U-—(Au) deposit, South Australia;
(j) early hematite crystals are replaced by columnar magnetite crystals which are replaced by late hematite crystals and magnetite remnants
occur in hematite crystals, Xieertala Fe—Zn deposit, Inner Mongolia; (k) magnetite crystals replace early hematite crystals which are in
irregular or granular texture occurred in magnetite crystals, Xieertala Fe—Zn deposit, Inner Mongolia; (1) hematite crystals are totally
replaced by tabular or columnar magnetite crystals, Huanggangliang Fe—Sn deposit, Inner Mongolia; (m) magnetite crystals replace
hematite crystals which are in tabular or granular texture, Huanggangliang Fe—Sn deposit, Inner Mongolia; (n) magnetite crystals
replace hematite crystals which are in granular texture, Xieertala Fe—Zn deposit, Inner Mongolia. Hem—hematite; Mt—magnetite; Py—

pyrite; CoPy— cobaltiferous pyrite; Go— goethite; Q-—quartz

BEAYRHEELT K JOCG &) (E 1d) (Marschik,
2001) MK ] W 7 & Oak Dam £k E b H Cu—
U—(AWH K (E 11) (Davidson et al. ,2007) B2 7
MR Au—Pd B FK (B 1c) (Olivo et al. ,2001) %
. EESEMRAZERSHNBRELBT KK
W—wAILHBEED W REBNEET K FE
BMOMARBEGY K FERIBP, ERH
ey MA%Y MHLR AN HE (B le g h.j.
k\m.n), ERUY KPEET SHKET ZHB
TRIESEREZR, ZEMYH I BN EERL
TILM BET EERIBRRESZRBEFET
BREHD (B le.g.hii i D BEET B AR FR
RER B HET (B la.b.kom.n); FKF 2
PR S ZR KD BORA &R A 1D;
FETXRBED  UET ERKXTRCR A (H
lo); R 2/ REH KR RBEET (B
1d).

SRR (RA 1 f )R, REEHK

BEFHHARFH, IEERFHMALER. B
BESTHAETFHMRSEBRRK N3 H
592. 704A% F1 302. 279A%; 1A=0. Inm) A R 84 &
BFEHN Fe RFR (BT H 24 4, 1T R 12
LA BB R R AERKT RS W BT
DS BABEM 1. 66%, KA MBH ZREEKT K
TRAEEM RS 1. 64% (Mu cke et al, ,2005), JE
SRR N PR TFHREENEEME. Ohmoto
(2003) A B (4) (RGBT 1 AR K B 5% 48 ) M L
Y=Yz Fe RFHMER3 ¢ 2,7 FBUEER
432,22 % EERM ) GREKT MBS WFEE)
FORMY ST Fe R FH R 2 ¢ 3, BBEHAR
¥im 47.55 %, BHIELATA, SEAERERMEK,JE
SR FEXRIEATERERBRREERHBE, B
42 BIEEATR R4 MEREHETHRIIN
P2 RIZEEMESY AN REY WIEEHER
RN 4, BAXREEBRELEL 32.2 %,
XRAB®REFEROFET NEFSALRESEHR



804 mOoE i ¥

2010 4

ERERENBRERR. RAMESOCET MELIMNE
AXFEN. KT KT TRFRET WIEELE
JRERECR B 3) A B AR R 47.55 %, X — %
BERARRMILFAREAAPRE . RN
AR AR ENKREERTIRY H (Mu cke et
al. ,2005), AR BT RYH KRB L A . MR
FER UL 3SR A R BUAT 38 K, R 438 fn iy
EBUR R M K BT o BB

AL A0 3F AL R SRR B 8 B 2R RN [ B R
JBE » B F S RE AL R B R TR T S BE AT G (R AR
FIREAHE, NI R A RA AR ZREH.
EHRABRBT KR AR ENEH TSR
FEENACATMHRAMIAR BREZHHNEML
BREZ ARG ARG ZED,

2 AR R AL JF R NLAF 7 1 UE B

2.1 3kH BIF ARMIER

MERERTREEEGBIOFREAIE LMY
BT YRREY  XMEBEEUSHET KNS
RAOFZFHEBENEANBREHE N EERE.,
#£ BIF 1, B0 MF T WAEBRIBTF URENZ
BERZREXR-ERANFEHER. HPHFEER
MBARAAFRKMA - HF—F R AREEE P&
SAYEEHVIREAL AR E @I R RELR
PHEENEEMYHETTR. EREXPRET
R BT WIE B T R8I R BB R
B 77 8k B (Morris, 1980, 1993, 2002; Han, 1982;
Baur et al. ,1985; Harmsworth et al. ,1990;Gross,
1991;James, 1992; Klein, Beukes, 1993 ; Tompkins,
Cowan,2001), — &3 5¥ & (Perry et al., 1973;
Morris,1993) @3 B 5T A b BIF H4146 & Sk & 1k
YRAENDHEARET X—HKR, 2H F BIF
FPHEINRELERRET =402 — F %
W, RLA

6Fe,0; 4+ CH,O —4Fe; 0,4+ CO,+ H,0

(FHEF) EILR T (5)

Burt(1972)A 9 BIF Fp Rk [ BE KD B HE
RED KO FIZEY 8 KL TR -

Fe,0;+ FeCO;—Fe; O, + CO,

(FREFHGEET) HEK) (6)

B F 7 BIF R B £ E K BI 5+ KM 5 B
AERNFIENELESESELY—RBRANE
BEZ,MEAEBF R4V ELE-TRELNY
%) (Trendall, Blockley,1970) , & it & i (5) F1(6)

W e B Lake Superior B fl Hamersley &7 1R
BREEPRSY RENEEVE, R, AXER
RM R BB Algoma BRI LA HREBE M
Temagami—Adams X #§ BIF #1 £ 7 # K [ &%
(Ohmoto,2003) . 763X £ 5" FK A9 Bl & Ck 1L &) F 1R
EAFEANR BERETHEIEET HHARH
EHEER. —LHFRH (Alibert, McCulloch,1993;
Bau,Moller,1993) i& i3 4 #7 BIF # # LU & (A
0 Nd R R FR1E, A 50t R B ALY T BLE i
FES FS HRAESHBENEKREREGER
Fe 8. A BFR & (Ohmoto et al., 1983;
Ohmoto, 1996 ) i i 41 B BF 5 A N B I H IR (40
VMSH KM BIOMEBBEH THANAEEN T
B RUARKESE KA REEBENT Y
BRI B RBESH B EWERNT DR E
REWMEBELSRERANFTORIER . XEIERE
AREFE VMS By KRRERREY —R&AT AR
EInWEAT A, HIE CuT A.BEIHER
RRETHTAMET (R 22), MEAABRRENE
BRI 200CUT,BEWmAENR H.SHESE
Fe(Ohmoto,Goldhaber,1997) , ZXHH LS B
M RE S EEAY (BEELY RERM, R
FRRA IR AR (B 2b), R (OEALHR.
EREXRELERZBOGHER B M BIF 1, 7%
TEBEEY BT RETEMN BIF WET ERS
R, e AT 8 1 2 BT 4 A i # & (Ohmoto,
2003,
B—MRANREEY R RO ERELD
(Hackspacher, 1979; Quade, 1988; Rosie're et al. ,
2001), XEEAYERTFEUREEZHNWEA
ZH,XEAEANFEENTREHBEEH TARE
F(Mu cke, Annor,1993; Mu cke et al. ,1996; Mu
cke,2003) . FEKT RE KD 2 AL AT BB
BT Y. AMBELHRBKF E Hamersley 4
MARBEREKTTRKE, ANARTIERAIREE SR
¥E #0728 R E B B B (Morris, 1985) . B9
TRMERERABR BN HEEHE kD
) BIF #5788 /5 BIF B2 E KK EALT I B
BHEYV T A;ZEXET AFEEKT skm §
HREFELTREATERLERET NG, XA
HERAE—EREARTEMREOFIERE.O
AMNEREZHETETATENE LY (BREEL
) 2 it RORL (D) SERLE ; @ JLF BT A 1 1 R 2
FAVEREZ £ BRTE 2. 2Ga(Holland, 1994) Bt 3 K <,



020000000000000(O (Ohmoto,199M 0000

Fig. 2 Growth model for submarine hydrothermal ore deposits (Modified from ()hmoto, 1996)
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(a) the transformation of a volcanogenic massive sulfide deposit; (b) the transformation of a banded iron-formation
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Fig. 4 Comparisons of the Fezd contents of typical
submarine hydrothermal fluids (A), typical subaerial
geot hermal fluids (B), and the fluids in equilibrium

with the magnetite hematite assemblage (solid and
dashe line) (Ohmoto, 2003)
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(a) morphology of hemtite as starting materia s; (b) morphology of magnetiteas run products through non-redox reaction; (c) morphology

of magnetite as starting materials; (d) morphology of hemtiteasrun products through non-redox reaction. Hem- hemtite; M t- magnetite
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Abstract; The transformations of magnetite and hematite, which are main existing forms of iron
oxides in nature, have been debated for many years. The transformation of magnetite and hematite in
nature has generally been considered as a result of a redox reaction and linked to a specific oxidant or
reductant. However, a nonredox reaction mechanism was proposed in recent years and it might be helpful
in better understanding the complicated mineralization process. (re textures caused by replacement of
hematite and magnetite in natural environment was summarized in this paper. The nonredox reactions
might exist in many different mineralization processes on the basis of evidences from studying on BIF and
experimental ways. Mechanisms for the transformations of magnetite and hematite provide important
significances both in theoretical and practical aspects: one hand, it indicates that the presence of magnetite
and hematite in geologic formations may not provide meaningful information on the redox state of fluid; the
other hand, it will provide new exploration strategies for hematite rich secondary ores, extending the

target for orebodies to deep zones below the paleosurface.

Key words:ore textures; magnetite—hematite; nonredox transformation; mineralization process; iron
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