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Table 1 Hydrolysis conditions of Fe** solution for synthesis of hematite and oxygen isotope data of

as-synthesized hematite and corresponding water

Feor [k [kmIAm] T 0 1o, Fet Tk KBIAR] o o Too,

BEO | WE | EO |BEE|wE i | oo | o 10%ne | #RO | WE | BE® |RE|6BE # | o | e 10%lna
D | (O | @D v o oD | D [O| D o o
98FeCl1002(0. 01010. 001| 90 60 |a-Fe,Os) —4. 34| —4.27|—0.07|99FeCl032 |0. 200|0. 010| 225 2h |o-Fe;O3 |—11.67 —7.64|—4.03
98FeCl004(0. 030{0. 001| 90 30 |a-Fe;O3] —4. 68| —4. 65| —0.03|99FeCl033 |0. 20010. 010| 225 3h |a-Fe;O3 |—11.57 —7.38|—4.19
98FeCl006(0. 050(0. 001} 90 30 |a-Fe;Osf —4.58|—4.15|—0. 43| 99FeCl035 |0. 200 0. 010| 225 2h |a-Fe;,O3 | —9.59|—5.35]—4.24
98FeCl008[0. 100(0. 001} 90 35 |a-Fe;O3] —4. 85| —4.56|—0. 29| 99FeCl036 |0. 200 0. 010 225 3h |a-Fe;O3|—9.46|—5.36]—4.10
98FeCl010]| 0. 300|0. 001{ 90 35 |a-Fe,O3] —4. 46| —4.30|—0.16|99FeCl038 |0. 200|0. 010| 225 2h |o-Fe;O3|—1.68| 3.35 |—5.03
98FeCl012/0. 500(0. 001| 90 35 |a-Fe,Os) —4. 38| —4. 02| —0. 36| 99FeCl039 0. 200|0. 010} 225 3h {a-Fe;O3 | —1.55| 3.28 |—4.83
99FeCl013(0. 100|0. 005| 90 2 la-Fe,O3] —3. 38| —3. 23| —0.15|99FeCl041 | 0. 200|0. 050 | 225 2h |a-Fe;O3 | —9.79|—5.42|—4. 37
99FeCl014/0. 100(0. 005| 90 1 |a-Fe;Os| —3.32|~—3.31{—0.01|99FeCl042 |0. 200|0. 050 225 3h |a-Fe;O3 | —9.89]—5.39|—4.50
99FeCl015/0. 100(0. 005| 90 1 |a-Fe;O3/ —3.56| —3. 30! —0. 26 | 99FeCl044 | 0. 200 | 0. 050| 225 2h |a-Fe;O3|—1.78| 3.22 |—5.00
99FeCl016/0. 100 (0. 005| 90 2 |a-Fe;Os| —3. 48| —3.35{—0. 13| 99FeCl045 |0. 200}{0. 050 | 225 3h |a-Fe;O3]—1.58| 3.31 |—4.89
99FeCl017|0. 100(0. 005| 90 3 |a-Fe;Os| —3.41]—3.23|—0.18|99FeCl047 | 0. 200}0. 050 | 225 2h |o-Fe;O3 |—11.72 —7. 63| —4.09
99FeCl018[0. 100(0. 005| 90 4 |a-FeyO3) —3.56] —3. 23| —0.33|99FeCl048 | 0. 200{0. 050| 225 3h |a-Fe;O3|—11.36/ —7.64]—3.72
99FeCl019/0. 100(0. 005| 90 5 |o-Fe;O3/ —3. 68| —3.39|—0. 29| 99FeCl050 | 0. 200|0. 100| 225 2h |a-Fe;O3 |—11.82 —7.46|—4. 36
99FeCl023|0. 030(0. 005| 90 30 |a-Fe20|—3.39|—3.31|—0.08|99FeCl051|0. 200(0.100| 225 | 3h |a-Fe;O3 |—11.75—7.58]—4.17
99FeCl025{0. 030|0. 005| 90 30 |a-Fe20| —3.8 | —3.23|—0.57|99FeCl053|0. 200(0. 100| 225 | 2h |a-Fe;O3|—9.78|—5.32|—4.46
99FeCl152{0. 200(0. 150| 90 45 |a-Fe;O3| —7. 63| —7.58|—0. 05| 99FeCl054 |0. 200 (0. 100| 225 3h |a-Fe;O3 | —9.59|—5.39|—4.20
99FeCl153{0. 200(0. 150| 90 45 |e-Fe,Os| 3.32 3.46 |—0.14]|99FeCl056|0.200(0.100| 225 | 2h |a-Fe;O; | —2.26| 3.38 |—5.64
99FeCl154{0. 200(0. 150| 90 45 |a-Fe;Os| —7.66|—7.64|—0.02|99FeCl057|0.200(0.100| 225 3h |a-Fe;O3|—1.89] 3.29 |—5.18
99FeCl155]0. 200(0. 150| 90 45 |a-Fe O3] 3. 65 3.45 0.20 | 99FeCl065 |0. 200 225 | 2h |a-Fe;O3 [—11.65 —7.63|—4.02
99FeCl156{0. 200}0. 050| 90 45 |a-Fe,O3| —7.54|—7.49|—0. 05} 99FeCl066 | 0. 200 225 | 3h |a-Fe,Os|—12.26/ —7.56|—4.70
99FeCl157{0. 200{0. 050| 90 45 |a-Fe,Os] 2. 94 3.24 |—0.30]|99FeCl068 |02. 00 225 | 2h |a-Fe;O3|—2.34) 3.32 |—5.66
99FeCl158{0. 200|0. 050| 90 45 |a-Fe,Os| —7. 78| —7.56| —0. 22 99FeCl069 | 0. 200 225 | 3h |a-Fe,O3|—2.48| 3.24 |—5.72
99FeCl159]0. 200{0. 050| 90 45 |o-Fe;Os3| 3. 20 3.48 |—0.28]|99FeCl071 /0. 400(0. 050} 225 | 2h |oa-Fe;Os |—11.27 —7.49|—3.78
99FeCl160{0. 200{0. 050| 90 45 |a-FeyOs| —7. 78| —7. 62| —0.16]|99FeCl072|0. 400 (0. 050} 225 | 3h |o-Fe;Os |—11.56/ —7.61|—3.95
99FeCl161{0. 200{0. 050| 90 45 |a-Fe,Os| 3. 20 3.38 |—0.18{99FeCl074 |0.400|0.100} 225 | 2h ja-Fe,O3|—2.83{ 3.21 |—6.04
99FeCl162|0. 200(0. 050| 90 45 |a-Fe;Os| —7. 62 —7.45|—0. 17| 99FeCl075|0. 400|0. 050 225 | 3h |a-Fe,O3|—2.68] 3.4 |—6.08
99FeCl163/0. 200(0. 050| 90 45 [o-Fe;Os3| 3.08 3.32 |—0.24|99FeCl077 |0. 200|0. 010| 225 |1.5h| a-Fe;O; [—12.19 —7. 34| —4. 85
98FeN002(0. 003|0. 010 90 60 |a-Fe;O3| —4.56| —4.13|—0.43|99FeCl079|0. 200(0. 050| 225 [1.5h| a-Fe,O3 |[—11. 91| —7. 29| —4. 62
98FeN004(0. 005]0. 010| 90 60 |a-FeyQ3| —4. 65| —~4. 05| —0. 60| 99FeCl081 |0. 200(0. 100| 225 {1.5h| a-Fe;O3 |—11. 23] —7. 54| —3. 69
98FeN006]0. 030{0. 010 90 60 |a-Fe;Os] —4.89|—4.86|—0.03|99FeCl083 | 0. 200 0 225 11. 5h| a-Fe;O3 | —1. 25| 3.29 | —4.54
98FeN008}0. 020|0. 010 90 60 |a-FeyOs] —4.57|—4.38|—0.19|99FeCl085 }0. 400|0. 050| 225 [105h| a-Fe;O3 | —1. 37| 3.34 |—4.71
98FeN010{0. 050(0. 010| 90 60 |a-FeyOs| —4.75|—4. 30 —0. 45| 99FeCl087 | 0. 400|0.100| 225 |1. 5h| a-Fe;O3 | —1. 09| 3.32 | —4.41
98FeN012(0. 100(0. 010| 90 60 |a-Fe;Os] —4. 68| —4. 44| —0. 24 {98FeNS013|0. 005 0 225 6 |a-Fe;O3|—8.65|—4.48|—4.17
99FeN003|0. 200|0. 050| 90 | 180 |a-Fe;O3| —4. 89| —4. 53| —0. 36|98FeNS014|0. 030 0 225 | 14 |a-Fe,O3 | —8.64|—3.98|—4. 66
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99FeN004]0. 200 (0. 250| 90 | 180 |a-Fe,O3l —4.57| —4.63| 0.06 |98FeNS015(0. 200 0 225 | 14 |a-Fe;O3 | —8.59|—4.21|—4.38
98FeCl1013{0. 030]0. 001 | 120 | 12 |o-Fe;O3] —6.19| 4.26 |—1.93| 99FeN040 |0.200(0. 250| 225 | 1h |a-Fe;O; | —8.75{—5.35|—3. 40
98FeCl018|0. 010|0. 001| 120 | 15 |a-Fe;Os| —6. 84| —4.86|—1. 98| 99FeN041 [0. 200|0. 050| 225 | 2h |a-Fe;O3 | —8.44{~5.28(—3.16
98FeCl019]0. 010|0. 001} 120 | 15 |a-Fe,O3/ —6. 85 —4.89|—1. 96| 99FeN042 |0. 200{0. 050| 225 | 3h |a-Fe;O3 |—8.78|—5.40|—3.38
99FeCl011/0. 010(0. 005 | 120 7 |a-Fe;Os| —5. 68| —3. 66| —2. 02| 99FeN043 [0. 200[0. 250| 225 | 1h |«-Fe,O3 [—10.53 —7.78|—2.75
99FeCl012|0. 100|0. 005| 120 | 14 |a-Fe;O3/ —5.36|—3. 23| —2. 13| 99FeN044 |0. 200{0. 250| 225 | 2h |a-Fe;O3}—10.73 —7.79|—2.94
99FeCl115|0. 200 0 120 | 5h |a-Fe;Osf —8. 78| —7.53| —1. 25| 99FeN045 |0. 200{0. 250{ 225 | 3h |o-Fe,O3 [—11.28 —7.81|—3.47
99FeCl118| 0. 200 0 120 | 5h |a-Fe,O3| 2.04 3.34 |—1.30| 99FeN052 |0. 200|1. 000| 225 | 24h | o-Fe,O3 |—11. 16| —7. 74| —3. 42
99FeCl119]0. 200[0.100| 120 | 5h |o-Fe,O3/ —9. 55| —7.53| —2. 02| 99FeN053 |0. 200|0. 750| 225 | 24h | a-Fe;O3 [—10. 95 —7. 76 —3.19
99FeCl124]0. 200|0. 100| 120 | 5h |a-Fe;O3| 1.58 3.35 |—1.77| 99FeN054 |0. 200|0. 050 225 | 24h | a-Fe O3 |—11. 47/ —7.75|—3.72
98FeN013[0. 005[0. 010| 120 | 30 |a-Fe;O3| —6. 94| —4. 46| —2. 48| 99FeCl129 | 0. 200|0. 100 315 | 5h a-Fe;O3 [—15. 79| —7. 59| —8. 20
98FeN018/0. 010]0.010| 120 | 30 |a-Fe,Os| —6. 84| —4.57|—2. 27| 99FeCl130 | 0. 200|0.100{ 315 | 5h |a-Fe,Os|—5.89| 3.38 [—9.27
98FeN019|0. 010{0. 010| 120 | 30 [a-Fe,Os| —6. 43| —4.22|—2. 21 |99FeCl131 |0. 200(0. 100} 315 | 5h a-Fe;O3 |[—13. 49 —5. 38| —8. 11
98FeCl014|0. 030]0. 001 | 220 6 |a-Fe,O3/ —8. 89| —4.40|—4.49|99FeCl132 [0. 200|0. 150 315 | 5h a-Fe,Os | —5.79| 3.4 |—9.19
98FeCl015/0. 030[0. 001 220 6 |o-Fe,Os —8. 621—4.27,| —4. 35| 99FeCl133 0. 200|0. 150} 315 | 5h a-Fe;O3 [—5.25| 3.35 |—8.60
98FeCl016/0. 100(0. 001 220 | 14 |a-Fe;O3/ —8. 62} —4.44|—4.18|99FeCl134 [0. 200|0. 150} 315 5h |o-Fe;O3 |—5.81| 3.36 | —9.17
98FeCl017/0. 010{0. 001| 220 4 |a-Fe;O3) —8. 64| —4. 48| —4.16|99FeCl136 |0. 200(0. 170} 315 3h |a-Fe;O3|—5.32| 3.42 | —8.74
99FeCl027/0. 200(0. 005} 220 | 2h |a-Fe;O3| —7. 75| —3. 28| —4. 47 | 99FeCl144 | 0. 200|0. 180| 315 3h |a-Fe;O3 |—16.62 —7.56| —8.06
99FeCl028|0. 200(0. 005| 220 | 3h |a-Fe;O3| —7.82| —3.55|{—4.27

@ 5 FeCl,FeN #i FeNS 4} 5375 i FeCl, »

6H20‘F3(N03)3 * 9H20 %ﬂ NH4FC(SO4)2 *

12H,0 ARtk Fe3+t B THY R A MM 8

W;@ FeCly F NH4F€(SO4)2 iﬁﬁ%ﬂi@ﬁ%i’&iﬁ@)ﬁ,ﬁﬁ Fe(NO3); %i&ﬂ%ﬁﬁ@ﬂ*ﬁ?’é?&ﬁﬁo

Pk & AR, WE R KT 5K Z 18 8 & R AL
RAERD BRI EAMREKYT - KEREARMLER
MBRRKFERL T —FLRIESR .
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1.1 FETHULFEER

FREET A B2 B R A Febt B 1 ¥ MK 98 38 K f#
%A RET SR F0 0 5 A 40 TEE P AL .
1.1.1 5BiBKE%E

4y Bl LA FeCl, « 6H,0. Fe (NO); « 9H,0 #1 Fe
(NH,)(S0,),-12H,0 3 Fe** B -4 % 41 i » 2£ 90~
ISCHREBENKEESBFEY AELRARYE
B RE R MG 45T RS RAER (RE R
%,2002) MM B RERFZEHITRIP.
1.1.2 BR#ELZE

E—EMEREAGT FIALTRE RN &
AP 4855 HR YR R ERF,2002), 790~
315°CIR & 1 Bl 9 7K W8 VR P 36 28 R R R, 3R 251
T RS R R AT R AL R 4.

BRI TR X FI0CHMI20 CIRE T KL
B, BERBR—ER(—MRFAE100~180 mg A4 ) K
I A RREH 8B B I 7 £ 8k 3 A B L () B s YRR )
Y B RN 2R A ORI 4, BN 3F R R R AL R A K
BEETFKOEESBOES N HR—7. 87%—4- 35%,

3. 40%0, 3 A HIAMFS LM M H ZR)EARN
%9 B BRI 4 o A WRCE AN TE K TR B B Y8 VK K
AL HES RERER D BE-EGERE,
ERMBEA—ERENEREESER.FER
FHEBRPHEBFKEBERMABN A B
hoEBRRM—ENE, FZREHET K
U 75 £ BRI AR R R B AR R B X F200C L B
®2 FREFHTABHERS&YT MOE F%T
BRI E G R AR
Table 2 Oxygen isotope compositions of initial

material goethite and akaganeite

P el Y el R R
ECC) (%o (%0

99FeCl145 90 W5y | —7.92 | —7.49 | —0.46
99FeCl146 90 WA AS%T | 2.55 3.35 | —0.80
99FeCl147 90 WUy Feks | —4.75 ] —4.82 | 0.07
99FeNS115 90 LAk —5.68 | —5.33 | —0.35
99FeCl164 120 | WS 4%H | —8.85| —7.58 | —1.27
99FeCl165 120 | WAH%D | 2.07 3.46 | —1.39
99FeCl166 120 | WA ST | —6.94 | —5.35 | —1.59
99FeCl173 120 | WA A4 | —6.87 | —5.35 | —1.43
99FeNS067 60 kT —3.05 | —5.36 | 2.31
98FeNS006 90 £ékm- —4.31| —4.05 | —0.26
98FeN005 60 ey ~2.32 | —4.37| 2.05
98FeS091 90 ekm —4.62 | —4.68 | 0.06
98FeNO011 60 gy —2.51| —4.83 | 2.32
98FeCl009 60 PO 8k | —2.40 | —4.40 | 2.00
98FeCl033 100 | MASFE%H | —4.97 | —4.55 | —0.42
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FE 22 TR B b v i 8, (5 28 O R BT I IR 5
8o E 5 A8 2N 35 B TS #A B R ) 4 1 SRR PR S
LAL(12000 B /min) R EMBR > F . BBRETF
P OV BB  » DL UK BRI LR AT ULIER A
WEN2 N HMERT  MABEREGHPRE2~3
h, IR £V M IERULE R G AHERREMLEA
BRI K TE B 7R W 7 2% A UL IE , 2 B U ) . X
— A BERE#T5~6K, UBERITEY . &5 A
Sl TC K B R 43 BTN, B O B R TR Y M A60C
SN TR PR T, 424 h LV IRAEZS T
HBPREFUSYHEMARMCEIMT. \'

(a) (b) o

Bl sBFfEARNMSREE

Fig.1 Scheme of chemical reactors used in this study

(@) — 1R R BL#% 5 (b)— 5 I8 IR B 2%

(a)—Low-temperature reactor; (b)—high-temperature reactor

1.2 FYFRAFSEMERECESH

% H B & Riguka Dmax-RA % #8 X £7 51 4%
(CuKeX = 0.15418 nm) 5t 4t F /5 YT IE 5 4 4 A
2 2 AT R . B2 A H A Hitachi T-650% i3 §f
B, F & 3 85 (TEM) fl Hitachi S-650B 38 F &
WREFNEEH. o

T YRR LR RS GH E R AR,
B A27 mg ERMFREKT Y515 mg AEY
FEBRARNMER, F-ERETE5E ¥
BRAFARTIARME 680 CEMETRER
B CEFE] 9 13~15 h) , 4R J5 M B SRR SR 720°C.
R R S a BN, FEKELEBAI &k
e  MARHEZHRREE T, HTERMEN R
WA TR RIS K,

VWK BT 2 J2 ) CO,-H,O -4 % (Cohn et

al., 1938; FBHUE %, 1986) #H AT H =5 H# . R A
Finnigan MAT /A 8] 4 7= 4 Delta plus 'ﬂ R & LA
SIS E CO, M E R LK Ml , A 6 0 A%t
F SMOW #r#E &R R .25 CHY , CO,-HO E 4 /18 &
P aco, 1,0 = 1. 0412(OfNeil et al. , 1975; Friedman
etal ,1977) X FR—Ff, BESFWERLY
hF £0. 2% . AR EHMEREHELAR N
a=(8"0gys+10°)/(8 Oy +10°) -
K0 Opp K 4T R R ML E AR, 6
18O x R VLV WK B 48 TR L 2R 2 B, 3 A SMOW %4
PR

2.6979

98FeCl134 315°C

25130

1.8399
1.6939

2.2016
1.4849
1.4524

98FeNS015 225°C

5% FZ (CPS)

98FeN013 120°C

A JUL.LM»_/L/L

98FeCI008 90°C

i HA I

N T T R 5
10 f 20 30 40 50 60 70
' 20

B2 SREKMEES KRS 05 XRD i &
Fig. 2 : Typical XRD patterns of hematite synthesized

. by hydrolysis-forced approach
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T 3R 26 K Al v S, A IR S 40 4 B VR
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Fig.3 Typical TEM and SEM photographs of the hematite synthesized by hydrolysis-forced approach
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Fig.4 Typical XRD patterns of hematite synthesized

by solution-transformation approach
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Table 3 Synthesis conditions of solution-transformation approach for hematite and oxygen isotope data of

as-synthesized hematite and corresponding water

iF [ 18 18
BiE S i (Iif) (SE) &sﬁtﬁ % E(]:;E)}] Hu® | pe® | ° <(°)/‘f)yE Y 6(%?)* 10%esw
99FeCl145-L B-FeOOH 50 950 | 180 ~10.52 —7.34 —3.18
99FeCl145-H 8-FeOOH 50 90 360 —0.20 3.28 —3.48
99FeCl146-H B-FeOOH 50 9 | 360 0. 60 3.31 2.7
99FeCl147-M 8-FeOOH 50 9 | 360 —8.41 ~5.35 —3.06
99FeNS115-L o-FeOOH 100 9 | 360 ~10.92 ~7.75 —3.17
99FeNS115-H o-FeOOH 100 90 | 360 ~1.78 1.98 ~3.76
99FeCl164-L f-FeOOH 100 120 | 180 —12.58 ~7.58 ~5.00
99FeCl165-H f-FeOOH 100 120 | 180 —1.68 3.39 —5.07
99FeCl166-M 8-FeOOH 100 120 180 —1.48 —5.41 —4.93
99FeCl166-H B-FeOOH 100 120 180 —=1.59 3.41 —5.00
99FeCl166-H-1 B-FeOOH 100 120 180 —12.69 —7.58 —5.11
99FeCl166-H-2 8-FeOOH 100 120 | 180 ~1.99 3.22 —5.21
99FeCl173-L 8-FeOOH 100 120 240 —12.98 —7.83 —5.15
99FeCl173-H §-FeOOH 100 120 | 240 ~2.19 3.29 ~5.48
99FeCl173-M f-FeOOH 100 120 | 240 ~10.57 —5.35 —5.22
99FeNS067-L a-FeOOH 100 120 | 240 —12.96 ~7.81 —5.15
99FeNS067-M a-FeOOH 100 120 | 240 —10.65 ~5.35 —5.30
99FeNS067-H a-FeOOH 100 120 | 240 —2.23 3.52 ~5.55
99FeNS115-H-a a-FeOOH 100 120 | 240 —2.06 3.38 —5.44
99FeNS115-L-a a-FeOOH 100 120 240 -12.59 —7.53 —5.06
98FeS006-L a-FeOOH 50 | 0.50 | 225 | 12h | 0.99 | 118 | —15.89 ~7.51 —8.38
98FeS006-M a-FeOOH 50 | 0.50 | 225 | 12h | 0.96 | 1.20 | —13.00 —4.69 —8.31
98FeN005-L a-FeOOH 50 | o.25 | 225 | 12h | 1.30 | 1.39 | —15.86 ~7.43 —8.43
98FeN005-H o-FeOOH 50 | o.25 | 225 | 12n | 131 | 1.37 —5.02 3.36 ~8.38
98FeN005-M a-FeOOH 5o | o.25 | 225 | 12h | 1.32 | 140 | —12.53 —4.24 ~8.29
98FeS091-L a-FeOOH 50 | o.25 | 225 | sh | 134 | 1.3 | —16.72 ~7.61 —9.11
98FeS091-H o-FeOOH 50 | o.25 | 225 | sh | 1.38 | 1.37 —5.54 3.03 —8.57
98FeS091-M oFeOOH 50 | o.25 | 225 | sh | 1.43 | 1.3¢ | —13.82 —4.64 —9.18
98FeS091-L-1 a-FeOOH 50 | 005 | 225 | 12h | 1.39 | 1.3¢ | —15.86 ~7.31 —8.55
98FeS091-H-1 a-FeOOH 50 0. 05 225 12h 1. 40 1.33 —571 3.39 —9.10
98FeS091-M-1 o-FeOOH 50 0. 05 225 12h 1. 37 1. 32 —12.92 —4.55 —8.37
98FeN011-L a-FeOOH 50 0.05 225 4h 1. 90 1.90 —15.72 —7.23 —8.49
98FeNO011-H o-FeOOH 50 0. 05 225 4h 1.93 1.94 —5.76 3.28 —9.04
98FeNO11-M a-FeOOH 50 | 005 | 225 | 4h | 192 | 1.89 | —13.08 —4.48 —8.60
98FeNO011-L-1 o-FeOOH 50 225 4h 3.52 3.32 —15.83 —7.37 —8.46
98FeNO11-H-1 o-FeOOH 50 225 | 4h | 3.60 | 3.23 —5.69 3.35 ~9.04
98FeN011-M-1 «FeOOH 50 225 | 4h | 3.20 | 3.40 | —12.95 —4.57 —8.38
98FeCl009-L B-FeOOH 50 225 | 4.5h | 3.72 | 2.29 | —15.95 ~7.32|  —8.63
98FeCl009-H 8-FeOOH 50 225 | 4.5h | 3.50 | 2.28 —5.37 3.29 —8.66
98FeC1009-M B-FeOOH 50 225 | 4.5h | 3.40 | 2.26 | —13.08 —4.44 —8.64
98FeC1009-L-1 f-FeOOH 50 225 | 12b | 3.26 | 2.13 | —15.78 ~7.56 ~8.22
98FeCI009-H-1 8-FeOOH 50 225 | 12h | 3.56 | 2.3 ~5.70 3.36 —9.06
98FeC1009-M-a §-FeOOH 50 225 | 12h | 3.16 | 2.28 | —12.87 ~4.56 —8.31
99FeNS067-L-a «-FeOOH 50 225 5h —15.93 —7.53 —8.10
99FeNS067-H-a a-FeOOH 50 225 5h —5.83 3.30 —9.13
99FeNS067-M-a a-FeOOH 50 225 | sh —13.82 —5.35 —8.47
98FeN011-L-a o-FeOOH 50 315 | sh | 3.56 | 2.23 | —15.85 ~7.46 —8.39
98FeNO11-H-a a-FeOOH 50 15 | sh | 3.76 | 2.50 ~5.39 3.34 ~8.73
98FeN011-M-a o-FeOOH 50 315 5h 3. 46 2. 30 —12. 83 —4. 46 —8.73
98FeCl009-L-a 3-FeOOH 50 315 5h 3.56 2.23 —15.81 —7.47 —8.34
98FeCl009-H-a f-FeOOH 50 315 | sh | 3.76 | 2.50 —5.18 3.32 —8.50
98FeCl009-M-a B-FeOOH 50 315 5h 3.46 2.30 —12. 66 —4.41 —8.25
98FeCl033-H-1 8-FeOOH 50 315 5h 3.90 3.30 —5.46 3.37 —8.83
98FeC1033-M-1 B-FeOOH 50 315 | sh | 3.40 | 3.20 | —13.26 —4.76 ~8.47
98FeCl033-H-2 B-FeOOH 50 315 24h 3.81 3. 35 —b5.26 3.51 —8. 77

EOHFSFEARKT YRS ENRAACEARKKMR P LHMAMSHREIMNR EMFEFRARCRARMK, B 61205 =
—7.87%0+3. 40%, 0 — 4. 35%:;@ pHiypHa 43 B2 5 BL 2 4 i 0 2 B 4% A J 2K 78 By pHL B



92 - W OFE % #

2003 4

B 5 BWRELESRMART WAY TEM BA

Fig.5 Typical TEM photographs of hematite synthesized by solution-transformation approach
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Fig. 6 Oxygen isotope fractionation between hematite and water versus oxygen isotope compositions of the water
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Fig.7 Oxygen isotope fractionation between hematite and water versus H* concentrations in the solutions
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Fig. 8 Oxygen isotope fractionations for

ferric oxides-water systems
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1998); 7—HR kB (3R38 K M ¥ : Bao et al. ,1999); 8—H &K
( NaOH + HCOj #: Bao et al. ,1999); 9—4F & 9" (R E %,
2002)

1—Hematite ( hydrolysis-forced approach: this study); 2—
hematite ( solution-transformation approach: this study); 3—
hematite (Clayton et al. , 1961); 4—hematite or goethite (Yapp,
1987, 1990); 5—hematite (Zheng, 1991); 6—goethite (Zheng,
1998 ); 7—hematite (hydrolysis-forced approach: Bao et al.,
1999) ; 8—hemetite (NaOH+HCO; approach: Bao et al. , 1999);
9—goethite (Xu et al. , 2002)

Z [ AR L K S8 AE X FiRE KBRS RS
HKZEERMETHR®O 2% . WEHBR—
B, Ul B SR A K AR BB R AR R I JE SR IR T 4T &
THEBRBFPHEZ WIN CENTWERARERB
IESE, W Fe’t B 7 AT BB B S5 4 K47 (Feeri-
hydrite) , 7K 88" F 8 1 A &P B 48 0 A 7K AR AR R Bk B
(Dousma et al. , 1976; Schwertmann et al. , 1983;
Schwertmann, 1988) . A3t , ZEAH F W& ¥ & B 7
R, 7 [R) SE 56 4 UR R [R) 4L [R] 62 B 4 UK B SE B 45
R —BE, I RR ERIRGHAEYT 5KZE
WERMLEIBREBRRERG T RET-KER
58 254188 , I LS b 4348 /N A AU B T 1R BE
T EBOR F A& B R ALE . B Bk, IEW Yapp
(2001) Fr$8 i #9, LA B30 I 2 W R R AL R 218 O
BMNATHREERNATRBENERTRE, TR
BEIE X E R BE L pH {EUFIK [R] AL 2 4 B R R
SR RARTRERT I 0 0 W E R — B WL,

WXHRASE T P LEMMERREE SRS
PR EEREN, R R ARG .

2 £ X MW

BER AT, UK, AR 1997, KBER-KERERMESBER
BB LIRPI. HWEFEHR, 71(4): 340~349.

B, AR, BA K. 2002, §HERE-IUF & - K&K R ARG
EHBHERRE. IR, 31(4): 366~374.

FRWE, IR, EEM. 1986, BRERMEHERAZE ST, LFKX
AR, 163~179.

JEMRE, ¥k K. 2001. BRFREG R £ 5 AR b AR ALK 418
HISLEBTSY. #FR2EH, 75(2): 267~276.

References

Bao HM, Koch P L, Hepple R P. 1998. Hematite and calcite coatings
on fossil vertebrates. J. Sediment Res. , 68: 727~738.

Bao HM, Koch P L. 1999. Oxygen fractionation in ferric oxide-water
system: low temperature synthesis. Geochim. Cosmochim. Acta,
63: 599~613.

Bao H M, Koch P L, Thiemens M H. 2000. Oxygen isotope composi-
tion of ferric oxides from recent soil, hydrologic, and marine envi-
ronments. Geochim. Cosmochim. Acta, 64: 2221~2231.

Becker R H, Clayton R N. 1976. Oxygen isotope study of a Precam-
brian banded iron-formation. Hamersly Range, Western Austrlia.
Geochim. Cosmochim. Acta, 40: 1153~1163.

Berry L G, Mason B. 1959. Mineralogy. San Francisco, Freeman,
630.

Bird M I, Longstaffe F J, Fyfe W S, Kronberg B I, Kishida A. 1993.
An oxygen study isotope study of weathering in the eastern Ama-
zon Basin, Brazil. In: Swart P H, et al. ed. Climate Change in
Continental Isotopic Records. Geophys. Monograph, 78: 259~
307.

Bischoff J L. 1969. Red Sea geothermal brine deposits: their mineralo-



96 H R

* #

2003 4

gy, chemistry and genesis. In: Degens E T, Ross D A, ed. Hot
Brines and Recent Heavy Metal Deposits in the Rea Sea. Springer-
Verlag, 368~401.

Blattner P, Braithwaite W R, Glover R B. 1983. New evidence on
magnetite oxygen isotope geothermometers at 175°C and 112°C in
Wairakei steam pipelines (New Zealand). Isot. Geosci. , 1: 195~
204.

Clayton R N, Epstein S. 1961. The use of oxygen isotopes in high-
temperature geological thermometry. J. Geol. , 69: 447~452.
Cohn M, Urey H. 1938. Oxygen exchange reactions of organic com-

pounds and water. J. Amer. Chem. Soc., 60: 679~687.

Crerar D A, Knox G W, Means J L. 1979. Biogeochemistry of bog
iron in the New Jerscy Pine Barrens. Chem. Geol., 24;: 111~
135.

Dousma J, De Bruyn P L. 1976. Hydrolysis-precipitation studies of
iron solutions. I. Model for hydrolysis and precipitation from Fe
(IID) nitrate solutions. J. Colloid Interface Sci. , 56: 527~539.

Friedman 1, O'Neil ] R. 1977. Compilation of stable isotope fractiona-
tion factors of geochemical interest, In; Data of Geochemistry,
6th. Edition. USGS Prof. Paper, 440.

Herbillon A J, Nahon D. 1988. Laterites and laterization processes.
In: Stucki ] W, et al. ed. Iron in Soils and Clay Minerals. Dor-
drecht, The Netherlands: Reidel, 779~796.

Hoefs J, Muller G, Schuster A K. 1982. Polymetamorphic relations in
iron ores from the Iron Quadrangle, Brazil: the correlation of oxy-
gen isotope variations with deformation history. Contrib. Mineral.
Petrol. , 79: 241~251.

Hoefs J, Muller G, Schuster A, Walde D. 1987. The Fe-Mn ore de-
posits of Uruvum, Brazil; an oxygen isotope study. In: Clauer N,
Chaudhuri S, ed. Isotopes in the Sedimentary Cycle. Chem. Ge-
ol. , 65: 311~319.

James H L, Clayton R N. 1962. Oxygen isotope fractionation in meta-
morphosed iron formations of the Lake Superior region and in oth-
er iron-rich rocks. In: Engel A E J, James H L, Leonard B F,
ed. Petrologic Studies: A Volume in Honor of A. F. Buddington
. Geol. Soc. Am. Washington DC, 217~239.

James H L. 1966. Chemistry of the Iron-rich Sedimentary Rocks. In:
Data of Geochemistry, 6th Edition. USGS Prof. Paper, 440-W.

Murray J W. 1979. Iron oxides. In: Marine Minerals. Rev. Mineral,
6: 47~98.

O’Neil J R, Adami L H, Epsein S. 1975. Revised value for the 20
fractionation between CO; and H,O at 25°C. J. Res. U. S. Geol.
Surv. , 3: 623~624.

Schwermann U, Murad E. 1983. Effect of pH on the formation of
goethite and hematite from ferrihydrite. Clays Clay Miner. , 31:
277~284.

Schwermann U. 1988. Occurrence and formation of iron oxides in var-
ious pedoenvironments. In: Stucki J] W, et al. ed. Iron in Soils
and Clay Minerals. Dordrecht, The Netherlands: Reidel, 267~
308.

Xu Baolong, Zheng Yongfei, Gong Bing, Fu Bin. 1997. An experi-
mental study of oxygen isotope fractionation between brucite and
water at low temperatures. Acta Geologica Sinica, 71(4): 340~
349 (in Chinese with English abstract).

Xu Baolong, Zhou Gentao, Zheng Yongfei. 2002. An experimental
study of oxygen isotope fractionations in goethite-akaganeite-water
systems at low temperatures. Geochimica, 31(4): 366~374 (in
Chinese with English abstract).

Yapp C J. 1987. Oxygen and hydrogen isotope variations among
geothites (a-FeOOH) and determination of palectemperature.
Geochim. Cosmochim. Acta, 51: 355~364.

Yapp C J. 1989. Oxygen isotope effects associated with the solid-state
a-FeOOH to a-Fe;O; phase transformation. Geochim. Cos-
mochim. Acta, 54: 229~236.

Yapp C J. 1990. Oxygen isotopes in iron (III) oxides 1. Mineral-wa-
ter fractionation factors. Chem. Geol. , 85: 329~335.

Yapp C J. 2000. Climatic implications of surface domains in arrays of
6D and & 80 from hydroxide minerals: Goethite as an example.
Geochim. Cosmochim. Acta, 64: 2009~2025.

Yapp C J. 2001. Rusty relics of earth history: Iron (III) oxides, iso-
topes, and surficial environments. Annu. Rev. Earth Planet.
Sci. , 29: 165~199.

Young T P, Taylor W E G. 1989. Phanerozoic ironstones. Geol.
Soc. Spec. Publ., 46: 1~251.

Zheng Shuhui, Zheng Sicheng, Mo Zhichao. 1986. Analytical Tech-
niques in Stable Isotope Geochemistry. Beijing: Beijing University
Press, 163~179 (in Chinese).

Zheng Y F. 1991. Calculation of oxygen isotope fractionation in metal
oxides. Geochim. Cosmochim. Acta, 55: 2299~2307.

Zheng Y F. 1998. Oxygen isotope fractionation between hydroxide
minerals and water. Phys. Chem. Minerals, 25: 213~221.
Zhou Gentao, Zheng Yongfei. 2001. Experimental studies of oxygen
isotope fractionation in the polymorphic transformation of CaCO;
minerals. Acta Geologica. Sinica, 75(2): 267~276 (in Chinese

with English abstract).

An Experimental Study of Oxygen Isotope Fractionation in the

Hematite-water System

XU Baolong, ZHOU Gentao, ZHENG Yongfei
School of Earth and Space Sciences, University of Science and Technology of China, Hefei, 230026

Abstract

Hematite was synthesized by hydrolysis-forced and solution-transformation approaches in a temperature

range of 90 to 315°C. The three different kinds of soluble iron ( I ) salts and synthesized goethite and aka-

ganeite were used as initial Fe’* sources. The mineral synthesis results and oxygen isotope data show that oxy-
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gen isotope fractionations between hematite and water derived from the hydrolysis-forced and transformation
approaches fit two different steady-state fractionation relationships, respectively, with the former being en-
riched about 2%, in 2O relative to the latter .
Hydrolysis-forced approach; 10°lna = 1.1740. 02 X 10%/T%— 9.1440. 20
Solution-transformation approach: 10°lna = 1.4640.18 X 10°/7%—14.52+0. 03

At 315°C, however, the fractionations between hematite and water measured by the two different approaches
are not only in agreement with each other within the analytical errors, but also close to the theoretical predic-
tions by the increment method. This suggests that the measured fractionations represent the equilibrium ones
for the hematite-water system at this temperature. "The different fractiona_tibp relationships were obtained from
the two different types of synthetic experiments at 90 to 225°C, indicating that the measured fractionations de-
pend not only on the formation temperatures of hematite, but also on the formation mechanism of hematite.
This corresponds to the kinetically controlled, steady-state fractionations of oxygen isotopes between hematite
and water at the low.temperatures. This may be of great importance to geochemical interpretation of oxygen

isotope data for hematite formed in low temperature environments.

Key words: hematite; chemical synthesis; oxygen isotopes; fractionation factor; steady-state equilibrium
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