1000-0569,/2014,/030(05) -1253-68 Acta Petrologica Sinica %% 54k

YRARE BIF 48 R ERER AR ER

Mg ZRERT ZaX BEFFET AWET k@ #M kL
CHEN Jing', LI HouMin' ** | LI LiXing' , YANG XiuQing'~*, LIU MingJun'~>, YAO Tong'-*, HU Bin' and ZHANG JinYou®

- P EHBTR A BT ERBT TR, [ L GRS R S SR R e &, dbat 100037

- PR BOR A R B2 5 B IR A B, M B R S A TR I X SRR, b s 100083

LTI I A R B AT T BE, el 114038

- TG A BT AT R SR A B BN, B I 063004

1. MLR Key Laboratory of Metallogeny and Mineral Assessment , Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China

BAowWON

2. State Key Laboratory of Geological Processes and Mineral Resources, Faculty of Earth Science and Resource, China University of Geosciences, Beijing
100083, China

3. Institute of Geological Exploration, Liaoning Bureau of Metallurgic Geological Exploration, Anshan 114038, China

4. The 5™ Geological Team of Hebei Geology and Mining Bureaw, Tangshan 063004, China

2013-09-01 A A%, 2014-02-01 Z e .

Chen J, Li HM, Li LX, Yang XQ, Liu MJ, Yao T, Hu B and Zhang JY. 2014. Fluid inclusions and oxygen isotope study
of the Sijiaying BIF in the eastern Hebei Province. Acta Petrologica Sinica, 30(5) :1253 —1268

Abstract The Sijiaying BIF, the largest iron deposit in the eastern Hebei Province, located in the center part of Eastern Block,
North China Craton, is hosted in epidote-amphibolite facies Neoarchean metamorphic rocks. The evolutionary process can be divided
into depositional stage, epidote-amphibolite facies metamorphic stage, folding and deformation stage, shearing and hydrothermal
alteration stage, uplifting and oxidizing stage. Both striped actinolite-magnetite-quartzite occured in epidote-amphibolite facies
metamorphic stage and banded actinolite-magnetite-quartzite, massive magnetite-quartzite, pyrite-quartz veins formed in shearing and
hydrothermal alteration stage contain a variety of fluid inclusions. Five types of inclusions are distinguished including primary ( [ -
type) inclusions, pseudosecondary ( Il -type) inclusions, secondary ( Il-type) inclusions, daughter mineral-bearing ( IV-type)
inclusions, CO,-bearing three-phase ( V-type) inclusions. The homogenization temperatures of the [I-type and Ill-type fluid
inclusions in quartz-1 in striped actinolite-magnetite-quartzite as well as V -type inclusions in quartz-1 in banded actinolite-magnetite-
quartzite range from 352 ~ 560°C , with trapping pressure between 0. 11GPa and 0. 20GPa and salinities rang from 0.4% ~ 3.3%
NaCleqv. They reflect the temperature and pressure of epidote-amphibolite facies metamorphism. The homogenization temperatures of
the II -type and Ill-type fluid inclusions in quartz-2 in banded actinolite-magnetite-quartzite, massive magnetite-quartzite and pyrite-
quartz veins concentrate in 153 ~212°C , with salinities between 0. 5% NaCleqv and 22. 6% NaCleqv. The 60 values of magnetite-1
from striped actinolite-magnetite-quartzite range from 1. 4%o to 2. 8%c; While the 8'° O values of magnetite-2 from banded magnetite-
quartzite and massive magnetite-quartzite range from 1.7%o to 6.2%o, these data indicating fluids of shearing and hydrothermal
alteration stage may account for leaching Si and concentrating Fe in Sijiaying BIF, hypogene ( hypergene) fluids circulated through
shear zones and resulted in forming banded actinolite-magnetite-quartzite, massive magnetite-quartzite and pyrite-quartz veins.
Moreover, multi-stage fold and deformation activities may also played an important role in forming banded actinolite-magnetite-quartzite.
The homogenization temperatures of I-type inclusions in quartzs in all types of ores range from 117 ~223°C , with salinities mainly between
0.4% NaCleqv and 5.0% NaCleqv, which reflects the characteristics of fluids in the uplifting and oxidizing stage. Relatively low
oxidation may be the main reason for which Sijiaying BIF unable formed a large scale of high-grade martite-microplaty ore.

Key words Sijiaying BIF; Fluid inclusions; High-grade iron ore; Eastern Hebei Province
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Fig. 1 Simplified geological map of the eastern Hebei Province (a, modified after Nutman et al. , 2011) and geological map of

Sijiaying BIF (b, modified after cui, 2012)
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Fig.2  Characteristics of ore bodies and ores in the Sijiaying BIF
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Fig.3  Photomicrographs of ores and host rocks in the Sijiaying BIF

Mineral abbr. ; Ads-andesine; Bi-biotite; Qz-quartz; Amp-amphibole; Ab-albite; Mag-magnetite; Act-actinolite; Cep-chalcopyrite; Py-pyrite; Ank-ankerite
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Paragenetic sequence of minerals for the Sijiaying BIF
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Table 2 Characteristics of various quartz samples from the Sijiaying BIF
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Fig.4 Micro-photographs of fluid inclusions in the Sijiaying BIF

(a)-isolated Ill-type negative crystal fluid inclusions; (b)-isolated Ill-type rich gas fluid inclusions; ( ¢)-daughter mineral-bearing ( IV -type )
inclusion and the daughter mineral may be halite; (d)-daughter mineral-bearing ( IV-type) inclusion and the daughter mineral may be magnetite;
(e)-CO,-bearing three-phase ( V-type) inclusions; (f)-Il-type fluid inclusions coexist with actinolite; (g)-liquid fluid inclusions coexist with
hematite; (h)- I -type fluid inclusions coexist with hematite; (i)-II -type fluid inclusions. Mineral abbr. ; NaCl-halite; Mag-magnetite; Act-
actinolite; Hem-hematite
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Table 3  Classification of fluid inclusions from the Sijiaying BIF
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Hpm, SR 5% ~12% , 4 2R S8 E00 41% o S50k
PR A des A ge-1 vh o VIR EK, i, K E
BH 6 ~12um, Hrf CO,(L+V) 5 15% ~30% ,’< 4 CO,
5% KA ZBAEART 5 — 2 RE, Bl — 288,
XA G S R BH AR RE A A A AR BB 5%
3.2.2 kI dnde BoR AR R

Fr IR R RE AT HORRE kA 30 A F ™ A e
Pk A2 SR ZZIAUR MR, 2R T2 (M2
D B 1Y IS B A (UL B 2 4) o SR
BEERATE A2 o TR 5 ~ 1um, R L
LHF 5% ~15% , HEEEDEN 23% . M2EEEK
H5 ~15um, KL 5% ~20% , (5 BB 48% . VKA

BRE B A SRS 1% . ISR BRI K
BUPAS, F b 2B A0 ST 7 A, RS B R O R 2k
o PelREEE A s A2 iy T 2R 2 4
~12pm, SR 5% ~25% , (G HUIRBE B A S 8 A g2
AR BB 44% o MZAEIAER ] 4 ~9pm, S
Feh 5% ~8% , 5B B BB 42% o AR A Bk T
BRI EZN 6 ~ 1um, LR 12% ~30% , (541
BERSH30% . MAEEEKEZR 4 ~15um, SR ILF
FEHRS5% ~10% , 5 K 15%
3.2.3 #IAY

B ER EE R SR R A 1 2R e
NREIET S E TN i SN BF Y R Ve S =S IN iR e =1
Pt /VEE A CEE A sl o W SY O 3 N o e S 1 T
KETHNT 20m, RS HEAT 0 S0 IR 1) 2 28 A 22 AR AL
17 10% o, RPN G kA s s 1 IRl 5 ~
Bpm, SIEHEN, Ry 5% ~10% o XA FEAR LR 8
BN 23% . YURHEERABEE 1 BB AR K3 h 5
~8um ST 5% ~ 8% o X J A0 B A f 2 AR BB
14% , Y LYK | ROEEKMFEZER 6 ~ 12pum, KK
LEFEN 5% ~12% o XAALFAR e R B0 55%

3.3 EHMEER

It AR 2 A Y S8 AR DN 3R T A v ] M TR 2 B R
TRRIFFE T T 1 A0 28 44 S 6 %8 58 I, T3 X % ) LINKAM
THMSG600 ¥ # &5 , DR TS 2 - 196 ~ 600°C , ¥ VR 3K
PHRZEHR 0. 1C IR 2= ]y £2°C, L0 A% ol B
IR RAE B A P R L, SRR AT Y VRNV, X TR
AT R — B TR - 100°C IEA-EE Imin J5 FFFHIE, FHE A
if i o 23 1) ) 15°C/ i, 224 5 500 A A8 3 58 I, T T TR 3R
KR 1 ~0.5C/min, X F&FH YRR, AR R AT
YIRS T T = AR AR AL, I SR T R TR e
— IR . TR A A A SR S o TR R £ LN R
1°C/ming X T4 CO, AT 3 — L i, — g Se
TRF] - 120°C H-4E 55 1min J5 HFHE. BT E CO, 1
FEORTE N AR 3 TR A%y R 24, e TR G R R OR RS D
10°C/min FJEEZNIF, 2 CO, WAHEK SAHTT i SR B i, D]
fRFHEE 2 0. 5°C/min, IR F B — 5, FHEHE R AR
(=N LiAROE LN
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Fig.5 Histograms of homogenization temperature and salinity of fluid inclusions in the Sijiaying BIF

117 RGN, AR — R BEVE I (N 117 ~560°C) o WA TF0 P AL I A , PRI JE R 0 A5 12 28 7 ) 22 AR F) S 1
AR PN B A R VKLl CO, AW A A s @I HINR AR (RRSE R ILE 4 415)

FoJm T AL S R B [ R BS RE BOK (0.4% ~ 23.0% (1) ZRECR IR R A 3 1 R B ORI AR/ i H.
NaCleqv) (J74 5 55,2004 ) , D508 T P QBRI TI0ik Bos b, SR TG IE LI 2 ok s, A A5 — >3 — il o
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Fig. 6 Representative Raman spectra of CO,-bearing three phase fluid inclusions in the Sijiaying BIF

190°C 5 A AZERVK SRR - 17.3 ~ =2.2°C(n=8) , %}
MiERBE R 3. 7% ~20.4% NaCleqv, ¥ — R ik 160 ~ 410°C
(n=21); MBMEARMIKEEER -7.5~ -0.2C(n=
6) %M EREH 0.4% ~11. 1% NaCleqv, ] — 5 i hy 160 ~
335%C (n =16) ; VA BAE AR D AL — A, BTl
¥R EER 463°C TR G, AR KER, SO0 kNG
T YRR .

Q) AR R YA a1 R AR EE N
=21 ~ = 0.5C (n=15), X W &} 0.9% ~ 23.0%
NaCleqv, 4 —f 2 135 ~183°C (n=24) . Il FSE A VKA
TR -20.0 ~ —0.3°C (n =19), % I ERFE 7 0.5% ~
22.3% NaCleqv,¥s]—JH Bl 143 ~420°C (n =35), MZf
FRVKAUREE R - 12.2 ~ —0.29C (n =21) , X i i #h B2
0.4% ~16.1% NaCleqv, ¥5J— R & 143 ~410°C (n =33),
VR ARB A D, 70 W S ks, (L5 — 1ok
FURBEHR —0.29C , %R B2 0.4% NaCleqv, 34— B2
147°C, VEEER=MHEEE N -59.7 ~ -57.5C (n=
7) I - 58.7°C LB EER T 1y CO, gl i 5 A HE
HIRRIS ST o GG ST G Rk B T A 2 AR S A
Gy FEH CO, FIN,(F6) . EEWIHIEE S 8.3 ~9.8C
(n=5) X EREEH 0.4% ~3.3% NaCleqv, ¥B433— %
WANIREE S 18.0 ~29. 1°C | 58 ¥ — B MR EE y 352 ~
560°C (n=10),

G)PeRuegnses: 1 BB IRNRIREY -13.4 ~
-3, XM EhBE R 4.9% ~17.3% NaCleqv(n =4) ,¥]—i
JER 117 ~137°C(n=6) , T HEHEARIKSIEE N -20.7 ~
—0.5%C X W EhBEH 0.9% ~22.8% NaCleqv(n=8). 34—
TR 118 ~290°C, T 240 AR vk sl il Bl - 19 ~ -
7.3°C , W EREEH 10.9% ~21.5% NaCleqv(n=9) ,3¥—i&
BER 117 ~342°C(n=15)

(4) B ANk T 2B Rk SRR - 9.8 ~ -
0.2°C , % EL M 0.4% ~13.7% NaCleqv(n =17) , 35—
FER 160 ~252°C (n=18), I Kt BRIk EIRE R - 1.3 ~
—0.3%C , X R EREE R 0.5% ~2.2% NaCleqv(n=5) ,3—i&

JEHR270 ~386°C (n=10) , MK AN -20 ~ -
19°C XM ERE N 21. 7% ~22.4% NaCleqv(n =2) ;¥ —J&
JE 3k 169 ~304°C (n=5)

3.4 HMARSTRIHAR

RO R X B AR R B R AT AR B R
5E fe A A0 7 15 ( Burke,, 2001) o B~ G0 BEAA R HOE R 2
PREH I 23 B AEAZ T AL 5T B 52 6 70 B I St 5 Fp o
SEA. MR AL #% iy LABHR-VIS LabRAM HR800 W 5% 4% &
PRROEH 2 TR, B O 532nm, Yag iy (A5 53 [ (A 30
L [ 100 ~ 4200em ™", 5 P R EE R 25°C, 3R
B 50% ,

) S8 BIF 477 H R 20 =0 P R R 2 1 1 U
FLAMR (5% ~8% ) FEREATHOLH 2 /T th T iz sl
FUT BTG RGN &, FRATEH TR LR 1 VR CO, fu
IR (30% ~40% ) HEAT AR E , 258 R (B 6) , R
W8> VR B THIEI R CO, TN, Hehhit A A k4l CO,
LR IA

3.5 |REMRTAR

SR 37 Z 52 A RERRA R il 1 B T AR SCRRE R AT 98
FR AR R A T A R BRAR TG B S5 FE R IR TR LR 5
AR 7 A H [ M SR 2 e 47 B URAE 5 T ] - B
VBB 1 5 BRI F e S 2 S I, AR R A0
(e I U0 B T 1 ¥ o T s S Rl o ]
AR E] 105 ~ T10°CHET, SR JG PRI 12mg 7247, FIHE )
IARERR IR 2 C FE AU SN AR T HR , PR S IO 48 e o] B2
R, RO PR SN R R 44 150 ~200°C , % Fil L 25 2 i
$12.0x 107" Pa, FFEEMF ] Th, U RS04 23 UHEA 158
S, SR A A B R o R 0 TR IEHS S A5 1Y BrFs 7R3
SIS AR HR TS DL T ARl B4 3 2.0 x 10 7 Pa, iR
R, 2 OV E B, A e in il B2 S00°C, kA
TG y 650°C , S REI [E]24)2% 15h e iy MAT-251, Jii
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Table 5

The sample characteristics and & O values of

magnetites from the Sijiaying BIF
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§ § p —, Oy_smow
BT RS Wiy O Dvswov
(%o)
PARTNS B Ry e
vy RHURBEEIERRLE e,
J& < 1mm
PRRTRS H KLy
oyao FERBBEIH AR 6
J# < 1mm
Sl 7 b 1L e
ovas  ECRBBOIN KEHE |
J& < 1mm
SRR A A R %
SY24 B EAEAE, 982 ~6mm, Bk BIERNT2 3.4
Ji 457 1 ~10mm
SRR A A R 4%
SY-28 i JREREA, 95 1.5 ~2mm, [AERIE 1.7
BRIFI 4T 3 ~ 10mm
F IR R R AT D RE T 2%
SY-37  AFJRERARAR, 98 2 ~3mm, Bk @EEKET-2 6.2
JEA&H 2 ~3mm
L A 7 L A S Y
ova  JORBBAICH MR o

HHRE, SR 5%

LR 10kV,90° BRI , foe e ik — 7 i 407, 8 1 Ll
Fe2pA2 g 46em, SRR TR 2EN 0. 2%0, A [ 2
AR,

4 g

4.1 FE-AANEHERNEEZGFRIIS%T HHREER
L3S - A1) DR AR S TG 8 A 2 Ak S A7 T
HBUR FHRR G AT S A 9E-1 LA R Aty R PH A e e
a1 v, FOORIRM RO SE -1 5/ T2
LA, AT 2 — TR 250 ~ 410°C  Eh S 1.7%
NaCleqv (i ) — K R E ) , & T H,0-NaCl (K &, 1y
Hh KB ARy 463°C JFUAE B A1 R T T A
FZEA AR AR AL B AN A S 88— B SO, A 2 A <
TR SIS S R0, 5 B0 1 MERf L2 ) 7 i i e B 5, A
MRERSEREE . KRR S0 S s 0 5-1 by
VEAEM, J8& T CO,-H,0-NaCl = N, &R, ¥ —HEAN T
352 ~560°C , 3L A28 0.4% ~3.3% NaCleqv, Kt AR
gy BORFE, TATHEN W) K8 BIF 447 - [N 6 AHAZ B AT LAy
Shy W Y e I T A B B, U BT B B 2 B UL AR - CO,-H, 0-
NaCl = N, &R, &5 BEARAK, J8 5 29K 352 ~ 560°C , FNER 44 5%
S5 (1979) F A - e 4 1) o2 2% 3 B2 -0 5 Y FiC ™ Ik B2
366 ~434°CIEAL, 128 0. 11 ~0.20GPa( /1 CO, £ {4
BRI — IR & E 3K 15, JiE B 3 Roedder and Bodnar,
1980) ; W J5 W B2 B iAoy H, O-NaCl {R 2, 5 BEAUAIR, i 2
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2979 250 ~410°C W) 2B WAL Tl 2R A5 - A N A, A8 T
TR AR ER JE Y CO,-H,0-NaCl = N, &R, i J& Oy 352 ~
560°C , £ /12524 0. 11 ~0.20GPa, MJEiR %A T &5 By
AR, A R e v T IR Sk e A, % B BUAS BORT REJE AT A
HROR i HES A1 8 A 32 B2 D A 3 M D R R 2 9 H, O-NaCl
KA IREEZ N 250 ~410C

BIF 1£ 38 52 2% 15 - F N A FHAS BV L 2 0, IR DLRRUITIE
B RE BRI T A AL O AR 20 AR IR 38, 2 ) e 0 4 1Y
KEAT = BRIGE AN = ZEBAT = Al 107 A A T A T A
HKAEIEAC AT HE-1 = RERRAT-1 = BRI mT R, 67
A ZE R RIS 3 R e Az KRR AL AL, A8 B A0l T S8 Ak 27 I
I, JE SR TURR Ay ey T3l B R Hs g ) T A A T A R AR
KA PR B AR SE BT 0o DI, S i - DA A 1
XA P ity 52 0 ity SR A B S 9 i, RIS ey T G Bk
S M LA T S BORLEE S, A A T

4.2 HiEMETEEM T WBUEEA

FIZE BIF B3R AR 32 22 W BUZE 0 5 D0y BT, B
T W Z R ae A aay A g A 3 ik (&l 2h) Z 45,
R B D REYORBERR A A o B 5T DRI HGR 1k A 5 BT T
TR I A 2 A S AR AR St IR BH R 1 A 0 (MR 1
BRATCEMESRY ARk A2 ., SRR A
BA A -2 28R A 2214k NaCl + H,0 {& R, 3 —
JELBE 45 40 i F 153 ~ 200°C, 2hBE R 0.5% ~ 22.6%
NaCleqv, B A Ffikhase-2 19 T 250 AL R R ARy
NaCl + H,0 {& 5%, H3— R B L h 43 43 F 155 ~ 212°C, $h ¥
H0.5% ~21.7% NaCleqv, HURBEEAFEA P AE2 1911
FKAMEZEAN NaCl + H,0 & R, B — R L H /31 T 163
~201C , ERBEATF 0.9% ~12.9% NaCleqv, BLA&, FAITER
B2 PR R T — AT IV 2R E(E 4d) , H
BB 147°C b2 0. 4% NaCleqv, B 78 1% B B i A4
HEA —E R Fe s MRTER &0 A MR T — e &1
Fe, ZEICRAE(2012) X/ 88 BIF &40 A (BIASC YOk
RGBS ) T ER 2 TR e RN E 0 A Z 25
TR SR ZUBE Bl , B 5 2 B AR AR A R AE IR
Beebyn k8" IRINBELD™ & 0 R B BB O 55 i 42 59 V)7
F#I A 5% ( Duuring and Hagemann, 2013) , 7R &) 288 Bk
AR A B TR RN I 22 B U0 I B A 6

AR R4S R EW, Bl KA REH
( >300°C ) K fiif5 8" O BEAK, [ 22, AT /K & 5 e K 7
FIE AT 8" 0l CHS K C I PRI, 2000) o 32 K 4¢ A4
FHAZ Jo L o il A28 Y BIF BEAK W19 8" 0 Ry 4. 1%0 ~ 6. 0%0
(Thorne et al. , 2009) , " FK & BIF 45 8URME SR A T2 4 P L
B 60 (HH 1. 4%0 ~ 2. 8%o, F-FIE R 2. 3%0, 5545 MR Fidh
ARWERATIEE PREDA 2 19 8" 0 fH 2l 1. T%o0 ~ 6. 2%0, -1
{54 4. 1%o, B /R IFAG VTR B £1 (8" 0 =4. 1%0 ~ 6. 0%0)
FEMSZ 5T - AN AR AR 2 )G, T A 5 48 T i 28
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JRCRL M S, 4RIV 28 6 A M, S BRSO B e 1Y
80 AR, B A A UKL PR ok A 11 PR U B 0 4 SR
AT I 14 4R L 28 VA, A I IS 26 i AR R BRopR e ik
FIYEHT 60 (TR T (80 =4. 1%0) . [t IRl 7 %
AT 22 I ) 535 2% AR R RS B A 3 14 T B AR T 24
BRI FYIHE R o BLAh, BA i X BIF 2P IRk S8
A1 A A 119 SR TR 07 2% 2 B 24 R 7 HL e o R AR
RUERATIEE (B 7515 ,2013 ), 3R WG i A8 010 PR A I 22
ZRBCIR 1 Z R AU T Si I BE R T AR
R 2 Hh BT A ) R4 A I 7 T2 ST 0L AR 8 T R 5 A T
g1 Fe(PRTF BIF sl BRI KILIE) o

5 LTI BTN A B e A2 A 2 B 1) 3 9 ARl A
JeF| B BIF B S A 0w B A ORI BUOK i 25l
KW BAT TEE AP PR BRA SEE CEO ) I B2
WM NaCl + H,O f& &, i B2 2928 153 ~ 212°C, £R R
0.5% ~22.6% NaCleqv, 8 (HHR) AU & B4k 59 D)y
BT R, S AR A R A AR, R T As A
FIELA RSy St Al/b i Fe (AR Z64F T A0 32 L Bk 3
Gy TS A0 2k SR A 9 3 iy AL b e 9
( <10% ) W HCRBE B AT 95, WA St — AR - 1 48 T 4%
ORPERE SRS A, S EOCR A 9 R R EAS R R, W
RO (18 30) B AR HHIR PR RE B A1 9, D3 A 2
i Si YA BB ECE BT R AR AR L b R A BT
FHY Fe F1 S —RULIE, B S BA 1 92k o

4.3 FRAFUHRAEEHIER ST 20

SEKRE , AR E BIF IR B AL LU B0 , IR TE L
FL T E AP KA LL BIF Jy B S MR 800 + SR = Bk
TR AAEH R B8 LB — 2 2197 (SRR LA ) F & ok
BRI IRR ARG GRS s A Bk (B 2d) , SRR AL 7E T
SRR B R E R — N 30em ([ 2f) . A8 X R
B, BRI AL B R M A D R R0 A 2 A, e
ARG R TR A0 . SR B IR IR A DA A U
AT UL B AR B SR BT R AG A R IR , 5 2 Bt B 3 23
MRS,

TEA RV AL )87 A7 Hp 2 77 A 2 R ADRE R R 3
A= B PAR  NaCl-H, O {4 ZR 1 AR A B2 14, ik 2640 B2 (A AT
UMk, M40 (& 2h) o BATRER THRTHE
AR AR FFAE , 3 — IR BE S 117 ~223°C b 2R 0. 4% ~
23.0% NaCleqv, K#45r /T 0.4% ~5.0% NaCleqv 2 [&], Fl
A X AR AT A (B4 55 S0 & 46 ) A Hagemann et al.
(1999) M #5378 Hamersley Hii[X. Tom Price £k KR 80 1k
TARHEA T , LT Powell et al. (1999 ) A4 IR 2 R I3 1
IRGTE MR I . ARk, [ PR EXAT ¢ BIF R gkn™
+ R £ ERRD BV E BRI R— W], & B A I A S A
NIARAL £ AR TR I, 38 5 T8 (V) TR vt
WA A A O, % T — A 5 R R i B 1 AR K
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(Barley et al. , 1999) , L ] G2 [l MR Bk R 40 A0 A U
1A (Angerer et al. , 2012) o fHJ27E K [ AR 3 IX 19 7] 55
BIF FE A b X BIF rh ok & S0 E SN S BOCE
B PRI R i R e P A RS BRI R R AR AL
A A S B2 i R /S A IR R A A S 1 A1 Sl -0 £ 2 9
H,0-NaCl R R I BB AR . AT W) 24 BB, ROUAE ) o
B B Y B MR 20 K R R R SR
AVER (Barley et al. , 1999) . &) Z 8 BIF 7" X Al i A 3l X
i BIF i X UL T D R AR B GARERE kA =, %
WAL R REBUR, ToTE T R IR R o8 Bk - 20 AR iR 8k
B BRI USRI SR B 2 B R 3 52 B AR U A1
R T Rt A kA (RS AR ERAT) 1B

5 &g

(1) FIZE BIF [ 353 5 ANEACIIVC, 70 5 o DU (2%
- DR R AR T 8 AT S0 400 P8 B 070 R ok A 8 1A
SARTHAM I o Ferp SR A TN A A AL SO 30 BT U0 g
Wb AR A THE AL AR AR A IR

(2) RIZE BIF WAL B 2R 5 -1 DN AR, 22 R A A
fIRER L H) CO,-H,0-NaCl £ N, 1R 2, Ji B 352 ~560°C , [k /)
0. 11 ~0.20GPa, BJmid K AR 1 W5 By BE it A2 ot , A8 o e
JE fo i SRSk A IR B AT RE AT A R R R A
R 2R AR AR BE 1 H, O-NaCl {4 2, i 22908
250 ~410°C,,

(3) ik A8 A0 P 57 U0 391 19 NaCl + H, O & R KL IR
PRI RIZEE BIF Wl R ™ ik B A F IR il e
RGRAIEE CEF ) M EZHIAN,

(4) AR E BIF 1A A T EC B , HF R RO M
MTRERE R . HaTH AR A NaCl-H, 0 fA 5, 39— 2
F 117 ~223°C, EhFE 4 0.4% ~ 23% NaCleqv, KF 49 F
0.4% ~5.0% NaCleqv,

gt ERAN AR AR OLER G RV AR R )
I 5 U A 2 A o R v A 3 v L SR e ™ B R
WESE BT R A 20045 3 5 S80S ) 02 28 D00 X743 8] o
SRR B 7 BRI T I T 2807 A K3 AR B i K 6 B 5
WOGHL S M7 45 B Tl 3t J5TRIF 53 7 WO > BIF 5 53114
AR T TR — HF RN L A !
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