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Abstract The Zhifang Mo deposit in Songxian County, Henan Province is located in the Xiong’er Terrane in northern Qinling
orogen. Its orebodies, occurring as quartz-veins, are hosted in volcanic rocks of the Xiong’ er Group and controlled by subsidiary
faults of the Machaying fault which is the south boundary fault of the Xiong’ er terrane. Three stages of hydrothermal ore-forming
process are recognized, Early, Middle and Late, characterized by quartz-pyrite, quartz-sulfides and carbonates, respectively. The
early-stage quartz-veins or mineral assemblages are structurally deformed and brecciated. Three types of fluid inclusions, i.e. CO,-
H,0, H,0-NaCl and daughter mineral-bearing, are observed in quartz-crystals formed in early and middle stages; while the late-
stage calcites only contain H, 0-NaCl inclusions. From early to late stages, homogeneous temperatures of fluid inclusions decrease
from 467 ~380°C (E) , through 360 ~250°C (M), to 240 ~137°C (L) ; salinities change from 0. 18% ~ 13. 13% NaCl. eqv (E),
through 0. 01% ~20.70% NaCl. eqv (M), to 0.35% ~ 12.85% NaCl. eqv (L). Salinities of the daughter crystal-bearing fluid
inclusions which only occur in early and middle stages range from 28. 04 to 31.35% NaCl. eqv. The early-stage daughter crystal-
bearing fluid inclusions were captured from undersaturated solution, and those of middle-stage were captured from both oversaturated
and undersaturated solutions. Homogeneous pressures of fluid inclusions of the early and middle stages cluster into two groups of 180
~220MPa and 40 ~80MPa, respectively, implying that fluid-systems alternated between hydrostatic and lithostatic at the depth of
6km ~8km. Homogeneous pressures of late-stage fluid inclusions range 50 ~ 80MPa, suggesting an open-space filling hydrostatic
fluid-system. The alternating hydrostatic-lithostatic fluid-systems, analogous to the fault-valve model established for orogenic-type
gold deposits, resulted from oscillating fluid-boiling and/or coseismic broken and healing. Boiling-related escape of volatile such as
CO, made the fluids condensed or oversaturated and elevated the fluids’ pH value and reducibility, resulting rapid precipitation of
ore-forming materials such as MoS,. Therefore, the Zhifang Mo deposit can be genetically assigned to be orogenic-type ore-system
formed during intercontinental collision regime. Considering that most fluid inclusions within quartz crystals formed in the early and
middle stages are homogenized into gas-phase, the space beneath the current prospecting level is potential for high-grade Mo-ores.
Key words Zhifang Mo deposit; Ore geology; Fluid inclusion; Orogenic Mo deposit; Qinling orogen
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Fig. 1

Regional geology of the East Qinling Mo belt (slightly modified after Li et al. , 2007)

Name of deposits; 1-Huanglongpu; 2-Shijiawan; 3-Jinduicheng 4-Mulonggou; 5-Yechangping; 6-Yinjiagou; 7-Shibaogou; 8-Shangfanggou; 9-
Nannihu; 10-Sandaozhuang; 11-Majuan; 12-Huangshuian; 13-Leimengou; 14-Yuciling; 15-Donggou; 16-Qiushuwan; 17-Dahu; 18-Zhaiwa; 19-

Zhifang; 20-Taipingzhen; 21-Tumen
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Fig.2 The map showing the geology and ore deposits distribution of the Xiong’ er terrane (slightly modified after Chen, 2006 )

Name of granite; WZS-Wuzhangshan granite; HP-Haoping granite; JSM-Jinshanmiao granite.
Kangshan-Qiliping fault; HQF-Hongzhuang-Qinggangping fault; TMF-Taocun-Mayuan fault; SBF-San-bao fault; SDF-Shang-Dan fault; MF-Machaoying

fault; LF-Luanchuan fault

Name of fault; STF-Sanmen-Tieluping fault; KQF-
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Fig. 3 Geological map of the Zhifang molybdenum deposit
A-showing the geology of the ore camp ( Modified after Wen et al. ,
2008 ) ; B-showing the geological profile of vein K4
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Mo deposit

A-Mo-bearing quartz vein filled into Xiong’er Group; B-structurally

Geological characteristics of the Zhifang vein-type

broken and deformed quartz vein filled by directional alignment

stockworks composed of quartz-sulfides; C- Early-stage quartz vein

containing coarse-grained pyrite; D-the early-stage quartz cut by quartz-
sulfide stockwork of the middle stage ; E- early-stage quartz showing wavy
extinction; F- Middle-stage pyrite containing galena and chalcopyrite;
G-the weathering pyrite retained in limonite; H-3R-type MoS, without

obviously heterogeneity
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Electronic microprobe analysis for minerals of the Zhifang Mo deposit (wt% )

PREF 81 S Mo Fe Cu Zn T YES AR 2t
ZF-04-1 32.24 0. 00 2.35 1.59 62.29 DNE=208 (Zng g5, Feg o4, Cug3)S
ZF-04-2 33.78 0. 00 30. 90 34. 88 0. 00 A (Cug53,Fe 53)S
ZF-17-1 40. 67 59.37 0. 56 0.05 0. 00 WA (Mog 49 ,Feg o1)S
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Fig.5 Paragenetic assemblage and sequence of hydrothermal
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minerals in the Zhifang Mo deposit
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HEE

5.2 AEFEMEREER

AR P A AR LS 1 BB R AR RS A B R A AR
AT (O e 38 55,2004 ) , ¥ (1 2 K 5324 CO,-H,0 7Y NaCl-
H,0 A& Fi M 3 28 (E 6)

HBARhEE ik 3 BaEk, L NaCl-H,0 Bl
FR R F, UL CO,-H,0 BRI & F ik, B2 h
JRAE A ZEIR, Horh NaCl-H,0 B43 2K 2 97 4047, A R
FURSHLIR , KN 2um ~ 25 wm, Pk Spum ~20pm J&E £, 5K
HASIET: 10% ~90% | JLA-CAR AL SE I 5 CO,-H,0 T3

WL E CO, =41, B0 CO,(V) +CO, (L) +H,0(L) ,Z Wi
B, K/NZY Spum ~20pm, S LEZY 10% ~60% , IR 5347 5
EF RN T O BRI R DL AR, T
FFRIE CO, ZAHEEE,

B AA R E 3 KA, HEL CO,-H,0 ALY
3, 2L NaCl-H, 0 BUERIK, & FiE 24 . CO,-H,0 T Y
LB BEUR) 90% L) b, B S A, IR P L E €O, =
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Fig. 6 Microphotographs of representative fluid inclusions
of the Zhifang vein-type Mo deposit

A-coexistence of NaCl-H, O type, pure liquid and pure gaseous fluid
inclusion in Early stage, showing a fluid-inclusion population trapped
from boiling fluid; B-NaCl-H, O type fluid inclusion in Early stage;
C-CO,-H, 0 type fluid inclusion in Early stage; D-NaCl-H,O type
fluid inclusion in Middle stage; E-coexistence of pure liquid and
pure gaseous fluid inclusion in Middle stage, showing a fluid-
inclusion population trapped from boiling fluid; F-secondary
inclusion linear distribution along X-type shear fracture in Middle
stage; G-coexistence of different gas-liquid ratio NaCl-H, O type fluid
inclusion in Middle stage; H-KCI crystal-bearing and CO, -rich fluid
inclusion in Middle stage; I-CO,-rich fluid inclusion in Middle
stage; J-NaCl-H, O type fluid inclusion in Late stage

T, 023 AR A IR A L B AR E R TR b i B €O,
Z A5 CO,-H, O FUAL LA LI B AR ILNERR S 325 K /hgl
Sum ~40pm, Ll 10pm ~20pm K ¥ ; L4 10% ~70% .
IR L2 3 B 14 UL A AR S A B U T U A 05 4 2 o
JEVE T . NaCl-H, O % £ Z2 b LU ] RIS BLNCR S 32, 200
Spm ~20pm, L 10% ~90% , /34, & F &
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BRI T2 R

W K B D il A v B O A B 2 AR D, HL 4298 0 NaCl-
H,0 B JE A LIHEEAR AR F2, RN R Spum ~ 1S,
LY 5% ~85% .

5.3 REARERS

Wolthr 2 E Ik EE R B, 5L BOR R B B 4 1 i
AR Y E & CO, HITKTE R, W B Bl /K R, 1
WA RS E CO, 1R 7K 7R 3 Ak S e B B i) /K 5 o
ARSI

W B b s CO, =AM R CO, (V) +
CO, (L) +H,0(L) (K 7A), 58 % RAEY) & 5 i ARE
BRI H,0 535 5 CO, 19 H,0( &1 7B) 3 M AR AL
RIS A Hy O CREAE BT 2 3 04 24 3310 ~3610em ™) |
ST BR H, O CRAE B2 3 04 Oy 3645 ~ 3750em ™" ) 41,
WE CO, (CRRAEHL 2 %04y 1387 Fil 1286em ™' ) o B2, LBy
Bty Wy i S A0 SR 5 CO, KT

FRBAR R E CO, ZAHMIERM S CO, (V)
+CO, (L) + HyO(L) ([ 7C) 5 M P AR 22 1K 1) W AR A
H,0, K1 CO, N, (RRAEHi7 2 3 06y 2328 ~2333cm ™) Al
H,O(E 7D) 5 &l SR F0 45 WAH £, 22 4K 1 43 CO, #i H,0
(FTE) o FrLA, B Bost ik st e & CO, M/KiIs i, 55
LN,

W I B 5 fiff A v B AU T AR L 2R AR Y WA O HL0
(E7F) AR ASA T CO, T4 S R A 5 H, 0,

5.4 H—REMEE

AR Ké W BCRYUIE R 4 1 5B B A TR 2
RSB 2 Ve A 1) v B B A R A SR B B 3 47
fARE ST TG BRI, £ W B R a4
AR FR2, /R0

FER B BT S b, AR A BLUKR 2L NaCl-H, 0 Y40 {4y
F, &/ CO-H,0 # DL A B & F gk, Ho,
NaCl-H, O B4 RV VR IR AH 4= R , [ i 5 A 45 NaCl-
H,O BV IR K SR K - 9.3 ~ = 0.2°C, X 1 £k B Ny
0.18% ~13.18% NaCl. eqv; f3{A i) Ji A 2k S M 29— , BT
¥R Y 322 ~ 388°C, J5 & ¥ — R E 4 320 ~ 467°C
(#£2)., CO,-H,0 RUMIERAEZ R T H CO, (V) +CO,(L)
+ H,0(L) , ZEV3VR WO 2 VR 5 [BHR A 72 v 9 58 4 s 4k
L) 3.8 ~6.9°C, UL R H K E AR P 2R BE Hy 5. 86%
~0.77% NaCl. eqv; it —25 Bl , 280K CO, F4r1y
— R EHE AN — A, B — IR Ry 23 ~30.2°C 5 {2k
WSE ) — WSAH Y — IR 333 ~393°C (£ 2), &F
SHERN T REMENR, 28 KC; F LR 2
¥ —ZrE ik, AR EE S 103 ~ 189°C ;5 4l itk w] ARAF A0 2 14
LR 28.04% ~31.35% NaCl. eqv; 55 (& £ 9 — B A,
F—JELBE ol 306 ~386°C (£ 2) .
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Fig. 7 Laser-Raman spectrum of fluid inclusions of the Zhifang Mo deposit

A-spectrum showing that the CO,-H, O type fluid inclusion in quartz of Early stage containing CO, ; B-showing that the pure gaseous fluid inclusion in

quartz of Early stage containing CO, and H, O; C-showing that the CO,-H, O type fluid inclusion in quartz of Middle stage containing CO, ; D-showing

that the NaCl-H, O type fluid inclusion in quartz of Middle stage containing CO,and N, ; E-showing that the liquid fluid inclusion in quartz of Middle

stage containing CO,and H,0; F-showing that the NaCl-H, O type fluid inclusion in calcite of Late stage containing H, O

AR B AR H G A, R RN
CO,-H,0 7Y, /b5 NaCl-H,0 B2, 45 & F fbo CO,-
H,0 B A7E %3 T A WL =41, B CO, (V) +CO, (L) +
H,0(L) ; 7% VR 2 AH AR5 R AT A3 58 5 M6 fh il B 24
=7.3~10. 1°C, RAF K W AH D $L 4 0.01% ~20.7%
NaCl. eqv. ,J& THRERBE s i —2P IR, CO, MHETE 9.8 ~
30. 1°C B ¥ — AR, B AE 24. 8 ~ 26. 9°C B ¥ — S 40, 35

7E 216 ~ 408 C I 58 41— UM, AL — R 2 1R AE 300°C 1
— A (£ 2) 5 (R, DRI A LE 500°C LB A —,
AT RE MG PR SRR . NaCl-H, O #8040 3 7R ¥ vk 2 VR AE 2
Je TR, WA VK AR - 6.2 ~ = 0.1°C, X [ kN
0.18% ~9.47% NaCl eqv. , BAKER FEASAE ; B AR AE 272
~351°CH— g , 8 fE 308 ~405°CHy— N M, Iy —T7
S (B8 — L BE AT, $8 /R TR IS BRR AP AE (R 2) o
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Table 2 Microthermometric data of the Zhifang molybdenum deposit
%235 =] *Eﬁlillzll‘l Ly f B B K ) T OC Th,COZ Tm,i(:e Tm,KCl Th S
ey FEimS FRAE FEBAE MEERER N T, .. (C) () (C) () () (% NaCl eqv)
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P _ 1) _ _ ~
NaCl-H,0 % 39 9.3~ -0.2 320 ~467(v) O 18~13.18
«  ZF-01 FLH  RAT
?%‘ ZF-02 {4l K4 mfk CO,-H,0 B! 3 3.8-6.9 2v3 f;i 333 ~393(V) 5.86~10.77
lﬁ ZF-03 Rk REA (V.2
ZF-15 # KK 102 ~ 190
STRE 4 (FR%eT (ioélfgzsg) 28.04 ~31.35
S R) T
272 ~351(L),
P _ 1) _ _ ~
NaCl-H,0 #| § 6.2~ -0.1 308 40s(v) O 187947
RHT  CO,-H,08 39 —743~10.1§;188”~32'619((L\)/; 2163”0‘(‘)(251()\0’ 0.01 ~20.70
i WK A i )
g AP @A KIKER
% ZF-16 kbl FEB 134;157
W AE-mii /ET@E;;]S‘;QT
R Ik L ; ~
g GFEE 4 >256.8 ~ 320527 320985((\%’ 29.07 ~29. 94
> 295.2 -
(T T
IR
R
Wil ZF06 ..
. B BB oo e 137 ~295(L), B
B ZR08 o NaCl-H,0 % 16 9.0~ -0.2 165 ~280(v) 03571285
fitf;  ZF-09 o

(I Tn,‘(-ldj‘]%é%%’f'tﬁg; Th‘cozj‘:’ COz %M}i’%*ﬂfg, ij(.eﬁVK,'ﬁ%E:'Jg; Tm_Kcly‘]%Eﬁl:l‘iﬁ%&Eﬂllfg_‘; Th ﬂvfﬁ%ﬂ]*{u‘?‘lfﬁ, S j‘]ﬁﬁ, ?ﬁ

SV L 2 REE—I5 SO SARFIRAR

TR AR RN F S RG] Ay S . —
SETAIIHI, F dib R e IR BE 430 o 134 ~ 157°C il
302 ~308°C; 2T Ambe FAMIIH A SR T AR R IR B
¥R 257 ~295°C Hl > 256.8 ~ >295.2°C ; FiH R A A
W S A R AW AT R 29.07% ~29. 94%
NaCl. eqv (F£2),

e B B 7 A ) NaCl-H, O 40 B2 R B WA 2
J&i , [T 2 M 43 NaCl-H, O B4 2 1A vk sSR - 9.0 ~
—0.2°C, 4 KRR ERE R 0.35% ~ 12.85% NaCl. eqv, J&
FARER B WA s AR 0B AR B S B — , AT 28— TR A 24
137 ~295°C , J5 & ¥ —iR 24 165 ~280C

# LRI 4 R A2 T & 8a b FIFE 2, B DL R By fi%
A B KR, 28038 — B, 38— IR AL 7
B B e ) f AR SR B4 JB T CO,-H,0-NaCl R &,
LR — 25, BAA SRR R S R B e
PR LR AR 34— B 3 7R BUUAERRAIE , 4393 45 F > 380°C i1 300 ~
360°C, HLAW i 04 5 o B B A 9 o A 288 R 34— i 35 4 rh Y [
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B 5 T ) A 2 R A — Ul A AR 06 i R
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W B bk Az A IO T A% v B (AR fu 2
Mo TR)ER, v BEAT S v ) A S A 2 — 3 B I T 240°C 1T
SR TR A R 9 B A 1 T ) T4 T 4 42 > 250°C 1) e B B 7
A FP A A — R TT LA R R 5 R B BRI A Y
W, BRI S, MR EAE R B 0.18% ~
13. 13% NaCl. eqv, s 0. 01% ~20. 7% NaCl. eqv. , R
BEE#0.35% ~12.85% NaCl. eqv( & 9) .

BT LR, FRAT0T IS B I UG B BB 4R A
TR 2 AR B 1) CO,-H,0-NaCl A& Z 19 &5 i 75 1k #4 ik
( >380°C) , BT BEN R ER EE K CO,-H, 0-NaCl 1k R [
TR I (250 ~360°C ) |, B B Bt M AIKER B2 Y H, O0-NaCl £
FIARTE/K A ( <240°C) 5 72 I 4 ) 19 44 ok 1% 1
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Fig. 8 Histograms of homogenization temperatures of fluid
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2 HGE (2555 ,2007 5 #R3ESE45,2007 ; Hagemann and
Luders, 2003)
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Fig. 10 Covariant graph of temperature-salinity of fluid
inclusions in the Zhifang molybdenum deposit

A- Fluid inclusions in quartz of the Early stage; B- Fluid inclusions
in quartz of the Middle stage; C- Fluid inclusions in calcite of the

Late stage
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X NaCl-H,0 RUE@ZEA . (1) MRS — IR AR, A
JA NaCl-H, O iR BE 5t D = A + Bt + C° (KR A BOR YR,
1987) KRG 5 (2) MRAEHRE R B FI Xy —ELRE , #1) ] NaCl-
HLO B 08 P =a -+ b+ o (XU FIEDESE  1987) R 18
AL — 7, B/ Ml 3R T3 (£3) o
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Table 3 Density and pressure data of NaCl-H,O type

fluid inclusions

FHE  OBH—EE ¥ g EE OW—Eh
VIR (C) 77X (wt%NaCl eqv. ) (g/em®)  (MPa)
180.9 L 2.07 0.92 59
w1990 L 8. 68 0.95 71
P 0 L 5. 86 0.96 76
JiffA 1844 L 7.17 0.95 79
172.4 L 2.07 0.98 48

Xt CO,-H,0 B AR: (1) M4l CO, AHER I 43— il
FERIE—T5 5, Se b — i B A —Jr 2, FIAT CO,-H, 0 44
A V-X A&l ( Diamond, 2001) , k7% CO,-H,0 B L H A 1 5
Mgﬁj\( V) \EZHJ?JZ( Xcoz Gl Xuzo ) DYSe C02 *ﬁﬁif‘ﬂﬁ’ﬁl( Vcoz) 5
(2) X TS T 0 ~ 6% NaCl eqv. [ ELEE IR, MR CO, FE
IRIT R BU B, A Schwartz (1989) $24 1 EREE O 6%
NaCl eqv. [ CO,-H,0 {RFRAE 1 TE#E CO,-H,0 (kR AR,
RS R SR A — Iy A e (1 1L, 12)
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Fig. 11 Relationship of X, \V (o, . CO, density , to T, of
the CO,-H,0-NaCl fluid inclusions with salinity of 6% NaCl
eqv. (from Schwartz,1989)
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A 45 3 R, B B CO,-H, O B 40 31K s ) B
SR AR E 4, AR 41 1 40 ~ 80MPa (4] 12)
CO, AHES 43 3 — MU AH AR AR, 58 2 34— R By 340 ~
360°C ; fILEALE X434 0.1 ~0.3g/cm® F10.5 ~0.9g/cm’
Wi, & FE 40 CO,-H,0 %43 2 {k FE J1 & 170 ~ 180MPa
(& 12), CO, AHVR 48— WU AR, 58 4 34 — iR B2 Ry 390 ~
400°C , %55 M 0.6 ~0. 8g/cm’

HBTEL CO,-H, O BYGR AL AR W] 43y v H ARG 0 5 7L
REMA s = AR 772k 180 ~220MPa( & 12) , CO,
FHER 4335 — B AH 2SR, 58 238 — 1R 280 ~ 370°C; 43
FRBE AR, H 0.8 ~ 1. 0g/em’ AR FE A2 (0 6 1 4
40 ~60MPa( & 12) , CO, M4 1 — S, 58 23— R
N 380 ~420°C ; AL FEIRM FBEHAK,0.2 ~ 0. 3g/em’, BLITAL
WERRZ  REMEE BRI A 2 F AR
JE4 CO,-H, O AU 77, (A IR BERAR , A% B o

M i B A 2R R B K I R 2R A FAIR R T ok 40
~80MPa( 3 3) , 3 —if &y 170 ~200°C , 3 — I AH , 2%
RERER K, 7 0.9 ~ 1. 0g/em’,

AT BB ) R B AE L 40 ~ 80MPa (14 I R AU 2L
A, T (B BEAAETE 180 ~ 220MPa (1 55 & CO,-H,0 %4
B BURAIRI Y 41 1 I 1 2 AR A AE F ) — B B A )
— R UL R G 7 40 G FOIR A s T B B AR AE
AN BT VR St R A VR Pl AR 1 % T A, e ]
TR TR 2E S BRI —REAHE 2 — X
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BB A A TR IR R R S o AN DOk, s 4
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(Sibson et al. , 1988 ; Kerrich et al. , 2000; Cox et al. , 2001 ;
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T B Wy 20 5 8 2 B He AL B s e, i i B B 45 3

6 it
6.1 #WIRMERE

BEE TR A RV R (5 FEA SR IR) B iz 3k
W FHORHIF TR , AR 36 42 1 ) BRCPR AR A R (55 47 9 ik 2L
e ULARE FNAF T, DR R 2R AL S = 1 i

H Groves et al. (1998) R Ge iRl & L1 B 4 5 1 A & 0
TR Z I, TH S ) 246 R 2 550k 1 4 ] 1) IR 48 0 PR
ERE IR IR S B B U R A AR
PEARNE  TERZH IR B 4R X B BB Y A B AR
S IR R A A F AU T (LR T
PEW PR (Chen et al. , 2004, 2005; 3§ F45,2004,2005,2007 ;
AICIHAE 2007 5 ARIEF-45,2007) o B 5 FHOCR 1
BRACZFARMAERIAE 1 22 B 2R 58 b B AR, AT €
1 LRV ER T A7 AR B T REME

235 T IR X T AR B B AR o 0 A A B A AR AL 1 F
FEAR, XF PE 3 L B R B AR SRR AL (3R 45 BRAT S,
2006 ) , 7 1) P AP M B 7 LR 6 5 (14 4 o ( Hagemann and
Luders, 2003 ; Groves et al. , 2003 ; Chen et al. , 2006, 2008 ;
Fan et al. , 2003 ; A5 45,2004 ,2007 ; sKAHIE4E, 2007),
AT AR D5 FH PR g 1 73 i R ) DB 48 ok R 32 Ll B SH 4
BV, 2% 55 BH A PR thE S BT P ) e 1 3 L BT R

Table 4 Comparison of key characteristics between the Zhifang Mo deposit and orogenic deposits
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A PO S T ORDREJEE R B0 1 B Mk, 32 5% 11 440 36 i 3 17 S22 7 1) 9 ok bR

BT AR O3, % P35 4 69 bR

WD 54, T 0 2 40 R0

3 B s BB S BR ML, o BB R AL
1, e B K- A A

3 AR : B CO, WAL & CO, KRB IR KK
R

WA S0, 2 5 06 3 6, 0 LI T
200°C , {H— &L T 500°C

NIRRT, I8 1A (0 AR P 47 4K T ) A1, MR s TR D R 58
Rt I

TR & & CO, YR N KVETR, CO,/H, 0 Hu (B 7E
BEGIRIEAR , W R 2R T LA CO, 2% g HHAE 1A TR 28 sl s B
G, I P 5 A AR E R T 5 = 50% NaCl eqy.

TR AR B AR B E CO, (BB S 80y F i 5
wERH

Hazs

WSO ] 4 72 2R 0

3 BREE- b FWTBON A B, G BOR O s TP B -
G AL 5 1 R BT B BB W B e 1L

3 R BN : CO,-H,0 K40 511  NaCl-H, 0 I 3 fk B & T i 2
1k

DG, A TR AR, 43 30 > 380°C 360 ~250°C ,240
~160°C

WL B RALE — FE 7 (180 ~ 220MPa i 40 ~ 80MPa) 10 4 T R 24
6km ~ 8km [ £ 1 R AK FE 1 2 5 U4 RISSRR W by BE T8 K
PES

HIIA Hy0-CO, -NaCl 77828 25 Y W 6 1 FH , B0 01 4 W i B 1 7K 7 W
R B CO, (RBUIEN 0.7 ~0.9, s B th 31— 41 CO, (KBS 0.2
~0.5 HGULIR s LB R B B P B 5 , B T L B0

RELSE VB CO, ELZEfA R S EOS T R LT
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6.2 Fik s S A BUE

T 1P IR PR R S ) S5V () e T L
Hl=Zz — (9 8 £, 1997; Cox et al. , 2001; Hagemann and
Luders, 2003 ; BAT 545, 2007) , fff 1 Ji VK 06 1 15 45 10 G
o i A I s S VAR B A, BRI 8 B U A IR 2 2
AR B 35, DRI B I G B AR 2L 35 1) A i )
(Ramboz et al. , 1982) : (1) T HL 22T EHRA LIRS
(2) ¥—iR AT, (3) ) —Jr s 5.

7 T8 ) R B 0 AP X B N AR 53007 PRI 0 SRR AAE -
(1) 1 [ Bt NaCl-H,0 %I fl CO,-H,0 7 {0 5 {5 4] $k/8,
NaCl-H, O R 32 (A SUAT 4 SO A 4l AR 4 B2 A3k 2 (2)
CO, (MR — 5 X 5, 58 B — IR BE AT s AHEL 2
SR MK R L A AR Y — , B — IR AR (3) 7L
Wi Bt A £ 2 1A 4 5 18 43 Oy e AR AL, B 0. 1 ~ 0. 3g/em’
F10.6 ~1.0g/cm’; (4) L BEIARERE LAY BUdRe s (5) WL
T B A A1 5 e FE A FE P 2L, L9 2 22 18] 43 590 % 17 T
HATFRBE B E FIER KR ) R GE . AT, X SRR 1 B
IR MR S A b 3R 1 AR TR T ) A
AT A 1 , 2 WU 1A b 5 4 B S PR TR i R A 58
ORIz s T HL, PSR LUK B CO, S R i s ki
FHIE, 15 AR 22368 LU RUE™ PRI B I R AIE (PR 57 55, 20045 Bk
HE B34, 2004 ; AR HEF-45,2007 5 5K AH 75 55,2007 ) 26415 CO,
SEHE Ay RS, — T T {6 I A e A 5 e R £ £ A
SN P BICHE , 55— J7 T MUK pH TR A MR A
B JE ARG TR (Chen et al. , 2006) i MoS, 2518 DITTHE .,
2, A I 2 S BOAR D R T ) T Y Y
Pl

6.3 B R FR ERH

YR L EH 0 T REE AR, 2 T b8 5 T L1 TR i 2
F3E L R RE LT A R A 22 175 T A=A
LA EE AR B i B R R (B 52 22, 1988) , IR gE R AR Rk
Ll 78 S B A 1) e 05 o 52 B A e M P B A B, B
o BB E 3 (A ) PRI PR IE 18 T v A AR 2 00 3 L il 4
H 1o i J ) 2 72 30 ( R AT 557 45, 2003, 2004 ) , 1T ] CMF A5 5K
(Chen et al. , 2004 ) ARG RIEZ BB AR

T AL 2R M IR A 27 W58 BT i s (AT 54 46,2003 5 AR ik
V-5 ,2006 ) , 78 AR ARl Bl A 4 A R e, 21 RE R A S 1T R
etk A s Uy S E TR L A SR B AR H A Z T,
TEREF b AA 2 A2 BB /KB B ) b 38 7% 1 B a4 , AT Ay
U5 RO R B PR T ARBE RS 5T (20 Chen
et al. , 2004) ,

BESR AR 53 B PR A2 TV 18T il ol 8 4 1 £ D 20 3 44
Tl LR A PR, A TR A o7 A, PRI T 3 v R R
MRV ) o SR, ISR A T I o A P A R
BT RS EARAE, Wi = 4E 25 W e RGEN 5 ,
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ORI 505 I3 B A L, B ) R AR A A
PRI , S A 38— A AR R B I 2 U 2R 5 TR 1 A
o X HACHE TR, B EIT R MR R B B R
KBS~ i, B Do A B AR — oA
(& 8) , Ry A R AL TR u - 0 A0 v, st 2 e, B A
BN ARG S0 IR R 405 R 2R 40 1 TR B L o
v S A R S YA = M S Sy N E s TR T

ST HATAUE BT R R B AR AR R E 4
ik 380°C LI b, BB BER AR B BE B T & TSR IR,
OO B ™ DX 8 A ) 7 B P ) B AR 35— 3 B o v, 6
JEH R, &FRAUEERE LT, iy fARE 2 Em T 205
TR R A S R S TR A #E B L T
Tl B0 7 1 B A H L TR R T 2 b S AR 2 1 R T
(BRILBRAT R, 2006 ) , B8 & ULAR B 1L 2 AU 8 BE d5e vy B 3 1
R R IG . WL LA, 48 5 400 R IR B AE2E & B e 1k
(AT REVE JLF-ASAETE (R AT REREAG 2 s Lo RS TR
AE

7 &g

() AR5 507 R AL T 22 06 38 1L A A o P A £ 17
FEH- A, 7 PR AE A3 52 T o 7 TR 2R ) O R T SR i, 1
SERCRIBAE T REF S PP A s Bt 2, ORI R i A
Bk AR, PR B AR S R, AR5 TR I
WS 3 ANB: BT BUR B S B A1 LK, A7 98 ik
AN TERIE R, A1 S BRI RS R RO B
AP —Z & By — T H G, FEE M MK E W 5T
ST A D Kt et 2 L o 9 2B PP I i B A7 S — Rl PR R
PO Jk, TSR PR BB B o R, AR A DR 1 T R A
AL R —3

(2) GBI R LT 3 KM, B CO,-H,0 #
(&& CO, ) NaCl-H,0 BIFN S F S AR (HBR R B L &
7 NaCl-H, 0 B /R AL, 2B it i i CO,-H, 0-
NaCl {4 % ] NaCl-H, 0 (K R 1L, B CO, ik, MH-Br
B3 g B Be, iR A0 28 MR 2 — R BE A > 380°C, 28 360 ~
250°C, B4R <240°C i PRV R T IRBGR IR s T AR
FERERE N FLEBEAY 0. 18% ~ 13. 13% NaCl. eqv. JIE &
WrE i) 20% NaCl. eqv. , 2 LS T A 20K, SRS i
B BEfY 0.35% ~ 12. 85% NaCl. eqv. 5 5 H1 B B A 2 i i L
(R AR — s F1 43 180 ~ 220MPa 1 40 ~ 8OMPa Wi 4 ,
SRR T IR 6km ~ 8km B #h 7 FE J fF K E 1 R4
B RIS, S W2 1R 1 P ol B0 i 3 P 2 A — R
USSR o DRI, 05500 R IAL A6 22 R S8 0 00 iy 8 72 1 I A<
PR R S5 S LA R — 3

(3) 2055 5™ R 3 5T A0 O K f R AR AIE 5 3 LD B A IR
— SR O L R R s 4855 PR R L R B B
AL AL 1) SR — , F R BRI 14 A0 T 1™ 2R e ) T
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