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Fig. 1 Re-equilibration system
(modified after Goldstein,2001 )
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Table 1 Schematic representation of the relationship between different types of fluid inclusion re-equilibration and

the environment of deformation, the mechanisms of deformation and fluid loss, and the amount of fluid

lost from the inclusion during deformation (Vityk et al., 2000)
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Fig. 2 P—T phase diagram for pure water illustrating an isochore for pure water and
the liquid—vapor field boundary ( from Goldstein,2001)
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Fig. 3 A—1I Photomicrographs showing the textural features of fluid inclusions under

different pressures(from Bourdet and Pironon,2008)
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Fig. 4 A—1 Photomicrographs showing the textnral features of fluid inclusion from

different P—T history ( modified after Vityk and Bodnar,1995)
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inclusion might follow after entrapment ( from Vityk and

Bodnar,1995)

A A AR THABUR/N R < ) |, ToEE 4y
i H 543 ( Bourdet and Pironon,2008 ) .

AR B AT R 7R AR L AR it 104 15 57 A 2
JE A R — ) 51 - Bt ( Bakker and Jansen, 1994 ; Hall
and Sterner,1993; Van den Kerkhof and Behr,1994 ) ,
BRI U A A0 A A A R AR AR A, R
N Ve

Vityk and Bodnar (1995) 45 T i 760 22 (K FF
Vs —— AR R P—T BgA2 Z A2 A K
Fo mili AR SIS AR R A R R A
SRR S5 T L™ A i N BRSSP 2 22
g da—f frzR, (a) F(b) 45 K (1TD) #2411,
650°C \300 MPa 25 {4~ ITD-1 i {43 22 {4 57 el ik
WA BNV 2 i A B AR B AR (B B A BUE 25 AR
/L>(Boullier et al. ,1991) ,1fij 625°C .200 MPa {4
P87 0% U A4 B, B2 AT 107 TTD-2, AT LU 31K 119 I
(A ZE AR ] BT /N A R AR TS S0 ) A 2 A
FEFIPFR . C 52 M#(TBH) ,600°C 300 MPa 7%
PN AT A 2 iR SR T B A2k, D.E
L F R4S T [ i (1BC) 3 2, ML 700°C 500 MPa
FAF IR U S 6 TR A S AT I B [ A P A
UOE LICAR it 1A A0 ZE A (TBC-1) |, B4 3 44 i) il 360

LM (IBC-2) , FF 340 244 58 2 i R A0 B 3L
i (IBC-3) o G H F1 TR SE L 47 i & (1TC) , 7]
VLR B i G (A RE B (R AR5 RR 0K 23
B I ACIREEH o R, S5 R IR 5 LR i A4
BRGNS 1 5 45 F M A5 | R 14 S8 45 14 AN A
[f], Vityk and Bodnar (1995) #&H — A 4 AR E,
R RE 8 W A (o AR R 10 Oy 1), L REARER P—T
Mt A TR R Ul AN A5 TR 47 P—T BB AR 5 1S 1Y 45 4
AR, T3 R PRAE S5 T B S T P MR A A 5 [FIA: , 25 I
R T AN 45 T T il 7 | 7S ) O Al B AR 5 M A2 A, o3
SRR g S5 5 1 5 TR S MR 5 A

AN 22 5 A 27 LS IR S - P 1 A7 7E , 4 0]
SR S v R ST A 1) A A (EE T
B TR AL B AR REORAF TR [RIRE R N AE AN
A 2 PP S 350, 7T BT Tt 4 0 S AR Bl Aol R
CZ4 KA T o Roedder (1984 ) W% 2 5 £ vh i i £
BRI FIE RS AL, T BUR TR AR 2
A8, HIXFPAS IR T30 Y, B 2] RE 8 U BT
[FIREFESZBRIFSE b, /D ISR Ui (A e B IR TR, A
SRR 1 AHEE S 2 Ah ik A AR 22 % 75 TETE N Y T
TERY AR, FU QR 350 It 44, B2 AR V8 20 72 (28930
JEAZAE PN T8 W) 45 &) , 2% 315 B9 U A ) 2
PRI BRI AR 2% B I, A e HE B
FIE AR A PP R AT, T 2 HA S 4
LRBFIE
3.2 HM—REHHE

A W) 32 B0 AL R ) S I A
A FERTE 30 T A b & AR e I BB AR TR, SR IR
TRAL AR 3 (3T A B TR R4k, 35— IR EE 7T R
S PR AR A S A P A T A AR R, 3k — IR AE SR
2 RIRERT W55 & 3 b R B W S, %k
APEEFE A Ty AR TE B W) b B U AR B 2 A 5 i
(Bodnar and Bethke,1984 ; Burruss, 1987 ; Barker and
Goldstein, 1991; Goldstein, 1986 ), Burley et al.
(1989) WLELH| Tartan fif )2 FR-P- M i A 2244, 15—
Tk 32 BRI N AR Gt ELUR A A — i
W AN 34°C/km (b IRAS B, 5 B4 Hb IR A% B 3
o, HA—R BT 2R 10°CHE BN 281k, Vityk
and Bodnar (1998) 7& 700°C .500 MPa 254 F & 81
160 PR ZER , 1 —R R 282 ~285°C , 1 —{it
JERL R 3°C, SRTTE 625°C \200 MPa 514
VA Y iR AT F) 310 ~ 375°C, B
FEHTEEWF 3 T 65°C, Osborne and Haszeldine
(1993) RGEHELS 1 4 R 5 i A 22 1A 2 — i



28 Mo R

it 1 2017 4F

JERY AR Uil A s vh i T A A B AR R 43 A7
TETHE B MR N R b, BRI B AT 2 e 0
B 2SR, N 320 I AH X B Y X — i EE (60 ~
80°C) o (HMILHE B A= A S v I AS it 14 G 2 AR 1 1y
— AR H A R (80 ~ 140°C, X I A By 28 52 LI 1Y
NI AR B ZE K KA TTORE O AT &, Barker and
Goldstein (1991 ) X fik R £k 2 1 BIF 58 L Ui B, o5 b it
a1, Th ) Ty, 3 RIRE VA PR3 i 140 2 A2 it o

(AT —$2 0, B T B0 it i 2 AT
ARTE R[] 1 LA AT, VR (107 ~ 10° a)
IR 1) P, AR P RE A 14 60 22 A 25 38 B8 1) P-4 24—
J& (Bodnar,1995a,1998 ) , Goldstein (1986) X} Lkt T
BRARTT it A TS 285 0 v DA 28 o R L5 174 9 A, 22
A, 58 BT AR AL 1 2 0 )2 IS 1) 28 33 b i 100°C
DL IR AR AR . R IR I A R
RART IR AR B AR, & A DR A (& =5
SO TTZ R TR A A R B A TE
BRI 28— B2 AR B, A0SR T IR e PR . Goldstein
(1986) MG 45, gad MR R A5 Y h iR 2
FEURTTREAS BEAC SR U B AR I 18 2% 1, (H 2
3 PRAIRRTFL B AR T8 1k 50 1) R 2P 15
BT AR & B & K IR (Barker and Goldstein,
1991) .

I RENDE %SRS RS RO NP NANY
TERA K ARER LB S by HARTE , BAe
93— ( Burruss, 1987 ) s JEARA B B BLAY
DAL AR Ty 1 P A, Y — TR AR AR, B
P—T Jh i, A 5 v By i A 63 22 14 ) 2 i 1 dl OB
(Bakker and Diamond, 2006 ; Doppler et al. ,2013;
Doppler and Bakker,2014) ; K] 750 & 25— FE BT
P RESFEAR G BT P AR TES N )
HiR L T 3 Ny 6 P & 1B S W OB (5 £ TR N
TN G | G885 e R B B o P Je R R R B PR R
3L M 2 A v () J38 26 i A AN T 0l AR S i, |
RRLENENY T E R e W NI R VS =R O e eSSV TH N
B I — I B ) b 5T A SR R ] (R BN
£ 2004)

4 P A A Y RS X

4.1 AR ETEmRIE

SRS BCE I A A A 28 5, (EUJR 22 St — T
AR/, AN, G SR UL, TR G R AR AE AT 53
JEFR T AT H S ( Goldstein 2001 ) o B4t
R R W R R A HIE Rt fE BT Y2

Tk, 8 de v 1) D A R A T BB B 1 ek
FWTT oy 7T, AT EE CRNE OL T, S ORI
A 2 1A S5 5 M 2 1) E AT LA PEA e R 320 )
4 XH{F ( Diamond et al. ,2010) o X FA8Jii A o i
TR, ARSI S 5 AR B A O,
B A7 0 A JZ (Ferrero et al. , 2011 ; Philippot,
1993 ; Putnis and Austrheim,2013 ; Touret and Hartel,
1990; Touret and Huizenga,2012); 4% 7% i A A
( Cruciani et al. ,2014 ; Hurai and Horn, 1992 ; Krenn,
2010 ; Selverstone , 1985 ; Sterner et al. ,1995) ; Fl{fZk
A5 % (Lomov and Vityk ,1990 ; Mullis , 1987 ; Potel
et al. ,2006 ; Schmidt et al. ,1997) , AT T,
P 2 5 3 e 6 T 8 #5447 ¢ (Olsen and Ferry,
1995 ; Philippot and Selverstone, 1991; Scambelluri
and Philippot,2001)

S 7 DU A O, i A fu 28 IR s i A RS R
P—T gAZE AL, T, Py AR R 4l PR A s )
AR, A VT 39 eV RIFD TR E R 2 S 2
b 7 H R, xF A L Y A R 45 B% 42 (ITC)
(Goldstein ,2012) , MGG T = 1A HIFI(H AR
R W OB vl DO WA = B A -
(ITD) (Al-Aasm et al. ,2013) . E%# BEER5 T
ERRIGE AN TE R ST MR XS I a4 B0
ARG IR 7 (Bl 43 48 JEE/ DR Il 55 90) & A T A RE,
I 23 3 55 ¥ 41 (IBC) (Hellevang, 2008 )
S T i (IBH ) — M 2 e 3 I8 4 /F FH 3 Bl iy
(Kliigel et al. ,2005) , #b5¢ P AR H) P—T AL S
SR AL B AR B RE U TIRZ R, 54
5 RTS8 1 2 5 e A5 ot 2 ) O 29 AR
JE P—T Hl YRR FIEAR 5T 30 1Y 34 DL
HAOSREKE. WK S SR, P—T RSN A]
DARERE S 19 5 T = — 2, U AR 1A 9 T T A s v
(PRI ) s — o, Ui A f R N AR T Bl ( AR
ORI o PRI I 3t ol ) 3 A% 0 282 A P-4 T LA ey
20 R G SR R L A 5 T T I e A AR, R R R T
JOSE )AL 1A% A PP R PEU U 2y S5 o s A 25 s
WA 2, He R R 2 3 B0 I 40 20 14 BE
24 AR AR A RS b, DA ORI S 2 i
PEZAR, Ui 1A B o3 % B2 L & AR U (Boullier et
al. , 1989; Bakker and Jansen, 1994; Ferrero and
Bodnar,2011 ; Hall and Bodnar, 1990; Lamb , 1990;
Sterner and Bodnar 1989 ; Williams,1994 )

4.2 RESREHBEE
IO FH A Tl 2 R ) U AR L, B A



514

AR U SCE PREE T A B R - BRI S A 50 5 v 29

AL BRI 2 R A R R R 5 I ULVE , 2R AL
PRI RCE . P AR EEAR = 0y A ] WA R —
BIOm—Ind AR SO E B R A P AL
AP LRI, PR ol VAR 8 B B2 AR PR 0T 1 1Y)
(&K F 45, 1996 ; Bourdet et al. 2010; Pironon and
Bourdet,2008) , L4 H A< f4 Niigata jiff <, ] Shin—
Kumoide SK-1D H-%4#% 2.7~ , #i)Z R h 4040m %
ZETFER] 4810m I, R EL AR T, AR(H BT, A
MT3CTRRE T 2 30°C, 55 il s A6 AR i, i L
FEISEEIARDY T, 0 FI L IE R ) HR AR 60 ~ 140°C
XFMESEMER T, BEIRE TR TR R BAR 16 2
H L ZE AR A 1 2 BT 301 ( Okubo , 2005 ) .
MR B K R A R S TR A A PL O T
= G iy B2 FH 25 7 ( Carothers and Kharaka, 1978 ) ,
BEIAF| 4900 mg/L( Hanor,1980) , WF5E 3R, 88
i 80°C I, JBi IR S Ny 23 feff 3 L6 A5 #1110 ik it P e
MEGRIR L (Boles,1978) . Ml be & & Jh & 2 3K
A B S P AR T 0, ) 2 A 8 — T 2 AH
ThEs o K i 2R — iR R T e H S
TARE (H P B 3 2 B4 S 80 21k —R
B = T il 35 15 B ( Prezbindowski and Tapp, 1991)
XA — AT R R bR 7S o AR U, 7E— %
ARt A A b S R L AR 2D, e S A
JIG oA 2 A BIE 05 T A R T X T 5 i I A L
PRSRAN , A A v YL A4S 11 Jir o7 23 ik 2 i R 2 A 1
PR R E A SR b ERK A B AR
FEIEUS A B ER K T A IR B34 — 5 T A AR )
D RIK SE SRR TP T AR — . (HE TR
IKTEIE ST (BRI ) ik S R AE K, i
At 75 7 B FRAR AR ( Pironon and Bourdet, 2008 ) , 7&
— M A U WA B 58 A 1 — iR B
WA AR AT I AR FE A oL 3], A — 2t
63 6 F4 [ R0 Rt M TE A JE AR | o RN 7
Py NGRS 2 A rp e ok Y, HLBE % 22 A
BN ok L [R5 AN 23 R A i IR 43k S0 2
PRI BER R IR R B AR o). H2, W1
TR A S A AR R I A A AR L, b
It A BT R BT L 7R A K Y R A SR T, AT LA
TR A A A A A N, XA LT R
EEAEILE S SRV IND IR EP R SRR % 91 W Ny e evas ([
SRR A AL AR U A 25 R, AR
E3 I EHEININNON RN 3% LW S W) K S e S D B
PR FVEADIAEAE FESE , SO 058 Al s 4R )
A48, v I 578 15 ( Barclay et al. ,2000 ; Bourdet

et al., 2008; Lisk et al., 2002; McLimans, 1987;
Pironon and Bourdet,2008; Ping et al. ,2011; Zou et
al. ,2013),

5 AFAERY RS

SRS B I AR R IR A AR SR
FEAE2E R o IR AR R h AR FIE AR AR W] RS2~ 3
JIAE AR ) 3 A, PO A A T R R S
( Lambrecht and Diamond,2014) ., SZFr#h i E 5 T
T RS 2 7 T AR I (], 52 50 B 08 O AN BE
FRBRAE AR B IR il A 1 T, A 2R R
P A s (Rl R B i o JC AR/ T B i
(LR 3N 72t il [ B = O SR I IR B O Y i (9
(10% ~10°a) Aisf i) Py , AR ] B LA £ AR 2 25 30 114
S 7 ¥ — 38 BF ( Bodnar, 1998 ), Osborne and
Haszeldine (1993 ) 4 H 552 4 452 401 1) 8 e 550408 1) A 24
P IRAATERR I 58 S50 — B Y 2 PRk 2
B A BEEL A EATTAR A S5 R BB AR | T he
RBRGRAE D) S ECA SRR . BARSMET,
A S R IR A3t A AT 180T 148 S AR 5 Aim DR
(AL A WITE P INJGA  EHAL A e RS
THRBER N TR, IR A B AR — Ry, fF 20 &%
PR EATTZH AL (Pittman , 1972) , PR G FE A S il v
IR NEE SUNERERUE BUR LRI by S S o )
VR TR 5 TR BRI AR 1 o G5 R AT SR b X B g il
S8 THT PN ) M B0 B B S R, L R

BEAR , AN 2 I FE S A 38 Bl 25 S BB Y
PR V2 A T UGS R E S U e B4R A I,
MM AR 2K (Roedder and Belkin, 1981 ) ,
JIT LA L0 81 A B BRCES " 3 i ) AR I gl
TR M AR 2 5 0 78 3 1 8 IR ( Goldstein,
2001) .

[DRENSE:S YL R LN N ey
T I AR MEASCEIRG M , 2l 5 3ok A5 A7 e A DL LA
b 5 1 S 0% At SBT3 A
[Fi) b 5 75 57 A B A A 2 A — IR R IR 2R
oL, ELAAR SR R R R 32 5 R R AR MR A
6 ANHFIERE

(1) Hi5e P AN [F Y P—T 35 4k 52 23 52 e it 146
BRI BV A AR 32 AR T4 I AR s 2 A
5 IF G I B P—T Bk R FIE
AR SRR L A A R RAREFERR, F
TP B3 T LA < AR VR 3 e VR AR



30 Hh

=

it 1 2017 4F

PR 2 T Bt e 8 0 N A I e 4 % A4 (1TC) 5 14
AT AR Tl AT PR R A FH 45 2 Bt 7 D, ot g
T AR AR (1TD) (IR 8 BE R 52 T 1A 9K 3
A R AR IR IR (1BC) 5 DL K e IR R AR A%
i M AF IR TR R (IBH) .

(2) AT AR L BRI, 370 1A ) 2 4% AT R ) 2
PERLAASIE O 3 5 AU R B I, DR AL (AR
A MR O A R A AR .
09 N B BB R O, A 5% A B AR
AP IR A AR R, T2 LA AR D 5 T
BN 5 A S MR P S I A A A AR A
PP e e PO T 2 PR AR X AR, 2 B8 LU R
A E o HAG A B 1 AL L 245
LR AL TS 5 O AT

(3) WA E B AR 2 22 M R ZR A AR T
LR ORI, HUT R SR A A A P R R
JRCH S R R AR AT 5 e A A . R e
5 S BUAH AR RO TEARA R i
KAV A EL B AR 75 5y e A0, HU e iy 3 —
J&, 34— AL BER o

(4) WAL HEAR T 257 2 T A ) 2 1 e ] A
ARAIE . — Ok UL, PP 0 A 22 AR A LR L
AR AR B S L B R R
(hgRes) S5 MR e A2 AL L R] — FIA JiRfo 2
PRSI EE AR AR AR A B O WA 5 20 b o S
A, BEAS FIA ¥—3l B2 -5 3 (A f R AT 18t A7 1
R IE S s AR DU S o A 2 R AR A2 AL Y AR 0 2
PR (R — R S v il (e Sk 2R (A — il
JEE N AR ) ] — FIA v 25— 52 03 el
WO MANAl— FIA alfffe =4 T\, ek T,
YT LR N T BEAS A R T SRR S, 456 7h
JEHLRAN MR, 5 = T, £55 % e, 2 HUE 5 1Y
T, fEAE AR .

F AL A ) B A P S BB UL 5 S P o
XS BB ANE5E 5 | AR G0 22 PR PP Y HAR AR
B ZE R B PP B2 TR ) R R B Z TRA
G e P I A BE AR Aty M T 2R AR
TG i i A 2 AP A A R 5 X LA R A1)
YA O A, B PR 7 e R A ), AR SN
N Vi A AR - A A S AU 2 25 B E Y 1
ST, A LA B BE R PP )RR AL S A B 2T 1]

Boigh S b RS (RR) B R B,
TEAR SO M e i v 38 B OB BORL AN A S & 3%
IR

5 # X ®k / References

(The literature whose publishing year followed by a “&” is in Chinese

with English abstract; the literature whose publishing year followed by a

“#” is in Chinese without English abstract)

WA, SR, Rk, 1996 AR A i L HE A B HAE I R
ST ERAL DA MRS L. DURREHR, 14(4) 115 ~23.

SKERAS, FERLL, KFEME, BSRRI, #9R4E. 2004, AL
ST ERALE PRI HLBRIETE, 50(4) : 397 ~ 406.

Al-Aasm I, Sirat M, Morad S, AlDahan A, Al-Jallad O. 2013.
Fracturing and carbonate mineralization in Palaeogene carbonate
rocks from the United Arab Emirates : A record of fluid flow//EGU
General Assembly Conference Abstracts, 15 : 12085.

Audétat A, Giinther D. 1999. Mobility and H,O loss from fluid
inclusions in natural quartz crystals. Contributions to Mineralogy and
Petrology, 137(1 ~2) .1 ~ 14.

Ayllon F, Bakker R J, Warr L. N. 2003.
inclusions in diagenetic — anchizonal rocks of the Cinera—Matallana
coal basin (NW Spain). Geofluids, 3(1) : 49 ~ 68.

Bakker R J, Jansen J] B H. 1991. Experimental post-entrapment water

Re-equilibration of fluid

loss from synthetic CO,—H,0 inclusions in natural quartz.
Geochimica et Cosmochimica Acta, 55(8) : 2215 ~ 2230.
Bakker R J, Jansen J B H. 1994. A mechanism for preferential H, O
leakage from fluid inclusions in quartz, based on TEM observations.
Contributions to Mineralogy and Petrology, 116(1 ~ 2) ;7 ~ 20.
Bakker R J, Diamond L. W. 2006. Estimation of volume fractions of
liquid and vapor phases in fluid inclusions, and definition of
inclusion shapes. American Mineralogist, 91(4) . 635 ~ 657.
Barker C E, Goldstein R H.

determining maximum temperature in calcite and its comparison to

1990. Fluid inclusion technique for

the vitrinite reflectance geothermometer. Geology, 18 (10) : 1003

~ 1006.

Benison K C, Goldstein R H. 1999. Permian paleoclimate data from
fluid inclusions in halite. Chemical Geology, 154 (1) . 113 ~
132.

Bodnar R J, Sterner S M. 1985. Synthetic fluid inclusions in natural
quartz. II.  Application to PVT studies. Geochimica Et

Cosmochimica Acta, 49(9) ;1855 - 1859.

Bodnar R J, Binns P R and Hall D L. 1989. Synthetic fluid inclusions-
VI. Quantitative evaluation of the decrepitation behaviour of fluid
inclusions in quartz at one atmosphere confining pressure. Journal of
Metamorphic Geology, 7(2) : 229 ~ 242.

Bodnar R J. 2003. Re-equilibration of fluid inclusions. Fluid inclusions
: Analysis and interpretation, 32 : 213 ~ 230.

Boles ] R. 1981. Clay diagenesis and effects on sandstone cementation
(case histories from the Gulf Coast Tertiary ). Clays and the
Resource Geologist, Mineralogical Association of Canada, Short
Course, 7 : 148 ~ 168.

Boullier A M, France-Lanord C, Dubessy J, Adamy J, Champenois M.
1991. Linked fluid and tectonic evolution in the High Himalaya
mountains ( Nepal). Contributions to Mineralogy and Petrology, 107
(3) : 358 ~ 372.

Bourdet J, Pironon J. 2008. Strain response and re-equilibration of CH, -
rich synthetic aqueous fluid inclusions in calcite during pressure
drops. Geochimica et Cosmochimica Acta, 72 (12) . 2946 ~
2959.

Bourdet J, Pironon J, Levresse G, Tritlla, J. 2008. Petroleum type



514

AR U SCE PREE T A B R - BRI S A 50 5 v 31

determination through homogenization temperature and vapour
volume fraction measurements in fluid inclusions. Geofluids, 8 (1)
.46 ~ 59.

Bourdet J, Pironon J, Levresse G, Tritlla, J. 2010. Petroleum
accumulation and leakage in a deeply buried carbonate reservoir,
Nispero field ( Mexico). Marine and petroleum geology, 27 (1) :
126 ~ 142.

Burley S D, Mullis J, Matter A. 1989. Timing diagenesis in the Tartan
Reservoir ( UK North Sea )
cathodoluminescence microscopy and fluid inclusion studies. Marine
and Petroleum Geology, 6(2) : 98 ~ 120.

Burruss R C. 1981. Hydrocarbon fluid inclusions in studies of

constraints from combined

sedimentary  diagenesis//Fluid  inclusions applications  to
petrology. 6 : 138 ~ 156.

Burruss R C. 1987. Diagenetic palaeotemperatures from aqueous fluid
re-equilibration of inclusions in carbonate cements by
burial heating. Mineralogical Magazine, 51(62) . 477 ~ 481.
Burruss R C, Hollister L. S. 1979. Evidence from fluid inclusions for a

paleogeothermal gradient at the geothermal test well sites, Los

inclusions :

Alamos, New Mexico. Journal of Volcanology & Geothermal
Research, 5(1):163 ~177.

Carothers W W, Kharaka Y K. 1978. Aliphatic acid anions in oil field
waters implications for origin of natural gas. AAPG Bulletin, 62
(12) . 2441 ~ 2453.

Cruciani G, Franceschelli M, Groppo C, Oggiano, G, Spano, M. E.
2014. Re-equilibration history and P—T path of eclogites from
Variscan Sardinia, Italy : a case study from the medium-grade
metamorphic complex. International Journal of Earth Sciences, 1 ~
18.

Diamond L. W, Tarantola A, Stiinitz H. 2010. Modification of fluid
inclusions in quartz by deviatoric stress. II ; experimentally induced
changes in inclusion volume and composition. Contributions to
Mineralogy and Petrology, 160(6) . 845 ~ 864.

Diamond L. W, Tarantola A. 2015. Interpretation of fluid inclusions in
quartz deformed by weak ductile shearing Reconstruction of
differential stress magnitudes and pre-deformation fluid properties.
Earth and Planetary Science Letters, 417 ; 107 ~ 119.

Doppler G, Bakker R J, Baumgartner M. 2013. Fluid inclusion
modification by H, O and D20 diffusion : the influence of inclusion
depth, size, and shape in re-equilibration experiments.
Contributions to Mineralogy and Petrology, 165 (6) . 1259 ~
1274.

Doppler G, Bakker R J. 2014. The influence of the a—f phase
transition of quartz on fluid inclusions during re-equilibration
experiments. Lithos, 198 : 14 ~ 23.

Dubessy J, Guillaume D, Buschaert S, Fabre, C, Pironon J. 2000.
Production of synthetic fluid inclusions in the H,0—CH,—NaCl
system using laser ~ ablation in fluorite and quartz. European
Journal of Mineralogy, 12(6) . 1083 ~ 1091.

Faleiros F M, da Cruz Campanha G A, da Silveira Bello R M, Fuzikawa
K. 2010. Quartz recrystallization regimes, c-axis texture transitions
and fluid inclusion re-equilibration in a prograde greenschist to
amphibolite facies mylonite zone ( Ribeira Shear Zone, SE Brazil ).
Tectonophysics, 485(1) : 193 ~ 214.

Fall A, Eichhubl P, Cumella S P, Bodnar R. J, Laubach S E, Becker,
S P. 2012. Testing the basin-centered gas accumulation model using
fluid inclusion observations ; Southern Piceance Basin, Colorado.

AAPG bulletin, 96(12) . 2297 ~ 2318.

Ferrero S, Bodnar R J, Cesare B, Viti C. 2011. Re- equilibration of
primary fluid inclusions in peritectic garnet from metapelitic
enclaves, El Hoyazo, Spain. Lithos, 124(1) . 117 ~ 131.

Geisler T, Schaltegger U, Tomaschek F. 2007. Re-equilibration of
zircon in aqueous fluids and melts. Elements, 3(1) : 43 ~ 50.

Gerlach H, Heller S. 1966. Concerning artifically produced fluid
inclusions in rock salt crystals Deutsche Gesellschaft fur

Geologische ~ Wissenschaften. Reihe B, Mineralogische
Lagerstattenforschung, 11 : 195 ~ 214.

Goldstein R H. 1986. Re-equilibration of fluid inclusions in low-
temperature calcium-carbonate cement. Geology, 14(9) : 792 ~
795.

Goldstein R H. 2001. Fluid inclusions in sedimentary and diagenetic
systems . Lithos, 55(1) ; 159 ~ 193.

Goldstein R H. 2012. Fluid inclusion geothermometry in sedimentary
systems from paleoclimate to hydrothermal. SEPM special
publication, Thermal History Analysis of Sedimentary Basins.

Gonzalez-Acebron L, Goldstein R H, Mas R, Arribas J. 2012. Easily
altered minerals and reequilibrated fluid inclusions provide extensive
records of fluid and thermal history : gypsum pseudomorphs of the
Tera Group, Tithonian—Berriasian, Cameros Basin. Central
European Journal of Geosciences, 4(2) : 246 ~ 260.

Hall D L, Bodnar R J, Craig J R. 1991. Fluid inclusion constraints on
the uplift history of the metamorphosed massive sulphide deposits at
Ducktown, Tennessee. Journal of Metamorphic Geology, 9 (5)
551 ~ 565.

Hall D L, Sterner S M. 1993. Preferential water loss from synthetic fluid
inclusions. Contributions to Mineralogy and Petrology, 114 (4) .
489 ~ 500.

Hanor J S. 1980. Dissolved methane in sedimentary brines; potential
effect on the PVT properties of fluid inclusions. Economic Geology,
75(4) : 603 ~ 609.

Haszeldine R S, Samson I M, Cornford C. 1984. Dating diagenesis in a
petroleum basin, a new fluid inclusion method. .

Haszeldine R S, Samson I M, Cornford C. 1984. Quartz diagenesis and
convective fluid movement; Beatrice Oilfield, UK North Sea. Clay
Minerals, 19(3) : 391 ~ 402.

Haszeldine R S, Brint J F, Fallick A E, Hamilton P J, Brown S. 1992.
Open and restricted hydrologies in Brent Group diagenesis : North
Sea. Geological Society, London, Special Publications, 61 (1) -
401 ~ 419.

Hellevang B, Pedersen R B. 2008. Magma ascent and crustal accretion
at ultraslow-spreading ridges constraints  from plagioclase
ultraphyric basalts from the Arctic Mid-Ocean Ridge. Journal of
Petrology, 49(2) . 267 ~ 294.

Heuer A H, Nord Jr G L. 1976. Polymorphic phase transitions in
minerals//Electron Microscopy in Mineralogy. Springer Berlin
Heidelberg, 274 ~ 303.

Hollister L S, Burruss R C. 1976, Phase equilibria in fluid inclusions
from the Khtada Lake metamorphic complex. Geochimica Et
Cosmochimica Acta, 40(2) ;163 ~175.

Hosieni K R, Howald R A, Scanlon M W. 1985. Thermodynamics of the
lambda transition and the equation of state of quartz. American
Mineralogist, 70(7 ~ 8) : 782 ~ 793.

Hurai V, Horn E E. 1992. A boundary layer-induced immiscibility in
naturally ~ re-equilibrated H,0—CO,—NaCl inclusions from
metamorphic quartz ( Western Carpathians, Czechoslovakia ).

Contributions to Mineralogy and Petrology, 112(2 ~ 3) . 414 ~



32 o B 2017 4
427. Olsen S N, Ferry ] M. 1995. A comparative fluid inclusion study of the

Kliigel A, Hansteen T H, Galipp K. 2005.
underplating beneath Cumbre Vieja volcano, La Palma ( Canary
Islands). Earth and Planetary Science Letters, 236 (1) ; 211 ~
226.

Krenn K, Bauer C, Proyer A, Mposkos E, Hoinkes G. 2008. Fluid

entrapment and re-equilibration during subduction and exhumation :

Magma storage and

A case study from the high-grade Nestos shear zone, Central
Rhodope, Greece. Lithos, 104(1) .33 ~ 53.

Krenn K. 2010. Fluid inclusions in quartz related to subsequent stages of

foliation  development during a single metamorphic cycle
(Schneeberg Fault Zone, Eastern Alps, Austria). Lithos, 118(3)
: 255 ~ 268.

Krenn K, Konzett J, Hoinkes G. 2014. Re-equilibration of a high-
pressure metamorphic fluid : evidence from tourmaline-, apatite-and
quartz-hosted fluid inclusions in an Eoalpine eclogite from the
Eastern Alps. European Journal of Mineralogy, 26 (2) : 231 ~
244.

Kiister M, St? ckhert B. 1997. Density changes of fluid inclusions in
high-pressure low-temperature metamorphic rocks from Crete : a
thermobarometric approach based on the creep strength of the host
minerals. Lithos, 41(1) ; 151 ~ 167.

Lacazette A. 1990. Application of linear elastic fracture mechanics to the
quantitative evaluation of fluid inclusion decrepitation. Geology, 18
(8) : 782 ~ 785.

Lamb W M. 1990. Fluid inclusions in granulites :
formation//Granulites and crustal evolution. Springer Netherlands,
419 ~ 433.

Lambrecht G, Diamond L. W. 2014. Morphological ripening of fluid

inclusions and coupled zone refining in quartz crystals revealed by

peak vs. retrograde

cathodoluminescence imaging : Implications for CL petrography,
fluid
Geochimica et Cosmochimica Acta, 141 ; 381 ~ 406.

Lemmlein G G. 1951. The fissure-healing process in crystals and changes

inclusion analysis and trace element geothermometry.

in cavity shape in secondary liquid inclusions//Dokl Akad Nauk
SSSR, 1(78) : 685 ~ 688.

Leroy J. 1979. Contribution to the evaluation of internal pressure in fluid
inclusions when they decrepitate. Bulletin de Mineralogie, 102 (5
~6) :584 ~ 593.

Lisk M, Obrien G W, Eadington P J. 2002. Quantitative evaluation of
the oil-leg potential in the Oliver gas field, Timor Sea, Australia.
AAPG bulletin, 86(9) . 1531 ~ 1542.

Lomov S B, Vityk M 0. 1990. Cracking halos around fluid inclusions in
Carpathian " Marmarosh Diamonds" . Geochem Int, 7 : 125 ~ 129.

Lowenstein T K, Spencer R J. 1990. Syndepositional origin of potash
evaporites; petrographic and fluid inclusion evidence. American
Journal of Science, 290(1) : 1 ~ 42.

McLimans R K. 1987. The application of fluid inclusions to migration of
oil and diagenesis in petroleum reservoirs. Applied Geochemistry, 2
(5) : 585 ~ 603.

Meunier J D. 1989. Assessment of low-temperature fluid inclusions in
calcite using microthermometry. Economic Geology, 84 (1) . 167
~ 170.

Mullis J. 1987. Fluid
metamorphism. Low temperature metamorphism, 162 ~ 199.
Okubo S. 2005. Effects of thermal cracking of hydrocarbons on the
homogenization temperature of fluid inclusions from the Niigata oil
and gas fields, Japan. Applied geochemistry, 20(2) : 255 ~ 260.

inclusion studies during very low-grade

Waterville and Sangerville ( Vassalboro) Formations, south—central
Maine. Contributions to Mineralogy and Petrology, 118 (4) . 396
~ 413.

Osborne M, Haszeldine S. 1993. Evidence for resetting of fluid inclusion
temperatures from quartz cements in oilfields. Marine and Petroleum
Geology, 10(3) : 271 ~ 278.

Zhou Zhongyi, Xie Qilai. 1996&. Hydrocarbon
Inclusions: Implications to Petroleum Geology and Geochemistry.
Acta Sedimentologica Sinica, 14(4) .15 ~ 23.

Pecher A, Boullier A M. 1984.
evolution of fluid inclusions in synthetic quartz.
Mineralogie, 107(2) : 139 ~ 153.

Philippot P, Selverstone J. 1991. Trace-element-rich brines in eclogitic

Pan Changchun,

High-pressure high-temperature
Bulletin de

veins implications for fluid composition, transport during
subduction. Contributions to Mineralogy and Petrology, 106 (4)
417 ~ 430.

Philippot P. 1993. Fluid—melt—rock interaction in mafic eclogites and
coesite-bearing metasediments : constraints on volatile recycling
during subduction. Chemical Geology, 108(1) : 93 ~ 112.

Ping H, Thiery R, Chen H. 2011.
petroleum inclusions :

crude oils. Geofluids, 11(3) . 328 ~ 340.

Pironon J, Bourdet J. 2008. Petroleum and aqueous inclusions from

Thermodynamic modeling of

the prediction of the saturation pressure of

deeply buried reservoirs Experimental ~ simulations  and

consequences  for estimates.  Geochimica et

Cosmochimica Acta, 72(20) : 4916 ~ 4928.

Pittman E D. 1972. Diagenesis of quartz in sandstones as revealed by

overpressure

scanning electron microscopy. Journal of Sedimentary Research, 42
(3).

Potel S, Mihlmann R F, Stern W B, Mullis J, Frey M. . 2006. Very
low-grade metamorphic evolution of pelitic rocks under high-pressure
low-temperature conditions, NW New Caledonia ( SW Pacific ).
Journal of Petrology, 47(5) : 991 ~ 1015.

Prezbindowski D R, Tapp J B. 1991.
alteration in sedimentary rocks :
Geochemistry, 17(2) ; 131 ~ 142.

Putnis A, Austrheim H. 2013.

metamorphism on the local mineral scale :

Dynamics of fluid inclusion

a review and discussion. Organic

Mechanisms of metasomatism and

the role of dissolution ~
reprecipitation during mineral re-equilibration//Metasomatism and
the Chemical Transformation of Rock. Springer Berlin Heidelberg,
141 ~ 170.

Roedder E, Belkin H E. 1979. Application of studies of fluid inclusions
in Permian Salado salt, New Mexico, to problems of siting the Waste
Isolation Pilot Plant//Scientific basis for nuclear waste management.
Springer US, 313 ~ 321.

Roedder E. 1984. Fluid inclusions. Washington, DC :
Society of America. .

Sabouraud -Rosset C. 1976. Solid and liquid inclusions in gypsum.
Fluid Inclusion Research, 9 : 120 ~ 121.

Scambelluri M, Philippot P. 2001. Deep fluids in subduction zones.
Lithos, 55(1) : 213 ~ 227.

Schmidt D, Schmidt S T, Mullis J, Ma? hlmann R F, Frey M. 1997.

Very low grade metamorphism of the Taveyanne formation of western

Mineralogical

Switzerland. Contributions to Mineralogy and Petrology, 129 (4)
385 ~ 403.
Selverstone J.  1985.

metamorphism, and uplift in the SW Tauern Window, Eastern Alps.

Petrologic  constraints  on  imbrication,



514

AR U SCE PREE T A B R - BRI S A 50 5 v 33

Tectonics, 4(7) : 687 ~ 704.

Sisson V B, Lovelace R W, Maze W B, Bergman S C. 1993. Direct
observation of primary fluid inclusion formation. Geology, 21(8) :
751 ~ 754.

Sterner S M, Bodnar R J. 1984. Synthetic fluid inclusions in natural
quartz I. Compositional types synthesized and applications to
experimental geochemistry. Geochimica Et Cosmochimica Acta, 48
(12) :2659 ~2668.

Sterner S M, Bodnar R J. 1989. Synthetic fluid inclusions-VII. Re-
equilibration of fluid inclusions in quartz during laboratory-simulated
metamorphic burial and uplift. Journal of Metamorphic Geology, 7
(2) :243 ~ 260.

Sterner S M, Hall D L, Keppler H. 1995. Compositional re-equilibration
of fluid inclusions in quartz. Contributions to Mineralogy and
Petrology, 119(1) .1 ~ 15.

Swanenberg H E C. 1980. Fluid inclusions in high-grade metamorphic
rocks from SW Norway. Geologica Ultraiectina, 25 ;: 1 ~ 147.
Touret J L R, Hartel T H D. 1990. Synmetamorphic fluid inclusions in
granulites// Granulites and crustal evolution. Springer Netherlands,

397 ~ 417.

Touret J L R. 1992. Fluid inclusions in subducted rocks. Proceedings of
the Koninklijke Nederlandse Akademie Van Wetenschappen, 95(3)
: 385 ~ 403.

Touret J L R, Huizenga J M. 2012. Fluid-assisted granulite
metamorphism : a continental journey. Gondwana Research, 21(1)
: 224 ~ 235.

Van den Kerkhof A M, Hein U F. 2001. Fluid inclusion petrography.
Lithos, 55(1) : 27 ~ 47.

Vityk M O, Bodnar R J, Schmidt C S. 1994. Fluid inclusions as

tectonothermobarometers : Relation between pressure—temperature

history and re-equilibration morphology during crustal thickening.
Geology, 22(8) : 731 ~ 734.

Vityk M O, Bodnar R J. 1995. Textural evolution of synthetic fluid
inclusions in quartz during re-equilibration, with applications to
tectonic reconstruction. Contributions to Mineralogy and Petrology,
121(3) : 309 ~ 323.

Vityk M O, Bodnar R J. 1998. Statistical microthermometry of synthetic
fluid inclusions in quartz during decompression re-equilibration .
Contributions to Mineralogy and Petrology, 132(2) : 149 ~ 162.

Vityk M O, Bodnar R J, Doukhan J C. 2000. Synthetic fluid inclusions.
XV. TEM investigation of plastic flow associated with re-
equilibration of fluid inclusions in natural quartz. Contributions to
Mineralogy and Petrology, 139(3) . 285 ~ 297.

Williams M L. 1994. Sigmoidal inclusion trails, punctuated fabric
development, and interactions between metamorphism and
deformation. Journal of Metamorphic Geology, 12(1) : 1 ~ 21.

Zhang Mingjie, Tang Junhong, Zhang Tongwei, Lv Zonggang, Yang
Rongsheng. 2004&. Applications of Fluid Inclusions to Petroleum
and Natural Gas Geology and Geochemistry. Geological Review, 50
(4):397 ~ 406.

Zhang Yigang, Frantz J D. 1987. Determination of the homogenization
temperatures and densities of supercritical fluids in the system
NaCl—KCl—CaCl2—H, 0 using synthetic fluid inclusions.
Chemical Geology, 64(3) : 335 ~ 350.

Zou Changjun, Tang Quanwu, Zhao Pinwen, Guan Endong, Wu Xu, Ye
Hui. 2013. Further study on the inclusion complex of 2-
phosphonobutane -1, 2, 4-tricarboxylic acid with B-cyclodextrin ; A
new insight of high inhibition efficiency for protecting steel
corrosion. Journal of Petroleum Science and Engineering, 103 ; 29
~ 35.

Mechanism and Identification of Fluid Inclusion Re-equilibration

in Diagenetic Environment of Sedimentary Basins
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WANG Xintao" ,ZHOU Zhenzhu®* | ZHUO Qingong” , WANG Jun”
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Abstract; Re-equilibration is common in fluid inclusions, and it is a key point how to identify the re-

equilibration and to explain the geological factors which lead to re-equilibration. This paper summarizes the

mechanism of fluid inclusion re-equilibration and the affecting factors of re-equilibration, and introduces how to

identify the re-equilibration in terms of petrography and homogenization temperature characteristics. We conclude

that different P—T evolution history can affect fluid inclusions re-equilibration. Specifically, when there is a low

deformation degree, plastic deformation can be dominant, while deformation degree is high, fluid inclusion may

leak and burst, and irreversible deformation can be dominant. A fluid inclusion in brittle mineral with cleavages,

suffering intense geologic process and quickly changeable geological background, is more likely to be re-

equilibrated. What “s more, bigger and irregular ( especially elongated shape ) inclusions are easy to re-
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equilibration. Specifically, re-equilibrated inclusions always show needle-shape pattern or decrepitation pattern
(such as decrepitation haloes), and inclusions of a FIA have different ratio of gas to liquid or phases, with
abnormal homogenization temperature. Quantitative simulation and reference standard of fluid inclusion re-
equilibration need to be established, which is an important research direction of the future study of fluid inclusions.

Keywords: Fluid inclusion; Re-equilibration mechanism; Affecting factors; Characteristics; Geological
significance
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