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Abstract The main hole of the Chinese continental scientific drilling project is located in Donghai county in the east segment of the
Dabie-Sulu ultrahigh-pressure ( UHP ) metamorphic belt. With a depth of 5100 m, the lithology of the upper part 2050 m of the hole
consists mainly of eclogite, ortho- and paragneisses, garnet peridotite ( pyroxenite ) and some schist and quartzite. These rocks have
experienced UHP metamorphism and later amphibolite-facies retrogression. Five types of fluid inclusions with different compositions are
found in the rocks by detailed petrographic observation and Raman analysis of fluid inclusions. They are: ( 1) aqueous inclusions of
medium-low salinity ( type I ) which occur either as primary inclusions in the magmatic cores and UHP-metamorphic rims of zircon
grains of eclogite and gneisses, in omphacite, zoesite and in calcite- and quartz blebs encompassed by omphacite, or as exsolution
inclusions in apatite, or mainly as secondary inclusions along transgranular fractures in omphacite, garnet, kyanite, zoesite and quartz
of eclogite; aqueous inclusions also occur in isolation or cluster in calcite veins crosscutting eclogite, in recrystallized garnet and
epidote in gneiss; ( 2) CO,( CH, )-H, O inclusions ( type II ) which are present in both magmatic cores and metamorphic rims of zircon
and are distributed along quartz fractures; (3 ) complex saline inclusions containing halite + Si0, + CaCO, which either occur as
primary inclusions in omphacite of eclogite, coexisting with quartz rods and paralleling to the c-axis of omphacite, or distributed along
intragranular fractures in diopside of garnet pyroxenite; ( 4 ) CO, rich inclusions ( type IV ) which are distributed randomly in quartz of
eclogite; and ( 5 ) monophase gas inclusions ( type V) which occur randomly or along fractures of various minerals. The occurrence of
fluid inclusions and their relative chronology suggest that the inclusions of types I and II occurred in the protoliths, in the peak- and
retrograde stages of UHP metamorphic rocks but the type Il was present primarily in the early decompression-retrogression stage of UHP
rocks, whereas types IV and V were trapped mainly in the amphibolite-facies or later stages.

This study gains the following understanding: ( 1) The low-salinity H,O and CO, fluids are present in all the prograde-, peak- and
retrograde metamorphic stages, suggesting that the fluids were inherited during the entire UHP metamorphic evolution. ( 2 ) While fluid
inclusions are abubdant in the protoliths of UHP rocks and in the amphibolite-facies rocks those trapped in the peak stage are rare,
implying that abundant fluids contained in the protoliths were removed from the rock system or entered into UHP hydrous minerals or
nominally anhydrous minerals. (3 ) The identification of primary inclusions with complex composition demonstrates that a melt-like
fluid was present in the early decompression-retrograde stage after the peak UHP metamorphism and nominally anhydrous minerals
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might hold a significant amount of fluids under UHP conditions and released in retrograde process, resulting in fluid-rock interactions.
(4 ) Fluid inclusions trapped in the amphibolite-facies stage have various compositions and they are concentrated locally and may partly
derived from external fluids. ( 5 ) Great differences in type, abundance and composition of fluid inclusions exist in different lithologies
and depths of the drill hole, suggesting that there was no large-scale pervasive fluid flow during UHP metamorphism. ( 6 ) The
pressures obtained from the isochores of the fluid inclusions trapped during the peak of UHP metamorphism are mush less than the peak
metamorphic pressures as derived from the mineral thermobarometers, indicating density changes of the fluid inclusions due to fluid
leakage, partial decrepitation and fluid-rock interactions, etc.
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Fig. 1
UHP metamorphic belt.

1. Quaternary; 2. Tertiary basalt; 3. Cretaceous basin; 4. granite;

5. Aegirine-Hb  gneiss; 6. Hb-Bt gneiss; 7.
8. Bt-bearing gneiss; 9. migmatitic Kf s gneiss; 10. supercrustal

Geologic sketch map of the Donghai area in the SulLu

Grt-Bt  gneiss;

rocks; 11. eclogite or ultramafics; 12. ductile shear zone or fault;
13. CCSD Prepilot holes and number; 14. CCSD Main hole. Insert:
WQYF- Wulian-Qingdao-Yantai fault; JXF-jiashan-xiangshui fault

HBA[IAS ~ 10 % ; B =HICH 600m | 695 m, 3% iy 11
AAEC AR A AL, & D m A R RSB
A SEPUBATE I 695m F] 1160 m, BN 2 5 7 R4 5 B 2R
P AT 1160m B 1600m, 325y K35 5 F bk A 40
B, Je b B AR BURHK A TNCE 2 S 75 T A 1600m
#2050 m, EE RS, SRR RKARAEMBEL KA
A

WM DO A R A A RS A, &b i A
(AR ZHEAR ERA ANE B A8
), URELA BERATMEA . R R B R R
FHIIEI AR B P-T 4514 J2: 678 ~ 816 C Al 3.1 ~ 4. 4GPa
( Zhang et al. , 2005 ). TEFAWEA RGO EE BB
RERRESE R, R U S D BN AR A &4 A MK
AT B SR A R T R P BB L, A



492
=
E f=13
(=)
- = =
E a =2
& 2
- ~ fg T Al
- = B e
=
N =
b= L el
- ke
2 2 -
I = w
- - g A IS
= - ]
& g
=3 = e
=1 2 # .51‘3;4_1'
[=)
R g
- &
= 2
Z =
=

E2 CCSD FFLIEEE 100m ~2050m 21 T o

L AR E A RS, AW RIRB B A AR
AT HMAERZ; 2. ARREAS S&L4AMBEA LR, &5
BERHKRA AN B KA IR 3. B EEMA (AR A
FOARREAACE ), ARSI RSB B 4. BIMEA S5 R
RIRAREZ; 5. BRI F KA, DB A sumH M
INATZ; 6. A, & FIRE I 2

Fig. 2
2050m.

1. quartz- or phengite-bearing eclogite with thin-layers of Bt gneiss and

Lithologic profile of the Main hole from 100m to

Grt-two-mica gneiss; 2. intercalations of Qtz eclogite and Rt eclogite
with minor Bt-Pl gneiss and two-mica gneiss; 3. ultrabasic rocks
( garnet peridotite, garnet pyroxinite ) containing some eclogite thin-
layers or lens; 4. intercalations of eclogite and paragneiss; 5. felsic
orthogneiss; 6. eclogite with gneiss intercalations
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Fig.3  Microphotographs of fluid inclusions in various minerals of UHP rocks from CCSD main hole.
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Table 1  Distribution and ralative abundance of fluid inclusions in UHP rocks from CCSD main hole ( above 2000m )
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W) A R B A 5 TR SE AN [ B 2B v, ) Ok
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Fig.4 Raman spectra of mineral and fluid inclusions. a and b.
Raman spectra for CO, and H, O phase of CO, —H,O0 f.i. in zircon; ¢ and d. Raman spectra of quartz and calcite in type III f. i. in

omphacite; e and f. Raman spectra for anhydrite and carbonate ( thodochrosite ) in diopside of garnet pyroxenite; g. Raman spectrum

for monophase CO, f.i. in Qtz of eclogite.
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Table 2 Microthermometric measurements of fluid inclusions in UHP metamorphic rocks from CCSD main hole

e LT T{";;z; (%) (% (&) <T:g2> (%) (%) () ()

I 240 JjE) Rt-Phn ##EA Iy fige 4 -21 0.7~ -1 <120 1.23~1.74 0.96
I8 A ) Rt-Phn ##E5 oK -21 -3.1~-3.2 114 5.1~5.3 0.98
AN J5AE ) Qz-TRWES A <50 ~80 =1.0

I A5 ) Qz-FR M Ao -4.8 <50 ~80 7.59 ~1.01

I 240 5 ) Ky-Zo f# ¥4 (R 8 A -21 -5.1 142 8 0.98

I #4908k A ) Re-Qua Phn RS A% <-35~-25 -8.4~-14.3 93 ~ 155 12.16 ~18.04  0.987 ~1.024
I AU AE ) Re-Qua Phn )R S ve) 7.2~ -7.69 156 ~ 157 10.73 ~11.3 0.983 ~0.985
I 2k Rt-Qtz HiME2 Ao 0.2~ -4.6 116 ~370 0.35~7.31 0.566 ~0.954

17 R-Qtz A Ji fit A -0.8~ -4 143 ~ 180 1.40 ~6.45 0.918 ~0.937

T840 i) Rt-Phn ##EA o -56.6 2.2~2.9 ~15(v)™ 335 ~342 (1)* 0.669 ~0.776
I 24 SR ) SER s oA -56.7 25.6 =300 (2)= 0.938

I A4 A ) AR A WA -56.6 6.6~8.4  25.3~30.2 (3)"™ 0.967

I 2YC 524 ) ST AR SR < -40~ -35 286 ~420 224 ~408 33.14 ~53.26 0.543 ~1.042
AN A ) AT K WA 226 ~ =300 247 ~293  34.49 ~37.63 1.008 ~1.087
AL Bk A= ) AT K B <-30~-23 -9.8~ -22.7 194 ~250 13.7 ~=23.2 0.963 ~1.012

VA CO, Qz- M MEH PR -56.6 -26.4~5.6 0.9 ~1.061

€O, - CH, Qz-MiNMEA oA A A

CH,( W) Ky-Zo HE 2 £ Fm Thon, = ~92(v) 0.065 ~0.371

~ —130(1)™
VBRI Qz-HiWE A Grt \Qtz,.Omp Zo A A A

T T,,,-COy AL ; They, -CHy BEAGIRIZ 5 Te-WIRRREE; T,,-0KKs T, AR B EEY ) REEZ; Th,,,-CO, WS —il
T,-A AR 5 w0 % -4 F NaCl FEEH 7
sor v-B—F S -3 — B

B Ty -ot iR

s (1) Xypyo 20,931, X¢o, =0.059, Xy, =0.015 (2) Xy =0.864, Xco, =0. 1365 (3) Xy, =0. 868 ~0. 869, X¢o, =0.095 ~0. 1135 Xy, =0.017 ~0. 036
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£ AL IA B URL 20 I, R AT M A 8 43 i 4 0 A T4
A1+ AT ST R i AR DT DI S A7 11 38 728 S 2 7
I AU R AR S H, 0 ARG 3 A %,

REWEE A0 S BEAILAM A 1Y 3L T4 CO,( 1V AL )R
PR iERE . — T B2 708 S e 2R Bl 3R 1
CO, — H,0 fLZE I 7E Rt 1B A8 sl o 2 v &2 A H, 0 13k
$erEB IR ( Hollistar, 1990; Johnson F1 Hollister, 1995 ), {U 84
BT CO M, T BB RERRAG s O —Fh AT R , 76 vy SR8 Jo e
B, T E KA L KIS R FR A IR T CO, X
B WG A e B A IR TR CO, TR, M i A
AN R A1 1 CH, G R0, ELAT AR 11 % B R - % 1) 45
B, ENSUER CO, - Hy 0 R UGS M7= 9 , 5102 i 1]
AR E B carbonic fluid ).

N BT A, DA A A A Y A A SR R A e
T VB ELE UA R] RE R A TR e TR A U A (L
TR 1Ry 1 -8 B i A AR P R AR R RS e, IE R
2% B2 A 1 25 40 B2 (5 UL Touret, 1981,2001; Fu et
al. ,2003 ),

6 SN e AL HE A A RITE 2 2B

Xof T2 IID Y A0 ORI T R85 BEC T, ) Lok e I
AR EEC VKL T, ) RIS AR BEC T, )R —IRBEC T, )5 X
1L BRI IV BRI RE T COMAIREEC T, ) .COKEY)
IIMIRBEC T, ) COL I —IRBEC T, FISE A — iR
(T, ) BLZEURIY AR 45 8 WL 3% 2 Rl 5 .

BREfRNEAT L Dy 1 R BE TR (1 H, 0 AT T, ~
—21°C, T, 0 H =0.7 ~ —1°CHI 3.1 ~ =3.2°C, AR [
ERREAM BN 1.23 ~1.74 F1 5.1 ~ 5. 3wt% NaCl( BIAH 24 T
NaCl FYE & 40 L, TR ) B A b R R T, =
-21°C,J8 T NaCl-H,0 K %; T,, = -5.1C,T, = 142°C;
ERNEAT T I JEUAE SRR A BTV AN B - 45°C I A R4S
I E] +6°C B 1 BE— < I8 Wi 2 K, fieJe 7o il 6 2 4k
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FERT IR INER &, BIRAR 58 28 U, B R 30K 5 R
FE ARTR K E 2 ). A7 D W A7 43 A 1Y PR A
BB VRS - 30CHIZ5 VK, RS - 4. 8°C B, A A 2 1k
H AT ILUKTE TE R 4510 T B i Ak, [RIRR 15 B A 2 R i 1
AR AR AR

ATEREA (51 2m ) G T & () IR AE A 22 R 19
T,= -7.6~7.2°C,T, = 156 ~ 157°C; 441 f1 ¥4 W% #
(215 1m 315m ) i & A FE [N A B H,0 2R
T .= —14.3~ —8.4%C; T Z 500 A 3 28 Uk 24 B 4 A3 1)
WEMERWM T, = -5 ~0C, EFHE -2~ -0.2C,
T, = 116 ~ 150°C A4 B Se,f ),

YA (R 7 A0 AR BKC 215, 1m )& IS R/ NEE Y
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180°C o R AR FARMERA A KA A EE 45 i A WA R 4 A
I/ H,0 BN T,— R -21°C , DHCh -25 ~ -23C,
T.,= —1.2~ =220 MM AEE R 2.07 ~3. 71wt% NaCl;
B— R L T AE 178 ~220°C , N1 i5 35 266 ~306°C. .

P B AR AT S 23R, 8 falel L A R e o i 0 s
CO, — H, O A1 ZE A 9 AH 28 38 i, U5 £ & B231R202P2m
( ~484m ) — A58 KA ZE R4S CO, [ AH 45 1k I B2 2
-56.7°C , F WA H A M4l Co, , H—IR T A 25. 6°C , Hifot
Raman [& i B 78 CO, HL7Y (1) 1387 Fl 1285cm ' W ( &l 4a )
A H,0 W &l 4b )5 45 A = RARII( 25 ~30°C ) e A
24 AV B H,0 WAH + & CO, WA + & CO, <A
I, B AR — IR <25°C H] ~30°C . MM A AR
11 78( H,0 ¥AH + CO, AH YEZEIRTE - 35 ~ —40°C R4, [l
M, KRR B S Y clathrate )TE 2. 4 ~ 3°C K1k
T CO, S AR % BE AR, K REM 45 CO, K R 38— IR B
CO,/H, 0584 4 — B & N 335 ~ 342°C. H RRA Bk A P
CO, [ A AL IR BE Ry = 56. 6°C., CO, 55 4 W 43 Ak YL J3E 3 FBl
TE6.6 ~8.4°C, CO, /¥ — R BEA 26.2 ~30.3C( £ %K
H—FUBAR ) ARYEAR He B T8 23— IR R F 300°C .

R IR TP T B ZEARAT AR TE - 65 ~ - 100C
AR Z, 5 (B3R - 45 ~ —30°CH], R RE R IR S5
A0 7 A IR R B K A R NaCl - 2H,0), B8 A 3
SETY R, RV LLE NaCl #h/k ok 3, & B BT
HETF(Ca’ Mg ). REETHEE] 0 ~ 10°C, KA EEA —3
Oyf A FR UK. IS, R AR 224 ~ 431°C ( 2 B A
280 ~330°C )Z A& fb. WA ¥ — i & (T, ) A 280 ~
=400°C , 17 FZEH PTE 286 ~314°C .

EABUH , V8 VR I 35 A P ) 20 A0 A B8 A 7R ARG 1 TR
( <80%C ) FURHS, IR AH AR 55 G005 A1 v 1 & A1 (2 A
s BT, 77 R 78 247 ~ 293°C X a4 4k, W< — iR ¥
(T, ) 226 ~ =300°C . 5341, Eh AS RN A 5 AR A7 0 22 1R
RURTEB75 ¥ TR A AT 0 N R R =R N3 4 KT 2 7 e o7 S
Mz 2aK &k, ¥R, X F R — B2 F - 50 ~
—60°CHHLE, T, < -30 ~ -23°C, FWIER NaCl LIAL, itk ik



VRS AFHEE AR S R T B XA F AR T EILE SRk AT

6
4 -
2k
0 L} ¥ T T T
-20 -15 -10 -5 0
Tmi/°C

Tmi for primary HoO f1. in eclogite

Th for primary H:O f.1. m eclogite

3
2.
1‘ { H‘
0 T “ T
50 100 150 200

Tmi for HO f11. in grt. pyroxenite

4}k

JilllEl:

20 -15 -0 -5 0
Tmi/ °C

()

Th for H;O f.i. in grt. pyroxenite

il .

200 300
TH °C

L= S R A "]
T

T'mi for secondary H, O fi1. in eclogite

Th for secondary H,O fi. in eclogite

Tmcoy °C

20 6
L ok
10
! r
oL am b W |, Lofiinam m L ”H
-20 =15 -10 -5 0 100 200 300 400
Tmi/ °C THW°C
Tmi for H20 f1. in gneiss . Th for fi. ingneiss
15 6
101 4r
S F 2r 1
D ¥ T ¥ U ] T T
-20 -15 -10 100 0 300 400
Tmi/ °C Th'°C
Tmcoz for CO:z fi. in eclogite Thee: for CO: fi. in eclogite
30 4
20} 3
2
10
1
0 1 I 1 T 0
-60 -55 -50 -30 -20 -10 0 10

Theoy °C

K5 1 RN AR I R — i A

a fil b, HREA TFE | T SRR vk T — R B B 5 o R . ARRE A A SR /K B AR A v S R — IR BT
e A £ B3R R T AV SR VKOS AN —IRE B B ¢ A he FRE T AU ARG vk s A — TR 7
i RS AR TV AV AN T

Ty, LT

mCo,

Fig.5 Histograms for the microthermometric measurements of fluid inclusions.
a and b. Histograms of T, ; and T, for primary type I inclusions in eclogite; ¢ and d. Histograms of T, ; and T, for brine inclusions in garnet pyroxenite;

e and f. Histograms of T,

mi
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and T, for secondary type I inclusions in eclogite; g and h. Histograms of T, ; and T, for type I inclusions in gneisses;

i and j. Histograms of T, co, and T, oy for Type IV inclusions in eclogite
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Fig.6 Salinity vs. T, diagram for aqueous fluid inc-lusions
in the UHP rocks.

a. Type I and III inclusions in eclogites and garnet pyroxenite;

b. secondary inclusions in eclogites; c. Type I inclusions in gneiss

GHb R G Mg BT T, = -9.8 ~ -22.7C,
HAEH - B (13,7 ~ 23. 2wt% NaCl eq. ); T, 8 A
194 ~250C .

WA 2 IV B ARG T, 0, = - 56.6°C, H1
T4 CO, WM X SHBHE AR G 4g); T,
FIEETE N - 26.4 ~ +4.5 C, MR B FRIREE ] 1. 06 ~
0.90 g/cm’( Angus et al. , 1976 ), W 14 & CH, f0 Z K
T, = —130 ~ —92°C( ) —ZIRAHBLSAH ), AH N (9 78 1A 2% i
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Fig.7 P-T-fluid path for the UHP metamorphic rocks ( the

eclogites, garnet pyroxenite and gneisses ) in CCSD Main
Drill Hole.

P near surface conditions before subduction; UHP eclogite stage;
A amphibolite retrograde stage ( mineral thermobarometers are based
on the data of Liu, et al. , 2001 and Zhang, et al. , 2003 ). In the
diagram the ranges of isochores for types I, II and III inclusions,

as well as mineral stability fields are shown. Mineral abbr. :

Di diamond; Gr graphite; Coe coesite; Qtz quartz
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1. OGPalf & Jy X[ o 346 K g {8 HR G AU 4R 8 ) A D
PR TR A TR 3 B 7)o Pk B, S5 1 R T A
AL FERTE J5 T 0l HE Ao R e R A T T A, AT 2% B
ik, A I RAZRA IR CO, - H,0 R ZE k3%
i, R I A8 T Al & H, 0 AT CO, MR TR TE 23 L .
CO, M43 38— B2 SR UIIHE T CO, - H, 0 ISR
MAZE R IV B ARA S F 40 Co, ik, BT AL
TE 600°C F1 800 °CHJ ¥ /143314 0. 8 ~ 1. 06GPa 1 0. 35 ~
0. 56GPa, [RIFE R KRAR T 48 = FE e 28 S 6 7. WA R0
SR TR AE T A B AR A AR DN AR AR T B B A AR 1Y
T T 550 ~600 CH10. 14 ~0.56GPa [ P-T 4%
o B CH AR AR LR E P&, i TR A 78
B, B R T CO, — H,0 B4R 32 2 ki Fi i A4 5 5
TSR BILE IR, SRR AR T P-T AL AR B AR A A8 SR

MR A AT R AR AW Y P-T 45440 5
HRARAR iR Wy & 15 B A9 A8 5T P-T Stk R — 30— MR
WG, SR T A AT RUE 407 T IR A SR
Rof sl A, A S AR I P T R K v T B T 2 4 SR R 37 A
B AR SRR A 2 AR IR A0 4 0 4ol 2K T A IR 2% B
R TN A FEOR TR S H B 32 A 10 AR B AR B 5 5
TLARE B REIRC P RL 45,2003 ), X LEIAAE CCSD EALINA
A R A

7 Wikl

7.1 5#HTR-ESEEHTRAXNRE

705 I -8 e e 728 o 0 U O A A B AR R HL 0 = CO,
FF X AT RAF =5 A5 S SL (1 )#8 & 8 ) 2 4
A B A B A IS BN Y T A B A R R
WFIHH )5 (2 )P A BB A M5 i A P AL & H,
O BZEIR, Ay IR T A TERI A0 1 o R AR &S T i 3R 1)
FRATAM . Wang and Liou ( 1993 ) . Zhang and Liou ( 1996 )
Sy RIFEER T R L JCHELA 1 R A SR A R Y O 1A
ZAEMKMNLE A s AEEENABah e + 4
WM E A, BN & R A TR A
FIETRG ; (3)FEMIES IR A8 AR M5 1 bR T & 5
A, B H,0 f AR CO, - H,0 i EARE F 1 T
BEARZER , 53 S A A R T ) A T R AR R A
P ( XUARAR RN 55,2004 3 A SC IR 3a FIE 3g). FATTY
£ CCSD-PP1 LAY HE it A T 35 5 ORI A B i A 2
BB A R UE CO, - H, 0 B2 R( JE L 55,2003 ; Zhang et
al. ,2004 ), TACHLE R AR SR sl ], H, O + CO, TMcbi e A:
VURR W B M 52 TRAL , #7028 ST/ FH ) T 45 & 5] & e 2k
T s LU AT s AR . A DO & R b
BT R o TR I YR D B AR IR R A R B E

AR BT A ZH N A H, 0 + CO, R F . BRI IRER
JE H,0 — CO, ARTE A it A i 2 5 03R48 B 4% B
BRI SR B A oy R A T A i v R B A 4k

7.2 ExEa( EEA JREBREXANERSERTRRME

TERR A e Rl R B A1 23 BEK( 251 ), b i ir 2
HRVET ) DU (A Ay A A Y ) B AT ) A AR
T AR )5 A LA RORRERREL ). A OGH = EA ) rh
TR C A ZHE, 05 RHEE A i Bk K 2% kL
( Zhang and Liou, 1998 ) BRI A TR AT A BT ( Sobolev
and Shatsky,1990; Zhang et al. , 1997 ) FAEHE A H A BT
WRA YL Zhang and Liou, 1998 ; Tsai, 1998, 7k 45,2001 ), LA
TR A B 80 JE A 25 ( Zhang et al. ,1997a ), Zhang and
Liou( 1998 )Fll Tsai( 1998 YAy, 76 Hb DX 2 A1 b R 1R
AR AR A PP M A 0 s 1o 50 1 AR A S T
FEVERNAR R 2544 F 2 it i Sio, A BN A Y IV =1 . O
SCAF( 2001 ) A BRI L AL B A1 K A7 8 38 0 A vh 5L ROIR A1
BRI OEAT I A LA, A 2 s TR B R 1
TR BRI Y

SR 5 33 B8 1 VA W) AR A 77 H R I R ) R A i A 41
o ARG EEARAT TP SR A7 O 45 RoRLE O,
Jes A e A2 T WS A W6e I Be U A % JSE R Xo 484 8 25 R 1 TB B
B, A T L B BEARRR & A 3h 7 A Ah 1 o A 5 s
T (A ) AR T 43 i) [ AAARC 18] 31), Sk )5 e &
BXEELH A AN Si0, ) HR o8 — RS A SR TE M & R A5
SERRE, B TR I RRAR, A0 T 20 M5 A7 SR 45 4 o 93 28 1
ARTG AT AT L WFFEE R WIS A P i3 5 i Sio,
FHSE( Smyth et al. ,1991 ) ], i e gk iy A ARG 1A 48
BET XS TR I 7. T B A IRAR T RE A 3R T 4 i
AT IS AEAE I — b B Tk TR R R 5k R 1) v B e - A
(FEW S 3CHE ). Andersen et al. (1991 ) 3, 78 90 8 PG 35
2R S L A e R Th R Rk AR AT, T
WA e AR AT LA s KT W A B D0l e A 5
RN 5 A B A0 W, R O 7 2 (8 R e AR 2 485 1
HEE Ko Philippot( 1996 )46 H, 7 BT /R G 34 e He Jik A 37 4
AERERETT Y, AERYC A ) gk Jr
et Hof ) R EAF EHa) FERIR( 8 8
WA A A O Fe-Ti EALYISE 8568 KL ER
R SER BRI e A F T, & NaCl /K VR AT LA it
Foat EITH( Si Al Mg.Fe.Ca Na K)FI it TCR( Zr Ti Ba,
Ce.La)o JHJJFhim MU AR A vl v 0 88 14 ke Kot i 2
JCE HIRR TC R R R FE( Ayers Fl Eggler,1995 ). #4b, 7E
RAMESBE A T S IS A7) + R R AR
B Y T A A B AR ML TR 7T REARL 5 2L k8t
UG 1 o A 7 B U A B 32 Sy e MR A AR -
AR EAE R A J73EE
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7.3 EZFIEKFEM( non-aqueous fluids )

AR i B A K TR 32 S SR A CO, LCH, .CO, -
CH,.CO, - N, .CH, - N, K HIE &9, /R B H & H,S A&
K. Andersen et al.( 19891993 )i xb X 44 i fin HL 2% 38 1 L1+
T T R AR B B AR R B 5Ty, R A AR A A R AR
TARLLE CO, A RRAE , I R VE 5 A 5 A vh LR N, TR Ry
fE. Klemd er al.( 1992 )7E{#E[E Miincheberg Fr b 7 4% A B
WA A AEDUBUA th R B T %5 M R 19 CO, - N, Tk 2
4., Shen et al.( 1996 ) Xiao et al.( 2001 )F Fu et al.( 2001,
2003 ) AHRIE T 1 AR e S AR A IR ek, Rl 2R
WA KT 6/ \ S ARV 2 BB S FIE A7 B v 1 B ik
A

SRIMTE CCSD B FLA LA, A KC i ) ZE R Y F R 4
ik, HFEZ SR CO, + CH B EK, K£Z % Co,( LK Co, -
H, 0 VL ZEIRIN T, 0, = —56.6°C A0 T4l CO, ik, 74
FHFLFE S AR 20 I3 & N, ARl Pl K2 B A
CCSD EFLY) ERME A A Tk P BB T & N, B 2K );
FeALUh , BRI v DL Bk A 4y, AR T AR B A o
ARG ] H,S, 33 AT 55 A X 1o A T T 8 7K 3% B
Sl OGN TER W AR 22 18] 19 3 BC B T 7K 0 FEC )
FIVEGRIEC L,y ) FEARAK T BE AN o 0B B 45 1 N, HEA LI
o fEE H,0( #H/K )R Co, .CH, N, Fl H,S 2H 43k
BHRE. FI50, Touret 1992 )T IS b 25 A Y A 4L
BEARETIE B ANRAEAE 5020 UL B A B2 R v B4 ) 28 TR 1
BRI W-RMIR A W E, I8 4 2SR COo,. N, .
CH )OS HIEAY( £E 2 CO, +N, .CH, + N, )Al LU it 76728
5 i A R 1 [ 52 B2 8 AR A TR VA A PR T i

T 4 3, 7688 v R AR S M DR ER B H, 0 ik
3, CO, - H,O WMAURFRAAEC ings A iy Co, - H,0
FR BT D RRIR T AR ) B & R 2
L, TR H,0 #ERS AR, CO, TE B, a8 — 2 Wk 5]
A AR . RIS A 9Pl Co, - H,0 B A
CO, T Z AR TTRE R 73X — Wi MAAE = 1, EAHERR =
75 [ W I 5 ¥ A TR AN TR VR o

7.4 S5RNEHREREAFTEANRETRRME
WA AR TN G & A BB KRR T M A AR
A R AR H, O WK S5 8 YA ELAVE F A= 4, Tl g Y
FGANF
Omp + Grt + Qtz + H,0 (FilAMI& K ) =
Di + Amp + Pl + H,O0( /A& Na* and Ca®* )
Phn + Omp + H,OC FAKHE Na* ) =
Bt + Pl + Amp + H,0 ( JifftH#& K + Ca®" )
Grt + H,0 ( WifAM& Na* + K*) =
Amp + Ep(Czo) = Chl

& F4R 2005, 21(2)
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FE R AR AR 1 A e 3 AT L H, 0 A CO, -
H, O f RV BR300 , AR 2 0E T ( 5B 2 Bl
DN A ARSI I )AL 2%, 3 HL AR AL 25 R 1) = B B IR AR
JoT AR BE SR MG K, [RIAE R B 42 H, 0 Fl CO, - H,0 2%
BRI 55 A DA AR AR TR A G A R A 45
AR A TGS A U L b -IRER BE H, 0 A Ak . T RAK
B R A A TR AR LSS AN R« 44
IR B A AR AT A ) TR S KO R A
HA( Zheng,2004; Chen et al. ,2004 ), N - 4h#E H, 0 =
CO, TR A XL A 7 AN AR AR AR L 8 T
KT AEA WA KACR G AN A BB
KWy, AR B 1,0 R RIEAE, Rt T KR
FOERFE AL/ B CO, MR B, XA 76 IR A8 M ( A N2 ) A 08
g Co, — H,0 B ARFI B AR R H, 0 [k n]
RS T X R A A A

8 5B

ZEA LA R T AR FAR A PR, v LAAS DL LS
1IN

(1) 7€ CCSD FFLH R A A R AFFEAR TR o3 B A,
A4 IR ER B B & KIS CO, — H, 0 iAA & €O, Fll Sio,
SR B 2 Eh K, LA R €O, = CH, TR S . pE 735 -1 38
75 T B B T A AR ER B H, 0 2 CO, VM RRE . L1595
JEIR AR B, Bt TR ) B AIG, 78 88 o8 TR 45 40 T T8 B i 2t
WEATAR B CO, A Si0, 1 o 36 B 42 e /K R R R B A1
BT WG 5 A TR A B IR A R R A A
H R 3R H,0 APk A g T MU ER B H, 0 B4,
W25 1o R 25 RO R 1 A R e, 44 BTGRP 4
WA AR R A ) BT AR K R R B, B SRR
MREYHT A FE AN AR R 28 B B K R AR A9 1,0
1 CO, - H,0 A BRI, Fn R SR 2 Bl . -
fREREERY H, 0C = CO, )AL IRA7AE T F 48 ot W8 v Fe 28 o
(ES A GVEA S A B A ) AR AR B fE R A8 Y
MA TR A TR ) B BLEITT R X 2 AR R
W EA R PR

(2) g PR AR Jo 2 T 2 R A TR S AR A T P AR 7R 3K
R AT A {E A R AU AR A AR B AR AR
AL XA B A DA DA AR T R R A e A P
Het A AR FR B0l A S KBS R g & 44 SC R JeK
T WA RAROEAS BET Y A RS
A R WERY] I B VTR o R P A 44 S KA R R A
( Si0, \H,0 5 )] DLtk Ak sy i g opr, I 7= A i AR -
GAAEARH . AN A A B A i R 2B R B B 1k
WAL, HAE R 5, R SR I AR AR

(3) MR B ARIEA RS e R R 28 AA 4
FH YRR RS FLIR AR B 22 5 X BT 5 R A 25
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R & AR A G, 555 A 28 A ) A2 i By BEFIT i %
AR R WU AR LA AT G o S R ey T 722 Jo WA B 3 1 32 )
Joy B 40 - AT 1) o 24, i e T AR A P R rh A
KI5 AR S I LG, it b5 e A7 AR TR (o
RWPFEE AT

(4 ) M8 T A2 g ) (0 B AR SR R AR B Y i 0 f
RRAR T ARG AR AT 0 T WU AR i T ), i e W4
BRI ARG K T AR UL . X e A Al 6
Bl R R R A AR AR A

Bt AR EUR b E OO R B R TR U E AR Z S
SR AR B, 08 e st R 2 b0 ) AP LR 2 s Bk
Fhe 2 A B S HG  A 5K SCHE R 2 U [l W8 R O B
) 727 S0 2 R B ) 35 0 B B A I GG A Raman 4R 5173
eI 43 (9 45 B A B0
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