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w B AATEAT-—RERSAEEIE, BT E Ca0-ALO,-Mg0-5i0,-H,0 k EF & 4545
BONEHEA-RETERATE, RLTERNS -SG5 SRE0-@9 6 - REA-AXES TG
F-EEHAE. WHA-S40E, HEL-RFTOREAZRO-SWE-HEFELEEN PTRARR
B, REFATEHTE T FRERDEESSPEERE NN S E-REGHER PT X T=325C
~335°C, P=0.45~0. 475GPa. 3T T Fe** =Al #EAM FEREBR - RHF AR ENRW K XHHE
B2, WG O-BI0-SREA-STWO-SRE- DR LAGREEO-FATHPREERE, HEEG-
SARXESRAT-AEOH BEREFNEA-RATHPEREN, SREoEERA-S4al0RE
AU BEFEN.

Abstract Using the internally-consistent thermodynamic data, the mineral phase equilibrium of
grossular-bearing prehnite-pumpellyite facies has been set up in this paper. The pressure-temperature condi-
tions of the parageneses of Pu-Gro-Ep, Pr-Pu, Pr-Ep and Chl-Pr-Gro and their significance have been also
discussed. According to this phase equilibrium, the metamorphic pressure and temperature conditions of
prehnite-pumpellyite facies of metabasite in Saertuchai ophiolite of Xinjiang are 325°C~ 335'C and 0. 45~
0. 475GPa, It is shown that the mineral association of pumpellyite-grossular is controlled by the substitution
of Fe'* and Al. It is also shown thet the prehnite-pumpellyite-grossular-epidote-chlorite-quartz is a higher

pressure paragenesis of prehnite-pumpellyite facies. According to this petrogenetic grid , the mineral associa-
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tion of pumpellyite and grossular is formed in the higher pressure similar to that of pumpellyite-actinolite fa-

cies. Grossular is stable in the prehnite-pumpellyite facies metabasites.
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WG -RE BB R B Coombs (1960) I Seki (1961) & 3wy, AREEhHAM
B4 B MR B4k . JS 3 Hashimoto (1966) R BLEE BRI &G T, HH AR LA, WH
WFRET-HELIEE, ATRNTSEE MERMANES . Liou et al. (1935 REAEERIRK
K &GT, FAATFREMEREEA-HEGEE, LEXTHEG-FELHE. ELEM
b, BEERH I EHIEN REE, Liou et al. (1985, 1987) @Y. THH L -HEGH. HHE
-BAFHASRE -S4 OHTHESERERT, B THEO- /7 ARRER. 5%,
Frey et al. (1991), Powell et al. (1993), Beiersdorfer and Day (1894) FIE# #i3B—H
P2 %3E (Berman, 1588, 1991; Powell and Holland, 1990) %ty X #4777 #— 891t
BT, ERAENTSMEE . EEHEHTHS T RERTRARTR T EHE AR
AHYHATHEG-R40-REA-FFE-REAT U EASWHTESHIL. 2ELt
448, Coombs et al. (1977) KB EFA=HHA-REARERXLEP LA THEL -5
EEMO-RGETES, EFXSEENENHEA- @A O TEXEREERAMNEA
H—F W T, ML, Frey etal. (1991 FEH#TREEEFMR IR THET, BREBITH
ERAETMUHAN, EHANAEKREEENAEG T, BEHLRTREN.

A NEFRFETEER/RE RGN TRERGENRATHRRA- B4 6-H
HE-BUE-GRE{EES, ARATHAB—BHRIZEHIE (Berman, 1988; 1951), &
VT ESEMANHEA- SAERTHEARERT, FHNRREARBERTFHRTER
HERGETERECRANEEL-RAOETEREGREEAER.

2 CMASH R & ¥ A& A -84 A%

EHEFHEEHS N Ca0, MgO, FeO, AlLO,. Fe,0,. SiO,# H,0, &% MgO Fi FeO
A5y, Fe,0.f ALO S MERAERFMALT, SIOMALR AL X REEMEGFTYEE R
CMASH (Ca0O-MgO-ALO:-SiO,-H,0) &, H A(ALO:+Fe;0,)-C(Ca0)-F (FeO+MgO)
HA=ZAE AL UEETRHE - RA P EE S REUEE - R4 G-HEA-&
RAO-ZF0-AETHASAHEM, XRHTE Fe-Mg T ERHTREATER R Gro-
Chi P FHRXE (BNFMECES, RS NLEL TRO.ERES AIHER (B &
KA MRETE Gro-Chl K2Z LMFL (AIPHELCEFARD, XREABAEAHE, mHA
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TEERE, EATHEA-S4F-SHEEE
BAE-BRA- AETYHERE RETY
R — R 2R (Berman, 1983,
1991), #:#]H TWEEQU Geo-Cal i+
ETAAHTEEXAMBERS (H2.
HTRGRFE, RSGHEFAT O TR, &
HERMRATHERARRBERRERLY.
HBET YR AT ERRNE2 R,
WA 5 CHEPPGQ CR&gIRA-SHG-HH
A-BEG-SRMA-AEETE) ke
BEN, BAENEBCEHAT UM, E
ZREAAREBEEHEALE S, Chl, Q #
HO LR EFRBET AT RERFE, H

SRR A ARy, B (Chy, <Q) B AEENEEPMEE -
(H0) "TA AR PR PoRBrm b Frm. X AT MY ACF B
BAAREIRHHSFRATREBREEBER ZOSAANYE AW EHS

PT ®E R4 M4 PT K6 Pr-Pu i, PrEp EORANBELRAES

#. Pu-Gro A Gro-Chi-Ep ¥, SHBA- Fig. 1 ACF diagramm of prehnite-pumpellyite
R HEE-BUE-BRE-EET NS facies minerals in metabasites

Solid triangle: Al-gabbro; Solid circle, basalt

AR LB, ARB A T LRSI,

1) BH S Pu-Pr-Act-Ep-Chl-Q By 3L 4 44 MR K H325C,0. 3~0. 4GPa(Powell
et al. » 1993; Beiersdorfer and Day, 1994), &30 W8] Pu-Pr-Gro-Ep-Chl-Q #HE WAL
& 4350C, 0.5GPa, Bl Pu-Pr-Gro-Ep-Chl-Q #41 4 . Pu-Pr-Act-Ep-Chl-Q 4 &1 F
WENR &, BEOHER, BPERRHRDT YA E Pu-Pr-Ep-Chl-Q , SEMAHLE,
RRARHRASEARR SRR E &,

2) Pu-Gro 4 HALEEBHEFH%ZHE T, 5 Pu-Pr-Act-Ep-Chl-Q -4 Pu-Act 38
—H#, & Pu-Pr-Gro-Ep-Chl-Q A4 PR BEHT DAE.

3) Pr-Ep /8.5 Powell et al. (1993) Bi#ixZ# Pu-Pr-Act-Ep-Chl-Q #-f 18y Pr-Ep i
Fl, #MAEYTF Liou et al. (1985) BHEH Pr-Act ¥, RFREBRTRTHAS PHEEM.

4) Pr-Puiff 2/ PT RIALLEH, H SN N BENENEELT-R4EH
(Pr-Pu-Gro) M B RANEEL-BEEMH (Pr-Pu-Chl) ;X Hi7E Pu-Pr-Act-Ep-Chl-Q & &
PEREN Pr-Pu HIEEERE L, XWHSZ HAK Pr-Pu T WA & HHE &S
4 .Frey et al. (1991) PP A8 —Foh:thoh S ¥iE i v R AC R B 4aaT, %k B3 Pr-Pu
PR PT 04, AR TRAHBA 0T R 7S BELTE AT RER
29, AEERAHAMEEL-SUH RSN PTREFRELRS B4, WREETH
I3Z B R b I A
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¥ EXHAFATHRSIR, ROPUATRENXEXRENS
Table 1 Mineral formula, thermodynamic end-members structure formula and their abbreviations

used for thermodynamic calculation in this paper

FHEK HFX HEEHS
wEH (Ca,Mg)o (AL, Fs¥*2,811050(0H), Pr
 CaWEA CazAIM! (8%, A)M?Si;0,9 (OH); Co-Pr
BEH Ca,Al, (Mg, Fe)s<(Al, Fe**+ ). 8i¢0z04. (OH)g - Pu

Mg-Al‘ﬂﬁ‘E CasAlf (Mg, A1Y™Sis0;, (OH), Mg-Al-Pu
AR (Ca,Fe?+ Mg, Mn)3(Al,Fe¥* 3;8i,0y, Gt
1) Ea CasAl;Siz0n, Gro
BWE Caz(Al,Fe) 38,01, (OH) Ep
BAE Caz Al AINS,0;; (OH) o
®RE (Mg, Fe, Al)¢(Si, AD),010(OH); Ch
#gwa MgsAL,Sis01(OH)s Cln
A% 5i0; . Q
o8l 0.8 (Chl) )
0.7t 0.7 Pu-Gro 18
0.6 F 0.6 .
~ ~  CHEPPGQ
§ 0-5F Pr+Pu+Gro @* 0.5 . o chLp #
0.4 - g4
0. 3|PutPr+Chl o3k
02 (HOXGH@ Pu) oz (Gt) (Pu)
0 1 AL 1 i i L 0 s e | i J I
100 200 300 400 500 600 100 200 300 400 500 600
TCC) T(C)

Bz CMASH AT EEERAHNET-SAOHTH
8. Pu-Pr-Gro-Ep-Chl-Q AW HEH, BIFFRKRELR, (Ep) H10Pu+15Q+ 6Gro+ 2H,0 = 29Pr + 2Chl,
(Chl} - (Pu) ¥2Ep+ 2Gro+3Q+4H,0=5Pr; (Hy0) #20Pu+10Gro+27Q=4Chl+53P:+2Eps (Q> }5Pu
SEp+2Pr+ 2Gro+Chl+9H:0; (Pr) #25Pu=29Ep+6Q+14Gro+5Chl+53H,0; (Gt) H5Pu+3Q=3Ep+7Pr
+Chl+5H,0., b. Chl, Q#f HO fEAat ML 44T
Fig. 2 Petrogenetic grid of grossular-bearing prehnite-pumpellyite facies in CMASH system
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3 Mt /RECiRe i H AR A AL

3.1 FFIEREECHPEIE

Bl e R RE R T AR ARG AW H — 304, 54 1 1 T W AR A R AR AR I
UM RERRE (B, KBBIR- AT HHH, BELS~8km, K ERARE
HMERESES, RERHR—MANRTE-FREY (HFH%, 1992).
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M3 HMEE RGBT IGE (F Feng ot al. , 1989)
LERRWMEE: 2. BEREEAUE 3 BARERME, (EEEE, 5 NS 6 BHE, 1.E
RREE, 8 RS
Fig. 3 The geological skech of Saertuchai ophiolite in Xinjiang (after Feng et al. , 1989)

PESEXHCUER, URSRALEREI (YR%%, 1992), HRELEHEE, K
BE LW THRERERES CREIES, 1985) (H4),

B ANKERERSRREBEE, SH RN,

PR SARNE. WRHEEE, BEZRERS BT R LR SN B,

WECRGE. LURKENE, ERLUMERRRZREBAELEIN, 9 LN LTH R,

BEAE. LSRR yE, SROMNE, RIS CERNSAR, BEERan.

3.2 BHT YRR :
RELHEFRRLE SR TR, PRSP RS ERBT THY -5

HOHERER,. RERENERTOASAEE. H85. SENE. @95, BREES, a4
mmE4A R,
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4 HEERGBESAHEOEERTUSAREE FEREEF, 1985)°

Fig. 4 The litho section of Saertuchai ophiolite and the distribution of metamorphic minerals
(after Zhu et al, , 1985)

321 @54

FEERERREEBEML FRESERERY, S ERRETEEFREREEE
T, W REHERAR SR R E LS, KLVBENEF LT, 58%E. LG HE
. RUERERSEEBEaHERAERRERED,

BERWB T BEMFE2PR, HHE Coombs et al. (1984), EFT WHLERH
W.X.Y.Zs Oy (OH)s.,, H z=1, W=Ca, Mn; X=Mg, Fe?*, Mn, Al, Fe*; Y=Al,
Fe't; Z=8i,H Fe*t/ (Fe’* +Al) L F0. 01~0. 0324, 7F Al-Fe* -Mg EEF, HRER
AEEEHPE AI>T70%; Mg<<10%, Fe*<30% MHEE N (E5.

3.2.2 #WEL

HEREEAGEERSEP TR, FUBSTREFRREREEY ALEHEC
A IEK BB S IR SR STR 5 R ARRRA I, RIS PR
ERHH . SEBEEE. HEAERRETER, PERE, FELRETEE SRR G
A%, RIEERMFENRINR, BETHBEEHBE GRS, H Fe/(Fe+ADALTO. 10~
0.112Z I,

3.2.3 SERA

RSB OREE T, B, BEENT0. 01~0. 03mm, SR aitE, AR
EERMAMAS L FEITEERARA (B, MERHERA S —EBOSSEEE. [
—Fa oL RS .

KRS, 1085 FRALEERE. FHE0SWERE.
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Table 2 Representative electronic micraprobe analyses (%) of gemet and purpellyite

v ama B9n
HaY s44-1 344-2 344-3 s44-5 243 s44-1 344-2 sd44 s44-5 s44-6 545-1 545
S0, 39.41 39.11 38.27 39.12 38. 80 26. 51 36.59 35.82 36. 48 36. 00 36. 60 37. 44 37.91
TiO; 0-35 0.77 0.62 0.55 0.01 0.02 0.01 0. 07 .09 0.03 0.01 0.01 0.01
ALO; 22.06 21. 08 21.47 20.57 21.04 24. 40 26. 01 24. 84 25.23 25.19 25.56 21.51 21.59
FeO" 2.61 3.53 5.66 3.46 2.81 5.85 3.03 3.26 4.00 3.57 1. 06 7. 71 8.21
MoO 0.32 0.29 0. 46 0.58 0.51 0. 03 0.13 0.04 0. 08 0. 06 0. 06 0.02 0. 06
MgO 0. 30 0. 21 2.26 0.12 1.96 2.20 1.90 1. 49 1.34 2.31 1.39 1. 50
Ca0 34.77 34. 62 30.63 34. 94 36.23 24.90 24. 98 25.91 25.98 25. 80 24.39 24. 69 25.02
Total 99, 92 99. 61 99. 37 99.34 100. 1 93.71 93.34 92.05 93.61 92.15 93.18 92. 97 94. 39
Bl 12 MR B 245 P EER
Si 2.97 2.98 2.91 2. 99 2.96 5.93 5. 89 5.88 5.90 5. 90 5.91 6.1% 6.19
AlY 0.03 0.02 0. 09 0.01 0.04 0. 07 0.11 0.12 0.10 0. 10 0.09 0. 00 0. 00
Al™ 1.92 1-87 1.83 1.84 1.85 4. 60 4.82 4.68 4.71 4.76 1.77 4.19 4.15
Ti 0.02 0.04 0.04 0.03 0. 00 0. 00 0. 00 0.01 0.01 0.00 0.00 0. 00 0. 00
Fest 8.08 0.11 0.18 0.11 0.15 0.03 0.14 0. 09 0.10 0.07 0.07 0.07 0. 06
Fe?t 0. 08 0.11 0.18 0.11 0.03 0.77 0.27 0.36 0. 44 0.42 0.48 0.99 1.06
Mg 0.03 0.02 0.26 0. 01 0.03 0.47 0.53 Q.47 0.36 ©.33 0.56 0.34 0.37
Mn 0. 02 0.02 0. 03 0. 04 0.03 0. 00 0.02 0.01 0.01 0.01 0.01 0. 00 0. 00
Ca 2.81 2.82 2. 49 2. 86 2.96 4.34 4.31 4.56 4. 50 4.53 4.22 4.38 4.38
Fe¥* /(Fe*+ +AD 0.01 0.03 0. 02 0.02 0.01 0.01 0. 02 0.01
AMg-ALPu 0.34 0.56 0. 50 0.40 0.41 0. 50 6. 10 0. 08
Alm 0. 04 0. 04 Q. 06 Q.03 0.01
Gro 093 0.94 0. 83 0. 84 0.96
Prp 0.02 0.02 0. 09 0.02 0.02
Spe 0.01 0. 00 0.02 0.01 ‘0,01
FPBB LAY BT B LR ENR,

g1y

® £ 0 &

45L661
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Fe® Mg
. HE5 BEFEK Al-Fe'-Mg B
Fig. 5 The diagram of Al-Fe*-Mg of pumpellyite
®3 BRE. ANCUNETEF RS ITRIER
Table 3 Representative electronic microprobe analyses of chlorite, epidote and prehnite
¥V o8 REH BWAE nHA
e 343 sdd-1 sdd-2 sd44-3 s44-4 844-1 s44-2 sd4-4 s44-1 s44-4
Sio, 26. 95 27.10 27.98 31.77 27.17 38. 25 37.37 34.17 42, 54 42. 47
Ti0, 0. 00 0.02 0. 02 0. 08 0.08 0.25 0.04 0.04 0. 04 0.13
AlO 17.53  18.70  18.21 20.11  18.59 | 24.82  21.54 19.85 | 22.05  20.79
FeO* 28. 04 19. 91 22.26 7. 80 22- 00 3.48 14. 22 22. 83 3.35 3.73
MnO 0. 57 0.14 0.18 0.12 0. 20 0.12 0. 08 0. 31 0.15 70,04
MgO 13. 65 19. 58 16.51 9.71 18.52 2.89 0.04 0. 36 0.14 0. 00
Ca0 0.16 0. 30 0. 06 15.21 0.05 27.97 25. 06 19. 82 26. 60 27.42
Total 86.91 86. 35 86. 82 85. 38 86. 89 97.91 98. 43 97. 52 95. 69 94.77
Bt s B2 s it K RbEe Aoy
Si 2.92 2.82 2.83 3. 24 2. 84 3. 00 2. 99 2.82 2. 89 3.02
Al¥ 1.08 1.18 1. 17 0.77 1. 18 0. 00 0. 00 0. 18 1.83 1.74
AlY 1.15 1.12 1-12 1. 66 1.13 2.30 2.03 1.75 1.83 1.74
Ti G. 00 0. 00 0. 00 0. 00 0.01 0.01 0.00 0.00 0.00 0.01
Fett 0.21 0. 86 1.42 0. 20 0. 22
Fett 2.54 1.74 1.88 0. 67 1.92
Mn 0. 05 Q.01 0.01 0. 01 0. 02 0. 01 0. 01 0. 02 0.01 0.00
Mg 2.20 3.10 2,94 1.48 2.89 0.34 0. 00 0. 04 0.01 0. 00
Ca 0.02 0.03 0.01 1. 66 0.01 2. 3% 2.15 1.75 2.00 2.09
Fe/(Fe+AD 0.53 0.43 0. 45 0.22 0. 46 0.08 0. 30 0. 45 o.11 0. 10
¢ (GRED 0.02 0.10 0. 07 0. 01 0. 07 Q.77 0. 70 0.58 | 0.91 0. 87

BEHARKEBTRETRENR.
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3.2.4 BEH

ST LB R S E R EA S, EREEXLEE TR USRS RS, |
BERBREG A, EEBEEESES, WLERSSAA. SERGHE. R B F.o
ARSI RS, K Fe/(Fe+ADA{E T0. 08~0. 452 [H] (F3).
.25 #EA

SR LE MR ET A 0 B O A E KRG A T, WURBE)OREREN. W
BE. BHG%EA 2 Hey (1954) 1y Fe/(Fe+Mg)-Si B, RRXBRH RS NR THE
READEREA .,

4 BFEREFERSAETEN SR G- TR

B Fet = Al # A -1 155 0

EERWME - SAGHTRT MRS E THES G2, 3R, MAEMERENSH
¥ Mg-Al B4 A, Ca-HEF. WA O HREANVETRGEEHEE (RO, HEHRA R ML
Mt EEAREL HEREETYEEF TR, 3.

EERHNESTXOWONEETENE, AV B OEREERL-BRRA-&
EBHA-SEREaRHmICEERE, ACBEY TSR CARAIEERERHEE, BEWN
LA 2 Berman (1990) AW A N LEHEEEAENHRBSHEY, HEFRT OO
MTHTRSE.

nRTInY, = Ewi,j,k(QmXinXk/Xm'ZXiXJXk)
Hbn HEBEPETFBRUESE, W H Margules B, Q. MW i, ). kM TH m#
ReyEHEH.
B4 FUPRFEVHEERRREREER

Table 4 Mineral activity expressions used in this paper and the irsource references

LA ) T 4 5 STk BAXSH

Mg-Al 45 4OXMEXN) Freyetal (1991) Berman (1988)
Ca-WHE XX Digeland and Gordon(1993) Berman(1988}
BHE (X)X Droop(1985) Berman(1988)
#ERE 14. 93(Mg/6)5(Al/6) Begin(1992) Berman(1988)

BERATHBEENR . aco= (XonVoud's apy= (Xp,¥p)%, an = (XAimYAlm)39 as,= (Xsp
¥ BBEIR RSN SEEROEE -SRI ANTEXE, MHULTRY DI RE
B, EROERGEEREEE A BSOS o B MR A FWEA R, BE
AT 325C~335C, EATATO. 45~0. 475GPa, H AT MM BB ST 20C /km,

I E2A AR SR EEEE (Gro) HAWFETHRRVE:

4Chl + 53Pr + 2Ep = 10Gro + 20Pu + 27Q
XENBAMNELERN, RENRTEMERDRT T2 MWEERE, HBRZERD
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0.8 - 2 ]
0.7+
e FMEERIGEREE TN
0.6 ERMNBL-RATHER P-TH
‘a 1. 25Pu==29Ep+86Q+ 14Gro+5Chl453H;0;
@ 0.5 o 0.45GPa {325“C'0-475GP3 2. 2Ep+ 2Gro+3Q+4H,0=5Pr,
A IR\ 3. 5Pu+3Q=3Ep+7Pr+Chl+5H:0;
0.4 4. 5Pr=2Ep+2Gro+3Q+4H,0,
KPR s44-1; BERFERL s44-4
0.3 Fig. 6 The P-T diagram of prehnite-
) pumpellyite facies metabasites of Saertuchai
ophiolite in Xinjian
0.2 ; sane
[}
3 4
l i I L ! . -

100 200 300 400 500 600

Fe'*=Al B#H5H, ﬁn@’z(gf);%, MEEAHE, BGRNA (Fe-Ep) SHHHERNER
TRAGHEREME (Gra), MEEHWERAE, EESTEERDEERNTE (AL
Ep) Bk, MERHSEKBENEFMESEHOTEI EL. BRSETE RS BRM
Fel* = Al 53t Pu-Pr-Gra ¥, ENEHR. X—SRAMERRmMEAD,

®)

Pu+-Gra

Pr +Ep
Ale3

Fez()g Alez

(Mg 9FE)O

&7 Fe'* =Al B KK Chi+Pr+Ep—~Pu+Gro+Q 454 B0
& FOHEEHHTE - R TR Y CaO-(Mg,Fe)O-Fe,05-ALO M i th i W ,
b. B RN ACR+53Pr+2Ep = 20Pu+10Gro+27Q #4 P-Xvt+ ER
Fig. 7 The effect of Fe** = Al on the reaction of Chl+Pr+Ep—+Pu+Gro+Q
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5 #ig

| EERAERERNET-SAFATRIBPRTUREFEN. REVHNN—
B EHEH R, 7 CMASH K Z PR B G-S46- SRR E- 8T o-@R0-0%
BEWEREMGRE: EHH0.5GPa, BEHIOCES.

2. RAL-EEMANLENLTRAL-HELGH, LRERANBRENENRET #
By ET#K PT RFEIABZ Fe't =Al BRI EM,

3. FAEXFRIHSSEMANEE G- 0ATHE, FRERGERRETT &
HE AW R &R T=325C~335C, P=0.45~0. 475GPa,

HiY BREERASSNTHIEFAITIE, S. Banno MEHEXREEERMBHER,
TEbE—F R T RS R E R R AR

£ % X m
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