EBVES-EF- " A ¥ Vol. 12, No. 2
199685 R ACTA PETROLOGICA SINICA May, 1996

HEAEEMEGEEMRA BT R EL
& Gibbs L4947

Metamorphic Evolution of Two Types of Garnet-Granulites in
Northwestern Hebei Province and Analyses by Gibbs Method

X hHR BoTE?
Liu Shuwen, Shen Qihan and Geng Yuansheng

(L dbRCASMBE JLR 1008715 2. MUK BLERE MR 430 100037
(1. Department of Geology, Peking University, Beijing, 100871;
2. Institute of Geology, Chinese Academy of Geological Science, Bejing, 100037)

M B RALRKYHFREATRREEFHFIRAREY OHEERAE, RERETHR T
FEAMEEREERELCRAR., FRKFRIGENREEERNES, TEFRTTRLPEHETE
. BHRL. HEFSRETak, SEAROERRTHEMRT . SR, BE. ST RS
THEE, REMERSRET., BAAEEERRE S PO ERENETENED . SRASHRES 4K
MEREMENG. RERNESFTERGEGHE AN, GRGHLSERAMSERALS, &8
AN, PERRETRWEFESERNE ., SRERLEL., SERTAMRE, SHRZMNE
VHEAAS. BERNTEAREN . AEH-RAUERRET . ARE-2AEE GIFELD) -BKA-B
™ (GCPQ M GOPQ) HHHRENBAK DT, AB—BHERL P EEBNERE &R LT R EEY
694'C~842°C, £ A1 0.716~1. 003GPa, A A R&E, ERIMMIHEM KA. EFEONARGRS
MERHPEET NS A WA LT R RMIEME R AT, R Gibbs FEMAHE G5 F8 11T TRE
TEAFEHT, REEEFREEPOEAHCHEBE R %00C, [EHY 1. 35~1. 39GPa, g yHEE N 807
~846C, EHN 0.806~1. 05GPa., M H RN B EWE B -LARE Y 821°C, 0.856GPa, M4 % 798°C, 0.
71GPa. HICETIRSBREY P-T R, BERLA RIS ERR, ASSERESER. XR®
H T AT I A L e R BRROR S R EE R A T AR B M SR 0, B At T R M TR R T

Abstract Two types of mafic granulites are exposed out in the late Archean high-grade metamor-

phic region, northwestern Hebei Province. Middle-pressure mafic granulites are present near Dongyanghe River
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in Hai’an County. High-pressure mafic granulites are present at Dadonggou in Xuanhua County and Huofangcun
in Chicheng County. Garnets porphyroblasts in frontal granulites contain mineral inclusions of hypersthene,
' clinopyroxene and plagioclase, which represent early mineral association. Those in later granulites only contain
mineral inclusions of clinopyroxene, plagioclase, sphene, quartz and ilmenite, but no hypersthene. The garnets
porphyroblasts in the two types of mafic granulites all formed simpletic reaction rims consisting of hypesthene,
plagicclase and others. The garnets, having more grossular and less almandine component at their cores and a-
gaist at rims, show clear compositonal zones in high-pressure granulites. In comparison with that in high pres-
sure granulites, garnets in middle-pressure granulites have less almandine and more pyrope components and zones
of garnet are fuzzy. We have gotten that the P-T conditions for the simpletic reaction rims are 694°C ~842°C
and 0. 716~ 1. 003GPa by using common geothermometry of two pyroxenes, garnet and clinopyroxene, and geo-
barometry of garnet-clinopyroxene (orthopyroxene )-plagioclase-quartz as well as internally consistent thermody-
namic dataset. Based on these boundary conditons, we have gotten that temperature and pressﬁre are about
900°C and 1. 35~1. 39GPa at cores and 807°C ~ 846'C and 0. 806~1. 05GPa at rim of garnet porphyroblasts in
high-pressure granulites from analyses of zones of garnets with Gibbs method as it is confined that mafic minerals
do not or litte contact wifh garnets in simpletic assemblage of plagioclase, quartz and little hypesthene. By using
the same method, we got that temperature and pressure are 821°C and 0. 856GPa at core and 798'C and 0.
71GPa at rim of garnets in middle pressure granulites. High-pressure granulites at Dadonggou and Huofangeun
record ITD-type P-T paths. Middle-pressure granulites near Dongyanghe River show IBC-type P-T path in early
stage of metamorphism, and the P-T path in late stage is the same as that of high-pressure granulites. It follows
that high and middle-pressure granulites in northwestern Hebei Province were located at different erustal levels in
the early metamorphic granulite phase. They were up lifted on to the same level by quick tectonic denudation in

the later stage of metamorphism.
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BERRE, RESEAREESEHENE (RERALED, STHRENESTATERK
EEEEG S, SRBRGRENES A%, RIS R A B A
HNFHREZ RS, FRER BB AT 2400Ma (GLER, KFHE 1990, B 92137 %
BRE S EFEG ANEREERE, BEFRIRWA BT B skn BKEREE, &
SABAKMER, XETREE FRUARBEHEANS YT, REZHNAKRIKRE #
KEHANBERY, THENRLERS R aRARAEEMEBRRKAHY S, FHER
HEEBES K ANENBESHE AR, #5 02137 A RSB RN T, 292192 HANE
AR s, BB R RN b2 10km B KB RBAHEHEZNKITF B
2 20m AR SR 2, BTAEME R (1994) B8 AR 5 KA B RUa fF
TRAFENERERAE. ‘
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Fig. 1 Sketch geological map showing sampling sites in the studied region
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BET, CISERFESEEEM (82, #5 92728, A B). AEGRATREAAK
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ARATEUR+EE=2 BE+HKA
AR+ ARA= FERA LI KET HBE AR

BITELEENEHEE, AREESR: -REMEGHRNG, SRRTEGREEMNE
R, B ERay AERRLNRNHEN, ——REANARE —ENRARAE
MA@ (E 2, #44 92728, BA O, XAATIRAZBATRAFRURES. 5
A REWPIE —BERA RS BRANER, SEREAEM, ERkEERTF (3
2, BEE 92720) . HEERFHAR T RKKT SR TETERRAREN.
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Cri BHA; RERWREX

Fig. 2 Textural features of high-pressure granulites
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TraERS RN, ~EOHLTHBERDBAEAKE. ANE. BAEE. ATE
AMCRARAMMEES RS, HEGHAPEREHES. BKT, B, 6%E%E
W, BECHREEN AR A AT RPN (F 2, #5 92137, BR D), SRENAR B
WRRCEAI . RAEHIRAINEG & BB FE AL LR LA,

WSS A RS 0272 RGBT (Cpx), 80 (m) BHEFES (Opo EN, BRK, g1
. FE. B #fh o272 HHIE (Gro) SERPERE (Sph), SEF (Im), BHEE #1 HTWEK, BT
SRR RH RN, KBS R TR NERR VY, Bt C B 9272 B AR E S & ER A
HEL (CHTTEER BEEERENN, BRI D #5 02137 TRALTHERAREY . 58 (Q MBFG
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B GRE. SEGER. FRGHENENE, P4 LT, #KOFTHER, &
— RN E REERAEE TR MR RAER ., BEE. ARATYREE. KTES
(1994) AHXEHAHLESCENASRTWERETERE, RASMEL. ARER
LhLBELREEG. BARAHSH, AEOERRBEATESFHNENERTHR
Wi, JERA R E R RN AT ETAMKE, REARAENANERRAN
L. BHEE, CROATER. BETHGE. SNETUIARSHARNE, BRATR
EAETET. AREMAMEGHANT MRS ANE, SREN, KEHGRELR
BEDERR. 54 LRERFEWAERRASE, RERSXERERREE, SRRA,
kEHEREERN A RF AR ENERD .

3 BRRERE PRk R LB AL

3.1 4G#iA

BriEMA BMS PO R R THRERST, ZRRKREMKE N X8 AR R
HEPHAETAEFHEMRSTY, HETHANSESRHR (F1). ARRTHENE
HEEREETAREIRH RS, RS EENEL,

B 9272 BT R AR . bro
WA AT (Alm) 2 51. 62% ~56.
0%, BEHG T Specd T &
1.42%~2.45%, BBEA T T
(Pyro) 22. 43%~ 24. 68% 145
E/E ST (Gro) 16, 86% ~24.
53% . BEfH 92137 h Alm % 51.
92%~59.19%, Spec ¥ 1. 31%
~ 1, 68%, Pyro 2§ 21. 10% ~
21, 61%, Gro X 18, 48~ 24. /4 8
80%. XH T RAEARIE
FEELAEYBHBRARY, B
WA OH Alm SEET 524, Alm Pyr
HBERET 56% BLHK Gro BT
24.5%, HENET 16.86 % (& B3 A Gro-Alm-Pyro
1), 5 EARFHERE ML, 292192 B RSk BRI B R F NS FIAEEE 927292137,

HEFAEA W Alm B RIE . waier
(44. 43% ~47.52%), Pyro ({5 Fig 3 The Gro-Alm-Pyro diagram of garnets

(30. 51%~ 33. 05%), Gro §
92137 AW A MEIIHAE Y (F 1.7 Alm-Gro-Pyro  F(H 3), NAB AL B2 Gro B
2 Alm I, Pyro BEE R, BEEFSTELAR. HP Pyro MBS EEEIEE.
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Table 1 Composition (wt%) of garnets and calculated parameters

HEE 9272¢ 9272m 9272r 92137c 02137ml 92137m2 92137r  292192r 292912ml 292192c
Si0, 38.17 38.21 38.02 38, 64 37.76 37.64 37.25 38, 87 38.71 38, 87
TiO; 0.09 0. 00 0.03 0.0% 0. 06 0. 09 0.03 0.09 0.09 0. 08
Al O 19,43 21.30 21. 41 20, 92 20. 62 20.72 20.82 22,32 22.13 22,16
FeO 25.42 26. 87 27.56 24. 67 25. 88 28.02 26. 71 22.25 22.48 22,74
MnO 0. 69 1.08 1.18 0.79 0. 65 1.04 0. 83 0. 63 0.92 0.65
MgO 8. 20 6.72 6. 66 5.76 5. 65 5.34 5.23 9.02 8.22 8.25
Ca0 9.43 6.70 6.43 9.20 7.79 6. 83 7.29 7.55 7.22 7.87
Naz;O 0.00 0,04 0.03 0. 06 0, 06 0. 06 0. 07 0.10 0.00 0.09
K:0 Q.00 0.00 0. 02 0. 00 0.06 0. 00 0. 00 0.02 0.02 0.01
15§ 4 99. 45 100.92 101.31 100,13  98.47 99. 74 58. 22 100. 85 §9.79 100.72

H W T X
Si 3.013 2. 964 2. 964 3. 007 2,998 . 2.977 2.978 2. 950 2,973 2. 963
Ti 0. 005 0. 000 0. 002 0. 005 0. 004 0. 005 0. 002 0. 005 0. 605 0, 005
Al 1. 808 1. 984 1. 956 1.91¢9 1,930 1. 932 1. 563 1. 997 2.003 1. 951
Fet? 0. 000 0. 000 0. 000 0. 000 0, 000 0. 000 0, 000 0. 000 0. 000 0. 000
Fet? 1.678 1.743 1. 786 1. 605 1. 719 1. 854 1.786 1. 412 1. 444 1. 450
Mn 0. 046 0. 071 0. 077 0. 052 0. 044 0. 070 0, 056 0. 040 0. 060 0. 042
Mg 0. 729 0.777 0. 769 0. 668 0. 669 0. 630 0,623 1. 020 0. 941 0.937
Ca 0.798 0.557 0. 034 0.767 0. 663 0.579 0. 625 Q. 614 0.594 0. 643
Na 0. 000 0. 006 0. 005 0. 003 0. 009 0. 009 0,011 0,015 0. 000 0.013
K 0,400 04.000 0. 002 0. 000 0. 006 €. 000 ¢, 000 Q. 002 0.002 0,001
2R 8.078 &. 065 8. 077 8. 033 8. 041 8. 056 8.044 8.055 8.022 8. 044
H W < A % F 5 & R
Alm 51.62 55. 38 56. 40 51. 91 55. 55 59.19 57. 80 45.75 47.52 47, 20
Spec 1. 42 2.25 2.45 1.68 1.41 2.23 1,82 1,31 1.97 1.37
Pyro 22.43 24. 68 24,29 21, 60 21.61 20, 1¢ 20.17 33,05 30. 96 30. 50
Gros . 24.83 17.69 16.86 24. 80 21.42 18. 48 20, 21 19.89 19.65 20,93

M. 202192c 3| BEBGEEZA994) HHEEFEM o, mlm2, r KERBEBREO P LIGLENN LR,

3.2 BSNERNEGEL

BIGERQSDHEA RS DX, FEOEERRREESTHRAER FEMREEGH
LEER, A BELAEENENEL. RPRARAY Wo b FERE 43.16%~48.30% 2
A5k, Fs % 14. 05%~19.31%, En & 35. 44 % ~41. 10% (X 2), BEEFLpEL F @
EHFADRERRD RS F(Crs) M, BIERTE S 4%, FEFE 6.51%. 9272 A
LB Jd fl Cts Z HITE 10% BA £ X BRpE &5 B 21 F 3t 1S o 4% 7R o (A R 0 0 R RO 38
BN R AL BN ERFHREER AT EA PR AR CRARERN Id A Cs
SF, FRARRNENPHRFEDNESBEMNER. HFEET Wo r FEE DT 1Y,
Fs 24 31. 68%~42.65%, En58. 08% ~64. 62% (F 2), ¥R ENER.

IIREERRTY _
AE P RS AR A M FHC A A AR, BRPRHRAEN IH KA (An
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Tabel 2 Chemical components (wt %) of clinopyroxenes and hypersthenes

BSe S0, TiO,  ALO: FeQ MnQ MgO Ca0 Na:0 K20 <8 4
9272gi 48. 61 0.50 3.98 11. 70 0.16 12.05 21. 40 0.53 0.00 98. 93
9272c1 50, 86 0. 34 4. 11 9. 89 0. 10 12,87 19. 45 0.60 _ 0.02 98.24
9272c2 50. 28 .27 3.68 9.58 0.16 14,15 20.73 0. 50 .00 99. 35
9272¢3 50. 47 0.34 3.99 10. 34 0. 16 14. 11 20.90 0. 57 0.02 100. 58
9272¢ 49. 66 0. 41 3. 34 11. 25 0. 16 12.53 22. 27 0.53 0.00 100. 16
9272c2 49. 61 0,28 3. 3¢9 10.75 0.18 12. 67 21. 15 0.52 0. 00 98. 84
9272¢3 50, 26 0.5% 3.89 12. 05 0.22 12.41 20.91 0.59 g, 00 100. 94
9272¢5 48,73 0. 44 3. 60 11. 41 016 12.52 21.78 0.51 0. 00 99. 16
92720p 50. 24 0.00 2,18 26.23 0. 34 20.54 0. 50 0.01 0.00 100. 03
92720p 50.07 0. 06 1.77 26. 67 0. 40 26. 67 0. 40 0. 00 0. 01 99, 82
92137c 51,03 0.13 1.99 10. 11 0.12 12. 65 21.34 0. 68 0. 00 98, 05
292192c 49, 45 0.47 5. 04 2.75 0. 14 12.15 21.19 0.74 0.00 98. 94
z921920 49. 88 0.09 2. 81 24,03 0.44 21.28 0. 46 0. 08 0,02 99,09
M H F H

9272gi 1. 866 0. 014 0. 180 0. 376 0. 008 0. 689 0. 880 0. 039 0. 000 4. 050
9272cl 1. 926 0. 010 0. 183 0. 313 0. 003 0, 726 0.789 0. 044 0. 001 3. 995
9272¢2 1. 893 0. 008 0.163 0. 302 0. 005 0.794 0. 836 0. 036 0. 000 4,036
9272¢3 1. 878 0. 010 0.175 0,322 0. 005 0.782 0. 833 0, 041 0. 011 4. 046
9272¢c 1. 881 0.012 0.149 (. 356 0. 005 0. 707 0. 904 0.039 0. 660 4. 053
9272¢2 1.893 0. 008 0,152 0. 343 0. 006 0. 737 0. 865 0. 038 0. 000 4,042
9272¢3 1. 884 0.017 0.172 0.378 0. 007 0. 693 0. 840 0. 043 0. 000 4, 035
9272c5 1.866  0.013 0.163  0.365  (.005  0.715  0.894 0,038  0.000 4,059
92720p 1,811  0.000 0.098  0.835  0.011  1.165 0.020 0,001  0.000 4,040
§2720p 915 0.002 0.080  0.853  0.013 1.162  0.019  0.000 0,000 4,044
92137c 1.954 0. 004 0. 0590 0. 324 0. 004 0.722 ©. 875 G. 050 0, 050 4,023
252192¢ 1. 874 0. 013 0.225 0. 309 0. 004 0. 686 Q. 860 0. 054 0. 000 4,027
2921920 1. 899 0. 003 0.128 0. 765 0. 014 1. 207 0.01% Q. 006 0. 001 4, 03%

¥, 92726 HEBAFESERBE, 0275, cl. 2. 3. S AN BERESMOPIE LR RETRNRALE. ERS
o, op BESTEA . WA AR B, 92137c.292192c o B IR 4k B AR R # 0

50. 87~56.11), {HEHH 92137 BFEFHKTM An H 32.68(K 3) . XTEEESHMMHH
R ERRE:. MEEPERT —RBARGAERENANBRAZENRKEAERE
(B¢ An ik 98,60, BOord HARM 1900, R EHEIREROEIABONEREE R
AR

ERERFRESPHANAEENSRANA, B% ALO, M1 Na,O S BER (D,
ALO, S BEE 12% M E, Na,O B %L 3. 16%, WMot BERENEGMRINEG FHELS
RS, KA, ARAOFRRE O P EEBE M TR SRS P ALD, SBER
k2. 16% (F O, AlEES Ti BRFFAAEN. XGEHFLBER Y TG 0RS Y.
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Table 3 chemical composition (wt%) of plagioclases

Bas 9272j 9272s 92137j 292192) * 2921925 » 292191
50, 55, 05 28.02 58.19 55. 98 45. 61 39. 01
TiO, 0. 00 0.10 .00 0.00 0.04 0, 00
ALO; 29, 81 21.41 25. 99 26. 62 33. 94 31. 40
Fe) 0.26 0,24 0.12 0.08 0.24 3. 49
MnO 0.02 0. 00 0. 00 0. 02 0.06 0.06
Mg0 0.05 0.02 0.06 0.03 0,01 0. 02
CaQ 11.10 1. 14 7. 69 10. 03 18.12 25.52
NazO 4.56 4.79 8.59 5.11 1. 61 0. 20
K0 0.38 0. 04 0.25 0. 37 0, 05 0.00
Bk 101. 23 100, 29 100. 89 98. 64 99, 68 98. 70

WEHMTEFHER
An 56. 05 56. 11 32. 68 50. 87 85.91 98. 60
Ab 41. 67 43. 65 66. 06 46.90 13.81 1. 40
Or 2.28 0. 24 1.26 2,23 0. 28 0.00

. RRSE BRERTHERA s RRERSREERFHES.

4 ARNGRMGHLERS (KR

Table 4 Chemical compositions {wt %) of hornblendes and sphenes

HRE Si0, TiO, AlO;, FeO MnO MgO CaO Na,O K:0 =8 ¢
292192Hb,; 42,23 1.3¢  12.05 12,8 0. U4 13.43 1.1 3.16 0.42 93.01
292192Hb, 42.00 1.8¢ 12.43  12.48 0.06 13.90 11.62 3 14 0.58 98. 01
92137Hb; 42.44 2.22 10.97 15.48  0.12 11.17  11.41 2,08 1.34 97.23
92725ph, 29.03 36.78  2.16 Q.89 0.00 0.09 27.10 Q.24 0.04 96,43
92723ph. 30.34 39.05 1.53 1. 43 0.08 0.04 28. 63 0.06 0.00 101.15

. Hb AR NG, Hb, HEESHRAU T ARG, Sohy AW A T4 GE, sph ARELATRAR
.

4 RTABARS AW RER S

EERTRIEH, KWAERERAT B EE R T (Trace 19825 XWX 1991;
© BiRFT % 1994, Pattison et al. 1994), i % ML BRHF A PIFT2E BB A KRN ROEH . ik
A E S B R bR P-T 37 (Spear 1983, 1988, 1989), ¥ BUFFH# o] kit B R
X% HE EMHFE K (Lindstrom 1991; Spear 1992) , R FH AT B LIAZER
MRS BRI RRT, TESSRRTRR VSR, EET Y EERA LT 1Y
—LE P FRBER S BB M. VRN LB Y 2 W] 28R A T B Y B
H, AEWMEREFER =, O WRRASNEMT Y, (O HBRE, Q) wEfeHn
HE. BT RsNEABGNR G2 HAASTH. b TIET O 2 R 535,
R TR B AR MIR KT RORL E A R A (Frost 1989) . Pattison et al, (1994
) RBFFCIER , FRBA B Ca-Fe-Mg-Al-Si-O k&M WA B /5 RELE P ST



270 # O % #H 1996 4E

BREEAST DR EREBNGREE. SARARAFETHRBES BN REE, HOR
A E RS RS ¢ R AS EARE e R AN, BT LUCRIERE R &M . T
SEANEEEREMRE - EOENEBE . AL M NEREAR R EASZH R
TR, AR A A RSB FE R E MRS FHFERRE [
ERFHEEE, FETARAMEHERARE TS aRaERMT I EERBKAH
A, EPRE56HAEERMEY, BARCKETRAN, TEXFRF T B 686 R
RN, BB R B AE K MA S HFIE ( Pattison et al. 1994),

5 AR Gibbs J5 k4t

5.1 fEEilEREHHERERERS

HE A HBREHRETE T ERT WA TRBE . Al R RETT A28
EORET. AEO-SEGRET . ARE- B SR EIS, XEEE ST PR
IR T ¥, BRI 2 B B AR A R T BRI R R KT R R T
PR & RA T R M R A R0 32 3 A A R R RR E W X IR Z TRl A
WASEEFHEIEMSSNTERENE, N2 R ARENTREEFER KO E
. #ELBETNAT—REROFRERSIH RS A FHIZEMY PELENT
4G, R EESTE RN BTSN P-T %4, EdiHeHmE RN EETY
L EENBEENT REATAROASNER SR ENEMERENNE . A XFEH
TR R (Wood and Banno 1973; Wells 1977) . A8 A - B85 4 B ¥ i1 (Ellis and Green
1979; Powell 1985) ,Berman(1988,1991) MM —H M AEFTHMA TWQ ERA AR
PTX sk fF it E T RGN AR AIERER SRR NINEEEAFEFAARHE .2
FHEL (BUTED B MG F(GCPQ it GOPQ) ¥ 3 5L W [ 13t (Newton and Perkins
1982; Powell and Holland 1988 ;Moecher 1988 ;Perkins and Chipera 1985 )1+H T f W K 1) (F
5. ZRGEETHRGHEBEN 820C ~842C, A A- R AR N 694°C~765C, #]
BERE RS REECHRAEE, ERRERE. TWQ FE(EBT . 28ER B FER.
BHE A MG E)BEREE 807C, E N 0. 72~ 1. 00GPa(GCPQ 1 GOPQ)., TWQ Kk BEIE
71 0.806GPa(F 5, RHER H 740 B A0 1 I8 BE 4 99 A9 B0 B BRI, & AP IE A3 iH
RIENEHES,

5.2 Gibbs 3%

Gibbs J7 i J Spear (1982) i, R EMET-RZBH R, REVHTRAEBET
PR BAR N RE T BER M ERT WA E TS B FM (Spear 1083, 1988,
1989) . Gibbs F =T HB &K,

(1) 0=8dT—VidP+ X, du,;

(2) 0=Z2v,;dp;

(3) 0=— Wpyxi—dpwed) — Se;—Sw) dT + V=V 2) dP+
3 G/ (3X 60X b)) prdX e
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Table 5 Temperature and pressure for transitiom of garnets

and clinopyroxenes into orthopyroxenes and plagioclases

iy ] & BECC)
L PO EG w WB TWQ
9272z 743 765 520 842 807
92137t 504 716 827

E F1(GPa)
il NP M PH PC TWQ
9272r 0. 805 0. 816 0.720 0.816 0. 806
92137 1,002 0.943 0.759 0. 872

1 : PO #8 Powell(1985); EG $ Ellis and Green(1978); W # Wells(1977); WB {# Wood and Bannos(1973); TWQ i
Berman(1991}; NP 4 Newton and Perkins(1982); M #% Moecher(1988); PC 3 Perkins and Chipera(1985).

RS HEEIRAG, V RBREE, X AT MIRICH S RIR I, 1 AL, Bk BT
M, iR d AT TRE L M dES, v ARERE. X () RETTWHEH-H
ZMR, PELET WAL PEETHREEXE - TR @ BREATRIERK
W R EE TR X (D RFEEEBHRVGNERTE, XX O, @ 8 @) M
A AR B B A A S 3 08 B B R AR, B Gibbs Jr ik By v r AR (L
T30, B4 Gibbs Ji LU FUE A oY A3 P A PR 0 SR I R Ay O B O B . BT 75 AT
20 T A R B R P AL (L S R E R R R MO E, HTE A E R
MUERJ/AFEFBETHRTASECERSREENEURRNERYCER, REET
TRTEEZFNAETRXAFEARURBENSLE FLUAFTAR-BES S, Vi
THERT YR ET B A S SULRE SRR R R R R E R, BES
B&IME PR RER A P A ITRN P-T JUBRR, BRAREYHTEREES
YT, A% SCH IOM I 7 SR B F A AR M RRRLE BE I SR A BWRE Gibbs 735 B TR
REREWR, BNEHERERMEVERANZER, FITRBREVARTHESER. T2
AR R T B EE X ME RERET S (BH— D) W RLETE, X#vT
BREBHTEIEF, RERTHERNTYHREHRIBERATE, LHTEIHE
R ESEFRRFEHL, ERECEHEZRAREEL, RAAREHT OB AEEETH, —
WEKRET WS AREN (MEESHTWARLS), AR-BHEANERIEERR
&, BULER G4 6 8 TN EREEE R RE Gibbs FEHEVEF, HMTHHE LM
. AN ERERERRREARPHME RO LS KT OO RREER, TR
B R ET RTA S E T AR B R AR, KR AN A Gibbs TR
BREHTE.

5.3 GEBERIED Gibbs 773551
HAERRRE B R R A NayO-CaO-FeO-MgD-ALO,-SiI0,-TIO,, RERIH C=7. &
AT HHRBERA. LEEA. ARG, A, BOMKET, 7 WHRH P=6, ShE
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F=3, 5B EEEUTRAGHNERESREWHAE, BRTETEHEG. BB A
& GHEGMANELTYASHEBRETIAKTEEREKA (An) MIEYKA (Ab), p]
THEHFE, G Gro RREEEE (Alm), EEEAE Py MEEEE (Go) =4
WIEEAY, BAMAEEEET (DD, EBHEL Hd) MEE 0 =ZAWHTHsS. A%
(Qz). BT (Sph) FIEKEER" (Ilm) fE N4, MAER 11, 3HF 5 MR, #
Gibbs AR BRI THEFEH.

a7
Sa: —Va 1 Q o] o 0 0 0 0 0 Q ] 0 dP
S —=Ve 0 Xa Xa 0 0 0 0 Q ] 0 0 4 0 dpae
S —Van 0 ] 0 Xam Xpyr Xoen 0 0 0 0 0 0 0 dgt an
Scpn —Voep 0O 0 0 G 0 0 Xn Xmw Xu 0 0 0 0 dpab
Smm —Vim © 0 0 0 ¢ 0 0 0 o 1 0 [ 4 dg am
Sep —Vien 0 0 0 0 o 0 u o o o 1 o 0 deoge
0 0 —3 0 3 —1 3] -2 0 3 o} 0 0 0 4] X dggo |=0
0 0 -2 0 1 0 0 -1 [ 1 0 -1 1 ] 0 dy i
0 0 —1 1 0 O 0 0 0 a0 —1 0 0 ¢ 0 dp g
0 0 -3 ¢ 3 0 -1 —2 3 ) ) o o 0 0 dgpa
0 0 3 0 0 -1 [ 1 0 -0 0 3 -3 0 1] detim
—Sar Var O ] 0 -1 1 0 0 0 0 0 0 Gan Gro dgseh
—8cp Ver O 0 0 0 1 —1 0 0 0 0 0 Gea Goo dX am
dXGro

I —Sar=—(Sam—Sr5); Vap=Vaim—Vpul; GAA=[(32G(}A/J(Xmm)z)]f‘,X(;m; Gac= [ {FCau/ (X amdXire Y 1Ps
~—Sep=— (S~ Spw) s Vor= Vo — Vi)t Goa=[(FCon/3 Xow)?) Ip, xp, 5 Goo = [(FCin/ (@XamdKeo) Jes Xi BB
R M oA 4 B R L

EABAGH= RIS, AERIMREYTE, KEPERE (D). EA (P M X Xow
A REPREA LER, UE 9272 ARG ERSRRVATHWASH P-T &4
M R &g, AP ESBMNEERF TR DREETEA, F53.

AT/ X am)r, x,, =522, 50, (I/3Xow)e, x,,,=1534. 00

(3P/3X a1, 3, = 35450. 67, (3P/dXs.)1. x,,, = 93945. 53

AT=522. 50X (Xam—0. 564) +1534. 00X (Xeo—0. 1686)

AP=35450. 67 X (X ae— 0. 564) +93945. 53X (Xoro—0. 16862

MA L REXRBE TR0 P-T £ EREAFEGE 6, 9272 AHABTITEN
BE&MR 900°C, 1. 35GPa, 14 807°C, 0. 806GPa, 92137 HHGEMIBELME X 005C,
1. 39GPa, i % 846°C. 1. 05GPa. 292192 i 4 #% ¥ 821°C. 0. B56GPa, 1% 798°C. 0.

TIGPa, REMBX GAERN, KEHMK AR OEEREZERAFTFEHEER.

5.4 GREEMEREH P-TEBE

MBS R (F6) B A RFEAMIER 292192 HETET FHERR SN TR &M, X
HHTES 1990 WENERFEMRLT R -8, LE5AHEPREFRTFETAMEK
BEENERNEREFENS, RHEEANORORERETRAT HASSLSERER
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Table 6 Temperature and pressure recorded by zones of garnets

hk BlircE 3250 AW B
RES o P(GPa) T(® P(GPa) T(CT) P(GPa) T{C) P(GPa)
9272 807 0. B0G 814 0. 840 900 1.350
92137 846 1.050 866 1.170 872 1.26 905 1.380
292192 798 0.710 802 0.741 821 0.858

iR L 9272 B BT LR K R

1. 8§
t Ga+Cpx+P|+Qz
= (JH.(&:O.S rd
1.4 ‘ -
1.0 _ /@/
o Ga+Cpx+Hy+P| £ Qz
" 1.0 |- €
~ L
[ b
9 -
~ 0.8 |
- @
[ \c’,,‘\l Hy+Cpx+P! + Qz
0.6 | o
g Vs
0.4 |
0.2_J4LI4L]4LIIL‘LIJ_L]I]II
600 700 800 900 1000

Tee)

B4 RBREARELNHP-THBE
B EMFRAHES, BREFRKEEY 0.5 HARAERL EAHELD: BHliRO. @518 Wood(1987),
HELHHRY P-THB
Fig. 4 P-T paths for two types of granulites

AFO+ EFEOT WA G RE R RS, MR IEGMBHC A BE AR A Rl IHE
FTEFEREAREAIE, BEFKERTGMERE TRERTARaMANGHRET
WG . L, & R R Roh a2 57 T 54145 F R iR A e 0 % R R I o4 A o B
B, ERTPERRAE. BR, REXRHMKGHRER 0272, 92137 ERATHR
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W R, RGN (B 6, REMAa%EtH I REMREY TR
AR R B LSRR P-T R, KU RS ERRSFRILEE. 7 Wood
(1987) ZRAMAERE (Ao b, AEEERMST SEEAEL. RRAEEHNRKAE
K, S6HE- RG-SR ARER, BARKE, THAREK, XERHAWRLXR
se—H, X -FRSEWES 1992, BHEE (1993) HEEHSF MK 8 E LR S
—3, Il FAEZS M B T NE—NEE [E#88 ., 27 TEH 5 T4 TIFEEX . KR
AR SRR E . KORH TR 0 R R A 20 T MR MG SRR
FEM R E L . & FHER R AR KB T AR AT R & 2 0 A R
2, R I T M R T BRI G T

6 & ®

(1) ERMET LWL LA RSB SO R GRS ih
By BEEERT ) B AT LB RS 5 B M RAOR . Gibbs 7303 T3 F B B B A BT 0k
SEASRERC, MOVRETT R BRANA S SR A RS SR R N T, RS EARE A
HL KA T AR ) B IR AP, Gibbs 77 (L% B 75 VR IR 5 77 3
TRREHES.

(2) FTE LM E AL A I R R A RO . & RS 5 T R A B
FS. ERRE T SERE, Wb SR, & RS DR TS EMRE
R, ,

(3) FEHRRIN T BRI R PT BRR SR AT FRAOMEER, PE
Bk ERVB R T AR R R R, Wl R it S — R T iy 167
R, WERREE PT B S A R B0 1) TR R e THE R Bk
AR A F AR A R L

£ % X &
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