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Abstract The Darongshan-Shiwandashan Indo-Sinian S-type granites from SE Guangxi Province contain abundant metasedimentary
granulite enclaves. The mineral assemblages of spinel + quartz and orthopyroxene + sillimanite + quartz in some granulites indicated
ultrahigh-temperature metamorphism in the region. Using garnet-orthopyroxene geothermobarometry, the estimated P-T conditions for
peak metamorphism are; P =7.5 ~8. Okbar and 7=950 ~1000°C , and P =3.2 ~3. 7kbar and T =790 ~820°C for retrograde stage.
Combined mineral assemblages and metamorphic reaction textures with P-T calculation, the granulite enclaves in the Shiwandashan area
experienced a three-stage metamorphic history. The early prograde metamorphism extended into the stable field of sillimanite ; The peak
stage of the ultrahigh-temperature metamorphism was characterized by the mineral assemblages of spinel + quartz and orthopyroxene +
sillimanite + quartz, and the retrograde metamorphism was marked by formation of orthopyroxene + cordierite and/or orthopyroxene +
plagioclase symplectites and coronas around garnet, suggesting a near-isothermal decompression path. This clockwise P-T path in
granulites was consistent with the Late Paleozoic to Early Mesozoic crustal evolution, including initial crustal thickening, subsequent
rapid exhumation and cooling and remelting.

Key words Ultrahigh-temperature metamorphism ; Granulite enclaves ; Shiwandashan area; South China
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Fig. 1

A simplified geological map of the Darongshan-Shiwandashan granite belt and sampling locations

1-granite; 2-granite porphyry; 3-Lower Palaeozoic ; 4-Upper Palaeozoic; 5-Mesozoic; 6-Cenozoic; 7-number of granite: (D-Jiuzhou granite, 2)-Taima

granite, (3)-Pubei granite; 8-fault;9-uncomformity; 10-sampling location
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Fig.2 Field characteristics of the granulite enclaves and host granites

(a)-granite; (b)-granulite enclave sample; (c¢), (d)-occurrences of the granulite enclaves and host granites showing that they are closely associated

with each other
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Fig. 3

Shiwandashan area

Photomicrographs illustrating representative metamorphic reaction textures of the granulite enclaves in the Darongshan-

(a), (b)-ultrahigh-temperature mineral assemblage of orthopyroxene + sillimanite + quartz( - ); (c)-ultrahigh-temperature mineral assemblage of
spinel + quartz ( BSE) ; (d)-garnet porphyroblast surrounded by cordierite, with the ultrahigh-temperature mineral assemblage of spinel + quartz, and
coexisting spinel and diaspore in the cordierite (BSE) ; (e)-garnet mantled by symplectic coronae of orthopyroxene + cordierite ( — ), indicating the
retrograde reaction Grt + Qtz = Opx + Crd; (f)-garnet mantled by symplectic coronae of orthopyroxene + cordierite ( — ), indicating the retrograde
reaction Grt + Qtz = Opx + Pl; (g)-quartz, biotite, plagioclase and sillimanite inclusions in garnet porphyroblast mantled by symplectic coronae of
orthopyroxene + cordierite, indicating the prograde reaction Bt + Sil + Qtz = Grt + L or/and Bt + Sil + Pl + Qtz = Grt + Kf + L; (h) -peak stage mineral
assemblage of garnet + orthopyroxene + plagioclase + quartz ( — ) ; (i) -biotite surrounded by finger-like orthopyroxene ( — ), indicating the retrograde
reaction Bt + Qtz = Hy + Kf + H,O; (j)-biotite with exsoluted needlelike rutile ( — ). Abbreviations: Grt-garnet; Hy-hypersthene; Qtz-quartz; Bt-

biotite; Pl-plagioclase; Kf-K-feldspar; Crd-cordierite; Spl-spinel; Sil-sillimanite; Ilm-ilmenite; Rt-rutile; Dsp-diaspore
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Table 1  Representative analyses of garnet in granultite enclaves (wt% )
froyEe) 060726 060727 07Q7-1
451 AR TETIRIE, 5 I A 3k AR
L # b2l # % i i % ¥ i i
Si0, 36. 98 36. 68 37.68 38. 19 37.07 37.59 37.50 37.40 37. 86 37.35
TiO, 0.01 0.07 0.02 0.10 0.11 0. 00
Al, O, 21.31 21.39 22.41 22.27 22.06 22.37 21.45 21.67 21.26 21.55
Cr, 04 0.02 0. 06 0.09 0.04 0.03 0.03 0.03
FeO 34.08 34.20 28. 60 28. 06 29.72 30. 07 29.52 30. 56 28.55 33.69
MnO 1.37 1. 66 0.83 0. 81 1.30 1. 12 4.29 2.31 3.71 1.55
MgO 5.46 4.76 7.80 8.01 6. 69 6. 65 4.09 5.65 4.70 4.15
Ca0 0.79 0.74 1.58 1.65 1.53 1. 48 2.77 1.28 3.23 1.52
Na, O 0.02 0. 05 0.37 0.15 0.34 0.15 0. 00 0.08 0.04 0.02
K,0 0.02 0.03 0.01 0.05 0.01
Total 99.99 99.52 99.51 99. 27 98. 80 99. 65 99.76 98.98 99. 58 100. 02
BT 12 AT
Na™ 0. 00 0.01 0. 06 0.02 0.05 0.02 0. 00 0.01 0.01 0.00
K* 0.00 0. 00 0.00 0.00 0. 00 0.00 0.00 0. 00 0.00 0.00
Mg** 0. 65 0.57 0.90 0.93 0.79 0.78 0.49 0.67 0.56 0. 49
Sit+ 2.94 2.94 2.93 2.98 2.93 2.95 3.00 2.98 3.01 2.98
Ca®* 0.07 0. 06 0.13 0.14 0.13 0.12 0.24 0.11 0.27 0.13
AP 1.99 2.02 2.05 2.04 2.05 2.07 2.02 2.03 1.99 2.03
Fe?* 2.13 2.17 1.73 1. 81 1. 81 1.93 1.98 2.02 1.92 2.25
Fe** 0. 14 0.12 0.13 0.02 0.15 0.04 0.02 0. 00
Tit+ 0. 00 0. 00 0.00 0. 00 0. 00 0.01 0. 00 0. 00 0.01 0.00
Mn?* 0.09 0.11 0.05 0.05 0.09 0.07 0.29 0.16 0.25 0.11
't 0. 00 0.00 0. 00 0.01 0.00 0. 00 0. 00 0.00 0. 00 0. 00
90
80
70 W
60
—&— Pyr
50r —&— Alm
40 F ——Grs
a0k ——Sps

B4 RIS G A R 10 o B0 1 (e 07QZ-1)

Fig.4 Composition profile of the garnet in the granulite enclaves (Sample 07QZ-1)

E-RKAMFASEREA KA ALK
A R RIS A FEE (B 3h) 3R T 28 gk
BRI A, AR A 18 43 R AT i e 0 11 4% Jog ) 1 T 2%
o XA T AW N BRI A 26.75% ~32.10% ,
BRI 61.28% ~66.41% ,F585 A 4. 13% ~5. 18% 4
FRIEAE 1.83% ~3.09% o AT A WA A &5
AAZER ) 3 384k 2 1575 A A2 Ak - MgO & L A, FeO &5 1
Mg, HB—RaBTaHRBEE LA + EH AR
KA+ EH ARG A & (B 3e-g) , T HREF ST 4G

IR, AR APHEERA 12.99% ~22.90% , 481 A
64.00% ~79.31% , 5E55 1 5 1.89% ~9.74% , 5% 4548 A
2.57% ~9.97 % . XEAWTFARAWHE MBS HE (K
4) :MgO FeO MnO FI CaO 1) & i 485 A 18 F A 0 AR
A3, Hor MgO & i th A 48 A %30 ) 1 R AT, FeO &5 i
TSN, BT IR AR R ERAT A RFAE

BAEL RBLA IR EITIEA(R2) Tk 2 4
A 28—t A {1 B B RR, R — BN 0.05 ~
0. 15em, /bh AFPURRRIL 0. 2em DL L, SAKEHIIE Lem
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®2 BUEESETRATEARRTFRIRSSNER (M%)
Table 2 Representative analyses of orthopyroxene in granultite

enclaves (wt% )
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®3 BHUEEKIEZBEFRIEAIIWER (%)

Table 3  Representative analyses of biotite in granultite enclaves

(wt% )

KefhS 06QZ-24 06QZ-26 06QZ-27 07Q2-1 RS 06QZ-24 06Q0Z-27
BN . 5 Grt #:4 ‘ . hgER

o N A E N A E 44 ) 5 G A
ZEH FpA K JE A S JE A gt ) HEPIR R #r i %‘MjﬁHy 'ﬁCIT\HY/\ﬁ:
Si0, 48.74 48.29 47.42 47.80 48.41 48.35 46.95 47.75 Si0, 35.14 35.65 34.74 36.26  35.56
Ti0, 0.23 0.25 0.22 0.25 0.12 0.0l 0.14 0.20 TiO, 6.08 6.36 5.81 3.41 3.30
ALO, 2.44 2.86 3.41 3.25 4.58 4.58 3.28 2.85 Al 0y 14.91 15.23 14.82 14.92 15.62
Cr,0; 0.05 0.02 0.14 0.22 0.04 0.25 0.09 Cr, 05 0.08 0.06 0.17 0.07  0.05
FeO 34.18 32.95 35.95 34.58 29.65 29.84 37.27 36.6l FeO 18.49 20.13  20.43 18.09  17.11
MnO 0.77 0.95 0.49 0.68 0.37 0.36 0.49 0.48 MnO 0.04 0.12 0.13 0.04 - 0.04

MgO 9.51 9.22 9.14 10.84 11.75
MgO 13.88 13.53 11.97 12.47 15.81 15.71 11.65 11.81
Ca0 0.19 0.21 0.16 0.12 0.11 0.15 0.12 0.18 Ba0 0-1 0.26 0-33
NaO : : ' : ’ ‘ ' ' Ca0 0.00 0.00
a, 0.01 0.05 0.0 0.25 0.25 0.06 0.04 Nay0 0.28 0.2 0.20 035 053
K,0 0.02 0.01 0.02 0.03 0.03 0.02 0.02 K,0 10.01 809 10.20 017 9.0
Total 100.51 99.08 99.83 99.37 99.37 99.28 100.21 100.04 Total o464 05.37 9598 0414  93.87
HTF 6 MART BT 24 NMEET
Si 1.97 1.99 1.97 1.98 1.99 1.99 1.95 1.97 Si 5.68 5.69 5.62 5.86 5.74
Ti  0.01 0.0 0.01 0.01 0.00 0.00 0.00 0.0l ALV 2.32 2.31 2.38 2,14 2.26
AV 0.03 0.01 0.03 0.02 0.0l 0.01 0.05  0.03 AV 0.52 0.56 0.44 0.70  0.71
AIM0.08 0.12 0.14 0.14 0.21 0.21 0.11  0.11 Ti 0.74 0.76 0.71 0.42  0.40
Cr 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 Fe** 0.00 0.00 0.00 0.00 0.00
Fe3* 0.05 0.01 0.04 0.01 0.01 0.02 0.08  0.04 Fe?* 2.50 2.69 2.76 2.45 2.31
Fe2* 1.10 1.12 1.21 1.19 1.01 1.01 1.21  1.23 Cr 0.01 0.01 0.02 0.01  o©.01
Mn 0.03 0.03 0.02 0.02 0.0 0.0l 0.02  0.02 Mn 0.01 0.02 0.02 0.01  o.01
Mg 0.84 0.83 0.74 0.77 0.97 0.96 0.72  0.73 Mg 2.29 219 220 2.6 2.8

Ba 0.01 0.02 0.02 0.00  0.00
Ca 0.01 0.01 0.01 0.01 0.00 0.01 0.01  0.01

Ca 0.00 0.00 0.00 0.00  0.00
Na 0.00 0.00 0.00 0.00 0.02 0.02 0.00  0.00

Na 0.09 0.08 0.06 0.11  0.17
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 K 5 07 |65 O 510 2o

Litio M E, Ng-dRL 0, Np-IR &k (0, X LM A
TEFTA R AR P A BB, 2 5 A FA Bk E B
BRAEPE (B 3h) , AL : Wo =0. 18 ~0.92,En
=40.89 ~53.32,Fs =45.96 ~58.80, 4 {10 L3454 Al
Gy R 2 FpZEHL B — RO AT /N K HDIREE AR, EEAEK
HRABNNS (B 31) 7 e R B BEBK I aloY B, oAk
2248 N : Wo =0.41 ~0.45,En =41.27 ~41.37,Fs =58. 17
~58.32, SH PRI HOR 5 A S AH A LR
BEER A A A B 266 1 A A AR (] Be-g) , ik
2248 N : Wo =0.17 ~0.68,En =32.71 ~51.29, Fs = 48. 04
~67.00,

Zx® BoBIEReCaE Tz s, Bl IEUR
— RLBRB AR RE ALK S HIE-E BB
SEEIEL AWM A KA ARET Y s
RIE S BT 18 T AR A N, b2 oy 26 3,
AR Mg® — B AE 0. 35 ~0. 66 Z[8], TiO, & 507,
AAVTE 3. 25% ~6. T2% Z ], JRiRid v] W Ja 2 B % A6 oy AT
HERR S A (E3)) , UhEH i AR iR R v Ti 3k 38 T A
RE, OAMELERA, THAREST, Batf Tigas

W A G OE R i ALY 5 IR B R EOE R (Patifio
Douce, 1993 ; Patifio Douce et al. , 1993) . X b FRb Atk 5
SR A2 GOR AT LUE B RS AR B SR s FE S 2 T
TR 950 CHIREE &M (K5) .
YHL HEHEAERRCER ) Z AR, v LXK 4
2 A AR B — AR EE T A N R B, R A e R
BRRY LA, SR A B A B A, Ak
A W 4 FERS A A JE DR 8 £ 10 X
CHAMEERR R — B IR A S R R
SEARM G G i, B AT AR, WAES A ERIK
Si Mg i Fe MFE s (AP Fe Mg S EAEH BN ES
(E 6) 55— FeO & &K 6.33% ~8.98% ,Mg0 & &N
7.31% ~9.04% ,Mg" 855, 7 0. 62 ~ 0. 70; 55 — AL, FeO &
R 7.78% ~11.16% ,MgO &1tk 6.10% ~8.59% ,Mg" %%
i, 7 0.51 ~0. 66, ki /NT 0.60, HEFHAH Fe Mg & iy
Al — AR A A O Bl TR T BE A i Tk, Bk
TR RZ, B E 'R, & &S (Holdaway and
Lee, 1977) o 2 HHACET A1 A9 050728 Ab A I 7R JFROR A G A4
ATRBZED T Ja WA R THBE e 2
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Table 5 Representative analyses of spinel in granultite enclaves

Table 4

Representative analyses of cordierite in granultite

enclaves (wt% )

(wt% )

FEfS 060721 06QZ24 060726  06QZ27  07QZ-1
e Wk T T Y 3k
Si0, 0.08 0.17 0.02 0.06 0.04
TiO, 0.12 0.12 0.06 0.10 0.11
Al, 04 60.02 58.72 60. 35 58.91 58.07
Cr, 04 0.16 0.39 0.07 0.31 0.03
FeO 31.80 32.74 31.32 31.97 36.77
MnO 0.22 0.22 0.21 0.23 0.23
MgO 6.31 3.63 5.77 4.86 3.32
Ca0O 0.00 0.01 0.00 0.00 0.00
Na, O 0.12 0.08 0.11 0.03
K,0 0.01 0.01 0.01
Zn0O 0.63 3.04 1.81 2.10 0.51
Total 99.35 99.17 99.69 98. 65 99.10

BT 32 AN EET
Si** 0.00 0.00 0.00 0.00 0.00
Tit+ 0.00 0.00 0.00 0.00 0.00
AL+ 1.97 1.30 1.99 1.98 1.97
et 0.00 0.01 0.00 0.01 0.00
Fe?* 0.74 0.52 0.73 0.76 0.88
Mn?* 0.01 0.00 0.01 0.01 0.01
Mg’“h' 0.26 0.10 0.24 0.21 0.14
Ca?* 0.00 0.00 0.00 0.00 0.00
Na* 0.00 0.00 0.00 0.01 0.00

K* 0.00 0.00 0.00 0.00 0.00
Zn** 0.01 1.38 0.04 0.04 0.01

eSS 060721 060QZ-26 06QZ-27  07QZ-1

(VA i EREGS BElAERE BER EREG&
Si0, 48.87 47.67 48.20 47.52  47.21
TiO, 0.05 0.02 0.01 0.00
Al, 0, 32.16 32.50 32.24 32.48 32.45
FeO 6.71 10.43 9.70 7.45 10.89
MnO 0.17 0.12 0.26 0.10 0.16
MgO 8.80 7.41 7.24 8.51 6.88
Ca0 0.03 0.03 0.03 0.10 0.02
Na, 0 0.15 0.15 0.10 0.41 0.13
K,0 0.00 0.00 0.02 0.06 0.00
Total 96.95 98.32 97.77 96.62  97.74

T I8 MR T

Si 5.09 4.96 5.04 4.99 4.95
ALV 0.91 1.05 0.96 1.01 1.05
AV 3.03 2.93 3.00 3.01 2.96
Ti 0.00 0.00 0.00 0.00 0.00
Fe?* 0.59 0.91 0.85 0.65 0.96
Fe?* 0.00 0.00 0.00 0.00 0.00
Mn 0.02 0.01 0.02 0.01 0.01
Mg 1.37 1.15 1.13 1.33 1.08
Ca 0.00 0.00 0.00 0.01 0.00
Na 0.03 0.03 0.02 0.08 0.03
K 0.00 0.00 0.00 0.01 0.00

AP SR IR A 4y 2 Al

Kb B

B S — BRI 5 R AR AR LA A R TR AN,

DRR A S AR ESUR A (] 3d) 58 AR A
BERRY LA, HERA RAOULAZEIE (H
3¢) o REAEIIT AR 5,2 RS RIRR fbA 40 TR i
11,FeO Fit 9 31.32% ~37.37% ,MgO £ty 3.03% ~6.31%
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Table 6 P-T estimation for the peak and retrograde metamorphic stages for the granulite enclaves
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B b 2
wEE A e o IR ARA 100
- - 0.32 0.41 0.06 0.51 0.49 0.55 0.44 0.41 7.9 970
ﬁg&“’jg%g 5§$£%B% 0.32 0.42 0.06 0.52 0.48 0.55 0.44 0.41 8.0 997
0.31 0.41 0.05 0.52 0.48 0.55 0.44 0.41 7.5 953
O 0.19 0.29 0.03 0.62 0.38 0.45 0.42 0.40 3.6 792
%%EWE mﬁ%ﬁn)ﬁﬁi% 0.19 0.30 0.02 0.63 0.37 0.45 0.42 0.40 3.2 818
A EEIE 0.19 0.29 0.03 0.63 0.37 0.45 0.42 0.40 3.7 813

Wi Zn0 & iAW 22 5, 35 — 2808 Zn0 5 LR,
0.38% ~0.76% ,55 25 ZnO & &7 1.05% ~3.04% , 0 i}
{0 Tajemanova et al. (2009) AN, 93 WP e & B 72D
5 1 2 R A O, g Tt e B i N, R A, )
PSR, RGOS AT YA ST OB S LR
(CEVINE =y R

Kz WEhKAZHAE EAE, KERR M, H
HRHR A E B PR, 29 KA R 80% 74T, L An =
32% ~49% ,Ab =50% ~66% ; HIR Bhi KA, H An =50%
~68% ,Ab=31% ~50% , W4, &G 0ESKA HKA.
TR AR A . RHCA N DR, itk A F
FoAER A ,0r=75% ~9%4%

Y &L HRRRLE AT R R B R B AR A 2
A, BEGHERTEF AN, F 5RMATEE, 805 %95
WAL (18] 3a, b) o AEAIARBURL AR 540 A BT E i) bl
AL (K 3g) , TR FIAAE R B4, R B
EEARAE VT AR BT S N B B RG22 1 T A B AR AR
E

Fe-Ti fAcdy  RORLA GR35 & A 4 5 59 Fe-Ti &
ey, FE R TR, EKERH™ MnO & &y 0.49%
~2.57% ,MgO &7 0.01% ~0.78% ; ®54kW" Ti0, & &/
F0.045% ,Cr,0, &E/NTF0.021% ,

6 ImHEfLH

KA - T7 Rl DORRRL A R P 6L 5 2 B i ) 3
A LA AR SN2 Y, DT SRy R A T RO L A A8 o 2 7 3k
FEAAFRRBE T i BAEROUESS . 4580 W0l R TR T, FR AT
BRAG T RRRLA A I B B S RIS TR T o

6.1 UEHERE IR R B M B,

JRRL A AR e JRy 3 U A A A S A R A L
Y WA E A X SO R R R B AR S A
wn IR AR T S W A A, AR T I B A B S 1 i B 1 A )
B, FAZ RS AT LU A Ak B0 o i JRRAE S DA 30 28 ot 52 oz B
Bene s 454, FFH Bhattacharya et al. (1991 1) 85 32F (1)
Grt-Opx-P1-Q Tt He v, RIS AT 430, 45 2 e 401 248 oy

P-T %449 :7.5 ~ 8. Okbar,950 ~ 1000°C (£ 6) ., X 54
A+ ARG + & LA+ SRS S AR E I
*H%’lo

6.2 IEFRESRTRRMME (BRESERERWME)
IR A R 22 B 8 A TR Bl s B T R T A +
HEHAAMBHA + EH ARG A & JE A f R
WA R B 00 0 R A 209 B g s ke T R 72 JB R T o Bt
PR 251 . [RIAE £ ] Bhattacharya er al.  (1991) [l i)
Grt-Opx-P1-Q HUJTT I i1, 15345 20 6 R A4 )5 1A b iR 28 i
S B P-T 25154 3.2 ~ 3. Tkbar, 790 ~820°C (3£ 6) .

7 P-T RS AL

FRYE P I A G A I N 4548 L UL SR R A A 5
FATIREE T FE 1L -1 T3 KL re TRURR R A A8 5 AR FH e Ak I
S FERTHAEAR TR N M B, BB A RHA A 2k
AT Y A BER Y X R B A — A 0 AR BE
W X AR R R A RN A A R T A SR AR R T
W, R AL T & A il kA ek
#i A U-Pb SEAELE /R (Zhao et al. , 2010) , JfRALA G4
BRI AR AR AR A TR c R (29 564Ma) |, iR 45+
T3 R LMl DX A Y o %) 1 2 A SR RN DURRURE B Bk}, 00 Kl
X FER R B =5 R A SUTBUR B KRAFE 21 ~ 25km 2Z[H],
S X3k A AR AR T B RN, R B B 7R BB S
A 5T SN R IR R T A XS T 6.0 ~ 7. Okbar, )5, R B R 7
2Tt 3k B0 e A A T4 Y B, 78 5T 45 1 DA B AH &7 4
ARNFRESIEARIRMA + ARSEEA + VA = A
B S A A B R e B, FE R W A R R R T
900°C LA I s TSR = Ti A Al (& LR /R, BB A B I
UG 78 T T B i 5 T 950°C . [RIBs, R & 9y s 111
TR F I 9 ELE 2544 7. 5 ~ 8. Okbar, 950 ~ 1000°C , 2 ] Jfk
REA AL TR AR RN . RS, B e i P ih
Tb AR R AL & A T T 45 I R ) AR A8 o R R, 3K A4S
HEPAMFARE SRR T 2R + BHALE
TR + EH AR A BRI 2 2 3. 2
~3. Tkbar, 790 ~820°C ,
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K7 s AR B P-T APl

JCAHE T 152 B Hensen and Green (1973 ), Hensen (1987)
Hensen and Harley (1990) Bertrand ez al. (1991) A & Carrington
and Harley (1995). P&l I35 3040 AX R B K 45 i 52 137 Bt + PL +
Qtz = Opx + Crd/Spl/Grt + Kfs + L ( #& Vielzeuf and Montel,
1994) BN . FERIIR 9 D AT, Rl 2% 1 X
WERR- S RMEVIREE (21 ~25km) , MY T 6.0 ~
7. Okbar (J7PQAEHE A V6 X HTH =5, 1985)

Fig. 7 P-T path of the ultrahigh-temperature granulite
enclaves

Petrogenetic grids as deduced from the mineral assemblages and
reaction textures combined with the results of geothermobarometric
calculations. The relevant partial petrogenetic grid in the KFMASH
and FMAS systems is based on Hensen and Green (1973), Hensen
(1987), Hensen and Harley (1990), Bertrand et al. (1991) and
Carrington and Harley (1995). The inset photomicrographs show the
typical mineral assemblages and reaction textures corresponding to
each metamorphic stage. Also shown is the fluid-absent melting
reaction Bt + Pl + Qtz = Opx + Grt/Spl/Crd + Kfs + L. (after Vielzeuf
and Montel, 1994 ). The numbers on the P-T path refer to the
reactions discussed in the text. The initial pressure of P-T path is
also based on the thickness of the Cambrian-Permian sediments that

is about 21 ~25km, i. e. 6.0 ~7.Okbar (after BGMRG, 1985)

PRt KA -+ J7 K I AE B & b R A L R 22 I T
MRS e R S, B AR AT + AT SRS TR AT + &7 2
A1 = AT A 2 5 AR E I, B e AR A A A TR
AR oA R PR AR i B i 478 ST 1 g st R R 1 i 2R I
WEF P-THUE (A7) 4878 XY I 2807 7 #5e 3, i s

PEYTIR 6T R R B Syt B RS BURHL R W, th
TS RN A8 R b e e B S & AE R ( Chung, et al.
1999 ; Carter et al. , 2001 ; Nam et al. , 2001 ; Lepvrier et al. ,
2004 ; Wang er al. , 2007 ) , 3 R 1L Hl X & A= 78 G R , 52
TEAETNJEE | 1 e T B0 S 3 48 5% T s 1L 9 7 3 (BRI
19995 VFALPASE, 20015 FEFALSE, 2005 ; FocHs AUERHTIAL,
2006) , I T v A A py 5 T 4 3 v A S A 1 4 (R RO
&, 2001 ; FHEALAE, 2005 ; Froofs ML, 2006) , X 5
T RILAE R & P RRR A LR P-T B B 46 7 19 149 1 15 1k
T s e — B

KA -7 KALIAE B e (8 e Tl JRRORE 2 R 1) & B
7 DX 28 g ok — R B R (ERR 5 A R e
T BN S i AR B ET M AW, Zhao e al. (2010) HRYE R
KL AL AR A JBT A FH I E] ( ~ 253 Ma ) Wt 6 T 04 JE Ll e
My s & iffE] ( ~ 260Ma, e. g, Xu et al. , 2001 ; Zhou et
al. , 2002 ;Guo et al. , 2004) , T\ N #E TR AR i AE AT 6 5 08k
JE L AT S B DX P i A OC . XTI Rl AE R
P RRRL LA S R AR R A E LA E IR, H AT
3 PR TR A B A R RRRL 2 F AR 1 S A I K s Rl
JREAT, TR R U R FR o sk B AR (R A S5, 19995
PEPRIL, 2001; Zhao et al. , 2010, FIHIE5A Ti i BETHFI4:
L AR BT HAS 0 A TR KA S K RIR D 760
~840°C , JE 117 3. 5 ~4. Skbar, X HI 4 F ks £ A T
MR B (B2, 2010) o [RI, & I 4R 84 2508 ) 7R, K
B RINAE X 2 TR AR I 29 0 230Ma (R Ay 64,
2004 ;Zhao et al. , 2010) , B, XIRAR TR A 7R A8 BT A
T A R IR AR B SN i B I A e A RS 14 T3 A AT 43 e
YRR S JRRASE S B A D ) RS 38 7k 0 o = 8 4 A 7 X3
7 H B ) R A R IR T IR AR T B

8 &k

(1) R WN-+T7 K INAE B A BB A B AR DR B T 2R
AT+ A5 R WEAT + &7 R0 = A S S e T T W 2
L AR X S RORL A AL R T T R A A I R
T 900°C ,,

(2) 54 LTRSS R L KA M Al SRR T R
KA AL T HAE & LA IR E S, BIAR A A + Al
ST + KA1 = i YA A S AR E R, R e R
A S A5l e AR AR T B AR IR AT+ 0 IR T R A
+ B ARG G R B P-T A 7 AR T i
Ll 8 v e SO R T T iR PR 36 T 31 R i) 3l ) 2

(3) DXBRAR T RR e A 78 o LA B o T A2 S5 BN o B
A S A HUASE ) I K RTAR 23 il A T, BROR L 1A Y
IRHUAE G K RIFL I = 2 A A DX SRt 58y 5 o 1) o R e 4 |
R TR PRESR T B o
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Bogt  OCCHERTAR R TR E R BT M Bk S A 5
AR EATTE B R B A 50 A B SR A ST B L AE A
REFBUE AR 0 o e 5 s Bk ) LA 52 e S8 W50
WFFE B3 LR e st 5 ) 2 e AT B AR BIE 9 B 4 T O G 98
RS s WL B R A HE T S B L, TR IR O R
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