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Abstract Exposed in the Guanyingou area, Mt. Sanweishan, Dunhuang, NW China, the garnet-bearing amphibolites record
different metamorphic mineral assemblages formed during three metamorphic stages. The prograde assemblage (M, ), enclosed in
garnet porphyroblast, is consisted of hornblende, plagioclase and quartz and the P-T conditions were estimated to be 550 ~575°C/5. 2
~5. Tkbar (epidote amphibolite facies). The metamorphic peak assemblage (M, ) is composed mainly of garnet and hornblende,
plagioclase, quartz and locally clinopyroxene in the matrix, with P-T conditions estimated to be of > 670°C and > 11.9kbar
(‘amphibolite facies). The retrograde assemblage (M, ) is the so-called “white-eye socket” symplectite rimming garnet porphyroblast,
consisted mainly of hornblende, plagioclase and quartz, and were formed at about 590 ~640°C /4.3 ~5. 9kbar (amphibolite facies).
Micropetrographic investigation and thermobarometric computation show that the amphibolites experienced clockwise, west-Alpine type
P-T paths including near isothermal decomposition (ITD) segments, suggesting that the terrane involved in a collisional orogenic
process, possibly in the Devonian.

Key words Amphibolite; Geothermometer; Geobarometer; Metamorphic P-T path; Dunhuang Metamorphic Complex
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1-Precambrian rocks; 2-intrusive bodies; 3-Quaternary; 4-faults; 5-drainage; 6-sample location
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Fig. 3 Outcrop of samples (a) and micro-photos of
amphibolites (b, ¢)

(a)-Outcrop of Samples G35 and G36; ( b )-micro-photo of
amphibolite Sample G35; ( ¢)-micro-photo of amphibolite Sample
G36. M, -prograde metamorphic mineral assemblages included in
garnet porphyroblast; M,-petamorphic peak mineral assemblages;
M; -retrograde metamorphic mineral assemblages; Sh, ;-short lines
with arrows, showing EMP analytical points within the inner edge of
garnet
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Table 1  Representative chemical mineral compositions of plagioclase-amphibole gneiss (G36) in Guanyingou (wt% )
HEAE B2 (M) AL R W IR A (M) BT W2 (My)
G36 Uk 1 I 2 P 1 K 2
Hbl Pl Hbl Pl Grt Cpx Hbl Pl Grt Hbl Cpx Pl Hbl Pl Hbl Pl
Si0,  40.92 63.56 42.81 63.22 38.28 51.78 42.96 61.29 38.25 44.29 52.22 62.99 41.43 59.32 41.03 59.84
TiO, 0.20 0.06 0.52 0.01 0.06 0.09 0.76 0.02 0.08 0.57 009 0.01 0.33 0.02 0.29 0.03
ALO; 15.02 22.53 13.49 22.6 22.35 2.24 13.76 24.35 22.52 12.29 2.34 23.18 15.32 25.25 15.64 25.58
FeO" 23.36 0.45 20.34 0.42 22.45 6.41 13.20 0.11 22.53 13.12 6.62 0.17 14.51 0.18 1575 0.24
MnO 0.22 0.01 0.14 0.00 0.41 0.06 0.09 0.01 0.31 0.07 006 0.01 008 0.0 0.11 0.02
MgO 4.44 0.00 7.12 0.00 4.38 13.88 11.45 0.01 4.14 12.10 13.89 0.01 10.12 0.01 9.11 0.00
CaO 11.34 3.03 11.51 3.63 12.44 23.59 11.48 5.31 12.74 11.65 23.15 3.81 11.52 6.59 11.66 6.39
Na, O 1.41 9.8 1.59 9.29 0.11 0.70 1.69 8.49 0.07 1.55 0.91 9.27 1.8 7.74 1.73 7.71
K,0 0.53 0.05 0.40 0.06 0.01 0.01 0.8 006 0.01 0.68 001 0.08 0.76 0.07 0.91 0.19
Zn0O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr,0; 0.00 0.00 0.02 0.04 0.02 0.03 003 0.01 0.01 0.02 0.03 002 0.07 0.00 0.07 0.01
NiO 0.00 0.01 0.00 0.00 0.01 0.01 0.02 000 0.01 0.00 000 0.01 001 0.02 0.01 0.01
Total  97.44 99.55 97.94 99.27 100.52 98.80 96.25 99.66 100.67 96.34 99.32 99.56 95.95 99.21 96.31 100.02
Si 6.27 2.82 6.44 281 2.95 .93 6.39 2.73 294 6.56 1.94 2.8 6.22 2.66 6.19 2. 67
Ti 0.02 0.00 0.06 0.00 0.00 0.00 0.09 0.00 0.00 0.06 000 0.00 0.04 0.00 0.03 0.00
Al 2.71 1.18 2,39 1.19 2.03 0.10 2.41 .28 2.04 2.14 0.10 1.21 2.71 1.34  2.78 1.34
Fe** 2.65 0.00 2.31 0.00 1.36 0.11 1.45 0.00 1.38 1.41 0.12 0.00 1.55 0.00 1.75 0.00
Fe** 0.34 0.02 0.25 0.02 0.09 0.08 0.20 0.00 0.07 0.21 009 0.01 0.27 0.01 0.24 0.01
Mn 0.03 0.00 0.02 0.00 0.03 0.00 0.01 000 0.02 001 000 0.00 0.01 0.00 0.01 0.00
Mg .01 0.00 1.60 0.00 0.50 0.77 2.54 0.00 0.48 267 0.77 0.00 2.26 0.00 2.05 0. 00
Ca 1.86 0.14 1.8 0.17 1.03 0.94 1.83 0.25 1.05 1.8 0.92 0.18 1.8 0.32 1.88 0.30
Na 0.42 0.8 0.46 0.80 0.02 0.05 0.49 0.73 0.01 0.44 007 0.8 0.52 0.67 0.51 0.67
K 0.10 0.00 0.08 0.00 0.00 0.00 0.15 0.00 0.00 0.13 0.00 0.00 0.15 0.00 0.18 0.01
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
Total 15.44 5.01 15.46 5.00 8.00 4.00 15.55 5.00 8.00 1549 4.00 500 1559 5.01 15.61 5.00
. 1.00
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Fig.5 Change of chemical compositions of the hornblendes
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Table 2

Representative chemical mineral compositions of

plagioclase-amphibole gneiss (G35) in Guanyingou (wt% )

AL R e W I (M) BB LS (M3)

6% Grt Hbl Pl Hbl Pl
Si0, 37.84 42.98 59.55 40. 82 57.03
TiO, 0.07 1.07 0.02 0.34 0.01
Al, 05 22.25 13.19 24.99 15.28 27.17
FeO" 22.88 11.30 0.18 15. 54 0.31
MnO 1.79 0. 08 0.01 0.12 0.01
MgO 3.41 12. 48 0.00 9.18 0.02
CaO 12.02 11.77 6.23 11.57 6.97
Na, O 0.11 1. 64 7.82 1. 89 6.37
K,0 0.01 0.82 0. 08 0.76 0. 86
Zn0 0. 00 0. 00 0.00 0.00 0.00
Cr, 05 0.01 0.03 0.02 0.04 0.01
NiO 0.01 0.03 0. 00 0.01 0.01
Total 100. 40 95.39 98.90 95.55 98.77
Si 2.94 6.41 2.68 6.20 2.58
Ti 0. 00 0.12 0. 00 0. 04 0. 00
Al 2. 04 2.32 1.33 2.74 1.45
Fe?* 1.39 1.26 0. 00 1.76 0. 00
Fe®* 0. 09 0.15 0.01 0.22 0.01
Mn 0.12 0.01 0. 00 0.02 0. 00
Mg 0.39 2.77 0. 00 2.08 0. 00
Ca 1.00 1.88 0.30 1.88 0.34
Na 0.02 0.47 0. 68 0.56 0.56
K 0. 00 0.16 0. 00 0.15 0. 05
Zn 0. 00 0. 00 0. 00 0. 00 0. 00
Cr 0. 00 0.00 0.00 0.00 0.00
Ni 0. 00 0. 00 0. 00 0. 00 0. 00
Total 8.00 15.55 5.00 15. 64 5.00

A AR T AR T R RS TR BERTEAL , RHS AT B AL
KR Ca(FE6) . Fifh G35 w1, BH AT 5K A1 707 (An)
MM, 15 30% SEREN M, B Bei) 34% (FA7) o FEdh G36
R AT RS 01, M, B Be 14% ~ 17% 38K 5
M, BBt 18% ~25% , FHE K E] M; BrBei 30% ~32% .

FHAED KRR G36 LA BFURMEE A1, IS M X
B AR Y —, 8 T @A (B 7)o WAl e
BN AN AEAEA IR A SRR £ PR B AR B0 R AT
B 200 (3R 1) o U WA it 3 BUR A 78 BRI A1 AN, X
PRI BT SR AN R

5 ARWRIER P-T Bk

EEGE AR B BO 2 4 R S 0T P T R
TR ARG S A7 78 T A o e WA 3B A T B i 2 1
AR BE R T 250 o A N AT -RHS AT (A7 3¢ i 231 (Holland
and Blundy, 1994) Flf1#741- 1IN -BH A -1 98 (GHPQ)
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Fig.7 Change of chemical compositions of the clinopyroxenes

JE 7171 (Dale et al. , 2000) iR ZEAXSH] -0 22 7351 4
+40°C A £ 1. Lkbar, 748 17 -8 FFE 77 il 2 71 (Krogh,
1988) fB#R IRy = 70C , A 18 F A - R A -RHS A -
(GCPQ) J% 711t ( Mukhopadhyay et al. , 1992) fi{) iR 22 A1,
AN -FH A -3 (HPQ) [ /731 ( Bhadra and Bhattacharya,
2007) FMESR IR 22 = 2. 2kbar, A SCX A1 A RH A TN 1 JRR
R A A (M) R N -RHC A R EE 1R GHPQ
1t AT A - AR A IR EE TR GCPQ Ryt 3K
U O e WA B AR Sy o X R B A (M) VIR E T
WA (M) RN A -RHS AT (A58 iR T HPQ JE
Tt AE AR EE R B AR LR 3,

FEfh G35 v U S AR W) A 45 4 B AR R R
A1, TR I ) o TR R BRI (M, ) /9 P-T
ZA 2 666°C/10. Skbar, B 42 5T B Be (M) i1 P-T 2% 14
636°C /5. 9kbar,

Rl G36 v #E A8 5T By Be (M, ) 19 P-T 451y 552 ~
575°C/5.2 ~5. Tkbar, 78 JF 5 W 1 (M) (19 P-T %44 H 632 ~
669°C /8.9 ~11. 9kbar R4S By Bt (M, ) (1 P-T %14 586 ~
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Table 3 P-T estimates for the different metamorphic stages of plagioclase-amphibole gneisses in Guanyingou area

FEA S IR, R ER(M,) AR R A (M) J& WA (M;)
G35 666°C/10. Skbar (GHPQ) 636°C/5. 9kbar (HPQ)
669°C/11. 9kbar ( GHP
PR 1 552°C /5. Tkbar (HPQ) - (‘ V) 600°C /4. 3kbar (HPQ)
36 661C /8. 9kbar ( GCPQ)
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Fig.8 P-T paths of the plagioclase-amphibole gneisses in Guanyingou

(a)-Sample G36; (b)-Sample G35. Metamorphic facies ( Spear, 1995) symbols; BS-blueschist facies; GS-greenschist facies; EA-epidote

amphibolite facies; Am-amphibolite facies; Ec-eclogite facies; Gr-granulite facies; The Al,SiOs phase transitions are after Holdaway and

Mukhopadhyay (1993)
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