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Abstract The Bulunkuole Group is an important metamorphic terrain exposed in the Western Kunlun Orogen but is debatable about
its genesis. It is mainly composed of Grt-Pl-Hbl gneiss and khondalite at Maryang in Taxkorgan, western Kunlun. According to the
geochemical characteristics, the Grt-Pl-Hbl gneiss may be subdivided into two types: the first type has higher content of total REE
(SREE=190.2 x107° ~359.1 x 10 *) than that of the other type of Grt-Pl-Hbl gneiss ( X REE =89.28 x 10™° ~113.1 x107%) |
and gets poorer from LREE to HREE ( (La/Yb) =4.28 ~5.79), with the feature of E-MORB; the second is poor in LREE ( (La/
Yb) =0.59 ~0. 84) and horizontal HREE pattern ( (Gd/Yb) y =0.99 ~1.07) with the feature of N-MORB. However, both kinds of
the Grt-PI-Hbl gneiss exhibit positive Ba but negative Sm, Cr, Zr, Hf and Ti anomalies with slightly negative Nb and Ta anomalies,
showing the feature of the island arc tholeiite. Discrimination diagrams indicate that the protoliths of the khondalites are shale and
greywacke formed in an island arc. Thus, the protoliths of the Grt-Pl-Hbl gneisses and the khondalites were likely developed in the
island arc setting. Further petrography and mineral chemical data, combined with P-T estimates, indicate three metamorphic stages in
the Grt-Pl-Hbl gneiss: M1 is a high-pressure metamorphic stage, with a mineral assemblage of Grt + Hbll + PI1 + Qtz and the P-T
conditions of around 850 ~870°C with 12.9 ~13. 3kb; the retrograde stages M2 and M3 have mineral assemblages of HbI2 + P12 + Qtz
and HbI3 + PI3 + Kfs + Bt + Qtz respectively, and the P-T estimates are respectively 730 ~770°C /7.3 ~7. 8kb and 680 ~740°C /4.7 ~
5. 7kb. Whereas the khondalite is considered to have undergone three metamorphic stages: the P-T condition of the early M1 stage is
implied to be same with that of peak assemblage in the Grt-Pl-Hbl gneiss (850 ~870°C/12.9 ~13. 3kb) ; its peak M2 stage and post-
peak M3 assemblages are respectively Gri2 + P12 + Bi2 + Sil + Qtz and Grt3 + PI3 + B3 + Sil + Mus + Qtz, with the corresponding P-T
estimates of 800 ~830°C /7.9 ~9. 2kb and 670 ~700°C/5. 1 ~5. 6kb. The three metamorphic stages of the khondalite are interpreted
to match with the M1, M2 and M3 of the Grt-Pl-Hbl gneiss. The calculated results suggest clockwise P-T paths with a peak high-
pressure stage overprinted by an upper amphibolite- or mid-pressure granulite facies metamorphism followed by a lower amphibolite
facies metamorphism, which are interpreted to form in the Hercynian collision-related tectonic setting. They are possibly associated with
the closure of Paleo-Tethyan Ocean, followed by the intracontinental shearing during the Indosinian tectonic uplift.

Key words Grt-Pl-Hbl gneiss; Khondalite; P-T paths; Bulunkuole Group; Western Kunlun
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Fig. 1 The geologic map of Maryang in Taxkorgan of western Kunlun ( after Zhang et al. , 2007) and the geologic section with

sampling locations
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Fig.2  Photographs of metamorphic rocks of the Bulunkuole Group at Maryang

(a, b)-banded structure of Grt-Pl-Hbl gneisses; (¢, d)-relict bedding structure of the khondalites

FEHT IR R IR~ [ 52 B S % SE ) . E R ITR A
e Z B HEATRE il F) B R I U 5, YR PRIy 1g fH
ARAE BT TR B I R v, 23 I SR I R
AN + AR R AT AR A T S b b 900°C
et 9O0min J5 I N7 B AT g b, TR T &R AR
WHGFR i + FE S AT B 7RI S Pl i 5 5
ARG TR ek i (LOT) o FHITRM T
R FHIRA B8 17 Rigaku RIX2000 B15¢ 50615 (XRF)
SE , MERFRIBCO. Sg (Y RE A AT 4g Li, B, 0, B 55 T SR
G L AR A S BB HE I, O A D i
LiBr {4 B R , 78 s DR L P 1200°C iAo mi o 35 3
JL ARG EALIE TT R & i RE A0 il 36 R AEIR
SR T L 1 2 25 o ) J5 R UL 1) AR i R A
TEASER A IRIL Li et al. (2002) , 73 AR AL T 2% ~5% .
R G R N 5% R KA, 78 Per-Ekmer Sciex Elan 6000
R LB 5 55 B 7 B (1ICP-MS) 1 5E i, 7 Bomb 1

FRURZ 35 ~ 45mg Ky AAE by DL RARERE AL, AL 2 1 4lifl
HNO; \HF DLz HCIO, i 5 Al Th ), BT R B b ARl
3d. ZJEZET A 4mL 4N HNO; , #E A w5 [ f B 48 i i
PAEN 1T0°C ORI 4ho FRJ5 M BE 2000 1%, LA —15 1 Rh Ay
PRAAZIEAS 5 WFS o ] USGS HnifE W-2 Al G2 LA I [H K
FHABRFE GSR-1,GSR-2 Hil GSR-3 S 44 1F i il oG % 1) &5 it
FLRMBE R4 (1996) , /g R I 1.

3.1 EETEHME

AR AN R RS 1 SI0, & &N 46.99% ~
52.12% ,TiO, & N 1.07% ~ 2.42% , Fe,0, & 4t K
10.30% ~13.39% ,AL O, &1tk 13.84% ~22.38% ,Ca0 &
TN T.10% ~12.24% , &80 2.67% ~5.09% , R T
TEREE I PR R .

AR = B R BRE B D SI0, & 5 AE 49.82% ~
70. 12% 2 [8], AL Oy S 7F 12.98% ~22.51% Z ], ¥t 5hIE



XA B R BAT R T AR B B T WAL FHAER TR P-T $ik 927

Rl DREGBHMKANFRENABEZMKARENER (W% ) MEFMBLTE( 10" ) LR
Table 1  Major (wt% ), trace and rare earth element ( x 107°) compositions of the Grt-Pl-Hbl gneisses and the Grt-Bi-Pl gneisses

from Maryang

(=T MRY-1 MRY-2 MRY-3 MRY-6 MRY-7A MRY-8B MRY-10 MRY-11 MRY-12 MRY-13
A AR IN s OB TR R
Si0, 49.58 52.12 46.99 49. 48 49.87 51.19 57.98 63.33 49. 82 70. 12
TiO, 1.44 2.42 1.22 1.23 1.07 2.11 1.20 0.79 1.79 0.79
Al, 04 17. 41 13. 84 14. 30 17. 46 22.38 19. 11 16. 02 15.95 22.51 12.98
Fe, 05 10. 84 13.39 12.72 12.85 10. 30 13.36 13.52 7.84 12.74 5.80
MnO 0.16 0.29 0.19 0.25 0.14 0.31 0.37 0.13 0.24 0.09
MgO 5.27 3.14 7.84 4.54 3.98 4.04 3.43 3.47 3.65 3.02
Ca0 9.80 7.80 12.24 10. 19 7.10 2.75 2.55 2.20 0. 65 1.48
Na, O 3.42 3.13 2.13 1.97 2. 66 2.49 1.38 2.51 1.57 2.06
K,0 0.42 1.96 0.71 0.70 1.43 3.31 2.43 2.49 6. 04 2.63
P, 05 0.24 1.01 0.10 0.11 0.12 0.04 0.03 0.07 0.14 0.15
LOI 0.85 0.35 1.01 0.67 0. 40 0.73 0.53 0. 65 0.28 0.30
Total 99. 44 99. 44 99. 45 99. 45 99. 44 99. 45 99. 44 99. 44 99. 44 99. 44
Sc 31.99 20.7 41.89 40.53 33.67 32.34 36. 66 19.13 24.92 15.32
Ti 9362 15200 7932 7896 6218 13310 7247 4423 11110 4517
v 236.5 66. 01 296.8 265.7 185.3 237.9 209. 6 128.9 185.5 114.8
Cr 195.7 103. 6 220.6 491.3 424 364. 1 355.8 331.9 334.3 317.3
Mn 1270 2296 1489 2017 1087 2494 2865 1006 2023 714.2
Co 32.11 19. 64 49. 63 54.99 46. 08 29. 46 29.71 20.3 23.25 15. 68
Ni 54.18 22.08 82.1 166. 7 116.3 74. 68 73.07 60. 01 48.03 46. 36
Cu 340.3 27.06 25.33 88. 84 10. 42 32.01 55.78 29.57 37.1 13. 47
Zn 275.3 151.2 102.2 75. 05 90. 27 158.0 154. 4 96. 51 133.2 82. 65
Ga 14.99 28. 86 13.81 9.593 13.07 35.15 36.72 23.12 62.31 28. 47
Ge 1.458 1.732 1. 409 1. 515 1. 479 1.79 1.79 1.373 2.198 1.178
Rb 2.412 19. 11 4.048 7.999 41.95 134.1 102.9 108 173.3 91.85
Sr 385 326 134 79.8 238 259 290 111 176 73.3
Y 30.5 58.91 28.79 27.15 21.72 66. 98 69. 53 28.62 52.87 24.06
Zr 54.38 65. 16 36. 02 35.89 37.27 182. 4 143.1 59.32 90.73 118.5
Nb 8.814 36. 65 1.412 2.593 2.521 88.07 14.8 10. 17 30. 62 11.8
Cs 0. 069 0.132 0. 094 0. 246 2.03 2.91 1.87 1.598 2.656 1.011
Ba 186 609 226 62.9 174 820 919 454 1728 704
La 19. 85 43.6 2. 625 3.759 2.618 30. 47 47.48 45.12 85.2 44.96
Ce 47.02 99. 38 7.154 9.512 6. 786 56. 88 79. 84 85.33 170 87.06
Pr 6.343 14.02 1.337 1. 635 1. 157 6. 662 8.554 9. 906 20. 47 10. 36
Nd 26.74 62. 14 7.833 8.671 6.218 25.13 30. 34 36. 55 78.98 39.75
Sm 5.384 13.35 2.827 2.906 2.034 4.257 4.909 6. 184 14. 41 7.227
Eu 1. 885 4. 644 1. 081 1. 142 1.01 1. 897 1. 086 1. 472 3.39 1. 452
Gd 5.476 13.38 3.93 3.725 3.034 5.162 6.114 5.23 12.24 6.389
Th 0.91 2.101 0.771 0.744 0.597 1. 205 1.372 0. 806 1. 826 0. 908
Dy 5.562 11. 86 5.252 5.062 4.08 10. 59 11.17 4.838 10. 31 4. 804
Ho 1. 161 2.341 1. 183 1.12 0. 895 2.746 2.796 1.114 2.068 0.937
Er 3.24 5. 965 3.263 3.107 2.459 8.221 8.316 3.393 5.781 2. 648
Tm 0.497 0. 839 0. 469 0. 462 0.363 1.24 1. 336 0.531 0. 852 0.39
Yb 3.124 5. 081 2. 994 3. 035 2.284 7.787 8.908 3.532 5.32 2.579
Lu 0. 496 0.76 0.474 0. 465 0. 357 1. 189 1. 426 0.539 0.798 0. 401
Hf 1. 955 2.214 1.391 1.342 1. 068 5.194 4.06 1.712 2. 64 3.333
Ta 0.476 2.384 0. 107 0.176 0. 168 7.175 0. 596 0. 56 1.397 0. 664
Pb 10. 39 6. 694 6. 692 3.317 21.22 21.87 15. 81 14. 08 41.6 22.68
Th 0.388 3.212 0.244 0.299 0.271 7.395 13. 65 15.03 25.76 16. 57
U 0.218 0.98 0.138 0. 081 0. 068 0. 885 0. 839 1.249 2.423 1. 765
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The REE distribution patterns and spider diagrams of metamorphic rocks of the Bulunkuole Group from Maryang

REE distribution pattern (a) and spider diagram (b) of the Grt-Pl-Hbl gneisses; REE distribution pattern ( c¢) and spider diagram (d) of the Grt-Bt-

Pl gneisses
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Cann,1973)

Fig.4 Discrimination diagrams of metamorphic rocks of the Bulunkuole Group from Maryang

TN R RS BB s AE R X 8 76 Na, O + K, 0-Si0, &1 fift (Le
Maitre ,1989) H1 4 M HEFHTEA LR A X, H A M MRY-2 7%
HEZRAE S ZREWE WG FAL 4 Ze-Y x 3-Ti/100 [F i
(Pearce and Cann,1973) Hy% A S gRPLEE L A X, Hoph—A4
FES (MRY-2) 80t , Zr & RN &, T4 76 S 9L 25 S B
VL (P& 4) o Bt T DK A1 R RS A I B I SR R 5
IR X RS ARER S RH R BRA B GO T R AR E iR
Jyrp b 5E R PR AR AR, 7E (al + fm)-(c + alk)-Si & fi#
(Simonen,1953) 1,5 A1 i B 2 AHK F RS R S 4 AR
J RV I R 5 X 385 78 Log ((Si0,/AL, 05 ) -Log ( Fe,0,"/
K,0) Elff (Herron 1988 ) 1,4 AN HE fh ¥4 A TUE X, — M7
Wb 4 X ;7€ Log ( K,0/Na,0)-Si0, & fi# ( Roser and

Korsch, 1986) FRIHL B BN (181 4) o Ry £1 1 B 2Rk
KA A AR R AR DN R T R IR L2 byt l UK
JEUE 9 R FIRERD S, FLRLA R A TN R s — R IR T
By, BURTE S RV L AL2Z e e e s 4l Bk
SRR ARG OGRS AE_ AR RA R i — Bk, nT RN [ HY
EWRNE S & EIg, RS AR T fe ke i
ARJFCETE T B PRI o

4 CEHIEE B AR I BRI oy

B R KA (MRY-2)
Fiih MRY-2 S ARRHC A N R R, 5 K@, A s

4.1
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(a) AR T AT A N AR AT (b) FRERA 71475 (o) -BERAIZERT; (d) - N PR AR

Fig.5 Photomicrographs of the sample MRY-2

(a)-hornblende and plagioclase included in garnet; (b)-residual garnet; (c)-phenocrysts and matrix; (d)-hornblende altered bybiotite

EEEH, IR o FARAS BT WAHS A A T4, A
Fi 1 ~2mm Z[A](E 2b) . HAMELEAWT WA G F4L
(4% ) SOINA (35% ) HB=BE(15% ) FHA(25% ) HiK
A (10% ) FAHE(10% ) |, Jo /b i & 214 R R £ %5 /il
WY, AHETARA 0.2 ~2mm, 7EASY EARTEAE B 25 5
KEBT IR F A R R A A N S5 3SR 2 R AR
MR RAFR S, BB A AHA AN AR, 2 Rk
£0.05 ~0. lmm([&] 5a,b) . MNAMBKATERLET R
0.5 ~ 1lmm, Z 55T Y)— B0 WHES o A ARG
TaaiEE E (8 Sc) ¢ BRI B & & A A0 R
KA R KR R, MINA R OB RS
W S5, Fn R s o5 % o ) 6 B ) o3 AT o LR
METHMNAG SO B R ARG TR R, ST
RIAEAE 0.1 ~ 0. 3mm Z ], 43—, 2 k5. 3 4 B
TR N BEA IR B A N AR 45 (K 5d) .
MRIEEARZ: B MRY-2 1] LRI = AN R B B : (1)
VMR AR T B B 0 A A ol A R A A S O R

(Grt+ Pl + HbI + Qtz) 41)i; (2) 55 — WAL By Be 4l
H ARH I A7 RE it A TR 7 JRE s B0 A% 3 1 70 4R (P12 + HBI2 +
Qtz) ;5 (3) HeJg — B B B 9™ 0 20 & | 2 0 4 4
(P13 + HbI3 +Kfs + Bt + Qtz) ,,

4.2 flzkA#am(MRY-11)

Fedh MRY-11 9 & A RBH 2 RS, T ATRLBER
S5key, T AR A 3 (18] 6a) o AT WA AR5 1
(10% ) JREHBE(35% ) A BB (5% ) VR AT (30% ) (15
(15% ) ML &A1 (3% ), R/ BG40 47 7 il 41 S5 BT 40
AR BERRAR ) 2mm A R By & RO EAER T
AR T ORISR A A S50 Y s AU R RS
TER YIS EAZHR e R A0 0 R AT B e 2 S, FLa R s 5
BT AR A0 (] 6b) B AT o RHS A7 BE AL
et 2mm, A R A BFRLEA BAT TS HERESS ), 70 )
BAR— M AT B E R KT ATFERZ M 45k, B L3
BT 5 B BRHAT BB FHI o 5B ) 2 R AT R
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s () -BR B AT T R R AT R 5 S Mg 3

Fig.6  Photomicrographs of the sample MRY-11

(a)-a garnet phenocryst and plagioclase phenocrysts; (b)-euhedral garnet and biotite in the matrix; (c)-a gamet phenocryst altered by biotite,

plagioclase and so on; (d)-a plagioclase phenocryst and its biotite inclusions; (e)-anhedral plagioclase and its biotite inclusions; (f)-residual garnet

and sillimanite inclusions arranged as anti-S

ZH H S SV RARA T, AR RN A TR, AFE RS A BRI T A RS RS
BRAB TS, &&OEEFRP AR Taakpy (860D Y RARAR T MG A KT
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K2 HEEREKS (#5 MRY2)) EMEBTFWLERS
(wt% )
Table 2

The chemical compositions ( wt% ) of minerals for

different metamorphic stages of basic gneiss (sample MRY-2)

AR
BBt
B Gt Hbll Pl1 Hbl2 P12 HbI3 PI3 Kfs Bt
Si0; 37.08 39.45 62.18 39.98 63.42 41  63.31 63.85 35.51
TiO, 0.14 1.5 0.0l 1.68 0 1.26 0.012 0 3.12
Al,O3 20.1 11.93 23.18 12.01 22.88 11.99 22.42 18.2 15.03
FeO 22.58 23.06 0.06 21.58 0.1 21.06 0.22 0.04 23.46
MnO 5.78 0.38 0.02 0.41 0.02 0.56 0.04 0 0.37

M1 M2 M3

MgO 1.64 6.06 0 6.71 0 6.99 0 0 8. 46
CaO 11.81 11.4 513 11.01 4.53 11.46 4.407 0.01 0.01
Na,0 0.09 2.22 9.21 1.99 9.1 1.74 9.421 1.33 0.21

K0 0.03 2.24 0.19 1.78 0.2 161 0.129 1597 10.32
B 99.25 98.24 99.98 97.15 100.25 97.67 99.96 99.39 96.49
(0] 12 23 8 23 8 23 8 8 11
Si 2.978 6.186 2.765 6.257 2.802 6.347 2.811 2.981 2.758
Ti 0.009 0.177 0 0. 197 0 0. 147 0 0 0.182
Al 1.902 2.205 1.215 2.215 1.191 2.187 1.173 1.002 1.376

Fe3+ 0.107 0 0 0. 082 0 0. 167 0 0 0. 101
Fe2* 1.409 3.023 0 2.742 0 2.56 0 0 1.422
Mn 0.393 0.05 0 0. 055 0 0.073 0 0 0. 024
Mg 0.196 1.416 0 1. 565 0 1.613 0 0 0.979
Ca 1.016 1.916 0.244 1.846 0.214 1.901 0.21 0 0. 001

Na 0 0.674 0.794 0.605 0.78 0.523 0.811 0.12 0.032
K 0 0.449 0.011 0.354 0.011 0.318 0.007 0.951 1.023
A1l 8.009 16.09 5.029 15.918 4.998 15.836 5.012 5.054 7.899

MR AR 2% R df MRY-11 0] RLRI 4> = A28 B BE - (1)
FLUHAAR B B 0 4 bR A R B AR ARHE A B
b AT AT R AR AT a4 8 gk
FHL L (Grtl + Pl + Bil +Sil + Qtz) 5 (2) 55 — #9408 i B B
FIB B A T A8 R o BE AR S ARHE A B A
TR AR IR AT A5 KA RERAG T (G2 +
P12 +Bt2 +Sil + Qtz) 5 (3) W J91 25 o1 v B 9 ) 45 A 1R
THBEMAT AR ABESD s MRk e B
B Atk A %A REE B (Gr3 + P13 + B3 +Sil + Qtz) ,

5Pt

T YAk 13 53 47 el v E R B ) M R AE iF 5E
[ 2 bR fh 2 [ 5% o S0 %5 (W JEOL 28 W] M 7 1) JXA-
8100 FLFHREF M e . FLATHT Ay N L . 15KV, 3R
it 3. 000 £0. 002E-0. 8 (A) , WBE 1pum , KHRSFITH (943 i
[ 10s, R ZAF BIE Tk WFHREF A4 R 3k 2
#3,

5.1 EtERRRAERMA(MRY-2)

B F & Alm & 46.74% ~ 47.53% , Gro 7 fit
27.13% ~27.92% , Spe % i 12.68% ~ 13.04% , Pyr {5
5.50% ~ 6.37% , £ A1 1 ¥ A1 WURL ] A A7 £ B 1 A9 1850
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%5,

ARE Xy, (=Mg/(Mg+Fe’ ) {7E 0.32 ~0.41 Z
], Si BSFHUTE 6. 18 ~6.35 i), Ti B F4AE 0. 138 ~0. 256
Z[8], MR Leake (2004 ) i i N A7 4325, M N AR FLUR )
SO o AR A 2E R ) Ak 25 B s FT LA A TN A R oA
=W MIN A A AR A A2, Na, O F K, 0 &
& ,Na, O (e 2. 03% ~2.39% Z ] ,K,0 &8 7E 1.97% ~
2. 24% Z 8] ; 55 ZIA A N A FNEE =0 A TR A ok AR TR A B 1Y)
AR AR, B AT Na,O F1 K,0 & & 43 HI7E 1. 74% ~
2.02% F1 1. 61% ~1.90% 2 [&] , {H A [N £ 3158 Ti,0 Fb A%
TREAE, HF1.24% ~1.53% BN 1.43% ~1.75% 2 Jd],

2 AVMERAEO0.17 ~0.20 Z Al A% A R
TiO, &1 0.35% ~0.33% AR B . Fe & RAZTAIIH
ZRHE /N, Mg F1 X, (=Fe’* /(Fe’™ + Mg) ) fHAEAZ AN
T4y 1. 80 F1 1. 88,0. 63 F10. 62,

HEKE RROANERKA, An FEMH KT 20% ,Ab &
HAET5% ~T1% Z (8], 0r F 2y 1% , MAINAEE TR
AERPIRHKATHEE An, FHCAF 4 FOR R B AEE
RE (DR AT, 2 BB, BUR RS0, itk
Tmm 2455 (2) Al F O AR RHC 5 (3) 58 2R R B
i, AR Tmm 2247, WS A5 4000 5 (4) ZERURHC A, A0 kL
B, . 3B —2RH A B R T A AR R
A AR, AT RE N R ARHS A 5 55 2R B BB R LU AR
— AT o SRS T B AT A ISR A A K
SIAEY o A IS R A AR A A R R R A 1 A 2
AU A AT 4328 =SB — W SR — R RHC A B A % A
FAaREHCA (PIL) , An & 22.8% ~23.7% ;55 —#
R T RAHE A B (P2) , An 5 21.3% ~21.9% ;45
SHR IR ARHE A (PI3) , An B8 20.3% ~20.9% . 3% = HH
RHE AT An 5 EEEWTIAIR, 7T B8 ST IR AR R A R
2 W AR T 0

ko Or 5 H2985% ,Ab 52 14%

5.2 FlLIEEFER(MRY-11)

EHT L AR ARG EA B, R R
(Bl 7a) , AN AZFR 203038 A 87 A7 Loy oy = 1 58—
(Grtl) AR T BEARAZ T, Pyr & ffi i s 55 1 (Gri2) Oy
A F A BE LR AR, Pyr P48, Alm & & 5 Il 5 =1
(Gri3) TR A1 BERR IR, Pyr & HRAK, Alm &5 R

Zx% AVEREE0.27 ~0.34 ZH], X, fH1E 0.26 ~
0.44 Z ], TiO, S&7E2.81% ~3.50% Z ], A BT A A ik
BB TO, TR S IRE S SRR S =4
W () AT AZT KRR S B (B) ,MgO & H 4,
FeO & B AK, &80 13.1% ~13.9% f1 11.7% ~
14. 2% 02 FLARE A0 R A 0 88 - 38 48 S b, 38 BB Y
21 5 (2) BHE A BEF BB = BE R (B2) , MgO & &
AR, 7E 10.2% ~10. 6% Z[f]; FeO &5, 16 16.5% ~
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®3 FlLZ=E (%@ MRY-11) EMRTMULERS (w%)

Table 3  The chemical compositions (wt% ) of minerals for different metamorphic stages of khondalite (sample MRY-11)

AR B M1 M2 M3
R} Grtl Pl1 Btl Grt2 P12 B2 Grt3 PI3 B3 Mus
Si0, 38.99 60. 50 36.13 38.51 60.71 35.91 38. 18 59. 84 36. 38 45.21
TiO, 0. 00 0.04 2.43 0.00 0. 00 2.82 0.02 0.04 2.97 0.56
Al, Oy 21.54 24.35 18. 14 22.60 24. 15 17. 84 21.36 24.52 17.95 33.23
FeO 28. 46 0.00 14.26 27.18 0.01 16.31 31.24 0.03 15.59 2.48
MnO 1.08 0.00 0. 00 1.12 0. 00 0.03 1.76 0.01 0.03 0.02
MgO 8. 14 0. 00 13.12 8. 69 0.01 11.77 6.26 0.00 11.40 0.58
Ca0 1.24 6.13 0. 00 1.24 5.99 0. 00 1.18 6.32 0. 00 0.12
Na, O 0.48 8.32 0.39 0.07 8.70 0.10 0.37 8.47 0.21 0.90
K,0 0.25 0.21 10. 26 0.01 0. 00 10. 75 0.12 0.15 10. 78 11. 11
Sy 100. 25 99. 55 94.72 99. 50 99. 74 95. 60 100. 48 99. 46 95.39 94.23
0] 12 8 11 12 8 11 12 8 11 11

Si 3.031 2.707 2.715 2.981 2.712 2.710 3. 005 2. 688 2.739 3. 088
Ti 0. 000 0. 000 0. 137 0. 000 0. 000 0. 160 0. 001 0. 000 0. 168 0.029
Al 1.974 1.284 1. 606 2.062 1.272 1.587 1.981 1.298 1.593 2.675
Fe’* 0. 000 0. 000 0. 135 0. 000 0. 000 0.138 0.014 0. 000 0.171 0. 142
Fe** 1. 851 0. 000 0.761 1.759 0. 000 0. 891 2.042 0. 000 0. 811 0. 000
Mn 0.071 0. 000 0. 000 0.073 0. 000 0. 002 0.117 0. 000 0. 002 0.001
Mg 0.944 0. 000 1.470 1. 003 0. 000 1.324 0.735 0. 000 1.280 0. 059
Ca 0. 103 0. 294 0. 000 0. 103 0. 287 0. 000 0.099 0.304 0. 000 0. 008
Na 0. 000 0.722 0. 057 0. 000 0.754 0.015 0. 000 0.738 0. 030 0. 120
K 0. 000 0.012 0.983 0. 000 0. 009 1.035 0. 000 0. 009 1.035 0.968
Gt 7.974 5.019 7. 864 7.981 5.034 7.862 7.996 5.036 7.829 7.090
@ ®
30}
70+ . —*Alm —+Pry -4-Spe —-Gro —®—An
601 201
50F &
HE28 |
40¢ 4
30¢ .,m K7}
N
20f
26+
10F
0 T A TR S W
A B A’ B’

BT #edh MRY-11 AP 9408740 B (a) FIARH AT BES: (b) A8 1 P&

Pl 7a X4 R Y FITET N ] 6¢ R AB BT 5 141 7h X0 1] 6d H A” B’ H T

Fig.7 Compositional profiles of a garnet porphyroblast and a plagioclase porphyroblast in the sample MRY-11

The Fig. 7a corresponds to the section from A to B in Fig. 6c; the Fig. 7b corresponds to the section from A’ to B’ in Fig. 6d

17.3% Z )5 (3) B =8 (B3) , MgO &&= 7E 11.5% ~
11.7% Z ], FeO & 875 15. 4% ~15.7% Z i, S5HEFH
efi i) BB MgO F G T A a, W Re AR FARET
BT 340 SN

=% HoBlaEd—,S &84 3.09,Na &7
0.06 ~0. 12 Z[a] ,Mg % 7£ 0. 06 ~0. 08 Z[f]

Ko BHRAATRA,Ab FHRAET0% ~72% Z |8,
An FHEAE 26% ~29% Z 8]0 RS A1 BE A% 2 135 Ab
i T0% SEINE] 73% , SR )5 LFEARE] 70% (15 7b) ; H ik
ARHRAT T A 0y =399 55— (PLL) DA AR A B i A% 5 56—
I (PL2) SRy A B 7R 5 575 — 301 (P13 ) S ARH A B i i 0
I R AT
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Table 4 Mineral assemblages and P-T conditions of the different stages of the sample MRY-2 and the sample MRY-11

FEA S A5 B B RERS T(C) P(kb) A (C) Ap(kb)
M1 Grt + Hbll +PI1 + Qtz 850 ~870 12.9 ~13.3 35 1.1
MRY-2 M2 HbI2 + P12 + Qtz 730 ~770 7.3~7.8 40 2
M3 HbI3 + P13 + Kfs + Bt + Qtz 680 ~740 4.7~5.7 40
M1 Grtl + Pl + Btl +Sil + Qtz 850 ~870 12.9~13.3 35 1.1
MRY-11 M2 Grt2 + P12 + B2 +Sil + Qtz 800 ~ 830 7.9~9.2 25 1.2
M3 Gri3 +PI3 + B3 + Sil + Mus + Qtz 670 ~700 5.1~5.6 25 1.2

el Ap, Ap S0 A MBI TR R GEW R R Ty 825 52, R T AT A -fAINA-RHC A -4 9 1T ( Graham and Powell, 1984 ; Kohn and
Spear, 1990) , fi A7 -BHE A 1B 11 ( Holland and Blundy, 1994) , ffi [N A -#HS A -4 & % /711 ( Bhadra and Bhattacharya, 2007 ) Fl4g #14 -&HS

A -B B BRI (Wu et al. , 2004)

6 AT

AR AR 2 R A2 8 A7, £ R A I A
JBRERE i MRY -2 FIFL2Z 4R i MRY-11 35 0] Rl 73y =4~
SR B o SR PG UM T 8™ 008 i LS T XA s 4% 22 o
B B M2 & i I AR PFBEA TR IR A R AR 4

6.1 EiMRFREHEm(MRY-2)

BB (ML) B #4528 : Grt + Hbll + Pl + Qtz, 1%
MK TR MG, RAARTA-ANA-RHK
F-AJEIR E 3T ( Graham and Powell, 1984 ; Kohn and Spear,
1990) FEATHHE, THE = AR IR 45 2R 850 ~870°C/12.9
~13.3kb, LRGN 7 ML 4151538 1 IR
HHAE A 20

FBrBe(M2) 54140 HbI2 + P12 + Quz, RSN
AR AT T (Holland and Blundy, 1994 ) F1 £ [N £1-RHK
f1-A Y% S711 ( Bhadra and Bhattacharya 2007 ) 3180 H 725 i 4%
124 730 ~770°C/7.3 ~ 7. 8kb AU 1 1 [N 5 A I 1B 742 o
B B A

BB (M3) 15 4L 5 Oy HbI3 + PI3 + Kfs + Bt +
Quz, THIFES S i BIR Ik —B TH545 Ry 680 ~
740°C/4. 7 ~5. Tkb RS IN A AR AL BB B o

6.2 FlLZAHEHG(MRY-11)

RO A-BRA-B D B-ASEE T (W et al.
2004) HEATHE ML S B 441 702 ~ 716°C./6. 5 ~ 6. 8kb,
J& A DN 5 HEE S/ 5 M2 Wy 800 ~ 830°C /7.9 ~ 9. 2kb, &
o JRRORE 25 R A BV T s M3 9 670 ~ 700°C/5. 1 ~ 5. 6kb,
J& FAR A N AR A I

RIS A FLZE o A — AL AR A R AR A
J IR AR WA 30325 T PTG T A 1, 3o e B G £ 8 52 45 b 5t
A HBL(Xiao et al. ,2011) , g FT¥I o JBORL 5 AR A2 B FH 52 2
JE TR AR B E RS AT < (1) Bt i 10 2R 8 = B

BB 5 B TSI ; (2) LR T R £ DA
R R B 5 T JBRRL 4515 R £ J11 (850 ~ 870°C./12.9 ~
13.3Kb) ; (3) i 06 4 (2007 ) Fil T £ (2008 ) 758 f+ 1 R
T 11K H SRR 7 I 8 DR R o 9 B A S
125 S PR 0 25 AR 2 00O 52 11728 A D 4% 0
38R 760 ~ 820°C /10 ~ 12kb F1 800 ~900°C /10 ~ 12kb, LA
AR P AR T O M 2 A 1 7 46 B B R R
AT T 8 FEROREL R B A TR P R A0 8 2 9 B L 2%
S I — B FE A 06 7T R 2 0 41 4 7E W 301
) I T T A B A LU R T A T R 5 7
TRARHC A DR 1 R 2 U SO0 P 4% 14—,

7 Wig

HRARE EF A P IRANEA F 25 7T LRI 225 A0 1 M3 B
BT R — A5 U1 T, HoA R ARHS A TN R R /Y M2 L M3
W B IR 254 43 S RNFL 2% 6 11 M2 f M3 o B T TR 4% 1
AT, SR AR RS A TN R s AL 255 1 = A i B
B i AHED TR AHC A TN R R 1 M1 M2 1 M3 [y
By T R T L2 A ML M2 fT M3, P BB A AR T
A4S i) 0 B b A B AR AR TN R R A (MRY-2) FfL 2% 5
(MRY-11) St [R] 28 [y 1 e 300 9 iy 1o 728 Jo £ ] (850 ~ 870°C/
12.9 ~13.3kb) , B 14 15 £ D) R - v H JBRORL 5 A 2 B/
(730 ~830°C /7.3 ~9. 2kb) A 04 A N & A0S 54 FH (670
740°C/4.7 5. Tkb) . FIASBER G P-T B e 5 W
o F 72 A IS A 0 S5 e s (1D ) 3 8, Tl — I MLy
A P-T B (B 8) o iXAERY P-T Bk — 8 T i A
S 1) K Hh 4 1 3 #2 ( England and Thompson, 1984 ; Thompson
and England, 1984) . X — i F2 AT LU R O - Bl 45 Fifi 72 35 )2
7 [ T TR T VR A BT, 25 el T R kA
(Harley,1989) , flise & 446, G ISR B 2

FERSAT R IR K B = PRl (AR YRR BE A AL 20km
Qb ) —5 (A A R R L 2% e T R AR AR A AR IR (B KT
600Ma (& 1 5% AZ 4F % ) , 400 ~ 460Ma, 240 ~ 270Ma, 200Ma
(5RALIREE,2007) o T34k, FEVY BUR I A9 9L 2% At A7 7E TU 20
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(1971)
Fig.8 Metamorphic P-T paths of the Grt-Pl-Hbl gneiss and
the khondalite from Maryang
The dark sections refer to the P-T path of the Grt-Pl-Hbl gneiss of the
sample MRY-2, while the light sections refer to the P-T path of the
khondalite of the sample MRY-11. Three-phase point of Al,SiOs
after Holdaway (1971)

AEWARAE, b S AR AL AR B O 618 ~ T18Ma, Hih = 2 4R %
{lH 428 ~ 492Ma 245 ~ 256Ma 197 ~ 214Ma ( ¥ 75 55 4|
2004) . AR RREVE FOFLZZ A B S05Ma 1 9% = I S (AR T
AEHE 240Ma) f2 A (FRAEMREE,2007) , K G HEDY Hi KT 505Ma
AT B B T s T AEA T/ T 505 Ma = 2HL AR B 4y 25 S 4F:
W o AERREVY BLALM Y 47 2k A0 48 7 JRR A 1 728 BT S A AP TE &
T L I AE Wy 420 ~ 460Ma I 230 ~ 280Ma ( 25— 4|
2003) , FEIEATPRIR T S A B AR IR AT T 41 1 RHS A1 IR
TR H A HE OB 5 5 HR3E A 7 AE AN AF I E 456 + 30Ma
177 + 6Ma( i E5 5 ,2007) o LW WL, FREVY FOFLZE A B
A = A8 R AR W W {5 (428 ~ 492Ma, 230 ~ 280Ma, 177 ~
214Ma) ,

FET UL R, B F N B A PR A0 A8 el S AR A AT
REAE 428 ~492Ma Z MR A — R AB T, 51 R4
SR AT ReA PRl (1) E A IR IE A 12 FE R i 321408 B
Tl el A, 2 S R P (AT A R R B il Tl KOs (1
SCAREE,2011) AN B SRV B 3 AT BT 8 IER R 14 L 35T
FUE R A AR (R R e 1) AR TR0 P, RAEZR TR
YERT 5 (2) 7 L AN o5 U A A7 7E K& 420 ~ 490Ma (14 7H
PR I TN S FIAE i< TS (Robertson, 19945 17 8 42 %
1994 ; iz 455 ,2006) , 78 FEH AN VY FLZ [BIFEAETE B T 426
~451Ma Z [a] (1 5) 14 B VD37 (JRD#E S, 2000 ), 0 JE 4 £2 40
FEAEIN 2R 30 R A T ZR AR ofr (i 3 55, 2006 ), L 17 78 55 1

AH AR S IR A A6 R R R 2B AR SRV . b ) AR R
WO A P A2 AL B AR R B

T 230 ~280Ma 7] REAX 3¢ T v FE 4% 5 By Bt M (850 ~
870°C/12.9 ~13.3kb) LA K B )5 9 /55 #f1 TN 25 - P He bR AL 5 A
(730 ~830°C /7.3 ~9. 2kb ) B8 i VE A [ o 2% 0 25 Joe 4
AIRER A R ITPE A A G G, T (2008 ) 76 FUAA i 24
P R B A7 i 20 - A 20 ELA T W M O LI R
LA R (1992) FXIYIEE (1997 ) Ry iy R 4R T VE7E e — %
- = AL AT R AR B R M e 45 S . ol FRR
Wi P A v R 6 M A R 7K I - ) R b R 1 il
8 REFRE A b oG B, ST AR R T T A A R A AR
JEAE R, 28 VR 0 I R 4% 4R TT 35 %1 850 ~ 870°C/12.9 ~
13. 3kb ; B 5 & AR AR 46 T, i D T B2 R R AR
AR IR R R

T N T P 0B P RO 22 (A0 A7 2 A R AR A TR R bR
EHIBEBT VI h & B AT 231 9. 8Ma [ J IR AE i 5 Fl
183 ~ 196Ma [ 78 14 5 ( HH [ 2 BE 75 96 25 )5 255 6 B 5 4% BA
2000) , 7€ b FRRHLZ 18] 1) 25 v & 04T 229Ma 1 #A4E 3h
(P 30k %,2007 ), B 6 AT RASEEDNAE 196 ~231Ma 2 7] A A= i
BIEIVE AL B 5 A R e 3B ER T RS
WL AEAFFE—24 177 = 6Ma A9 ES 6 U-Pb 4F IR ( B 220555,
2007) . HIL 177 ~231Ma A GEXT B T A 8 AHS M N A
FALZZ A1 M3 [ Bz (680 ~740°C /4.7 ~5.7kb) , AT RE 5 M
L M A RITR /K V- 7 B i AR Tl 48 U 1) b e 5 T 2ol A v Y
PR XK.

25 TR, AR AR R A P K AR S AT A6 )
TE 1) 2 AR 3 Bl D 122 8 DR AR 0 D 5 T Ak, 51
RIEAT IR TAT R SRS A . (e B LE =&
SRR BRI A A, B AT R A A0 8 1 A iR
T 32045 oA PR R e T A8 S/ i T s A s 4 T 7=
AT R R . AEME S BT Ak SRR T T K e Y
VIR B8 AT T 2R A5 A ) 38 3 7 0 R A= A TR 2 R A% i
fEH

BEAT, 78 B B FL 2R A T LARIBAT R 4 76 B i FL 2% ik AT
RAFIXT . 15, AL B 98 4 —FE R A A LA 28R,
IV RE—BMME LR 5 u R RHE, HkBI/R4Em
FEE OB 0 48 SR F 4% 440 700 ~ 850°C /8 ~ 12kb (K g
BAE,1999) , 31X 55 T IR P 1 L 2% o 0 A8 SR FH A — B,
TiHh, B IR & L35 A AT — 2 447 ~450Ma 975 AR 4 (H
XA 5P ALZE A AR — Bk, 755 (2004)
5 A HBER k27 A AR 27 T AL S AR 10 A 1338 U T A -8
] S C i AR T /R 4 i A B 28 00 [l — M A4

8 &k

AT P BB A2 IR T 2K 1 B A A 1 e A A
HIEAT TR MR 0B, e W R WL 25 A 1 Jsla e
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BT 5 IRFRBE 0 DS AR5 s A ARH AR TR 7 BRS B Jis
R IR BE X R, B E-MORB F1 N-MORB f{R¢E,
T AR IR 4 1 FL %% 0 0F L, T Sk i 7K V- ol B b A 0
FRT IR 4 L A R 428 g i) — Ml A X — W s 3Rt S0 4

W2 A A T AN AR SO I T 5 2% B A A R AR TR JRR
FRFLZE AT =R T B, W28 5 A 1 = A28 5T B o
XTI o A RRARHE A N RS 1 M1 A8 BT IR R 45 144 850 ~
870°C/12.9 ~13. 3kb, M2 34 730 ~770°C /7.3 ~7. 8kb, M3 X
680 ~740°C /4.7 ~5. Tkb, FL2Z41 M1 78 it 6 JE 4124 850
~870°C/12.9 ~13.3kb, M2 3 800 ~ 830°C/7.9 ~9. 2kb, M3
9 670 ~700°C/5. 1 ~ 5. 6kb, A B A HERER, =B B
3 A FA AT g & A8 18 15 91 (230 ~ 280Ma ) FIERSZ I (177 ~
231Ma) .

PUER IR S B AR A 1Y P-T Bl R 3R e ] = s
AR AR G A AR SR R A B T B TR & (AR i P-T
BALBUE, S BT VE RS 5 R A 56 A R M R 3 1 S, X AT
RE S PTO I R I R G A ¢, Z 5 BN T BN S AL i
TR B IER

Bt AU EeE O B R TR E S TR AR T R B
P HA P [ 07 2% MR Al 22 1] 52 B o S 6 4 AP T T e il 11
553 e RARWI R AT B AR T ST 53 A — i B 4 R A
Peth TR B ORI L X I 2 T R A
WET TR B s FE b — FF EUAB R
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