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Abstract The Altay orogen is an important part of the Central Asian Orogenic Belt ( CAOB), and several high-temperature
metapelitic and mafic granulites occur on its southern margin. Constructing their P-T paths is of great significance to understand the
Late Paleozoic tectonic evolution history of the southern Chinese Altay. Detailed petrographic observations on the metapelitic and mafic
granulites at Wugqiagou area show that their metamorphic assemblages are garnet + cordierite + biotite + plagioclase + quartz + magnetite
+ ilmenite + orthopyroxene + spinel + k-feldspar and orthopyroxene + clinopyroxene + biotite + plagioclase + k-feldspar + amphibole +
magnetite + ilmenite + quartz, respectively. Peak and post-peak metamorphic P-T conditions are estimated using conventional
thermobarometers and average P-T approach. P-T pseudosections are calculated for two metapelitic granulites via the Thermocalc
program, yielding peak metamorphic P-T conditions of 770 ~865°C /3. 0 ~ 5. lkbar and two post-peak near-isobaric cooling (IBC) P-T
paths. Such IBC P-T paths suggest that high-temperature metamorphism likely occurred in an overall extensional tectonic setting. The
available age results support that the high-temperature metamorphism in the region occurred in the Permian (270 ~280Ma) which is
coeval with the time of the Tarim mantle plume activity ( ~ 275Ma) . This indicates that the Altay Permian high-temperature
metamorphism is likely associated tightly with the Permian Tarim mantle plume activity. We consider that the heat source necessary for
the Permian high-temperature metamorphism in the southern Altay was most probably provided by underplating and heating of mantle-
derived mafic magma as a result of the Tarim mantle plume.

Key words High-temperature metamorphism; Metapelitic and mafic granulites; Altay orogen; P-T path; Tarim mantle plume
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Fig. 1 A simplified metamorphic geological map of the Chinese Altay (a, modified after Wei et al. , 2007) and a geological
sketch map of the Fuyun area and sampling location of the Altay granulites (b, modified after Li et al. , 2004)

¢ -sample location; O, ;-Middle to Late Ordovician Habahe Group; S, -Silurian Kulumuti Group; D, -Early Devonian Kangbutibao Group; D,, -
Middle Devonian Wendukala Formation; D,,-Middle Devonian Aletai Formation; Cs, -Late Carboniferous Kala-Ergix Formation; J,-Late Jurassic
Shishugou Group; C,-Cenozoic; {s,-Variscan mafic mafic and ultramafic rocks; v,-Variscan granitic rocks; Black block is gabbro intrusions
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Fig.2  Photomicrographs and Back Scattered Images (BSI) of metapelitic and mafic granulites in the Altay orogen

(a) LT1147, garnet + orthopyroxene + cordierite + plagioclase + magnetite; (b) LT12-35, the assemblage of biotite, cordierite and quartz near the
garnet porphyroblast; (c¢) LT12-36, coronas cordierite develops along the spinel rim, and some cordierite and ilmenite inclusions occur in the spinel ;
(d) LT12-36, some spinels occur near the gamnet porphyroblast, and some spinels occur as inclusions in the garnet porphyroblast; (e) LT12-02, BSI
image showing assemblage of orthopyroxene + clinopyroxene + plagioclase + biotite, and ilmenite as well as directional amphibole inclusions occur in
orthopyroxene; (f) LT12-02, potash feldspar occurs in a assemblage of k-feldspar + plagioclase + orthopyroxene + clinopyroxene + biotite in the mafic
granulite. Mineral abbreviations: gt-garnet; opx-orthopyroxene; cpx-clinopyxene; cd-cordierite; sp-spinel; bt-biotite; pl-plagioclase; ksp-k-feldspar;

ilm-ilmenite ; mt-magnetite; amph-amphibole; g-quartz
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Table 1 The EPMA analysis results of representative minerals in the metapelitic and mafic granulites in the Altay orogen (wt% )

FEd LT12-36 LT12-35
Y gt(c) gt(r) opx sp cd bi pl gt(c) gt(r) ksp pl cd bi
Si0, 37.43  37.16  52.51 0.02 48.51 35.91 60.66  37.86  38.35 63.66  61.81 50.98 35.72
TiO, 0.03 0.09 0 0 0.08 3.9 0 0.05 0. 06 0 0. 04 0 3.23
Al, 054 21.84  22.06 0.22 60.76  33.32 19. 11 25.04  21.81 21.89 19.36  24.36 1.45 18.37
Cr, 0,4 0.07 0 0.02 0.04 0 0.03 0 0 0.04 0 0.09 0.02 0.12
Fe, 05 0 0 0 0 0 0 0 0 0 0 0 0 0
FeO 29.87  30.15 30.35  34.35 7. 81 17.21 0.13 30.92  31.19 0.03 0.03 30. 62 18.03
MnO 5.5 5.76 1.6 0.61 0.32 0.14 0 4 3.24 0 0 1. 81 0.08
MgO 4.84 4.34 14. 58 4.54 8.37 8.84 0.01 5.37 4.97 0 0.01 15.53 10.2
CaO 0.95 1.01 0.03 0 0.01 0.14 6.23 0.97 0.98 0. 08 5.13 0.15 0
Na, O 0.01 0 0 0. 06 0. 14 0.14 8.52 0.02 0.01 1.56 8.78 0 0.17
K,0 0 0 0.01 0.01 0.02 9.39 0.14 0 0 15.33 0.27 0.01 10. 26
J=8 4 100. 54  100.57  99.32 100.39  98.57 94. 81 100. 73 101 100.73  100.02 100.52 100.57 96. 19
[0) 12 12 6 4 18 11 8 12 12 8 8 18 11
Si 2.96 2.947 2.047 0.001 4.976 2.715 2.684 2.971 3.011 2.944 2.731 5.824 2. 691
Ti 0. 002 0. 005 0 0 0. 006 0.222 0 0. 003 0. 004 0 0. 001 0 0. 183
Al 2.036  2.062 0.01 1.993  4.022 1.704 1.306  2.018  2.026 1. 056 1.269  0.195 1. 632
Cr 0. 004 0 0. 001 0.001 0 0.002 0 0 0. 003 0 0. 003 0. 001 0. 007
Fe* 0.036  0.033 0 0.009  0.063 0 0.005  0.037 0 0. 001 0. 001 0. 585 0
Fe?* 1.94 1. 967 0.989 0.791 0. 606 1. 088 0 1.992 2.048 0 0 2.341 1.136
Mn 0.368 0.387 0.053 0.014 0.028 0.009 0 0.266  0.215 0 0 0.175 0. 005
Mg 0.571 0.513 0. 847 0. 188 1.277 0. 996 0.001 0. 628 0.582 0 0. 001 2. 645 1. 146
Ca 0. 081 0. 086 0. 001 0 0.001 0.011 0. 295 0. 082 0.082 0. 004 0.243 0.019 0
Na 0. 002 0 0 0. 003 0.028 0.021 0.731 0. 003 0. 002 0.139 0.752 0. 001 0. 025
K 0 0 0 0 0. 003 0. 906 0. 008 0 0 0. 905 0.015 0. 001 0. 986
Total 8 8 3.948 3 11 7.674 5.03 8 7.972 5. 05 5.016  11.7866 7.812
e LT1147 LT12-02
v gt opx ksp pl cd bi opx(c) opx(r) cpx ksp pl am(o) am(in) bi
Si0, 37.68 49.15 63.13 62.55 47.43 35.32 49.99 50.45 52 66.28 61.62 44.63 45.69 36.51
TiO, 0 0.11 0 0 0 3.92 0.13 0.22 0.11 0.01 0.05 1.94 2.19  5.32
Al, Oy 22.01 2.3 19.31 23.3 32.7 17.34 0.22 0.25 0.74 15.57 24.23 8.38 6. 96 13.85
Cr, 0, 0 0.02 0.03 0 0.02 0.08 0.02 0.02 0 0 0.01 0.05 0.01 0.02
Fe, 05 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FeO 29.11 32.14 0.02 0. 08 8. 49 19.16  33.44 33.52 13.49 0.01 0. 06 18.55 19.28  20.67
MnO 5.21 1.54 0.01 0.02 0.36 0.12 0.91 0.9 0.39 0.02 0.02 0.26 0.91 0.1
MgO 5.59 15.01 0 0 8.17 10. 29 14.57 14.78 11. 16 0 0.01 10.01 10.09  9.96
Ca0 0. 68 0. 05 0.08 3.96 0 0 0.93 0.78 22.39 0.04 5.65 11.82  11.82 0
Na, O 0.08 0.05 1. 63 10. 03 0.17 0.09 0 0 0.42 0.58 8.58 1. 88 0.83 0.02
K,0 0 0 15.22 0.17 0.01 10. 21 0.02 0 0 16. 81 0.53 1.16 1.4 10. 81
S 100.35 100.37 99.44 100.11 97.35 96.53 100.23 100.92 100.7 99.32 100.76 98.68 99.18 97.26
[0) 12 6 8 8 18 11 6 6 6 8 8 23 23 11
Si 2.967 1.915 2.939 2.772  4.93  2.673 1.964 1.967 1.962 3.092 2.724 6.703 6.816 2.776
Ti 0 0. 003 0 0 0 0.223  0.004 0.006  0.003 0 0.002 0.219 0.246 0.304
Al 2.043  0.106 1. 06 1.217  4.007 1.547 0.01 0.011 0.033  0.856 1.263 1.484 1.224 1.242
Cr 0 0.001  0.001 0 0.002 0.005 0.001 0.001 0 0 0 0.006  0.001 0.001
Fe** 0.035 0.061 0.001 0.003  0.148 0 0.055 0.041 0.067 0.001 0.002 0.058 0.262 0
Fe?* 1.882  0.986 0 0 0.59 1.213 1.043 1.052  0.358 0 0 2.272 2.144 1.314
Mn 0.347  0.051 0 0.001  0.032  0.007 0.03 0.03 0.012  0.001  0.001 0.033 0.115 0.006
Mg 0.656  0.872 0 0 1.266 1.161 0.853 0.859 0.628 0 0.001 2.241 2.243 1.129
Ca 0.057 0.002 0.004 0.188 0 0 0.039 0.033 0.905 0.002 0.268 1.902 1. 89 0
Na 0.012 0.004 0.147 0.862 0.034 0.013 0 0 0.031 0.052 0.735 0.548 0.24 0.003
K 0 0 0. 904 0.01 0.001  0.986 0.001 0 0 1. 001 0.03 0.222  0.266 1.049
Total 8 4 5.057 5.053 11.01  7.828 4 4 4 5.006 5.025 15.708 15.536 7.825

T AW T O AT AX R F 313 (Holland and Powell, 19985 November, 2003 J14%). gt(c) - A% s gt (r) -840 15 s opx (o) 817
WEATAZR 3 opx (1) -7 AT IE 5 cpx-BURHHE AT 3 ksp-#1H AT 5 pLRHR AT 5 od- T 47 5 bi- B BE 5 sp- AR A7 5 am (o) - A A TN A7 5 am (in) BT
AT P RLZE A N A
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Grs, 3 Sps .15, W6 HH 23R A5 [T B B i 43 1131 52 1, 3OS 8 it
SRR, B A Mg 5o 68 A Ay, BHE A An ASLTE R
0.1~0.2, BB X,, =0.3 ~0.4,Ti0, &Ky 3.3% ~
4.0% . RHITHEA N AL Oy & 58K, 4 2. 3% ~2.6% I HT
FHF Xy JLF I, 258 0.3 ~0. 4,

i LT12-35 A8 A0 28 SRS A -BE R A 1) ]
VAR, AR 1) 32050 B 50 28 Ak R Almg, 20 Pyry, 56 Grss  Spsos , St
PRI RS I . A Mg™E N 53 A2y RHR AR X,
4% 0.3, BRHH X, HAHN 0.5, TO, & &K 3.2%
~3.7%

FEgh LT12-36 W, 44 2SR I A - 40 W -4
EEAR AT I VRS, AT 1] 30 35 B2 43 JLF- JE A8 4k, Ry Almgg o
T Mg AR AL 5l 64 ~ 67, 3
B A X, 208 0.3, M BB R AEE T A AT
MIRHC A X, B, AT3A 0.4 ~ 0.5, BBy X, (52400
0.5,TiO, F 20 3. 9% . /> AR W A 3222 0 KO
RPN, LLFEE A HRIE , AL Oy H R AL T 0.2% ~1.4% 2
], % & A AR IR A, X, 200 0.2, A3 F A 4
AHRBIR A, Xy B, 135 0.4 245 .

Fhh LT12-02 Hp, FRARMEE A7 5 0 35 0 0 A, Hoh oo 4l
I3 N Wosgus By, 5y Fsoy o, A5 A7 35 2 Ay 051 K OHE A1 1 HE
£1,Fe’" /(Ca+Fe’™ +Mg) HLAHZ N 0.5, IAZHS £33 LT
Tk, AL O, & 2.2% ~2.5% , FEFEP IR A F 5
SHASEEIN AT TR AT AL ZE I A TN 1 22 R R B A i
N, SR B R, TiO, SR ( ~2.19% ) ,(Na + Ca) y, =
~1.0, RHA PR AT S 5K, X, M 0.2 ~ 0.3, BB
1 Xy, LR 0.4 ~0.5,

Pyryg.17G18,55ps 5140

5 P-T -5 AP sdt)

WRAE Wy AR 5 0 LA S A 5, 3T E e i
ALRGE A W X A [) 722 S5 B B 742 AR T P-T 2% A1 3
frits.

e i AVBE Bk B okl g h AR AL R B T 2B B B 4
B G KIS A PSR, ATTE &b & TIF2id
T RIE AT, H R AT EA P ESERAT
RGO T P-T 158 (G iR ETT 7 2B Tt
BIER G BAE  WR 20 Z ng T B R A FTE R 22 B R
IR P JRy BR A5 ) R, — 6l o 2 SR 4R ) 5 T P 7 — B AR
2B PE 0 Z AR i He 3, QR A Thermocale 1153
M7 A% 5 2 v ( Powell and Holland, 1994) . M, AR T
RS B 1T Z Ab 3 B T 80 5 806 7 te-ds 55s
(Holland and Powell, 1998; November, 2003 F+ 2% ), %
THERMOCALC V-3 [ J5 :/E b 5E o

75 o AH Iy v 32 R A PRI T 2 B P A G
MM A Thermocale 45 72 #1157 — & 5 #H &l ( Holland
and Powell, 1998) . P-T #1475 X 5 5 4 43 B4 AH

THERR R TR E WA A TE P-T 23 BN I AR TA]
W W20 & 1452 %€ Y5 (Holland and Powell, 1998) . ff 378 it
AHEERL, FATT LU 2 KRR WAL A 1) P-T 544, R0
YRR SN G 2R 48 AE P-T LI B 1, w] DAE =5
AR R A3 B 2R i, DN X S A 1 P-T 2544 R P-T
AL 45 A B E o

Wang et al. (2009 ) Xof B4} 2% i B30z 1) ¢ S5 RRARL 5 7E fA]
i) KEMASH (KR R 647 T AR B, SRR g 1 04 1 7
[R5 A2 780 ~ 800°C /5 ~ 6kbar, {H -5 A 15 3 — 454 VI 1
P-T 8L, J5 R4 & 21 A #F47 T NCKFMASHTO & & F
AR A0l (Wang et al. , 2014) {H 2728 SIS0 P AR
HRIRBNFRRLSAH , BT LAAS SO 5 4 e iR 41 G ) e It
FRBLERE S LT12-35 47 7 ALE T BB, AR 8] — 65
BEA RS AHAE BRI P-T #Uil . © O 2238 W X8 &
TRV TLRRL A AT T A 5T (Li et al. , 20145 Tong et
al. , 2014b) (HJEEAG G W46 F1 I B 4540 H2 A5
A A0 IR I R PR R I8 R TR AT, T LAAS Sk
T &4 Sp + Opx + Grt + Crd + Pl + Bi + Q A8 Jl Rk & Ff
fm LT12-36 #E47 1 0 T E AL

5.1 g¥EREHITE

X FHE G LTULAT  FATR AR T A M A -3 7 B A1 11
Fe-Mg-Al 2z 45278 11 ( Pattison et al. , 2003 ) {18153 1Y i 1
ZAEN 794°C 4. 8kbar; R AT 5 WEA - = RHR B (R AR
BI2%, 1999) 7E dkbar 315345 2 (1438 B2 S 791°C 5 R A0 H
B A -BHE A - 95 73 (Newton and Perkins, 1982
Perkins and Chipera, 1985) 7£ 790°C i i B A2 1Y =Tl 4. 4
~5. 2kbar JEE P, W) G MR, AT REAR R TR Y AR I A%
Fo K H O M8 A -2 = B & B i1 ( Perchuk and Lavrentpeva,
1983) 1& Skbar THAAFE 191 4 705°C , /T REALER TIRAZ ;T
A AR 0 - R S - RHC A -1 98 (GBPQ) b B IR R 1
(Wu et al. , 2004) T HAFEN AR AL A& 719°C 5. Okbar,
MARFIBAR T By P-T A% o

XFFRER LT12-35 WA YA G W Ao + 540 +
FHOA + B A + BB+ A, B A a-B s iR
A - SR T (Wu e al. |, 2004) TH543 3 1R 48 T 4%
£ 573°C 2. 2kbar, W AARIBE Bd B P A B By P-T
FAFo XFT LT12-36, Wi W) 205 A A + RE5TEA +
BEHA RO IR+ Al A AR A R
A -SRI (Wu et al. , 2004 ) 7155745 31 1918 42 5 2%
#24 670°C 3. 2kbar, [AIFFACFIB AL BT Befy P-T 55104

X TREERTURRL A A i LT12-02, Be 1 Rk S 2H & TR
TR T2 X B R B BB ) 4, 0 4H S B T
K, R TR A E 1 S 0 TN O R v . FRAT]
Xof H I8 B AR 5 WA R B RV AT 3 0 R PR A S B G R R
iR 1T (Wood and Banno, 1973; Wells, 1977; Brey and
Kohler, 1990) , i 2 fi%) & #1175 i 15 B B T Brey and Kohler
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(1990) THRL5 RAARSL , HAR N TR S5 R4 810 ~865C
FOIT ¥ 855 (2004 ) B Ao AU 3 B2 B8, B 0k 3 1 RRRL S
AR, T TR 03 5% ] WA R T A8 5 45 51 800
~845°C (Wood and Banno, 1973 ; Wells, 1977) , X} FHE4k 5
SRR 5 728 Jo W 30 1) s g A% 0 o TC R R R R E, T 1 AR
(2004 ) ARAEHT AXT 42 BRBRRLE I GETHFORHA N B IR 8 85 2k
JRORRAL 1 ) KRME A 6 ~ Tkbar , H 2 X0F 42 fil 22 B4 1,
HEJ A BFALT 6 ~ Tkbar, RIUTHEAT + BURDEEAT + BHS A
+ AR R IR ) TP I RRRL S T A A, S5 G AR X B
BRIFURRRLE 1977 PRI, FATTIA A B8 B B RO e 11 04 3 2 1
AR AT REFEAE P IR FRORL A AR L FRATTR A A DN A1 200 4)
Hb SR s R IR AR ST B i) P-T 26 A AT T G A5 2 AR

JE£5A1Fk 588°C (1.7 ~ 2. 8kbar( Gerya et al. , 1997; Hollister
et al. , 1987; Johnson and Rutherford, 1989; Anderson and
Smith, 1995) , 5[5 7 Jg 55 (2004 ) fr 4 21 9 £ I 5 AH IR 22 5T
R

5.2 EEHEE

ASCHY P-T AL T AU R F T Thermocale 3. 33 F2 7
(Powell and Holland, 1998) F1 ds-55s %% 4% J%£ ( Powell and
Holland, 1998; November, 2003 J} 2% ). #] H 4 # f
KFMASH {4 2 ] DABELFRRL 2 AH U8 5 56 AR 114 1) A 7 4 ¢
Z(Wei et al. , 2004) , il A Na,O Fl CaO J5 1] LA ARHE A
F—A T IAF 45 95 B 1 1 R 6 I 1A 4 78 ( White et al.
2007) , FiLAAS SCHE NCKFMASH {2 N X} LT12-35 #5547
TARP . (X TRE AL LT12-36, th B T 2 fi 1 LA e
R S A B4, T 1 e T (R IR, PR X %
it TR T B A 22 NCKFMASHTO A %

b LT12-35 J i) 1 1 1 55 SR FH A 40 490 356 2 A L 3
MRS (g5 White et al. , 2007 ) &} )5 #E 45 (opx; Powell
and Holland, 1999) . #:75 f1 (cd; Holland and Powell, 1998) |
ML BE(bi; White et al. , 2007 ) BH A 4K A7 (pl, ksp;
Holland and Powell, 2003 ) | fif: Jig 25 4% & (liq; White et al. ,
2007) , /K A1 9 SREERRERD W) AAH . LT12-36 A& i1 i
ST 2R F Y B ) 3 B AR S 87 W 7 (opx; White et al.
2002) AR\ A (sp; White et al. , 2002) 4Kk (ilm; White
et al. , 2000) fE4kH" (mt; White et al. , 2000) , o4 5FE
LT12-36 itk M0 91 B R — 2,

EEBAEFEET A FEMK,IFE%T I-X(H,0)
A T-X (O) A7 1 B2, B 3a Ry RE &L LT12-35 78
NCKFMASH {K & T (% P-T L3 18 B, 2R F 0 4226 L4
H,0 =5mol% , Si0, = 62.02mol% , Al, O, = 11. 71mol% , CaO
=0.58mol% , MgO = 8. 78mol% , FeO = 7.68mol% , K, O =
3.07mol% ,Na, O =1. 68mol% , A 5t v W8 I () W 9 -y 4 &
g +cd +bi+ksp +pl +liq + q (5405 T A0 & 20— B 1Y IX
B, AR I 2% 144 770 ~ 820°C 4. 8 ~ 7. 8kbar, JIT il 44 13
T AT x(g) =Fe/(Fe + Mg) =0. 72,97 g + cd + bi +pl +

Acta Petrologica Sinica %54k 2015, 31(6)

(a) +ksp
‘gbi g bi sill 20 = gsillligq
sill pl lig q . gcd pl
75‘p|q o ligg gcdligq
' ; 24 gopxcd
‘ R N e ligq
65‘ g cd.bi gopx 'od pllnqiq """ 7
= ‘ splligg 7T e
© ged | i g opx cd
S piph v o e pllig
Q 55 -~
* opx};'d'p| 1 gcd bisill pl liq q
\ 8 ligq 2 gopxcdbiplligq
45| 3 gcdbisillplg
.c;} 4 opx cd bi pl liq
‘9 = 5 gsill plliq q
JSQ . 6 gcdsillligq
3.5‘ 5 opxcdpllig 7 gopxcd lig
*0 8 gopxcdbiplq
oQ4 9 opxcdbiplq
10 g cd sill pllig g
25!
750 800 850 900
(b) +cd ksp pl lig ilm
S gsill 0> .
fsill q 4%
[mt )/ n—
}q g\q opxsp |
3 gspmtq / ISP (-ksp)
g bi sill / \
45/ bisil mtg e /
~|Imtq pxsp /
[
{ g bi gmtq gp [
— mtq [
= | mt; (g opx /
8 ‘ g mt \sp /
x y. |
g ‘ ,,,,, ! g opx |
ooxb I /'9 opx sp mt /
35‘ gth; r- , mt /
\ /gopxmtq / |
\ \ A opx f
‘ ! =i Sy sp //
e mt
! mt opx mtq opxt //sp(-ksp)
‘ i sp /
. 51 q \;F::qul mt\ L8 /
780 820 860 900 940 980
T(°C)

3 BURAITRRRRLE 1 T L |
(a) LT12-35 £ NCKFMASH( +k%P)ﬁ§§TE’J%ﬁUﬁ|§],m4§,ﬂﬂﬂ
WILHA ¢ +cd +bi + ksp + pl + liq + q fdy J5 1AH B 22 00— P 22
1) X3k, 29 B9 043 S 4y 770 ~ 320°C 4.8 ~7. 8kbar. KR

KIEIRIIEAFHE x(g)

=Fe’* /(Fe’* +Mg) , REH 4t — A~

I 255 (b) LT12-36 £ NCKFMASHTO ( + cd + ksp + pl + liq
+|lm)14\%TE’mﬁlJ[él[_l WS 0 ) A1 KB T R A AR 1R

DAL E TR TE L 790 ~

850°C 3.0 ~3. Skbar

Fig. 3 P-T pseudosections calculated for the Altay

metapelitic granulite
(a) the P-T pseudosection
the NCKFMASH ( +ksp in

for the metapelitic granulite LT12-35 in
excess) system. The peak metamorphic

assemblage, g + cd + bi + ksp + pl + liq + q occupies a narrow field to

the left of center of the diag
770 ~820°C and 4.8 ~7.8

ram, constraining peak metamorphism to

kbar. The x(g) = Fe**/(Fe** + Mg)

mineral composition isopleths, shown as dashed lines in the figure,

constrains peak metamorphi:
for the metapelitic granulite

sm further; (b) the P-T pseudosection
LT12-36 in the NCKFMASHTO ( +cd +

ksp + pl + lig + ilm in excess) system. The peak metamorphic

assemblage, g + opx + cd

+ bi + ksp + pl + lig + ¢ + mt + ilm

approximately occupies a narrow field next to the center of the

diagram, constraining peak

3. S5kbar

metamorphism to 790 ~840°C and 3.0 ~
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ksp + liq + q =72 DX i) A IC R A8 23, REAR 4 PR il 2 78 760 ~
780°C i [ P, {HR AN REAR AT B ] 1L — A e 450, IRt
FAIRIT T Thermocale V-1 3 He 155 J7 2 5K A HF- 3 JE )
(Powell and Holland, 1994) , £ 12 ik 3£ 5 Bl A Xk HLSK it 1 77
95. 1 ~5. 2kbar, B A5 FE 95% 15 1B Y33 924 1R S 78 7R 1%
ANEHIN , HAFE T30 S, Tkbar, (A3 T3 RIS Y 2544

& 3b & LT12-36 £ NCKFMASHTO & & F (1) P-T #13%]
TP, R R 4 A oy O Hy O = 3.5mol% , Si0, =
64. 46mol% , Al, O; = 13. 87mol% , CaO = 2. 13mol% , MgO =
3.30mol% , FeO = 5.94mol% , Na, O = 3.64mol% , K, O =
1. 85mol% ,TiO, =0. 60mol% ,0 =0. 16mol% , BT WM F| AT ¢
+opx +cd + pl +liq + q +mt +ilm H Y H 5, 76005 1 & A
FEAE— DS IR BE DX ], 0 0] P-T 454412 790 ~840°C |
3.0 ~3. Skbar, i1 X3 09 /4 18 A B 43 55 (6 4R 5 52 Bl
PRI ) J8 53 S RN RE AR G DR e, 130 ) A R 4% Jo e e v 52 30
T Fe-Mg FL-F-H A2

6 Wie

6.1 TRIEMAKN P-THIEREMEL S

AR G TR0 5 A 2R, Kt i Wi 115 L
B AT U BLALL , %07 i it 26 L 20 1 Hh X LA AN W] B iy 4
A1 R R T RN BE R RRARLA HEAT TIRARISR M T — &
A ELA AN [ 75 Jo e 0 17 R RN B 2k SRR A (TR 4)

AR SR ST JRRAE B i LT11-47 5345 31 1) U4 39 45 1
791 ~794%C 4.4 ~5. 2kbar, 3B 45 i 554424 719°C 5. Okbar,
T B AR AR A J5 48 15 T 3 56 Fe ¥ 1 (IBC) 1) P-T Hik .
FEMh LT12-35, P-T Al 55 45 5 3¢ W L0 0 A48 i 2 14 R ~
5. 1kbar #1760 ~770°C , #£ 5 LT12-36 H 47 ¥4 AL, O,
H10.2% ~1.4% , B A [ e i 8 SRR Fh A HE A
HIET 4B 4y (8. 7% ~9.8% ) (A3 E %, 2013; Li et al. ,
2010, 2014 ) , 3 He 354 F0AH T4 B 400 25 SR o 3= A A
IEHH K 3. 0 ~ 3. Skbar F1 790 ~ 840°C , K1k 38 & 4414

BERR TR ARE i LT12-02, 5™ WL & M AL A + 28
FOEA + Btk + RHCA + A + BB, R AR
TR RIS 25 4y 800 ~ 860°C , A8 BT A A 2y 270Ma ( 43k
HLORRFRIORL) 5 ZAiRE U6 BT AR R TR A DL I
JoT R IR BRORL AR I — B (BRIUAR S, 20065 Wang et al. |
2009b; /ﬁ;{eﬁ% 2013; Li et al. , 2014) , kA% 32 W] 125 i
o BT BAY P-T %410 588°C (1.7 ~ 2. 8kbar, 57
FIE( 2004)ﬁﬁ%iﬂﬂﬁﬁlﬂa*ﬁkﬁﬁ%mﬁﬁo

el 4 FEoR  FRATT B L0 V) b X R YL 18 J5T R B Ak B R
RA WS PSS P-T B, BE & LTL1-47 FIRE §h LT12-36
ST U 3 55 YA 41 (IBC) E’J*Ev\ P-T A6, T A

0 LT12-35 FRE 5 LT12-02 Jz e 1 04 309 )5 0 R 8 2 iy — B
P-T EACHGE . ARV By P-T 3050 i ook i B e L (H
SR AR AT 3 3 XTI S R S B BIF ST A 0 R S 0 ) O A5 IR

L Lietal.(2014)

10
Ky

8 I~ .+ Tongetal.(2014b)
g
£
g ("9 O -LT11-47

<
4 -.-' %W e==©

\"» < 0-1“‘"-OLT12 36

\‘L
oL ﬁ <. \:‘
S|II

| IS I
500 600 700 800 900 1000
7(°C)

K4 B IR B S Bk BURRRL A /Y P-T B3k

R P T LA KR S T T 80 94 ) 2% 28 1o TRURRORE
i) P-T #1335, 315 Tong et al. (2014b) F1 Li et al. (2014 ) ji it %
T o I e S BRI T T AR B P-T Ul A X L

Fig. 4

granulites

P-T paths of the Altay metapelitic and mafic

P-T diagram showing P-T paths of the Altay granulites based on the
pseudosections and thermobarometers. The previous results from
Tong et al. (2014b) and Li et al. (2014) are shown for comparison

R H (IBC) 1 P-T Ak It 7, By 88y 2 08 s 75 L B 5545 ¥ b
DX e TR U B BB S ARV I S 2 0 T — B S R VR A
(IBC) 1y P-T yE AL 7 &2 (Tong et al. , 2014a, b; Li et al. ,
2014) , Mjix A IBC 3o 530 5 5051 P-T 38 A6 50508 AH X 17
LT12-35 I LT12-02 U 0] f5 i F v 2003k 74 mT Bt ol T i i
AN R BURRRL A AR 78708 AT SR ik , S B0 J5 13
RV HI(IBO) S RARREARICT . 56 ZHIC TI/RZ
e JRORE 5 1 41 R 9T (A 0k 548, 20135 Tong et al. ,
2014a, b; Liet al. , 2014) , 2B T Bl /R % — 2078 ;ﬁ%ﬁng
TR AT AR A R T F 2R, T I i e 7 5
5 B LA TS S A E (4R E5F, 2011, 20135 Tong et
al. , 2014a, b; Wang et al. , 2014)

6.2 PI/RFHBHENRT

KRR

AR X -0 . 2 908 AR B 2R TR RO LA B R e P 2
T AR 5123k LS A R TR 728 B P 18 I () B A — B
A RIS A o R DXIRRORLE FIR 2 R RS 5 A1
LRl A 5 A 45 R SR i A B R A T, [
270 ~293Ma Z [i] (KB H 7 55, 2005; #1985 5%, 2006;
Zheng et al. , 2007 ; Wang et al. , 2009b; 4K =4, 2013)

RE 5 5 B AHE A S B A E
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(IEPRS S pt= S GRANIE L=l IS R e e NI VN AR I IE S
& I TE — R 20 R A PRSI i A AR il 48, M-S BURRL
e e e IR A R AE A (Li et al. , 20045 Chen et al. ,
2006) , B — B L0 FRRL AR 7S B T 0 2B 5 36 LS AR DL
B bel A K (Lier al. , 2014)  BUfFTE S 20 M AL
{f:(Pirajno et al. , 2008 ; Zhang et al. , 2010, 2012; Wang et
al. , 2014; A3f=%: 2013; Tong et al. , 2014a, b),

BT 7R 8 3 L R R AR AU Bl R I X B e
D 7 — W e A 3 AR A (O 3OS AE, 20065
Xiao et al. , 2008) . FHHAEFW =W, B — &L XA It
PE-HEEAE AR ARTD A BUAE A, TE TR 2838 LA T2 0 A
(Zhang et al. , 2010) o 7B /K 2 38 L7 R 75 Rk A9 495 Bl 1
FBRPEAE B 2, IR Y 5 ek D288 B — & 28 (Han e
al. , 19995 FH4AE, 2005) o BI/RGERIZ K FRZ A K ( Tang
et al. , 20125 JRWEWISE, 2013) (40 2 L YRR 1 kb 19
AR 277 ~286Ma( FLLR A, 2007) o IGA, SBIA VLI K
BA KRB A S CaIksSUNEK) BT 257TMa
(BRI AR, 2006) , W40 5 & Cu-Ni-PGE i Ak 4 5t
PR S A % S 287 Ma( Han et al. , 2004) , ] i 28 1
KA MAENE Jy 281 Ma (B HL4E, 2006 ) o X LEAE 2 A HE
B VERR W] 7R 88 1L T W o AR AR DT A 1k — 01 o
FF, At — W B A P

ZR A A S R S0 R M A TS 3h i
B[] ( ~275Ma) f5 E—30 ( Zhang et al. , 2010) ,iZ X HP-I§E
ot 06 T B R TR 5 LA B R o i Ui R KL 5 3 0L T
HAZAMRBRLT i TC R BT 2R W] S 05 Vil DX i B AR A
B MR R AE (R SV FEE S5 4E, 2006) , R, B R 2%
RS BT RS & a0 R MM HE G 35 R A 5
JEAR N e i B DI AR OC (40K 545, 20135 Tong et
al. , 2014a, b) , I HI8 3% O A 1Y — 2088 5 i A8 BT 140 10
K, Guo et al. (2012) $E 1 X T4 45 MU 106 A7, 7R 58
T Ul AR AT A B T DA A e R AR o 4
W5 T2 R 1 (IBC) 1 P-T AL B, BF AR LAl
THEE, FRATI A P SR NS I AN 3 L0 e 5 B0 [
AR AR A SEAIE T B 7R 2% T 5 s k- i i 22 A T BT 1
p2.%) 3

T8 3 X ] A0y 2% TR I i DX v RO R R A1
TRBRRLS TR BF AL , Tong et al. (2014a) WA A o il A2
VR SSURRRL S T AR I8 it J5 191 5 VA4 3 7 At T v A1 e i
VIR 2 H 48 SR I TH3 25 R SRk —HE, 4% 3¢
HRIE R SR BE R T RRORL TR 7 W I ALG T I R T 7 U8
IR (2R E 55, 20135 Li et al. , 2014) o JEAP, A
ST FH R il L B 22 15 45 P9 55 A 1) R B] 881y 28 K iz 5
WA 30T P9 1 TR 5 240 R 1B 7K 55 307 W 284 B O, — A 3%
W2 A Sy F- e oty A A AR o aly A2 (Xiao et al. , 20045
Han et al. , 2010; Zhang et al. , 2012) {HAERE 248 (290 ~
280Ma) , %P4 T K A2 g8 I ( Laurent-Charvet ef al. |

£ L]/ 2015, 31(6)

Acta Petrologica Sinica

2003; Zhang et al. , 2012) , %A FFERAT Al REANHEAE KR
PSRN R A AR o - 5 A8 OV R e — E 1Y
KA.

P LA BRATTA N £ 5 oty 4 A QO LR b A 7 3 2 FE AR
WG WA WS CBUR ST TR ) SE 8, S EOR IS 2R
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