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Abstract In the Himalayan Orogenic Belt, garnets occur as one of the key constituent phases in metapelites as well as one of the
important accessory phases in leucogranites or leucosomes in migmatites. They have preserved critical information with regard to the
geochemical nature of crustal anatexis and could yield important insights on the physical and chemical processes of middle to lower
crustal rocks in large collisional orogenic belts. Along the Himalayan orogenic belt, two types of garnets, magmatic and metamorphic,
occur in Cenozoic granitic rocks (leucogranite and leucosome). Magmatic garnets are euhedral to subhedral and commonly free of
inclusions, whereas those derived from the source rocks show embayment texture and have been subjected to various degrees of melt-
garnet reactions. Chemical analyses show that magmatic garnets are characterized by (1) typical oscillatory growth zonation; (2)
enrichment in HREE, but highly depletion in LREE, and rim-ward decreases in Hf, Y and HREE; (3) pronounced negative Eu
anomalies; (4) elevated Mn and Zn concentrations relative to those in metamorphic garnets derived from the source rocks. Petrographic
and geochemical characteristics of garnets from leucogranites suggests that a large portion of Zn was incorporated in garnet and fractional
crystallization of plagioclase and zircon is the major factor that regulate the magnitude of negative Eu anomalies and the abundance and
rim-ward decreasing pattern of Hf, Y and HREE in magmatic garnet. Our data indicate that fine-scale chemical variations in magmatic
garnet could serve as another important revenue to unravel the magmatic processes during the crystallization of leucogranitic melts.
Key words Leucogranite; Garnet; Trace element geochemistry; Crustal anatexis; Himalayan Orogenic Belt
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TEP-E R, AR R W RS S0,
MnO 5 855 (35 M2 A 3 A 488 A T JSURIT g m HC RS 1 iy
I Z (Symmes and Ferry, 1992) . 7E7% MnO HYE IR TS R G
o, A TE IR 28 HAT & Fe/Mg LU 5 A0 b A B B A
(Symmes and Ferry, 1992) o 174840t AR A 9y i 1 =1
TEAE B BUR & A B IR G b, W B m MnO 1Y RHIE
(Hall, 1965; Warren, 1970; Cawthorn and Brown, 1976;
Green, 1976, 1977; Abbott, 1981; Allan and Clarke, 1981;
Miller and Stoddard, 1981; Du Bray, 1988; Stevens et al.,
2007 Villaros et al., 2009) , {H F i PR I 25 5 1) 4 41 2 I
R B SGARBOSS  AAEVF 24 AT S0 AE 1
A AR R B T X S K A B BGE 1 MnO ((Hall,
1965) . HVFZ 5 At A B A 1 MnO 5 i 30 A &, o R
AR ~0.1% ) , SUFZ AT A LR A RIVREE AR Y, X 8.
R FIABUATE . BAAXIAE R & A R B P ik
MERFSEA R, 32 AE B A b A i B9 R T R R AE, AN
[l2p B B T U A ROR B AL b b A A AR = (1)
Fla (JUH 22 P A ) IR 44 (Warren, 1970; Allan and
Clarke, 1981) , BI7EAL i 5 A SRAR DLt B v 4l AR L s P iy
s (2) TR BUE AL AT (> Tkbar) 25 8 1%
FIBERR (Green, 1976, 1977) K AL R & 1Y A48 41 AT H6 7R &
KB IREE ;. (3) TEP-MRIE ST, Ad 8 B 3% rh 25 &
JE i ( Cawthorn and Brown, 1976; Allan and Clarke, 1981) ;
(4) TEA AL 1, 20 Mn B9 (AN SE RN ) 19 00 B 45
mnfE R, S BUE A Mo T, G2 5 048 47 78 B (Abbott,
1981 ; Miller and Stoddard, 1981) ; 8 (5) 7E A8 Je i & 58 43 k5
Rl R JUHIE A R B K ER A AR T, s A3 3K
Ve I W) G A8 1 (Zeng et al., 2005; Stevens et al.,
2007 ; B 4A#R4E, 2008 ; Villaros et al., 2009), MAJE 3k
U, FARBERITT A3 =28 IR YA R R BRI R, & BB
B AR AR AR PR E LR BB M ES,
BT (IR YL RY) IR ISR 1 1A 1o 2 B S L R Ay (72 A
PR B AR A ) BOARAE , S AE R A A B 9 5C R 055, (H T g
G —E TR AR AT - R B o B2, -3 R4 (A3
) #5546 B4 A O 25 AR VR RTAHOG 0N %2 S B A R A, )
Wl T A B A AS B T 2 D B SR A B, S R B A A
WAL I 0 B R B ) A2 (A i 307
AR T OTR IR ) FAAE . BERL-5 (R d B ) T FR 2
T B AR A B IR S IE IR A RHE R A A
FTRERZ IR IR 10 A€ B 19 I8 2 R N [R] 67 28 i BK AL 7 R Ak
(Stevens et al., 2007 ; Zeng et al., 2012) , B HWFIR 55 R
48R T A KB R A% HAT 5 Mo F1E Zn, Bz Mo & 45
[ 3 PR ) B3 A SRR AIE o Eh T 2 S-BUAE K A T TR
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S, S S 3t 5 TR 43 45 Wb A b R 4R BT ( Spear
and Kohn, 1996) , & 43 HrAH V- Fl 7 H 48V 3l g 2
FEAYE 1 T H (Hiroi and Ellis, 1994) ,

BV AR ARSI K G AE A= AR A Rl A T TR I T 3
LR R 10 2 S LA Y M) (Burg er ol
1984 ; Hodges et al., 1992; Hodges, 2000; Beaumont et al.,
2001 ; VFREERAE, 2005 ) o 755 T HE R A 65 LA A AL i 5
it B, - TR TS A 4 T 2 R R R A
FHF 3 5 254 ( Ding et al., 2005; Aikman et al., 2008 ;
Yang et al., 2009; Zeng et al., 2009, 2011a, 2012; & F| gk
42009, 2010; Gao et al., 2012) , TR T 4 Fl 2 1 1y 25 it
HAERAEFIR G E. ERZETCAE D, AfO R FRIES
W) TEREAL R S FIR ARt A A 2% W a9,
P T A B A R AR AL R
A A R ER AL BT RAAE , P AR A e RIS 1
T IR R o FATT LA S A L N R A R
SE LU AR X R A= AR I T A i A R R 4, JF
JE& T EANN RGN E AR AT i TR AR TR K,
SR T A AL R E O W IR AL 2 R AE R G AR
AT BIR A A 488 A E M 58 TRV P o 8 28 S, 200 1 A b i
T LT AR SR R i A AR

1 HFts st B AR hndttid

FS RO L 5 E-W IR A (18] 1) , 1< 2500km,
98 300 ~ 500km , JLAU LLAE G REAT T8 Sl (YTS) SHLps ik
T X R IUT I Sl i 2308 i D 208, w0 L2 S o AfE = T
W rhIg = (MET) 5 B[R se 473 O A (PR R 3245, 2008) o
LA R R il s 2 1 i FE i 20 AL ORI AR A
DUBVA LS AR A A i A AR b e A 1 b 1) R MR
K153 4 A ks B U E S RUHE RS S (NHGD, i fx
Frie s A ) e DRSS A R (HHCS) K55
RS A& (LHS) AR B S RHES & (SHS) o ENTZ MY 5
B30 Ay JRE R 47 185 22 (STDS) | = b st il /= (MCT) | 2
G o2 (MBT) (B 1) 6

T S PUE RIE $8 3 1 A A AR AL B A TR B
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Fig. 1

Simplified geologic map of the Himalayan Orogenic Belt, Southern Tibet

YTS-Yalung-Tsangpo suture; STDS-Southern Tibet Detachment System; MCT-Main Central Thrust; MBT-Main Boundary Thrust; MFT-Main Frontal
Thrust; NHGD-Northern Himalayan Gneiss Dome; HHCS-High Himalayan Crystalline Sequence; LHS-Lower Himalayan System; SHS-Sub-Himalayan

System

P IE R T 25 RS AR B UL B B IR S, 400
AT IFAT 09 o S RUHESS Fom 2R (HHCS) AL SRS
FE(NHGD) N (& 1) o ZEHBB™ AR JE U 1] M ER A 27 A
AT AL 4577 1T , 356 P 4517 TN A B 2 7 W) I ) 22 S v
(Le Fort, 1981; Debon et al., 1986; Schirer et al., 1986;
Deniel et al., 1987; Harrison et al., 1987; Le Fort et al.,
1987; Inger and Harris, 1993; Guillot and Le Fort, 1995;
Searle et al., 1997 ; Harrison et al., 1999; Yang et al., 2002;
Zhang et al., 2004a, b; Aoya et al., 2005; Searle and Szulc,
2005; Zeng et al., 2011a; King et al., 2011) , Jt=EPIfES
A U AR V4 [ BT 282 70 A1 3 — R 955 08, SR i 55 BE LR 40T
A 220 AR T R T AL A, A o R
IR A TP A B A 2H L, 320 90 S A o A 78 B Y A
WA &, I Z BRIV ESR B T2 208 . 3D S BERAX
AL =T T B i A2 4L (566 ~ 507Ma) ( Schirer et al.
1986; Lee et al., 2000; Cawood et al., 2007 ; Quigley et al.,
2008 ) , FIE = AR J& 55 R A% 0 bR S SR AR S A
2 (Murphy, 2007) , HAE 8 A6 B e B TE BN 18] A
H: (44 ~10Ma) (Schirer et al., 1986 ; Harrison et al., 1987
Zhang et al., 2004b; Aoya et al., 2005; Lee and Whitehouse,
2007 ; Aikman et al., 2008; King et al., 2011; Zeng et al.,
2011a) , @20 7 R E B 5 s SRS A AR LR 4L
R ER AL R, WA 2 i B S S R TR i Fe R
AFFHETIORE . TEm B ShURE B, A K A
R AL B B AEAAE R (37 ~ 10Ma) BLHER AR 5
LRHESS e R

A Fr IS PR T AU B DA S 0 1 AR g, A I
TR T L A R PR R R FITURUG & 3 M
A EIT A AP AL R A TR, 75 5 A1 BT Z [ )

SUMEBIVEYR & W2 PR 585 R A A (SR IEVT AR, 2007) o gk
AR IC S T 2y 47. 6Ma fj R A AHAE BTVE I A IR BROR A
B bRE (R A AE , 2011) 35 A F 47 A YT R
45, OMa 14 72 J5TAF B R A7 1 fA IN & (Gao et al.,
2012) A REAESE hRERCE R ARA s A A
WO A s AR SR ESF R TEHERL A
BN GHIX, T2 KB AR EB R A 5T
F#y43 ~44Ma BAE S/Y FI Na/K I =4 S 86
A (Aikman et al., 2008; B FESE, 2008; Zeng et al.,
2011a) EBR R AR A Y 35.3 £ 1. IMa 3R (448 14 &
(R4 FREE, 2009) , fIFE LT 17.7 ~20. 0Ma H A & Sr/Y [
FRIAE I B AR B IR (5 46 14 5 K (i Rk, 20105 Zeng
et al., 2011b) ,

BRI GE LA AR T i B S hr Al vh o BRIGEHBIX
SO AT BUEHRIR I o R AR R A R AR R
DML S a RN . IREOTER & BA Z IO AR, B
20.8 +0.8Ma,16.7 £ 0.4Ma 15.2 + 0.2Ma, 12.6 + 0.2Ma
(Cottle et al., 2009) . &5 SRLAESS foe R BRI AINE
HH-IMRLA AR R U 5 7 b AR ERAR AL b 5 bR 45 o ik R
B RIS B A RVE A A8 2, BRI X A A Il Rk T
38.9 ~ 16. 1Ma K ik %y 20Ma 1% 7% & /E A ( Cottle et al.,
2009) o 5 2 XA T e Shn i b B I e G 5 R
AL, A 53350 A A 45 T BT 2% R B T T X W Ak L
T 1E BT SZ DI A S5 40 A STDS . 352 1 £ N 5 AH - IR 54
MR IR AER B B R B S (R N S O R
fE KA, LR KGR b e . SRR
Wl eSS M X AR s AT T 4 By A8 B AR - e
R - URRORL AR - W U1 RROREL 5 A 1B A2 5T A A 25 AH (Liu et
al 2005 ; Groppo et al., 2007 ; Corrie et al., 2010) , B75 it
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WA vh e G B K 17.6 + 0.3Ma ( Lombardo and Rolfo,
2000; Li et al.,2003) , 45 i bR iR AR ST AE I Oy 22.2 +
1. 4Ma( FRREE,2011) , Rt fEixaEA 21.0 £0. 7Ma 1
15.8 +0. 1Ma WA 45 GhAE IS (TRANSE,2011) o MEZRIR
AL B L TR B R R AR R Y S AL [ 2
ST FERARVE U, J& T w5 DRSS b a R — a0
IR K a AR P, & B B E BR A IR AL 1
o

FE il T0394-20 2 9% 4 46 )4 &, ok B THERL 7 IS 2
FEah T0448-12A SR H T 45 HIEANE &, MR A A le i
FRE P RIR G, FEG TZF-1 R B T 2Rl XORACE |,
R ABI IR G AR B RS Hh & IR TR R
Fil T0512-7 R 3 T AR, h & B REERE, = AF
RFR AT (B 1) o WEARZRHERE (1 2) , X 2R
A B AR S5, A A Y L BEAE RN 2E S,
Tt T0394-20 4739 RHE A B A ALV B AR A A
LN (B 2a) . FESD TZF-1 BR T A9 BHCO A
HaBEANCIE 2b) & DR A R H BA B AR KB
HL A0 RE IR Tmm T TO512-7 th & DR B =i, IR
4K TOA48-12A 52 10% 1) 4 Zefq ([ 2d) AT RE R H = B
KIS R I 8. WA B RE IR EAERK G A
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WA BIE-2F B8, /S8 S 188, JL-F A & 2 228 1K
(18l 2a-c) , KEZZ70 200 ~600pm ; A S, 3R (1A H 19 414
S —E SR IR, ARIE , 3050 5 345 P DA DG ) s
AREGH (] 2d) |, S AP AR AL

2 Wik
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AR A DX A A i T 2R BT A ] R R K b BT
MRS A5 0 HEAT . T FAXAS O Finnigan ELEMENT 2
ICP-MS, WotFIih RS HR UP213nm FOGAS . /TR A
HIBOGRIMFLAR A 44um, BOEHKFh 10Hz, fgitA 90m),
TELH A 3B 7 R A2 W] 50 B 46 (2008 ) o H4is b 3 it A2
TiERE Ca fENNARITE, E FRARIEDE RS NIST610 H F4Mr
KEIE o 248 KERS> i JT & 40 B i ERf B2 T° 10% , Be, P,
Ni, Zn, Ga 1 Yb By UERH LT 20% , A #5485 ¥) LA-
ICP-MS Hra R LEE 2,
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Fig. 2 Photomicrographs showing the mineral assemblages and textures of granites and metapelite-hosted leucosome from different
areas along the Himalayan Orogenic Belt

(a)-sample T0394-20, a leucogranite from the Yardoi area, consists of quartz, plagioclase, K-feldspar with minor sub-euhedral garnet and sillimanite ;
(b)-sample TZF-1, a leucogranite from the Everest area, consists of quartz, plagioclase, K-feldspar with minor sub-euhedral garnet and tourmaline;
(¢)-sample T0512-7, a leucogranite from the Yadong area, consists of quartz, plagioclase, muscovite and K-feldspar with minor euhedral garnet and
biotite; (d)-sample T0448-12A, a leucosome within a migmatic metapelite from the Dinggye area, consists of quartz, plagioclase, K-feldspar with

minor garnet and sillimanite. Bt-biotite; Grt-Garnet; Pl-plagioclase; Mus-muscovite; Qtz-quartz; Tour-tourmaline
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®1 EDRESLUHEFPARBRRBERNERXT ARG EETE KL FRIE(W%)
Table 1 ~ Chemical composition of garnets in leucogranites and metapelite-hosted leucosome from different areas along Himalayan

Orogenic Belt (wt% )

(A R B Thig

atk ROAEHE ROAER S

g g 1039420 T0394-20 T0394-20 T0394-20 T0394-20 T0394-20 TZF-1 TZF-l TZF-1 TZF-1 TZF-1 TZF-l TZF-L TZEF-1
_11 _1.2 _1.3 _1.4 _1.5 1.6 31 32 33 34 35 36 37 3.8

Si0,  36.43  36.24  36.37  36.32  36.39  36.25 36.55 36.21 36.41 36.38 36.35 36.40 36.39 36.39

Ti0, 0. 00 0.05 0.01 0.04 0.00 0.04  0.05 0.05 0.00 0.0l 0.00 008 0.04 0.00

Al, 05 20. 54 20. 36 20. 52 20.76 20. 62 20.11  20.22 20.06 19.99 20.22 20.22 20.91 19.97 19.97
FeO 31. 60 31.30 30. 31 30. 02 31.88 32.79 36.10 36.13 36.28 35.88 36.26 34.94 36.21 35.92

MnO 9.23 9.54 10. 56 10. 52 9.01 9.11 5065 591 6.09 6.20 6.05 6.00 6.08 5.90
MgO 0.49 0.51 0.49 0. 60 0.58 0.58 1.03 1.06 1.08 1.07 1.05 1.05 1.10 1.06
CaO 1.24 1.30 1.53 1. 54 1.35 1. 06 0.63 0.43 0.43 0.48 0.44 0.48 0.47 0.57
Na, O 0.00 0. 00 0. 00 0. 00 0.01 0.07 0.03 0.04 0.00 0.02 0.04 0.00 0.03 0.00
K,0 0.01 0.01 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00
Cr, 04 0.02 0.02 0.03 0. 00 0.04 0. 04 0.00 0.05 0.02 0.0 0.00 0.00 0.00 0.03
NiO 0.01 0.02 0. 00 0.00 0. 00 0. 08 0.00 0.00 0.01 0.00 0.00 0.04 0.00 0.00
B 99.6 99. 4 99.8 99.8 99.9 100. 1 100.3  99.9 100.3 100.3 100.4 99.9 100.3 99.8
O.N. 12 12 12 12 12 12 12 12 12 12 12 12 12 12
TSi 3. 004 2.998 2.993 2.986 2.993 2.987  2.997 2.985 2.990 2.986 2.983 2.983 2.989 2.998
TAl 0. 000 0. 002 0. 007 0.014 0. 007 0.013  0.003 0.015 0.010 0.014 0.017 0.017 0.011 0.002
Al vi 1.997 1.984 1.985 1.998 1.992 1.943 1.954 1.938 1.929 1.946 1.942 2.004 1.927 1.941
Ti 0. 000 0. 003 0. 001 0. 002 0. 000 0.002  0.003 0.003 0.000 0.001 0.000 0.005 0.002 0.000
Cr 0. 001 0. 001 0. 002 0. 000 0. 003 0.003  0.000 0.003 0.001 0.001 0.000 0.000 0.000 0.002
Fe®* 0. 000 0.010 0.011 0. 000 0. 005 0.046 0.038 0.050 0.061 0.046 0.051 0.000 0.062 0.050
Fe** 2.181 2.155 2.075 2. 064 2.188 2.214  2.438 2.441 2.430 2.417 2.437 2.406 2.425 2.425
Mn 0. 645 0. 668 0. 736 0.733 0. 628 0.636  0.392 0.413 0.424 0.431 0.420 0.416 0.423 0.412
Mg 0. 060 0. 063 0. 060 0.074 0.071 0.071 0.126 0.130 0.132 0.131 0.128 0.128 0.135 0.130
Ca 0.110 0.115 0.135 0. 136 0.119 0.094 0.055 0.038 0.038 0.042 0.039 0.042 0.041 0.050
Sum_cat  7.998 8.002 8. 005 8. 006 8. 005 8.014 8.007 8.015 8.016 8.015 8.018 8.005 8.016 8.010

Alm 72.8 71.7 68.9 68.5 72.7 73.2 80.8 80.4 79.8 79.7 80.2 80.3 79.6 80.0

And 0.0 0.5 0.6 0.0 0.3 2.3 1.9 1.1 1.2 1.4 1.3 0.0 1.4 1.6
Grs 3.6 3.3 3.9 4.5 3.6 0.7 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0
Prp 2.0 2.1 2.0 2.5 2.4 2.4 4.2 4.4 4.5 4.4 4.3 4.3 4.6 4.4
Spe 21.5 22.3 24.6 24.5 21.0 21.3 13.1 13.9 144 145 14.1 14.0 14.4  13.9
fi A e
HHE i Bk

TO512-  TOS12  TOSI2- TO512- TOSI2- TOSI2-  TOA48-  TO448-  TO448-  TO448-  TO448-  TO448-  TO48-  TO448-
73.1 732 733 734 735 736 12A11 12A_1.2 I12A_L.3 12A_1.4 I12A_1.5 12A_1.6 I2A_1.7 12A_L8
Si0, 37.13 36.91 37.08 37.28 37.00 37.04 37.63 37.36 37.36 37.38 37.57 37.4  37.35 37.46
TiO, 0.00 0.07 0.00 0.00 0.02 0.0l 0.05 0.1 0 0 0.01 0 0.04  0.02
ALO; 20.87 20.95 20.93 20.87 20.58 20.96 21.56 21.21 21.32 21.76 21.68 21.92  21.45  21.66
FeO 34.84 3503 3576 35.61 34.88 34.69 28.06 28 27.74  27.61  27.37 27.39  27.98  27.57
MnO 6.50 6.21 5.8 58 6.23 6.5 6.73 6.51 6.84 652 692 678  6.91 6.45
Mg0 0.94 1.01 1.13 1.12 1.05 0.99 503 4.76 475  4.45  4.66  4.68 4.6l 4.69
Ca0  0.69 0.56 0.40 0.43 0.62 0.55 0.57 0.79  0.93 1.28 1.23 1.2 1. 14 1. 11

Na,O  0.00 0.03 0.00 0.00 0.05 0. 04 0 0.02 0.06 0 0. 04 0 0.04 0.02
K,O0 0.01 0.02 0.01 0. 00 0.02  0.00 0 0 0.03 0 0 0 0 0
Cr,0;  0.00 0. 06 0.02 0. 00 0.00  0.01 0.01 0 0 0 0 0.01 0 0. 05
NiO 0.00 0. 00 0.04 0.00 0.07 0. 04 0.03 0 0 0 0 0 0 0
giE 101,00 100.9 101.3  101.2  100.5 100.9 99.7 98.8 99.0 99.0 99.5 99. 4 99.5 99.0
O.N. 12 12 12 12 12 12 12 12 12 12 12 12 12 12

TSi 3.010 2.996 3.002 3.014 3.017 3.003 2.990 2.999 2.995 2.982 2.987 2.972 2.984 2.986
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Continued Table 1
B WA EL
Eay i RO A RO
Wil TO512-  TO512  TO512-  TO512- TOS12-  TO512-  T0448- T0448- T0448- T0448- T0448- T0448- T0448- T0448-
: 731 732 733 734 735 736 12A_1.1 12A_1.2 12A_1.3 12A_1.4 12A_1.5 12A_1.6 12A_1.7 12A_1.8
TAL 0.000 0.004 0.000 0.000 0.000 0.000 0.010 0. 001 0. 005 0.018 0.013 0. 028 0.016 0.014
Al vi 1.995 2.002 1.997 1.990 1.978 2.005 2.012 2. 009 2.012 2.036 2.025 2.032 2. 007 2.028
Ti 0.000 0.004 0.000 0.000 0.001 0.001 0. 003 0. 006 0. 000 0. 000 0. 001 0. 000 0. 002 0. 001
Cr 0.000 0.004 0.001 0.000 0.000 0.001 0.001 0. 000 0. 000 0. 000 0. 000 0. 001 0. 000 0. 003
Fe’* 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Fe?* 2.369 2.391 2.422 2.414 2.375 2.366 1. 886 1. 900 1. 876 1. 889 1. 854 1. 863 1. 882 1. 881
Mn 0.446 0.427 0.403 0.401 0.430 0.451 0.453 0. 443 0. 464 0. 441 0. 466 0. 456 0. 468 0.435
Mg 0.114 0.122 0.136 0.135 0.128 0.120 0.596 0.570 0.568 0.529 0.552 0.554 0. 549 0.557
Ca 0.060 0.049 0.035 0.037 0.054 0.048 0.049 0. 068 0. 080 0. 109 0. 105 0.102 0. 098 0. 095
Sum_cat 7.994 7.998 7.999 7.992 7.992 7.996 8.001 7.995 8. 000 8. 004 8. 002 8. 009 8. 005 8. 001

Alm 79.3 80.0 80.8 80.8 79.4 79.3 63.2 63.8 62.8 63.6 62.3 62.6 62.7 63.4

And 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Grs 2.0 1.4 1.1 1.2 1.7 1.6 1.6 2.3 2.7 3.7 3.5 3.4 3.3 3.0
Prp 3.8 4.1 4.6 4.5 4.3 4.0 20.0 19.1 19.0 17.8 18.6 18.7 18.4 18.8
Spe 14.9 14.3 13.5 13.5 14.5 15.1 15.2 14.9 15.5 14.8 15.7 15.4 15.7 14.7
prs et
Hk Bl

TO448- TO448- TOA48- T0448- TO448- T0448- T0448- TO448- TO448- TOA48- T0448- TO448- T0448- T0448- T0448-
WS 124 124 124 124 12A 124 124 124 12A 124 124 I12A  12A  12A  I2A
1.9 110 _L11 _1.12 _1.13 _1.14 _1.15 _1.16 _1.17 _1.18 _1.19 _1.20 _l.21 _1.22 _1.23

Si0, 37.43 37.42 37.3 37.48 37.44 37.39 37.46 37.29 37.37 37.42 37.7 37.32 37.25 37.42 37.2
TiO, 0 0 0.01 0.02 0. 04 0.04 0 0 0.01 0.04 0 0.03 0 0.07 0.03
ALO; 21.88 21.69 21.71 21.68 21.53 21.52 21.48 21.92 21.62 21.53 21.79 21.46 21.57 21.13 21.22
FeO  27.49 27.54 27.84 27.85 28 27.99 28.05 28.19 28.16 27.77 28.16 28.34 27.96 27.95 27.76
MnO  6.76 6.92 6.6 6.94 6.52 6. 87 6. 62 6.16 6. 63 6. 87 6. 84 6.81 6.9 6. 83 6.77
MgO  4.55 4.69 4.62 4.8 4.93 4.84 4.83 4.78 4.52 4.87 4.74 4.86 4.91 4.85 4.72
Ca0 1. 06 1.05 1.1 0.8 0.67 0.72 0.79 0.72 0. 88 0.81 0.81 0.73 0.58 0.82 0. 64

Na,O  0.01 0. 04 0 0.01 0.01 0.03 0 0.01 0 0 0.04 0 0.01 0.02 0
K,0 0.01 0 0.01 0 0. 04 0 0 0 0.03 0 0.02 0.02 0 0.02 0
Cr, 05 0 0.01 0 0 0 0 0.01 0 0 0 0 0 0.03 0 0
NiO 0 0.12 0 0.02 0 0 0.02 0 0.03 0 0. 05 0.03 0 0 0.1
BE 99.2 99.5 99.2 99. 6 99.2 99. 4 99.3 99. 1 99.3 99.3  100.2  99.6 99.2 99. 1 98.4
O.N. 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
TSi 2.978 2.980 2.977 2.981 2.988 2.984 2.991 2.970 2.984 2.985 2.984 2.981 2.978 3.001 2.996
TAl  0.022 0.020 0.023 0.019 0.012 0.016 0.009 0.030 0.016 0.015 0.016 0.019 0.022 0.000 0.004
Alvi 2,039 2.021 2025 2019 2018 2012 2016 2.037 2025 2014 2022 2.003 2014 1.998 2.014
Ti 0.000 0.000 0.001 0.001 0.002 0.002 0.000 0.000 0.001 0.002 0.000 0.002 0.000 0.004 0.002
Cr 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000
Fe** 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe?* 1.880 1.863 1.892 1.879 1.896 1.888 1.894 1.927 1.914 1.874 1.893 1.899 1.891 1.879 1.892
Mn 0.456 0.467 0.446 0.468 0.441 0.464 0.448 0.416 0.448 0.464 0.459 0.461 0.467 0.464 0.462
Mg 0.540 0.557 0.550 0.569 0.587 0.576 0.575 0.568 0.538 0.579 0.559 0.579 0.585 0.580 0.567
Ca 0.090 0.090 0.094 0.068 0.057 0.062 0.068 0.061 0.075 0.069 0.069 0.062 0.050 0.070 0.055
Sum_cat 8.005 8.006 8.007 8.005 8.001 8004 8.002 8009 8.004 8003 8.004 8008 8.008 7.997 7.998

Alm 63.4 62.6 63.4 62.9 63.6 63.1 63.5 64.8 64.3 62.7 63.5 63.0 63.0 62.8 63.6
And 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Grs 3.0 3.0 3.2 2.3 1.9 2.1 2.2 2.1 2.5 2.3 2.3 2.1 1.6 2.4 1.9
Prp 18.2 18.7 18.5 19. 1 19.7 19.3 19.3 19.1 18. 1 19.4 18.8 19.4 19.6 19.4 19.0
Spe 15. 4 15.7 15.0 15.7 14.8 15.6 15.0 14.0 15.1 15.6 15.4 15.5 15.7 15.5 15.5

TE AR A G BRER R A7 -Alm s B8 A1 -And; BS540 0008 1 -Grs s BRER A A7 -Prp s BE45 4148 41 -Spe
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F2 EDHBELGEFARMEEXEENELRPEBANMETRMIRUIHE( x107°)
Table 2 Trace element composition of garnets in leucogranites and metapelite-hosted leucosome from different areas along Himalayan

Orogenic Belt ( x107%)

(AL HERL A Pl
Fay e REIR A REIERK A
T0394 T0394 T0394 T0394 T0394 T0394 T0394 T0394 T0394 T0394 TZF TZF TZF  TZF  TZF
MWES 20 20 20 20 20 20 20 20 20 20 01 01 01 01 0l
1.1 12 13 1.4 15 _.6 _17 1.8 _1.9 _L10 _L.1 _1.2 _13 _L4 _L5
La < 0.011 0.093 0.011 0.01 0.024 0.024 0.02 0.0l 0.016 0.003 0.004 0.001 0.004
Ce < 0,007 0.1 002 0015 < 008 0012 0037 0032 0003 0.005 0.013 0.018 0.002
Pr 0.01 0.007 0.005 0.005 < < 0.037 0.007 0.005 0.007 0.001 0.001 0.004 0.019 0.006
Nd < < 0063 < 0114 0.033 0.178 0.169 0.083 <  0.090 0.003 0.183 0.168 0.023

Sm 2,712 1.444 1.255 2.32 1.828 2.865 2.908 1.954 2.087 1.376 0.486 0.539 0.537 0.835 0.463
Eu 0.111 0.047 0.011 0.048 0.057 0.045 0.051 0.047 0.068 0.033 0.011 0.010 0.002 0.023 0.010
Gd 64.15 24.52 23.62 56.96 41.08 57.35 57.08 48.32 58.52 22.57 6.434 4.09 5.778 7.630 5.537
Th 30.98 16.41 17.33  28.48 21.79 32.29 29.3 25.54 30.91 16.09 4.692 3.487 4.590 6.763 4.831]
Dy 405.2 256.5 260.2 383.5 284.1 393.6 375.8 348.9 411.8 264.1 68.87 52.95 76.28 113.2 77.86
Ho 120.4 73.97 77.23 119.8 77.82 99.32 102.9 105.5 125 94.19 22.90 17.39 24.44 41.71 24.32
Er 432 254.6 275.1 471.5 281.6 329.7 360.7 399.4 463.2 420.9 103.0 82.77 119.0 228.0 112.3
Tm 74.65 42.71 46.08 86.78 51.77 54.63 64.42 74.16 82.47 83.96 22.89 19.98 29.94 68.52 27.07
Yb 517.7 286.3 301.3 618.9 379.3 361.6 442.2 543.3 584.5 594.6 199.0 188.2 284.8 756.5 251.4
Lu 72.81 32.88 35.42 86.14 48.13 46.42 57.85 76.3 80.38 82.04 32.02 32.66 44.35 136.9 36.44
SREE 1721 989.4 1038 1855 1188 1378 1494 1624 1839 1580 460.4 402.1 589.9 1360 540.3
Euw/Eu* 0.01 0.01 0. 00 0.00 0.01 0. 00 0. 00 0. 00 0.01 0.01 0.01 0.0 0.00 0.01 0.01
(Gd/Yb)y 0.12 0.09 0. 08 0.09 0.11 0.16 0.13 0.09 0.10 0.04 0.03 0.02 0.02 0.01 0.02

v 5.938 2.654 2.149 5.746 4.671 2.322 5.752 7.654 7.531 2.657 0.20 0.14 0.15 0.0l 0.11
Sc 97.23 126.5 103.2 94.74 98.32 80.42 92.4 90.58 106.9 104.3 117.7 130.6 123.9 161.6 119.6
Co 0.958 0.873 0.873 0.932 0.908 1.048 1.118 0.929 0.866 0.826 1.771 1.867 1.698 1.824 1.710
Ni < < 1.105 3.342 0.901 1.087 < 1.325 < < 13. 034 < 4.414 < <
Cu 0.963 1.647 2.595 1.608 1.689 < 0.918 0.482 3.134 1.223 0.861 < 0.768 < <
Zn 290.1 316.6 319.9 301.4 298.9 301.2 306.6 286.1 305 321.8 260.0 264.9 258.4 255.7 248.7
Rb 0.614 0.373 0.401 0.575 0.661 0.474 0.437 0.535 0.646 0.739 < < 0.024 0.003 <
Sr 0.325 0.194 0.552 0.289 0.262 0.187 0.153 0.231 0.251 0.521 0.040 < 0. 130 < <
Y 3264 2403 2375 3370 2409 2977 3032 2947 3532 2723 524.5 444.3 713.1 1248 716.6

Zr 4.901 0.367 0.812 3.957 2.536 5.385 2.986 1.306 2.258 0.884 5.274 6.062 7.832 0.469 8.323
Nb 0.706 0.024 0.002 0.76 2.079 0.062 3.628 0.416 0.605 0.021 0.008 1.662 0.008 0.048 0.004
Cs 0.04 0.002 0.04 0.025 0.122 0.007 0 0.045 0.024 0.118 0.017 < < < <

Ba 0. 031 < 0.607 0.253 0.623 0.136 0.132 < 0.278 < 0.164 0.078 < 0.215 0.023
Hf 0.138 0.006 0.005 0.137 0.206 0.244 0.226 0.079 0.107 0.019 0.119 0.089 0.182 0.012 0.131
Ta 0.429 0.017 0.023 0.294 2.086 0.329 3.558 0.343 0.287 0.015 0.004 0.083 0.043 0.164 0.045
Pb 0.162 0.003 0.532 0.041 0.135 0.062 0.015 0.09 0.162 1.14 < 0.014 0.012 1.103 0.040
Th 0.01 0 0. 024 0 0.006 0.003 0.01 0.01 0.005 0.004 0.000 0.001 0.002 0.672 0.002
U 0.031 0.002 0.008 0.021 0.031 0.018 0.046 0.01 0.035 0.009 0.009 0.011 0.007 2.290 0.008

Y/Yb 6.30 8.39 7.88 5.45 6.35 8.23 6. 86 5.42 6.04 458 2.64 236 250 1.65 2.85
Lu/Hf 528 5480 7084 629 234 190 256 966 751 4318 269 369 244 11032 279
Nb/Ta 1. 65 1. 41 0.09 2.59 1.00 0.19 1.02 1.21 2.11 1.40  2.15 19.98 0.19 0.29 0.08
Zx/Hf 35.5 61.2 162 28.9 12.3 22.1 13.2 16.5 21.1 46.5 44.3 68.5 43.1 37.8 63.6
Sm/Nd 19.9 16.0 86.8 16.3 11.6 25.1 5.39 189 2.94  4.98 20.1
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g% 2
Continued Table 2
(A S RRg WA
A REAL KA REAE KA
TZF TZF TZF TZF TZF TZF TZF TZF TZF TZF TZF  T0512 TO0512 TO0512 TO0512
Nlp==3 01 01 01 -01 01 01 01 -01 -01 -01 -01 -07 -07 -07 -07
_1.6 _1.7 _1.8 _1.9 _L.10  _1.11  _1.12  _1.13 _1.14 _1.15 _l1.16 _4.1 4.2 4.3 4.4
La 0.003 0.001 < 0.003 0.000 0.006 < < < 0.007 0.008 0.006 0.005 0.007 0.035
Ce < < < < 0.008 0.009 0.009 < 0.003 0.005 < 0.007 0.037 0.025 0.071

Pr 0.003 0.005 0.012 0.010 0.008 0.009 0.012 0.004 0.005 0.000 0.000 0.002 0.003 0.004 0.014
Nd 0.111 0.188 0.069 0.102 0.193 0.18 0.09 0.132 0.029 0.009 0.057 0.01 0.07 0.141 0.103
Sm 0.663 0.416 0.499 0.426 1.197 1.290 1.232 0.785 0.477 0.588 0.349 0.332 2.363 3.013 0.782
Eu 0.011 0.017 0.026 0.022 0.018 0.030 0.004 0.018 0.028 0.036 0.007 0.003 0.165 0.112 0.027
Gd 5.035 6.430 5.897 6.710 10.867 12.523 11.023 6.240 8.284 8.473 5.944 3.885 37.92 38.57 17.57
Th 4.093 4.880 4.124 4.790 7.124 7.731 7.538 4.566 5.821 5.845 3.859 2.631 21.67 26.62 16.14
Dy 58.22 70.44 60.92 70.23 101.5 110.9 106.3 66.93 83.94 82.61 60.38 40.72 237.9 316.6 255.9
Ho 16.22  20.80 16.56 21.54 30.92 32.27 31.82 21.29 25.31 24.72 20.07 13.37 52.53 66.81 77.18
Er 70.35 84.39 64.34 91.79 122.2 127.7 124.7 89.16 106.3 100.9 93.50 54.21 157.0 197.1 316.8
Tm 15.78 17.67 14.25 19.50 24.69 26.22 25.10 18.91 22.03 20.83 21.00 10.17 24.48 30.32 66.69
Yb 138.9 149.1 123.3 168.3 193.2 205.4 196.1 156.0 186.8 176.0 193.1 85.38 173.7 208.2 575.3
Lu 20.46 21.43 16.02 23.81 26.34 28.55 26.70 21.68 28.84 26.02 32.75 12.30 21.70 23.02 82.94
SREE 329.8 375.8 306.0 407.3 518.3 552.8 530.7 385.7 467.9 446.0 431.0 223.0 729.5 910.5 1410
Euw/Eu” 0.01 0.01 0.02 0.01 0. 00 0.01 0. 00 0.01 0.01 0.02 0.00 0.00 0.02 0.01 0.01
(Gd/Yb)x 0.04 0. 04 0. 05 0.04 0. 06 0. 06 0. 06 0. 04 0. 04 0.05 0.03 0.05 0.22 0.19 0.03
v 0.17 0.19 0.11 0.20 0.19 0.20 0.19 0.20 0.19 0.15 0.20 2.693 2.668 0.448 0.463

Sc 133.7 113.2 116.5 119.7 205.8 215.9 214.4 175.7 130.7 124.1 138.4 165.7 48.61 34.71 37.88
Co 1.903 1.822 1.724 1.904 1.783 1.754 1.530 1.647 1.706 1.454 1.827 6.19 7.456 7.653 7.611

Ni 6.571 < < 2.189 2.907 0.445 0.681 7.846 2.667 < < 0 1.202 0 2. 159
Cu 0.114 1.407 1.749 < < < 0. 406 < < 0.257 0.083 0 0. 004 0 0.351
Zn 257.6 227.3 253.4 249.9 205.1 192.8 190.3 232.8 243.7 238.0 242.6 159.3 155.0 152.1 157.2
Rb 0.017 < 0.019 < 0.029 0.026 < 0.024 < < 0.027 0.056 0.231 0.288 0.463
Sr 0.001 0.053 0.067 < < 0.030 0.000 < 0.061 0.031 < 0.067 0.308 0.316 0.441
Y 475.5 508.7 509.6 525.4 961.8 1010 984.9 626.5 593.9 599.8 486.8 359.0 1922 2543 2649
Zr 4.940 7.304 1.472 4.286 2.224 1.868 1.113 2.961 7.316 8.695 3.782 2.352 2.205 5.433 7.368
Nb 0.014 0.008 0.001 0.000 0.012 0.001 0.008 0.006 0.003 < < 0.01 0.051 2.472 71.03
Cs 0.016 < 0.002 0.007 0.003 0.011 0.014 < < 0.001 0.003 0 0.036 0 0. 041
Ba < 0. 106 < 0. 001 < < < 0.018 < < 0. 167 0 0.605 0.71  0.56
Hf 0.146 0.166 0.092 0.148 0.048 0.106 0.015 0.065 0.140 0.154 0.183 0.106 0.091 0.301 0.543

Ta 0.054 0.010 0.022 < 0.004 0.009 0.006 < 0.004 0.012 0.003 0.004 0.112 2.494 10.93
Pb < 0.004 0.020 0.024 0.023 < 0.012  0.009 < 0.023 0.025 0.033 0.016 0.025 0.07
Th 0.000 0.000 0.000 0.003 0.002 0.002 < 0.000 0.000 < 0. 001 0 0. 002 0 1.13
U 0.002 0.003 0.002 0.006 0.012 0.017 0.023 0.008 0.005 0.011 0.002 0.005 0.002 0.022 3.228
Y/Yb 3.42 3.41 4.13 3.12 4.98 4.92 5.02 4.02 3.18 3.41 2,52 4.20 11.07 12.21 4.60
Luw/Hf 140 129 175 161 554 270 1829 332 205 169 179 116 239 76.5 153
Nb/Ta 0.26 0.81 0.03 2.61 0.08 1.31 0.73 0.00 0.00 2.50 0.46 0.99 6.50
Zr/Hf 33.9 44.1 16.1 29.0 46.8 17.6 76.2 45. 4 52.1 56.4 20.7 22.2 242 18.1 13.6

Sm/Nd 5.95 2.21 7.18 4.17 6.21 6. 83 12.8 5.93 16. 4 66.3 6.10 33.2 33.8 21.4 7.59
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Continued Table 2
iTACH TR FEHS
oy REIE R A RE
TO512  TO512  T0512 TO512 T0448  T0448  T0448 T0448 T0448 T0448 T0448 T0448 T0448  T0448
M=%~ 07 -07 07 -07 -12A -12A -12A -12A -12A -12A -12A -12A -12A -12A
4.5 4.6 4.7 4.8 _1.1 _1.2 _1.3 _1.4 _1.5 _1.6 _1.7 _1.8 _1.9 _1.10
La 0.032 0.017 0.008 0.005 0.033 0.045 0.013 0.075 0.113 0.012 < 0.002 0.719  0.006
Ce 0.221 0.051 0.048 0.009 0.065 0.199 0.053 0.213 0.33 < 0.011 0.039 2.314 0.052
Pr 0.015 0.003 0 0.011 0.028 0.021 0.011 0.023 0.004 0.019 0.005 0.018 0.502 0.01
Nd 0.152 0.115 0.012 0.045 0.671 0.299 0.381 0.378 0.428 0.387 0.332 0.522 4.721 0.52
Sm 1.773  2.012 0.556 0.254 3.725 2.586 2.07 1. 868 2 3.18 3.005 3.383 7.6 4.561
Eu 0.04 0.058 0.039 0.012 < 0.04 0.004 0.042 0.007 0.027 0.043 0.04 < 0.037
Gd 29.78 32.05 7.394 2.748 19.7 13.79 7.38 8.203 9.07 13.87 12.85 15.45 14.73  20.58
Th 24.32  20.07 5.861 2.158 6.293 4.698 2.338 2.687 3.118 4.908 4.623 6.122 4.053 6.951
Dy 329.7 230.8 87.59 34.02 52 41.01 24.45 27.37 28.34 38.37 37.06 49.45 28.74 51.72
Ho 80.47 47.84 25.73 11.53 9.274 8.747 5.094 5.558 4.633 5.259 4.485 5.835 4.018 6.531
Er 277.1 148.6  90.21 49.02 25.92 24.53 17.6 19.86 14.21 13. 41 12.28 12.21 10.55 15.28
Tm 51.07 25.17 15.6 9.534 4.413 4.435 3.388  3.227 2.85 2.57 2.199 1.713 1.898  2.452
Yb 410.8 188.8 118.1 79.94 31.47 31.39 24.92 26.44 21.07 20.06 17.87 10.28 15.26 17.22
Lu 55.79 23.03 15.06 11.88 4.133 4.104 3.131 3.241 2.464 2.452 2.017 1.02 1.711 1.734
SREE 1261 718.6 366.2 201.2 157.7 135.9 90.83 99.19 88.64 104.52 96.78 106.1 96.82 127.7
Euw/Eu” 0.01 0.01 0.02 0.01 0. 00 0.01 0. 00 0.01 0.00 0. 00 0.01 0.01 0. 00 0. 00
(Gd/Yb)y  0.07 0.17 0. 06 0.03 0.63 0.44 0. 30 0.31 0.43 0. 69 0.72 1.50 0.97 1.20
v 0.214 0.73 1.984 3.126 11.47 16.13 16.2 16.78 16.9 13. 67 13.3 12.64 9.291 6.891
Se 35.84 47.65 111.3  192.5 56.21 45.66 23.79 25.03 27.27 38.31 34.49 37.16 29.34 46.34
Co 7.648 7.723  6.955 6.35 39.92  39.68 41.32  39.61 41.22 41.18 41.03 40.45 38.64 41.18
Ni 1.99 3.388 5.816 0.566 < < 0.776 < 0.993 1.458 4.746 12.94 1.113 7.628
Cu 0 0.033 0 0.424 < 0.399 0.632 6.416 8.468 0.039 < 0.221 0.109 <
Zn 160.7 154.8 155.7 163.8 173.4 229.8 285.2 280.5 311.9 308.6 308.3 307 305.7 310.8
Rb 0.365 0.176 0.181 0.002 1.385 0.674 0.659 3.943 1.587 0.073 < < 67.39 5.372
Sr 0.455 0.311 0.304 0.299 0.925 0.371 0.515 1.404 0.383 0.172 0.014 0.083 0.398 <
Y 3002 1936 718 315.4 261 227.8 155.1 159.4 153.2 181.5 164.9 218.5 135.6  230.2
ZIr 9.165 4.449 1.377 2.957 10.74 6.525 4.895 4.901 6.042 3.627 4.064 3.561 11.71  7.713
Nb 19.4 7.216 0. 01 0. 035 0. 01 0.004 0.012 0.03 0. 01 < < 0.009 1.949 0.031
Cs 0.014 0.371 0.016 0 0.027 < < 0.221  0.097 < < 0 4.802 0.591
Ba 0.582 0.59 0.642 0.315 3.339 1.862 1.824 3.616 1.202 0.238 0.146 0.001 1.038 <
Hf 0.664 0.295 0.035 0.145 0.414 0.158 0.155 0.206 0.179 0.102 0.143 0.161 0.492 0.176
Ta 7.998 2.45 0.013 0 < 0.011 < < < 0. 007 < 0.014 0.575 0.04
Pb 0.075 0.059 0.072 0.031 0.314 0.316 0.266 1.293  0.629 0.094 0.033 0.08 0.361 0.007
Th 0.095 0.003 0 0 0.018 0.204 0.007 0.115 0.368 0 0. 002 0 0.612 0.016
U 0.209 0.012 0.002 0.008 0.087 0.063 0.01 0.027 0.121 0.026 0.022 0.056 6.058 0.122
Y/Yb 7.31 10.3 6.08 3.95 8.29 7.26 6.22 6.03 7.27 9.05 9.23 21.3 8. 89 13.4
Lu/Hf 84.0 78.1 430 81.9 9.98 26.0 20.2 15.7 13.8 24.0 14.1 6.34 3.48 9.85
Nb/Ta 2.43 2.95 0.77 0.36 0. 00 0. 64 3.39 0.78
Zr/Hf 13.8 15.1 39.3 20. 4 25.9 41.3 31.6 23.8 33.8 35.6 28.4 22.1 23.8 43.8
Sm/Nd 11.7 17.5 46.3 5.64 5.55 8. 65 5.43 4.94 4.67 8.22 9.05 6.48 1.61 8.77
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Continued Table 2
(A S s
A EREREN

T0448  T0448 T0448 T0448 T0448 T0448 T0448 T0448 T0448 T0448 T0448 T0448 T0448  T0448
55 -12A -12A -12A -12A -12A -12A -12A -12A -12A -12A -12A -12A -12A -12A
_11 112 113 114 _1.15  _1.16 _1.17 _1.18 _1.19 _1.20 _1.21 _1.22 _1.23 _1.24

La 0.003  0.006 0.01 0.001  0.014 0.005 < 0.05 0.03 < < 0.011  0.003 <
Ce 0.028 < 0.011 0.024 0.017 0.009 < 0.155 0.135 0.091 0.021  0.031 < <
Pr < 0.014 < 0.016 0.011 0.014 0.018 0.031 0.012 0.031 0.014 < 0 0
Nd 0.438 0.348 0.47 0.18 0.313 0.376 0.317 0.477 0.365 0.736  0.32 0.328 0.295 0.461
Sm 3.545  3.453 3.66 2.38 1.571  1.398 1.17 1.671 2.282 2.346 1.909 1.698 1.796 2.531
Eu 0.014 < 0.039 0.012 0.025 < 0.006 0.019 0.03 < 0. 025 < < 0.022
Gd 17.21 15.65 16.03 7.827 6.869 6.716 7.232 7.12 12.4 11.11  8.273 6.841 9.674 15.06
Th 5.556  5.226 5.013 2.442 2.34 3.048 3.021 2.898 4.996 4.46 3.137 2.595 3.186 4.958
Dy 39.98  36.28 30.54 10.02 12.21 20.05 22.27 19.87 39.6  35.57 27.62 22.12 28.87 44.31
Ho 5.466 5.148 3.513 0.667 1.072 1.842 2.304 1.816 4.619 5.147 4.265 4.258 5.93  7.859
Er 14.36  12.71 7.075 0.886 1.62  3.547 4.196 3.356 9.456 14.6 13.01 14.12  20.55 23.35
Tm 2.368  2.25 1.103 0.076  0.17 0.395 0.478 0.416 1.814 2.72 2.39 2.801 3.892 3.752
Yb 17.98 16.84 8.213  0.38 1.139  2.347 2.599 2.39 12.39  22.64 19.55 23.89 29.5 27.26
Lu 2.058 2.037 0.951 0.04 0.118 0.245 0.253 0.218 1.367 3.003 2.269 2.709 3.582 3.56
SREE 109.0 99.96 76.63 24.96 27.49 39.99 43.86 40.49 89.50 102.5 82.80 81.40 107.3 133.1
Euw/Eu” 0. 00 0. 00 0.01 0. 00 0.01 0. 00 0. 00 0.01 0.01 0. 00 0.01 0. 00 0. 00 0. 00
(Gd/Yb)y  0.96 0.93 1.95 20.60 6.03 2.86 2.78 2.98 1.00 0.49 0.42 0.29 0.33 0.55
v 7.61 6.427 4.315 0.842 0.368 0.071 0.147 0.01 < 0.007 2.455 7.427 8.761 11.13
Sc 35.57 32,78 28.01 15.08 13.06 12.19 11.89 13.18 25.83 27.88 34.32 31.92 37.35 50.86
Co 40.7 40.91 42.68 40.92 40.26 39.34 40.24 40.32 40.89 39.21 40.23 41.37 39.97 41.18
Ni 0. 786 < < < 5.102  11.17 < 8.823 8.452 4.881 12.11 1.985 4.296 0.275
Cu < < 0. 925 < 0.418 0.514 0.373 < 1.014 < 0. 326 < < 0.322
Zn 305 307.9 304.6 309.2 314.7 304 307 312 338.2  298.9 307.1 305.1 299.5 303.7
Rb 0.417 0.35 0.37  0.099 < < 0.105 0.002 0.012 0.099 < < 0.129 0.184
Sr 0 0.08 < 0. 04 < 0.092 < 0.032 0.141 0.111 < 0. 026 < 0. 158
Y 188.3 170.6 126.6 31.89 44.85 82 94.66 81.65 173.5 179.4 160 146.5 186.4 246.6
Zr 6.25 5.684 5.299 6.865 8.275 7.732 7.686 7.724 4.949 4.119 5.427 4.577 5.304 10.38
Nb 0.02  0.008 < 0.015 0.084 0.145 0.12 0.219 0.026 0.035 0.0206 < 0.006 0.021
Cs < 0.015  0.057 < < < 0.037  0.067 < 0. 066 < 0.029 < 0.024
Ba 0.066 0.002 0.323 0.059 0.28  0.237 < < 0.263 0.113 < 0.029 0.03 <
Hf 0.125 0.12 0.088 0.45 0.331 0.509 0.555 0.343 0.146 0.138 0.183 0.154 0.136  0.332
Ta 0.013  0.008 < 0.091 0.359 0.502 0.516 0.979 0.143 0.031 < 0. 007 < <
Pb 0.002  0.037 < 0.057 0.068 < 0.006 0.038 0.001 0.077 0.108 0.055 0.032 0.05
Th 0 0.007 0.016 0 0 < 0 0.053 0.118 0.005 0 0 0 0. 008
U 0.076 0.101 0.042 0.04 0.013 0.026 0.046 0.094 0.043 0.068 0.019 0.025 0.011 0.066

Y/Yb 10. 5 10. 1 15. 4 83.9 39.4 34.9 36.4 34.2 14.0 7.92 8.18 6.13 6.32 9.05
Lu/Hf 16.5 17.0 10. 8 0.09 0.36 0.48 0. 46 0. 64 9.36 21.8 12. 4 17.6 26.3 10.7
Nb/Ta 1.54 1. 00 0.16 0.23 0.29 0.23 0.22 0.18 1.13

Zx/Hf 50.0 47.4 60. 2 15.3 25.0 15.2 13.9 22.5 33.9 29.9 29.7 29.7 39.0 31.3
Sm/Nd 8.09 9.92 7.79 12.8 5.02 3.72 3.69 3.50 6.25 3.19 5.97 5.18 6. 09 5.49
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Fig. 3 End-member discrimination diagrams for garnets in leucogranite and metapelite-hosted leucosome along the Himalayan

Orogenic Belt

Fields for garnets in metabasite and metapelite are based on our unpublished data
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Fig. 4  Compositional profile for garnets in leucogranites and metapelite-hosted leucosome from different areas along the Himalayan
Orogenic Belt

(a)-sample T0394-20 is a leucogranite from Yardoi area. Garnet show rim-ward increase in almandine ( Alm) and pyrope ( Prp) components but
decrease in spessartine ( Spe), indicating a growth zoning; (b)-sample TZF-1 is a leucogranite from Everest area. Garnets show oscillatory growth
zoning; (c¢)-sample TO512-7 is a leucogranite from Yadong area. Garnets show rim-ward increase in Spe and Grossular ( Grs) components but decrease
in Alm and Prp components, indicating different growth zoning from the other samples; ( d)-sample T0448-14A is a leucosome of a migmatitic

metapelite from Dinggye area. Garnets show complicate chemical profile similar to those from metapelites
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Fig. 6 Chondrite-normallized REE distribution patterns for garnets in leucogranites and metapelite-hosted leucosome from different

areas along the Himalayan Orogenic Belt ( normalized values after Sun and McDonough, 1989)
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Fig. 8 Chondrite-normallized REE distribution patterns for
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®3 EDRBELEPARMKKEE RS LKL
R (EBTTE :wt%; HEMEBITE: x107°)
Table 3

metapelite-hosted leucosome from different areas along

Geochemical characteristics of leucogranites and

Himalayan Orogenic Belt ( Major elements: wi% ; Trace

elements: x107°)

S T0394-20 TZF-1 TO512-7  TO448-12A
Sio, 67. 66 74. 14 73.38 75.36
TiO, 0.03 0.03 0.06 0. 05
FANOR 18.20 15. 07 14. 95 15. 68
FeO 0. 44 1.08 0.57 0.56

Fe, 0, 0.42 1.04 0.22 0.08
MnO 0.07 0. 14 0.06 0.08
MgO 0.07 0.12 0.14 0.21
Ca0 0.79 0.57 1.17 0.47
Na, O 5.73 4.48 4.9 3.11
K,0 6.38 2.18 3.47 4.87
P,0, 0.05 0. 05 0.05 0.09
LOI 0.59 0.43 0.39 0.03
Total 100. 40 99. 33 99.36 100. 59

Sc 1.08 1.92 1.87 0.34
v 0.97 0. 54 2.06 7.49
7n 5.12 105 22 7.42
Rb 428 132 135 212
Sr 21.9 15.1 58 45

Y 26. 1 11.2 51.3 3.26
Zr 52.1 29.9 44.7 7.3
Nb 3.77 0.39 7.87 0.91
Cs 6.58 9.34 7.09 3.45
Ba 46.5 19.4 337 365
Hf 3.38 1.94 2.29 0.24
Ta 1.03 0.12 1.82 0.12
Pb 96. 2 12.3 28.0 41.4
Th 11.36 11.5 23.6 2.16
U 3.70 41.5 11.7 0.89
La 6. 60 3.57 24. 4 5.11
Ce 15.25 6.38 48.2 8.25
Pr 1.91 0.79 5.24 1. 15
Nd 7.58 2.52 19.3 4.28
Sm 3.23 0. 81 4.51 1.09
Eu 0.09 0.11 0. 64 0.24
Gd 3.82 0.9 5.58 0.74
Th 0.68 0.24 1. 14 0.13
Dy 4.08 1.88 7.99 0.6
Ho 0. 86 0. 45 1.74 0.1
Er 2.61 1. 66 5.18 0.32
Tm 0.45 0.35 0.8 0. 06
Yb 3.08 3.06 5.22 0.48
Lu 0.45 0.43 0.73 0.07

A/CNK 1.02 1.40 1.07 1.39

Nb/Ta 3.67 3.25 4.32 7.58
7/ HE 15. 41 15. 41 19.52 30. 42
Se/V 111 3.56 0.91 0. 05

Ew/Eu* 0.08 0. 40 0. 40 0. 83

(La/Yb) y 1.51 0. 82 3.29 7.49
(La/Gd) y 1.46 3.34 3.69 5.82
(Gd/Yb) 1.03 0.25 0.89 1.29

1972) FEAS J S M e Zn ZAEPEICE , A5 1 30 (Tuisku
et al., 1987) ; TEPURVAH , Zn AR TARUEATH  TELS five
(- fepde e R RE ) In EETRAA MRS
(Heinrichs et al., 1980) . # 54 e 3K B 41 B A7 2 A AZ 98
JRCE K T R A TR P 46 T e AR JRCA AR TR A
In FEHEET Aot F R FAR AT Zn 5 R
I, 2089.8 x107° ~65.3 x 10 (& 5) . 7L AT, 2%
i) Zn WS ELAR, /N F 100 x 107 HAEHIKRLATAR A1,
TRRT 152 %10 (F 5) o BT & B R AT Y
JEAE b BURAS I EROE A 38 KA A R b i
Wby AT AR Zn RESITBEA AR AR . B
TO512-7 EA DB A A S (K 2¢) , BB F3F7 T
R E T Zn TR, FER O PR Zn R RAR. FEA
TZF-1 {4 Zn & desy (B4 Zn Sk, R A
TET RV I A AR T R 1 Zn, A48 A7 5 LS 19 F
rWE o> S ECO AR Zn SRR,

EHHW AR AT BAT— AW AR B A Min 92, B
5.7% ~10.6% , WAL Y 5 e A2 A 8 A1 9 MnO & B/ F
3.5% o AWEE NI AR A R EZ R Mn JGEK A
TAER A R SRR G AE R A M 58 /h T 0. 1%,
AU Mn BN AT R AR A SR R0 R 4 Mo SR
FEMNR, RO A, AR Mn 5458 190
o S T AEAE R FUE IR A b R R, BT Min B0 20 B 4
PRI 5% B 21 Mn THisr

IIBTRS LU RES AR BT AR A IR R TP IR Qe B AR
AV FIAE B P e A R A ) R A 2 Y, W - 5 TR
HRAR AR AL, SRR A AR, LA SRR,
HBABE Mn Zn Y F HREE, ¥R (0K 3l g TR e B0
REAT, B ASA, J03 1 BV ARZ5 4, R JU R AR L
Wioe addAe, . FEICEK (B3 E 4d) Fl Zn ([ 5a, b) , il
WERAY Sc (18 5¢) JHf Y (& 5b) #1 HREE (& 5.8 6d) ST H
EREABEERNGR . AUPTRR T8 SRR A e
PR A BRI DA R MR R A AR A R 2 A R
A FEE R P 25 SR U S R B R IR R AR S 0%
PR SR, R R B B A R A A 1 B
2 FHE Y Mn Rl Zn JUE o

SIS Dl ¥ A pay 2D SUR S s < 94

TE S RUHE R G L A R b, ARF oA R e o i
BEATHTIR , N 5 o it AR R BT A A B K M Rl SN, 7 AR
THAME S/Y L HNE Rb/Sr L IR 4 78 K & ( Harrison er
al., 1987; Breton and Thompson, 1988; Harris and Massey,
1994 ; Guillot and Le Fort, 1995; Harris et al., 1995; Ayres et
, 1997; Patifio Douce and Harris, 1998; Knesel and
Davidson, 2002; Yang et al., 2002; Zhang et al., 2004a) , 7£
PSR BT A VB A M Rl o e, 2 R KO e A A [

al.
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AR T WA AL R A, H T A R A TR e R
AR AT DR B A T AR5 B, TR AR BN, T
JCT HETEIREE Y o FERE R A5 i BT ) A R B AR A,
ARAICR TR R s 2 d Bt e R A a B A
SR R T A K IRAT BRI Mn A1 Zn WRBE e R R 1Y
Zn SRIRT B T, R FIRS A0 19 3 B 25 A A, S 2
HIRILAOREAT Eu 9 WA 557 %, HREE I HE % 52 MAZ T
B3R kD, L/ HE AR o A8 Al . e ) o v i 44
R R ETE AR b o 1) 2 ML e Rl f88 i L g
R B AR . fEIREAE R A BIR AR, At £ St
a8 ) (BRI AT s A 5 ) A0SR 1 5 I R e AR A
PRI B H ) 3 A 8 0 o A5 R o TR A i A ok 2
W BRI, 1 A 308 0 8 i 1) A 2 3l g 2 i 7,
S SR R R AR 565 1114 o 3t e 0 o 4 ) BRI AL 2245 0 1Y
HERE

6 4t

SRR LA, R A S b AR S L A S, 22 ) T
IR TS 3 e AT T AL B0, m] 2R S50 10 %
REVREAE I L T M e ) B i ) BRI 22 AT o o i
IFr A R EAT TR , 22 Y8 i kA T U R A Al R T
IATIE AR HETEAIE R o BN E P S A PR AR A
REBARATR AT P AR 0 E R, R R
AE-¥ A LT A S QIR SRR b & IRA i 3k
MR I TR AT, AR R ARG K . LT HREF AN LA-
ICP-MS WAk~ 73 R W, 25 20 28 4 A0 14l Bk A~ R AL
(1) AR 2N 30, o 1 SR i) Pk B A 3Rl 5
(2) &4 HREE, 7 #{ LREE, D\ AZ B 2|13, Hf Y 1 HREE
FREEG (3) BEH Eu 7% (Ew/Eu” <0.02) : (4) HX
TR TR, BA WK Mo F1 Zn JTTER . SRS
T BRAG AR AL AR - AL Y8 A TE DU 37 1R 5 7 P 2 Bk
FFR o3 il , T R A PR A5 1 I v B 22 oA R A S
AT SRR A AR SN, TR I, R A TG R Y Bk AL
SRR B e s R OR B A JEUE B R LR (R R
R ATE e 2 R e b A CA BT, R O A IR
D A R IR AL, RN A RS £ I [R]  Ah 8
AT BRI Eu 555 A0 HEY Rl HREE ¥
NAZE T 28] 0 768 o 2 AR, T P AR A BB T R v 8 R
In TR RERETR

B AR R BT T 5% R R R AT AN B e A, £
N RV U

References

Abbott RN. 1981. The role of manganese in the paragenesis of magmatic

ELF® 2012, 28(9)

Acta Peirologica Sinica

garnet: An example from the Old Woman-Piute Range, California: A
discussion. The Journal of Geology, 89(6): 767 —769

Aikman AB, Harrison TM and Ding L. 2008. Evidence for early ( >
44Ma )
southeastern Tibet. Earth and Planetary Science Letters, 274 14 —
23

Albee AL. 1972. Metamorphism of pelitic schists: reaction relations of

Himalayan crustal thickening, Tethyan Himalaya,

chloritoid and staurolite. Bulletin of the Geological Society of
America, 83(11); 3249 —3268

Allan BD and Clarke DB. 1981. Occurrence and origin of garnets in the
South Mountain Batholith, Nova Scotia. Canadian Mineralogist, 19
(1):19-24

Aoya M, Wallis SR, Terada K, Lee J, Kawakami T, Wang Y and Heizler
M. 2005. North-south extension in the Tibetan crust triggered by
granite emplacement. Geology, 33: 853 - 856

Ayres M, Harris N and Vance D. 1997. Possible constraints on anatectic
melt residence times from accessory mineral dissolution rates: An
example from Himalayan leucogranites. Mineralogical Magazine, 61 :
29 -36

Beaumont C, Jamieson RA, Nguyen MH and Lee B. 2001. Himalayan
tectonics explained by extrusion of a low-viscosity crustal channel
coupled to focused surface denudation. Nature, 414 738 —742

Breton NL and Thompson AB. 1998. Fluid-absent ( dehydration) melting
of biotite in metapelites in the early stages of crustal anatexis.
Contributions to Mineralogy and Petrology, 99 226 —237

Brown M. 2007. Crustal melting and melt extraction, ascent and
emplacement in orogens: Mechanisms and consequences. Journal of
the Geological Society, 164 709 —730

Burg JP, Guiraud M, Chen GM and Li GC. 1984. Himalayan
metamorphism and deformations in the North Himalayan Belt
(southern Tibet, China). Earth and Planetary Science Letters, 69
(2): 391 -400

Cawood PA, Johnson MRW and Nemchin AA. 2007. Early Palaeozoic
orogenesis along the Indian margin of Gondwana: Tectonic response
to Gondwana assembly. Earth and Planetary Science Letters, 255
(1/2) .70 -84

Cawthorn RG and Brown PA. 1976. A model for the formation and
crystallization of corundum-normative calc-alkaline magmas through
amphibole fractionation. The Journal of Geology, 467 —476

Chernoff CB and Carlson WD. 1999. Trace element zoning as a record of
chemical disequilibrium during garnet growth. Geology, 27(6) : 555
-558

Corrie SL, Kohn MJ and Vervoort JD. 2010. Young eclogite from the
Greater Himalayan Sequence, Arun Valley, eastern Nepal: P-T-t
path and tectonic implications. Earth and Planetary Science Letters,
289(3/4): 406 -416

Cottle J]M, Searle MP, Horstwood MSA and Waters DJ. 2009. Timing of
midcrustal metamorphism, melting, and deformation in the Mount
Everest region of southern Tibet revealed by U-Th-Pb geochronology.
The Journal of Geology, 117(6) : 643 — 664

Debon F, Le Fort P, Sheppard S and Sonet J. 1986. The four plutonic
belts of the Transhimalaya-Himalaya: A chemical, mineralogical,
isotopic, and chronological synthesis along a Tibet-Nepal Section.
Journal of Petrology, 27: 219 —-250

Deniel C, Vidal P, Fernandez A, Fort P and Peucat JJ. 1987. Isotopic
study of the Manaslu granite ( Himalaya, Nepal) ; Inferences on the
age and source of Himalayan leucogranites. Contributions to
Mineralogy and Petrology, 96(1) : 78 =92

Ding L, Kapp P and Wan X. 2005. Paleocene-Eocene record of ophiolite
obduction and initial India-Asia collision, south central Tibet.
Tectonics, 24(3): 1 -18

Du Bray EA. 1988. Garnet compositions and their use as indicators of
peraluminous granitoid petrogenesis-southeastern Arabian Shield.
Contributions to Mineralogy and Petrology, 100(2) : 205 -212

Ganguly J, Dasgupta S, Cheng W and Neogi S. 2000. Exhumation
history of a section of the Sikkim Himalayas, India; Records in the
metamorphic mineral equilibria and compositional zoning of garnet.

Earth and Planetary Science Letters, 183 (3 -4) . 471 —486



SR EL BB ARIL K B T R DA G 0 A F AR R I A b RS AR R P 8 L 2979

Gao LE, Zeng LS, Liu J and Xie KJ. 2009. Early Oligocene Na-rich
peraluminous lecogranites in the Yardoi gneiss dome, southern
Tibet; Formation mechanism and tectonic implications. Acta
Petrologica Sinica, 25(9): 2289 — 2302 (in Chinese with English
abstract )

Gao LE. 2010. Metamorphic and anatexis events in the Yardoi gneiss
dome, Southern Tibet. Master Degree Thesis. Beijing: Chinese
Academy of Geological Sciences, 1 — 153 (in Chinese with English
summary )

Gao LE, Zeng LS and Hu GY. 2010. High Sr/Y two-mica granite from
Quedang area, southern Tibet, China: Formation mechanism and
tectonic implication. Geological Bulletin of China, 29(2 -3) . 214
—226(in Chinese with English abstract)

Gao LE, Zeng LS and Xie KJ. 2012. Eocene high grade metamorphism
and crustal anatexis in the North Himalaya Gneiss Domes, Southern
Tibet. Chinese Science Bulletin, 57: 639 — 650. doi; 10. 1007/
511434 —011 -4805 -4

Green TH. 1976. Experimental generation of cordierite-or garnet-bearing
granitic liquids from a pelitic composition. Geology, 4(2) ; 85 — 88

Green TH. 1977. Garnet in silicic liquids and its possible use as a PT
indicator. Contributions to Mineralogy and Petrology, 65(1): 59 -
67

Griffen DT and Ribbe PH. 1972. The crystal chemistry of staurolite.
American Journal of Science, 273 ; 479 -495

Groppo C, Lombardo B, Rolfo F and Pertusati P. 2007. Clockwise
exhumation path of granulitized eclogites from the Ama Drime range
(Eastern Himalayas). Journal of Metamorphic Geology, 25(1) : 51
=75

Guillot S and Le Fort P. 1995. Geochemical constrains on the bimodal
origin of High Himalayan leucogranites. Lithos, 35: 221 -234

Hall A. 1965. The origin of accessory garnet in the Donegal granite.
Mineralogical Magazine, 35 628 —633

Harris N and Massey J. 1994. Decompression and anatexis of Himalayan
metapelites. Tectonics, 13: 1537 — 1546

Harris N, Ayres M and Massey J. 1995. Geochemistry of granitic melts
produced during the incongruent melting of muscovite-implications for
the extraction of Himalayan leucogranite magmas. Journal of
Geophysical Research, 100 15767 — 15777

Harrison TM, Aleinikoff JN and Compston W. 1987. Observations and
controls on the occurrence of inherited zircon in Concord-type
granitoids, New Hampshire. Geochimica et Cosmochimica Acta, 51
(9): 2549 -2558

Harrison TM, Grove M, Lovera OM, Catlos EJ and D’Andrea J. 1999.
The origin of Himalayan anatexis and inverted metamorphism
Models and constraints. Journal of Asian Earth Sciences, 17: 755 —
772

Heinrichs H, Schulz-Dobrick B and Wedepohl KH. 1980. Terrestrial
geochemistry of Cd, Bi, Tl, Pb, Zn and Rb. Geochimica et
Cosmochimica Acta, 44(10): 1519 - 1533

Hiroi Y and Ellis DJ. 1994. The use of garnet porphyroblasts in highly
deformed pelitic rocks to infer the former presence of partial melting.
Eos ( Transactions, American Geophysical Union) , 75 364

Hodges KV, Parrish RR, Housh TB, Lux DR, Burchfiel BC, Royden LH
and Chen Z. 1992. Simultaneous Miocene extension and shortening
in the Himalaya orogen. Science, 258 1466 — 1469

Hodges KV. 2000. Tectonics of the Himalaya and southern Tibet from two
perspectives. Geological Society of America Bulletin, 112, 324 —
350

Hu MY, He HL, Zhan XC, Fan XT, Wang G and Jia ZR. 2008. Matrix
normalization for in-situ multi-element quantitative qnalysis of zircon
in Laser Ablation-Inductively Coupled Plasma Mass Spectrometry.
Chinese Journal of Analytical Chemistry, 36 (7): 947 - 953 (in
Chinese with English abstract)

Inger S and Harris N. 1993. Geochemical constraints on leucogranite
magmatism in the Langtang Valley, Nepal Himalaya. Journal of
Petrology, 34 345 -368

King J, Harris N, Argles T, Parrish R and Zhang HF. 2011. The
contribution of crustal anatexis to the tectonic evolution of Indian

crust beneath southern Tibet.
Bulletin, 123 218 -239

Knesel KM and Davidson JP. 2002. Insight into collisional magmatism
from isotopic fingerprints of melting reactions. Science, 296: 2206
-2208

Kohn MJ. 2003. Geochemical zoning in metamorphic minerals. In:
Rudnick RL (ed. ). The Crust. Treatise on Geochemistry, 3 229
-261

Le Fort P. 1981. Manaslu leucogranite; A collision signature of the

Geological Society of America

Himalaya, A model for its genesis and emplacement. Geophysical
Research Letters, 86 10545 — 10568

Le Fort P, Cuney M, Deniel C, France-Lanord C, Sheppard SMF, Upreti
BN and Vidal P. 1987. Crustal generation of the Himalayan
leucogranites. Tectonophysics, 134(1 -3) . 39 =57

Lee J, Hacker BR, Dinklage WS, Wang Y, Gans P, Calvert A, Wan
JL, Chen WJ, Blythe AE and McClelland W. 2000. Evolution of
the Kangmar dome, southern Tibet: Structural, petrologic and
thermochronologic constraints. Tectonics, 19(5) : 872 —895

Lee J and Whitehouse MJ. 2007. Onset of mid-crustal extensional flow in
southern Tibet: Evidence from U/Pb zircon ages. Geology, 35. 45
-43

Li DW, Liao QA, Yuan YM, Wan YS, Liu DM, Zhang XH, Yi SH,
Cao SZ and Xie DF. 2003. SHRIMP U-Pb zircon geochronology of
granulites at Rimana ( Southern Tibet) in the central segment of
Himalayan Orogen. Chinese Science Bulletin, 48 (23 ). 2647 -
2650

Liu SW, Zhang JJ, Shu GM and Li QG. 2005. Mineral chemistry, PTt
paths and exhumation processes of mafic granulites in Dinggye,
Southern Tibet. Science in China ( Series D), 48 (11): 1870 -
1881

Lombardo B and Rolfo F. 2000. Two contrasting eclogite types in the
Himalayas: Implications for the Himalayan orogeny. Journal of
Geodynamics, 30(1 -2): 37 -60

Miller CF and Stoddard EF. 1981. The role of manganese in the
paragenesis of magmatic garnet; An example from the Old Woman-
Piute Range, California. The Journal of Geology: 233 —246

Murphy MA. 2007. Isotopic characteristics of the Gurla Mandhata
metamorphic core complex: Implications for the architecture of the
Himalayan orogen. Geology, 35(11): 983 -986

Pandey A, Leech M, Milton A, Singh P and Verma PK. 2010. Evidence
of former majoritic garnet in Himalayan eclogite points to 200-km-
deep subduction of Indian continental crust. Geology, 38 (5): 399
-402

Patifio Douce AE and Harris N. 1998. Experimental constraints on
Himalayan Anatexis. Journal of petrology, 39: 689 — 710

Qi XX, Zeng LS, Meng XJ, Xu ZQ and Li TF. 2008. Zircon SHRIMP
U-Ph dating for Dala granite in the Tethyan Himalaya and its
geological implications. Acta Petrologica Sinica, 24 (7). 1501 -
1508 (in Chinese with English abstract)

Quigley MC, Yu LJ, Gregory C, Corvino A, Sandiford M, Wilson CJL
and Liu XH. 2008. U-Pb SHRIMP zircon geochronology and T-t-d
history of the Kampa dome, southern Tibet. Tectonophysics, 446
(1):97-113

Schirer U, Xu R and Allegre C. 1986. U-(Th)-Pb systematics and ages
of Himalayan leucogranites, South Tibet. Earth and Planetary
Science Letters, 77 : 35 —48

Searle MP, Parrish RR, Hodges KV, Hurford A, Ayres MW and
Whitehouse MJ. 1997. Shisha Pangma leucogranite, south Tibetan
Himalaya: Field relations, geochemistry, age, origin and
emplacement. Journal of Geology, 105 295 —317

Searle MP and Szule AG. 2005. Channel flow and ductile extrusion of the
high Himalayan slab-the Kangchenjunga-Darjeeling profile, Sikkim
Himalaya. Journal of Asian Earth Sciences, 25(1): 173 - 185

Spear FS and Kohn MJ. 1996. Trace element zoning in garnet as a
monitor of crustal melting. Geology, 24(12) : 1099 - 1102

Stevens G, Villaros A and Moyen JF. 2007. Selective peritectic garnet
entrainment as the origin of geochemical diversity in S-type granites.
Geology, 35(1):9-12



2980

Sun SS and McDonough WF. 1989. Chemical and isotopesy stematics of
oceanic basalts; Implications for mantle composition and processes.
In; Saunders AD and Norry MJ (eds. ). Magmatism in the Ocean
Basins. Spec. Publ. Geol. Soc. Lond., 42 313 -345

Symmes GH and Ferry JM. 1992. The effect of whole-rock MnO content
on the stability of garnet in pelitic schists during metamorphism.
Journal of Metamorphic Geology, 10(2) : 221 —237

Tuisku P, Ruosresuo P and Hikkinen AM. 1987. The metamorphic
behaviour and petrogenetic significance of zinc in amphibolite facies,
staurolite-bearing mica schists, Puolankajirvi Formation, Central
Finland. Geochimica et Cosmochimica Acta, 51(6); 1639 - 1650

Villaros A, Stevens G, Moyen JF and Buick IS. 2009. The trace element
compositions of S-type granites: Evidence for disequilibrium melting
and accessory phase entrainment in the source. Contributions to
Mineralogy and Petrology, 158(4) : 543 —561

Warren RC. 1970. Electron microprobe investigations of almandine
garnets from a quartz diorite stock and adjacent metamorphic rocks,
British Columbia. FEos, Transactions, American Geophysical Union,
51: 444

Xu ZQ, Yang JS, Liang FH, Qi XX, Liu FL, Zeng LS, Liu DY, Li HB,
Wu CL, Shi RD and Chen SY. 2005. Pan-African and Early
Paleozoic orogenic events in the Himalaya terrane: Inference from
SHRIMP U-Pb zircon ages. Acta Petrologica Sinica, 21(1): 1 -12
(in Chinese with English abstract)

Xu ZQ, Cai ZH, Zhang ZM, Li HQ, Chen FY and Tang ZM. 2008.
Tectonics and fabric kinematics of the Namche Barwa terrane,
Eastern Himalayan Syntaxis. Acta Petrologica Sinica, 24(7) : 1463
— 1476 (in Chinese with English abstract)

Yang XS, Jin ZM, Huenges E, Gao S, Wunder B and Schilling FR.
2002. Genesis of granulite in Himalayan lower crust: Evidences from
experimental study at high temperature and high pressure. Chinese
Science Bulletin, 47 ; 448 —454

Yang XY, Zhang JJ, Qi GW, Wang DC, Guo L, Li PY and Liu J.
2009. Structure and deformation around the Gyirong basin, North
Himalaya, and onset of the South Tibetan detachment system.
Science in China (Series D), 52(8): 1046 — 1058

Yu JJ, Zeng LS, Liu J, Gao LE and Xie KJ. 2011. Early Miocene
leucogranites in Dinggye area, southern Tibet: Formation mechanism
and tectonic implications. Acta Petrologica Sinica, 27(7): 1961 —
1972 (in Chinese with English abstract)

Zeng LS, Asimow PD and Saleeby JB. 2005. Coupling of anatectic
reactions and dissolution of accessory phases and the Sr and Nd
isotope systematics of anatectic melts from a metasedimentary source.
Geochimica et Cosmochimica Acta, 69(14); 3671 —3682

Zeng LS, Liang FH, Xu ZQ and Qi XX. 2008. Metapelites in the
Himalayan orogenic belt and their protoliths. Acta Petrologica
Sinica, 24(7): 1517 —= 1527 (in Chinese with English abstract)

Zeng LS, Liu J, Gao LE, Xie KJ and Wen L. 2009. Early Oligocene
anatexis in the Yardoi gneiss dome, southern Tibet and geological
implications. Chinese Science Bulletin, 54; 104 —112

Zeng LS, Gao LE, Xie KJ and Liu J. 2011a. Mid-Eocene high St/Y
granites in the Northern Himalayan Gneiss Domes: Melting thickened
lower continental crust. Earth and Planetary Science Letters, 303 .
251 -266

Zeng LS, Gao LE and Xie KJ. 2011b. Concurrence of Mid-Miocene high
Sr/Y granite and leucogranite in the Yardoi gneiss dome, Tethyan
Himalaya, Southern Tibet. Mineralogical Magazine, 75(3) : 2245

Zeng LS, Gao LE, Dong CY and Tang SH. 2012. High pressure melting
of metapelite and the formation of Ca-rich granitic melts in the
Namche Barwa Massif, Southern Tibet. Gondwana Research, 21

ELF® 2012, 28(9)

Acta Peirologica Sinica

138 - 151

Zhang HF, Harris N, Parrish R, Kelley S, Zhang L., Rogers N, Argles T
and King J. 2004a. Causes and consequences of protracted melting
of the mid-crust exposed in the North Himalayan antiform. Earth and
Planetary Science Letters, 228(1 -2): 195 -212

Zhang HF, Harris N, Parrish R, Zhang L and Zhang Z. 2004b. U-Pb
ages of Kude and Sajia leucogranites in Sajia dome from North

Himalaya and their geological implications. Chinese Science

Bulletin, 49(19) : 2087 —2092

Zhang JJ, Guo L and Zhang B. 2007. Structure and kimematics of the
Yalashangho dome in the northern Himalayan dome belt, China.
Chinese Journal of Geology, 42 (1): 16 — 30 (in Chinese with
English abstract)

B HA 3252 Sk

A, AR, XU, WA 2009. R s A LR L E
SR IR EAE 45 1 BRI L S R 3 3 i . A A
R, 25(9) : 2289 —2302

A, 2010, FECRGHERLAF I R IR A5 I 16 28 T4 D L R =R 1
RIRIEFE. B2 3. JbaT . P E TRk 2B, 1 - 153

A, BAFR, #2010 R M Sv/Y W T BEAE K
T L S HA 3 2 2 B . MBI, 29(2 -3) : 214
-226

AR, AR, WK, 2011, JuE DR A RS S RIS g
AR FFGIEAE R R E . FlaEis i, 56(36) : 3078 —3090

HEAH , e, S5, S0, £, B, 2008, J{kIH—
FE AR TE WO G RE k- 55 B A TS A 4% A IR AL 2 e R A
BN . A trika#, 36(7) : 947 —953

JEERE, BATR, TARA, VPSR, ZERA. 2008, FREEHTE SR
FTRIAE R 4 8 41 SHRIMP U-Pb 5 4F J oo i 5 L. 5 A1 2%
iR, 24(7): 1501 - 1508

VFREE, Mg, B, AR, MR, B4, X8—, &iF
B OSSR, B AT, BRAAK. 2005. Db HE A Bz - Rl
ARSI SRR IO Rk A A, 21(1) 112

VERRZE, #ERER, skiEW], ZAb)a, MRy, PR, 2008, HHfL
MEAR G 25 - R 2 AL s S M58 Bl 2. A 2F i, 24(7)
1463 - 1476

FRA, B, XIf, @Ak, Wrigk. 2011, jHRE & 45 H X o h
PR AL R A I L S A i B . AR,
27(7) : 1961 - 1972

RARR, B, VPSR, BAAPE. 2008, Rl LA AR A
BRI FRFAE. 5 A%, 24(7) « 1517 - 1527

B ARR, XU, SRR, WI5EK, 3007, 2009, g A A i A e R
T e RV B L o . B A, 54(3) 2 373 -
381

TRAEVL, TR, TRk, 2007. Jbs SR E Bl HERL A 5 25 R Y ) i
Y RLANE B 2E R E. MR, 42(1) : 16 =30



