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Abstract: The core of the Himalayan orogen consists of high-grade metamorphic rocks and leucogranites, forming a natural
laboratory for studying crustal anatexis and granite origin during the collisional orogeny. Based on recent achievements of the
related studies, the condition, type and P-T path of metamorphism, and mechanism, degree and melt composition of anataxis
as well as metamorphic and anatectic timing and duration of high-grade metamorphic rocks in the orogenic core are discussed in
this paper. The obtained evidence shows that the orogenic core experienced high-pressure granulite-facies to eclogite-facies met-
amorphism, with a clockwise-type P-T path characterized by increasing temperature and pressure prograde and early retrogres-
sion of near-isothermal decompression, and that the high-pressure rocks record a prolonged high-temperature metamorphic and
anatectic process. The muscovite- and biotite-dehydration melting of meta-pelitic rocks during the prograde metamorphism
resulted in formation of melts with highly variable chemical compositions. In addition. the formation time and geochemical fea-
ture of the Himalayan leucogranites are also summarized. Finally, it is concluded that the leucogranites were derived from the
dehydration melting of thickened lower crust during the collisional orogeny.
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ATSAE T 2y 1) Al 48 3 1L .5 R L S SIOE L
A F- o [ 7 3 A AR A8 1 45 (Namche Barwa syntax-
is, 7 3 B B A 1 5) 3 B L 30 30 A9 DS A4 1 45 (Nanga
Parbat syntaxis, ig il fF /R B4 #4145 ZE fif K 3k
2500 ke (& 1) 35 SAH0HEE 1y 220 3 414 i
JCLH A AL [ R AR U R AR T B R A R
(Tethyan Himalayan sequence, THS) | /& = 5 i F
A % (Greater Himalayan sequence, GHS) Fl{ik &=
L7 fiE 2 & (Lesser Himalayan sequence, LHS; Yin
and Harrison, 2000). & 3 A~ 44 i 870 2 [8] 4 i B9
P& % (South Tibetan detachment system, STD) F1 3
g 53 R 24 (Main central thrust, MCT).
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Simplified geologic map of the Himalayan orogen

i Yin and Harrison(2000) ,Guillot et al.(2008) .Kohn(2014) \Ding et al.(20162) #H ; MFT. 3 55 238 vh i 44 ; MBT. 2 21 558 w97 24 s MCT.
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et al., 2014), Annapurna(Kohn and Corrie, 2011), Everest(Cottle et al., 2009b), Gianbul(Horton et al., 2015), Jomolhari(Regis et al.,
2014) , Kaghan(Kaneko et al., 2003), Kali Gandaki(Iaccarino et al., 2015), Mabja dome(Lee and Whitehouse, 2007) , Namche Barwa Syn-
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AR BOAE T ) AR R RE A M R, 2 R T
ATV T B3R 3 A 3 B T 22 18] Y R A
FR 0 v e g e S A7 B A TR L, BB TE R
A BIF 5% R 2 T A 1L A% R R R
FFR N B O R A & 1L AR BT A% (Himalayan meta-
morphic core, HMC).

T2 B R Ll A7 A 9 4% 5 3 LA E )i
77 IR AL B s o BT 0 B S b e R
7= RS = DR IR (B 48 I 5 7 (Greater Himala-
yan leucogranite, GHL) T 4F 2 i = S Hi = &
HR R Y R i BT D R R IR 4 AE K A T (Tethy-
an Himalayan leucogranite, THL; & 1; Le Fort,
1975, 1981; Guo and Wilson, 2012; *= % JC 4,
2015) .75 i 2 SRR 646 5 5l IR BB R A £
b T R == R = O i Y OB = VAN WSl /N
5 BUE B A RRIUZ (R AR A 838 528 pRoR 1=
A, B KR A A R i 3T D R TR 54K B
IR AL A A R R — o AL TR R
B RO AR S S B AL ) — b DL R AR Y
EREA TR & Shifs &2 (& D.
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FER AL RO BKAO RS A BA
AR KA S A e i () CB = b)) 5 4
Z<5%, B s A WK A R E A B,
A A AT 8 A SR 0 R AR IS AR )
(AN ] S X S8 A Bl ] 20D 3 RS, B — = B AR 4
HETERB B EMA B RKE) AL
0 75 KA1 A8 A A6 4 7 (Scaillet et al., 19903 Guillot
and Le Fort, 1995). /08U X id & 20 A &
H AL LA FE f A TR AL K 7 (Daniel ez al. .
20033 Streule et al., 2010; Visona et al., 2012;
Groppo et al., 2013). "~ =HIE X & N E DR HER
A I A I B A 28 B S A B R A AR
A AL X T DU S5 1 Ik AR IR A7 7 — 2 BEAE I
AP CRAIGAR . 2015).
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TE = S e (45 PE B A9 Tso Morari (EJ VY
JEEHR) F1 Kaghan CEL FE 37 30 &8 M X, 554K 0 4 42
WP Gl 7 Hh A LA ) A SR e S AR A
JEAR i m (B 15 O’Brien et al., 2001; Sachan et

al., 2004; St-Onge et al., 2013). 3% &5 47 J B
Rt PG b 30 25 PR G R e 30) b 1 R 88 228 R e T A
B S AR AT iR ] E L 5E #9778 (Guillot e
al., 2008) 3% $E3H = R A2 it e oA ~ 47 Ma 1 I 4]
A AR IR A ~ 40 Ma 1 5L 3R A8 o 4R 1 A BF 5T
TR X SEE A 5 A T AL E SR R R A S T
AR J5T g — S AR O A AR T A2 B A (T8 15 Guillot et
al., 2008).
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o6 AN TR 1R A8 2% R s B AR A 9 K 2 R
B, B S L e s S SR EE RE T T
SR ) B R PR T I A L A A g L R B
Mo DX R H A AL B b TR R SR R A A BRGSO
AU T B FARUC R B A A A
WA Y AR A LA+ B K A T (Das-
gupta et al., 2004, 2009; Goscombe et al., 2006;
Rubatto et al., 2013; Anczkiewicz et al., 2014;
Mottram et al., 20143 Sorcar et al., 2014 ; Gaidies
et al., 2015) PRI, H T 0728 oA JH 80N A 2 il 48
i 1L AR oA Y i R KRR AR {H 2 B 0 Y BIF T R
B G L T AR B DRI A R 2 T
e JRROREL 7 A 2 R A 7 BT AR . 8 BT ARG B T
L ERRRLCE LA A+ A R RHOA +
PR A A e A SRR AR PR R R RRORL A DL A R
A+ HRREA R A+ A+ S a A R
I 3 26 8 AR BT 35 3 A8 0 H RRORE A A R AR
BifERT VLA S BT A SR T R A 45 v — IR
BT BN AR E (Harris et al., 2004; Imay-
ama et al., 2010, 2012; Guilmette et al., 2011;
Zhang et al., 2015, 2017a). % L P B Ama
Drime i J 28 3 1 i J5 AR W% 5 AH 72 BT AR HT S DLRRORL
A AWM A 7E b R AiE (Lombardo and Rolfo,
2000; Groppo et al., 2007; Guillot et al., 2008;
Cottle et al., 2009a; Chakungal et al., 2010; Cor-
rie et al., 2010; Grujic et al., 2011; Warren et
al., 2010) . ORI 00 E T W98 S5 B9 47 76 (Wang
et al., 2017a).
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(2R B Eh AL 3 45, B S BT RR R o 1 0 ) AR B Ok
£ 1.5~1.6 GPa 1 850 C (Guilmette et al.,
2011),8% 1.5~ 1.6 GPa fil 825~ 835 °C (Tian ez
al., 2016) . & Jo JBR R 75 A e 39 A8 Jo 45 11k R 1.3 ~
1.6 GPafll 840~880 °C (Zhang et al., 2015) , H 1k
JRRL A A W A AR T 2514 1.4 GPa #1904 °C (XKL
AN 3K S KL 2014) B 1.2 GPa F 790 °C CHHAE MRS,
2017) s FE#E LA H B, JETH K Ama Drime Hb 3
il A A AT R G Y I B B4R 1 > 1.4 GPa I
=850 °C(Kali ez al., 2010). JE A /R Hh & 15 &

R A B g A8 4k 1 > 1.2 GPa il > 800 C
(Groppo et al., 2012) 8/ 1.0~1.1 GPa fll 710~
720 °C (laccarino et al., 2015).%5 4 #h X & i 5

RA A WAE > 1.0 GPa I 55 K 414 F (Sorcar ez
al.s 2010 . ANPHHLIX S M AREG HEZ KN
>1.4 GPa(Regis et al., 2014) .75 A Hu X , & ¥ 5
O LA R HE T >>1.2 GPa f1>>850 °C HY 5 ik
15 Mok A AR AR AR (Zhang et al., 2017a) % F
T LU B RO A A AR R A LI R ) > 1.5~
2.0 GPa(Groppo et al., 2007).# ik, Wang et al.
(2017a) AR 19 Y M0 O 5 0 300 A8 T & 1k )2 2.0 ~
2.1 GPafil 720~760 “C.[A It , 1 L A% 3 1) 7 9t 28

JEE AR ] eI WA 40~60 km MY NS R L5 R .

SRR ZHI R R, & B SRS &R
ISR T v TR RORE 5 R 28 ARV S A 04 30 8 5 4 L 3
S FITARAT A U B A2 o 2% A 2 ) AR (11 2) AR T B
A VLT P75 i TS e R R A B AR
B0 s FAH P B B AU AT) SR TG 125 3R A S A 1Y L I U 2
BRI R T a a2 mE TR,
AN S B 8 TR 5 38 = AN [ b X, 35035 (] — b XA
[vi) A 385 252 1 78 o 2 LA AN [) 0 732 BT 4% 1. A v TR
FAHE A AN AR ) Ama Drime HbHe R 7] 582 M %
M5 AT IR bR A S N Y v B S R A R
Z (8] M A 1 4% fi 56 & (Cottle er al., 2009a; Kali ez
al., 2010; Kellett et al., 2014). e 4b, 3T K () B 52
R m B SRS AR A A R A R 2
R Z B TR B A A BT A% R N (B0 A8 JB I ) 22
S M AR - SR ESER R
(Montomoli et al., 2013, 2015; Larson and Cot-
tle, 2014; Ambrose et al., 2015; Larson et al.,
2015; Ding et al., 2016a; M4, 2017).
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AR e R0 e o JEE Ao AR 5 RO 2 A 2 DO A R
B 555 Tl 98 S R R, 3 WARF b Y BT RE R il 3 52
KT W AR RIS A R L B RO S R
F18y WG 40 3R 78 5T A D — A 0 4 R WD O o
(Groppo et al., 2007; Rubatto et al., 2013; Sor-
car et al., 2014; & 2) XIR AT 8RB, 5 A iR 2
b 5T LUG A BRI (] B 45 B R A B T
IR B Hhy 76 .
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il (Pognante and Benna, 1993; Harris and Mas-
sey, 1994; Harris et al., 1995, 2004; Harrison et
al., 1998; Patino Douce and Harris, 1998; Searle,
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1999; Zhang et al., 2004; Aoya et al., 2005;
Viskupic et al., 2005; King et al., 2011).45 X
— SRR E R R R A 0 TR SR s TR )R S IR
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HETER B SRS RGN STD 204, i H K
ZIR AL X A TR R B A A5 AR S STD s
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FECT A A YTIR MR 5 R T A A B S g R
(Cottle et al., 2009a, 2009b).
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650 ~ 700 °C (Rubatto et al., 2013; laccarino et
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Fig. 3 Metamorphic P-T-t path of the Greater Himalayan

sequence, showing the timing and duration of muscovite-
and biotite-dehydration, and melt crystallization
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THEEE R W], 76 3 0 W A8 i 45 4 F (1.4 GPa
H1 850 C) ., e R T RR AL A K AE T 35 135 o s
Bl SRR FR AT 35 20 % ~22% (& 4b FIE 5). 16T
R B AR 8 T AR v S AR B AR R AR S 4 L
ATREILF] 30 % ~40% (18 4b) . 25 3 5 Al #E 78
T AR BT IR G A A A A 24 T AE R (6a) s R
55 320 BR BUREAE (1 6b) » 5 185 5 S HEIR (548 1<) 5 B
AL (B 6) AR A T B Y 2 i IR 1 Ak 27 il 4 A8 4k
BOK (R 1, B 6). Bl & T BE R 7 38, 1 1A /Y
Si0, (74.58 % ~70.61 %) Fl Na, O(6.70% ~2.58 %)
BRI L AL O; (15.29% ~16.38%) . FeO
(0.33%~0.84 %) . MgO(0.06% ~0.15%) , L H &
CaO(0.41% ~1.51%) F1 K, O(2.65% ~7.92%) &
HIZEWHE N GR D AR R BA S SI0, A Na, O
Fra EH KO .7 AncAb-Or B VR A B K AL
B DX B A Tl R B B B, Na, O 55 12 W i B AT
1M Ko O & WY 5 30, i ATE KA X (B 6dD.

20

A/NK(Molar)
O
T

gt

1.0 —
GHL
0.5 I L
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Fig.6 Calculated changes of melt compositions during the
increasing temperature (600 — 900 “C) and pressure
(0.7—1.6 GPa) prograde metamorphism of the pelitic
granulite
&L i 37 Sk 48 7 J25 TR B2 19 0. 5 B Ry VR €8 46 B e 1 R 43 3 R 4 S
HICAE (2015) GHL. & 5 B R HEIR (78 5 & 5 THL 542 3 2 5 f

WEAER A
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Table 1 Calculated mode and composition of melt of the pelitic granulites during the prograde metamorphism
P(GPa) .00 105 1.10 1.15 1.20 1.25 1.30 1.35 1.38 1.39 1.40 1.45 150 1.55 1.60
A pa— = . - ; -
T(C) 700 717 733 750 767 783 800 817 833 850 867 883 900 825 828
R BBUEE(%)  1.64  2.57 344 417  5.08  6.24  8.33 10.69 21.71 24.20 26.36 27.47 28.79 14.99 21.30
SiO, 74.58 7417 73.88 73.49 73.12 72.76 72.37 72.02 71.76 71.63 71.53 71.32 71.05 70.84 70.61
Al O3 15.29 15.44 15.53 15.68 15.76 15.81 15.82 15.87 15.92 15.98 16.03 16.11 16.23 16.30 16.38
FeO 0.33  0.37 0.41 0.45 0.50 0.55 0.57 0.60 0.60 0.58 0.59 0.65 0.69 0.76 0.84
LA MgO 0.06 0.06 0.07 0.07 008 0.08 0.09 0.09 009 0.09 0.10 012 013 0.14 0.15
% Ca0 0.41 046 0.51 0.56 0.64 0.73 0.85 0.96 1.06 1.14 1.17 1.26 1.35 1.43 1.51
Na, O 6.70 6.46 6.23 6.10 5.66 5.14 4.25 3.69 3.30 3.13 3.12 2,98 2.87 2.73 2.58
K20 2.65 3.04 3.38 3.65 4.23 4.92 6.06 6.78 7.27 7.44 7.7 7.56 7.68 7.79 7.92
H,0 14.01 13.33 12,77 12.31 11.60 10.91 9.93 9.40 9.07 8.97 8.93 843 8.07 7.70 7.30
Or 15.64 17.94 19.96 21.59 25.02 29.09 35.81 40.05 42.96 43.96 44.12 44.68 45.37 46.05 46.78
FRUED ) Ab 56.67 54.70 52.74 51.57 47.90 43.46 35.92 31.22 27.90 26.46 26.37 25.24 24.24 23.08 21.87
An 2.03 230 2.52 279 3.20 3.64 4.22 477 5.26 5.67 5.82 6.25 6.72 7.11 7.51
§ DR RSB A #0035 20 Ma A 20~ 15 Ma( Wang
T%,iﬁ*ﬁ% et al., 2015a).

B R R AR AR G R Ay R, B
Uyt 80 B A T 1 4 B 8 L % R K e il
T L LT M S 0 JEE R ~ 33 ~ 28 Ma [ 1 3 A8 B/
FH 5 5Lt 28 304 198 5 5 HE BT L % R R b K
i b 5 A T 3R 5 e TR B BT AR R A3 Rl RITR €848
X A W2 A (Hodgess 2000; Jamieson et al.,
20043 Godin et al., 2006) .78 1 1L1H 4% BE L R4 3
B MR TS R b AR AR R fe R AR AR R R
~47 Mal 85 1 U-Pb 4E ¥ (Ding et al., 2016a,
2016b) Fl 54~49 Ma [ A 1 A Lu-HE 55 {8 245 %
(Smit et al., 2014).

R BIF 5 2 B L R BS A R ke
FLHE A FR AT 28 A 5 R AR AR R W AE I Y L I AR
H ORI TEAY 4500 43~7 Ma(Zhang et al., 2010,
2012b, 2015) , ¥R X ) 35~16 Ma(Imayama et
al., 2012) P KX {) 40~14 Ma(Wang et al.,
2013) . %) 4 i X 1Y 36 ~ 17 Ma (Rubatto et al.,
2013) FEIA /R M [X ) 42~16 Ma( Ambrose et al.,
2015). X ERMmF LIS RAED T KRR 4
JO A FH Ao 0T 30 S AT i 1 b o R R AR R — B
KT 28~25 Ma Y AF #s — M B I\ Oy 2 3 A8 JoT 4F i
BN AR BN O S 1R AR T AR 5 AN AE R PR 2R
B PR R R BUAR R O 36 ~ 28 Ma, IR A8
B4R K 28 ~ 13 Ma(Zeiger et al., 2015).J8 /K
RS A R RR A 1Y A T ) 0 B AR A 0 Oy
43~28 Ma,iB 28 i 4E# S~ 25 ~18 Ma (laccarino et
al.s 2015). 340 A M X 85 5 i ik 5 AR 09 3F 7 BT 4R

VB RY mE BRHES R4 T ~20 Ma
f 45 22 T 2 BT SRR 4 Rl g 72 (Cottle er al. s
2009a; Kellett ez al., 2013; Rubatto et al., 2013;
Wang et al., 2013, 2016; Carosi et al., 2014 ; laccari-
no et al., 20153 Zhang et al., 2015, 2017a).3& T A 4k
B AE 3 SRR AE (2017 N M B DR A &
F18) e ek 722 B R o 4 Rl AR AT BEAE ~ 45 Ma il 2 &2 0T

L IFRRSER] ~25 Ma (Y I8 0], 22 J5 2 3T 45 i B R OR
AR JEOMIAT E 9 45 S2 08 70 1 il AE ~15~7 Ma. i f1 8
P33 A6 s el AR A o R AR 4 v A (81 3.

P L HTATE =B DS RIR G AR Ak
R EAE R AP E LR TIFZ 35~25 Ma 14
A1 45 it AR 1% (Coleman, 1998; Godin et al., 20013
Prince et al., 2001; Viskupic and Hodges, 2001;
Zhang et al., 2004; Lee and Whitehouse, 2007;
Cottle et al, 2009a; Groppo et al., 2010; Imay-
ama et al.s 2012; Rubatto ez al., 2013),FH- 2 H B
(1 55 41 45 b AR 3% (~ 44 Ma; Aikman et al., 2008,
20125 Wi2FFESE, 2008; Zeng et al., 2011; Gao et
al., 2012). X FE 5 UL, = B S0k A &R A0 o
Al7E STD FF 4R 6 3 (~25 Ma) Z A 8t B 248 & A IF
ABUAAEN Ry B 50 0 Ja R o A 7 37 35 5 i e
1 B S A AR T IR G R h A B R TR S B
TRy K E

EARTE 02, WA B Wos & B SRS &R
DA B AN [ ) 3 e 18 28 JBT 5 0 Rl ) AR 7T R = AN
] ). Kohn (2014) A S 76 JEJA /K v i . A B3 1) T
PR 3 J2 A7 o 72 - R 0 il ) P T ) L HL
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A3 %

75 G A TR ) A 5 b Y ~40~30 Ma 380/ 8 e T
BB 25~20 Ma.Wang et al.(2016) WA K, 7EJETA
IR ML X R B SRR A R RS A B R
TS RIS ARG, FARE R R AR B ] kR AE 45~
17 Ma, #5345 il % £ 4E ~ 30 ~ 25 Ma, 1fii #5455 A
B AR A & A2 78 30 ~ 13 Ma, 3 20 4 B & 242 75
~25~15 Ma fH &, t A7 F 55 & J BL. 76 JE 1 /K b
DX B ST A AR B T R 3 R AL 7 A R
HAE 43 ~ 18 Ma, #8048 Bl & 4 #E 41 ~ 36 Ma
(Carosi et al., 2014) 8 36 ~ 28 Ma (laccarino et
al., 2015). It EH NN 2 SR e R A AL
JoT 5 TR A A FH I T 2 75 A7 78 B I 22 Sl i EE IR AT
FEILA B X E AR ) 0 R RS A Y A KR )
AT ATIARAS S 58 42 T ik X Se 0 W) 10 AR KO AL 2
A Y IR TR 0 AR g A A [ I B ke
FAABZTAEMH P-T #ik (Regis et al., 2016).
A BEFERI L B A A s A 7 3 5T AR AR B AR
WA K TERR 40 s il 72 P 43 /% (Corrie and Kohn,
2011; Larson et al., 2011; Tobgay et al., 2012;
Kohn, 2014; Regis et al., 2016) fHLA HF5E W,
B A0 FN A JE A7 R DL AR S o R R P gl o R K
(Rubatto et al., 2013; Wang et al., 2016).

5 IR AE b A A ] £

51 %8Rs E

WA AR Z % # C a5 D hr kG i iR 6
B E BT TREEMI, RZEF 4 RERY NP
A H B (25~10 Ma) (Guo and Wilson, 2012).
B2 W BGZE R AT 1 — b8 3 19 1 ¥ 7 1 22 i 10 4F
% (Ding et al., 2005; Aikman et al., 2008, 2012;
A FESE, 20085 Zeng et al., 2011; Gao et al.,
2012; Hou et al., 2012). HH & H IR GAL K 4 T8
JEI [A] 75 46 ~7 Ma 2 0], v ke 48 i 5 25 f HE iR
AL A TE AR 3 5 . 1E 46~8 Ma(Aoya et al.,
20053 Lee and Whitehouse, 2007; Aikman et al.,
2008, 2012; King et al., 2011; Gao and Zeng,
2014; Liu et al., 2014, 2016; 548 6%, 2015) , 1fi
1B R AE IR AR K Y TR R X e TE 37 ~
10 MaZ [i] (Guo and Wilson, 2012; Cottle et al.,
2015a). R AR JC A5 (2015) ¥4 IR € A6 <1 A 19 JE J8 It [
R0 53 S U B EL RAE (44 ~26 Ma) B 5 D R AE (26 ~
13 Ma) FlJ5 & R0 HE (13~7 Ma) 3 4B Bt

FL b, RS IR A6 B RE R B A R

JE A AT RE AR R 2 RS AR R R AR R Y 1 5L
A B 4E 8 (Lee and Whitehouse, 2007; Cottle ez
al., 2007, 2009b; Langille et al., 2012; Zeng et
al., 2012; Zhang et al., 2012a; lLederer et al.,
2013) 5% g A LA AT 9 b AN [ 60 e e — b 2 G Tl
7 R A I 3 I S SR R T e 22 Y BT O3 RO LAY
SR RE K AT 1A I )RR 22 45 S R A A T
R AT A JE S R R B B A A A ep R
53 B AR AU 3R B AT 1 45 b AR %L X A AR 18 aT DL AR
T ECE T A B e B R] AR T BE R TR XY
P73l N ) AELR: 38 22 25 0 0 — 45 AR IR 1 4
= Ay F 53 ke ] Pl A R B SRR S R
FRor K Al ) 5 STDLMCT (4 1 2l it [ 48 W) 11 25
1 (Searle and Gondin, 2003; Streule et al., 2010;
Guo and Wilson, 2012; Cottle et al., 2015b) .V 7%
Hiy XTR & e A0 8 BT BB 5 18 T 90 e Y I € 44 b /Y
AR S5 (B R M) B5 A0 45 T ~30 Ma ) I 1 A5 Joit A1 ¢
s AF % T D57 AR DX (5 A v o A B A
8 B /N I S~ 13 Ma. 3 3% WY DA 43 Je 1 391 39 e
Ja Va2 B AT LA ~20 Ma B B 18] 8] B (5K 5
B4, 20172) FEF Ny 10 & B 1 RLHE 5 & 1 K 10
FrEe plod f v, 2R T Y 4 1 it vk il g O
P b TR AL 502 T AN R AR IR AL B 2
AT B A B R A s 2 A — B A A AR IR
T IE JCR) s A A I ) O PR TR R IX fg i T
I BRI IR €0 4K 1 o vh B B A B0 s A 23 4R A T AR
AR 25 AT I LE A0 SR IR Y 78 TR A7 o F A AT
AW TE SRR m 5 DR a R T KR
FRI3R 43 B 1k 2 (45~ 15 Ma) , 3% M I i B4 A [R] 45
A7 B A 2 AR IR IR (A8 B SR T AT RE.
52 #oiEANX

S B SRR T 1L R IR € AR 1 A BT S R Y
PR TE AR 8 AL 2 A3 o 1H R R 5838 3 A AT
JE (B SR e AR o e A T L 2
Je R 3 Jot 2 A1 & AR T AR T B 20 (Harris and
Massey, 1994; Patino Douce and Harris, 1998;
Zeng et al., 2011, 2012; Guo and Wilson, 2012;
Gao et al., 2016; Gou et al., 2016; Weinberg,
2016) fH 2 | A X &5 5 b hr e R 0 O A
18 3 Tl A 6] B9 AR B B 2 B F0 R = B K 6 fil
(Harris et al., 1993; Ganguly et al., 2000; Das-
gupta et al., 2009; Kellett et al., 2009; Groppo et
al., 2010, 2012, 2013; Streule et al., 2010; Ima-
yama et al., 2012; Visona et al., 2012; Rubatto
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et al., 2013; Gaidies et al., 2015), /K B 45 g
(water-fluxed melting, water-present melting or
wet melting; Scaillet et al., 1990; Prince et al.,
2001; Sachan et al., 2010; King et al., 2011; Guo
and Wilson, 2012; Finch et al., 2014; Gao and
Zeng, 2014; Zeng et al., 2015; B4 2% Fl = Al i
2017) B 7K 45 il + 7K 20)% fil (Pognante and Lom-
bardo, 1989; Finch et al., 2014).
A SRR B Rl ) WA ORI TR AR R e 1Y
L ERAL S T Y A SRR L A — B IR (AR
M B A ®S M Sr Al Ba & &, KA Rb & &
T Sr/% Sr(e) AR 1Ml 53 4 — & 73 B AT ARy Sr Al
Ba & .= 1Y Rb % & 1% Sr/% Sr () HL{H. 1R £ F
SERM BT — MR O AL R A = P BUA A KB = B
AR Y 7 e — R R B R 2 B K R
B 754 (Gao and Zeng, 2014; Gao et al., 2017;
AR A 2017) AR SCHF R H N KB & B
F25 Tl B DL BN S
9Ms+15P1+7Qz+xH,0=31L, (5)
T F 2 B I8 A A28 il 1) 5 DL 52 7 2 -
22Ms+7P14+8Qz=25L+5K{+5Sil+2Bt, (6)
JIEEA SRR T 2 B M /K 08 A 15 7K BT 2 B J il
T 2R A S5 O T B 0 A 5L T Y
Sr Al Ba % 4t IR Rb & A1 Sr/* Sr(e) LU K.
A2, BRI RS 2 DL 4 T R =
HEA RV R IR T 4 THNE H—. 5
B ORLAES R W OE RS SR RS RHS A N
g AU B A A, X B A A RO R R B b R A
TER AT A R R A SR HE TR B A, 1A R
T HAb A A5 L R IR (A 4 A & A R4 i)
AT R BE R A R WA AR o0 il AR o
KA RS BEFMAINAS S0 R AL &
T REE R = U8 B A 0 IR K e Rl AR A2
A ANBE B R SO (6) R AR, DN B STy S iz (1)
LU Y 78 2 BRI /K A ) 57238 B BT B RHG
A 25 WOV (2) AT LU L 78 2 B K 8 fil Y
WA K MAH A 2 5.0 H L 781 Sl 4,
JBT 2 1) s il 2 30 Ry PR s B R K Rl OBz (3)). 55 1
B 7K SO Rl AL A AE LN AT RE Y S0

Ms+PI+Ki+Qz+H,O=L, D)
Bt+Pl4+Qz+Sil/Ky+H,O=Gt+1L, 8
Bt+Pl+K{+Qz+H,O=Gt+L. (9

K E A B A A — AR B2 ] AU K Y
KR TCAE AR R ki 7 ARF o A v 8 A e AR T

TR AR L #AS AT BE A APk 1 K K m AL T
H, MR AR A A TR B oA SRR A iR 5 2
A DR R Y R O TR L A AN iR kAR K BUE
L DAL O S TN b S AR Y AR BT A 2 B 5T A O
MR A0L R I, i B R OHE S AR A I ) L GR AR T
T AR A O KA B R B T TR (4K B A Y R
gy =X
53 KBENANHMBRLERS

A AF 98 2 B, 3 SRR LS IR A B A
B 15 B AR AR b BR AL 2 153 (81 6) A DR AR
43 A5 Ak e il 3O R B0 B 4 1R BT
A I E N & B A [R] 3 AR 1. i3 1
o K2R, B D RHE A 5RO 5 5 e i A
£, 855 B A (King et al., 2007; Zeng et al.,
2011; Hou et al., 2012; Liu et al., 2014) ,#8 &k
T A L. 2 B AR L U A SR R (R R A R
(R B A3 22 5 LA B0 A 04 il R B8 1) S [ J2 3 BOR fa 4K
B A Ak o AR Ak ) R L B DF ST AR L AR R
FEMEA 0 ER A M Rl T LUE e Na/K F Sr/Y {H Y
WA K A (King et al., 2007; Zeng et al., 2011;
Hou et al., 2012; Liu et al., 2014) .58 B3] Ay BF 5%
F T IR AL 5 1y R0 2[R A R LA R AE R B B
AITHES VR T AN [) 1 U X, LA IR S/ Sr ) R
FOAR 1 = = BRIR (A8 1<) 5 T2 728 i 22 B0 25 340 0 44 il 1Y
PR LT St/ S ) IR LU AE IR (A4 K A = T
T A w0 Ve Rl #2 #) (Guillot and Le Fort, 1995).
AT 7 o AR ST A0 AS [ B 8 19 6 7K 0 il st T
DA JRE 43 ven 5 78 Al B 4 A (3R 15 181 6) .33 Tl 1
B N ) A A A AR KRR B b IO T A
JE B W5, (B AR B4, 2017) 2 — 30y, e ah , 8RB
A RIERIR A S AL TR Y . DL 5k B A5G 15 0 ) 1)
FETE BB 2 R (048 135 5 1 A2 Lo & A2 2 2% 1 A%
A, T3 26 PR 28 DRI IR €6 46 i A i BRI 5 TP R
6 45t

(1) 5 TP L 2 A% R 28 D3 T e R RRORL 5 AH
Sy ey kg (R I o= S U A i N R N g (S
P-T e , 5 728 5 LA 3G 3 38 He o e AiE , IR A8 T
A T 45 IR A Gk R AR B BT AR AR Y AR T AR 25
B, o R 1 1.1 ~2.2 GPa, IR B R 750~
900 °C.3xX 5l 1/ ¢ W 3t 1L A% 30 el AN [) B 4 e 2 A 2
R A O o I R S NP oS SR N - S = a a1 e M N
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A3 %

7 5T S A

) EESRMEERED TR A = bR
o BE KA il 8 43 s il = e A A 0 A R L A
iR A AR, TR OB A R LA B AN TR Y
b2 4y

(3) 3 LAk A% 28 D5 T 45 2 199 o T A8 T 3
Oy K R R R g S O R, U B 1E R AR AT RE 7
~45 Magh €& &, I F5 23 ~ 15 Ma.

(4 K Jili il 45 35 1L 5 8 v fin JEE R b 5 4 AR A
{14 J56 7K Je i RT AT 1732 0 A 1 LS [ B AR B R A
) B 43 IR B 4K 1 2

B AR LARBDELELFRE PR
Fe A & B E RS R R g AR TR R
HERZ ARR EEF ZRAFERRR L. G4
RHAR EF RESADRKKETETH
¥EE5HY R BARLEL S —AFRARE
HEZLRERL!
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