) A HUER A 2 25 18 T RAR I SU B4R 201

s E@6: REERMEMSELFRL -

FUE IR F Gk R B E S X RIE
&L R G R SR FH R E X

1 2% 2 = 2 1 2 k3
BEE, BRHT, AW, HAAY, REE', k¥, I
1. R TR BRI B 4 Bt £B1E 454003;

2. FERRERE R EER S5 AT B R, (1000495
3. ERRE GRS R BFST AT, bRt 100029

I8 1L A T A A RO A AU T WS IR R ) kR
RO o T g L A b TR AR TR A K1) A 2 i B AR B 3 1
7, TSI LA R R AR 5125 % ( Sengor et al.,
1993; Xiao etal., 2003). H Vi 11177 g Sk Wife] [n] pe
PR SR B AR A 3 (AR P sk R A b R i
TR ST T Bk P e B 0 R AT R S, S T

7 TP BB S I DG B AL A FRLOT, S H PR ) K b i
PR K1 4632 e FLIUH 43 o A& G855 A K B0 M B
S 0 S e ) S Al K e B, I DK b Al B
EXS5 T Wl e 2 i P R (B iR 52
4%, 2014; Tian and Xiao, 2019). #Rifi, VT4EHKM
BIF SN A FROHE B B N7y S 9 v T 8 10 4 o 8 2
LR, JE T s LA B S 2R R SE (Zhao et
al., 2016; f&%5%%, 2017; Wangetal., 2017). X
— el TS R Ll R S ey S R A 1
Ll R R B A

i i 3 A e R B AR R AR iy, BT
A TR IS Aty ARV IR R R St s, il
S R P AR H T T R IE A B R R 1 A R
(Hsu et al., 1968; [F5E5F, 2018; F &Y, 2020).
S b B R SR 2R M X T B B — AR A,
AR TR AR IR KA S A, |2
RES AW W 2. PIEET U Ay K-

AN CHETICE P WM CRHABESE, 2017). &
FUETE S (AN R B it T
HEa-EA R AR RIER P-T Bk
(Wang etal., 2017a, b, 2018), JLIRAE K& %
JBUA AR T AR AR s R R ARG
2018). DL LWFGTR M, DM % 5l R LA
8 2R A A R S v, I R AR T A 1 R R
SKVR H AT AT 2, BUl BRI AR BE .

Bt DA b e 0, ASHIE UK LT A e Hp AR R
T EF AR PR RN A O ERAL 22 AT T 275 90 Wt o B A0
#a Sk, AR M S B DA B U e TR
JUTRE Y, BoR CHETICAE S AR, SIS
F-HEE AR TE S . A AT Bl o 3R AL R
3WUARA Sy, 5 HA BB R & el
P U A VP B IS B A R
fiE, R UAR AL TR R U 8 T O A Bl ) T A
gy JEH, e A B A rp e B[R] A R
ANFIREE R E T2 RAE ]« FE T, Ak 0k 25 it
et R TE T R TERCERARE I oA BE (1 05 b 386 742 S, W
H AR G AT T LA N o 3K 45 S E S U X
AR A A R AR BT i I A2, 28 W 00 Hh B )
KAL) 32 Jeg e I Ay oty A ARG Ly i AN 2 i 9E i Al B
Yo G DI 5, BUEE LA IR T AR JE T e
T 1L R R A

FELTH - R e A FE A BT 55 3 % T %8 6 (NSFRF210302); [ 5K 9 S8 24 3L 4 (41730215 41872238); il g B T2 1 - JE < (760307/018)
B—EERAN: AEA (1991-), P, MFHMEH RS, &7 P 5T. E-mail: shimengyan@hpu.edu.cn
SEEEA T A ERMA (1963, #d%, AP0, FEAFHIEH )R AT 5T, E-mail: quhou@ucas.ac.cn
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LRI R E R Li B4 = 4H B2 B
O'Li [HRI KB SR B B E X

N | N \ 1.2% AN .« . 14
A, Y@M, EEER', Olivier Nadeau®, Fp2',
o . el s
Tk, EHRAK, TRE, BERK
1. o[RS M L PR T 560 e RS R K BRI LR, A, 230026
2. RIS Lok A7 52 2 OB, B, 230026

3. EML RS GRPO A5 S BT R # e =, B 4300005
4. AR TR PR ST TR, A8, 230009

I 20 Ak, REWFCI R I R B
Lt MORB HIGH Li [RIf7 2R, FFHEH T &M A
RSB ZING, B, A K, B4R
H R RARAS AR DA S S o AR 7T L6 ol PRI A 70 48t 3
TR ST, AT KRGS Ky R A
R b Li R B AE v BEAEAE I 25 5. Ak, ATV
IR Z3 AT 7 A w H OB R 2 A T A
B, EETCEM Li A A8, 45 REM: AT
FreE 2 e 0 Li S ER L [RA 2408 (Li: 5.4 ppm,
8'Li: 3 %o), ThAR XA A W s Li S s AR
S'Li {8 (WYt XU Lic 11.4~30.4 ppm, 8'Li: -4.3%o
~ -1.8%0; H =X Li: 61.0~117.7 ppm, &'Li:
-4.3%0 ~ -1.8%o0)o EFHERR LG Y X AN A 1 B 1) 5% 0
Ji o BATRIAR 2 A S R ) (9
SRRAFIZRTAD AW Y rh AR A, JF Hseih
# (LOD iy s A i Li i, XUl

W T BOBmAR R TR Li AR X . AR
iy, WA B TH w0 X e R s
oG, WYL X BATAIN T 21 KA BAT IR Ba,
La, U SiAisshtbc s, I iR ala i 6'Li (il
% LOI Al Nb/U ({7} iy BEAR, X Ui 7R T 2K
HRRAR SRR 2 ) T ORR AL . BeAh, SRR
WYL A T BRI, AT A R
Li A1 Zn &4, JFHaxde & s, it XA
8'Li {HBAR . IXLEP GRS LS 5 R
Rl R B A X o (1 L (R 3% 4P B
ERETET WIS, ARLE T 0l 5e i 8'Li i, 220 KB
A IR oA 2o FAT SRR Li (R 3 4L AEGEFF
LCE EARE R L, XU S i AR A Y
OLi fi T LABEAE-10%00 7EAHEBRBUT K, SpAAcAR
I/ SR E DN A NN PN AR i) e e is
S"Li {1 KR AR M5 TR T AN T AR 22—

SR H - KT AR ORI ;o E R B PR 5E ST ORI (B K AARERI AL ETH (2018YFA0702701; XDB18000000; 42073003 )
B—VEF RN KM (1994-), WEBFA, BEF 7 R 28 M ER1L 2% A4 & o0 2 M ER1L 2% 5. E-mail:  ycllovey@mail.ustc.edu.cn
*AFEF TN Hak (1962, 3z, WIRI5N: B, TR SR FBIRNY . E-mail: ylxiao@ustc.edu.cn.
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TR EPABAE R Li-Mg R Rk FF A R

1 £ 3£ 1) 1,2% 3 1 NN N 3
FE, Ha/~, FHRA, MEE, KEV
1. o[RS 5 M 5 805 TR 2SI 5 o R B A A2 M R 2 P 2 2

2. o[RBT A2 2 T e
3. o R Ml R 2 i Ml ST 5

AVREATAE 9 A bl v s -7t 7R s CHP-UHP) 22 i
BN B AT AL SR I R Y
AR T A I L, AR 2R T S R 1 A AL i T A
HYo BRI AT R AT (K A0 239 15 TBON PE R 3058
SN S s TS DS AT TR AT, AR
TR IS ARL A X TR R AL T s R LU B = .
a AR AT BT E R BRI AR AR, B IR P
JE, REfS S B Sl SRAR UL A IR KA R BT
Ub, FRATTE I T U 3T I 4% P18 2 AR T A AR AR s A
(R AERL AT 2 HARZ 6em AR AT B B FON
G, R RIBBS BBORESC, WA A R A T EEA T 24 20 R,
AR 16 PEAREATR RFEd2EAT Li-Mg [Ff2 370
Bro o, AR 8'Li R 3 AL RN Hh
BT 5 AT 5 J6 8 T v 1 AR PR BB AL, T
&**Mg IRl 3% A AU 275 kg BB BT i R o 3 T A
PAVHEERW, AR 8T R 25 4 e W o B Ry

AR T HEAR S F v e A M 2 BRI 58 5 K T
LRI/ N DR 7/ ol TR VAt /NS W R R R
5*°Mg [l 07 3% ZH F3 I S B BB A 2 2 42 T3k AR i
R S T i 3 BRI DA 8] (0 R A 3R 018 X R
W], Li. Mg BEAARATA B IOL A A 22 5 1k, A
WA e A R PR TR Li HE R A, BETAE AR
AR AT 2 AT U P BCE AR, A A
PRI Li AL ZA0 R 7 A BB K R s A A A
Mg WS Py (Srie A Bz By HAa gk K n
K, FERXAIERE Mg A7 2 T2 P il 1 3 10T
VAR A TR A7 28 20 08, B /K R0 S i 5 /0 o [/ I
R URE AT R AT A8 4 20 30 A D 2 AR vl DUAR B 3 £
B Li-Mg [ 3 A K A5 B o IR b 72 3EAT 21 47 TN
HARAR R BLI, 4 Li-Mg A7 2 T A S kA
WY IR G0 5 AELAERT -0 0 e A A ) A7 3% 2
AT .

HETH: R ARREIEEINH (No.41729001; No.42073003; No.41673031)
W—VEERAN: A (1994, WA, PR AA BRI 05T, E-mail: 1x7064@mail.ustc.edu.cn
#EFEF TN ek, B0%, LA, B . MR, TR S AR BRI, E-mail: ylxiao@ustc.edu.cn
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M 6: P HFERIEASELTEK -

RBIENEHSEERSHES RERIER:
“HEN N FHEREU R
#EE, KXY, FRE, IR

Lo JbstRaE Bk MR A 8 LA S SO AR sk, kst 1008715
2. PHEBHEEGRS: MRGITRRIE S IR 2 AR R, JEa 100049

G I 1L B AR AN BE 5 K B A B
WEAE R =), et S B R, HLIE AR AT Bl 4
LT o AN B RS L RS, e b A 4
Hl T 2R (GHC) A T2 1) v 9 A8 A TR s/ FH o
Bd R T E D b e Ly A R . TR AE
Ama Drime Massif & #£(Wang et al.,2021) A & V. Z< b
X R —2em IR A 4 7B aiR R AEH, A
1M, T8 S 22 U E I AR — B AP . —
SO N R, A OK [k il Tt v A e ) b
R R T AR, HERE SRS RE R
(GHC) H Hif A A B 08 Sk 5 R Bk T A o (BT
B, 76 S S A R (GHC) 20 A1 A 1 S i
H IR (A6 Xl , IXER (e X o ik BRI E
HERE A 705 KVRb FJECH 6 %= UCR R ITTAE,
2015), EAEEPBUREARE, TATIN N IX ] §E
S PRI A T ) AR SRR o A T VAN IR AR A

HEEUH: BRARREESIH (41121062)

PR AR ST AR IR DR, AT ] — 4k 2 o 2 A e
R 12VIS JFJ— R EAE R S, B0 T KRG _E 3
FEAEAN A (B PR AR RS IR R o B e 7Y
(10 46 SR A 7 e A i 5 R TS A A BAR  T e mT B
S AR N U FE VR IR ST i, IR B Fi
IHRORE S A o KRR R (1 TN -5 e JSOUL 0 (14 &5 SRAH —
o Blne mE S RHEST A R(GHO) I P-T-t P
el 5 T A HR 20 A1 1R DR 1R el 5 8 vl
TR CAE b 7 o ARSI 24 AU S8 1) 45 R AR W
JBURT P A AAOT {0 e 3t 578 77 3R o B FBE 10§28 iy LA B
L, BRIEZAh, 3 Rl R e e U] A BT DA
ARt 5, EE R A AR AR REAR T B, AR B
JBURPEAE RN BN, 30 A2 3 BOE mrild 22 AR
PR A A o A BRAEAE 3 117 )32 70 A1 AV T Ak I A
TR e U PR S £ R W, O A 2B Rl el A2 A
FH B i SR R AT 2 DR

BEER: BYRIE (1996-), WL#FoA:, WF9 . A A% 5801 % B, E-mail: ylfan@pku.edu.cn
SEEEA T A KK (1963-), F2Ef-L, #d%, 3 8ENFARFH R 24 ST, E-mail: 1fzhang@pku.edu.cn
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KGR HIEFZ PRI SR
KERBESEFIFEARZHEGAESERIERE
A, YA, ERE

1 P EEEERE Sen S T se g s, P EREROR RS HERFI A R B, A AR 2300265
2. REFBRARE AT A S A ET L, AR 230026

AR A 25 Bl BT Bl AN w] B 1S 4, TR
o RIS KA LA S i e He A A R T I
ST E Z R G SRR (Manning, 2004) .
I S A A B A5 (1) TG 3R I S g A0 L ok TR M
Jor ik R G 2 I b iy ) BT B 1A AR (Kessel
S, 20050, [AUE, I SR T B ORI A0 ]
R A K PN A T BAS AR b 2 2 AR P RARE b i ok
A5 7 TR o] R4 A o 68 I S 3 A i s A A
DL 5 A ROV G 2 R A8, X Fhe AN FR e
SAF HARARMEALE AR E ATRE i P ORAE Rk RV A OK
SEEG A A S RN HVER AL 22 18 T AE ©& 8 @ I S AR 1
TR AL T — e B B A, (U H N E I SR A
VU I8 3 VI 55034 Ak - 428 36 4 0 R0 ~F 2 4% 55 TR By
Bro HER T3 Ly v i - e s AR KA A A
Ry S A IR A R A T B B I sk (A,
20190, AUREFUAEFTER Ot T RR BTN & .
% FHEL 25 PR AE b B A7 T BE AR 3R D4R I S AR 1)
RARFE i, A0 I AT AR TR ) LA A AR iy B 7
MAEBERE .

AU FCAEA - K S 1 (1) ZEER U e s AR
JTU VK AR TR S 4 T R I T JRAR ) 22 AH AR B A

FEEIH: EHE S RITR (2018YFA0702701)

(MFIs). MFIs 2658 H-78 4 10 2H oA 6 [ 5 -

f el A BT R A £ A BRI A £ B A
A K. FATIAKH MFIs 103 Tl IR 4k R rESk
WA &5 A B A R 1) R R O o ol o SO b 2
PTG B ARSI AR AT = 4 Gt — 20 i it
IHT, B UOE ST L R TR SR I T B A
19.8wt.%Si0,, 14.2wt.%Ca0, 1.5wt.%Ba0, 5.6wt.%
CO,, 10.5wt.%S0s, 46.8wt.%H,0, 1.6wt.%(Mg,Fe)O,
0.2wt.%A1,03, with trace of Li,Oo FBKIAR I 4 A
T K RN B KSR 2 18] 5 5 F B I St A v 5 o
BB R K S R R 1o 5 SRR I R 5 (1 I 3 AR
U E S (>4.0GPa, ~1000°C; M 3AKZE, 2000)
DA B A R Ik A Hp R R A L A SRR AR 1)
L, BT R BT 5 0 R AR AR T 8 e R 4 1
NI SR AR . MFTs H% i 47 AE 1K) il
VR A7 55 2 WH 8 1 A1 0 A4 o) AR o A Py T R A7 ) ok TR
R IR Sh A A A R I AR E A e T o IX Bl
SR e ) B A B I TR AR AR T B T Hb Bk vR
I BRI R L. hAh, AR R
W 22 A% R A 23 A kg AR il v B I S AR 1)
PUMNBRAE T —FBr 0. B S ik

FAEF WA SN (1997-), LB, BRI s R AATT 5T, E-mail: jinds@mail.ustc.edu.cn
*AFEF TN Hak (1962, 23, LA, BRI A28 J AT, E-mail:ylxiao@ ustc. edu. cn
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ElmfiBtSE TERERMERSWERL

JERUOREE R ER S 25 [ RE 24 B, b5 100871

Hedb v bl AL & LU0 1A E e s R
A BT E AL BT BRA 4L, il Tl oo
ARVEFEAR Rl DL S 2 ) (1) 22 B AR 2 b i A A
Ho IRIRTE s B IR A RHC A N R
TR LM 5 P DL R AR YRR S 6 T 21 il o L AR AR A
WA T AR BT s Dy | I S e s =AM
Frs A B, Wl P-T 441 4>22 kbar /~750 °C,
H ARG B2 ok ~9 °C/kmeo T RHK A A A e S) T U 4
T I S O S AU U 5 A 0 AR O R, U
W44 R 5~7 kbar/780~830 °C,  HbHkf & A ~35
°C/km, Z 4575 JHAE F FIAEARSAF IR W AR TR A%
TR A A AR VR R AE T ~1.90 Ga, R U6 1]
B2 G APTIR B, TR PTIR 2T H 5T IR
[, JAE~1.66 Ga. ~450 Ma LA f 360~270 Ma (H#f
AR &b T2 E S InsuE . JF B, B
S RH U AR ST AR 7 AE ool AR S AR G v
ARG R A T PR s RHS A A AR R AR o
YRR I AEAC (360~270 Ma) fEdbvafrim
S 11 DX 3 A e A

R H: HEXARREEETH (42030304)

EE PR AT (I Aot A, 1
H— AW s, ek T 4 WA RAER . BB
e BRORL S A, W AR i 45 F 4 10~11 kbar/>
780°C, R EFAY P-T Uk, A% JF4AE#Y A ~1.95 Gas
5 NS T A A KA A A, VISR 6~7
kbar/610~630°C, N £ P-T gk, A% BT[] 4
~1.85 Ga; S = LUJmys thBLLL AT A A, WG
JRARZR, AR A b AR AR 3 DA LU
2% E ARG O REAE, HEDU AR T E] A 250~230 Ma.

CUEE A 0 2 W A FH AR, b o dr
TAE~1.95 Ga W RAE T 28— Rk REIE 1L, TE A
R IR R AR5 A0 1) v P 2R AR S F 5 o i £ B
Y RS IR R A T T s 7E~1.90 Ga B4R
JevehE b Rk A T e se i, 2 B BLARARE b
Bk AE A e AR O 2 R B 76~1.85 Ga fE L
e Pl AL S R A — IR G RE SR B S, £0HE
B REPTIRE P FHGTREE, 407 7ot
FU L RO AR Wt AR AR R R AR AR 2 A 1

B .

B—EETA: BER (1962-), ##%, WM A%, E-mail: cjwei@pku.edu.cn
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i EARREIF IR T2 ZK703 FLEHE S FniiE s
ERa R eRATES R

e 1 NIJEyS 1* =4 32 N 3
FaE, Huak , 28K, KEHW
1. ERl = B TR S PR B T S & P B R 2 B O 2 B BR R () R 25 B, AR 2300005
2. ERRE BT S HERYEREFUIT, JE3C 100000;
3. i E TR BT, dERL 100000

AHIFOR R RF 5 4R TR (CCSD)ZK 703
i £ L P A AR RS S RO S 1) A i S8R4T T
FHEE R ) S, F TR b 5 RER M (D &
PER Ak s b R S L R SRR | R A D
RO A, LR BT R S ANE )
A N SRR S S KA I B, R
TEIRAR T B2 T T KA HAE - - (2) SR A )
PLor A% Ca (Cpx-1) Film Ca (Cpx-1DD) PIFHEAY,
Jig 3 CAZNRIORL B 220 A T RT3 1. Cpx-11 AHXS T
Cpx-1 L% Ca. Mg, T Al, ik Ti/Eu L. (K&

FEETUH I A TR AR B R AR (2018 YFA0702701)

Yimon E O I L, RILE ) T 1R Sh AR A8
o WIETF B R, Cpx-11 H#% 230 S B W T
FWHIE T B R B o (3) AT AL SR H R AR A
FANAT o AR AT B AR B3R, 5 o0 38 1 g
B, Py Tiv Zr. HE S5 S50 05 & mgdil . (4)
ANA HAZER R, Moo B S 2B, Sc.
Bi WA aE R SEE . Kk, Akl
2T WHRARTG 3, RI3EAR T B i R
R FRIBR PR 5 A TS B0, RUE AR TR BRI w3 ML A%
TCE ARG B

WEE R W (1995-), LA, WF5 . AT RAR P RIX R4 22T 5. E-mail: mrlei@mail.ustc.edu.cn
*AFEF TN Mabk (1962-), 3%, WIRI5 N AR PRARFIN D)5 X M BRAG 2Z T 5T, E-mail:  ylxiao@ustc.edu.cn
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Rt /REF S

=B RRIE Y % HA

TRAER R X tiEE X

1 NN > 1 or a2
ARE, KT, R, EEH
1. KRRz J1 2 W RS0 %, 1AL RSB R, 199 710069;
2. [ TRRE B ST, JE3E 100037

4R Ry (Rauer Group) 7 7R ma Bl 1L 2244
AT AR S, AR — A O AR s A
R R A RS AR (Harley, 1998). Hi K
HACIE RS & 5 Mg-Al (K58 W 5 A0 1 i

(>900 C) ARV JFUMPLE EA G (MR KA 4
B, WHEAHAEE Mg 1A 5 A A8 Ve TR R
v B Al AR - AT R R -
T 2 A0 A B AR A B TR JRRORE 2 R Ak 1 R AR
RS540 (Harley, 1998; Tong & Wilson, 2006).
TX LR vy il BRORL 5 U A RO A AR U TR KL
B AR AT BB TURR R R AR BT e g AR O B
WA SOF R v A T O B o U S i AR A TR -4 HTB B
Y1) 22 AR ST WD 21 A 5 AR T N R, W e AT
221 7 MR (P 2 AR A R AR D) B2 (Harley, 1998
Tong & Wilson, 2006).

H i, B AN R TTE 45 T 2 AN R il
WA SO 4% AP R e JUF i o U U 94 T S PR AN T =)
TS 1 A8 S5 P-T B, i ELER il A2 o 1 2B 1 it
() FIAL) 3 T S A AR 70 8. ol , RS kU
J AR s AG Y B TR A RS N (Harley,
1998; Kelsey et al, 2003, 2007), ZEF i\ KUy

BEGIH: R ARBEFILEHH (419720500 BRiGE “T AR BiH

AR B AL B B 28 W5 A S g B (Tong & Wilson,
2006), Jf19 22 JE 5T 1)1k SE (Harley et al, 2009;
Harley, 2016). Utk —RioWl siih A & il 22 g
PRI A TR AR GE IR 3 1L (<1000 Ma), I % J2
VK Bt 28 A % (Tong & Wilson, 20065 Wang et al,
2007), 175 FhA A B i AR A R A Tz ARG
13 (~590 Ma 5§~530 Ma), Jf 5 X FCaitE KB4
2% (Hensen et al, 1997; Kelsey et al, 2007; Harley,
2016; Hokadaetal, 2016). XTI, FAINER
5 A0 AR Ve JTUBORE S RS R A BR A TURORE S S
HEAT 7 SHRIMP U-Pb 5Z4E50 M1, I mlakfd T mdl
A FAER B, ATE A (918+29) Ma fll (523+9)
Ma, Tfi)Ja# A (886+13) Ma 1 (532+11) Ma.
BB AT U-Pb AR08 &5 R SCHF 1D/ ail BRORLE 22
P37 22 38 B A 1 s, kAR ORI AR BT A U AR
T e AR L IR 1 )R AR Y B
ATz R SR ), 9530 B0 e A X FL Al
[EPNLTE S SN

S0 < S AR RO = S ke AR
2 2 52 N A 2R B A i )R B I 11 B A b ot 2% ¢ T ) &
5105 B SRR B

HEHE T Ak (1965-), WIFtHR, S, WM. LFA 4% . Email: tonglx@nwu.edu.cn
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iR P RIITA

wHR, K&, T

bt BHRSE PSR TR0, dbat 100083

AR B R BT R TS 1 98 7R B0 R 2 A b i 4
TEIR P EEA T, e F 50 H A ERE IR 1) St
AN T RETREALE. mpmcE. Ml og
SELEAR R AR BB AR P AT A BB RGNS, H
XTI S S M SO D o ARIKAEFTH, FRATTR
R BT, 1T 550~780 C. 3~5 GPa
T P 0 L PN 55 Tl A R S T A D A D 4 o

B g R Wos, fES AT AR R, BRI
VPR P B I 0 1R T v T K S T o ARSI IR
R I B ARG B . B D R —
ik, JANGEE T AR J 0 B Al 22 i
g R R, WA LR 3 2 T O
M, BIRR 3 A 2 3 s 8 A8 AR I R v il e R TR
T EA .
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BEHREE LTI EREHEESERRENEIE

ZNET k) #AE', Z4#E?, SLABUNOVALL®

1 dbstRe:, MERSG 2SR B, S s E W s, Jbst 1008715
2. T EEEBH TS R ER EERFST R, dEst, 100029;

3. Karelian Research Center of Russian Academy of Sciences, Russia, 185910

1820 0 3 WL A A TR P B RS (i)
IR, WAL R 2 ARy Ly A LSS 2 0 L
X HLRE A H ATt 2 R AR RS (Mints
et al., 2010, JEMFFTHTFE AL Lz 5 ¥ OG5
X% o A H A IR, X AR R (1) 28 A () F AR
SIS TR IS FE RS, MR E IR, Bk, B
FHRFFTHIRN, o o0 AR A A A4S 31 T
KR 22 (1) A R s SR, U TR FRATT T B A B
FIPRAT SE 0T B TG H AR (1.9 Ga) FrisERifsE s (Li et
al., 2017), BEZ2MIE TIX— 5o 155 —F0M s A
M, WTRBAETE PR IR IR A AR BAE L — Kb QR
e, WM, HAEH R B, K AR A
o AR S T LU AR s B B o 5 OO AR
Wb 9%, 1 a2 W — DA A A DK R b 5 n &R B 3
(Slabunov et al., 2021). ik, SZRFHMESFEME
R A L ER A 22 1 73, HLOR /D GBIV s R 4R 7R A
YIRS CARAD 2R I, Bl WA
W TV, R AR B, AR S AR AR
JTUA A () B 2 T W S AT — S AN S 1 A (B K # A
TAT— Bz TE L CRe R Sk
I, H T i i RRORL 5 AR AR SR FH 1 28 in—AN sl
TN LR T R AR Sl UHT 28 5 FH i
LR, 3XO6] T A L 5 U SO A oA P s A A R e T
Bt . S — 7, KRS R ET R AR B A R A
AR T, Huar A peil i — S r B Wk
CORAa D Skfmill, BARKIIAHE M, 1
I O B AR AR R S T AR oI Ak By ) 2 AR AR g il
TRAE, 0224 N LR ), 3 a0 VR S
M2 RSN ? AL ? ST )R 2 BRI . B
Jei, (EAFEMEIIE, FRRIR A e PR A P
WRARFZRA, GB35 (1) A TR & AR i
B TTG 1 K 55 133 B3 4 IR 1 M %
(Gridino-type), Ml (2) A7 T[4 1AL T 5 211

IR R A AR T R ORI % (Salma-type) o
T MDA Ay A L TR (18 A it o Al el PRI 2 28, 5 3
A s ham CElD M 2R AL 105 & (R R AN 2
AR WA

Mok, B AT i % Salma M X AN [A] 25 Sk R 5
SR AR A DA S AR A AT T RN A A T
5T, FEh B8 A U-Pb @ 4F LU A Lu-HE [R5 1504
TKE T Salma R I HE AR A, R,
TRUCN T T R 2 A A2 5 (1 B R 2 oy oo AR (1,93
Ga). WF5¥ X 3, Uzkaya Salma A% 5 IX A7 T [ i il
iy SRR AOK [ B2 98 () Kt 1 5, 50 T H 5 A6 A B
IR 2T e - A BRI R A B 1198 BB, iX
HAREEE 13 o [ B eE e oK 2 (1) B 125 4% g Sk Hb i
2o HOA AU A AR SRR L S R B AR AR
WIS . NS AR . AR DA K T iR
HRRK,  FELE R ORI AR R . TR IE 1)
ORI A 2 ok HIX L (Mlints et al., 2010);
1M )i > AT BNAE B A R T ARAE A 1l g AR
WRES (Lietal,, 2017). ASCIHIWFFTN G HE 3
BRGSO AT I GRARD RS DL A
R o WF 0 B 1) R IR S AE AR R A A A
fifie T AR se B AR AR K IR, A R o
JeE (Wit WA, JF Bk RIA I (K
B TR MEEER CORAZED MIRAF. Eid 4
#r XRF B APt 5, RATHERT T — S
PRI 27 A28 0 R 5 1AL s ALY, FFAE 2.3 GPa,
660-670 °C 45 I ik B HAAR 5 s 1 75 B i 1046 T i
FErh, 207 TIRAR R S S e, X5 aRHAT
P AAE P RIS N B PR T e — 350 o TR, A I,
Salma MIWEZAT 2 ) T — AN £ 1A A8 s A et 7 . 3T
IR, IR IAR DG, FRATTR I 4k 7K A% 44
R R AR 5 11178 o A= A a2 W) 4 35 A oy e AR IS
—f45 1.93 Ga, 1.86 Ga fl 1.72 G =Mk, 45i&

FEEH MW A AT € R AR K A S S A I R L (4187219)
FAEFTA: AL (1982-), WF LRI, WEFRJ5m: A% WP, E-mail: xiaoli.li@pku.edu.cn
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AR GBI E R AE . Th-U LU LA P16
ARG, FRATAA, AR R 1 5 -0 Cln
2.89 Ga) AI/ERX Al % (2.7 Ga, 2.5 Ga),
T AR T2 ) 5 A A AR A O, AR IS S 1 Bl
B AR R 05 B 1) R RRORL S A S R gk — 2
MO . X ERS A Y Lu-HE [F) A7 28 R AE b A [R AR 15 31
TARBL. BB =, MM I A A R AL 2E R AE, DA
B R R JCE N Lu-HE R A7 SR, #8R T
— AN AT BE R RV A s 7o 1 g Y X ORI AR ? )
A X BRI A T R R LR SR T N S
H 2%, WakE i, Salma IR S WA W A2 H R

5 T 2 IVE ST AT IR = 4, 30K BB FRATTN 1 2 AL
B B3 L S AR . B, 45 A A A i X
WO TR 5e, DL ERALET Rl ool AR g
8, BATINK, Salma FEFE A TE KTl oo AR A
MR E N GAESE) I pPad A, b hr i 22 Ry
1132 B 1 A8 B A L FE AR RN, [, R T EL
AR B IE B 1 )3 B B 1) 28 /0 W i A o6 AR LURT .
M0 45 A ARG B oA ol 482 % B0 11) oAt 87 v R AR it
i, %5 Columbia i Kt 4% & 3 1L 7 AH G, Rk,
AT, Columbia 8K fifi (1) H IR A4 i, i dG
IRARKR Heaz sl i1 - 1
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Metamorphic evolution of mafic granulite and garnet
amphibolite in the South Altyn Orogen, West China:
Insights from petrography, phase equilibria
modeling and geochronology

Xin Li, Liang Liu"

State key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, China

The South Altyn high-pressure—ultrahigh-pressure
(HP—UHP) metamorphic belt in Western China records
the processes of deep continental subduction (>150~300
km). We report a combined investigation on petrology,
geochronology and phase modeling for mafic granulite
(sample AY1841) and garnet amphibolite (sample
AY1853) from the Yinggelisayi area. The mafic granulite
pods hosted by massive granitic gneiss were discovered
in western area of the Yinggelisayi, and the garnet
amphibolite pods also hosted by granitic gneiss were
exposed in eastern Yinggelisayi. Four stages of
metamorphic evolution are constrained for mafic
granulite: (1) A possible pre-peak prograde stage of
metamorphism from ~15.8 kbar/600 °C to ~19.2
kbar/655 °C recorded by the chemical zoning of garnet
core. (II') The peak stage is modeled to possibly reach a
maximum P-T condition of ~36.2 kbar/920 °C inferred
from the chemical zoning of garnet mantle. (IIT) A post
peak decompression evolution is characterized by
intergrowths of clinopyroxene + plagioclase and biotite +
plagioclase, and this stage is recorded by the
compositions of garnet rim with modeling suggesting an
evolution from ~17.8 kbar/820 °C to ~11.5 kbar/826 °C.
(IV) A subsequent evolution is characterized by

*Corresponding author, E-mail: liuliang@nwu.edu.cn

kelyphitic rims of plagioclase + amphibole around garnet
and the amphibole coronas that encompass symplectitic
clinopyroxene with evolution from ~11.5 kbatr/826 °C to
~8.7 kbar/735 °C. The garnet amphibolites were interpreted
to have been experienced decompression- dominated
evolution that can be divided into three stages. (1) A
possible peak eclogite facies stage is modeled to be roughly
stable at P > 25 kbar and 7 > 800 ‘C recorded by the
chemical zoning of garnet core. (II) A post peak
near-isothermal decompression from ~23.8 kbar/875 C to
~10 kbar/852 °C is characterized by decomposition of
omphacite that produced the local symplectites of
clinopyroxene + plagioclase. (III) The late-stage
retrogression from ~ 9.8 kbar/848 °C to ~ 5.8 kbar/645 C is
marked by the kelyphitic rims of plagioclase + hornblende
around garnet and of hornblende + ilmenite around
clinopyroxene. Zircon U-Pb dating yielded two distinct
clusters of ages: ¢. 897 Ma magmatic protolith ages and c.
500 Ma metamorphic ages, the latter of which are
interpreted as the timing of the peak eclogite-facies
metamorphism. We thus propose that a substantial crustal
component in the South Altyn HP-UHP metamorphic belt
appears to have shared a common history of early Paleozoic
subduction to mantle depths and later exhumation.
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Diapiric heating during the amphibolitization of eclogites
from Catalina Island, SW California

Jie Dong, Baofu Han', Chunjing Wei~

MOE Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sciences, Peking University, Beijing 100871

The Catalina Schist is a Cretaceous subduction-
related metamorphic complex that outcropped on the
Santa Catalina Island, SW California, which can
provide fossil records for oceanic subduction zones. It
contains three subunits of greenschist, blueschist and
amphibolite facies. The amphibolite unit was inferred
to show peak P-T conditions of 0.7~1.44 GPa/
600~750 °C (Harvey et al., 2020) with an anomalously
high thermal gradient of 15~20 °C/km, in
contradiction with the thermal structures of modern
subduction zones (Syracuse et al., 2010). we
conducted comprehensive investigations on petrology,
geochronology and phase modelling for garnet
amphibolites (samples CA20-1 & CA20-2) from the
Catalina Schist. They consist of garnet, amphibole,
clinopyroxene, epidote, rutile, titanite, quartz with or
without lawsonite pseudomorphs, chlorite, phengite
and plagioclase. Three stages (I—III) of metamorphic
evolution are inferred. A prograde to peak stage
evolution (I) within high-pressure (HP) eclogite facies
is recorded by the notable chemical zoning of garnet
core and mantle and also the presence of lawsonite
pseudomorphs within garnet, yielding P-T vectors of
2.2 GPa/510 °C—2.35 GPa/580 °C for sample CA20-2
and 1.8 GPa/<500 °C—2.6 GPa/575 °C for sample
CA20-1. A subsequent post-peak decompression
evolution (ITA) is recorded by the decomposition of
lawsonite to form phengite (Si = 3.44~3.45 p.fu.) +
chlorite + epidote + quartz in CA20-1, indicating
pressures decrease to 2.3~2.25 GPa/585-590 °C. This
is followed by a decompressional heating (IIB) to

FEEWH: FEEOREIEHEEESHH (4210020093

HP-high temperature (HT) amphibolite-granulite
facies (IIIA) where the stage IIIA is witnessed by the
mineral assemblages of garnet rim, epidote, amphibole,
titanite and quartz in CA20-2, yielding P-T conditions
of 1.0~1.3 GPa/745~815 °C. The decompressional
heating process is consistent with the decreasing
jadeite contents (24—10 mol%) in clinopyroxene (P =
1.9— 1.2 GPa), the increasing Ti contents (0.06—0.10
p.f.u.) in amphibole (7 = ~700—780 °C), Zr-in-rutile
(660~715 °C/1.5 GPa) and Zr-in-titanite thermometry
results (763~780 °C/1.2 GPa). Finally, a decom-
pressional cooling in low-pressure (LP) amphibolite-
granulite facies (IIIB) is defined marked by the
formation of plagioclase in sample CA20-2, indicative
of P-T conditions form 1.0 GPa/810~820 °C to 0.8
GPa/770 °C. Zircon and rutile U-Pb dating yield two
metamorphic ages of c. 120~104 Ma and c¢. 106 Ma.
Combining geochronology data from literatures, the
stage I eclogite facies metamorphism occurred at
120~115 Ma and HT overpringting in stage III
happened at >106~108 Ma. The metamorphic P—T—t¢
path suggests the garnet amphibolites have recorded
an earlier cold oceanic subduction (with thermal
gradients of ~6 °C/km) to depths of ~80~90 km. Then,
it is followed by diapiric exhumation (at a rate of
~4.4~5.7 mm/yr) with the assistant of possibly
buoyant serpentinites and sediments, firstly along the
subduction channel and then through the hydrated
mantle wedge to the base of a lower crust (~40~50 km)
to experience the HT overprintings (with thermal
gradients of 15~20 °C/km).

H—E&fi/r: Jie Dong (1993-), Hi-LJ&, W7 : 8441, E-mail: jdong@pku.edu.cn
#WAEVEH A : Baofu Han (1960-), H#%, WFFJ7 l: DX 3K ik 38 R T/ . E-mail:  bfhan@pku.edu.cn
*ATEE /. Chunjing Wei (1962-), #d%, BIFUJrIH: 22 FUA A V45 5254k, E-mail: cjwei@pku.edu.cn
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Thermal regime of the lower crust in the eastern Khondalite
Belt, North China Craton, constrained by Zr-in-rutile
thermometry mapping

: 1,23 yr = 51,23 21,2 = ok p2 12% 2p B o 1,2,3%
F# o, MERE, 'F S, BiET, SHUE
L. H ERL A Be bt 5 5 M BRIV ER A 9T 5 AL I R T 0%, db e 100029;
2. FEEREBEHERBERITGE, JE3 100029;
3. R GRS ER S AT 2R B, kst 100049

The ultrahigh temperature (UHT) metamorphism
represents the hottest metamorphic conditions in the
lower crust, and its generation is significant for our
understanding of the crust differentiation and
crust-mantle interaction. Several Paleoproterozoic UHT
metamorphosed localities have been reported from the
eastern Khondalite Belt, North China Craton. However,
the precious spatial scale that was affected by this UHT
metamorphism is still unknown, and therefore the
mechanism to generate UHT metamorphism is under
broad debate. Zr-in-rutile thermometry is regarded as a
valid tool to estimate the near-peak metamorphic
temperature of UHT granulites. Here we establish the
thermal regime of the lower crust in the eastern
Khondalite Belt using large-scale (~10000 km?)
Zr-in-rutile thermometry mapping. A total amount of 38
rutile-bearing garnet-sillimanite gneisses were collected,
and rutile that is away from zircon and without ilmenite

reaction rims were selected for the electron microprobe
analysis. The results show that the UHT metamorphism
in the eastern Khondalite Belt is at least 3000 km* of
spatial size, and its distribution is unrelated to the minor
mafic magmatism intrusion in this region, but is closely
related with the large-scale charnockite. Such large-
scale UHT metamorphism and/or charnockite- minor
magmatism association are proposed to have developed
during a post-collisional extension setting, and the heat
source of the UHT metamorphism is both the
radiogenic heating of overthickened orogen and
additionally elevated mantle flux due to subsequent
lithosphere extension and asthenosphere upwelling. The
large-scale UHT metamorphosed terranes are well
exposed during the Precambrian period and we suggest
that they probably have formed during
tectono-thermal process in large and hot continental
collision belts.

similar

FEETH: AUZEERARFAFESTIH (41890832, 42122018, 41672189) Flrp [H AL B 5 4E GBI IE B4 (2018089) &% Bh
B—AEHE A F (19972, LWL, BT . 7% Al - i AR S VR AU 5. E-mail:  yangqil99701@163.com
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Ba FUFEASEZERIMEAMREENLIRZERIITA

TRE, B

TR AR R R [0 B2 22 e, T RA B a8 i S M s e . AL 230026

B (Ba) [FIA 2834 K TR IR 9 FH R AE A iyl
Ik FEFIRS AR o SE @A) JTAG I . BT Ba 7E
M ST P B R T HBE (456 vs. 6.9 ng/g) FLhER
FAEE Ba [RA7 Z AR ARIRK, AR Ba ER A
Aok B vp 25 5 BE R AOE B, IXAETE Ba A 25k
H N ST Y TG A A R T B (HH AT MAS T
Ba [A) 7 2 AE I b S A G sl v 1 Hb BRI 22 AT A

AT AE 15 e -8 1y R AR REE o w1100 A% I ik R i 4 1
PR AR I BB AR B, JEWFST Ba [RAL ZEMHE
ARG BN (AT R (R 4a ) % o AT RE T A4 5
oK B TR K0 8 v R R 5 s T R A 52 Hb X ) AR
W RS SRR b, TR T 1E4NY Ba [RIAL 32007 T
VB o I P AT il A 0 R 5 RV v Bl A i 7K
AR Bt J 5 B W 2 o A R K= A ELAE T 20 )
R T M e AR IR S R AR T2
WA 45 b o

gER R, IXSURESL Y 81V Ba AR AR
Ky M—=0.18%0 F| 0.46%o, 1M HAEI AL Z 4K R 5
il s AN A 1) Ba [RIAE AR ARARAE o AEHSIT, AR
AT AR —F 8 ¥ Bafli (—0.01%0 3] 0.03%0),
128 ST A 8"3%3Ba A 0.17%0, W 5k i T AR
o IXANGE R AR 5 K i R RE RS 3% X Ba [ A7 £
O3, AR AR B Ba [ 4L, HIXAN

FEXTAIME 2 AR 5 (1) Ba RIS Z A K. X2
WA 7 ST e K ok R B K B B A Ba . =
811 Ba MHMEETE A1 IR RGT A, 1 B e
Ba & AL 8"Y3*Ba {H ) Z 1k (1 2 BRI LT 5065 1
Wit fEAEDR s, = WIAR K 4T A i) 8191 Ba
N 0.18%0 ZHI T I E] 0.47%0, FWILETT A1 E WA
PR NG A R T i A T S PR A ONT(TRS &
BRAR VAR Ba A7 2R ALSBORER T . IeAk, fhitse
B AR S AR I ) 8 Ba {1 A —0.11%048 4k, 5|
0.46%0, 4t ¥Sr/ St 1T LAZY PSS, 23BN
N okAMEESARS (5 §PBa, ¥
TS 1/2 S timinia) MK L 7 JBR 25 (WA (A% 8"°%1%*Ba,
AU YTt/ i) o 1K WAL S MG 5 AE ST IR
WAL ) T K A 7 WA IR A AR, 1 Rk S B6H 4
e S AN kA BT S A 8% Ba 5 4E (—0.18 ~
~0.08%0), E7R T HTIR TR AR ASAR 1 52 Ak
ARSI R W, Ba [RIA7 AL R Al i 4
AR 2 R A I A, A I AR T AR LA L e
YIE R Ba A R K. XEEE, HEZEE
BN R B BT (1) ek A 5 5% 30 sk v I 7K AR T A R
i T Ak, Rk, 7RI Ba [RIA 25 A0 AN [R R
W) R DA TR DT RN SRR 2 e BAR K B
WIS BN, 75 AT 415 18 Ba [RIAL 2 R
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fif i iRIZ 32 RS Ba Bz 57 04:

KRB XA

= R EEE B A = BKHT £

fhlE, FUH, K

R BRI R 2 e, P R B e ) U S PR S . S 230026

Bl (Ba) RS THRAILE, EHSEYTGEMN
IS AR 1 NAE A A AR L .t T Ba 7E
Hh ST RIS AP B S 22 S, Ba AV R AE R
EEN P TG I 5 T A BRI A . N Ba R4
FONERI— AN E TS T A% Ba A7 25 75 IR vh s it
TS Bl IR 3 VAT g 5 AR E X 7 TH ST R
IRD o gt FRATIEHC T 5 1L FER 04 b [X (4 (e iy
B i AR e S b ) A Sk, R T RSN
T % . Sr-Nd-Ba [F 7 Z 5T,

SRR, WS DRV A RN A ik CEL A AR ABL
Sr-Nd [N L e, 3 W A T ik (1) 9 A 2 B
TRV o IXLERE R A 10 Ba A0 2 41 B 10 AR
K, 8¥1¥Ba —0.12 F| 0.40%0. I HIKES ) Ba
[ A7 2 A B —, 8"¥13*Ba 4—0.12 ~ —0.03%o,
SEHA4E 5 —0.08%0, Lt MORB fE &4, SubAALL, &
FEAR AT BERK A 8% Ba M 0.16 246 F] 0.51%0, #B
B m TR, TR 0.39%0, 3 PRI S I Ak

WA R R A T WEE R Ba R E 0. AN, B
B A, B PRI R R 25 1) 89%134Ba hy 0.32 ~ 0.40%o, T34
{Eh 0.35 %o, I ik U4 P 47 DR (1) 8'2%1**Ba 2y 0.26 ~
0.35%0, VYK 0.30%0, L5 TiT #7515 2530 Fl N B A
—5 e 8PV Ba (N nT BEACK T WILR AR
Ba [AI7 241, 2 BRRRE A 1) 56 /K dok R 88 T8 1) S A4
HATHE Ba AL ZHHE, Xl Sk h A s
REFRI -t S N AT G o KPR REE Hh S 40 1) Ba A4 25
NIRRT, ZHE O 2 B R R ) BB A RER AR T
Ba [Al{ Z4LR, AN, B FAAR 4E F i)
Ba Al 2.

ZE LTER, BAVFHLLRER: 1D BRERE
B RK PR 2 R T ARG 5 N 2D WIUR kAR
[y 8"%13*Ba I LA SE A 0.30 ~ 0.35 %o, it A H%
o AR S AR B0 FE A i R 1) Ba [AIA
Fos 3) MR SRR IR R EN Ba ML
T 2k O 2 BEA il A1 R < RE R B
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emFa TR LN AER H-O-Li [{i3E:
Sl A K E S IERAR

i,

EEAW, HEMAT, KRB, 27, méaat

Lotk HiERRL 2 TR, | RE BRI I EH S K EE AR =, | RE
T FE S0 BEIRR A T SEIR =, 4R )M 5102755

2. Rkt R,

AR &% 271000;

3. T EBRERRORY: MRS R e P R B s ei@ B S PR R e A, B AL 2300265
4. FERRELTORZ) VKRR @R W RS &, )TV RERR 541006

W SUH s A DG S ATk 3 TR, R
Hh LT 4 R SO S A e R R L B AR
BRI — (ARHE, 1998); MpLUfy i 5 /KEERR £
Y, JeRBAEMEAR AR ), AR ) e sea
A FH DRID 2 BB b 5y g 27 A AL DA K M Bk
128 o ) R R A K ORE 2 ) T R K 52 B T
(Evans, 2010; Schwartz et al., 2013; 4 2582, 2015).

W SRR F SRR bR (B . R
I UREE . BRIRESE) 55, XA R R 5T
S BB /RE X (Peters et al., 2017). IT4ER
W LCHAAE R AL KA E RS A Bk
P ZERFAE  ARFR AR A DL K K DR PR A5 1) B — 4% %2
R, JFIAS T R, (HAR 2 ) BT A AR G (B
Fii 7545, 2013; Marshall et al., 2017).

2L B0 T PR AR Sk i S O 4
B A I SCH I ) (205K, 2018), it
FERM, BEA 5000 22 AR 1 B A M A Hb
X AR O AR ZR L E, I RS540 RS
A S TS TF - EANIT B AN ¥ ol N & b
B4, 2021). HET, Xk Seescs £ /&
R ST R 59 o ASCHEXS L 8L B R
FaE, WEe BN EEAE L, BN JFRE T H-O-Li
FIALZ 00T, B 1 i e 800 B0 i AR 16 1
R SRR, kD 2R e 80 R IR R R
PEZ . MR R BoR, 2RI gln £ 8D AR [
H-92.2 ~ -119.2%0, 8'°0 ZEALTLE N-9 ~ -1.2%0, 5
FH Y K B AR 5 RS (0 K T e S0 1 81°0 {ELAN 8D

8 (510 0.8%0 ~ 6.7%0, -35%0 ~ -68%0) Fl K[l
LR TR AUA TR 680 H AN 8D 1 (4351 K 1.8%0 ~
9.2%0, -80%o ~-149%0) (Wenner et al., 1973, 1974)
PR 2 R, B G BT S0 s R AR i £
FHA R,

A2 48 s 20 A7 — 7K TR] (1) SR 4R TR A7 2% 43 1R 7
(Zheng, 1993; Saccocia etal., 2009), Fif3Z&1llp
4047 KR AR 1 SDH,O AR Ak Y I b -92.1 ~
-65.1%0, 8"OH,0 ZEALTEE -9 ~ -1.2%0, SDH,0 7%
A 5 KA B K SRR 2 30K B TR S,
H 8"°0H,0 AL M/, H52a 3K FIAR JiizK ¥
HKRZES, BAEKRABEKIEH .

R aH £ Li S EHN 0.67~249ug /g, HIME
h1.45ug /g, HHE S HaL CIEF Hg Li 5501
Y 1.5ug/g):87Li%0 A 14.6 ~ 20.3%0, YJ{H 1 17.9%o
(n=3), WEmFhise. FEefubign s7Li 5 (&
B 1.2%0 1.5%0F1 4%0); o, Z& 1L e 8UH
e s T ) 8L fHBE TR IR . R4 BRI
B2 Li &M 8L {4 (Teng et al., 2008;
Ponzevera et al., 2015; J74LE%E, 2015), AN, %
e scA FAR A Li B AT S 8L {8 mT LA LK R A
T A PGEAERT e 800 AT R A AR, AR K
I LA E T 58 B B A R R AR RE o

WRPEZR e 20 Bl S FE H -0 -Li [y 21
RN, GO B A K N MR T A (R A ) 4 Hh Bk
A ZEHEAE , AR 28 11 T B T RN i 80T A B 22 B Bk
RN K.

EEWH: HER ARBIEESTH (41673032; 42073003); LA AREYHESE (ZR2015DM008)
F—AEE R B (1970-), Lk ER Rl 5 TR B A, R bR B, A 5 B Al R R A SO AR AL . E-mail:
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MM RERKRAEEAEREPZHRER
IR IR F RN F R FHHE
TEFY, REF, AR, I, BAA

1 ARBHE K E I EREL A 5 TREABE, &5 2665905
2. KEEzh 12 W &R E st s, bR R, P9 710069

P U] R 48 YR A SR M DX A R A A IR A AR R
7 PRILZ IR KA A FINEA A, A SO AT
MBS A JEAT T R A 6 2 g A A A
U-Th-Pb &0 M. Za AP INAaRAa L' TR R
TRUF R A, WAZEB R R A CaO Fil MnO
FeBARE T, MgO JeTh G B IR IR IE . 276 %
AR LEZ « AH VAT E SR A R A0 1R 2 T T SR AE A
JE % A & D Tk AR B Be ( Grtl+Ep+
Amp+PI+Qz) . WEIARI A AP Y (Gri2+Cpx+Rt+
Ttn). {5y s BRORL S AR S R B (Gri+Cpx+PI+Ttn)
FHRRRE A AR AR R Bt (Grt+Cpx+Amp+PD) . fi#E G
R g RE YA A BB Bu U 5 R RN
AFDRS S-S 1 FE s P50 7 AR, AR B0 B 4% 1+ AL
B IR &R

WA AL A A — M ERITR, HE
INAN R FR T C A 1K I €A TR A B R 1 R
T TG Bu S AR 6 M T B RRAE
TN IX LG A1 5 R A I8 A DL R R A R 2k I R

TIE, 5 0 0 25 A 1) R R 2 A 7 3ok o 1 A KRR AE
—8; M ARRESE EEE. PEN Eu
S AR 5 BRIRRAE , 3 I XSS HE A1 2 A RRORL
FARPY B AR A AR A SR AR AR AR K
1. U-Pb & 1F &5 5 B 7 Wi A (A% 8 R a2 38 2 2 s
T WIS AR RS (493+£21) Ma 1 (447+34) Ma,
AR HH T Tt G 2R R I A X R A S 4 ol AR SR e B
P AU RN S SRR A B I AR RS o X P ALAE R oy
SN T e B 2R 4 - ey s R T A (1 0 1 AR
JOURI 5 s R 5 AR AR LB BE (Cao et al., 2019;
Gaietal., 2021; Liuetal., 2012; A T;, 2018;),
AL, VR ZK SR b DX A B AR s GRASRI S
2K P T RS iR 2 &
T3 T 56 B (1) A8 s A T 58 o 7 0 iR oG R R IR AR
AR A RO A AE 2 3 AR KT R R B e R
(F)IE 2] T AL 25 P, M A 1 A A 1R 558 O v s A2
JRAE 50 RIEH 2 I G H BR AL 4 B R P2t T &
A A RS R

BERIH . BEFEARRIARERIN EIH (42172067, 1IZRA AR #HEGE (ZR2019BD046), I ARBHER S “ideit-&)” I H
WEER A WES (1985-), %, BIE#Z, WHHJim: ZHHPIA. E-mail: caoyuting@sdust.edu.cn
*AFEH TN WEF (1985.08-), %, BIFIZ, WHR i : ZHHPIA. E-mail: caoyuting@sdust.edu.cn
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>, 1 \ N— 1 | B 2 N 1
FET, NEK, A, EES, REL
1 P TR B BRE T T, JE 100037,

2. EHE RSB, B 100037

P -2 R - T VT LA A T B S b B i A
AR BR8], E 23 1) R e 5 v 5 AR e R 4R
R . A X AR K, AR A BT
B, R4 EEM AR RIS (LA . A %X Ly
A1 Y - A 5 A5 YR T R e R (A N TR AR R Al
TR T A T Bk P T B A, 8 T e v i % R T
Tl SRR By ) 2 R B A R R AR R AR
175 B AR A 35 2 %) 5 3 B D132 Bl R A A A A
G- Aw ZRE, EMR T SRR
Hris A AH SC I b ST U , e e S AR IR A DG =
B 40 1Ry A O S AE S A - 2 R A Ak /b
DL, TR AR YT e A, R
I3, e 2 B IE B OE B AR AT T A A
W AR F o 2 o AH AT O VTRV (1) 2 A0 F PR R A
SRR AE — EAFE R B, KT VT 4% & i IR
I R 3 R B A b AT A T S AT A R R
kL, PEEHIL) T A E AT AR AR T R -3 L s AR
BNy 2k B S LR AR PR AR o 2 Eo SR )
L, AT LA VT8 i iV I LA AR iR 5 o T
TG, VEANTT R M2 5 A 2% HERL2E R[] 47
FEFERRHI . WIRRY], BT S H A
77 MORB ) e & AL 43 . Rb-Sr 1 Sm-Nd
[ 2R A R o T L 2R 0 T e ST AT, B R BR e
WIRES B A T Rl 425.4 + 3.6 Ma, %4EREL
AL B VDT -3 22 1L - TG VT 4% 45 7 Y ME— TR AR
AR, T HARR AR RS T A 2 1Y
B, 7800 UE W] S vV T- 3 2B - B VL R e IR AN 2

BHIWH: R ARRBEIEEIH (91855206, 42102053, 40725007)

T - B () VYA SIS A kb, A R B AT
W, SRR/ - K B C A eI
R e rh — &t 58 7 - 0 A 00 b B R R
FHSRARI IS, SRS Frid sk bR i (R4
A5 IR CHA+aE A+ e A+ 2 kA
RS A A BN A+ T, 595-677 ‘C/19.6-
22.2 kbar) FURAR T CB5 RN A+4¢TA) 0 H 5
IR 2 R R AR i P-T Ak B CffF i b 3R 6 B
8-12°C/km) FFEZNI4 i 7s H P SR AR o 1) L RUREAIE
AR &4A . MEA R ZAE A o REE 2 R
WG AR AT, BT TR AR 5 A U 3O A% T3 R0 ) L 34
B AR AR 43 50l R 5 E 239-234 Ma 1 231-229 Ma,
[i) By 5 B Bl A AR 2 BF e 37 i i sk T v IR AR AR
M, B2 RS RS T AT . 276 BlEA T
TR i B A A R & S, R VT 8% Gty TR AR T Hb A4
PR S i A A S AR B AR R 1) ED S R 2 AT
R PR-RERET P2 . A5 A AT AESURR, FRATT IR
b5 = B 200 i - MR A OC 1 AR R AR VDT R
IWFI YA G 2 KB, XA (gt W
T ERVERD T M G AR Ak A AR
JRAEARKS B A 34 5 S VTR A T o AR ARG, DRI, JRATT
JE e HAGR AR K, SIS A, i - HER
AL VT — 4SBT 1500 4 HL. 954 40 km
fe AR T o SHYT AR 25 I LA TR R G SR AR
TR A I RV A . PR . KRR 2R
8 SO RV 1L S AR S RS Bl ) SE AL 2
KEBMFEE L.

HEE T EET (1991-), BIWFSCR, WFFCU7 e AFms A F T % . E-mail:  wanghuiningl @163.com
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7R
PR AR o T B BT BT A LS TR S B sk 3, kst 100029

I SR ke 5 ) i A7 A 4 240 4 B 9 i — 3R
RGBS A ) IR AL o JoBT A
B2 W A v — Rl 338 12y 16 A G e e L
T VER A A B R B A, S PP R ERBR A AN
ALY . KBS (AR SR IR JE AR of
— LA L e R R, T I R A
A A0 S HLIRIAT CO, 42 1 DR 38 S5 S i i) LT
SRR Z RN T o ASSOORTE 1 AfFh—lE A3 1y
ANEE S L R AR U S B () AR BT
s ik B KHA 1 S NI s (2) flEd e 8 e

WIS BT RS R N R . VRN A A
o HERAR AL SO ER RGO R T E R s (D
Y TRARIBIE KL I 38 2 M A8 AR B ] 5]
F) CO B, IFTE ARG B tedas A, R Al Ak
RAKEEBITER: (20 AW /AR RS 438 T i
KNP R & (3) FEREAN I W e Rl b, KB
2 T % (AR>S Ma) 2 WS % i st 72
ANFEHIGBE S R W itk EAAE B 28 5. (4) I/
WAR— KRB N AR 5 804 S8 AR & 3 7 (0 % 1
UICE
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ERGFRRI WIS E-BEEERT

v N— 1 N 1 NN 2 4 3 \ 1
XEk, TET, EE, EE, T4
1. o TR B i SR ST T, JEAT 100037,

2. nHEAMAAER, ~E B 6502165
3. P EMFERERE JERT 100037

AR R ST A 3 ) T S A A2 [ o 2 A5k
BIF SR RT3 o R SR 0T T 4 5 AT 75 R
JEAE SR S AR -XU T, 208 B =TT B - d
LA AE A, A R RE BT B AR
R VA AR . IR, i Tz e AR
HAL K AR GEWETT, A7 O S 30 T2 4% A i 1) 23 [a] A fif
AEAT I ANE A, FLARHIZY 1 B 50 D0
S b I A BRI SRR B)) g S i R A ME A EEL A o
28 PRGBS, ARBHIUEE N B - i A S
Y R A - X000 4 5t L R 8 T A T JR A 0%
HA AR AL E AR A SR R GO
T RAE B T - i B A R I R B A A AR
AN R B AT 1 o A & KA, AERRCBR A oty
WARMECRAF TR, B 7 - da ey & AT A (R AR R
FVE R 2 11 ORI W] A2ty Sy R [ v AR o AL i
s o WESURNT, BT - AN Sk JL R 1 5

RO e AR P s 0 HLAAE RS S R e, X LE9E
56 TR i 58 7 o s AR R S (1 M R A 2 0 ) 07 3R 4
PEAAFAE R 2257 o A3 AN R ME o AR S
Fia HA AR W ML WA & S A e 21 . 22 i
Js 2% PEAD P-T-t AL B (R FE 3, ISR SR s T K
AR DA K Bl M e 20 Dy 3 S HLDR IR 1K) oo A BV
PR PR AT 3 AR R o SR A - XU %
HE AR e A J A BEAT SR S L, R T -l
T AR A - U 4% 75 7 e - o T o A A BT b
PR A HERAL E AR AR I T AT XS
oo 2%, BATEE Hy T s b G S FE AR F %
IEAR 2D ACTE 2000 23 HEL RV 5 i i s - i [ A8 5
o 2R R S JUT VA O o v s - v L 2 SR 1A A
JHL 5 0T TR N R ol A 0 0 e 3 SR ) T s A R
i e Ji SR B G e B SR B A R R R

=X

THWH: HERARBIEIESEIE (4i's: 918552065 42102053; 40725007)
AEF WA KAER (1963-), BIFLG, WIFUJ7 I A4 B i %, E-mail: 1f10225@sina.com
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i Li #0 B A9{EER

REST-RiELE

A EES

=~ HE Li-B B =R

F &4, Rolf L. Romer?,

X 4% %", Glodny Johannes

1. E SR EBEHRAT ST, bt 1000375
2. GFZ German Research Centre for Geosciences, Potsdam, Germany, D-14473

A vy 4 SR R B B BT . A1 (LD Al
(B) EWATES) IR, M se Myt )k A e ik
AR AR, AR AR Li A1 B, ik AR IR A
HAT Bk AR 1 7L M 8" B . AR, H BT R
FME 2 RO B LA AR 4RI Li F0 B & & A R = L
8, IE AN FH AR b 3ok R o 1) R A7 25 20 R 5 TS ) o
Li Al B 75 AR o sl i 1Ak A2 T S84 i,
AR A Li F1 B 013 E 8245 T A+ Li F1 B
IIABAAT Ay o P S A 380 10 AR ORI AR I R ) AH 1)
I3 BCAT A LA AR AR A A Bt 2 [R) Li A B AS $eE H (45
WA R S JC LA 3L R0 A BEAR R FR i %
Bl o VG IR S - 0 B i DA AN () AR R
P-T B A2 H P-T WEAH A RS S W RFAE, 1% X 2
BF U P iy A [F) SIS 2R AR b A 3o 00 2% o sl A% i ik
FErP Li f1 B AT A IR AR S % . £ Bk
] 0, FRATTTT e TARIR AN S i AR Vs S R A A B s
W P2E0E9T, LAAA s Li M B (KR 2% TAE, @
RS B LA — L 1

RIS A 0 Li &8 'L 5 =8 B
AH [R] A% 4k Y8 [ (8.7-27.0 ppm, —3.8 to +3.0 %o). 1T
RIS 2B EIUIR = T B A, B,
B ATIN L v R M BB RIS . RE
HIR L S I B AR M A b nT DL o DU P R g
12, BV R AR A 1A i A F aaR AR A I R . |
TG P AR SR A7 1 T IR A A i L T
A, DRI, AR AR VR A B AT BB A 3o 10 A0 T 3k A R s
Tk AR SRR AT Lie RIS Li 05k 1
& HEAR I A W S B S TR A AR A e JE 1) L R 3R
FRAE. i s A AR gm 8L f (-13.2 &
45Mo,ﬁﬁ?2lﬁﬁ,%%fﬁﬁﬁﬁﬁﬁ%

ZERAM 'Li EIARI . SR s S ok

RaRBZETN §'Li fH, bR g s g
WA TG, 5ot a SRR o & o A%k
RSN A R 8711 =5, I T e AT AT 3
AR Jo ik 5 AN TR (R A s N g B

ARG A, 2RO BB WINA RS A
R B IRAAAH ., b, ZREA S BFUTER T 25 B
TS 45% . I AR 8B H (-15.05 &
—8.05%0) W A% T MORB(=7.1%0) F1 AOC (+0.8%o0),
5B R AR "B . B 5 8"'B {2 7%
FAAME, KPR TSRS B SRR
2% B AL ME—JE R . A, GRS B TG
RN 25 4 R AE BT IR L R A 52 210Kk H = BF 25 13
wBERmEm, MNNH SR TRES S %
LILE. 7Emifis T, MNAREERN B &N
Y, XA B AN DTk RE 70%. BT A INATE
B SRR PRGN, Rk, EdrRE R A
BAME B VSN A il AR S o R ARRE 5 A
W B AT BLG B A 8B AR AL [, B AR 4k AT H
LKW T, PRI S AT R I R b 2 Bk B FLE
o BER AR AR, RS B AT AR B AL
UK.

RS AN 2 B 5 R ) 5 R E A 4245 Li-B [A)
Pr g g gL, RN A0 5 T bt A2 g 72 5 e
TARASH ) Li R BRAFAE, ARHE A 1 BRI %l
S TPk R K B S =B AR AR . &
B A B B & EME B R R4, AHeh
B MESORIE, RN B R 24080 LAEA g
B2, 32 B RRE AT ARSI A R AE - ki . B -
ESE G RN A A 2 BE A 1R Li F0 B & ot A R
FEWEIT AR, 7R TRV LR rh o 72 5 A 1 AH I
YEH & 52 Li Al B AR I 522 SR A o

RE&UH: BRARFFEIES (Fi'5: 91855206; 0725007); H [ MR} Be ST 7 B ARG 5 2% (5. J2001);  H AR TR J5 R R Hb HE £

SIS R (45 J1901-20-2)

FAEHT A TS (19872, EIWEFUR, BT 2R AL RS & ph A Li-B [A 2. E-mail: wangd221@gmail.com
AR R XIAER (1963-), WFFEHY, W7 ARFE A & E A E LAFEL. B-mail: 110225@sina.com
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IR S TR AR SRF

* \
EEST, B, B2, RTRY, FAER, MUK, &
1. EARVEUEHLEE IR AR E A R, WL BUM 310012;

2. JEntRE MiERG AR EE, db5 100871:
30 PEERRE G N BRI ST B S T E IR, )R M 5106405
4. PEBEEBDEEVIIUIT RETORG, IR F R 266071;
5. EMTRSE (bsD)  BRFE%E, dknt 100083

BRI o AT — AN EEW R A RIS e
e R SEIR LR W, TR e e e B X e R R Y g
PERARILE TG b A 58 o SR, IX PP TR T
(PR B 25 F R BE R AT 22 DK IR ANIE 28 . B i CL e
YT A7 0 7 A 5 5 0 A A A 32 v T A e 3T
SR IZIET (> ~900 °C), AN /DB i 7 A AR Ui
FE R HEAT (Bl 700—-900 °C),  HI K AR I 5] 45 K4 K
(RIAFAE 3K 2 B IR A AT 45 B ] Ay 0 SR /N T
M LA G AR FH 21 2 1A

h T BRI i SIS R S TR AR R
AHFFTALE 3—6 GPa. 600-800 °C 4&1F F & T — &4
HmAARSAE R A 98 . ZEEI0TE Si0-H,0 R &
HEAT, S sci o T il o 38 K FA e ]
(N5 215 RASE), T IS e & e 17K
WRL AT A7 T2 4K (100-1300 um), A L0486
PRI KA. S5 REW, TR A U (SiTeP +
40% =YD 4 4OH) & EHMKGEAHUED, 1 B B
B (H"+ B « Si*) M/ETIA MR . #0475 1 K iR
FESWE R RIEMHKKR, WLLRR ALK T
T 0= —49(17) +6.0(21) x P+ 0.06(2) x T Ccyy o 1R

FIKE 8 (ppm), P KT (GPa), T UKL
Ibar
(°C)H) =L ?}({l\‘ jj =07 CoH :exp£TJfI§20

_AHlba.r _ AVsolidP
€Xp RT

S, fuo IR (GP), R AL, P

REIE S (GPa), THEWRE (KD, AS™ L B
538 (18.5(509) J/mol/K), AH™™ {83 |z I 4 A%
(=10.7(516) kJ/mol), AV=U AR LA 7 B F2 KAk 5 1)
AFRARAL (23.6(42) cm’/mol)). HIIEAT 40, s
T AT B8 ) K R E B A ~0—123 ppm H,0. MR Y4
R BB A7 S AR RSN CRP R B L IS ) 4 E ST ]
YA AR S, HoKE & §e/NT~10 ppm H,0.
B TR I AT, XL R K T BRI Ik, AR
PSS ik K, 55 A SR ST IR IR o R A2 R
R IR R A S (S KA o R T S AR AR AE
AR T T 7 ] A R AR A A 0%, TGOk AT R AR
A DR R A A T A AR A I OB R 3R

J Ceon TRAZKIEMLE (H/10°
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EERBLFRIES AU ERERFICR:
AR [ [ 7R B LU 9 151

e,

Mg, Karel Schulmann™, & &°, ##'

1. WP EEREERL M ERAL AT [FIAL 2R 2 K T 9206, 4% M 510640;
2. FWERY HIERBLER, &
3. fEw TR A N B
4. VLR R RO R R
5. ZRIESRE LARTRG, “#l AI8 230601

I8 Ly ) T BRI AL i s R RS2 I ST I A A
o UEAIEL R R R I B 2 T R, AL AE
HZ WK Joa s sk ik 2 b o Bk, Mg AR T8 -
A JRAE -5 AR SN AL, e e 55 a3l 2l
FEMFAT IR T R HE RO N 2o 07 Hp S fE 3 1
e R 2R g, B2 R 3 AR T - A A -
HRAEBN R, T REIE LAl SR B TS R R A
K.

PLA K [t 7 1R ~F- 220 ZEL 15 11 3T W 5 (L Js 3 K il
b 7 1A T FSOHL A A5 A2 ] 4%t BR R 2% R 9 1) T R 2
e — BN, By 9ICA S Bl KR e i R AT
H B RFEEM vk X s KR, BrEilCa %
AN, AT R AR AR AR R IF HERAE K
R G 1 A A o X R 73 S 2% (R A e A0
gyl G 2L ) sEng AR AT R, BG4 B BTt 72
TSI RE AR5 I 77 e 24 e 48 18 RS ol (1)
—HB I R AN AR H AR AR T R A

FEFP A L, 2 0 A R A 2 AR
AL R e o T S M TR . A R
FAE IR TR 2 1 A 2 1R 22 SR 3 A2 FE R Ik B A%
FOEMRERE, $7s TIasa 7 B s das i f2.
A7 T A I L R PR R B 7 2 XAt e L A gt
R o BTN SR AL 0 A BEHE Sl T 2 ) 1%
DI ST AG AT TSR, AT ST AT A A 3 22
L AL AN T, Dy PR DX 7 250 55 e 32
PETF IR DFIE Bm m XEER 1 AR i LA
PRI BB 28 ) b7 DAL b -5 Fs T AN B 486 J52 A
Ky DURCH < ISR AP AL AR DRI T 2

WA AR Y4l (400-390 Ma) b5 4 -k o ot
FENRHIE, KB EAKTA K- A A AR R il A
R A G CORAa+ 35 A+ K+ 4
A5 522K I R A AT M S R S VR 0 S T RO
W46 o S 8 s BRE L 5 & 3E 0 = (390-
380Ma) Ff i 5t Mg I IE ST HBAEH A%, B
J& - ZR G AT L U AR SRR e K s - TR A
B Ia, BARRRBIR AR YA S
28 (290-270 Ma) £ )J5 T 55 = NE-SW [ 5 21 #4) it
G MM N A SR IG S I dGs, AHES% R E mil-E
[STR TN AREAR = 7 Sl € = X 5 S Y DR R R g 1/
YR 7 2078 -8 T U HE S T 1% X kb 5 AL
bR LSO M A R A A B DRSS b ) A P
IRV 5 R I I AR AT T X s RS B
R HAR [T 7K~ AR S5 AT 5 W6 30 7K Y 1) 7P 240 5
FRASEAF I A [y 55 8 408 ) e 3 KRR, b
A RO ) I L 1) b9y, 3 R B K TR s R 22
SRR LT B A <, ST Hb S R R RR
B FHER R Tk B A (R HE R

ZRE IXIRTORE, AT SR, Ve 2t #4
A5 B JR 28 36 1L A 2 I TR T Ak PR A0 - 34 A4 A
AR R 1 1 B AR A A O o 388 2R s R I I T i
J 5 157 B HE AR (1) 355 B i S TR ) e A% 1 53 S B R 1)
J AR it b 7' T i s 184 2R AL KBl st e A 1 L —
BN o 38 A5 AL Ly PR AR R AR S U ) B2
AL R T BUT X3R5 (0 AR Pt T 5
WIS T R 3G O R A2 R s o b 52
RN 55 80 S OK i 76 ) A T R & O

HETH : FKRBIEIETH ('S: 42022017) P E BRI E BRACEE TR H (4955 132744KYSB20190039)
B—AEH (BIER) R A BEUE (1982-), BRI, #9771 A B K 53 LAy 54k, E-mail: jiangyd@gig.ac.cn
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1. o TR B i SR ST T, JEAT 100037,

2. mERHTH AR,

6502165

3. P EMFERERE JERT 100037

A ety T R Ak TR I 90— A ] s b 22 B 5 11
A AN A o R £ B i 2 R SR T A L ) o
RS RAARE R . LRI S A, KO AEAS TR R4
TR JBE 28 1 AN TR R 58 (140 It 7K s I AN R 0 38 e, SRR
W R A R RNV AR SRR 4, AR N IA A,
TE % B FE 1 s e o DRIE, AR b i i He A8
A REATRE IS CREEUED 1. (H2,
TEM D Hm A A, DR RRAE R IR JSUE 0 ) 1 £
B, s, SR AR S N R
WA XM T DR AT R A AT WSS IR AE (1)
ILGARIL T AR b s R 8 2% 1 TG 2 ORI i AR 7 -
AR R, DR X SRR 1) v 2 A 17 s A ()
SRS T R s A0 s A% W) s A A H i B R
HHEERER S R, LTI PR A AR 1
K YT BT R Bl IR IR b ik B, K a A Dy e o v
FEE LA BER5Y , E REAR rd F 2 5 BRI IR A
AR YRR 2 H AT IEAGE 2 o AT S0 )
B - dE TR T AR A s R A A T RS, R
TR SRR A K

R A A A MK 1 2 U TR R A e s R)
SR, B 5 Rk A R B 2
FERE AL MK 25 AT N-MORB JE R 4 -0 2= il
53 F1 Bu JCERIMIE R, AT o 3= ek 4k 24 41 il
A PEF KA T — 8 40 Nd [ R4 Rl i
71 JL TR (3 5 SRR 1) D 2 P T o ARV A WK A R
ST (Y o A ST ) SR AR A SRV R
fiv ZHASEE WAMESOA . LA TR
A TR T A I B AL, R BB
JFKAT SR A5 BB B o BB (R A 4 b L,
FEARTE A KA R . A R ALE R A
5 FRALE AT Na Al Al S RAFA RX 0, &

BHIWH: R ARRBEIEEIH (91855206, 42102053, 40725007)

WREN A 2 22 AR AR A T BN A Z W,
TS RT3 W A S 0 SR g o A T S
T HGMEA S WA SR YA A, RE R
W) H AL Py K AT R 1 A v 1 AR R4k T Ak
TR S A A o BRAHE AT An S R
70-90, AEKAT, WEK A2 204k R Ak,
BN A E A RIS N AR A R TR S5 A
L7/b e BN M ) s oea W E WA oY R Y U E R Ak
e AT [A) AR S5 B B IR i e 4 AR 1B AT T ER BR
JE, VIR P-T &N 25.6-27.1 kbar/595-
637°C « Wg J5 IR AR M 28 71 41 RN S 7 TN A AR K
A i 44Tk 15.3-17.9 kbar/563-605 °C, Wiyl 5 idr
i T 5.5-7.3 kbar/470-500 °C 7% i 4 4F . it
XL S0, BAVRIMRE SR A S B
- T A A SIS TR () SRR OME A L AT A AL
WA A AT P-T Pulk e, &
R AT )10 S 7 99 e AR DS 1 ¥4 0 b R e S 4y
RILFE

SEO MR SR HE , FRATTHE I AL ph T PR 1 v
PR HT 3R o P2 5 S50 e S TRAN [ J2 A6 19 A0 e i
Jr 2 TR KA SRAS B ke A 58 A9 B 5 A8AR, Je R
BB, 2R W R A AN 5 A T 4 R AR i AR
K, MhAh, MK B8 S5 M BUE R 4 T AN
AN, B PRHIE T RAR) 2 BE, Bk,
KRBT AR R N, 25 280 P RE S AT i A2 RN
PR A A B B AR W AR e R 21 4 LR AT

BT T LA AR R A AR R K TR R IR W
FERFEM R, WARAAR . JTCRIT R Wi AR ok f
T8 LEFRATTAR G AR Lo i 82 %, 3O I 3 R B B A i
B SRR P 50 2T R SRR S 0% (1) 42 T
FE BB I REE R A A EER B R E X

HEE T EET (1991-), BIWFSCR, WFFCU7 e AFms A F T % . E-mail:  wanghuiningl @163.com



