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 EAMREAEMFREE B EGSHELR KA K E N SIO,=71.01%~75.07%,AL,0;, =
12.31%~14. 21% , 44 Na,O+K,0=7. 44 % ~8.37% . MgO=0.26% ~0.60% , " FeO=1.75%
~2.62%,Ca0=0.95% ~1.70% . LA & .54 S AL BH . B THERET R RILKRE B,
AL EFH 131.15X10 ©~234.34X10 4825 % Rb.Th.La % X & F % & T % @ 5 4 Ba.
Ta Nb.Sr.Ti, 2 gee/ 2 ngee = 5. 07~7. 67, (La/Yb)y=4.82~9.58, LA & Al #) Eu 5 # (5, =
0.42~0.63), 2= SH LK ZWHHIE, £ 5 Sr/Ba 4 (0. 11~0.15) & 4%, CaO/Na, O=0. 44 ~
0.75>0.3. B FRETHRAGEARG LA R E L, LAICP-MS £ 5 U-Pb £ F L9z K R
BEEBREOTRARLGH 900 Ma, 35 FHITR A MEZRF/HTREMREALAL T 2
TR 8 49 A7 T F A Rodinia # X BEIC R 693 T F 440 X, JF it — F FRZ HAZ N 09 T R & 2 28 09 75 %,
BREAEAFHAETR, ZHELK R IREREGHRER(~900 Ma)Z XK FTHELAZHE
TR B AR (~500 Ma) . R A H R B3k 12 TH 22 400 Ma Z B F R AW RS ETRAER.
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Geochronology and Geochemical Characteristics of the Protolith Rock of Younusisayi High
Pressure Granitic Gneiss: a Further Study on the Properties of Continental Crust
Subduction Plate in South Altyn Tagh

PAK Sang Wan, MA Tuo, GAI Yongsheng., KANG Lei, WANG Chao, LIAO Xiaoying, LIU Liang

(State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, Shaanxi, China)

Abstract: The major elements of granite gneiss exhibit the following geochemical characteristics:
Si0,=71.01%~75.07%, Al,LO;=12.31%~14.21%, Na,O+K,O0=7.44%~8.37%, MgO=
0.26%~0.60%, TFeO=1.75% ~2.62%, and CaO=0.95% ~1.70%, which reveals a typical

Yo#s B #3:2019-03-08; £ [ H #A : 2019-05-21

BELTHE:HE B RB = H 24 (41430209) . [F 5 5 5 F Al 58 & 3T X135 H (2015CB856103) , [F 5K H R B #E R Rl I
4 (41421002,41602052 41672187 , P Jb K 24 K il 8l g 2 Pl 5 L i S 4 %6 1 S F 5 T s DRORLIER 13 ¢ B

1EEZE @B/ : PAK Sang Wan(1989-) , 5 Al H#F 5T 4= . 0" W) A A4 2% 5 i) . E-mail; flyingwing44 @icloud. com

* BIWAEE X R (1956, . B2 4 I, N9 % .5 A 22058 . E-mail: liuliang@nwu. edu. cn



543

PAK Sang Wan % . g BT /R <5 JU 85 307 B¥ 44K e 1 48 (<1 52 IR e I A T2 i R 5l ok A 2 4R 1IE
X TR 4 i 7 TROR o AR R T A O 1 — 2P BRE

77

calc-alkali peraluminous granitic rock series. The granitic gneisses are simultaneously character-
ized by relative enrichment in Rb, Th, K, La and depletion in Ba, Ta, Nb, Sr, Ti, their > g
values range from 131.15 X 10° to 234.34 X 10" %, >Jiree/ 2 nree ratios are 5.07 ~7.67, (La/
Yb)y ratios vary from 4. 82 to 9. 58, and 8, value are 0. 42~0. 63, showing the element distribu-
tion of collision-induced granite. Meanwhile, the geochemical results also show that the source
rock of the gneiss may be mixed sand rock deposited by continental crust with Sr/Ba=0.11~
0. 15 and CaO/Na,O=0. 44~0. 75>0. 3. LA-ICP-MS zircon U-Pb isotopic dating has acquired a
Neoproterozoic age of 899. 7+ 4. 0Ma. Based on geochemistry and chronology research, it is ra-
tionally suggested that Younusisayi granitic was formed in a syn-collision tectonic setting as the
result of the partial melting of upper crust sandy rocks, as the response of Rodinia supercontinent
aggregation event in the south. Meanwhile, this granite gneiss further indicated that the forma-
tion time of whole Altyn complex rocks should be Early Neoproterozoic. Moreover, a metamor-
phic age of ~500Ma has been obtained, which is much younger than the protolith age, and indi-
cates that the protolith rock of this granitic gneiss was intruded and located in the continental
crust for about ~400Ma before subduction and high-pressure metamorphism. Thus, the granitic
gneiss is obviously the product of continental subduction, which produces new evidence for fur-
ther defining the subduction-deep subduction of the continental crust during Paleozoic of south
Altyn Tagh.

Keywords: high pressure granitic gneiss; age of protolith; geochemistry; Neoproterozoic; South

Altyn Tagh

e -8 e R 1E o T b 5 ) 5T DA R o B 4T R
(1) 2l 3 27 o B BN Ry R A H AR - AR T A
LR e S U R L N i RUIRS N iR &L NI
F kR 7 (CHOPIN, 1984; SIMTH, 1988; ERNST,
1995, 2001; MARUYAMA et al. , 1996; LIOU et
al., 1998, 2009a; ZHENG, 2003, 2012), HTf.,
WFEHECELEREI T 20 4 508 & H 48 i
IEARE A A G 7 R S B AR AR AR Rl 43 ok
IRV Y CRPE AL R B] 7R L 357 B R i 89D 2 A B AR
KB (ERNST et al. , 1995; MARUYAMA et al. ,
1996; ERNST,1988,2001; LIOU et al. , 2009b),
WAL L AETE /DB ) B LR BT 3 5T TR AR ol 0 i 7 TR
RS 0 SO P R R R T . BN S R R/ R
22 (SONG et al., 2005; ZHANG et al. ,
2008a) . Horv, KAV R & R A I BT KV Al
TR o, 328 p e o S L B O L s R A L
Bk Jo o R i o 2 LR TR A% o e b i i R e AR
H (LIOU et al. , 2009a, 2009b; SONG et al. ,
2014y, Hodp iy HP-UHP #5550 1 45 5 1R & 3
#/NT 600°C (REINECKE,1991; LU et al. ,2008;
ERDMAN,2014) , HJ5i 5 ) H A MORB % K¥EZX
oA E vk B RSP BT AR 5 08 09 A8 5 B AR 22 ) OR
I — A @R #BE 7] (~ 200 Ma), ] i, 76 B K

1y, PG ] /R 8Lt Zermatt-Saas 4% (17 (RUBATTO
et al. ,1998;ZHANG et al. ,2007,2008a) ., BJ/RK 5
S B R vy A B T Bl 5 B8 TR ART s T2 A R
FLAG AL B R R AT BRI BT R R R R B &
i RAE B EU R T H R RS A
AHIONE B A S s 55, b HP-UHP #% &
F1Ry W 307 2% o i P8 5 e 5 LU SR Y LA A A L B
B35 HA AN K AR il v U K R S B e R R
FRAROVE 0+ U0 B 465 2 i 3t 057 i VE 52 ) o s BRIV T8 1
A A5 e 300 7 3 I AR 22 DR T — S R b e el .
LUBE SN i = ST i S LS I AN C P g
W7 L K i % 53 i 30 Kokchetav #i 3k 48 (ZHENG
et al., 2006; LIU et al., 2009; LIOU et al.,
2009a; PR SHF 45, 2011) PR, B A T R AR R A Y
() B A S A R v - 8 R 8 3 iy b 4 RIE 5 L
VE B R 5 A2 i — 20 R B 5 T 2 0 1) 1 AL
FRHIT B o 3 X i R R BT A A &R G Y sk Ak 2 T
M I 25 6 DB I 8 A 20 6 SRR L 2 R0 -
e R T Al /ol R M A AR AR

T AT 2% 4 e o I Y 9 R Y o TR R R R T
FZ . J WY e R R e
I3 AR TE VL2 B2 AR S B A L TR K IR L DX AR 4
fHrve 4 X (8 1) s A A R RIS S A



78 Piodb o SR

NORTHWESTERN GEOLOGY

2019 4

TR AT O AW A A A6 B T R TR AT
SR R S 5 0 HL AR AE A A A A A ER L
SR AT AR 24 5 R G 5T R W, 3 8 R R ) R
B B R AR AR (~500 Ma) ok il AR e/ Y
FE45 (LIU et al. ,2002,2004,2005,2007 ; ZHANG
et al. , 2001, 2002, 2005a, 2011; ® F = 4% 2009,
2013; WANG et al. ,2011), fift. L% (2018) 1
7 BT JR 4 V4 B3 i T 5% 30 15 44K il X % B T — & 0
AR R R 25 500 Ma 9 = F 28 iR A6 B 5 R RR
AL HIEMT WA S N Grt+Ky+Pe(+Ksp) +Ru
+ Qz. B IR 4 R T=>950°C ,P>>24 kbar, 345

BT RR S T B B AR S 3 R I M OO %
VB H 25 R AE B I R IR B T RO A Y AR
Bt X — W0t — 20 90 8 T R PR G -
o A BRI 23 o0 A fHDH RO T IX B AR R B RR
HJEUE TR BN T S R T AN A R
7555 7 BT 7R 45 R 7K 2R R A M) 5% K T M g T sl i
FEAE 3 B B PR T — 27 2 75 o 2 Bl S TR A b A
R =87 it 2 A OE T T %0 A b IR
JBR A U B IE U A5 R Al 27 R AE L LUk — 25
B 5518 18 T BT 2R 45 B I S i A T B A
i A

(@) (®)

IS

BHES

FHTEN
| mREms
%

|t
| mEiks

o | I e
AR EIK

PAERLREDK
(AN )

BB
| e |mE=m

[ e [ o BEsms

[ EES B =xs
I si=wE BEBBEERET
] mrenes EIBRE °

= Sfiul I 4 My
D s=ann (B REES R -

Bx
TS HRBEK %@‘{
/ //'*b"f;:]

(¢)

0 100 200km
IS E—

B 1 (F/R&ELFHHECSEE (B WANG et al. ,2013 &%) (b) # 33 X it R B
() B /R 4 i85 LU 75 b J5T 18] B (348 WANG et al. ,2013 &%)
Fig. 1 (a) Location of Altyn Tagh and adjoining regions(Modified after WANG et al. , 2013); (b)Geological map
of the study areas; (c¢)Geological map of the Altyn Tagh (Modified after WANG et al. , 2013)
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Fig. 2 Outcrop pictures of the granitic gneiss
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Fig. 3 Microstructures of the granitic gneiss
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Fig. 5

Major element diagrams of granitic gneiss (a) TiO,~ SiO, diagram (]J. Tarney, 1976); (b) K,O-SiO, diagram

(RICKWOOD, 1989); (¢) A/NK-A/CNK diagram (MANIAR et al. , 1989); (d)SiO,-AR diagram (WRIGHT, 1969)
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Tab.1 Major elements (wt%) and trace elements ( X107°) compositions of the granitic gneiss

Spe. No  A95-1 A95-2 A95-3 A95-4 A95-5 A95-6 Spe. No A95-1 A95-2 A95-3 A95-4 A95-5 A95-6

SiOz 74.89 71.01 72.24 71.98 72.86  75.07 Ho 1. 040 1. 430 1. 310 1. 540 1. 100 1. 210
TiO; 0.260 0.340 0.290 0.330 0.200 0.180 Er 2. 760 3.760 3. 460 4. 140 3.100 3. 140
Al; O 12.31 14.21 14. 1 13.97 12.6 13.17 Tm 0. 390 0. 540 0.500 0. 600 0. 470 0. 450
Fe, O3 " 2.410  2.910 2.630 2.910 2.000 1.950 Yb 2.470 3. 460 3. 230 3. 840 3. 140 2. 830
MnO 0.010  0.040 0.040 0.040  0.030  0.030 Lu 0.320 0. 450 0. 410 0.510 0. 400 0. 350
MgO 0.400  0.540  0.450 0.600 0.300 0.260 Hf 3.920 5. 250 4. 340 5. 740 3.710 3.150
CaO 1.460 1.700 1.560 1.540 1.010  0.950 Ta 0. 750 0.990 1. 010 0.550 0. 830 0. 780
Na, O 2.260 3.030 2.450  2.050  2.210 @ 2.140 Pb 22.50 23.10 24. 80 18.78 42.00 20. 50
K:0O 5.180  5.340  5.400  5.490 5.960  5.650 Th 11. 84 14. 41 13.69 15.33 4. 840 3. 400
P, O; 0.120 0.150 0.140 0.150 0.120  0.130 U 1. 500 1. 810 2.360 1. 990 4. 280 2. 030

LOI 0.440  0.300  0.400 0.440 2.390 0.570 || Na,O+K,O  7.440 8. 370 7.850 7.540 8. 170 7.790

Total 99.74 99.57  99.70  99.50 99.68 100.1 FeOT 2.169 2.618 2. 366 2.618 1. 800 1. 755
Li 23.10 37.00 15.13 31.00 23.30 19.79 A/CNK 1. 028 1. 026 1. 109 1.153 1. 057 1. 159
Be 1.060 1.060 0.840 0.580 2.770  0.670 A/NK 1.320 1. 320 1. 428 1. 500 1. 249 1. 367
Sc 5.350  7.170  6.570  7.210 5.020 4.150 || FeOT/MgO 5.421 4. 849 5. 259 4. 364 5.999 6. 749
\Y% 19.34  28.40  22.70 25.40 14.96 11.66 | AloO3/TiOy 47.35 41.79 48.62 42.33 63. 00 73.17
Cr 22.60 17.56  17.87  26.00 12.67 13.80 Ca0/Na, O 0. 646 0.561 0.637 0.751 0. 457 0. 444
Co 60.00  59.00 69.00 72.00 72.00  69.00 K,0/Na, O 2.292 1.762 2.204 2.678 2. 697 2. 640
Ni 7.160 7.410 7.180 12.380 5.830  6.230 AR 3. 351 3.220 3.010 2.892 4. 004 3.461
Cu 0.020 <C0.000 2.600 <Z0.000 <C0.000 1.820 o 1.736 2.501 2.107 1.962 2.235 1. 892
Zn 29.70  64.00 62.00 50.00 46.00 61.00 > REE 166. 1 224.7 205. 5 208. 9 122.9 124.3
Ga 17.53 21.60 21.00 20.80 17.42 17.72 > LREE 153. 1 206. 7 189. 1 191.0 110.7 110. 5
Rb 235.0 225.0 244.0 243.0 305.0  332.0 2 HREE 12.99 18.01 16. 45 17. 85 12. 25 13. 80
Sr 92.00 103.00 98.00 112.0 72.00 68.00 |[LREE/HREE 11.79 11. 48 11. 49 10. 70 9.036 8. 007
Y 36.00 47.00 44.00 50.00  36.00  38.00 (La/Yb)n 10. 16 9.329 8. 883 7.659 5. 117 5.931
Zr 164.0 216.0 172.0 230.0 132.0 109.0 OEu 0. 625 0. 609 0.630 0.582 0.416 0.511
Nb 10.50  15.41 13.03 12.67 8.350 9.570 Th/U 7.893 7.961 5.801 7.704 1. 131 1. 675
Cs 0.820 0.780 1.210 0.770 8.010 2.470 Zr/Hf 41. 84 41. 14 39.63 40. 07 35.58 34. 60
Ba 804.0 849.0 835.0 835.0 474.0  499.0 Nb/Ta 14. 00 15.57 12.90 23.04 10. 06 12. 27
La 35.00 45.00 40.00 41.00  22.40  23.40 K/Rb 183.0 197.0 183.7 187.6 162. 2 141.3
Ce 74.00  99.00 91.00 92.00 54.00 52.00 La/Nb 3.333 2.920 3.070 3. 236 2.683 2. 445
Pr 8.260 11.490 10.530 10.600 6.140  6.240 Sr/Ba 0.114 0.121 0.117 0.134 0.152 0.136
Nd 28.70 41.00 38.00 38.00 22.30 22.60 Mg* 27.89 30. 19 28.51 32. 46 25.90 23.71
Sm 5.930  8.520 7.930 7.930 5.140  5.330 La/Yb 14.17 13.01 12.38 10. 68 7.134 8. 269
Eu 1.220 1.680 1.600 1.510 0.710 0.920 Fe-number 0.822 0. 805 0. 817 0.788 0. 836 0. 852
Gd 6.010  8.350 7.600 7.930 5.280  5.690 MALI 5. 980 6.670 6.290 6. 000 7.160 6. 840
Th 0.970 1.340 1.240 1.330 0.920 1.070 ASI 1. 028 1. 026 1.109 1.153 1. 057 1. 159
Dy 6.010 8.320 7.610 8590 6.050  7.040

" :Mg® =Mg?" /(Mg?" +Fe?" ) X100; 6= (Na,O+K,0) % 2/(Si0; —43) ; AR=[Al, O3 +CaO+ (Na; O+ K, 0) ]/[ Al O; +CaO(Na, O
+ KO 3Ry =4Si—11(Na+K) —2(Fe+ Ti); R, =6Ca+2Mg+ Al; A/MF= Al, O3 /(FeO" + MgO) (mol) ; C/MF=Ca0O/(FeOT +
MgO) (moD) ; A/CNK=AI?0*/(CaO+K?O+Na’0) .
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H BT ) Nb-Ta 5 i , X 5 4 Rb. Th La 55 K&
FHEAILEM T#H Ba.Ta,Nb,Sr,Ti 55 (& 6b),JC
RN E AR AR 5 8 A RE-RE RGOS B AE A
(PEARCE et al. , 198O #fl. #fh Th/U=1.13

~7.96 CEY{EH 5. 36) ,Zr/Hf=234. 60~41. 84 (3F-
BIE R 38. 81 Ff i T L b 5E Y (Th/U=14. 2,
Zr/Hi=~37,GAO et al. , 1998), 7R | #1721
TR 05 I RRAIE

1000

(a)

100

St/ BRORE B A

0.1 : :

1000E

B it/ 5 R 1
=

100}

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

RbBaThU KNbLaCeSrNd P ZrHfSmTiTb Y EuYbLu

6 (a) EAERMBEIRENF LIRS E GRAELENE TAYLOR et al. . 1985);(b) £EMET
2[R 94 b 08 4% HE L Bk I [l (AR £ (L (B 48 SUN et al. . 1989)

Hg. 6 (a) Chondrite-normalized REE patterns (Normalization values after TAYLOR et al. , 1985) for granitic gneiss;

(b) Primitive-mantle normalized spider diagram (Normalization values after SUN et al. , 1989) for granitic gneiss

5 fi41 U-Pb 44U

L1455 (2018) 5 0] 0 5% 37 B 4K 1l X 5k 45 48 14 JoiT
R A BLAT LR AR SR ) 4 A B RE SR AT T AR
FAEWEE B2 R 15 T (900, 24, 1) Ma [ it 45 4F
WA (497, 8£2.7) Ma BYUEIAS BTAERE . 2535 Il 4k
TE U557 B4R b X AE 1<) BT JBR A o 748 Jo R 8 A X A
IR R b v P B A EAT T R

AR YRAIE 5 0 4K B 5T R JRR A P B A ORI R B
25 100~200 pm, B &G (CL) BoR 8 A B A
W S IB TR B8 B A SRR, T A s A
R B A R A0 53 BRSBTS AR
PN SUUSE B R il S R R G S RO

XJ IS W BHARAE 10 B R E #EAT T 15 AN R A
DX A falie oo 2R, A9 25 R LI Te iR 2,
BEAIE LT E MRl 803X 10 °~2 541 X
107, M - sy 815 X 10 ° ~1 911 X 10°°,
(Gd/YB)MBETE 0. 02 ~0. 08, 7F BRBL B A br 4E 1L 7
A e 43 R E AR bR AR M BC AR AR AE; Th/ U B V%
T 0. 1~0. 9. 555 & K5 A RHE .

AF Y I A (] 7h) S . R 5% BT R A i T

SRR 15 AN AR AT AF e (3 3) X 16 8 A2 B o
FA I — A A e B P X, AT 2 {6 D (899, 7 &
4.0) Ma; 255551 CL B 5 85 4 i U R R AE
SEH N b AR 2 AR A B A KRG A
AR

6.1 FEEMWIESH

SES A R R — o IR TR ) A&
PN 248 AR B AR AT LR IR T 2 R IR A Y
4y #5 @b (RAPP et al., 1991; RAPP et al. .,
1995; JOHANNES et al. » 1996; WINTHER et
al. . 1991, Ho ki 43728 Ak BTk T 00 46 425 il 40 Joi 1149 L
Oy B K R 2 5 DL IR R SRR . B ) g e A
JIAE B I T S ST 0 S R T R B A OC
H A B B R 4 i X B 2 3 008 oo ol AR AR B A
A1 Sk T M5S0 A A T (R A, 2006
FE A, 2015) M 2255 48 (2015) 3 i i 58 W) &
IR BT /R 4 B 2% 0 B2 PR FY 35 B 5 (886, 5 5)
Ma 46 5d J 5 1 o0 F b 76 £ TN 2 3 20 4 Al B A
OPRSL7/
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Mean =899.7+4.0
MSWD =0.40, N=15

0.9 1.1 1.3 1.5 1.7 1.9
207Pb/235U

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

B7 (QfARREXESR:; (WA U-PhEENE; (OB LT ERNBRARELESE
(KR 1L B SUN et al. ,1989)

Fig. 7

(a) CL images; (b)U-Pb ages Concordia diagram; (c)Chondrite-normalized REE pattern

for zircons(Normalization after SUN et al. ,1989)

255 W 5T AR B4 0T 7 R AR o s R B
k184, 13X 10 °,Nb & H 8. 35X 10 *~15. 41 X
10 . Ta &R 0.55X10 ° ~1.01X10 %, (La/
Yb)y=5.12~10.16 CE#{H K 7.85), Nb/Ta=
10. 06~15.57 . K/Rb=141~197.La/Nb=2. 45~
3.33CFME K 2.95), 8k, (0.42 ~0.63) F 4 Ky
0. 56 , i -+ 70 28 BRORL B A7 A 1 fb 52 A (001 V7 B A
K5 Eid b ss m A T A A R (E AR — L (Nb=8 X
1070 ~11.5+£2.6X10°,Ta=0.7 X 10"° ~ (0. 92
+0.12) X 10 ° Nb/Ta=12~13,K/Rb= 150 ~
3501, La/Nb = 2.2 ( BARTH et al.. 2000;
DOSTAL et al. » 2000) .t 5 §ij A 53 () BT /R 45 3
i H ) e R AR B A AR R AE — B CE B A,
20065 F o744, 20155 BRLLAL, 2018)., FE&h7E
Nb/Ta-Nb F1 La/Nb-Nb & f# (BARTH et al. .
2000) (& 8) Hr 347, F I b 5e V- 4 (H 8 ], B Ll
(1) I M52 &

Mg ™ B A 5 05 2 0 W7 7 3 0 M O R %) o 2 48
b AT FRAE 7S A TR X R R T IR A 1E
Mg* <40 B A A 2 b 52 35 20 5 il BR B 94 14, 1
Mg ™ /5 (1 00 ] 8 A7 08 U5 #5319 im A (RAPP et
al. » 1995), A ¥ AFF 58 £ i B A AL M Mg™ i

(23.7~32. 5. F ¥ K 28. 1), HFHZEML K AT
BT M7 W 5 R A

T T T T TTT II T T T TTTT II T T T T TTTT
30 g
= Primitive L d
520 Mantle
Z
= ®
E Depleted *
10 Mantle ® Upper
E Crust
5 t f
4 — ®
el ..
3 —
% - Depleted ook
2 21— Mantle Primitive Upper
B Mantl
1 [ ] antle Crust
0 C 1 1 11111 II 1 1 11111 II 1 1 I I ]
0.1 1 1 1
Nb,,, 0 00

8 Nb/Ta-Nb #1 La/Nb-Nb E fi# (Upper Crust #F BARTH
et al. , 2000 ; Chondritic ratios gray bars & JOCHUM et al. ,
1997 #1 MCDONOUGH et al. , 1995 ;Depleted mantle
#& JOCHUM et al. , 1998)

Fig. 8 Nb/Ta-Nb and La/Nb-Nb diagram for granitic
gneiss(BARTH et al. , 2000; JOCHUM et al. ,1997,
1998; MCDONOUGH et al. , 1995)
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FIH CaO/(MgO + FeO') - Al, O, /(MgO +
FeO") El f# (ALTHER et al. , 2000) (& 9a) # 17
I B 1 V5 T 2 D 5 o3 e Rl X 8 7R AL O,
+FeO" + MgO + TiO, - Al, O,/ (FeO" + MgO +
TiO,) K f# (DOUCE, 2000) H , ¥ i 9% A6 R A
X & (& 9b); £ Rb/Sr-Rb/Ba & % (SYLVES-
TER, 1998) 1 # i B ¥5 A ab 8 A IR IX (] 9d) .
A NBIFSE 7R o B U8 5T 28 R A K A I ml e AR Y
RS BTA K & Sr/Ba(0. 5~1.6) 5 1E Eu 5% ,
K BT E R A R A e B TR A R 2

7
a o :
A6 T P
Argillaceous partial melting
~5r
o A9
& o Ll I\ =
b e AR 5 H 43 4 i
o) Greywacke partial melting
&0
C
<2k e Basalt partial melting
S 35
L S e
0 1 1 1 1 1 I
0.2 0.4 0.6 0.8 1.0 1.2
Ca0/(MgO+'Fe0)
1
10 c
Ca0/Na,0>0.3
Wh ST I il
5 Lachlan S 2 4¥ 4 %
=
Z 10+
o
= (o)
O OQ
(e}
Ca0/Na,0<0.3 Himalayan
0" VI A RE AN
10' 10 10°
Al,0,/TiO,
9

B AR CaO/Na, OC<0.3) .1 3K A T & &K A
M 5T A = D g Bt I8 5 44 14 1) CaO/Na, O 555
(>0.3) (HARRIS et al. , 1992; SYLVESTER,
1998) . AWK 5T#E & 19 Sr/Ba f (0. 11 ~0. 15)
BA% . A 1 Eu 3% . CaO/Na, O=0. 44 ~0. 75>
0. 3CKE 9¢) , 7w J5 5 JF R Ve B 38 5 A 1 Al 68 4y Bl
FEULRR W T .

gi Bk . mT LU O 2 E WF 58 O 55 i b
WAL B BT R R A IR D b oM SR A b A DT
Y.

25 b
~ 20+
e
2
5 Felsic-pelite-derived melts
& 15+ VEYigs
+
@}
o
S0
- Greywacke-derived melts
S e
< 5| P .
° ¥ T T
________ . Amphibolite-derived melts
RN LB N
0 ! ! ENRRLLLTTI
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ALO,+'FeO+MgO+TiO,(%)
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(a) A/MF-C/MF g [ Bl % (#& ALTHER et al. , 2000); (b)Al,O; +"FeO+MgO+ TiO, - Al, O / (FeO" +MgO-+

TiO, ) B f## (#& DOUCE, 2000); (¢)Al,O;/TiO,— CaO/Na,O Ef#;(d). Rb/Sr-Rb/Ba & #% (#& SYLVESTER,
1998). Himalayan i & # 5 & ##& 5 /& T SEARLE et al. (1986), INGER et al. (1993), AYRES et al. (1997);
Lachlan S 2% & & ##8 3£ /& F Chappell and Simpson(1984) , HEALY et al. (2004).

Fig. 9

(a) A/MF-C/MF diagram (After ALTHER et al. , 2000); (b)AL O, +"FeO+MgO+TiO,- AL, O,/

("FeO+MgO-+Ti0,) diagram (After DOUCE, 2000); (¢)Al, O, /TiO,- CaO/Na, O diagram;
(d)Rb/Sr-Rb/Ba diagram (After SYLVESTER, 1998)
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6.2 EEmRERNEREENENG

BT KBB4 46 5 o 0 4 B s An iy R
2 IR AE A A 0 T BE T 3 AR 3R R TR A
TR B B /IME (R AR IE . 2007) . T 85 A7 2 46 b T+
R AR F A LAY i ELAE Ml S rp B R A2
VYRS e M Kt TR RE 1 @l 85 A b Ze F
Ti 2 AJCE M43 TE R 50 3 252 203 B A9 45 1, S2 56
FAFBIRENE A SRES Zr ik TiM &R
A R E B PREOE Z DR AT DA Sk A A R R TR
TS AT 45 RS (CALVIN et al. , 2003), Hf .
2 ol B A AT T U A B A TR R B B M A A B
AT

M AR A R BE 3 (WATSON et al. , 1983)
KB KR B (WATSON et al. , 2006) #4713t
AR RIS 4 B3RS T 785~861°C 1 735~881°C
MIEE (R 4, F AR B BTN IZ A AR A
Gk R BE R 785~861°C

WA B A WETE R BT AR THR S Bt AR b, & T
WY ARRT T3 5 43 i, A Rl A T & 3 2L ki
AL O,/ TiOAH Y K /N AT DLAE — 52 B2 B 1 I e 43
5 Bl B W B 5. SYLVERSTER (1998) 3@ i Ti
I g AROR A R BE AR T R EUX 4, 2 AL O/
TiO, KT 100 B, HJ @l i B2 /N T 875°C 5 Al O/
TiO, /T 100, HoAE il R B2 R T 875°C . JU %5 Hr b
PR B BT R JRR S P A L LB Ry 41~ 74, 3 W] L0
B T RE IR 875°C LA I, T I 45 Sk

XiF i 3 G A Ay B3 — AR H0 52 DX 5% BR AH A . S
WA AR R, AT AR BRI KR
JE 185 (>>10 kbar) , 1 #HS A 14 5% B4 48 78 2 5
ALY FE 78K (DEFANT et al. , 1990), [fl B,
Sr.Yb S 70 E S A X AR K R ) i 5T B
HEERIERE X, & Sr(>300X10 ) M
Eu 58 3R W8 X 5% B AH v B AR TR A AR Y (<
15X 10°%) 18 Sr/Y(>20) K Yb(<C1.9X 10 °)Fl
i La/Yb(>>20) 45 7m U8 X 5% B3 4 oA A 1 A Gk
i, 2006,2010; CASTILLO et al. , 2006), Z &
HHAK Sr(68.0X10 °~112.0X10 %) . i Eu &
o Y (36.0X 107 ~50.0 X 107°) fk Sr/Y
(1.79~2.56) 5% Yb(2. 47X 10 ©~3.84X10 %)
PLRAK La/Yb(7.13 ~14. 17) 2556 4F , ¥ 368 T I
XEERMHET AR ATARMT A, Hibizaais
R XY R S 34K .

6.3 EEEBHHERE

A8 50 G R E L BT RN B B A A
ST A BR AL 2 FE SRR B S B TR L I A
WGSBS B AR AR 5 BT JRR e A e
RS AR BE Lk 48 T 04 B 4K B B REAE 5 X P S AR
XA S BIAE B oC R FFIEAE ] . K4l FORST
Z2(2001) A A £k 38 $t (Fe-number = FeO/ (FeO +
MgO)) A5 45 0 (MALI=K, O+ Na, O— CaO) i
B NS B (ASI=Al/(Ca—1. 67P+Na+K)) %%
O AL B AT M 3K AL 22 3 R O 28 LSS IR K
Wi B i Bk S ) Fe-number =0. 79 ~ 0. 85, MALI
=5.98~7.16,ASI=1.42~1.58(>1. 1), 5%
rhE SO ¢ TR [R) R 2 Al A B A A I R IE — B, &
4 BARBARINC(1999) f {6 b 2 280 2% @ T8 T
BB 58 PR R B AR B e s N e B R H KRt il i B
B, S AR FeO'/MgO = 4.36 ~ 6. 75,
AL O, /TiO,=41.79~73.17,Ca0/Na, O=0. 44 ~
75,K,0/Na, O=1. 76 ~2. 70, 55 }b 5% T B2 30 43 5
Y B S AU AE i A H Bk AL 2 FR AR (S0, <74 %,
Al O, /Ti0,<<100,Ca0/Na, 0=>0. 3. K, O/Na, O>1)
— BB A4, 2002)

R — R, #4) 3 A5 40 551 1] figg (I8l 10b) X 48 1) 6 44
T PRI 0] DASIE AT 3 4 1) X 43 5 i TR i o A AE R
R 5 [R] Al A S AR A G 7E Na, O - K, O
BIfi (B 102) L BE A e vk A S BUAE G 2 X, &
B G 32 0 Al 438 L0 A 72 ) . AE Nb-Y T Rb-Yb+
Ta 5516 <) 5 14 185 0458 50 141 g (L 1) s 3R b
9% AR N AE B B8 T 4 3 04 lf 8 A8 B o XU

AT % 1 e K B R BE A 10 ACAE 2 A
ERVEHE N Grenville 1 1132 )8 B 1 8 K Bl - H
ZAL R BRZ7E 900 Ma, FH7E 25 800 Ma 2 J5 il #
AR . T ANBIFSE C 7E BT 7R 4 S LR % 1 IX (48 o
Y N RN T O 2 e [T TN SE IS TN S
FUHF AR D R E TR EIE A 0.8~1.1 Ga 1y
e AR 50 SR B A G K 2R (LU
etal. ., 1999; MEAEM S, 1999; SBHERT%E, 1999; i
FA4E, 2002; GEHRELS et al., 2003; F # %,
2006; SONG et al. » 2012; WANG et al. , 2013) .
G561 — XU 5 5 08 B AR AL 5 5T R R 5 1 AR
FEEWEIE AR N U8 0 B AL 10 BT R 2 174 b
BRAL 22 FRAE b 7 5L A M52 e il AR | [ R R AR )
FRO S 5L S8 8 e  ARB Rodinia 48 KBl IC 5 By BE A
[Fi) e A il 45 119 7 4
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6.4 MIEHRENX

(1) JERT A58 N R BT R 4 25 B 3 FE R Al e oK
w ARl Tl A A BRI — 43 (RGXR, 1993
A4, 1999; HE et al. , 2012; LONG et al. ,
2011, 2012; MA et al., 2012a,b) ,fH WANG et al
(2013) 38 35 % g B 7R 4 VL2 8 AR IR 7K S8 L VAT B
ST A7 BH A5 b AR i< 5T A A AR AR 2R RIS L 4R
DAAE 54 5T JRR 2 A 3 A 14 BT JR 4 B TR B e £ iz

(a) Nb-Y diagram and (b) Rb-(Yb+ Ta) diagram for granitics gneiss(PEARCE et al. , 1984)

ZOH G AL JLBE T R ~ 900 Ma fE i it A R
Y S IR X — S5 BB TR Y DA A B
(2) JU 55 v % M v T AE B iR bR o B o B T
A 29 900 Ma, i AR B (8 R T A A v e 78 Tt
(AR (~500 Ma) o 3 B H U6 BE A6 T 52 29 400
Ma 2 Ji A e HE AR o 18 52 v T A2 JROAPE 1 1) 1] B
LR T — A BUR L E [T (</ = 200 Ma) fi iR .
I UE WG AR S R A e T AR AR B 3
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J& T 2 A 5E 4 AN [ (19 4 3 b S S AR B e . 2
A B IR 2> BT AT REXS T 87 0 AU Rodinia
ORIt B4 91 3R 3t Tt P s o D2 g o R 4 Ry A AR
Iili 7 05 b —TRARF e VE T 0 7 4

x4 HREMEETREE TIREITTESERE
Tab. 4 Values for sample by zircon saturation thermometer

and Ti for zircon thermometer

B 1 IR B T
FE 5 -
Zr(X107%) MCEAED Dy, T2 (CC)
A95-2 216 1.45 229 6 820
A95-3 172 1.31 288 4 803
A95-4 230 1. 26 215 7 824
A95-5 132 1. 34 375 8 784
A95-6 109 1.21 455 0 861
A TR

FE M5 -

Ti(X1076) AR A (Ma) Tr(C)
A95-01 9. 991 898 805
A95-02 6.629 898 766
A95-03 10. 72 916 812
A95-04 7.558 895 778
A95-05 11. 31 901 818
A95-06 6.256 902 760
A95-07 4. 878 899 738
A95-08 4. 695 892 735
A95-09 13.51 897 836
A95-10 10. 03 897 805
A95-11 12. 28 894 826
A95-12 9. 031 898 795
A95-13 13. 20 906 833
A95-14 9. 494 901 800
A95-15 20. 42 900 881

H Tz (CCC)=12 900/[InDZr+0. 85M+2. 95] —273. 15 (Wat-
son and Harrison, 1983); Dy, =496 000/ 4 A& & &, M=
(2Ca+ K-+ Na)/(SiX AD; T1i (°C) =5 080/[5.711 — Ig
(Ti) ]—273. 15(FERRY et al. , 2007),

(3)HI N B AF 5T $it 1 B BT 7R 4 R 7K SR 1 X
7R T AL B T R A TR A T TR B AR S (866 £ 5)
Ma, J5 5 BAT S BUAE 5 5 1 Bk Ak 2 R AE R /N
A5, 2014) ; B A% R BE O BE R A9 A I R IR A
(LIU et al. , 2004; ZHANG et al. , 2004) & iL,
B h 810~885 Ma, J5A I8 HAT S RIAE 5 A 1) H
BRACEAFAE . AR, 055 W %A &5 e A 5 50 7 RR &
1) JE 2 5 i ] 2R 4 1k 7K SR ML X 7R3 A28 R 14 A B IR A
IR LA S e R i O R s S 1) A6 B T RR o (LA

JUF— 20 J5 55 I8 i s AR Bk Ak 22 e Ak R BB
T EA AR R B S5 8 v . (R (A5 4 0 e T Ry 2
BT IR 4 B HE R G VL 2/ B AR T AL A L T A BE L
BT R 4 BROE Ll (i SRR A o B o A5 R R B A R
ISR AR T 1 8T oo i AR AR BT A CE R AR
200635 WANG et al. , 2013; T rkh%, 2015; R4
A%, 20185 ZERFZE, 2018) . 136 W ix 46 3% A W i PR A8
e sk B e ARAE K U A AT BRI A 2 5 B
BA] IR 4 vty A AR 14 SR i R vk —R A o /R 22 v, AT g
(AR R i RUIE i

(1) pg B] IR 4 0 53 37 B AE 1 00 7 R 8 o B o
BT 3 B AT M s BR AL 2R A AR s A
M ST BN | R R S TR AE B e B

(2) 7 B 7R 4 0 %5 30 AR e 1 22 Jo 48 B J5it e JRR
(0 JEL T T 8 e il AR AE I8 (899. 744.0) Ma,
H AR R A 1 A 3K AT e S PR 4 S HL R 2
243 19 37 9T A8 Rodinia #8 i i 10 5 s [) A6
K. RIS, 1E— 25 B LAAE B 5 R R S Sk 3 A 1
IR 4 5 W TR BB A 8 oo il 4R

(3) 7 BT 7R 4 e %5 347 5% 40 15 4B B BT v R o
TR U 9 29 900 Ma ., iZAF I3 B K T H & 4=
i A8 B B IR (~500 Ma) , 3¢ B HCJF 4 st T Hb
FE4 400 Ma 2 Ji5 A & A A ob i 37 i AR AR
B ] [1) B 328 R F — A4~ Jgl K b i R1 (<Z/ =200 Ma) [
IFBR S 58 8K L 2 08 R A R T B i 52 0 e A ) =
Wy kg it — 25 B BT R 4 Tl A AR 2 O - TR AR
AR AL T 8T AR 4
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