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AR Sr W11 LA S AR 52 1) Nd B4R 1% | i 8k
FEAE SR T B 1 8 L 2

VYEH 4 (Zhang et al. , 2005) k18 T & KL E W
AR AH 85 41 SHRIMP U-Pb 2 4R 25 3L . 15
T AR AN [ B UCE AH B AF 5 30 [ R 233 ~246
Ma, 2 Jeg B S - r 19 HL DR /0 1 240 ) b 3R A2 R[]
PLFR T2 9 2 A A DL RIAT) A 78 43 B Y
ST AR SCLA R A% A o 1 0 0 PR R ] 5
b ER AL 2 A Se-Nd-O [l ZE 05T SR 1%
AR DX RFAIE L LA AL S AR 38 2 3L
1 R &

WFFE X AL T v W3 1L A R 2 (] 1a) DA Jerp
RINWARB (E 1b) . R I LD R B 28 0 5,
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pira ilt (e [0 ) 2 e b o3 F 9 T, 1959) B A K 1L 25 b
OGRS, 1964) Tt A A FEE—&
A5 T A FE B R AL -UUBUE R L B oT o R Rk
R AT P A ooy BRI . H AT R APk 32
TR A ARG S KA AN G, 3L
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1850 2 85 At B I B3 2% 55, 19905 5% B 75 45, 2006)
AREA S KINTFERE b 36 IS, 58 B 85 4% 5 35 A K 1
B 2l ki 2 5 V0 SR W 4 R A il (24 300 Ma) (i 58
BFEAE 1997;Li et al. , 2003), & B4 ZX T A
S il A2 8 A B B (2 R 9 5 L 2002 5 JB i % 45, 2006)
AR =SB ST AR E
B 2002 NN — R A H W REN S A ks,
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A 20023 H AR ,2002)
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AL 2004) s 5 i UREE G D B AR TRLHCRTE
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ST HE R CTH L & 1b) BB %846 5 45 (220 Ma)
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(224 Ma) (Z2M 5 ,2004) DA M A7 3k 5 (BST, K
1b) RV A 8 5 5 (210 Ma) (i % 2445 ,1994) ,
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AT B 5 T 2 130 ke, HCREACIE 285 30 25 Bl IR T AR
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KLV BE 21 AN A B T E K e AT @ il g 5 40 5 TR G
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~2 em) s ZRKAB X AR AE X o B 2R 4 L O R 2
WA TR & Z P B A AR AR B A oh e
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AL Z I LLFR R M A Ry 2% 25 A, 3 B0k T i
AN (Gary et al. , 1973) [ it B - B CRORRO 2% 75 7402 —
EANFEMI A A HE BT A4 HUE AR
REHIT . A RIS A A R IR 4= A G H1 L
FHE WA T 246 ~ 233 Ma Z [A] (Zhang et al. ,
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Fig. 1

() —HFFE X A5 T3 L3 19 06 R (7 Zhou et al. 2004 BT 5 (b)— K 111 AR Bt X 3 5 18] 5 (o) — & M0 2% 4k 3t 5

(a)—Sketch map showing relationship between the study area and the Central Asian Orogenic Belt (modified from

Zhou et al. , 2004); (b)—Regional.geological map of the eastern segment of the Middle Tianshan Mountains; (c¢)—

Geological map of the Weiya complex

IR 2— A RIE R 3 — A RN K s 4 — Z RAER A 5 A B N KB CA I s 6 — AR B & 57— ooy A R s 8— 5 I 42 AR
W5 9—RAFE 5 s 10— BN SCHA R 11— 3 7 30 JROIRTE 14 25 5 12— W L AR 9 50 2 5 13— i A S 4R 1 5 1% 5 14— P8 T30 RROIRFE 1 5 15—

AR R B AE R

1—Gabbro; 2—Quartz syenite; 3— Quartz diorite; 4— Adamellite;

5—Quartz diorite porphyrite ( dyke);

6— Fine-grained granite; 7—

Mesoproterozoic gneiss; 8— Quaternary sediment; 9— Sampling locations; 10— Indo-Chinese epoch rock mass; 11— Jinningian gneissic granites; 12—

Late Caledonian granites; 13—Rock mass without dating results; 14—Chengjiangian gneissic granites; 15—Name and age of the rock mass

3 ARNKAEHHF

TN K S IR G AR i L TR
Job i S B DR 7 SR K T 8 A
(RT3 96 B A I R R MR R L
YR BN 3 (1006~ 1590 LR

A (Angs 40, 55% ~60%) KA (1% ~10%) . B

ZBREA0% ~15Y0) FfM N A (5% ~10%), @Y
EREAEAL Y AR BRI A M A AL TR,
KERSFRLAZ/NT 0. 5mm, /NER 43 AT 35 Tmm; BHE A7
HIE KA 1~5 mm ANSE 5 7 0Lk 15 I, 8 43 R
AR HELRE B RABEE.ZhERA D%
R A KR 0.5~1.5 mm; N4, B
N [Cap™>1.50 (1.69~1.78), (Na+K),<



GBS - P R AR BRI B SO - T A B DR Sl PO o AR T S e 1423

o "“ — ~.~»~
nt L BHIERES

12 F "u‘ "',,-‘ =A},-----'::.~ J-_E_L/:%{ ‘;~‘~
10 F c T TR e S

Na,0+K,0 (%)

S10,(%)

B2 R AENKZSEINEZE;JE Cox & (1979) A
Wilson(1989) & B4 5 ] Hp R S 2k X 2 1 14 2 8 R0 3 ok 1
HRMN R K

Fig. 2

diorites, modified from Cox et al. (1979) and Wilson

Classification diagram of the Weiya quartz

(1989) ; the boundaries between alkaline and sub-alkaline

series of rocks indicated by coarse solid lines

0.50 (0.17~0.36), C,<C0.50, Mg/(Mg—+Fe*")
>0.5 (0.58~0. 64) ;3 Leake Z5(1997) /32 H ; &
RG], Ak, 2 R FHVE T R AR — DT
0.5 mm, #4340 TR A PR Z 0] 5 & = B, J8 5 R
= bR G 5, 2005a) , TR 4 Bi e 1~2 mm, H
A3 A T A BURLZ []

o A LB B i B A R AR 2 1R (]
)R Z A E WA SN ER AR,

4 HEERAE SRR

4.1 MWk F=*E

T A0 R 4R BT EERE S (1~ 2 kg) 2 % =X 1k w1
PEZ 0. 2~0. 5mm J5 4573 46 70 Ja 09 FF i 76 35 36 75
o e BF S J T RR (<200 H) . BUBFEE S B9RE i 50
g BT HEBIER P I JC KBRS RS = T .
FHIC R R AR AR A il i 0 T H AR
A ] VE320 BE 5665 (XRED) I &2 , 43 477 45 FE
T 520 it o & M at RFE N AE &R 07 R R
BLAIAIE 5 1 K 5l 52 30 2= 7E Finigan MAT 24 w1
Element 2 % HR-ICP-MS %8 b 45 , 3 75 ¥ W,
125 G W 45 (2003) , 43 BT KE BE SR AL F 10 2405 Sr I
Nd [A] 37 F 20 B m s K27 3R 43 A sk vp o0 7
VG-354 BIFRTEAL F 4% I Yang 25 (1986) i 18 1Y J5

P 5O [ 2 R At K2 N A & 8 0 IR L AL
il P B R RS20 & e MAT252 Brif X B,
SHTIRZERTF 0.2 Yo, & KM EITTE M Sr-Nd-O
[ 7 22 A5 2R 40 5 T3 1 fisk 2,
4.2 FEMHETE

AN K AN SO, & & A F 62, 400 ~
65. 25 %0 Z [a] , SR 0 14 L CASD 2 0. 91~0. 93, A
WSS TR AR AE . %A A AL Oy & & (16, 06% ~
16.90 %) &, TiO, & 8 (0. 70 % ~0. 88 %) % » Na, O/
K,O>1(1.26~1.75), 7£ K, O %} SiO, & (&l 3)
e A o PSR e AR I RRE

s |

K,0(%)

, —
| /////////,./ e ap ;15\3
,/:/”’.‘/4 it e .
O 1 L L
50 60 70
$i0.(%)

K3 RBEAERNKE K, O-SiO, K ; & Bk
i) 1 2 3 43 25 98 Rickwood(1989)
Fig. 3 K, O-SiO, diagram of the Weiya quartz diorites,
the classification of rock series denoted by the shaded

parts are after Rickwood(1989)

FE SIO, % 32 4 A0 1 0 v 1] i (I 4) v, Bl
% SiO, & H R, FeO" ,CaO,AlL O, } P,O; & &
SERTRBER TIO, & &g A T B, MgO il Na,
O RN G, K, O & & Sk 2 b,
XA A AR B Bl A L RS A A B i A N A
MR EMRT S5 T s 45 AR MR = B
MK AR B4 R X 5 R T R B (&
S5a, b) 15 H A THAH— 2L,

FE A7 e TN A A T oo R Wk I L AR o0 R
Bt > T LA 6a RO 7a, A A EERETEA
JLE(LILE)Cs.Rb.Ba.K L & Pb fil & 5wt &
(HFSE)U.Th YA & Zr (HD %, 5 il & %58 0 &
Nb; B A7 54 + (LREE) & & & 4 (124. 70 X 10 ° ~
183. 26X 10 ) FIE Fs + (HREE) & & 5 i1 (11. 42 X
107 °~16. 87 X 10 ") |Hf - Z [ [ (La/Sm)exy =
3.73 ~4. 55 18 H M + Z [ (Gd/Yb)ex = 2. 16 ~
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Table 1 Major (%) , trace( X 107°) element analysis results and their calculations of the Weiya quartz diorites

=T SiO, TiO, | AL O3 | Fe; O3 | FeO MnO | MgO CaO | Na:O | K;O | P20Os LOI ASI N}zig/ N;ﬁa(():r Li Be Sc Vv Co Ga Rb
x-59 63.38 | 0.88 | 16.35| 1.37 2.86 0.08 2.46 4.77 3.95 2.48 0.18 1. 15 0.91 1.59 6.43 24. 81 1.41 10. 33 84.23 11.42 16. 67 79.07
x-67 64.64 | 0.78 | 16.06 | 1.65 2.36 0.07 2.13 4.31 3.99 2.82 0.21 0.98 0.92 1.41 6. 81 40. 04 2.44 9.37 112.76 | 10.64 20.06 | 112.46
x-69 62.40 | 0.85 | 16.91 | 1.61 2.83 0.07 2.47 4.82 4,17 2.38 0.23 1.15 0.93 1.75 6.55 27.74 2.04 10. 45 87.03 11.74 18. 82 96. 11
x-71 63.17 | 0.74 | 16.90 | 1.49 2.43 0.07 2.28 4.53 4.02 3.18 0.19 0. 88 0:92 1. 26 7.20 25.67 1. 80 10. 26 76.40 10. 69 17.74 | 120. 15
x-72 63.43 | 0.75 | 16.71 | 1.38 2.67 0.07 2.35 4.50 4.16 2.75 0.18 0.98 0.93 1.51 6.91 25.53 2.05 9.24 79.23 11.13 18.05 | 115.19
x-73 64.19 | 0.73 | 16.23 | 1.47 2.44 0.07 2.31 4.39 3. 86 3.00 0.17 1.08 0.92 1. 29 6. 86 30. 83 2.41 9.39 77.19 10. 55 17.68 | 137.28
x-74 65.25 ] 0.70 | 16.01 | 1.20 2.52 0. 06 2.21 4. 24 4.02 2. 60 0.16 1.11 0.93 1.55 6.62 20. 68 1. 84 8.62 71.33 9.67 17.55 | 112.98

Sr Y Zr Nb Mo Sn Cs Ba Hf Ta W Pb Bi Th U La Ce Pr Nd Sm Eu Gd
x-59 430. 70| 15.33 |231.80| 9.65 1.09 1. 68 6.02 |715.00] 4.97 0.70 0. 57 7.51 0.18 7.49 2.16 31. 60 60. 52 6.51 24,07 4,37 1.18 4.27
x-67 403. 00| 23.28 [295.20| 12.43 | 1.05 3.16 3.59 [690.00| 6.64 1.15 0.39 | 15.76 | 0.12 13.43 2.95 44. 90 85. 68 9.74 35.39 6.09 1.48 5.73
x-69 442,70 20.95 [309.70] 11.20 | 0.91 2.59 3.37 [660.00| 6.61 0. 97 0.57 | 10.25] 0.11 7.52 2.08 34. 36 72.64 8.35 31.45 5. 80 1. 36 5.39
x-71 430. 80| 20. 27 {249.20| 10.65 | 0.48 2.68 3.71 1925.00| 5.61 0.-86 0.81 | 13.72] 0.10 12.79 2.10 33.99 70. 35 7.97 30. 07 5.32 1. 34 5. 30
x-72 388.70| 17.71 |278.40| 9.48 0.53 2.33 3.87 |616.00] 6.17 0.73 0.42 | 11.99 | 0.14 8. 90 2.02 31.92 62.51 6. 96 26.58 4.62 1. 10 4.63
x-73 382.50] 17.52 |229.50| 9.86 1.21 2.35 5.19 [694.00| 5.20 0.78 4.62 | 12.51 | 1.95 8.94 2.07 27.94 58.78 6. 83 25.56 4. 48 1.12 4. 48
x-74 362.50| 16.77 |210.90| 9.69 2.32 2.26 3.41 |551.00] 4,62 0.79 0.54 | 12.58 | 0.09 9.96 2.23 31. 27 60. 11 6.68 24. 86 4,44 1. 04 4.39

Tb Dy Ho Er Tm Yb Lu Rb/ Sr/ Lu/ Nd/ Nb/ Ti/ Ti SEu LREE | HREE | SREE (La (Gd/ (La/ Yhben

Sr Y Th Th Ta Y /Zr /Sm)en | Yb)en | Yb)en

x-59 0.48 2.85 0.58 1.59 0.21 1.23 0. 20 0.18 | 28.09 | 0.42 3.22 | 13.85(344.06| 22.76 0. 83 128.26 | 11.42 | 139.68 4.55 2. 80 17.29 5.89
x-67 0.67 4. 31 0. 88 2.46 0.32 2.15 0. 34 0.28 | 17.31 ] 0.51 2.64 | 10.81 {200.80| 15.84 0.75 183.26 | 16.87 | 200.13 4. 64 2.16 14. 10 10. 27
x-69 0. 66 4.03 0. 80 2.18 0. 30 1.83 0.29 0.22 | 21.13 ] 0.44 4.18 | 11.51 |243.24] 16.45 0.73 153.96 | 15.49 | 169.45 3.73 2.38 12. 65 8. 77




gk 1
(La/ (Gd/ (La/
Tb Dy Ho Er Tm Yb Lu Rb/Sr| Sr/Y |[Lu/Tb|Nd/Th|Nb/Ta| Ti/Y | Ti/Zr 0Eu LREE | HREE | SREE Yhex
Sm) N Yb)(‘,\' Yh)L‘N
x-71 0.63 3.81 0.75 2.10 | 0.30 1.70 | 0.27 0.28 | 21.25| 0.43 2.35 | 12.38|218.82] 17.80 0.76 149.04 | 14.86 | 163.89 | 4.02 2.51 13.48 8. 13
x-72 0.56 3.34 | 0.67 1.86 | 0.26 1. 54 0.27 0.30 | 21.94 ] 0.48 | 2.99 | 13.05 |253.82].16.15 0.72 133.69 | 13.12 | 146.81 4.35 2.43 14.02 7.34
x-73 0. 54 3.25 | 0.66 1.82 | 0.27 1. 56 0. 26 0.36 | 21.83 ] 0.48 | 2.86 | 12.66 |249.78] 19.07 0.75 124.70 | 12.83 | 137.54 3.92 2.31 12.07 7.46
x-74 0.52 3.18 | 0.63 1.82 | 0.26 1.45 0.25 0.31 | 21.62 | 0.49 2.50 | 12.27 |250.22] 19.90 0.71 128.40 | 12.50 | 140.90 | 4.43 2.45 14. 57 6.92
T ASIGR M A5 50 = [ AL O3/ (Na; O+ K, O+ Ca0) . BE /R H ] 5 SEu= 2Eucn / (Smoen + Gden ) s CN— BROBE B F7 VAL 147 Boynton(1984) 3 LOT Jy Kk R A B8 5k 5
®2 RBIEAXRRKSE S-Nd-O AR RITHEER
Table 2 Sr-Nd-O isotopic analysis results and their calculations of the Weiya quartz diorites
Rb Sr _ - I Sm Nd 147Sm/ 143 Nd/ Ina _ exa (P Tou®  |O(SMOW,
e ‘ | 7Rb/sE S | TS/ Sy +94 . +26 Ssm/nd
(X107%) | (X105 (t=240Ma) | (X10 ). | (X10 %) H4Nd H4Nd (t=240Ma) (t=240 Ma) (Ga) %)
x-59 81. 28 433.70 0.5423 | 0.709065 12 0.70721 4. 426 25.16 0.1095 0.512612 9 0.512440 —0.44 2.16 0.79
x-67 115. 30 408. 50 0. 8196 0.709517 10 0.70672 5.971 35.41 0.1051 0.512584 10 0.512419 —0.47 1.75 0.79 8. 64
x-72 117. 20 391. 60 0.8744 | 0.710411 9 0.70743 4.719 27.53 0.1048 | 0.512578 10 0.512413 —0.47 1. 64 0. 80 8. 66
x-73 140. 40 386. 10 1. 058 0.712403 11 0. 70879 4.503 24.94 0.1061 0.512591 7 0.512424 —0.46 1.86 0.79 8.73
ﬂf :a) EN(l(Z): E\J(O)*QX{X t, ;H\:F]‘l ENJ(O) = [(I HNd/”‘A\I(‘l),\-//(]HNd/lH Nd)(‘nu{*lj X 1()000; (IHNd/] HNd)(‘nUR:O‘ 512638; Q:25. 1 Ga 1 H f:f‘gm \d:[(] '7SYI1/HIA\I(‘])>-/’(] ”SI’II/IH Nd)(‘][(;]{]

—1; (M3Nd/" Nd) cyur =0. 5126385 (*7Sm/" Nd) cyur =0. 1967; s=sample; =240 Ma; ena () H A8 Hu £ (200005 b) Tpm = 1/Asm In{ 1+ [ (M3 Nd/"* Nd), — 0. 51315]/[ ("7 Sm/" Nd), —
0.2137]}, H s=sample; Asm=0.00654 Ga~'; Tpmit& AR Hu %5(2000).
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5 (a)—RWA SN & T W) 43 25 45 F A 3L IR 0 ) /98 PR TEE 23 & 804 Rollinson (1993) , B 8L S A1) 0 72 4% 4% & 48
(1992); RS :Bi— B = & Cox— AN A s Hb— M I A s K- A s PL—fHC A 5 (b)—8Eu vs. Sr A8 4L Al ; () —Sr/
(LutY) vs. (Lu+Y)Z4bKE 5 (d)—Lu/Tb vs. (MgO+FeO* )25 {L &, FeO" =FeO+0. 9 X Fe, O,

Fig. 5 5(a)—Mineral fractional crystallization model of the Weiya quartz diorites; the partition coefficients of mineral/
metal are after Rollinson(1993) ,the Rayleigh equation is after Li(1992); Mineral symbols: Bi—biotite; Cpx—clinopyxene;
Hb—hornblende ; Kf—K-feldspar; Pl—plagioclase; (b)—38Eu vs. Sr diagram of the Weiya quartz diorites; (¢)—Sr/(Lu+Y)
vs. (LutY) diagram of the Weiya quartz diorites; (d)—Lu/Tb vs. (MgO-+FeO" ) diagram of the Weiya quartz diorites,
FeO" =FeO+0.9XFe, O,

2.80 1oyt KDL SR VM R 2 A [ (La/Yb) ey = 12.07~17. 29 |7 Ul R AU RHIE . RIE A 3N K
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Rb Th Nb La Pb P Zr Eu Dy Yb

6 () R A7 3 N 4 2 ik 0 38 I 10 5 S5 A 3t 4 OfE b R 95 Sun % (1989) 5 O S HL B 5 4 T 8 R U 19
Bandombaai 47 3 A4 2 R % 8T #4154 9B 4 4R A U801 40 1 R4 9 D K 4 B Karamadazi 7 38 19 4 2 43 5115
FE 6(b) A 6Cc) ;13 ILIE 3CHE

Fig. 6

values are from Sun et al. (1989); (b) and (c) are also showing the contrastive spidergrams of the Bandombaai quartz

(a)—Primitive mantle-normalized spidergrams of the Weiya quartz diorites; the primitive mantle normalization

diorites originated from lower continental crust, and the Karamadazi and Pingtan (a county of Fujian Province) quartz

diorites derived from the mixing of the basaltic and felsic magmas, respectively; the details refer to the article
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o2 s [ ] E
S | [ 1 ]
| R K | Bandombaaifs 35 4K 1| AN ]
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La Pr Sm_Gd_ Dy Er_ Yb La Pr Sm_Gd_ Dy Er_ Yb La Pr Sm_Gd_ Dy Er_ Yb
Ce Nd Eu Tb "Ho Tm Lu Ce Nd Eu Tb "Ho Tm Lu Ce Nd Eu Tb "Ho Tm Lu

B 7 (—RIWAENKAEFLITHEA L& B 208 BUA bR 16 {H 48 Boynton (1984) 5 S % He W 5% . K T Bl 7 2 U5 119
Bandombaai £7 3 [ DL K K o T4 3% 5 AR T JOR 5 8 U5 A AR - VB 0 98 K5 A Karamadazi 7 36 ] K 19 7R 1
TG i 43 B 43 9= T’ 7(h) F 7 e s 3 TUTE 3C Ui B

Fig. 7 (a)

values are from Boynton (1984), (b)'and (c) are also showing the contrastive patterns of the Bandombaai quartz diorites

Chondrite-normalized REE distribution patterns of the Weiya quartz diorites; the chondrite normalization

originated from lower continental ‘crust, and the Karamadazi and Pingtan quartz diorites derived from the mixing of the

basaltic and felsic magmas, respectively; the details refer to the article

B AR T R 3T LT T Rl o R Y
Bandombaai £ & [N K & (Van de Flierdt et al. ,
2003) Fl Goas 7 %A K & (Jung et al. , 2002),1fj 5
Fe-M T A R IR A T A N KA (Xu et al.
1999) il Karamadazi f3 9% [N & 7 (Kocak, 2006) %G
JEATE (& 6b, c; B 7b, o, HR A 3N K 5
L o 8 7 TR A 3 N i Karamadazi A7 82 8 K25 A1
XfE 4 Sroifi T 5t Pb Al Zr 506 4 A R
4.3 Sr-Nd-O B

AT SN A St W) IR (E (s Al Nd (T )
AAE 7 W i 0. 70672 ~ 0. 70879 FiI 0. 512413 ~

0.512441, H exg ()M 1. 64~2. 16, Nd p9 45 20 45 13
2 0.79~0.80 Ga(F 2). R W A J N KA 1 A A
P ZEAE(SMOW, %) H 8. 64~8. 73, 1% {H # & 5 )5
R R & H 70 (5. 0% ~ 7. 0%0) (Kyser,
1990) % &, AH AR T AL 7¢ & A A IR AL &R (>
10%0) (Taylor, 1978),

5 g
5.1 BTHEFERNKE 1BREEFIRE?

S A A 2R 5Y (Wyllie, 1979) B Z851F 52, Hb
i AR 2 R s AN BE BB AR R A 2K L 2



1428 Moo

¥R

2011 4

ATRE A Xl X R Z W3, ZRIA KA
SR e T (S D e e A I o A EN SRR
S X AR R 251 0 R R e AN K B R A R M
G35 7 W) LA I Rl AR R R A . R AT B A
KA B W A R A R A (R 2 HERR TiZ s A HiE R
JE TR E I Ay S AT RE M . R A 8 N A 1 b
BRAG 2 R AR AR 1 — 25 R WA A AN KT fig R R A
KHES SO ™Y. B A%KNKSE® Nd/Th
(2.35~4.18) 1 Nb/Ta(10. 81 ~13. 85) {H ¥ & 1%
oy VE AN eI A B Nd/Th fH (&~3) 1 Nb/Ta {f
(&12) (Bea et al. , 2001) 5 Fil , 11 B . A8 T e I3 &
A1 Nd/Th(>15)Fi1 Nb/Ta {f (=22) (Bea et al. ,
2001) ;% A Ti/Zr(15. 84 ~22. 76) {8 & A fili 7%
HA W Ti/Zr {675 B (Ti/Zr << 30) (Wedepohl,
1995) , HU& 3 Ti/Y A (200. 80~344. 06, ¥4 251.
53) W& w5 T B 58 5 A1 (Ti/Y << 200) (Wedepohl,
1995), XEEEKAY Ti/Ze A1 Ti/Y (HEW, B A
o A RS T RE Fh b 8 AN S R S e Rl 7 AR
(Hergt et al. , 1991 . AN AT g 2 L il i A5 2K 40 &
gE N SE R (BB R4, 1997), B A E N K A
Ti/Y (a0 & Fhise s A - e S HIE XA A7 a
BB A < (LR 3D .

AN (Xu et al. , 1999; Kocak, 2006) #ff 5% 38
R ORI A R T A R B R TR R
AR AT S N . TR BT AR IR W R B
552005 IR A (mingling) B I 4% , #% KA b Bk 1k
2R R AE (3K 3 5, 2005@ ) i Fe W] HL B 5 0%

(Mixing) , 1fii H & 3 AE B R A7 i B i 2
SN Bl 7 0 T ) B SR IR G BRI B A Y ena (0 1 St
(0] JE (B AT LA AR b B B 2A R 1Y) ena () B S
PRG0S 1 T 1 B R B — 3 o B &
i 7 B35 e J2 0 o DT b S RE A 25 A0 o — B 43 1E
TR 3K s 5 e IR IR M A K R A2 IR A (mixing) 17 7
EATERNKE A= EMRA SRS REIERK
FHIEE SR B AR ena (O FIESF B St 1991 4R
B SR T K B 1) AE AL A AE 18] 8 (] 8a, b) ok BE L
7,

S5 S| B =N S VA B o i N e W
PR E A T AN R R R K S SR TR R
A RAE TR A I s IR A 1 &5 i B AT vl g & ot
Y RRa 7/

5.2 FRXAFMERMEFH

FE oA BE N K E HL A S M S AR I R AE
(P 3) o kA 11 v 0 25 3 LR H i P vl 38 v 0 46
PEBEER B — b R By 2 BT a1y FR A3 Rl AR
(Helz, 1976), uj A (Rushmer, 1991; Wolf et al. ,
1994 ;Rapp et al. , 1995) 45 S5 45 i, K fili 76 28 Jit
LR G K AT 7 A R SRR I A S N T
H UHAE T BEFE AR = AR D 5500 T S il
&4 (Rapp et al. ,» 1995), B AN KA ALO,
MM & E, AW S A8, Na, O/K, O fH 5
Rb/Sr HAK, Eu i 7 % A K W3 (R D, X SRR
A % ik 4 (Rapp et al. , 1995) 7F & ¥ (1000 ~
1100 C)FIE; R (>>1600 MPa) &5 £ T &8 4 % i 7=

TERIBAR G 57 R YE S KK Ay — iR G A R B 0 A . SR T, #E Rapp 45 (1995) SC 5
3 T T T 4 T T T T T T T T 10 ! ‘s~’ T T T T
( P —
SF o (a)_ b) s b i '*‘TEPHEI%U_I?H (c)_
& 3t E @ e
31 @%ﬁ%@ 1%, o 30 ~ 1
Sob /J%/yz i< °c0 ° 1% 50 FHG ]
“ .k Sty ]G E _pmag 1«
ap EUEKE 5 ‘;@\: mﬂ%’ -10 F 3
Weiya gabb E 2 3
2t ETAEWKRE i 0 3 s b ETG HG |
" Weiya quartz diorite ] E@E} | G
- 1 1 1 - ] ] 1 ] ] ] ] 1 _20 i 1 | (IR
40 50 60 70 80 0.700 0.710 00 05 10 15 20 25 30
Si0,(%) ('St/*Sr), Ton(Ga)
[Z] 8 %Eaﬁlﬂﬁﬁ(a) Eyd(f) VS. Sl()z [E]fﬁlf,(b) Em1(f) VS. (MSr/*GSr)lI’ElfﬂZE;(c) Eyd(f> VS. TDM IE]WF
Fig. 8 enxa () vs. SiO,(a), exa (1) vs. (*"Sr/%*Sr);(b) and exg(#) vs. Tpu () diagrams of the Weiya quartz diorites

JEIE i Hong 45 (2004) 3 & P < A4 416 5K 88 8. (2005) 5 H 3 1L A 3 Hong 25 (2004) s FHG— 1 ¥ PY W AE K 4 35 Bernard-Griffiths 4%
(1985) il Downes % (1997) ; HG—3 DMl £ i & » 38 Vidal 25 (1984) sETG— AR K 1l M- AL J2 0k F 25 L IR AE B & » 38 45 (2000)
The base map is after Hong et al. (2004); the Weiya gabbros are after Zhang(2005), the Central Asian Orogenic Belt is after Hong et al.

(2004) ; FHG—Hercynian granites in France (Bernard-Griffiths et al. , 1985; Downes et al. ,

1997) 3 HG—Himalayan granites( Vidal et

al. , 1984); ETG—Weiya-Xingxingxia schist, gneissic granite, East Tianshan (Hu et al. , 2000)
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S af O -
i € 0 ]
3 o, BIR LR
N (o (Rappetal..1995) | |
2 1600~2200 MPa
Wk Co 1000~1100C | |
N || Btk %K 4 alkali basalt
10—t l O &4 Z %A high-alumina basalt
b A 54 X 2 low-kalium basalt
or Bandombaai 4 % 4 KA
8 < Bandombaai quartz diorite
B Goas AR NK &
7L *t Goas quartz diorite
<« O R ARNKA
~ [ <] Weiya quartz diorite
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+
5
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0 1 2 3

Ti0,(%)

B9 RBIAHENKE (@) CaO vs. TiO,; (b) MgO vs.
TiO, 28 4 3¢ Z & s X8 LL AF 5T, B AR Y 1 A ) T4 /Y
A R B G R w4 R s DL R R D
7£ 1600~ 2200MPa, 1000 ~ 1100°C [ J5 JE 2 B F - % 14
i CaO.MgO il TiO, & J AR 7 R Hie 2 i X
HA RHIE M Bandombaai F1 Goas 1 3N K A&t — If
T 95T DL IE SCU B

Fig.9 CaO vs. TiO, (a) and~MgO vs. TiO, (b)
diagrams of the Weiya quartz diorites; the CaO, MgO
and TiO, contents and their variation relationship of the
different meta-basalts ( alkali basalts, high-alumina
basalts and low-K basalts) melts at the P-T conditions of
1600~2200MPa, 1000~1100C are contrasted in these
above diagrams; the Bandombaai and Goas quartz
diorites originated from the lower continental crust meta-
basalts are also plotted in the diagrams; the details refer

to the article

T B 78 i 2 B v R 2 S e e A
AR 5 R A s N KA M, BB &1 Na, O
F (6 %) MEALH CaO K& MgO & (K 9a,
b) L Bt XA N KT RE R B WA S N K
) 30 TR 2 5 IRV S v 8 2 R 3 40 s ™ A T 0 A

B A B 1 TiO, & & (& 9a, b) JF DL R Xk
EWAR R AN S A& B s, X 5 AR
Bandombaai /5 ¥ [N £ & (Van de Flierdt et al. .,
2003) 1 Goas f1 B[N K & (Jung et al. , 2002) 135
K1 TiO. & 2 (&l 9a, b) 13 H X WA AR 5 A
AT RESE 58 XA AR — B, R A R K
AR S A R AR R R BRI LY
CaO.MgO FI TiO, %% & (& 9a, b) ,(HALH X KA
TR ™ A AR K, O & AR (X1 %0) (Rapp
et al. » 1995), PG, RV A7 9 [N I B 5 FT RES
- Y T R A

A A (Van de Flierdt et al. , 2003 ;Rapp et al. ,
LOID TSR s A N KA AR P Y AL O, & i)
PIAE Ry s JE ) RN bR . R AL O,
AT 1500, H U J) /T 1600MPa, J§ X
5% B8 RE LA AR DN AT SRS A R T Ay 5 2 A
M AL\Os & & T 15% mf, A K KT
1600MPa., Y X 5% B AH LA B RO A7 M IN A R A
LA T 41 4 F (Rapp et al. » 1991) s 4 il Ik 1
N T 85 T 1800MPa I, B A7 72 I8 X 215 A2
SE 5% BB FEE LA A A 1 i R A OB A B
WAME 5 3 (Deng et al. , 2004), BV A 3N K
HALO ST ERE KT 1500 (R 1, B b # v £
AR T 5 B 4 5 (L 4 B B b e ] B0 AR
Kb ALO, FRE/TALNKEFTH AL O, &
R A E ST KT 1600MPa, IR 1 F A 1
TAE g5k B AR 5 %8 A RS Y R Lu &5 &
HA Femi ity Sr/(Y+HLw AR w9 Y R Lu 75 4
HA F AR Sr/ (Y +Lw HefE (& 50) K R 1 1 9
B 5 (Ybey<<10 (Wareham et al. , 1997), LK
7a;Lu/Tb< 0.8 (McDermott et al. , 1996), Il K
Sds R DA —E. BT ARNKAPRA —ERE
T Eu 5, R W5k B AR b ol B8 & A RHS A, T
AR U TR ) AT REAS i 1800MPa(Deng et
al., 2004) . PR, B8 W A 9k PR K A 1 IR 2%
rlgEH 1000~1100 ‘CHl 1600~1800MPa,

R A SN A BAIEM exa (), H Nd B
WP AE 0. 79~0. 80 Ga, X SERHE 5 & > P L
T LU S AR AR R A A ena (0O S TEAR VN B4R
I K HRAE 500 ~ 1000 Ma (£ F 4 H 7E 700 ~ 800
Ma) (Hong et al. , 2004) #— 2, X Fh EL 452 Nd g
FAF IS YRR S 2 5 B 3 10 (Bernard-Griffiths
et al. » 1985; Downes et al. , 1997; Vidal et al. ,
1984) (J&] 8c) AN [l s B 5 AR K 1 B8 -2 B2 ke — 7
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HORRRAER Eena (D= +1~—10;Tpu= 1.7
~2.1Ga](Hu et al. » 2000) R[], XA 3 2t
& 1) B 5 ) o R A R A A A A5 R BT A
A ERM Nd B AR A ena (OE (E] 80,

Xof RO 3 LU R AR AR A Nd R AR i Y 7 AR
A PR, — DR R R X AR R T A A R
ok BT s, 5 3 AE b I SO B g 2
) 85 i 5 0 T 0 TS % A AR 1 SRy T A e U )
5 Z R IR A 4R (Han et al. , 1997), {HA,
AR R AL A R [E] A R AR AR R B B A KA
AN W YR IR 5 S 0 T AN S R AR S SR TR
R PES SR A 7 W 2 T B e v - B Y AR o X
R TR A3 v 25 R R O R WA B TN K AT
ZA AT BB AN BB . O3 — Pl A B gl X S 4K i ST
S HORE 8 7T A HLI 43 5 Ok 1 AR R R e )
T CRARICEE,1997) . R WA 95 N K — 30
Nd #] 4 F A (R 2) K FE - %A A AT U Sme
Nd R ZEA KAV 85 5 S smna KT —0. 2,5
/INF—0.5)(Hu et al. , 2000), K iy, H Nd #i=04E
% (0. 79~0. 80 Ga, Hiyt ity O I fefhic ¢ 7 H A
A5 950 b 0 A A T 4 B R 1 B ] B 03 S AR
FEEEl, BEFEE SR UL Boo i AR s Bk Iy sk 1
— YR EE ) K [ T BB 8 (Dobretsov et all,
1995; Wickham et al., 1995), Fif A (%2 #& 76 45,
1997) %k F H W Ll 47 o K 1w AR A i A A T BF
FEFRWY 3 LA i 32 R oS P i 3 R AE T T
A Hb B A Y AR SCIFSE R AR R R T AR
i 6 384 AE B AL T BT 09 UE A L O S — 2B S0 T R SG
T W LT AR ORER S AR R 7 A AT RE S R
JC T AR R A A AR Bl 58D 19 3540 0 il O L T
E W Bt e IR YL I A FE 1IN B (Hong et al. , 2004;
AR ,1997)
5.3 MiEEX

HN GBI 5845, 1997;Li et al. , 2003) WF5Y %
B, 3 280 1A (2 300 Ma) b 3 #b X & A= Fili-Jidi il
. &L X IR LT A IRk 2
B FE 27 SJy ik s T K I il 45 A e R R k- B
e 4 (Han et al. , 1997;Zhou et al. , 2004 ; Jifi
2645 ,2006) B 5 A A L 3 AR DR 0 g
FEAER K A-BIAE i A B0 5 28
2004) . N AR VE LR R LSS LUz B
B A-TITE B A R bR A A8 4 b i X g B R Y
270 Ma 1§ Ulngur River A-BI £ X 7= (Han et al. ,
1997) W 35 /8 N-S [f] £ JE 1 & 1k X 5 F i %

(Deng et al. ,

(2002) AR 25 K1l X N-S [\ B B 453 T 276 Ma
LI & 5 Zhou et al(2004) %5 iA kv 0 1 (L 47 F 270
Ma 7245 H B0 R d 86 40 T LA % [R] B AR 1) A-TRAE 1 2
HH—%.

& W A7 B TN S T BT I RS Bt 2 1 i 38 22 W
B S AR Kl S8 g 3k — Wk L A e S o R
FEL X5 1 PR 25 (1992) W45 H L g Btk 3 =
B 20 SR AR LA K il 52 B 0 48 )R O AR AR DL K S
FF RREE (2004) 78 k- 2% b At 78 0 %) S 4E 2K 38 L
Fp-F=FBRRD T EOAAEE T _SLHEZ
b IRFERE G A RS R B - E =A% Sl
A L2 [E) 22 b B B SN R kL A Ok B S B AE
ARRIE 40 B EW A — 80, flises )2 1E AT L
T L A% AL - Bl Bl 43 (Deng et al. , 2004) 3 5
L, A AT AAERE PR R H T R A 4 i o 2
DARE %, P AE 52 B A0 R 55 e v 52 e R g L &
B8y 9] 07 LR T8 Ak . 38 Rl 9 ARF o (Deng et al.
2004 o] E $ 55, 1995) , F BB R W A %N K 5P
BGTHER S - 1YL 3 i S T S R R N-S ) 5 R
S5 [E] 2 60 Ma I 30 Ma, FATIN N B 338 1l iz
SIS 2 16 PG i -l Al 3 s 1132 2 19 4k 252, T — > Ak
7 Bty AR b B L. Bl PR T BB S R R T
M e F g — &t 3] = B 22 ) L AR ol (36 IE R 5%
1998) A7 5%, X AE 1IN IR 5 2 B 4 45 (1999) JE T X AR
KL R BRI, 85 B Hh T o R 4R 0T VRO o BT T AR
()58 ZUBE A I AE = B 20 CHNED S WD) nl fE e S 8 1
Kl —H7 LA 5 1 P H4E (1992) $ H [ i — B itk
W3 = Fead b R 5 5T T R Y 98 U M PR B e L
Bl 51 & T L8 P i A 0% D A2 DU R RN K B
Hiu e B B R A U — 8. R, B A B N
i e v I A B T AT U R B PN o
{18 ki e R 2 P AR S ) R T LA % i 2 T R 1) A
Joe T U 3K M IR AE T . AR R 8 R 2R R 1L 1Y
EORHAREAE 83 09 s A2 T Bl 7 - 0 A2 i &
BRI T AEAENK AR AT A
JRROREL 5 AH A ) DU 35 B A R X
6 45ie

B AT S TN KA T8 T B S - i R B 5
5 AR A A O B0 72 BT % A D) 7R 1600 ~
1800MPa, 1000~ 1100 C {4 i i 2% 11 T 2838 40 45 i
A o 2 AR G BIL R AT 0E PR s A0 e 32 1
F18) i 5 VR A P AR S ) A 0 LA % i 22 i R 1
PEH AR AE T . Bl IR ofoa] g 5 oy e B2 30T VAR
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KRBT AE b 2 1977 A AT BE 5 8 7oy AU I A1 Ot
A Bl 7e ) BB o AT G L Tl R Bl S BIR JER R
ANEEH .
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Early-Middle Indosinian Weiya Quartz Diorite, Eastern Segment of the Middle
Tianshan Mountains, NW China: Implications for Intra-Continent Subduction

and Partial Melting of Juvenile Lower Crust
ZHANG Zunzhong"*?® , GU Lianxing"? , WU Changzhi” , ZHAI Jianping® ,
WANG Chuansheng"?, TANG Junhua"?, XIAO E"?

1) State Key Laboratory of Mineral Deposit Research s School of Earth Sciences and Engineering , Nanjing University
Nanjing, 210093;  2) East China Mineral Exploration and Development Bureau for Non-Ferrous Metals, Nanjing,
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Abstract

Voluminous cognition has resulted from intensive studies of the geology and Hercynian tectonic
envents in the eastern Tianshan Mountains. To date, howeven, it has not been unknown whether the
Indosinian tectonic evolution was a continuing episode of Hercynian orogeny or it was significantly
controlled by other tectonic regimes. Hence integrated petrographic, geochemical and isotopic studies of
the Indosinian magmatism are critical to understand the tectonic evolution of the eastern Tianshan
Mountains in Triassic. The Weiya quartz diorite, occurring in'the eastern segment of the Middle Tianshan
Mountains, was formed in early-middle Indosinian. The rock is mainly composed of quartz (5% ~10 %),
plagioclase (An 35—40, 55%~60 %), K-feldspar (1%~10 %), biotite (10% ~15 %) and hornblende
(5% ~10 %). Geochemical study indicates that the Weiya quartz diorite is characterized by varing SiO,
contents (ranging from 62.40 % to 65.25 %), higher AL, O, conent (16.06~16.90 %), and lower TiO,
(0.70%~0.88 %), with high ratios of Na,O/K»O (1.26~1.75) and aluminium saturation indices (ASI)
of 0.91~0. 93. These features suggest that it can be defined as high K calc-alkaline rocks. The rock is
enriched in large ion lithopile elements (LILE) such as Cs, Rb, Ba, K and Pb and high field strength
elements (HSFE) such as U, Th and Zr, depleted in HFSE such as Nb. All samples display similar
chondrite-normalized REE patterns with enrichment in LREE, depletion in HREE, and significant
fractionation (Lacy/Ybey=12. 07 ~17. 29) between LREE and HREE. Sr, Nd and O isotopic analyses
show that the Weiya quartz diorite has an initial Sr and Nd values of 0. 70672 ~0. 70879 F1 0. 512413 ~
0.512441, respectively, O isotope values of 8. 64 %, to 8.73 %o, ena(z) values of 1. 64~2.16, and an Nd
model ages (Tpy) of 0. 79~0.80 Ga. All these features strongly indicate that the Weiya quartz diorite is
derived from neither direct fractionation of mantle-derived magmas nor deep hybrid sources between
mantle-derived magmas and crustal felsic melts, but a product of partial melting of middle-high K
metabasaltic rocks in juvenile lower crust under the conditions of temperature of 1000 ~ 1100°C and
pressure of 1600 ~ 1800 MPa. Authors believe that driving force and heating source responsible for
diagenesis of the Weiya quarzt diorite may be originally related to subduction occurring in this region,
which was likely triggerd by northward subduction of the Paleo-Tethys oceanic plate during late Permian to
Triassic periods. Our research displays that eastern Tianshan Mountains could not be the extension of the

Hercynian orogeny, but has been influenced significantly by the Paleo-Tethys tectonic regime.

Key words: quartz diorite; original continental crust; intra-continental subduction; Indosinian;

Weiya; Tianshan





