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Abstract Indosinian granitoids are widespread in the West Qinling and were mainly formed in two stages with ages of 248 ~234Ma
and 224 ~211Ma, respectively. Some samples of the Xiahe pluton (248 ~238Ma) and the Wenquan pluton (223 ~216Ma) were
considered to bear a geochemical resemblance to adakite (Sr>400 x 107°,Yb <2 x 10 %) | which pointed to a thickened crust with
corresponding depth of >50km. In this paper, a detailed study of the zircon U-Pb dating, petrology, geochemistry and Sr-Nd isotopes
was made for the Shehaliji pluton in Tongren area, West Qinling. This pluton is predominantly composed of quartz monzonite,
associated with abundant mafic microgranular enclaves ( MME). The host rocks contain a certain amount of K-feldspar megacrysts,
some of which display rapakivi texture. The quartz monzonite show relatively identical compositions that are geochemically similar to
adakite, e. g. , high Si0, (66.07% ~67.52% ), Al,0, (14.85% ~15.95% ), Sr (560 x 10 ° ~692 x 107°), (La/Yb) ratios
(27.8~34.3), and low Y (11.4 x107° ~12.9x107°) and Yb (0.99 x10™° ~1.09 x 10 °) , and weakly negative Eu anomalies
(8Eu=0.77 ~0.95). Zircon U-Pb dating yields an age of 234. 1 + 0. 5Ma for the host, indicative of parts of the Early Indosinian
magmatism. They are metaluminous and high potassic calc-alkaline with K,0/Na,0 > 1, and display high Mg* (59 ~60) , Cr (69. 1 x
107°~81.2x107%) and Ni (31.6 x 107 ~36.1 x 10™°). They are also characterized by the enrichment in large-ion lithophile
elements (Rb, Ba, Th, U) and relative depletion in high field strength elements (Nb, Ti, P) ,and have (¥ Sr/*Sr), ratios of 0. 7075
~0.7077 and £y, (1) values of —6.3 ~ —6.1,with depleted mantle model ages ranging from 1. 25 ~ 1. 33Ga. The Shehaliji quartz
monzonite was sourced from partial melting of the garnet amphibolite in the old lower crust, and then mixed with mafic magmas and
suffered fractional crystallization mainly of plagioclase. The rapakivi texture and relatively homogeneous geochemical features of the host
most likely resulted from the rapid remobilization process of the highly viscous crustal-derived crystal mushes, which had a genetic link
with the hot mantle-derived melts. The West Qinling might not experience remarkable crustal thickening process in the Early
Indosinian. The Early Indosinian granitoids in the West Qinling were formed in an active continental margin, triggered by local
extension that was probably attributed to an abrupt change of the polarity of subduction of the Paleo-Tethyan oceanic crust.

Key words Indosinian; Granitoid; High Sr/Y and La/Yb; Rapakivi texture; Crustal thickness; West Qinling
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(248 ~238Ma) Foifh R & 4K (223 ~216Ma) #9 3 A AL B F A IRIE £ 2 (Sr>400 x 10 °°,Yb <2 x107°) , 3 T2 B HE K T
50km, ALt d RSB R AA S E B RBITT 4L U-Pb 25 265 WM F R SI-Nd B Z 5%, 290 h & 8K E
FHLEZREUAR, FANEAFSBEEIRABEOR(MME), FEETART Y ZHHKRBESR, FLAS EH LA R
M, B NFRERKRBENFZRSIEY —,f B 2T R EMIRE L E G — LR TH & 2§ Si0,(66.07% ~
67.52% ) #= A0, (14.85% ~15.95% ) , % Sr(560 x 10 ® ~692 x 10 %) 4& Y(11.4 x107° ~12.9 x 10 %) #= Yh(0.99 x 10 ° ~
1.09 x10°%) |+ B A% 56 (La/Yh) y WA (27.8 ~34.3) #3565 §i Fu %% (8Fu=0.77 ~0.95) , 4.5 U-Pb M &2 £ 4
234.1+0.5Ma, F AL B R T4 LT, 25 H B4R EFHHMZ T K,0/Na,0 > 1,3 Mg (59 ~60) .Cr(69.1x107°
~81.2x10 ™) A Ni(31.6 x107° ~36. 1 x10™°) , A E £ X B F % 644 (Rb.Ba.Th.U) AR 54 & % 3% L% (Nb.Ti.P) 4
A4, (TSt Sr); =0.7075 ~0.7077 644 (1) = =6.3 ~ =6. 1, T HILIZAZX FdbH 1.25 ~1.33Ca, 45 hEBH K ERR
TEMANEMEL THCHIIIER, ZEEHT w2 R RERAPRPUR KB AT BLERER, FELENTRRLE
M Fe AR 3; — B MR FAFAE AR TR A SRR RIE RS TR G HHBEERAENT IR M BREFELGER, B
e AT IATRARE D L e BidfE, BRALIH X TNRER EEBRTEDREALEFMERYE, TS &
AT F AR AR R E A £
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Fig. 2 Field and micro-photographs of the host quartz monzonite and MME in the Shehaliji pluton
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R1 FWMAFTRRZKE(CSZIZI) 35 U-Pb EFE SR

Table 1  U-Pb analytical data of zircons from the quartz monzonite ( GSZ12-9) in the Shehaliji pluton

Fi(x107°) Al 3 L 4EIy (Ma)
WA Th/U  200p, 207 py, 207 py, 26 py, 207 py, 207 py,
Pb U ey o Y lo 26 pp, lo T lo m lo W pp, lo

1 38 965 0.49 0.03717 0.00022 0.28319 0.00351 0.05526 0.00060 235 1 253 3 423 24
2 70 1646 0.44 0.03753 0.00032 0.45524 0.01660 0.08798 0.00268 237 2 381 14 1382 59
3 59 1500 0.70 0.03668 0.00018 0.29711 0.00281 0.05875 0.00053 232 1 264 3 558 20
4 51 1313 0.58 0.03706 0.00020 0.27256 0.00244 0.05334 0.00042 235 1 245 2 343 18
5 76 1918 0.67 0.03494 0.00017 0.44388 0.00405 0.09213 0.00079 221 1 373 3 1470 16
6 46 1192 0.54 0.03695 0.00021 0.27234 0.00232 0.05345 0.00046 234 1 245 2 348 19
7 114 2620  0.61 0.03891 0.00020 0.51932 0.01033 0.09681 0.00184 246 1 425 8 1563 36
8 56 1476 0.63 0.03688 0.00019 0.27188 0.00229 0.05347 0.00043 233 1 244 2 349 18
11 58 1497 0.80 0.03685 0.00021 0.28288 0.00281 0.05568 0.00046 233 1 253 3 439 18
12 57 1467 0.68 0.03718 0.00023 0.30030 0.00355 0.05858 0.00053 235 1 267 3 551 20
13 50 1309 0.63 0.03699 0.00021 0.26291 0.00228 0.05154 0.00039 234 1 237 2 265 17
14 40 1071 0.50 0.03701 0.00020 0.27195 0.00242 0.05329 0.00047 234 1 244 2 341 20
15 54 1397 0.59 0.03709 0.00020 0.28805 0.00259 0.05633 0.00054 235 1 257 2 465 21
16 50 1307 0.55 0.03712 0.00021 0.27943 0.00264 0.05460 0.00044 235 1 250 2 396 18
17 43 1158 0.47 0.03675 0.00020 0.25503 0.00217 0.05033 0.00041 233 1 231 2 210 19
18 45 1207 0.58 0.03661 0.00019 0.26331 0.00224 0.05216 0.00042 232 1 237 2 292 18
21 46 1231 0.64 0.03686 0.00019 0.27681 0.00241 0.05446 0.00045 233 1 248 2 390 18
22 49 1285 0.61 0.03699 0.00021 0.25970 0.00231 0.05092 0.00041 234 1 234 2 237 18
23 54 1386 0.76 0.03716 0.00025 0.33168 0.00538 0.06473 0.00079 235 2 291 5 766 26
24 44 1181 0.52  0.03714 0.00022 0.26952 0.00229 0.05262 0.00042 235 1 242 2 313 18
25 33 900 0.49 0.03666 0.00019 0.26923 0.00321 0.05327 0.00060 232 1 242 3 340 26
26 55 1462 0.55 0.03689 0.00021 0.25190 0.00226 0.04953 0.00040 234 1 228 2 173 19
27 44 1183 0.54 0.03703 0.00020 0.25426 0.00255 0.04979 0.00046 234 1 230 2 185 22
28 66 1866 0.31 0.03709 0.00020 0.25109 0.00229 0.04910 0.00040 235 1 227 2 153 19
31 42 1182 1.95 0.03773 0.00020 0.45303 0.00415 0.08708 0.00075 239 1 379 3 1362 17
32 43 1138 0.55 0.03738 0.00021 0.34008 0.00371 0.06598 0.00061 237 1 297 3 806 19
33 58 1544 0.74 0.03700 0.00020 0.29498 0.00319 0.05782 0.00051 234 1 262 3 523 19
34 40 1103 0.54 0.03711 0.00020 0.25268 0.00351 0.04939 0.00055 235 1 229 3 166 26
35 37 1012 0.47 0.03739 0.00021 0.30174 0.00549 0.05853 0.00091 237 1 268 5 550 34

TOTER ST E v B R 2 () M B 72 5 77 5 R
FH Y T SR, R Agilent7500a 4525 1A T 15 /X (1CP-
MS) W2 , 43 Bk BE B T 5% ~ 10% , B4 5 1 e i Fe 5 0
Gao et al. (2002) , 4%+ Rb-Sr Sm-Nd 1194 55 $2 4li 78 b 50 Kk
e 1L 5 TR R R B S 0 SE A, AL R
BT 5T IR A0 2 55 90 2 A A Triton B ER B I3 AW
(TIMS) 43 5E B, M2 B9 Se/* Se A Nd/™ Nd. AR 43 51 %
FAYSe/%Sr =0. 1194 F1'* Nd/'“* Nd = 0. 7219 47 JFi & 4084

WE T HATE Sr E BRbR E NBSO87 45 1Y Sr/% Sr = 0. 710234
+£0. 000008 (20-,n =5) ,Nd [EFEAR#E LRIG 25 ' Nd/ ™ Nd
=0. 512192 +0. 000005 (20 ,n =5) , $40 5 F W 5 b7 i BCR-
2 245 ¥ Sr/% Sr = 0. 704993 + 0. 000006 (20, n = 6),'* Nd/
“Nd =0. 512632 = 0. 000002 (20, n =6) , FE4H Y Sr-Nd [F iz
FOorHT AR Li er al. (2013) , 225 3 s 25455 T
#2,Se-Nd [FIf REHRII T3,
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K2 EMNTAXRKETERLR (W% ) HEMHLTE( x107°) HHER
Table 2 Major element (wt% ) , trace and REE elements ( x 10 %) of the quartz monzonite in the Shehaliji pluton

Fefn s GSZ12-5 GSZ12-6 GSZ12-7 GSZ12-9 GSZ12-10 GSZ12-11 GSZ12-16 GSZ12-17
Si0, 66. 88 67.52 67.42 66. 57 66. 75 66. 87 66. 07 66.79
TiO, 0.48 0.45 0.44 0.42 0.45 0.43 0.42 0.47

Al, 04 15.02 14.85 15.03 15. 89 15.38 15.36 15.95 15.09

Fe, 0} 3.22 3.04 2.93 2.81 3.01 3.00 2.89 3.20
MnO 0. 06 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05
MgO 2.39 2.20 2.12 2.08 2.28 2.22 2.19 2.37
CaO 3.02 2.78 2.84 3.15 3.01 3.07 3.16 3.11
Na, O 3.53 3.47 3.57 3.74 3.55 3.63 3.76 3.61
K,0 4.08 4.19 4.12 4.00 4.22 4.04 4.18 3.92
P, 05 0.18 0.17 0.17 0.16 0.18 0.17 0.17 0.19
LOIL 0.65 0. 80 0.83 0.65 0. 65 0. 68 0. 68 0.71
Total 99.51 99. 52 99. 52 99. 51 99.52 99.51 99.52 99. 51
Mg* 60 59 59 59 60 59 60 59

A/CNK 0.96 0.97 0.97 0.98 0.97 0. 96 0.97 0.95

Li 67.5 65.4 63.6 56.4 58.7 58.4 52.3 67.5
Be 3.56 3.48 3.63 3.88 3.88 3.82 3.50 3.59
Sc 7.48 6.99 6.70 6.55 7.13 7.14 6.99 7.53
v 53.3 50.5 49.1 49.4 51.6 51.7 50.1 53.7
Cr 79.5 73.5 69. 1 69. 8 74. 4 75.1 74.9 81.2
Co 9.63 9. 06 8.80 8.88 9.33 9.43 8.94 9. 68
Ni 36. 1 33.1 32.0 31.6 34.1 33.9 33.0 35.5
Cu 3.57 3.02 3.23 5.04 5.71 4.44 3.76 4.67
Zn 38.9 35.8 35.3 37.9 40.6 40.2 37.3 39.8
Ga 18.3 18.2 18.1 18.7 18.5 18.6 18.2 18.9
Rb 137 143 140 145 153 146 138 135
Sr 599 560 588 660 613 614 692 602
Y 12.9 12.3 11.5 11.4 12.7 11.7 11.9 12.6
Zr 185 177 163 151 161 164 157 182
Nb 13.5 13.3 12.6 12. 8 14.5 13.4 12. 4 13.2
Cs 6.75 7.47 7.41 14.2 14.5 14.2 8.98 6. 89
Ba 1283 1193 1238 1481 1537 1447 1594 1151
La 48.4 47.9 40.9 42.5 44.1 43.5 38.4 42.4
Ce 85.8 85.5 73.0 74.8 79.6 76.2 72.9 77.0
Pr 8.75 8.62 7.46 7.51 8.27 7.86 7.22 7.90
Nd 29.8 29.0 26.1 25.1 28.1 27.0 25.1 27.9
Sm 4.75 4. 66 4.09 3.92 4.53 4.25 4.30 4.45
Eu 1.07 1.00 0.97 1. 06 1. 04 1.02 1. 10 1. 04
Gd 3.32 2.94 2.80 2. 64 3.22 2.79 2.86 2.95
Th 0.44 0.41 0.38 0.38 0.42 0.39 0.38 0.42
Dy 2.25 2.25 2.00 2.00 2.21 2.04 2.10 2.20
Ho 0.41 0.39 0.38 0.37 0.40 0.38 0.39 0.39
Er 1.16 1.15 1.04 1.03 1.20 1. 06 1.08 1. 06
Tm 0.17 0.16 0.15 0.15 0.17 0.15 0.17 0.16
Yb 1.01 1.04 0.99 1.02 1.09 1. 06 0.99 1. 06
Lu 0.15 0.16 0.14 0.15 0.17 0.15 0.16 0.16
Hf 4.77 4.59 4.32 4.01 4.25 4.28 4.13 4.69
Ta 1.25 1.28 1. 19 1.36 1. 64 1.45 1.26 1.25
Pb 35.7 35.8 35.4 42.7 42.3 41.3 41.7 34.6
Th 23.6 27.17 23.9 23.5 24.5 22.9 19.0 25.9
U 2.39 2.23 2.20 2.11 2.25 2.00 1.91 2.41
St/Y 46.5 45.6 51.3 57.8 48.1 52.3 58.3 47.6
SEu 0.78 0.77 0.83 0.95 0.79 0. 85 0.90 0.82
(La/Yh) y 34.3 32.9 29.5 29.9 29.0 29.4 27.8 28.6

TE: Fey 05 Ryt N ARFRBRR A brifi (b
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K3 FMAFTRAEIKE Sr-Nd R REM

Table 3 Sr and Nd isotopic compositions of the quartz monzonite in the Shehaliji pluton

R YRb/®Sr s 20 (YS/%Sr); WSm/™Nd O NA/™Nd 200 (UN'ND), eng (1) tpy(Ga)
GSZ12-7 0. 6873 0.710044 27 0. 7077 0. 0943 0.512155 3 0. 512009 -6.3 1.27
GSZ12-9 0. 6347 0.709657 14 0. 7075 0. 0939 0.512168 6 0.512023 -6.1 1.25
GSZ12-10 0.7226 0.709947 9 0. 7075 0.0971 0.512167 3 0.512016 -6.2 1.29
GSZ12-16 0. 5760 0.709405 7 0. 7075 0. 1031 0.512182 2 0. 512022 -6.1 1.33

TE: LA 234Ma 4T [RI FE W HR FU AL TE ;¥ Rb/%0 Sr "7 Sm/' Nd He AR I ICP-MS 1175 (1 Rb St Sm (Nd #5045 5 (M7 Sm/ '™ Nd) py =
0.2137, ("Nd/™Nd) py =0. 51315, (" Sm/ "™ Nd) gyur =0. 1967, (" Nd/ "™ Nd) ¢yup =0. 512638

206Pp/ 238

0.040

0.038

0.036

0.034 A

0.032

Mlihg GSZ12-9
“ ARZKAE

Mean=234.1£0.5Ma
(n=25,MSWD =0.96)

L 1 1 1 L
0.4 0.5 0.6
207Ph/ 2351

(=]

B3 SIS A0 —ROE RS A BB A PRE S U-Ph 4R AT

Fig. 3 Cathodoluminescence images and U-Pb concordia diagrams of zircons from the quartz monzonite in the Shehaliji pluton
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4.1 $A U-Pb ERZE

X i 0 A 0 AR (RS GSZ12-9, SR FEA
35°2648.2" N,102°25'41" E) 4385 (%5 4 9547 7 U-Pb J4E
A Z 58 AE-F AR, KEA T 70 ~260pm, K58 LA
F2i1~4 01, BH WA RIRG A, 0 &l B
ANE(E 3a) . #A Th/UEALF 0.31 ~1.95, 8 KA
F Th/U <0. 1 {2 B 41, i F B (19 2 9 55 41 (Hoskin and
Black, 2000) . 29 AN s i, Sl 4 A3 B3RS A il 2 I A
HoAr 25 AN ALY Ph/ 2" U AR IR (EAE (L F 232 ~ 237 Ma, JINAL
S 234, 1 £0. 5Ma( MSWD =0.96) ([ 3b) , iZAE I 154
WA A AR T T =& SRR B ARER T AR R AL
I EAw

4.2 FEMHETRRHE

8 A B R R A 2 AT B I Si0, (66.07% ~
67.52% ) Fl AL,O, (14.85% ~ 15.95% ), 7F TAS [ f# (&l
da) P BRI EERHRE R OR KA SERNKEZ
P, 5 A I ) S 22 AR IE— B R

HaFNFE B A T 0.95 ~0. 98, A/NK-A/CNK [Elfi#: (|&] 4b) v i
REIRE AR KSR TIREEUE A . K,0-8i10, & F(
de) FEFBITE A R AR B R 5, HH K,0/Na,0 #HKF 1
(Bl4d), fEfEEITE T, ™ IHE AR KABEAR S
B+ e E 4= (SREE =157.1 x107° ~ 187.4 x 10°%) , Jf
HAERRR B A AR AL B e R EL 4B L (B 5a) , i A A
IR BN AR — B AT EOT- IR I £ R e AE X 4 1T S AR
FAIX S, Eu BH ORI B H R 8RR R, 7ER
GG bR AL ik 1A 1 (B 5bh) & s m R KA e
£ Rb.Th U K Sr ifiAHXS 5 5§ Nb Ti P 5 ZAFE, 57 IE
FABOIUERCA IR BN —B M ER L 6), &
Tt AR KA o E s — B Si0, BRI,
REH TR R LKA B ELA(IMEEITE SO, Ti0, .
TFe,0, MgO K,0, KB FEAILEILE Rb, 7 u & HY
FIAHZTZE Cr.Ni Co) , T Al,0, .CaO Na,0 Sr.Eu. Ba |
7 AN TRV RR B2 BRI , DA A A — e B B P RHC A 4 B 445
TR, A A R E 1 MO (2.08% ~2.39% ) (Mg
(59 ~60) } Cr(69.1 x107° ~81.2 x10™%) I Ni(31.6 x
1070 ~36. 1 x107°) | 7% 55 2% % 51 T ok 11 6 5 4 I Ay o 2

HM A AP K B B Sr(560 x 1070 ~ 692 x
107°) MR Y(11.4%x107°~12.9 x10 %) 1 Yb(0.99 x10~° ~
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Fig. 4 Classification diagrams for the Indosinian high St/Y granitoids in the West Qinling
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element spider diagram (b) for the

Indosinian high Sr/Y granitoids in the West Qinling

1.09 x 10°°) , AR 9 (La/Yb)  Feqf(27. 8 ~34.3) Flfsk
9095 Eu 58 (8Eu =0.77 ~0.95 ) , 5 BRI K v 4 i) Hh Bk
A2 RHE ( Defant and Drummond , 1990) %8 A, (HAS =
RS2, DR A B8 2 2B T A s T G 1) 358 328 ot I 94 1k 3

W& £ ( Defant and Drummond, 1990; Atherton and Petford,
1993 ; Rapp and Watson, 1995) , R4 & Bl ¥ 1K 7 54 (i v
REBRIB ) (LS B O R I, (8 H A T AN 1 &
FIHLRATAAAEAR R (B /I 45,2002 5 5K, 2011) o Hif A
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Fig. 6 Harker diagrams of selected elements for the the quartz monzonite in the Shehaliji pluton
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Yb)  FL{EHEIZ 07 T3R8 v a K2 A0 iR SR 5 Sr/Y 465
KSR VE A S ICA Au sl B RHE . 594 T2
bk} W B2 IR T 45 (224 ~ 207Ma, Zhang et al. , 2007h;
Qin et al. , 2008, 2010; Z=ff i, 2010) , IR Sv/Y 46K
#+(223 ~216Ma) 1Y Y 1 Yb 12 B AR 5 0 Sr/Y A ) @
FARMECE Ta, b) 6B & BT AR (R AR A1 B
PRI B IR XAFAE_FATREH AR —B, N ETTRIHERE (K 4),
PEZR IR EN ST Sr/Y 465 5 B i A=A AT A AU AR R, B
A BIMRRERE S T8 AN KA B K A X > Ah, R 2 5oRE 1
W FASE R A 5 N KA Z ], Bk R T AR -
SSL AR TR R AR B R B, AN, S A T A KA
i FICRMAAA TR S5 2 Sr/Y 165 5 5k Al
), B BAR TR & Sr/Y R, o R e v R &
F(ES5),

4.3  Sr-Nd R =4HE

A ST ATYE KA Se Nd RIS 24 A R —,
4 PERE S (Y S/%Sr), =0.7075 ~0.7077 £y, (1) = —6.3 ~
=6. 1, TSRS (1) N 1.25 ~ 1. 33Ga, R W H K
FAIX T Z M EEY T, 1 e (1)-(TS/*Sr), B (&
8) ,FEAN Y Sr Nd [a] 4y FFRAE 5 B KR = & S/ Y XA
HIZEAR K, 5P ZE 04 HAAE 5 25 O (P Se/% Sr) | S i el S AR
EA L HBHRARR T AR I I A R TE R
ENSZ 3 08 o o 2 43, B 5B K E FH RS L LA (Li e
al. , 2013) IR, &0 ) A e A BT 2204 B S
FLABAE 5 T 1R P i) MME R 300 TR L3 -l 3t 8
FEPET e R IR G Mk b, iR s R AT g S e ig
FIRAGEHBEIIMX,

4 sl BRI O B AES/YIE K5 (248-238 Ma)
2 _(250'\/'3)\ AR RESI/YIE K H(223-216 Ma)
@ K+ m(234 Ma)
0 76 2 U4 17 46 5 3% 17 € FRMME
= 2 FRIGIESSIIYRRE %
= (248-211 Ma)
w -4 ) T LL T /
Can ) ’ i |
5L ¢ Y Whagt EFEEHR LS
6 Y ey (234 Ma)
ey W /
=8 P\
Lo —>
10} HE T {5 w3 AR
<12 1 ! I | ! | I | ! | 1
0.703 0.705 0.707 0.709 0.711 0.713 0.715
(¥7sr/®8sr),

K8 PHZRISENIIE N ey, (1) -(TSt/*Sr), [Elfigt
Bl I QLI RBHEVE A (Li er al. , 2014D) 2 F5 B
A (Liet al. , 2013) ; PHRIA N K A8 N K i MME ( Qin et al. ,
2009; Luo et al. , 2012; JgN4E5S, 2012) ; PHZEIE R Sr/Y 4E
B e (B 5K EE, 20065 Zhang et al. , 2007a; Qin et al. , 2009
TEMARSE | 20125 Luo e al. , 2012; B4, 2013)

Fig. 8 &y (1) vs. (¥St/¥Sr), diagram for the Indosinian

igneous rocks in the West Qinling
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5.1 BAAEKE

B I A9 RS B PR R |l BB R A
K, 0/NayO #55F 1, LUEF 4 Rb Th U K Sr A%t 545 Nb.,
Ti P R EIARE, (7 St/*Sr), =0.7075 ~0.7077, &4, (1) =
-6.3~ —6. 1, it T BYAE R B REAE , I 78 HL 5 T Rk
AR ER AR . A BB T A AR IS (1. 25 ~
1. 33Ga) Mgk — BRI H a8 A oot (R e o i, — 80T
PO BN AL A2k B T e h-Hoe AU m AR Tk
AR KGR IAIR ( Zhang et al. , 2007a; FKpES7 4, 2008 ;
Zhu et al. , 2011; Luo et al. , 2012; FEiE K4E, 2013) , 4RI
TEAa el b, &0 1 A3 K os B B R MgO
(2.08% ~2.39%) . Cr(69.1 x 107° ~81.2 x 10™°) F Ni
(31.6 x107° ~36.1 x107%) , H: Mg" (59 ~ 60) 11 B i@ 5 T 5
Pl S 56 b 75 2 15 1 (Mg® <46, Rapp and Watson,
1995) , Sz e FE IR X 30 A7 7E 08 IR 4H 4 i A (1 9a) o 7E
ena (1) -(7Se/%Sr) ; Pl e (161 8) Bt g Sr-Ndl [7l iz 32 21 A
T DASRFLIEPE- R A AR (W 0 R 20 43 5 B PR T Hise 2
PRGN, 2R A S TR A KRG IR, A A
e MME B8, I B R & RS %A (F 2a) 4
RN AFIR B (8] 2g, h) BEPIRBE IR A7 (18] 21) 254k
P TRVRE U8 B B PR 5 2 R S A 2 UTHE 3% ((Wyllie
et al. , 1962; Barbarin, 2005) , X8 [ 78 EJ 37 B0 7™ A %
PR (R 45 ,2010) BN (Tuo et al. , 2012) ,
MRS T AR IR GEM WAL, BT ERAESTE
EAF R A A IR I DL E BT R Z M TR R s
ERIRE Y EA LI EK ( 6) (Barbarin, 2005 ;
Jiang et al. , 2010) , AT RESZ WL T A3 IR A LLE 4]
CARFERY], & R B S TUA I (4 Fok 7, erystal
mush ) 38 H &R K, RAA 2 2SR iR a I i HbE Rk ak
PR A MM AR A RRIRAF R0 AR AR )
(Burgisser and Bergantz, 2011; % FHAE4E ) 2012) . H i, #4
ROV P B R o 95l ot A T A KRR AR IR e B, SCRB A2 el
IR P R A RN A R B , 1 T LA S 3t s ) PR
FLE 4K (unzipping ) 1% 43 #) — 4k ( Bachmann and Bergantz,
2006 ; Huber et al. , 2009 ; Burgisser and Bergantz, 2011) , 4
WA AT EA A B S (B 2b, o, d) FIEAE
Tl JBR s A RDTRH A B (8] 2, ©) DI 70 Y 3X 2207 1)
A T ER SR, A H R (25vol. %o ~ 40vol. % ) A K AR
ZAPUE 1 R A ST EGE S0vol. % ) HARL 2 DL R M R 7E
FPEA A Z AT R R B 2 AR K (Huber e al. , 2009; %
MRARLE, 2012) o o —Jr I, BARIZCE M 8 T ARE R (Y
A0km® ), EL DAL 25 0 o A 8 0 B 7% £ R e 2 —
A E A g . — 38 REE 43 A B4 A Sr-Nd [6] o7 3% 4
B, A PR, S s A R R KR A R
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WA, S0 135 A9 KA TR R B BESS AL W AR AT fiE
REFIRGEN —Fh 3, —SepFRIRih R TR
YL AR T R R IR M DU AR, T o R R B B R T AT
FER WA E 2 A R A B i B R b AL T
VEAFIRARES T IZ AR A R Tk A 9 ) 253 sl 8 ok e
TRZH 43 LA RHE A 5 Sl 384 A 1008 =X (B ERBEZL 1) ) 45 b 1 ok
( Nekvasil, 1991; Eklund and Shebanov, 1999; Baxter and
Feely, 2002; Wang et al. , 2011b) ,—E(F& M /135 A HY
WS RHE A (K AR B R TE ) AS B I 1ok 45 ) sl ik il 25
MR AL AE R . A8 5 i 3 A Fom SR A2 AR
KABHE 6 AR Y, B Si0, MImsiTH i, 245 Eah S5RHC
AT ARSE R AL O, ,CaO Na, 0 Sr Eu Ba % i 1 52 PR AR
B LUIIERIR G Z R RAE T —EREN LR
KA b ERr s g .

5.2 BEHRIRE SUY KA EMNIREFFE

5B A7 45 (2008 ) | 5K 25 (2009 ) K B 55 AR 5B
(2009) B FEIN A P23 U B SR 23048 B4 2 B T IR 1A o s
o B SRR AR B HE T4 M D 2R 0 A B S 22 D i
2B M TE I EE S A QAR A ST BT 111 A S BT 2 I b
RIZRE AT K 60km (1527 L 55,2014) o SRTMTUNEE 7 R, ix 26
i St/Y AE B e 5 LRI e T BRI R 2 0 Y B S
JBRIK v e AT A 2 2200, 58 R BUAE Sv/Y R R G 1 T
Yb B g R LR A AR R AL S PR 2 5 B EIUA
A XY & REEDFFEIE £ A = St/Y fll La/Yb
ORI g A 0 F AN AT ME— 1P, T 5 2 0 v EE A b 0 5
WE A ) T - 50 3R I A8 T B P ol A AR 1 A B A LA
LeRIK v ) A4 b (57 A 48, 20025 Moyen, 2009;
B MK, 2010) o He et al. (2011 ) 3 i X R 51 i L4y
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JERETE L b 5 2SI RS — 0 ds I, IR B B BT T 52
( >50km) JE LAY AE R A AMHEA R 19 St/Y St/ Ca0 | (La/
Yb) . (Dy/Yb) il Nb/Ta F{H, ifii H.iX 26 HAH 22 8] 77 75 5
FRYIEFSEOE R, B2 X T HAL = Se/Y Fl La/Yb B (40
FACIR YL NS B 25 i Seng A SR A AR IR IX ) T IE 7 Hise
HVRAE A T EARAE . RE, JRR & Se/Y fE i A3
Y FH 4 A B 5K (B Sa) WARORIE G AE IR L w0 RE
BT A Sr/Y AR A Y S, CaO & iR b 5 s
T HbFE SR TR W AE B A KAHARBE (B 9b) , H Sr/Y 5 (La/Yb)
FME BRI L — 2 1Y IEAH SS(E AR SR ] WA/ (I8 9¢) o 7E
Nb/Ta-Zr/Sm Elfrh (18 9d) , FU 04 Fr A i St/Y 465 A
mn UL BT T ) DRl X3, T O 28 (& &40 A ) REA I
A, 31X 5 (La/Yb) y-Yby B (Bl 5b) i Fh 583 (& 10% A
RRAET) #8 DN 25 Ji oty 20 77 37 2 ARV 7k R R ) s ot 2kt /22
—HW, EAEEOAMEEE S TR 1. 5GPa ( Xiong e
al. , 2011) , #E PG 22054 BRI Sr/Y 76 i 2 g VR R N %
NG 50k, PRITT HL B PRI o R K 1T i 5 AV # AH T H e
PIIE R SHRITA 56 BEAb, S EEAE < 2 25 1) Sr-Nd [/ 2 4l
5 A1 R 4 43 X5 B e (&1 8) , RIREHERR T 3 Sy
FRIESR A JL P52 0 S vl B, 3 55 G 2206 B0 3 30 = 4 45
BRPEAE B 27 25 R ] g a0 2 K 40 5 4 b T A ) 4 3
(Zhang et al. , 2007a) &—EHY
HEWRHHE AR KA P RSN S & (692 x
10°°) A 1 1 Eu 5% (8Eu = 0. 95) — & W X rh A}
KA H5R R NIRRT Ze/Sm HEAE AR I AELAH X
¥J—f Nb/Ta LU AH (& 9d) WIS 7R A TN A 2 VR X 5ol S
HIT H) (Foley et al. , 2002 ) , W& G A7 1Y) 2 4 1= 43 A (&
Ta) BAKH Y(11.4 x107° ~12.9 x10 ") F1 Yb(0.99 x 10 ¢
~1.09 x 10 ™) ¥R Uk B I X ks it e 22 3 1 > i A AR A 11
¥l (Rapp et al. , 1999) , B, FH A E AR _KARAE
ATREK A AR A A AT ML FE 3B fa il 25 iR A IR
SV (Zha et al. , 20115 F53%45, 2013) (& 8), LA
AR K A (XK-23, Mg® =67, Guo et al. , 2012) T fIfL
R I M A A, L Bk % A (Rapp and Watson,
1995 ) T IR FEPEZEIE T M7 4 4 (Zhang et al. , 2007a) , 38
I ZICIR AR (& 9a) R, & 6 XA 1E 1. 6Gpa, 1000°C
Sl T U S5 ek 1) 8 5K o S P 5 e A5 4% ( 8 Fh
HeMEF ) AR A BAR T LU VE B 18 — 285 S/Y fEK
A EBERHE  (HXT A I A KA A B
15 Si0, A Mg® (9 B] AR RE i, 75 22554 5 Mg ( ~90)
FIEIEAK I S5, WX AR LISCHL, Qian and Hermann
(2013) Fe Hr Sc B R W, BE M F ML 72 7 1 ~ 1. 5Gpa, 800 ~
900°C [ 5514 R e HE 10% ~40% (3055545 il BV T T i 8 35 o
(5 St/Y il La/Yb) S 44, B /R T 7F Hb 58 R IR (0 35 38 7
AN—E BB ER H5E (> 50km) , G1E 9a iR,
PIFEPE T b 7e7E 1. 25Gpa 800 ~ 900°C 2% 14 J% B (1 1 A A
SRR IC I T AR A it 2k, ) 500 22 04 B S Sr/Y
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LR A 5 S0, (5 Mg RRAEF WA o ke Al 2% 1 T 1 5%
BB WG R IR A - AR RRORE A A, I B S B R 1
Yb &b T AR IA T 4 ( Qian and Hermann, 2013) ,3X
SRy 5 4 5 P 2RI BN SN Se/Y 4B R A R R 2L PR
TIX B Y 5 A B VR R 2 30 ~ 40km ( Drummond et al. ,
1996) . MELII R Sr/Y 4k b4 5 2 B AT 5530 8 BT i 4 i (1
4b) KF , PUZRIE N i 7E v A7 7 A8 e e = T RE Y .
BEAb, V2RI BN S Sr/Y AER A K,0/Na, 0 Z KT 1, 4R
AIRES W TR S PR A JE R ( Zhang et al. , 2007a) , AN A
HEBRH B SRR IE T BESZ 2 1 5 S AR AR Y — 2 S

5.3 SRR
SR T 2R 04 T L B S B A 38 T A (8 RIF S R )
A XA 54 T A A R 3 X & Az Bl -Fli
TR I PRI R — B AR SR i e, T e B % T 2R
WIS AL 40 2 (4 B PR T8 1 5 IA I, Zhang et al.
(2004) Meng et al. (2005) 1 Li et al. (2013 ) A AL Ak
541 BORAEZRIE iy X 1400 B Bl 8 T AR A A A = R
99, W47 T BRI A Ak 1) A0F i RN RSS 44 27 D0 PT g 3t J T K
M 2R 1) P4 il A8 B9 2 (Liw et al. , 2005) o 73 h—SEAF
FENIN g Z2 0 385 1L B[ SR B4 6 S8 W T Rl J B A5, G
TSR AT B85 0 b R A T 8 R A BRI E A G (KRR
&5 20065 KR STAE, 20085 Luo et al. , 2012) , #%ifT, Jiang et
al. (2010) $i i g Z2 U8 BN STHAAE i 2 h b 1) 1 4R 2 Ak 1 35
A RE S AR A B4 3L Croll-back ) A7 5G , Ff- I ot A 4 i i
1«35 17 A BT AR 5 AR R AR PR AE 2R 4 b X (1Y
Rl Y 0 08 T K IX, FT B K AT ~ 211Ma, WNE &R
FRIAE b ORI A2 AR 25 ROR AR, 22058 T 11121 46 14 25 4R B I
FEI A (228 ~200Ma, Dong et al. , 2011), 32 B 8 00k
BRTADIR 7310 7E AR ZR IS RN P Z2 08 1 AR 8 B g ARt IX., HL A5
A A 25 10 b ORI - H A R AR 545 28 YT BB £ (224
~207Ma, Zhang et al. , 2007b; Qin et al. , 2008, 2010; Yuan
et al. , 2010) FEA—F([&] 1b) , X W57 BN TR AT BETE T A1
RN 2 o AT, 2808 3 LAty B0 S48 1
(264 ~234Ma, £ T 248 ~234Ma ) ) 32 2 52 2 P 43 A7 76 74
ZRUS VAL DX, FLA R -8 Rt o AN (VR BE ) 2 Ll s (250 ~
234Ma) 522 A 30— B AN R] T B SR I AE 1 B
7R T BN SRR b e B MR IR 5, T AR SRR
JE R RLIRAE 3 DIAE K
T LR S MR PRBEAE B 58 T T TR E
sehriE A H 2 )8 T A B RG A, 0F 22 A IR BEAL K
(Haapala and Ramo, 1999) | i &0 717 A1k (234Ma) B R E
PPREEM (HAF 250 T BB R &, Bu s WIF AR, 5TE
BT B (Wernick et al. , 1997 ) FJ5 48 (205 3 1) PR
(Wang et al. , 2011b) FUIRBELERI AL G B AL, [RIAT, 4
W 7 R T LR AR A R - M S (£ 45 4F, 2010,
Guo et al. , 2012; Li et al. , 2014b) , 3 5 BELE M6 %) 5 0
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SIEE A (RS s JEREE ) BT i A (Rams and
Haapala, 1995; Eklund and Shebanov, 1999 ) J&—Z( ], X Ff
AT RE A T ) SRR A 14 R T PR AT T R
JE AR ZE DT DL o A i s DX R B sRAE A AT
HRTRZHFF0 AN, Pa 2204 BN S R K < 1R T BB TR I TRl
SR (4R 55, 20055 BB ML SEH], 2009; Guo e
al. , 2012; FHFPFEEE, 20135 Li et al. , 2014a, b) , i EJ =2 i3
AEREMC S T KRR S (Sun er al. , 20025 Qin et al. |
2008, 2009, 2010; Cao et al. , 2011; Dong et al. , 2011;
Wang et al. , 2011a; Zhu et al. , 2011) ,iZ#E1S 5 XTI
HE T EE R FA—3 (Liu et al. , 2005; Meng et al. , 2005;
=54, 2012; Liet al. , 2014¢) , AN, RECRK B
BEMEA 4R (251 Ma, BE RIS A5, 2011) , LRGEIE T B R 45 K- 1
WEASL IS 7 14 B 2 0 ) 2 FEAE 10 TN K (248 M, Yang et al.
2014) FIPEZRIG 5 5 EEE & 1L A (234Ma, Liet al. , 2013) 4
YR Y BT 2 F U Sph  E GAE R-rh =B R T, B,
FATIN Ny, = B 20 T 300 v 5 412 07 1 5 0 o b ) R 9K el
(oM B JG i, 121384, 20125 Li et al. , 2013; Li et al.
2014c¢) AR AT RIS B T 1 Shklisg 9147 HLC 25 0 iy b X )
SRR, AT R BRI IR E T 2L W
BV - ik R R R B B S R LR AE G
Li et al. (2014¢) f5 3 DAl 7K 3 S 0 AR B0 45 15 AR 1) A 5 —
A, B3 R AR T BEAR R T U B vk f s i A 2P
F19F,

Mt AR A - = S L L, o AR 20 1 b e R e
TRl VG 22 U AL I 184 A 36 L (=) 3846 ,2012) W BB IS I 1 7 22 0
Hu7e i 3E 2R B ANHT AR R R AT BEAR 2 R K, =
B P A AR 32 1L P RT i S S0T Sl el Al ) 2 — 2P
B NE (BAE R AE,2013) AR R R BIAE 2R 08 R 1 b e
AV -H A2 & B T IR H 58 R R A 3R 38 5 AR K A
25(224 ~207Ma) , 357 M B 72 2 B B £ 3 50km ( Zhang
et al. , 2007b; Z={i R4, 2010; ka7 4%, 2008 ; Qin et al. |
2008, 2010; Yuan et al. , 2010) . MR COHrE &5 H, 7
ZRI B S0l SR 5 A (223 ~ 216Ma) AR AT RER A T 1A
FEAH T M AE A A R, R, P RIS AR BN S R R E
TR M Fe A YR Y B 3K v R A S I T AEAR G TE A —

A Ta) i

6 &5k

(1) I T35 A1 9 — AR T8 T 0 A0 s BB B
TR AR e = 7191 (234. 1 £0. 5Ma) .

(2) & i A0 AR T AR A I A AR Hure il
OMRERIIE B B R R S/ e S e IR B R R A TR
B ZJG 8 T — R ARHR A7 1 73 B 45 i

(3) PREESS 4 46 b 2 S e T DX Ak 5 U A o 7K R A, 35
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DAL 1A B LA U] BE-5 986 14 PG A AT A IFE R R o

(4) PZE 0% B S A B 4 28 (248 ~ 234Ma) 2 1l T i
eSO R PN IR S78: AT LN El A R PR a
B IS N HFeAR IR ARk v 1 AT

gt EEOTROITARRIRRMGE) M A 0B
P TR AT A5 B o 5 A2 (L) ARV 20 X st ) i
5 Se-Nd [F)3 3% i A BRAS 21 30 50K 24 R SCPE I 45 5 Sr-Nd
[l oz 2 M S A7 U-Ph A 23531045 21 2K Hest ™ )™ k5 e
H A KRS SR 0 1R 5 BF AT T ARG 2 o [ 3 iR
(AE50) AW A AR ARG Bl B 5 B B AR A e 5 A — 44 B
LA SCOIRAR T 2 5 SR B SO WL fE i —F
FORITH

References

Andersen T. 2002. Correction of common lead in U-Pb analyses that do
not report 2**Pb. Chemical Geology, 192(1 -2): 59 —-79

Atherton MP and Petford N. 1993. Generation of sodium-rich magmas
from newly underplated basaltic crust. Nature, 362 (6416) . 144
- 146

Bachmann O and Bergantz GW. 2006. Gas percolation in upper-crustal
silicic crystal mushes as a mechanism for upward heat advection and
rejuvenation of near-solidus magma bodies. Journal of Volcanology
and Geothermal Research, 149(1); 85 -102

Barbarin B. 2005. Mafic magmatic enclaves and mafic rocks associated
with some granitoids of the central Sierra Nevada batholith,
California; Nature, origin and relations with the hosts. Lithos, 80(1
-4).155-177

Baxter S and Feely M. 2002. Magma mixing and mingling textures in
granitoids : Examples from the Galway Granite, Connemara, Ireland.
Mineralogy and Petrology, 76(1 -2) . 63 -74

Burgisser A and Bergantz GW. 2011. A rapid mechanism to remobilize
and homogenize highly crystalline magma bodies. Nature, 471
(7337) : 212 -215

Cao XF, Lii XB, Yao SZ, Mei W, Zou XY, Chen C, Liu ST, Zhang P,
Su YY and Zhang B. 2011. LA-ICP-MS U-Pb zircon geochronology,
geochemistry and kinetics of the Wenquan ore-bearing granites from
West Qinling, China. Ore Geology Reviews, 43(1): 120 - 131

Defant MJ and Drummond MS. 1990. Derivation of some modern arc
magmas by melting of young subducted lithosphere. Nature, 347
(6294) : 662 - 665

Dong YP, Zhang GW, Neubauer F, Liu XM, Genser J and Hauzenberger
C. 2011. Tectonic evolution of the Qinling orogen, China: Review
and synthesis. Journal of Asian Earth Sciences, 41(3): 213 -237

Drummond MS, Defant MJ and Kepezhinskas PK. 1996. Petrogenesis of
slab-derived trondhjemite-tonalite-dacite/adakite magmas. Transactions
of the Royal Society of Edinburgh-Earth Sciences, 87 (1 -2): 205
-216

Eklund O and Shebanov AD. 1999. The origin of rapakivi texture by sub-
isothermal decompression. Precambrian Research, 95 (1). 129
- 146

Feng YM, Cao XD, Zhang EP, Hu YX, Pan XP, Yang JL, Jia QZ and
Li WM. 2002. Orogenic Processes and Dynamics of the West Qinling
Orogenic Belt. Xi’ an; Xi’ an Cartographic Publishing House, 1 —
263 (in Chinese)

Feng YM, Cao XD, Zhang EP, Hu YX, Pan XP, Yang JL, Jia QZ and
Li WM. 2003. Tectonic evolution framework and nature of the West
Qinling Orogenic Belt. Northwestern Geology, 36(1): 1 =10 (in
Chinese with English abstract)



3268

Gao S, Liu XM, Yuan HL, Hattendorf B, Giinther D, Chen L and Hu
SH. 2002. Determination of forty-two major and trace elements in
USGS and NIST SRM glasses by laser ablation-inductively coupled
plasma-Mass Spectrometry.  Geostandards Newsletter-Journal — of
Geostandards and Geoanalysis, 26(2) : 191 - 196

Ge XY, Li XH, Chen ZG and Li WP. 2002. Geochemistry and
petrogenesis of Jurassic high Sr and low Y granitoids in eastern
China: Constrains on crustal thickness. Chinese Science Bulletin,
47(6) : 474 =480 (in Chinese)

Goto A and Tatsumi Y. 1996. Quantitative analysis of rock samples by an
X-tay fluorescence spectrometer (I1). Rigaku Journal, 13(2): 20
-39

Guo XQ, Yan Z, Wang ZQ, Wang T, Hou KJ, Fu CL, and Li JL.
2012. Middle Triassic arc magmatism along the northeastern margin
of the Tibet: U-Pb and Lu-Hf zircon characterization of the Gangcha
complex in the West Qinling terrane, central China. Journal of the
Geological Society, 169(3) : 327 -336

Haapala I and Rdmé OT. 1999. Rapakivi granites and related rocks: An
introduction. Precambrian Research, 95(1 -2):1 -7

He YS, Li SG, Hoefs J, Huang F, Liu SA and Hou ZH. 2011. Post-
collisional granitoids from the Dabie orogen: New evidence for partial
melting of a thickened continental crust.
Cosmochimica Acta, 75(13) : 3815 - 3838

Hoskin PWO and Black LP. 2000. Metamorphic zircon formation by
solid-state recrystallization of protolith igneous zircon. Journal of
Metamorphic Geology, 18(4) : 423 —439

Huang F and He YS. 2010. Partial melting of the dry mafic continental
crust; Implications for petrogenesis of C-type adakites. Chinese
Science Bulletin, 55(13) ; 1255 — 1267 (in Chinese)

Huang XF, Mo XX, Yu XH, Li XW, Ding Y, Wei P and He WY.
2013. Zircon U-Pb chronology, geochemistry of the Late Triassic

Geochimica et

acid volcanic rocks in Tanchang area, West Qinling and their
geological significance. Acta Petrologica Sinica, 29 (11) . 3968 —
3980 (in Chinese with English abstract)

Huber C, Bachmann O and Manga M. 2009. Homogenization processes
in silicic magma chambers by stirring and mushification (latent heat
buffering) . Earth and Planetary Science Letters, 283 (1 —4) . 38 —
47

Jiang YH, Jin GD, Liao SY, Zhou Q and Zhao P. 2010. Geochemical
and Sr-Nd-Hf isotopic constraints on the origin of Late Triassic
granitoids from the Qinling orogen, central China; Implications for a
continental arc to continent-continent collision. Lithos, 117 (1) :
183 -197

Jin WJ, Zhang Q, He DF and Jia XQ. 2005. SHRIMP dating of adakites
in western Qinling and their implications. Acta Petrologica Sinica,
21(3): 959 -966 (in Chinese with English abstract)

Le Bas MJ, LeMaitre RW, Streckeisen A and Zanettin B. 1986. A
chemical classification of volcanic rocks based on the total alkali-
silica diagram. Journal of Petrology, 27(3) : 745 —750

Li HK, Zhu SX, Xiang ZQ, Su WB, Lu SN, Zhou HY, Geng JZ, Li S
and Yang FJ. 2010. Zircon U-Pb dating on tuff bed from
Gaoyuzhuang Formation in Yanqing, Beijing: Further constraints on
the new subdivision of the Mesoproterozoic stratigraphy in the
northern North China Craton. Acta Petrologica Sinica, 26(7) : 2131
—2140 (in Chinese with English abstract)

Li L, Meng QR, Pullen A, Garzione CN, Wu G, Wang YL, Ma SX and
Duan L. 2014c. Late Permian-early Middle Triassic back-arc basin
development in West Qinling, China. Journal of Asian Earth
Sciences, 87(1): 116 - 129

Li XW, Mo XX, Yu XH, Ding Y, Huang XF, Wei P and He WY.
2013. Petrology and geochemistry of the Early Mesozoic pyroxene
andesites in the Maixiu area, West Qinling, China: Products of
subduction or syn-collison? Lithos, 172 —173; 158 —174

Li XW, Mo XX, Huang XF, Dong GC, Yu XH, Luo MF and Liu YB.
2014a. U-Pb zircon geochronology, geochemical and Sr-Nd-Hf
isotopic compositions of the Early Indosinian Tongren Pluton in West
Qinling: Petrogenesis and geodynamic implications. Journal of Asian

Earth Sciences, doi: 10.1016/]. jseaes. 2014.10.017

£ LFH/ 2014, 30(11)

Acta Petrologica Sinica

Li XW, Mo XX, Bader T, Scheltens M, Yu XH, Dong GC and Huang
XF. 2014b. Petrology, geochemistry and geochronology of the
magmatic suite from the Jianzha Complex, central China:
Petrogenesis and geodynamic implications. Journal of Asian Earth
Sciences, 95C; 164 - 181

Li ZC, Pei XZ, Ding SP, Liu ZQ, Li RB, Sun Y, Feng JF and Zhang
YF. 2010. Geochemical features and tectonic setting of the Laohegou
granite and the shaiziyan granite in Bikou block in Northwest
Sichuan. Acta Geologica Sinica, 84 (3): 343 - 356 (in Chinese
with English abstract)

Liu SF, Steel R and Zhang GW. 2005. Mesozoic sedimentary basin
development and tectonic implication, northern Yangtze Block,
eastern China: Record of continent-continent collision. Journal of
Asian Earth Sciences, 25(1):9 -27

Liu YS, Hu ZC, Gao S, Giinther D, Xu J, Gao CG and Chen HH.
2008. In situ analysis of major and trace elements of anhydrous
minerals by LA-ICP-MS without applying an internal standard.
Chemical Geology, 257(1-2): 34 -43

Ludwig KR. 2003. User’ s Manual for Isoplot 3.00: A geochronological
toolkit for Microsoft Excel. Berkeley: Berkeley Geochronology Center

Luo BJ, Zhang HF and Lii XB. 2012. U-Pb zircon dating, geochemical
and Sr-Nd-Hf isotopic compositions of Early Indosinian intrusive
rocks in West Qinling, central China: Petrogenesis and tectonic
implications. Contributions to Mineralogy and Petrology, 164 (4):
551 —569

Luo BJ, Zhang HF and Xiao ZQ. 2012. Petrogenesis and tectonic
implications of the Early Indosinian Meiwu pluton in West Qinling,
central China. Earth Science Frontiers, 19 (3): 199 — 213 (in
Chinese with English abstract)

Luo ZH, Chen BH, Jiang XM, Wang ZQ and Wang YH. 2012. A
preliminary attempt for targeting prospecting districts using the wide
composition-spectrum dike swarms: An example of the South Alatao
Mountains, Xinjiang, China. Acta Petrologica Sinica, 28(7) : 1949
- 1965 (iin Chinese with English abstract)

Meng QR and Zhang GW. 1999. Timing of collision of the North and
South China blocks: Controversy and reconciliation. Geology, 27
(2):123-126

Meng QR, Wang E and Hu JM. 2005. Mesozoic sedimentary evolution of
the northwest Sichuan basin; Implication for continued clockwise
rotation of the South China block. Geological Society of America
Bulletin, 117(3 -4) : 396 —410

Moyen JF. 2009. High Sr/Y and La/Yb ratios; The meaning of the
“adakitic signature”. Lithos, 112(3) . 556 -574

Nekvasil H. 1991. Ascent of felsic magmas and formation of rapakivi.
American Mineralogist, 76(7 -8) : 1279 —1290

Qian Q and Hermann J. 2013. Partial melting of lower crust at 10 ~
15kbar: Constraints on adakite and TTG formation. Contributions to
Mineralogy and Petrology, 165(6) : 1195 —1224

Qin JF, Lai SC and Li YF. 2008. Slab breakoff model for the Triassic
post-collisional adakitic granitoids in the Qinling orogen, central
China: Zircon U-Pb ages, geochemistry and Sr-Nd-Pb isotopic
constraints. International Geology Review, 50(12) . 1080 - 1104

Qin JF, Lai SC, Rodney G, Diwu CR, Ju YJ and Li YF. 2009.
Geochemical evidence for origin of magma mixing for the Triassic
monzonitic granite and its enclaves at Mishuling in the Qinling orogen
(central China). Lithos, 112(3 -4) . 259 -276

Qin JF, Lai SC, Diwu CR, Ju YJ and Li YF. 2010. Magma mixing origin
for the post-collisional adakitic monzogranite of the Triassic Yangba
pluton, South  China  block:
Geochemistry, Sr-Nd isotopic, zircon U-Pb dating and Hf isotopic

northwestern margin  of the
evidences. Contributions to Mineralogy and Petrology, 159(3) ; 389
-409

Qiu QL, Gong QS, Lu SW and Liu SX. 2008.
characteristics and geological significance of adakitic granitoids in
Xiahe County of Gansu Province. Gansu Geology, 17(3): 6 — 12
(in Chinese )

Rémo OT and Haapala 1. 1995. One hundred years of rapakivi granite.
Mineralogy and Petrology, 52(3 -4) . 129 - 185

Geochemical



WAETR S RSP M E S/Y LR B RO B RN FHF

Rapp RP and Watson EB. 1995. Dehydration melting of metabasalt at 8
~ 32kbar; Implications for continental growth and crust-mantle
recycling. Journal of Petrology, 36(4) : 891 -931

Rapp RP, Shimizu N, Norman MD and Applegate GS. 1999. Reaction
between slab-derived melts and peridotite in the mantle wedge:
Experimental constraints at 3. 8GPa. Chemical Geology, 160 (4 ) :
335 -356

Rickwood PC. 1989. Boundary lines within petrologic diagrams which use
oxides of major and minor elements. Lithos, 22(4) . 247 -263

Rudnick R and Gao S. 2003. Composition of the continental crust. In:
Rudnick RL (ed. ) .
Elsevier, 3. 1 - 64

Ruprecht P, Bergantz GW, Cooper KM and Hildreth W. 2012. The
crustal magma storage system of Volcan Quizapu, Chile and the

Treatise on Geochemistry. Amsterdam

effects of magma mixing on magma diversity. Journal of Petrology, 53
(4): 801 -840

Stern CR and Kilian R. 1996. Role of the subducted slab, mantle wedge
and continental crust in the generation of adakites from the Andean
Austral Volcanic Zone. Contributions to Mineralogy and Petrology,
123(3) . 263 -281

Sun SS and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes.
In; Saunders AD and Norry MJ (eds. ). Magmatism in the Ocean
Basin. London: Geological Society Special Publications, 42 (1) :
313 -345

Sun WD, Li SG, Chen YD and Li YJ. 2002. Timing of synorogenic
granitoids in the South Qinling, central China; Constraints on the
evolution of the Qinling-Dabie Orogenic Belt. The Journal of
Geology, 110(4) . 457 —-468

Wang HQ, Zhu YH, Lin QX, Li YL and Wang K. 2010. LA-ICP-MS
zircon U-Pb dating of the gabbro from Longwu Gorge ophiolite,
Jianzha-Tongren area, Qinghai, China and its geological
significance. Geological Bulletin of China, 29 (1): 86 - 92 (in
Chinese with English abstract)

Wang TG, Ni P, Sun WD, Zhao KD and Wang XD. 2011a. Zircon U-Ph
ages of granites at Changba and Huangzhuguan in western Qinling
and implications for source nature. Chinese Science Bulletin, 56
(7): 659 -669

Wang XX, Wang T, Castro A, Pedreira R, Lu XX and Xiao QH.
2011b. Triassic granitoids of the Qinling orogen, central China:
Genetic relationship of enclaves and rapakivi-textured rocks. Lithos,
126(3) : 369 —-387

Wei P, Mo XX, Yu XH, Huang XF, Ding Y and Li XW. 2013.
Geochemistry, chronology and geological significance of the
granitoids in Xiahe, West Qinling. Acta Petrologica Sinica, 29
(11): 3981 —3992 (in Chinese with English abstract)

Wernick E, Galembeck TMB, Godoy AM and Harmann PK. 1997.
Geochemical variability of the rapakivi Itu Province, state of Sao
Paulo, SE Brazil. Anais da Academia Brasileria de Ciencias, 69
395 -413

Wyllie PJ, Cox KG and Biggar GM. 1962. The habit of apatite in
synthetic systems and igneous rocks. Journal of Petrology, 3 (2):
238 -243

Xiong FH, Ma CQ, Zhang JY and Liu B. 2011. LA-ICP-MS zircon U-Pb
dating, elements and Sr-Nd-Hf isotope geochemistry of the Early
Mesozoic mafic dyke swarms in East Kunlun orogenic belt. Acta
Petrologica Sinica, 27(11) ; 3350 —3364 (in Chinese with English
abstract )

Xu XY, Chen JL, Gao T, Li P and Li T. 2014. Granitoid magmatism
and tectonic evolution in northern edge of the western Qinling
terrane, NW China. Acta Petrologica Sinica, 30(2) ; 371 =389 (in
Chinese with English abstract)

Yan Z, Wang ZQ, Li JL, Xu ZQ and Deng JF. 2012. Tectonic settings
and accretionary orogenesis of the West Qinling Terrane, northeastern
margin of the Tibet Plateau. Acta Petrologica Sinica, 28 (6) : 1808
—1828 (iin Chinese with English abstract)

Yang PT, Liu SW, Li QG, Wang ZQ, Zhang F and Wang W. 2014.
Chronology and petrogenesis of the Hejiazhuang granitoid pluton and

VARIA= M0 R 4oh Ty & 28 4K 4 3269

its constraints on the Early Triassic tectonic evolution of the South
Qinling Belt. Science China ( Earth Sciences), 57(2) : 232 -246

Yin Y and Yin XM. 2009. Porphyry Cu-Mo-Au mineralization related to
adakite and Himalayan type granite in the northern margin of West
Qinling. Acta Petrologica Sinica, 25(5) : 1239 — 1252 (in Chinese
with English abstract)

Yuan C, Zhou MF, Sun M, Zhao YJ, Wilde S, Long XP and Yan DP.
2010. Triassic granitoids in the eastern Songpan-Ganzi Fold Belt,
SW China; Magmatic response to geodynamics of the deep
lithosphere. Earth and Planetary Science Letters, 290 (3 —4) . 481
-492

Zhang CL, Wang T and Wang XX. 2008. Origin and tectonic setting of
the Early Mesozoic granitoids in Qinling orogenic belt. Geological
Journal of China Universities, 14(3): 304 =316 (in Chinese with
English abstract)

Zhang GW, Zhang BR, Yuan XC and Xiao QH. 2001. Qinling Orogenic
Belt and Continental Dynamics. Beijing: Science Press, 1 —806 (in
Chinese)

Zhang GW, Dong YP, Lai SC, Guo AL, Meng QR, Liu SF, Cheng SY,
Yao AP, Zhang ZQ and Pei XZ. 2004. Mianlue tectonic zone and
Mianlue suture zone on southern margin of Qinling-Dabie orogenic
belt. Science in China ( Series D), 47(4) : 300 -316

Zhang HF, Chen YL, Xu WC, Liu R, Yuan HL and Liu XM. 2006.
Granitoids around Gonghe basin in Qinghai Province: Petrogenesis
and tectonic implications. Acta Petrologica Sinica, 22(12) : 2910 -
2922 (in Chinese with English abstract)

Zhang HF, Jin LL, Zhang L, Nigel H, Zhou L, Hu SC and Zhang BR.
2007a. Geochemical and Pb-Sr-Nd
granitoids from western Qinling belt: Constraints on basement nature
and tectonic affinity. Science in China ( Series D), 50(2): 184
- 196

Zhang HF, Xiao L, Zhang L., Yuan HL and Jin LL. 2007b. Geochemical
and Pb-Sr-Nd isotopic compositions of Indosinian granitoids from the
Bikou block,
petrogenesis, nature of deep crust and geodynamics.
China (Series D), 50(7): 972 -983

Zhang Q, Yin XM, Yin Y, Jin WJ, Wang YL and Zhao YQ. 2009.

Issues on metallogenesis and prospecting of gold and copper deposits

isotopic  compositions  of

northwest of the Yangize plate: Constraints on

Science in

related to adakite and Himalayan type granite in West Qinling. Acta
Petrologica Sinica, 25(12) ; 3103 —=3122 (in Chinese with English
abstract )

Zhang Q. 2011. Reappraisal of the origin of C-type adakitic rocks from
East China. Acta Petrologica et Mineralogica, 30 (4): 739 — 747
(in Chinese with English abstract)

Zhu LM, Zhang GW, Chen YJ, Ding ZJ, Guo B, Wang F and Lee B.
2011. Zircon U-Pb ages and geochemistry of the Wenquan Mo-
bearing granitioids in West Qinling, China; Constraints on the
geodynamic setting for the newly discovered Wenquan Mo deposit.
Ore Geology Reviews, 39(1-2) . 46 -62

Bt Hp 325 2 Sk

mrsk, WES, WKW, IR, WIRMN, HER, BT, 23X
H1. 2002. PYZEIERE LA L Fe Bl i . P P
M AL, 1 -263

IR R, WEEE, KW, ng, WM, MES, BT, 23X
B1. 2003. PYZ0SEE ILHF AL, A A R PR . PG,
36(1):1-10

BN, ZEERAE, BRAENT, 250 2002, A E AR EEHELLY R Sk Y
R R K B MO ER AL 2R A SRR - 3o o [ 2R 3 5 PR
Ryt 2y . BleEimdi, 47(6) : 474 -480

W7, A . 2010, FRYIEHE R BT M52 Ml X C AR A
A BRI 2 . Bl R, 55(13) ¢ 1255 - 1267

BHER, SUEE, MR, AUME, T—, Bk, MISCE . 2013 7Y



3270

ZIe 7 B X W = B A R SO LA IS 0 U-Pb R0 2 Bk 1k
2 R HA TR X . A2, 29(11) ;3968 - 3980

L%, W, TSk, B . 2005, PHZRISIRIA T ) SHRIMP
AR MM E TS A AR, 21(3) 1 959 -966

ZEURA, 2, MIRIE, TROCHE, BEAME, R, e, 224,
Mg As . 2010, Jb 5T HE PO T E 4LBE K A B9 %S 4 U-Pb SE4FRF ST
R XA A oo B0 o B B — S AR A
%, 26(7) : 2131 —2140

AR, YR, TS, XURRER, ZEshit, PN, P gk, SKmug.
2010. JIIPGILZE 11 He Ty A PR RN T 1 2 A (AR b R AL 4 R AE
KA ST . HF2EHz, 84(3) : 343 -356

oMK, SRR, B AT . 2012, PHRILED S B E R AR A
B K AR R TS H2ERTS, 19(3) £ 199 -213

WAL BRG], VLR, FEAEL, FoakE . 2012, RIS R A S
BESEA TR AR X T p 223 DAm TR (Lol Bl . 25 2
7, 28(7) : 1949 — 1965

ERPAE, #Eaxfk, S, MIZERE. 2008, Hf BT HE X EL S Rk
oA I M. HON R, 17(3): 6 -12

T, R, MR, ZE5 e, Tah. 2010, FHIFL-FHIX
e 45 ik drp 2 2 1A AR B X ——k A MR 5 45 41 LA-ICP-
MS U-Pb 4FJyAOTESE . HoBm R, 29(1) : 86 -92

T, BES, W, EEEC, T —, Z3/ME . 2013, FEZRIS R
A B BRI 2 AR R R X A A 2R, 29(11)

£ LFH/ 2014, 30(11)

Acta Petrologica Sinica

3981 -3992

R, DB, TR, XU . 2011, RECHE LR b Lk
g LA-ICP-MS %57 U-Pb %2 4F  JCZ A Sr-Nd-Hf [5]{y  Hh
BRIE2: . SR, 27(11) ; 3350 — 3364

WS, RESER, mlE, 27, e 2014, PURISILEAE R T
PR B vEAl . 524, 30(2) : 371 -389

EER, B, gk, VEEREE, AR . 2012, PUZRIS LAY AL R
PR A LSRR . A A2, 28(6) ;1808 - 1828

BB, BROEH] . 2009. PHFRIEILS: 5 IR T A A E Db R TE R A
AR BE A RVR-4H- 4 R PE R . A A SE A, 25(5) 1239
- 1252

SRISE, VR, FHEEE. 2008, ZU4 s LAy 7o A TR R A i K
HAGEASE . ST 24, 14(3) : 304 =316

SRR, sRA T, RAE, B PO . 2001, 2SI 5 KK )
2 dest: Bl2ed it 1-806

KB, MR, RIER, XI5, =k, M/ . 2006. i SL A
3 JE % B0 S AL 54 5 S I R B LA 3 B S . AR, 22
(12) : 2910 —2922

SKAE, BEJEH, BRES, &ML, Toodk, BEFK. 2009. PEEIS SR
IR T SR AE R AR 5 5 A DR Y A AR S AR R . A A
245 25(12) : 3103 3122

FRHE. 2011, 5CF CHIRIK s 5 R W AR . A A0 P2 ek,
30(4) ; 739 - 747



