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Abstract: Triassic Yushu volcanic rocks are mainly composed of dacites and distributed in the northern part of
the North Qiangtang (NQ) terrane. Zircon LA-ICP-MS U-Pb ages of 230 +2 Ma (MSWD=0.5) could be in-
terpreted as the formation time of these volcanic rocks. Most samples from the Yushu volcanic rocks are charac-
terized by high SiO, and Al,O3, obvious enrichment of large ion lithophile elements (LILEs: Rb, Ba, Th and

U) and strong depletion of high field strength elements (HFSEs, such as Nb, Ta and Ti) relative to the primi-
tive mantle. They exhibit high eNd(z) (—0.91~ —0.53), low I (0.707) and positive eHf(z) (+3.81~
+7.61), suggesting that they probably originated from partial melting of a juvenile crustal component.
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Compared with the other reported Triassic volcanic rocks of the (NQ), it could be found that most of the Middle
to Late Triassic volcanic rocks (MLTV) are concentrated in the northern part or the southern part of the NQ.
The Middle-Lower Triassic Yushu volcanic rocks from the south part of the NQ exhibit lower eNd(z) ( —8.79
~—1.77), higher I5.(0.706~0.714) and negative eHf(z) (—15.3~ —10.1), implying these rocks might
be derived from partial melting of the old crustal materials. Combined with the other new available observations,
the authors hold that the Middle-Lower Triassic Yushu volcanic rocks in the southern part of the NQ were ge-
netically related to the slab break-off during the collision between South Qiangtang terrane and NQ, whereas the

southward subduction of the Ganzi-Litang Paleo-Tethyan ocean resulted in the generation of the Middle-Lower

Triassic Yushu volcanic rocks from the northern part of the NQ.
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Table 2 Whole rock major (wy/% ), trace element

(wy/107%) and Sr-Nd isotopic compositions of the Longbao

volcanic rocks

FE LBI2-2 LBI2-3 LBI3-1 LBI2-5 HX07-3
SiO, 70.54  75.29  76.25  77.96  71.14
TiO, 0.32 0.16 0.17 0.14 0.33
ALO; 13.68 12.93 11.37 11.61 13.44
Fe,O5 0.61 1.00 0.21 0.58 0.65
FeO 2.48 0.58 1.07 0.97 2.63
FeO, 3.03 1.48 1.26 1.49 3.21
MnO 0.02 0.01 0.02 0.01 0.04
MgO 1.21 0.78 0.60 0.63 1.77
CaO 1.79 1.82 2.11 1.15 0.56
Na,O 5.96 1.95 4.44 4.97 4.06
K,O 1.03 3.66 1.48 0.80 3.78
P,0s 0.06 0.03 0.03 0.03 0.07
LOI 1.85 1.29 2.00 0.71 1.37
Mg* 42 48 46 43 50

Sc 8.8 6.5 5.6 5.9 11.0
A 19 6 8 5 15
Cr 2.2 1.4 2.1 0.8 2.3
Co 35.1 40.2 29.0 47.6 43.0
Ni 1.6 1.5 1.5 1.2 1.6
Cu 4.7 3.2 3.8 3.0 1.8
Zn 41.4 33.0 25.1 25.7 46.6
Ga 14.3 15.9 11.4 10.7 16.6
Rb 18.9 109.7 36.6 22.9 53.4
Sr 182 219 213 163 43
Y 19.9 33.9 27.6 25.1 28.4
Zr 183 143 115 139 166
Nb 7.9 7.5 9.5 7.3 9.8
Cs 0.6 3.5 1.0 0.8 0.6
Ba 352 1281 590 236 654
La 22.8 30.5 25.9 26.7 27.0
Ce 43.2 57.0 47.6 49.1 51.9
Pr 4.8 6.3 5.4 5.6 5.7
Nd 17.9 23.6 19.9 20.4 22.1
Sm 3.64 5.12 3.94 4.37 4.70
Eu 0.85 0.81 0.78 0.61 1.04
Gd 3.65 5.04 3.90 4.26 4.54
Tb 0.58 0.87 0.68 0.71 0.74
Dy 3.26 5.72 4.25 4.35 4.47
Ho 0.62 1.12 0.88 0.80 0.93
Er 1.68 3.15 2.69 2.30 3.01
Tm 0.24 0.48 0.42 0.38 0.46
Yb 1.75 3.57 3.03 2.82 3.20
Lu 0.26 0.51 0.46 0.40 0.47
Hf 5.00 4.49 3.39 4.22 4.49
Ta 0.76 0.86 0.88 0.90 0.84
Pb 12.0 13.2 13.7 11.7 3.9
Th 11.33 15.05 10. 66 13.26 12.02
U 2.50 3.30 2.99 2.74 3.19
SREE 105.16 143.81 119.84 122.82 130.28
(La/Yb)y 8.79 5.77 5.78 6.42 5.70
5Eu 0.71 0.48 0.60 0.43 0.68
87Rb/%0Sr 0.301, 0.4072
87Sr/%08r  0.707 947 0.708 653
WSm/"Nd  0.1232 0.1298
43Nd/¥Nd - 0.512 500 0.512 491
Is 0.707 0.707
eNd(¢) -0.53 -0.91

e FeO, 71 228k, 25 A 4 Fm R WK B 57, Mg = 100 <

Mg /(Mg +F&" )yt =230 Ma.
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Hdm 53 P Zhang 25(2013), Zhai Z£(2013a)F1 Zhao Z(2015)
Late Permian volcanic rocks Cafter Zhang et al. > 2013) with Middle
to Late Triassic volcanic rocks from the north part Cafter Zhao et al . »

2015) and the south part Cafter Zhai ez al.» 2013a) of the

North Qiantang terrane are shown for comparison
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il e = B LA 23 S Peng %5 (2014 Zhai %5 (2013a) Rl Zhao 55 (2015); B Ak L 6 B 43 347 04 K 8 i

Late Triassic S-type granites Cafter Peng et al.» 2014) and Middlc to Late Triassic felsic volcanic rocks Cafter Zhai ez al. > 2013a) from the south

part of the North Qiantang (NQ) as well as Middle to Latc Triassic felsic volcanic rocks from the north part of the NQ Cafter Zhao et al.,» 2015)

are shown for comparison

AGhE R AR 4 BRI A © 1@ 955K
Cln 2 5T 20 1 e B 2 8 44 s ) A TR B Cln
AFC IEF8); @ Z A K 5K s KR A1
s @ A e ) s o s il @ o 52 ) i
(% o

5 FETE AR e AR BRCE LA K =B AL S
TUTE B A B, AR SCRF 9 R B 5 K Ll 2 B il B AR
X eNd CoOfE C—0.91 ~ — 0.53) K I,
(0.707) LA SRR £ M (1.05~1.08
Ga)o AT eHf (HEZ KT 0+ 3.8~
+7.6)5 tppp S AAE 0.58 ~0.73 Ga Z [A], B B A [H]
T=Ba SR AW cHICOMER 1 (O H
-18.33~ —8.30 1 1.87 —1.90 Ga, #& Peng er
al .» 2014) . ZHCHAFE & B A A &1 NapO %
B (1.95% ~ 5.96%), 7 H NapO K F
K,O(Na,O/K,0=1.07 ~ 6.21). X LEHFAE 3% 0] [
TR A AN TT 8 Fh A2 (1 1 22 M e ) T I TE A
KL S0 A 2 ORI B R AN R 05 5 A8 o0 I
Rl 77 A R T T AR AE M R A 2 2 b A A B
72 5% CAltherr and Siebel, 2002; Topuz er al.»
20050 i, w1 AR GCRR A 9 an AR e S5t T AR 4 b
TN A R R AR LA SR i i L

1= K, O/ Nap, O A K AL ) CaO/ (MgO + FeO ) H -
A BE i E K0/ Na, O CaO/ (MgO + FeO, ) (JEE /R
EEO P it o 505 380 U A0 A 20 i 30 0 J w1 P (A
8a), M — AR /R A v RELL X iU Aok
MELS Bk F, KR UA KA G Ed RE R
(45 5oy FAE I CRTF 90% ) A BE 7 2B K 9 s 2,
FE HIE 5 TE B 1 AR % /N (Shinjo and Katos 2000
A DR B 5E K 20 B 9% n SR A2 [ I 1 2 2 T
A TR YL 73 5 45 B AR CED ARC 3 78 ) % il fig 7=
CREA RS Yt A QP s R S SR DU N
1) SiO, Fr & (Aik 77.96% ), 7 H K Rb- Cr 1 Ni
e CZ RN 2N 18.92 X 1076 ~ 53.39 X
107°.0.76 X 10 ©~2.30 x 10 ®F1 1.15%x 10 ¢ ~
1.62X 10~ OFFERHIE, 5 2 i K w53 B9 45 i T
JSCHR K 9 I A IR R 43 BB AN [R] (Brophy, 1991,
2008). A AFEALAE La/Sm — La 804 La/Yb— La
fiferh 8% 85 R A RE A A Koy B 45 R CE
W) o ST FT X P K 3 DK 38 5 i 43 ok =, B
D [ I A AR B0 & A A, DR A s
FENR 1 B3 9 4 it RS R R A IX K L 2 1) e P
AKEIE. Fr A A A Nb/La H{H (0.25 ~
0.36)Fifi 45 Mg ™ {8 1) BEAR 11T HE AR AR AN AZ CEI 8D,
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T A M S T I A Rl P B AR A o AR VR G B
FEY A G e iR Ze 005 R 3 T R SRS A (B AE
8,2015). BRIk, ARIX Kl T R 7] Be 5 # 2k
Hiy ¢ A 5T IR A AT G
4.2 MEEX

HFIFF X o A T AR K o AR AR 2 7
R NS E/S iR E YU AE 2§ 5 WNEDID PR
DR 2% 2 1) B 45 DR 22, H A0S T b 98 38 b 4 Py 35
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TRl o — - 2ez g B TR A2 1 R Ak 27 1R A
TUGS TN A IX L K L5 A% T T il 9 2R (R 58
(Fu et al.» 201000 SR, 75— B 73 54 TR AR
J R OB Rk AR R AL JEIE = & A ks B
(Wang et al., 2008; Zhai et al., 2013a; Zhao et
al . 2015), 3 HAE T G vb VL st #5025 4
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AR 2 R ALY
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SRR A B =) (Yang et al .» 2011). H I
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FREEDUESE (4 A, 20085 Zhai et al.» 2011; Met-

Triassic magmatic rocks in the Central Tibetan Plateau

calfe;2013; Zhai et al.» 2013b). HFE NN ZE S
M7 1A 7R P A 5B — o T B A A R o R
PEITAR ZR H BRR B K A2 8% 5 45 Zhai %5 (2013b)
WM AR 4% 4 il B N-MORB 2% E-MORB
FRAE e 2 B85 A1 U-Pb F 68 4 357 — 345 Ma, %
BB 7 A IS 300 0 A At — U o R SR T Ve A D 8 A7
TEo AR AR J5 T Bk R, 78 R S e
399, b e 3 A S IR K S AR 1T R G R B
W IRV K BNIRE , IR T UK UK IR
B T I 3 0 A A — OO v 7 O 4 H A AR K I B A
(Metcalfe, 2013). WE IR 2 A A o AR G- XU
PEAE AR S AL JE B AR R . K SRR (2014 7E
FeE R PR IX B et s TR R I T S s Rl
B RMBRIE A (27242 Ma), R E D INH =5
T TF AR 7 CE AR oo B o 6) I 3 mp 0
JEAS JF AT IF 9T o vh = B e W R AR v s S b
Bl 72 IR R IR B BUZE, 20140 5S8R i
KI RN S R85 41 U-Pb 22 IUAE 8 4 237 ~230 Ma
(Zhai et al .» 2011, 5 /& 55 A 1B AR i s 37 ik 7
K E = BE Ar-Ar 88 5 222 ~203 Ma (Kapp et
al.» 2000, 2003; 2 K E %%, 2009). {H2X% T 55k
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FAF U [ e 5 TR, & A L TT TR AE 4 A
FCRIHUH] b ANAEAE 2 DI e R, 5 U Y b a2
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JEIETE 2 i = Bt Ll I B AR A
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2013a), 1] 15 FE 3 v 3 vy e A8 i 1) 3B 78 i B 4T IR
FERY(222~203 Ma)ZE L. XS KA A A&
AT S v i e A T e (1 G S 1 X0
KALZH A AR Zhang er al . » 2011 5KIEH K
g AR b, 2 a0 A0 16 85 T AR AR b e Rk
JEUE A /N T AR 8 1 [ B A1 Bt o K 1 TR o R -
FE A AT AT IR 55 A B B AR BRI B () R A AR — 3
(Camp et al.» 20035 Zhang et al.> 2011). 74, b
I P Zox et — St L 7R X R
(PR A B 5 8R  WT 25 T8 119 5 S T e A
TEZEAL(Rogers er al.» 2002; Gerya et al ., 2004).
DRI, P kX 26 e = S 1 KL A T AR Pl RE S
DN X (S E AW ie s A Caudli Y Ay
i 5 4 Jo A A M R A DG o AR ST VB VE T -

Tob CIE IEsE M AR b ) VT IE—4E VG (“ = V17 HL[X 4>
YRTEFEMD SN 3 AN H X 3% 5 1B A U-Ph
R A v a5 R R, b I8 T M AR b 2o i = & i
(230~200 Ma) (14 2835 ) 55 G Vb VL 4% 45wy DLV Hh
DX [] B 39 010 5 SR 0% B A7 AR B R (0 X, AR 5 L
K3y I I B 393 10 25 S 0% Bl 0 Al 1 AR AL, 35 52 s A [ 1)
WEAE (2 215 Ma, #5 XM, 2014). Yang 55 (2012 1)
W45 L 07 A b DX A7 7E P T B I (9 ) 3 A T
o510 ~230 Ma F1~ 195 Ma), HoJE B AT
IEFE I T U IR T (Reid et al.» 2005)
X T] BEIE R A AL IEYE M R b G b i — S s g
BT BE - S P 0 [ s 3 o 3 e ELA AT T 1 %
RIALH . UAR M2 8 Bl BoR, dkJe i db g =
Bt R % B AR B R £ A IR TR, AR S
S A R G JE T G b i — S Kl 1 B &
IS5 - 3 I o R 0 R R A P A
FEIX — 2L FErE SR AZ A b 08 B2 K A B 40 s i
A K, 2R TUE R IR SR AR T 3 X 3 B A
URAE T R, JE T 51 B AL TR 58 4 5 43 s il R
WK A A, iy P32 K R TR )
S PR b B2 (1 A2 A0 F 25 A 15 1 1) Nd-Hf [RIA,
ZRARR, W E cHi-eNd 1) Hu 18 £ 51 (Pearce et
al.» 1999; Polat and Munker, 2004 ), & #T 4 R i
FEP AT REGR AR T 1K R A8 AR I U I DX [ 2R
ik, 33 1 5 B I P Sk b g = S R T BT L
FE bt IR 2 19 Nd-HI R 25 A

5 4k

T AR PR X = Rl KL T R A RN
B A U-Pb fEAR L BR AL %7 FI Sr-Nd-Hf [FIf7 3=
T, I 5 SR i 9T B8 AT £ G X L, SRR T
N gie:

(1) LA-ICP-MS #f1 U-Pb & - 45 J B 7R 1X 4%
KA BT AR 200 230 +2 Ma(MSWD=0.5);

Q) HAFE B RA M K eNd ) fE
(-0.91~ — 0.53) K 1 I, €0.707)> LA J 1E (1)
eHICOMEC+ 3,81~ + 7.61), & B Y5 X W LLFr A4
Hh SR AL 53 A 3 s

(3) JeyEM RIS B b = S ikl s
TEAAHA S S-Nd-HI R 25 418 F A7 7 W35 1
225, FTE BN 43 ) 5 H A0 BR G v R 4 07 v 2 ) e
A BSREARE B AR T Ok



5513 X

WAE: JLRIEILG S =

B2 KA R B b LR 3 X 13

Bift AR/ T FERAEAFRAEFE
Rt A RLEAR R Fe T iH LR N éﬁaé't:lﬁ%a%'
T MR HE B A THEFE Sy A 2% F. 85
# Ak IR F WA B B AL FE Y 523 X AT
BT P EMGRF(RR)X G AR GG A
S 2R RE R B et S48 5. ErAF R AR
.

References

Altherr R and Siebel W. 2002. I-type plutonism in a continental back-arc
setting: Miocene granitoids and monzonites from the central Aegean
Sea, Greecel ] ]. Contributions to Mineralogy and Petrologys 143
(4): 397~415.

Belousova E A, Griffin W L and O’ reilly S Y. 2002. Igneous zircon:
trace element composition as an indicator of source rock typel ] J.
Contributions to Mineralogy and Petrology, 143(5): 602~622.

Bonin B. 2004. Do coeval mafic and felsic magmas in post-collisional to
within-plate regimes necessarily imply two contrasting, mantle and
crustal, sources? A reviewl J]. Lithos, 78(1): 1~24.

Brophy J G. 1991. Composition gaps; critical crystallinity, and [raction-
al crystallization in orogenic (cale- alkaline) magmatic systemsl ] J.
Contributions to Mineralogy and Petrology, 109: 173~182.

Brophy J G. 2008. A study of rare earth element (REE) SiO, variations
in felsic liquids generated by basalt fractionation and amphibolite
melting: a potential test for discriminating between the two different
processesLJ 1. Contributions to Mineralogy and Petrology, 156: 337
~357.

Camp V E; Ross M E and Hanson W E. 2003. Genesis of flood basalts
and Basin and Range volcanic rocks from Steens Mountain to the
Malheur River Gorge, OregonlJ]. Geological Society of America
Bulletin, 115(1): 105~128.

Dilek Y and Furnes H. 2011. Ophiolite genesis and global tectonics:
Geochemical and tectonic fingerprinting of ancient oceanic lithosphere
[J]. Geological Society of America Bulletin, 123(3 ~4): 387 ~
411.

Duan Qifa, Wang Jianxiong, Bai Yunshan, et al. 2009. Zircon
SHRIMP U-Pb dating and lithogeochemistry of gabbro from the
ophiolite in southern Qinghai Provincel J 1. Geology in China, 36
(2): 291~299(in Chinese with English abstract).

FuX G, Wang ], Tan F W, ez al. 2010. The Late Triassic rift-related
volcanic rocks from eastern Qiangtang, northern Tibet ( China):

Age and tectonic implications[ J]. Gondwana Research, 17(1): 135

~144.

Gao S Rudnick R L, Yuan H L, ez al.
nental crust in the North China craton[ J]. Nature, 432(7 019):
892~897.

Gerya T V, Yuen D A and Maresch W V. 2004. Thermomechanical

2004. Recycling lower conti-

modelling of slab detachment[ J]. Earth and Planetary Science Let-
ters; 226(1~2): 101~116.

He Shusai, Li Qiugen, Wang Zongqis et al. 2015. Zircon U-Pb-Hf Iso-
topic Characteristics from Felsic Volcanic Rocks of Baoligaomiao For-
mation, the Middle Segment of Inner Mongolia: Implications for
Geological Evolution[ J]. Acta Scientiarum Naturalium Universitatis
Pekinensis, 51(1): 50~64(in Chinese with English abstract).

HuZC, LiuY S, Gao S, et al. 2012. Improved in situ Hf isotope ratio
analysis of zircon using newly designed X skimmer cone and jet sam-
ple cone in combination with the addition of nitrogen by laser ablation
multiple collector ICP-MSLJ]. Journal of Analytical Atomic Spec-
trometry, 27: 1391 ~1 399.

Jian P, Liu DY, Kréner A, et al. 2009. Devonian to Permian plate
tectonic cycle of the Paleo-Tethys Orogen in southwest China C [ ):
Insights from zircon ages of ophiolites, arc/back-arc assemblages and
within-plate igneous rocks and generation of the Emeishan CFB
provincel J J. Lithos, 113(3~4): 767~784.

Kapp P> Yin A, Manning C E, ez a/. 2003. Tectonic evolution of the
early Mesozoic blueschist-bearing Qiangtang metamorphic belt; cen-
tral Tibet[J]. Tectonicss 22(4): 540~ 566.

Kapp P, Yin A, Manning C E, et al. 2000. Blueschist-bearing meta-
morphic core complexes in the Qiangtang block reveal deep crustal
structure of northern Tibet[]]. Geology, 28(1): 19~22.

Li Cai. 2008. A review on 20 years” study of the Longmuco-Shuanghu-
Lancang River suture zone in Qinghai-Xizang (Tibet) Plateaul ] J.
Geological Review, 54(1): 105~119Cin Chinese with English ab-
stract).

Li Shanping, Wang Yizhi> Shen Chunshan; et al. 2007. Geochemical
characteristics of Late Permian-Early Triassic continental volcanic
rocks in the Zaduo area, Northern Qiangtang, Qinghai-Tibet Plateau
[J]. Geological Bulletin of China, 26(6): 675~ 681 Cin Chinese
with English abstract).

Liu Bin. 2014. Petrogenesis and Geodynamic setting of Permian to Tri-
assic mafic rocks in the Yushu area, Central Qinghai-Tibetan Plateau
[D]. China University of Geosciencess Wuhan Cin Chinese with
English abstract).

LiuYS, GaoS; HuZ Cs et al. 2010b. Continental and oceanic crust

recycling-induced melt-peridotite interactions in the Trans-North

China Orogen: U-Pb dating, Hf isotopes and trace elements in zir-

cons from mantle xenolithslJJ. Journal of Petrology, 51(1~2):

537~571.



14 = AW W

»2,

%35 %

Ju ok
b2 ST

LuYS HuZ G Gao S et al. 2008a. In situ analysis of major and
trace elements of anhydrous minerals by LA-ICP-MS without apply-
ing an internal standardl]]. Chemical Geology, 257(1): 34~43.

LiuYS, HuZC, Zong K Qs et al. 2010a. Reappraisement and refine-
ment of zircon U-Pb isotope and trace element analyses by LA-ICP-
MSLJ]. Chinese Science Bulletin, 55(15): 1535~1 546.

LiuY S, Zong K Q; Kelemen P B et al/. 2008b. Geochemistry and
magmatic history of eclogites and ultramafic rocks from the Chinese
continental scientific drill hole: subduction and ultrahigh-pressure
metamorphism of lower crustal cumulates[ J]. Chemical Geology,
247(1): 133~153.

Lu Yuanfa. 2004. Geokit—A geochemical toolkit for Microsoft Excell ] ].
Geochimica, 33(5): 459~464(in Chinese with English abstract).
Ludwing K R. 2000. Users Manual for Isoplot 3.00: A geochronolog-

ical toolkit for Microsoft ExcellJ]. Ex. Rev, 2: 1~56.

Metcalfe I. 2013. Gondwana dispersion and Asian accretion: Tectonic
and palacogeographic evolution of eastern Tethys[J1. Journal of
Asian Earth Sciences; 66: 1~33.

Mo Xuanxue. 2010. A review and prospect of geological researches on
the Qinghai-Tibet Plateaul ] ]. Geology in China, 37(4): 841~853
(in Chinese with English abstract).

Pan G T> Wang L Q» Li R'Ss et al. 2012. Tectonic evolution of the
Qinghai-Tibet plateaul ] J. Journal of Asian Earth Sciencess 53: 3~
14.

Pearce ] A, Kempton P D, Nowell G M, et al. 1999. Hf Nd element
isotope perspective on the nature and provenance of mantle and sub-
duction components in Western Pacific arc-basin systems[J] . Jour-
nal of Petrology, 40: 1579~1611.

Peng T Ps Zhao G C; Fan W M, et al. 2014. Late Triassic granitic
magmatism in the Eastern Qiangtang, FEastern Tibetan Plateau:
Geochronologys petrogenesis and implications for the tectonic evolu-
tion of the Paleo-Tethys[ ] ]. Gondwana Research.

Polat A and Munker C. 2004. Hf-Nd isotope evidence for contemporane-
ous subduction processes in the source of late Archean arc lavas from
the Superior Provinces Canada [J]. Chemical Geology, 213: 403~
429.

Reid A J, Wilson C J L and Liu S. 2005. Structural evidence for the
Permo-Triassic tectonic evolution of the Yidun Arc, eastern Tibetan
Plateaul]]. Journal of Structural Geologys 27(1): 119~137.

Roger F» Jolivet M and Malavieille J. 2010. The tectonic evolution of
the Songpan-Garzé (North Tibet) and adjacent areas from Protero-
zoic to Present: A synthesis[]]. Journal of Asian Earth Sciences, 39
(4): 254~269.

Rogers R D, Kéarason H and Hilst R D. 2002. Epeirogenic uplift above a
detached slab in northern Central Americal J 1. Geology, 30: 1031

~1034.

Shinjo R and Kato Y. 2000. Geochemical constraints on the origin of bi-
modal magmatism at the Okinawa Trough, an incipient back-arc
basin[J]. Lithos, 54: 117~137.

Streck M ], Leeman W P and Chesley J. 2007. High-magnesian andesite
from Mount Shasta: A product of magma mixing and contamination,
not a primitive mantle melt{JJ. Geology, 35(4): 351.

Sun S S and Mcdonough W F. 1989. Chemical and isotopic systematics
of oceanic basalts: implications for mantle composition and processes
[J]. Geological Societys London, Special Publications, 42(1): 313
~345.

Tao Y, Bi X W, Li G, et al. 2014. Geochronology, petrogenesis and
tectonic significance of the Jitang granitic pluton in eastern Tibet,
SW ChinalJ]. Lithos, 184: 314~323.

Taylor S R and Mclennan S M. 1985. The Continental Crust: its Com-
position and Evolution[ MJ. Oxford: Blackwell Scientific Publica-
tions: 1~328.

Topuz G» Altherr R Schwarz W Hs et al. 2005. Post-collisional plu-
tonism with adakite-like signatures: the Eocene Sarayclk granodiorite
(Eastern Pontides; Turkey)[]]. Contributions to Mineralogy and
Petrology, 150(4): 441~455.

Wang Q> Wyman D As Xu J F» e al. 2008. Triassic Nb-enriched
basalts; magnesian andesites, and adakites of the Qiangtang terrane
(Central Tibet): evidence for metasomatism by slab-derived melts in
the mantle wedge[ Z]. Contributions to Mineralogy and Petrology>
155: 473~490.

Winchester ] A and Floyd P A. 1977. Geochemical discrimination of dif-
ferent magma series and their differentiation products using immobile
elementsl ] J. Chemical Geology, 20: 325~343.

Xu Zhigin, Yang Jinshui» Li Wenchang, et al. 2013. Paleo-Tethys sys-
tem and accretionary orogen in the Tiber Plateaul ] ]. Acta Petrologi-
ca Sinicas 29(6): 1 847~1 860Cin Chinese with English abstract).

Yang, T N, Ding Y, Zhang HR» et al. 2014. Two-phase subduction
and subsequent collision defines the Paleotethyan tectonics of the
southeastern Tibetan Plateau: Evidence from zircon U-Pb dating,
geochemistry, and structural geology of the Sanjiang orogenic belt,
southwest Chinal J]. Geological Society of America Bulletin, 126(11
~12): 1654~1682.

Yang T N, Hou Z Q» Wang Y, et al. 2012. Late Paleozoic to Early
Mesozoic tectonic evolution of northeast Tibet: Evidence from the
Triassic composite western Jinsha-Garzé-Litang suturel ] J. Tecton-
icsy 31(4): 1~20.

Yang TN, Zhang HR, Liu Y X; et al. 2011. Permo-Triassic arc mag-
matism in central Tibet: Evidence from zircon U-Pb geochronology

HI isotopess rare earth elements, and bulk geochemistry[ Z]. Chem-



5513 X

WA JEIEIHAL G R =Bl Kl R B A

Fowy e R 15

ical Geology, 284: 270~282.

Yin A and Harrison T M. 2000. Geologic Evolution of the Himalayan-
Tibetan Orogen[ ] ]. Annual Review of Earth and Planetary Sciences
28: 211~280.

Zhai Q G» Jahn B M, Su L, ez al. 2013a. Triassic arc magmatism in
the Qiangtang area, northern Tibet: Zircon U-Pb ages, geochemical
and Sr-Nd-Hf isotopic characteristics, and tectonic implications[ ] J.
Journal of Asian Earth Sciences, 63: 162~178.

Zhai Q G, Jahn BM, Wang |, et al. 2013b. The Carboniferous ophio-
lite in the middle of the Qiangtang terrane; Northern Tibet:
SHRIMP U-Pb datings geochemical and Sr-Nd-Hf isotopic charac-

186~199.

Zhai Q G, Zhang R'Y, Jahn B M, et al. 2011. Triassic eclogites from

teristicsL J 1. Lithos, 168~169:

central Qiangtang, northern Tibet, China: Petrology, geochronolo-

gy and metamorphic P-T path[J]. Lithos, 125(1~2): 173~189.

Zhai Qingguos Li Cai,» Wang Jun, et al. 2009. Petrology, mineralogy
and **Ar/* Ar chronology for Rongma blueschist from central Qiang-
tang, northern Tibetl]]. Acta Petrologica Sinica, 25(9): 2281~
2 288(in Chinese with English abstract).

Zhang HR, Yang T N» Hou Z Q et al. 2013. Petrogenesis and tec-
tonics of late Permian felsic volcanic rocks eastern Qiangtang block:
north-central Tibet: Sr and Nd isotopic evidencel 1. International
Geology Review, 55(8): 1017~1028.

Zhang K J, Tang X C, Wang Y, ¢t al. 2011. Geochronologys geo-

chemistry, and Nd isotopes of early Mesozoic bimodal volcanism in

northern Tibet; western China: Constraints on the exhumation of
the central Qiangtang metamorphic belt[ J]. Lithos, 121(1~4):
167~175.

Zhang Le, Dong Yongsheng, Zhang Xiuzheng, et al. 2014. The dis-
covery of the Early Permian adakitic rock in the Hongji Mountain
area within central and western Qiangtang, Tibet Plateaus and its
geological implications[ J 1. Geological Bulletin of Chinas 33(11):
1728 ~1 739Cin Chinese with English abstract).

Zhang Neng, Li Jianbos Yang Yunsong, et al. 2012. Petrogeochemical
characteristics and tectonic setting of the Wandaohu ophiolite
melanges Jinshajiang suture, TibetlJ]. Acta Petrologica Sinicas 28
(4): 1291~1 304Cin Chinese with English abstract).

Zhang Xiuzheng, Dong Yongsheng, Li Cai» et al. 2014. A record of com-
plex histories from oceanic lithosphere subduction to continental subduc-
tion and collision: Constraints on geochemistry of eclogite and blueschist
in Central Qiangtang, Tibetan Plateaul ] 1. Acta Petrologica Sinica, 30
(10): 2 821~2 834(in Chinese with English abstract).

Zhao SQs Tan ], Wei ] H, et al. 2015. Late Triassic Batang Group arc

volcanic rocks in the northeastern margin of Qiangtang terrane,

northern Tibet: partial melting of juvenile crust and implications for

Paleo Tethys ocean subduction[ J . International Journal of Earth
Sciences, 104(2): 369~387.

Zhou Guoging. 2008. Ophiolite: Some key aspects regarding its defini-

tion and classification[ ] J. Journal of Nanjing University ( Natural

Sciences)s 44(1): 1~24(in Chinese with English abstract).

Mt e 32 5 3% STk

BILK, TR, Amil, 2 2009, Filrats DK AR
SHRIMP U-Pb 7€ F #1447 H B3R A6 22 R E LT 1. A [ BT, 36
(2): 291~299.

BUBEE, R, I, 25 2015, PEEE O ) b 2K S
Kl U-Pb-HI [FA7 3 RFE & H M i XL, Jhat K4k
CHBRBHEROD, 51C1): 50~64.

Z5 b, 2008, TR SRR A HE - SO - 0 T AR B gt Al R AT
AEL7]. MR T, 54C1): 105~119.
AT, ERCE, AERE, AL 2007, T IR AL I8 I A Ak £ H X

W T L = 2 AR 2 oL o R A 2 e 1 R i L D
HFEAR, 26(6): 675~681.

X M. 2014, TR R R A A = B A TR A B
BBk J3 235 5w ID]. BB o K%

PRIER . 2004. GeoKit—— /M VBA #EE LBk AL 2% T A KA
[J]. HuERIba%, 33(5): 459~464.

DU, 2010, T RS ST R MBS e R ], b [ R, 37
(4): 841~853.

REE, M, BICH, % 2013, TR TR I A S

WAERE LERL ] AAEHR, 2906): 1847—1 860.

BIRE, 2= 4, £ 7, % 2009. #AGIEHE DB IX W A
FAE W WFEROA/PACEREL] ] SF R, 25(9): 2281
~2288.

sk SR, HEGKME, SRIBEL AL 2014, LIRS PG LLE X R
BRI T A A I R I A R L], M T AR, 33
(11): 1728~1739.

ke, FONE, Mo, 2012, BUPTL4E
HA I MR LA
1291~1304.

SR RN, 25 A, S 2014, ATE SR R B R 5806 v R RE

s K SEIH T b R S R R b BRI L) D,
FAE, 30(10): 2821 ~2834.

JIEPE. 2008. WSk AF AR HE R J I ORIy 80 el ],

HORZEEARCEARBLARD, 441 1~24.

>

$

S e 2R A
FRAE S H M 0] ], e Aar i, 28(4):



