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U—Pb chronology, geochemical characteristics and petrogenesis of the Chelugou
pluton in the western part of North Qilian orogenic belt
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(1. Fourth Institute of Geological and Mineral Exploration of Gansu Bureau of Geology and Mineral Resources, Jiuquan 735000,

Gansu, China; 2. Lanzhou New Area Natural Resource Bureau, Lanzhou 730000, Gansu, China )

Abstract: Located at the westernmost end of the North Qilian orogenic belt, the Chelugou pluton consists predominantly of quartz
diorite porphyry and diorite porphyry. Zircon LA—ICP—MS U—Pb dating of the Chelugou quartz diorite porphyry yielded an age of
(462.1+£3.8) Ma. Rocks from the Chelugou pluton show intermediate— felsic, metaluminous and low calc—alkaline features, with
relatively low SiO, (61.44%—67.63%), ALO; (15.09%—16.7%) and A/CNK values (0.90—1.00), and high Na,O/K,O ratios (7.47—
9.96). They have relatively low rare earth element content (33.40x107°=39.27x10°) and are characterized by positive Eu anomaly
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and high LREE/HREE ratios (3.95—6.51), similar to features of typical adakites. All of the rocks are also enriched in Ba, Sr and
depleted in HFSEs (e.g., Nb, Ti and Yb). By comprehensively synthesizing geochemical compositions and geological setting for

magma rocks within the study area,the authors hold that the Chelugou granitoids were derived from partial melting of subducted

oceanic plate related to the northward subduction of the Qilian Ocean underneath the North China Block in Ordovician.
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Fig.1 Regional geological map of the Chelugou pluton
1— Quaternary; 2— Permian sandstone; 3— Carboniferous sandstone; 4— Silurian flysch formation; 5— Volcanic rocks of Ordovician Koumenzi

Formation; 6— Volcanic clastic rocks of Ordovician Zhongbu Group; 7— Volcanic rocks of Ordovician Yingou Group; 8— Quartz monzodiorite;

9— Quartz mica dioritic porphyry; 10—Diorite porphyry; 11—Fault; 12—Sampling position for isotope dating; 13— Sampling position for rock analysis
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Fig.2 Field photos and representative microphotographs of quartz diorite porphyry (a, b)
and diorite porphyry (c, b) from the Chelugou pluton
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Table 1 Analytical results of major elements (%) and trace elements (10°) of the Chelugou rock mass

S CMYQ-13 CMYQ-14 CMYQ-15 CMYQ-61  FEfi'S  CMYQ-13 CMYQ-14 CMYQ-15 CMYQ-61
Si0, 64.80 63.02 66.31 60.37 Cs 1.08 1.20 0.64 0.70
TiO, 0.34 0.41 0.37 0.57 Ba 768.19 370.04 618.77 494.15
AlLO; 15.72 16.22 15.65 16.45 Zr 80.18 80.81 92.26 76.08
Fe.0s 1.01 0.76 0.98 1.96 Nb 2.07 2.03 2.15 1.92
FeO 2.02 2.78 225 3.02 Hf 2.54 2.72 2.92 2.46
MnO  0.056 0.048 0.084 0.105 Ta 0.13 0.18 021 0.18
MgO 1.78 2.84 1.95 3.95 La 5.07 5.29 5.61 5.43
Ca0O 4.10 2.99 4.45 5.09 Ce 13.17 13.29 14.11 13.96
Na.O 5.63 6.19 4.86 5.11 Pr 1.55 1.53 1.54 1.67
K,O 0.72 0.62 0.65 0.62 Nd 6.80 6.98 6.73 7.67
P.0s 0.094 0.094 0.099 0.100 Sm 1.61 1.69 1.59 1.85
LOI 3.59 391 222 2.52 Eu 0.75 0.61 0.67 0.76
a3 99.85 99.90 99.86 99.86 Gd 1.47 1.71 1.51 1.95
DI 72.40 71.25 69.12 59.55 Tb 0.24 031 0.26 0.36
043 1.79 222 1.28 1.82 Dy 1.19 1.72 1.39 2.12
Mg* 52.24 59.60 52.85 59.79 Ho 0.20 0.33 0.27 0.43
AR 1.94 2.10 1.75 1.72 Er 0.58 0.96 0.78 1.28

A/CNK  0.90 1.00 0.93 0.90 Tm 0.09 0.16 0.13 021
A/NK 1.57 1.50 1.80 1.81 Yb 0.58 0.99 0.84 1.36
Cr 27.30 58.37 39.09 70.79 Lu 0.10 0.17 0.14 0.22
Th 0.81 1.57 0.97 0.68 Y 7.46 10.96 9.69 13.44
\Y 49.66 59.38 47.67 102.55 YREE 33.40 35.72 35.56 39.27
Ti 1951.84  2240.61  2018.77  3338.56 LREE 28.95 29.38 30.24 31.34
Co 9.47 12.61 9.68 18.82 HREE 445 6.34 5.32 7.93
Ni 27.01 35.89 22.85 45.65  LREE/HREE  6.51 4.64 5.68 3.95
Ga 17.71 15.47 15.58 18.25 Lay/Yby 6.29 3.83 477 2.87
Rb 15.78 14.34 15.35 11.91 JEu 1.49 1.10 1.32 1.23
Sr 525.85 373.46 299.52 476.74 5Ce 1.15 1.15 1.18 1.14
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i 0.62% ~0.72% , Na,O/K,O N 7.47 ~9.96, Sr 5 &
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7048, AW L E A, BHEM LRV R, T
FER TR, RINTE Y- St/Y Ef# (8 6a) 2375 A
BIRTE A X, FINREIERIT , A A A S iR
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4¥,2010;Zheng et al., 2018)
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Fig. 3 Chondrite—normalized REE patterns (a) and primitive mantle—normalized trace element patterns (b) of the Chelugou pluton

1993 ; Martin et al., 2005; Wang et al., 2007, 2008a;
Tang et al., 2010; & 3 5t %5, 2010; Zheng et al.,
2018) 5 (2) /K LA I S MRS T R A 45
5 4/E FH (Castillo et al., 1999, 2012 ; Macpherson et
al., 2006) ; (3) 3 X B FUA HR R AR AR F s i KBl
M7 K A B4 15 Fl = ) (Wang et al., 2008b; Lai et
al.,2013) ; (4) 345 T b 7e Pr IUAE 5 208 20 s i
77 A R AR b AR AR B R Wi 8 Mg
iA 78 7 (Rudnick et al., 1995; Wareham et al., 1997
Chung et al., 2003; Gao et al., 2004; Wang et al.,
20065 4%, 20145 % ,2016) .
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0.62% ~ 0.72%,Na,O/K,O {H 7.47 ~ 9.96, 554 1E
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100 1 m

AR BB E B Cr(27.30%x107°~70.79 x 10°°) . Ni
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(Na,0>K,0) , B A7 AL 1Y Th 7 & (0.68x 10 ° ~
1.57x10°°) , A B 45/ %) Th/Ba(0.001 ~ 0.004 ) 1 Rb/
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Fig. 4 Cathodoluminescence images of zircons from quartz mica dioritic porphyry
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Table 2 Zircon LA ICP—MS U—Pb isotopic data of the Chelugou pluton
Wi et PTh™U Pb/Pb 1o "Pb/*U 1o  *Pb/*U lo KT Ma
Th U Pb/PU 1o *Pb/U 1o *Pb/*Pb 1o
XHCN-1-02 1524.8 1461.14 1.04  0.05582 0.00116 0.52178 0.00661 0.06779 0.00077 4263 4.41 4229 4.62 4449 4521
XHCN-1-11 4.58  69.83 0.07 0.0572  0.00293 0.51754 0.02459 0.06562 0.00108 423.5 16.46 409.7 6.51 498.6 109.61
XHCN-1-12 46.19 32473  0.14  0.05505 0.00152 0.51231 0.01105 0.06749 0.00081 420  7.42 421 491 414 59.77
XHCN-1-15 524.86 584.41 090  0.05696 0.00147 0.51085 0.00981 0.06504 0.00076 419  6.59 4062 4.62 489.4 56.52
XHCN-1-17 161.82 315.73  0.51  0.05835 0.00162 0.54225 0.01169 0.0674 0.00081 4399 7.7 4205 4.89 5428 5945
XHCN-1-01 373.68 432.81 0.86  0.05789 0.00128 0.59241 0.00874 0.07422 0.00085 472.4 5.57 4615 5.12 5255 48.08
XHCN-1-07 56.14 22548 0.25 0.05644 0.00125 0.57265 0.00832 0.07358 0.00084 459.7 5.37 4577 5.03 469 48.72
XHCN-1-08 23.03 12345 0.19  0.05556 0.00133 0.56999 0.00971 0.07439 0.00086 458  6.28 462.5 5.18 4347 52.08
XHCN-1-10 44.45 483.18 0.09  0.05897 0.00129 0.60684 0.00848 0.07462 0.00084 481.6 536 4639 5.07 566 46.82
XHCN-1-14 105.68 203.47 0.52  0.05842 0.00139 0.59896 0.00999 0.07435 0.00085 476.6 6.34 4623 5.13 5455 5131
XHCN-1-18 180.95 328.69  0.55  0.05655 0.00133 0.57954 0.0093 0.07432 0.00085 4642 598 462.1 5.07 4735 51.6
XHCN-1-19 929.67 537.84 1.73  0.05921 0.00148 0.61072 0.01102 0.07481 0.00087 484 695 465 52 5749 5341

Pb*/ y238

pb2"6/ y238

data-point error ellipses are 2 0 446 data-point error ellipses are 2 0
0.070
430
0.068
420
& I
0.066 o 4
=
-
0.064 - Intercepts at 400 M 416.6£9.5 [2.3%] 95% conf.]
Mean = . i 3% 5% conl.
(416.6£9.5)Ma Wtd by data-pt errs only, 0 of 5 rej.
MSWD=1.7 MSWD =2.4, probability = 0.050
0.062 390 (errorbarsare2o)
0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58
pp07/
0.078 data-point error ellipses are 2 0
480
476
0.076
472
——————— 7 468
0.074 | 464
r 460
456
0.072
Int ts at 452
4‘6';;;?’85;[ Mean =462.13.8 [0.82%] 95% conf.
440 (MSV.\'D - 0) l: 448 Wtd by data-pt errs only, 0 of 7 rej.
TS MSWD =0.20, probability =0.98
0.070 X N . . X (error bars are 2¢)
g 444
0.53 0.55 0.57 0.59 0.61 0.63 0.65
PR/

K5 Bt AR LA ICP-MS 541 U—Pb AR P B ImAC X473 141
Fig. 5 Zircon LA-ICP—MS U—-Pb concordia diagrams and weighted average age of the Chelugou pluton

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



762 i [

b, J 2020 4F

35 IR T A S AE LT R R S M e o e A
IO AT BRA 452 5 B Mg”, IR UL b2 R R A 3R A 5T
R A TR R E A AR RIS B G S5
By— WA YR PERS G o BRI, 2 I8 e AR R
PR FEHE RIOY B 5 E T, T E A B R 3R
T

HiBR 2 R IR 3R B 2 B0 A AR R TR L
R AA 83 A/MF—C/MF [R5 3% i R 64 T
THUB BT A B Y TR N TR A R A H il (R
6b) , HEIN A 2R Sk U5 3 A e KL 1 R 0 4
A (Zhang et al., 2017) , X — s, 76 BF 4P o 43 A
FEIE ] DL a3, A AR R A T B 410
FAIUFY KB KA R W BE R a E A
R PR AR, UL ORS00 VR A G
B BRI R OB AR LT A 1.10 ~ 1.49, -4 1.285,
FWIE AR B R REP AR AN TR R

500
400

300

Sr/Y

200

100

L IUE

AN Y GRS o VA AL VY3 A Ry i v el w1
AN o BEABEFENR 5 KR v DA D AR
B FRES, T8 R s A L s YT HREE Fic /55t
HLY/Yb FOAE — 43T 105 MR X P LA A1 H
5% FE AR, JE B s U B i AR ) HREE 43452 X
W) B H: Y/Yb HEAE B & K F 10 (Rollinson, 1993; #
K5 ,2003) o BV AR YYD AR R 9.91 ~
12.90, F#4°h 11.34, F LA s (K13) , Holy
FEA ) A WY HREE LB, 3R W15 98 4 Xk
FEAH LA R A0 o0 32, b B 42 B A 358 vl e R
R UE T e Z BT IR AR S Hs il

1£ (Y-+Nb)—Rb Fl Y—Nb 43 H 51 1 E (& 7),
BBV RSy TR A K OLIRAE X1 A (VAG) FKCLL
IR+ [R) 8 AE 50 5 (VAG+Sny+COLG ) Xk Py, Jiz e
5 LI A B SR o TR, A K Nb  Ti Y
B HIE BT b 50 R, Cr NiE s # AR A

EIsN=R
H At

AR IR H S 3

B

7R e A B E ) J R

20 30

Y/10°

40

50

0.0 0.2 0.4 0.6 0.8

C/MF

K6 BRI A Y/St—Y Hil AIMF—C/MF [ fif
Fig. 6 Sr/Y=Y (a)and A/MF—C/MF(b)diagrams of the Chelugou pluton

10000
é b
1000
1900 R 16 1 4 AT
100
RATEN
° 100 .
= 5
Z 3
= Z
~ 10
10 KAl 3+ R 2 1 2
JLILE B PELTE R
1 1
1 10 100 1000 10000 1 10 100 1000
(Y+Nb)/10° Y/10°

7 AB%IE# A (Y+Nb)—Rb(a) Fl Y-Nb [Efi# (b)
Fig. 7 (Y+Nb)—-Rb(a)and Y-Nb(b)diagrams of the Chelugou pluton

http://geochina.cgs.gov.cn 1 EHT, 2020, 47(3)



5478 3

BB - JUAR I 1L P B 42 B8 T8 A U=Ph AR AU MBRAG AR E S A 763

ISP TS . HHEI 42 B VA A R RT e
b AR S A b I 4S9 e i e B A A AR Y
et 20 A A i o il A b T R R g
TR LR T A Rk i

DX 3l i A AR 2 B, AAREE Mt oo i AR i A

f KRBT A B R s, I & A ARk (A )

45 1987 FARYTAE,1996,2000; 55 1 1T 45, 1999); &
Bt A, AR SE— sk, & F DAAUES K
L A RAAE B K B 2443 K LR T 5 380 s S ki, e
LR A R 24 43 8 T8 L AR % by AR
F5, T LB 20 A AT 4 R A A e T RN SIS 2
PrRIE AL B B, & B K S RIS 254
(£ ERHAE, 1987 BAMITEE, 1991,1996; 55 15 0155,
1999; 7K Jift % , 2000; Xia et al., 2003; % & 50 %,
2007; E /INEEZE 2010 Song et al., 2013), & 445 ~
424 Ma, V¥ 4 P G 32F A ti P G 4 R R v i) 2 (X
et al.,2003; 5= 43k 4%,2006; Zhang et al.,2007), &
MRYTAE A, ACAR I B AR 8 1Ly e FE s A
K2 B RERIK (679 ~ 574 Ma), 2 FEi0 40 A A 3 L
B (522 ~ 495 Ma) JERLEE 4L, B P 20 (469 ~ 445
Ma) FI R P8 [l AU AR A A b KB AR e 22 4 o, R
MR FAELLAR P BV LA 5 (445 ~ 428 Ma) o

HTATEICAR 8 1L b BBy AR % AR B
ERARGE LA E AR Ll AL T 34 % B T 3Rk
vy, LRI IR v A IR A A7 AR I8 4R THAE 446 ~
455.8 Ma, 200 4R 1% Rty A= A8 I 4 3 PR 1Y)
PR (F 4 AR AE, 20065 B A 20185 F5 5LAE
2018), A SCARAS 1Y 4 K VA A IR I 2 AR IR
(462.1+3.8)Ma, 51T ABFFEN AR [ AR i Y
BFTRI )G, 15 B 2 B ) A R TE B R 20 ARV L R
PEAAE AR Fpk A b 2 IR s FR B B o

T SCRTIR , G A R R T R R, 2 )
Wi 2 IR0 55 48 2 VAR 2 T AR AR BN oV G O
IR e R T M Rl A g SR G R A R

7 45

(1) A2 98 5 A MESR SR S e 1 R 51, .
A REE R Mg’ Sr i SrY FI
HREE fILY R Yb FUHFAE , H A IK 508 ) Bk
PR

(2) F i A R R e = N K By 9 41 LA -

ICP—MS U- Pb | 4F 45 3L 3R B, HL 45 & 4R %
(462.1+3.8)Ma, @ R

)R A2 A A ERIL AT, 85 A AT A
DXl 32 FF 5 RS, 4 I 2 B 3 25 A Sy BB 208 4 i
FERREE AR ACARBARE o | 375 B IR o i 52 3R o
BUARIR TS

BT : A XL AR o o B S SR R L R
EPOCTEBEHE L INAEREAE L HHE
Wy BBk I AERIE NS EHXHTTA
MR, RET FENENAE N XEHERF
BTHHEHT BE W ERHTEEFTE &
ABEARAR;AMEZFRASAXRE T 276
BHRENLFAXNRER —FRE, EH—IF%
RN R o

References

Castillo P R, Janney P E, Solidum R U. 1999. Petrology and
geochemistry of Camiguin island, southern Philippines: Insights to
the source of adakites and other lavas in a complex arc setting[J].
Contributions to Mineralogy and Petrology, 134(1):33—51.

Castillo P R. 2012. Adaktie petrogenesis[J]. Lithos, 134— 135; 304—
316.

Chung Sunlin, Liu Dunyi, Ji Jianqing, Chu Meifei, Lee Haoyang, Wen
Dajen, Lo Chinghua, Lee Tungyi, Qian Qing, Zhang Qi. 2003.
Adakites from continental collision zones: Melting of thickened
lower crust beneath southern Tibet[J]. Geology, 31(11):1021-1024.

Defant M J, Drummond M S. 1990. Derivartion of some modern arc
magmas by melting of young subduction lithosphere[J]. Nature,
990:662—-665.

Defant M J, Xu Jifeng, Kepezhinskas P, Wang Qiang, Zhang Qi, Xiao
Long. 2002. Adakites: Some variations on a theme[J]. Acta
Petrologica Sinica, 18(2):129—142.

Gao Shan, Rudnick R L, Yuan Hongling, Liu Xiaoming, Liu
Yongsheng, Xu Wenliang, Ling Wenli, John Ayers, Wang Xuanche,
Wang Qinghai. 2004. Recycling lower continental crust in the
North China craton[J]. Nature, 432(7019):892—897.

Gao Yongfeng, Hou Zenggian, Wei Ruihua. 2003. Neogene porphyries
from gangdese: petrological geochemical characteristics and
geodynamic significances[J]. Acta Petrologaca Sinica, 19(3):418—
428(in Chinese with English abstract).

Ge Xiaohong, Liu Junlai. 1999. Formation and tectonic background of
the northern Qilian Orogenic belt[J]. Earth Science Frontiers, 6(4):
223-230 (in Chinese with English abstract).

Jia Qunzi, Yang Zhongtang, Xiao Chaoyang, Quan Shoucun, Zou
Xianghua. 2007. Metallogenic regularity and metallogenic
prediction of the Qilian Mountain copper— gold— tungsten— lead—

zinc deposit[M]. Beijing: Geological Publishing House, 75— 139.

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



764 i [

b, J 2020 4F

(in Chinese).

Kay R W, Ramos V A, Marquex M. 1993. Evidencein Cerro Pampa
volcanic rocks of slab melting prior to ridge trench collision in
southern South America[J]. Journal of Geology, 101:703—714.

Lai Shaocong, Qin Jiangfeng. 2013. Adakitic rocks derived from the
partial melting of subducted continental crust: Evidence from the
Eocene volcanic rocks in the northern Qiangtang block[J].
Gondwana Research, 23(2):812—824.1

Li Yanguang, Wang Shuangshuang, Liu Minwu, Meng En, Wei
Xiaoyan, Zhao Huibo, Jin Mengqi. 2015. U—Pb dating Study of
Baddeleyite by LA— ICP—MS technique and application[J]. Acta
Geologica Sinica, 89(12):2400—2418(in Chinese with English abstract).

Liu Chuanzhou, Xiao Wenjiao, Yuan Chao, Yan Zhen. 2005. The
petrological and geological characteristics of the Zhamashi mafic
complex, Qilian Mountain and their tectonic implications[J]. Acta
Petrologica Sinica, 21(1):57—64(in Chinese with English abstract).

Mao Qigui, Xiao Wenjiao, Han Chunming, Sun Min, Yuan Chao,
Zhang Jien, Ao Songjian, Li Jiliang. 2010. Discovery of Middle
Silurian adakite granite and its tectonic significance in Liuyuan
area, Beishan Moutains, NW China[J]. Acta Petrologica Sinica, 26
(2):584-596(in Chinese with English abstract).

Macpherson C G, Dreher S T, Thirwall M F. 2006. Adakites without
slab melting: high pressure differentiation of island arc magma,
Mindanao, the Phillippines[J]. Earth and Planetary Science Letters,
243:581-593.

Martin H, Smithies R H, Rapp R, Moyen J F, Champiom D. 2005. An
overview of adakite, tonalite— trondhjemite— granodiorite (TTG),
and sanukitoid: relationships and some implications for crustal
evolution[J]. Lithos, 79:1-24.

Qin Haipeng. 2012. Petrology of Early Paleozoic Granites and Their
Relation to Tectonic Evolution of Orogen in the North Qinlian
Orogenic Belt[D]. Beijing: Chinese Academy of Geological
Sciences, 1—-26. (in Chinese with English abstract).

Rollinson H R. 1993. Using Geochemical Data: Evaluation,
Presentation, Interpretation[M]. Longman Singapore Publishers
(Pte)Ltd., Singapore, 1—352.

Rudnick R L. 1995. Making continental crust[J]. Nature, 378:571—578.

Song Shuguang. 1997. Tectonic evolution of subdutive complex belts
in the north Qilian Mountains[J]. Advance in Earth Sciences, 12(4):
351-365(in Chinese with English abstract).

Song Shuguang, Niu Yaoling, Su Li, Xia Xiaohong. 2013. Tectonics of
the North Qilian orogen, NW China [J]. Gondwana Research, 23:
1378—-1401.

Song Zhongbao, Li Zhipei, Ren Youxiang, Yang Jianguo, Li Yazhi, Xie
Chunlin. 2005. Chronology and geological significance of
Chelugou dacite porphyry in North Qilian Mountains[J].
Geological Science and Technology Information, 24(3):15— 19(in
Chinese with English abstract).

Tang Gongjian, Wang Qiang, Wyman D A, Li Zhengxiang, Zhao
Zhen—Hua, Jia Xiao—Hui, Jiang Ziqi. 2010. Ridge subduction and

crustal growth in the Central Asian Orogenic Belt: Evidence from

Late Carboniferous adakites and high— Mg diorites in the western
Junggar region, northern Xinjiang (west China) [J]. Chemical
Geology, 277(3—4).

Tang Zhuo, Wang Guogiang, Li Xiangmin, Zhu Tao, Luo Gengen, Ji
Bo, Bu Tao. 2018. Genesis and tectonic implications of Caledonian
Dayekou adakite diorite porphyry of Xishui area, Zoulangnanshan,
North Qilian Moutain[J]. Geological Bulletin of China, 37(4):
1444-1480 (in Chinese with English abstract).

Wang Jinrong, Wu Chunjun, Cai Zhenghong, Guo Yuansheng, Wu
Jicheng, Liu Xiaohuang. 2006. Early Paleozoic high— Mg adakite
from Yingdongliang in the eastern section of the North Qilian:
Implications for geodynamics and Cu— Au minerallzation[J]. Acta
Petrologica Sinca, 22(11):2655— 2664 (in Chinese with English
abstract).

Wang Nan, Wu Cailai, Ma Changqian, Lei Min, Guo Wenfeng, Zhang
Xin, Chen Hongjie. 2016. Geochemistry, zircon U- Pb
geochronology and Hf isotopic characteristics for Granites in
southern Dunhuang block[J]. Acta Petrologica Sinica, 32(11):3753—
3780(in Chinese with English abstract).

Wang Qiang, Wyman D A, Zhao Zhenhua, Xu Jifeng, Bai Zhenghua,
Xiong Xiaolin, Dai Tongmo, Li Chaofeng, Chu Zhuyin. 2007.
Petrogenesis of Carboniferous adakites and Nb— enriched arc
basalts in the Alataw area, northern Tianshan Range (western
China): Implications for Phanerozoic crustal growth in the Central
Asia orogenic belt[J]. Chemical Geology, 236(1/2):0—64.

Wang Qiang, Wyman D A, Xu Jifeng, Wan Yusheng, Li Chaofeng, Zi
Feng, Jiang Ziqi, Qiu Huaning, Chu Zhuyin, Zhao Zhenhua, Dong
Yanhui. 2008a. 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[J].
Contributions to Mineralogy and Petrology, 155(4):473—490.

Wang Qiang, Wyman D A, Xu Jifeng, Dong Yanhui, Vasconcelos P M,
Pearson N, Wan Yusheng, Dong Han, Li Chaofeng, Yu Yuanshan,
Zhu Tongxing, Feng Xintao, Zhang Qiyue, Zi Feng, Chu Zhuyin.
2008b. Eocene melting of subducting continental crust and early
uplifting of central Tibet: Evidence from central— western
Qiangtang high— K calc— alkaline andesites, dacites and rhyolites[J].
Earth and Planetary Science Letters, 272(1/2):0—171.

Wang Qiang, XU Ji—Feng, Jian Ping, Bao Zhiwei, Zhao Zhenhuan, Li
Chaofeng, Xiong Xiaolin, Ma Jinlong. 2006. Petrogenesis of
adakitic porphyries in an extensional tectonic setting, Dexing,
South China: Implications for the Genesis of Porphyry Copper
Mineralization[J]. Journal of Petrology, 47(1):119—144.

Wang Quan, Liu Xueya. 1981. Ophiolite belt and plate tectonics in
China[J]. Journal of Jilin University ( Earth Science Edition), (1):
72—81. (in chinese).

Wang Xiaowei, Yang Chunxia, Wang Yuxi, Yu Man. 2018.
Geochemistry of Cambrian high—Mg andesites in north Qilian and
its geodynamic implications[J]. Northwestern Geology, 51(1):34—
43(in Chinese with English abstract).

Wareham C D, Millar I L, Vaughan A P M. 1997. The generation of

http://geochina.cgs.gov.cn 1 EHT, 2020, 47(3)



5478 3

BB - JUAR I 1L P B 42 B8 T8 A U=Ph AR AU MBRAG AR E S A 765

sodic granitic magmas, western Palmer Land, Antarctic Peinsula[J].
Contributions to Mineralogy and Petrology, 128(1):81—96.

Wu Cailai, Xu Xueyi, Gao Qianmin, Li Xiangmin, Lei Min, Gao
Yuanhong, Ronald B Frost, Joseph Wooden. 2010. Early Palaezoic
granitoid magmatism and tectonic evolution in North Qilian, NW
China[J]. Acta Petrologica Sinica, 26(4):1027— 1044. (in Chinese
with English abstract).

Wu Cailai, Yao Shangzhi, Yang lJingsui, Zeng Lingsen, Chen
Songyong, Li Haibing, Qi Xuexiang, Joseph L. Wooden, Frank K.
Mazdab. 2006. Doubel subduction of the Early Paleozoic North
Qilian oceanic plate: Evidence from granites in the central segment
of North Qilian, NW China [J]. Geology in China, 33 (6): 1197—
1208 (in Chinese with English abstract).

Xia Lingi, Xia Zuchun and Xu Xueyi. 1996. Petrogenesis of Marine
Volcanic Rocks in the North Qilian Mountains[M]. Beijing:
Geological Publishing House, 201-235(in Chinese).

Xia Linqi, Xia Zuchun, Xu Xueyi. 1998. Early Palacozoic mid—ocean
ridge— ocean island and back— arc basin volcanism in the North
Qilian Mountains[J]. Acta Geologica Sinica, 72(4):301— 312(in
Chinese with English abstract).

Xia Lingi, Li Xiangmin,Yu Jiyuan, Wang Guoqiang. 2016. Mid— Late
Neoproterozoic to Early Paleozoic volcanism and tectonic
evolution of the Qilian Mountain [J]. Geology in China, 43(4):
1087—-312(in Chinese with English abstract).

Xia Lingi, Xia Zuchun, Ren Youxiang, Xu Xueyi, Yang Hequn. 2001.
Tectonic, Magmatic and Metallogenetic Dynamics in North Qilian
Mountains[M]. Beijing:China Land Press, 231—264(in Chinese ).

Xia Lingi, Xia Zuchun, Peng Ligui, Ren Youxiang, Yang Jinghua,
Zhang Cheng, Li Zhipei, Wang Xingan. 1991. Determination of
nature of Ordovician island— arc volcanic series at Shihuigou area
from Northern Qilian Mountains [J]. Acta Petrol. Mineral., 10(1):
1-10 (in Chinese with English abstract).

Xia Linqi, Xia Zuchun, Xu Xueyi. 2003. Magmagenesis in the
Ordovician backarc basins of the Northern Qilian Mountains,
China [J]. Geological Society of America Bulletin, 115(12), 1510.

Xia Xiaohong, Sun Shuguang. 2010. Forming age and tectono—
petrogenises of the Jiugequan ophiolite in the North Qilian
Moutain, NW China[J]. Chinese Science Bulletin, 55(15):1465—
1473(in Chinese ).

Xu Zhiqin, Xu Huifen, Zhang Jianxin, Li Haibing, Zhu Zhizhi, Qu
Jingchuan, Chen Daizhang, Chen Jinlu, Yang Kaichun. 1994. The
Zoulangnanshan Caledonian subductive complex in the Northern
Qilian Mountains and its dynamics[J]. Acta Geolgica Sinica, 68(1):
1-15(in Chinese with English abstract).

Xu Weidong, Yue Shidong, Zhang Guocheng. 2007. Geological
character istics of Heixialao syn—collision granite in the west sector of
Northern Qianlianshan[J]. Geologcial Survey and Research, 30(2):
110—114(in Chinese with English abstract).

Yang Yongchun, Yu Junpeng, Zhao Delong, Li Shengdong, Liu Jiajun,
Wang Xueyin, Wang Xiaoqiang, Kong Weiqiong, Wang Zuogang.
2019. Zircon U—Pb dating and geochemistry of the volcanic rocks

in the Dishuishan gold deposit in Gansu Province and its tectonic
setting [J]. Geology in China, 46(6):1444— 1480 (in Chinese with
English abstract).

Yang Jianguo, Huang Zhenquan, Ren Youxiang, Li Peizhi, Song
Zhogbao. 2003. The ore—controlling conditions and metal—logenic
model of Hanshan gold deposit in North Qilian Mts[J]. Northestern
Geology, 36(1):41—51(in Chinese with English abstract).

Zeng Jianyuan, Yang Huairen, Yang Hongyi, Liu Dunyi, Cai Jinlang,
Wu Hanquan, Zuo Guochao. 2007. The ophiolite of Dongcaohe in
Northe Qilian: A fragment from Oceanic crust of Early
Paleozoic[J]. Chinese Science Bulletin, (7):825—835(in Chinese ).

Zhang Jianxin, Xu Zhiqin, Chen Wen, Xu Huifen. 1997. A tentative
discussion on the ages of the subduction— accretionary complex
volcanic arc in the Middle Sector of North Qilian Mountain[J].
Acta Petrologica et Mineralogica, 16:112— 119(in Chinese with
English abstract).

Zhang Jianxin, Xu Zhiqin, Xu Huifen, Li Haibing. 1998. Framework
of North Qilian Caledonian Subduction— accretionary wedge and
its deformation dynamics[J]. Scientia Geologica Sinica, 33:290—
330(in Chinese with English abstract).

Zhang ] X, Meng F C, Wan Y S. 2007. A cold Early Paleozoic
subduction zone in the North Qilian Mountains, NW China:
Petrological and U— Pb geochronological constraints [J]. Journal of
Metamorphic Geology, 25: 285—304.

Zhang Liqi, Zhang Hongfei, Zhang Shasha, Xiong Ziliang, Luo Biji,
Yang He, Pan Fabin, Zhou Xiaochun, Xu Wangchun, Gao Liang.
2017. Lithospheric delamination in post— collisional setting: Evidence
from intrusive magmatism fromthe North Qilian orogen to
southern margin of the Alxa block, NW China[J]. Lithos, 288.

Zhang Qi, Wang Yan, Liu Wei, Wang Yuanlong. 2002. Adakite: Its
characteristics and implications[J]. Geological Bulltiin of China, 21
(7):432—435(in Chinese with English abstract).

Zhang Qi, Wang Yan, Qian Qing. 2010. The north of Qilian oceanic
basin of the early placozoic age: An aulacogen or a large oceanic
basin: A discussion with Ge Xiaohong [J]. Scientia Geologica
Sinica, 2000(1):124—131(in Chinese with English abstract).

Zhao Xinmin, Guo Zhouping, Wang Yuxi, Gao Yongwei, Zhang Le,
Bai Yun, Yang Shengfei. 2018. Zircon U— Pb age, geochemical
characteristics and geological significance of granitoids in the
Maozangsi deposit, Northern Qilian Moutain[J]. Geological
Bulletin of China, 37(4):669—681 (in Chinese with English abstract).

Zheng Rongguo, Li Jinyi, Zhang Jin, Xiao Wenjiao, Wang Qianjun.
2019. Permian oceanic slab subduction in the southmost of Central
Asian Orogenic Belt: Evidence from adakite and high—Mg diorite
in the southern Beishan[J]. Lithos, 358—359.

Zheng Rongguo, Xiao Wenjiao, Li Jinyi, Wu Tairan, Zhang Wen. 2018.
A Silurian— early Devonian slab window in the southern Central
Asian Orogenic Belt: Evidence from high— Mg diorites, adakites
and granitoids in the western Central Beishan region, NW
China[J]. Journal of Asian Earth Sciences, 153:75-99.

Zhu Tao, Wang Hongliang, Xu Xueyi, Chen Junlu, Ma Zhongping, Li

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



766 i [

b, Ji 2020 4F

Zhipei, Zhu Xiaohui, Li Ping. 2014. Discovery of adakitic rocks in
south margin of Dunhuang block and its geological significance[J].
Acta Petrologica Sinica, 30(2):491— 502(in Chinese with English
abstract).

Zuo Guochao, Liu Jichen. 1987. The evolution of tectonic of early
Palezoic in North Qilian range, China[J]. Chinese Journal of
Geology, 17: 14—24. (in Chinese).

Bt o 32 25 STk

KR R, BLEGAE . 2003, XU SR = 28 BEA 1A fr2F ek
M by H R Bl 322 B 0], A A1, 19(3):418—428.

B 0T, XK. 1999, dUAR A 1S L AT A5 15 5L [J]. Hh 2 2k,
(4):223-230.

BUREF, A 0, FBH, ASPR, 4RI . 2007, 483% LU 4 B A E
PR B LR A E P M. b5t M A, 75—139.

ZEHETT, TERORL, X R, 8L, /NG BB, AL 2015, R
41 LA—-ICP—MS U—Pb &4 77 75 K o H[J]. Hb o244 . 89(12):
2400-2418.

XL TR, 1 3058, M, IE5R . 2005, A8 IFLRRAT Rk 2 i A A
BRACZ AR B R AR 15 38 L [T]. A 543, 21(1):57-64.

BJa o, 03058 wAEW PMEL, 2R TRARIEL U IR 224K 5% . 2010.
AU L b DX 5 B T3RR3R B AR i o IS B M SRS L[],
£12%41R, 26(2):584—596.

ZEUEMG . 2012, JUAR % 3 LA Rl A ARAE A A A 2R R S 5
AL SEZR[D]. AUt o I FRR 24 Be . 1-26.

R, 2N, A, B, S, AR, 2005, JLARI%E L%
BRI BE A AR 2 S TR X [T]. MR I i, 24(3):15—
19.

FE L, TR, 2 R, R, PARR, T, M. 2018, JbARE L A
T L P 7Kt DX B AR B DR M 0 38 o SR DA B 14 S R 5
FSCHIST . [J]. HB ST, 37(4):1444-1480.

IR 1997, JCABIE LT b 2707 1R A6 38 T AR []. M BRABL 308
12(4):351-365.

T, AR, S B, E A, S SR, BRZLAS . 2016. FORE bk
R HR AR AL B A M Bk Ak 2 5 A U—Pb 8 4R S 1 R 2 4 1E
W] A ek, (12):199-226.

Tao, AR L SR EA Rk XU . 2006. JEARIE AR
BEHAR R Ry A QBRI R T MhERBh Sy ROl B 0], A
F2EAR, 22(11):2655-2664.

TAE, BT, 1981, [ [l sk A SR [1]. 35 M2
(), (1):72-81.

TR HE, T EE, T8 2018, JLAREFLANL FER AL F L LA
BRIk A3 3 122 R AR [D). VIR LS, 51(1):34—43.

RAR R, man i, 22w B I, BBURLT, Ronald B FROST,
Joseph L WOODEN. 2010. JbAJS % F iy A= AR A6 5 A AR T By
HEH L[], AR . 26(4):1027-1044.

AR Wk A, AR R, AR 2R Joseph L

Wooden, Frank K Mazdab. 2006. Jb #1834 7 5 iy A= 4 X ] 7 i 1)
AE R R[], P E =TT, 33(6): 1197-1208.

BT, R E A, AR AR L. 1978, A 3% LU iy i Sk A 10 3 R 3
S[I]. HuBeEdR, (4):31-88.

HMST , A, B X 1996, JLARE LR AT JC LA A A0 R (M.
bt b Rk, 201-235.

ST, A . 1998, JUA % L Rl AR AR — B AIUS 7k
IEF]. HUFAF3R, 72(4):301-312.

BT, 25 R AT, TR . 2016, #BFE LTl A h—dh =
B A E S F R BA 0], P TR, 43(4):1087-312.
SOMIT, M AR R S AR 2001, JUARZE LG — k1l

BB 1A M. G P E R M, 231-264.

EOMYT, B, AL S AR iR, i, 2R, T %%
1991, JUAI 34 LA K 760 B P 28 K5 IR K L 2R S SR 8 e 2 0],
AAT I, 10(1): 1-10.

BN R 2010, JEARE L JULA SR B ERE T AR I I 3
PRBE[T). B i, 55(15):1465—1473.

VEREE R EY TR, 2 RAR T, I BRIRER , PR a4k,
T4 . 1994, ACARE AL AR R LU B AR O o e 38 2 b ik & He 5
JI2EI]. T, 68( 1) 1 1-15.

DR, SR SR E A . 2007, JEAS 4 76 BB F A8 R R 26 5 4 b
JURFIE[T]. Hb A S5HF5T, 30(2):110—-114.

WK AW, BT, 250, XK, TR, T/, FLAER,
FAERI. 2019, Hilr A K I &7 X LA 4 U-Po 4R A
HER AL 25 R B T A48 15 75 5 [J]. v B b TL, 46(6):1444—
1480.

T, R R AT AR, 2, AR . 2003, HALARE ILFE L
ST IRED &5 B[], vEAbH, 36(1):41-51.

TR, AR EE S, IRIESY . 1997, LRI AR BE h— 38 1 2
WA HAERIT ). A0 2%, 16:112-119

TR VR BN, AU T 1998, WA TN FL 2R 010 w4 )
BRE5KY 3l 12 . Hb TR, 33:290-330.

TR, FHE XU, £I0 TR . 2002, FR3K TE A B AE B H R L) M
Wi, 21(7):431-435.

TR, TAA,EBRT . bR Rl A A AR AR R R —
B H AT I]. HuBiRkE, 2000(1):124—131.

RV, TS AR S RS S, S rpof R, /MR, 2598 2014,
FORE bR G A A0SR TR T IR 2 I M M B R (D). A
i, (2):201-212.

B ETC MM B A R — BE A R, SR R 22 [ . 2007, JEAR
TREC LA — A R AR ARG PR aR A (3], BHFE R, (7):825—
835.

BEH, F R, EF A kAR, kAR, O R 2018, JBARiE
R RS - A0 R AE A A B A U-Ph AR IS bR (L7 4E
TE R e [T, M iR, 37(4):669—681.

e LR, XV AFBR . 1987, AR 4Rt AR AR AL 3 AR [T]. HL TR
(1):14-24.

http://geochina.cgs.gov.cn "1 E LT, 2020, 47(3)



