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Abstract: This paper reports a detailed study of petrology, U-Pb zircon dating and geochemical
characteristic for Maozangsi granodiorite in North Qilian Mountains. The Maozangsi pluton is
mainly consisted of granodiorite, and the SHRIMP U-Pb zircon dating yield a magma crystalliza-
tion age of (45643) Ma for this pluton. The Maozangsi granodiorite has high SiO, (65.1% ~
73.0%) and low Mg* (18~32) values, its K,0O/Na,O ratio is 0. 82~1. 37 while its A/NKC ra-
tiois 0. 9~1.1, It is rich in LILE and depleted in
HFSE. The REE data shows strongly frantionated REE patterns, with (La/Yb) ratio of 11. 1~

34.1 and 8Eu value of 0.6 ~0.8. The geochemical characteristics and evolutionary history of

belonging to high K calc-alkaline granite.

granitoids in North Qilian orogen belt indicate that the magma of the granodiorite was derived
from partial melting of basaltic rock in lower crust and formed in collisional tectonic setting.
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Fig. 1 (a)Simplified tectonic framework map of the Qilian area and(b) Geological map of the Maozangsi region

(After HUANG Zengbao, 2016)
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Fig. 2 (a) Cathodoluminescence(CL) images and(b) *" Pb/** U-** Pb/*** U Concordia diagram

of representative zircons from the Maozangsi granodiorite
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Tab. 1 Zircon LA-ICPMS U-Pb isotopic data of the Maozangsi granodiorite
5 (107%) R % W I 3 2% 4F % (Ma)
ZBSTW-6 Pb Th U Th/U 207Phb/206Ph 1o 207 ph/2H U 1o 206 ph/238 J 1o 206 ph /238 U 1o
1.1 0. 48 100 69 0.69 0. 060 7 4.2 0.618 7 4.5 0.073 9 1.6 458.0 7.0
2.1 0. 00 167 111 0.67 0.053 6 3.5 0.546 6 3.7 0.074 0 1.2 461. 8 5.5
2.2 0. 45 97 32 0.33 0.054 2 4.9 0.482 8 5.2 0.064 7 1.6 404. 2 6.4
3.1 0. 00 196 129 0. 66 0.061 1 3.1 0.603 2 3.3 0.071 6 1.2 444. 3 5.3
4.1 0. 55 173 122 0.71 0. 060 7 3.4 0.613 2 3.8 0.073 2 1.5 452.9 6.8
5.1 0.83 155 112 0.72 0.060 3 3.5 0.599 0 3.7 0.072 0 1.3 446.7 5.6
6.1 0. 00 169 111 0.65 0.052 4 3.5 0.5319 3.7 0.073 6 1.2 459. 2 5.4
7.1 0.73 137 89 0. 65 0.055 9 3.8 0.578 2 4.0 0.075 0 1.3 465. 3 6.1
8.1 0.48 365 357 0.98 0.059 6 3.8 0.608 8 3.9 0.074 1 0.8 457. 6 3.6
8.2 0. 25 369 199 0. 54 0.054 4 2.5 0.494 1 2.7 0.065 9 0.9 410. 8 3.5
9.1 0. 28 203 154 0.76 0. 056 7 4.5 0.568 8 4.7 0.072 8 1.6 453.5 7.0
10. 1 0. 60 194 140 0.72 0.062 8 3.0 0.663 9 3.2 0.0767 1.1 473.9 5.4
11.1 0. 65 154 124 0. 81 0.062 5 3.1 0.627 6 3.4 0.072 8 1.3 449. 6 5.
12. 1 0. 38 193 133 0. 69 0.057 8 3.2 0.598 4 3.5 0.075 1 1.3 468. 3 5.9
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Fig. 3

(a)SiO, vs. K, O(After PECCERILLO et al. , 1976)and (b) A/NKvs. A/CNK diagrams

of the Maozangsi granodiorite (After MANIAR et al. . 1989)
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Fig. 4 (a)Chondrite-normalized REE patterns (After BOYNTON,1984) and (b) Primitive mantle normalized

trace element spider diagrams(After SUN et al. , 1989) from the Maozangsi granodiorite
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Tab. 2 Analysis of chemical composition(wt %) .REE and trace elememts(10 °)of the Maozangsi granodiorite

5 D1326 D1222 D4315 403-1 403-2 403-3 403-4
Si0O, 73.0 67.3 65.1 68. 1 69.1 67.4 66. 9
Al Oy 12. 4 14.0 15.1 13.7 13.5 14.1 14.0
Fe, O 0.77 3. 04 1. 05 4. 56 4. 05 4. 94 4. 80
FeO 2.16 1. 88 3.58 — — — —
CaO 2.68 4.02 3.57 4.11 3. 06 3.93 4. 44
MgO 0. 82 1.78 2.68 1.75 1. 60 1.97 1. 87
K:0 2. 85 2.98 3.01 2.95 3.42 2.72 3.01
Na, O 3.03 2.18 3. 66 2.37 2. 64 2.40 2.29
TiO; 0. 21 0.4 0. 61 0. 45 0. 42 0. 48 0. 46
P, 05 0. 05 0.08 0. 20 0.09 0.08 0. 09 0. 09
MnO 0. 05 0.08 0.07 0.08 0.07 0. 09 0.08
LOI 1.12 1.43 0.823 1. 85 2.03 2.04 1. 88
Total 99.1 99.1 99.5 100 100 100 99. 8
A/NCK 1.0 1.0 1.0 0.9 1.0 1.0 0.9
0 1.1 1.1 2.0 1.1 1.4 1.1 1.2
Mg*# 18 23 32 23 24 24 24
Cr 6. 35 13.4 46. 6 29.4 26.2 33.8 30. 8
Ni 4. 40 5. 00 36.0 9.30 8. 54 10. 8 10.1
Co 8. 45 8.50 11.8 18. 7 16. 4 19.9 19. 6
Li 14.7 26.3 22.2 15.2 14.1 14.3 13.2
Rb 114 172 120 136 151 131 132
Cs 2.15 3.90 3.04 2.97 4.23 3.90 2.51
Sr 194 243 527 444 295 330 497

Ba 780 703 878 1017 844 821 1251
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5 D1326 D1222 D4315 403-1 403-2 403-3 403-4
\Y% 33.4 91.7 76. 8 97.7 88.0 113 106
Sc 12.0 19.7 9.99 16. 8 14.9 19.2 17.2
Nb 10. 2 9.97 10. 6 13.1 9.83 10. 4 10. 6
Ta 1.01 0. 96 0. 60 0.77 0. 82 0. 88 0.91
Zr 103 110 168 196 168 180 156
Hf 3.56 3.96 6. 50 5.13 4.58 5. 06 4.41
Be 3. 88 3.72 2.08 2.35 2.03 2.18 2.27
Ga 21.0 21.1 22.5 17.2 15.6 16. 8 17. 4
U 4. 32 3. 36 4.58 6. 86 2.36 2. 67 3.34
Th 16. 8 19.1 23.9 23.2 18.7 17.1 20. 1
La 49.7 49. 4 42. 8 165 68.7 55.1 80. 3
Ce 73.2 65. 4 85.2 306 126 99.0 135
Pr 8.12 7. 44 10. 7 32.5 12.9 10.5 13.6
Nd 36.0 31.8 37.1 103 43.7 37.6 45.7
Sm 6. 64 6.08 6.22 14. 2 6. 94 6.91 7.64
Eu 1. 10 1. 07 1. 45 3.16 1. 41 1. 46 1.58
Gd 5.11 4.92 4. 80 9. 86 5.56 5. 87 6.32
Tb 0. 86 0. 80 0. 66 1. 32 0.83 0.93 0.93
Dy 5.48 4.72 3.35 6.83 4.75 5.67 5. 44
Ho 1.17 0. 87 0. 64 1. 26 0.95 1.12 1. 10
Er 3.68 2. 87 1.72 3. 44 2.69 3.18 3.19
Tm 0.52 0. 44 0. 29 0.52 0.41 0.48 0. 47
Yb 3. 06 3.00 1. 94 3.27 2.82 3.28 3.17
Lu 0.42 0. 39 0. 28 0. 44 0. 39 0. 46 0. 45
Y 27.3 20.0 16. 7 39.8 28.1 33.2 33.9
2 REE 222 199 214 690 306 265 339
SEu 0.6 0.6 0.8 0.7 0.7 0.7 0.7

IE:Mg# =100 X Mg?" /(Mg*" +Fe” ™) ;— ERKGMITH .

5 Tt
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YU et al. (201575 i% 4 & LA-ICPMS 4% 1 U-Pb
AEIR R 431 Ma, ZEH A EMSFIE X N KA SHRIMP
B U-Pb AR A F T AU AR 7% v B 6 787 1l X f B
— A IE S R i iz s R B 2 B B R
FAE . 5 2 AN B B RO AR AL R (456 =
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5.2 AFRERMEERE

B AL A DN A A N 1 2D i T AR N K
T G o Wy B Sy 58 A N A B R ER
WEKA AB A A B T BUAE A 0 2 R e A A
B2 (ON T 1. 1~2.0, A/NKC fif T 0. 9~
1.0, Ja e B 45 6l 1k 2R 910 o 460 T 4K 1< 2 2 (1A 3a, A
3b) s R C R A A T RIAE A 10 o BR Ak 24 R A
HE B KB 71 2% A6 B 5 1 R AE (Bl 4a B/l 4b) . 7E
La-La/Sm [& (5a) fil Ce-Ce/Yb & (J& 5b) rft, kf 45
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B R ST PG Rl OC T YU et al. (2015)1A 2K
FrA HLBGE SO W R A 2E RRAE L T B [ Al 4
ili 5 0 RS b 58 AR A A O . 2B AR A RE S AR
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Fig. 5 La-La/Sm and Ce-Ce/Yb diagrams of of the Maozangsi granodiorite

6 HbJTE X

DX 3l 5 R 2 B L b AR i 24 4R T o AR
(~679 Ma) M FE i (~505 Ma) JE LA — &M
BEWPEA . & B MORB FRAE 09 2R 6 5 70 5 B2 B
T 2 rf BB (490 ~ 460 Ma) , b 4B 32 7 75 0 v il
T WA 56 B 1) Ve — IR —Z AR R (AR 46, 19985 2K
BRIGEE,2009 K ,2016; FBEfF%%E,2018), #
SR 22 1) UE 4l 2R Y 6 B8 Bl Y < YR B B 72 i AL
AR VEZE P A ) RN R A AU AR % ML IX
RS 5 rh BB St 2 18] 3 0 A TR BN R S 4 il
17 H. 1 B8 B ¢ e AF 3 4 K A A AR I R 467 ~ 450 Ma
CH R om0 7, 1989 3 B 15, 2016) 5 Jb AP 4 25 16 A8
Jo s TR S TR IR AR B GE N A M Z R &
Ar-Ar PR RS P AE 442 ~ 455 Ma (bR H 255,
2012;LIU et al. ,2006) ; 3 [ filf 18 & B A9 11 85 3

RV A AR LT 440~465 Ma, AnFEAL 1L F R
NP NN -T2 NG TN TP =g N Sl e S 3
B BB I FE 6 45 (TSENG et al. o 2009 ; %5 if§
Ms.,2012; CHEN et al. ,2012; YANG et al. ,2015;
YU et al. ,2015), L4 K [ lf 18 30 9% A% (4 S AU A€ 54
o QAT T AR R G0 FIR IS A AR i AR Ry
444~454 Ma (ZEHH 2, 2008 ; M55 B 45, 2008) .,
Benr W, b IR S 3h 7 kAR R AR B A 460 ~
440 Ma,

Zi Lk, B RS AL N K S = AL IR i
BB L (456 £ 3) Ma, B & 2R 78 “ I iz 3 7 B
5 Shy g B Pl A P AR B M B 5 U AR i B IS A &
ARl AE R . X R A i A iR
JCAR % 3 L o AR R A 55 ) Ok A ik R 2 B
NA 2 e = B ORH 2%, 20125 LIU et al. ,
2006) \F 2 L A5 IR BE 1R 35 5 T A 2R AR A (TSENG
et al. ,2009) %,



543

TR AR b BEB RS AE K TN S U-Ph AR KA 77 MR AL 27 45 1 61

7 4Eip

(D ILAR % b By B SF AL B IN K CE B A Z
BURBLRFAE . 20 53 2 A B Br . BOR AL B4R R
(456£3) Ma, W {7 BHC R 431~421 Ma, £
FIH SHRIMP %541 U-Pb Jll4F , 3515 B A€ b TN K&
w R AL

(2) B =5 FL AR 5 DN A A e B0 v o 40
FiAE R B Ry T RUAE G B T [ il 43 49, AT
AE 5 b AR 3 3 1L ) A 45 100 Jonn 5 b 72 49 o 3 0
AR,

(3) B F AL B N =2 o I AR Ay e B g
(456 +£3) Ma, Bl & AE7E“ IR 1z 3 7 KL 40T, e B
e ThE v S 322 b bl 5 A0 AR 3% 5 IR 2% 5 K 2 il AR
OPRSE?/ 8

B AL ERFIR T ZIH RS A
SRR LB ONE I 10 B ARG P

2 % 3 #k (References) :

PRAG I 0 2 SO B AR L 45 AR R B I 3mSR A
R AR AR B GE (1], 5 A 2% 4, 2008, 24 (4)
841-854.

CHEN Junlu, XU Xueyi, ZENG Zuoxun, et al. Geochemi-
cal characters and LA-ICPMS zircon U-Pb dating con-
straints on the petrogenesis and tectonic setting of the
Shichuan intrusion, east segment of the Cental Qilian,
NW China[ J]. Acta Petrologica Sinica, 2008, 24(4):
841-854.

oA =R, HR A Kb B M. db et BT
MR AL, 1989.

Bureau of Geology and Mineral Resources of Gansu Prov-
ince. Regional Geology of Gansu Province[ M. Beijing:
Geological Publishing House, 1989.

WA A G A JUAREE (b Bedb RIRUE TR K
s BT LT ]. B4 41, 2010,30(4) « 62-68.
HUANG Zengbao, LI Baohua, JIN Xia, et al. Petrogenesis
of Beidaban granite pluton in North Qilian Mountain and
its setting [ J]. Journal Mineral Petrology, 2010, 30

(4): 62-68.

B AR AEAS I T B 2% o R 5 s fE D] R
D Hp [ b K 2% RO 2016, 1-180.

HUANG Zengbao. Petrogenesis of alkalic complex and asso-

ciated Rare Earth Mineralization in the middle sector of
North Qilian, NW China[ D]. Wuhan: China University
of Geosciences (Wuhan), 2016, 1-180.

MRCELEE ok A T U AR L E K I E R A R S A A A
AR W A % An/Y A AR R LT L
Hi J5 24 2012,86(9) :1503-1524.

LIN Yihui. ZHANG Lifei. Petrology and " Ar/*" Ar Geo-
chronology of the Lawsonite-Bearing Blueschist and Ec-
logite from the Qingshuigou Blueschist Belt in North
Qilian Mountains in the NW China and their tectonic
implication[ J]. Acta Geologica Sinica, 2012, 86 (9):
1503-1524.

BRI KASE, BER. LABE LRGSR E L &R
PR Z A T (M. JE 50 BT R4 . 2003,
157-239.

MAO Jingwen, ZHANG Zhaochong, YANG Jianmin. Min-
erogentic series of Cu, Fe, Au, W deposits and pros-
pecting evaluation in the west sector of the Northern
Qilian Mountains [ M |. Beijing: Geological Publishing
House, 2003. 157-239.

ZHGEMG  RA K, B, & ABERI S Sr/Y B KA
LA-ICPMS 5 £7 5 4F e Hosb R AL = AR LT ). 5 41 2%
4, 2014,30(12): 3759-3771.

QIN Haipeng, WU Cailai, WANG Cisong, et al. LA-
ICPMS zircon and geochemical characteristics of high
Sr/Y-type granite from Xigela, eastern Qilian areal] ].
Acta Petrologica Sinica, 2014, 30(12): 3759-3771.

KRG, JEAR 7 1L R IR b e AR A A S R L) .
M 53 4% . 2009,28(12) ; 1769-1778.

SONG Shuguang. High-pressure metamorphic rocks in the
North Qilian oceanic subduction zone, China: A review
[J]. Geological Bulletin of China, 2009, 28(12): 1769-
1778.

RSB EEAR . 2R A5 U AR 7 AR e it X KA L KR
HIW LA-ICP-MS £ 47 U-Pb &% Jesth B LT 1. pade
i .2016,49(4) :32-43.

SONG Taizhong, LIU Jiandong, LI Jie, et al. LA-ICP-MS
Zircon U-Pb Age of Gabbro and Basalt in the Baimuxia
area of North Ailian and Its Geological Significancel J].
Northwestern Geology, 2016,49(4) :32-43.

AN MAEZ HEALE. LA ER T | B K5 E
A B o T R LT, A 0 2 4R 5 2004,20€03) ¢ 425-432.

WU Cailai, YANG Jinsui, YANG Hongyi, et al. Dating of
two types of granite from North Qilian, China[J]. Acta
Petrologica Sinica, 2004, 20(3): 425-432.

RETF Rk 6L RIS, JUARIE 7R B TR 8 b IX B R S A AR



62 Piodb o SR

NORTHWESTERN GEOLOGY

2019 4

B SR A R 1 5 A B R R A 3 A T st 2= T
%k, 2012,19(3): 214-255.

XIONG Ziliang, ZHANG Hongfei, ZHANG Jie. Petrogene-
sis and tectonic implications of the Maozangsi and
Huangyanghe granitic intrusions in Lenglongling area,
the eastern part of North Qilian Mountains, NW China
[J]. Earth Science Frontiers, 2012, 19(3).: 214-227.

EMIr EHE IR 5, dLARE I R AR WS
FUSI S 4 4t el #F LT ). o B % 4R 1998, 72 (4)
301-312.

XIA Linqi, XIA Zunchun, XU Xueyi, et al. Early Palaeozo-
ic mid-ocean ridge-ocean island and back-arc basin volca-
nism in the North Qilian Mountains[J]. Acta Geologica
Sinica, 1998, 72(4):301-312.

FEYH . s, ML AL R E AR Bl AR AR A I AR AR
2 M ER AL S R AE B R MR i R LT AR R
2008,24(4) . 855-866.

YONG Yong, XIAO Wenjiao, YUAN Chao, et al. Geochro-
nology and geochemistry of Paleozoic granitic Plutons
from the eastern Central Qilian and their tectonic impli-
cations [ ] ]. Acta Petrologica Sinica, 2008, 24 (4):
855-866.

TR HEE, EEE,F. JLAREALAT L FE R 4 w821
AR R B Jr 2 R AR LT ). PE A M. 2018, 51
(1) :34-44.

WANG Xiaowei, YANG Chunxia, WANG Yuxi, et al. Geo-
chemistry of Cambrian high-Mg Andesites in North Qil-
ian and Its Geodynamic implication[J]. Northwestern
Geology, 2018, 51(1): 34-44.

BLACK, LP., KAMO, SL., WILLIAMS, CM., et al
The application of SHRIMP to phanerozoic geochronol-
ogy: a critical appraisal of four zircon standards|[]].
Chemical Geology. 2003, 200, 171-188.

BOYNTON WV, BOWDEN P. Geochemistry of the rare
carth elements: Meteorite studies[ M |. Hendrson P
(ed). Rare Earth Element Geochemistry. Elsevier,
1984, 63-114.

CHAPPELL BW., WHITE AJR. I and S type granites in
the Lachlan Fold Belt[J]. Transactions of the Royal So-
ciety of Edinburgh. Earth Sciences., 1992, 83.1-26.

CHEN YX, XIA XH, SONG SG. Petrogenesis of Aoyo-
ugou high-silica adakite in the North Qilian orogen, NW
China: Evidence for decompression melting of oceanic
slab[J]. Chinese Science Bulletin, 2012, 57.

DEFANT M]J, DRUMMOND MS. derivution of some mod-
ern arc magmas by melting of young subduction litho-

sphere[J]. Nature, 1990, 347 62-665.

HOSKIN PWO and BLACK LP. Metamorphic zircon forma-
tion by solid-state recrystallization of protolith igneous
zircon[ J]. Journal of Metamorphic Geology. 2000, 18
(4):423-439.

LIU Y], NEUBAUER F, GENSER ], et al. *"Ar/ * Ar a-
ges of blueschist facies Delitic schists from Qingshuigou
in the Northern Qilian Mountains, western Chinal J].
Island Arc. 2006, 15(1). 187-198.

LUDWIG KR. ISOPLOT 3.00: A Geochronological Toolkit
for Microsoft Excel. Californial M]. Berkeley: Berkeley
Geochronology Center Special Publishing, 2003, 4.
1-71.

MANIAR PD, PICCOLI PM. Tectonic discrimination of
granitoids[ J]. Geological Society of America Bulletin,
1989, 101:635-643.

SUN SS, MCDONOUGH WEF. Chemical and isotope sys-
tematic of oceanic basalts: Implication for the mantle
composition and processes [ A]. In: Saunder AD and
Norry MJ (eds). Magmatism in the Ocean Basins[ C].
Geological Society of London SpecialPublication, 1989,
42(1):313-345.

SONG SG, NIU YL, SU L, et al. Tectonics of the North
Qilian Orogen, NW China[]J]. Gondwana Research,
2013, 23: 1378-1401.

TARNEY J, JONES CE. Trace element geochemistry of o-
rogenic igneous rocks and crustal growth[J]. Journal of
the Geological Society. 1994, 51(5) . 855-868.

TSENGCY, YANG HJ, YANG HY, et al. Conyiniuty of
the North Qilian and North Qinling orogenic belts, Cen-
tral Orogenic System of China: Evidence from newly
discovered Paleozoic adakitic rock[]J]. Gondwana Re-
search, 2009, 16. 285-293.

WILLIAMS, 1. S. U-Th-Pb geochronology by ion micro-
probe[ A]. In: McKibben,M. A. , Shanks, W.C. IIL ,
Ridley, W. 1. (Eds.), Applications of Microanalyti-
calTechniques to Understanding Mineralizing Processes
[C]. Reviews on Economic Geology 1998, 7, 1-3.

YANG H, ZHANG HF, LUO B]J, et al. Early Paleozoic
intrusive rocks fromt he eastern Qilian orogen. NE Ti-
betanPlateau: Petrogenesis and tectonic significance[J].
Lithos, 2015, 224-225. 13-31.

YU SY, ZHANG JX, QIN HP, et al. Petrogenesis of the
early Paleozoic low-Mg and high-Mg adakitic rocks in
the North Qilian orogenic belt, NW China: Implications
for transition from crustal thickening to extension
thinning[ J ]. Journal Asian Earth Sciences, 2015, 107
122-139.



