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Petrogenesis and tectonic implications of the Late Triassic syenogranite
in Qimantag area, East Kunlun Mountains
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Abstract: The syenogranite in Qinghai Province is located on the east periphery of the Kendekeke deposit in the
Qimantag area, East Kunlun Mountains. It consists of alkali feldspar (50% ~60%), quartz (20% ~30%), pla-
gioclase (10% ~20%), and biotite and hornblende (1% ~5%). The results of LA-ICP-MS zircon U-Pb isotope
dating reveal that the syenogranite was formed at 217.9 £ 1.7 Ma (MSWD =0. 74, n =20), suggesting the Late
Triassic and the same time as the metallogenic age of the iron-polymetallic deposit in Qimantag area. The sy-
enogranite is characterized by high silicon (SiO, =74.62% ~75.28%), high alkali (K,0 + Na,0 =8.81% ~
8.95%), and fairly high ratio of FeO"/MgO (18. 02 ~31.48). The trace element and REE compositions show the
features of significant negative Eu anomalies (8Eu =0. 04 ~0.05), enrichment of Rb, Th, U, K, Ga, and depletion
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of Sr, Ba, Ta, P, Ti. The geochemical characteristics indicate that the syenogranite belongs to metaluminous-

weakly peraluminous A-type granite. The gHf(¢) values of syenogranite vary from 2.0 to 12.4 with the two-stage

model ages being i), of 1 126 ~458 Ma. It is held that the source region of syenogranite probably had a mixture

with the mantle and ancient crust, which provided abundant materials for the iron-polymetallic mineralization in this

area. In the discrimination diagrams of A-type granite, the syenogranite falls into A2-type granites, which suggests

that it was formed in an extensional tectonic regime after the orogenic process. All these characteristics display a

transition of the Late Variscan- Indosinian orogenic cycle from the epi-orogenic stage to the extensional tectonic re-

gime in Qimantag area in the late Triassic.
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Fig. 1 Regional tectonic sketch map (a, modified after Li Rongshe et al. , 2008) and geological sketch map of the Kendekeke

area (b, modified after Liu Yunhua et al. , 2006)
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Fig. 2 Photograph (a) and microphotograph (b) of syenogranite on the periphery of the Kendekeke deposit
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a—outcrop of syenogranite; h—syenogranite consisting of K-feldspar( Kfs), quartz (Q), plagioclase (P1) and biotite( Bt) C cross nicols)
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Table 1 LA-ICP-MS U-Pb data for syenogranite on the periphery of the Kendekeke deposit

wB/ 10 -6 207 Pb/206 Pb 207 Pb/235 U 206 Pb/238 1) 207 Pb/ZOﬁ Pb 207 Ph/235 U 206 Pb/238 U
Wi h/U

Th U FeAi lo i lo HeAi lo  F#&/Ma lo F#/Ma lo Fi#/Ma lo
LYS02 01 80.87 118.2 0.68 0.051 83 0.004 76 0.25570 0.022 77 0.035 78 0.000 90 278 155 231 18 227 6
LYS02 02 179.7 409.3 0.44 0.049 60 0.002 13 0.238 66 0.009 85 0.034 89 0.000 53 176 68 217 8 221 3
LYS02 03 155.2 204.3 0.76 0.049 70 0.003 15 0.23596 0.014 39 0.034 43 0.000 69 181 103 215 12 218 4
LYS02 04 74.36 166.8 0.45 0.049 60 0.004 68 0.236 79 0.021 49 0.034 62 0.001 00 176 150 216 18 219 6
LYS02 05 200.3 231.1 0.87 0.046 33 0.003 05 0.222 47 0.014 16 0.034 82 0.000 68 15 101 204 12 221 4
LYS02 06 232.2 468.8 0.50 0.05043 0.002 00 0.240 01 0.009 13 0.034 52 0.000 51 215 61 218 7 219 3
LYS02 07 133.8 220.1 0.61 0.047 40 0.003 12 0.222 94 0.014 18 0.034 11 0.000 67 69 103 204 12 216 4
LYS02 08 62.47 140.3 0.45 0.056 12 0.005 74 0.26122 0.025 62 0.033 76 0.001 08 457 162 236 21 214 7
LYS02 09 80.82 144.6 0.56 0.047 95 0.00571 0.223 19 0.025 67 0.033 76 0.001 13 97 194 205 21 214 7
LYS02 10 121.5 180.4 0.67 0.048 55 0.004 12 0.227 16 0.018 59 0.033 93 0.000 85 126 136 208 15 215 5
LYS02 11 76.23 137.5 0.55 0.054 77 0.006 84 0.244 98 0.029 40 0.032 44 0.001 23 403 200 222 24 206 8
LYS02 12 462.1 845.3 0.55 0.049 78 0.001 49 0.23585 0.006 75 0.034 36 0.000 43 185 43 215 6 218 3
LYS02 13 319.7 428.1 0.75 0.051 82 0.002 30 0.249 04 0.010 58 0.034 85 0.000 55 277 68 226 9 221 3
LYS02 14 170.5 392.3 0.43 0.049 77 0.002 46 0.233 01 0.011 09 0.033 95 0.000 55 184 81 213 9 215 3
LYS02 15 196.9 457.4 0.43 0.05092 0.003 42 0.242 98 0.015 62 0.034 61 0.000 77 237 107 221 13 219 5
LYS02 16 573.5 999.2 0.57 0.051 14 0.001 62 0.239 91 0.00727 0.034 02 0.000 44 247 46 218 6 216 3
LYS02 17 47.82 105.5 0.45 0.15123 0.016 01 0.764 91 0.072 28 0.036 69 0.001 89 397 583 220 61 204 11
LYS02 18 361.9 639.5 0.57 0.049 70 0.001 85 0.23152 0.008 28 0.033 78 0.000 46 181 58 211 7 214 3
LYS02 19 139.6 201.0 0.69 0.047 55 0.004 52 0.230 38 0.021 24 0.035 14 0.000 91 77 155 211 18 223 6
LYS02 20 410.5 737.9 0.56 0.052 53 0.001 88 0.25029 0.008 55 0.034 56 0.000 48 309 52 227 7 219 3
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Fig. 4 Diagrams of zircon U-Pb weighted average ages (a) and concordia ages (b) of the syenogranite on the periphery
of the Kendekeke deposit
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Table 2 Compositions of major elements (w,/ % ) and trace clements (w,/10 "°) of the syenogranite on the periphery
of the Kendekeke deposit

FEfb 5 LYS-1 LYS-2 LYS-3 LYS4 LYS-5 [ERTIR= LYS-1 LYS-2 LYS-3 LYS4 LYS-5
Si0, 74.62 75.28 74.53 75.07 74.94 Y 43.0 34.8 40.3 49.9 38.7
TiO, 0.10 0.11 0.09 0.11 0.10 SREE 296. 81 231.15  237.35 303.32  263.13
AL, 0, 12.61 12.89 12.59 12.54 12.69 LREE 264.75 208.54  209.26  269.92  237.70
Fe,0, 0.55 0.18 0.46 0.56 0.72 HREE 32.06 22.61 28.09 33.40 25.43
FeO 1.08 1.10 1.01 1.08 1.08 ||LREE/HREE  8.26 9.22 7.45 8.08 9.35
MnO 0.02 0.02 0.03 0.04 0.02 (La/Yb) g 8.68 10.05 8.56 9.47 10.75
MgO 0.05 0.07 0.05 0.08 0.06 SEu 0.05 0.05 0.04 0.04 0.04
Ca0 0.83 0.64 0.78 0.80 0.49 3Ce 1.01 0.96 0.91 0.83 0.86
Na, O 3.91 4.16 3.91 3.83 4.02 Rb 244 225 250 258 267
K,0 5.04 4.74 4.95 4.98 4.90 Ba 68.8 51.1 52.0 43.2 32.8
P,0; 0.01 0.01 0.01 0.01 0.01 Th 25.5 19.3 23.3 27.0 22.5
LOI 0.80 0.67 0.93 0.94 0.68 U 4.67 4.85 4.40 5.00 4.22
Na,0 +K,0  8.95 8.90 8.86 8.81 8.92 Nb 23.7 21.5 27.9 26.9 24.1
K,0/Na,0  1.29 1.14 1.27 1.30 1.22 Ta 1.84 1.50 1.68 1.81 1.56
FeO'/MgO  31.48 18.02 28.46 19.79 28.78 Sr 35.6 23.6 35.0 29.5 20.9
A/CNK 0.94 0.98 0.95 0.95 0.99 Zr 215 242 196 212 198
A/NK 1.06 1.08 1.07 1.07 1.06 Hf 9.33 9.15 8.67 8.94 8.30
I 2.53 2.45 2.49 2.42 2.49 Li 8.23 12.40 9.14 6.42 9.14
DI 94.56 94. 81 94.69 94.31 95.07 Be 3.88 3.24 3.17 3.78 4.30
La 61.0 49.6 52.5 68.0 60. 1 Se 2.76 2.56 2.02 2.43 2.81
Ce 126.0 94.5 95.6 116.0 104.0 % 0.74 0.61 0.74 0.75 0.57
Pr 14.1 10.8 11.4 16. 1 13.4 Cr 2.16 1.78 2.04 1.91 1.52
Nd 54.0 46.4 41.9 59.2 51.6 Co 0.18 0.23 0.21 0.18 0.18
Sm 9.50 7.12 7.75 10. 50 8.49 Ni 0.46 0.24 0.37 0.34 0.27
Eu 0.15 0.12 0.11 0.12 0.11 Cu 7.46 4.49 5.31 14.40 8.82
Gd 8.95 6.38 7.22 9.28 6.94 Zn 57.3 51.9 43.3 66.2 65.3
Tb 1.44 1.05 1.21 1.58 1.18 Mo 1.79 1.15 2.16 1.88 1.96
Dy 8.64 6.02 7.87 8.77 6.64 Bi 0.33 12.30 1.02 0.53 3.17
Ho 1.66 1.18 1.45 1.79 1.33 Sn 5.98 4.12 6.98 5.50 5.37
Er 4.88 3.39 4.62 5.36 4.13 Pb 32.4 24.1 19.6 41.5 27.0
Tm 0.75 0.54 0.67 0.74 0.62 Ga 20.2 20.6 18.3 19.2 21.3
Yb 5.04 3.54 4.40 5.15 4.01 Cs 3.42 1.86 2.25 2.51 2.32
Lu 0.70 0.51 0.65 0.73 0.58 1/C 804 820 798 805 803
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Fig. 5 Diagrams of A/NK —A/CNK (a) and K,0 —Si0,(h) of the syenogranite on the periphery of the Kendekeke deposit
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Fig. 6 Chondrite-normalized rare earth element patterns (a) and primitive mantle-normalized trace element diagrams (b) for

syenogranite on the periphery of the Kendekeke deposit ( normalization values after McDonough and Sun, 1995)
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Table 3 Zircon in situ Hf isotopic data of the syenogranite on the periphery of the Kendekeke deposit
Wiz YL/ TTHE oLu/HE TOHETTHE,,,  7SHE!'THE 20 eHICH)  tpy/Ma  bpy/Ma  fi

LYS02-01 0.135 143 0.002 087 0.282 937 0.282 928 0.000 019 10.3 461 595 -0.94
LYS02-02 0.094 895 0.001 383 0.282 755 0.282 750 0.000 019 4.0 712 999 -0.96
LYS02-03 0.078 299 0.001 229 0.282 749 0.282 744 0.000 022 3.8 717 1011 -0.96
LYS02-04 0.157 953 0.002 312 0.282 998 0.282 988 0.000 015 12.4 374 458 -0.93
LYS02-05 0.097 091 0.001 387 0.282 905 0.282 900 0.000 022 9.3 497 659 -0.96
LYS02-06 0.148 167 0.002 254 0.282 985 0.282 976 0.000 019 12.0 391 486 -0.93
LYS02-07 0.121 757 0.001 783 0.282 803 0.282 796 0.000 025 5.6 651 895 -0.95
LYS02-08 0.095 297 0.001 438 0.282 779 0.282 773 0.000 022 4.8 679 946 -0.96
LYS02-09 0.083 889 0.001 268 0.282 699 0.282 694 0.000 022 2.0 790 1126 -0.96
LYS02-10 0.110 428 0.001 646 0.282 803 0.282 796 0.000 018 5.6 048 894 -0.95
LYS02-11 0.087 579 0.001 317 0.282 789 0.282 784 0.000 017 5.2 662 922 -0.96
LYS02-12 0. 125 587 0.001 903 0.282 958 0.282 950 0.000 018 1.1 427 545 -0.94
LYS02-13 0.107 834 0.001 623 0.282 800 0.282 794 0.000 023 5.6 651 899 -0.95
LYS02-14 0.139 639 0.002 065 0.282 849 0.282 840 0. 000 020 7.2 589 794 -0.94
LYS02-15 0.105 653 0.001 635 0.282 749 0.282 742 0. 000 020 3.7 726 1016 -0.95
LYS02-16 0.118 697 0.001 808 0.282 748 0.282 740 0.000 022 3.7 731 1 020 -0.95
LYS02-17 0. 145 359 0.002 129 0.282 874 0.282 865 0.000 017 8.1 553 738 -0.94
LYS02-18 0.102 595 0.001 594 0.282 764 0.282 757 0.000 019 4.3 703 981 -0.95
LYS02-19 0.155 231 0.002 301 0.282 884 0.282 875 0.000 014 8.4 541 716 -0.93
LYS02-20 0.139 585 0.002 103 0.282 839 0.282 830 0.000 028 6.8 604 818 -0.9%4
LYS02-21 0. 128 459 0.001 951 0.282 713 0.282 705 0.000 020 2.4 784 1 100 -0.94
1YS02-22 0.099 849 0.001 523 0.282 730 0.282 724 0. 000 020 3.1 751 1057 -0.95
LYS02-23 0.130 703 0.001 982 0.282 862 0.282 854 0.000 026 7.7 568 763 -0.94
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Fig. 7 Discrimination diagrams for A-type granite ( after Whalen et al. , 1987)
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Fig. 8 Discrimination diagrams for two types of A-type granite Cafter Eby, 1992)



LLy

206 = A W

/]

22

2z Ju

A -+

N

37 &

W T ARG B AR X T = B A 3 o i U0 O i
B B R SF,2012) 6
4.3 ERBEXREMIHFES

B A o F K A KA S A R A HE R AL 2
O HE/1 T HEE AR AL T [ /N 0. 282 705 ~0. 282 988), #%
BTN RE 4 T ) | A 20 A ) —, FRR AT

PR e HEC) 4 2.0 ~ 12,4, PR X A
A FEWRTRIRIRRAE, DAy A, 22 ET
Hu ST R G CB 9a) s — I BB AR S 1, AT
458 ~1 126 Ma 2 [a], AJREICSE T S A= v 30 R) A0 18 1%
6 iy DX R 1 ) 5 LA 3% 1) T AR N 31 3 e R i
AR G A s i BB E AR AR, 2007) .

15

wfa ' : ' : ' b A T3 0 BFILIR 0 kT
B |+ Eilidk oAb x Tl
10} 8| e mHmA
:
5 ° &
SR - . e E og
s D o
F | ° Zol—X g = ~E
W St N=23 i X 8 ﬁ i ! $
10k 4L : g °©
= 3l -5 - AB
=20F 1 -10 ¥
0 L o I
0 2 4 6 8 10 12 14 16
=30 . L L . eHf() 5 A5 s . L L s L
T 500 1000 1500 2000 2500 3000 205 210 0 215 220 225 230 235 240 245
1/Ma t/Ma
Ko HHEn sl XA EASAE K7 Ca) MARIE B RS L IX = B AR (b)) AT £, (O — 1 IR
Fig. 9 gHf(¢#)—¢ diagram for the zircons from syenogranite on the periphery of the Kendekeke deposit (a) and the

Triassic granitoids in the Qimantag area (b)

ARG ST T2 R B e = S R YRR A
g, e R AT K B B BUORL AL 44, B Nd-HI [R]
P 20 F4 o S o R R R AE Bk 4 A4
2015b) o ] vE CEO 55, 2006 /N L C BLES
£5,2015) R AT R (k455 , 2015a) I E&HVeT € X1
KA, 2004) ZEHh X = S A KA I, AR T
A5 15 DX 4 P — B0 S 3 3 o T [ e A o )t
FRI A AE T CBEE 2 55,2007 ) o A998 356 Hi X
FHIX =B AR A HE R 2 A kA 22 (K 4,
B 9b) , 4t 7 T Y X Y B8 2 T Hb 5
FEURAR K TUE KA IR B R SR o

ATAFFCR I, B AR LUK, KRR CHIX 254
3T WA RS TR R T A A R (R
FE5E,2007; XIMEE,2012) , AH N A7 £E i 5L 4R 30 AT i
M) VP — BN ST A 2 B 1 A e n] (B2 25 4%
2007, 4 ) Pi—EN SR I8 A J7 05 2 booin L Z< 1 5
e, 7E 260 ~230 Ma 10, &R &S R ALTE K
R R RIS 1 — Al 3 e Bt C 2 16 I 55, 1998 ), I i
AR B M DX R 45 s 1) i R A (R D B A%, 2001 ), =
B 20 T W 0 A L A R B B YR R Ik A e

= by >
oA K

Hi S PR R UTAE S DX AR 1 0 6 P 2 AR S 3L
HEtlia KR A (B AESE, 2002; X B4R 55,
2004; WAL, 2005) , JE R X 4 Py O AR HL 7 18
TR VE R E (A B 4 (237 ~204 Ma, A %,2012),
[F) BN, 2y DXl e B 43k 7 3= I Tk U A KA
RN o 5 R 6 b 2 LA EAT T W AL
R, TE Y A R 2 S JE i IR CFE A S, 2010)

5 4k

vl

2 ] e A OE K A A B A U-Ph ARl
217.9 £ 1.7 Ma, JESACH G =Sttt HFEICHR
R AT A e R B 99 I B B R A,
K,0 %50 4.74% ~5.04% , J&WEAR Tt ol 595 L 55 5t
e PES BE R A A A RO LT R A R R
Hoh A BUAE g, HOB BT 38 L 04 e ) 3 A4 o]
(A2 B . IERKAR R 2 85 HE R 241k e HECe)
=2.0 ~12. 4, B HUR X H A 57208 W 4 1F FH R
ko B SN]SO IE AR A A (1 T8 B e T e = S i
IS 188 T s b X 16 A P — B S L e R el o ol i



B2

IR

IR B A AR IS P M X N = Bt E K AE

o A IR R i

Au\

207

R4 PEERMX=ZBLERNEERFR Hf FIRER

Table 4 Chronological and Hf isotopic data of the Triassic granitoids in the Qimantag area

TN HE EREMa eHI(r) fHow/Ma TEfelofe i
AR 2295405 0.8~59(2.9) 1211~ 888 (1 075) 1 e (2013)
FESET AR 218+2 —44~—06(—1.7) 1190~ 1080 (1140) SLHEEAF(2011)
A e 2179+1.7 2.0~12.4(6.4) 1126~ 458 (845) A
A KA G 219+1 —63~—0.1(—29) 1659~ 1264 (1438)
P 3R FACT(2014)
A 2131 —3.9~55(—0.8) 1497 ~ 895(1 300)
IE I AE 239.7+08 —19~18(—0.5) 1388~ 1153(1299)
i 3k B2 L 2015)
{EI I 2243106 —33~08(—1.5) 1470~1207 (1 352)
K {1 1 2344+06 —58~—34(—43) 1596~ 1485(1541) K G (2015)
A A 2344206 —=51~1.7(—24) 1587~1157(1 415) o
T b S AE(2012)
AEZRKMA IS 2283%05 —42~34(—1.6) 1523~ 042(1 363)
IRCEN AL 210.0+06 —6.7~23(—1.2) 1674~ 1102(1320) H 5 2015)
BT A AT 243 %1 —90~—1.0(—43) 1 840~ 1 340(1 544) b (2014)
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