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Abstract: Late Silurian A-type granite is reported for the first time in the Wulonggou gold district, eastern segment of the Kun-

lun orogenic belt. This paper presents (1) laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) U-Pb age
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for the Wulonggou A-type granite to determine precisely the time of the magmatism, (2) geochemical, Nd and Hf isotope data
for the Wulonggou A-type granite to constrain the petrogenesis and tectonic setting. The LA-ICP-MS U-Pb analyses of zircon
from the Wulonggou A-type granite yielded a weighted mean * Pb/**® U age of 4203 Ma, indicating that it was emplaced in
the Late Silurian. All rock samples are enriched in SiO, (76.0% —78.4%), K,O (4.64% —5.22%) and Na, O (2.93% —
3.25%), but with relatively low concentrations of FeO' (0, 98% — 1.45%), MgO (0.11% — 0. 22%) and CaO
(0.27% —0.79%). Samples are also enriched in large ion lithophile elements (Rb, K, La) and light rare earth elements, but
depleted in high field strength elements (Nb, P, Ti) and heavy rare earth elements with strong negative Eu anomalies (Eu/
Eu® =0.09—0.12). The 10" X Ga/Al ratios of the Wulonggou A-type granites vary from 3.09 to 3.15. Mineralogy and geo-
chemistry of the rocks show an affinity with aluminous A-type granite. The exq(z) values of whole-rock range from —2.5 to
—2.2 with corresponding two-stage Nd model ages ranging from 1339 to 1 365 Ma. The ey;; (¢) values of zircon vary from —2.8
to +2.1 and two-stage Hf model ages range from 1269 to 1 583 Ma. The Nd and HI isotopic data imply that different source
materials have contributed to the magma genesis. Integrated geological, geochemical and isotopic data suggest that Wulonggou
A-type granite is most likely generated via the mixture of asthenosphere-derived magma and the ancient crustal materials. The
A-type granite was marked by A; type and was formed in post-collisional extensional tectonic environment. In combination with
the A-type granites such as those in the Helegangnaren and Binggou, it is concluded that the eastern Kunlun area had begun its
post-orogenic extension stage since Late Silurian, and this stage continued at least about 34 Ma.

Key words: A-type granite; Late Silurian; petrogenesis; post-collisional extensional setting; East Kunlun orogen; petrology;

geochemistry.
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Fig.1
Hongqigou granite (¢)
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Fig.2 Field pictures (a) and microphotographs (b) of the Hongqigou syenogranite from the Wulonggou area
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Table 2 Major elements (%), trace and REE elements

(107°) data of the Hongqigou syenogranite

B WSMG-2 WSMG-3 WSMG-4 WSMG-7 WSMG-8

SiO; 76.6 78.4 77.4 77.4 76.0
Al O3 12.3 11.0 11.8 11.8 12.0
Fe: O3 1.39 1.09 1.18 1.21 1.61
MnO 0.01 0.02 0.01 0.01 0.02
MgO 0.20 0.11 0.12 0.16 0.22
CaO 0.29 0.79 0.50 0.27 0.51
Na; O 3.25 2.93 3.19 3.19 3.19
KO 5.22 4.64 4.96 4.93 5.02
TiO, 0.15 0.12 0.12 0.13 0.17
P, 05 0.02 0.01 0.01 0.02 0.02
LOI 0.66 1.01 0.80 0.66 1.00
Total 100.18 100.26 100.23 99.92 99.94
K 0O/Na; O 1.61 1.58 1.55 1.55 1.57
Na; O+K; O 8.47 7.57 8.15 8.12 8.21
A/CNK 1.06 0.97 1.02 1.06 1.03
Tzr(°C) 800 782 787 798 800
Li 6.22 5.46 4.65 6.20 6.40

Be 2.54 3.62 2.29 2.69 3.15

Sc 2.25 1.91 1.95 2.18 2.51

\Y% 2.69 3.23 2.63 3.09 3.71

Cr 19.7 19.7 16.5 13.7 13.2
Co 117.2 98.2 129.6 123.5 110.5

Ni 117 104 160 150 110

Cu 2.98 2.69 4.08 2.79 7.84

Zn 29.0 48.9 26.2 27.9 27.8

Ga 20.3 18.0 19.4 19.3 20.0
Rb 219 208 220 213 221

Sr 52.1 49.4 48.8 50.7 56.5

Y 72.4 68.5 76.8 73.7 75.8

Zr 172 150 153 166 178
Nb 8.67 8.87 6.76 8.49 9.49

Sn 4.71 4.62 4.89 4.53 6.15

Cs 3.56 3.58 3.47 3.41 3.68

Ba 219 193 207 219 237

La 55.4 53.3 54.0 69.7 52.5
Ce 112.7 94.6 109.3 84.3 109.9

Pr 13.0 11.1 12.7 9.82 12.8

Nd 48.9 42.2 48.1 37.6 48.9
Sm 9.02 8.14 8.99 7.37 9.40
Eu 0.30 0.26 0.28 0.29 0.29
Gd 8.57 7.71 8.58 7.20 9.16
Tb 1.33 1.24 1.35 1.19 1.52
Dy 7.25 6.96 7.43 6.98 8.79
Ho 1.38 1.34 1.44 1.40 1.73

Er 4.16 3.99 4.40 4.24 5.23
Tm 0.58 0.56 0.63 0.62 0.76
Yb 3.76 3.66 4.11 4.04 4.90

Lu 0.57 0.55 0.62 0.62 0.74

HI 4.26 5.66 5.88 6.24 6.85

Ta 1.62 1.97 1.75 2.48 1.70

Pb 23.3 25.4 22.6 21.9 22.1
Th 21.7 20.3 21.7 20.3 26.1

U 4.55 4.26 3.58 4.81 4.56

10* X Ga/ Al 3.13 3.09 3.10 3.09 3.15
Zr+Nb+Cet+Y 365.7 321.9 346.1 332.5 373.4
Nb/Ta 5.36 4.50 3.87 3.43 5.58
2 REE 266.9 235.6 261.9 235.4 266.6
LREE 239.3 209.6 233.4 209.1 233.8
HREE 27.6 26.0 28.6 26.3 32.8
LREE/HREE 8.66 8.06 8.17 7.96 7.13
Eu/Eu” 0.10 0.10 0.09 0.12 0.09
(La/Yb)x 10.6 10.5 9.4 12.4 7.7
(Gd/Yb)n 1.9 1.7 1.7 1.5 1.6

H:LOLAER & 3 A/CNK=molar Al,O3/(CaO+Na; O+K,O).

Na, O=1.55~1.61.S10,-K, O Kl fift_[-FE i 5 75 A A1
LR A X (K] 405 A ALO, & 11.0% ~
12.3%, CaO & 8/ 0.27% ~0.79%, A/CNK K
0.97~1.06, W7~ AR — 5538 47 5 46 i< 2 FR1E (& 4b).

et ot E s (X REE) h 235.4 X 10 ° ~
266.9X 10 %, ¥ {f N 253.3 X 10 °. % #i + T &
(LREE) & &4 209.1X10 ©~239.3X10 °, #HH +
JLE (HREE) &0 26.0 X 10 °~32.8 X 10 °,
LREE/HREE }7.13~8.66(% 2). /R A A KM+
P i TR e IV R DO R - 5 B2 A el
PR o g R B Lot R E R HM Lo R
FEXT =5 450 A 00 V7R L 43 B X AR (La/ Yb) =
7.7~12.4,(Gd/Yb)y=1.5~1.9, B AR A1 7 Eu
S (0.09~0.12) EITTR . n A BEAEEKR
B F ¥ A ICE (LILE Rb K La) FIAHXT 7 1 & 1 5k
JLE (HFSE.Nb. P, T W FRAE. B 10" X Ga/Al
WAE N 3.09~3.15 (¥ {H A 3.11), Zr + Nb+ Ce +
Y=1321.9X10 °~373.4 X 10 . J5 4 b & b5 i £k ik
PIEAT UL Rb. Th UK 4850 &K 1Y 1E 5 % Al Ba,Nb,
P.Ti %0 £ M7 3% (B 5a) M 1+ M o0 R il 4>
FROE 5 7R B b DX e 5 B e — R i A U AE
A (Lietal., 20135 XM AE,2013a) —FL.
33 NdE HfF=E

ARWHEFEXS 3 MHREG AT T 2% SmeNd AL R
g3 M, K 5 R A T R 30K T Nd/™ Nd =
0.512 280~0.512 320, JH &5 41 U-Pb 4 #¥ #£47 Sm-Nd
[ ena (O BT —2.5~—2.2, X 1Y
BB BE Nd AR 20 (N =1 339~1 365 Ma.

FERE A U-Pb 2 4F H Al |, A LA-MC-ICP-
MS XF 58 B 7 U-Pb AWK 1Y 15 Pieh A 47 1
15 Sy Lu-HI [6) 467 3 73 87, 45 2R 5] T 3R 4.8 i
YhL/YTHE A N 0.021 057 ~0.046 558, Lu/
YTHIHE A 0.000 792~0.001 642, HI/'" Hf H{H
9 0.282 441~0.282 580. LA X} W (4 £5 41 U-Pb 4F %
HEE A e () =—2.8~+2.1, KB HI B
EWE 1o (HD =1 269~1 583 Ma.

4 P
4.1 EFHARKEA

ZLIHE A TE A AR 54 2 e B M R A A
YA A SR B A A e R Dt R A A R AE s b BR
b2 40 43 & SiuNa il K, 3% Ca, Mg, & (K, O +
Na, 0) /Al O, FeO" /MgO {f, B i & % LILE
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Fig.5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns (b) for the Hongqigou

syenogranite
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Fig.6 Petrogenesis discrimination diagrams for the Hongqigou syenogranite

JEEl 4 Whalen et al.(1987) ; %4 >k U5 [7] (5] 4

REE. #2055 # Sr.Ba.P.Ti.Eu., # £ 70 & fic 4 il
LEAWV?IE 53 A0 W) o B 3R AR S R AR 5 B
INKESE (2009) BAES I A BUAE A KR B b IX
M- R A RIUAE s — BB SRR
10" X Ga/Al e A 3.09~3.15. 7% T Whalen er al.
(198 H I A AUAE 5 77 F 8 AR i (10" X Ga/Al=

2.6).7F Whalen ez al.(1987) B4 5l & fi# v, BF A5 A%
i AITEN A BUAE B DX (B 6) A S ok &
AR A o BV A SR, SR AR —
553 85 Bt (A/CNK=0.97~1.06) , 15 8t 78 35 55 57 i
S ® 46 K & (A/CNK > 1.1, Chappell and White,

1992) 4 — & By X I H A fh BARAY P, O, &
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i 43 &

(0.01%~0.02%) A Na, OF 58 (2.93 % ~
3.25%0) , W X ) T 4 5 S ALK K 45 (Chap-
pell and White, 1992). 55 4}, FeO" & & . Zr & & .
TV R BE B 30 ) el it 2 AT LA R IX 43 i 43 S T AU AN
A BIAE K %A (Whalen et al., 1987; King et al.,
19975 BE/NESE,2009). A BIAE R A 28k (FeO) &
HE, — kKT LLoo%w, HIE WIEE K&
(>>800 C), i i 4 5 1 BIAE i< 5 — /T 1.00%,
T U BE AR (B4 764 °C) (B /MVHESE,2009) A8 3L
JIEWE 58 0 20 TV IE K AR K A R FeOT & & R
1.09% ~1.61% , 3= 1t JC K B A1 100 R B 1 11 55
iR 782~800 °C (3% 2), F W Ak B K A 16 &
F782°C. 5 Lk A BIAE i< & FRAE — 25 (0 2 FE
Zr SN 150 X10 °~178X 10 ° X T King ez al.
(1997) AT BIF 58 B9 38 K A W Lachlen #8 4% 47 /9 A 1Y
AL X107 ). XS AT S BEA
KL BEE S AR EE R R BT A RUAE A Y Ze
R W T M. King er al. (1997) 48 ) — 2685 4y
SR A BB Zr e 2T 200 <10 A
Rb.Sr & #7305 208 X105 ~221 X 10~ ° Fl 48.8 X
10 °~56.5X10 ", W7R 40 5 M8 B . 45 b ik, 21t
IERAE K &8 T o 48 i A BRI A

H arE N o238 xF A B B A 1R A A AN
[EIINAR 3 B 18 55 2R (0 45 5 O S AR T e e 0
552 U5 7 3K IR A 18 FH LA M52 0 S5 1 350 o 94 ol 45
BE/INHE S . 2009) A SC TR 5 19 20 1 98 1IE A AE B
B EE (SIO, = 76.0% ~ 78.4%) . & #l (K,O =
4.64%~5.22%), M X & % LILE, i B 8 7 $i
HFSE,Zr/HI{=26.0~40.4FE14 29.1) , 5172 A7

Zr/Hf (B8 R#:3E (Zr/Hf=33, Taylor and McLen-
nan, 1985) . X EFRFE S R M T E A S5 T A,
E b M A3 IS Sl 427K 101 B CE A, 2007) L B2 iF
FER R H A E — oot A R CEEMNSE, 20045 AT
TP 20105 MEA M4, 2010, F B 199 M 420 ~
418 Ma — K ALK #1861 Ma Ml 1 666 Ma 1 JC
AR AR AR B A1 0 & B SR W e A T AR R
25T BUAE R (B8 55, 2013). 53 Ah . B b M ff
PR — B B A e (o) 26 B BB IS A A 38 1B
Vi B R B S R e iy 2 5 A G 3 4 1Y
SR, 5H IS KRB BR BT — 8 BE BT e A (423 &
1 Ma, Fd%,2014), @ H (417 + 3 Ma, i 4k 4
45,2017) R e (416 +4 Ma, 15 4E1F %5, 2013)
KAL) (419 £ 4 Ma, B0 H 240 ok & R E) & F 1k
A WKEIAEAE N 2R R G Hh X B 75 R e R A o i
PRAt AR 20 IE R AE R A Nd A1 HE PR B B
AR towe (HD =1 269~1 538 Ma. £y, (Nd) =
1339~1 365 Ma, fii T 7k B 5 iK Fl A 14K A 4F 1
ZIE] B R R AL R T AR AR MR ) R S 5L 4
JEHIE KB B ena (1) = —2.5~—2.2, 521l
WER A ena (OB (—5.1~—1.2, 50 H 41 K & REH
FA— A wE = T vk E KA R A (ena (1) =
—4.7~—3.8, XM 55, 2013a) AE exq ()¢ FIf# I,
it B 57 T B AL b AR R i A 2 b (& 7h). ]
W REN e () = — 2.8~ 4 2.1, WA T~ J5 4 452 107 v
I B B B B 5 DE AR BE Bk T A A0 (R A
2013b) Fl Yikehalaer £ i N4 %5 (Li et al., 2015)
Hf [ 4 R, H 5 4R KA (ena (1) =
—2.8~—10.9, 5 H 20 &K & R E O S J5 il 1 5 %

20

20

—ia a b
T @ ®)
10}
10 DM\
0 CHUR
0 CHUR
ok b “lm %097'\5 0
= 16 =
S R L 119%0'% Q =
3 PRE O RSP\ Om &
e IO S S g -10
82 )&Qj&\““\» H
=or s A VIBSHKEBTAETE @ Yikehalaer 754 UK
20+ B EAMARKKE @ Bkl —KIENE
40 A B @ UIHTEKER S
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Fig.7 HIf isotopic compositions of zircons (a) and t-eng(¢) (b) diagrams for the Honggigou syenogranite
B e I« AR B O B IR A A B AF (2005) 5 W3IBS BR B 4k T 4 A1 98 XM 55 (2013D) 5 Yikehalaer 78 5 IN KA Li er al.(2015) 3 13k 0 K AE B & 48
TP BAE (2016) 5 BRI LR 31 XUME 55 (2012) 5 DK TE A AE b A 30 XU 45 (201 3a) 5 £ HE VA M S 00 H AR R R B di
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L5 i 75 508 B BRI Ll FE KA (R 46, 2012) (48043 Ma, fEEZ%, 201 1) HEBHKNK S

Sk ¥ A AR B A O™ LA, 2016) HAT SR — 30
Hf [F 7 Z 4 n (B 7a). 4% Nd [l R &84 HE
[ 7 245 SR 6 WA 20 81 A R4 B A R U IX 1 pl
8 7R 5 JEC 400 S5 TS 5 T . T 0 VR A B R B A
SE N B B BT g (B IR AR SR, 2002 XM S,
2012, 2013a,2013b; Zhang et al., 2014; Li et al.,
2015). H B BAEZ (2002) N N K B A 1 A 7= 4
3 VR IR R ARV A R 3 7 2 ML AT R = AN vp 45
W5 1 4s B AR 5 W S VR . Zhang et al.
(2014) 38 32 %F = 4 Y8 S AR A AF 5%, 45 Hh 430 Ma /2
A7 B A AR b bR T B L 5 A U P B ) T 1 T
SRR 7 M AL, I 5| K b 5 W SRR o e . TR
28 IR T RE IE 2 00 R b 8 40 T ) e
ARG HBE RN e R A X — A KA
FRIE BT 218 1 e i B e A U AR B
42 BEWELES
RECHXZ DT T AW B El6E g,
550 0t AR — Rty A AR D AR B T I A e 2 e ) —
= R B T VO o O U A DG 3 R IR 5
(14 AL) X5 171 B8 5 1 7R B b X B 4 ) 3 A% Jry L L 9
B AR B O BB 0T VR EAL T AT IF R 5K B B
(522~518 Ma,Yang et al., 1996; FE#A4E, 2002).
g€ gk B R 52 T 4R IE IR B B (B E SR,
2007) , Bl A5 VTR 22 IR v AE FH OB BT 4 #B 2% mT
AVD M X A P N K S (515 + 4 Ma, 5K I %,
2010) VBERK T — B8 BE R T 242 75 (509 £ 7 Ma, 15 @ 4}
45,2010) ¥ 7K SR BRORL %5 (508 £+ 8 Ma, 2% If 4ifi 45,
2006) JHE 2% 75 #E K 2% %5 (468 + 2 Ma., R /N4,
20100\ HL A B JCRR AR 1 A8 18 85 A g R N K A

Syn-COLG

10°F

(4542 Ma, BEANASZE, 2016) FE K SR 48 B K LA
(44844 Ma,Chen et al., 2002) % — R 5| 5 PE5¢
ARG OIUA I A O T e ST M & BB A8 1 04 5%
(2016) A H IV K AL X A (438 £3 Ma) JE L T
[Fi) ol 428 A5 (K 22 0F 92 3 A Ol % i 3 R B i X
A4 T D4R 0T 5 ORF ol 3 D e Y B it M2 R X1
(2014) 8 Hi kb R Lk B (437 ~ 434 Ma) {6 1N
A A A B A R SRR S0V S IR o 0 D8 B
Wy s B BB Ak B (438 22 Ma, XM 45, 2013b) Al
Yikehalaer 7€ b4 [N K & (436 =7 Ma, Li et al.,
2015) I8 WL T 0 ol /E F W B B Zhang et al.
(2014) 1 3 XF = i ¥ # K (432~ 427 Ma) BB 5T .
AR~ 430 Ma J A5 52 7 7 00 i s B A 25 5. H i
G — MRS R B 23 Ll B — rp e i sk 1
T 1L 5 R B BE GEE 22 £ 55, 20065 B8 4R B %5, 20085
XM 5, 2013a; F %, 2013) , (HXF T H R 46 i BR
AT AR 35 K 4 L. 21 T ) IF KK 5 25 T AR T B 72 B
T, 5 R A b A P B 2 T — PR AL A RUAE RS
ELA R Sy A ALY S AH 27 K b Bk Ak 2% Fe AR (8] Sa,
5b) A A B R R O A B A (B 6).FE
Rb-CY + Nb) 0 5] & it o, B 5 349 9% 1 Ko ] il
J 55 M AE 1 A 28 FEE A (P 8a) 4 X — i Fl L 2 s
R AE 5 5 1Y #% 52 X 38 (Pearce, 1996; Forster et
al., 1997), MM 4E AR N 244 55 14 1 PA 5%, Rb/30-HIi-
3Ta [ fifth 7 L HAT J5 il 48 48 5 7 B AR (18] 8b)
R T J5 Bl 48 5K M 44 1 R BE (Harris ez al., 1986).
R,-10" X Ga/Al 1 Nb-Y-3Ce [& i ik — 2 1 & ‘A 1K
T PA B A, BAE 7 X (& 9a,9b) B A& T 1
JEEAA 3 3R 85 (Eby, 19925 Hong ez al., 1996). 2k

Rb/30
(b)

o
fili% f5

10°
Y+Nb

3Ta

8 LUV IER AL R A Rb-(Y+Nb) (a) Fl Rb/30-HI-Y-3Ta(h) & ¥R 355 50 51 151 i
Fig.8 Rb vs. Y-+ Nb (a) and Rb/30-Hf-Y-3Ta (b) discrimination diagrams of the Hongqigou syenogranite
[ a JiE P Pearce(1996) ; & b JE K HE Harris ez al.(1986) U ok P& W] & 4
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& a ¥ Hong er al.(1996) ;18 b #i Eby(1992) %% sk [ & 4

(4 3 B M o0 R R IR 2R W DX o B A A i Ad T
e Tl 4R A AL T T R AE SR AR R WL KRR S
Ll A7 A R e W 2 B I SRS Bl S Bl 2 e
KAE B A (AN A O Ar /% Ar 4FE % 42142 Ma, i 7%
2,2003) TR AE R A R AR K A (422 £
3 Mafil 421+4 Ma, ZFE E 4,2012) AR BIEK B A
BE TR AG & A AP G K A (42143 Ma fl 421+
2 Ma, AR AIE 25 L 2014) | 8 8 M IX IE K 48 i) 7+ Al
K AE K A (420 ~417 Ma, 88 45,2013 274,
20145 PR, 2016). 3% BB 78 5 i A A R AL DLIE K
A6 5 M K AE X A S 3 T8 BT S Al 4 A R GREAS
45,2003 25 B4, 20125 25445, 20145 6 5 1R
45, 2014) sl L5 AR 5t O™ BUAE, 2016) 5L 2 i
B SR b DX AR T AR KA (424~ 421 Ma) BB
T A 3 1 S Gl 55, 2016) . 7R B2 & b XA &
BA MK B MR A S (423 ~416 Ma, & 48 41
4%,2013, 2017; EE4,2014 K I HH K K EE
P o 5 6] B AR 8 1) 5 5 A bl X =7 (=7 A A
G IR A Rl AR R T S (R AF, 20140 1AM, AR
ECHXARBWATA ME XA (425+7 Ma, Li
et al., 2013) FIAS 3L L1 78 4 e 3 B I A TR 1
o DL vk A RUAE G A (391 £ 3 Ma, XM 4,
2013a). X S 35 5 T8 AR ACE I IR B,
Z /DA A B R AR B b X AR B B
O™ B4, 2016) , 1 A S 1iF A A A (7 BL — v Jg ik
1M HX— M Bt 2R T 34 Ma.

(OHaiwEK LK A8 A LA-ICP-MS U-Pb

AR A 420-E3 Ma, Ry B A HE B ).

(2)H A HERIE 2  Nd K HE [ 47 R R
TAEVA) TE AR 1 5 o A BUAE 5 5 o R 3R Pl % 35 3
JEROE R 08 I8 A K S T kT 2 e W) B
REIE L.

(3) L1 VA E A A8 K 5 BT i 4 42 307 i Al
RS 5, RUAR R G0l Ly 2 /0 7 i 35 R
L F A R B B2

Bt BB LT RALELLIFFEIEF
REGEFEAERLA I LT R GH 8. & L
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