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The characteristics of Early Paleozoic post-orogenic granite in the East
Kunlun orogen: A case study of Dagangou granite
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(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. State Key Laboratory of Geological

Processes and Mineral Resources, School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China)

Abstract: The Dagangou granites in the Jinshuikou area of the East Kunlun orogen are mainly composed of
medium-coarse grained syenogranites. Their SiO, and Al,O; values vary from 68.68% to 71.12% and 14.01%
to 15.40% , with a mean value of 69.84% and 14.82% , respectively. The K,0O/Na,O ratios are high (1.19~
1.64, with a mean value of 1.40). The A/CNK values [molar ratio of Al,O3/(CaO+ Na,O+ K,0)] are 0.98
~1.02, with a mean value of 1.00, indicating the quasi aluminum-weakly peraluminous geochemical character-
istics. All the Dagangou granites have high total REE abundances. Moreover, their chondrite-normalized REE
patterns all show enrichment of LREE and obviously negative Eu anomalies. On the primitive mantle-normalized
trace element diagrams, the samples have similar distribution patterns with enrichment of U, Th, and depletion
of HFSEs (Ti, P, Nb, Ta) and Ba, Sr, indicating the geochemical characteristics of A-type granite. The eNd(¢)
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values of —5.6~ —7.3 and tpy values from 1.54 Ga to 2.27 Ga suggest that the source might have mainly

been derived Proterozoic materials (Jinshuikou Group). Zircon eHf(z)=2.2~2.6, significantly different from

the earth’s crust magmatic Hf isotopic compositions, showing that rocks were contaminated by the mantle. The
LA-ICP-MS zircon U-Pb indicates that the granites were emplaced at 392 +2 Ma (MSWD=1.14). The geo-

chemical characteristics combined with the tectonic evolution of East Kunlun show a pronounced affinity of post-

orogenic granites, belonging to the response to the mantle magma upwelling and melting of the crust.

Key words: East Kunlun; granite; post-orogenic; proto-Tethys
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Fig. 1 Geotectonic framework of East Kunlun (a), simplified geological map showing the distribution of granitoids in the East
Kunlun Orogenic Belt (EKOB) (b) and simplified geological map of the Dagangou granite and sampling locations (¢) (a modified
after Meng et al.> 20135 b and ¢ modified after Zhang et al., 2014, age of the granites after Table 5)
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Fig. 2 Outcrop photography and typical micrographs of the Dagangou granites
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a—fresh granites and local weak gneissic structure; b—Obvious boundary between MME and wall-rock, the hammer being 30 cm: c—granitic tex-

ture of the rock Ccrossed nicols)s d—rocks containing hornblende and hornblende with twin lamellae Ccrossed nicols); Pl—plagioclase; Hbl—horn-

blende; Bi—biotite; Qtz—quartz; Kfs—K-feldspar
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Fig. 3 CL images of zircons from the Dagangou granite (K11-13-2.1)
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Fig. 4 Zircon U-Pb concordia diagrams (a) and weighted average age (b) for the Dagangou granite
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Table 3 Major (wy/ %) and trace (wy/10™ %) elements compositions of the Dagangou granite

FEi 5 K11-13-2.1 KI1-13-2.2 KI11-13-2.3 K11-13-2.4 FEf 5 K11-13-2.1 KI11-13-2.2 KI1-13-2.3 KI1-13-2.
SiO, 71.12 69.96 69.61 68.68 Ho 2.08 2.17 3.27 1.65
TiO, 0.35 0.47 0.36 0.41 Er 6.31 6.23 9.54 4.81
ALO; 14.01 14.85 15.40 15.03 Tm 0.79 0.76 1.26 0.63
Fe,05 0.61 0.62 0.58 2.26 Yb 5.07 4.88 7.97 3.89
FeO 1.99 2.78 2.03 0.88 Lu 0.72 0.64 1.05 0.55
MnO 0.04 0.05 0.05 0.05 SREE 281.01 367.22 378.57 301.27
MgO 0.48 0.64 0.48 0.55 (La/Sm)y 2.63 3.58 2.25 3.82
Ca0 1.68 2.06 1.84 2.14 (La/Yb)y 5.56 8.80 4.23 9.55
Na,O 3.44 3.65 3.57 3.69 5Eu 0.25 0.22 0.22 0.36
K,O 4.88 4.36 5.85 4.91 Y 58.10 60.00 90.10 44.30
P,0s 0.07 0.11 0.08 0.09 Rb 280.00 303.00 316.00 213.00
H,0" 0.68 0.54 0.42 0.50 Sr 111.00 123.00 132.00 141.00
O, 0.12 0.14 0.14 0.11 Ba 459.00 596.00 748.00 669.00
LOI 0.64 0.52 0.41 0.57 Nb 15.70 20.00 18.80 14.70
A/CNK 1.00 1.02 0.99 0.98 Ta 1.11 1.19 1.32 0.82
A/NK 1.28 1.38 1.26 1.32 Zr 253.00 367.00 261.00 273.00
R 2R 2.46 2.38 3.33 2.88 Hf 8.21 11.20 8.11 8.34
La 41.80 63.70 50.00 55.10 Th 29.90 22.10 15.00 21.00
Ce 83.50 124.00 100.00 107. 00 U 6.53 3.74 2.93 2.97
Pr 10.60 14.90 13.80 12.10 A 11.10 16.40 13.00 12.90
Nd 39.70 53.90 54.40 43.70 Cr 1.74 3.06 2.31 2.02
Sm 9.98 11.20 14.00 9.07 Co 3.20 4.76 3.35 3.89
Eu 0.82 0.84 1.01 1.04 Ni 1.22 1.50 1.63 1.70
Gd 9.97 11.50 14.50 8.37 Se 6.94 9.09 10.40 6.30
Th 1.69 1.84 2.52 1.38 Nb/Ta 14.14 16.80 14.24 17.92
Dy 10.60 11.30 16.20 8.23 Zr/Hf 30.81 32.76 32.18 32.73
3.0 ﬂ 7 M
251 B4R AR ‘ s
st FEEEH -
. 20 F % al
£ R
< = 3l HEESREER
1.5 .
o890 2k
1.0 I ERERET
HRR ' {EFCRBE) 51
0.5 0.7 0.9 11 1.3 1.5 1.7 1.9 40 45 50 55 60 65 70 75 80
A/CNK w(Si0,)/%

K5 A/CNK - A/NK Elfif(a, $# Maniar and Piccoli» 1989)F1 K,O - SiO, Elfi#(b, #% Peccerillo and Taylors 1976)
Fig. 5 A/CNK-A/NK (a, after Maniar and Piccoli> 1989) and K,O - SiO,(b, after Peccerillo and Taylor, 1976)
IV Ry A SR S 20 T B DA 0K 1 KA B e AR (I S, 201340, T

The solid data for the experimental data, the hollow data for the Binggou granites Cafter Liu Bin e al., 2013a)
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Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace elements spider diagram (b) of the
Dagangou and Bingou granite in the East Kunlun (chondrite-normalized values and primitive mantle normalized values after
Sun and McDonough, 1989)

® 4 KTHERSE Sm-Nd R B
Table 4 Sm-Nd isotopic compositions of the Dagangou granites

FEi5 Sm/10°°% NJ&/10°° WSm/™Nd "Nd/'“Nd 25 (UNd/™Nd);  eNd(0)  eNd(¢) tow/ Ga Ssw/Nd
K11-13-2.1 10.8 47.8 0.136 4 0.512 198 12 0.511 848 -8.6 -5.6 1.87 —-0.31
K11-13-2.2 11.8 60.5 0.1179 0.512 064 8 0.511761 -11.2 -7.3 1.72 ~0.40
K11-13-2.3 13.3 54.0 0.1489 0.512178 8 0.511795 -9.0 -6.6 2.27 -0.24
K11-13-2.4 9.9 33.4 0.1116 0.512 114 7 0.511 827 -10.2 -6.0 1.54 —-0.43

HE: eNdCr =392 Ma)[F SR A O St/ M INdD e = 0. 196 75 CBNA/ M NdD g = 0. 512 6385 ¢ oy 5 R F (47Sm/ ¥ NdDpy = 0. 213 7,

BN/ Nd) = 0.513 151,

A F R 25 I R ), T LR RE RS A R A
R E A E(Watson and Harrison, 1983), Kl r] DA
T T R B U A SR A AR [ 2 2 (R )
UEWE I (King et al.» 1997). Watson %5(1983)45
T ANES A AR B, IR R T AN
R RERI . [nDgreovmelt=[ —3.80—0.85(M — 1)]
+12900/ T, 2 XH, InDgreov mel R AL 24 - i) Zr b5
IR Ze FIRBELE, T ZXRE (KD, 245 A
28 M= (Na+ K+2 Ca)/(AlX SDOCPH & F
), XA K ARTEH T K2 H4E XK A % (Watson
and Harrison, 1983). H | IR 24 %% 46 n] 15 4% 47 1y
A FE v H o8 R K ke 1, (C) = [129 000
(InDgreov/met 4 85M +2.95)1-273.15.

HorbA Ze HE 8 £ I IE, a8 b Zr
)55 12496 000 < 106, H H T 8541 R AL K IUE £
R R4, IR AT DU 422 Ze 5 ST AR R 0 44
WK Zr B e AR A SO AT IR K T A i KR b
MERITCEM Zr 5=, 1FH T8 A B AR E N

873~913C -

KT AR B s A M R S 873 ~913°C, 1R
BARJE T EEAE KA Chappell 251998\ 4 1T g 15
PR DX TR AT %, reli AR B A SR YR T Bk T U
HH R A A R B 2 S R AR XA A R
M5 B 2 (A A7 A0 B SR A OGPk 3R AR T A,
2007a), BRI IA K 3 P At AN UERf 0. X+ K+
AR B O v TR SRR, AR AT RE AT AR A
I CEERR A AR
4.2 EBAKE

KAVEAE X 45 A PR S oL R IE K AR X
SO O )y B o BERI D A DN B ) Ok
A B AR ER RS A 55 e, S5 R I, W
KoO FEE, 3045, AT RARM MgO & &, # ot %=
SRR, AT SraBaPATi 05, A EMT
il fE A B e s 1 — B AE CCollins et al . »
1982). 24k FeO, (JFL 7 H0O A 2.60% ~3.40% »
TR TR R A (< 1%)CERS, 2000); 5



% 3 30

R % R BB L AR AR LD R A6 R IR IE—— LR e B o

381

AMZAK 1) P05 (0.07% ~ 0.11% ) A & 19 Na,O
(3.44% ~3.69% )5 S BAE 2 AH X il o R A
BUE B A AR BL R DO 2 IR T B S
UL B A A A AR B2 AR TR HE, {2 Whalen 55
LI9SR FRATI & a8 A B4R I 25 B A R J7
(RAEICEE, 2007a). 1F Whalen 55 (198711 A B4
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B A T TG 2% A B R, KA AR R A VR R A
R B A XA 7). BRI e A 222k i 52 4 o
(s Rl BE AL E 22 Rba U Th S5 KB PO AL %, 1M
Ba-Sr & ARG T NbTa - Ti-P g %.
SrvBa 77 #7] GE5 81K R A R 2 BEIR 4 25
g5 A T BOR IX Ik B A G
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K 7 FeO,/MgO-(K,O+ Na,O)/CaO il Zr+ Nb+ Ce+ Y EIfi# (P& Whalen ez al.» 1987)
Fig. 7 FeO,/MgO; (K,O+ Na,O)/CaO and Zr + Nb+ Ce+ Y diagrams for the Binggou syeno-granite Cafter Whalen

et al.» 1987)
A—A B A FG— KL A OGT—AR 7 71 M-1-S BUAE i 7

A—A-type granites; FG—Fractionated felsic granites; OGT—Non-fractional M+ [ + S-type granites

A BIAE BE X4y o ATCRRYE B3 LD A A2
RG-S R LD, IS A BUE 2 B AR
PITRIR e KA IS 1S 56, Al 28— O IR R
P S E Y NN T T v = (ER - NS RN I A ¢
PP A IR N A2 A R E B RIE T4 D)
T it ot A 8 B SIS A 0 B 58 BB T M 5T
(Eby, 19900 7E1X B 1EH Eby (1990 H) 5] K, 1] LA
kbR KT A ALV A2 ATl
TS R IE KA B A T B CRE 8 KB, o 1 A
TSI o b 3 RN N P Nl e B N R R S B e
BT A2 BUE R

AT (12655 Rl S 9 F U B 2 0BT 1 T 7K 2 il
T 2 & B9 1Y (Rutter and Wyllie, 1988; Rapp and
Watson, 1995, 15 At v SIS B 1 45 A 4 48 544 o
1A, Panino(1999) # 4 [ifi 7 4 A J4 il 45 SRk — 2
P&t v S A B R IR A A R A
i Si0, — KoO B CEL Sb), $ s FEAS F A =
B R A DX, R BH KT A AR 1 R R T
58 YA AN K. A, BE S Nb/Ta L

(14.14~17.93) K T 7 J5 4 A 1) Nb/Ta HAE 11
(Green, 1995); 1 Zr/Hf LA (30.82~32.77)55%
PRI JRCA A 2 (1K Ze/HE BB (33.0~36.3) 8L
(Taylor and Mclennan, 1985), it — 3% B8 Y54 it
X KT VA AR 4 7 R AT DTHiR -

X TR VE A B 2 BRI DX 49 53 43 A (9 TR 35
EYE: © B4 HI [FAL 20T 300 — S8 5 2 Hy
BRAL 2 i PR A T EAE R AR JT A, 2007b ).
eHIC2) <O M)A A P 2 vl 22 b 576 38 23 445 Rl i T2 B
()5 eHEC) >0 [ A1 TR 2k 38 AE 76 T i (Ver-
voort et al . » 2000; Griffin et al.» 2002). KTV
R R AR 3 A FE BRORL B A 3 Ak 2R BRI CIEL 9, 3L
eHICOMENT —2.2~2.6 210, P34 —0.57, W& {H
E—1~0 ZHE 10a) @ BT (o)
76 1.06~1.34 Ga 210, “F¥IH 1.21 Ga, WEHLE
1.2~1.3 ZmE 10b), KT HL5RFER 392 +2
Ma. @ A1 eNd()<0, N =5.6~—7.3tpy=
1.54~2.27 Ga(FK 4D i _FIRSAHEN IS 201
PR G5 —Fp o o d AR B 5, o — A ool
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AR b e BT B S, (H R eNd () <0 R KT4
KR 43 Ak S A7 Hb 52 41 43 1 503 R0 P BR, A 0T R
/D R YR 2 I N B ST s K DA R B S
Aty 32 B AL, L BRI B A AR R
1550 ~ 2550 Ma (5K & % %5, 2003; + [ 4 %%,
2004; BREEFASE, 20065 FEFATESE, 20090, KTi44E
RA tpom=1.54~2.27 Ga, Bt 22 (1) #5249 iU AR
AIREA K EURE . 1T AR R 47K I L 1 < 7K
SHMAE XA eNdCe) R — 9.0~ — 12.8 (R AE 5,
2005; ELA5E, 2012), K T K THVEE R A, ik 7
Ao EWBIE KN

GEDTE AN B A RN L R A v M ER Ak 2 R A
LR ) S B R NS HIE TR 28405 iE A K8 4
B 0T 7 TR YR 5 8 A R I IR AR A A G, e
R IR AR R 5T, IN#TT 5 Kl 2 I K
1 JBR 8 3 s il (1] B 70> S ML ) SOV D, e ¢
JERCT KT EAE R
4.3 MNEIRE

AR A RURE SR T e LR it 2 T T T Ak
(Yang et al.» 1996, FiifA 4, 2002) . £ 5 A2 QR
D e BT TR AR AR ol W AR B A8 B A
G751 B A KA I 85 A U-Ph 4R 834 480 + 3 Ma
CHEFEEAE, 201D KTV R LT 30 km AL tH 85 5%
R A A B RS X A R E, AR T
Ao i )l %, B A U-Pb 4F 684 438 £ 2 Ma
CUWAE, 2013b)« 7EAR A 0T Tl SR Hb X % IR ik 7'
RURIME 21 55 41 U-Pb 08 4 428 + 2 Ma(Meng er
al . 2013; o BHREE, 2015) , 3 W J5URF 3 107 v J 30 3
X 7 B8 g 20— 5 B 4 L8 D% P e 2 I i lE e, TX 2
J& ) L JE AR R B 4. AE KT BB 47K K
HL Sl B R S S AR B, 4K I K H s P
A6 R TCA A8 41 SHRIMP U-Pb “F#% 0 402 + 6 Ma
CHR AR A, 2003 B BRGNS B A U-Pb 4F
W4 396 + 18 Ma, f1 i 2 5 16 X 45 85 A1 U-Pb Fi%
H 411+ 17 Ma OBBEFEEE, 20060, {HFHEZ R
A AR R INA PR R R B A, B 41 U-Phb
SRR SX BN 407 £ 3 Ma 406 3 Ma( XI5, 2012),
A 7 A 8 5 AR I = o 1T s A
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F5 RECEHERKREREHSA U-PhERSKIT
Table 5 Statistics of formation ages of the Early Paleozoic plutons of the East Kunlun Orogenic Belt
e X ik HF/Ma Tk TR
1 i3 BERER 43842 LA-ICP-MS X%, 2013b
WM —KERE 417.7£2.0
2 L RCRs =KEHH 419.742.3 LA-ICP-MS KR, 2013
Ak ZKAERE 419.942.0
LTI ZKIEHE 419.0£2.0
. REBEMAKSE 396+18
3 SRR A LA-ICP-MS FEWETSE, 2006
AREFERE 411217
4 Sk DK Y ERIER 40246 SHRIMP TREFSF, 2003
AKE 407+3
5 BRIl 6 RIS = LA-ICP-MS Ui, 2012
s 4063
6 =il WEERPEE 425926 LA-ICP-MS AR, 2010
7 FRABIS UL — HAH 406.14+2.9 SHRIMP RS, 2010
4232+1.8
8 KR HE i e 4082424 LA-ICP-MS 85, 2010
404944 8
399.642.8
: TRAEER 4195 B
9 AP AL 40146 SHRIMP K EIEE, 2005
10 AR BRIk 402+24 TIMS BTEE, 2007
11 HHABAK ERIERE 391.1+1.4 LA-ICP-MS EE%, 2013
jiaie = 403,372 )
12 W B IR ek — K 304413 LA-ICP-MS WS, 2006
13 52 5ER/R ERIEHE 388.943.7 LA-ICP-MS FRiEZ S, 2011
14 vkiE ERKAERSE 39143 LA-ICP-MS XIHEE, 2013a
15 o ] IERAERE 39242 LA-ICP-MS A3
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Fig. 11  Sketch map of proto-Tethys evolution process in the eastern part of the East Kunlun
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A TAE R 2 85 A7 U-Pb F#8 0 391 + 3 Ma( X M4,
2013b); fE4 /K P B 2T 40 km &b H 75 DY A0 flf 4 it
A i o, Hoh 3 vl — KA B a4 40 U-Ph 4E %
H417.7+2.0 Ma-419.7 £ 2.3 Ma, iR K#E — KA
RA B U-Pb E W4 419.9 +2.0 Ma FI40 VA
KA K 5 B A0 U-Pb 84 419.0 + 2.0 Ma( i ¥
25,2013 7 0] V8 A AF R F 5 3 i B Be S ep e 7t
BRAWENL S, B HIGARERE KA 84 U-Pb
#0391.1+1.4 Mal Ee%,2013)

BB AT, R R B DX 7 B o8 Ok VR A TR
AT 7k B B, A S 1t — 1 B gk N AR e Al i
BB 11a), & B 222220 I 428 Ma 12F Al fif 06 )
= mE (B 11b), F e 75 1H:(400 ~ 390 Ma)
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RUERAG B T4 K I S Y48 B Gl 7 4%,
2003; XIMAE, 2013b).
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