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Abstract: Late Paleozoic to Early Mesozoic I-type granodiorites enriched in mafic microgranular enclaves are widespread in
Eastern Kunlun orogen, which therefore has been considered as a natural laboratory for studying magma mixing between mantle-
and crust-derived melts. In contrast, coeval peraluminum to strong peraluminous granitoids are rarely reported in this region.
Recently, we identified a set of garnet-bearing two-mica granites in the Jialuhe region at eastern part of the East Kunlun Orogen.

Hereby we present a synthetical mineralogy, petrology, zircon U-Pb geochronology, and lithogeochemistry and Lu-Hf isotope
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study on it, aiming to constrain its petrogenesis and tectonic implications. The rock outcropped as multiple sub-parallel dykes in the
field, intruding into granodiorite. It mainly consists of quartz, plagioclase, k-feldspar, biotite and muscovite, with minor garnet as
accessory minerals. LA-ICP-MS zircon U-Pb isotopic dating yields an age of 242.0£ 1.4 Ma, indicating that the garnet-bearing
two-mica granites were formed in the Middle Triassic. Chemical analyses show that the rocks have characteristics of high SiO,
(74.49%~75.24%), K,0(4.21%~4.33%), but low P,050.02%~0.03%) contents, belonging to peraluminous to strong
peraluminous series (A/CNK=1.08~1.12), showing a high degree of differentiation. They are relatively enriched in elements
such as U, Th, Pb,Rb, but depleted in Nb, Ta and other related elements. Note that, P and Ti are strongly depleted, which may
indicate early crystallization of apatite and titanomagnetite. The rocks also have a low total amounts of rare earth elements (61.55X
107°~119.05X10"°), and show a weak negative Eu anomaly (6Eu=0.51~0.65). Their zircon e;{z) values ranged from — 8.19 to
—2.78 (mean of —5.61), with a two-stage model ages (Ty,.) of 1.3 Ga to 1.6 Ga Ma and whole-rock Nb/Ta ratios are 8.22~9.67
(close to continental crust ratio of 10.91). These features are similar to those of nearly coeval biotite monzogranite in the region,
indicating that the rocks may be originated from remelting of lower crust. The biotite-rich enclaves are widely developed in the
rocks, suggesting that the wall rock materials are captured during magma ascent, with obvious assimilation and contamination.
Thus, we propose that the garnet-bearing two-mica granitic dykes belong to high-fractionated and peraluminous to strongly
peraluminous I-type granites series, which are products of felsic magma produced by partial melting of lower crust undergoing long-
term fractionation and being subjected to surrounding rocks assimilation during its ascent.

Key words: East Kunlun; garnet - bearing two - mica granites; highly fractionated I - type granite; Biotite - rich enclaves;

intercontinental collision; geochemistry.

0 5l&H

A EEP N B O S R A 5 A RO
B 7 I BIE 5 , R 3B I e 18 A VR B4 T Ak 0
7 386 A ol 79 2 R Ak D7 s, R A 4 B S Y B
S5 1) (4 PRME 4, 2007) . i AR 35 4E B B A 3K IR
X 0 1 22 5 B AR B A T 4 ol S RLAE G 25 R TR
TE B A P2 L UTAE R 5T 2 B, 24 TR AE b I 2 0 T
b 30 e 3 R S 6 g i B 4 SRR R R AR
155 S AR B A AT LR B — 2 1Y S BUAE B A REAE
b s B W A = B RA R A S (W eral.,
2003 ; 2 o W 45, 2009 ; P 4k 4R 45, 2013 Wang et al.,
2014). SRR AT — 2o 22 A N A6 B A K A =
14 Rt B R 1 2% B, L7 T Ak o R P B & A A AR
1 45 i 43 5 (5K HE 55, 2007 5 Castro, 2013). A it %t
Tl 8 0 — SR AL G AR I 2 IS JE R R —
AH A HE— 25 TR T 0 B} 27 1) R (1) faf o A i
L AR B AL AT RE T AN F ] S BUAE i e i E —
PRt s (2) 3 5 0T — 3ol 40 T 09 /8 43 5 T2 A B o 2
WA TE % Q0] %8 (= 48 0 %%, 2007a, 2007b,
2017;Wang et al., 2014).

REA) 12 W #E Wl AR — B AR AR HE AR
JT — 55 3 BR BT T2 A8 i A 28, i [ e A R o —
SR AT AR 0T R AE B A AT G L AR Ok A SN
N B b XY A 1 A A AE D i 4 S TARLAE
A Bk, AN AR B (2014) AN F H i X dh =&

T TE A AE B o o 5 TRLAE B A AT i 55 (2018)
IR B G PLAR M X H h =& A8 5 a B
oS TRUAE 0 2 BORRAIE . SE B b3 26 40 18 19 755 70 52
AL A R IR A AT B AR R R )

TR 2R B G 2R Bon & T 3t X1 R
H—EROE AMAO = s e R a Ik, & A bR
RE A A I ER NI AR A, BHA T —
56 1o B SRR AL 33X R BT 5 e R o — i o AR A R e
IR 23 AR AL T BEAR KB, X T AT TSR B2 AE
Jot o e A Pt B AT E B . AR SO R G B
S b J5 M 3 A RS AL Y BE AL AT A U-Pb
AR A MU ER AL o R B A SRR Lu-HIE R  38 J7
5l i 25 A X e iz e A S R I R AR R
R AR 22 5 SRR IZAE R A B R s S
JEL A A B PR 6 AR LA R HE T 48 7 9 XS 1 RS
SC TR A KA S BIF e 8 TR S A B R B A
i =S

1 b =

RS L b T 7 R b 2, et Tk
R oS ST A R E oS i A LIRS PN e
FRY A 3 — b e i Ll R A R O (VA
45,2006). B AL B R AT R AR B AE A S 2R
B v g S A 3 TR AR A I AR B R R S Y R A 9 L —
BT e ¥ O s 2o A 3 9R 2% S ORI A R K v £



402 HERBL2%  http://www.earth-science.net

45 %

g
0
IS
S
EERTRETL IS  EXT
B cn: e
D EGEES TR
Bl ocs [ o |snmmuan
(i AL INEE
| ESNCEE ) PP
o I 42
[ wewmer [ ] reewr
s
B
a
97°57'08 98°15'35"E
(©) . om 33° Erdvermks
N [ Bl erma-sntemes

L o+ L + 1L + 1 + 1 + 1

L+ 1 + 1L + 1L + 1L +

L+ 1 4+ 1 4+ 1 4+ L + 1 + L +

+ 1 + 1 4+ 1 4+ 1L + 1 4 L + 1 + 1 + 1

BT (a) 7R B 2 Al S 48 DR 3 B0 R 23 7 1 5 (b) R BB AR B -l A4 3 A1 7R 185 (o) S O — = BB 1

Ik #) T

7 (F a BB FE 25, 20165 8 b 418 1:25 07 & 45 H5 4 100 816 240)

Fig.1

(a) Tectonic units division of the East Kunlun Orogen and its adjacent area; (b) Distribution diagram for Jialuhe pluton in

eastern part of Eastern Kunlun; (c) Profile geoligical map of the garnet-bearing two-mica granite dykes
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Table 1 LA-ICP-MS zircon U-Pb ages of garnet-bearing two-mica granites
WA HHE(X109) [ 3% LA iy (Ma)
TR

Pb Th 0] Th/U  297Pb/?%Pb 10 207pp/235U 10 206pp/238U 10 207pp2%ph 16 2Ph/ABU 15 2PhAU 16
D1008-6-01  13.50  63.83  206.83  0.31 0.0521 0.002 0.273 6 0.011 0.0380 0.000 300.1 95.4 245.6 8.8 240.6 2.7
D1008-6-02  78.68 454.04 670.74  0.68 0.0514 0.001 0.2710 0.007 0.0381 0.000 261.2 59.2 243.5 59 241.2 2.1
D1008-6-03  41.74 249.80 396.94  0.63 0.0519 0.001 0.2730 0.008 0.0381 0.000 283.4 66.7 245.1 6.6 240.9 22
D1008-6-04  76.19 34739 1079.65 0.32 0.0519 0.001 0.2740 0.007 0.0383 0.000 279.7 62.0 245.9 5.8 242.0 24
D1008-6-05 9533 649.85 639.42  1.02 0.0499 0.001 0.2623 0.007 0.0381 0.000 190.8 61.1 236.5 5.7 241.1 2.6
D1008-6-06  84.58 137.04 111443 0.12 0.058 0 0.001 0.5679 0.011 0.070 6 0.000 527.8 32.4 456.6 7.7 439.9 49
D1008-6-07  52.49 32196 307.56  1.05 0.062 6 0.002 0.3209 0.010 0.037 4 0.000 696.0 74.8 282.6 8.0 236.5 2.7
D1008-6-08 109.68 690.43 880.66  0.78 0.0509 0.001 0.267 6 0.006 0.0380 0.000 2353 55.5 240.8 52 240.7 23
D1008-6-9  51.35 296.14 437.69 0.68 0.0572 0.001 0.303 6 0.008 0.0385 0.000 498.2 70.4 269.2 7.0 243.7 22
D1008-6-10  48.09  78.92 79.93 0.99 0.070 8 0.002 1.4521 0.044 0.1490 0.001 953.7 63.7 910.7 18.2 895.5 8.6
D1008-6-11  92.85 509.53 938.78  0.54 0.0570 0.001 03113 0.007 0.0395 0.000 500.0 55.6 275.2 59 249.9 23
D1008-6-12  107.58 47520 1779.37 0.27 0.0539 0.001 0.2821 0.006 0.0379 0.000 364.9 472 2523 5.4 240.0 32
D1008-6-13 1735  29.23 24778  0.12 0.058 7 0.001 0.5187 0.014 0.063 9 0.000 566.7 59.2 4243 9.7 399.4 43
D1008-6-14 113.10 588.77 1288.39 0.46 0.0518 0.001 02735 0.005 0.0382 0.000 279.7 48.1 245.5 4.7 241.6 24
D1008-6-15 140.18 690.06 1528.05 0.45 0.056 5 0.001 0.2982 0.006 0.0382 0.000 4723 41.7 265.0 5.0 241.9 2.7
D1008-6-16 3890 22426 29735 0.75 0.0558 0.002 0.3013 0.011 0.0390 0.000 455.6 79.6 267.4 8.7 246.9 24
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Table 2 Whole rock major and trace element contonts of the Jialuhe garnet-bearing two-mica granites

FE 16JL08-1 16JL08-2 16JL08-3 17JLO1-1 17JL02-1 17JL02-2
FRITHR (%)
Si0, 75.49 74.88 75.24 74.75 75.08 75.00
ALOs 13.58 13.46 13.54 13.58 13.8 13.69
TiO> 0.07 0.05 0.07 0.07 0.06 0.06
Fe,05" 1.10 131 1.47 1.42 1.36 1.39
MnO 0.06 0.07 0.04 0.06 0.07 0.07
MgO 0.16 0.19 0.21 0.17 0.17 0.17
K>O 4.29 4.26 421 430 4.29 4.33
Na,O 3.35 3.22 3.26 3.32 3.33 3.36
CaO 1.22 1.16 1.31 1.34 1.33 121
P20s 0.02 0.02 0.02 0.02 0.03 0.03
SOs <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
StO 0.02 0.02 0.02 0.02 0.02 0.02
BaO 0.07 0.08 0.09 0.09 0.08 0.09
Cr05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
R 0.71 0.6 0.59 0.65 0.75 0.63
it 100.14 99.32 100.07 99.79 100.37 100.05
A/NK 1.34 1.36 1.36 1.34 1.36 1.34
A/CNK 1.10 1.12 1.10 1.08 1.10 1.10
FeOT/MgO 6.19 6.20 6.30 7.52 7.20 7.36
DI 92.10 92.01 91.49 91.60 91.47 92.04
MEIER (X 10)
Sc 1.89 2.08 2.12 2.33 2.06 2.20
\Y% 2.17 2.02 2.55 3.08 2.84 2.29
Cr 0.38 1.32 7.20 8.43 5.13 8.87
Co 0.55 0.59 0.99 0.67 0.60 0.61
Ni 2.47 0.54 1.24 0.89 0.80 1.24
Sn 1.92 2.88 2.37 3.00 3.22 3.33
Rb 171.62 196.49 187.97 212.00 207.00 220.00
Sr 125.01 139.80 152.00 156.00 141.00 145.00
Zr 59.25 62.05 68.03 71.90 58.70 67.70
Ba 652.03 698.74 770.70 800.00 708.00 723.00
Cs 2.01 10.97 5.11 5.91 5.76 6.16
Hf 2.44 2.51 2.66 2.97 2.45 2.80
Ta 1.24 1.11 1.24 1.17 1.20 1.32
Nb 10.67 9.21 10.22 11.40 11.50 11.80
Ga 13.68 14.60 14.20 15.30 15.00 15.40

Y 13.77 17.10 15.33 21.50 19.80 20.10




Be
Pb
Th
U
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Zr+Nb+Ce+Y
10 000Ga/Al
Rb/Sr
Rb/Ba
Nb/Ta
>REE
LREE/HREE
oEu
(La/Sm)n
(Gd/Yb)~

1.96
32.69

12.63
2.16
13.72
25.19
2.76
9.54
1.89
0.40
1.77
0.34
2.07
0.43
1.42
0.22
1.54
0.26
108.88
1.90
1.37
0.26
8.60
61.55
6.34
0.65
4.69
0.95

3.44
30.81
15.43
2.51
23.28
40.64
4.08
13.59
2.56
0.45
2.36
0.42
2.51
0.51
1.64
0.26
1.81
0.28

129.00

2.05
1.41
0.28
8.33
94.38
8.76
0.55
5.88
1.08

2.07
35.17

18.00
242
29.59
50.00
4.83
15.76
2.61
0.49
2.24
0.39
2.22
0.46
1.45
0.23
1.67
0.27
143.57
1.98
1.24
0.24
8.22
112.22
11.28
0.60
7.31
1.11

2.09
37.00
17.00
2.15
28.80
52.10

5.20
17.10
3.47
0.55
2.89
0.52
3.14
0.64

1.92
0.29
2.06
0.32

156.88

2.14
1.36
0.26
9.67

119.05

9.30
0.51
5.36
1.16

2.65
35.50

14.80
1.99
23.70
42.80
4.28
13.90
2.85
0.47
2.38
0.45
2.83
0.59
1.78
0.29
1.95
0.29
132.78
2.06
1.47
0.29
9.55
98.61
8.51
0.53
5.39
1.01

2.40
36.40

15.10
2.13
24.70
43.10
4.36
14.10
2.83
0.50
2.52
0.46
2.84
0.60
1.84
0.30
1.98
0.29
142.66
2.12
1.51
0.30
8.89
100.38
8.29
0.56
5.64
1.05

7E: OEu=2*[Eulv/([SmIN+H[Gd]n); DI=(BRHAEN 4 Q+Af+Ab+Ne+Kp+Lc)
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Table 3 Zircon situ Lu-Hf isotopic compositions of garnet-bearing two-mica granites

WA A5 Age(Ma) 'SHf/'TTHf lo 1761 u/\TTHf lo 176y b/\7THf lo en(0) 1o endd) lo  Tomi  Tome  fiwnr

D1008-6-01 242 0.282 548 0.000010 0.001300 0.000063 0.029909 0.001456 -7.94 0.61 -741 078 1005 1296 -0.96
D1008-6-02 242 0.282561  0.000 009 0.001 344 0.000 033  0.031940 0.000851 -745 0.61 -725 070 986 1269 -0.96

D1008-6-03 242 0.282448  0.000010  0.001677 0.000030  0.037289 0.000680 -11.45 0.63 -632 064 1157 1494 -0.95
D1008-6-04 242 0.282547  0.000009  0.001272 0.000032 0.029326 0.000843 -7.97 0.61 -2.78 0.63 1005 1298 -0.96
D1008-6-05 242 0.282481  0.000009  0.001 872  0.000045  0.045088 0.001153 -10.31 0.61 -521 0.63 1117 1432 -0.94
D1008-6-06 242 0.282499  0.000010  0.001725 0.000022  0.040779  0.000559 -9.65 0.61 -453 063 1086 1394 -0.95
D1008-6-07 242 0.282525 0.000009 0.002170  0.000043  0.049 044 0.001149 -8.75 0.61 -3.70 0.63 1062 1348 -0.93
D1008-6-8 242 0.282463  0.000009 0.001 665 0.000099 0.040 629 0.002467 -10.94 0.61 -581 063 1136 1465 -0.95
D1008-6-9 242 0.282490  0.000014  0.002127  0.000035 0.049898 0.000867 -9.98 0.71 -492 073 1111 1416 -0.94
D1008-6-10 242 0.282396  0.000009  0.001906 0.000021  0.050290 0.000601 -13.28 0.61 -8.19 0.62 1238 1597 -0.94
D1008-6-11 242 0.282444  0.000009  0.001 735 0.000041  0.040996 0.001003 -11.58 0.60 -6.46 062 1164 1501 -0.95
D1008-6-12 242 0.282492  0.000010  0.001973  0.000041  0.047 125 0.001003 -9.89 0.62 -481 064 1103 1410 -0.94
o end®=10 000 {[("HETHA)s—("7*Lu/ TH)sx(eM-1)/[(THE H) crur.o—(7Lu/ T H) cnurx (€¥-1)]-1}; - Tom=1/AxIn{ 1+[(""*Hf/' TH)s(""*HE/ " HE)om]/[(7°Lu/ THE)s—("7°Lu/ " H)pwy }5
TomC=Tom—(Tom—0)<[(fee ) (foerfom)]; frume=("7Lu/""HE)s/(7Lu/ "Hf)cuur—1, FH o7 :A=1.867x10"1/a(Séderlund et al., 2004); (\Lu/"""Hf)s A1 (SHf/'"Hf)s N ¥ Wl & 15 ;
(SLu/"H)crur=0.033 200, (\°Hf/'""Hf)cuur 0=0.282 772(Blichert-Toft et al., 1998); ("Lu/'""Hf)pm = 0.038 400, (\Hf/""Hf)pw = 0.283 250 (Griffin ez al., 2000, 2004) ; ("Lu/!"Hf)
1935=0.015; fee=[ (" Lu/ TTHE) sy e/ (TOLw/ " H cnur]-1; fi=fwns; fom=[("7°Lu/ " HE)om/(7Lu/ H)cnur]-1; ¢ 985 45 R AE i




