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Early Silurian adakitic rocks of East Junggar, Xinjiang: Evidence from zircon
U-Ph age, geochemistry and Sr-Nd-Hf isotope of the quartz diorite

HUANG Gang, NIU Guang-zhi, WANG Xin-lu, GUO Jun and YU Feng
(Regional Institute of Shaanxi Bureau of Geological Exploration, Xianyang 712000, China)

Abstract: The Suoerbasitawu quartz diorite in the Yemaquan area of East Junggar, Xinjiang, has a zircon U-Pb
ageof 442.5 + 5.6 Ma. The quartz diorite has the data SiO, = 63.75% ~ 65.40%, ALO; = 17.07% ~
18.00% , Na,O/K,O0=5.28~6.82, and MgO=1.11% ~1.35% . They are characterized by enrichment of
large ion lithophile elements (LILEs, such as K, Rb, Ba, and Sr), and depletion of high field strength elements
(HFSEs, such as Ta, Nb, Zr, and Ti) and P. They also have the data Sr=783x10"°~1030x107°, Y=
8.10X10 °~10.80x10 %, Yb=10.84x10 °~1.04>x10 ¢, and Sr/Y =82.59~112.32, showing typical
characteristics of adakitic rocks. The rocks have relatively low (3Sr/%Sr),(0.703 77~0.704 04) and high eNd
() (+6.9~+7.2), and relatively high zircon eHf () (+10.7~ +13.7), indicating that the magma was
probably derived from an depleted juvenile mantle, similar to the adakitic rocks formed by the partial melting of
subducted oceanic crust. In combination with the regional geological background, the authors hold that the Suo-
erbasitawu quartz diorite was formed by the partial melting of subducted oceanic slab edge heated by the astheno-

spheric mantle, which was the magmatic arc formed by the southward subduction of the Paleo-Asian oceanic crust
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in the early Silurian period.
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Fig. 1 Simplified geological map of the Junggar terrane (a, after Chen and Jahn, 2004) and Yemaquan area in eastern

Junggar of northern Xinjiang (b)®
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Fig. 2 Specimen and microphotographs of the Suoerbasitawu quartz diorite
P3RS QA% Hh—MNA; B— sk
Pl—plagioclase; Qz—quartz; Hb—hornblende; Bi—biotite
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Fig. 3 CL images of zircons from the Suoerbasitawu quartz diorites and their 2%°Ph/?¥U ages measured with LA-ICP-MS
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3%;:Sr SrEh 783 X107 °~1 030 X 10~ %, KT
400X 107 %Y &K 8.10x 10 °~10.80 x 10°9,
BINT 19x 1076 Yb &30 8 0.84 X 10 6~
1.04x107%, %/ F 1.9 x 1076, Sr/Y HAE 55l ok
82.59~112.32, ¥J KT 40, 7E Sr/Y — Y (& 9a) il
(La/Yb)y ~(Yb)y B CE 9b) i, Fir A7 A il i 34 9%
ANIRIE B XA
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Fig. 6 K,O- SiO, diagram of the Suoerbasitawu
quartz diorite Cafter Middlemost, 1985)

FOR T 5 e I K HL I R AT
IRFAE CALOy 5N 17.07% ~ 18.00% > Na,O/
K,O N 5.28 ~6.82), 5§ I ¥ 52 44 il JE B ¥ 2R ik
w2 (Defant and Drummond, 1990; Defant et
al .» 2002, 17 B 2 AN [A) T B AR 1 J5E 1) & i
Hhe 445 il B B 1 3 v ot okl CoROBE A5, 2001,
200030« AT AT ALl RARAR AR SR W CruNi
iR, X5 A DN ORORE S 52 58 T B 4 A X e
TG 2 MRIR E —BU(Rapp ez al . » 1991), ifil B A [F]
TR AR R I AT RE LR I AT AR B ) IR Bt X X
FE R AR M S 80 R Ho 5 38 40 4 @l LA e R0 N
Hhy 5T R RIS v, IR BsMg T
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FOR B 5 A 5 NS eFECO)— AR08 BB COFIBREL- £y, IR (DD

eHf(z)- Age (a) and frequency-tpyp(b) diagrams for the Suoerbasitawu quartz diorite
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(4 Maniar and Piccoli> 1989)
Fig. 7 A/NK - A/CNK diagram of the Sucerbasitawu
quartz diorite Cafter Maniar and Piccoli> 1989)

Cr-Ni %518 Y5 73 2 R 1E (Yogodzinski et al.» 19953
Martin, 1999; Gao et al.,» 2004). JTH 3 HTFE T
5855 1 R 3% #8062 (Taw Nb A1 TD M F 100 %
(HREE), UL X A2 1) Eu 5% (8Eu = 1.02 ~
1.09)H1 Sy 1E 5, 2 B JLY8 X b A L& i 2k
M8 X B AR A+ 8 A AR Bk B A R 1R
(Castillos 20060« 73 HTFE i 2R I H AR XK MgO 7
. 11% ~1.35% ) F Mg™ 14(46.98 ~49.28), 55
MORB #7345 il 7= 25 1R 5 A AR ABL, % s A b AR v T
JR PRI A A 5 B M2 A 2 W S8 PRI A A SN T
AT a2 RCE T S R, JE e BT
T b5 Mg ML R AR A ARAE B Mg® (& Tt i GE
HIAREE, 2004)
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Fig. 8 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spidergrams of trace elements (b) of the

Suoerbasitawu quartz diorite Cafter Sun and McDonough, 1989)

®3 ERBHESHERAKEEE (we/% ) FME (/1079 TEATER

Table 3 Major oxide ( wp/% ) and trace element (wy/10™ %) compositions of the Suoerbasitawu quartz diorite

F5 YMQO1 YMQO2 YMQO3 YMQO4 YMQOS5 YMQO6 YMQO7
SiO, 65.35 65.40 65.36 64.53 64.01 64.51 63.75
TiO, 0.39 0.39 0.42 0.45 0.48 0.42 0.47
ALO; 17.07 17.12 17.15 17.43 17.47 17.72 18.00
Fe,O57 2.83 2.89 2.92 3.28 3.18 2.93 3.06
MnO 0.05 0.05 0.05 0.08 0.09 0.05 0.06
MgO 1.18 1.18 1.11 1.35 1.22 1.22 1.20
Ca0 2.74 2.71 2.86 3.42 2.95 3.42 3.46
Na,O 6.44 6.39 6.28 6.29 6.72 6.34 6.41
K,O 1.17 1.21 1.18 1.03 1.21 1.03 0.94
P,0s 0.13 0.14 0.15 0.17 0.18 0.15 0.17
LOI 2.60 2.51 2.50 1.96 2.49 2.19 2.47
Total 99.96 99.99 99.98 99.99 100.00 99.98 99.99
A/CNK 1.01 1.02 1.02 0.99 0.99 1.00 1.01
Na,O/K,0O 5.50 5.28 5.32 6.11 5.55 6.16 6.82
Na,O + K,0 7.61 7.60 7.46 7.32 7.93 7.37 7.35
Mg* 49.28 48.76 46.98 48.96 47.20 49.25 47.75
AR 2.25 2.24 2.19 2.08 2.27 2.07 2.04
La 9.58 9.4 12.3 9.78 10.2 8.52 10.1
Ce 21.2 21.4 24.7 21.8 23.8 19.5 22.9
Pr 2.49 2.66 3.22 2.87 3.01 2.37 2.89
Nd 10.7 11.4 13.7 11.4 12.9 10.0 12.4
Sm 2.21 2.42 2.78 2.25 2.54 2.02 2.49
Eu 0.68 0.746 0.82 0.68 0.73 0.65 0.77
Gd 1.92 2.08 2.28 1.94 2.26 1.7 2.13
Th 0.273 0.28 0.332 0.29 0.32 0.24 0.3
Dy 1.49 1.51 1.91 1.49 1.82 1.38 1.73
Ho 0.298 0.314 0.39 0.3 0.36 0.27 0.34
Er 0.876 0.86 1.13 0.9 1.08 0.79 1.01
Tm 0.132 0.133 0.160 0.140 0.16 0.120 0.15
Yb 0.87 0.94 0.95 0.99 1.04 0.84 1.03
Lu 0.137 0.13 0.16 0.15 0.16 0.13 0.15
> REE 52.85 54.27 64.83 54.98 60.38 48.53 58.39
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Continued Table 3
K5 YMQO1 YMQO2 YMQO3 YMQO4 YMQO5 YMQO6 YMQO7
5Eu 1.04 1.08 1.08 1.03 1.02 1.06 1.09
(La/Yb)y 7.94 6.73 8.40 6.58 7.04 6.80 6.58
Y 8.10 8.66 10.20 8.85 9.48 9.01 10.80
Li 7.57 7.57 8.74 9.23 8.45 13.50 17.50
Be 1.14 1.38 1.16 1.33 0.86 1.02 1.12
Se 5.29 5.80 6.61 5.82 5.92 5.12 5.77
v 69.3 70.0 84.8 70.2 66.1 64.3 73.9
Cr 6.4 8.2 8.4 8.5 7.6 3.6 4.4
Co 63.7 52.1 66.0 58.1 67.9 62.6 62.5
Ni 4.0 4.5 5.0 4.3 4.9 2.9 2.8
Cu 8.57 5.24 6.95 6.95 6.95 2.23 3.02
Zn 41.9 42.3 52.3 45.6 57.1 35.2 50.8
Ga 20.3 20.5 25.3 20.8 20.4 20.3 21.2
Cs 0.29 0.28 0.41 0.33 0.27 0.37 0.34
Rb 16.0 16.3 17.2 22.3 9.7 12.0 14.6
Sr 850 856 1030 994 783 954 992
Ba 355 368 424 628 475 413 497
Th 1.44 1.69 1.69 2.35 2.26 1.28 1.04
U 0.90 1.06 1.26 0.95 1.06 1.19 0.81
Nb 1.87 1.69 2.19 1.89 1.38 2.05 2.44
Ta 0.17 0.22 0.27 0.26 0.24 0.21 0.21
Pb 7.36 7.30 8.66 6.94 8.22 4.23 6.28
Zr 96.20 110.70 136.20 111.00 105. 00 102.00 91.20
Hf 2.20 2.68 1.99 2.52 2.67 2.65 2.32
St/Y 104.94 98.85 100.98 112.32 82.59 105.88 91.85

x4 FRBEHIESHERAKE Sr-Nd FUES TSR
Table 4 Sr-Nd isotopic compositions of the Suoerbasitawu

quartz diorite in the Yemaquan region of East Junggar

e YMQO1T  YMQO2  YMQO3  YMQU4
Rb(X10~9) 16.00 16.30 17.20 22.30
Sr(x10°%) 850 856 1030 994
8TRb/%0Sr 0.05611 0.05676 0.06978 0.066 88
87Sr/80Sr 0.70440 0.70425 0.70421 0.704 45
+26 0.000 013 0.000011 0.000014 0.000 012
(¥Sr/%98r), 0.70404  0.70389  0.70377  0.704 03
Sm( X 1079 2.01 2.42 2.93 2.12
Nd(x1079) 10.70 11.40 13.70 11.40
Wgm/MNd  0.11357  0.11834 0.11930 0.11243
NJ/Nd - 0.51277  0.51277  0.51278  0.51275
26 0.000 008 0.000 007 0.000007 0.000 008
CBNd/M™MND;  0.51244  0.51243  0.51244  0.51242
eNd(£) 7.2 7.0 7.2 6.9
tov{Ma) 589 613 596 607
Ssw/Nd —0.42 —0.40 -0.39 —0.43

FOR BT S A N Ko R AR S e A HI
[ #ELeHI() =10.9~13. 1 JRI4AA Nd A7 =4
FLeNd() =6.9~7.2], BT & %A (OIB)
B % A (MORB) FIFREAE, 38 B8 125 U5 X

AIREARAK TR 58 COMORB)D [RRF £ 5 3108 1) 5k
H Cook Island 1 Aleutians [0 #4565 il T B 1
PRIE e A 95 (Kay, 19785 Stern and Kilian, 1996)
AL RIS AE eNdCO-(87Sp/80Se), R (Kl 100 |,
FE Sl B0 ONBI R 2 J g s DI, I s e AT ml
BEA I E Se AT FB o Ms L =0 A MO - SiO,
PR CIEL 11D, 9 ol 0 359 9 N AR v 3 5 04 Rl T B2 1)
BIKVEE XA o A e NG P R LB A
H [FLFRRFAE 5 FL I I 5 T BT 494 ~ 498
Ma MIRHEAE X7 (Zeng et al . » 2015) R AR HERE) /K 5
WA AR X AR AR AL CBR K 55, 20105 56 0% 4R 55
2013; Xu et al.» 2013), ¥E— DR W] T R DS
5 A B NG AT e A AT 70 o AR 3] 2 B AR AR R
SO b 453 R e 1T R PO AR 3 58 ) DS 0 Rl
P e LR BB I3 AT, N BRI B 5 Rk w5
A T BE S R P e RO AE AR AH P8 20 I Rl
JER o

PR B 5 BRI DA A o B AT R A e R A
TERRE 253 AH R 185 Rl JE 1% 1) ( Defant and Drummond,
1990), SR M BEA 7T AN WA , Kb 2 2 1)
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Fig. 9 Sr/Y-Y (a) and (La/Yb)y ~(Yb)n(b) diagrams for the Sucerbasitawu quartz diorite Cafter Defant and
Drummond, 1990)
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CRT 20 Ma)7F: e LR 1€ B o /R T B BE TR it
BV (Defant et al.» 200200 A, 7539 )5 (1T M
FEIREE T, PRUTAIRAR VR 3 3502 s Hb 5% 1
Rt ) DUTE J T 2508 v 1 1 3R A 22 R E SR ABL )
£1(Atherton and Petford, 1993; Gao et al.» 2004).
W FEUE S, Iy 9K AR FH A 7 5 0 v e o o )
Sh 5%, FBOY AT g B KA AE L o B T e
FeM 2 P A AR G B J5TTR G TE B 3508 T
AR HAT A Mg® M CraNi 7 2 (Yogodzinski et al . »
1995), SR 2= /K T 85 1 LA B T35 08 v i s A
LR R SRR M RO B, R 5 S R

.
6F /‘
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an
=
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TRELRERME
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0 N it wt )
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(4 Defant et al.» 2002)
Fig. 11  MgO - SiO, diagrams for the Suoerbasitawu

quartz diorite Cafter Defant et al., 2002)

A R AR A O . TR, — 822 35 1 T AR
M 58 B R B AT AR ] J R R 7 A 58 2% 9 59
By oIl DX g B KA AR T, O 2 A E 1 1 B oIk
5 ek 55 8% 45 1 (Hole et al.» 19915 Thorkelsons
19965 %4 — 1855, 2004; Thorkelson and Breitsprech-
ers 2005« SEBIAIT TR AL AU AR UE 52, 7ER T &
FUEREE N, H T30 R R I FAAE T AN AT BAARE AR o
RO 5 ) o B 5 S G 1 8 ) B I M 5 R A i )
el (RIS H T o Hs A 3 W] RAGAE i Fel B £
I3V Rl TARCOR B 1 5 ) 6 2 d w2 AR ) —
AN R X (Thorkelson, 1996, HI A8 (A 7 4 A7
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Rl TR AR 7 0 25 AR AR i 52 3ok 11 AR R T e il 4K
it Pl b DS ) P AR 0 R AR sk, PR AR R R I A
T IR By IS B KO IndRIA Tl Bl
ARVE P L U %5 (Vema and Nelson, 19895 Stern
and Kilian, 1996; Thorkelsons 1996; Smithiess
2000; Prouteau et al.s 2001; Thorkelson and Breit-
sprecher, 2005; Viruete et al.» 2007). &G X 1
REE B2 5 KOS S A B b ot = 82, HEI &R
IR B 0 L A B 0 o SO A AR T R R AR
TEFC IR RS 2 CRl R R o 6 Bl A R 1) 22 S 3
(I T G BRSO B BRI b A v B KPR AR i % %%
FIok B T v L A L b 0 ) R P A 0 R A R
Ry A A
4.2 HREX

FOR EE 5 40 9 N KA R B A U-Ph 268k
442.5+2.5 Ma, JE T HAE B, X 57085 1L 5
LT & 1 7 G Y™ T e SR e Al
AN KA RS 438.3 £2.5 MaCR R K EHDO M —
o VDA RAE AR MM 7R F0At b DX R 0 T A R
KB U ER AR S5 (2013) 3k 15 2 B B kb XCRE 1l
TARKAE K A U-Pb 8 440.6 4 3.7 Ma, 51 5E
(2010 2k 45 T in] WUHh DX A8 B B 4 85 1 U-Pb 4F i
442.2+3.5 Ma, Xu 55 (2013) IR1F 35 R v B4k 4E
R AT U-Pb 4R N 443.2 1.7 Ma KL A B A0
U-Pb 4684 441.7+1.0 Ma S 58540 U-Pb 4F
W 442.4 +1.9 Ma, B 7R T HE 38 Ll 78 2R HE e
JRHE DXL B A R A AR N — OCE RS B

o ZEERIRC(1991) FIHE I X 45 (2009 Ak IRk R 5
FEA £ BT 7 2 2 ke gty Ry AR ) oy S W ) R T
PP e Xu 55 (2013 553 T X 48 M85 7K iy [X
(35 BB IR M 3 T RN IR 9, JF 3k 19 T KRBT
S AR AU A AR08 B, I A BUR 55 4R
0T ST v R AR 1SS SR K Bk 2R T T
SRBESG . AR A TSI 1 0 1 = b7 22 B g 2
(T S AR R 9 7 T Gt i 46, 20125 5 B Wt 4%
2014, 17 LA 1R BT R 2 2 s 2 VR % 25 A s W 9 -
RSB S 0 B R P45, 20035 1 SCAS
45,20065 TKICICEE, 201000 AR, A HENES SR X
A R AP A X IR B A RS B R T e
BT 7K 52 2 s 2 2 s JIT AR 3 14 oy S 3 A0 v 9 9 AH
Ko BIREMEE S B R 05 N K kT R I
PR IR 576 38 43 2 i T RSG5 T8 o (10 e RURR A, L
B 52 1) Nbs Ta Il T 1) 6 5 Ly M08 B 504 B 5 1
BRALERAE— 3. 75 Nb - Y B CE 122D, FE 3
AR KR I 5 XA s 75 Th/Yb — Ta/Yb Kl fi#
HCEL 120, B i 38 T 70 Bl e DX o Rt 4
DU AR Y MBS R M X 2 /b 7 LA B A0 ), DA R 2 7
g o iy A AR TR oty S ¥ 1 e 0 e A A S K b B
Z B I TE LA oK B X A o PR D AR 1
g\ (280 k, 1991; & 3% 245, 2009; Xu et al. >
2013). H R B I R), T R A A T I i o Al
i, XA - B go it 2 R AR 2 k-t
FRUHB 2 (] [B B 45, 200D AU R e 7 G dh )2 5 ol 4R
ARCOITFL R L& D16 1 25 2 R AR DX S ) £ FEE AN
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Fig. 12 Nb-Y (a, after Pearce et al.» 1984) and Th/Yb— Ta/Yb (b, after Pearce, 1982) diagrams for the Suoerbasitawu

quartz diorite
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2013 i G 28 N J2 b ok ) it i 1 A 2R HE B 7K (1)
FLARFRI o (7] I 7 5 M ES 5% H DX 57 3 BR T 75 411 R W
Hi & B 2R K X (R 3 5 VA K A= e
A CIRFRIE, 19815 TKFEEREE, 1983) BA R A B 7K 2 Z;
e o 5 TP R R G A B T ORRA R 2 N L
] Ry R 7K 2838 Ll 5 (Huang er al . » 2013), 3t —20 4
AN T H R R B A R AR R R O AR AR AR R T
RAET KM

5 4w

(1) et 2= e 7K B SR 1 DX () 28 R B T s
AN AR AT U-Pb fERe 4 442.5+ 5.6 Ma,
BT R

(2) BRI 2 47 9 I KA AR L IRk T A 1Y
HER AL 22 R AL, HH R 00 PR AR 1 252 31K H i
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1
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