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Lagged arc magmatism in Western Junggar: Evidence from early Permian
intermediate to mafic dyke swarms in Urho area, east of Western Junggar
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(Earth Science & Resources College, Chang’an University, Key Laboratory of Western China’s Mineral Resources and Geological
Engineering, Ministry of Education, Xi’an 710054, China)

Abstract: Intermediate to mafic dyke swarms were newly discovered in Urho area in the south of the Hala’ alat
Mountain which is located in the east of Western Junggar. The dyke swarms intruded into the Permian Jiamuhe
molasse formation. The nearly NE-SW-trending dyke swarms are parallel to Darbut Fault. The rocks are mainly
composed of diabase, diabase porphyrite and gabbro-diorite, which have features of low K calc-alkaline basalt to
andesite series, as shown by geochemical analyses. The dyke swarms have low REE (34.53 X 10 ¢~82.43 x
10°%) and the anomalies of 8Eu (0.74~0.98) and 8Ce (0.98~1.15) are not obvious. REE distribution pat-
terns are of the right-oblique type (LREE/HREE=2.47~7.18). All samples are characterized by the enrich-
ment of LILEs (K, Rb, Ba, Sr) and depletion of HFSE (especially Nb, Ta), showing the characteristics of is-
land-arc zone. Positive eNd(¢) values (5.51 ~5.71) and relatively low initial Sr isotopic ratios (0.703 802 ~
0.704 223) indicate the depleted mantle-related source. The source was the depleted mantle wedge and the
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magma was genetically influenced by the subduction components. The dyke swarms in Urho area suggest that

the subduction between plates still went on after the completion of the compressional orogeny in early Permian.

The lagged arc magmatism occurred later than the subduction in the west and middle of Western Junggar, sug-

gesting that the final completion of the subduction in Western Junggar was in late Early Permian.
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Fig. 1 Location (a) and geological sketch map of the study area (b)
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Fig. 2 Macroscopic (a) and field (b) characteristics of Urho dyke swarms
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Fig. 3 Photographs of rocks and petrographic sections of Urho dyke swarms (crossed nicols)
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Table 1 Major elements (wgp/% ) concentrations of samples from Urho dyke swarms
Fes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
5 15-1 12-1 90-1 73-1 85-1 86-1 83-1 89-1 20-7 20-8 16-4 20-5 16-3 16-1 20-3
YRS WELGE MRS WS EE mE  my  my

SiO, 45.95 47.32 50.39 50.68 51.05 51.42 51.43 52.34 53.95 54.55 55.39 55.61 55.63 55.65 56.02
TiO, 1.01 0.93 1.02 0.86 1.61 1.29 1.16 1.71 0.81 0.91 0.97 0.91 0.95 0.94 0.96
ALO;  17.96 17.10 17.75 15.44 14.95 17.04 16.44 14.86 17.07 17.18 16.99 16.98 17.33 16.74 16.80
TFe,05  10.59 10.34 10.01 10.43 13.08 11.30 10.69 12.95 7.74 8.13 8.04 8.07 7.80 7.90 8.19
MnO 0.18 0.16 0.17 0.19 0.20 0.17 0.18 0.20 0.11 0.13 0.12 0.12 0.11 0.12 0.12
MgO 8.01 7.62 5.97 5.74 4.82 4.35 5.00 4.09 4.61 4.54 4.60 4.40 4.00 4.39 4.35
CaO 9.56 7.09 8.23 8.01 7.23 8.89 8.19 6.71 8.06 7.24 6.04 7.03 5.65 3.12 6.85
Na,O 2.81 4.85 3.42 3.96 4.50 3.65 3.91 4.14 3.54 4.09 4.15 3.81 3.80 5.99 3.83
K,O 0.21 0.33 0.69 1.80 0.73 0.80 1.03 1.46 1.12 1.20 1.46 1.16 0.80 1.25 1.30
P,0s 0.18 0.16 0.21 0.11 0.29 0.23 0.22 0.34 0.26 0.30 0.34 0.32 0.34 0.30 0.32
LOI 2.99 3.79 2.65 2.65 1.77 1.30 1.56 2.14 1.90 1.11 2.44 1.22 3.95 4.16 1.11
Total  99.45 99.70 100.50 99.87 100.23 100.44 99.81 100.94 99.17 99.37 100.53 99.62 100.37 100.56 99.86
c 2.16 4.70 2.10 3.89 3.24 2.30 2.74 3.27 1.85 2.33 2.44 1.90 1.56 3.85 1.97
Mg 66.76 68.06 62.67 62.24 51.88 52.34 57.66 48.55 63.71 062.68 63.70 62.05 60.47 64.80 61.59
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Table 2 REE and trace elements concentrations of samples from Urho dyke swarms
Fes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
S 15-1 12-1 90-1 73-1 85-1 86-1 83-1 89-1 20-7 20-8 16-4 20-5 16-3 16-1 20-3
Li 40.93 58.09 21.90 14.96 22.46 15.62 24.97 17.74 12.22 7.84 22.32 8.01 21.05 34.73 9.77
Be 0.49 0.58 0.44 0.18 0.87 0.56 0.59 0.65 0.81 0.55 0.82 0.67 0.91 0.76 0.58
Sc 27.74  26.66 26.21 35.53 32.78 29.85 29.29 34.73 17.03 16.95 17.4 16.49 17.3 17.3 17.33
\% 245.6 248.2 268.2 334.4 352.8 369 304.1 369.9 164.1 192.4 189.1 188.9 192.3 160.8 183.1
Cr 235.9 223.7 84.95 192.3 47.95 34.99 61.69 9.63 109.2 112.2 87.86 93.05 91.86 91.58 92.12
Co 34.82 32.44 29.84 32.37 26.72 23.69 25.12 26.70 20.63 21.28 19.90 20.45 19.76 20.33 20.14
Ni 98.75 93.11 42.73 74.43 27.42 15.31 24.37 8.66 47.83 53.30 43.50 45.50 44.62 44.31 44.01
Cu 79.69 53.56 112.20 17.74 152.0 136.8 138.6 172.0 50.52 68.86 51.32 39.88 86.79 33.98 52.78
Zn 68.70 66.30 68.37 68.26 90.17 79.61 76.05 99.11 70.74 77.44 73.23 75.00 74.84 80.98 75.85
Ga 18.43 16.66 17.36 15.42 17.71 18.94 16.74 19.41 19.09 19.06 19.15 18.87 19.28 17.22 18.51
Rb 2.29 3.90 7.61 17.67 9.76 7.05 10.58 19.69 16.17 17.78 16.45 15.13 9.81 16.41 16.52
Sr 529.2 586.3 552.6 334.3 357.6 549.7 461.1 419.7 708.1 764.7 949.3 734.9 678.1 518.6 747.0
Y 11.51 10.54 12.81 14.11 21.78 16.82 16.79 25.79 10.12 11.11 11.43 11.31 11.76 10.16 11.71
Zr 56.60 42.26 56.18 40.30 93.67 72.10 77.66 117.8 86.54 98.05 100 99.68 102.9 95.34 105.4
Nb 1.87 1.41 1.48 0.75 2.08 1.51 1.74 2.55 2.72 3.18 3.50 3.19 3.25 3.04 3.27
Cd 0.087 0.081 0.067 0.11 0.089 0.10 0.071 0.14 0.11 0.10 0.094  0.10 0.065 0.071 0.091
Cs 0.26 0.15 0.25 0.29 0.16 0.11 0.17 0.21 0.23 0.19 0.56 0.23 0.66 0.80 0.26
Ba 119.4 138 253.7 464.9 313.0 301.7 413.1 341.3 396.9 405.6 645.0 407.9 332.7 693.2 436.9
La 4.84 4.16 5.76 3.53 8.53 6.70 6.52 9.67 9.61 10.37 11.37 10.34 10.88 9.82 10.73
Ce 11.95 10.16 13.84 8.83 23.35 16.3 15.94 26.24 24.25 26.71 28.69 26.92 27.68 24.80 27.62
Pr 1.69 1.47 1.94 1.38 2.96 2.32 2.23 3.39 2.87 3.07 3.34 3.14 3.26 2.94 3.30
Nd 9.37 8§.26 10.28 8.00 16.32 12.68 12.11 18.61 14.12 15.16 16.14 15.49 16.16 14.37 16.10
Sm 2.42 2.08 2.58 2.33 4.18 3.31 3.27 4.82 3.00 3.17 3.47 3.29 3.42 3.00 3.37
Eu 0.81 0.71 0.80 0.71 1.15 0.96 0.86 1.25 0.85 0.90 0.93 0.92 0.95 0.81 0.92
Gd 2.61 2.4 2.87 2.74 4.74 3.57 3.53 5.43 2.81 3.11 3.17 3.16 3.18 2.85 3.17
Tb 0.36 0.32 0.40 0.40 0.66 0.51 0.49 0.75 0.35 0.37 0.39 0.39 0.40 0.35 0.39
Dy 2.45 2.26 2.78 2.90 4.57 3.62 3.48 5.49 2.23 2.44 2.54 2.53 2.59 2.29 2.62
Ho 0.44 0.41 0.48 0.55 0.83 0.65 0.65 0.99 0.38 0.42 0.44 0.42 0.45 0.39 0.44
Er 1.23 1.13 1.40 1.59 2.34 1.84 1.80 2.82 1.05 1.16 1.18 1.15 1.24 1.09 1.22
Tm 0.17 0.16 0.20 0.23 0.32 0.25 0.25 0.40 0.14 0.15 0.16 0.16 0.16 0.16 0.17
Yb 0.97 0.86 1.14 1.41 1.92 1.60 1.60 2.18 0.79 0.85 0.88 0.86 0.94 0.82 0.93
Lu 0.16 0.15 0.19 0.22 0.32 0.25 0.25 0.39 0.14 0.15 0.15 0.16 0.16 0.14 0.16
Hf 1.20 1.04 1.30 1.14 2.37 1.77 1.87 2.80 1.80 2.04 2.09 2.09 2.14 2.03 2.23
Ta 0.11 0.076 0.087 0.055 0.12 0.085 0.10 0.15 0.15 0.17 0.19 0.17 0.17 0.16 0.17
Pb 2.83 2.29 2.37 1.04 3.28 2.76 2.36 3.72 3.66 3.72 4.00 3.88 4.26 6.03 4.04
Th 0.27 0.23 0.55 0.29 1.22 1.00 1.00 1.50 1.01 1.05 1.26 1.10 1.13 1.03 1.17
U 0.11 0.10 0.24 0.18 0.36 0.32 0.33 0.45 0.38 0.41 0.45 0.42 0.45 0.40 0.46
SREE 39.47 34.53 44.66 34.82 72.19 34.56 52.98 82.43 62.59 68.03 72.85 68.93 71.47 63.89 71.14
2LREE 31.08 26.84 35.20 24.78 56.49 42.27 40.93 63.98 54.70 359.38 63.94 60.10 62.35 55.80 62.04
>HREE 8.39 7.69 9.46 10.04 15.70 12.29 12.05 18.45 7.89 8.65 8.91 8.83 9.12 8.09 9.10
SL/XH 3.70  3.49  3.72  2.47 3.60 3.44 3.40 3.47 6.93 6.86 7.18 6.81 6.8 6.90 6.82
dEu 0.98 0.97 0.8 0.8 079 0.8 0.77 0.74 0.8 0.87 0.84 0.8 0.87 0.8 0.8
oCe 1.02 1.01 1.01 0.98 1.14 1.01 1.02 1.12 1.12 1.15 1.13 1.15 1.13 1.12 1.13
(La/Yb)y 3.58 3.47 3.62 1.80 3.19 3.00 2.92 3.18 8.73 8.75 9.27 8.62 8.30 8.59 8.28
(La/Sm)y 1.29 1.29 1.44 0.98 1.32 1.31 1.29 1.30 2.07 2.11 2.12 2.03 2.05 2.11 2.06
(Gd/Yb)y 2.23 2.31 2.08 1.61 2.04 1.85 1.83 2.06 2.94 3.03 2.98 3.04 2.80 2.88 2.82

e HEAE N AR N A BRORL A bR HEAAEL, FRvEALAE S ] B Henderson(1984) .
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R 3 SRARPEMEIEEAFR Sr-Nd B I RAEM
Table 3 Sr-Nd isotope compositions of samples

from Urho dyke swarms

FE L5 RZ20-3 RZ720-5 RZ85-1 RZ86-1
Rb(x 10~ ® 16.52 15.13 9.76 7.05
Sr(x 1079 747.00 734.90 357.60 549.70
8TRbL/%0Sr 0.064 0 0.0596 0.0790 0.0371
(¥7Sr/%0Sp), 0.704 062 0.704 165 0.704 544 0.704 196

+26 0.000016 0.000014 0.000 009 0.000 013
(¥7Sr/%98r), 0.703802  0.703923  0.704223  0.704 045

eSr(2) -9.58 -7.86 -3.60 -6.13
Sm( X 10°9) 3.37 3.29 4.18 3.31
Nd( %109 16.1 15.49 16.32 12.68
1478m/ 1 Nd 0.1274 0.1293 0.1559 0.1589
(BNA/M™MND, 0.512799  0.512794  0.512849  0.512 860

+26 0.000 006 0.000006 0.000 006 0.000 006
UBNd/"™NdD;  0.512561  0.512552 0.512557  0.512 563

eNd(£) 5.67 5.51 5.61 5.71
FE: HAEP I AR NS IEM, FAR 1 RoRHIIAME, 3 0 4
H U-Pb 4% 4 285.7 + 3.3 Ma, UK 1 =285.7 Ma. I HS4:
Ag=1.42x10 "M a i xg=0.654 %10 " a5 [0 (YSr)/n (%0
St Jor=0.704 55 L BN/ 2 CHNAD Jgqur = 0. 512 638

By A BRI AR R PR IE A SR IE T A R S S ik —
SR (R AR, 2012), S B AEAR O IN AR 52 [ TR

B CL IR M, FF T B AT S A 5% 24 A AR
kAL 2 g ik, R o — B S A R Rl X
A AT R EE 0T LUK I, B Ba P (B 1, Yb {E (I
Ah, B il IR J 0 e bR 7 AL SR DT Bk M IR R R
BV % Kermadee 5590V 2 0 (Ewart et al . »
1998)F s bR Yb. Lu {E AR AL, A it 14 Ji 45 0 A
TEAG I 0 22 R W B JE A AL T Sunda & IS Bl Ik X
A (Turner e al.» 2003) Kz o & il b7 BE 2 A
(Ewart et al.» 199852 N (K 8). /R AH A
PR B0 Wl s T AR BB 1R 4 i 2 S R HE & AR
F 3t — 20 I F 2 2 IR AL 3 A58 ) i) P e oK A
B HAIE R SR AT AT . FF b Nb Ta 3 3k 58 51 7
i, 31 73 FF i Nbs Ta {5 £ 2K T 308 By 90 % i,
WARAE M SRR B 45 R, A H] Condie #2 H 1) Th/
Ta- La/Yb B f#(Condie, 19977 & idif. 1K f#
R AR IHRN T B LEE CARC) Y6 A CJ#
9), 3 MEAAERN B YUK 2 D[R], B 2 A7 K
Bl i 3t & A (CFB AL o

B RR TR E 2 B Nby Ta #2407 #5180 LILE
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Comparison of trace elements between Urho dyke

swarms and typical island-arc volcanic rocks
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Fig. 9 Th/Ta- La/Yb diagram of Urho dyke swarms
(modified after Condies 1997)
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Fig. 12 Environmental pattern for the tectonic setting of Urho dyke swarms
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