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Geochronology and geochemistry of the Beizhan basic-ultrabasic pluton in
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Abstract: This paper reports the characteristics of the Beizhan phlogopite pyroxene peridotite pluton and diorite
veins from West Tianshan, Xinjiang. Laser ablation inductively coupled plasma mass spectrometry ( LA ICP-MS)
U-Pb zircon dating of the Beizhan phlogopite pyroxene peridotite yielded an age of 302.5 1.3 Ma, and phlogo-
pites from phlogopite pyroxene peridotite yielded a well-defined **Ar/* Ar plateau age of 298. 1 = 1.9 Ma, which
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show excellent agreement with the mineralization age of the Beizhan iron deposit. Beizhan phlogolite pyroxene peri-
dotite exhibits relatively lower SiO, (42.51% ~50.82%), Al,0,(4.87% ~7.38%), Ti0,(0.25% ~0.77%),
Na,0 +K,0 (0.87% ~1.87%), and higher MgO (26.36% ~30.17%), TFeO (12.33% ~15.99%) content.
The high Cr (523 x10 ® ~7 026 x 10 ®), Ni (906 x10 ° ~1 088 x 10 °), Co (109 x10 ® ~132 x 10 "°) and
Mg*(0.76 ~0.79) values of the Beizhan phlogolite pyroxene peridotite suggest that olivine accumulation occurred in
the magma. The calculation based on the highest Fo of olivine from phlogolite pyroxene peridotite and the TFeO
content of the whole rocks suggest that its parent magma is basaltic affinity. All the rocks display LREE-enriched
and flat HREE patterns, and show the enrichment of large ion lithophile elements (Rb, Ba, U, K) and the deple-
tion of high field-strength elements (Nb, Ta, Zr, Hf, Ti), as well as the positive Pb anomaly. Phlogopite proxene
peridotite has low initial ¥ Sr/¥Sr ratios of 0.704 4 ~0.704 7 and high eNd(#) values of 2.23 ~3.90, and diorite
has initial ¥’ Sr/*Sr ratios of 0.704 4 and eNd(¢) values of 3.79 ~4.07. These homogeneous Sr, Nd isotope com-
positions suggest that they were derived from the same source region. Furthermore, the trace element signature sug-
gests that phlogolite pyroxene peridotite was derived from a spinel-facies asthenosphere mantle source, which had
been modified by subduction-related melts/fluids. Combined with regional tectonic setting, the authors infer that
the Beizhan phlogopite pyroxene peridotite was derived from the upwelling of asthenosphere mantle caused by the
detachment of the West Tianshan orogenic root zone in Neopaleozoic. li is also suggested that the Beizhan iron de-
posit was formed under the same geodynamic setting.

Key words: phlogopite Ar-Ar age; basic-ultrabasic rock; Beizhan iron deposit; West Tianshan; geodynamic set-
ting
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Fig. 1 Tectonic map of the West Tianshan Orogen Cafter Gao et al. , 2009; Long et al. , 2011)
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Fig. 3 Field characteristics and photomicrographs of the Beizhan basic-ultrabasic pluton
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a—the outcrop of phlogopite pyroxene peridotite; b—phlogopite pyroxene peridotite( — ) ;
e—intermediate-basic veins in the Beizhan granites; f—elliptical intermediate-basic enclaves in the Beizhan granites;

pyroxene peridotite( — ) ;

c—phlogopite pyroxene peridotite( + ); d—phlogopite

Ol—olivine; Opx—orthopyroxene; Am—amphibole; Phl—phlogopite; Ser—serpentine; Mt—magnetite
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Table1 “Ar/”Ar stepwise heating analytical data for phlogopite from the Beizhan phlogopite pyroxene peridotite

/C (AP AD . COAP A, (TA /Y A0, (BAvPAD, “Av% F ¥ Ar/10 ¥ mol ¥ Ar(Cum. )/% t/Ma +1g/Ma
700 80.313 3 0.263 4 2.7473 0.094 0 3.31  2.6647 0.04 0.24 23.0  15.0
770 46.801 4 0.096 4 0.000 0 0.048 5 39.11  18.303 0 0.17 1.16 152.6 3.1
820 54.756 2 0.080 7 0.438 1 0.049 3 56.47 30.930 8 0.19 2.15 250.8 3.4
870 51.913 3 0.049 2 0.000 0 0.044 2 71.96  37.359 1 0.44 4.52 298.8 3.0
920 41.8157 0.014 7 0.090 4 0.036 4 89.59  37.466 2 1.35 11.80 299.6 2.8
950 38.998 9 0.005 0 0.047 0 0.0332 96.24 37.534 4 1.40 19.31 300.1 2.8
980 38.348 1 0.003 0 0.008 1 0.033 4 97.69 37.4616 1.68 28.34 299.6 2.8
1010 38.327 1 0.002 6 0.024 6 0.033 3 98.02  37.567 1 2.53 41.91 300.3 2.8
1040 37.834 6 0.002 3 0.034 2 0.0332 98.17 37.1438 2.56 55.68 297.2 2.8
1080 37.976 5 0.003 7 0.047 1 0.032°8 97.09 36.871 1 2.93 71.44 295.2 2.7
1130 38.136 6 0.003 7 0.000 0 0.031 8 97.13  37.0425 2.89 86.98 296.5 2.7
1 200 38.040 5 0.003 5 0.027 2 0.0309 97.25  36.9959 2.22 98.91 296.1 2.7
1300 42.846 2 0.028 8 0.613 6 0.034 4 80.20 34.380 0 0.17 99. 80 276.7 4.0
1 400 58.865 6 0.083 8 0.072 8 0.035 3 57.93  34.101 9 0. 04 100. 00 275.0 13.0
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Fig. 4 *Ar-* Ar age spectrum and isochron of phlogopite from the Beizhan phlogopite pyroxene peridotite
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4.2 4§57 U-Pb ERF4HE

& 7 BRI BN 45 (LBZ-29) h 85 47 U-Pb 4E#%
MR EE A TR 2, & AN E P oA R e B
FOR, BURCREAE K 30 wm 4 100 wm A%, B8O EE
55 BRI BN HLN  BEANS — E (X (L SO

ZH e -HIFAHK AR U-Pb £

Table 2 LA-ICP-MS U-Pb zircon dating of the Beizhan phlogopite pyroxene peridotite

wB/lo -6 207 Pb/ZBSU 2(]61)b/238U
W5 By 2
2327 By Ph 51 lo 51 lo R/ Ma lo
LBZ29-5 158 746 59 2.13 0.344 76 0.005 5 0.048  0.0003 301 2
LBZ29-6 45 965 48 0.05 0.344 29 0.006 6 0.048  0.0003 301 2
LBZ29-7 27 716 36 0.04 0.351 06 0.006 9 0.048  0.0003 305 2
LBZ29-9 169 975 50 0.17 0.343 82 0.005 1 0.048  0.0003 301 2
LBZ29-12 298 1566 82 0.19 0.348 11 0.004 4 0.048  0.0003 305 2
LBZ29-13 659 729 44 0.90 0.341 71 0.006 3 0.048  0.0004 301 2
LBZ29-19 1198 1051 67 1.14 0.350 44 0.004 6 0.049  0.0003 305 2
LBZ29-24 108 758 38 0.14 0.347 49 0.005 3 0.048  0.0003 303 2
LBZ29-25 139 112 7 1.25 0.343 66 0.047 9 0.048  0.0007 300 4
LB729-26 266 163 1 1.64 0.343 39 0.047 9 0.048  0.0007 301 4
LBZ29-27 238 165 11 1.44 0.343 46 0.029 0 0.048  0.000 6 300 3
. 3l TERIM G L, B A s B o B 1 R e, S
an=302.5%1.3 [0.43%] -‘5,oconf,‘
00493 MSWD=082. oMl FKAO . BEAPTh 27 x107° ~1 586 x 10 %, %% U &
BAH112%x10° ~1566 x10 °, Th/U fiik 0. 04 ~
0.0485 | 2.13, 3 W X 8 B 4y O 45 5 41 ( Hoskin and
=) Schaltegger, 2003) . ZFF fh (145 A2 Ph/** U INALCE
2 KR h 302.5 £ 1.3 MaCn =11, MSWD =0.82).
2 0.0475 NN . . .
A EARZESCVFIE N 5 & B A/ Ar BEAERY (298, 1
I I I £1.9 Ma) fHifE»
0.0465 | L] e e — ,
I I I I 1 | | | 4.3 2EITEWMETEBT
Fg B A R m T R g Ry T
294 f v g R B N T
ooass b o o o LT . 23, T IR AL B 2R T 0K, DA s =
0.20 0.24 0.28 0,32— 9.36 0.40 044 048 S . ~ v o . =~ .
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emusyia

Fig. 5 CL image and U-Pb concordia diagrams for zircons

K5

from the Beizhan phlogopite pyroxene peridotite

R . @ BEREA M A H AR Si0,(42.51%
~50.82% )\ Al,0,(4.87% ~7.38% ).Ti0,(0.25%
~0.77% ) A48 ( Na,O + K,0 =0.87% ~1.87%)
B, M F MgO (26, 36% ~ 30. 17% )+ TFeO
(12.33% ~15.99% ) ¥ & IFEAE, Mg" (B 4 0. 76 ~
0.79, m/f (AT 3.19 ~3.80 Z Al (7E2 ~6.5 JulH
WD, JE TR R R S . AL Z TR KSR R
1775 Si0,(53.02% ~ 54. 56% )« ALO, (16. 87% ~
17.65% ) Ti0, (1. 26% ~1.33% ) 14 f ( Na,O +
K,0=4.83% ~6.49% )& &, kMgO(5.16% ~
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Table 3 Bulk rock composition of major (w,/%) and trace (w,/10 *) elements

LR LBZ-24 LBZ-25 LBZ-30 LBZ-40 LBZ-28 LBZ-45 LBZ46 LBZ48
Si0, 41.20 41.12 42.01 39.69 47.45 48.49 53.35 51.56
TiO, 0. 60 0.24 0.41 0.71 0.32 0.35 1.30 1.23
Al, Oy 6.58 6.02 7.13 5.91 5.56 4.65 16.50 17.16
Fe, 05 6.18 3.83 3.64 6.41 4.56 4.81 3.94 1.97
FeO 7.53 11.23 10. 40 9.04 7.60 8.21 4.54 6.27
MnO 0.14 0.23 0.21 0.20 0.17 0.24 0.15 0.18
MgO 26.08 29.19 27.41 26.55 25.02 25.18 5.05 5.82
CaO 3.37 3.34 3.34 2.87 3.25 2.56 7.80 6.28
Na, O 0.67 0.70 0.94 0.55 0.52 0.59 3.51 4.61
K,0 0.62 0.56 0.87 0.47 0.38 0.24 1.21 1.70
P, 05 0.24 0.28 0.26 0.21 0.07 0.09 0.44 0.47
LOI 6.02 2.64 2.74 5.27 4.59 4.23 1.27 2.37
Total 99.23 99.38 99.36 97.88 99.49 99. 64 99.06 99.62
TFeO 14.05 15.17 14.15 15.99 12.33 13.14 8.27 8.27
Mg# 0.78 0.78 0.78 0.76 0.79 0.78 0.53 0.57
m/f 3.56 3.53 3.56 3.19 3.80 3.55 1.10 1.27
Rb 11.70 22.40 23.90 10.50 12.10 8.21 31.90 51.50

Sr 160 240 249 159 81 143 503 648
Ba 130.0 120.0 203.0 90.8 68.2 74.5 311.0 458.0
Th 0.62 1.05 1.69 0.64 0.57 0.55 2.68 1.51
U 0.26 0.33 0.75 0.28 0.26 0.16 0.83 0.56
Nb 6.16 3.02 4.57 3.61 1.59 1.59 10.50 12.80
Ta 0.35 0.21 0.31 0.21 0.13 0.11 0.75 0.85
Zr 75.5 46.0 106.0 61.6 32.8 29.4 134.0 150.0
Hf 2.37 1.33 2.55 1.70 0.88 0.79 3.96 3.93
Pb 2.95 3.66 6.13 1.99 1.40 1.78 8.52 25.40
Cr 3031.0 591.0 759.0 7 026.0 649.0 523.0 86.1 112.0
Ni 939.0 1 088.0 1 006.0 1 007.0 927.0 906.0 49.3 82.2
v 127.0 48.7 78.7 203.0 63.3 69.2 201.0 180.0
Co 126.0 132.0 123.0 130.0 109.0 110.0 29.4 30.7
Cs 2.20 5.54 1.28 1.56 1.71 1.18 1.08 0.60
Cu 13.0 13.4 22.8 35.9 22.4 13.7 68.3 55.2
Zn 138.0 142.0 120.0 175.0 96.8 118.0 91.1 475.0
Ga 8.96 6.55 8. 14 11.00 7.16 6.41 19.10 18.90
Ge 0.96 0.99 0.98 1.14 1.27 1.39 1.24 1.11
La 12.60 10.90 11.40 9.37 4.56 4.86 23.80 22.60
Ce 30. 10 22.40 24.30 21.30 9.62 10.20 53.60 49.30
Pr 4.04 2.69 2.99 2.78 1.15 1.26 6.83 6.11
Nd 16.90 10.40 11.80 11.60 4.65 5.07 27.80 24.50
Sm 3.88 1.99 2.29 2.61 0.99 1.14 5.91 5.10
Eu 0.93 0.54 0.57 0.69 0.33 0.34 1.66 1.48
Gd 3.24 1.44 1.87 2.22 1.04 1.02 5.27 4.11
Th 0.50 0.25 0.30 0.35 0.15 0.19 0.87 0.61
Dy 3.14 1.40 1.89 2.02 1.25 1.20 5.16 3.52
Ho 0.61 0.27 0.38 0.38 0.27 0.27 1.09 0.71
Er 1.68 0.80 1.14 1.25 0.93 0.97 3.35 2.14
Tm 0.21 0.11 0.15 0.16 0.14 0.15 0.44 0.26
Yb 1.44 0.75 0.92 1.05 1.13 1.13 2.97 1.79
Lu 0.20 0.12 0.17 0.17 0.18 0.18 0.45 0.26
Se 19.9 11.7 11.8 18.4 14.6 22.9 26.2 19.8
Y 16.20 7.50 10.60 11.30 7.88 7.98 29.00 19.20
(La/Sm)I\ 2.10 3.54 3.21 2.32 2.97 2.75 2.60 2.86
(Gd/Lu) g 2.00 1.48 1.36 1.61 0.71 0.70 1.45 1.95
(La/Yb)N 6.28 10.42 8.89 6.40 2.89 3.09 5.75 9.06
d3Eu 0.78 0.93 0.82 0.85 0.99 0.94 0.89 0.96
d3Ce 1.03 0.99 1.00 1.01 1.00 0.99 1.02 1.01
> REE 79.47 54.06 60.17 55.95 26.39 27.98 139.20 122.49

H: m/f=(Mg?* +Ni?* ) /(Fe’* +Fe’ ™ +Mn®* ) K& P BE/RELL(E: Mg = MgO/(MgO + TFeO) 2y R /R £ LU AR
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Fig. 6 Major oxide variations in the Beizhan basic-ultrabasic pluton
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element diagrams (b) of the Beizhan basic-

ultrabasic rocks (OIB, NMORB, EMORB, primitive mantle normalization values after Sun and McDonough, 1989)

(26.39 x107° ~79.47 x10™°) . i 541 1F) 8Eu 5+
W 8Ce W AW . B+t &N R
[(La/Sm) =2.10 ~3.54 ], FHis + o0 & 1] 4> 7 th A
B[ (Gd/Tu) =0.71 ~2.00], ML 2 R, R EH
FIe M 2R (La/Yb)  =2.89 ~10.42 ],
A AR B A AL R e 3 A ORI ThD
HAEWEEHEKE 7R ATLERD Ba UK, 5
3900 2 NbTaZe  HE RN Ti (OREAE, So0s H 9K

KL TR i b e 5 A R R AE
4.4 £33 Sr-Nd B E451E

A0 Rb-Sr R Sm-Nd [R5 47 45 Je 51 3%
4, R M ¢ =300 Ma, vF 5153 4 = BERE A BN & 10
(7Sr/*Sr), =0.704 4 ~0.704 7, eNd(¢) =2.23 ~
3.90 , IN KA (T Se/%Sr), =0.7044, eNd (1) =3.79 ~
4.07, @Ak b SeoNd [RIAL R —, 5 R 4 4
KA Se-Nd (R4 25 41 AH LBl 8a) o

T4 BHREME-BEME Sr-Nd F{IEEHRK
Table 4 Sr-Nd isotopic compositions of Beizhan basic-ultrabasic pluton
&2 RERE AR RIS
FE 5
LBZ-25 LBZ-30 LBZ-40 LBZ-28 LBZ45 LBZ-46 LBZ48
w(Rb)/10 ¢ 21.91 23.41 9.92 11.42 8.01 28.91 50.76
w(Sr)/10 ¢ 224.30 232.90 147.10 72.73 135.90 551.80 722.90
8TRb/%Sr 0.2815 0.289 6 0.194 4 0.452 7 0.170 0 0.151 0 0.202 4
87880 Sy 0.705 75 0.705 60 0.705 54 0.706 44 0.705 35 0.705 08 0.705 22
tlg 2 7 7 8 8 3 1
(¥78r/881), 0.704 5 0.704 4 0.704 7 0.704 5 0.704 6 0.704 4 0.704 4
w(Sm)/10 ~¢ 1.833 2.291 2.527 0.949 1.089 5.549 4.656
w(Nd)/10 ~¢ 10.070 11.710 12. 060 4.514 5.169 26. 460 24.090
47Sm/ 1" Nd 0.110 1 0.118 3 0.126 8 0.127 1 0.1275 0.126 9 0.117 0
43Nd/ M Nd 0.512 589 0.512 684 0.512 615 0.512 673 0.512 638 0.512 695 0.512 690
e 5 7 4 4 8 4 4
eNd(1) 2.36 3.90 2.23 3.35 2.65 3.79 4.07
tpy/ Ma 827 746 939 841 906 801 727

e BRRLBAT 38— i RO Sm/ M NdD pqpp =0. 512 638, (" Nd/M™ NdD gyp =0.196 7, A gy, =1.42 x 10 ™" /a( Steiger and Jiger, 1977) ,Ag, =

6.54 x107"2/a (Lugmair and Harti, 1978), ¢t =300 Ma.

4.5 1A KD HFIE

PR P HREF T s (R S) Al ik & = 1
WA RO 2 T IONE 7 8 FeO 3 A, A T 19. 22%
~22.20% 2 [, MgO & &5 &, /v + 39. 52% ~
41.30% 2181, B A1 (9 J oy AE 5 35—, Fo {24 0. 76

~0.79, J& T St iie . BINEA ) CaO & AR H AL,
A+ 0.00% ~0.03% |8, A 75 i 7 8EF K
ML LLT, J& TR N A7 (Ca0 < 0. 15% » Kame-
netsky et al. , 2006) .
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RIGRL AN AL KA1 Sr-Nd R F 21 43 12 DO R 45 (2006 « 7K I 45(2006) « ARRLAE(2015) FlE L MI4E(2014)
The Sr-Nd isotopes of Dahalajunshan Formation after Qian Qing et al. (2006, Zhu Yongfeng et al. (2006), Lin Liang et al. (2015)
and Duan Shigang et al. (2014)

F5 EREEEAEMSEPEBARFRONEER wy/ %
Table 5 Electron microprobe analyses of olivines from the Beizhan phlogopite pyroxene peridotite
FEdh RS Si0,  Ti0, ALO; Fe0O  MnO MgO  CaO Na,O K,0 P,05 Cr,0; NiO  Total Fo
LBZ-25-1-1 39.12  0.01 0.02 20.29 0.24 40.67 0.02 0.01 0.01 0.03 0.03 0.14 100.57 0.78
LBZ-25-1-2 39.06 0.04 0.01 21.80 0.20 40.31 0.02 0.00 0.01 0.03 0.01 0.16 101.64 0.77
LBZ-25-1-3 39.18 0.00 0.02 22.11 0.19 40.30 0.00 0.00 0.00 0.04 0.02 0.13 101.97 0.77
LBZ-25-2 38.39 0.02 0.02 22.15 0.18 39.60 0.01 0.01 0.01 0.02 0.00 0.16 100.56 0.76
LBZ-25-3 38.60 0.03 0.02 22.20 0.23 39.52  0.00 0.00 0.02 0.03 0.00 0.21 100.86 0.76
LBZ-28-2 39.29  0.00 0.00 19.35 0.09 41.30 0.02 0.04 0.00 0.06 0.00 0.16 100.32 0.79
LBZ-28-3 39.24  0.03 0.00 19.89 0.20 40.93 0.00 0.00 0.00 0.01 0.05 0.29 100.62 0.79
LBZ-24-1 38.71 0.00 0.01 19.22  0.15 40.95 0.00 0.00 0.00 0.05 0.00 0.16 99.25 0.79
LBZ-30-1 39.56  0.04 0.00 20.79 0.24 40.14 0.00 0.00 0.01 0.02 0.01 0.10 100.91 0.78
LBZ40-2 39.51 0.03 0.00 19.42 0.24 40.89 0.00 0.01 0.00 0.04 0.05 0.20 100.39 0.79
LBZ-45-6 38.99  0.02 0.00 20.01 0.26  40.01 0.01 0.00 0.00 0.15 0.03 0.21 99.69 0.78
LBZ-40t-2 39.61 0.01 0.02 19.36 0.23  40.70 0.03 0.00 0.00 0.02 0.01 0.22  100.20 0.79
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JEREIIE X ~ XL 20 5 K FeO MgO E 544 v ) JBE
IRIYH
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WA B e Fo EAN 2 20 TS 3R A5 55 MW A 7 g
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A1) AT 43P i 45 4R 1 MgO 5 524 6. 63% ~
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A5 OIB AHAL, nJ LA BH/E Sr-Nd [A) 47 2% 41 i b
i P 11 DT R, TR 0w LR B A BBl Ak Y ) T
Aebh. AR, IXUEHRE S Se-Nd [ A7 4R E 5 OIB
AHAL, (H R AEM T o & MR T B E EHTE OIB
IR RAR], AR SCRE i B AT Nb-Ta 5173, AN
[F]J- OIB f¥] Nb-Ta 1E 3¢, BeAbh, #HLLZ T, #6 1ot
FAC B 2 150 EMORB 52 4 4H
Blo AEAFE R, A A HA — SegUa R R, L
WHABEIICTh/ND) {5 (0. 84 ~3. 10, KT ok 4z
T 1) VBRI Nb/La {H(0. 28 ~0.57 < 1) LA K B
W Nb Ta Ti i, SR AL S K Ze/Y (3. 68 ~
10 >3) EE ByUE KA FFCEMIrEE, 2007), B itk
IXLCREAE W] e s U DX DR B T R P AR A o A
R B R L, thn] B 55 M5 R AL TR G 9% ( Wil
son, 1989) . AR _E VAT ZFFAE W iz L PE - 3t
P RS A Db 52 IR T JIT A, 4% i
PR BEAE X Ao AR AIE 32 2 2 4k T YR IX
FRVRFAIE , T AN AL M S TR G T A, JLUR X AT REAF A2 5
A PR AR P AH G R4 S N BRI i el b b 28 )9 T 4
MR A/ AR I ASARSGE R, X — i R = AR 2 3R
W HAE K OR B RE. Z X & = B A
RIS 5 1R A 2R U A S I SRR IE S W) &, Ll R &
KEM G BER— 2 A, R s 2w &
FER AT RE 2 B 7K IR, 7K R R 8 R ot
Vel b 0 742 7 2 /T O 48 0 i IR AA A8 AR5 I EL A oy
WA A F AR AT RE SR T YR XA AR IR B T =, A
- TG FRERRL B A bR AL 23 ih e b (B 720 AN
(1) SEu 7 M UIE T 25 2R U5 X AR 1T RE A 45 e 1 Ak
FE o YRR A AR E R F AR R SR AR
BREAG S5y 3 15 7 W v A A Tl PR A R AR b A K,
I HE R 1 v A B b Ck 48 5255, 2016 4 g i
HJCIAL | T A AT I AR AR S AR, BRI R I A B PR AR
JV AR IR B T g XS 25 A ] g = A 5

H SO R AT A, W R OC AW BT SEu
J2 b R L Y5 DX (R RFAE , 3% W 2R 08 XAR T e A A
AR EOR . A A BKH CaO/AL O, fH (0. 37 ~

0.58) e Wt 7 H ¥ il & 17 %I ( Hirose and Kushiro,
1993; Baker and Stolper, 1994) . W53 B FH# 170
RACATRE AT TP A, AR A A U2 AN A 2 1)
(Mysen, 1979; Trving and Frey, 1984; McKenzie and
0’ Nions, 1991; Kinzler, 1997), Al A 30 45 41k
BT AR oo FE BN B A bR HE AL IC 23 it 2w R
2 g B P M U T s g AR A ARG A 2 AH
X RO it A AN DX W90 WD, 30 2
AR X I EE /N 75 ~ 80 km ( McKenzie and
Bickle, 1988; Robinson and Wood, 1998), T L% fi%
e 2 R U AR R e ) 2 P M, e
2o L 1T ) S VT (1 25 A P S, 7 I ol A P
8 P T R 5 e B T AT R
5.2 REHHEER

WAk, A R s S 7 Bl S 7 80k A iy
RBUCS AT I KA AE R Y0 L8 330 ~ 300 Ma
JiAi (% 6), H 4524 (Zhang et al. , 2014b) &3 4
NN A ZIX A 2 W™ 4, 56 1 o foa
(336 ~320 Ma), 25 2 1 4 B A4 ok 1 (316 ~ 300
Ma) o AU #3184 2= BERE A MM 5 h & = B
O A/ ArERAERS 1 298.1 £1.9 Ma, 5541 U-Pb 4R8N
302.5 1.3 Ma, J& T4 2 W R F4F (1 i 101 % , 78
WRZE SV NG Y, 5 4% SRR 28 2 3 RO 4F 8 AH
I CHRBASE, 2015a, K 6) o IX M ] | 3 BH 2% ik 2k
A B V) e A 5 % 4 o R A O 25 TT RE 38 4 [+
— MR ), BA AL ERER B ) 1T S

SRS I RPN TN AR S A U S (P )
S5 e E B A 3 A AR PR VT Sun et al.
2008 ) ST W ES ( Yang et al. , 2012) FRf b
B 1) I8 45 Cslab roll-back, Tang et al., 2012,
2014) 4. X 3 PR B8 5 K O el Mg ) o L
T AFE T PR AR R A (R R 2 4 e, AR T B R
L SRV A 7 P IR AT B A R AR 2 316 Ma
(Han et al. , 2010) , 3 B 7 AL R Ee FVHE g5 /R B B 78
316 Ma 2 i LRGSR 14 oAb, ir AT e Sk &
FRAR T B KL A R s AR AR = -
IR TR RO M 2 R W, R R Ll A I Ak
(#5300 Ma) M4 (Gao et al., 2009, 2011; Zhu et
al. , 2009; Su et al. , 2010; Han et al. , 2011; Li et
al. , 2011; Jiang e al. , 2014b; MELZE, 2015); i
6T v ) RT e AR A R R P AR
2006; Wang et al. , 2009; FRELSE, 20150 . 3% 4
202010 A ALK 8% & 5 B i i A o 53
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Table 6 Dating data of volcanic rocks from the east of the Awulale metallogenic belt

B4 HALIR REWrRrS RS/ Ma 22 3k
B A HEHN” Re-Os 302.5+8.2 Duan et al. , 2017
B H =t Ar-Ar 308 ~304 Duan et al. , 2017
1e KB #if1 U-Ph 301 =1 B, 2013
A=k #: 47 LA-ICPMS U-Pb 299 2.5 Zhang et al. , 2014b
Y i 41 SHRIMP U-Pb 300.4 +2.2 Zhang et al. , 2014b
(NS S ##1 SHRIMP U-Pb 308.7 £2.1 Zhang et al. , 2014b
g WK #: 41 SHRIMP U-Pb 303 £2.1 Zhang et al. , 2014b
ey ¥ f LA-ICPMS U-Pb 301.3+0.8 Zhang et al. , 2012a
B 41 LA-ICPMS U-Pb 303.7 +0.9 Zhang et al. , 2012a
P #5417 LA-ICPMS U-Pb 329.1+1.0 PN HI5E, 2012
YL #i 47 LA-ICPMS U-Pb 296.7 +2.0 PNE BI5E, 2012
FiaEba #54 LA-ICPMS U-Pb 307 1.2 PN BI4E, 2012
WMECH B 41 LA-ICPMS U-Pb 316.1+2.2 4= K545, 2013
KA 541 SHRIMP U-Pb 329.9+3.7 Zhang et al. , 2014b
aska #: 47 LA-ICPMS U-Pb 325.9+2.7 Zhang et al. , 2014b
1 5 15 /R TN RE FRET A Sm-Nd 25 25 4 0% 316.8 +6.7 WA 5E,2012
AR i 40 LA-ICPMS U-Pb 303.8 1.3 R IESE, 2012
M8 #5471 LA-ICPMS U-Pb 301.8 +0.9 RS, 2012
2 ¥ SHRIMP U-Ph 310 +3 Zhang et al. , 2014b
Y 141 SHRIMP U-Ph 307 +3 Zhang et al. , 2014b
B # #1 SHRIMP U-Pb 336 +4 Zhang et al. , 2014b
S i 47 LA-ICPMS U-Pb 300.3 1.1 W oR SR, 2012
o NS, %@ LA-ICPMS U-Pb 305 1.1 FoR S, 2012
NAE 41 LA-ICPMS U-Pb 318.9 1.5 Zhang et al. , 2012b
ik #5417 LA-ICPMS U-Pb 304.1+1.8 Zhang et al. , 2012b
MRS #: 47 LA-ICPMS U-Pb 320.3 +2.5 Zhang et al. , 2012b
e b ik #: 47 LA-ICPMS U-Ph 294.5+1.6 Zhang et al. , 2012b
e Wi A LA-ICPMS U-Ph 315 ~310 R, 2014
S riaska A LA-ICPMS U-Ph 300.7 +2 Zhang et al. , 2014b
- ENs e #: 47 LA-ICPMS U-Ph 316 1.7 Duan et al. , 2014

(325 ~316 Ma Z[0]), 1 B K 1l 48 &4 B T i A

RREBIFIC IR & 2 )

( Duan et al. , 2017),

(320 ~300 Ma 2 [8)). Kk, 7 300 Ma 2 i,
PR WERAL R (v GE A 28 P A, PE R i
7 4 R T R I L R, HEON TS IR ALY B
DAL, I A AR R A1 B K 1 R 3 e
TE WA i T B3 ] B (RS B0 7 27 5 XA g 1Ly AR
HHRDT. R 2438 1L Ay e SRR S 4w T () o B,
A SR HEN T AR AT B, PR T A R R IX A7 A
TR/ WA AR By A AR AL I 3 T . S
T, 2B A R AR AR 3 W5 A P AL B iR
PSP L U5 DX R BEAT) DR AV oty 2 b R B )
s RO B A B 9ICE R AE . b Ah, PE R g
7 1 A el JEE P (1 A LT 0 o B < R e 0 5 LA AR
P 1Y B4, 2004; Sun et al. , 2008), HAEIE T
A AR DO AT e . JF B SR I AE S A
Sh PG R LB B R S B R A I AR AR A I L

35 L AR AR U0 R U e A 3 O B g
W 0 R A s A i O AR 380 36 1Ly SR T B T, A
VIR 2 3 3R TS R B P RS R AR
TR, X 51 X R E K AR 1 2 P
4%, 2012; Zhang et al., 2012b; & B 4%, 2013;
Zhang et al. , 2014b) FI 4 IR A QAR MH Y & (K
30 g AR R IO F O o R BORE KA
AL, TR A DX R A R & B A K C I 3e) ]
At LA AR T I R . DRI, 4 il -
R HEIE T R BN 70 2 7 5008 Ja R 3 1L B e
—fi R TS T A L AR R AR T B Pl b
e BET ST, R DA A i T e 5
WA R BE A 2R 8l 8 ) 2 5, W — o
PR A £ S RAT IR A ) TR TR A R (O
WD o BEAL, AR B R ki
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A1, WA UEFL B 1O T e it = B UR X B vl G o
6 45w

(1) # 84 = B A MR A B A IC Sio,.
Al,0,.TiO,Na,0 + K,0 7 &, Ifi 51 MgO+TFeO 7 &t
[RRFAE , N K s Si0, AL O, . TiO, F11 Na,O + K,0
i, Ik MgO\TFeO 7 5 [RFAE, 782 S Ab i fi
A2 B W] B e IR A F BRSO Kl X
S BERE A RONE S R 2 st o 2% I RO A HE o T
J o

(2) &84 = BEWE A MO A B AR
(YSr/%8r) A1 (0.704 4 ~0.704 7) FIE ) eNdCo)
H(2.23 ~4.07), &% LREE Al K& 13 A 0%
(Rb.Ba UKD, HH#i -+ 70 3 BRORL B A7 5 AL it 2855
. O A AR R T Hs O AR IR AR R A )
BRI A AN 5 X C <75 ~80 km) , BVAH ¢
LRI UL Bl S

(3) AT B B IUA R, 2 I X B0
R M8 7115 A0 2 T 28 7 T ARt 1/ 4 A 30U T 45
H.

(4) £ b4 25 RO AT LA 104 25 BE Ar/” Ar
FEAERS h 298 1 £ 1.9 Ma, 41 U-Pb 4E#2  302. 5
+1.3 Ma, 5 &SR IO O AR R AH AT, 5 4 K
BRA NS R A R M BT . T
TRAB BN I 2515 5508 I Al e LB e — e e Y 7
I3 L AR IR T SO R Mg Y, R e
JEIXAR AT e A 45 R WU e S AR T U
X

Bsl FoNIAEARR T S RKE B BARF A
XA B 288 69 K A 23, MK AT TAER 2 B
WRAFRRARIEILE FHBE B RBAE
X o S fe o B 3 A F R A KRR BT AT
HA R EARX TEAR G R AW, FRHAH A
LGB RETRSEERTENL, BT A48T
NRF) s RaAT T F By e o7 3h, A s — St R T R
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