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Geochronology and geochemistry of Early Paleozoic gabbroic diorites in East
Ujimqin Banner of Inner Mongolia and their geological significance

YANG Ze-li, WANG Shu-qing, HU Xiao-jia, XIN Hou-tian and LI Cheng-dong
(Tianjin Institute of Geology and Mineral Resources, Tianjin 300170, China)

Abstract: The Wulagai early Paleozoic gabbroic diorite pluton is outcropped in the East Ujimqin Banner of Inner
Mongolia. It is located on the northern margin of the Xing-Meng Orogenic Belt ( XMOB) and was previously re-
ferred as part of the Erenhot-East Ujimqgin Paleozoic magmatic belt. This study reports zircon U-Pb age, elemental
and isotopic geochemical data of the pluton, so as to reveal its petrogenesis and implications for the evolution of the
XMOB. Zircon U-Pb dating yielded an weighted mean age of 499.6 +1.2 Ma, indicating that it is the earliest
intrusive pluton in Erenhot-East Ujimqin Paleozoic magmatic belt. Geochemically, the Wulagai pluton shows mod-
erate Si0,(51.60% ~54.28% ), high Al,O,, depletion of magnesium and iron, and low alkali and potassium,
thus belonging to calc alkali rocks. The gabbroic diorites are also enriched in LILE, depleted in HFSE, and exhibit
gradual right-oblique chondrite-normalized REE patterns with unconspicuous positive europium anomalies ( §Eu =

1.03 ~1.34). All the samples display depleted isotopic compositions with the data (¥St/*Sr), =0.704 5 ~0.704 7
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and eNd(¢) = +2.71 ~ +4.17, but the gHf(¢) values of zircons ( +10.8 ~ +18.7) are much higher relative to
the eNd(¢) and show a Nd-Hf decoupling feature. Integrated geochemical, geochronological and Sr-Nd-Hf isotopic
data suggest that the Wulagai gabbroic diorites were generated by the subduction of Paleo-Asian Ocean along the
Sunid-Xilinhot island arc in early Paleozoic, and were formed at the initial stage of the subduction. The rocks origi-
nated from a mantle wedge which was mainly modified by the slab-derived melt prior to fluids, and there were also
indistinct sedimentary materials in the source. The back-arc extension and opening of Hegenshan Ocean possibly
led to the separation of Wulagai pluton from the Sunid-Xilinhot island arc. Along with the closure of Paleo-Asian
Ocean, the pluton was ultimately isolated from the subduction zone by Hegenshan ophiolite complex.
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Fig. 1

Maps showing tectonic location (a, after Xiao et al. , 2003; Li et al. , 2014) and geological sketch map

(b, modified after Luo Mansheng, 2016)® of the Wulagai gabbroic diorites
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1—Early Paleozoic gabbroic diorites ;

2—Early Paleozoic quartz diorite; 3— Late Paleozoic granite porphyry; 4—Mesozoic biotite granite;

5— Tongshan Formation; 6—Baoligaomiao Formation; 7—Manitu Formation; 8—Mankoto Obo Formation; 9—sampling site
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Fig. 2 Field outcrop and microphotographs (crossed nicols) of the Wulagai gabbroic diorites
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Fig. 3 CL images, localities of the points for LA-ICP-MS measurements and the U-Pb concordia diagrams of zircons from the

Wulagai gabbroic diorites
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Table 1 LA-ICP-MS zircon U-Pb dating results of the Wulagai gabbroic diorites
wp/10 Il 2% LL i A%/ Ma
5 Th/U
Ph U 27 ph/2B Y lo 206 pp/ 28y lo 207 p, /206 p}, lo Wph/28Y 1o "Ph/PU o
FE&h 13NM25, SRFEE : E118°2016", N45°51'15"
13NM25-01 17 196 0.51 0.63498 0.01319 0.08002 0.00054 0.05755 0.001 00 496 3 499 10
13NM25-02 25 287 0.48 0.63019 0.00837 0.07955 0.00045 0.05746 0.000 75 493 3 496
13NM25-03 28 351 0.29 0.62722 0.00609 0.07966 0.00047 0.057 10 0.000 51 494 3 494 5
13NM25-04 26 311 0.29 0.63980 0.00658 0.08115 0.00045 0.057 18 0.000 56 503 3 502 5
13NM25-05 14 166 0.36 0.63809 0.01087 0.08048 0.00048 0.057 50 0.000 94 499 3 501 9
13NM25-06 14 164 0.34 0.644 13 0.01838 0.08079 0.00057 0.057 82 0.001 49 501 4 505 14
13NM25-07 60 699 0.41 0.64115 0.00508 0.081 14 0.00047 0.057 31 0.000 42 503 3 503
13NM25-08 40 499 0.20 0.644 18 0.00546 0.081 10 0.00046 0.057 61 0.000 46 503 3 505
13NM25-09 22 262 0.38 0.63857 0.01302 0.081 19 0.00047 0.05705 0.001 06 503 3 501 10
I3NM25-10 20 231 0.44 0.64170 0.009 61 0.08091 0.00046 0.057 52 0.000 81 502 3 503
13NM25-11 17 199 0.47 0.63846 0.01139 0.08077 0.00046 0.057 33 0.000 94 501 3 501
13NM25-12 24 283 0.49 0.64045 0.01035 0.08085 0.00047 0.05746 0.000 74 501 3 503
13NM25-13 14 172 0.33 0.64061 0.014 17 0.081 13 0.00048 0.057 27 0.001 05 503 3 503 11
13NM25-14 23 277 0.55 0.63635 0.01274 0.08016 0.00050 0.057 58 0.000 81 497 3 500 10
13NM25-15 29 371 0.32 0.63278 0.01385 0.08052 0.00050 0.057 00 0.000 80 499 3 498 11
13NM25-16 35 429 0.54 0.63045 0.01541 0.080 10 0.00049 0.05709 0.000 87 497 3 496 12
13NM25-17 37 474 0.32 0.63463 0.01533 0.07995 0.00050 0.057 57 0.000 84 496 3 499 12
I3NM25-18 32 403 0.45 0.63454 0.01390 0.080 13 0.00048 0.057 43 0.000 81 497 3 499 11
13NM25-19 26 341 0.25 0.63325 0.01301 0.08035 0.00050 0.057 16 0.000 82 498 3 498 10
13NM25-20 21 275 0.06 0.63402 0.01178 0.08044 0.00048 0.057 17 0.000 80 499 3 499
I3NM2521 29 362 0.37 0.63843 0.00997 0.08053 0.00047 0.05750 0.000 70 499 3 501
13NM2522 13 165 0.36 0.63731 0.01220 0.08079 0.00049 0.057 21 0.000 98 501 3 501 10
13NM2523 15 189 0.39 0.64488 0.01104 0.08121 0.00046 0.05759 0.000 91 503 3 505
13NM2524 33 389 0.51 0.63641 0.00690 0.08070 0.00048 0.05720 0.000 55 500 3 500 5
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Fig. 4 ALK —Si0,(a, after Middlemost, 1994) and K,O — SiO, (b, after Le Maitre et al. , 1989) diagrams for the

Wulagai gabbroic diorites
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R2 LGHEBRKANKEEE(w,/ %) MEFMBELITE(w,/10 " O HEBRKEXESE
Table 2 Major (w,/ %), trace and rare earth element (w,/10 °) content and related geochemical parameters
of the Wulagai gabbroic diorites

FEdh 5 i3es BNM2S a6 15DX38 15DX39 GS7594 ||  FEAE 13NM25 I3NM25 3 \M26 15DX38 15DX39 GS7594 *
Si0, 53.36  53.43 52.24 51.60 54.28 52.56 Pb 8.96 11.84 9.60 7.94  10.20
Tio, 0.82 0.74 0.8 1.16 0.78  0.86 Zr 91.51 87.27 86.80 70.20 71.40 94.40
AL 0, 17.65 17.80 18.06 17.40 17.42 16.98 Hf 3.44  3.26 2.42 1.88 2.10 2.00
Fe, 0, 7.30  6.98 7.17 9.8 6.8  8.12 Y 17.41  17.09 16.30 14.90 15.40 19.00
MnO 0.13 0.13 0.13 0.14 0.12  0.16 Ba/Nb 46.43  45.49 48.05 59.64 48.69 33.06
MgO 595 5.67 6.03 6.28 5.82  6.40 Nb/U 8.04 5.69 6.04 3.38 4.94 4.15
Ca0 9.85 9.14 9.5 8.25 8.8  7.91 La/Nb 2.31 2,52 2.69 3.59  3.07 1.69
Na, 0 3.13  3.70  3.52  3.3%  3.69  3.97 Th/Nb 0.74 0.91  0.91 1.01 1.00  0.89
K,0 0.57 0.70 0.63 0.72 0.7l 1.19 Th/Yb 1.16 1.40 1.56  1.35 1.61 2.24
P, 05 0.09 0.09 0.08 0.10 0.09 0.13 La 7.29 7.56 8.28 8.0l 8.20 9.10
LOI 1.60 2.05 0.96 1.15 1.45 1.69 Ce 15.85 16.05 18.00 23.70 17.40 19.20
ALK 3.70 4.39 4.15 4.06 4.40 5.16 Pr 2.11 2.12 2.51 2.14 2.44 2.86
K,0/Na,0  0.18 0.19 0.18 0.22 0.19  0.30 Nd 8.98 9.33 11.10 9.44 10.60 12.50
A.R. 1.31 1.39  1.35 1.38  1.40 1.52 Sm 2.15 2.23  2.78  2.41 2.63  2.95
Se 30.39  31.02  20.40 26.80 20.50 Eu 0.97 0.94 0.95 0.85 0.90 1.06
\% 180.2 189.9 218.0 428.0 206.0 148.3 Gd 2,29 2.34 2.8 2.60 2.66 3.13
Cr 37.03 38.47 40.10 31.00 37.00 46.00 Tb 0.46  0.45  0.46  0.45  0.45  0.57
Co 31.94  32.77 34.30 41.20 32.00 19.20 Dy 3.12 296 294 274 290 3.67
Ni 16.96  16.46 29.90 23.90 28.10  20.70 Ho 0.61  0.62 0.62 0.57 0.60 0.74
Cu 29.91 34.76 31.90 60.90 35.60  25.90 Er 1.88 1.8  1.75 1.57 1.64 2.19
Zn 70.49  77.12  95.50 70.70  81.60 Tm 0.31 0.31 0.27 0.24 0.24  0.36
Cs .31 2.00 1.12 1.43 1.60 Yb 2.01 1.95 1.80 1.67 1.65 2.14
Rb 12.27  19.39  14.60 20.00 19.50  26.70 Lu 0.27 0.28 0.28 0.25 0.25 0.34
Sr 333.2  406.5 336.0 342.0 364.0 349.0 S REE 48.30 48.96 54.60 56.64 52.56  60.81
Ba 146.6 136.6  148.0 133.0 130.0 178.5 LR/HR 3.41  3.56 3.97 4.61 4.06 3.63
Th 2,33 2.722.80 2.25 2.66 4.80 || (La/Yb)y 2.45 2.61 3.10 3.23  3.35 2.87
U 0.39 0.53 0.51 0.66 0.54 1.30 || (La/Sm)y 2.14 2.13 1.87 2.09 1.96 1.94
Nb 3.16  3.00 3.08 2.23 2.67 5.40 || (Gd/Yb)y 0.92  0.97 1.28 1.26  1.30 1.18
Ta 0.20 0.28 0.24 0.15 0.20 0.20 SEu 1.34  1.26  1.03 1.04 1.04 1.07
= KRR B 51 A 580 4E(2016) @,
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Fig. 5 Primitive mantle-normalized trace element spidergrams (a) and chondrite-normalized REE patterns (b)
for the Wulagai gabbroic diorites
Jr Uy b AR AEAL A 4 McDonough R Sun (1995), ERRE Bt A AR AL E 3 Boynton( 1984)
the normalized values for primitive mantle after McDonough and Sun (1995), and for chondrite after Boynton (1984)
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60.81 x 10 ~°, 75 BRL B A7 A5 kAL HC 20 5 X 1] o, £
ih & £ F 0 &, LREE/HREE {44 3. 41 ~
4.61, Fi LRy B AR T A R, B AR 1
TCRITBEFRA R E R TCW . En S %, AH R
PEFES L ILS 1) Eu 1F 5% (3Eu {5 40 5124 1. 34,
1.26), 8564k St BN B 46, BEWEA AR W] RefE e —
SE T RHC AT HE S EH
3.4 Sr-Nd-Hf Fl{i%

X3 HUH T G AR IR S SroNd A
R A AR TR T A KRS R 3
A, RN KSE T S/YS), =0.703 5 ~
0.704 7, ("* Nd/" Nd), = 0.512 133 ~ 0.512 207,
eNd(1) = +2.71 ~ +4. 17, N A Nd R AER 1,
=1.09 ~1.27 Ga, 7E eNd(1)—(¥ Sr/%Sr), EIfif(
6a) FAEI R T OIB X 3. 5 F i [ AR ok e
AL, 3 47 5 2 78 eNd Co) 3T AL T 75 2K 1B
(0.39 ~4.29, fE# KRRk XEH ME &% iE
( —=1.92 ~5.38, Jian et al. , 2008) Ky A 37 40, WA
TSI KL% (5.24 ~5.77, Wu et al. ,

2015), A b 5 A AH XS 5 42 1) R A7 35 4k, 26 i 3
= B YET Hb 2 ) 5 1) 45 il

PEAN , AW GTAE RS AT U-Ph 58 4 I 3Rl | 0 BF
A IEAT T IR HE [RIAL 22 i, % 4 BT IR
gE R RARIEER T A XS R R TT R
s BT A Lu/' HE AE 34 /8T 0,002, 1 W B
FAETE 5 BATAR D (RT3 1 e DS HE AR 28 C A
JGEE, 2007 ), FE 8BS A 1 CTOHEZTT HE), B AL T
0.282 775 ~ 0.282 998 2 [&], # N [ eHf C¢) i A
+10.8 ~ +18. 7, —[r Bt Hf B F W8 1, CH K
0.35~0.66 Ga( |8 7a.7b) . A KERE S eHI ()
ARG BRI/, HLIRE 28 4 RIR 3 7 408, 7E eHEC)
— ¢ KA ERH A FF i fUT& 70 75 400 e v £ 22 b
I, T4 B b AR EL AT B R R g 5 B R A
FALRCE 6b), B UAE R AL T B F S . IX PR
B R IE — 7 T A AR 7R T A oRUE T B
g, — 5 T Ui B AR AT R A T Nd-HE A7 35 (1)
fift Rl C R AR T AR, 2007 )

*3 BLREMKFKE Sr-Nd B RAEN

Table 3 Sr-Nd isotopic compositions of the Wulagai gabbroic diorites

FE b Eb/Ma YRbSOSr FTSp/S08y Is, WSm/™Nd " Nd/ " Nd Ing eNd tpy/ Ga
13NM25 499.6 0.106 782  0.705284  0.704525 0.151032  0.512702  0.512 207 4.17 1.09
13NM25-2 499.6 0.138 056  0.705676  0.704 693  0.150 943  0.512627  0.512 133 2.71 1.27
10 20
o OB R 5 b
o HKILHE T
TNNEREE Fitii] 5 XREL RS
5 o BN i
R
0 04— - R A
$ N I e
Z B : :
-5 -10F :
EMII : i
= s I \‘(‘:\L
‘A‘l’rf""“
_|5 1 i 1 i 1 i 1 i 1 _3(} 1 1 1 L L 1
0.700 0.702 0.704 0.706 0.708 0.710 0712 0 200 400 600 800 1000 3000
(V'se/sn), t/Ma
Kl 6 KN K eNdC)—(YSe/%Sr), KRB Ca) Hl gHIC)— 1 KEREI(h)
Fig. 6 &eNd()—(YSr/*Sr), diagram (a) and gHf(1)—¢ plot (b) of the Wulagai gabbroic diorites

H 5 EEAE 51 Jian 552008 ) FIE P AR AR B /K SRR BB 51 HAEF R R 2 5 I8 51 A Wu 55 (2015);

N

e
INZK

WL R B e e L #8351 ] Yang 25 (2006) +Xiao 2£(2004) Il Chen 2% (2009)
data of Baiyinbaolidao after Jian et al. (2008) and the unpublished data of the authors; data of Jiergalangtu after the unpublished data of the authors;
data of Duobaoshan after Wu et al. (2015); fields of East CAOB and YFTB after Yang et al. (2006), Xiao et al. (2004) and Chen et al. (2009)
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Table 4 Zircon Hf isotopic compositions of the Wulagai gabbroic diorites

RS Fl/Ma TOYL/TTHE 176 /"7 HE 170 /177 HE 20 (TSHEATTHE,  gHICD 20 tpy/Ma S
FESh: 13NM25; REFA7E : E118°20716”, N45°51'15”
1 499.6 0.019 622 0.000 559 0.283 003  0.000 021  0.282 998 18.7 0.7 348 -0.98
2 499.6 0.013 771 0.000 409 0.282978  0.000 020  0.282 974 17.8 0.7 382 -0.99
3 499.6 0.046 142 0.001 274 0.282893  0.000 024  0.282 881 14.5 0.8 513 -0.96
4 499.6 0.018 084 0.000 523 0.282 881  0.000 015  0.282 877 14.4 0.5 519 -0.98
5 499.6 0.013 470 0.000 467 0.282889  0.000 018  0.282 885 14.7 0.6 507 -0.99
6 499.6 0.018 764 0.000 587 0.282 869  0.000 017  0.282 863 13.9 0.6 538 -0.98
7 499.6 0.055 955 0.001 939 0.282 845  0.000 019  0.282 827 12.6 0.7 592 -0.94
8 499.6 0.015 206 0.000 438 0.282954  0.000 020  0.282 950 17.0 0.7 416 -0.99
9 499.6 0.010 624 0.000 339 0.282987  0.000 017  0.282 984 18.2 0.6 369 -0.99
10 499.6 0.012 935 0.000 412 0.282899  0.000 020  0.282 896 15.0 0.7 493 -0.99
11 499.6 0.054 933 0.001 593 0.282928  0.000 027  0.282 913 15.7 0.9 467 -0.95
12 499.6 0.013 021 0.000 492 0.282923  0.000 017  0.282 918 15.8 0.6 461 -0.99
13 499.6 0.007 608 0.000 222 0.282994  0.000 020  0.282 992 18.4 0.7 359 -0.99
14 499.6 0.084 448 0.001 928 0.282 854  0.000 020  0.282 836 12.9 0.7 579 -0.94
15 499.6 0.036 582 0.001 036 0.282 824  0.000 022  0.282 814 12.2 0.8 608 -0.97
16 499.6 0.010 154 0.000 366 0.282904  0.000 019  0.282 901 15.2 0.7 485 -0.99
17 499.6 0.012 599 0.000 434 0.282928  0.000 016  0.282 924 16.0 0.6 453 -0.99
18 499.6 0.015 891 0.000 525 0.282956  0.000 015  0.282 951 17.0 0.5 414 -0.98
19 499.6 0.012 800 0.000 515 0.282924  0.000 017  0.282919 15.9 0.6 459 -0.98
20 499.6 0.052 852 0.001 387 0.282792  0.000 021  0.282 779 10.9 0.7 659 -0.96
21 499.6 0.040 988 0.001 269 0.282787  0.000 027  0.282 775 10.8 0.9 665 -0.96
22 499.6 0.091 064 0.002 366 0.282810  0.000 023  0.282 788 11.2 0.8 651 -0.93
23 499.6 0.039 047 0.001 130 0.282'894  0.000 019  0.282 883 14.6 0.7 510 -0.97
24 499.6 0.014 382 0.000 438 0.282 894  0.000 016  0.282 890 14.8 0.6 500 -0.99
6 7
a 13NM25 b 13NM25
5k — 6
5k
4k
4
s 3 ] M B
ey £ 3L
7T
2k
1+ - L
0 . ! 0 : L
0 5 10 15 20 25 0.0 0.2 0.4 0.6 0.8 1.0

gHi(r) fone/Gal

K7 SR e N KB AT eHICO R B BL HE BEUERS Cryyyy, ) 80001 LT ]

Fig. 7 Histograms of zircon gHf(¢) values and two-stage Hf model ages (t,,,) for the Wulagai gabbroic diorites

MORB #iI OIB ( Nb/U = 47 + 10, Hofmann et al. ,

4 +Hig 1988) , It T- F#b7%( Nb/U ~25; Rudnick and Gao,
2003) il b Hi 5% (Nb/U =9, Taylor and McLennan,
4.1 BIRAKE 1985) P38, 518 5 8 52 2 M ST TR 4 10 2 s 1)

Nb/U {5 AE 0 10 5 IR Y (T8 bR B R Nb/U (EH B AEC— AT 9 ~40 2 00], & CH,
25,2007, Sdr s Ak Nb/U {H R 3.38 ~8.04, KT 2001) . [FI 47 o a5 40 HE [ A7 Z 4 AR s
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(Xiao et al. , 2003; Xu et al. , 2015) , FARF| 57 5
M, JLAB S B A A7 AE 2 I 2 U D& i 52
W 5 9K 47 ( Badarch et al., 2002; Windley et al. ,
2007; Eizenhofer et al. , 2015) , BB A i LMV w75
Je BRI R 1) A ARE P T B & 9 S A T ( Jian
et al. , 2008; Li et al., 20145 Xu et al. , 2015, K&
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Fig. 8 Tectonic discrimination diagrams of the Wulagai gabbroic diorites
a—Ba/Nb — Ba [l fi# (4% Condie, 1989); b—Th —Ta — Hf [Elf#(#} Wood, 1980): ¢—Th/Yb —Nb/Yb [Efi# (4 Gorton and Schandl, 2000); d—
Th/Yb — Ta/Yb Ff# (4 Pearce and Peate, 1995); A—N-MORB; B—E-MORB K& 788 % B0H : C— R A Bl 2 s s D— S 94 BE X ik
s E— BTG Rt 2 s
a—Ba/Nb — Ba diagram ( after Condie, 1989); b—Th — Ta — Hf diagram ( after Wood, 1980); ¢—Th/Yb — Nb/Yb diagram ( after Gorton and
Schandl, 2000); d—Th/Yb —Ta/Yb diagram Cafter Pearce and Peate, 1995); A—N-MORB; B—E-MORB and intraplate tholeiite; C—intraplate

alkaline basalt; D—island arc tholeiite; E—island arc calc-alkali basalt
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WA AR IE T SV, S & I R 2 5 I R AE
(1) S ko

B M I K BT B ICE S 1 b Bk A o7
REAE, T 8 IS P 2 R A 1 b TR AK 25 R AR 30 1 A
hy 55 AR TR M A2 1) A2 AR AT 9K ( Condie, 19865
R4 455520100 o X TP AR o, A BT 5T A
o FE TR 2 X g3 A A RO B K A R AR AR
v H Rl R s A LUK B T v AR 86 N 1 0 ) O AR ) 5
AFEIH 5 CElliott et al. ,1997; Kelemen et al. , 2003;
Hermann and Rubatto, 2009; Zamboni et al. , 2016),
AT 6T 82 SIS SR DX A Rt 75 8E — 25 ) o i o i
TR AR I A A R A 22 R AE bR B AT — e AR
PE, W S RE 3 E0UE K P Nb Ta 45 & 17 58 0 % )
B CIRIEFESE 2005 ), AN P R 0 3 20 il AR 5K
U3 — & X, et g sk oc 8 R E R LR AR
NSNS ol I R o N 2 e B v
VUM ) 38 A, i n] DL A [\ Rl 2 0 5 L
{ELI A A DX 20 J A R U A4 A A2 A AR AP i) e ik
(Johnson and Plank, 1999; Turner et al. , 2003; Zam-
boni et al. , 2016): 7E Th/Nb — La/Nb LA & Th/Nb —
Ba/Nb HI5 b (& 9a.9b) , & 7 o5 53 4k 70 2 i AL
a3 SRAh I G AL, s AR A AR AL, 5 A
AR W] LN [v], 3 & I A 7 A4 JB R 5 S i Y X
(RATARRY A S AR 2 A 2k 2 im AR A A e 59— 7
HT, AR AU T DO P AT s S 1 | A 3% 4, 2D
SUCBL IR N B AT W] S AR S R R TR A 3R R A
(Straub et al., 2015), 1 %% $ 5 7 1K eNd (1) =

3

+2.71 ~ +4.17,Hf(¢) = +10.8 ~ +18.7, L&
h g I IR A 2% 2B il a2 HE R 25, & 20 A i
MeHfCOE R T &7 HHng, K, 4y 56 A A
KA WD N TE B BT AL o I o A3 =
7& > Lu-Hf A1 Sm-Nd [A] {7 3% 7 2 38 # BAT IE A 5Pk
(gHf =1.55 ¢Nd +1.21, Vervoort et al. , 2011), ]
7 i A HE R 38 2H R Nd B v, tHER T
RIS . H AT A AR T Nd-HE 7] 47 2% i A 1 s
RIS A7 A 2 130, I AT Al B 32 22 A0 5 B A7 Y ( Ver-
voort et al. ,2000; Patchett et al. , 2004) A #E T A %K
[ ( Patchett et al. ,2004; Schmitz et al. , 2004 ) F1{f
ASARAE HISE W ( Pearce et al. , 1999) %5, AR 1M #5 A1
RN 32 eHE AIC, 15 5% F7 o 4o AR AEANRT, 55
— 7, S B E A TR A A B Bl A X
55 U5 A7 AR R 7 B R 5, BRI, A R T
T D A [ AT 2 R B T R L 2 AR A o
ACARPT S A A R b, BT Nd B HE SRS
A, PRI 4 A2 ARAE FH S0 110 s M2 4, 75 o1 22 9
T RS N BEARDRE Nd SR S35 X B B A HE 75 &
515 (Pearce et al. , 1999; Janney et al . , 2005) . X
T g R I 2t DA 53— A0 T EIAIE 55 7 o o A PR U5 X
NG T AR A AAE T g
4.2 HREX

B 7 56 A AR O 6 5T A B i R
WA A A A A, H TR i R e &
LA OGRS S5 W FUAR R A A, 2 T % Rl 2R
AR ZE I8 1Ly R A VAL g S TR AT SO ]

3
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Fig. 9 Element ratios discrimination diagrams between slab-derived fluid components and melt components of the

400 500 600

Wulagai gabbroic diorites ( base map after Zamboni et al. , 2016)
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i, AN A A5 M D R R I X e SA A JE T S U
W R GRRINIAE,2012; 2541 954, 2016 ), % 1€
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Ma( Gibsher et al., 2001 ), Banyannur W 2§ & 29 4
571 Ma( Khain et al. , 2003 ), 55K 45 B b [E 85 A
MK IEMF W )7 A TE B AR A 516 ~ 511 Ma( Zhou et
al. , 2015; Liu et al. , 2017), Fiikdg &t s by 539 ~
510 Ma, BEALE £% A 2000 630 Ma( 5 & 55%,2015), It
Ab, B30 (2005) 1045 (2005 7E 2 BT AR R
S T AERS R 517 ~504 Ma F1494 ~ 480 Ma ) )5 filf
FEAG A TR T 50 B AR b 4 SR B ). DA
B 5 S K IR PR AR PR Sl e ) Y. 2 A v
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S [t R 8 A G R Y B, o T i S T AR A LA S LY
o TH: B A P T b i A o 2 1 45 RO 5 B0 AR
TR B DX O T AR R A BE M A K (Jian et all.
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