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Abstract: The mafic—ultramafic rocks in Paleo— Tethys domain of East Kunlun Mountains are not well documented. In this paper,
the authors present petrographical, geochronological, lithogeochemical and Hf isotopic data for the Xiwanggou olivine gabbro
located in the eastern section of East Kunlun Mountains, Qinghai Province, with the purpose of constraining its formation age,
petrogenesis and tectonic setting and providing new constraints for the Late Paleozoic—Early Mesozoic tectono—magmatic evolution
in East Kunlun Mountains. Lithogeochemical studies show that the olivine gabbro, which is of sub—alkaline series, is characterized
by low SiO, (40.91%—42.14%), low TiO, (0.29%—0.39%) and alkali content (K,O+Na,0=1.09%—1.36%) but high MgO content
(28.18%—30.66%). The m/f ratios range from 5.03 to 5.39, falling into the field of ferrous—ultrabasic rocks. This suite of rocks are
enriched in LILE (such as Rb, Th, U and K) and Pb, and relatively depleted in HFSE (such as Nb, P and Ti). The rocks have low
REE content, with LREE—rich pattern and slightly negative Eu anomaly (SREE=28.17x10"°-30.95x10°, (La/Yb)=3.77-4.98, dEu=
0.80—0.95). LA—ICP—MS zircon U—Pb dating indicates that the weighted mean age of olivine gabbro is (264.9+1.2)Ma(n=26,
MSWD=0.71), suggesting Middle Permian. Zircon "Hf/"’Hf values are in the range of 0.282709—0.283152 with corresponding
en(?) values of 3.7—19.3. and Lu—Hf single—stage modal ages (7ow) vary from 135 to 753 Ma with mean age being 414Ma, older
than U—Pb age. The authors hold that the parental magma of olivine gabbro was likely derived from the depleted mantle, with the
probable addition of fluid—modified lithospheric mantle components, and was contaminated by crustal material. Combined with
evolutionary characteristics of regional structures in East Kunlun Mountains, the authors consider that Xiwanggou olivine gabbro
was formed during the subduction of Anyemaqen— Paleo— Tethys Ocean, and the northward subduction of Anyemaqen— Paleo—

Tethys Ocean started at least in Middle Permian.
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1—Quaternary; 2—Dacite member of Upper Triassic Elashan Formation; 3—Gneiss member of Paleoproterozoic Baishahe Formation; 4—Early Jurassic
syenogranite; S—Middle Triassic monzonitic granite; 6—Late Ordovician quartz diorite; 7—Top Silurian tonalite; 8—Late Silurian granodiorite; 9—Undivided
ultramafic rocks; 10—Amphibole eclogite; 11—Gabbro; 12—Syenogranite vein; 13—Olivine gabbro;
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Fig.3 Outcrop and hand specimen photos and microphotographs of the Xiwanggou olivine gabbro
a— Outcrop photo of olivine gabbro; b— Hand specimen photo; c¢— The olivine, clinopyroxene, plagioclase in olivine gabbro (crossed nicols);

d— The edge of olivine altered to amphibole and serpentine, showing relict texture (crossed nicols) ; e— The clinopyroxene metasomatized by

amphibole (crossed nicols); f— The pentlandite, pyrrhotite and chalcopyrite in the mineralized olivine gabbro (reflected light); Pl— Plagioclase;

Ol-0livine; Cpx—Clinopyroxene; Hbl—Hornblende; Pn—Pentlandite; Po—Pyrrhotite; Ccp—Chalcopyrite

Wit1o MEAT R Z PR AN L LEN A Ean /Nt
A S AL B R A1 5 B R (8] 3e) | HL TR % T
EREREA . SR Y EERESA, 53 Al H WA
R BRI B R e A (K] 36)
4 MRS

B AT PRE HRIAHE O S A RO AR K
FEAL R R AR A IR A A S =t 7. 20
XA BT A e e 2 i 4Ot s H R A AR 5E T
191 AN TR S T RFALE AN [ 26 8 4 TR, P I
S R A XU L, G (232 W A S A T
Fr AR Al 2 ) % LR TG 2 55 A Pl
TEJEAL M Z AT, 38 3 8 S 586 A CL EHR PR AR AT
FEEE AT S AL SR FRES AL , PR . 2R
TR ABR B A AT INAE . B OO TR A
U—Pb [R] {37 2 AFH A1 HE ] (57 28 0352 7 b ] o]
S5y VU 22 IR A G ARG IR A

SR S5 2 1 FH 7700x 25 DU AT A5 B AR
WY Neptune Plus % 22 32U 55 B 1R B AU &5
{SC#S RIS AT Geolas Pro U3 1t R S BEHL R 5E Wl
(o R TR BE B M 32 pm, 3O 3k AR A<
JB2 FR AR S 8 6 B B A R AT, Sy T
AT RN A R AR R S AT R AR
AR, PRI IR 21E AR 210 2 5 85 W
PR, — Bl 206 1) DU AR A 78 A5 g A T A it
P45 A TR JC R & 5 U—Pb [ ZAERR I, 5
— B 2 B 22 4 A B R B () P R A T HE [
P MK o BB 6 A SRR 4 B — R AR MEAE i
NIST610.91500 1 GI—1,GI—1 [ 4 U-Pb 444
FHE [ 2 WA i AR IR0 G- 1 AR IR
mn HE/ THE [R] 2 2R A I EORS TR B2 A 0.282030+20
(2SD), HiAMEICER S A U-Ph AR I TR
FH Glitterd.4.4 24 5¢ i, HF [A) {37 28 1 1 1530 % 5L 56
%= H IR ITHENLAT Hllow1.0 588, TR0

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



178 i [

b J 20214

RV FE A 2 18 Meng et al. (2017), 4AF #3355 K 385 1
P 2241 2% ] Ludwig (2003 ) 4 5 14 Isoplot FEFF .

FAFILE MR MR
Hi AT P 5 i S 56 R 0 8 A, Heh o R
FHAT 22 AR 7] Axios 4.0kW T =X X 52856
HCIEAL (XRE) AT 04T, 4B BEA T 5% % 0
fl e 70 28 R 58 [ 4 28 7] Series 117 SX50 Ui
T 2 5 T RS AN (ICP—MS) BEA T 5E , 43 B4
FEETF 5%~10%.,
5 ML R
5.1 LA-ICP-MS $#£A U—Pb £

RS HE K 25 (17XWGUPHO1 ) Hr 45 47 21 Jy To o,
% W B B (0, 22 e FOIR SO RDIR , KAl AR N
70~130 pm, K TE bR 1:1~2:1, B RN & E
R S e ad R (A R S A N R T (P A
RS AT DL B e K A (1 4) o Bl
B AR Th U SR, 4391100 124.2x107°~8502.3 %
107°.267x107°~3878x 10", Th/U [ {8 0.37~4.27 , 5t

(270.6+£2.8)Ma  (269.74+2.9)Ma

(266.2+3.3)Ma

(265.1+6.3)Ma

(261.7+5.7)Ma

(269.4%+3.0)Ma

Ve

(266.0%2.8)Ma (263.8£2.8)Ma

(265.842.8)Ma (266.34+2.9)Ma (262.1+3.2)Ma

(264.2+2.6)Ma

(264.6+3.49)Ma

(262.5+4.7)Ma

© 1o Jf o Ao A"

(263.4+3.8)Ma

(264.943.9)Ma  (265.0£2.8)Ma

AHEKR T 0.4(FR 1), 4878 HoH G M0 ™=
(Hoskin and Schaltegger, 2003) . — 28857 19 FH K
RN BAT i 5230, vT Re R 48 T s 45 L 1 25
o 26 MG REAT S HT T P U R AR S AR
270.6~256.5 Ma, 5 7l FIZE_ I M LRI , HOmACE
KRR M (264.9£1.2)Ma(MSWD=0.71) , i FIAE#H
(266.0£1.5)Ma(MSWD=0.18) , —F 7E 1525 il Py it
AR—Z(KS) . TR B A S AR
(264.9+1.2)Ma,J& T — B A IS0 Y)
5.2 JLEHEKLE
521 2% 4E&

5 P AORE A R T 42 Ak o0 B BSHRE L 3R
2. FEAIY SI0, & it AR A Ya /)N, B Ak, iy
40.91%~42.14% , “F-14 41.62% ; ALO; 5 £ M 6.34%~
8.08% , “F ¥ {H Jy 7.09% ., CaO & &y 4.14% ~
5.05% , MgO &4 5, 4 28.18%~30.66% , -3 K
29.37% , X 7 1) Mg il 83.64~84.53 , B {R K F it
A IR W) Mg BV [l (68~75; Wilson, 1989) . FF i
() m/f H A T 5.03~5.39, &8 T4 BB L 1 A 26

)

(264.0+3.0)Ma (256.5+4.5)Ma

(263.5+3.2)Ma

(262.4+2.8)Ma
(263.5+3.2)Ma

(265.8+2.8)Ma

g4 e 7 100pm
@), OR ol —

(264.0+2.8)Ma

P4 A B MO A 5 A B O EIR R (RN B A038 U—Pb 2B s, At Po/ U R A% )
Fig.4 CL images of zircons from Xiwanggou olivine gabbro (numbers in the circles represent analytical spots of U—Pb,and the
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Table 1 LA-ICP—-MS isotopic data of zircon from Xiwanggou olivine gabbro
TR/10° [ AL e LU B %/ Ma
Wris Th/U *Pb *7ph »5ph *"ph

Pb*  Th ey 10 ey 10 g 17, 10 TPORU o TRORU
2 181.9 5289.5 2395.8 2.21 0.0506 0.0008 0.2990 0.0043 0.0429 0.0005 220.9 353 2656 34 2706 28
7 129.2 3786.1 1700.0 2.23 0.0513 0.0008 0.3019 0.0046 0.0427 0.0005 252.1 372 2679 3.6 2697 29
12 54.1 663.8 1007.0 0.66 0.0523 0.0012 0.3037 0.0064 0.0422 0.0005 296.5 50.9  269.3 50 2662 33
13 732 869.4 1373.0 0.63 0.0523 0.0020 0.2998 0.0105 0.0416 0.0008 299.0 84.0 266.2 82 2625 47
14 45.6 4734 881.1 0.54 0.0520 0.0012 0.3001 0.0066 0.0419 0.0005 283.7 53.5 266.5 52 2646 34
15 30.2  632.0 5009 1.26 0.0527 0.0024 0.2986 0.0125 0.0411 0.0008 317.5 99.7 2653 9.8 2595 52
17 223.0 85023 2365.3 3.59 0.0522 0.0015 0.3004 0.0079 0.0417 0.0006 2944  63.6 2667 6.2 263.6 3.8
18 65.9 7504 12353 0.61 0.0506 0.0010 0.2977 0.0052 0.0427 0.0005 222.5 43.0 2646 4.1 2694 3.0
19 16.0 368.0 267.0 138 0.0523 0.0027 0.2987 0.0144 0.0414 0.0009 2979 1140 2654 113 261.7 5.7
21 16.7 1242 3319 0.37 0.0521 0.0029 0.3017 0.0153 0.0420 0.0010 291.2 120.1 267.7 119 2651 63
22 533 8944 1171.2 0.76 0.0527 0.0010 0.3035 0.0055 0.0418 0.0005 3146 43.6  269.1 43 2640 3.0
23 91.2 3781.2 884.7 427 0.0531 0.0012 0.3053 0.0062 0.0417 0.0005 3322 49.0 2706 49 2635 3.2
24 151.2 1940.8 2901.9 0.67 0.0545 0.0020 0.3047 0.0103 0.0406 0.0007 389.5 79.9 2700 8.0 2565 45
25 108.2 21849 1769.3 1.23 0.0520 0.0009 0.3020 0.0046 0.0421 0.0005 285.1 36.8 2680 3.6 2660 28
30 197.7 1826.5 3878.0 0.47 0.0515 0.0007 0.2972 0.0038 0.0418 0.0004 264.5 31.0 2642 3.0 2642 2.6
32 1243 23429 2079.1 1.13 0.0519 0.0009 0.2990 0.0046 0.0418 0.0005 282.3 374 2656 3.6 2638 28
33 130.7 2441.6 22255 1.10 0.0521 0.0015 0.2995 0.0081 0.0417 0.0006 289.5 65.5 266.0 64 2634 38
34 127.4 34925 1761.5 198 0.0512 0.0008 0.2973 0.0045 0.0421 0.0005 251.3 36.5 264.3 35 2658 28
35 63.3  626.7 1205.5 0.52 0.0530 0.0011 0.3045 0.0061 0.0417 0.0005 326.6 48.1 2699 48 2635 32
36 92.7 1111.2 1741.5 0.64 0.0532 0.0009 0.3049 0.0046 0.0415 0.0005 338.8 359 2702 3.6 2624 28
37 114.2 25259 17989 1.40 0.0514 0.0008 0.2982 0.0046 0.0421 0.0005 258.0 373 2650 3.6 2658 28
38 131.6 26414 2122.8 124 0.0512 0.0009 0.2977 0.0049 0.0422 0.0005 249.6 402 2646 3.8 2663 29
39 55.8 520.0 1100.2 0.47 0.0530 0.0012 0.3034 0.0061 0.0415 0.0005 330.2 484 269.1 48 2621 32
40 58.3 1201.6 952.0 126 0.0516 0.0016 0.2986 0.0084 0.0420 0.0006 2694  67.7 2653 6.5 2649 39
41 172.9 4466.9 25373 1.76 0.0509 0.0008 0.2947 0.0044 0.0420 0.0005 238.1 36.6 2622 35 2650 28
42 1243 3672.6 1698.3 2.16 0.0525 0.0009 0.3026 0.0048 0.0418 0.0005 306.7 37.8 2684 37 2640 28
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Fig.5 Zircon U-Pb concordia diagram (a) and weighted mean ages diagram (b) of Xiwanggou olivine gabbro

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



180 e Hh Jox 2021 4F
18 2 — —
LB/ r 1
15 b =R 5 | :
12 | [ i
S o | ,
~ 0 B
S Z 3 75
o9 s'r .
+ © L d
(5]
=} 2l = i
< % = |
5 6 A M = i
B4 T RS
i y L i
b £ & : .
3 y w E L o8 N
§ ¥ = L il
| | 2 & HEe
wrE P EeE| © = - ]
0 i 4 ! i [ T TR 1 v b b
30 40 50 60 70 80 90 30 40 50 60 70
Si0,/% Si0,/%

56 T BRI RE K A Y (K.0+Na,0)—SiO, (a #i Middlemost,, 1994) I TFeO/MgO—SiO. [&li# (b #i Miyashiro, 1974)
Fig.6 (K;O+Na;0O) - SiO; (a, after Middlemost, 1994) and TFeO/MgO—SiO; (b, after Miyashiro, 1974) plots for the Xiwanggou
olivine gabbro

1000¢

(2)

=3
=

F/ R

L
a

100

(b)

0.1
Rb Th K Nb Ce Pr P Zr Sm Ti
Ba U Ta La Pb Sr Nd Hf Eu Dy Ho Lu

Y Yb

La Ce Pr Nd Sm Eu Gd Td Dy Ho Er Tm Yb Lu

P17 Ay VRO K 0 i T R R M b o TR 19 ] () B - T 3R BRBL IS A AL IRE 73 T 22 151 (b) (B AL A E A Sun
and McDonough, 1989)
Fig.7 Primitive mantle-normalized trace element patterns (a) and chondrite-normalized REE patterns (b) for the olivine gabbro

(normalizing values after Sun and McDonough, 1989)

FEAY TiO, & 5t B3I, /1 T 0.29%~0.39% , ~F-34{E
4 0.32% , B AT REERLBE 2 2 (2.63% ) FIAR A
LA (2.23%) , AH X 42 5 IR 2R A (0.98% )
(Pearce, 1982) ; P.Os & it 841K, 2 0.03%~0.06% , *F-
PIE N 0.05% . Na.O 7% &2 4 0.46%~0.74% , K.O 7%
1 0.58% ~ 0.71% , A A 19 2% (K,0+Na,0) 7 &
A 1.09%~1.36% , it A & A i 78 (Na,0 +K,0) —
S0, [l i 4 58V 7 M2 B P RS R 2 v 91 T ([
6a) , £ TFeO/MgO—SiO, [ fift 1 4 1 15 75 $7 3t R 571
EEN (E6b) . Bk FE A BigMiE A BA

A AREK = BE BB RRE
522 EFM L AE
Jir iy b A v A f i T R ek P IR (8] 7) s
MRS R A s T R e th 4l — 2, B 1 R
AR FRE . A ARSI KR R
£1JC& (LILE: Rb. Th U .K) F Pb, HiX} 5 fii 7 375
JUZE (HFSE: Nb P\ Ti) , /R HA IUE I AEFE
MR A B £ 507 5 SREE 2/ 28.17x10 '~
30.95x 10 ¢, 458 29.75x10°°, B & Fi + (A
LREE/HREE=4.32~5.06, *F- ¥4 i 4.64, (La/Yb)x
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Table 2 Content of major elements(% )and trace elements
(10°°) of Xiwanggou olivine gabbro

FES  17XWG-H1 17XWG-H217XWG-H3 17XWG-H4 17XWG-H5
SiO, 41.99 42.14 41.06 42.01 40.91
TiO, 0.29 0.39 0.32 0.32 0.29
AlLO; 6.90 7.75 6.34 8.08 6.37
Fe,0; 3.03 2.30 3.36 2.59 3.12
FeO 7.47 7.51 7.03 7.38 7.29
MnO 0.18 0.16 0.17 0.16 0.17
MgO 28.95 28.68 30.36 28.18 30.66
CaO 4.53 5.05 4.14 497 421
Na,O 0.51 0.74 0.46 0.70 0.47
K,O 0.71 0.62 0.66 0.58 0.62
P.O; 0.04 0.03 0.05 0.06 0.05
LOI 5.03 425 5.64 4.58 5.45
Total 99.63 99.62 99.59 99.61 99.61
Mg’ 83.64 84.35 84.46 83.93 84.53
m/f 5.03 5.31 5.36 5.15 5.39

Sc 16.40 16.20 16.20 14.70 16.80
v 75.60 68.50 63.40 65.90 63.20
Cr 2130.00  1860.00  2020.00  2090.00  2080.00
Ni 780.00 660.00 950.00 700.00  1000.00
Co 110.00 99.00 100.00 100.00 120.00
Cu 110.00 140.00 160.00 140.00 160.00
Zn 94.30 71.80 81.30 84.70 92.90
Rb 28.50 24.30 28.80 25.40 27.90
Ba 103.00 73.10 90.50 94.60 82.50
Th 1.55 1.14 1.16 1.22 1.05
U 0.39 0.30 0.29 0.33 0.35
Ta 0.30 0.25 0.25 0.26 0.26
Nb 2.01 1.74 1.56 1.58 1.56
Pb 10.60 9.23 13.10 9.63 14.00
Sr 162.00 154.00 110.00 138.00 120.00
Zr 31.10 29.60 32.20 29.60 40.80
Hf 1.02 0.95 1.04 0.97 1.20
Y 9.55 7.33 7.92 7.47 7.99
La 5.10 4.65 4.60 5.18 4.42
Ce 10.70 10.20 10.20 11.10 10.20
Pr 1.41 1.35 1.41 1.47 1.36
Nd 6.02 5.55 6.00 6.17 5.92
Sm 1.56 1.33 1.48 1.41 1.41
Eu 0.46 0.41 0.38 0.43 0.40
Gd 1.59 131 1.44 1.39 1.43
Tb 0.24 0.21 0.24 0.22 0.24
Dy 1.52 1.30 1.50 1.36 1.52
Ho 0.32 0.26 0.31 0.29 0.31
Er 0.90 0.72 0.88 0.80 0.88
Tm 0.14 0.11 0.14 0.12 0.14
Yb 0.86 0.67 0.84 0.79 0.84
Lu 0.13 0.10 0.14 0.12 0.13
SREE 30.95 28.17 29.56 30.85 29.20
LREE/HREE  4.43 5.02 438 5.06 432

Lay/Yby 425 498 3.93 4.70 3.77

oFu 0.89 0.95 0.80 0.94 0.86

Mg =100xMg” /(Mg” +Fe”), m/f=(Mg” +Ni*")/(Fe*'+Fe*+Mn*),

3.77~4.98 V-3 4.64, J& M 1 AR, (La/Smyh
2.01~2.37,(Gd/Yb) Hy 1.41~1.62, Fis +- T E F 4 th 2k
SRR R T OC R B E M LT R PR S
(B 7b) . SEu 4 0.80~0.95,F 14 0.89, ki ik
NG Bu i RINIRER A I o h A T — e
JERHC A B B a5 e
5.3 AR Lu-Hf RfIZE

B HE R R 0T 5 U—Pb IR e B 4 0k [+
— 7 B BRALE I AT . 26 443 M A YD/ THE
A1 7Lu/HE AR YE 43971 2 0.000981~0.090236 Fl
0.000036~0.003528 ( & 3) , Bg I &% 24, 35, 39
Ah, Lo/ HS HUE /N T 0,002, 3 I X S gk 7R TE
BCLA G ACEAT 3D S e T HE R R
T M kA5 1 " HE/ HE HE RE 540 2R U8 X Y HE [R]
7 Z 4 (248 0%, 2007) o 26 440 B A Y
("*HEMHE); 1 AE 4k 35 [ 7E 0.282709~0.283152 (%
3), %R AY eul£)=3.7~19.3, 254k 75 Bl 2 K (1€ 8a) , il
ROV E A 12.3 50 S B 3 BB B A HE W) 3=
kg Z b, BRI T A (1] 8b) s 1A A5 B4k
ALY B HERB AR IS Tow oM 135~753 Ma, “FH{H N
414 Ma,

6 1 i

6.1 ARBEXFERRE

— IO W AT o) R TEAR, BE B 53 R
[X A 75 Jh e w5 453 i BT 4 AR R AR R A
M end( BN B, DERAVR X R & 4 b 58 DLy % 3t
5¢ ¥ B 5 3 5 (Vervoort et al., 2000; Kinny and
Maas, 2003 ; Griffin et al., 2004) , HUHE ¥ 1K 5 A %
A "Hf/HE H EH S 0.282709~0.283152, Xt R K
en1)=3.7~19.3, R A I BT HE [F5 28 77 5 i
B URIX o XTI IR A SN T, R A REA I
KR T AR SZATA W 1) 5 $ oo, B2 85 4 45 AR
U5 7 AT DL S5 T A HEBECAR S o ROV 1 5
A1 L B HEREECAR I Tow M 135~753 Ma, F-3{H N
414 Ma, K TH85 A 45 AFE % 265 Ma, A 2 R
XA A2 P e i A sl A7 T S A TR
P (RAEICAE,2007) o

T HE VB RO W 1 2 R i Y Nb/Ta HL (B R 6.00~
6.96, 14 6.40, Zr/Hf H{EZE 1L T 30.49~34.00, °F
BIE N 31.43, 53 51 5 KBl 1 7¢ {E AH 3T (Nb/Ta=11,
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x3 HEGEBIERESA Lu-Hf B 3RAK
Table 3 Zircon Lu—Hf isotopic compositions of Xiwanggou olivine gabbro
WSS tMa  "Yb/"Hf  "Lw/Hf  "*Hf/'"Hf 20 ("Hf/'Hf),  eudt) 20 Tow/Ma  Tow/Ma  fiur
2 270.6  0.005052  0.000202  0.282710 0.000074  0.282709 3.7 26 753 1061 -0.99
7 269.7  0.012067  0.000440  0.282792 0.000046  0.282790 6.6 1.6 643 879 -0.99
12 266.2  0.009064  0.000363  0.282805 0.000046  0.282803 69 1.6 624 851 -0.99
13 262.5  0.012243 0.000444  0.282913  0.000045 0.282910 10.7 1.6 475 610 -0.99
14 264.6  0.027516  0.000699  0.282834  0.000045 0.282830 7.9 1.6 589 791 -0.98
15 259.5 0.012927  0.000407  0.282908  0.000041 0.282906 104 14 481 622 -0.99
17 263.6  0.011507  0.000355  0.282854 0.000034  0.282852 8.6 1.2 556 742 -0.99
18 269.4  0.000981 0.000036  0.282998  0.000034  0.282998 139 1.2 351 406 -1.00
19 261.7  0.012801 0.000504  0.282858 0.000039  0.282855 87 14 552 736 -0.98
21 265.1  0.020189  0.000806  0.282741  0.000028 0.282737 4.6 1.0 721 1001 -0.98
22 264.0  0.003500  0.000123  0.282955  0.000045 0.282955 123 1.6 411 508 -1.00
23 263.5  0.022521 0.000733  0.282973  0.000037  0.282969 128 1.3 393 475 -0.98
24 256.5 0.087344  0.003204  0.282884  0.000037  0.282868 9.0 13 555 709 -0.90
25 266.0 0.017582  0.000572  0.282831  0.000038 0.282828 78 13 591 796 -0.98
30 2642 0.025116  0.000860  0.283052  0.000030  0.283048 156 1.0 282 295 -0.97
32 263.8  0.024362  0.000807  0.282988  0.000038 0.282984 133 13 372 441 -0.98
33 263.4 0.011070  0.000404  0.283081  0.000029  0.283079 16.7 1.0 238 224 -0.99
34 265.8  0.013077  0.000434  0.283099  0.000036  0.283097 173 1.3 213 182 -0.99
35 263.5 0.090236  0.003528  0.283093  0.000042  0.283076 16.5 1.5 241 232 -0.89
36 262.4  0.007703 0.000288  0.283139  0.000048 0.283138 18.7 1.7 156 90 -0.99
37 265.8  0.010669  0.000502  0.283154 0.000054  0.283152 193 1.9 135 56 -0.98
38 2663 0.011740  0.000412  0.283077 0.000032  0.283075 16.6 1.1 244 232 -0.99
39 262.1  0.058525 0.002280  0.283017 0.000036  0.283006 140 1.3 345 393 -0.93
40 264.9  0.017561 0.000591  0.283093  0.000032  0.283090 17.1 1.1 222 197 -0.98
41 265.0  0.029371 0.000986  0.283130  0.000040  0.283125 183 14 172 117 -0.97
42 264.0 0.019389  0.000610  0.282933  0.000045 0.282930 114 1.6 448 565 -0.98

TE: gu(f) = 10000 x {[(HEHE)s ~ ("Lu/7HD)s x (€* ~ DY[("HE " Hf)nor.o = (“Lu/7HE) cuex(@ ~ 1)] — 115 Tow = 1/A

x In{1+[("Hf/'""H)s - ("Hf/""HS) om]/ [("Lu/"Hf)s = ("Lu/""Hf)ou]} 5 Tom =
(|7eLu/177Hf)S /(‘76Lu/'77Hf) CHUR —
(|76Hf/177HDCHUR. 0=

Tom — (TDM - t) X [(ﬂc - f)/(fcc - fl‘]M)];_ﬁu/H( =

1; Hodr: A=1.867 x 107"/a; (Lu/""Hf)s F(HEHE)s AL 5 T AE 5 ("Lu/"Hf)awe= 0.0332,
0.282772; ("Lu/""HN)on=0.0384, ("Hf/"H) om = 0.28325; ("Lu/"HI) w 15.:=0.015; fic = [("Lu/""HI) 3 2/
(mLU/me) CHUR] -1 ;fS :fl.u'Hf;an = [(‘76LU/I77Hf)nrvi /(‘76LU/I77Hf) CHUR] -1t ﬂg%ﬁ%%i}:ﬂ@o

6

Fig.8 Hf isotopic compositions of zircons from Xiwanggou olivine gabbro
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Zr/Hf=33, 4} Taylor and McLennan, 1985) , K T
H % R (Nb/Ta=17.7, Zi/HE=36.1, #i& Sun and
McDonough, 1989) , [z A #4732 3] b 5 [m] £k
TRUL I RE IR . 5% Ce/Pb U MH < 1S, 17 B 78 Hb g
Ce/Pb=25+5(Hofmann et al., 1986) ., & S A f0A% i
KA Ce/Pb UM 0.73 ~ 1.15, BH Won £ R 37 5|
[ ACTR G4 H s No/U LU AT VR A H 5 e TR L i bm
LA LR FE R LS Nb/U e E o 47+
10, 1717 A ity 1 56 R i e b Nb/U ~F-341{E 53531y 8.93
#133.59 (Taylor and McLennan, 1985) , 7 B2 VA i #0
W 5 Nb/U HLAELTE 4.46~5.80 , 3G 15 J5 4 Ml i F- 1)
{8, 2208 Kt e, Jeies 387 ot # b Bt oe
YIBLHIA

i B {8 BIORE I e R i Th/Yb U AE R 1.25~
1.80, 7€ Th/Yb—Nb/Yb &l fift v £ £ ¥ B & fiw 29
MORB-OIB Vi fb. 2k (5] 9a) , W 7R HIE Jl W b 32 ]
It 1 2H 43 14 52 W (Pearce and Peate, 1995) . 7E Nb/
Zr—Th/Zr @ B s T BRI v ag AR ) i 3
(E19b) o VA LARERT A AT /K A2k A b s Y5
X (Woodhead et al., 2001) , 335 1 el b g 3= 2 )
LI AR b B BOm AR S AU . 25 ik, Ay
EEY RV R X SR Bk =7 i e, T RE AT
RSB A B S A o A FRE T T o
YIRS
6.2 HEAHMERKESEEHRREBIERX

A BN R SR EERE FREATR
(Rb.Th,U.K) I Pb, Hi %t 75 i = 3738 70 % (Nb . P
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Ti), /R T EIICASE BIRHE . AR TiO, & 8
BAR, T 0.29%~0.39% , A X 22301 5 9N 20 1R
(0.98%) , IR AL T B LA (1.5%) IS X
B (KT 2.0%) (Pearce, 1982) ; BE 5 == L &
Nb/La=0.31~0.39 ( <1) , La/Ta=17.00~19.92 ( >15) ,
Th/Yb=1.25~1.80(>0.1) , Th/Nb=0.66~0.77(>0.07) ,
P2 R T B9 R (Condie, 1989) .
R it — RO A 1 A 2R
ARG S IC R VR R TR PR H ] . 7E Nbx
2-Zr/4=Y i (] 10a) H A A R B KO Z
A HRFE ; 7E Zr/117—-Th—Nb/16 J 5 & (K 10b) H,
i BT TE TR A B i 25 2 oA DX, G s MRS
K I IREE R B S 5ICAE 2 A
RECE I & T B 500 b — R A OC 1) A
g sh, BT AT TR SE TAE, SR, X TR e
e 0y R B 0 O o A RS 4 ) B PR G A AR
Wo AE NIRRT T S I aa 0 o,
W& T =&t i =St —rh =S R i op
1 LB B2 (260~238 Ma) , H = & [H B 3 —n — Stk
LA [] Rl [ B (237~230 Ma) (BRIE 45, 1998
W45, 20055 B E F 5, 2007 5 R SE, 2012;
o4, 2012; Zhang et al., 2012; Xiong et al., 2012,
2013; BRIEER , 2014 B BIHESE, 2015) . A 2=# A
A RN RS 4 1 A R] T BB T 260 Ma, 4
FEFZAF (2013) AR i FE4R T 268 Ma 2 fi i L 42
AT BE s Liu et al. (2014) 3845 /Nl 86 4% i
BRBEAA N A Ar—Ar 458 4 (277.76+2.72)Ma, TA R B
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Fig.9 Discrimination diagram of the source characteristics for Xiwanggou olivine gabbro (a, after Pearce, 2008; b, after Woodhead
etal., 2001)
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Fig.10 Tectonic discrimination diagrams for Xiwanggou olivine gabbro (a, after Meschede, 1986; b, after Wood et al., 1979)

JO FD R R P A T A o 4 A G B RSB T 278
Ma; fifi 5 Hofth— 223 AR AR 1 R
WG T & A (BEE I, 2014; Xiong et
al., 2014; Li et al., 2015; Peng et al., 2016; Chen et
al., 2017; BRIR2~55,2019) . — ARy, g — St
LA SR PR Ay HE RRURRAE (14 AN B A T 2 BrT 2 245
KA A bR, 25 B B2 30 00 A 5 e R 422300
M =& i, i =S 2 S5 AR RS it AR 5 R By
B£(230~185 Ma) (BEE 1 ,2014) .

et AR — P AR R AR R G e —
NEENE,EFR ARG -S4 — &4 gE
R B BN FA, Rt R A ik
AT PR T e, BE RIS A5 (2011a) 345 1
H R A DN 2 BB A U—Pb 4R 8 R (248.9+4.2)
Ma, A RSt = 3 T BT J& 320 U0 by e B 00 o 0 o o B
FHRAG S Y . BRI A (2011b) 5 bbb 45
(2015) 4353 %F F4 H I K vkt kB8 B ot 5 1% A ot
17 7 HFSE, BRAFAE I8 53 51 (251+2)Ma 5 (249+1)
Ma, AR R PR IS i RAE R I AR A 3
RASAR B A S 1 7= . BERSE (2015) RAF /AR
Ly H IR K A 10 85 A7 U—Pb 4E % 4 (227.8+0.9)
Ma, A BT & T 15 MR IR . fL& &5
(2017a) X T 7 BRI VU AL 9 0 2 0 4 25 3047 T B
5%, RS H A5 FHAR IS M (262.542.5)Ma, TA RS2 il 4
TR R op A 7= o ik R 45 (2017) ARSI &5
(2018) 43 3f A5 BT o7 JELAHE < 73 KL 32 A0 4 11 TN

KA U-Pb4EHR H(241.1+1.2)Ma 5(242+2)Ma,
BIRER TARR Gt i id 5% . Xiong et al.
(2012) 45 0 et b DX B A VAR 4K 1) DA A K H MMEE
45 A AR O (263+2)Ma, TA N HAE i TR b 3845
MW EATLE L, KRG -S4 — =S85 A0
Bl ERTE BT i R P v IR o B B, DA T
Ji Rl A R B Bt o

AR SCARAT A R VA WOV K 25 B AT 387 4 iy
41(264.9+1.2)Ma, & BA AR TE BB h —E it
[ S 225 75 11T SO A R SR 3 SR B 0BT, ZE Ak
o VA VRO MK 5 S BT i 1 Ry A 0 O e Ay
By, v 2 /e h &t 265 Ma T RHEITE
SR IR AC IR, 3 7R B A ot R b B 4 1 v A b
BET B ARSI P ENIE T RE s L
W Z A BN L — =80 A R,

7 4 ik

(1) 5 A Mk A2 R R 2R WY, A BE OB MO
B AR R mEE BB AL, R R R
A4 o #i41 & % LILE(Rb, Th, U .K) Fl Pb, A%}
T HFSE(Nb P\ Ti) , /s 876 - & L AR fE , B
59 Eu i 5%

(2) ML ML M K A 85 A4 THETHE L H R
0.282709~0.283152, X} . 1 eud$)=3.7~19.3 . BF5EIN
SR F Ry A, v e R A A
A HELH A3 I IF2E D) T Hhre P B iR 44
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(3) ARG Ay BRI M HE K 5 LA—-1ICP—MS
B U-Pb 4EHS 4(264.9+£1.2)Ma, 18 T rh — & it
AR B X B R Ak, TA Sk S BT e i e
IRt ol B Be B =, U R e v S
c At m

Bt S e PR T HERAAERATE
THFORE O TR R R, %A U-Pb i
Ao HE B AL & 3K R B 38 4L A5 2] B AR R AR
RApy 5R7 EEEnESF# TRF HFHTE
T By, X BB R LR FRERRBE T E%
BRI, A e — R R RS 1 R
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