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Fig. 1 Geological map of Urad Middle Banner area in Inner Mongolia (after Luo Hongling et al. , 2007)
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1—Quaternary and Tertiary; 2—Cretaceous Bainvyangpan and Guyang Formations; 3— Jurassic Shiguai Group; 4—Permian Dahongshan

Formation; 5—Jianshan Formation in Mesoproterozoic Baiyunebo Group; 6—Mesoarchean Wulasanyan Group; 7—Cenozoic Hannuoba

basalt; 8—Indosinian granite; 9—Hercynian granite; 10—gabbro; 11—Hercynian Diorite; 12—Proterozoic diorite; 13—sample location

(this work) ; 14—samples of having been dated; 15— placename
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Fig. 2 Geological sketch map of Kebu ore distrrict in Urad Middle Banner, Inner Mongolia
(after Su Maorong ct al. @, 2014)
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1—Quaternary alluvium; 2—slate and sandstone of Jianshan formation in Baiyunebo group; 3—gabbro;

4—peridotite; 5—granodiorite; 6—diorite; 7—ore drilled hole; 8—no-mine drilled hole
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Fig. 3 Microphotographs of Kebu plagio-harzburgite in Urad Middle Banner, Inner Mongolia
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(a)—Crossed polarization; (b)—single polarization; Cpx——clinopyroxene; Plg—plagioclase; Ol—olivine
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Fig. 4 CL images and U-Pb isotopic ages of zircons for the Kebu plagio-harzburgite (D61 TW1)

in Urad Middle Banner, Inner Mongolia
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Table 1 Results of LA-ICP-MS zircon U-Pb isotope analysis for the Kebu plagio-harzburgite in
Urad Middle Banner, Inner Mongolia (D61TW1)
(X105 [iil iz 3 LU AR [7) {3z 3 4F- % (Ma)
eSS Th/U| *Pb/ 207ph/ 207Ph/ 206 pPh/ 207Ph/ 207ph/

Pb U ZBSU 16 233U Z(J(vl_)b 10— 238U 10 ZSSU 10' Z()GPb 10—
D61TWI. 1 6 143 | 0.15 | 0.0403 | 0.0005 | 0.2841 | 0.0239 | 0.0511 | 0.0043 255 3 254 21 246 194
D61TWI. 2 9 180 1.17 | 0.0416 | 0.0005 | 0.2968 | 0.0178 | 0.0518 | 0.0031 263 3 264 16 275 136
D61TWI1. 3 6 119 1.03 | 0.0416 | 0.0005 | 0.2985 | 0.0344 | 0.0521 | 0.0060 263 3 265 31 289 263
D61TWI. 4 27 424 2.55 | 0.0408 | 0.0004 | 0.2953 | 0.0089 | 0.0525 | 0.0015 258 3 263 8 307 66
D61TWI. 5 32 498 | 2.80 | 0.0408 | 0.0004 | 0.2954 | 0.0079 | 0.0525 | 0.0014 258 3 263 7 309 59
D61TWI. 6 11 226 1.30 | 0.0405 | 0.0004 | 0.2848 | 0.0158 | 0.0511 | 0.0028 256 3 254 14 243 124
D61TW1.7 19 371 1.67 | 0.0402 | 0.0004 | 0.2849 | 0.0101 | 0.0514 | 0.0018 254 3 255 9 257 80
D61TWI. 8 13 299 | 0.61 | 0.0405 | 0.0004 | 0.2915 | 0.0107 | 0.0522 | 0.0019 256 3 260 10 295 81
D61TWIL. 9 9 208 | 0.77 | 0.0418 | 0.0005 | 0.2995 | 0.0175 | 0.0519 | 0.0030 264 3 266 16 282 131
D61TWI. 10 8 140 2.05 | 0.0482 | 0.0005 | 0.3471 | 0.0175 | 0.0523 | 0.0026 303 3 303 15 298 112
D61TWI. 11| 16 283 | 0.78 | 0.0515 | 0.0005 | 0.3776 | 0.0128 | 0.0532 | 0.0018 324 3 325 11 338 75
D61TWI1.12] 28 616 | 0.89 | 0.0410 | 0.0004 | 0.2919 | 0.0070 | 0.0516 | 0.0012 259 3 260 6 267 53
D61TWI. 13| 49 1162 | 0.40 | 0.0426 | 0.0004 | 0.3044 | 0.0053 | 0.0518 | 0.0008 269 3 270 5 276 37
D61TWI1. 14 9 186 1.46 | 0.0419 | 0.0005 | 0.2972 | 0.0177 | 0.0514 | 0.0030 265 3 264 16 260 134
D61TWI. 15| 15 321 | 0.95 | 0.0409 | 0.0004 | 0.2969 | 0.0112 | 0.0526 | 0.0019 259 3 264 10 312 84
D61TWI. 17 4 117 0.32 | 0.0412 | 0.0005 | 0.2969 | 0.0210 | 0.0523 | 0.0037 260 3 264 19 298 160
D61TWI. 18 14 309 0.77 | 0.0403 | 0.0004 | 0.2858 | 0.0116 | 0.0515 | 0.0020 255 3 255 10 262 91
D61TWI1.19| 15 308 1.12 | 0.0408 | 0.0004 | 0.2904 | 0.0115 | 0.0516 | 0.0020 258 3 259 10 269 89
D61TWI. 20 5 133 | 0.06 | 0.0397 | 0.0005 | 0.2830 | 0.0243 | 0.0517 | 0.0045 251 3 253 22 274 198
D61TWI. 21| 15 287 1.52 | 0.0401 | 0.0004 | 0.2928 | 0.0119 | 0.0529 | 0.0021 254 3 261 11 326 92
D61TWI. 22| 19 375 1.23 | 0.0405 | 0.0004 | 0.2910 | 0.0099 | 0.0521 | 0.0017 256 3 259 9 288 76
D61TWI. 23 3 73 0.98 | 0.0402 | 0.0006 | 0.2863 | 0.0519 | 0.0516 | 0.0098 254 4 256 46 270 435
D61TWI1. 24 5 102 1.04 | 0.0411 | 0.0005 | 0.2931 | 0.0330 | 0.0518 | 0.0061 259 3 261 29 275 269
D61TWI. 25 7 153 1.16 | 0.0402 | 0.0004 | 0.2913 | 0.0224 | 0.0525 | 0.0041 254 3 260 20 307 179
D61TWI. 26| 12 242 1.64 | 0.0409 | 0.0004 | 0.2912 | 0.0136 | 0.0517 | 0.0024 258 3 259 12 270 106
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Fig. 5 Zircon U-Pb concordia diagram for the Kebu plagio-harzburgite (D61TW1) in Urad Middle Banner, Inner Mongolia
F2 HMMABTRSHEE%)
Table 2 Compositions (%) of Olivine
a0 RS B RIS (D61 TW 1) RHC 7 HEMIONE i (SZK1b2)
H5 12 3 4 5 6 8 9 1 2 3 4
Si0O, 37.53 37. 80 40. 92 37. 46 38. 10 35.53 41.58 35.43 36. 08 34.59 35.25
MgO 41. 65 41. 49 37. 40 45.56 41. 65 41. 42 38.43 32.72 32.93 28.53 31. 82
FeO 20. 83 21.53 20. 66 17. 81 20.93 21. 66 19. 74 31. 15 30. 24 35. 94 31. 86
MnO 0. 24 0. 32 0. 30 0. 26 0. 30 0.23 0. 26 0. 39 0. 40 0.61 0.42
CaO 0.01 0.03 0.02 0. 05 0.02 0.03 0.03 0.01 0.03 0.02 0.02
TiO, 0.08 0. 00 0. 04 0.03 0. 00 0.01 0.02 0.03 0.02 0. 00 0.01
NiO 0.01 0.1 0.12 0.08 0.11 0.11 0.12 0.05 0. 00 0. 04 0. 00
CoO 0. 00 0. 00 0.03 0. 00 0. 00 0. 00 0. 04 0. 00 0. 00 0. 00 0. 00
Cry O3 0. 00 0. 00 0. 00 0. 00 0.03 0. 00 0. 00 0.01 0.22 0. 00 0. 04
Na; O 0. 04 0. 38 0. 00 0. 00 0. 06 0. 04 0.01 0. 06 0. 07 0.18 0.07
Al; Oy 0. 00 0. 00 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.03
JES s 100. 39 101. 71 99.51 101. 25 101. 18 99. 05 100. 21 99. 86 100. 03 99. 94 99. 55
DL 4 A0 B e TS PR R 5
Si 0.969 0.970 1. 054 0.948 0.9746 0. 940 1. 057 1. 029 1. 000 0.909 0.904
Ti 0.002 0. 000 0.001 0.001 0. 000 0. 000 0. 000 0.001 0. 000 0. 000 0. 000
Al 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 001
Cr 0. 000 0. 000 0. 000 0. 000 0. 001 0. 000 0. 000 0. 000 0.005 0. 000 0. 001
Fe 0. 450 0462 0. 445 0. 3768 0. 4486 0.479 0.4199 0.672 0.674 0. 897 0.783
Mn 0. 005 0.007 0. 007 0. 006 0. 007 0. 005 0. 006 0. 009 0. 009 0.015 0.010
Mg 1. 603 1. 588 1. 436 1.7182 1.592 1.6329 1. 457 1. 259 1. 309 1. 269 1. 394
Ni 0. 000 0.002 0.002 0.002 0.002 0.002 0.002 0. 001 0. 000 0. 001 0. 000
Ca 0. 000 0.001 0.001 0.001 0.001 0.001 0.001 0. 000 0.001 0.001 0.001
Total 3.03 3.03 2.95 3.05 3.03 3.06 2.94 2.97 3. 00 3.09 3.09
Fo 77.89 77.19 76.08 81. 80 77.77 77.12 77.40 64. 89 65.70 58.18 63.73

W A - b T 7 B 9% 97 S 58 U % . Fo=100 X Mg/ (Fe+ Mg+ Mn) ,
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R3 BERATHRHHEE(%)
Table 3 Compositions (%) of pyroxene
AR BHE 7 HERIE 5 (D61 TW 1) RHE T MR 45 (SZK1b2)
J==2 11 20 21 22 23 8 10 19 5 6 7
Na, O 2.47 2.35 2. 38 2.43 2. 46 0. 04 0. 06 0. 10 0. 06 0. 10 0.05
MgO 14. 37 13.98 14. 76 15. 39 15. 63 27.52 27.63 29. 65 26. 32 27.76 27.21
Al; O 10. 96 11. 66 12. 56 10. 23 10. 48 1.51 1. 09 1. 35 0.01 0.02 0. 00
SiO; 46. 37 44.52 44. 54 46. 2 46. 15 57.85 58 54.11 37.18 37.78 37. 86
K20 1. 21 1. 09 1.09 1. 07 1. 11 0.02 0.03 0.02 0.02 0.02 0. 04
CaO 11. 35 12.04 11.48 11. 81 11. 88 1. 16 0. 83 1. 16 0. 00 0. 06 0. 00
TiO, 4. 88 5.31 4. 45 4.02 4. 31 0. 35 0.21 0.3 0. 04 0. 05 0. 00
MnO 0.12 0. 00 0. 00 0. 00 0. 00 0. 26 0. 37 0.28 0.6 0.56 0. 00
FeOT 7.52 8. 14 8. 06 7.76 7.5 12. 26 12.58 13.3 35. 26 35. 37 34. 69
CoO 0. 00 0. 00 0. 00 0. 04 0. 04 0. 05 0. 00 0. 00 0. 04 0.12 0. 10
NiO 0. 00 0. 06 0.08 0.02 0 0.03 0.08 0. 00 0.12 0.07 0.12
oS 99. 25 99. 19 99. 45 98. 99 99. 57 101. 05 100. 87 100. 31 99. 65 101. 91 100. 05
LL6 A S RF A 4 A FH B Ol i
Na 0.18 0.17 0.17 0.17 0.18 0. 00 0. 00 0.01 0.01 0.01 0. 00
Mg 0.79 0.78 0. 81 0. 85 0. 86 1. 43 1. 44 1. 58 1. 64 1. 69 1. 67
Al(IV) 0.29 0. 34 0. 35 0.29 0. 30 0. 00 0. 00 0.01 0.01 0. 00 0. 00
AlL(VD 0.19 0.17 0. 20 0. 16 0. 16 0. 06 0. 05 0. 00 0. 00 0. 00 0. 00
Si 1.71 1. 66 1. 65 1.72 1.70 2.02 2.03 1.93 1. 56 1.54 1. 56
K 0. 06 0. 05 0. 05 0.05 0. 05 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Ca 0.45 0. 48 0. 46 0.47 0. 47 0.043 0.03 0. 04 0. 00 0. 00 0. 00
Ti 0. 14 0. 15 0.12 0.11 0.12 0.01 0.01 0.01 0. 00 0. 00 0. 00
Mn 0. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.01 0. 00 0.02 0.02 0. 00
Fed ! 0. 10 0. 14 0.19 0.18 0.19 0. 00 0. 00 0. 10 1. 21 1. 25 1.19
Fe?t 0. 14 0.11 0. 06 0.05 0. 04 0. 36 0. 37 0. 29 0. 00 0. 00 0. 00
Co 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Ni 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
En 53.79 51.50 53.75 54. 64 55.21 77.88 78.08 78.27 57.46 57.45 58.45
Wo 30. 54 31. 88 30. 05 30. 14 30. 16 2.36 1. 69 2.20 0. 00 0.09 0. 00
Fs 15. 88 16. 62 16. 21 15.22 14. 63 20. 10 20.71 19. 86 42.96 42. 83 41.55
il WA | A | RO | Sl A | RO | REOEA | RHEOES | RPOEA | RHEOES | BIEOEA | RHEOEA

DA A KA B BF 58 B S 3 X L e Hh En=

Mn) ;Fs=100X (Fe?t +Fe*" +Mn) /(Fe?" +Fe** +Mg+Ca+Mn) .,

T B AR B A R T T RO A R Z ). L En {H
3 51.50~55. 21, Fs {i &y 14. 63~16. 62, Wo {H N
30.05~31. 88, J8 T4 . R AT HITER
SRS KAL O & 5 (10. 23% ~12.56 %) 4%
E . Kushiro (1960) #il Thompson (1974) fiff 5% 3
W, pbiEA AL & & 5 RET KD RER
Y, TR PUE KA = R ZM N4 AL G iE A
ROEAT T8 s 58 8 A s 7E AR R 25 1 1 45 fh i, Al
o TR Stk AR A B R BT . AR XA R
R A AL O & B L B s Hgs R ek,
45 b TR B BIR
)BT A
D61ITWI # & b &t 5 1 A ) FeO & it hy
12.26%~13.30%,ALO, &M 1.09% ~1.51%,
CaO &M 0.83% ~1.16%,MgO & H 27.52%

100 X Mg/ (Fe?t +Fe?t +Mg+ Ca+ Mn) ; Wo=100 X Ca/(Fe?" +Fe?" + Mg+ Ca+

~29.65%, H En {H N 77.88 ~78.27, Fs {H N
19. 86~20.71, Wo {H N 1. 69 ~2. 36, )& T &} & ¥
£13SZK1b2 ¥ tp 81 5 ¥4 FeO &1 34.69%
~35.37% . AL O; &K 0.00% ~0.02%.,CaO &
BN 0.00% ~0.06%, MgO &4 H 26.32% ~
27.76% H En {H & 57.45~58.45,Fs {H & 41. 55
~42. 96, Wo {fi Jy 0. 00~0. 09, )& TR A,
3.2.3 fikA

SRR T RN A R R A AL O 3

29.49% ~ 31.95%, CaO & & N 13.62% ~
14.91%,Na, O &8 K 2.92% ~3.55%, I An=
67.83~73.66, Ab=27.13 ~ 31.88, Or = 0. 24 ~

L 798 TR A AR, FBHS A BA M RHR
AL Oy ,CaO M Na, O FFAE W] 8 A R F & 5
i Sl R 1 3 & P 85 K A1 2 A (Burns,
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1 R A 2 NS A S|=1% 9
Na, O P i 452 (D1 TW1) g T Y 5 os G
? 3.00 | 3.5 13 15 s |&|0 © e 3 g 2 3 ¢
MgO 55 |3 17 = ARSI Ko —
0.02 .12 2.9 24 5 S s 3S S| ? o o~
Al O 0.01 | © .92 | 3.38 g|lzlx = 2 B8 S8
20; | 30.94 | 29 .00 | 0.02 3.03 ER IR NS o o
SiO, - 9.49 | 30. 0.01 - RS S8 5 8
52 83 0.0 S Lo M
KO 2.4 | 53.88 |5 80.66 | 31.15 - £ 2|5 b o5 3 EI I
) 0.07 0.29 | 51.6 <151 31.95 £ ] = © 2 -
CaO 0.05 .61 | 53.03 = s <o <Pl S o =
, 1450 | 1306 0.31 | 0.04 : 51.92 & |& S R
H . : - %) . o~ c <
Ml()2 0.04 | 0 017 14.62 | 14.91 10' S L E SR i ===
nO 0. 00 ’ 0.00 | 0.06 3.62 | 14.41 3 S |5 2 g S22 s
FeO 0.01 | 0.04 : 0.06 A N8 Blz|® 2 8 2
C 0.03 | 0.00 0400110 0. 08 w E|< © oo = D
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i0 0. 01 0.0l | o.c 07 | 0.00 W = lelS =3 o 8 8 “
okt 0. 06 00| 0.0 N S 2 %
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LS A SR T 74| 99.24 0.02 | 0.0 ‘AR o = S 5 S &
S N e 100. 24 | 101. 46 - 00 % ] - S A O P R S <
) 0.368 : 101. 47 B 3T |um = S = = 2|8 S 8 &
A 0.312 = |- T I o =
I |o0.25 |0 0.249 | 0.222 Rl SoS SY o of o
Ti . 202 0 = 0.202 RO - 5 aal S 303 ~
‘ 0. 000 0. 000 . 180 0.156 0 0.177 ( = 5 (;r- . i > L onoe =
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Na . . 0 o < 3 . N
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. .05 N % R
‘ 0.004 | 0.0 0.030 | 0.024 56 | 0.025 w S SERSER = o =
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c -000 | 0.000 0.002 | 0 020 R S e P 5 o
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. 88 : 0. | S . > o
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1E Si0,-Na, O+ K, O B F (E 6), 5 kb &
B AE AR R B X5 #E Si0,-FeO' /MgO K I, #
i BN XA R, Ha m/l ER
2.92~3.54, J& T4k BUEE Bk T — # BE AR s (W
Liren, 1963),
3.3.2 HERTE

AW LM (SREE)  32. 01X 10 °~56. 02
X 107°, Lay/Yby {4 5. 35~9. 64, LREE/HREE
fH R 5. 73~8.59, HERRL B A A5 o £k e 43 il £k 3%
A0 R CER R R B A R
B o WA AR (& 7). SEuflh 1.00~1.59,
FH N Eu IERH (HHEd D61b2 & A KGRI N
Eu 1 5% JF B A Ce £ 5%, A] AE Hh ik 22 £ AT 51
. MEITTRENE R R, A0 EERANEEK
BT ¥ A% (LILE)Rb,Ba,Sr. K, 7 #i & 3% W 5t

Z (HFSE)Nb, Ta,Zr Hf, Ti, Ti f 5% ]G5
PR A AL A A .S B IE W R u TRk A
HefBVEH . Nb. Ta /)7 45 0] GBI 7R & A K bifi Hh 52
Py J5T ) TS T U DX A A AR o ) S A

4 g
4.1 FERHBHK

AR LA-ICP-MS #5417 U-Pb 432 , 4813
ST AHS T MO 5 4E 1 258 = 2Ma(MSWD =
2.3) AT va A IR B Bk T — R B R T AR Y 4
A AR B T S AR S s A A R DU
LK & (LA-ICP-MS £ 4 U-Pb 4E#% 272. 7+
2. 9Ma) (¥ 18 M K IN K A (LA-ICP-MS 4% 41 U-

Pb & % 262.4 & 1.1Ma) (Dang Zhicai, 2015,
2016) . v A LA PY I 5 M K 5 (SHRIMP #5471 U-Pb

12 4
@ H Kk
10 Plagio-peridotite
I @ K
3F Plagio-harzburgite
< 8r
S o
(@] on
N =
+ 6 > 2k
S B Vil o
Z Alkaline i o
4l n Subalkaline 1B 2 Bl R R 5
1k Tholetiitic series Calc-alkaline series
T e
0 1 1 1 1 1 1 0 1 1 1
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Fig. 6 The petrochemical series classification diagram
100 ——D61b2 ——D61b3
——D6ITWI1 ——SZK1b2
@ g
B10¢ 10
2% 3
e =
o2 o=
b w1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu R‘b Bla ThU Nlb Tla I\ L‘a Cle Plb I;r Slr NdP Z‘r HIfS;n ]:i Dly Y HloTlelbLlu

Bl 7 st ICRERBLB A AR AL (BRUEMEHE Taylor et al. , 1985) Flf & JC K J5 4R b 18 ¥ v 1k
hRUEMEHE Sun et al. , 1989) it 43 & fi#t

Fig. 7 Chondrite-normalized REE patterns (chondrite after Taylor et al. , 1985) and primitive mantle-normalized

trace elements spider diagram (primitive mantle after Sun et al. , 1989) of Kebu intrusions
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AEHA 269+ 8Ma) (Zhao Lei et al. , 2011) =%
i X ¥ K 4 (SHRIMP %5 /1 U-Pb 4E % 259Ma)
(Zhang Zongqing et al. , 2004) Z& 5K 4 18 11 iR 22
JEE N —E. BeAh, DU R XK A6 B N KA
(265Ma) VY J5 35 F 18 4L 1< 4 (266 Ma) il 5 7§
THEAC A 5T B 3B R A L L BTA a0 AR RV B AR KA
(260~258Ma) 45 H 2 Pk 5 1R A 15 1 Bk 4k o — i B
Bk T B AR 3 R — 2 (Liu Changfeng. 20113
Zhang Yongmei et al. , 2009; Meng Qingpeng et
al. , 2013; Luo Hongling et al. , 2010), i H [f] —
P A 3 AR 7= . S P9 5 R e X oy
A AREE A T — B R S T S AR B e
H i (272Ma~ 258Ma) , i% i 5 K 16 30 5 ™ /5 H
wYIH X,
4.2 BEERRS

WO 15 5 B K MgO/FeO' A (NI Y
R VS EE N T X (B IR e W 3
Mg Fe JC 2 fEMU AT — 16 K Z 09 20 Iid R 20 K =
X(FeO/MgO) /X (FeO/MgO)™" = (0.3-40.03),
K 32 BE R 7 B 343 5% AR /I S w R Sk o 5K
(Roeder et al. ,1970; Li Chusi et al. , 2004), 1 FH
ABORE A7 — 8 R SF- 17 D M) A BB R ). LA
FRTPIE A MO & i e i) Fo=281. 80, #fE 5 5
H AL IR MgO/FeO' H 2 0. 83(#& it i A 47 L
P14 FeOT Jgp 224k KO =0, 33), i TR 4HE
i i) MgO/FeO'fH K T 0. 83, R & 2 A1 Y L4334
AN BEAR R ILAF I 1A B o - N i 6 o 3K s 1 B
Herb WA S TR OSSR R N R IR
Al o3 Sk AR v R BT RIS ) 245 & 5 HE SR PE R Y
5, Mg H RSN EA SR MERIREZ —, U
Mg* =0. 63~0. 73 483 Ji A= 4 I R F B A= 5 9K
(9 Mg® 3 il (Green, 1975) , 5 fi #HK 7 W W il 4
R A B9 Mg™ A F 77~83 Z [l g /m Hi
AR A

R 4l 5 S A P, Ve B Fo=81. 80 MMM 17
fli B s A A R B E I A3 L 18] 8 CD il 4k /)%
i Fo B i fH R B 1Y J5 46 5 9K 19 MgO/FeO FLfH .
A SR Fo (B R BIONE A1 B0 5 . B 0k i A it
BEER I IT I E S B . MO A 5 R R S AR
P Ui s BT T I IR &4 . AB.CD
PR 2% 26 1 58 A R0 B MgO fil FeO 19 A%
53 HH G AR AR BE S H 4y MgO = 10. 120 il FeO=
12. 1% o0 R BE X R A 3K . so A BR A — e B
R R 60 Y0 K A AT 40 Y0 Y 3 R ARORE TR A

50
Fo=81.80
401 RO A7 1y
Fo=58. 18-81.80
swpmmnrsnmy o X HEN
s MgO=10. 1%
FeO=12.1%
= 20t &
y 2
10 C B
[+ [o]2[x]s
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MgO(%)

Kl 8 MgO-FeO 53 & fif
Fig. 8 Primitive magma plot by MgO-FeO
1—HME A s 2—RHC 7 MR & R 5
3— M Bk B T - 2 R oy
1—O0livine; 2—Plagio-harzburgite, Plagio-peridotite;

3—Average components of ultramafic rocks

TERI RIS R (K 8) . 53 4h, Si0,-FeO' /MgO X & K
fifk (1 6) 2 B 5 J HAT i B B % A J A 3 A
P, B, A A B S RN Dy i B B BE X
Fag 4
4.3 ELRE

N SiRY R BE R R e I D e IR
A IF BT b re My oA TR S VR TR JCRY v A BE Bk
Jor — R BR R T A5 AR N T A R T A R
S E St B HFE (Zhang Zhaochong et al. , 2009;
Arndt et al. , 1986; Barley, 1986; Cattell, 1987;
Skulski et al. , 1988, 1996; Barnes, 1989) , % /5 7L
i A Bl G 3T RE R A T — AR Y M e ) B TR
ER L X 5o i 5B A Nb Ta 5 U IE—. &
3 e 2 BOM [ 8H 3 o0 &K H A (Ce/Pb, Th/Yb,
Nb/Ta, Ta/Yb, K,O/P,0O;, Ti/Yb, Zr/Nb) ] f#
PIPAE G ARt ml ARG 56 W) A TR G4 A 0 75 A7 A I iR
YuFE & (Barker et al., 1997; Campbell et al.,
1993; Mecdonald et al., 2001; Xia Mingzhe et
al. . 2010) . BeA & A kS R . Ta/Yb-Th/Yb
Stk MG 8 4L 1 Ce/Pb-Th/Zr . La/Yb-Ta/Ta Fil
Ta/Yb-Zr/Yb AHAEH G ALK ] E A AL 7
FR R AR T — TR R Y TR AR TR B4R (& 9D

SOATBERR B — B B FUA AR A Th/ Ta H(HEL
& (Th/Ta = 3.60~15.44), B 5 & T J5 44 Hb 12
(Th/Ta=2.2)(Condie, 1982), &/~ Th AHXF & 4 ;
Ce/Pb A N 3. 8~16. 7, F-H{H K 7. 8, 4+ T Al
g (Ce/Pb Ky 25 £ 5) Fl #s 72 (Ce/Pb << 15)
(Hoffman, 1988) Z 8], ibi B & A 75wl 37 ik ¢ 52
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Fig. 9 Discrimination plots for contamination from selected trace elements
BT ERE MY BRG] Neal et al. KF .5 Ni,Co B IEM KRR, ULUIA — & &t i
(2002) fil Zhang Zhaochong et al. (2003) #f— 4 15 B HE SRAE . 5 AT IR IE B R A R 4

(La/Nb)py~(Th/Ta) ey CF br 278 J5 b5 Ho 12 b
10O TR % X 43 b T b5 4 ot TR e A (L 10D, B
TN AR SRR A 22 B T R HaE ) TR e AR
Mo Mok, & A B Th/Nb e E A F 0. 18 ~
0.86 Z[H],F¥h 0.37, 5 b JF H 5% A b
% Th/Ta {8 0. 89.0.76.0.24.0. IO, 5. F

M€ Lo (B4 I, W 6 S K A2 B b — T e ) o
R 2 E B (Yang Xueming et al. , 2000; Xia
Mingzhe et al. , 2010),
4.4 DBEHER

o3 B A A R B R — M Bk e R T A i
P EE A KK (Morse, 1980), Faflis A FE

i Harker E i B~ (B 11) ,MgO 5 SiO, 2 7146 %

rﬁﬁﬁ? A1 F 43 B 45 O A HE AR VR T — B KR
e s MgO 5 CaO, Al, O; & 5t 5 671 A 56 5C
UL TR SR SR A i 2 Bl R S A
Fean BAT Eu A1 Sr 2 W R IE — 2. 78 (Fe+Mg)/
Ti-Si/Ti H 5 E fi# 7 (Stanley et al. , 1989) . =3¢ 1Y
Or B A AR T B s R DT R iR . A
e AT BB o — B Bk U R A AR AL AT REZE T T
BEAT RO W AL SRV A M RS A 1Y B A
R
4.5 MELSRAERIBIIANZITE

SEAT AR T e S I (258Ma) , 5 X
Bl b R S R R K A AR B AR TR e AR —
B A0 5y LRy P OBEZL L s M K s (273Ma) (Luo
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Fig. 10 Diagram of (Th/Ta)pu versus (La/Nb)py
(after Zhang Zhangchong et al. , 2003)

Hongling et al. , 2009) . i ¥ &} K & (285 + 2Ma)
(Wang Qian, 2010) Fll #% K 7 (269 £ 8Ma) (Zhao
Lei et al. » 2011) . 3¢ £i [N K & (291. 0 & 4. 0Ma)
(Luo Hongling et al. , 2007) . PU - ¥ Jif 5 /R ¥ i
JhAE i & (271 ~ 256Ma) (Liu Changfeng et al. ,
2011) Ko B 2 My K 46 B4 & (277 £ 3Ma) (Luo
Hongling et al. , 2009) % & {&; Luo Hongling et
al. (2010) 38 345 T R4 e b & BF W L 3 P A
B BT RO 2R T IR A5 S R R AE 1 TN A A A
NI R R o B Ar /% Ar 4R 1% 73 51 260 + 3
Ma.258 + 1 Ma.260 + 3 Ma 1 258 + 2Ma., It
Hb s A — DU 1L S 2R SE — A3 R 25 20 I — AR i
XA R B AR & S A5 ik AR A (290 ~
260 Ma) (Wu Fuyuan et al. , 2002; Hong Dawei et
al. , 1994),

ST AT RAE — PR I — i i 2 AR I
N 299 ~ 290Ma (Jian Ping et al., 2008, 2010;
Miao Laicheng et al., 2008), il Xu Bei et al.
QOIDHWFFEIN I FE A I e 4t 5 J8 T Ligurian Y fif;
Gritg s HOM 3 gt A 5 4 L A OGN 5 TR SE AN
e, NAERE B T S A (R BRI s R AE —
Ly by DX R G PR B A B0 3k Ll s B A RLAE
E WA SRR B A TE TR 5S I rh A T (Li Ke et
al. , 2015; Luo Hongling et al., 2009, 2010;
Zhang Zuoheng et al. , 2008; Kovalenko et al. ,

2006, 2007; 2008;  Shi
Guanghai et al. , 2004) ; 55 #b , £ 5 5 55t AN REAR U
b fif R PN 52 7t e S DX b R F) R M S AR
T Bl b 5 HE 51 7 J A 0 8 R o — B R o
A KB AR T A5 3K T (Xiao Qinghul et
al., 2002). A, B I, 3 50 b X 1
T BT AN IV by 1 SR AL 3 0 Sl 30 O o =l 4D i
NG AR AR e PRI . ve A BRI — B R TS R
R AT B s 5 5 36 T PR B S TR R A
FEE—F(Zhang Qi et al. » 1995) . i B B A ] T 1%
IRE I B K Bl 2 g B HE & A P R K £ (Burns,
1985; Zhou 1994; Zhou
Changyong et al. , 2005), Z& LMk A, WA
A S I G A e 5 B ) 7 )

Chai Fengmei (2006) #R 4§ Heraberg et al.
(2002) 48 H B 2K MgO 5 & 5 25 3 RO L B2 Fn
JE 7 0 56 2R S 56 AR A5 BT 8 0 LLAR L A0 R S B o
— R S S R A WO Z IR B R ) . AR SR
FHRIAE B J7 35 - AR A4 v A BF 25 300 IR 2600 52 O
1320 C 32 1. 8GPa([#l 12) ., 4if b #i 1K7 » 50 A 4
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T Pt 0 LA A3 R <1 D0 AT RE R
AR LT R B B H I A B0 2 A BB O3 B
5 RSk 1) (Mckenzie et al. , 1988) . K, v/ g6
R — B BT IR AN T R o 0 I B e
FRI RO B o — 6 BRI A R 5 400 9 S0 el
TR G 15500 Y B A G A M g B2 ) Bt (Wilson,
1989; Elliott et al, 1997, Zhang Zhaochong et al. ,
2003; Xia Mingzhe et al. , 2010)., F&Af &4 FE o
TiO, % 4 (0. 3426 ~0. 47 %) 8AIL . ¥ 3 7 5 7 +
TLEMABE T HATLE(LILE), 5 i m i on &
(Nb,Ta,Ti fil Zr HD . 1575 55 5 B A #4313 3K
I PE T {2 5 (Zhang Zhaochong et al. , 2003) .,
SR i B B A R AR b Al R L A B s ARG Y
b B A R AR S 3 5 b Xof 9 B ) R DOAR
FH A H 0 95 D 72 Fry 1 FE T R iR i — AR a3 K
ot et 2 R R A S AR T VRORE £ I B TG
R A R A O U S R OR B T R B A
3 W) By fiF (Zhang Zhaochong et al. , 2003; Xia
Mingzhe et al. , 2010), F I, WA & KA 5 K

Yarmolyuk et al.,

Xinming et al.,
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BEML ] (Naldrett et al. , 1999; Naldrett, 1999,
2005;Su Shangguo et al. , 2004; Wang Kun et al. ,
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Abstract

Urad Middle Banner (Wulatezhongqi) in Inner Mongolia is tectonically located in the northwestern
margin of North China Craton, belonging to the LLangshan-Baiyan Obo epicontinental rifting. Regionally,
mafic-ultramafic intrusions are distributed discontinuously along central Inner Mongolia, forming a 400-
km-long, 30-km-wide magmatic belt. This belt hosts lots of Cu-Ni (PGE) deposits/ occurrences, with the
small-medium sized Kebu Cu-Ni deposit occurring in the Kebu massif. The Kebu massif, cropping out over
an area of 45km?”, consists of gabbro and olive facies. The gabbro facies is dominant litholgical facies for
massif, whereas the olive facies hosts the main orebodies. The two facies occur together and present a
transition relation. In this study, LA-ICP-MS U-Pb dating of zircons yielded an age of 258.1+1.8Ma
(MSWD=2. 3) for the Kebu plagio-harzburgite, suggesting a LLate Permain magmatic event. Geochemical
analysis results show that the mafic-ultramafic rocks from the Kebu massif belong to the tholetiitic series.
These rocks are relatively enriched in large ion lithophile elements (e. g. Rb, Sr, Ba,) and depleted in high
field strength elements (e.g. Nb, Ta, Zr, Hf, Ti), with right-inclined REE distribution pattern and
(La/Yb)y value of 2.47~11. 29. According to the Fo and Ni values of olivine which contains the highest
Fo, MgO and FeO contents of parent magma were estimated to 10. 1% and 12. 1% respectively, indicating
that the parent magma of the Kebu intrusion is a high-MgO tholetiitic basalt. The comprehensive analysis
shows that the Kebu mafic-ultramafic intrusion might form in the post-collisional tectonic setting, with
magmatic source consisting of asthenospheric material and mantle wedge material, both of which were
contaminated by previously subducted fluids. Crystallization fractionation of Fe- and Mg-rich minerals
(such as olivine and pyroxene) and contamination of Si-rich crust material might have played a key role in

S-saturation and subsequent sulfide segregation.

Key words: The Kebu mafic-ultramafic intrusion; Zircon U-Pb dating; Geochemistry; Cu-Ni

mineralization; Urad Middle Banner



