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Abstract Mafic magmatism occurring at Qianshan in the Hunchun area of eastern Jilin Province, NE China, comprises a wide
spectrum of rock types from olivine gabbro, norite to gabbroic diorite. Zircon U-Pb dating results on a gabbroic diorite indicate an Early
Permian emplacement age (273 +2Ma, n=12, MSWD =1.6). These rocks show typical geochemical characteristics to arc tholeiitic
basalt, e. g. , enrichments in LILEs (Ba and Sr) and LREEs but depletion in HFSEs (Nb, Ta, Zr and Hf) , with La/Nb range of 2. 8
~4.8 and Zr/Sm range of 8.0 ~22.5. They also have depleted Sr-Nd-Hf isotopic features, spanning an ¥’ Sr/**Sr ;) range of 0. 70295
~0.70375, an gy, (1) range of +4.5 ~ +6.4, and an &, (¢) range of +9.6 ~ + 14.6, suggesting their derivation from an
isotopically depleted mantle reservoir. Combined major, trace element and Sr-Nd-Hf isotope data suggest that the primary magma was
derived from a metasomatized mantle wedge, predominantly modified by fluid released from the subducted sediments. This magma then
experienced fractional crystallization of olivine and clinopyroxene to form the wide spectrum of rock types. Generation of Qianshan mafic
intrusions was genetically associated with subduction of the Paleo-Asian oceanic slab. Our new results indicate that the existence of the
Paleo-Asian Ocean lasted even to the end of Paleozoic in the eastern segment of the Central Asian Orogenic belt.
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al. , 2004) (AR O (o PR AR KRE, 19965 Li
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Fig.2 Microphotos of Qianshan mafic intrusion ( + )

(a)-norite (06HCH-60) ; (b) -olivine grabbro (06HCH-62). Ol-olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Pl-plagioclase; Ilm-ilmenite

Tectonic division of NE China (a) and a simplified geological map of Hunchun area, eastern Jilin Province, NE China (b)
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F 1 BrLEKINKE (06HCH-55) A U-Pb EFEER
Table 1  Zircon U-Pb dating results of 0SHCH-55 gabbroic diorite of Qianshan mafic intrusion
206Ph 206Pb
206 U Th 2327 207pp | 206p, 1o B8y 206py, U Th  22Th 27, 1y 206ph 1o 8y
85 r -6 -6) 23877 23577 00- 238 9 || RS -6 -6y 23877 235 9 23877 9 e
(%) (x107%) (x10-%) 28y 25y (%) 280 (%) iyl (%) (x107%) (x107°) 28y 25y (%) 280 (%) il
(Ma) (Ma)
1.1 — 376 317 0.87 0.377 4.8 0.04311 1.4 272+41/ 9.1 1.96 146 70 0.50 0.343 13 0.04340 1.8 274 %5
2.1 0.42 675 534 0.82 0.312 3.4 0.04249 1.2 268 +3(/10.1 3.69 110 67 0.63 0.300 22 0.04316 2.0 272 +6
3.1 0.56 702 387 0.57 0.290 4.4 0.04185 1.2 2643 |/ 11.1 0.32 194 127 0.67 0.367 7.6 0.04321 1.6 273 +4
4.1 — 624 472 0.78 0.328 2.4 0.04213 1.2 266=+3||12.1 1.24 154 117 0.79 1.276 5.2 0.1325 1.5 80211
5.1 0.04 646 593 0.95 0.337 2.7 0.04409 1.2 278 +3|[{13.1 0.61 225 119 0.55 0.311 9.2 0.04010 2.1 253 +5
6.1 0.22 258 159 0.64 0.339 4.8 0.04368 1.4 276 x4/ 14.1 — 499 373 0.77 0.348 2.6 0.04406 1.2 278 £3
7.1 0.02 998 924 0.96 0.317 2.6 0.04392 1.1 2773|151 0.00 456 405 0.92 0.327 2.8 0.04239 1.2 268 +3
8.1 1.58 185 70 0.39 0.313 18 0.04401 1.8 277 «5|/16.1 1.04 384 275 0.74 0.303 9.3 0.04164 1.4 263 +3
x2 BIUSSRENENEETE (W% ) MHETE (x107°) AKX
Table 2 Major oxide (wit% ) and trace element ( x 10 -6 ) compositions of Qianshan mafic intrusion
v OGHCH- O6HCH- OGHCH- O6HCH- OGHCH- O6HCH- O6HCH-| ., .. OGHCH- O6HCH- OGHCH- O6HCH- O6HCH- 06HCH- O06HCH-
FeihS 52 53 54 55 59 60 62 P 52 53 54 55 59 60 62
ﬁﬁ FERIN HERIN BERIN ERIN RN Sk A% %E RN HERIN RN RN BERIA S A
B K& KA K KA KA KA B KA KA KA KA K KA
Si0, 48.21 52.38 46. 64 48. 47 50.02 49. 47 40. 64 Ph 1.9 1.9 1.6 1.3 1.2 1.3 0.9
TiO, 1.61 1.41 0.97 1.01 1.30 1.57 2.22 Th 0.4 1.1 2.4 0.5 0.2 0.3 0.0
AlLOy 15. 48 15.07 14.90 14.22 15.97 16.70 14. 31 U 0.1 0.2 0.6 0.2 0.0 0.1 0.0
Fe,04 13.54 12. 00 11. 56 11.20 11. 20 12.55 19. 13 La 4.7 6.5 7.3 3.0 3.2 6.2 1.0
MnO 0.21 0.24 0.19 0.18 0.21 0.20 0.19 Ce 12.2 15.0 17.4 7.8 8.4 15.8 2.9
MgO 6.49 5.22 12. 67 8. 19 6. 88 5.36 7.77 Pr 2.0 2.2 2.4 1.3 1.4 2.5 0.6
Ca0O 10. 43 9.43 11.02 13.94 11.12 10. 34 13.83 Nd 10.9 10.9 11.7 6.5 7.8 13.3 3.5
Na,O 2.83 3.35 1.53 1.51 2. 80 3.30 0.97 Sm 3.4 3.0 3.2 1.9 2.5 3.7 1.3
K,0 0.26 0.37 0.22 0.29 0.17 0.16 0.11 Eu 1.5 1.5 1.2 0.7 1.3 1.9 0.8
P,05 0.18 0.17 0.10 0.03 0.19 0.27 0.02 Gd 4.2 3.6 3.6 2.4 3.0 4.5 1.9
LOI 0.45 0.50 0.18 0.72 0.37 0.15 0.36 Th 0.7 0.7 0.6 0.5 0.5 0.8 0.4
Total 99. 69 100. 1 99. 98 99. 77 100. 2 100. 1 99. 54 Dy 4.6 4.1 3.8 2.9 3.4 4.8 2.3
Mg* 0.49 0.47 0. 69 0.59 0.55 0. 46 0.45 Ho 1.0 0.9 0.8 0.6 0.7 1.0 0.5
Se 44 39 37 64 37 39 69 Er 2.6 2.4 2.2 1.7 2.0 2.7 1.3
A% 375 279 249 296 276 317 1075 Tm 0.4 0.3 0.3 0.3 0.3 0.4 0.2
Cr 92 33 1069 183 151 47 48 Yb 2.3 2.2 2.1 1.6 1.7 2.4 1.1
Co 38.5 26.4 57.8 54.0 35.2 35.8 76.7 Lu 0.4 0.4 0.3 0.2 0.3 0.4 0.2
Ni 20.2 6.8 334.1 32.9 28.8 16.3 8.6 Cu 49.6 23.3 8.5 58.2 24.3 43. 1 88.6
Rb 3.5 4.2 3.2 5.0 2.8 1.5 3.2 Zn 122 104 134 59.4 85.6 92.6 118
Sr 286 271 176 212 282 310 224 Ga 17.5 16.6 14.4 13.0 15.9 18.3 18.6
Ba 61.9 112 110 47.6 77.0 91.0 21.9 Ge 1.9 2.1 1.8 1.5 1.9 1.9 2.0
Y 23.3 21.0 19.1 16.8 16.8 20.8 10.3 Cs 0.2 0.2 0.2 0.2 0.1 0.2
Zr 37.0 42.6 64.8 43.4 19.8 30.2 11.6 |[(La/Sm)y 0.91 1.37 1.47 1.01 0.83 1.07 0.47
Hf 1.2 1.3 1.9 1.2 0.7 1.1 0.5 |[[(La/Yb)y 1.46 2.10 2.54 1.33 1.34 1.81 0.62
Nb 1.5 2.3 1.5 0.9 0.8 2.2 0.3 Eu/Eu * 1.22 1.36 1.10 1.05 1.42 1.41 1.44
Ta 0.1 0.2 0.1 0.1 0.1 0.2 0.0

FEFEAT I, 1T Sm FT N (4 53 88 N2l Ak 2 A 8e384t i 1. Tml
Teflon® ¥ AR ANE RASHA T 5E B .Y Sr/% Sr A N/ Nd 1
{4 S HY St/%Sr = 0. 1194 F1'° Nd/"™ Nd = 0. 7219 5 1F (£
3) o TEAHAIRLS AR K ALES S I8 DL L 2R 4 22 55 (2003) .

Tyy (Nd) Fl Ty (HE) (#5358 2 %0 DM Sm/™ Nd =
0.2137, "“Nd/"™Nd =0. 51315, A =6.54 x 10 "*/y 3 Peucat
et al. (1988); "Lu/'"Hf =0.0384, "Hf/'"Hf =0. 28325, A
=1.867 x 10" /y 4 Griffin et al. (2000)

Hf [F]37 2 Ak 2% 20 B e h E RN BT N b3k Ak 2= B 5 BT

SEML. AYFT I I 2 500mg £ 5 5 1000mg Li, B, 0,
REHSEE TR, H XRF 3% 38 R0 e 500y
SAAE 1250°C IRl 1S min B0 4 09 38 R AR i RS
2M HCl (54 Ln-Space $2 U35 &6 HE FIBAATTER B T4
TCEAE TN 44T 2 DL Rk AR A (2005) FA% A 45
(2006) , 4B J5 i HI G147 20053041 7 o R4 B b 5
HiLBR 4y BEAF 5% 07 Neptune MC-ICP-MS - 3 47, it v FH

MHETHE = 0.7325 1 IMC475 k5 97C HE'T HE =
0. 282160 FE47 i e A A MNBAL IE (B %6 ,2006) . K&
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Table 3 Sr-Nd-Hf isotopic compositions of Qianshan mafic intrusion
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36

3.

286

3.48

06HCH-52

693

0.283070 +6 9.7

445

0. 703476 0.512842 +8

0.703646 + 15

1.31

36

0.

10.91

05

271 3.

4.23

06HCH-53

359

14.6

0.283139 =15

6.38

0. 703237 0.512914 +9

0.703433 +19

1.90

33

0.

11. 65

19

176 3.

18

3.

06HCH-54

0.512911 +9 5. 80 368 0.283109 =14 12.7 486

0. 702951

4.97 212 .93 6.47 0.25 1.18 0. 703206 +20

06HCH-55

0.512874 +9 4.69 459 0.283209 5 11.8 540

0. 703745

282 2.48 7.84 0.27 0.70 0.703854 +23

2.83

06HCH-59

12. 1 517

0.283195 +11

4.50

0. 703627 0.512824 +9

0.703680 + 14

1.07

38

0.

13.25
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310 3.

1.51
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5.74

0.703154 0.513002 +8

224 1.33 3.48 0.18 0.50 0.703310 £13

3.21

06HCH-62
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Fig.3 CL images and U-Pb dating result of a gabbroic
diorite (06HCH-55)

rEPRFREE BHVO-2 F1 JB-3 44 i "o/ HE HAE > 5 N
0. 283087 =10 F1 0. 283222 + 10, 5 3CHRIR B AU 45 5 (Le Fevre
and Pin, 2001 ; Bizzarro et al. , 2003) TEiRZETLRIN—E (£
3),

4 ARAREE S R SA AR

4.1 A U-PhEFEHER

FTi S A AR A AT MR, ThU L fE =
(0.39~0.96) , WAL REEA (8 3), XTE Ay 16 gk
AT U-Pb @ 4E , Hi 1™ Pb/*® U 4E #8285 (K 1E 263 + 3Ma
% 278 +3Ma Z[a], Hiop— g5 4 69 U-Pb 4E % 802 =+
11 Ma , AR5 A 12 9% 76 385 R 2R 1 B 0 45 1 1% Ph/
PBUNSAEIS H 273 £2Ma (n =12, MSWD =1.6) , ZAEHL
F T HEAMEE TR, PR RO T LD BE BRI K 1 (R AR
TN PSNli a7 =g iU S VAIE Aviyo R = 31

4.2 E METEHME

B LLBE 4 T 13 A 19 Si0, = 40.6% ~ 52.4% , MgO =
5.2% ~12.7% , 4% FeO" =11.2% ~19.1% , Mg* =45 ~
69,Cr=47 x107° ~1069 x107°,Ni=7x107° ~334 x10°°;
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5,76 AFM & I 239 AP 3L o s B, HoB ik A%

10 100 1000
Th Nb/16 Zr( X 109
B4 A BEZ R AR AFM (a) (2Nb-Zi/4-Y (b)  HE/3-

Th-Nb/16 (c) 1 Zr X} Zr/Y (d) K (Pearce and Norry,
1979)

AL-BR AN R R s A2-AR P Bt A AR B X a5 AT +
A2-HR T KB 5 A2 + C-AR N RESE X A ; B-E B MORB; D-N
B MORB; C + D- K L3I A el it

Fig.4 AFM (a), 2Nb-Zr/4-Y (b), Hf/3-Th-Nb/16 (c)
and Zr versus Zr/Y (d) diagrams of Qianshan mafic intrusion,
showing similar features to arc tholeiitic basalt ( Pearce and
Norry, 1979)

Al-within-plate basalt; A2-within-plate alkali and tholeiitic basalt; Al
+ A2-within-plate alkali basalt; A2 + C-within-plate tholeiitic basalt;
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Fig.5 MgO vs. SiO,(a) and MgO vs. CaO/Al,0, (b) diagrams of Qianshan mafic intrusion, showing the possible fractional

phases during magmatic evolution
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Fig.7  Sr-Nd-Hf isotopic compositions of Qianshan mafic intrusion and the modelling results for the melting source

Calculation parameters: depleted mantle; Sr=20 x 10 ¢, 8Sr/%0Sr =0.7025; Nd=1.2 x107%, gy, (t) = +12; Hf =0.25 x10°%; g4, (t) =

+20; subducted sediments; Sr=200 x10°; ¥7Sr/%0Sr=0.712; Nd =20 x10 "%, gy, (1) = —=8; Hf=4.06 x 10 ™°, £,,(1) = =8 (Miao et al. ,

2008 ; Plank and Langmuir 1998 , Workman and Hart, 2005). The Sr-Nd-Hf isotope data of Dashizhai basalt are from Guo et al. (2009b)
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