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Abstract: The Shuangfengshan mafic intrusion crops out in the southern margin of the Songnen-Zhangguangcai range. It is pre-
dominantly made of olivine gabbro, which yielded a crystallization age of 27944 Ma (Early-Middle Permian). These rocks con-
sist mainly of olivine. pyroxene, high-An (80.1—87.9) plagioclase and hornblende as reaction rim. The features of these min-
erals indicate a high-H, O or water-saturated parental magma which experienced fluid metasomatism in the mantle source. Ma-
jor and trace elements studies suggest that the mafic magma was derived from partial melting (~20 %) of depleted garnet-
lherzolite mantle source. Variable degrees of plagioclase accumulation and orthopyroxene crystal fractionation occurred in the
process of magma evolution. They are also characterized by relatively low Sr isotopic ratio (0.705 2—0.706 1), positive eyq(2)

(0.9—1.3) and ey (z) (0—10.2) values, confirming that the Shuangfengshan mafic magma was derived from depleted mantle
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source and apparent crustal contamination was not found during magma upwelling. Combining trace elemental and isotopic re-

sults suggest that the parental magmas were likely derived from mantle wedge metasomatized by sedimentary melt and fluid

from the subducted Paleo-Asian slab. Moreover, these rocks display transitional properties of MORB and arc basalt, confor-

ming that the studied olivine gabbros were probably formed in back-arc extensional environment. And the mantle heterogeneity

beneath the studied area was probably reduced by the multi-stage Paleozoic subduction of the Paleo-Asian Ocean.

Key words: Early-Middle Permian; Songnen-Zhangguangcai range; mafic intrusion; petrogenesis; geochemistry.

AN e 2 b 5¢ ) BT i N b e ) 2 B g A L
] o [ P A 2 3 N AN 34— M i 3 M R
(Hofmann, 1997; #®XJE 25, 2004; O'Neill and Jen-
ner, 2012; BAFHR5E, 2015) AR i A 181 45/
Tt AR S AR Ml AR T BB R RE B BE R TR A
LA TR A R b K A 2 R A () s T
DX ZH B sl 2% 4 Il B L T DA B 5 7K M) A S Ak

70° 90° 110° 130°E
T

TE R CANFR A 45 M VE T 0 R G2 JHE A L D O
[Fi) 2 B2 1 () Ak YR S R 43 2 45 A DD A O (Duncan,
1987). R UL, 48 1o G A o R X6 F F i i U X
JoT HA) 1 PR AL | 5c 0 AH VR A5 MK Bl 0 2 AR
HA T E L (Polat et al., 2011; Su e al., 2013).
DL 1L R T LA B AR B (B a2
H 2 A1 Bl B DA T B 4 2 HE & X (BT 1b) L iy AR

125° 130°E

S50°N

40°F-

30°

JOmkx-prmsiz T 1son
LR A, ]
@i 7 "B

7
Feon.

B ez

| R
[ ] weweromps
B oo
] wimvis

A A4

T )

[ ] smzsmsz | O 4 km

| g =

N

42°50N

KR

XUR AL

HIE o

125°45'E

B1 3 ol (a) B AR b X () 4 3 17 ] 5 BURULLNBE 86 BT 4 A IX dalt b J5 2 141 (o)
Fig.1 Simplified tectonic maps of the Central Asian orogenic belt (a) and Northeast China (b) and simplified geological map of the

studied area (c¢)
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Fig.2 Photomicrographs (a,b) and back-scattered electron images (c,d) of the Shuangfengshan olivine gabbros
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KA BA AR (Th/Yb) ey H(EH (1.45~2.77) ik
FRHFE (4.6), I AR F L 58 CTh/Yb) ey HAE

(28)(Taylor and Meclennan, 1985), 5] B /7 | #1752
RY LTI A K P ThU & 81 5% I & (Taylor
and McLenann, 1985) , XU LIS #5474 () Th. U
MY LREE 5 (K 5d) , X e 48U B 5 3 AE |
Tk F vp 27 1) Hb 5e TR G 19 T BB R /N R IE L 1A AR
JIT S 7R B FE S T R M R R AR 32 AR K 1 H e
P DX, AT LA T sz v e 58 DX AR A
4.2 Hig R X R AKX

XU LA K B AR ) (7 S/ S,
(0.705 2~0.706 1) LA S IE Y eng (£ fH (0.9~1.3),
7] i H AT TE Y € (OB (0~10.2) , I 3% 5 14 3
T 450 1 b DX R [ E S X T ) B (R
AA(Guo et al., 2016) A EL (K] 7a) o BURU L BHOHG 7%
KA BA T N EER Se-Nd 747 2 4L, 7 # ik —
KT AU b e = 8 40 2T RIS MO A e (OB A
2011) DA By AR 2 R - 10 W 2 By o (A 5 R FID
HHEC BA B0 B e (OB (B 7h) X A R 4
A AR 1 AR R B A 8 R DX B 08 AS X — 1k [ s
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KR O M A 2 B AT B Y T o » S R HE 1 8 58
DX =5 50 b e e 53 5 A B D) A L S R B
SV 18 22 A AR s A o 3T B A 0 AR X e 9 A
1) A T R 0 A 1 R R RE 1Y), B i R R L R by
A ARBE Bk — B Bk B M R X R B Se-Nd-HI
() 437 2% R BE AN 25— P o BT Sy [R)ARF v A T X e g 958
X B B0 2 AN TT 43 (Su et al. s 2012).

BERR 1R A e R MR A R o s e
T s s - 70 2R T b MRS A 50 20 Hs i B e R B R
Hh 4 A HZR G K (Johnson, 1998) , L& B Al L &
A7 ) i 0 58 DX S 2L L R O e e R R ) 4 o
(Zhao and Zhou, 2007; Liu et al., 2010), A 7]
AR H 4 02K A9 = BRI L (B A W A ) b g 51X 20
JRCRIFR 73 o R R 2 R o e Rl A b ol TR AR A
La.Sm Hl Yb [ 4 B Z BAH L (D ginet/mea = 0.01)
(Mckenzie and O’'Nions, 1991), 1 A #F A+ Yb
(943 B 2R B0 S La A Smo, R G £ B 25 41 18
A5 B T A R B R Y 3 R Y
LREE/Yb AR, 1115 22 & A Z W8 HOE 1l i 3 DX R
35 Rl DI oA RE 1 2L 6% 9 il s % 7E La/ Yb-Sm/
Yb Hl Gd/Yb-Dy/Yb Elfif . BURLAHE # KA 5
AR A0 RO I O it 2 AH — B0, B )
Ko AR E 20 20 06 (] 8).
43 MBZKIER

RHCAT An (H IR TR IR %A K CaOL AL O,
M H,O M % &, CaO/Na, O Ml ALO,/SiO, i I
8, UL BB IR A 2 W K 71 (Panjasawatwong et al.
19955 Guo et al., 2015). I ARG A HK
TR RN BE 45 & s 7 SR AR RS A 1Y An (B A #
MR 5 J R ) = An fH #HE A1 (An80-100) #
HELLE 9K & 4R X A (Crawford et al., 1987;
Fournelle and Marsh, 1991) DI X NG R T

KB W LA ( Danyushevsky et al., 1997) 1, It
Hh REPEZR AT EA S An HAH A
SEH(Sinton et al., 1993).SCE TR FEMHE An H
RH A WA B B K OKIE R AD 7 B s
Ca0O/Na, O il Al,O,/SiO,) K45 AE , 45 51 J& %+ Fi B
LA TSI R K 2505 An (HARHS A Bl
T EE S 4l 2 X108 ~3 X 10° Pa H KM FRR &
(Takagi et al., 2005) , A It , 2 & #E ) 2 A5 K 4
PrBE R 5 )@ M 0 BRI O M K A T e An B
(80.1~87.9, F¥J{ 85.5) K 7 1 H PR % 7% Hb g
I X AT 8 28 D3 1k 78 43 B AR 22 AR H 8 R ) CaO/
Na, O(14.63~16.05) LA &2 AL O, & & BEHKE KX
VIR E A NEE £l 8

AN BRI K S B R TR AR
Ba.Sr Al K, 1 77 4% & 3% 3 S & Nb, Ta,Zr, HI Al
Ti, QUHET TR , W58 DX Py 28 ff i oT R R ik B b 7
TR R 119 G 228 K T 17 322 02 TR IX 32 B ARF o Al R 445 44K
SCH T AR S A AR 0 5 e A b 4 A AL A
A b T B A ARE o O A LR P 5E (Tatsumi and
Takahashi, 2006; Ge ez al., 2015) ff i ¥ 7235 4
YR 2 7= A 808 5 B A A (Defant and Drum-
mond, 1990) , Btk , AT LLHE B 0F i 3 7 % BF 5 DX A
MR 5 JR DX 42 DTk R A5 W55, 2016) . 1
Hb WFFER I e i B E U 80~130 km
TRBE AR 20 i S H B DR & A KA B
B AR AR R B K PE TR (KB FoE AT R
(LILE) % H: + ¢ £ (LREE)) Fl 5 # /K A % P ¢
N 58 0 R (HFSE)). 33 26 3 1A 52 4% | %
3 BT B ot A RS S (g 0 A Ak R % 8 A b R
) s H T I IXCER 430 Rl R B R IR s K it IR
R EL A SR B 13 T R 43 A AR AIE (Peacock, 19935
Tatsumi and Eggins, 1995). P 1 XX L Af#G 1 K

AR A R

7 (b)

e o4t
E W AR AT R 8 |
2r (AR 741 9 41=50.:50) 3
40 |
e ’ /«38(1
R0 Je AT R L 50 5 RN HERHEE
0 1 1 1 0 1 1 1 1
0 5 10 15 20 0 1 2 3 4 5

La/Yb

Dy/Yb

E 8 MRULAHE R A La/Yb-Sm/Yb (a) Fl Gd/Yb-Dy/Yb (b) & fi#
Fig.8 La/Yb vs. Sm/Yb (a) and Gd/Yb vs. Dy/Yb (b) diagrams of the Shuangfengshan olivine gabbros
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T S (DMVD 19 Nd R 07 2 4SS SR L g 4 2A B b SE v 415y N S KA ZE K RS (Miao et al., 2008; 558 55,2009) ; DL W16 /it
R Nd 747 2% 4R 43R EPE DT (GLOSS, Plank and Langmuir, 1998) ;s MORB ## Sun and McDonough(1989) ; 4E % # [X . tf — 2 J

PR AEI Guo et al.(2016) s HAh B 5 S W Guo et al.(2016)

TR B 0 M ER AL 2F FRAE AT RE R PR ST AR b AR
A i T AR A LA B ik AR 22 Mt K O B ) It AR 1 58 AR
VE A . e A0 AR b OB 0 s A b A T i X R X ™
. Th, Ba fl REEs 7606 by 12 14 Fi i
Hh 3 75 B S AN [ 1) b 3K A 22 A7 2R TR Il Tk 26 5T
FAERERR R W) h o3 Bl R B A GE AL F 1.0 Roll-
inson. 1993) , [ it & Wy HE & /E 6 H: be (B 7= A4 1Y
2 ] DL Z2 B OBURULL BB R K A Th/Ce A1 Th/Sm
728 Ak a3 DL & = T MORB 8 Th/Yb #il Ba/La
LU AE 6 7 i 5 X 28 D5 1 A p OB 0 e A 3 A 1
A CEl 9a, 9b). It 4h, i i Ba/Nb Fl Ba/La [A]
ena () Z [H] 28 Ak 8 3, 28 35 3 — 20 XoF b 0 9 DX 0
PR A I A B B 1 #E 47 BR ] n R R (L 9c,
9d) S A wi TR A s AR R AR BT RE R S 5 Tk Ml U
DX s L g AR S S AR .

AN LA-ICPMS %5 f1 U-Pb & 4F 45 5 1 /R %L
JRULLIR M 2 o il 3 4 A B AR IR A T 423 ~
438 Ma, AR A N 52y KA 38 XA DL e N 52l
BN A — A BN K 7 4R I (451~ 440 Ma) %
T (Jian et al., 2008 ;5845 , 2009), [FIAt 55Kk A
W Hh R 2 R AR R B N K (443 £

5 Ma) 4F ¥4 5 o — 3 CIE AR 3 %5, 20145 Pei et al.,
2016) . 3X LLE5 AT AR IR AR IC 5% 1 Ol AR AR S Y T
I 2l X I 9E IX 2 T Bl A s e [ a2 S R ok
PP A I TR AR AT RE S 55 1 b I IX 119 B0 i
LR 1 T B e 05 X ) 386 A6 AS T 484 5
44 EARBERMEEX

ANAHZE TC 3R A BURFAE 7T DL He M 2 1 T8 A 45
HEATBR . 78 Th-Ta-HI/3 A M Al O;-MgO-FeO"
Pl b CEEL 10D LR L MBS W 1< A B 8o A7
MORB AR5 2 5 o 8 R i o 3 48 IR Ak 38 9
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Mariana) [ #4) 3% R 58 B HAH OC. A [8] 1 2 o IR ady 9K
IEZ3 8 AN EeE Eep ik R T VNG X N R SN ESS s
TCRRHIE B % s — ML s —Z A —
KR A AW A 25 (Wang et al., 2007) 1M H #
TERN I — 5 ) A 0 3t B o R AT IZ AL A A m HiE
2B I A A S U X DA R S —
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ZRAE - ZXRZISE —ZILE —wLH LA H
Ao HMEBETEREAKE FRATEE EME SR
JCE TR, R 1 2 KRG % 1l A s
(Meng et al., 2011; ¥F3C R4, 2012; F A I14%,
2013). [AI B A PA B — 5K T A IS e R B — B X R
FWmsUE KIEH A B R0 2K A Y
A FAE (P SC R % ,2012) 0 22 BURULLHAEONS 85 K 7
DL R Bs 0 B A AR B A (R4S kA, 201 D) #§
S5 B A B A i — K T A U A 3 R A TSI i R
5K (AR 1 5 5. 45 A R0 SIS BURULLN A #E K A Y
TE 1855 ot SN 22 IO A A G L S
ST Y3 VG [ FF avft A A ST e e 2 0 4 A S0 el B
IRGAE T 1 2h KRl i1 2k ) K0 1 R85 L T 5K ) A A A
T B Ak I A b ) R PR BT L U B L
B T P A P e T SO R AR A I L A K
HAL R DT T R M IS Sy S DA R
14 3 i VR ARG 32 3 B 8 ) s TR s s BT
R TE A 5% DX S 2 2 7

[F] Fof 30 856 2k B 42 A\ TR SEE 3 b X A R L
12 AR TE BBl ol 273~253 Ma(Guo et al., 2016),
XA LA ¥ 7 85 41 LA-ICPMS U-Pb £ 4E 4%
R XKBEERTRASSRKEH TR T
279 MaZ Hi - W B 2 A7 B b -1 foft JR ir sk 1) 449 3 5 ¢
1717 [5 Ef 30 A [o] DX B 6 48 B 4 A5 Sr-Nd-HI [\ {7 R
AR (B 7a) 7T B W] o 2 93 22 00 AR o A
FHAT 8 /00 A o e e 058 XA ) 7R B ) s A .

5 4tip

(1) R L A 8% K A LA-ICP-MS 5/ U-Pb
SRR N 27944 Ma, N — i ZE M KIS PR ).

()W )RR S 3 13 o0 3 40 AR o /R LA 3R
PR IX A 8 5 1y S W R o AR W s/ s AR A AR Y
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A 32 B W 0 M 5E ) IR gy AUA R A b &
T3 T R I7 A0 25 & 3 5 DA SORHE A (8 3 b AV .

(3) H i BR Ak 24 41 A 2 78 MORB LK 9IRAL Z #
A P RRRAE , &5 A 0 5 XK 8 T Ak g SR DR [ A
L B 0 AT R AR 28 25 DA R BURU LU RORE 4
T Il Y P4 [ ORF o TR S b R 2 R I AE AL
5K T A0 L BRSBTS A R R B, b ek 1k
SRR AR [R] oy SV YR 22 300 YRR i 7 A A 0 T A X e
T8 DX (%) 3 25 VT AR G

B AXHI TR SRR FOH AL
CL 48 LA-ICPMS £ & U-Pb & 4 W B & T84
oM EARPEIN AR FRERAFRTBE L
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ZAUE LR R S R DE B S
W AL T AR ALR R 6 A A i A R LR E AR
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