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Carboniferous igneous in this area have been rarely investigated, leading to the time and way of the closing of the Paleo-Asian
Ocean can not be unified directly, and more importantly, restricting a deeper insight into the tectonic evolution of the central
southern Altaids in late Paleozoic.In this paper, we carried out a systematic study of the petrography, whole rock geochemistry,
zircon U-Pb dating for the Wuliji intrusions, which are located in the Shalazhashan structural belt that spreading between the
Engewusu fault belt and Badanjilin fault belt. Our results demonstrated that the Wuliji intrusions are mainly composed of
granodiorite and granite, the weighted average ages of two samples from granodiorite are 266.004+1.00 Ma (MSWD=0.69) .
267.764+0.97 Ma(MSWD=0.26), and the weighted average ages of three samples from granite are 254.5740.99 Ma(MSWD=
0.79) .253.70+1.70 Ma(MSWD=2.50) ,252.50%2.90 Ma(MSWD=4.70). The SiO,contents of the granodiorite are between
64.13% —67.17% , while the granite are between 68.08% —75.29% , the Na,O+K,O contents of the granodiorite are between
6.40% —7.00% , while the granite are between 7.09% —7.94% , both are I-type granites with medium degree of differentiation.
They are depleted in Nb, Ta, P, Ti and HREEs, but relatively enriched in K. Zr, Hf and LREEs, the total content rations of
LREE and HREE are between 6.49— 17.45 and the fractionation of the HREEs is obvious. The (I.a/Yb)y values of granodiorite
are between 6.21—8.80, while the granite are between 9.21—22.06. Geochemistry shows that the two stages intrusions were
resulted from crust-mantle interaction with the crust as the major magmatic source and the separate crystallization, fluid
metasomatism. The geological, elemental and isotopic evidences show that the Paleo-Asian Ocean maybe closed in Pre-Permian,
and the Alxa was in-board evolution since Permian, the Wuliji area was under the transformation phase from regional syn-orogenic
squeeze to post-orogenic extension or post-collision extension phase.

Key words: Wuliji intrusions; Permo-Carboniferous; crust-mantle interaction; post-collision; Paleo-Asian Ocean;geochemistry.
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Fig.1 Tectonic location (a) and geological sketch map (b) of the Alxa area
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Fig.2 Tectonic setting of northern margin of the Alxa block (a) and geological map of Wuliji area(b)
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Fig.3 Rock outcrop photographs and microphotographs of the Wuliji granite and granodiorite (cross polarized light)
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Fig.4 Cathodoluminescence (CIL.) images, analytical locations, the **Pb/**U ages of the Wuliji intrusions
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R T AR AL B4R A, Nb.Ta . P TiH & 5
K. Zr HI B B IER %, 5 & s h 4
R AE B 5 45 IE B AR — 2.

5 Wi
51 BMERK

NEEAS BT R L X, 537 10— YRl A
HE N B 25 I A AF I 4R T 250~270 Ma 22 i), Hirg
AC I T IR 2 — £0h JR B 1 A BRI — A S
i 38 NI S AR IR A T AE 270~280 Ma Z ] .
L F = T — W R L L A A IR A R 2
JCAR 1) A AR R A, B A M OC &R A A A A AR R AE
WoR, AW N DR WA K S, R
FEAUESE T X —BPAMAIR L BT ATE IS AR R M )35 —
i T R a R R A S, SRR iR
BAEAE 247~274 MaZ i), 5 J7 35 — 5 47 % B0 7
248~275 Ma Z [a] . ARG KM (K 1), =7
=YL W B 2R A S EEIE N
T & (264~273 Ma) X — B 4K — B = F i
(247~255 Ma) (52 %1%, 2015), HLLJF & b F (5K
SC4E, 20135 Shi ez al., 20145 1 2448 4, 2014) , =%
] 43 A WA AR 47—, BILBE I )5 & K
THTH AW TAE 2 046 54 TN KA AF i 7E 266.00~
267.76 Ma Z [a], 31F4E i 7 4F 8 7E 252.50~254.57
Ma Z 8], "] UL A6 5 [N KA T8 BUAE T — & 1 i 1,
16 14 23 T8 AR e 5 1 LA
52 =AREMRERBEGER
521 HMEZRBE.EHMRE FHE G H0Am
WA 1, e B A i AR B 738.5~
767.0 °C, V-4 754.7 °C s fb i N A S A 1 A B
774.0~815.7 °C, ¥ 794.6 °C. £ K £ ELAK Sr ik
YbFRAE , A6 B N A A HAR Srm YD ARAE, — & AT
fe S AE R ST R B (5K 5%, 2006a, 2006b,
2008a). 7 A bk Ak 2= B4 0 R, LREE 43 =% A B
B, HoEufi %, S, ERM T H, FWHRK
R AR, AR RAER TG, A
SR X B AT fE R T 35 km, I AT R BH| W AE K
FIRX TR T AR INK A
522 ERAMEER MAEE KA H R
M7 sk b 7 s AT AT Ok, KO & Bl <<1%, A
W TAEFERAE S KO ¥ >1%, Frifeixa 1k
B TN A S BT B ML AE 5 (Chappell, 1999).
R S BUAE B 7 Na,O % &= 1K, SiO, &% &= 5 Ba.

Zr La & & OAH G, BFSE X 4R A PR 35 & Na,O
(3.73%~4.20%) , SiO, 5 Ba . Zr La IE M %, 5t
B S B A6 54 25 8 AF 3% 2R AN 6] (Hine ef al., 1978;
Chappell, 1999). M B #£ K & K,O/Na,O i — M 4L
5, H LILE/HFSE fH ik (LILE 48 K & + 2% f1 7T
#,HFSEf @t £), W5 X W& A&
K.O/ Na,O {tififi , LILE/HFSE {5 fi &, A4 A
WY 5 A B AR E (Clarke ez al., 1992).
Chappell(1992)#2 H P,O, . Th .Ba . Rb % a] {4 [X.
7 1.S A M AUE R BT FEARYE , #2495 Chappell(1992)
FIZEHR A 45 (2007 ) 45 Hh 9 0 31 181 A%, #E P.OS-S10, &
fift b (1 8a) , 1E i< 25 FIAE I IN K S 3 R I T 7
Rb-Y Kt F (K 8b), ExiE Y Rb HA m &, KM
FTRIAE AR E, Y \Rb & s A S PEAN B B, . FE X1 A
KA Y Rb & LB E M DG, R AL 5
FRAE . 7E S10,-Ce B i I (18 8c) , £ 54 5 FLAE B IR
TR TR AE R A BRI TN 7 10 000 X Ga/Al
(Na,0+K,0)/CaO Hl Zr+Nb~+Ce-+ Y {H ¥ 51K, 15
ARG it i A TRIAE A IX (1 8d) , 7E Na,O-K.0 K
fift I (Bl 8e) , LA AL N EITE A TRIE R A X
PERINA S BURHE PR W I A, BB S & R s B
PR AR BB 9 2 1 BUAR A, Bl & AR (A e
A A, 5 CIPW AR ER #1315, 4
I TRIES T, BAFi<<1%, Bn 1HER
R . 48 HB AR A/KNC 1  K,O/Na,O {1 <<
1, HIRIAE R AR . 25 BIAh, TR A B N A
YyJe b 45 0y S TRUAE 0 5, 5 AR 27 A BT i 3
Mt AEARIR A 2 o TR AR — B (R B, 20115
PkooAE A & 3C, 20125 82 2448 55, 2012, 2014 ;5K
F4% 2012;Dan et al., 2014; XA THAIGKLEAS , 2014a;
W23 3k, 2014;Shi et al., 2014).
53 BRERX
CAMFTINN, TR i 5 02 B b JR v ks
AR 5 2 5B 43 B I i (Chappell ez al, 19885 5% 45
JCAE, 2007 1K HE4E , 2008b) , B F Hb 5T T M T AR
e, YR P 5 R A 220 B B (Kemp ez al., 2007;
Collins et al., 2008). #ff 5% & W] ik 58 B 46 i 4 HA
Ye Aib o0 5 230 2 445 il P BB R B, A T il P Sk
B 4 Al Fe A (Vielzeul and Montel, 1994 ; Chap-
pell and White, 2001), B {2 AKE BN Nb. Ta
TP, LILEM LREE &4, iR fAcliYis 5
(Barth ez al., 2000). P 1 2 A K Zr/HI{E (B3 5)
¥ #2552 IR 5 A 33 Z2 47 (Taylor and McLennan,
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1985; Green, 1995), K#k7> Nb/Tafd (Ff £ 5) fF &
B S TS AR R Nb/ Tafl (<S10) %9 4iF, H 0 i
I8 T b Hb b 2 (17.5, Weyer et al., 2003) ,
T K Bl M5 Y LB (10~14, B IRHE4E, 2008) , i
HE V9 30042 A B T A5 b 58 0 TR 40 e il A G

H WF 55N 8 Rb/Sr>0.1.Rb/Ba>>0.3, 5 & N
I8 5 %+ (Sylvester, 1998), B2 A f& Rb/Sr.Rb/
Ba {H UL 5, 45 0 40 007 Ay 2 0 2 kU o 4 0 flOE
. IR AR CaO/Na,O i (% 5) 4 >0.3, 52
BT W AE AL X A K CaO/Na,O {6 F 232
DA 52 0, 8T AR e b A A Y 9K CaO/Na,O
=>0.3, F4H 0.8(Sylvester, 1998), ¥ T 748 Jé i 7+
B 3% CaO/Na,0<20.5, I 1 T JI Wi 4E a7 7 fig i
FARRTE, LR NK AR TARDE . ek
Ko, Wil AR Rb/SrE (B & 5) ¥13E <73, X 4k
B T 2 A 2 E IR A AE A Y R S T TR R AR LR
B, SR Bl 52 T B A A RRAE . T AR AR
Nb/U . Ce/Pb {& W Fff % 5, 25l F Kl 52 (Nb/U=
6.2, Ce/Pb=3.9, Rudnick and Fountain, 1995), i
WY AN 6] 7 s s (MORB) A B LA
(OIB) (Nb/U=47, Ce/Pb=27, Hofmann ez al.,
1986) , 3 W PRI IHI4= AR 5 Bl 52 ) B %% VI AR OC

P = A 4R Rb/Nb{E (fF 22 5) W1 i 5 T4 8k b
158 Rb/Nb Al (4.5), Th/U{E (3% 5) & T 458
1518 3.8(Taylor and McLennan, 1985), La/Nb,
Ba/Nb . Ba/Lafd (B3 5) 3 8] i = T K fili o 52 1 3
H, BiRBCA SRR A ey RAmA, X —65
v A A R A X — S LR A — 2

[ B, Nb/U & (Bff 2 5) A F 00 o4t 37 44 (Nb/
U=0.22; Ayers, 1998) Fl 4= BR Iff #f i L 4 (Nb/
U=5.00, Plank and Langmuir, 1998) 2 [&] , {H it >
0.22, #F— 25 UE B 5 5 U5 X AE 76 0 b 19 7 72 5k i
FEULEY 5 A e i s U E EEH . mTE b
K, Ce/Pb{H ¥1<C20, Th/Laff (FffF 5) K# 5>
0.25, J W3t A4 38 AR AR DX J R XA 5 ) . S 56
F 55 AN, A8 U8 0 A ZEAE K AN ML RN ) 45 8 R 7 R
B T 48 4 IR B AT 58 Rb/Sr(3~6) ik Sr/Ba
(0.2~0.1) BUFFAE , 17 78 K W DR ZS 77 A 1 25 J AL
A A% Rb/Sr(0.7~1.6) . & Sr/Ba(0.5~1.6) [ #¢ 1k
(Stevens et al., 1997), MM 5% Sr/Ba i ] I,
PR AR TE BT K AR T

W12 AR MgO . Cr Ni & & 1 T 5 A
¥ 5% H (MgO=10%~12%, Cr=250x10 °, Ni

=90X 10 *~670X 10 °, Arth, 1976), % B % 1 {=
AR 2] T — 2 72 B/ 4 5 3 4k (Zhu ez al.,
2007;Yu et al., 2012). #£ Harker & f# I (%] 8f.8g.
8h.8i.8a), B SiO, 7 &1 /i, £ %A ALO, MgO .
TFe,0,.TiO, . P.O; & i B AL, RUIA B b B
YET W) (FE A s f N A D) RS TP (RE R g
A1 R AT ) Ay B A L K B A R A R BE ALO,
CaO & H WG UIAAR , Na,O-+K,O & & o B 25 fk
#, MgO. TFe,0;. TiO, & &t W i B L , Na,O+
KO & & 3 2l 2038 & 5 48 XN KA FE R Bl
ALO; MgO 7 i B G B A%, Na,O+K,O & & & W]
B AS Al # #, CaO | TFe,0;. TiO, & g 3 F A%
Na,0O+K,O & it 9 2 3 7 . Si0,-K,O+Na,O 77
S g oy S R (B 8)) IR /s IR AR 407 T
—EM B REN . KA SR A
gh SR K& 4, Sr.Eu.Ba.CaO 7, B KA
MFeTIAMAYH /5 FEP . TisH, Nb. Ta i
5 7 R X 0] B M AT A 40 A SRR AR RS B A
N B A 6, HREE B A X5 458 7T g 5 3% 38 £
N B A SR o B A AR G

PR AR TTE S 5 i@ it Nb,
Ta.Ti, 7= A 3l b BR AL 27 R AE 09 S R AT BB (1)
I3 DX A AR oty i AR 1 S ARAE T 5 (2) 3K BT
R 5 b7 TR Y . AR SCHT AT FE i Nb/La . Ba/Rb
B (B 2 5) I T Ji 4 B 9 Nb/La {80 (1) F Ba/
Rb {E (50) , 43T #1575 i Nb/La{i (0.4) Il Ba/Rb {H
(9.31) (Sun and McDonough, 1989; Rudnick and
Gao, 2003) , HAFME 552 K mlAH L, JIF 7T fE 32 2]
T W AR S AR AE FH B 52 M . P42 AR Nb/ Tafi
(Ff} 2 5) ¥ MK T MORB (Nb/Ta=16.7) , it & % J&
A3 AH (Nb/Ta=17.5, Weyer et al., 2003) , it
FER A KA 10~14 (IR 55, 2008) , H 52 I HF
fE . HFSE 7 # , LILE & 4, U K& LREE & £,
HREE 43 5 2 B 852 10 # £ 0 0 B U H6 7R T 78 4
AIE A iy 08 A 8 R A W] R B Ze fHE S
M K i b 50 5 6 3K WG R e K, I A2 AR Ze i HE
¥R ES R, WA RORIE TR . ks Al
BR AL 2 RR AR — 5 T U8 BH 2 R X JE B TT RE S M
FEE A O, ]I I 7 AR OGS DX SR el
54 BENMELES

TR DX My Az AR I Y A 1 R R A 3
Pl 20, e — PR A — B 8 AR AR
85 (Dan et al., 2014) ;5 55 — Ff W 5 TA Ay B 37 35 Hiy B



112 HERFF=  http://www .earth-science.net

46 %

FE 280~270 Ma £ J05 T )12 1 i 38 4o 94 dal e
MEAER, #3506 318 BT 3 15 0 R 15 55 (i
FAREE, 20105 9K 304, 20135 (H L4, 2014), Fifb
W A5 357 TA Sy B R 7 0 o A AR A b AT R Y
KRB 3 55 =AW A K By 6 b X S 20 —
FL =8 A IR Bl E) 25 R R (50 Ma) , A AT & L
MEAEAE AR, BEA N B — R EE R s
TE Iy S A 1) T 7 S e B o 26 2Bl B B S
il 48 1) AN [ B Be (ol 8 F0 B V1A, 2018).

W2 X LA 0 TS IR 1 050 g 4 VR 4% e R
BN I BUR AR 5 e A e BF A s, A
I8 X XSk — A (TR v, AR R 1 I b SRR
EWEETMESWRIEIE W RREHIBEARAR —
B H - hFE—&, FENMH ARG - T &
GiRFEE — s — KA A A S, S
AWM E . b — LSS mAEw R, kil
EHHURME TR, KibhsFE=RED L 2E
GiN, Bt R AR KO R i T ) DL
Bl 22 AR — Bl AE L ms & Oy 3, A R PR L
e ARL ZELTBFINRET - REKX
ili 370 2 1) 3% Bl R B 0 20 e Ak i S R L R R B T i
IR AWUNR EaMARR ZEREEE—
MR Eh A — RE A A A . & TRl s 24 A H L
MRS — E &S ks (GHERL, 2016).
X3 b, A m e, B E SR A, )2 R
FER R, RA R — R S At e R b
YR, T — g St B e G N B TR, BT
HONUUR S . TR 1 e I, Gy A AR R A A

HbEL 2 i A KR N TE AR Y B, S LA PR ALRRAE . AR
IR B 5 b 1 A N R DI o A AR R TR B A R
G HRE A OB, RS IR SR R S R
PSR, R B BRI A E AN
FLA B 7 S0 . LA 2300 B B oy A AR S P 4R A
A, BEIE IR AR N T A B B

WF 5% XM 8 e M 2 s BT AR L], AT
B Bl ook okl B kTR ER S BERE S A B, R
o DX A LR LR LR, A T — B Ry
A, Rk B A DTBUAEE (K 9) , #f
JE 25 AR B A B B 2 A 3 D B e 25 I it
AL, R R A S (RE ) AR WS KA
JE K e R KA RS SRR, B R
L BT B RO R BE R R AT Ll R AR A
50 A e a1 B R BRI 7 8 4R /N A
BR ARG A5 B B T A R B 5, BT R L 2 R B
Al = 35 % /N 1 =X VAR s Bt A& S TR
AN, PR EBACER TR ECE IR DI SR, A B
BB R U — OB B — S ORED A — R
P A @ 3 (& 10a,10b) , #8538k A1 A 56 WA TV B ) b
JEAR AN Il A e R R A (B 10e) BE %5 45, #or
Al (2014 ) % RF T 2 v i KL 1 S SRR A T R AR
&2 Ak, K A5 U-Pb i AL ¥ 48 8% 4 9 R
371.5+2.5 Ma, 422.34+7.3 Ma, 306.41.7 Ma.
284.51+0.95 Ma, ¥ i ok U5 F 7508 6 2 104,
N W FEER B C R . B, AT
5% T W — Vb B FL LR i A RURE A — R 2 — 4L
R MR 2 A PN A BRTA L 4 2R L A R R

b2 >
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e e 9 e | e

K9 bfamgA

L 2 5 0 o

Fig.9 The geological profile AA" of the Upper Carboniferous Amushan Formation
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a B UUE K OB )P 87 Sk BT 5 b R A 82 3k B o B A T I 40 B

J5 1 J6 B 22 50, X BL T 26 B FE A 1L A Y
REW 2, & TRl ea s R i
L I HEW O RN — R T .

SET I — Vo R AL I M X A B A T R A 4G 4
TE B, Al /b, W BN R A S 1
ik, BAIEN eu(O)fE(—0.9~+11.6) F4E 4%
19— B B 2K 4R 8 (1 347~533 Ma) , R B AR R
Py JoT B8 AR R S S ) BT TR A (5K SCAE , 20135
Shi ez al., 2014; 8 24K %, 2014, 2015, 2016). M
W A7 i T 3] v B i, 26 3 g DA B A 1] 5 A e
PERY LA, AT BERE /R T A IR BE 048 4k . AF 5T IX
R X3l R NG A kTR, B E B XN
KAaRE, SHPOEBERAENEEAS EEAME
BARFE -0 -l R LD A T hRlE sk
R A W D, MR EE T RER S, Bk
BB A 2 kA 41 & (Zhang et al., 2008)
AT XU il 43 fif i PR 45 (Shi et al., 2014).
-3 (2015) A Sk BT A L1 41 7 B A9 B A o 1, 9 2
AHEE &M, MBI g A AT BRI T
S T L — Vb R FL LR 3 A RURE A A — R A — 4
IR MR PR A 04l T SR S R BE L SR
S5 (2013) A SR HE 125 (A BT I il i PR 45,y S
TR BT hir 3 b B b AU X Y 4 S TR & i
(283.24+2.2 Ma) ZHTE &M & . FHEAL(2016) 54
T A g gl K S AR 27543 Ma, 5 )
T Rl A B A AR S O 250.842.0 Ma, K AT
fily 5 s S A A BT AR 3R 0 K TR M G A IE) 7R 275~
250 Ma. 5K A 45 (2014) 1A Sy oty U 9 P 5 v i 1)
527 VR M A i BR R 7E 275~250 Ma. 2542 £ (2006)
NSRBI 5T X — 7 A I B A8 i IR A B B A TR
filf 48 BF 5% . AR 4F (2019) A A 290~280 Ma Ay A8
it — A R A R e A AR S N A A
56 38 A L VR ARG R R . 5K R 2 4 (2010) AR L

Hb B db G vty 2 AR — FLrp 2R ARCE SRCE R AE TR AR
Bty i, N BLK - =82 H)
1% 20 5 A b i P 5 9510 R W w2 52 0 AR R Ak
WP A RN MR LA A BEIEILE K. KEES
(2011) I\ by 2 Fr R v i 1 2% Ml XA B A I8 B A%
e B R R PR B KRR R, BTR
MM /R— R X R S mgrs 82
FA U, 8 BT ) s LA R B B

i il 43 N S5 R 4G T — AR R EE , i
CZRTH T, H2 K e A ] 1 B KK F 55 Y13 5K A7
e, JF LA ) TR N B EE (222, 2012). B IX
Sl AT B AR I B R A BRI TR
il 2 o JR R, K 5 A DX e AR T KRN A — B, 1
BEARZ R RGN — 4 & & 2 5o, =R
T (2009) F1 G & (2010) X F A7 1 e 25 355
EBSD 1 9 20 #4) 73 17 Flis sl 22 10 B H 5, N R %
WA T ) (8] R i — St R, &R BT Hil
iz 3, T 582 I Al 48 2 5T A AR B

UG, AR AEAE 54 5 4 3 A0 50 R R, ] fifk
FCE 1), 46 i N 2 9% 16 B 5K 1 1% 2l A B i 2
(MR B filf 15 1 ) AE 10 5 X, A6 i) 5 V5 A TR lE 1 48 B 7
X, fi 2 JC F A Pearce F 41 K fif 1 9 4% 45tk 7 5 300
12 AR ISR B R AR, AR 5 TR b )2
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