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Abstract Zhaheba Carboniferous volcanic rocks mainly composed of basalts and basaltic andesites occur within Upper Carboniferous
Batamayi Group, north of Zhaheba ophiolite in the eastern Junggar. These rocks have relatively high Mg* (64 ~73) values, moderate
TiO,( <0.85% ), Al,0,(13.75% ~16.88% ), but low CaO (4.51% ~7.28% ) and FeO" (5.82% ~7.71% ) contents, showing
characteristics of primitive magmas. These rocks have relatively high Na, 0/K,O ratios ( >1) and alkali contents ( Na,0 + K,0) =
4.3% ~7.1% ). They are enriched in LILEs but relatively depleted in HFSEs, with strong negative Nb-Ta anomalies, showing typical
characteristics of subduction zone. These samples are slightly enriched in LREEs ( (La/Yb), =1.0 ~2.1) and possess weak Eu and
Ce anomalies (0.94 ~1.08, 1.00 ~ 1. 06, respectively), without significant fractionations of HREEs ( Gdy/Yb, =1.1 ~1.3).
Furthermore, they have high radioactive Sr (/5 = 0. 705282 ~0. 705420) and low radioactive Nd ( &y, (t) = +6.59 ~ +7.58).
These characteristics, along with their low contents of Th ( <0.55 x107®) and Pb ( <3.52 x 10™®) and high ratio of Ce/Pb (4 ~
79) , preclude the possibility for involvement of continental crust, suggesting that they were most likely produced in a subduction-
related environment. Their high Ce/Th (18 ~32), Ce/Pb, Ba/Rb (21 ~76), Ba/Th ( >179), &5,(t) values and lack of obvious
Ce anomalies indicate that there was no significant involvement of subducted sediment during their genesis. Moreover, their trace
elements and Nd-Sr isotope compositions are consistent with their origination from a mantle wedge metasomatised by slab-derived fluid.
Different from typical arc-related magmas, however, most Zhaheba samples show negative Pb anomalies and relatively high Ce/Pb
ratios, which can probably be ascribed to Pb-poor fluid derived from an amphibolite-facies slab in high temperatures. These
characteristics indicate that an intra-oceanic subduction environment existed in the eastern Junggar, and that the Junggar Ocean must
close after the Late Carboniferous.
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Fig.1 Simplified geological map of Zhaheba region
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Table 1 Major(wt% )and trace( x 10 ™®) elements contents of Zhaheba Carbonic volcanic rocks
HERE ZHB-12 ZHB-13 ZHB-15 ZHB-16 ZHB-17 ZHB-20 ZHB-21 ZHB-22 ZHB-23 ZHB-24
Si0, 52.44 53.83 50.58 54.32 52.47 53.36 52.98 50.32 52.02 53.88
TiO, 0.56 0.59 0.84 0.59 0.58 0.56 0.?5 0.68 0.57 0.57
AL O, 16.17 16.40 14.74 13.75 16.31 16. 10 16.05 14.99 16.88 16.13
Fezog‘ 5.95 6.35 7.71 7.05 5.70 6.11 5.82 7.63 6.09 5.99
MnO 0.08 0.08 0.13 0.10 0.08 0.08 0.08 0.11 0.08 0.08
MgO 6.39 6.42 10.74 10.45 6.90 6.91 6.62 9.51 6.95 6.87
Ca0 5.82 5.24 7.23 5.35 7.28 4.51 5.94 5.50 5.96 5.46
Na,O 6.20 5.76 3.35 4.67 5.20 6.16 5.81 4.04 5.60 5.86
K,0 0.48 0.64 0.85 0.39 0.54 0.50 0.57 1.19 0.36 0.52
P,04 0.07 0.06 0.08 0.07 0.08 0.07 0.09 0.09 0.07 0.08
LOI 5.11 3.30 2.81 2.32 4.11 4.54 4.22 4.66 4,27 3.52
BE 99.27 98.67 99.07 99.06 99.24 98. 89 98.73 98.72 98. 84 98.98
Mg** 66 64 71 73 68 67 69 69 67 67
Li 7.7 8.2 8.4 5.8 5.1 6.8 1.4 7.2 9.2 8.3
Be 0.38 0.56 0.40 0.45 0.40 0.29 0.67 0.34 0.58 0.47
Sc 24.2 31.5 27.7 25.1 20.5 24.6 33.0 27.7 31.3 32.0
v 166 178 210 198 140 163 283 216 168 157
Cr 121 138 503 366 109 146 100 349 126 137
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gxl1
Continoued Table 1

=R ZHB-12 ZHB-13 ZHB-15 ZHB-16 ZHB-17 ZHB-20 ZHB-21 ZHB-22 ZHB-23 ZHB-24

Co 27.0 33.4 42.8 37.7 23.0 28.9 34.1 40.6 31.9 32.2
Ni 57.4 70.2 264.4 208.8 55.0 64.0 42.3 175.8 67.3 67.4
Cu 11.8 13.0 28.3 6.7 4.7 11.1 28.1 27.6 9.5 10.9
Zn 18 20 39 23 15 18 110 33 19 19
Ga 14.3 14.2 13.6 12.9 11.3 12.5 15.7 13.0 13.9 12.8
Rb 3.6 3.7 4.2 2.0 3.0 3.9 1.0 8.3 2.3 3.3
Sr 379 426 349 361 292 204 165 177 283 308
Y 13.8 16.2 » 21.0 16.6 11.8 13.7 33.0 18.2 14.2 14.9
Zr 63 72 70 63 51 61 103 60 62 67
Nb 1.1 1.4 1.4 0.9 0.9 1.1 2.6 0.8 1.2 1.2
Mo 0.18 0.23 0.39 0.23 0.20 0.25 0.43 0.25 0.20 0.19
Cs 0.09 0.06 0.07 0.02 0.05 0.04 0.01 0.06 0.05 0.05
Ba 85 255 322 110 93 125 22 172 132 182
La 3.7 4.5 3.2 4.4 3.5 3.6 4.7 4.2 3.5 4.0
Ce 9.1 10.8 8.8 10.6 9.1 8.9 13.1 11.0 9.2 10.1
Pr 1.3 1.6 1.4 1.5 1.3 1.2 2.1 1.6 1.3 1.4
Nd 6.0 7.3 7.1 7.0 5.6 5.8 10.8 7.7 6.3 6.8
Sm 1.70 2.20 2.33 2.01 1.55 ' 1.71 3.62 2.29 1.92 2.06
Eu 0.67 0.85 0.86 0.74 0.60 0.62 1.29 0.77 0.74 0.79
Gd 2.05 2.66 3.02 2.35 1.89 2.07 4.59 2.76 2.26 2.32
Tb 0.38 0.44 0.58 0.43 0.34 0.39 0.89 0.50 0.38 0.40
Dy 2.35 2.98 3.53 2.67 2.02 2.31 5.53 3.01 2.57 2.78
Ho 0.50 0.62 0.77 0.58 0.44 0.51 1.21 0.65 0.55 0.58
Er 1.47 1.89 2.27 1.69 1.31 1.50 3.49 1.93 1.64 1.73
Tm 0.22 0.28 0.34 0.25 0.19 0.22 0.53 0.28 0.24 0.26
Yb 1.38 1.80 2.12 1.60 1.21 1.39 3.23 1.77 1.59 1.65
Lu 0.22 0.27 0.32 0.25 0.19 0.21 0.50 0.27 0.25 0.25
Hf 1.59 1.92 1.83 1.63 1.33 1.53 2.64 1.56 1.73 1.85
Ta 0.09 0.12 0.12 0.07 0.08 0.10 0.19 0.07 0.10 0.10
w 0.11 0.12 0.19 0.16 0.13 0.14 0.22 0.12 0.12 0.12
Pb 0.24 0.28 0.26 0.20 0.33 0.99 3.52 0.14 0.58 0.57
Th 0.47 0.55 0.27 0.51 0.37 0.43 0.33 0.44 0.50 0.55
U 0.32 0.35 0.22 0.43 0.39 0.21 0.46 0.24 0.45 0.32
2REE 31.07 38.15 36.61 36.19 29.24 30.38 55.60 38.74 32.43 35.13
S8Eu 1.09 1.08 1.00 1.04 1.07 1.01 0.97 0.94 1.08 .11
8Ce 1.02 1.00 1.02 1.01 1.06 1.04 1.02 1.04 1.04 1.03
(La/Yb) 1.94 1.78 1.08 1.98 2.11 1.84 1.04 1.70 1.60 1.74
(Gd/Yb) 1.23 1.22 1.18 1.22 1.29 1.23 1.18 1.29 1.18 1.16
(La/Nb) py 3.44 3.42 2.28 5.26 4.01 3.42 1.89 5.53 3.10 3.45

H: Fe, 07 W 428k; Mg* =100 xMg?* /(Mg?* +Fe?* ), Fe, OF 24k FeO it B ; (La/Nb) py HHISA HLMBBFHEALAE, (La/Yb) y FI( Gd/
Yb) o HERB A ARHEALAE SR AEILAE ] & Sun SS and McDonough WF (1989) ; 473 * # A TAAEHHLER.
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Table 2 Sr and Nd isotopic compositions of Zhaheba Carbonic volcanic rocks

. Rb St 8 Rb :,—Sr Sm Nd 'Sm ;:—: Ia (1) I (t)  eng(2) tou(Ga)
"V (107%)  (107¢)  /%sr ( £20) (10-%) (10-%) ™Nd (220)
ZHB12 3.20 364  0.0252 0.705534 %13 2.03  6.87 0.1788 0.512989 x14 0.512614 0.70542 7.6  0.70
ZHB-15 3.77 343 0.0317 0.705426 +14 2.56  7.71  0.2012 0.513028 +12 0.512606 0.70528 7.4  1.49
ZHB17 3.32 393 0.0245 0.705448 £12 2.50  8.95  0.1690 0.512931 14 0.512577 0.70534 6.9  0.75
ZHB20 3.45 216  0.0458 0.705559+13 2.32  7.81  0.1798 0.512954+13 0.512577 0.70535 6.9  0.88
ZHB22 7.22 166  0.1254 0.705880 13 2.56  8.63  0.1793 0.512939 12 0.512563 0.70531 6.6  0.94
ZHB24 2.95 312 0.0272 0.705462+12 2.37  7.96  0.1803 0.512958 +12 0.512580 0.70534 6.9  0.88
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(200 ~ 400 B) WA FEZHAEFHFTH, W Sm H) Nd #94> BF 0
ARG FATWAE 1. TmL Teflon ¥} Jy 38 %4t 72 W
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16.88% ) L4 K 4 & i) CaO (4. 51% ~ 7. 28% ) 1 FeO"
(5.82% ~7.711% ) &8, Mg" I+ F 64 ~ 73,7 AFM B,
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Fig.4 PM-normalized trace elements spider diagram

# Sr &8 ICP-MS & R 5 TIMS & RA—8 AR
ICP-MS 4 i4& 18 I, (320) 2k 0. 70531, 31X 5 TIMS 4347
GEREA 3, W ICP-MS 5 TIMS W4~ BB o B4 S 84
A—BERRMAYSUEFER. 8 TEERRLUEFRE L
ARGEEEKRNLUASAE EENBRARIEEYILE (RE
5 ,2005) , BT LUBR ¢ =320 Ma 00 A 340 45 R0 3 4L L
KREBER . % T 20 Ma 22,7 S Sr MR AHIRE /DT
0.006% ,'“Nd/'“Nd ¥4 LIE R £ /N T 0.09% , £ 8T a#
FfE, B RY S/% Sr 97 46 L A F 0. 705282 ~ 0. 705420,
S Nd/ Nd R 35 LR 4 T 0. 512563 ~0.512614, 8, (t)
H+6.59 ~ +7.58, R\ TF KPS MAV B FIX

4 Wik
4.1 BREEHEAEA

FLAIUA R R K LA R S AT R A Mg" AL (64 ~ 73)
BHREAHE(3Eu=0.94~1.08) , RP\HL AR FLBE
A (Rollinson HR, 1993) . # ff) HFSE S BR/ TR {#
2, HEZRTREDPBEZRE, W HESE LILE # LREE, 3
RARIIM Nb-Ta A R% RAFBEMN TP SH, Bt
HEVTH BN S E . KRB Ti-Nb-Ta MR 5 52 H R
WA REHE, HRRA TR E R M U EREL
MHEFED, HTAXESRENYRAREE SHBFE
AL HLER AL 22 4%4F (Rudnick RL and Gao S, 2003) ,khi5%
FIBR PR AR AR LRSI, FLAIMEA R E KL
HERRHEMER U,Sr, B, HRARRN LW SR R B
Sr B F AL, BETRA KA Th & Pb 58 (Th<0.55 x
107°°,Pb<3.52 x 107°) , ik Y (La/Sm) 1 ( Sm/Yb) , L {E
(0.8~1.4 #17.8 ~9.2), L B % (La/Nb)p LL{H (1.9 ~
5.5), MWAMEBHE G M Ce/Pb H{H BF B F MORB &
OIB(Ce/Pb =25 +5,Hofmann AW et al. ,1986) , X S4%4F %
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BRI ene (£)fH( +6.59 ~ +7.58) —il2 , KBAZE K
HARRFRFRRE R AEEY

W WA E A OB EE R PR BT
FeBE ket 72 v T B A T AR B R S AR B A e B AR
(Eiler J et al. , 2000; Elliott T et al. , 1997) , HBIERYIH
BHREERBAREN Th.Pb SEMBEH Ce/Th(=8),
Ce/Pb( =3),Ba/Rb( ~4) #l Ba/Th( ~111) W, {8 (Plank T
and Langmuir CH, 1998 ) , #5 {4 1 il A K5 S0 28 16 AT 25 3K Y
Sr-Nd FMu R ¥ L, R EZ TG R E, MILANARKE
KL () Ce/Th(18 ~40) , Ce/Pb(4 ~79) ,Ba/Rb(21 ~
76) 1 Ba/Th( %K > 179) W{EF Nd [ 2 K 4 LA R ik = B
EMGEREHRT HBITEY B I A KA R
(Edwards CMH ez al. , 1994; Turner S et al. , 2003) , [&&F,
A Nb S B (0.8 x107° ~2.6 x 10 ) L HERR T eh I W7
RS R R 1K TE TR T 32X B e B A
MR ERZXRRER T HEH(Wyman DA e al. , 2000;
Hollings P, 2002),

XtFE TP B, 5 Cl AR R TR IR
AT BMKRER KT, KB FRATR(LILE) &
Pb B4, &% . K (HFSE) T #i (Manning CE, 2004) , &
TSR Y Bt R A B IR T 5 g i 5
3% Ce/Pb ¢ Nb/U I, {E BH & P& 1% (Klein EM and Karsten JL,
1995) , RS Nb/U(2.0 ~6. 7)) T T i #udd (Nb/U =47
+10,Hofmann AW et al. ,1986) , i3 Ce/Pb LW{HZHH T
T8 ( Ce/Pb =25 +5,Hofmann AW et al. ,1986) , X ¥ LA
MR RMEETTRY SOb Y R M A ST, B
BYEATK(LULE)B,Sr M UM R EE, HHBETE
(HFSE) SR B¥A B E 4, Rl LB AR Nb/Th(1.7 ~5.3)
FH{/U(3.4 ~8.5) , SHLEI A 5 15K 522 456 ( Kelemen
PB et al. , 2003 ) , 3% Ui B S AR 1M AR M PEFT AR b i K {3
BER A BETRERZE LA RN FEIRHE, HBE
BRR, B 5 ZHB-21 RA Vi REE BLoH s, HAHM R
Rb .Sr.Ba #1 Th( & 4) , T2 AR FE 3h KR & IE K
(Kelemen PB et al, 2003) , #/R X E 5 rhiH A X1 k1l
BB A] RE R RV IR,

R, 5B KSR UK LA H L (Kelemen PB et al,
2003) , FLITHUA & 7 K LS AR 4 P, [ 4R b 08 47 A 1k ik
R B0 Pb R IE &, TTE B0 Pb RIS H, N
B Ce/Pb HHBEME K, RAFHERUUT BN 21t
55 524 B B0 Pb 28,322 L1 52 (Ishikawa T et al. , 2005) , 7E
F B REE AR MR A IR K T B R Ph B E BRI
1EBhCE (Elliott T et al. |, 1997) , RMBRIELH—MFRNE
B, DR ROMRT AR ZE 4 R TRLBE T IS K S 2 o, Pb 7E
WAk P IR £ B AR R I R RE B
KL RAIIR A i WE R A KT e ik B A B B AR
# Pb 5 B (Ishikawa T and Nakamura E. , 1994) , Hit,, %4
R FR IR oK TE LAY 8 1k 32 A, L 7 3 08 4 4 T LR X

Pb ) 33K X 1L & (Ishikawa T et al. , 2005), HEmWAaRE
KILEFRREETE Pb MR P RS XE—EBE ER
Bt 3K B AR A0 A DN A AR e ST K A R

4.2 HEWRFENAS

MR R RFE T AR RS 5 g R - R 5
W Z I — ML B R (HFH%,1992) , thig
FRS/RAMAIZEAZNREEHRE TR KHE
BRI E B . ERABAIE, BILREKRRL T = FigfE
R BRI GEW PR S KL e AW R i Z ]
FESCEH (W, 1995; (IEHSE,2001; PF4RIE4E,2001),
Hep, FhiE Bipses STER/RE AR SE —RRE
T U R KPRV AL, ML S A5 R AL B 4 40
IS MM F S, 1990) , R i sa BRI
PEN SIS (P 0IE%E,2001) o FR5F2EE AN HER
IRERFETHRA MR R LN (HFHHF,1990; HR
,1994) , F AR MR P H/RAME (K FEE,1990). &
MAFE AR REGPEREZLRELHA S (EEK
%,1995) o HEIE LIS A K 5 SHRIMP E 445
R 489 +4Ma( T8 F%,2003) , BE/R REEE A P RIKIE R A
SHRIMP E4E45 524 372 + 19Ma( k#5364 ,2003) , G50, &
WILF B REHFRZREMPBARRE S, RETENE
RERAE (TGS, 2001; FIGH S, 2004; 3B ,2006)
AR, SRR B ERRAEMREERE, T
AWER M-S rBEEA XL IA KR K LCE, 203
B By A A AR o S R b X 0T 1R 43 AR AE R b IH R 3R 38, 45
EREIE RSB 2 12 0 7R HE W /R B oy A AR Bt
TEHRET BB (RIRESF, 1999) , W7 LAIA o i R 23t
(R) AL M B TTH U R K EETF R LUK, ZEJR AL 4B Z AT 35
PR, RN -BA KT MR, T 8
B SE £ A E , ARHEMIR AR S 5 I (R 58 AR 5 P9 1A R LA Bk
AP o

4.3 WREX

H AT HER R A R LA R R B AR R REEIR,
FEAFIRAR . — 22 E YO /R M 2R EE R fh
BATETHM,(Coleman RG,1989; Hu AQ et al. , 2000) ; T
F— B E BRI Y B IR D A A AT E R 2%
BRBEE(Z AW, 1994; R¥FW, 1995), RMEEBRE
B, ESHAR TR ERCFR/RBERE(HEES,
2003) . 7ESLEERS b, A 2R MR X AE R £ R 0 ) wE
FDR IR TE 4 5 S AN Bk - A i o (R s BR b 2 B[R] 6 R BF
5, 3R HERR R 3B R A B VST, TR LUR B I IR A K
HE, AMEAAE S ERFTEE , & B T 3 P98 2UB0E (5
EHE%,1999) .

SR, 3 4F R FLIT L B Y8 22 4 TR X RS A A I 5k R
BLEPLE RBFENBRTRA FE%, 2001; K
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Feas | 2004; EAEE,2006) , KA X R R KULET R
BF—A5HENIAE LHIFE, REIFLAIA 5 E AL
MR EN, BE XA BT HEA TS, 1T 5 5
HARZHFAEY, 5f AT AW R 200 H i A9 R 52
RS RANB AR M ERE (EFIEH,2002), BF
R Nb(7.8x10°° ~14 x107°) & & ,Nb-Ta i B 5,
eng (1)K +7.2 ~ +8.4, Th/Nb HLE/MF 1.0, 5B F 4R
ZREHEARR , RIS M b A 6 (RE%,2006) .
T EL, X MR SR 0 ok 1) 5 09 Nd-Sr [F] iz B 2 RUBF 52 4138 7R
(FRET-%,2000) , HEMB /R A b BRI BE Al 0 R PR BE S 303
W BB ARG AR ERRSE M D INERPEET
Bo HFLFR S REMFILGRREREARFHSN
HAMES5AmARBARMHERTRE RN, HTMMH
I A AR X By A AR R S A R AL, AR
REMERNAR T, S AR EENART S, &1
BV Bt B RS A0y AR AL S U (R

B 7EATTRIEERE T, PRSI A B Bk Yy
RFEREBREFRRERMALRES T T RAFHY, E—
BFR B
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