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Abstract The volcanics of Upper-Silurian Bayinbuluke Formation in the north of Southern Tianshan are mostly composed of
intermidiate-basic extrusive rocks with gabbro intrusion and abundant pyroclastic rocks. These volcanics and gabbros are enriched in
LILEs and LREEs with (La/Yb)  values 2.92 ~5.21, and depleted in HFSEs, especially Nb and Ta negative anomaly with Nb/La
values 0. 22 ~0. 33, similar to the magmatic rock in island arc settings. The Zr/Nb ratios (26 ~47) and Hf/Ta ratios (11.9 ~19.9)
indicate their sources are depleted mantle sources similar to N-MORB. The higher contents of HFSEs than typical island arc basalt
(IAB) and the linear negative correlation between ey, (1) ( +3.23 ~ +6.15) and (¥ Sr/*Sr), values (0.7044 ~0.7063) which
display negative and positive correlation with LILE/HFSE, respectively, suggest that both fluid-sediments and silicate melts derived
from subducted oceanic slab are involved in the genesis of Bayinbuluke magmas, and these rocks are the intergradation between normal
island arc basalt (TAB) and Nb-enriched arc basalt (NEAB). According to the distributing location of Bayinbuluke Formation adjacent
to the ophiolitic mélange belt on the southern margin of Central Tianshan and its chronologic age corresponding with the subducting age
of Southern Tianshan Ocean, it stands a good chance that the formation of these volcanics and gabbros owes to the Late-Silurian
subduction of Southern Tianshan Ocean.
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Fig. 1 Sketch map of geological tectonic units of Tianshan orogenic belt( after Xia et al. ,2003, 2004 )

1-Mesozoic and Cenozoic covers; 2-Carboniferous and Permian rift volcanic-sedimentary rocks; 3-Sinian volcanic rocks; 4-Precambrian continental
blocks; 5-Ultrabasic rocks; 6-Ophiolitic mélange; 7-Middle Permian Xiaoshanshayi formation; 8-Upper Carboniferous Yishijilike formation; 9-

Carboniferous Akesarke formation; 10-Lower Carboniferous Dahalajunshan formation; 11-Upper Silurian Bayinbuluke formation; 12-Paleproterozoic

Mozhaerte group; 13-Permian granitic rocks;

section location
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Table 1 Major element (wi% ) and trace element ( x 10 ~®) analysis of volcanic-intrusive rocks from Bayinbuluke

AHOAK  SOTHRE SOTERE RZa  ZRE MRS ZRZIE s Wgss ZRE ZREE

i iRea 03T-62 03T-64 03T-65 03T-68  03T-69 03T-73-1  03T-74 03T-75  03T-78 03T-80
Si0, 51.49 53.45 52.34  48.30 51.56 55.53 50.13  77.65  51.13 56.04
Ti0, 1.06 0.93 1.67 1.33 1.17 2.20 1.67 0.57 1.54 2.17

AL O, 19. 47 19.70 17.68  17.93 18. 69 15. 40 17.18  12.60  16.67 16. 68

Fe, 0, 3.97 2.87 3.34 5.09 4.00 5.50 3.51 2.48 4.04 4.03
FeO 2.01 1.90 4.05 4.10 2.67 4.22 2.75 1.05 3.10 4.48
MnO 0.07 0.05 0.10 0.25 0.36 0.27 0.16 0. 04 0.22 0.39
MgO 5.37 5.19 5.07 8.29 5.61 5.34 4.59 0.26 3. 14 3.51
Ca0 9.02 8.04 7.77 2.32 8.40 5.58 4.61 0.26 4.12 3.24
Na, 0 3.79 3.80 5.06 5.27 4.38 0.59 5.11 0.48 5.52 5.17
K,0 0.58 0.85 0.99 2.31 0.43 0.65 7.51 1.74 7. 84 1.34
P,0; 0.37 0.38 0.37 0.52 0.47 0.58 0.34 0.28 0.55 0.75
€O, 0.7

pask i 1.90 2.42 .30 4.04 1.76 3.61 1.97 1.92 1.81 2.00
Jakt 99. 80 99.58 99.74  99.75 99. 50 99. 47 99.53  99.33  99.68 99. 80
Mg* 63.17 67.37 56.14  63.00 61.46 50.93 58.06  12.38  45.37 43.55

Ba 153 171 22 253 310 2421 332 995 300 340
Rb 25 35 14 7.7 17 209 52 163 40 26
Sr 519 601 517 175 544 176 306 41 154 148
Cs 0.5 0.37 1 0.49 0.59 1.41 1.02 0.28 0.58 0.33
Ta 0.16 0.18 0.11 0.22 0.24 0.35 0.26 0.79 0.34 0.34
Nb 2.7 2.89 1.86 2.46 3.58 6.2 413 12,97 4.96 5.67
Hf 1.91 2.33 1.53 2. 64 3.15 6.98 3.49 14.6 5.18 5.66
Zr 71 97 55 104 131 264 144 610 191 224
Y 19 12 18 17 23 4 24 64 36 39
Pb 11.8 3.97 2.8 4.49 7.57 24.9 14.3 15.9 5.73 31
Th 1.56 1.83 0.99 3.43 1.25 2.72 1.51 7.1 1.77 2.51
U 0.4 0.34 0.28 0.87 0.41 0.8 0.55 2.02 0.68 0.87
Cr 178 75 86 154 168 44 38 5.9 43 29
Ni 59 142 29 74 111 35 55 2.9 21 2
La 10.5 9.9 8.4 9.6 11.6 19 13 ) 16 20
Ce 2.1 21.5 19.5 20.7 26.6 48 29 98 40 49
Pr 2.91 2.76 2.76 2.7 3.7 6.61 4.28 13 5. 64 6.77
Nd 13 10.7 12.4 12.6 16.2 30 18 55 27 31
Sm 3.15 2.12 3.11 2.81 4.64 6.88 4.35 1134 6.49 7.19
Eu 0.97 0.73 1.13 1.06 1.26 2.08 1.3 2.02 1. 88 2.13
Gd 3.1 2.27 3.32 2.94 3.84 7.56 4.63 10.9 6.99 7.59
Tb 0.46 0.35 0.56 0.46 0. 64 1.23 0. 69 1.82 1.08 1.17
Dy 3.04 1.97 3.08 3.1 4.12 7.46 419 10.87  6.51 6.96
Ho 0.6 0.43 0.6 0.62 0.78 1.44 0.82 2.15 1.25 1.35
Er 1.76 1.27 2.05 1.83 2.34 4.46 2.45 6.66 3.84 4.08
Tm 0.26 0.2 0.25 0.28 0.37 0.65 0.38 1.09 0.55 0.56
Yb .88 1.28 1.63 1.79 2.23 4.36 2.32 6.97 3.7 3.43
Lu 0.25 0.19 0.2 0.26 0.31 0.63 0.33 1.04 0.5 0.53
SEuy 0.94 1.01 1.07 .12 0. 89 0.88 0.88 0.55 0.85 0.88
(La/Yb) 3.77 5.21 3.47 3.62 3.51 2.94 3.78 4.06 2.92 3.93

1996) , 1 T RS e A= R e Bt BT R i) B 9ICA 2 R . MeDonough, 1989) Al HE, AR X5 1 CRESUE BRZM) B9 HESE il
FHRL EEAE T , S5 EPBE JE P UL Sunda 9 ( Gertisser and Keller,  LREE #EB 2 T OIB ARG (Y 7 i (&) , JLH: OIB A
2003) KIEA L, A XS RE A A FAHAITR (LILE, 3 Ta M Nb 9545, 54 DCa A A WL B O ok, A
REE HFSE) [ F5 KI¥ ARG B A1, H 434 35 Sunda 3K XA AR Nb/La FLfE R 0.22 ~0.33,3F4 0.29, 5 Li et al.
KEILP e —B(E 4b) s S Z A (OIB) (Sunand  (2003) 45 H 19 85 9I0E H 119 Nb/La FAH (£ 0. 3) M1 —2K, 1
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Fig.3 Mg" vs. oxides correlation diagrams for volcanic rocks and gabbros from Bayinbuluke
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N-MORB i X AHIT , =5 Hi s 2 51X, 4545 HFSE 5 LREE
AREAE ELAEMIANTG B0 3R Ko 2R OT R 19 DML 6 R A
IR, LR Z B KRR KRS 55
HR A K BB A 1 R T 5, BTN E A & s A 0
T RCT RHE By IA TE PR 58 (AR A B 30 58) o B IEFNIZ A A
EH A RA R XA R (] 2) , WA e X A
FH, LA £ F (AR R P A A1), & E R
F I Mg 75 A9 T R 45 R AE , 8 B 24 2 — AN B8 L Y
Byl

Tectonic discrimination diagrams for volcanic-intrusive rocks from Bayinbuluke ( after Wood, 1980; Cabanis and

4.3 Nd-Sr B EHHE

B A B v KA Y Se-Nd Rl 28 IR 5 31 T 3% 2,
BRI, 3% 28 KNCE 1Y ey (8) HEAR, AT +3.23 ~
+6.152Z0a); (YSr/*Sr), (H#E, /- T 0.7044 ~0.7063 =
[, 727 St/ Sr), — ey (1) EfE (& 6) H, Br— A K iREHE
Al (03T-68 ) (1) HLAT 53 1R 14 (V7 S/% Sr) | {8 17 W A UMRIAE,
HEHES R S5 A OIB i il P (s LB ) |, Of HLAR
FEE S HUS RS T AT LM AHDC O R, A 03T-68 A
ek (LOL =4.04% 3 1) B oy, (0) (H5HAAE
f &g (0) TEAS LT FE— 350, R ITZRE S S B (7 S/ Sr) |
S B TR E 2SR (Yogodzinski er al. , 1996) o
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Table 2 Sr and Nd isotopic composition of volcanic rocks and gabbros from Bayinbuluke, Southern Tianshan
Sample 03T-62 03T-64 03T-65 03T-68 03T-69 03T-78 03T-80
Sm( x107°) 3.15 2.12 3.11 2.81 4. 64 6. 49 7.19
Nd( x107°) 13.0 10.7 12.4 12.6 16.2 27 31.0
47 Sm/ 14 Nd 0. 1465 0.1198 0. 1517 0. 1349 0. 1732 0. 1454 0. 1403
BN/ Nd2g 0.512725 11 0.512656 +9  0.512760 +12  0.512781 13 0.512738 +13  0.512783 +11  0.512754 + 11
(" Nd/"™Nd), 0.512317 0.512323 0.512338 0. 512406 0.512256 0.512378 0.512363
&xa (0) 1.70 0.35 2.38 2.79 1.95 2.83 2.26
ena (1) 4.43 4.53 4.83 6.15 3.23 5.62 5.33
Rb( x10°%) 25 35 14 7.7 17 40 26
Sr( x107%) 519 601 517 175 544 154 148
87 Rb/% Sy 0. 1393 0. 1685 0. 0783 0. 1273 0. 0904 0.7516 0. 5083
¥St/% 80 0.705545 +12  0.705643 =18  0.705054 =11  0.707021 £12  0.705513 £9  0.708907 +12 0. 708023 12
(¥Sr/%8r), 0. 704702 0. 704623 0. 704580 0. 706250 0. 704966 0. 704357 0. 704946

=425 Ma; 20 B4R, =11 75 20 4aXHHR 244 +0. 000011
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Fig. 6 Diagram of (87St/86Sr),vs. &y, (1) or volcanic and
intrusive rocks from Bayinbuluke, Southern Tianshan ( after

Zindler and Hart, 1986)

5 afURINE

METTELER Sr-Nd FALE bk ZE3HE X ERAAER
ST 5 B 3K A 8 V5 IX R K Ak 5 450 b e B ARG
7 (R 5,2004) o TH WA 90 53 AT DA 5 3K 1) LILE/
HFSE #1 LREE/HFSE o {E T , fH 2 %F 3° HFSE ki, iy T
SR PR AR AT 22 A S AL b 3R P e S, (545 e
JR X HFSE 5 HFSE 2 [] {1 B AEAS B sl A A 9 5 1 o
AL B S A R T i 2 oy SN R AR TR e VR T (AFC)
T A 3 3 e AR, DRk HFSE 22 (8] [ E A AT LA 216 7 B85 30 ik

5.1

B9 o A AT Y 0 R X R AiE ( McCulloch and Gamble,
1991; Woodhead et al. ,1993) , A X 5411 Zx/Nb(26 ~ 47,
g 37) HE/Ta(11.9 ~19.9, - 14.8) & 5 5 N-MORB
(Sun and McDonough, 1989 ) fy#H i Ho{E (4351 7 30.15.5)
FHEEE , 15 OIB A AH R LUK (4331 5.8.2.9) AHZEAR K,
FHA X AT PR X 5 N-MORB (b J5 X AR, 0 b =
I, 175 OIB J5IX 58 2 AN [F]

A DR F Y Se-Nd [6] 22 R 2 T MORB (95 i, ifif
% A OIB [ N (B H 2 R, B — A 32 K il A2 1E
BRI RES, 03T-68 51) 3 H. exy (1) E5 (7' St/%Sr) | fEAFAE
L A AT M e B A OG5 & (B 6) , X LB AR AE 3R
B, 0 S A Y b Y DX A 1 5 0 I (T U 5 T 48
WITURYD) B, 22l 76K BT B R b i
ST IR YL ITE . ey, () 5 Ba/Zr Fl Rb/Zr Z [A] (A 5 AH
(B 7 a, b) UK (TS/™Sr), 55 Ba/Zr A IEARSE (] Te)
KR, 454 Ba/Ze FI Rb/Ze {H I R BE Mg" /9 F B ifi b T+
(E8) , Bt A X 5 A 1) Ml 5 IX v A i AR 7 s M T &
(Ans & LILE f#E5ciiB)) A I Hax a8 b LILE (1
T INIEAS RS i H S 0 25 3R o s 45 d A R AL TR Y (AFC) b 72
ot e TR A BT 3 A, BRI XA RFAE . 7E Nb/Ta-La/
Yh SR B L (I ) A< DS B FRess sl #4010, Jo A ¢
KR WA TR 2SR YA 1F S (Mnker, 1998) ,

5.2 RWETHEFEMNEXFIENER

TEV A, Th Al LREE S0 R — MG st R . A
XA A ) Th 28 (0.99 x107° ~7. 1 x 10 %) F1 LREE
B N-MORB MR (% 1.8 3) , WRER R E EA IR A
I bd F AR B i A ( Gertisser and Keller, 2003 ; Hawkins,
2003) o F3Eb A D IRCE I T U R RRE R I S
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SR E 3 B AEZE L, {H A HFSE JCE K4t FRERE,
AR A AT —E B 2200 o B B SR 3 X s
AR PE Z B Ta S~ 0.1 x10°° ~0.18 x 10 ™° Nb
F1.7x107° ~2.7 x 107 Zr S F-3918 F 40 x 10 °F1 71
x 107 Hf 4 & FE K 1. 17 x 10 5 F1 2. 23 x 10 ~° ( Pearce,
1982) o A X RIS 4230 F i A= 4 3K (primary magma ) 15T
9 PUANRE i (03T-62 .64 .-68 .69, H: Mg* 25 {b F 61 ~ 67 =

s PN

], H 54 XCH B R A HL B e mi 9 Cr Ni 354 /) HESE
G (Zr=71 x10"° ~131 x107° Hf =1.91 x 10 ® ~3.15 x
107° Ta=0.16 x107° ~0.24 x 10 % Nb =2.46 x 10 ° ~3.58
x107°) B Fc I 00 (574 X o L T 2 2 A
) IR TICE SR AT HFSE & & HEA 0 & T M8 91
AR HFSE 54

IR RE R B A e B A R T RE LA ok A
WA TS AR TC TR I 524X 10y b 02 RO 798 2 il O
Mo REMF (ESR S 11205 R, b ARTEZ B
MESE TR S AR 25 1 T A 2398 AV A 7 26 it A s AR
J& , T LA B e 4% LS T8 B B A 2K T HFSE [ & &
(Crawford et al. , 1987; Kepezhinskas et al. , 1996; Klein et
al. , 1997 ; Defant et al. , 2002) , A X A4 FEEL T, FiA YA
AT T R A JRAE BT B4 i (03T-62,-64 .68 .-69) , H.
AR Sr & (BR—A4 175 x 107° AR/ F 519 x 107°
~601 x 10 ° Z &) \Eu % AU P 2 F Fu 8% (6Euy
0.88~1.12) fEM Y & (12x107° ~23 x107°, 4 17.8
x10 ") A Yb &5 (1.28 x 107 ~2.23 x 10°, -4 1. 80 x
107°) Sk ki, FEI LU X VR BEBE IR, O A AR T B I,
RHC A AT E K dk o3 filf 1 AR, S 3O R i i Sr 3 &
JAE Bu S5 Y K Yb WIS A A 1A R 2 i Ok kR
TEPRIX o JXSCRAAER I, U35 A0 65 50 5 I JNUE 1Y 3 Y5 1XC
TREE BAT IR i s A i 2 A T s Tl e 9 1 g 2% A (AR TN
EH—EEEEA) JF B, SA K KUE AL T W] — 5 2 ny 7
AR I BT E T30 X (18] 1) A 5 MORB (R HE A 1 47
TE (18,1997 ; ER4E,2006; Gao and Klemd, 2003 ; Klemd
et al. , 2005) 132 BT RE K LA i o b TR ARV AR 28 AR
DXL TER AT I Be (A B BOIRES ) L TR 7e iU B AT AR
He % Bl ( Yogodzinski et al. , 2001; Defant et al. , 2002;
Defant and Drummond, 1990 ) , F7™ Az B AR F 6 (A %] 3t 1 182 %
A SEARHE T, T LA e b A e I 5 T 2 8 v il il 7= A=
1 By IS b HFSE 13 &, 3% — A PRS0 T3 4 & o X i
+ ( Nb-enriched arc basalts; NEAB) ) 1 sl #L il ( Sajona et
al. , 1996; Polat and Kerrich, 2001 ; Aguillon et al. , 2001; F
5R4F,2003) , fH 58RI NEAB [y Nb & & Flad I 7% T R i
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Fig.9 Mg" vs. trace elements correlation diagrams for volcanic rocks and gabbros from Bayinbuluke

Cr Ni 04 (Nb=3.85x10"°~20%x10"° Cr=135x10"°
~250 x 107 Ni =70 x 10™® ~ 190 x 10°°, Sajona et al. ,
1996; Polat and Kerrich, 2001; Aguillon et al. , 2001; F 5%
26,2003 ) Al H, BB A vl S I AO8E P AN TR AR
U2 R ORE S B Nb 55 (2.46 x107° ~3.58 x 10 %) J% Cr,
Ni G (431075 x 107 ~ 178 x 10 *H1 59 x 10~ ~ 142 x
10 ™) AR AR, 33 AT RE 5 AR A 5 1k 5 b AR RORSE 25 1 58 1R
TSI R AT e b e A S 4 3 A3 Rl A B S AR DG (.
H4F,2003) o

g5 L RTIR, B A v K IL— 1R E  HE R IX Ry 3
ARF SR ORI TR B Al s 7 WL TR A8 AR LI 5 it
HOMS YR X, F AR — TR 6] H A5 14 38 FAE RATS o5 32 A
BRI AR S E AR B A X B s TR LY i AR
TEMBRAL 2L B AT IE R Bl X U (TAB) A 5 = 5
Byl Z A (NEAB) HHK Z 8], o ZF [ 1l R 51,

5.3 AREN

15 I 8 REARIORSE 5 0 ™ 2B 1) I A A IR AE b

TR RSB PR S A E 440 AFC i3 72, B i B
RHIER E I o &5 o A L BEBU ST R Ay F 8 (TR
FEARARZS TCR I E B ) | 10 3K 0 TR0 2R P A 2 BEAS PR A1
5 MR Y B n] AR B R s R I B (U H 2 35
LILE (328 ) 38 7T LA 5 5 1 W] 467 R be A & A= B W s
(Gertisser and Keller, 2003 ; Xia et al. , 2005) ,

RO b, B A SO 2 B IR (iR Bt i 2
TRt ) RS b £ W A LA AR [A], #8 & & KD
YN A ), A AR S B REE B 20 #5820 K i Jou & N-
MORB FrfE Ak 7377 T A AH U (& 4) , B —3) HFSE/HFSE
FEAE LLAE RIATE Y ey (£) & (7St/%*Sr) | (H (£ 2) , Kk 2L
HAAEILFE IR IEX . Mg" 5 Si0, 2 HAME(E 3a) , 5
Cr Ni BIEAAX (K 9a, d) , RUIA KB ICERK FIHdfef g
S0 T RO W B A S OSB3 B 4 s Sey
SEuy \AlL, 0, .CaO J% CaO/AL O, 5 Mg" [A] i B () 1IF A K X &
(Kl 9g, h; B3 b, d, ), BRI B0 RHOD 25 541, iE
FEAESRZU I SRR AT (153 85 45 i, OF LBV A7 (45 i LRt
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KA 4555 R A3 Tio, FeO" P,0, 7 31tk Jo v 5Lk 4
SR TF G T FE BRI A T W B FAR (18 3c, e, h) %
B IX RT3 22 15 1 SR B ) - Bk SR A W RV IR A 114 5
2 ks Ta Nb Zr Hf Y 5 Mg [7]—E IEAH X R ([ 9b,
c, e, f, i), %M HFSE 76BNk ng a4 P 5 4. 1M LILE/
HFSE i (4 Ba/Zr \Rb/Zr) 3K Mg 1 T Wi 1 T (3t %
AT — BRI T (B 8) , 32 W1 AFC i i r (1 3 76 1 e A
X T4 A SV PTG A 14 Bk LT T DL 22 . [
3K ZA AL AT FE W] LILE 76405 b B0 b X i 4 42 U5 X BT [ 4
()@ E (R LILE g B A ) 7 I, Qe 7 28 o 1 &%
VURRY) 3R A BT S IR IR B AR, ey, (2) FN
(VSr/*Sr)  EFHANBE Mg 1 T 252 35 0 (PRI ) o
A HA I BT R P A A W T TR A K

2 R, T A v S A I A Mg AR Ak
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