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Abstract The Bogda orogen,which is located between the Junggar and Turpan-Hami Precambrian blocks. has been proved to be a
Late Palaeozoic continental rift by many lines of geological and geochemical evidence. Si0, content of Lower Carboniferous volcanic
rocks in this orogen exhibits a gap between 55% and 64% . Bimodal volcanic suite of the Cimeitou formation at Qijiaojing is composed
of basalt and a less amount of rhyolite. The Rb-Sr isochron ages of the basalts and rhyolite are 342.0 +3.2 Ma #1340.3 £3.4 Ma,
respectively. These rocks were formed during strong extension of the rift. These ages are consistent with those indicated by fossil. Basalts
of the Qijiaojing formation are characterized by g4, (¢) = +6.4 ~ +6.7, (¥Sr/*Sr), =0. 703261 ~0. 703328, (**Pb/*™Pb), =
17.703 ~17.989, (* Pb/™ Pb), = 15. 407 ~ 15.498 and (*®*Ph/** Pb), =37. 147 ~37. 825, while rhyolites of this formation are
characterized by gy,(t) = +6.4 ~ +6.6, (¥St/®Sr), =0.703368 ~0.703469, (**Pb/*®Pb), =17.827 ~18. 114, (*’ Pb/**Pb);
=15.460 ~15.517 and (*®*Pb/*™Pb), =37.077 ~37. 973. These data indicate that the rhyolites is similar in Nd-Sr-Pb isotopes to
basalts and that the basalts were derived from a depleted mantle, while the associated rhyolites were formed by fractional crystallization
of the basaltic magma. It is a common idea that fractional crystallisation can only produce a continuously differentiated rock series.
However, bimodal volcanic rocks can also be formed in some particular cases. Bimodal volcanic rocks, in which rhyolite is formed by
fractional crystallisation of basalt is not rare on earth, but has not been reported from continental rift environments, Therefore,
the bimodal volcanic rocks is a very rare case, and is possibly a new genetic type of bimodal suite.
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SUAREEEAASHBATEAPRERFOTERERR—K, CAFBTKE: en()H +6.4~ +6.7, (VS/¥Sr), %
0.703261 ~0.703328, (**Pb/™Pb), & 17.703 ~17.989. (* Pb/*™Pb), h 15.407 ~ 15.498  (**Pb/*™ Pb), 3 37.147 ~37.825;
LAFBAKE: e (1) H +6.4~ +6.6, (FSt/*Sr), # 0.703368 ~ 0. 703469, (** Pb/™ Pb), % 17.827 ~18. 114,
(*Pb/™Pb); 3 15.460 ~15.517 . (*®Pb/™Pb),; 4 37.077 ~37.973 , Wy b 7T -k f§ 40 % X £ AR 80 £ /£ Nd-Sr-Pb Fl 42 & 4
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Geology of the Bogda orogen, Eastern Tianshan Mountains
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Fig.2 TAS plots of the bimodal volcanic rocks from the
Bogda belt )
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Fig.3 Primitive mantle-normalized patterns for trace elements of basalts (a) and rhyolites (b) from the Bogda belt
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Table 1 Rb-Sr isotope ages and Nd, Sr and Pb isotope compositions of the bimodal volcanic rocks from the Bogda belt

HE ZRh

BE B007-1 B008-2 BI125 B141 B127 Bl141-1 B009-2
BRER 342 +3.2Ma 342 £3.2Ma 342 £3.2Ma 342 +3.2Ma 342 +3.2Ma 342 +3.2Ma 342 +3.2Ma
Rb( ng/g) 63.67 1.09 13.23 20.24 14.01 65.87 20.15

Sr( pg/g) 246.2 358.6 254.1 124.6 481.2 271.9 268.9

8 Rb/% Sy 0.7633 0.0091 0. 1886 0.4735 0. 0837 0.7082 0.2187
§7G,/%Sr(M)  0.706994 +9  0.703314 £11  0.704192+10  0.705576 £15  0.703702 +13  0.706727 +9 0.704358 + 10
e (1 -11 -12 -12 -12 -11 -11 -11
875r/%Sr(1) 0.703289 0.703270 0.703276 0.703278 0.703297 0.703289 0.703296
Sm( g/g) 8.99 5.42 6.01 3.68 7.98

Nd( g/g) 25.76 19.61 25.16 23.47 20.37
41Sm/1Nd 0.2113 0.1675 0.1443 0.0954 0.2369
BN/ “Nd(M) 0.513008 13 0.512913 9 0.512862 13 0.512751 10 0.513069 14
eng(t) 6.7 6.6 6.7 6.6 6.6

W Ng/MNA(D) 0.512533 0.512537 0.512538 0.512537 0.512537
U(ng/8) 0.39

Th( pg/g) 1.12

Pb( ng/g) 4.425

205 p, /204 pp, (M) 18.335

27 ph/204 Ph( M) 15.509

208 p}, /204 ph( M) 37.942

206 p},/204 Ph( 1) 18.124

207 pp, /204 ph( 1) 15418

208p}, 204 ph(1) 37.635

= = WEla

e B014-2 BO18 B020 B026 B33 B34 BI10
ERER 342 +3.2Ma 342 £3.2Ma 342 +3.2Ma 342 +3.2Ma 340.3 +3.4Ma 340.3+3.4Ma 340.3 +3.4Ma
Rb( ng/g) 5.12 0.89 7.83 3.70 31.85 40.12 4.01

Sr( ng/g) 331.3 258.4 451.7 330.6 56.27 140. 1 59.24

8 Rb/% Sy 0.0478 0.0103 0.0516 0.0328 1.673 0. 8466 0.1889
8Gy/85r (M)  0.703522+12  0.703318 +9 0.703571 £14  0.703454 +9  0.711556 £12  0.707509 £15  0.704345 +11
e, (1) -11 -12 -11 -11 -9.1 -9.8 -9.5
85/%8r(1) 0.703290 0.703268 0.703321 0.703295 0.703459 0.703411 0.703431
Sm( g/g) 8.71 2.91 11.04 4.20 9.45

Nd( g/g) 20.94 13.07 45.16 19.02 35.09
475m/1 Nd 0.2517 0.1369 0.1399 0.1198 0.1765
Nd/'“Nd(M) 0.513102 9 0.512841 8 0.512848 10 0.512802 12 0.512933 10
ena(2) 6.6 6.6 6.6 6.5 6.6
“3INd/"Nd(I) 0.512538 0.512534 0.512537 0.512536 0.512541
U(pe/s) 1.20 1.45 2.514 1.03

Th( ng/g) 1.09 5.12 1.81 4.92

Pb( pe/g) 4.91 12.37 15.13 5.98
205p},/204ph( M)  18.349 18.574 18.481 18.502

207 pL/24ph(M) 15.505 15. 541 15. 495 15. 496

208 p, /204 ph( M) 37.954 38.086 38.121 38.09%4
205p}, 204ph(1)  18.151 18. 265 18.297 18.248
207pL/204ph(1)  15.407 15.439 15.382 15.394
28ph2ph(1)  37.612 37.808 37.821 37.794
=E P

e B27 B36 BI26 Bl44 B15 B3l B32
HIRER 340.3 +3.4Ma 340.3 +3.4Ma 340.3 £3.4Ma 340.3 +3.4Ma 340.3 £3.4Ma 340.3 +3.4Ma 340.3 +3.4Ma
Rb( pg/g) 15.87 10.18 25.89 5.02 17.34 22.06 50.03
Sr(pe/g) 168.9 76.28 198. 1 145.6 248.7 57.43 62.54

8 Rb/%Sr 168.9 76.28 198.1 145.6 248.7 57.4 2.408
¥g/%5 (M)  0.704717 £13  0.705242 +£9 0.705332 16  0.703948 +11  0.704393 £10  0.708831 +12  0.715072 =15
e5,(t) -10.0 -9.0 -9.7 -9.2 -10.4 -9.7 -9.7
875,/86Sr( 1) 0.703398 0.703469 0.703416 0.703453 0.703369 0.703415 0.703418
Sm( g/g) 7.32 9.50 15.7 8.91 10.87 12.91 10.32

Nd( g/g) 30.8 35.14 46.85 36.38 32.63 44.36 33.78

471 5m/ 1% Nd 0.1028 0.1678 0. 1995 0. 1483 0.2004 0.176l1 0. 1683
BNd/MNd(M) 0.512761 0.5129129 0.512982 15 0.512859 9 0.512987 10 0.512925 10 0.512910 11
eng () 6.5 6.6 6.6 6.4 6.6 6.5 6.5
BNd/Nd(I) 0.512533 0.512540 0.512539 0.512530 0.512542 0.512534 0.512536
U(pg/g) 0.729 ’
Th(pg/g) 3.41

Pb( pg/g) 6.72

205 p}, /204 (M) 18.521

207 p, /204 ph( M) 15.516

208 p}, /204 pp( M) 38.095

205 p, /204 P (1) 18.312

207pp/24ph( 1) 15.404

208 ph/2% ph( 1) 37.807

(1) AR E Rb-Sr fE#f t=342.0 £3.2Ma, ¥ Sr/%Sr =0. 703289 +0.000011,MSWD = 1.4; (2) RIS HBL A Rb-Sr £FH% t =340.3

+3.4Ma, ¥ S/%Sr =0. 703422 £0.000035,MSWD =2.5; (3) M A R{BMEME, | RFHEARHEHBENBIHE
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Fig. 6 Plot of initial gy, () vs. (¥ S/* Sr), for bimodal

volcanites from the Bogda belt ( after Thompson, et al. , 2004)
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BEXHN, 7E(PL/¥Pb); ~ ("°Pb/™Pb) B (E 7)., K
REMFLLH & S %7 NHRL £ | EPR X 4 | 77 W
o 7 (YSr/®Sr), ~ (*°Pb/*Pb), B ([ 8) ¥, KR A FI
AR EANEETERABFERLERER N, &
(**Nd/"“Nd); ~ (**Pb/™Pb), B (B 9) F, KR A FF LA
BREHEETERBHERERARN T . ALk
EETH, SERAKRE MRS 5 74 SR g8 IR
ZRAFEAIER I Nd-Sr-Pb G141 BAAE , it — 25
IEBAE A KR A SMEUs X 8 R —Fh g 4%
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7 EARESHERER S

PO W RIIE =L ik w=p J=p iR Py o) oy T ok 4
AN ERLENHBEHERAN: RO XRELRES
BB HSE S A B 53 45 B ( Christiansen, 1984 ) , IN7E R JER
£ (Wilson, 1989 ) Fi1 Naivasha Z4 4 ( Davies et al. , 1987) , 3
e (D HRHE, F—RUBRZRERSBELERNTY, HH
RAEMBESIRET B A /T YR MA (Cleverly e al. ,1984;
Grove et al. , 1986; MacDonald et al. , 1987; Bacon et al. ,
1988) , , B THEN Nd R EHFE—-REFENLRE
FE1¢L ( Brouxel et al. , 1986; Hochstaedter et al. , 1990b; Geist
etal. , 1995), B ERNSEH T RS (Wilson, 1989) 45 Lt
EBMEREXEMU BAXLEHREFHNEFESEER
(Davies, ef al. ,1987) ; T Z KRR A TER KILE P LR
BERRECE BRI (Wilson, 1989 ) , H X #E M B IE R
R/, i B TE $#E Naivasha SN K ILEF X RENLE
EF/NTF 2% (Davies et al. , 1987) , B2 — M A EE
B 7™=4) ( Wilson,1989) ; X=Xk L5 Nd # Sr [ 4048
HA K, NEMBE G EYH (Pin et al. ,1993); HIBS
(2003) AR MTW A A RO K LS A KBRS B
BI7=4, 3 ey, () F1 St B RFRESFHH +3~ -4.6 |
HTF0.7045, WA LAFALREN ey(t)h +6.4 ~
+6.7,(¥Sr/*Sr), % 0. 703261 ~O. 703328, (**Pb/™Pb), H
17. 703 ~ 17. 989, (* Pb/™ Pb), 2 15. 407 ~ 15. 498,


http://www.cqvip.com

1222

(*®Pb/™Pb), % 37. 147 ~37.825; LAHLRB EMen(t)
H+6.4~ +6.6,(YS/®Sr), K 0. 703368 ~ 0. 703469,
(**Pb/™Pb), 3 17.827 ~18. 114, (*" Pb/*™Pb), H 15. 460 ~
15.517,(*®* Pb/*™Pb), 5 37.077 ~37.973, T, Lt £
HAZREMFALE B Nd-Se-Pb [6147 T HHAF 4 24 — Bk i
o XURFAERPEBRERAERTIRAERXEHELS R
YERITE BB (Geist et al. , 1995) , T A RHTEE A BIEM =
¥y(Wilson,1989) , MG IARIBHR T RE 7 MM Zr E3H18
161ug/g,Nb SEH 4 8. 15pg/g; 4 NHES Ce F3 K 50. 4
ne'ge WMBLE 4 NF B Ba F 8 220ppm, Zr F 3§ R
315ppm,Nb -4 10. 2ppm, Y 3K 54. Sug/g; 3 HES
Ce FH2 23. 5pg/ge KEE MMAE Zo/Nb HAH S 51K
26.9 §130.8,Zr/Y HAHAF 519 5.1 #15.8,Nb 43 51% 8. 15
10.2 ppm, MXLEEEERE , B IAZXRES Foder et al.
(1984) =Fp2A 7 o i 5 JE B ( A T-MORB ##4E, UK

FHEFHE I FAMOUS X A THE) #K Ml FEBHTRE

MASCENEBIRT: 1, BHHEaRH I HREE,HER L
B, Pb B E a5, (¢) F ey () HTE L —3, RPME
ERHEZREFKELTRMN, R, EHEREN KBRS
WHEX K INEPRAENZREIRBETARNBER
(Davies et al. , 1987; Wilson,1989; #k38%£,2003) , R Gk
BRETHEFAMESER, BHRYE FERHGHTFE
ARSI FIVE B P=Y) (Teresa, et al. , 1999) . BRI BEE
BEEREE RS EET UM ER RS BRERERGFT
AT RATE A g 2 ok 1l 4 & (Grove et al. ,1986; Brophy,
1991 ; Brouxe et al. ,1987. ; Hochstaedter et al. , 1990a. ) , XX
X KNEPHLZREESBERTENRBEERES W
FRYIS A TN P S N T LB, B X 2 Ui K L T R
BRE. EERIRIMRA RS RIS MERN
SIS A BTSN BT IE SR , TR 269 B R KRGS SR AiiE
B, AN ERLBRERAARPEINGRERAESEN
eng (O E( EREF,1992; W% ,2001) H B KE
FHARPER KB P RECEYRE TR T R e R
XAl ., Hit, EgasER kILE R KR EARE R T
BRERH 0 RS R ERR,
ARUEBEIBRAERLLAFHLAZTRE: e ()R
+6.4 ~ +6.7, (7 S/*Sr), 3 0. 703261 ~ 0. 703328,
(*Pb/*Pb), % 17.703 ~17.989 . (*"Pb/*®Pb),Jy 15.407 ~
15.498 . (®*Pb/™Pb), 3% 37. 147 ~37.825; LAHHFLEE.
eng (8) R +6.4 ~ +6.6, (¥S/%Sr), 2 0. 703368 ~
0.703469, (™ Pb/*™Pb),k 17.827 ~18.114 . (* Pb/™Pb),
37 15.460 ~15.517 . (*® Pb/™Pb), 2k 37.077 ~37.973, 1 it
A WL FHE L R E MR LS 7E Nd-Se-Pb [6] 7 F F#4F 7
BAMY—HaErmiy. A5 THREH(2005)RET
WA B TBUE (Y Sr/*Sr), 2 0. 703289 ~0. 703496, £ H
ME996) MBTHRINARLKINE ey (£) R +2.3 ~
+4.6, (YSr/%Sr) % ~0.7058;, (™ Pb/*™Pb),H ~18.378,
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(**Pb/*™Pb) Sy ~38.452, 5 HhoR 7k e 25 (2006) 8 1% 4
FMETHRLDARLEKINE: ey () : XREH +3.0~
-0.22, R[] AR B A P BRtE X LB 41 51 +4.29
~+0.32,+2.68 ~ +4.29, -0.22 ~ +0.32; (YSt/*Sr),,
KRENN0.7055 ~0.7065, A [B] 4 75 F1 A [7) B 4R 49 o BR
K L4385 0. 7067 ~0.7146, 0.7146 ~0.7221, HILE
P R A [B] 307 FOA B B4R B o B 4 K 18 R A
Nd 0 Sr B A RAFAE AR Z | L R B BB KA ARE, 5K
Rl A R 2K ILE B F Nd 1 Sr B A7 RAFIEE &2
HERFE, RREMNARFE—EXFALN=Y, HFERRE
TR YR EAN B

Tt MEE R G [T RAFE R R AT P& A H A
ARILFE R KGR RAREEARFE K, BHEN=HE
ARMHEFRTRAAR AT, ARULABRLARLS AL
ENERERBERARRN, KILENYFEXRBEHRHERA, £
BEREMNHEERF.

8 &g

() M EREHTER K ILEPZREMRLE
Rb-SrlE} {7 & ZRTERE# 43 B K : 342.0 £3.2Ma #1340.3 =
3.4Ma, Eff I 5URER T XPIFCE A 45 R, TR B 14
Hek K LTE BhIE TR AR, W A LA 2 RE R
EXNEEERBENHRI B, RRIUAGREX
IWEEREBMBEASBERLRMNELHAKLDES A
SHRIMP U-Pb 4E#% (313 ~354Ma) A —H , B X LB A%
K ITES TR R TARR B A REKITES),

(2) IRFETR BRI E HEEF Pb.Sr Nd R0 2R
BT, RIA SR KA R T REREHE, KX
RAEORETTHHR, M5 HFEENRICERBTRE
KoBEsRIERB R,

(3) WA Nd-Sr-Pb [ i R — Btk S BOLY) IR T 3%
AUTHAHBIEX , AFERE R MTRE, dTRERS
B e R A DU S K LA 3R R0 L, (B RIER B R
TRUER KINEFRREK B BIERAE RRSCE , X
ERZESIER R HI, 500X K LS R KRERE
PRIFE P ELBERRBRAY , 3 AT BE R — i3 0 XU 2K 1L 5 H i
HER,

() b R Ry YA G HE R, KX
FFE R LA R LK ILE G R YRR R ARE
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