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Abstract The Late Carboniferous bimodal volcanic rocks and Early Permian acidic volcanic rocks were revealed recently in Yiqi-
Xiaohongxia of the northern margin of the eastern section of Bogda Mountain, Xinjiang, but in petrogenesis the former different from
those in the Qijiaojing Region south to the studied area. The bimodal volcanic suite in the studied area is composed of basalts and a less
amount of rhyolites ( rhyolites/basalts = ~1/4). The basalts have high-Al (Al,0, =16.2% ~16.68% ), -Mg (MgO =8.12% ~
9.54% , Mg* =61 ~64) , and -Na (Na,0=2.24% ~3.63% ), but low-K contents (K,0 =0.18% ~0.45% ), and low K,0/TiO,
=0.1 ~0.27 and K,0/P,05 =0.63 ~ 1. 68 ratios, belonging to tholeiitic series, and indicating no fractional crystallization of
plagioclase during the basaltic magmatism; and have TiO, =1.66% ~ 1.71% , slightly higher than MORB’ s, and low Rb/Sr ratio
(0.01 ~0.02), Th/Yb ( <0.2) and Ta/Yb ( ~0.1), high Zr/Nb (21.6 ~39.7) and Zi/Y (5.38 ~7.47) ratios, slightly
enriched in incompatible elements Ba, Zr, Hf, and LREE, (La/Yb), =1.8 ~1.9, no Eu anormalies (§Eu =1.07 ~1.12), but
relatively depleted in Nb-Ta and Th, and positive sy, (¢) value ( +5.63 ~ +5.89), ("*Nd/" Nd), =0.512927 ~ 0.512944,
showing that the basalts have geochemical features indicative of basalts formed within continent and originated from depleted mantle,
and that the continent crust became thinner and thinner due to extension for a long time. The rhyolites of bimodal volcanic rocks with
Rb-Sr isochron age of 296 + 2Ma (1¢ ), have high-Si (Si0, =76% ~79.76% ), -K,O but low Na,0 (K,0 =5.14% ~5.65% ,
Na,0=0.94% ~2.03% ), Al (AL,O; =7.90% ~10.39% ), Ti, CaO and P,0; contents, showing they are high-K calc-alkaline
series; and exhibit relatively rich in trace elements Rb, Th, Zr, Hf, K and LREE, (La/Yb)y =5.1 ~7.1, significantly depletd in
Ba, Sr, P, Ti, Nb, Ta, and strongly negative Eu anomalies (§Eu=0.17 ~0.2), (¥ Sr/%Sr), =0.7051 ~0.7052, 80 = 11. 6%o,
suggesting that the rocks, similar to the geochemistry of the ryholites formed in continental rifts, originated from the melting of lower
crust with plagioclase as an important relic mineral in the source. Early Permian rhyolites ( Rb-Sr isochron age of 278 +2Ma (lo) )
with high Si0, (73.62% ~74.24% ) , K-rich and Na-depleted, K,0/Na,0 >2, low AL,O,(11.06% ~11.4% ), as well as low P and
Ti contents, belonging to high-K calc-alkaline series; enriched in incompatible elements Rb, Ba, Th, U, K, La, Ce and LREE, (La/
Yb), = 5~6, obviously depleted in HFSE (Nb, Ta, P, Ti) and Sr and HREE, as well as strongly negative Eu anomalies (§Eu =
0.31~0.39), (YSt/%Sr) | =0.7069, and 6" 0 = 11.97%o, resulied obviously from partial melting of lower crustal materials by
underplating of basaltic magma or mantle diapirism in the tectonic setting of post-orogenic extension. The studied results indicate that
magmatism of the Bogda rifting started in the Early Carboniferous, ended in the end of Late Carboniferous, and then transformed into
the post-orogenic evolution of the extension in the end of Early Permian.

Key words Bogda Orogenic Belt; Late Paleozoic; Tectono-magmatism; Bimodal volcanic rocks; Continental rift; Post-orogeny
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Si0,-K,0 diagram for volcanic rocks from
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®1 FF-NIPERLEFETER (W% ) HERRIBLTER( x107°) SHEE

Table 1 Major elements (wi% ) and trace elements ( x 10 ™®) composition of the volcanic rocks

ik PR A % A MR SR i e
[ETiR=2 0019-1 0019-2 0019-3 00194 0019-5 0019-6 0526-1 05262 0526-3 05264 0526-5 1459-1 14592 1459-3
Si0, 46.52 47.16 46.50 46.05 47.09 46.22 76.12 79.76 76.00 76.25 76.22 74.24 73.98 73.62
Al 04 16.68 16.16 16.21 16.56 16.20 16.51 10.22 7.90 10.34 10.39 10.40 11.06 11.34 11. 40
Fe, 0, 1. 84 1.72 1.26 1.97 1. 50 2.04 2.59 2.55 2.77 2.65 2.72 3.33 3.11 2.75
FeO 7.82 8.13 8.13 7.88 8.34 7.88 2.48 1. 66 2.47 2.05 2.14 1.63 1.84 2.31
CaO 9.46 7.63 10.38  9.38 7.62 9.37 0.20 0.95 0.15 0.20 0.16 0.34 0.31 0.31
MgO 9.16 9.10 8.12 9.54 9.24 9.37 0.14 0.11 0.13 0.13 0.16 0. 40 0.19 0. 40
K,O 0. 40 0.29 0.18 0.45 0.31 0. 44 5.65 5.14 5.65 5.55 5.62 5.51 5. 66 5.54
Na, O 2.24 3.50 3.63 2.26 3.48 2.25 1. 84 0.94 1.79 2.03 1.82 2.33 2.89 2.57
TiO, 1. 66 1. 66 1.71 1.69 1. 68 1. 66 0.23 0.17 0.23 0.23 0.23 0.47 0.29 0.48
P, 0 0.27 0.26 0.28 0.27 0.27 0.27 0. 04 0.02 0. 04 0.03 0. 04 0.07 0. 04 0.07
MnO 0.15 0.15 0.18 0.15 0.16 0.15 0.02 0.03 0.02 0.03 0.02 0.09 0.08 0. 08
H,0 + 2.82 3.29 3.32 3.25 3.96 3.71 0.58 0.72 0. 56 0. 46 0. 60 0.70 0.26 0.77
H,0- 1.04 0.81 0.27 0.58 0.52 0.61 0.12 0.08 0.07 0.08 0.13 0.28 0.20 0.09
CO, 0.01 0.10 0.11 0.02 0. 05 0.01 0.01 0.01 0. 05 0.08 0.01 0. 05 0.13 0.01
Total 100.1 99.95 100.3 100.1 100.4 100.5 100.2 100.0 100.3 100.2 100.3 100.5 100.3 100. 4
Mg* 63.3 62.6 61.0 63.8 63.0 63.2
Rb 5.55 4.26 2.76 5.57 4.35 6.90 185 169 182 172 180 119 135 123
Cs 0.95 0.44 0.48 1.42 0.46 1.26 3.25 5.23 2.83 3.63 2.92 4.07 4.43 4.17
Sr 253 381 287 254 384 276 60. 6 32.7 60. 4 66. 2 66. 5 78.3 58.5 78.6
Ba 72.2 75.9 47.8 86.0 114 178 205 162 190 196 236 439 250 342
Sc 31.2 33.9 35.4 33.9 34.0 35.4 0.78 0. 65 0.62 0.99 1. 06 6.98 3.78 6. 09
Nb 5.51 4.71 4.22 5.62 6.17 5.56 30.8 19.6 36.9 29.0 27.9 15.8 16. 8 15.9
Ta 0.33 0.28 0.25 0.33 0.36 0.33 1.81 1.15 2.17 1.71 1. 64 0.93 0.99 0. 94
Zr 219 171 91.2 164 187 156 1350 623 1140 948 944 314 406 343
Hf 7. 44 6. 08 4.70 5.82 7.41 6.20 38.70 20.90 39.40 25.80 19.50 9.62 11.20 9.62
U 0. 05 0.09 0.15 0.16 0. 05 0.14 0.75 0. 80 0.79 0. 86 0.83 3.00 2.75 3.08
Th 0.42 0.41 0. 47 0.38 0.49 0.67 13.70 6.93 14.00 13.70 13.80 7.26 9.32 7.70
Cr 301 218 177 158 142 229 7.09 12.0 5.85 7.22 <1 7.09 23.3 15.4
Ni 131 112 128 124 109 149 4.69 4.94 20.0 4.31 3.86 5.88 7.17 5.58
La 8.36 8.05 8.75 8.22 7.81 8.07 93.10 36.00 94.60 82.10 97.20 51.20 59.80 52.20
Ce 21.40 20.90 22.40 21.00 20.20 20.80 187.0 96.70 210.0 196.0 214.0 106.0 120.0 106. 0
Pr 3. 64 3.57 3.85 3.61 3.43 3.64 30.90 12.50 30.00 27.20 31.70 14.70 16.90 14. 80
Nd 17.80 17.30 18.50 17.60 16.90 17.60 128.0 50.40 125.0 114.0 131.0 60.10 67.40 59.00
Sm 4.87 4.79 5.05 4.83 4.52 4.79 28.00 11.60 28.10 26.00 29.60 12.10 13.70 11. 60
Eu 1.68 1.61 1.69 1.68 1.54 1.68 1.54 0. 63 1.55 1. 60 1.59 1.52 1.34 1.42
Gd 4.28 4.15 4.43 4.20 4.04 4.19 25.20 9.80 25.20 22.40 26.70 11.40 12.60 10. 70
Th 0.92 0. 89 0.98 0.92 0. 89 0.92 4.33 1.77 4.49 3.80 4.77 1. 89 2.08 1. 80
Dy 5.37 5.33 5.86 5.36 5.21 5.41  21.10 9.30 22.70 18.40 25.00 10.50 11.30 9.94
Ho 1.08 1. 06 1. 15 1. 08 1.03 1.08 3.61 1. 66 4.10 3.22 4.63 2.12 2.26 2.04
Er 2.92 2.82 3.12 2.88 2.67 2.85 9.22 4.47 10.50 8.52 12.40 6.03 6.43 5.76
Tm 0.50 0.48 0.55 0.50 0.47 0.49 1.51 0.79 1.74 1.42 2.15 1.10 1. 18 1. 06
Yb 3.10 3.03 3.50 3.11 2.89 3.08 9.43 5.11 11.20  9.18 13.50 7.32 7.72 6. 86
Lu 0.45 0.43 0.52 0. 46 0.43 0.45 1.29 0.71 1.58 1.31 1.95 1.11 1.15 1.04
Y 29.30 28.80 31.80 29.40 27.60 29.00 90.80 37.10 103.00 80.90 117.00 55.70 59.90 53.20

> REE 105.7 103.2 112.2 104.9 99.63 104.1 635.0 278.5 673.8 596.1 713.2 342.8 383.8 337.4
(La/Yb) y 1.93 1.91 1.79 1.90 1.94 1.88 7.08 5.05 6. 06 6.42 5.16 5.02 5.56 5.46
SEu 1.10 1.08 1.07 1. 11 1.08 1.12 0.17 0.18 0.17 0.20 0.17 0. 40 0.31 0. 40

I Mg* =100Mg>* /(Mg?* + Y Fe)
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Table 2 Sm-Nd and Rb-Sr isotopic composition of the volcanic rocks from Yiqgi-Xiaohongliuxia
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Fay e G v e
e 0019-1 0019-2 0019-3 00194 0019-5
Sm( x107%) 4.785 4,554 4.792 4.73 4,721
Nd( x107°) 17. 64 16. 8 17.57 17.35 17.27
47 8m/ M4 Nd 0. 1641 0. 164 0. 165 0.165 0. 1654
SN/ Nd 0.512935 0. 512940 0. 512927 0. 512940 0.512936
(" Nd/"™Nd), 0.512935 0. 512944 0.512927 0.512944 0.512936
£xa (1 =296Ma) +5.7936 +5.8911 +5.6375 +5.8911 +5.8131
Eay i R A EiR ks e
Feh 1459-1 14592 1459-3 14594 1459-5
Rb( x10°°%) 192.3 66. 87 194.8 202.5 70. 11
Sr( x107%) 69.77 47. 64 69.21 71.97 49. 63
87 Rb/%0 Sr 7.972 4.053 8. 14 8.136 4.079
88r/%8r (20) 0.73848 0. 72306 0.73937 0. 73906 0. 72302
(¥St/%8r), 0.7071 0.7070 0.7072 0. 7069 0. 7069
A IR s
B 0526-1 0526-2 0526-3 05264 0526-5 0526-6
Rb( x107°) 123.4 95.93 123.2 126.6 126.3 185.4
Sr( x107%) 80.92 74. 86 85.27 78. 86 80. 52 69. 37
87 Rb/%0 Sr 4. 404 3. 699 4.173 4.637 4.53 7.727
87Qr/86 Sp 0.72396 0. 72098 0. 72303 0. 72495 0. 72448 0. 73747
(¥Sr/%8r), 0. 7054 0.7054 0.7055 0.7054 0. 7054 0. 7069

TE B RS0 Rb-Sr S5 2R 4K 296 £2Ma( o) , R IR EUE Rb-Sr ZEMF LR 4RI 278 +2Ma(lo) , (" Nd/'"™Nd) |, (¥ Sr/%8r)
Pt AT B R A . R SR s ] - WU B B M S P RS O rh L S 3 2

aEEaE (K 7), (La/Yb)y=5.1~7.1, (La/Sm), =2.0 ~
2.2 (Gd/Yb) =1.6 ~2.2 e HE M + 2 Al - IR K, =
HA MM Eu i 5%, 6Fu =0. 17 ~ 0.2, F3 4 0. 18; . —
SRS TR B EBMIRNA H R SCA K, 22 R
337 x10°° ~384 x 10 ~° Z[a] , FEER WL AR fEALIE B (K1 7)
2 35 548, LREE/HREE =5.9 ~ 6.2, (La/Yb), =5,
(La/Sm) =3,(Gd/Yb) y = 1.3, + L EZ A /MR T,
VIR EN Bu £ 550 (6Eu = 0. 31 ~ 0. 39) 143t Bk Ak 2 4 1E
S5 TR R TR HBR AL 22 RRAE T LA BT, i Ay o e A
TR IRBCA I BN 5 T H 5w 56 ) R 4 mlE
X, B A AE R R v vl 68 & A i RHE A 43 B 45 R VE
SR A R AT YR

R IR B H ot R BRI R R E X A
A LA 2k L v B 2R A R S0 R A (] R 2 8 i
R A T B R R L S5 35 Rk BT Hb A S T
FBAERDL, TR IX A R A R B T8 T Rk 7 0 (JR
<30km) FY LA 5, H R 5 R LU B i X0 A e 4 K L
FA PN, JTAR T B BIF ST R T4 1) T P R 1L R 4D
S F AR B R R IR e A 2 5 A AR T T )
(KP4 X R B W B LILE & 4 fAH X5 5 i
HFSE(Nb-Ta, Ti) ( 47k 62 2005 ,2006 ; Jp % F] % ,2008) ,

R HE M X A 528 KA &, Uy A 76 56 B B F i
T S LT Hb X B A 22 BT ks B R KRR L
s bV FE 0 7= 4 (22 4, 2004 5 43 1 I AE: , 2006 5 2% SCHTAE,
2006) .

3.3 ErEMEK T

MR 3 2 30 2K L B R 4 R 80 Sm-Nd Al
Rb-Sr R R M e S5 R IR 2,

R B N-MORB %15 i b (1) &y, F-YIME( +10 £2)
AR (4. 0Ga) BRI A 43 5 b g i £k 19 7 42, W] 300Ma
HIf) MORB 275 i Mg 1) &y, FEMEL R +9 +2, 55/
LI X R E T exa (O fE( +5.63 ~ +5.89) (KT
AR 30 f MORB 70 o5 5 i g 14 T FRARL; Hovk (" Nd/™ Nd),
=0.512927 ~0. 512944 , K FHAC HUERF- 2 {8 ( > 0. 512638,
Wilson, 1988) , & W {757 -/INLT Bk 22 385 A0 TR X Ry 5 5
W, HLZEA AR A R v v i 32 B K i e ) T — 2 R B 1
WY MR8 4 0HY Rb/* Sr Al A T 3.70 ~6.60 Z
M, (YSt/*Sr), 4+F 0.7051 ~0.7052 Z[a], B K T 0.7045;
AE 2 80 = 11. 6%o, J& 155 8 0 WS (Taylor, 1968 ) , H:
WA Re S5 kY A E Rl a6, R oF M
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Fig.8 Rb-Sr isochron diagram for rhyolites in Liushugou Formation (left) and Kalagang Formation (right) from Xiaohongliuxia

(YSt/%Sr), K 0.7070,8™0 =11. 97%0, $& 71 F- 2 IFIE A F
LY war & (VA E I L sl W DR s okt 5 od YD A Ao

3.4 MLEREREK

MR V) 2 R L 2H A F L A s A (X
RAWBUEA) B KL AR K -DT B B — A~ R R E ], Herp
B MR 1 0 LKA & 2 2 M- TR R 0 A i s K
HOBEARZE) FBREALRTRIEAEE, AR SCEE i H
W R 5 R Y R BUA HEAT Rb-Sr [F] 40 2 A7 % I 2 (45 2R UL 3=
2) R4S T WA I 4IRS0 Rb-Sr S5 B R AR 2 296 + 2Ma
(lo) RPLKHATBEE R 278 +2Ma (10) (K 8) , TBUE N
PRV EE, PT LA FE A TE B AR, 4300 03 A B e 1
WIFn R St

Kt [ 22 AR B IR 4 SR 3R U, 3407 i3 I b e il 4 i
W3z B 2 K A7 300 = 10Ma 2247 (BB 2E5,1997) o FER
IR X, T3z i — e K L s (B v TR P S
TR AL X G Fr 25 5o P K1 s 22 Ko s (R Hoks 7
A1) FEW AL G AL G, JOLE - Y A/
O ArFll K-Ar 4RI TE 290 ~ 306 Ma (G4 HRAEZE 1 2004) Fil ~ 326Ma
(XA MG 5F,1994) , Beii fE X B KL A PR T84
SHRIMP 4E 543 5124 353.7 +4. 5Ma 1 312. 8 = 4. 2Ma( 47k
6% 2005) , 43 T 54 e The R 300 R g oy et R0, Ay
ARFT B R IR K L SN Zh et al. , 2005,2009 ;% R
FI%,2008) , HELAG FH P 0] AR B HTTH T, 2 04 okt 4
Jo B BN R TR AR (AR K W 55,2006 ), a4 T 2 K Bl
GG RLIR 1) (875 55,2006) , RE X E X ILE R
B h BT J5 K B AR IR0 (ZE A RAE, 19965 B 244,
2001a, b; EMYTEE, 2004; Xia et al. , 2004) % iy Ho e 1
WA =4 (A MITEE, 2004) o FEARR LMK, 7370 7 58
B BEAR R B L BRI L X ) B 22 K LR A TR A R L
T R IR T AR 58 4, A RS LD L s P s
SHRIMP U-Pb 4E#4 2 334Ma ({525 ,2005) , % i 45 14
U-Pb 4% 4 322. 6 +2. OMa AR K 1L2A R 319.9 + 1. 6Ma
(ZEm R, 2004) , FEBUCHTE BT Rl 248 58 (28 ) R

&5 2006) , H AT Y K LA FIAE B R AL 22 i ge 2 1,
At KALATE BT B IRAER , 5 R Rk ol R rg AL O b A
FHA 56 ()5 2006 5 25 SCHYAE,2006) . LiRBFGE 451 2
TR FER I RH LXK, ok 28 KOl s i ] TR o ik 2 5
WA RAE R P=4 , 598 XA AN . 58 X 9 S50
H 2 W R -E A X RS Rb-Sr ST LR AR5 R 322 +
2Ma( FE452 4%, fr k) , MR A k-0 f 180 Rb-Sr
EMPZRAFEIR Y 307. 1 + 1. 3Ma( 455 ,2005) , 76 A& A L0
E OISR IRANT I RN T3 P 3 Y e R D A 7 e
IR K LA T TR ACE La-ICP-MS #5 4 U-Pb 4F % 4
M4 293.3 + 1. 7Ma 294. 6 +2Ma 293. 6 + 2. 3Ma, {4 H4F
WA 43504 295. 8 £2. 8Ma 294, 5 + 3. 6Ma ( BE7s T 4T B F,
20100) , phAh, 7E AR 151 1 AR BER B KRR A TR
AL R S LB 7 Ph-R U R AR I O 288.9 =
4. TMa( E3EE, 1998) , 75 418 A G K HL 5 38 L) A5 il 488 )5 B 14k
T B A BT AT K 289 +6. 2Ma(Gu et al. , 1999) , Bi#& A~
R XA 290Ma UG H B KIS 1) J5 il 95 iy A i e 584 s
FHES IR IR R S AT X MR Y 2 T B RN A
WA IS B Rb-Sr S B4R (435128 296 + 2Ma
278 £2Ma ) BRWIA , RS AR v 4 X0 2ok L A R 1
M TR Bl A RS B A A

4 n R RIS - R A R

SR EE

M JFTUE SRR B, WU K T DA BRAE AN ] B4 1
S ORI AT Ol A BRI PR e S B SIS
5 55K 3 A 5% (Duncan et al. , 1984; Frey et al. , 1984;
Coulon et al. , 1986; Brouxel e al. , 1987; Wilson, 1989;
Hochstaedter et al. , 1990; Pin et al. , 1993, 1997; Geist et
al. , 1995; Garland et al. , 1995; F44%45,2000) , f ] I,

4.1

@ BpA, & RA. 2010, BrsEAR K Lng b A AUS R - A 3
W5 58 AL T T S MR 3 ) 2 S AR 2 S B 2L )M
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MUK L IR HOR KRB RA TR 1 7 ), REEEHAEH]
R Hb 5 2% A/ AT 34 AT A AN () 4 A 3 R A P (£ A AR,
2000) . JEMR TR b Ay A 300, A K iE s BB D&
LA MR L BN RRAE , (E A AR A b X B A W] 12 119 Daly
WA ET . AN AR XS A AR R B oy 2B AR RV b e
NG VR LR s YR 2 S OO SOl AR LA o 1) L i
i ARRB Y vE L A2 B R AR B e B R M S
(Coleman, 1989 ; ZE54:45 1990 ,1999 ; ff [# 35 45, 1994 ; Z= 45
#,1995) , [A)i, A B2 5 45 =33 T &R (Nb Ta  Ti) | &
KETIREATCHE LI L IRHC A 73 B 45 S AE AT Eu 671
S RGN R B IR A 22 R AR AE AT 58 X R L
I ATFE DX B0 X ok L A T HE R TE 180T K L IRER 45 1% T
e AR MY A IR AL 2= RR IR T B W0 Y 2P BT 3 0
PR A R H T ) LA BCE AR T R, R BITRLIA 2
WEETE TR A IS, SR B X A w4l kil s e
BT K IR ER B (225 LAF, 1995 ; By i 1 45, 1997 5 X iz ¢
&5 2001 ; Wang et al. , 2003 ; R 7K W55 2005 ,2006 ;45 45
2006 ; Z=3CHYEE 2006 5 F 55 45,2006 5 5 R F 55,2008 5 Zhu et
al. , 2009) B B ASTH]

A FE SR FE AR, R LU b X e 28 K L 25 TE AR ) 1
A RERRA (4 A A, 1996 5 JB1 1% 2455 ,2001a, b; EAK
Yra5,2004 5 Xia et al. , 2004 ) 5 Rl g8 w7 5K PR3 (BRH32
45,2001 ) , B0 MM A AR AR A G (MR 45,2004) kil
IR(Z2H S5 ,1995 ; B g - 55, 1997 AR A2 45,2001 5 S i i
45,2005 ) SEMLEL o (HIEAFR R BURF (14 45 1 IR A 22 5508 (9 AT
FEEERRZHRFR ORIV (Wang et al. , 2003 5 2 7K I
45,2006 5 45 TS 2006 5 22 SCEYAE 2006 5 F 3 55,2006 8 R
H45,2008 5 Zhu et al. , 2009) o AL, 2, 1S KA 7%
LR K L BT PR WA 531 5 L R i X, e 5l
AT T R A e 22 ol PR T 5 | 1 i P i R s A T
A, BB IS # (4514 ,2004)

LU 2 L R A R R T W AR S ) 9 0 A
EHCEE AN AR TSR HAA PR SR AN [ 4 i R B
B 18 5 X 2 K 43 S R0 b 5 ) O A3 0 LT 4
(Condie, 1986; Wilson, 1989) ., H X it &I 2 FAE FHIE i
PR S0 T e TR e A D B A TR T 7 5 7 il i T R
I Nd-Sr [7] i 2% 3 BR AL 22 R AE_E A% AL ( Brouel et al.
1987 ; Wilson, 1989 ; Hochstaedter et al. , 1990; Geist et al. ,
1995) AHZCRE H 2 1 AR -5 H AR A 137 80 /I ( Duncan
et al. , 1984 ; Lightfoot et al. , 1987 ;Geist et al. , 1995 ;Garland
et al. , 1995) . b7 SR oI BE R TR BCE , oo A
YO PR U 3 R 5 A AR 19 2B (Davies et al. , 1987
Davies et al. , 1987 ; Cull et al. , 1991) , H E/ & T & . Sr-Nd-
Ph [F {3 3R 4 b BATR KA 2257 (Doe et al. , 19825 Davies
et al. , 1987) o FFEXBUIER K LA B TR Fi £ ICR
[ 3 BRI "2 AR AL, 5 2 TR S0 HAT SRR (¥ Se P AL Ti
BFE S Ba Nb Ta 5567 8 SRR G Bu 573 (5

7) AR R Bk b 2 AR S AR A i X A B B
S, R\ LG G RBUE R IR, ZERE R B 75 55
BB Rl A AR T AR v T R AR R O T VA )
BSLE i AEARH AT Y 43 B9 45 A AR AN W8 T 3 80 Bk H
REEWNCAZVE T/ M JEERF A SR AL 1 A BE 2 BUT e W) i
(LG SAF IR BT ) (B4R, 6 IR XA AR RHC A Y 5%
B B 20 B P Al 5 7 A T e i i Ao Y TR b e 45 A
FRAE (Hb7eJEERE <30km) o 5 B E USROS TE U R A
RE WA, e R, R T oA R RE R, LR
TRt E IAEAR KRR S | 3R IN 3K A (Pitcher, 1997) , &
A G B 5 S AE T AT BB KA B AR ( RAR TR, 2007 ) , 5
JEA KA RERY (TR A%, 2007,2008 ) , PRI TTTHS 3 B4 B9 St Eu
AHXS 5 45 B AIK AL O, & 52 1) b Bk Ak )3 B U828 50 43 ) il
IR RHC A AR B RS fl o B E R A L. 7
—AFOLT 3R R 0 L A R B 4 A T
KELRA, HR, W X ARG 4 A B2 )
Hho

WF5E XA et U AL E h i R A S sUE &
M, B AL E R TRECs (R8s Xl E Y
174 B 1) AN T A ) S R oRLI K L 1Y 43 AT R AR
(MBCAE AT HE KT Z i, Davies et al. , 1987; Cull et
al. , 1991) , TEA NIEMGER 1) 7E 7] — 2480 B rg L ma ],
Hr Al EBAEE N B, A RS REEEN
AR s s L s R TR PR AR I, ik
ok B T IR I ER AR R ECE TR R T IR R A S
SAEM, A Bl s/ X REAE AR 1T (ERE 5,
2006 ) , 1iij LA Fry P55 -/ N LA i Ay 5 e G 10 X 2 2k 1
R ARRIIR B, RS 53 A0 B AR L) 0 K 7B A 1l X
T2 5 T i 5 1R Tk AR A [ VA o B 9 A R R
Ko

4.2 HMEERBEUITE

A Ca AR A e SR AR A RS A R R T,
AR KA AL BT S5 A TR I 28 b BLAT B 8 1) 2 S v
P BORIR A — M, BoR Kl BAT 2 U5 K 2 il i
P (U 45,2000 ) IV [R] 75 A ik A% Al K Beth 2 R
AR RUE K L SR 2 S8R, T RS R A
F)JEE AL B B A A T R AT G TR A i RS L B )
1, 7 B S ] RIS | JE U i g b o T A A R
FIK, LRI T WA MR MR X 5 Y e 9 SR A A
—RE UL A IR 7, S fi S B D e 0 R R K L
BET AR R, AT REC-E AR I X LA R Rz
AL IR o T IR A T T ) SR T AR S B BE , H7e kb T ik — 20
PR, A R b R TR I & e SR L K
JEAR B[R, 38 AT BEAF/E — RE IR Y M i R R AR E A 3
FeAE MR B TGV T, A B T 52 PRI S LA
1o IR S/ 2 A B A7 5 -/ I8 20 e XL e =K 1l
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=l A

XA Al A G PR R, AR A A H A iR
FR A A (B A XA 3k LA 2 R R R 8CA
IW&#N%@W%ﬂﬁMZWﬁQMﬁMMJi&%h
FHREAF,2006) , 45 T B A o tH BRI (R S0# Rb-Sr %5 A
LRAFRIESM I 296 +£2Ma) o B 24 % (2001a) AR M i A=
RO & 3 B R 1 R A IR (Rb-Sr 4% B 48 4F i 298. 4 =+
0. 76Ma) HE A1 2 HBRIb 220538 R R PR ARE N
X TR 2k i PR 3 L Rl SRR MR 3l ) S IR B B
JEAS AR AT . EAR EAF (2005) 3453 T itk ik KA
-0z D S0F Rb-Sr R 4R 1%l 307. 1 + 1. 3Ma, A
B IR HAR TA A A A N X o L B B PR . (R B
Fr-/INLT e WL X ok L 22 5 B0 Rb-Sr 55 B 2R AR i Oy
296 =2Ma, 32 B HS 15 5445 A FH 76 WA e tHE R AT AE 0 7
B R 5 18 LA R IREE TR it Sl 5 e it (R
LA Rb-Sr 4GHTZR AR IS 7 278 +2Ma) R-EMH X T &%
Wik M S Ay T o P AN T e AU =K L A 2 T (SR
JCA,1994) bRk G TS 1R LLFE FH S TR .

5 énlla

(1) AR R A TR TR A i i, P 5 T A 5 AR
T B R RS 5 BE AT LA RS B AL B B
(2) AR A L 2R B WA 2 A e ek B R
Bl 245 AT (ELJm AN TR B9 A PR 2 R . g 8- A T DX
A B AR L A RIS , T SO T IR 2 s 9 o S
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