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A study of the claystone around the Permian-Trassic boundary along the
Cilinbao section at Majiaoba, Jiangyou, Sichuan Province
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Abstract: The volcanogenic claystone in the Permian-Triassic boundary plays a significant role in understanding the
volcanism and provenance in Yangize Plate, which is widely distributed in South China. This paper reports zircon
U-Pb ages determined by laser ablation inductively coupled plasma mass spectrometry ( LA-ICP-MS) along with Hf
isotopes, whole-rock elemental and X-ray diffraction for the samples of claystone in the lower Feixianguan Formation
along Cilinbao section. The microscopic characteristics, X-ray diffraction and major elements analysis show that the
claystone contains illites and small amounts of calcite and quartz. The detrital zircon age data exhibit a wide range,

varying from 2 615 Ma to 246 Ma and concentrated on 2 615 ~2 383, 1 868 ~1 328, 1 186 ~778 and 430 ~246 Ma,
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with a ~250 Ma peak value. Combined with the in-situ zircon Hf isotope, the authors detected that the zircon char-
acteristics are similar to those in Qinling Mountain, Permian-Triassic boundary sections in South China and Emeis-
han large igneous province. Indeed, geochemical compositions of the claystone are characterized by relative enrich-
ment of Zr, Hf, Th, Cr, Co and Ti, similar to features around Permian-Triassic boundary sections in South China
and Emeishan basalt. Combined with tectonic setting of the end of Permian and detrital zircons, the authors hold
that the claystone around the Permian-Trassic boundary along the Cilinbao section at Majiaoba was derived from
Qinling Mountain, Longmenshan Islands, volcanism and Emeishan large igneous province.
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Fig. 1 Tectonic setting of Sichuan Basin and adjacent areas (a, after Enkelmann et al., 2007 ), sketch geological map of the
study area (b), simplified stratigraphic column of the Feixianguan Formation in the study area (c¢), bead-like limestone photo(d) ,

sampling location (e) and paramoudras-containing limestone photo({)
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Fig.2  Geological section map with sampling sites at Majiaoba
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Fig. 3 Photos of field outcrops and microphotographs from the claystone sample in the lower Feixianguan Formation

along the Cilinbao section at Majiaoba
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a—field photograph: b-—micrograph of claystones( — ); c—foraminifer fossils Nodosaria aceracformis Lin, Li et Zheng( — ); d—bioclast;

Cal—calcite; Qtz—quartz
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Fig. 4 Cathodoluminescence images with analytical spots and
corresponding apparent ages of detrital zircons from the lower
Feixianguan Formation claystone along Cilinbao section at

Majiaoba
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. K,0/Na,0 1}y 18. 45 ~ 27. 08, *F- 14 23. 78;
n(Fe,0,)/n(FeO) il 4. 84 ~ 13. 71, *F- ¥ 9. 68;

TFeO & 43.96% ~6.53% , F395.99% .
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b
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Fig. 5 Concordia age histogram of detrital zircons (a) and U-Pb concordia plots of ~250 Ma detrital zircons (b) from the lower of

Feixianguan Formation claystone along Cilinbao section at Majiaoba
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F2 SANMRMESIE L KEREH L EEEHEA Lu-Hf B RER R IERFER
Table 2 Zircon Lu-Hf isotopic compositions and model ages for the lower Feixianguan Formation
claystone along Cilinbao section at Majiaoba

Wris  F#/Ma  TOYL/TTHE OLu/'HE OHE/VTHS lo eHI(1) lo  tmw/Ga 1o thw/Ga 1o
CLB-6  245.8 0.021 191 0.000 622 0.282 811 0.000 025 1.38  0.86 0.62 0.03 1.00 0.03
CLB4  250.1 0.031 259 0.000 753 0.282 439 0.000 030 —11.79 1.04 1.14 0.04 1.83 0.04
CLB-7 250.2 0.027 709 0.000 669 0.282 394 0.000 029 -13.36 1.01 1.20 0.04 1.93 0.04
CLB37  250.4 0.091 204 0.002 077 0.282 628 0.000 039 -5.09 1.35 0.91 0.06 1.41 0.06
CLB-11  252.6 0.047 049 0.001 139 0.282 572 0.000 026 -7.08 0.91 0.97 0.04 1.53 0.04
CLB29  254.6 0.111 415 0.002 485 0.282 732 0.000 035 -1.41 1.21 0.77 0.05 1.18 0.05
CLB27  257.7 0.045 368 0.001 070 0.282 563 0.000 036 -7.37 1.26 0.98 0.05 1.55 0.05
CLB-19  259.7 0.060 494 0.001 418 0.282 609 0.000 033 -5.75 1.14 0.92 0.05 1.45 0.05
CLB-12  261.0 0.033 237 0.000 812 0.282 457 0.000 033 ~11.13  1.16 1.12 0.05 1.79 0.05
CLB-33  261.8 0.075 709 0.001 747 0.282 625 0.000 039 -5.21 1.37 0.91 0.06 1.42 0.06
CLB-39  262.4 0.043 879 0.001 138 0.282 602 0.000 030 -6.00 1.04 0.92 0.04 1.47 0.04
CLB-25  429.5 0.069 303 0.001 677 0.282 735 0.000 031 -1.32  1.08 0.75 0.04 1.17 0.04
CLB20  778.1 0.049 871 0.001 318 0.281 860 0.000 037 -32.25 1.28 1.97 0.05 3.10 0.05
CLB35  799.0 0.021 280 0.000 498 0.281 932 0.000 027 -29.70 0.96 1.83 0.04 2.94 0.04
CLB24  805.3 0.056 129 0.001 276 0.281 878 0.000 031 -31.63 1.10 1.95 0.04 3.06 0.04
CLB21  820.6 0.082 457 0.001 856 0.282 284 0.000 033 -17.27 1.16 1.40 0.05 2.17 0.05
CLB26  912.6 0.005 392 0.000 103 0.282 226 0.000 023 -19.31 0.79 1.41 0.03 2.30 0.03
CLB-8  963.4 0.052 116 0.001 250 0.282 205 0.000 024 -20.05 0.82 1.49 0.03 2.34 0.03
CLB23  988.2 0.025 349 0.000 586 0.282 054 0.000 026 -25.38  0.92 1.67 0.04 2.67 0.04
CLB-13 1029.3  0.084 325 0.001 962 0.282 380 0.000 033 ~13.87 1.15 1.27 0.05 1.96 0.05
CLB-31 1061.9  0.014 131 0.000 351 0.281 884 0.000 025 —31.40 0.89 1.89 0.03 3.04 0.03
CLB28 1170.6  0.024 028 0.000 548 0.281 778 0.000 026 -35.16  0.89 2.05 0.03 3.27 0.03
CLB3 1186.8  0.020513 0.000 470 0.281 816 0.000 026 -33.82 0.92 1.99 0.04 3.19 0.04
CLB-32 1328.4  0.029 833 0.000 699 0.281 838 0.000 032 -33.03 1.11 1.97 0.04 3.14 0.04
CLB-15 1443.9  0.043 961 0.001 084 0.282 164 0.000 031 -21.49 1.07 1.54 0.04 2.43 0.04
CLB-16 1603.5  0.033 577 0.000 841 0.281 898 0.000 028 -30.92  0.98 1.90 0.04 3.01 0.04
CLB-22 1805.7  0.019 132 0.000 450 0.281 362 0.000 027 -49.85 0.93 2.60 0.04 4.16 0.04
CLB-5 1868.1  0.097 656 0.002 155 0.281 602 0.000 037 -41.37 1.29 2.38 0.05 3.65 0.05
CLB-30 2383.4  0.037 107 0.000 892 0.281 338 0.000 038 -50.70 1.32 2.67 0.05 4.21 0.05
CLB-18 2412.7  0.026 510 0.000 742 0.281 447 0.000 032 -46.86 1.12 2.51 0.04 3.98 0.04
CLB-10 2470.8  0.035 492 0.000 861 0.281 353 0.000 026 -50.18 0.91 2.64 0.04 4.18 0.04
CLB9 2615.3  0.021 628 0.000 517 0.281 114 0.000 030 -58.64 1.05 2.94 0.04 4.69 0.04
2
1000 o
L O A
| R e
VAN EF Y

10 20 30 40 50 60
26/(°)
K6 i IR B AL SR AL ARG 2 X i i 18
Fig. 6 X-ray diffraction graph of mudstone from the lower Feixianguan Formation claystone along Cilinbao section

at Majiaoba
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£33 DANIKEHE VUXEARTIMLIEETELEIMERE wy/ %
Table 3 Major elements content of claystone from the lower of Feixianguan Formation along Cilinbao section at Majiaoba
i) CLBO1 CLB02 CLBO03 CLBO04 CLB05 CLB06 CLBO7 Ty
Si0, 37.26 52.03 48.33 52.36 46.24 53.68 42.88 47.54
Al, Oy 11.06 16.54 15.06 16. 66 14.30 17.42 13.13 14.88
Fe, 05 3.99 6.70 6.63 6.84 6.61 6.90 6.45 6.30
FeO 0.37 0.45 0.26 0.34 0.24 0.32 0.21 0.31
MgO 1.36 1.89 1.46 1.54 1.36 1.63 1.27 1.50
Ca0O 20.74 5.03 9.13 5.13 11.20 3.54 14.31 9.87
Na, O 0.13 0.15 0.14 0.13 0.12 0.13 0.11 0.13
K,O0 2.42 3.43 3.11 3.40 2.93 3.59 2.69 3.08
TiO, 1.06 1.58 1.44 1.57 1.33 1.67 1.26 1.41
MnO 0.09 0.05 0.08 0.05 0.07 0.04 0.08 0.07
P, 05 0.16 0.21 0.18 0.21 0.17 0.21 0.16 0.18
1SN 21.15 11.87 14.27 11.70 15.26 10. 82 17.39 14.64
B 99.77 99.92 100. 08 99.93 99. 84 99.96 99.94 99.92
K,0/Na, 0O 18.45 23.07 22.96 25.94 24.70 27.08 24.24 23.78
n(Fe,0;)/n(FeO) 4.84 6.70 11.27 8.94 12.50 9.78 13.71 9.68
TFeO 3.96 6.48 6.23 6.50 6.19 6.53 6.02 5.99
3.3.2 Mt MR ITERRHE 166.34 x 10 ~211.35 x 10", *F- % 184. 35 x 10 °,

Pt R oc £S5 B KA WK 4. Y REE 4 LREE/HREEH 48.43 ~9.61,F-149.09; (La/Yb),

*4 DHEUVFKESHE VIXREARTHIEREIRBETEZNNERE w0,/107°
Table 4 Trace elements and REE content of claystone from the lower Feixianguan Formation along Cilinbao
section at Majiaoba

5 CLBO1 CLB02 CLB03 CLB04 CLBO05 CLB06 CLB07 SEHy
La 35.6 35.8 35.7 41.6 37.1 37.7 32.8 36.6
Ce 68.9 73.3 76.4 89.5 83.9 77.4 71.7 71.3
Pr 9.37 9.13 8.39 10.27 9.03 9.22 8.00 9.06
Nd 36.2 35.8 32.3 40.0 35.3 35.7 30.9 35.2
Sm 6.83 6.76 5.95 7.47 6.45 6.64 5.78 6.55
Eu 1.63 1.51 1.33 1.62 1.47 1.46 1.32 1.48
Gd 6.02 5.83 5.32 6.59 5.72 5.86 5.14 5.78
Th 0.88 0.90 0.78 0.97 0.84 0.87 0.75 0.85
Dy 4.69 5.06 4.35 5.40 4.67 4.87 4.18 4.75
Ho 0.90 1.01 0.87 1.08 0.94 0.98 0.83 0.94
Er 2.41 2.78 2.42 2.97 2.57 2.71 2.25 2.59
Tm 0.39 0.46 0.40 0.49 0.43 0.47 0.38 0.43
Yb 2.24 2.76 2.39 2.94 2.48 2.68 2.23 2.53
Lu 0.36 0.44 0.39 0.48 0.41 0.45 0.36 0.41
Y 23.1 24.3 22.1 26.3 23.1 24.0 20.7 23.4
Ba 179 236 219 224 204 222 190 211
Co 19.4 25.8 28.0 25.8 27.1 22.0 24.2 24.6
Cr 76.9 110.0 105.0 110.0 9. 1 114.0 92.9 101.0
Cu 75.3 147.0 107.0 126.0 103.0 128.0 94.7 112.0
Hf 5.29 6.92 6.43 6.89 6.01 7.21 5.87 6.37
Nb 19.0 30.2 28.0 30.0 26.7 33.0 24.7 27.4
Pb 15.8 27.4 20.9 33.8 23.2 38.0 22.5 25.9
Rb 90.5 127.0 117.0 127.0 108.0 135.0 99.8 115.0
Se 15.8 21.9 19.2 23.0 19.8 24.6 18.1 20.4
Sr 140 103 133 114 134 107 146 125
Ta 1.18 1.91 1.74 1.99 1.64 2.18 1.56 1.74
Th 9.0 14.4 13.6 15.3 13.0 16.5 12.2 13.4
U 2.77 5.21 4.97 6.09 4.85 6.29 4.77 4.99
% 99 216 184 219 177 230 164 184
Zn 63.8 97.7 70.8 76.9 76.5 79.6 70.8 76.6
7r 167 245 223 241 207 256 196 219
LREE/HREE 8.86 8.43 9.43 9.11 9.61 8.90 9.32 9.09
(La/Yh)y 11.40 9.31 10.53 10.14 10.74 10.09 10.58 10.40
Eu/ * Eu 0.76 0.72 0.71 0.69 0.72 0.70 0.73 0.72

Ce/ " Ce 0.90 0.97 1.06 1.03 1.09 0.99 1.05 1.01
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0.76, 73 1.01; Ce/ " Ce {4 0.90 ~1.06, “F-¥)
1.01. IWH Hoe L AU (I 7a) il BLE H,
BERM T cEEE. ER T TEE T, HEuf
S Ce B9 500 R AL, IR SEHRAE 5 MK R W 5
Kb (PAAS) (Mclennan and Taylor, 1991)
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KB EH5E (UCC) (Rudnick and Gao, 2003) #f
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M FEARRL, KBS SR AT TG W Ba Sr) LR K
A R TE MOV Zn) E AR .
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns (b) from the lower

Feixianguan Formation claystone along Cilinbao section at Majiaoba ( chondrite and primitive mantle values from Sun and

McDonough, 1989)
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]
4.1 BRI R

AU BRAT RIARAD ) TR AL 5 ZH R FRG L2 i
o B A R AR S 47 1 B O A R AE AR AL, T
W2 615~2383.1868 ~1328.1 186 ~778 F1430 ~
246 Ma [RVEAE B Sa) o i AT 1 x A i = 2 fH: Y
IV 1 B R W — T PO DX o i A T e T o A
b B2 AT, DA A M A S YR R R T AR
1 17 X3 7 78 % ( Weislogel et al. , 20065 She et
al. s 2006; Enkelmann et al., 2007; Chen et al. ,
2009; M55, 20115 Luo et al. , 2014; Zhang et al. ,
2015) . XfF ~2 500 May ~1 800 Ma P 45 fiF U
ﬁ She %#(2006) F1 Chen %(2009 ) i i [l A7 F A

S E A RO KSR, WA e B R R 3 At
1Z$U?Ei%ig7/\rﬂéaa:$mj\LlllTﬁo it~
800 Ma VE(ERFIE MBS 41, F BAFAE T4 AR, Bk
RIUAETLPE LG CoRAEAESE, 2011), BABA  F8iR

4

FARCEZFEE, 2006) , VU 1|4 BB 8 e Ak (51
H WA, 20070 P+ o1 A4 A AR (Zhou et al.
2002b) ROl CRERIARAE, 2013) 45, 1if A%
i DA A AR B S A1k H T3 7 ARG Sk ( Weis-
logel et al. , 2006; Enkelmann et al. , 2007; Sy
2011; BRWREE, 2016) o (HBEAE AR08 o
TR S ) R AL A BT, R R et 1l
WAEAEA K B T8l A3 7 R e A S Al 435 4 o
PR R, B RILAE 56 PR L 22 0 T L P AU 2 B
WS FECShi et al. , 2013) o A YO K - 25 1 s 5 4 3k
AT TIRAL I Lu-HE [ A7 220038, 25 R 2R ~ 2 500
as ~1 800 Ma’h f1 eHf (1) 5 Z3 W& 3 11 A1 46 1B
(Zhang et al. , 2015) . 1% T ~ 800 Ma 4 i %
£, K AT BTG 2 (10 55 A eHEC) B4R I E
B, SARUFTRAT B A AR 2 2 7, 9 H ~ 400
Ma #5471 5 Z8 08 38 (A A7 6 A AL 45 AiE ( Luo et
al. , 2014; Zhang et al. , 2015) . R, 4F #5552 45
AR FER B TR R 03 1L
AR AL THRG 25 T ~ 250 Ma VAR 408 Be S 41
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INBCEAERS Jy 249. 4 £4.5 Ma, 54 F PTB 4E#
— 3 (Gao et al. , 2013; He et al. , 2014; Liao et al. ,
2016) . [A] IF, HE [A] £ 2 R 4E 7 1% 4 08 B s A
sHfCe) 3 I E HABCAERS 5465 PTB AL 124 41
WK ), T H 4 Fg PTB KL 4 4 il 5k st
AT o [, B CLB-6 HI%5 A7 eHfCo) 21 BLIH &
() IR, JEREERAERS (1, ) 0. 62 Ga, 55K H Tk )H
L1 b A V5 )y T A B0 2 sk Y C B 8 B A ok
ERNCENIPNI S =N iy O E NN 95 E k=)
Wi XA T RN ~ 256 Ma(Boven et al. ,
20020, 32 8 40K HE A R B 1) R R A 2R I
S T I A T T R I T B AR BE R E ~ 250 Ma
(Xu et al. , 2008), 5 = B4 -=S LA ER A —
o JFH, N RFEA el w5 A KR
~256 Ma #4748 Hs AR EE T DY )1 b A7 460K
TR JE LK K A # R S R (He et al. , 2007
PR, 2013), HARZ B A7 S W T 0k i 1l JE 1 98
2 K FUA B 1 3 B2 ( Zhong et al. » 2011) . [H]
IEIAh ~250 Ma fFS B AT REck T =& 4l Ak
LG SR Ll K K A 24 34 ke A

15

%H%kk&WﬁK% &
T (Xu et al., 2008: A
10}  Shellnutt et /., 2009) \A
A A
AR T
L A AA i
4 A A, 4 A af A
A Al A
_ . A f 1ﬁ
=0 'y - L
w ‘ A
A X = B ALRS 4-
-5}
o9 =
ERPTBEY 15 (HiHe er al., 2014)
—10} o
@ [ ]
—15 1 1 1
220 240 260 280 300

t/Ma

I8 I ORI BT CAISGALR RS 54 ~ 250 Ma
W B AT HLE )7 3% 4L

Fig. 8 Hf-isotope compositions of ~250 Ma detrital zircons

from the lower Feixianguan claystone along Cilinbao section at

Majiaoba

4.2 WL . WMEBTEMNIRERILAR

11 0 3 4 52 3 IR i 7K A S TR TR 7Kk
PEAE FH AR5 i), AR S 2 S0 SR AR ) TR 2
bR TR AT T, DR R PR X SR . AE
B PTB #5125 Cs Ze HETa FI1 Th A & £, 11 )

B 548 HiL 2 Y F) U6 3% Crs Co 25 AT U 3K ( He et
al. > 2014) . WA £ o0 e 7 BB CE 720 o &
i, HE7E PTB RN T 5 384k R IR T U0 &% & 46 A
FICE T Bu 9k AR AR R TS I R
YT (2 s AR B A o0 3K 70 2 4L
ML Bu KA WIS RE . JF B, ok B T kJE K
KB A R ik ) B 2 S AR AL R R R
M Te Rk B CIE 7h) W] Y AR A ) kG L
5 AVE R M EOEBR A R EAR L. 5 JFUA A X
B ThaU, MR EE PTG AN T 4. S50 3 Nb.
Ta Ti fEAEABERARIT A, AR ES ok A T 38
( Ayers and Watson, 1993), £ PTB A 15 - Nb.
Ta Ti SEHLH] R A G0 H, Tk e X s s a2
KRR I 59 W mE R o PR S TR A )
BRAG A Bt s P S e B R A TR A
VIBUA A B PTB G+ % 2 i) [, Cr Co X T
KT AR U 58K Wronkiewicz and Condie,
1990) o HUA AL FHITHR, 124 T Cr(100. 67 x 10 7°)
Co (24.60 x 107D B i T4 PTB K14
(Cr=19.62 x107°, Co =6.69 x 10™°; He et al.,
2014 ) , 1y = F 20 DU ) 73t Bl YR st A7 AE SRR ) Cre
(55.63 x107°).Co(8.91 x107°) & & ( FFH &,
2016) o fHEXF N TG A5 B k) 1 X s (Cr
=266.63 x 107°, Co =45.62 x107°;
2006 F1-55 HAH % 1 Bk 2 3 S KA AE R i ) Cr
(65.29 x 10 °) . Co(28. 41 x 10 °) %% & ( Zhang et
al., 2016; Zhao et al. , 2017) . Pk, MHhERL 2 E
AIE_ DAk AR TR 25 1A ok BT 0)E Lk ok
JE AR IR S W S TR
4.3 MEERHKRE

B AR KT K LA RS, KR
Kalig E A T A6 3E Choiyoi KK EA 4 (Kay et
al. » 1989) . F§ % Parana 7 Hi( Rocha-Campos et al. ,
2011)F§4E Karoo 74 M ( Fildani et al. , 2009) . 4 ¥
K. Bowen FI Sydney 72 i ( Kramer et al. , 2001;
Grevenitz et al. , 2003; Michaelsen et al. , 2015) . [F]
IS A6 Pl 1 XA B B2 JE VA A7 A2 KRR 2 Jo 2K i
A3 3l C Lepvrier et al., 2004; Owada et al. ,
2007; Hung, 2010) . BEERTUA A5 80 W) 3= 2447 T
VAR R K K B 48 CSLIPD Al JE 1l oK ok
A A8 CELIP) CH9a) , IX U (1348 I 2 i 73
ARG IL 5 x10° km?, HPG{ARIE 2 5 AR 10k
JE L Z A TR I R AH XV JS 6 Ma /24y (Fedorenko

Hou et al. ,
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et al. , 2000; Courtillot and Renne, 2003). HAAK
By N WU I ~250 Ma P AA A % 6
R BUE A ERIABE 92 AE ( Grasby et al., 20115 Sa-
nei et al. , 2012, {H N HUEAS J53 L85 A1 RF AR N AH W 3
BRAL 2 B0 K S VE AR R0 ) K i B AN 2 DL i)
FHH I, HAEJEBRSAR K IA R B T i A
WK 8 8 s B UE B 73X — W /i (He et al. ,
2014) o X ¥ BLR M KSR A g P IX
HATAAAE— € 1 He 45 (2014) M4 P 8 — & 20K
KL AR TR R JEE B VG 1) 2R 388 9, Ak 5 X AT T
ARE A R 000 b il A B T Gao 4 (2013,

2015 3 ik 0 R0 11 3% S I PTB K 24 8 A4 1
R TC Z T, A L 3 B A6 g R SRR BRI SR
G TE S AR DG, HL 7 H A a2 2R K 1 o ot 4l
JE T Y AR R TR LS R ) R 3 B, ) o T
R 55 S Ml A B SCOARCER I S A 8 4 H AH OC . Hong
252017 X 5 MUBr BT PTB K 175 34T Sr-Nd [H]
P2 B A B BR G 3 REAE 20 BT, S HORS a8 R X
LA L. Xie Z5(2010) & 8L PTB # I 2E )
5 T R S AL R AR I S A VL T O
LR X A B L 9b)

H A3 B2, BT RIS R N3 i 5| K Hy

it ki b
| i
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|
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b

ElElABIC
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Fig. 9 Paleogeographic reconstruction (a, modified after Gao et al. , 2015) and lithofacies paleographic map

(b, modified after Xie et al. , 2010) of South China during the Permian-Triassic transition

FERS R, WA LK KB 28 W R R I i R
) R SV (YRR AIE, I 5 1 R K B R TR 43 AT T I
FE IR A I KT (R 25 HL eHEC) W 4 5230
HAE(Xu et al. , 2008; Zhong et al. , 2011) . M4
HL R A Bk K I B R B A L%
I, AEE Ol 251 £ 1 Ma, F8R 08 LK KA 4
1 BRI KL R BT S B0 985 kL K T
F S th 25 G i R 25 R (8] F1 PTB AHIT CARYT
8, 20110 o HNS Tk oK K BCE R R S R
P L) PTB K L AR EAT RN R R, 24 AR 43
. DR, AR T Rk R R

U, B 5 B A0 B 4 MR AR 27 UE 9 38 AN e HE G
Fr7s R DR AL, (R A AR R HE— IR AW ST
MOt AL ] A d T S AR
WS A 1) 20 G Pl 3 T R AT B TR A 65 AT B Dl B
PR RS DU CRFAEE, 2013) o o i 41 A5 v sk i e
BTG ER R AL s M L2 s O AR R A B
TRERR (RIS A, 2013) 5 5 K P40 b e i
Ak A T ROKTOR, IF ek BT 2 ula i o
FFDTTE RIHL I CRR R A5, 2010, 95 1t AT A 0 Y 1|
AT 1K JOscE B R e . IR,
B AR P AL R U L N R P R U AR SR KR
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H 5t KT, {H 36 28 04 5 A B e f Al 45 71 st ek 397
W AFAS B PR IS 5 Hh v T, AW dE 2 018 ST 4R K
FURLE 1L, A6 KX 4 7 IR A ) U8 (Li e
al. , 2003; FIRES, 2010) . - BLA KBS
&G B, (1591 P AL B 2w ) b K B kAR
O WK AN Bl AL AR J7 1) 1T K, 7 72 i e 2530 T2
BT R EE G H o S 4b, 52 B M e 30 TR0, 728
H VGO A T T L K R R X, R A 4 0 2
PRI o 1 ok U C SRk A5, 20125 FE3E, 2015).
DRI, 2855 1 i B A b BR A 27 Rty BB 90 A, AR S
A HUMREL I T PTB RS -5 035 Nk 23 0% 3 1Ly 2
T B R S X B Al R KL sl Ak i
R KBt

=

5 i

(1) B FAFAE. F G HE X T g R 2
71 DUV e S e 300 A ) DALl G 4R SRS
R A 2 BN R AT, IS DR AT A

(2) R 0 S s A AR o AT 2 A PR 615
~2383.1 868 ~1 328.1 186 ~778 #1430 ~246 Ma,
e STV S N o eV SRy e N L T S
ZW 3 L. ~ 250 Ma 5 4 BE IR B AER N
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