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Benton et al.
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i) Y . 2652 H At J5 3 494 A ) 52 9 Ik ) BE AR 22
X FR B 5 B RR O AR W iR W B I8 (Tong Jinnan,
2005; Tian Li et al. , 2011), @ % . /£ ¥ JF 46 & 9%
PRI 2 A DR LA A A7 Y PR B8 1 2 A B S L

Benton et al.
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TR =B AR Y IR IR R AR A R A T R
PR AL AL BT =& L Y R R
KR4 (Tong Jinnan, 2005,2007; Tian Li
et al. , 2011; Xie Tao et al. , 2013).
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— (Rong Jiayu et al. ,1986; Hou Hongfei et al. ,
1988 ;Chen Xu et al. ,1991; Jin Yugan et al. ,1995;
Stanley et al. ,1994; Rong Jiayu et al. , 1996), [A]
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hREERE A KA SRV RRA)Z. b
oA KA {JE'F’WT(E WS K G S A
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( Costatoria ) gold fussi ( Alberti ), Myophria
(Costatoria) rdiata Loczy, Myophria sp. » Halobia
rugosoides Hsu, Myophria cf. submultistriata
Chen, Ma et Zhang, Halobia kui Chen, Halobia
subcomata  Kittl, Halobia  sp.. Myophria
(Leviconcha) orbicularis (Bronn), Elegantarca
subareata Chen, Ma et Zhang, Elegantarca sp. ,
Unionites spicatus Chen, Unionites sp. , Daonella
sp. » Plagiostoma cf. beyrichi Erik, Asoella cf.
subillyrica (Hsuw) %, JIEHE LA BE A 1h 88 I (“ 4%
Moa ") 55 RILA B s S A R o A TR
PLZ 022 T8 2R 55 00 5 10 B R 5 AR W0 DS K 5 R
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et al. , 2004 ;Lehrmann et al. ,2006) .
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Fig. 1 Traffic map of northwest Guizhou and its adjacent areas
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~5mm Z i), e KA 3K 10mm, BRSOk, & &k 520
~10% (& 3a), B FHFAE SR 5K 7 22 EL bt 1%
AR SHEER O KSR L B TR . R A Il g
J& (BB AT A 50 WS S R/ 0 K = BEE
KB SR S AR 3 A DR R D RS A R
B S50 . AV R T % I ) AP B AR R
AR DG UE 2H ISR I BB e AL BE K 25 0 B AP XA IS
Z 5K A K St b - T B T O B K ok L
T4 B 0 (24 40 o) /b 8 A7 iR (1] 30) .
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Fig. 3 The photos of the tuffs from the Guanling
Formation in the Qianxi and Liuxi areas
Cay b)Y VG 4 IX Wy A1 IS F 4 05 5
(o) — 3% R MINE b X TR K & (BERR #0)
(a.b)—Green-bean rock at the bottom of the Guanling Formation

in Qianxi area; (c)—the tuff (bentonite) in Liuxi area
2 FEah A S o A T

AL A3 R R A R IS T R IR M DX ) 29 10kg
F3E K (QXO01 AT LXOL) Al 5 4 A X 5 5 B it 10F
TT45 A o33 F 4 5 R, B e T T 485 A U-Pb 4F
A2 D A B A FE L 22 100 H . &Rk
W 55 T U RV PR R S A . Tk
th R TR S8 0 37 WY R R €058 BB A %) B A T A S Al
B8 TR b, FEMIE R HEOL. B2

FEE A AR R L BT EE D) R T S A TR
THRER v S 86 2= 42 4L A9 5 i (Song Biao et al. ,
2002) . XL b BE A HEAT T OB SO0 L RO O BEAH
Jei s FEXT S AR AT B AR KOG (CL) & 43 87 s 45 A
CL 5256 & 70 b 5t B 4R & o0 4l i 7 (2 3 B 5
B2 SE . B S AR AR DR e o BRURE 43 B 45 2R 3k 4% it
T () 3 8 40 R BT 45 41 U-Pb I4E 4 M. # 5 #F
AR IETRRE R 200 H .

B4 U-Pb 4 TAF 2 78 v [ 5B Be B 7™
GEUEAIE ST T ] A PR B VR ] 5 B8 T A Sk
1% 2% 58 i, {X #8 & Finnigan Neptune % MC-ICP-
MS 1 Newwave UP 213 #OG# ik 2255 . #0O'6#] ik
B IR BE H AR 25pm, %0 10Hz, BE & % B 2
2.5]/em®, Pl He H# <. LA-ICP-MS #0t3# ith %
FH B s i) 7 = s 20 i B 0 GI-1 2R 47 30
AL 235 B AR B A U-Pb e 4R LS A1
GJ-1 MR, U Th & & DL A M127(U & & 923
X10 %, Th & H 439X10 °, Th/U=0. 475) K M 5
HATHRE IE (Nasdala et al. ,2008) . 3k 5t #2 o 45 )
FE S~T MREMHT G ERE W E 2 Mk GI-1 XRE A
PEATIEIE - I 1 45 47 Plesovice b tE#) 5, LU
P UE Bt 0 RS B B S B HE b B R A
ICPMSDataCal #2/% (Liu Y S et al. ,2010) , il & 1
R Pl B T EEs A I L7 Ph S i R s
Sy AT R AT BE 22 AL A Al P 5 IR 7E T 5 s S
R &5 A A5 % 9 AN B R JH Tsoplot 3.0 72 )7 1E A,
TEANAE & 3 72 v] 2 W SCHR (Hou Kejun et al.
2009) . ASUKAE 0 B 1o B2 H, Plesovice A5 HE 4 5
R A RE i 14 43 B 45 R (335,742 2.5) Ma
(n=6,20) , X IV A 4F % 4 7 {8 2 (337. 13 £0. 37)
Ma(26) (Slama et al. ,2008) , P # 7E % 2270 F N &
AR —F,

A2 M BR AL 2 43 AT I a2 A A Tl b T b 5 F
FEBE 4 BT IR B 5 P R . E R TR R A
Axios PW4400 B X I 42 5 5606 1% (XRE) 4347 . 43
FrE#ER T 5% .t e %k A ELANG6000 ICP-
MS S8 i A ok BE DR F 10205
3 rtras ik

AR SV RN ) T BE K A RS A U-Pb [F A R
AR TN A M3k Ak 27 0 4y A B dn 3R 1 AN
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Table 1 Zircon U-Pb isotopic analyzes of the tuffs from the bottom of Guanling Formation in Qianxi and Liuxi areas

N . ’I‘h U . 207 Pb/?(\ﬁ Pb 207 Pb/ZiG U 206 Pb//ZSS U 207 Pb’/ZOG Pb 207 Pb/ZlﬂS U 206 Pb/ZSX U

W o = Tl T oA
it (X1076) 38 | HfH 1o LA 1s [HIED 1o 16 1o 1s

(Ma) (Ma) (Ma)
WA G B v % 0 T EE R A (QXO0 1) Ak 47 : E111°58'40”,N26°5342"
QX01-01| 92 | 147 | 0.62 | 0.0500 | 0.0015 | 0. 2716 | 0. 0086 | 0. 0395 | 0. 0008 [198.2 | 70.4 |244.0| 6.9 |249.8]| 4.8 98
QX01-02 | 117 | 267 | 0.44 | 0.0503 | 0.0010 | 0. 2752 | 0.0074 | 0. 0397 | 0. 0008 | 209.3 | 48.1 |246.9| 5.9 |250.8| 4.7 98
QX01-03 55 83 0.66 | 0.0513 | 0.0020 | 0.2828 | 0. 0104 | 0. 0403 | 0. 0009 | 253. 8| 88.9 [252.9| 8.2 |254.9| 5.5 99
QX01-04 | 98 | 210 | 0.47 | 0.0522 | 0.0013 | 0.2810 | 0.0096 | 0. 0390 | 0. 0009 | 294.5 | 57.4 [251.4| 7.6 |246.8| 5.7 | 102
QX01-05 | 214 | 227 | 0.94 | 0.0520 | 0.0012 | 0. 2834 | 0.0096 | 0.0395 | 0.0010 | 283.4 | 56.5 |253.3| 7.6 [249.8| 6.3 | 101
QX01-06 | 312 | 424 | 0.73 | 0.0522 | 0.0010 | 0. 2803 | 0. 0074 | 0. 0390 | 0. 0009 | 294.5 | 44.4 [250.9| 5.8 |246.6| 5.6 | 102
QX01-07 285 470 0.61 | 0.0544 | 0.0021 | 0.2814 | 0. 0157 | 0. 0373 | 0. 0012 | 387.1| 89.8 [251.8| 12.5 |236.4| 7.5 107
QX01-08 | 62 | 181 | 0.34 | 0.0532 | 0.0021 | 0.2766 | 0.0091 | 0.0381 | 0.0010 | 344.5| 82.4 [247.9| 7.3 |240.9| 5.9 | 103
QX01-09 | 84 | 181 | 0.47 | 0.0513 | 0.0013 | 0.2869 | 0.0098 | 0. 0405 | 0. 0010 | 253.8 | 57.4 [256.1| 7.7 |256.1| 6.3 | 100
QX01-10 | 412 | 393 | 1.05 | 0.0895 | 0.0021 | 1. 2958 | 0. 0537 | 0. 1046 | 0. 0031 |1414.5| 44.4 |843.9| 23.7 |641.0| 18.0 | 132
QX01-11| 105 | 300 | 0.35 | 0.0536 | 0.0017 | 0.2835 | 0.0110 | 0. 0383 | 0.0009 | 353.8| 76.8 [253.4| 8.7 |242.0| 5.5 | 105
QX01-12| 125 | 209 | 0.60 | 0.0530 | 0.0023 | 0.2883 | 0.0142 | 0.0398 | 0. 0017 | 327.8100.0|257.2| 11.2 |251.7| 10.3 | 102
QX01-13| 78 | 125 | 0.63 | 0.0599 | 0.0013 | 0. 6292 | 0. 0259 | 0.0759 | 0. 0023 | 598.2 | 52.8 [495.6| 16.2 |471.6| 13.8 | 105
QXO01-14 | 71 | 112 | 0.64 | 0.0514 | 0.0016 | 0.2724 | 0. 0096 | 0. 0384 | 0. 0009 |261.2| 70.4 |244.6| 7.7 |243.2| 5.6 | 101
QX01-15| 73 | 190 | 0.39 | 0.0518 | 0.0012 | 0.2775 | 0.0084 | 0.0388 | 0. 0009 | 279.7 | 49.1 |248.7| 6.7 [245.5| 5.6 | 101
QX01-16 | 202 | 261 | 0.77 | 0.0550 | 0.0018 | 0. 2906 | 0. 0095 | 0.0384 | 0.0010 [413.0| 71.3 [259.0| 7.5 |243.0| 6.2 | 107
QX01-17 | 75 | 193 | 0.39 | 0.0506 | 0.0016 | 0.2739 | 0.0096 | 0. 0392 | 0. 0008 | 233.4 | 72.2 |245.8| 7.7 |248.1| 5.1 99
QX01-18 68 188 0.36 | 0.0517 | 0.0013 | 0.2777 | 0. 0080 | 0. 0390 | 0. 0008 | 272. 3| 57.4 |[248.8| 6.4 |246.6| 5.1 101
QX01-19 | 157 | 225 | 0.70 | 0.0908 | 0.0017 | 1. 8342 | 0.0394 | 0. 1471 | 0. 0037 [1443.5| 34.1 [1057. 8| 14.1 |884.8| 21.0 | 120
QX01-20 | 111 | 363 | 0.31 | 0.0533 | 0.0009 | 0.2948 | 0. 0055 | 0. 0401 | 0. 0006 | 342.7 | 43.5 [262.3| 4.4 |253.5| 3.5 | 103
QX01-21| 73 | 176 | 0.41 | 0.0493 | 0.0012 | 0.2590 | 0. 0070 | 0. 0381 | 0. 0007 | 161.2| 55.5 |233.9| 5.7 |241.1| 4.5 97
QX01-22 | 96 | 203 | 0.47 |0.0493 | 0.0011 | 0.2617 | 0. 0068 | 0.0386 | 0. 0007 | 161.2 | 53.7 |236.0| 5.4 |244.2| 4.6 97
QX01-23| 114 | 91 | 1.25|0.0777 | 0.0012 | 1. 8156 | 0. 0460 | 0. 1691 | 0. 0033 [1139. 8| 30.4 [1051. 1] 16.6 [1006.9| 18.2 | 104
QX01-24 | 101 | 147 | 0.69 | 0.0545 | 0.0039 | 0.2901 | 0. 0200 | 0. 0387 | 0. 0009 | 394.5|156.5|258.6| 15.8 |244.6| 5.9 | 106
A B LA ) T B AR A (LXO0 D) Ak 47 - E104°32'13. 9", N27°47'18. 9"

LX01-01 | 42 85 | 0.49 | 0.0529 [ 0.0025 | 0.2831 | 0.0135 | 0.0392 | 0.0012 |324.1|105.5|253.1| 10.7 |247.8| 7.5 | 100
LX01-02 | 68 | 148 | 0.46 |0.0517 | 0.0021 [ 0.2719 | 0.0130 | 0.0386 | 0.0014 | 272.3 | 94.4 |244.2| 10.4 |243.9| 8.9 97
LX01-03 | 90 | 273 | 0.33 |0.0498 | 0.0014 | 0.2691 | 0.0086 | 0.0394 | 0.0012 |187.1| 63.0 |241.9| 6.9 |249.0| 7.2 | 101
1L.X01-04 233 444 0.53 [0.0519 | 0.0013 | 0.2790 | 0. 0085 | 0. 0391 | 0. 0009 | 279.7| 59.3 [249.9| 6.8 [247.0| 5.7 100
LX01-05 | 78 | 221 | 0.35 |0.0514 | 0.0017 | 0.2752 | 0.0094 | 0.0390 | 0.0010 | 257.5| 71.3 |246.8| 7.5 [246.7| 6.0 | 101
LX01-06 | 164 | 239 | 0.68 | 0.0518 | 0.0014 | 0.2772 | 0.0108 | 0.0387 | 0.0009 | 276.0| 63.0 |248.4| 8.6 |244.8| 5.9 | 100
LX01-07 | 70 | 230 | 0.31 |0.0719 | 0.0197 | 0.2742 | 0.0182 | 0.0389 | 0. 0033 | 983.3 | 581.5|246.0| 14.5 |246.1] 20.2 | 101
LLX01-08 86 200 0.43 | 0.0526 | 0.0021 | 0.2841 | 0. 0100 | 0. 0397 | 0.0012 | 309.3| 90.7 [253.9| 7.9 [250.7| 7.3 100
LX01-09 | 72 | 206 | 0.35 |0.0515 | 0.0015 | 0.2803 | 0.0104 | 0.0396 | 0.0012 | 261.2| 66.7 |250.9| 8.3 [250.6| 7.5 | 101
LX01-10 | 134 | 297 | 0.45 | 0.0671 | 0.0020 | 1.2447 | 0.0748 | 0.1341 | 0. 0065 | 842.6 | 56.5 |821.0| 33.9 [811.4| 36.8 | 103
LX01-11| 95 | 360 | 0.26 | 0.0527 | 0.0013 | 0.2822 | 0.0097 | 0.0388 | 0.0009 |322.3| 55.6 |252.4| 7.7 |245.5| 5.8 | 107
LX01-12 | 177 | 376 | 0.47 | 0.0557 | 0.0020 | 0.3064 | 0.0129 | 0. 0401 | 0.0013 | 442.6 | 76.8 |271.4| 10.0 |253.7| 7.9 | 100
LX01-13 | 85 | 257 | 0.33 [0.0519 |0.0025 | 0.2798 | 0.0168 | 0. 0395 | 0.0020 | 283.4|112.9|250.5| 13.3 |249.5| 12.6 | 100
LX01-14 | 83 | 126 | 0.66 | 0.0509 | 0.0018 | 0.2716 | 0.0116 | 0. 0386 | 0. 0008 | 235.3 | 83.3 [244.0| 9.3 |244.2| 4.9 | 100
LLX01-15 73 247 0.29 [ 0.0509 | 0.0013 | 0.2741 | 0.0095 | 0. 0391 | 0. 0010 | 235.3| 62.0 [246.0| 7.6 |247.0| 6.2 98
LX01-16 | 68 | 237 | 0.29 |0.0503 | 0.0018 | 0.2684 | 0.0103 | 0.0388 | 0.0009 [ 209.3| 88.0 |241.4| 8.2 [245.5| 5.9 | 101
LX01-17 | 61 | 229 | 0.27 |0.0516 | 0.0015 | 0.2791 | 0.0092 | 0.0392 | 0. 0008 | 333.4 | 66.7 |250.0| 7.3 [247.8| 5.2 | 101
LX01-18 | 99 | 153 | 0.64 |0.0877 | 0.0020 | 2.7556 | 0.0992 | 0.2293 | 0. 0090 |1375. 9| 44.4 [1343.6| 26.8 [1330.9| 47.1 | 96
LX01-19 63 211 0.30 | 0.0491 | 0.0012 | 0.2665 | 0. 0074 | 0. 0394 | 0. 0008 | 150. 1| 55.5 [239.9| 5.9 [249.0| 4.9 106
LX01-20 | 96 | 412 | 0.23 |0.0581 | 0.0044 | 0.2970 | 0.0078 | 0.0392 | 0.0016 |531.5|166.6|264.0| 6.1 |248.1| 10.0 | 101
LX01-21 | 158 | 124 | 1.27 |0.0775 | 0.0011 | 2.0010 | 0. 0404 | 0. 1870 | 0. 0030 |1144.5| 29.6 |1115.9| 13.7 [1104.9| 16.2 | 96
LX01-22 | 89 | 253 | 0.35 | 0.0489 | 0.0014 | 0.2650 | 0.0082 | 0.0394 | 0.0007 | 139.0| 65.7 |238.7| 6.5 |248.8| 4.6 | 100

K HEE R AT A Z 2B — LB, 45 A G — M H (85~200) pm X (50~100) pum, M £ HY
RS 22 K — R BCIR ST L B R AR K X PR & Gk & 85 40 B B S8 0% P 50 45 4 A i
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Fig. 4 Typical CL images and age test values of the zircons from the tuffs in the Qianxi and Liuxi areas
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R2 BDARNMEHMREREEETE(N)NHETE (X107 )FHER
Table 2 The test results of major( %) and trace elements( X 10™¢) of the tuffs from Qianxi and Liuxi areas
e QX01-1 QX01-2 QX01-3 LX01-1 1L.X02-2 s QX01-1 QX01-2 QX01-3 LX01-1 LX02-1
BE KA K & HE KA K & BE R B KA HE R A BE KA
SiO; 64. 31 63.18 63.49 65. 2 65. 86 Cs 10. 8 10. 8 10. 6 10. 9 11.1
TiO, 0. 325 0.372 0. 39 0.29 0. 31 Ba 137 229 252 183 213
Al; Oy 14. 81 15.11 15.12 15. 23 15.53 La 16. 3 16. 4 16.9 16. 35 17.1
Fe, Oy 1. 65 1. 87 1. 75 1.72 1. 64 Ce 36.5 35.4 36. 1 35.95 37.2
FeO 0.7 0.73 0.73 0. 64 0.62 Pr 4.62 4. 47 4.57 4. 545 4.71
MnO 0.002 0.003 0.002 0.002 0.002 Nd 18.3 18.1 18. 3 18.2 18.9
MgO 6.5 6.61 6. 46 6.73 6. 24 Sm 5.19 5.45 5.37 5.32 5.52
CaO 0.41 0.42 0.43 0.41 0.51 Eu 0. 399 0. 434 0.451 0.417 0. 441
Na; O 0.07 0.08 0. 10 0.07 0. 08 Gd 6.56 6.76 6.4 6. 66 6. 80
K,0O 6.08 6.19 6.18 5.78 6. 25 Tb 1. 66 1.6 1.53 1.63 1. 65
P, 05 0.113 0.128 0.128 0.13 0.13 Dy 10. 4 10.1 9.28 10. 25 10. 27
LOS 4. 87 5.02 4.92 3.68 2.78 Ho 2.13 2.09 1. 88 2. 11 2.10
J iy 99. 84 99. 71 99. 70 99. 89 99. 95 Er 5.97 5.74 5.29 5. 855 5. 86
Li 259 242 234 238 253.5 Tm 1.1 1.02 0. 926 1. 06 1. 05
Be 3.6 3.78 3.79 3.72 3. 85 Yb 6.4 6.0 5.48 6.2 6.17
Sc 3. 46 3.76 3.72 3.61 3. 77 Lu 0. 82 0.79 0.71 0. 80 0. 80
\ 13.2 14. 6 14.9 13.9 14.72 w 5.11 5.78 6.01 5.45 5.83
Cr 3.75 5.32 5.91 4. 54 5.17 Tl 0. 55 0. 54 0. 56 0. 54 0. 57
Co 1.01 1. 27 1.12 1. 14 1.17 Pb 6. 40 8. 65 10. 10 7.53 8. 67
Ni 2.75 2.18 2.16 2.47 2.44 Bi 1. 28 1.3 1.52 1. 29 1. 41
Cu 4.42 4.57 5.43 4. 50 4. 97 Th 31.2 31.3 30. 7 31. 25 32. 14
Zn 13.9 15.7 15.1 14. 8 15.41 U 8. 55 8. 35 7.79 8. 45 8.51
Ga 19 19. 4 19.2 19.2 19. 86 Nb 14.9 16. 3 16. 3 15. 6 16. 4
Rb 220 235 234 227.5 237.6 Ta 1. 47 1. 81 1. 54 1. 64 1. 66
Sr 19 18.7 20.4 19. 23 20.03 Zr 153 154 148 154 157
Y 59 56. 3 52.9 57.65 58.2 Hf 5.5 5. 38 5.14 5. 44 5.52
Mo 0. 149 0.192 0. 156 0.17 0.17 0Eu 0.21 0.22 0.24 0.21 0.22
Cd 0. 006 0.001 0. 002 0. 004 0. 003 > REE 116. 35 114. 35 113.19 115. 35 118. 6
In 0.167 0.129 0.124 0. 148 0. 144 La/Yb 2.55 2.73 3.08 2. 64 2.77
LREE/
Sb 0.48 0.52 0.57 0. 50 0. 54 3.09 3. 18 3.51 3.13 3.25
HREE

25PL S U AL 4R Ok 247. 2 £ 2. 4AMa (26,
MSWD=0. 85,n=20) (& 4) , {3 2 74 M [X 514 2]
JUR S B K S A e DT RRAR IS

B AR Hb X OIS 2 BE K A (1LX01) 22 45 A
T A R0 A3 A AR S R b o 3 B SR B 4
(LXO1-10\18\21) 7E il f 4k L AN 434 . Pb* U
AR P IE 4> 5k 811Ma, 1331 Ma 1 1105Ma, it 3¢
TR A AR R B R T A G B . R
LXO01-18 il &5 25 H4 A" Pb/*° Pb 4E #% 1376Ma, it
& T Bl B v 2 b ool AP IS SR TR B iy
Jii {% B (Ren Guangming et al. , 2017), H4p 19 4>
BE AN A5 R P PR U AL T 2 AR S Dy 247, 4
+1.4Ma (26, MSWD=0.51,2=19) (& 4) . % F %
R 5 B WD E b X ¢ 08 41 S 3 6 K A 1 B
AR
3.2 EGMIRk AT

MFE 2 W LAE 1. B VG ) 1 R 52 A )

BEIKH ERICE SIO, F ik 63.18% ~65.8%, A
HRER IR RRAE L5 FAE ALY Na, O Fil CaO & AR,
4358 0. 067 % ~0. 097 % F1 0. 41%~0.51% . LA
BB E K,O~. 78% ~6. 25 %) Fil MgO(6. 24 % ~
6.73%), ik TiO, (0.29% ~ 0.39%), @& Al O,
(14. 81% ~15.53%) [ RFAE . 57 10 1 48 80 A/CNK
S 1.98~2. 14, @ L 48 RS Ik £ 4. Ti0, /AL O,
FeAE R 0. 02, F BHEBE I 1 IR 32 220k A fe ki
KUTFR (Addsion, 1983 ; Bueger et al. ,2002; Yin et
al. »1989) , BT A 5 78 #h A2 K 1l 5 Nb/Y-Zr/ TiO,
Sr I ik (RN th B e b — BRI X

5UERES B+ B X REE A T 113.19X10°°
~118.58 X 10 ° Z [H], . & # 1 L {H LREE/
HREE 2 3. 09~3. 51, % + 70 % At 4 & i 5 /R W A5
it iy il 2k (&1 520 HA B il A (Lay /Smy = 1. 94~
2.68) , H M H AR FELE (Thy/Yby =0.95~1.27),
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G WIS B PU AL B AR X % e W IR At 8% 0 U-Pb 58 4 KX A ) S 05 B 7R 27Tt

HA W BR84S % (SEu=0.21~0.24),La/Yb
FOAE A 2. 55~2. 77, Fihb &8 K & B A W i) 67 5l
SH A UE T2 LR BT RR P RRAE

i TC R A5 2 W1, B VG b XA b X OG0
ZH R EE K Th 14 &y 30.7 X 10 ° ~32. 14 X
1070 HI [tk 5. 14X 10 ~5.52X 10", Zr [y
SriE R 148.00X 10 ~156.9X 10 °,Co [l & & N
1.01X10 °~1.27X10 °,Sc [l &N 3. 46 X10°
~3.77X10 * ,Nb & &K 14. 9X10 ° ~16. 38X
107°, Moo Z ik N & B n] DUE S A T R
SRICE . Rb, Th il K 8 K g F kA1 LK (LILE) B
R, HAbe R W Sr, P Ti S T4 RS0
58 (B 5b). 78 Th-Hi-Co E % #1 Th-Sc-Zr/10
P it vb BT A R d AL T 506 B R B 4 5T i
Bkl X (B . 5 & - =& 7 AL L L FE
PEZE T R AL 2 P SRR R0, R s 5 R B 5Us
filf 18 K 5% A 56 (9 #54E (Tan Mei et al. . 2016), —
B4 — B2 IEREERTF 2 REFIC R,
ESENINNEE e SRR TRE R (i RUN A A PN i A
(Qin Xiaofeng et al. , 2011; Halpin et al. ,2015),
X3 B P M 4B X R = B SR A IR T 4R
7R B P ER LA . PRI DU KLl A Y ) 5 AT RE S
5T A B VY T % 1 R SR DRt e SR Y 5 2R 0 )
(Wang Man et al. , 2018),

4 $HE

4.1 T—H=EB5RENER

FOAT B A0 e of 58 28 Ewmorphotis
( Asoella ) illyrica-Myophoria ( Costatoria )
gold fussi & WK &8 Myophria (Costatoria)
gold fussi-Halobia rugosoides W{E N U 5T
RBAS R TEH A 70 . Yao Jianxin et al. (2004) X}
SRR A AT s ) E R A AT T RS 3R
RARERE ) — LM RLWE - FIE A
Chiosella timorensis M7 o XA A H1EE B NE A
M E A A R AR R BV L H AR K
EWNIE SRR S e o 7/ R R AT
JIN R R R AT R X Bl 4 BRON) B [ B 22 22
RE=F 0020 2 WEBVK T IE A Chiosella
timorensis B HE BLE N EJE B/ BAL JE 7 B B 43 A
(Orchard, 1995, 1997; Yin Hongfu et al., 2000;
Tong et al. ,2007), ARG H Ay B H W AF 5 A ZE
Fedi 2l A W R AR AR AR b 2 T b 2
(Gaetani,2000; Yin Hongfu et al. , 2000, 2003) A&

Tk [a] 37 2 #h )2 (Romano et al. ,2013) 1 #F 58 %, 5 55
B, S P B O T AT B R AR JE e B — & JE Bir At
2 )2 T o4 ) 1R

Hu Shiling et al. (1996) % H] Ar-Ar 3815 5¢
P SCHB IX 28 25 1Y AR % Dy 238. 5+ 4. 8Ma,238. 9
+4.8Ma HI 239. 6 4= 4. 8Ma, Huang Sijing et al.
(2006) HR 4% 4= BRER A 17 28 20 ) 5 4F 8 1 00 &R L 3R 1%
VU ZE AR e B s bR VL AL/ A R B
AIAFEIE O 242Ma, 88 AR % 150 22 0 LR XE T 3
ER T =& % R4 F K., Wang Yanbin et al
(2004) A5 B2 5L H 07 1 791 T 3 S B R & s A U-
Pb 4E#% 2 239. 0 2. 9Ma, % 4F 1% 5 [ Br i 2 474X
F (2018 WO A E W %R Br — $L T Br A4 4F iR
(242Ma) FIHL T B — R JE By Ft 4R AF s (237Ma) B 4%
LTS R AR S B — % e B A AR R
(247. 2Ma) 2ZZ 5% K, Ovtcharova et al. (2006) X}
7 VE RULL 4 2 )1 R T AR ) 2 RAR AR AR AR
A5 e Spathian W B 2§ 4 ¢ Neopopanoceras
haugi Zone W K IL& ¥ 28541 U-Pb 4518k 248. 1
+0. 4Ma, 45 11 T ZJE B/ AR JE 58 By AL T BRAE
. Bl S XM B AL R =& ST R TN
JRCER P [) 6 2% A 0 4 AR BF 5 Tl X B
Chiosella timorensis 1 I PRFIF FRAE A 2 5038 3 47
WHETE. SHEE TP =S8R ALFEREN
247.05 = 0.16Ma ( Ovtcharova et al., 2015);
Lehrmann et al. (2006) #] ] TIMS ¥ #4522 155 )y [X.
KT EH 2R W/ BAS JE va By AL BN 45 )2 BE K
AW R 246, 7740, 13Ma,247. 13+0. 12Ma,
247.32+0.08Ma Fl 247. 38 0. 10Ma, 1 F| F N ¥
EEFFIE T ZEH /B i AL ETHE
BE IR AR (247.13 £ 0.12Ma I 247.32 +
0. 08Ma) , 4fE I H AL AE % 29y 247. 2Ma, BIVE Br
JEAEAR R (2018 RO HEFE MY AFE 4 s Zheng Liandi et al.
(2010 AR A5 B2 35 H ] A7 151 0BT 6 200 I 0 B K S s
SHRIMP U-Pb 4E % 247. 6 £0. 12Ma, 5 H by # 2
SEARCRIETE 1Y 2 JE By / BAR JE 5 [y 2R AF 8 A1 LL g
BRI, M YE Lehrmann et al. (2006) 15 /) L 46 2
NS R BER AR (247,38 0. 10Ma) 7E 1R 243
Bl N — 2 (Lehrmann et al. , 2006) ; Xie Tao et al.
(2013) AR 4G % P M ok IR 3 1 R — vh =& 5 A ek
Rt T 58 K 5 55 A U-Pb 45 246. 6 1. 4Ma, g /)N
T PRt 2 22 0 HEA I LR AR RS

AR SCHRAG B PG B vb 8 1) T = S G U 2H IS
BE K 8 41 U-Pb 4E | 247. 22, 4Ma (26, MSWD
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Fig. 5

The REE and trace element diagrams of the tuffs from the Qianxi and Liuxi areas

(REE normalized data after Boynton,1984 ;race element normalized data after Sun et al. ,1989)

=0. 85) FI#% KL AR Fi) ThT 5 04 4L VS 558 K 5 B A1 U-
Pb 4% 247. 4+ 1. 4Ma (26, MSWD=0.51), & i
FOR R ZE VA TIMS ¥k, X E2 2 h T4 7
TEAN ) e S B0 FLAFR W8 -5 f 08T [ B ot 2 4R AU R
(2018 RO # LAY 2 JE Bir /B AR JE 3E B Ft £ 4F 1%
(247. 2Ma) ) K Lehrmann et al. (2006) 3515 1 %
JIH 2 JE B/ BAC Je s By 2w b 6. 3m il [a] R
2. 3m AL (3 JK & AF IS (247. 1340, 12Ma Fil 247. 32
+0.08Ma) fEiR 22 76 B N 58 © — 2 (Lehrmann et
al. ,2006) . [F]I] . 85 PG v 5 vl i A 3% R0 9 ) T Ok
WA 2 JES VS B K e A 1 1 AR A D TR A 5T I 1Y R
X R —H = F 40 F 2 i A DB 2 %0 L B
XFHEPE IR R =B 20 R W) SR 95 5 i G Sk — 2D R LA
(=TT
4.2 BRAXNLFEBHINEVEFHBTR

A PTB 2% (£ 252Ma) FF % 28 Jkil
W% S R S BT M A R IOK s — A AE
Gl — RO s R R - SRR
BRI 2 5 304 BRAE W) K 4 1 32 22 J 1AL D
“Joili K4 8 (Yin Hongfu et al. ,1989; Xie et
al. , 2005, 2010; He et al., 2014; Romano et al. ,
2013) , R/ L KK FAFIFE KRR CO, M
VS 1 AR TR Y G i G Sl <. Rl e o/ D
#at) FZEJFH (Chen Jun et al. , 2017) ., H4h—Fp
S5 A A L B H X PTB kAR I E B = B
DL il 42 3K A8 AL A AR 1) K K 48 (Erwinet al. , 19925
Wang Man et al. , 2018), AW K4 FH{F 5 2 ERH
Ao PR 458 72 A T AV RS BR AL IR B T T TR A

AHLEXRZR., REML. TUHEENE. -8 =&
DR EENEY KA F A, FEHT 90% L 1
YRR AR 70 V0 1 i A A Bl B K 2 B W e
K4t (Jin Yugan et al. ,1994,2000; Stanley et al. ,
1990 H& P — M =F 2K AT REA T K
2L AEWEEA IR % & 95 (Hao Weicheng et al.
2006; Wang Xiaofeng et al., 2001, 2009; Sun
Zouyu et al., 2006; Zhang Qiyue et al. , 2008,
2009; Wang et al. ,2010; Hu Shixue et al. ,2011;
Huang Jinyuan et al. , 2010; Zou xiaodong et al. ,
2015;Li Zhiguang et al. , 2016),

PTB AW R K4 ) » 2 25 22 107 1 58 K 52 A
A AR S RS, & TR A B IEE 5
MEoR. 4717 5~10Ma Z A (Chen Z Q et al.,
2012) . S I J5 9 A2 245 AR 5 2 K RTAR LU G 2 2 A2 )
2R A BT AN [R] & ¥ 3 200 1) AR L 2 iR i 2R 1Y
P, I 5 5 T i #(Tong Jinnan, 1997), #F5¢
FH AR TS DE R AR ) K 4 (2 252Ma) ZHif
th & N EES S R & k4 — 2R
2k B K # ( Gudalupian-Lopingian Boundany:
GLB,260Ma) (Stanley et al. , 1994), £ 45 & A 3|
10Ma Ze 4 W AR 1) K 48 A (Wignall, 2001,
=& M (5Ma) &b T A= WA 43 S5 2 30 0P B S A
HE k=& 4 8 F IE W (Payne, 2004; Tong
Jinnan et al. , 2009;Song H et al. ,2012) , 8/~
fEHL N B — & {iE (260Ma) #iE 28 F f = F I 4
(247Ma) , A K3k 13Ma(Yin H F et al. ,2001; Yin
Hongfu et al. , 2013),
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G WIS B PU AL B AR X % e W IR At 8% 0 U-Pb 58 4 KX A ) S 05 B 7R 2779

R, & — =& 0 Z A8 A Bz KR
Sy 301, AT Y R S b il R R 0T AT o 4 TR SRy
KBt K e I 0% 2l 3 % (Halpin et al. . 2015),
AREBH DX Tz o3 A A B — v =S T U E Y kL
LIRS A — B LR By =8 R X )2
R 5300 Lo i 2 A B2 (S HL 9T SR, 1987 5 Guan
Jianzhe et al., 1990). 7§ %P K b & 3 9K 7] 58 M
PTB LT Kl g RV A + D s BV Lk
I E A REE T Y Bk (Wang Man et al.,
2018) . SR » #E X S LU Bl 7E A 1 K 2 A A2 I T AL
WP REE AN 2 A RN SR =S
224 iR Wi &2 7 (Tong Jinnan et al. , 2005), — FH
DLk 2 E PR BRSPS Mg M fd . AR RS AT
R F WL PTB F1 GLB A 7K 4 5 75 17 F 3 Fn
U Ji LU R KO A 1 KT 3l 08 & 2% D) (Mundi et
al. ,2004; Wignall et al. ,2009;Grasby et al. ,2011;
Shen S Z et al. ,2011) . #=20AY & i sh 8 fifi 5 2
JB A AE T R i <R (CO,L SO, Hy O &)
(Thordarson et al. , 2001 ;Self et al. ,2006,2008) .
w2 R E S A LB IR B0 AUk A 4 il P
JEAE A A SR (COL. CHY Jo i) AR 48 26 %)
(Svensen et al., 2004, 2007, 2009 ). k 1 JX
(Rampino et al. ,1992; Robock, 2000) & k 1 ¥E H
fith 2 1) R S BV ) T 5 (Shen S Z et al.
2011;Shen W et al. ,2011;Xie S et al. ,2007; Shen
Wenjie et al. , 2014) FEfR] 1 A ER UM M AR 5
SZAk ., Yin Hongfu et al. (2013) 545 7 % =0 k1L 7%
By Xof AR W K 2 A B PR B RN L AN I8 e T T AR ) I8
J2 i Hb A= 0y DR 5 S 1 0, R A = R S K
Ol fE A — 2 B R, PTB /B Y K 45 i {F
(252Ma) 78 XI55 P4 471 I A Ji 10K IO T
A7 1E W BHE A 55 R (Bryan et al. , 2008), P/T #
LRI R H — R 2 AR s I T
X E &G RKEH LI T =S5 ARV B
T M R R B IEL 0.2~2.5m NG L 2B
it A A BE K S 3X 28 22 B UK I Sl el 1 AR K
YR, =B R A EREY R KL
TR A A ZR G802 I R AR =R A ) DR IR 1) O B I A0
(Benton et al. ,2013), 8 & , — S FEIR 19 DUARTHE 28
AR R A SRR 2 A0 15 B s M AE W B R A R
1 (Zhao Xiaoming et al. , 2008), I, 5=
UL B8 R iR B Kt — DUAR M 2 I, AT BE 2
BUESHEEAL T R A Y e R g
BHCT 4K . FE VYR X R — v = O 2

Hle A 2R EE KR B IR s a0 S BRI O U]
BT —h =& 5 (P A R4/ s d) A4 -
Ttk 8 £ 2 % )X & (Lehrmann et al. , 2006;
Zheng Liandi et al. , 2010) , B Fdt L ERILHX T
— P EF G KA SN\ BB L S UE D) vh 43 A Y
3~5 ZAINA (R LS . Z LA R=SLEY
SO SEA N EER B (Hu S X et al. ,2011), {H
S5 AE 5 N P B B R X B = S AR R AT )
¥ (Zhou Changyong et al. , 2017), iU | 5 % #
SRR Y O B e e Wil R T A R A
Wy 2K 4 2 J i T AR ) RS A A B A R PR &2 (Romano
C et al., 2013; Zhou Changyong et al., 2017),
PTB AW K4 )5, v — W = &t 2R AN PR 58 3% 3 i 91
[ B 1 PR B % AL 25 (Payne et al. ,2004) 1 4= ¥y i
B IR A LV AL LR (Tong Jinnan et al.
2007) , AT BE #E 2K Bl A7 78 Bl R R AR AR
It A JE 7T R = & 20 )2 oy 2B 9 o 4 1) [R] B
JO7 i xof B — rp = 8 il — PURBL R 1 B R AT
Fo N =R/ R T — B SRS R G A
TEAL AL S 4 3%

5 45

AR ST 2 6 B4V Vb ) A R R AR ) T v/
T =SS R EBE K s I R T 8 A U-Pb Il 4R
g £ R AL B 5T T BLLL T P I

(DRBHEE D EHE D/ T &R KT
S 247.2+2.4Ma (26, MSWD=0. 85) il 5 & H 4
BHmp/ T SR R RAFER N 247.4 = 1. 4Ma
(20, MSWD=0.51), = F 115 22 Y5 [l N 5 [ B b
JRAEAER (2018 JO L FE 4R AF iy (247, 2Ma) 58
WA R TRATE 38 [ 74 e X = i 2
XF LA 43 it — 2D R AL T AR AR AR AR

(2) 55 74 3 (A0 DX L — v = R A
PR U E K, OMgO, B 718 5 8 AR 4L , 1
/NN P SR R TR R (PR A PN g
e wME S TR R B —h =& AN
PRI R A 0 A 3R i A O ) IR T R
flxt = B 20 3A ST Bh U, AT oy 3K P R M
X = % 20 b 2 4] 43 X LU A i AR DL R R R — & A
YR IR — RS A RGO R AL S S AL BT R,
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Abstract

The Middle and Lower Triassic marine facies (including basin facies, slope facies and platform facies)
sedimentary strata and multilayer tuff are widely distributed in Southwest China. Zircon LA-ICP-MS U-Pb
dating was firstly carried out for the tuff from the Middle/Lower Triassic boundary of the Shawo section in
the Qianxi area and Liuxi section in the Yiliang areas, yielding the boundary ages of 247. 2+ 2. 4Ma (20,
MSWD=0. 85) and 247.4+1.4Ma (26, MSWD=0.51) , respectively. The time limit for the Middle/
Lower Triassic boundary in the Center Guizhou Uplift and the northern depression area was determined,
and coincides with the age of 247. 2Ma for the Olenekian-Anisian boundary suggested by the International
Chronostratigraphic Chart (2018 edition) and the TIMS age of 247.2 £ 0. 1Ma of the tuff near the
Olenekian-Anisian boundary in Guandao section, Guizhou Province. The geochemical characteristics of tuff
rocks show K, O and MgO enrichment and obvious Eu negative anomaly, indicating that the tuff may be
derived from the continental magma arc formed by the ancient Tethys subduction. The episodic volcanism
may be an important cause responsible for the intermittent deterioration of the ecological environment and
the delayed biotic recovery in the Early-Middle Triassic. The result of this study will deepen the
understanding of the Triassic episodic magma activity, and provides a basis for the Triassic stratigraphic
division, tectonic evolution and exploration of the Triassic biorecovery-radiation and ecosystem co-

evolution in the southwestern China.
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