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Abstract

There are multi-storey tuffs in the lower part and bottom of the Middle Triassic Leikoupo Formation or
Guanling Formation in southwest China. Previous studies have shown that there was an intermittent deterioration
of the ecological environment and the recovery of biological hysteresis in the Early-Middle Triassic. The marked

fossils of the Middle Triassic Anisian-Latinian boundary in China have not been found. Whether these problems
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are related to volcanic activity deserves further study.Zircon LA-ICP-MS U-Pb dating and lithogeochemistry of
tuff in the lower part of Middle Triassic Leikoupo Formation in Hekou section, Muchuan area, Sichuan Province
were studied. The age of the Middle Triassic Anisian-Latinian boundary is (242.5+1.2)Ma (26, MSWD=0.93, n=
22), which is basically consistent with the 242 Ma age of the Anisian-Latinian boundary recommended by the in-
ternational stratigraphical timetable(2020 edition). It is confirmed that the sedimentary age of the Leikoupo For-
mation in Muchuan area is Middle Triassic Anisian period and Latinian period.The lithogeochemistry characteris-
tics of tuff show obvious enrichment of K,O, MgO and obvious negative Eu anomalies,its provenance may come
from continental magmatic arc formed by subduction of the Paleotethys Ocean.Multistage volcanic activities may
be an important cause of intermittent deterioration of ecological environment and delayed recovery of organisms
in the Early-Middle Triassic. Volcanic activities during the Anisian-Latinian alternating period may affect biologi-
cal evolution,so it's hard to find the marked fossils of the Middle Triassic Anisian-Latinian boundary in China.
Strengthening the study of volcanic activities in the Middle Triassic is of great significance to the division scheme

of Triassic in China,the stratigraphic division and correlation of Middle Triassic,and the exploration of Triassic bi-

ological evolution and recovery.
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Fig.1 Structural location map of Muchuan area (a, after Wen et al., 2022), regional geological sketch map of Muchuan area (b),
stratigraphic histogram near the boundary between Leikoupo Formation and Jialingjiang Formation in Muchuan area (c, age data of
tuff at the bottom of Leikoupo Formation in Emeishan after Li et al., 2020), field outcrop of tuff at the lower part of Leikoupo Formation

in Muchuan area (d, g), tuff specimen (e, f) and micrograph (h) at the the lower part of Leikoupo Formation in Muchuan area
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Table 1 Zircon U-Pb dating results of tuff from lower Leikoupo Formation in Muchuan area

I w(B)/10°6 22Th/  27pbRBU 206pp/238Y 207pp/200Ph 207pp/235Y 206pp/238Y 207PpPL A
ey Pb  Th U U WH 20 IWEH 20 W 20 4Fid/Ma 26 Fi¥/Ma 20 Filf/Ma 20 JF
MCOI-1 12,0 74.7 2829 026 02710 0.0250 0.0388 0.0009 0.0493 0.0047 242.0 20.0 2456 54 130.0 190.0 99
MCO01-2 13.0 205.6 240.1 0.86 0.2800 0.0120 0.0377 0.0006 0.0519 0.0022 251.4 93 2382 40 2430 89.0 095
MCO01-3 16.8 1055 3580 0.29 0.2650 0.0140 0.0377 0.0007 0.0491 0.0022 238.0 11.0 2384 43 1360 96.0 100
MCO1-4 89 632 217.5 029 02810 0.0230 0.0366 0.0007 0.0530 0.0040 250.0 18.0 231.8 4.6 280.0 160.0 92
MCO1-5 180 99.6 389.3 0.26 02700 0.0180 0.0388 0.0010 0.0479 0.0030 242.0 15.0 2457 6.0 90.0 140.0 98
MCO1-6 773 1444 3420 042 2.0680 0.0630 0.1866 0.0036 0.0771 0.0019 1137.0 21.0 1103.0 19.0 1118.0 48.0 97
MCO1-7 146 867 322.6 027 02790 0.0140 0.0384 0.0008 0.0499 0.0032 249.0 11.0 2427 47 2000 1200 97
MCO1-8 32.1 1334 716.0 0.19 02787 0.0095 0.0382 0.0007 0.0506 0.0015 249.1 7.5 241.8 43 2040 620 97
MCO1-9 134 953 3286 029 02730 0.0110 0.0369 0.0007 0.0520 0.0021 244.6 9.0 2337 43 2560 910 095
MCO01-10 19.2 106.8 413.0 0.26 0.2810 0.0180 0.0383 0.0011 0.0510 0.0033 251.0 14.0 2422 6.7 210.0 140.0 96
MCO1-11 133 75.6 2692 0.28 0.3140 0.0250 0.0427 0.0012 0.0539 0.0042 276.0 20.0 269.4 7.7 3200 170.0 98
MCO01-12 12,5 742 332.0 022 02670 0.0220 0.0386 0.0014 0.0506 0.0037 240.0 18.0 2440 86 200.0 160.0 98
MCO1-13 13.1 822 344.0 024 02740 0.0290 0.0384 0.0012 0.0528 0.0054 2450 23.0 2432 7.4 300.0 230.0 99
MCO1-14 162 893 358.1 0.25 0.2740 0.0160 0.0401 0.0007 0.0504 0.0026 2450 12.0 2533 41 180.0 110.0 97
MCO1-15 82 90.6 201.7 045 02760 0.0400 0.0383 0.0016 0.0536 0.0082 246.0 32.0 2423 10.0 300.0 340.0 98
MCO1-16 10.8 89.1 221.7 0.40 0.2700 0.0180 0.0381 0.0012 0.0517 0.0032 241.0 150 2412 7.3 240.0 140.0 100
MCO01-17 23.3 2150 579.0 037 0.2460 0.0220 0.0383 0.0018 0.0474 0.0028 223.0 18.0 2420 11.0 70.0 130.0 92
MCO1-18 121 63.1 292.1 0.22 02770 0.0120 0.0400 0.0008 0.0514 0.0022 247.4 9.5 252.6 47 2270 91.0 98
MCO01-19 544 356.0 1173.0 030 0.4970 0.0280 0.0346 0.0006 0.1032 0.0052 404.0 18.0 219.0 4.0 15780 89.0 41
MCO01-20 17.6 345.0 371.0 0.93 02710 0.0190 0.0388 0.0020 0.0502 0.0038 243.0 150 2450 12.0 190.0 170.0 99
MCO01-21 249 313.1 495.6 0.63 0.2720 0.0170 0.0378 0.0008 0.0514 0.0032 243.0 13.0 239.1 52 230.0 130.0 98
MCO01-22 7.4 993 1423 0.70 0.2680 0.0270 0.0388 0.0013 0.0492 0.0044 239.0 22.0 2455 84  140.0 190.0 97
MCO01-23 19.3 349.0 392.0 0.89 0.2900 0.0210 0.0388 0.0012 0.0533 0.0039 2580 17.0 2456 7.3 300.0 160.0 95
MCO01-24 10.0 109.7 209.9 0.52 0.2670 0.0160 0.0390 0.0007 0.0485 0.0028 239.0 13.0 2463 ~ 44 100.0 120.0 97
MCO01-25 432 1055.0 946.0 1.12 0.2511 0.0088 0.0339 0.0007 0.0519 0.0014 227.3 7.2 2149 43 2690 63.0 94
MCO01-26 263 3472 531.0 0.65 0.2700 0.0150 0.0376 0.0007 0.0505 0.0026 242.0 12,0 2382 4.6 190.0 110.0 98
MCO01-27 10.0 218.7 1945 1.12 0.2870 0.0180 0.0361 0.0008 0.0559 0.0034 258.0 15.0 2285 4.9 410.0 140.0 88
MCO01-28 10.7 57.4 2569 022 02730 0.0190 0.0380 0.0008 0.0506 0.0034 244.0 © 15.0 240.5 4.8 180.0 1400 99
MCO1-29 20.6 443.0 343.6 129 0.4070 0.0150 0.0381 0.0006 0.0748 0.0023 3454 11.0 2413 3.6 10270 650 65
MCO01-30 20.9 124.0 493.0 0.25 02710 0.0140 0.0381 0.0007 0.0503 0.0024  243.0 11.0 2412 42 190.0 100.0 99
MCO1-31 11.0 101.0 2424 042 02630 0.0190 0.0383 0.0008 0.0499 0.0033 2350 150 2424 52 1500 140.0 97
MCO01-32 16.8 430.0 307.0 1.40 02650 0.0170 0.0384 0.0009 0.0508 0.0034 2380 13.0 2432 54 2000 140.0 98
MCO01-33 12.6 77.6 288.0 0.27 02710 0.0220 0.0390 0.0009 0.0503 0.0038 242.0 18.0 2469 57 180.0 160.0 98
MCO01-34 118.6 2040.0 2300.0 0.89 0.2780 0.0120 0.0372 0.0012 0.0542 0.0016 249.1 9.8 2351 73 3740 650 94
MCO01-35 112 90.7 2920 0.31 02600 0.0360 0.0382 0.0016 0.0489 0.0057 2340 29.0 241.5 10.0 130.0 250.0 97
MCO01-36 19.7 189.1 396.0 0.48 0.3040 0.0210 0.0400 0.0010 0.0555 0.0042 269.0 160 2526 6.0 390.0 160.0 94
MCO01-37 124 829 3139 026 02440 0.0160 0.0332 0.0014 0.0531 0.0035 222.0 13.0 2107 9.0 3100 140.0 95

HE I 1 [R5 25 I A7 45 21 4y (241.2+0.8/-0.6)Ma, 1
BHL T B IR FLAE IR S 241 Ma, 1 T N.secedensis
7 W& B T E. curionii fff (Brack et al.,2005) , A It
Mundil 55 (1996) A 5157 T B IC A4 1% (241 Ma) i
W T T I o 2 4F AR (2020 R A2 19 22 JE B -
P T By B AE RS (242 Ma) ., Wotzlaw %5 (2018) AR 35

BT R RS 28 DU A 9 45 45 e 1] b J2 2 B Y, B
R b A B8 I L B AR IRy 241.464 Ma, [R] R
WS B T S5 B 6] B b 22 41 AR 3R (2020 Bl 5 1 42 Je
-0 T B LR AR IS (242 Ma) . LiuZ5(2018) 7E 1L 74
VG I 2 b B s R )1 24— BB 2 4 A
U-Pb 4 5 43 31| 47 (243.53+0.21)Ma F1(241.48+0.07)
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Fig.2 Zircon cathodoluminescence image of tuff from lower Leikoupo Formation in Muchuan area, southern Sichuan
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Fig.3 Zircons U-Pb ages concordant diagram(a) and weighted average age(b) of tuff from lower Leikoupo Formation in Muchuan area

Ma, 5 B AR T B2 A5 T b DX [R5 28 04 245
P, 3 2 MFE I AR AR 28 T TR i 5t . 1
N 2T SRS b = 50 76 101 3 2 30 T 1)
FE AR A5 1Y B A U-Pb A 148 1% (242.5+0.7)
Ma( 58045 ,2019) , AR I {8 5 55k [ PR )22 4F
2% (2020 b)) 42 B2 JE B -PL T B AL AR i (242
Ma) 8 R4

AR YRGB F 2R IR ) BE KA 145 A
U-Pb 4E 1% 2 (242.5+1.2)Ma(MSWD=0.93,n=22) , it

UL HAE B IR 22 A TIMS Ik i, X E 2R 0y
AR T B0y, AR W E 5 BBt [ b 2= AR 3R
(2020 kit ) FEWLAY 2 JE B -Hr T Br L4 AF 1% (242 Ma)
Ph S Mundil 55 (1996) 3515 19 2 T B A9 IS 5 4F 0%
(241 Ma) Fll Wotzlaw 4 (2018) 3R15 A7 T B aY Jie AL
AEE (241.464 Ma) 75 1% 22 10 Bl N AR — 20, W AR
FUE A T &6 542 Je B Al G i 2, 7 F 3 B3
P ASLT B, VR L IX 75 D3 TR b =&
T2z Je AR T 09, 5 H0 A5 2 5 T 3 4R
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Fig.4 REE distribution map(a) and trace element cobweb map(b) of tuff in the lower part of Leikoupo Formation in Muchuan area

(standardized values of rare earth and trace elements after Sun et al.,1989)

KAENT =& GERBRJE T/ =B 5% e B (Ole-
nekian-Anisian) Ft 28 AU IR AH— 30, [RIEF, 9K )1 Hb
DX B 3 4 FBBE A A % 1 AR A Bz kol A
R, AR E =& R TR o RS E
JEBY-Fi T B S i i AR L DX 2 0 L, DL R FR
=B RAYE T RS D R AL A
e . CAMRER, AP =& 240 Ma ity X
A LUV 1) 2R G A0 v, 9 23 7 000 7 42 T s e Y
kB KL AIUG 253, Bifi 25 25 576 0900 o 8 0k
AT e = B (230 Ma) e & M1, 5 250k - Fifi il
i (Xu et al.,2019) o 10 A< YCAE VR 1 4 DX FR F 34
T EB R IR KA I ARAR AR, S — 2 T e
Bt AW B =S BT 4R R R P R A A
S ZU Y Z2 1 K L Bl HnT BB AR R T e B E
A 5 RA K,
42 H=BSHRT KRS R AR E
WF9E DX B K FL s ik 0 VBE VBRI VBR, S
T M A I AR A o AR L (B XU 45, 2012) 5
TiO,/ALO; A A T 0.014~0.018, %1/ T 0.02, & W
B T8 TR IO R R (MRAEF 77, 1994) 5 HAT )
] i 17 Eu 5% (8Eu=0.14~0.16) , U 3iF 52 H Ry ik ok
Ll w5 % 9 (Liu et al.,2017) . 7£ Zr/TiO,-Nb/Y &l fi#
([ 5a) v AR5 AL T B JIC B30 58 i 4 i S v
T ML DX T,/ T, PR BE K 2 L 05 AR X, 3R
A5 DX T B A B B i A 1 n] R 5 v g

PEAIRAE A G, 28R % (2020) X A3 45 (2021)
A3 90 XoF U6 JE LR T 3 R i X e 4 (5
e 2 AR Y ) BE A AT R I, ¥ A KR
LA PRAIE , 22 B T AR5 rp R I A B A R
KR, B 5 A SCRIA AT

WFFE XA FAE R MR ER P AL, = & 508 T
U AR R £R 7 5 MR g, O & ) S e TR
B AR A 2E AL Ay s kA AR 4R, T Nb  Ta  Zr
Hf . Th.Sc .REE % {27 iG s M55 | e U8 IR A7 I 4
KL S ) Ak 2 B AR REAE T AR R R A TR R
P /Y H 5 4K 3 (Taylor et al., 1985) . 7F Ti-Zr &l fi#
(K 5b) v, WE5E DXCRL T B Jie 5 B 3 8 5 A i S
VY R b DX T/ T, S ZBE K A A 4 3R v A e i
AR I . 534, B 5L B REE e 43 88X A
o 7Y, AH X 5 S A £ 90K (LREE) MUK & 1 3 A
JLE (LILE), 5 it @i ot % (Nb Ta %) , A W]
1Y Bu B 5K, R I 5 R0 v VR A G
5 20 5 5I0/BE 2% 9 1L 25 A AL B M BR Ak 24 4 AR
(Condie,1985; He et al., 2014 ) ., & | fr ik, B # A
S RL T B RS SRR SE E I 0 S A % K LT B
PR R R R L T K 2 G R R kL
IR 23 W02 J5 |, 72 AR PR £h 5 MR B8 R UTAR, 7E
BRI T K Mg AR TE S W, A A
B 1 K VR R 5548 S DL 52 A K = B
Bt
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F2 KX EORATEREKEEEBTEMW®B) %) MHEBITREWBY10)DHER

Table 2 Analysis results of major elements(w(B)/%) and trace elements(w(B)/107) in tuff of lower Leikoupo

Formation in Muchuan area

A BEI 44y B
HKO1 HKO02 HKO03 HK04 HKO05 HKO1 HK02 HKO03 HKO04 HKO05
Sio, 62.51 62.46 63.12 62.56 63.06 Y 32.7 31.9 32.1 32.5 324
TiO, 0.23 0.24 0.21 0.26 0.22 Tl 0.36 0.35 0.37 0.34 0.36
AlLO, 14.90 15.23 14.80 14.63 14.91 Pb 4.40 4.50 4.30 4.40 4.60
TFe,O0, 1.49 1.46 1.42 1.45 1.48 Bi 1.12 1.07 1.11 1.09 1.02
MnO <0.01 <0.01 <0.01 <0.01 <0.01 Th 31.40 31.4 31.2 30.9 31.0
MgO 6.59 6.66 6.53 6.62 6.58 U 10.6 11.0 10.2 10.9 10.5
Ca0 0.47 0.49 0.49 0.46 0.45 Nb 13.2 13.4 13.1 13.2 13.6
Na,O 0.04 0.04 0.03 0.05 0.04 Ta 1.40 1.40 1.30 1.50 1.40
K,0 7.80 7.94 7.86 7.93 7.80 Zr 172 157 169 159 170
P,0, 0.19 0.20 0.18 0.21 0.20 Hf 5.20 5.00 5.30 4.90 5.10
ek 4.85 4.83 4.82 4.84 4.82 La 19.0 20.3 19.2 20.1 19.8
o8y 99.07 99.55 99.46 99.01 99.56 Ce 44.0 46.1 445 45.9 46.2
Li 403 407 406 410 402 Pr 5.22 5.55 5.26 5.33 5.49
Be 4.03 3.85 4.01 3.92 4.01 Nd 20.9 223 20.8 21.5 22.1
Sc 3.20 3.30 3.20 3.30 3.10 Sm 5.82 5.93 5.86 591 5.87
% 5.00 5.00 6.00 4.00 5.00 Eu 0.29 0.31 0.29 0.32 0.30
Cr 3.00 <1.00 2.00 3.00 <1.00 Gd 6.31 6.73 6.71 6.52 6.49
Co 0.90 0.70 0.80 0.90 0.70 Tb 1.17 1.18 1.16 1.15 1.20
Ni 1.10 1.10 1.20 1.00 1.10 Dy 7.06 7.08 7.10 7.02 7.09
Cu 3.00 3.00 3.20 3.10 3.00 Ho 1.45 1.48 1.43 1.49 1.51
Zn 34.0 30.0 32.0 30.0 35.0 Er 3.81 3.91 3.85 3.96 3.88
Ga 21.3 21.2 21.0 21.5 21.1 Tm 0.55 0.56 0.54 0.59 0.52
Rb 257 260 258 260 259 Yb 3.20 3.27 3.22 3.29 3.19
Sr 8.90 8.90 8.80 9.00 8.70 Lu 0.46 0.45 0.48 0.42 0.45
Mo 1.95 1.75 1.84 1.95 1.80 SREE 119.24 125.15 120.40 123.5 124.09
Cd 0.06 0.09 0.08 0.07 0.06 LREE 95.23 100.49 95.91 99.06 99.76
In 0.09 0.09 0.10 0.09 0.09 HREE 24.01 24.66 24.49 24.44 24.33
Sb 0.41 0.39 0.40 0.42 0.39 | LREE/HREE 3.97 4.08 3.92 4.05 4.10
Cs 10.0 10.2 10.1 103 10.2 La,/Yby 426 4.45 428 438 4.45
Ba 74.9 61.1 70.6 71.3 65.9 3Eu 0.15 0.15 0.14 0.16 0.15
w 3.90 4.00 3.80 4.10 3.70 8Ce 1.08 1.06 1.09 1.09 1.09

T LU 1,

43 KUFEHIXMB=BLEVEFRDELRH-
LT My 5L 2 B EHE R RO S
CE N SR R A Y K L F A
(PTB AW KA F A1) T80T 90% LA - ifg 3 A= Wy Fl
70% F it A= 5 A B0 ) S R 22 B0 ) s il 2K 446 ( Stan-
ley et al.,1994) , 2| =B RS RFEAEL
52 75 (Hu et al.,2011) o A=) K 4 55 {4 P g — & it

(260 Ma) HEZEF] T v = Z - #111 (247 Ma) , 2 At
B3k 13 Ma( BRI FE4E,2013) . CAH TR, h=
B it 2 Je W e PTB A W) K 4 S 22 I A ) 4 i 52 90
SRR FE Y (Hu et al., 1994 5429045 ,2010) ,
EMRGER T 5~T MaZ AASH T 58 e 9 (3
45,2009 JHH B4, 2017) , 3% 1E S A 4R i
BN EMR(ESHEE,2005), FR=BL YR
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Fig.5 The Zr/TiO,-Nb/Y diagram(a, after Winchester et al., 1977) and Zr-Ti diagram(b, after Pearce,1982)of claystone samples

from the lower part of the Leikoupo Formation in the Muchuan area

data of Wenquan town tuff in Chongqing and Xiejiawan tuff in Guang'an City, Sichuan after Ma et al., 2019;

data of Qianxi County tuff in Guizhou Province after Wang et al., 2019; data of Gannan tuff in Youjiang Basin after Xiang et al., 2019

i 2 95 1 i PRl — B [ PR 2 S R o 3RO . AR
KW TORHER BT, Z2 U L s R <
YE IR CO, SO, A (Self et al.,2006) 75 9K
5&E A VUSRS B0M SR A 2 il A B A ™
H CO,. CH, % S 1A (Svensen et al.,2004) . & 111 JK
(Robock, 2000) X k LA FI 51 & 1 8 ¢ F 7 (Shen
et al.,2011) FF MR T 23k A SR B IS AL .
PTB /W) K4 J , vh =& th— W = 5 AR S R B
i 4 30 1] o 1 B 4550 A 54 (Tong et al.,2007) F1 4=
W R Wiy 52 95 S % 21 1 T Ak B8 4 (Payne et al.,
2004) , ZIHPBRR g AL (B4 955, 2014) , W] BE
520K OLTE S AAE R R R I B R (RG4S,
2019) o KITE S B L -T2 B, Al g2
R M ARG AL A ) A AR AR 2 18
HEKY, =S Z RS RGEAR2mE
IR AR =R A e A
IS AR AR AR E A MR, B DA T 1 7
PEICTT sh i by 3 HE Y 1IE H I A A R S8 (Hu et
al.,2011; 5k AR4,2018) o [HPRHLJZZ i =& R0
23 (STS)HFHLT B 35S S22 P 7 Shy 2 ORI Bl 7 B
7 Hb [X %) Bagolino /I , LA 44 41 Eoprotrachyceras cu-
rionii {Y FAD M#r 5, 5l BiAR 25 2 A1 J& Budurovig-

nathus prachungaricus , {H i $6 25 1 1 A JE 41 78 1 [
BAHEAR K (ERHAF,2005) . XTS5 %E
WA SR T BRI L 2 S B IR A
7 ARUAEVR)N X FE DL T3 & BT & R
H9(242.5£1.2)Ma WEE MK E , I3 SMET N 2T 5K
R i = B G0 At (R AR A A e AR
(242.5+0.7)Ma [ 5BE K f (H 2248055 ,2019) ESE T4
I b 1K 22 JESH-R0 T A SRR I SR AR T ki 8
4 JO - B0 T I A8 B I o A 1 K LT B T RE R T
TSI, B ST AR A T4 K,
MELL R BAR S A A R o3 b [ b =S e e B -
TRy P AR A R REAE 32 K LU Bl M /N
- DI RT DA TR B0 AR A A, Ok = S
KUTH S EIRESE , i E =& R R E oh =Bt
HiZ ) 43X e R R = & e A Wi - O A R
g

5 45
(1) FARNHLIX th = B 522 B R- T sk

AR5 N (242.5+1.2)Ma(MSWD=0.93, n=22), 7£ i% 2
01 P9 5 A5 R Bt J2 AR AR 3R (2020 b @I 22 e
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Fr-Fr T o FLERAE IS (242 Ma) 44, ULH & 1 3%
TN G2 EH AT B L2 B A AR ES A
5T B, VR 3 X 75 1 3 L DU AR v = S i 2
JEWRIRL T 1, S0 A5 2 09 8 1 3% LR e KA
N =BG RACJE S/ = & 5% JE Bir (Oleneki-
an-Anisian) 54 A A — 20, R T E =& R
15307 %8 b =S i b 280 3 % b — 2D SR R4 AR
2EARHE

(2) VRN HLIX =S 582 Je B -hr T B A2 b il
MEE KA s H IR & K,0 MgO , B I £ 5A 5 1Y
FROE , LR RT RE ke b R B 30 ORF o 4 OB 1 iy
K ARI . 2R A K LE 3 ml a2 80 -rh
S A AP (B A RN A R s R e )
JRA 2 Je -3 T 9958 B k409 & A= 1 ks sl el fig
s T AW R AL, SO XE DL SR 2 bR S A A R oy
b =SSR JEB-PL T B Sk ) h = S i
KLE S EESE, Ao E =& R TR o =S
T2 X 0 Xt MR R =B 2 R Y i -2 R 542
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