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Abstract: The Early Triassic calcirudites in the Shangsi section, Guanyuan city, have great significance for the study of
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paleoenvironmental changes after the latest Permian mass extinction (LPME) in the Upper Yangtze region. In this paper, we studied
the possible cause of formation of the Griesbachian calcirudites from the first member of the Feixianguan Formation, using the
methods of sedimentology, petrology, and C-O isotopic geochemistry. The results show that these calcirudites can be subdivided into
four types: Type- | calcirudites appear in the lower part of the section, with irregular shapes, mixed sizes, and a lack of lath-shaped
gravels, indicating a gravity flow origin; Type- I calcirudites contain an abundance of decimeter-sized flat pebbles with large gravel
diameters, suggesting storm-induced deposition with increased intensity and frequency; Type-III calcirudites show flat gravels
distributed in parallel with the bedding plane and "bamboo leaf-shaped" gravels in the vertical section, with the characteristics of a
chrysanthemum-shaped structure and imbricate arrangement, suggestinga mechanical and pressure solution origin; Type-IV
calcirudites are vermicular limestones, representing a relatively weak water flow condition, suggesting a microbial and mechanical
combined origin. Stromatolites altered the earlier limestones, which are the foundation for the formation of flat gravels. Later,
argillaceous fillings and differential compaction of calcareous gravels during the diagenetic period constitute another reason for the
formation of flat gravels. Vermicular limestones could be a result of the combination of biology and storms with diagenesis, which
have a potential connection in cause with flat calcirudites. The carbon isotope curve of carbonate rocks from the first member of the
Feixianguan Formation shows a slowly ascending trend, and the carbon isotope curve exhibits a positive shift in brecciated limestone
(Type-1I calcirudite), indicating a transition of sedimentary environment, which could be the result of thriving planktonic
microorganisms in oceans related to storms during this period.

Key words: Early Triassic; Griesbachian; the first member of Feixianguan Formation; flat-pebble conglomerate; vermicular
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Fig.1 Geological sketch of the Shangsi section in

Guangyuan, Sichuan Province
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Fig. 2 Lithological and isotopic features of the first member of the Feixianguan Formation in Shangsi section
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Fig. 3 Characters of calcirudites in the first member of Feixianguan Formation, Shangsi section
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Fig. 4 Microphotos of micrite and calcirudite in the first member of Feixianguan Formation, Shangsi section
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Table3 Carbon and oxygen isotope data of micrites of

calcirudites in the Feixianguan Formation, Shangsi section
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132 IV AR BR B K & 1.51 —5.86

i, 670 MEIRAR — 7%0 7247, B — 4% 74, 241
b T — 5%o 25 A, 3 WX SEAE it 32 5 S Dl AR AR FH Y
BEARK, 5N, 6°C-6"0 BA L3 W A HH
P& 5), MR BN 0.167 7, RAIDCH— Bty
XA O 52 B DSV E TR SE AN R, BEA RS T
J i 1 [l 2R 2H A5 S o

4 it

4.1 k. SRMCEANRIMNERRE

M58 HAEAE BB 296 A 3 Z N AEAE TRk IR
ERA T, T A SR AR oA EE B TOH U (o 2 v A ik
iR £k A (Kaufman and Knoll, 1995; Kump and Arthur,
1999) o HFAHRR FR R 2 X M 2K Hh 8 Btk [l 7 3= 17 2 P
AERGT, AN 1l ) s A s PR 6 2 P e [ 457 2% 2 1
A BP0 Herk, s [F0 2R it 2 2R By i
JZ2E R (IR, 2016)

b S T R R A A kL AAU TR o7 A 2
SRR B [ 2R T — 2 R A A, 5%
AN TRIRR S8 R 55 o 1 e [ A7 3R 1) R AR s 4 R A A
[F], #k 1) EGIE (K 2) o —Res oL F AR

KA 6°C 1 6"°0 2L TR (Hoefs, 2009)
ARWATE L5 R T, Al — B R 1 ALeR S
WA A iR AR 5 B i [ 3R B o (e 14
TR B A AR Rl 2 R, T BTk (R 6 38 R
TEAE, %2R 0RJE K A B BRE AT 58 R S Hb iz i ok,
LR 0 B AR 5 3L I AT 22 531 i TR ATV 7Y
WRJE K 5 42 5 R ik [l 57 229 R ARARL, 6 Tm b
R AEA o B A 2 e A A AR AR R R A, KRB
T 1T ALERE KA 2 (B SBB JZ2) (] 2) 0 BT AN
=B 5wk, AR REPFREGEERN, A
[F] b IXC [] — =6 i e 4L )62 32 B AT AR AL Y 38 Ak
(2R RLAE, 1999; 72 5 i 45, 2004; L 4F,
2016) . £ & — B, AR 2R BR B K 5 X5 L A Afk
AR ZE BB 22 (K 2), B T DU Fh ik
J& I A DU I R v TR SR L K (RO A & &
FEEEVREAIR] . A2 i 55 (2004, 2013) I =&
TH B B[R] 457 28 19 BRL] I T 0 A R Ui 1 R 2
PR IR s, b S Rk R R A R T R
Ji AR JE K A (SBB) BLER R, AT REE A /D43 B Bk
AR BN Z IR S . Yin et al.(2014) 1A
WA PTB ) b S BR B Bl B 3, A A T VR IF
W2 W AR BUE FR ) T, VRS A ) DT PR b 2
BERLR . T UBR G WA (FRRRIR IS ) BB [ 67 2%
(EL25 SR, 1T RE A R BORE b i v 35 0 RN AR A 53
LA [R) i i, A3 T T A 2 ], Ry
W WAL A DL . I, T FY Bk
JB KA & K iR S, B R & 5 KR
A R UTRR R i, HEI X A ZE AL A T AR 5 R
TP A O 10 IV RUBR A O e A RE )
T 7R85 B A R 8 T R /N, ELAS R, Al [+ o2
R Wos h e LR (E 2), nTaEH~ &
AR A R A A E s BT IA K
FL= S RN A R K, M KA S 2 W]
i, AL AR KR AR R KRG, T
15 2 52 1) 5 R Bk (), XU T 2 A TR

AR i i 8T 2K TP IR A, 0 KB R
PR ET, RIB XU A R e e R 2R
ML iz 28 1 R DL AR (I =R i 55, 20105 AR 4246,
2012) R 2R 32 RS ROK IR A AR
PRSI AR, T8 52 31 W] 455 A AR 5 )
AT, T 285 o = 2S8R 8 I A AH L 2 PR A
R AR R A, 2B ik 5 LA AR JE KA A DT
TR AEAE 5 AN R A BT (B A7 AT B K0 i [A]
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PE R AR I T — S A K,
4.2 WRBRAERES T

(1) AR JE I

ZRTUBER B ICA I BR B R R, JE [ B A4y
eI 25, R HAGE I B AN, 322 R JE i ek T
USSR, X SERR B 7E — a2 3 B e 1)
DU 5T, ARk | RHEAT i s, T
RHE DT MR I 5 & (W E 1R DR, 298
BT AR BRE I GRA K PESE, 1994; B 1E 554,
2004; F—MI%E, 2009) .

(Q2) FBRAR

ZERER B I R R AT HL A 41, Wignall
and Twitchett(1999) ¥ 2 M BRI K 75 & A B =F
£ 5k 75 (Shangsi Breccia Bed), 1A & H 1] 58 55 1 Wiff
VA G i A e i o XURAE I RS T 75
&I E S U () &5 4, 20105 5k ZE 2011);
KAE A (2012) IR E A RRIR A TURI, AIF5E
X HbFE £ &, 5 MR S BV A & A BRI R A L
o ARUWTSE IR L AT DHERIBRIE, 1T RE SRR X,
MR BRI A A URVRRAE, 25 A R IR 3 2 ik [ 47 2%
HASAE (B 2), X SEBRIE A AT RESE T AR 5848
(B XU 5 B RN 6 1 2 R B5 I ) 2B i 7 b 5 45 1l
BRI A, R T LR MERZDTRL.

(3) i~k J I

St -0k JE ICEAE D R R AR A R S
FROR T RER T R UG R TR Z % H 1 K E
(Wignall and Twitchett, 1999; Pruss et al., 2005; # /)N

45, 2008, 2010; B AR5 4AE, 20115 5KRAESE, 20115 &2
B4 A, 2015) o e PRRE BCEAE R “CHTIAR” DT
FUEIREE, Wignall and Twitchett(1999) B 56 13 7= 2]
HOAR RN 23 PURRTE SRR U, I KA B Sepkoski
SF(1991) X FERAL | B F 42 Jt ~F- 5K 18 IR A TR
BT S R3S T =St P00k K
UL, BRIV 2R s A K A B2, JodE ) A
Yk gl PR AR AR S A RS A i iR 2R
I o

b SFE R B B AR K T R
Z VAT TR AT, AR SR AR (s R i A
2010), JZTH 2w ER, SR 2R PR
P45 (2009) S LIE R R AT IR TR B A 18740 Rl
AP E SRR ES SR LEREAERIK
GG, I HAEX R | R AN R R i &R,
L) 19 22 S5 R SR AR IR BRI 1Y) 3
o XA TAUNT B =St TR S 5 T O v
R SRR AR TR BB 10 Gk R v R 1 U T 3
B SR A B R . MAERIRICE Hh (RD
SBB )2, 11 BURRJE KA ) 1Y 73 K et 25 Rk 8 A
uRJE K e (B S A ) Th AT IR BRJE 5 T
PRERRCIR T K 5 o7 HE A — 3, R WIR)E Al >
TRIZ B KR o e HEAR T B

L= R, SAARY R PR I B iR £
WO PR ) AN 1A, Rl RS 2 e = (]
Ja A= A W R 3h ) 3 2 i A (Grotzinger and Knoll,
1995; Marenco et al., 2003 ), 11 7£ 3¢ )2 1 /K 15 dak 1
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A8 5 (e 4, 2004 ) %o TRE 7K 3 [ b 24 P
Jo B A% AL EL A T B Y 5 1 (Kump and Arthur, 1999;
Luo et al., 2010), HERILFE R ALY LT
R A IR TR A TS S AR AL T S R Y T, B R
A 5P AR A A T Bl 3 i oK 1S, YCO, i
FBREE, — o P2 B b R A T 7K A i B 22 )
Fhim, IF HARM A T 1) L ARAE— W B8 40 =
ST, AR “ BB M 7 (Kump et al., 1991; 2005;
Wignall and Twitchett, 1999) . J& )2 i 5 Bl B ¥ /K
R 5SS A DTN 1 TR AR TR
W, R ICA A, B, A E R AR
kA, W R DAt S i Ras 4R o 3 XF
W FRER B BT TR et . KBAEH sl T
RS v B ¥ 7K 1)LV, ZE BRI B, PR T X
Pt Pl ik A b sl IR 0 SRR Y K T CO, I RRIK,
AR S I B e 48 7 =R O i A i 45 (Kump et
al., 1991) o KUBTE i -85 8 I B il & b e 25
ZOCHZEMESRIER, 725 CE SR, BT ANE
A EAPERRAE P AL SR B Y 25 5 TR 5, BR B i Sk S BT
VI, X ER AL S UE— 2 5, B LU -8R 8 K

HRIRBN S — AR A s Y, BIE KB

P | Wz o AR g KA AR L S R
it e 8 L B 5 R i 1 2 5 R S A R e T
TRJE KA TE B 2R (E 6) .

i VB B R A A FE IR 20 B H 2 i 3 A v
RGN RE, fER28)5 A A YR S i b
Py S AR B, AR R = 2 0 PR DT
B 2 8 1 7 A2 28 & 48 19 18] 1B (Sepkoski et al.,

P
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BAL TS B —

1991; Wignall and Twitchett, 1999) ., it = J&5 4 JEE
A WA B I EL RO B 45 1 R i R 2 I
SRR E A B R, AR B R K IR A
Bl B Y i 7K P B (Wignall and Twitchett, 1999;
Woods et al., 1999) . K Z&AE BN FL5E & SR TE R
= & R B T 5 K 1) A7 7E (Barron, 1989;
Marsaglia and Klein, 1983; Woods, 2005) . %34, 4
BRI R 00 T v AT KR B B Y AR A A A AR
B E B =S Ml KA 7E (Woods, 2005),
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HA A0 (Kump et al., 1991), 78 3751,
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Fig. 6 Genetic model of calcirudites of the Early Triassic in northwestern Sichuan Province
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2008; A HEMAE, 2010) ., 1h 2 % B Ak N (B 8 #
1984; X /)N B 45, 2008) , # £k % B A (Piotr and
Alfred, 2010) 14 & A (22 H 4245, 1992; 2211 4%,
2014)%%
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A Ko FIOLIE AR 25 U1 RS AT RS R
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