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Abstract The Da’anzhai Member of Lower Jurassic Ziliujing Formation in eastern Sichuan Basin has

developed multi-stage biological shell concentrations, which are well stratified, rich in sedimentary
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structures, and extremely conspicuous in the stratigraphy, but the genesis mechanism is not clear.
Detailed sedimentological and shell burial studies were carried out on the biological shell concentrations in
the Da’anzhai Member. The biological shell concentrations were divided into five types: Fair-weather wave
concentration, autochthonous storm wave concentration, proximal storm wave concentration, distal storm
wave concentration, and opportunistic species winnowed concentration, and summarised into three types
of formation mechanisms; wave, storm, and composite genesis. The distribution pattern of biological shell
concentrations was established in Da’anzhai Member. In the vertical evolution, few biological shell
concentrations developed in Da3 sub-Member, the Da2 sub-Member developed storm-genetic and compo-
site-genetic biological shell concentrations, in which storm-genetic occupied an absolute dominant posi-
tion, and the Dal sub-Member was mainly dominated by wave-genetic. Based on the indication of the
differences in the types of biological shell concentrations of the Da’anzhai Member, the storm beds were
statistically analyzed, and it was found that the number and abundance of the storm beds were significantly
elevated in the Da2 sub-Member, indicating that the storm activities were significantly enhanced in this
stage. Combined with the global palaeoclimate of this period, it is believed that the formation of a large
number of biological shell concentrations in the Da’anzhai Member of the Sichuan Basin was the result of
the joint action of the enhanced global storm activity and the accelerated hydrological cycle during the
Toarcian, and it is a special sedimentary response to the Toarcian oceanic anoxic event in the coastal
terrestrial basins.
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Fig. 1 Sedimentary facies of the Early Jurassic (a) and stratigraphic column of the Ziliujing Formation (b) in Sichuan Basin
(modified from Xu et al., 2017; Wang et al., 2023)



J ‘CM K

B2 E HSH

FAHEAE IR K% B W) 58 W o 5 )2 R 3t 5 78 S 1905

R, TG KRB, 2K 0 B TR 3K
Kz, KEPFEBH—HEUIE, KR— BT
BT S 18R R, FRIRIE R IERBIUIRR (SR B
&5 2015, SNHE, 2015; JE/NHGEE, 20215 i
4, 2022; PbiEESE, 2024),

2 EYRUHEERFERERENS

2.1 £YREEEELREXSIKE

PO R B Bk B 2 K AE Y e R s R R
(Kl 2-a, 2-b), JyHFWI RN AL, X K29 B
PEAT TR UURR A M, EE AR 1 oT R
FRAE, SRR 7 B 1 TR A S A
2.1.1 £YREEEEMILAKES

AW e A AR T2 ) LA 25 2 6 7 RS BUA Y
R 2N A L T ek 2V NN T S
ANT7 T SE AR T 55 — T 1l 1 AR A e R HE AR
RFE g e 4 (18] 2-c ), Pl b 3 5 J Afi {5 3 1f)
HE RS BE A AR O A R (] 2-d), ST L T
RO T 1] b RUR BER RN A (2R R
ANEE, 2017) (] 2-e)

RAGFEB AP e R & 52 LA 1 32 300 1
Vg, HUCOhAEmE, EWammb. X EEZH)I
AR IX R 2 28 Be DURR I I RO TUAR IR B e i 1, oA

S ——
—_

a— YR E R, RTWE, YT b—/EYiikE )z, RoWE,

TN E R TR R IR R DU, 2
TR USRS MR A ) 5 T L TR AR R A o A
REBAME, R—=EREWBETEEREEYE, 0
REZWEBAYEMAEMBA LT, HhEYra
BUAER B B, A B B K W B R
2.1.2 £YRHELEENRRAE

J A= DU 3 X - DO A B A AR A 1 4 s 1
Mo —emiE, mAY IR RNk s £)2
DU SR I AW S, E2RF EY R RS
DD S U NN S ST NS S (EN e S B N i
TR 25 BT HE J Y A 5 1R 4 )2 W K 77 I DA
i, R AR X 2SR R R A AR A R K
WY W — RPN B DU 3 o KA Aigner
(1982) Jor i i (1 BAE U2 DUAR Y 510, K28 DU BE
AR KRR : A R, B k72 HBL
C. FATZHE. D. mIRZHZME, E. KPR
B, SR AR H 5 A XUBR DUARF S AE T 5 R AE
AEAMELLIL R, 2 Mg fE e A K TTRIR G i 29, K
RIFIVH T RATERN) o X RLIEB AV R
SRR W], H ki DO i A 456 ikl T L 3R
B, R 2B HURZ B O E BAUKF 2 B
([ 2-f), 5 Aigner (1982) & H )M 5 TLBUT 51
ARG RIS L. AT ZEM L, R—RkR=IF

BN AT R N b S RU L TR B SN SN

ey

WrliFlE s c—AEWa, K=WE, YT d—AEW#E, KT,

FY3-2HF Jf; e—AMp, KB, FY3-2HF Jf; (—AW R L2, bl S5k 28, KRB, fak g m
B2 DUt O 2 2 B A e A 4 )2 SRR

Fig. 2 Biological shell concentrations and their characteristics in the Da’anzhai Member, Sichuan Basin
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Table 1 Characteristics of biological shell concentrations of the Da’anzhai Member in Sichuan Basin
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Fig. 3 Types of biological shell concentrations in the Da’anzhai Member, Sichuan Basin



‘(IM K

1908 + W =

#® 2026 £ 10 A

114 A 25 3 i I DA A o i 2 A B 3 A% R A
Yomb, FHEA SRR IEEENRE ST, REWS 1L I th
A4z 2 (A ARCRE 3 N, R B E )
RIPEABT A, B iy R PR 5T R R Bk
Z, FAENE P BEAT I L AL O A (2R
AN, 2017) o %R 32 2 BLAE K R TR B AR
JCIR LB SR B = | A AE AR 4 B TR OK PR 55
T KRR DUBURSIR /N, i — B2 S Y
Y e T AL, et /N, R LDUEYRNIE
27 AR DU o K 8 FUIRE Y A 1) e R R TR X
BGOSR, i FHRER K, $#ikEK
A (S TS S AR A 9y 58 1 e A T R 4 AT
I PR BE IR A 45 AT 248 TR HERL,  H i TR IR
BER K S PR il A e AR Se B MR By, 2 B RS,
Ml AN K 7 (18 3-m, 3-n, 3-0),

3 £MRHESERENHSS®
&=

3.1 AYTHREEERENS

T o X K 2 B A ) e IR R R DU 2 o i
SRR 5, 56 e uiRBR AT, IR YR B e ik
EHRZIEBMN E R E @ T 3 Fh 320 kA R
Al
.11 ERAE

H R TRAE T 32 iR U AR ) e IR s SR R O IE
WHIRE S, FEIRRTIRE I Z A 5
o TEIER RASMNT, WMEMBIREN SR E 5
ST |/ ea o7/ BT Wy N Ly N = R = )
Wi RS, DORUR A E KA (K 4-a) 5 24K
RUBRAE I A A, KARBE R W WG I, =ik, 3k
ERYRE S Z G 0, R B IR AR T 2 TR
i IXC DA R A ME LA G2 58 3 1) AR W) S AR R T B 78
BRI (B 4-b), XLEERARLAEMRIZ SR TSR
ARl H b TR BRI A RS A,
M G T R B 2 e I T B A O AR A B K
WA DR 5 A2 ) e AR 25 11 Bl D8 YR A D %) 08 553 1T
FUF K (Bl 4-c) 5 B FKMRRE&E B R, Hok
AL RAEVR G 5, IR A B Pk 5 4 ke 1k
A TR E £ ZE (K 4-d) .
3.1.2 REKE

EE RGBT D X5 & AR IR X

4 PR PR R A W T AR AR R TE A R

Fig. 4 Genesis process of shell concentrations

controlled by wave

ARG PR A B o AR 3 Fh I AR W e i R

i 3t DX A R T BT T I IR R R A Y
VR Z R X, I XK IR IR IR RAF, H R
JROERITE A, AR, YRR S, fEH
PEToJE B R KA Fe iR, X 2858 MR 52 50 10
WAE S o B R4 o8 B S Bk
(B 5—a); WUE AR, D AR 30 b i IS I T2
WA A R, R AT ARRAY  ZE AR T B T
MR EE ., iz, REerCRTEEE P IRE S
S A W BN S AN R ARPIR A, Ak, KRR &
B FF S A RIRAF G B A e AR, X 2R 5E
PRAE S8z o 7 b by T 5o R LI 9 A7 A UL A 1 2
5l Gl A Z B, BCather, SR
PRIE BB BT XS L (B 5-b) 5 25 XU 2% RE i 2 el i),
XBEHEL Y . RDRL Y AR W) 58 R T SE R, R A
Hop etk 5 8 m i AW s R s L JE (B S-c) 5
WA G, KRR B IE & O, s R 2 BL
SRR AT (P 5-d) .

IR W R A Y e R R 2 M i e
i st X SR TUAR IR, (HHTE BROK AR TR B R T i
MoK W AL, T OO ER SR K AR EE R | e
i, P EZ PRI (A 6-a); XX 4Kk A&
i, IR R fEOK R AR S, — T R R
T B P T SR AR A, 55— T T 2 A
BOK B IX iz o KA AR 5e i, ik 28 A 1) 58 (A i
SR 20 Tt XU B AR R (8T 6-b) 5 2 XU B fiE
HEREARRT, Xt B R R A 19 AR W o (R 2 PR RE K A
AE A 19 BB BORL e PEUCBURfE Bk B — R 51 i



‘(,Z M K

B2 E HSH

FAHEAE IR K% B W) 58 W o 5 )2 R 3t 5 78 S 1909

FlS o A i R 2 A Wy e AR s AR R T i
Fig. 5 Genesis process of shell concentrations controlled

by autochthonous storms

6 T I R s AR B A ) e A AR R TR i AR

Fig. 6 Genesis process of shell concentrations controlled

by proximal storms

T AR DU B (BT 6-c) 5 K AE B, 7
U2 P BUURL, K i30T A9 =5 2 2 B 3RO fR A7
(B 6-d) . Tz X E R 8 1g, B
AR, HCE AT L2 X 2 i &

G X A T A ) e R AR R T X R
TEH JRCER I RE 52 R B A B R A K I8, L T XU R
B LI, MRS BN 2, ER LTI
DU T-a) 5 ML ER, d FRETRE R,
TG PR EE IR AR T BE T O AN i, DR g R T £ o
HAEAEIE AW, [ nE, HAfz 6 b+ A 1R,
E s AR R R (B 7-b) 5 X%

7 gz R g R B A e R AR R R il B
Fig. 7 Genesis process of shell concentrations controlled

by distal storms

RE Tt PR ATCIST , 33 S o A 1) A W 10 i HE R, T BURE
NG R A e R R (B T-c) s KEM
Ja, AE L TUES H 408 BLH K OV )2 B R s B
(B 7=d), 410 I8 180 A 9 5% 1A & 4 )2 1L O
K AARAT
3.1.3 £YHMNEEEGHEA

Pl Fh it & R RV E W e (s R 2 iz A,
FOIB LT f5 X238 VR 5 1 RO ) PRI B B o, XX
BOKEREE R, K=, R, HLafhitA
Ja, BRI A A RE 1 S0 IR AR I R Y, ST
RSB/ W R SRR AR DU O 4 1 AR AR R
B, JFH—HIER, HARBCRE S KB =
55 TR B 1 3 B A T IR O AR, RIS
MM KELEE, WA FAREEERMERA, %KX
ST R AR AR LN 23 32 30030 0 KUV Bl 19 5%
], A 5 53 B AL 25 AT T i JHL e At 3 RRUA g
R Z (B 8-a) 5 ARl KU & A B, XU %
M) P % S PR B 2 K, BRK BRI o 55 41k 95 1 /K
2 o 0T T A AT R A S e I 2R W e R R T L o
AT & E 7N &3 S Ry D N e /RN D)
5] EE, RAES BN EAIRRE, fFKIE
MEEE A K, HAS LA, BE (K& 8-b),
Ivi) S 49 85 47 14 1 B R R A1 5 Y KU B I O
B, X Sl 5 1 e ST AR R AR TR T IR A B T 0L
Uy, T A v I A A e i 2
(E 8=c); WEREMIG, JoMul B IR IR 2 6 i
HOFEE T ok (K 8-d), B AEYRIkEELZ
T W B T R Bor Ry 2 R4y HE A A
TR IE 2 FHE A A RO B R, iz R A



‘(,Z M K

1910 + W =

#® 2026 £ 10 A

B8 K5 AW S A A B A W e IR R A R T G R

Fig. 8 Genesis process of shell concentrations controlled by

a combination of storms and biological productivity

UNZE S EIOPIn g P 7/ B e - i 1 Ra S 7/ S fE g
g5 HUCRM KRR R, YR ERZN
R T BBy, ROXE H R

3.2 £YREEEESHER

BT RGIEBUEY R )2 R o) [
BRALH B 73 M, A5 A TR 28 Y 5 M B 46 S i Ak 1Y
DUBURAA , fEor TR EHEBUEY) s s 2 19 70 A
B 9) o TEMXER AR Z I, BN IE# UL
PR, R IE B IR L T =2 b A 35 3 T8 DX Il 2 i 7K 32
IR A T2 We) BTG T RR L TR o 4 B AR W v 1
BEEN, HRAXBHY A KT LYK EE)Z
(F 9-a) o 4 RE KBRS, BB —F B —
W2 T UL IR A9 22 5 LA KA iz B B A () AT
BUE B A 28 B 00 | G IR X2 w AR T | S XL
B ST DL B 2 ol S 0 e AR R (05 AR v AL
KR YT E LR (B 9-b) s KRR,

Je S URR W 2 LR K AR AT T R (1B 9—¢) o

TE IR W AR AL TR AR T IR e AR )2 A
BRI BHR, BRI R, TUBPREE  1E % 1
S THT 5 T TR AR T 2 () A9 DX, A2 R AR
MR, RBEBBEZRI R ENE, EERT
TR—WBHY R T AR T XU w4 BB UK R T
JEEWE R T IE W OR W AR, UAREREE Oy IE IR S T
5 DR TR T 22 () B 2 TR DX, R T
o, EEZEMRERAES, LA ZBRAE
I, KB TR—LBH AR B L
o T PR AR AR T AR BRI O I R T 5 X %
TREE TR 2 18] A~ 8 0 X, 38 52 Y XL 2% TR 4%
Hil, RHETROWEMH EE . m X R
FRER T Sy XL 2 T 5 T -5 e R XL TR 6 T 2 [~ % T8
—RWIEREE, (U BN @SR XA R, KT TR
T B . HIL2s A 0k AR T TR B O e R
DU R 2 10 S 30 P DRI 3R B 22 v, R 52 B0 o XL 2
MR, KE TR B,

4 EMFEEKESSENBEXR

4.1 KREFHES

0] A W e A A R S BRI O3 B HE RN )
Br, RBAERLEBETIRPIE, T2 LIS
HESFHAEYFEREEE, IR B
Rz, whkE 17 RIS Fh 0 s 4 BRIz IR
W RO ACR A TR BRI, TI7E R =Bt
AR DA77 W TR RIE S , 2R BITE R = I Bt AR
s 340 A1 5 o DR 53 fk 25 fk EL DR 6 8l 8 03 A it
JEA A TR A . ARES T IGAEIRET, Bl AR BT
R K E WEEDLRRIC R, H L 5 BE S e X 2% 1) 33

NLL

NLL: 1E 3 #1°F ifi
MW B: 1E kIR JE i
ASB: XU TR T
MSB: 5 KRR IR B THT

MWB
ASB
MSB

TE W TR 4
53 X 58 i S 7Y

I i L 28 i S

T2 IR XU e A A

| ?
L P 1 48

B9 DUl gt R 22 2 Br A Wy s 1A s 4R 2 o A s

Fig. 9  Distribution pattern of shell concentrations of the Da’anzhai Member in Sichuan Basin



‘(,Z M K

B2 E HSH

FAHEAE IR K% B W) 58 W o 5 )2 R 3t 5 78 S 1911

B2, M2 B AR )2 PR R Ry, AR R
T b A R AT . Ol T A RAE K2 FE B TR
I XU TR S i AR A a3, ARBFSE 1A T KA A
HNEFE 2 AN SHORE T NGBl 2.
Hh X R TR R A AL JE R KR Z R BCRE, RETE I
Wl A2 15 S 7E ] b AR AR, R R R R
AL 2 A R Z I S R Fe L, AR A S e XU TR
SNAEMS ] b (4 45 22 5 98 B2 72 K (Sami and Desro-
chers, 1992; Long, 2007; Liet al., 2022),
WA TR S G i, @5 7 FY3-2HF
HRGFRBNRGE S EEE (B 10), IR
BN EIE S B TR~ K=, HXK
BN ST A/ m, @ FR—IEB (61/m) ., K
=B (13 4/ m) o 25 JE ) KU 25 32 BN TR

. RAITA | KA ERE [ AX | rs
NS » N ES
|| 0 TR | GRIAPT g | 4 /% | WP | e
Bl /m Ea
0 10 0 120 601 e 1
17 1 74 4] 21804
21851
K| 2190/
21951
IF| Ji
£l 22001 R
] 2205
22101
el rilx 22151
| | 22204
UiL| % A
2 N
| [ 22254 I
HE e
= | 2230
ol
2| o T
22351 R
22401
2245
|| 2250 T b
* e
—| 2255
DA
B
| | | 22601
TRl
= = =
[ — — el [ — — 1
= =
— — 1]
B e A WA g GV S

10 PO)Il 45 FY3— 2HF 3R 2 9% B X 2% 1 2l i 2

Fig. 10 Storm activity curve of the Da’anzhai Member
in Well FY3-2HF, Sichuan Basin

WHEER, X FY3-2HF JF K4 98 Beib 47 1 1E 40 1Y
DORR2E 0B, R B bl T R AR B B A 2, JF HAR 2D
FEFEJG IR BRI AT I R VIR IS, X FE
i TR BB S H e B A T s, IR
A T RE D RS BRI R A Ay R AR s A
SR T Y B AR S B i, [FEE, 7R =B
JICHB AN R — W B i TR, LR URRIE 57 58 2T 2k
TX A M T P B T R 3 B TE R = B ORI
LRI BRI AE R — W B U AR A K AR 3 e Ah,
kTS 0 A b 2 R T AU A X XU T S 1 R
FIAT W F R A X R IE S e se, Bl
AR e R 155 2 o 2 1) A AR Ak HOAS 32 DRV A Y
W (Long, 2007; Li et al., 2022), KB
WREEEN 21%, RimTFR—-EE (11%)
K=WE (5%), PR =0 B i R 2 T 2l 3
B Tk — W B R = B, i e K W BN
6, JRUER I B Y s I AR fRT SR 1 SR TR S, T
R B AR, AR, KRR
5 B S I B S BT A i A T S R R B
DO (TR Kz 91) AU 9 95 258 0 = 2
Wl 42 T, 3 W XUER I 2l A6 e i 3 R A T W) e A
S, JF H T ULE D W, AR XU T Bl
MELLER R UTRIC S, DR L B S 1 XU A0 3 1 i
FIRESE s FE R W BT RUS 19,  JRUER 1 01 5 i 5=
JE PR BEAR, 2 KR E Sh B i 55 . IRk, AT L)
HEWr, FER W BUTA R —r i,y 5 A0 S fik
%, WEWEShEETH BN, JFHAERWE
DUAR e A 32 37 1] 05 381 1 5 7K o

4.2 REZEREVEHREEESSERNSE
BXRA
RZFEBDUR T FARD A, 1% 30 Jm 38 0 il
EXMEY, M Laurasia Kfifi f1 Gondwana il 2H i
f) Pangaea # KBl ft§ Bt bk ma b, (15 2 XU0G 34 18
SR, AT, R R A A R 1 2R KU A
G S A%, R S R E RS
N TORE M XAV E & (Kemp et al.,
2024a) (K 11) o WY1 42 7E B0 246 Tz KV
PYACHR, by — R B i Bl AH W) 4, Xu SF 0 (2017)
T IRA T Re-Os 45 AR 27 08 0K 22 28 B i) 4F % 29 TRAE
180+3.2 Ma, Jg F k%t Toarcian #, i i f 4y
2 HERALF SRR A R W B P AR R A R
A T T-OAE . 1 b AR AQ Y A Al g 5



‘(,Z M K

1912 += W ¥®

% & 2026 4 10 A

1—Dades Valley, FE ¥ % ; 2—Lusitanian Basin, %] 4; 3—Paris
Basin, #[ERJLH; 4—Lafarge quarry, 35[EZKFI#8; 5—Causses Ba-
sin, PRI ; 6—Dotternhausen, 1% [E P4 E5#B; 7— Yorkshire, ¥
[ ; 8—Dutch Graben, 7 2%; 9— Asientos, % #]; 10—FEl Pefion, %
Fl; 11—Nianduo, PY#; 12—Wolong, P4#; 13—Sakuraguchi-dani,
HZ; 14—LQ104X, Uil &dh; L0 Bon MR X ALE, #isk
RENFEIE AR
K 11 T-OAE #A[a XU E UL Y /0 /5 (P& Yan et al., 2023;
Kemp et al., 2024a; HBH)
Fig. 11 Distribution of storm sediments during the T-OAE
Period (modified from Yan et al., 2023; Kemp et al., 2024a)

fFZ—, T-OAE AN 5 X B4 ¥ 19 Karoo FI
Ferrar K K #4806, fie i Kemp % (2024h)
T R R BE [A) A R AR A2 IE W] T-OAE 5 Ferrar K
KA HAT I R SE R0, T Karoo K B 44
FF T-OAE, FLWHEY5 Pliensbachian-Toarcian J %
A Bl [Fi) 37 2R 30 B AH K

£ T-OAE 0], f1 T Ferrar K UG 4 1Y W
K RIFG R 7 RER CO,, fHWKET =
1200400 wmol/mol, 5| % 1 i % B, A AL R
IR E 38 2 W1 7 b 0 i) G 5 42 407 32 )2 Vi K R 35 0 S
~7%C (McElwain et al., 2005; Dera et al., 2011) ,
MPE Yan 55 (2023) Fr 57 B9 5.4k 2 it Toarcian
WA ALK, BT CO, W KIFIET5I&E T
TE K S G, R AR BT Y AL R AN A R AR A A
T —BTER XRIE G, A5 7E 1 0 8] XU 7Y
ARSI B R AR B AR T, N RAER R SR
M5, WA —E R IR 1 XUE ) N Rl XY
HREFIERE, W T R R KRBT . 1E%
PR JT R FIZ R PR 7 22 M4 TE 1) Toarcian J XU 2% TL
PUIE S © IR IR AL T SE 1 o A7 7E KU TR
EFE (9 3t 45 F 65 - JBE 9 AR 19 Dades Valley i1 1,
% A1 Lusitanian £ 41 25 E AR AL AR Paris 254
B0 Lafarge quarry ) 1. A &F A Causses 7

Hi . fE E 7H %P A9 Dotternhausen, ¥% [ f) York-
shire . fif 22 1Y) Dutch Graben. % F|[1) Asientos,
V] P4 3 ) 2 22 1) i R B ) T D)) A b A
LQ104X H L)L K H A< iy Sakuraguchi-dani #fi[X. ( Rohl
et al., 2001; Wignall et al., 2005; Van Breugel
et al., 2006; Immenhauser, 2009; Mailliot et al.,
2009 ; Trabucho-Alexandre et al.,2012; Pittet et al.,
2014; Han et al., 2018; Izumi et al., 2018; Liu
et al., 2022) (& 11), XLy X AE T-OAE I [a] #§
LT KR TR 2 R HRAE, R W] T % 0] X 2
g5 B s e . M EAR BT, LAXCE A
N EFEY T E R R B AR AR B
Wl Ay ¥, 5 Xu 58 (2017) FFRRE R T-
OAE 2 —2, Wik, RLEBRKTMKE
A e R E RS DU I A X T-OAE LAY (1 T AR
PN, 7E T-OAE #|], TR CO, Bk, K
Rl AR 1S 558, K SCHOE R s, DT ] #9990 whf ik 1
Kt & F Y (Liu e al., 20225 5K 3 9 4,
2023), XA KHBALHE T WINA R AR B, X sk
VTR BT TR, AL T-OAE 1 H
o O XU B B A IR R T AR e iR s R R

5 &R

1) DU 3t 2R T K 22 28 B Rk 7 KR A W 5e 1A
HAEE, RIS UURR S FRAE R] 30 73 o IR PR &
B DR R AR T PR R AR G R X
AR LML 2 Fh vk 7 AR UL 5 Rh2E A

2) ARGEAS [ A W e R B )R DT R 2 e
SERAE, S T ORI XU R LR AR S K
AN 3 FFe R E M BLE, H X
FAEY 5N E AN E2AT TR, B0R
JN R AR — B

3) ETE R O Berp B AR TUAU B i 0
iR, S RBRTURYTER “ B R %, XX
RN 9 2 ) 7 IR R AR R 2 T-OAE SR 72 11 )1 4
HBTE B — Fof R SR AR 2 0

% 2% 3Lk ( References)

FEAL, R B HR AR IV 5, B, R LR, 2022, JIIHE 4R B R K%
ZEEMAMRPUZRIIBUARE S R E K. b 24, 24(6) .
1099-1113. [ Cui H,Zhu S F,Shi Z S,Sun S S, Chang Y,Suo Y H.

2022. Sedimentary characteristics and development model of lacus-



.

CM K

B2 E HSH

FAHEAE IR K% B W) 58 W o 5 )2 R 3t 5 78 S 1913

trine fine-grained hybrid sedimentary rocks in the Jurassic Da’anzhai
Member, northern Sichuan Basin. Journal of Palaeogeography ( Chi-
nese Edition) ,24(6) : 1099-1113]

B RN, B0, 0 F e, XV SR &, 5 . 2015, i1k
FE B B T BRURR AIE B 43 A B XL UAR 2 3k, 33(5) = 909 -918.
[Feng R C,Wu Y Y,Yang G, Yang J J,Liu M,Zhang T S, Yue T.
2015. Storm deposition of the Da’anzhai Member( Jurassic) in central
Sichuan Basin. Acta Sedimentologica Sinica,33(5): 909-918]

PEHE VG, RN, R T kA B sk R B 8, AR SR ALK W O
. 2024, JIIHP R D R B I K% 58 B DUA Tl 2 RRAE B
B R 8. A1l S B 5,46 (1)« 11-21. [Hong H T,Lu J G,
Qin C Y,Zhang S M, Zhang R, Zhou Y X,Xiao Z L,Zhou H F, Han
L Y. 2024. Shale oil reservoir characteristics and exploration impli-
cation in Da’anzhai Member of Jurassic Ziliujing Formation in central
Sichuan Basin. Petroleum Geology & Experiment,46(1): 11-21]

TICH . 2023, 1] H R 2 6 BT AR A A A AL S R A K S Tl A R
DTN o il R 2 (B 50) B2 038 3C. [[Lei W Z. 2023.
Lithology combination characteristics of continental shale in
Da’anzhai Member and prediction of favorable shale oil areas in cen-
tral Sichuan Basin. Masteral dissertation of China University of Pe-
troleum ( Beijing) ]

RN 50, R IR SCAL. 2017, TN H R R ZER AV B RS
SRR LR H2= T 2%, 24(6) « 322-332. [Li F J,Jing X G,
Zhang H,Xu W L. 2017. Genetic mechanism of Devonian skeletal
concentrations in Longmenshan area, Sichuan, China. Earth Science
Frontiers,24(6) : 322-332]

X 2024, ZERAPURAEY PRSI EER ESMREEAS
WEFE. 5t MK 2% B 1 2% 62 38 3C. [ Liu J. 2024. Ecology of a
brachiopod-dominated community from the Cambrian Kaili biota of
South China. Masteral dissertation of Guizhou University |

PR, 2015, R IXCR AR 2 48 [ i 4K % 28 B IR AURE R P
Hr. BCHSEE TR 22 738 3C. [ Lu B X. 2015. Shale gas reser-
voir evaluation of Da’anzhai Member in Ziliujing Formation of Lower
Jurassic in eastern Sichuan Basin. Doctoral dissertation of Chengdu
University of Technology ]

. 2018, KT T M R (R B S8 A A A 2 A Bt PR
SEHT. PR AT IR 2 AL 25 38 3C. [ Pu D. 2018, Fossil assem-
blage and palaeoenvironment analysis of the Lower Jurassic Ziliujing
Formation in Wanzhou area,Chongqing, China. Masteral dissertation
of Southwest Petroleum University ]

DI, R, B, a4, iR, A, B AR, FE e
2021, Y I 423t bk B AR B I I 4K 722 28 B Bl AH T il S R A
A B R i R R Al S RAR BT, 42(1) : 124-135. [Sun
S S,Dong D Z,Li Y C,Wang H Y,Shi Z S,Huang S W, Chang Y,
Bai W H. 2021. Geological characteristics and controlling factors of
hydrocarbon accumulation in terrestrial shale in the Da’anzhai Mem-
ber of the Jurassic Ziliujing Formation, Sichuan Basin. Oil & Gas
Geology,42(1): 124-135]

SRS, ARG, R RS AT G . 2023 Bl AH IR K 8 4
TEAYLBUR & ERE RV DAL ET & B

2R Jg . oy M B2 4, 25(4) ;. 806-822. [ Zhang M Z,Zhu X
M, Jiang Z X,Zhu D Y,Ye L,Chen Z Y. 2023. Main controlling fac-
tors of organic matter enrichment in continental freshwater lacustrine
shale: a case study of the Jurassic Ziliujing Formation in northeast-
ern Sichuan Basin. Journal of Palaeogeography ( Chinese Edition) ,
25(4): 806-822]

JE R 2023 JIZR ALk 1L TR — bk B GE A B 28 M IR B 4 R
FESC R R A (b a0) B 2 238 3. [ Zhou S Y. 2023,
Lower-Middle Jurassic ostracoda and their environmental implica-
tions in the Tieshan section, northeastern Sichuan. Masteral disserta-
tion of China University of Geosciences( Beijing) ]

JEl /N, G 85, SRGRNE B &, AR R, 2021, A 264k 7 fRAE XS 4R 2
TR /R I AE S REM R UK KL 2B Bl oh i
2247 ,23(3) : 600-609. [ Zhou X M, Jin X, Wu Q W,Ge Y,Shi
7 Q. 2021. Enlightment of fish coprolites characteristics on lake eco-
system in Early Jurassic Toarcian: taking the Da’anzhai Member in
northeast Sichuan Basin as an example. Journal of Palaeogeography

( Chinese Edition) ,23(3) : 600- 609 |

Aigner T. 1982. Calcareous tempestites: storm-dominated stratification in
upper Muschelkalk limestones ( MiddleTrias, SW-Germany ). In:
Einsele G,Serlacher A (eds). Cyclic and Event Stratification. Hei-
delberg, New York,Berlin: Springer-Verlag,180-198.

Chen F Y ,Brock G A,Zhang Z L, Topper T P,Zhang Z F. 2024. Biogenic
brachiopod shell concentrations from the Hongjingshao Formation
( Cambrian Series 2, Stage 3) in Malong area of eastern Yunnan,
South China. Gondwana Research,134; 209-221.

Chinelatto G F,Belila A M P,Basso M,Souza J] P P,Vidal A C. 2020. A
taphofacies interpretation of shell concentrations and their relation-
ship with petrophysics: a case study of Barremian-Aptian coquinas
in the Ttapema Formation, Santos Basin-Brazil. Marine and Petroleum
Geology, 116 104317.

Dera G,Brigaud B,Monna F,Laffont R, Pucéat E, Deconinck J F,Pelle-
nard P, Joachimski M M, Durlet C. 2011. Climatic ups and downs in
a disturbed Jurassic world. Geology,39(3): 215-218.

Fick C,Toldo E E,Puhl E. 2018. Shell concentration dynamics driven by
wave motion in flume experiments: insights for coquina facies from
lake-margin settings. Sedimentary Geology,374; 98-114.

Fiirsich F T, Oschmann W. 1993. Shell beds as tools in basin analysis:
the Jurassic of Kachchh,western India. Journal of the Geological So-
ciety, 150: 169-185.

Fiirsich F T, Werner W, Delvene G, Garcia-Ramos J C, Bermtdez-Rochas
D D,Pifiuela L. 2012. Taphonomy and palaeoecology of high-stress
benthic associations from the Upper Jurassic of Asturias, northern
Spain. Palaeogeography, Palaeoclimatology, Palaeoecology, 358
-360; 1-18.

Han Z,Hu X M,Kemp D B,Li J. 2018. Carbonate-platform response to
the Toarcian Oceanic Anoxic Event in the southern Hemisphere: im-
plications for climatic change and biotic platform demise. Earth and

Planetary Science Letters,489: 59-71.



.

CM K

1914 +

2 F K

2026 £ 10 F

Harper D A T, Stouge S, Christiansen J L, Topper T P, Alwmark C, Richoz
S, Ahlberg P. 2021. Early Cambrian brachiopod-dominated shell
concentrations from North-East Greenland ; environmental and tapho-
nomic implications. Global and Planetary Change,204: 103560.

Immenhauser A. 2009. Estimating palaeo-water depth from the physical
rock record. Earth-Science Reviews,96: 107-139.

Izumi K,Kemp D B, Itamiya S, Inui M. 2018. Sedimentary evidence for
enhanced hydrological cycling in response to rapid carbon release
during the Early Toarcian oceanic anoxic event. Earth and Planetary
Science Letters,481: 162-170.

Kemp D B,Han Z,Hu X M,Chen W H,Jin S M, Izumi K, Yan Q, Bara-
nyi V,Jin X, Corso J D,Ge Y Z. 2024a. Global hydroclimate pertur-
bations during the Toarcian oceanic anoxic event. Earth-Science Re-
views, 258 104946.

Kemp D B,Ramezani J,Izumi K, Al-Suwaidi A, Huang C J,Chen W H,
Zhu Y Q. 2024b. The timing and duration of large-scale carbon re-
lease in the Early Jurassic. Geology,52(12) : 891-895.

Kidwell S M. 1986. Models for fossil concentrations: paleobiologic impli-
cations. Paleobiology,12(1) : 6-24.

Kidwell S M, Holland S M. 1991. Field description of coarse bioclastic
fabrics. Palaios,6: 426—434.

LiFJ,QuXL,DuLC,DaiTY,YangY C,LiJ W,Yang C J. 2016. Ge-
netic processes and environmental significance of Lower Devonian
brachiopod shell concentrations in Longmenshan area, Sichuan, Chi-
na. Journal of Asian Earth Sciences,115: 393-403.

Li FJ,Chen Z A,Ogg J G,Li Z Q,Ma X K,Lai X L. 2022. Orbital forc-
ing of late Early Devonian storm events on a mixed carbonate-silici-
clastic shelf, Longmenshan area, Sichuan Province, China. Geological
Society of America Bulletin,134(11-12) ; 2891-2908.

Liu J C,Cao J,Hu G, Wang Y, Yang R F, Liao Z W. 2020. Water-level
and redox fluctuations in a Sichuan Basin lacustrine system coinci-
dent with the Toarcian OAE. Palaeogeography, Palaeoclimatology,
Palaeoecology,558( 1) : 109942.

Liu R P, Hu G,Cao J,Yang R F,Liao Z W,Hu C W,Pang Q, Pang P.
2022. Enhanced hydrological cycling and continental weathering dur-
ing the Jenkyns Event in a lake system in the Sichuan Basin, China.
Global and Planetary Change,216: 103915.

Long D G F. 2007. Tempestite frequency curves: a key to Late Ordovician
and Early Silurian subsidence, sea-level change, and orbital forcing
in the Anticosti foreland basin, Quebec, Canada. Canadian Journal of
Earth Sciences,44(3) : 413-431.

Mailliot S, Mattioli E,Bartolini A ,Baudin F,Pittet B, Guex J. 2009. Late
Pliensbachian-Early Toarcian( Early Jurassic) environmental changes
in an epicontinental basin of NW Europe ( Causses area, central
France) : a micropaleontological and geochemical approach. Palaeo-
geography, Palaeoclimatology, Palaeoecology, 273 (3-4):. 346 -
364.

McElwain J C,Wade-Murphy J, Hesselbo S P. 2005. Changes in carbon
dioxide during an oceanic anoxic event linked to intrusion into Gond-

wana coals. Nature,435. 479-482.

Pereira L G, Fornari M, Erthal F,Leme J M, Giannini P C F. 2021. Multi-
variate taphonomic analysis of mollusk shell concentrations in Hol-
ocene deposits of southern Brazil: an integrated approach. Palaeo-
geography , Palaeoclimatology , Palaecoecology ,562: 110085.

Pittet B,Suan G, Lenoir F,Duarte L V, Mattioli E. 2014. Carbon isotope
evidence for sedimentary discontinuities in the lower Toarcian of the
Lusitanian Basin( Portugal) : sea level change at the onset of the O-
ceanic Anoxic Event. Sedimentary Geology,303: 1-14.

Rohl H J, Schmid-Rshl A, Oschmann W, Frimmel A, Schwark L. 2001.
The Posidonia Shale( Lower Toarcian) of SW-Germany: an oxygen-
depleted ecosystem controlled by sea level and palaeoclimate.
Palaeogeography, Palaeoclimatology, Palaeoecology,165(1-2) . 27
-52.

Sami T, Desrochers A. 1992. Episodic sedimentation on an early Silurian,
storm-dominated carbonate ramp , Becscie and Merrimack formations,
Anticosti Island, Canada. Sedimentology,39(3) : 355-381.

Trabucho-Alexandre J, Dirkx R, Veld H, Klaver G, de Boer P L. 2012.
Toarcian black shales in the Dutch Central Graben: record of ener-
getic, variable depositional conditions during an oceanic anoxic
event. Journal of Sedimentary Research,82. 258-259.

Van Breugel Y, Baas M, Schouten S, Mattioli E, Sinninghe Damsté J S,
2006. Isorenieratane record in black shales from the Paris Basin,
France: constraints on recycling of respired CO, as a mechanism for
negative carbon isotope shifts during the Toarcian oceanic anoxic e-
vent. Paleoceanography,21: 2006PA001305.

Wang E Z,Feng Y,Guo T L,Li M W, Xiong L, Lash G G,Dong X X,
Wang T, Ouyang J. 2023. Sedimentary differentiation triggered by
the Toarcian Oceanic Anoxic Event and formation of lacustrine shale
oil reservoirs: organic matter accumulation and pore system evolution
of the Early Jurassic sedimentary succession, Sichuan Basin, China.
Journal of Asian Earth Sciences,256; 105825.

Wignall P B,Newton R J, Little C T S. 2005. The timing of paleoenviron-
mental change and cause-and-effect relationships during the Early
Jurassic mass extinction in Europe. American Journal of Science,
305: 1014-1032.

Xu W M,Ruhl M, Jenkyns H C, Hesselbo S P, Riding ] B,Selby D, Naafs
B D A, Weijers ] W H, Pancost R D, Tegelaar E W T, Idiz E F.
2017. Carbon sequestration in an expanded lake system during the
Toarcian Oceanic Anoxic Event. Nature Geoscience, 10(2): 129 -
134.

Yamashita S, Matsuoka H, Naruse H. 2011. Formation processes of shell
concentrations in the Lower Cretaceous estuarine sediments of the
Okurodani Formation, Tetori Group, Gifu Prefecture, central Japan.
Palaeogeography , Palaeoclimatology , Palaeoecology ,308: 476-491.

Yan Q,Li X,Kemp D B,Guo J Q,Zhang Z S,Hu Y Y. 2023. Elevated at-
mospheric CO, drove an increase in tropical cyclone intensity during
the early Toarcian hyperthermal. Proceedings of the National Acade-

my of Sciences,120(29) : ¢2301018120.

(REHE HAH)



