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Fig.1 Location of the Fuxing area and stratigraphic column of the Ziliujing Formation in well XY 1 (modified from reference [24])



o5 434

Fh g8 RICHE M AT HT BT A i S A L R 4R 1477

BRAb T2k R R TR SR R R E T
B = — I B AU 2R 5 R 5 i Be i A

T IORAIE AR 2, JA R i 16 shiZ i
YU e , - A b T I T R A T K
WIAHDURR A A 5 S L BLICRR I S A A A2 o
Fa PR R E TURE, W IRAE N TR , SR T A
BOR B — = M DU s K228 Be g 4 i 11 554
SRRV SR LY SV SN IR UE /M S N

2 HHESIE

WFSE A8 P A BE 2K 1 XY 1 TL202 1 TL601
HAREREN AR (GR) . AR AERE (NGR) |
W oeE (ECS) M 4t , XY 1 IR FY 10 H-Av AR
S Btk [ 57 22 500 LA B FEBGO BE e i) T & LA
AWK (TOC) & A A P EdE . Ho e
ik [ 45 2 %04 5% B DELTA PLUS V 54 5E [A) 37 % 1%
1 (YQ3-12-13 4 5 ) H< 45 [ 7 GB/T 18340.2—2010
AT, EEICE R AxiosmAX X HER 5O GIUK
¥ AR GB/T 14506.28—2010 5¢ it , TOC & %
FH CS844 Bt /B AN 2% (3250 4 5 ) SE Lt , X 52k
11 55 4 5 23 BT 2K ] D/max-2600 %I X 5t 28 137 5 4%
(900513 %% 44 SY/T5163-201 8T A L+ 51
FE WLAEZE 040 X AT S o0 b 7 v ) A T I A
VEHUE D XA T SR K X A 3 B B PR
FERE LTI BERHA A E IS G I 5T

YERT S AERIE bR 2 — , GR S {E AR /R B
A ML P i A g, AR, Ty XA i i AR
RO AR SR R ER XY 1 F  TL202 F:F1 TL601 F-%
FEMIEE A 0.125 m 1 GR &G R A Acycle v2.1 bt
ARVOTT: F i 0] i J2 2 AT o A X R SCHLIE BRI
RIVEAT 50T, 3R EL B A J2 B 5 s 01 ) K S 2
B0 FLU AT [P 30 4B B R 3 50 h R B S
A B 23R 35, MR A A0 R 3 ) R e B [ KR
) ER R SCE S R A 5, B
AL EHE AL B ST A BT 8 AT LR R SCR
8o ARUBEFEAE F T A AR AR 3 5 5, SR 98 “LOESS” |
“LOWESS” %5 JRy#fs [al - 19 7 ik e bR a3, 3o
W FEHIMRAE 55 il COCO A REE AN
B 52 11 S 25 1 G 0 R S5 R % 22 A 8 i A DO AR
WA T A R H T MTM” 22 6 3% o0 A i
HEEIHIE e 3 ER T Sl A Ry R B, AR AT G A3 AT
ARIAEAN R G 3 R S E S0 )T T Il b 2

A A DX )5 3 e o Bl A A, R B TR b 2
AT BEAFAE AU a] W AT AR 3 R A0 A AL 5 38 3o 47 i
DB B HHR TR B AR e 9 v e i 4 4
BUmCRES RERESHS EES

AN, FIH ECS £l ([ BE 0.15 m) F B XY1 I
U GBI RE A B LA A R . R ARG B
SEPFERS_E O T v IR SR SR FE RIS, B
BILA 1 5 2 20080 R R S BCH i 29 3T AlgR 2tk ()
Wi B AR B

3 WRFEER

3.1 EHEERRINRFE

BT XY I A AR XS ERATT A 4 o i
S s GORE SR FHES A0 S8 I, L2H 23 RO RR AL
T8y ARG IS DR i e B AR TR A R )
2 RETWIAM(E2) o Hrp, R4S (1)
JF A A AL SUZ RV DUA A | (2) AL & /52
(Ao BOPEE A 7e ICE A 7 W2 : (1) 8UZ
RE LA L (2) SRR E bR+ B s
AL ) BUZIRIR B Bea M L (4) BUZRE A 7e & 8y
R BeE A | (5)BURRE b w52 Ll
HH L (6) BUZ IR E Ry b & R LA s e E AN (7)
PR re iCaE (£ 1) .

1) [R5 A AL SUZRIE sUA A

SURARE B HE T BTIe A A O B LUK R
TN SRR E BT T LW EE RN A
W0 I SUZ RS 0 R+ BT SUZ A ], iR MR (18]
3a. [ 4a) ; BORE B0 FG L BT A AR A O WS K
B RO, B 50 BT R S R R
BLAHERRTCAE 1], J2HA A 8 (8 3b . & 4b) s BUZRARIR
BB A A O EOTR KA O, B B
TR R, 2 ) A A UZE MRS (] 3e
Eldc).

2) SIS A5 (A5 B Ve At M A 52 KA A

SRR E N T B MR LB a0 BRI
o, ] AR FEEUZR N ST IR R B T
fil, S FEJEAE W53 A1, UBVERSS (&1 3d &l 4d) s 802
REBE N TR L Rlea A O ERRE, A5
QURKE B R 5 T Ak, v] WA fg
RGO PR (] 3e Kl de) s SURR G IS &
B FE B e O FoRIR IR, T/ 52 5 N
Vet Ir i )s 5 E AR LRSS (K 31 & 4) ;



1478 IR AR H43%
BRIEERH/%
u XY 1 HHEES
FE9Y/% 25 50 75 KIS/ %
B 7t [ #rmmeas [0 wwvmxcad [ 36 Laim [ & w1 a4m
I ww e [ iamveas [ Ha-a Ftmpwat [ miemam
B2 XX REEBET YA =ik
Fig.2 Three terminal elements of mineral components in the Dongyuemiao member in the Fuxing area
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Fig.3 Core characteristics of different lithofacies in the Fuxing area (well XY1)

(a) laminated silty-rich argillaceous mudstone facies, 2 864.4 m; (b) massive silt-rich argillaceous mudstone facies, 2 863.6 m; (c) laminated mixed mudstone
facies, 2 831.5 m; (d) laminated shell - bearing silty - rich argillaceous mudstone facies, 2 840.1 m; (e) laminated silt - bearing shell -rich argillaceous mud-
stone facies, 2 856.1 m; (f) laminated silt-bearing clay-rich shelly mudstone facies, 2 836.4 m; (g) massive argillaceous shell limestone facies, 2 843.0 m; (h) mas-

sive argillaceous shell limestone facies, 2 821.6 m
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Fig.4 Thin slice characteristics under different lithofacies in the Fuxing area (well XY1)
(a) laminated silty-rich argillaceous mudstone facies, 2 864.4 m; (b) massive silt-rich argillaceous mudstone facies, 2 863.6 m; (c) laminated mixed mudstone facies,
2 831.5 m; (d) laminated shell-bearing silty-rich argillaceous mudstone facies, 2 840.1 m; (e) laminated silt-bearing shell-rich argillaceous mudstone facies, 2 856.1 m;

(f) laminated silt-bearing clay-rich shelly mudstone facies, 2 836.4 m
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Fig.5 Comparison of vertical changes of carbon isotopes between the Dongyuemiao member and other basins in the Early Jurassic

and determination of the S-P event (193 Ma) in the Sichuan Basin
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Fig.6  Cyclic stratigraphic results of the

Dongyuemiao member in well XY1

(a) spectral analysis results of gamma ray (GR) data; (b) sliding spectrum analysis results of GR data; (c) correlation coefficient analysis results of GR data (COCO); (d) the GR da-

ta were extracted by periodic filtering at all levels and the results of sequence division
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Fig.7 Division of the long and short eccentricity cycles and their lithofacies and organic matter enrichment characteristics

under the constraint of layers 1-5 in the Dongyuemiao member of well XY1

2, MRIRERT PR fr g o R, 7R R O 264
AMEBFHE , BRERER T W) B se i e 2 Mgk
Y15 KT P R . BRI D R E S
W 2H o B ELAT B AR R IO 56 2R A1, 0 L SR ] 40
FEFE /N bt ELAT [RRE A b R R R i . R
P U SRR iU SRR W K, S0 2 25 iR M A
FIBASAAREA . 3 S R AR e & S EOE
S R RIAL 2 AR APE T, 75 2 XU I 25 1, 7K
TRARYR , £ 77 A R 0 AT 4 I R K 3 I 5 i D e
JB AT KRS TR R, R L, SR AR A
FHASSER , BRIR 0 e G 8
42 KROREEARTHERSEINRSH
B B E2 PN PUZR 2 7 3 A & 2 TR T
— VR o AR i B A A TE XY L (&1 7) U2
J¥ E1FIE2 ¥ 434, o E1 T &6 DL S b 8 5 4
(FE ) e A e AR R 3=, SR AR

B A Kz T RN T Y A AL SR AR
WITUCAME R LT b — LR, 5 RS A
(A7) Ve s A 5T KA R 2 3 B2 B8R DL
RV E A DL SRRV DUA A 3, Horh S b A
I (7e i) e S e KA A I )2 B R i b
I B3 TF IR RYE SR |, K ER & B IR 19 5 7Y
Areiile s o

TF XY 1 H—TL202 H—TL601 H:dt. 4~ — 54 P4 1]
FIA (& 8) ,E1E27E XY 1 H Mk k8%, k&
KA, DR T Eh s (i) e KAt
B, 220387 0] ) 730 Sy o e Rtz T i 3 2
YA 5E 5L, 3 DL b 7R A ML SR 8 T A A
R B ERECONRE s TR KR — e R L
M i Y52 A TS ) i A R A e T 5 1 7 e o o 4 o)
ARSI IR S AR A T A AR B A A
W AR 2R R A %



P Par 1 alyorly ==
%4 FAE A RICE 2N (i SUA A AR oA S A LB 4R 1483
XY 13 TL202F TL6013F N
Lﬁ " sln\—(x:sn | s | s " sﬁ‘gz Dy i p— " 351:52 Iy Ecs il
98128 i @ il i [ ONL o |22 ey
Lot B Ll ot A 0 | oc | toc T G [0 7t B 4 roc, | G [l sl i 1o |G
DEN 15 DEN & m DEN 0—3
1.5—3.0| 19022 m 1.5 —3.0) 19 446 m 1.5-3
5
e7
E2
e6
= es
A 2z
e4
e3
El
e2
L
g el
XY1
N
. - o A A y 44 y s IS R
LUZIRE RS HolR g By b3l LUZIRIRE AT LR ENTE LR E RS LR ER T HORVE I
iR A TR A oivleay il WU ETIRER WA LTREN WA TR e TL202

P8 A2 % i DX oL R 2T 2R Jih BE 1~5 /N2 X K% o A R A R iE

Fig.8 Stratigraphic correlation and lithofacies distribution characteristics of layers 1-5 in the Dongyuemiao member constrained by

long eccentricity in the Fuxing area

BT AR B IR AR S AR, S Ay
(52 i) P A 7E ICE AR LB R & 5 I AE K AR5
U DPIR 8 SRR SR T O RS T B
SRR D U SR DU A R R L DA
JE R A L SRR DU A F2 . Sl K,
TR SCTE [l 3R By by A 5 M ATE 5 X LR M2 A 4 5%
S, I I AR AR 2B pl e T O i 7R R S
i TR Y AR 1 JR AT A A2 B U 2 T i S L AR
iU SR AR BT 2 78 D s 78 7 ML 02 R 8 it
A A AR A O A/ ME R & B S R A
(A7) Vet A 5E A

IR i B 6 KRR, kB P TR — TR A .
TEXY1H (K Q) BT, e6 KT EM N7 B, KB KR
EIEJZN R MRS A (52 B0 et XA 7e KA,
Bl KARIE— 2R, A=A e & i A8/ S b R
AH e )2 B BE B W AR . 7E XY 1 —TL202 Jf —
TL601 H- b A —a V4 ) T L (&1 8) , ] b i 07

], WA 2, S R A A e 2 R B S AR I
P AT D, , S5 M TR 30 25 B A 5 IR R () J AT T4 52
B LGP RS SR O R R IME R R
T B Ay (A58 0D Ve B A 7€ I AR Bl A 0 i O
IR, T A (52 T2 Ve S 78 I A
JE IR . 454 TOC #h4: 5 R SCiE 55, &3
S At U 2R AE /N RUBE S L 5 TOC B AH G 4055, XF
UL s IR

9T XA BT A DL, A0 3220, Hoske Ji 3
LAy el A 1 5 SRR 0 3 Bl U A R A DT
K4 B Y e i A . Bk, ToC
FEFE R KT Y B0 W RAE MU & L R
WK AR A TR A, X I B2 A, [ 22 TOC
MAEFE R KB4 B0 W R HL & 2 A%,
M K A A R O U IR o 7 555 80 J2 DR A s AT Bk
MIvE . IIRBFSE &R, TOC 2k 5 DT R IR BE 45 4528
fb—3, B UIASC, B AL & 4 32 45 TR



1484 i M

S F43E

IR AR AR 385, R RV T 11 A A B TR 7l , ¢
R ANZARAG 5 3 KT, 10 3 T A4S K Y B
VR RSB AN ZE, OF KA A e A 2% 8
FEYIG Z WA AR D A A LB N
AR 0 R BRSO BH A B B T i 5 AE
(] A R B, A T L3 Ao 0] ] 7 25 ) T ) A i i 7 2
DB FE AP AR AR DR SCHE [l ] 1 M, 2 1
ST DX AR U8 0 A i DR, i A 9T & B,
ACE MNP YD = F W B AT HLAR 2 2 O R FRLER Y
A, S5 405 ka K0 128 ka K RO F K
SCIESH M ZR , &R HLEK & 25 405 ka K AR O%
S A A — 2, Al U M RARL I i TOC B K,
T 3t R I8 2 B0 A O 3K B A 1 A8 Ak, 2 T
il TAHHLE Y E 4 (E9),

TL601 H-E47 = e 1R, 43 R0 H 41~ 405 ka
(AR A L 5 [ (DU 22 7 ) (15 4> 128 ka J5 i 00 56
BEW] (FLG)Z ), BT T A 24 Ml X 451 4 i b )23
M,

(2) HETT YA R AITER 1S , Sy T 88 M IX
IR i BOIAR R K U6 B A AR 20 58, U
Ji 1t 20 5 7 AL 5T S0 2R U T A R S b AR A
(5250 Ye A AN T2 I A PR IEAAH

(3) M A HURSZ R T A Z R BT
TR VR K TR A IR PR BE IR /K 2 i A BT
X 07 i O A ARG BT, 177 5 1 78U 55 A 52 e 5 A
WAAAET T 5 I8 UK I E L Eh R R
SN IREE X LT O R A/ IME BRI . 58T K S
Rl X6 A -5 A AL e B, 2545 44T 22 B O R
SEE A A R AT 5 A WL R R R 3R, B

5 45
Mo 1 i s 28U 5 A HIL BT 02 AR 8 D5 A RN S5 Y 5 A
(1) K = BHEAFHE RIS XY1H TL202 H: . FIes MR T s RO R XA LR E £ A B,
XY 13 TL202 TL601H: N
L % Ac
I == e | o el BNE | i
f%sﬁ |l g‘g #H 160 Toc, e, ) i [ ST P2 ) roc [ ot
ey = 19022m = 19466 m Al 5
)
g
sl (|2 = ,
g
J1 R C
N
B [ MO & B W ] o s om }
SRR Bk SRR LRGN SR SR ki ——
HL R LR W2 TS AN ATy AN S R A ST

TL202

O 52 2% Hb DX i O 58 24 ST 2R 08 T B 1~5 /0N )2 6 G B o A I A R iE
Fig.9  Stratigraphic correlation and lithofacies distribution characteristics of layers 1-5 of the Dongyuemiao member constrained

by short eccentricity in the Fuxing area



Yarand

%4

Fh g8 RICHE M AT HT BT A i S A L R 4R

1485

B S i R 59 (A 52 50 e i AR 245 2 B A2

Hﬁﬁo
Bt B wWAEFRERR B EFENA
I,
2 % 3Lk (References)
(1] 48 fe, 8, L4, 5. BRI 8 1)1 2o AE & B

(4]

AR B T il T[], M BT 27412, 2019, 93 (7) + 1551-1562.
[Zou Caineng, Yang Zhi, Wang Hongyan, et al. "Exploring petro-
leum inside source kitchen": Jurassic unconventional continental
giant shale oil & gas field in Sichuan Basin, China[J]. Acta Geo-
logica Sinica, 2019, 93(7): 1551-1562. ]

ARH R BRI S L AR I PR T RS
ST B R AR A UR SR 1] A A, 2015,36(5)
521-532. [Li Jianzhong, Zheng Min, Chen Xiaoming, et al. Con-
notation analyses, source-reservoir assemblage types and develop-
ment potential of unconventional hydrocarbon in China[J]. Acta
Petrolei Sinica, 2015, 36(5): 521-532. |

BRCRS, Seik , &2 8, 5. TEE MATCE R R A A S
ZHEME S AR R I SRS L[], A 5 RAR M, 2022,43
(1):1-25. [Li Maowen, Ma Xiaoxiao, Jin Zhijun, et al. Diversity
in the lithofacies assemblages of marine and lacustrine shale strata
and significance for unconventional petroleum exploration in
China[J]. Oil & Gas Geology, 2022, 43(1): 1-25. ]
ARARE WRARDT JRIRAR A5 SURII A A SO [T]. A
41%,2020,41(1):1-12. [ Zou Caineng, Pan Songqi, Jing Zhenhua,
et al. Shale oil and gas revolution and its impact[J]. Acta Petrolei
Sinica, 2020, 41(1): 1-12. ]

ROGE, 28 U, 4 R TUA T AL 5 TR e 4R
HLELAHE 5 8 JRE (], il 92 98 b I3, 2020, 42 (4) : 489-505. [Li
Maowen, Jin Zhijun, Dong Mingzhe, et al. Advances in the basic
study of lacustrine shale evolution and shale oil accumulation[J].
Petroleum Geology & Experiment, 2020, 42(4): 489-505. ]
G288 RN, BT A YA AR DUA I RO & ARG
WU D] AmE R S5 & , 2021, 48(6) : 1276-1287.
[Jin Zhijun, Zhu Rukai, Liang Xinping, et al. Several issues wor-
thy of attention in current lacustrine shale oil exploration and de-
velopment[J]. Petroleum Exploration and Development, 2021, 48
(6): 1276-1287. ]

LA IR LA R, 55 T EIRAR SUA I TR 2 09T
KR Ty [J]. A4, 2023,44(1) : 45-71. [Jiang Zai-
xing, Zhang Jianguo, Kong Xiangxin, et al. Research progress
and development direction of continental shale oil and gas deposi-
tion and reservoirs in China[J]. Acta Petrolei Sinica, 2023, 44(1):
45-71. ]

Catuneanu O, Abreu V, Bhattacharya J P, et al. Towards the stan-
dardization of sequence stratigraphy[J]. Earth-Science Reviews,
2009, 92(1/2): 1-33.

RV B, RS ADRCE 2 PR DR TR LER ). 3

[10]

(11]

[13]

[15]

[16]

TR E i, 2015, 34 (5) : 16-20. [Wu Jing, Jiang Zaixing, Wu
Minghao. Summary of research methods about the sequence stra-
tigraphy of the fine-grained rocks[J]. Geological Science and
Technology Information, 2015, 34(5): 16-20. |
k2o, XU, XU, 45 AU R 2 7 3t 2 40 23O 0
P DUAE M A 01 1 00 = F—vb i B Be U fil[T].
Hb B H 16 42, 2016,35(4) : 1-11. [Du Xuebin, Liu Hui, Liu
Huimin, et al. Methods of sequence stratigraphy in the fine-
grained sediments: A case from the upper Fourth sub-member
and the lower Third sub-member of the Shahejie Formation in
well Fanye 1 of Dongying Depression[J].
and Technology Information, 2016, 35(4): 1-11. ]
AENM, 28, 04, 5 TR SRR S TG 1 W AH 240
REGURBUA R A2 7 58 f X207, A7l RAR ST, 2019, 40
(6) : 1205-1214. [Shi Juye, Jin Zhijun, Liu Quanyou, et al.

Geological Science

Quantitative classification of high-frequency sequences in fine-
grained lacustrine sedimentary rocks based on Milankovitch the-
ory[J]. Oil & Gas Geology, 2019, 40(6): 1205-1214. ]
AN, 28, XA, AR RSO RIE ORI IR M s A
BT B )22 S T Fe e BT[], 32 %% L 2023, 30(4):
142-151. [ Shi Juye, Jin Zhijun, Liu Quanyou, et al. Application
of astronomical cycles in shale oil exploration and in high-preci-
sion stratigraphic isochronous comparison of organic-rich fine-
grain sedimentary rocks[J]. Earth Science Frontiers, 2023, 30
(4): 142-151. ]

ZEfifh LR 2R, Tk 5. ROCHEMI 2B R ARE IMTFG P o
T GE B RR R AR DU B 20 A (). DURR I, 2024, 42
(2):688-700. [ Luan Xuwei, Kong Xiangxin, Zhang Jinliang, et
al. Astronomical forcing of origins of Eocene carbonate-bearing
fine-grained sedimentary rock in Dongying Sag[J]. Acta Sedi-
mentologica Sinica, 2024, 42(2): 688-700. |

BRI A IR AL SRR A LA R BER Y R AUE o]
PR 53 - AR A Mg LU 2R = AL Z A ). A
SIS ML 5, 2012, 34 (6) : 641-647. [Mao Kainan, Xie Xinong,
Xu Wei, et al. Identification and division of high-frequency cy-
cles based on Milakovitch theory: A case study on Miocene San-
ya and Meishan Formations in Qiongdongnan Basin[J]. Petro-
leum Geology and Experiment, 2012, 34(6): 641-647. |

FRET R S, B R AR R A FRIE ) 9 R
SCHATRE) - LIRS PEAL BT e X R B[], A2, 2022,
7(1) : 89-100. [Gao Xiangyu, Shao Longyi, Wang Xuetian, et
al. Astronomical forcing in Lopingian coal-bearing cycles: A
case study of Bijie area in northwestern Guizhou[J]. Journal of
Mining Science and Technology, 2022, 7(1): 89-100. |

FAR TRIELL B POk, 45 . T [ b2 2 B Sl BT ik i
FREEE[]. HoBkREe: LR 222241, 2011, 36(3) £ 409-
428. [ Wu Huaichun, Zhang Shihong, Feng Qinglai, et al. Theo-
retical basis, research advancement and prospects of cyclostratig-
raphy[J]. Earth Science: Journal of China University of Geosci-
ences, 2011, 36(3): 409-428. ]



1486

A

»y,
2

Eild

5434

[17]

[18]

(23]

HZE, A B4, 55 . 40 AR A0 32 S8 WA K 2 Rt
A FRIE ()], HERB L 2022,47(10) 1 3543-3568. [ Tian Jun,
Wu Huaichun, Huang Chunju, et al. Revisiting the Milankovitch
theory from the perspective of the 405 ka long eccentricity cycle
[7]. Earth Science, 2022, 47(10): 3543-3568. |
EEFEIALAML A D0 AR 0 b X R e
JK IR WK & [J]. UL AR 22 4R, 2024, 42 (1) : 158-170. [Wang
Changyong, Chang Jiu, Li Nan, et al. Paleo-water-depth recon-
struction of early Jurassic lakes in the eastern Sichuan Basin[J].
Acta Sedimentologica Sinica, 2024, 42(1): 158-170. ]
SeUFTE, Th %, AR A IR RE 5 A LT 2 DU 2
AE SRS T 0], A1 R IR H BT, 2017,38(3) :438-
447. [Nie Haikuan, Ma Xin, Yu Chuan, et al. Shale gas reser-
voir characteristics and its exploration potential-analysis on the
Lower Jurassic shale in the eastern Sichuan Basin[J]. Oil & Gas
Geology, 2017, 38(3): 438-447. |

XS W, KDERE, 45 5 AR U i R
TE B 5 B2 BOTA T vk < LI AR S 4 XUk B ARG T B hy
B3] KR Tk, 2022,42(10) : 11-24. [Liu Zhongbao, Hu
Zongquan, Liu Guangxiang, et al. Source-reservoir features and
favorable enrichment interval evaluation methods of high mature
continental shale: A case study of the Jurassic Dongyuemiao
member in the Fuxing area, eastern Sichuan Basin[J]. Natural
Gas Industry, 2022, 42(10): 11-24. ]
ARPYEAR, BRIEWE , 36 0, 25 1 AR b X AR I e B ITU A PR 5 3
M P GURM AR BN R 0], DI S R I i
2022,42(3) :385-397. [ He Jianglin, Chen Zhenghui, Dong Da-
zhong, et al. The evolution of sedimentary environments of
Dongyuemiao member and key factors for enrichment of shale
oil and gas, northeastern Sichuan Basin[J]. Sedimentary Geolo-
gy and Tethyan Geology, 2022, 42(3): 385-397. |

GFARHE BPIR, BRARIR 55 . REAR DUE S AR AR Btk KAk )2 AL
W& BRFAE : LAPO )1 i3t F 2R i B DA R B[], s
Bl R , 2024, 42(3) : 1-15. [ Shu Zhiguo, Shu Yi, Chen Mi-
ankun, et al. Lithofacies heterogeneity and reservoir pore devel-
opment characteristics of continental shale: A case study of
Dongyuemiao shale of Ziliujing Formation in Sichuan Basin[J].
Bulletin of Geological Science and Technology, 2024, 42(3):
1-15. ]

ZRBER R . DU 4 b B 4 DX LR B A i — TR R A5
SR AN G AR D], A AE 4R, 2014, 35(2) £ 219-232. [Li
Yingqgiang, He Dengfa. Evolution of tectonic-depositional envi-
ronment and prototype basins of the Early Jurassic in Sichuan
Basin and adjacent areas[J] Acta Petrolei Sinica, 2014, 35(2):
219-232. ]

DIRT AL HOR R AR DR D AR 2 et e L 2
JE—UURSE RS R W], MO A 2 4 kR
221 , 2022, 52(3) : 795-815. [ Yi Juanzi, Zhang Shaomin, Cai
Laixing, et al. Strata and sedimentary filling characteristics of

the Lower Jurassic Lianggaoshan Formation and its hydrocarbon

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

exploration in eastern Sichuan Basin[J]. Journal of Jilin Univer-
sity (Earth Science Edition), 2022, 52(3): 795-815. |
TSR, KA E A%, A AN AT LD A RS REVORR
JHE 1% 2 B AT AL B SRR R [T]. A 241, 2023, 44(2) : 299-
311. [Feng Luyao, Zhang Jianguo, Jiang Zaixing, et al. High-
precision sedimentary cycle framework and organic matter en-
richment response of Qingshankou Formation in Songliao Basin
[J]. Acta Petrolei Sinica, 2023, 44(2): 299-311. ]

Li M S, Hinnov L, Kump L. Acycle: Time-series analysis soft-
ware for paleoclimate research and education[J]. Computers &
Geosciences, 2019, 127: 12-22.

Li M S, Kump L, Hinnov L, et al. Tracking variable sedimenta-
tion rates and astronomical forcing in Phanerozoic paleoclimate
proxy series with evolutionary correlation coefficients and hy-
pothesis testing[J]. Earth and Planetary Science Letters, 2018,
501165-179.

BOARAE .l S 2 A R SRR B A P A A S SR
[J]. Hi2#7Ri%%,2014,21(2) : 48-66. [ Huang Chunju. The cur-
rent status of cyclostratigraphy and astrochronology in the Meso-
zoic[J]. Earth Science Frontiers, 2014, 21(2): 48-66. ]
BSOS U, 5 P TUE A MR B IR B
TEVUEM G PR PPAN P A B« AR I 0 R 3 i L 151 4R 1)
[0]. £l KRR MR, 2014,35(5) : 704-711. [Huang Wen-
biao, Deng Shouwei, Lu Shuangfang, et al. Shale organic hetero-
geneity evaluation method and its application to shale oil re-
source evaluation: A case study from Qingshankou Formation,
southern Songliao Basin[J]. Oil & Gas Geology, 2014, 35(5):
704-711. ]

Franceschi M, Jin X, Shi Z Q, et al. High-resolution record of
multiple organic carbon-isotope excursions in lacustrine deposits
of Upper Sinemurian through Pliensbachian (Early Jurassic)
from the Sichuan Basin, China[J]. GSA Bulletin, 2023, 135(1/
2): 3-17.

Korte C, Hesselbo S P. Shallow marine carbon and oxygen iso-
tope and elemental records indicate icehouse-greenhouse cycles
during the Early Jurassic[J]. Paleoceanography, 2011, 26(4):
PA4219.

Storm M S, Hesselbo S P, Jenkyns H C, et al. Orbital pacing and
secular evolution of the Early Jurassic carbon cycle[J]. Proceed-
ings of the National Academy of Sciences of the United States of
America, 2020, 117(8): 3974-3982.

Peti L, Thibault N, Clémence M E, et al. Sinemurian-Pliensba-
chian calcareous nannofossil biostratigraphy and organic carbon
isotope stratigraphy in the Paris Basin: Calibration to the ammo-
nite biozonation of NW Europe[J]. Palaecogeography, Palaeocli-
matology, Palacoecology, 2017, 468: 142-161.

AT B AR TR A 8 DA B oK DRRE [T U1 K FLER S5 i
REFFE[D]. dtat: i s (b 5T) ,2018. [Shi Juye. Rec-
ognition of Milankovitch cycles in the Eocene terrestrial forma-

tion and environmental responses in Dongying Sag[D]. Beijing:



el Fh g8 RICHE M AT HT BT A i S A L R 4R

1487

[35]

[36]

[37]

[38]

[40]

China University of Geosciences (Beijing), 2018. |
TR 2 A S S I S Y i AR A R R
HORCIURR IS < LA MIBA Y0 DU B b B — b = B R I B
I A BT SR IR, 2018, 25(2) : 29-36. [ Yang Wan-
qin, Wang Xuejun, Jiang Youlu, et al. Quantitative reconstruc-
tion of paleoclimate and its effects on fine-grained lacustrine sed-
iments: A case study of the Upper Es, and Lower Es, in Dong-
ying Sag[J]. Petroleum Geology and Recovery Efficiency, 2018,
25(2): 29-36. ]

ZRH Ty, RS, BN, AR O i A 2 — e B VR 2 i
HBUE LR IR A RHE S AU R AR AYSCR ], s,
2015,36(12) : 1470-1483. [Li Yanfang, Shao Deyong, Lii Hai-
gang, et al. A relationship between elemental geochemical char-
acteristics and organic matter enrichment in marine shale of
Waufeng Formation-Longmaxi Formation, Sichuan Basin[J]. Ac-
ta Petrolei Sinica, 2015, 36(12): 1470-1483. ]

TRV ATRR , 2R . SRS A sk M TUE TR
BRI E R X S A YU R R ARG R[], A, 2017, 42
(6) :1544-1556. [ Yin Jintao, Yu Yuxi, Jiang Chengfu, et al. Re-
lationship between element geochemical characteristic and or-
ganic matter enrichment in Zhangjiatan Shale of Yanchang For-
mation, Ordos Basin[J]. Journal of China Coal Society, 2017, 42
(6): 1544-1556. ]

AR, AR, 2 SO A YT e [T T IV T AR TR
W B R & (7). b SRR 2021, 56 (4) : 1134-1146. [Li
Keyong, Xu Shuaikang, Li Wenhou, et al. Restoration of Neo-
gene sedimentary paleoenvironment in Gushi Sag, Weihe Basin
[J]. Chinese Journal of Geology, 2021, 56(4): 1134-1146. |

Ma W T, Tian J, Li Q Y, et al. Simulation of long eccentricity
(400-kyr) cycle in ocean carbon reservoir during Miocene Cli-
mate Optimum: Weathering and nutrient response to orbital
change[J]. Research Letters, 2011, 38(10):
L10701.

MaY Q,FanM J, Lu Y C, et al. Climate-driven paleolimnologi-

Geophysical

[44]

cal change controls lacustrine mudstone depositional process and
organic matter accumulation: Constraints from lithofacies and
geochemical studies in the Zhanhua Depression, eastern China
[J]. International Journal of Coal Geology, 2016, 167: 103-118.
JEl oA A AL TR R, A R AUE I b 2 T A AT B
HANUTTE SR DURE MBS R = F B[],
HiPE 23], 2022, 24 (4) : 759-770. [Zhou Jinghao, Xian Ben-
zhong, Zhang Jianguo, et al. Organic matter enrichment law of
lacustrine shale constrained by high resolution cyclostratigraphy:
A case study from the lower sub-member of member 3 of Paleo-
gene Shahejie Formation, Dongying Sag[J]. Journal of Palaeo-
geography, 2022, 24(4): 759-770. ]

SR RN, R, A AR A TR L R LB
FEIERE[T]. DURL2E4H . 2016,34(3) : 463-477. [ Zhang Huifang,
Wu Xinsong, Wang Bin, et al. Research progress of the enrich-
ment mechanism of sedimentary organics in lacustrine basin[J].
Acta Sedimentologica Sinica, 2016, 34(3): 463-477. ]

JAIST % EVAG , Eh A, A L BE T MIR P  ZD p A— B
T B BT S OUBURE ], 724, 2020, 41(8)
903-917. [ Zhou Lihong, Han Guomeng, Ma Jianying, et al. Pal-
aeoenvironment characteristics and sedimentary model of the
lower submember of member 1 of Shahejie Formation in the
southwestern margin of Qikou Sag[J]. Acta Petrolei Sinica,
2020, 41(8): 903-917. |

Whis, 2002 FLAE S, 55 . VRV U B TR VI 260 4 ) A KL 5 T R
AR B HORE A S b vk B PRI 0], Mo T4k, 2021, 28(5)
421-435. [ Chen Chen, Jiang Zaixing, Kong Xiangxin, et al. Sed-
imentary characteristics of intersalt fine-grained sedimentary
rocks and their control on oil-bearing ability of shales in the
Qianjiang Formation, Qianjiang Sag[J]. Earth Science Frontiers,
2021, 28(5): 421-435. |

TEAh ST . A BRZE KA B A2 (7], Aol , 2009, 54(5) «
535-556. [ Wang Pinxian. Global monsoon in a geological per-
spective[J]. Chinese Science Bulletin, 2009, 54(5): 535-556. ]

Lithofacies Distribution and Organic Matter Enrichment of Shale
Under the Constraint of Astronomical Cycles: A case study of the
Dongyuemiao member in the Fuxing area, Sichuan Basin
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Abstract: [ Objective ] Significant breakthroughs have been made in the exploration of Jurassic continental shale oil
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in the Sichuan Basin. Owing to the small grain size, rapid facies changes, and strong heterogeneity of continental
mud shale facies, it is necessary to systematically study the development rules of lithofacies and organic matter en-
richment characteristics in the Dongyuemiao member. [ Methods ] Taking the Dongyuemiao member of the Ziliujing
Formation in the eastern part of the Sichuan Basin as an example, based on core data, non-core lithofacies interpreta-
tion from well logging, and utilizing theory of cyclic stratigraphy, various methods, such as data preprocessing, pow-
er spectral analysis, evolutionary spectral analysis, filtering of data, correlation coefficient analysis, and astronomi-
cal tuning, were employed to establish a 4-5 level high frequency stratigraphic framework for the study area. Through
the sedimentary response of astronomical cycles, the development rules of mud shale lithofacies and organic matter
enrichment characteristics under high-frequency chronostratigraphic framework were discussed. [ Results] (1) The
Dongyuemiao member shows a good astronomical cycle signal, and the long eccentricity (405 ka), short eccentricity
(128 ka), obliquity (43 ka), and precession (21 ka) astronomical cycles were extracted. There are four long and fif-
teen short eccentricity cycles. The long and short eccentricity cycles were used as the subdivision units of the fourth-
order and fifth-order sequences, establishing a 4-5 level chronostratigraphic framework for the Dongyuemiao member
in the study area. (2) Considering rock thins, X-ray diffraction whole-rock analysis, and well logging data, the prin-
ciple of structure first is employed, with components and sedimentary structures as the primary basis. The
Dongyuemiao member is divided into two lithofacies types (indigenous organic-rich laminated mudstone facies and
exogenous shell-bearing mudstone and shell limestone facies ) and seven lithofacies types (laminated silty-rich argilla-
ceous mudstone facies, massive silt-rich argillaceous mudstone facies, laminated mixed mudstone facies, laminated
shell-bearing silty-rich argillaceous mudstone facies, laminated silt-bearing shell-rich argillaceous mudstone facies,
laminated silt-bearing clay-rich shelly mudstone facies, massive argillaceous shell limestone facies, and massive ar-
gillaceous shell limestone facies). (3) The coupling relationship between paleoclimate, mineral composition, and ec-
centricity revealed that during periods of high eccentricity and its maximum amplitude, the climate was humid and
hot with significant seasonal variations. This led to the input of a large amount of fine-grained material and organic
matter from the land and the development of indigenous organic-rich laminated mud shale facies. During periods of
low eccentricity and its minimum amplitude, the climate was dry and cold with less input of terrigenous materials.
The clay mineral and detrital mineral content were lower, and the lithofacies were dominated by exogenous shell-bear-
ing mudstone facies, which affected the development of organic matter. The Dongyuemiao member is primarily con-
trolled by eccentricity cycles, and the deposition of lacustrine shelly mud shale is controlled by the climate changes
driven by the 405 ka and 128 ka eccentricity cycles.[ Conclusions ] Long eccentricity is a key factor controlling the
distribution of lithofacies and organic matter enrichment. It controls the ordered development of the indigenous organ-
ic-rich laminated mud shale facies and exogenous shell-bearing mudstone and shell-bearing limestone facies. Short ec-
centricity has a limited impact on organic matter enrichment but significantly controls the lithofacies composition of
the exogenous shell-bearing mudstone.
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