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Abstract: The sedimentation of marine shale is still unclear. The 18 study units were selected from 9 core samples of the
Wufeng-Longmaxi formations in 7 wells of the Sichuan Basin. The sedimentation of marine shale was analyzed in orderly
connections such as core, optical microscopy, electron probe microscopy and MAPS technology. The results show that the
marine shale is an alternation superposition of still-water sedimentation, deep-water gravity flow sedimentation and deep-water
traction current sedimentation, with the difference in the petrological marks of each sedimentation. The typical mark of still-
water sedimentation is the porous organic matter-clay aggregate. The typical mark of deep-water gravity flow sedimentation is
the coarse-grained terrestrial quartz and shallow-water shell clastics suspended in deep-water fine-grained materials. The typical
mark of deep-water traction current sedimentation is the porous organic matter. The radiolarian shales are the key for conducting
marine sedimentary analysis. The combination of sedimentary environments and types is a reasonable constraint for explaining
the occurrence and genesis of minerals and organic matter, as well as shale laminae. Fine reservoir evaluation based on

sedimentation is an effective path for shale gas development. It is recommended to pay attention to the MAPS technology in the
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analysis of shale sedimentation and reservoir evaluation.

Key words: marine shale; sedimentation; petrological evidence; Wufeng -LLongmaxi formations; Sichuan Basin; unconventional

petroleum sedimentology.
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Fig.1 Sedimentary facies map and stratigraphic column of the Wufeng-Longmaxi formations in the Sichuan Basin and its peripher-

al area(modified from Zhou ez al.,2026a)
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Fig.2 Burial history and thermal evolution history of the organic matters in the Wufeng-Longmaxi formations of the Sichuan

Basin (modified from Zhou et al.,2026a)
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Fig.3 Typical features of the shale cores in the Wufeng-Longmaxi formations of the Sichuan Basin
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Table 1 Primary information of the shale samples in the Wufeng-L.ongmaxi formations of the Sichuan Basin
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Fig.4 Typical petrological features of the radiolarian silicalite coded as S-9” in the Wufeng Formation of the Sichuan Basin
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Fig.5 Typical petrological features of the silicalite coded as S-9' and the siliceous shale coded as S-9” in the Wufeng Formation of

the Sichuan Basin
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Fig.6 Typical petrological features of the fillings in the siliceous shells’ cavities from the radiolarian silicalite coded as S-4” in the

Wufeng Formation of the Sichuan Basin
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Fig.7 Typical petrological features of the graptolite from the silicalite coded as S-7 in the Longmaxi Formation of the Sichuan

Basin
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Fig.8 Still-water sedimentation process in the Wufeng-Longmaxi formations of the Sichuan Basin
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Sichuan Basin
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Fig.10 Typical nanoscale petrological images of fine grains from the siliceous shale coded as S-2 in the Wufeng Formation of the

Sichuan Basin
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Fig.11 Gravity flow sedimentation process in the Wufeng-Longmaxi formations of the Sichuan Basin (after Zhou ez a/.,2025)
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Fig.12 Typical petrological features of the radiolarian silicalites coded as S-3' and S-3” in the Longmaxi Formation of the Sichuan

Basin
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Fig.13 Typical petrological features of the silicalites coded as S-3"and S-3* in the Longmaxi Formation of the Sichuan Basin
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Table 2 Statistics of minerals and organic matter from the shale samples studied in the Wufeng-Longmaxi formations of the
Sichuan Basin(v, %)
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RRERT MEZBIL A AMAERKSE R EEHE
9 A AR T ALt b e R i i e = [ AR A
i AR TR RO s T R AR Rk R R - U TE
J N, DUA BLT A6 R 5 7 TR IR WL 3.1.2. Wi 43
VS Ha) 2 B AR L S A P B R, R R 2 fi
) &R R B LA KO R A (A ) R SR ZL
33 RAESIRABIERSH

S-8 Fl S-6 it 4 /& 76 DU 1] 45 b [ 5T R Az b X
KB BR K 22 51 F UL (Zhou ez al., 2024, 2025) . ¥
VI =R I ) RS SRV T 2L 7 B R e s S = Tl
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FA) TR 2 Ak SRy B AT AR U0 A 3 % 3 3 1 5 22 A
LR BT RS R O A ) B AR AL T W T AR L
B - DURR ) 3 5 7% Ry Bk = 6 A 0 TR K 2 51 i 1T
FRCBUEYRE ) (Zhou et al., 2024) IR K A 5 AT B
PR 2 7K A4 T50 B T R 11 786 £ R ML, JB I A D 2
AW EE R ERE B, N MAEY R R T A
Fl 2 (Zhou et al., 2025) . FiE X & T 14K
5] UL R RE A R B 2 2 OO HURE S AL
J2 (S-3'F1 S-37) Fl 2 )2 B 0 fik 5 80 )2 (S-3°F1 S-3Y)
HZ(E 3c) . X B8 R /K 42 5] 3 UL BUER B W = —
B — TG REAE B R S i (>80%6) LR A AL
Ji o (>15%) (BB (<5%) A HILE R E A
W (F2). LLS3m4 2 HAKAEFIFIUR 6, 1 %
TEAN A S-3' 1 S-3° 5 S Bk A SR Y A
FEAE Pl R S-37 RN S-3° IR 0 ik 5 AU )2 Y A A
FEAE , #E 10 T J& UK 22 51 i U0 AP it 72 43 A
331 RAFESRABBEAZFIFIME S-3HLIPD
1 b, S-3"F1 S-3° U b A 2 B AR I AR KN E
EBE A (B 3e) b2 WAUEE T, ke N BB AT b
F 52 0 0t (B 12a) . % 1% P4 ORI OT 221 4 4 1R
A LLF i 5T i T8 A ALRE R A OR B
(E 12b~12f) 8 A HLEE R B A K (1 12g) 87 3 2k~
(Bl 12h). fE5e el R A EEE A A s
A1 R A 2 U B AR AR R Ve AR ) ik
HAERC R 2z v, AT 3L R il A 48 A L 43
AT E B 42 i) R 78 3 A R s 4 (&1 121) . i B2 8] A L
Jo AR SR & LR Al A HLBT (1B 12)) A= a1 1 4% 7o 3
Jo LB 4l v A L (B 12k) . fE 52 A HLEE KL B &
R RERT A S R T AL S R, R
A AL e R (18] 121) . A Wy ik ORE & 7 FLBR
(B 12m) , B U5 A7 95 & i A A P ik (&l 12n.120).
R DL B A K (B 12p) R A 42 R 42 ik
1 (B 12q) 2k 3, e 2 it r a5 DR B2 fih 1 F0 TSV 1)
SIS BOAREAL)E T, M EWRERE
RN B B0 G Bl U A0 9 T R A s A RRIR B
NN T i B e A = g e ] s N
Bt 4 v A B3 G L B 4l v AT AL, T AL o A
1 T OB SMR B2 ik 0 IR B AR T, B = A HL B
AR NS ETE TSR NEEA (IR L BE VSR ING R I
(1 13). 55 S-6 Fl S-8 ik 44 ) & e it Al %0, S-3!
1 S-3° 57 5 HURE A 1 DORE T F2 5 S-S AH AL,
S-3F M S-3 REA M UL AAE LS S-6 M.
WK 2 5] WUl BB O 4 & s AN T 5%

(F2), XEWHEBKRKRELECCDZT .
332 RAFESIWMAMRERITRE ELHTEA
SEERAE 45 A T T AR (Zhou et al., 2024, 2025) , LA
S-3'H S=3° il B TR K A2 51 DR 1 T B R R
IR 2AF It R TN B 6B B (1B 14) g
KA E R - 2o A 3 — 25 4 43k 3R Z TR B BE (CSD
Z R RUKR) RIZ DR B B R 2 ROK 4 5 B
B, W2 DURE B B o iF — 20 A o b B B
(CSD-CLD LA () # K ) v &8 3 By B (CLD
PLR-CCD 11 ik 480 B Ak /K 14 ) T 383 B B (CCD
LR 0 S SRR Ak K AR ) IS 2 TR OK A2 51 i B B
HE— 25 40 43 S 2B T BE W B B R 5 AR W T B
BrUE e S 0 A R B B . 38U R A T O R
— R Ay Ay T B B L b R
By B | S G M T B R LT B A B B

UU R 3 72 v 36 2 R0 IR )2 DL R By BE 5 K DL
UM L, $ER L 3.1.2. R JZ T B K AR 14 A4 P ik (RE 5
PLEN T LY/ DIN G R E AN P SI - e S N
WA PR G A RS DU 2K 2 R K & 5|
B RN HLERL S A R B K T A AR IR R
T R A ik 1) 7 DR B e K T T BT T 2R 5 K I
i/ A A, WS HEBR s A At D R D
AL, 33X B T[] I FRE 1] 0 19 LUOB D G A ) ik Ry
F 0 ORI U RL T Ok 8 O R A e B A T AL IR
W 2 Sz 3k, K N, Sk SR B A A B A AR B A
A RS K R R R RE R R BT R AR
Yy i B0 B s 2R T WE N B = R/ L, D iR R
Yy 1 sh B T IS AR 5 A e e LA R kL
F AR, Rk IO ) BB 3 T Y IS A
B, A D8 BE Ak Sk R B GCAE R L RE IR W
it 7K Y AL R A ) S5 BOAL B A N R D, K
i3z BH L EURN 3R RE 48 OR R  HE DA 4 R AR T B2
YK & R A W O AR 2, B BLE i 28 1
AR BE R RS S A Y A A g s, LT BT
A AL B A BOK R CE R 2 A 3R R
FeA K s, w2 A R KAk e, &
JIg 28 3 Ak W Ak R TR K 22 51 DR B0 BIL TR

FE K - U0 B A 6 Ok AR KR B
HE 2R EETMEREASAMNEK
Z5 ), KRR B BCEER B, WK &
g1 U BB = [ AR R A T R

TR K 22 5| U0 AR 38 98 s o AR S R K T
FEURNER 7K 3 7 9 10 R A L0 i 7 3k 2 R AR, T A
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Fig.15 Classification of the shale lithofacies from the shale

samples studied in the Wufeng-Longmaxi forma-

tions of the Sichuan Basin
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N IR N R L S R o = T AR e AN
B 1 28 R AN FLIE AR O % A 2T AKF &k, A
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FE il 0 2 AR O R AN/ B0 W) BN R )AL OB
KL% il OC & B 2 (2R LRI VB IE ) 09 2 IR o B
W, B = kL TR 2 e % R R 0 R R R
VK 22 51 U B AE 00 5 A 2 5 500 A ik

Hb BRI 2 D3 T DA Bl SR S e AR A A
Ax LA AR R B B AR ke S R E
KR BT AL UK B kA ONO, Mn” |
Fe’" \H,S.CH, 54k 4rafy (22 |45, 2015) . M Bk 1
TR E AR DL O AR W0 A AE R SRR
AN W7 ST 3R T ) S5 T R 3 9 T S e ) R
R TG T AR A A JROIR Z5 T) 32 A7 X 48k 9 A HIL T R 4%
T BT 70 T ) 4t 2 S Al 4 ) (24 8 45, 2015) . 15 fifk 4L
SR I Ry EE L AR R R B AL (R T AL
i 4 (B4 R A B SR CBRSEUm AL Ak ) S5 AR 4
W PR A AL FUR 25 (RS2 45, 2013) . i iR AL
W JFUIR 250 F 4K 4 00 M EBR AR 2 A B9 B (IS JiR
,2021) , R Z AL (1) BRIA T g 0 SOk A BT,
TZ M A WK A (2) F s R
WHITE TOC . AN bRl & W 55 b 2R 1k 2= 5
S5y A LT O RN A 2 AR AR
UAF T e R R 72 1 2 — 1 I [ Jie 28 7, AR 4% v 58
SECIY T 0 R BB AT LA T KR SR R
J W AR Ak, D5 i A Sk 2R 2 SR KR o D Bl TRk L
A W B MRAR I = 1, A LR R R A AR R AR K IR
T A= W B FEAs S LT B R A IR AR S, Bk R IR
K Gl A5 IR 85 U UE B AR R T L 45 A DUBUE AT
H, S=9 ORI 3 (14 0 i Ry A SR R B L S-47 DT R 1
B4 TR JES A B SRR AL A B 5 S-31 R S-3° U R R ) Y IR
JEARAR Ry i S A R B 96 I A R O S A B

M BRI VE 9 CSD .CLD .CCD 78 i 4E fif Sk |
SR W MR I, AFLAN (] 9 s ] — VR 1 AN () 98 3
CCD 22 A AR BBk , 3 Fh A48 1k 11 1 DR AIL 1 47 75 i — 20
TR (Y I AE, 2024) . Bk 5% I 70 B R 0 i 36
B, B 20 3 BR 4 22 A8 DU N 4 Ml BT A 8 8 CSD
P F 22 & FOK IR, CLD A T 3K il S 7K M 2 B 41
KA, CCD i TIRK B KM, CLD 5 CCD ALY
D5 i AT A JEE I K R T 88 R G T B 4L
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6 1) 2 1 K A R IR K 2 5 | 9 2% VDA O . S-9° T R
WA IS A BT CLD 2 F M EUK &, S-4° 2 CLD
Z T BB KR, S-31 N S-37 I AR I 30 ) TR UK B 8
 CCD Z T M S UK AR (K IR 8% ) I IR IR B8
CCD Z T 1y & 4 s EUK IR (R K 2 51 i 345 ) .

R Al 5 5 M BT A A R AE B AL Y K R AR
PE 38 JFR S T e A TR S 3 A5 B T B (A T
AU S-9"F1 S-9' 5 S-9° Ky B+ A HLEN R
EAEE AT RAMHEE, hE KT, RENR
CSD Z b & A B FEG K CLD Z K i A 3
Bi SR S-4'5S-4RE L AILFREAEK T
fife A1 S AT, N EROK TR, RJZ N CSD Z B &
IR B RN CLD Z R 1 B B L R 8 .S-5 A1 S
TEANFREGEB T HAaSER/NT 4%, i
IR UURR I IS Bl AR Ak AR T CCD DLIR 3R 8% .S-3"
S-3°.S-3".S-3'.S-6 .S-8 & & & L B 4l v A7 LR,
BZEERMAIENE AWK, A s EANT
4% HIRKZEZIR U, DU R B R 2K IR E A
FR K 2 H S0 28 Bl 480 DA BT DG O 4 BB 4L

O NG N IS N G S S o ) I U =T
WM BEOK A, KNS R R
IK A RN 3G N 5 A0 R R TG Tk A B R K
T8 MK T A, XA &N S S R
it e L H T K T I 0 R e AR A Bl AR B
BUKCLDZ F®ZCCDZ TFRILREY .
42 THYMBENRBERSSHE

AP A A A B BRER S
Yy R B R R R Ve A DU 6 2 Y AL B F 5T
B RO N ZS , BOR OR I F  HGRIR A — B0 S
I R 0 2 DU 1| 43 4t T 04 2 T T IR A o A
Jo it 2 1 2 A A B i v I T A R SR
TR b 72 09 A2 W RE (BRI #3 55, 2023) () A2 7
Fod AR - ML A e T R RS A A 59 (Loucks and
Reed, 2014; 88 4B F1 4 2 8, 2021) B 4= 9 ik 45
i (5 8 R AF,2022) . 7 A ML & A 2 T Th L
W9, I B sk 1] B 28 U0 AL R Y A i B2 (Loucks and
Reed, 2014; & & 16 f1 4 Z 4, 2021; S5 6 K%,
2022) . B BRBON R 52 B A R AL D 52 IR 2 A
PRI GBI 4 2 8, 20215 )5 T8 K&, 20225 5
B AR 2023) R BB UR A BE KR (TR OB SR
&,2020). A HLE AT LA 43 o8 & FLBRAA LS A I AL
B A LT, & L B A LT A kA L (B A T
#) (Loucks et al.,2012) FliE B A WL (EH LA

W) (Bernard et al.,2012; Loucks and Reed, 2014) 2
g3, A Hb L JC AL B A BIL BT AT JE 58 5T (Loucks ez al.,
2012 Ji Wk 5, 2023) #1537 AL T 22 3 (Bernard
et al.,2012; Loucks and Reed, 2014 ). 5% H & [H , Bk
TN AR UL R oK DURRUR Bl 2 90 KA A 24k i S 4
3 BN N 22 T R AR . 25 A I T AE (R I i
4, 2022a, 2022b, 2025, 2026a, 2026b; Zhou et al.,
2024, 2025) , A YA ¢ 188 5o L FR 26 B 249 ORI K
A7 E A SCHE SN Bk A R O 1| 2 b e 2H e
LR v T W A A AL B AR S 5 R
PULRE T R A A0 R O R | R 2R A
- ab TR R R R AR 0 B AR YRR R A
Je BT L AR Y b (A AL RR A DU LT, Z J5 DA AL
JoT R A6 B 1 0 & Rl R AR A BL L AR ) kR A
K 3 & A A DO ok A 2 M R R 0 R R I
I 45, 2022a, 2025, 2026b; Zhou et al., 2024, 2025) ,
PRI, HE 2 1 i S 45 TR 6 1A ko 1R T e 45
DI ZE i HOME A e BIRATUAE T, Ak
6 Bl U A S R E A W RE R I R A B AR kL
AW R E A TR e B = AL, oK DT R AR
K J7 U U RR B Bl VR A 0 R S 3R T s = ) T
MR 7K A2 51 U D0 FR B Bl 5 A 0 6 g 2 i B A 2k
Yook . AR W) EE R hikoT e S AN AR Rk RE
S H A 3 B2 - 6T AL B Rk T R 5T M S
P A 2T A TG LB R BT YR AR I K A, e B R B
YN ) RE LR R AR e BUZ S50, N B & LR
A= W) wE T i, A0 Sl T L IR A e IR A R 3
AW RE Y 25 A R SR A A TR DORE ot R &
L G 1R ol i B R AR - DOTEAE R R IE A,
A2 UURRAE FH 28 R 0 5% . K DR 9 A ) ik P
BT 2w KR TR KM A AR, TRK & 5
DORR B A W ik B W T 3R )2 & A K AR IR K 4B
5 UL Rk A 5| i AV FH B B TROK & O i DR
A W RE T BE SR AR K D0 slTR K 42 51 DR
EAEMEER Z AR, R R MAEYIE T U .
T5 i £ S U 3R )2 B AR AR 43 W A ik 1R 6 T
AW R T, 4 IEE - O 57 L F B sk Ak
ST R A, T8 s R A R DL RE 3 B T R AR
JE ; QR KT 15 pm, 28 K F A5 A i 4L LB
B B AR QIR /K T 7 3 UURL RN IR /K 22 5| it DR
7 fifp A S At LB ST BN A= W ik (Zhou ez al., 2024,
2025) s #FFKUTR W R IR A CCD LARIE Ly
VAT A &K, 7 CLD Z F{H7E CCD Z I Gk
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KR B B0 T e & i rh 4 N E CLD Z
Fii SR AR 19 BT 25 ff A O O T R W A
Wi 2 KA 8 & TR 5 A & =, BRr
ANBE I PEAN KL R KA B (7 ff A0 ) TR K Iy iR A .

EIH = A R F KUY AL B K e
B A A w8 (R B g S 2022b, 2025 ) . I K A
FlIU S F KR Y, ZER O A R
AL B, gk T Bk g RE TR AR T O BE L TR OK
J1 A oK VLR Y, E R B s A R A R
AL 2 05 ff 90 DR A B0 AL B, i & TR
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R A XCAT A AR, AR s R DU 1| 2
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A1 LI etk 43 A a5l R HOA 8 50 v O e i
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R AR R G 3 T 2207 26 (1 B R (J8] 156 04
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A A FE 0 T SR B R T AR S SR AT
BN b b g b XA G DA 45 SR A Be AR B N 4k
2,40 58 A R BEIR 08 A S AR DL SO A
POUR ™ SR A 4R A TR 2 3R I R i UKL 3% 1H
() - W B DR DA 22 R A L 98 2R A — R T A
FLBR B 28 (255 B 45, 2023) 78 GUHAR R P, B 5
Py 5 % e AR A LT A 2 AR R G UL R B 4
S0, T I T A UL B Sk R R R R A AR s
o A R AR I BRI O R 22 R R SRR (R
BAF,2023) , P B R B 2% IR B R A SRR R AT
il A2 DN FL B K VE 09 B A= 9, 3 0] BE R s RE il AR
B =4 Q W - DR 4k B N BUR /D 1) BE I
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A5 ,2020) B B W I BN LSS K B, BB 2 S0)Z 1 Rl
T A WL B 52 58 A B R A BE A 5 L X R
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NI R BAR R K AR AL SRR 2 1 AT SEFE B L Ty
AR (5.02£1.7) pm B9 A5 4R B8 2k 7 8 180T Bk 460 B b
IR SR AR (7.744.0) pm A BE IR 8 2R i it 41
FEIRAA A0 A S 27024 s o4 i 22 R R AR i 2
32 43 VR 4 i) T A 0 TR KR Ak I TR T A R . 2
Je , BT vz T A B T OB K A Y A AR
W JEPE BT (KOG SR 45 2020) R AESE B ¥ EIN K
IR 33 b T 3 K 02 IR AR JRUIR S AR A —
By ) A (T, 2018 EAR 4, 2022) . £ W LA AE
F) BIF 98 B SR T i 2 Xy 9 K AL I R 45 A RN
T DO AL R A A0, 208 A A B K R R Ak
T TR 75 R A TR Bk R A A S A D A IR A
KA I TR 2 B 25 1 AR AR D B LA YR OBE Y
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A HLR R A AR #5 K ORI R K B T
U U AT ML ) B R BB X, A G2 P E
FLBR £ W 7 B b 52 A R UUA MLER R & A TR 3R
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