MM K

#27T% F5H & % # '? ;3 Vol.27 No.5
2025 4 10 A JOURNAL OF PALAEOGEOGRAPHY ( Chinese Edition) Oct. 2025

XEHFS: 1671-1505(2025)05-1227-17 DOI:10.7605/gdIxb.2025.075

it X AIEH— DR AN =BT
BRI R

®O#E ¥R B W IR R
S R
1 EEBHIRTF LRI, dbw 100083
2 BERBRREAMAL (%) F, TESE 065007
3PEAEMERAREZATEERE, KL 065007
4 FmaENaRAATFAFLIE (—hKiLdw), FhaR 138000
5 PEEBMKRY (£KR) REHFERRFR, LAFH 266580
6 TRALGHEHHHAEAE A EAMTER, W RA 610051
T ERY KGR EREABBERFRLEG S TS, TR 409600

E JEHMRERA— AL RABERNARN A AGBRNEEZEREN, BLECRERFNE. _ 4
XRF TR, A#d%E . X QEMSCAN pir % F &, #4625 XRD Y R oM REF %8, dlwE
HEEEA— R G EAT 5 a2 ML, ARTEEMURARERA#THE. 2R KN (1) R “TOC 4 &~
THAEE-REA-NBME” ST EHNPTE, $PEBH— AL E2HATHX 2 hE TOC Bk £ R T 2.
WE TOCHUEAE MR A s, & TOCHELEEN-HBER T L. ¥ TOCKERBEERER A%, & TOC &
ERAF-AYBRHERRA L, B TOCREXEZAY-HERRRBAT L., F TOCKLEREFER-RRBERA L. F
TOCHERHB=ZTRRAEHL M EMER, AHAEEMBFE, EALHTHEUNXEZHRAHREHTT 2 B,
(2) MBFABETHEER T SAMBNEH, FABLATNRLEARBERE PHFAFINWMH T4, M
FAEGZEATHHNERF P ERWRENEL, EEBATHURAZELATHEET 2 AKAMNHE N ER,
EIPEREH, KEHAEE., TREER, ZERK., *£EF VRS, EERATHBREANEFHRKETET
B, BPERMKE, KEHAERE, TREREH. BEKE. ¥4A£7 I RK. 3) NBRAENFAEMAAT 5%
MEFRANREEEANDLNEHER, FTREMFANAECES AT A MARLRE RS ERIFHWEMX,
EHEEFAE. KELRERBHNBEEENRALE TOC HLUE A HEM A 5 TOC MELE L H -8 =
FRE. FARRANAGTAANREERAEAREANERL, METARELT P A BENAFE
BN, HEREFRBEEBKRE,

XEW O sMHESE F¥RE AKX n¥a EZEA N4k

F—EEBN R#E, L, 1988 F 4, TFEH L, YELTHHBRTAAREGATAEN, TELNETEA
FF % H B HF % . E-mail: wujinouc@petroChina.com.cn ,

BIREE®N ik, B, 1984545, TEHL, YETMBRAATAAKGR IR, ZEZNFFEFTHN
WA VLA ¥ H K, E-mail: qiuzhen316@163.com,

RESES: P512.2 NHFRER: A

« PEAMRARKEREGRA TR LW (45 2024DJ8706) ¥, [ Financially supported by Science and Technology Project of CNPC
(No.2024DJ8706) ]
Weks BT : 2024-10-03  gll F Y. 2025-04-07



‘(IM K

1228 + W 2B F R 2025 4 10 f

Lithofacies characteristics and sedimentary environment evolution of
the Wufeng and Longmaxi formations shale in southern Sichuan Basin

WU Jin"?* ZENG Fancheng' TANG Qing’ YANG Limin' QIU Zhen'
ZHAO Shengxian® ZOU Xiaopin® LI Weihua’
1 PetroChina Research Institute of Petroleum Exploration & Development, Beijing 100083, China
2 National Energy Shale Gas R & D ( Experimental) Center, Hebei Langfang 065007, China
3 Key Laboratory of Coal-rock Gas, CNPC, Hebei Langfang 065007, China
4 Sichuan Natural Gas Development Division (Integrated Center) , Jilin Oilfield, Jilin Songyuan 138000, China
5 School of Geosciences, China University of Petroleum ( East China) , Shandong Qingdao 266580, China
6 Shale Gas Research Institute, PetroChina Southwest Oil & Gasfield Company, Chengdu 610051, China
7 Pengshui Miao and Tujia Autonomous County Geological Disaster Prevention and Control Center, Chongqing 409600, China

Abstract The black shale of the Wufeng and Longmaxi formations in the southern Sichuan region is
a primary target for shale gas exploration. This study investigates the lithofacies characteristics,
sedimentary environment evolution, and depositional processes of the Wufeng and Longmaxi formations
shale using core and thin-section observations, 2D XRF elemental scanning, scanning electron
microscopy (SEM), micro-area QEMSCAN analysis, whole-rock XRD, and geochemical analysis. The
results indicate the following; (1) Based on a multi-element lithofacies classification scheme that con-
siders “ TOC content-mineral content-genesis-sedimentary structure”, the Wufeng and Longmaxi for-
mations shale is categorized into eight lithofacies types: high-TOC massive biosiliceous shale, extremely
high-TOC thin-laminated biosiliceous shale, high-TOC very thin-laminated bio-detrital siliceous shale,
medium-TOC laminated detrital siliceous shale, high-TOC laminated chemo-bio-calcareous-siliceous mixed
shale, high-TOC very thin-laminated bio-detrital siliceous-argillaceous mixed shale, medium-TOC
laminated detrital siliceous-argillaceous mixed shale, and medium-TOC laminated detrital ternary mixed
shale. The lithofacies characteristics, vertical distribution, and spatial distribution of these lithofacies
were thoroughly characterized. (2) The sedimentary environment evolved through five stages from bottom
to top. The paleoclimate transitioned from warm and humid at the base of the Wufeng Formation to dry and
hot in the middle, then to dry and cold at the top, followed by warm and humid in the lower Longmaxi
Formation, leading to warm and wet conditions in the middle-upper Longmaxi Formation. Two large-scale
marine transgressions occurred in the lower Wufeng Formation and the lower Longmaxi Formation,
resulting in sea-level rise. During periods of high sea levels, the water body exhibited weak confinement,
strong reducibility, low salinity, and high paleoproductivity. A glacial event at the top of the Wufeng
Formation caused a drop in sea-level, leading to strong water confinement, weak reducibility, high
salinity, and low paleoproductivity. (3) High-frequency changes in the sedimentary environment signi-
ficantly influenced shale lithofacies development and organic matter enrichment. The organic matter content
of different lithofacies shows a strong positive correlation with paleoproductivity and water reducibility.
Extremely high-TOC thin-laminated biosiliceous shale and high-TOC very thin-laminated bio-detrital
siliceous shale were predominantly deposited during periods of high paleoproductivity and strong water
reducibility. These findings not only enhance the understanding of organic matter enrichment and shale
sedimentation, but also provide a theoretical basis for predicting favorable layers for exploration and

development in the southern Sichuan Basin in the future.
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Fig. 1 Well location and stratigraphic column of the Wufeng and Longmaxi formations in southern Sichuan Basin
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Fig. 2 Triangle diagram of mineral composition-TOC content of the Wufeng and Longmaxi formations in southern Sichuan Basin
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Table 1 Main shale lithofacies of the Wufeng and Longmaxi formations in southern Sichuan Basin
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WA, TOC SHEZTE 1.5%~3% 26, RIS
B B R AL 25%~ 50% Z 6], BRIRER T &
HIE 15%~25%08], KBS (K 5-a), BEEZ K
F 500 pm, EEHEEAE. KA. Ak
AR Yk, BRI E(E 5-b), &
Wb R—K B, RiAe 27520~ 50 wm 2 [H], I
Q2 FLEBE TR (E 5-¢),

8) FTOC L ERBEB=TRIMTAE (LF8),
FEEFIENRDLIRM S5~6 /N2, b 2K B A —
K, TOC FHZAE 1.5%~3% Z |, wEHRI Y.

BRIRER A1 5 L0 W) = o oT 1 5 R TR 25%~
50% 1), MEbEURKE (K 5S-d), BREZ KT
500 pm, FEZHEHE AR, KO, A kHE
AR S-e) s B9k i2E, Ak Al
R — B P Ay, RiAR 2 AE 30~60 pm Z ], H =
a—BE AL, Bk (& 5-f) . RGUZEEZH
EETR 7k )

2.3 WEEHEE@SHIFLE
VAR 01 B, o M s MR T R S . A A



‘(1M K

1234 + W ¥E 2 8K

2025 % 10 A

B o
B
| EEa
B s
[TV
O wm e

Owrn

YX1-1924.44-2

Ssepenesusuvseanceryyyveazessangs

a—LF4, HORKBO—KE, SUZKEEF, L2129, 4430.91~4431. 11 m; b—LF4, FEGTYHHE AL, PAA. Aaf, MK QEM-
SCAN &%, N227 #, 3569.9 m; c—LF4, WEJE WK a5y, BRIP4, g SEM &%, W214 H, 3567. 11 m; d—LF5, A= H
JEREBERCAF, AR SEM B8, 1212 JF, 4441.32 m; e—LFS, FHLUR S & F 5, SIHEERMES LM M4, SEM E&, L1212 3,
4441.32 m; f—LF5, $5RQ)Z2 & F, 48 XRF H 4 B %, 1212 H, 4441 m; ¢—LF5, WiEBE RN EE, 8wk, L1212 3, 4441 m;
h—LF6, FEFESUZW E, 48 XRF H#iE%, L212 H, 4399.64 m; i—LF6, ULES R4S UF 19 40 g ik, SEM [&4%, L1212 H, 4400.75 m
& 4 TOC S RFEE it BT oA (LF4) | & TOC U2 R+ —E W AR RIS (LFS) Fw TOC Wk 802 A4 ) — i
JBREVEIR TS (LF6) S AHAHE
Fig. 4 Lithofacies characteristics of midium—=TOC laminated detrital siliceous shale (LF4), high—-TOC laminated chemo—bio—
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Fig. 8 Sedimentary environment of the Wufeng and Longmaxi formations in Well L202, southern Sichuan Basin
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Fig. 9 Shale sedimentary model of the Wufeng and Longmaxi formations in southern Sichuan Basin
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