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Fig.1 (a) Global paleogeography showing the position of the South China Plate during the Ordovician-Silurian transition period
(modified from Melchin et al., 2013 ; Lu et al.,2019); (b) Ordovician-Silurian paleogeography of the Yangtze Block (modified
from Chen et al.,2004); (c) stratigraphy of the Wufeng Formation-Longmaxi Formation black rock series in the Yangtze area

(modified from Fan et al., 2011 ; Chen et al., 2015 ; Wang et al., 2021)
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triangulatus 2 A1 7 (Maletz et al., 2021; Cai et al.,
2022).
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Fig.2  Profiles from eastern Sichuan and western Hubei showing stratigraphic successions and sample locations

in the Wufeng Formation-Longmaxi Formation
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Fig.3 Typical petrological photographs of Wufeng Formation-Longmaxi Formation, black rock series

in eastern Sichuan and western Hubei

(a) black organic-rich shale with quantities of graptolites, Wufeng Formation, well YY2; (b) siliceous shale with occasional graptolites, Wufeng Formation, well YY2; (c) tran-

sition of black organic-rich shale to greyish-green or greyish-yellow shale, Longmaxi Formation, HS section; (d) Guanyingiao bed, thin limestone with quantities of Hirnantian

shells, at top of the Wufeng Formation, well YY2; (e) dark grey shale with siltstone intercalation, Longmaxi Formation, in L. convolutus graptolite zone, HS section; (f) black

shale with grey dolomitic mudstone weathered to earthy yellow color in C. c¢yphus and D. triangulatus graptolite zone, HS section, Rhuddanian-Aeronian transition in Long-

maxi Formation
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Fig.4  Photomicrographs of Wufeng Formation-Longmaxi Formation black rock series in eastern Sichuan and western Hubei
(a) black siliceous shale, quantities of radiolarian fossils, Wufeng Formation, well JY1; (b) black organic-rich shale, less terrigenous material, bottom of the Longmaxi Forma-
tion, well JY1; (c) dark grey silty shale with organic matter and large amount of terrigenous materials in C. ¢yphus graptolite zone, Longmaxi Formation, well JY1; (d) black sili-

ceous rock with numerous radiolarian fossils, Wufeng Formation, well YY2; (e) black organic-rich shale with terrigenous materials, Longmaxi Formation, well YY2; (f) silty

mudstone with low organic matter content, Longmaxi Formation, well YY2
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Sedimentary Differences and Formation Mechanism of the Wufeng
Formation-Longmaxi Formation Black Rock Series in Eastern Sichuan
and Western Hubei

ZHAO Wei', CAI QuanSheng'*,HU ZhongGui', LU PinYang', YANG Zhi*, LI MengXiao',
WEN YaRu?,ZHANG ChenYu'

1. School of Geosciences, Yangtze University, Wuhan 430100, China
2. Hubei Key Laboratory of Resources and Eco-environment Geology, Hubei Geological Bureau, Wuhan 430034, China
3. Research Institute of Petroleum Exploration & Development, PetroChina, Beijing 100083, China

Abstract: [Objective] The Wufeng Formation-Longmaxi Formation black rock series in eastern Sichuan and west-
ern Hubei is a focus for marine shale gas exploration in South China. These show great differences in sedimentary
characteristics,, which record major geological events during the Ordovician — Silurian transition. Further knowledge
of these differences is of benefit to exploration for shale gas in western Hubei, and helps to understand global paleo-
climate and sea-level changes during that time.[ Methods ] The sedimentary properties, main influencing factors and
sedimentary processes of the black rock series in the Wufeng Formation and Longmaxi Formation were studied in de-
tail by petrological, sedimentological and geochemical analysis.[ Results ] The sedimentary attributes of the Wufeng
Formation are similar in both study areas, but in the Longmaxi Formation they differ significantly. In eastern Si-
chuan, the large thickness of the Longmaxi black shale with completed graptolite zones and thick silty shale in the
Rhuddanian-Aeronian transition is overlain by thick, organic-rich shale. Three long-term sedimentary cycles are rec-
ognized in the Longmaxi black rock series, but in western Hubei the Longmaxi black shale is very thin and only two
long-term sedimentary cycles are identified. Neither silty shale nor Coronograpius cyphus and Demirastrites triangula-
tus graptolite zones are present in the Rhuddanian-Aeronian transition, but thin lime-bearing dolomitic mudstone
covered by thin organic-rich shale are developed. Additionally, the Longmaxi black shale contains less quartz in east-
ern Sichuan than in western Hubei. [ Conclusions] In this study, tectonic paleogeomorphology and paleoclimate
changes are considered to be the main factors influencing the different evolutionary histories of the Wufeng Formation-
Longmaxi Formation black rock series in the two study areas. During the Upper Ordovician, eastern Sichuan and west-
ern Hubei both subsided as a result of the Cathaysia Block-Yangtze Block collision. The paleogeomorphology and sed-
imentary environments in eastern Sichuan and western Hubei are not significantly different, but continuous tectonic
compression beginning in the Early Silurian caused non-uniform subsidence. Continuing subsidence in eastern Si-
chuan and gradual uplift in western Hubei led to significantly different thicknesses of the Rhuddanian black shale in
the two regions. Global sea-level fall during the Rhuddanian-Aeronian transition related to intensified glaciation fur-
ther exacerbated the sedimentary differences in the two study areas, resulting in a sedimentary gap in western Hubei
and abundant sandy deposits with low TOC in eastern Sichuan. Subsequent significant sea-level rise following global
climatic warming promoted the development of black shale in both areas, although thicker in eastern Sichuan than in
western Hubei. However, gradually intensifying tectonic compression and gradual sea-level fall, along with sufficient
terrigenous sediment supply, sustained a sedimentary environment in both regions that led to the termination of
development of the Longmaxi black shale in the two study areas.

Key words: Wufeng Formation; Longmaxi Formation; sedimentary differences; eastern Sichuan; western Hubei
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