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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] The marine black manganese—bearing carbonaceous shale of the Datangpo Formation, widely distributed in the
mid—Neoproterozoic Nanhua strata of the Middle—Upper Yangtze Region, South China, has been extensively studied as a manganese
deposit but remains poorly investigated regarding its petroleum geological characteristics. This study systematically analyzes the
lithofacies paleogeography of the Datangpo Formation and evaluates its implications for hydrocaron accumulation, providing critical
insights for guiding petroleum exploration in the southern China. [Methods] Through field surveys and comprehensive data
synthesis of the Datangpo Formation, we systematically evaluated hydrocarbon conditions, source rock geochemistry, and
reservoir—caprock assemblage, especially lithofacies and paleogeography. This integrated approach combined individual well log
interpretation, multi—well correlation analysis, and lithofacies paleogeographic with advanced analytical techniques including
organic geochemical testing, petrophysical characterization, and reservoir evaluation. [Results] The Datangpo Formation developed
during an interglacial period, with its depositional architecture constrained by extensional riftdynamics. Sedimentary facies within
the formationare classified into two principal types, seven subcategories and multiple microfacies. The sequence comprises a
complete transgressive—highstand—regressive cycle. Hydrocarbon—prospective facies are limited shelf subfacies and lagoon
subfacies, predominantly occurring in the first member. These intervals exhibitfavorableorganic geochemical index, and constitute
potential source rock horizons. [Conclusions] The first member of the Datangpo Formation exhibits significant hydrocarbon—
generation potential and viable shale gas prospects. Strategic areas including Songtao, Huayuan, Xiushan, Xiangtan and Hefeng,
located at the confluence of Hunan, Chongqing and Guizhou Province, demonstrate favorable geological conditions for shale gas
exploitation. This unit serves as a competent source rock capable of forming multiple prospective hydrocarbon reservoir
assemblages. Notably, The Xiushan—Songtao—Huayuan sector along the tri—province boundary of Chongqing, Guizhou, and Hunan
exhibits optimal source—reservoir coupling configuration, indicating promising targets for conventional petroleum exploration.

Key words: shale gas; Neoproterozoic; Datangpo Formation; lithofacies paleogeography; source rock; accumulation assemblage; oil
and gas exploration engineering; South China

Highlights: This article elucidated the lithofacies palacogeography and reservoir forming mechanism of new strata for oil and gas
survey through two principal methodologies: (1) The outcrop profiles and borehole data of the Datangpo Formation of the Nanhua
System are systematically sorted out, and the sedimentary facies belts with oil and gas resource potential are clarified; (2) The
conditions of the hydrocarbon source rocks and shale gas potential of the Datangpo Formation are analyzed, and the direction of oil
and gas investigations is pointed out.
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Fig.1 Distribution map of Neoproterozoic rift valleys in Yangtze and surrounding areas (modified from Wan Tianfeng, 2011; Guan
Shuwei et al., 2017; Du Yuansheng et al., 2018)

I-Hubei—Hunan—Guizhou—Guangxi Rift System; II-Northern Yangtze Rift System; III-Central Sichuan Rift System; IV—Tibet—Yunnan Rift System
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Fig.3 Distribution map of Neoproterozoic outcropping areas and profile points in the Middle and Upper Yangtze Region

Profile (drill) name: 1-Liaoyagai, Youyang; 2—Xiaochayuan, Xiushan; 3—Xiaoxi, Xiushan; 4-Bijiashan, Xiushan; 5-Lanqiao, Xiushan; 6-Datangpo,
Songtao; 7-Yangjiawan, Songtao; 8-Zhaiying, Songtao; 9-Taoying, Jiangkou; 10-Shizhuxi, Wanshan; 11-Banqiao, Xinhuang; 12-Tuokou,
Hongjiang; 13—Mahuanggou, Shennongjia; 14-Qinglinkou, Zigui; 15-Liuxi, Changyang; 16—Yangshuao, Changyang; 17-Zouma, Hefeng;
18—Jundaping, Yuanling; 19-Majindong, Taoyuan; 20-Longtang, Anhua; 21-Caihuatian, Ningxiang; 22-Manganese ore, Ningxiang; 23—Yanxi,
Jiangkou; 24-Yongyi, Yinjiang; 25-Shitang manganese ore, Songtao; 26-Daotuo, Songtao; 27-Lianghe, Huayuan; 28-Minle, Huayuan; 29—Guixi,
Guzhang; 30-Lannitian, Guzhang; 31-Songlin Well6#, Zunyi; 32-Maluping, Kaiyang; 33-Duoding,

35-Longjiawuji, Shigian; 36—Songbaidong, Zhenyuan; 37-Baguahe, Jianhe; 38—Qianyang, Xiangxi; 39—Xinluhe, Huaihua
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Fig.4 Characteristics of outcrops and cores of the Datangpo Formation in the Middle and Upper Yangtze Region
a—Carbonaceous shale of the first member of the Datangpo Formation, sandwiched between the moraine conglomerate of the Nantuo Formation and
Gucheng Formation, with a thickness of less than 5 m, limited shelf facies, Songluo Majigou, Shennongjia; b—ZK001 of Songtao Daotuo manganese
ore, Guizhou; The core of the first member of the Datangpo Formation, limited shelf facies; (DThe black carbonaceous shale showed star—shaped
pyrite; @The black and steel gray banded rhodochrosite; 3)Black carbonaceous shale, mudstone, siliceous rock; @Black massive rhodochrosite with
carbonaceous shale, with star—shaped pyrite; GBlack manganese—bearing carbonaceous shale; ©Black massive rhodochrosite with black carbon
shale and star—shaped pyrite; @Black carbonaceous shale; c-The first member of the Datangpo Formation, siltstone developed vein bedding, tidal flat
facies, Yanxi, Jiangkou, Guizhou; d— The first member of Datangpo Formation, with cross bedding developed in fine sandstone, shallow—water shelf
facies, Hanzhong Steel Works; e-The first member of Datangpo Formation, macrofossils are seen in carbonaceous shale, limited shelf facies,
Mahuanggou, Songluo, Shennongjia, Hubei; f-The first member of the Datangpo Formation, gravel-bearing siltstone, beach and barrier island facies,

Xixibao, Songtao, Guizhou (Fig.4b after An Zhengze et al., 2014; Fig.4c, f after Zhang Yujie et al., 2020; Fig.4d, e after Zhang Gaochong, 2020)
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Fig.8 Sedimentary facies profile of Datangpo Formation in Yanzhaigou section, Songtao
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Fig.13 Lithofacies and paleogeography map of the first member of Datangpo Formation in the Middle and Upper Yangtze Region
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Fig.14 Lithofacies and paleogeography map of the second member of Datangpo Formation in the Middle and Upper Yangtze Region
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Table 2 Organic geochemical characteristics of the Datangpo Formation in the Middle and Upper Yangtze Region and
comparison with other organic shales
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Fig.15 Pore morphology of carbonaceous shale of Datangpo Formation in the Middle and Upper Yangtze Region
a—The albite grains in contact with the concave—convex develop dissolution pores and grain boundary fractures; b—The aggregates of mold pores
formed after the dissolution of the pyrite crystals; c—The interstitial organic matter develops a small amount of pores; see microcrystalline potassium
feldspar grains; d—Interstitial organic matter with a small amount of pores
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Fig.16 Datangpo Formation and hydrocarbon accumulation assemblage model in the Middle and Upper Yangtze Region
Nh,g—Gucheng Formation, Nanhua System; Nh,d' >~The first and second member of Datangpo Formation, Nanhua System; Nh,n—Nantuo
Formation, Nanhua System; Z,ds—Doushantuo Formation, Sinian System; Z,dn' *~The first—fourth member of Dengying Formation, Sinian System;

€,n' 3~ The first~third member of Niutitang Formation, Cambrian System
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