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Mechanism of organic-rich shale formation and shale gas enrichment
in the Carboniferous Tian’eping Formation from the Xiangzhong

Depression
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Abstract: [Objective] According to study on the shale formation and shale gas enrichment
mechanism, the current study aims at finding out main factor controlling shale gas reservoir in the
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Carboniferous Tian’eping Formation in the Xiangzhong Depression as well as its enrichment
patterns. [ Methods] Carbonates carbon and oxygen isotopes as well as shale trace elements and
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major elements were analyzed at Xiangxindi 4 core in order to recover paleo-environment and
investigate the origin for the shale formation. Combined with the thermal evolution simulation of
medium-low maturity shale gas reservoirs, the mechanism for shale gas enrichment is identified
through petromineralogy, organic geochemistry, physical properties of shale gas reservoirs,
existence forms of shale gas and tectonic preservation condition. [Results] Our results show that
(1) the organic-rich shale in Lower Carboniferous Tian’eping Formation were formed due to
seawater stratification and seabed anoxia caused by the intensive climatic fluctuations in the Early
Carboniferous, (2) the extensive and intense magmatic events in central Hunan led to the increase
of locally paleogeothermal gradient and further caused secondary hydrocarbon generation in the
Lower Carboniferous organic-rich shale. Shale gas in the Tian’eping Formation was formed owing
to crude oil cracking and secondary hydrocarbon generation of organic matter, and (3) shale gas
preservation were promoted due to decollement in the Ceshi Formation of the lower Carboniferous
blocking the vertical escaping channel of the shale gas from the underlying Tian’eping Formation.
[ Conclusions] In conclusion, the shale gas of Lower Carboniferous Tian-ping Formation in
central Hunan Depression is the common result of favorable facies zone controlling the total
organic carbon content, magmatic thermogenesis controlling the reservoir physical properties and
detachment structure controlling the preservation.
Key Words: shale gas , organic-rich shale, Enrichment mechanism, Enrichment pattern, Lower
Carboniferous, shale gas geological survey engineering, Central Hunan Province
Highlights: 1) Paleo depression in the continental margin during the major climate transition
period is benefit for shale gas exploration. 2) Organic matter thermal evolution in regional shale
and shale gas preservation are limited by magmatism. 3) The decollement footwall is the most
favorable area for shale gas exploration.
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Fig. 1 Geological sketch and shale gas exploration degree map of Xiangzhong depression
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Fig. 6 Physical and gas properties of shale reservoirs at different simulated temperatures

A- morphologic change of sample C7-1 , Al-primitive sample, A2-300°C, A3—5007C;
B-distribution of the organic matter in sample C7-1, B1- the pore between the organic matter and
mineral grain at 350°C; B2- the pyrite intergranular pores filled with organic matter at 400C; B3-
organic pore at 450°C,; C- bitumen reflectance of sample C7-1; D- pore volume of sample C7-1, E-
porosity, F- permeability; G- the total pore volume, H- micropore volume; I-Isothermal adsorption
curve of methane of sample C7-2, J- Isothermal adsorption curve of methane of sample C7-3
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