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Abstract: Based on some characteristics of Carboniferous gas reservoir in eastern basin, such as the 
reservoir fluid inclusions, solid bitumen and so on, it is found that the gas reservoirs present a high 
content of methane (97%), a great quantity of solid bitumen in the Carboniferous reservoir, fluid 
inclusions trapped at the high temperature (180 - 220˚C), multiphase (gas phase, solid phase and 
three-phase) inclusion and the changes of inclusion composition. All the factors above illustrate that 
the gas reservoir is oil-cracking gas.  

Introduction 

Similar to the kerogen pyrolysed hydrocarbon process, the thermally altered action(cracking) of 
crude oil in the oil reservoir is essentially a pyrolysis reaction at certain temperature, with the 
generation of gaseous hydrocarbon and residues (solid asphalt). Therefore, the reaction complies 
with the law of the chemical kinetics. It means that the cracking process of crude oil can be 
described by the equations of chemical kinetic. Recent years many scholars at home and abroad 
have carried out the study of the reaction of pyrolysis crude oil using chemical kinetics and hermal 
history to quantitatively evaluate the degree of cracking of crude oil[1-7]. 

In the eastern Sichuan Basin the Lower Paleozoic Silurian source rock has reached high to over- 

mature stage, and vitrinite reflectance（Ro） reached more than 2% at present, with the distribution 

of 3.0 - 3.5% for majority of them, which illustrates that the hydrocarbon potential has been 
exhausted. However, a large number of gas reservoirs have been found in its overlying 
Carboniferous carbonate reservoir. Among the compositions in addition to the high concentration of 
methane (95.5 - 98%) in the gas reservoir, the surplus are in large quantities of solid carbon bitumen 
that remain in the carbonate reservoir. 

The paper is based on types of inclusions, homogenization temperature, composition, phase and 
solid asphalt, etc., to look for the evidence of thermal cracking of crude oil. All the above are 
necessary to reconstruct the process that the paleo-oil reservoir cracked into gas reservoir.  

Geological background 

In Sichuan Basin, as a major land-and-sea superimposed basin, there are multiple sets of source 
rock, multiple reservoir layers, changeable combination of reservoir and seal, multi-phase 
hydrocarbon generation, migration and accumulation process. In addition, Carboniferous gas 
reservoir is a relatively independent reservoir system which has its own source rock and reservoir 
layer. It is found that Chuandong Carboniferous gas reservoir is mainly from its underlying Silurian 

International Conference on Energy and Environmental Protection (ICEEP 2016) 

© 2016. The authors - Published by Atlantis Press 350



 

 

Longmaxi formation through comparison of gas source; And the layer is the initial hydrocarbon 
source kitchen of Carboniferous reservoir. 

Longmaxi formation is composed of black shale, dark gray mudstone and calcareous shale of 
deep water continental shelf facies, which is an anaerobic and reduction deposition. A few drillings 
reveal that the thickness of Longmaxi formation is about 300-672m in Chuandong area. The 
average thickness of graptolite shale facies of hydrocarbon source rock is about 400 m in the lower 
part, varied between 100-900m, and the thickness of high-quality hydrocarbon source rock of the 
black shale changes between 20-70m. More over, the content of organic carbon is high to 0.5-7.5% 
in outcrop section. And the drillings reveal that the content of organic carbon is 0.07 - 2.77% (Well 
Wuke - 1), which shows that it is a good set of source rocks , this is the main source of the 
overlying Carboniferous gas. 

Characteristic of Fluid Inclusions  

Inorganic brine inclusions. Inorganic brine water inclusions take up great quantity of 10 - 25% 
(Fig. 1), which are trapped homogeneously, occurring in calcite veins, calcite, and gypsum and 
quartz infill. They appear as string of beads along the zone of the calcite crystal or cleavage cracks . 
They show the shapes of quadrilateral, square, diamond, elongate-shape, circle, ellipse and 
irregular. They are individually small (5 - 10μm), with the ratio of gas-liquid 5 - 10%. The vapour 
phase is CO2. Generally, they are colorless-light brown under transmission light, but they don′t 
have fluoresced under UV light. They are homogenous liquid when heated.  

Organic inclusions. The organic inclusions can be further divided into hydrocarbon-bearing 
brine inclusions(vapour+liquid hydrocarbon+brine), liquid hydrocarbon inclusions, monophase 
vapour  inclusions, monophase solid inclusions and three-phase inclusions(vapour+liquid+solid).  
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Figure 1 Type distribution of fluid inclusions for C2 reservoir of east of Sichuan Basin 

 
Filling periods petroleum. Generally, four periods of inclusions which developed in the cracks 

calcite veins of powder-crystalline dolomite and limestone (C2hl) can be seen (Fig. 2). I. 
Homogenization temperature range of brine inclusions is 100-135˚C; II. Homogenization 
temperature range of brine inclusions that associate with hydrocarbon-bearing saline inclusions is 
140-180˚C, and the inclusions show blue white fluorescence; III1. Homogenization temperature 
range of brine inclusions that associate with hydrocarbon-bearing brine inclusions is 185-200˚C, 
and the inclusions show weak blue and white fluorescence; III2. Homogenization temperature range 
of brine inclusions that associate with hydrocarbon-bearing brine inclusions is 200-220˚C,  without 
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fluorescence; IV. Homogenization temperature range of brine inclusions that associate with 
hydrocarbon-bearing brine inclusions is 140-180˚C, without fluorescence. And it is difficult to 
distinguish the inclusions from the phase II by the temperature. The phase IV formed as the fluid 
filled after the tectonic uplift and erosion of Himalayan movement, which could be confirmed by 
the fluorescent color and composition analysis. The phase III particularly developed, which was the 
foremost filling stage, while Phase II and IV were also developed as the main filling stage. 
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Fig. 2 Homogenization temperature distribution of fluid inclusions for C2 reservoir 

 
Analysis of accumulation history. Wubaiti gas field is the largest gas field according to the 

proven reserves among the groups of Carboniferous gas fields in East Sichuan. Wubaiti gas field 
experienced four periods of hydrocarbon filling totally before Himalayan movement according to 
the burial history and the filling periods of hydrocarbon of the Wuke-1 well in Wubaiti gas field on 
Fig. 3, the fluorescent color and Homogenization temperature of fluid inclusions.  

Accumulating period StageI: 205 -185Ma, the late Triassic and early Jurassic, oils formed 
through source kitchen of kerogen in the Lower Silurian, which migrated upward into the Middle 
Carboniferous reservoir to form the ancient oil reservoir. Accumulating period StageI: 165 -130Ma, 
Middle Jurassic-Early Cretaceous, oils and gases generated from late kerogen pyrolysis, continued 
to charge into the Middle Carboniferous reservoir to form ancient oil and gas reservoir; 
Accumulating period StageIII: 65 - 38Ma, Early Tertiary Paleocene epoch-the early Oligocene, the 
ancient gas reservoir cracked by the existing ancient oil and gas reservoir.  
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Fig. 3  Burial histories of Wuke 1 well of east of Sichuan Basin 
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The eastern Sichuan basin suffered a strong compression and erosion during Himalayan 

movement at the end of Tertiary; and the ancient giant Carboniferous gas reservoirs in the Kaijiang 
paleo-uplift were split, collapsed and suffered a serious loss. As a local uplift within the scope of 
ancient gas reservoirs, Wubaiti buried structure could firstly trap the gas migrated from the ancient 
gas reservoir. Finally, the traps got high filling degree and accumulated once again, which was in 
the stage IV of period of accumulation during the period 23.3 - 0Ma, between late Tertiary - 
Quaternary.  

Conclusions 

In Lower Silurian Longmaxi Formation the high efficient hydrocarbon source rocks has come to 
high to over-mature(VRo as high as 2.5 - 3.5 %) in eastern Sichuan basin. This high efficient 
hydrocarbon source kitchen basically reached over the dead line of the oil generation between late 
Indosinian epoch and early Yanshannia epoch. The oil formed in Late Triassic - early Jurassic 
migrated upward and charged to the upper Middle Carboniferous carbonate reservoir to produce the 
Carboniferous ancient oil reservoir. Due to the increasing burial depth, the ancient oil reservoirs 
experienced crude oil cracking in the early Himalayan movement and turned into gas source kitchen. 
The gases generated from the cracking of crude oil were stored in the existing Carboniferous 
reservoirs to form large Carboniferous gas reservoirs. 
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