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Abstract

Organic pores serve as the primary gas storage spaces in organic-rich marine shale reservoirs,
controlling the enrichment and migration of shale gas. To investigate the genesis of heterogeneity
in shale organic pores, this study employs scanning electron microscopy (SEM) combined with
laser Raman spectroscopy (LRS), to explore how differences in chemical structures within organic
matter from the Wufeng Formation to Longmaxi Formation shales in the southern Sichuan Basin
control the development of organic pores. Results indicate: (1) Based on occurrence states of or-
ganic matter and pore development characteristics, organic pores are classified into three cate-
gories: amorphous pores, structural pores, and bioclastic pores; (2) The development of different
pore types exhibits significant heterogeneity-bioclastic pores show a facial porosity of approxi-
mately 4%, structural pores about 13%, while amorphous pores reach 27%. Amorphous pores
demonstrate superior development, which favors shale gas enrichment; (3) The laser Raman
spectral characteristics of organic matter derived from different source organisms exhibit signif-
icant differences. Amorphous pores exhibit lower average Raman band shift (RBS) values (240.6
cm™') compared to structural pores (249.8 cm™'). The average D/G ratio for amorphous pores
(0.8) exceeds that of structural pores (0.6). Hydrocarbon-generating organisms for amorphous
pores are primarily multicellular algae dominated by planktonic species, whereas structural
pores originate mainly from unicellular benthic algae; (4) Differences in hydrocarbon-generating
organisms result in variations in aromatization degree and orderliness of organic matter. Higher
aromatization degrees inhibit pore development. Through comprehensive analysis of Raman pa-
rameters including G-FWHM, D-FWHM, RBS, and D/G ratios, we determine that graptolites and
other animal debris, benthic unicellular algae, and planktonic multicellular algae exhibit progres-
sively decreasing aromatization degrees after hydrocarbon generation, corresponding to increas-
ingly developed organic pores.
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Figure 1. Tectonic setting of the Wufeng-Longmaxi formation in the southern Sichuan area (a) and stratigraphic histogram of
a section of the Wufeng-Longmaxi formation (b)
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Figure 2. Scanning electron microscope-laser Raman couplings of shales of the Wufeng-Longmaxi formation in the southern
Sichuan area
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Figure 3. (a) Linear baseline calibration of Raman spectra; (b) Parametric plot of Raman spectra
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Table 1. Average Raman parameters of organic pores in shale of Wufeng-Longmaxi formation in south Sichuan area
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Figure 4. Amorphous pore and Raman spectra from the Wufeng-Longmaxi formation
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Figure 5. Structural pore and Raman spectra from the Wufeng-Longmaxi formation
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Figure 6. Pore and Raman spectra of bioclastic clasts from the Wufeng-Longmaxi formation
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Figure 7. The position and intensity ratio between G peak and D peak of various hydrocarbon-forming organisms
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Table 2. Pore characteristics of organic pores in the Wufeng-Longmaxi formation shale, southern Sichuan basin
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