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Micro-pore structure characteristics of the Paleogene sandstone reservoirs and
genesis of microscopic tight zones in the Mahaidong area, Qaidam Basin
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Abstract: Discoveries have been made in the Paleogene hydrocarbon exploration in the Mahaidong area on the northern
margin of the Qaidam Basin. However, the current productivity is low primarily due to the limited understanding of the
characteristics of micro-pore structures, restricting hydrocarbon exploration and exploitation in the area. To reveal the
microscopic characteristics of the Paleogene sandstone reservoirs in the Mahaidong area, we investigate the petrology,
physical property characteristics, micro-pore structures, and heterogeneity of low-permeability sandstone reservoirs in the
Mahaidong area using techniques such as the micro-petrographic observation, X-ray diffraction (XRD) analysis, and high-
pressure mercury injection (MICP) experiments. Additionally, we quantitatively characterize the degree of reservoir
heterogeneity using the coefficient of variation. The findings reveal that the Paleogene sandstone reservoirs consist primarily of
feldspathic litharenites, with calcite identified as primary interstitial fillings. The porosity of the reservoirs decreases in the
order of sandstone member I of the Lulehe Formation, sandstone member I of the Lower Ganchaigou Formation, and
sandstone member II of the Lulehe Formation. The reservoir rocks have undergone diagenetic processes such as compaction,
cementation, and dissolution. Consequently, the reservoir heterogeneity decreases in the order of sandstone member Il of
the Lulehe Formation, sandstone member I of the Lower Ganchaigou Formation, and sandstone member 1 of the Lulehe
Formation. Low-permeability sandstones rich in plastic detrital lamina or matrix are identified as tight reservoirs , with calcite

cementation and deformation of plastic clayey debris as the predominant factors contributing to reservoir tightness.
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Fig. 1  Tectonic location (a) and stratigraphic-lithologic sequence (b) of the Mahaidong area, Qaidam Basin
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Fig. 2 Ternary diagram showing the sandstone components (a) and diagram illustrating the changes in the component contents (h) of

various sandstone members in the Mahaidong area
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Fig. 3 Micrographs showing the components and storage space characteristics of the reservoirs of various sandstone members in the

Mahaidong area
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Table 1 Statistics of pore structures and interstitial fillings in the Paleogene sandstone reservoirs in the Mahaidong area based on

thin section observation
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sandstone reservoirs in the Mahaidong area
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Table 2 Porosity and permeability distributions in the Paleogene sandstone reservoirs in the Mahaidong area calculated using

MICP experiments
HURE 20 5 i G5 FERUREE/m  fLBREE/%  BEF/(107 pm®)  FISLBRE /% R
[T 1-ZIb 1757.6 13.70 2. 66
TS T B Db | 1-72a 1759.0 9.23 0.86 9. 69 9.65
11 1-S2 1759.2 6. 14 0.43
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BSR4 1 b 13.27 2.88
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Table 3 Results of pore structure characterization of partial
samples from the Paleogene sandstone reservoirs in the

Mahaidong area
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girs  BH/um {H/um  FE/% (107 um?®) &ﬁz%ﬁ/%lﬂEEE 4R
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3il-Z1a 4.25  4.59 12.24  3.51 27 4.47 1.29
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Fig. 7 Pore size distribution curves of various members in the
Paleogene sandstone reservoirs in the Mahaidong area under MICP

experiments
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Fig. 8 Porosity and tortuosity distributions of various members in the Paleogene sandstone reservoirs in the Mahaidong area
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Fig. 9 Microscopic heterogeneity characteristics of the Paleogene sandstone reservoirs in the Mahaidong area
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Fig. 10 Models showing the heterogeneity of the Paleogene sandstone reservoirs in the Mahaidong area
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