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Abstract: Fractured oil and gas reservoirs are an important growth point of oil and gas reserves worldwide. The
proven geological reserves account for more than 30% of the total proven geological reserves. They are widely
distributed and have great exploration potential. Rock composition and structure (mineral composition, grain size,
structure) is the fundamental factor controlling the degree of fracture development. The particle discrete element
method has been applied to the study of the mechanical properties of brittle minerals and the fracture mechanism of
microcracks. However, the influence of differences of rock composition and structure on the degree of fracture
development and the mechanism are relatively weak. In this paper, the key scientific issue of the fracture mechanism
of granitic bedrock under the constraint of composition and structure differences is constructed. The discrete element
numerical model of mineral content, mineral grain size, mineral orientation and macroscopic mechanical parameters
and fracture development mode is constructed to clarify the control mechanism of rock composition and structure
on fracture development, thereby providing indicative significance for the exploration of fractured oil and gas
reservoirs. Taking the fractured granitic bedrock reservoir in Jiyang Depression as an example, the rock composition

and structure are quantitatively characterized through core observation description, casting thin section identification
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and XRD analysis, and the initial discrete element numerical simulation model of rock composition and fracture
prediction is established. The initial model microscopic parameters were calibrated and verified by using uniaxial
rock compression tests and acoustic emission monitoring. Based on the numerical simulation results, a
comprehensive quantitative prediction model of the impact of rock composition and structure on rock mechanical
properties and fracture development was constructed. The research results show that: (1) by quantifying the number
of mineral intracrystalline fractures, it was found that alkali feldspar contributes the most to the development of
reservoir fractures, and its content is positively correlated with the total number of microcracks in the rock, followed
by plagioclase, and quartz is the lowest, and its content is negatively correlated with the total number of microcracks
in the rock; (2) as the particle size of granite increases from 2.0 mm to 5.0 mm, the uniaxial compressive strength
decreases, and the smaller the tectonic stress required for the development of microcracks, the easier it is to generate
fractured reservoirs, but when the tectonic stress is large enough, the density of microcracks decreases; (3) by
quantifying the number of mineral intercrystalline fractures, it was found that the inclination angle of mineral
orientation relative to the tectonic stress direction is positively correlated with the proportion of intercrystalline
microcracks. Compared with massive granite, granite with gneiss structure has lower compressive strength and better
connectivity between microcracks, making it easier to develop high-quality reservoirs. This research result can
provide an important theoretical basis for the prediction of fractured reservoirs.

Keywords: fractured oil and gas reservoir; rock composition and structure; numerical simulation; quantitative

prediction
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Fig. 1 Geological map of the sampling area
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Table 1 Mineral content and particle size of the samples
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K&
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Fig. 3 Mechanical specimens and numerical simulation modeling
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Fig. 4 Scatter distribution and density diagram of RA-AF value of acoustic emission
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Table 2 Mesoscopic parameters of granitic rock model in Jiyang Depression
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PEE 55.0 55.0 90.0 162.0 55.0 05 1.41
B 22.0 22.0 745 134.1 45.0 05 2.26
KA 28.0 28.0 70.5 126.9 45.0 05 2.26
NN 16.0 16.0 47.0 84.6 37.0 0.5 2.82

EE 29.0 29.0 54.0 97.2 53.0 0.5 2.26




*3 RN REAEREN LR
Table 3 Weathering coefficient of granitic rock model in Jiyang Depression
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Fig. 5 Stress-strain relationship between laboratory test and numerical simulation
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Table 4 Mechanical parameters of indoor mechanical test and numerical simulation
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0920 233.907 235.936 0.9 53.929 55.9 37 0.256  0.275 74
1041 176.54 171.536 -2.8 46.175 46.9 16 0251  0.241 -4.0
1717 183.703 183.339 0.2 37.248 40.6 9.0 0.288  0.248 -13.9
1722 219.459 222.282 13 61.712 58.7 -4.9 0.283  0.263 7.1

T15 200.174 201.064 0.4 50.988 46.7 -84 0.272 0.258 -5.1
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Fig. 6 Uniaxial compression failure and simulation results in the sample room
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Table 5 Numerical simulation groups of granitic rocks with different mineral contents
/3\

AYEEE RAKASE MEKASE B S =S AT g

iR HE

(%) (%) (%) A EE (%)
1 FPETRA B 45 4275 81.225 95/5 10.0
2 HEEIEK S 7.2 16.56 66.24 80/20 10.0
3 AR 9.9 40.05 40.05 50/20 10.0
4 AR TR NRIEKE 12.6 61.92 15.48 20/80 10.0
5 FERAME KR 15.3 70.965 3.735 5/95 10.0
6 WAL K& 18.0 36 68.4 95/5 10.0
7 IEKAE R A 20.7 13.86 55.44 80/20 10.0
8 TR 23.4 333 333 50/20 10.0
9 TR N 26.1 51.12 12.78 20/80 10.0
10 PR NKE 28.8 58.14 3.06 5/95 10.0
11 TAAE K& 315 2.925 55.575 95/5 10.0
12 IEKAE R A 34.2 11.16 44.64 80/20 10.0
13 TRAE A 36.9 26.55 26.55 50/20 10.0
14 TR N 39.6 40.32 10.08 20/80 10.0
15 EnNKE 42.3 45.315 2.385 5/95 10.0
16 KA A 45.0 2.25 42.75 95/5 10.0
17 ERKIERE 47.7 8.46 33.84 80/20 10.0
18 ZRAERE 50.4 19.8 19.8 50/20 10.0
19 TR N A 53.1 29.52 7.38 20/80 10.0
20 AR AR 55.8 32.49 1.71 5/95 10.0
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Fig. 7 QAP classification map of granitic rocks
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Fig. 8 Relation between mineral content and uniaxial compressive strength and total number of microcracks
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fractures
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Fig. 10 Numerical modeling and failure results of granitic rocks with different particle sizes
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Fig. 11 Mechanical properties and microfracture development of granitic rocks with different particle sizes
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Fig. 12 Numerical simulation modeling and failure results of orientation arrangement of granitic rocks and

minerals
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