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Abstract Deep carbonate reservoirs are gradually becoming the main body for increasing reserves and production in China.
However, due to the presence of fault zones in deep carbonate rocks, the reservoirs are fragmented and coring is difficult,
resulting in limited research on their mechanical properties. This paper conducts a mechanical property analysis of the
Ordovician Yingshan Formation carbonate rocks in the Shunbei block. Based on mineral composition analysis, the microstructure
characteristics are studied. The hardness and elastic modulus of the rock samples are analyzed through nanoindentation exper-
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iments. Based on scratch tests, the strength weakening laws of different components (matrix, cementation surface, fillings, and

fractures) in the rock samples under the circulation of the currently used drilling fluid are explored. The results show that under

high-temperature and high-pressure conditions, the deep carbonate rocks exhibit significant strength weakening characteristics

due to the action of the drilling fluid: as the soaking time increases, the strength of the rock sample matrix, fillings, and cementa-

tion surfaces continuously decreases, and the rock samples fracture along natural fractures. This study systematically clarifies the
strength weakening laws of carbonate rocks under the action of drilling fluid, providing theoretical guidance for the calculation of
drilling collapse pressure and the optimization of drilling fluid density.
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Table 1 Nanoindentation test results

BT 5 it /GPa 1 /GPa RS itk /GPa H A /GPa
#1 71.0 1.95 #9 69.2 1.97
#2 68.5 1.78 #10 72.1 1.86
#3 52.2 1.5 #11 72.9 2.04
#4 53.9 1.43 #12 71.7 1.89
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K1 66.3 1.78 ¥yfy 69.9 1.84
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Table 5 Bonding surface strength data

ST RIJR 1 5% /MPa RIJKR 2 5% /MPa RIJR 3 9% /MPa
- BT 1 LOLE 24T 1 e 2 4T 1 [ZLE
87.56 88.06 98.6 103.3 86.39 100.06
4 76.64 80.62 95.03 98.65 83.25 93.65
12 73.91 76.05 92.1 97.63 80.63 91.57
24 72.82 74.02 90.23 96.86 79.5 89.53
48 87.56 88.06 98.6 103.3 86.39 100.06
KA /% 16.83 15.94 8.49 6.23 7.98 10.52
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Fig. 16 Change rule of scratch I strength under drilling fluid action
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Change rule of scratch II strength under drilling fluid action
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Fig. 20 Variation of strength of different cementation surface under drilling fluid action
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