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Abstract: The north part of Hainan Province has widely distributed, abundant basaltic rocks providing
a great potential for carbon geological sequestration via mineralization. Engineering practice of carbon
sequestration in subsurface basalt requests to understanding of the mechanical properties of basalt at

real-time temperature. In this study, Brazilian splitting and uniaxial compression experiments were
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performed on late Cenozoic basalt samples (mainly minerals including Augite, Al-rich, and Anorthite)
collected from northern Hainan Province under real-time temperature conditions of 25-250 °C, to
investigate the effects of temperature on the strength and failure characteristics of the basalt samples.
The Brazilian splitting tests show that the tensile strength of the basalt samples reduced from ~13 MPa
at room temperature to ~8 MPa at 50 °C, and finally to ~7 MPa at 250 °C, accompanied by a dominant
fracture surface. The uniaxial compression experiments determine the Young's modulus and Poisson's
ratio of 31.0-175.3 GPa and 0.13-0.48, respectively, having the maximum values at temperatures of
100-150 °C. The compressive strength of 77.5-159.5 MPa decreases slightly with temperature but is
associated with larger discreteness. The basalt samples upon uniaxial compression exhibited shear
failure along a single plane at temperatures of 25-100 °C, while shear failures along multi-planes at
temperatures of 150-250 °C. This may be attributed to the increase of the proportion of tensile
microcracks upon temperature rise during the microcracking process. Combining the results from both
experiments, the tensile strength reduction and the scattered uniaxial compression mechanical
parameters observed at temperatures of 25-250 °C are likely dominated by the thermally activated rate
process, rather than the thermal damage mechanism. From a perspective of temperature-dependent
mechanical properties of the collected basalt samples, this study implies that deep burial depth (higher
temperature) favors the carbonation reaction of basalt and CO,, as the reduction of tensile strength may
accelerate the fracturing process to enhance the reactive surface between basalt and CO,-rich fluids.
Nevertheless, complex deformation and failure mechanisms caused by temperature during in-situ
subsurface carbon sequestration in basalt also need serious considerations in future studies.
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Fig. 1 P-wave velocities of the all tested samples
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Table 1 The tensile strengths of Brazilian test

o= %, 7°C o/MPa SEH{E/MPa V%

p D (1) 25 12.6~14. 8 13.5 6.4

%:th(_ly_mJ’ 50 7.9~9.3 8.5 6.3

S PN TR AN 5 DR 5 B ke 0o 676 73 >3
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Table 2 Uniaxial compressive test result
Wcﬁ& o, E u

B JuE/MPa FHY{H/MPa V/%  JEF/GPa  PIIE/GPa V)% Fieni| EHE V%
25 3 140.0~144.4 141. 5 1.5  31.0-38.5 35.4 9.0  0.13~0.18 0.16 13.5
50 4 77.5~130.4 114. 1 19.0  36.3~42.6 39.2 5.8  0.13~0.21 0.15  21.9
100 3 119.3~130.0 123.0 3.9 79.8~163.6 120.0 28.6  0.34~0.49  0.46  19.8
150 5  86.8~138.8 107. 8 19.1  94.6~175.3 128.0 24.6  0.35~0.48  0.44  10.6
200 4 111.9~159.5 136.7 13.3  67.1~85.3 77.2 8.8  0.31~0.39 0.36 8.6
250 4 117.9~157.3 131. 1 11.8  80.7-89.4 84.6 3.7 0.32:0.37  0.35 5.8
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Fig. 3 Tensile strengths of basalt samples against temperature
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Fig. 4 Pictures indicating the failure samples after Brazil splitting tests at different temperatures
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Fig. 5 Plots illustrating stress-strain data of the basalt samples
reduced from the uniaxial compression tests performed at different temperatures
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Fig. 6 Mechanical parameters of the basalt samples reduced from the uniaxial compression tests at different temperatures
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observed after the uniaxial compression tests performed at different temperatures
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