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Fig. 1 (a) Horizontal scratches on columnar joints of basalt in Hannuoba, Hebei; (b) Microphotograph of basalt in Hannuoba,

Hebei (Cross polarized light) ; Field picture of basalt columnar joints in Changle area (c, d); Shandong Province; Simplified

diagram of basalt columnar joints(e)
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Fig. 2 Schematic diagram of micro-element
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The solid line is pre-deformation, whereas the

dashed line is post-deformation
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Fig. 3 Analytical diagram of the stress on

the micro-element
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Fig. 4 (a) Experimental curve of cohesion of feldspar sandstone with temperature; (b) Experimental curve of internal

friction angle of feldspar sandstone with temperature (modified after Ming Xingfen and Ming Xiaodong, 2017&)
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Table 1 The size of the rupture angle at different rupture temperatures

t 0, c [ 05 . 0
v sin (260-6,)

(C) | (°) | (MPa) (MPa) | (MPa) )
600 23.562 | 18.65 2.298362 #NUM
700 22.914 | 15.06 1. 465965 #NUM
800 22.266 | 11.47 0.28 18.5 | 25.69444 0. 624601 30. 46925
900 21.618 7. 88 —-0.22539 4.292835
1000 20. 97 4.29 —1. 08366 #NUM
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Fig. 5 Statistical map of columnar joint shape at the junction

of Sichuan and Yunnan areas (modified after Jiang Quan et

al. , 2014)
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Discussion on the formation mechanism of basalt
columnar joint hexagonal structure

ZHOU Siyun ", WU Chen *

1) School of Physics, Beijing University of Aeronautics and Astronautics , Beijing, 102206
2) Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing, 100101

Abstract; The perfect hexagon showed by columnar jointed basalts gets great public appeal. However, the
convincing explanation remains unresolved. This contribution proposes a new explanation for its origin by stress
analysis and rigid calculation. With the cooling of basalts, the potential rupture and micro-deformation generates
while the normal stress equal to the tensile strength of basalts. Because the Poisson effect, the distribution of stress
at the micro-deformation changes and new potential rupture appears. With the growing of tangential stress, the
condition of the shear fracture happens when it equals to the shear strength of basalts, which shows the perfect
hexagon structure of columnar jointed basalts. According to previous relevant experimental data, we get the internal
friction angle, the cohesive force, the tensile strength and Poisson’ s ratio of basalts at the corresponding
temperature. By Stress Mohr circle method, the numerical calculation shows that cleavages appear at about 800 °C
and the hexagon columnar begin to generate with ~119. 1° angle among the cleavages. By the further analysis, it
shows that the angle and process may depend on the cohesive force and the percentage composition of quartz
mineral.

Keywords: columnar jointed basalt; internal friction angle; cohesive force; tensile strength; shear fracture;
Poisson’ s ratio
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