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Universal geometric fluctuation in fracture patterns of igneous rocks
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Columnar joint is a regular pattern of cracking in igneous rock that forms an array of slender columns with
polygonal cross section. In this study, we considered the geometry and topology of the polygonal crack
tessellation observed at the outcrop surface of columnar joints. Aerial photo shooting of the columnar joint was
conducted at four different sites in Japan to obtain a sufficient amount of image data for numerical replication
of the polygonal crack patterns. Using the primary data, we examined the similarity and difference in the
statistical properties of the polygon geometry between the four sites. The results imply a universal fluctuation
in the skewness of polygons, which quantifies the geometric discrepancy in the polygon shape from the regular
counterpart. It was also discovered that the geometric fluctuation is characterized by Gumbel distribution,
irrespective to lithographic and geographic conditions under which the columnar joint formed.
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Fig. 1 (a) Overall view of columnar joint in Shizuoka, Japan. (b)
Polygonal cracking pattern. (c) Geometric quantities
characterizing a polygon: the cross-sectional area and the number
of vertices.
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Fig. 2 Probability distribution of the coefficient of variation
regarding the circumcenter positions of triangles obtained by
triangulation of constituent polygons at each investigation spot.
The curve shows Gumbel distribution curve that fits the data
points.
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