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Fracturing processes can be used to classify fracture patterns on 
planetary surfaces. This approach has typically been used in analyses of 
subsurface fractures and petroleum reservoir productivity (1,2), but with 
some modifications it can be extended to larger surface fracture patterns. 
The process-based classification system was originally developed for 
relatively small-scale features that might affect porosity: (a) tectonic, 
(b) regional, (c) contractional (including desiccation, syneresis, thermal 
contraction, and mineral phase changes), and (d) surficial (including 
unloading and weathering (1,2). 

Studies of fracture patterns at the Earth's surface have generally 
concentrated on just 3 of these categories: lava cooling, desiccation, and 
freeze-thaw, which is a subset of the weathering category. "Regional" does 
not describe a specific process, but typically includes either tectonism, 
which is a separate category, or regional desiccation, which should fall 
under the contraction category. A modified classification system that would 
apply to planetary surfaces is (a) tectonic, (b) desiccation, (c) thermal 
contraction (ice and lava) , and (d) weathering (including freeze-thaw) . 

This process-based classification system may allow discrimination among 
various fracture patterns based on pattern size and randomness. The pattern 
size can be described by average polygon diameters, and the randomness can be 
determined by nearest-neighbor analysis, which measures how much the pattern 
deviates from an expected random pattern. Because the resulting R-statistic 
is independent of scale, the polygon diameter is needed to indicate size. 

Figure 1 shows the R-statistic plotted against average diameter for the 
categories of natural pattern systems proposed here. The data support 
several preliminary interpretations. The genetic classification system for 
natural fractures seems to describe specific relationships between polygon 
size and pattern randomness. The fracture patterns for Mars do not clearly 
fall into any terrestrial categories, although the 2 mechanisms that produce 
similar patterns are tectonism and regional desiccation. If size and pattern 
randomness reflect the mechanism of formation, then it may be possible to 
infer the fracture origin from analyses of the morphology, at least for 
terrestrial examples. The physical and chemical parameters controlling 
the processes need to be better understood to apply similar interpretations 
to Martian fracture patterns, but the correspondence between size and 
pattern suggests that regional desiccation and tectonism are likely to be 
important in Martian fracture formation. This may support ~cGill's (7) 
proposal that suggests desiccation shrinkage and tectonic stresses associated 
with differential compaction of sediments are the mechanisms of formation for 
the Martian polygonal features. 
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Figure 1. The morphology of fracture patterns, as described by 
average polygon diameter and nearest-neighbor analysis, supports 
a process-based classification system for natural fractures on 
planetary surfaces (+ = tectonic; D = desiccation; C = thermal 
contraction; w = weathering, including freeze-thaw; and M = 
Martian fractures, with no genesis implied). (Data from 3 , 4 , 5 , 6 )  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


