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Depiction of complex spatio-temporal geological processes (e.g., frictional sliding, crystallization) and entities (e.g., fault, cataclasite, mineral) that participate in them requires developing ontologies that realize both perdurant (occurrent) and endurant (continuant) entities that constitute most phenomena in the real world. Endurant entities include spatial things such as magma and vein, that persist identically, in full (i.e., with all mereological, spatial parts) in every instant of their existence and through change (e.g., The Andes remain The Andes over their time span). Ontologies depict endurants at some specific time along a time continuum. Perdurant entities (e.g., recrystallization, melting), on the other hand, lack spatial parts, and instead unfold themselves over time in successive phases that are considered as temporal parts. Process perdurants include material and immaterial entities as participants and agents. This means that they only exist in successive phases; their past phases don’t exist any more.  For example, the earlier phase of magma mixing does not exist during the later phase of magma crystallization. Stages constitute the instantaneous parts of perdurants, which also include the time slices of the lives of endurants. The life of an endurant is a perdurant, i.e., it unfolds over a period between t1 and tn (e.g., the time interval in which a fault is formed, is stuck, slides, and is dead, in different regions). The two types of spatio-temporal entities are located in spacetime, compared with abstract entities that do not occur in spacetime. 


Domain ontologies traditionally take one of two perspectives of the world, either depicting successive instantaneous snapshots of entities (SNAP ontologies), or viewing processes by spanning an interval of time (SPAN ontologies) (Grenon & Smith, 2003; Grenon, 2003). In the first perspective, based on three-dimensionalism, change is measured by comparing discrepancies in the snapshots at different times. The SPAN perspective, based on four-dimensionalism, is more realistically capable of depicting processes and spatiotemporal regions. The two perspectives are indeed complementary and must be used in combination in the depiction of complex domains in the Earth Sciences. Granularity, the scale at which we view the world, is another dimension which is orthogonal to the two perspectives, allowing the SNAP/SPAN ontologies to depict the world at different levels (e.g., microscopic fault to lithospheric fault).


The regions in which the endurants exist are part of the four-dimensional space that can have any dimension (<5; including fractal), shape, and size.  Endurants undergo changes in their mereological (i.e., parthood) structure, for example, a strike-slip fault develops new bends, sag ponds, and step parts. Endurants may also have variable topology over their life time, for example, faulting brings two particular rock bodies in contact with, or above, each other, thereby changing their connection, adjacency, coincidence, overlap, etc. Infiltrating water may bring a contaminant entity into the immaterial voids (pores) of rock, modifying the topology of the rock-water interface (i.e., water co-locates with the pore). Mereologically, endurants have other endurants as parts, but perdurants have other perdurants and stages as part. For example, brittle deformation includes sub-process of cataclasis which includes comminution, rotation, and frictional sliding at different time intervals. Each of these processes has its own multiple stages. Ontologies can model the mereotopological relationships between real entities through formal relations such as parthood, connection, dependence, identity, and difference.

In this paper, we present the two perspectives of ontologies on the real world, and discuss formalization of process ontologies, applying mereotopology. Indeed the very definition of geologic structure, that portrays the orientation, spatial position and distribution of discontinuity parts of rocks and regions, at all levels of granularity from crystal lattice- to lithosphere-scale, borrows from mereology and topology.  Earth Sciences ontologies can benefit immensely from formal relations based on mereotopology.
