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Information extraction from metamorphic rock textures and compositional zoning of minerals:
Forward models and inversion analyses
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Abstract

Metamorphism refers to the reactions that proceed in rocks in re-
sponse to the dynamic environmental factors of the Earth' s interior,
which include temperature, p and ch 1 ition, Be-
cause it is difficult to obtain time-series data of metlunurph.u.' pro-
cesses directly, it is necessary to extract information from the spatial
patterns of the final states of the rocks (e.g., the textures of metamor-
phic rocks) to understand the conditions and processes of metamor-
phism. The complications of metamorphic rock textures range wide-
1y, from simple problems that can be modeled based on rigid
theoretical backgrounds, to complex problems in which several pro-
cesses interact in nonlinear ways, and forward models themselves
are still being developed based on combinations of empirical laws. In
this paper, we review recent progress in the analysis and modeling of
metamorphic rock textures, with a particular focus on the thermody-
namic analysis of zoned minerals and forward modeling of reaction-
induced fracturing, employing the distinct element method (DEM).
‘We show that stochastic inversion analyses based on Bayesian infer-
ence can be a powerful toel for solving various petrological problems
characterized by parameters with undefined values and noise. By ef-
fectively using algorithms of machine-learning, the approach of data
assimilation, which combines numerical simulations and observed
data, is likely to yield a breakthrough in terms of deciphering the
complex textures of metamorphic rocks.

Keywords: textures of m phic rocks, forward modeling, inversion
analyses, compositional zoning, reaction-induced fracturing
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