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ABSTRACT

Earth’s physical properties and mantle dynamics are strongly dependent on mantle grain size, shape,
and orientation, but these characteristics are poorly constrained. Experimental studies provide an op-
portunity to simulate the grain growth kinetics of mantle aggregates. The experimentally determined
grain sizes can be fit to the normal grain growth law (G" — G§) = kot-exp(-AH/RT) and then be used to
determine grain size throughout the mantle and geological time. The grain growth dynamics of spinel-
orthopyroxene mixtures in the upper mantle are modeled here by experimentally producing small grain
sizes in the range of 0.5 to 2 pm radius at pressures and temperatures equivalent to the spinel lherzolite
stability field. To accurately measure the sizes of these small grains, we have developed a computer vision
workflow; using a watershed transformation, which rapidly measures 68% more grains and produces
a 20% improvement in the average grain size accuracy and repeatability when compared with manual
methods. Using this automated approach, we have been able to identify a significant proportion of small
grains, which have been overlooked when using manual methods. This additional population of grains,
when fit to the normal grain growth law, highlights the influence of improved accuracy and sample size
on the estimation of grain growth kinetic parameters. Our results demonstrate that automatic computer
vision enables a systematic, fast, repeatable method of grain size analysis, across large data sets, improv-
ing the accuracy of experimentally determined grain growth kinetics.
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