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Crystal size distributions (CSDs) in rocks provide irrefutable criteria against which models of magmatic crystal nucleation and growth must be verified. It can be shown that CSDs produced with models of crystal nucleation rate and growth rate kinetics based on cooling rate (from Cashman, 1993) do not resemble those observed in rocks. This is demonstrated with an analytical solution to the batch population balance equation (BPBE), a first-order, one-dimensional wave equation relating crystal population density (no. / crystal size / system volume) to time, crystal size, and crystal growth rate; the BPBE is appropriate for modeling CSDs in closed systems such as sills. Here, numerically simulated CSDs produced with a growth rate that is inversely proportional to the amount of surface area available for deposition of solids combined with a linear log(nucleation rate) vs. log(cooling rate) kinetic relationship do resemble CSDs in natural rocks. This growth rate mechanism again combined with the linear log(nucleation rate) vs. log(cooling rate) relationship is further used to create a suite of CSDs from various positions within a sill; cooling and solidification of the sill are calculated numerically. Plots of log(nucleation rate) vs. log(cooling rate) and of log(crystal growth rate) vs. log(cooling rate) display linear relationships that substantially agree with those of Cashman (1993). However, the actual growth rate is not calculated as a function of cooling rate and does not bear an obvious linear relationship to cooling rate. These results present an explanation—based on one possible interpretation of quantitative petrographic data—as to why the CSDs produced analytically using cooling rate-based kinetic expressions (in a forward-modeling sense) do not resemble CSDs observed in actual rocks and further posit a growth rate mechanism that is a function of total crystal population surface area to describe magmatic crystal growth rate.
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