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Measurement of crystal size distributions
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ABSTRACT
Studies of crystal size distributions (CSD) can reveal much about how rocks solidify and under
what conditions. Data from two-dimensional sections can be readily acquired at many different
scales, from electron microscope images, thin sections, slabs, outcrops, and so on, but the conversion to true, three-dimensional values is complex. The widely used Wager method does not have a
good theoretical basis and does not give accurate results. A modification of the Saltikov correction
method is proposed here that is more accurate and can account for different crystal shapes and
fabrics. Population densities determined by this method differ by factors of 0.02 to 100 from those
determined by the Wager method. Published CSDs determined using other methods can be recalculated if the crystal shape and fabric parameters can be estimated. The method has been incorporated
into a new program, CSDCorrections.

INTRODUCTION
Textural studies in igneous petrology flourished in the nineteenth century, following the development of the petrographic
microscope. At that time, textural observations were qualitative—average grain-sizes, grain relationship, and fabrics. Although qualitative data has its uses, it cannot constrain physical
models of processes in the same way that quantitative data can.
Textures are important because they result from the solidification of rocks, and hence if we want to understand solidification
of igneous rocks then we must quantify and model texture. I
use the word solidification rather than crystallization because
solution of crystals may be important in many plutonic and
even volcanic rocks (e.g., Higgins 1998; Marsh 1998).
There are many aspects of the texture of igneous rocks that
can be quantified, but the most commonly quantified parameter is crystal size. The distribution of these sizes in three dimensions, the crystal size distribution (CSD), can give much
more information on petrological problems than the mean,
modal, or maximum size (e.g., Cashman 1990; Cashman and
Marsh 1988; Marsh 1988). CSDs can reveal aspects of the thermal history of a magma and may give information on growth
rates and magma repose times (e.g., Cashman 1993; Resmini
and Marsh 1995).
There have been several studies of crystal sizes in igneous
rocks during the last 40 years (one of the earliest was that of
Jackson 1961), but the subject only started to mature in 1988
after the publication of the seminal papers of Marsh (1988)
and Cashman and Marsh (1988). These authors established a
theoretical basis for CSDs by the application of the industrial
models of Randolf and Larson (1971). They also established
the “CSD diagram” in which the natural logarithm of the population density is plotted against crystal size. Since then the subject has developed fast. However, some workers may have been
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reluctant to embark upon research in this field because there is
no published general guide on how to determine CSDs. In this
paper I try to fill that gap, based on my own experiences. In the
first part I describe practical methods for acquiring data from
two-dimensional sections, such as outcrops, slabs, and thin sections. The second part will concern the conversion of two-dimensional data to three-dimensional CSDs. I discuss aspects
of the general problem and approaches to the solution. A computer program is presented that enables the conversion to be
made simply.

METHODS OF ACQUISITION OF CRYSTAL SIZE
DISTRIBUTIONS

Crystal size distributions can be measured directly when
crystals can be extracted quantitatively whole from a volume
of rock—a rather unusual situation for most igneous rocks, except perhaps carbonatites. Success also has been achieved
using X-ray tomography of rocks for minerals at low concentrations, such as garnet or diamond (Denison and Carlson 1997;
Rowe et al. 1997). In general, this method cannot separate
touching crystals of the same mineral, although there has recently been some progress in this field (Proussevitch and
Sahagian 2000).
Most CSD data are determined from two-dimensional sections through rocks—outcrops, slabs, or thin sections. The conversion from two-dimensional to three-dimensional parameters
is not simple and will be discussed later. These two-dimensional sections are images that need to be processed to extract
various parameters describing the intersections, such as length,
width, area, perimeter, orientation, and centroid location. Processing can be either manual or automatic. In manual treatment, the different intersections are identified by eye, using
color, birefringence, twinning, cleavage, and other properties.
This technique is laborious, but can give high-quality data.
Automatic image processing is much quicker, but is currently
much less elaborate, using only colors for classification of par-
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