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ABSTRACT
Crystal size distribution (CSD) measurements are susceptible to the closure problem, just like
chemical compositions. In its simplest form this means that the total crystal content of a rock cannot
exceed 100%. Where chemical or thermal effects limit the total quantity of a single phase, closure can
occur at lower volumetric phase proportions. This means that parts of the CSD diagram [ln(population
density) vs. size] are not accessible. If the volumetric phase proportion is constant, then straight
CSDs will appear to rotate around a point at small sizes giving a fan of CSDs. These fans are
significant and do show changes in crystal sizes that can be interpreted in terms of magmatic processes. However, the correlation between the slopes (or characteristic lengths) and intercepts of
individual CSDs in a family is not significant, but just a consequence of the constant phase proportion effect. Many other graphs, such as characteristic length vs. volumetric phase proportion, can
give more information on magmatic processes.

INTRODUCTION
Crystal size distribution (CSD) studies of igneous and metamorphic rocks have become more popular recently partly because it has been realized that they are a quantitative method
of looking at igneous processes that is complementary to
geochemical studies (e.g., Cashman 1990; Higgins 1999; Marsh
1998). Another reason may be the recent availability of simple
methods of calculating CSDs from measurements in two dimensions, such as thin sections (e.g., Higgins 2000; Peterson
1996).
The crystal content of a rock cannot exceed 100%, hence,
as with chemical analyzes, we must always be aware of the
closure problem. Closure for an individual phase can also occur at less than 100% crystals. For instance, if a rock is made
of 50% plagioclase and 50% olivine then closed-system processes, such as simple textural coarsening, cannot change the
phase proportions—they are each fixed at a maximum of 50%.
Closure has not, so far, been discussed in published CSD studies. However, I will show that it must be considered in all CSD
studies, both of volcanic and plutonic rocks.
The closure effects described in this paper are unrelated to
the “Inherited correlation” effect of Pan (2001). That study was
flawed by inappropriate use of CSD equations [see comment
by Marsh et al. (2002)].
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CLOSURE AND CONSTANT PHASE PROPORTION IN
CSD MEASUREMENTS
We are concerned here with the effects of constant phase
proportion on CSDs, however, I will show later that even quite
large variations in volumetric phase proportions can show the
same effects. Clearly, closure is just a special case of this more
general problem, where the volumetric phase proportion is equal
to one.
The volumetric proportion of phase i, Vi, is calculated by
integration of the volume of all the crystals:
∞

Vi = σ ∫ ni ( L) L3dL

(1)

0

where σ = shape factor of phase i, equal to the ratio of the
crystal volume to that of a cube of side L (see below), and ni(L)
= population density of crystals of phase i for size L. There are
many different definitions of crystal size, but in this paper I
will follow Higgins (2000) and other authors, and define size
as the length of the longest axis of the smallest rectangular
parallelepiped that encloses the crystal.
The shape factor, σ, is expanded into a more applicable form:
σ = [1 – Ω (1 – π/6)]IS/L2

(2)

where Ω is the roundness factor, which varies from 0 for rectangular parallelepipeds to 1 for a triaxial ellipsoid. This definition accords with the roundness factor mentioned in Higgins
(2000). S, I, and L are the short, intermediate, and long dimen-

