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A 3D reconstruction of plagioclase crystals in a synthetic basalt
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ABSTRACT

The three-dimensional shapes of plagioclase crystals in an experimentally cooled basaltic liquid 
have been reconstructed, with the aim of (1) better understanding crystal growth processes and the 
diversity of crystal shapes produced during cooling, and (2) to assess the validity of crystal-size 
distributions (CSDs) derived from 2D sections. The experimental charge was cooled from above the 
liquidus (~1175 °C) at a rate of 0.2 °C/h. It contained ~40% crystals at the quenching temperature 
of ~1120 °C. To quantify the crystals in 3D, photographs of a series of 2D-polished sections were 
taken under an optical microscope using reflected light. Interpolation and 3D reconstruction of 261 
individual crystals was performed using the gOcad geomodeling software, and their short (S), inter-
mediate (I), and long (L) dimensions were measured. Plagioclase crystals are generally tabular, with 
a nearly constant I/L ratio. On the other hand, S/I and S/L shape factors are more variable, although 
both are found to be correlated with length of the S axis. These observations are believed to result 
either from crystal agglomeration and attachment, preferentially along (010) faces, or from varying 
thermodynamic or kinetic conditions during cooling. Growth rates along the S, I, and L axes have 
been calculated from the size of the largest crystals and vary from 1.5  10–10 to 5.1  10–10 and 7.2  
10–10 m/s, respectively. The CSDs for the maximal length and short axes of 3D crystals are presented 
and compared with CSDs obtained from 2D sections. Published corrections for cutting effects are 
found to be generally very satisfactory. 
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INTRODUCTION

The use of crystal-size distribution (CSD) as a tool provid-
ing insight into the crystallization conditions of magmatic and 
metamorphic rocks has been advocated and promoted by several 
authors, most notably Marsh (1988) and Cashman and Marsh 
(1988). CSDs have the potential to provide quantitative con-
straints on the cooling history of a given rock because they are 
a function of nucleation and growth rates, these latter parameters 
both being temperature dependent. The relationship between 
CSD and thermal history has been used to estimate nucleation 
and growth rates from natural samples for which the cooling 
history is independently known (Cashman and Marsh 1988) and 
to constrain cooling history, assuming values for nucleation and 
growth rates (Garrido et al. 2001; Lentz and McSween 2000). 
Crystal-size distribution can be also used to assess the importance 
of other magmatic processes such as crystal settling or textural 
coarsening (Higgins 2002; Marsh 1998). 

Crystal-size distribution is usually expressed as nv(x), defined 
as the number of crystals per unit volume and per size interval Δx 

(i.e., for sizes in the range x to x + Δx). Crystal-size distributions 
are with few exceptions (e.g., Bindeman 2003; Castro et al. 2003; 
Mock and Jerram 2005) measured on 2D sections. The retrieval 
of the three dimensional CSD from rock sections generally relies 
on the following assumptions: (1) that the section is strictly two 
dimensional, which is the case for images obtained using the 
scanning electron microscope (SEM) or an optical microscope 
using reflected light, but not when using transmitted light (for 
which a 30 m thick layer is observed when studying a standard 
petrographic thin section), and (2) that the crystal shape (aspect 
ratios) is constant and known.

If these conditions are fulfilled, then it is in principle possible 
to correct the 2D-CSD for the cutting effect. In detail, two effects 
have to be taken into account. First, because the section plane 
cuts crystals at a random orientation and position, the measured 
2D dimensions of a given crystal do not correspond to the true 
dimensions of the crystal (this is the so-called cutting effect). 
Second, the probability of cutting small crystals is smaller than 
that of cutting large crystals (this is the so-called probability of 
intersection effect). The stereological problem is fully solved 
mathematically for the distribution of solids of simple shapes, 
but for most crystal shapes, correction procedures proposed * E-mail: duchene@crpg.cnrs-nancy.fr


