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INTRODUCTION

Textural analysis is one of the most fundamental tools avail-
able to the geologist. Without measurements such as grain size,
modal abundance, grain shape, and grain-size distribution from
the texture of rock, it would be difficult to deduce how the
rock formed. Recent studies have concentrated on developing
techniques to analyze rock textures in terms of the spatial or-
ganization of the grains and crystals within the rock (Jerram et
al. 1996; Gaillot et al. 1997). A knowledge of the spatial orga-
nization of grains is important because it can provide informa-
tion about the original packing of the grains or the nucleation
distribution of the crystals. Indeed, an important observation is
that most igneous rocks contain clusters of crystals (Fig. 1)
that constitute the building blocks of phenocryst populations,
crystal mushes, and microcrystalline touching-crystal frame-
works (Campbell et al. 1978; Schwindinger and Anderson 1989;
Jerram et al. 1996; Philpotts and Carroll 1996; Marsh 1998).
The development of techniques that can quantify the size, shape,
and size distribution of these clumps and clusters of crystals is
of great importance in understanding the origin of igneous cu-
mulates and the nature of phenocryst populations in magmas,
and will be of general use in the petrographic quantification of
rock textures.

This contribution investigates the use of cluster analysis

techniques in the quantification of rock textures. Its main aims
are to introduce cluster analysis to the petrographic commu-
nity, to present and adapt existing cluster analysis techniques
for use in analyzing rock textures, and to test the performance
of these techniques with 2-D sections of rocks, and 3-D com-
puter-generated textures. The importance of such techniques is
that they provide an unbiased means to recognize and fully
quantify spatial patterns in textures. These techniques also pro-
vide a test for what the eye may, or may not, correctly assess
when qualitatively examining rock textures.

An introduction to cluster analysis techniques

Cluster analysis describes the process whereby multivari-
ate data is analyzed for the presences of natural groups or clus-
ters that possess certain properties. A useful definition of a
cluster is taken from Milligan (1980, p. 326), which is based
on an original description offered by Cormack (1971):

Essentially, clusters should exhibit the properties of
external isolation and internal cohesion. External isola-
tion requires that entities in one cluster should be sepa-
rate from entities in another cluster by fairly empty areas
of space. Internal cohesion requires that entities within
the same cluster should be similar with each other, at
least within the local metric.

Cluster analysis has its roots in the field of classification.
By far the most widely documented and well-known classifi-
cation scheme is that of taxonomy (the classification of ani-
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ABSTRACT

Cluster analysis has the potential to quantify the size and characteristics of groups or clusters of
grains and crystals within a rock texture. We present two techniques: (1) the complete linkage hier-
archical cluster analysis (CLHCA) technique that we use to analyze grain-center distributions, and
(2) the density linkage cluster analysis (DLCA) technique that we use to analyze grain boundary
distributions.

CLHCA applies a cluster algorithm to the distance matrix calculated from grain-center coordi-
nates. This produces a hierarchical cluster distribution that is characteristic of the spatial pattern of
the texture. This cluster distribution is normalized to that of a random distribution of points to iden-
tify clustered and ordered patterns in the data. The technique successfully identified 3-D cluster
sizes from 2-D sections of a modal data set. In the application to real rock textures, the CLHCA of a
komatiite cumulate identified a glomerocryst population with cluster sizes in the range of 0.3–2.5
mm, and also a variation of cluster patterns up through the cumulate pile. The CLHCA of a polymodal
texture from a pyroxene-scapolite-sphene granulite indicated a clustered distribution for the sphene,
which was restricted in growth pattern by the pyroxene and scapolite in the texture.

DLCA computes a single solution of clusters that conforms to the search criteria input into the
algorithm. DLCA performed poorly when used to identify distributions of large, randomly packed
clusters of small spheres, mainly identifying smaller cluster patterns within each large cluster. Ap-
plication of DLCA to the komatiite cumulate example indicated cluster lengths of 0.72–0.80 mm
similar to the CLHCA results, and an average aspect ratio of 1.52.
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