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1. INTRODUCTION 
 
During explosive eruptions, particles of variable size, 

shape and density are injected into the atmosphere and, 
depending on the eruptive size and style, can have an 
impact on human beings, infrastructure and activities 
from local up to global scale [Blong, 1984; Casadevall, 
1994; Horwell and Baxter, 2006; Bonadonna et al., 
2012; Wilson et al., 2012, 2014; Beckett et al., 2015]. The 
physical properties of pyroclastic particles (size, shape, 

density) affect their aerodynamic behavior, i.e. the aero-
dynamic drag force. Many studies have been carried out 
over the past few decades focusing on the dependency 
of the aerodynamic drag on particle shape, especially in 
the �eld of multiphase �ow dynamics [Sneed and Folk, 
1958; Wilson and Huang, 1979; Haider and Levenspiel, 
1989; Swamee and Ojha, 1991; Ganser, 1993; Rodrigue 
et al., 1994; Chien, 1994; Taylor, 2002; Tran-Cong et al., 
2004; Dellino et al., 2005; Pfeiffer et al., 2005; Loth, 
2008; Hölzer and Sommerfeld, 2008; Mele et al., 2011; 
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ABSTRACT 
X-Ray computed microtomography is a non-destructive 3D imaging technique that can be used for the investigation of both the morphology 
and internal structures of a solid object. Thanks to its versatility, it is currently of common use in many research �elds and applications, 
from medical science to geosciences. The latter includes volcanology, where this analytical technique is becoming increasingly popular, 
in particular for quantifying the shape as well as the internal structure of particles constituting tephra deposits. Particle morphology plays 
a major role in controlling the mobility of pyroclastic material in the atmosphere and particle-laden �ows, while the internal structure (e.g. 
vesicles and crystal content) is of importance in constraining the processes that occurred in magmatic chambers or volcanic conduits. 
In this paper, we present results of X-Ray microtomography morphological and textural analyses on volcanic particles carried out to study 
how particle shape is in�uenced by internal structures. Particles were selected from tephra generated during explosive eruptions of dif-
ferent magnitudes and compositions. Results show that particle morphology is strongly in�uenced by internal structure, which is charac-
terized by textural features like vesicularity, vesicle and solid structure distribution, vesicle inter-connectivity and distance between adja-
cent vesicles. These have been found to vary with magma composition, vesiculation and crystallization history. Furthermore, our results 
con�rm that X-Ray microtomography is a powerful tool for investigating shape and internal structure of particles. It allows us to both 
characterize the particle shape by means of tridimensional shape parameters and relate them to their internal structures.  
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EXUTURE OF VOLCANIC PARTICLES BY X-RAY MICROTOMOGRAPHY INVESTIGATIONS

average size of both vesicles and solid structures (Fig-
ure 2), we can observe that particles of Group 1 are char-
acterized by both smaller vesicles and a less thick solid 
structure than basaltic particles (Group 2), although 
few particles of Avellino, Pollena and Agnano Monte 
Spina eruptions have a thick solid structure. This can be 
attributed to: 

- the presence of large phenocrysts (Figure 2), which 
are characterized by a solid structure histogram with 
a different population (for example grey and black 
solid structure histograms of Pollena particles and 
green histogram of Avellino particles; Figure 3); 

- poorly vesiculated particle with tubular vesicles 
(Agnano Monte Spina particles, Figure 2 and light 
blue histogram of Figure 3) or;  

- highly vesiculated particle with a portion of poorly 
vesiculated glass (Agnano Monte Spina particles, 
Figure 2; orange histogram of Figure 3).  

Eyjafjallajökull and Etna particles show coarser vesi-

cles than Avellino, Pollena and Agnano Monte Spina 
particles, and display a wide range of solid structure size 
(Figures 2, 3). However, Eyjafjallajökull particles have 
smaller structure thickness values than those of Etna, 
except for three particles, which have a thick solid 
structure due to the presence of large phenocrysts (Fig-
ure 2). In general, for Etna particles, the thick solid struc-
ture is mainly related to a higher content of large phe-
nocrystals than Eyjafjallajökull particles (Figure 2). 
Grímsvötn particles show the largest range of vesicle 
size with a thick solid structure, which is mainly repre-
sented by glass (Figure 2).  

It was also observed that the solid structure is well 
correlated with particle vesicularity (Figure 4); in par-
ticular, the thinner the solid structure, the greater the 
particle vesicularity. This behavior is further corrobo-
rated by the signi�cant correlation between structure 
linear density of vesicles and vesicularity (Figure 4), i.e. 
the distance between vesicles decreases (i.e. the structure 

FIGURE 2. Solid structure size vs. vesicle size diagram. 3D surface rendering and cross section images of few particles are also in-
sert. The red line inside the reconstructed particles indicates the position of the displayed cross section image.














