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Abstract
X‑ray computed microtomography is a non-destructive imaging technique recognized in the geosciences as a powerful tool to investigate rock textures directly in three dimensions (3D) at the micrometer
and sub-micrometer scale. The quantitative morphological and textural analysis of images requires
segmentation and characterization of phases in the reconstructed volume based upon their gray levels
(related to their relative X‑ray attenuation) and/or morphological aspects. Often the differences in
X‑ray attenuation of some phases are so small that no contrast is observed in the reconstructed slices
or, although the human eye can discern the differences between these phases, it is difficult, or sometimes impossible, to reliably segment and separately analyze these phases. Facing this challenge, we
propose an experimental and computational procedure that allows the segmentation of phases with
small density variations in geomaterials. By using an experimental protocol based on phase-contrast
synchrotron X‑ray microtomography combined with a customized 3D image processing procedure,
we successfully segmented feldspar from the glassy matrix in both a natural volcanic sample and a
synthetic analog. Our results demonstrate that crystallized natural volcanic rocks and synthetic analogs
can be characterized by synchrotron X‑ray phase-contrast microtomography and that phase-retrieval
processing is an invaluable tool for the reconstruction of 3D multiphase textures.
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Introduction
Overview on textural analysis of crystallized rocks with
focus on feldspar crystals
The study of rock textures is important to understand the
evolution of the conditions and processes that lead to their
formation. Crystal abundances, sizes, shapes, and spatial
distributions represent specific markers of the paragenesis of
magmas during transport in the crust toward the surface and
give us information on the timescales of magma ascent (Marsh
1988, 1998, 2007; Higgins 2000, 2002, 2006; Hersum and
Marsh 2007; Baker et al. 2012a). Crystal and vesicle textures
are conventionally studied using optical and scanning electron
microscopy (SEM), which only allow two-dimensional (2D)
imaging of samples. In recent years, three-dimensional (3D)
analysis of rock textures, using X‑ray and neutron computed
microtomography (μCT), has become a fundamental tool to
investigate their properties (e.g., porosity, crystallinity, crystal
and vesicle size distributions, shapes, orientations, connectivity, etc.) through a non-destructive, volumetric characterization
(Fig. 1). X‑ray μCT allows us to image larger sample volumes
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(from millimeter-sized volumes with spatial resolutions at the
sub-micrometer and micrometer scale up to several tens of
millimeter volumes working at spatial resolutions of the order
of 40–50 μm) than a thin section (with a typical size of 27 × 46
× 0.030 mm3). X‑ray μCT provides a realistic visualization of
the 3D shapes and orientations of crystals that can be quantified
through the extraction of parameters such as volume fraction,
size distributions, orientation, connectivity, etc. A great advantage of 3D imaging and analysis is that it does not require
any stereological corrections as in the 2D approach (Fig. 1).
Moreover, no specific sample preparation is required before
X‑ray imaging analysis. However, like all techniques, X‑ray
μCT has limitations, and for some studies detailed analysis of
2D sections provides complementary data that cannot be easily
obtained from using X‑ray μ-CT only (Baker et al. 2012a). Highresolution SEM images can be used to segment and separate tiny
crystals (<1 μm) over large areas (typically ca. 0.5 × 0.5 mm2)
of the sample (Fig. 1). This approach is often complementary to
X‑ray μCT to characterize different aspects of the same process,
such as the nucleation and twinning of crystals (e.g., Arzilli et
al. 2015). Backscattered SEM images allow us to distinguish
phases with similar average atomic number (e.g., feldspars and
trachytic glass) and chemical information can be also obtained.

2301

