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Introduction
Many manmade and natural materials are composed of crystals with generally non-random
crystallographic orientation (texture). Rocks show a great variety of textures and compositions,
generally containing several phases with very different physical and chemical properties. The texture
is a fingerprint of the earth’s history and, simultaneously, informs on anisotropies of elastic, magnetic
and thermal properties of rocks constituting the crust and upper mantle. Nowadays, knowledge has
reached a level that provides a quantitative framework of texture information. Progress of quantitative
texture analysis in geosciences is based on the improvements of the experimental techniques with
special emphasis on diffraction methods and use of neutron. Many fundamental investigations in
modern geology and geophysics are developed due to the application of neutron diffraction analysis to
study of structure, texture and properties of geological materials as well as to model the behavior of
rocks at high temperatures and pressures.
Of all minerals quartz has received the most attention with respect to texture studies. This is due to
its importance in controlling the rheology of many rocks, but also to the large variety of texture types
found under different deformational conditions. Mean while a point in the understanding of the
development of quartz texture has been reached to deduce at least some aspects of deformation
history of a rock empirically.
The project lets the neutron diffraction texture analysis application in description of type and
symmetry of quartz texture in monomineral and multiphase rocks and to reveal the possible
deformational condition (strain symmetry) and process of texture formation. The project is aimed at:
the introduction into the modern mathematical texture analysis, the determination of the orientation
distribution of crystallites in the polycrystalline aggregate, the interpretation of this distribution in
terms of the processes which lead to its formation. The project could provide practical exposure and
experience in neutron diffraction application in condensed matter (e.g., rocks) study.
Project description
Experimental setup
The pulsed reactor IBR-2 represents a
worldwide well known powerful machine, last
but not least for experiments with
geomaterials, because the used neutron timeof-flight method is able to meet several
requirements for studies on geological
specimens. Thermal neutrons offer the
advantage of high transmission through
matter. That means, large sample volumes are
accessible, allowing good grain statistics even
for coarse grained and inhomogeneous
specimens. Simultaneous detection of all
allowed Bragg-reflections is permitted with
high precision and it is possible to study
minerals with lower crystal symmetry (large
unit cell), of which consist most of the rocks of
the upper and middle earth’s crust.
Fig.1: View of the SKAT
texture diffractometer

The time-of-flight texture diffractometer SKAT (spectrometer for quantitative analysis of textures) is
located at the end of a more than 100 m long flight path on beam 7a of the IBR-2 pulsed reactor (Fig.
1).
The main characteristics of the diffractometer SKAT may be summarized as follows:
- 19 detector modules are arranged on a ring carrier around the incident neutron beam at a unique
scattering angle of 2Q = 90° (Fig. 2a); (Ullemeyer et al., 1998). Neutrons, scattered at lattice planes
with the same spacing, i.e. belonging to the same pole figure, are recorded by the detectors at the
same time-of-flight.
- The sample is positioned in the centre of the ring and rotated around a horizontal axis Z at an angle
of 45° with respect to the incident neutron beam Supposing that the detector modules include an
angular range of 180° on the ring, complete pole figures may be measured by a single sample
revolution (Fig. 2b).

Fig.2: a) Scheme of the SKAT texture diffractometer. The given arrangement of detector-collimator
units corresponds to a constant pole angle step size of Db = 5°. b = 0° indicates the centre, b = 90°
the boarder of the pole figure.
b) Geometrical relationships at the SKAT, projected onto the pole figure plane XY. a, b: pole figure
angles azimuth, inclination (pole angle). Sample directions indicated on the half circle correspond to
azimuth angle a = 0°.
From the above mentioned constancy of 2Q follows that all Q dependent intensity corrections may be
neglected. Accordingly, a rather low error level of the results of texture analysis is expected. The
measurements are comparatively fast, since 19 sample directions are measured at the same time.
Measuring procedure (practical work)
1. Familiarize with the principle of operation of the SKAT texture diffractometer.
2. Estimate the necessary exposition time and measure diffraction pattern of quartz-bearing rock
samples by the SKAT diffractometer.
3. Familiarize with AutoIndex and GeoTOF programs. Use the AutoIndex program for indexation of
spectra of both monophase and multiphase materials in interactive mode. Use the GeoTOF program

for calculation of pole density distribution (pole figures) from the measured diffraction spectra.
4. Using Beartex program for the comparative quantitative texture analysis of quartz texture
component. Interpretation of the data in terms of the possible orientation mechanism and deformation
path.
Result presentation
The report should include preamble with the main purpose of the project, description of the rock
samples and method, experimental results containing typical time-of-flight diffraction patterns of
quartz sample, pole figures classification of investigated samples and conclusions.

Standard of knowledge
The students should have got knowledge of physics of the solid body, crystallography and neutron
diffraction experimental technique. A numerical data on mineralogy and physics of the Earth is
desirable.
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Students
Concurrently, 2-3 students may work in the team.
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