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A rather simple empirical defocusing correction method is described which makes use of
X-ray and neutron measurement of pole figure data from a sample with a weak preferred
orientation.
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INTRODUCTION
The measurement of X-ray pole figure data in the back reflection mode
is inherently connected with a loss ofintensity with increasing tilt angle XThe tilt angle at which the defocusing effect begins, depends mainly on
the settings of the texture goniometer as: 20 of the selected plane (hkl),
the configuration ofthe slits. In optimum cases this tilt angle is as high
as 75 but may be as low as 20 The correction of the defocusing effect
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can be performed conveniently by means of a sample with a random
distribution of the crystals (see e.g. Wcislak et al., 1993), but may also be
done by theoretical methods (see e.g. Wenk, 1998). Unfortunately it is
often very difficult or impossible to find or prepare a random sample of
minerals and rocks.
In the course of the PROBRAL-project it was necessary to measure
the preferred orientation of a series of hematite ores from the
Quadrilfitero Ferrifero District, Minas Gerais, Brazil. In order to correct the measurements a hematite sample from South Africa with a very
weak preferred orientation was used which has been measured by
X-rays and by neutrons.
The neutron pole figures were measured at the Research Center
Jiilich, Germany using a position-sensitive detector (Will et al., 1989).
The X-ray pole figures are accomplished at the Geological Department
(UNESP), Rio Claro, by means of a Siemens/Bruker X-ray texture
goniometer in the rot-trans motion of the specimen.

THE CORRECTION PROCEDURE
For the correction procedure samples from a hematite hand specimen
from South Africa were used. Microscopic studies of this ore reveal a
grain size layering with a thickness of 200-1200 tm. Within the fine
grained layers the grain sizes vary between 5 and 25 tm and in the
coarse grained layers between 80 and 175 Ixm. The penetrative weak
preferred orientation is presented in Fig. l(a) by means of the neutron
pole figures of the (003)-, (110)- and (012)-reflections using a cylinder of
1 cm3. From these pole figures mean density profiles were calculated
(Fig. 1 (b)). For the X-ray measurement a flat sample of 1.5 by 1.5 cm2
was used to accomplish the (110)- and (012)-pole figures in the same
orientation as the neutron pole figures (Fig. 2(a)) and to calculate
the related mean profiles (Fig. 2(b)). The pole figures and the profiles
reveal that the X-ray measurement is strongly influenced by defocusing
effects. The mean X-ray density profiles were adjusted to the density at
0 of the neutron profiles (Fig. 2(c)) assuming that at least this density
was measured without any loss of intensity. Finally the mean X-ray
profile densities were divided by the mean neutron profile densities
(Fig. 3 and Table I).
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FIGURE
Weak preferred orientation of a hematite sample from South Africa.
(a) Neutron pole figures of three reflections. Below each pole figure are indicated in
the lower left comer the maximum and minimum density in m.r.d, and in the lower
right comer the first contour line and the contour line interval. (b) Mean density
profiles derived from the neutron pole figures.
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The first 4 quotients (Table I) are close to one indicating that up to
15 no correction is necessary. The defocusing begins above 15 and
very strongly increases up to 80 After setting the first 4 values to 1.000
the quotients were used as correction factors. For the (104)-pole figures
the correction data of the neighboring (110)-reflection were used. The
correction factor for the highest pole angle can often cause an excessive
density value, in this case the maximum pole angle should be reduced to
a lower angle, e.g. 70

.

H. SIEMES et al.

58

(a) (110)

(012

o.

l:

2.1
0.21

0.50

0.20

0.21

(b)

x,,.

/!:1
j

’,=,

(c)

( 1=o)

(012)

=ngte

Pole

FIGURE 2 Weak preferred orientation of a hematite sample from South Africa.
(a) X-ray pole figures of two reflections. (b) Mean density profiles derived from the
X-ray pole figures. (c) Mean X-ray density profiles adjusted to the density at 0 of the
neutron profiles.
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FIGURE 3 The mean X-ray density profiles of the hematite sample from South
Africa are divided by the mean neutron profiles.

TABLE I The quotients of the mean X-ray density profiles and the mean neutron
profiles

(110) reflection
1.000
0.548

1.013
0.511
(012) reflection
1.000 1.010
0.716 0.690

1.024
0.459

1.002
0.389

0.944
0.315

0.865
0.230

0.806

0.765

0.715

0.650

0.589

1.025
0.656

1.006
0.601

0.969
0.490

0.914
0.332

0.862

0.821

0.787

0.762

0.740

EXAMPLE
Uncorrected and corrected X-ray pole figures perpendicular to the
foliation and to the lineation of the hematite sample MCAE67,
Cau Mine, Quadrilttero Ferrifero District, Minas Gerais are shown
in Fig. 4. The main structure of this sample is an axial plane schistosity
(foliation) that transposes the earlier isoclinally folded planar fabric,
probably the primary banding. The microstructure of the sample
displays fine platy hematite (specularite) (0.1-0.3mm in length)
enveloping martite crystals (,,0.3 mm (R)) and fine equidimensional
(granoblastic) hematite aggregates (0.05-0.1 mm). The ore constitutes
about 70% specularite, 20-30% granoblastic hematite and approx. 10%
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FIGURE 4 Pole figures perpendicular to the foliation and to the lineation of the
hematite sample MCAE67, Cau Mine, Quadril/ttero Ferrifero District, Minas Gerais,
Brazil. (a) Uncorrected X-ray pole figures. (b) Smoothed, uncorrected X-ray pole
figures. (c) Defocusing corrected X-ray pole figures.

martite with magnetite relicts. The heterogeneity of the fabric and the
wavy disposition of the specularite plates result in a high fluctuation of
intensities as depicted in Fig. 4(a). After applying the smoothing routine
(Traas et al., 1994) the pole figures show smooth contour fines and a
distinct maxima-minima configuration (Fig. 4(b)). In the next step the
defocusing correction was applied and in Fig. 4(c) the final result is
presented revealing the well known type of pole figures from hematite
ores of banded iron formation (e.g. Rosi6re et al., 1999). Meanwhile
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a series of texture measurements were successfully corrected e.g.

Hackspacher et al. (1999).

CONCLUSIONS
The derivation of defocusing correction factors by means of a sample
with a weak preferred orientation which has been measured by neutron
diffraction seems to be promising. However, requirement is that the
sample has a homogeneous and penetrative preferred orientation in
order to guarantee that both, X-rays and neutrons, see the same texture.
Once a suitable sample has been found and measured by neutron diffraction this sample can be always used as standard for defocusing
corrections in X-ray measurements.
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