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INTRODUCTION

During the last decade the.interest in quantitative data on
orientation relationships of metamorphic rocks has increased
significantly/i"szhere are several reasons for that, The tex-
ture in a given rock specimen contains valuable information
on its deformation history. In connection with megascopic data
it can be used to conclude about the regime of temperature,
pressure and strain which were active in the investigated mat-
ter. Therefore, the accurate and complete description of the
texture gives important information to perform a petrofabric
analysis. Another type of problems is connected with the safety
and mining optimization in salt deposits using the anisotropy
of macroscopic properties in dependence on texture,

In geology the determination of fabric diagrams (pole fi-
gures) of the basic plane of quartz by means of the U-stage
technique is well known. A more universal method is the pole
figure measurement by R-ray diffraction which allows one to
carry out a complete texture analysis. It has been used to
investigate quartz, limestone, calcite, salt, etc. Because of
the small penetration depth of X-rays into the matter some
difficulties arise with increasing grain sizes leading to poor
grain statistics. This complication can be completely avoided
in the case of very time-consuming single orientation measure-
ments. Another way to avoid these difficulties is the use of
neutron diffraction with large beam cross-sections,

At IBR reactors of JINR, Dubna, a number of preferred orien-
tation studies have been done at different quartzitic meta-
morphic rocks by the neutron time-of-flight (TOF) diffractiod®,
The specimens under investigation (granites, granulites, gneis~
ses) consisted to about 507 of quartz. The remaining part was
distributed among albite and plagioclases and some impurities.
Therefore, the recorded Bragg pattern is very complex. In the
present paper the problems are discussed arising during the
pole figure determination of such low symmetric multiphased
systems.

POLE FIGURE DETERMINATION

In the TOF diffraction technique the complete Bragg pat-
tern is recorded simultaneously at fixed scattering geometry.
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Pole figures are determined rotating the sample with respect
to an equal angle, an equal area or any other scan. The pole
density is proportional to the Epvestlgated intensity of the
corresponding Bragg reflectlon These investigated intensi-
ties are determined by means of a computer fit procedure.

Of course, the recorded Bragg spectrum is a superposition of
spectra from all components of the sample. Therefore, analy-
zing complex substances one faces two main questions concer—
ning the accuracy of determined experimental pole figures:

- What phases and to what degree contribute to the investi-
gated intensity of the investigated reflection?

- What is the experimental background in the gpectra?

To answer these questions it is advantageous to have available
an approximate phase analysis. On this base the intensity
part of TOF diffraction patterns of albite, Plagioclases
and quartz as well as their superposition have been si-
mulated in Fig.l. The (2071) reflection and the double peak
(1121Y/ (2021), for example, can be seen to be mainly caused

by quartz. Assuming weak textures for all the components of
‘the sample the error arising from disturbing intensity contri-
butions to the investigated peak is negligible., The (1122) ref-
lection, on the other hand is a mixture of nearly equal inten-
sity parts of quartz and albite and of to some extent lower
contribution from plagioclage as well. Such kinds of peaks can-
not be taken into further considerationm.
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o Fig.1. Computer simulated TOF
In practice, from texture ana-
lysis of the quartz component of
the studied metamorphic rocks
those reflections have been se-
lected for which the quartz-

spectra of plagioclase (4),
boz (zm urm) o, (nIﬂ) )
!
or b . . .
caused intensity is more than

albite (3}, quartz (2) and the
sum of all three spectra (1),
Y Y 60%.
002 1] The time required for computer
fit increases rapidly with in-
creasing number of reflections
NMW_ taken into account. Therefore,
1 it seems to be optimal to divide

the diffraction pattern in groups
N of no more than five peaks for

o - 4

—

o

integral intensity determination. From Fig.! uncertainties have
to be expected in background subtraction. In general, the zero
level will be chosen too high. Consequently, the normalization
factor of the experimental pole figures will become too small
and the measured texture will seem to be sharper than it is in
reality. On the other hand, this error can be partly compen-
sated by intensity contributions of other phases to the consi~
dered peak.

Therefore, it is necessary to find some criteria for checking
the experimental pole figures with respect to their accuracy
and mutual compatibility before mathematical texture analysis.

METHODS FOR CHECKING AND CORRECTION OF POLE FIGURES
. -
In the series expansion method, the pole figure h, = (hkf) can

be written ag/7.8/:
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Using the orthogonality of spherical harmonics the Fe(h )y factors
can be found
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These Fg(h )factors and the series expansion coefficients C
are connected by the equation
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In the case of £ = 2 there holds M(f) = | for hexagonal, tetra-
gonal and trigonal crystal symmetries, i.e., the C}” can be
calculated for each pole figure separately. Of course, if there
are no errors in pole figure determ1nat10n,C§V should not de-,
pend on pole figures. Therefore, the differences between Cg”(hi)
are the indicator for the mutual con51stency If there is any
reference pole figure, the other ng(hi) can be corrected to
some degree by adding a constant background value to the pole
figure values in eq.(2). The numerator of eq.(2) does notchange
becauge of the orthogonality of spherical harmonics, but
the denominator varies the pole figure normalization. Another
error source is the overestimation of some pole ranges. If
there is a reference pole figure having the same t11t in the
crystal coordinate system the factors Fy (h 1) and Fy (hg) have
to be identical, The overestimated tilt angle range in a pole
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figure can be found by simultaneous consideration of F{ (Ei)
discrepancies and the tilt angle dependence of spherical har-
monics. Of course, this method is limited to a few pole figures
only.

FPig.2. Positions of experimental points
in the inverse pole figure.

I1f there is a sufficient number of
corrected pole figures to carry out the
mathematical texture analysis, a good
- - consistency of experimental and recalcu-
1012 2021 lated pole figures is required, But
even in the case of excellent consistency further correction
may be necessary. In the quartz texture analysis which has been
carried out at JINR, Bragg reflections have been congidered
corresponding to the points in the inverse pole figure most of
which are far. from the centre of it as is shown in Fig.2.

If all the pole figures are misnormalized in the same way, any
inverse pole figure gets to high values in its outer range,.

The only possible compensation to fulfill the normalization
condition for the inverse pole figure are the physically sense-
less negative ranges in its centre. This situation can be cor-
rected by pole figure background manipulations in Eq.(2) also.
Up to now the only objective criterion for the degree of cor-
rection is the non-negative pole density condition, The latter
procedure influences the sharpness of texture, but not its type.

EXPERIMENTAL RESULTS

At the JINR, Dubna, the preferred orientations of the quartz
component in granulites’? gneisses and granites have been stu-
died. As examples the experimental and reproduced pole figures
are shown to demonstrate the usefulness of the described chec~
king and correction methods. For the investigation of granu-
lite (Figs. 3 and 4) as well as granite (Figs.5 and 6) pole
figures have been selected with respect to the C;V criterion
only, No background variation has been carried out. The recal-
culated pole figures of granite reproduce only some general
characteristic of incident ones. There is no evident specimen
symmetry., The agreement of experimental and reproduced pole
figures is quite satisfactory in the case of granulite., In
the pole figures an approximative orthorhombic sample symmetry
can he also observed referring to plane deformations in the
formation process of the rocks,
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lFig.3. Experimental pole figures of granulite.

A good coincidence between experimental and recalculated
pole figures has been found in the case of gneiss (Fig.7 and 8)
using all correction possibilities which have been described
in the previous paragraph. Only some relatively sharp maxima
in the incident data have been smoothed to some extent in the
reproduced ones in the same way as in granulite and granite.

An orthorhombic specimen symmetry can be also seen in the pole
figures of gneiss.

CONCLUSTIONS

In this paper some methods are proposed to check and to im-
prove the accuracy and congigtency of experimental pole figures
from very complex materials like natural rocks. The conside-
rations should have importance in the study of other multi-
phased and lowsymmetric systems also.

4}



(20 iz (203 0230
(10i1) (1) 120 . (.1012) (072) i 2
& i : o \
=k o ¥
1 % 4 ‘
1 15
25 0 I ‘
\ )
() N {
. ) J

(13 (2021)(0221)

o i, i

{1013)(0113) (2022) (0232) (1012) (01i2)

N\

Fig.6. Recalculated pole figures of granite.
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Fig.?. Experimental pole figures of gneiss.

Pig.5.Experimental pole figures of granite.
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Fig.8. Recalculated pole figures of gnetiss.

The carefull background handling is shown to haYe great
influence on the quality of pole figure detgrminat1on. There-~
fore, for texture analysis of materials having a large numbeF~
of reflections and overlappings in their Bfagg pattern experimen-
tal techniques should be preferred to obtaln'not only 1nfor?a-
tion on the integrated intensity of the studied peak, but also
on the behaviour of its neighbourhood. Such methods are thehener—
gy dispersive diffraction of X-rays or neutrons (TQF),lor tlz
use of ,position sengitive detectors in the conventional ang
dispersive techniques.
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Mpcbnemst TEeKCTYpPHOro aHanM3a MeTaMopOHLIX rOpHLIX NOPOA

B HeATpPOHHOW [udpakuuM NC BPeMeHd NPOneTa MONHHN AUPPAKUMOHHLIA CNexkTp
CHUMaeTCA OfHOBpeMeHHO. Takad 3KCnepuMMeHTanbHas TexHUKa ABNAETCA 3dhdeKTus-—
HWM CNOCOBOM ANA MCCNEepoBaHWA TEKCTYP HUIKOCUMMETPUUHLIX COEAMHEHMH, B TOM
yucne KeBapuesuX rOpHHX MOpog. HeHOpMMPOBAHHLE MONKCHHE NAOTHOCTW OMNpefenAnT=
CA B BUAE WHTErpanbHMX MHTEHCUBHOCTEN COOTBETCTBYLUUX OpIarroBckux OTpameHui
C NOMOWbLI NPOrpamMMel NOAFOHKU. BONLWMHCTBO TFOPHLIX MNOPOA COCTOAT M3 HECKOMb™
kux $da3. Te rpaHynuTsl, FpaHATH M rHefics, KOTOpwe uccneposanuch B OUAU, flyGha
copepxanu 50 npoueHTOB KBapya, NOMMMO ApPYrux KOMNOHeHT. [lo3ToMy BpemA-nponeT
Han Oparroeckan.KapTuHa ABARETCR Cynepnoavymei crnekTpos oT ecex ¢as, T.e.
umeercn Gonowoe 4MCNO NepexpuBaoumxca pednexcos. B 3ToMm cnyyae BO3HMKAET BO-
NpoC O HAAEKHOCTU IKCMEPUMEHTANbHMX OMOCHHX ¢uryp. B panHoi pabote npepctas
neHs KPpUTEpUM GNA MPOBEPKM W BOIMOMHOCTWM MOBLILEHWA KauecTBa MOMOCHLIX GUTyp.
MpusegenHse cooBpakeHWs MOryT WMETb 3HAuEHWe NpU UCCNeAoBaHud TeKcTyp M apy-
X HU3KOCUMMETPWUHBIX MR MHOrOQasHux obpa3yos. B kauecTae npumepa noxaawmpa-~

OTCA Pe3ynbTath TBKCTYPHOrO aHANUM33a B8 HEKOTOPbIX MCCNefoBaHHLIX KBApuesuX rop-
HHIX NOpOoAaNX. -

Pabora sunonHena o flaGopaTopun HeNTPOHHON Ou3uxkm OWAU.

Tiporpyir OGbemMNetTIoro InicTUTyTa AMEPHBIX Hecnenopanuit. dyGua 1986
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Problems In Texture Analysis of Metamorphic Rocks

The neutron time-of-flight diffraction is well-suited for the investiga
tion of preferred orientations in low symmetric materials, like for example
in quartzitic rocks, because of the simultaneous recording of the complete
bragg pattern. The unnormalized pole figure values are found by a computer
fit of the Integrated intensities of the corresponding Bragg reflections.
Most of the natural rocks consist of more than one phase. In granulltes, graf
nites and gnelsses, which have been Investigated at the JINR Dubna, there
are about 50 per cents of quartz among other components. Therefore, the TOF
diffraction pattern is a superposition of spectra from all phases, i.e. the-
re is a lot of overlappings of different Bragg peaks. In thls case the ques-
tion arises about the reliability of the experimental pole figures. Some pos-
sibilities and criteria are discussed to check up and to improve the quality
of pole figures. These methods may have importance in the study of other low
symmetric or multfphases systems too. Furthermore, texture analysis results
are presented for several investigated quartzitic rocks.

The investigation has been performed at the Laboratory of Neutron
Physics, JINR, .
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