
]2 Kon. 

I ­

.j 
oft1a8A~HeHtIW_ 

MHCTMTJT 
RlSPHWI 

MCCJJ8AOB8HHI 

AYÜll8 

EI4·86·360 

K.Feldmann, L'Fuentes, K.Wahher 

PROBLEMS IN TEXTURE ANALYSIS 

OF METAMORPHIC ROCKS 

Submitted to "International Workshop 
on Theoretical Methods in Texture, March.1 
17-21 1986, Clausthal - Zel1erfeld, FRG 

PeABt<TOp 3. B. HB anncenav • Ma I<e T r. oU. <%>OMHHOií. 
Ha60p B. C • PYMJtHUeBOH, O. B .ülec-raxoaoã , 

II 
nOAnlitCaHO B ne4an 12.06.86. I 

~opMaT 60x90/16. O~ceTHaA ne4BTb. Y4.-H3A.nHcToa 0,79. 
THpar.c 360. 3aKB3 37809. ''iUM NI#ííi1dM:~'i """a. iikH*'WW 4 * & MA I ti!f?"iA!@$l!Un @

HSABTenbcKHH OTAen 05~eAHHeHHoro HHCTHTYTB ftAepHWX HccneAbs8HHH. 
~y6HB MoCKoaCKOH 06naCTH. . 

I"

\ 5 g.. -~üiíiéi!§!§líiii.4 ~l &!B'i"WMtfte'Z~ ..... 'MNRA4MA4&!!pw 

,,\ 



INTRODUCTION 

During the last decade the.interest in quantitative data on 
orientation relationships of metamorphic rocks has increâsed 
significantly/1-5:There are several reasons for that. The tex­
ture in a given rock specimen con t aí ns valuable Lnformat i on 
on its deformation history. In connection wilh 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 thc 
texture gives important information to perform a petrofabric 
ana l.ys í s , Another type of pr ob l.ems is connected \-JÍth t he safety 
and mining optimization in salt deposits using the anisotropy 
of macroscopic properties in dependence on texture. 

In geology the determination of fahric 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 
ditficulties 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
ment s , Another way to avoid these di f f i cu 1t ies s t he use ofí 

neutron diffraction with large beam cr os s-ese c t i ons , 
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) diffractiort51 

The specimens under investigation (granites, granulites, gneis­
ses) consisted to about 50% of quartzo The remaining part was 
distributed among albite and plagioclases and some impurities. 
Therefore, the recorded Bragg pattern is very complexo 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 cornp Le te Bragg pat­
tern ia recorded simultaneously at fixed scattering geometry.
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Pole figures are determ{ned rotating the sample with respect 
to an equal angle, an equal area or any other scan. The pole 
density is proportional to the investigated intensity of the 

d f l ec t í 161 Th . . d' .ícorrespon 1ng Bragg re ect10n . ese 1nvest1gate 1ntens1­
ties are deterrnined by means of a eomputer fit procedure. 

Of course, the r ecor'ded Bragg spectrum is a superposition of 
spectra from alI components of the sample. Therefore, analy­
zing complex substances one faces two main questions eoncer­
ning the aecuracy of determined experimental pole figures: 

- What phases and to what d2gree contributa to the investi ­
gated íntensity of the investigated reflection? 

- What is the experimental background in the spectra? 
To answer these questions it is advantageous to have available 
an approximate phase analysis. Ou this base the intensity 
part of TOF diffraction patterns of albite, plagioclases 
and qua~t~ as well as their superposition have been si ­
mulated in Fig.1. The (2021) reflection and the double peak 
(1121)/(2021), for example, can be seen to be mainly caused 
by quartzo Assuming weak textures for alI the components of 
'the sample the error arising from dis~urbing intensity eontri ­
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 plagioclase as well. Such kinds of peaks can­
not be taken into further c~-nsideration. 
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Fig.l. Computep 8imu~ated TOF 
spectpa of p~agioc~a~e (4), 
a~bite (3)3 quaptz (2) and the 
sum of al~ thpee spectpa (1). 

In practiee, from texture ana­
lysis of the quartz component of 
the studied metamorphic rocks 
those reflections have been se­
lected for whieh the quartz­
caused intensity is more than 
60%. 

The time required for computer 
fit increases rapidly with in­ I .. , 

creasing number of reflections ~\
taken into account. Therefore, ,/
it seems to be optimal to divide 
the diffraction pattern in groups 
of no more than five peaks for 

integral intensity determination. From Fig.T uncertainties have 
to be expected in background subtraction. In general, the zero 
leveI will be chosen too high. Consequently, the normalization 
faetor of the experimental pole figures will become toa small 
and the measured texture will ~eem 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 ser í es expansion method , the po'l,e figure h (hkf) can :::11

l
be wri t ten as 17.81 : 

c fW .... M(f) N(f) eP.... (y):: 417 I I I (1 ) 
h i f ==0(2) P. == 1 ...,:z 1 2f + 1 

. ..., .. 
Using the orthogonality of spherical harmonics the Ff (h i) faetors 
can be found - .... ..., ...... , I1t. (y) ke(y) dy
 
F'p (h' i ) 417! • - • (2)
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These F[(h ) factors and the series expans i on coe f f i c ents c~""

t
í 

are conneeted by the equation 
p."" 

..., ... M(e) Cf ..., ....
 
F (h l) = I ----- kf(h ) . (3)
e i- 11 ... 1 2 r + 1 

In the case of f • 2 there ho l.ds M(O ::o 1 for hexagonal, tetra­
gonal and trigonal crystal syrnmetries, i.e., th~ C~ can be 
calculated for each pole figure separately. Of course, if there 
are no errors in pole figure determination,c~"" should not de­
pend on pole figures. Therefore, the differences between CIV~i) 
are the indicator for the mutual eonsistency. If there is any 
reference pole figure, the other C~(hl) 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 notehange 
because of the orthogonality of spherical harmonies, but 
the denominator varies the pole figure normalization. Another 
error source is the overestimation of some pole ranges. lf 
there is a referenee pole fig\J:.re havfng the same tilt in the 
crystal coordinate system the factors Fi (h 1) and Fel (h 2) have 
to be identical. The overestimated ~ilt angle rang~ in a pole 
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figure can be found by simultaneous consideration of Fe ~i) 
discrepancies and the tilt angle dependence of spherical har­
monies. Of course, this method is limited to a few pole figures 
only. 

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

IE there is a sufficient number of 
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corrected pole figures to carry out the 
mathematical texture analysis, a good 

_ consistency of experimental and recalcu­
1012 2021 lated pole figures is r equ i r ed , 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 considered 
corresponding to the points in the inverse pole figure most of 
which are far \: from the centre of i t as í.s shown in Fi g . 2. 
IE alI 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.influenees the sharpness of texture, but not its type. 

EXPERIMENTAL RESULTS 

At the JINR, Dubna, the preferred orientations of the quartz 
componen t in granul i tes/ 4/ , gne i s s es and grani tes have been s tu­
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 
Eigures have been selected w í th r e sp ec t to the Civ criterion 
only. No backg~ound variation has been carried out. The recal­
culated pole figures of granite reproduce only some general 
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Fig.3. Erperimental 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 alI 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 sarne way as in granulite and granite. 
An 0rthorhombic specimen symmetry can be also seen in the pole 
figures of gneiss. 

CONCLUSIONS 
characteristic of incident ones. There is no evident specimen In this paper some methods are proposed to check and to im­
symmetry.,The agreement of experimental and reproduced pole prove the accuracy and consistency of experimental pole figures
figures is quite satisfactory in the case of granulite. In -l
 from very complex materiaIs like natural rocks. The conside­the pole figures an approximative orthorhombic sample synnnetry 

rations should have importance in the study of other multi­
Céln be also observed reEerri.ng to plane defonnations in the " 

phased and lowsymrnetric systems also.
formation process of the rocks. 
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Fig.6. Recalculated pole figures of granite. 
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RecaLcuLated poLe figures of gneiss. 

The carefull background handling is shown to have great 
influence on the quality of pole figure deterrnination. There­
fore, for texture analysis of materiaIs having a large number 
of reflections and overlappings in their Bragg pattern experi~len­
tal techniques should be preferred to obtain not only informa­
tion on the integrated intensity of the studied peak, but also 
on the behaviour of its neighbourhood. Such methods are the ener­
gy dispersive diffraction of X-rays or neutrons (TOF) , or the 
use of.position sensitive detectars in the conventional angle 
dispersive techniques. 
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$enbAMaHH K., $Y3HTec n.• BanbTep K. .E14-86- 360 
,npo6neM~ TeKCTypHoro aHanH3a MeTaMop$H~X ropHblX nopOA 

B He~TpOHHO~ AH$paK~HH no BpeMeHH nponeTa nonH~~ AH$paK~HOHHM~ cneKTp 
CHHMaeTcR OAHOBpeMeHH9. TaKaR 3KcnepHMeHTanbHaA TeXHHKa RBn~eTCR 3~$eKTHB­

H~M cnoc060M AnR HccneAOBaHHR TeKCTYP HH3KOCHMMeTpH4H~X coeAHHeHH~, B TOM 
4Hcne KBap~eBMX ropH~X nopoA. 'HeHopMHpoBaHH~e non~CHMe nnoT~ocTH onpeAenR~T­
CR B BHAe HHTer~anbH~x H~TeHcHBHocTe~ cooTBeTcTBY~~HX 6p3rroBcKHx oTpa~eHH~ 

c nOMO~b~ nporpaMM~ nOAroHKH. DonbwHHcTBO ropHMx nopoA COCTORT H3 HeCKonb­
KHX $a3. Te rpaHynHT~, rpaHHT~ H rHeHc~. KOTop~e HccneAoBanHCb B OH~H, Ay6Ha 
cOAep~anH 50 npo~eHTOB KBap4a, nOMHMO APyrHx KOMnOHeHT. n03TOMY BpeMR-nponeT 
HaA 6p3rroBcKaR.KapTHHa RBnReTCR cynepn03H~HeH cneKTpOB OT Bcex $a3. T.e. 
I4MeerCR 60nb~oe 4Hcno nepeKpblBaiOlIl.HXCR pe$neKCOB. B 3TOM cnY4ae B03HHKaeT 80­
IlpOC o HaAe~HocTH 3KcnepHMeHT8nbHblX nonlOCH~x $Hryp. B AaHHOH pa60Te npeACTaB 
neHbI I<pH repHH A/lR npouepxa H B03MO~HOCTH nOBblweHHR Ka4eCTBa nonocaux $Hryp. 
npHBeAeHHble co05pa~eHHR MorYT HMeTb 3Ha~leHHe npH HccneAoBaHHH TeKCTYP H APY­
rHX HH31<0CHMMeTpH4H~X Hn~ MHoro~a3HblX 06pa3~OB. B Ka4eCTBe npHMepa nOKa3~aa­
~TCR pe3ynbTaT~ T6KcrYPHoro aHanH3a B HeKOTOp~X HccneAoaaHHMX KBap~e~MX rop~ 

H~X nopOAnx. 

Pa60ra D~nonHeHa B Da60paTopHH HCHTPOHHOH ~H3HKH OHR~. 

flpOrrplUIT Otn,cWUlctIHoro IIHCtHryta IIAepllblX HcCnenOBaHHH. .fiyõHa 1986 

Feldmann K., Fucntes L., Walther K.	 E14'-86-360I 

Problems In Texture Analysis of Metamorphic Rocks 

The neutron tlme-of-fl Lght diffractlon is well-suited for the investiga 
tion of preFerred orientatlons in low symmetric materiaIs, I Ike for cxample 
in quartzltlc rocks, because of the slmultaneous recording of the complete 
bragg pattern. The unnormalized pole figure values. are found by a computer 
fit of the Integrated intensitles of the corresponding Bragg reflectlons. 
Most of the natural rocks conslst of more than one phase. In granulltes, gra 
nltes and gnelsses, which have becn Investigated at the JINR Dubna, there 
are about 50 per cents of quartz among other components. Therefóre, the TOF 
dlffractlon pattern is a superposltlon of spectra from alI phases, I.e. the­
re Is a lot of overlappings of different Bragg peaks. In thls case the ques­
tlon arlses about the reliabllity of the experimental pole figures. Some pos 
slbllltles and criteria are discussed to check up and to Improve the qual ity 
of pole figures. These methods may.have importance In the study of other low 
symmetrlc or multlphases systems too. Furthermore, texture analysls results 
are presented for several investigated quartzltic rocks. 

The Investlgation has been perfo~med at the Laboratory of Neutron 
Physlcs, JINR. 
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