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Introduction 

'I'he interest in precise quantitative petrofabric analysis of rretarror 
phic rocks has increased considerably. Full infonnation on preferred crystal
line orientations in a representative rock vo lurre may be obtained using spec
troscopic rrethods of X-ray or neutron diffraction. The lcw absorption of 
thennal neutrons by the rrost of materiaIs combined wí th extended beam cross 
sections allaws to investigate bulk texture effects even in relatively coarse 
grained substances like those frequently found in geological specirrens. Fur
fherreore , complete pole figures can be measured without special expense for 
sample. preparation. \ 

The rrost of natural rocks consí.st; of ITere than one phase , In granulites, 
and gneisses investigated at the pulsed reactor IBR-2- of the JINR Dubna 
using neutron tlire-of-f1ight ('IOF) diffraction there are about 40 percents 
of quartz arrong other mineraIs. Therefore, the TOF diffraction pattern is a 
,superp::)sition of spectra from a11 canpc>nents, Le. there is a lot of over
lappings of different ref1ections. In this case the question arises about the 
reliability of the experiIrental pole figures. 

Pole Figure Determination 

Rock samples are frequently found to consist of a mineral mixture. Then, 
the diffraction pat.terri is a superposi t.i.on. of the spectra fran all phases 
of the specírren , Therefore, in texture analysis overlapped reflections must 
be cons í.dered also. This can be done only if an adequate part of the Bragg 
pattern is known, Le. using 'IOF diffraction (1) or angle dispersive rrethod 
with position sensitive detector {2). 

The pole figure values are proportional to the intensity of the c:orres

ponding Bragg reflection. The intensities are detennined by line profile
 
analysis.
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Figure 1. Canputer constructed 
TOF spectra of plagicx;lase (4), ..rr 
abite (3), CJtl.artz (2), and the 
supperposition of three spectra 
(1) • 

Investigating canplex substances two main questions arise conceming the 
2' .: . 

accuracy of experimental po Ie. figUres: 
- What components corrtr íbute to- the inteHsí:ty of the considered peak? 
- What is tl1e t.rue experimental background in t.he, spcct.ra> 
This qucst.í.ons can be cons í.de red on the base ar phase analysis results , For 
exa1vle, the TOF diffraction pattern of granulite has been supcrposed in 
Fig.1 using theoret:ical spcct.ra of the main component;s , Le. quartz,JJlagio
clase and albite.The quartz ~202n refl:ection and me double peak (1121; 
.(1012) are not toa much LrrfIuénced by other phases ; Assurrúng weak textures,. 
th.e errors arising from small strange Lntensí.ty ccnt.ríbut.í.ons aríd uncercaí.n
ties in backgroW1d subtraction l~ag mainly to incorrect pole figure normali
.zat íon, On the other hand, the (·Il22j Fef.tection is a mixture of equí.varerrt, 
intensi ty parts. of quar'tz and a níi te. Po le figures - f rom such, kind of peaks 
rnay De much incorrect. In pract.íco, ref1eétions have heen selected, where 
fhe quartz-caused intens:i. ty is rrore than 60%. . 

Furthenrore .. there are some .sources for pore figure errors having a rro
~e general ch~racter: ' 
- Using seve.ra l detectors at the seme time- one must expect different charac
teristics for each one-, The error distribution on the pole figure. range de- , 
pends on the appl í.ed diffraction technique and me goniometer \3). 
- For thick intensely scat.ter ínq samples rnuI tiple Bragg, scat:tering has to be 
taken into account, espec.í.a Ll.y in me range nearly to the overlapping of 
t.ransmí.ss.íon arrd reflection geometry. 
Therefore, cri teria nave to be fOW1d to check experime~tal l)Ole figures with 
respect to their 'internal and externaI compatibility before final OOF repro
duction. 

Pole Figure Check and Correction 

According to the series expansion method f'll the Ft (hi) factors can be 
found for every FOle figure 

'(1}

F;(hj ) :: lj'fr fFt (y )k~ (y) dy I:p ?hj (y}dY j d. y=sin .Jd.,j d"r ' 

whare the denominator is the nonnalization factor of experimental pole figu
res. Their tilt and az írrsrth angles are denoted by J" and "t' ' respectively. 
The F; (\.) and the series expansion coefficients are connect.ed by 

v W.1 r" r 
\2)FL (hj ) ' (2 L .(o -1 } ::: 2.-'C l k

l 
(hJ . 

r=-1 
The ci" can be calculated for every pole figBre separately, if M(.J.)=l: (5,6) 
(1=4,6,8,10 for cubic, 1=2,4 for hex., 1=2 for tetr. and trigo latt~ces). 

'fhe ci.'" (hi) (1,\1 fixed) ml1st be invariants for different completely accurate 
pole figures of one spcciinen. Thercfore, variations bctween the cf" (hi) are 
indicators for externaI pole figure incanpatibility. 

lf tll(~ value of k~ (hi) is low, me ct" (hi) responds sensitivel~ 
even to sllla11 changes in F{ (hi). In this case me accuracy of numerical 
integration \equ.l) plays an important role. 

As long as a11 C~'o/ (hi) have U1C same sign, thcir magnitude may be fit 
ted adding a constant backgrowld to UK: pole figures in equ. L According 
to tne orUlogonality of the spherical hanronics only the denumeration wi11 
be varied by changing th.l rx)le figure nonnalization, 1.e. thc texture sharp·· 
ness. A refercnce pole figure shou1d be choosen with respect to a stable 
C';" \h i) (1.e. ki (hi) high) and a sufficient experimental certainty. 

Even if the e.xtemal compatibility of pole figures is satisfactory, the 
pole figures reprcxJ.uced hom Ct~lUst [jIOt agree W~im Ule exp:~rimental ones. 
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Sarre errar sources are remarked in the previaus sect.ãon , 'file si'tuatian may be 
imprdved by mutual variation of -cons t , J circles. The sums over a consto 
circle in experimental and reproduced pole figures may be ccmpared to do that. 
'f1<ing anto accountthe ~haviour -of Leqencze -po Iynorní.a l s the s i.qns of 
1"1 \hi) as well as C1 lhiJ c.1aY be changed also. 

Analoqous Iy, overestiírnat.ions of az ínaith ranges may be correctea cornpa
ring <ct~ \hi ) , Fi' i-hiJ i" > .l.i ano the behaviour of cos n"i' ar .s.ín n ~ 
tenrrs oi the spherical harrronics, respectively. 

•	 Furthemore, all póle figures may be misnonnalized in the same way. A 
too sharp texture -of pole figures under consideration is then campensateà by 
negat;ive pole_density ranges in other pole figures or inverse pole, figures 
(Si •.The non-negative pore density cóndition has to be satisfied byfurther 
background variátion. 

Experim2ntal Resul ts 

At the JÍNR Dubna preferred orientations of the quartz component in gra
nulites and qne sses have been studied. As examples the experimerrteI andí 

reproduced pole figures are shown to dem:mstrate the usefulness of the des
cribed check and correction mathods , For the study of. granulite (Fig. 2) {]) 
.pole figures have been selected with zespect; to the cF criterion on ly , No 
background variations have been carried out. The rnain characteristics of the 
experimental pole f í.qures .are reflected in the reproduced ones , 
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Figure 2. 'I\.u experimental 
pole figures (on the top) 
and the corresponding re
produced ones for granulite. 

A better coincidence of both pole figure sets has been obtained for pen
ei! 911êiss \8) \Fig. 3). The c2.L were fitted by background váriations. Only 
sare relatively sharp maxíma in the incident data are srroothed out in the re
produced ones, being expliiined by the lo,.; expansion degree (1:;14). 
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Figure 3. Three experimental pore figuFes ton the -top) and the 
corresponding reproduced ones for pencil gneiss {a). 

{11201 {1121} 

{11Lo} {n21} {1012}{01l2} 

eigure 4. 'l'hree experimental pole figures (on the top) and 
the corresponding reprocuceo ones tor qne í.ss B319 (9). 

For the second gneiss speciIren ip)"/9 (9) j (Fig. 4) a J" circle fit WaB 

carried out besides the backqround variation. l'he RP-values in the table 
show that the pole figure compatibility is somewhat; better than forpencii 
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'fable . RP-varues for bNO dJ.ffer~Il!....:gneiss samples. For overlapped 
refl,cctlons.:. on.!Y_C2!.1c M,:!:..lIE'!:~_~~x is. -3iven 
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~enbAMaHH K.• ~Y3HTec n .• BanbTep K. E14-87-677 
HeHTpoHorpa~H4ecKHe TeKcTYPH~e HccneAoBaHHH 
MeTaMOp$H~X ropH~x nopoA 

HeHTpoHHaH AH$paK4HH no BpeMeHH nponeTa HsnHeTCH nOAxoAH~HM MeToAoM 
AflR HccIÍeAoBaHHH npeHMy~ecTBeHHblx opHeHTa4HH B HH3KocHMMeTpH4H~X oôpasuax , 
KaK HanpHMep, B KBaP4eB~x ropH~x nopoAax nOToMY. 4TO nonHwH 6p3rroBcKHH 
cneKTp H3MepHeTcH 0AHoBpeMeHHo. HeHopMHpoBaHH~e 3Ha4eHHH non~cHoH nnOTHO
CTH onpeAenR~TcR nporpaMMOy. nOAroHKH B Ka4eCTBe HHTerpanbH~x HHTeHcHBHocTe~ 

COOTBeTCTseHHWX AH$paK4HOHHWX oTpa~eHHH. 50nbwHHcTBO eCTeCTBeHH~X ropH~x 

nopoA COCTOHT H3 HeKoTop~X MHHepanoB. n03TOMY BpeMAnponeTHw~ cneKTp ABnH
eTCH cynepn03H4HeH cneKTpoB OTO Bcex KOMnOHeHT. T.e. omHAa~TCH MHorOKpaTHwe 
B3aHMH~e nepeKpWTHH pa3nH4HWX nHKQB. B TaKHX cnY4aHX B03HHKaeT Bonpoc o 

" \ 

'"
, , BepHOCTH 3KcnepHMeHTanbHWX non~CHWX $Hryp. Ha OCHOBe nonHWX nonnCHWX $Hryp 

06cymAa~TcH MeTOAw H KpHTepHH AI1H npoaepka H KoppeK4HH HX cofiCTBeHHOl1 H 
B3aHMHO~ cornaCOBaHHOCTe~. nnHcaHHble nonxonu MorYT Hl'IeTb 3Ha4eHHe H AflH 
H3Y4eHHR APyrHx HH3KOCHMMeTpH4H~X HnH MHorO$a3H~X onpa34oB. AeMOHcTpHpyeTcA 
3$$eKTHBHOCTb 3THX MeTOAoB AnH H3f'paHHbIX 3KcnepHMeHTanbHWX pe3YIlbTaTOB. 

Pa60Ta BwnOIlHeHa B na60paTOPHH He~TpOHHO~ $H3HKH OHRH. 

Ilponpsarr 06'Le,I\HHeHHOro HlICTHTyTn nnepnsrx HCCJ1e.ll.OBlIHHiL ,lly6Hn 1987 

Feldmann K.• Fuentes L., Walther K. E14-87-677 
Neutronographlc Texture Investlgations 
of Metamorphlc Rocks 

The neutron tlme-of-fl ight (TOF) diffraction is well suited for prefer
red orientation studles in low symmetrlc materlals. for example. In quart
zitic rocks. because of the simultaneous recordlng of the whole Bra~~ 

pattern.The unnormal lzed pole figure values are determlned as integrated 
Intensitles of the corresponding diffraction peaks by a computer fit of the 
TOF spectrum. Unfortunately, many of natural rocks conslst of more than one 
minera~. Therefore. the TOF dlffractlon pattern Is a superposltlon of spec
tra from ali components. I.e. there is a lot of oyerlappin~s of dlfferent 
reflections. In thls case the question arises about the rel i~bil ity of 
the experimental pole figures. On the basis of complete experimental pole 
figures methods and crlteria are discussed to check and to improve thélr 
internai and externai compatlblllty. These procedures may haye Importance 
In the study of other low symmetrlc or multiphased systems also. The effl 
elency of the presented methods Is demonstrated for selected experimental 
results. 

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