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Zusmmenfssung

Der EirfluB de! KomSr6Be auf die Textur-Analyse durch Ritntsen Dilfratrion wbd
mit Hilfe ds EiNatzes dei Tdtu-K@@ (fabnc caDera) und ds Textur-Goniomete$
diskutiet. EinJache Berechnungen zeigen die warselseitice Ablaingigleit ryischen den
nittleren Komduotmeser ud der Anzalil de! Kristalle. die duch iedes cdiit ven€y

"en wd"D. Dre EilJlbse dpr Kor8ro8e und der moda.en Zusmnenserzug dd Prcbe
werden durch vergleichende Analysen dargetellt. Sowolil die Textur K.nera als auc}
das Textur Codiometer sind geeignet fnr &e Analyse von Proben, dercn nittlere Kom-
g.6!e zwischen ca, I0 und 100 Mikrcn Liegt. Fiir KomgrijBen !.terhalb dieser Werte ist
das Textur Goniometer besser g@ignet, fin gr6bere Kdher dlgegen die TdtuFKanera.
besondes dann, wenn die Probe nicht monomineralisch zusammensesetzt ist.

Abrhict

The effeck of gain size on the analysis of fabrics by X riy diffracoon usirg both the
fabric camera md rhe texture goniomerer are discussed. Simple calcDlarions show ihe
intedependance between t]re mean grain diadeter and the nmber of qyst.ls which ar€
neasured by eadr instl1nent. The effects oI both grain size and modal @mlosition of
th€ specim€n a1e illustrated by conpar.tive analys€s.

Both the fabric cMaa dnd teatue goniometer are well suited to the aDalysis o{
specimers in which dre mem Sranr diametei js between approximately l0 anil 100 mi-
crons. The tdture goniometer is more suitable wlen the gair size is le$ ihan this, while
the {a}ric csmera is bettc suited when the grain size is coaner, especially when t}e
slecimen is not ron@indalic.

R6su6

Les effets de la dinension des gains dans fanalyse dB st uctures pd diffraction des
R.x. pour lesquelles on utjlise ds chubres lhotogruphiques pour rextures er des
goni.mahes texiuraux font ici ]'objet d'une discdsion, D6 olculs simpla nontrent
l'interdependance entle le diamebe moyen aes grains ei 1e nomb@ ile 6ist.ux m6ur€s
par chaque insbumont. Les effets de chaque dimeasion de grain comme ausi de la
coDposition modale de l €clantilloD sont mG en relief par des analyses conparatives.

Ces chaDbres photographiques et goniamet.s sont tous deu bien adapt6s lour des
analyses d'acluntillou dans lesquels le dimehe moym des grains vaiie approrin!-
tivement entre 10 et 100 midors. Le goniomdb:e textual est mieux adlpte quand la
dinension du grain at plus faible, tandis que la chmbre photographique l'at davantage
pour les ganularites plDs grossidres, sp6cialnmt qland I'tclantilloD nst pas mono-

' '  Add,c$6 o{ .he "urhors Prolesor J.  sr^rxE, Cpolos} Dpp"rrmFn,,  Unive, : ib ol
w"+em onrsr io,  london, onr"  io \6c JB7, cdnrd".nd sr.r r i  scHMrD, ceoloasi \er
Institut, ETH, Ziirich, Srvitzerlard.

, r90-.59r, sbrEari 1939 529



J. sr^nnilnds. scsMDr

Iipar(os @AoI,eE6
c noMorq!rc (aeeplr (fabrlc cmeE) E reoMeapa (Textur'Gorlometer)

{syqartr BE sEe pa3MePEooE unEepdo! m psyturarEr EcqeaoEag5 rea-
crr?Br MeroaoM aE6!bpaE{4 pe4reEoBceB rl4en. npoehre paccqer6r troEaE!

B3atuocBrs! {er.ay cpeEmM ronepeqffisft 3ep@ r 4o@-
qecrBoM 4pucrarnoB, Eorop!@ lsuepam oEMs Me"oaaMtr. cbaB4r{ BrrrMe
BerrsqEr setsa E Moaaeqo.o cocraBa rpo6 Fa payr6rarEr sar{sa. ICa&
eaMepe, E4 E .oso erp npu{eEtulr arr am@3a qpo6, cpeaur 3epMoocr!
(@op6n rexh B npoads d 10 ao 100 MnpoE. ,{rr 3epE
BeDqB loAxoAlt uaD3 c noMollbF .oMoMopa, a Art 6otee .py66x-ftaMepa,
B oco6e4octr, ecrs Epo6 eparrEon ibpakqm.

Inreductiotr

The deterrnination of crystal orientations in poly€rystalline ag$egates by X-ray
diffracton has becone well established since the pione€riDg work by S^NDER
and SAcss in 1930. Two iechniques aie available. The fabdc carneF ha been
desdibed by STABKEy (1964 a, 1964b, 1977) while metlods based on the textue
goniomeier have been described by DlcxER, Asp and H^nxEn (1948), ScE!.rz
(1949 a, 1949 b) md CEHEN (1960). Reference shodd be made to these authors
for details of the techaiqrcs. The folowinS discussion is concemed mainly with
the .onstrainis imposed by the specineD on the application of the two nethods.

The Fabric Caners

The fabric cmera pemits the d€temination of the orientltion of selected
crystal planes in a standard pebographic thin section. Tbe specimen can therefore
be exuined ftst with the optical microscope io select an dea for study. It is also
possible to prepare the specimen by either mechanicaly or chernicaly removing
undesned p$ts of it (KElRrcE and Sr^l(Ey, 1979); this can be of impo an@ itr
eliminating iDterfedng diffraction fron adjacent Bragg renections.

Using a one millimeter di.meter collimator, the irradiated area of the specimetr
is approximately three square millineters. The area varies ody s)ighdy widr dre
Bragg angle of the reflection beiDg measured so that atl the measlrements are
nade essentially on the sme sdple of oystals. The selected Brleg reflections
ftom all the crystals within the inadiated area are recorded, thus a suple of
100 crystals is neasured i, the neaD glain dimeler is approximately 170 microns,
asslming that the spesimen is rnonornineratic. Horvever, the specimen can be
scann€d ove! a distance of ien ni imeters and this lesults in a ten-fold increase
in the iradiated area. Furthemore, the Bragg reflections from several scans. or
even fron sevelal different ihin sections, can be accumulated on a single lilm
There is, therefore, no upper limit to the size of crystals which .m be mealued.
Even if a thin section ontains only one crystal itl orientaiion can be deternined,
since alt ihe selected Bragg reflections are recorded on the film.

The use of filn does, however, have a sedous disadvutsge in ihsi the nr-
heren{y low sensitivity of X ray fild places limits on the finert Srained specimens
which can be studied. This will be denonstrated below. However, the use of filrn
do€s produce photographs which .an be interpreted imediately on inspection as
pole fisures on a cylindrical projection. For quantitative analysis the films are
digitized using an X-Y rccoding microdensiiometer and a compuier is used to
generate pole figues based on the Lmbert Equal Area sphelical projectioD.
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A.omla.ison ber$een the fabric caDera ud rexture goniomet€r nethods

The Text@ coniomete!

_Most resuchers who use the textue goniomerer examine stabs of the specimen
wlich cs Le considered irltinirely rhick for $e purpo,e of apptyins X rJv ab
sorpdon .otrection!. { second. hinner slab i. used ro obrd dcra Ly ;co.misrion
of the X-rays tlYough rhe specimen. Such u analysis tnerefore combines data
hom tso completely differeni suptes of rhe specimen. Using the fully automareal
texlure goniometer at the E. T. H. Zudch it hd been possible to obtain sarisfac_
ro,y ellts Irom a \inE c s'aDdaLd perrogrrphjc rhin sFcriol. lhus Lhe inrpsrigdred
vorume oi ulc specrmpn rpdain. more nesly constdt. the u-e o. ! fiin rection
ir clro de.irable lrom tjrc poilr of \ iew ot being abte Lo ob\erve rnd prepare rhe
sample rs desoibed above.

With a one njtlimeter collimator the irradiated area ot rhe specinen veies
fro.T approximaiely rhree square millimeters to a little more thrn one square
milimeter depending on whether renected or trdsmittua aoto 

".. 
U"i,g .u"oia"a.

The prc.isc dec al,o dcp.nd. on dre Brags anste ot $e reflecrio, L"intme3surcd.
Hen(p .v.n iJ ! ,in8l. dlin rFcrjon ir used in lie ddbsis dre r3mpt"ioI crysrrJs
investigated in reflection and tansmission are sisnificmrty differeni. Assuninc an
avcrrge.r)uc or r$ u .qud e miUinercrs.  a smpte of  100 ( : r lsrdt .  q iU l ,e rnrd, ' r "d
il lhe mean grain di.,meier is app,o}jmatet, 140 mjcrons, tur i monomin.,rtic
\ te. imen. The sppcinen.an be o, . i l lared over ten mj l l imere6; th i r  i r ,opa"es the
ir.radiaied aiea to abour twenty sqtrare Dillineiers. Thus, even jf the mean grain
diameter is approximately 450 microns, t00 crystals wjlt be irrldiated. 

"This
repre*nts the upper limit becaDse the texture goniometer collects alata qa_
chionously md therefore data cannot be accunulatid over several smDtes of ihc
.pecimpnaq$iLlrhctah, iLrame,J.Anyin,red,Finr_heerarnr iz"re,Ll is inrewer
crystals being iEa&ated.

The numbd of qysials measur€d is considerably tess than the number ilradi
ated. This is because the detector is moved increment.lty from one measurine
posi t ior  to rh,  np\rand Lhe inrprvpning daraJ-Flo.r .  \  &ere thF inrrcmenrs ar;
5".  even i I  ihe accpprance lnalp ot  rhe detccror t  sFl  Lnusuaj ty rv id. .L 4o, mDrc
than half of the data are lost and tlerefore tt 

" "n""tiu" 
.""n dianet€r which

would yield a sample 
-of 

100 neasur€d crystals from an area of 20 square milti-
meters is approximately 300 nidons. The finesi grained sample which cm be
analysed ir limited only by the sensjtiviiy of avaitabG detecrors. 

'

The final pole fisure is derived by comtrinins the refl*ted anit transmtieal dara
u\ing c compure,. lr is rherefore c comp^sjre or daru ubrarn"d hom d,fterFnl
srhples oi crlstats a\ nuted above.

Conparison of Analyses
Specimen 7816 is a calcite mylon e from the Morcles nappe in the Sviss Atps.

Figu,e Ia js a lab, ic cmera photograph or $e r  t0.a B;ass ,pf lecr ion.  r t ,e;-
d,ces used hp e are Milrr-Bm%h indic"s bc.ed on J hqaSonil unir cell wifi(  - .17 A.cnd a -  5 A. Figue I  b s loe s rbc potF t igurc dcr i ied honr rhe phoro_
graph and tigure lc sl,ows rhe pote tigue cclcutarcd hom rc\rurc gon,;me,ry
dnti, the two pole figures de verv similar,

. .191. r iB.LI_e! l9r  c -  i00.r i ,a -  l l l .0] .c _ t0r .8] , r  -  10r.2] ,h:  i20.2] .
i l  L6l  ond l I1.9i  sere dho determined satr- tJclor i ly  u! ing rhe rerLurc Soniomctcr



l. sruKEY dd S. scuDr

SPEClltElt 7816, cALCrrt r = (104) POLE FICURE,

TEXTURI GOIiIONEIER DATA

Fig,l. The @lote r fabric in mylonirp from ih€ Morcls Nappe, Swns AlF. sl,ecrmo
7816. a) The fab c csm Dhotoeraph. b) The Dole heurc denred fioD the fobdc
.@eB oholoEdDh. cr The role fid,e de.ived fro; Letu; soniomets data. In b dnd "Lh" d"L?tu. i"-t€;'h a.e mDlti.l€\;I a unitom dnLdbdtion 6t ihe d a. Th. area b.low

the lNest coltour is stipp[id, the de. above the hieh4t @ntour is 6os hatched.
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A cdpdison b6twd the fabric (m€ra and textre goniomete. methods

sPEClrlEN 1rl, 0uaRrz r+z = ($r) + {0u) mL! FrGuRE.
,IEXTUM 

MilIOI,IFIER DATA

Fis.2. The cqtz r I z fabric io Sd6v Greltit€, speciD@ 133. a) Tbe labric cm@

Fl;tosr9ph. L-) :rbe pole fis:re d*ived hom tl,e Jabrii cmtr' pholosnph. c) The pol€

d;16 of a uilom distlibuti@ of tbe dala. Tb€ sa below th€ lowst c@tou ir stipple4
Ue ma abde th€ hiEh*t Mtour is @$ batched.
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ouARn r+z = {r0t + {ou} mLE flGlRE.SPECllltrl 1t5,

TEXIIIRE GOII I OIIITER DATA

F,s.3. The outulz r + z fabric in Saoy Gr@'nit€, specinm 135. ,) Tle fabn. (msa
Dh;t@raoh. bl The Dole fieue denved irom the fabni .amera DholoeraDb. .) Tle Dole
hsu;dirived fao; tqh;e E-io-"t* data. In b aDd c th! coioulr iniwals-ae
n-ullipls ol a @ifo@ di.Eititid of the data. The &6a below tbe lowest @brour is

stippled, $e area atove ihe highst @ntN is crc$ h€tched.
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A coDparison between the fabric ceen and texture goDioncter methortr

THETA = 13. 3

120

t50

150

120

90

180 270
Fig.4. The chan used to intercret fabric camem Dansre.or r3.ro e.s. .nc -quarr, , 

-o 
, ,-n*,,"", ,1,11.%l'ii :ji,",i,:lllfiJfi.?#ii

:i:,1,H: fffJi"iiI#,lli:f:5"9'flilK,T"0';'''o rrong th"'hod anm'i""i rr'
rnd hF specietu noma,. rh" **, _", 

"* 
o"1,1lii"i:#gli il"$ii:l""t.,:Toara de sepred by r r*tuc Aonihqer usiog t0o .tppping in",e;-nr".

(SCHMD..C{.Er Md Sr {_sKrv tsst). Tbe labrh camera ,va Mrbte ro rFsotve Ge
prere(ecl on.ntauoDs ot these torms. I{ i. alerdy appareDr jn t}p ohoroerroh olti-F r l:ft{dom. Hquje ta- Gcr Lhe rerrurc ir app;";*"e d," l, i Jf d","?i"ii[
sihe lhe paltem of Bragg r€necHons tcnds ro merge inlo drF blckg,ound and th;
ldm shows low conha_sr. The mean grain diamer€r is approdmalety t0 micron\,
there,ore rhe limfting tacror is no( rhF Dumber ot cry\rrlr mersurFd, ir is thc to$
inr€mit) oI the X.rays difhacrFd by smaU crysratc relarjve ro the ba"kground

spF.nen I 33 ir. d grM ul c trom Sa\on y. Ir con rJjn. ap prorjmarely 4 0 o/0 quan z
rnd rne med- gtuu. diamerer ir app,o\iDatety 50 micron,. Figure 2 show; data
lor tnF r .l0.l ed z .0t.1 reflecrions. using Miler_Bravaj; indjces b.sed on
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sPECll{El! ll5, OUARTZ M . {IOOJ POLE FIGURE

TEXTURT GOII IOIIIIER DAIA

FiE.t The ou"rt7 m Lbri( in Sdonv Cr-nul,lc. sDaimcn 135. J) Th" frb c "rmera
oh;rosaDl,. b) T}e lole'inrc deri\eil tom rhe ld6nc.maa oholosaoh a T$e noh
ilcuridirived ho;,cxtu;" coniomrle, data. Jn b aod c rhi coniou-r inreryals-a'e
m-uldDles of 

" 
un'rom distnb-ution oi the data Tle area below tle towe.r coriour b

- stippled, the ar€. ibove the highst @ntour is cro$ batched.
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A coDparison between the fabric camem and texture goniometer nethods

TNETA = 10.4

150

t2a

90

t20

90 130 274 0

frq,6. The chan used to itrtem-er lrbnc came'a pholograPhs ol eflPchon: wirh a Bragg
a;le of r0.!o. c, s. $e qua,tt m rPflection u.ins Cx K tdd ation Tl'c azimuus ol the
;;l;io rhe d:Itra:ms plane. JF udi(lted 0lons rlF shod dnensio' of rie charr' rhe
i;iri;i,; J;;s rh."l6ng din-mion jndicaF ihp uejcs bet{rFn $e Pol"' and the
sDe.im.n nomal. lhe chrrl mrv.lso be u.Pd to repre'enl lhF gnd
' smpled by s tdtue goniometer using 10o steppilg increnents

a helogenal unit cell. Since both forns have the same Bragg agle thev cannot

be isolated. The fabric camera photograph, figure 2a, shoss a wetl resolved
pahem of preferred orientatioD. This is presented as a pote figue in fiSure 2!'
-rigue 

2 c iho'"s the pole figure deriv€d from texture goniometer data The r€sr ts

of the fabric aDalvses bv both fabric canera and textue goniometer aie clos€ly

comparable. Asreement }as also found in the measured fabrics of other crystrtlo-

iDecimen 135 is a Sa$nv slanul i tF which cnnrains dPPmrrmatFlv 700/0 quanT

rvrh a mern srurn diamere:; t  100 mic,ons Th" rdhn" crmrre phorograph ot  the

|r z reflec.ion.. lrgure 3 c. yiPlds the pole lisure shown in fiprP 3 L Fjgur 3 c
shous &e oole l ieu'e d"nv"d hom ihe te(,ure goniorclpr dats lhe r \o lated
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naxima rvhiclr appee jn figue g c ee rhe r

**5::*h:$**"il*;', :q$,',:r,*T.rf #
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m*;-,m$ mffi
Conctusioh
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Adtooqtedgenmts

nt*ipf ;=,?1**U.g:i:j*i4t{:{H:"$**:i'sri"?.{'#"#"i
Reforon@,

::';LT*$#il#if$"}[$#,3tllp,iif+:g1"",i:Hffi
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