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The effect of absorption on X-ray diffraction Weissenberg 
patterns of epitactically overgr<>wn biotite polytypes 
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Characteristic effects in X-ray Weissenberg diffraction patterns caused by 
epi·tactic overgrowth of biotite polytypes are studied and explained in terms 
of the absorption of X-rays, diffracted in one of the individuah, when passing 
through the other individual. 

In the OOUTSe :of investigation of the bioti te polytyipes tin the ·rocks rrOIIll 
the Papuk Mountain by means of X..ray d!iffiraotlion the epitaotic over­
growth of vallious rpolytypes has aLso been observed (S Io v en e c and 
Popovic, 1981a). Diffract1iion patterns of indiiviiidiual sillligle crysta1-ldke 
flaikes, peeled out from ithe Tooks, harve been taken in a Wcisisell!bepg go­
niometer. The patterns of most of the epitactlical1ly ovel'lgrown samp'Tes 
show an unsurul appearance. A characteristic e~ample i1s shown lin Plate I, 
Rig. 1: thait ,fis :the rpat tem of the seocmd-layer 1ine airoood one of >the 9.2 A 
axes of a bioti•te sample (l)iotfrte £rom metahasite, Bnaja), which repre­
sents an epitactic overgrowth of the polyit}'IPe with seventeen 'S:iingle-llllica 
layers in the 1uinit cell and the po1y,type 1M. A sec1Jion of the upper pairt of 
th:~s pattern, 1naimely the reciproc~l-lattice row parallel to the c* axii:s, 
which ldes on the straiight-line, enfar.ged mve t!imes, >iis 1shoW1Il ~n Plate I , 
l'lig. 2. It iis eviLdent that this recirprocal lattlice .row in ithe lower pa>rt dis 
qUJite different :than !in the :upper part of ·thie pattern (Plate I, Fi:g. 1). The 
lower part c~tarins d1iffractiion max:ima 021 of t'he polytype 1M, while the 
upper part cont>aiins oor.resipon.ding maxima of the rpolytype with tSeven· 
t~n single_,mica laye:ris. Let us oonsider the caiuse of thi1s phenomenon in 
more detaii:l. 

Let the polytyipes ·1M anrd 2M1 be oviergr.own tin such a way that the a 
axis of the polytype 2M1 coincides with the direction [HO] of the poly­
type 1M, i. e. 1the rpolytyrpe lM iis irotared around >the c* axiis for 60° 1in ·re­
lation to the ip.olytype 2M1• They form a composite Teoiprooal lattice in 
whlich the fio1lowing 'rows are in co:inoidence: 0212M, and l1Z1M ; 041 !M1 am.d 
22l1M ; 06Z2M1 and 33liM ; 20l2M. aind 13Z1M etc. The sample may be ,tran­
spairent for x~ays tin such a way that the X.irays diffi:riacted in one of the 
two polytype inidtiv:iduals are 'little aibso~bed. when passing through die se­
cond indiiviJc:lua11. Then a composite diffractiion pattern is obtarined wdtb 
difiiractiion maxima of both pO'lytypes spread all O\'ier the pa!tenn. In thiis 
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case the epirtactl:ic overgrowth can be identified according to .the criteria 
suggested by Rieder (1970). On the other hand, the 1sample may be 
opaqrue for the X-«"ays in such a way, that the X..irays diffracted ,jn one of 
the two indivtiduiails are totally absorbed when passing through ,the other. 
Then, in the Wei&senberg pattern of .the zero-layer line taken 3lI'IOUDd 1ihe 
ms a2M. the rows Okl2M. and kkl1M are registered in a way schema1licaMy 
shown m Fi!g. 1. The full lines represent it:he roWIS Okl2M1 wiith k -=/= 3n, and 
the dashed liiines 'l'OWIS kkl1M with k ::/= 3n. The dotted Imes represent the 
rows 06l2M. and 331 tM , ais the coITeSipondiJng difiiraotion maxiiinla of the 
polytypes 2M1 and 1M firom these rows aire a:t rvery simHair Bragg angles 

c• ' 11r,,., I / 

~0212H, 

,,. 

.• -06t2H, 

Text•fig. 1. A schematic representation of X-ray diffraction Weis-:;enberg pattern of 
the zero-layer line taken around the a axis of the .polytype 2M11 which is epitactically 
overgrown with the polytype lM, for a case when Xi-rays, diffracted in one ind1-
vidual, are absorbed totally ·m the other. The di1rectdo11s [lOOhM, and [1I0]1M 

coincide. 

SI. 1. Shematski prikaz rendgenske difrakcijske -:;like .po Weissenbergu nulte slojne 
hnije oko osi a politipa 2M1 sra§tenog s politipom lM za slueaj kad su zrake, 
difraktirane u jednom iindividuumu pri prolazu kroz drugi potpuno (apsorbirane. 

Smjerovi [100]2M, i [1 T0]1M se podudaraju. 

(oj (Table 1). In the pattern of the second-layer line taken around the axis 
b2M, the .two odilncid:ing ·reciprocal laottice rows parallel 1to c*, lyiing on the 
straii1ght line, aire 0212M. (in one part of the pattern) and l 1l 1M (in the ot­
her part of the pattern). 

Let another example support the arbove dliisoussion. Plate II, Fig. 1 shows 
the pattern of the second-layer lli111e .taken around one of the 9.2 A.. axes of 
a bioHte sample (from poriphyritic qiuairtz diorite, Pakra). The ·reciprocal 
lattice row pairallel to the c* axis, which lies on the straight line, oonta-
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Table 1. Bragg angles of diffraction maxima 061 of the biotite polytype 2M1 and 
the ma~ima 331 of the biotite 1polytype lM for CuKa1 radiation (biotite from 

por.phyritic quartz diorite, Pakra, Mt. Papuk)*. 
Tablica 1. Braggovi kutovi refleksa 061 politipa 2M1 biotita ,i refleksa 331 politipa lM 

biotita za CuKa1 zracenje (biotit iz porfiroidnog kvarcdiorita, Pakra, Papuk)*. 

2M, lM 

061 I 
e (0) 33l I 

e (•) 
I 331 I 

ec•) 
CuKa1 CuKcx1 CuKa1 

060 29.972 33I 29.984 

062 30358 3~. 30.3'61 330 30380 

064 31.499 33:rl 31.492 331 31.529 

066 33.353 334 33.333 332 33.390 
068 35.865 330 35.839 3133 35.908 

* The BI1agg angles e of these maxima are calcula:ted frQID accurate values of unit· 
-cell parameters determined previously (S 1 o v en e c and Pop o v ~ c, 19&1 b). 

* Braggovi kutovi e navedenih refleksa izraeunati SU iz toenih vrijednosti parame­
tara jedinicne eelije odredenih ranije (S ·Iovene c i Popovi c, 1981b). 

ins the diffraction maxfana from an eight single-mica Jayer palY'type (the 
upper part of "the parttem; a1so !in Plate II. Hg. 2) and the maxima 021 of 
the polytyipe 1M (the lower part of the pattem). The same sample has been 
carefully clef.t 1in two pieces. Plate II, fiig. 3 shows the diffraction pattern 
from one of the two pieoes, taken· around the same 9.2 A axis, d. e. a1routrld 
the axils b of t:he polytyipe lM. The stiraJght Line row paira!Llel to the c* 
ax:is oont·ains 01I1ly 'the diffrnct1ion maxima 021 of the polytype 1M. 

The above discussion has been related to ·two limitling cases of absorip­
tion of difiiracted X.irays din the sample: f.irst, the rays diiftiracted in one in­
d!iiVlitdual aire little abswbed in the other, and second, when they are ab­
soribed totally. However, depending on c:hemical oomposiition 3!l1d the 
sample ·volume, some samples are interimediate cases. lt happens that dn­
tense maxima, diffiraoted in one inddivridual, also pass through the other 
and are registered ri.n the pattern, while the weaker maxima aTe a!bsorbed. 
Moreover, if ,the Illllffiber of the intergrown ~nd!ividuals is greater than 
two, the diiffra-0tion pattern may become so complex, thait ;it 1is not possi'b­
le ro 1identify the phenomenon of the epitactic overgrowth. 
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Utjecaj apsorpcije na izgled rendgenskih difrakcijskih slika 
po Weissenbergu uzoraka epitaksijskog rasta politipova biotita 

D. Slovenec 

Pniliikom .istrafivanja politipova biotita iz stijena Papuka opafone su i pojave 
epitaksijskog rasta raziiOitih politipova (Slovenec i Popovic, 198la). Istra­
zivanje je vr8eno uz primjenu rendgenske difrakcije na monokristalu. I>ifrakcijske 
slike individualnih listiea (kalotina) snimljene GU pomocu goniometra po Weissen­
bergu. Difrakcijske slike veeine uzoraka epitaksijskog rasta imaju neobi·can izgled. 
Jedan od karakteristicnih snima:ka je snimaik druge slojne linije oko jedne od osi 
9,2 A uzorka biotita (biotit iz metabazita, Brzaja) 1koji predstavlja epitaksijski rast 
politipa sa sedamnaest paketa u jedinicnoj celij1i i politipa lM (tab. I, sl. 1). Dio 
tog snimka s gornjim krakom niza :paralelnog osi c* reciproene resetke (niz regi­
striran na pravcu), poveean ·pet puta, prikazan je na sl. 2, talb. I. Vidi se dz sl. 1 
i 2, tab. I, da su dva kraka niza para:lelnog osi c* 'biitno razliOita. Na donjem ·kraku 
Gu refleksi 02l politipa IM, a na gornjem kraku su refleksi politipa sa &edamnaest 
paketa u jedinienoj eeliji. R~mO'tl'imo uzrok ove »neobienec pojave. 

Pretpostavimo da su 1politipovii lM i 2M1 srasteni tako da se OS a politi,pa 2M1 
podudara sa smjerom [lIO] politipa lM, t:j. lpOlitip lM zakrenut je oko osi c* za 00' 
u odnosu na politiip 2M1• U sO.oZelnoj reciproenoj reSetoi podudarit ee se npr. nizovi: 
02l2M, i '1.111M; 04l2M, i 22l1M ; 06l2M, i 33l 1M ; 20l 2Mt i BlrM itd. Ako je uzorak pro­
zracan za rendgenske zrake to1iko da su rendgenske zrake, difraktirane u jednom 
individumu, pri prolazu krO'l drugi malo aip:;orbirane, dobit cemo •normalnu« s[o­
zenu difrakcijsku sliku s efektima oba individuuma po cijeloj difrakcijskoj slici. 
U tom slueaju epitaksijski rast mo:Ze se identificirati prema kriterijhna koje je 
predlo:Zio Rieder {1970). Meduthn, ako je uwrak neprozracan za rendgenske 
zrake toliko da su rendgenske zrake, difraktirane u jednom individuumu pri pro­
lazu kroz drugi potpuno apsorbirane, na :mimku po Weissenbergu nulte slojne li­
nije oko osi a2M, nizovi Okl2M, i kkl1M bit ee registrirnni na nacin sheJinatski prd-
kazan na sl. 1. Na sl. 1 punom liniijom OZ!llaceni su nizovi Okl2M, s k =/= 3n, a ispre­
kidanom linijom ruzovi kkl1M s k =/= 3n. Toekastom linijom oznaceni SU n:i2ovi 
06l 2M, ,j 33l1M , jer se odgovarajuei di[rakcijGki maksimumi politipova 2M1 i IM iz 
ovih nizova nalaze na gotovo istim kutnim poloiajima e (ta:blica 1). Na snimku 
druge slojne linije oko osi b2Mi, na jedn<>m kraku niza 1Paralelnom osi c* (koji lezi 
na pravcu) nalazit ce se refleksi 02l2M, a na drugom refleksi '11l 1M . 

Gore izlofono potkrijepljuje s1ijedeei primjer. Na tab. II, sl. 1, prikazan je :niz 
paralelan osi c*, koji leZi na pravcu, .iregistriran na :mimku druge slojne 1inije oko 
jedne od osi 9,2 A uzorka biotita iz porfiroidnog k'Varcdiorita, Paikra. Na gomjem 
kraku ni2a su refleksi osampaiketnog po1i tipa {vidi i sl. 2, tab. II). ;Na do.njem kra­
ku rma opaiaju se gotovo samo refleksi 021 politipa lM. \Isti listic r_eail!jivo je rtr 
skalan i nacinjen je snimak druge Glojne 1linije jedne kalotine oko iste osi 9). A, 
tj. oko osi b politipa lM; u nizu paralelno.m osi c ikoji fozi. na pnwcu (tab. ill, st 3) 
vide se samo refleksi 021 ipolitipa lM. 

Riazmotrili smo dva krajnja slueaja apso11poije difraktiranih rendgenskih zraka 
uzorkom: prvo, da zrake difraktirane u j ednom indirviduumu prolaze ii kroz drugi 
iindividuum, i drugo, da se potpuno aipsorbirajiu. Medutim, ovhno o 'kemijskom 
sastavu i volumenu individuuma postoje i intermedijarni s1lueajevi. Nai~e. zrake 
veee~ intenziteta (refleksi veceg intenziteta) difraktirane u jednom individuumu 
proe1 ee i kroz drugi a slabije ce se apsorbirati. Ako je uz to broj srdtenih indivi­
duuma veci od dva, difrakcijska slika uz<>rka mO<le biti toliko slo:Zena da pojavu 
epitak:.>ijskog rasta nije moguce identifioirati. 
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Fig. 1. X-ray diffraction Weissenberg pattern of the epitactic overgrowth of the biotite polytype with seventeen sin­

gle-mica layers in the unit cell and the polytype lM (biotite from metabasite, Brzaja, Mt. Papuk); the second­
-layer Hne, the pattern taken around the b axis of the polytype lM. 

SL 1. Rendgenska difrakcijska slika po Weissenbergu epitaksijskog rasta politipa sa sedamnaest paketa u jedinicnoj 
eelijii i politipa lM (biotit iz metabazita, Brzaja, Papuk) ; druga slojna linij a, snimak oko osi b poldtipa lM. 

Fig. 2. A section of the upper part of Fig. 1, with the reciprocal-lattice row parallel to c*, which lies on the straight 
line, enlarged five times. The distance R corresponds to a single-mica layer of 10 A of the polytype lM. 

SL 2. Gornji dio snimka na sl. 1 s krakom niza paralelnog osi c* (niz registriran na pravcu) povecan pet iputa. Raz­
mak R odgovara jedinicnom paketu od 10 A politipa lM. 
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Fig. 1. X-ray diffraction Weissenberg pattern of the epita-:: tic overgrowth of the biotite polytype with eight single­

-mica layers in the unit cell and the polytype lM (biotite from porphyritic quartz diorite, Pakra, Mt. Papuk); the 
second-layer line, the pattern taken around the b axis of the polype lM. 

SI. 1. Rendgenska difrakcijska slika po Weissenbergu epitaksijskog rasta politipa s osam paketa u jedinicnoj 6eliji 
i politipa lM (biotit iz porfiroidnog kvarc-diorita, Pa'cra, Papuk); druga slojna linija, snimak oko osi b poHtipa 
lM). 

Fig. 2. A section of the upper part of Fig. 1, with the reciprocal-lattice row parallel to c*, which lies on the straight 
line, enlarged five times. The distance R corresponds to a single-mica layer of 10 A. of the polytype 1M. 

SI. 2. Gornji dio snimka na sl. 1 s krakom niza paralelnog osi c* (niz registriran na pravcu) poveean pet puta. Raz­
mak R odgovara jedinicnom paketu od 10 A. politipa lM. 

Fig. 3. X-ray diffraction Weissenberg pattern of the second-layer Line of the polytype lM around b axis (one piece of 
the biotite sample, shown in Fig. 1, obtained by cleaving). 

SI. 3. Rendgenska difrakcijska slika po Weissenbergu druge slojne linije politipa lM oko osi b (jedna kalotina listi­
ea biotita ciji je snimak prikazan na sl. 1). 
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