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Biotite crystals, taken from porphyroblastic gneiss, paragneiss and pegma­
tite, found various locations in Papuk mountain, Croatia, have been studied 
by X-ray diftraction in order to identify their particular polytypes. Widely 
used powder X-ray diffraction methods (counter diffractometer, Guinier-de 
Wolff camera) have not in this case yielded a definite answer. According to 
the powder diffraction patterns the lM (3T) polytype of the studied biotite 
crystals might be preferred. However, the single crystal X-ray diffraction 
patterns, taken by a Weissenberg goniometer, have showed that the biotites 
from porphyroblastic gneiss and pegmatite belong to the 2M1 polytype, 
whereas the biotites from paragneiss are mixtures of more complex po1y­
types. 

The determination of the polytypes of micas by X-ray diffraction, be­
sides its complexity, is, ofen, even more troublesome. The/latelet-like 
specimens may have small dimensions or may be bent an , therefore, 
they are not suitable for taking single-crystal diffraction patterns. Ac­
cording to S m i t h & Y o d e r (1956) it is possible from powder dif­
fraction patterns to distinguish simple polytypes lM, 2M1 and 3T for 
dioctahedral micas, and the polytypes lM (3T) and 2M1 for trioctahe­
dral micas. This simple and relatively fa:st method for the .determination 
of mica polytypes has been applied by many authors, esepeciaiJ.ly in cases 
of a larger number of specimens. However, during our study of biotites, 
from vaTious rooks of Papuk mountain, powder diffraction has not vield­
ed satisfact0>ry results. The investigated biotites have been taken from 
porphyroblastic gneiss, pegmatite and paragneiss and the results ob­
tained are briefly presented in this paper. A chemical analysis of the 
same biotites has already been made and reported on (Slovene c, 
1977). 

At first, the interplanar spacing d00if N (where N is the number of 
mica layers contained in the crystal unit cell) have been accurately de­
termined from the. counter diffractometer patterns of highly oriented 
samples. The method of pairs of the 01 reflections at high Bragg angles 
(8 > 490) has been applied (Popovic, 1971, 1973). Keeping the an­
gular separa1:ion of the reflections in the interval from 15° to 200 (8), 
four pairs of reflections have been chosen for the biotite from porphy­
rdblastic gneiss and paragneiss, and nine pairs of reflections for the 
biotite from pegmatite. After the angular dependence of the systematic 
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Table 1. X-ray diffraction data for biotites 
Tabela 1. Rendgenografski podaci za prah biotita 

biotite from biotite from biotite from 
porphyroblastic gneiss paragneiss pegmatite 

biotit iz biotit iz biotit iz 
porfiroblasticnog gnajsa paragnajsa pegmatita 

d(A) I (f) I (c) d (A) I (f) I (c) d(A) I (f) 

10.062 (b) 8 (100) 10.065 (b) 8 (100) 10.075 (b) 8 
5.0310 (b) (<1) (<1) 
4.594 2 3 4.595 3 2 4.611 2 

4.475 <1 
3.669 <1 3.670 <1 
3.3540 (b) 3 (48) 3.3550 (b) 3 (50) 3.3583 (b) 3 

3.150 <1 
2.660 1 2.659 <1 2.657 <1 
2.632 10 10 2.625 10 10 2.627 10 

2.565 <1 
2.5155 (b) <1 (6) 2.5163 (b) <1 (6) 2.5188 (b) <1 
2.445 6 5 2.441 7 5 2.439 7 
2.304 1 1 2.305 1 1 2.307 1 
2.275 1 1 2269 1 2 2.668 1 
2.186 3 4 2.180 3 4 2.179 3 
2.0124 (b) <1 (5) 2.0130 (b) <1 (7) 2.0150 (b) <1 
2.003 l 2 2.000 1 2 
1.918 <1 1 1.918 <1 1 
1.749 1 1.749 1 1 

I 
1.745 1 

1.679 1 4 1.679 1 3 1.679 1 
1.646 <1 
1.618 <1 

1.546 7 5 1.534 6 5 I 1.540 6 
1.529 2 2 1.523 1 3 1.522 2 

1.404 <1 
1.638 2 1.367 <1 1 
1.336 2 1.332 1 1.328 1 
1.316 1 1.315 <1 
1.306 1 1.303 <1 1.302 <1 
1.277 . <1 1276 <1 1273 <1 

- basal reflections 001 (b) 
l (f) - the relative intensities as observed in the film powder patterns (estimated 

I (c) 

(b) 
I (f) 

C (c) 

visually) 
- the relative intensities as observed in the counter diffractometer powder 

pattern; the values for the basal reflections, given in brackets, are on a 
scale different from the scale for other reflections - therefore the two 
groups of intensities are not directly comparable, this being because of 
the presence of the preferred orientation 

- bazni refleksi 001 
- relativni intenziteti kako su opafeni na filmskoj difrakcijskoj slici (odre-

c1eni vizuelno) 
- relativni intenziteti kako su opaZeni na difrakcijskoj slici dobivenoj s 

brojacem; vrijednosti za bazne reflekse, dane u zagradama, odnose se na 
skalu koja je razlicita od skale za ostale reflekse - prema tome dvije 
grope intenziteta nisu direktno usporedive, a to je zbog postojanja prefe· 
rirane orijentacije 
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errors has been taken into account, the random errors have been mini­
mized by the least-squares refinement. The following values have been 
obtained: 

biotite from porphyroblastic gneiss 
biotite from paragneiss 
biotite from pegmatite 

d 00/ N = 10.062 ± 0.005 (A), 

d°'uf N = 10.065 ± 0.005 (A), 

d001/N = 10.075 ± 0.002 (A). 

Having determined the values d001 /N the reflections 001 have been 
used as angular standards in the measurement of other interplanar spac­
ings from the powder diffraction patterns. The powder diffraction pat­
terns of all three biotites studied have been taken by means of the 
G u i n i e r - d e W o 1 f f film camera, and the powder diffraction pat­
terns of the biotites from porphyroblastic gneiss and paragneiss have 
also been obtained by means of the counter diffractometer. The samples 
for the counter diffractometer have been prepared by mixing powdered 
biotite with a small amount of amoiiphous cement such as that used in 
dental technique. In this way the effect of the preferred orientation has 
been significantly reduced. The measured interplanar spacings d (A) are 
listed in Table 1 (for the biotites from porphyroblastic gneiss and pa­
ragneiss the d values in Table 1 are the averages of film and counter dif­
fractometer patterns). On the basis of the data in Table 1, it is not pos­
sible to determine with certainty the polytypes of the biotlites, although 
these data indicate more closely the polytype lM (3T) than the polytype _ 
2M1. In order to obtain reliable information about the structure of bio­
tites, single crystal diffraction patterns have been taken by means of a 
Weissenberg goniometer. 

For each biotite five approximately isometric platelets have been cho­
sen. The Weissenberg diffraction patterns of all the platelets of the bio­
tites from porphyroblastic gneiss and pegmatite (zero-layer line for the 
a axis, and zero-, first - and second - layer lines for the b axis) have 
indicated that the chosen platelets approach very closely single crystal 
conditions with the space group C2/c, i. e. the polytype 2M1. Therefore 
one can assume that biotites from porphyroblastic gneiss and pegmatite 
belong to the polytype 2M1, or, more precisely, that the polytype 2M1 is 
dominant in these rocks. Out of the five platelets of biotite from parag­
neiss one specimen has been rather far from single crystal conditions, 
three specimens have shown a complex polytype, and one has had a 
higly disordered structure. · 

The present study indicates that the powder diffraction may be in­
valid in a determination of the mica polytypes, at least for the biotites 
from the Papuk mountain. However, one has to state that many authors 
have found, when using the powder diffmctlion, the polytype 1M (3T) in 
all (e.g. Babu, 1969; Sapountzis Elias, 1976) or almost all 
(e. g. Cent e 1r & al., 1972; .Koval & al., 1975) biotites · from 
rocks of different genesis. On the other hand, by means of single crystal 
diffraction various polytypes of biotite have been determined even from 
the ·same so rt of roe1ks (e. g. L e vi n son & H e in rich, · 1954; 
Ross & a 1., 1966). In the present study of the biotites from Papuk 
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mountain the single crystal diffraction patterns have been taken for mo­
re than fifty platelets from various rocks and various localities. In most 
cases the polytype 2M1 and more complex polytpes have been found. 

Manuscript received April 3, 1978. 
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Prllog istraZivanju trloktaedrijskih tinjaca rendgenskom difrakcljom 

D. Slovenec, S. Popovic i N. Galesic 

Odredivanje politipnih modifikacija tinj aca pomocu rendgenske difrakcije je 
pored slozenosti samog postupka cesto otezano i zbog malih dimenzija ili zakriv· 
ljenosti listiea, koji su stoga nepodesni za snimanje difrakcijskih slika mono­
kristala. Prema Smith u & Yoder u (1956) moguce je prema difrakcijskim 
slikama praha razlikovati jednostavne politipe lM, 2M i 3T kod dioktaedrijskih 
tinjaca, te lM (3T) i 2M1 kod trioktaedrijskih tinjaca. i.raj jednostavni i relativno 
brzi nacin odredivanja politipa tinjaca prirnjenjuje niz istrafivaea, narocito u slu­
eaju veeeg broja uzoraka. Medutim, prilikom nasih istrafivanja biotita iz razlicitih 
stijena Pa:puka difrakcija na prahu nije dala zadovoljavajuce rezultate. Is trazivani 
su biotiti iz po jednog uzorka porfiroblastienog gnajsa, pegmatita i paragnajsa, a 
dobiveni rezultati su prikazani u ovom radu. Kemijske analize tih biotita provedene 
su vec ranije (S 1 oven e c, 1977). 

Prvi korak bilo je tocno odredivanje medumrefoih razmaka d001/N (gc:lje je N 
broj paketa slojeva sadrianih u jedinicnoj celiji) pomocu difrakcijskih slila visoko­
orijentiranih uzoraka snimljenih pomoeu d.ifraktometra s brojaeem. Primijenjena 
ie metoda parova refleksa 001 kod visokih difrakcijskih kutova (<3 > 49°) (Pop o­
vi c, 1971, 1973). Uz kutni razmak refleksa u intervalu od 150 do 200 (<3) izdvojena 
SU cetiri para refleksa za biotit iz porfiroblastienog gnajsa i paragnajsa, te devet 
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parova za bio1:it iz pegmatita. Nakon uzimanja u obzir kutne ovisnosti sistematskih 
pogrefaka, sl11cajne pogre~ke minimizirane su metodom najmanjih kvadrata. Dobi­
vene su slijedeee vrijednosti: 

biotit iz porfiroblasticnog gnajsa 
biotit iz paragnajsa 
biotit iz pegmatita 

4 11/N = 10,062 ± 0,005 (A), 
dto11N = 10,065 ± 0,005 (A), 
d001/N = 10,o75 ± 0,002 (A). 

Odrediv~i tocn.o vrijednosti d~if N bazni refleksi 001 :P,?Shilili su kao unutrafaji stan­
dard za mjerenje ostalih mea:umreznih razmaka iz difrakcijskih slika praha. Difrak­
cijske slike pr aha svih triju biotita snimljene su pomoeu kamere po Guin i er u i 
de W o If f u, dok su za biotite iz porfiroblastienog gnajsa i paragnajsa snimljene 
i pomoeu difraktometra s brojacem. Kod pripreme uzoraka za difraktometar s 
brojacem prahu biotita primijefana je amorfna supstanca koja se koristi u zubar­
skoj tehnici (Palaferm), cime je utjecaj preferirane orijentacije u znatnoj mjeri 
smanjen. Vrijednosti izmjerelllih medumreznih razmaka d (A) naveqene su u tabeli 1 
(za biotite iz porfiroblasticnog gnajsa i paragnajsa navedene vrijednosti d su 
prosjeci sa filmske i brojacke difrakcijske slike). Na osnovi podataka u tabeli 1 
nije moguce sa sigurno~cu odrediti vrstu politipa, iako ti podaci vi~e upucuju na 
politip IM (3T) nego na 2M . S ciljem da se dobiju pouzdane informaciJe o struk­
turi biotita snimljene su difrakcijske slike monoknstala pomoeu goniometra po 
Wei s s en be r g u. 

Iz svakog uzorka biotita odabrano je po pet priblilno izometricnih listica ravnih 
ploha. Difrakcijske slike po W e i s s e n b erg u svih listiea biotita iz porfiroblas· 
ticnog gnajsa i pegmatita (nulta slojna linija oko osi a, te nulta, prva i druga slojna 
linija oko osi b) ukazuju da odabrani listici praktieno dostifa uvjete monokristala s 
prostornom grupom C2/c, odnosno politipom 2M1 • Na osnovi toga mofo se pret­
postaviti da biotHJi iz porfiroblastienog gnajsa i pegmatita pripadaju politipu 2M1, 

iii, toCnije, da politip 2M1 prevladava u oba uzorka stijene. Od pet listiea biotita iz 
paragnaJsa jedan je bio polikristalan, tri slofoni politipi, a jedan je imao nesret1enu 
strukturu. 

Provedena istruivanja su ukazala, harem u slueaju biotita s Papuka, na male 
mogucnosti difrakcije na kristalnom prahu pri odredbi politipa biotita. Treba 
met1utim primijetiti da je niz autora koristeci difrakciJu na prahu kod istraZivanja 
biotita iz genetski razlicitih stijena utvrdilo kod svih (npr. Babu, 1969; Sa­
P o u n t z i s E 1 i a s, I976) iii gotovo kod svih (n.pr. C en t er & al., 1972; Ko­
v a 1 & al., I975) modifikaciju IM (3T). Kod ~rimJene difrakcije na monokristalu 
utvrdene su medutim razlicite politipne modifikacije biotita cak i u istoj vrsti 
stijena (npr. Levinson & Heinrich, I954; Ross & al., 1966). U okviru 
istraZivanja biotita s Papuka do sada je snimljeno preko pedeset listiea biotita iz 
razliCitih sNjena i s razlicitih lokaliteta. Veeinom su to slofoni i 2M1 politiipi. 

Primljeno 03. 04. 1978. 


