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This pape r p resen ts the resu l t s of a s tudy on the contents of tha l l ium 
and o the r microelements in galena, sphaler i te and o ther minera ls f r o m t h e 
Mežica mine. T h e w o r k is a pa r t of a s tudy on t h e contents of tha l l ium 
in P b - Z n paragenesis in Yugoslavia. As this was t h e f i rs t de te rmina t ion of 
tha l l ium in sulphides by t h e me thod of a tomic absorpt ion spectrophoto-
m e t r y in Yugoslavia, a brief descript ion of t h e method should be presented. 

T h e Mežica deposit of lead and zine is s i tuated in t h e K a r a v a n k e area, 
in t h e eas tern region of Alps. It shows a g rea t s imilar i ty by its origin and 
mine ra l paragenes is w i th t h e a lp ine deposits Bleiberg and Raibl. 

The mineral izat ion in Mežica is found in t h e Middle Triassic l imestones 
and dolomites in terca la ted by shale. The Paleozoic shale makes the i r base. 
T h e ore bodies a re main ly bound t o t h e Wet ters te in l imestone and breccia. 
The ore occurs in f issures and in un regu la r shaped tubes. The re a re ve ry 
s h a r p l imits be tween richer ore bodies and t h e ba r r en wall ročk. 

T h e ore bodies consist ma in ly of galena. In the i r per iphera l pa r t s t h e 
quant.ity of spha le r i te is rap id ly inereasing. Almost in ali par t s of the 
mine, t h e concentra t ions of galena are s i tuated n e a r t h e shale, bu t f a r t h e r 
f r o m this ročk, the quan t i ty of ga lena is decreasing fas te r then tha t of 
sphaleri te . 

T h e genesis of the deposit is complicated, a l thoug t h e minera l content 
is ve ry simple. For example , B. G r a n i g g and J . H. K o r t i s c h o n e r 
(1914) assume tha t the mineral izat ion is of epigenetic origin, connected 
w i th rocks at t h e g rea te r depth. According to A. C i s s a r z (1951) the 
origin of t h e deposit in Mežica is not enough explained; t h e appearance of 
t h e Mo shows tha t t h e deposit is connected w i th t h e Ter t i a ry e f fus ive 
volcanism. In his paral le l s tudies of alpine deposits of lead and zine, 
L. H. J i c h a (1951) considers t ha t t h e Mežica ore deposit is of ep i the rmal 
type, and tha t t h e mineral iza t ion has t aken plače in t h r e e phases, which 
m a y h a v e been continuous. J. D u h o v n i k (1954), A. Z o r e (1955), S. 
G r a f e n a u e r (1962, 1965, 1969), B. B e r c e (1960), I. S t r u c l (1965) 
and others h a v e s tudied t h e Mežica deposits too. 

According t o t h e l i te ra ture , t h e fol lowing minera l s occur at Mežica: 
galena, sphaleri te , greenockite, pyri te , arsenopyri te , marcasi te , melnicovite, 
chalcocite, wulfeni te , descloizite, hydrozincite, i lsemannite , gypsum, bar i te , 



anglesite, smithsonite , cerussite, calcite, dolomite, calamine, f luori te , quartz , 
l imonite, su lphur . 

In galena, sphaler i te , wulfeni te , smi thsoni te and hydrozinc i te the 
fol lowing e lements a re found: TI, Hg, As, Bi, Co, Cr, Cu, Mn, and Ni. 
As pointed out before , t h e contents of these e lements w e r e de te rmined by 
t h e method of a tomic absorpt ion spec t rophotomet ry f r o m t h e solution, 
except mercury , as well as by t h e semiquan t i t a t ive spectrochemical 
analysis. T h e specimens have been taken f r o m t h e Barba ra , Igrče and 
Srce levels of t h e Mežica mine. 

P rocedure 

T h e specimens invest igated belong par t ly to t h e collection of the 
Facul ty of Mining and Geo>logy, Beograd Universi ty, b u t t h e g rea te r pa r t 
was collected at Mežica in 1958. T h e minera l s were classified according to 
the gra in size of galena and t h e colour of sphaleri te . To assure t h e 
m a x i m u m pur i ty of t h e minerals , the X - r a y control has also been applied. 
T h e chosen mater ia l has been pulverized and homogenized by a micromil l 
dur ing 10 t o 15 minutes . Depending on t h e concentrat ion of t h e e lements 
(especiallJy TI) a quan t i t y of 0,2—2,0 g rams was t aken f o r t h e analysis. 

T h e minera ls were dissolved wi th corresponding acides (HNOa , H„S0 4 , 
HC1, and HC104 conc.) in a v a c u u m system. A par t of t h e cal l ibrated 
glassware wi th t h e subs tance to be dissolved was pu t in to w a t e r at a 
constant t e m p e r a t u r e of 80° C to avoid t h e separat ion of su lphur in the 
shape of round and lent icular grains, which par t ly absorbed t h e tha l l ium 
f r o m t h e solution. The par t ia l absorpt ion of tha l l ium f r o m the solution 
has also been noted wi th samples dissolved in open glassware. 

For the de te rmina t ion of tha l l ium in dissolved samples by t h e atomic 
absorpt ion spec t rophotomet ry t h e Pe rk in -E lmer model 303 in s t rumen t 
was used wi th p e r m a n e n t control by s t anda rd solution. T h e concentra t ions 
of tha l l ium and o the r elements w e r e de te rmined by s t andard curves. As 
source of light emission tubes w i th hol low cathodes (single-element and 
mul t i -e lement lamps) were used, t h e f ibres emi t t ing ions of t h e correspond-
ing element , w i th an operat ing cur ren t of 20 mA. The tubes a re fil led wi th 
neon. T h e f r o n t pa r t of t h e tube, pe rmi t t ing t h e light beam to pass, is 
m a d e of quar tz glass. T h e tha l l ium content readings w e r e m a d e on t h e 
w a v e length of 2768 A wi th the slit opened towards t h e monoch roma to r of 
20 A. To read t h e samples in wa te r solution, a bu rne r of stainless steel 
10 cm long wi th t h r ee slots, and fo r samples ext rac ted wi th organic 
reagents a b u r n e r of t h e same length w i th only one slot was used. The 
w a t e r solution was aspi ra ted into a b u r n e r at t h e ra te of 3 ml /minute . 
A m i x t u r e of acet i lene and air having a constant p ressure of 9 lb/inch2 

yielded t h e oxidat ion f l a m e of 160—2300° C fo r reading. The samples in 
t h e w a t e r solutin, as well as those wi th t h e organic reagents , w e r e read 
at t h e f l a m e low tempera tures . T h e s t anda rd condit ions of sensit ivi ty 
w e r e 0,8 to 1 p p m fo r 1 °/o of absorpt ion. T h e average e r ror is ± 10 °/o. 
The inf luence of o ther e lements on tha l l ium also has been studied. The 
solutions of tha l l ium w e r e p repa red wi th var ious propor t ions of fol lowing 



elements : As, Cr, Cu, Fe, Mn, Pb, Sb, and Zn, as a l ready W. A. V e n e n -
d a a 1 and H. L. P o 1 a k (1966) had practicized bu t wi thou t aad ing of t h e 
pu f f e r s . Then TI concentra t ions w e r e read. On this occasion any inf luence 
of given e lements on t h e concentra t ion of tha l l ium in t h e solutions was 
not observed. 

T h e p r i m a r y s t andard solution (concentration 1000 ^g /ml of TI) was 
p repa red by dissolving 0,1303 g of TlNO : l sal t in 1 m l conc. ni tr ic acid in 
P y r e x cal l ibrated g lassware and dil luted u p to 100 ml wi th deionized 
water . T h e acidity of t h e s t anda rd solution was adap ted t o t ha t of the 
samples, which means tha t was b rought t o t h e s ame pH. The samples 
t rea ted wi th organic reagents : A P D C — amon ium pyrro l id ine dithio-
c a r b a m a t e (C. E. M u 1 f o r d , 1966), MIBK — methy l i sobuty! ketone, and 
NDDC — sodium diethyl d i th iocarbamate — w e r e fo rmer ly dilluted and 
ad jus t ed t o p H 6,0 to 7,5 (E. B e r m a n , 1967) and f r o m 3 to 10 pH 
(C. E. M u 1 f o r d , 1966). To obtain m o r e accura te results, t h e J. E. A 1 1 a n 
(1961) me thod was used, worked out by J. S t o r y (1964), and la ter by 
E. B e r m a n (1967) w h o adap ted it for read ing e lements (Cd, TI, and Hg) 
in biological mater ials . 

Resul ts 

T h e contents of tha l l ium and other e lements in minera l s are shown in 
Table 1. 

T h e coarse and f ine g r anu l a r galena samples f r o m the B a r b a r a and 
Igrče levels were analysed. T h e contents of tha l l ium in t h e m are ve ry low 
or none. It is observed tha t galena f r o m Igrče, which contains thal l ium, 
shows higher concentrat ions of As and Hg than tha t f r o m B a r b a r a which 
does not contain it. The d i f fe rence in contents of o the r elements, Bi, Cu, 
and Ni in galena in bo th levels (Table 1) has also been observed. It is 
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Fig. 1. The zones of sphalerite (light grey and grey) with 
galena (white), 60 X, nicols // 



in te res t ing to see tha t galena, which contains thal l ium, has m o r e Bi 
(approximate ly 8 : 1) in comparison wi th tha t f r o m Barba ra . 

T h e spha ler i te samples f r o m t h e Srce level w e r e selected a f t e r the i r 
colour, va ry ing f r o m da rk b rown to l ight green. T h e w id th of some zones 
of spha le r i te is va ry ing f r o m 1 t o 2 m m (Fig. 1). T h e content of tha l l ium 
in t hem is increasing f r o m light green u p t o da rk b rown zones and varies 
f r o m 6,5 t o 1057 ppm. T h e change of t h e tha l l ium contents in some zones 
of spha le r i te indicates t h e d i f f e ren t physical-chemical condit ions dur ing 
the i r format ion . There is a correlat ion be tween TI and As. T h e last one 
increases f r o m 4 t o 1375 p p m f r o m light t o da rk sphaleri tes. As fo r o ther 
elements, such tendency is shown also by Mn. whose contents va ry f r o m 24 
to 144 ppm. F rom this it appea r s tha t the abundance of these e lements is 
g rowing wi th the increasing F e contents in sphaleri tes. This can be 
explained by t h e mode of fo rmat ion of sphaler i tes at lower t empera tu re s 
than those of t h e galena, as it can be clearly seen by t h e re la t ion of galena 
and colloidal sphaler i te u n d e r t h e microscope ( G r a f e n a u e r et al. 1968). 

Table 1. The contents of elements in minerals from Mežica 

Sample TI Hg As Bi Co Cr Cu Mn Ni 

Coarse granular galena (B) — 0,18 16 4 — 6,0 6 4 
Coarse granular galena (I) 2,5 0,25 188 32 — — 14 — 2,5 
Fine granular galena (B) — 0,20 7 — — — 3 — — 

Fine granular galena (I) 3,0 0,29 290 30 — — 5 — 2,5 
Fine granular galena with 
little sphalerite (S) 3,5 0,90 240 36 6,0 — 8 3 2,5 
Fine granular galena with 
little sphalerite and dolo-
mite (S) 2,5 0,60 12 6 — — 4 — — 

Dark brown sphalerite, col-
loidal, schalenblende (S) 1057,0 1,00 1375 — 2,5 1,6 10 144 4,6 
Light brown sphalerite, col-
loidal, schalenblende (S) 555,0 0,17 200 — — — 6 95 — 

Light yellow sphalerite, col-
loidal, schalenblende (S) 26,0 0,02 4 — 5,0 — 15 48 12,5 
Pale to light green, colloidal, 
sphalerite (S) 6,5 0,20 — — 4,0 — 3 24 6,0 
Orange to reddish wulfenite, 
tabular platy crystals (I) 5,0 0,12 96 3 2,0 — 40 52 2,0 
Yellowish to ash grey wul-
fenite, prismatic crystals (I) 12,0 0,23 120 4 3,0 — 60 96 4,0 
Light yellow wulfenite, ex-
tremely thin crystals (I) 3,0 0,17 80 — 2,0 — 15 15 — 

Greyish smithsonite (I), bo-
tryoidal masses 2,5 0,03 40 — — — 3 30 3,0 
White hydrozincite (I), bo-
tryoidal coating 2,5 0,04 15 — — — 4 6 6,0 

Remark: The values are given in ppm. (—) indicates a quantity below the limit 
of sensibility determined by atomic absorption spectrophotometry. 

(B) = Barbara, (I) = Igrče, (S) = Srce. 



By t h e me thod of atomic absorp t ion the tha l l ium contents were de ter -
mined in spha ler i te samples f r o m 24 localities in Yugoslavia. It v ari e s 
f r o m 2,5 to 160 p p m (Table 2). 

Table 2. The thallium content in sphalerite samples 

Locality TI in ppm Locality TI in ppm 

Ajdučko Osoje Leče 25 
Aj vali j a 80 Litica-Ljubija 3 
Belo Brdo — Novo Brdo — 

Blagodat — Organ džali-Valando vo 27 
Borov Dol-Inovo — Prečica-Avala 160 
Crnac-Rogozna 2,5 Rujen-Osogovo — 

Crveni Breg-Avala 2,5 Saše — 

Janjevo — Srebrenica — 

Jezero-Rudnik 48 Stari Trg 12 
Kižnica — Veliki Majdan — 

Krnja Jela-Suplja Stijena 4 Veovača-Vareš 2,5 
Kučajna — Zletovo 2,5 

It was f o u n d by paral lel analysis t ha t t h e spha ler i te f r o m Mežica 
contains t h e biggest quant i t ies of thal l ium, and tha t they va ry in la rge 
limits. Very s imilar resul ts w e r e obta ined by E. S c h r o l l (1953, 1955), 
showing tha l l ium and o ther e lements in lead and zine deposits of eas tern 
Alps. H e especially under l ines t h e high var ia t ion in content of tha l l ium 
in Bleiberg, f r o m 3 t o 3000 ppm, and he considers t ha t i ts concentrat ions 
a re chiefly connected wi th t h e low t e m p e r a t u r e sphaleri tes. R. E. S t o i b e r 
(1940) has f o u n d t h a t t h e content of tha l l ium in sphaler i tes is va ry ing 
f r o m 100 to 1000 ppm. T h e conclusion about t h e dependence of t h e e lement 
t races on t h e t e m p e r a t u r e of t h e fo rma t ion of minera l s was s ta ted by 
I. O f t e d a l (1940), H. N. W a r r e n and R. M. T h o m p s o n (1945). 
According t o C. H a r a h c z y k ' s (V. V. I v a n o v , 1966) data, t h e 
sphaler i tes f r o m Uppe r Silesia, deposited f r o m slightly acid solutions, 
contain m o r e TI, As, and Ge, and less Cd and Ag, t h a n sphaler i tes de-
posited f r o m slightly a lka l ine solutions. Having in mind his d iagram 
i l lus t ra t ing t h e dependence be tween t h e content of e lement t races in 
sphaler i tes and t h e condit ions of the i r format ion , w e conclude t h a t t h e 
sphaler i tes f r o m Mežica w e r e deposited f r o m slightly acid solutions. 

T h e h igher content of tha l l ium in sphaler i tes f r o m Mežica can be 
expla ined by t h e origin of sphaler i tes of colloidal t ex tu re , fo rmed a t low 
tempera tu res . This is a ve ry i m p o r t a n t fact fo r t h e concentrat ion of 
tha l l ium in sulphides. 

It is a l ready k n o w n tha t in sphaler i tes h igh contents of Pb, Cu, Ag, 
and TI can be found . N. T. V o s k r e s e n s k a j a , I. S. K a r p o v a 
(1958); E. A. D u n i n - B a r k o v s k a j a (1961) assume tha t n o n e of 
these e lements is capable to subs t i tu te Zn in sphaleri tes . According to 
V. V. I v a n o v (1966), tha l l ium can en te r in to spha ler i te e i ther by 
i somorphism (the scheme Z n 2 + A + T l + , w h e r e A can be A g + or C u + ) 
or by absorpt ion. 



Thal l ium occurs as a character is t ic e lement in semimetal l ic deposits of 
the meso the rmal and ep i the rmal types, connected w i th a lp ine metal lo-
genetic epoch. It is me t h e r e in paragenes is w i th Sb, Pb, Zn, and Fe. 

Wulfeni tes occur in t h e oxidat ion zone. Well fo rmed crystals a re of ten 
found in t h e cavities of Wet ters te in l imestones. They occur on t h e galena 
corroded wi th cerussite. 

Wulfeni tes w e r e selected on t h e basis of colour and crys ta l shape. 
Th ree samples of coarse p la ty t o s laty crystals w e r e chosen. T h e contents 
of tha l l ium in wul fen i tes a re p r e t t y low, f r o m 5 to 12 ppm, and i ts highest 
content occurs in t h e ash grey var ie ty . Also As, Cu, and Mn show a 
somewhat h igher content in t h e ash g rey wu l fen i t e t h a n in the o ther 
t w o samples. The re is some correla t ion be tween TI, Hg, Cu, and Mn, 
t hough t h e contents of these e lements a r e r a t h e r low. 

The analysed smi thsoni te occurs in t h e f o r m of cavernous or bot ryoidal 
masses and r a re fy as incrus ta t ions on l imestone o r galena. Hydrozincite, 
usual ly associated wi th smithsonite , appears as wh i t e bo t ryo ida l coating. 
Both minera l s show small quant i t ies of thal l ium, about 2,5 ppm. These 
low quant i t ies of tha l l ium in minera l s of t h e oxidat ion zone can be 
explained by the hypothes is t ha t it was washed ou t by t h e wa te r . 

Conclus ions 

Thal l ium is p resen t in galena in t races (2,5—3 ppm), or not at aH. 
Galena wi th tha l l ium contains m o r e As (188—290 ppm) and Bi t h a n tha t 
wi thou t it. 

The contents of tha l l ium in sphaler i tes f r o m Mežica a r e increas ing f r o m 
t h e l ight green u p to t h e da rk b r o w n variet ies (6,5—1057 ppm). There 
exists some correlat ion be tween TI and As. T h e l a t t e r r anges f r o m 4 t o 
1375 ppm. According to t h e resu l t s of invest igat ions of t h e sphaler i tes 
f r o m t w e n t y f o u r localities in Yugoslavia, t h e tha l l ium content is the 
highest in sphaler i tes f r o m Mežica. T h e h igh content of tha l l ium in 
sphaler i tes f r o m Mežica can be expla ined by the i r origin a t low t em-
pera ture . 

The contents of m e r c u r y in ali invest igated minera ls va ry f r o m traces 
to about 1 ppm. 
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S U M M A R Y 

T h e contents of tha l l ium and mercu ry in galena, sphaleri te , wulfeni te , 
smi thsoni te and hydrozinci te h a v e been invest igated and discussed. Beside 
TI and Hg t h e contents of As, Sb, Cu, Ni, Co and Bi have been de te rmined 
by a tomic absorpt ion spec t rophotomet ry and semiquan t i t a t ive spectro-
chemical analysis. T h e specimens h a v e been t aken f r o m t h e sections 
Barba ra , Igrče, and Srce of t h e Mežica mine. 



The samples of galena were selected according to the grain size, and 
those of sphaleri te a f t e r their colour. Only thall ium traces a re present in 
galena; in sphaleri te its content varies f r o m traces to 1057 ppm. According 
to the results of investigations of the sphaleri te specimens f rom twenty-
four other localities in Yugoslavia, thal l ium concentration is the highest 
in the Mežica sphalerite. It is known tha t in galena thall ium content is 
generally increasing with As and Bi content. In galena f rom Mežica As 
and Bi a re present only in very small quantities and accordingly the 
content of thal l ium is small or negligible. 

The content of mercury was determined by a transistorized mercury 
detector. The contents of this element in same samples vary f rom traces 
to about 1000 ppb. 

Higher concentrations of thall ium in sphaleri te f r o m Mežica could be 
explained by occurrence of sphaleri te wi th colloidal t ex tu re (Schalen-
blende) formed at low temperature , which is of the greatest importance 
for the concentration of thall ium. It is possible that thal l ium is con-
centrated by isomorphism or by absorption. 

D I S C U S S I O N 

Štrucl: Die meisten geochemischen und auch mikroskopischen Studien 
iiber Mežica wurden bisher an nicht gerade systematisch gesammelten 
Handstiicken gemacht. Das f t ihrt gewifi zu manchen Fehlschlussen. Es ist 
namlich viel wichtiger den Erztypus als die Lokalitat (Revier, Horizont 
o. a.) der Probe fi ir die geochemische Analyse anzugeben. So bestehen auch 
in der Lagersta t te Mežica verschiedene Vererzungstypen, die sich nicht 
nu r nach der Form und Lage (schichtgebunden, Kluftausfi i l lungen, Ver-
erzungen entlang posttriassischer Storungen usw.), sondern auch nach der 
geochemischen Zusammensetzung wesentlich unterscheiden. Es seien nur 
einige Beispiele erwahnt . 

Molybdan ist als Wulfenit fast ausschlieBlich an posttriassische Sto-
rungen (an das sogenannte Unionsystem) gebunden, und auch der durch-
schnittliche Molybdangehalt ist in den Vererzungen des Unionsystems 
etwa zehnmal hoher als in den schichtgebundenen Vererzungen. 

Fluor ist mikroskopisch nachweisbar nu r in schichtgebundenen Ver-
erzungen und meistens n u r dort, wo synsedimentare und syndiagenetische 
Erze vorhanden sind. 

Germanium f indet man in der lagunaren Dolomitserie des Graben-
reviers, bis 300 g/t im Zinkblendekonzentrat . Die Zinkblende in anderen 
Vererzungen ist en tweder ge rman iumarm oder es fehlt an diesem im 
ganzen. 

Ahnliche Unterschiede f inden wir auch in Bezug auf das Eisen- und 
Cadmiumgehalt der Zinkblende verschiedener Vererzungstypen. 

Es scheint mir, daB auch die vorliegende hohere Thall iumgehalte an 
schichtgebundene Vererzungen gebunden sind. 

Auf keinen Fall kann aber ein Durchschnittsgehalt von zufallig gesam-
melten Proben eine Lagerstat te repriisentieren. 



Terzič: Die Idee w a r festzustellen, an welche Mineralien TI und As 
gebunden sind. Das konnte ein Pa ramete r fiir wei tere Untersuchungen 
der syngenetischen und epigenetischen Vererzungen sein. 

Stolfa: I suppose the sensitivity you report for TI re fers to aqueous 
solution. Did you f ind any sensitivity enhancement in the analysis of 
TI in the organic phase? 

Terzič: Yes, but hardly noticeable. 
Stolfa: I think it is important to control the total solids concentration 

of solutions in order to keep as low as possible the background noise and 
light scattering errors especially in low level t race element analysis. In 
relation to this: how did you offset these inconveniences? Af te r dissolving 
samples, to which volume did you bring your solutions? 

Terzič: The readings were done with readout, t ha t stifled background 
noise and enabled sensitivity enhancement (for thal l ium 0,02 //g/ml). 
Directly a f t e r dissolving the samples the reading was done in the volume 
of 25 ml. 

Stolfa: I f ind it qui te critical and troublesome working at 2—3 ppm 
TI levels with a sensitivity of about 1 ppm per 1 °/o absorption. What about 
precision and accuracy? 

Terzič: The content at 2—3 ppm of thall ium is whole quanti ty in 25 ml 
volume. 

Stolfa: Did you use the deuter ium lamp backgroung eorrector in the As 
determination? 

Terzič: Yes, I did. 
Glagon: Are you sure that in schalenblende, containing much tha lhum 

and arsenic, the re are no microinclusions of other minerals? 
Terzič: I examined the microinclusions in sphaleri te with X-rays, but 

on the diagrams their lines were not detectable. 
Glagon: Did you use the electron microprobe? 
Terzič: Yes, I used it for the examination of TI contents in galena. 

The determination did not give reliable results, because the corresponding 
wave lengths (TlMa 2 067; T1M« 1 987 A, and PbMa 2 000; PbM/» 1 921 A) are 
very close one another. As a consequence, the wave length of TI is 
masked by the wave length of Pb. 

Schroll: Die Paralleli tat von Thallium und Arsen in den Schalenblenden 
ist ein sehr interessantes Problem, man miiBte dabei aber auch das Ver-
halten anderer Elemente, wie z. B. As, Pb, Sb, Ge, mitverfolgen. Ich habe 
schwankende Elementverhaltnisse gefunden. Es konnte sich hier um das 
spurenweise Auf t re ten von Mineralglasern handeln, die man erzmikro-
skopisch und sonst schwer diagnostizieren kann. Mikrominerale mi t As 
und TI, wie Hutchinsonit, sind gleichfalls nicht auszuschlieBen. In allen 
Schalenblenden dieser Lagerstat ten f indet man variable Gehalte. Auch 
wenn man den analytischen Fehler in Betracht zieht, so deutet doch 
vieles auf die Bindung an Fremdminerale . Ich glaube nicht, daB groBere 
Mengen von TI und As in das Git ter eingebaut werden. 

Terzič: Ich teile Ihre Meinung, daB TI und As wahrscheinlich nicht 
in das Gitter der Schalenblende eingebaut sind. 
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