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(1954), Birindley & G.ille.ry (1956), Brovn (1961), Rados.lo
vich (1962), Petruk (1964), Lapham (1958), Kepezinskas 
0965), Wetz e 1 (1973). Na osnovi struktumih kemijsk.ih formula izra
cunati pairametri (a, . b i cs.in {J) jedmiCne celije klorita 1, 7 d 8 prema 
jednad.Zbama regresije uspore4ellli. s u u tabeli 6 s vrijednooti.ma · para
metm dobivenirn irz: pra§ka; priipadne standardne devi
jaoije su u zagradi. 

Vrijedoos.ti. za csdn p, dobirvene iz rendgenograrna, pokazuju negativ
nu korelaoiju prema AJIV, dok 1i!sti parametrar dz jec1nad.Zbi regresl.i..je to 
ne pokaruje, vec je pod utjecajem i A11v i Fes+ (Hey, 1954) ili pak vari
rajueeg sadrlaja AlVI, Fe»+, Fet+ i Mg u oktaedrijs-kom dijelu strwkture 
(Ke p e H n skas, 1965). Fee+, Fea+ ii Mn urtjeeu pcYLitivno na poveeanje 
vrijednosti .periode duf (100]. Uz doo:J11inantan pozitlivan utjecaj Fes+ na 
povecanje bo brida celije mje mog\100 uOOi.ti pravilniositi s obziro.m na 
utjecaj drugih faktora. Izraeunate Vtrijedn01S·td za V (A•), dobivene obra
dom ekspertlmentalmh podastaka, za lclori.te 1, 7 ii 8 pokazuju da se radi 
o 1tri razliOite Vll'Ste klorita, je u Mjepom skladu s njihovdm polofa
jem u kJasUiikaciji po T r o g e 11''"'1 (ta.bela 3.). 

Usporedilvainjem relatiVIllih reUeksa 001 vi:idi se da su nepami refleksi, 
i inace vee rela.tivno slabi, sve slabij i sa ucdea t$kih ato
ma u oktaedcijskom ddljelu formule klori.ta (Brindley & G i 11 e ry, 
1956; Schoen·, 1962). Promatranjem odnosa intentlliteta refleksa tips 
20 Ii 20 I (Brown & B a.Uey, 1962), usta.OOvljeno je da istrativarui klo
rin pripadaju politiipu lib prositorne grope C2/m, 

Opticka opazanja 

KlorHi su u obli.lw zaobljendh do idea!niih li&tiCa, te 
pravilnih do crvol!iko sviinutiih stupiCa. StupiCi klOI'ita, sastavljeni oo pa
keta listica panrleJnili sa (001), obiroo su Icratki i zbog saW.janja podsje
caju na lepezu. Po veM6ini duZe dijagonale sesterokutinog listita i di.men
zija stupiea mogu se sVII'Stati u trtl grupe: sa oko 0.15 mm, odno.sn-0 0.8 
X 0.15 mm uzOrci l i 9; oko 0.2 mm, c:xloosoo 1.4 X 0.2 mm uzoroi 3, 4, 5, 
ii 8; d kona6no.oko '0.3 mm, odnosno 1.2 X 0.3 mm U2'lOI'ak 6. Boja klo
ri:ta je :ili zelenkastosme<.1a (2), ill maslinastorreleila (3, 4, 5, 7, 8 i 9) iili :ze.. 
lena poput boje lovoro\'Og lista (1 i 6}. Tro§enje, pop.raeeoo promjenom 
boje rubnih dijelova li5tiea iz zelene u srne<.1u, jace je zahvaitiHo jedino 
U7.0ra•k 2, dok je kod ostalih uooraJka neznatno ,ili najviSe do oko 501, 
(urorai 3 ii 4). ·· · 

K1oriti se nisu pokazali kao zahvalam materijal za opticka is.traZ.i:vanja. 
Preparati za rirlkroskopsku analizu dobiveni su uranjanjem klorita u 
kanads:ki baizam, a ne s.tandardndm postupkorn - brusenjem. Tako sli
jeplje:nii. liistiia :i stupici klorita redovito su bill debljD. od normalnih mi
kroskopslcih preparatia. · Listi6i .klorita, buduci da su u raVlliini prepara-
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ta, ne .pokazuju pleohroium. Kod stupiCa klama opaZa. se izrazd.tii. pleo
hl"Oliizam od zelenk.asto futih boja, panlelno osi, do zelen:ih, olromdto na 
os stupiea (u.zwci 3, 6, 7 i 9). 

Medu ukrS.tenini niJwnma listi.i6i su ta.Iru100liove boje lili pokazuju ano
malne ljubieastosmede (9) Ui sliivoplave boje (8). Katkada se zbog deb
ljine liis.tica navedene interferencijske boje V'.ide samo na rubovima. Stu
pi6i pokazuju ti.vlje mterferencijske boje; npr. blije.doouta (S, 6 ii 7) m 
Zwt.ozelena (3 ~ 9), koje su djelomieoo prek.mvene vlastit·im bojama; zbog 
lisri.ca1ve giral'.!e s~pia pokazuju i efekt agregatn~ polamacije. U konver
gentnom svjetlu mpa!a se def'Olrmiram kriZ, kojii se sarno ~tkada zakire. 
tanjem mi!loio.5kopskog stoliea neznatno ra2ila2li (3, .6 i 9). Prema. tome, 
is·traZend kloriti ugla.vnom se pondaju kao optiic}ki j~noosni; svi su po
mt.ivm, osim worka 1. Pozttivan karakter dvoloma mate je izuzetalk lrod 
delesiita, no ovdje (7) je u &ldadu s njegovim kemizmom, koji je blizak 
granioi prema ripidot.itu. 

TABELA 7: Sastav mineralnih asocijacija 
TABLE 7: Cc>mposition of mineral association 

. . . ' 
Uzorak-Sample 1 2 3 4 s 6 7 8 9 

Klorit 
Chlorite + + + + + + + + ..L. 

Kvarc 
Quartz + + + + + + + + + 
Adular 
Adularia + + 
Hornblenda 
Hornblende + + 
Pirit 
Pyrite \ + + + 
Kalcit 
Calcite + + + 
Turmalin 
Tourmaline + 
Epidot 
Epidote + 
Serioit 
Sericite + 
Plagioklas 
Plagioclase + 
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Gen eza 

Mineralne asoci'jacije metamorfnih stijena jugozapadnog dijela Psu-
111ja ·U skladu su sa fiiz~lro-kemiijskim uvjetima gomje granice facijesa 
zelenih §Jmiljaca, ti kao tiakve sadrre ·kloxite kao ~esti staibilllli. sa.stojak. 
I.spi,tani klmii•ti tak<><.1er se uklaipaju u uvjete 1k.ojii. odgO:varaju tom faci
jesu, k'<iilro se to more Wdjetd projioiranjem njihova sastava u trokompo
nentnii dijagram Al10s/2 - MgO - FeO; ikamponenta FeO zapcavo znaCi 
FeO + 2Fea0a + 2Crt0s. Osim uzorl<:a 1, svfi kloni:ti projiciram u U5td di
jagram padaju unutwr polja anaLiza prvog reda za 40 ldor.ita faoijesa ze
lenih skri1jaca ti epidotskih amf!iibo1i.ia (K e p ~ ~ d n s k a s, 1965), sJika 8. 

Maida mineralne asocijaoije li.spi1ti'Vainih pulrotmskih minerala, a pre
ma tome ti klorota, odgovaraju PT uvjetima facijesa zelendh ~kriljaca, ge
netSkti se ne mogu vezati za metam<rlne procese. Da se radi o drugoj 
vrstd geneze more se zakljuCiitd vec i po na.Cillll pojavljdvanja. Ov-a slru
pina mi:nerala nalazi se iskiljuOivo u pu.kotinama i prsldnama tvoreci w
ee iild manje Zile, §to ukazuje da se posmnak oviJh minerala ~ ve7.81ti 
za cirkulaciju dt:ojJima. 

J.strativanjem salrupljenih WlOraka zapafeno je, da se zilne asocdjacije 
(tabela 7) ne saistoje uvijek od istih minerala. Jed:ino su klorit i kverc 
utv.rlteni. u svim zilama. Kloriiti su zastupanli sa ort.o i lepto varijetetima. 

.1 

FeO et • 

3 
\ .5 

9••: 46.7 

• .. MgO 

Slika 8: Projekcija k!Qrita u dijagramu Alr0111 - MgO - FeO gdje FeO ozna
fava (Fe0+2Fe,Oa+Mn0) 

Text-fig. 8: Projection of chlorites in AltO~ , ! - MgO-FeO diagram where FeO 
stays for (Fe0+2Fe,Oa+Mn0) . 
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S obzdrom nia filrzi.Cka i kemijska svojsitva, istraZeni tipovi klorita mogu 
se razvrstiatii u m skupine: a) bavalit (1 ), Jcojd se dzraziJto razlikuje od 
svih ostalih 1klorita; b) Fe-ri.pidoliit (3 i 9) delesdt (4, 5 i 7) i piknokloriit 
(8) cini prelaz izmec!u grape b) i c). OVli :varijeteti klorita looirani su 
tako, da se delesiiti. i pikno:klorim n~aze u amfibolitima Jezerice, Fe
·ripido1i1li u amfibo1itu R~s·ke i uz kontai}Qt amfiboJi.ta i granilta u Zo
wckom potoku, dole je bar\ralit nac!en u granitu desne raslja.Slte pritoke 
RasMk.e (sLik.a 1). 

Ke p e U n s k as (1965) je na osnovi 232 odabrane i statis,ti.cki obra
c:1ene anaJirle klorita ~bio op6u sliku o promjeni SII'ednjeg saddaja osno
vnih komponenata (Al, Sid f) u 11 paragenetskili tipova klorilta; podait!ce 
je prikaciao u vidu elipticnih ,potja sa 95~/o vjerojaitru>std. Vrijednostli za 
Si i Al, iicz st:nukitumih kemijslcih fonnula. ite f fak.tora parcijalne reljez.o.. 
vitostd, ne pn.daju za sve ispiltlilvane ~lonite jednomacnu sHku o parage
netskoj pripadnosti. Uzorci 4, 5, 6 i 7 projdciraju se u polje koje odgo
vara klo.ritima iz ibazdOnih magmatskih &1tijena. Me&.rtim umrai 8, 3 i 9 
nalaze se u dijagramu AI-f unutar i·ld blirru polja klorita vezanili m Cu
·leZi~ta; s druge stirane, u dijagramu Si-f ti su uzorai manje iii vise uda
ljeni od .polja tkoje o.buhvaea klorite .iz kloritskih skniJ.jaca, kvarcruh a
la d granita, §to je prihvatljivdje, kaloo stioga sto w nadeni u blirzini g:ra
nimih tproboja, taJro d stoga S.to Cu nije u klomima utv:I"<1en nm kao mi
kroelement. Uzorak 1, nac:len u kataklaziraino.m granitu, prema spome
nutoln dijagramu odgovara kloritima iz sulfidno-kasiteritskih leZi~ta. 

Projekcija molekularnih postotaka a11v ii feVI ist·raferuih kiloriita u ipa
ragenetslci dijagram prema Trtigeru ii Trochimu (Troge r, 1967), poka
zuje da uzroci 4, 5 i 7 (delesiiiti) i 6 (.piknoklorJt) odgovaraju klori·tllna 
ba7.ailtnih mandulaistih stijena, lizorak 8 (Fe-pirknokloniit) kloritima u di
jabaznoj o.movnoj masi i spitiitima, dlok '1ZOroi l, 3 i 9 odgovaraju klori
tima u vruam hldrOtermalnim mlwna. 

PolazeCi od ·tlih paragooetsilcih podjela, u 1prvi mah se stiee dojam kon
traverznih podataka 0 genei.i klorita. ~netska veza mnedu zilne aso
cijacije d okrolne metamorfne .sredine nde se oeek.ivati, ako se uzme u 
obzir da die> okolnih amfdboliita pripada orto stijenama, aje reliktne 
strukiture se mjestJimiCio mogu zapmlfi (Marci, 1971). 

U tokiu ~Hmilnamih istraZivanja »metiadijabaznih« istijena, na po
drucju Jezerioe d Zowckog potaka (J'II'esnjevo •brdlo), ustanovljeno 
je da 1li dijalbazi, slieno klorirt!ima, sooae Co a ne sadrle Td, V, Ni, 
Pb, Zn i Ou .. kao §to je to slueaj kod granli!tskiih ·i amfibolitskih sltdjena 
tog :podrucja (Marci, 1973). Ova ra1S1podjela mi1kroelemenata ukazuje 
na mogueu genetsku vez.u kloritskili zila i .. metadlijabaza« a istovremeno 
geokemijskd odvaja klorite od .granit.sk-ih i amfiboMitskii•h stijena. . 

Mada je o parijeklu hidrotenni za sada je>S uv.i.jek itdko ne§to sa si
gu~6u tVlrditi, vjerojatna je pretposbavka da su hi:drotennalne oto
pine regenerati'WlOg :karalctera ii da potjeeu iz dubljih nivoa. Cirkulaoiju 
till otopiina olaiksala je i jaka razdrobljenost okolnih stijena. Razlike u 
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temperaturi hidrotermi za vrijeme krisitali:zaci~e klor.,ita mogle bi objas
n;,tii razLi·ke 1\1 kemizmu, odm:>sno u }>il1isutndm varijetetima klorita. 

Koristimo prililw da se najrisk.reruije zahvalimo koie@ici dr Bi.seritii 
Prod ii c-K o j i. c . za pomoe kod ratunske obrade podamka i kolegama 
Radovanu H a I I e (JUCEMA - Zagreob, lstira!ivaW odjeI) i Zlatku Des
p o t o vi c u (lnsti.tut •Ru<1er Boikovic«, Zagreb) za lizvedene termi&e 
anaidrze. 

Primljeno OZ. 04. 1975. Mineralo.fko-petrografski zavod 
Prirodoslovno-matematickog falculteta 

Sveucililta u Zagrebu, . 
Demetrova I, ~1000 Zagreb · 
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V. MARCI, S. MEDIMOREC & S. SCAVNICAR 

VEIN ASSEMBLAGES OF CHLORITE IN SOUTHWESTERN PART 
OF MT. PSUNJ (NORTHERN CROATIA) 

· During the investigation of metamorphic rocks of the southwestern part of 
Mt. Psunj, fissure veins filled with a mineral association, which differ from 
that of adjacent metamorphic rock~. were discovered. The mineral of particu
lar interest was chlorite with almost pure accumulations. Investigated samples 
were collected along the valley of the Jezerica and Ra~dka creeks and their 
affluents, about 18 km north from the village of Okuc'.\ani (fig. 1). 

Mineral assemblages of the veins were determined on the base of stereo
microscopic, microscopic and qualitative X-ray analysis. The veins are com
posed of the following minerals: chlorite, quartz, calcite, ~te, tounDaline, 
adularia and hornblende. These minerals, of which chlorite IS the most abund
ant constituent~ fill the veins in different combinations. Chlorite is also a very 
important constituent of the other metamorphic rocks of Mt. Psunj. 
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Using available laboratory techniques very clean specimens of chlorite were 
separated for the chemical, diferential-thermal and X-ray analyses, except 
sample No-2, which contains too many impurities. 

A quantitative chemical compoSii.tion (Table 1) of nine samples was obtained 
by a combination of the standard classic gravimetric and volumetric analyses 
With complexometric and spectrophotoletric analyses. 

By polarographic techniques it was determined, that there is a remarkable 
concentration of cobalt, while the other elements such as Pb, Cu, Ni, V and Zn 
are absent. Data obtained from of chemical analyses (weight percent) were 
used for the calculationg of structure formula of chlorites (Table 2) on the 
basis of 18 (0, OH) ions which correspond to a half the unit cell. 

In chlorites (Tables 2) a wide range of isomorphous substitution occurs; 
silicon and magnesium are replaced by aluminium (sample 6) as a coupled 
substitution Si Mg - AIIV AlVI, Also there are heterogenous isomorphism 
(samples 1, 3, 9) of the type Si Mg..-AllV(AIVI, Fea+). In the remaining samp
les with AllV AIVI the additional MH- M1+ substitution must take place. 
All determined chlorites have trioctahedral structure, because the mun.her of 
vacancy of the octahedral sites does not exceed 9'/e. 

There is a difference between the observed and theoretical content of (OH)
ions. The excess of (OH)-, which is in accordance with the deviations of total 
positive charge from theoretical value of 28, may be due to a small amount of 
interlayer waters. 

Calculated parameters (Table 2) give a classification which was recornmed
ed by Hey (1954), Forster (1962), Kepefinskas (1965) and 
Troge r & T r o chi m (in T roger, 1967). 

Investigated varieties of chlorite are classified into three groups (Table 3). 
a) BavaLite (1), found in cataclastic granite near the contact with am.phibo

lite in the right affluent of R.Ua~ka creek. 
b) Fe-ripidolite from the fine - grained blasto-ophitic amphibolite c:>f Ra

§a~ka (3), and from the contact zone between amphibolite and granite in Zovik 
creek (9). 

c) Delesite (4, 5, 7) and pj.cnochlorite (6) from the fine-p-ained blaste><>phitic 
and dense amphibolite of Jezerica. Fe-picnochlorite (8) 1s a transitional type 
between band c groups. It was also found in Jezerica creek. 

Log-log diagram Co vrs. FeO show very good positive correlations, but the 
opposite trend is observed for Co vrs. Si01 diagram (Fig. 5). 

Sample (8) has a similar thermal diagram (DTA, TG and DTG) as samples 
(5) and (7). After dehydratation at about 200oC, the OTA curve deviates from 
horizontal line in exothermic character, probably owing to a difference in the 
change of the heat capacity of the sample and temperature standard (Fig. 7). 

The main endothermic maximum shows the tendency of splitting into two 
thermically separated ~rocesses (645°C and 58QtC), which depend, probably on 
bimodal distributions m magnitude of the fraction of chlorite (Fig. 6). 

Sample (1) has the main endothermic maximum of the OTA curve nearly 
uniform, while the DTG curve shows two-stepped dehydroxilatfons. 

While the DTA curves of the samples 5, 7 and 8 at 850 show a sharp peak 
(crystallization of spinets). the OTA curve of sample 1 is bell-shaped, in the sa
me temperature interval, with an additional exothermic peak at 1028°C (cry
stallization of hematite). 

Increase of substitution Mg•+ with Fea+ caused decreasing of the tempera
ture in the endothermic maximum Table 4). 

The balance registered a continuous loss of the weight on the TG curve 
between two steps (dehydratation and dehydroxilation); this may explain the 
differences in the loss of t4e weight between the chemical analysis and calcu
lated from TG curve (Table 5). 
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X-ray powder diagrams (the large cylindric and Guinier-de Wolff No II came
ra) show a complete spectrum of lines for chlorite. Parameters of monocLinic 
unit cell were calculated (by least squares method) on the basis of about 20 
experimental data for interplane distances of reflection of known indexes in 
the C2/m space group. 

The obtained values of unit cell dimensions (with standard deviations in 
brackets) for samples l, 7 and 8, are compared with the values derived by re
gressive equations (Table 6). 

Values of c-sinP show a negative correlation with AIIV Fel+, Fel+ and Mn, 
and have a positive influence on the increase of [100) axis. The content of Fel+ 
has a dominant positive influence on bo edge. The values of unit cell volumes 
for samples 1. 7 and 8 show that three groups of chlorites are present, which 
is in accordance with the position of these samples in the chemical classificat
ions. It follows, from the relations of the intensities of 20 1and20 i reflections, 
that the chlorites belong to the Ilb protytype of C2/m. 

Mineral assemblages of metamorphic rocks of the south-western part of Mt. 
Psunj are, generally related to the grade of the upper boundary of greenschist 
fades. Under these conditions chlorite is a common constituent in this kind of 
metamorphic rock. MineraJ associtaions of the fissures veisn are also related 
with PT environments of greenshist fades, in spite of a different genesis. 

There are ~eochemical criteria that have been applied in the interpretation 
of the genesis of chlorite. Polarographical analysis discovered that chlorite 
contains cobalt, while other elements like Ti, Cu, Pb, V, Ni and Zn, found 
in surrounding granitic and amphibolitic rocks, are absent. In a preliminary 
investigation of the metadiabase rocks, discovered during the last field exa
minations, in region of Trdnjevo hill, the same treatment was applied, and 
also similar contents of the microelements were observed. This coincidence 
in the content of the microelements gives us some clue as to the genetic con
clusion of chlorites and, probably, points to close connections with this 
diabase. 

Although the source of the hydrothermal solutions are still dubious, the 
authors consider that it may be derived from deeper, maybe original, basic 
rocks. Differences in temperature during the crystallization of chlorite may 
expla.in the formation of chlorite of various composition. 
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