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U lkris1:alas11im Skriljavcima jugozapadnih obronaika Paipuka utvrdeno je 
novijim istr~vanjima iprisustvo andaluzita. On se javlja zajedno sa stauro­
J,i1tom .i. almandmom u tinjrevim sk0riljavcima i gnajisevim.a viSih d'ijelova 
progresivno metamorfozirane sekvencije kojii su nastali u iPT-uvijetima amfi­
bolitSkog faoijesa za vrijeme hercinske orogeneze. U ndu su prikazane mi­
neralne parageneze, !kemizam nelcih karakteristiCnih minerala i miikrostruk­
turne karakteristike stijena progresivno metamorfozirane sekvencije. Na 
kraju s.u data i neka petrogenetska rarzma.tranja. 

!Andalusite-ibearing schists have recently been identified in the south­
western paI1ts of :Paipuk Mt. Andalusite is found wiith staurolite and aLrnan­
dine in rnica schists and gneisses of a progressivelly metamorphosed sequence 
which was formed under PT-conditions of amphibolite facies during the 
Hercyinian orogeny. Mineral paragenesis, :its microprobe chemical cornposi­
tlion, and microtexturai features of t!he priogress1velly rnetamoi;phosed sequence 
are presented and, at the end, some petrogenetic cons.iderations are given. 

INTRODUCTION 

Metamorphic rocks of the Slavonian Mountains Psunj, Papuk, and Krn­
dija have been studied by numerous authors. Ki spat i c (1891, 1892, 
1910 and 1910a) was the fi.rst to describe garnet, stauroHte, siHimanite, 

~kyanJi.te and iohloritoid bearing schists giving the basis for metamor.phic 
petrology of metamorphic complexes "Of Sllavonian Mountains. R a ff a­
e 11 i (1965) presented a rprograde metam011phic sequence firom Ravna 
Gora in .Paipuk Mt. and V r a ig o vi c (1965) descrilbed migmatites and 
associated amatectic granites from Papuk Mt. Recently Jami c i c 
(1983) separated in the Slavon'ian Mountains: (1) the Psunj (or Kutjevo) 
ocxmplex made up of gneiss, mica sohist, and amphlh<>lite with granitoids; 
(2) the Papuk (or Jan'kovac) complex made up of the same schists accom­
panied by mi•gmatites and anateotiic graniites, and (3) the Radlovac com­
plex consisting af slate, phyill'iite, and schistose metasandstone invaded 
by metadiabase and ophitk metagabbro (Pam i c and J a mi c i c, 
1986). 

Pam ii c {1986) empha>sized in hiis review that metamcmphic rooks 
from ithe S1avonian Mountains have some characteristics of a Barrovian-
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type prograde metamoiiphic sequence which occurs both in the Psunj 
and Paipuk complexes, separated 1by Jami c i c (1983). Most recently, 
P am i c .(1987) described the occurrence of andalusite jn P.sunj Mt., and 
this was the fiirst 1record of this mineral in metamorphic complexes of 
Slavonian Mountains. 

M1terwards other occurrences of anda'lusite have been identified in me­
tamorphic rocks of Papuk Mt. The aim of this paper is to present first 
data on andalusite-ibearing schists from this area. Our data •indicate that 
an:dalusiite-bearing schists are not uncommon in the metamorphic com­
plex of the largest Slavonian Mountain PapUJk. 

Basic Data on Prog ·resive Metamorphic Sequences 
of The Slavoniarn Mountains 

All available petrographic data (Ki spat i c, 1891, 1892 and 1910; 
Raff a el li, 1965; V rag o vie, 1965; Taj d er, 1969; Ma re i, 
1973 and 1979; J a mi c i c, 1983 and others) show that the metamorphic 
comp'lexes of ·the Slavonian Mounta1ns associated with granitoids consist 
of gneiss, mica schist, amphiiboli;te, greenschist, phyHite, quartzite and 
ma111:>le. R a f f a e 11 i (1965) was ·the first to disoover the e.idstence of a 
progressivelly metamorphosed sequence in Ravna Gora in ·the southwes­
tern parts of Papuk Mt. which shows a distinct zona;tion: chlorite-bioti­
te--gamet-stauroHte-sillimaniite. The prograde sequence originated 
under PT-conditions of greenscMst and amphibolite faoies and its hig­
hest grade parts grade into migmatites associated with anatectic grani­
toids. Recently, S 1 oven e c (1982 and 1984) analyzed garnet and bioti­
te from iparagneisse.s and mica sohists ,from the progressivelly metamor­
phosed sequence in Kotu:ric potolk in Ravna Gora and, using Pereuk's 
garnet-biotite geothermometre, he concluded that these two minera:ls 
were formed at a temperature of aibout 550--590 °C. 

Raf ,fa e I Ii (1965) has not found kyamte in the sequence but he po­
inted out its occurrence in heavy ifiraotion df recent sediments of the sur­
rounding rivers. However, .kyanite was found many years ago by K i s­
pat i c {1910) and reoently, Jami c i c (1983) emphasized its common 
presence in the amphi1boMte facies rocks in the eastern par.ts of Papuk 
Mt. and tlin Krndija Mt. Kyanite occurs in the same mica 'Schists and gne­
isses which stretch from Krndija Mt. to 1the southwestern pa'I'ts of PapUJk 
Mt. where ·1t is most probably absent. 

The prograde metamorphic sequence grades into migmatites only in 
the western parts of Papuk Mt. In other parts of the Slavonian Mounta­
ins (Psunj, Kmdija and eastern parts -Of Papuk) i!t is invaded by 1-gran'i­
toids which m-e characte11i.stica:lly catac1astic and in some places associa­
ted with quartz diorite, monzodiori<te and gabbro (Marc i, 1973; Pa­
m 1i c, 1987a; Pam i c et al., 1984). 

High.grade metamorphic rocks from oentrail parts of the Slavonian 
Mountains have been for a long time considered as Archaean as distin­
guished .from adjacent lower•grade metamorphic rooks of presumed Pa­
leoroic {mostly Carboniferous) age (Go r j an o v ·i c - K r a m b e r g e r, 
1897; Koch, 1919; Polja1k, 1952). Raffaelli (1965) and Taj­
d er {1969) presumed. that the whole progrnde metamorphic sequence 
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and imigmatites originated from Pialeowiic low..grade ,rocks during the 
Hercy:nian orogeny. Disregarding published radiometric data, J a mi­
c ii c (1983) assumed on the basis of his structural analysis that the Psunj 
complex, i. e. the prograde metamorphic sequence With l·graniroids be­
longs to the Bai!kalian orogeny, whereas the Papuk complex, i.e. the pro­
grade metamorphic sequence grading into migmatites he ~ncluded wit­
llin the Caledonian orogeny. 

De 1 eon (1969) presented radiometric data fur migmatites from Pa­
puk Mt. which ~ve 279 to 285 Ma ~Laite Permian to Early Carbonifero­
us). Recent K-Air and Rib-Sr determinations Olf a researah still jn progress 
point mostly to the Hercynian age of the prograde metamorphic sequence 
regard1less of beilll!g migmatized., mvaded 'by 1-graniitoids or even without 
any gra'Illitoids (Pam i c, 1987a). 

PROGRADE METAMOR~HIC SEQUENCE 
IN THE SOUTHWESTERN PARTS OF PAPU!K. MT. 

Fie 1ld Data 

Systematd.c and detailed sampling was carried out ailong the Koturic, 
Mijaci and Samanovica Creeks dn the area of Ravna Gora, m southwes­
tern parts of Papuik Mt. i(Figure 1) where Raf f a e 11 i (1965) fowid the 
albove mentioned progressi'Ve metamorphic sequence with a distinct zo­
nation from chlorite up to sillimaniite. 

The area under :investigation is rather monotonous in lithology and 
consists of rocks of semip_eliitic-pelitic and ipsammitd.c origin which are 
represented iby quartz phyliite and ailbite-muscovit~hlorite'.'Q:Uartz schist 
in lower-grade part, and mostly by mli.ca schists and grieisses in the hig­
her-grade pa.iit of the sequence. These schists are isodinally folded with 
cUstinct southern vergence. Their dip direction is mostly in the range of 
N20W to iN5W; they are steeply dnclined between 60 to 7<1'. Metamorphic 
grade increases from the south to the north as lit has been recognized by 
Raff aelli (1965). . . 

The characteristic minerais can be recognized by na!ked eye so that 
chlorite, ibio1:ite, garnet, staurold.te and silliananite zones . can be easily 
maipped in t1he ftield. The <lowermost parts of the progressive sequence 
are covered 'by Neogene sediments (Figure 1) and the <boundary between 
lower and hi1gher grade rooks is not ,sharp so that they repeatedly occur 
in southern parts of 1the sampled oross-secmon in Koturic Creak (points 
4 to 6 in Figure 2). 

Petrologica l Da it a 
The structure of rocks of the prograde metamorphic sequence is dis­

played by compositional, modal and granulometric 1banding. The thick­
ness of indivtldual ibands varies from 0.5-1 mm up :to 5-10 mm. Conti­
nuous and crenulation cleavage alternate determined iby quartz poor and 
quartz enriched layers. SepaTate layers are mostly granolepidoblastic 
and lepidoblastic in mforotexture. Differences in rthe ~ze of grains of in­
dividual 11aye:rs can be irecognized in lower~rade rocks together w.ith mi­
croaugen texture. 
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Fig. 1. Schematic geological map of the area of Ravna Gora in Papuk Mt. (R a f fa­
e 11 i, 1965). 

SI. 1. Shematizirana geoloska ikarta podrucja Ravne gore na Papuku (Ra f a e 11 i, 
1965). 
1 - Neogene (neogen), 2 - migmatitic complex of Pa.puk Mt. (papucki mig­
rnaititski kompleks), 3 - progressivelly metamonphosed sequence (!J>rogre­
siW10 metamorfozirana seJkvendja); 
Ch - chlorite zone (klo:dtna zona), :Bi - biotite zone (bioHtna zona), Afm ± 
St - almandine-staurolite zone (almandiiinsko-staurolitna zona), Sil - siUi­
manite zone (.silimanhska zona) 

Mi:nera'l assemblages .cbisplay a di:stiinct <increasing grade: 

quartz + a1bite + musoowte + chlor.ite ± epidote 
quartz + albite + muscovite + ohlorite + biotite 
quartz + aLbite + musooviite + hiotlite + garnet 
quartz + oHgoclase + muscovite + hiotite + garnet + stauroLitte 
quartz + oligoolase + muscowte .+ biotite + garnet + staurolite 
+ andalusri!te 
quartz + oligoclase + biotite + garnet + andalusite + siUimanite 
± muscovite 

Accessory minerals aTe apatite, zircon, tourmaline, i1menite, magneti­
te and graphite. 

Mineral •assemblages are Hsted in Taible 1. For a better oorrelation, lo­
cations of samples are lllla'l'lked on t!h:e endosed cross-section along Kotu­
ric Creek (Figure 2). 
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f.ig. 2. Cross-1Section in progressivelly metamorphosed sequence along Koturic Creek. 
SL 2 . . Profil u progresivno metamorfoziranoj sekvenciji u Koturic potO'ku. 

1 - lower grade rooks of greenschist facies (Dile metamorfozirane stijene 
grinsistnog faci1esa), 2 - higher grade rocks of amphibolite facies (vi5e 
metamorfozirane stijene amfi:bolitS>kog facijesa). 

Microproibe chemical composition of biotite, garnet, and staurolite is 
presented in Taible 2. 

In lower-grade rocks q u a rt z iis fiine•grained, xenoiblastdc or forms 
polycrystaMine monomineralic microaugens or 1the bimineralic ones to­
gether with alibiite. It crystallized as a coarser..grained mosaic in the pres­
sure 'Shadows of the microaugens. 

A 1 b i t e maikes up a 1gnmoblastic, £ine..grained mosaic with quartz or 
sericitized miicroaugens. Chessboard a~b.iite has been rarely found. Its 
composition varies and in the chlori•te zone irt averages An3 and with the 
occurrence of biotite dt ohanges up rto An15 (Raff a e 1 H, 1965). 

M u s co rv i t e, common'ly as a fine.;grained sericite aggregate forms ve­
ry i'hln ·laminae around microaugens containing some coarser flaikes. 
Wirth increasing grade it grows larger markting the sohistosioty. 

B i o t 1i t e is much more common and dt appears ait first in tiny flakes 
in the pressure shadows of microaugens _ With increasing grnde it beco­
mes more aibundant and larger 1ike muscovite, malcing up well crystalli­
zed layers poor in quartr.z, or is clustered. in quartz rich layers. A coarser­
-grained b.iotite of a second generation indicates the direction of ;the se­
cond {axial-plane) schistosiity (J'ilate I, photo 1). 

C h l or i t e iis associated with muscovite allld biotite. Its quantity de­
creases as the grade increases, and it disappears entirely 1in the garnet 
zone. 

G a T n e t ocours in low-grade rooks iin 1pelitic microlayers where it is 
commonly broken and chloritized to various degrees. 
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Taible - Tabela 1. 

Mineral assemblages in prograde metamorphic sequence in Koturic Creek 
Mineralne parageneze u progresivno metamorfoziranoj sekvenciji Koturric potoka 

Samble ~ 
.. 

"' iS 
"O 

N ;ij ..c:: ~ 1-1 ~ ... -num ers 0 u u :s (.!:) 00 00 

4-1 to 4-3 + + + + 
4-4 to~ + + · + + + 
4-9 + + + + + + Greenschist facies 
4-10 + + + + + 
4-U + + + + + 
5-1 + + + + + + + 
5-2 + + + :t + + + + Amphlbolite facies 
5-3 to 5--4 + + + + + + 
5-5 + + + + + + Greenschist fades 6-1 + + + ;i.· 

6-2 + + + + + + + 
6-3 + + . + + + + + + 
6-4 + + + + + + 
6-5 + + + + Amphibolite fades 
6-6 + + + + + 
6-7 . + + + + + + 
6--8 to 6-10 + + + + + + 
7-1 + + + + + Greenschist facies 7-.:J. to 7-3 + + + + + 
7--4 + + + + + 
8-1 + + + + + + 
8-2 to 8--Q + + + + + q.. •-t-

9 + + + + + + + 
10-1 to + + + + + + + 10-2 
11-1 + + + + + + + 
11....:....2 + + + + + + + + Amphibolite facies 
12-1 to ·+ + + + + + 12-3 .t; 

13 + + + + + + + 
14 + + + + + +, 
14-\ •! + r+ + +i 
15 + + + + + + 
15-1 + + + + + + + 
16 + t + + + + + 
16-1 + + + +. + + 
Qz - quartz, Ab - a1bite, Ch1 - first generation chlorite, Chz - seoond geO:eration 
chlorite, Ms - muscovite, B1 - fiI'St generation biotite, B;i,. - second generation 
biotite, Gr - garnet, And - andalusite, St - staurolite, Sil - sillimanite. 



Table - Tabela 2. ~ 
Biotite, staurolite and garnet microprobe chemical composition :! -· Kt:.mijski sastav biotit~, staurolita i granata dabiven mikrosondom S>· 

~ 

Biotite S.ta uiroli te Garnet 1:1 
~ 

16 16 16 16 16 16 H-1 ll-1 11-1 11-1 11-3 11-3 11-3 11-2 11-2 1i.:...2 11-2 i::i 
!°"' .. 

SiO.! 34,96 35,06 34,74 36,05 35,73 35,07 28,23 28,55 28,25 27,64 28,47 28,12 27,46 34,61 34,37 35,36 34,10 E:" 
TiO, 1,78 1,59 1,91 1,95 1,85 1,70 0,58 0,39 0,62 0,36 0,70 0,45 0,34 0,00 0,10 0,00 0,00 0.. 

Al,03 19,19 18,50 18,48 18,66 18,62 18,92 55,80 55,22 56,66 56,63 57,55 56,22 55,50 21,04 20,35 20,38 20,75 e. c: 
FeO* 19,73 19,79 20,85 19,77 20.46 19,82 13,17 12,90 12,72 12,30 12,58 12,22 12,07 35,57 34,86 34,36 35,00 ~-.... 
MnO 0,14 0,15 0,13 0,19 0,11 0,11 0,26 0,38 0,24 0,34 0,28 0,26 0,29 4,37 4,47 4,51 4,58 

.,, . 
Cr 

MgO 10,30 10,58 10,27 10,32 10,21 10,29 0,88 1,04 0,92 0,99 1,12 1,04 1,08 3,16 3,09 2,86 3,30 .,, 
II> 

CaO n. d. n. d. n. d. n. d. n. d. n. d. 0,09 0,00 0,10 0,00 0,00 0,ol 0,00 1,31 2,04 2,78 1,30 s· 
Na:O 0,12 0,45 0,00 O;U 0,25 0,53 0,00 om om 0,11 0,06 0,04 0,20 n. d. n. d. n. d. n. d. (JQ 

KiO 8,50 8:.~6 7,55 7,70 8,14 8,46 n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. en 
(') e: 
"' * Total iron as FeO .... 
"' 

,.. Cations per '\.liilit cell normalized 
rto 220 Structural formulas based on 47 0 Molecular proportion 

' 

Si 5,341 5,381 5,356 5,454 5,420 5,356 7,869 7,985 7,812 7,729 7,769 7~849 7,789 
AfIV 2,660 2,619 2,644 2,546 2,580 2,644 0,131 o,oi5 0,188 0,271 0,231 0,151 0,211 75,2 73,4 72,2 74,1 Alm 
AIVI 0,795 0,728 0,713 0,781 0,749 0,761 18,200 18,189 18,280 18,389 18,280 18,348 18,345 11,9 11,6 10,7 12,S Py 
Tii 0,204 0,183 0,222 0,221 0,211 0,195 0,121 0,083 0,128 0,076 0,145 0,094 0,072 9,4 9,5 9,6 9,8 Sp 
Fe 2,521 2,541 2,687 2,501 2,5% 2,532 3,070 3,016 2,943 2,876 2,871 2,854 2,863 3,5 5,5 7,5 3,6 Gr 
Mn 0,018 0,019 0,017 0,024 0,01.f 0,014 0,061 0,080 0,057 0,(119 0,065 0,062 0,068 
Mg 2,344 2,422 2,359 2,327 2,309 2,342 0,364 0,433 0,380 0,412 0,464 0,433 0,457 
Ca - - - - - - 0,026 - 0,029 - - 0,003 
Na O,o38 0,135 - 0,122 0,073 0,156 - 0,039 0,118 0,057 0,029 0,023 0,107 
K 1,655 1,598 1,486 1,487 1,575 1,648 

11-1, 11-2, 11-3 and 16 - number of samples (see Table 1 and Figure 2), Alm-· 
almandine, Py - pyrope, Sp - spessartite, Gir - grossulare I~ 
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Medium-grade rocks are characterized 1by better origanized teX!ture due 
to more perfect preferred orientation and reorystalJi.zation. Distinct sig­
nes of polyiphase def orma:tions are visi1ble in these rodks as well. 

In lower part of this grade gar n e it fomis postkinematic ddiOlblasts 
wiih small quartz .inclusions (si = Se). It shows only in some thin secti­
ons postcrystal'line fragmentation. Rocks from higher parts of the gra­
de contarin garnets with a more complex history. They ·have sigmoidal 
inclusion-.nioh sy.nkinematic core 1and indlusion.ifree postkinematic rim 
CPlate I, photo 2). Microprobe chernlical composition (Taible 2) indicates 
thait the garnet ~s enriohed iiin almandi·ne with subordinate quantities of 
spes·sartite, pyrope and grossulare. Chemical composition of ·the synki­
nemaitic core df a garnet crystal from aimphiibolli!te facies rocks with ai­
mandine content in ithe nmge 70 to 80 per cent points to its formation 
under PT-condhions of upper greensohist facies. In some garnets straight 
Si is dbldque to Se and the matrix shows filattening effects around them. 
Coarrser~ed pressurre shadows composed of quartz and hiotLte :fiM up 
these areas. 

B i o tit e of medlium-grade zone ·shows a:n intense brown-reddish 
pleochroism. ltts is illusirated 1by data of chemical analyses (Ta!ble 2) 
which also indicate that it <belongs to Fe= Mg ibiotite represented most­
ly ·by lM polytype (S 1 oven e c, 1982 and 1984). 

P 1 a g d o c 11 as e, oontalining up ito 25 iper cent of An, occurs common­
ly in hypididblastic twinned grains in quartz enriched layers. It repl~­
ces albite beginning with the occurrence of staurofil.te. 

S t a u r o 1 i t e is ahnost ais .frequen:t as garnet and 1ihe former makes 
up la11ge po&tkinematlic poi1lcilohlasts in the lower part of ampMbolli te fa­
des rooks (Plaite II, photo 3) or small idioblasts or xendblastic inclusi­
ons ·in and:alus1ite poiki'loblasts in the higher parts af the same faoies 
(Plate II, photo 4). Its crysta:llir.z:ation can be :inierpreted dn some thin se­
ctions as positJktinematic with respect rto 1the development of matrix schi­
stosity and as prekinematic with respect to its deforrmatlon (s1iight flaitte­
ning and foldling of the matrix around 1,them). Microprobe chemical com­
position of 'S'tauroLite is presented in Table 2. It ifiits with ·the composition 
of .stauro1ite in common a1ph~bol1te facies rooks (iD e er et al., 1962). 

And a 1 us it e is much more swbordina:te ithan staurO'lite. The for­
mer can ibe found as long rpook:i'lobla:st in defOI'IIled qrual'tz 1segrega tions 
or as bifg ·poiiktllloblasts ablique to the whistosirty containing quartz, mus­
covite, biotLte and staurolite ·inclusions .~Plaite HI, photo 5). Because of 
the finst ·record of andalusiie in the western parts of Papuk Mt., its pre­
sence was chooked both by c:Yptics and X"Tay. 

S i 11 d man it e is much morre frequent ·than andaiusite. The sillima­
nite is assocLated manly with h.iotiie forming small SJtraight, or big long 
and crenufa.ted filbrolites .whose deformaltion is s1tronger than that Of the 
surl'Ounding biotiite..rioh domain. Stout single siillimanite prisms surro­
unded thy fiibrolite could be observed ·on'ly in some thin sections (Plate 
l'lil, iphoto 6). Only iirl one sample anda:lwsiite and sillimanite were found 
itogether but they had no mutual oontact. AndalUS1ite~bearing mica rich 
layer was surrounded by fiiibroli1Jic s\i.1Hmani1te. 

Big postkinematic muscovite poikrloiblasits w1th sillimaniie or andalu­
si'te inclusi9ns. can be observed 1n med~um-grade rooks .. 
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Effects of retrogradatton are shown mostly in chloritizaition of biotite 
and garnet and in sericitizaition of stauroi~te and SilHrnanite. Chlori1tizati­
on of biotitte is accompanied by separation of acioular rutile (sagenite). 
Orystalizatd.on of small ohlomte flakes in big ;pseudorn011phs after <Stauro­
li te is scarce. 

DISCUSSION 

On the basis of miorotex,turnl analysis the crystallization history of 
the .progressively metamorphosed sequence from the 1southwestern parts 
of Papwk Mt. can be il\terpreted ias follows! In the ilower~grade rooks 
synkinematic crystaUizatJion of quartz + alibli1e + muscovite + ohlorite 
+ biotite make up the first schistosity (s1) which was crenulated. An 
axiailplane sch[.stosity {is2) i·s enhanced by crysta11ization of a second 
generation biotit~. 

In the medh.un•grade rockis recrystailization of former textures is al­
most complete and earlier schistosity directions can be traced by the 
preferred orinetation af small inclusions in poi!kiloblasts. The principal 
schistosiity 1iis di·splayed by syrrklinemauic quartz + plaigiodase + musco­
vite + biotiite orystals. Garnet formed partly durinig and partly after the 
main crystallization, i e., sohistosity. Staurolite and andalusi1te origina­
ted after the defo:rmatfon whioh :produced ithe principal schist:osity but 
before i.ts crenulation. Andalusli1te iis later than 1staurolite but earlier than 
siHimanite. 

According 1to mineral assemblages and microtexitural observations, 
rooks from the investigated sections represent a progressively metamor­
phos~ sequence heginniing wi:th .the lower part df greensdilist and gra­
ding up 1to ithe upper part of amphi1bolite faoies as iit has been proposed 
by Raf.fa e 11 ii (1965). The distance between the rocks of the ohlorite 
zone and the rooks of the silliimanite wne on <the cross~section in Kotu­
r.it Creek ·is ·maXimalHy aibout l 200 - 1 300 metres -in leiss disturbed 
parts of the iprogra<le iSequence. · 

The charactenistic Al2Si05 polymo11phs of the sequence are andalusiit:e 
and 1si1l1'imanite. In addition, a1mandine-ri.ch garnet and staurolite are 
widespread in ithese rooks. 

The presence of andalusirte and •the raip'id succession of tthe mineral zo­
nes can 1be related 1to a metamorphic event characterized by a compara­
tively high 1thermal gradient {S as s i e 1t a L, 1979). Preliminary isoto­
pic data indicate ·that it probably took 1pilace dur1ing ·the Hercynian oro­
geny .. 

The p.rograde metamorphic sequence of the 1soutihwestern parts of Mt. 
Paipuk e:iliilbHs rome 1pecu1aritie~ :Whdbh distingui:shes it fro~ both the 
well known Albulruma and Barrov1an~type sequences. Acco.rdmg -to Mi­
y ash i ro (1961), 1the progmde sequence from the southwestern par.ts 
of Papuk Mt. is a. facies senies which falls in the low pressure•inte.rmedi­
ate group, and according to Carmi ch a e I (1978) 1it can be induded 
within hlis ba;thozones 1, 2 and 3. 

The findings of ainda[usirte in 1the Mts. Paipuk and Psunj make the pro­
blem of the metamorphic sequences of the Slavonian ~ountains more 
complex. J.t is quite evident thait •kyaniite also occurs fun some areas of the 
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Slavonian metamoriphic terrenes (K iS p a ·t i c, 1910 and Jam ic;i c, 
1983) and its presence points to medium thermal gradient oon:di'tions. By 
contrast, .the new ftinclings of andalusite suggest hilgh thermal gradient 
conditions. 

As so far we have not found •these two Al2Si05 polymorphs .in the sa­
me ·rook, we have no data if we are dealing with two distinot metamor­
phic events 1~or phases) characterized by contrasting thermal gradients, 
or we have a •special geothermal ·regtme with a thermal gradient around 
40 °Cfkm. 

The fact is that our kyaini•te bear.iing metamo:nphic rooks show more 
complicated defurmaitional history and are strongly retrogressed and 
thus indicaite that they might belong •to an older stage. This would imply 
a mgh .thermal ovexiprint on an earlier interimediaite thermal gradient me-
tamorphiism. · 

The data so far avaiila1ble do not ma:ke possible to give a definite con­
clusion. Additional field wo11k, petrolocgic and radiometric investig.a1tJions 
are •in progress ito resolve this problem. 

Received: 28, 12. 1987. 
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Andaluzitski Akriljavci 1z jugozapadnih dijelova Papuka u Slavoniji 

J. Pamic, Gy. Lelkes·Felvari i P. Raffaelli 

Metamorfni :kompleks slavonskih planina, kojeg su proueavali brojni autori 
(tK.Bpatic, 1891, 1892 i 1910; Raffaelli, 1965; Vragoviic, 1965; Tajder, 
1969; Marci, 1973 i 1979; Jamicic, 1983 i dr.), izgra<1en je od gnajseva, mika­
sista, amfiboHta, zelenih Skriljavaca, filita, kvarcita ii mramora. U njemu je Raf. 
fa e 11 i (1965) prvi utvrdio na Ravnoj gori progresiwio metamorfozi-ranu sekven· 
ciju s jasnom zonalnoo6u: 1klorit-.biotit-granat-stauroliit-silimanit, koja je ka· 
snije <lapafona i na 4rugim lokalitetima (Jami c i c, 1983), ii to mjestimice s kija­
nitom ikojeg je 1K i s;p at i c (1910) vee davno zapaziio. Ova progresivna sekvenca, 
kola bi po navedenoj zonalnosti i prisustvu. kirjanita, mogla odgovarati barovJjen· 
skoj, u .zapad!n!im dijelovima Papuka postupno prel.31lli Ill migrnaitiite. No, u veCem. 
di~elu slavonskih -planina ~Psun,j, istooni dio Papuka i 1Kroija) ona je isprobijana s 
1-granitima, koji su pretefno .kataklazirani i na nelcim mjestima udrufeni s inter­
medijamim i mafi-ts~im dntruzivnim sttijenama (Ma re i, 1973; Pam i c, 1987a; 
Pam i c et al., 1984). 

Razliciti autori pripisivali su razlicitu starost metamorf.nom kompleiksu slavon· 
skih planina: .arhajsku (Gorjanovic·Kramberger, 1897; Koch, 1919; 
Pol'jak; 1952), hercinsku {Raffaelli, 1965; Vragovic, 1965; Tajder, 
1969) i baj:kalsku i kaledonsku (Jami.Ci c; 1983). Izotopna odre<1ivanja De I eon a 
(1969) pokazujn da su papuek•i migmatiti nastali u hercinskoj orogeneri, a vjero­
jatno su iste starosti, 1prema preliminamim radiometrijskim odre<1ivanjima, ~ sti· 
Jelle progresivno metamo:rfozirane sekvencije u sirem podrucj.u slavonskih planina 
(Pam i c, 1897a). · 

· Andaluzit d kordijeriit su nedavno po prvi .puta odre<teni u stijenama metamol1f· 
nog komplekisa Psunja ~pa mi c, 1987). K.asnije je andaluz11: otkriven u istom 
metamorfnom kompleksu i u drugim dijelovima slavoil'Skih planina, i cilj je ovog 
rada da se dade ipetroloski prikaz metamorfnih stijena s andaluZli.tom iz jugoza· 
padnih dijelova Papuka. 
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PTo g re sd vno met arno rfoz.ir an i komp le ks 
sjeverozapadnih dij elova Papu1ka 

Sisternatsko je uzorkovanje obavljeno u potocima !Koturic, Mijaci i Samanovica 
(sl. 1), u podrucju gdje je Raffaellii (1965) zapazio navedenu zonalnost. Ono je 
dosta monotonog IitoloSkog sasta:va 'i. .izgradeno od kvarcnih filita, grinsis•ta, paira· 
gnajseva i mikasista. Oni su izoklino borani s jasnom juinom vergencijom i sa 
nazlicitim indeksima boranja (sl. 2). 

Stijene progresivno metamorfozirane sekvencije imajiu jasne kompo,ziciono i 
modalno vripCaste teksture i granoleipidoblasti.Cnu i lepidoblastienu, nekad i okca­
stu strukturu. Mineralna parageneza ipokazuje jasan progresivan karakter iduci 
od juga ka sjeveru (tabela 1). Kemijski sastav ncltih petrogenih minerala, dobiven 
mi'krosondom, prikazan je na tiabeli 2. 

Stijene ni:fog stlllpnja imetamorfizma, koje SU sitnozmije, sadrlavaju kvarc, cesto 
u vidu mikrookcastih nakiupina, klorit, a1bit, muskovit, biotit i granat. ZapliZene 
SU dvije generacije biotita; krupni postJkinematski biotit definira drugu fazu uskri­
ljavanja (tabla I, sl. l). Kolicina se klorita postupno s povetanjem metamorfnog 
stupnja smanjuje, tako da on 1potpuno nestaje u granatnoj zorri. 

Stijene vdseg metamorfnog stupnja jace su rekristalizirane, krupnozrnije ·s izra­
ienijom .paralelnom teksturom :i jasnim rznakovima polifaznih deformacija. U do­
njim dijelovima se almandinom bogati granat javlja kao postk:inematski idioblast 
s uklopcima kvarca, dok .u stijenama iiz visih dijelova ima sigmoidalno sinkine­
matslru ijezgru bogatu inkluzijama i postlcinematsku ovojniou berz inkluzija (tabla 
I, 1sl. 2). Bazieni oligoiklas, namjesto albita, poeinje se javljati zajedno sa stauro­
litom koji dolazi kao krupni pojJ.ciloblast iii pak kao sitni idioblast iii Uklopak u 
pojkiloblastirna andaluz1ta (tabla I1I, sl. 3 :i 4). tako da je on nastajao i u post­
kinematskoj i u prekinematskoj fazi. 

Andalw:it, Cije je prisustvo dokazano optickom i rentgenskom metodom., javlja 
se kao izdufeni porfiroblast i kao ikrupan pojkiloblast (okomit na skriljavost) s 
uklopcima kvarca, muskovita, biotita i staurolita (tabla III, sl. 5). Silimanit je 
veCinom asociran s biotitom kao izduzeni i krenulirani filbroiit, rijetlko u jasnim 
prizmatskim kristalima (tabla III, sl. 6). 

Efekti retrogradnih promjena izraieni su u kloritizaoiji biotita i granaita, te u 
sericitizaoiji staurolita i ·Silimanita. Rijetko se javlja krupan muskovit •s inklUZli.­
jama silimanita i andaluzita, kao i klonit po .stauroliitu. 

Diskusij a 

U stijenama nizeg metamorfnog stupnja sinkinematski kvarc + muskovit + 
albit + iklotjt + biotit t:vore prvu skriljavost {s1) koja je krenulaoijom dala drugu 
skriljavosit (si) markiranu drugom generacijom biotita. u stijenama amfibolitskog 
facijesa primarna skriljavost se ~bog rekristali12:acije mo.Ze pratiti samo preko 
orijentacije uklopaka u pojkiloblastima. Glavnu S'kriljavost markiraju sinkinemat­
ski kvarc, feldspat, muskovi.t i biotit, te granat nastao djelomdce u drugoj fazi. 
Staurolit i andaluzit formirani su nakon boranja i glavnog metamorfnog dogada)a 
koji je dao glavnu filcriljavost, no prije njezinog krenuliranja. Andaluzit je kasmji 
od stauroLita no mladi od ,silimanita. 

Mineralne parageneze ·progresivno metamorfnog kompleksa nastale su u PT­
-uvjetdma grinsistnog i amfibolitskog facijesa (Raff a e I 1 i, 1965). Udaljenosti iz­
medu stiijena kloritne i silimanitne zone iznose na obradenim profillima do 1.2000-
1.300 m u neporemeeenim dijelov-ima sekvencija. Prlsustvo andaluz1ta i dosta brze 
izmjene pojedinih mineralnili zona .ukazuju da je pri metamorfizmu morao bit:i 
relativno vi•sok geotermijski grad'i1ent. 

Progresivno metamorfozirana sekvencija jugozaipadnih dijelova Papuka ima sipe­
cificne karakterJstike koje je odvajaju od sclkvencija Abtlkiuma i Barroviena. Po 
Miya sh i r u ('1961) ona Q.i odgovarala facijelnoj •seriji intermedijame grupe am­
fibolitskog facijesa, dok bi po Carmichaelu (1978) padala u njegove batozone 
l, 2 i 3. 

Nalasci andaluz.ita na Papuku i 'P.sunju uslofajavaju problematiku progresivno 
metamorfO'Liranih sekvencija slavonsk:ih planina. Sasvim je sigumo, i to se vec 
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davno zna, da se u njima na nekim mjesti:ma pojavljuje clisten ~Ki spat i c, 1910 
i Jami cd c, 1983) Cije prisustvo ukamje na uvjete umjerenih geotermalnih gra­
dijenata. 

Budu6i da mi nismo uspjeli naCi .disten i andaluz-it zajedno u istoj stijeni, to mi 
zasad ne mozemo biti sdgurni da li se u nasem kon'kretnom slueaju radi o dva 
jasno odvojena metamorfna dogada~a (faze) s kontrastnim geotermalnim gradi­
jentima Hi pak: 0 nekom specifionom geotermalnom rezimu s geotermalnim gradi­
jentima oko 40 oe. 

Cinjenica je da su nase metamorfne stijene s distenom jace deformirane i znatno 
retrogradirane sto .uJkazuje na mogucnost da su mogle nestati u nekoj starijoj fazi. 
To bi onda govorilo da su visoki temperatumi gradijenti (andaluzit) utisnuti na 
raniji metamorfiizam (<listen) umjerenih geotermalnih .gradijenata. Danafoja raspo­
lo:Ziva faktografija ne prufa mogucnost povlatenja definitivnog zakljuaka. Taj se 
problem treba riijesiti dodatnim terenskim radovima i petroloskim i radiometrij­
skim j.spitivanjima koja su u toku. 



PLATE - TiABLA I 

1. Coarser biotite of a secO'lld generation marking the 'Second ~axial ~lane) schisto­
sity. Magnif. 100 X . 

1. Klupni biotit druge generacije kojii definira seilmndarnu §kriljavost dui aiksi•jalne 
povrsine. Povec. 100 x . 

2. Garnet 0pcmphyroblasit with :Soigmoidal inclusion-rich syrrkiinema;tic core and in­
clusion-free postkinemaitic rim. Magnif. 100 X . 

2. Granatni porfiroblast sa sinkinemat&kom jezgrom obogacenim inkluzij ama i 
postkinematskim ovajem bez inkluzija. Povec. 100 x . 





PLATE - TABLA I ii 

3. Sericiti.zed postkinematic poi'ki!()b!ast of staurolite. Magnif. 100 X . 

3. Sericitizirani 1posbkinematski pojkiloblast staumlita. Pov. 100 X. 

4. Xenoblastic inclusions of staurolite in andalusite poikiloblast. Magnif. 100 X . 

4. Ksenoblastne inkluzije staurolita u andaluzitnom pojkiloblastu. Povec. 100 X . 



....... 
....... 



iP•LATE - 'flABLA Iilil 

5. Long andalusite poikiloblast in deformed qua:rtz segregations. iMagnif. 32, X. 

5. Izduien porfiroblast andaluzita u deformiranoj kvarcnoj vrpci. Povec. 32 X . 

6. Stout single siltlimanite pniisms surrounded by filbrolite. Magnif. 200 X . 

6. Pojedinaeni prizmat'ski tkristali sirimanita u fibrolitu. Povee. 200 x . 
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