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ABSTRACT 

In the r~gi(1n of the Kamvllunill muuntains, north The!i...~aly, granite. gneiss. m)'lonilic i,,~in, 

~ibolile and "lr'\lI,lS sdllstSCllnSlllute the Pdagonian basemen! which suffered Variscan and Alpine 

Jmtamorphism. Ch"mical a"alys~ of major Ind trace elements allow Implkations about the origin of 

these ro<:ks, The mineraluJ;i.:1I1 and ch~mical c(lmpu~itj\lns of the granitoids (granites s. sir. and 

granodiorild of the Deskali ~ri.es) indicate a Cal~'ni3n Hype chancl.. r. Using major element 

discrimination criteria to discern l'ietw~n Ilnhu- and para·1,:nl!i!o:.s, th.l i"eis5I:S and ll1ylonlt~ show 

con.nantly ign«lu5 origin. 

The trace element patl .. rns (q;. high RtI/Nb and RblZr ratios) of the granites and granodiorilts show 

characteriSlics of SuhdU':llolHollision rei aIel! inlrusiws. The occurrence of large volumes of 

undeformed granites anril'iule lhem In a hIe- III pI.sHollisicnal setting of the Variscan orogeny. The 

Irace element pauerns of the gn~ssl;ls and mylonires are idl;lnrlc31 to t~o'e of rhl;: undeformed granites 

10 which they show transitions In the fjl;lld. WI;l propose that the eranites were the protoJiths of the 

lneisses and mylonlles but ~2ped detormation. There!ilre, the deformation of the IInels.es and 

mylonileJ is likely to ne of Alplnl;l agl;l. 

The exlernal morphology of zircon CJyslals (rom the gnnites and granodlorites is characteristic for 

mqma of a mamle orieln. Ca'tho<!olumine.o;Cl;lnce I;luminatilln of zircons Indicate only one growth 

pIwe of lilt zircon cryslals, This points to .10 uninterrupted crystalliution process in the magma. 

lb. C,;-,: ~r 'In I~ype character. the evolulion d the zircons, and the post-deformation emplllcement 

1I10W' to correlate these granitic rocks with post-closure uplift in a late srageof the Variscan orogenic 

n. GranItes in such I geole<lonic selling hllve gen(rall~' an important mantle rompone". 

Unp/libolites and Imphibolitk schists, which sufferoo Varis~3n medium-grade metamorphism and 

~pine low-grade overprint, probably dl;lrive from intermediate volcanic rocks and are interpreted to 

lIVe furmtIJ In a subduction-related I;lnvironrnenr. 

• ,~~,~_.~ •• __ r , ... ,~ ," ~.,," .... -•• 
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INTRODUCTION 

The Pelagonian zone in the Kamvounia re~ion comprises polymelamorphosed rocks associllod with 

granites. The undeformed granitoids (Oeskati series) were considered as posl·Alpine intrusions inlo 

the basemenl by Davis & Migiros (1979). In contrast radiometric dating of granites with the ArlAr 

and UlPb (zircon) methods gave crystallization ages around 300 Ma (Yarwood & Aftalion 1976. 

Schermer et aL 1990). The granites are therefore late-Variscan. 

The chemical element patterns and the modal compositions are 1,15«1 to distinguish between granites 

derived from a mantle or crustal source. Trace element concentrations of granites have been found 

10 be characteristic of their gootecwnic environment (Pearce et al. 1984). The classification proposed 

by Pearce et aJ. (1984) distinguishes b<:!tween o..:ean ridge (ORG), volcanic arc (VAG), within plate 

(WPG) and collision (COLG) granites, A closer study of granites intruding in the tectonic environment 

of a collision zone may suhdivide Ihem according to the type of collision involved (continent conlinenl, 

continenl·arc, or arc arc). 

In this study we present chemical analyses of granites. io:neisses. and myloniles from the Pelagonian 

crystalline basement 10 receive information about the geote<:tonic selling of the prolOliths. 

a..vrovo-Tripoli, nappl........
f:::::SJ 1(,1__..... 

Ampelllklll Oappl 
c:::J ~"'T_~_Io,"

P,llIgonian 1\lIPP4........
rz.za ear-.-_ 
,...........Scyl\lan
c:::J Ill ....,""", ......_.ok
czs::l 
c=J _ 

Cryot.lllnl__ba_n,0 __ 

f 

~ 0.0....,_ 

"'~........
 

Fig. I; Simplified geological map of the Kraoea reeion. 
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GEOL(XiY OF THE KM.WQUNIA REGION 

Two tectonoslratieraphic unilS compose th~ Pl'l~gonian woe in the Mudy area (fig. I ): (1) The lower 

lectonic unit is composed of Che probably Mesozoic Klanea series. a carbonale sequence with an 
upos.ed thickness of about 1500 m. (2) The VIIIscan crymlline ba\ement and In Permomesorolc 

cover form me highu leetonic uniL The marble sequenCI of Kunea appean underneath the 

Pelagonian crystalline basement In the tectonic window o(Kranea (Kilias dr: Mountrakis 1987, Sfeikos 

Cl al. 1991). 

The basement ~cupies th~ artareal pan of the Pelagonian wne in nonh Thessaly. It C011$ists of 

metamorphic lotks su,h U inein, aUien'gneiu, amphibolite. garnet mica schist. and amphibolilic 

IChisr, inlruded by undeformed araniroids of the Deskari nries. Gnds,lie and myloRitic rods in the 

basement show tellfural transitions 10 the granil~ and grilnodiorlleJi and are therefore suspected (0 

derive from Ihem. Varisean metamorphhm occurr"'" prior to the intrusion (Iflhe Lale Carboniferous 

(ca. JOO Ma) &fanite!. KIAr and ArlAr dating (whole rock, amphibolt. and mica) revealed meta­

morphic evenu in the Early Crtlaceous and Pal«lgene ptriods (Barton 1976. Yarwood dr: Aftalion 

1916, Schermer et ill. 1990). 

The weakly melamorphoS«! PermometQlOic \:over .:(Insi~n 0)( a lower dudc and a hightr carbonate 

sequence. The former 15 similar 10 a Ptlmoscythian melaclutic u(jurnCe described by Mounlrakls 

(1983) along the western margin of Iht Pelagoniln tont. We therefore anribule illo the Late Parco­

zoic and Early Triwic. The carbonale sequence lilhologically corrdale:S with Triasslc·Jurassic series 

elsewhere. 

Metaclaslic rocks of unkown origin occurring along tht thrusl of the Ptlagonian basemtOl over the 

Kranel window contain hlgh·pro:s.surt minerals (KllIas et al. 1991). Thty are accompanied by slices 

of ultramafic rocks. 

.. 
CHEMICAL 

CHARACTERISTICS AND 

TECTONIC SETIING 

Samplu of granite (EA, EB. 

EC. MB. KA), gneils (EO. 
EH. KH), mylonite (EZ, KZ). 

and amphibolite (fE, KE. HB) 

0 
o •. ~. 

were chemically analyzed by X· ·'0... 
jo\l.".11)/~_ray f1uolescence (XRF). 

FiJ:,ure 2 Moine and [X la Roche (1968)discrimination diagram for 
metamorphic rocks. Negative values indicate i&neous. positive 
values stdimentary origin. 
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The major element concentrations of the gneisses and mylonites indicate an ignoous origin for these 

rocks. They lack excess alumina and do nm contain corundum in their normative compoSition. Potash 

is more ahundant than soda, and the normative quartz content remains below 40 vol-%. 

Moine &. De La Roche (1968) presented a diagram capabl~ nf discriminafing between onhogenic and 

paragenic origin (fig. 2). ParaGenic rocks with high alumina contents relative 10 polassium and sodium 

have positive values for both parameters. The Pdagonian gneisses and mylonites, however, plol into 

the field wbere both parameters are negative (tig. 2) indicating an igneous origin. 

Shaw (1972) proposed a discrimination formula (OF) basdd on major l.!lem~m concentrations of 

sneisses of known origin: 

OF - 10.44. 0.21 SiO~ - 0.32 F~03 • 0.98 M~O + O.SS CaO + 1.46 N&:20 + 0.54 fS,O 
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The rnulls I)f the Pela!:onian inei.\s. aug~n gnei~s, and mylonite samples are pr~enloo in uhle I. The 

di!>criminatiun value of .111 samples is positive, ascrit"oing an igneous origin to the rocks. 

The gnnil(\ids oflhe D"skal; s~ril;$ t><!long to the ·c~l.::i~· type according l(l Peacock's (1931) c1a.ssifi­

c.. tiun ,lnd havII a si ighlly per;llljminllU~ character (flg.J'. AC~\lrding 10 lhe ,'hemkal and min~ra'ogical 

characteri~tic~ outlined h)' Chappell ..nd White (1974) and Pil~her (1982) the~ granitoids are classified 

as I-(Caledunianlty~ gr~nlles (tahle 21. The gneisses and myll1nites show the urne chernkal 

characteri~tics. 

The multi-element diagrams PW('Il.1Std hy Pearce (1984) are used for the discrimination of the granitic, 

gneissic, .od myl()nit!c rods In ,h ... Pelagllnian haM!menl. Again, no diff...rences uist belween the 

granitoidli and their de(ormlld ..krivat~s. The lr~ce clemerll distrlhutlon palterns (lig. 4) Sh ..1W the 

following ,har~Clerilitlcs. The1arsc IUllllll'ulphlle ILlLl elernents K. Rh, and !la art Slrona1y enriched 

relative to ocean rid!:c arankt tORG), "",her('~s lilt hli:h nI/Id ~tr.:nl:lh (IIFS) l:!el11tl\ls Nb. Zr, and 

Y are aentralJy dtplcted rel~llll" to ORG. Strong LIL el(ment enrichment and UFS ...kmen, depletion 

characterize volcanic IIrc and c(llll,lon &ranilali. Colli,ion Kranites In Keneral halle a high RhlBa rlltio. 

In oor samples, this ratio is rather low which is in a~reemc~t with thl! I-type character of the rocks. 

In several discrimina:ion dia· 

grams (examples In fig.S) lhe 2 r:=-:- ,..ral,"nlllO!/.l\',.,UalUUlIlIQUIDe5kali Iranitoids and theIr ! I le. l 'i:!
,nylonitic derivatll5 preferlltlle 

I I.,~~ ~ ~ 
plot inlO the VAG fields. Since 6,
the Cordilleran I lyJk'S Ind I l'tl-~ I 
Caledonian I type aranltes have ~.'.i"/ '-.~,imina-Iar cheml~al ~hllrillCler­

I ~ I 
iSlics in many respects 11 dis· f ., f--' _' L.__ ---l 
crlmination between these two
 

types is ROt ~sihlll in these 
., 

A1203/(CaO + NIlO +
1 

lOO} (moln) "
 
dia~rams (fig. 5). High conCdn­


Agure J Shllnd inde\\ showing the light perlltuminus ,haracter oftration in lh~ lar$lIly immohlle 
the grlnitoids. 

HFS lrace elemenls like Nb and 

Y (fie:. 5b) are prol;lal;ll)' the result of strong deformation and plSsive enrichment in these elermnts due 

to the milrallon of major elements (Dostal et .11. 1980. Frisch &. Rub 1987). 

The l:1asemenl amphiboliles derive from aOOesitic to dacitic protolilhs, according to the Zrn-i and 

Nb/Y rat iQ' (Winchester and Floyd 1977) (fig 6). The trace element pattern of the amphiboliles show 

strong enrichment of incompatihle L1L elemenlS relative to mid-<X:ean ridge basalt (MORB). The high 

RhfNb and Ba/Nb nliO$ are indicative of a sutxluction related environment. High P and Zr contenlS 
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oEA-1 • EA-2(a) *EA-3 • EA-4 

K20 Rb Ba Nb Zr Y 

oE6-1 • E6-2 (c) *M6-2 + M6-1 

K20 Rb Ba Nb Zr y 

(e) 6KH·2 
oKH·1 
-EH·1 

K20 Rb Ba Nb Zr y 

10 

(g) • MZ-1 oEZ-2 
* KZ-1 -EZ-1 

6 EZ-3 

yK20 Rb Ba Nb Zr 

o EC-1 • EC-2
(b) 6EC-3 

K20 Rb Ba Nb Zr .Y 
100 • AN·1

(d) • AN·2 
oAN·3 

10 6AN-S 

K20 Rb Ba Nb Zr y 

o EO-1(~ 
6 ED-2 
- MO-1 

y 

(h) o H6-17 • H6-19' H6-2 

I I 

K20 Rb Ba Nb Zr y 

K20 Rb Ba Nb Zr 

o H6-18 • H6-20' H6-2 

Figure 4 ORG normalized minor and trace element patterns of Pelagonian granitoids. 
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Figure S Varialion diagrams for th.. di!>Criminalilln of I:ranilic rocks afw Pearce (984). 

may be indicalive of an enriched manlle as il occurs in tIlsialic suNluclion-related enyironmenls 

(pearce 1983). The amphiholile! form I>anded sequ..no:es tOI:..lher with more acid rocks which panly 

probably derive from acid calc-alkaline yolcanics. W.. interpret lhis s~uence as pre-Variscan 

subduction zone magmalism 

ZIRCON MORPHOLOGY 

The external morphology and internal wnalion nl' z.ircon crystals in granil:..s provide informalwn about 

the origin and eyolution of the rocks. The models of Pupin (1980) and Vavra (1989) oolline the 

principles of zircon trysul a;rowlh in rdati<,.'n to dianges In the growth parameters. 

Zircon populations were Sq:larated 

from three granil \mples of the 

Deskati series. In most cry~lals, 

the simpl.. prism (100) a"d the tl:1l 

pyramid (101) are the dominaling 

crystal faces. These zircons rllPre­

senl the D-Iype 10 .....hich a m3nt!t 

origin is attributed (Pupin 1980). 

The internal reninl was slUdio:'.d 

\lsing cathodoluminescence t«hni· 

que with an ..leclron microscope. 

The internal structure reveals onl)' 
Fij!;ure 6 Ocean rock discrimination diagram after Winchester 

Olk: growth phase. The shapes of 
and Fk.yd (1977). 
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the sincle zone!> are t~ same as of ,he finite morphology. This indicates an uninterrupted cr}'staJliza­

t)on process in the magma. 

CONCLUSIONS 

The Pelagonian crystalline \'lasemem comprises various magmatogenic rocks such as granite and 

granodiorite, llranile aneiss, granite mykmite, :uxl amphiholih.,..,. The granilllids of tile Deskati seril:S 

and their gneissic and mylonilic derivalCS have characteristics (,f a m:lntl~-derived magma as it is 

typical of I-type granites. More specilic. Ihe chemical rattern and the mineralogical com[)Osition 

identify them as Cllled0nian I-types .. Large vulumes of unddormeAi granite, indi.:ate 3 lale- III post· 

col1is)onal emplacement rdative 10 the Varis.-:an urogeny .....hich is in agreement wilh the typical post­

dosure upJi(l seUlng l'f this granite Iype. The ,.h:r"rm:ltil.l11 \If the gral1lle gneis.~el. lmd mylonites. 

which derived from the Dcskati gr:mit..'S IS considered It) he tlf Alpine ag.... Caloollrlian I-,ype granile.\ 

are apparently wido:spre.:ld (tn the V"ril<..:a'l "rogen whl..:h w:a~ r""emly p()int~ OUt by Neuhauer (1991) 

and Frisch et al. (19921. 

The andesilic/da..:itic ilmphinulites a\ p.ltl of a ,;<lie-alkaline nlk:mic s<:quenc<, in the Pelagonian base­

mem may indit3t~ prc-Van!>can ~ulxlu~lio.ln a\:livily Thil< w"uld l<Upr,ort lh~ as\Ulllpliun (If Ihe c~i­

~tence of a .r.ubdueti\ln·rdat.." magmatic ..:"mpk~ 111 the Pda~"ni3n hasem~I'I' as i, i5 widespr~ad in 

the ba~em":nl ~~lInpl<'.'(e~ Ill' th..: M..'\lilerran~"n f\tpin... nl"untdin chain~. 
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