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GRANITIC ROCKS, THESSALY, GREECE
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ABSTRACT

The studied plutonic rocks are granites, with typical S-type character-
istics. The petrography of the granites is described and the crystallisa-
tion sequence is discussed. Harker variation diagrams of the major elements
present very low correlation coefficient. Good positive correlation for Nb,
Nd and Y and negative ones for Ba, Rb Sr and V are shown in the plots of the
trace elements v. Z2r. -

ORG normalised geochemical patterns can be attributed to both granites
formed in a Volcanic Arc or a Within Plate environment. The mantle normal-
ised patterns indicate granites associated with the subduction of oceanic
lithosphere beneath island arc systems and continental margins. They also
indicate a large contribution of crustal component to the composition of
the parental magma. The REE patterns indicate that the distribution of the
REE was strongly controlled by the fractionation of feldspars.

ZYNO¥YH

Ta NAOUIOVIO NeIpduata ToU PeAeTABnkav ei{val ypaviIe¢ Wue TunLkd
XOUPOAKINPLOT LKA ypavit1dv S-1Unou. MHeplypd@etal n neIpoypa@ia 1wV ypavitdv
kot oulnieitat n akodoubia kpuotaAldoewg. Ta xUpla otoixela napovcit&louv
BLKpd oUvieAeoT)] OUOXETLOWOU ota dlLaypbdpuata Harker. And ta Lxvootolxeia,
Nb, Nd kot Y nopoucit&louv Betilxf oxéon w¢ npo¢ 1o 2r &vd Ba, Rb Sr kot V
napouct&douv apvnt LK.

T kovovikonotnuéva &s npos ORG & iaypdupoata pnope{ va anodobouv kot og VA
Kot og WP ypoaviteg. Ta xavoviKomolnuéva ¢ NPOG¢ TOV INPWIOYEVH Havdva
dLaypdppoata vnodeikviouv ypoviteg ouvdeduevoug upe vunofubion wke&viag
A86opaLpac KATw and CUCTARATY NEULOTE LOKOV TOEWV KAl NIELPWT LKAV nepLBuplwv
KOL HEYAAN CUHHETOXN ®AOLOU OTn oUCTOOn TOU HNIiptkod pbdypatoc. Ta 3 iaypduuato
ocnoviwv yoldv uvnodetxviouv OTL KaBoptoT LKOC PUBULOTLKOC noplywv Yyla  tnv
KOTOVORN Twv onaviwv yoldv ATav n KPUoT&AAWon 1twv aodiplev.

INTRODUCTION

Granitic intrusions in Deskati area were mapped by STAMATIS (1987). A
quartz monzonite body appears near Deskati village (Fig. 1), another one
exists near Fotino village, while small occurrences of granitic, granodioritic
and quartz dioritic composition are scattered in the area. The only avail-
able data for the plutonic rocks was a short description of the petrographic
types and the mineral constituents.

There are not any published data for these plutonic rocks, concerning
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e e their mineral chemistry or the bulk rock com-
ﬂf i atiialty afe) iz C alvial positions.

. For this study samples from the Deskati
granitic rocks have been studied for their

~ % B ' petrography and analysed for their mineral
- E3dewwes  chemistry, their major, trace and rare earth
element composition. Petrogenetic features of

the plutonic rocks are depicted from the cor-
: relation of the above data.
Fig. 1: Geological map of the
studied area (from GEOLOGIC SETTING
STAMATIS 1987) The Deskati plutonic rocks intrude the meta-
Eix. 1: TeoAovyix0G¢ X&PTNG  porphic rocks of the Pieria-Kamvounia crys-
NG MEPLOXNG MOV talline massif, a structural element of the
neAernAdnke (and .
STAMATH 1987) Pelagonian Nappe.
According to KILIAS & MOUNTRAKIS (1989) the
Pelagonian Nappe consists of:

a. Limestones of the Middle to Upper Cretaceous Transgression and the
Palaeocene flysch.

b. The western carbonate cover of Triassic to Jurassic age.

The eastern carbonate cover of Triassic to Jurassic age.

A metaclastic sequence of Late Permian - Early Triassic age.
Three crystalline sequences (Vernon,Voras,Pieria-Kamvounia).
. Large granitic masses of different ages.

The crystalline sequences crystallised under similar conditions in the
Palaeozoic but then differ in their megastructur and their cinematics.

The Pieria-Kamvounia crystalline massif is characterised by a lower
“Elassona” sequence, consisting of gneisses and amphibolites with migmatitic
interposition and an upper “Kefalovrysson” sequence consisting of schists
with metabasite and marble intercalations.

According to KILIAS, & MOUNTRAKIS (1989) the lithological and tectonic
study indicates that the granites intrude the metamorphic rocks probably
during Upper Jurassic- Lower Cretaceous.

In the Upper Cretaceous - Palaeocene the Pieria-Kamvounia crystalline
massif overthrust the blueschists of the Ambelakia unit (MIGIROS 1983,
KATSIKATSOS & al. 1986) and in Upper Eocene it is overthrusted onto the
carbonate masses of Olympos-Ossa, Rizomata and Krania carbonate sequences.

H O Q0

SAMPLING AND ANALYTICAL METHODS

Special care was taken to collect unaltered samples from well preserved
outcrops. The chemical analyses were made in the Department of Geology at
the University of Leicester, England.

Major and trace element analyses were carried out by X-ray fluorescence
method using a Philips PW 1400 series spectrometer. Details on the analyti-
cal procedure, precision and accuracy on the analytical techniques are
given in MARSH & al. (1983). Rare Earth Elements were separated by chroma-
tography and determined by inductive-couple plasma spectroscopy on an ICP-
Philips PW8210 1.5m.

The mineral phases have been studied by polarised microscope and analysed
by an automatic electron microprobe (JXA-8600 Superprobe) using the Energy
Dispersive method. The standards used were 0of pure elements or natural
compounds.
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PETROGRAPHY

Granite is the only rock type of the intrusion. Light grey to greenish-
grey in colour, partly of a porphyric structure and a strong foliation. Late
magmatic or hydrothermal activity has affected the plutonic rocks causing
decomposition of feldspar and biotite.

In thin section the rock is tectonised in a degree that it still main-
tains its original granitic texture. It is composed of K-feldspar quartz,
plagioclase biotite and allanite porphyroclasts, surrounded by fine frag-
ments of the same minerals and other primary phases such as zircon, apatite
and titanite, along with recrystallised and secondary formed minerals.

Vein like aggregates composed of fine grained recrystallised quartz,
small fragments of K-feldspar, muscovite flakes and secondary mineral grains,
cross the rock parallel to foliation surfaces, arching around the
porphyroclasts. All the intermediate grain sizes between the large
porphyroclasts and the cryptocrystalline fragments are present, with no
dominant size, so as the structure of the rock relative to the grain size
can be characterised successive porphyroclastic.

The main characteristics of the mineral constituents are

a. Quartz is the most abundant mineral constituent. Primary quartz occurs
in the form of irregular isodiametric to weakly elongated grains, as
porphyroclasts or as oval shaped porphyroclastic aggregates, consisting of
grains randomly situated, up to 1 mm in size. Tectonism caused strong
undulose extinction and biaxial optical character. Small quartz grains
included in albite crystals along cleavage or twining surfaces, are the
result of the decomposition of the anorthite component of the primary
plagioclase.

Recrystallised quartz is present in the form of small grains, with
irregular, interpenetrated edges. These grains are more elongated than the
primary ones and situated with their long axes parallel to the b, and their
optical axes on the ac plane of the structure. They generally present a
normal or very weak undulose extinction.

b. K-feldspar

Crosshatched microcline perthite (Or% = 95.05 - 97.28) is the dominant
potassium feldspar. It is present in the form of porphyroclasts up to 1 cm
in length, or as allotriomorphic interstitial grains up to 100 p. The larger
microcline grains present the tartan twining, as well as simple twining
mainly the karlsbad one. The smaller ones are usually free from twining
indicating a selective recrystallisation of the neighbouring grains.

Albitic perthites are very common, with the form of vein-perthites.
Albite inclusions are usual, while zircon apatite and allanite inclusions
are rare.

c. Plagioclase

It is present in the form of stressed grains and fragments up to 1 cm in
length, or in porphyroclastic aggregates, composed of allotriomorphic
isodiametric grains of albite (Ab = 99.25 to 92.3%), of a size averaging 0.5
mm. Plagioclase grains are always partly replaced by K-feldspar and often
decomposed to quartz, sericite, epidote, titanite and garnet. Some of the
chemical constituents of these secondary products result from the decompo-
sition of neighbouring biotite. The replacement of plagioclase starts from
the edges of the grains, along the cleavage and twining surfaces or along
the cracks of the grains, advancing progressively to the interior.
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Some of the grains present very fine twining lamellae usually according
to the albite low and rarely to the pericline or karlsbad ones.

Both sodium and potassium feldspars up to 0.4 mm in length are included
in large albite and microcline grains.

d. Muscovite

Muscovite is always present in greater amounts than biotite It appears in
idiomorphic weakly pleochroic crystals (Y, Z light green, X greenish-
white), usually 20 - 60 p. in length and in any case less than 0.5 mm. The
elongation ratio usually ranges from 1.5 to 4 sometimes reaching 6. Twining
(001) is common.

They were observed as 1individual crystals or concentrated in thick
aggregates along with titanite epidote and other secondary minerals replac-
ing biotite. Due to a selective crystallisation, larger muscovite crystals
are developed, bearing on the outer surfaces or along the cleavage and
cracks, small isodiametric to weakly elongated opaque mineral grains. The
later are probably alteration products of the muscovite itself or of
primary biotite crystals.

Small muscovite flakes are enclosed in recrystallised quartz grains,
while there are not any muscovite inclusions in primary phases such as K-
feldspar. Muscovite flakes occurring among the porphyroclasts or in the
vein-like aggregates do not present a single orientation and they are not
tectonically affected. So muscovite is considered meta-tectonically crys-
tallised.

e. Biotite

Biotite is present in small amounts, so as in most cases it can be
considered an accessory mineral. It usually appears as hypidiomorphic to
strongly xenomorphic flakes with a size up to 0.4 mm. The elongation ratio
usually ranges from 1.2 to 1.8 sometimes reaching 5. The flakes are either
dispersed among the other minerals or concentrated in spindle and band-
shaped aggregates up to 3 mm in length.

Most biotite crystals have been decomposed so as only a few unaltered
flakes or semi-altered remains can be observed. Its original presence is
indicated by secondary phases such as sericite, epidote, titanite, magnet-
ite apatite and garnet, pseudomorphically developed. The decomposition of
adjacent plagioclase crystals provided Ca, Si, Al, and K for these phases.

The colour of the biotite flakes is deep green to olive-green, rarely
brownish-red parallel to (001) and yellowish parallel to (001). Around
zircon or allanite inclusions a pleochroic rim has often been developed,
due to the alteration of the biotite from the radiation of the inclusions.
Rutile needles form occasionally a sagenitic net.

f. Accessory minerals

Accessory phases include titanite, epidote, allanite, =zircon, garnet,
apatite and spinel.

Titanite appears as fragments of unhedral crystals, 0.2 to 0.3 mm in
length honey-brown in colour.

Epidote appears in the form of small hypidiomorphic or allotriomorphic
grains mainly replacing plagioclase and biotite. In association with musco-
vite, titanite and spinel. Ti also forms microcrystalline cover around
allanite grains. The grains are often zoned with a large core and a thin,
less refractive rim. They are weakly pleochroic with Y intense yellow-
green, Z yellow-green and X greenish-yellow.
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Allanite is present as porphyroclasts up to 1.5 mm or as inclusions up to
0.1 mm. The porphyroclasts are strongly pleochroic: parallel to Y dark
brown, almost opaque, parallel to Z brownish-red and parallel to X yellow-
ish-grey. They are usually surfaced by an epidote mantle. Between this
mantle and the allanite crystal a thin goethite layer is often developed.

Zircon appears in hypidiomorphic crystals, with length ranging from 0.1
to 0.2 mm and breath from 0.05 to 0.2 mm. The elongation ratio averages 2.
Some crystals present zoning and a darker core.

Garnet '1s present in small (30 - 50 u) isodiametric isotropic crystals.
It was usually found in secondary mineral aggregates, as a product of
biotite and feldspar alteration.

Only a few apatite crystals were observed. The largest are hypidiomorphic
with a diameter about 0.1 mm perpendicular to c axis.

Spinel was usually found in hypidiomorphic or skeletal grains up to 0.5

Table 1l: Modal analyses of representative samples
Mv. 1: TpaypaT LKA OPUKTOAOYLKA OUCTOAON QAVT LIPOCWHEUT tKOV JELYHATWY.

DE-3 DE-4 DE-6 DE-8 DE-9

n=3041 n=2909 n=2514 n=2952 n=2277
Quartz 43.7 39.0 40.2 37.7 41.6
Microcline 23.4 35.3 34.8 36.9 31.4
Albite 17.4 19.2 18.5 16.4 18.3
Muscovite 13.0 3.0 4.0 6.7 5.9
Biotite 0.3 0.1 1.2 0.1 0.2
Epidote 0.7 0.3 0.5 0.6 0.4
Titanite 1.1 0.5 0.3 0.4 0.7
Garnet 0.2 0.2 0.1 0.7 0.3
Opaque 0.2 2.3 0.4 0.5 1.1
Zircon tr tr tr tr tr
Apatite tr 0.1 tr tr tr
Allanite tr tr tr tr 0.1
n = counts tr = traces
n = peEIPHOELG tr = (xvn

mm usually in contact with muscovite, epidote and other products of the
biotite alteration. In some cases magnetite is oxidised to hematite. Goethite
in small grains was always observed as a cover around allanite.

Modal analyses of representative samples is given in Table 1. According
to IUGS classification (STRECKEISEN 1976) all the studied samples plot in
the granite field of the Q-A-P ternary diagram.

Aplite veins with no preferred orien-
tation, consisting of quartz, albite, and

B-=O:. - . o . .
- ,sz muscovite, cut the granites.

i AR PPN « 3. CHEMICAL RESULTS
- ge The major element analytical results
R MR 123 ¥ :t,; . o** along with the CIPW norms of representa-
T e tive analyses are given in table 2 and

the trace along with the rare earth ele-
ment results are given in Table 3.

In Fig 2 the geochemical trend is shown
in the plots of various trace elements v.

Fig. 2: Trace element variation
diagrams.

Ewk. 2: Aitaypdppoata petaforig
Lxvoototxelwv.
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Table 2: Representative major element analyes.

Miv. 2: AVTIOPOOWNEVTILKEG XNULKEG avaAUoeLg Kuplwv otoilxelwv.
DE1 DE2 DE3 DE4 DES DE6 DE7 DES8 DE9
Si02 76.02 75.37 77.66 76.61 74.98 77.15 | 75.54 |77.06 }75.10
Ti02 0.29 0.30 0.25 0.24 0.26 0.25 0.25 0.25 0.22
Al203 | 12.63 12.53 11.94 11.72 12.44 11.88 12.35 |11.46 }13.32
FeO 1.60 1.99 1.51 2.62 2.84 2.89 2.67 2.49 1.61
MnO 0.02 0.02 0.01 0.01 0.01 0.01 0.04 0.04 0.02
MgO 0.34 0.40 0.40 0.13 0.24 0.10 0.24 0.20 0.30
Ca0 0.61 0.81 0.33 0.20 0.26 0.26 0.46 0.30 1.03
Na20 3.10 2.50 2.65 2.31 2.88 2.97 2.62 2.59 2.48
K20 4.86 5.24 5.31 5.64 5.15 4.77 5.53 5.05 5.15
P205S 0.05 0.06 0.05 0.02 0.03 0.02 0.03 0.03 0.06
L.0.I.1 0.40 0.61 0.52 0.25 0.35 0.40 0.40 0.35 0.31
Total | 99.92 99.83 100.62 99.75 99.44 |100.70 |100.12 [99.82 | 99.61

Norm wt %

Ap 0.12 0.14 0.12 0.05 0.07 0.05 0.07 0.07 0.14
Il 0.55 0.57 0.47 0.46 0.50 0.47 0.48 0.48 0.42
Or 28.86 [31.21 31.35 33.50 30.17 28.11 32.77 [(30.00 {30.65
Ab 26.36 [21.32 22.40 19.65 | 24.59 25.06 | 22.23 |22.03 |21.14
An 2.71 3.66 1.31 0.87 1.10 1.16 2.09 1.30 4.75
c 1.29 1.43 1.35 1.51 1.74 1.40 1.29 1.27 1.95
Hy 3.36 4,23 3.37 4.78 5.45 5.15 5.18 4.76 3.40
Q 36.75 |37.45 39.63 39.20 35.82 38.61 35.89 |40.09 | 37.55

Table 3: Representative trace and REE element analyses (ppmj.
Niv. 3: AVTINPOCWNEUTLKEC XNULKEG avaAUcel§ LXvootolxeiwv xal gmaviev yoidv (ppm).
DE-1] DE-2 |DE-3| DE-4 DE-S { DE-6{ DE-7 DE-8| DE-9 DE-10|De-11
Sc 2 3 2 2 7 4 5 4 3 4 3
\Y 18 20 19 5 7 7 5 8 12 14 6
Cr 8 15 17 9 19 5 24 0 23 10 11
Co 43 44 45 36 38 45 29 50 20 39 42
Cu 0 0 0 2 2 2 2 2 0 1 0
Ba 541 350 367 70 97 122 77 74 291 223 104
Nb 15 14 14 38 36 29 31 30 8 22 34
r 177 169 120 613 597 479 460 480 113 306 551
Y 54 37 40 81 84 44 48 47 38 42 69
Sr 118 73 66 10 13 25 14 13 112 51 21
Rb 203 235 241 105 102 73 133 130 205 180 132
Th 19 25 21 12 11 13 12 16 12 14 17
Ga 19 17 15 23 22 21 22 21 20 20 18
Zn 27 25 20 35 33 20 41 35 39 24 22
La Ce Pr Nd Sm Eu Gd Dy Er Yb Lu
DE-1 [25.9 |47.2 7.1 ]134.6 4.5 10.56 4.2 |15.47| 3.44 3.71 |0.46
DE-3 22 |41.7 5.9 ]25.5 3.6 |0.48 |3.58 | 3.58] 2.29 1.93 |0.27
DE-9 112.1 |25.7 3.2 |119.7 2.46 |0.41 | 2.96 | 3.08]| 1.89 1.76 10.25
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Fig. 3: ORG normalised plots (after PEARCE & al. 1984).
Eix. 3: Kavovixonoinuéva w¢ npo¢ ORG diaypdpuata (ovupwva pe PEARCE & al. 1984).

Zr. Mantle and ORG normalised plots and trace element diagrams for the
discrimination of the geotectonic environment are shown in figures 3 - 6.
Finally, chondrite normalised REE patterns are drown in Fig. 7.

DISCUSSION AND CONCLUSIONS

The successive crystallisation of the granites is as follows. The oldest
authigenic mineral phases of the studied rocks are zircon, apatite, allanite
and partly titanite, which were formed during a primary stage of the magma
crystallisation. Consequently crystallised plagioclase and K-feldspar. The
formation of the later is partly overlapped and followed by the primary
quartz and biotite crystallisation. On the same time the Na-component of
the alkali feldspar was exsoluted, causing the perthite formation and in
some cases, crystallisation of small plagioclase grains.

Recrystallisation of quartz took place during tectonism, while on the
same time crystallised fine quartz, K-feldspar and muscovite from the
existing liquid phase, filling the cracks and the fissures among the
porphyroclasts.

The hydrothermal alteration caused the biotite and plagioclase decompo-
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Figs. 4, 5: Nb v. Y & Rb v. (Y+Nb) plots (after PEARCE & al. 1984).
Eix. 4, 5: Npofoié¢c Nb v. Y & Rb v. (Y+Nb) (ocUugwva pe PEARCE & al. 1984).

sition, giving rise to secondary quartz, muscovite, titanite, garnet and
magnetite.

All the studied samples of the Deskati granitic body show typical S type
characteristics, as muscovite 1is the main mica present, plagioclase is
albite, Ca0O content is low (0.2 - 1.0), the Rb/Sr ratio is high (1.0 =~
10.5), normative anorthite content is low, ranging from 0.87 - 4.75, Na,O
content averages 2.8 for K,O averaging 5.3.

The molar ratio Al,03/(Ca0+Na,0+K,0) is higher than 1.1 for all the
analysed samples, so as normative corundum values range from 1.27 to 1.95.

S- type granitoids in Greece have been reported in Macedonia (N. Greece)
and in Paros island, (Aegean See). In N. Greece the Sochos plagiogranite and
the Arnea leucogranite, both belonging to the Circum Rhodope belt of the
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Hellenides, show typical S-type characteristics (BALTATZIS & al. 1992), In
Paros island that belongs to the Attico-Cycladic unit, ALTHER (1981) and
ALTHER & al. (1982) reported a granitic body also presenting S-type proper-
ties.

The major element analytical results of the Deskati granites plotted in
Harker variation diagrams, present very low correlation coefficient in
relation to SiOp. According to CHAPPELL and WHITE (1974) and WHITE & al.
(1986) this is a typical characteristic of the S type granites indicating
the heterogeneity of the source.

A positive correlation for Nb, Nd and Y and a negative one for Ba, Rb Sr
and V are shown in the plots of the trace elements v. Zr, a typical immobile

- DE-1
<  DE-3
00 |- - DE9

! Rb Bs Te K N [ Ce Sr Nd ? Zr Ti Y

Fig. 6: Mantle normalised LIL and HFS element plots of representative samples (after
WOOD & al. 1979).

Etx. 6: Kavovixkonotnuéva oG Npog MNPWIOYEVH pavdia JLaypdupata avi LNPOCWIHEUT LKOV
SeLypdtwy (ovupwva pe WOOD & al. 1979).

element that is considered a good indice of differentiation (Fig. 2).
Probably, part of the mobile elements was washed away during the tectonism
and the hydrothermal alteration.

In terms of the criteria proposed by PEARCE & al. (1984) the studied
samples exhibit the geochemical characteri-stics that can be attri-buted to
both granites formed in a Volcanic Arc environment or Within Plate gran-
ites. The ORG normalised geochemical diagrams for representative samples
(Fig. 3) have shapes similar to the plots of typical Volcanic Arc granites
and especially the granite from Chilie (PEARCE & al. 1984). They are
characterised by strong enrichment in K, Rb, Ba, and Th, relative to Nb, Ce,
Zr, Sm, Y, and Yb, negative anomalies for Nb and Zr and low Y and Yb values
relative to the normalising compositions.

On the same time, the studied rocks could be considered Within Plate
Granites, according to the criteria proposed by PEARCE & al. (1984), as
their ORG normalised geochemical patterns (Fig 3.) are similar to this of
Skaergaard granite, which is considered a typical Within Plate intrusion.
They present high ratios of Rb and Th relative to Nb, a characteristic of
“crust dominated” pattern and flat trends from Zr to Yb with values close to
the normalising ones.

Figures 4 and 5 show the Nb v. Y and Rb v. (Y+Nb) plots proposed by PEARCE
& al 1984 for the discrimination of the geotectonic environment of granitic
rocks. The studied samples plot in the VAG and the WPG fields.

In figure 6 the mantle normalised large ion lithofile and high strength
element spider-diagrams (WOOD & al. 1979) for three representative samples
are shown. All of them present geochemical characteristics such as high
LIL/HFS element ratios and marked negative Nb and Ti anomalies, typical of
all subduction zone magmas, precluding the within-plate genesis partly
indicated by the diagrams in Figs. 4 and 5.

These characteristics indicate a relation of the studied plutonic rocks
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to a subduction zone geotectonic environment, in accordance to 'the petro-
graphic observations mentioned above, which indicate a syn-tectonic intru-
sion.

The plot of some samples in the WPG field of the Nb v. Y and Rb v. (Y+Nb)
plots (Figs 4, 5) may be attributed to various types of alteration (PEARCE
& al. 1984) which are common in the studied rocks (KATERINOPOULOS, 1993).

100

DE-i DE-3 DE-$

!

La Ce Pr Nd Sm Eu Gd Dy Er Yb Lu

Fig. 7: Rare Earth Element patterns of selected samples (normalisation after HASKIN
& al. 1968). :

Etx. 7: Araypdupoata onoaviewy yaldv avi LIPOCWIEUT LKAV S LyRdTwy (Xavov LKkono inon oUnpeva
pue HASKIN & al. 1968).

In relation to other granitic rocks in Greece (BALTATZIS & al. 1992,
KATERINOPOULOS & al. 1992) the studied samples have larger Ba, Sr, Nb, P and
Ti negative anomalies. Average continental crust has quite significant
negative anomalies for these elements (JONES & al. 1992), so we can assume
an increased crustal involvement to the composition of the parental magma.

The chondrite normalised (HASKIN & al. 1968) REE patterns of selected
samples (fig. 7) show very high LREE/HRRE ratios and strong Eu negative
anomalies, indicating that the distribution of the REE was strongly con-
trolled by the fractionation of feldspars.
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