AeATIO TR EAANVIKAS MewAoyikng Eraipiag Top. XXXX, Bulletin of the Geological Society of Greece vol. XXXX, 2007
2007 Proceedings of the 11" International Congress, Athens, May,
Mpaknixa 11° AlgBvoug Zuvedpiou, ABrva, Mdiog 2007 2007

PETROLOGY AND GEOCHEMISTRY OF GRANITIC
PEBBLES IN THE PARNASSOS FLYSCH AT ITI MOUNTAIN,
CONTINENTAL CENTRAL GREECE

Karipi S.', Tsikouras B.', and Hatzipanagiotou K."

" University of Patras, Department of Geology, Section of Earth Materials, GR-26 500 Patras,
Greece, skaripi@upatras.gr, v.tsikouras@upatras.gr, K. Hatzipanagiotou@upatras.gr

Abstract

Granite rocks occur as pebbles within the Parnassos flysch deposits, in the area of
Iti (Central Greece). The granites are peraluminous, calcic rocks with S-type char-
acteristics. Geochemical features reveal that these rocks are not co-genetic to the Iti
ophiolite but they have been derived from magmas affected by a subduction compo-
nent. They display common characteristics with VAG-type lithologies. Geochemi-
cally, they mostly resemble nearby granite clasts from a Triassic flyschoid from Evia
(Liri Unit), and lesser those within the Parnassos flysch at Amfissa and Pliocene
Sfluvial deposits at Patras.

Key words: granite pebbles, biotite, S-type, VAG.

NepiAnyn

Tpavitike, metpouata supoviCovial VTG HopYs KPoKOAGY oTic pADTYOsI0elc amobé-
oeic g Cwvie Hapvaoood, atny mepioyn me Oitne (Kevipucy EAAddo). Hpdiceital
yia omEpapYIIcG, acfecto- (calcic) TETPOUOTA TO, OTOIX TAPOVTIGLOVY YOPOKTHPI-
otika S-tomov. Iewynuixd dedouéva vrodecvdovy 0Tl 1o TETPHUAT OLTE JEV ayeTi-
Covrar yevetika pe 1o 0p10iibice oourleyiua we Oitne aAAé mpodpyoviar ard uoyuata
7ov ovvoéovial ue diepyacics karafibions. Hapovaialovy yapaxktipes ypavitiy 1-
paioteioxod t0lov. Iewynuine TpocopoIalovy JiE YEITOVIKG YPOVITIKG, TETPWUATO, TG
omoia emions supovICovial VTe Nopey Tejaywy oTi¢ Tepioyes e Ebflowag, e Au-
pioaag kol ¢ Hdrpag.

Aé&erg Khetdid: ypavitikéc kpokales, fiotitng, S-TOTOS, HPALOTEIAKOD TOLOV YPAVITES.

1. Introduction

Paleocene was a critical period for the Parmassos zone since it underwent extensive environmental
and depositional changes. From Late Triassic to Late Cretaceous this zone existed as a carbonate
platform with neritic and pelagic carbonate sedimentation (locally until early Paleocene) except for
three short periods where deposition was interrupted (bauxite horizons). As a result of the tectonic
activity in the inner zones, the deposition changed during Paleocene and became terrigenous
(flysch) (Papastamatiou 1960, Celet 1962, Richter and Mariolakos 1974, Keupp 1976, Richter
1976, Solakius and Pomoni-Papaioannou 1992, Solakius 1994). The transition from carbonate to
flysch facies took place at the latest Maastrichtian-Middle Paleocene interval and was not
continuous. The deposition of the flysch began all over Parnassos in the Late Paleocene (Solakious
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94). ‘Several authors (Papastamatiou 1960, Celet 1962, Richter and Mariolakos 1974, 1973,
ichter 1976, Richter and Risch 1981) have described the general characteristics of the Parnassos
flysch. According to Celet (1962), the flysch was subdivided into the red marly fiysch (flysch
rouge), the sandy-marly and marly-sandy flysch (rythmique pélitique and gréso-marneux flysch)
and the conglomerates (flysch conglomeratique).

This paper presents new geochemical data on granite pebbles incorporated within the Pamassos
flysch deposits, in the area of Iti. Our study aims to investigate their geochemistry and the
geotectonic environment where these granite rocks were formed. Moreover, it compares them with
other adjacent granites of known origin attempting to define a possible source for the granite
pebbles.

2. Geological Setting

The Iti Mountaini]lies to the south of Othrys Mountain and the Sperchios River, in continental
Central Greece. It belongs to the “Pelagonia terrane” (Stampfli 1996, Stampfli er al 1998) a
carbonate platform, equivalent to the “Internal carbonate platform” of Papanikolaou (1989). The
geological structure of the 1ti Mountain includes four westward verging tectono-stratigraphic zones,
representing different paleotectonic domains. They comprise, from west to east: the Pindos,
Parnassos, Beotian and Pelagonian zones (Wigniolle 1977b). The 1ti Mountain (Fig. 1) is
composed of a stack of nappe units. From bottom to top, they include: (1) the flysch of the East-
Pindos syncline, (2) Mesozoic platform carbonates along with flysch of the Parnassos zone, (3) the
Beotian flysch, (4) the Jurassic platform carbonates of the Pelagonian zone, and the overthrust
ophiolite unit (Celet 1976, Celet ef al. 1977, Richter er a/. 1997). The latter includes a lower
ophiolite mélange, which is locally, tectonically overlain by a sub-ophiolitic metamorphic sole (s).
Both formations are overthrust by a remnant ophiolite nappe of npper mantle tectonites
(harzburgite and lherzolite, Karipi 2004, Karipi e/ a/. 2006). The ophiolite unit is transgressively
overlain by Upper Cretaceous formations (Celet 1962, Wigniolle 1977b).
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Figure 1 - Simplified geological map of the Iti Mountain

The Parnassos flysch is dominant in the 1ti Mountain (Wigniolle 1977a) where its deposition took
place during Eocene (Papastamatiou 1960, Papastamatiou et al. 1962). It consists of cyclic
alternations of mudshales with intercalations of mudstones and siltstones, marls with sandstone
beds and massive sandstones with intercalated shales. Towards the top, conglomerates consisting
mainly of pebbles of sandstone, slate, limestone, chert and greenschist rocks occur, too (Gregou
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1994). Locally, lenticular limestone bodies are developed, in these upper layers (Papastamatiou et
al. 1960). During fieldwork, we observed that minor amounts of pebbles and fragments of
ophlolitic rocks (dolerite, serpentinite, gabbro) have also been incorporated into these
conglomeratic flysch deposits, near the Kaloskopi and Mavrolithari villages. Granite pebbles were
found near Kaloskopi village (Fig. 1). They are up to 60 em in diameter and quite resistant to
weathering.

3. Petrography

The granites show granular and pegmatite textures. Locally, they display consertal, poikilitic,
granophyric and crossing textures. Their assemblage includes quartz (40-50 vol. %), K-feldspar
(25-30 vol. %), plagioclase (10-15 vol. %), biotite (10-15 vol. %) and scarce muscovite in two
samples; epidote, titanite, zircon, apatite and opaques occur as accessory minerals (Table 1),

1.@;

a3

Figure 2 - Photomicrograpis (XPL) showing: a. K-feldspar (Kfs) and quartz (Qtz)
intergrowths in granophyric texture (sample Iy4;) b. perthite crystal with Carisbad twinning
(sample K;) c¢. microfracturing and minor dislocation glide of twins in a plagioclase crystal
(sample K,) d. aggregates of biotite (Bt) and muscovite (Ms) crystals (sample K;)

Quartz forms anhedral crystals (0.5-5 mumn) with intergrown boundaries; fine aggregates of poly-
crystalline quartz were also observed. Quartz crystals frequently show undulose extinction due to
intense deformation of the host-granite. K-feldspar occurs as subhedral crystals (1-5 mm) showing
granophyric and perthitic intergrowths with quartz and albite (Figs 2a, b}, respectively, as well as
Carlsbad twinning (Fig. 2b). Several perthites are surrounded by narrow albite rims (~0.05 mm).
Plagioclase forms subhedral crystals (0.6-3 mm) and displays multiple twinning and zoning pat-
terns (Fig. 2¢). Some plagioclase crystals show brittle deformation features such as serrated grain
boundaries, internal microfracturing and minor dislocation glide of twins (crude kinking; Fig. 2¢).
Biotite and rarely muscovite form subhedral to euhedral crystals (0.3-1.5 mm; Fig. 2d). The cleav-
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% age in the biotite is frequently kinked. Both biotite and quartz crystals display locally a poikilitic
. fexfure; Biotite poikilitically contains zircon and/or apatite, whereas quartz encloses biotite. The
opaque minerals are ilmenite, Mn-ilmenite and Fe-pseudobrookite. Pynte is also present in minor
amounts forming either euhedral to subhedral crystals or exsolved from biotite along its cleavage.
K-feldspar and plagioclase are altered to sericite and saussirite (epidote and clinozoisite), respec-
tively. Biotite is replaced partially or entirely by chlorite and titanite.

Table 1 — Petrographic features of representative samples of the granite pebbles (qtz: quartz,
Pl: plagioclase, Kfs: K-feldspar, bt: biotite, ms: muscovite, ep: epidote, ap: apatite, zrn: zir-
con, ttn: titanite, chl: chlorite, ser: sericite, czo: clinozoisite, py: pyrite)

Rock Accessory . Other
Texture Assemblage . Alteration
Sample minerals features
granular, Qtz (50%), Kfs (30%), Ep, ap, bt—chl +ttn | Pl zonation,
i granophyric, | P (10%), bt (8%) ttn, zrn, Kfs—ser perthites
342 poikiliric py Plser
Pl—ep + czo
granular, Qtz (40%), Kfs (30%), tm, Fe-Ti | Ploser Bt kinking, Pl zona-
K, consertal, Pl (15%), bt + ms (15%) | oxides ht—chl tion, perthites,

Carlsbad twinning,

poikilitic _
polycrystalline Qtz

pegmatitic Qtz (45%), Kfs (25%), ttn, Fe-Ti | Ploser Perthires
Pan P1 (15%), bt + ms (15%) | oxides,ap | pl—ep
bt—chl

4. Analytical Methods

Electron microanalyses were carried out at the Laboralory of Electron Microscopy and
Microanalysis, University of Patras, using a Jeol JSM-6300 SEM, equipped with EDS and WDS
and a THETA software. Operating conditions were 15 kV accelerating voltage and 3.3 nA beam
current. Whole-rock chemical analyses were performed at Department of Geosciences of Bristol
University (Great Britain), on a Spectro Analytical X-Lab 2000 X-ray fluorescence for major
elements, trace elements and light rare earth elements (LREE). Detection limit for major elements
is 0.01 %, except for TiO, and MnO which is 0.001 %.

5. Mineral Chemistry
5.1. Biotite

Biotite is the dominant primary ferromagnesian mineral analyzed in the granitic pebbles. Iron
content in biotite ranges from 16.48 % to 18.94 % in sample 114, whereas it displays higher values
(26.78-27.78 %) in sample K, (Table 2). MgO content is lower (7.05-8.73 %) in sample K, and
higher (11.09-12.18 %) in sample lay. On an Al'Y vs. Fe”/(Fe*+Mg) diagram, plots of biotite
from the two samples fall in two distinct fields (Fig. 3a). Biotites from sample K, plot within
“biotite + muscovite” field while biotites from sample lss having lower Fe®*/(Fe”*+Mg) ratios fall
in the “biotite only” field which is compatible to the petrographic observations. In general, the Al
content in biotite co-existed with muscovite is higher in comparison to this in biotite associated to
amphibole. According to Honma (1974), Boak and Dymek (1982), Labotka (1983), the whole
chemistry of biotite is strongly affected by the co-existed mineral phases such as muscovite and
amphibole, resulting in different Al saturation in biotite. The freshest biotite crystals analyzed
contain high Ti (> 4 %) and only where there has been some alteration, both Ti and K decreaSe
(Table 2). On the discrimination diagrams after Abdel-Rahmann (1994), the analyzed biotites from
the granites fall in the range of calc-alkaliue rocks (Figs 3b-d).

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.
-819-




30

2 T ] T T T T T b. y T v T T T
I Biotite + mugeovite ] |
: 25 Peraluminous
25 [
- I Biotite only € o =
< ] “ r Calc-alkaline
15 F 1
20 1 10 1
1 ) " I . 1 . 5 2 . . L
0.4 0.5 6.6 0.7 0.8 5 1S 25 35 45
Fe”/(Fe"+Mg) FeO
30 -
e 20 : d. '
28 = ~
i “ale-alkaline Peraluminous
Alkaline
e § Al Calc-alkaline -
o = q
=L10 = <
E 15 ~
Peraluminous 10 - Alkaline \
0 ) L ) n 5 \ 1 )
5 15 25 33 45 0 19 20
FeO MgO

Figure 3 - Plots illustrating chemical variations in the analyzed biotites a. AI'Y vs.
(Fe*/Fe*"+Mg) diagram. Fields of biotite only and biotite + muscovite from Clarke (1981) b-
d. variations in AL O3, FeO and MgO on the Abdel-Rahman (1994) discrimination diagrams

5.2. Chlorite

Chlorite analyses plot mostly in the brunsvigite and pycnochlorite fields on the classification
diagram of chlorites (after Hey 1954; not shown). Only two analyses fall in the diabantite field.
The chemistry of chlorite seems to follow the chemistry of the precursor biotite. Thus, chlorite
after biotite ricber in iron content {sample K,) contains higher Fe (26.00-33.30 %) in comparison
to the chlorite replacing biotite poorer in iron content that displays lower Fe values (< 26 %; Table
2.

5.3. Feldspar

Most of the analyzed alkali feldspars are rich in orthoclase content whereas few crystals contain
significant Ab contents. The analyzed crystals of plagioclase are albites (Table 2).

5.4. Opaque minerals

Electron microanalyses indicate that ilmenite, Mn-ilmenite and Fe-pseudobrookite are the Fe-Ti
oxides present in the granite pebbles. Mn-ilmenites contain significant MnO contents (12-17
wt. %; Table 2). The pyrophanite content (MnTiO;) generally increases in ilmenite from acid
rocks as it is favoured during the process of magma differentiation (Deer er al 1992). Fe-
pseudobrookite is a secondary mineral forming after ilmenite and Mn-ilmenite under highly
oxidizing conditions (Ottemann and Frenzel 1965, Bowles 1988).
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3'“3 ““'Table 2 — Chemical variations in representative feldspars, biotitcs, chlorites and Fe-Ti oxides from the Iti granitic pebbles

Plagioclase K-feldspar Biotite Chlorite Fe-Ti oxides
K1/18 K1/40 1342/ 1342/9 K1/2 K1/43 134217 134273 KI1/36 K1/37 1342/ K1/30 K1/26 K1/27
14 12
Si0, 6753 64 49 64.91 63 94 63.87 6429 5i0, 3670 35.11 3432 34.30 Si0o; 26.24 26.63 §i0), 803 0.58
ALOy 20.22 2242 19,38 18.60 1906 18.41 TiO, 429 445 317 4831 TiO, - 2 TiO, 50.05 51.76
Cry0y 004 08s 002 - - = ALOy 12.50 12.87 15.21 138! ALO; 17.54 18.24 AlLO, 0.74 0.24
e, 0y 012 = 0.10 - 023 = Fe() 16 43 18.94 2678 27.78 Cr,05 004 - Cr,0y = -
MgO - 009 - - - - MnO 0.58 0.52 045 0.32 FeO' 2536 3215 FeQ' 22.40 30,32
BaO - & e = 122 091 MgO Lo9 £2 18 &7 705 MgO 1525 1174 MnO 1271 16.78
CaO 068 204 007 0.01 - - Ca0O - 008 - - NiO - - MgO = 010
Na,O I 16237 1013 3.47 L 50 1.20 s Na,0 040 04 5 - MnO 0.65 0.22 Ca0 6,10 0.39
K;O 015 - 1182 1456 14 56 1587 K;O 867 833 738 91s CaO 0.05 - Na,0 - -
Total 100 ) 106G 02 09.74 9861 100 14 9999 CryQOy 014 0.01 - - Na,O 0.04 & KyO - 0.12
Stractured formulae on the basis af 8 O Tolal 90.85 92.63 96.04 9724 K;0 004 - Total 100.03 100.29

Si 2956 2 838 2968 2.982 2 960 2983 Structuyral formulae on the hasis gf 22 0 Total 85.21 38.98 Structural formulac on the basis of 5 0
Al 1042 1162 1.041 1022 1040 1008 Si 6.079 5782 5.606 5.630 Structural formuiae on fhe basis of 22 Si 0312 0029
Fe*” 0004 - 06003 - 0008 - A 1.921 2.218 2.394 2370 Si 5733 5732 Al 0.034 0012

4.002 4 000 4009 4004 4 008 34996 8.000 &.000 8 000 8.000 AV 2.267 2268 Ti 1.463 1.627
Mg = 0006 = £ 2 - AlY! 0517 0278 0.532 0.299 £.000 2000 Fe** 1.000 1059
Ca 0.032 0096 0.003 - = - Ti 0.335 0.551 0.389 0.596 A 2,246 2355 Mn 0418 04.594
Na 09357 0865 0.307 0136 0108 0046 Fel* 2.283 2,609 3658 3813 T = - Mg - 0006
K 0.008 - 0689 0 866 86! 0941 Mn 0.081 0073 0062 0044 Fe! 4.634 5.787 Ca 0254 0017
Ba = = - = 0020 0020 Mg 2739 2,990 2.126 1725 Cr 0.007 - Na - -
Cr = 0030 = - - = Cr 0018 0.00] - = Mn 0.120 0040 K - 0.006

0.997 0997 0999 1002 0989 | 007 6172 6.502 6767 6477 Mg 4967 3767 Sum,Cat 3210 3.340
Sum.Cal. 4.999 4997 5008 5006 4997 5003 Ca = 0.014 - - Ca 0012 -
Ab 96 0 900 30.7 136 (e 47 Na 0128 00435 - - Na 0.017 -
An 3. 10,0 03 = - = K 1832 1750 1.538 1916 K 0.011 -
Or 08 = 690 86.4 389 933 1.960 1 809 t 538 1916 Nt = -

Sum.Cat. 16,133 16.311 16.305 16.393 Sum Car. 20.014 19949
Fi(F+M) 0.45 0.47 0.63 0.69
- 821 -
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6. Whole-rock Geochemistry

Table 3 — Whole-rock geochemical  Op the chemical classification system of Streckeisen
analyses of the granite pebbles from  and Le Maitre (1979), the studied rocks are classified

Iti as granites (not shown). They contain high SiO,
Rock (68.49-79.98 %), Na,O (2.90-3.30 %) and K,O (3.09-
Sample Lo K, Pan 3.55 %) concentrations while they show depletion in
Fe,05', MgO and CaO (Table 3). The trace elements
Major elements (wt % Rb, Ba and Sr display high values (Table 3) as they
Si0, 75.71 7998 | 6849 | are retained by the major mineral constituents of the
Ti0, 0.18 0.12 018 | granite assemblage, feldspars and biotite suggesting
ALO, 13.71 11.36 1282 | that mineral phases exercise a significant control on
| Fe,04 1.13 0.61 L14 | elemental distribution in the rock (Hansou 1978). The
MaO 502 0.01 003 | analyzed granite pebbles do not resemble
MgO 0.61 0.28 0.60 1 plagiogranites found in ophiolite complexes since
€a0 0.65 0.42 053 | their normative orthoclase and K,O contents exceed
N2,0 3.30 2:90 29 | the percentages of 4 % and 1 %, respectively (see
K0 349 3.55 3.09 1 Table 3), thus suggesting that they are not co-genetic
P,0s 0.06 0.03 0071 o the Iti ophiolite. The studied granite is
L:GL g.50 9.69 2.3 peraluminous with molar A/CNK ratio within the
Total 22,50 28 2984 1 range of 1.21-1.40 (Fig. 4a) and displays S-type
Sioce elepents () characteristics after the criteria of Chappell and White
Bb bod i 126 1 (1974) and White and Chappell (1977, 1983). The S-
St L = 127 type characteristics are summarized as: molar
g & 2 2 proportions of ALO:/(Na,0O + K,O + CaO) > L1,
Lt L = 126§ relatively low (< 3.2 %) Na,O contents, normative
b Ll 3 121 corundum > 1 % and muscovite as a common mineral
Bz 633 B 475 phase. However, the presence of titanite as an
Ih 20 - = accessory mineral is characteristic of I-type granites.
:; : OZ i Accordipg to the alkali-lime index (Peacock’s inde).(),
= J '2 - thﬁ: granite rocks are also .charactenzed as palcm with
EREE (o) SiO; > 61 %. The chemlst%y .of the granites can be
- 00 e o succegsfully ysed to dlscnmlnate.between various
o 5470 50,50 330 tectpmc env1r9nn.1en'ts. Th}ls, using the tectonic
Ve 20.00 2400 P800 environment dlSClilI?’lll’]élTlt diagrams of Pearce‘et al,
Nd 430 32.30 s (198_4), the granitic rocks resemble Avo.lcanllc arc
S 340 450 510 | granites (VAG) (Fig. 4b). 'Moreover, d]Slleth{OﬂS of
CLPW trace ele}nents of the studied granites normalized to
5 AL.02 4842 2130 | ocean ridge granite (ORG; Pearce er al. 1984)
’ 350 2.07 424 showing normalized Hf/Yb < 1 and enrichments in
- 20.88 2114 2033 | LILE (Fig. 5a), are similar to patterns of volcanic arc
ab 2827 273 ;g5 | granites. Similarly, spiderdiagrams of trace element
an 287 1.90 >4y | distribution in the granitic rocks shoyv a .calc-alkalme_-
e _ B} | type profile characterized by depletion in Nb and Ti,
di i _ —| features that are suggestive of a subduction-related
hy 2.66 126 592 | origin for the granitic rocks (Fig. 5b).
ol > : -
mt 0.29 0.16 033 | 7. Discussion
il 0.35 0.23 0.38 : - . .
~ e = 19 Granite rocks in the area of Iti were found exclusively

as pebbles within the Parnassos flysch deposits.
Petrographic observations and geochemical data indicate that these granites may have been

WYnoeiakA BiBAI0BAKN OgdppaocTog - TuAua MewAoyiag. A.lNM.O.
- 822




\ derived ., byi.partial melting of sedimentary source material as they mainly display S-type
. characteristics. “Moreover, they show calc-alkaline-type profile by demonstrating selective
enrichment in LIL elements while they are characterized by a general depletion in HFS elements
which is thought to be typical of VAG-type derived from magmas affected by a subduction
component. Besides, depletion in Nb, Hf, Ti and P is also suggestive of subduction process as it
‘ can be attributed to mineral phases like titanite, zircon, apatite that were crystallized and remained
under high Py.0 (Wilson 1989, Thompson ef al. 1997).
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Figure 4 — a. Shand’s index or Al;05/(Na,0 + K;0) [A/NK] vs. ALO;3/(CaO + Na,O + K,0)
[ACNK] (Maniar and Piccoli 1989) b. geotectonic discrimination diagram after Pearce ef al.
(1984); WPG: within plate granites, ORG: ocean ridge granites, VAG: volcanic arc granites,
| Syn-COLG: syn-collision granites. Data for granites from Amfissa, Patras and Evia are from
‘ Pe-Piper and Koukouvelas (1990, 1992), De Bono (1998)

Similar nearby formations of granitic rocks as pebbles in Pliocene deposits have been reported by
Pe-Piper and Koukouvelas (1990, 1992) in the areas of Patras and Amfissa, as well as by De Bono
{1998) from the Liri Unit in Evia. In the area of Patras, the granitic rocks classified as granites,
alkali-feldspar granites and tonalites, are slighty peraluminous with trace elements normalized
patterns typical of volcanic arc granites (Pe-piper and Koukouvelas 1990; Figs Sa, b). According
to Pe-Piper and Koukouvelas (1992), the granitic pebbles within the Parnassos flysch near Amfissa
are Jeucogranites, which are classified as volcanic arc granites. Their trace elements distribution is
consistent to VAG (Figs Sa, b). The “Liri granites” of De Bono (1998) are incorporated in the Liri
Unit, a Triassic flyschoid sequence outcropping only in central Evia (Stampfli 1996, De Bono er al.
1998). The “Liri granites” display similar geochemical features (Figs 5a, b) with the granites from
Patras and Amfissa and are classified as volcanic arc granites.

A comparative study between the granitic pebbles from Iti and the granitic clasts from Patras,
Amfissa and Evia reveals the existence of common petrographic and geochemical characteristics
for these rocks. The presence of biotite as the dominant mafic mineral phase in most of the granitic
assemblages results from petrographic observations. The granites from Patras, Amfissa and Evia
display high K,O contents (> 1 %), plot in the peraluminous field (Fig. 4a) and are characterized as
~ calcic with S10, > 61 %, similarly to those from Iti. On the discriminant diagrams of Pearce ef al.
{1984), they plot along with the Iti granites in the VAG field (Fig. 4b). The granites from Patras,
. Amfissa and Evia show calc-alkaline-type profiles (Figs 5a, b) similar to those from Iti.

- The granite clasts from Patras and Amfissa areas, according to Pe-Piper and Koukouvelas (1990,
1992) have probably been originated from different sources. The pebbles in the area of Patras may
have been derived from a thrust slice of basal Pindos igneous rocks formerly exposed in the frontal
thrusts of the Pindos nappe and later removed by erosion (Pe-Piper and Koukouvelas 1990). These
- pebbles provide information on the occurrence of Late Triassic plutonic rocks generated during a
 back-arc volcanic event associated with rifting of the Pindos zone. Clasts from Amfissa may
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represent remnants of a middle Jurassic oceanic island arc developed within the Pindos Ocean at
the leading edge of the oceanic plate within which the ophiolites were formed (Pe-Piper and
Koukouvelas 1992). However, for both Patras and Amfissa granites there is not a completely clear
theory for their origin. According to De Bono (1998), the granite blocks within the Liri Unit in
Evia display the same ages (ca. 310 Ma) and geochemical features as the typical Pelagonian
basement, dated by Yarwood and Aftalion (1976}, Engel and Reischmann (1998} and Vavassis et
al. (1999) suggesting that these granites were originated from the Pelagonian basement.
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Figure 5 - a. Ocean ridge granite (ORG) normalized patterns of Iti (I}, Amfissa (A), Patras
(P) and Evia (E) granites. Normalizing values after Pearce ef al. (1984} b. Primitive mantle
(PM) normalized patterns of Iti, Amnfissa, Patras and Evia granites. Norializing valnes after
(Sun and McDonough 1989). Data for granites from Amfissa, Patras and Evia are from Pe-
Piper and Koukouvelas (1990, 1992) and De 3ono (1998)

The granite clasts from the areas of Patras and Amfissa, represent variably deformed and altered
rocks (Pe-Piper and Koukouvelas 1990, 1992). The granite blocks in Evia, according to De Bono
(1998), are always strongly altered and often cataclastic. They are incorporated within the Liri
Unit that has been affected by low greenschist metamorphism and strong (Alpine?) deformation.
The Pelagonian basement granites that are considered as the source material of the “Liri granites”
have also undergone low-grade metamorphism and strong deformation (De Bono 1998). Similarly.
the Iti granites have been experienced alteration at greenschist phases conditions coupled with
some amount of brittle deformation tbat resuited in the development of grain-scale deformation
features (e.g. undulose extinction, serrated grain boundaries, crude kinking).
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' The Tti-granites were found within the conglomeratic part of the Parnassos flysch, similarly to

those found in Amfissa. According to Celet (1962), clasts of granites, diorites etc. contained in the
Pamassos flysch deposits are thought to have been derived from the Pelagonian zone. Though, the
Iti granite pebbles generally show geochemical resemblance with all Evia, Amfissa and Patras
granite clasts, they probably match geochemically better to the Evia granite clastss, as it is shown
by their normalized patterns (Figs 5a, b). However, the theory for the potential source of the Iti
granites is strongly dependent on radiometric dating that is so far not available for the studied
granites.

8. Conclusions

Granite pebbles were found in the Parnassos flysch at Iti Mountain. The petrological results of the
present study and the comparison of these pebbles with analogous lithologies from Evia, Amfissa
and Patras, are summarized as:

® The Iti granite pebbles are enriched in K;O, Na,O, Rb, Sr, Ba and Zr and show calc-
alkaline-type normalized patterns depleted in Nb, Hf, Ti and P, suggestive of a subduction-
related origin

® They show rather high K,O > 1 % and orthoclase content > 4 %, hence are not considered
as typical plagiogranites, thus, their genesis is unrelated to the Iti ophiolite complex

® They may have been derived by partial melting of sedimentary source material as it is
indicated by their S-type characteristics

e They resemble VAG-type lithologies

® The [ti granite pebbles resemble petrographically and geochemically granite clasts from
Evia, Patras and Amfissa, and they may either have been derived from the Pelagonian
basement or from an island arc developed within the Pindos ocean.
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