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Abstract

The ophiolite of Skyros mainly consists of serpentinized harzburgites, gabbroic rocks,
dolerites, tholeiitic basaltic lavas, rodingites, as well as ophicalcites. This ophiolitic
sequence comprises of an ophiolitic mélange of pre-Upper Cretaceous age belonging
to the Eohellenic nappe, has been affected by low to moderate metamorphic and
metasomatic processes. Their mineral chemistry as well as their whole rock chemistry
suggests that these ophiolitic rocks are associated with supra-subduction related
processes. The presence of vesuvianite crystals in rodingites, as well as the
occurrence of relict spinels within serpentinitic rocks, further confirms this
assumption. Geochemical and petrological comparison between Skyros ophiolitic
rocks and similar rocks of the Eohellenic nappe in East Thessaly and other N.
Sporades islands, reveal that they all share many petrogenetical features. These east-
central Greece Eohellenic ophiolites, and the ophiolitic rocks of the upper tectonic
unit of the Attico-Cycladic Zone may possibly form an elongated ophiolitic zone
associated to the hanging wall of the North Cycladic Detachment System.
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Hepiinym

O1 opiodifor g vioov 2Zkpov amotelobvial Kvpiwg 0RO CEPTEVTIVIMUEVOVS
yozplPovpyites, yoffpixd metpduate, Jdolepiteg, Boleitikéc facaltikés Adfeg,
podIykites kai opertoofectites. Avtiy n opiolifiky axolovbio mepilopfaver éva
opirolibicé mélange mpo-Avwrpntidikic nlikiag to omoio aviker oto HwelAnvico
KdéAvuuo mov éyer vmootel  younAov éwg uéoov Pabuod uetopoppixés  kai
uetaowpatixés diepyaoies. To opoKTOYNUIKG KOl YEWYHUIKG OEOOUEVO, KATOOEIKVDODY
™) OYECH OVTOV TWV TEPWUATOV UE Eva TEPIfallov diavoilng vmepavew (wvhng
vrofobiong (SSZ). H mopovaio felovfiovity atovg podiykites kobag kot n dmopln
DITOAEIUATIKDV OTIVEAMLMV OTOVG GEPTIEVTIVITES, EMPELOLOVOVY TEPETAIP® TNV EV ADYW
orobeon. H oOYKpion yewynuik@dv Kol TETPOLOYIKMOV OTOLYEIWV TV 0QLOABiKOY
TETPWUCTOV TS LKDPOD, e avaloya metpmiato. omo v Avatodiky Ocooalio kol omo
dAlo vnoid. twv Bopeiwv Xmopddwv Ogiyvel 0TI LIGPYOLY KOIVA TETPOYEVETIKG.
yopoxtnpiotikd. Avtd to. HoelAnvike oprolibixd metpouota e Kevipikng EALddag
noli ue aviloyng ovotacng, mpoélevons kar eléhiéng ogilifovg tng ovaTepng
TekToVIKNG evotntog e Atuko-Kvkladikns Zwvys mibova amotelodv pio. eviaio
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emunxouévy (ovy  oxetilOUEVO E TO VTEPKEIUEVO TEUOYOS TOD ZDOTHUOTOS
Amoxoiinons twv Bopeiwv Kokldadwv.

Aééers  Kleord: Meroowudtwon,  petouoppwoy,  Peovfiavitng,  poorykitng,
oroff00ion.

1. Introduction

Jurassic ophiolites in Greece are mostly exposed in its Central and Northern parts forming two
subparallel zones which trend NNW-SSE (Stampfli et al., 2003; Robertson, 2004; Papanikolaou,
2009; Ferriere et al., 2012). Ophiolitic rocks, independently of zone of their occurrence, show as
prevailing petrological and geochemical characters either those related to a subduction setting or
those of a ridge one. For example, the ophiolitic sequences of Pindos, Koziakas and West Othris
present mostly MORB and back-arc basin (BAB) affinities (e.g. Pomonis et al., 2007; Pelletier et
al., 2008; Whattam and Stern, 2011), whereas the ophiolitic sequences of East Othris, Vourinos,
Rhodiani and Evros are supra-subduction zone (SSZ) ophiolites (Beccaluva et al., 1984; Magganas,
2002; Saccani et al., 2008; Magganas and Koutsovitis, 2015). The Skyros ophiolitic rocks, occurring
within the eastern zone and along with schists, phyllites and marbles, are part of the Eohellenic
tectonic nappe (Harder et al., 1983).

Here we present our initial results from evaluation of new petrographical, mineralogical and whole-
rock major and trace chemical element data of the main magmatic rock types of the Skyros ophiolite
in order to contribute to the gap existing in their petrologic knowledge and in general on the geology
of the Eohellenic nappe (Fig. 1), which is also exposed in other islands of North Sporades as well as
in Eastern Thessaly and Central Macedonia regions. Moreover, our conclusions may provide
constrains on the development and closure of the Mesozoic Tethyan oceanic and continental strands
that these ophiolitic rocks were formed and emplaced, as well as on their petrogenetic processes and
metasomatic/metamorphic evolution.

SKYROS
ISLAND

Eohellenic Nappe Pelagonian Zone
Quaternary & Tertiary Ophiolite including M.-U. Cretaceous
Formations Serpentinites & Ophicalcites Limestone sequences
Miocene andesites & i Limestones rich in
0 M. Triassic - U.Jurassic Metabauxites & Fe-Ni
Skyms Unit calcits, dolomite marbles - metalaterites
ia & U. Permian Limestone Carboniferous
Flysch lenses Greywackes

| “* Sampling Sites for Analyzed Rocks
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2. Geological Setting

Skyros Island is located in the central Aegean Sea and belongs to the group of North Sporades
islands (Fig. 1). It consists of the Pelagonian Zone (mostly metamorphosed sedimentary rocks), the
Eohellenic tectonic nappe and the Skyros Unit (consisting of marbles and breccia with flyschoid
members). The Pelagonian Zone is regarded as being part of the Internal Hellenides and is
distinguished into two distinct metamorphic and non-metamorphic parts (Katsikatsos, 1992;
Papanikolaou, 2009). In Skyros Island, the Pelagonian Zone is located mostly in the southern and
north-western region.

The Eohellenic nappe was emplaced during the Late Jurassic to Early Cretaceous overthrusting
Palaeozoic-Middle Jurassic Pelagonian basement rocks, and in Skyros it mainly consists of an
ophiolitic mélange (Katsikatsos, 1992; Pe-Piper and Piper, 2002). This ophiolitic formation is
mostly located in the central and eastern parts of the island and to a lesser extent in the western part.
The Skyros ophiolite includes massive or highly deformed serpentinite, which locally in its margin
change to talc schist or in other places intruded by rodingitic dykes, massive gabbroic rocks, dolerite
dykes intruded by quartz and epidote rich veins, massive lavas of basaltic composition and
ophicalcite. According to Pe-Piper and Piper (2002) K-Ar dating on a gabbroic rock (diorite) of the
ophiolitic formation located at mountain Notos, yields for the Skyros ophiolite a Lower Cretaceous
age (125 £ 8 Ma). In contact to ophiolitic rocks thin slices of massive or brecciated deep sea cherts
of red colour rarely occur. As the Skyros ophiolitic rocks are usually found in a chaotic mixture they
constitute an ophiolitic melange. This melange is usually found above a volcano-sedimentary
metamorphosed sequence which includes marbles, calc- and mica-schists, phyllites, meta-
greywacke and blueschists (Harder et al., 1983; Baltatzis, 1984; Katsikatsos, 1992). On top of some
serpentinite erosion surfaces dark brown Fe-rich lateritic horizons cover by transgressive Upper
Cretaceous, usually rudist bearing, limestones, also occur. The Skyros Unit, which consists of coarse
grained marbles, breccia and flysch, is emplaced above the Eohellenic tectonic nappe (Jacobshagen
and Matarangas, 2004).

In eastern Thessaly, the Eohellenic Nappe is metamorphosed and was emplaced during Upper
Jurassic to Lower Cretaceous, overthrusting the pre-upper Cretaceous Pelagonian zone rocks
(Migiros, 1986). The ultrabasic rocks of the Eohellenic nappe in eastern Thessaly are mainly
serpentinized hartzburgites, with serpentinized dunite bodies in the uppermost parts which contain
small tectonized and broken chromite lenses (Migiros and Economou, 1988). In the North Sporades
islands such as Skiathos (Heinitz and Heinitz-Richter, 1983) and Skopelos (Matarangas, 1992), the
main tectono-stratigraphic units include the Pelagonian unit, Eohellenic nappe relics and the
Mesoautochthonous complex (Jacobshagen and Matarangas, 2004). In Alonnisos island, the
Eohellenic nappe also overthrusts the Pelagonian unit, whereas in Kyra Panagia the basaltic
andesites seem to also be part of the Eohellenic nappe (Pe-Piper et al., 1996).

3. Sampling and analytical methods

Samples were collected from Northern part of Skyros and more specifically from areas between the
Skyros town and the Atsitsa village. Twelve samples were collected and petrographically studied.
These include four serpentinites (samples SOPH, SSRP, SRPD, SDUN), one ophicalcite (sample
SOPH2), one rodingite (sample SRDN), two lavas (samples SLVA, SLVA2) three dolerites
(samples SMLE, SMLE2, SMLE3) and one gabbro (SGBR). Mineral chemistry analyses were
conducted in two basaltic lavas (samples SLVA, SLVA2), one rodingite (sample SRDN), one
serpentinite (sample SOPH), and one gabbro (sample SGBR).

Whole-rock analyses (Table 1) were carried out at Acme Analytical Laboratories in Canada with
the use of ICP-MS 4A-4B for major elements, trace elements and REE and included one lava, one
dolerite, one rodingite and one serpentinite sample. Low Detection Limits range from 0.002% to
0.04% and High Detection Limits are all 100% for major oxides. The Low Detection Limits range
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from 0.5 ppb to 20 ppm and the High Detection Limits range from 50 ppm to 50000 ppm for the
trace elements. For REE the Low Detection Limits range from 0.01 ppm to 30 ppm and the High
Detection Limits range from 50000 ppm to 10000 ppm. Mineral chemistry analyses (Table 2) were
obtained using a SEM JEOL JSM-5600 equipped with an Oxford LinkISIS 300EDX microanalysis
system, at the University of Athens, Department of Mineralogy and Petrology.

4. Results
4.1. Petrography and mineral chemistry

Serpentinite presents mesh textural features with slip-fiber (Fig. 2a) and cross-fiber chrysotile veins.
Their mineral assemblage mainly consists of serpentine (mainly antigorite and few chrysotile) and
orthopyroxene bastites, which indicates their harzburgitic origin. A few relict spinels with quite low
Cr# (38.18-38.87) and moderate TiO; (0.14-0.25 wt.%) contents, have been identified, while some
of them are classified as Fe-chromite with high Cr# (92.69) and FeO (51.88 wt.%) values and low
MgO (4.45 wt.%) and Al,Os (1.5 wt.%) contents. Secondary minerals include magnetite (Fig. 2b),
derived from spinel and olivine alteration, as well as magnesite in veinlets. Ophicalcite also shows
mesh texture. It mainly consists of serpentine and calcite, the former sometimes in the form of bastite
after orthopyroxene and as chrysotile veinlets. Magnetite also occur. Gabbro is medium grained with
secondary quartz veins. It mostly consists of saussuritized plagioclase and amphiboles.

. e g AN o
\J 'y '’ A -

Figure 2 - a. Serpentinite sample (SOPH) including slip-fiber chrysotile and hourglass/mesh
antigorite as well as some bastites; b. Serpentinite sample (SOPH) with serpentine
surrounding xenomorphic spinel (magnetite with residue olivine) grain and relict chromite
patches preserved in the core; c. Dolerite sample (SMLE3). Subophitic texture with
amphiboles (hornblende and tremolite), albite, titanite and pumpellyite. d. Rodingite sample
(SRDN) consisting of diopside, vesuvianite and hydroandradite grains.
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Amphiboles can be separated into two groups. The first group includes hornblende with relatively high
AlyO3 (5.86-5.11wt.%), TiO, (1.62-1.52wt.%) and Na,O (1.01-1.09 wt.%) contents, which possibly
indicates a magmatic origin (cf. Koutsovitis, 2012), while the second group includes metamorphic
hornblende with lower Al,O3 (4.43-4.65wWt.%), TiO (0.55-0.58 wt.%) and Na;O (0.62-0.65 wt.%)
contents. Basic plagioclase was not recognized having being replaced by albite. Secondary minerals
also include clouded epidote and zoisite. Opaque minerals include Fe-Ti-oxides and hematite.

From the above petrographic and mineral chemistry data, the abundance of hornblende and the
absence of any clinopyroxene crystal the original rock can be characterized as hornblende gabbro.
The basaltic lava, which shows aphyric, intergranular, intersertal and micro-porphyritic textures,
mainly consists of secondary minerals and some few relics of clinopyroxene microphenocrysts.
Secondary minerals include almost pure albite (Abgg 7-95.7), Mg-rich chlorites (brunsvigites), epidote,
titanite, pumpellyite and quartz as interstitial mass or late veins. On the other hand, dolerites present
mostly subophitic textures (Fig. 2c). They mainly consist of albitized plagioclase (Abggs.g9.2) and
amphiboles, which can be distinguished into hornblende and secondary tremolite and actinolite.
Some hornblende and plagioclase can be observed as inclusions in each other, clearly indicating
their syncrystallization. Secondary minerals also include epidote, zoisite, titanite, quartz and chlorite.
Opaque minerals include Fe-Ti-oxides.

Rodingite sample (Fig. 2d) SRDN consists of hydrogarnets, vesuvianite, chlorite (brunsvigite),
diopside and prehnite. Hydrogarnets mostly appear as hydroandradites (AlmoooAdres 33-67.43GrS28.25-
3516Prp0.10-2.49SpSo 00-0.33UVo41-275), but there are also accessory uvarovite crystals
(Almg oo ANndrzg 94Grs19.95Prp1.07SPSoUVao0s). The uvarovite Cr-bearing crystals (Cr20s: 10.34 wt.%),
most likely formed at the expense of spinel. The clinopyroxenes are appearing as diopside grains
(En48_53.49,89WO47,56.48,10FSQ,32.3,33|V|993,96.96,28), exhibiting hlgh Mo# values (89.71-93.56) and low
TiO; (0.00-0.04 wt.%), Al,O3 (0.00-0.61 wt.%), Na.O (0.00-0.01 wt.%) and Cr,O3 (0.00-0.06 wt.%)
values. Vesuvianite presents highly ranging TiO, values (0.02-0.59 wt.%) while the MgO range
from 2.78 to 3.33 wt.%.

Table 1 - Representative average mineral chemistry analyses.

Rock Serpen-| Basaltic
Type tinite Lava

Miner. H-gt Cpx Vez Sp Plag Epd Plag Epd AmphPump Plag Epd AmphPump
SiO, 37.42 55.67 37.40 0.22 68.4038.1068.1138.22 52.49 37.49 68.7539.43 50.58 37.38
TiO, 0.14 0.05 023 020 0.08 0.08 0.02 0.11 281 0.01 0.16 0.05 1.21 0.05
Al,O; 518 0.18 16.42 35.16 18.9422.3319.0825.06 3.37 24.56 18.9227.84 5.25 24.82
FeO 18.34 0.93 3.00 1540 0.47 13.05 0.05 9.65 11.92 2.11 0.00 6.51 10.53 2.45
MnO 0.29 0.12 0.09 0.12 0.03 0.36 0.00 0.12 0.25 0.09 0.14 0.00 0.14 0.10
MgO 0.17 10.78 3.07 1525 0.00 0.00 0.00 0.00 16.77 3.37 0.00 0.00 16.90 2.95
CaO 32.37 14.56 3456 0.00 0.12 23.05 0.22 23.17 10.99 22.40 0.03 23.40 11.09 22.72
Na,O 0.00 0.00 0.51 0.00 10.79 0.01 11.03 0.10 0.57 0.09 10.99 0.03 0.33 0.03
K.O 0.00 0.00 0.12 0.00 0.04 0.03 0.01 0.01 0.10 0.10 0.00 0.14 0.18 0.09
Cr,0; 236 0.03 0.12 3286 0.02 0.00 0.05 0.00 0.12 0.11 0.07 0.00 0.20 0.04
NiO 0.02 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.01 0.09 0.00 0.00 0.09 0.00
Total 96.06 100.02 95.20 99.20 98.88 96.82 98.60 96.92 97.37 90.44 99.06 97.38 97.08 90.62

4.2. Whole Rock Chemistry

For classification of the basic rocks, due to their high percentage of secondary minerals and LOI values,
we base mostly on relatively immobile elements diagrams. So, using the plot of Zr/Ti vs. Nb/Y (Fig.
3a) both lava and gabbro samples plot within the basaltic field, indicating secondary silicification of
the rocks. In addition, both of these studied rocks plot in the tholeiitic field (Fig. 3b). From REE/MORB

Rodingite Dolerite Gabbro
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normalized patterns the tholeiitic basalt exhibits a slight fractionation between the LREE and HREE,
however all REE values being constantly near MORB ones. The gabbro presents moderate to low
LREE values, slightly higher MREE and even higher HREE patterns (Fig. 4a). The (La/Yb)mors-n
values are quite similar for the basalt and gabbro (1.22 and 1.4 respectively), with the basalt exhibiting
lower (La/Sm)mors-n Values compared to gabbro (1.36 and 2.41 respectively) (Fig. 4a), while the Eu
anomalies vary from negative to slightly positive (Eun/Eu*= 1.03 and 0.76 respectively). Diorite from
Skyros Island (Pe-Piper and Piper, 2002) presents subparallel LREE patterns with basalt and gabbro
respectively (Fig. 4a). Its MORB normalized multi-trace element pattern is almost identical with
Skyros gabbro (Fig. 4b) suggesting a same source of the rocks. The MORB normalized multi-trace
element of the gabbro and lava samples show that the normalized Th and U values are much higher
compared to those of Nb. Both samples have noticeable positive Sr and Pb anomalies, as well as slight
negative Zr anomalies (Fig. 4b). Low Ti tholeiitic volcanic rocks from Kyra Panagia and Alonnisos
ophiolites (Pe-Piper et al., 1996) exhibit high U, Th and K values, while their Sr positive anomaly is
also observed in basalt, gabbro and diorite samples (Fig. 4b).

Table 2 - Whole Rock major (wt.%) and trace element (ppm) compositions of serpentinite
(SOPH), rondigite (SRDN), gabbro (SGBR) and lava (SLVA), -: below detection limit.

SiO, 3966 4349 50.37 56.76 La 03 202 14 18
Tio. 001 004 023 093 Ce 03 43 23 44
ALO; 139 943 1706 15 Pr - 464 034 073
Fe:0s 839 345 567 11.98 Nd - 16 14 41
MnO 011 016 011 0.5 Sm - 349 061 139
MgO 3479 102 9 304 Eu - 045 021  0.63
CaO 044 2959 998 581 Gd - 427 113 248
Na,O  0.02 - 28 247 Tb - 076 022 043
K:O0 001 - 081 0.01 Dy - 532 161 3.6
P20s - 004 002 007 Ho - 104 037  0.69
Cr.0s 0462 0027 0076 - Er 004 362 12 241
LOl 144 34 38 37 Tm - 048 018 0.3
TOT/C 011 018 003 0.2 Yb 008 287 122 18
TOT/S 0.6 - - - Lu 002 045 017 03
TOTAL 99.85 100.01 99.96 99.94 Mo - - - -
Ba 5 5 34 7 Cu 77 2001 152 207
Be - 5 - - Pb 1 21 14 22
Co 1115 239 307 262 Zn 16 7 7 73
Cs - - 0.2 - Ni 24585 1244 1111 185
Ga - 38 85 122 As 08 05 23 06
Hf - 29 05 12 Cd - 03 - -
Nb - 178 01 03 Sb - - - -
Rb 0.1 - 11 - Bi - - - -
sn - - - 1 Ag - - - -
Sr 35 176 193 2365 Au 13 117 - -
Ta - 1.2 - - Hg 011 009 012 008
Th - 8.2 - 0.4 TI - - - -
U 0.2 1 01 01 Se - - - -
Y% 40 25 177 134 sc 15 7 41 32
Zr 06 741 114 32 Y 05 311 10 201

On the other hand, low Ti tholeiitic rocks from East Thessaly ophiolites (Migiros, 1986) exhibit a
positive Pb anomaly, similar to that of lava, gabbro and rodingite sample respectively (Fig. 4b).
They also present high Th values and negative Ti anomalies (Fig. 4b). Rodingite sample displays a
high fractionation between the LREE and the HREE patterns (Fig. 4a). Its MREE and HREE patterns
seem to be subparallel to those of gabbro and lava samples. It presents (La/Yb)n= 8.59 and
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(La/Sm)n= 6.09 (Fig. 4a) and negative Eu anomaly (Eun/Eu*=0.35). MORB normalized multi-trace
element show a clear Ba and Sr enrichment and strong Ti, Sr, K negative anomalies, while their U,
Nb and LREE values are quite high (Fig. 4b).
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Figure 3 - @). Binary classification diagram of Zr/Ti vs. Nb/Y (Winchester and Floyd, 1977,
modified by Pearce 1996) for basaltic lava (triangle) and gabbro (square) samples. b). Y
(ppm) vs Zr (ppm) magmatic affinity distinguishing diagram (Barrett and Maclean, 1999).
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Figure 4 - MORB-normalized REE patterns [normalization factors after Pearce and Parkinson
(1993)] of rodingite (SRDN), gabbro (SGBR), basaltic lava (SLVA) samples from Skyros. b)
MORB-normalized multi-trace element patterns. For comparison, diorite (E141A) is from
Skyros (Pe-Piper and Piper, 2002), volcanic rocks from Kyra Panagia ophiolites (Pe-Piper et
al., 1996) and volcanic rocks from E. Thessaly ophiolites (Migiros, 1986).

5. Discussion
5.1. Metamorphic and metasomatic processes

Ophiolites are often exposed to orogenic and/or oceanic metamorphism and metasomatism which
may be associated with subduction and subsequent exhumation processes and also the hydrothermal
fluids circulation (e.g. Manning and Bird, 1995; Magganas and Koutsovitis, 2015 and references
therein). During the exhumation stage circulating subduction related fluids and/or oceanic thermal
waters may alter the ophiolitic rocks. Serpentinization and rodingitization of the ultramafic and basic
rocks respectively are two of the most usual alteration processes. The mineralogy of the Skyros
ophiolitic rocks imply for an intense alteration, which due to the absence of strong or pervasive
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foliation in all magmatic rocks is assumed to have been developed mostly during oceanic
metamorphism and metasomatism. In particular, the basaltic and gabbroic rocks have been subjected
from medium to very low grade oceanic metamorphism (lower amphibolite to prehnite-pumpellyite
facies), as noticed by clinopyroxene alteration, and the abundance of secondary minerals such as
hornblende, albite, chlorite, epidote, prehnite and pumpellyite. Similarly, ultramafic rocks have been
subjected to intense serpentinization, noticed by the predominance of serpentine (antigorite), but
also by the replacement of pyroxenes to bastites and spinel alteration to magnetite. The presence of
quartz and epidote-rich late veins within dolerite points also for alteration induced by low T oxidized
silica-rich hydrothermal fluids. However, the role of subduction originated fluids to this alteration
needs more data to be clearly evaluated for these rocks.

The formation of rodingite can be ascribed to intense metasomatic processes, either associated with
sea but possibly also with subduction related fluids (e.g. Li et al., 2004; Tsikouras et al., 2009;
Koutsovitis et al., 2013). The main rodingitization stages are interpreted by the Coleman reactions
(1967) as seen below:

(1) 1.5An+0.5Ca*2 + 1.5H,0 — Prh + 0.5Al,03 +H*,

(2)  2Prh+2Ca*? —»2Hgrs +Si**

(3)  An+2Ca*+ 3H,0 + 0.5Si0, —2Hgrs +4H*

Most garnets are hydroandradites, while there are some small sized Cr-bearing hydrogarnets crystals
(Cr,03=10.34wt.%). Li et al. (2008) explains the formation of hydrogarnet with clinopyroxene and
water participation in the reaction with plagioclase, whereas Cr-bearing hydrogarnets formation is
related with Cr release from serpentinites (Li et al., 2004). The vesuvianite was most likely formed
in very low CO; conditions with water rich fluids, at 300-400°C (L. et al., 2004, Hatzipanagiotou et
al., 2003, Li et al., 2008, Koutsovitis et al., 2013). Nevertheless, in a lower T stage and during the
ophicalcite formation the chemistry of pore waters were enriched in COa.

As the ophiolitic rocks clearly escaped any post-Cretaceous high pressure event of regional
metamorphism, whereas their underlying metamorphosed rocks of the Eohellenic nappe were
probably involved in it (presence of blueschist facies assemblages), the former can correspond to
the analogous rocks of the upper tectonic unit (UTU) of the Attico-Cycladic Zone (e.g. those occur
in Tinos Island) and the latter to the lower blueschist tectonic unit (BTU) of the Cyclades. In such
case, we suggest provided the tectonic contact between Skyros ophiolitic rocks and underlying
schists and marbles interpreted as a low-angle detachment zone, then it maybe represents part of the
northward extension of the North Cycladic Detachment System (NCDS) (Jolivet et al., 2010).

5.2. Geotectonic setting

Based upon the geochemical data of the basalt and gabbro samples (Fig. 4), it is evident that these
have been affected by subduction-related processes. This can be observed by the La/10-Y/15-Nb/8
ternary diagram (Fig. 5) in which the studied samples plot within the island arc settings field. On the
other hand, the Nb/Th ratio has been used by researchers (e.g. Pearce and Peate 1995; Koutsovitis,
2012) to characterize the tectonic settings of volcanic rocks, with the values lower than ‘4’
characterizing arc-related rocks. Thus, the very low Nb/Th ratios (0.5-0.75) strongly suggests
subduction processes, which are further confirmed by their slightly enriched Th/Yb ratios (0.17-
0.23; for MORB ~0.05, Pearce, 2008). Furthermore, the high MORB-normalized Th and U values
compared to those of Nb for the gabbro and basalt samples (Fig. 4b), may account for influence of
subduction processes (Pearce and Peate, 1995; Campbell, 2001).

Small negative Zr anomalies may be either related to subduction or may be attributed to source
depletion. The observed positive Pb and Sr anomalies favor subduction; however, secondary
processes most likely affected their original magmatic values. Crustal contamination processes most
likely did not take place due to the tholeiitic affinity of the studied mafic rocks. On the other hand,
the types of hydrogarnet and vesuvianite crystals found within the rodingites are indicative for the
involvement of subduction-related fluids during the formation of the rodingites (Koutsovitis et al.,
2013). In addition, the chemistry of spinels in serpentinites (Ti0,=0.14-0.25 wt.%, Al,03=35.1-
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35.21 wt.%, Cr#=37.38-38.87), shows that their harzburgitic protoliths plausibly resemble back-arc
basin peridotites (Kamenetsky et al., 2001). These implications seem to correspond to those of
Skyros high Mg and Al chromitites whose petrological and geochemical features indicate a supra-
subduction zone (SSZ)/back arc basin environment (Economou et al., 1999). Looking on the
geochemistry of the ophiolitic volcanics of the Eohellenic nappe in other parts of east central Greece
a general similarity is noted. In particular, the low-Ti tholeiitic volcanic rocks from Alonnisos and
Kyra Panagia ophiolites (Pe-Piper et al., 1996) exhibit subparallel MORB-normalized multi-trace
element patterns with our studied gabbro and basalt (Fig. 4b). Based upon their trace element and
REE geochemistry the majority of Alonnisos and Kyra Panagia rocks formed in an arc related
environment (Pe-Piper and Piper, 2002) which corresponds to Skyros subduction related
geochemical features. Furthermore, low-Ti tholeiitic volcanic rocks from East Thessaly ophiolites
(Migiros, 1986) present subparallel MORB-normalized patterns with Skyros rodingites, exhibiting
Ti negative anomalies (Fig. 4b), which further confirm the assumption that Eohellenic nappe
ophiolitic rocks from all North Sporades Islands and East Thessaly probably formed within the same
supra-subduction zone geotectonic environment of the Jurassic — Lower Cretaceous Vardar Ocean.
In addition, certain similarities in tectonic and stratigraphic position, petrogenetical evolution and
metamorphism (up to greenschist facies) of these east-central Greece Eohellenic ophiolites and the
ophiolitic rocks of the upper tectonic unit of the Attico-Cycladic Zone indicate that they may
establish an elongated ophiolitic zone, which, hosting dispersed and small in volume ophiolitic
complexes of Vardar Ocean origin, can be associated to the hanging wall of the northward extension
of the North Cycladic Detachment System. However many more data are needed in order this
hypothesis to be confirmed.

Y (ppm)/15 1) Volcanic arc tholeiitic
and transitional basalts
2) Calc-alkaline rocks

3) Back-arc basin basalts|
4) Continental tholeiites
5) N-MORB

6) E-MORB

7) Alkaline basalts

La (ppm)/10 Nb (ppm)/8

Figure 5 - Ternary diagram La/10-Y/15-Nb/8 for geotectonic environment discrimination of
basaltic to felsic rocks (after Cabanis and Lecolle, 1989).

6. Conclusions

The studied rocks occurring on top of the Eohellenic nappe in Skyros mainly consists of
serpentinized harzburgite, gabbroic rocks, dolerites, tholeiitic basalt and rodingite. Based on their
mutual contacts, which mostly are tectonic and the co-occurrence of ophicalcite, lateritic ores and
cherts these magmatic rocks constitute an ophiolitic mélange of probably Upper Jurassic — Lower
Cretaceous age. The rocks of the mélange have been affected by low to moderate metamorphic and
metasomatic processes; however, some of their magmatic features have been preserved, especially
in gabbroic rocks and basalt. Their mineral chemistry as well as their whole rock chemistry suggests
that these ophiolitic rocks are associated with subduction-related processes. The presence of
vesuvianite crystals in rodingites, as well as the occurrence of relict spinels within serpentinitic rocks,
further supports this assumption. Taking into account a geochemical and petrological comparison

1875



between Skyros ophiolitic rocks and similar rocks of the Eohellenic nappe in East Thessaly and
other N. Sporades islands we suggest that they all share many petrogenetical and evolutionary
features. On the other hand, a similar origin and evolution may exist and with analogous rocks
occurring in the upper tectonic unit of the Attico-Cycladic Zone.
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