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Abstract. This study documents Nd-Sr-Pb isotopic compositions of the Jurassic Kassandra-Sithonia ophiolites and
associated Jurassic Chortiatis arc suite of the western Circum-Rhodope Belt (CRB), which are compared with the
same isotopes of the Jurassic arc-related Evros ophiolite of the eastern CRB in the northern Greece and southern
Bulgaria. Nd-Sr-Pb isotopes are compatible with dominant mantle-derived Mid-Ocean Ridge Basalt (MORB) com-
ponent mixed with a detectable amount of crustal material and/or sediment involved in their melt source in the sub-
duction zone. These isotopic features are consistent with arc/back-arc origin of the Kassandra-Sithonia ophiolites
and Chortiatis arc suite whose isotope systematics is comparable to Nd-Sr-Pb isotopes of the Evros ophiolite and
the counterpart mafic rocks from the Mandritsa unit in the eastern CRB. Overall, the Nd-Sr-Pb isotopes systemat-
ics revealed mantle-crust interaction caused by mantle wedge magmatic process in the eastern Vardar zone-CRB

Jurassic arc/back-arc systems.
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Introduction

The Circum-Rhodope belt (CRB) (Kauffmann et
al., 1976) rims the high-grade basement of the Ser-
bo-Macedonian Massif in its western part on the
Chalkidiki Peninsula in northern Greece, and its
eastern part exposes in both the Thrace region and
the eastern Rhodope Massif of northeastern Greece
and southern Bulgaria. This belt demonstrates a
Late Jurassic tectono-metamorphic history linked
to the emplacement of a Jurassic intra-oceanic is-
land arc system onto both crystalline massifs (Bo-
nev et al., 2010; Bonev, Stampfli, 2011; Bonev,
Filipov, 2018). In the Thrace region, the eastern
CRB contains mafic intrusive and volcanic suites
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of the Jurassic arc-related Evros ophiolite (Mag-
ganas et al., 1991; Magganas, 2002). In Bulgaria,
for the counterpart Mandritsa unit only Nd and Pb
isotopes data are available from two basalts and an
andesite, a diorite and three greenschist samples,
which data suggests a contribution of depleted
Mid-Ocean Ridge Basalt (MORB)-type mantle
in magma generation (Bonev, Stampfli, 2008). Sr
isotopes data are also available only for four sam-
ples from the Petrota gabbro in Greece (Biggazzi
et al., 1989), in which according to the authors the
initial Sr isotopes ratios were likely modified by al-
teration process of the gabbro. However, in a more
complete sample set, a recent Nd-Sr-Pb isotopes
systematics revealed a contribution of depleted
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MORB-type mantle source, together with crustal
contamination and/or recycled sediment input dur-
ing the magma genesis of the Evros ophiolite (Bo-
nev et al., 2023). In the western part of the CRB,
the Nd and Sr isotope data suggest supra-subduc-
tion origin of the Chalkidiki and Kassandra-Sitho-
nia ophiolites from a mantle source modified by
an enriched component, likely subducted sediment
(Zachariadis, 2007).

Here, first the Nd-Sr-Pb isotopes from various
suites of the Kassandra-Sithonia ophiolite and as-
sociated Chortiatis arc suite in the western CRB are
presented. Then, these isotopic data are compared
with the existing Nd-Sr-Pb isotopes data for the
whole CRB, with the aim to better understand man-
tle chemical dynamics of the Jurassic arc/back-arc
systems in the Tethyan realm.

Geological setting

The mafic suites of the Kassandra-Sithonia back-arc
ophiolite have Middle—Late Jurassic crystallization
ages in the range of 144 Ma to 165 Ma (Zachari-
adis, 2007; Bonev et al., 2015a), while for the Chor-
tiatis arc suite the magmatic crystallization span
160—173 Ma (Bonev et al., 2015a; Bonev, Filipov,
2018). The unmetamorphosed Kassandra-Sithonia
ophiolite demonstrates a typical crustal section of
an ophiolite, including down section mafic volcan-
ics, pillow lava, sheeted dyke and gabbro (Mussal-
lam, 1991). In turn, the Chortiatis arc suite contains
Na-rich diorites, granodiorites and mafic lavas
metamorphosed to greenschist facies (Mussallam,
1991; Zachariadis, 2007; Bonev, Filipov, 2018).
Lower Cretaceous limestone at Sithonia (Ivanova et
al., 2015) covers the Sithonia ophiolite.

Samples and methods

Ten representative samples are collected from the
Kassandra-Sithonia ophiolite. Three samples come
from the Kassandra ophiolite basalt and andesite
and seven samples from the Sithonia ophiolite dun-
ite, gabbro, basalt and rhyolite. Two samples — di-
orite and granodiorite are collected from the intru-
sive section of the Chortiatis magmatic arc suite
(Fig. 1a).

Radiogenic isotope ratios of Nd, Sr and Pb in
powdered whole-rock samples were measured at
the Department of Earth Sciences of the University
of Geneva, Switzerland. Analytical details can be
found in Chiaradia et al. (2011). The Nd-Sr-Pb iso-
topic results are age corrected to the known crys-
tallization ages of the Kassandra-Sithonia ophiolite
and the Chortiatis arc suite or biostratigraphic age
of the associated sediments.

Results from the Kassandra-Sithonia
ophiolite and Chortiats arc suite

The *Nd/'*Nd ratios of the dunite, gabbro, dior-
ite, granodiorite, basalts, andesite and rhyolite rock
samples fall in the range of 0.512377-0.512923,
with positive €y, cuur, Values that are characteris-
tic of mantle-derived melts. Only the rhyolite (g, =
—5.1) and the andesite (g, = —0.2) display negative
€yq Values. When time-corrected for the crystalliza-
tion age of the mafic rocks (150 Ma to 173 Ma), the
Exa(y Values vary from +0.2 to +6.0.

The ¥Sr/*Sr ratios display values ranging from
0.704306 to 0.706820 that are characteristic of the
oceanic crust and subduction-related volcanic rocks.
However, a rhyolite at Sithonia has a higher *’Sr/*Sr
value of 0.708353. These data indicate that the ana-
lyzed mafic rocks originated from magmas derived
from a similar mantle source with a high time-inte-
grated Sm/Nd ratio and a moderate to slightly elevat-
ed range of Rb/Sr ratios. In a correlative '*Nd/"*Nd
vs. ¥Sr/*Sr diagram (Fig. 1a), the majority of the
samples fall within and parallel to the mantle array
and plot close to the Bulk Silica Earth (BSE), while
dyke samples plot at higher ¥’Sr/*Sr values. Because
these samples come from sheeted dykes, some sea-
water alteration is expected similar to that described
by Bonev et al. (2015a) for the dyke contacts, which
provide an explanation of the higher *’Sr/*Sr iso-
tope values. In a "*“Nd/"*Nd vs. 2%Pb/?*Pb diagram
isotopic ratios cluster between the BSE, Prevalent
Mantle (PREMA) and MORB (Fig. 1b).

The 2%Pb/**Pb values of the analyzed rocks show
arange from 18.212 to 19.483, the *’Pb/**Pb values
range from 15.435 to 15.698, and the 2*Pb/?*Pb val-
ues range from 38.104 to 39.368. Almost all studied
rocks exhibit a short linear trend parallel to progres-
sive enrichment along the MORB-oceanic island
basalt (OIB) line in the 27Pb/**Pb-2%Pb/**Pb cor-
relation diagram (Fig. 1c). In the eNd, vs. °Pb/***Pb
diagram samples show nearly linear trend toward
higher eNd, values plotting between the MORB and
the BSE (Fig. le).

Synthesis and conclusion

The studied Kassandra-Sithonia ophiolites dunite,
gabbro, basalts, andesite, and rhyolite rock samples
have Pb isotope ratios that cluster close to the Juras-
sic gabbro and basalts of the Evros ophiolite (Bonev
et al., 2023), as well as to those of the Evros ophi-
olite counterpart Mandritsa unit of the CRB in Bul-
garia (Bonev, Stampfli, 2008), which in turn partly
plot within the OIB field (closest to the MORB
field; Fig. 1c). The Nd and Sr isotope ratios of the
studied samples demonstrate a remarkable over-
lapping with the Nd and Sr isotope ratios for the
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Fig. 1. Correlation diagrams for Nd-Sr-Pb isotopes of the CRB mafic rocks and synthesis. @) '*Nd/"*Nd vs. ¥Sr/*Sr diagram;
b) "*Nd/'"*Nd vs. Pb/*™Pb diagram; c) *’Pb/**Pb vs. **Pb/**Pb diagram; d) eNd, vs. **Pb/**Pb diagram; e) Across the north
Aegean region age distribution of the Jurassic ophiolites along the eastern Vardar zone-CRB transect, modified after Bonev et al.
(2015b) using the base and pole of rotation from Brun and Sokoutis (2007). The isotope data for Samothraki ophiolite are from
Koglin et al. (2009).
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Kassandra-Sithonia ophiolites reported by Zachari-
adis (2007), as well as with the same ratios docu-
mented for the Evros ophiolite (Bonev et al., 2023)
(Figs. la and 1b). When the Jurassic Kassandra-
Sithonia ophiolites are compared to Jurassic Evros
ophiolite and Mandritsa unit samples, both ophiolite
suites together with the Jurassic Chortiatis arc suite
rocks display striking similarities in terms of Nd-
Sr-Pb isotopic compositions (Fig. 1). However, the
rhyolite sample has Nd-Sr-Pb isotopic compositions
distinct from ophiolite above and arc units.

The results highlight coherent Nd-Sr-Pb isotopic
ratios of the Kassandra-Sithonia ophiolites and Chor-
tiatis magmatic arc suite, indicating the generation of
magmas by partial melting of a MORB-source man-
tle. These isotopic data point to variable contamina-
tion of magmas by continental crust material and/or
sedimentary rocks entrained in the subduction zone
(Fig. 1). Comparison of the obtained Nd-Sr-Pb iso-
tope results with analogous data from the Evros ophi-
olite mafic rocks demonstrates regionwide similarity
of the isotopic compositions (Fig. 1), which in turn
provides additional support for the involvement of
time-integrated analogous source mantle in the arc/
back-arc systems, in both the eastern Vardar zone-
western CRB segment and the eastern CRB in the
Tethyan realm. Indeed, if we restore the pre-Oligo-
cene rotation in the north Aegean region (e.g. Bonev
et al., 2015b), coherent ages and Nd-Sr-Pb isotopic
compositions both imply a regionally extensive Mid-
dle-Late Jurassic arc/back-arc systems represented
by Evros arc-related ophiolite—back-arc Samothraki
ophiolite, and the Chortiatis magmatic arc—Kassan-
dra-Sithonia back-arc ophiolites (Fig. 1e).

To in summary, the Nd-Sr-Pb isotopes system-
atics revealed mantle-crust interaction caused by
mantle wedge magmatic process in the eastern Var-
dar zone-CRB arc/back-arc systems.
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