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Hafnium isotopes in zircons track the changing sources for the Late
Cretaceous magmatism in Eastern Srednogorie, Bulgaria
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Abstract. We present new Hf isotopic data of magmatic zircons from the Eastern Srednogorie zone. The data outline
two clear temporal trends: rising initial eHf from the initiation of the magmatism at ~95 Ma to 81 Ma, followed by a
rapid decline in the initial eHf in the 81-78 Ma time period. The first trend highlights the increasing participation of
mantle melts in the formation of magmatic products in the East Balkan and Strandzha regions, which is likely dictated
by the southward retreat of the subducting slab. This trend is also evident in published Hf isotopic data on zircons
from Central Srednogorie zone. The second trend of rapidly decreasing initial eHf of zircons is interpreted to reflect
increased proportion of lower crustal melts in an intra-arc rift extensional environment (the Yambol-Burgas region)

between 81 and 78 Ma; this trend is not observed in the Central Srednogorie zone.
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Introduction

Eastern Srednogorie zone is the widest segment
of the extensive Late Cretaceous magmatic arc in
SE Europe. Abundant intrusive and extrusive mag-
matic products are exposed in three main tectono-
magmatic regions within Eastern Srednogorie, from
north to south: East Balkan, Yambol-Burgas and
Strandzha (Georgiev et al., 2006). Recent petrologi-
cal and geochronological studies offer a geodynam-
ic model for the Cretaceous evolution of this zone
(Georgiev et al., 2009, 2012). The earliest stage of
normal arc magmatism at 95.4 Ma (Georgiev et al.,
2021) produced limited calc-alkaline to high-K,
basaltic to andesitic sub-volcanic bodies and lava
flows in the East Balkan. A southward shift of the
igneous activity is delineated by 87-86 Ma old th-
oleiitic to calc-alkaline intrusions and voluminous
81-78 Ma old gabbroic to granitic intrusions with

© Bwarapcko reoJorn4ecko ApyKecTBo u brirapcka akagemus Ha Haykute, 2021

https://doi.org/10.52215/rev.bgs.2021.82.3.274

predominantly calc-alkaline to high-K composition
throughout the Strandzha region. Extension asso-
ciated with the opening of the Black Sea back-arc
basin led to the formation of an intra-arc rift in the
Yambol-Burgas region at ~8§1-78 Ma, which hosts
large volumes of shoshonitic to ultrapotassic, most-
ly basaltic to intermediate magmas and subordi-
nated intrusions, including primitive lavas and melt
inclusions with ankaramitic composition (Marchev
et al., 2009). Trace element and Sr and Pb whole-
rock isotopic data suggest increased involvement of
mantle sources during this stage (Georgiev et al.,
2009). However, the changing proportion of mantle
source within the Eastern Srednogorie zone during
the Late Cretaceous, and broader-scale comparisons
to coeval magmatism in the neighbouring Central
Srednogorie zone are not fully understood. Here,
we present new Hf isotopic data on zircons from
the East Srednogorie zone that were previously

https://bgd.bg/review-bgs
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Fig. 1. Initial eHf (¢Hf") of zircons from the 4 magmatic regions of
ages from Georgiev, 2008). The geochemical characteristics of the

as part of the Yambol-Burgas (YB) region (Georgiev et al., 20006).

Eastern Srednogorie vs. the age of the rock (sample names and
North Burgas (NB) region suggest that it should be considered
The fields of different centers from Central Srednogorie zone

are shown for comparison, together with individual zircon age and ¢Hf' (black circles, data from von Quadt et al., 2002, 2005;
Peytcheva et al., 2009). Arrows indicate major trends discussed in the text.

dated by U-Pb methods. Our new data characterize
the main sources involved in the Eastern Sredno-
gorie magmatism, track their changing proportion
throughout the Late Cretaceous, and facilitate im-
proved comparisons with the magmatism in the
Central Srednogorie zone.

Samples and methods

Magmatic rocks from the tree main regions were
collected as part of previous geochemical and geo-
chronological studies. Hafnium isotope ratios in
zircons were measured in ETH-Zurich on a Nu-
500 MC-ICPMS using established techniques. The
samples were introduced into the ICP either as a
solution (for zircons previously dated by TIMS)
or as laser-ablated material (for zircons previously
dated by LA-ICPMS). The quality of the data was
controlled by repeated analysis of the JMC-475
standard solution and zircons standards 91,500,
Temora-2, Mud Tank and Monastery; measured
Hf ratios agree with the published standard values.
Typical analytical uncertainty was ~0.3 ¢Hf units
for the solution work, and ~0.5 ¢Hf and for the la-
ser ablation analyses.

Results

Our results are graphically summarized on Fig. 1,
which shows the initial eHf of individual zircons
(eHf' at the time of crystallization) from Eastern
Srednogorie. The Hf isotopes of most Upper Cre-
taceous zircons at their time of crystallization range
from gHf' of +13 to eHf' of -3, indicating the in-
volvement of contrasting geochemical sources in
the genesis of the magmas. The initial eHf of zir-
cons (eHf') reflects the eHf of the magma at the
time of crystallization, which in turn is controlled
by the relative contribution of crustal sources (low,
negative ¢Hf) and depleted mantle sources (high,
positive ¢Hf). In the Late Cretaceous, the mantle
end-member had ¢Hf of about +14 to +16, where-
as Variscan basement granitoids had negative ¢Hf
(estimated mean at —5; Georgiev, 2008). There is
a clear temporal (and geographic) trend in the eHf'
of Cretaceous zircons. The earliest (95.4 Ma) mag-
matic products in the northernmost East Balkan
region have ¢Hf' about 0. These values suggest a
mixed mantle-crust origin for the formation of East
Balkan magmatism, which is not untypical for arc
settings. The southward migration of the magma-
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tism with time into Strandzha region is accompa-
nied by gradual increase of the eHf' to +5 to +8 in
~86 Ma intrusions and rises to +12 in 81 Ma rocks.
This trend of increasing involvement of mantle
sources is likely related to the southward retreat of
the subducting slab, which facilitated the incursion
of asthenospheric material into a widening mantle
wedge. Similar trend of increasing mantle input
with time is observed also in the adjacent Central
Srednogorie zone. In contrast to Central Sredno-
gorie, however, data from the Yambol-Burgas re-
gion and some of the youngest magmatism in the
Strandzha region define a trend of rapid decrease
of the Hf isotopes at ca. 80 Ma. Interestingly, the
lowest eHf' (down to ca. —3) are recorded in samples
with the least radiogenic Sr and Pb isotopes (Geor-
giev, 2008). Therefore, we suggest that the trend
of decreasing Hf isotopes in the Yambol-Burgas
region reflects substantial melting of lower crustal
material in an extensional environment, as opposed
to crustal contamination of mantle-derived magmas
with mid- to upper crustal lithologies. Melting of
the lower crust was likely facilitated by both sub-
duction-related fluid fluxing and by the extensional
regime established at ~80 Ma as an intra-arc rift (the
Yambol-Burgas region).
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