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Pesiome. B crarusita ce quCKyTHpaT HACKOPO MyONNKYyBaHH MHOHEPHH H3CIECABAHUS BHPXY CTAOMIHUTE H30TOIHU HA JICKH eICMEH-
T 1 oTHoweHueto ¥'Sr/*°Sr ot poporckuTe Mpamopu. Bposit 1 Mecrara Ha npoGoB3emanusTa (3 Mecta B ACEHHIIKATa eAMHUIEA U 3—4
Mmecra B [TupuHCKara eMHALA) HE Ca JOCTaThYHY 3a JO0CTOBepHH uHTepnperannn. OtHomeHusta ¥’Sr/*Sr, onpeneneHn or MpaMopu OT
Acenmkara u [TupuHcKaTa eIMHUIIA, HE TOKA3BAT ChIIECTBEHH PA3IMKH, M ChBIIAJIAT C JIBa HHTEPBaJIa BbPXY AMarpaMara 3a BapHalunuTe
Ha Te3u oTHomeHus B CBeToBHUS okeaH: Ennaxapcku u [lepm—Panna IOpa. Pesynarature ce oneHsABaT KaTo MpeJBAPUTEIIHN H HE MOraT

Jla C€ CMATaT 3a BAJIMHU JOKa3aTeJICTBA.

Kniouosu Oymu: IpOTOIUTH HA POJIONICKA MPAMOPH, CTPOHIIUEBU N30TOIH, JIEKH EJIEMEHTH.

Abstract. Recent pioneer light element stable isotope and *’Sr/*Sr studies on Rhodopes marbles are discussed. The number and lo-
calities of the samples (3 locations in the Asenitsa unit, and 3—4 locations in the Pirin unit) are insufficient for sound interpretations. The
87Sr/%Sr ratios determined for marbles from the Asenitsa and Pirin units do not show substantial differences, and coincide with two inter-
vals on the diagram for the variations of these ratios in the World Ocean: Ediacaran and Permian—Early Jurassic. The results are judged

preliminary and indecisive.
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Introduction

One of the most discussed problems of the Rhodopes
geology during the last 20 years concerns the vi-
ability of the unified lithostratigraphic column (e.g.,
Ivanov et al., 1984; Kozhoukharov, 1984) of the
Rhodopian supercomplex vs. the alternative idea
about the Alpine nappe stacking of tectonostrati-
graphic (lithotectonic) units of different composi-
tion and provenance (Burg et al., 1990, 1996; Burg,
2011, etc.). A major argument in favor of the sec-
ond opinion is the partitioning of U-Pb isotopic age
zircon data from different synmetamorphic units,
which results in the establishment of a peculiar
“zirconotectonics”. The contra-argument considers

this partitioning as a result of irregular Alpine tec-
tonometamorphic reworking of a Rhodope Massif
already formed in Cadomian or Hercynian times.
Interesting preliminary communications (Machev
et al., 2009; Georgiev et al., 2012; Machev, von
Quadt, 2016; Bonev et al., 2018) have been recently
published in attempt to compare light element sta-
ble isotopes and the ¥’Sr/*Sr ratios in marbles from
some of the major outcrop areas in the Rhodopes. In
this manner, they have tried to establish whether the
outcrops had belonged to a single carbonate proto-
lith (Dobrostan Formation) or to carbonate proto-
liths of different isotope composition and age, and
different tectonometamorphic histories, and to draw
conclusions about the protolith age(s).
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Light stable isotopes studies

The stable isotopes (8'*0 and 6'°C) studies (Machev
et al., 2009) have been made on “white pure mostly
calcitic marbles” from 3 outcrop areas (4 samples
from each of them) situated in different parts and
units within the Rhodopes. The exact locations are
not specified. The areas are indicated as follows:
L1 (location 1) along the road Asenovgrad—
Chepelare (most probably near the crossroad to Za-
bardo?); referred to the Asenitsa lithotectonic unit,
in the southern limb of the North-Rhodope anticline;
L2 (location 2) from abandoned quarry near the
village of Petrovo; Orelek marbles from the over-
turned southeastern limb of the Petrovo anticline,
Pirin-Pangaion tectonic unit, called also Lower Ter-
rane (according to the terminology of the Terrane
Analysis — s. Burg, 2011; the authors erroneously
use throughout their papers “Lower terrain”);
L3 (location 3) along the road to the Yagodina
cave; referred to the Asenitsa lithotectonic unit.
The authors noted that the marbles from the
three locations differ by the presence in L3 of clasts
with different MgO content when compared to that
of the matrix. The origin of these clasts (included
in the protolith limestones during sedimentation or
diagenetic dolomitization? of tectonic origin? or
late formation due to karst processes?) has not been
specified. Having also in mind the varieties of the
Dobrostan marbles throughout the Rhodopes, the
number of the localities and samples taken is very
insufficient. This is confirmed by the results of the
stable isotope studies shown on a §*C/3'*0 diagram
(Macheyv et al., 2009, Fig. 1). Two of the samples
from L2 almost coincide with the field of L3 sam-
ples whereas the other two L2 samples have very
high and unusual 6"*C values that differ from all
other samples and localities. The figurative points
taken from the unpublished thesis of M. Popov
(Pirin marbles from unknown localities) are scat-
tered within a very large field situated apart from
the South Pirin L2 samples. The whole diagram is
inconclusive, and the opinion of the authors about
the similarity between L2 and L3, and the refer-
ence of these two localities to the Lower Terrane
seems to be at this research stage conjectural and
premature. In fact, it has been lately rejected by the
first author himself in another paper (Machev, von
Quadt, 2016). Another interesting point is the P/T
calculation for the metamorphic conditions for L3:
360470 °C for the matrix and 560-610 °C for the
clasts, both at pressures of 5 kbar. Temperatures of
330-370 °C at P=5 kbar are reported for metapelites
at Byala Cherkva (beneath the marbles of the North-
Rhodope anticline, i.e., beneath L1; correspond to
the Lukovitsa Formation). Both datasets are ques-
tionable when reported for amphibolite-facies meta-
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morphic rocks, and if correct, are possibly related
to different metamorphic events. Obviously, these
interesting studies are at a very early stage, and
should be detailed for to obtain unambiguous and
more reliable results.

Sr isotopic studies

The preliminary results available from the published
87Sr/%Sr ratios (Georgiev et al., 2012; Machev, von
Quadt, 2016; Bonev et al., 2018) obtained for the
marbles from the Dobrostan Marble Formation
(sensu Ivanov et al., 1984 and Kozhoukharov, 1984)
are summarized in Table 1 and Figure 1. They come
from two different tectonic units of the Rhodope
Massif (Dabovski et al., 2002), and namely, the low-
ermost Pirin-Pangaion unit (Zagorcev, 1994, called
also Lower Terrane, cf. Burg, 2011), and the Rila-
Rhodope unit (attributed by the authors discussed to
the Asenitsa unit of Burg, 2011). For to avoid ambi-
guity, we shall use in the next lines the notation of
the authors in respect of the distinguished by them
“lithotectonic units”. We shall not discuss the result
(0.70739) of Georgiev et al. (2012) from marbles
near the village of Brezhani because they have a dif-
ferent position in the unified Rhodopes section (the
Vacha Formation from the Rupchos Group), and
belong to a different unit (Sidironero-Mesta).
Georgiev et al. (2012) pointed at the uncertainty
of using the ¥Sr/*Sr ratios obtained for the Vihren
marbles (between 0.70766 and 0.70776) because
“these values are repeated few times during the
Phanerozoic and can not constrain the exact age of
sedimentation.” These values are repeated also in
the late Precambrian but the authors cited could not
have knowledge in their time of the publication by
McArthur et al. (2012). This is not the case with
the later publications which also rely on old data-
bases that cover only the supposed Phanerozoic par-
titioning of the isotopic ¥Sr/*Sr ratio in the World
Ocean: Machev and von Quadt (2016) on Faure and
Powell (1972), and Bonev et al. (2018) on McAr-
thur et al. (2001). Detailed new studies of this evo-
lution (McArthur et al., 2012) based on rich and ex-
tensive databases (e.g., Shields, Veizer, 2002) cover
also the late Neoproterozoic, and their diagram is
used here in Figure 1. These data are confirmed also
by Li et al. (2013), Fairchild et al. (2017) and other
recent publications on many systematically stud-
ied well constrained middle to late Neoproterozoic
sections from different parts of the world. Modern
isotopic studies on Phanerozoic formations (e.g.,
Onouea et al., 2018) have been also consulted.
Preliminary Sr isotopic studies (Machev, von
Quadt, 2016) have been made on Rhodopes mar-
bles from the thick sequences referred to the Do-



Table 1
YSr/5Sr results of Georgiev et al. (2012), Machev and von Quadt (2016), and Bonev et al. (2018)

Tabmmma 1
YSr/5Sr pesynmamu na Georgiev et al. (2012), Machev & von Quadt (2016) u Bonev et al. (2018)

Samples. reference/Source Asenitsa unit Asenitsa unit Pirin unit (Vihren,  Pirin unit
Pies (N Rhodope) (Smolyan) Ilindentsi) S Pirin (Petrovo)
0.707337 to 0.707402

L1 (Machev, von Quadt, 2016) (av. 0.707371)

0.707295-0.707366
(av. 0.707342)
0.707209-0.707445
(av. 0.707330)

L3 (Machev, von Quadt, 2016)

L4 (Machev, von Quadt, 2016)

0.707958-0.708037

L2 (Machev, von Quadt, 2016) (av. 0.708000)
Georgiev et al. (2012) 0.70766-0.70776
R1 (Bonev et al., 2018) 0.707539
R4; R6 (Bonev et al., 2018) 0.707653; 0.707420
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Fig. 1. ¥Sr/%Sr results of Machev and von Quadt (2016), and Bonev et al. (2018) plotted on the diagram for the ¥’Sr/*Sr evolution
in the marine waters since the Tonian (McArthur et al., 2012) with additional data from Fairchild et al. (2017): “Snowball Earth”
age intervals and the area of ¥’Sr/%Sr ratios partitioning in middle and late Neoproterozoic times (violet field)

®@ur. 1. ¥Sr/*Sr pesynraru Ha Machev & von Quadt (2016) u Bonev et al. (2018) Hanecenu Ha juarpaMa 3a eBOJIIOIHUATA HA OTHO-
menneto ¥'Sr/*Sr B Mmopckute Boau ot Tonust 1o aHec (McArthur et al., 2012) ¢ nombanurensau qanau ot Fairchild et al. (2017):
BB3PAcTOBU MHTEPBAIH 3a ,,3eMsita — cHekHa Torka™ (“Snowball Earth”) u obnact Ha pasnpeznenenne Ha otHomenusta 8’Sr/*Sr
npe3 cpeaHus ¥ KbeHus HeorpoTepo3oii (BHOIETOBOTO MOJIE)
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brostan Marble Formation. The sampling localities
were identical with these of the previous study (2
localities in the Asenitsa unit and one locality in the
“Lower Terrane”, sampled with 4 samples each)
complemented with 4 samples taken from marbles
referred to the Asenitsa unit in the Chokmanovo
Klippe in the vicinity of the town of Smolyan (loca-
tion L4). Comments are made also on the Sr ratios
obtained for marbles near Vihren, Pirin-Pangaion
unit (“Lower Terrane”) already published by Geor-
giev et al. (2012). The ¥Sr/*Sr ratios determined
(Machev, von Quadt, 2016) vary between 0.707209
and 0.707445 for the Asenitsa unit marbles (lo-
calities L1, L3 and L4) with mean values for the
three localities 0.707371, 0.707342 and 0.707330.
These values are lower than the ratios found for
the Petrovo marbles from L2 (0.707958-0.708037;
mean 0.708000), and from the data of Georgiev et
al. (2012). In the interpretation of the authors, there
is a considerable geochemical difference between
the very consistent group of Asenitsa marbles, on
one hand, and the Pirin marbles, on the other. Based
on the diagram for the evolution of the 8’Sr/*Sr ratio
in marine carbonates (Faure, Powell, 1972), they ar-
gue for a late Palaeozoic (Carboniferous—Permian)
age of the Pirin marbles, and a Jurassic age, for the
Asenitsa unit marbles. “All ¥Sr/*Sr values are in
the range 0.707295-0.708037, i.e. they are Phan-
erozoic.” (Machev, von Quadt, 2016).

It is evident (Fig. 1) that the Asenitsa marbles if
judged only by the ¥’Sr/*Sr ratios could be equally
of Cretaceous, Jurassic, Permian—Early Triassic,
early Ediacaran or late Cryogenian age. According
to the diagram (McArthur et al., 2012), the strontium
ratios of the Vihren marbles correspond equally to
the World Ocean mean ratios in Late Cretaceous—
Palaeogene, Triassic, Permian, Carboniferous, De-
vonian or Ediacaran times. The ¥Sr/%Sr ratio of the
Petrovo marbles corresponds to at least 9 different
Phanerozoic time spans as well as to a large part
of the Ediacaran Period. The careful examination
of the publications from the last decade shows also
that in many well-dated formations examined the
87Sr/%Sr ratio fluctuates within very large bounda-
ries, e.g., from 0.705 to 0.709 for the Ediacaran.

Sr isotope data about the Pirin marbles has been
recently reported also by Bonev et al. (2018). The
results are plotted by the authors (Bonev et al.,
2018, poster) on a comparatively modern diagram
(MacArthur et al., 2001) but it covers again only
the Phanerozoic, i.e., the authors follow the precon-
ceived idea about the Phanerozoic age of the Pirin
marbles protoliths. The samples come from the area
of the village of Ilindentsi (sample R1) and of South
Pirin (samples R4 and R6), and are taken from mar-
bles adjacent to schist layers which have been sam-
pled also for detrital zircons. The Sr isotopic ratios
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of the 3 marble samples range from 0.707420 to
0.707653. Thus, they fill in the interval between the
Pirin and the Asenitsa samples (Fig. 1) of Machev
and von Quadt (2016), and do not confirm the pos-
tulated by these authors substantial differences in
the Sr isotopic ratios of the Pirin (Pirin-Pangaion
unit, Lower Terrane) and the Asenitsa (Asenitsa
unit, Upper Terrane) marbles. The location of the
data on the diagram (Fig. 1) shows again that the
protoliths of the corresponding Pirin marbles could
be equally of Late Cretaceous, Permian—Early Ju-
rassic or Ediacaran age.

Bonev et al. (2018, poster) combined for the first
time the reported ¥’Sr/**Sr data with U-Pb data about
“detrital zircons” extracted from schists interlayered
within the Pirin marbles. The sampled localities are
situated in immediate proximity to the marble local-
ities sampled for establishing the Sr isotope ratios,
the schist and marble layers being in continuous and
uninterrupted successions. This complex approach
undoubtedly could be very useful. For the time be-
ing, we shall refrain from comments on this data as
far as the information supplied is very limited, and
the evidence about the detrital or metamorphic char-
acter of all zircon grains studied is insufficient for a
sound judgement.

Conclusions

The present comments aim to show some flaws in
the approaches and interpretations of the discussed
papers, and to encourage the authors for further re-
search based on modern methods and avoiding
preconceived ideas. It should be noted that the age
interpretations of the partitioning both of the light
stable isotopes and of the Sr isotopes ratios in car-
bonate rocks meet considerable difficulties, and are
often ambiguous and indecisive. All ¥Sr/*¢Sr values
obtained from a limited amount of samples coming
from the Asenitsa and the Pirin units vary within the
range between 0.70721 and 0.70804, and are con-
sistent both with an Ediacaran (ca. 640-570 Ma)
or Permian—Early Jurassic (ca. 300-190 Ma) age.
Serious problems arise from the uncertainties about
the distribution of these parameters (isotope ratios)
in the World Ocean, and from redistributions of the
elements due to open-system behavior during the
polymetamorphic evolution. The ratios obtained
for samples from the Pirin unit do not differ sub-
stantially from that of the Asenitsa unit, and can-
not serve as an argument for or against the presence
of different protoliths of the marbles (Dobrostan
Marble Formation) in the two units. As shown in
these notes, the results obtained up to now are inde-
cisive, and allow for various interpretations of the
Rhodopian protolith(s) problem.
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