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2023

Bonev, N., P. Filipov. 2023. Detrital zircon age
constraints on low-grade sedimentary successions
of the eastern Circum-Rhodope Belt, Bulgaria. —
Geol. Carpathica, 74, 6, 459-468; DOI: https://doi.
org/10.31577/GeolCarp.2023.27.

We focused on the eastern Circum-Rhodope belt
(CRB) low-grade sedimentary sequences in Bulgar-
ia, in which clastic rocks are presented. U-Pb de-
trital zircon geochronology indicates the latest Late
Jurassic maximum depositional ages of two sam-
ples from two distinct locations. Prominent Jurassic
zircon cluster in the first sample is consistent with
provenance from CRB-related Evros arc, whereas
the Triassic zircons come from the high-grade base-
ment. In the second sample, the main Permian and
Carboniferous zircon populations, minor Triassic
clusters and two Jurassic zircons reflect a prov-
enance mainly from the high-grade basement and to
a lesser extent from the Evros arc. These new results
indicate latest Late Jurasic sedimentation proximal
to the Evros arc (CRB) and along the continental
margin of Eurasia (Rhodope), respectively for the
studied first and second sample. The results further
support the presence of Mesozoic (Jurassic) oceanic
lithosphere mantle remnants within the metamor-
phic basement of the eastern Rhodope Massif. The
results obtained shed new light and could open a
discussion on the Late Jurassic clastic sedimenta-
tion along the transect from the continental margin
of Eurasia (Rhodope) towards the Evros arc system
of the eastern CRB.
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2024

El-Sharkawy, A., T. H. Hansteen, C. Clemente-
Gomez, J. Fullea, S. Lebedev, T. Meier. 2024.
Cenozoic volcanic provinces and shallow astheno-
spheric volumes in the Circum-Mediterranean: Evi-
dence from magmatic geochemistry, seismic tomo-
graphy, and integrated geophysical-petrological ther-
mochemical inversion. — Geochemistry, Geophysics,
Geosystems 25,9; DOIL: 10.1029/2023GC011017.

We compile an extensive catalog comprising geo-
chemistry and ages of Cenozoic volcanic provinc-
es in the Mediterranean region, distinguishing be-
tween three groups according to the geochemistry
of magmatic rocks: intraplate (IVP), subduction-
related (SRVP), and mixed-origin volcanic prov-
inces (MVP; intraplate with subduction imprint).
In order to relate their spatial distribution to prop-
erties of the lithosphere-asthenosphere system,
we determine temperature-depth profiles by inte-
grated geophysical-petrological inversion at repre-
sentative locations, using Rayleigh and Love wave
phase velocities, heat flow, rock densities, and
accounting for thermochemical conditions. The
results confirm the occurrence of thin lithosphere
(<100 km) above warm asthenosphere (>1,300°C)
in areas of low shear-wave velocities in the shal-
low upper mantle. Nine shallow asthenospheric
volumes (SAVs) between 70 and 300 km depths
are identified, forming a partly interconnected
belt across the Circum-Mediterranean. A remark-
able colocation exists between the SAVs and the
intraplate and mixed-origin volcanic provinces
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(IMVPs). Whereas dense networks of IMVPs have
formed above the SAVs, IMVPs are absent in ar-
eas of thick mantle lithosphere. Magmatic activity
in IMVPs at 60—70 Ma indicates that several SAVs
existed already in the Paleogene (Central Europe-
an, Adriatic, Western Mediterranean, and Moesian
SAVs). The formation of SAVs is related either to
asthenospheric upwelling caused by slab rollback
and back-arc extension (Aegean-Anatolian, Moe-
sian, Pannonian, Western Mediterranean SAVs),
or to thermal upwelling (Adriatic, Central Euro-
pean, Middle East [MEA], North African, Rhine-
Rhone SAVs), with some of the latter coupled
partly with continental rifting (Central European,
MEA, North African, Rhine Rhone SAVs).

Jordanova, D., N. Jordanova. 2024. Geochemi-
cal and mineral magnetic footprints of provenance,
weathering and pedogenesis of loess and paleosols
from North Bulgaria. — Catena, 243, 10813 1; https://
doi.org/10.1016/j.catena.2024.108131.

Loess—paleosol sequences (LPSs) from the Lower
Danube region are valuable archives of paleoenvi-
ronmental changes during the glacial-interglacial
epochs of the Pleistocene. The present study reports
a compilation of major, trace and rare earth elements
data on bulk material from loess and paleosols sam-
ples from nine LPSs from the Bulgarian part of the
Lower Danube area and 14 floodplain sediments from
localities along the Danube and five of its Bulgarian
tributaries. Analyses are complemented by measure-
ments of magnetic susceptibility and its frequency
dependence. The obtained results suggest that loess
from the Bulgarian plain of the Lower Danube area
is characterized by a systematically higher amount
of Ti-bearing minerals, hosting higher Cr content as
compared to loess from the Romanian plain, Serbia
and central European loess. Source—specific geo-
chemical fingerprints revealed compliance with the
signature of the floodplain sediments of Danube trib-
utaries fed by the Western Carpathians and the local
floodplain sediments from Danube tributaries in NW
Bulgaria. The distinct geochemical signal of the bulk
material from the visible 20 cm-thick tephra layer in
the second loess at the Suhia Kladenetz profile al-
lowed for tephro-stratigraphic correlation of this te-
phra with Taurano Yellow tuff from the Campanian
volcanic field and corresponding tephra layers from
regional palaeoarchives. This correlation led to the
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establishment of a robust chronologic marker for
the second loess L2 of Lower Danube loess with an
age estimate of 159.3 £ 1.6 ky. Comparison between
weathering indices and frequency dependent mag-
netic susceptibility showed that the weathering of un-
stable phyllosilicate minerals is linearly related to the
increased content of a strongly magnetic pedogenic
fraction. Calculated background magnetic suscepti-
bilities along a W — E transect exhibit a systematic
decrease and dependence on the Cr/V ratio, revealing
the effect of sediment fining along with the changing
amount of the mafic component.

Marcheyv, P., R. Raicheva, B. Jicha, M. Guillong,
R. Ivanova, O. Bachmann, R. Spikings, A. Okay,
P. Ozsvart. 2024. The large Rupelian Rhodope
Massif eruptions as the source of airfall tuffs in SE,
S and Central Europe: 40Ar/39Ar and U-Pb age
constraints. — Intern. J. Earth Sci.; DOI: 10.1007/
s00531-024-02457-z.

Numerous Priabonian and Oligocene tuff layers
within the Eastern and Central Europe Paratethys
and Tethyan sedimentary basins attest for exten-
sive volcanic activity during that period. However,
the sources of these eruptions are completely un-
known. Using precise radioisotopic dating, along
with their stratigraphic relationships, we correlate
some of these tuff layers with Rupelian eruptions
from the Rhodope Massif, South Bulgaria. Three
major silicic eruptions of ignimbrites and ash falls,
namely Dazhdovnitsa, Borovitsa and Perelik, with
ages of 33.2 Ma, 32.8 Ma and 31.6 Ma, respective-
ly, have been identified in the Rhodope Massif.
The ejected tephra was dispersed over more than 1
000 000 km? and the combined estimated volume
of thousands cubic kilometers, which marks this
period as one of the most voluminous sequence
of volcanic eruptions/explosions in Europe in the
Rupelian Stage. The areal coverage and estimated
volumes meet the requirements for volcanic su-
pereruptions and the wide geographic occurrence
of the products can be used as stratigraphic isoch-
ronous marker horizons for correlating, dating,
and synchronizing deposits and events in geologic
and paleoenvironmental studies. Further, the vol-
canic products were deposited during the early
Rupelian anoxic Paratethys events and we explore
the possible influence of volcanic eruptions on the
process of anoxia.



Tarassov, M., E. Tarassova. 2024. Conditions and
mechanism of crystallization of hydrous W-Fe ox-
ides with a pyrochlore-type of structure (elsmore-
ite group) in the oxidation zone of ore deposits.
— Minerals, 14, 4, 422; https://doi.org/10.3390/
min14040422.

The purpose of the article is to elucidate the con-
ditions and mechanism of crystallization of W-Fe
oxide minerals with a pyrochlore-type structure
(formerly ferritungstite, now elsmoreite group
minerals) based on (1) a study of representative
samples of secondary tungsten minerals from the
oxidation zone of the Grantcharitsa tungsten de-
posit (Bulgaria) and (2) laboratory experiments
under conditions suggested by the study of natu-
ral samples. It has been shown that crystallization
of W-Fe pyrochlores occurs easily and effective-
ly when treating WO, xFe,0,-nH,0 compounds
(meymacite and tungstite) with W-Fe-containing
solutions with pH 2.5-6.5 (70 °C); at the same
time, direct crystallization (direct low-tempera-
ture hydrothermal synthesis) of these phases from
aqueous solutions is unlikely. The crystallization
of W-Fe pyrochlores under natural and laboratory
conditions occurs through the oriented attachment
of their nanocrystals to the {111} faces of grow-
ing crystals. The nucleation of such nanocrystals
occurs in the bulk of the solution as a result of the
interaction of the W-Fe solution with the W-(Fe)
oxide hydrate precursor. The Fe/W ratio in the
resulting W-Fe pyrochlore phase depends on the
Fe/W ratio in the solution and precursor, as well as
on the pH of the solution.

Tarassov, M., E. Tarassova, V. Lyubomirova, M.
Stavrev, E. Tacheva, A. Benderev. 2024. Seasonal
variations in ochreous precipitates and drainage wa-
ters in the Grantcharitsa tungsten deposit, Western
Rhodopes, Bulgaria. — Minerals, 14, 11, 1090; https://
doi.org/10.3390/min14111090.

Seasonal variations of drainage waters and ochre-
ous products of their discharge from the closed
abandoned old gallery at the Grantcharitsa scheelite
deposit (Bulgaria) were studied by field and labo-
ratory methods for the period 2019-2023. The
drainage is generated under anoxic conditions and
is inherently diluted (EC = 100-202 pS/cm) with
S (6-12 mg/L), Si (6-22 mg/L), Na (6-10 mg/L),

Fe (0.2-3.3 mg/L), and W (0.19-3.5 pg/L), at a pH
4.4-6.5 and temperature 7-11.5 °C, with dissolved
oxygen DO (2.1-7.7 mg/L). The concentrations of
Fe and W and the pH of the water are variable and
reach their maximum values during the dry (au-
tumn) season. It was found that such parameters as
pH, Eh, DO, Fe and W content change dramatically
at a distance of up to 3 m from the water outlet; the
values of pH, DO and Eh are sharply increased with
a simultaneous nearly 5—-6-times reduction in iron
and tungsten content. The decrease in the contents
of these elements is associated with the precipita-
tion of ochreous material consisting of nanoscale
ferrihydrite with an intermediate structural ordering
between 2-line and 6-line ferrihydrite (major phase),
hematite, goethite, quartz, montmorillonite and
magnetite. The formation of ferrihydrite occurs as
a result of abiotic and biotic processes with the par-
ticipation of iron-oxidizing bacteria. Besides Fe,O,
(55.5-64.0 wt.%), the ochreous sediment contains
Si0O, (12.0-16.4 wt.%), SO, (1.3-2.4 wt.%), Al,O,
(3.1-6.8 wt.%) and WO, (0.07-0.11 wt.%). It has
been shown that drainage waters and ochreous sedi-
ments do not inherently have a negative impact on
the environment. The environmental problem arises
with intense snowmelt and heavy rainfall, as a re-
sult of which the accumulated sediments are washed
away and carried in the form of suspensions into the
water systems. It is suggested that by providing at-
mospheric oxygen access to the closed gallery (via
local boreholes), it is possible to stop the generation
of iron-enriched drainage.

Yossifova, M., D. Dimitrova, E. Tacheva, I. Ser-
geeva, R. Ivanova. 2024. Treatment of waters hav-
ing different ionic composition and pH with natu-
ral zeolites from Bulgaria. — Minerals, 14, 3, 245;
https:// doi.org/10.3390/min14030245.

The migration of 32 elements from natural zeolitized
tuffs from the Beli Plast and Golobradovo deposits
(Bulgaria) was determined in ultrapure, tap, min-
eral, and coal mine waters in order to evaluate their
desorption and adsorption properties. The tuffs are
Ca-K-Na and contain clinoptilolite (90 and 78 wt%,
respectively), plagioclase, sanidine, opal-CT, mica,
quartz, montmorillonite, goethite, calcite, ankerite,
apatite, and monazite. The desorption properties are
best revealed during the treatment of ultrapure, tap,
and mineral water, whereas the adsorption proper-
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ties are best manifested in coal mine water treat-
ment. The concentrations of Al, Si, Fe, Na, Mn, F,
K, Pb, and U increase in the treated ultrapure, tap,
and mineral water, while the content of K, Be, Pb,
and F increase in the treated mine water. The tuffs
show selective partial or complete adsorption of Na,
Mg, Sr, Li, Be, Mn, Fe, Co, Ni, Cu, Zn, Al, Pb, U,
and SO,*. They demonstrate the ability to neutralize
acidic and alkaline pH. Sources of F are presumed
to be clinoptilolite and montmorillonite. The usage
of zeolitized tuffs for at home drinking water treat-
ment has to be performed with caution due to the
migration of potentially toxic and toxic elements.

Zdravkov, A., A. Bechtel, D. Grop, 1. Koji¢, K.
Stojanovié, D. Zivoti¢. 2024. Paleovegetation and
environment during deposition of the Late Oligo-
cene sub-bituminous coal in the Bobov Dol Basin
(SW Bulgaria) as deduced from petrographic and
geochemical characteristics. — Intern. J. Coal Geol.,
285, 104489; DOI: 10.1016/j.coal.2024.104489.

Coal and carbonaceous shale samples were taken
from the Upper Oligocene Bobov Dol Basin, SW
Bulgaria. Seams Ia, I, Ila+b, III, IV and V from the
coal-bearing Bobov Dol Fm. were sampled to pro-
vide insights into the peat forming vegetation and
depositional environment based on detailed organic
petrological and geochemical study. The petro-
graphic composition indicates that both coals and
carbonaceous shales contain predominantly terres-
trial organic matter with abundant huminite macer-
als and locally enriched liptinite macerals. Inertinite
is rare or absent. Good tissue preservation in seams
I, IV and V indicates deposition under wet sedimen-
tary environment, whereas predominance of detro-
huminite and lower Tissue Preservation Index (TPI)
in seams la, IIa+b and III are linked to enhanced hu-
mification of the plant remains due to changes in the
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hydrological regime. The low percent of inertinite
and the overall high Gelification Index (GI), how-
ever, argue for peat formation under wetter climatic
settings, whereas low to moderate ash yields of coal
samples indicate organic matter deposition in oli-
go- to mesotrophic topogenous mires. Reconstruct-
ed evolution of the environmental settings during
peat formation denotes differences which might be
caused by changes in the hydrological regime and
tectonic activity. The biomarker composition shows
prevalence of gymnosperm-derived sesqui- and dit-
erpenoids, followed by lower concentration of n-
alkanes (apart from the carbonaceous shale samples
from seam la), whereas angiosperm-derived non-
hopanoid triterpenoids, acyclic isoprenoids, ster-
oids and hopanoids, are generally present in minor
amounts. Diterpenoid composition indicates domi-
nant contribution from Cupressaceae and Pinaceae
conifers. Minor amounts of predominantly lupane-
type non-hopanoid triterpenoids denote limited de-
velopment of angiosperm vegetation, presumably
mostly related to Betulaceae family. Relative abun-
dance of mid-chain (n-C21-25) n-alkanes, associ-
ated with elevated proxy ratio (Paq) furthermore,
suggest possible contribution from aquatic macro-
phytes to peat formation. Very low hopane concen-
trations and low/moderate $f/(Bp+af) hopane ratios
imply minor aerobic bacterial activity under mild
acidic conditions. The presence of inorganic carbon
suggests that environmental acidity might be con-
trolled by the occasional input of neutral to slightly
alkaline ground waters. Moderate sulfur contents
and the occurrence of hopenes denote anaerobic
bacterial activity after organic matter burial. Low
maturity of the organic matter and limited hydro-
carbon generation potential is indicated by the low
huminite reflectance, hopane (C31 22S/(22S+22R))
and sterane (ocaC29 20S/(20S+20R)) isomeriza-
tion ratios, as well as Rock-Eval parameters, Tmax
and Production Index (PI).



