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2021

Benderev, А., M. Trayanova, M. Tarassov, Е. 
Tarassova. 2021. Conditions and processes of 
precipitation of iron compounds upon discharge 
of high-mineralized artesian water from artesian 
borehole R-30, Staro Oryahovo, Bulgaria. – Envi-
ronmental Geochemistry and Health; DOI:10.1007/
s10653-021-01107-6

The artesian borehole R-30 Staro Oryahovo with to-
tal depth of 1740 m gives waters of chlorine-sodium 
type with a mineralization of 31 g/L from forma-
tions of Paleogene age. These waters contain high 
concentrations of Fe and because of this, intense 
precipitation of iron compounds takes place at and 
around the wellhead. To clarify the ongoing process-
es, samples of precipitates and overflow water were 
taken. It was shown that the predominant form of 
iron in the water before reaching the surface is Fe2+ 
85–90% and FeCl+ 4–11%. The calculated satura-
tion index for a number of Fe2+-containing minerals 
showed that hydroxides and sulfates of Fe2+ are the 
possible candidates for sources of iron in the water. 
The reductive dissolution of wide spread Fe3+-con-
taining minerals (hematite, goethite) was assumed 
as a possible alternative process releasing Fe2+ into 
water. At the surface, due to the contacts with the 
atmospheric oxygen, the environment is sharply 
changed to oxidizing one thus forming a geochemi-
cal barrier and causing mass precipitation of Fe3+ 

oxides. Simultaneous Fe2+ oxidation, hydrolysis of 
Fe3+ and co-precipitation with silica and other com-
ponents are assumed as the major processes causing 
the formation of low-crystalline Si-containing fer-

rihydrite or ferrihydrite-like phase. After formation, 
the precipitated gels due to the processes of aging 
and continued interaction with the outflowing wa-
ter have suffered the further change including the 
formation of goethite. It was shown that due to the 
intensive precipitation processes, the iron migration 
to the surface is limited to a very small area and 
does not affect adjacent agricultural territories with 
Fe.

Bonev, N., P. Filipov, R. Raicheva, R. Moritz. 
2021. Detrital zircon age constraints for Late Per-
mian to Late Triassic clastic sedimentation in the 
northern-western Sakar-Strandzha Zone, SE Bul-
garia. – Intern. J. Earth Sci., 111, 2; DOI: 10.1007/
s00531-021-02125-6.

Clastic units unconformably overlie the metamor-
phic basement of the northern and western parts 
of the Sakar-Strandzha Zone (SASTZ) in south-
east Bulgaria, with suspected late Paleozoic-early 
Mesozoic depositional ages. In this article we pre-
sent new geochemical data and U-Pb detrital zircon 
geochronology for ten samples from these clastic 
units. The sedimentary textures are preserved de-
spite the rocks experienced a very-low to low-grade 
metamorphic overprint. Geochemistry reveals main 
compositions of arkoses-subarkoses, which have 
similar trace element and REE characteristics when 
compared to the upper Carboniferous–Permian and 
Middle Triassic magmatic bodies in the SASTZ. 
The source for the sedimentary material derived 
from acid magmatic rocks of recycled continental 
arc as demonstrated by tectonic setting discrimina-
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tion. U-Pb detrital zircon geochronology revealed 
Late Permian (Lopingian) to Late Triassic (Carni-
an) maximum depositional ages of the clastic units 
in the range of 259 Ma to 226 Ma. The main age 
cluster of Carboniferous zircons (357–301 Ma) is 
followed in decreasing amount of Permian (298–
255 Ma), Ordovician–Silurian (486–419 Ma), Cam-
brian (542–495 Ma), Neoproterozoic (923–549 Ma) 
and Triassic (249–226 Ma) age clusters. Few Meso- 
and Paleoproterozoic (2100–1009 Ma), Neoarchean 
(2670–2547 Ma) and Devonian (378 Ma and 365 
Ma) zircons are present. The prominent clusters of 
detrital zircons are sourced from the proximal upper 
Carboniferous–Permian and Middle Triassic mag-
matic bodies, while Devonian to Cambrian zircons 
have their source from proximal to distal Ordovi-
cian and Cambrian magmatic bodies and the meta-
sedimentary protoliths of the SASTZ metamorphic 
basement, from which inherited Proterozoic-Neoar-
chean zircons are recycled into the late Permian to 
Late Triassic clastic units. The latter are correlated 
across the northern and western parts of the SASTZ 
based on their lithology and depositional ages. Most 
importantly the main detrital zircon clusters testify 
for the destruction of the late Carboniferous–Per-
mian to Middle Triassic magmatic arc system of the 
SASTZ and related continental type fluvial-alluvial 
sedimentation. The provenance from the Cadomian 
magmatic arc system along the northern periphery 
of Gondwana is a likely detrital signature for the 
Neoproterozoic-Cambrian zircons, whereas the 
provenance of the Mesoproterozoic to Neoarchean 
detrital zircons might be sought from the Sahara 
Metacraton and/or Arabian-Nubian Shield in the in-
ternal parts of Gondwana. Compared detrital zircon 
record of the SASTZ is similar to the same record in 
the adjacent Rhodope and Serbo-Macedonian zones 
implying a common Paleozoic paleogeographic po-
sition, but these zones differ from the detrital record 
in the İstanbul Zone, also adjacent to the SASTZ.

Dyulgerov, M. 2021. Mineralogical characteristic 
and trace elements partitioning in peralkaline rocks 
from Svidnya pluton, Bulgaria. – In: XIII National 
Petrographic Conference. Irkutsk, 263–265.

Gadzhalov, D., I. Marinova. 2021. Styles of epi-
thermal mineralization in the Surnak deposit, Krou-
movgrad goldfield, SE Bulgaria. Data from surface 

outcrops. – Geologica Macedonica, Proceedings of 
4 Macedonian Geological Congress, 35, 5, 179–
189.

The paper presents styles of mineralization in the ep-
ithermal, low-sulfidation Surnak gold deposit in SE 
Bulgaria, of ongoing exploration. Data comes from 
sampling of surface outcrops within the deposit. 
The samples were examined for textures and miner-
al composition by stereomicroscope, optical micro-
scope in transmitted and reflected light, and powder 
X-ray diffraction. Two major styles are recognized: 
layer-like one of pervasive massive silicification 
of both pre-Paleocene metamorphic basement and 
overlying Paleocene–Eocene sediments, and a vein/
veinlet one of quartz, quartz-adularia, pyrite and 
barite veinlets, which cross-cut the first style. Pyrite 
is the main ore mineral and the vein/veinlet style 
seems more promising for precious metals than the 
layer-like one. Presence of colloform quartz and 
quartz microspheres in veinlets indicates high su-
persaturation in respect to quartz likely achieved 
through episodic boiling of fluids. However, non-
boiling fluids appear to have predominated. A com-
parison with the next bigger Khan Krum deposit is 
made and considerations about some textural and 
mineral differences are expressed.

Tarassov, M., E. Tarassova, A. Benderev, M. 
Stavrev, E. Tacheva, A. Nikolov, M. Trayanova. 
2021. Tungsten in soils, sediments and waters in the 
area of the Grantcharitsa tungsten deposit, Western 
Rhodopes, Bulgaria. – Geologica Macedonica, Pro-
ceedings of 4 Macedonian Geological Congress, 
35, 5, 191–195.

The paper reports the results of studying the con-
tents, distribution and forms of occurrences of W 
in the oxidation zone, soils, stream sediments and 
waters, drainage waters and their precipitates in the 
area of Grancharitsa deposit, Bulgaria. It is cur-
rently not developed although is one of the largest 
deposits of W in the Europe. Scheelite, tungsten 
secondary minerals (Fe-containing meymacite, 
tungstite, hydrotungstite, hydrokenoelsmoreite) and 
W-enriched goethite and hematite are the most typi-
cal of W carries in the oxidation zone of the deposit. 
It is found that, the amount of the tungsten miner-
als – ferrihydrites is considered the main carrier of 
W. For W in the soils there is a pronounced zonal 
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distribution – the highest contents are typical for the 
upper parts (topsoil) of the soils. In the stream sedi-
ments the content of W is 20–60 ppm and mainly is 
related to the presence of scheelite – the contents of 
W are higher in the areas of abandoned prospect-
ing galleries. All waters (surface, underground and 
drainage) in the area of the deposit are with low sa-
linity – 70–120 mg/L. The surface waters are poor 
in W<1 mg/L while in the underground water the 
W content reaches 20 µm/L. Drainage waters are 
with variable contents of W – 0.01–3 µm/L which is 
actively removed from the water by newly formed 
low crystalline ferric iron oxide/hydroxide precipi-
tates. It is concluded that the geochemical behavior 
of W in the area of the deposit is closely associated 
with the behavior of Fe – from decomposition of the 
primary scheelite and formation of the secondary W 
minerals to intensive sorption of W and purification 
of waters by low crystalline ferric iron oxide phases.

2022

Balkanska, E., S. Georgiev, A. Kounov, M. An-
tic, T. Tagamis, J. Wijbrans, , S. Suefka, I. Pe-
ytcheva. 2022. Low-temperature constraints on 
the Alpine thermal evolution of the central parts of 
the Sredna Gora Zone, Bulgaria. – Geol. Carpathi-
ca, 73, 1, DOI: 10.31577/GeolCarp.73.1.1

The central parts of the Sredna Gora Zone in Bul-
garia have experienced a complex Alpine tectonic 
evolution. The main tectonic and thermal events 
since the end of the Triassic are the Late Jurassic–
Early Cretaceous (early Alpine) and Late Creta-
ceous–Paleogene (late Alpine) compression sepa-
rated by Late Cretaceous volcanic-arc magmatism 
and intra/back-arc extension and basin formation. 
During most of the Cenozoic, the area was mainly 
under post-orogenic extension. Here, we present 
the first apatite and zircon fission-track results and 
new muscovite and biotite 40Ar/39Ar analysis on 
upper Carboniferous–Permian granitoids together 
with Upper Cretaceous volcanic and subvolcanic 
rocks and upper Maastrichtian–Danian conglom-
erates from the Panagyurishte basin, which al-
lowed us to reveal the Alpine thermal and tectonic 
evolution of the central parts of the Sredna Gora 
Zone. Our new results disclosed the existence of 
several thermal and cooling episodes related to dif-
ferent tectonic and magmatic events in the stud-

ied area. The 40Ar/39Ar dating of samples from the 
metamorphic basement constrain the thermal peak of 
an early Alpine thermal event at about 140–138 Ma  
at temperatures between ~300 and 400 °C. 
Through the apatite FT dating and thermal model-
ling, the time of a late Alpine (post-Danian) event 
was constrained at 65–55 Ma, during which the 
tectonically buried sediments of the Panagyurishte 
basin reached temperatures of <120 °C. The post-
early Eocene cooling and exhumation of the cen-
tral parts of the Sredna Gora Zone metamorphic 
basement was related to post-orogenic extension 
and denudation which took place probably in two 
stages during the middle Eocene to Oligocene.

Bonev, N., M. Chiaradia, R. Moritz. 2022. 
Strontium isotopes reveal Early Devonian to Mid-
dle Triassic carbonate sedimentation in the Sakar-
Strandzha Zone, SE Bulgaria. – Intern. J. Earth 
Sci., 111(4), DOI: 10.1007/s00531-022-02181-6.

We focused on the Sakar-Strandzha Zone (SAS-
TZ) carbonate sequences in Bulgaria, where the 
Sakar, Subbalkanide and Strandzha Triassic facies 
types are presented. Strontium isotopic composi-
tions of carbonate samples from the Triassic type 
section of the Sakar unit confirm an Early–Mid-
dle Triassic age of sedimentation consistent with 
biostratigraphic data, whereas the strontium iso-
topic compositions of other Sakar-type inferred 
Triassic sections suggest an early Permian depo-
sitional age. The strontium isotopic compositions 
of a Strandzha-type Triassic carbonate sample are 
in agreement with Middle Triassic sedimentation. 
A few Subbalkanide-type Triassic carbonate sam-
ples from the northern and western SASTZ yielded 
strontium isotopic compositions indicating an Early 
Devonian sedimentation. The new results indicate 
late Paleozoic–early Mesozoic sedimentation, and 
require most of the Subbalkanide-type Triassic and 
some of the Sakar-type inferred Triassic carbonate 
sequences in the SASTZ to be revisited.

Georgiev, S., D. Dimitrova, M. Yossifova, M. 
Vetseva, R. Ivanova. 2022. Revealing the age of 
the detrital component and the potential sources of 
Miocene distal large pyroclastic eruptions recorded 
in Maritsa East lignite basin, Bulgaria. – Geol. Car-
pathica. Preconference CBGA Special Issue.
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This contribution presents the age of the detrital 
zircons from the coal bearing Miocene succession 
of Maritsa East lignite basin. We report a new find-
ing of thin kaolinized pyroclastic beds (tonstein) 
in the coal bearing succession. The analysis of the 
detrital age component shows sedimentary input 
from the basement of the proximal area. The most 
abundant age cluster 290–315 Ma shows that the 
predominant sources are the upper Carboniferous–
lower Permian intrusions in the area. The newly 
recognized tonstein beds represent the products of 
large distal pyroclastic eruptions and are an impor-
tant element of the sedimentary succession. They 
are dated at 14.28±0.42 Ma which corresponds 
to the absolute age of the organic matter deposi-
tion of the productive middle lignite seam. Their 
source most likely could be related to the Miocene 
acid paroxysm ignimbrite eruptions in the Pannon-
ian basin. 

González-Jiménez, J. M., I. Sergeeva, Th. Kere-
stedjian, F. Gervilla. 2022. Subducted iron and 
glassy spherules in the upper mantle? – Boletin 
de la Sociedad Geologica Mexicana, 74, 3, 1–14; 
DOI: 10.18268/BSGM2022v74n3a200722.

Spherules are documented in ophiolitic mantle rocks 
such as peridotites and associated chromitites. They 
consist of: (1) native iron having variable amounts 
of Ni with/without inclusions of silicate glass or ox-
ides (wüstite), (2) dendritic intergrowth of oxides 
(magnetite, wüstite and hematite) with/without sili-
cate glass and, (3) silicate glass. Consensually, they 
are interpreted as indigenous to chro-mitites and re-
lated with high-temperature processes operating in 
the Earth‘s upper mantle. However, their similarity 
with terrestrial and extra-terrestrial spherules found 
in other settings of the geological record is remark-
able. We raise the question on such indigenous ori-
gin, relating them to volcanic and cosmic material 
recycled back to the mantle wedge where chromi-
tites form during subduction.

Gumsley, A., I. Gerdjikov, A. Kounov, D. Chew, 
K. Szopa, A. Gumsley, I. Kocjan, В. Marciniak-
Maliszewska, F. Drakou. 2022. Variscan mag-
matic evolution of the Strandja Zone (Southeast 
Bulgaria and Northwest Turkey) and its relation-
ship to other North Gondwanan margin terranes. – 

Gondwana Res., 109, 5, 253–273; DOI: 10.1016/j.
gr.2022.04.013

The Strandzha Zone, straddling the border between 
Bulgaria and Turkey, is often assigned to either the 
Balkanide or the Pontide thrust belts of the Alpine 
orogen in the Black Sea region. Previous studies 
have considered this zone, which originated on the 
North Gondwanan margin, as part of a late Carbon-
iferous to Triassic magmatic arc associated with 
the subduction of the Paleo-Tethys Ocean beneath 
Eurasia. Magmatism has been regarded as repre-
senting one continuous or two separate stages oc-
curring under different tectonic settings. We present 
new LA-ICP-MS U-Pb zircon ages together with 
field, petrographic and geochemical studies of vari-
ably deformed granites from the Sakar Batholith 
and Levka рluton of the Sakar Unit in the Strandzha 
Zone. The new U-Pb ages from Sakar Batholith (ca. 
306 Ma) and Levka рluton (ca. 319 Ma) demand 
a re-evaluation of previously published U-Pb crys-
tallisation ages from these magmatic bodies. The 
U-Pb age reported for the Levka рluton also pro-
vides an upper age limit for the timing of Variscan 
metamorphism. The late Carboniferous to early 
Permian magmatic evolution of the Strandzha Zone 
displays a strong resemblance to that of the Sred-
na Gora Zone. Both units, probably together with 
Serbo-Macedonian Metamorphic Complex and Sa-
karya Zone, were part of the metamorphic core of 
the Variscan Orogen.

Kouzmanov, K., R. Moritz, M. Chiaradia, D. Fon-
tignie, C. Ramboz. 2022. Sr and Pb isotope study of 
Au-Cu epithermal and porphyry-Cu deposits from 
the southern part of the Panagyurishte district, Sred-
na Gora zone, Bulgaria. – In: Piestrzynski, A. (Ed.), 
Mineral Deposits at the Beginning of the 21st Cen-
tury, CRC Press; DOI: 10.1201/9781003077503-
137.

Nikolova, R. P., N. Petrova, Z. G. Delcheva, L. 
V. Tsvetanova, T. Stanimirova, I. Piroeva. 2022. 
Serpierite polytypoids from Zvezdel, Bulgaria, 
and Lavrion, Greece. – Mineralogy and Petrology; 
DOI: 10.1007/s00710-022-00797-9.

Structural characteristics of serpierite samples 
from Zvezdel, Bulgaria, and Lavrion, Greece, 
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are reported. The thermal behaviour of serpierite 
from Lavrion is discussed. The chemical composi-
tion of the studied samples is analysed by energy-
dispersive spectroscopy (EDS) and confirmed by 
single-crystal structure refinements. The obtained 
chemical formulas correspond well to that of ser-
pierite with Cu:Zn ratio varying between 2.9 and 
5.6. The sample from Zvezdel, with composition 
Ca[Cu3.3Zn0.7(OH)6(SO4)2•3H2O, crystallizes in 
the monoclinic crystal system, with space group I2 
and unit-cell parameters a = 18.418(3), b = 6.220(1), 
c = 12.091(2) Å, β = 90.78(1)˚, whereas the one 
from Lavrion Ca[Cu2.8Zn1.2(OH)6(SO4)2]•3H2O, 
shows similar unit-cell parameters a = 18.394(1), b = 
6.256(1), c = 12.097(1) Å, β = 90.92(1)˚, but higher 
I2/m space-group symmetry. Both studied crystals 
exhibit serpierite structure topology, but different 
stacking sequence of the octahedral layers. While in 
previously studied serpierite of Sabelli and Zanazzi 
(Acta Cryst B24:1214-1221, 1968) there are two 
layers per unit cell, in currently studied samples 
there is only one. As a consequence, their unit-cell 
volumes are half than that of the first structurally 
characterized serpierite specimen with SG C2/c and 
unit-cell parameters a = 22.186(2), b = 6.250(2), c 
= 21.853(2) Å, β = 113.36(1)˚. Taking into account 
the structural peculiarities of the studied samples 
they are considered as serpierite polytypoids.

Vladinova, Tz., M. Georgieva. 2022. Metamor-
phism of the westernmost Triassic metasedimentary 

rocks in the Sakar unit, Sakar, Strandja zone, Bul-
garia. – Geol. Carpathica (in press).

Metasedimentary sequence of the westernmost Sa-
kar-Strandzha Zone, Sakar unit (Klokotnitsa village 
area) comprises a variety lithologies with Triassic 
protolith age. In the study area Sakar Unit is affect-
ed by low-grade metamorphism in the frame of the 
Maritsa dextral strike-slip shear zone and separates 
two first-order units of the Balkan orogenic system 
– Rhodope massif and Srednogorie Zone. We pre-
sent petrography, mineral chemical data and ther-
modynamic modelling of metasediments for better 
understanding the protoliths origin and metamor-
phic evolution. The mineral assemblages in Triassic 
metasediments suggest sedimentary protoliths con-
taining quartz, clay and carbonate minerals (sand-
stones, clays and limestones). The detrital miner-
als (quartz, albite, orthoclase and accessory phases 
– zircon, monazite, apatite) reveal potential granite 
source provenance. The dominance of phengite-
chlorite association correlates with low tempera-
ture and water-saturated conditions. The Perple_X 
pseudosection combined with modelled mineral as-
semblages and mineral chemistry isopleths of mus-
covite and chlorite correspond to metamorphism 
in the range 300–350 °C and 3–4 kbar. The results 
coincide with chlorite geothermometer. The ther-
modynamic modelling corroborates petrographic 
observations and proves greenschist metamorphic 
conditions that affected the Triassic sedimentary 
cover of the westernmost Sakar unit.


