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Abstract. The geochemical features of manganese mineralization near Pripek village, Varna district, are studied. The
manganese mineralization was observed as irregular levels of manganese oxides, manganese-rich layers, manganese-
rich clasts or nodules where MnO reaches up to 45 wt%. Elevated contents of the trace elements Ni, Cu, Sr, Zr, Mo,
Ba, and U are also measured. Their REE patterns show differences compering to both the Mn mineralization in the
Obrochishte deposit and Mn nodules among acidic volcanoclastic rocks in the Eastern Rhodopes, and cannot clearly
indicate the source of manganese. Our study shows that the Pripek manganese deposit has a good potential for pros-

pecting and possible mining for critical elements.
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Introduction

Manganese is one of the elements in the ever-in-
creasing EU list of critical raw materials determined
by the EU economic development that requires a sta-
ble raw material supply (COM 2023, 160). Except
the largest manganese Obrochishte deposit, there
are few small Mn deposits in NE Bulgaria, some
of them being exploited in the past. In our paper
we present the geochemical features of manganese
mineralization near Pripek village, Varna district, in
order to test critical elements content.

Geological setting

The Varna manganese ore region occurs in the
Moesian Platform, in the area of Varna Depression
(Popov, Popov, 2022). It occupies an area of about
1,500 km? spread from the border with Romania
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to the north to the town of Byala to the south. Eo-
cene—Neogene sediments crop out in the area. The
manganese ores were deposited among the sedi-
ments of the Oligocene Ruslar Formation (Aladjo-
va-Hrischeva, 1991; Stoykova, Juranov, 2005). The
Ruslar Formation overlies unconformably the sedi-
ments of the Avren Formation and is transgressively
overlain by coarse-grained sandstone of the Galata
Formation (Cheshitev et al., 1994). The Ruslar For-
mation is built up of irregular alternation of very
fine to fine-grained clayey sandstones, intercalated
with clay laminae and silty clays, sandstone lenses,
radiolarian levels with siliceous sponge spicules
and fish scales (Aladjova-Hrischeva, 1991; Stoyko-
va, Juranov, 2005; Vangelova et al., 2005).
Manganese ores in the area of Pripek village,
Varna district, were investigated in details by Vassi-
lev et al. (1959). They established manganese min-
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eralization in three ore-bearing levels. The first one
occupies the lower part of the clayey-terrigenous
package, building up ca. 20 m thick interval, but
with a low ore content. The second level, ca. I m
thick and with high manganese concentrations, is
located immediately above layers of spongolitic
clays. The third level is at the base of a clayey pack-
age and is also with a low ore content. Manganese
carbonates are determined as primary ore minerals.
On the land surface and to some depth, manganese
carbonates were altered into manganese hydrox-
ides. The oxidation of the ore layer is gradual, with
mixed ores transitions. Layered and nodular ore
structures are distinguished. X-ray amorphous cal-
cium psilomelan, rancieite, Fe-hydroxides (hydro-
goethite), opal, calcite, phosphate phases, glauco-
nite, and clastic minerals (quartz, feldspars, etc.) are
detected in the oxide ores.

Methods

Mineralogical and petrological characteristics of Mn
mineralization and host sediments were studied in
thin and polished sections. X-ray Diffraction (XRD)
in the Institute of Physical Chemistry of Bulgarian
Academy of Sciences was used to characterize the
Mn phases and associated minerals. The chemical
compositions of the minerals were analyzed at the
Earth Institute of the Slovak Academy of Scienc-
es, Banska Bystrica, Slovakia, using a JEOL JXA
8530F field-emission electron-microprobe in WDS.
Whole rock chemical composition of the stud-
ied samples was measured by X-ray fluorescence
(XRF) at the laboratories of the Sofia University “St
Kliment Ohridski”. The trace element composition
of minerals and bulk samples was measured with
LA-ICP-MS (New Wave UP193FX excimer laser
combined with a PerkinElmer ELAN DRC-e ICP-
MS) at the Geological Institute, Bulgarian Academy
of Sciences.

Results

The manganese mineralization near Pripek village
was observed in poor exposed and isolated outcrops.
In a quarry north of Pripek, thick-bedded massive
sandstones layered with three irregular levels of
manganese oxide mineralization were established
(Fig. 1a), with MnO content up to 10-15 wt%. At
the entrance of an old mine gallery (Fig. 1b), a bed
with manganese mineralization with MnO content
between 30 and 45 wt% was partially exposed.
There are also manganese-rich clasts or nodules
found in the area with MnO content up to 44 wt%.
Thin-bedded sandstones with thin manganese layers
and/or manganese impregnations are exposed above
the gallery, in which MnO reaches up to 1 wt%.

176

East of Pripek, loose sandstones are exposed with
manganese rich mineralization as large separate
fragments which form an indistinct layer, heavily
eroded and probably reworked (Fig. 1c). White and
brown oval aggregates up to 1 cm in diameter are
observed in manganese mineralization (Fig. 1d)
with MnO content between 26 and 35 wt%.

The host sandy sediments are composed of
quartz, feldspars, muscovite, and calcite, while
the manganese mineralization is of rancieite and
todorokite. The BSE images show that the man-
ganese mineralization cements detrital quartz, pla-
gioclase, potassium feldspar, epidote, ilmenite, per-
forms pseudomorphosis on calcite foraminifer test
(Fig. le), and in some cases fills voids along with
calcite (Fig. le, f). The EPMA study showed com-
positions are close to rancieite and todorokite, often
being a mix between the two minerals. In-situ LA-
ICP-MS analyses of manganese phases show high
contents of the trace elements (in ppm): Li (22—
103), Co (up to 261), Ni (22-402), Cu (up to 81),
Sr (1097-6424), Mo (12.5-90), Ba (up to 3086), Pb
(up to 539), U (4-84.5). The ZREE varies from 20.4
to 158.9 ppm. The chondrite-normalized REE pat-
terns of the manganese phases are similar and show
LREE enrichment and flat MREE and HREE pat-
terns. The REE patterns show variable positive or
negative Cerium (Ce* = 0.09-4.14) and European
(Eu* = 0.26-2.40) anomalies.

Manganese-rich host sediments contain MnO
between 10 and 45 wt% and elevated contents com-
pared to the Mn-free host sediments of the elements
(ppm): Ni (90-232), Cu (up to 60), Sr (260-2075),
Zr (78-341), Mo (22-236), Ba (252-2806), U (up
to 31). The ZREE does not differ from the XREE
in the host rocks varying from 44 to 126 ppm (one
analysis of host rock is rich in REE — 349.42 ppm).
Chondrite-normalized REE patterns of both the
host rocks and Mn-rich sediments are similar to
those of the Mn minerals — enrichment of LREE
and flat MREE, and HREE patterns, weak posi-
tive or negative cerium anomaly (Ce* = 0.68—1.55)
and more pronounced negative Eu anomaly (Eu* =
0.23-1.36).

Discussion and conclusions

The studied manganese mineralization near Pripek
village consists of manganese oxyhydroxides ran-
sieite, and todorokite. Elevated contents of the trace
elements Ni, Cu, Sr, Zr, Mo, Ba, U are also meas-
ured. The manganese oxyhydroxides are considered
as oxidation products of primary carbonate manga-
nese ores (Vassilev et al., 1959). Primary carbonate
and silicate manganese ores are common in Obro-
chishte deposit, also included in the Ruslar Forma-
tion, but located at a depth of more than 300 me-
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Fig. 1. a, very thick sandstones interlayered with irregular beds and lamina of manganese oxide mineralization; b, thick bed of
manganese mineralization at the entrance of an old mine; ¢, loose sandstones with rich manganese mineralization in the form of
large fragments that form an irregular layer, heavily eroded and possibly reworked; ¢, white and brown oval aggregates in manga-
nese mineralization; e—f, BSE images of Mn mineralization (MnOx): e, Mn mineral pseudomorphosis on foraminifer test, detrital
quartz (Qz) and potassium feldspar (Kfs) cemented by calcite (Ct) and Mn mineral; f, elongated crystals of Mn mineralization in a
void among detrital quartz.

ters underground (Alexiev, Nacheva, 1969). The Eu anomalies. In the Chiatura deposit in Georgia,
negative Ce and Eu anomalies found in the Obro-  which is similar to the Obrochishte deposit, nega-
chishte ores by Dekov et al. (2020) are in contrast tive Ce anomalies in both carbonate and oxide Mn
to the Pripek mineralization with varying Ce and ores are established (Kuleshov et al., 2023). The as-
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sumption of Dekov et al. (2020) for thick lateritic
soils enriched in Fe and Mn as a Mn source was not
supported by the new data received for the Pripek
mineralization. They indicate probably a different
Mn source and/or carbonate ore oxidation reflected
on the REE fractionation. The patterns found for the
Pripek mineralization differ also from the hypoth-
esis of Marchev et al. (2024) for a significant contri-
bution of volcanic material from large eruptions in
the East Rhodope region. The data for Mn nodules
found among acid volcanoclastic rocks in the East-
ern Rhodopes — distinguished by elevated contents
of V, Co, Y, Mo, Ba, W, Tl, Pb, REE and positive
Ce anomaly (Hikov et al., 2024, this volume), at this
stage of the study exclude volcanic material from
the Rhodope region as the only feeding source.

The oxidized form of manganese in the Pripek
deposit, as well as the elevated contents of some
trace elements suggest a reassessment of the ores in
the deposit. Our study shows that the Pripek manga-
nese deposit has good potential for prospecting and
possible mining of critical elements.
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