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Abstract. The study presents new field data combined with detailed mineralogical and geochemical research of the 
Mn- and Fe-bearing ore occurrences located in the areas of the towns of Sliven and Yambol. The two Mn (± Fe)-
bearing mineralized areas are formed in a similar position at the contact between the volcanic materials and the clayey 
limestones of the upper Santonian Draganovo Formation. Ore minerals show varying layered-like to massive mor-
phology or form nests, coatings and needle-like aggregates associated with quartz, calcite, and barite. More significant 
trace elements in the manganese oxides from the Glushnik ore occurrence are Cu, Zn, As, V, and P while the ore 
phases at the Izvor ore occurrence are predominantly enriched in Ba, Sr, V, Cu, and Zn.
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Introduction
The development of new technologies and the 
transition to green renewable energy production 
worldwide is resulting in the increasing consump-
tion of various metals (REE, PGE, W, Ga, Ge, Re, 
Sb, In, Nb, Ta, etc.). In the published final report 
concerning the fifth technical assessment of critical 
raw materials (CRM) for the EU, 34 raw materials 
were proposed (Grohol, Veeh, 2023). Among them, 
manganese is considered a critical and strategic raw 
material (CSRM).

The interest in the Mn ore occurrences near the 
towns of Sliven and Yambol is caused by the op-
portunity of studying a Mn-and Fe-oxide-hydroxide 
mineralization there with modern analytical meth-
ods and to compare it with already studied materials 

from similar ore occurrences in the area of Panagy-
urishte ore region (e.g. Chavdarova et al., 2022) and 
the vicinity of the village of Pozharevo (e.g. Hikov 
et al., 2023). The main goal in the future is to make 
a general summary of the geochemistry of this type 
of ore on the territory of Bulgaria, which could con-
tribute to the clarification of its potential as CSRM 
in our country.

Geological setting
Existing geological reports and published data on 
Mn and Fe ores defined an approximately 12 km 
long Mn-bearing (± Fe) strip along the southern 
slopes of the Stara Planina Mts., east-southeast 
of the town of Sliven. The ore-bearing zone has 
been outlined north of the villages of Kaloyanovo, 
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Glushnik, Trapoklovo, and Gorno Aleksandrovo 
which is partly exploited (e.g. Yovchev, 1961). A 
similar type of ore mineralization has also been es-
tablished north-northwest of the town of Yambol 
around the village of Kabile (Izvor) and the town 
of Kermen. In modern metallogenic studies, these 
Mn-bearing occurrences are defined as Trapoklovo 
mineralized area of the Burgas Ore Region that is 
part of the Late Cretaceous Srednogorie metallo-
genic zone (Popov, Popov, 2022). Our field obser-
vations/sampling were carried out in/around some 
of the main Mn (± Fe) ore occurrences of the area, 
namely Glushnik and Izvor (Fig. 1a).

The Glushnik ore occurrence is located im-
mediately north of Glushnik village about 17  km 
east-southeast of Sliven. The ore-bearing bodies 
lie in the upper levels of the Draganovo Formation 
(Petrova et al., 1980; Popov et al. 1980). The lat-
ter is composed predominantly of diverse volcanic 
pyroclastic rocks (thick-bedded volcanic bombs, 
lapilli and ash tuffs) and individual lava flows/
domes of trachyandesitic and trachytic to alkali tra-
chytic composition. The sediment cover of the Dra-
ganovo Formation is represented mainly by reddish 
clayey limestones and marls, sandstones, shales, 
etc., dated Upper Santonian (Petrova et al., 1980). 
In the range of the Glushnik ore occurrence, the red 
marls and volcanics are overlain to the north by dense 
gray limestones of the Emine Flysch Formation with 
Campanian–Maastrichtian age (e.g. Kanchev, 1995a; 
Savov, Filipov, 1995).

About 27  km south of the Mn-bearing (±  Fe) 
strip near Sliven, in the vicinity of the village of Ka-
bile, numerous small ore rock fragments have been 
found, scattered among cultivated territory. They 
are most likely part of the manganese level of the Iz-
vor ore occurrence established in the Kostepe local-
ity west of Kabile. Manganese ore marks probably 
the lithological contact between the volcanic and 
sedimentary rocks of the Volcanogenic-Sedimen-
tary Formation (Santonian–Campanian) (Tzankov 
et al., 1995) represented by an alternation of tuffs, 
marls, limestones and sandstones, andesite flows, 
and subvolcanic bodies.

Samples and analytical methods
The samples were collected during field studies in 
the Glushnik and Izvor regions. The mineral rela-
tionships were observed using a polarizing micro-
scope Leica DM750P at the Geological Institute, 
Bulgarian Academy of Sciences (GI-BAS). The 
major elements were determined using a JEOL 
JXA–8530F equipped with Wavelength-Dispersive 
X-ray spectroscopy (SEM-WDS) at the Earth Sci-
ence Institute (ESI), Slovak Academy of Sciences 
(SAS), Banska Bystrica. X-ray fluorescence (XRF) 

analysis was used to define the whole-rock com-
position at the Faculty of Geology and Geography, 
Sofia University (SU). Trace element content in the 
ore/gangue minerals and whole-rock samples was 
measured using the LA-ICP-MS equipment of the 
GI-BAS (PerkinElmer ELAN DRC-e ICP-MS with 
a New Wave UP193FX LA system). The raster ele-
ment maps were made using instrument M4 TOR-
NADO (Bruker) in the laboratory of X-ray fluores-
cence spectrometry (ESI, SAS).

The data presented in this work are mainly from 
samples GL24-5 and GL24-14 (Glushnik area) and 
sample KA-2b (Izvor area).

Results
The ore mineralization at the Glushnik ore occur-
rence forms multiple layered lenticulars to irregular 
bodies with variable size (thickness between 0.30 
and 3–4 m; length between 2 and 30 m; Fig. 1b). Оre 
minerals crystallize as nests, disseminations, coat-
ings, in veinlets or form massive aggregates (Fig. 1c–
g). Mineral association including mainly Mn oxides 
and barite is observed in almost all studied samples 
from the Glushnik, which is also evident from the 
XRF element maps and SEM-BSE images (Fig. 1d–
f). Based on the presence of the main Mn and Si, the 
ore phases can be subdivided into three groups: rich 
in manganese, poorer in manganese and silica-man-
ganese minerals. In the first group (enriched in Mn) 
the values of the major oxides vary as follows: MnO 
(68.26 to 77.88 wt%), FeOtot (up to 1.2 wt%), BaO (up 
to 1.3 wt%) and SiO2 (up to 6.5 wt%). The most sig-
nificant trace element concentrations are found for 
Cu (4190–26285 ppm), P (270–708 ppm), Zn (121–
550 ppm), As (30–350 ppm), and V (2–435 ppm). 
The second Mn-bearing group includes minerals 
with lower content of MnO (20–66.9 wt%), as well 
as SiO2 (0.2–56.16 wt%), FeOtot (up to 23.3 wt%), 
and BaO (up to 1.8 wt%). In the third group, the 
lowest content of MnO (4.9–7.9 wt%) was revealed 
corresponding to values of FeOtot and SiO2 of 3.3 
to 16.4 wt% and 52.7 to 71.6 wt%, respectively. 
The upper continental crust (UCC; Rudnick, Gao, 
2014) normalized REE distribution patterns reveal 
negative Ce anomalies and a weak trend of enrich-
ment in HREE relative to LREE for sample GL24-5 
(Fig.  1k). The UCC normalized REE patterns for 
Mn-bearing phases in representative sample GL24-
14 show a clear tendency toward enrichment from 
LREE to HREE, slight negative Ce and weak posi-
tive Eu anomalies (Fig. 1l).

A level of reddish marls with Mn oxide den-
drites is exposed near the sampling site with man-
ganese mineralization at the Izvor ore occurrence. 
Our field observations show that the ore specimens 
are mostly highly silicified and ore impregnated. 
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Fig. 1. (a) Simplified geological map of part of еastern Bulgaria (modified after Kanchev, 1995a, b; Petrova et al., 1995; Tzankov 
et al., 1995) with the location of the studied ore occurrences (Glushnik and Izvor); the inserted map on the top right is after Ivanov 
(2017); (b, c) field views on part of the Mn-bearing mineralization near the village of Glushnik; (d) XRF element map image on 
sample GL24-5 showing relations between Mn and Ba therein; the sulfur colour marked the thin section resin; (e–g) Representa-
tive SEM-BSE images of some samples from the Glushnik ore occurrences region; (h–i) field view and (j) SEM-BSE image of 
Mn-bearing mineralization at the Izvor ore occurrence; UCC normalized REE patterns for the studied Mn oxides from the Glushnik  
(k, l) and the Izvor (m) areas. Abbreviations: Brt, baryte; Py, pyrite; Qz, quartz; Cal, calcite; Mn, manganese; S, sulfur.
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Manganese-bearing minerals form massive ag-
gregates to individual disseminations and radiate 
aggregates to needle-like crystals commonly asso-
ciated with calcite nests and veinlets (Fig. 1h–g). 
Similar to the Glushnik ore occurrence, the ore 
phases around the village of Kabile can be referred 
to as representatives of the Mn-enriched group of 
minerals. The major oxide values vary from 78.36 
to 79.41  wt% MnO and up to 0.62  wt% SiO2. 
Distinct trace elements are V (154–217  ppm), 
Cu (369–648 ppm), Zn (107–188 ppm), Sr (210–
514  ppm) and Ba (536–1500 ppm). The normal-
ized (to UCC) REE patterns for sample KA-2b are 
characterized by strong negative Ce anomalies and 
a weak HREE enrichment trend, similarly to the 
distribution for the most Mn-enriched oxides of 
sample GL24-5 (Fig. 1m).

Discussion and concluding remarks

Based on the major and trace element composition 
of the studied Mn- (± Fe) minerals in the ore oc-
currences from the area of Sliven and Yambol, we 
can assume that the accumulation of Cu, V, Zn, and 
As is favored by the crystal-chemical and structural 
features of this type of oxides. Regarding the ma-
jor elements, some comparability with the Mn- and 
Fe-bearing mineral phases of the Toplika ore oc-
currence (Panagyurishte Ore Region) was also es-
tablished (Chavdarova et al., 2022). The negative 
Ce anomaly around the Izvor and Glushnik ore oc-
currences suggests an oxidizing environment dur-
ing the deposition and diagenesis of the sediments, 
which is in agreement with the strongly oxidized 
clayey limestones (marls) of the Draganovo Forma-
tion and deposition of highly oxidized minerals as 
barite and pyrolusite. In addition, the Ce behaviour 
shows some similarities with the modern deep-sea 
metalliferous sediments containing polymetallic 
nodules (e.g. Dubinin, 2004). We plan to combine 
these results with further geochemical isotope data 
for a better characterization of the fluid and metal 
sources, and for better understanding of the ore-
deposition processes.
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