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ABSTRACT

The Thrace Basin is located in the northwest of Tiirkiye, bounded by the Rhodope Zones to the
west, the Strandja (Istranca, Strandzha) Massif to the North, and the Istanbul Zone to the east. The
Stranja Massif’s basement is composed of the Tekedere Group, which includes Paleozoic gneisses
and schists, as well as the Seytandere Metagranite, consisting of altered and unaltered metagranites.
Unaltered metagranites are characterized by large feldspar crystals and are typically white and pink
in color, while altered metagranites are typically yellow color. The subject of this study Seytandere
metagranites which the uraninite mineral, for the first time, was identified in unaltered metagranite
samples, while carnotite and tyuyamunite minerals were identified in altered meta-granite samples.
The morphologies and elemental compositions of these minerals were identified by Scanning
Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS). The SEM-EDS
analyses revealed that the major elements of carnotite [K,(UO,),(V,0,)(H,0),] and tyuyamunite
[Ca(UO0,),(V,0,)(H,0),] are of K, U and V and Ca, U and V, respectively. In the investigated
samples carnotite has a plate-like morphology, whereas tyuyamunite shows a fibrous appearence.
This investigation shows that carnotite and tyuyamunite are epigenetically formed from uranyl
vanadate minerals in the Seytandere metagranite. These minerals indicate uranium leaching from
granitic materials and re-deposition as fine specks in open pores by circulating meteoric water. The
Received Date: 26.07.2024 leached uranyl ions, combined with vanadate ions, form carnotite and tyuyamunite under weathering
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1. Introduction coffinite, autunite, metaautunite, bassetite,

In the world, the exploration of radioactive phosphuranylite and uranophane. Additionally, uranyl
vanadate minerals such as carnotite [K (UO,),(V,0,)
(H,0),] and tyuyamunite [Ca(UO,),(V,0,)(H,0),] are

abundant and significant components of many uranium

elements is of signifficant importance for supplying
raw materials to nuclear power plants. The primary raw

material sources for nuclear energy are the elements

uranium and thorium. The main uranium minerals
that form economically significant deposits in nature

are uraninite, pitchblende, torbernite, metatorbernite,

deposits (Stern et al., 1956; Frondel, 1958; Evans and
White, 1987; Avasarala et al., 2020; Glasauer et al.,

2022). These minerals are often important for uranium
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mining and nuclear fuel production and are found in
several geological settings around the world.

Carnotite and tyuyamunite are secondary uranyl
vanadate minerals that often form together and are
found in similar geological environments. These
mineral formations have been determined in regions
of the world such as the Colorado Plateau (Hillebrand,
1924; Weeks and Thompson, 1954; Stern et al., 1956;
Wenrich-Verbeek et al., 1982; Finch and Davis, 1985),
Sonora, Texas (Onac et al., 2001), South Dakota,
Arizona, Utah, Pennsylvania (Hillebrand, 1924;
Stokes, 1944; Sharma et al., 2016; Blake et al., 2015,
2019), the Saskatchewan region of Canada (Langford,
1974), New Mexico (Burillo et al., 2012; Caldwell,
2018), Queensland and South Australia (Crook and
Blake, 1910; Parkin and Glasson, 1954), in China
(Xu et al., 2015), near Kokand and Fergana in eastern
Uzbekistan, Kazakhstan, the Congo, Morocco, and in
some uranium mines in Namibia and Egypt (Hassan
et al., 1983; Bowell and Davies, 2017; Gheith et al.,
2018; Hamza et al., 2020).

Uranium exploration in the Thrace Basin
was carried out in the form of aerial and ground
radiometric studies between 1975 and 1979 (Sungur
1976, 1980). These studies identified anomalies in the
Istranca Massif and Eocene-aged tuffitic sandstones.
Geological mapping, scintillometry studies, stream
sediment studies, water sampling for uranium and
radon, radon measurement in soil, coreless drilling,
and radiometric determinations were conducted in the
basin (Denkel, 1956, 1957; Denkel and Tagdemiroglu,
1956; Tagdemiroglu, 1958; Yavas, 19594, b; Uncugil,
1968; Acar, 1969; Yilmaz, 1969; Sungur, 1976, 1980;
Kiigiik, 2018; Sezen and Tagkiran, 2020; Celikkurt,
2020; Tung et al., 2024). Uranium content has been
identified in the sandstone and claystone beds of the
Oligocene-aged Siiloglu Formation in the Edirne-
Havsa region of the Thrace Basin, NW Tiirkiye (Sezen
and Tagkiran, 2020).

Newly identified carnotite and tyuyamunite
formations have, for the first time, been recorded in
the Thrace Basin, which is significant for discussions
on uranium prospecting and the origin of secondary
uranium deposits (Figure 1). Therefore, the purpose of
this study focuses on the morphology and elemental
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composition of carnotite and tyuyamunite minerals
using some analytical techniques such as Scanning
Electron Microscope (SEM) and Energy Dispersive
Spectroscopy (EDS) analysis, and X-Ray Powder
Diffractometer (XRD) analyses.

2. Geology

The Thrace Basin is a Tertiary basin bounded by
Greece, Bulgaria and the Rhodope Zones to the west;
the Strandja Massif, Bulgaria and the Black Sea to the
North; part of the Marmara Sea and the Istanbul Zone
to the east; and the Marmara Sea, the Dardanelles, the
Saroz Gulf and the northern part of the Aegean Sea to
the south (Figure 1). The Thrace Basin is characterized
by the Rhodope Zone, the Istanbul Zone, and the
metamorphic rocks of the Istranca Massif, which are
overlain by Tertiary-aged cover units in the southwest
of the massif (Okay et al., 2001; Okay and Yurtsever,
2006). The Rhodope zone is represented by ultramafic
rocks, phyllites, metasediments, gneisses and
micaschists. The Istanbul Zone consists of sandstones,

limestones and siltstones.

The Stranja Massif consists

micaschist, metagranite, metaconglomerate, phyllite,

of gneiss,

metasandstone and marble units (Okay et al., 2001).
In the study area, the Tekedere Group, represented
by schists and gneisses, is cut by the Seytandere
metagranites belonging to the Kirklareli Group
(Figure 2).

The Seytandere Metagranite mainly comprises
pink and white metagranites containing large feldspar
phenocrysts (Caglayan and Yurtsever, 1998). Altered
metagranite samples are typically characterized by
their yellow color appearance in the field.

The Tertiary sediments of the Thrace basin,
according to the studies of Caglayan and Yurtsever
(1998), begin with the Eocene-aged Islambeyli
Formation with, beige-white volcanic clastics,
sandy and clayey limestone, sandstone, and marl
(Figure 2). Outcrops of this unit are not observed in
the study area. The Islambeyli Formation is overlain
by the late Eocene-aged Kirklareli Limestone, which
is represented by white, sometimes yellow, abundant

fossiliferous sandy and clayey reef limestones.
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Figure 1- Simplified geological map of the study area (modified from Okay et al., 2001) and the sample locations (S and MA-1).

These units are unconformably overlain by the
Pinarhisar Formation, which consists of Oligocene-
aged white-colored oolitic limestone and beige-
colored, thick-layered limestone with abundant
congeria, tuffite, sand, and clay marl interlayers. The
Siiloglu Formation conformably overlies the Pinarhisar
Formation. The Siiloglu Formation corresponds to
the upper levels of lignite and sandstones, which are
defined as the Danigmen Formation in the region (Safak
and Gtildiirek, 2016). This formation is composed of
alternating layers of sandstone, siltstone, and claystone
with lignite and uranium deposits. It is characterized
by its yellow, grey and light brown colors with coal
bands in places. These units are unconformably
overlain by the Ergene Formation, which consists
of yellowish-white and white cross-bedded clayey
sandstone and light green laminated claystone from the
late Miocene. The Trakya Formation, which consists
of yellowish-brown, red and yellowish-white colored
cemented/unconsolidated gravel, sand mudstone and

covers a large area in the study area, is Pliocene in

age. Quaternary alluvium covers all these units with
angular unconformity, especially in the stream beds.

3. Material and Method

During the study, twenty-five samples were
collected from the Seytandere metagranites, which
are thought to be the source rock of uranium. Ten of
these are altered rock samples taken from the surface,
and fifteen are unaltered core samples taken from
drill hole MA-1 (Figure 1). The XRD method was
used to determine the mineral compositions of four
samples, which contained uranium in concentrations
ranging from 136.8 ppm to 8489.5 ppm, as well as
the uranium minerals that contribute to uranium
mineralization. The whole-rock XRD analysis of
the samples was conducted in the laboratories of the
Mineral Research and Exploration General Directorate
(MTA), Mineral Analysis and Technology (MAT)
Department. A Panalytical X Pert Powder model
X-Ray Diffractometer with a Copper (Cu) tube was
used for the XRD analysis of the powdered samples.
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Figure 2- Generalized stratigraphic section of the study area, modified from Sezen and Taskiran (2020) and see also Caglayan and Yurtsever

(1998).

The whole-rock analyses were conducted within
the range of 4°-70° 20. The American Standard for
Testing Material (ASTM, 1972) catalog was used for
the evaluation of the diffractograms. After identifying
all rock components through XRD analysis, their
semi-quantitative percentages were calculated based
on the external standard method (Brindley, 1980;
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Giindogdu, 1982). The morphology of the minerals
constituting the uranium anomaly and their textural
relationships with other minerals were examined using
the Scanning Electron Microscope (SEM) method.
The samples to be examined by SEM were coated with
gold and prepared for analysis. SEM-EDS analysis was
performed on samples that showed anomaly values



Bull. Min. Res. Exp. (2025) 177: 11-22

above 900-3000 cps in radioactivity measurements
made with scintillometer and gamma ray spectrometer
devices. To obtain better SEM images, considering the
atomic number of the uranium element, images were
taken using a backscattered electron (BSE) detector.
The point chemical compositions of the minerals were
attempted to be determined using Energy Dispersive
X-ray Spectroscopy (EDAX/EDS) analysis. The
examinations were carried out with the FEI Quanta 400
device in the technology laboratories of the Mineral
Analysis and Technology department at General
Directorate of Mineral Research and Exploration.

4. Results and Discussion
4.1. X-Ray Diffraction (XRD) Analyses

The mineralogical compositions of the rock
samples taken from the Seytandere Metagranites
were studied by XRD analyses to identify the
type of uranium mineral(s) responsible for the
observed uranium mineralization in these samples.
However, the identification of peaks characteristic of
uranium minerals presented challenges during XRD
examinations due to their concentration. Specifically,
the low concentration of uranium minerals in the
samples prevented the observation of their strong
characteristic peaks. Additionally, the presence of
strong peaks from minerals such as quartz and feldspar
further complicated the identification of uranium
mineral peaks.

Quartz is the most commonly observed silicate
mineral in the samples, accompanied by feldspar

Table 1- XRD results of Seydandere Metagranite samples.

minerals in varying amounts (Table 1). Quartz is
identified by its peaks at 4.26 A, 3.34 A, 2.45 A, and
2.27 A; feldspar by its peaks at 3.25 A and 3.21-3.18
A and 2.92 A (Figures 3, 4). Additionally, mica with
peaks at 10.00 A and 4.99 A, as well as a clay mineral
with peaks at 7.18 A and 3.58 A, were identified in
the unaltered metagranite samples. The clay mineral
was likely formed by the alteration of feldspars.
Quartz, feldspar and mica constitute the main mineral
composition of the granite rock.

According to XRD analysis, the peaks observed
at 3.14 A, 2.73 A, and 1.93 A were attributed to
uraninite (UQO,), consistent with the findings of Smith
et al. (2010), who reported similar peak positions in
their study of uranium-bearing formations (Figure
3). Additionally, peaks at 6.56 A, 4.26 A, and 3.12 A
are identified as carnotite [K (UO,)2(VO,)2-3H,0],
corroborating the results reported by Johnson and
Blake (2015) in their comprehensive analysis of
vanadium-uranium deposits (Figure 4).

The uraninite mineral is identified in unaltered
drill core samples while the carnotite mineral was
identified in altered metagranites in surface samples.
The main mineral composition of the altered
metagranite samples consists of quartz, feldspar,
and calcite minerals. The calcite, which is detected
in the altered samples but not in the unaltered ones,
is likely formed through carbonation-type alteration.
Mica and clay minerals are not detected in the altered
metagranite samples.

Sample Number MAI1-10 MAI1-11 U-4 U-5
Sample Type Drill core Samples Surface Samples

Lithology Unaltered Metagranite Altered Metagranite

U (ppm) 136,8 458.,8 8489,5 749,5
Qz X X X X
Fsp X X X X
Cal X X
Mic X X
Clm
Urn X X
Crn X X

(Qz: quartz, Fsp: feldspar, Cal: calcite, Mic: mica, Clm; clay mineral, Urn: uraninite, Crn: carnotite). Abbreviations after Whitney and Evans

(2010).

15




Bull. Min. Res. Exp. (2025) 177: 11-22

Figure 3- XRD diffractogram of unaltered granite sample MA1/11 (Qz: quartz, Fsp: feldspar, Mic: mica, Clm: clay mineral, Urn: uraninite.

Abbreviations after Whitney and Evans, 2010).

Figure 4- XRD diffractogram of altered granite sample U-4 (Qz: quartz, Fsp: feldspar, Cal: calcite, Crn: carnotite. Abbreviations after Whitney

and Evans, 2010).

4.2.Scanning Electron Microscope (SEM-EDS)

Determinations

SEM analyses revealed that the very-white
structures, approximately 60 pum in size, were
identified as uranium-bearing minerals (Figures 5, 6).
In the EDS analysis results, K, U and V were
determined as the main elements forming the Carnotite
mineral [K, (UO,), (V,0,) (H,0),] composition

(Figure 5g). A similar major element composition has
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also been identified in studies conducted by Gheith
et al. (2018), Hamza et al. (2020), Nasr (2021),
and Frankland et al. (2022). Carnotite mineral,
determined as a mono-mineral aggregate, has a
plate-like morphology (Figures 5a-f). Frankland et
al. (2022) stated that the platy micromorphology
of the crystallites is consistent with Carnotite’s
perfect ‘micaceous’ basal [001] cleavage. The main

elemental components of the tyuyamunite mineral
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Figure 5- SEM photomicrographs of carnotite fragments a) SEM-BSE image of fragments of very fine, monomineralic carnotite,
b) a close-up view of the carnotite, c) SEM-BSE image of fragments of very fine, monomineralic carnotite, d) a close-
up view of the carnotite, e, f) SEM-BSE image of carnotite, g) EDS spectrum from a typical carnotite fragment.
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Figure 6- SEM photomicrographs of tyuyamunite crystals, a) SEM-BSE image of tyuyamunite, b) EDS spectrum from a typical tyuyamunite
fragment, ¢, d) a close-up view of fibrous tyuyamunite crystal morphology, e) EDS spectrum from a typical tyuyamunite fragment.
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[Ca (UO,),(V,0,) (H,0),] were Ca, U, and V (Figures
6b and 6e). Tyuyamunite mineral was observed in
fibrous form among the grains. The morphological
characteristics and major element compositions of the
tyuyamunite mineral identified alongside the carnotite
mineral are similar to those reported in studies by
Gheith et al. (2018), Nasr (2021), and Frankland et
al. (2022). The Si and Al elements observed in the
EDS spectra were attributed to the presence of quartz
and aluminous silicate minerals in the samples.

5. Discussion

In this study, secondary-formed carnotite
[K,(UO,),(V,0,)(H,0),] and tyuyamunite
[Ca(UO0,),(V,0)(H,0),] mineral associations were
identified in altered of the

Seytandere metagranites in the Thrace Basin.

surface samples
Additionally, uraninite was detected in unaltered
Seytandere metagranite samples. Similarly, carnotite,
tyuyamunite, and/or meta-tyuyamunite, which are
secondary-formed uranyl vanadate minerals, are
commonly found together in uranium deposits (Stern
et al., 1956; Frondel, 1958; Wenrich-Verbeek et al.,
1982; Evans and White, 1987; Onac et al., 2001;
Avasarala et al., 2020; Glasauer et al., 2022). The
formation of carnotite and tyuyamunite minerals in
the Thrace Basin was primarily influenced by uranium
sourced from acidic intrusive rocks, specifically the
Seytandere metagranites. Likewise, Nakoman (1978)
identified acidic granites, alkaline complexes, and
felsic rocks as primary host rocks for uranium in the
Earth’s crust. Furthermore, Sezen and Tasgkiran (2020)
suggested that acidic magmatic rocks in the Thrace
Basin could serve as source rocks for uranium.

The Seytandere metagranites have contributed to
the formation of various types of radioactive mineral
deposits through different processes, either directly
or indirectly, in the region. In addition to quartz,
feldspar, and mica, which constitute the main mineral
composition of metagranites as determined by XRD
analyses, secondary minerals such as zircon, sphene,
and monazite, containing radioactive elements below
1% of the mineral composition of these rocks, are the
main sources of uraninite. Uranium concentrations of
136.8 ppm and 458.8 ppm, determined in unaltered
Seytandere metagranite drilling samples, along with

the presence of uraninite identified by small peaks
in XRD analyses, support this view (Table 1, Figure
3). Various studies have noted that primary uranium
minerals, such as uraninite and coffinite, which have a
valence of 4, are found in granite rocks (Kaplan,1978;
Nakoman, 1978).

Uraninite found in the Seytandere metagranites is
primary and stable but has transformed into secondary
uranium minerals such as carnotite and tyuyamunite
under oxidizing conditions. The formation of carnotite
and tyuyamunite minerals has been significantly
influenced by the alteration of the Seytandere
metagranites by shallow groundwater or meteoric
waters. Uranyl and vanadate ions are enriched in
shallow groundwater or meteoric waters, and vanadate
ions were particularly effective in precipitating uranyl
ions, leading to the formation of insoluble uranyl
vanadate minerals like carnotite and tyuyamunite.
The EDS spectra of carnotite and tyuyamunite
minerals revealed the presence of K, Ca, U, and V
elements, which are likely derived from feldspar
and mica minerals in the granites (Table 1, Figures
5, 6). Similarly, Kaplan (1978) emphasized that
highly altered and weathered granites serve as ideal
source rocks for the uranium and potassium needed
for carnotite precipitation. According to Dongarra
(1984), the precipitation of carnotite and tyuyamunite
minerals can occur from shallow groundwater or
meteoric waters enriched with uranyl and vanadate
ions. Ahmed and Moharem (2003) also reported that
carnotite and tyuyamunite minerals are commonly
found within the secondary mineral assemblage in
granitic rocks.

In the Seytandere meta-granites, the secondary
formation of carnotite and tyuyamunite minerals
humid

conditions as a result of the transformation of 4-valent

occurred epigenetically under climatic
uraninite into 6-valent uranium in the unaltered
metagranites. Similarly, Pohl (2011) and Gheith et al.
(2018) mention the transformation of 4-valent primary
uranium minerals into 6-valent secondary minerals.
Consequently, this investigation demonstrates
that carnotite and tyuyamunite are epigenetically
formed uranyl vanadate minerals in the Seytandere
metagranite, indicating uranium leaching from
granitic materials and re-deposition as fine specks in

open pores by circulating meteoric water.
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6. Conclusions

This study reveals, for the first time, significant
information regarding the formation and alteration of
uranium-containing minerals within the Seytandere
metagranites in the Thrace Basin. In unaltered
metagranite samples, the primary mineral uraninite was
identified, while altered samples contained secondary
minerals, specifically carnotite and tyuyamunite. The
morphologies and elemental compositions of these
secondary-formed uranyl vanadate minerals were
determined using SEM-EDS analyses. Carnotite,
exhibiting a plate-like morphology, contains K, U,
and V elements, while tyuyamunite, characterized by
a fibrous appearance, is composed of Ca, U, and V
elements.

The Seytandere metagranites, an acidic intrusive
rock, constitute the primary source of uranium in the
region. The elements K, Ca, U and V required for the
formation of uranium minerals are provided by feldspar
and mica, which form the main mineral composition
of the metagranites along with accessory minerals
containing radioactive elements. Primary uraninite
in the metagranites remained stable under reducing
conditions but transformed into secondary minerals
such as carnotite and tyuyamunite under oxidizing
conditions. The formation of these secondary minerals
is significantly influenced by shallow groundwater or
meteoric waters enriched in uranyl and vanadate ions.
Furthermore, this study demonstrates that carnotite
and tyuyamunite are epigenetically formed uranyl
vanadate minerals within the Seytandere metagranites.
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