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Abstract. Twenty graphite samples (amorphous and crystalline flake types of graphite) were collected from the ore 
storage of the Catalinul deposit and, the 238U, 232Th, 40K naturally occurring radionuclides have been investigated by 
gamma-ray spectrometry. The mineral contents of selected graphite samples were examined using a scanning electron 
microscope (SEM). The radiological hazard parameters: radium equivalent activity (Raeq), absorbed gamma dose 
rates in air (DR), and external hazard index (Hex) were calculated and compared with international safety limits. 
Radiometric data showed average specific activities for 238U, 232Th and, 40K of 80.40, 49.69 and, 124.21 Bq kg–1 for 
amorphous graphite respectively, 38.53, 76.25 and, 241.12 Bq kg–1 for flake graphite. Zircon, rutile, uraninite, coffi-
nite, urano-thorite, and monazite are the main radioactive element bearing minerals. The mean of the radiological 
hazard parameters: Raeq – 262.22 (Bq kg–1), DR – 123.72 (nGy/h), and 0.7 – Hex do not exceed the recommended 
values by UNSCEAR.
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Introduction

Terrestrial radiation is a significant component of 
the natural radiation environment, mostly origi-
nating from isotopes within the radioactive decay 
sequence of 238U, 232Th, and the radioactive iso-
tope 40K. It is produced by naturally occurring ra-
dionuclides in rocks and reflects the Earth’s surface 
geological context. Thorium and U are lithophile 
elements that coexist in accessory minerals such 
as zircon, monazite, apatite, allanite, and titanite. 
Uranium has high mobility, rapidly switching from 
the tetravalent to the hexavalent states via oxidation 

processes, in contrast to Th, which is a stable ele-
ment. Also, uranium may mix intricately with phos-
phate and organic compounds. Potassium is found 
as a major element of the feldspar mineral series, 
and micas (Cinelli et al., 2019).

The Catalinul graphite deposit has a lenticular 
shape and is hosted by graphitic schist among para
gneiss – mica schist in the hanging wall. The graph-
ite deposits result due to the maturation of organic 
material in the sedimentary rocks (coal seems) fol-
lowed by a regional metamorphism. Subsequently, 
these rocks have been affected by thermal metamor-
phism generated by the granite intrusions. Graph-
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ite appears as crystalline flake graphite with layers 
of graphite between 0.5 and 0.1  cm, representing 
the main observed morphology, and as amorphous 
graphite with high graphitization index (95–98%) in 
layers intergrown with gangue (Trifulescu, 2005). 
Graphite is pure carbon, has a simple composition 
and a simple layered structure. It is considered a 
strategic mineral, mainly used in nuclear reactors as 
a reflector and moderator for thermal neutron flux 
(Al-Ani, Sarapää, 20161). 

The aim of this study is to investigate the level 
of natural radioactivity and to identify the source of 
radionuclides in graphite samples from the Catali-
nul deposit in order to evaluate their environmental 
impact. 

Geological setting
The Catalinul graphite deposit is the first deposit 
discovered in Parâng Mountains by Hans Stuchlink 
in 1919. It is located in the Galbenul river basin, 
at 19 km north of Baia de Fier, Gorj district. The 
graphite deposit (Ion et al., 2017) is situated with-
in the pre-Alpine basement rocks of the Lăinici 
Paiuș Group. These rocks comprises migmatized 
medium to high-grade metasediments, which con-
tain a significant content of carbonaceous ma-
terials. Additionally, the deposit is intruded by 
granitoid bodies and porphyry dykes (Fig.  1A)  
(Trifulescu, 2005).

The Lăinici-Păiuș Group is represented by Car-
bonate-Graphitic formation that contains graphite-
bearing mica gneisses and marbles, with amphibo-
lites, biotite gneisses and quartzites as minor lith-
ologies. Graphite is present in each rock, ranging 
from minor occurrences to commercial deposits 
such as the Catalinul mine. The host rock can be 
either schist or marble (Liégeois et al., 1996). 

Material and methods 
The graphite samples were crushed and homoge-
nized in a mill to 0.15 mm grain size. Each graphite 
sample with a weight of 300 g was placed in plastic 
containers (Marinelli type) for 30 days, the neces-
sary time to achieve complete equilibrium between 
the parent and daughter isotopes in the 238U and 
232Th series. Samples were examined non-destruc-
tively employing gamma-ray spectrometry, using a 
high purity germanium (HPGe) detector linked to 
a digital multichannel analyzer (MCA) (ORTEC). 
The HPGe detector has a relative efficiency of 
26% and an energy resolution of 1.80 keV for 60Co 
and 0.800 keV for 57Co, respectively. The detector 

1 Al-Ani, T., O. Sarapää. 2016. Mineralogy and Geochemistry of Flake 
Graphite Occurrences in Joutsijärvi, Northern Finland. Archive re-
port, Project code 50402-20048, Geological Survey of Finland, 39 p.

is shielded from background radiation by a cylin-
drical lead shield with a wall thickness of 10 cm. 
Each sample was counted for 26.000 s. The HPGe 
detector was calibrated in energy using certified 
sources of 60Co, 137Cs and 152Eu, while for efficiency 
calibration were used the IAEA reference materi-
als RGU_1, RGTh_1, and RGK_1. The reference 
samples sizes and geometry match those of the sam-
ples under analysis. The following gamma energy 
lines were employed in the 238U series activity cal-
culations: 186 keV of 226Ra, 609 and 1120 keV of 
214Bi, and 352 and 295 keV of 214Pb. The activity for 
232Th was calculated using the γ-lines of 338.4 and 
911.2 keV for 228Ac, 727 keV for 212Bi, and 860 keV 
for 208Tl. The activity of 40K was computed using its 
emission at 1460 keV (Ion et al., 2022).

The mineralogical investigation of graphite sam-
ples (Fig. 1B) was conducted using a Tabletop Hi-
tachi TM 3030SEM scanner electron microscope 
with SEM-EDS at 15 kV acceleration voltage. 

The radiological parameters were calculated 
based on the specific activities established for 238U, 
232Th and 40K in graphite samples using the fol-
lowing equations: Raeq = AU + 1.43ATh + 0.077AK 
(Bq/kg) for radium equivalent activity (Raeq); 
DR = 0.462AU + 0.604ATh + 0.042AK (nGy/h) for ab-
sorbed gamma dose rate (DR), and Hex = (AU/370) 
+ (ATh/259) + (AK /4810) for external hazard index 
(Hex). In all equations: AU, ATh and AK represent the 
specific activity of 238U, 232Th and 40K (Bq/kg) (Ion 
et al., 2022).

Results and discussion
In addition to statistical parameters obtained for the 
specific activities of 238U, 232Th and, 40Ks, Table 1 
summarize and radiological hazard indexes (Raeq, 
DR and, Hex). The data are reported according to 
the type of graphite analyzed: amorphous and crys-
talline flake types respectively (Fig. 1C).

The specific activity of naturally occurring ra-
dionuclides present large variation in the graph-
ite samples investigated, mostly correlated with 
the type of graphite analyzed. Amorphous graph-
ite shows the highest specific activities for 238U, 
up to 142.64  Bq  kg–1, and the lowest for 232Th 
(6.47 Bq kg–1). Comparatively, the crystalline flake 
graphite samples are characterized by maximum 
values of specific activities for 232Th and, minimum 
for 238U. The specific activities of 40K exhibit the 
same tendency. The standard deviation values (SD) 
indicate an asymmetric distribution of radionuclides 
in graphite samples. 

The estimated radiological indices (Raeq, DR, 
and Hex) do not indicate a radiological risk asso-
ciated with the studied graphite deposit, the aver-
age values for the radiological parameters being 
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Fig. 1. (A) Geological map of the study area (simplify after geological map of the east part of the Parang Mountains, M. Trifulescu, 
1968–1973); (B) Representative samples of amorphous and crystalline flake graphite; (C) Box plot of 238U, 232Th, 40K, Raeq, DR 
and Hex averages; (D–G) SEM images of graphite texture and distribution of major minerals; (F) Wavy parallel planes of graphite 
within biotite; (H, F) Aggregates of graphite; (H–O) SEM images of multiple monazite (Mnz) and zircon (Zrn) grains with differ-
ent form and size
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below the limits recommended by UNESCEAR2 
(370 Bq kg–1 for radium equivalent (Raeq), 84 nGy/h 
for absorbed gamma dose rate (DR) and values 
greater than 1 for external hazard index (Hex)).

Mineralogical analyses of the amorphous graph-
ite indicate the presence of zircon intergrowth in 
graphite phase, when the zircon occurs intimately 
associated with U-bearing phases (unzoned to ireg-
ulary zoned uraninite) (Fig. 1J, K). In the graphite 
flakes, all radioactive phases associate with gangue, 
uraninite and coffinite occurring as finely dispersed 
inclusions in monazite, which is the most frequent 
radioactive mineral (Fig.  1M, O). Rutile is less 
common, sometimes rutile grains can show sub-
hedral forms associated with monazite (Fig.  1E). 
Urano-thorite appears rarely, being associated with 
monazite (Fig. 1N). Quartz, plagioclase, K-feldspar 
biotite, and sulphide minerals are the major gangue 
minerals (Fig. 1D–G).

Conclusions
The radiological risk associated with natural radio-
nuclides in the Cătălinul graphite deposit is insig-
nificant. The obvious variations in U and Th con-
centrations, when comparing both types of graphite 
examined, may be attributed to the graphitization 
index, a measure of the degree of crystallinity that 

plays an important role in defining graphite com-
position. This tendency can also be used to predict 
degree of metamorphism; enrichment in Th of flake 
graphite indicates medium – to high-grade meta-
morphism. 
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Table 1. Descriptive statistics for 238U, 232Th and 40K specific activities and radiological parameters (Raeq, DR, Hex) in natural 
graphite

Type of graphite Natural radionuclide 
(Bq kg–1) N Mean Min Max Standard  

deviation

Amorphous graphite

238U (Bq kg–1) 20 80.40 40.14 142.64 8.16
232Th (Bq kg–1) 20 49.69 6.74 89.93 18.26

40K (Bq kg–1) 20 124.21 88.16 189.11 70.38
Raeq (Bq kg–1) 20 161.02 56.56 285.80

DR (nGy/h) 20 72.37 26.31 128.16
Hex 20 0.43 0.15 0.77

Crystalline flake  
graphite

238U (Bq kg–1) 20 38.53 26.55 112.63 5.24
232Th (Bq kg–1) 20 76.25 47.34 98.05 26.21

40K (Bq kg–1) 20 241.12 98.16 312.21 136.26
Raeq (Bq kg–1) 20 166.13 101.80 171.20

DR  (nGy/h) 20 73.98 44.98 79.73
Hex 20 0.44 0.27   0.46

N, number of samples.
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