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Abstract. This study investigates the presence of naturally occurring hydrogen (H,) within the Sofia Region, fo-
cusing on its possible relation to fault-controlled gas migration. Measurements were conducted at the Botanical
Garden of the Bulgarian Academy of Sciences, situated on the Vitosha fault — part of the Iskar fault zone.
Hydrogen concentrations were determined using a Driger X-am® 8000 detector at a depth of 0.8 m, following
procedures previously applied for radon and soil gas permeability. Five sampling points were examined, includ-
ing sites located directly on and away from the fault zone. Elevated hydrogen concentrations of up to 200 ppm
were recorded along the fault, whereas peripheral points showed values between 15 and 25 ppm. These results
indicate a clear hydrogen anomaly spatially correlated with the fault trace, suggesting ongoing gas migration
through a hydraulically active structural zone. Our findings represent the first field evidence of natural hydrogen
occurrence in the Sofia Region.
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Introduction hydrogen have been reported in a variety of geo-
logical environments, including ophiolite com-

Natural hydrogen, denoted also as “white hydro-

E3]

gen”, refers to molecular hydrogen (H,) gener-
ated by endogenous geological processes within
the Earth’s crust (e.g. Prinzhofer, Deville, 2015;
Zgonnik, 2020; Jordanov, 2024; Wicks, 2024).
It represents a naturally formed gas that can mi-
grate and accumulate underground — similar to
how natural gas forms and is either trapped in res-
ervoirs as free gas accumulation or as dissolved
gas in aquifers (Williams, Hemley, 2001). While
prospecting and exploring, occurrences of natural
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plexes, sedimentary basins, mid-oceanic ridges
and crystalline basement terrains (Prinzhofer et
al., 2019; Sherwood Lollar et al., 2024; Gelman et
al., 2025). Documented cases such as the Bourake-
bougou water well in Mali confirm the presence
of significant accumulations of naturally generated
hydrogen in settings with favourable structural and
sealing conditions (Prinzhofer et al., 2018; Maiga
etal., 2023).

The main mechanisms responsible for natu-
ral hydrogen formation include (e.g. Milesi et al.,
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2015; Jackson et al., 2024; Kozhoukharova, Jor-
danov, 2024; Sherwood Lollar et al., 2024):

(7) water—rock interactions, particularly serpen-
tinization and oxidation of iron-bearing minerals in
ultramafic and mafic rocks, where hydrogen is re-
leased as a by-product;

(if) radiolysis of water, caused by the decay of
uranium, thorium, and potassium isotopes that split
water molecules and generate hydrogen over long
geological periods;

(iii) degassing of deep crustal or mantle fluids,
through which hydrogen is transported upward
along faults or fractures from deeper sources; and

(iv) organic decomposition — in sedimentary ba-
sins, the breakdown of organic matter can release
small amounts of hydrogen at high temperatures.

In addition, several studies discuss the key mi-
gration mechanisms of the hydrogen transport in-
cluding diffusion and advection, and how these
mechanisms are influenced by factors like geologi-
cal structure and fault zones (Lefeuvre et al., 2022;
Langhi, Strand, 2023; Lodhia et al., 2024; Cao,
Ning, 2025).

Finally, the co-occurrence of light gaseous hy-
drocarbons with radon has been documented in
studies of radon concentrations in natural gas sys-
tems (Andreae et al., 1991; Yver et al., 2009; Alali
et al., 2019). These associations suggest that radon
activity can serve as an indirect geochemical tracer
of hydrogen transmissivity and fluid migration po-
tential along both active and inactive fault zones.

Understanding these processes and their geo-
logical controls provides a foundation for assessing
the potential for natural hydrogen accumulation,
as explored in the present study focused on a site
within the Sofia Region. The aim of this research
is to explore whether areas with recorded elevated
radon concentrations in soil gas are characterized by
concomitant elevated emissions of hydrogen gas.

Materials and methods

Study area. The sample site is located on the ter-
ritory of the Botanical Garden at the Bulgarian
Academy of Sciences. The geological structure is
characterised by Neogene’s volcanogenic-sedi-
mentary association in depth (Yaneva et al., 2002;
Yaneva, Donkova, 2017), overlain by a general
Quaternary’s deluvial-proluvial fan, the latter be-
ing subject to landslide processes (Tsenkov, Ivanov,
2004). The location was selected so that it is on the
trace of the NW-SE trending Vitosha fault (Fig. 1),
part of the Iskar fault zone (Zagorchev et al., 1994;
Radulov et al., 2023; Pashova et al., 2024). Five hy-

drogen gas samples were taken at locations immedi-
ately above and at variable distances away from the
fault zone (Fig. 1). This sampling strategy closely
follows the approach by Antonov et al. (2022), who
showed almost three times elevated radon soil gas
concentration of 52.3 kBq/m?® (average value) in the
immediate proximity of the fault zone compared
to background radon concentration of 18.9 kBg/m?
(average value) away from the fault zone.
Sampling and equipment. The hydrogen gas sam-
pling procedure, originally inspired by the approach
developed by Dr. Grotsch and subsequently applied
for hydrogen detection, followed the same protocol
used for radon soil gas measurements (Antonov et
al., 2022). A hollow sampling rod was inserted to
a depth of 0.80 m below the surface to eliminate
atmospheric contamination of soil gas (Neznal et
al., 2004). The rod was connected via a flexible
hose to an in-situ hydrogen sensor measuring hy-
drogen concentration (one measurement at a single
field point). Measurements were conducted us-
ing a Drager X-am® 8000 device equipped with a
DrégerSensor® XXS H, (0-2 000 ppm range).

Results and discussion

Hydrogen concentrations measured along the fault
reached approximately 50 ppm at field point 1
(FP_1) and slightly above 200 ppm at field point 2
(FP_2). In contrast, the lateral points (FP_3 —FP_5)
exhibited lower concentrations, ranging between 15
and 25 ppm. The local atmospheric background in
the vicinity of the fault was approximately 10 ppm,
notably higher than the globally reported back-
ground levels (e.g., Batenburg et al., 2016; War-
wick et al., 2022). This elevation may reflect local
influences, even such as air pollution from combus-
tion engines or other anthropogenic sources.

The new data reveal a distinct hydrogen anomaly
spatially correlated with the fault trace, suggesting
ongoing gas migration along a permeable segment
of the fault zone. These preliminary results empha-
size the need for further detailed measurements and
testing in this area and at other sites with similar
geological conditions to better evaluate the occur-
rence and potential of natural hydrogen in Bulgaria.

Conclusion
The results obtained in this preliminary study pro-
vide the first field-based indication of naturally

occurring hydrogen within the Sofia Region. The
detected hydrogen concentrations, particularly the
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Fig. 1. Location of the studied site and the field points for individual measurements (white circles). The red line traces the
Vitosha fault.

elevated values recorded along the Vitosha fault,
suggest an active migration pathway and support
the hypothesis that fault-related structures can act as
conduits for hydrogen release from deeper geologi-
cal levels. The spatial correlation between hydrogen
anomalies and the fault trace implies a structural
control on the gas distribution, consistent with pat-
terns observed in other regions worldwide.

Although there are only two measured concen-
trations above the fault zone, their clear contrast
with lateral and atmospheric background levels
demonstrates that hydrogen generation and migra-
tion processes may be active in this area. These
findings highlight the potential significance of fault
zones in the localization and accumulation of natu-
ral hydrogen in Bulgaria and elsewhere. To confirm
and expand upon these observations, future research
must involve higher-resolution spatial surveys, and
integration with radon and soil permeability data,
to better constrain the origin and dynamics of such
hydrogen emanations.
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