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Groundwater temperature anomalies in the vicinity of salt domes in central Poland
show potential for low-temperature geothermal energy
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One of the few examples of renewable energy sources independent of weather conditions is geothermal energy, utilized both
in high-temperature geothermal systems and, increasingly, in low-temperature geothermal applications. We describe novel
research on the influence of salt diapir structures on groundwater temperatures in their surroundings. The tanieta and
Lubien salt domes in Poland were selected as representative study areas. Based on a series of field studies, temperature
distribution maps were developed for Quaternary, Neogene, and Paleogene aquifers. The analysis demonstrated that
groundwater thermal anomalies in the vicinity of salt diapirs reach up to +2.0°C. The results obtained enabled an assess-
ment of the potential for utilizing this additional thermal energy in low-temperature geothermal systems. A temperature
anomaly in the range of +0.5 to +2.0°C translates directly into a measurable improvement in system coefficients of perfor-
mance, thereby reducing operational costs. The course of action proposed in this paper for identifying optimal locations for
shallow geothermal energy exploitation has not been previously applied and represents an effective approach to maximizing
the share of renewable energy sources and enhancing the diversification of local energy supplies, particularly in central and

eastern Europe, where salt dome geological structures are relatively common.
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INTRODUCTION

Salt domes are common in many sedimentary basins
worldwide. In Europe, they are among the most numerous
groups of structures within sedimentary basins. The oldest
such basins in the world are Precambrian in age, while the
youngest are Cenozoic (Belenitskaya, 2018). Within such bas-
ins, complex salt structures develop, such as salt pillows, salt
ridges and diapirs (Poborska-Mtynarska, 2022).

Halokinetic movements within Zechstein (Upper Permian)
salt strata lead to significant and complex transformations in
Mesozoic and Cenozoic structures (Gorski and Rasata, 2009).
These processes continue to operate in some regions, and the
resulting deformations have a significant impact on the local
geological environment (Daniilidis and Herber, 2017). The rate
of halokinesis may exceed 19 mm/year; its course is continuous
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and can be observed using remote sensing methods (Pigtko-
wska et al., 2012).

Salt structures also significantly influence groundwater flow
and transport, influencing the coupling between hydraulic for-
ces and the geothermal gradient (Teixeira et al., 2014). Tem-
perature distribution depends primarily on the configuration of
Zechstein salts and factors such as salt thickness and salt table
depth (Ondrak et al., 1998; Scheck-Wenderoth et al., 2014).
The thermal conductivity (K) of salt is up to three times higher
than that of the surrounding strata (Vizgirda et al., 1985; Black-
well and Steele, 1989; Mello et al., 1995; Grunnaleite and
Mosbron, 2019; Degen et al., 2022; Raymond et al., 2022).

These properties of salt in salt formations can be utilized to
generate renewable energy from geothermal heat in both shal-
low and deep geothermal systems. Low-temperature geother-
mal energy, also referred to as shallow or low-enthalpy geother-
mal energy, is thermal energy of both endogeneous and exoge-
neous origin that is extracted from the uppermost part of the
lithosphere, typically at depths of ~200—400 m (Ktonowski et al.,
2020). This conventionally adopted depth limit varies consider-
ably depending on local and regional natural conditions, legal
regulations, scientific approaches, and applied technologies. In
Europe, the temperature of the shallow subsurface layer is vari-
able and influenced by factors such as ambient atmospheric air
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temperature. However, it tends to stabilize at depths of
~15-20 m, and below this level it is partly controlled by the local
geothermal gradient. As a result, the temperature of the shallow
ground layer — forming a low-temperature geothermal system —
can be continuously harnessed throughout the year using
ground-coupled heat pump installations (Self et al., 2013; Sar-
bu and Sebarchievici, 2014; Casasso et al., 2017). Deep geo-
thermal energy, on the other hand, refers to the use of thermal
energy stored in deep layers of the Earth’s crust, typically at
depths exceeding 1 km, where natural reservoirs of elevated-
temperature geothermal waters occur. This energy is accessed
through geothermal drilling, which allows for the extraction of
hot water or steam from deep aquifers and their use primarily in
heating systems and, under favourable conditions, for electric-
ity production. In Poland, deep geothermal resources are pri-
marily associated with the sedimentary basins of the Polish
Lowlands and the Podhale region, where favourable geological
and hydrothermal conditions exist for the exploitation of geo-
thermal waters (Gorecki et al., 2006; Kepinska et al., 2015).
Previous modelling of salt structures from various regions of
the world has provided valuable information on their impact on
ambient thermal conditions (Yu et al., 1992; Petersen and
Lerche, 1995). However, studies of the impact of salt structures

have focused primarily on depths exceeding 100 m and on lev-
els older than the Cenozoic (Scheck-Wenderoth et al., 2014;
Negulic and Louden, 2017). Examples include the Hidra and
Sgarvestlandet salt domes located east of the Central Ridge on
the southwestern part of the Norwegian North Sea shelf (Fig. 1;
Grunnaleite and Mosbron, 2019). These studies have shown
that, due to the high thermal conductivity of salt, the tempera-
ture in the area of the dome roots decreases by ~20°C, while in
their upper parts, the rock temperature increases. This leads to
the formation of thermal anomalies in the rocks above the
domes, which can reach values as high as 8.5°C (Agemar et al.,
2012; Grunnaleite and Mosbron, 2019).

In the New Orleans region, numerical modelling has been
used to describe the impact of the West Bay salt dome on the
temperature distribution in its surroundings (Fig. 1). The pres-
ence of salt domes was found to be the primary factor generat-
ing thermal anomalies, and there is no basis for assuming alter-
native mechanisms for their formation. Temperature anomalies
were recorded along the entire borehole profile, reaching a
maximum of ~25°C at a depth of 3,000 m (Vizgirda et al., 1985).

In Poland, ground investigations were conducted to deter-
mine the low-temperature geothermal potential within the Goéra
salt dome (Fig. 1). Surface geothermal measurements con-
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Fig. 1. Location of selected salt structures (after Hudec and Jackson, 2007; Donadei and Schneider, 2016; Krzywiec et al., 2017;
Caglayan et al., 2020; Martin-Clave et al., 2021, modified)



https://doi.org/10.1007/BF00876399
https://doi.org/10.1016/0375-6505(85)90006-9
https://doi.org/10.1016/j.apenergy.2012.01.048
https://doi.org/10.1016/j.marpetgeo.2014.03.009
https://doi.org/10.1016/j.enbuild.2013.11.068
https://doi.org/10.1016/j.enbuild.2013.11.068
https://doi.org/10.1016/0375-6505(94)00051-D
https://doi.org/10.1016/0375-6505(94)00051-D
https://doi.org/10.1139/cjes-2016-0060
https://doi.org/10.1007/s00603-021-02449-4
https://doi.org/10.1016/J.EARSCIREV.2007.01.001
https://doi.org/10.3390/geosciences9090363
https://doi.org/10.3390/geosciences9090363
https://doi.org/10.1016/B978-0-12-803440-8.00006-3
https://doi.org/10.1016/j.egypro.2017.08.210
https://doi.org/10.1016/j.ijhydene.2019.12.161
https://doi.org/10.1016/j.geothermics.2012.07.002
https://doi.org/10.1016/j.geothermics.2012.07.002

Patryk Bladusiak et al. / Geological Quarterly, 2026, 70, 12 3

firmed that the Géra salt dome is an area where the tempera-
ture measured above the dome is higher than its surroundings.
The amplitudes of the recorded temperatures in the profiles
analysed reached values of up to 1.4°C. The characteristic
zonation in the temperature distribution, observed along pro-
files transverse to the dome, corresponded to the differential
thermal conductivity of the rocks that make up both the dome it-
self and its surroundings (Tarkowski et al., 2003).

Groundwater occurring in the vicinity of salt domes is also
an important aspect. Groundwater can play a significant role in
shaping the temperature distribution, as shown, for instance, by
studies conducted in the Gorleben dome area (Fromme et al.,
2010). The likelihood of groundwater influencing temperature
increases with decreasing rock cover thickness (Jensen, 1983).
In saturated zones where intense groundwater flow is ob-
served, heat transport from salt columns or domes occurs
much faster than in regions with limited groundwater flow
(Fromme et al., 2010). The small thickness of the strata in the
Wedehof and Séhlingen (Fig. 1) salt domes, composed of
highly permeable Quaternary deposits, indicates a high proba-
bility of groundwater impacting the local temperature field
(Fromme et al., 2010). Variations in the thermal conductivity of
the overlying rock layers cause local temperature fluctuations at
the top of the salt dome. These differences remain small, yet
they result in significant temperature anomalies in its upper
reaches. Studies of the thermal conditions of salt dome struc-
tures and the assessment of their practical implementation as
geothermal heat sources have been a recognized research di-
rection in Poland for at least two decades (Petersen and
Lerche, 1995). Previous projects focused on the use of thermal
water resources, proposing the exploitation of waters with tem-
peratures of up to 100°C from Mesozoic and Paleozoic levels
located up to several kilometres below ground level (Gorecki et
al., 2006; Szewczyk and Gientka, 2009). In deep geothermal
boreholes, an effect of temperature (so-called thermal lift) is ob-
served, which results in the volumetric expansion of the fluid ex-
tracted (Operacz et al., 2020). For the region covered by the re-
search in this study, only temperature values on general maps
of Poland have been shown so far for a depth of 0.5 m b.g.l.,
and these amounted to 9.0°C (Gorecki et al., 2006).

Temperature studies in shallow aquifers near Assen (Fig. 1)
have shown that water temperature increases in areas with salt
domes range from 0.3 to 1.0°C (Janssen, 2015). The tempera-
ture difference between aquifers in areas without salt domes
and those in areas affected by salt domes in a steady-state
model was ~2.5°C. This temperature difference occurred at
depths of up to 120 m (Janssen, 2015).

In this context, our work is innovative in seeking to demon-
strate that the same geophysical mechanism (the so-called
“thermal chimney” — Petersen and Lerche, 1995; Pajak, 2005)
also generates shallow anomalies (at depths <100 m). Our re-
search empirically indicates that the occurrence of thermal
anomalies in groundwater at shallow depths can be of signifi-
cant economic importance for commonly used, low-tempera-
ture ground-source heat pump systems.

The results of previously published studies indicate the po-
tential of utilizing energy from such positive temperature anom-
alies in groundwater around salt domes. However, testing this
hypothesis requires detailed recognition and analysis of local
conditions. This work presents the results of innovative re-

search on the impact of the tanieta and Lubien salt domes (Fig.
1) on hydrogeothermal conditions and the mechanism of tem-
perature anomalies in their vicinity.

STUDY AREA

GEOLOGICAL CHARACTERISTIC

The tanieta and Lubien salt domes, encompassing parts of
the Kuyavian-Pomeranian and todz voivodeships, were se-
lected as the reference study area (Fig. 2). This is an area
where optimal use of low-temperature geothermal energy can
significantly improve the balance of renewable energy sources.
Other renewable sources, such as flowing water, wind, or solar
energy, are relatively rarely used due to unfavourable natural
conditions. Furthermore, their use is often hampered by poten-
tial social protests and changing legal constraints (Operacz and
Tomaszewska, 2016). Therefore, it is highly desirable to ex-
plore areas and opportunities for using other, even low-temper-
ature, sources, such as those described in this article. The
structure analysed is typical of salt domes, and therefore the re-
search results obtained are relevant to other geologically similar
areas.

The study region is located in north-central Poland, within
the Polish Lowlands. The crystalline basement of the region
consists of Precambrian-Paleozoic platform units, while Paleo-
zoic-Mesozoic sedimentation was associated with the evolution
of the Permian-Mesozoic basin. The platform cover is covered
by sedimentary strata deposited continuously since the Paleo-
zoic, with Carboniferous and Permian rocks occurring locally,
which are closely related to the development of the Permian Ba-
sin in central Europe.

Within the study area, a number of salt structures occur, in-
cluding many domes and pillows, which are manifestations of
halokinetic reorganization of Zechstein salts. Recognized salt
structures in this region include the Lubien and tanieta domes
(Fig. 2). The Lanieta and Lubien salt structures studied are lo-
cated in the eastern part of the European Permian Basin (Peryt
et al., 2010; Krzywiec et al., 2017 with references therein). The
Permian stratigraphic sequence is represented here mainly by
the Rotliegend red shales and sandstones overlain by Zech-
stein cyclothems (Upper Permian), dominated by carbonates,
anhydrites, and thick rock salt beds (Peryt and Kiersnowski,
2026). Geophysical studies and structural cross-sections have
documented the diverse geometric forms of the Lubien and
tanieta domes — from nearly concentric salt domes to extensive
pillows — which reflect the variable dynamics of halokinetic pro-
cesses and the significant influence of the overburden architec-
ture on the direction of their development, to create the pres-
ent-day structures. The domes are likely rooted in the same
Wojszyce salt dome, and thus have a similar internal geological
structure (Krzywiec, 2004; Czapowski and Tarkowski, 2018).

The salt structure of the Lanieta dome comprises a com-
plete sequence of Zechstein evaporites representing cyclo-
thems PZ2, PZ3 and PZ4. Their thickness varies considerably
due to intense diapiric deformation (Czapowski and Tarkowski,
2018; Czapowski et al., 2025; Fig. 3).
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Fig. 2. Study area of the Lanieta and Lubien salt domes

Cross-sections A and B are shown in Figure 3

The PZ2 cyclothem is represented by the Basal Anhydrite
A2 (up to ~104 m), overlain by the Older Rock Salt Na2 reach-
ing ~257 m and locally accompanied by the Older Potassium
Salt K2 (~7 m).

The PZ3 cyclothem consists of the Brown Zuber Na3t
(~104 m), Younger Rock Salt Na3 (~86 m) and Main Anhydrite
A3 (~120 m).

The PZ4 cyclothem includes the Youngest Rock Salt Na4
(~41 m) and the Red Zuber Na4t, which locally exceeds 100 m
in thickness (Chetminski et al., 2016).

The evaporite sequence is overlain by a gypsum-anhydrite-
-clay cap with a thickness ranging from ~29 to 241 m, formed as
a result of dissolution, redeposition and chemical transforma-
tion processes affecting the upper part of the diapir (Chetminski
et al., 2016; Czapowski and Tarkowski, 2018).

The Lubien dome is also composed of Zechstein evaporites
of cyclothems PZ2, PZ3 and PZ4, and its internal structure re-
flects multi-stage diapiric deformation and intense mobility of
plastic salt masses during diapir intrusion (Czapowski and
Tarkowski, 2018; Fig. 3).

Within the PZ4 cyclothem, Red Zuber Na4t reaches up to
95.6 m in thickness, while Youngest Rock Salt Na4 attains up to
61.4 m.

The PZ3 cyclothem is dominated by the Younger Rock Salt
Na3 with a maximum thickness of 254.1 m. The Main Anhydrite
A3, locally interbedded with the Platy Dolomite Ca3 and the
Grey Salt Clay T3, reaches up to 78.7 m.

The PZ2 cyclothem includes the Older Rock Salt Na2 with a
thickness of up to 359.4 m, accompanied by the Older Potas-
sium Salt K2 (up to 6.7 m). These deposits overlie the Anhydrite
A2r (~10.2 m) and Basal Anhydrite A2, which together reach
103.4 m and occur in 10—15 layers (Czapowski and Tarkowski,
2018). As indicated by Trusheim (1957), the development of pil-
lows, diapirs and salt columns requires the presence of salt de-
posits exceeding 300 m in thickness and an overburden of at
least 1000 m thick (Chetminski et al., 2016). The area analysed
is located in the middle zone of the salt tectonics, where salt
structures, such as dykes, columns, and diapirs, were most fully
developed, partially or completely penetrating Mesozoic rocks
(Dadlez, 1997; Fig. 3).
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Fig. 3. Cross-sections through the Lubien and Lanieta salt domes

A — simplified cross-section through the Lubien salt dome (after K. Poborska-Mtynarska in: Slizowski et al., 2004);
B — simplified cross-section through the tanieta salt dome (after Parecka, 1980, modified);
location of cross-sections is shown in Figure 4

In vertical section, Mesozoic, Paleogene and Neogene
rocks occur above the Zechstein formations, while the ground
surface is composed of Quaternary deposits, which locally
mask the structural expression of the salt domes and determine
contemporary geomorphological processes (Fig. 3). The Qua-
ternary deposits in the area are characterized by significant
variability in thickness, from several tens of metres in the central
part of the Lanieta salt dome to ten or so metres on the periph-
ery. They are dominated by river sands and gravels up to 3.5 m
thick, accumulated as terraces of the Wista River valley.

The Paleogene and Neogene deposits are represented by
the Poznan variegated clays and Miocene succession with
interbedded lignite and silty sands. The oldest Neogene depos-
its — Miocene, Oligocene, and Pliocene — occur as clayey and
sandy sequences with lignite interbeds, locally exceeding sev-
eral tens of metres in thickness (Baraniecka, 1993; Roman,
2011).

The Pleistocene deposits, up to 40 m thick, are of diverse
glacial and fluvioglacial origin. They are represented by boulder
clays, sands and gravels associated with the Central Polish
Glaciation (Krzywiec, 2009). Holocene deposits in the northern
part of the study area consist primarily of fluvial and dune
sands, colluvial clays, peats and alluvial soils.

HYDROGEOLOGICAL CONDITIONS

The study area is located within the administrative bound-
aries covered by four hydrogeological map sheets: Lubien
Kujawski, Gostynin, Kro$niewice and Kutno. The local hydro-
geological system is multi-layered and was analysed based on
the detailed hydrogeological maps of the Main Usable Aquifer
(GUPW) and the First Groundwater Horizon (PPW).

The GUPW is predominantly associated with Quaternary
fluvioglacial and fluvial sands and gravels, and locally with Neo-
gene sands (Oficjalska and Krawczynska, 2002; Wiostowski

and Gregosiewicz, 2002a; Wiostowski, 2002). These Quater-
nary aquifers occur at varying depths, typically down to 50 m,
with the thickness of water-bearing strata generally ranging
from 10 to 20 m. They are commonly separated by low-perme-
ability glacial tills, while the deeper Neogene aquifers are iso-
lated from the surface by thick layers of Pliocene Poznan varie-
gated clays (Mikotajczyk, 2008; Sobolewska et al., 2012;
Wegrzyn et al., 2012). Additionally, the southern part of the
study area lies within the extent of the Major Groundwater Basin
No. 226 (GZWP 226 Krosniewice-Kutno), a deep fractured-
karstic reservoir developed in Upper Jurassic formations (\\o-
stowski, 2002).

The tanigta and Lubien salt domes significantly disrupt this
regional hydrostratigraphy. Halokinetic movements and the
piercing of salt diapirs through Mesozoic and Cenozoic strata
create zones of tectonic loosening, faulting, and variable over-
burden thickness (Czapowski and Tarkowski, 2018). These
structural disturbances establish direct vertical hydraulic path-
ways, facilitating contact between deeper, highly mineralized
waters and the shallow aquifers (Baraniecka, 1993; Czapowski
and Tarkowski, 2018).

Field measurements conducted in 20 observation wells (fil-
tration depths 27-93 m b.g.l.) reflect these local hydrochemical
interactions. The background shallow groundwater exhibits nor-
mal electrical conductivity (EC) mostly in the range of
240-600 puS/cm and an alkaline character (pH >9.0). However,
near the salt structures, anomalous zones were identified
where EC reaches up to 1084 pS/cm, accompanied by a
slightly alkaline pH (7.3-8.0). The geological setting strongly
supports the hypothesis of localized upward migration of brines
along the fault zones surrounding the salt domes.

From a geothermal perspective, the high hydraulic conduc-
tivity of the Quaternary sands plays a crucial role (\Wegrzyn et
al., 2012; Hajdas and Wozniak, 2018). In these permeable hori-
zons, advection becomes a dominant heat transport mecha-
nism. The flowing groundwater effectively absorbs thermal en-
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ergy from the underlying, highly conductive salt columns and
distributes it laterally. This continuous advective heat transport
significantly amplifies the local geothermal potential, contribut-
ing directly to the thermal anomalies observed in the shallow
aquifers.

MATERIALS AND METHODS

FIELDWORK METHODOLOGY

Research on the impact of salt thermal conductivity was
conducted in the Lubien and tanieta salt domes, based on pub-
lished literature from various regions of Europe, where similar
structures caused thermal anomalies (Grunnaleite and Mos-
bron, 2019).

Based on data from the Polish Geological Institute — Na-
tional Research Institute Midas database (link: MIDAS), the ex-
tent of the Lanieta and Lubien salt domes was determined. A 5
km radius buffer was then established around their boundaries,
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constituting the study area (Fig. 4). Fifty five groundwater intake
boreholes exceeding 30 m in depth were identified within this
designated area. Shallower boreholes were excluded from the
study, recognizing that the temperature of the water drawn from
them may be influenced by atmospheric or anthropogenic con-
ditions. Detailed information about the boreholes was obtained
from the HYDRO Bank (link: https://spd.pgi.gov.pl/map).

A Solinst Levelogger 5 (for temperature profiling) and a
compensating Barologger 5 (Model 3001) were used for field
studies. The Levelogger 5 performed water temperature profil-
ing with an accuracy of +0.05°C. pH and EC were measured us-
ing a Slandi pH metre and conductivity metre, respectively.
Levelogger studies were conducted using the device’s applica-
tion which allows for a delay in the start of measurements (a 5
minute delay was set). After this delay, the actual measurement
began. The purpose of the delay was to allow the sensor to ther-
mally stabilize after immersion in water, so that its temperature
could equalize with the water temperature before the actual re-
cording began.

The measurements were divided into two groups: continu-
ous measurements and point measurements. The locations of

Fig. 4. Location of continuous and point temperature measurements

Well numbers in Table 1
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https://spd.pgi.gov.pl/map
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the test points are shown in Figure 4. Continuous measure-
ments consisted of creating a water temperature profile from
the water table to the bottom of the well (as a temperature-
depth profile). These were performed exclusively in une-
quipped boreholes (i.e., without water extraction installations).
During these measurements, the apparatus was lowered at a
rate of ~1 metre per 40 seconds (~0.025 m/s), and the recorder
took measurements every 5 seconds. Point measurements
were performed in “reinforced” boreholes. These involved col-
lecting a water sample from the filtered level and simulta-
neously measuring its temperature.

Raw tabulated data (primarily from continuous profiling) en-
abled the creation of temperature-depth graphs and were used
for further analysis in Petrel 2020 (Schlumberger). The results
of the point measurements may have been subject to error, as
pump activation could have affected the water temperature.
Therefore, in this study, they only served as supporting informa-
tion for the continuous profiles.

Additionally, a control area was established, encompassing
five boreholes located outside the zone of influence of the salt
domes, yet drilled in formations with stratigraphy and lithology
similar to those in the study area. This procedure enabled the
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determination of a reference level (Fig. 5). Data from the TP-1
Halinéw borehole, where the Polish Geological Institute — Na-
tional Research Institute (PGI-NRI) conducts continuous tem-
perature measurements, were also included in the analysis
(Ktonowski and Zerun, 2024). This borehole is located in rocks
with lithology and stratigraphy comparable to both the control
and study areas, and is also located outside the range of influ-
ence of the salt domes (Fig. 5).

To assess the potential impact of salt domes on water
hydrochemistry, physicochemical parameters of the water were
analysed: specific electrolytic conductivity (SEC) and pH. SEC
is a measure of the water’s ability to conduct electricity and is di-
rectly related to total dissolved solids (TDS). In the context of re-
search conducted near salt domes, SEC is a key, rapid proxy
for identifying potential salinity zones, but also an indicator of
potential anthropogenic contamination.

The research was conducted in two rounds: the first in late
January and early February 2025, and the second in late June
and early July 2025 (Fig. 6). The results confirmed the initial as-
sumption that the season has no effect on groundwater temper-
ature <30 m b.g.l., as the temperature difference was within the
measurement error of the equipment. Furthermore, the field

Fig. 5. Control area with the TP-1 Halinéw test well
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Table 1

List of research wells with physical parameters measured at the level of filtration

Filter depth
Water EC
No Name of the well temperature [°C] | [uS/cm] pH [l;;]o[)ngtlo] Notes
1 4800036 — “HYDROKOP” S2 10.265 394 7.78 | 42.1-50.0
2 | 4810156 — PUNKT CZERPALNY ST 1 10.067 1084 7.3 39.7-45.7 high EC
3 | 4800061 — STUDNIA PUBLICZNA 1 9.813 671 | 7.52 | 332-392
4 | 4800079 — WODOCIAG WIEJSKI 2 9.997 447 | 738 | 33.8-438
5 | 4800064 — WODOCIAG WIEJSKI 3 10.001 242 682 | 379-413
6 | 4810183 — WODOCIAG WIEJSKI ST2 10.193 581 7.42 | 30.5-42.5
7 4810055 — GORZELNIA 2 ~11 794 | 8.06 | 78.0-93.0 continuous ﬁgﬂhpggtwe profile,
8 4800120 _RC’;(())LSI\TS!IDARSTWO 10.19 428 74 68.0-86.0
9 5160156 — WODOCIAG WIEJSKI | 10.019 541 7.43 42.9-57 1
SKR 2
10 4800054 — ZAKLAD ROLNY 3 ~9.7 452 | 7.67 | 50.8-65.0 continuous temperature profile
11 4800089 — Ig(())I_SI\Té)'IIDARSTWO 11 484 797 72.0-88.5
5170119 - DOM POMOCY
12 SPOLECZNEJ 1 - 519 | 8.76 | 36.5-47.0
13 4800188_PGR_ST_1 ~9.3 275 | 9.07 | 545-585 continuous temperature profile
14 4800218 — POLCALC SP.Z20.0. 2 - 397 8.33 | 27.15-44 .85
5160188 — DESZCZQWNIA
15 PLANTACJI OWOCOW-1A 10.6 383 | 843 | 31.0-36.0
16 | 5160081 — ZAKLADY PASZOWE 2 ~10.4 245 | 948 | 39.5-495 continuous temperature profile
17 4800209 — Regl_SI\II:’EO'IIDARSTWO _ 628 8.31 38.0-47.0
18 4800214 _ISSI_SI\TSPARSTWO ~105 760 | 8.47 | 32.0-440 continuous Leiénhpglgture profile
19 4800081 _ngﬁé)ZDARSTWO ~9.4 513 | 8.26 | 32.0-46.0 continuous temperature profile
4800059 — PUNKT CZERPALNY
20 (D. UJECIE WIEJ) - 590 | 8.07 | 38.0-44.0
21 4800200 _SOOI:SI\TEO'IIDARSTWO _ 573 8.1 35.0-41.0

studies provided information indicating no visible seasonal ef-
fect even from 20 m b.g.l. It was therefore possible to carry out
research at different times of the year, because the research
problem concerned waters below the level of influence of exter-
nal factors such as air temperature.

METHODOLOGY OF ANALYTICAL WORK

Maps and models are used to identify potential geothermal
deposits and thermal anomalies (Li et al., 2018). Schlum-
berger’s Petrel 2020 software was used to develop stratigraphic
level maps and temperature maps. Archival data were used to
create accurate three-dimensional maps of the area: maps,
cross-sections, and well data on the stratigraphy of the wells.
Data from 556 wells were prepared and organized, including by
standardizing the stratigraphy using Microsoft Excel. Due to the
lack of available digital information, it was necessary to create
this. For this purpose, graphical maps previously imported into

Petrel software were digitized. Digitizing the maps allowed for
the creation of isolines and the assignment of depths to them.
Based on the isolines, maps were created using the Make Sur-
face tool using the convergent interpolation algorithm and
matching to the wells (with appropriate stratigraphic separation
using the well adjustment option). A 50 x 50 m grid was used.
This algorithm is often available for creating geological unit sur-
faces within structural or layered modelling. The algorithm was
used to obtain top stratigraphic surfaces based on point data
while reproducing the morphological trends of a given surface
as accurately as possible and avoiding excessive fluctuations
(Sbranaetal., 2018). As part of this study, it was decided to cre-
ate maps of three stratigraphic levels: the Holocene at a depth
of 20 mb.g.l. (Fig. 7), the Pleistocene, which was combined with
the Holocene ata depth of 20 m b.g.l. (Fig. 8), and a Paleogene-
-Neogene map (Fig. 9). The decision to prepare a Holocene
map for a depth of 20 m b.g.l. was dictated by the fact that a
temperature anomaly map was developed for this depth. The
analysis of fieldwork results described in this article confirms


https://doi.org/10.3390/en11061591
https://doi.org/10.1007/s12665-018-7225-9
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Fig. 6. Field research in the area of Lubien and tanigta salt domes

A — well 5160081 — ZAKLADY PASZOWE 2; B — well 4800079 — WODOCIAG WIEJSKI 2;
C, D — well 4810055 — GORZELNIA 2; location of wells on Figure 4
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Fig. 7. Holocene map at a depth of 20 m b.g.l.

that, even below a depth of 20 m, there is no observed effect of
surface meteorological conditions on rock temperature. Subse-
quent map levels were prepared for the tops of stratigraphic
units. Based on the structural maps and temperature data ob-
tained from the fieldwork, temperature maps were prepared.
The primary research material consisted of continuous temper-
ature profiles obtained in seven “unreinforced” wells. Supple-
mentary data included results from ten active boreholes where
point measurements were taken, as well as information from
the TP-1 Halindbw well and the control area (Kfonowski and
Zerun, 2024).

RESULTS AND DISCUSSION

As a result of field studies conducted in accordance with the
methodology described above, a database of temperature, EC
and pH was obtained for 20 study sites in the vicinity of the
tanieta and Lubien salt domes, shown in Figure 4. The results
obtained are summarized in Table 2.

EC values for the groundwater tested in the 20 wells show
significant variability, ranging from 242 to 1084 uS/cm (Table 1).
Most samples (~75% of the tested wells) fall within the 240-600
pS/cm range. This range can be considered the local hydro-

chemical background for shallow Quaternary and Paleogene-
Neogene waters, representing typical normal groundwater.

Three wells clearly stand out from the dominant ground-
water. These are boreholes with numbers 4810156 (EC =
1084 puS/cm), 4810055 (EC = 794 uS/cm) and 4800214 (EC
=760 pS/cm).

Such high EC values in shallow aquifers, in the immediate
vicinity of the Lanieta and Lubien salt domes, strongly suggest a
local inflow of highly mineralized waters. Although brine migra-
tion from deeper levels might be a natural hypothesis in the con-
text of the salt domes, these values (in the range of
760-1084 uS/cm) are also typical of anthropogenic contamina-
tion, for example, of agricultural origin (fertilizers) or municipal
origin (leaky septic tanks). Considering the shallow location of
the studied waters and the agricultural nature of many wells, the
latter hypothesis seems more likely.

Analysis of the hydrochemical data also revealed an inter-
esting relationship between pH and EC. Waters with the lowest
mineralization (EC <300 uS/cm) were observed to exhibit an al-
kaline pH (pH >9.0). Anomalous waters, identified as potential
contamination zones (EC >750 uS/cm), were characterized by
a slightly alkaline pH (pH 7.3-8.06). This inverse correlation
may indicate the mixing of two genetically distinct water types:
shallow, alkaline freshwater, evolving in Quaternary deposits,
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Table 2

Temperature difference between the ground
and the working medium

Thermal anomaly [°C] Wa?ﬁrrLinggaillture AT (soil;medium)
[°C] [°C]
0°C (baseline) 9 92=7
+0.5 9.5 952=75
1 10 10-2=8
2 11 11-2=9

and a component derived from pollution (e.g., agricultural or
municipal), which is more hydrochemically neutral. The inflow
of this latter component increases mineralization (EC) but si-
multaneously lowers the pH of the mixture, acting as a buffer for
the alkaline waters of the shallow aquifers.

It was decided to describe the temperature at stratigraphic
horizons (Figs. 8 and 9) and compare the temperature profiles
with the lithological profiles of wells where continuous measure-
ments were possible (Fig. 10). Based on the results obtained, a
field data summary was prepared, comparing the temperature
profiles from the study area with the temperature profile from the
TP-1 Halindw well (Fig. 10). The TP-1 Halindw well is derived
from archived data from the PGI-NRI (Klonowski and Zerun,
2024) and represents the temperature background used as a
reference point for identifying and interpreting temperature
anomalies. The continuous profiles are treated as reference data
because they are not distorted by external influences, such as
well pump operation, which can affect the results of point mea-
surements. Additionally, a summary was prepared, correlating
the data from the TP-1 Halinéw well and the control area with the
results obtained from both continuous profiles and point mea-
surements (Fig. 10). Continuous measurements were also used
later in the study to prepare temperature distribution maps.

In the study area, water temperatures in wells at depths of
>20 b.g.l. ranged from 9.5 to 11.0°C (Fig. 10), and the back-
ground temperature ranged from 9.0 t0 9.7°C (Fig. 10). Anoma-
lous values were observed around the tanieta and Lubien salt
domes. The reduced temperature values around the dome
(considered anomalous) may be related to disturbances cau-
sed by the impact of a natural lake, Lake Lubien, the impact of
which can lower water temperatures in aquifers. Shallow water
bodies, such as Lake Lubien, have enormous heat capacity
and are strongly linked to atmospheric conditions. They act as
seasonal thermal buffers. Shallow groundwater in the immedi-
ate vicinity of the lake is in constant thermal interaction with the
lake water. As a result, the temperature of these waters is a re-
sult of atmospheric conditions, not a deeper geothermal flow.
The lake therefore acts as a local buffer that effectively elimi-
nates the positive anomaly resulting from the salt domes.

A lack of visible external influence on temperature was also
observed from a depth of ~20 m b.g.l. This indicates that the ini-
tial assumption of temperature constancy from 30 m b.g.l.,
based on published data, was overstated. This also leads to the

conclusion that the temperature anomalies observed resulted
from the impact of heat from salt domes.

The temperature distribution in the study area was analysed
for individual stratigraphic units — from Holocene deposits at a
depth of 20 m b.g.l. to Paleogene-Neogene formations.

In the Holocene-Pleistocene deposits at a depth of 20 m
b.g.l., temperature values range from 9.3 to 10.5°C (Fig. 11). El-
evated temperatures are visible around the salt domes, particu-
larly in their northern parts, where the salt table with a gypsum
cap is closest to the ground surface (Fig. 11). In the Paleogene-
-Neogene strata, groundwater temperatures range from 9.5 to
11°C (Fig. 12). The highest groundwater temperatures were
also observed in these strata near the Lubien and tanieta salt
domes (Fig. 14). This phenomenon is related to the effective
heat transport by salt, which conducts thermal energy from
deeper geological layers. No impact related to the lake’s pres-
ence was observed in the unit analysed.

The thermal anomalies detected demonstrate a significant
impact on the increase in the geothermal potential of the study
area. Temperature anomalies reaching up to +2.0°C were iden-
tified in the study area (Figs. 11 and 12).

The lithology of the rocks surrounding the salt dome also
has a significant impact on heat transport, and thus on tempera-
ture increases. Stratigraphy and lithology are based on the
HYDRO Bank database. Lithological observations require a
deeper interpretation of heat transport mechanisms (Figs.
13-15). In low-temperature geothermal energy, two processes
must be distinguished: conduction, i.e., heat transport through
static material, dominant in low-permeability deposits (such as
boulder clays), and advection (convection), i.e., heat transport
through the movement of a carrier (groundwater), dominant in
high-permeability lithologies (sands, gravels) (Busby et al.,
2009). In the context of ground-source heat pumps, groundwa-
ter flow is very beneficial because it causes continuous thermal
“regeneration” of the ground around the heat exchanger, pre-
venting it from cooling excessively during the heating season. It
can be hypothesized that the observed strong anomalies (up to
+2°C) are the result of a combined effect: high conduction
through the salt dome, which transports heat from the depths of
the Earth, and high advection in the Quaternary aquifers
(sands/gravels), where the groundwater effectively “receives”
this heat from the dome and distributes it to the measurement
wells (Figs. 13-15).


https://doi.org/10.1144/1470-9236/08-092
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To estimate the scale of the increased thermal impact of the
salt domes, a simplified model based on Fourier’s law of ther-
mal conductivity was used, enabling the assessment of relative
(percentage) changes in thermal power.

The thermal power P is described by equation [1]:

P=kxAxAT [1]

where: P — thermal power (W); k — effective heat transfer coefficient
(W/m?K); A — heat transfer surface (m?); AT — temperature differ-
ence between the ground and the working medium (°C)

The following calculation assumptions were made for the
analysis:

— the ground outlet temperature (Tg) is 9°C;

— the working medium (e.g., the glycol solution in the ground-
-source heat pump system) has a temperature of 2°C;

— the heat transfer coefficient k was assumed to be a constant
value, as the purpose of the analysis was to determine rela-
tive changes, not absolute power values;

— the heat transfer surface A was assumed to be constant
and not to affect the percentage change in geothermal po-
tential.

Table 3 shows the temperature difference between the
ground and the working medium for various thermal anomaly
scenarios.

Table 3
Percentage change in ?eothermal potential depending on the
size of the thermal anomaly
Thermal anomaly AT Increased geothermal potential
[°C] [°C] [%]
0 7 0

+0.5 7.5 71
+1 8 14.2
+2 9 28.5

Taking into account that power is related to temperature dif-
ference, the potential increase in its value was approximated,
expressed as a percentage. Formula [2] for the potential in-
crease was used:

AP = [A—: - )100% [21

where: AT — temperature difference between the ground and the
working medium; T — ground temperature without the impact of the
salt dome.

Based on calculations, it was found that due to the impact of
the salt domes, the geothermal potential in this region can in-
crease by up to 28.57%. Table 3 summarizes the potential
changes for selected variants of water temperature increase in
the region studied.

As a result of field studies and advanced analysis of the re-
sults obtained, it was found that the natural temperature in-
crease observed in the vicinity of salt domes results in an in-
crease in geothermal potential. A temperature increase of even
0.5°C results in a 7% increase in geothermal potential, while a
2°C increase (as observed in the study area) results in a 30%
increase in potential. These are extremely significant values
and represent significant value for the practical use of geother-
mal energy, particularly in low-temperature geothermal installa-
tions such as ground-source heat pumps.

CONCLUSIONS

Based on groundwater temperature studies conducted in
the area of salt domes, it was empirically confirmed that the
tanieta and Lubien salt domes act as “thermal chimneys” gen-
erating measurable and stable positive temperature anomalies
in shallow aquifers. From a depth of ~20 m b.g.l., there are no
noticeable external factors disrupting the influence of the salt
domes. It was demonstrated that the anomaly identified, of up
to +2.0°C, has a direct, positive economic impact on low-tem-
perature geothermal energy and translates into increased effi-
ciency of installations utilizing low-temperature geothermal po-
tential. A systematic temperature increase was observed to-
wards the salt structures, confirming their influence on the local
thermal field. The only place where the impact of the salt dome
is limited or completely eliminated is the area around the natural
Lake Lubien. The temperature anomalies recorded, both above
the salt domes and in the surrounding strata, can be used in the
design of closed geothermal systems, increasing their profit-
ability. The innovative research methodology developed has
potential applications in the analysis of any salt structures with
similar hydrogeological conditions worldwide, where groundwa-
ter occurs. Implementation is planned for other salt domes lo-
cated in central Europe.
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