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УДК 550.361

ГЕОТЕРМИЧЕСКОЕ ПОЛЕ ГРОДНЕНСКОГО РЕГИОНА  
РЕСПУБЛИКИ БЕЛАРУСЬ 

В. И. ЗУЙ 1)

1)Белорусский государственный университет, пр. Независимости, 4, 220030, г. Минск, Беларусь

Рассмотрено геотермическое поле платформенного чехла в пределах Гродненской области и прилегающих к ней 
районов Беларуси. Платформенный чехол залегает на кристаллическом фундаменте докембрийских пород. Карты 
распределения температуры для глубин 100; 200 и 300 м ниже земной поверхности были составлены на основе 
термограмм, зарегистрированных в скважинах, и дополнены картой теплового потока. Они выявляют геотермиче-
ские аномалии распределения как температуры, так и плотности теплового потока в пределах региона. Температура 
в области монотонно возрастает с глубиной при сохранении общих особенностей теплового поля. Выявленные на 
100-метровой карте аномалии сохраняются на глубинах 200 и 300 м. Основную роль в формировании температурных 
аномалий играют приповерхностные факторы, такие как циркуляция подземных вод и влияние палеоклиматических 
изменений на поверхности Земли в прошлом. Низкий тепловой поток (< 30 мВт/м2), отмеченный в восточной части 
карты, постепенно увеличивается до 50 мВт/м2 в районе Гродно. Его площадная изменчивость связана с распро-
странением гранитоидных и бластомилонитовых пород в кристаллическом фундаменте. Повышенный тепловой 
поток характерен для массивов кислых пород с повышенным содержанием долгоживущих радиоактивных изо-
топов урана, тория и калия. Их распад создает дополнительную радиогенную составляющую теплового потока.

Ключевые слова: геотермические аномалии; распределение температуры; тепловой поток; Гродненский ре-
гион; Беларусь.
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GEOTHERMAL FIELD OF THE GRODNO REGION  
OF THE REPUBLIC OF BELARUS

V. I. ZUI a

aBelarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus

The geothermal field of the platform cover within the Grodno region is considered. The cover rests on a crystalline 
basement of Precambrian rocks. Temperature distribution maps for depths of 100; 200 and 300 m below ground level 
were compiled based on thermograms recorded in boreholes and were supplemented by the heat flow map. These reveal 
geothermal anomalies both of temperature and heat flow density distribution within the region. The temperature in the 
region monotonously increases with depth, while preserving the general features of the thermal field. The anomalies iden-
tified on the 100 m map persist for depths of 200 and 300 m. The main role in the formation of temperature anomalies is 
played by near-surface factors, such as groundwater circulation, and the influence of paleoclimatic changes on the Earth’s 
surface in the past. A low heat flow (< 30 mW/m2) in the eastern part of the region gradually increases up to 50 mW/m2 in 
the vicinity of Grodno. Its areal variation relates to the distribution of granitoid and blastomylonite rocks in the crystalline 
basement. Increased heat flow is typical of silicic rock massifs with elevated concentrations of long-living radioactive 
isotopes of uranium, thorium and potassium. Their decay creates an additional radiogenic component of heat flow.

Keywords: geothermal anomalies; temperature distribution; heat flow; Grodno region; Belarus.

Introduction
Belarus lies in the geographical center of Europe (fig. 1), geologically belonging to the vast Precambrian 

East European Platform. The crystalline basement of whole country, including the Grodno region, is hidden 
under a platform cover of variable thickness. The Belarusian Anteclise is the main positive structure within the 
region, it occupies the central and western parts of the country and extends into eastern Poland.

The East European Platform is colder than the young platforms of central and western Europe [1; 2]. 
Geothermal research within Belarus began in the Pripyat Trough (outside the studied region), a deep se-
dimentary basin in the southeastern part of the country [3]. Such research has been carried out regu-
larly since the 1960s across the Belarusian Anteclise [4; 5]. Before the late 1970s, the number of ther-

Fig. 1. The studied region:  
GR – Grodno region;  

KE – Kaliningrad enclave, Russia
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mal logs within the anteclise did not exceed 10. During subsequent years the number of thermograms 
gra dually increased [6]. Based on these geothermal measurements, rare for that time, the first estimates 
of temperature values on the surface of the crystalline basement were made by L. A. Tsybulya [7; 8] by 
extrapola ting thermograms of relatively shallow boreholes down to the basement top to compile the first 
schematic map of isotherms at the surface at the crystalline basement. At that time with such a sparse network 
of studied boreholes, it was not possible to identify the main geothermal anomalies within the Belarusian  
Anteclise.

Dozens of thermal logs were obtained following regular geothermal research in the 1980–90s as a result 
of field-works carried out by researchers of the geothermal laboratory of the Institute of Geochemistry and 
Geophysics, the National Academy of Sciences of Belarus.

However, within the entire country geothermal field parameters are still poorly studied. During the last 
30 years new geothermal measurements have been carried out within the Belarusian Anteclise including of 
the Grodno region.

Geological settings
The territory of the Grodno region is located in the western part of the East European Platform. The Pre-

cambrian strata are overlain by deposits of varying thickness up to 500 m, throughout the region. This shrinks 
within the Bobovnya Buried Inlier, where the thickness decreases to 80–100 m. The central part of the region 
is occupied by the Belarusian Anteclise with its Central Belarusian Massif and Bobovnya Buried Inlier (fig. 2). 
To the south are the Podlasie – Brest Depression, Polesian Saddle and Ivatsevichi Buried Inlier. The Baltic 
Syneclise adjoins the Belarusian Anteclise to the north outside the border of Belarus. The Pripyat Trough is 
a deep sedimentary basin located in the southwestern part outside the region studied. The Belarusian Anteclise 
extends in northeastern Poland towards the edge of the platform. 

Geologically the studied area belongs to the Belarusian Anteclise. Boreholes available for recording ther-
mograms, as a rule, were drilled to a depth of a few hundred meters. Many of them were used for water sup-
ply. The thickness of the platform cover increases towards the Podlasie – Brest Depression and outside the 
region studied towards the Baltic Syneclise, where several boreholes have been drilled to a depth over 1 km. 
Locations of the studied boreholes, and depths reached by thermometers in the Grodno region are shown  
in fig. 3. 

Locations of the studied boreholes and the depths reached by the borehole thermometer are shown in the 
form of coloured circles. The depths reached by the thermometer, in most cases, correspond to the zone of 
fresh-water (active water exchange zone). Only in some of boreholes drilled for mineral waters (sanatoria at 
Porechye, Radon, etc.) they go slightly beyond the base of the fresh water.

Fig. 2. Geologic settings of the studied region 
(after [9], modified) 
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Geothermal exploration within the region
Most of the thermal logs in the vicinity of Grodno were recorded with a borehole thermistor thermometer 

during field-works in 1989–1991 by V. I. Zui, A. A. Voytik and D. P. Prishchep. The registration of them with 
a similar thermometer of lightweight design using a twisted single-core seismic wires was repeated in some of 
the boreholes 2 years later by V. I. Zui and V. G. Levashkevich. The slight difference in the thermal logs obtained 
by the two types of thermistor thermometers, caused mainly by their instrumental errors, is not analysed here.

To the north of Grodno, near the Belarus – Lithuania border, a number of exploratory boreholes were drilled 
in the Privalka – Porechye area in the early 1990s for mineral waters of the type used in the Druskininkai sanato-
rium, Lithuania. The temperature logs in them were recorded mainly one or two months after drilling completion.

To draw reliable temperature maps near the junction of Belarus, Poland and Lithuania, it would be neces-
sary to have temperature logs recorded in boreholes of the adjacent countries. Several such logs, available for 
analysis, were recorded prior to 1991 in the Lazdijai and Varena areas of Lithuania.

We had no such logs in the Polish area within the immediate vicinity of Belarus (personal communication of 
Bruszewska and Szewczyk, 2007). The closest boreholes studied here are Krasnopol-IG-5 with a non-stationary 
thermogram, Grajewo-1TU, and two boreholes Krzemianka-IGH-1 and Udryń-PIG-1, drilled into the Suwałki 
Massif, where temperature logs indicated temperature inversion within the depth interval of 350–450 m [10] 
with a deep position of up to 500 m of the «neutral layer».

A number of boreholes for fresh and mineral waters were drilled in the northern part of the Grodno region. 
Temperature logs were recorded in many of them with a borehole thermistor thermometer, calibrated against 
mercury-in-glass thermometers with a precision value of 0.01 °С in laboratory conditions. The instrumental 
error of the used thermometers is estimated at ± 0.05 °С.

Selected thermal logs from the Grodno region and the adjacent territory, recorded during field works in 
1989–1991, are shown in fig. 4. Most of these show a restored thermal regime disturbed by drilling.

Fig. 3. Locations and depths of boreholes 
 in the Grodno region with recorded thermograms. 

Here and in fig. 7–12 are given the following notations:  
BA – Belarusian Anteclise; BS – Baltic Syneclise;  

PBD – Podlasie – Brest Depression; PS – Polesian Saddle.  
The blue line shows the boundary of the Belarusian Anteclise  

and the eastern part of the Podlasie – Brest Depression  
within Belarus. Black lines are the main faults
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Only, a few logs were acquired in the non-stationary thermal regime. One example is the water supply well 
Balesolnoye located on the western bank of the Neman River near Grodno in the area of a garden partner-
ship. This has been in operation for a number of years and was stopped due to a failure of the pump. About 
two weeks after its removal, the temperature log recording was made. Another example is the Grandichi-15 
temperature log, which reflects a typically disturbed regime due to the short time elapsed since drilling  
completion.

Temperature logs of selected individual boreholes recorded within the Privalka and Porechye areas near the 
Belarus – Lithuania border are shown in fig. 5. Similar logs with a disturbed thermal regime were observed for 
two boreholes, Privalka-4a and Privalka-4b, located ~30 m from each other. The borehole Privalka-4b yields 
permanent surface flow of fresh water with a flow rate of ~4.5 dm3/min. This distorts the upper part of the 
temperature log to a depth of 200 m in the adjacent borehole Privalka-4a that lacks such surface flow. Below 
this depth the thermogram is essentially undisturbed. 

Most of the temperature logs were recorded in the boreholes a few months after their drilling completion, 
when thermal conditions in the boreholes, disturbed by the circulation of drilling fluids, had been restored to 
an equilibrium state.

Only a few boreholes deeper than 500 m were available in the area of investigation to record thermal 
logs. In most cases they were acquired at depths not exceeding a few hundred meters, usually from 100  
to 300 m (fig. 6).

Most temperature records acquired in the studied region were recorded in boreholes 100–300 m deep. 
Some logs were extrapolated to deeper horizons. Calculation of temperature values below the bottoms of 
the boreholes requires knowledge of the heat flow and thermal conductivity of the underlying rocks. In most 
cases the latter is a priori unknown. Therefore, it has been decided, as in the Geothermal Atlas of Europe [11],  
that the downward extrapolation should not exceed 50 % of the actual borehole depth using geothermal gra-
dients recorded near the bottom-hole intervals. 

As a result, the available data restrict the temperature maps within the region to a depth of only ~300 m. 
A few deep boreholes (400–1000 m) in the region do not allow the construction of conditioned temperature 
distribution maps for deeper levels.

Fig. 4. Selected temperature logs of boreholes  
in the vicinity of Grodno: 

1 – Grodno-10; 2 – Vorony-1; 3 – Grodno-8;  
4 – Bershty-6; 5 – Grandichi-16; 6 – Tsydovichi-6; 7 – Grodno-1;  

8 – Balesolnoye; 9 – Grandichi-15; 10 – Grodno-2a
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Temperature distribution at 100 m depth
Based on the temperature logs recorded in the boreholes of the Grodno region (see fig. 3) temperature dis-

tribution maps were compiled, which made it possible to identify the relationship between parameters of the 
geothermal field and the geological features of the region.

The temperature map at 100 m depth within the Grodno region is shown in fig. 7. Temperature ranges within 
it from 7 to 9.5 °С. An anomaly of low values of 7–7.5 °С is highlighted in the northeastern part of the area, 
and this continues into the northern part of the Minsk region outside the eastern frame of the map. The 8 °C  
isotherm can be taken as the boundary between this anomaly and an area with elevated temperature.  
The distance between isotherms is 0.5 °C, which as acceptable, keeping in mind that the instrumental error of 
the used borehole thermometer was ± 0.05 °C.

Three local anomalies of temperatures above 9 °C were identified for the depth of 100 m. These are 
North-Grodno, South-Grodno (Skidel – Mosty) and Novogrudok (see fig. 7). The first two are separated by 
a comparatively narrow strip of ~8.5 °C, apparently caused by some cooling of the strata by downflow water 
from surface precipitation.

Fig. 5. Selected temperature logs of boreholes  
in the Privalka and Porechye areas: 

1 – Privalka-4; 2 – Privalka-3; 3 – Privalka-11;  
4 – Porechye-14; 5 – Porechye-17; 6 – Porechye-12; 7 – Porechye-18;  

8 – Privalka-5a; 9 – Privalka-1; 10 – Privalka-9

Fig. 6. Depths reached by thermometers in studied boreholes of the region
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A dense network of boreholes is located within the vicinity of Grodno and in the Privalka and Porechye 
areas. Isotherms near and beyond the borders of Belarus with Lithuania and Poland are shown in outline only 
presumably due to a lack of data.

Temperature distribution at 200 m depth
The temperature distribution at 200 m depth contrasts compared with that at 100 m (fig. 8).

Fig. 7. Temperature distribution at 100 m depth within Grodno region

Fig. 8. Temperature distribution at 200 m depth within the Grodno region.  
Location of used temperature logs are shown by small circles
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As in the previous case, there is a low temperature anomaly (< 8 °С) along the eastern boundary of the 
Grodno region. This continues beyond its boundary eastwards to the neighbouring Minsk region. A lack of 
data from southwestern Lithuania makes it impossible to show the isotherms to the north.

The temperature increases, reaching 11 °С, in the central and western parts of the region. The maximum 
values (>12 °С) are observed to the north of Grodno. This anomaly stretches along the Neman valley towards 
the north. Apparently, it continues into the territory of Lithuania in the direction of a positive anomaly of 
temperature and heat flow, previously identified in western Lithuania and in the Kaliningrad enclave of Rus-
sia [12–14]. The small number of thermograms available from southwestern Lithuania does not allow correct 
estimation of the shape and boundaries of this anomaly.

Temperature distribution at the depth of 300 m
The geothermal field at 300 m depth is shown in fig. 9. The number of temperature logs decreases with 

the depth, but positive and negative anomalies are more clearly distinguished. The temperature ranges from 
9 °С in the east to ~15 °С in the west, while on the map for a depth of 100 m it averages ~8 °С. The positive 
anomaly in the area of the Grodno also expands to the north and to the east.

A low-temperature anomaly of ~ 9 °С is still observed in the eastern part of the region. It gradually increa-
ses in northwest ward direction up to values of 14 °С within the area of Grodno. Several local small thermal 
anomalies are revealed, the temperature of which exceeds 12 °C.

There is a gradual temperature increase in the direction of the Paleozoic Podlasie – Brest Depression in the 
southern part of the mapped region. 

The southern boundary between Grodno and Brest regions crosses a vast forest area, the Belovezhskaya 
Pushcha, where deep drilling was not carried out. Geothermal measurements were completed here only in 
three shallow boreholes, which do not allow characterisation of the geothermal field of this territory in detail. 
Therefore, isotherms in these parts of the maps have a smooth pattern.

Geothermal profiles
The position of two profiles A – A and B – B are shown at the temperature distribution map for the depth of 

300 m. Temperature isolines are plotted along them in order to identify whether there is a sufficient influence 
of near-the-surface factors on the formation of temperature anomalies and to show the general tendency for 
the geothermal field to change in these two directions.

Fig. 9. Temperature distribution at 300 m depth within the Grodno region.  
A – A and B – B are geothermal profiles
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A generally monotonic increase in temperature was noted for these three considered depths from the east 
to the west of the region in the latitudinal profile A – A. Several local peaks of low and high temperatures are 
shown on them changing quite synchronously. Their centers are slightly shifted with increasing the depth, 
which is apparently caused by the vertical circulation of groundwater, as there is a decrease in the downward 
filtration rate of meteoric waters between aquifers as the depth increases. On the whole, for entire profiles, 
a monotonic increase in temperature with depth is observed (fig. 10).

The profile B – B reflects, on the whole, a monotonic increase in temperature at the three considered depths 
from the southeastern to northwestern parts of the region. They also show several local peaks of low and high 
temperatures changing rather synchronously. On the whole, along the entire profile, a synchronous course of 
isotherms is observed against the general background of an increase in temperature with depth.

The dashed lines, shown on each of the profiles, characterise the general trend of temperature increase as 
we approach the Grodno geothermal anomaly. Temperature distribution profiles and trend profiles were built 
using the grdtrend and grdtrack modules of the Generic Mapping Tools software package [15; 16].

Heat flow density distribution
The map of heat flow density distribution within the area of investigation was compiled on the basis of the 

heat flow catalogue for the entire territory of Belarus [17] in the format described in [18]. No paleoclimatic and 
other corrections were applied to the catalogue data. Figure 11 represents the observed heat flow distribution 
within the region without corrections.

In general, the heat flow density pattern correlates well with the temperature distributions at the depths of 
100; 200 and 300 m discussed above. A low heat flow anomaly with values of 25–30 mW/m2 is distinguished  
in the eastern part of the map, stretching along the eastern border of the Grodno region and extending eastwards. 
The heat flow gradually increases from 35 to 45 mW/m2 in the central and western parts of the Grodno region. 
Local anomalies with the heat flow exceeding 45 mW/m2 were identified and with values of >50 mW/m2 at the 
junction of borders between Belarus, Lithuania and Poland. A single value of 52 mW/m2 was observed in its 
central part [19]. This anomaly apparently continues into Lithuania and, possibly, it reaches a high heat flow 
anomaly within western Lithuania and the Kaliningrad enclave [12; 14].

To show a possible origin of the positive heat flow anomalies, a map of the distribution of granitoid and 
bastomylonite massifs composed of rocks such as granites, gneisses, crystalline shists (fig. 12) reflecting plastic 
deformation at the surface of the crystalline basement [20] was combined with contours of observed heat flow.

Boreholes, in which the heat flow density was determined and indicated heat flow anomalies in central and 
western parts of the region, are commonly within or in a close proximity to the granitoid bodies.

Fig. 10. Temperature distribution along B – B (a)  
and A – A (b) profiles of the Grodno region at depths  

of 100 m (blue line), 200 m (green line), and 300 m (red line)
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Fig. 11. Heat flow density map

Fig. 12. Locations of the studied boreholes (small circles)  
and heat flow contours on a map of granitoids (red)  

and blastomylonites (green) in the crystalline basement  
of the Grodno region (after [20], simplified)
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Felsic rocks (e. g. granitoids), compared with basic rocks, contain an increased concentration of long-lived 
radioactive isotopes of uranium, thorium and potassium [21]. An increase of the heat flow density in these areas 
might be explained by radiogenic heat production, creating local positive thermal anomalies. We measured  
the concentration of 235U, 238U, 232Th and 40K in the laboratory for a few tens of rock samples from the crystal-
line basement of the Grodno region which showed a similar correlation [22; 23]. However, we had no samples 
for analyses from the crystalline basement for boreholes where the heat flow was determined.

Discussion and conclusions
When constructing temperature distribution maps, some temperature logs for shallow boreholes were 

extrapolated to deeper horizons. The calculation of temperature values below bottoms of boreholes requires 
knowledge of the heat flow and thermal conductivity of the underlying rocks. The latter is a priori unknown. 
Therefore, it was decided, as with the Geothermal Atlas of Europe [11], that downward extrapolation, based  
on the geothermal gradient actually reached by the thermometer in its lowest intervals, should not exceed 50 % of  
the borehole depth. If this condition was not observed, the temperature logs were rejected. Also, thermograms 
of boreholes with disturbed thermal conditions were not used. Locations of boreholes with thermograms for 
preparation of temperature distribution maps for horizons of 100; 200 and 300 m depth are shown by circles 
in these maps.

The temperature in the region monotonously increases with depth, while preserving the general features 
of the thermal field. The anomalies identified in the 100 m map persist for depths of 200 and 300 m. Some 
changes in the configuration of isotherms with depth are observed. They result, firstly, from a decrease in the 
number of thermograms used with increasing depth and, secondly, by reduction with depth in infiltration rates 
of meteoric waters. The extensive low temperature anomaly in the eastern part of the region and the Grodno 
positive thermal anomaly persists in all three maps. A pattern of the heat flow density distribution corresponds 
to them. The highest heat flow up to 50 mW/m2 was observed in the northern part of the Grodno anomaly. 
Contrary, an extensive low anomaly of 30–35 mW/m2 is present in the eastern part of the region. The heat 
flow data based on borehole temperature logs closely along the Poland – Grodno region border are not known, 
a similar situation exists in the southern border area of Lithuania. This does not allow tracing reliably isotherms 
and heat flow contours beyond borders of Belarus.

The spatial variability in heat flow was compared with the development of granitoid and blastomylonite 
massifs in the crystalline basement of northwestern Belarus. A satisfactory correlation exists between positive 
thermal anomalies and the location of granitoids containing higher concentration of long-lived radioactive 
isotopes, for example, within the granitoid massif of Mosty. The decay of radioactive elements produces 
thermal energy and leads to an increase in the observed heat flow [24; 25]. Determinations of radiogenic heat 
production in the western part of the Grodno region (ranging from 0.2 to ~2.0 μWm3) were performed earlier 
on a small number of samples from the crystalline basement [22; 23]. However, neither samples nor gamma 
ray logs were available from studied boreholes drilled within the Grodno geothermal anomaly, nor from other 
granitoid massifs of the region. This does not allow more detailed analysis of the contribution of radiogenic 
heat production to the total heat flow within this area.

The temperature maps for mentioned depths and heat flow density, considered above, were constru-
cted using the Generic Mapping Tools software package [15; 16]. This study has shown the heteroge neity 
of the thermal field of the Grodno region, the crystalline basement of which is represented by Precam-
brian rocks. The main role in the formation of anomalies at shallow levels is played by near-surface fac-
tors, such as the circulation of ground and meteoric waters and, probably, the influence of paleoclima tic 
factors related to the Weichselian glaciation [10; 26]. The role of the latter factor has been studied in Po-
land in the boreholes Krzemianka-IGH-1, Udryń-PIG-1 and others drilled within the Suwałki Massif (Su-
wałki County, Podlaskie Voivodeship) in the northeastern part of the country near the junction of the bor-
ders of Poland, Lithuania and the Kaliningrad enclave [10; 27]. For this region, it was shown that during  
the last glaciation, the temperature of the Earth’s surface dropped to around –10 °С and there developed a zone 
of permafrost. The temperature logs indicated temperature inversion within a depth interval of 350–450 m [10]. 

The paleoclimatic correction was fulfilled by for all of Europe [26]. It was shown that for this entire region 
an average correction is quite sufficient (uncorrected heat flow: 56.0 mW/m2, SD 20.3 mW/m2; corrected heat 
flow: 63.2 mW/m2, SD 19.6 m/Wm2). From small-scale maps of corrected heat flow, it is possible to estimate that 
within northwestern Belarus the corrected heat flow values could be around 10 mW/m2 higher than un corrected 
ones. A more detailed map of the paleoclimatically corrected heat flow for the Polish area was published by 
J. Szewczyk and D. Gientka [28]. There is no detailed data on the Polish side near the Grodno region. These va- 
lues, according to the interpolation used in this map, are around 10–15 mW/m2 higher than uncorrected ones.
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Heat flow values obtained from shallow boreholes of the Grodno region (mostly < 300 m deep) are unde r-
estimated and require corrections. There are no wells deeper than 1000 m within this region. The maps (see fig. 11 
and 12) were compiled using the observed heat flow data not subjected to corrections for paleoclimate, ground 
water circulation, etc. It is planned to correct such estimates and present them in a separate paper for the whole 
territory of Belarus. The paleoclimatic correction for the Grodno region, which covers ~12 % of the country, 
may not be representative.
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