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KKarst processes and phenomena are intensively developing in North Lithuania
(and partly in South Latvia). It's related with dissolution of sulphatic (mainly
gypsum) interlayers of Upper Devonian formations, that occur under the 1-10 me-
tres thick Quaternary cover. Due to quick dissolution of gypsum the sulphatic karst
is developing much more rapidly comparing to carbonatic karst (Fig. 1, 2) (after
Narbutasetal., 2001).
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Fig. 1. Karstic area. 1 - carbonatic karst, 2 - sulphatic karst, 3 - intense carbonatic.
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Fig. 2. Shematic geological cross-section of Upper Devonian Tatula formation.

North Lithuanian Karst Region occupies an area of 1046 km? (Fig. 3). In total there
are counted over 11000 sinkholes of different age and size. Development of the
karstic landscape is characterised by formation of new sinkholes, ground fissures,
cavities, closed depressions and other phenomena. Besides geological conditions,
intensity of the karst process is dependent on hydroclimatic factors: air
temperature (Fig. 6), duration of seasonal frost period, amount of precipitation
(Fig. 5) and its intensity of infiltration, saturation and fluctuations of groundwater
that facilitates dissolution of sulphaticrocks (Satktnas etal., 2007).

The monitoring of the karstic landscape is carried out by measuring of intensity of
karstic gypsum chemical denudation and inventory (parametrisation) of karstic
sinkholes. During the year 2018 it was found 38 new sinkholes of different size, in
2019 it was found 45 (15 new among them). All information on new karstic
phenomena is stored and updated the Subsystem of Geological processes and
phenomena of the Lithuanian Geological Survey (Mikulénas etal.,2018).

During the last three decades of years more intense karst processes are indicated
by new sinkholes that severely damage crops, constructions and communication
systems. In farmland these phenomena are inconvenient at least, but in urban
areas they constitute a geological hazard that can seriously affect development
and human safety.

The climatic changes are
proposed to be the main
causes of karst process
intensification-the higher
amount of precipitation,
especially during cold
seasons, increase of tem-
perature and warmer wi-
ters that in turn deter-
mines longer active cir-
culation period between
surface and groundwater.
More intensive formation
of sinkholes is expected in
the case of climate war-
ming and increasing pre-
cipitation. In order to pre-
vent loses, engineering
geological evaluation (ma-
pping), hotspot areas in- .
vestigation and relevant 9 ¢
management means must
be respectively more com-
prehensive. Definitely it's
important to evaluate the
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Fig. 3. Probability of sinkhole occurrence (Minkevicius, 2011).

The monitoring of the karstic chemical denudation is carried out in the North
Lithuania since 1963 (with some gaps however) (Fig. 4). The monitoring of the
karstic chemical denudation is based on measurements of chemical
composition of surface and groundwater, thus enabling to determine amount of
gypsum, dissolved and removed annually from the karstic region (the pattern
river basin). The amount of dissolved gypsum is expressed via calculation as a

; space of cavities formed un-
derground and measured as
number of cubic metres of
space formed during one year
per one square kilometre of
the karstic area.

Mean annual amount of dis-

solved gypsum in the pattern
basin of the Tatula River (acti-
ve sulphate karst zone) was
175 m3*/km? during the period
of measurements until 2019.
Due to dry summer of 2019 the
amount of denudation
decreas-ed and was only 77
m3/km? (Fig. 7) (Taminskas, et
al., 2019). It is noted that
intensity denu-dation
increased by 30% du-ring the
period 1990-2019 and this
period is characterised in
general by climate change.

Fig. 4. Gypsum chemical
denudation monitoring
network.
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Fig. 5. Annual distribution of precipitation in Birzai WS, mm
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Fig. 7. Intensity of gypsum chemical denudation in Tatula River basin, m*km’ per year.

Increase of gypsum chemical denudation, generally is followed by more
intensive occurrence of sinkholes, however direct correlation is still not
established due to presence of number of other playing factors.

For instance, in 2017, which was exceptionally wet, it was recorded the
highest rate of denudation during entire period of monitoring — even 284
m?3/km?/ (54 % higher comparing with mean value of the period 1963-1979).
Howevertheincrease of number of newsinkholeswasnotrecordedin2018.

We assume, the high groundwater level in the karstic cavities kept the cover of
cavities stable and therefore conditions of forming new sinkholes were not
favourable. Nevertheless, during the dry period, when the groundwater level
dropped, active forming of sinkholes was not observed. It means that very
complex factors are playing and determining collapse of sinkholes. It is proposed
that rapid climate changes (wet or dry years, like 2017 and 2018) do not
determine rapid increase the for-ming of new sinkholes. Gradual amelioration of
climate, however, determinesincrease of gypsum chemical denudation.

In 2018 Lithuanian Geological Survey has started to use an unmanned aerial
vehicle (UAV) for detection and mapping of karstic sinkholes and this
methodology facilitated the inventory and registration of new phenomena
(Mikulénas at al., 2018). The Karajimiskis, Mantagailiskis, Draseikiai, Naciunai
and Kirkilai areas (total 24 km?) were mapped the period 2018-2019.

.Dry” karstic landscape in Padaiciai. K. Baronas, 2005

-

The biggest deep sinkhole of 2017 appeared in the farmstead of Draseikiai village. It was round
shaped, 7.5 m in diameter and reached 2.1 m depth, 2/3 filled by water. B. Dagys, 2017
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