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Abstract: Karst areas have complex hydrogeological systems resulting from the dissolution of carbonate rocks, fracture 

networks, and the presence of underground rivers. Lo Cave and Bangi Cave, in South Malang, are located in the Wonosari 

Formation and are known as active underground river sites with potential for the development of karst geotourism, speleology, 

and water resources. However, to date, no study has combined geophysical and hydrochemical methods to provide information 

on underground river connectivity, karstification levels, and groundwater vulnerability at these sites. This study aims to 

understand the subsurface structure, flow patterns, and geochemical processes as a basis for geotourism development. This study 

was conducted in Kedungsalam Village, South Malang, Indonesia. This study used Self-Potential (SP), Induced Polarization 

(IP), and Hydrochemical analyses. SP data showed negative anomalies consistent with underground flow paths connecting the 

two caves. IP data identified loading zones at Lines 4, 6, and 7, which are suspected to be act ive cavities and water-filled 

channels. Hydrochemistry analysis showed that all samples had low mineralization (TDS 31-63 mg/L), neutral to slightly 

alkaline pH, and were dominated by Ca²⁺–Mg²⁺–HCO₃⁻ ions. Similar hydrochemical facies confirm that all water sources 

originate from a single, interconnected karst aquifer system. Integration of geophysical and hydrochemical methods reveals 

that Lo Cave and Bangi Cave form a hydrogeological system, with active channels and flow controlled by carbonate dissolution. 
 

Keywords: carbonate rocks, cave, dissolution karst, geotourism development, geosite, hydrochemistry, induced polarization, 

karst aquifers, self potential, underground river  

 

*  *  *  *  *  *  
 

INTRODUCTION              

Karst areas are unique and complex landscapes due to the close relationship between geomorphology, geology, and (Cao 

et al., 2024; Faizal et al., 2025a; Ford & Williams, 2013). Karst hydrochemistry is a highly dynamic and heterogeneous 

system due to interactions between water and rocks (Pambudi et al., 2024; Tian et al., 2025). The main characteristic of karst 

areas is the dominance of carbonate rocks such as limestone and dolomite, which are readily soluble in water (Deng et al., 

2022). The longterm dissolution process forms distinctive morphologies such as caves, dolines, sinkholes, and complex 

underground river networks. These structures make karst systems vital for storing and distributing groundwater, while also 
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making them vulnerable to environmental changes and human activities (Faizal et al., 2017; Jones & White, 2019). 

Groundwater dynamics in karst areas differ from those in aquifers in ordinary rocks. Groundwater movement is controlled 

by subsurface fractures, channels, and cavities that serve as primary flow pathways (Ma et al., 2022; Yang et al., 2024).  

This makes groundwater flow patterns in karst areas highly complex and difficult to predict (Zhao et al., 2023). 

Consequently, karst groundwater systems are highly sensitive to hydrological changes, both natural and anthropogenic (Yang 

et al., 2026), such as water exploitation, land-use changes, and seawater intrusion in coastal areas. The Lo Cave and Bangi 

Cave complexes are part of a karst system that developed in southern Malang, East Java, Indonesia. This area was formed in 

the carbonate rock of the Wonosari Formation, which underwent intensive dissolution, resulting in distinctive cave, doline, 

and underground drainage systems related to local aquifer activity (Susanti et al., 2025; Utomo & Siregar, 2018). Based on 

previous research (Faizal et al., 2025) and field observations, these two caves have underground river flows that can meet 

domestic and agricultural water needs in the area. However, to date, scientific information explaining the geochemical 

processes, the direction of underground flow, and potential groundwater contamination in this area remains very limited. 

Understanding the dynamics of karst aquifers at the research site requires integrating subsurface conditions and 

geochemical information. Hydrochemistry analysis is an important approach in tracing the dissolution process of 

carbonate rocks and the characteristics of groundwater evolution. Measuring major ions such as calcium (Ca²⁺), 

magnesium (Mg²⁺), sodium (Na⁺), potassium (K⁺), bicarbonate (HCO₃⁻), sulfate (SO₄²⁻), and chloride (Cl⁻), it is possible 

to determine the extent to which carbonate dissolution dominates the chemical composi tion of groundwater and the 

importance of external influences such as anthropogenic activity or seawater intrusion (Alemdağ et al., 2025; Féraud et 

al., 2009; Zhao et al., 2023). The chemical composition of groundwater reflects the complex interactions between water, 

rocks, and the atmosphere, which are influenced by the depth of the aquifer, the water residence time, and local 

Hydrochemistry conditions (Liang et al., 2018; Ryzhenko & Sidkina, 2017). Riyanto & Cahyadi (2023) investigated the 

carbonate dissolution process in the Gunung Sewu karst springs, which are also located in the Wonosari formation, and 

found that the dominant ions in the springs are calcium (Ca2+) and bicarbonate, derived from bicarbonate limestone. 

On the other hand, geophysical methods can provide information on karst subsurface features, such as cavities, 

fractures, and groundwater flow paths (Hussain et al., 2020; Wang, 2026; Zhou et al., 2002), and are non-intrusive and 

cost effective (Massinai et al., 2023). Various geophysical techniques have been used to support karst Hydrochemistry 

research, including Self Potential (SP) and Induced Polarisation (IP). The SP method is sensitive to the movement of 

conductive fluids and natural potential gradients, making it effective for detecting patterns and directions of underground 

water flow (Ammar et al., 2023; Boimau et al., 2023; Revil et al., 2004). In the Malang karst area, the SP and resistivity 

methods were used to map underground river flow, showing a good correlation between SP anomalies and water flow paths 

(Susilo et al., 2017). The study by Boimau et al. (2018) also showed that low potential values in SP data can be used to 

identify underground river paths in the karst area of South Malang. Meanwhile, the IP method can map chargeability zones 

indicative of carbonate rock dissolution or water-saturated zones (Lubang et al., 2023; Yang et al., 2023).  

Research conducted by Wahid et al. (2022) using the IP method at Sendang Biru Beach, Malang Regency, successfully 

identified zones with high chargeability, which are generally associated with cavities or fractures filled with water. 

Although several studies using Hydrochemistry or geophysical methods have been conducted in the karst area of 

South Malang, the results have not provided a comprehensive picture because they have used only a single approach . 
Integrated research using Hydrochemistry, SP, and IP methods has never been conducted, especially in the South 

Malang region. Therefore, this study combines these three methods to analyse the relationship between carbonate 

dissolution processes and groundwater characteristics around Lo Cave and Bangi Cave. The integration of the results 

from these three methods provides a more comprehensive understanding of the dynamics of karst aquifers and a 

scientific basis for water resource management and geotourism development in the South Malang region, Indonesia.  

 

MATERIALS AND METHODS 

Study area  

This research was conducted in the Gua Lo and Bangi areas, Kedungsalam Village, Donomulyo District, Malang 

Regency, East Java Province. Geographically, it is located at coordinates 112.426°–112.427° East Longitude and 8.342°–

8.345° South Latitude. The research area is located in the Wonosari Formation (Figure 1), which comprises carbonate rocks 

such as coral limestone, clay limestone, tuff limestone, and sandy limestone (Faizal et al., 2025; Labib et al., 2019; Susanti 

et al., 2025). Based on the results of research conducted by Sholichin & Prayogo (2019), the subsurface conditions 

around the research location consist of layers of sand, mud, clay, tuff, limestone, and andesite, which determine the 

storage capacity and quality of groundwater in the South Malang area. The dissolution process in these carbonate rocks 

produces a complex karst system both on the surface and below the surface, including dolines, karst hills, and horizontal 

and vertical cave networks, which often contain underground spaces (Labib et al., 2019; Sahrina et al., 2022).  

 

Geophysical Methods 

The geophysical methods used in this study were SP and IP. These two methods complement each other in 

identifying groundwater flow patterns, conductive zones, and karst rock characteristics that can form cavities or 

fractures beneath the surface. Data collection was conducted using eight lines adapted to the field topography, with a 

line length of 180 meters and electrode spacing of 10 meters (Figure 2).  

The dipole-dipole configuration used was a resistivity instrument manufactured by PASI SRL, Turin, Italy.  
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Figure 1. Geological map of the research area (Source: Developed by the authors, 2025) 

 

SP measurements were conducted to detect natural potential variations arising from differences in electrokinetic 

gradients in the groundwater flow system. The obtained data were then processed using 2D inversion with a smoothness-

constrained least-squares approach, and the results were plotted to display the distribution of potential contours.  

The negative potential anomaly pattern was interpreted as a natural conduit or water-saturated zone, indicating the 

direction of underground river flow in the karst areas of Lo Cave and Bangi Cave. Meanwhile, the IP method was applied 

to analyse the electrical properties of subsurface rocks associated with cavities, fractures, and water-saturated zones.  
 

 
 

Figure 2. Research Location and Groundwater Sampling Points in the Lo Cave and Bangi Bangi Karst Areas,  

Kedungsalam Village, Malang Regency (Source: Developed by the authors, 2025) 

 

Measurements were conducted in the time domain by injecting an electric current through a current electrode and 

observing the remaining potential difference after the current was turned off. The configuration used was a dipole-dipole 

with a resistivity meter. The main parameter analysed was chargeability. High chargeability values indicate a strong 

polarisation effect, which is generally associated with dissolved-carbonate rocks or groundwater-rich zones. 

 

Hydrochemistry Method 

Hydrochemistry methods were used to analyse the chemical characteristics of water reflecting the dissolution processes, 

flow dynamics, and aquifer types in the Lo Cave and Bangi Cave karst systems. Purposive sampling was used at strategic 

points, including the river flow within the caves and surface water sources around the Lo Cave and Bangi Cave areas (Figure 3). 
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Figure 3. Groundwater Sampling Points in the Lo Cave and Bangi Cave Karst Areas,  

Kedungsalam Village, Malang Regency (Source: Developed by the authors, 2025) 

 

The selection of chemical parameters was based on their relevance to the carbonate rock dissolution process and the 

possibility of external contributions, both from anthropogenic activities and seawater intrusion. The Hydrochemistry 

parameters analysed included the concentrations of major ions, namely calcium (Ca²⁺), magnesium (Mg²⁺), bicarbonate 

(HCO₃⁻), sodium (Na⁺), potassium (K⁺), chloride (Cl⁻), and total dissolved solids (TDS). The laboratory analysis data were 

then processed to determine the concentration of each ion and the total dissolved content. Ion balance analysis was 

performed on the main elements, namely Mg, Na, K, Ca, Cl, SO₄, CO₃, and HCO₃. Theoretically, the ion content of 

groundwater should be balanced between positive and negative ions (Atkinson, 2024; Lu et al., 2020; Megha et al., 2025; 

Sajil Kumar & James, 2019). This principle is the basis for hydrochemical evaluation by calculating the Charge Balance 

Error (CBE) of the main ion concentrations from laboratory analyses using Equation 1 (Domenico & Schwartz, 1997). 
 

CBE (%)= 
∑ kation- ∑ anion

∑ kation+ ∑ anion
x 100                                   (1) 

 

The calculation of the Charge Balance Error (CBE) is carried out by converting the ion concentration, both the ∑ cation 

component, which represents the total positively charged ions, and the ∑ anion component, which shows the total 

negatively charged ions, from milligrams per liter (mg/L) to milliequivalents per liter (meq/L). 

The hydrochemical data are then plotted on a Piper diagram (Piper, 1944) to determine groundwater type and to 

interpret relationships among sources based on the dominance of their major cations and anions. 

The geophysical interpretation results are integrated with hydrochemical analysis to provide a more complete picture of the 

subsurface structural characteristics, groundwater flow patterns, and geochemical processes controlling the aquifer system. 

 

RESULTS 

Results of the self potential method in the Lo Cave and Bangi Cave karst area 

Figure 4 shows a contour map of SP anomalies in the Gua Lo and Gua Bangi karst areas. Negative potential values 

indicate conductive zones, while positive values characterize resistive zones. Negative SP anomalies, shown in blue to dark 

purple, are thought to represent groundwater flow pathways or active recharge zones. These zones are characterized by 

dissolution features, such as cracks, sinkholes, and epikarst development. SP values down to approximately -0.15 mV 

indicate high fluid movement intensity in the study area. The distribution of negative anomalies in the Lo Cave and Bangi 

Cave areas follows the morphological orientation of the karst hills, indicating that rainwater falling on the hilltops 

infiltrates and then flows through the fracture system to the lower zones. The presence of these negative anomalies also 

reflects ongoing speleogenesis, in which carbonate rock dissolution occurs continuously as water flows, carrying dissolved 

ions. The zone with strong negative anomalies in the central and southeastern parts of the map is thought to indicate an 

underground water channel connecting Lo Cave and Bangi Cave. The existence of this channel is not only crucial for 

understanding groundwater dynamics but also indicates ongoing active geological processes, such as carbonate rock 

dissolution and underground cavity formation. Meanwhile, positive SP anomalies, indicated by yellow to red colors (values 
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> 0.15 mV to > 0.75 mV) as more resistive areas, are thought to be related to relatively higher or drier topography that 

serves as a recharge area, as well as the presence of impermeable lithologies such as marl or carbonate mudstone. 

 

 
 

Figure 4. Contour map of Self Potential anomalies in the Lo Cave and Bangi Cave karst areas (Source: Developed by the authors, 2025) 

 

Results of the induced polarization method in the Lo Cave and Bangi Cave karst areas 

Figure 5 shows the results of 2D Induced Polarization modeling for eight lines (lines 1-8). The colors, from dark blue 

(low charge) to red (high charge), provide subsurface information on lithological conditions, dissolution rates, and the 

presence of conductive fluids. Line 1 (Figure 5a) shows a zone dominated by low to moderate values, with one green 

anomaly (~60-120 ms) at a depth of approximately 5-8 meters. The presence of moderately charged material is thought to 

be related to carbonate rocks that have undergone alteration or initial dissolution, which have not yet been filled with clay 

or water. This condition indicates the presence of shallow infiltration pathways (epikarst) that serve as initial channels for 

surface water movement into the subsurface. Based on field observations, a ponor serves as the primary entry point for 

surface water into the underground hydrological system at this location (Figure 6). The presence of this ponor is consistent 

with the IP anomaly in Line 1 and the SP pattern (Figure 4), both of which indicate active infiltration pathways. 

Lines 2, 3, 5, and 8 (Figure 5) show low charge values (<40 ms) throughout most of the cross-section. This pattern 

indicates that these four lines are located within compact carbonate units with low dissolution rates. Therefore, these lines 

can be interpreted as part of a stable rock, as shown in the figure, or an anticline zone with little dissolution or fluid 

recharge at these depths. Line 4 (Figure 5d) shows a very prominent chargeability anomaly, characterized by a red to purple 

zone (>300 ms) on the left side of the cross-section. This zone indicates the presence of water-filled karst cavities or residual 

clay deposits trapped within dissolution channels. This high-value anomaly suggests intense hydrogeological activity, with 

fluid flow focused in the area. This pattern is consistent with SP results at the exact location, which identified laterally 

elongated underground flow paths. Thus, Line 4 can be considered the area with the most active karst aquifer dynamics in the 

study area. Line 4 (Figure 5d) shows the presence of a red to purple zone (>300 ms) on the left side of the line, indicating 

the presence of water-filled karst cavities or residual clay deposits trapped within dissolution channels. This anomaly 

indicates hydrogeological activity with focused fluid flow in the area. This pattern is consistent with SP results at the same 

location, which identified laterally extending underground flow paths. Lines 6 and 7 (Figures 5f and 5g) show several zones 

with moderate to high chargeability values at intermediate depths. Zones with chargeability values of 120–180 ms indicate 

the presence of cavities or conductive materials such as clay, and are surrounded by weathered carbonate rocks. Anomalies 

on both lines indicate isolated zones, characteristic of tropical karst systems in massive carbonate rocks. This pattern is 

consistent across Lines 6 and 7 and also suggests possible connectivity between cavities around Bangi Cave. 

IP modeling results for lines 2, 3, 5, and 8 indicate resistive zones with low chargeability values, representing compact 

carbonate rocks with minimal dissolution activity. In contrast, Lines 4, 6, and 7 have zones with high chargeability values, 

indicating areas of intense dissolution, water-filled karst cavities, and accumulation of conductive materials. Overall, this 

pattern demonstrates subsurface heterogeneity in the Lo Cave and Bangi Cave karst systems. 
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Figure 5. 2D induced polarization modeling (line 1–8) showing variations in chargeability  

values in the Lo Cave and Bangi Cave karst areas (Source: Authors, 2025) 
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Figure 6. Location of active ponor as surface water entry point to the karst system  

(Source: Authors field survey, Kedungsalam Village, September 27–28, 2025) 

 

Hydrochemistry facies analysis based on the Piper diagram 

The results of groundwater sample analysis around Lo Cave and Bangi Cave show variations in the concentrations of 

major ions and differences in chemical characteristics between locations (Table 1). Sodium (Na) concentrations ranged 

from 9.87 to 21.83 meq/L, with the highest value in SG2 and the lowest in AG1. Potassium (K) content was relatively low 

in all samples, ranging from 0.13 to 0.23 meq/L. Calcium (Ca) was approximately between 1.25 and 1.79 meq/L, while 

magnesium (Mg) ranged from 0.54 to 1.34 meq/L. Bicarbonate (HCO₃⁻) ranged from 1.53 to 2.74 meq/L, with the highest 

value in SG2 and the lowest in MA1. Chloride (Cl⁻) content is very low, namely 0.0045–0.0062 meq/L, while sulfate 

(SO₄²⁻) is between 0.62–0.85 meq/L, with the highest value in MA1. The pH value shows neutral to slightly alkaline 

conditions (6.8–7.8). Total dissolved solids (TDS) with values between 31–63 meq/L, with the highest value in MA1 and 

the lowest in AG2. In general, the analysis results show that groundwater in the study area has low mineralization, with 

Na⁺, Ca²⁺, and HCO₃⁻ ions dominating the hydrochemical system. The Charge Balance Error (CBE) for the 5 groundwater 

samples analyzed is below 10%, indicating that all samples are valid and can be used in further analysis. 
 

Table 1. Physical and chemical parameters of groundwater in the Lo Cave and Bangi  

Cave karst systems, Kedungsalam Village, Donomulyo District, Malang Regency (Source: Authors, 2025) 
 

Sampel 
Na  

(meq/L) 
K  

(meq/L) 
Ca  

(meq/L) 
Mg  

(meq/L) 
HCO3  

(meq/L) 
Cl  

(meq/L) 
SO4  

(meq/L) 
pH TDS 

SG-1 14.33 0.21 1.79 0.80 2.42 0.0045 0.62 7.8 37 

AG 1 9.87 0.13 1.60 1.07 2.47 0.0045 0.77 7.2 43 

AG 2 12.26 0.20 1.25 0.81 2.25 0.0054 0.69 6.8 31 

SG 2 21.83 0.15 1.29 1.34 2.74 0.0054 0.62 7.8 47 

MA 1 12.89 0.23 1.32 0.54 1.53 0.0062 0.85 7.5 63 

 

Figure 7 shows the hydrogeochemical facies classification using the Piper Diagram for five water samples around Lo 

Cave and Bangi Cave (SG1, SG2, AG1, AG2, MA1). In the cation triangle, all points are clustered in the area of relative 

Na⁺+K⁺ dominance, with significant contributions from Ca²⁺ and Mg²⁺. This pattern indicates a mixture of carbonate 

dissolution and ion exchange processes in the shallow aquifer. SG1, SG2, AG1, and AG2 occupy almost identical 

positions, suggesting that they originated from the same flow system. MA1 is slightly shifted towards Ca-Mg, which 

may reflect a longer water residence time and more intense water-rock interactions. The dominance of HCO₃⁻+CO₃²⁻ 

across all samples is characteristic of limestone dissolution in tropical karst systems. MA1 is slightly shifted from the 

central cluster but remains within the HCO₃ domain, indicating no significant SO₄²⁻ or Cl⁻ presence.  

This suggests that carbonation reactions are the primary chemical process controlling groundwater composition, despite the 

influence of surface water. Cave waters (AG1 and AG2) and well waters (SG1 and SG2) remain within the same cluster, 

reinforcing the interpretation that the karst system has high surface-subsurface connectivity. The combined dominance of 

Na⁺+K⁺ (cation) and HCO₃⁻ (anion) maps all samples to the Na-HCO₃ zone in the centre of the diamond, indicating that all 

samples originate from the same hydrogeological system. The similarity of facies between the wells, cave waters, and springs 

suggests that the karst system in this area is hydrologically connected. Water flows through fractures and dissolution channels, 

resulting in similar chemical characteristics across all samples. None of the samples exhibited significant evaporite influence, 

seawater intrusion, or anthropogenic contamination. This consistent pattern aligns with the results of geophysical modelling 

(SP and IP), which identified a network of subsurface cavities and channels still actively conducting water. 
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Figure 7. Piper diagram for hydrochemistry facies classification of groundwater around Lo Cave and Bangi Cave (Source: Authors, 2025) 

 

DISCUSSION 

The integrated SP, IP, and Hydrochemistry methods indicate that the karst aquifers around Lo Cave and Bangi Cave are 

connected. Hydrochemistry data confirm that the system is dominated by carbonate dissolution, producing CaMgHCO₃ 

water with low mineralization (TDS 31–63 meq/L) and a neutral to alkaline pH. According to the Piper diagram (Figure 7), 

the concentration of major ions and the position of all samples within the Na–HCO3 facies indicate that the groundwater is 

still in its natural state. The similarity in chemical properties of the well, cave water, and spring samples indicates that 

interconnected flow paths supply all of these locations. These conditions indicate rapid infiltration and short water 

residence times, characteristic of tropical karst aquifers. This interpretation is consistent with research by Hoaghia et al. 

(2021), Liu et al. (2022), and Gao et al. (2023), which states that young karst systems are generally controlled by the 

dissolution of calcite and dolomite, resulting in a dominance of Ca²⁺–Mg²⁺–HCO₃⁻ ions. At this study site, the very low Cl⁻ 

and SO₄²⁻ contents confirm the absence of saltwater intrusion, despite the area's coastal location.  

This indicates that the coastal karst aquifer in South Malang remains Hydrochemistryly stable and has not been affected 

by external factors such as marine intrusion or anthropogenic activity. From the geophysical results, the elongated negative 

SP anomaly indicates an active underground flow path that serves as the main conduit for the karst system. This finding is 

reinforced by the high chargeability zones (>300 ms) in the IP results on Tracks 4, 6, and 7, which indicate the presence of 

water-filled cavities and fractures. The agreement between SP and IP patterns, and the uniform Hydrochemistry results, 

demonstrates that fluid flow through a network of interconnected dissolution channels results in the homogenization of 

water's chemical properties. This relationship aligns with the classical speleogenesis model, which explains that the 

development of karst conduits is controlled by the flow of calcium and bicarbonate-rich water (Ford & Williams, 2007). 

One important finding is the high Na⁺ concentration in SG2 and the highest TDS value in MA1. These small variations 

may result from localized flow with longer residence times or from interactions with non-carbonate lithologies surrounding 

the spring. The absence of elevated Cl- or SO42- concentrations suggests that these variations are caused by natural 

processes within the aquifer system rather than human contamination or seawater intrusion. Microscale ion exchange, 

common in shallow karst aquifers connected to residual clays, is another possibility. With good water quality and low 

contaminant levels, it is likely suitable for domestic use. However, open fractures in the aquifer make it vulnerable to land-

use changes and to the intrusion of pollutants. The integration of geochemical and geophysical data provides new insights 

into the hydrogeological structure of karst that cannot be obtained from either method alone. The uniformity of 

Hydrochemistry facies in wells, cave water, and springs, in line with SP and IP results showing interconnected subsurface 

flow pathways, suggests that the Lo Cave and Bangi Cave aquifers form a single hydrogeological system. 

Overall, this study improves our understanding of carbonate dissolution mechanisms and subsurface flow patterns in 

coastal tropical karst and provides a scientific basis for water resources management, mitigation of potential geological 

hazards, and sustainable geotourism development in the Gua Lo and Gua Bangi areas. 

 

CONCLUSION                            

Based on SP, IP, and hydrochemical analysis data, it is known that the karst aquifer system in Gua Lo and Gua Bangi is 

influenced by carbonate dissolution processes and subsurface connectivity, with a Ca-Mg-HCO₃ facies and low 

mineralization, suggesting that the groundwater originates from a natural system relatively unaffected by marine intrusion 

or anthropogenic activity. Similarities in primary ion composition in dug wells, cave water, and springs indicate a single, 

connected flow system with rapid infiltration and short water residence times. The elongated negative SP anomaly and 

high-charge zone in the IP confirm the presence of an active underground river network. 

While this study provides information that can inform geotourism planning and development in Gua Lo and Gua Bangi, 

it still has several limitations. The number of hydrochemical samples was limited, and data were collected only during one 

season. From a geophysical perspective, the limited number of lines does not provide extensive subsurface spatial 

information. Therefore, further research is needed, including geophysical surveys, such as ERT, to improve the resolution 
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in detecting subsurface cavities and fractures. In addition, to determine the response of karst systems to seasonal changes 

and anthropogenic influences, long-term hydrochemical and hydrological monitoring is required. 
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