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Karst zoning and channel aquifers in the karst basin at Sendang Biru Beach, Tambak
Rejo Village have been investigated. Sendang Biru Beach has a cave appearance as a
karst morphological feature and is composed of limestone. Seasonal karst water sources
come from springs, surface runoff, underground rivers, channels in valleys, basins, and
slopes that often experience drought. The purpose of this study is to identify the presence
of karst aquifers and karstification zones that are prone to damage or disasters in the karst
environment. The method used is a geophysical combination of Electrical Resistivity
Tomography (ERT), Induced Polarization (IP), and Self Potential (SP). The results
showed that the eastern part's karstification zone was characterized by moderate to high
resistivity and a chargeability zone with a moderate to high range. In addition, the
existence of karst aquifer channels in the anomalous zone of low resistivity, high
chargeability, and negative natural potential. This zone is located in the Qas Formation,
with the water flowing from west to east and from west to south. The inundated karst
aquifer that spreads in a circular pattern with different depths interspersed by limestone

cracks causes a heterogeneous Karstification process.

1. INTRODUCTION

Aquifers in karst areas account for 7-12% of the world's
land area and supply 25% of the world's population [1]. Karst
is a landscape resulting from the dissolution process that has
undergone karstification in the form of endokarst caves [2].
Carbonate karst aquifers play an important role in water supply,
irrigation, power generation with quality and quantity of water.
However, according to Rizzo et al. [3], the system is
vulnerable and dynamic due to the characteristic features of
heterogeneity, anisotropy, porosity type of karst aquifer (rock
matrix, fracture, and channel porosity), and variability.
Therefore, to protect the aquifer source, it is necessary to
identify accurately such as the development of karst conduit,
karstification zoning, and analysis of differences in the
characteristics of the karst system. The aim is as a scientific
basis for establishing risk zones that can cause disasters in the
form of groundwater pollution and drought, and sinkholes [4-
6].

In this regard, geophysical surveys have a significant role in
identifying and displaying geological structures near the
surface, such as karst voids, faults, aquifer structures (type,
depth, groundwater level), and geological structures [7].
However, according to Tripathi & Fryar [8], characterizing the
aquifer flow in the karst plain is difficult to map because it can
be concentrated through the conduit, and it does not always
match the appearance on the surface. Therefore, several
methods such as ERT, IP, and SP have good correlations for
different purposes. For example, the ERT method for mapping
subsurface electrical resistivity spatial variations and the IP
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method for mapping chargeability variations. Meanwhile, the
SP method is used to characterize groundwater flow in karst
land. That is due to the electric potential gradient generated by
the horizontal flow of water along the fracture or conduit
channel and the vertical infiltration of water towards the
fracture or shaft [9].

On the other hand, several studies use geophysical methods
to characterize karst landscapes. Among them, identifying the
voids and morphology of karst landscapes and karst water
circulation in karst structures [3, 8-10], SP and ERT methods
of karst aquifer exploration [5, 11, 12], as well as IP methods
for the use of detection features. doline cover debris [13-16].
Then, epikarst features with geophysics [17], and microgravity,
ERT, and seismic application to detect karst sinkholes [17, 18].
Furthermore, a combination of ERT, IP, and SP methods was
applied for the investigation of groundwater in the dissolution
process of rock due to intrusion [19], zone of mineralization of
graphite content [20], and environmental contamination due to
landfill leakage [21]. Another method is a combination of
Ground Penetrating Radar (GPR) and ERT to study Karst
structures [21], a combination of geoelectrical localization and
electromagnetic geohydrology [22]. In addition, several
researchers have carried out geophysical approaches such as
the application of geophysical and hydro-chemical methods to
protect karst aquifers [23], integrated geophysical approaches
for localization of karst channels [8], and hydro-geophysical
characterization of karst aquifers [24]. However, what is
interesting is the use of ERT, IP, and SP methods which gives
good results. Meanwhile, the characterization of karst aquifers
using the IP method gave inconsistent results [24].


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.170309&domain=pdf

Sendang Biru Beach, located in Tambak Rejo Village,
Sumber Manjing Wetan District-Malang, comprises limestone
or dolomite, which easily dissolves when water is passed. The
topography and condition of the area with a limestone-
dominated arrangement [25] have the potential for Kkarst
aquifers and Kkarstification zones that are vulnerable to damage
or disasters karst environment. According to Jacoby et al. [2],
this area has the appearance of caves as a karst morphological
characteristic. The karst water sources come from springs,
surface runoff, and underground conduit rivers. Sahrina et al.
[25] has succeeded in identifying 36 springs in the Karst area
of Sendang Biru. These springs are spread out in valleys,
basins, or on slopes and are seasonal springs or epikarst
springs. It belongs to the diffuse or fissure type, so that
dissolution occurs more intensively. Then, Guo et al. [26]
explained, this area includes perennial flows (flow throughout
the year), meaning that it has temporal fluctuations in the rainy
and dry seasons that are not too large. In addition, the area also
has the potential for considerable fisheries resources in East
Java. There is a fish auction place, and Sempu Island across
the coast is designated as a nature reserve [27], where the place
often experiences drought in the dry season [28, 29].

Based on this, the purpose of this study was to identify the
karstification zone and aquifer conduit in the karst basin at
Sendang Biru Beach, Tambak Rejo Village. A new method has
been proposed in this paper with a combination of geophysical
and IP methods to identify karst inconsistencies. The ERT and
IP methods were integrated to provide insight into near-
surface geological formations and identify possible
preferential conduit pathways. In particular, IP and SP
measurements are used to detect clay formations and
information related to the direction of shallow aquifer water
flow.

2. MATERIAL AND METHODS

This research was conducted at Sendang Biru Beach,
Tambak Rejo Village, Sumber Manjing Wetan District, South
Malang Regency. Figure 1 shows a geological map of Sendang
Biru Beach, including a topographic map, location, and
research design. Geographically, the location is at the
positions 08<37'- 08<41'LS and 112<35'- 112<43'E with an
average topographical height of 0 — 100 masl (Figure 1a).

The geological conditions are in the two rock formations of
the research sites. The first is the Qas formation, consisting of
gravel, sand, clay, and plant remains. This formation is located
on lines 1, 2, 3, and 6 of the Qas formation (swam and river
sediment), where the length of lines 1,2 3,4, and 5 is 240 m,
and line 6 is 160 m long. The second formation is Wonosari,
located on lines 4 and 5, composed of several types of
limestone such as coral, clay, tuff, sandy, marl, black peat
claystone, and calcirudite from the Middle Miocene Wonosari
Formation [2]. In the Qas formation, there are two springs in
the form of open drain holes located on lines 1 and 6 (Figure
1b). Spring 1 at the measuring point 160 m is at the midpoint
of measuring line 1, while well two at the measuring point 10
m is at measuring point 6. In addition, in the Qas formation
there are also drilled wells located on lines 2 and 3.

There are three methods used such as: geoelectrical
resistivity (E.R.T.), I.P., and S.P. methods. Resistivity and I.P.
measurements used a Georesistivitymeter multi-electrode
prospecting measurement, the M.A.E. model. AG6000E.
Measurements were carried out from 7 to 9 April 2021. Figure

392

1(b) shows that the six lines consist of the Qas formation with
four lines and the Wonosari formation with two lines. Firstly,
the resistivity and IP measurements were carried out using a
dipole to dipole stretch with an electrode distance of 10 m. The
six lines are made with 240 m and 160 m on lines 1-5 and 6,
respectively. Secondly, a multi-electrode geo-resistivity meter
is used when resistivity and IP measurements are no longer
possible due to field influences. In this case, line 6 is shorter
because the research location does not allow up to 240 m. After
all, it is blocked by several residents' houses. Therefore, a
multi-electrode geo-resistivity tool is used, which in particular
has a 24-channel electrode that can measure resistivity and IP
simultaneously at the same time. Once an electric current is
applied, the resistivity value is immediately measured, and
after that, a few moments after the electric current is stopped,
the IP value is also measured. Third, resistivity and IP data are
processed and interpreted using Res2Dinv and Oasis Montaj
software. The aim is to analyze the subsurface bedding pattern.

The next step is to measure the distance between the porous
pots using the SP method. Every 5 m distance was measured
on the same lines as in the ERT and IP measurements.
Measurements were carried out using the Leap-Frog system
using copper wire electrodes. This electrode is immersed in 2
porous pots containing CuSO4 solution with the same
concentration of a solution. Finally, the measured natural
potential data were corrected, calibrated, and plotted with
Surfer 10 software. The aim is to obtain an isopotential contour
map that interprets the direction of underground river flow at
the study site [12, 20].

Survey Design
Sendang Biru Area Malang Regency

Topographic Map

Sendang Bru Area
Malang Regency

(¢) Topograph

Figure 1. Geological Map of Sendang Biru Beach (Google
Maps)



3. RESULTS AND DISCUSSION
3.1 Identification of sub-surface bedding patterns

A geophysical method is a tool to investigate hydro-
geologies such as aquifer characterization, sub-surface
geometry information, Kkarst system structure, epikarst,
infiltration zone, and sinkhole [30]. Sinkholes are one of the
indicators of layering patterns near the surface of active
underground karst features. It can be identified in cavities,
conduits, and fractures that enlarge due to the karstification
process. Meanwhile, karst conduit containing water as a
source of water supply for the world's population can be
identified by the presence of karst aquifer resources. Therefore,
a scientific understanding of karst areas and aquifers, karst
conduits, and underground rivers are needed [6, 31]. That can
be done by measuring the rock resistivity to a certain depth.

Rock resistivity depends on the degree of fracture and the
percentage of fracture-filled with groundwater. This shows
that the resistivity of the rock depends on the degree of fracture.
The larger the fracture, the greater the percentage of
groundwater flowing into the fracture. That will cause the
resistivity value to be smaller. According to Loke [32],
sedimentary rocks are usually more porous and have higher
water content and wetter soils. Furthermore, freshwater loam
soils usually have lower resistivity values than sandy soils.
Furthermore, freshwater clay soils usually have lower
resistivity values than sandy soils. Figure 2 shows the
resistivity map measurement at a depth of 5 to 40 meters. As
the basis for data interpretation, open sinkhole references are
used in the form of springs located on paths 1 and 6 and low
resistivity anomalies to characterize karst aquifers. Generally,
resistivity values are classified into three zones [32-36]. The
measurement results obtained resistivity anomalies between
1.2 m to 485 m and were classified as shown in Table 1.

Table 1. Subsurface resistivity distribution

No. Contour color Resistivity (2.m)  Level
1. Blue- Green 1.2-8.5 Low
2. Dark green- Yellow 8.6-26. 8 Medium
3. Brown - Purple 26.9-485 High

3.1.1 High resistivity zone

The sub-surface layer pattern was obtained based on the
interpretation of the six tracks using the Res2Dinv and Oasis
Montaj software. Res2Dinv software is used to determine the
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resistivity value of rock layers using the inversion method. In
contrast, Oasis Montaj is used to illustrate resistivity results.
The high resistivity zones are located at lines 1, 3, and 6 to a
depth of 10 m to the west (Figure 2b), and lines 2, 4, and 5 to
a depth of 40 m to the east (Figure 2h). According to Plank &
Polgar [36], a high resistivity zone with a depth of 40 m is
interpreted as an alluvium overburden layer and material heap.
This zone is below the surface on lines 1, 3, and 6 to the west.
While in the eastern part with lines 2, 4, and 5 are interpreted
as massive limestone. Several authors have suggested that
massive limestones dominate the high resistivity with depths
between 25-40 m [33, 34, 37-39].

3.1.2 Medium resistivity zone

The resistivity is being obtained at:

- Tracks 1 and 6 with a depth of 15 m — 40 m;

- Tracks 2 and 5 in the middle to a depth of 5-15 m;

- Tracks 4 and 5 to a depth of 20m.

At moderate resistivity with a depth of 15-40 m, some
researchers have interpreted it as a layer of limestone that is
saturated with water and a layer of clay in the form of a karst
main water channel (conduit) [10, 40, 41] with springs in the
form of open sinkholes. However, it is different from lines 2
and 5, which are also indicated as moderate resistivity zones.
In this paper, found at a depth of 5 — 15 m were identified as
cracked limestone containing wet clay in the form of a karst
lens (Figure 2 (a, b, ¢)). In addition, on the same trajectory with
a depth of 15 — 30, there is water-saturated limestone (Figure
2 (c, 1)), while at depths of 35 m to 40 m (Figure 2 (f, g, h)) at
the bottom of the zone between paths 4 and 5 to a depth of 20
in the form of a karst aquifer is indicated as the cause of the
karstification process [42, 43].

3.1.3 Low resistivity zone

Figure 2 (c-h) shows low resistivity, located in the western
part of lines 1, 3, and 6 at a depth of 15 m to 40 m. That is
interpreted as a layer of limestone saturated with water, and
the clay layer is the main karst water channel (conduit) [10, 40,
41]. This spring is an open sinkhole located on lines 1 and 6.
Low resistivity anomalies are also seen at a depth of 10 m
(lines 2 and 5), 25 m (lines 4 and 5), and 30-40 m (lines 2, 3
and 5). These are all interpreted as karst aquifers [42, 43]. In
addition, generally, karst aquifers identified as having low
resistivity can be attributed to high clay content in the form of
marl or soil. It is characterized by sandy marl clay, gravel, sand,
and weathered layers with relatively high-water content [16,
34, 44, 45].
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Figure 2. Resistivity map depth of 5 to 40 meters

3.2 Chargeability measurement

Chargeability is the ability of a rock or material to store an
electric current when it hits it. The chargeability value of this
rock is usually obtained through the IP method. The basic
principle of the IP method is to flow an electric current into
the earth and then observe the potential difference that occurs
after the electric current is stopped. When the current is cut off,
the potential difference must be zero immediately. However,
the potential difference does not immediately become zero in
certain mediums because the medium is like a capacitor
(which stores electrical energy). Electrical energy is still stored
in electrochemical energy in electrolyte fluids and conductive
minerals in rock pores. So after the current is cut off, the
previously polarized ions gradually return to their equilibrium
state. In other words, there is still a voltage difference that will
decrease over time until its value becomes zero. There are no
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special requirements for the amount of electric current that
flows to the ground as long as the tool can still measure. In
addition, the current is cut off, ideally, the potential difference
immediately becomes zero / disappears, but in certain
mediums, it will store electrical energy (as a capacitor) and be
released again. However, even though the current has been cut
off, the voltage difference that is still present will decay with
time and gradually disappear/zero.

Polarization can occur due to the presence of a medium
containing metallic minerals. As can be seen in Figure 3, a
polarizing effect is obtained, the polarization effect is obtained.
The value of Vs. is the voltage value after the polarization of
the voltage decay results with time and produces the area
under the potential decay curve. Therefore, the charging
capability can also be reviewed by applying the integral
concept to the voltage value after the current is turned off.
According to equation 1, the apparent chargeability in time



(milliseconds) is obtained.

4 1
v (M

t2
m= l J- V.(t) dt =
= A =
w!
where, V;: measured potential after the current is turned off at
time ¢, to #2; V! initial injected potential; m: rock chargeability
(milliseconds).

In addition, the IP method can identify disseminated
minerals but is difficult for massive minerals. That is because
the dispersed minerals are more easily polarized due to the
current passing through them. Chargeability indicates how
long the polarization effect will disappear as soon as the
current is turned off.

N

[

<

R {9)

wit.)

A

t1 t2 Time
Figure 3. The change in voltage decays Vs time and forms

an arca

In this study, the IP method was used not to determine the
type of rock but to determine the number of conductive
minerals found in the rock in the form of metallic or clay
minerals. The application of the IP method is based on the
difference in the polarization of limestone with the
surrounding medium and clay [46]. In this case, chargeability
is controlled by the percentage of current flowing through the
massive rock and the narrow pore size. When chargeability
increases significantly with increasing exploration depth, this
indicates the presence of more massive rocks. Yatini [47]
explains, the greater the water content, the greater the
chargeability due to swelling of the clay content. Figure 4
shows the level of chargeability anomaly in the location area.
As with the measurement of rock resistivity, the chargeability
anomaly values are also grouped into three parts [16, 20]:

-low chargeability rated 0.01 mV/V to 0.3 mV/V;

-moderate chargeability with values of 0.31 mV/V to 0.42
mV/V;

-high chargeability greater than 0.42 mV/V to 1.058 mV/V.

The three chargeability values were obtained based on the
measurement data, and the results were processed with the
same software. In contrast to the resistivity value, the western
part of the 1, 3, and 6 tracks is dominated by the moderate
chargeability zone with a depth of 5 m. As previously
explained, this zone is a layer of surface rock. Meanwhile,
there is a tendency for the chargeability value to be high at a
depth measurement of 10 m — 35 m. It can be interpreted that
the limestone has weathered and is filled with clay material,
and is saturated with water. However, there are two different
chargeability anomaly values at a depth of 40 m. Moderate
chargeability is seen right on tracks 1 and 6 from the surface
indicated as the main conduit line. On the other hand, in the
same zone, there is also a high chargeability anomaly.
According to Schmutz et al. [16], the zone is the flow of water
to the surface through open sinkhole springs through narrow
pores of limestone.
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Other measurement results obtained moderate to high
chargeability values with a spread pattern in the research
location. This subsurface rock layer structure indicates that the
study site has karstification processes in limestone, which are
heterogeneous based on depth [15, 19, 47, 48]. Zhang et al.
[49], generally, water-filled karst caves usually begin with low
apparent resistivity values and rapidly increasing conductivity.
This condition occurs in the eastern part between track zones
2,4, 5, and 2, 3.5 from the surface to a depth of 40 m (Figure
4 (h)). That is interpreted as limestone that has undergone
cracks and filled with other materials such as clay, marl, sand,
and gravel that function as aquifer water retainers. In addition,
several zones have low chargeability values, as shown in
Figure 4(b), (d), (g), and (h). This zone is above tracks 4 and
5 ata depth of 10 m, 20, and 25 m, and below at the same track
a depth of 25 - 40 m which is interpreted as massive limestone.

3.3 Analysis of self potential data interpretation

The SP is a passive method because the measurements are
carried out without injecting electric current through the
ground surface. The natural potential difference of the soil is
measured through two points on the ground surface—the
measurable potential ranges from a few millivolts (mV) to 1
volt. SP can be a spontaneous potential on the earth's surface
caused by a mechanical process or an electrochemical process
controlled by groundwater. Here, an isopotential contour map
analysis is performed to interpret the direction of underground
river flow. In general, negative SP anomalies are associated
with low ER anomalies generated by groundwater flow. Then,
this groundwater flow can be masked by the positive SP
response generated by the infiltration. The fluid flow through
a subsurface medium produces an electrokinetic potential or a
different flow from an area without fluid motion.

Figure 5 shows an isopotential map measurement with a
depth of 5 to 40 meters. Based on the results of measurements
and data processing obtained natural potential values with a
range between -10,644 mV to 11,294 mV, which are classified
into:

- Negative natural potential zone = 10,644 mV to — 0.100
mV;

- Positive natural potential zone = 0.026 mV to 11.294 mV.

Based on this classification, it can be seen that the SP zone
is negative to positive on lines 1, 3, and 6 in the west. That
indicates that this zone includes water flow through the
subsurface media producing an electrokinetic potential.
According to Ayolabi et al. [14], the negative natural potential
anomaly and low resistivity indicate that the anomaly is likely
to represent a sedimentary sinkhole and main conduit channel.
This opinion is reinforced by Zhu et al. [50, 51], that negative
natural potential anomaly with low resistivity anomaly can be
identified as the target location for the presence of conduit.
Therefore, in this study, we have interpreted the direction of
the water flow to the north in the open sinkhole spring, located
on line 1. Then, the flow direction is east to south at the open
sinkhole spring located on line 6. Furthermore, the water flow
movement is also affected by topography or gravity flow [7,
52]. Using this reference and the plot results found a dominant
low positive anomaly above lines 2, 4, and 5 to the east. That
indicates the presence of an absorption zone vertically through
the epikarst zone to the cavity. Because it is positive,
according to Jardani et al. [53], the cavity is usually filled by a
conductive material.
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Figure 4. Chargeability Map with a depth of 5 to 40 meters
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Another finding is a small natural potential anomaly
scattered at several points located at the bottom of lanes 2 and
4. The zone with the most negative natural potential value
indicates the presence of shallow groundwater sources. This
opinion was expressed by Baggett et al. [54]; the smaller the
potential for natural anomalies, the negative value. That is, the
accumulation of water flow to the location is relatively large.
In other words, this zone is interpreted as a catchment area for
karst aquifers, which is the cause of the karstification process
of dissolving carbonate rocks [48, 53].

3.4 Discussion

Discontinuities characterize karst areas with reduced
surface water drainage due to the presence of cracked and
brittle rocks. This condition causes rivers to flow underground
often [10]. Meanwhile, the local community is very dependent
on karst groundwater sources. During the dry season in karst
landscapes, water is stored in abundance in inaccessible
underground conduit systems [55]. At the same time, karst
aquifers can store and transmit the main source of drinking
water in many areas around the world [56]. On the other hand,

water is the backbone of life and the essence of human survival.

Therefore, according to Salih [57], monitoring the quality of
water resources becomes very necessary.

The process of karstification often results in natural
underground cavities. As a result, dissolution occurs, allowing
the formation of caves or creating sinkholes [17]. According
to Sahrina et al. [25], the epikarst zone is concentrated from
rainwater infiltration. It has permeability and porosity due to
the widening gap resulting from dissolving. On the other hand,
the clay rock water retention is structure weak. Therefore,
karst is formed by limestone or carbonate rock that has been
eroded by karstification, creating cavities, sinkholes, fractures,
and other distinctive cracks. Environmental issues and
groundwater engineering challenges are groundwater
exploration, vulnerability assessment, and hazard estimation
[11, 32]. According to Fernandes et al. [58], pressure point
sources are the most obvious among the many threats to water
quality. Despite this approach, these authors report that the
major threat and main benefit to water quality in agriculture
depends on land use, urban or forestry.

In this study, very small resistivity values were found in the
western part of paths 1, 3, and 6 in the Qas Formation with a
depth of 15 m to 40 m. This condition indicates the presence
of karst aquifer conduit channels through open sinkhole
springs [18, 22, 48]. It has been verified by the results of
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community wells drilled on line 3 with an average depth of 15
m to 24 m. Another evidence is that the chargeability value is
in moderate to high anomaly at that location. That indicates
the limestone has undergone weathering, is filled with clay
material, and is saturated with water [13, 50, 54, 59, 60]. In
addition, at the same location, the negative natural potential
anomaly is interpreted as a conduit path with a branching
water flow direction. The first branch goes to track 1, while
the second branch goes to lines 3 and 6.

Karst aquifers usually have different physiographic
characteristics resulting from the dissolution of carbonate
rocks. Usually form a sinkhole characterized by a network of
fractures and conduits. Its function is the main link between
surface water and groundwater by collecting rainfall and
channeling it internally to the subsurface. In general, the
existence of these sinkholes causes damage to property and
infrastructure in karst areas around the world [61]. Based on
the interpretation, results obtained a low resistivity anomaly in
the eastern part circular to a 15 m. It is at the top between line
2 (Qas formation), line 4 and line 5 (Wonosari formation), and
below line 2. This zone is interpreted as a karst aquifer and has
been verified by the presence of drilled track 2 with a depth of
20 m.

As previously described, in the zone below lines 4 and 5, a
low resistivity anomaly is obtained, which is indicated as the
cause of the karstification process. Then, it is seen that the
resistivity value tends to be high. Symptoms like this are
interpreted as limestone fractured and filled by other materials
in the karstification process is running [13, 48, 59]. That has
been verified with a moderate to high chargeability zone due
to the presence of clay, marl, sand, and gravel which act as
retainers of inundated aquifers [16, 19, 48]. There is also a low
positive natural potential anomaly. That shows the absorption
zone vertically through the epikarst zone towards the cavity
because it is positive. When the cavity is filled by a conductive
material (clay or water), the cavity filled with a conductive
material produces a positive natural potential anomaly [7, 53].
On the other hand, at the top of lines 2, 4, and 5, a high
resistivity zone is inserted with a moderate resistivity zone to
a depth of 40 m, interpreted as limestone [50].

Furthermore, karst aquifers are formed in a diffuse,
heterogeneous, and circular pattern below line 5 with a depth
of 25-40 m (low resistivity). That also shows that the limestone
that has been fractured has been filled with other materials in
the form of clay, marl, sand, and gravel. Likewise, the karst
aquifer, which functions as a reservoir for stagnant water, has
undergone a Kkarstification process in limestone. Several
previous researchers have also done the same thing on
heterogeneous zones based on depth [15, 19, 48, 49]. In
addition, this identification has been verified with moderate to
high chargeability values with a spreading pattern to a depth
of 40 m. It has also been confirmed by Schmutz et al. [16] that
fractured limestone found in potential natural anomalies has a
negative value. Thus, the relatively large accumulation of
water flow to the location is interpreted as an aquifer
catchment area, and it is the cause of the karstification process
of dissolving carbonate rocks [17, 62].

4. CONCLUSIONS
The use of a combination of ERT, IP, and SP methods has

succeeded in identifying the characteristics of the presence of
karstification zones and conduit aquifer zones in the Karst area



of Sendang Biru Beach, including:

(1) The eastern part, dominated by limestone, has
experienced cracks and is inserted with sandy marl clay, gravel,
sand, and weathered layers with relatively high-water content.

(2) A flooded karst aquifer spreads in a circular pattern with
different depths interspersed with limestone, which causes a
heterogeneous karstification process in the Wonosari
formation.

(3) The conduit aquifer zone is seen in the western part of
the location in the Qas formation, with the flow direction
branching from west to north and east to south.
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NOMENCLATURE

ERT Electrical Resistivity Tomography
IP Induced Polarization

SP Self Potential





