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Sendang Biru Beach, located in Sumbermanjing Wetan District, South Malang Regency,
East Java Province, Indonesia, offers significant tourism and fisheries potential,
supported by the nearby Sempu Island Nature Reserve and a Fish Auction Site (FAS).
However, the coastal region is prone to karstification, which may be exacerbated by
recent land use developments in the surrounding area. This study aims to analyze the rock
layer structures and assess the vulnerability of karst land use to the ongoing karstification
process. Electrical Resistivity Tomography (ERT) and Magnetotelluric (MT) methods
were employed to investigate karst land within the study area. The findings revealed the
presence of karst aquifers in Zone A, extending to a depth of 250 m, characterized by low
resistivity values. In Zone B, karst limestone deformation was observed at several
locations due to karstification, with moderate resistivity values detected at a depth of 300
m on the surface, indicating vulnerability to karst disasters. High resistivity values
dominated areas with massive karst limestone, ranging from the surface to a depth of 400
m. Furthermore, it was found that a significant portion of karst land is utilized for
settlements, plantations, and rice paddies, potentially disrupting the karst ecosystem due
to household, plantation, and agricultural waste. This study highlights the importance of
understanding the impact of land use on karst vulnerability and informs mitigation

strategies for sustainable development in the Sendang Biru region.

1. INTRODUCTION

Sendang Biru Beach, situated in the southern part of Malang
Regency within the Sumber Manjing Wetan District of East
Java, features a topography ranging from 0 to 100 m above sea
level. Geographically positioned at 08°37'- 08°41'S and
112°35'- 112°43'E, the beach derives its name from the
presence of a blue spring ("Sendang” in Indonesian) along the
coastline. Serving as an access point to Sempu Island, Sendang
Biru Beach is characterized by relatively smaller waves
compared to other southern coastal areas due to the island's
influence. The beach is approximately 70 kilometers from
Malang City Square and boasts a wealth of natural resources,
including tourism and fisheries [1, 2]. Supported by the nearby
Sempu Island Nature Reserve and Fish Auction Place (FAS),
Sendang Biru Beach also serves as a fish landing site, yielding
various fish species such as tuna, yellowfin, skipjack, albacore,
and marlin. Notably, the area features caves and karst
landscapes, with the karst geomorphological areas
predominantly composed of limestone. Karst landscapes
typically result from rock-dissolving processes, primarily
involving limestone or dolomite, due to water flow. This
process forms fragile structures and water concentration points,
leading to groundwater discharge, continuous flow, and the
formation of interconnected cavities, ultimately producing
subsurface conduit channels [3].

Numerous studies have employed Electrical Resistivity
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Tomography (ERT) as a geophysical method to investigate
karst areas. These investigations have sought to acquire
information on the location of subsurface sinkhole cavities [3],
characterize the subsurface karst environment [4], and
visualize dissolution zones within karst systems to determine
the risk of surface collapse [5]. Other studies have highlighted
the significant difference in resistivity between water-
saturated karst and karst bedrock [6], sinkhole formation due
to the widening of vertical dissolution at the intersection of
three series of conduit channels [7], and the geological
characteristics of cavities and other features in highly
heterogeneous karst environments [8]. Meanwhile, the study
[9] mapped voids and caves between carbonate units, cavity-
filling sediments, and groundwater. Researchers have also
used Magnetotelluric (MT) surveys to identify subsurface dry
fracture networks and caves beneath synclines resulting from
subsurface karst decay [10]. Moreover, studies have examined
shallow and deep structures, as well as the understanding of
collapse and cracking due to karst dissolution processes [11].
The paper [12] unveiled three subsurface rock layers
correlating with karst lithology, while the study [13] reported
void collapses due to dissolution, causing overlying layer
collapse and artesian water-holding features.

Alternative methods, such as the Transient Electromagnetic
Method (TEM), have been utilized to detect subsurface karst
caves [14]. Integrated geophysical methods, including MT and
Seismic Refraction Tomography (SRT), have been employed
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to identify faults, fracture zones, and detect water-filled
channels in karst fields [15]. Comprehensive geophysical
approaches, such as Seismic and Controlled Source Audio-
frequency Magnetotellurics (CSAMT), have been used to
explore limestone and detect water-rich areas of karst
structures [16]. Furthermore, karst areas often face drought
and water crises during the dry season due to discontinuous
surface water drainage, which is reduced by cracked and
weathered rock, causing rivers to flow underground [17].
Interestingly, the Sendang Biru karst area has never
experienced drought, even during the dry season. The region
exhibits low rainfall and varying discharge fluctuations,
including perennial flow, indicative of diffuse or fissure
channel-type springs. Land use in the catchment area is highly
heterogeneous, dominated by shrubs, plants, growing forests,
settlements, agriculture, and irregular trade. The presence of
numerous Karren formations suggests significant karst
development. Consequently, this study aims to examine the
subsurface rock layer structures resulting from the

karstification process to develop a foundation for karst land
use and mitigate vulnerability to karst disasters.

To achieve this aim, the ERT and MT geophysical methods
were employed in the Sendang Biru karst land. Specifically,
the study investigates the existence of karst aquifers at
Sendang Biru Beach by applying a geophysical exploration
method that combines local geoelectric methods (by injecting
electric currents into the earth) and regional magnetotelluric
methods (by utilizing natural electromagnetic waves).
Additionally, the study analyzes the resistivity values of both
methods. The findings from this investigation are expected to
provide insights into the vulnerability of Sendang Biru Beach
karst land use due to aquifer resource exploitation and
uncontrolled land use. The utilization of land for settlements,
plantations, and rice fields may increase vulnerability to waste
pollution in karst aquifers and karst collapse disasters due to
karst desolation processes. Therefore, this study serves as a
basis for disaster mitigation considerations for the vulnerable
Sendang Biru karst area.

GEOLOGICAL MAP
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Figure 1. Geological map [18]

2. STUDY AREAS

Figure 1 shows a map of the research location. Sendang Biru
Beach has a hilly area with moderate to steep slopes with a
height of 50-250 meters above sea level, has a flat slope (<3%),
slightly sloping (3-8%), rather steep (25-40%) and very steep
(40%). Sendang Biru Beach consists of a beach with limestone,
coral, and steep walls, and part of it is a sloping beach with a
length of 50-100 m on the east and west sides. The rocks of
the Sendang Biru region are barren and easily eroded
limestone. Based on the geological map, it can be seen that the
location is in Wonosari formation (Tmwl), which is dominated
by limestone, sandy marl, and claystone inserts. The Wonosari
Formation is flanked by the Qas Formation (swamp and river
deposits), which is dominated by gravel, sand, clay, and plant
debris in the western and northern parts. In the eastern part of
Mandalika formation (Tomm) is dominated by andesitic lava,
basalt, trachite, dacite, andesitic breccias. The upper north is
the Mandalika Formation and the Wuni Formation. Some
streams cut along the Qas Formation.
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In addition, the location of Sendang Biru Beach, Tambak
Rejo Village, is in a basin based on the topographic map, as
shown in Figure 2. Most are at an altitude of 0-45 meters
above sea level, especially those in coastal locations. Some
hills spread out at 45-90 meters above sea level and are flanked
by a topographical surface with an altitude of 40-125 meters
above sea level. Further north, the topographical elevation
reaches 180 meters above sea level. While the topography of
Sempu Island on the coast is at an altitude of 0-45 masl, hills
are spreading across the island's surface at an altitude of 45-90
masl.

Furthermore, Figure 3 shows a land use map dominated
mainly by dry forest surrounding it and spreading to the coast.
The part of the basin for land use is in the form of plantations,
residential use, and use fields, which are spread out in groups
on plantation land. The northern, eastern, and western parts, as
well as the southern part of the coast, are dominated by dry
forests; in the southern part, there is a small part of alkaline
forests and swamps. Sempu Island is a protected nature reserve
located opposite Sendang Biru Beach.
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Figure 2. Topographic map [18]
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Figure 3. Land use map [18]

3. METHODOLOGY

This study investigates the behavior of karstification zones
and aquifer channels in the karst area of Sendang Biru Beach.
The method used is a combination of ERT and MT methods.
ERT is used to provide information about the dynamics of the
system and its boundaries. Furthermore, this information is
used to design a channel network model. Thus, a
comprehensive investigation of the dynamic behavior and
sinkhole capture can be carried out. This study used the ERT
data acquisition method using a Georesistivity meter multi-
electrode prospecting measurement tool (mod. M.A.E.
AB000E). At the same time, MT data acquisition was carried
out with five measuring points using a Metronix ADU-07e
magnetotelluric unit. In addition, the MT method uses ProcMT
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and WinGlink software. ProcMT software converts raw MT
data (time series) to series frequency. Then Fourier transform
and robust processing is performed to obtain the apparent
resistivity curve. The next phase is exported into a data-edi
format for the modeling phase. At the same time, the
WinGlink software performs 1D and 2D modeling and uses
Bostick inversion. Modeling uses non-linear conjugate
gradient inversion. Finally, a model is obtained, interpreted,
and integrated with other subsurface data.

3.1 Electrical resistivity tomography (ERT)
The ERT method is used to determine the subsurface

resistivity. The steps are (1) injecting electric current I into the
ground with two electrodes and (2) measuring the voltage



generated between two or more potential electrodes AV.
Resistivity is a quantity whose value depends on the spacing
of the electrode configuration used k. Because the earth
consists of layers with different resistivity values, the
measured potential is the effect of these layers. According to
the study [19], the apparent resistivity is formulated:
AV
Pa = kT (1)
The equation obtains the geometric factor k for the dipole-
dipole configuration:
k=mna(n+ 1)(n+2) (2)
Data acquisition was carried out from 7 to 9 April 2021
with a dipole-dipole configuration with an electrode distance
of a = 10 m. In this study, measurements were made of 6
measuring lines with 1 to 5 track lengths of 240 m. Meanwhile,
track 6 stretches 160 m, as shown in Figure 4.
Figure 4(a) shows the track’s location on the survey design

map. There are five tracks in the Qas Formation, three in the
Wonosari Formation, and two in the Mandilika Formation.

The map shows a measuring stretch (black line) indicating
Lines 1 — 5. Data processing using Res2Dinv and Oasis
Montaj software is then interpreted to analyze subsurface
layering patterns (Figure 4(b)).

3.2 Magnetotelluric (MT)

The MT method is electromagnetic sounding (EM). Its
function passively measures the regional time-varying
components of the electric field (E) and natural magnetic
field (H ). Here, a comparison between the electric and
magnetic fields perpendicular to each other is carried out. The
aim is to obtain the impedance of the electrical properties of a
medium in the form of conductivity and resistivity, which can
produce images for greater depths. The decay of the amplitude
when the wave is in the z direction is known as the skin depth
(8). That is the distance along which the electric field strength
is attenuated by 1/e of the initial electric field strength. Thus,
skin depth can be written as follows:

8=503\[E
f
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Figure 5. MT measurement point locations and line directions

Eq. (3) shows that the skin depth depends on two parameters,
the resistivity (p) of the medium and the wave frequency (f).
Skin depth decreases with decreasing resistivity and increasing
frequency.

Data acquisition using the MT method uses 5 points
measured on June 13-18, 2022 (Figure 5). A Metronix ADU-
07e measuring instrument is used to measure three
components of the magnetic field (Hx, Hy, and Hz) with three
coils. Then the two components of the electric field (Ex and
Ey) with an electrode span of 2 50 m are installed
perpendicular to each other. The frequency range carried out
is between 5 kHz — 64 kHz. The results of consecutive
measurements with footage of High Frequency (HF) 64 kHz
for 30 minutes, Medium Frequency (MF) 16 kHz for 2 hours,
Low Frequency (LF) 8 kHz, and backup data for 30 minutes.
Thus, the total data collection was about 5 hours per MT
measuring point.

4. RESULT AND DISCUSSION

4.1 ldentification of resistivity distribution with ERT
method

The basis for data interpretation is an open sinkhole
reference. In this case, a spring on track 1 and line 6 with low
resistivity anomaly to characterize karst aquifers. Table 1
shows the resistivity anomaly of the research location with a
range ranging from 1.2 Qm - 485 OQm, classified into low,
medium, and high resistivity zones [20].

Table 1. Subsurface resistivity distribution using the ERT

method
No. Contour Color Resistivity Level
(£2.m)
1. Blue- Green 1.2-85 Low
2. Dark green- Yellow 8.6-26.8 Medium
3. Brown - Purple 26.9 — 485 High

Figure 6 shows data processing results for the six tracks
using Res2Dinv and Oasis Montaj software with subsurface
layering pattern reconstruction. The processing results can be
identified as follows:
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- High resistivity zone

This zone is visible between tracks 1 and 2, 3 and 6, and
around track 4 at a depth of 5 m to 40 m. It is interpreted as a
very massive fresh karst limestone. The same thing can be seen
around tracks 1, 2, 6, and 5. at a depth of 5 m to 10 m. Here,
there is a layer of overburden in the form of alluvium and
heaps of material and clay. However, it differs from the high
resistivity around tracks 2, 4, and 5 at a depth of 15 m to 40 m.
This area is interpreted as a massive karst limestone with a
resistivity value more significant than the overburden layer.
- Moderate resistivity zone

This zone is visible around tracks 2, 3, 5, and 6 at 5 m to 40
m depth. This location is interpreted as karst limestone,
fractured with wet clay saturated with water. The same thing
can be seen at the bottom of track 5 at a depth of 10 m to 35
m.
- Low resistivity zone

This zone is in the middle of track 2 at 5 m to 10 m depth.
That is interpreted as a karst lens saturated with karst aquifer
water. The same can be seen on the east side, under tracks 4
and 5, at 5 m to 20 m depth. Then on track 5, with a depth of
10 to 40 m. In addition, in the western part around tracks 1, 3,
and 6, with a depth of 15 m to 40 m, there is a karst lens
saturated with water in the form of a karst conduit line.

4.2 ldentification of resistivity distribution with the MT
method

MT data processing used ProcMT software. First, MT raw
data (time series) is converted to frequency series using
Fourier transform and robust processing. The second is to
obtain the apparent resistivity curve and then export the phases
into an edited data format for the modeling phase. Finally,
WinGlink software is used for 2D modeling with Bostick
inversion and non-linear conjugate gradient inversion
modeling. This model is used to analyze, interpret and
integrate subsurface data.

Figure 7 shows the results of MT data processing for the
Bostick inversion model. Based on the figure displays the
resistivity, phase, and depth values of the five MT measuring
points. However, based on the results of data measurements,
MT®6 could not be processed because there were many data
errors, only MTO01, MT03, MT04, and MTO05.
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Figure 8. 2D Resistivity profile: (a) East-west line direction, and (b) North-south

Based on the Bolistick model (Figure 7) and the 2D profile
(Figure 8), an interpretation of the resistivity anomaly
distribution is obtained ranging from 1 Qm - 350 Qm. Table 2
shows the low, medium, and high resistivity zones'
classification.

Table 2. MT method resistivity distribution

No. Contour Color Resistivity Level
(2. m)

1. Blue- Green 1-97 Low

2. Dark green- Yellow 98 — 193 Medium

3. Brown - Purple 194 — 350 High

Figure 7 shows that the south-north line includes the MTO3,
MTO01, and MT04 measurement points, and the east-west line
includes the MT05, MT04, and MTO1 measurement points.
The resistivity distribution pattern shown in Figure 7 is:

- High resistivity

High resistivity is seen at the MTO05 and MTO1
measurement points at 100 m to 350 m. Then there is also
around MT 04 along 275 m on the surface to a depth of 350 m.
According to the study [21], this anomaly is interpreted as the
presence of massive limestone. In general, massive limestone
is dominated by the east-west line.

- Medium resistivity

Moderate resistivity is located around the MT05 and MT01
measurement points at 20 to 75 m depth. Apart from that, there
are also around the MT04 measurement point on the surface to
an average depth of 100 m. This area shows limestone that has
undergone dissolution or Karstification. The dominance of
resistivity is interpreted as limestone undergoing a
karstification process. This area is located on the south-north
line, which has experienced Karstification with low to
moderate values. Furthermore, a high resistivity anomaly is
seen at a depth of 300 m to 350, interpreted as massive
limestone. According to the study [22], the karst limestone has
been deformed due to karstification.

- Low resistivity

Located on the east-west line with a length of 150 m around
MTO5 to a depth of 67 m. The same thing can be seen in the
MTOL1 area along 225 m to a depth of 70 m. Both locations
indicate the possibility of karst rocks inserted by water flow.
Low resistivity values are interpreted as karst aquifers. In
addition, on the south-north line, low resistivity anomalies
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dominate the surface of the study area to a depth of 225 m. In
this study, a karst aquifer is predicted in the south. The location
is at MT 05 along 250 m to a depth of 175 m. Then in the
northern part of MT 01, there is a low resistivity anomaly with
a length of 100 m to a depth of 175 m.

4.3 Land zone analysis and karst existence

It will be divided into three zones to identify the presence
of karst, as shown in Figure 9.

Figure 9. Study location zone of Sendang Biru karst land

4.3.1 Zone A

Geologically the zone is located in the Qas Formation,
which is at an average altitude of 0 - 45 meters above sea level.
This area has a low resistivity with a spreading pattern. It
fulfills daily needs and irrigates plantations, rice fields, and
settlements. On the surface of a 40 m, interpreted as limestone,
it has been fractured as a karst aquifer. The same thing was
also obtained based on the analysis of resistivity geoelectric
data in rock layer resistivity and the presence of karst aquifer
conduit channels. The existence of a karst aquifer through the
open sinkhole springs on Track 1 leads to Track 3 and Track 6
of open sinkhole springs. That has been verified by
community-drilled wells on line 3 with an average depth of 15
m to 24. That indicates that the limestone has undergone a
process of dissolving Karstification, is filled with clay material,
and is saturated with water at the same depth as the conduit
line with branched water flow directions. The first branch goes
to the springs on track 1, while the second goes to tracks 3 and
6. The channel pattern of the conduit's subsurface river water



is estimated to originate from the central part of zone A. The
location is right in the topography of the hills, with an altitude
of 45-90 meters above sea level. In addition, this zone is
flanked by surface topography with an altitude of 40-125
meters above sea level leading to the valley where the Sendang
Biru springs are located on Track 1 and the second spring on
Track 6. Thus, the direction of subsurface river water flow is
with a gravity flow system.

4.3.2Zone B

Zone B is located in the Qas formation, dominated by gravel,
sand, clay, and plant remains at an average of 0-45 meters
above sea level. This zone has moderate resistivity, identified
by the presence of clay, marl, sand, and gravel, which
functions as a barrier to inundated aquifers. In addition, this
zone is a catchment area vertically through the epikarst zone
to the conduit channel. Zone B is interpreted as a layer of rock
that has undergone a dissolution process of fractured limestone
filled with saturated wet clay. In addition, Zone B is also used
as a residential area, rice fields, and plantations.

4.3.3Zone C

Geologically, zone C is located in the Wonosari formation.
It is located at an average altitude of 0-90 meters above sea
level and is dominated by limestone. Zone C is interpreted as
massive limestone in the form of very massive and fresh karst
limestone. As shown in Figure 8, zone C is a land of karst
cliffs in the form of dry forest empty land.

4.4 Discussion

Based on the investigations that have been carried out, it can
be seen that Sendang Biru's land use is dominated by housing,
plantations, and agricultural land, which are spread along the
surface of the karst aquifer land. Over time, an increasing
population will require more and more land for settlements and
land use as a livelihood. However, this will cause problems in
the form of over-exploitation of aquifer resources and karst
land. As a result, it will cause ecosystem damage and pollution
contamination, especially seawater intrusion and contaminants.
According to the study [23], karst areas are discontinuous due
to a lack of surface water drainage due to cracked and porous
rocks. That will cause the river to flow below often. Therefore,
according to the study [24], it is necessary to understand the
dynamic conditions of karst collapse, including the
relationship between groundwater and the bedrock surface, the
primary karst groundwater runoff zone, supply, surface
drainage, and the geotechnical characteristics of the cover
layer. In addition, inventory is needed in the integrated
management of karst areas, especially as a tool for karst
disaster mitigation systems, early warning, and monitoring of
pollution hazards [25].

As previously described, where the description of the karst
land zone in 2.5 D and 3 D has been shown based on the
distribution of resistivity values in the basin. Zone A in the
Sendang Biru area is a karst aquifer located in the western part
of tracks 1, 3, and 6 and the eastern part of track 5. Zone B is
in the middle part of a layer of cracked limestone containing
saturated wet clay, which is the location of the karstification
process. While zone B is in the north and south in massive
overburden layers and layers of limestone, the western part of
the zone in the lower and eastern middle is massive and fresh
limestone. These zones are Sendang Biru and Tambak Rejo
Village's land use for developing fisheries and tourism
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resources, mostly dry land and forest. In addition, the
existence of fish auctions and Sempu Island as a protected
nature reserve and the existence of groundwater resources in
the form of karst aquifers. Then, when this is not controlled, it
will damage the karst ecosystem and environment.

Furthermore, potential karst aquifers in zone A and B are
zones of dissolution of karst rocks prone to collapse. Most of
this land is used for settlements, plantations, and rice fields,
which will disrupt the karst land's environmental ecosystem,
such as household waste and plantation and rice field waste.
Based on this description, the vulnerability of Sendang Biru
Beach Kkarst land use is in Zone A and Zone B. If the
exploitation of aquifer resources and land use is not controlled
and controlled, it will cause water quality pollution, seawater
intrusion, lowering of the groundwater level, subsidence of the
collapsed soil surface. as well as drought. Therefore, land use
in zones A and B, which can cause vulnerability to waste
pollution in karst aquifers and karst collapse disasters due to
karst desolation processes, needs attention as a material for
consideration in mitigating disaster vulnerability in the
Sendang Biru Kkarst area.

Another finding in this paper is the Kkarstification of
limestone with low to moderate anomalies, which are thicker
and shallower at an average topography of 90 -135 meters
above sea level. The valley's north-to-south side has an
average height of 0 - 90 meters above sea level. This location
is a settlement where massive resistivity limestone rocks are
high. In other words, the further north, the thicker and
shallower it is. These conditions cause the karstification of
limestone due to inundation and water recharge in the karst
area. This finding supports previous research. The high
resistivity anomalies in the northern and southern zones are
massive overburden and limestone layers. At the same time,
the exceptionally high resistivity anomaly is located in the
western zone of the lower zone and the eastern central zone in
the form of massive and fresh limestone [20]. This condition
has also been described in research [26], that the surface
topography is greatly influenced by underground dissolution,
which causes depression or collapses as a karst disaster. The
existence of a complex geological landscape will cause a large
number of karst phenomena to occur, such as dolines,
sinkholes, and caves. Thus, knowledge of conduit flow
systems used by policymakers to ensure civil security in
densely populated areas is critical [27]. Then the study [28]
added that the benefits ensure security, efficiency, and
convenience of economic activity and areas likely to
experience certain geo-hazards, especially detecting karst
cavities.

As a comparison, the method used in this paper differs from
that of other researchers. Integrated geophysical methods
detect the dissolution of rocks such as anhydrite, gypsum,
limestone, and dolomite. According to the study [29], this
dissolution will enlarge the fracture or pore space and
eventually produce cavities and caves in the Kkarst rock as a
cause of the catastrophic collapse. Then geophysical
exploration methods are used to obtain information about the
subsurface rock layers' structure and the karst environment's
high heterogeneity [12, 30]. Here, a combination of ERT and
MT methods is used to investigate the presence of karst below
the surface. In this case, the ERT method can provide an image
of a local location with a penetration depth of up to 40m.
Meanwhile, the MT method is used to obtain a regional
description of the location of significant depth penetration of
the rock layer structure.



5. CONCLUSIONS

1. The combination of ERT and MT methods can be used to
determine the characteristics of karstification zoning and
subsurface aquifer zones. In this case, the Sendang Biru
coastal area has been investigated, which is dominated by
housing, plantations, and agricultural land scattered along
the surface of the karst aquifer.

2. Investigation of zones A, B, and C, which have low,
medium, and high resistivity, indicates the presence of
aquifers. The existence of a karstification process in the

basin area has the potential to cause a karst disaster hazard.

Zone A and Zone B are potential locations for the
presence of karst aquifers and for karstification processes
that can potentially cause a karst disaster hazard,
generally located in basin areas. Zone C is interpreted as
massive limestone in the form of very massive karst
limestone, a karst cliff area in the form of empty dry forest
land.

3. If not managed and controlled in zones A and B, it will
create a karst disaster mitigation zone in the form of waste
pollution and karst collapse due to plantation activities,
rice fields, and settlement development.

4. The results of this investigation reinforce previous
research on the existence of Karstification zones and
conduit aquifer zones in the Karst area of Sendang Biru
Beach. In this case, the eastern part, dominated by
limestone, has experienced cracks and has been inserted
by sandy marl clay, gravel, sand, and weathering layers
with relatively high-water content. At the same time, the
inundated karst aquifers are scattered in a circular pattern
with different depths interspersed with limestone, which
causes a heterogeneous Kkarstification process in the
Wonosari formation.
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NOMENCLATURE

ERT Electrical Resistivity Tomography
FAS Fish Auction Site

MT Magnetotelluric

TEM Transient Electromagnetic Method
SRT Seismic Refraction Tomography
HF High Frequency

MF Medium Frequency

LF Low Frequency
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