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ARTICLE DETAILS ABSTRACT

Article History: Satellite data-based gravity anomaly data mapping on the Earth's surface has been widely carried out,
especially for large areas, such as groundwater basins. One of the largest basins on Java Island, Indonesia, is
the Purwokerto-Purbalingga Groundwater Basin. This research proposes to study the potential of the
Purwokerto-Purbalingga Groundwater Basin as a source of irrigation using satellite gravity anomalies data
supported by resistivity data. Gravity anomaly data were accessed from GGM Plus data with a spatial
resolution of 220 m. Data processing, which includes several corrections and reductions, produced residual
gravity anomalies data. Inversion modeling of the residual anomalies data resulted in a subsurface rock
structure model with density values ranging from 1.20 - 4.80 g/cm3. The modeling results show a form of a
geological basin filled with alluvial deposits with estimated density values ranging from 2.10 - 2.55 g/cm3.
These interpreted results are in accordance with the relatively small resistivity data throughout the research
area, ranging from 0.37 - 72.75 Bm, which are interpreted to be dominated by sand and clayey sand. It
indicates that the Purwokerto-Purbalingga Groundwater Basin area has good potential as a water source for
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agricultural irrigation and other living needs.
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data.

1. INTRODUCTION

Groundwater is one of the main components in the hydrologic cycle on the
Earth. It comes from rainwater which seeps into the soil and rocks through
pores and cracks in the recharge areas. Groundwater flows and is stored
in the tiny open spaces between rock, sand, soil, and gravel in the
subsurface, referred to as an aquifer, and is often located in the discharge
area of a groundwater basin. A groundwater basin is a depressions on the
Earth's surface bounded by hydrogeological boundaries. All groundwater
dynamic processes like recharge, drainage, and disposal occur here
(Demiroglu, 2017). Groundwater plays a key role in maintaining the
balance and availability of freshwater for households, agriculture,
livestock, and industries. One of the groundwater basins in Indonesia
which is worth investigating is the Purwokerto-Purbalingga Basin, since
this basin is a vast groundwater basin in Central Java with an area of
around 1,318 km2 (Ramadhan, 2020). The information and data obtained
from this research are beneficial for supporting the development of
groundwater-based agricultural irrigation.

One of the widely used geophysical data to study geological structures and
explore the subsurface natural resources, such as groundwater aquifer, is
gravimetric satellite data. Gravimetric satellite data proved to be very
good when it is used for modeling and interpreting the magma chamber of
the Slamet Volcano, the geothermal exploration, the Great Sumatran Fault,
the geological structure in the oil and gas prospective area, and the
subsurface geological structure of Mount Merapi and Merbabu (Sehah
etal, 2022; Zhao et.al, 2023; Indriana et.al, 2019; Yanis et.al., 2019;
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Adamu et.al,, 2022; Maghfira et.al., 2019). Gravimetric satellite data is also
widely applied to explore several natural resources, such as coal, bauxite,
zinc, and other ores that are very difficult to explore using other survey
methods because of the extreme and impossible conditions. On a large
scale, numerous offshore mapping activities also use gravimetric satellite
data (Nguyen et.al, 2020; Setiadi et.al., 2021). While in the context of
groundwater explorations, these data have also been widely used, such as
in the exploration of groundwater sources in Wadi Ar-Rahmah, Saudi
Arabia (Mohamed and Alshehri, 2023).

The interpretation results of gravity anomaly data related to groundwater
potential in a basin are generally supported by resistivity data. These data
can be obtained through a resistivity survey to identify the electrical
properties of subsurface rocks. The resistivity method has been applied to
identify aquifer characteristics in Maninjau Lake, Sumatra Island
(Sehabuddin et.al., 2019). This method has also been successfully used to
detect aquifer characteristics at the ITO Campus area, Kyushu University,
Fukuoka, Japan (Wahab et.al,, 2021). The author has succeeded in using
the resistivity method to obtain a cross-section of the hydrostratigraphic
model of the Serayu River bank area in Sokawera Village, Somagede
District, Banyumas Regency, Central Java, Indonesia (Sehah et.al., 2021).
The author also succeeded in applying the same method to detect the
depth of the aquifers and compared the results with well-logging in
Jatilawang District, Banyumas Regency, Central Java, Indonesia (Handika
and Sehah, 2020). Detection of the groundwater depth using the resistivity
method has been tested with a rate of accuracy of up to 80% (Anonimous,
2015).
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The geological information of the research area is based on three
geological maps, consisting of the Purwokerto-Tegal sheet, the Banyumas
sheet, and the Pekalongan-Banjarnegara sheet ((Djuri et.al,, 1996; Asikin
and Handoyo, 1992; Condon et.al,, 1996). Figure 1 shows the redrawing
result of the geological map of the research area. Based on the map, the
Purwokerto-Purbalingga Basin area is estimated to consists of some
stratigraphic units. Some of the stratigraphic units are alluvium (Qa)
which consists of gravel, sand, silt, and clay which are deposits from the
river and coast with a thickness of 150 m; laharic deposits (Qls) which

consist of lahar rocks with boulders of andesitic-basaltic volcanic, 10-50
cm in diameters; lava of Slamet Volcano (Qvls) which consists of porous
andesite lava; undifferentiated volcanic rocks (Qvs) which consist of
volcanic breccia, lava, and tuff, spread out to form plains and hills; terrace
deposits (Qps) that consist of layers of sand, tuff, tuffaceous sandstone,
tuffaceous breccia, and conglomerate; Tapak formation (Tpt) which
consists of greenish coarse-grained sandstone and conglomerate rock,
local andesitic breccia, where upper part consists of calcareous sandstone
and green marl with mollusk fragments (Asikin and Handoyo, 1992).
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Figure 1: A geological map of the Purwokerto-Purbalingga Groundwater Basin area.

2. MATERIAL AND METHODS
2.1 Location and Time

This study has been carried out at the Electronics, Instrumentation and
Geophysics Laboratory, Faculty of Mathematics and Natural Sciences,
Jenderal Soedirman University. The data used in the research is
gravimetric satellite data from the GGM Plus, covering the Purwokerto-
Purbalingga Groundwater Basin, stretching at the position of 109.0083° -
109.6083°E and 7.2554° - 7.6026°S, as shown in Figure 2. The research
was carried out for eight months, i.e. March - October 2023.

2.2 Research Equipment

For the gravity method, the equipment used in the research includes a
laptop equipped with several application programs and software, i.e.
Microsoft Excel, Grablox 1.7, Bloxer 1.6e, Fortran 77, and others. The
materials used are satellite gravity anomalies data of GGM Plus, which
consist of gravity disturbance data, quasi-geoid data, and geographical
position data (x,y,z) of the research area (Zheng et.al., 2022). The data from
GGM Plus can be accessed from the website provided by Bureau
Gravimetrique International (BGI, 2013). For the resistivity method, the
equipment used includes the Resistivity-meter type NRD-22S NANIURA
equipped with 2 pcs @ 200 m cables, 2 pcs @ 100 m cables, 2 pcs current
electrodes, 2 pcs potential electrodes, 12V-DC battery, several application
programs for data processing and modeling, and other supporting tools.
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Figure 2: The Purwokerto-Purbalingga Groundwater Basin area map, Central Java, Indonesia (Source: Google Earth).
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2.3 Research Procedure

Accessing the GGM Plus gravity anomalies data is the first step in the
research. The obtained data consists of gravity disturbance data, whose
values are equivalent to free-air gravity anomalies data, geoid elevation
data, and the geographic position of all data points (Perozzi et.al, 2021).
The Complete Bouguer Anomalies (CBA) data will be obtained after
Bouguer and terrain corrections are applied to the free-air gravity
anomalies data (Maulana and Prasetyo, 2019). As is generally the case with
gravity data processing, CBA data that still spread over the topographic
surface, are then reduced to the horizontal surface (at an average height of
the research area) and cleaned from the regional gravity effects (Sehah
et.al., 2023; Blakely, 1995). The obtained final result of the data processing
is residual gravity anomalies data representing the subsurface geological
structure of the research area (Sehah et.al,, 2023).

Furthermore, the inversion modeling is applied to the residual gravity
anomalies data to obtain a density distribution model of subsurface rocks
in the research area. The results of the interpretation of the subsurface
rock density model indicate variations in rock types, wherein rocks with
low densities can be interpreted as alluvial deposits that have the potential

to store large amounts of groundwater. The next stage of the research is to
acquire resistivity data from parts of the basin that has the potential to
contain groundwater based on the subsurface rock density distribution.
The processing results of resistivity data show that the aquifer layer depth
in the groundwater basin is usually characterized by small resistivity
values (Syafnur et.al,, 2023).

3. RESULTS AND DISCUSSION
3.1 Results of Gravity Data Processing

Gravity anomalies data from GGM Plus were accessed on March 1-2, 2023.
The accessed data, which are 51,900 in number, spread within a range of
positions from 109.0083° - 109.6083°E and 7.2554° - 7.6026°S. They
result in gravity disturbance data whose values are equivalent to free air
gravity anomalies data (Supriyanto et.al,, 2021). The gravity disturbance
data ranges from 57.51 - 287.06 mGal with a contour map that can be seen
in Figure 3, while the elevation data of the research area topography
ranges from -19.91 - 2606.64 m, with a contour map that can be seen in
Figure 4. The GGM plus data has a spatial resolution of 220 meters per grid,
much better than other satellite gravity data (Camacho and Alvarez, 2021).
Thus these data are very effective for exploring areas that are not too large.
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Figure 4: The topographic contour map of the research area.

The applied Bougeur and terrain corrections produce the Complete
Bougeur Anomalies (CBA) data with values 59.18 - 127.85 mGal. Figure 5
shows the CBA contour map over the topographic surface. After the CBA
data are reduced to the horizontal surface using the Taylor series
approximation, the CBA data distributed over an average elevation of the
research area (i.e. 243.92 m) is resulted. Next, the regional-residual
anomalies data are separated using the upward continuation technique

(Indrawati et.al,, 2020; Blakely, 1995). Regional anomalies data can be
assumed to originate from very deep subsurface anomalous. The
remaining CBA data produces residual gravity anomalies data
corresponding to the density distribution of subsurface rock in the study
area, with values ranging from -26.48 - 41.29 mGal (Biswas, 2015). The
residual gravity anomalies map is shown in Figure 6.
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Figure 6: The residual gravity anomalies contour map of the research area.

3.2 Results of Gravity Data Modeling

Residual gravity anomalies data were modeled by inversion using Grablox
1.7 and Bloxer 1.6e with area boundaries adjusted to the research target
as shown in Figure 7. The modeled area is located in the discharge area of
the groundwater basin at UTM longitude of 303.35 - 323.75 km and UTM
latitude 0f9172.15 - 9188.92 km, with anomalies data ranging from -23.38
- 3.26 mGal. The obtained result is a 3D model in the subsurface of the

Purwokerto-Purbalingga Groundwater Basin area with rock density
values ranging from 1.20 - 4.80 g/cm3 as shown in Figure 8. The cross-
sections of the model along the trajectories of AB to KL are shown in Figure
9 to Figure 14. The obtained model resembles a basin with an estimated
depth of more than 4 km and a density value ranging from 2.10 - 2.55
g/cm3. The range of density values is estimated to originate from the
alluvial deposits and other materials that filled the basin for a long time
(Bammelen, 1949).
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Figure 7: The residual gravity anomalies contour map of the research area; the red lines show area boundaries for inverse modeling.
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Figure 8: 3D model of subsurface rock density distribution in the Purwokerto-Purbalingga Groundwater Basin area.

Based on Figures 9 to Figure 14, the basin area is dominated by low-
density rocks and materials, which are interpreted as alluvial deposits
(Yatno et.al., 2016). The alluvial deposits that fill the basin consist of
gravel, sand, silt, and clay, which are the result of river and coastal deposits
(Asikin and Handoyo, 1992). The alluvial deposits in this basin have
received a lot of groundwater supply from the surrounding mountainous
and highlands (Ramadhan, 2020). The estimated directions of
groundwater flowing into the basin are shown in the figures. The alluvial

deposits are the youngest formation in the research area. This formation
occupies the central zone of Java Island, better known as the Serayu Valley.
The Serayu Valley is estimated to be a central depression zone that
separates the North Serayu Mountains, including Slamet Volcano and the
South Serayu Mountains in the central Java Island (Ramadhan, 2020). In
this valley, the Serayu River flows towards the Indonesian Ocean
(Sartohadi, 2004).
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3.3 Resistivity Data Support

The results obtained using satellite gravity data have been supported by
resistivity data from the geoelectric survey in the groundwater discharge
area of Purwokerto-Purbalingga Basin, with the distribution of data shown
in Figure 15. The final results of the geoelectric survey is presented in the
form of resistivity logs that represent the arrangement of subsurface rocks
from surface to bottom. as shown in Figure 16 to Figure 18. The survey
gives small resistivity values in almost all research areas, and only a few
regions have large values.Overall, the subsurface rock resistivity logs

show values within 0.37 - 72.75 Bm, most of that are interpreted as sand,
clayey sand, sandy clay, and gravelly sand. They may originate from river
material deposits (Sehah et.al, 2021). The only large river that flows
through this basin is the Serayu River. Aquifers that form in the alluvial
deposits along watersheds are generally composed of young rock or soil
that has not been properly consolidated, such that these rocks or soils are
easily occupied and carried by large amounts of groundwater (Echogdali
etal, 2023). A watershed is an area of land that collects rain and snow,
where the water flows down to a river, stream, lake, or certain aquifer.

Figure 15: Distribution of resistivity data in the discharge area of the Purwokerto-Purbalingga Groundwater Basin.
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Figure 16: Resistivity logs of subsurface rocks at sounding points of Sch-01 to Sch-04.
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Figure 17: Resistivity logs of subsurface rocks at sounding points of Sch-05 to Sch-08.
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Figure 18: Resistivity logs of subsurface rocks at sounding points of Sch-09 to Sch-12.

The subsurface rock resistivity logs show values within 0.37 - 72.75 Bm,
interpreted as sand to gravelly sand. Based on these results, all types of
subsurface rocks in the groundwater discharge area of the Purwokerto-
Purbalingga Basin have the potential to store groundwater. All of these
rocks are part of the Alluvium Formation (Djuri et.al.,, 1996). However, the
types of rock that are thought to store the most groundwater are sand
(0.37 - 19.69 @m) and clayey sand (1.09 - 20.11 @m). The thickness of the
sand cannot be analyzed and interpreted fully, because almost all of these
layers are at the bottom of the lithological logs. The modeling and
interpretation results of resistivity data are only limited to the alluvial
deposits from the Alluvium formation due to the limited depth of the
modeling results (Idris et.al, 2022). In this area, the Alluvium Formation
is the youngest formation that is still forming today and is estimated to be

a place where large amounts of groundwater converge from the
surrounding recharge areas (the South Slope of Slamet Volcano and South
Serayu Mountains) (Djuri et.al,, 1996).

3.4 Geological Data Support

The cross-sections of the subsurface model, as shown in Figure 9 to Figure
14, corresponding to the results of the analysis of the straightness of hills
and valleys in this area based on the Shuttle Radar Topography Mission
(SRTM) map image and the geological map of the research area
(Ramadhan, 2020; Djuri et.al.,, 1996). Faults and fold axes will represent a
morphological arrangement with a unidirectional or parallel orientation
in the research area. Hence, based on the straightness patterns obtained
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from the SRTM image in Figure 19, we can predict the dominant fault
direction in the study area in the research area. Based on the analysis of
the straightness patterns of hills and valleys on the SRTM map image, the
straightness patterns found have two dominant directions, i.e. Northeast -
Southwest and Northwest - Southeast (Ramadhan, 2020). The most
inclined direction of the straightness patterns is estimated as one of the

factors causing the current morphological formation of the research area
(forming highlands around and lowlands in the center), resulting in a
bowl-like formation. This bowl-like basin acts as a collective saturated
space containing various materials, such as sand, gravel, and other porous
rocks which are interconnected to form a unified aquifer system, as shown
in Figure 9 to Figure 14 (Palma et.al,, 2022).
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Figure 19: Resistivity logs of subsurface rocks at sounding points of Sch-09 to Sch-12.

Based on Figure 19, the Purwokerto-Purbalingga Groundwater Basin area
has recharge areas on the South Slope of Slamet Volcano and North Serayu
and the South Serayu Mountains (Tabrani, 1985). The groundwater flow
rate in the recharge area (i.e. the Southern Slope of Slamet Volcano) can
reach 2,800 mm per year, while in the discharge area, it only reaches 1,200
mm per year. It shows that the Southern Slope of Slamet Volcano is a
recharge area for highly productive aquifers. The lava rocks in the
groundwater recharge area of this basin are of the vesicular type, marked
by cavities and cracks, allowing groundwater to flow through them
(Tabrani, 1985).

In the recharge area, groundwater recharging occurs naturally through
surface water infiltration and rainfalls that enter rivers, wetlands, and
open spaces. The depth of the water table in the discharge area varies
according to topographic elevation, ranging from 0.25 - 16 m (Ramadhan,
2020). The measured dept of the water table are reasonably in accordance
with the results of resistivity data modeling obtained in this study.
Lithological units that have the potential to contain a large amount of
groundwater are clayey sand and sand. Clayey sand begins to be found at
a depth of 2.95 - 138.18 m, while sand begins to be found at a depth of
10.48 m down to a depth that could not be detected by geoelectrical
survey. Geological information indicates that the alluvial deposits that fill
the groundwater basin originate from the Alluvium Formation with a
maximum thickness of around 500 m (Djuri etal.,, 1996). Under the alluvial
deposits, old deposits from the Undak Formation with unknown depth
exist. Thus, the results of this geophysical modeling are expected to
produce new discovery or novelty regarding the subsurface geological
structure of the Purwokerto-Purbalingga Basin, although it needs further
examination.

3.5 Benefits of Research for the Development of Groundwater-Based
Irrigation

The Purwokerto-Purbalingga Groundwater Basin area is fertile
agricultural land, especially in the border area of the Banyumas and
Purbalingga Regencies. The area is located at the center of the basin, i.e. a
groundwater discharge area. The use of groundwater in this basin area as
a source of irrigation water for agricultural land has never been carried
out. Therefore, efforts to realize a groundwater-based irrigation on
agricultural land must be supported by all parties. The expected benefit is
increased availability of irrigation water to extend the planting period on
rainfed land and dry land due to water shortages during the dry season.
The carrying capacity of the Purwokerto-Purbalingga Basin is quite
capable of replacing surface water as a source of irrigation water. This is

in accordance with the fact that wells in several villages in this area rarely
experience drought (Merdeka.com, 2020).

The results of this research can be a strategic step to strengthen
Indonesia's food security. The realization of the groundwater-based
irrigation program must be based on the principles of groundwater
management based on scientific studies, supported institutionally and
legally, and implemented by empowering various stakeholders. Based on
the research results, the recommended follow-up action is an exploration
of deep groundwater sources using geophysical well-logging techniques in
several locations that are estimated to have great potential based on
gravity and resistivity data (Kravtsof etal, 2022). Geophysical well-
logging is a technique used to gather data from drilled boreholes. These
data are measured by lowering instruments into drill holes and then used
to determine lithological units, hydrogeological cross-sections, and
groundwater quality. Evaluation of groundwater quality needs to be
carried out, especially for the classification of drinking, household and
agricultural irrigation water supplies (Olusola, 2020).

4., CONCLUSION

The use of gravimetric satellite data has been carried out for a study of the
potential of the Purwokerto-Purbalingga Basin as a source of irrigation
water. The gravity anomalies data used in the research was obtained by
accessing the GGM plus website with a total of 51,900 data sets, that span
geographical positions between 109.0083° - 109.6083° E and 7.2554° -
7.6026° S. This study is also supported by subsurface rock resistivity data.
After going through the processing and modeling stages of the gravity
anomalies data, the distribution model of the subsurface rock density was
obtained with values ranging from 1.20 - 4.80 g/cm3. Based on the
obtained model, the basin area which is estimated to contain large
amounts of water, is interpreted to be composed of alluvial deposits with
density values ranging from 2.10 - 2.55 g/cm3 and a depth of more than 4
km. Resistivity data measured in the groundwater discharge area also
supports the presence of the alluvial deposits. The types of subsurface rock
interpreted to be quite dominant and store a lot of groundwater are sand
(0.37 - 19.69 Bm) and clayey sand (1.09 - 20.11 @m). The results of this
study provide an important stage in the development of the Purwokerto-
Purbalingga Groundwater Basin as a potential groundwater source for
sustainable agricultural irrigation. The recommended follow-up action is
an exploration of deep groundwater sources using geophysical well-
logging in several locations that are estimated to have great potential
based on gravity and resistivity data.
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