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Abstract. Electrical resistivity tomography (ERT) method has been widely used in
environmental surveys including hydrogeology study to provide images of the subsurface
resistivity distribution. In this study, ERT survey using Wenner - Schlumberger electrode
configuration was conducted to investigate the distribution of aquifer potential in the area
dominated by various weathered volcanic rocks that unconformably overlaid limestone
formation. The resistivities were measured using ARES resistivity meter each with total of 48
electrodes. The resistivity data were then processed using the robust inversion method that is
more optimal to characterize sharp lithological boundary transitions observed in the study area.
The resistivity value of the inverted model is interpreted into three different lithologies, namely
soil (1.82-5 Qm), volcanic breccias (5-20 Qm) and limestone (>20 Qm). This lithological
interpretation was confirmed by borehole cutting report from the nearby well, regional
geological map, and direct geological observation. Further, the inverted ERT section along with
geological observation indicated volcanic breccias as an aquifer potential in the study area. The
2D resistivity cross-section is then gridded to obtain a 3D model of the aquifer geometry. From
the model, the volume of volcanic breccia which is suspected as an aquifer layer is estimated at
122,392,828 m®,
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1. Introduction

Water is an absolute necessity for the survival of humans, animals, and plants. Almost all daily human
activities require water as a basic material and as a supporting material, including in the industrial and
agricultural fields. The water source could be found beneath the ground and often called groundwater.
The role of geophysics is very necessary to investigate the subsurface condition of a rock layer in order
to look for potential groundwater aquifers. Electrical resistivity tomography (ERT) is one of the
commonly used geophysical methods to map subsurface electrical resistivity [1,2] and helped to
delineate subsurface geological structures, formations, and aquifer zones [3]. The depth of occurrence
of groundwater zones can also be determined more effectively by this method [4]

Electrical resistivity tomography (ERT) measures the electrical properties of the subsurface material
based on the resistivity value of the material by injecting an electric current and measuring its potential
on the surface. The basic principle of the ERT method is to use the resistivity value as a differentiator
between lithologies by assuming that the differences in physical properties in each type of lithology
will result in different resistivity values. The measurement of subsurface mapping using ERT is taken
by injecting electric current (1) (in mA units) into the earth through two current electrodes. Later, the
potential difference (V) that occurs (in units of mV) due to current injection is measured through two
potential electrodes.

Study area is located in the area dominated by thick layer of various weathered volcanic rocks that
overlies limestone (Tmv formation) as shown by regional geological map (figure 1) and direct
geological observation. The weathered characteristic in the volcanic rocks potentially increases the
porosity within the rock and eventually also increases the quality of the rock as an aquifer potential.

In this study, we carried out an ERT survey using Wenner-Schlumberger configuration with 14
measurement lines and 3D modelling to investigate the geometry and the volume of volcanic breccia as
the aquifer potential in the study area.



The 47" Annual Scientific Meeting of Himpunan Ahli Geofisika Indonesia
Malang, 10 — 13" of October 2022

S =G =ie 3 /17///5_4/« | GEOLOGICAL MAP
(/{(L ¢ - ‘;/‘"/ e o OF STUDY AREA
(S (= \
\ — /C\ — 2

R
=P
SN

N

{ \‘\'**: il \{\;\\\‘ﬁgf/ {

1 \: A\\\\\\‘ \TA V; 1 —5;
RSN A e e~~~
X ~ (=2)))) //’\JQ

N
)
N \\\\

'7///
o

-

N
| ‘S;;;;\} amdl
WAL

Figure 1. Geological map of the study area.

2. Data and Methodology

2.1. Geological setting

The regional geological map of the study area can be seen in figure 1. It consists of two rock units,
namely Qal and Tmv [5]. Qal unit is a quaternary alluvial and coastal deposit that is composed of
gravels, sands, clay, mud, and beach sands. It mainly comprises andesitic material and locally contains
magnetite. This unit is spread along the north and south coasts. Meanwhile, the Tmv unit is a tuff-
breccia unit of the early Miocene - middle Miocene age. Breccia is characterized as andesitic, with
sandy tuff, pumiceous tuff, and tuffaceous sandstone, locally containing lahar and andesitic and basaltic
lavas. Generally, Tmv unit is greenish-grey and green in color. It also has pillow-structured lava with
chert intercalation. The rock unit is propylitised, mineralized, and silicified locally, with quartz and
calcite veins. This tuff-breccia unit interfingers with the Tuffaceous Sandstone Units (Tms) and
Limestone Units (Tml). In addition, this Tmv unit also underlies the Coralline Limestone (Tmcl) unit
unconformably. Its distribution can be found in the south of the island, extending from west to east.

2.2. Borehole cuttings report

In this present study, borehole cuttings report from the nearby well, along with direct geological
observation, were used to validate the ERT interpretation results. Based on the observation, these
cuttings can be classified into three parts: upper, middle, and lower part. The upper part (0-18m depth)
which is soft and light to dark brown in color, is associated with soil. The hard and greenish-grey
cuttings from the middle part (18-64m depth) indicate volcanic breccia that was found in the area. Then,
the lower part (64-141m depth) shows hard and broken white cuttings that is interpreted as limestone.

2.3. Survey design

In this study area, Electrical Resistivity Tomography (ERT) survey was conducted using 48 electrodes
which connected using multi-electrode cable with ARES Resistivity Meter (GF Instrument). The survey
was performed using Wenner-Schlumberger configuration. This array has a moderate depth of
investigation and strong signal strength, which permits to be relatively sensitive to vertical and
horizontal variations in the subsurface [6].

There were two measurement directions applied, the northwest-southeast (NW-SE) and the southwest-
northeast (SW-NE) (figure 2). The NW-SE consists of five measurement trajectories. It has a distance
between each trajectory about 175 m and a spacing between electrodes within a line of 15 m.
Meanwhile, the SW-NE consists of nine measurement trajectories. It has irregular distances between
each measurement line which ranges from 35m - 85m and a spacing between electrodes within a line
of 20 m to avoid contact with existing infrastructures.
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Figure 2. ERT measured line.

2.4. Inversion

In order to obtain earth model of the area under the investigated ERT line, resistivity data are inverted.
This method is applied to determine a subsurface model whose response agrees with the measured data.
A frequently used inversion technique for 2D or 3D ERT inversion is L2 norm or smoothness-
constrained least-squares optimization [7]. This method minimizes the sum the squares of the misfit
data, so it will give optimal results where the subsurface geology of the area shows a smooth variation.
However, when there is a sharp transition on the subsurface, this method tends to make boundaries
between the subsurface smeared. As a substitute method, robust inversion or L1 norm optimization is
used that minimizes the sum of the absolute values of the data misfit. It tends to produce models with
sharp interfaces between regions with different resistivity values, but in each region, the resistivity value
is almost constant [8,9]. The procedure to implement L1 norm using the standard least-squares
formulation is iteratively re-weighted smoothness-constrained least-squares (IRLS) method for the data
inversion as in question (1) [10,11].

UG+ eWTGuW)Ar; = ][ Ge; — eWTGpWriy @

where e; is the data misfit vector comprising the difference between the measured and calculated
apparent resistivity values, Ar; is the change in the model parameters for the ith iteration and r;_, is the
model parameters vector for the previous iteration. J is the Jacobian matrix of partial derivatives and W
is the roughness filter [12]. The damping factor, &, determines the relative importance given to
minimizing the model roughness. G; and G, are two weighting diagonal matrices introduced so that
different elements of the data misfit and model roughness vectors are given approximately equal
weights in the inversion process. A more detailed explanation of the inversion method is given in [7].

3. Results and Discussion

The ERT data is processed using RES2DINV and 3D Modelling Software. The resistivity data from
fourteen lines were inverted using robust inversion methods and normal spacing parameter with cut off
value of 0.1. The 2D inverted ERT models of each line obtained after five iterations and resulted in
lowest root mean square error value ranging from 1.7% to 5.9%. Resistivity values resulted from the
inversion process varied from 1.82 Qm up to more than 135 Qm. Topographical correction process also
applied to each model to bring up resistivity datum to the correct depth. In order to create a comparable
resistivity model from each ERT line, the distribution of resistivity values was displayed using a fixed
and unified color scale for all models.

The nine inverted models from the SW-NE measurement line provided a deeper subsurface resistivity
image than the rest of the models resulted from measurement line with perpendicular direction as shown
in figure 3. The difference in the depth of subsurface resistivity images occurred because the electrode
spacing of the measurement line with the southwest-northeast direction is wider than the spacing in the
line of northwest-southeast direction, 20-meter and 15-meter electrode spacing, respectively.
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Figure 3. 2D inverted ERT models from 14 measured ERT lines.

The resistivity value from the inverted models of fourteen ERT lines can be divided into two types of
anomalies. The first anomaly is the low resistivity value ranging from 1.82-20 Qm that dominates the
upper area of all models. The second one is the high resistivity anomaly (>20 Qm). This high resistivity
anomaly appears in the lower part of all lines, southwestern part of line 1B02 and 1B03, and
northwestern part of line 1A01 and 1A02.
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Figure 4. Correlation between inverted ERT model line 1B07 with geological cuttings report.

The low resistivity anomaly in the study area is interpreted as the resistivity response from wet soil
(1.82 to 5 Qm) and volcanic breccia (5-20 Qm). Meanwhile, the high resistivity anomaly is defined as
limestone resistivity response. This interpretation is based on correlation with geological cutting reports,
regional geology information (figure 1), geological observations (figure 5), and literature reference of
rock resistivity value (table 1). The correlation between geological cutting reports and inverted cross
section model from line 1B07 shows that low resistivity value is correlated to soil (0-18 m depth) and
cuttings that is associated with volcanic breccia observed in the study area (18-64 m depth). Meanwhile,
the high resistivity value is correlated to limestone cuttings from the depth of 64 to 141 m (figure 4).
Regionally (figure 1), the volcanic breccia and limestone unit identified in the study area is the part of
Tuff-Breccia Unit (Tmv) that interfingers with Limestone Unit (Tml) and in some regions,
unconformably underlies Coraline Limestone Unit (Tmcl). There are slight differences between
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references and measured resistivity value of volcanic breccia and limestone in the study area where the
measured value tends to show lower ranges of resistivity value than the theoretical one (table 1). The
difference in this resistivity value may occur due to different geological conditions. Weathered rock
condition and water content in the study area may bring down the resistivity value of the lithology.
Further, the low resistivity of volcanic breccia may occur because the breccia found in the study area is
matrix-dominated which the matrix is composed by tuff (figure 5). The presence of tuff as a matrix
potentially reduces the resistivity value of the volcanic breccia due to its low resistivity (5-14 Qm).

Table 1. Comparisson between reference and measured resistivity value [13,14,15]

Lithology Reference resistivity value (Qm) Measured Resistivity Value (Qm)
Soil 2.4-18 1.82-5
Volcanic Breccia 90-290 5-20
Limestone 50-107 >20
Tuff 5-14 -

The inverted ERT model and the geological information suggest that volcanic breccia is a better aquifer
potential than the limestone. The volcanic breccia in the study area is matrix-dominated with a coarse
tuff arrangement providing good porosity and permeability as a groundwater aquifer. It also has lower
resistivity value than that of limestone which may indicate a higher water-saturation within the rock
body. Furthermore, groundwater extracted from non-carbonate aquifer tends have a lower total
dissolved solid (TDS) than carbonate aquifer [16].

Figure 5. Volanic breccia outcrop in the study area.

The 2D cross-section of resistivity models then gridded using nearest neighbor interpolation to obtain
3D resistivity models (figure 6(a)). The resistivity value on the 3D resistivity models then grouped
based on the interpretation of the resistivity value to generate 3D lithological models (figure 6(b)).
Qualitative analysis is used to analyze the subsurface lithological distribution and reservoir geometry.
Meanwhile, quantitative analysis is applied to calculate the volume of volcanic breccia as an aquifer.

(@) (b)
Figure 6. (a) 3D resistivity model, (b) 3D lithological model

In the 3D lithological model, volcanic breccia is represented by blue color and limestone is shown by
yellow color. The model shows that volcanic breccia is distributed in the entire upper part of the study
area. The thickest layer of volcanic breccia is found in the western part of the study area, while the
thinnest layer is in the middle to the eastern part. Meanwhile, limestone can be discovered below the
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layer of volcanic breccia. The thickest layer of limestone in the middle part of study area, extending
from south to the northwest. Based on the 3D model calculations, the volume of volcanic breccia is
calculated at 122,392,828 m®.

4. Conclusions

To conclude, this study area is composed by volcanic rock formations that overlies limestone. ERT
method has been proved to be able to locate groundwater potential that is also confirmed by a nearby
well. The resistivity value is interpreted as soil (1.82 — 5 Qm), volcanic breccia (5 — 20 Qm), and
limestone (>20 Qm). Furthermore, the volcanic breccia is considered as the preferred groundwater
aquifer potential because it shows more graded characteristic due to its presumed better porosity. The
3D model suggests that the volume of volcanic breccia reaches 122,392,828 m®.
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