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Abstract
The study was implemented at Ie–Seu’um geothermal area, Aceh Besar, Aceh (Indonesia) with
the temperature at the hot spring is about 80~90°C. The study was conducted using Induced
Polarization (IP) method with the aim is to characterize of the hot spring flow. The surveys were
designed with 4 lines of the pole–dipole array and 2 m minimum electrode spacing. The survey
lines were plotted across of the 4 sources of hot spring flow. The sources are separated
approximately 3 m between of the source. The data was processed using Res2Dinv software.
The result shows that at the subsurface of the hot spring flow consists of saturated rocks with
charge ability value of 1–2 msec and are identified the water with sulfur containing. The mostly
main conductive zone exists at the L1 profile because this line was put above the mounts of hot
spring, whereas the other profiles just revealed the small part of conductive zones which are
relatively far from the Ie–Su’um hot spring. The other information are obtained the highly
clayed zones primarily from the L2 and L3 profiles, where from the L4 profile is a blended
feature between conductive zone, quartzite rock and volcanic rock. The chargeability value of
conductive zone is in 1–2 msec in range, while the clayed zone has the highest chargeability
which is a 35– in msec.
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Introduction
The geothermal energy is recently a worldwide developing issue for a gradually diverted energy of
global needs that are currently dominated by fossil fuel whose a very long time of its process within
sedimentary rocks. Beside that effect of its usage has contributed toward the global warming, so that the
effort of geothermal energy prospecting is really encouraged by conducting an exploration using one of the
suitable geophysical methods related to geothermal system setting, such as magneto telluric (MT), gravity,
magnetic, seismic reflection and induced polarization (IP) whose their own advantages and disadvantages.
Geophysical methods play a key role in geothermal exploration since many objectives of geothermal
exploration can be achieved by these methods. The geophysical surveys are directed at obtaining indirectly,
from the surface or from shallow depth, the physical parameters of the geothermal systems. A geothermal
system is made up of four main elements: a heat source, a reservoir, a fluid, which is the carrier that transfers
the heat, and a recharge area. The heat source is generally a shallow magmatic body, usually cooling and
often still partially molten. The volume of rocks from which heat can be extracted is called the geothermal
reservoir, which contains hot fluids, a summary term describing hot water, vapor and gases (Manzella, 2000).
The hot fluids originated from deep source rises up onto the surface becoming various manifestations such as
hot spring as outflow, geyser mud pools, and fumaroles. These manifestations physically come out through
fractures or veins. To study the characteristic of mineralization around manifestation has effectively utilized
the Induced Polarization (IP). The main reason for using IP in a mineralized rock is passing reaction of
stimulated electron and current between metal and electrolyte ions. An IP event is the ion polarization
between the electrode filled with electrolyte in the pore and the mineral conducting the electron. When the
free pore passages of the metallic mineral are filled with electrolyte, the electric current sees a freeway. The
mineral constructing the rock itself is highly resistant to the current passing from this freeway as usual, and
the rocks resistance decreases in an important measure. Polarization is related to the amount of the current
51

International Conference on Engineering and Science for Research and Development (ICESReD)

passing through the rock, structure of the pores, type of the electrolyte, property of the rock and the faults
(Tezel, et al., 2010).
The Induced Polarization (IP) method is used to determine the ion zones in the rocks. IP method
determines these areas with the help of break surface polarization which is made by ions in the rocks. IP
reflects electrical resistivity and ion positions in the ground. It is one of the most frequently used methods in
recent years. The measurement of the multiple parameters at the same time is an advantage of the IP method.
In time domain IP direct current is sent to the ground with the help of two electrodes for a certain time and
then it is cut off. Voltage which is coming from the ground will not be zero after we cut off the current. But it
will be reached to the zero beginning from the certain value. The voltage that is taken from the ground,
although without current, is developed as a result of spoiling polarization order of the ions in the rocks
(Tezel, et al., 2010).
This research was exactly conducted within the Seulawah Agam volcano area reaching to the one of
its manifestations which is the Ie–Su’um hot spring and administratively included in Aceh Besar Regency of
Aceh province, Indonesia and its geological background of the study area is generally litho logically
dominated by Lamteuba volcano which consists of andesitic to dacitic volcanic, pumiceous breccia, tuffs,
agglomerate and volcanic ash flow which intrude of the Seulimum formation composed of tuffaceous and
calcareous sandstone , conglomerates and minor mudstones (Abubakar, et al., 2015, and Nordiana, et al.,
2014 after Bennett, et al., 1981). The detailed information about its geology describes that it is dominantly by
the fine and coarse–grained and of tephra and only a apart of rhyolite and andesite in the South and the rest is
the volcanic alluvial in the Northeast region. Furthermore, the area is also existed faults compartelized into
several segments which are Aceh Fault closed to and passed the Ie–Su’um hot spring and its orientation is
toward the Southeast–Northwest as marked by yellow color in Fig. 1 (Anonymous, 2016). These faults are
highly probable to control the hydrothermal system of Seulawah volcano.

Figure 1. The geological map of the study area.
Methods
The data were carefully acquired by setting the four lines of plotting Pole–dipole array and the
electrodes were spaced within 2 meters for the first two lines (line 1 and line 2), whereas the rest of lines (line
3 and line 4), their electrodes were in 5 meters spacing. All the lines were oriented around the Ie–Su’um hot
spring. This survey equipment was deployed the ABEM SAS4000Terrameter consisting of smart cables and
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stainless steel electrodes. To obtain the 2–D resistivity profile whose chargeability parameter, the data were
modeled by using Res2Dinv software.
Results and Discussion
According to data processing, it was get the 2–D profiles of chargeability value of L1 until L4, as
can be seen from the figure 2 to figure 5 below:

Figure 2. The 2–D chargeability value profile of L1
From figure 2 it can be pointed out that there is dominantly existed the conductive zone having the
lowest chargeability value from 1–2 msec. That conductive zone is predicted as an outflow path of Ie Su’um
hot spring because this profile is derived from the L1which was exactly arranged on the hot spring mounts
and its depth starts from 30 to 50 meters, where laterally this crossed section of the conductive part is located
from 20 to 58 meters.

Figure 3. The 2–D chargeability value profile of L2.
The 2–D profile of L2 there are also pictured that the presence of conductive zones but they only
small of parts. While the dominant feature is mostly a highly clayed zone which has the highest chargeability
value around 35 msec. This part is projected as a high capacitance of originally volcanic rocks that have been
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altered to sedimentary rocks which are clayed sediment and plays the important role to retain electrical
current in longer time than another. This remarkable zone lies vertically from 10 until 25 meters depth
reaching the bottom of its profile.

Figure 4. The 2–D chargeability value profile of L3.
This L3 profile of chargeability in figure 4 is mostly also consisted of the highly clayed zone and there
are just a small apart of conductive zone and transition zones. The lithological information about its is more
and less same as the L2 profile as elaborated above. However, the obtained depth is more higher than the
previous two profiles this is because the electrodes in this line was laid out in 5 meters long, so then in
consequence it has been get the deeper penetration of electrical current.

Figure 5. The 2–D chargeability value profile of L4.
From the last profile (Figure 5) it can be derived information about there are two conductive zones lie
within a shallow depth surface and the is also an almost completely weathered of volcanic rocks that are
possibly as a clayed layer having 35 msec its chargeability value. This layer is overlaid by an quartzite rock
which is not found on the other 2–D profile. This feature has its chargeability 5–15 msec in range and its
interpretation is referred to (Telford, et al., 1976).
Conclusions
Based on the result and discussion it can be concluded that the mostly main conductive zone exists at
the L1 profile because this line was put above the mounts of hot spring, whereas the other profiles just
revealed the small part of conductive zones which are relatively far from the Ie–Su’um hot spring. The other
information are obtained the highly clayed zones primarily from the L2 and L3 profiles, where from the L4
profile is a blended feature between conductive zone, quartzite rock and volcanic rock. The chargeability
value of conductive zone is in 1–2 msec in range, while the clayed zone has the highest chargeability which
is a 35–msec.
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