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Abstract. Cubadak area in Pasaman Regency, West Sumatra, Indonesia is one of many potential
geothermal areas in Indonesia. This paper deals with resistivity structure beneath Cubadak area
obtained from magnetotelluric data. The subsurface resistivity image of Cubadak reveals the
components of Cubadak geothermal system clearly such as the altered clay having very low
resistivity values, the possible reservoir zone having intermediate resistivity values underlying the
altered clay as well as the indication of geological structures controlling the system. The top
boundaries of the reservoir vary from elevation of 250 m to -500 m above sea level.

1. Introduction

Indonesia has abundant potential geothermal energy resources [1] due to its position as the meeting zone
of 3 major tectonic plates (Indo-Australia, Eurasia and Pacific plates). One of them is located in Cubadak,
Pasaman Regency, West Sumatera (Figure 1), situated at 597600 mE — 617700 mE and 21200 — 42500
mN [2]. The geothermal potential in Cubadak is indicated by surface manifestations such as Cubadak hot
spring and Sawah Mudik hot spring. Therefore, it is important to provide information on the physical
properties of Cubadak geothermal system in order to delineate the presence of its cap rock, reservoir and
heat source as well as geological structures that may control the system. Resistivity method, like
magnetotelluric method, is highly effective for such purpose due to its high sensitivity to detect resistivity
contrasts that characterize the subsurface structure of a geothermal system.

Magnetotelluric (MT) method is a geophysical exploration method that uses natural electromagnetic
(EM) wave as the source [3,4] and it is used for subsurface resistivity distribution mapping. In the data
acquisition step, the EM responses are measured in time domain then they are converted into the
frequency domain.

The EM sources in MT method come from the interaction between solar wind and magnetosphere for
low frequency (f<1 Hz) and the thunder storms in ionosphere for the high frequency (f>1 Hz) [3]. The
receiver records MT responses in terms of electric field (E) and magnetic field (H) at the surface [3]. The
ratio between variation of electric field and magnetic field is called impedance (Z).

Z is a complex entity that can be express in amplitude and phase quantities. It can be utilized to obtain
apparent resistivity value (p,) and phase of impedance (@). Resistivity value was obtained by square
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absolute impedance divided by omega time vacuum permittivity. Phase value was obtained by arc
tangential of comparison between imaginer and real of impedance.

Reservoir zones are found at a high-temperature geothermal system (Figure 2). The cooler zone at the
upper layer is characterized by smectite alteration (formed at > 70° C) which is electrically conductive. In
higher temperature, illite is formed under smectite layer. Increasing temperature will increase the
composition of illite but decrease the composition of smectite [5]. If temperature increases, smectite will
decrease and then the pure illite is formed at the temperature more than 220°C. Clay and other alteration
minerals (chlorite, epidote, etc.) are also formed at high temperature in propylitic zone [5].
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Figure 1. Location of Cubadak area, marked by red square (left) and it is zoomed in map (right) [2]
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Figure 2. Scheme of the geothermal system [6]

In this study, the component of Cubadak geothermal system is estimated from 2-D resistivity cross
section. The section was obtained from inversion of magnetotelluric data at 13 stations forming two
parallel lines trending Southwest — Northeast (Figure 3).
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2. Methodology

MT data acquisition was conducted in mid-2012 by Subsurface Research Group of Center of Geological
Resources (PSDG), comprising 13 MT stations aligned in 2 parallel lines. At each stations, the total
variation of electric in the magnetic field was recorded for about 18 hours. The above raw data were
processed by using SSMT2000 software manufactured by Phoenix Geophysics to transform them into
frequency domain expression in terms of apparent resistivities and phase of impedance as a function of
frequency for each station. Further smoothing and editing of the apparent resistivity and phase of
impedance were performed using MT Editor software develop by the same company. The final form of the
data is manifested in EDI files ready for the inversion scheme.

The inversion of data into through resistivity model as a function of depth and horizontal distance (2-D
Inversion) was performed by using WinGLink interpretation software. 2-D inversion uses nonlinear
conjugate gradient inversion scheme [7]. The resulted 2-D resistivity sections were then interpreted as to
identify the components of Cubadak geothermal system.

Geological Map of Cubadak Geothermal Area, Pasaman
Regency, West Sumatera Province
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Figure 3. Regional Geology Map of Cubadak [8]
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3. Results and Discussion

Figure 4 depicts two examples of data in terms of apparent resistivity and phase of impedance obtained in
the field from MTCB 8 and MTCB 21 stations. The data generally can be categorized as having good or
fair quantities. There are two sections obtained from the inversion scheme: Line 1 which comprises
MTCB 7, MTCB 8, MTCB 9, MTCB 10, MTCB 11, MTCB 12, and MTCB 13 stations; and Line 2 which
comprises MTCB 20, MTCB 21, MTCB 22, MTCB 23, MTCB 24, and MTCB 25 stations.
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Figure 4. Apparent resistivity and phase of impedance profiles as function of period at MTCB 8 and
MTCB 21

The resistivity section beneath Line 1 is shown in Figure 5 and for the Line 2 is shown in Figure 6. In
general, the degree of acceptance of the modeled resistivity sections is judged by the fitness between the
observed data and the calculated data from the inversion scheme. Figure 7 shows the comparison between
the observed and calculated data for Line 1 and Line 2 in terms of pseudo sections of apparent resistivity
and phase of impedance are relatively good as can be seen from the figure where both of pseudo sections
are almost similar. However, the discrepancy between the observed and calculated phase of impedance is
more obvious. Nevertheless, the modeled resistivity sections can be accepted to represent the resistivity
structure beneath the two lines.

The root mean squares (RMS) misfit for both Line 1 and Line 2 inversions is shown in Figure 8. The
RMS values converge towards a minimum value of about 2.3 at 30" iteration which is set as the maximum
iteration number.

It can be seen from the modeled resistivity section beneath Line 1 that a low resistivity zone of about
10 Qm or less spans from below MTCB 7 to MTCB 11. This low resistivity zone is associated with the
presence of impermeable altered clay that serves as the cap rock of the geothermal system. The Cubadak
hot spring is situated in the vicinity of MTCB 11 near from Cubadak fault. Underlying this low resistivity
zone, a moderately resistive zone is found having resistivity values that vary from 20 to 70 Qm which can
be associated with the reservoir zone. The top boundaries of the reservoir vary from elevation of 250 m to
-250 m above sea level suggesting shallow reservoir depths. The Cubadak fault near from MTCB 11 is
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interpreted as the pathway of thermal fluid that migrates to the surface and manifests as Cubadak hot
spring. Cubadak hot spring is located at the NE end tip of the clay zone; this finding may be a strong
evidence that the hot spring is situated within the outflow zone of the geothermal system. The high
resistivity zone that is found below a moderately resistive overburden at the northeastern part of the
resistivity section can be attributed to the presence of permo-carbon metamorphic rock as inferred from
the geological map.

Beneath Line 2 a low resistivity zone below 10 Qm spans from below MTCB 20 to an area between
MTCB 23 and MTCB 24. This low resistivity zone is associated with the presence of impermeable altered
clay. The Sawah Mudik hot spring is situated in the vicinity of MTCB 22. Underlying this low resistivity
zone, a moderately resistive zone is found having resistivity values that vary from 20 to 70 Qm which can
be associated with the reservoir zone. The top boundaries of the reservoir vary from the elevation of 0 m
to -1000 m above sea level suggesting shallow reservoir depths. Below the reservoir zone a high resistivity
body exists indicating the presence of the hot intrusive rocks serving as the heat source of the Cubadak
geothermal system. Judging from the shape of the altered clay and its related position from the interpreted
heat source, the Sawah Mudik hot spring is located within the upflow zone of the Cubadak geothermal
system.

2000 2000
Ohm m
N 1000
@
- 3 g s - ¢ g s
S 8 3 = = : 3
5 £ ] : ) 8 8
5 g 2 2 576
il 8 8 g
1000 3 g g 5 £ 1000 e
398
331
278
229
04 191
189
122

-1000

Elevation
(mas.l)

a0~

-4000

1000 2000 3000 4000 5000 6000
Distance (m)

Figure 5. Resistivity section beneath Line 1. Vertical dashed lines represent faults taken from the
geological map (Figure 3).
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Figure 6. Resistivity section beneath Line 2. Vertical dashed lines represent faults taken from the
geological map (Figure 3).
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Figure 7. Pseudo sections of the observed and calculated data of: (A) Line 1 for TE mode; (B) Line 1 for
TM mode; (C) Line 2 for TE mode; (D) Line 2 for TM mode.
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Figure 8. Graphic of Iteration vs. RMS

4. Conclusions

Based on the 2-D resistivity section obtained from the inversion of the MT data and the geological map of
Cubadak area, the geothermal system of Cubadak area can be identified as altered clay zone is found
between MTCB 7 to MTCB 11 trending SW-NE; between MTCB 20 to MTCB 24 trending SW-NE. The
top boundaries of the reservoir beneath the altered clay vary from 250 m to -1000 m above sea level. Then
Cubadak hot spring is located in the outflow zone whereas the Sawah Mudik hot spring is located in the
upflow zone of Cubadak geothermal system.
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