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ABSTRACT

Time-domain electromagnetic (TDEM) surveys were carried out around alluvial region, Sulili district, Pinrang regency, South
Sulawesi province, Indonesia in 2013. The purpose of the study is to determine areas of low resistivity geophysical data using Time
Domain Electromagnetic Method. The surveys were a completion of the previously interpreted geological data collected from
geological surveys in 2012. Interpretation of the recorded transient magnetic fields resulted in a general feature of the resistivity
structure which was composed of three main layers: a low resistive layer (below 2 Qm), a medium resistive layer (around 2-100
Qm) and a high resistive layer (above 100 Qm). Depending on geological formation, the high resistive layer was interpreted as
andecite intrution, medium resistive layer was interpreted as aluvial, Tml, Tmpv or all of them, and the low resistive layer was
considered to be a complex of altered geological formation. The cross section of conductance distribution showed a region near the
intrusion and hot water springs that had low resistivity characteristics. This evidence indicated that it was the cap rock of the
reservoir near of the geothermal manifestation.

1. INTRODUCTION

Geothermal exploration consists of several methods, which are geology, geochemistry and geophysics. In exploration, those
methods are complementary and give a complete and detailed exploration result. This study used the Time Domain Electromagnetic
Method (TDEM) because this method identifies rock resistivity. The study was conducted in the Center for Geology Resource
Geothermal Exploration area, Sulili district, Pinrang regency, South Sulawesi province, Indonesia. Topography of the research area
varies from flat to mountainous conditions and the elevation is 12-50 meters above sea level (PSDG, 2013).
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Figure 1. Regional Topographical Map TDEM Survey Sulili, South Sulawesi, Indonesia, Pusat Sumber Daya Geologi
(2012).
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This geological formation was formed by faults in the northern and eastern part of this research area. There are major fault
structures in the north and a large fracture in the northeast. Graben structures which existed in the area were caused by two
structures on the northern and northeastearn. Based on the stratigraphy of the formation, the youngest rock was alluvium, while the
oldest was Latimojong formation.

2. TIME DOMAIN ELECTROMAGNETIC METHOD

Time Domain Electromagnetic Method (TDEM) is a geophysical method that uses electrical current injection from the transmitter
to the cable which will form a magnetic field (Telford, 1990). In this research, Time Domain Electromagnetic Method (TDEM)
used a central loop configuration in which the receiver was positioned in the center of the transmitter loop (Figure 2).

Receiver

Transmitter

Koil Receiver

Transmitter loop

Figure 2. Central-loop TDEM Configuration (Geonics, 1997).

In central-loop of TDEM sounding, wire loop is placed on the ground as shown in Fig. 2 and a constant magnetic field was created
by electrical current transmission. When the transmitter was turned off, the magnetic field will induce an electric current which
occured in the ground. The electrical current will induce the second magnetic field that will disappear over time, the phenomenon is
called the decay rate (Geonics, 1997) .
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t = Time elapsed after the current in the transmitter loop is turned off (s)
A, = Cross sectional area of the receiver coil (m?)

n, = Number of windingsin the coil

Uo = Magnetic permeability in vacuum (H/m)

A, =Cros sectional area of loop (m?)

ng = Number of windings in theloop transmitter

b = Transmitter current (A)

V( = Measured voltage (V)
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Figure 3. TDEM Working. Geonics (1993) in Suryantini (2011).



Fadillah et al.

GEOLOGICAL MAP
TDEM SURVEY GEOTHERMAL EXPLORATION AT
SULILI, PINRANG, SOUTH SULAWESI, INDONESIA

‘Walaras: Formation (Tpw) Congiomansis,
- wilh raon'ie and anceslls corponesy. L
| (Tmpv): Lava.
E of basalts 0 erdesits oorposrton,
o partty pilow lrve; pyroxens-endesiis
bracein, in
. Gaciogy sruomm overa pisoss..
Epiclantc wioario
Hot apeing - oo i e
 troacke
@ Rasearch ama s
Tom rackieh beoen
mosts
sy
Lammojong FOMMEmon (Kis) waskdy i
haie, phySRe AAd MM DA
Duin Farrmaiion (Tearsd): e, dutcobsind
Stratigaphy CL T T —
le Holcean |E
i
P
E B i
liganey E
(5 Evsen
Feacean
- Ko
= i Saurss
Radigitation by
= Pata @eciogl Larmbar Majsne dan Barst Paiopo, Suisesel
f = wwulan— E-l:t:-‘ -
Edinl Kedus By

31-33.ya7 ZLI5U whH ] :
ST T DR Ten
nE 4 18ln"2 | 1888

18T T

e

A B
Btalionis)
to Hark

111833 \

N

M 1
———— e ——————

\

T,

-1 3 +
¥ 3
__—._\ —— i ’
111831 o2 '_
T i E Birai @
Thee
Ll RN bl L8 iy 18" HENE AR " nEy

. 31-33.x7 21

S DBEBus Wy PR

n2 2 10Bn"2 - Tab] K

b 1000 EI0N B PE
111832HZ ] Station(s)
[ 1 to Mark

| 1080 =

111833M2

T T
MR
=
®
\Ekia

'
o
oc
Sl
3=z
£ad >
5572
= =

s 1

T
/
L‘-x
-
L

S .81

BrTo1
75708
.881

Ly L L antems

Figure 5. Data processing.
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3. ANALYSIS OF TDEM SOUNDING

Based on initial data and interpretation, it could be gained the interpretation and analysis of cross-sectional models of each line
interpolation. This interpretation will be analyzed with the data from the geological map. Resistivity will be grouped into low,
medium, and high for rock interpretation. Low is ranged from one to two ohm.m, while 100 ohm.m or higher is high and medium is
in the range of 2-100 ohm.m.

The distribution of TDEM stations is shown in Figure 4. There are eight station from north to south and six stations from west to
east. The current injection is arount 2-4 A and the diameter of the loop transmitter is about 50 meter each point. In each station, we
use three frequency: 62.5, 25 and 6.25 Hz. The data processing combined three graphics of all frequencies to become one graphic.
Graphics can be well interpreted if they have small noise. After that, the graphics can be interpreted as resistivity value, which gives
information about the geological layer.

From Figure 6, we can see that beneath line A contains a large zone with low resistivity. This zone is indicated as an altered zone
because the resistivity is very low with 0.1 - 1 ohm meter. Besides that, around the hot spring water there are altered rocks. So, we
conclude that the low resistivity zone under Line A is Altered Zone.
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Figure 6. Line-A.

In Figure 7, the resistivity varies from low to high resistivity. Around TDEM-01, there is Paleteang Hill which based on andesite
rocks. The TDEM-20, which hot spring start to flow from, has low resistivity. This result is fit with survey in Line A. So, we
interpreted it with andesite intrusion for high resistivity and altered zone for the low resistivity.

Based on the sounding location, the region has a low resistivity only in a specific area. In the map, the low resistivity region is
concentrated near the hot spring and Paleteang Hill. The cross-sectional area that has low resistivity will be considered as prospect
area. The prospect area is a region that has low resistivity and needs to be explored further for detailed interpretation.
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Figure 7. Line B.

4. CONCLUSIONS
Based on the result of this study, the following conclussion can be drawn:

1. The heat source is located near igneous intrusions at the Paleteang Hill because of the youngest volcanic intrusions.

2. Interpretation of central loop TDEM sounding configuration showed low resistivity. This is the alteration zones that occured
from rock layers and was affected by volcanic intrusions. Medium resistivity is alluvial or Tml or Tmpv formations, or, perhaps, all
three of them. The high resistivity is derived from andesite igneous intrusions, because of andesite outcrop presence.

Figure 7. Conceptual model of geothermal exploration with TDEM (not to scale).
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