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Abstract: The Head-on method was developed for mapping of concealed resistivity anomalies in
a special array, where a third current electrode C is additionally placed at a large distance but
almost perpendicular to the Schlumberger array with current electrodes A and B. In this sur-
vey, the Head-on method was used for locating fracture zones in the Mataloko geothermal field,
Flores Island, Indonesia. The results of Head-on apparent resistivity profiles have shown that
the Wai Luja Fault is a normal fault trending in the NW-SE direction and dipping 53° north.
The main geothermal manifestations, i.e., fumaroles, hot springs and altered rocks, in the
Mataloko geothermal field are controlled by the Wai Luja Fault.

1. Introduction

The theoretical aspect of the Head-on method was
treated by Cheng (1980) and summaries can be read
in Mwangi (1982). The Head-on array has the same
electrode configuration as the Schlumberger array
with a third current electrode, C, added at infinity
(Fig. 1). The current is injected at three different
pairs: AB, AC and BC. The in-line component of the
electric field (i.e., in the AB direction) is measured
by the usual MN potential electrodes for three com-
binations of the current bipoles AB, AC and BC.

Three apparent resistivity values, o, 0", and
0™, are computed as,
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where (0", and 0", are apparent resistivities ob-
tained with the current bipoles AC and BC, respec-
tively. V is the voltage difference between electrodes
M and N, and 7 is the current strength that is in-
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jected through the current electrodes.

After each set of readings is obtained for a pair
of MN electrodes at a station for several different
spacings of AB electrodes, the MN electrodes are
moved to the next station along the survey line.
The C electrode 1s kept at the same position such
that line OC is perpendicular to line AB and OC is
larger than 2AB. Profiles of 0%°, and 0%, along
the survey line often show up with a "crossover". In
an 1deal condition, a concealed conductive fracture
zone lies near the crossover.

The method seems to have a good resolution for
locating vertical low and high resistive bodies such
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Fig. 1 Schematic of the Head-on array. A, B and C are
current electrodes, while M and N are potential elec-
trodes.
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Fig. 2 Location of the Head-on survey lines, X and Y (thick solid lines), in the
Mataloko geothermal field. Schlumberger sites on three lines, B, C and D, are
also shown by open circles (Uchida et al, 2002). Open squares indicate surface
manifestations. The dotted line is an estimated fault.

as dykes and faults. The method has been used suc-
cessfully to locate shallow faults in a geothermal in-
vestigation in the People's Republic of China (Cheng,
1980).

2. Geological Setting

The Mataloko geothermal field is located on the
volcanic arc, central of Flores Island, Indonesia (Fig.
2). According to Nanlohy et al (2001), the area is
underlain by volcanic rocks of Quaternary and
Tertiary ages. In this survey area, numerous vol-
canic cones can be found, but there are three cones
that seem to be very important in this study. They
are Wolo Belu (lava dome), Wolo Sasa and Wolo
Nawa, which are located near geothermal manifesta-
tions, i.e., fumaroles, hot springs, and altered rocks.

There are main fracture systems in the area with
a dominant trend in the NW - SE direction. One of
these faults i1s very important in controlling geo-
thermal fluids to flow up to the surface. This fault
1s known as the Wai Luja Fault. Volcanic linea-
ments and craters are also recognized in the
Mataloko geothermal field.

3. Data processing

The Head-on measurement was carried out for
two lines, X and Y (Fig. 2). The length of the lines
1s 1000 m, and 10 or 11 observation points were ar-
ranged on each line. The current electrode spacing
AB/2 used was 200 m, 400 m, 500 m, 600 m and 800
m. The potential electrode spacing MN/2 was 80 m,
and OC was 4000 m. We calculated 0, 0*° and
0" for each AB/2 spacing at all observation points.

Plotting of p““*” and o™™” versus observation
points along the survey line often shows up with a
"crossover”, which usually indicates a fracture zone
(fault). Furthermore, we estimated faults in an ap-
parent resistivity pseudo-section for each line.

4. Result and discussions

Two Head-on survey lines were interpreted in this
survey. The main reason for locating the two pro-
files was to delineate resistivity anomalies caused by
geothermal manifestations that are controlled by a
fractured system, the Wai Luja Fault. Previous geo-
logical (Nanlohy et al, 2001) and resistivity surveys
(Andan et al, 1997) in the Mataloko geothermal
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field indicated the presence of the Wai Luja Fault.

4.1 Head-on curves of Line X

Figure 3A shows curves of 0“%*" and """ ver-
sus observation points for Line X. For AB/2 = 200
m, the curves have a crossover near the eighth ob-
servation point. For an electrode spacing of 400 m,
the crossing of 0““*" and p™™*” is at the ninth
point. For larger electrode spacings, the curves show
crossovers at the first point for AB/2 = 500 m, and
between the second and third points for AB/2 = 600
m. For AB/2 = 800 m, the curves cross over near
the fourth and fifth observation points. In this case,
we interpreted that the concealed conductive
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fracture zone lies near the crossovers.

4.2 Head-on curves of Line Y

Curves of Line Y cross over at all electrode
spacings AB/2 (Fig. 3B). For AB/2 = 200 m and 400
m, the curves of 0““* and 0"“" cross over near
the seventh point. For greater electrode spacings,
AB/2 = 500 m and 600 m, the curves cross over be-
tween the sixth and seventh points and at the sev-
enth point, respectively. For AB/2 = 800 m, the
curves show the crossover between the seventh and
eighth points.
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Fig. 3 Curves of (AC-AB) and (BC-AB) of the Head-on data for (A)
Line X and (B) Line Y in the Mataloko geothermal field.
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4.3 Pseudo-section of Line Y

Figure 4 shows pseudo-sections of apparent
resistivity, ©0*’, of Lines X and Y. Based on the
processed Head-on data and apparent resistivity
pseudo-sections shown in Fig. 4, positions of the
fracture zones beneath lines X and Y can be inter-
preted.

In a section of Line Y, two faults are interpreted
(Fig. 4A). The first fault is located beneath point
Y7. It is almost perpendicular to the surface. The
second fault is found beneath Y5 to Y9, crossing
the first fault. The second fault has a dip of 53°
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calculated from the pseudo-section. This fault is in-
terpreted as the Wai Luja Fault.

4.4 Pseudo-section of Line X

There are two faults in this section (Fig. 4B). The
first fault is beneath X7 to X9 and at depths that
correspond to the electrode spacings of AB/2= 200
m to 400 m. This fault is interpreted to be con-
nected with the Wai Luja Fault in line Y. The sec-
ond fault is located beneath X1 to X5 with electrode
spacings from 500 m to 800 m. This fault has a dip
about 15°.
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Fig. 4 Apparent resistivity pseudo-sections of (A) Line Y and (B) Line X. Contours indicate the apparent
resistivity in ohm-m and dashed lines are faults estimated from crossover locations in Fig. 2.
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5. Conclusions

The following conclusions have been derived
through this work.

1) The Head-on method has given a good result to
locate the Wai Luja Fault in the Mataloko geo-
thermal field, Flores Island, Indonesia.

2) The Wai Luja Fault is a normal fault trending in
the NW-SE direction and dipping 53° north.

3) The main geothermal manifestation i1s controlled
by the Wai Luja Fault.
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