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ABSTRACT

A self-potential (SP) survey was carried out in the Mataloko
geothermal prospect, Flores Island, Indonesia. The highest
positive SP anomaly was observed at the main geothermal
manifestation area. The extent of the positive SP anomaly
zone corresponds with the hot-spring areas in a low-resistivity
zone. In order to estimate the extent of the high-permeability
zone around the hot-spring area, a two dimensional numerical
modeling was done with a coupled fluid flow and SP
simulator. Rough estimation of the permeability distribution
was thus derived by matching the calculated and the observed
SP profiles.

1. INTRODUCTION

SP surveys have been widely conducted in many geothermal
fields assuming that the main cause of the anomaly is
streaming potential. Most of these data have been interpreted
qualitatively; a positive SP anomaly often indicates an upflow
zone and the negative may indicate a downflow zone (Ishido,
1989). However the exact location of these flow zones do not
necessarily correspond to the highest or lowest SP anomaly
because of the subsurface inhomogeneity which even causes
negative SP anomalies at upflow zones (Ross and Blackett,
1995, Sill, 1983, etc.). Some authors introduce quantitative
SP analysis by representing the origins of the SP anomaly as
sets of electrical current sources within a resistivity model
(Corwin and Hoover, 1979, Fitterman, 1979, etc.). However
such an approach doesn't describe the fluid flows that give
rise to the current sources. Therefore an SP data analysis
considering hydrological and electrical structures is essential
for its detailed interpretation.

The first half of this paper explains the SP survey in the
Mataloko geothermal area. The later part presents a two
dimensional numerical model of fluid flow and its induced SP
along a survey line to show the effectiveness of SP data
analysis for geothermal reservoir exploration.
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2. MATALOKO GEOTHERMAL PROSPECT

Mataloko geothermal area is located in the middle of Flores
Island, Nusa Tenggara, Indonesia Active
volcanoes Inerie and Inerika are located in the south and the
north of Mataloko, respectively. The basin between these
volcanoes has an extent of 10 km in NNW-SSE direction. The
older volcanoes occur at the edge of this basin while the
younger ones are common in the inner part of the basin. This
basin is considered to be a caldera.

Surface manifestations of geothermal steam and hot springs
can be observed in the Mataloko area where the elevation is
around 1000m. The main manifestation area is located in the
valley along a stream named Wae Luja. Some alteration zones
also exist around this river.

The Volcanological Survey of Indonesia (VSI) has conducted
geological, geochemical and geophysical surveys in Flores
island. New Energy and Industrial Technology Development
Organization (NEDO) and Geological Survey of Japan (GSJ)
have been engaged in a research project with VSI since 1997
and started surveying the Mataloko geothermal prospect in
1998.

3. SP SURVEY IN MATALOKO

An SP survey in Mataloko was conducted in July, 1998,
around the stream of Wae Luja, across the alteration zones
identified by geological surveys. The total number of the SP
measurement points is 430 with a spacing of 100 m along
survey lines. The covered area is about 5 km in the E-W and
6.5 km in the N-S directions.

Figure 2 shows the location of the SP survey points in
Mataloko area. The electric potential at a survey point P/ is
assumed to be zero. Loop corrections were applied to
measured SP data. show the resultant SP
profiles along P- and V- survey lines, respectively. Dotted
lines represent raw SP values and solid ones show the SP

value after loop corrections. Figure 5 Jis a contour map of
corrected SP in the Mataloko main area.
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The highest SP anomaly in the Mataloko area is at P36 in the
main manifestation area along P- and V- lines. On P-line,
which goes across Wae-Luja, a spike of SP anomaly was
observed. This positive anomaly is limited only to the vicinity
of the stream. On V-line which goes along the stream, a rather
smooth slope was observed in the east (left side in
but a steep drop occurs to the west of the highest anomaly.
This suggests that surface manifestations may be present east
of P36 . This result is consistent with the fact that there are
some hot springs in the east but none have been observed in
the west.

A large negative anomaly, not corresponding to the
topography, was observed around Y8 east of the main
manifestation area. An SP profile across this zone is
numerically analyzed in the next section. Another negative
anomaly around S/ in the south corresponds with the location
of a fault suggested from a gravity survey (Andan et al., 1997).
The other SP profiles are rather flat and the main causes of
the anomalies are topographic effects or artificial noise
around residential areas.

4. TWO DIMENSIONAL MODELING
SUBSURFACE FLUID FLOW AND SURFACE SP

OF

A two-dimensional SP model was completed along an E-W
survey line (line-C’ in with a coupled fluid flow and
SP simulator PTSP (Yasukawa et al, 1993). Line-C" is located
approximately 500m north of a resistivity survey line-C
conducted by VSI (Andan et al, 1997) which crosses the main

manifestation area. The solid line in Fig 6 shows the
observed SP profile along line-C'. This SP profile is totally
different from the pattern expected from its topography; the
higher the elevation, the lower the SP. Therefore several
effects of inhomogeneity of physical properties must be

present.

In PTSP, temperature and pressure distributions in a system
are calculated based on the energy and mass conservation
equations for proper boundary conditions. The distribution of
fluid velocity is thus obtained and the current source
distribution caused by fluid flow is calculated for a given
electro-kinetic cross-coupling conductivity as follows;

S =-VL, eu-L, Veu (@))]

where S, Ly, and u are electrical current per unit volume
(Amp/m3), velocity cross-coupling conductivity (Amp-
sec/m?) and velocity field (m/sec), respectively. The induced
SP distribution is then calculated for a given resistivity
structure. Therefore input data of permeability, resistivity and

cross-coupling conductivity distribution, in addition to
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boundary conditions are required for the calculation by P7SP.
For more details, see Yasukawa et al. (1993).

Note that the temperature dependence of cross-coupling
conductivity is automatically calculated in PTSP. According
to Sill (1983), the variation of L,, with temperature 7 below
300 °C is approximately described by;

Ly (T) = Ly (I+ CAT), AT=T-T, ©)

where C is a constant and subscript 0 indicates the reference
temperature 7. This equation is introduced in PTSP with the
constant C = 0.01 (°C’!), which is consistent with the
experimental results of Ishido and Mizutani (1981), as well as
those of Morrison et al. (1978).

shows the resistivity and permeability grids of the
numerical model. The resistivity grid is based on the result of
resistivity surveys conducted by VSI (Andan et al., 1997). A
low resistivity layer (5 ohm-m) reaches to a shallower depth at
the vicinity of Wae-Luja. Since a negative SP anomaly on a
topographic slope can not result from a resistivity structure
alone (Yasukawa and Mogi, 1998), a permeability model was
also introduced. At first a permeability model with the same
geometry as the resistivity was applied; for the lower
resistivity layer a higher/lower permeability was given.
However, no high SP anomaly was calculated for this layered
permeability model. Therefore a vertical contact model was
considered; a higher permeability column was assumed near
the negative anomaly zone. A lower permeability column was
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also tested, but the negative anomaly in Fig 4 can be
reconstructed only by a higher permeability model. The width
and the contrast of the high permeability zone was adjusted
until the resulting SP profile showed a good match with the

observations.

For the fluid flow calculation, the following boundary
conditions were assumed; a constant pressure and temperature
surface (1 atm, 20 °C), impermeable side boundaries and a
constant temperature bottom (70 °C) which gives a normal
geostatic temperature gradient. Ly, is assumed to change with
permeability because its variation is mainly caused by the
chemical components which change is considered to be small
in a single reservoir.

shows the comparison of the observed and calculated
SP. A quite good match was obtained for this grid size
(100x100 m?). High frequency anomalies in the observed SP
are probably caused by the shallower features.



The location of the high permeability zone is consistent with
the fact that no hot springs occur west of P/ while some hot
springs are present east of P/. However, since the fluid in this
zone flows downward according to the fluid flow simulation,
the surface manifestations are considered to be quite local
phenomena and the most part of the high permeability zone is
a downflow zone. A big negative SP anomaly along line-C' is
thus caused by the downflow.

5. DISCUSSIONS

The uniqueness of the resistivity and permeability models
shown in this study has not been established. The sensitivity
of the vertical extent of the high permeability zone will be
investigated in the next stage. However, SP numerical
modeling suggests the existence of a high permeability zone
and its surface extent. A combination of resistivity and SP
surveys is used for investigation of the permeability structure.

This SP modeling was performed assuming the SP anomaly is
caused only by topography, resistivity and permeability
structures; no hot fluid source was assumed because there is
no clear surface manifestation along line-C'. For more
sophisticated modeling, a survey line across the main
manifestation should be selected for the modeling so that the
hot fluid flow from a depth can be considered. The effect of
three dimensional structure will also be investigated.

6. CONCLUSIONS

An SP survey has been conducted in the Mataloko geothermal
area. The highest positive anomaly was observed in the main
geothermal manifestation area along the stream Wae-Luja
which flows eastward. SP values drastically drop toward the
north, south and west while they gradually decrease toward
the east. Its location is consistent with the fact that some hot
springs occur only in the east of the main manifestation area.
A local negative SP anomaly found in the southern area
corresponds to a fault zone suggested from gravity data.

A two-dimensional hydrological and electrical structure
model was numerically constructed for an east-west cross-
section. The permeability structure of this model was
determined by a trial-and-error method to obtain a good
match with the observed data while the resistivity structure
used is determined from the resistivity survey. The resultant
of high
permeability zone around the main manifestation area.

permeability model suggests the existence
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Figure 1. Location of the Mataloko geothermal area.
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Figure 2. SP survey points (o) in the Mataloko area in 1998.
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Figure 3. Observed SP and elevation profiles; P-line.

1175
1150
1125
1100
1075
1050 E

=]
10258
] 5]

1000
|25}

975

950

-} 925
900

Yasukawa et al.

70 1175
60 1150
50 Pal 1125
40 £\ 1100
30 P \ . 1075
RN i \ N % 10508
E oo f ¥ Y= " % Fimsk
ZH -~ 1000§
10 / --@-- raw SP | § 75
20 / —w— corrected SP - 950
-30 / elevation |} 925
40 o | g0
Vi V3 4] v7 P36 vio VviI2 Vi4 20 Vig
point ID

Figure 4. Observed SP and elevation profiles; V-line.
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Figure 5. SP distribution in the Mataloko area.
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Figure 6. Comparison of observed and calculated SP profiles along line-C".
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Figure 7. Physical property grids of the model.
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