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Abstract: The aim of this paper i1s to identify and describe the possibilities of the utilization
of geothermal energy in the Gou area, Flores Island, Indonesia. The general view of the compre-
hensive results of integrated geoscientific surveys in the Gou area i1s as follows. Stratigraphy
consists of Quaternary volcanic and sedimentary rocks underlain by Tertiary basement rocks.
Thermal features on the surface occur along a NE-SW trending fault, namely the Mengeruda
fault. These features include hot springs, fumaroles and altered rocks. The temperatures of hot
springs at Managara, Watuh Wuti and Tukapela reach 47.5 °C while their flow rates are 5 - 7
1/min. All hot springs are characterized by high concentration of acid sulphate water discharges
at the surface. Also, surface argillic alteration occurs in the vicinity of hot springs along the
Mengeruda fault. The high contour values of soil gas mercury are concentrated around the
Managara and Watuh Wuti hot springs, where the maximum concentration of Hg reaches 564
ppb. The lateral distribution of the low resistivity zone (less than 10 ohm-m) at AB/2=1000 m
1s also concentrated around these hot springs, and the contour is open to the northeast direc-
tion. This prospective area covers a minimum of about 2 km® The vertical distribution of the

low resistivity zone 1s between 350 - 700 m below the surface.

1. Introduction

The Gou area is located 4 km north of Bajawa
City in Ngada District, Flores Island, East Nusa
Tenggara (Fig. 1). Ngada District has a population
of at least 211,000 people. The installed electric
power generated from diesel is utilized for many do-
mestic energy demands such as: lighting, industry,
hospitals, official offices, harbour, hotels, houses,
restaurants, schools and markets. Many geothermal
manifestations appear on the surface in the area
like Gou. Surface manifestations consist of hot
springs, fumaroles and alteration rocks.

These manifestations are presumably indicating
the presence of a geothermal reservoir beneath the
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Gou area. The direct utilization of geothermal en-
ergy or developing small-scale electric power genera-
tion from geothermal energy could provide economic
growth for the area. However, the Directorate of
Mineral Resources Inventory (DMRI), Indonesia, and
New Energy and Industrial Technology Development
Organization (NEDO) have explored and drilled a
few holes for the first small-scale geothermal power
generation in the Mataloko area to support its en-
ergy demands. The Mataloko geothermal field is ap-
proximately 10 km south of the surveyed area.

2. Methods

Geological, geochemical and geophysical surveys
have been carried out during the exploration in the
Gou area. The geological survey has been carried
out in a large area, but geochemical and geophysical
surveys are mostly concentrated in a smaller area
in the vicinity of the geothermal surface manifesta-
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Fig. 1 Location of the study area.

tions. For the geochemical survey, we conducted soil
gas mercury measurement. As for the geophysical
survey, we conducted Schlumberger mapping and
sounding.

3. Results of geoscientific surveys.

Flores Island is a part of Banda island arc, which
comprises Upper Cenozoic volcanic rocks with
volcanogenic and carbonate sediments (Hamilton,
1979). The volcanic rocks are dominantly mafic to
intermediate calc-alkaline composition and are
unconformably underlain by Tertiary rocks. The
oldest rocks are sedimentary strata in the Miocene
age, and 1t i1s exposed at the Nangapanda village,
about 25 km west of Ende (Van Bemmelen, 1949).

The youngest Quaternary lava is derived from
Mt. Inie Lika. It 1s 10 km west of our survey area.
Stratigraphic succession from the youngest to the
oldest rock consists of alluvium, Mt. Inie Lika lava,
Mt. Mataloko volcanic rocks, lacustrine sedimentary
rocks and Bajawa syn-caldera rocks. All these rocks
are underlain by Miocene Nangapanda Formation,
which 1s also exposed in the Riung village near
northern coast. It is about 8 - 9 km north of the
study area. All Quaternary volcanic rocks are domi-
nantly andesite to basaltic andesite in composition
with one exception of dacitic-rhyolitic rock in the
Bajawa syn-caldera rocks (Fig. 2)

Geothermal surface manifestations are exposed
along the NE-SW trending normal fault in the Gou
area. This geological structure 1s named the
Mengeruda fault. The surface manifestations include
hot spring, fumaroles and altered rocks. Three hot
springs, Managara, Watuh Wuti and Paida, are
characterized by acid sulphate water (Table 1, Fig.
3). The temperatures of the hot springs reach 47.5
°C, whereas flow rates are 5 - 7 1/min. Surface
argillic alteration occurs only at nearby hot springs.
An anomaly of Hg soil gas is mostly around Watuh
Wuti and Managara hot springs, where the concen-
tration of Hg reaches 564 ppb. This Hg anomaly is

open to the northeast direction (Fig. 4).

The lateral distribution of the low resistivity zone
(less than 10 ohm-m) is concentrated around these
hot springs (Fig. 5). This phenomenon is also con-
cordant to the soil gas mercury anomaly. Both
anomalies are clearly open to the northeast direc-
tion. This prospective area covers a minimum of
about 2 km?® The vertical distribution of the low
resistivity layer (less than 10 ohm-m) beneath these
hot springs are at a depth of 350 - 700 m, and the
maximum penetration depth of the method is only
700 m below the surface. The apparent resistivity
section for lines B, C, D and E indicate the thick-
ness of the resistive overburden layer is approxi-
mately 350 - 600 m, and the top of the clay cap
layers is probably also between 350 - 600 m beneath
the surface (Fig. 6). The layer below the clay cap is
assumed to be a liquid or steam reservoir. However,
the depth of reservoir could not be identified by this
survey.

The comprehensive modeling of the Gou area 1is
shown in Fig. 7. It is considered that the Gou geo-
thermal system 1s probably an up-flow system,
while and out-flow geothermal system is located at
the Mengeruda hot spring. It is about 6 - 7 km
northeast of the Gou area. The out-flow of the geo-
thermal system in Mengeruda is calculated to be at
least 400 - 500 1/s flow rate of acid hot spring dis-
charge.

4. Discussion and Conclusion

The distribution of the surface manifestations in-
dicates geothermal resources beneath the Gou area.
Geothermal evidence, such as hot water, fumaroles,
altered rocks, high concentration of acid sulphate
hot springs and Hg content, and lateral and vertical
distributions of low resistivity zone, indicate that
they are formed by geothermal fluids (steam, gasses
or hot water). Fractures and NE-SW trending struc-
tures are responsible for supplying the means for
geothermal fluids to be transported to the surface.
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Geological Map of Gou
Flores Island, Indonesia
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Fig. 2 Geological map of the Gou area.
Table 1 Chemistry data of hot springs in the Gou area,
Flores Island. cl
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Fig. 5 Schlumberger survey lines and apparent resistivity map of AB/2 =

1000 m in the Gou area.
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Fig. 6 Apparent resistivity pseudo-sections of the Schlumberger data in the Gou area.
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Fig. 7 Tentative geothermal model of the Gou area.

The next surveys using CSAMT, MT and head-on
resistivity methods are suggested for identifying
deep structures and formations in the Gou area.
These surveys are very important for selecting the
drilling location.
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