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INTERPRETATION OF GEOELECTRIC STRUCTURE AT
HULULAIS PROSPECT AREA, SOUTH SUMATRA

PERTAMINA GeothermalDivision, Jakarta, Indonesia

SUMMARY Schlumberger resistivity surveys were conducted in 1993 as part of a combined geological, geophysical and
program to investigate a geothermal prospect in the Hululais area, Southern Sumatra. These resistivity data

the upper conductive layer and were interpreted to define the shallow of a possible geothermal system. A

follow-up magnetotelluric survey carried out to probe deeper than the dc resistivity survey results achieved.
However, the resistive sub-stratumbelow the conductive layer was still poorly resolved. Possible reasons for this include
preferential channelling of the telluric within the thick shallow very conductive layer, thus limiting the penetration
depth of the magnetotelluric signals and poor resolution due to high noise levels caused by rain and sferics.

1. INTRODUCTION

The Hululais geothermal prospect lies within an area of
approximately located North of

Bengkulu city, Southern Sumatra, Figure 1.
Topographically, it is dominated by peaks of Bukit Cemeh,
Hululaisand which forms an arc,
Figure 2. Bukit Hululais is the highest of these mountains
reaching an elevation in excess of Much of

on of Bukit Hululais
has been cultivated by coffee plantations. A broad valley

northeast lies at an elevation of about
15 suchas,

pools, and hot springs are observed in the area at elevations
ranging from to

The purpose of an survey in the Hululais
prospect area was to better define the extent of a
Schlumberger resistivity anomaly interpreted to be

associated with a geothermal reservoir. Another objective
was to detect a deep resistive sub-stratum which was not
clearlyprobedby the Schlumbergersurvey.

2. PREVIOUS WORK

2.1. Generalized Geology

The geology setting and major faults of the
Hululaisarea are shown in Figure 2. The
SE trending faults are associated with the Sumatra Fault
Zone producing a graben structure.

Along the Sumatra Fault Zone, deposition of marine
sediment both in the Bengkulu and Sumatra basins, and

of volcanogenic with
sediment occurred throughout the Cenozoic.

Figure 1. TheHululais geothermal prospect area,

Sumatra.

During the Oligocene Miocene period, andesitic and
basaltic volcanism occurred on the Barisan mountain zone,
while turbidites were being deposited in the basins.
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Figure 2. Generalizedgeology of Hululais geothermal prospect area, South Sumatra.

Uplift along the Barisan mountain was accompanied by
acid volcanism along the Sumatra Fault Zone in the
Miocene. Intrusions of granites and diorites followed.
Shallow sediments were continuously deposited in
the Bengkulu basin throughout the Miocene.

Another period of uplift occurred during the
Pleistocene period. Basaltic, andesitic and
volcanism along the Barisan mountains have continued
through Pleistocene followed by recent (1100 years)
activity produced deposits, which are outcropping
at Bukit Hululais. Such recent activity is likely to have
been by intrusion of acidic magma, with
localised heating and possible degassing into the flanking
geothermal system.

2.2. Thermal

Fumaroles and acid pools occur at relatively high
elevations of about to (asl). Neutral

high chloride springs are found at an elevation of about
northeast of Bukit Hululais,and to the north,

at much lower elevations of about and near
and village.

Other springs containing waters with very little
chlorideare found near Bukit Cemeh (700-1000 m asl) and

(400 m asl). Geochemical analysis suggests
that the temperature of the deep reservoir probably lies in
the range to

2.3. Resistivity Data

Resistivity data for the area consist of Schlumberger
resistivity mappings, timedomain electromagnetic

and magnetotelluric soundings. The
Schlumberger resistivity data were collected in 1993

as part of an
and geophysical evaluation of the prospect area, ( PT.

Perkasa, 1994 ). The and TDEM
soundings were carried in 1995 rollow-up resistivity
anomalies detected with the Schlumberger survey. The
TDEMwas collected at every MT station to check for static
shifts and to provide better resolution of the shallow
resistivity structure. The TDEM soundings were carried
out in the in-loop (INL) mode using 200 meter square
transmitting loops. The MT data were measured using
standard 2 component electric field Ey) and 3

component magnetic fields Hy, Hz).
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figure 3.Examplesof TDEM and MT for 4 stations.
soundings plotted on the figures are the Rho- invariant.

The electric fields were measured using pairs of
electrodes connected through a

signal conditioning amplifier to the GDP-32
receiver. Voltages are measured to

ground. Example of theTDEM and MT
soundingsare showninFigure 3. Note that the stationHul-
07 shows evidence of a static shift between the MT and
TDEM soundings. The other threestations,
and Hul-24, show a good correspondence between the MT
and TDEM soundings. Since most of the sounding
curves show a good correspondence with TDEM
the static effects are ignored during inverting MT-resistivity
sounding curve into resistivity layers. Also note that the

MT data are noisy, at frequencies less than 1
These high noise levels are due to the large amount of

rain and sferics (lightening) experienced during the

Computer software written by M. Stark (Philippine
Geothermal Incorporated) and (Pertamina) in
1984,was used to invert the MT-resistivity soundings into

model. The layered were
into 3 layers formost stations. Two cross-sections,S-N and
SW-NE,were made to get a clear figure of the
resistivity distributions, Figure 4.

3. DISCUSSION

Lateral resistivity distribution at shallow depth is illustrated
by the Shlumberger resistivity map at

Figure 5. Although not shown, similar
shallow resistivity pattern were observed with TDEM (turn

off time of and MT (frequency of The
conductive area, especially apparent resistivity of less than

shows a general trend and may be
associated with the similarly trending faults of Sumatra
fault systems, Figure The largest conductive anomaly of

less than overliesan area with thermal springs. This
correlation with thermal area suggests the resistivity
anomaly may be caused clay alteration

with an geothermal outflow system. Note, the
low resistivities are bounded on the western, eastern and
southern edges by faults suggesting the faults may be

structural controls for the geothermal
system in this area. To the west, a resistive zone occurs

suggestinga decrease in percentage of clay at shallow depth
due possibly to change in rock type or absence of

outflow in this direction.



136

E

0

0

1

0

N
TEMP. HOLE

2 7

S

sw

NE

++

++ ++

10 20

0 1

Figure 4. MT-resistivity sections, Hululais, South Sumatra.
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Figure 5. Distribution of the conductive area as defined with Schlumberger apparent resistivities at

Eventhough, a collapse structure exists in this area as part
of volcanic activity, no geothermal prospect area is defined
in this area,since there are no geophysical and geochemical
data available. shallow high resistivity area was
located in between these low resistivityzones.

Lateral resistivity at deeper level MT)
shows a conductive zone of less than within the

Fault Zone producing graben structure, Figure 6.
This shows that the conductive layers spread widely at
deeper level and not be by the step faults

system. Two very conductive areas of less than
consists of eastern anomaly and western anomaly which
are located over thermal separated ridge of high
resistivity. This high resistivity between step faults is

at at as high shallow
resistivity, Figure 5. As noted those resistive features
may reflects either changing in rock type or growth less
clay alteration. The western of the high

zone is not known due to the limitation ofMT

But to the east, the lateral conductive distribution was
bounded at the location of 1SA (Figure4), which is
to the East at the foot-wall of the SumatraFault Zone.

containing hot fluids. This is consistent with results
concluded by the geochemical which suggest the
area is underlain at depth by a neutral sodium chloride

water Perkasa, 1994). The thickness of
low resistivity layer and depth to top of the higher
resistivity substratum are poorly resolved due to noise and
possible very low resistivity for the conductive layer, Figure
3 and 4. However, the resistive substratum of abut

was obviously indicated of

11, and MT-21. This increasing resistivity in the
be by of silica content

due to increasing temperature with depth.

The substratum is shallowest (about asl) in the south

then dips downward to the north to a of abut 250m

HLS-2was drilled deep enough to encounter the conductive
layer, at which depth the intensity of alteration increased
and the encouraging temperature gradient of about

1 was observed. depth of about 250m
did not drill deep enough to get into the top conductive
layer, Figure 4. It shows moderately temperature of
about throughout most of its depth.

.-

The very conductive layers of to on the MT
Figure 4, may be due to the Bukit Hululais

altered andesite rocks abundant in clay mineral and




