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ABSTRACT

The Lahendong geothermal system (North Sulawesi) is the first geothermal system in Eastern Indonesia to be developed for
electricity generationltis also the first geothermal sgst developed in a tectonicalctive arearc collision setting. The
geothermal system is liguidominated and located in steep terrain, with thermal manifessai@bout 750 m asl. The fieldriew

penetrated by 2@&ells drilled to depths ranging fro&b00 to 2500 m, with typical measured temperatures of 22%Q about250

mRSL. The reservoir rocks are mostly andesite and rhyolitethat have been radiometrically dated at 2.2 to 0.5 Ma.

Typical hydrothermal (secondary) mineral assemblages at Lahematle280 mRSL were formed by neaeutral pH fluids, with
occurrences of calsilicates + secondary feldspars + chlorite # illite + quartz + calcite + hem&piacdill mineral paragenesiin
drillcore and cuttings recovered from selected wells acrasdidhd point to at least five alteration stages (hydrothermal events).
Chronologically, the earliest stage is characterized by pmaineralic veins of chloriteformed when the system was liquid
dominated. Stage 2 haracterizedby calcite and chloriteand Stage 3 by calcite + quartz. Stage 4 is marked bysi@lates +
alkali feldspar and is inferred to recorthepeak intensity of hydrothermal activity. Stage Zlimracterizedy latestage calcite,
quartz and hematite, with anhydrite conspicuouthée central part of the system, where brecciated veins are common.

Mineralogical evidence has helped resolve the geological evolution of the Lahendong area and highlights thermal andahydrologi
changs in the system, marked by episodic heating, bgiimd cooling, and local fluid mixing in the presently active system (and

in inactive/fossil parts oit in the past). Stable isotope analysis of hydrothermal minerals indicates an influx of magmatic fluid at
some time into the central part of the syst@&he Lahendong geothermal system has experienced waxing/waning and relocation of
thermal foci, due to sealing and rejuvenation of permeability bg.6ult-reactivation) in a longived systemThese changes may
haveresuledfrom a migration othe heatsource.

1. INTRODUCTION

Lahendong is a watefominated geothermal field located in North Sulawesi, Indonesia, approximately 30 km south of Manado, the
Capital City of North Sulawesi Province. Two other geothermal fields in this province are Tompaso amdbégfu (Figure 1).
Lahendong is the firggeothermafield in eastern Indonesia to generate electricity and has been producing since 2001.Up to May
2014, 28 wells had been drilled to depths ranging from 152800 m, and the field is currently produci6@ MWe. The steam

field is managed by PT. Pertamina Geothermal Energy (PGE) and the electricity generation by PT. PLN (State Electricity
Enterprise). This paper describes the subsurface hydrothermal alteration of the system, including its minerakegzaadesmsrts

its spatial and temporal hydrological changes.

2. GEOLOGIC SETTING

2.1Field overview

Lahendong is part of the Sangihe volcanic arc. It is the only example of an active geothermal system located withirt an arc
collision zone. Here the Sahg ac over rides the Halmahera afdhe geothermabystem is situated about 10 km west of Tondano,

a lake which occupies the structure referred to by Newhall and Dzurisin (1998) as the Tondano caldera (26) Xolhiemed
Quaternary age. The actit®kon and Soputan volcanoes are 9 km northwest and 20 km southwest regpettivelsystem (in
Figure 1).
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Figure 1: Location of the Lahendong geothermal systemidbeled 1, on the map and the Tompaso (2) and Kotamobagu (3)
prospects with respect to major Quaternary volcanoes in North Sulawesi (compiled from Ganda and Sunaryo,1982;
Prijanto et al., 1984; Andan, 1982; Morrice et al., 1983). Inset: Index map shaihe position ofLahendongwithin the
Indonesian Archipelago.

The déailed geology of the field was described by Utami (2011)Rerdamina Upstream Technology Center (20TBE system is

hosted by volcanic rocks in steep terrain. The ramkgpingout in the field includeandesiticlavas and pyroclastics from the

erupton centers of Pangolombian, Kasuaratan, Lengkoan, Tampusu and Linau. The system is expressed at the surface by the
occurrence ofumaroles and steatmeatedactive thermal manifestations in Lahendong village and its surrounds at about 750 m
above sea levelhe thermal manifestations are spatially associated with the Pangolombian horshagiezk structure and Linau

crater, as well as faults and joirfEgure 2) The studied wells encountered thick sequences of andesitioliticunits. From the

oldest b the youngest these are: Hiendano andesite, Tondano rhyolite and Fastdano andesite. The Pfendano andesite

and the Tondano rhyolite units are intruded by diorite dykes (Utami, P&tfigmina Upstream Technology Center, 2013

Figure 2: Geological map of the Lahendong Geothermal Field showing the locations of the studied welReftamina
Upstream Technology Center, 2013



