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ABSTRACT

The Arjuno Welirang geotheral area is located about 60 km southwest of Surabayeattital city of East Java. Geologicallthe
prospect area is dominated by quaternary volcanic rocks, both lava and pyroclastic. Impressivéhsuniatenanifestations can

be found in this areayhich include solfatarifumaroles with temperature of 1%7 found in the summit of Mount (Mt) Welirang

and bicarbonate hotsprings waltemperatureange of 39 t&5°C found in the western and northwas vicinities of Mt Welirang.

The occurrence o$olfataricfumaroles with magmatic gas indicates thexistence ofa volcanic geotermal system in the
subsurfaceThe surface manifestations are geologically controlledtheynortheassouthwest fault structureShe CO, gas
geothermometer indicat@shigh temperature reservoir of about 260 To delineate the subsurface resistivity structure associated
with the geothermal system, &Binversion was performed usitige Occam Data Space algorithmhd 3D inversion was applied

to 34 MT soundings witha frequency range 820 to 0.01 HzOverall, hie quality of the MT data usadried fromgood to very

good. The subsurface resistivity structure revealed-ByiBversion showd alow resistivity (15 ohmm) altered rock at the
upper part overlying reserwir zone withslightly higher resistivity (260 ohmm). The lower part of the resistivity structure
showed thehighes resistivity value (> 80 ohrm), which indicateda hot rock regionThe gometry of the resistivity structure
showed theupdome structuref the base othe conductive layer (BOC) centered beldle Mt Welirang summit The updome
structureindicatedan upflow zone that wasupported by the occurrence of solfatdtimaroles on the summit of Mt Welirang. The
depth of BOC at this position wabout 1 kmwhile those at the surroundings needeeperfollowing the elevation ofhe vicinity

of Mt Welirang. The 3D resistivity inversion also revealthe subsurface fault structures as indicated by remote sensing data at the
surface. The ® MT inversion result was then incorporated with geological and geochemical data to construct a conceptual model
of the ArjuneWelirang geothermal system.

1. INTRODUCTION

In recent timethe application of ® inversion for magnetotelluric field datasets hraseased. The are some benefifer using 3

D inversion. Sincét can solve ambiguitythere is no need to make assumption for thetrike direction In addition, there is a
high degree of fredom to overcome the3 effectandthedata from spreadinstation positions can be inverted easily without data
projection (Siripunvaraporn, 2012). In this reseaath,attempt was made to ap@D inversion for real magnetotelluric field
datasets othe Arjuno-Welirang geothermal aréa orderto get represdative earth resistivity structusén this aea

In 2010, the Center for Geological Resources of the Ministry of Energy and Mineral Resq&?dR) carried outthe MT
acquisition in the ArjunéNelirang geothermabrospect arearhere wee 34 statiors arranged ina grid with a stationspacingof
about 1 t?2 km Due tothelimited budget and timan the first step othe MT survey only the north and northestvicinities of Mt
Welirangwere covered

The 3-D inversionof the MT datawas thenperformed todelineate the subsurfacesistivity distributionof the Arjuno-Welirang
geothermal prospect areldloreover, the objectives of the[3 inversionof MT datawere to delineate the resistivity structare
associated witlthe geothermabystemandto constructthe conceptual modelf the ArjunoWelirang geothermal prospect area by
incorporating the MT data with geological and geochemical data.

This paper describes the Arjuitdelirang geothermal prospethe 3-D inversion of MT dataandthe construction of conceptual
model ofthe Arjuno-Weliranggeothermal prospeetrea. A briéreview of the geological and geochemical data is also described in
this paper.

2.FIELD REVIEW

The ArjuneWelirang gothermalarea islocated about 60 km southwest of Surabdlya,capital ity of East JavdFigure 1) The
presence o geothermal system in this area is relateth&volcanic activity in the south of East Ja¥geologically, the pyspect
area is dominated by Qigenary volcanic rocks, both lava and pyroclas@eological structures sudds faults, the caldera rim
structure and other circular featureseindicated by remi@ sensing datahe circular featurds correlated with the collapse zone
that was formed as a result aefArjuno-Welirangvolcanic eruptn (Figure 2)
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Figure 2: Geological Map of Arjuno-Welirang Geothermal Area, East Java, Indonesia

Impressivesurface thermal manifestations fouindhis area includésolfataricfumaroles withatemperature of 13T found in the
summit of MtWelirang In addition,bicarbonate hotsprings with temperatwedues ranging from 39 t65°C were found in the
western and northwestern vicinities of Mt Welirahgthe NaK-Mg diagram Figure 3),all of the hotsprings were determined as
immature waterindicatingthe mixing of thermal water and shallow ground water. The outcrop of addamgéic alteration was
found in the summit of Mt Welirangvhereas the outcrop of weak argilic alteration was found in the vicinites of Mt PuFiaak
occurrence of solfatarfuumaroles with magmatic gases indichteeexistence of volcanic geothermal system in the subsurface
Cangar and Coban hotsprings weantrolled by Cangar faultsvhereasthe Padusan hotsprings and solfathrenaroleswere
controlled bythe Padusan faultsThe emperature of the reservoiassessedising gas geothermometewas about 261TC.
Therefore the Arjuno-Welirang geothermal syasin ®uld be categorized ashigh temperature geothermal system.
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It can be seen iRigurel thatthe Arjuno-Welirang geothermal systeisisituated in the geological complex area. Thigeases the
possibility that there is a-B effect on the MT dataTo overcome this probleng 3D inversionof the MT datafor the Arjuno-
Welirangfield should becarried outln addition,3-D inversionhas the ability taesolve the D effectby applying a3-D earth
modelin the inversion processuch that all othe datastations can be run simultanously inithreal positios without projection.
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Figure 3: Ternary Diagram of Chemical Compositions ofHot Springsin the Arjuno -Welirang Geothermal Area

3.3-D INVERSION OF MT DATA

The 3D inversionmethodwas appkd forthe 34 MT soundings witla frequency range dfo0 to 0.01 Hz. Theverall quality of
the MT data usedaried fromgood to very good. The-B MT inversionwascarried out usinghe MT3DInv-X softwareprogram
(Daud et al 2012). Itis a userfriendly softwareprogram thautilizest h e O cnvesin® data spaadgorithmdeveloped by
Siripunvaraporn (2011). With this softwgpeogram the 3-D inversion proceswasperformed more effectively. The result thie
3-D inversion in this softwar@rogramwas integrated withthe GeoSlicerX software program(Daud and Saputra, 2010). The
output of the MT3DInvX was exported intothe (X, y, z) value dataformat, which wasused as data input ithe GeoSlicerX
softwareto visualize the data ithreedimensiors.

3.1 Mesh Grid Parameter

The 3-D model consigd of blocks in the @ meshgrid in the dummy coordinate system. The center of the duoouydinate
system was situated ithe center ofthe station distributionln the MT3Dhv-X software, the »axis was oriented from north to
south(with northaspositive), they-axiswasoriented from east to we@tith east positivie andthez-axis waspositive downwards.
The 3D MT inversion process usedl@0 ohmm homogeneous ha#fpace as the initial model. &mumber of blockwas 30 from
north to south and 30 from west to eagth 22 vertical layergwithout air layers) Thus,the ptal number of model bloskwas M
=30 x 30 x 22 = 1800.

3.2Data Input

The datainput forthe 3-D MT inversion proess wee the real and imaginaryarts ofthe impedance tensor (Zxeal, Zxximag,
Zxy.real, Zxyimag, Zyx.real, Zyximag, Zyy.real, Zyyimag). To constrairthe datafrom high erros, the error floor of the
impedance tensavas setas 5% to ensurihatthe malel response fittedvell with the observed datahe total number of dai@)
depenédon the number of statisnfrequenciesand impedance tensor elengiithetotal numbei(N) for the 3-D inversion ofthe
Arjuno-Welirang MT data wa 34 statiors, 9 period with the frequencyrangeof 100 to 0.01 Hz, and all eigimhpedance tensor
elemens. Thus, the total number of daf&l) is 34 x 9 x 8 02,448.

3.33-D Inversion Process

The 3D MT inversion process was run aPC with specificatiosas follows: Intel Pentium core i7ith 16 GB of RAM. For ore
iteration it took about 2 hours and the total time to re#w34" iteration was about 68 hours. TBeD inversionprocess using
MT3Dinv-X wasstable and¢onvergehbefore finally reaching #hbesfit. Thus, itproduce&l agoodsubsurfaceesistivity structure
representinghe real condition. Thénal RMS misfit achievedvas10.8%

4. RESULTS AND INTERPRETATIONS
4.1 Resistivity structure of Arjuno-Welirang Geothermal System

The subsurfaceesistivity structure revealed hlye 3-D inversionprocessndicatedthe presence of geothermal system in this area.
The conductive layer waone ofthe characteristis of a geothermal systerffound in the resistivitymodel. Thiscan be seen in the
crosssectionLine AB (Figure 4) andcrosssectionLine CD (Figure 5). This conductive layer hagesistiuty betwesn 1 to15
ohmm with various thicknesgalues that range frohto 2 km The dightly higher resistivityayer below tle conductive layer has
aresistivty of 20 to60 ohmm. The lower part of the resistivity structurecsvsthe highest resistivity valuéhat is greater tha80
ohmm. The geometry of the resistivity structure shomrsupdome structure fahe base of condtive layer (BOC)entered below

Mt Welirang The fesistivity contrast in # cross sectioimdicatesthe geological structusesuchasfaults, in this area.
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Figure 4: Resistivity Structure Derived from 3-D Inversion along Line AB of the Arjuno-Welirang Geothermal Area
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Figure 5: Resistivity Structure Derived from 3-D Inversion along Line CD of the Arjuno-Welirang Geothermal Area

4.2 Integrated Interpretation

Integrated interpretation was donedevelop aconceptual model of ArjuntVelirang geothermal systerfiihe 3D MT inversion
result was then incorporated witte geological and geochemical dakdagnetotelluridnvestigationwas necessarfpr identifying
the existence ofipflow and outflow zonesas wdl as the indicatedgeological suctures. The upflow zoneis clearly indicated by
the updome resistivity structureof the Line AB and Line CDbelow Mt Welirang(Figure 4 and gure 5). The presence of
solfataricfumaroles in the summit of Mt Welirangupports the interpretatiorof the upflow zonelocation. In addition, he
occurrence of solfatarifumaroles with magmatic gases indicathat the ufiow zone originates from &olcanic geothermal
system in the subsurfache outflow structure is also indicated clearly te elongation othe conductive layein the resistivity
sections of the Line AB and Line CD (Figure 4 aRgure 5) following the decreasén surface topographyChemical
compositiors analysis resudtfrom the Cangarhotsprings Cobanhotsprings and Padusahnotspringssupportsheindicatedoutflow
zones. Electrical discontinuitiesn the resistivity sectios of Line AB and Line CDcan be interpreted as faslitepresentedy
dashedines(see Figure 4 anBigure 5).These faulstructures might control the fipw and outflow zonef the ArjuneWelirang
hydrothermal systenfigure 6 summarizes th&D resistivity model and its interpretatiofior the ArjuncWelirang geothermal
systemusingthe GeoslicerX software(Daud et al, 2010)

5. CONCEPTUAL MODEL OF ARJUNO-WELIRANG GEOTHERMAL SYSTEM

On the basis of thimtegrated interpretatioof the3-D inversionof the MT datancorporated wittgeolodcal and geochemical data
a conceptual model of Arjurd/elirang geothermal system was then developed, as shown in Figure 7 and Figure 8. Figure 7
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illustrates the conceptual model represented by the base of conductor (BOC) elevation contour and possible hydrogeology. In
addition, Figure 8 shows the conceptual modptesented by the subsurface distribution of altered rocks, reservoir rocks, fault
structures, and possible hot rocks. The main upflow zone is situated below the-Wlireng volcanic complex, as indicated by

the highest elevation of BOC (Figure 7) angdame shape of the conductive layer, as well as horst structure of the resistive
basement interpreted as hot rock (Figure 8). The occurrence of solfatagmleswith magmatic gasem the summit of Mt

Welirang supports this model and indicates thatuiblow zone originates from wolcanic geothermal system in the subsurface.

The main reservoir below MT Welirang is located at a depth of ahs0® Ineters. Furthermore, the subsurface temperature at this
depth, estimated from gas geothermometry, is @6(FC. The conceptual model also suggests that the outflow zones are situated

in three locations: Padusan, Cangar and Coban area as indicated by the occurrence of hot springs in the areas. Tdfatexistence
outflow zones are controlled by the northivesutheast and westst fault structures (Figure 7 and Figure 8).

Figure 6: 3-D Resistivity Model Using GeoSlicetX Software of the Arjuno-Welirang Geothermal Area

Figure 7: Conceptual Model Represented byBOC Elevation Contour and Hydrogeology Map of the Arjuno -Welirang
Geothermal Area



