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SJR

The SJR is a size-independent prestige indicator that ranks

journals by their 'average prestige per article'. It is based on

the idea that 'all citations are not created equal'. SJR is a

measure of scienti�c in�uence of journals that accounts

for both the number of citations received by a journal and

the importance or prestige of the journals where such

citations come from It measures the scienti�c in�uence of

the average article in a journal, it expresses how central to

the global scienti�c discussion an average article of the

Total Documents

Evolution of the number of published documents. All types

of documents are considered, including citable and non

citable documents.

Year Documents

2010 3
2011 12
2012 272
2013 177

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total

number of documents published in that journal. The chart

shows the evolution of the average number of times

documents published in a journal in the past two, three and

four years have been cited in the current year. The two

years line is equivalent to journal impact factor ™

(Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 2010 0.000
Cites / Doc. (4 years) 2011 0.333
Cites / Doc. (4 years) 2012 0.600
Cites / Doc. (4 years) 2013 0.087
Cites / Doc. (4 years) 2014 0.291
Cites / Doc. (4 years) 2015 0.318
Cites / Doc. (4 years) 2016 0.481
Cites / Doc. (4 years) 2017 0.336
Cites / Doc. (4 years) 2018 0.460
Cites / Doc. (4 years) 2019 0.448

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-

citations received by a journal's published documents

during the three previous years.

Journal Self-citation is de�ned as the number of citation

from a journal citing article to articles published by the

same journal.

Cites Year Value

Self Cites 2010 0

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and

external citation per document (i.e. journal self-citations

removed) received by a journal's published documents

during the three previous years. External citations are

calculated by subtracting the number of self-citations from

the total number of citations received by the journal’s

documents.

Cites Value

% International Collaboration

International Collaboration accounts for the articles that

have been produced by researchers from several countries.

The chart shows the ratio of a journal's documents signed

by researchers from more than one country; that is

including more than one country address.

Year International Collaboration

2010 33.33
2011 25.00

Citable documents  Non-citable documents

Not every article in a journal is considered primary research

and therefore "citable", this chart shows the ratio of a

journal's articles including substantial research (research

articles, conference papers and reviews) in three year

windows vs. those documents other than research articles,

reviews and conference papers.

Documents Year Value

Non-citable documents

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows,

that have been cited at least once vs. those not cited

during the following year.

Documents Year Value

Uncited documents 2010 0
Uncited documents 2011 2
Uncited documents 2012 8
Uncited documents 2013 268
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Preface 

3rd International Conference of the Transdisciplinary 

Research on Environmental Problems in Southeast Asia 

(TREPSEA 2018) 

1.  About TREPSEA 2018 

 

The International conference of the Transdisciplinary Research on Environmental Problems in 

Southeast Asia (TREPSEA) aims to conduct integrative research of interactions between natural 

environment and human-social systems in Southeast Asia to solve the environmental problems in 

Southeast Asia. Its scope thus includes topics of geoscience, environmental science, engineering, 

medicine, economy, culture, education, and administration. 

 

 

 
Transdisciplinary Research (TDR) is defined as research efforts conducted by investigators from 

different disciplines and non-academic participants working jointly to create new conceptual, 

theoretical, methodological, and translational innovations. Related stakeholders include sponsoring 

intuitions, governments, development organizations, business and industries, civil society (inhabitant, 

NGO’s etc.), and the media. 

Our vision of TREPSEA conference is to become a unique and leading international conference on 

transdisciplinary research studies in varieties of environmental problems of Asia’s countries especially 

ASEAN countries. And our Mission is to share, discuss and exchange knowledge, experience and 

outcome of transdisciplinary research on environmental problems with various stakeholders. 

The 3
rd 

international conference of the Transdisciplinary Research on Environmental Problems in 

Southeast Asia (TREPSEA 2018) was held on August 11 – 12, 2018 at State University of Gorontalo’s 

Hotel TC Damhil UNG in Gorontalo city, Sulawesi, Indonesia. 
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TREPSEA 2018 conference featured oral and poster presentations and workshop, and participants 

presented, shared and discussed their experience on the following topics: 

 

4 Main Topics of TREPSEA 2018  

 

 

1. Disaster Mitigation: 

 

o Volcanic Eruption 

o Flood 

o Earthquake 

o Tsunami 

o Landslide 

o Groundwater 

 

 

2. Sustainable Development and 

Environmental Preservation: 

 

o Heavy Metal Problem 

o Conversion of Waste to Energy 

o Renewable Energy 

 

 

3. Measure and Improvement to 

Urban Environmental Problems: 

 

o Urban Management and 

Community Development 

o Urban Transportation Planning 

o Traffic Control and Surveillance 

System 

o Garbage Problem 

o Waste Water Problem  

 

 

4. Food and Human Security: 

 

o Food  

o Security problems  

 

2.  TREPSEA 2018 General Committee 

 

Prof. Masayuki Sakakibara, Ph. D. 

Chairperson  

Research Institute for Humanity and Nature (RIHN) & 

Ehime University 

 

Prof. Dr. Fenty Usman Puluhulawa, M.Hum, 

Vice-Chairperson 

State University of Gorontalo 

 

General Committee Members 

 

Prof. Dr. Dwia Aries Tina Pulubuhu, M.A. 

Hasanuddin University  

 

Prof. Dr. Emmy Suparka 

Bandung Institute of Technology  

 

Prof. Dr. Syamsu Qamar Badu, M.Pd. 

Rector of State University of Gorontalo 
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Dr. Arif Satria, SP, M.Si 

Bogor Agricultural University  

 

Prof. Dr. H. Gufran Darma Dirawan, M. EMD., 

State University of Makassar 

 

Scientific Committee Members 

 

Ir. Benjamin Sapiie, ITB 

Prof. Budu, UNHAS 

Dr. Hayati Sari Hasibuan, UI 

Dr. Heriansyah Putra, IPB 

Prof. Hiroki Kasamatsu, EU 

Dr. Eng. Imam Achmad Sadisun, ITB 

Prof. Katsuya Tanaka, RCSE, SU 

Prof. Mai Trong Nhuan, VNUH 

Dr. Lukman AR Laliyo, UNG 

Dr. rer. nat. Mohamad Jahja, UNG 

Prof. Dr. Muh. Nadjib Bustan (MD), UNM 

Dr. Zaenal Abidin, IPB  

 

Local Committee Members 

 

Head: Dr. Sc.Yayu Indriati Arifin, UNG 

Secretary: Deasy Natalia Botutihe, M.Si, UNG 

Lanto Ningrayati Amali, Ph.D, UNG 

Novriyanto Napu, Ph.D, UNG 

Dr. Lilan Dama, UNG 

Dr. Sunarty Eraku, UNG 

Raflin Hinelo, M.Si, UNG 

Intan Novianti Manyoe, MT, UNG 

 

Abbreviation 

 

EU: Ehime University 

IPB: Bogor Agricultural University  

ITB: Bandung Institute of Technology 

RCSE, SU: Research Centre for Sustainability and Environment, Shiga University  

UI: University of Indonesia 

UNG: State University of Gorontalo  

UNHAS: Hasanuddin University  

UNM: State University of Makassar 

VNUH: Vietnam National University, Hanoi 
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3.  Special Guest 

 

o Prof. Dr. Syamsu Qamar Badu, M.Pd. 

Rector of State University of Gorontalo (UNG) 

4.  Keynote and Invited Speakers 

 

o Prof. Dr. Ir. Nelson Pomalingo, M.Pd  

The Regent of Gorontalo Regency 

  

o H. Hamim Pou, S.Kom, MM  

The Regent of Bone Bolango Regency 

  

o Prof. Dr. Ir. Mahludin H. Baruwadi, M.P  

Vice Rector for Academic Affairs  

State University of Gorontalo (UNG)  

 

o Ms. Kana Furusawa  

Vice Secretary General, 

 The Japanese Geoparks Network 

5.  Organizers 

 

o Research Institute for Humanity and Nature (RIHN), Japan 

o State University of Gorontalo (UNG), Indonesia 

o Ehime University (EU), Japan 

o Bandung Institute of Technology (ITB), Indonesia 

o Muhammadiyah University of Gorontalo (UMGo), Indonesia 

6.  Manuscripts for TREPSEA 2018 

 

Although more than 120 abstracts were received and presented in TREPSEA 2018 conference, 52 

manuscripts were accepted for reviewing processes. Only 37 manuscripts were finally accepted for the 

publication process. 
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7.  TREPSEA 2018 Photos 

 

 
 

 
 

TREPSEA2018’s Ice Breaking Dinner 
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TREPSEA2018’s Ice Breaking Dinner 
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TREPSEA2018’s Event Photos 
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TREPSEA2018’s Event Photos 
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TREPSEA2018’s Event Photos 
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Peer review declaration 

All papers published in this volume of IOP Conference Series: Earth and Environmental 
Science have been peer reviewed through processes administered by the Editors. Reviews 
were conducted by expert referees to the professional and scientific standards expected of 
a proceedings journal published by IOP Publishing. 

 Type of peer review: Single-blind / Double-blind / Triple-blind / Open / Other 
(please describe) 

Single-blind  

 

 Conference submission management system:  

TREPSEA 2018 Conference submission had been managed under the supervision of 
the Committee of TREPSEA 2018. The Committee of TREPSEA 2018 accepted 
potential abstracts as well as full papers related to its topics to be presented at the 
Conference. In order to ensure for publication of the manuscripts, TREPSEA 2018 
Committee managed the numerous processes including scope checking, looking for 
relevant SME (Subject Matter Experts such as University Professors, Scientists, and 
Researchers) and then requested them as reviewers/referees to review the 
submitted manuscripts under single-blinded peer-reviewing method. Finally, the 
manuscripts considered by the recommendation of peer reviewers and editorial 
board were accepted for publication process.  The Committee of TREPSEA 2018 
declares that the submitted manuscripts have not been published before nor 
submitted to another journal for the consideration of publication.   

 

 Number of submissions received:  

Although more than 120 abstracts were received and presented in TREPSEA 2018 
conference, 52 manuscripts were accepted for reviewing processes. Only 37 
manuscripts were finally accepted for the publication process. 

 

 Number of submissions sent for review:  

52 manuscripts for reviewing process.  

 

 Number of submissions accepted: 

37 manuscripts were finally accepted for the publication process.  

 

 Acceptance Rate (Number of Submissions Accepted / Number of Submissions 
Received X 100): 
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71% 

 

 Average number of reviews per paper:  

Each manuscript was reviewed by 2 - 3 reviewers, and underwent the additional 
revising processes approximately for 1 - 3 times based on the feedback of reviewers.  

 Total number of reviewers involved:  

23 reviewers   

 Any additional info on review process: 

NA 

 Contact person for queries:  

Professor Masayuki Sakakibara  
Chairperson, TREPSEA 2018  
Current Vice – Chairperson, TREPSEA 2021 

Project Leader SRIREP Project / Mercury Project 

Research Institute for Humanity and Nature (RIHN) &  
Ehime University  
Email: sakaki@chikyu.ac.jp / sakakibara.masayuki.mb@ehime-u.ac.jp  
 

Myo Han Htun 

Research Associate 

SRIREP Project / Mercury Project  
Research Institute for Humanity and Nature (RIHN) 

Email: myo@chikyu.ac.jp / myohanhtun@gmail.com  
 

Please call us during office hours (08:30 – 17:00) except weekend and public holidays  

075-707-2357 (Japanese Speaking) 075-707-2344 (English Speaking) 

 

mailto:sakaki@chikyu.ac.jp
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Abstract

Bongongoayu is one of the regions in Indonesia that has geothermal potential. Bongongoayu

requires surface and subsurface data to support the preliminary data. This research aims to

determine surface and subsurface data conducted by geology and magnetic method. The surface
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data, including geomorphology, lithology, hydrology and manifestation. The subsurface data have

taken by the magnetic method. The result showed that the geothermal manifestation of

Bongongoayu is a hot pool. The surface temperature is 43 to 59 °C. The geomorphology units is

composed of volcanic hills unit and lake plains unit. The lithology of the research area is

composed of granite and alluvial deposits. Based on petrographic analysis, the level of alteration

in granite rocks is 65% and is classified as moderate alteration. The recharge area is in the north

and southwest of the research area. Discharge area is in the central area. Based on 2D magnetic

modeling, there are two subsurface layers. The first layer is alluvial and the second layer is

granite. Rocks that are under the alluvial layer and have been altered are interpreted as a cap rock.

2D magnetic models show normal faults in the research area as a controlling factor for

geothermal fluid.
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Abstract. Bongongoayu is one of the regions in Indonesia that has geothermal potential. 
Bongongoayu requires surface and subsurface data to support the preliminary data. This research 
aims to determine surface and subsurface data conducted by geology and magnetic method.  The 
surface data, including geomorphology, lithology, hydrology and manifestation. The subsurface 
data have taken by the magnetic method. The result showed that the geothermal manifestation 
of Bongongoayu is a hot pool. The surface temperature is 43 to 59 ºC. The geomorphology units 
is composed of volcanic hills unit and lake plains unit. The lithology of the research area is 
composed of granite and alluvial deposits. Based on petrographic analysis, the level of alteration 
in granite rocks is 65% and is classified as moderate alteration. The recharge area is in the north 
and southwest of the research area. Discharge area is in the central area. Based on 2D magnetic 
modeling, there are two subsurface layers. The first layer is alluvial and the second layer is 
granite. Rocks that are under the alluvial layer and have been altered are interpreted as a cap 
rock. 2D magnetic models show normal faults in the research area as a controlling factor for 
geothermal fluid.   

1. Introduction 
Indonesia affected by three major plates, i.e. SE-Asian Plate, the Indo-Australian Plate, and the Pacific 
Plate [1,2]. Sulawesi is formed in the convergence zone of the Eurasian, Pacific, Australian plate 
complexes [3] and affected by Philippines plate [4]. Northern part of the North Arm Sulawesi is the 
Sulawesi Sea Subduction. Sulawesi Sea Subduction was thought to have been active since the Early 
Tertiary and produced Tertiary volcanic arcs that stretch from around Toli-Toli to Manado [5].  

The reconstruction in Sulawesi Sea shows that the volcanic arc system surrounding the Sulawesi Sea 
has been established since the Late Miocene [6]. Volcanism on North Arm Sulawesi is related to 
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Sulawesi Sea Subduction [3]. Geothermal associated with an area of active volcanic [7]. Besides being 
associated with active volcanoes, geothermal is also associated with faults [8,9] and intrusions [10]. 

The volcano-tectonic conditions of Indonesia cause Indonesia, especially the North Arm of Sulawesi, 
to have big geothermal potential. This big geothermal potential is being developed by the government 
to support national energy. Based on a recent survey from the Geological Agency, the Ministry of 
Energy and Mineral Resources [10], there are 331 potential areas that have been identified consisting of 
11,073 MW of resources and 17,506 MW of reserves spread across 30 provinces.  

Areas identified as having geothermal potential will be explored through scientific survey methods. 
The scientific survey method can be in the form of geological and geochemical studies. In addition to 
more detailed geological and geochemical studies, various geophysical techniques can be used, 
including geomagnetic methods [11]. 

Geological surveys are preliminary surveys carried out in geothermal exploration by analyzing rocks, 
determining morphological characteristics, hydrological conditions, and geothermal systems. 
Geophysical survey in the form of magnetic, electrical and other subsurface surveys.  

The geomagnetic method utilizes the contrast magnetization of subsurface rocks [12]. In geothermal 
areas, geothermal fluids can cause massive changes in the chemical and physical properties of 
subsurface rocks. Another change is the magnetic properties of rocks will be down or lost due to heat 
generated [13]. 
 Geological surveys have been conducted in several geothermal areas in Gorontalo, one of which is 
in the Lombongo geothermal area [14]. Surveys that have been conducted in Bongongoayu are electrical 
[15] and magnetic [16] surveys, except that they have not provided surface geology and subsurface 
magnetic models. Based on the explanation above, it is very interesting to study the Bongongoayu 
geothermal area. This study aims to determine the characteristics of surface and subsurface in the 
Bongongoayu geothermal area based on geological and magnetic data.    

2. Data and Method 
The study area is located at coordinates 0.6230 – 0.7890 N and 122.6940 – 122.4510 E, administratively 
included in the Bongongoayu area (also known as Diloniyohu area), Boliyohuto District, Gorontalo 
Regency, Indonesia (Figure 1). The research area is located in a depressed area that extends in the central 
part of Gorontalo. 
  

 
Figure 1. Geologic map of research area [17]. 
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 The instruments used in the study are GPS receivers, Proton Precession Magnetometer GSM 19-T 
v7.0, Nikon ci-POL Microscope, infrared thermometer, geological hammer and geological compass. 
The GPS receiver is to determine the location of base station, mobile stations and observation stations. 
One set of Proton Precession Magnetometer GSM 19-T v7.0 is to measure and determine the distribution 
of magnetic anomalies. Nikon ci-POL Microscope is to determine mineral composition of rocks. 
Infrared thermometer to measure the temperature of geothermal manifestation. Geological hammer is to 
take rock samples and a geological compass is to determine direction. 
  
2.1 Data collection and acquisition  
Based on the regional geological map, rocks formation in the research area are composed of Bone 
Diorite (Tmb), Boliyohuto Diorite (Tmbo), Dolokapa Formation (Tmd), Pinogu Volcanics (Tqpv), and 
the Lake Deposit (Qpl). The hot pool is located in the Lake Deposit (Figure 1). The geological data 
collection is carried out to determine rock units in the research area. Rock samples were taken in the 
research area with the aim to determine the composition of rock minerals. the geological data collection 
was also carried out to determine the geomorphological and hydrological data of the research area. 
Determination of geomorphological units by conducting field surveys of landforms.  
 The acquisition data of magnetic is carried out to obtain primary data. A set of Proton Precession 
Magnetometer GSM 19-T v7.0 is used for measurements the magnetic observation data of base station 
and mobile stations. Acquisition data of magnetic is carried out with a closed loop system (A, B, A), i.e. 
measurements always start and end at the same point. 
 
2.2 Processing, analysis and interpretation data 
Thin section of rock samples was analyzed in a laboratory using a Nikon Ci-POL Microscope. Analysis 
petrography using IUGS (1979) classification. Geomorphology data analysis using Van Zuidam 
classification (1985). Hydrological analysis of the research area was conducted to determine the 
recharge area and discharge area. This analysis, using field data, topographic data, and lithology. 
 Magnetic data processing begins by correcting the measurement data in base station and mobile 
stations with diurnal variation and International Geomagnetic Reference Field (IGRF) correction. 
Magnetic modeling of subsurface data is carried out after data correction. Modeling of subsurface 
magnetic data is a continuation of magnetic studies that were not carried out in previous studies [16]. 
Previous studies have only mapped total magnetic field anomalies without subsurface modeling. 
Interpretation of magnetic data uses rock susceptibility values as provided by Telford (1990). 

3. Result and Discussion 

3.1. Geomorphology  
Geomorphological studies in a geothermal field are intended to systematically organize landforms. 
Based on Van Zuidam classification [18], the Bongongoayu geothermal area is separated into two 
geomorphological units. Two geomorphological units in the Bongongoayu geothermal area are volcanic 
hills (Figure 2) and lake plain (Figure 3).  

Volcanic hills units occupy the northern and southwestern part of the research area. The elevation of 
the volcanic hills unit is 28 to 687.5 meters above sea level. The hills which are located in the north are 
part of the north mountain which consists of Mount Tamboo, Mount Dolokapa and Mount Boliyohuto. 
The hills in the southwest are part of the Loba Mountains. This geomorphological unit consists of 
granite, diorite and soil. On the lower slopes, local people use it as an agricultural area.  
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Figure 2. Volcanic hills unit.  Figure 3. Lake plain unit. 

 
The geomorphological unit of the lake plain is composed of alluvial. This unit occupies the central 

to southern part of the research area. The elevation of the lake plain unit is about 25 meters above sea 
level. Lake plain is part of the depression that stretches from east to west Gorontalo. The unit of landform 
of the lake deposit is located in the western part of the depression. Land use in this unit is for settlement, 
agriculture/plantation and fisheries.  

  

3.2. Lithology  
Bongongoayu geothermal manifestations are hot pool, found in alluvial units. Alluvial units are located 
in the southern part of the research area. Alluvial is concentrated around geothermal manifestations 
extending to the south, east and west of geothermal manifestations. The color of alluvial deposits in the 
research area is blackish brown. The northern part and southwestern part of the research area is 
composed of granite units. Granite units are composed of granite and diorite.  

Granite is located in the northern part and southwestern part of the research area (Figure 4). Rock 
texture is holocrystalline and composed of orthoclase, quartz and plagioclase. Secondary minerals found 
in granite rocks are quartz, clay minerals and opaque minerals. The mineral form is anhedral to 
subhedral. 

 

 

 

 
Figure 4. Granite (photo direction N 70⁰ E).  Figure 5. Carbonate vein in diorite (photo  

                     direction N 40 ⁰E). 
 

Diorite is located in the northern part of the research area on volcanic hills units. Rock texture is 
holocrystalline and composed of orthoclase and quartz. Secondary minerals found in diorite are clay 
minerals and opaque minerals. The form of minerals is anhedral and subhedral. Vein Carbonate is found 
in diorite (Figure 5). 

Microscopic analysis of rock samples in the study area shows that rock samples are alteration 
igneous rocks. Rock structure type is massive. Rocks in the study area are granite based on petrographic 
analysis of rock samples in the research area. 

The mineral composition of rocks in the research area is shown in Table 1. Microscopic analysis of 
rock samples in the study area showed that the secondary mineral composition was at least 45% and the 
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highest was 65%. Primary mineral forming rocks in the study area are orthoclase, quartz, and 
plagioclase. Secondary minerals found in rocks are quartz, clay minerals and opaque minerals. 
 

Table 1. The mineral composition of the rocks in the Bongongoayu geothermal area. 
 

Station 
 

Rocks 
Mineral Composition (%) 

Primary Mineral Secondary Mineral 
Ort  Qz  Pl  Qz Cl Opq 

SR.a Granite 20 10 10 35 15 10 
SR.b Granite 20 10 15 25 15 15 
SR.c Granite 10 20 25 30 10 5 
SR.d Granite 20 15 10 35 15 5 
SR.e Granite 10 25 - 45 15 5 
SR.f Granite 20 10 10 35 15 10 

Note: Ort = Orthoclase; Qz = Quartz; Pl = Plagioclase; Cl = Clay Mineral; Opq = Opaque Mineral. 
 

The composition of primary minerals at SR.a is 40%, while the secondary mineral composition is 
60%. Primary mineral composition at SR.b is 45%, while secondary mineral composition is 55%. SR.c 
has 55% of primary minerals while secondary minerals are 45%. SR.d primary mineral composition is 
45%, while secondary minerals 55%. SR.e primary mineral composition is 35%, while secondary 
minerals 65%. SR.f shows the composition of primary minerals is 40%, while secondary minerals is 
60%. 

 
Figure 6. Photomicrograph of sample in the study area. Sample SR.a up to SR.f are granite. 
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Alteration intensity is defined as the level change based on the percentage of secondary minerals. 
Morrison [19] provides alteration intensity based on the percentage of secondary minerals. Not altered, 
if no secondary mineral. Weak altered if secondary mineral is 25%. Moderate altered if the secondary 
mineral percentage is about 25 to 75% and strong altered if secondary mineral is >75%. 

If all primary minerals are altered (except quartz, zircon and apatite) but the primary texture is still 
visible, the intensity of the altered is called intense altered intensity. The total altered intensity is all 
primary minerals are changed (except quartz, zircon and apatite) and the primary texture is not visible. 
Microscopic analysis of samples in the research area showed that the secondary mineral composition 
was at least 45% and the highest was 65% (Figure 6). Based on the classification given by Morrison 
[19] the intensity of rock altered in the study area is moderate altered.  

3.3. Hydrology 
Annual rainfall in the research area ranges from 1244 to 2311 mm per year. The highest monthly rainfall 
in eight years generally occurs in May and the lowest monthly rainfall generally occurs in August. 
Cumulative rainfall a month with rainfall 90 mm occurred in August and September while the 
cumulative monthly rainfall >100 mm occurred in October – July [20]. The level of rainfall can affect 
the height of the water table [21]. Thus, high rainfall in the research area can affect groundwater 
availability. 

The northern part of the Bongongoayu geothermal area is a protected forest area, production forest 
and Nantu reserved forest [22]. Vegetation in the forest can accelerate the process of rainwater 
infiltration. Plant roots forest vegetation opens the way for rainwater to be infiltrated. The infiltration 
process is one of the determinants of water availability. 

The next determining factor is the shape of the landscape and permeability. According to Noor [23], 
water will flow faster on steep slopes than moderate sloping. It means that the rainwater infiltration 
process takes place in the northern part of the study area. The nature of rock that can carry water is 
another determining factor for infiltration. The fractures in the rocks in the northern part of the 
Bongongoayu geothermal area [17] are potential infiltrations. Rainwater infiltrates into the soil through 
fractures in rocks. 

According to Rezky et al. [24] shallow groundwater conditions can be seen from the presence of 
large and watery rivers throughout the year. The rivers surrounding the Bongongoayu geothermal area 
are the Bongo River, Diloniyohu River, Buliya River and Paguyaman River. Bongo River, Diloniyohu 
River and Buliya River are watery rivers throughout the year and head into the Paguyaman River. 

Recharge areas in the Bongongoayu geothermal area are in the northern part of the Bongongoayu 
geothermal area which has moderate slopes and rocks that have fractures. Discharge area is located in 
the central part, which is located in the lake plain unit. The hydrological conditions in the research area 
have caused a large amount of surface and groundwater reserves in the Bongongoayu geothermal area. 

According to Marshak [21] on a local scale, a recharge area occurred at the top of a hill and discharge 
area in the valley. This means that on a local scale, the recharge area in the research area is on volcanic 
hill near from hot pool. Discharge area is in the valley where geothermal manifestations occur. 

3.4. Geothermal manifestation 
Geothermal manifestation in the Bongongoayu area is hot pool (Figure 7). The hot pool is located at 
coordinates 0.67785 N and 122.5911 E. The hot pool is located at an altitude of 24 meters above sea 
level. 

The research area consists of granite units and alluvial units. Granite and diorite are included in 
granite units. Hot springs are located in alluvial units. The northern part of the hot pool is the granite 
and diorite volcanic hills. The wide area of a hot pool is + 600 m2. 

Measurement of surface temperature in hot pool using an infrared thermometer. The surface 
temperature of the hot pool ranges from 43 to 59 ⁰C. Physical conditions of hot pool are tasteless and 
odorless. The appearance of the color of hot water is clear with a neutral pH 6. 
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Figure 7. Hot pool as a geothermal manifestation in research area. 

 
3.5. Magnetic model 
The 2D modelling of magnetic data is shown in Figure 8 and Figure 9. The first model is in the Northeast 
part of the research area stretching from Northwest-Southeast. The second model is in the Southwestern 
part of the research area stretching from Northeast-Southwest.  
 

 
Figure 8. 2D modelling of first anomaly. 

 
There are two layers in the first model consisting of alluvial and granite. The total layer depth in the 

model is 62.5 m. The first layer has 0.0118 susceptibility value. The first layer is at a depth of 0 to 62.5 
m. Based on the value of susceptibility, the first layer is interpreted as alluvial. The second layer has 
0.5440 susceptibility value. The second layers are at a depth ranging from 62.5 m. Based on the value 
of susceptibility, the second layer is interpreted as granite. 

In the second model, there are two layers. The first layer has a value of 0.0118 susceptibility value. 
The first layer is at a depth from 0 to 43.75 m. Based on the value of susceptibility, the first layer is 
interpreted as alluvial. The second layer has a value of 0.5440 susceptibility value. The depth of the 
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second layer starts at a depth of 43.75 m. Based on the value of susceptibility, the second layer is 
interpreted as granite. Lithology and susceptibility value refer to Telford et al. [25]. 

 

 
Figure 9. 2D modeling of second anomaly. 

 
2D magnetic models show that alluvial deposits are surface layers. The layers beneath the alluvial 

are granite. Some minerals in granite rocks have been altered. The altered part of Granite just below the 
alluvial layer is interpreted as a cap rock. 2D magnetic models also show the geological structure. 
Magnetic modeling show that the structure contained in the study area is a normal fault. Geothermal 
fluids from reservoirs exposed to the surface are controlled by this fault.   

4. Conclusion 
Geomorphology of the research area is volcanic hills and lake plains. The lithology of the study area is 
composed of alluvial and granite. The alteration intensity in the research area is included in moderate 
rock alteration intensity. Recharge area is located in the northern part, while the discharge area is in the 
valley. The valley is located in the central part of the research area, where hot pool appears. The surface 
temperature of hot pool ranges from 43 to 59 ⁰C. The physical condition of water in a hot pool is tasteless 
and odorless. The color appearance of hot pool is clear with neutral pH 6. Based on the 2D model, there 
are two layers, alluvial with susceptibility value 0.0118 and granite with susceptibility value 0.5440. 2D 
models show that the normal fault in the research area is a controlling factor for geothermal fluids.   
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