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Preface 

The Thematic Session with theme “Geoscience for the Society” was held during the 
CCOP 52nd Annual Session on 1st of November 2016 at the Berkeley Hotel Pratunam, 
Bangkok, Thailand. The Session was noteworthy since it was held in conjunction with the 
50th anniversary celebration of the founding of CCOP, in which prior to the conference, panel 
discussions and keynote presentations by eminent persons on the topic “Geoscience for the 
Society” had graced the opening. 

It is undeniable that the role of geoscience is invaluable in the current global 
environment and the challenges that the world is facing today and in the future. In line with 
the United Nations 2030 Agenda for Sustainable Development and Paris Agreement on 
Climate Change, geoscience roles converge with the global agenda in bettering the lives of 
people while maximizing the scarce resources, and making full use of the digital network and 
its advancement for societal benefit. Better coordination across sectors, wise management of 
resources and effective communication on climate and geohazards information need to be 
done to support economic and social growth. Working together, strong partnership among 
stakeholders and enhanced human resource capability and networking form effective 
mechanisms towards sustainable development, without leaving anyone behind. 

The Thematic Session received overwhelming respond with the attendance of 400 
participants. Three parallel sessions were conducted for the oral presentations, divided into 
geo-resources, geo-environment and geo-education sub-sessions. A total of 99 contributions 
were received from 13 countries (10 Member Countries, 3 Cooperating Countries), and one 
each from the Cooperating Organisation and the CCOP Technical Secretariat. 57 
contributions were selected for oral presentations, while 42 for the poster session. The editors 
received 23 full manuscripts, and upon editing 20 were accepted for publication. Nonetheless 
at the final hour one manuscript requested to be withdrawn, meaning 19 manuscripts are 
published in this Proceeding of the Thematic Session,  

The manuscripts are divided into the following three groups: 

 Geo-education 
 Geo-environment 
 Geo-resources 

The Thematic Session had provided avenue for the exchange and sharing of updated 
information, build networking and reunion of CCOP delegates of the participating MCs, CCs, 
COs and other representatives. It is hope that the papers published in this Proceeding will be 
useful reference for geoscientists, researchers, engineers, government officials, especially in 
the CCOP countries, towards improving and the betterment of the society as a whole. 

September 20, 2017

 

 Dr. Adichat Surinkum

 Director

 CCOP Technical Secretariat
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Abstract 
In order to facilitate and to enhance trade and investment in minerals, ASEAN governments in 
cooperation with Japan have developed AMDIS, which functions as a database system and web-based 
GIS. AMDIS has raised the transparency of mineral information to mining companies and to the public. 
Moreover it also shows issues of data discontinuity and vacancy and will connection between user and 
server. To solve these issues we propose a new methodology of geological mapping. “Harmonization” 
that is to focus on and to re-compile discontinuities, essential to the creation of continuous datasets. We 
have applied the methodology to the field in west Cambodia, which lies within the Chantanaburi Terrane, 
the southern extension of the Sukhothai Arc Terranes, and the Indochina Terrane. ASTER GDEM 
delineates a continuous smooth surface and elongate and short length hills. The field survey identified 
that the smooth surface is alluvium and that the elongate hills in the south and short length hills in the 
north correspond to Permian limestone and to Triassic meta-sediments, respectively. Compiling datasets 
from AMDIS and field datasets registered by open-source GIS, we interpret that the line between the 
Permian limestone and the Triassic sediment corresponds to the suture of the Indochina Terrane and the 
Chantanaburi Terrane. The combination of remote-sensing technology and field survey and the 
utilization of the open-source GIS provide new methodology to the field in ASEAN where there are a 
number of data discontinuities and vacancies. 
 
Keywords: AMDIS, mineral information, GIS, harmonization, ASTER GDEM, ASEAN 
 
1. Introduction 
 
Before World War II, mines in ASEAN were industrialized and well-organized, but more 
recently they have turned to be small-scale mines hardly controlled by the central governments. 
The main reasons for the change are international and domestic human conflicts. The reality is 
that there is now a small scale mining industry supporting the livelihoods of local people who work 
without licenses for many decades and appear to have an “informal resource ownership” 
arrangement. 
 
ASEAN prioritizes facilitating and enhancing trade and investment in minerals, promoting 
environmentally and socially sustainable mineral development. In order to realize these 
objectives, ASEAN governments are challenged to raise the transparency of mineral 
information available to mining companies and to the public. The ASEAN Mineral Database 
and Information System (AMDIS) established by ASEAN and Japanese cooperation create this 
transparency and enable the set-up of government controlled regulation. 
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AMDIS was launched officially during the Fourth ASEAN Ministerial Meeting on Minerals in 
November 2013. Since then AMDIS has shown that mineral resources are abundant throughout 
the ASEAN region. Running AMDIS however, ASEAN has faced issues concerning database 
and web-based GIS. 
 
In order to identify the potential and distribution of mineral resources, the geological map     
is a good reference, however there are discontinuities over cross-border areas and 
inaccessibility to the field caused by extensive vegetation cover, challenging logistics and 
human conflicts, that have resulted in data vacancies in the ASEAN region (Gardiner et al., 
2015). In this context, the database includes a number of data discontinuities and data vacancies. 
 
Web-based GIS is accessed through long distance networks. This sometimes causes another 
issue, which is ill connection between server and user in the ASEAN region. Remote-sensing 
images collected from the space cover all areas uniformly. Those images with high resolution 
contribute to the issues of data discontinuity and data vacancy. Now, open-source GIS with 
advanced capabilities is popular and has the potential to solve the issue of ill connection. 
 
We propose a new methodology of geological mapping consisting of remote-sensing 
technology, ground truth field survey and open-source and local-use GIS. 
 
2. ASEAN Mineral Database and Information System (AMDIS) 
 
AMDIS functions as a database system and web-based GIS developed by using free and open 
source software and the Open Geospatial Consortium standards. The system is composed of the 
local databases and the centralized GIS. The local databases created and updated by using the 
centralized GIS are accessible from the portal site. The system introduces distinct advantages 
over traditional GIS as follows. 
 

(1) A global reach: Anyone in the world can access web GIS applications from their 
computers or mobile devices.  

 
(2) A large number of users: A web GIS can be used by dozens or hundreds of users 

simultaneously. 
 

(3) Better cross-platform capability: Web GIS that relies on HTML clients will 
typically support different operating systems such as Microsoft Windows, Linux, 
and Apple Mac OS. 

 
(4) Charge free for users: The vast majority of internet content is free of charge to 

end users, and this is true of web GIS. 
 

(5) Charge free for provider: As web GIS is developed based on free software, the 
provider does not need to buy software or pay to use web GIS. 

 
(6) Easy to use: Web GIS is commonly designed for simplicity, intuition, and 

convenience, making it typically much easier to use than traditional GIS. 
 

(7) Unified updates: For web GIS, one update works for all clients. 

2



Thematic Session “Geoscience for the Society”, 52nd CCOP Annual Session, 
Bangkok, Thailand 1st November 2016 

Fig. 1 shows current system of AMDIS. The server is centralized and the databases are 
distributed in the ASEAN.  
 
Now open-source GIS with advanced capabilities is popular and one can download the GIS into 
one’s computer and use it to manipulate the datasets from AMDIS. 

 

 
Fig. 1. ASEAN Mineral Database and Information System. 

  
3. Harmonization of database 
 
Currently, the AMDIS geologic base map is provided by the OneGeology project. However, 
merging geological maps, we find many discontinuities over cross-border areas. A geologic 
map is made independently in each country based on domestic surveys and standards, so that a 
national geologic map is original and unique. This is the reason why geological discontinuities 
appear over cross-border areas. The discontinuity obscures continuous tectonic structures and 
consequently veils mineral resource potential. 
 

To compile continuous seamless geology, geologists should find discontinuities, identify 
reasons, obtain an international consensus, revise a whole area and finally digitize all revised 
areas. This may seem an everlasting job but this can be solved by “Harmonization”, which is, 
without touching the whole area, only to focus on and to re-compile discontinuities in cross-
border areas. 
 
ASTER GDEM 
 
The ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) instrument 
which is a remote-sensor, built by the Ministry of Economy, Trade, and Industry (METI) of 
Japan was launched onboard NASA’s Terra spacecraft, has an along-track stereoscopic 
capability. The spatial resolution is 15 m in the horizontal plane.  
 
ASTER GDEM (Global Digital Elevation Model) Version 2 with 30-meter postings has been 
released by METI and NASA on October 17, 2011. GDEM was generated from the stereo-pair 
of ASTER images acquired with nadir and backward angles over the same area.  
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The methodology used to produce the ASTER GDEM involved automated processing of the 
entire 1.5-million-scene ASTER archive, including stereo-correlation, cloud masking to 
remove cloudy pixels, stacking all cloud-screened DEMs, removing residual bad values and 
outliers, averaging selected data to create final pixel values, and then correcting residual 
anomalies before partitioning the data into 1 x 1 degree tiles. 
 
4. Geological field survey, west Cambodia 
 
The field survey was carried out during 5th – 11th November, 2015 as a part of an AMDIS 
training course in west Cambodia close to the Cambodia - Thai border (Fig. 2). Fig. 3 shows a 
geological map simply compiled from Thai and Cambodian maps. The map demonstrates 
discontinuity over the cross-border area. 

 
 

Fig. 2. Location map of the field area (solid rectangle). 
 
A tectonic scenario of south-east Asia is proposed by Sone and Metcalfe (2008) (Fig. 4). At the 
margin of Gondwana, rifting and initial spreading of the Palaeo-Tethys started by the Middle 
Devonian. Sibumasu rifted off from Gondwana in the Late Carboniferous-Early Permian 
(Metcalfe, 2006), which initiated subduction of the Palaeo-Tethys oceanic floor. Subduction 
induced magmatism took place along the margin of Indochina Terrane of which the Sukhothai 
island-arc system was a part. This setting was responsible for the generation of extensive 
subduction-related I-type magmatism. At the other side of the subduction between the 
Sukhothai island-arc system and Indochina Terrane, back-arc opening proceeded during the 
Early Permian.  
 
In the Late Permian, the Palaeo-Tethys was subducting beneath the continental Indochina 
Terrane. Seamounts were accreted over the subduction zone. Various types of rocks are 
distributed within the Palaeo-Tethys sediments, including Permian basaltic volcanics, 
Carboniferous–Permian limestones, Devonian–Triassic cherts, and Triassic S-type granitoids.  

4
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       Fig. 3. Simple compilation of Thai and Cambodian geologic maps. 

 
Legend for Fig. 3: 

Tr_S: Triassic sediment, 
Tr_Pf: Triassic felsic pluton, 
P2_S: Middle Permian sediment, 
Q_S: Quaternary sediment, 
N2Q1_S: Middle Miocene – Early Quaternary sediment, 
Q1_S: Early Quaternary sediment 
Red stars 1-8 and red triangles 1-8 are stops for geological survey. 
Black dots with thin curves are international boundary between Thailand and Cambodia. 
Data source:  
i. Bureau of Geological Survey, Department of Mineral Resources (2003) 
ii. CCOP (2008) 
iii. Department of Geological Survey and Mineral Exploration, Ministry of Mines (2013) 
iv. Geological Survey of Vietnam (1991) 
v. Japan International Cooperation Agency (2010) 
vi. Vietnam Institute Geosciences and Mineral Resources (2009) 

 
The Sukhothai island-arc system was amalgamated to marginal Indochina due to backarc 
collapse and succeeded as a continental arc in the Triassic. The Sra Kaeo suture is regarded as 
the trace of a former back-arc basin. 
 
The field lies within the Chantanaburi Terrane, southern extension of the Sukhothai Arc 
Terranes, and the Indochina Terrane.  
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Fig. 4. Tectonic evolution model of the Indochina (after Sone and Metcalfe (2008)). 
(CTCB: Cambodia – Thailand cross-border area) 

 
5. Discussion 
 
Fig. 5 shows a hill-shade topographic map of the field area produced by applying shade map 
processing to ASTER GDEM. Low angle light from north-west-north casts shadows over the 
south-east-south side of hills enhancing high elevations. The map indicates continuous 
topography over the discontinuity imaged in the geological map of Fig. 3. A continuous smooth 
surface prevails suggesting that alluvium is dominant in this area. In the southern part of the 
map marked by red dashed circle in Fig. 5, elongate hills surrounded by the smooth surface 
with N-S or NWN-SES trend are discernible. In the northern part of the map marked by yellow 
dashed circle in Fig. 5, short length hills with E-W trend are found. 
 
In 2015, Japan organized an international team involving seven ASEAN countries for a field 
survey to identify the geology of the area. Starting from Phnom Penh the team pushed through 
into margins of Cambodia.  

 

Photo 1 shows a view from Cambodian side to Thai side. The flat land in the photo is alluvium 
plane and hills are basement rocks. Photo 2 shows Permian limestone hill located at ▲1 in  
Fig. 3. This formation corresponds to the N-S or NWN-SES trending hills. Photo 3 shows 
Triassic meta-sediments located at ▲3 in Fig. 3. This formation corresponds to short length 
hills with E-W trend. In summary, the field study revealed that the basement rocks are mainly 
Permian limestone in the red dashed circle and Triassic meta-sediments in the yellow dashed 
circle. These geological basements run through the international boundary. 

6
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Fig. 5. Hill-shade map of ASTER GDEM. Incidence angle of light is 60 deg. West and 10 deg. Up. Dark 
colors correspond to hill-shades. Two solid arrows show location of Cambodia and Thailand boundary. 
 

 
 
The tectonic evolution model by Sone and Metcalfe (2008) suggests a back-arc suture        
by collapse of the back-arc basin. The suture separates the Indochina Terrane and the 
Chantanaburi Terrane which corresponds to the southern extension of the Sukhothai Arc 
Terranes. We interpret that the suture runs between the Permian limestone area and the Triassic 
meta-sediment area (blue dashed line in Fig. 5). 
 
Utilizing AMDIS and open-source GIS installed in our computer, we can display a number   
of datasets on the screen of our computer (Fig. 6). AMDIS provides base maps and the     
open-source GIS supports registration of datasets collected in the field. Using all datasets we 
can perform “Harmonization” and compile a continuous geological map (Fig. 7).  

Photo 1: 
View from Cambodian side 
to Thai side. 

7
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Fig. 6. Registered datasets displayed by open-source GIS on the screen of personal computer. 
 

Photo 2: 
Permian limestone hill. 
Location is ▲1 in Fig. 3. 

Photo 3: 
Triassic sediment outcrop. 
Location is ▲3 in Fig. 3. 

8
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Fig. 7. Harmonized geologic maps overlying hill-shade map. Permian limestone and Triassic 
sediments are recompiled based on remote sensing images (Landsat 4, Landsat 5, Landsat 7 
and ASTER GDEM) and data from field surveys. 

 
6. Conclusions 
 
AMDIS functions as database system and web-based GIS and has raised transparency        
of mineral information to mining companies and to the public, but we face issues in the database 
system and the web-based GIS function of AMDIS.  
 
There are many data discontinuities over cross-border areas caused by independent surveys in 
each country. Also there are many data vacancies over inaccessible areas because of extensive 
vegetation cover, difficult logistics and human conflicts. 
 

Modern satellite images cover all areas uniformly and their spatial resolution is sufficiently 
precise to reveal geological information about lithology, strike of formation and tectonics.  

 

Recently, international field survey teams have been organized since conflicts ceased in the 
Indo-China Peninsula, but data vacancy area is still wide and it is tough to cover ground survey 
of all these areas. 
 
Remote sensing images cover a wide area in a short time and can monitor by repeated data 
acquisition. This advantage contributes to the wide coverage and uniform data acquisition.   
We applied a combination of remote-sensing data mapping and field surveys to west Cambodia. 
The map delineates a continuous smooth surface and elongate hills in the south and short length 
hills in the north. They correspond to Permian limestone and Triassic meta-sediments 
respectively. We interpret that the line between the two basements rock types as corresponding 
to the suture between the Indochina Terrane and the Chantanaburi Terrane. 

9
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Combination of remote sensing data compilation and ground truth provide harmonization of 
datasets even over the inaccessible area so that continuous geological information results. 
Utilizing the platform of AMDIS and open-source GIS, we can display results of       
remote-sensing images and of field geological surveys. That way we provide a continuous 
geological map even in remote areas, which we propose as new methodology for ASEAN where 
there are a number of data discontinuities and vacancies. 
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Abstract 
We report new results for the ground source heat pump (GSHP) which was installed at Chulalongkorn 
University in Bangkok. Our prime assumption is that if energy consumption can be reduced for 
operating the air conditioner, then electricity costs per month can also be reduced. We have selected 
the close loop of the vertical pipe system which involves circulating the underground cooling water in 
the high-density polyethylene (HDPE) pipes through the GSHP cooling system. With the constant 
flow rate of liquid through the GSHP system as well as the constant underground temperature, the 
electricity consumption should be reduced. Our investigation commenced with the drilling of two bore 
holes to the depth of 50 meters. The 170 m - long HDPE pipes filled with anti-corrosion solution were 
inserted into these boreholes and connected to the GSHP system without any leakage. A sensor system 
was attached to the controlling unit in order to collect all measurement data including temperatures 
inside and outside the experimental room (2 x 3 x4 m3) as well as temperatures of flowing water inlet 
and outlet of the GSHP system. All data stored in a Data Logger have been used for calculating the 
reduction in electricity consumption. The collected GSHP data have been compared with an air 
conditioner of the similar quality in the experimental room. Our results show that with the application 
of the vertical loop GSHP system, electricity consumption can be reduced by more than 30%. The 
result also indicates that the consumption depends on room temperature control and outside air 
temperature on that day. Our result was very successful, but the operating cost of drilling is very high. 
This is mainly due to the fact that the cooling transfer system is from a vertical-loop arrangement of 
the HDPE pipes. It is therefore recommended that a horizontal pipe loop system be performed in order 
to reduce the operating cost.  

 

Keywords: GSHP, Underground temperature, Surface temperature, Electricity saving, Bangkok 

 

1. Introduction 
Ground Source Heat Pumps (GSHPs), also known as GeoExchange, earth-coupled, 
ground-source, or water-source heat pumps, have been in use since the late 1940s. The 
Ground Source Heat Pump or geothermal heat pump (GHP) system is a heating and/or 
cooling system that transfers heat to or from the ground. Therefore, it uses the earth as a heat 
source in the winter and a heat sink in the summer (Fridleifson, I.G., 2001, Curtis et al., 
2005). 
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Ground source heat pumps (GSHP) are an electrically powered system that taps the stored 
energy within the earth. The system uses the earth's relatively constant temperature as the 
exchange medium instead of the outside air temperature in order to provide either heating    
or cooling and hot water for homes and commercial buildings.  
GSHP, which is one of the alternative energy systems, replaces a heater in winter and        
a normal air conditioner in summer so it can help to significantly decrease the current energy 
shortage because the underground temperature is more stable more than the air temperature. 
This condition depends on many factors. The GSHP has been commonly used in many 
countries particularly in the cold regions. However; the GSHP cannot be applied in every 
area. It depends on the underground temperatures and geological background of the individual 
areas. In Thailand, GSHP can only be used for space cooling because the country is located 
near the equator (Takashima et al., 2011). This makes subsurface temperatures to be similar to 
atmospheric temperatures. Based on this assumption, the subsurface temperatures need to be 
investigated in order to specify suitability of GSHP installation in Thailand. According to 
preliminary work of Yasukawa et al. (2009), many areas in central Thailand, including 
Bangkok, have a relatively stable underground temperatures, so it is possible to use the GSHP 
in this area. The objective of this study was to find out whether or not the GSHP system 
installed at Chulalongkorn University could be used efficiently. 
 

2. GSHP Selection and Installation 
Ground Source Heat Pump (GSHP) can be classified on the basis of system installation into 
closed loop and open loop systems (Fig. 1). The closed loop systems operate by circulating a 
water or water/antifreeze fluid through a sealed water-circulating pipe network such that the 
GSHP can exchange temperatures from underground to household buildings (Lund et al., 
2004). The circulating fluid flows in a continuous loop, collecting or discharging heat as     
it circulates. The only interaction with the environment is the transfer of heat through pipe 
walls (Fig. 1A). The open loop systems operates by extracting fluid directly from the 
environment, either as surface water or groundwater. The water is passed through a heat 
exchanger before being discharged. Theoretically, the water is not consumed, contaminated or 
modified in any way, except for a slight change in temperature (Fig. 1B). 

 
Fig. 1. Closed loop (A) and open loop (B) geothermal heat pump systems (Lund et al., 2004). 

(A) 

(B) 

12
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In this study, we have selected the vertical closed-loop heat pump system located at Parot 
Racha building in Chulalongkorn University (Fig. 2). Two wells at a distance of 6 m apart 
have been drilled to the depth of 50 m. The HDPE (high-density polyethylene) pipes have 
been inserted into both wells to a depth of 50 meters (Fig. 3). Unfortunately, well no.1 
collapsed after the insertion of the 50 m-long pipes. A new set of pipes with the new 10 and 
15 m-long HDPE pipes have been inserted as shown in Fig. 4. Moreover, insertion of pipes in 
well no. 2 were made successfully. All the pipes have been connected without any leakage 
(Chokchai, 2016). 
The inlet and outlet pipe filled with water and anti-corrosion liquid have been connected to 
the GHP outdoor unit (Fig. 5A). In this study, this unit has been connected to the GHP indoor 
unit similar to the normal air-conditioner (Fig. 5B). We selected “Corona” Geothermal Heat 
Pump air-conditioner (see http://www.corona.co.jp/en/index.html for more detail). 

        
Fig. 2. Detail of GSHP system: Index map of Thailand (A) showing the location of Chulalongkorn 
University (star) in Bangkok (B). 

 
Fig. 3. GSHP experimental room located on the 2nd floor of Parot Racha Building with locations of 2 
drilled wells (nos. 1 & 2), which are approximately 6 meters apart, and about 4 meters at the backyard 
of the Parot Racha building. 

Gulf of Thailand 

High: 1,350 m 

Low: 0 m A 

B 

Bangkok 
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Fig. 4. Schematic installation of geothermal heat pump system at Parot Racha laboratory room. 

Note: HDPE pipe in well no.1 was broken. Therefore two new HDPE pipes with the lengths of 10 and 
15 meters were inserted and connected to the well no. 2. 
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3. Measurements 
Output thermistors have been connected to the pipes of both wells at several depths as shown 
in Fig. 4. The thermistors for measuring subsurface temperatures in well no. 1 have been 
set-up into the 10-m long PVC pipe at depths of 1.5, 3, 8 and 10 m. In well no. 2 without any 
PVC casing pipe, the thermistors have been set-up at depth of 25 and 50 m attached to the 
50-m long HDPE pipe. Inlet and outlet liquid temperatures have been recorded using 
thermistors. Data on these temperatures have been recorded using “Graphtec” data logger. 
Additionally, atmospheric temperatures and room temperatures have been measured and 
recorded using the same data logger. Flow rates of liquid in pipes have also been recorded in 
volt units. In order to understand the efficiency of the installed GSHP, the normal 
air-conditioner with almost the same specification has been established. Electricity 
consumption has been recorded in kilowatts using standard electricity meter as shown in   
Fig. 5B. 
 

  
(A) (B)  

Fig. 5. (A) Inlet and outlet HDPE pipes that are connected to the HDPE pipes in both wells and to the 
GHP outdoor unit without any leakage (B) The GHP outdoor unit is connected to the GHP indoor unit 
with the data logger. Electricity meter is also shown (B). 

 

4. Results of subsurface temperature 
As depicted in Fig. 4, subsurface temperature data have been recorded at depths of 1.5 m 
(thermistor no. 2), 3 m (thermistor no. 3), 8 m (thermistor no. 4), 10 m (thermistor no. 5),   
25 m (thermistor no. 6), and 50 m (thermistor no. 7). An example of data output for 
underground temperature measurement is illustrated in Fig. 6. The data was recorded on 15th 
May, 4th June, 10th June, 19th June, 24th June and 27th June 2014. The results shows that the 
ranges of subsurface temperatures are 29.6 - 29.8 °C, 29.6 - 29.8 °C, 29.8 - 30 °C and 30.5- 
30.7 °C   at depths of 8, 10, 25 and 50 m, respectively. The graph also indicates that the 
temperatures are almost constant at the same depth for 45 days (see Fig. 6). It is quite likely 
that subsurface temperatures tend to increase very slightly at deeper depth and with smooth 
curves as shown in Fig. 6. 
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Fig. 6. Temperature profiles of observation well nos.1 and 2 at depths of 8, 10, 25 and 50 m. Note that 
data logger was installed in August 2014 together with thermistor at depth of 1.5 m (thermistor no. 2) 
and 3 m (thermistor no. 3), but thermistors at depths of 10, 25 and 50 m were broken before that. 

 

5. Results of temperature monitoring 
The data logger (see Fig. 5B) has been set-up to record all the input data in every 20 minutes. 
The data which have been input include room temperatures, outside air temperatures, 
inlet-outlet liquid temperatures, flow rates of liquid, subsurface temperatures at depths of  
1.5 and 8 m. In this paper, only some selected data taken in the month of August 2015 have 
been reported. As displayed in Fig. 7, it is likely that subsurface temperatures show smooth 
curves in comparison with outside air temperature. The result shows that outside air 
temperatures aren’t stable, it is relatively high during daytime and low during the nighttime 
while subsurface temperatures at depths of 1.5 and 8 m are more stable before increasing 
rapidly in operation days (4th, 6th, 10th, 13th, 20th and 25th August). However, in normal 
situation (not operate) underground temperature at depth of 1.5 m is lower than that of 8 m as 
shown in Fig. 8. In addition, recorded temperature data for the one-day operation has been 
shown (Fig. 7). The graphs indicate that apart from the outside air temperature curves, the 
other curves including those showing inlet and outlet temperatures as well as the subsurface 
temperatures are relatively smooth and shows slightly positive slope. However, after the 
GSHP started to operate, all temperature curves increased and the outlet temperature curve 
fluctuated more than that of the inlet liquid temperature. Similarly, the subsurface temperature 
curves shows very smooth curves. For the 8-m depth, the curve was relatively stable after the 
GSHP stopped, the subsurface temperature curve at 1.5-m depth is smooth but with a slightly 
negative slope after operation stopped. We interpret that this indicates that the effect of solar 
energy at shallow depth is stronger than that of the deeper depth. 
 

0

10

20

30

40

50

29 30 31

D
ep

th
 (m

)

Temperature (℃)

(1) 15 May 2014
(2) 4 Jun 2014
(3) 10 Jun 2014
(4) 19 Jun 2014
(5) 24 Jun 2014
(6) 27 Jun 2014

16



Thematic Session “Geoscience for the Society”, 52nd CCOP Annual Session  
Bangkok, Thailand, 1st November 2016 

 
Fig. 7. Ranges of inlet-, outlet-, subsurface- and outside-air temperatures from 0 (12AM)  

to 23 (11 PM) of 20 August 2015 showing different styles of temperature excursion. 

 
  Fig. 8. Fluctuation of various kinds of temperatures that were recorded during the whole month  
  of August, 2015. 
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6. Seasonal variation of subsurface and outside air temperatures  
In the long-term comparison, such as the whole year in this study, outside-air and subsurface 
temperatures are reported. The outside-air temperatures were recorded during 9.00 to 16.00 
whereas the subsurface temperatures were measured at depths of 1.5 to 8 m in each month as 
shown in Fig. 9. The subsurface temperatures were quite stable within the approximate range 
of 29 to 30 °C. Moreover, the subsurface temperatures are lower than monthly mean 
maximum outside air temperatures throughout the year. This scenario are essential in the 
GSHP installation.  
 

 
 

Fig. 9. Comparison of outside air temperatures and subsurface temperatures during July 2015  
to June 2016. 

 

7. Comparison with normal air-conditioner (AC) 

A comparison has been made for the GSHP air-conditioner and the normal air-conditioner 
(AC). For convenience, we select to apply 25º C for the room temperature and 1-hour 
operation for both air-conditioners. The electricity consumption from both air-conditioners 
have been recorded manually. The result indicates that in one-day (i.e. 1 hours) operation 
during summer time, the GSHP and normal air-conditioners consumed the average electricity 
at about 0.4 and 0.6 kilowatts, respectively. According to Chokchai (2016), electricity can be 
saved at about 30 %. Since we installed GSHP system and normal air-conditioner (AC) in the 
same room, so electricity measurement has to be selected in almost the same weather and 
outside air temperature. 
As shown in Fig. 10, the electric current unit per hour of both GSHP and normal air-conditioner 
were high on the hot days and become lower on the cool days. Furthermore, electricity uses of 
the GSHP system was lower than the normal air-conditioner but percentages of reduction 
depend on the outside air temperature (Fig. 9). 
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Fig. 10. Comparison of electric consumption between GSHP and normal air-conditioner (AC). 

 
8. Discussion and Conclusions 
As mentioned earlier, the GSHP cannot be applied to all the tropical areas. Chokchai (2016) 
noted that temperature-depth curves at Chulalongkorn University can be compared with those 
of the other parts of Bangkok reported earlier by Yasukawa et al. (2009). The result shows 
that our curves conform very well with their curves, suggesting that the GSHP system can be 
installed for the whole Bangkok region. Additionally, as also shown by Yasukawa et al. 
(2009), the temperature-depth curves derived from Sukhothai boreholes show quite 
significant fluctuation. 
The other issue needed to be addressed herein is that shown in Fig. 11. In the Bangkok region, 
the average maximum atmospheric temperatures seem to be almost higher than the subsurface 
temperatures. A comparison is also made for the subsurface and atmosphere air temperatures 
at Bangkok (Chulalongkorn University) area and Sukhothai area (see Fig. 11). It is shown that 
Sukhothai region is not good for GSHP installation. Our reconnaissance survey in Sukhothai 
area (see also Chokchai, 2016) reveals that bedrocks are much shallow. So it may be the case 
that thermal capacity deduced from textures of soil and rocks is one of the controlling factors 
for GSHP installation (Chokchai, 2016). Although quite expensive in the first stage, the 
GSHP system in the long run is quite a lot cheaper and cleaner energy technology than fossil 
fuels. Bangkok is therefore an ideal region to install GSHP with the vertical closed-loop 
system. However, in the much less populated area the closed-loop GSHP system with a 
horizontal arrangement is recommended. 
Thus a GSHP system can be used in many tropical countries, such as Bangkok region 
underlain by Bangkok clay which has the appropriate thermal conductivity (Chokchai, 2016). 
Our experiment is a guideline for GSHP installation in the other places having similar 
underground geology. It is quite likely in the near future that the GSHPs can be utilized in 
Thailand or at least in Bangkok not only for space cooling on a small scale (e.g. residential 
buildings) but also space cooling at a larger scale (e.g. commercial/government buildings, 
multi-story office buildings, airport terminals, schools, shopping centers and sports facilities). 
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(A) 

 
(B) 

Fig. 11. Comparison of atmospheric and subsurface temperatures at Bangkok (A)  
and Sukhothai (B) areas. 
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Abstract 

Nam Phong River sediments have been used for producing fired-clay bricks in the Northeast       
of Thailand for generations. These bricks are mixed with rice husk ash (RHA), which is an agricultural 
waste found abundantly in Thailand and all rice growing countries. This paper presents aspects related 
to the sediment characteristics and geochemistry that affect the strength of fired-clay bricks. The 
fired-clay bricks and raw materials consisting of Nam Phong stream sediments and RHA from a brick 
yard were collected and studied to determine its strength and composition. Uniaxial compressive tests 
were conducted on fired-clay bricks and fired-clay blocks manufactured in the laboratory. The 
composition of raw materials, fired-clay bricks and fired-clay blocks was identified by 
semi-quantitative analysis of X-Ray Diffraction (XRD) data. X-Ray Diffractometry results show that 
the fired brick composition is approximately 90-98% quartz, 5-7% clay minerals, and less than 1% 
minor minerals. A grain-size distribution analysis in conjunction with XRD of the Nam Phong stream 
sediments show that the sediments can be categorized as sandy loam, consisting of 15% coarse sand, 
15% medium sand, 40% fine sand, 28% silt and 2% clay. This study concludes that the amount of clay 
particles from the Nam Phong sediments have a significant effect on the strength of the bricks, i.e., an 
increase of roughly 20% clay increases the strength as much as 20% (0.20 MPa). 
 
Keywords: Fired-clay bricks, Rice Husk Ash, Nam Phong River, Thailand 

 
1. Introduction 
The area where the Nam Phong River merges with the Chi River exists a large community of 
local brickyards for the production of fired-clay bricks. These bricks are supplied for the 
entire northeastern region in Thailand. In the past, brick production takes place during the rice 
growing season. However, due to the increase in demand the brick production recently takes 
place throughout the year. A research on brick production in Thailand indicates that the 
continued growth of brick industry is essential (Joseph, 1990).  
The stream sediments from the Nam Phong river is harnessed for use as the main raw material 
and combined with rice husk ash (RHA) before casting and firing. Rice husk ash is added at 
different quantities, varying from brickyard to brickyard. There are no standardizations or 
supporting technical researches for the local production process. Most of the successful 
brickyard owners come from having experience gained through working in other yards.  
The effects of sediment characteristics, the amount and composition of RHA, the curing time, 
the firing temperature and many more parameters are not fully understood. In order to 
optimize the production process, it is important that the foremost parameter which is the 
sediment, needs to be understood. This work is an upstream research which focuses on the 
sediment characteristics and their effects on the compressive strength of the bricks. 

 

23



Trakoolngam and Promkotra, Nam Phong Sediments for Fired-Clay Bricks Manufacturing, Thailand 
 

2. Research Method 
The brick production process was observed from a randomly selected brickyard situated     
on the bank of Nam Phong River, Nong Bua Sub-district, Kosumphisai District, Maha 
Sarakham Province. This particular brickyard was selected for this study after an extensive 
research was made on fired-clay bricks from many local brickyards (Trakoolngam, 2016). The 
bricks, raw material sediments, and RHA were collected for lab testing with details as follow.  

2.1 Sieve and particle size analysis 
The sediments used for brick production were collected from a raw material mound at      
the brickyard. The sediments were sieved according to ASTM C136/136M-14       
(ASTM International, 2014a) and the particle size analysis was conducted according to 
ASTM D422-63 (ASTM International, 2007). 

2.2 Raw material Characteristics 
In order to study the effects of sediment characteristics, a controlled experiment was 
conducted on 4 groups of samples categorized by the characteristic of raw materials. These 
are: 1) Refined Nam Phong sediments (Sample S); this group consists of Nam Phong 
sediments that were refined by gravitational settling of 4-5 cycles. The process is conducted 
to remove large grained sediments in order to study the effect of clay size particles; 2) 
Refined Nam Phong sediments mixed with RHA at 1:1 by mass (Sample S1R1); 3) Refined 
Nam Phong sediments mixed with RHA at 1:2 by mass (Sample S1R2); and 4) Refined Nam 
Phong sediments mixed with RHA at 1:3 by mass (Sample S1R3). The RHA was prepared by 
sintering fresh rice husk in the oven at 250C.  

2.3 Sample Preparation and Firing 
The samples for testing were mixed with water and cast into cylindrical shaped blocks having 
a height to diameter of 2:1. The blocks were dried in the oven at 110C for 24 hours which is 
an imitation of the drying step in the brick production process. The samples were fired at four 
different temperatures; i.e. 900, 1000, 1100, and 1200C. 

2.5 Methods of Characterization 
Water absorption tests were conducted on the fired blocks according to ASTM C20-00 
(ASTM International, 2015). Both dry and submerged specimens (obtained from water 
absorption tests) as well as bricks collected from the brickyard were tested for its uniaxial 
compressive strength according to ASTM C67-14 Standard Test Methods for Sampling and 
Testing Brick and Structural Clay Tile (ASTM International, 2014b). X-Ray Diffractometry 
(XRD) as well as Energy-Dispersive X-ray spectroscopy (EDX) were used to analyze mineral 
compositions of the samples and raw material. 

3. Results 

3.1 Sediment characteristics 
A grain-size distribution chart from the particle size analysis shows that the majority of Nam 
Phong sediments consist of sand-size particles. This can be further categorized as 
approximately 15% coarse sand (0.63-2.0 mm in diameter), 15% medium sand (0.2-0.63 mm 
in diameter), and 40% fine sand (0.063–0.2 mm in diameter). The remaining 30% are sizes 
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between silt and clay which cannot be distinguished by this method. However, XRD analysis 
shows that the clay content can be approximated as 2%. According to the texture triangle for 
classification of soils (United States Department of Agriculture, 2016), Nam Phong sediments can 
be classified as Sandy Loam. 

3.2 Chemical Composition 
X-Ray Diffractometry results show that the fired brick composition is approximately 90-98% 
quartz, 5-7% clay minerals, and less than 1% minor minerals. The sediment raw material 
consists majorly of quartz ranging from about 90.2 to 97.7% with other minor minerals being 
biotite, corundum, dolomite, disordered kaolinite, halloysite, kaolinite, and leucite. The RHA 
raw material consists mainly of SiO2 at about 90% with compounds such as K2O, Al2O3, CaO, 
MgO, Na2O, Fe2O3 found at less than 1%. SiO2 is found in the form of quartz, cristobalite, 
and tridymite at 11.75, 83.83, 4.41%, respectively. 
The effects of adding RHA at a 1:1 ratio can be seen noticeably in the chemical composition 
of the specimens after firing. Specimens with RHA have a significant increase in nearly all 
oxide compositions compared to that of specimens unmixed with RHA. All oxide 
compositions increase at least 3 folds. Al2O3 which is a major oxide increases 3.5 folds while 
other minor oxides such as MnO or MnO2 and Fe or FeO2 increase as much as 40 and 30 
folds, respectively. The only exception is the decrease in SiO2 which reduces nearly by half. 
Quartz phase transformation takes place differently for each sample type. Table 1 shows 
various silica forms found in the specimens fired at 1,200C. 

 

Table 1. Composition of silica forms found in the test specimens fired at 1,200C. 

 S  S1R1  S1R2  S1R3 

Cristobalite 31.98 33.99 60.56 72.66 

Quartz 15.76 4.02 5.84 3.83 

Tridymite 19.99 29.88 10.23 3.08 

 

3.3 Ultimate Compressive Strength 
The average ultimate compressive strength of bricks collected from the brickyard is 1.00 MPa, 
while the refined Nam Phong fired-clay blocks have an average ultimate compressive strength 
of 1.20 MPa. Adding RHA at 1:1 reduces the strength to 0.50 MPa, while adding at 1:2 
increases the strength up to 1.86 MPa. However, when RHA is increased up to 1:3, the 
strength decreases to 0.75 MPa as shown in Fig. 1. 

4. Discussion and Conclusion 
Nam Phong sediments used for producing fired-clay bricks at the studied brickyard is 
classified as sandy loam. This classification and grain size analysis could be considered 
representative of Nam Phong sediments in this locale because while the fine particles found 
suspended in the river may fluctuate when the sediments are collected from the river bank, the 
majority of the particles are coarse in size and the amount would not fluctuate much. 
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Fig. 1. Ultimate compressive strength of specimens with various RHA contents. 
 
The gravitational settling process was able to increase the amount of clay particles as much as 
20%. This resulted in a 20% increase in the ultimate compressive strength. The added RHA 
acts as a source of silica while changing the major compositions of the fired product which 
can be seen from the increase in the iron oxides. However, the strength increase due to added 
RHA is highest at sediment to RHA ratio of 1:2. This is probably due to the presence of 
cristobalite, quartz, and tridymite as well as iron oxides at its optimum amount.  

It was found that the firing temperature used at the studied brickyard is higher than 1,200 C. 
This value is deduced from the composition of RHA found within the kiln. XRD results 
confirm that the presence of 95% cristobalite after firing could only result from a firing 
temperature of at least 1,200 C. 
The sediment characteristics is found to be one of the most important factor that influences 
the engineering property of the fired-clay bricks. The amount of clay content affects the brick 
strength both directly and indirectly. The direct effect comes from the ability to cast green 
bodies that hold well due to the cohesive force from the clay particles which later result in 
strong fired-bricks. The indirect effect comes from the alumina source in the clay minerals 
which act as a reactant for transforming quartz into tridymite. Further research should be 
conducted on other parameters in order to support optimization of brick production in the 
region. 
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Abstract 

Indonesia has enormous coal deposit, which mostly are low rank coal in the form of lignite and            
sub-bituminous. Low rank coal possess low heating values which make them less competitive.  
Microbial coal conversion into CH4 is one way to enhance utilization of low rank coal and to produce 
new clean energy from coal. Produced gas from this process is easy to handle than bulk coal from 
mining. The gas is also environmentally friendlier as it produced less CO2 than burning coal. The 
most significant thing, microbial coal conversion can be stimulated to produce gas in short time scale.  
 
Using culture enrichment and molecular phylogenetic analysis, the capability of Indonesia low rank 
coal as CH4 bioreactor has been demonstrated. Microbial coal conversion method has been tested to 
be able to produce new natural gas from Indonesia sub bituminous coal. Indonesia low-rank coal 
produced greater amounts of CH4 relative to high-rank coal. At similar rank, coal with high vitrinite 
and liptinite contents but low in inertinite content showed better performance as a substrate than coal 
with a somewhat lower vitrinite and higher inertinite content.  Study has also found out that 
Indonesian low rank coal gas reservoirs contained active coal to CH4 microbial methanogenic 
communities, suggesting that microbial coal conversion can be done in-situ by stimulating the growth 
of those native microbial populations. Taken together, microbial coal conversion is a potential method 
to utilize Indonesia low rank coal into new clean energy resources that can contribute to Indonesia’s 
future energy supply. 
 

Keywords: Conversion, CH4, Indonesia, low rank coal, microbe 

 

1. Introduction 

Coal is one of major sources of energy in Indonesia. There were a total of 126.60 billion ton 
of Indonesia coal resources reported by Geological Agency of Indonesia (GAI) in 2015, more 
than 60% are low rank coal in the form of sub bituminous (64 %) and lignite (27%). Low 
rank coal particularly lignite has low heating value and high in moisture content which make 
them undesirable compared to high rank bituminous and anthracite coal. From environmental 
perpective, it has long been recognised that coal mining and burning cause damage to the 
environment which decreased the global interest to use coal as source of energy. 
 
Mimicking  microbial methanogenesis process that occured in the coal reservoir naturally,  
recent studies has found out that microbe can be stimulated to convert  coal into CH4 (Green 
et al., 2008; Jones et al., 2010; Luca-Technologies, 2004; Papendick et al., 2011; Penner et 
al., 2010; Singh et al., 2012; Strąpoć et al., 2008). Gas generated  is cleaner and produced less 
CO2 than coal when it is burned. The gas production can also be replenished in short time 
scale (Papendick et al., 2011; Susilawati et al., 2015a). 
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Microbial coal conversion into CH4 can be done either in situ through the injection of nutrient 
and/or microbial methanogenesis to the coal formation or ex-situ with building bioreactor 
using coal as a substrate and microbial methanogenesis as an inoculum. The multistage 
transformation of coal into methane required the involvement of microbial consortia, 
consisting of bacteria and methanogen archaea. Bacteria phyla hydrolyze and ferment 
complex organic compound into H2 and organic acids, while methanogenic archaea transform 
these fermentative products into methane (Jones et al., 2010; Strąpoć et al., 2011). At the 
phyla-scale, bacteria from Firmicutes, Proteobacteria, Bacteriodetes, and Spirochaetes along 
with methanogenic archaea from the orders, Methanomicrobiales, Methanobacteriales and 
Methanosarcinales have been known to be able to work together in converting coal into CH4 
both in basin  or bioreactor scale (Beckmann et al., 2011; Doerfert et al., 2009; Green et al., 
2008; Midgley et al., 2010; Penner et al., 2010; Singh et al., 2012; Strąpoć et al., 2008; 
Wawrik et al., 2012).  The most common pathways for microbial methane production from 
coal are acetoclastic and hydrogenotrophic, and to a lesser extent methylotrophic (Stravoc et 
al., 2011). 
 
Much of the low-rank coal of Indonesian is composed of hydrogen-rich organic components 
(Davis et al., 2007)  that are thought to make them excellent potential substrates for biogenic 
CH4 generation (Susilawati et al., 2013 and 2014). This paper aim to demonstrate the 
potential of microbial coal conversion method to convert Indonesia low rank coal into CH4 
and was part of comprehensive study evaluating biogenic CH4 potential of Indonesia coal 
(Susilawati, 2015).  
 
2. Method 
 
Culture enrichment and molecular phylogenetic analysis were employed to demonstrate           
the potential of microbial coal conversion method to convert Indonesia low rank coal into 
CH4.  The analyses were conducted at the Universtiy of Queensland, Australia. Culturing 
experiment was set up in two different time, late June 2012 using one-month-old formation 
water (Experiment A) and January 2013 using 8-month-old formation water (Experiment B). 
 
Microbial methanogen consortia used in this study came from coal formation water that was 
sampled from Coalbed methane (CBM) exploration well in Sekayu area South Sumatra Basin 
(SSB) Indonesia (Fig. 1). Sampling was done in May 2012. The water sampling methodology 
for enrichment purposes is described in Susilawati et al. (2013).   
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Five Indonesia low rank coal and one high rank coal (Table 1) were collected in May 2012 
from coal operating mine and used as the major carbon substrate to feed the microbe. Coal 
characterization included petrography, and proximate and ultimate analysis was performed at 
the University of Queensland, Australia, and ALS Laboratory, Queensland, respectively. 
Detail of coal sampling and preparation method for culturing experiment can be found in 
Susilawati et al. (2013 and 2015b). 
 
Basal media for culture enrichment was made anaerobically, according to the process 
outlined by Susilawati et al. (2015b) and added to 26 ml Bellco glass tube containing 0.25gr 
of coal. Tubes without coal (no-coal) were prepared as a negative control, whereas tubes with 
potent inhibitors of methanogen process, 2-Bromoethanesulfonic acid/BESA was prepared as 
abiotic controls to confirm that methane produced was not from the methane adsorbed in the 
substrate coal.  Each set of cultures was made in triplicates. Inside an anaerobic chamber and 
using a sterile 21-gauge syringe needle, three mL of each formation water was transferred 
into each culture set as the inoculum.  
 
Methane produced from the enrichment tubes were regularly measured using a Varian 9700 
GC. Molecular phylogenetic analysis was conducted on selected tubes at the end of growth 
and was performed at Center for Echogenomic the University of Queensland Australia. Detail 
of the method can be found in Susilawati et al. (2015b).   
 
 
 
 
 

 
Fig. 1. Formation water sampling location in South Sumatra Basin (red dot). 
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Table 1. Coal samples used in this study 

No Coal samples Basin 

1 Burung SSB  

2 Mangus SB* SSB 

3 Mangus A* SSB 

4 Suban SSB 

5 Petai SSB 

6 Wara Barito 

*The rank of the two Mangus coals differed due to the effects of an igneous intrusion into the coal 
seam. 

 
 

3. Results and Discussion 
3.1 CH4 production 
 
The result of coal petrographic analysis appear in Table 2.  Huminite in low rank coals or 
vitrinite in high rank coals were the major maceral groups present in the coals and accounted 
for 81-97% of maceral composition. Liptinite content is 6-7%, and inertinite content varies 
from     2-12%. All coals had very low mineral matter (≤ 1%; corroborated by low ash yields 
<10%), which is typical for Indonesian coal. The anthracite by comparison had much lower 
moisture and higher reflectance and as a result, higher vitrinite content as the liptinite group 
macerals were devolatilised.  
 
In the two set of experiments (Experiment A and B, Table 3), CH4 production from all coal 
treated cultures were higher than CH4 production from the negative controls tubes with 
maximum net CH4 yield (gross  CH4 yield ─ CH4 produced from no-coal control) ranged 
from   8 to 157 µmol g-1 of coal. That result suggests the ability of methanogen consortia used 
in this study to biodegrade all coals. Methane detected in the no-coal control cultures was 
thought to be related to the activity of microbial methanogen consortia that utilized many 
organic constituents available from continued microbial metabolism in the inoculum. Fine 
coal particles carried over in the water possibly provided substrate for the methanogen 
growth. CH4 produced from BESA abiotic control tubes are negligible (< 3 µmol g-1 of coal), 
indicating that methane produced in the tubes was biogenic in origin and was not from 
methane adsorbed in the substrate coal. Overall the result suggest the presence of active 
microbial methanogen consortia in Indonesia formation water that able to convert various 
Indonesia coals into CH4.  
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Table 2. The result of chemical and petrography analysis of the coal 

Analysis Burung Mangus 
SB 

Mangus 
Ant Suban  Petai  Wara 

Proximate  % (a.d.b)     
   Moisture  16.8 8 1.2 15.5 11 27.4  

Ash yield 2.2 0.7 1.2 3.2 0.9 2.3 
Volatile matter 38.1 42.5 14.7 29.7 40.5 32.2 

Fixed carbon 42.9 48.8 82.9 41.6 47.6 38.1 
Total sulfur 0.83 0.34 1.06 0.29 1.28 0.11 

Ultimate %  (d.a.f)    
   Carbon 76.2 78.2 91 76.3 77.7 70.3 

Hydrogen 5.14 5.26 3.83 5.26 5.33 4.76 
Nitrogen  1.67 1.15 1.56 1.28 1.46 1.02 

Sulfur  1.02 0.37 1.09 0.36 1.45 0.16 
Oxygen (By difference) 15.9 15.1 2.6 16.8 1.41 23.8 

Petrography (%)    
   Rv  0.39 0.5 2.2 0.39 0.44 0.31 

Huminite/Vitrinite total 82 81 97 89 89 88 

Textinite 6 3  8 2 3 
Ulminite 23 22  21 31 15 
Atrinite  24 20  23 7 19 

Densinite 17 27  30 25 29 
Corpohuminite 8 4  7 21 19 

Gelinite 4 5  0 3 3 
Inertinite total 10 12 1 5 6 3 

Fusinite 5 3  1 1 1 
Semifusinite 1 1  1 

 
0 

Funginite 2 5  1 2 1 
Inertodetrinite 2 3  2 3 1 

Macrinite 0 0 0 0 0 0 
Liptinite total 7 6 1 5 4 8 

Sporinite 1 1  
 

1 2 
Cutinite 1 1  1 

 
3 

Resinite 1 0  1 1 0 
Liptodetrinite 2 2  0 2 1 

Suberinite 1 2  3 0 2 
Exsudatinite 1 0 0 0 0 0 

Mineral matter 1 1 1 1 1 1 

 

Table 3. Maximum CH4 production from each culture sets 

Experiment Coal substrates  CH4 production (µmol g-1 of coal)* 

   Gross 
yield Control yield Net yield 

A1 Burung 0.39 179 70 109 
2 Suban 0.39 239 82 157 

B3 Burung 0.39 96 55 41 
4 Mangus SB 0.50 85 55 30 
5 Mangus A 2.20 67 55 12 
6 Suban 0.39 56 32 24 
7 Petai 0.44 40 32 8 
8 Wara 0.31 94 55 39 

*Maximum CH4 yield from triplicates tubes 

 

Experiment A tested the bioavailability of two SSB coals of the same rank but slightly 
different type (Suban and Burung coal) using 1 month old formation water. Overall both 
coals are biodegradable and produced relatively promising CH4 yields. Maximum net CH4 
yield (gross CH4 yield ─ CH4 produced from no-coal control) was 109 µmol g-1 of coal and 
157 µmol g-1 of coal for the Burung and Suban coal cultures, respectively. As the two coals 
have similar rank, coal type was thought to cause the differences in CH4 production from the 
two coals treated cultures. Microbial methanogen consortia may favor Suban coal that has 
higher vitrinite and liptinite content but lower inertinite content than the Burung coal. This 
result is consistent with   a previous study that suggested the greater suitability of vitrinite 
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rich coal with low inertinite content for microbial methanogenesis over coal with lower 
vitrinite and high inertinite content (Furmann et al., 2013). 
 
Experiment B tested the bioavailability of five Indonesia low rank coals and one high rank 
coal. This experiment used 8 months old formation water as an inoculum. The results suggest 
that CH4 production in this experiment was affected by both incubation time of the 
experiment and different coal substrates. The results also indicated the ability of the consortia 
to biodegrade the coals as shown by the increased in CH4 production consistently over time. 
It is also noticed that some variations in CH4 production are attributable to the rank of the 
coal substrates, as can be seen in Mangus coals (Table 3). Mangus SB coal (Rv 0.5%) 
produced more CH4 compared to Mangus Ant coal (Rv 2.2%). There is no clear relationship 
between coal rank and CH4 production in the other  coal cultures, indicating that it is coal 
type rather than rank that govern the CH4 production in those  cultures.  
 
Using the same inoculum and substrate, it was identified that the culture inoculated with 1 
month old formation water (Experiment A) produced a greater quantity of CH4 compared to 
the culture inoculated with 8-month-old formation water (Experiment B). It is likely that 
some key members of the microbial CH4 consortia in the inoculum have been lost during 
storage resulting in             a decrease in inoculum performance in biodegrading the coal. As 
methanogens can only utilize simple carbon compounds (e.g. acetate, H2+CO2, formate, 
methanol), in an anoxic culture web chain, bacterial coal degraders work together with 
methanogens in converting coal to  CH4. Coal to  CH4 biodegradation processes begin with 
micromolecular fragmentation of coal via the hydrolysis process, which is characterized by 
the release of soluble organic intermediates from the coal biopolymer, followed by the 
degradation of soluble intermediates into methanogenic substrates and finally 
methanogenesis (Jones et al., 2010; Strąpoć et al., 2011). The decrease or the loss of key 
bacterial coal degraders in the formation water inoculum therefore is thought to further affect 
the availability of substrate for methanogenesis, causing substrate depletion effects and the 
relatively 13C-enriched carbon isotope values observed in the CH4 produced in the culture 
experiments (Susilawati et al., 2016). 

 
3.2 Molecular phylogenetic  
 
Molecular phylogenetic analysis confirmed the presence of microbial methanogen consortia 
in the formation water used in this study (Figs. 2 and 3). The water contained diverse 
bacterial and archaeal communities that were able to generate CH4 using different coal 
substrates. The bacterial core taxa mainly consisted of Proteobacteria, Firmicutes, 
Spirochaetes and Bacteroidetes, while the archaeal communities consisted of three 
methanogen orders: Methanosarcinales, Methanobacteriales and Methanomicrobiales. At the 
genera level, Methanosarcina and Methanosaeta were the most prevalent archaeal 
methanogens in the SSB water, followed by Methanobacterium and Methanoregula. 
Methanogen detected in this study were able to convert coal into CH4 using both acetoclastic 
and hydrogenotrophic pathways (see Susilawati et al. (2015a and 2015b) for detail. 
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     Fig. 3. Examples of bar charts depicting microbial methanogen community dynamics and diversity 

at  phylum level in Indonesia cultures during different stages of growth; A. Suban (Rv 0.39%); B. 
Petai (Rv 0.44%), Microbial populations presented in the graphs are the ones that occupy at least 
1% of the total microbial population in any stage of growth. Bacterial population displayed as area 
with solid colour while methanogen population displayed as area with pattern.  

 

 
Fig. 2. Microbial methanogen consortia detected in the formation water used in this study 
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Providing an ongoing energy supply for a growing population of 200 million people is a great 
challenge for Indonesia. Environmental concerns also forces Indonesia to gradually decrease 
its reliance on environmentally unfriendly energy resources. As a consequence, significant 
efforts must be made to find new alternative energy resources that will not only secure the 
future energy supply but also be environmentally friendlier.  
 
Several companies have field trialled their microbial coal conversion technologies and 
reported their success in turning coal into CH4 bioreactor (e.g. Luca Technologies, Next Fuel 
Inc., Verso Ener). In Indonesia, Next Fuel Inc. has reported a completed pilot test on biogenic 
CBM production from shallow lignite, but as yet no data has been disclosed to the public 
regarding the microbial methanogen community responsible for methanogenesis in their site. 
Other study has reported methanogen enrichment from Indonesian lignite (Fallgren et al., 
2013).  To date only work by Susilawati et al. (2015a and b) that reported the microbial 
methanogen screening and characterization of  Indonesian CBM  reservoirs.  
 
The results of this study give insight into the potential of microbial coal conversion method in 
turning Indonesia coal into CH4 bioreactor. Several key findings are as follows: 
 
1. Indonesian CBM reservoirs, in particular the SSB, contained microbial methanogenic 

communities that are capable of converting coal into CH4 using acetoclastic and 
hydrogenotrophic pathways.  

2. Since in situ consortia are present in the reservoirs, microbial coal conversion may be 
conducted insitu by stimulating the growth of the native microbial population to 
produce CH4 from coal (e.g. by adding nutrients or enhancing their degradative 
capabilities) without the need to do bio-augmentation with a foreign microbial 
consortium.   

3. The coal bioavailability testing showed the potential of Indonesian coal as a substrate. 
Low rank coal produced greater amounts of CH4 relative to high rank coal. At similar 
rank, coal with high vitrinite and liptinite contents but low in inertinite content 
showed better performance as a substrate than coal with a somewhat lower vitrinite 
and higher inertinite content.  

4. The application of laboratory results to the field remains a challenge; nevertheless, 
considering the large volume of underutilized coal in the SSB, the results of this study 
are still promising. The conversion of only a small fraction of that coal to CH4 may 
significantly increase the SSB CBM field reserves and reservoir lifetime.  

5. CH4 produced from Indonesian coal cultures was comparable to other reported 
methanogenesis studies (Table 4). Although the yields and rates were achieved under 
ideal laboratory conditions, the results are still promising as the conversion of only a 
small fraction of coal to CH4 may significantly increase CH4 in coal field reserves and 
reservoir lifetime.  

3.3 The potential of microbial coal conversion  
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Table 4. Coal to CH4 yield and rate of coal associated cultures from several basins 

Basin Coal substrateb Rank 

Yield 
(Scf 

 ton-1) 

Rate 
(Scf ton-

1 day -1 

Extrapolated 
rates c(10 m 

coal, 10 acres, 
544226 tons) 
MMcf  day -1 

Methanogenesis 
pathway References  

Powder River USA Wyodak (Wyoming) 
 

130 5.5 2.9 
CO2 reduction 

acetoclastic Green et al. (2008) 

Surat Australia Walloon  0.48 200 30 16.1 CO2 reduction 
Papendick et al. 

(2011) 

South Sumatra 
Indonesiaa 

Burung (Bukit Asam) 0.39 78 11 5.9 

CO2 reduction 
acetoclastic 

This study 

Suban (Bukit Asam) 0.39 130 20 10.7 
 

Mangus (Bukit Asam) 0.50 15 0.8 0.4 
 

San Juan USA Fruitland 0.80 130 0.03 0.01 CO2 reduction 
Wawrik et al. 

(2014) 

     
    a Represent maximum net yield and rate. Net yield = gross yield – no coal control yield. Burung 

and Suban cultures were inoculated with 1 months old formation water Mangus culture was 
inoculated with 8 months old formation water. Therefore the yield and rate of Mangus cultures 
may be greater than observed; b All coals were crushed to 0.25-0.60 mm, all source of  inoculum 
were  from formation water; c Following Budwill (2003)  

4. Conclusions 
 
This study has demonstrated the potential of microbial coal conversion method to convert 
various Indonesia coal into CH4.  The method is one way to enhance the utilization of 
undesirable low rank coal. Microbial CH4 generated from coal has great potential to be 
developed as clean energy that can be replenished in short time scale. The results are 
encouraging although still require further work to be developed to their full potential. This 
study also highlights the need for more detailed work exploring the impact of different coal 
types and rank on coal substrate performance.  
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Abstract 
Many vertebrate footprints discoveries have been made lately in several localities in the ASEAN 
community. The footprints found are diverse with some of them showing unique characteristics.   
They are found in Mesozoic continental formations corresponding to the Indochinese red beds.        
Not every country from ASEAN possesses red beds and not every red bed have been surveyed for 
vertebrate remains. However, recent studies from the area have been showing promising results.     
The first discovery of vertebrate footprints fossil from ASEAN was reported from Thailand by         
Buffetaut et al. (1985). The fossil was an assemblage of theropod footprints from the Phu Phan 
Formation in Phu Luang Wildlife Sanctuary, Loei Province. Since then, Mesozoic vertebrate 
footprints have been discovered in Thailand from six different continental formations, ranging in age 
from the Late Triassic (Norian) to the Late Early Cretaceous (Aptian-Albian). Most of the other 
ASEAN countries have only recently started to evaluate the potential of their continental formations 
for vertebrate remains. 

In this study, we present a short summary of the footprints discoveries from each ASEAN formations. 
Outside of the need for further studies, we would like to highlight the potential of these footprint sites 
for geotourism and geoscience education and thus the need for conservation. Conservation issues 
differ for each site as it relies largely on the nature and settings of each discovery.  

 

Keywords: Mesozoic vertebrate footprints 

 

1. Introduction 

Early Mesozoic vertebrate footprint discoveries from ASEAN were made in Thailand in      
the middle of the 80s in the vicinity of the national parks where dinosaur remains were also 
excavated (Buffetaut et al., 1985). Ten years after vertebrate footprint discoveries started to 
flourish all around North-East Thailand and also in the neighboring country of Laos 
(Buffetaut et al., 1997, Allain et al., 1997). Twenty years after there is twelve Mesozoic 
localities with vertebrate footprints now reported from Thailand. Since the first discovery in 
1985 Mesozoic vertebrate footprints have been discovered from six continental formations in 
Thailand, ranging in age from the late Triassic (Norian) to the late early Cretaceous (Aptian-
Albian). Their study have helped to complement our knowledge of the Asian fossil fauna. 
Recently other neighboring countries have started to report new Mesozoic vertebrate 
footprints discovery. 
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2. Mesozoic localities with vertebrate footprints from Thailand 

2.1 Nam Nao district, Phetchabun province 

Fossil footprints were found in the Phetchabun province close to the Nam Nao National Park 
at Ban Na Pho Song. Three trackways lay on the very high slope of a sandstone slab above 
the Tad Huai Nam Yai stream. It is inside the Huai Hin Lad formation, considered to be late 
Triassic in age (Carnian-Norian). The footprints belong to some primitives archosauromorph 
reptiles, probably phytosaurs. The absence of the tail drag mark suggests that the trackmakers 
held their tails off the ground (Le Loeuff et al., 2005). The trackway is more than 80 meters 
long and it is the longest trackway recorded in South East Asia. The first half have been 
mapped and the map, as well as a 5 meters cast replica, are hosted in the collection of the 
Sirindhorn Museum. 

  
Fig. 1. Photo from Tad Huai Nam Yai, Nam Nao National Park, Phetchabun province, Thailand. 

 

2.2 Phu Kradung district, Loei province 

A trackway of a bipedal dinosaur was found on a slab along the Nam Phong River at          
Tha Song Khon in the Loei province. It presents some large tetradactyl footprints with hallux 
assigned to a large theropod dinosaur. It is located along the type section of the upper        
Nam Phong formation (Ward and Bunnag, 1964) close to the limit with the Phu Kradung 
Formation. The upper Nam Phong formation is nowadays considered to be late Triassic 
(Rhaetian) in age with a possible incursion within the early Jurassic. It is considered as the 
first evidence of large theropod dinosaur from the late Triassic of South East Asia (Le Loeuff 
et al., 2009). The map and a cast replica of the footprints are hosted in the collection of the 
Sirindhorn Museum. 
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Fig. 2. Photo from Tha Song Khon footprint site, Phu Kradung district, Loei province, Thailand. 

 

2.3 Nong Bua Daeng district, Chaiyaphum province 

A footprint site located in the bed of the Chi River was discovered in 2009 in the village of 
Ban Non Toom. The footprints there correspond to three different groups of trackmakers. 
Some rounded footprints belong to a sauropod, tridactyl footprints belong to theropod 
dinosaurs and a mysterious trackway of didactyl footprints belonging to an unknown tetrapod 
with an uncommon wide gauge. The site is inside the upper part of the upper Nam Phong 
formation and thus consider to be late Triassic in age. The maps of each trackway and a 
partial cast replica are hosted inside the collection of the Sirindhorn Museum. 

  
Fig. 3. Photo from the Ban Non Toom footprint site in Nong Bua Daeng, Chaiyaphum, Thailand. 
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2.4 Phu Pha Daeng Wildlife Sanctuary, Lom Sak district, Phetchabun province 

Unidentified didactyl footprints occur as a concave hyporeliefs on an isolated block inside the 
Huai Duk stream at the Phu Pha Daeng Wildlife Sanctuary.  In average the footprint width is 
8 cm, the footprint length 11 cm and the pace length is 54 cm. The site possibly belong to the 
upper Nam Phong Formation (Rhaetian?). 

  
Fig. 4. Photo from Phu Pha Daeng Wildlife Sanctuary in Lom Sak district, Phetchabun province, 
Thailand. 

2.5 Phuwiang National Park, Khonkaen Province 

At the Hin Lad Pa Chad locality inside the Phuwiang National Park, at least 3 trackways 
belonging to large and small theropod dinosaurs and a small ornithopod dinosaur 
(Neoanomepus) have been found. (Le Loeuff et al., 2009). The sandstone bed with the 
footprint belongs to the Phra Wihan Formation, which is considered to be early Cretaceous in 
age (Berriasian to early Barremian). A map is available at the Sirindhorn Museum and cast 
replica are visible in the exhibition of the Phu Wiang Dinosaur Museum. 

 
2.6 Khao Yai National Park, Prachin Buri Province 

Eleven complete and partial tracks were exposed on a block in a stream inside the Khao Yai 
National Park. The block was described as belonging to the Phra Wihan Formation by a team 
of geologists from the Department of Mineral Resources (DMR, Ministry of Environment). 
Lockley et al., 2006 gave us a precise description of this material and described it as 
Siamopodus khaoyaiensis. The description is based on a cast replica preserved at the 
Geological Museum of Chulalongkorn University. 

 
2.7 Phu Faek Forest Park, Kalasin Province 

The Phu Faek site was discovered in 1996 by two schoolgirls in a dry river bed. There are at 
least two types of theropods dinosaurs (H=205cm, v=4km/h) and two large elongated pes 
prints (L=52, W=40) preserved (Buffetaut et al., 1997). The latter are referred to as sauropod 
footprints, the poorly preserved prints in front of the two pes prints representing possible 
manus prints. This very partial track constitutes the first sauropod track discovered in 
Thailand. They were discovered on a sandstone bed belonging to the early Cretaceous Phra 
Wihan Formation (Berriasian to early Barremian). The site is the object of a specific 
conservation project as it is the most visited dinosaur footprint site in Thailand. 
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2.8 Phu Kao-Phu Phan Kham National Park, Nong Bua Lamphu Province 

More than 20 tridactyl footprints occur in a river stream along the road crossing the Phu Kao 
National Park. All footprints seem to have been made by rather small theropod dinosaurs 
(L=19-25cm). The area is traditionally attributed to the Phra Wihan Formation but a recent 
examination of the section and the thickness of the Formation have cast a shadow over the 
possible age of the site. A building and a small exhibition informed visitors and tourists about 
the place and its history and a map is hosted in the collection of the Sirindhorn Museum. 
 

  
Fig. 5. Photo from Phu Kao National Park, Nong Bua Lamphu Province, Thailand. 

 
2.9 Phu Hin Rong Kla National Park, Loei Province 

More than fifteen tridactyl footprints belonging to at least three different theropods trackways 
have been found in a stream river inside the Phu Hin Rong Kla National Park. Two types of 
footprints occur at this site, some showing a wider divarication than others. The footprint 
layer is considered to be part of the early Cretaceous Phra Wihan Formation (Berriasian to 
early Barremian). A map is hosted inside the collection of the Sirindhorn Museum. 
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Fig. 6. Photo from Phu Hin Rong Kla National Park, Loei Province, Thailand. 

 

2.10 Nong Sung District, Mukdahan Province 

Footprints isolated on several blocks were found in 2007 inside a construction blockfield of 
sandstone along the road 2370 between Nong Sung and Ban Pao. The footprints are preserved 
as convex hyporeliefs and they correspond to tridactyl theropod dinosaurs (ranging in length 
from 6 cm to 34 cm) with some rare crocodylian footprints. This is the only footprint site 
known from the early Cretaceous Sao Khua Formation (Berriasian to early Barremian). Some 
blocks were moved to the collection of the Sirindhorn Museum for conservation purpose, 
others were left on the site and later covered by vegetation. A map is hosted inside the 
collection of the Sirindhorn Museum. 

 
2.11 Phu Luang Wildlife Sanctuary, Loei Province 

The first dinosaur footprints discovered in South East Asia were from a site in the Phu Luang 
Wildlife Sanctuary. There fifteen footprints were found on a sandstone slab belonging to the 
Phu Phan Formation. This site was described by Buffetaut et al. in 1985 and the footprints 
referred to some large theropod dinosaurs describe as “Carnosaur” type (the average footprint 
length being 35 cm). A cast replica is hosted inside the collection of the Sirindhorn Museum. 

 
2.12 Huai Dan Chum Site, Nakhon Phanom Province 

The locality is situated in Tha U-thane District, Nakhon Phanom Province. This site was 
discovered in a sandstone quarry by Mr. Nares Sattayarak, a former geologist from the DMR.  
In 2001 several large displaced slabs from the quarry showing small theropod footprints were 
firstly discovered. Two years later, a total of eleven footprints of a u-turning trackway were 
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found in situ. The tracks belong to theropod dinosaurs. In 2004, more than 200 vertebrate 
footprints were also found in situ. The trackmakers belong to three different categories: there 
are small theropods, small ornithopods and small crocodiles. The site was firstly protected 
under the Fossil Act 2008 and a site museum was built to cover the slabs. The complete maps 
of the three slabs are also hosted in the collection of the Sirindhorn Museum. 

  
Fig. 7. Photo from the Huai Dan Chum quarry in Tha U-Thane, Nakhon Phanom, Thailand. 

 

3. Dinosaur footprints in Laos 
French-Laos palaeontological surveys from the early 90s lead to the discovery of the Muong 
Phalane footprints site in the Savannakhet province in 1993. At least three footprint layers 
were found with the middle slab described originally as showing both sauropod and 
ornithopod dinosaur footprints (Allain et al., 1997). Thirteen theropod footprints were 
identified on the lower slab and two more on the upper one. Altogether forty-six footprints of 
ornithopod were found on the medium slab as the main trackway originally described as a 
sauropod trackway (38 footprints) is now considered as an ornithopod trackway (Le Loeuff et 
al., 2005; 2009).  

  
Fig. 8. Map from the Muong Phalane footprint site, Savannakhet, Laos (from Allain et al., 1997). 
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4. Dinosaur footprints in Malaysia 

In 2016, a discovery was reported from the Mount Gagau area, close to the Kenyir Lake.       
A few sites, mostly boulders from block fields, were discovered along the Cicir River. 
Concave hyporeliefs from these sites were interpreted as ornithopod footprints as well as 
some complete and partial theropods footprints.  The authors also reported the possible 
discovery of sauropod footprints but we found that their evidence was not conclusive. 

  
Fig. 9. Photo and draw from one of the Mount Gagau footprint, Hulu Terengganu district, Malaysia 

(from Nazaruddin et al., in press). 

5. Dinosaur footprints in Singapore 

Oliver et al. reported in 2013 some footprint discovery from the peninsular Malaysia.        
They described at least two layers with possible tracks in the north-west end of the Sentosa 
Island. The first evidence is a possible animal trackway on top of pebble conglomerate from 
the Serang Remau Formation and the second a possible claw print in red mudstone. 

  
Fig. 10. Photo from the claw print of the Sentosa Island in Singapore (from Oliver et al., 2013). 
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6. Dinosaur footprints in Cambodia 

Based on similarities between the Thai and Cambodian geology we knew it was just a matter 
of time before dinosaur footprints were discovered in Cambodia. Suspected footprints were 
discovered in 2015 by the Cambodian colleague from the Geological Department of Mineral 
Resources in the Battambang province. The study area belongs to some upper Jurassic-Lower 
Cretaceous continental sandstone. In August 2016 we discovered along a road in a blockfield 
representing the only remains of the destroyed slab(s), at least four categories of footprints 
belonging to some small tridactyl theropod, some medium size tridactyl theropod, a 
tetradactyl theropod and a mysterious didactyl footprint.  Such a high diversity was 
unexpected as footprints site in the area rarely shows more than three different categories on 
the same slab. We thus supposed that the in situ site was presenting more than one footprint 
layers. 
 

  
Fig. 11. Photo from the footprint site in the Battambang province in Cambodia. 

 

7. Potential for dinosaur footprints discovery in other ASEAN countries 
Myanmar has Mesozoic continental sequences along the Shan plateau and in the north of the 
country. It is somehow reminiscent of the Khorat Group sequence and the “Kalaw Red Beds” 
and its equivalent may one day deliver some major discovery. The famous Cretaceous ambers 
found in the Kachin state have more than once contributed to international palaeontology 
advances by delivering complete fossils trapped in amber, including in 2016 with the 
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discoveries of complete dinosaur tail and bird wings both with feathers (Xing et al., 2016a; 
2016b). 
 
There are numerous red beds formations in North Vietnam. They are considered to be similar 
to those found in Thailand, Laos and South China. These red beds have been recognized since 
1914 to be out of flora (silicified tree and pollens) because the continental basins there 
delivered very few fossils. Brunei has no potential because it has a small area underlain with 
geological units that are too young to be of any interest for Mesozoic study. 
 
The geology of Indonesia is very complex. It is a meeting point of several tectonic plates. 
Even though the rock complexes “melanges” may contain some Mesozoic continental rocks, 
there has not been any report on the discovery of vertebrate yet. With a geology sometimes 
reminiscent of the Japanese arc, it is possible that dinosaurs remains may be found there one 
day. 
 
The Philippines geology is a collage of a large variety of blocks of diverse origin 
amalgamated before the collision with the Eurasian margin. It is composed of metamorphic 
terranes, magmatic arcs, ophiolitic complexes, sedimentary basins and continental block 
altogether. It is a complex geology with little chances of finding Mesozoic vertebrate remains 
or footprints but is not impossible that such remains exist there. 

 
8. Conclusions and Recommendations 
 
The ASEAN region presents a high diversity of ichnotaxon. Some of these ichnotaxa being 
unique. Geological formations from the red beds, wherever they are, have a very strong 
potential for vertebrates and/or ichnofossils discoveries. Modern climatic conditions may 
drastically reduce this potential. As a dry subtropical ecoregion, Northeast Thailand presents 
good conditions for accessing outcrops. On the contrary, tropical evergreen ecoregion as for 
example the one surveyed in Malaysia presents very harsh and difficult conditions that could 
prevent in situ footprint site discoveries. Footprints and trackways can be difficult to interpret. 
Field Experience and literature reviews are needed to acquire an expertise. It is most 
important that one carefully record all the findings with accurate measurements and maps for 
each site. Footprint sites can be a very powerful tool in geoscience education. If managed 
correctly it can start a virtuous circle where discoveries support education and awareness, and 
vice versa. It is also important to consider on issues like conservation and management 
problems of these sites. Our experiences on these sites in Northeast Thailand lead us to 
suggest that for each site we must first consider what are suitable and what can be done 
realistically. Collaborations between departments, universities, museums and agencies of the 
ASEAN countries could prompt the drawing of a common conservation and promotion 
framework in order to help the preservation of these valuable discoveries. 
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Abstract 
Research found out that fumaroles and solfataras are rare earth element (REE) vapor transport agents in 
Weh Island submarine volcano – Aceh, North Sumatra. Shallow high resolution single channel seismic 
was used to map the distribution of seafloor fumaroles surrounding the submarine volcano.  

The central part of Weh submarine volcano is the most active REE deposition. This area is built by 
normal faults and grabens oriented north – south of open character which acted as channel for 
hydrothermal fluids reaching seafloor surface. 

 

Keywords: REE, vapor transport, fumaroles, Weh Island, Aceh. 
 

1. Introduction 
The idea that vapor phase as a possible agent of metal transport in ore-forming hydrothermal 
systems was only recently known (Gilbert and Williams-Jones, 2008). This idea was supported 
by fluid inclusion analyses (Heinrich et al., 1999) and experiments on solvation and 
complexation reactions that lead to concentrations of metals in water vapor (William-Jones et 
al., 2002). The analyses and experiments found out that mass of vapor can exceed that of the 
liquid which further support the idea of some magmatic hydrothermal deposits possibly have 
shaped as a result of metals transport in vapor (Gilbert and Williams-Jones, 2008). 
The first observation on the formation of crust (encrustation) in the surface volcanism activities 
was reported by Keller and Krafft (1990) where after one or two days of lava extrusion was 
observed cover of white sometime greenish and yellow crusts on the lava flow. Recent 
encrustations were reported by Zaitsev and Keller (2006) which also found similar description 
of crust formations. Agreements among scientists that the encrustations were resulted from 
vapor sublimates derived from lava extrusion over a meteoric-water saturated substrate and 
alteration of lavas by vapors (Genge et al., 2001; Zaitsev and Keller, 2006). According to 
Mitchell (2006) encrustations are composed of aggregates which is unstable under normal 
atmospheric conditions.  
The study area – Weh Island is the part of Sunda volcanic arc that produced the islands of 
Sumatra, Java and Lesser Sunda Islands. The arc is consisted of active volcanoes as backbone 
of these islands; where some of them occurred in marine environment such as Weh Island 
volcano (Fig. 1). Geology regional of the study area belongs to Andaman Sea terrain (Metcalfe, 
2006). This terrain is a Neogene to Quaternary extension basin with basement composed of 
oceanic crust; and consisted of short spreading rifts and transform fault in the middle of 
Andaman Sea (Curray et al., 1979).    
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Fig. 1. Study area, Weh Island, located in Northern Sumatra  

(Source: http://www.joeygoesglobal.com/?cat=195) 

 

Previous study of volcanism in Weh Island had been conducted by Kusnadi et al. (2005). The study was 
related to geothermal energy for electricity in Jaboi geothermal manifestation area at the south of 
the island. One method used was resistivity measurements. Measurements revealed low anomaly 
less than 10 ohm-m with its southwestern elongation to Keuneukai hot spring and southeastern 
continuation to Jaboi coastal area hot spring complex (Fig. 2 left). At deeper resistivity 
penetration the affected area is resemble with the shallower one but wider (Fig. 2, right).            
It indicates the existence of altered subsurface rocks enriched in clay minerals resulted from 
hydrothermal alteration in acid environment.  

  

Fig. 2. Resistivity surrounding geothermal manifestation Jaboi at the central of Weh Island; shallow 
(500 m, left) and deeper (750 m, right) (Source: Kusnadi et al., 2005). The shallow and deeper resistivity 
demonstrates development to southwest and southeast and possibly offshore. 
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2. Materials and Methods 
Samples of encrustations were taken from Jaboi geothermal field, and mineralization zone at 
Pria Laot coast; as well as seafloor surrounding active fumaroles by divers. Due to high volatile 
contents of the mentioned samples (LOI > 5%), REE were also compared with lava taken from 
coastal zone surrounding the island. Lava has volatile contents less than 5%. List of samples are 
presented in Table 1.  
All samples were analysed by PT Intertek Utama Services Jakarta, an international laboratory 
services with main office in London UK. Rare earth elements (REE) were analysed using   
ICP – MS (inductively coupled plasma – mass spectrometry) with detection limits ranged from 
0.05 to 0.1 ppm (part per million). The instruments employed argon plasma as the ionization 
source and mass spectrometer to determine ions produced. 
Petrography analyses were conducted to describe some phenomena related to encrustation 
proccesses, as well as its textures in microscopic observation. Optic mineralogy informations 
were collected to identify microscopically observed minerals.   
Temperature was also measured in the field using Water Resistant Digital Probe Thermometer 
Model BG 363 Blue Gizmo with accuracy +/- 1ᵒC, range -10 to 200ᵒC and a resolution 0.1ᵒC. 
Temperature measurements were conducted at the very active surface volcanism in the middle 
of Weh Island at its coastal zone.   
Seismic survey was conducted to identify seafloor features especially related to volcanism 
activities such as gas bubbles, seafloor and sub-seafloor geological structures. Mounds or 
chimney features were also explored. The survey was carried out throughout marine area 
surrounding Weh Island which took approximately 150 kilolines and to sea depths below 100 m 
for safety reason.  
 
Table 1. General description of samples used and analysed  

NO SAMPLE CODES LOCATION DESCRIPTION ANALYSES 

1 KPW7 Coast Andesitic lava Geochemy  

2 KPW8 Coast  Gravelly sand Geochemy  

3 KPW9 Coast  Lava  Geochemy  

4 KPW10 Coast  Lava  Geochemy  

5 KPW11 Coast  Lava  Geochemy  

6 KPW12 Coast  Lava  Geochemy  

7 M01B Coast  Agglomerate  Geochemy  

 
10 

SERUI–A–5 M 
(DIVING)  

Seafloor Andesitic lava Geochemy 

11 SERUI–A 10 M 
(DIVING) (S) 

Sea floor Sand dominant andesite 
fragments  

Geochemy 

8 JABOI 
SOLFATARA 

Jaboi 
geothermal 

Sulphur deposit in the rim of 
solfatar crater  

Geochemy 

9 JABOI 244/60 Jaboi  Rhyolite Geochemy 
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12 SERUI-B-10 M 
(DIVING) 

Seafloor  Altered (kaolinization?) 
andesitic lava  

Geochemy 

13 SERUI-B-15 M 
(DIVING) (S) 

Seafloor  Sand dominant andesitic 
fragments and mafic  

Geochemy 

14 SERUI-C-23 M 
(DIVING) (S) 

Seafloor  Sand dominant andesite 
fragments  

Geochemy 

15 SERUI-D(DIVING) Seafloor  Altered lava  Geochemy 

16 SERUI-E-(DIVING) Seafloor  Limestone   Geochemy 

3. Results 

The study area is flourished with post-caldera surface volcano activities. Calderas in        
Weh Island were formed after catastrophic eruption occurred approximately in Lower 
Pleistocene which nowadays took the form of bays in the north-northwestern and 
south-southeastern. The activities are largely took the form of fumaroles and solfataras. 
Fumaroles are any gases produced by volcanic activities from the vent which are mostly 
consisted of water vapor; while solfataras if it only produce sulphur deposited surround the vent 
or crater (Klaus et al., 2005). Fumaroles are indication of reduced volcanic activities (Gasparon, 
2005). According to Kilburn and McGuire (2001) solfataras are usually found at shallow crater 
associated with a dormant or inactive volcano. At Jaboi geothermal surface manifestation,     
it occurrs as solfataras field.    
Fumarole gas composition (unit in % mol) taken from geothermal manifestation Jaboi at the 
south of Weh Island is consisted of CO2 (6,79-8,23), H2S (0,24-0,23), SO2 (0,12-0,24), NH3 
(0,25-0,37), CH4 (0,04), HCl (0,05) and H2O (90,39-91,58) (Kusnadi et al., 2005).         
Jaboi fumarole gas composition in general indicates its relation with hydrothermal system 
(Giggenbach, 1980; Arnorsson, 1985; Taran, 1986 and Chiodini, 1989). Surface geothermal 
activities in this area are fumarole, sulphur sublimation, hot ground and hot spring. Hot spring 
type is sulfate acid. 
There is a possibility that geothermal hot fluids in the beginning interact with subsurface rocks 
before becoming hot spring in the surface, especially when related with ground water and sea 
water. Hot spring formations in shallow seas and coastal zones of Serui and Pria Laot – in the 
middle of Weh Island are of choride fluid type (Kusnadi et al., 2005). 
It seems that fumaroles in the study area were the agent of metal transport as revealed from 
geochemical analyses of samples taken closed to the fumarole points which shown quite 
abundances of rare earth elements. According to Fiske et al. (2001) at the end of volcanism, 
fumarole activites were the dominant process which produced polymetalic deposits in the 
vicinities of fumarole points. 
The fumaroles are mostly taken place in the middle of Weh Island. This area is consisted of 
normal faults and grabens of relatively oriented north – south. The faults of this part are differ 
from general direction of Sumatra Fault which oriented northwest – southeast and are also of 
different character; where the former is dilatational and the latter is compressive. 
Surface volcanism activities beside fumaroles and solfataras are observed hot spring, hot mud 
pool or mud volcano, and hot ground (Table 2). These activities could be seen either at seafloor 
or coastal zone especially at Serui and Pria Laot in the middle of study area.  

56



Thematic Session “Geoscience for the Society”, 52nd CCOP Annual Session  
Bangkok, Thailand, 1st November 2016 
 

 
Observation on seismic records reveal that seafloor fumarole activities produce many features 
(Fig. 3). An interesting figure is mounds or small hills at seafloor that are interpreted as 
chimneys. Our observation shows that this morphology is related to seafloor fumaroles. Results 
of seismic survey (squared box area in the south of Weh Island of Fig. 3) also showed the forms 
of inactive chimneys as demonstrated by less acoustic turbidities (sediment clouds) in the sea 
water column surrounding the chimneys. These features are interpreted as offshore elongations 
of low anomaly resistivity in Jaboi to the southwest and southeast directions (see Fig. 2).  

After geochemical analyzes, seafloor samples taken in the surrounding of active fumaroles by 
divers in Serui (sample code SERUI-) reveal its rare earth element contents. For the purpose of 
rare earth elements vapour transport study, these samples were also compared to REE values of 
lava taken from coastal zone around Weh Island (KPW-); as well as agglomerate (M01B) from 
mineralization zone in Pria Laot beach (Table 3). Through plotting in diagram of REE versus its 
values (Fig. 4), it is shown that sample from mineralization zone (M01B) has higher contents of 
heavy REE (HREE) than lava and seafloor fumarole samples; but lower values of light REE 
(LREE) than two other sample types. 

Table 2. Volcanism activities at Serui Beach middle of Weh Island  

NO VOLCANISM ACTIVITIES TEMPERATURE NOTES 

1 Mud pool 1. 42,4º 
2. 66,0° 
3. 69,2º 
4. 77,7° 
5. 79,4º 

Temperature 
measurements were 
carried out using 
digital thermometer of 
capacity 200ºC, in the 
middle and periphery 
of mud pool 

2 Hot spring 1. 88,3º 
2. 85,0º 
3. 95,3º 
4. 85,6º 
5. 58,1º 

The activities were 
occurred at nearby 
points  

 

3 Fumaroles / solfatars 1. 46,1º 
2. 47,6º 

Sulphur deposits were 
found in the vicinity of 
solfatara vents 

4 Hot spring 1. 92,2º 
2. 71,0º 

Measurements were 
separated about 50 
meters  

5 Fault scarp  - Azimuth 150º 

 
The formation of crust surrounding active fumaroles (encrustations) also produce native 
sulphur crystals as observed in the solfataras field in hydrothermal surface manifestation of 
Jaboi (Fig. 5). According to Zaitsev and Keller (2006)  native sulphurs were sublimates 
precipitates from volcanic gases. Geochemical analyses result (Table 4) show the content of 
sulphur element on Jaboi’s sample 47.9 % which is the highest among other samples.   

 

57



H
ananto K

urnio and Ediar U
sm

an, R
are Earth Elem

ents Vapor Transport by Fum
aroles, N

orthern Sum
atra 

 

 

Fig. 3. M
ap show

s selected seism
ic records surrounding W

eh Island. O
ffshore of K

euneukai  southw
est and southeast are observed seafloor chim

neys 
(boxed area at south of W

eh Island) interpreted as elongations of Jaboi surface geotherm
al m

anifestation from
 resistivity data.

58



 

 

      

59

Th
em

at
ic

 S
es

sio
n 

“G
eo

sc
ie

nc
e 

fo
r t

he
 S

oc
ie

ty
”,

 5
2nd

 C
C

O
P 

A
nn

ua
l S

es
sio

n 
 

B
an

gk
ok

, T
ha

ila
nd

, 1
st  

N
ov

em
be

r 2
01

6 
 Ta

bl
e 

3.
 R

ar
e 

ea
rth

 e
le

m
en

t (
R

EE
) c

on
te

nt
s i

n 
la

va
 (K

PW
-),

 e
nc

ru
sta

tio
ns

 (J
A

B
O

I- 
an

d 
SE

RU
I-)

 a
nd

 a
gg

lo
m

er
at

e 
(M

01
B)

. 

 

     

pp
m

KP
W

 0
7 

KP
W

 0
8 

KP
W

 0
9 

KP
W

 1
0 

KP
W

 1
1 

K
P

W
 1

2 
M

01
B

JA
BO

I S
O

LF
. 

JA
BO

I 2
44

/6
0 

SE
R

U
I-A

-5
 M

  
SE

R
U

I-A
-1

0 
M

SE
R

U
I-B

-1
0M

 
SE

R
U

I-B
-1

5 
M

SE
R

U
I-C

-1
0M

 
SE

R
U

I-C
-2

3M
SE

RU
I-D

- 
SE

RU
I-E

- 
(D

IV
.)

(D
IV

.)(
S

)
(D

IV
.)

(D
IV

.)(
S

)
(D

IV
.)

(D
IV

.)(
S

)
(D

IV
. )

(D
IV

. )
La

21
19

.7
22

.9
10

.7
20

.8
17

.1
25

.7
0.

2
0.

6
17

.4
13

.7
14

.3
20

.2
13

.9
15

.5
17

.7
0.

6
C

e
50

.3
46

.4
48

.1
25

.3
43

.9
41

56
0.

4
1.

4
37

.6
30

30
.8

42
35

.2
35

.2
39

1.
5

P
r

5.
2

5.
43

6.
13

3.
02

5.
04

4.
37

6.
5

0.
02

5
0.

17
5.

14
3.

56
4.

4
4.

58
4.

78
4.

05
4.

78
0.

17
N

d
19

.2
20

.7
23

.2
12

.2
18

.8
16

.9
24

.8
0.

2
0.

6
20

.4
14

.5
18

.3
18

.6
21

.8
17

.2
21

.8
0.

7
S

m
4.

1
4.

7
4.

6
2.

9
4

3.
9

3.
7

0.
05

0.
1

5
2.

9
4.

9
3.

7
5.

5
4.

2
5.

3
0.

1
E

u
1

1.
1

1
0.

8
0.

9
1

0.
6

0.
05

0.
05

1
0.

6
1

0.
8

0.
9

0.
8

0.
9

0.
05

G
d

4.
2

4.
2

4.
1

2.
9

4
3.

5
3

0.
05

0.
1

4.
2

2.
7

4.
7

4
5.

2
4.

2
5.

3
0.

2
Tb

0.
53

0.
56

0.
52

0.
46

0.
48

0.
55

0.
27

0.
02

5
0.

02
5

0.
63

0.
38

0.
75

0.
49

0.
73

0.
55

0.
69

0.
02

5
D

y
3.

3
3.

6
3.

2
3.

1
3.

1
3.

1
1.

1
0.

05
0.

2
4.

4
2.

4
4.

1
3.

1
5

3.
4

4.
8

0.
1

H
o

0.
6

0.
7

0.
6

0.
7

0.
6

0.
7

0.
2

0.
05

0.
05

0.
9

0.
5

0.
9

0.
6

1
0.

7
1

0.
05

E
r

1.
7

2.
1

1.
8

1.
8

1.
6

2.
1

0.
4

0.
05

0.
05

2.
3

1.
4

2.
6

1.
8

2.
7

1.
9

2.
6

0.
05

Tm
0.

3
0.

3
0.

3
0.

3
0.

3
0.

3
0.

05
0.

05
0.

05
0.

4
0.

2
0.

4
0.

2
0.

4
0.

3
0.

4
0.

05
Y

b
1.

8
2

1.
8

1.
9

1.
7

1.
9

0.
4

0.
05

0.
1

2.
2

1.
4

2.
5

1.
7

2.
6

1.
8

2.
5

0.
1

Lu
0.

28
0.

32
0.

32
0.

3
0.

28
0.

31
0.

07
0.

02
5

0.
02

5
0.

83
0.

21
0.

41
0.

28
0.

42
0.

29
0.

37
0.

02
5



Hananto Kurnio and Ediar Usman, Rare Earth Elements Vapor Transport by Fumaroles, Northern Sumatra     
 

 

 

 

Fig. 4. REE profiles normalised to chondrite for lava (above) and encrustations surrounding terrestrial 
fumarole (JABOI samples) and seafloor fumarole (SERUI samples) (below) show almost similar 
profiles. Sample of M01B from mineralization zone shows higher values in heavy REE (HREE) either 
in comparison with lava or fumarole samples and lower values in light (LREE) for both sample types. 
Sample number SERUI-E is a limestone which shows a different profile. 
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Fig. 5. Jaboi solfataras field. It is observed that in the crater rim, native sulphur was deposited. 

 

 

Fig. 6. Microscopic thin section of agglomerate andesitic component demonstrates encrustations around 
the cracks (left). Agglomerate outcrop (right) shows white colour encrustation at groundmass 
surrounding andesitic components. The sample was taken at Pria Laot beach in the middle of Weh 
Island. 

 
Fig. 6, above, demonstrates microscopic encrustation formation in the study area. The 
encrustations take place as white rim surrounding existing minerals such as quartz and metal 
minerals. The cracks are also filled with metal mineral, which was possibly brought by  
hydrothermal fluids. Measured section (MS) was done relate to surface hydrothermal activities 
in Pria Laot beach (Fig. 7). Geochemical analyses of this encrustation sample (M01B) reveal 
abundances of Al2O3 (29.6%) and SiO2 (51.35%) (Table 4). TiO2 is also the most abundances 
compared to other mineralization zone samples. 
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Fig. 7. Measured section on mineralization zone of Pria Laot beach (right) and its location (left). 

 
Table 4. Major elements of sample MS01B 

IDENT              Al2O3 CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SiO2 S TiO2 LOI Total 

UNITS              
% % % % % % % % % % % % % % 

DET.LIM 0.01 0.01 0.005 0.01 0.01 0.01 0.005 0.01 0.001 0.01 0.002 0.01 0.1 0 

MS - 01 B  29.61 0.02 <0.005 1.42 0.44 0.11 <0.005 0.75 0.07 51.35 1 0.61 14.1 99.46 

 
4. Conclusions 
It could be concluded that fumaroles and solfataras are REE vapor transport agents in 
submarine volcano of Weh Island – Aceh Province. Distribution of fumaroles in the seafloor 
were mapped through shallow high resolution single channel seismic. 
The most active rare earth elements (REE) deposition takes place at the central of Weh Island 
submarine volcano which is constructed by normal faults and grabens which are oriented 
approximately north – south and of tensional or open character and acted as channel for 
hydrothermal fluids reaching seafloor surface. 
 
 

 

62



Thematic Session “Geoscience for the Society”, 52nd CCOP Annual Session  
Bangkok, Thailand, 2 November 2016 

 

References 
 

Arnorsson, S., (1983), New gas geothermometers for geothermal exploration calibration and 
application, Geochimica et Cosmochimica Acta, Vol. 49, pp 1307-1325 

Chiodini,G., (1989), Gas geobarometry for hydrothermal systems and its application to some Italian 
geothermal areas, Applied geochemistry, Vol . 4, pp 465-472 

Fiske, R.S., Naka, J., Iizasa, K., Yuasa, M. And Klaus, A., (2001), Submarine silicic caldera at the front 
of the Izu-Bonin arc, Japan: Voluminous seafloor eruptions of rhyolite pumice. The Geological 
Society of America Bulletin, v.113 no.7 p. 813-824. 

Fournier, (1981), Application of Water Geochemistry Geothermal Exploration and Reservoir 
Engineering, “Geothermal System: Principles and case Histories”. John Willey & Sons, New 
York. 

Gasparon, M., (2005), Chapter 9. Quaternary volcanicity. Eds. Geological Society, London, Memoirs 
2005; v.31; p. 10.1144/GSL.MEM.2005.031.01.19. 

Genge, M.J., Balme, M., Jones, A.P., (2001), Salt-bearing fumarole deposits in the summit crater of 
Oldoinyo Lengai, Northern Tanzania: interactions between natrocarbonatite lava and meteoric 
water. Journal of Volcanology and Geothermal Research, 106, 111–122.  

Giggenbach, (1988), Methods for the collection and analysis of geothermal and volcanic water and gas 
samples, Petone New Zealand 

Gilbert, C.D. and Williams-Jones, A.E., (2008), Vapour transport of rare earth elements (REE) in 
volcanic gas: Evidence from encrustations at Oldoinyo Lengai. Journal of Volcanology and 
Geothermal Research, 176 (2008) 519-528. 

Heinrich, C.A., Gunther, D., Audetat, A., Ulrich, T., Frischnecht, R., (1999), Metal fractionation 
between magmatic brine and vapour, determined by microanalyses of fluid inclusions. Geology, 
27 (8), 255-258. 

Keller, J., Krafft, M., (1990), Effusive natrocarbonatite activity of Oldoinyo Lengai, June 1988. Bulletin 
of Volcanology, 52, 629–645. 

Klaus K. E. (2005), Jackson, Julia A.; Mehl, James P.; Neuendorf, Klaus K. E., eds. Glossary of Geology. 
Springer Science & Business Media. p.257. ISBN9780922152766. Retrieved 2015-06-06, 
fumarole field, A group of cool fumaroles. 

Kooten, (1987), Geothermal Exploration Using Surface Mercury Geochemistry, Journal of 
Volcanology and Geothermal Research, 31, 269-280. 

Kusnadi, D., Supeno and Purwoto, E., (2005), Penyelidikan geokimia panas bumi Daerah Jaboi, Sabang, 
Nanggroe Aceh Darussalam. Pemaparan Hasil Kegiatan Survei Panas Bumi 2005. Pusat 
Sumber Daya Geologi (In Bahasa Indonesia). 

Taran, (1986), Gas Geothermometers for hydrothermal Systems, Geochemistry International, Vol. 23 
No.7, 111-126 

Williams-Jones, A.E., Migdisov, A.A., Archibald, S.M., Xiao, Z., (2002), Vapour transport of ore metals. 
In: Hellman, R., Wood, S.A. (Eds.), Water-Rock Interactions, Ore Deposits, and Environmental 
Geochemistry: A Tribute to David A Crerar. Special Publication, vol. 7. The Geochemical 
Society, pp. 279-305.  

Zaitsev, A.N., Keller, J., (2006), Mineralogical transformations of Oldoinyo Lengai natrocarbonatites, 
Tanzania. Lithos, 91, 191–207.  

 

63

https://books.google.com/books?id=SfnSesBc-RgC
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/International_Standard_Book_Number


Thematic Session “Geoscience for the Society”, 52nd CCOP Annual Session  
Bangkok, Thailand, 1st November 2016 

 

Geochemistry and Tectonic Significance of Andesitic Rocks in Tak Province, Thailand 
 

Mukda Singtuen and Burapha Phajuy 
 

Department of Geological Sciences, Faculty of Science, Chiang Mai University, Thailand 

e-mail: singtuen.m@gmail.com 

 

Abstract 
The andesite porphyry in Tak Province, Thailand, is the part of the Chiang Khong–Lampang-Tak 
volcanic belt. This study aims to clarify geochemistry and tectonic setting of the eruption of andesitic 
rocks based on field observation, petrographic study, and geochemistry. The phenocrysts/ 
microphenocrysts in the andesite are made up of plagioclase, with a small amount of unidentified 
mafic minerals, clinopyroxene, and opaque minerals. These phenocrysts/microphenocrysts may have 
been formed as glomerocrysts and cumulocrysts. The groundmass phase is made up mainly of 
plagioclase, with small amounts of unidentified mafic minerals, opaque minerals, and apatite. 
Geochemically, the 6 least altered andesite show mildly calc-alkalic series affinities corresponding to 
low ratio of Nb/Y compared to Zr/TiO2 and REE-pattern. The rocks generally show slightly negative 
niobium anomalies in N-MORB normalized multi-element patterns. The studied andesitic rocks have 
chemical composition similary to Quaternary Aphyric high-K andesite in Ollagüe volcano, Chile,   
that is the part of Andes mountain range, sharing similar geochemical features related to subduction. 
 

Keywords: Andesite porphyry, Geochemistry, Tectonic Setting, Volcanic arc, Tak Province 

 

1. Introduction 

The study area is the part of the Chiang Khong–Lampang-Tak volcanic belt, which is 
extended from Chiang Khong District, Chiang Rai Province, to Tak Province via Lampang, 
Nan and Phrae Provinces. This volcanic belt is the part of four volcanic belts in Thailand, 
which are the pre-Cretaceous felsic to mafic volcanic/hypabyssal rocks. Geochemically, 
researchers classified volcanic rocks in the Chiang Khong-Lampang-Tak volcanic belt as 
continental calc-alkalic volcanic rocks along the western edge of Lampang Province (Barr et 
al., 2000) and the northern end of this belt (Chiang Rai and Phayao Province) (Barr et al., 
2006), and in Phrae Province (Osataporn, 2007). Panjasawatwong et al., (2003) classified 
these rocks as tholeiitic series in the Chiang Khong area. After that, Srichan et al. (2008; 
2009) reported that there were two groups of volcanic rocks, i.e., tholeiitic series and 
calc-alkalic series. The researchers believed that the volcanic rocks in this belt either erupted 
in a subduction-related environment or continental arc environment (e.g. Bunopas, 1981; 
Crawford and Panjasawatwong, 1996; Phajuy, 2001). Later on, Srichan et al. (2008; 2009) 
and Wipakul (2012) reported that this belt have been formed in post-orogenic origin. U-Pb 
Zircon dating was carried out on the Permo-Triassic arc-related volcanic rocks along the 
western edge of Mae Moh Basin (Barr et al., 2000) and the northern end of this belt (Barr et 
al., 2006) which had U-Pb Zircon ages of 240±1 Ma (Middle Triassic) and 232.9±0.4 Ma 
(Middle Triassic), respectively. On the other hand, Khositanont et al. (2007) determined U-Pb 
Zircon ages from the volcanic rocks in the Lampang and Phrae areas and mentioned that they 
erupted in a period of Early to Late Triassic (247±5 to 219±3 Ma), corresponding to Srichan 
(2008) who reported that the Chiang Khong-Lampang-Tak volcanic rocks occurred in the 
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Middle-Late Triassic (233±5 to 220±5 Ma). However, missing Late Carboniferous–Early 
Permian has been suggested by Hara et al. (2013) from the U-Pb age of zircon considerably 
derived from the arc. Qiang (2016) reported that volcanic rocks from the Chiang Khong area 
yields a zircon U–Pb age of 229±4 Ma, significantly younger than the continental-arc and 
syn-collisional volcanic rocks (238–241 Ma). After red bedded clastic sedimentary rocks 
deposited in Phayao Province, then mafic dikes are intruded along these rocks. Singtuen and 
Phajuy (2015) reported these mafic dikes are the part of the Chiang Khong-Lampang-Tak 
Volcanic Belt and erupted in continental within – plate environment. A number of volcanic 
rocks in southern part of the Chiang Khong – Lampang –Tak volcanic belt that is located in 
Tak Province, Northern Thailand and peripheral comprise mainly of rhyolite, andesite, and 
volcanic tuff. These volcanic rocks are traditionally mapped with various ages including 
Permo–Triassic, late Triassic, and early Jurassic. Geochemistry of these rocks is not 
completely reported. This study aims to clarify the geochemistry and tectonic setting of the 
eruption of andesitic rocks in Tambon Wang Prachop, Mueang Tak District, Tak Province. 
The study area is located approximately between latitudes 16o50’N and 17o00’N         
and longitudes 99o10’ E and 99o25’ E. 

2. Geological Setting 

The geology of the study area reported here is the result of the present field observation and 
the previous works. Based on data modified from previous field workers (Boripatkosol, et al., 
1987), the study area comprises various rocks (Fig. 1) as follow; (1) Silurian-Devonian 
metamorphic rocks, (2) Carboniferous sedimentary and metamorphic rocks, (3) Triassic 
sedimentary rocks, (4) Quaternary sediment deposits, which are terrace and fluvial deposits 
compose of gravel, sand, silt, and clay. In addition, the study area consist mainly of the 
igneous rocks that can be divided into 2 rock units; (1) Triassic igneous rocks are made up of 
biotite-muscovite-tourmaline granite and granodiorite, and (2) Cretaceous volcanic rocks are 
composed of fine to medium-grained and porphyritic rhyolite and syenite. 

3. Methodology 
Field work was conducted in the study area, and then petrographic studies of the least-altered 
samples were carried out by using transmitted light microscopy via thin section. 
A total of six carefully selected felsic extrusive rocks were prepared for whole-rock chemical 
analysis by powdering. These powdered samples were chemically analyzed for major oxides, 
trace elements, and loss on ignition (LOI). The Chemical analyzes of major oxides       
(SiO2, TiO2, Al2O3, Fe2O3, FeO, MnO, MgO, CaO, Na2O, K2O and P2O5) and trace elements     
(Ni, V, Rb, Y, Nb, Th, Cr, Sr, Ba, Sc, and Zr) were performed through the use of the 
Automated Philips PW 1480 X-Ray Fluorescence (XRF) Spectrometer with a Phillips 
MagixPro PW 2400 Wavelength Dispersive Sequential Xray Spectrometer located at the 
Department of Geological Sciences, Faculty of Science, Chiang Mai University, Chiang Mai, 
Thailand.  
Two least-altered samples were selected for low abundance trace elements (Hf, Th and Ta) 
and rare earth elements (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm and Yb) analyses 
using a Sodium Peroxide Fusion combined inductively coupled plasma atomic emission 
spectroscopy (ICP-AES) and inductively coupled plasma mass spectrometry (ICP-MS) 
methods at the Sgs-Cstc Standards Technical Services Co., Ltd. in China.  
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Explanation: 
Sedimentary and Metamorphic rocks 

 

Quaternary fluvial deposits                                                          
 

Quaternary terrace deposits 
 

Triassic sedimentary rocks: basal conglomerate, red, calcareous; shale, gray interbed with siltstone 
and sandstone. 
 

Carboniferous sedimentary and metamorphic rocks: conglomerate, sandstone, shale, slate, chert, and 
limestone  

Silurian-Devonian metamorphic rocks: phyllite, carbonaceous phyllite and quartzitic phyllite. 

Igneous rocks 

Cretaceous volcanic rocks: rhyolite and syenite 

Triassic granitic rocks 

Fig. 1. Geologic map of the Wang Prachop area and location of collected samples in the study area 
(topographic data from RTSD (1999); geologic data modified from Boripatkosol et al. (1987)). 
 
4. Petrography 
The samples were collected from both in situ float rocks and outcrop along highway number 
12 which runs from Tak to Sukhothai Provinces. The studied rocks are andesite porphyry 
including sample number WPC26/7, WPC26/10, WPC26/11, WPC26/12, WPC27/2, and 
WPC27/3. The outcrops of andesite porphyry are gray to dark green in color and some 
outcrops have pale green to pale gray in color. These rocks have porphyritic and very fine 
grained textures (Fig. 2). 
Andesitic rock samples have a dark green color and surface is cover by dark yellowish brown 
materials. They contain phenocrysts, which sit in very fine-grained groundmass. The rock 
does not react with cold diluted hydrochloric acid and is non magnetic. 

Trgr 

Qa 

SD 

C 

Krh 

Qt 

Trl 

Ban Wang Prachop Tak Province 

Sukhothai Province 
SYMBOLS 
 
Highway 
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Under the microscope, the phenocrysts/ microphenocrysts in the sample are made up of 
plagioclase, with a small amount of unidentified mafic minerals, clinopyroxene, and opaque  

 
Fig. 2. a) The in situ float rocks at grid reference 534396.8 E 1876070.2 N (the hammer 40 cm long). 
b) The outcrops at grid reference 534800.2 E 1873573.5 N (Mr. Chanakan. Boonnawa, 175 cm tall, is 
to scale). c) The outcrops at grid reference 533142.6 E 1869515.6 N (Dr. Burapha Phajuy, 182 cm tall, 
is to scale). 

minerals. The phenocrysts/microphenocrysts may have formed as glomerocrysts and 
cumulocrysts. The groundmass phase is made up mainly of plagioclase, with small amounts 
of unidentified mafic minerals, opaque minerals, and apatite. Tiny veins of epidote (up to 0.04 
mm across) are present in the sample. Felted plagioclase grains have two grain sizes, 
plagioclase phenocryst/ microphenocrysts are subhedral with sizes up to 2 mm across. 
Groundmass  plagioclase is anhedral with sizes of up to 0.1 mm across. Plagioclase is highly 
replaced by sericite and clay minerals. Inclusion of apatite is present some grains. 
Unidentified mafic minerals phenocrysts/microphenocrysts (Fig. 3) are subhedral to euhedral 
(sizes up to 1 mm across). Groundmass unidentified mafic minerals are anhedral with sizes up 
to 0.1 mm across. These unidentified mafic minerals are completely replaced by 
chlorite/serpentine.   
 
Inclusion of apatite is present some clinopyroxene crystals. Clinopyroxene is colorless and 
anhedral (averaged size 1 mm across) which is moderately altered to serpentine/chlorite. 
Fractures are commonly present in the clinopyroxene crystals infilled with serpentine/chlorite. 
Inclusion of apatite and opaque minerals are present in some clinopyroxene (Fig. 4). Opaque 
minerals phenocrysts/microphenocrysts are subhedral to anhedral (sizes up to 0.5 mm across). 
Groundmass opaque minerals are anhedral with sizes up to 0.1 mm across. Apatite is euhedral 
and has a short-primaic/prismatic shape (sizes up to 0.15 mm across).  

        
Fig. 3. Photomicrographs of andesite porphyry (sample number WPC26/7) showing unidentified 
mafic minerals (Maf) phenocrysts/microphenocrysts: (a) Ordinary light, (b) Crossed polars. 

 

a) b) c) 

a) b) 
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Fig. 4. Photomicrographs of andesite porphyry (sample number WPC26/7) showing inclusion of 
apatite (Apt) and opaque minerals (Opq) in clinopyroxene (CPX): (a) Ordinary light, (b) Crossed 
polars. 
 

5. Geochemistry and tectonic implications 
The analytical results for major oxides, trace elements, REE, Ta and Hf analysis of the studied 
andesite samples are reported in Table 1. 
Geochemically, the studied andesitic rocks are subalkaline magmatic and distribution in 
andesite field in Zr/TiO2 versus Nb/Y diagram (Winchester and Floyd, 1977) (Fig. 5a) that is 
consistent with TAS diagram (Na2O+K2O/ SiO2 diagram) (Le Bas et. al., 1986) (Fig. 5b).  
Chondrite-normalized values for La and Lu are in the range of 24.7- 28.7 and 0.44 - 0.51, 
respectively. The selected immobile incompatible elements were plotting in tectonic 
discrimination diagrams to determine the tectonic setting of eruption. The studied andesite 
have been erupted in volcanic arc setting indicated by tectonic discrimination diagrams 
including 2Nb-Zr/4-Y in Fig. 6a (Meschede, 1986) and Ti versus Zr (Fig. 6b) plots for the 
studied andesite (Pearce, 1982). Their REE patterns (Fig 7a) are typical of transition tholeiitic 
rocks, i.e. LREE and HREE relatively flat, with (La/Sm)cn and (Sm/Yb)cn ranging from 3.58 to 
3.57 and 1.90 to 1.97, respectively. The N-MORB normalized multi-element patterns (Fig. 7b), 
the rocks generally show a slightly negative niobium anomalies. It indicates that they have been 
crystallized from N-MORB that contain crustal signature. These andesitic rocks are closely 
similar in chemical composition to Quaternary Aphyric high-K andesite from the Andes, 
Ollagüe volcano region, which have been formed as an active continental margin in the central 
Andes (Mattioli et al., 2006) (Fig. 7). 
 

6. Conclusions 
The andesite porphyry in Tak Province, Thailand are subalkaline magmatic which is 
calc-alkalic series affinities and distribution in andesite rock type corresponding to low Nb/Y 
compared to Zr/TiO2.  These rocks are chemically interpreted to have been erupted in 
volcanic arc tectonic setting based on selected least-mobile element plotting in tectonic 
discrimination diagrams and geochemistry analogue with Quaternary Aphyric high-K 
andesite in Ollagüe volcano, Chile, that is the part of Andes mountain range, sharing similar 
geochemical features related to subduction and highlights preferred conditions for the 
formation of magmatic in overall volcanic arc settings. 

 
 

a) b) 
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Table 1. Whole-rock analyses for major oxides on volatile-free basis, trace elements, loss on ignition, 
rare earth elements and some selected ratios of the studied least-altered andesite. 

Sample WPC26/7 WPC26/10 WPC26/11 WPC26/12 WPC27/2 WPC27/3 

Major oxides (wt%)   

SiO2 60.30 57.28 57.47 60.17 60.40 61.39 

TiO2 0.69 0.85 0.86 0.75 0.73 0.76 

Al2O3 16.16 16.24 16.43 16.29 16.29 16.37 

Fe2O3tt 6.27 7.04 7.21 6.52 6.34 5.98 

MnO 0.11 0.12 0.13 0.11 0.12 0.14 

MgO 3.06 3.94 3.97 2.74 3.01 2.91 

CaO 5.99 5.95 5.44 5.37 3.73 2.84 

Na2O 2.36 2.22 2.69 2.57 2.58 5.50 

K2O 2.26 2.67 2.21 2.36 3.82 0.64 

P2O5 0.14 0.20 0.20 0.17 0.16 0.17 

LOI 2.19 3.50 3.26 2.56 2.74 3.40 

Original Sum 99.53 100.03 99.86 99.60 99.92 100.09 

    

   

Trace elements (ppm)   

Ni 18.53 40.15 39.42 17.93 11.47 7.14 

V 101.06 126.38 126.37 112.90 108.44 116.84 

Rb 76.62 100.94 87.41 87.43 133.79 32.93 

Y 48.00 46.38 44.57 46.25 59.73 43.91 

Nb 5.91 6.76 5.73 5.73 4.87 4.54 

Hf    4  8 

Th 8.25 7.33 6.75 8.04 7.56 9.38 

Ta    1.4  1.5 

Cr 80.78 121.31 118.88 54.77 59.91 48.63 

Sr 337.70 395.40 356.38 318.69 331.52 335.50 

Ba 782.09 834.70 789.58 781.50 1112.28 694.35 

Sc 18.28 20.16 15.28 17.74 14.31 10.30 

Zr 172.92 169.32 170.36 172.34 189.07 210.26 

Rare Earth elements (ppm)   

La 

   

24.70  28.70 

Ce 

   

46.60  50.20 

Pr 

   

6.08  6.92 

Nd 

   

23.90  28.30 

Sm 

   

4.20  4.90 

Eu 

   

1.31  1.29 

Gd 

   

4.60  5.34 
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Sample WPC26/7 WPC26/10 WPC26/11 WPC26/12 WPC27/2 WPC27/3 

Tb 

   

0.80  0.91 

Dy 

   

4.36  4.97 

Ho 

   

0.99  1.09 

Er 

   

2.27  2.75 

Tm 

   

0.40  0.50 

Yb 

   

2.40  2.70 

Lu 

   

0.44  0.51 

Selected element ratios   

Ti/Zr 23.86 30.21 30.41 26.03 23.06 21.59 

Zr/Nb 29.26 25.05 29.73 30.08 38.82 46.31 

Zr/Y 3.60 3.65 3.82 3.73 3.17 4.79 

Nb/Y 0.12 0.15 0.13 0.12 0.08 0.10 

[La/Sm]cn 

   

3.58  3.57 

[Sm/Yb]cn 

   

1.90  1.97 

 
 
cn=chondrite-normalized values 
 
 
 

  
 

Fig. 5. a) Rock classification diagram modified from Zr/TiO2*0.0001 vs. Nb/Y (Winchester and 
Floyd, 1977), and b) Rock classification diagram modified from Na2O+K2O/SiO2 (Le Bas et al, 1986). 

b) a) 
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Fig. 6. a) Tectonic discrimination and occurrence of mafic igneous rocks diagram modified from 
Zr-Nb-Y (Meschede, 1986) AI= Within-plate alkalic basalt, AII= Within-plate alkalic basalt and 
Within-plate tholeiites, B= E-type MORB, C= Within-plate tholeiites and volcanic arc basalt, D= 
N-type MORB and volcanic arc basalt. b) Ti-Zr discrimination diagram for the studied, least-altered 
mafic igneous rocks (Pearce, 1982). 

 

    

 
Fig. 7. Chondrite-normalized REE patterns (a) and N-MORB normalized multi-element patterns (b) 
for the studied rocks and their modern analogue; Quaternary Aphyric high-K andesite (red symbol) 
from the Andes, Ollagüe volcano region (Mattioli et al., 2006). Chondrite-normalized values are those 
of Taylor and Gorton (1 9 7 7 )  and N-MORB normalized values are those of Sun and McDonough 
(1989). 
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Abstract 
 
The Eastern Asia Earthquake and Volcanic Hazards Information Map, published in 2016, is a 
collaborative product of the G-EVER Promotion Team established in the Geological Survey of Japan, 
AIST and several geological institutes in SE Asia. The Map contains a lot of information about 
geohazards in the area as well as its geology and tectonics: the distribution of active faults, earthquake 
hypocenters and source areas; Holocene volcanoes, calderas, large-scale ignimbrites and ash falls; also 
the fatalities in major volcanic events, major earthquakes and in tsunami hazards. The fatalities in 
earthquakes and volcanic eruptions are classified by the main cause of the death and graphically 
illustrated so as to facilitate visual understanding of the magnitude of the damage from these disasters.  
 
The G-EVER volcanic hazard assessment support system is developed based on eruption history, 
volcanic eruption database and numerical simulations. The system can predict the area that may be 
affected by volcanic eruptions using numerical simulations. The system can also estimate volcanic 
hazard risks by overlaying the distributions of volcanic deposits on major roads, houses and evacuation 
areas using GIS enabled systems.  
 
Keywords: Asia, hazard, earthquake, volcano, assessment, G-EVER 
 
 
1. Introduction 
The Eastern Asia region is an area with a high risk of catastrophic natural disasters such as 
earthquakes, tsunami, and volcanic eruptions. In today’s highly globalized economy, when a 
major disaster occurs, it can create unpredictable turmoil not just in the affected area but also 
the rest of the world. Countermeasures against these disasters are crucial for the sustainable 
economic development of the region. We think that continuous efforts to develop an effective 
international framework to reduce the risk of earthquakes, tsunami, and volcanic hazards are 
very important. The Sumatra-Andaman earthquake on December 26, 2004 and Tohoku 
earthquake on March 11, 2011 clearly show the urgency of developing an information and 
knowledge system for infrequent natural hazards. The volcanic ash ejected from 
Eyjafjallajökull eruptions in Iceland on April 2000 caused more than 20,000 commercial flight 
cancellations a day in Europe, resulting in the largest air-traffic shut-down since World War II. 
 
The G-EVER Consortium promotes earthquake and volcanic hazards reduction activities 
through the collaboration of different research institutes worldwide. The “Eastern Asia 
Earthquake and Volcanic Hazards Information Map” (Fig. 1) is the first published map created 
by the G-EVER Consortium. We believe that this hazards information map will provide useful 
information for earthquake, tsunami, and volcanic disaster mitigation efforts. The G-EVER 
volcanic hazard assessment support system has been developed since 2011. The system can 
evaluate volcanic hazards at any volcano in the world online using several simulations.  
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2. Eastern Asia Earthquake and Volcanic Hazards Information Map 
 
The Eastern Asia Earthquake and Volcanic Hazards Information Map (Takarada et al. 2016; 
Figs. 1, 2) shows geology and tectonics, active faults, earthquakes hypocenters and source areas, 
fatalities caused by major earthquakes, tsunami hazards, distribution of volcanoes, calderas, 
pyroclastic falls and ignimbrites (large-scale pyroclastic flows), and fatalities caused by major 
volcanic events. 
 

 
  Fig. 1. Eastern Asia Earthquake and Volcanic Hazards Information Map. 

 
The occurrences of earthquakes and volcanic hazards are closely related with the geological 
settings. The geological map is recompiled on the basis of the Geological Map of Asia 
1:5,000,000 and Digital Geologic Map of East and Southeast Asia 1:2,000,000 2nd edition. The 
hypocenter parameters of historical earthquakes (1000-1899) were adapted from the catalog of 
the Global Historical Earthquake Archive (1000-1903). The ISC-GEM catalog is used for the 
earthquakes from 1900 to 2011. Earthquake source regions are shown for major earthquakes. 
The Earthquake Fatalities Map is compiled to facilitate visual understanding of earthquake 
disasters in terms of their number of fatalities and the main causes of deaths. Major disastrous 
earthquakes in terms of number of fatalities are selected in each country or region: all the recent 
(after 1850) events with fatalities more than 1,000 are included. Tsunami hazard distribution is 
compiled to facilitate visual understanding of the occurrence, extent and severity of tsunamis.  
 
The distribution of Holocene volcanoes is shown on this hazard information map. The 
distributions of calderas and large-scale ignimbrites (VEI6-8) are also shown on the hazard 
information map. The fatalities of major volcanic events are compiled to facilitate visual 
understanding of volcanic disasters in East Asia. The number of fatalities and the main causes 
of deaths due to volcanic events are displayed. Five to thirty of the worst volcanic events were 
chosen from each country. The number of fatalities is categorized according to seven causes: 
pyroclastic flow, debris avalanche, tephra fall and ballistics, lahar, tsunami, volcanic gas and 
other related causes. The map image and explanatory text can be downloaded from the G-EVER 
Website (g-ever.org). The contents will be uploaded on the G-EVER Asia-Pacific Region 
Earthquake and Volcanic Hazard Information System (Fig. 3). 
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 Fig. 2. Eastern Asia Earthquake and Volcanic Hazards Information Map (Japan region).  

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Fig. 3. Asia-Pacific Region Earthquake and Volcanic Hazards Information System  
(http://ccop-geoinfo.org/G-EVER/). 
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3. G-EVER Volcanic Hazards Assessment Support System 
The G-EVER volcanic hazards assessment support system (Fig. 4) is developed based on 
eruption history, volcanic eruption database and numerical simulations (Takarada et al., 2014). 
The volcanic eruption database is developed based on past eruption results, which only 
represent a subset of possible future scenarios. Therefore, numerical simulations with 
controlled parameters are needed for more precise volcanic eruption predictions. Using the 
volcano hazard assessment system, the time and area that would be affected by volcanic 
eruptions at any location near the volcano can be predicted using numerical simulations. The 
system could estimate volcanic hazard risks by overlaying the distributions of volcanic deposits 
on major roads, houses and evacuation areas using WebGIS. The G-EVER volcanic hazard 
assessment support system is implemented with user-friendly interface, making the risk 
assessment system easy to use and accessible online. The volcanic hazard assessment support 
system using Energy Cone (Fig. 5; Marlin and Sheridan, 1982) and Titan2D (Fig. 6; Pitman et 
al., 2003; Sheridan et al., 2004) simulations is available online. The system can assess any 
volcano in the world using ASTER Global DEM (10m resolution DEM is used in Japan). Links 
to major volcanic databases, such as Smithsonian, VOGRIPA, ASTER Satellite images, and 
Volcanoes of Japan are available on each volcano information popup on the map. The updated 
Titan2D simulation system could be run using DEM data uploaded by the user and download 
more detailed simulation results. Tephra fall hazard simulation using Tephra2 (Fig. 7; 
Bonadonna et al., 2014) was recently implemented on the system. Therefore, ash fall 
assessment of potential risk for any volcano in the world is possible. 
 

 
Fig. 4. G-EVER volcanic hazard assessment support system. Any volcano can be searched from the 
Quaternary volcano list in the world (http://volcano.g-ever1.org). 
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Fig. 5. An energy-cone simulation result at Fuji Volcano, Japan, using G-EVER volcanic hazard 
assessment support system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. A Titan2D simulation result at Ontake, Japan, using G-EVER volcanic hazard assessment support 
system. The result can be visualized using a free 3D software (eg. Paraview). 
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Fig. 7. A Tephra2 simulation result at Fuji Volcano, Japan, using G-EVER volcanic hazard assessment 
support system. The result can be visualized using a GIS software (eg. QGIS). 

 
4. Conclusions 
The Eastern Asia Earthquake and Volcanic Hazards Information Map, published in 2016, shows 
geology and tectonics, active faults, earthquakes hypocenters and source areas, fatalities of 
major earthquakes, tsunami hazards, distribution of volcanoes, calderas, pyroclastic falls and 
ignimbrites, and fatalities from major volcanic events. The map can be downloaded at the G-
EVER website.  
 
The G-EVER volcanic hazards assessment support system is developed based on eruption 
history, volcanic eruption database and numerical simulations. This WebGIS online system can 
assess any volcano in the world using Energy Cone, Titan2D and Tephra2 simulations. 
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Abstract 
Disaster risk in Malaysia has increased in the last four decades and is anticipated to rise in the near 
future. This is mainly related to the expansion of development especially into the hilly areas, due to 
the growing population, rapid urbanization, deforestation and infrastructure development. Slope 
related disasters may not only be limited to loss of life but also huge economic losses due to property 
damage and other consequence effects. In response, the Malaysian Government has initiated a step 
forward action for disaster risk reduction by changing the old policy of post disaster management into 
pre-disaster management policy. Slope hazard and risk mapping project is implemented by the 
Malaysian Government through the Minerals and Geoscience Department (JMG), utilizing modern 
and advance geospatial technology techniques to assess the disaster risk especially for slope related 
hazards. This paper highlights the methodology framework and operational needs towards a better and 
comprehensive disaster risk management. It combined ground survey and multi-sensor Lidar (light 
detection and ranging) technology for mapping, characterizing, analyzing slope related hazard. The 
output of the project will include technical report and derivative maps such as susceptibility map, 
hazard map, vulnerability map and risk map, and guidelines on landslide management and slope 
mitigation measures. These documents can be used by relevant government agencies for land-use 
planning and evaluation of development proposal projects. Furthermore, it may provide conceptual 
recommendations and cost estimation for mitigation and remedial measures of critical slopes. The 
ultimate outcome of the project are disaster risk reduction, preparedness and resilient by the Malaysian 
Government in disaster risk management.  

Keywords: Disaster risk, slope hazard and risk mapping, risk reduction, Lidar 
 

1. Introduction 
Slope instability occurs in many parts of urban and rural area of Malaysia and often affected 
housing, road and other infrastructure. Slope related disasters may not only be limited to loss 
of life but also huge economic losses due to property damage and other consequence effects. 
As the importance of addressing slope hazard and associated risk in tropical area become 
more crucial, Malaysia has taken a significant move and step forward to look for the best 
methodological framework and operational need to manage the risk. The project on the Slope 
and Hazard Risk Mapping or also known as the Projek Penghasilan Peta Bahaya dan Risiko 
Cerun (PBRC) is the national initiative by the government to assess and evaluate critical slope 
and the associated geological processes using modern mapping technology, coupled with 
expert knowledge. This project requires technical and professional expertise from several 
fields such as engineering geology, geotechnical engineering, land survey, light detection and 
ranging (Lidar) technology and geospatial expertise. In order to achieve the Disaster Risk 
Reduction (DRR) aim, the objectives of the PBRC projects are as follows: 
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i. To produce slope hazard and risk information of selected areas for better slope 
management by the local authorities. 

ii. To provide conceptual proposal and cost estimation for mitigating and strengthening 
of high risk slopes. 

iii. To assist government agencies and local authorities towards sustainable land-use 
planning and land management. 

iv. To develop national geospatial infrastructure for geological terrain and slope 
information. 
 

The project areas had been selected based on landslide-prone areas (Fig. 1) adopted from 
National Slope Master Plan (2009-2023). A National Slope Master Plan is a national policy, 
strategy and action plan for reducing risk from landslides on slopes nationwide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Methodology 
Assessment of hazard and associated slope risks in tropical environment requires appropriate 
methodological framework and operational flow for a better and comprehensive disaster risk 
management. The selection of methodological framework and operational elements are based 
on the local conditions and should fulfil the project’s objective needs. The techniques and 
methods used in this project are as listed below: 
 

    Fig. 1. Slope Hazard and Risk Mapping Project Area 

Landslide prone areas  
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i) Data acquisitions using advanced and modern geospatial technique, specifically 
topographic laser using scanning Lidar system. Lidar is used in the landslide 
investigation, so to create accurate and precise high resolution digital elevation 
models (HRDEM) in raster grids or triangulated irregular networks (TINs), which 
are 2.5D representations of the topography, or in true 3D point clouds with a high 
density of information (Jaboyedoff et al., 2010). This is a relatively new technique 
in Malaysia and significant to this project. The technique is capable of providing 
crucial data to solving of old geological problem (tropical landslide 
geomorphology), and its hazard and risk mapping is an effective preventive 
measure. Two techniques of Lidar acquisitions are being employed: Airbone Laser 
Scanning Technique (ALS) and Terrestrial Laser Scanning Technique (TLS). 

 
ii) Field Data Collection: This is carried out to verify data provided by TLS and ALS 

and to collect additional data and information collected on site on different 
proformas. There are four (4) types of proforma: 
 

 Primary Slope Proforma: Covering information on geomorphological 
condition of the slope and risk and consequences factor. 
 

 Incident Proforma: Encapsulate details of landslide morphology and its 
activity as well as damages caused by landslide. 

 
 Geology Proforma: Covers the evidence of geodynamic features, type of 

discontinuities and potential failures on site. 
 

 Structural Support Proforma: Summarise building and foundation types; 
retaining structures and evidence of distress on them; and slope 
information. 

 
iii) Database Development & Preparation: Landslide Inventory Maps, Lidar-derived 

geomorphological factor Maps, Lidar-derived geological factor Maps, Lidar-derived 
hydro-topographic factor Maps, Lidar-derived anthropogenic factor Maps. 

 
iv) Landslide Susceptibility Assessment: Landslide susceptibility map was developed 

based on the analysis of spatial landslide distribution with several 
geo-environmental parameters. The fundamental concept of bivariate statistical 
analysis is to determine the relationship between landslide distribution and 
landslide controlling factors (Guzetti et al, 1999). This method is also known as 
landslide index method (Wi), in which the weighted value for a parameter class is 
defined as the natural logarithm of the landslide density in the class, divided by the 
landslide density in the entire map (Van Westen, 1997). Wi method is based on the 
following formula: 

 
 

 
where Wi denotes the weight given to a certain parameter class;  
denotes the landslide density within the parameter class;  denotes the 
landslide density within the entire map. The natural logarithm is used to determine 
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the influence of a certain parameter class in landslide development within the entire 
map. Negative values of  indicate that the presence of that particular parameter 
class has less effect to the landslide development, whereas positive values indicate 
a relevant relationship between the presence of such parameter class with landslide 
development (Yin and Yan, 1988; Zezere, 2002). 

 
v) Hazard & Risk Assessment are derived from equations as listed below: 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

vi) Geotechnical Risk Assessment: Assessment of critical slope especially man-made 
slope, by utilizing/modification of existing slope hazard and risk ranking system 
and subsequently propose mitigation measures and estimate cost of construction. 

 
In principle, there are ten (10) operational needs to manage the methodology. The conceptual 
framework of slope hazard and risk mapping is summarised in Fig. 2. 
 
3. Output and Application 
3.1 Derivative map and technical report 
The output and application obtained from the project are summarized in Table 1. The 
document and information can be used by relevant government agencies or decision maker 
for land-use planning and evaluation of project development proposal. In addition, the output 
and application also provide conceptual recommendations and cost estimation for critical 
slopes mitigation and remediation. All these output is useful for the conceptual designing of a 
comprehensive risk management framework. 
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Fig. 2. Conceptual Framework: Slope Hazard and Risk Mapping 
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3.2 National Geospatial Terrain and Slope Information System (NaTSIS) 
 

In parallel to the fourth objective of the project (development of geospatial infrastructure for 
national geological terrain and slope information), the development of National Geospatial 
Terrain and Slope Information System (NaTSIS) have been initiated and expected to be 
completed by end of 2016. The system overview is shown in Fig. 3. Generally, the system 
acts as a geospatial databank, which can be shared among respective government agencies for 
spatial information on landslides, terrain and slopes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Overview of National Geospatial Terrain and Slope Information System (NaTSIS) 
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Table 1. Summary of the output and application of the slope hazard and risk mapping project. 

 
 

DERIVATIVE MAPS 
 Derivative maps Information gained Relatives importance to risk 

management 
1 Landslide 

Inventory Map 
Landslide characteristics (type, 
material, activity, magnitude), date of 
occurrence, triggering factor and 
distribution 

Identification landslide 
mitigation option based on 
landslide characteristics, 
Primary data to produce 
subsequence Maps 
(Susceptibility, Hazard, 
Vulnerability and Risk Maps) 

2 Susceptibility Map Hierarchy of landslide susceptibility 
areas, landslide causal factors 

Identification of area 
susceptible to landslide and 
most probable causal factors, 
parameters for early warning 
system 

3 Hazard Map Hierarchy of landslide hazard area, 
extension, return period 

Identification of probable 
extent of landslide hazard 
area, repetition of extreme 
landslide incident, parameters 
for early warning system 

4 Vulnerability Map Vulnerability of element at risk 
(infrastructures, building, road) and 
human) 

Identification of types of 
construction materials/design 
less vulnerable to hazard, 
relocate most vulnerable 
peoples to non-landslide area 

5 Risk Map Probable negative impact (loss of 
life/casualties/economic loss) on 
element at risk due to landslide incident 

Identification of suitable 
(selective) development, 
Insurance coverage, Cost & 
Benefit analysis   

TECHNICAL REPORTS 
 Reports Information gained Relatives importance to risk 

management 
1 Landslide Risk 

Management 
Risk and hazard condition, inventory of 
slopes and element at risk 

Prioritization of repair, 
strengthening works, 
expenditure and avoidance of 
disaster 

2. Geotechnical Risk 
Assessment 

Method of geotechnical analysis and 
assessment 

As tool for risk and hazard 
ranking 

3. Guide line for 
Mitigation  

Procedures of risk and hazard reduction 
and mitigation 

Effectiveness of mitigation 
measures 

4. Geotechnical Risk 
Analysis and 
Mitigation 
Measures Proposal 

Potential failure modes and probable 
methods of repair and strengthening 
works 

Prioritization of repair and 
strengthening and expenditure 
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Geotechnical Risk Analysis 

and Mitigation Measures 

Proposal 

Landslide 

susceptibility Map 

Element at Risk Map 

Landslide Inventory 

Fig. 4. Slope Hazard and Risk Mapping Output 
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4. Conclusions 
 
The project fulfilled the implementation of disaster risk management in Malaysia by:  

i. Providing an efficient and effective slope management system through slope 
mitigation measures, viz. taking into account prioritization of repair, strengthening 
works, expenditure and avoidance of disaster. 
 

ii. Expediting delivery of advisory services on geohazard risk, development proposal 
and land use zonings evaluations for stake-holders. Assist local authority planning 
committee to make decisions and approval within dateline. 
 

iii. Alleviating awareness and preparedness of the local authorities and its community, to 
minimize loss of life and damage of properties. 

 
iv. Geospatial data acquisition, storage, access and sharing among agencies. Act as 

reference center for geological terrain data and slope information. 
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Abstract 

The mapping of urban flood potential has become increasingly topical during the 21st century due to 
heavy flooding events that have caused threat to human lives as well as very expensive damages to 
infrastructure and buildings. The increase of the heavy intensity rainfalls, new housing development 
with intensified soil sealing and old drainage systems have been identified as the main factors 
influencing the increase in storm water flooding within urban areas. 

The Geological Survey of Finland (GTK) has created a simplified GIS-aided method for identifying 
areas prone to urban floods. These problem areas were identified by using data from overall soil 
infiltration capacity, surface topography and soil sealing. The areas prone to urban floods were 
identified by analysing and overlaying multiple factors contributing to flooding with the ArcGIS 
software. Resulting maps were verified by comparing modelled flood prone areas with recorded flood 
occurrences in the city area.  

Urban flood risk maps are based on an overlay of flood potential maps (hazards) and land use plans 
(vulnerability). The resulting urban flood risk map enables estimating the most suitable areas for 
building and development, and areas that are in need of storm water control. Such risk maps also offer 
support in securing the infrastructure and daily functions of a city in estimating accessibility for rescue 
services. 

Analysis of the risk maps revealed that many areas with a high flood potential were designed to be 
built up. The inadequate land use planning practices comprised also excessive soil sealing in areas 
where natural conditions would not otherwise enhance flooding events. For better management of 
urban floods, nature-based “green” and “blue” solutions should be favoured since they can offer 
several benefits in preventing and mitigating urban floods by utilizing the natural characteristics of a 
site. These solutions have high social acceptance and can be used as non-regret and multi-functional 
structures. In addition to mitigate flooding potential, nature-based solutions may improve air quality, 
support local biodiversity, reduce heat island effects and offer well-being and recreation to local 
inhabitants. As practice has shown, urban geological applications can strongly and cost-effectively 
support the development of safer, more sustainable and healthier living environments.  
 
Keywords: Land use planning, urban floods, GIS, risk assessment 
 

1. Introduction 

Urban flood or storm flood modeling has become very topical during the 21st century due to 
heavy flooding events that have caused threat to human lives as well as very expensive 
damages to infrastructure and buildings. This trend is shown in several continents. In 
Scandinavia, there have been very damaging urban floods within the years 2007, 2011 and 
2014, when cities in Denmark, Sweden and Finland suffered expensive infrastructure 
damages due to urban flooding (Aaltonen et al. 2008; the City of Copenhagen 2012; the City 
of Malmö 2012). In Asia, the urban floods are even more pronounced as the precipitation 
amounts are higher as well. In Bangkok, Thailand an urban flood shut down an airport and 
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caused damages to properties and infrastructure in 2011 – 2012 (e.g. Schmidt-Thomé 2012). 
In Central Vietnam, the floods have caused loss of lives and damaged houses and properties 
several times in 2015 and 2016 (Floodlist 2016).  

Increased storm water flooding events in urban areas have several contributing factors. One is 
the increase of heavy rainfalls. It is predicted that rainfall events will intensify during this 
century (Meehl et al. 2007; Jylhä et al. 2009; Lehtonen 2011; IPCC 2013). Another 
contributing factor is increased soil sealing while more paved yards and asphalted roads are 
constructed to support growing population and urban housing areas. In many countries, living 
by a watercourse or waterbody is favoured as opposed to living inland. One contributing 
factor is the type of surface sediments where urban areas are built on. Areas close to a 
watercourse are often formed of fine-grained, clayey sediments, as they are old sea bottom or 
floodplain areas. Thus, the ground urban areas are built on is often topographically flat and 
fine-grained surface sediments are not capable of infiltrating high amounts of water. Another 
contributing factor is the old storm water drainage systems that were not built to sustain 
current precipitation amounts. Many a large city was built centuries ago, when the need for 
rainwater sewerage was lower. They often have combined sewer systems and the sewerage 
capacity of these old cities is not adequate to sustain the current precipitation amounts. 
Overflows of combined sewer systems are possibly contributing even to more harmful 
incidents. 

Several methods and tools for urban flood modelling are developed. There exist 2D and 3D 
models that can predict the depth, location and duration of flooding. However, models that 
can predict where the conditions favouring flood potential exist are rare. Such models could, 
however, support land use planning and decision making for urban development. This article 
describes methodology that can be used to predict urban flood potential and to assess suitable 
areas for urban development on local and regional scales, and even to assess the suitable flood 
management options depending on the site-specific characteristics of an area. 

2. Materials and methods 

2.1 Study areas 

The presented methodology for identification of areas with storm water flooding potential 
was developed in two EU-funded projects, GeoInforM and CliPLivE. The GeoInforM 
(Integrating Geological Information in City Management to Prevent Environmental Risks) 
project analysed geologically demanding building conditions in the city of Saint Petersburg, 
Russia (Philippov & Spiridonov 2009). The city of Saint Petersburg is located at the head of 
the Gulf of Finland (the Baltic Sea) on the mouth of river Neva and is largely founded on a 
marshland. Thick Quaternary sediments with low bearing capacity are overlaying the bedrock 
creating challenging construction conditions. Due to its geographical location and geological 
characteristic, the city is prone to storm surges, river flooding, and storm water flooding as 
well as to groundwater flooding while the water level of the uppermost aquifer is close to the 
ground surface. In order to evaluate these challenging geological and geographical conditions 
and to conduct preliminary risk assessment, the existing geological information was 
compared with the city master plan. This simple analysis, where land use was considered 
indicating vulnerability, enabled the city to identify the areas that are the most endangered and 
in need of further risk management procedures. 
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The CliPLivE (Climate Proof Living Environment) project used similar methodology to 
identify areas at risk for flooding (Jarva et al. 2014; Nuottimäki & Jarva 2016). The project 
also took climate change into account within its analyses. The project studied the flooding 
potential of the city of Saint Petersburg but also on the southern coast of Finland at the 
regional scale. Storm surges, river flooding as well as storm water flooding potential were 
investigated and their occurrence in different climate change scenarios were analysed. The 
methodology for studying storm water flooding potential was further developed in the city of 
Vantaa that represents the typical geological environment of the southern coast of Finland. 

2.2 Datasets 

In order to identify and further analyse urban flooding potential, the relevant data was 
gathered from the Geological Survey of Finland (geological maps), the National Land Survey 
of Finland (surface topography) and the European Environment Agency (soil sealing). Soil 
sealing data depicted the situation in the year 2009. The regional land use plan of the year 
2011 produced by the Regional Council of Uusimaa was used to identify land use. Recorded 
urban flood incidents in the city of Vantaa were provided by the city of Vantaa.  

2.3 Methodology development using ArcGIS 

In the GeoInforM project, geological characteristics of the city of Saint Petersburg were 
compared with the current and future city master plans to identify the areas at risk, and to 
analyse whether planned changes in urban land use were increasing or decreasing the 
potential risk to urban area. This was conducted by analysing and overlaying datasets by 
using the ArcGIS software. The developed GIS-aided methodology is described in full by 
Jarva & Klein (2009) and Klein et al. (2013). 

Based on the similar GIS-aided methodology, the CliPLivE project reclassified and combined 
three datasets (surface sediments, surface topography, soil sealing) in order to indicate the 
urban flood potential (Nuottimäki & Jarva 2016). To further analyse the potential risk, the 
generated urban flood potential map was compared with the land use plan. This was to 
identify whether critical land use such as hospitals or main roads are present in areas prone to 
urban flooding. 

In general, the combining of natural hazards, geological characteristics or flooding potential 
with land use provides a preliminary assessment on the daily functionality of the local society 
in a quick manner. Risk evaluation or risk assessment for different hazard and land use 
combinations can be conducted for example by using expert panel (GeoInforM) or a Delphi 
methodology (CliPLivE) (Linstone & Turoff 2002). The core of the presented methodology 
for a preliminary risk mapping is a matrix that assigns a certain level of risk depending on the 
combination of land use stipulated in the master plan and geological characteristics (Klein et 
al. 2013). Fig. 1 shows an example of flood potential risk map. 
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Fig. 1. The city centers have often 100 % soil sealing. The risk map indicates a very high storm water 
flood risk potential for the city centre with densely built area due to soil sealing (red and orange color). 

Base map © National Land Survey of Finland. Source: Jarva et al. (2014). 

There are several other ways to identify the vulnerable area for the risk analysis than 
comparing hazard potential to land use plans. In Finland, the flood risk maps show different 
types of vulnerabilities with symbols on the flood hazard map (Fig. 2). This approach follows 
the EU Floods Directive (2007/60/EC) principles. Vulnerability can also be predicted visually 
from aerial photos. Often, separate vulnerability analyses are done for different dimensions 
such as economic, social and ecological vulnerability (Kumpulainen 2006). 

 

Fig. 2. An example of a flood risk map from Finland. Vulnerable sites are presented as squares (the 
number of residents in the area) and points (vulnerable infrastructure or natural values). Source: The 
official flood information site of Finland (Tulvakarttapalvelu) maintained by the Finnish Environment 
Institute. http://paikkatieto.ymparisto.fi/tulvakartat/SL/Viewer.html?Viewer=Tulvakarttapalvelu 
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Storm water flood potential was assessed by combining information about soil type, soil 
sealing and ground surface slope to create an estimate of soil infiltration capacity. High 
infiltration capacity leads to a lower likelihood of storm water flooding, and low infiltration 
capacity to higher potential for flooding. Methodological scheme for urban flood prone area 
assessment is presented in Fig. 3. The resulting soil infiltration capacity dataset was classified 
to seven classes in order to show the storm water flood potential. 

 

 

Fig. 3. GIS-aided methodology to assess urban flood prone areas. Each contributing factor 
was given numerical value to identify the most likely areas to suffer from storm water 

flooding based on the infiltration capacity of surface soil. 

 

The map of urban areas prone to flooding was compared with the data gathered by the city of 
Vantaa during several years starting from 2004. The resulting map of the urban flooding 
potential was verified by comparing the described flood classes to recorded flood locations. If 
the recorded flood was parallel with the three highest flood class areas, it was considered as a 
match. The quality control revealed good results and used methodology was considered 
applicable to the preliminary urban flood potential mapping. The method and quality control 
are described in more detail by Nuottimäki & Jarva (2015). 

 
3. Results 
The areas prone to urban flooding in the city of Vantaa were assessed based on the GIS-aided 
methodology and verified using the recorded flood locations as a reference. Although there 
exist many other factors affecting the urban flood potential, the combination of soil type, 
amount of soil sealing and slope steepness was found applicable for preliminary analysis. 
There was approximately 75 % match between the modeled urban flood potential areas and 
the recorded flood locations. Factors that are affecting urban flooding potential but were not 
taken into account in this study are for example the amount and type of vegetation, location 
and size of sewerage and the size of watershed (e.g. CLASS project 2015).  
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In the city of Vantaa, more detailed analysis of the used factors in the urban flood potential 
analysis revealed that almost 70 % of the urban floods have occurred in relatively flat areas 
with slope steepness less than 3 %. Approximately 85 % of the floods have occurred in areas, 
where soil surface sealing reaches 50 % or more. Approximately 54 % of the floods have 
occurred in areas covered with fine-grained sediments, mainly clay. 25 % of the floods have 
occurred in areas where the soil type could not be mapped due to urban infrastructure. The 
results of the analysis are presented in Fig. 4. The figure shows that the occurrence of urban 
floods is concentrated in areas with the ground surface slope less than 3 %, soil sealing 
coverage over 50 % and in areas covered with clay or other fine-grained sediments.  
 

 
 

Fig. 4. Results of urban flood area verification for each contributing factor used in the urban flood 
potential analysis. Source: Nuottimäki & Jarva (2015). 

 

4. Discussion 
The results of the analysis show that it is possible to identify areas prone to urban floods with 
simple GIS-aided methods. The accuracy of the data determines which level of planning it 
can be utilized. Land use plans can be used to present regional or local vulnerabilities. The 
three factors used to assess the possibility for urban flood occurrence (soil sealing, soil type, 
and slope) can be used reliably as a first estimate for locating areas prone to urban floods. 
Since the major factors affecting the formation of urban floods are known, we can use this 
knowledge for better urban planning. We can have an effect on some of these factors, but 
geology does not change. The quality and quantity of soil sealing must suit the needs of the 
developing city. There exist already several permeable but durable sealing material options 
and different solutions for designing an area so that infiltration of rain water is enabled. 
Surface slopes can be designed in a way that they prevent flood formation, and streets can be 
used as an additional sewerage network when planned in advance. In addition to local level 
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planning, the knowledge on flood potential can also be used in the regional planning and 
preliminary assessment of flood controlling options in developing urban areas. In Fig. 5, a 
developing area near Helsinki, Finland is presented. In the figure, green areas (example 1) are 
identified as having high infiltration capacity and thus low possibility for flooding, and in the 
dark blue areas the infiltration capacity is considered low and the possibility for urban 
flooding is high (example 3). Based on this information, housing built on green areas could 
benefit from leaving the soil surface open and allowing natural infiltration, whereas blue areas 
cannot infiltrate water effectively and flood management options based on retention ponds or 
other surface structures slowing the water flow should be preferred. Areas with mixed 
qualities (example 2) should be designed as larger entities where several different methods 
(retention, infiltration, sewerage) can be combined to reach the optimal solution for the area. 
In addition, such information on flood potential can be used to direct community structures to 
less flood prone areas. 
 

 
 

Fig. 5. The GIS-aided methodology developed in the CliPLivE project can be used to locate flood 
prone areas and for the preliminary assessment of suitable flood management methods on local or 
regional scale. 1: Area not prone to flooding. 2: Area with varying flooding potential. 3: Area highly 
prone to flooding. Base map © National Land Survey of Finland. 
 
5. Conclusions 
It is possible to identify areas prone to urban floods using GIS-aided methodology. 
Preliminary identification for suitable flood mitigation options can be conducted with the 
developed GIS-aided method both locally and regionally. Here, geology plays an important 
role as it is the media that greatly affects the formation of urban flooding. Flood occurrence 
can be mitigated by good land use practices and by considering local geological conditions. 
Proper and case-specific adaptation options promote sustainable urban flood management and 
safe, climate-proof environment today and in the future.  
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Abstract 

The Geological Survey of Japan, AIST, organized a groundwater research project as Phase II in the 
CCOP Project from FY 2009 to FY 2013. The project released a hydro-geological map including latest 
scientific information of the Chao-Phraya Plain, Thailand and the Red River Delta, Vietnam. The map 
gives digital information concerning various kinds of hydrogeological understanding. Water quality, 
temperature, flow condition, and water level are included in the information. 

The Groundwater Project Phase III, started in February 2015, is aimed at the development of a 
groundwater database in CCOP regions. In Phase III, three groups, DB Groups I and II to compile a 
Web based groundwater database, and a Public Policy Group to develop a draft of public policy on 
GW observation system for efficient groundwater management in each country, were formed to 
effectively promote the project. 

In Southeast Asia, where significant economic growth is expected this century, saving energy and 
protecting the environment are major matters of concern. A Ground-Source Heat Pump (GSHP) 
system is expected to be a promising approach to contribute to these issues, as its performance (COP, 
thermal output/power input) is better than conventional air-source heat pumps. 

A sub-project, entitled “Development of Renewable Energy for Ground-Source Heat Pump System in 
the CCOP Regions”, started in April 2013. Chulalongkorn University, Akita University and GSJ 
worked together in a cooperation program under the sub-project to install a GSHP system at 
Chulalongkorn University. In addition, in collaboration with VIGMR a GSHP system was installed in 
Hanoi City, Vietnam on October 2016. 

The CCOP groundwater database created in the Phase III will contribute not only to groundwater 
management but also to the development of the maps suitable for GSHP system in CCOP member 
countries. 
 
Keywords: Groundwater, Database, Renewable energy, GSHP system 
 

1. Introduction 

Groundwater is one of the limited natural resources of the world. Because of the lacking of 
accountability and awareness on the importance of groundwater, especially, in the late 20th 
century, groundwater has been significantly impaired by human activities, resulting in 
groundwater issues, such as land subsidence, seawater intrusion and groundwater pollution. 
The East and Southeast Asia countries are also facing many groundwater issues such as 
transboundary ground water management which need international cooperation to be solved. 
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The CCOP-GSJ Groundwater project aims to release various kinds of hydro-geological map 
incorporating the latest scientific information for the end-users. We believe our final mission 
is to make an Asian Standard of hydrological map published from CCOP. 

Moreover, a new sub-project “Development of Renewable Energy for Ground-Source Heat 
Pump System (GSHP System) in CCOP Regions”, under CCOP GW Project was started in 
April 2013. The project uses groundwater temperature data of the CCOP hydrological map. 
The sub-project had installed GSHP System at the premise of Chulalongkorn University 
(Thailand) under the cooperation program between Chulalongkorn University, Akita 
University (Japan) and GSJ. 

2. CCOP-GSJ Groundwater Project 
The CCOP–GSJ Groundwater Project Phase II was carried out from October 2009 to March 
2014. The main theme of this project was “renewal of the database for the hydro-geological 
map in the CCOP regions” and the purposes were as follows;  

i. To construct a database design 
ii. To compile data of the Chao-Phraya Plain, Thailand and the Red River Delta, 

Vietnam 
iii. To create standards for hydrological maps in East and Southeast Asia 

GSJ and the Hydrological Mapping Working Group of the project performed field works and 
hydrological analyses, and compiled groundwater data into a groundwater database.  
The data area map (Fig. 1) shows the distribution of observation points (right side map) which 
are chosen in the left-hand sub-frame. Clicking an observation point displays observation data 
window as shown in Fig. 2. The location, well depth, screen depth, EC, pH, and quality of 
wells are shown in the left frame, a stiff diagram of groundwater quality in the upper right, 
and groundwater temperature (temperature-depth profile) in the lower right. 
This database consists of a map system and simple Microsoft Excel tables, because most 
groundwater modeling programs such as MODFLOW, GMS and/or MT3D use Microsoft 
Excel files. The database is stored on a CD-ROM and is shared among the CCOP member 
countries. 
The CCOP-GSJ Groundwater Project Phase III with the main theme, “Renewal of database 
for the hydro-geological map in CCOP regions” started on February 2015. The groundwater 
database in Phase III will be uploaded into new CCOP geoinformation system named 
“Geoinformation Sharing Infrastructure for East and Southeast Asia (GSi) Project”. The main 
aim of the GSi project is to compile various types of geoscientific information in CCOP 

Fig.
 
1.

 
Data areal Map of Chao Phraya Plain

 
Fig. 2.

 
Observation data window
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countries, and constructing a database on an open Web, using the world standard formats and 
GIS (Fig. 3).  
In Phase III, three groups Fig. 4 were formed to promote the project efficiently. The DB 
Groups I and II to compile a Web based groundwater database, and the Public Policy Group to 
develop a draft of public policy on GW observation system for efficient groundwater 
management in each country.  
The CCOP Geoinformation Sharing Infrastructure for East and Southeast Asia (GSi Project) 
portal is under development and is accessible by the project members from http://ccop-gsi.org. 
The compiled groundwater data of Japan, Thailand and Vietnam from the Project Phase II, 
temporarily available from http://jcbwebgis.com/ccop_water/, will soon be made accessible 
from GSi Portal. 

 

Fig. 3. Outline of CCOP Geoinformation Sharing Infrastructure for East and Southeast Asia Project 

 

Fig. 4. Three groups in Groundwater Project Phase III 
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3. Application of Ground-Source Heat Pump System  
In Southeast Asia, where significant economic growth is expected this century, saving energy 
and protecting the environment are major matters of concern. 
The Ground-Source Heat Pump (GSHP) system (Fig. 5), is expected to be a promising 
approach to contribute to these issues, as its performance (COP, thermal output/power input) 
is better than conventional air-source heat pumps. The system has been introduced worldwide 
since the Oil Crisis in the 1970's, especially in the United States and North Europe. On the 
other hand, in Southeast Asia, the number of installed GSHP systems is very small. 
Most of the major cities and towns in Southeast Asia are developed on alluvial plains or a 
basin, where the Quaternary system is relatively thick. The geological settings of Quaternary 
layers are usually considered not very suitable for GSHP because its thermal conductivity is 
lower than in Tertiary and older sediments. However, thanks to high hydraulic conductivity in 
Quaternary deposits, with abundant aquifers groundwater flow in the layers cause thermal 
advection which increases effective thermal conductivity. Making good use of groundwater 
flow is the key to successful operation of GSHP system in Southeast Asia. 
 

 
Fig. 5. Ground-Source Heat Pump System under cooling mode 
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A sub-project, entitled “Development of Renewable Energy for Ground-Source Heat Pump 
System in the CCOP Regions”, started in April 2013. Chulalongkorn University, Akita 
University and GSJ worked together in a cooperation program under the sub-project to install 
a GSHP system at Chulalongkorn University. Its objectives are as follow;  
 

i. To demonstrate benefits of installing a GSHP system in Bangkok City, Thailand 
ii. To develop an adjustment technique for the GSHP system in tropical regions 
iii. To develop maps that show areas suitable for GSHP system in Thailand reflecting 

large-scale groundwater flow and a heat transport model. 
A cooling experiment by GSHP system at Chulalongkorn University with two boreholes for 
heat exchanger was started on February 2014. The measurement data were compared with 
those of the preexisting similar power air conditioner in the laboratory room. The result shows 
that electricity consumption of the GSHP system can be reduced about 30 
% (Chokchai, 2016). For more information of the GSHP system in Chulalongkorn University, 
see the thematic paper “On The New Ground Source Heat Pump in Thailand: A case study at 
Chulalongkorn University, Bangkok, Thailand” by Sasimook Chokchai.  
We installed the same type of the GSHP system at Golden Jubilee National Geological 
Museum, Department of Mineral Resources (DMR), Pathunthani, Thailand on March 2015 
(Fig. 6a) and Vietnam Institute of Geoscience and Mineral Resources (VIGMR), Hanoi, 
Vietnam on October 2016 (Fig. 6b), respectively. Hanoi city is situated on northern part of 
Vietnam and there is not only merit for cooling but also merit for heating (Yasukawa, et al., 
2009). 

  

Fig. 6. Photo of (a): Golden Jubilee National Geological Museum, Thailand, and (b): Vietnam Institute 
of Geoscience and Mineral Resources, Vietnam, respectively. 

 

 

 

 

(a) (b) 

theast Asia.hydrological maps in East and Sou
for ngt, we discussed and create standard desiand the Red River Delta, Vietnam. In the projec

Phraya Plain, Thailand -2014 and the project compiled hydrological information on the Chao
carried out from October 2009 to March GSJ Groundwater Project Phase II was –The CCOP

. Conclusions4
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The CCOP-GSJ Groundwater Project Phase III started on February 2015 and the project is 
compiling hydrological information on CCOP member country area according to the design

 

created in the Phase II project. The groundwater database in the Phase III will be uploaded 
into the GSi system.

 

Additionally, a sub-project about GSHP system in CCOP regions started in 2013,

 

where

 

GSHP systems

 

have been installed

 

at Chulalongkorn

 

University, Golden Jubilee National 
Geological Museum and Vietnam Institute of Geoscience and Mineral Resources. Cooling 
experiment by GSHP system at Chulalongkorn University showed that electricity 
consumption of the GSHP system can be reduced about 30 %.

 

The CCOP groundwater database created in the Phase III will contribute not only to 
groundwater management but also to the development of the maps suitable for GSHP system 
in CCOP member countries. 
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Abstract 
 

The effective management of limited resources in a globalizing economy requires accurate 
assessments of the supply base. The recoverable quantities must be described and categorized 
in a manner that is consistent with other scientific and social/economic information used in 
management and, in particular, in a manner that is consistent with the information describing 
the projects to recover them. A number of different standards have evolved over time in 
response to various professional needs and local requirements. There has been a natural 
progression of these standards towards the development of common global standard, the 
United Nations Framework Classification (UNFC) for Fossil Energy and Mineral Reserves 
and Resources. This paper provides an overview of the purpose of UNFC, its development 
history and governance, how the system works, its evolution from mineral and fossil energy 
focused to its application to other energy resources such as uranium and thorium, renewable 
energy, and injection projects (CO2 geological storage). 

 

Keywords: UNFC, management, mineral, resource, recoverable, standard 

 
1. What is UNFC? 
For many years, the petroleum industry has estimated and classified their oil and gas 
resources as major drivers of value for exploration and production companies. Clear 
definitions and guidelines have been essential for investors, regulators, governments 
and consumers not only in assessing the value of petroleum resources and helping 
identify their impact on countries and local communities, but also in determining the 
outlook for the world’s energy supply.  
The United Nations Framework Classification for Fossil Energy and Mineral 
Reserves and Resources 2009 (UNFC-2009) is a universally applicable scheme for 
classifying/evaluating energy and mineral reserves and resources. Designed as an  
all-encompassing framework, it enables the incorporation and unification of existing 
national systems, while allowing their classification units and glossary to be retained. 
The principal objective of UNFC-2009 is to enhance international communication by 
providing a simple, user-friendly and uniform format for the reporting of energy 
reserves and resources, using market-based economic criteria. It has been developed 
to meet, to the extent possible, the needs of applications pertaining to international 
energy and mineral studies, government resource management functions, corporate 
business processes and financial reporting standards. 
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UNFC-2009 is unique among the major international resource classification schemes 
in that it is the only system that includes consideration of commercial, social and 
environmental impacts as well as project feasibility and technical uncertainty. It 
allows a direct comparison of projects that extract primary energy fuels, such as oil, 
gas, coal and uranium, with renewable energy projects. UNFC-2009 serves the needs 
of:  

i. Governments when managing their natural resources;  
ii. Industry for information while deploying technology, management and 

finance to secure energy supplies and capture value efficiently within the 
established frameworks to serve their host countries, shareholders and 
other stakeholders;  

iii. International organizations developing energy and mineral studies for 
reliable and coherent data to formulate robust and long-sighted policies; 
and  

iv. The financial community for information to allocate capital appropriately, 
providing the required capital efficiency.  

UNFC-2009 builds the foundation for fact based energy and mineral strategies and 
their industrial execution. The system now applies also to uranium, thorium and other 
solid minerals, geothermal, and geological storage of CO2.  
Work is progressing on the application of UNFC-2009 to bioenergy and other 
renewable energy resources in particular, with application to hydro, solar and wind. 
Adoption of a global standard such as UNFC-2009 for assessing and financing 
projects can help accelerate geothermal and other renewable energy projects around 
the world. An identifiable global standard based on UNFC methodology can help 
increase predictability and drive forward the investments needed for a low-carbon 
future.  
Adopting a common assessment methodology for renewable resources will greatly 
benefit investors, regulators, governments and consumers. Energy companies will be 
able to report their renewable energy resources on a consistent basis, possibly 
alongside their reporting of mineral and hydrocarbon reserves. This outcome would 
provide further insight for investors and great benefits with regard to accounting and 
valuation of the total renewable asset base of those companies.  
 

2. Who is responsible for the development of UNFC-2009? 
The development of UNFC is under the governance of the United Nations Economic 
Commission for Europe (UNECE). The work on UNFC is carried out by the UNECE 
Expert Group on Resource Classification (EGRC). The Expert Group is open to all 
stakeholders worldwide, including representatives from government institutions from 
both UNECE and non-UNECE member countries, industry, international 
organizations, the financial reporting sector, professional associations and companies 
dealing with regulations, evaluation, classification, exploration, exploitation and 
investment in energy and mineral resources. More than 250 global experts ensure the 
continued development and promotion of UNFC. Many countries around the world, 
including in Europe, Central Asia, Africa, East and South-east Asia and Latin 
American and the Caribbean, are looking to apply the system nationally. They 
acknowledge the benefits and efficiencies that UNFC brings under the global mandate 
given to UNECE by United Nations Economic and Social Council (ECOSOC).  
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The CCOP Technical Secretariat is representing the region in the EGRC Bureau. The 
EGRC Bureau comprises a Chair and a number of Vice Chairs representing the 
various stakeholders in the EGRC. The Bureau is responsible for managing and 
progressing the work of the EGRC between sessions. The Director of CCOP 
Technical Secretariat is a member of the 21-membership Bureau. 
 

3. How UNFC-2009 works? 
 

 
Fig. 1. UNFC-2009 Categories and Examples of Classes. 

 
UNFC-2009 is a generic principle-based system in which quantities are classified 
using a numerical code on the basis of the three fundamental criteria: 

i. Economic and social viability (E) 
ii. Field Project status and feasibility (F) 
iii. Geological knowledge and Uncertainty (G) 

 

107



Caluyong, United Nations Framework Classification for Fossil Energy and Mineral Reserves and Resources 2009 
 

  

5 

Criteria and Categories 

Numerical coding system based on the three criteria,  

sub-divided by categories: 

E1 

E2 

E3 

Economic and 

social viability 

F1 

F2 

F3 

F4 

Field project status 

and feasibility 

G1 

G2 

G3 

G4 

Geological 

knowledge 

 
Fig. 2. UNFC-2009 numerical coding system based on the three criteria,  

subdivided by categories. 

The combinations of these criteria create a three-dimensional system. Categories (e.g. 
E1, F2, E3) and, in some cases, sub-categories (e.g. E1.1) are defined for each of the 
three criteria as set out and defined. Class 111 means that the reported quantities have 
satisfied the definitions for E1, F1 and G1. 

 

9 

UNFC – How it works 

Category Definition 

E1 Extraction and sale has 
been confirmed to be 
economically viable. 

Category Definition 
F1 Feasibility of extraction by 

a defined development 
project or mining 
operation has been 
confirmed. 
 

Category Definition 
G1 Quantities associated 

with a known deposit that 
can be estimated with a 
high level of confidence. 

UNFC Class: 111 
 

Fig. 3. UNFC-2009 Class 111 definitions. 

This system would be useful for an investor in the energy sector. Since UNFC-2009 is 
a generic system one can compare various energy projects and /or commodities to 
invest from. Through the system, it is also possible to compare the status of various 
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projects since the reporting is based on common standards in terms of E, F, and G 
criteria. 
A standardized system of classifying and comparing energy production from all types 
of projects allows investors to rank diverse portfolios of both alternative and 
conventional forms of energy. Such a system will facilitate efficient allocation of 
investment capital among competing energy projects and accelerate the 
transformation of the global energy system. 
The terms “reserves” and “resources” are not defined in UNFC-2009, because they 
both have specific, but different, definitions in the solid minerals and petroleum 
sectors. The terms are used here purely in a generic sense to encompass all possible 
Classes and Sub-classes that are valid in UNFC-2009.  

 

4. Alignment of Systems 

12 

Alignment of systems (schematic) 

Sales Production 

Non-sales Production 

Class 

Commercial 
Projects 

Potentially Commercial 
Projects 

Non-Commercial 
Projects 

Additional quantities in place 

Exploration 
Projects 

Additional quantities in place 
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Production 

Class 

Reserves 

Contingent Resources 

Unrecoverable 

Prospective Resources 

Unrecoverable 

UNFC-2009 PRMS CRIRSCO 

Extracted 

Class 

Mineral Reserves 

Mineral Resources 

Not reported 

Not reported 

Exploration 
Results 

Not reported 

Note: UNFC is aligned with the CRIRSCO Template and hence full family 
of CRIRSCO Codes eg JORC Code, SAMREC Code etc  

Fig. 4. UNFC-2009 alignment to PRMS and CRIRSCO. 

 

UNFC-2009 has been aligned with two other classification systems, which facilitates 
the reporting of the same resource quantities under either UNFC-2009 or the aligned 
system. The two systems are the CRIRSCO Template (2006)

 
developed by the 

Committee for Mineral Reserves International Reporting Standards (CRIRSCO), and 
the reporting codes and standards that are based on it, and the Society of Petroleum 
Engineers (SPE)/World Petroleum Council (WPC)/American Association of 
Petroleum Geologists (AAPG)/Society of Petroleum Evaluation Engineers (SPEE) 
Petroleum Resources Management System of 2007 (PRMS-2007) which has been 
endorsed by SPE, WPC, AAPG, SPEE and the Society of Exploration Geophysicists 
(SEG).  
Long-standing agreements are in place for CRIRSCO and SPE to provide the 
commodity-specific specifications for solid minerals and petroleum. In accordance 
with those agreements, they have provided commodity-specific specifications via the 
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CRIRSCO Template and PRMS respectively. Along with the generic specifications, 
the two systems, together with a Bridging Document for each, provide the foundation 
and keystones for consistent application of UNFC-2009. It is recognized that these 
systems will continue to be developed in response to stakeholder needs and changes 
in technology, and hence additional commodity-specific specifications may be 
incorporated in the future, subject to endorsement by the Expert Group on Resource 
Classification. 
 

5. Environmental and Social Considerations 
UNFC-2009 is designed to take account of the importance of environmental and 
social issues in the context of resource extraction. In classifying estimated quantities 
that may be extracted in the future from a development project or mining operation, 
the E-axis Categories are explicitly defined to include both environmental and social 
issues that may be relevant to the commercial viability of such a venture, in addition 
to economic, legal and other non-technical factors.

 
 

In particular, the identification and consideration at the time of the estimate of all 
known environmental or social impediments or barriers to the project during its entire 
life cycle is recognized as an integral part of the project assessment. The presence of 
environmental or social impediments can prevent a project from proceeding or it can 
lead to the suspension or termination of activities in an existing operation.  
 

6. UNFC-2009 Application to Renewable Resources 
While fossil fuels – oil, gas and coal – together with uranium still supply the majority 
of the world’s energy, a rapidly increasing proportion is now coming from renewable 
energy sources, in particular hydropower, wind, solar, biomass and geothermal. This 
trend is expected to continue and accelerate with renewable energy progressively 
replacing fossil fuels wherever possible to both protect the Earth of the negative 
effects of fossil fuels and to answer the growing energy demands of future generations 
in a sustainable and environmentally-friendly way. Estimating and classifying 
renewable energy resources in a representative, coherent and consistent manner is 
becoming an important need for the renewable energy industry and all its 
stakeholders, as well as for other energy investors looking to divest from fossil fuels 
or diversify their portfolios and include renewable energy resources.  
The Classification System for Renewable Energy Resources will help companies and 
governments to quantify the renewable energy resources of their projects and assets, 
and assess the technical and commercial maturities of these renewable energy 
resource estimates as well as their uncertainty. It will also facilitate comparison of 
renewable and non-renewable energy resources. This will assist various stakeholders, 
for example companies will be able to compare and optimize investments including 
their transition away from fossil fuels. Additionally, information classified under 
UNFC will illustrate where the greatest available energy resources lie, together with 
potential social, economic and environmental considerations and as such will be able 
to guide government policies and support international studies. The renewables 
classification promises to be a much needed input to the formulation of robust and 
long-sighted energy policies. At a global level, such a resource classification system 
will make it easier to determine the outlook for future renewable energy supply. 
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For each type of renewable energy, rules of application (i.e. specifications) are being 
prepared closely related to and supported by UNFC, followed by the development of 
quantification guidelines and case studies. The work is being conducted by a Task 
Force of energy specialists and by commodity-specific Working Groups under the 
governance of UNECE and EGRC with the partnership and/or engagement of large 
international organizations such as IGA (International Geothermal Association) for 
geothermal and ISES (International Solar Energy Society) for solar.  
The assigned Task Force will develop the necessary concepts, sources and methods 
for classifying renewable energy resources based on UNFC complemented by 
practical guidelines and case studies describing how renewable energy resources can 
be appropriately quantified prior to their classification. It will provide standard 
classification definitions and methods (specifications) together with consistent 
quantification guidelines to help companies, governments and investors assess and 
compare energy projects of all types.  

 

7. UNFC-2009 Development and Summary 
 

1 

• UNFC-2009 incorporating Specifications 
(ECE Energy Series No. 42) 

2015 

• Red Book and UNFC Bridging 
Document published 

• Application to renewables started 

• Guidelines for 
application to     
nuclear fuels 
and case 
studies 

2013 

2014 

2014 

UNFC Development 

 
Fig. 5. UNFC development 2013 – 2015. 
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21 

• Injection Project Specifications approved 

2016 

• Generic Renewable 
Specifications approved 

• Geothermal Specifcations 
approved 

• Bridging Document to 
Russian Federation Oil & 
Gas Classification approved 

2016 

2016 

2016 

UNFC Development 

2016 
• Bridging Documents  

to Chinese Solid 
Minerals and Oil & Gas 
Classifications under 
development  

Fig. 6. UNFC development in 2016. 

 
UNFC-2009 is a generic, principles-based classification system that is applicable to 
solid minerals, fluids, geothermal energy and injection projects (currently for 
geological storage of CO2) using a numerical coding system. 
 
UNFC-2009 is based on three fundamental criteria 

i. Economic and social viability 
ii. Field project status and feasibility 
iii. Geological knowledge. 

 
Each criterion is sub-divided into 3 or 4 defined categories and optional use of sub-
categories is possible for more granularity. Classes are defined by a combination of a 
single category or sub-category for each of the three criteria. The numerical category 
or sub-category is assigned for E, for F and for G, and always quoted in same 
sequence: E – F – G. Axis letters can be dropped when reporting a certain Class: e.g. 
Class 221. 
 

Reference 
http://www.unece.org/energy/se/reserves.html 
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Abstract 

This paper provides an overview of the overall scope, approach and implementation plan for a Greater 
Mekong Subregion collaboration programme on groundwater resources management to support 
resilience of vulnerable groups towards climate change. The programme will support regional 
cooperation focusing on transboundary aquifers in four pilot areas and address the following five major 
components: 

1. Groundwater resource assessment & monitoring: production of a unified groundwater resource 
inventory and common (GMS) approach to address challenges of climate change and resilience; 
information-based policy to manage resources and further develop resilience strategies. 

2. Priority use & stakeholders: Activities to ensure groundwater users (in different sectors) are 
involved and aware of resource management issues and have access to information and 
guidelines that can support more sustainable use across the region; a level playing field across 
the region. 

3. Resource management, information tools & equipment: Resource management concepts and 
tools, unified information system and information products, varying from strategic 
(multi)national policy support to practical guidelines for end-users and regulation for different 
sectoral users (industry, agriculture, domestic water supply). 

4. Regional dissemination and coordination: A regionally coherent policy for climate adaptation 
through sustainable groundwater resource management; equal access to resources for all 
sectoral users in the region, efficiency gains in common approach and support tools. 

5. Capacity building and training: Internal capacity in the Greater Mekong Subregion to develop 
climate change adaptation policy and practical interventions, to use state-of-the-art tools and 
work with stakeholders including vulnerable groups. 

 
Programme/Project summary data 

Countries:    Cambodia, Lao PDR, Myanmar, Thailand, Vietnam 
Thematic Focal Area:     Transboundary water management 
Implementing Entity:             UNESCO 
Executing Entities:      Country agencies, CCOP-TS, IWMI, IGRAC 
Amount of Financing Requested:    4.9 million US $ 
Project Duration:     48 Months 
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The programme is advanced with support of UNESCO-Bangkok, CCOPTS, and experts from IWMI 
and IGRAC and, when funding from the Adaptation Fund (https://www.adaptation-fund.org/) is 
approved, will be implemented with support from groundwater agencies in the five participating 
countries.  
 
1. Groundwater in the Greater Mekong Subregion  
 
The countries of the Greater Mekong Subregion (GMS – Cambodia, Lao PDR, Thailand, 
Myanmar and Vietnam) have abundant surface water resources in the multiple large rivers of 
the region – the Mekong alone discharges around 475 km³ annually, and the Ayeyarwady 
around 400 km³. Flooding and heavy monsoon rains are common but the region also 
experiences a (prolonged) dry season. Even though surface water is abundant, spatial (lowlands 
and plains) and temporal (dry season) shortages are commonly met with supply from 
groundwater. The GMS countries have a total population of about 240 million people; Kamaa 
considerable part of these are low-income groups and urban/rural communities that rely on 
easily accessible, reliable, good quality and low-cost groundwater for their domestic and 
agrarian-based livelihoods. Groundwater use is increasing as drilling and pump costs have 
become more affordable and will continue to do so in coming years for a variety of reasons that 
include meeting Sustainable Development Goals, adapting to climate change, and livelihood 
enhancement. 

 Groundwater is an important resource in the highlands as well as the lowlands along the 
Mekong River in Lao PDR, in northeast Thailand, Cambodia, in the Mekong Delta in Vietnam 
and in Myanmar’s Central Plain. Important transboundary aquifers straddle the border areas 
between Vietnam and Cambodia, between Thailand and Lao PDR, and also between Myanmar 
and Thailand (Fig. 1; Landon, 2011). Throughout the GMS, complex relationships occur 
between upstream recharge areas and downstream aquifers. The total potential capacity of 
groundwater resources is estimated to be about 60 million m³ per day. But groundwater 
resources of the GMS have not been investigated in detail, and only limited information about 
groundwater resource volumes, use, sustainability and quality is available. Recent studies  
(i.e. Erban, 2014; Wagner et al., 2012) illustrate the intensive use and economic significance  
of groundwater for both the Vietnamese and Cambodian part of the Mekong Delta. This also 
applies for the drought sensitive northeast of Thailand (the Isan region), adjacent parts of Lao 
PDR (Pavelic et al., 2014; Vote et al., 2015) and Myanmar’s central plain (McCartney et al 
2013). Groundwater is also an important resource for crop irrigation, food production  
(notably in Myanmar, Thailand and Vietnam), for industry (food processing) and for domestic 
supply for urban and rural communities. Due to economic and population growth pressures on 
groundwater in the region are increasing fast. 
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Fig. 1. Overview of the main transboundary groundwater aquifers  
in the Greater Mekong Subregion; source IGRAC. 

 
In the recent past over-extraction of groundwater for the production of high-value crops, such 
as coffee, has caused a severe drop in groundwater levels in parts of the Vietnamese highlands. 
Throughout the GMS intensification of irrigation to meet the food demand of growing 
populations increases groundwater use while recharge diminishes. In some areas such as 
southern Cambodia, parts of Lao PDR and the Mekong and Ayeyarwady deltas, naturally 
occurring arsenic contamination will be exacerbated by increased groundwater use in a 
changed climate. Groundwater supports valuable ecosystem services by feeding springs and 
base flow to rivers, streams and wetlands that are the habitats of fish and aquatic vegetation 
harvested by riparian communities. Intrinsic linkages between surface water and groundwater 
exist, but are not always clear but must be taken into account in water allocation planning 
processes. Further expansion of irrigation, land use changes (deforestation) in the highland 
areas, increase of domestic and industrial use in expanding cities of the GMS may result in 
significant depletion of groundwater resources in the future, leading to reduced water 
availability, higher pumping costs, saltwater intrusion in coastal areas, and loss of ecosystem 
services. These effects will be exacerbated by the impacts of climate change (further increasing 
demand and potentially reducing recharge) throughout the GMS. The full impacts of climate 
change on groundwater availability are likely to be complex and require further investigation. 
 
Even where transboundary cooperation in surface water management (viz. Mekong River and 
MRC) has progressed, there is no common approach or even modest recognition and 
cooperation for groundwater resources. The challenges in river management (resource sharing, 
impacts of river management and hydropower development, climate change, etc.) are equally 
valid for groundwater resources and their diverse users. The absence of a sizeable community 
and cooperative network of groundwater experts in the GMS severely hampers addressing 
these issues, in particular in Myanmar, Lao PDR and in Cambodia, where local capacity in 
hydrogeology is very limited. Regional cooperation in the ASEAN Economic Community 
offers an opportunity to tackle these challenges.  
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2. Knowledge/information gaps 
 

There is limited information on groundwater resources of the GMS, in particular the kind of 
insight required to deal with pressing issues, such as:  
 Extent and/or characteristics of superficial and confined aquifer systems, including 

resource volumes in aquifers systems in the GMS, existing and/or potential water quality 
threats.  

 Current groundwater volumes being abstracted for various uses; future demand scenario’s 
for irrigation, urban and rural water supply. 

 Relationships between recharge in highland (upstream) areas and resource potential in 
lowland (downstream) areas. This includes several important transboundary systems. 
Climate change and land use changes will affect these delicate balances. 

 Sustainability (in view of increasing abstraction) and vulnerability of riparian groundwater 
resources to climate change induced changes in precipitation and changes in river flow 
regimes (natural or anthropogenic). 

Fig. 2. Project implementation in 
four pilot areas with transboundary 
aquifers 
 
To understand better the 
resource potentials and 
vulnerabilities of groundwater 
systems of the GMS, detailed 
hydrogeological and geophysical 
investigations are required. A 
crucial groundwater monitoring 
network is needed to monitor 
resource status and critical 
depletion, and for developing 
and using regional groundwater 

information systems and groundwater flow models. These regional (transboundary) 
groundwater models and information tools will help manage resources, viz.: 
 Visualize (in maps) regional and transboundary groundwater (recharge and extraction) 

systems and enable assessment of groundwater recharge rates from flooding and rainfall 
under the current and future climate conditions. 

 Determine groundwater resource potential in shallow and deep aquifer systems (for 
different users). 

 Assess sustainable groundwater extraction rates under various current and future land use 
conditions 

 Assess impacts of the current and likely future climate change conditions on the 
groundwater resources for transboundary groundwater systems in the Lower Mekong 
Basin. 

 
 
3. Project / Programme Objectives  
 
Overall Goal/Objective: share an expanding knowledge and expertise base for sustainable 
use of groundwater resources for increased climate change resilience in the Greater 
Mekong Subregion. 
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Specific objectives are: 
 Prepare an updated groundwater resources and shared aquifer inventory for the GMS 

countries, resource management concepts and tools, and a monitoring network for 
groundwater systems. 

 Dialogues with groundwater users to 1) assess groundwater use scenarios for different 
sectors (agriculture, industry, rural & urban domestic water supply) and 2) develop and 
provide appropriate information to attain sustainable use. 

 Understand (vulnerability of) groundwater recharge processes and determine/formulate 
recommendations for protection and long-term sustainable management. 

 Capacity building for GW experts from the GMS countries (making use of expertise in 
Thailand and Vietnam) and initiating regional water cooperation (diplomacy).  

 
4. Project / Programme Components and Financing 

Table presenting the relationships among project components, outcomes, outputs and 
countries in which activities would be executed, and the corresponding indicative 
budgets.)  
 

 
 

Project 
Components 

Expected Outcomes 
(mid to long-term results – impacts) 

 Expected Outputs 
(immediate results) 

1. Groundwater 
resource 
assessment & 
monitoring 

Unified groundwater resource inventory and 
common (GMS) approach to address 
challenges of climate change and resilience; 
information-based policy to manage 
resources and further develop resilience 
strategies 

Updated groundwater resources and 
shared aquifer inventory; a monitoring 
network for groundwater systems; 
understanding of complex transboundary 
GW systems, GW vulnerability 
assessment  

2. Priority use & 
stakeholders 

Groundwater users (in different sectors) are 
involved and aware of resource 
management issues and have access to 
information and guidelines that can support 
more sustainable use across the region; level 
playing field across the region. 

Dialogues with groundwater users to 1) 
assess groundwater use scenarios for 
different sectors (agriculture, industry, 
rural & urban domestic water supply) and 
2) develop and provide appropriate 
information and guidelines to attain 
sustainable use. 

3. Resource 
management, 
information 
tools 
& equipment 

Resource management concepts and tools, 
unified information system and information 
products, varying from strategic 
(multi)national policy support to practical 
guidelines for end-users and regulation for 
different sectoral users (industry, 
agriculture, domestic water supply)  

Adequate and collaborative resource 
management methods and tools are 
available, enabling information sharing 
and mutual support across the GMS 
region; more sustainable resource use, 
protection of low-income and vulnerable 
user groups. 

4. Regional 
dissemination 
and coordination 

A regionally coherent policy for climate 
adaptation through sustainable GW resource 
management; level playing field for all 
sectoral users in the region, efficiency gains 
in common approach and support tools 

A regional network is established that 
exchanges information and collaborates in 
addressing further challenges (advanced 
studies, resolving transboundary 
conflicts); from information to policy to 
practice. 

5. Capacity 
building and 
training 

Internal capacity in the GMS region to 
develop CCA policy and practical 
interventions, use state-of-the-art tools and 
work with stakeholders including vulnerable 
groups 

A groundwater community-of-practice 
has been equipped with the knowledge 
and skills to ensure technical & policy 
capabilities. Expert groups can tackle 
acute problems, GMS cooperation. 
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5. Project rationale and justification 
 

By introducing and stimulating robust methods for resource 
assessment and collaborative principles for sustainable 
groundwater use, valuable water resources are saved for 
strategic and emergency purposes, thereby enhancing resilience 

in water supply and food production. Climate resilience is based on the full suite of options, 
viz. limited surface water and groundwater, and overall use efficiency is stimulated.The 
regional approach creates significant efficiency gains in development of resource management 
concepts, tools and supporting systems and in developing the required regional human 
resources capacity.By developing regional regulatory guidelines for appropriate groundwater 
use, unsustainable practices are prevented/stopped equally across the region (also creating a 
level playing field), instead of pushing communities to compete with each other. 

The development of groundwater management information 
(systems) for the region will provide ample opportunities to 
introduce innovative (ICT supported) data collection, 

information sharing and training. Direly needed groundwater resources monitoring (in 
collaboration with well owners) provides excellent opportunities for data collection through 
crowdsourcing also strengthening stakeholder involvement 
 
The programme connects to national priorities for climate change adaptation i.e. groundwater 
conservation and sustainable use as included in respective national Climate Change adaptation 
policy documents. The programme partners are already now working on related studies in the 
region; this earlier and ongoing work will pave the way for this new and challenging regional 
project. 

Fig. 3. The project emphasizes four 
concepts in the overall approach;  
1) groundwater management 
should be supported by policy 
embedding, recognizing the need 
for climate adaptation (blue box), 
2) there should be supporting 
technical systems and tools to 
enable information-based policy 
making (red box), 3) project work 
should include capacity building 
and training (green box) and finally, 
4) all groundwater management 
work should address priorities and 
needs from stakeholders and 
groundwater users. There should be 
closer cooperation with the 
groundwater end-users groups to 
ensure results on the ground. 
 

 
Learning, knowledge development and sharing of expertise is 
one of the key elements of the program; the more advanced 
groups (Thailand, Vietnam) will contribute to this process by 

helping their less advanced colleagues in Lao PDR, Myanmar and Cambodia. In comparison 
with isolated single-country interventions this is much more cost effective. The bulk of the 
technical support work can be done by regional experts. 

Climate resilience & added value 
of regional approach, GMS 
transboundary collaboration 

Innovative solutions to climate 
change adaptation; a regional 
approach and cost-effectiveness 

Learning and knowledge 
management to capture and 
disseminate lessons learned 
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Project preparation will include dedicated discussion session on 
how to design the interaction process with stakeholders in such 
a way that vulnerable groups and women are prioritised. By 
focusing on groundwater conservation/sustainable use access to 

water supply for households and smallholders will improve. The advancement of the program 
is such, that progressively regional collaboration will take place without external support; 
CCOP has 60 years of experience with keeping regional cooperative networks alive in this 
way. 

The program will mitigate environmental impacts: of droughts 
on agriculture and food production, and on rural and urban 
domestic water supply constraints, and social impacts: on 
access to low-cost domestic water supply and on rural 

communities’ access to irrigation water for self-reliance in food production. The funding 
requested is allocated in a balanced way to 1) technical studies and deepening of the knowledge 
base, 2) dissemination and interaction with stakeholders and 3) human resources development 
and creation of a regional GMS community of experts. 
 
The project has only positive environmental and social impacts: it will stimulate sustainable 
use of valuable natural resources and increase awareness on vulnerability; it will support 
approaches to ensure equitable access to water for food production and domestic use. It will 
enable conservation of scarce water resources for low-income groups. By following a regional 
approach also an international level playing field is supported. 
 

Sustainability of the intervention lies partly in the capacity 
building component. With a strong focus on human resources 
development a new generation of dedicated groundwater 

experts will engage with pertinent challenges of the coming decades. They can do this in a 
concerted manner, with common tools and data. Sustainability is also enhanced by closely 
linking groundwater resource studies to societal needs (in various sectors like food production, 
domestic water supply, industry, ecology/environment).  
 
6. Implementation arrangements  
 
Beneficiaries and stakeholders - NIE’s (National implementing/executing entities) 
1. Government of Cambodia, Ministry of Water Resources and Meteorology - Ministry of 

Mines and Energy and partner agencies. 
 

2. Government of Lao PDR, Ministry of Natural Resources and Environment (MoNRE), Lao 
PDR is in the process of endorsing the Water Resources Law and the National Water 
Resources Strategy and Action Plan 2015-2020. This includes a National Groundwater 
Action Plan. These are the very first government policies on groundwater. Local expertise is 
virtually absent, but capacity building forms part of the Action Plan. The Natural Resources 
and Environment Institute (NREI) has an executive role in groundwater management. 
 

3. Government of Thailand, Ministry of Natural Resources and Environment; Within the 
Ministry the Department of Groundwater Resources is tasked with the development and 
sustainable management of groundwater resources in the country and has responsibilities in 
planning, assessment, resource conservation, and regulations at national and regional levels. 

Vulnerable groups and 
sustainability, sharing regional 
data and experience 

Positive environmental and 
social impacts, a balanced inter-

vention with sustainable results 

Capacity building to form a GMS 
community of experts and 
address societal needs 
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Fig. 4. Implementation arrangements 
 
4. Myanmar, Ministry of Agriculture and 
Irrigation;  
 
5. Government of Vietnam, Ministry of 
Natural Resources and Environment- MoNRE 
as the coordinating ministry for water 
resources management, is implementing, on a 
national scale, river basin water resources 
management plans that include groundwater. 
Important studies are conducted on crucial 
aquifers in Mekong Delta. NAWAPI, the 
National Center for Water Resources Planning 
and Investigation has an executive role. 

 
6. Universities and research institutions in the GMS contributing to capacity building on 

groundwater; Thailand and Vietnam have considerable groundwater expertise, but capacity 
is weak in Lao PDR, Myanmar and Cambodia. Hence, there are opportunities for regional 
collaboration and support. 
 

The collaboration will be supported by: 
UNESCO: will be able to provide all technical backstopping, facilitation with member states 
and application process with Adaptation Fund Centre 
 
Coordinating Committee for Geosciences Programmes (in East and Southeast Asia): 
CCOP has a considerable track record in coordinating groundwater programmes in SE Asia. It 
will provide technical expertise and will support local coordination and implementation along 
with the National partners. 
 
International Water Management Institute: IWMI has been at the forefront of research 
aimed at exploring opportunities for greater groundwater development for poverty alleviation 
improving groundwater governance across SE Asia. IWMI would be one of the implementing 
partners. IWMI has had long and fruitful relationships with most of the national partners. 
 
International Groundwater Resources Assessment Centre: IGRAC is UNESCO’s and 
WMO’s groundwater centre that facilitates and promotes international sharing of information 
and knowledge required for sustainable development, management and governance of 
groundwater. IGRAC has extensive experience with transboundary aquifers assessments and 
management, design of groundwater monitoring networks and information management 
systems 
 
The project proposal preparation process and workshop are intended to assess the 
need/possibility to engage additional technical assistance partners (MRC, other), national 
partners for implementation on a local level, and essential stakeholder organisations.  
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Step-by-step implementation strategy 
 
1. Organise an executive project team consisting of national experts from the GMS countries, 

and experts from the supporting Technical Assistance partners (CCOP, IGRAC, IWMI) 
As MIE, UNESCO will also convene a project Steering Committee. 
 

2. Develop a common view and understanding of the role improved groundwater 
management can play in strengthening climate resilience in multiple sectors; identify 
additional opportunities through transboundary collaboration; sharing information, 
expertise and collaborative policies for climate resilience. 

 
3. Resource assessment: common methodology to be adopted and approach to data 

collection/sharing; agree on protocols for sharing available data on transboundary aquifers. 
 
4. Compile various maps available from countries/organisations and further demarcate the 

recharge and extraction zones and consider transboundary issues. 
 

5. Identify data gaps and need for new data collection; collaborative monitoring approach, 
initiate base-level monitoring. 

 
6. Agree on common approach for a groundwater resources management information system, 

its basic functions and operations (data entry, data integration, analysis), training of expert 
users and dissemination of the system to end-users in the five countries. 

 
7. Consult stakeholders and identify the specific sectors with interest in groundwater. 

 
8. Raise stakeholder and public awareness on groundwater vulnerability through 

development of tailored information for sectoral users and multi-media awareness for 
urban and rural populations. 

 
9. Build capacity of the local groundwater management professionals, planners and policy 

makers in the pertinent national government organisations. 
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Abstract 
This paper addresses the significance of gravity survey in China on oil and gas exploration with 
examples to support that gravity survey is the most effective and economic way both in targeting 
the basins and in delineating buried and partly buried basin boundaries and main structures within 
the basin in the early stage of oil and gas exploration. China national gravity survey scales, 
coverage, technical regulations and achievements are introduced, including data processing, 
anomaly interpretation and map compilation. Bouguer anomaly of mainland China areas and the 
anomaly feature classifications are illustrated. Recent study results of faults belts and tectonic 
boundaries, buried igneous rocks, and buried basin boundaries and main inner structures are 
given. Finally, some new directions of both conventional and unconventional oil and gas 
exploration are pointed out as well. 

 

Key words: Oil and Gas, Buried Structure, Gravity Exploration 

 

1. Introduction 
Oil and Gas are very important nature resources of fuel industry for the society. It is a 
key task therefore of all geoscientists in the world to explore oil and gas bearing basins 
both onshore and off shore. Apart from oil companies, institutes, universities and many 
national geological survey organizations had put lots of efforts in the detection of oil and 
gas bearing sedimentary basins. Great achievements had already been achieved since 
early last century. A number of methodologies in geological surveys, geophysical survey 
and exploration methods are the most useful one both in targeting basins in the very first 
stage and in delineating buried and partly buried basin boundaries and main structures 
within the basin in the early stage of oil and gas exploration. Gravity is one of the most 
powerful geophysical surveys for this task. China has started gravity survey and 
exploration for oil and gas since early 1950s and achieved a lot, including the discovery of 
Changyuan uplift in Daqing oil field in 1958 (Fig. 1a), discovery of buried carbonate reef 
in Jidong oil field (Fig. 1b) and the depression of Zhungaer oil field in 1980s and 
early 1990s (Fig. 1c), and some new breakthroughs in recent years. 
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Fig. 1. Typical application of gravity for oil and gas exploration breakthroughs in China. 

 

2. Gravity Survey in China 
Gravity anomalies are caused by non-uniform density distribution of the crustal 
materials. The anomalies can be caused by various types of geological features including 
deep and regional geological structure, sedimentary basins boundaries and inner oil & gas 
bearing structures, metallogenic belts, and even mineral ore-body containing structures. 
All of these features can be delineated with gravity measurements, i.e., gravity survey. 
China conducted nation-wide gravity survey in 1982 with the aim of natural resources 
exploration. The regional gravity survey at the scale of 1:1million covered the mainland 
area of China in 2006. The survey of 1:250,000 scale has achieved to cover an 
approximated area of 5.66 million km2 with the coverage of most eastern part and some 
northwestern part of China so far. For important areas of minerals and oil & gas, more 
density gravity measurements, such as 1:50,000 scale surveys implemented as usual.     
Fig. 2 shows gravity survey coverage of China. 

 
Fig. 2. Gravity survey index map of China land areas. 
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Systematic gravitational base is of datum 1985 and Beijing 54 coordinate system and 
elevation base of Yellow Sea datum of 1985. Total resolution of gravity observation data 
is about 2 mGals before the year 2000 and 1 mGal within this century. With a 
combination of satellite altimetry gravity data and shipboard gravimetric data, overall 
accuracy in marine area reached a wave length of 8km, which is roughly 3 mGals in 
data resolution. 
Gravity survey has been played an important role in many fields of geosciences ever 
since it’s been conducted, such as tectonic study and geologic block boundary and 
buried faults and igneous rock belts delineation, oil & gas and mineral resource 
exploration, geodetic study and even military application. Main application of gravity 
survey of China is laid in minerals and oil & gas exploration. While  in  gravity  anomaly 
interpretation, data processing and map complication for regionalgeological structure 
study, gridding spacing for national or regional dataset are often from 10 km×10 km, 5 
km×5 km to 2 km×2 km with the utilization of 1:1million scale data to 1:250,000 scale 
data respectively. For minerals and oil & gas exploration, working scales of 1:250,000 
scale data and 1:50,000 scale data are the main data source, with the gridding space of 2 
km×2 km ,1 km×1 km and 500 m×500 m are selected as common choices. 
 

3. Oil and Gas Basins Gravity Survey 
Sedimentary oil & gas basin delineation by gravity in the earlier stage of exploration 
involves studying of regional geology and magnetic anomaly interpretation, and seismic 
profiles in some cases when available. Gravity data processing and interpretation is often 
carried out on the base of Bouguer anomaly, as shown in Fig. 3.  Anomaly feature 
classification, isostatic residual anomaly and local residual anomaly are also crucial to 
regional structure and local or inner basin structure delineation. Total horizontal gradient 
and depth to the basement calculations are also helpful in locating buried faults, magmatic 
rocks and evaluation of the volume of source rock sediments. 

 
Fig. 3. Bouguer anomaly map and feature zoon classifications of China land areas 

125



Zhang Minghua et al., Oil and Gas Discovery Using Gravity Method in China Geological Survey 
 
 

 
Fig. 4. Sedimentary basin and inner main structures in China main land areas  

by gravity interpretation. 
 

A newly compilation of gravity data for oil & gas exploration in China has divided 
the anomalies into 19 first-grade anomalous feature areas, 73 second-grade areas and 
91 third-areas. These zones clearly reflect deep and regional geological structures and 
main oil & gas basins. 
This primary sediment basin interpretation with gravity includes eight regions of 
Xinjiang, Gansu Corridor, Tibetan Plateau-Sanjiang, Northeast China, and northern 
China, Yangtze, south China and east part of China seas. Many new understandings are 
obtained on regional structures, including conjunction boundaries of the three main blocks 
and five orogenic belts, and regional sedimentary basin types. Five new basins are 
delineated with 46,000 km2 for the first time, and adjusted some known basins 
boundaries underground with a total area difference of 310,000 km2. As a result, a total of 
871 sedimentary oil & gas basins were delineated mainly with gravity by this compilation, 
as shown in Fig. 4. At the same time, 13 first-grade, 311 second-grade and 3,133 third-
grade fault belts were delineated, and 2384 buried and semi-buried igneous rocks were 
located. 
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4. Significance of Gravity Survey in China 
Regional gravity survey in China Geological Survey has played an important role in 
fundamental geological researches and nature resource exploration. Significant 
achievements are reflected in the following aspects: 
(1) Gravity data reveal that the crustal structure change at depths in China gradually 
thinning from west to east in 4-stair-like levels form some 75 km to about 20 km. 
(2) Gravity anomalies are important as guidelines in targeting oil & gas fields. 
Changyuan uplift was firstly determined using gravity data in Songliao Basin for the 
discovery of Daqing oilfield. The uplift, depression structure and deep reef location in 
Bohai bay basins are also typical examples. 
(3) The achievement of gravity survey is unique in locating large sedimentary basins, 
delineating basin boundaries, inner basin structure patterns and estimating depth to 
basements, in positioning spatial distribution of different sorts of igneous rocks, 
determining buried shape and depth to top and bottom of a buried rock body in three-
dimensional, in locating regional large fault belts, etc. in China. 
(4) Field measurement technology and anomaly interpretation and data processing 
methods had also improved and advanced to be more effective with the conduction of 
gravity survey in China. And more importantly is that a large number of national, regional 
and provincial professional staff grow at the same time. Data coordination and correction, 
data management, processing and standardization of gravity surveys and application 
technology of China are among the best levels in the world. 
 

5. Conclusions and Suggestions 
Gravity survey is one of the most powerful geological survey and exploration methods for 
discovery oil & gas basins in China. It has played an important role in conventional oil & 
gas exploration. Yet, China has a vast territory and a large number of petroliferous basins. 
There are a lot of unconventional oil & gas targets including shale gas, onshore and 
highland gas-hydrates, and many inter-mountain depressions, that are needed to be 
investigated and explored with geological and geophysical surveys. The fastest and most 
economical way for a primary effective targeting of this fuel resources is to conduct 
regional gravity and magnetic surveys. The survey scale of 1:250,000 or larger should 
be implemented in the most western part of the country where it has been covered with 
a 1:1million scale surveys; and 1:50,000 survey to be carried out in the eastern part 
and the outskirts of existing basins where it has been covered with 1:250,000 scale 
survey. The new surveys should focus on new area and new stratums for oil & gas and 
unconventional energy resources. Minerals, of course, can also be searched with the same 
survey data. In order to achieve efficient and effective exploration, it is important to 
integrate multidisciplinary, data and information to conduct synthetic studies with the 
combination of geological and geophysical knowledge and professional experiences with 
modern computer and software facilities. 
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Abstract 
The issuance of new mining law number 04/2009 has added value policy for mineral products in 
Indonesia. Mining permit holders should build their own processing and refinery units (smelters) or 
have to engage existing smelters to process or refine mineral products domestically. The government 
believes that the implementation of this policy will increase government revenue from mineral up to 
five times higher or even more. Mineral raw materials fed into established or future smelters are 
categorized as domestically strategic minerals. There are six domestically strategic mineral types 
identified according to the list of smelters plan in 2013-2017: bauxite, nickel, iron, lead, zinc and 
manganese. The availability of these mineral reserves is limited if encountered each available reserves 
against its smelter capacity. Highest to less priority order of domestically strategic minerals that will 
urgently be developed in the short or medium terms are iron ore, manganese, copper, nickel and 
bauxite. The target areas for exploration of these minerals are determined on conventional magmatic 
arcs and metallogeny of Indonesia and the new concept of metamorphic hosted mineral (orogenic 
types) backgrounds. A new paradigm of mineral exploration today is exactly performed 
comprehensively in proper stages with regard to sustainable development at domestic industry 
demands. 

 

Keywords: Added value, domestically strategic minerals, smelters, sustainable, Indonesia 

 

1. Introduction 
Indonesia government has issued new Mining Law No. 04/2009 replacing Mining Law No 
11/1967 followed by some related derivative regulations such as government decrees and 
ministerial decrees. There are some fundamental changes can be marked here in related to 
manage mineral resources, which is called as part of added value or downstream mining 
industry policies. It would be no longer to export mineral products, instead must be processed 
or refined first in domestic; new mining permits for metallic minerals must be arranged under 
the auction mechanism through bidding process.  
The implication for mining permit holders is that they should build their own processing and 
refinery units (smelters) or have to engage existing smelters. Indonesia Government has 
certain reasons concerning the added value issues. The government believes that the 
implementation of this policy will increase government revenue from mineral up to five times 
or even higher than before. In addition, it will provide new job opportunities for Indonesian 
people especially for local people around mining sites. For those who want to extend mineral 
resources within a new mining license, they shall register as bidding applicant and has to win 
the bid before government will grant the new mining license. 
However, in the context of resources availability, such new regulations have also emerged 
some consequences in that readiness to ensure the availability of mineral resources to be 
sufficient for economic lifetime of the smelters. The study results on Cost Benefit Analysis 
Report on Raw Mineral Export Ban conducted by the Planning Bureau of Industrial Ministry 
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of Indonesia in 2012 indicate that there are some handicaps that may cause unexpectedly 
failure in smelter development. These handicaps include: possibly the scarcity of mineral 
reserves that would not reach economic lifetime; scattered mineral reserve locations; and, 
limited land in mining permit areas. The reserves are resulted from detailed exploration 
activities that are subjected to available resources within mining license areas. While the 
laterally expansion of resources towards outside of existing mining permit areas can be done 
at new recommended prospective areas.   
This paper discusses on domestically strategic mineral types, sustainable resources 
exploration program and strategy, the selection of the very first priority among domestically 
strategic minerals for the preparation of prospective areas to develop for the extension of 
resources in future by considering sustainability. The main objective of this paper is to 
describe the proper manner in the selection of the very first priority on certain domestically 
strategic minerals in the short or medium terms.  
 

2. Domestically Strategic Mineral Types 
To define domestically strategic minerals is not easily determined since no specific regulation 
has stipulated this terminology to be referred to. According to Government Decree Number 
23/2010, there are more than 100 types of mineral commodities classified into metallic 
minerals, non-metallic minerals and rocks. Not all of these mineral types to consider as 
strategic minerals. An approach to define strategic minerals in this context can refer to 
Ministerial Decree Number 1/2014 in which at least 14 mineral types are listed at any 
different grade requirement depending on commodity type. The government decides to trade 
these minerals as the main mineral commodities domestically and as export products. In fact, 
not all of these listed minerals have been investigated routinely by GAI (Geological Agency 
of Indonesia) as annual target in exploration program due to limited personnel and budget.  
However, referring to the list of smelters planned during 2013-2017, mineral commodities as 
feeding materials are consisted of only six among 14 types of minerals mentioned above, 
which includes Cu, Pb, bauxite, Fe, Ni and Mn. A number of smelters have been proposed to 
build and construction of some smelters will be completed in 2017 to process or refine these 
mineral products (Table 1). These minerals may have adequate reserves to supply at least as 
long as the economic lifetime of smelters. Therefore, these minerals are reasonably 
categorized as domestically strategic mineral types simply because can be processed or 
refined to produce qualified products as pointed in the table.  
 

3. Status of Domestically Strategic Mineral Resources Data  
According to the information extracted from routinely published resources database on 
annual basis executed by GAI, the list of total resources status in 2015 for each of six 
domestically strategic minerals (Ni, Bauxite, Fe, Cu, Pb, Zn) is shown in Table 2. These 
resources are distributed in five main islands such as Sumatra, Kalimantan, Java, Sulawesi 
and Papua. Some resources occur also in small islands such as Nusa Tenggara, Halmahera in 
Malucca, etc. Indonesia has been controlled by complicated tectonic structures that 
influenced rock formation throughout the country, this has implicated the characteristics of 
mineral deposit type distribution. Every mineral commodity indicates a favorable geological 
background and hence mineral spatially may sit in different island. For instance, copper, lead, 
zinc, iron, manganese tends to make cluster on volcanic rocks in Sumatra while bauxite, iron 
and small amount of nickel are found in ultramafic rocks in Kalimantan. Sulawesi has been 
famous in the world to harbor nickel ore with some iron are hosted on ultramafic rocks, as 
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similar famous as copper deposit hosted in intrusive rocks in West Nusa Tenggara and Papua 
(Fig. 1).  
Such regional geology and metallogenic maps shown in Fig. 1 are still relevant to be adapted 
today as a regional guide for searching new resources of domestically strategic minerals 
across the country. So, this will be utilized as basic map to planning road map of mineral 
exploration. 

 

Table 1. Smelter plan in 2013-2017 
Sources:Directorate General of Mineral and Coal, 2014 

 

 

 

 

 

 

Total Smelter or Refinery & Processing 

No Mineral Product 2013 2014 2015 2016 2017 

1 Cu Copper Cathode 2 2 2 2 4 

2 Pb Bullion Lead 
   

1 1 

3 Bauxite 
a. SGA 

   
4 5 

b. CGA 
 

1 1 1 1 

4 Iron 

a. Pig Iron 
  

1 3 4 

b. Sponge Iron 2 2 2 3 3 

c. Billet 1 1 1 3 3 

5 Nickel 

a. FeNi 1 3 8 15 15 

b. NPI 1 8 12 19 19 

c. Nikel Alloy 
  

2 2 2 

d. Sponge Nikel 
  

1 2 2 

e. MHP 
    

1 

f. Nikel Matte 1 1 1 1 1 

6 Manganese 
a. Silika 
Manganese 1 1 1 1 1 

b. Fero Mangan 1 1 1 2 1 

TOTAL 10 20 33 59 63 
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Table 2. Status of Domestically Strategic Mineral Resources in 2015.  
Source: Geological Agency of Indonesia (GAI) 2015 

 
No. Commodities 

Total Resources (Tons) Total Reserve (Tons) 

Ore Metal Ore Metal 

1. Bauxite 1,347,638,206.68 648,479,376.64 585,721,415.00 239,598,060.26 

2. Nickel 3,711,588,997.00 54,449,501.35 1,155,234,951.40 21,378,312.61 

3. Copper 18,284,523,144.94 108,698,062.96 2,719,650,376.80 25,603,197.33 

4. 
Iron ore 712,464,366.32 401,771,218.67 65,579,511.00 39,825,354.30 

Iron Sand 2,121,476,550.10 443,732,971.69 173,810,612.00 25,412,652.63 

5. Manganese 15,557,048.77 6,305,298.42 4,429,029.00 2,834,916.25 

6. Zinc 670,658,336.00 7,487,775,86 19,864,090.90 2,274,982.50 

 

 
Fig. 1. Magmatic arcs and related domestic strategic mineral distribution 
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4. Exploration Scope of Works 
Step by step exploration activity is described in the flow chart of exploration work stages in   
Fig. 2. This is adopted from UN Standard published in 1998 and extracted from internal 
guide book published by GAI in 2014. Basically, activity would starts from secondary data 
compilation and then to evaluate all collected data in order to get potential areas before 
decision of conducting field works. Some secondary data could be directly end up to giving 
potency and thus needs field work program for further investigation or even otherwise end up 
to documented files because nothing prospective is indicated. Every step on exploration work 
will yield resources at any confidence level according to exploration accuracy: from 
hypothetical to measured resources category. 
Notes that dashed red line in the flow chart points out the scope of detailed exploration stages 
which is generally conducted by mining permit holders (or IUP holders). The detailed 
exploration is generally conducted by mining license holder as a part of their responsibility to 
obtain mineral reserves for economic evaluation purposes, even though government 
institution like GAI is most likely to carry out detail exploration but in green field areas to 
estimate reserves for the government objectives.  
Before the issuance of new mining law, GAI as the institution who has competence in 
mineral resources development, has routinely conducted mineral exploration activity with the 
area target and the mineral type was normally on interesting geoscience basis. Today after 
new mining law the priority basis should have been relay on measures as applied to the 
selection of domestically strategic mineral types by means of integrated geosciences, the 
essence of minerals in economic, domestic industry, environmental and social aspects as 
generally included in sustainable development (Fig. 3). To do this, one should refer to 
internal standard operational procedures (SOP) established through general mining activity 
flowchart extracted from many sources and confronted with related regulations.  
 

 
Fig. 2. Flow chart of exploration work stages 
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Fig. 3. Sustainable mineral resources development in the context of GAI scope of work 

 

 
 

Fig. 4. Government exploration project in connection with sustainable resources development 

 

 

 

 

 

134



Thematic Session “Geoscience for the Society”, 52nd CCOP Annual Session  
Bangkok, Thailand, 1st November 2016 

 
 

 
5. Exploration Road Map and Prioritized Commodity 
Theoretically, the growth rate of mineral material demands fed into any smelter plant should 
be matching with related mineral resources availability in reachable distance to develop for 
reserves. In the context of mineral material availability, GAI institution that has competence 
in mineral resources development should take a role in searching extended resources or even 
new sources upon prospective mineral data base in green field areas which in turn to become 
mining licensed areas.  The means to reach these targets are by the implementation of 
geosciences principles with systematic exploration strategy and sustainable development 
aspects as well.  
The geological background knowledge applied to determining the prioritized area selection  
of exploration activity is based on existing regional metallogenic map of Indonesia, new 
geological-mineralization-related concepts and some new findings from previous 
investigation or desk studies (Fig. 6). For all domestically strategic minerals deposits, 
magmatic arc axes and characteristics of major mineral deposits map of Indonesia are used as 
basic geological justification (Fig. 2). The occurences of gold and base metal in metamorphic 
rocks outside of magmatic belts or volcanic arcs in Indonesia (orogenic types) as found in SE 
Sulawesi and Buru Island Maluku recently, has also been inspiring a number of geologists in 
the country to attempt the discovery of more new sources of gold and base metal within the 
similar rock formation widespread in Sulawesi, Kalimantan and other islands. There are, 
therefore, at least 10 prospecting targets can be delineated in main islands as shown in Fig. 6. 
 
 

 

Fig. 5. Exploration target areas for gold and base metals (Cu, Zn)  
in metamorphic rock formations believed as orogenic deposit types 
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The occurences of gold along with base metals in metamorphic rocks outside of magmatic 
belts or volcanic arcs in Indonesia (orogenic types) can be used as indication for selection of 
exploration target areas. Referring to domestically strategic mineral commodities, smelter 
location, encountered with geological background and metallogeny, GAI has made the  road 
map of mineral exploration including six domestically strategic minerals  by 2015-2019 
period such as nickel (Ni), copper (Cu), lead (Pb), zinc (Zn), manganese (Mn) besides 
common minerals such as Au, REE and other industrial minerals (Fig. 7). The target to reach 
is indicated by the total number of recommended mining permit areas, potential mineral areas 
and exploration work areas which consists of 30, 24 and 12 blocks, respectively, these have 
been stipulated in Ministerial Decree Number 13/2015.  
 

 
 

Fig. 6. Road map of exploration development in short or medium terms 

 

With the attempt to find out the very first priority mineral types among categorized 
domestically strategic minerals, confronted reserves against smelters have given a very 
roughly estimated lifetime of available reserves (Table 3). The priority scale of mineral types 
can then be determined to develop their resources urgently. From the lifetime aspect on the 
table, it can be seen that the priority order of domestically strategic minerals from highest to 
less priority are iron ore, manganese, copper, nickel and bauxite. 
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Table 3. Reserves of domestically strategic minerals and their lifetime of reserves 
Source: Directorate General of Mineral and Coal, 2014 and Geological Agency, 2015 

 

 

 

No Commodity Province 
Reserve (T) Smelter Lifetime of 

Reserve (Y) 

Ore Unit Total Raw 
Material (T/Y)  

1 Bauxite 

Riau Island 18,472,639 6 500,000 37 

West Kalimantan 495,797,359 7 6,500,000 76 

INDONESIA 585,721,415 - 8,125,000 72 

2 Nickel 

West Java - 1 - - 

East Java - 4 - - 

North Maluku 450,691,340 4 10,000,000 45 

South Sulawesi 123,703,500 4 925,000 134 

Central Sulawesi 161,070,000 12 18,000,000 9 

South East Sulawesi 15,500,000 21 15,500,000 27 

INDONESIA 1,155,234,951 - 49,425,000 23 

3 Copper 

East Java - 1 270,000 11 

East Kalimantan - 1 850,000 11 

INDONESIA 2,719,650.377 - 126,300,000 22 

4 Iron 

Bengkulu - 1 - - 

Banten - 3 6,000,000 - 

West Java 1.302.000 3 850,000 1,5 

East Java 700.000 1 - - 

South Kalimantan 18.089.066 4 11,500,000 1,6 

INDONESIA 239,390,123 - 18,350,000 13 

5 Mn 

Banten - 1 - - 

West Java - 1 140,000 - 

West Nusa Tenggara - 1 300,000 - 

INDONESIA 4,429,029 - 440,000 10 

6 Zinc 

West Java - 2 - - 

Central Kalimantan 325.000 1 - - 

INDONESIA 19,864,091 - 684,000 29 
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6. Conclusions 
The domestically strategic minerals are defined as urgently mineral needed to supply of 
existing smelters or future construction ones as a part of added value policy according to New 
Mining Law number 4/2009. Exploration works for development of such minerals should 
consider comprehensively proper stages in regard to economic, environmental, social aspects 
(sustainability) at domestic industry demand basis besides basic justification of geosciences 
background. As new paradigm for exploration targets today, every single mineral commodity 
resources development will rely on regulation that exactly states targets as domestic 
commodity. For the short or medium terms (2015-2019), six domestically strategic minerals 
that need to develop for extended resources are from highest to less priority as iron ore, 
manganese, copper, nickel and bauxite. Geoscience background basis on the selection of 
target areas is still on conventional magmatic arc and metallogenic map, and a new 
geological concept of metamorphic hosted gold and base metals. 
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Abstract 
 

The Mong Yawng - Tar Lay area, Eastern Shan State is situated in the northern Sukhothai Terrane 
located between two parallel tectonic sutures; the Palaeo-Tethys suture zone and a Back-arc basin 
suture. The area is characterized by a folded and faulted sequence of shallow- marine sedimentary rocks 
and igneous rocks with I-type granitoids, mostly of Permian to Triassic ages. 

The gold mineralization at Wan Pawt, near Mong Yawng occurs as sediment-hosted epithermal 
mineralization within siltstone, mudstone and phyllite interbedded with volcanoclastic rocks, rhyolite 
and dacite. Gold mineralization is mainly confined to an extensional zone related directly to the lateral 
movement of the NE trending Mong Yawng Fault system. The Wall-rock alteration includes 
silicification and clay alteration associated with fine sulphide dissemination. Based on the field 
investigation, the mineralization has a strike-length of approximately 850 m and is 600 meters in width. 

At Tar Lay east area, gold mineralization is hosted in granite and occurs as gold and sulphides-bearing 
quartz veinlets and as well as stockwork / dissemination style. Pegmatite and microdiorite dykes are 
also observed in the granitic rocks. A small scale gold worksite with heap leached pads is observed in 
an area of nearly 7 km x 2 km. Gold extraction is mainly carried out in a weathered and oxidized zone 
of more than 20 meters depth. Geochemical analysis also indicates that gold is associated with elevated 
values of silver, copper, arsenic and antimony. 

 

Keywords: Mong Yawng (Wan Pawt), Tar Lay, sediment-hosted epithermal, stockwork / 
dissemination style 

 

 
1. Introduction 
The Mong Yawng -Tar Lay area is situated within a northern extension of the Sukhothai 
Terrane, Eastern Shan State, Myanmar. The previous geological investigation in the area has 
mainly been confined to regional geological mapping and mineral occurrences in these areas. 
Detailed studies on the mineralization style and genetic aspects are still under - researched. 
Currently, the Department of Geological Survey and Mineral Exploration (DGSE) is carrying 
out a project to record mineral occurrences and prospects in the area. Many gold prospects in 
the area are currently exploited by small scale mining and a few illegal miners. The location 
map of Mong Yawng -Tar Lay area is shown in Fig. 1. 
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         Fig. 1. Location map of Mong Yawng-Tar Lay area in Myanmar 

 
2. Tectonic Setting and Regional Geology 

The territory of Myanmar is divided into five parallel North-South trending Morpho-tectonic 
belts from east to west. They are the Eastern High Lands & Upper Irrawaddy Province, the 
Central Low Lands, the Western Ranges or Western Fold Belts and the Arakan Coastal Belt, 
where each belt has its own outstanding stratigraphic succession, geological structures and 
metallogenic characteristics. The geological age of Stratigraphic units of Myanmar ranges from 
Precambrian to Recent and morphologic and tectonic features of the Stratigraphic units follow 
a general North-South trend. They are more or less related to the stratigraphy and tectonic 
setting of neighboring countries of India, China, Thailand, Malaysia and Indonesia. Myanmar 
occupies a complex geological boundary zone between the present-day Asian and Indian plates. 
The Mong Yawng -Tar Lay area is situated in the Eastern Highlands of Myanmar. It is located 
in the Sukhothai Terrane, between parallel tectonic sutures of the Palaeo- Tethys suture zone 
and Back-arc basin suture, the so-called The Nan and Sra Karo sutures in Thailand and 
Jinghong suture in Yunnan (Sone and Metcalfe, 2008). The area is characterized by folded and 
faulted sequences of shallow marine sedimentary rocks and igneous rocks with I- type granitoid 
(Gardiner et al, 2015). The proposed tectonic subdivision of mainland Southeast Asia is shown 
in Fig. 2. 
 
The Eastern Shan State is mainly composed of early to late Paleozoic granite with folded slate, 
phyllite, quartzite, schist, siltstone, mudstone and conglomerate interbedded with acid volcanic 
and volcaniclastic rocks, Permian limestone, Jurassic clastic sedimentary rocks and Late 
Tertiary sandstoneand mudstone with coal seams. The late Triassic age (219-220 Ma) Main-
Range Granitoid is recognized as an S-type granite and the Permian age (266 Ma) Eastern 
Granitoid Province is regarded as an I-type granite in Eastern Shan State, Myanmar (Gardiner 
et al, 2015). The S-type granite, partial melting of Sibumasu is associated with Sn-W 
mineralization in Mong Hsat area, 70 km west from Tachileik and the I-type granite of 
magmatic arc origin is currently regarded as associated with Au-Cu mineralization in the  
Mong Yawng -Tar Lay area. The regional geological map of the area is shown in Fig.3. 
 

Epithermal Gold  
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            Fig. 2. Palaeo Tethys Suture Zone and back-arc basin sutures (Sone and Metcalfe, 2008)  
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Tar Lay  Au 
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             Fig. 3. Geological map of Eastern Shan State, Myanmar (DGSE, 2008) 

 
3. Gold Mineralization 
3.1 Mong Yawng (Wan Pawt) Gold Prospect 
 
The Wan Pawt area is located at Wan Pawt village, on the way of Mong Yawng- Mong Yu car 
road.The sediment hosted epithermal style gold mineralization occurs in Paleozoic siltstone, 
mudstone and shale interbedded with volcanoclastic rocks, silicified rhyolitic rocks and dacite. 
These rocks trend about 040° (NE-SW) and dip 50°– 60° NW and SE formed an anticlinal 
structure. The ENE trending Mong Yawng fault is also recognized for more than 50 km in strike 
length and gold mineralization is confined mainly along the NE-SW trending structure 
developed during the lateral movement of Mong Yawng Fault System (DGSE, 2005). The field 
party of DGSE had carried detailed geological mapping of Wan Pawt area during 2005. The 
silicification and clay alteration zone occurs for 5 km along the ENE-WSW direction. Pyrite 
dissemination with lattice bladed textured quartz are also common. The geological map of area 
is shown in  Fig. 4. 
 
 

Mong Yawng area 

Tar Lay area 
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Fig. 4. Geological map of Mong Yawng-Mong Yu area (DGSE, 2005) 

 

The mineralization is mainly confined to a NNE trending structure, about 850m long and 600m 
in width, related directly to the sinistral moment along the MY fault system, probably  an 
extensional fractures proximal to a major jog in the regional strike slip fault system. 
At the prospect scale, the main structural elements are NNE trending, steeply west dipping 
quartz veins, NW trending faults and silicified breccias vein with slickensides, and shallow EW 
trending and N or S dipping thrusts. The typical alteration in an association with gold 
mineralization is mainly silicification including lattice bladed chalcedonic quartz vein, 
silicified breccias veins with fine grey sooty sulphides and quartz vein stockworks with 
limonite selvages Fig. 5. 

           

  

 

 

 

 
Fig. 5. a Quartz veinlets, stockwork in 
indurated mudstone 

Fig. 5. b Bladed texture quartz in open-
pit worksite 
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The quartz vein stockworks zone has developed in the meta-sediments. Based on hill float and 
outcrop observations the deposit has a strike length of approximately 850 m and may be up to 
600 m in width (Locrian Resources, 2014). The quartz vein textures and fluid inclusion analysis 
of the gold prospect are shown in Fig. 6 and Fig. 7. 

           

           

           

           

           

           

           

           

           

           

           

           

           

            

     Fig. 7. Fluid inclusion analysis of Mong Yawng prospect (from JOGMEC, 2014)  

The altered and mineralized samples from the prospect were analyzed in order to determine the 
geochemical characteristics of gold mineralization and concentration level of anomalous 
elements.  The results indicate that mineralization at Mong Yawng is characterized by 
anomalous concentrations of gold, silver, copper, antimony and arsenic, relative to the silica 
cap zones. The ranged assay results from 10 samples are illustrated in Table 1. 
 

Table 1. ICP-MS assays of Mong Yawng gold prospect (JOGMEC, 2014)
Wan Pawt Au Cu Ag Mo Pb Zn Sb As Bi Cd S 

 ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm % 

1 4.14 546 2.26 10.55 690 18 1235 >10000 0.89 1.24 0.34 

2 0.737 17.9 0.44 62.9 114 17 17.1 167.5 0.31 1.13 0.38 

3 0.926 1090 9.87 8.26 100 60 578 1945 0.03 1.25 0.6 

4 0.017 662 0.1 6.51 28.4 13 5.01 17.2 35.5 0.02 0.01 

5 0.062 4.5 0.07 4.5 20.9 12 12.15 29.6 1.25 <0.02 0.03 

6 0.012 10.9 0.11 12.7 87 7 14.8 102.5 0.34 <0.02 0.01 

7 0.049 10.6 0.27 4.05 87 4 17.2 227 0.12 <0.02 0.04 

8 0.028 9.4 0.17 7.63 81.3 6 101.5 338 0.56 2.07 0.41 

9 0.064 16 0.37 66 168 12 58.1 195 0.52 0.07 0.71 

10 5.08 5.9 0.1 2.44 73.2 17 39 770 0.07 0.06 0.75 

 

Fig. 6. a Altered clay and concentric iron 
lamination  

Fig. 6. b Coloform, vuggy, sulphide bearing 
quartz vein  
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3.2 Tar Lay Gold Prospect 
In the Tar lay area, the gold mineralization occurs as gold-sulphide bearing quartz veinlets and 
stockworks in granitic rock near Tachileik. The gold extraction is being carried out in the 
oxidized zone of granitic rock, weathered and altered zone with a thickness more 20 m depth. 
The granitic rocks are trending nearly NNE-SSW as a foliated granite. The mineralized zones 
are widespread and occasionally the pegmatitic/andesitic dykes are also found in the granitic 
rocks. Some of sulphide bearing quartz veins shows Unidirectional Solidification Texture. 
Mineralization is hosted in both granite and altered quartz diorite characterized by silica-clay-
pyrite alteration haloes. Some altered zones contain quartz +/- tourmaline veins and veinlets 
striking in an approximately E-W direction cut across by post- mineralization fractures 
(Locrian Resources Inc, 2014). The granitic rocks are regarded as an I- type granitoid of 
magmatic arc origin (Gardiner eat al, 2015). The gold extractions have being carried out by 
open pit mining method and heap leached pads are observed in an area of approximately 7km 
x 2km. The geological map of Tar Lay area is shown in Fig. 8. 
 

 

 

          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
        
 

              Fig. 8. Geological map of Mong Lin- Tar Lay area, ESS (DGSE, 2007) 
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At the open-pit area, the geochemical analysis of channel samples from the silica-clay-pyrite 
alteration zone yields up to 3.43 ppm Au. The mineralized zones are shown in (Figs. 9 and 10). 

 

           

            

            

            

            

            

       

The geochemical analysis also indicates the gold mineralization is associated with elevated 
values of Ag, As and Sb. The analytical results are shown in Table 2. 
 

Table 2. Summary rock chip analytical results of Tar Lay gold deposit (Locrian, 2014) 
Spl 

No 

X 

UTM 

 

Y 

UTM 

WGS84 

Au 
pp

m 

Ag 
pp

m 

As 
ppm 

Ba 
pp

m 

Cu 
pp

m 

Fe 
pp

m 

Mn 

pp

m 

Mo 

pp

m 

Ni 

pp

m 

Pb 

pp

m 

Sb 

ppm 
Zn 

pp

m 

1 
617440 2281106 2.3 1.9 3050 310 43.1 2.8 46 1.5 25.7 410 277 4 

2 
617440 2281106 3.1 2.6 2670 450 61.9 3.5 59 1.9 49.6 138 179 29 

3 
617440 2281106 4.8 2.2 4480 430 48.9 3.9 51 1.1 44 25.7 147 20 

4 
617452 2281078 3.8 1.9 4270 300 60.9 2.2 54 1.2 17.7 189 31100 18 

5 
619371 2283820 0.0 0.0 31.2 330 11.8 2.7 66 1.3 2.7 48.1 41 18 

6 
619369 2283818 0.0 0.1 65.8 230 14.8 5.8 103 1.5 3.9 45.2 90 45 

7 
619371 2283825 0.1 0.1 105.5 500 6.1 2.2 60 1.5 3.1 19.8 36 9 

8 
619375 2283821 0.3 0.1 224 340 10.5 3.0 76 1.2 3.9 208 337 11 

9 
619379 2281106 0.1 0.1 219 450 5.2 2.5 104 1.6 2.2 71.1 87 6 

10 
619461 2281106 1.9 1.7 2970 220 14.4 1.9 71 1.4 4.9 347 202 3 

 

The low level base metal contents and the Au, As and Sb concentrations may indicate the gold 
mineralization is formed in a shallow level epithermal system (Locrian, 2014). 

 

 

 

Fig. 9. Quartz vein stockwork in granitic 
rocks at open-pit, Tar Lay area 

Fig. 10. Central worksite mineralized zone 
in granitic rocks at open-pit 
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4. Discussions 

The following discussions can be drawn from this study: 
1) Based on field investigation, ore texture, chemical data and fluid inclusion studies, the 

gold mineralization at Wan Pawt (Mong Yawng) appears as sediment-hosted epithermal 
style. 

2) The gold mineralization at Wan Pawt is mainly confined along the NE trending fracture 
related directly to the Sinistral movement of the Mong Yawng strike slip fault system. 

3) The gold Mineralization at Tar Lay is hosted by a medium grained mica granite/quartz 
diorite (biotite has been altered to muscovite/sericite) and consists of silica-clay-pyrite 
altered lenses with clay pyrite haloes, and the granitic rocks are regarded as an I- type 
granitoid of magmatic arc origin.  

4) Base on geochemical data, the elevated values of Ag, As and Sb with gold 
mineralization at Tar Lay indicates the upper level of an epithermal system. 

5) The Mong Yawng- Tar Lay area is situated in Sukhothai Terrane, between Palaeo- 
Tethys suture and Back-arc basin suture. An I- type granitoid is associated with Au 
mineralization at these areas where more detailed research work should be carried out.  
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Abstract 

 
Groundwater management authority of the government is covering the provision of data and 
information on groundwater, an inventory of groundwater, groundwater monitoring, preparation and 
adoption of conservation zones of groundwater, as well as the issuance of technical recommendations 
to permit the use of groundwater for  commercial use and for non-commercial use. 
 
Referring to the Technical Guidelines for the Management of Groundwater (MEMR, 2004), which has 
been modified to put into the Draft Regulation of the Minister of Energy and Mineral Resources on 
the preparation and adoption of groundwater conservation zones, the stage of evaluation and data 
analysis in the determination of conservation zones of groundwater include: (1) Delineation of 
protection zones of groundwater , (2) Evaluate the conditions and environment of groundwater, (3) 
evaluation of the depth of production wells and aquifers, (4) Evaluation discharge collection 
groundwater and (5) Determination of the conservation zone of groundwater consisting of the 
utilization zone of groundwater that includes a safe zone, vulnerable, critical, and broken zones; 
and a groundwater protection zone which covers an area of groundwater recharge. 
 
Based on the evaluation and data analysis, recommendations of groundwater conservation zones 
groundwater system confined aquifer of Denpasar and Tabanan Groundwater Basin divided into four 
zones, namely: the Conservation Zone Groundwater I (Vulnerable Zone), Conservation Zone 
Groundwater II ( Safe zone I) and Groundwater Conservation zone III (Safe zone II), and the 
Groundwater Conservation zone IV (area of groundwater recharge). 
 
A decline in groundwater level and groundwater quality is likely to continue in Denpasar and 
Tabanan Groundwater Basin today, especially in confined aquifer system, shows that efforts to 
conserve groundwater in the basin should be improved. Activities to disseminate knowledge about the 
understanding of groundwater conditions and environment in Denpasar and Tabanan Groundwater 
Basin and understanding of legislation on groundwater management should be improved to local 
government officials, companies holding licenses, or other parties. 
 
Keywords: Groundwater basin, groundwater management, groundwater conservation 
 
 
1. Introduction 
Groundwater, even though it is a renewable resource, its formation process requires 
considerable time, reaching tens of thousands of years. If the groundwater has been damaged  
(quantity and quality), then the recovery process will take a long time, involve high cost and 
complicated technology and even then the initial condition will not return. 
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The groundwater in the Denpasar-Tabanan Groundwater Basin (GWB), which lies in the 
province of Bali, plays a crucial and strategic role because it provides the basic needs of 
livelihood of many people in a variety of community activities, especially as the drinking 
water supply of rural and urban areas, and in supporting the activities of tourism as well as 
industrial processes. This is primarily because the groundwater is generally widespread and 
can be used directly in an area  at a lower cost than the use of surface water. 
 
2. Study Area 

Geographically, the study area located between coordinates 114 58' 7,44 "-115 30' 55,62" 
East and 08 12' 24.03 "- 08 46' 30,91" North, an area of approximately 2,080 km2. Denpasar-
Tabanan GWB is located on the island of Bali, and covers most of the city of Denpasar and 
Tabanan City and some other cities on the island. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1.  Study area 
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3. Method 
Generally, this study covers: 

 The collection of data and information related to the configuration of the aquifer system, 
groundwater potential, as well as environmental conditions of study area 

 The collection of primary data through direct measurements in the field, especially 
in production wells and monitoring wells 

 Sampling of groundwater on all systems aquifer, both the unconfined aquifer through 
dug wells and confined aquifer through drilled deep wells 

 Observations and inventory of the environmental impact of the use of ground water. 
 Physical and chemical analysis of groundwater samples in the laboratory. 
 Evaluation and analysis of data. 

 
4. Data Analysis and Evaluation 
Evaluation and data analysis is performed through five main methods, namely: 
a. Delineation of groundwater protection zones 

 Determination of the groundwater recharge area 
Besides referring to the procedures that are in the guidelines, groundwater recharge 
area determination can be conducted by other methods such as natural isotope 
applications, application of groundwater temperature, and chloride mass balance. 

 Determination of spring protection zones 
Protection zones around the springs are determined on the appearance of the spring 
that was in the area of groundwater. Determination of a spring protection zones is 
done by delineation of an area with radius of 200 meters from the location of the 
appearance of the spring. Within that radius, drilling and groundwater extraction is 
prohibited. 

b. Evaluation of environmental damage and groundwater conditions 
The basic considerations in determining environmental damage and groundwater 
conditions include: 
1) the amount of groundwater abstraction; 
2) decline in groundwater level; 
3) changes in groundwater quality; and 
4) negative environmental impacts arising such as land subsidence, groundwater 

contamination due to the migration of contaminants and sea water intrusion. 
Among the four bases of the above considerations, the factors that determine the level of 
environmental damage and the condition of ground water is the decreasing of 
groundwater level and quality. 

c. The level of damage to groundwater 
Based on the decline in groundwater level, the level of groundwater damage can be 
divided into four levels as follows : 
 Safe: declined water level <40% 
 Vulnurable: declined water level of 40% - 60% 
 Critical: declined water level of 60% - 80% 
 Damaged: declined water level> 80% 
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Declined water level is calculated from the initial condition of the groundwater table as a 
reference. 
 
Based on the groundwater quality, the level of groundwater damage can be classified  
into 4 (four) levels as follows : 
 
 Safe: characterized by the value of total dissolved solid (TDS) is less than 1000 

mg/l or the value of electric conductivity (EC) less than 1000 µS/Cm. 
 Vulnerable: characterized by decraeasing of TDS value of 1,000 – 10,000 mg/L and 

EC 
 Value of 1,000 – 1,500 µS/Cm. 

 Critical: characterized by decreasing of TDS value of 10,000 – 100,000 mg/L and 
EC 

 Value of 1,500 – 5,000 µS/Cm. 
 Damaged: characterized by decreasing of TDS value of more than 100,000 mg/L, 

bore contaminated by heavy metals, or hazardous and toxic materials or DHL> 5,000 
μS/cm. 

d. The level of the damage to environment of groundwater 
Based on the consideration of the occurrence of land subsidence, the level can be 
divided into 2 as follows: 
 Safe: if the groundwater abstraction is not led to land subsidence. 
 Damaged: if the groundwater abstraction is led to land subsidence. 

 
Based on the decline in groundwater level and water quality, as well as the presence or absence 
of land subsidence; the level of environmental damage and ground water conditions can be 
determined based on the table as presented in the figure below. 
 

Decline of groundwater 
 

level 
 
 

Groundwater quality 

 

 
< 40% 

 

 
40% - 60% 

 

 
60% - 80% 

 

 
> 80% 

 

 
Land 

subsidence 

TDS< 1000 mg/L Safe    

TDS 1000–10.000 mg/L 
 

EC>1000– 
 
 

Vulnerable 
  

TDS > 10.000–100.000 mg/L 
 

EC 1500– 
 
 

Critical 
 

TDS>100.000 mg/L 
 

 
 

Heavy Metal and Hazardous waste 

 
 

Broken 

 
Fig. 2. Determination of the level of groundwater damage and groundwater environment 
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Ground Level 

 
Initial watertable 

 

h 
Sopt 

H 

 
Watertable 

 

Critical watertable 
 

 
 

 Impermeable Layer 
Sopt =  declined water level due to groundwater abstraction with optimum discharge   
 =  60/100 x H   
H =  Thickness of Unconfined Aquifer System   
 =  Thicness of initial groundwater colomn   
h =  declined groundwater column after groundwater abstraction   
Changes in groundwater colomn (s) = h/Sopt x 100% 
Safe : s < 40% 
Vulnerable : s between 40% - 60% 
Critical : s between 60% - 80% 

Broken : s > 80% 

 

 
Fig. 3. Criteria for groundwater damage in the unconfined aquifer system  

by the decline of groundwater level 
 
 

Initial Piezometric level 
 

Ground level 

 
 
 

h Watertable (phreatic level) 
 

H=Sopt 

 

 
Piezometric level 

 

Unconfined aquifer system 

 

 
Impermeable Layer 

Critical piezometric level 

 

 
Confined aquifer system 

 
 
 

Impermeable layer 
 

H = height of water increment calculated from top bundary of confined aquifer 
= Sopt (piezometrik decline due to groundwater abstraction with optimum discharge) 

h = decline of piezometric level, after groundwater abstraction 
 

The changes of piezomteric level (s) = h/H x 100% 
Safe : s < 40% 
Vulnerable : s between 40% - 60% 
Critical : s between 60% - 80% 

Broken : s > 80% 
 

 

 
Fig. 4. Criteria for groundwater damage in the unconfined aquifer system  

by the decline of groundwater (piezometric) level 
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5. Morphology and Geology 

Based on the landforms, in general Denpasar-Tabanan GWB can be classified into four units, 
namely regional morphological volcanic cones, local hills, plateaus, and lowlands of the coast; 
with altitude between 0 to 3,142 meters above sea level (m amsl). 
 

N GEOLOGICAL MAP DENPASAR 
– TABANAN GWB 
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Qv 

Qv 

Qhva 
 

Qhvb 
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Tom 

Alluvium 
 
Leson-Pohen-Sengayang 
Group 
VBaotluckanaoicVRoolckasnic Rocks 
 
Agung Volcanic Rocks 
 
Batur Volcanic Rocks 
 
Buyan-Bratan-Batur Group 
Volcanic Rocks 

Jembrana Volcanic Rocks 
 
Ulakan Formantion 

 
 
 

 
 

                                            Fig. 5. Geological Map of Denpasar-Tabanan GWB 
 
 
Referring to the Geological Map Sheet Bali scale of 1: 250,000 (Purbo Hadiwidjojo, MM, 
Samodra, H., Amin, TC, 1998), a brief description of litho-stratigraphic or sequence of 
deposition of lithology that composes Denpasar-Tabanan GWB, is as following: 
 
 Ulakan Formation (Tomu), is the oldest lithology exposed in this basin, consisting of 

volcanic breccia, lava, tuff, and inserts of calcareous sedimentary rocks. F. Ulakan Late 
Oligocene-Early Miocene. 
 

 Jembrana Volcanics (Qpvj) consists of lava, volcanic breccia and tuff of Early Pleistocene 
age. 
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7. Results and Discussion 
7.1 Groundwater level condition – Groundwater level of unconfined aquifer 
The ground water in the unconfined aquifer system  is also referred to as shallow groundwater. 
The position ofground water level in the unconfined aquifer system is mainly affected by rain 
showers. I n the dry season, groundwater level in the aquifer system is decreasing (groundwater 
depletion), while in the rainy season the groundwater level recovers because of recharging process
(groundwater replenishment). 

In the period of 1970, which is regarded as a natural condition, the groundwater level in coastal 
lowland areas generally located in the position of less than 5 m amsl. The measurement results on 
the implementation of field activities, namely in November-December 2011, generally indicated 
groundwater level of unconfined system is in a position between 1.29 to 22.64 meter below ground 
surface (mbgs),  with the shallowest position found in Banjar (Br.) Batan Kendal, Village 
Swum, Denpasar Selatan, Denpasar, while the deepest found in Br. Intaran, Desa (Ds.) Pejeng, 
District of Tampaksiring, Gianyar.
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  Palasari Formation (Qtsp) consists of conglomerate, sandstone, and limestone reefs of 
 Early  Pleistocene age. This formation is not exposed in the area of monitoring, its 
 existence is known from drill data. 

 Buyan-Bratan and Batur Group Volcanics (Qvbb), composed of volcanic breccia, lava, 
 and local tuff, Middle Pleistocene age. 

 Batur Volcanics (Qhvb), mainly composed of agglomerates, lavas and tuffs, lava and 
 overlies slightly, resulting G. Batur is still viable. 

 Agung Volcanics (Qhva), consisting of agglomerates, tuffs, lava, lava, and overlies, as 
 a result of the Great G. are still viable. 

 Batukau Volcanics (QVB), mainly composed of volcanic breccia, lavas and tuff. 

 Pohen Lesong-Sengayang Group Volcanics (Qv (l, p, s)), composed of volcanic rock 
 sub  Resen, G. Lesong mainly produces lava, breccia, lavas and tuff (QVL), G. Pohen 
 generate volcanic breccia (Qvp), and activities G. Sengayang mainly produces tuff (Qvs). 

 Alluvium, consisting of gravel, gravel, sand, silt, and clay. This unit is the result of 
 sediment of rivers, lakes and beaches. 

6. Land Use 
Landuse of Denpasar and Tabanan City and region-daserah surrounding of Bali in Figures 2007 
2011, consists of wetlands (paddy), dry land (house and yard, moor/garden/farm/huma, grassland, 
dry land while not cultivated, community forests, state forests, plantations, other dry land such as 
roads, cemeteries), as well as other land (marshes, ponds). 
Increased development in all fields in recent years has led to many spatial changes in the down- 
town city above, as shown by the increasing use of land for building over the past five yearsand 
the area  of yards,  tegal/garden, community  forests,  state forests and plantations,  to be reduced 
though these  latter  lands are  important in hydrogeological aspects as  a part of the groundwater 
recharge area in GWB Denpasar-Tabanan GWB.
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Map of distribution of abstraction wells Map of distribution of monitoring wells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Fig. 6. Distribution of abstraction and monitoring wells 

 
The direction of groundwater flow generally begins in the northern part of the basin which is an 
area of volcanic cones and hills and flows toward the southwest, south and southeast which is 
an area of highland, lowland and coastal areas. In the coastal lowlands, the position of 
groundwater level generally decreases, which is in in Denpasar City between 0.04 to 0.73 m/year, 
Kab. Badung between 0.14 to 1.28 m/year, Kab. Tabanan 0.15 m/year, Kab. Gianyar 0.09 m/year, 
and in the District. Klungkung 0.01 m/year. Groundwater level in upland areas generally tend to 
decrease as well, which in the District. Badung between 0.02 to 0.85 m/year, Kab. Tabanan 0.04-
0.11 m/year, Kab. Gianyar 0.04 to 1.73 m/year, and in the Klungkung District 0.02 m/year. 
 

The decreasing of groundwater level of the aquifer in Denpasar-Tabanan GWB mentioned above 
is the result of the increasing groundwater abstraction every year with increasing population in 
this region. 
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                 Fig. 7. Map of groundwater level of the unconfined aquifer system 

 
7.2 Groundwater level of confined aquifer 
The measurement results on several drilled wells in the period from November to December 
2011 showed that the groundwater level position in Denpasar and Tabanan GWB is in a position 
between +1.35, -52.59 m bgl. Deepest groundwater level is  found in Br. Kuwum, Ds. 
Sembung, District Mengwi, Kab. Badung. 
 
Groundwater level in coastal lowland areas in Denpasar City measured between 2.86 to 33.60 
m bgl, Badung between 6.57 m bgl, Kab. Tabanan 9.56 m bgl, and in Gianyar between 15.00 to 
29.00 m bgl. In the highland areas of Badung, groundwater level measured + 1.35 to 52.59 m bgl, 
Tabanan 5.81 to 22.28 m bgl, and in Gianyar between 5.00 to 51.00 m bgl. 
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              Fig. 8. Map of groundwater (piezometric) level of The Confined Aquifer System 
 

 
In general, in Denpasar - Tabanan GWB, groundwater in confined aquifer flows began in the 
northern part of the basin which is an area of volcanic cones, and the hills toward the 
southwest, south and southeast which is the high plain and low-lying coastal areas, The pattern 
of groundwater level based on the measurement data in the period from November to 
December 2011 shows the position of the area with groundwater level is less than 10 m aml, 
namely in the area of Kesiman, and Sumerta kelod. 
 
Results of the evaluation of the data showed that the depressed groundwater level  position in 
the confined aquifer in Denpasar - Tabanan GWB was mainly caused by groundwater 
extraction, which has increased continuously every year. 
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7.3 Groundwater Quality 
 
7.3.1 The level of groundwater salinity 
The level of ground water salinity can be determined mainly based on the value of electrical 
conductivity of groundwater, which is measured directly in the field in both dug and drilled 
wells. 
 
7.3.2 The salinity of groundwater in the unconfined aquifer system 
In general, the pattern and distribution of electric conductivity (EC) of groundwater in confined 
aquifer in Denpasar - Tabanan GWB rises gradually towards the coastal lowlands and the 
highlands of the foot mountain in the northern part of the basin. The areas of the unconfined 
groundwater which has EC value more than 1,000 μS/cm are in low-lying areas of the east 
coast, to the western part of the basin and to the south. The salinity level of groundwater in the 
unconfined aquifer system determined by the measurement data during the years 2009-2011 
indicate some changes, namely: 
 
- An increase in value of EC in coastal lowland areas in the city of Denpasar between 13-192 
μS/cm/year, Badung between 2-34 μS/cm/year, Tabanan between 2-51 μS/cm/year, Gianyar 14 
μS/cm/year, and in Klungkung 73 μS/cm/year. 
 
- The value of EC in the highlands in Badung increased between 2-34 μS/cm/year, Tabanan 
between 22-53 μS/cm/year, Gianyar between 7-42 μS/cm/year and in Klungkung 7 μS/cm/year. 
The increasing groundwater salinity indicates the quality of ground water in the unconfined 
aquifer system in Denpasar - Tabanan GWB decreased compared to the previous two years. 
 
7.3.3 The salinity of groundwater in the confined aquifer system 
EC measurement results on groundwater fromconfined aquifer in Denpasar - Tabanan GWB 
in November- December 2011 ranged between 217-1768 μS/cm, with the lowest EC values 
found  in Br. Sekargula, Baturiti, Tabanan, and highest in Tegalsaat, Mengwi, and Badung. In 
general, the pattern and distribution of EC value of the confined aquifer in Denpasar and 
Tabanan GWB rises gradually towards the coastal lowland and upland areas of the foot volcano 
in the northern part of the basin. 
The level of groundwater salinity in the confined aquifer system based on the data f rom 
years 
 
 

2009-2011 indicate a change, namely: 
 
- The level of groundwater salinity in the coastal lowlands rise in Denpasar City which is 
indicated by the rise of EC between 3-102 μS/cm/year, Badung 29 μS/cm/year, and in Tabanan 
between 1-45 μS/cm/year 
 
- An increase in value of EC in the highland areas of Badung between 1-218μS/cm/year, 
Tabanan between 5-45 μS/cm/year, and in Gianyar between 8-15 μS/cm/year. 
 
An increase in groundwater salinity in confined aquifer in Denpasar - Tabanan GWB shows the 
quality of groundwater in the basin decreased compared to the previous two years. 
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7.4 Zones of Groundwater Conservation 
Groundwater conservation zones which contain provisions related to the conservation and 
utilization of groundwater in the groundwater basin are presented in map form classified into 
groundwater protection zone which covers an area of groundwater recharge and groundwater 
utilization zone, which includes the safe zone, vulnerable, critical, and broken categories. 
Groundwater conservation efforts that rely on technical aspects are conducted by setting 
groundwater abstraction limits and related restrictions in order to prevent the occurrence of 
groundwater damage, and reduce and repair the damage that has already occurred. 
 

Management of groundwater abstraction includes setting the limit of groundwater depth, setting 
the maximum of groundwater abstraction, groundwater allotment arrangements, setting 
minimum distances between wells and well construction plan settings. The setting of 
groundwater limits in the area of monitoring is carried out in accordance with the potential 
availability of groundwater, the level of damage to groundwater, and the similarity of its 
management, manifested in a Groundwater Conservation Zone Map of Denpasar-Tabanan 
GWB in Bali Province scale of 1: 100,000. 
 

Recommendations of conservation of groundwater, especially in confined aquifer systems 
contained in the map above, is described as follows: 
 
7.4.1 Groundwater Conservation Zone I (Vulnerable zone) 
In principle, groundwater abstraction for various purposes is permitted in the confined aquifer 
system (60-210 m depth bgl) for yet affordable water services from the water supply company. 
The maximum amount  of permitted groundwater abstraction is 150 m³/day/well, with a 
minimum distance between wells (2R) of 200m, and the well construction built according to 
national standards. 
 
One of the efforts to restore the condition of groundwater in vulnerable zones is to reduce the 
total volume on the old permit during any re-registration by at least 20% of the maximum 
amount of groundwater abstraction that was previously allowed. This should be followed by 
providing clean water supply coming from other sources, and building groundwater recharge 
wells. 
 
Supervision of groundwater abstraction in this zone will be done intensively, especially in areas 
near the coast to prevent sea water intrusion. Those who use groundwater exceeding the 
maximum amount allowed shall be sanctioned in accordance with the legislation in force. 
Monitoring of groundwater levels and quality of groundwater in this zone should be increased 
in view of the current groundwater is still a raw source of clean water for local communities and 
for water supply companies. 
 
7.4.2 Groundwater Conservation Zone II (Safe Zone I) 
Groundwater for various purposes is in principle permitted to be taken from the confined 
aquifer system (60-210 m depth bgl) during the unreached regions of water service from Water 
Supply Company. The maximum amount of ground water that is allowed is 400 m³/day/well 
with a minimum distance between wells (2R) 200m and well construction must comply with 
national standards. 
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Map of Groundwater Conservation Zone of  
   Denpasar-Tabanan Groundwater Basin 

 
 
 
 
 
 
 
 
 
 

Zone I (Critical Zone) 
 

Zone II (Safe Zone 1) 

 
 
 
 
 
 
 
 
 
Zone III (Safe Zone II) 
 
Zone IV (Recharge area)

Fig. 9. Map of Groundwater Conservation Zone of Denpasar-Tabanan Groundwater 
Basin 
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Protection of the area around the spring contained in this zone (in an area of 12.56 hectares) is 
done to protect the area from farming activities that could damage the quantity and quality of 
water springs and physical conditions in the surrounding area. In addition, monitoring of 
groundwater quality in the spring should be increased given the current groundwater coming from 
springs that appear in this zone is the raw source of clean water for local communities and taps. 
 
7.4.3 Groundwater Conservation Zone III (Safe Zone II) 
Groundwater for various purposes will in principle be allowed on the confined aquifer system 
(60-210 m depth bgl) for the regions by water service from a water supply company. The 
maximum amount of ground water that is allowed is up to 300 m³/day/well with a minimum 
distance between wells of (2R) 200m and well construction must comply with national standards. 
 
7.4.4 Groundwater Conservation Zone VI (Groundwater recharge area) 
In this zone, groundwater extraction at all depths is not allowed except for various purposes as 
everyday basic needs and the needs of the agricultural community. As for the basic needs of 
everyday life, in areas still not reached by the service of water supply company, it was allowed to 
take ground water with a maximum discharge of 100 m3/month/well. For the agricultural needs of 
the people it was permitted to take groundwater with a maximum flow of 2 liters/sec/head of the 
family in times of inadequate surface water and wells in agricultural areas shall be placed far 
from the settlement as well as the extraction of groundwater does not interfere with the basic daily 
needs of the local community. 
 
To protect the quantity and quality of groundwater in the discharge area, the wastewater disposal 
and that of domestic waste in this zone need to be managed well, landfills also should not be 
constructed in this zone, land use in this zone must also be maintained, especially to remain as 
forest and agricultural land. On agricultural land, fertilizer and pesticide use should be restricted 
and supervised; dams and irrigation networks must be maintained; groundwater recharge wells, 
ponds or artificial lakes also need to done throughout as its hydrogeological conditions allow. 
 
8. Conclusions 
The tendency for the decrease in groundwater level and in groundwater quality in CAT Denpasar 
and Tabanan today, especially in the confined aquifer system, indicates that efforts for the 
conservation of groundwater in the basin should be improved. 
The technical aspects concerning the understanding of groundwater conditions and the present 
environment and rescue efforts in Denpasar Tabanan GWB for groundwater, should include: 
 
 Implementation of a groundwater rescue aplan through some conservation activities by 

referring to the Groundwater Conservation Zone Map of Denpasar and Tabanan Groundwater 
Basin. 

 Creating artificial groundwater recharge, which involves constructing artificial recharge wells, 
preservation of forests, lakes and ponds, as well as the arrangement of fields/gardens and 
settlements. 

 Condition monitoring (quantity and quality) of groundwater should be continued continuously. 
In the framework of the monitoring, new monitoring wells are required to complement 
existing monitoring wells, especially in areas of intensive groundwater abstraction. 
 

Dissemination of understanding of groundwater conditions and environment in Denpasar and 
Tabanan following CAT understanding of the legislation concerning groundwater management 
should be improved both to local government officials, corporate users of groundwater, 
community, as well as other parties. 
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Abstract 

The Hwe Hpa area, 4 km north of Mong Yawng, Eastern Shan State is situated within the northern 
continuation of Sukhothai Terrane developed as a Permian island arc marginal to the Indochina Terrane. 
The area composed mainly of Paleozoic sedimentary and meta-sedimentary rocks such as sandstone, 
siltstone, slate, phyllite and quartzite intruded by granitic rocks of the Mesozoic age. 

The iron ore occurs as massive type elongated bodies intermittently exposed along the total length of 
1.8 km and average width of 70 m within the siltstone and mudstone units. The major ore minerals 
include magnetite and hematite with minor amount of limonite and pyrite. Geochemical analysis 
indicated that iron ore contains 60.33% - 65.61 Fe, 21 ppm – 36 ppm Cu, 59 ppm – 141 ppm Pb and 13 
ppm – 121 ppm Zn.  

The possible age of mineralization may be Mesozoic and probable ore reserve is estimated to be 22.17 
million tons with an average grade of 62.96 % Fe.  

 

Keywords: Hwe Hpa, Mong Yawng, Massive Iron Ore 

 
1. Introduction 
The Hwe Hpa Iron deposit is located in the eastern most part of Myanmar. It is situated four 
km north of Mong Yawng (Fig. 1). During 1933-1934, geological mapping project carried out 
in Keng Teng and Mong Pyin area by Mr. V.P Sondhi and party, Geological Survey of India. 
The regional geological survey and reconnaissance mineral exploration works were undertaken 
by DGSE from 1989 to 2007. Recently a total of 11 vertical drill holes were completed on 
mineralized zone with overall length of 835.98 m by Myanmar Hawbon and Royal Light Ron 
Ann companies, at iron deposits. The iron ore body intermittently exposed approximately with 
a total length of 1.8 km and the average width of 70 m. The estimated iron ore reserve of Hwe 
Hpa area is 22.17 million tons (P2, Reserve), with the average grade of 62.96% Fe. 
 

2. Regional Geological Setting of Mong Yawng Area 
The Mong Yawng area is situated in the northern continuation of Permo-Triassic magmatic arc 
named as Permian Sukhothai island-arc system. (Sone and Metcalfe, 2008) The Sukhothai 
Terrane was developed as a Permian island arc marginal to the Indochina Terrane with the 
opening of the Nan back-arc basin, induced by the eastward subduction of the Paleo-Tethys in 
the Inthanon Suture Zone. The Sukhothai terrane includes shallow-marine sedimentary rocks 
and igneous rocks with I-type granitoid, mostly of Permain and Triassic ages. The Mong Yawng 
area is composed mainly of Paleozoic sedimentary and meta-sedimentary rocks such as 
sandstone, siltstone, slate, phyllite and quartzite intruded by granitic rocks of the Mesozoic age. 
Iron and manganese occurrences are recorded in Mong Ywang and its vicinity. Two types of 
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(Gardiner et:al., 2015). Schematic view of tectonic evolution of mainland SE Asia during the 
Permian to Early Jurassic is shown in Fig. 2. The granitoid belts in Sukhothai terane are shown 
in Fig. 3. Geological Regional Geological Map of Mong Yawng area is shown in Fig. 4.
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Location Map of Hwe Hpa Area
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2. Tectonic evolution of mainland SE Asia during Permian to early Jurassic

  

(Sone and Metcalfe, 2008).
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Study Area 

Fig. 3. Granitoid belts in Sukhothai Terrane (Source: Sone and Metcalfe, 2008). 
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    Fig. 4. Regional Geological Map of Mong Yawng and Surrounding Area (Source: DGSE 2008). 

 

3. Geology 
The Hwe Hpa area is composed mainly of sedimentary rocks of Paleozoic age and Igneous 
rocks of Permian to late Triassic age. The sedimentary rocks comprise quartz pebble 
conglomerate, sandstone, siltstone and mudstone. The quartz pebble conglomerates are exposed 
narrowly along the western part of the study area with a NW-SE direction. Sandstone is medium 
grained, medium to thick bedded and lied at the western part of the area. The siltstone and 
sandstone are widely distributed at the study area, siltstones are indurated, thin to medium 
bedded and showing very slow acid reaction in nature, mudstone is thin bedded and sometime 
friable. The shale unit is only exposed in several areas. The igneous rocks are mainly of medium 
to coarse grained granite and altered rhyolite. Iron ore body occurs as mostly massive with 
some veins. The shape of the deposit looks like an ellipse, elongated and intermittently exposed 
with a total length of 1.8 km and average width of 70 m within the siltstone and mudstone units. 
The main ore minerals are magnetite and hematite with rare limonite. The disseminated pyrite 
and pyrite veins are noted in some iron outcrops. The detailed geological maps of deposits area 
are shown in Fig.5. 

Hwe Hpa Area 
CHINA 

THAILAND 

LAOS 
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Fig. 5. Geological Map of Hwe Hpa Iron Deposit  
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Fig. 6. Granite exposed at Hwe Hpa area 

 

 
Fig. 7. Quartz breccia associated with magnetite, Hwe Hpa Area 
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Fig. 8. Massive Iron ore outcrop (7 m x 2 m), Hwe Hpa Area 

 
 

 
Fig. 9. Iron ore outcrop, Hwe Hpa Area 
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4. Mineralogical and Geochemical Characteristic  
The major ore minerals are mainly magnetite, hematite with minor amount of limonite and 
pyrite.The petrological study indicates that siltstone are ferrogeneous and found a few amounts 
of sericite patches, which are probably derived from alteration products of feldspar. In granite, 
quartz is associated with reddish brown hydrous of iron grains, which may be derived as 
alteration product of mafic minerals. The tiny stringers of iron oxide were also noted in rhyolite. 
Sericite are also found in both sedimentary and igneous rocks. Magnetite, hematite, pyrite, 
quartz and rare illite, albite, anorthoclase and clinochlore were noted by analyzing of 
microscopic study. Iron oxide veins and iron oxide crystals are noted in both rhyolite and granite 
under microscope. Silicification is also noted in some parts of massive iron ore body. 
The magnetite yields brownish color and small shapeless grains. Hematite shows bluish grey 
color intergrowth with magnetite. The hematite also exhibits granular mosaics, skeletal grains 
and dendritic crystals are sometimes replaced into magnetite. A total of eight ore samples from 
mineralized zone were analyzed for Fe, Au, Ag, Cu, Pb, Zn. Geochemical analysis indicated 
that iron ore contains 60.33% - 65.61% Fe, 21 ppm – 36 ppm Cu, 59 ppm – 141 ppm Pb and 
13 ppm – 121 ppm Zn.  

 

Sample 
No. 

Fe 
(%) 

Au 
ppm 

Ag 
ppm 

Cu 
ppm 

Pb 
ppm 

Zn 
ppm 

HO-1 61.66 0.17 4.5 22 65 102 

HO-2 61.24 0.17 3.75 31 141 13 

HO-3 64.73 0.08 0 32 59 13 

HO-4 63.89 0.13 0.5 21 68 16 

HO-5 60.33 0.06 0 36 105 121 

HO-6 64.77 0 1.5 15 163 92 

HO-7 64.50 0 1.5 15 188 78 

HO-8 65.61 0 3 15 155 138 

    
5. Discussions 

 In Hwe Hpa area, iron mineralization occurs mainly as massive iron ore, hosted 
in siltstone and mudstone. 

 According to geochemical analysis, the maximum Fe content is 65.61%. Field 
investigation and drilling data indicate that silicification and pyritization are also 
recorded.  

 The rhyolite is found as elongated body in the study area parallel to mineralized 
zone.  

 A small granite outcrop is located at the SW corner of the study area.  
 A line of evidence implies that iron mineralization is related to igneous activity. 
 The contact between the iron ore body and host rocks is mostly sharp boundary.  
 According to field investigation and geochemical analysis, Hwe Hpa iron 

deposit is considered as massive iron deposit probably related to felsic volcanic 
event. 

Table 1. Rock Geochemical Assay Data (Hwe Hpa Area) 
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Abstract 
Bangka Island and its surrounding areas (including coast and seabed sediments) are well known as main 
tin producer (cassiterite) in the world. It is located in the area formed as parts of the Southeast Asia 
Granitic belt. Apart from being the main tin producer, Bangka Island is in fact enriched with heavy 
mineral placer (as accessories mineral) and a potential REE producer based on its geological conditions. 

The potential of accessory minerals found in sediments around Muntok Coast include magnetite 
(7.86 %), ilmenite (4.9%), zircon (1.32%) and apatite (1.07%). Monazite content found from a hand drill 
is up to 67.8 g/m3, whereas the content of monazite hypothetical resources off the coast of Bangka reveal 
approximately 471,087,689 m3. As for the content of monazite hypothetical resources off the coast of 
South Belitung are approximately 23,995,820 m3.  
At Toboali coast, South Bangka, the presence of REE in sediments are above the Earth's crust generally. 
The REE element concentrations include: La (5.07 to 199 ppm), Ce (106-394 ppm), Pr (5.11-59.7 ppm), 
Nd (16.5-201 ppm), Sm (9.97-52.3 ppm), Eu (0.18-1.55 ppm), Gd (9.11-39.3 ppm), Tb (1.35-8.14 ppm), 
Dy (9.01-56.3 ppm), Ho (1.89-12.3 ppm), Er (5.19-33.9 ppm), Tm (0.77-5.62 ppm), Yb (3.3-37.5 ppm) 
and Lu (0.71-5.41 ppm). LREE (La-Eu) highest content is generally found in the location of the tailings 
sludge (TBL-13C). However, the HREE (Gd-Lu) is widely available on the sandy beach sediments 
(TBL-13B). 
 

Keywords: Placer heavy mineral, REE, Granitic belt, Bangka Belitung province. 

 

1. Introduction 
The Islands of Bangka and Belitung and the surrounding area, has been well known as the main 
tin-producing area in Indonesia. Geologically, due to granite presence - this study area also has 
potential of rare minerals, such as monazite, xenotime, apatite, pyrochlore and zircon that 
strategically as a radioactive carrier. With the development of new technology, these heavy 
mineral, initially only found in tailing form and produced as a by-product, nowadays can be 
processed more efficiently and become the main-product. 
The demand trend of sand and minerals increased rapidly along with the rapid development in 
all sectors. Mineral resources potential at coastal and offshore areas have become an alternative 
choice due to the limited exploration target reserves and resources over the mainland. Based on 
its geological characteristics, tin always presents with its associated minerals, which have been 
regarded only as tailings and have not been used optimally. Through time where tin is no longer 
regarded as a ‘primadona’ product, it would be possible to find other minerals that could take 
over the role of local government income contributor. To do that, a study that is focused to 
aspects of mineralogy is required to determine the content of other minerals found in marine 
sand sediments. 
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Study area is located around the Bangka Strait water, belong to Toboali District, Bangka 
Belitung Province. In the western and southern parts, the study area is bordered by Bangka 
Strait, whereas the north by Air Gegas District and Central Bangka Regency. Furthermore, the 
eastern part is bordered by Lepar Island and Sea Lepar (Fig. 1). The study area can be reached 
by vehicles, it takes approximately 3.5 hours from Pangkalpinang due to good road conditions. 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Map of study area (   ) and administrative boundaries (Aryanto, 2015) 

Regional geology of Bangka Island of the eastern (eastern range) and primary (main range) 
provinces comprises granitoid rocks with tin mineralization that stretches from the 
Thailand-Malaysia Gulf -the Riau Islands and Bangka-Belitung to West Kalimantan (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Granite province distribution on Southeast 
tin belt (Cobbing, et al., 1986) 
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I and S-type granites occur and distribute in Bangka island (in Belitung also). I-type granite in 
Bangka, both geologically and geochemically are different from the I-type in the Riau Islands. 
S-type granite in North Bangka is similar to the main granite belt that came from Peninsular 
Malaysia, and classified as a Klabat Batholit suites. South Bangka Granite are S- and IS-type 
that named Bebulu Suite whereas those located along the eastern part to Belitung belong to 
S-types Tanjung Pandan plutonic. Some of granite derived from these two belts associated with 
tin mineralization. All granites in Bangka island are mostly S- and IS-types, except that of 
Kelapa pluton which belong to the I-type (Cobbing, et al., 1986). 
Klabat Batholit is the most extensive granitoid and curvilinear belt form a 100-km-long along 
the north coast of Bangka consisting of 10 plutons, which are: Belinyu, Penangas, Menumbing, 
Tempilang, Mangkol, Kelapa, Tanjung Layang, Tanjung Bato, Tanjung Raya complex and 
Bukit Bais pluton.  
Bebulu Batholit is an important batholith that occurred on the southern part of Bangka and 
nearby consists of five plutons, namely: Permisan, Toboali, Nama, Pading and Kulur Pluton 
(Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 3. Map of granites distribution at study area (Cobbing, 1986) 

 
Rare earth elements (REE) are elements belonging to the lanthanides with atomic numbers 57 
to 71 and due to similar chemical properties, including the yttrium (Y) of atomic number 39. 
The elements that are included in the rare earth elements is lanthanum (La), cerium (Ce), 
praseodymium (Pr), neodymium (Nd), promethium (Pm), samarium (Sm), europium (Eu), 
gadolinium ( Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), 
ytterbium (Yb), and lutetium (Lu). Rare earth elements can be divided into light rare earths 
(LREE) that is the La, Ce, Pr, Nd, Sm, Eu element and heavy rare earths element (HREE) are 
elements of Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu (Emsley, 2001 in Castor and Hedrick, 2006). 
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2. Methods 
Sea floor sediment samples had been taken using a gravity corer and a grab sampler which 
spacing between 800 to 1400 m. Heavy mineral analysis using bromoform heavy liquid and 
isodynamic separator was carried out at Geological Agency laboratory in Indonesia, while 
grain size analysis and mineral micrograph had been done at MGI laboratory and applied 
eclipse LV 100 polarization microscope. Inductively Coupled Plasm (ICP) is used to define rare 
earth element (REE) types and its concentrations. 
 

3. Regional Geology 
The oldest rock in the study area is Paleo-Perm metamorf Pemali Complex (CPp) consisted of: 
phyllite, schist with quarzite intercallation and calcareous lenses. Penyabung diabase is 
younger than Pemali Complex (Permo-Trias, PTrd), composed of: diabase that intrudes Pemali 
and then is intruded by Klabat Granite (TrJkg). In the early Triassic, along with the formation of 
diabase, Penyabung Tanjunggenting Formation (Trt) was formed. The formation comprises 
interlayered metasandstone, sandstone, clayeysandstone and claystone with lenses of limestone, 
widely spread covering almost all parts of the island of Bangka. In late Triassic to middle 
Jurassic times, magma activity formed Klabat Granite (TrJkg) that intrudes all previously 
formed rock units. Deposited in Pliocene time, the Ranggam formation (TQr) consists of 
interlayering sandstone and claystone. Alluvial deposit formed in the Quartenary (Holocene) 
(Fig. 4). 
Geological structures developed on the island of Bangka comprise reverse fault, shear faults, 
normal faults, folds structure, fracture and some other structural lineaments. Fold structures are 
generally observed in rocks of Permian age. According to Margono (1995), deformation in this 
region occurred in three phases, beginning in the Late Paleozoic with structure trending in 
NE-SW characterized by diabase intrusion, then (the phase-2) the NW-SE-trending structure 
formed in the Upper Triassic-Jurassic; and the re-trending NE-SW-trending dikes of granite. 
The phase-3 or the youngest in Cretaceous, structures that trending north to south. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Geological map and sample location at study area 
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4. Result  

Based on observations of the location conducted along the coast, generally the outcrop 
condition and types that found at study area, namely: (1) Plutonic magmatic rock such as Klabat 
Granite (Triassic-Jura) and (2) Metasediment rock in Early Triassic that characterized by 
interlayered metasandstone, sandstone, clayey-sandstone and claystone with lenses of 
limestone. The Klabat Granite as megascopically is characterized by grayish white, coarse 
phaneric, holocrystalline, equigranular and major mineral compositions are Plagioclase, quartz, 
biotite and some opaq minerals. Quartz vein is 5-7 cm thick, milky white (Fig. 5). 
 
 

 
 
 
 
 

 

 

        (a) 
(b) 

 
Granite at Nangka Coast (TBL-01A) as petrographically is characterized by a medium-size, 
hollocrystalline textured, equigranular, hipydiomorf. Its mineralogy is composed of plagioclase, 
orthoclase, quartz, biotite and opaque minerals with additional mineral, apatite and zircon. The 
outcrop has hydrothermal alteration products such as: sericite, clay minerals, chlorite and 
biotite secondary (Fig.6). 

 
 
 
 
 
 
 
 

PN XN 

Fig. 6. Granite photomicrograph, hollocrystalline, equigranular, hypidiomorf. Lath plagioclase, 
orthoclase, quartz, biotit. Subhedral (polysyntetic twin), K-Fsp (orthoclase), perthitic, changed into clay 
minerals and sericite. Biotite, pleochroism yellowish to brownish. Quartz, anhedral, not altered, wavy 
extinction. 

 

Fig. 5. (a) Granite outcrop at Nangka coast (TBL-01); 
(b) hand specimen 
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At Baginda Cape Coast and surrounding areas (TBP-02), encountered crystalline limestone 
outcrops, white muddy, block sized that are considered in the form lenses in Tanjunggenting 
Formations (Fig. 7). 
Characteristics and heavy mineral associated in Tin belt or in the granitic rocks, generally 
include heavy minerals that were the result of erosion including zircon, monazite, xenotime, 
rutile and ilmenite, with some tungsten. 

 
 
 
 
 
 
 

 

 

Fig. 7. Crystalline limestone outcrops around of Baginda Coast (TBP-02) 

Heavy minerals in question in this paper were heavy minerals containing rare earth elements 
(REEs) in common is being used in the industry in this regard thorium and cerium, namely 
monazite. Monazite concentration obtained from several drill holes of hand drilling, while the 
total content of REEs are obtained based on theoretical content. 
According to the table below (Table 1) it can be seen that the concentration of REEs total on 
average is 9.5 g/ m3. The monazite's location and distribution achieved from the interpretation 
of results of Gamma Spectrometer RS-125 were verified with a hand drill data. It is known that 
monazite distribution at Toboali (site H) is 28,300 Ha (Widana et al., 2014) and other locations. 

Table 1. Monazite concentration and the total content of REE  

Sample No. Depth of Bore 
(m) 

Monazite 
(gr) 

Monazite 
concentration 

(gr/m3) 

Total UTJ 

(Th, Ce, Pr, Nd, Y) (gr/m3) 

BS01 6 Trace Trace - 

BS02 5.8 3.82 21.2 19.08 

BS03 6 Trace Trace - 

BS04 7 0,64 2,9 2,61 

BS05 8.5 Trace Trace - 

BS06 9 3.19 11.4 10.26 

BS07 10 Trace Trace - 

BS08 7.5 Trace Trace - 

BS09 9 Trace Trace - 

BS10 8.2 0.65 2.5 2.25 
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BS11 6 0.58 3.1 2.79 

BS12 7 Trace Trace - 

BS13 6 Trace Trace - 

BS14 7 5.37 24.7 22.23 

BS15 5 4,08 26,3 23.67 

BS16 7 14.72 67.8 61.02 

BS17 6 1.68 9.0 8.1 

BS18 4 2.69 21.6 19.44 

 
Based on the XRF analysis result at 3 coastal sediment sample sites, the content of tin (SnO2), 
other than to the tailings deposits (TBL-13C) are also found in sedimentary sand beach at Bantil 
Cp (TBL-08C) and at the Sadai coastal (TBL-07). The contents of tin (SnO2) as shown in the 
table below (Table 2). 

Table 2. The content of Tin (SnO2) at Toboali coast and its surrounding area 

Sample No. Oxides Unit Amount Elements Unit Amount 

TBL-07 SnO2 ppm 4,620 Sn ppm 3,640 

TBL-08C SnO2 ppm 196 Sn ppm 154 

TBL-13C SnO2 ppm 16,700 Sn ppm 13,200 

 
According to REEs and Trace elements analysis result using an ICP method at 10 samples of 
sediment (7 locations) and outcrops (3 locations), as shown in the table below (Table 3) that the 
distribution of REEs (lower concentr.) most commonly found in the sand sediments around the 
north-east coast of Bantil Cp (TBL-02), while the highest concentration of REEs are generally 
found at Ketapang Cp around the wash dry facility’s (TBL-13C). 
 

Table 3. The content of REE and trace at Toboali Coast and its surrounding 

  

Sample No. 

No. 
REE 
& TE  
(ppm) 

1 2 3 4 5 6 7 8 9 10 

TBL-01
A 

TBL-0
2 

TBL-05
B 

TBL-0
6 

TBL-0
7 

TBL-08
C 

TBL-09
A 

TBL-13
A 

TBL-13
B 

TBL-13
C 

1 Ta 2.78 0.21 0.87 0.54 0.19 0.11 0.06 2.74 7.82 285 

2 Sc 5.34 0.26 4.91 0.81 9.24 1.07 0.64 5.71 5.56 64.6 

3 Ga 24.9 0.91 20.4 2.09 19.9 2.56 2.15 22.6 38 267 

4 Sr 58.3 57 44 40.5 38.9 34.8 819 130 90.6 44.8 

5 Y 106 1.45 132 3.32 12.7 2.62 3.83 65.3 288 190 

6 Cs 4.57 0.52 3.44 0.41 1.4 0.49 0.59 3.49 0.34 0.18 
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7 Nb 18.8 2.6 19.3 4.42 10.9 9.39 3.54 32.2 71.2 2342 

8 Ba 50.5 16.7 208 20.6 222 24.4 25.2 302 33.7 117 

9 La 59.3 1.95 90.9 5.83 24.4 5.07 5.72 61.7 199 1173 

10 Ce 125 6.98 116 13.4 157 10.6 12.2 106 394 2270 

11 Pr 16.2 0.43 24.9 1.27 5.11 1.08 1.34 13.6 59.7 265 

12 Nd 57.2 1.56 88.5 4.25 16.5 3.48 4.72 46.2 201 822 

13 Sm 15.3 0.28 18.4 0.83 3.08 0.67 0.99 9.97 52.3 201 

14 Eu 0.18 0.03 1.55 0.08 0.6 0.07 0.07 0.67 0.31 1.46 

15 Gd 10.4 0.28 12.2 0.64 4.11 0.49 0.66 9.11 39.3 116 

16 Tb 2.32 0.04 2.21 0.09 0.34 0.07 0.1 1.35 8.14 13.9 

17 Dy 12.9 0.19 14.9 0.49 1.48 0.42 0.58 9.01 56.3 51.8 

18 Ho 2.49 0.04 3.28 0.1 0.26 0.08 0.11 1.89 12.3 9.04 

19 Er 6.63 0.11 9.35 0.26 0.7 0.22 0.3 5.19 33.9 22.5 

20 Tm 0.95 0.02 1.38 0.04 0.11 0.04 0.05 0.77 5.62 3.25 

21 Yb 6.24 0.13 8.85 0.26 3.3 0.27 0.3 4.84 37.5 23.6 

22 Lu 0.9 0.02 1.36 0.04 0.11 0.04 0.05 0.71 5.41 3.7 
Explanation:  

REE : Number 9 to 22 

TE  : Trace element, number. 1 to 8 

Based on the above table, the trace element’s distribution and its content range as follows:  
The content of Tantalum (Ta) ranges from a lowest value of 0.06 ppm, found in the sand 
sediment (TBL-09) and the highest value of 285 ppm in the tailings deposits (TBL-13C) at 
Ketapang Cp; Scandium (Sc) ranged from 0.26 to 64.6 ppm; Galinium (Ga) between 0.91 ppm 
and 267 ppm; Strontium (Sr) ranges from 34.8 ppm found in sediments of sand at Bantil Cp 
(TBL-08C) to 819 ppm at (TBL-09A); Yttrium (Y) with a range of contents between 1.45 ppm 
(TBL-02) to 288 ppm (TBL-13B); Cesium (Cs) ranged from 0.18 ppm to 4.57 ppm; Neobium 
(Nb) its content ranges from 2.6 ppm to 2342 ppm and barium (Ba), ranging from 16.7 ppm to 
302 ppm. 
The REE contents are as follows: 
Lanthanum (La), its content range is 1.95 to 1173 ppm. For the lowest for the content of sand 
sediments around Bantil Cp (TBL-02), while the highest content in the tailings deposits on 
beaches around Ketapang Cp (TBL-13C); Cerium (Ce) its content ranged from 6.98 to 2270 
ppm; Praseodymium (Pr) ranging from 0.43 to 265 ppm; Neodymium (Nd) ranged from 1.56 to 
822 ppm; Samarium (Sm) ranged from 0.28 to 201 ppm; Europium (Eu) between 0.03 to 1.55 
ppm; Gadolinium (Gd) ranged from 0.28 to 116 ppm; Terbium (Tb) ranged from 0.04 to 13.9 
ppm; Dysporsium (Dy) its content ranged from 0.19 to 56.3 ppm; Holmium (Ho) has a content 
ranging from 0.04 to 12.3 ppm; Erbium (Er) its content ranged from 0.11 to 33.9 ppm; Thulium 
(Tm) its content ranged from 0.02 to 5.62 ppm; Ytterbium (Yb) ranged from 0.13 to 37.5 ppm 
and Lutetium (Lu) have a range of content between 0.02 ppm to 5.41ppm. 
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The LREE (La-Eu) highest content is generally found in the location of the tailings sludge 
(TBL-13C), not so in HREE (Gd-Lu), the highest content is widely available on the sandy 
beach sediments (TBL-13B). 
The content of REE and Granite characteristics as demonstrated by plotting on a spider diagram 
refers to the chondrite normalization of Sun and Mc. Donough (1989) shows that the Toboali 
granitoid rocks genesis on the continental arc. The Tectono-magmatic suite patterns are 
characterized by LREE enrichment by chondrite 250 to 400 times, whereas HREE inhibits 
30-60 times chondrite (Figure 8). While it is common, chondrite normalized patterns in the 
REE of Klabat granitoid indicate the sloping enrichment of LREE to HREE (Widana et al., 
2014). 
In the picture shows a negative anomaly in the element of Eu presumably related to the process 
of crystallization of plagioclase in the magma liquid (Wilson, 1989). 

 
 
 
 
 
 
 

 

 

 

 

Fig. 8. Plotting REE of Toboali granitoid at chondrite normalized 

 
5. Conclusions 
The conclusions obtained include: 

 The content of monazite in South Bangka by hand drill data ranged from trace to 14.72 
grams;  

 Tin SnO2 content, which accumulates in the sand sediment ranged from 196 ppm to 
16,700 ppm; 

 REE distribution that is lowest is generally found in the sand sediment around the Bantil 
Cp coast (TBL-02), while concentration of highest REE, generally found at Ketapang 
Cp beach, around the wash dry facility (TBL-13C ); 

 The highest content of LREE (La-Eu) is generally found in the location of the tailings 
sludge (TBL-13C), not so in HREE (Gd-Lu) with the highest content widely found in 
the sandy beach sediments (TBL-13B); 

 Granite Characteristics of Toboali granitoid rocks by plotting a spider diagram refers to 
the chondrite normalization show LREE enrichment 250 to 400 times chondrite, while 

183



Noor Cahyo and Udaya Kamiludin, Heavy Mineral Placers and REE Potential at the Bangka Coasts and Its Surroundings 
 

HREE 30-60 times chondrite which is continental magmatic arc characteristic 
patterned; 

 Negative anomalies in Eu element in granitoid’s spider diagram allegedly associated 
with plagioclase crystallization process in magma liquid.  
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