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1. Executive Summary
One of the ambitious objectives set for the 3-year ICB-CCOP1 Project was to
promote and stimulate the regional cooperation and understanding through a series
of cross-border case studies where neighboring countries exchange, share and
integrate relevant geoscientific knowledge, information and experiences.

The ICB-CCOP1 Project is a remarkable milestone in the more than 40 years of
CCOP’s history and it has set new standards in the form of cross-border cooperation
between the CCOP Member Countries, something which has been acknowledged
and admired by other donor organizations which are willing to apply the same model
during the implementation of their future development aid activities.

People mentioned the objectives of this project were ambitious because in the past
such cross-border cooperation was considered, if not unrealistic, very difficult to be
implemented, due to the vast importance the energy assets have for every country
around the world.

However, the ICB-CCOP1 Project has proven that when the mutual respect is
maintained by the cooperating partners, then this cross-border cooperation,
conducted in a climate of friendship and understanding, can provide a better picture
of the geological set-up in the study areas, while the relationships among the CCOP
Member Countries are enhanced, the partnerships are strengthened, and personal
friendships are developed. All these contribute to the fulfillment of such an ambitious
objective.

Such cross-border studies fertilize the ground for regional cooperation and provide
new opportunities for a peaceful exploration and exploitation of the potential new
petroleum resources, the optimum utilization of which are essential factors for the
local and regional economic growth and stability. This will then enhance the basic
living conditions of the local people, thus contribute to the reduction of poverty which
is one of Danish International Development Assistance’s (DANIDA) cross-cutting
issues.

With a budget of Danish Krone 7 Million (~USD 1.14 Million) supported by the Royal
Danish Government through DANIDA, for achieving its objectives, the ICB-CCOP1
Project has initiated and implemented a large number of activities which, among
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others, included 1 inception phase meeting, 2 thematic seminars, 3 field studies, 4
workshops, 5 training courses and expert visits, 6 working meetings and 5
dissemination seminars for sharing existing experience and enhancing the
knowledge base. The total participants are 557, among them 106 are female
participants, and more than 50% participants participated the activities on their own
cost. The project has also introduced and provided new working tools in form of
cutting-edge technology which have contributed further to the capacity building within
CCOP Member Countries.

The thematic seminar on Fractured Reservoir Exploration & Production was an
additional activity beyond the original work plan to share and disseminate the cuttingedge technology in this field. The thematic seminar on CO2 Issue in Exploration &
Production was also an additional activity based on the request from CCOP Member
Countries during the implementation of the ICB-CCOP1 Project toward the capacity
building related to both industrial and environmental concerns.

In 2007, 2 working meetings on the Sulu Sea–East Sabah Basin were held at the
office of Department of Energy, Philippines in Manila and the office in Petroliam
Nasional Berhad (PETRONAS) Twin Towers, in Kuala Lumpur respectively. These
meetings were also set on the necessity of the implementation for the cross-border
case study. It was the first time of conducting geo-scientific work of the cross-border
cooperation among the neighboring countries in the counterpart’s office. It not only
made the joint case study works efficiently with direct access to the valuable raw data,
but also indicated that the common trust and confidence have been built among the
case study host countries’ partners.

In 2006, 2 field studies relevant to the Song Hong-Yinggehai Basin case study were
put in practice. These field studies are composed of 2 parts, one part is the field
study in Hainan Island, China, the eastern on shore area to the Song HongYinggehai Basin, conducted from 9 to 12 April 2006 in Hainan Island, China, another
part is the field study in Hanoi Trough, northeast Vietnam, the western on shore area
to the Song Hong-Yinggehai Basin, implemented from 14 to 17 May 2006. Both field
studies are kindly financially sponsored and supported by Chinese and Vietnamese
partner agencies. Geoscientifically, these field studies are the basic and essential
work for the Song Hong-Yinggehai Basin case study.

In addition, taking the idea of cross-border case study from the ICB-CCOP1 project
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and through various activities within this project, Cambodian and Vietnamese sides
had agreed on conducting the cross-border “Joint Cambodia-Vietnam-DANIDACCOP Geological Field Study and Workshop” on 9 to 15 March 2007 from Vietnam
to Cambodia. This activity was financially supported by DANIDA, under the extension
activity of bilateral Danish-Vietnam ENRECA project which was originally conducted
in Phu Quoc Basin, Vietnam. As previously mentioned, the success of this crossborder joint field study is an evidence of the impact from continuous introducing and
practicing the concept of the cross-border case study of the ICB-CCOP1 Project
within the CCOP Member Countries.

During the project implementation, the 5 postgraduate grants were issued to
encourage 5 young geoscientists to involve in more scientific research, especially the
ones relevant to the ICB project case studies. It benefited them to broaden their
geoscientific view and extend their own academic career.

5 sets of GIS digital mapping software “ArcView 9.2”, 5 sets of basin modeling
software “PetroMod” and 5 sets mapping software (from Danish graphic software
provider) “EasyCopy” have been granted to the 5 case study host countries. Training
in the application of this powerful software was also provided to a number of selected
upcoming users from CCOP Member Countries. All these software were applied as
useful tools in the basin modeling, digital mapping and merging of the final maps of
the cross-border case studies.

Most of the young geoscientists from CCOP Member Countries received tremendous
benefits from these activities towards capturing new knowledge and technology and
sharing existing experience.

The final project report which included 10 CCOP Member Countries capacity building
reports and two cross-border joint case studies reports with 30 large-scale enclosure
maps has been published.

The valuable support and cooperation from DANIDA through the Royal Danish
Embassies in Bangkok, Hanoi, Kuala Lumpur, Beijing, CCOP Member Countries and
CCOP Cooperating Organizations, Asean Council on Petroleum (ASCOPE) and The
International Programme for Petroleum Management and Administration Norway
(PETRAD)

are

the

concrete

foundation

of

the

continuously

successful

implementation of the project. During the past 3 years, through the close cooperation
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among the CCOP Member Countries and common efforts, the objectives set for the
ICB-CCOP1 Project were successfully reached. It was pleased to announce that
during the series of dissemination seminars, the outputs from these cross-border joint
case studies and capacity building satisfied both DANIDA and stakeholders of the
CCOP Member Countries.
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2. Background of the ICB-CCOP1 Project
CCOP is an intergovernmental geoscientific organization whose mission is to
facilitate and coordinate the implementation of applied geoscience programmes in
East and South East Asia in order to contribute to economic development and an
improved quality of life within the region. To this end, CCOP promotes capacity
building, technology transfer, research, exchange of information and institutional
linkages for sustainable resource development, management of geoinformation,
geohazard mitigation and protection of the environment.

CCOP has been the successful forum for regional cooperation, sharing of information
and knowledge among geoscientists that contribute to greater cross border
understanding and harmonization. CCOP has a long record of implementing
petroleum activities for the past 38 years of its existence since its first inception as a
body under the United Nations in 1966 and later as an intergovernmental
organization since 1987. The technical secretariat of CCOP based in Bangkok,
Thailand has long experience in the coordination and implementation of multilateral
projects that give benefits to the Member Countries.

The East and Southeast Asia region is one of the important areas for petroleum. As a
source for economic prosperity, the CCOP Member Countries have placed great
importance and interests in enhancing petroleum exploration and exploitation
competence. Many of the CCOP Member Countries have good potentials for further
exploration and development. In fact, petroleum is one of the most important
economic activities for several of the CCOP Member Countries with significant
contribution to their GDP. Therefore, successful exploration and sustainable
development will directly contribute to Member Countries’ economic well-being, and
are given emphasis and priority.

The Technical Secretariat has received many requests from Member Countries for
support within capacity building, research, training and enhancement of technical
capabilities in the state-of-the-art techniques in exploration and sustainable
management of petroleum resources. To meet these needs, this project concept is
developed which calls for conduct of hands-on case studies, training and technical
workshops, details of which are described later. As geological features do extend
beyond national boundaries, the case studies will include the important element of
cross-border integration of geoscientific knowledge that will contribute to a better
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understanding of the regional geology and tectonics. These are important information
for determining petroleum potentials, a fundamental consideration in attracting
foreign investment. The results and outputs of the project will be widely disseminated
to all CCOP Member Countries and the international geoscientific community, and
they will be accessible through CCOP’s library at the Technical Secretariat, as well
as, through websites and publications.
In its 43rd Steering Committee Meeting held in Phuket, Thailand in March 2004,
CCOP unanimously supported and endorsed the project proposal and requested the
Technical Secretariat to implement appropriate actions to secure the financial and
technical support for its implementation.

The Government of Denmark has a record of providing successful and effective
technical assistance to the region, both on multi-lateral and bilateral basis and CCOP
as a regional organization, as well as CCOP Member Countries have benefited. The
government and private petroleum sectors in Denmark have a reputable history of
success in the energy sector. They have the latest knowledge and expertise in
developing the technology, techniques and strategies to optimize the exploration and
sustainable exploitation of petroleum resources. Denmark is willing to share
knowledge, experiences and expertise through her development assistance
programme with countries that need to enhance the capabilities of their state
agencies or national petroleum corporation responsible for the sustainable
exploration and development of their own petroleum resources.

Consistent with this, CCOP requests the support of the Danish Government for a
long-term project on capacity building, enhancement of cooperation and sharing of
geoscientific knowledge for the sustainable development of the petroleum resources
in the CCOP Region. The implementation of such a project will directly contribute to
Member Countries’ effort to assess their petroleum resources and to plan their
development in an optimal and sustainable manner. At the same time, the project will
promote regional cooperation, sharing of information and knowledge and
harmonization. The said project is not to duplicate the previous and current
petroleum-related projects of the CCOP, but will provide practical and state-of-the-art
geoscientific methods and techniques that will complement these projects.
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3. Project Implementation
The implementation of the ICB-CCOP1 Project consists of two equally important
components which are targeting the fulfillment of the goals and objectives set for the
project. The first component comprises the Sulu Sea-East Sabah Basin & Song
Hong-Yinggehai Basin geoscientific case studies. The second component comprises
a series of project activities which are planned in an effort to address a great part of
the specific scientific needs identified by the CCOP Member Countries.

The selected case studies address interesting cross-border geoscientific issues while
the activities focus on technology transfer, knowledge enhancement as well as
experience and information sharing. The case studies are also a very good way for
practicing the application of new technology and integration and dissemination of the
geoscientific knowledge captured in the region. Thus, the practitioners were able to
handle the cutting-edge technology and knowledge through the exercises of case
studies and the national and international research networks and linkages
established through the project activities, most of which, are open for all CCOP
Member Countries.

The project implementation started with the consultative visits to brief the case study
host countries regarding the project and to seek their inputs in the implementation of
the activities. Afterwards, the ICB-CCOP1 Inception Phase Meeting was conducted
on 16 to 18 May 2005 in Bangkok, Thailand indicated the official beginning involving
all CCOP Member Countries. Since then, a series of planned activities have been
carried out, as well as the additional activities deemed necessary with the progress of
the project activities have also been undertaken, included 2 thematic seminars, 3
field studies, 4 workshops, 5 training courses and expert visits, 6 working meetings
and 5 dissemination seminars.

The ICB-CCOP1 Project activities ended with 5 dissemination seminars. The last
activity is the “Song Hong-Yinggehai Basin Case Study Dissemination Seminar” held
on 8 November 2007 in Hanoi, Vietnam.

The Implementation of the project activities have contributed much to attaining the
core development objective of the project: to promote regional cooperation through
the sharing of information and knowledge in the joint conduct of geoscientific study of
cross-border geological basins that contribute to the better understanding of the
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petroleum systems for the assessment of their hydrocarbon potentials.

All the planned activities, which were setup during the inception phase meeting, were
carried out except one training course and expert visit on “Fractured Basement
Reservoir”, because the invited regional experts were not available at the time. As
compensation, the thematic seminar on “Fractured Reservoir Exploration &
Production” was conducted later on. Beyond the original planned activities, additional
6 working meetings, 3 seminars and 2 field studies were conducted under permission
of DANIDA.

Effort to attract the interest and involvement of neighboring countries in joint study of
cross border basin with petroleum resources or potential, using strategic and at times
sensitive data is challenging at all times and inherently complex.

Through the

conducted activities, it was pleased to say that under the project, there has been
significant success in this respect. Neighboring countries have fully supported to
conduct the cross-border case studies of the Song Hong-Yinggehai Basin between
China and Vietnam, and the Sulu Sea-East Sabah Basin between the Philippines
and Malaysia. We have seen the enthusiasm, the spirit of cooperation, trust and the
willingness to exchange and share knowledge and information during the conduct of
the activities. The project case studies also progressed well according to the work
plan. The case study final report with 30 large-scale enclosure maps has been
published. It is also significant to point out the final case study report is the first
edition in this region of the integrated geoscientific research output from the crossborder case study host countries through common efforts.

Hence, the ICB-CCOP1 Project has been successfully implemented with the solid
output of the final case study report and the institutional capacity building within
CCOP Member Countries.
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Statistics of Participants to the ICB-CCOP1 Project Activities
Activities
Inception Phase Meeting
Guangzhou Workshop
Hanoi Workshop
Malaysia Workshop & Field Study
Hainan Field Study
Hanoi Field Study
Hanoi Training
Bangkok Meeting
Qingdao Meeting
Beijing Training
Guilin Seminar
Manila Meeting
Ho Chi Minh Workshop
Ho Chi Minh/Phu Quoc Training
Hanoi Fractured Reservoir Seminar
Kuala Lumpur Meeting
Bali Training on Digital Mapping
Beijing Case Study Report Meeting
Phuket Case Study Meeting
Phuket Capacity Building Seminar
Dissemination Seminar in Manila
Dissemination Seminar in Beijing
Dissemination Seminar in Kuala Lumpur
Dissemination Seminar in Hanoi
Total

Participants
19
12
22
25
11
11
24
18
10
19
31
17
39
37
43
20
34
10
20
32
17
28
30
28
557

Female Participants
1
4
4
4
2
0
8
3
2
9
9
6
6
6
9
3
3
3
1
3
3
8
6
3
106

Among all participants (557), nearly 20% are female (106).

Statistics of Participants to ICB-CCOP1 Project Activities
50
45
40
35
30
25
20
15

Total Participants

10

Female Participants
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4. Conducted Activities
4.1 Workshops
The ICB-CCOP1 Project workshops are designed to facilitate the cross-border joint
case study. The geoscientists from CCOP Member Countries were involved in the
conducted workshops. The existing experience and knowledge in the case study
area were shared during the workshop. The work plan, data preparation, case study
framework, case study final report outline were setup during the workshop.

4.1.1 ICB-CCOP1 1st China Workshop
The ICB-CCOP1 1st China Workshop on the Song Hong-Yinggehai Case Study was
held on 7 to 9 September 2005 in Guangzhou, China. There were 12 participants
from China and Vietnam. During the workshop, the Chinese and Vietnamese
participants discussed the scientific ideas and data preparation for the Song HongYinggehai Basin case study.

Discussion on Data Preparation during the Workshop in Guangzhou

The workshop also recommended that another institution, China National Offshore
Oil Corp. (CNOOC) should be invited to join in the case study. It is not only because
of CNOOC is the data owner of the Yinggehai Basin, it also has twenty years of
successful exploration and production experience. Thus, both PetroVietnam and
CNOOC as national oil companies can benefit from the ICB-CCOP1 Project. China
financially supported the hosting of this Workshop.
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4.1.2 ICB-CCOP1 1st Vietnam Workshop
The ICB-CCOP1 1st Vietnam Workshop on the Song Hong-Yinggehai Case Study
was held on 19 to 21 December 2005 in Hanoi, Vietnam. There were 23 participants
from China and Vietnam. Following up on the first China workshop, a workshop was
organized between Vietnam and China involving the new partner (CNOOC) to
discuss enhancement of cooperation and integrating the existing knowledge on the
petroleum systems, particular that of PetroVietnam and CNOOC for the region. H.E.
Mr. Peter Lysholt Hansen, Danish Ambassador to Vietnam attended the workshop
opening ceremony and gave an opening address. During the workshop, available
data for the Song Hong-Yinggehai Basin case study have been identified and the
detailed work plan set up.

Identified the Available Data for Joint Case Study in Hanoi

4.1.3 ICB-CCOP1 1st Malaysia Workshop
The ICB-CCOP1 1st Malaysia Workshop on Sulu Sea-East Sabah Basin & Song
Hong-Yinggehai Basins Case Study was held on 27 to 28 February 2006 in Sabah,
Malaysia. 25 participants from CCOP Member Countries attended the workshop.
The outlines of work plans for each case study were set up, finalized and agreed
between the partners during the workshop. These work plans guide the
implementation of project. In addition, we were honored to have H.E. Mr. Børge
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Petersen, Ambassador Extraordinary and Plenipotentiary of Denmark to Malaysia
and the Philippines attended this workshop and delivered his valuable welcome
address which provided the guideline of the project implementation.

Setup the Work Plan for 2 Case Studies Respectively in Sabah
He emphasized that the project is not only important for promoting the economic
development but also for enhancing and strengthening the regional cooperation in
the area and peacefully utilize the hydrocarbon in the specific cross-border area. He
also mentioned that the environmental impact factor should be taken into serious
consideration regarding the activities of petroleum industry.

4.1.4 ICB-CCOP1 2nd Vietnam Workshop
The ICB-CCOP1 2nd Vietnam, so called 1st Ho Chi Minh Workshop, Sulu Sea-East
Sabah Basin & Song Hong-Yinggehai Basin Case Study workshop was held on 2-4
March, 2007, Ho Chi Minh, Vietnam.

39 geoscientists from 9 CCOP Member

Countries and ASCOPE Members attended this workshop. The work plan 2007 of
the ICB-CCOP1 Project was stated and outline of the final report of the ICB-CCOP1
Project finalized after discussion, especially on cross-border case studies.

Discussion on Finalizing the 2 Case Studies in Ho Chi Minh
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The seminar on “CO2 Issue and Relevant the High Pressure & High Temperature
Issues in E&P” was carried out in the afternoon of the second day. The speakers
from CCOP Member Countries and ASCOPE Members made very comprehensive
presentations to generously share their valuable experiences and know-how with all
participants.
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4.2 Training Courses & Expert Visits
The training course and expert visit are designed to meet the necessity in every
stage of the case study. It focused more on the new technology and technique
transfer to the case study research team members, especially to the young
geoscientists from CCOP Member Countries. Unfortunately, one of the originally
planned training course and expert visit on “Fractured Basement Reservoir” could not
be carried out because the invited regional experts were not available at the time. As
a compensation, the thematic seminar on “Fractured Reservoir Exploration &
Production” was conducted in May 2007, in Hanoi, Vietnam.

4.2.1 ICB-CCOP1 1st-2nd Training Course & Expert Visit
Two back-to-back training courses titled: “Petroleum System Modeling Software User
Training & Application Training” were held on 8 -13 May 2006, in Hanoi, Vietnam.
Experts from the software company IES, Geological Survey of Denmark & Greenland
(GEUS) and VPI (Vietnam Petroleum Institute) were invited as resource persons to
facilitate the training courses. 24 participants from CCOP Member Countries
attended the training courses.

Participants Doing Exercises during the Training Courses in Hanoi
Through the training courses, the petroleum system discipline was introduced to all
participants in details so that all participants obtained good understanding of it. All
participants have been trained on how to use the petroleum system modeling
software PetroMod®, now they are familiar with the software. The existing knowledge
and experience in petroleum system modeling have been shared through the
discussion and exercise; the participants can apply them for case study as well as
other projects in hand.
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4.2.2 ICB-CCOP1 3rd Training Course & Expert Visit
The Organic Geochemistry and Petrology in Petroleum Exploration was conducted
on 11-14 September 2006, in Beijing, China. 19 people from CCOP Member
Countries participated in the training course. The training course was designed to
transfer the knowledge on parameter preparation for basin modeling study to meet
the needs of the case study. Two excellent speakers from GEUS contributed their
knowledge to all participants from CCOP Member Countries.

The organic geochemistry and petrology discipline is introduced to all participants in
details so that all participants obtain good understanding of it. The knowledge of how
to use the geochemical criteria to evaluate the maturity of the source rock for
assessing the hydrocarbon potential was transferred to participants.

Participants Discussing on Training Exercises in Beijing

4.2.3 ICB-CCOP1 4th Training Course & Expert Visit
The “Onshore-offshore correlation: Utilization of data from outcrop geology, well logs,
core logs and core measurements from core holes for evaluation of offshore
stratigraphy and reservoir architecture and property” training and expert visit was
conducted back-to-back with above mentioned workshop on 5-8 March 2007, in Ho
Chi Minh and Phu Quoc, Vietnam respectively. Two distinguished speakers from
GEUS made informative instructions with relevant exercises. 37 geoscientists from
CCOP Member Countries and ASCOPE Members attended the training course and
expert visit.
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Lecturing, Core Observation & Field Instruction in Ho Chi Minh & Phu Quoc
During the training, all participants had a chance to visit laboratory of Vietnam
Petroleum Institute to observe and do hands-on cores exercises with the Lower
Cretaceous sandstones of the Phu Quoc Formation cores from the ENRECA-2 well
drilled within the Danish-Vietnamese bilateral ENRECA project. Later on, the
participants also visited the well site and outcrops on Phu Quoc Island.

4.2.4 ICB-CCOP1 5th Training Course & Expert Visit
The training course in digital mapping: “From Data Catch to Depth Map, GIS in
Hydrocarbon Exploration” was held on 4-7 June 2007, Bali, Indonesia. 34
participants from 8 CCOP Member Countries attended this training course. The
training course is designed for knowledge transfer on digital mapping, the
methodology and related software application for the project case study.

Tutoring, Discussing and Practicing in Bali
The training course was composed of three parts: lecture, discussion and exercise.
Three distinguished lectures from GEUS and one expert from LEMIGAS were invited
as resource persons to facilitate this training together. The knowledge and
technology on digital mapping and GIS was transferred to all participants through this
training toward their capacity building, especially applying to the ICB-CCOP1 Project
cross-border case study.
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4.3 Field Studies
Field study is one of the most important fundamental works, especially for the
petroliferous basin study. Since the scientists could get the samples from the field,
and while, getting the test result from laboratory to help understand more about the
basin. The field studies of the ICB-CCOP1 Project are designed for facilitating the
project case studies.

4.3.1 ICB-CCOP1 Malaysia Field Study
The ICB-CCOP1 Project Field Study in the Eastern Sabah, Malaysia was conducted
on 28 February –4 March 2006 in Sabah, Malaysia. 25 geoscientists from 8 CCOP
Member Countries; Cambodia, China, Indonesia, Korea, Malaysia, The Philippines,
Thailand and Vietnam attended the field study. This field study related to the Sulu
Sea-East Sabah Basin case study held back-to-back with the workshop in Sabah
was conducted successfully. During the field study trip, the fieldtrip guides from
PETRONAS, Malaysia, shared their knowledge and experience in this region. The
participants from CCOP Member Countries collected the samples and contributed to
discussions and ideas on the regional geology.

Observation and Discussion in Eastern Sabah

4.3.2 ICB-CCOP1 China Field Study
The ICB-CCOP1 Project Field Study in the Hainan Island, China was conducted on
9-12 April 2006. 12 geoscientists from Vietnam and China attended the fieldtrip. The
field study is relevant to the joint case study for studying the eastern on-shore area to
the Song Hong-Yinggehai Basin. It was financially sponsored and supported by
Chinese partner agencies.
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Field Study in Hainan Island
It is the first time that a big group of the Chinese and Vietnamese geoscientists from
six different agencies/institutes in Vietnam and China to have the field study together
in Hainan island, China. This is a milestone in the history of the cooperation between
Chinese and Vietnamese geoscientists to carry out the preliminary joint study. Under
the CCOP umbrella, through the ICB-CCOP1 Project, the research team members of
the Song Hong-Yinggehai Basin case study from both of China and Vietnam shared
the existing experience and knowledge which will do more help for them to
understand more regional geology in this area, especially the hydrocarbon potential
in this cross-border area, as well as understand each other.

4.3.3 ICB-CCOP1 Vietnam Field Study
The ICB-CCOP1 Project Field Study in Hanoi Trough was conducted on 14-17 May,
2006, northeastern Vietnam, for studying the western on onshore area to the Song
Hong -Yinggehai Basin. The Vietnamese partner agencies kindly supported all the
associated costs.

Field Study in Hanoi Trough
During the fieldtrip, the Chinese and Vietnamese geoscientists had very good
discussions and exchanged their geoscientific views on the regional geology as well
as the geology of the Song Hong-Yinggehai Basin. Noteworthy fieldtrip stop is the
Tertiary fluvial-lacustrine sediments with oil-shale of the Dong Ho Formation. This
stop was investigated by Sino-Vietnam joint research team back in 1962. It is the first
time for Chinese and Vietnamese scientists to come back again after 44 years. It not
only extended the research cooperation relationship between China and Vietnam but
also the friendship between China and Vietnam.
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4.4 Meetings
One inception phase meeting and six working meetings were conducted during the
project implementation. The working meetings were setup beyond the original plan,
which targeted the issues generated from the implementation of the cross-border
joint case studies. It was an efficient way to shoot the problems. Due to the limitation
of the project budget, most of the working meetings only involved with the case study
host countries for solving the specific issue.

4.4.1 ICB-CCOP1 Inception Phase Meeting
The ICB-CCOP1 Inception Phase Meeting was held on 16-18 May 2005 in Bangkok,
Thailand. 19 participants from CCOP Member Countries attended this meeting. Ms.
Kit Clausen, First Counsellor for Environment and Development, and Ms. Marinette S.
Forbes-Ricarte, Sr. Development Cooperation Officer, from Royal Danish Embassy
in Bangkok, were present in the meeting. The participants concentrated on
discussing how to implement the project as well as setup the work plan. It also
indicated the official beginning of involvement with all CCOP Member Countries.
After inception phase meeting, the inception report has been submitted to DANIDA.

ICB-CCOP1 Project Dissemination Seminar in Hanoi

4.4.2 ICB-CCOP1 Working Meeting in Bangkok
The ICB-CCOP1 Project Bangkok Meeting on Sulu Sea – East Sabah Basin & Song
Hong-Yinggehai Basin Case Study was held on 10-11 August 2006 in Bangkok,
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Thailand. 16 geoscientists from 5 CCOP Member Countries; China, Malaysia, The
Philippines, Thailand and Vietnam attended the meeting.

Discussing & Merging the Maps at the Meeting in Bangkok
This meeting was designed for merging the individual outputs from cross-border joint
case study partners. It was also a good opportunity for them to adjust the work plan
and setup the work task toward the final achievements of the project case study.

4.4.3 ICB-CCOP1 Working Meeting in Qingdao
The ICB-CCOP1 Project 1st Qingdao Meeting on Song Hong-Yinggehai Basin Case
Study held on 28-29 August 2006 in Qingdao, China. 10 geoscientists from China
and Vietnam attended the meeting.

Discussion on Merging Maps in Qingdao
This meeting was organized as suggested in the ICB-CCOP1 Project Bangkok
meeting. 21 maps of basin scale study of the Song Hong-Yinggehai Basin case study
were correlated, merged and accomplished in the meeting. The final cooperation
work plan focusing on the petroleum system analysis and play assessment of the
joint case study was established.

4.4.4 ICB-CCOP1 Working Meeting in Manila
The “Sulu Sea-East Sabah Basin & Song Hong-Yinggehai Basin Case Study Manila
Meeting” has been conducted successfully from 30- 31 January 2007 at the office of
the Department of Energy, Philippines, in Manila, Philippines. 20 geoscientists from
Malaysia and The Philippines attended the meeting.
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Discussion & Merging Maps in DOE Office in Manila

This meeting was organized as suggested in the ICB-CCOP1 Project Bangkok
Meeting 2006 according to the practical requirements of the implementation of crossborder case study. This is the first time for the joint case study research team
members to enter their partner’s office and discuss in front of the workstation with
raw data. The efficiency and fruitful success of this meeting indicated that the
confidence and common trust have been built among the partners through the past
two years’ common efforts during the implementation of ICB-CCOP1 Project.

4.4.5 ICB-CCOP1 Working Meeting in Kuala Lumpur
The “Sulu Sea-East Sabah Basin Case Study Kuala Lumpur Meeting” was held on
22-23 May 2007 in Kuala Lumpur, Malaysia. 20 geoscientists from Malaysia and the
Philippines attended the meeting.

Viewing 3D Presentation & Merging Outcome in PETRONAS Twin Tower in Kuala
The meeting was held in the PETRONAS Visualization and Collaborative Center,
PETRONAS Twin Towers. Mr. Zulhaimi Bin Abdul Rahman, PETRONAS, Malaysia
presented one of their state-of-the-art tools, using 3D visualization facility to identify
the channel sands body spatial distribution for reservoir recognition. Some issues
related to the join case study were discussed during the presentation. After the
presentation, the meeting was continued in the collaboration room. Therefore, the
joint case study partners worked together in front of the workstation and seismic
profile to make output merging more efficient.
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4.4.6 ICB-CCOP1 Working Meeting in Beijing
The “Song Hong -Yinggehai Basin Case Study Final Report China Meeting” was held
on 13 August 2007, Beijing, China. 10 participants from China attended the meeting.

Meeting Conducted at CNOOC Office in Beijing
This meeting was organized by the ICB-CCOP1 Project China research team and
financially sponsored by the Chinese government. The final report on Song HongYinggehai Basin cross-border case study and report on capacity building during the
implementation of the ICB-CCOP1 Project were discussed in the meeting. It was a
preparation meeting for the ICB-CCOP1 case study meeting and seminar on capacity
building on 21-25 August 2007 in Phuket, Thailand.

4.4.7 ICB-CCOP1 Working Meeting in Phuket
The “Sulu Sea—East Sabah Basin & Song Hong-Yinggehai Basin Case Study
Meeting” was held on 21-22 August 2007, Phuket, Thailand. The National
Coordinators of ICB-CCOP1 Project and research team members from China,
Malaysia, the Philippines and Vietnam, totally around 20 participants attended the
meeting.

Presentation and discussion at the meeting in Phuket
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This meeting was organized by the CCOP Technical Secretariat. This case study
meeting was identified as finalizing the final report of the case study, which should
include the maps, figures, tables and well-formatted literal descriptions according to
the “Outline of Case Study Final Report” set up during the workshop in Ho Chi Minh
City earlier this year.
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4.5 Seminars
The ICB-CCOP1 Project seminars are composed of thematic seminar and
dissemination seminar. The thematic seminar aimed at the hot technical issues, and
the dissemination is to disseminate the outputs from the project implementation.

4.5.1 ICB-CCOP1 Thematic Seminar in China
CO2 has increasingly become one of the most crucial issues in the petroleum
industry. It is not only the matter of the petroleum exploration and production but also
of the potential environmental impacts. This issue, especially in the Southeast Asia
offshore area, including ICB-CCOP1 Project case study area, became more and
more outstanding. Therefore, it was raised during the implementing of ICB-CCOP1
Project. The experts and geoscientists from Norway, Denmark, CCOP Member
Countries and ASCOPE Members have been invited to discuss on these issues
together for the purpose of preparing to meet the emerging challenges, sharing the
information and experience, transferring the existing technology, building the
capacities and enhancing future cooperation. In this connection, an additional
seminar, CCOP/ICB-PETRAD-CNOOC-MLR-CGS seminar on CO2 issues in
Petroleum E&P was conducted on 23-25 November 2006, in Guilin, China. The
seminar organized by CCOP/ICB together with The International Programme for
Petroleum Management and Administration Norway (PETRAD), China National
Offshore Oil Corporation (CNOOC), Ministry of Land and Resources People’s
Republic of China (MLR), China Geological Survey (CGS). 31 geoscientists from 9
CCOP Member Countries; Cambodia, China, Indonesia, Korea, Malaysia, Papua
New Guinea, The Philippines, Thailand and Vietnam attended the seminar.

Discussion in the Seminar in Guilin
Mr. Søren Lütken, Counsellor (Development Affairs), Embassy of Denmark in Beijing,
who himself is an expert on CO2 issues, delivered an opening remarks and attended
the whole session of the seminar. At the closing ceremony of the seminar, he gave a
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very good appraisal on the seminar for disseminating the knowledge and sharing the
experience for capacity building.

4.5.2 ICB-CCOP1 Thematic Seminar in Vietnam
The seminar on “Fractured Reservoir Exploration & Production” was held in
cooperation with PetroVietnam and ASCOPE on 16-18 May 2007 in Hanoi, Vietnam.
43 geoscientists from 9 CCOP Member Countries and ASCOPE Members attended
the seminar. The state-of-the-art knowledge, experience and expertise of fractured
reservoir from exploration to development have been introduced and shared among
the participants during the seminar. In addition, we were honored to have the Danish
Ambassador to Vietnam, H. E. Mr. Peter Lysholt Hansen to attend the opening
ceremony of the seminar. In his speech, he praised Vietnam for its willingness to
share valuable expertise and know how with neighboring countries. The Ambassador
also stressed that Denmark is very happy to support the CCOP project on
Institutional Capacity Building as a way of promoting regional cooperation and
understanding.

Opening Address, Lecturing and Listening at the Seminar in Hanoi

4.5.3 ICB-CCOP1 Dissemination Seminar in Thailand
The “Seminar on Capacity Building during the Implementation of ICB-CCOP1
Project” was held on 23-25 August 2007 in Phuket, Thailand. Seminar on capacity
building is one of the most important activities during the implementation of the ICBCCOP1 Project. It is an additional activity beyond the original project plan, which
designed as the final activity involving all the CCOP Member Countries. 32
participants from Cambodia, China, Indonesia, Japan, Korea, Malaysia, Papua New
Guinea, Philippines, Thailand and Vietnam attended the seminar.

The sincere appreciation should go to the donor agency, DANIDA for giving the
flexibility and allowing holding this seminar to disseminate the outputs from the
project. H.E. Mr. Michael Sternberg, Ambassador of Denmark to Thailand, Cambodia
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and Burma (Myanmar) made the opening address.

Reporting on Capacity Building at the Seminar in Phuket
On behalf of all delegates from CCOP Member Countries, Mr. Robert Wong Hin Fatt,
National Coordinator of ICB-CCOP1 Project, Senior Manager, PMU, PETRONAS,
Malaysia made a speech on the impact of ICB-CCOP1 Project. He summarized the
achievements from the implementation of the ICB-CCOP1 Project during the past
two and half years, especially from the cross-border joint case study. He said, as he
knew, it was the first time that the geoscientists from CCOP Member Countries to
work together on the cross-border sharing basin. He mentioned that it was a unique
opportunity provided by the ICB-CCOP1 Project. It is also the first time to generate a
series of the whole basin view map of the Sulu Sea-East Sabah and the Song HongYinggehai Basins from the sharing data prepared and provided by cross-border joint
case study partners. These series map would make more contributions on
understanding the petroleum resources potential, and hereby, attract more
investment from industry. The basin modeling software and training course offered by
the ICB-CCOP1 Project brought tremendous benefits to the case study team
members, especially for junior young geoscientists for their capacity building.
Through the project implementation, the strong connection has been built as well as
common trust and confidence. It is very impressive impact to the ICB-CCOP1 Project
team from CCOP Member Countries. The special regional expertise have been
contributed and shared based on own willing from CCOP Member Countries.
Regional critical common issues were identified during the project implementation.
For example, Malaysia and other Member Countries provided the CO2 experts,
meanwhile, the fractured basement reservoir experts were offered by Vietnam, the
additional project activities were setup accordingly. All these events meant that the
project implementation provided the chance for the mutual benefits to CCOP Member
Countries.

Finally, on behalf of the CCOP Member Countries, he expressed his sincere thanks
to the donor agency, DANIDA, for generous financial support as well as the technical
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support from GEUS. The Member Countries’ financial and manpower supports were
mentioned during his speech. This represented the good cooperation between the
CCOP Member Countries and donor country. Finally yet importantly, he depicted his
personal experience through attending the ICB-CCOP1 Project activities. Although
the participants from CCOP Member Countries speak different languages, have
different cultural background and different religious believes, all the ICB-CCOP1
Project activities save the differences from CCOP Member Countries to let him
experience the real culture diversity. It helps to increase the understanding and
enhance the friendships.

4.5.4 ICB-CCOP1 Dissemination Seminar in
Philippines
The “Sulu Sea—East Sabah Basin Case Study Dissemination Seminar” was held on
26 September 2007 in Manila, Philippines. 14 participants attended the seminar. The
objective of Dissemination Seminar is to disseminate the outputs and impacts of the
ICB-CCOP 1 project implementation to DANIDA and stakeholders of the Philippines.

ICB-CCOP1 Project Dissemination Seminar in Manila
Dr. Francisco G. Delfin Jr., Assistant Secretary, Department of Energy, Philippines,
made the closing remarks. He said, this project, combining the data from Malaysia
and Philippines had led to a better understanding of the Sulu Sea-East Sabah Basin,
that of course, help them to increase the prospect of the basin and consequently
reduce the exploration risk. So by that measure alone, reducing exploration risk to
benefit oil company, this project can be deemed successful. Secondly, by providing
the opportunities, through training, software grant, interaction in both PETRONAS
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colleagues and CCOP colleagues, the project has also enhanced the capability,
especially the human resources capacity of DOE. This is the second measure of
success of the project. Thirdly, besides the project activities, training, workshop,
meeting, seminar, field study and software granted, the networks between the
organization as well as personal relationship has been built. Those three accounts
indicated the great success of the ICB-CCOP1 Project implementation.

4.5.5 ICB-CCOP1 Dissemination Seminar in China
The “Song Hong-Yinggehai Basin Case Study Dissemination Seminar” was held on
11 October 2007 in Beijing, China. 28 participants attended the seminar. H.E. Mr.
Jeppe Tranholm-Mikkelsen, Ambassador, Royal Danish Embassy in Beijing, P.R.
China made a very comprehensive opening remarks. He said, after two and a half
years of joint efforts, the results could be seen now, in the form of the substantial
report on phase 1 on the table here today. This project has led to a much better
understanding of the geological evolution in the Song Hong-Yinggehai Basin. This
understanding has come about by combining data from both the Chinese and the
Vietnamese side. He believed that the integrated knowledge would help the
geoscientists and decision makers to better evaluate the study area. He believed that
would reduce exploration and exploitation risks which were crucial factors of spiraling
costs. The project has also set new standards when it comes to cross-border
cooperation between CCOP Member Countries. It has demonstrated that mutual
respect, friendship and partnership are the key to success. The cooperation concept
established by the project has been recognized by other donor organizations as a
model to be followed in the future.

ICB-CCOP1 Project Dissemination Seminar in Beijing
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4.5.6 ICB-CCOP1 Dissemination Seminar in Malaysia
The “Sulu Sea—East Sabah Basin Case Study Dissemination Seminar” was held on
5 November 2007 in Kuala Lumpur, Malaysia. 30 participants attended the seminar.
Mr. Yunus Abdul Razak, Permanent Representative of Malaysia to CCOP, DirectorGeneral, Minerals and Geoscience Department, delivered the welcome Speech. He
expressed a very warm welcome to all delegates and taking the opportunity to inform
the roles of CCOP to the stakeholders that CCOP promotes capacity building,
technology transfer, exchange of information and organizational linkages for
sustainable resource development, management of geo-information, geo-hazard
mitigation and protection of the environment especially CCOP to promote the
activities though the Dissemination Seminar.

ICB-CCOP1 Project Dissemination Seminar in Kuala Lumpur
H.E. Mr. Børge Petersen, the Ambassador Extraordinary and Plenipotentiary of
Denmark to Malaysia and the Philippines made a very comprehensive opening
address. He said Denmark has been one of the Cooperating Countries of CCOP for
over a decade, DANIDA has been supporting several CCOP Member Countries on a
bi-lateral basis. Through the ICB-CCOP1 Project, this is the first time where DANIDA
supports to CCOP directly as an organization to the benefit of all the CCOP Member
Countries, which aims on the regional economic growth and stability. Before he
concluded his address, he also expressed that the Danish Government, through
DANIDA, is pleased to have supported the successful implementation of the ICBCCOP 1 Project. Besides the cross-border case study geoscientific results and
human resource capacity building, the network and cooperation between Danish
experts from GEUS and the regional and other international colleagues were
developed toward the future partnership. Lastly, he said that the project is heading
towards the successful fulfillment of its objectives and he congratulated all people
involved in this project and encouraged them to continue working in the same spirit of
regional cooperation and friendship to the conclusion of the project and beyond.
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4.5.7 ICB-CCOP1 Dissemination Seminar in Vietnam
The “Song Hong-Yinggehai Basin Case Study Dissemination Seminar” was held on 8
November 2007 in Hanoi, Vietnam. 18 participants attended the seminar.

Dr. Nguyen Van Minh, Vice President of Vietnam Oil and Gas Group (PVN),
delivered the welcome Speech. He congratulated the success of the Project,
especially the cooperation between China and Vietnam in the case study and praised
the work of Vietnamese team.

ICB-CCOP1 Project Dissemination Seminar in Hanoi
Afterward, Mr. Thomas Gammelgård Jørgensen, First Secretary, Embassy of
Denmark in Hanoi made an opening remarks. After addressing all the distinguished
guests, Mr. Jørgensen apologized for the Ambassador, Mr. Peter Lysholt Hansen’s
absence due to prior commitment. He then stated that DANIDA Project is one of a
kind in term of regional cooperation through CCOP. Furthermore, he raised the issue
of cross-border cooperation in energy sector which is considered difficult. However,
the ICB-CCOP1 Project has proved that better picture of geological set-up can be
developed under mutual respect and friendship. The First Secretary then assured
that the Project has been on the right track since the cooperation concept established
by the ICB-CCOP1 Project has been recognized and admired by other donor
organizations which are willing to apply the same model during implementation of
their future development aid activities. On the Danish side, he also felt that the value
of the funds provided by DANIDA for the project has been maximized by CCOP
Technical Secretariat and project coordinators. He acknowledged the network,
cooperation and friendship established among all parties and expressed his
confidence that they can lead to further cooperation in public and private environment.
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4.6 Software Granted
Software is the powerful tools for the geoscientific research, especially, for petroleum
industry. According to the necessity of the project case study, the ICB-CCOP1
Project purchased three different kinds software to grant to the case study host
countries. Latter, all these software were used in the project joint case studies.

4.6.1 PetroMod® Petroleum System Modeling Software
The petroleum system modeling software is one of the most important prevailing
tools for the petroleum systems analysis in the oil industry nowadays. Therefore, 5
sets of petroleum system modeling software IES PetroMod®, purchased by the ICBCCOP1 Project, were issued to the 5 case study host countries; China, Indonesia,
Malaysia, Philippines and Vietnam for assisting in accomplishment of the petroleum
system analysis of the case studies. The user training courses toward CCOP
Member Countries were provided and conducted in Hanoi, Vietnam.

4.6.2 ESRI ArcViewTM GIS Software
The ESRI ArcViewTM 9.2 GIS software is very useful software which can provide the
function for coordinate conversion and map merging. It is useful tools for the merging
the maps from cross-border case study partners. Hence, 5 sets latest ArcViewTM 9.2
software, purchased by the ICB-CCOP1 Project, were issued to the 5 case study
host countries; China, Indonesia, Malaysia, Philippines and Vietnam. Accordingly, the
training course on it for CCOP Member Countries was conducted in Bali, Indonesia.

4.6.3 EasyCopy Digital Mapping Software
The EasyCopy digital mapping software is come from Denmark. It is with great
function of petroleum industry map management and format converted. 6 sets of
EasyCopy were purchased by the ICB-CCOP1 Project, were issued to the 5 case
study host countries, China, Indonesia, Malaysia, Philippines and Vietnam and
CCOP Technical Secretariat for assistance to generate case study final maps.
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4.7 Postgraduate Grants
The main objectives of the ICB-CCOP 1 Project are not only to support the capacity
building among the senior researchers in the CCOP Member Countries, but also to
give opportunity to junior researchers to enhance their geoscientific knowledge and
technical competences. It made the invaluable contribution to the sustainability in
capacity building.

The project setup 5 post-graduate research grants (USD 5,000 each) to young
scientists, who are currently enrolled in a postgraduate program (MSc, PhD) in the
upstream petroleum geosciences.

During the project implementation, 5 postgraduate grants have been awarded to 5
postgraduate students selected among the 7 candidates nominated by the 5 case
study host countries. The postgraduate grants assisted and encouraged the young
geoscientists to be actively involved in more scientific research, in areas relevant to
the ICB-CCOP1 Project case studies.
The Name list of the ICB-CCOP 1 Project Postgraduate Grants Recipients
No.

Name

Country

Research Interests

1

Ms. Yang Jinyu

China

The Application of Satellite
Derived Gravity Data in the
Song Hong- Yinggehai Basin
Basement Inversion

2

Mr. Mufdi Firdaus

Indonesia

Biostratigraphy in Central
Sumatra Basin, Indonesia

3

Mr. Khairul Azlan Bin Mustapha

Malaysia

Stratigraphy, Structure, and
Potential Petroleum System of
the Tertiary Dent Group, Dent
Peninsula, East Sabah,
Malaysia

4

Mr. Archivald Mel F. Cordero

Philippines

Strontium Isotope Stratigraphy
of Kennon and Mirador
Limestone Units, Baguio
District, Benguet Province,
Philippines

5

Mr. Vu Anh Tuan

Vietnam

Geological Research and
Miocene Clastic Reservoir
Characteristics in
the Northern of Song Hong–
Yinggehai Basin
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4.8 ICB-CCOP1 Website
The website of the ICB-CCOP 1 Project is under the directory of technical activities of
the CCOP website at: http://www.ccop.or.th/techdetail.asp?id=31 and it documented
all the records of the project implementation.
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5. Sustainability & Impacts - Institutional
Capacity Building
5.1 Cambodia
Oil exploration activity in Cambodia began in the 1970’s, when Elf drilled three
offshore wells, to be followed by a further series of wells drilled by Sun, Gulf and
Conoco. Reconnaissance studies in the 1980’s preceded a 1990 Cambodian bidding
round which attracted a number of western oil companies. Following acquisition of
seismic in 1992 and 1993, a number of wells were drilled which met with varying
success.

Recently, the discovery of oil in Cambodian offshore by Chevron’s exploration have
been attracting the foreign oil and gas investors getting interest in this country’s
petroleum sector in both onshore and offshore area. However, no petroleum has
been produced in this country yet up to date even natural gas discovery is
considered for development.

With very poor experiences and the rapid growth in this sector, Cambodia now is
facing to the lack of the human resources, infrastructure and even though the
institutional capacity building in this sector. Therefore some projects are supported by
donors, such as ADB (Asian Development Bank) and NDP, has been solving this
issue. Moreover, CCOP projects have also provided and improved a lot of
experiences, skill and management for Cambodia National Petroleum Authority
(CNPA) staff and perhaps the ICB-CCOP1 project activities have been contributed
more or less to the improvement of the basic knowledge of management and
exploration activities in this sector.

5.1.1 Lessons Learned from the Project
For Cambodia, the ICB-CCOP1 project activities have provided many opportunities
to the Cambodian geoscientists to involve in the international scientific cooperation
and activities, such as the workshops, trainings and seminars and especially the
cooperation with the neighboring CCOP Member Countries where the geological
structure is most linking to each other.
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As the country is in the beginning stage of oil and gas exploration, the experience in
this field is still limited compared to other countries in this region. However, learning
from the ICB-CCOP1 project implementation, Cambodian geoscientists have got
some experiences, such as Digital Mapping and environmental issue in petroleum
sector although Cambodia is not the host study country. Whatever they have learned
during the project implementation is highly valuable knowledge in petroleum sector
including wide experiences from the different countries not only in this region but also
of the worldwide level.

The recent significant activity is the Cambodia-Vietnam joint field study that was a
good example for the bilateral international scientific cooperation for both countries.
This activity also was supported by the Danish geoscientist and CCOP. This resulted
from the idea jointly cross-border geoscientific studies of ICB-CCOP1 project. In
addition, the joint study has been the platform for exchanging the knowledge of each
country’s geology, technology and encouraged the further cooperating activities as
well.

Obviously, the results from the ICB-CCOP1 project implementation have enhanced
and improved the capabilities of CNPA’s geoscientists in particular disciplines, such
as GIS, petroleum geological field study and geochemistry. These are the best
experiences that were provided at the right time by the project activities when
Cambodia now is starting in the beginning stage of petroleum exploration process
and facing to the problem of lack of human resource, experience in management and
infrastructure, etc.

Moreover, the project also provided the chance to Cambodian geoscientists
participated directly in the various activities even there was very limited number of
participants compared to the other case study host countries. From CNPA, there
were 5 persons who had been involved in the project activities;

However, there are several geologists of upstream division of CNPA who had been
involving indirectly with the ICB-CCOP1 project implementation through the
disseminated seminar after the Cambodian participants finished to attend the project
activities. The interests of petroleum related disciplines are mapping technology and
petroleum geological survey knowledge had been widely spread by the Cambodian
participants of ICB-CCOP1 activities to other geoscientists of CNPA.
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During the project implementation, the Cambodian geoscientists had involved in 8
different activities including, 1 meeting, 2 workshops, 1 field study, 2 training courses
and 2 seminars.

5.1.2 Impact of the Project
Even though Cambodia currently does not have the higher educational institution in
geology and petroleum sector, recently, the significant achievement from the
international research networks has been established. In terms of good cooperation
in exploration technique and petroleum management and policy with international
institutions, such as GEUS and Vietnam Petroleum Institute (VPI), were setup.
Especially, the good technical field study activity between Cambodia and Vietnam on
the petroleum geological study has been conducted in both sides of the two countries
with the very good result. It was a perfect model of international scientific cooperation
and was considered to increase more activities in the future as well.

Based on the idea of cross-border geological study, the future cooperation activities
with neighboring countries will be increased. Because the country’s geological
structure is not bordered, the geological structure of Cambodia and neighboring
countries may be the same in some parts. For example, the northern part of
Cambodia has been directly linked to the geological structure of Korat formation in
Thailand side. This may be enough reason that leads the two countries to feel
confidence in getting interest in their future cross-border geological study.

The important things are that the ICB-CCOP1 project activities have provided more
opportunities to CNPA geoscientists to integrate themselves into the international
petroleum scientists society, particularly in this region and improved their knowledge
in order to meet the standards of global petroleum industry as well. Moreover, the
exchange information to fulfill the needs of geological knowledge in the region and
worldwide is the most useful and significantly positive impact for improving the
capacity building of human resources of Cambodia in the petroleum sector. It has
been growing very fast since the last two years and still keeping in a good path of
growth in the future.

The ICB-CCOP1 project is one of the CCOP’s projects that provides the experiences
and strengthen the capacity building to the petroleum sector of Cambodia, especially
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for the exploration activities and environmental protection in petroleum sector as well.
With the current facing problems in this sector, these project activities have been
contributed to improve the knowledge of CNPA geoscientists in the petroleum
operation practice from the basic to the standards level.

As the country has been in rapid growth in economic development since the last two
years, the petroleum sector has been placed in the top priority to the economic
growth distribution by the government, so providing the assistance in improving the
human resources and management is the most important needs at present for
developing this sector. It is great that any further CCOP project implementation will
place Cambodia as the top priority to support and train Cambodian geoscientists in
the petroleum management and policy and petroleum exploration as well.

In addition, learning from the experiences of ICB-CCOP1 activities, the medium and
long-term training courses are expected to be provided to Cambodian geoscientists
as the top priority because of the less experience and the limit of practice knowledge
in this sector.

Learnt from the ICB-CCOP phase 1, the case study host countries did tremendous
contributions to the project implementation. Meanwhile, they also got more benefits
than the other non-host case study countries. For example, all the case study host
countries got the software that gave the chance to their geoscientist on keeping work
after the training course. To Cambodia, because of the limited fund and facilities
barrier, Cambodia participants could not get in practice and improve their knowledge
that they got from the training courses. How they can do without the facilities and
software? So it would be great, if the ICB-CCOP phase 2 will put consideration on,
supporting the special short term training course for less experience countries by
providing technical expertise, the chance of getting in practice and accessing
facilities. Allocate the fund for long-term training in the specific petroleum related
disciplines according to individual issue of the country needs.

Environmental impact from the petroleum exploration and exploitation should be
considered as an input in ICB-CCOP phase 2 activities. People concerned too much
already the cross-border geological formation, but now, one of the global concerns is
the global environmental impact. The petroleum industry is a major negative impact
on the environmental issue from the exploration to the production stage so it is the
right time to consider the environmental issue for the next phase.
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5.2 China
5.2.1 Lessons Learned from the Project
5.2.1.1 Involving in International Cooperation
How to involve in the international scientific cooperation, especially for carrying out
the cross-border joint geoscientific case study, is a very fresh issue for the ICBCCOP1 Project Chinese team. For an international cooperation study on the crossborder petroliferous basin, firstly, all the partners should find the common interests
and then share the geological and geophysical data based on own willing and equal
treatment. Secondly, all the partners should respect each other in their partners’
scientific views based on their own data even though there might be some bias due
to the data restriction. Through the joint case study, scientists from different countries
can work together closely, make the fully use of the shared data, exchange scientific
views, try to get the full view of the basin, which would be instructional to the
hydrocarbon exploration.

Specifically, for the hydrocarbon potential assessment study of a cross-border
petroliferous basin, each party should firstly get the permission from the government
and commercial oil companies who possessed the raw data of the basin for providing
the basic geological data including regional geology, strata, sediment, structure,
samples test result and so on, for hydrocarbon potential assessment. Then, all
parties should exchange scientific views to figure out the common points and
deviations. Further study should target to fix the gaps from the deviation. Finally,
partners can enter the resources assessment step by using the same method and
applying the same parameters based on the common geoscientific view.

5.2.1.2 Capability Enhancement
To enhance capabilities of local geoscientists/researchers in various areas of
petroleum-related disciplines is a very important achievement from the project
implementation. Through the Song Hong-Yinggehai Basin case study, China project
team members gained a lot of knowledge in many aspects, such as the CO2 issue in
petroleum exploration and production, exploration and development techniques of
fractured basement reservoir; resources assessment, using of petroleum system
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modeling IES PetroMod® software; ArcViewTM GIS Software and EasyCopy digital
mapping software. Through the joint field studies, geoscientists from partner
agencies exchanged scientific views in many aspects of the South China Sea.

5.2.1.3 Involved in the Project Activities
Totally, 175 participants from China project team took part in 4 workshops, 5
meetings, 2 seminars, 3 field studies and 5 training courses. More than 70%
attended on their own cost.

5.2.2 Impact of the Project
5.2.2.1 Network Establishment
The national/international research networks/linkages have been established through
the project implementation, as well as some specific partnership toward the future
cooperation.

Through the ICB-CCOP1 Project, China project team has built very good relationship
with Vietnam project team, as well as more understanding than before. Both parties
benefited from the cooperation and got the whole view of the Song Hong-Yinggehai
Basin. In addition, they proposed to carry out the second-phase cooperative study in
the Beibuwan Basin. The outputs from the case study have been very useful to
PetroVietnam and CNOOC.

5.2.2.2 Confidence for Future Cooperation
The confidence for the future cooperation within the CCOP Member Countries,
especially for cross-border case study, has been built. Since it is the first time to carry
out the cross-border joint case study, in the beginning, each country involved in case
study was cautious. However, along with the promotion from the project activities,
more and more communication and personnel exchanges have been made among
the research team members. The friendship and trust have been built. In accordance
with the principles of equality, impartiality, and voluntary compliance, case study host
countries fulfilled the joint case study accordingly. The successful implement of ICBCCOP1 project has played a good role in the CCOP Member Countries.
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5.2.2.3 Postgraduate Grant and Software Grant
The postgraduate grant recipient is a female geophysicist in China research team.
Her task in this case study is to do the basement inversion from the gravity data. With
the support of the grant offered by the project, she participated in several ICBCCOP1 Project activities. She also used the grant for other academic activities
related to this case study and her postgraduate work. She learnt knowledge of the
basin study, from the regional geology, seismic interpretation, geological crosssection, stratigraphy, lithology, structural map to petroleum system analysis, basin
modeling and reservoir evaluation, so on. It is believed that all the knowledge she
learnt from project case study would be great helpful to her postgraduate program.

As a case study host country, China project team has been granted the petroleum
system modeling IES PetroMod® software, ArcViewTM GIS Software and EasyCopy
digital mapping software. All the softwares were licensed to the institutions under
China Geological Survey and were applied to the case study.

China Geological Survey and CNOOC not only designated the right personnel for the
project, but also gave the material and other forms of support and overall in-kind
contribution that accumulated to the amount of USD 250,000 during the ICB-CCOP1
Project period.’
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5.3 Indonesia
5.3.1 Lessons Learned from the Project
A series of training course, workshop, and geology field trip have been involved by
participants from Indonesia. 36 people attended the project activities. Training
courses conducted to provide knowledge to enhance the expertise of the personnel
of research team members and others. Through attending the project activities, the
Indonesia participants gained the knowledge of petroleum system modeling, how to
dealing with the CO2 issues during exploration & production, geochemistry parameter
preparation, exploration and development of fractured reservoir, outcrop and core
observation with well log correlation and the petroleum geology in the Sulu Sea-East
Sabah and the Song Hong-Yinggehai Basins.
The petroleum system modeling IES PetroMod® software, ArcViewTM GIS Software
and EasyCopy digital mapping software have been granted to the LEMIGAS by the
ICB-CCOP1 Project. The staffs from LEMIGAS have been trained on how to use the
software to assist their routine research.

5.3.2 Impact of the Project
The ICB-CCOP1 Project has become a forum of experience and knowledge sharing,
improving research capabilities in hydrocarbon exploration, and indirect facilitating
geoscientific cooperation among the CCOP Member Countries.

During the 3-year period of this project, Exploration Division of LEMIGAS has
conducted the cooperation with KIGAM in reviewing regional petroleum system of
East Java Basin, Indonesia. An application of new radar technology in monitoring
Lusi disaster in Sidoarjo east Java has also been done in cooperation of JICA and
Remote Sensing Group of LEMIGAS. Some communication dealing with CO2 issue
has been done by PERTAMINA and PETRONAS.

The project activities have also extended to other government agencies and some
private oil companies operating in Indonesia such as PERTAMINA, Government
Executive Agency for Upstream Oil & Gas Business Activity (BPMIGAS), Centre for
Geological Survey and Centre for Geo-Resources, Geological Agency, Ministry of
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Energy and Mineral Resources, especially during the GIS and digital mapping
training course in Bali, Indonesia.
There are about 36 Indonesian participants involved in the project during the project
implementation. Most of the participants are geologists and geophysicists with some
geochemists, petroleum engineers, and remote sensing specialists. Their personal
capabilities and institutional capacities have been enhanced.

One of LEMIGAS geoscientists, Mr. Mufdi Firdaus has received postgraduate
research grant for completion his master degree in Bandung Institute Technology
(ITB). The grants encouraged and assisted him in extending his academic career in
geoscience.
During the project implementation, the network relationship and connection between
LEMIGAS and other institutions of CCOP Member Countries has been established.
Hence, toward the project phase 2, the Indonesia would like to propose following
activities and the scope of work.

1. Cross-border case study:
Coal bed methane (CBM) resources -Tarakan border area (Malaysia &
Indonesia)
Petroleum potential - Natuna border area (Malaysia, Vietnam & Indonesia)
Atlas petroleum system of border areas (all CCOP Member Countries)

2. Workshop, seminar, and training course
Tight reservoir (sand, limestone, coal, & shale)
Reservoir production geochemistry
Wireless geophones
Mesozoic stratigraphy (eastern Indonesia)

3. Software installation
Geographix
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5.4 Japan
5.4.1 Lessons Learned from the Project
Being a CCOP Member Country, Japan has involved in the ICB-CCOP1 Project. 4
participants took part in the project meeting, workshop and seminar. During the
project activities, Japanese geoscientists got the existing knowledge in the Sulu SeaEast Sabah and the Song Hong-Yinggehai Basins. Meanwhile, they also shared their
knowledge of petroleum potential and gashydrate exploration in Japan.

5.4.2 Impact of the Project
A new type of communication among petroleum geoscientists from CCOP Member
Countries through the project with exchanging of the exploration data has been
established. In addition, postgraduate grants and software were effectively granted
during the project implementation. Hence, Japan highly evaluated the project
valuable toward the institutional capacity building.
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5.5 Korea
Korea Institute of Geoscience and Mineral Resources (KIGAM) is the institution from
Korea to take part in the ICB-CCOP1 Project. 10 geoscientists from KIGAM were
involved in the project activities.

5.5.1 Lessons Learned from the Project
Most of the contents dealing with the project activities are the fields that KIGAM is
interested in. In Korea, it is not easy to find the experts related to those fields except
in KIGAM. Therefore, the geoscientists from KIGAM gained a lot of information,
knowledge and experience from the project implementation. The participants from
KIGAM have involved in the case study discussion from basin scale seismic line
interpretation, sedimentary sequence stratigraphy, field study, and geochemistry data
of source rock to petroleum system analyses. The existing experience and
knowledge provided by case study host countries have been shared during the
discussion, which offered a unique chance to Korean geoscientists to gain the
information in this region.

Through attending the CO2 and the fractured reservoir seminars, the knowledge of
CO2 sequestration and utilization and exploration & production from fractured
basement reservoir have been transferred to Korean participants.

By attending the organic geochemistry and petrology training course, the concept
and type of organic matter from land plants to marine algae has been transferred to
Korean participants. Afterwards, the research scientist extracted the organic matter
obtained from the East Sea and identified it in KIGAM’s laboratory.

5.5.2 Impact of the Project
Korea purchases 96 percent of petroleum directly from oil-producing countries, the
private enterprises. Being lack of the petroleum geological and technical information
is obstructing their active investments. The basin information from the project target
areas the Song Hong-Yinggehai and the Sulu Sea- East Sabah Basins, such as
basin evolution, petroleum system, and play scale were collected and scrutinized.
The refined information will be provided to national oil company/private companies in
Korea for overseas investments.
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From the CO2 seminar, the main priority for the development of capture technology of
carbon dioxide is to reduce its cost. For storage, the priority is to establish its
credibility and acceptability as a safe, reliable, long-term store site. The fact that
carbon dioxide has been naturally stored for geological time-scales enhances the
credibility of many of the storage options. New knowledge learned from this seminar
will promote their understanding of significance of carbon storage within the scope of
KIGAM’s project for global environmental changes, including short-term and abrupt
climatic shocks.

New knowledge and technology leaned from the fractured basement reservoir
seminar encouraged the research scientists from KIGAM to setup the new research
project on the reservoir characterization of the fractured basement reservoir.

As an alternative energy resource for the future, gashydrate is cleaner than gasoline
and provides twice amount of energy of fossil fuel.

The development of a safe

production method of gashydrate is crucial for sustainable development in this region.
Hence, KIGAM would like to propose to setup the gashydrate joint study within
CCOP Member Countries for the ICB-CCOP Project phase 2.

Finally, KIGAM appreciated Denmark for supporting the ICB-CCOP I project.
Especially, it was considered that the project would contribute to the economic
development and the harmony of CCOP Member Countries through the exchange
and sharing of the information on petroleum.
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5.6 Malaysia
Being one of the ICB-CCOP1 Project case study host countries, Malaysia project
research team members were dedicated to the project implementation. There are 12
geoscientists involved in the ICB-CCOP1 Project on a part time basis.

Since Malaysia and The Philippines are situated in the offshore area of Sulu Sea–
East Sabah Basin, the joint study was undertaken by Malaysia and Philippines over
the Sulu Sea - East Sabah Basin. The general sentiment based on the current
geological knowledge is that the area holds significant unexplored potential. However,
due to limited geological information next to the border area including subsurface
geological and geophysical data, the hydrocarbon potential remains unexplored.
Therefore, joint geological study between the two countries using combined data,
right technique and technology is expected to solve the problem and creates an
opportunity for hydrocarbon exploration within the area straddling both countries.

A series of training courses, workshops, meetings, seminars and geologic field trips
have been organized by the ICB-CCOP1 Project with active participation from
Malaysia. Such activities served to provide technical knowledge enhancing the
expertise of the research team members and other participating geoscientists from
PETRONAS. At the same time, they also encouraged networking and more
widespread dissemination of information among geoscientists of the CCOP Member
Countries.

There are around 67 participants from Malaysia attended the project

activities.

5.6.1 Lessons Learned from the Project
PETRONAS staffs attended the Petroleum System Modeling Software User Training
& Application Training courses as the participants from Malaysia. The good
understanding of the petroleum system modeling has been acquired. Meanwhile, the
petroleum system modeling software PetroMod® has been familiarized. The research
team members are also developing their peers in basin modeling. Team members
promoted to the department on basin modeling as part of an important process in
basin evaluation. Better understanding of the petroleum system of Sandakan Basin
was achieved accordingly.

By attending the training course in digital mapping, the participants got better
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understanding of the digital mapping and GIS in hydrocarbon exploration and
production. With the implementation of the GIS system, all the leads and prospects
with the associated undiscovered resources and the fields with their discovered
resources can be located easily, with the press of a button.

The fractured reservoir exploration and production issue is one of the most
challenging frontiers for hydrocarbon exploration in the new century. It is also one of
the most poorly understood subjects. In this seminar, participants shared their
knowledge and experience paving the way for future cooperation.

The speakers in this seminar came from PetroVietnam, VietsovPetro, VPI, CNOOC,
SINOPEC, PETRONAS, PERTAMINA (ASCOPE Members) with case studies
illustrated the following aspects: A broad introduction to geological characteristics,
forming mechanism, geological scenario of the fractured reservoir; the methodology
of the fractured reservoir description, including the integrated analysis of seismic data,
well log data, core, rock cutting, and outcrop observation, and utilization of different
tools, like arithmetic, software, etc; and IOR/EOR of fractured reservoir.

The participants were informed of the current level of technology including formation
evaluation and drilling on fractured reservoir exploration and production in China,
Indonesia, Malaysia and Vietnam. Amongst these countries, Vietnam is considered
to be the technology leader in the part of the world. They were not afraid even to
share their mistakes. Participants learnt a lot from them and felt that it was needed
and necessary to import and share such technologies, analyze the key points as well
as strengthen basic technology system to support fractured reservoir exploration and
production.

The participants had a chance to understand fractured reservoir in Bach Ho oil field,
southern Vietnam and got an overview of fractured reservoir exploration and
production. The concepts will be shared and applied to future similar projects.

5.6.2 Impact of the Project
The ICB-CCOP1 Project has become a platform for experience and knowledge
sharing not to mention improved technical capabilities in hydrocarbon exploration,
and indirectly facilitating geoscientific cooperation among CCOP Member Countries.
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During the 3-year period of implementation of this project, the expertise on regional
geology and sequence stratigraphy were transferred to the Filipino counterparts.
Research team members from PETRONAS also utilized their software to merge the
maps and convert the time maps to depth maps in order to expedite the work. The
Malaysian team had no qualms about sharing the knowledge and expertise. Because
of that, the Philippine team was willing to share their well, seismic data and regional
maps freely and also their facilities. This positive communication augurs well for
future collaborative studies because mutual trust was developed along the way. All in
all, there are about 12 Malaysian geoscientists involved during the 3-year period
among whom 3 of them are female. This project permits them to build up their
technical and leadership capability, not only in terms of working on the project but
also in writing the report and organizing some of the meetings in Malaysia. Active
participation and enthusiasm can be observed throughout the duration of the project
from all participating members.

Amongst the expertise, the Malaysian team shared with the CCOP Member
Countries is the low CO2 gas play. The presentation created a lot of discussions
because of the revolutionary idea of finding low CO2 gas in areas considered to
contain high CO2 gas reservoirs. Since the sharing of this specific expertise in Ho Chi
Minh City in March 2007, communication between the Indonesian and Malaysian
counterparts have been encouraging in dealing with the high CO2 issues in their
respective subsurface reservoirs within their domestic basins towards finding the low
CO2 gas reservoir as a solution.
One of University of Malaya’s Masters Student, Mr. Khairul Azlan has also received
research grant from CCOP to complete his master degree. His research centers on
the petroleum system of the onshore Dent Peninsula with particular focus on the
geochemical analysis of the rock samples. His own learning prepares him to be
gainfully employed by the oil industry. The major expenditure has been allocated for
traveling, living expenses on the field and laboratory work. He has also written a
report to CCOP as part of his commitment in receiving the research grant.

As a case study host country, Malaysia received the petroleum system modeling IES
PetroMod® software, ArcViewTM GIS Software and EasyCopy digital mapping
software for the ICB-CCOP1 Project. All the software were applied to the case study
and would be continually used for the similar research project in PETRONAS.
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Following the achievement from the ICB-CCOP project phase 1, Malaysia would like
to propose activities and scope of work for the possible next phase of the project.

1. Case Study Area
North Sumatra Basin (Malaysia, Thailand & Indonesia). This basin is shared by 3
CCOP Member Countries, the deeper part being located in Indonesia. Possibility of
low CO2 gas play exists in this basin and this expertise can be shared from
Malaysian experts.

2. Workshop, seminar, and training
Associated with the proposed Phase 2 project, the critical training on basin scale
resource assessment is proposed, which is not covered in the current phase.
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5.7 Papua New Guinea
The project participating institution from Papua New Guinea is the Department
Petroleum and Energy, Petroleum Division. The roles and responsibilities of the
Department Petroleum and Energy is as the regulator of the oil industry in Papua
New Guinea. They monitor the oil/gas companies in accordance with the laws and
regulations. One of the other main roles they play is the promotion of their petroleum
potential. This is done through basin appraisal studies as well as providing readily
available data to potential investors. The actual business of exploration and
development of oil & gas is left to the oil companies who usually have the necessary
skills, technology and finance.

5.7.1 Lessons Learned from the Project
Although Papua New Guinea is not the cross-border case study host country, with 7
geoscience staffs in the representative institution, 4 persons participated in the
project activities, 2 of them are female.

The participants from Papua New Guinea who participated the ICB-CCOP1 Project
geochemistry training course gained an insight information on the subject which they
were able to present to all the staffs in their division. The knowledge gained is now
useful to them in effectively carrying out their role as the regulator as well as apply
this on appraisal studies on their own basins.

The knowledge on CO2 issue and fractured reservoirs, were also gained by attending
the seminars. The participants were excited when they returned to their country and
indicated fractured basements as potential reservoirs may apply to the North New
Guinea Basin.

5.7.2 Impact of the Project
North New Guinea Basin is a Neogene Basin, comprising three infra basins that
overlie a Late Oligocene to Eocene oceanic crust. Several theories suggest this
oceanic crust may overlie the Mesozoic section of the Australian craton. This
Mesozoic section is the main source for the petroliferous Papuan Basin to the south
and can act as source rocks to the Late Oligocene to Eocene “economic” basement
of the North New Guinea Basin. With the knowledge gained from the project activities,
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Papua New Guinea project team members started their brainstorming in finding new
potential in their homeland and promoted their bidding blocks toward the world.

From the project, Papua New Guinea not only gained the knowledge, technology and
experience in the field of petroleum exploration and production, but also developed
the networks and friendship with other CCOP Member Countries. It is very important
for the future development.
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5.8 The Philippines
5.8.1 Lessons Learned from the Project
5.8.1.1 Involving in International Cooperation
To be involved in international scientific cooperation between countries carrying out
joint cross-border geoscientific studies, there must be a common goal or objective
that will ultimately become the basis for future, if not immediate, petroleum
exploration activity in the case study area. The exchange of information, data and
knowledge over a common area between countries will facilitate the study of
scientific methodology or strategy for exploration and consequently, development
and production. This would, likewise, lead to the better understanding of different
geological and other scientific phenomena regarding petroleum system of the area.
Firm commitment, as well as trust and confidence, in the exchanges of information
and data for different studies together with discussion and swapping of ideas, opinion
or views regarding specific topic would result into a better understanding of the
geological characteristic of the study area.

5.8.1.2 Capability Enhancement
The technical personnel from the Petroleum Resources Development Division
(PRDD) of the Energy Resource Development Bureau (ERDB) who are geologists
and engineers undertook the important and critical tasks in these activities. Aside
from their regular functions in the organization, these geoscientists have dedicated
their times in pursuit of attaining the required output for the project. The geoscientists
attended the meetings, seminars, workshops, training courses and field studies that
the project provided for the Member Countries.
The PetroMod® software training course was attended by two DOE geologists and
provided the software used for the basin modeling in the case study area. It provided
a tool to simulate the hydrocarbon generation in the study area by using geochemical
data and well bore data.

The Organic Geochemistry and Petrology in Petroleum Exploration training course
was participated in by one DOE geoscientist was very useful in the determination and
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understanding of the petroleum system of the Sulu Sea Basin. The course objective
of delivering and transferring knowledge on organic geochemistry and petrology in
petroleum exploration has achieved one of the main components of the project,
which is basin modeling.

In CO2 Issues seminar, the Filipino participant was introduced to the CO2 issues. The
sharing of existing knowledge and experience by the CCOP Member Countries
during discussions has been instrumental to the realization of the CO2 issues in
petroleum exploration and development, and likewise, means to mitigate its
environmental impact was recognized.

The Fractured Reservoir Exploration and Production seminar introduced the Filipino
participants to the geological characteristics, forming mechanisms, and geological
scenario of the fractured reservoir, which is the main objective of the course.
Although there is no identified or reported fractured reservoir in the Philippines, the
topics such as the methodology of the fractured reservoir description, including the
integrated analysis of seismic data, well log data, core, rock cutting, and outcrop
observation, and utilization of different tools, like arithmetic, software, etc., are the
knowledge that were learned and understood by the participants.

The training course on digital mapping was very useful in the DOE’s present
requirement on the preparation of maps. The course that was designed for
knowledge transfers on digital mapping, with the methodology and related software
application, is considered to be a state-of-the-art procedure in digital mapping. The
course was also conducted to briefly guide the participants through the more
important steps in digital mapping in hydrocarbon exploration.

5.8.1.3 Involved in the Project Activities
For the Philippines Department of Energy (DOE), almost all of the technical
personnel of the PRDD participated in the different modules of the project. Meetings,
workshops, seminars, trainings and field studies are the activities that these
scientists attended and participated in. They gave their opinions and contribution in
accordance with their respective expertise. As regards to the female participation, it
is being recognized the active involvement of women in petroleum exploration and
development, which constitute to almost 40% of the PRDD’s technical work force.

The project activities that were carried out and attended by DOE’s technical
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personnel during the duration of the project brought significant benefits to their
technological capabilities in the identification, delineation and understanding the
petroleum system of the Sulu Sea Basin. These include the knowledge in basin
modeling, seismic interpretation, and application of other geological tools in
petroleum system analysis. One of the most beneficial outputs from the different
activities was the field study of the Eastern Sabah Basin. Since, there is no available
outcrops on the Philippine side of the basin, the field study gave the participants a
clear view and understanding of the lithologic and stratigraphic position of the study
area. The following are the activities that the Filipino participants acquired benefits
such as technology transfer, knowledge enhancement and information and
experience sharing.

5.8.2 Impact of the Project
5.8.2.1 Network Establishment
The case study over the Sulu Sea-Eastern Sabah Basins between Malaysia and the
Philippines had established a common view on the importance of international
research networks or linkages. The exchange of pertinent information and data
between PETRONAS Carigali and the DOE from the previous exploration activities
undertaken over the case study area resulted into a better understanding of the
petroleum system in the area. The success of this undertaking will ensure a more
harmonious working relationship between the two countries’ geoscientists and would
possibly continue the established linkages in the future project, which could be over
the SW Palawan and the NW Sabah Basins.

5.8.2.2 Confidence for Future Cooperation
With the trust and confidence established between geoscientists of the different
CCOP Member Countries, similar scientific studies in the future would be easy to
achieve. The friendship and camaraderie created during the course of the project
would definitely build the confidence, faith and trust between geoscientists in the
exchange of information, data and ideas that would lead to a better understanding of
the common geological fact in their common areas.

5.8.2.3 Postgraduate Grant and Software Grant
Included in the project’s immediate objectives was the awarding of research grants to
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junior researcher pursuing M Sc and Ph D courses. This is to give opportunity to
enhance the technical competence and knowledge of the junior researchers in topics
related to the geological sciences. For the Philippines, the scholarship grant in the
amount of US$5,000 was awarded to Mr. Archivald Cordero, a University Research
Associate from the National Institute of Geological Sciences, College of Science,
University of the Philippines.

The grant was used in the field activities and laboratory analysis for the Strontium
Isotope Stratigraphy. This dating tool was used to determine the age of two limestone
bodies in correlation with biostratigraphy and chronostratigraphy to yield a more
precise age of the rocks.
IES Petroleum System Modeling Software (PetroMod®) was granted to DOE
research team. The software was extensively used for the case study to determine
the age and depth of petroleum generation in the area. The 1D and 2D mode of the
software were used on several wells that were included in the data used for the study.
Aside from the geologists who attended the software user and application training,
we were able to share the knowledge learn from the training to the junior staffs in
PRDD who were involved in the project.

The project also granted the ESRI ARCGIS 9 software ArcView™ to DOE. The
training course on digital mapping: from data catch to depth map GIS in hydrocarbon
exploration was held in Bali, Indonesia, that was attended by Mr. Ronald Allan F.
Boniquit. The main purpose of the course was to introduce the participants to digital
mapping by using GIS software namely: ARCGIS 9 and Landmark – Zmap Plus. The
program is a very useful tool in their mapping needs since it is can be used not only
in mapping but also in data manipulation and management.

The EasyCopy digital mapping software was handed over to the Philippine
Department of Energy during the ICB-CCOP1 Song Hong-Yinggehai Basin and Sulu
Sea-East Sabah Basin Case Study meeting and seminar on 23 August 2007.

5.8.2.3 Benefits
The new or better geological understanding of the petroleum system in the Sulu SeaEast Sabah Basin brought renewed interest in the petroleum exploration in the
country. Identification and delineation of new leads and prospect would strengthen
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the conviction of the petroleum prospectivity of the basin. This would lead into a more
confident petroleum contracting round that positively attract foreign petroleum
exploration companies to invest in the country, which subsequently benefits the
people.

During the duration or course of the project, the DOE provided all of the available
data and information in the case study area. Although, most of them are confidential,
these were shared to PETRONAS geoscientists in order to have a complete study
and understanding of the petroleum system over the area. The shortage of
manpower and technological capacity (software and hardware) of the PRDD resulted
in delays for the project deliverables. However, these were augmented thru the
assistance of PETRONAS and the required tasks were completed for the case study.

The DOE hosted meeting between PETRONAS and its local counterpart to discuss
the completed and pending tasks for the project. Map, figures, illustrations and
reports were reviewed and discussed to have a common geological understanding of
the area.

In summary, although the project objectives such as promoting regional cooperation,
enhancing research and exploration capabilities, introduction to modern exploration
techniques and technologies, dissemination of knowledge, and contribution to
promotion effort are more or less met, the limited budget influenced the expected
output that were identified and discussed in the project implementation documents.

For the DOE, they find the project to be extremely beneficial to the PRDD especially
in the field of geological research and study of our sedimentary basin. Aside from the
other relevant topics that were attended and participated in by their geoscientists, the
provided software by project would be used to continually in their routine research
and exploration of the other areas in the Philippines.
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5.9 Thailand
The Department of Mineral Fuels (DMF), on behalf of representative from Thailand
government organization, involved with this project by selecting and sending people
to participate with various groups of activities, which were agreed among CCOP
Member Countries and organized under the ICB-CCOP1 Project. DMF could
participate most of the project activities, thus the informative training courses,
workshops, seminar meetings, and field studies were provided in order to build
scientific capabilities of local organization.

5.9.1 Lessons Learned from the Project
There are more than 25 participants in the 10 project activities, arranged by the ICBCCOP1 Project. Of which, some persons were involved with more than one of the
activities.

The participants from Thailand were more active during the project

activities. They not only gained the technical knowledge in understanding in the
geology of Sabah Basin in Malaysia, petroleum system modeling, organic
geochemistry and petrology, seismic interpretation, core sample analysis, tuning and
merging seismic interpretation and sub surface mapping, fractured reservoir
exploration and production and GIS mapping in hydrocarbon exploration, but also
learned how to involved in the international scientific cooperation, especially to
conduct the cross-border case study.

5.9.2 Impact of the Project
Knowledge sharing from established articles and field study, kindly provided by the
host countries, were marked as an inspired, magnificent international scientific
cooperation and it is good for future educational initiation. It is a positive sign for
future scientific cooperation beyond the country boundaries.
Combination of connection and lessons learned from cross-border joint case study of
the ICB-CCOP1 project is going to be used to develop guideline for setting up the
Mergui–North Sumatra Basin in the Andaman Sea cross-border case study among
the Indonesia, Malaysia and Thailand under the other CCOP project.
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5.10 Vietnam
5.10.1 Lessons Learned from the Project
During the 3-year project implementation, Vietnam learned many useful lessons from
the project.

First, Vietnam thought that the ICB-CCOP1 Project had created a very good chance
for the geoscientists from the different CCOP Member Countries sitting together and
shooting the same issues under the common interests.

About the international scientific cooperation, especially for carrying out the crossborder joint geoscientific studies, it has been increased considerably. Obviously that
through this project, both Chinese and Vietnamese geoscientists from CNOOC, CGS,
PetroVietnam, VPI have had a better research cooperation and therefore they had
the better understanding on the Song Hong-Yinggehai Basin and became closer
partners.

It is very important to gather the well-educated and enthusiastic geologists and
geophysicists working together for the project from CCOP Member Countries. Then,
the better results from the project have been achieved.

Once the project received enough attention from the different management levels of
the partners’ agencies, the project implementation would be going more smoothly, as
well as the outputs from the project would be fruitful.

There are about 95 participants taking part in the project activities, among them,
around 20% are female participants.

5.10.2 Impact of the Project
Vietnam conceived that the project intensively promoted the regional cooperation in
enhancing and integrating the existing knowledge of the petroleum systems within
the CCOP Member Countries, and thus, contribute a sustainable development of the
available resources.
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The Project has also created a good opportunity for establishing the national/
international research networks/linkages as well as some specific future cooperation
opportunity within the CCOP Member Countries, especially for Vietnam and China.
Meanwhile, the project also enhanced the research and/or exploration capabilities of
the geoscientists of PetroVietnam. Through the project implementation, available
modern techniques and technologies have been introduced to the Vietnamese
geoscientists, which would be applied for the exploration and/or exploitation of
hydrocarbons.

The project postgraduate grant has been granted to one of the project research team
members from VPI, who is currently enrolled the postgraduate program. It is also a
great assistance to his postgraduate study program, and especially to the case study.

The project-granted prevalent software to the VPI has been applied directly the
project case study and the software will be continually beneficial to the other
research studies in VPI.

The outputs obtained from the ICB-CCOP1 Project also did benefit to the
Vietnamese geoscientists to have a better understanding of the Song HongYinggehai Basin.

For project phase 2, towards the future cooperation, Vietnam proposed the crossborder joint case study in the West Natuna Area, South Nam Con Son Basin and the
Mesozoic and Paleozoic Basins among Vietnam, Cambodia and Thailand. The
marginal gas field, high CO2 content gas field and gashydrate were proposed issues
for future study.

During the project implementation, PetroVietnam also made in-kind contribution to
the project activity such as providing regional experts, being the local organizer of the
ICB-CCOP1 Project activities, as well as material, financial and manpower support,
etc.
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VOLUME 2

1. Song Hong-Yinggehai Basin Case Study
1.1 Introduction
1.1.1 Basin Background
The Song Hong-Yinggehai basin is located in the northwestern part of the South China Sea
between the eastern coast of Vietnam and the western coast of Hainan island (Fig. 1.1.1.1).
The NW trending basin is approximately 500 km long and 50-60 km wide.

The total

2

coverage is about 220,000 km . It is a Cenozoic rift basin with strike-slip and pull-apart
component. The major characteristics are as follows: 1) Horst and graben is not evident; 2)
According to Walther's Law, some sedimentary sequence is absent; 3) Thick Neogene and
Quaternary sediments has been deposited. The Quaternary sedimentary sequence is
exceeded 3,700 m in some part. The sedimentary sequence of the Neogene and the
Quaternary formations is about 10,000 m in the central part of the basin; 4) The temperature
is extremely high. The geothermal gradient is 4.1 ~ 4.550C / 100m, pressure gradient is
18~22kpa / m, and the value of heat flux is 62.177 mW / m2; 5) High subsidence and
sedimentation rates. The deposition rate is 0.4 ~1.4mm / a, rate of subsidence is 0.1 ~
0.5mm /a).

Fig. 1.1.1.1 Location of the Song Hong -Yinggehai Basin
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This basin is a typical strike-slip pull-apart basin developed on the Song Hong fault zone
(Red River fault zone) geosutures, the boundary of Eurasian plate and Indian plate. (Fig.
1.1.1.2), It is associated with the collision between the Indian and Eurasian and Pacific
plates in the Early Eocene-Oligocene (Tapponier, 1984). Its NW trending appears a unique
structure, different from many Tertiary sedimentary basins in the northern part of the South
China Sea, which are NNE trending. The Song Hong fault zone, composed of Song Chay
(Zhaihe) fault, Song Hong fault, Song Lo (Lujiang) fault and Vinh Ninh (Heishui) fault, cut the
Proterozoic lithosphere. Deep and large faults divide the basement into massiveness and
form dotty band, which has a great effect on evolvement of the basin. Due to the pull-apart
extension, as a result of the clockwise drift towards the SE of the Indochina micro continent,
two boundary faults began to accept the deposits in high speed. The initial left lateral
movement was in the Oligocene time and the right lateral movement was in Late Miocene.
Those pull-apart extension are the mechanics of the basin formation. Since a strong tectonic
inversion in the mid-Late Miocene, the basin has been steadily subsiding until present day.
The basin underwent a complicated evolution from Paleogene to present. Consequently,
structural styles and depositional environments strongly varied in time and space from the
north to the south (Fig. 1.1.1.3).

Fig. 1.1.1. 2 Bouguer Gravity Anomaly Map of the Song Hong-Yinggehai
Basin and Its Adjacent Area
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Fig. 1.1.1.3 Top of the Basement Map of the Song Hong -Yinggehai Basin (unit: meter)
Therefore, in the northwestern part of the basin, it experienced the strong uplift and
subsidence, strong truncation, tilted faulting and inverted tectonism in Miocene, etc..
In the central part of the basin, there are gradually dipping towards the depocenter where the
thickness of the Tertiary sequence is more than 14-17 km. The faulted blocks were
developed in the western part, and the diapirs were developed in the deep-center of the
basin.

1.1.2 Exploration History
Petroleum exploration activities in Vietnam and China started in the 1960s. Exploration
activities have been speeded up since the Vietnam Oil and Gas Corporation (Vietnam Oil
and Gas Group (PetroVietnam) now) was established about 30 years ago on September 3,
1975. On the other hand, The China National Offshore Oil Corporation (CNOOC) was
founded on February 2, 1982. Under the open-door policies of the Vietnamese government,
PetroVietnam has obtained considerable achievements in both quality and quantity growth
during recent years. 50 petroleum contracts with many foreign oil companies have been
signed and implemented. Among them, 27 contracts are still valid currently. Up to now, more
than 11 petroleum contracts of PSC, JOC have been signed in offshore Song HongYinggehai basin with the operators such as Shell, Total, BP, IPL, Sceptre, BHP, Idemitsu,
OMV, Vietgasprom, Petronas/ATI, in which 2 contracts is still valid (Vietgasprom and
Petronas/ATI).
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Before 1979, on Chinese side, there only some seismic survey has been done, as well as
one well has been drilled.
Between 1979-1991, it was the cooperated phase. Some foreign companies entered China,
did large amount of seismic acquisition and drilled several wells. However, there was not any
discovery.
From 1991 until now, it was the self-operated phase. The exploration target is focused on
the shallow layer of diapir zone. The high-resolution seismic data has been acquired, and
dozens of wells have been drilled. Hence, the Ledong and Dongfang gas fields were
discovered (Fig. 1.1.2.1).

Fig. 1.1.2.1 Gas fields in the Song Hong-Yinggehai Basin
Many new technologies have been applied to the exploration activities, so that the great
achievements have been reached. Both countries have acquired approximately 200,000 km
of 2D seismic, 4,000 sq. km of 3D seismic in the Song Hong-Yinggehai basin and the Hanoi
trough.
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Now, 90 exploration wells in the Song Hong-Yinggehai basin were drilled by CNOOC,
PetroVietnam and other foreign companies, such as Shell, Total, BP, IPL, Sceptre Resource,
BHP, Idemitsu, OMV, Vietgasprom, Petronas/ATI and PIDC, etc.. There are many significant
discoveries of natural gas, such as the discoveries in Dongfang, Ledong, Hong Long, Bach
Long, Yen Tu, Bach Tri, Hoang En, Su Tu Bien, 115A structure, etc. All these discoveries
indicated that the Song Hong-Yinggehai basin has large hydrocarbon resources potential.

1.1.3 Production Status
The Dongfang gas field was found in 1991. The productive layer is Pliocene siltstone. It was
put into production in 2003 and the annual production is about 2.7billion m3. Ledong gas field
is planning to start producing in 2009.
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1.2 Regional Geology
1.2.1 Tectonic and Basin Evolution
The Song Hong-Yinggehai basin is located in the conjunction of the Indochina and the South
China Block (Metcalfe, 1998) (Fig. 1.2.1.1). It is a deep, NW-SE elongated basin formed
along the Red River fault zone.

Fig. 1.2.1.1 Tectonic Setting of the Song Hong -Yinggehai Basin
The basement of the basin is complex. The onshore outcrops in the South China and the
Indochina blocks were consisted of Proterozoic schists and gneiss, Palaeozoic and
Mesozoic clastics, carbonates, and volcanics. The offshore exploration wells, which were
dilled in the northern part, eastern and western margins of the basin and adjacent areas,
revealed that the basement rocks were composed of migmatite (Well Ying 1), Mesozoic
granite (Well Ying 9, Well Ya 13-1-1), tuffaceous sandstone and dolomite (Well Ying 6, Well
Ya 8-2-1), metamorphic rocks (Well Ya 13-1-2) and Paleozoic rocks (Well 112-HO-1X, Well
112-BT-1X) (Tien et al., 1991; Bao et al., 1994; Dien, 1996, 1997; Nielson et al., 1999) which
were similar to the outcrop in Hainan Island and northeastern part of Vietnam. In the center
of the basin, the basement is poorly known because it was covered by thick Cenozoic
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sedimentary sequences. However, it could be inferred to be composed of similar rocks as a
seaward extension of the Red River fault zone on which the Song Hong-Yinggehai basin
originated (Gong, 1997). In some areas seismic profiles indicate well-stratified sections that
could be interpreted as Mesozoic epimetamorphic sedimentary rocks.
Since the Paleocene time, the development of the Song Hong-Yinggehai basin has been
mainly controlled by three tectonic phases separated by basin-wide unconformities including
rifting, depression and re-rifting stages.

1.2.1.1 Extension Phase (Paleocene - Early Miocene)
From the Paleocene to the Early-Eocene time, the extension occurred in the Song HongYinggehai basin was caused by roll back of the Pacific subduction (Holloway, 1982).
According to the onshore survey, seismic cross-sections and structural styles, two subphases of basin evolution could be identified, e.g., initial rifting and main rifting phases
separated by unconformity.
Initial rifting was controlled by NW-SE regional extension leading to the formation of NE-SW
trending faults, as well as regional uplift and a series of isolated small rift basins along the
southern margin of China and eastern margin of Vietnam. A number of grabens and halfgrabens in these basins were filled with Cretaceous terrestrial red sediments and/or
Paleocene-Lower Eocene sediments, predominantly fluvial and lacustrine sediments in
these basins (Ru and Pigott, 1986; Pigott and Ru, 1994; Zhou et al., 1995). However, these
sediments were only deposited in the onshore part and the northwestern offshore part of the
basin. Whereas, these sediments have been revealed by drilling in the central part of the
basin. The ages of the oldest Cenozoic deposits in the northern Vietnam, and their genetic
relation to Mesozoic and younger Cenozoic rocks, are uncertain. According to onshore data
and drilling data in the basin, molasses-type deposits, dominated by alluvial and fluvial
conglomerates and sandstones, were deposited in Paleocene-Early Eocene time in the
basin. Some authors attributed the initial rifting to Eocene time (Dinh and Truong, 1995; Dinh,
1998).
After the initial rifting, the unconformity between Early to Mid-Eocene was formed due to the
regional uplift. In early Mid-Eocene, the collision between India Plate and Eurasia continent
caused tectonic escape of the Indochina Block toward the Southeast along large strike slip
faults (Tapponnier et al., 1986, 1990; Huchon et al., 1994; Lee and Lawver, 1994). The Red
River fault zone (RRFZ) is the northeast boundary of extrusion and its left-lateral movements
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initiated the second phase of extension of the Song Hong-Yinggehai basin. The Yingxi fault
and the No.I fault activities controlled the basin evolution. It was characterized by strong
extension at high subsidence and sedimentation rate. The most intense rifting occurred in
the north of the basin at the maximum tectonic subsidence rate of 1,000m/Ma (Sun et al.,
1995). Thick rift-sequences of dominantly fluvial and lacustrine deposits were preserved in
the narrow grabens. In Late Eocene the subsidence center mainly developed in the north
along NW orientation, but in Oligocene it migrated toward southeast with the axis direction
change to SN trending (Sun et al., 1995). The subsidence rate reached 500m/Ma and the
tectonic subsidence rate up to 150m/Ma. Sandstones and shales were deposited broadly in
littoral, shallow marine to bathyal environment.
Seismic profiles cross the basin reveal that the evolution of half-grabens stopped in Late
Oligocene time (~30Ma) on the margins of the basin with a major break-up unconformity
formation, consistent with the initial spreading of the South China Sea. But in the center of
the basin, strong extension still existed in the crust. The faults remained activities and
controlled the sedimentation until Early Miocene. The high degree of crust extension
increased the heat flow. Paleo-geothermal analysis indicates that the thermal gradient is
about 37.25 oC/km with the paleo-heat flow between 54.39 and 62.76mW/m2 (Sun et al.,
1995).

1.2.1.2 Tectonic Inversion Phase (Mid- to Late Miocene)
By Mid-Miocene, the SN direction sea-floor spreading in the South China Sea ceased (Briais
et al., 1993; Leloup et al., 1993; Huchon et al., 1994; Lee and Lawver, 1994; Hall, 1995).
The strike-slip movements changed from left-lateral to right-lateral along the RRFZ (Pigott
and Ru, 1994; Rangin et al., 1995). Change of tectonic stress regime caused tectonic
inversion in the basins along the Northern margin of the South China Sea. The age and
intensity of inversion may be variable in different basins. In the Pearl River Mouth basin, the
compression was weak and tectonic inversion took place in the Mid-Miocene (Pinglu Li et al.,
1994; X. Wang et al., 1989). The Song Hong -Yinggehai basin inverted in the Mid-Miocene,
after 21Ma in the north and 14Ma in the south (Clift et al., 2006) leading to the formation of
reversed faults and significant inversion structures including faulted anticlines and domal
anticlines, which have been found primarily distributed in the northern part, southwestern
margin of the basin and near the No.I fault (Fig. 1.2.1.2). Otherwise, conspicuous reverse
fault developed in the axis of the Song Hong-Yinggehai basin (Nielsen et al., 1999).
During inversion time, there are no obvious sedimentation centers in the northern part of the
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Song Hong -Yinggehai basin. Mid-Miocene to Late Miocene prograding deltaic units of
sandstone, siltstone, mudstone and brown coal overly uncomfortably on the strata deposited
during extension time. In the southern part of the basin, the tectonic inversion occurred
during Late Miocene. Therefore, the extension still existed in Mid-Miocene time and the
subsidence center migrated southeastward. The Mid-Miocene was most likely developed
with more than 4000m in thickness (Clift et al., 2006). The corresponding deposits are
dominated by shallow marine clastics partly with carbonates.

Fig. 1.2.1.2 Major faults in Song Hong- Yinggehai Basin

1.2.1.3 Renewed Extension Phase (Pliocene to Quaternary)
Another extension occurring in the Song Hong-Yinggehai basin after 5.5Ma was
accompanied by active faulting, most intensively at the south segment of the Song Lo fault
(No.I Fault). The sedimentation and subsidence was obviously controlled by the faults
activities. The subsidence rate reached 800-1,000m/Ma and the tectonic subsidence rate is
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500-800m/Ma during the main rifting period from 2.0Ma to present. The extension intensity
was very similar to the first extension of the basin. Fast subsidence and sediments filling in
the central basin caused large scale shale diapirism. The renewed extension was
characterized by a tectonically thermal event. The origin of this event was suggested to be
related to the mantle flow activities induced by the latest uplift of Tibet. Large quantity of
Pliocene to Quaternary basalt erupted at Hainan Island and Indochina Peninsular. The heat
flow approached 62.76-66.94mW/m2 and the paleo-geothermal reached 4.05-4.325oC/100m
to the peak accompanying strongly thinning of the lithosphere in the basin.

1.2.2 Structural Style and Framework
1.2.2.1 Structure Elements
The Song Hong - Yinggehai Basin is an elongated geological structure, approximately
500km long and 50-60 km wide, striking NW-SE. It is divided into 11 structure elements (Fig.
1.2.2.1).

Central Depocenter
The sediments in the central depocenter of the Song Hong-Yinggehai basin might be
reached around 14,000m in thickness. The central depocenter was controlled by the strikeslip and extensional movements along the Song Hong fault zone. Major bounding faults are
the Song Chay and Song Lo. Based on the extensive presence of Oligocene deposits, it
appeared that present day geometry of the Song Hong-Yinggehai basin had for the most
part established itself by that time with the exception of local modifications as a result of
continued sedimentation and reactivation of faults. Tertiary sedimentation rate increasing
have shifted from north to the south. Within the depocenter, mud diapirs have developed.
The main objectives are related to the diapirism activity, sub-marine fans and turbidites
within the Upper Miocene-Pliocene-Pleistocene section. The gas discoveries relating to this
style were on the Chinese side e.g. Dongfang and Ledong gas fields.
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Fig. 1.2.2.1 The Structural Elements in the Song Hong - Yinggehai Basin

Thanh Nghe Monocline
Thanh-Nghe Monocline is located along the NW margin of the Song Hong-Yinggehai basin,
west of the Song Chay fault system, from SW Hanoi trough along the shore-line to Rao Nay
fault. In the north, basement lithology varies from Proterozoic metamorphics to Mesozoic
carbonates, shaly-carbonates and clastics. To the south, the section varied from Paleozoic
clastics

and

carbonates

(late

Ordovician-Silurian

clastics,

Carboniferous-Permian

carbonates) to Mesozoic clastics with granitic intrusions. Much of the Thanh Nghe shelf was
subaerially exposed during the Oligocene time. Lower Miocene sediments directly overlaid
on the basement. Early and Mid-Miocene carbonates may be developed along the slop, as
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can be seen in the wells. A number of buried hills and stratigraphic traps (onlapping or pinchout) have been identified in this area.

Ha Long Shelf
Ha Long Shelf is located NE of Song Lo fault. The basement lithology are Paleozoic
carbonates, sericitic siltstones and quartz sandstones. A number of wells in this area have
proved that the karstic carbonates are good reservoirs (oil discovery at well B10-STB-1X at
onshore Hanoi trough). Most inversion has taken place before the end of Mid-Miocene. The
onlapping of Middle Miocene strata on the exposed Oligocene sequence provided the
evidence. However, uplift did continue through the Late Miocene and into the PlioPleistocene as indicated by depositional thinning and drape over the structure.

Bach Long Vi Inverted Zone
Bach Long Vi Inverted Zone was separated from the Ha Long Shelf by a large NE-SW
trending normal fault which terminated in the Song Lo fault and extended to the east into the
Beibuwan basin.

Miocene Inverted Zone (including Lingao uplift)
Miocene Tectonic Inverted Zone, bounded by Song Chay fault to the west and Vinh Ninh
fault to the east and extended from onshore to offshore. The mechanism of this inversion
was the right lateral movement of the Song Hong fault system at the end of Miocene. There
were abundant Miocene inversion traps with 4-way dip closures. The discoveries relating to
this style are the Tien Hai C onshore gas field and the offshore Hong Long well.

West Hainan Monocline (Eastern slope of the Yinggehai basin)
West Hainan Monocline meandered along the western coast of Hainan Island and dipped
towards the depocenter of the Song Hong-Yinggehai Basin. Basement lithology is probably
similar to that of Thanh Nghe Monocline. The section comprised mainly of Miocene to
Quaternary clastics, approximately one thousand meters thick.

Ly Son Graben
Ly Son Graben, east of Tri Ton High. To the south and southeast is Hoang Sa (Paracel)
High. The water depth varies from 500 to 1,500 meters. The syn-rift clastic sediments was
deposited during Late Eocene-Oligocene. Structurally, the graben trended northwestsoutheast which was similar to the Hoang Sa High. To the northeast is the northeast southwest trending Hainan/Qiongdongnan basin. Good lacustrine source rocks was
predicted in this graben.
72

Hue - Da Nang sub-basin
Hue-Danang sub-basin is controlled by the onshore Song Ca and Rao Nay fault systems.
Depocenter was to the east and Da Nang Shelf was to the northeast. By the end of
Oligocene, the left lateral faults created the en-echelon anticlines. The carbonate buried hills,
clastic drapes over the uplifted basement and the Oligocene inverted structures are the main
exploration targets for this area.

Da Nang Shelf
Da Nang Shelf, is a monocline along the shoreline.

Da Nang Graben
Da Nang graben is at the southern end of the Song Hong-Yinggehai basin. The Tri Ton High
(Zhong Jian uplift) is to the east and Da Nang shelf to the west. This narrow graben merged
into the Phu Khanh basin to the South. In the deepest part, the Tertiary sediments were
more than 8km. Abundant Miocene-Pliocene volcanic-extrusives have been found,
especially in the west of the graben. The graben was lack of structures, but a number of submarine fans have been identified on the seismic section.

Triton High (Zhong Jian uplift)
Triton High formed in the southeastern margin of the Song Hong-Yinggehai basin. To the
east, it is the south Hainan basin (the Qiongdongnan basin). The basement high draped by
carbonate platform with reef build-ups, the length is approximately 500 km. The high
gradually narrows and dips from the south to the north. Following this trend, the ages of
carbonate build-ups varied gradually from late-Early Miocene, Mid-Miocene to PlioceneQuarternary from the north to the south. The oldest reef carbonates are probably Early
Miocene in the north and the youngest one is Pliocene-Quaternary in the south. It was
noticed that east of this Triton High, a contemporaneous continental shelf (PlioceneQuaternary) was developed, trending from east of Hainan Island towards the depocenter. A
number of gas discoveries have been made on this Tri Ton High (wells 115-A-1X, 118-STB1X, 118-CVX-1X, 119-CH-1X).

1.2.2.2 Major Fault Systems
The basin is primarily bounded by NW trending faults on the northeast and southwest sides.
The northeastern boundary of the basin is Song Lo Fault in NW-SE orientation (its
southeastern extension is called No.I Fault), the southwestern boundary is Song Da Fault in
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NW-SE trending, Faults (Song Chay Fault in Vietnam literature) in N-S trending and Song
Ma Fault in NW-SE trending (Fig. 1.2.2.2). The southeastern boundary is near S-N oriented
Triton (Zhong Jian) fault.

Fig. 1.2.2.2 Fault Systems in Song Hong -Yinggehai Basin
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Based on the orientation, length, displacement and forming time, faults can be divided into 4
systems:
NW-SE system
NE-SW system
Sub-longitude system
Sub-latitude system
The main fault trend is NW-SE such as Song Chay, Song Lo, Vinh Ninh, Song Ma, Rao Nay,
Song Ca etc. located in Northern part of the Song Hong-Yinggehai basin. The faults of this
system developed before the commencing of the Eocene (?) - Oligocene times and
reactivated several times during Cenozoic. Based on the forming mechanism, the NW-SE
system faults can also be subdivided into 2 categories:

Normal Faults
Normal fault plays an important role in the formation of half grabens, grabens and horsts in
the study area.
The Song Lo fault bounded east flank of the Song Hong-Yinggehai basin and extended SE
for approximately 300 km where its intensity faded gradually.
The Song Chay fault system defined the western flank of the main Song Hong-Yinggehai
depocenter. It is normal in character recording downward throws of up to 1,800ms TWT. It
originated onshore in the north within the SHFZ and extended500km to the south where it
terminated in the Danang High. The Song Chay fault system is characterized by low angle
normal faults or detachment horizons, listric fault planes and rotated fault blocks, features
typical of horizontal crustal accommodation within an extensional regime.
In addition, Song Ca, Rao Nay fault systems controlled tectonic evolution of the North part of
Hue-Danang Sub Basin. In Late Oligocene, Song Ca and Rao Nay fault systems are left
lateral strike-slip fault systems created horsts and en-echelon grabens. Structural elements
of northern part of Hue-Danang sub-basin are Hai Yen graben, Anh Vu, Phi Yen - Hoang
Oanh, Dai Bang half-graben, East trough and a series of horsts as Hoang Oanh – Anh Vu,
Hai Yen, Bach Tri, Dai Bang. In Oligocene, the horsts as Hai Yen, Nam Bach Tri and minor
southwestern part were exposed, eroded and supplied materials for the grabens.

Reversed Faults
Typical reversed faults are the Vinh Ninh fault and its related faults. This category was
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developed as a consequence of inversion tectonic phase in the western flank of the Vinh
Ninh fault from possibly Mid-Miocene to Late Miocene.
The Vinh Ninh fault is a major reserve fault seen in the southern part of Miocene inverted
zone. It was a reactivated plane, originally, it was a syn-depositional normal fault developed
during the Oligocene Early Miocene. It extended onshore from the Hanoi trough southeast
wards into the Song Hong-Yinggehai basin where it rapidly lost its intensity. Further SE into
the Song Hong-Yinggehai basin the effects of wrenching and compression disappear, as
does the reverse displacement along the Vinh Ninh fault.
The NE-SW fault system: mainly distributes in the eastern part of northeastern part of
depocenter and may extended further into the western Beibu Wan basin. This system was
generated in Oligocene and vanished at the beginning of Early Miocene. The faults normally
have moderate trace length and displacement of tens kilometers to several hundred meters.
Like the NW-SE system, the NE-SW system was also divided into two categories:
Normal faults developed in Miocene time
Reversed faults with minor thrust developed in Oligocene time.

The Sub-longitudinal Fault System
It is a normal fault system distributing mainly in southern of the Song Hong-Yinggehai basin
with fault length of hundreds of kilometers and displacement amount from 300 to 1,000m.
This system played an important role in creating development of structural zones of the
Song Hong-Yinggehai basin.

The Sub-latitudinal Fault System
It is consists of scattered normal faults with minor length and displacement. This fault system
only played a limited role in the formation and development of the Song Hong-Yinggehai
basin.

1.2.3 Stratigraphy and Sedimentary Sequence
Stratigraphy of wells 103-TH-1X, 104-QV-1X, 104-QN-1X, 112-HO-1X, 112-AV-1X, 112-BT1X are shown in Fig.1.2.3.1-1.2.3.6. General stratigraphy column of the Song HongYinggehai basin is illustrated in Fig. 1.2.3.7. Stratigraphy of wells HK30-3-1a, DF1-1N-3,
LG20-1-1, LT19-1-1, LT15-1-1 and LT9-1-1 are shown in Fig. 1.2.3.8-1.2.3.13.
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Fig. 1.2.3.1 Stratigraphy Column of the Well 103-TH-1X
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Fig. 1.2.3.2 Stratigraphy Column of the Well 104-QV-1X
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Fig. 1.2.3.3 Stratigraphy Column of the Well 104-QN-1X
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Fig. 1.2.3.4 Stratigraphy Column of the Well 112-HO-1X
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Fig. 1.2.3.5 Stratigraphy Column of the Well 112-AV-1X
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Fig. 1.2.3.6 Stratigraphy Column of the Well 112-BT-1X
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Fig. 1.2.3.7 Integrated Stratigraphy Column of the Song Hong-Yinggehai Basin (Encl.11)

Stratum

HK30- 3- 1A Description
l i t hol ogy col umn Depositional
Depth Lithology
Dept h

Quarternary
400

enviorenment
Shale

Mark

Layer

Neritic

SH20

500

600

700

Upper,
dominantly
grey shale with
sandstone

Outer neritic

Pliocece

Neogene

Yingehai Formation

800

900

1000

Lower,
dominantly
siltstone

Delta front

1100

1200

1300

Bottom,
conglomerate

Foreshore

1400

1500

Huangliu
1600

Meishan FM

Miocene

1700

Dominantly conglomerate Distribute channel
with shale interbeds
of fan delta

Med to coarse
sandstone and
shale

Submarine fan
delta plain

1800

Fig. 1.2.3.8 Stratigraphy Column of the Well HK30-3-1

Fig. 1.2.3.8 Stratigraphy Column of the Well HK30-3-1
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SH30
SH40

Depthlithology
Description
Mark
LithologyDF1-1-N3
column Depositional
enviorenment
Litho.
Depth
Description
Deposition
enviorenment Mark

Stratum

Quarternary

950

Shale

Inner shelf

1000

1050

1100

Sh-2

Dominantly
shale with
siltstone
interbeds

Neritic facies

1150

1200

1250

1300

1350

Grey
siltstone
to fine
sandstone,
with light
grey shale

Shoal

1400

Neogene

Yingehai Formation

1450

Dominantly
fine to
siltstone

Foreshore

1500

1550

1600

1650

Grey shale
with
sandstone

Outer neritic
facies

1700

1750

1800

1850

Fig. 1.2.3.9 Stratigraphy Column of the Well DF1-1-N3
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LG20-Oil/gas
1- 1 Li t hol
ogy Col umn
Description
Stratum Depth Lithology
Gr.

n

De.

Depth

Quarternary

Litho

show
Sandstone and shale

Depositional
enviorenment

Mark

Inner neritic

T20

600

800

1000

Yingehai Formation

1200

1400

Grey shale
and argillaceous
siltstone with
thin siltstone
and fine sandstone

Inner neritic
and littoral
facies

Upper grey fine
sandstone and coarse
sandstone with shale

Offshore current
sand bar

Lower grey shale
and silty shale

Offshore

1600

1800

Neogene

2000

Huangliu

2200

2400

T30

T40

2600

Meishan Formation

2800

Thick fine sandstone
and lime sandstone
with shale interbeds

Inner neritic

3000

3200

Sanya

T50
3400

Dominantly dark
grey silty shale

Inner neritic

Lingshui

Paleagene

T60
3600

Dark inequigranular
sandstone and
arenceous shale
and shale interbeds

Neritic

Fig. 1.2.3.10 Stratigraphy Column of the Well LG20-1-1
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Stratum Depth Lithology
Depth

Litho.

Oil/gas Description
Depositional
Mark
show
enviorenment
Description Deposition
enviorenment Mark

Ledong Formation

Pleistocene

Quatemary

Dominantly
shale with
sandstone
and siltstone

700

800

Inner shelf

900

1000

SH2

1100

1200

1300

1400

1500

Pliocene

Neogene

Yingehai Formation

1600

1700

Dominantly
shale with
thin sandy
clay

1800

1900

2000

2100

2200

2300

2400

2500

TD2466m

Fig. 1.2.3.11 Stratigraphy Column of the Well LT19-1-1
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Bathyal facies

LT15-1-1 Description
Lithology Column Depositional
Depth Lithology

Stratum
s

Mark

enviorenment
400

Yingehai Formation

Pliocene

500

Shale silty shale
and siltstone

Inner shlef

Inequigranular
sandstone

Delta front

600

700

Miocene

Meishan Formation

800

SH30

Upper grey
sandstone
and white
grey dolominte

Foreshore shallow
platform

Lower conglomerate
and sandstone

Fan front

900

1000

SH50

Lingshui Formation

Oligocene

Varied sandy
conglomerate
and thin
siltstone

1100

Delta front
weathering
deposit

1200

Bottom varied
metamophic
rock granite
diorite

1300

TD1353m
Fig. 1.2.3.12 Stratigraphy Column of the Well LT15-1-1
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Stratum

s

Depth

LT9 1 1 Oil/gas
Lithology Description
Column

Lithology

show

Dominantly
shale with
sandstone
interbeds

500

Depositional
enviorenmnt

Mark

Pliocen

Yingehai Formation

Inner shelf

600

Neogene

poor-fair
gas show
700

Med to
coarse
sandstone
and lime
sandstone

Delta front

Sh3

Miocene

Meishan Formation

800

poor-fair
gas show Dominantly
sandstone
with shale
interbeds

Upper delta
front to
delta top

900

Sh5

1000

Lingshui Formation

Oligocene

Palecene

Brown
conglomeratic
Prograding
sand and
sandstone delta front
with shale
interbeds

1100

Fig. 1.2.3.13 Stratigraphy of the Well LT9-1-1
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Basement Rocks (Pre-Tertiary)
The basement was reached by several wells onshore in the Hanoi trough, and it is
heterogeneous in origin. Basement rock in the southern and southwestern margin of the
Hanoi trough is Proterozoic metamorphic rock. While, in the center, the north and northeast,
the basement is compose of Paleozoic and Mesozoic sediments. Devonian siltstone was
observed in well B26-STB-1X. Devonian sandstones and siltstones overlaid by PermianCarboniferous limestone are also encountered in well B10-STB-1X. Permian-Carboniferous
carbonates, including fractured dolomite and limestone, were oil-bearing in the wells 81and
well B10-STB-1X.
In center part of Thanh Nghe Monocline, the Pre-Tertiary basement was penetrated as
karstified carbonates (well 104-QV-1X) and slightly fractured granites (well104-QN-1X). The
carbonates are yellowish white to mottled brownish white, firm to moderately hard
occasionally chalky, microcrystalline to sucrosic textured, with intense karstification. The
granites are whitish grey to translucent grey, fine to medium grained, massive, rich in quartz
an plagioclase with minor amounts of dark grey biotite. They have been affected by tectonic
processes resulting in poikiloblastic and hypidiomorphic texture. Small fractures filled with
secondary minerals are common.
Paleozoic metamorphic rocks were encountered at well 112-HO-1X, Devonian dolomite and
limestone were encountered at well 112-AV-1X, well112-BT-1X and well112-VGP-1X.

Tertiary Rocks
Paleocene - Eocene?- Lower Oligocene
Paleogene sediments in the Song Hong-Yinggehai basin is still questionable in age
determination due to the lack of data and the wide range given by paleological age
determination. Several sections are described as Paleocene - Eocene (well 112-BT-1X,
well81, well 104, and maybe well107-TPA- 1X).
The section was recorded in the onshore well 104, well 81, and in the offshore well 107-PA1X, layered at the bottom of the narrow grabens along main fault systems. This formation
overlaid directly the Pre-tertiary basement and composed of clays, siltstones, sandstones,
and conglomerate.
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Oligocene Formation
This section encountered in well 81, well 203, well D14-STL-1X, and well 107-TPA-1X in the
northern part of the Song Hong-Yinggehai basin including both the areas of Hanoi trough
and near shore line in the Tonkin/Beibu gulf. The formation composed of grey to dark shales,
light grey to grey thick lamina siltstones interbedded with fine to medium grained, moderately
to well-sorted sandstones.
The pollens in this section are Florschuetzia trilobata, Verrucartosporites usmenis,
Corsinipollenites, Cicatricosisporites dorogensis, and abundant Punuspollenites. Particularly,
fresh water algae are plenty in well 81. Also in well 81, well 203, well107-PA-1X, well 204,
well 200, there are other occurrences of Viviparus, Unio, Pediastrum. The presence of
mangrove pollens Magnastritites howardi, Floschuetzia trilobata indicated proximately a
coastal paralic environment but no clear evidence of marine facies.
The Oligocene formations appeared unconformity, and overlaid directly the heterogeneous
basement in the south of the Song Hong-Yinggehai basin. The section composed of
alternating beds of sandstone and mudstone with some intercalations of coal beds,
thickening to the central part. Some fossils and Nanoplankton were found in well 112-BT-1X
as Cicatricosisporites dorogensis and Gothanipollis.

Lower Miocene Formation
Lower Miocene formation in Hanoi trough and northern offshore part the Song HongYinggehai basin remarked by alternating beds of sandstone and silty sandstone with some
intercalations of coal beds was considered to deposit in shallow marine to deltaic
environment.
In the southern part of the Song Hong-Yinggehai basin, Lower Miocene sediment was seen
in almost all wells, its thickness ranges from 22 to 1,230m (Fig. 1.2.3.4) and divided into 2
parts (well 112-HO-1X): The upper part from 1,426 to 1,431.48m, sediment rocks are fine
grain sandstones and dark siltstones. The lower part from 1,431.48 to 1,448m, sediment
rocks are composed of light brown dolomites with fine-medium grain overlaid unconformity
on basement rocks. Meanwhile, at well 112-AV-1X from 1,670 to 1,744m the light grey
sandstones with fine-medium grain possess more than 80% and the rest are light -grey,
brown -grey claystones overlaid unconformably on Devonian dolomite basement rocks. In
well 112-BT-1X and well VGP-112-BT-1X mainly encountered claystones, siltstones and thin
sandstone layers and rare carbonates (Fig. 1.2.3.6). Carbonates were developed in the
southern part of the basin, especially in the Ly Son graben.
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Mid-Miocene Formation
Mid-Miocene formation mainly composed of alternating beds of light grey sandstones, grey
to dark siltstone, claystone. Thin coal layers are encountered in the interval of 1,800-3,000m
in the offshore northern part of the Song Hong-Yinggehai basin.
In the southern part of the basin, distributed in the northern part of Hue-Danang sub-basin,
sediments are mainly of dark and brown grey claystones, siltstones. The sedimentary
compaction strength is from weak to moderate. The minor part of sediments are sandstones,
sandstones interbedded with siltstones and carbonates (Fig. 1.2.3.4-1.2.3.6). Thickness of
this section increased to the northeastern part of Hue-Danang sub-basin. Carbonates were
developed in southern part of the basin, especially in the Ly Son graben.

Upper Miocene Formation
The Upper Miocene composed of intercalating medium grey to brownish grey claystone and
light grey to olive grey sandstone, and coals. The occurrences of Graminae, Arundo,
Phragmites oeningensis, Acrostichum, and palynological as Dacrydium, Quercus, Castanea,
Magnastriatites howardi, Acrostichum...are indicators of the Late Miocene age. The
sediments were deposited in a kind of environments as Pro-delta/ near shore marine.
The offshore Upper Miocene section of the south of Song Hong-Yinggehai basin was
distinguished between sandstone, siltstone layers in the bottom from shale and thin layers of
limestone in the upper part of the section. These sediments show the depositional
environment is prone to marine.

Pliocene and Quaternary Formation
Pliocene-Pleistocene formations consisted of mainly unconsolidated sand and clay yielding
common marine fossils that indicated the shallow marine environment. Other volcanic rock
was reached by exploration wells in the southern part offshore of the Song Hong-Yinggehai
basin. According to the seismic interpretation, turbidite sand bodies and submarine fans that
could be identified in NE part of the Hue-Danang sub-basin are hydrocarbon exploration
targets.
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1.3. Seismic Interpretation and Well Correlation
1.3.1 Back Ground
The seismic interpretation and well correlation are based on 15 seismic lines and 12 wells
chosen in the Song Hong-Yinggehai basin in combination with the previous study results
from both Chinese and Vietnamese sides. In general, the data quality is good enough for this
joint case study at the basin scale.

1.3.2 Regional Seismic Section
Three regional seismic sections were setup based on the selected seismic lines and wells
from China and Vietnam for joint Case Study.
The data from Vietnam included 5 seismic lines, V104-93-20A, V104-93-20, GPGT 93-217,
GPGTR 83-34, GPGT 93-210 and 6 wells, TH, QN, QV, HO, AV and BT. And, the data from
China is consisted of 10 seismic lines, 914552,

913431,

914576,

913445,

913525,

913393S, 914524, 913461, 924494, 923511 and 6 wells, LT9-1-1, LT15-1-1, LT19-1-1,
DF1-1N-3, LG20-1-1, HK30-3-1a. The location of lines and wells is shown in the Fig.1.3.2.1.
The seismic data above were interpreted separately by Vietnam and China. Then, the
Vietnamese and Chinese research teams collated, adjusted and merged the outputs
together to generate the common cross-sections and maps. The four key seismic horizons
were selected and interpreted in this study as follow:
BSM – Top Basement
SH4 – Top Mid-Miocene
SH3 – Top Miocene
SH2 – Top Pliocene
The interpretation results of seismic lines from Vietnam and China side are shown in Fig.
1.3.2.2 – Fig.1.3.2.7.
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Fig. 1.3.2.1 Location of the Selected Seismic Lines and Wells in Case Study Area (Encl. 1)
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104-QN-1X

SH2
SH3
SH4

103-T-G
103-T-H
1X
1X 103-HOL
1X

C
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LG20-1- HK30-3-

A

104-QV
104-QN
1X 1X

B

DF1-1N- LT9-1LT15-1Q
LT19-1-

C
B
Fig. 1.3.2.2 Seismic Interpretation Results of Vietnam AA’ Profile
112-BT
112-BT
1R
112-AV
1X
112-HO
1X
1X

112-HO-1X

112-AV-1X

SH2
SH3
SH4
103-T-G
C103-T-H
103-HOL

A
LG20-1- HK30-3-
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DF1-1N-

Q

B

LT9-1LT15-1-
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112-BT
112-AV
112-HO

B

Fig. 1.3.2.3 Seismic Interpretation Results of Vietnam BB’ Profile
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C

103-TH-1X

SH2
SH3
SH4

103-T-G
C103-T-H
103-HOL

A
LG20-1- HK30-3-

A 104-QV104-QN

B

DF1-1N- LT9-1LT15-1Q
LT19-1-

112-BT
112-BT
112-AV
112-HO

B

C

Fig. 1.3.2.4 Seismic Interpretation Results of Vietnam CC’ Profile

A

LG20-1-1

HK30-3-1

SH-2

SH-3
SH-4

Fig. 1.3.2.5 Seismic Interpretation Results of China AA’ Profile
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A’

LT19-1-1

B

LT15-1-1

LT9-1-1
B’

SH-2

SH-3
SH-4

Fig. 1.3.2.6 Seismic Interpretation Results of China BB’ Profile

C

LG20-1-1

DF1-1N-3

DF1-1S-4

C’

SH-2

SH-3
SH-4

Fig. 1.3.2.7 Seismic Interpretation Result of China CC’ Profile

Other Data
Besides above mentioned data, gravity, magnetic and geological, biostratigraphy, lithostratigraphy etc. data were also integrated in this case study.
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1.3.3 Time Structure Maps & Depth Structure Maps
Based on 12 wells’ data from both sides, 9 well’s VSP data have high coefficient of
correlation. So we use these data build a unique time-depth curve, then we do time to depth
conversion.

Sea Bed
Sea water covers the Song Hong-Yinggehai basin, water depth ranges from several to
hundred meters (Fig. 1.3.3.1). In normal polarity profile, horizon shows a positive phase,
which makes it easy to pick.
On the time structural map, it can be seen that the depth changes slowly from the eastern to
the central part. It shows a huge sag.

SH2
It is the top of the Pliocene, continuous, moderate amplitude reflector and easy to pick over
the whole basin. The structural time map shows a huge sag also except some diapir
structures. Deepen from the east and west slope to the center, the deepest area is about
1,800m in the Southern center. Sh2 structural uncorrected depth map shows deep-center
shift to south-eastern, sediment range increase, subsided sharply. The inmost depth is about
2,000m in the Southeastern center.

SH3
It is the top of Miocene, continuous, moderate amplitude reflector. Picking this horizon met
some problems because it is not a continuous reflector, the reflector is discontinuous and
weak in diapir fracture zone in deep-center.
The structural time map shows huge sag also except some diapir structures. The deepest
part is about 3,500 m.

SH4
It is the top of the Mid-Miocene, an unconformable surface; it is absent in the eastern slope.
Picking this horizon also met some problems because it is not a continuous reflector. There
is no closed structure observed on time structural map. It is only monoclinal downward to the
center.
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Time Structure Maps
Available time structure maps are corrected by interpreted seismic lines as follow:
SH2-Time structure map of Top Pliocene (Fig. 1.3.3.2)
SH3-Time structure map of Top Miocene (Fig. 1.3.3.3)
SH4-Time structure map of Top Mid-Miocene (Fig. 1.3.3.4)

Fig. 1.3.3.1 Sea Bed Depth Map of the Song Hong-Yinggehai Basin & Adjacent Region
(Encl. 2)
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Fig. 1.3.3.2 Top Pliocene Time Structure Map (SH2) of the Song Hong-Yinggehai Basin
(Encl. 3)
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Fig. 1.3.3.3 Top Miocene Time Structure Map (SH3) of the Song Hong -Yinggehai Basin
(Encl. 5)
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Fig. 1.3.3.4 Top Mid-Miocene Time Structure Map (SH4) of the Song Hong-Yinggehai Basin
(Encl. 7)
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Depth Conversion
To establish a conversion function from time to depth for the area, the VSP data available
from Vietnam and China 9 wells as 103-TH-1X, 104-QV-1X, 104-QN-1X, 112-HO-1X,
112-AV-1X, 112-BT-1X, HK30-3-1, LG20-1-1, LT19-1-1, LT15-1-1, LT9-1-1, DF1-1N-3
were used. The velocity can be well correlated no matter from which side. The T-D curve for
the whole study area is in the Fig. 1.3.3.5 and Tables 1.3.3.1-1.3.3.2.

103

Table 1.3.3.1 VSP Data of Selected Wells in the Song Hong-Yinggehai Basin from Vietnam
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1765.74

364.34
400.58
431.78
468.7
490.16
521.5
548.08

339.23
370.06
398.74
432.89
453.72
487.49
518.86

1057.56
1094.44
1123.14
1147.36

1193.35
1233.41
1268.29

937.46

1031.62

910.12

897.82

1143.19

877.36

864.31

1105.23

846.26

835.02

1000.2

821.66

804.72

1061.29

797.1

769.25

944.82

769.34

744.58

975.22

746.7

706.24

983

715.18

679

1026.15

667.2
691.56

651.24

648.54

331.06

312.54

624.44

286.86

272.88

630.99

239.72

228.07

603.49

204.54

194.73

595.06

171.1

163.71

572.56

125.44

120.71

569.72

85.04

82.16

543

52.14

49.63

3044.64

3022.28

2981.91

2946.93

2901.55

2849.21

2809.42

2748.83

2702.04

2653.22

2614.64

2568.88

2527.28

2481.99

2424.32

2374.09

2331.68

2280.78

2227.29

2169.38

2124.85

2060.75

2008.51

1968.58

1926.61

1887.47

1839.33

1802.02

1468

2113.72

2102.98

2082.68

2064.8

2047.9

2026.8

2009.54

1983.26

1960.3

1937.6

1917.78

1895.54

1877.04

1853.02

1821.36

1792.36

1771.84

1746.9

1720.24

1688.84

1664.56

1629.46

1601.52

1578.4

1555.34

1533.48

1506.98

1487.36

3079

3022.8

2940.8

2830.7

2718.4

2545.6

2407.3

2264.8

2122.1

1994.3

1895

1782.4

1674.2

1561.5

1444.3

1331.3

1233.4

1126.9

1005.2

896.6

794.5

707.4

607.2

517.8

421.7

362.5

290.1

217.8

145.5

86.4

38.2

2133.8

2107

2073

2024

1970.5

1888.7

1824.9

1758

1685

1611.8

1564.2

1500

1440.3

1370

1293.6

1211

1132.8

1051.7

963.1

883.6

811.6

740.9

655.1

576.8

481.7

416.8

332.1

255.1

175.1

113.2

57.2

0

0

0
19.7

0
18.88

Well: 102 - HD -1X
Depth(m) Time (ms)

Well: 103 - TH -1X
Depth(m) Time (ms)

Well: 102 - CQ -1X

2935.5

2849.7

2774.6

2667.3

2530

2437.8

2341.3

2253.4

2146.1

2049.5

1948.7

1867.1

1757.7

1652.6

1573.1

1491.5

1431.4

1341.2

1263.8

1175.7

1094.1

1029.7

930.8

834.1

776.1

675

573.8

504.9

451.1

405.9

373.6

330.5

276.5

220.5

168.8

123.6

71.8
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0

1878.9

1839.8

1805.2

1754.1

1689.3

1651.8

1609.7

1573.7

1521

1469.8

1418.5

1377.9

1326.7

1275.5

1231.8

1178.9

1142.7

1089.9

1043.1

987.2

937.4

895.1

831.6

766.6

728.8

648.6

560.7

506.2

459.2

421.4

389.5

345.5

287.9

234.8

187.8

146.9

90.8

52.7

0

Depth (m) Time (ms)

0

1764.4

1699.8

1643

1581.2

1542.3

1501.4

1452

1418.2

1376

1328.1

1272.6

1196.9

1144.1

1093.7

1041.2

995.5

951.8

893.3

841.5

791.8

733

691.6

641.4

590.7

563.2

524.3

492.2

450.6

403.4

358.9

318.8

269.8

219.4

162.3

116.6

78.3

43.9

16.2

1509.8

1466.6

1430.6

1393

1363.6

1330.8

1289.8

1262.6

1231.8

1196.6

1161.6

1109

1072.8

1037.8

1000.4

966.6

925.6

872

824.6

781.6

739

704

667

619.8

590.6

540.8

503

458.4

411

364.4

324

279.8

227.4

176.2

126.4

88.4

51

23.8

0

Well: 107 - PA -1X
Depth(m) Time(ms)

112 - AV - 1X

600

3560

3000

1480

1240

1190

1050

930

810

1260

1200

1150

1050

900

860

810

690

500

1820

1700

1500

1350

1200

1150

1000

820

700

650

500

400

300

1540

1480

1430

1270

1140

1100

980

870

750

700

570

490

300

Depth(m) Time (ms)

112 - BT - 1X

1500

1400

1300

1150

1000

900

850

700

500

Depth(m) Time (ms)

112 - HO -1X

6000

4650

1650

1400

1300

1150

1000

800

600

Depth(m) Time (ms)

LG20-1-1

depth(mss)

twt (ms)

525
577
627
677
727
777
827
877
927
977
997
1017
1037
1057
1077
1097
1117
1137
1157
1177
1197
1217
1237
1257
1277
1297
1317
1337
1357
1377
1397
1417
1437
1457
1472
1497
1517
1537
1557
1577
1597
1617
1637
1657
1677
1697
1717
1737
1757
1777
1797
1817
1837
1857
1877
1897
1917
1937
1957
1977
1997
2017

614
666
710
762
806
850
894
934
976
1016
1030
1047
1063
1079
1095
1111
1125
1141
1155
1169
1181
1195
1209
1225
1239
1253
1267
1281
1295
1309
1323
1337
1351
1365
1377
1391
1403
1425
1431
1443
1457
1471
1485
1499
1513
1527
1541
1553
1567
1579
1593
1605
1619
1631
1645
1657
1673
1685
1697
1709
1721
1733

single way
time (ms)
307
333
355
381
403
425
447
467
488
508
515
523
531
539
547
555
562
570
577
584
590
597
604
612
619
626
633
640
647
654
661
668
675
682
688
695
701
712
715
721
728
735
742
749
757
764
771
777
784
790
797
803
810
816
823
829
837
843
849
855
861
867

HK30-3-1A

depth (mss)

twt (ms)

2237
2257
2277
2297
2317
2337
2357
2377
2397
2417
2437
2457
2477
2497
2517
2537
2557
2577
2597
2617
2637
2663
2677
2697
2717
2737
2757
2777
2797
2817
2837
2857
2877
2897
2917
2937
2957
2977
2997
3017
3037
3057
3077
3097
3117
3137
3157
3177
3197
3217
3237
3257
3277
3297
3317
3337
3357
3377
3397
3417
3437
3457

1861
1873
1885
1897
1907
1919
1931
1941
1953
1965
1975
1987
1997
2009
2021
2033
2045
2057
2073
2081
2091
2107
2115
2125
2135
2147
2159
2169
2181
2193
2205
2215
2223
2235
2247
2257
2269
2281
2293
2301
2311
2323
2333
2343
2353
2361
2373
2383
2393
2401
2411
2421
2433
2443
2453
2463
2473
2483
2497
2505
2517
2529

single way
time (ms)
931
937
943
949
954
960
966
971
977
983
988
994
999
1005
1011
1017
1023
1029
1037
1041
1046
1054
1058
1063
1068
1074
1080
1085
1091
1097
1103
1108
1112
1118
1124
1129
1135
1141
1147
1151
1156
1162
1167
1172
1177
1181
1187
1192
1197
1201
1206
1211
1217
1222
1227
1232
1237
1242
1249
1253
1259
1265

depth (mss)

twt (ms)

540
591
636
683
730
775
821
863
906
949
993
1011
1028
1046
1061
1075
1092
1108
1126
1142
1156
1172
1188
1200
1216
1231
1246
1258
1274
1288
1301
1317
1332
1346
1360
1373
1386
1400
1414
1426
1437
1450
1463
1476
1488
1500
1512
1522
1535
1548
1559
1572
1586
1598
1609

475
525
575
625
675
725
775
825
875
925
975
995
1015
1035
1055
1075
1095
1115
1135
1155
1175
1195
1215
1235
1255
1275
1295
1315
1335
1355
1375
1395
1415
1435
1455
1475
1495
1515
1535
1555
1575
1595
1615
1635
1655
1675
1695
1715
1735
1755
1775
1795
1815
1835
1850

LT19-1-1
single way
time (ms)
270
296
318
342
365
387
411
432
453
475
497
506
514
523
531
538
546
554
563
571
578
586
594
600
608
616
623
629
637
644
651
658
666
673
680
686
693
700
707
713
718
725
732
738
744
750
756
761
768
774
780
786
793
799
804

depth (mss)

twt (ms)

551
599
645
691
739
787
831
876
919
959
1004
1015
1035
1051
1068
1085
1099
1115
1131
1145
1164
1182
1197
1215
1231
1249
1265
1277
1289
1302
1319
1334
1351
1365
1377
1394
1405
1417
1434
1451
1466
1481
1497
1509
1521
1535
1549
1563
1577
1587
1608
1618
1633
1648
1661

477
527
577
627
677
727
777
827
877
927
977
997
1017
1037
1057
1091
1097
1117
1137
1157
1177
1197
1217
1237
1257
1277
1297
1317
1337
1357
1377
1397
1417
1437
1457
1477
1497
1517
1537
1557
1577
1597
1617
1637
1657
1677
1697
1717
1737
1757
1777
1797
1817
1837
1857

single way
time (ms)
276
300
323
346
370
393
415
438
460
480
502
508
517
526
534
543
550
558
566
573
582
591
598
608
616
625
633
639
645
651
660
667
676
683
689
697
703
709
717
726
733
741
749
755
761
768
774
782
789
794
804
809
816
824
831

LT9-1-1

depth (mss)

twt (ms)

1674
1691
1703
1717
1731
1746
1758
1772
1785
1798
1810
1826
1837
1851
1864
1879
1893
1908
1920
1934
1948
1961
1975
1989
2003
2017
2031
2044
2054

1877
1897
1917
1937
1957
1977
1997
2017
2037
2057
2077
2097
2117
2137
2157
2177
2197
2217
2237
2257
2277
2297
2317
2337
2357
2377
2397
2417
2432

single way
time (ms)
837
846
852
859
866
873
879
886
893
899
905
913
919
926
932
940
947
954
960
967
974
981
988
995
1001
1009
1015
1022
1027

depth (mss)

twt (ms)

598
635
674
688
705
720
737
752
768
782
799
813
830
844
861
875
887
901
915
930
943
958
970
981
996
1010
1023
1034

570
620
670
690
710
730
750
770
790
810
830
850
870
890
910
930
950
970
990
1010
1030
1050
1070
1090
1110
1130
1150
1170

single way
time (ms)
299
317
337
344
352
360
368
376
384
391
399
407
415
422
430
437
444
451
458
465
472
479
485
491
498
505
512
517

Table 1.3.3.2 VSP Data of Selected Wells in the Song Hong-Yinggehai from China

Depth Structure Maps
Time structure maps were converted to depth maps by using the time depth relationship
established. The depth maps were established as follow:

SH2-Depth structure map of Top Pliocene (Fig. 1.3.3.6), it shows deep-center shifts to
Southeast, sediment range increases, subsides sharply. The deepest part is about 2,000m
in the southeastern center.

SH3-Depth structure map of Top Miocene (Fig. 1.3.3.7) shows sediment range decreases,
and subsides rapidly. The deepest depth is about 5,200m in the southern center.
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SH4-Depth structure map of Top Mid-Miocene (Fig. 1.3.3.8) showing a subsidenec phase,
there is a unique sag, the deepest depth is about 7,400m in the center.

BSM-Depth structure map of Top Basement (Fig. 1.3.3.9), it inferred from magnetic and
gravity data.
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Fig. 1.3.3.6 Top Pliocene Depth Structure Map (SH2) of the Song Hong - Yinggehai Basin
(Encl. 4)
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Fig. 1.3.3.7 Top Miocene Depth Structure Map (SH3) of the Song Hong -Yinggehai Basin
(Encl. 6)
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Fig. 1.3.3.8 Top Mid-Miocene depth structure map (SH4) of the Song Hong-Yinggehai Basin
(Encl. 8)
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Fig. 1.3.3.9 Basement Depth Structure Map of the Song Hong -Yinggehai Basin

1.3.4 Isopach Maps
The isopach were constructed by subtraction of the structure maps. Two resulting isopach
maps are as follows:
SH3-SH2: Isopach map of upper Miocene sequence - Fig. 1.3.4.1
SH4-SH3: Isopach map of Pliocene sequence - Fig. 1.3.4.2
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Fig. 1.3.4.1 The Pliocene (SH3-SH2) Isopach Map of the Song Hong -Yinggehai Basin
(Encl.9)
111

Fig. 1.3.4.2 The Upper Miocene (SH4-SH3) isopach map of the Song Hong-Yinggehai Basin
(Encl.10)
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1.3.5 Well Correlation
The selected wells (103-TH-1X, 104-QV-1X, 104-QN-1X, 112-HO-1X, 112-AV-1X, 112-BT1X) from Vietnam and (HK30-3-1, LG20-1-1, LT19-1-1, LT15-1-1, LT9-1-1, DF1-1N-3) from
China were applied for the study area. Location of these wells is shown in Fig. 1.1.2.1.
Stratigraphy column of six wells (103-TH-1X, 104-QV-1X, 104-QN-1X, 112-HO-1X, 112-AV1X, 112-BT-1X) show in Fig. 1.2.3.1-1.2.3.6. Through the joint study, the integrated
stratigraphy column is present ed in Fig. 1.3.2.7.

1.3.6 Seismic Facies Maps & Geoseismic Section
Among the three geology sections, AA’ connected 4 wells, HK30-3-1A, LG20-1-1, 104-CN1X and 104-CV-1X. It’s a cross-section in the northern part of the basin. The western part is
monocline with small grabens, and deepens sharply toward the deep-center; the eastern
part is also monocline, HK30-3-1 is located in faulted block, there is no gas show due to the
poor seal. The LG20-1-1 was ended in Oligocene, had poor gas show and no discovery.
This section shows the Song Hong-Yinggehai basin is a huge sag, deepest depth exceeds
10,000m.
There are 6 wells, 112-HO-1X, 112-AV-1X, 112-BT-1X, LT19-1-1, LT15-1-1 and LT9-1-1, on
section BB’. This section crosses the main body of the basin, the western part of the basin is
composed of grabens, low uplifts and faults; in the center, it is characterized by mud diapirs;
toward the eastern slope, there is a monocline. These wells penetrate basement in both
margins, but do not penetrate the Pliocene in the center due to encountering the high
pressure.
Section CC’ crosses through 3 wells, they are 103-TH-1X, LG20-1-1 and DF1-1-N3. It’s a
strike section. The grabens and low uplifts were developed in the northwestern part, there
were many faults cut Oligocene and basement. The unique sags were developed in the
central and southern part, the deepest part is exceeded 10,000m.
The potential structures also were observed in the geological cross-sections as seen in Fig.
1.3.6.1 – Fig. 1.3.6.3.
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Fig. 1.3.6.1 Geological Cross-section (AA’ Profile) (Encl.13)

Fig. 1.3.6.2 Geological Cross-section (BB’ Profile) (Encl.14)
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Fig. 1.3.6.3 Geological Cross-section (CC’ Profile) (Encl.15)

1.4 Petroleum System Analysis
1.4.1 Source Rocks
The recent geochemical laboratory results from hundreds of core samples were studied,
such as total organic carbon content, standard pyrolysis, extraction, chromatography, gas
chromatography-mass spectrometry, vitrinite reflectance etc. The all formations from
Pliocene to Eocene, the core samples were selected for geochemical analyse (Fig. 1.4.1.1).
The abundance of the organic matters were changed horizontally and vertically. Especially,
the organic matters from the northern and the southern parts of the study area are different,
since the difference of geological setting in the basin. The geochemical modeling is carried
out base on geological, geothermal and geochemical data.

Fig. 1.4.1.1 Rock Eval Parameters at the Well 107-PA

According to the results studied at VPI: In the northern part of the Song Hong-Yinggehai
basin, the source rock were come from the Mid-Miocene and Oligocene formations. In the
southern part, there is Oligocene source rock, and the Lower Miocene thin layer of coaly
claystone and the coal could be gas prone source rock.
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Eocene sediments were observed from the onshore wells and one offshore well. The TOC
value are fair to very good but the hydrogen index (HI) value are low (70 to 148mgHC/gTOC).
The reason of the low HI value may be the high maturity of organic matter in these wells. So
the original organic matter in the Eocene sediments could be the fair to very good source
rock in the northeastern part of the Song Hong-Yinggehai basin. This is similar to the
adjacent Beibuwan basin of China.
The migrated hydrocarbon was observed at some wells (Fig. 1.4.1.2 and Fig. 1.4.1.3).

Fig. 1.4.1.2 Rock Eval Parameters at the Well 103-TH-1X
The characteristics of oil and gas encountered in the Song Hong-Yinggehai basin showed
the relationship with the Oligocene and Miocene source rock.

Quality of Source Rock
Upper Miocene sediments were encountered in the most wells. The average of TOC value in
4 wells in the northern part of study area was varied from 0.56 to 1.41%, Wt. The average of
TOC value in all wells is around 1%, Wt. Although it could be good source rock, the Upper
Miocene sediments is lying very shallow, then, it could not be effective source rock.
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Fig. 1.4.1.3 Rock Eval Parameters at the Well 112-AV-1X

Middle Miocene
In this formation, they are different organic matter in the northern and southern parts. In the
northern part, the TOC value from 5/6 wells are varied in a range of 0.57 to 1.51%, Wt and
the HI value is around a hundred mgHC/gTOC. It indicated that they had a gas generation
potential. This picture in the southern part is quite different. The average of the TOC value in
all wells is low. Among the 7 wells, TOC value of the 6 wells are less than 0.5%Wt, except
some thin coaly claystone layer. The source rock contained gas prone organic matter. The
Mid-Miocene Meishan formation was encountered in Ledong 30-1-1A with total organic
matter content of 0.47-1.34% (Zhang, 1991).
In general, in the northern part, the TOC value of the Mid-Miocene sediments which was
deposited in coastal plain, front-prodelta and shallow marine environment is higher enough
to be the good source rock for gas generation; In the southern part of study area there is no
Mid-Miocene source rock.

Lower Miocene
The average of organic matter content in the wells is low (TOC<0.5%Wt) and the HI value is
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low too. Among the 9 wells, the TOC value of only 4 wells are greater than 0.5%Wt but still
less than 1%Wt. The TOC value in some thin layers of coal and coaly claystone are higher,
and they could be source rock for gas. Base on these data, the Lower Miocene sediments in
the northern part of the Song Hong-Yinggehai basin can be the source rock.

Oligocene Sediments
In the study area, there are only few wells reached Oligocene sediments. The Oligocene
sediments were missing in some wells, and some wells did not reached Oligocene
sediments yet.
The average TOC value from 10/12 well are higher than 0.5%Wt. it changes in range of
0.64%Wt at one well in the northeastern part and 3.46%Wt at one well in the southern part.
The HI value is varied from 66 to 401mgHC/gTOC. The source rock here contains both gas
and oil prone organic matter. They are good to very good source rock; deposited in fluvial,
lacustrine, delta plain and front-delta and shallow marine environment. The Oligocene
sediments are fair to excellent source rock with potential for both oil and gas.
Base on the Tmax, vitrinite reflectance, GC-MS data, the maturity at the wells is variable.
The liquid zone starts at 2,800-3,800m.

Organic Matter Maturation
Organic Matter Maturation is evaluated by parameters Tmax, Vitrinite reflectance obtained
for source rock analysis and indicators obtained from detailed analysis as n-alkane
distribution, CPI (GC) indicator and the ratio of Ts/Tm+Ts(GCMS) etc. The maturity level of
organic matter versus depth is variational. Additionally many maturity parameters from the
wells support the interpretation that the starting of maturity zones as following:
Starting of mature zone (~ Ro = 0.55%): 2,200-2,700m
Starting of liquid zone (~ Ro = 0.72%): 2,800-3,800m
Starting of vapor zone (~ Ro = 2.0%): 3,600m (at one well in the southern part only)
In some of wells, the organic matters from the Mid-Miocene sediments are within the mature
zone but not reach the maxim hydrocarbon generation peak yet. The Oligocene sediments
are in mature zone and most in liquid zone.
However, the wells were drilled at the shallow part of the basin where the source rock was
thin. The thick source rock is located in the depocenter; however, no well has been drilled
there. The maturity of the source rock at the depocenter could only be estimated by
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geochemical modeling.

Characteristic of Crude Oil
The analysis data from the oil samples indicate that the oil and gas are related to the
Oligocene and Miocene source rocks with following the characteristics:
Low in sulfur content (0.1 – 0.2%), except the oil from one well in the south (S~2.2%)
Gravity: 33.40 – 48.30API
Generated from mature source rock with difference maturity level
The oil and condensate from the northern part of the Song Hong-Yinggehai basin are waxy
oil and derived from terrestrial/lacustrine organic matter, deposited in reducing environment.
The Oil from the southern part of the Song Hong-Yinggehai basin derived from type II/III
organic matter (mixed lacustrine/terrestrial and marine material), source rock was deposited
in high reducing environment.

1.4.2 Reservoirs
Various types of reservoir rocks including clastics, fractured carbonates, and basement
rocks has been revealed by the wells within the Song Hong-Yinggehai basin. Reservoir
quality is varied from rock to rock, even from well to well. In overview, the reservoirs could be
classified into two categories. First category is fractured reservoirs comprising of Pre-Tertiary
fractured carbonate or/and limestone, fractured granite basement rock, and lower-middle
fractured carbonate rocks. Another category is clastics rocks, such as sandstone or siltstone.

Fractured Reservoirs
Pre-Tertiary reservoir rocks, which were fractured carbonate, weathered/fractured and
metamorphic basement, were main objectives of many exploration wells.
Devonian limestone with thickness of 22-621m was encountered in wells 112-AV-1X, 112BT-1X and VGP-112-BT-1X. At interval 1743-1765m of 112-AV-1X, 3935-4111m of well
112-BT-1X, 2860-3481m of well VGP-112-BT-1X. The total porosity is around 3.44 – 8.24%
and vuggy porosity occupies around 3.7% on average.
In well 104-QN -1X, 49m thickness of weathered/fractured granite basement has been
penetrated in the interval of 2011-2060m. Neutron porosity values indicated that it was tight
basement. In this interval, 30cm of core had been taken to be analyzed by VPI indicating no
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intergranular porosity and 0.3 % of fractured porosity.
To the southern part of the basin, only well115-A-1X reached metamorphic basement; others
did not touch the basement. The presumed carbonate basement has not be discovered yet.
Lower-Mid-Miocene carbonate was the major target in many prospects in the southern part
of the Song Hong-Yinggehai basin. Carbonate rocks were penetrated by some wells in Tri
Ton horst. This reservoir consists of mainly reef carbonate, with thickness varying 360-814m
and generally reducing from south to north. The porosity and permeability of the reservoir
are very good in Mid-Miocene section. In the northern part of the Song Hong-Yinggehai
basin, well 104-QN-1X interval 1,832-1,900m Mid-/Early Miocene carbonate intercalated with
about 10m siltstone, the gross thickness of carbonate: 68m, average porosity 9%.
In the central part of the basin, according to seismic signature Te Giac feature is consistent
with that of biothermal reef growing upon a basement high during the lower–Mid-Miocene.
Lower Miocene carbonate reservoirs was encountered in well 112-BT-1X (2433 – 2507m)
and 112-HO-1X (1431 -1448m). It made up of fine to medium-grain limestone with fragments
of organisms. Total thickness varies from 17 (well 112-HO-1X) to 65m (well 112-BT-1X)
average porosity is put at 18%.
In well 115-A-1X, two objectives were encountered. The first one was found at 3,135mbrt
was the reef limestone with 358m thick, clay volume possesses 9%.

Clastics Reservoirs
Frequency distribution of sandstone reservoir porosity for Oligocene, Upper Miocene, MidMiocene reservoir are shown in Fig. 1.4.2.1.
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Fig. 1.4.2.1 Frequency Distribution of Sandstone Reservoir Porosity for Oligocene,
Upper Miocene, Mid-Miocene Reservoirs, Song Hong-Yinggehai Basin
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Oligocene Clastic Reservoirs
In the northern part, the Oligocene sediment was penetrated by wells 107-PA-1X (11253503m) and 102-CQ-1X with thin Oligocene section. In the southern part of the basin, some
wells encountered Oligocene sediments such as in wells 112-BT-1X, 119-CH-1X, 118-CVX1X, 114-KT-1X, and very thin section in well 115-A-1X. Oligocene sediment was eroded in
other wells in the central part of the basin. Sandstone was interbedded with thick shale
layers. Reservoir characteristics were analyzed by log and verified by RFT and DST. It
showed that the Oligocene sandstones was lower than average porosity and permeability,
indicating the poor quality reservoir. Diagenesis is the major control on reservoir quality of
the Oligocene sandstone and it is characterized by cementation, compaction and dissolution
processes. The cementation process is one of the strongest and largest development, in
which a considerable cement amount (average of 15.7-24.7%) including pyrite, quartz,
dolomite, calcite, chlorite, illite, etc. was created and filled partly to completely primary
intergranular pores. The compaction process is moderate to strong, especially for
sandstones under 3,500m, where the straight and concavo/convex contacts of detrital grain
are often occurrence. Strong compaction reduced considerably intergranular pore of
sandstone. Influences of diagenesis reduced considerably primary intergranular pores.
Reservoir quality of the Oligocene clastic rock is only poor to fair because of the strong
influence from the diagenetic process.

Miocene Clastic Reservoirs
In wells in the central part of the basin and well 114-KT-1X, Lower Miocene sandstone layers
intercalated with thick shales, the reservoir characters and their component are shown in
table 4.2.3. high quartz mineral in sandstone (59 – 90%) indicates good sandstone.
In the central part of the basin, two prospects have good potential reservoir in Lower-MidMiocene. At Bo Tot prospect, fluvial sandstone reservoirs of origin, maximum thickness of
the individual fluvial reservoirs is 50m and a maximum combined net pay of 33m. At Voi
prospect, fluvial sands packages as interpreted contain very high quality reservoir units with
50m of reservoir interval are common.
In the central part of the basin, data to evaluate reservoir properties are available so that it is
easy to divide Miocene section into sub-divisions.
Lower Miocene reservoirs were encountered in the central part of the basin at place of wells:
112-BT-1XR; VGP-112-BT-1X and 112-AV-1X. Data from table 4.2.3 shows changing of
effective porosity from low (6-8% at Bach Tri well) to high value (22-30% at Anh Vu well).
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Due to complex distribution of porosity and low permeability measured from core (K= 0-0.55
mD at 112-BT-1XR; K= 63 mD at 112-AV-1X) and RFT (5 – 47mD at 112-BT-1X), those
Lower Miocene sandstones constitute moderate to poor reservoir. Results of log
interpretation are consistent with hydrocarbon indication, shows, and RFT data. In those
sandstone layers, gas saturation is up to 61% at well VGP-112-BT-1X.
Based on results of log interpretation of all wells in the central part of the basin, especially of
well112-HO-1 X, where the core data is present and DST was carried out (table 4.2.3), the
Mid-Miocene sandstone, and siltstone layers can be considered as moderate to poor
reservoirs. Reservoir porosity varies from 13% to 23% and permeability varies from 0.05 mD
to 14 mD by core data of well112-HO-1X while average effective porosity estimated by log is
around 26% at well 112-HO-1X and is around 12% at well VGP-112-BT-1X. Most of
sandstone, siltstone layers of this formation are water saturation except in well 112-HO-1X,
where gas was shown on the log interpretation with low gas saturation (~ 20%) and was
verified by DST data (gas at surface with high CO2 content).
Upper Miocene formation mainly consists of claystone intercalated by minor siltstone and
sandstone layers. Most of siltstone, sandstone layers were encountered at shallow part (less
than 2,000m of depth), therefore the porosity of the siltstone and sandstone is higher, varies
from 21% to 29% (table 4.2.3). Those are good reservoir. In the Dong Fang gas field, the
Upper Miocene sandstone has porosity 11-12% and permeability 1-40mD.
In well 115–A–1X, thick clastics reservoirs in Miocene section were not encountered at all.
Only a few thin sandstone layers deposited at the top of Mid-Miocene, however, they were
not the target of the well.

Pliocene Reservoirs
Pliocene clastics reservoir is consist of the submarine fan or turbidite sandstones. This is
considered as moderate to good reservoir. In the central part of the basin, the gas bearing
sandstone was discovered there. At the interval of 2,450-2,550m of 111-HE-1X the target
was a stacked sequence of turbidite sandstones forming a mounded feature in Lower
Pliocene with 12-13% of porosity and around 50% of gas saturation were tested. There is
45m of net pay thickness with 40% CO2 content confirmed by DST. In the Dong Fang gas
field, the porosity and the permeability of the sandstone is 18-25% and 200-400mD.
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1.4.3 Seals
Oligocene and Miocene shales are generally considered as good to excellent seals. The
thickness of these seals is of around 20-150 m, with a clay content of 65-90 %.
In the northern part of the basin, the regional caprock is Early Pliocene sedimentary rocks.
Other seal is intraformational shales. These respectively overlaid in the reservoir rocks.
Locally, the Miocene claystone, silty claystone, and coaly shale widely distributed within
Dong Quan and Phuong Ngai depressions. These have high shale contents (60-70%), and
thickness in range from ten to twenty meters. In the deeper Oligocene section, the seal is
mainly shale layers.
The results of log curves and seismic interpretation indicate:
- In the central part of the basin, the regional seals are the Mid-Miocene and Pliocene
thick shale which was widespread and up to hundred meters.
- Intra-formation shale of the Oligocene and Early - Late Miocene sediments are
thinner and restricted distribution as local seals.
Within the depocenter, the sealing of intra-Pliocene shales is very good quality for Pliocene
and Upper Miocene reservoirs. It has been proved by well 111-HE-1X, wells in Dong Fang
field.
Towards the south of the basin, the thick Miocene and Lower Pliocene shales are good
regional seals. Since these sediments were deposited beyond the continental shelf, they are
very fine and thick, and deeply buried. These thick shales are easily identified on the seismic
section (Fig. 1.4.3.1).
Deep marine Pliocene clays with abundant illite are good regional seal to reservoirs in the
Song Hong-Yinggehai basin (Fig. 1.4.3.2).
114-KT-1X

VGP-112-BT-1X

CHLORITE
0-4%

KAOLINITE
12-16%

ILLITE/
SMECTITE
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10-12%
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Fig. 1.4.3.1. Seal Quality of Upper Miocene
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Fig. 1.4.3.2 Seal Quality of Pliocene

1.4.4 Traps
From the interpretation of seismic data, a number of traps were identified. These traps are
structural and/or stratigraphic traps.

Structural Traps
Compressional Anticlines
The Song Hong-Yinggehai basin from the northern onshore area to the south (GPGT 93-209)
is characterized by compressional anticlines. These could form the four-way closure by a
combination of reverse faults. The stacked reservoir could be formed under some
appropriate depositional conditions. The sediments, which deposited after the compression,
formed stratigraphic pinchouts onlapping the resultant anticlines.

Horst Blocks
In the some parts of the Song Hong-Yinggehai basin, horst and graben featured in the
Oligocene to Early Miocene sequences, such as, in Bach Long Vi sub-basin, in the northern
Hue sub-basin, in the southern boundary and in the northeastern part.
Horst features offered a variety of play types including fracture basement, overlying drape,
stratigraphic pinchouts, carbonate buildups and traps associated with normal faulting.

Fault Related Traps
The southern Hue sub-basin is characterized by a series of rotated fault blocks in the
Oligocene and Lower Miocene sequence, which were downthrown towards the main
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depocenter of the Song Hong-Yinggehai basin. The rotated blocks were bounded by
extensional faults and may be truncated and sealed by Lower Miocene shales.
Extentional fault blocks flanked the eastern margin of the Thanh Nghe Monocline. These NS
trending fault blocks stepped basinward into the Song Hong-Yinggehai basin.

Low Relief Anticline
Low relief anticlines are noted in the eastern portion of the Song Hong-Yinggehai basin on
seismic lines GPGT 93-215, 217 and cross-line GPGT 93-210. These anticlines were formed
in the Mid-to Late Miocene time. The two low relief anticlines might be extended to the
vicinity areas.

Basement Traps
In well 112-BT-1X of the Hue sub-basin and in well B10-STB-1X of the Hanoi trough, an oil
show was encountered in Palaeozoic carbonate. It suggested some potential for
hydrocarbon entrapment in Pre-Tertiary basement on local highs. To the south of the Song
Hong-Yinggehai basin, in the offshore Cuu Long basin, oil has been produced from fractured
granitic basement that developed on horst blocks at the Bach Ho, Rong, Rang Dong, STD
and Ruby structures.

Stratigraphic Traps
Unconformity Traps
Angular unconformities could be identified on seismic profile, especially in the Oligocene
sequence and might be found in the Lower Miocene sequence. In the Oligocene sequence,
there is an angular unconformity trap sealed by Mid-Miocene shales along the flank of the
Bach Long Vi Horst. It is also shown on the seismic lines GPGTR 83-06 and GPGT 93-205.

Stratigraphic Pinchouts
There are many stratigraphic pinchouts could be identified on seismic cross-sections. A
typical pinchout is shown on the line GPGTR 83-16 in the Mid-Miocene sequence where the
sedimentary sequence onlapped the Lower Miocene sequence. The pinchout was formed
due to a transgression followed by a regression.

Carbonate Buildup
Miocene carbonate buildups have been drilled on the Triton horst, and hydrocarbon potential
was discovered there. For the deep burial reservoir, the quality of the carbonate reservoir is
much more better than to clastic reservoir. The carbonates on the shelf and basement highs
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in the Song Hong-Yinggehai basin are the good exploration targets. According to the seismic
survey, the carbonates are widely distributed.

Submarine Fan Clastics and Turbidites
Upper and Mid-Miocene basin floor fans have been identified on a number of seismic lines.
They came form the northwest down to the southeast.

1.4.5 Timing
Tectonic activities in the southern part of the Song Hong-Yinggehai basin ceased earlier
than that stopped in the northern part. As a result, traps in the southern part have formed in
the Early Miocene time; Traps in the northern-northwestern part were formed toward the end
of the Late Miocene time, they coincided with inversion of local compression. The
hydrocarbon generated from Oligocene lacustrine shale started to migrate from Early
Miocene time. In addition, the maximum migration was in the Mid-Miocene time. Most traps
were charged with gas and condensate.
Therefore, in the southern part of the Song Hong-Yinggehai basin, the Oligocene and
Miocene traps could be charged with hydrocarbon earlier. The Miocene–Pliocene carbonate
and turbidite traps could be charged later with gas.

1.4.6 Basin Modeling
1.4.6.1 Modeling Method
The geochemical modeling has been done by using IES PetroMod® software. The objective
of this kind of study is to calculate the maturation of Tertiary source rock in the Song HongYinggehai basin.

1.4.6.2 Parameter Preparation
Geothermal Studies
The average thermal gradient of the wells in the northern part varied from 3.40C/100m to
3.660C/100m. In the southern part of the Song Hong-Yinggehai basin, the average thermal
gradient varied from 2.72 to 3.810C/100m.The thermal gradient in the well Ledong 30-1-1 is
4.60C/100m.
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The conductivity of rock varied from 2.5W/mK to 4.7 W/mK and increased by depth in the
wells. The average conductivity of rock in the wells varied from 2.68W/mK to 3.16W/mK
The Song Hong-Yinggehai basin has the highest heat flow to compare with other Tertiary
basins in Vietnam. The heat flow showed spatio-temporal variety in the study area. It varies
from 56.6 mW/m2 to 119mW/ m2. The heat flow increases towards NE and NWW. Towards
the south of the Song Hong-Yinggehai basin, the heat flow decrease down to 50mW/m2. The
decreasing of the heat flow in the southern part of the Song Hong-Yinggehai basin might be
due to the low conductivity of carbonate rocks.

Input Data
For the basin modeling, there are five major sequence boundaries were identified in the
seismic cross-section. They are sub-sequence boundaries of near the top of Upper Miocene,
near the top of Mid-Miocene, near the top of Lower Miocene, near the top of Oligocene and
the top of basement.
The source rock properties have been discussed before. The kerogen type was chosen by
using Pepper & Corvi 1995 scale. The boundary conditions are based on the above study
results and the estimate at the wells by 1D modeling (Table 1.4.6.1). The 1D modeling was
done many times until get the result that control values match the calculate line (Fig. 1.4.6.1).
The 2D modeling has been done based on three selected regional cross-sections (lines AA’,
line BB’ and line CC’).

Table 1.4.6.1 The Modeling Input Parameters CC’ Profile
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Fig. 1.4.6.1 1D Modeling Result at Well 112-BT-1X
The well LG20-1-1 was selected for 1D basin modeling, since it is a deep well with more
laboratory data. The modeling parameters include R0, porosity and so on. The selected
parameter for basin modeling is as follow (Table 1.4.6.2)

Table 1.4.6.2 Modeling Input Parameters AA’ Profile

130

1.4.6.3 Modeling Results
The geochemical modeling results were demonstrated in Fig. 1.4.6.2 - Fig.1.4.6.7. In general,
the source rock maturity was influenced by depositional rate (the thickness of layers),
depositional environment, erosion rate, heat flow… etc. The maturation of the source rock
along the line AA’ was shown in Fig. 1.4.6.10. It represented the maturity of the kerogen type
III. Only the lower part of the Oligocene source rock falls into the overmature zone. The oil
window started at depth 3,000 – 3,300m. The gas window was at 4,200– 4,600m. And at
depth 5,700 – 6,300m was overmature zone. Some gas accumulation could be observed on
this section. The lower part of the Mid-Miocene and the upper part of Lower Miocene source
rocks were just in the liquid zone. The lower part of the Lower Miocene sediments were in
the gas zone, and the Oligocene sediments were overmature. The oil expulsion started at
23Ma from Oligocene sequence, 10.5Ma from Lower Miocene sequence and 5 Ma from MidMiocene sequence (Fig. 1.4.6.10).

Fig. 1.4.6.2 Maturation at CC’ Profile
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The modeling results of line CC’ was show on Fig.1.4.6.2 - Fig.1.4.6.7. The maturity was
changed from the north to the south. It might be due to the following two reasons. First
reason is the suddenly increasing depositional rate in the eastern part of study area; and the
second one is the effect of the Quaternary volcanic activity in the southern part. The maturity
is varied horizontally. The 1D extraction at grid points 20, 60 and 90 was shown on Fig.
1.4.6.2.

Fig. 1.4.6.3 Expulsion Time of Liquid at the CC’ Profile

Fig. 1.4.6.4 Saturation Petroleum at the CC’ Profile

132

Around grid point 20, the Mid-Miocene and younger source rocks are immature. The Lower
Miocene sediments is in liquid and vapor zone while the Oligocene sediments are in the
overmature zone. The earliest oil expulsion started at 10Ma from Lower Miocene sequence
and 16Ma from Oligocene sequence.
In the deeper part (around grid point 60), the Upper Miocene and younger sequence are
immature. The Mid-Miocene sediments are in the liquid zone. The lower part of Mid-Miocene
sediments are in the vapor zone. The Lower Miocene and Oligocene sediments are in
overmature zone (Fig.1.4.6.2). The expulsion time of liquid started since 24Ma from
Oligocene, 18Ma from Lower Miocene and 6Ma from Mid-Miocene (Fig. 1.4.6.3).
In the southern part (around grid point 90), the Upper Miocene is in the liquid zone, MidMiocene sediments are in gas and overmature zone, and the Lower Miocene and the
Oligocene sediments are in overmature zone (Fig.1.4.6.2). The expulsion time of liquid
started since 17Ma from Oligocene, 14Ma from Lower Miocene and nearly 5Ma from MidMiocene (Fig. 1.4.6.3).
The saturation petroleum picture at around line CC’ is changed through geological time to
(Fig.1.4.6.4). Recently, the gas is leaking up to the surface (Fig.1.4.6.5). These are
indicators of petroleum migration at line CC area.

Fig. 1.4.6.5 Gas Leakage Rate Up - CC’ Profile
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In Miocene, around grid point 5-10, the amount of petroleum at 2Ma was 176 million m3 gas
and it is 40million barrels oil and 363million m3 gas at present. It means that the petroleum is
applying into this area (Fig. 1.4.6.6). At around grid point 55-65 we have a difference picture
showing the leaking of gas from accumulation. The amount of gas accumulation at 2Ma was
quite larger than that at present (Fig. 1.4.6.7)

Fig. 1.4.6.6 Amount of Accumulated Petroleum - CC’ Profile
The Oligocene source rock has entered the oil window since the Early Miocene time. The
end of Mid-Miocene tectonic activities had effected on it. The Miocene source rock has
started oil expulsion since the Late Miocene time, so the hydrocarbon generated from this
source was not affected by the inversion activity at the end of the Mid-Miocene time(Fig.
1.4.6.2- Fig.1.4.6.7).
The tectonic activities in southern part of the Song Hong-Yinggehai basin were generally
stopped earlier than those in the northern part. As a result, traps in the southern formed in
the Early Miocene, while the traps in the north-northwestern part formed in Late Miocene.
Besides, the hydrocarbon which was generated from Oligocene lacustrine shale started to
migrate at Early Miocene and the maximum migration phase was in the Mid-Miocene.
Therefore, most traps were charged by late phase generated hydrocarbon from Oligocene
source rock. The Miocene – Pliocene carbonate and turbidites reservoir could be charged by
the hydrocarbon generated from Miocene source rock.
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Fig. 1.4.6.7 Amount of Accumulated Petroleum - CC’ Profile

Fig. 1.4.6.8 Amount of Accumulated Petroleum - CC’ Profile
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The R0 evolution profile from 1D modeling of Well LG20-1-1 (Fig.1.4.6.9) showed that the
Oligocene source rocks entered the maturity gate in 32Ma, and Ro is more than 1.0 now.
Lower-Mid-Miocene source rocks got maturation in 6Ma, now it is the peak of maturation.
From 2D basin modeling of AA’ profile (Fig.1.4.6.10), Mid-Miocene source rocks were
matured only in the deep depression in the central part of the basin, and Oligocene source
rocks were matured in the whole basin.

Fig. 1.4.6.9 Ro Evolution Profile of Well LG20-1-1
Since the BB′ and the CC′ lines crossing central part of the basin, the 2D modeling results
showed that the Upper Miocene source rocks were mature in the deep depression, while
middle Miocene source rocks were mature in the whole basin, part of Mid-Miocene source
rocks were overmature in the deep depression (Fig. 1.4.6.11- Fig.1.4.6.12).
From the hydrocarbon-generating modeling result of CC’ profile (Fig.1.4.6.13), the
dominating contributors were mid-Lower Miocene and Oligocene source rocks.
The migration direction of AA’ profile mainly was from deep depression to the eastern and
western slopes, partly vertical migration (Fig. 1.4.6.14).
The strata pressure modeling of AA′ profile shows, upper-Mid-Miocene sequence were
overpressure below 2,000 m, especially in the deep depression of the basin (Fig. 1.4.6.15).
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Fig. 1.4.6.10 Ro Evolution AA’ Profile

Fig. 1.4.6.11 Ro Evolution BB’ Profile
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Fig. 1.4.6.12 Ro Evolution CC’ Profile

Fig. 1.4.6.13 Hydrocarbon Generation Section of CC’ Profile
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Fig. 1.4.6.14 Migration Direction of AA’ Profile

Fig. 1.4.6.15 Pressure Model Section of AA’ Profile
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1.5 Play
1.5.1 Play Types
There are at least six play types in the Song Hong-Yinggehai basin.
Miocene carbonate play
Mud-heat fluid diapir play
Lowstand sand play
Base Pliocene inversion play
Buried hill play
Late Oligocene to Early Miocene inversion play

1.5.2 Play Assessment
The following discussion includes a brief overview of the play types recognized in this basin.
It provided the main prospects that have been recognized in the basin.

Miocene Carbonate Play
This kind of play has been identified in the southern part of the Song Hong-Yinggehai basin
by some oil companies, such as BP, Statoil and IPL. The play has excellent reservoir with
large natural gas potential. Unfortunately, the natural gas contained high percentage of CO2
component.

Mud Diapir Play
Mud diapir was formed in the Late Miocene to Pliocene time in the depocenter due to the
increased loading combined with abnormal high heat flow resulted in plastic, viscous mud
flow. In the recent years, several natural gas fields such as Dongfang and Ledong gas fields
from the mud diapir play, has been found by Chinese oil company (CNOOC).

Lowstand Sand Play
BP/Statoil drilled a Mid-Miocene Lowstand sand stratigraphical trap in the Quang Ngai
graben, to the west of the Tri Ton horst. A large column of gas was found without significant
CO2. The Chinese oil company would like to explore this kind of play in the eastern Song
Hong-Yinggehai basin in the near future.

Base Pliocene Inversion Play
This play type is limited to the northern portion of the Song Hong-Yinggehai basin and the
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Hanoi trough. The exploration activities in this kind of play are not quite successful. So far,
there are only two discoveries associated with this play type, they are Tien Hai field and 103TH-1X. The primary reason of poor quality of this kind of play is that the traps are incomplete
in the most case. Faults associated with Late Miocene to Pliocene traps, always cut the
existing traps to destroy the hydrocarbon preservation.

Buried Hill Play
This play type is composed of the karst and fracture Paleozoic carbonate reservoirs with the
Tertiary source rock and seal. Normally, this kind of reservoir is with high production, such
as 3,000-7,000BOPD and 15-35MMCFGD, in Beibuwan wells. A recent oil discovery in the
Hanoi trough suggested that this play type might be found in the Song Hong-Yinggehai basin.

Late Oligocene to Early Miocene Inversion Play
At least three episodes of compression and/or transpression can be identified through the
seismic profile. The earliest one occurred in the latest Oligocene. The inversion play was
formed in the northern part of the Song Hong-Yinggehai basin. One of the largest and
prospective structural traps associated with this regional event formed in the Dong Son just
before the hydrocarbon generation and expulsion from the Late Eocene to Oligocene source
rocks. It was good for receiving early migration of oil and gas.
In the study area, the plays were illustrated in Fig. 1.5.2.1 – 1.5.2.5.

Fig. 1.5.2.1 Miocene Inversion Play
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Line BB99 - 124
Sea bottom
Post rift II sequence (Late Miocene to present)

U200
Post rift I
H260
Sequence of Middle to Early Miocene
Sand Body over Uncomform ity

T6
Transitional sequence
Ear. Mio . - Oli.
T7

Pinch Out
Pretertiary basement

Synrift sequence
Eocene to Early Oligocene

Fig. 1.5.2.2 Stratigraphy Plays

Fig. 1.5.2.3 Oligocene-Miocene Clastic Drape, Miocene Submarine Fan, Turbidite,
Diapir on Basement high

Fig. 1.5.2.4 Plays in Central Depocenter
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Fig. 1.5.2.5 Plays in the Western Song Hong-Yinggehai Basin
The Miocene inversion structures were well identified in the northern part of the basin.
Upper Miocene-Pliocene sandstones, sub-marine fans and turbidites: Surrounding the
diapirs at the depocenter, there are a lot of sub-marine fans, turbidites and prominent
sandstone bodies draped over the top of diapirs. They presented frequently in the Upper
Miocene and Lower Pliocene section and were identified on the seismic cross-sections in the
southern part of the depocenter. The gas discoveries at the Dongfang and Ledong fields
were related to this play type.

1.5.3 Hydrocarbon Potential
Apart from oil/gas discoveries in Hong Long, Hoang Long, Bach Long, Yen Tu, Bach Tri,
Hoang En, Su Tu Bien, 115A structures. In this case study, we identified some prospects
and leads in the northern part of the Song Hong–Yinggehai basin as below:
Nine prospects (AN1, C, B1, B4, E, F, G, H, I) and seven leads (D, A, B2, B3, GN,V,W) have
been identified in the northern part of the basin.
The Qua Tao, Qua Quat, Qua Mit, Qua Xoai prospects have been identified in western part
of the basin.
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Many prospects and leads (Tegiac, Botot, Voi, B, HE, Lead C, Lead D, Lead E, 111A, 11B,
111C, M-TF-111E) have been identified in depocenter.
In depocenter, some prospects were also identified, which were the submarine fans and the
turbidites in Mid – Upper Miocene cross-section at NE.
In center of the depocenter, Dongfang and Ledong gas fields and bearing structures have
showed the potential of hydrocarbon related with diapir activities.
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1.6 Conclusions
1. The Song Hong-Yinggehai basin is a strike-slip pull-apart basin, which is a rhomboidal
shape and deposited more than 14,000 meters of Tertiary sediment in the central part of the
basin. The basin was formed as a result of the Eocene and Early Oligocene strike-slip along
the Song Hong fault zone. The basin has currently been active with right lateral movement.
2. The Song Lo and Song Chay fault systems are the two main fault systems located at
eastern and western part of the of Song Hong fault zone, which are the basin boundary
delineated faults. The geometry of the basin was controlled by these two fault systems.
Along with these faults, major structural elements were identified as: Central depocenter,
Thanh Nghe monocline, Ha Long shelf, Bach Long Vi inverted zone, Miocene inverted
zone(including Lingao uplift), West Hainan monocline (eastern slope of the Song HongYinggehai basin), Ly Son graben, Hue-Da Nang sub-basin, Da Nang shelf, Da Nang graben
and Tri Ton high.
3. The Eocene-Oligocene sediments were composed of the terrestrial, fluvio-lacustrine
clastic deposits. The Miocene and Plio-Pleistocene sediments are marine clastic deposits
related to thermal subsidence. In the Lower Miocene and Mid-Miocene, along the basin
slopes and the major structural highs, carbonate was developed in the clastic sequence.
4. The main source rocks in the basin are the Oligocene lacustrine oil prone shales, kerogen
type III/II and the Oligocene-Miocene deltaic/paralic gas prone coal shales, kerogen type III.
The Oligocene source rocks entered the oil window at early Miocene time. The Miocene
source rock entered oil window at late Miocene time. The laboratory test results of the oil
and gas samples obtained from the wells showed the hydrocarbon were from the Oligocene
and Miocene source rocks.
The oil and condensate from the northern part of the Song Hong-Yinggehai basin are waxy
oil. They were derived from terrestrial/lacustrine organic matter in the reducing environment.
The oil from the southern part of the Song Hong-Yinggehai basin was derived from type II/III
organic matter (mixed lacustrine/terrestrial and marine material). The source rock was
deposited in high reducing environment.
5. Major reservoirs are the Miocene - Oligocene clastic rock, porosity 10-30%, carbonate
buildup and reefs, average porosity 12 - 25%, fractured basement and the Pliocene clastic
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rock.
6. Many kinds of prospective prospects were identified in the Song Hong-Yinggehai basin
through this cross-border joint case study.
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2. Sulu Sea-East Sabah Basin Case Study
2.1 Introduction
2.1.1 Basin Background
The Sulu Sea area is divided in the Philippines as the East Palawan Basin and Sulu Sea
Basin or also known as the East Sabah Basin in Malaysia. The basins have a combined
area of some 60,000 sq. km with most of the Philippine portion entirely offshore in water
depths ranging from 100 meters to more than 2,000 meters, while water depths in Malaysia
portion only up to 150 meters. Sedimentary thickness ranges from 3 kilometers to more than
9 kilometers at the thickest section consisting mainly of Early Paleogene to Late Neogene
siliclastic and volcaniclastic sediments (Enclosure 1.1).

The East Palawan Basin has two sub-basins, namely; the Balabac sub-basin and the
Bancauan sub-basin that is separated by the Banggi Ridge. The Sulu Sea Basin is
separated from the East Palawan Basin by the Keenapusan Ridge and has the Sulu Ridge
as its southeastern boundary. The basin is composed of the Sandakan Basin and the Dent
Graben.

2.1.2 Exploration History
2.1.2.1 Philippines
From 1965 to 1972, the total footage for seismic acquisition in the Sulu Sea area is more
than 10,000 line-km in East Palawan Basin and 3,000 line-km for the Sulu Sea Basin. There
was no drilling during this period as exploration companies focused their activities to seismic
data acquisition.

The first exploration well drilled in the East Palawan Basin in 1957 was the Tubbataha -1
well. It reached a total depth of 1,484 feet (452 meters) to test the reef but encountered no
significant hydrocarbon show. Two wells were drilled by Triton Philippines in the Bancauan
sub-basin in 1973 to test the Middle Miocene sandstones. The Sulu Sea A-1 well reached a
depth of 2,617 meters while the Sulu Sea B-1 was drilled to a depth of 2,222 meters.
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This was by followed the Sulu Sea 333-1 (T.D. 4102 m) and Sulu Sea 409-1 (T.D. 4602 m)
that were drilled by Superior Oil in 1974 to evaluate the Middle Miocene sandstone in
anticlinal structures. Both wells were plugged and abandoned as dry holes. In 1975, Sun Oil
drilled Sulu Sea 389-1 (T.D. 3666 m) to test the Late Miocene sandstone in the upper part of
a fault bounded structure but was also abandoned. Cities Service drilled Coral-1 (T.D. 3063
m) in 1975 in the Balabac sub-basin to test Oligocene-Early Miocene clastics but the well did
not encounter any hydrocarbon.

The other wells drilled here include the Sentry Bank-1 (T.D. 3049 m) by Arco in 1976,
Clotilde-1 (T.D. 2287 m) by Amoco in 1982 and Dockan – 1 (T.D. 2743 m) by Podco in 1989.
Although there were no significant discoveries, these wells proved the presence of potential
reservoirs and source rocks in the basins.

Geophysical surveys in the basins were continued periodically during this period with
detailed grid line spacing as small as 2 km and covered a large part of the offshore area.

Petroleum exploration was resumed in 1990’s by Arco Philippines who acquired 2D and 3D
seismic data and drilled four wells in the Sulu Sea Basin. Hippo- 1 well (TD 3940 m) was
drilled in 1998 and was followed by Wildebeest – 1 well (TD 3710 m) in 2000. Both wells
encountered only gas shows and minor oil shows in the thin Miocene sandstones. Rhino – 1
and Zebra – 1 wells drilled in 2004 by Arco targeted Mid- to Late Miocene shelf sands but
were later plugged and abandoned as dry holes.

The results of the drilling did not downgrade the potential of the basin with the entry of Tap
Oil, Mitra Energy, Ranhill Berhad and the interest shown by ExxonMobil. These companies
are presently acquiring 3D data to develop and mature prospect in the shelf and slope
portion of the basin.

2.1.2.2 Malaysia
Onshore concession over the eastern part of Dent Peninsula was evaluated by Shell and
prior to 1959, undertook fieldwork and acquired 94km of single fold seismic. This work
confirmed the presence of a thick sedimentary section in the area. Between 1959 and 1979
Shell only carried out further reconnaissance fieldwork.

Esso carried out a field survey over the Dent Peninsula and concluded that potential source
rock occurred in Oligo-Miocene mudstones of the Labang and Sebahat Formations, whilst
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the best potential reservoirs were Upper Miocene Sandstones of the basal Ganduman
Formation. Esso considered that the eastern tip of the Dent Peninsula was the most
prospective area for hydrocarbon exploration.

Aquitaine was awarded the large offshore OPL7 Concession in 1965, with an area of 6835
sq. km that covered most of Block SB305 and the northern part of Block SB306. Following
the acquisition of 2638 line km of airbone magnetics data, a seismic survey totaling 1,072
km was acquired in 1966. Although the data quality was very poor, several structural
features were identified including Nymphe and Benrinnes anticlinal trends. In 1967 to 1968
further seismic surveys were acquired before Aquitaine relinquished 50% of the area in 1969.
In 1970 three wells were drilled, namely Benrinnes-1, Gem Reef-1 and Magpie West-1.

A second drilling campaign started in 1972 with Manalunan-1 and Nymphe North-1.
Following further partial relinquishment in 1974, Aquitaine’s final exploration effort resulted in
the drilling of Nymphe South-1, Nymphe-1 and Pad-1 during 1975. They relinquished the
acreage completely in 1979.

In 1968 Sabah Teseiki Oil Company (STOC) carried out an airbone magnetic survey on
13,525 km over the Dent Peninsula, Darvel Bay, Semporna Peninsula and adjacent offshore
shelf. These data indicated a series of WSW-ENE trending basement highs and lows across
the Dent Peninsula that extended to offshore. Sedimentary thickness within some of the lows
was considered sufficient for potential hydrocarbon generation. In 1969 a seismic survey of
285 km off the southern coast of Dent Peninsula was supplemented in 1970 by a near-shore
survey of 110 km. In 1973, STOC drilled the Sebahat-1 well off the southern coast of Dent
Peninsula and the well was dry.

In 1990, Western Mining Corporation (WMC) acquired a very large concession covering
6,300 sq km of offshore and 7,370 sq km of offshore acreage around the Dent Peninsula. An
offshore seismic survey of 1,761 km was carried out in 1990 and the operator reprocessed
1,500 km of vintage (1968-1973) data. WMC subsequently acquired a further 1,104 km of
seismic data and in 1994 drilled two wells; Kuda Terbang-1 and Mutiara Hitam-1.

In 1993 Petronas acquired 400 km of 2D seismic data over the offshore Labuk Bay area and
in 1998 a large 2D survey of 1,476 km (35 lines) was carried out over the offshore area
surrounding the Dent Peninsula, within Darvel Bay and to the south of the Semporna
Peninsula.
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After signing of PSC’s on 24th February 2003 for Block SB305, Petronas Carigali Sdn. Bhd.
(PCSB) has o acquired 1,212 sq km of 3D seismic and they reprocessed 2,030 line km 2D
seismic data from 4 vintages. They are vintage SB6 (acquired in year 1990), K91 (acquired
in year 1991), SBP93 (acquired in year 1993) and ESB99 (acquired in year 1999). The main
objective of the reprocessing is to high quality 2D seismic and information for structural and
stratigraphic understanding of the area as North East and South East Sabah is considered
as a virgin territory. Using the latest 3D seismic data, two wells were drilled in year 2005,
which are Benrinnes NE-1 and Mutiara Hitam NE-1. Both wells were dry with minor gas
show.

In year 2004, 2D seismic data acquisition project was carried out by PETRONAS for Block
SB306, south of Dent Peninsula, offshore Eastern Sabah. The survey covered an area
extending approximately 90 kilometers west to east and 70 kilometers from north to south.
The survey consisted of 45 lines with average line length of 32.7 kilometers.
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Enclosure 1.1 Data Base Map
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2.2 Regional Geology
2.2.1 Tectonic and Basin Evolution
The Sulu Sea is a marginal oceanic basin located between the Palawan and Sulu arc. The
Eastern Sabah Basin is the western extension of the Sulu Sea (Fig. 2.2.1). The submerged
Cagayan arc divides the basin into NW and SE Sulu Seas. The Sulu Basin probably opened
in a back-arc position relative to the Cagayan volcanic arc in Early Miocene time during
active subduction of proto-South China Sea (Rangin and Silver 1991, Bellon and Rangin
1991). Thus, the Oligocene to Miocene subduction zone which formed the Sulu-Cagayan
arcs is inferred to lie along the northern margin of the Cagayan arc and must have
subsequently been obscured during collision of the Palawan continental block with Cagayan
arc (Fig. 2.2.1, Fig. 2.2.2 and Fig. 2.2.3).

Results of ODP scientific drilling (Nichols et al.1990) suggest that the southeast Sulu Sea
Basin was initiated in late Early Miocene time (19-20 Ma), by rifting of a pre-existing island
arc and ophiolitic terrain. The eastern Sabah to southeastern Sulu Sea region experienced
mainly NW-SE extension from Early to Mid-Miocene time, and is interpreted to extend into
onshore Sabah which possibly developed the Neogene Sabah Basin due to subsidence and
extension (Balaguru 2001 and Balaguru et. al.2003). From onshore Sabah into the SW Sulu
sub-basin, the western platform deepens rapidly into a set of sub-basins (the Balabac,
Bacauan and Sandakan sub-basins) filled with Mid-Upper Miocene to Recent sediments
(Rangin 1989). These basins are bounded by NE-trending normal faults, and the structural
regime is interpreted as a complex pull-apart system.

The Cagayan Ridge is thought to extend onshore westward into Sabah and eastward into
Panay (Fig. 2.2.3). The Cagayan Ridge has been interpreted as a north-facing island arc
south of the Palawan Trench related to the southeast subduction of the proto-South China
Sea (Holloway 1982), or as a remnant volcanic arc for the Sulu Arc related to the
northwestward subduction of the Celebes Sea (Mitchell et al. 1986, Rangin 1989). Both
models describe the Sulu Sea as a back arc basin. Hutchison (1992) interpreted the
Cagayan ridge as an actively rifting volcanic arc during the Early to early Mid-Miocene.

152

The partly emergent Sulu arc which extends from southeastern Sabah to Zamboanga in the
Philippines separates the Sulu and Celebes Seas. The centre of the Sulu arc is PlioPleistocene while the onland extension into Sabah and Negros has been suggested to be
Late Oligocene to Miocene in age (Rangin and Silver 1991, Hutchison 1989). The older
volcanic arcs and the accretionary wedge indicate SE-dipping subduction (Hall 1996, Hall
and Wilson 2000) (Fig. 2.2.2 and Fig. 2.2.3).

South

Sulu

SABA
Celebes

Fig. 2.2.1 Map Showing Location of Borneo/Sabah and the Surrounding Marginal Basins
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Fig. 2.2.2 Structural Lineaments of the NW Borneo Region

Fig. 2.2.3 Marine Satellite Gravity and Island Arc Trends in North Borneo Region
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The progressive basin evolution and sedimentation of the Sabah and Sulu Sea regions can
be illustrated as follows:

2.2.1.1 Mid-Eocene Sedimentation
The Eocene was a period of continued deposition of deep marine turbidites throughout
Sabah, Sarawak and NW Kalimantan regions. A widespread association of Late Cretaceous
to Eocene deep water mudstones and turbiditic sandstones of the Rajang Group can be
observed in the west and northeast parts of Sabah (Fig. 2.2.11). All are thought to have
been deposited in a large NE-SW trending Rajang and Crocker Basin, and all are highly
deformed with tight isoclinal folds and thrusts which probably extend to offshore eastern
Sabah. The strongly deformed turbiditic Rajang Group is interpreted as a part of an
accretionary prism (Hazebroek and Tan 1993, Hutchison 1996, 2000), related to
southeasterly subduction of the proto-South China Sea in the NW Borneo (Fig. 2.2.2 and Fig.
2. 2.3).

2.2.1.2 Late Eocene Uplift
An unconformity within the succession of Palaeogene turbidites between the Middle and
Upper Eocene is inferred by Rangin et al. (1990) on the evidence of reworking of
nannofossils and Hutchison (1996) also argues that the West Crocker Formation includes
detritus from uplifted and eroded Rajang Group rocks. Hutchison (1996) and Hutchison et al.
(2000) refer to this uplift as the ‘Sarawak Orogeny’, and suggest it was probably driven by
Luconia Continental Block collision along the northern Borneo margin at this time (Fig. 2.2.5
and Fig. 2.2.11). The unconformity is generally difficult to recognize in outcrop in Sabah
because of similarities in lithologies either side of it and the strong Neogene deformation
(Haile 1994, Rangin et al. 1990).

2.2.1.3 Oligocene to Early Miocene Sedimentation
The Miocene period practically signalled the infilling of most of the sedimentary basins of the
island arc system as Borneo continued its anticlockwise rotation. The uplift and erosion of
the Rajang Group accretionary complex provided a source of sediment for the Borneo trough
to the NW (Hutchison et al. 2000) and also to the Eastern Sabah-Sulu Sea where material
was deposited in a deep-water setting (Fig. 2.2.5). The Labang Formation, which is exposed
in southern Sabah, represents deposition of deep-water clastics in a forearc basin setting
from the Late Eocene through to the Late Oligocene. During the Oligocene there was

155

widespread regional subsidence across eastern and northeastern Kalimantan (Lentini and
Darman 1996) which has extended into Sabah.
The deformation of the Labang Formation turbidites and mudstones during and after
deposition can be considered as part of a continuum of disruption of the strata that includes
the broken formations and mélanges in Sabah. The mélanges are interpreted to have
formed by progressive deformation in the forearc region during subduction.

2.2.1.4 Early Miocene Deformation
The inclusion of Labang Formation sandstone and mudstone clasts in the Gomantong
Limestone demonstrates that uplift and deformation in southern and eastern Sabah had
started by the Early Miocene, between approximately 22 and 20 Ma (Balaguru et al. 2003)
(Fig. 2.2.6). The time period is variable and the Early Miocene was a period of progressive
tectonic deformation and widespread mélange development. It is therefore likely that
deformation continued for several million years, with the Gomantong limestone forming on
structural highs during relatively quiescent times in the Early Miocene.

In southern Sabah this unconformity can be identified in the field separating deformed and
lithified mélange unit of the Kuamut Formation from the less tectonised strata of the Tanjong
Formation (Balaguru 2001, 2003). The Early Miocene (22-20Ma) deformation is interpreted
to mark a major tectonic event, causing formation of the mélanges, major uplift and erosion
which produced the Base Miocene Unconformity (BMU). This tectonic event is related to
subduction and collision of the Dangerous Ground Continental Block to the NW Borneo and
referred as the ‘Sabah Orogeny’ (Hutchison 1996) (Fig. 2.2.11).

This was followed by a change in depositional environment from deep-water to a shallow
deltaic setting (Balaguru 2001, Balaguru et al. 2003, Van Hattam 2005). The associated
major uplift and erosion provided sediment supply to the deltaic to shallow marine Middle to
Upper Miocene successions. The cause of this uplift and consequent change in depositional
environment from deep to shallow marine has been related to changes occurring along the
northern margin of Borneo where the Dangerous Ground Continental Blocks collided and
being thrust beneath the accretionary complex.
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2.2.1.5 Late Early Miocene to Late Miocene Clastic Sedimentation
The end of the period of Early Miocene deformation is marked by the onset of Miocene
clastic deposition, the oldest dates for which are late Burdigalian (NN3/NN4, 19 Ma)
(Balaguru et. al. 2003). The widespread syn-rift sedimentation in the offshore seismic section
suggests that it was deposited during a period of relative extension and subsidence which
lasted through the Mid-Miocene (15.5 Ma). The Mid-Miocene subsidence in the Central
Sabah Basin is possibly related to coeval development of the Sulu Sea Basin in a back-arc
setting or regional thermal subsidence. During this time an uplifted and eroded stratum of the
Rajang and Kinabatangan Groups were deposited in a deltaic to shallow marine system
which prograded towards the east into the Sulu Sea area (Fig. 2.2.7).

Arc-continent collision in the northern Borneo between the Cagayan Arc and Palawan
Continental Block (Rangin 1991) caused another Mid-Miocene Unconformity (MMU, 15.5 Ma)
which has been referred to mark the Deep Regional Unconformity (DRU) in onshore and
offshore Sabah. This deformation had stopped the extension and caused inversion of the
early Mid-Miocene sediments and continued with post-rift sedimentation (Fig. 2.2.8). There
had been continued subsidence after this tectonic event which continued to deposit the thick
prograding post-rift sediments in Eastern Sabah-Sulu Sea Basin (Fig. 2.2.11). During the
Mid-Miocene, the entire Sulu Sea remained under deep marine conditions and received fine
clastics. The Sulu Sea Sub-basins accumulated quartzose sediments that originated from
Borneo and volcaniclastics from the mid-Sulu Sea volcanic ridge.

2.2.1.6 Late Miocene Deformation and Uplift
All the Miocene outliers in central Sabah were part of a single NE-SW trending shallow basin.
The present outcrop pattern of the Miocene strata is the product of regional compressional,
transpressional tectonics and inversion during the Late Miocene (8.6 Ma) onwards and
probably lasted until the latest Pliocene (5.2 Ma) (Balaguru 2001, Balaguru et al. 2003). The
wide spread regional unconformity during Late Miocene is known from onshore and offshore
data as the Shallow Regional Unconformity (SRU, 8.6 Ma) (Figures 9 and 11). In the Late
Miocene, deltaic deposition transitional to shallow marine clastics mainly receiving
sediments from Borneo were continuously deposited in the Sulu Sea Basin whereas deep
marine clastics were deposited in the Sulu Sea sub-basins.
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From Late Miocene to Pliocene, successive pulses of deformation resulting from
compressive, shear and extensional regimes defined the present configuration of the Sabah,
East Palawan Basin and the Sulu Sea Basin.

2.2.1.7 Pliocene – Pleistocene Sedimentation
The sedimentation pattern during the Latest Miocene time continued in the Early Pliocene
with progressive shallowing of the seas. From Pliocene to Pleistocene, regional uplift and
tilting exposed northern Borneo, Palawan and outlying islands. A short period of subsidence
and transgressive event led to the deposition of carbonates and minor shallow marine
clastics except in a few deep water areas in the Sulu Sea.

2.2.2 Structural Style and Framework
Sabah occupies a central position between three marginal basins the Sulu, Celebes and
South China Seas. The main tectonic elements of Sabah are a major fold-thrust belt trending
northeast in the west (NW Borneo Trend) and bending to the east and southeast towards the
north and eastern part (Sulu Trend) of Sabah (Fig. 2.2.2). This arcuate belt consists of a
deep-marine Eocene-Oligocene accretionary complex of the Crocker Formation (Tongkul
1990). The fold-thrust belt extends further west offshore along the northwestern continental
margin of Sabah and northeast into Palawan and the NW Sulu basin. These ridges are often
cut by several strike-slip faults trending NW-SE, NE-SW and N-S. These structures seem to
be reactivated and the NW-SE trends are older than the NE-SW trends. The pre-Neogene
units show dominant structures of WNW-ESE trending folds and faults, which follow the Sulu
Trend. Zones of NW-SE and NE-SW trending sinistral strike-slip faults cut across central
Sabah, bounding the Neogene sediment outliers into sub-circular shape (Balaguru 2003). In
the Eastern Sabah-Sulu Sea Basin, the NE-SW trending horsts and grabens are common
and these fault trends also have inversion and a wrench component (Wong 1993, Balaguru
2006).

The NE Sabah is dominated by older WNW-ESE Sulu trend and the younger NE-SW trend
which parallels the opening of the Sulu Sea. The WNW-ESE trend appears to have
reactivated in Pliocene, probably with strike-slip components displacing the Mid-Miocene
and older sediments.
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The Sabah Mélanges are composed predominantly of deep-water clastic sediments mixed
with ophiolite material (Clennell 1992) formed in the forearc setting of the Central Sabah
basin. Rangin et al. (1990b) suggest that a compressional regime may have existed in MidMiocene and earlier times as a result of northward thrusting of the Semporna volcanic arc.
Balaguru (2001) interpreted that a progressive compressional regime may better explain the
highly tectonised nature of the Paleogene formations which form part of the mélange and
broken formations of Sabah. Balaguru and Nichols (2004) have proposed that the mélange
formation are genetically related to progressive tectonic deformation in the fore-arc setting
and followed by back-arc rifting of the Sulu Sea in which the Neogene formations was
deposited.

The structural elements of the Eastern Sabah-Sulu Sea Basin can be divided into western,
eastern and southern structural provinces. The western structural province is highly
deformed compared with eastern province. The western province overlying inverted rift
basins is structurally complex with wrench related reverse faults and folds structures
overprinted by later phase of extensional faults. Various phases of deformation from the midMiddle Miocene to Pleistocene have affected this province. The Nymphe structure is a major
NW-SE trending wrench related flower structure which is associated with several obliquely
alinged NNE-SSW trending plunging folds and faults. The Benrinnes structure is another
NNE trending compressive wrench anticline. In cross section the Nymph and Benrinnes
structures show fault propagated fold style which possibly were reactivated by later stage of
normal faulting. Later stage of normal and growth faulting trending NW-SE and N-S are
dominating the eastern province of the area and are interpreted to form rollover anticlinal
and distal fold structures.

The Upper Miocene to Pliocene is a period of strong regional folding and transpressional
wrenching rejuvenated many existing faults and uplifted the area. Strong uplift and erosion
characterized by the missing section of the upper Sebahat Formation and the major regional
unconformity (Fig. 2.2.11). The faulted anticlinal structures were probably modified by cores
of mobile shale of the older Ayer Formation (mélange). During the Pleistocene continues
delta prograding and loading caused development of normal faults and rollover anticlinal
structures.

The southern structural province is relatively unstructured and marks the shelf edge of the
easterly prograding upper-Mid-Miocene sediments of the Sebahat Formation. The southern
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structural province is mainly characterized by NE-SW trending normal faults which form the
horst and graben structures. Three major structural features namely; Laparan Ridge, Dent
Graben and Sebahat Horst dominate the southeastern part of the Sulu Sea Basin. All have
east-northeast strikes parallel to the Sulu Ridge. The Laparan Ridge is a large uplift and
structural high of Early Miocene age with several cone-shaped culminations, in which some
are capped by reefal build-ups. The Dent Graben is a half-graben or fault-angle depression.
Its southeastern margin is faulted, while the northwestern margin is a moderate to steep
slope progressively onlapped by the sediment fill.

Sediments are extremely thick but

undeformed or faulted.

The Sebahat Horst is the faulted southeast margin of the Dent Graben. This fault zone has a
vertical displacement exceeding 4,000 m. It is a zone of near vertical step-faults that
probably grew from Early to Late Miocene. The faults also display reverse phenomena and
the overall fault zone may be considered as a strike-slip fault system. The surface of the
horst is tilted towards the southeast. Sediments overlying this surface are undeformed in the
north but deformed in the south.

The Sulu Sea Basin is divided by a series of northeast-trending ridges and intervening
troughs. They plunge moderately basinward and are not always fault-bounded or controlled.
It formed the Tertiary tectonic framework of Sulu Sea Basin and East Palawan Basin
(Balabac and Bancauan Sub-basins) (Fig. 2.2.1).

2.2.2.1 Balabac Sub-basin
Balabac Sub-basin is a narrow fault-bounded depocenter located east of Palawan Island that
broadens towards the northeast. The dominantly Late Miocene and younger age faults
became small and insignificant basinward. Older Early Miocene faults are indicated locally.

The northwestern border is a depositional margin with Miocene sediments onlapping the
proto-Palawan Island ridge, which has been high since Oligocene time. The southeastern
and southern margins are delineated by the Late Miocene-Pliocene faulting. Abrupt tilting
and uplift that occurred on these margins produced a major angular unconformity due to the
truncation of Miocene and older sediments. The overlying Pliocene-Pleistocene sediments
are relatively undeformed.
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The structural grain of features within the graben is also striking northeastward. The features
include several large anticlinal structures in which Mid-Miocene and younger sediments are
moderately draped over deeper highs. These highs were formed at the end of Early Miocene
time. They were rejuvenated to varying degrees in Late Miocene and Pliocene time.
Neogene and younger sediments are relatively undeformed in large parts of the Balabac
Sub-basin, apart from the marginal faulting and uplifts, and the few large paleo-structures.

A thick unit of Eocene-Oligocene Crocker sediments is interpreted to be present below the
Early Miocene unconformity. These sediments appear to be folded and faulted, possibly
thrusted. The structural configuration of the base of this unit, which would correspond to
basement, is markedly different from that of the Early Miocene unconformity.

2.2.2.2 Bancauan Sub-basin
This depocenter parallels the Balabac Sub-basin and both have the same depositional
history, structural development and dimensions although its seaward limit is likewise
unknown. Its northwestern edge is a combined depositional and erosional margin. After the
uplift in Late Miocene-Pliocene times, erosion occurred but was relatively minor. The
deposition, prior to erosion, progressed by onlap of the eastward tilting Banggi Ridge.

The southeastern and southern peripheries were terminated abruptly by uplift and erosional
truncation of the Keenapusan Ridge at the start of Late Miocene time. Deposition before the
uplift is believed to be more extensive to the east and south, as evident by the minimal
thinning of the thick Miocene section at existing margin. Structural trends in Bancauan Subbasin have different orientation from that of Balabac Sub-basin. Faults generally strikes
northwesterly to northerly and are noted to have Early Miocene age. The margin faults of
Balabac Sub-basin have northeasterly strikes and Late Miocene age. Majority of the faults
have normal displacements while others have reverse to overthrust displacements and nearvertical fault planes.

Anticlinal structures that tend to align with the faults have variable shape and orientation.
They are formed during the Early Miocene orogeny and also affected by the latest tectonism.
Pre-Neogene sediments are assumed to be relatively thin and appear to be highly folded
and faulted. No deep reflector is observed suggesting the Mesozoic basement is close to
the top of Early Miocene seismic horizon.
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2.2.2.3 Keenapusan Ridge
It is the most well known structural ridge in the Sulu Sea region, projecting northeastward
across Cagayan de Sulu Island and merging with the Mid-Sulu Sea Ridge. The northwestern
border is marked by the abrupt uplift and truncation of the Miocene section in the Bancauan
Sub-basin. Faulting has minimal effect on this margin. The onlapping Mid-Miocene
sediments are suggestive of the end of Early Miocene growth of the margin.

The surface of the ridge was tilted to the southeast and onlapped by the Mid-Miocene and
younger sediments, hence, its southeastern limit is less defined. Ensuing faulting and uplift
occurred in Late Miocene-Pliocene time delineated the present margin. This ridge is
essentially a tilted basement high covered with Crocker Formation sediments, and is locally
intruded. The feature remained high since Early Miocene time, and is blanketed by a thin
layer of Pliocene-Pleistocene rocks.

2.2.2.4 Sandakan Sub-basin
Sandakan Sub-basin is a broad depression that extends more than 200 km from the
Kenapusan Ridge in the northwest to Sulu Ridge in the southeast.

It underlies the

Malaysian portion of the Sulu Sea and a narrow strip of northeast Sabah to the southwest.
Its northeast border is an outer ridge trending approximately NW-SE that can be considered
as the subduction complex or accreted wedge associated with the westerly extension of the
inactive Sulu Trench. The northwestern margin is represented by the faulted and eroded
margin of the Kenapusan Ridge, while the southeastern boundary is considered as the
northeast-trending Sulu Ridge.

The Sandakan Sub-basin was formed during the Early Miocene in a back-arc setting behind
the NE-SW trending subduction system, which formed in advance of the SE-drifting North
Palawan block. Subduction along this zone was terminated in the Late Miocene when the
Island of Palawan reached the subduction zone. The back-arc basin attained its maximum
extent in the Late Miocene. All the major deltas surrounding Borneo receive their sediments
from a series of river systems originating in the Crocker ranges, which were uplifted during a
phase of Early Miocene compression. The ancestral Kinabatangan River transported
sediment to the NE and by the Late Miocene, a delta system was building out into the Sulu
Sea.
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2.2.3 Stratigraphy and Sedimentary Sequence
The central Sabah is underlain by Paleogene to early Neogene sediments formed in a deep
to shallow water marine basin. These sediments are unconformably overlain by Neogene
sediments which are mostly shallow marine to fluvio-deltaic Onshore Sabah, five distinct
tectono-stratigraphic provinces can be recognized. Fig. 2.2.10 shows a simplified geological
map of Sabah (Lim 1985, Balaguru 2001). Fig. 2.2.11 shows the new stratigraphic column of
the Eastern Sabah and the equivalent of Sulu Sea region (Balaguru 2006).

The ophiolite complex is considered to form the basement to the sedimentary succession of
Sabah. The basement rocks of Sabah comprise an Ophiolite Complex and outcrops are
distributed throughout eastern Sabah. The Ophiolite Complex consists of crystalline
metamorphic and igneous complex, ultramafic rocks (peridotites and serpentinites) and the
Chert-Spilite Formation (pillow basalt, banded chert and turbiditic sandstone). It has been
interpreted as a segment of ocean floor, either of a proto-South China Sea or of the Celebes
Sea. They are also thought to be the ophiolitic basement rocks of Sabah.

The Rajang-Crocker accretionary prism, an arcuate belt consisting of deformed deep-marine,
Eocene-Oligocene sediments. Rajang Group is interpreted to be an older accretionary prism
of Eocene age. They are mildly metamorphosed in places and comprise an assemblage of
deep-marine clastic sediments of great thickness of rhythmic alternation of sandstones and
shales, which lie unconformably on the basement rock and associated deep marine
sediments (Figure 11). The Kinabatangan Group is overlying the Rajang Group is consists of
the highly deformed deep-water clastics of Late Eocene to Oligocene age.

The Kuamut Formation includes strongly tectonised and chaotically deformed rocks that
appear as broken formations or mélanges which show characteristics of tectonic,
sedimentary and diapiric origin and are thought to have formed in a series of related events
in the Early to Mid-Miocene.

Neogene sedimentary rocks, which are mostly shallow marine to fluvio-deltaic facies
deformed into sub-circular to elliptical-shaped outliers and fault bounded are structurally
controlled synclines and interpreted as remnants of a single large proto-basin deformed in
NW-SE trending transpressional fault zones (Balaguru et. al. (2003).
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The Semporna-Sulu Arc, a region andesitic to dacitic volcanic activity of Miocene to
Quaternary age in the Dent and Semporna peninsulas. This volcanic arc is projecting
northeastward from the eastern coast of Sabah to Tawi-tawi, Jolo and Basilan Islands. The
islands of Basilan and Jolo are composed of Pliocene-Pleistocene basalt flows and
pyroclastics while Tawi-tawi contains crystalline basement rocks of pre-Tertiary age.

Various stratigraphic schemes have been devised for lithologic units in the Sandakan Subbasin. However, difficulty remains in assigning lithological units to these schemes due to
lateral variation of units and poor biostratigraphic control. Major unconformities with varying
amounts of missing section, reworking and generally non age dignostic foraminiferal content
of the sediments are present in the Sandakan Sub-basin. The biostratigraphic analysis
results for some of the wells do not support the seismic correlations, for example the
presence of palynological zone F. levipoli (Late Early Miocene) at the higher level of the
seismic horizons in several wells were encountered. However, the stratigraphy of the
Sandakan Basin is based on detail sequence boundary mapping of the Miocene-Pliocene
sediments, using seismic data tied to well data, seismic facies analysis, systems tract
identification from well logs and some reliable biostratigraphic data (Fig. 2.2.11).

Rifting of the Sulu Sea from the late Early Miocene to mid-Middle Miocene (19.0-15.5 Ma)
deposited a thick syn-rift sediment of the Tanjong or Segama Group equivalent in a shallow
marine to costal plain environment. During the mid-Middle Miocene, arc-continent collision in
the north caused uplift and erosion which formed the Deep Regional Unconformity (DRU15.5Ma). Following this, increase sediment supply indicated by very high progradation and
moderate aggradation of the post-rift delta system which kept phase with local subsidence of
the area. Initial stage of high aggradation and later higher progradation have deposited the
thick Sebahat Formation equivalent.
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Fig. 2.2.4 Magnetic Map of the Sandakan Sub-basin

The ongoing subduction of the proto- South
China Sea created the accretionary wedge
(mostly deep marine turbidite deposition) and
development of forearc basin and the related arc
to the SSE.

Fig. 2.2.5 Approximate Palaeogeographic Reconstruction of the Central Sabah Basin from
Oligocene to Early Miocene (Balaguru 2001, Balaguru et al. 2003)
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SABAH OROGENY :
South China Sea microcontinent collision with Palawan
arc & North Borneo. Mostly deep marine sediments
highly deformed into mélange and broken formation.

Fig. 2.2.6 Approximate Palaeogeographic Reconstruction of the Central Sabah Basin during
the Early Miocene (Balaguru 2001, Balaguru et al. 2003)

Opening of the Sulu Sea
(19-15.5 Ma) Synrift sedimentation.
Sulu Sea back-arc basin development (mostly axial
fluviodeltaic to shallow marine sedimentation and
deep marine in NE and E)

Fig. 2.2.7 Approximate Palaeogeographic Reconstruction of the Central Sabah Basin during
the late Early Miocene to Mid-Miocene (Balaguru 2001, Balaguru et al. 2003).
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Post-rift Sedimentation
Arc-continent collision and ceasation of Sulu
Sea spreading. Continued with mostly axial
prograding fluvio-deltaic sedimentation and
shallow marine to NE.

Fig. 2.2.8 Approximate Palaeogeographic Reconstruction of the Central Sabah Basin during
the Mid-Miocene (Balaguru 2001, Balaguru et al. 2003)

MELIAU OROGENY
Transpression in NE Kalimantan, inversion and wrench in
North Borneo (mostly paralic sedimentation).

Fig. 2.2.9 Approximate Palaeogeographic Reconstruction of the Eastern Sabah Basin during
the Late Miocene Pliocene (Balaguru 2001, Balaguru et al. 2003).
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Fig. 2.2.10 Shows the Geological Map of Sabah and the Late Pliocene to Recent
Transpressional Strike-slip Movements in the Sabah Region (Balaguru 2001)

During the Late Miocene major folding, uplift and associated faulting occurred which can be
referred to the Shallow Regional Unconformity (SRU-8.6Ma). This was followed by strong
transpressional wrenching which rejuvenated many existing faults and created anticlinal
flower structures. The uplift being greatest to the west, resulted in stripping off the upper
section of the Sebahat Formation equivalent at the structural highs. Following this the
deposition of the Ganduman Formation occurred and continued by transgressive sequence
of the Togopi Formation. Significant structuration interpreted in the Sulu Sea-Eastern Sabah
basin area indicates the presence of several phases of tectonic event.
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2.3 Seismic Interpretation and Well Correlations
2.3.1 Background
The collaboration between the two countries includes the setting up of a seismic and well
database. Both countries, Malaysia and Philippines agreed to interpret four horizons using
all available seismic data in their respective areas. Once the interpretation work is completed,
the time grids of each mapped horizons were merged together and converted into depth
domain using key wells in the vicinity. In order to establish a meaningful regional cross
section representing the whole Sulu Basin, 10 seismic lines were exchanged and interpreted
to give a reasonable geoseismic section of the whole basin.

In the attempt to further understand the regional geological architecture of the Sulu Basin, a
well correlation panel composing of 6 wells from both areas was put together. Combination
of both seismic and well analysis lead to the construction of two paleofacies maps of the
Mid-Miocene and the Late Miocene packages and three geoseismic sections to represent
the whole basin.

2.3.2 Regional Seismic Section
Regional seismic correlation and interpretation was carried out by using 2D seismic lines on
two dip lines and one strike line (Fig. 2.3.1). The basin is filled by mainly Mio-Pliocene age
fluvio-deltaic sedimentary rocks. In order to integrate the geological and seismic data a
seismic sequence stratigraphic study of the Sandakan Basin was conducted and the
resulted horizons are extrapolated to the eastern part of the Sulu Basin. The stratigraphic
horizons of the Sandakan Basin is based on detail sequence boundary mapping of the
Miocene-Pliocene sediments, using seismic data tied to well data, seismic facies analysis,
systems tract identification from well logs and some reliable biostratigraphic data.
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N

A’
C

B’
A

C’
B
Fig. 2.3.1 The Locations of Regional Cross-sections (Dip Lines and Strike Lines) together
with Wells used for the Well Correlations

Four principal horizons were correlated and mapped over the study area (Fig. 2.3.2). These
consist of Seabed (Light Blue) and three major regional unconformities - Top Miocene
Unconformity (5.5Ma, Green), Late Miocene Unconformity (8.6Ma, Yellow), Mid-Miocene
Unconformity (15.5Ma, Orange) and Economic Basement (20.5 Ma, Purple).
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Fig. 2.3.2 Part of a Cross-section through One of the Dip Lines (BB’) showing Mapped Unconformities

Economic
Basement (20.5Ma)

Middle Miocene
Unconformity (15.5Ma)

Late Miocene
Unconformity (8.6Ma)

Seabed

2.3.2.1 Seabed
The Seabed seismic signature is denoted by a step up or an increase in acoustic impedance.
However at places where shallow reef presence, the seismic signal at the seabed is
enhanced because of contrast between the sea water and the underlying carbonate. In
general the amplitude and reflection continuity are poor and low respectively.

2.3.2.2 Top Pliocene (5.5Ma)
The Top Pliocene Unconformity is downlapped by low amplitude, low frequency package.
On the shelf, erosional truncation can be observed below the horizon. Oblique seismic
packages can be seen in some lines. Pliocene section is thin over northeast, possibly due to
sediment bypass over a steep slope.

2.3.2.3 Late Miocene (8.6Ma)
The Late Miocene Unconformity horizon is fairly correlatable in most seismic profiles. It is
relatively easy to identify on seismic as the surface truncated the underlying formations with
angular unconformity. This is the Shallow Regional Unconformity (SRU) in the Sandakan
Sub-Basin. This horizon shows medium amplitude and low continuity on the top of the
structure. The high amplitude reflections are interpreted as interbedded sandstones with
shales or siltstones. The internal seismic character of top-lap structure known as angular
unconformity can be identified.

This horizon is also interpreted as Top Sebahat Formation where locally is deposited in the
Upper to Lower Shoreface environment. In the Benrinnes and Nymphe structures the area is
highly inverted, uplifted and eroded, and the 8.6 Ma horizon cuts deep into the older sections
(Fig. 2.3.2).

2.3.2.4 Mid-Miocene (15.5Ma)
This horizon is interpreted as a regional unconformity and represents a clear sequence
boundary between the syn-rift and post-rift sections in the seismic. Regionally the seismic
section shows that the Eastern Sabah-Sulu Basin is an inverted rift basin. Seismic
interpretation between the Nymphe-1 and Benrinnes-1 wells shows that below this horizon
the sediments are mainly deposited in grabens or half grabens, which were inverted during
the younger deformation stages. The Mid-Miocene Unconformity is mapped fairly well in the
shelf areas where well control (409-1, Sentry Bank and Sulu Sea A-1) provides a good
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constrain. The Mid-Miocene in the slope and basin areas is picked on the basis of the
seismic character as no wells have reached the Mid-Miocene section. The horizon is less
confidently mapped towards the tight, high relief faulted structures in the northeast part of
the study area.

2.3.2.5 Economic Basement (20.5Ma)
The deepest horizon mapped in the study area is Basement 20.5 Ma, which is regarded as
economic basement. It represents the older highly deformed sedimentary section in the
area and includes oldest section encountered in well 409-1 which is Early Miocene age. It is
quite difficult to ascertain the horizon especially where the seismic quality is poor and the
depth varies throughout the basin. The horizon is generally characterized by high amplitude,
discontinuous to chaotic reflectors. High amplitude low frequency reflectors can still be
observed in a few lines. Highly deformed chaotic and mélange deposits of the Oligocene to
Early Miocene age sediments are unconformably underlie this horizon.

2.3.2.6 SW-NE Seismic Interpretation (Dip Section)
The regional seismic section correlation across the Malaysian and the Philippine areas (AA’
–Fig. 2.3.2 & BB’-Fig. 2.3.3) show relatively higher structural uplift and inversion on western
(Malaysian) side compare to the eastern side. (Enclosure 3.1 and Enclosure 3.2 show the
full section of AA’ and BB’). The western part is dominated by complex folding and faulting
which most probably related to strike-slip faulting and uplift during the Late Miocene. They
are often near vertical and show variable types of movement along their traces, ranging from
simple normal to reverse and overthrust displacements. They are trending NNW-SSE and
are located in the vicinity of the Kenapusan Ridge.
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Fig. 2.3.3 A section through AA’ (Philippines side)
To the east, normal faulting, growth faults and counter regional normal faults are dominant in
the shelf to slope areas. The dominant type consists of the numerous, long, northwest to
southeast trending, down-to-the-basin faults that cross the entire central portion of the subbasin. They appear to be listric in character but their development stage is limited to the Late
Miocene and Pliocene. Tilted fault blocks produced by the listric faults dominate the central
area. They are associated with a very thick wedge of partially deltaic deposits and overlie a
probable fine-grained unit that is possibly overpressured.

A toe-thrust compressional fold is concentrated towards the deepwater of the seismic
section (Fig. 2.3.3). These growth faults indicate syntectonic deformation. Another set of
faults largely masked by the younger listric and strike-slip faults consist of the poorly defined
Early Miocene faults. Deep-seated structures bounded by the Early Miocene faults are also
observed.

2.3.2.7 NW-SE Seismic Interpretation (Strike Section)
This seismic section (C-C’-Fig. 2.3.4) shows three major structural features namely the
Laparan Ridge, Dent Graben and Sebahat Horst, which dominate the southeastern part of
the Sulu Sea Basin (Enclosure 3.3). All these structures are trending east-northeast parallel
to the Sulu Ridge. The Laparan Ridge is a large uplift of Early Miocene age with several
cone-shaped culminations, in which some appear to be capped by reefal build-ups. Further
uplift occurred in the Late Miocene-Pliocene. Dent Graben is a large half-graben or fault-
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angle depression. Its southeastern margin is faulted, while the northwestern margin is a
moderate to steep slope progressively onlapped by the Dent Graben fill. Sediments are
extremely thick and least deformed or faulted.

The Sebahat Horst is the faulted southeast margin of the Dent Graben. This fault zone has a
vertical displacement exceeding 4,000 m. It is a zone of near vertical steep-faults that
probably grew from Early to Late Miocene. The faults also display reverse or overthrust
phenomena and the overall fault zone may be considered as a strike-slip fault system. The
surface of the horst is tilted towards the southeast. Sediments overlying this surface are
least deformed. It is probably composed of deformed Late Oligocene sediments. The
remainder of the Sulu Sea Basin is also divided by a series of northeast-trending ridges and
intervening troughs. They plunge moderately basinward and are not always fault-bounded or
controlled. However from the gravity data these structures are likely associated with
basement highs and some features are interpreted as paleo-highs formed during the Early
Miocene or possible older tectonic deformations.
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Fig. 2.3.4 Southern Portion of Strike Line (CC’)

2.3.3 Time Structure Maps & Depth Structure Maps
A total of 4 horizons continuously observed throughout the whole study area were
interpreted and mapped. Those horizons are:
a. Seabed
b. Early Miocene Unconformity
c. Mid-Miocene Unconformity
d. Basement
After merging the time structure maps, depth conversions were applied to the time maps to
produce the depth structure maps shown as Enclosures 3.4 to 3.7.

Across the Malaysian border, the bathymetry increases in depth towards the Philippines
waters up to a maximum of 3,000m to the northeastern portion of the basin (Enclosure 3.4).
From the Basement time up to Recent, the basin center remained relatively stagnant in its
current position. Structuration during the Mid-Miocene due to the opening of the Sulu Sea
Basin gave rise to smaller pockets of sub-basins trending SW to NE towards the basin
center (Enclosure 3.6 & 3.7). Concentrated in the north of the Dent Peninsular, these subbasins are usually fault related and are the main area for oil & gas prospecting in the Sulu
Sea Basin. The sub-basin’s prospect was further enhanced by the anticlinal features
(Enclosure 3.5) that emerged during the Late Miocene regional folding and inversion stage.

2.3.4 Isopach Maps
From the 4 depth maps created, 3 isopach maps were calculated to understand the basin
filling history. From the 3 isopach maps (Enclosures 3.8 to 3.10), generally the sedimentary
cover thickens towards the basin center. Sediment fill is concentrated in between the
structurally controlled highs in the shelfal part of the Sulu Sea Basin. This is again where the
main exploration activities are concentrated in this region. From the Mid-Miocene to Late
Miocene, sedimentary cover ranges from 1,000m to 7,000m in these shelfal areas. Although
main exploration interest is more on the highs (carbonates and anticlines), potential
stratigraphic plays still lies within the sub-basins. Play analysis and basin modeling work will
be further discussed on the following chapters.

2.3.5 Well Correlation
A well to well correlation tying wells from the shelfal areas of the Malaysian side to the
deeper water successions of the Philippine side was constructed using 6 wells namely
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Nymphe-1, Benrinnes-1, Mutiara Hitam-1, 409-1 Sulu Sea, Hippo-1 and Wildeebeast-1.
Various stratigraphic schemes have been devised for lithologic units in the Sandakan Subbasin. However, difficulty remains in assigning lithological units to these schemes due to
lateral variation of units and poor biostratigraphic control. Major unconformities with varying
amounts of missing section, reworking and generally non age dignostic foraminiferal content
of the sediments are present in the Nymphe-1, Benrinnes-1, Mutiara Hitam-1 wells of the
Sandakan Sub-basin. The biostratigraphic analysis results of these wells do not support the
seismic correlations, for example the presence of palynological zone F. levipoli (late Early
Miocene) at the higher level of the seismic horizons in wells Nymphe-1 and Bennrines-1.
However, the well correlation of the Sandakan Basin is based on detail seismic sequence
boundary mapping of the Miocene-Pliocene sediments, using seismic data tied to well data,
seismic facies analysis, systems tract identification from well logs and some reliable
biostratigraphic data (Fig. 2.3.5).
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Fig. 2.3.5 Schematic Cross-section through the Malaysian Wells
In this study the three markers used for well correlation are the 5.5 Ma (Base Pliocene), 8.6
Ma (Late Miocene) and 15.5 Ma (Middle Miocene). None of the wells drilled so far have
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penetrated the 20.5 Ma (Economic Basement). Enclosure 3.11 shows the result of the well
correlation.

The top Ganduman horizon or the base of Togopi Formation is marked by incised channel
valleys in seismic sections and correspond to 5.2 Ma marker.

The top Sebahat horizon is marked by regional erosional unconformity which represent the
base of the Ganduman Formation. The major top unconformity is correlated to 8.6 Ma (Late
Miocene) marker. This correlation is supported by biostratigraphic age indicated by presence
of S. Papuanus for the sediments above the unconformity, and also matched the very high
progradational sequences nature during Mid-Miocene on the global onlap chart of Haq et al
(1987). This biostratigraphic dating is consistent at Nymphe well and can be well correlated
in seismic.

The base Sebahat sequence boundary horizon possibly represents the 15.5 Ma major
angular unconformity and probably tectonically enhanced sequence boundary, which can be
correlated on seismic to wells Nymph and Benrinnes. Biostratigraphic dating indicates an
early Mid-Miocene age based on predominant palynozone age range indicated by presence
of F. meridonalis (mid lower-upper) and foraminifera zone of N9 or younger age. At Nymph
and Benrinnes wells, lateral correlation indicate that the base Sebahat appear at shallower
level and part of the upper Sebahat Formation been eroded. The correlation of the Nymphe
and Benrinnes wells show that the Sebahat Formation sections are mainly represented by
Upper to Lower Shoreface sediments. Towards east at the Mutiara Hitam well the section is
equivalent to the distal slope and outer shelf environment. The depositional style shows
progradation towards eastern and southeastern part of the area.

The Segama Group has been identified below the 15.5 Ma unconformity at wells Nymphe
and Benrinnes. A thick coherent sequence appears at these wells but laterally this sequence
were deformed and inverted. Biostratigraphic dating indicates early Mid-Miocene age based
on palynozone age indicated by presence of lower F. meridonalis and F. levipoli.

2.3.6 Paleo-Facies Maps
Paleofacies maps were generated between the two main objective levels in the Sulu Basin,
the Late Miocene to Mid-Miocene sequence (Enclosure 3.12) and the deeper Mid-Miocene
to Basement sequence (Enclosure 3.13). The trend of sediment transport is mainly towards
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the basin center to the northeast with the paleo-shelf migrating perpendicular to the
sediment transport direction. Horst blocks in between the sub-basins was the ideal setting
for carbonate development while the mini-basins, received sediment influx as turbidites
deposits. Turbidite fans migrated further out towards the northeast as the shelf migrated. On
seismic, continuous high amplitude events that is sometimes mounded or chanellised are
interpreted as representing a turbidite sequence. This development can be seen in both
sequences but more pronounced in the Mid-Miocene to basement sequence. Exposed
basement highs in the Mid-Miocene were eventually covered by later Late Miocene
packages.
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Enclosure 3.1 Dip Line AA’
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Enclosure 3.2 Dip Line BB’
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Enclosure 3.3 Strike Line CC’

Enclosure 3.4 Depth Structure Map of Seabed
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Enclosure 3.5 Depth Structure Map of Late Miocene
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Enclosure 3.6 Depth Structure Map of Mid-Miocene
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Enclosure 3.7 Depth Structure Map of Basement
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Enclosure 3.8 Seabed to Late Miocene Isopach Map
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Enclosure 3.9 Late Miocene to Mid-Miocene Isopach Map
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Enclosure 3.10 Middle Miocene to Basement Isopach Map
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Enclosure 3.11 Well correlation

Enclosure 3.12 Late Miocene to Mid-Miocene Paleo Facies Map
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Enclosure 3.13 Mid-Miocene to Basement Paleo Facies Map
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2.4 Basin Modeling & Petroleum System Analysis
2.4.1 Introduction
Several studies on basin modeling and petroleum system of Eastern Sabah-Sulu Sea Basin
have been carried out by both countries in the past. In this study, compilation of the geology,
seismic, laboratories and well data sets were prepared for the project under the agreement
of both sides. Basin modeling results may vary in different parts of the basins. The main
focus of this chapter is on the works done on the Malaysian side with input on modeling
results and petroleum system analysis from the Philippines.

The Eastern Sabah-Sulu Sea Basin which comprises predominantly of Neogene
sedimentary sequences reflects complex tectonic history of the region. The basins have
been the target of many hydrocarbon exploration activities. Numerous seismic acquisition
programs and exploration wells drilling have been carried out with some varying degree of
success. At least three sub-commercial hydrocarbon pools were discovered during this
exploration phase on the Malaysian side. The presence of these hydrocarbon accumulations
and several shows through much of the drilled sedimentary section demonstrate that the
Eastern Sabah Basin is part of an active petroleum system. However, the complex
geological setting has up to now precluded proper evaluation of any hydrocarbon upside
potential in the area. The collaboration between Malaysia and Philippines makes regional
interpretation and review of the adjoining basins possible.

The database that was used for the present interpretation and review comprised more than
7,000 line km of 2D seismic data on Malaysian side. Eleven wells were used in this study,
combined with various reports and publications. Vitrinite reflectance data from the wells were
used as a basis of calibration in basin modeling. Details of the uncorrected VR data can be
viewed by referring to Enclosure 4.1. The bulk of the vitrinite reflectance (VRo) data was
obtained from PETRONAS Research and Scientific Services work conducted in February
2005.

Measured porosity and temperature data was obtained from the individual wells as input into
the model for calibration (Enclosure 4.2 and 4.3).

196

2.4.2 Source Rocks and Heat Flow
2.4.2.1 Source Rock Model
Hydrocarbon types in the Eastern Sabah Basin are found to be diverse, ranging from light oil
to condensates and gas. The hydrocarbon source in this area is believed to consist of
dispersed organic matters ranging in age from Early Miocene to Late Miocene. Similar
characteristics were observed in Mahakam Delta and Baram Delta. Hence the source rock
model from the Mahakam Delta (Fig. 2.4.1) is used as the analogy.

There was no direct correlation between the encountered source rock and the type of
hydrocarbon discovered in East Sabah Basin; attributed to the lack of biomarker data for the
source rock. Previous works done extensively in the area has reported that the oils in the
area were of non-marine, paraffinic in nature (characteristics of source rock Type II and Type
II/III organic matter) as products of organic matter deposited in a slightly oxidizing deltaic
environment while the gases are associated with oil generation. The environment of
deposition is believed to be within the coastal plain and lower coastal plain. Kinetics of
Pepper & Corvi (1995) found to be most suitable for source rock modeling in this area. Type
D/E organofacies (Table 2.4.1) were defined as the probable source rock type in this area
due to the depositional setting and tectonic activity during the time.

Fig. 2.4.1 Source Rock Model Using Mahakam Delta as Analogue (Peters et al 2000)
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INDEX TO SOURCE ROCK TYPES
SOURCE ROCK TYPE

TYPICAL HI
VALUE
600

A

MARINE-CLASTIC
(LEAN)

B

MARINE-CLASTIC
(RICH)

550

C

LACUSTRINE

800

D/E

DELTAIC, PARALIC,
LOWER DELTA PLAIN
UPPER DELTA
PLAIN/SWAMP
BIOGENIC

300

F
G

150
-

TYPICAL HC
PRODUCT
MAJOR OIL &
MINOR GAS
SOURCE
MAJOR OIL &
MINOR GAS
SOURCE
PROLIFIC OIL
SOURCE &
VERY MINOR
GAS SOURCE
MODEST OIL &
GAS SOURCE
POOR GAS
SOURCE
DRY SHALLOW
GAS SOURCE

Table 2.4.1 Pepper & Corvi (1995) Classification of Organofacies

The TOC values from wells in East Sabah Basin are mostly less than 1% at present day with
some values of 1 to 3% can be seen in a few wells. TOC values average around 5%, with
the HI value ranging from 50-150 mgHC/gTOC (100 mgHC/gTOC on average and 250
mgHC/gTOC at the extreme end). Some intervals within the wells displays TOC values up to
10% and they represent coals which are believe to be the active source rock facies as has
been demonstrated in Mahakam Delta. Based on previous studies, the main source rock
interval in this area was identified from the Sebahat Formation (Mid-Late Miocene). Tungku
and Libung Formations of the Segama Group (Early-Middle Miocene) are also having the
probable source rock bearing intervals.

Source rocks of the Eastern Sabah Basin are mostly coals and organic rich shales
associated with fluvio-deltaic and paralic depositional environments. Although they are gas
prone, they do have some oil generative potential which helps to partially explain the
occurrences of a mixture of hydrocarbons. The quality of the coals and shales may vary
greatly depending on their stratigraphic position. In this aspect, seismic sequence
stratigraphic interpretation will help in determining the relative richness of the source rock.
The upper delta-plain environments preserved peats tend to retain high proportion of humic
acid gels and thus more likely to form vitrinite- rich lignites during burial. These will become
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more gas-prone source rocks. In wave and tidal dominated deltas, liptinite-enriched
allocthonous peat and carbonaceous shales in estuarine or shallow marine environments
along the lower delta plain possibly exist. For equatorial deltas, we can expect the coals to
be more gas-prone and predominantly in the upper delta plain; while oil-prone detrital coals
are more abundant along delta margins and estuarines.

2.4.2.2 Heatflow Model
Using the global heatflow database and the published database of Royal Holloway SE Asia
Research Group (Hall 2002, Fig. 2.4.2), an estimation of the present day heatflow in the area
was determined. A working model for the basin was constructed by integrating the heatflow
values from the database, values from vitrinite reflectance and bottom hole temperatures.
Further calibration of the ages with biostratigraphy data and regional understanding of the
major tectonic elements yield a model that reflects the local geology.

The regional free air gravity map (Fig. 2.4.3) displays some relationship with the present day
tectonic regime. Thus, associated present day heatflows from the model are considered
reliable. In order to constraint the heatflow model to reflect the tectonic history of the basin, a
time constraint at 22.0 Ma was introduced at which followed the major local tectonic event as
indicated by the Early Miocene Unconformity to maintain the model’s integrity in the local
context. This is in part done to analog the heatflow from the unique tectonic elements within
the basin itself.

The modified model was tested and calibrated with temperature, maturity and porosity data
from the nine calibration wells to test the model and correct it for usage in the subsequent
modeling works carried out. The final product is the heatflow model (Fig. 2.4.4) as shown
which denotes all local significant tectonic events. The model heatflow shows conformation
to the temperature data recorded in all wells within the basin and this signified that heatflow
across the basin is consistent through time. Therefore, heatflow for the area is believe to
show huge differences in temporal terms but shows very little variation spatially. In the East
Sabah Basin, heatflow values have been reported to be between 35 mW/m2 to 64 mW/m2.
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Fig. 2.4.2 South East Asia Heatflow Map (Hall 2002)

Fig. 2.4.3 East Borneo Free Air Gravity Map (Watts et al, 1978)

200

1

H e a t F lo w (m W /m ^ 2 )

140.00
120.00
100.00

4

80.00
2

60.00
40.00

3

20.00
0.00
22.00

20.00

16.80

13.80

8.20

0.00

Age (Ma)
1

Early Miocene – Intra Early Miocene (preDRU/BMU)

2

Intra Early Miocene – Middle Miocene (DRU/MMU)

3

Middle Miocene – Late Miocene (SRU)

4

Late Miocene – Recent

Fig. 2.4.4 Final Heatflow Model Used for Basin Modelling

2.4.3 Reservoir
The overall proportion of potential reservoir sandstones is relatively high, as large amounts
of sand have been fed into the system, mainly as a result of uplift of the hinterland. The main
reservoir sequence within the basin is believed to be the Mid-Miocene to Late Miocene
Sequence (Sebahat Formation). However, Nymphe-1 well that penetrated the Early Miocene
to Mid-Miocene sequence (Segama Group syn-rift section) also reported to have good
porosity values at deeper depths. These units mainly contain thick and widespread deltaic to
shoreface sediments.

The Sebahat Formation which is a post-rift sequence shows better reservoir quality in
proximal areas due to better quality sand development and shallower burial. Although
reservoir quality does not reduce significantly as we move into distal areas, caution should
be exercised in defining the reservoir quality. It has been shown that reworked reservoir
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materials will have an adverse impact on the reservoir quality. In general the upper
shoreface sands will generally have better reservoir qualities than the lower shoreface sands
and they tend to retain porosity between 15-25%. The deep water reservoirs will also be
likely other play types that can be found. Pinnacles buildups as well as platform type
carbonates can also be expected. The turbidite facies in this area have not been fully
evaluated but recent study shows that they might have considerable potential. Generally, the
type of reservoirs within the syn-rift and post-rift sections are not well defined due to poor
seismic quality in this area.

2.4.4 Seal
The seal in Eastern Sabah-Sulu Sea Basin is considered one of the highest risks elements
in the petroleum system. Based on well data and seismic sequence stratigraphy, it is
believed that the main seal in the area is the transgressive shale that was deposited during
the maximum flooding event. This transgressive shale provides a good regional seal in the
area as it covers all of the carbonates buildups during Mid-Miocene and the turbidites
system.

Intra-formational seals within the Mid-Miocene to Late Miocene sequence can also be
expected as proven by the wells that targeted the deltaic play. Individual reservoirs might
have limited column height but they often form multiple stack reservoirs within the same
prospect. This encourages the accumulation of hydrocarbon in a significant quantity. In
areas within the extension of the regional transgressive shale, the existence of
intraformational seals tends to have a positive impact on the prospect. The transgressive
shale provides the same sealing mechanism for the Early Miocene sequence (Segama
Group). There is also the possibility of deep water marine shale to act as a seal for the
sequence due to structuration.

Fault sealing study indicated that most faults in the study area to be sealing faults at present
day. Chronologically, the faults formed during the latest tectonic episode during late Miocene
to Pliocene. As the transgressive shale was already present, some of these were injected
into the faults. Thus, younger faults in the basin tend to have high shale gauge ratio.
Relatively, older faults that were formed during Early Miocene might have lower shale gauge
ratio. During the early stages of basin evolution, it is expected that the faults to behave as
conduits and leak some of the hydrocarbons into the upper sequence. Hence, deeper and
older source rocks were able to charge some of the structures in Sebahat Formation.
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2.4.5 Traps
Trap formations can be related to the main period of deformations; basin opening of the Sulu
Sea in the mid-Early Miocene, Mid-Miocene compression, Late Miocene compression, and
Pliocene to Recent compression and transpression (Balaguru 2006). These extension and
series of compressional events that took place from the opening of the basin until present
day become the basis for trapping mechanism of hydrocarbon in this area. The major
structural traps in the area are believed to have started around Late Miocene and continued
till Late Pliocene which caused substantial uplift and reactivation of faults. As the maturation
of the basin starts relatively late, there are higher chances for the structures to be charged.

Structural traps identified in this area are basement related inverted structural closure, thrust
fault and folds related closure, normal faults and roll over anticlinal closure, faulted anticlines,
and strike-slip related structural closures. Based on sequence stratigraphic interpretation
several stratigraphic traps of shallow and deep water deposits were also identified in the
area.

Some of these traps were tested by previous exploration campaigns but there were some
invalid structural tests due to shallow penetration of the well. The main challenges are the
complex structuration, fault reactivation and compartmentalization of the structural traps.
However, some of these risks were minimized with better fault interpretations and better
seismic quality.

2.4.6 Timing
Timing of the major tectonic events in the Eastern Sabah-Sulu Sea Basin is relatively well
established based on several regional studies in the past. The rifting of the Sulu Sea Basin
occurred during Early Miocene and continued until Mid-Miocene (19-15.5 Ma) after which the
area became relatively stable. The mid-Middle Miocene Unconformity (MMU, 15.5 Ma)
marks the beginning of post-rift event and continues of compressive regime. During syn-rift
phase, deep-water sedimentation prevails offshore. This is characterized by the deposition
of Segama Group which found onshore. Offshore, localized turbidite lobes were interpreted.

After the initial rifting, the basin was relatively stable from Mid-Miocene to Late Miocene.
Sebahat Formation at this time was mostly deltaic facies at the Malaysian sides and
gradually changes to deep water sedimentation towards the Philippines side (East). It was
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also during this time that the formations of carbonates offshore are more prominent. Source
rocks formed during this time are more continuous in places and patchy in others. The
source rocks are coaly in nature, similar to Mahakam Delta source delta which is proven to
be very prolific in nature. Usually underlying the deltaic reservoir, these source rocks tend to
provide effective charge to the structure that is to be formed later. Some of these will be reworked and deposited in shelf slope area to form dispersed source rocks in deep water
environment. Transgression at this time forms the regional seal.

During Late Miocene, regional folding, uplift and reactivation of the faults form most of the
structures in this area. A period of progradation signified the deposition of Ganduman
Formation and the onset of maturation for the source rocks. In the Late Pliocene to
Quaternary, the main hydrocarbon bearing structures were formed. Nearing the end of this
period is the critical moment in basin maturity. Almost fifty percent (50%) of the source rock
has already been converted to hydrocarbon and they are actively expelling the hydrocarbons
up to the present time.

2.4.7 Basin Modeling
2.4.7.1 Modeling Method
Basin modeling software, PetroMod® by IES was used for the burial history modeling. Three
pseudo wells in southern Dent Peninsula and nine wells in Eastern Sabah Basin were
modeled based on data availability to calibrate the heat flow history and lithology mixes.
Among these, only the results of 4 wells were chosen to be included as part of the output of
the studies.

Wells data from Eastern Sabah Basin were used as calibration data in the 1D modeling
exercise. Three wells were picked and modeled to check the heat flow model, source rock
model and the kinetics chosen. The three wells are Benrinnes-1, Manalunan-1 and Nymphe1. All three wells were modeled to observe the model’s discrepancies between actual
temperature measured at well site and the expected temperature. Vitrinite reflectance
measures in laboratories by Petronas Research and Scientific Services (PRSS) and
laboratories were used as a benchmark as well.

All three models shows good conformance between the modeled results and the measured
data (Fig. 2.4.5 & Fig. 2.4.6). The next stage of the exercise involves modeling of seismic
cross section to achieve consistency between the generated 1D model and 2D model.
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Segama
Group

Basement

Fig. 2.4.5 Comparison of Modeled Temperature Data (line) with Actual Well Data
(points with error bars).

Segama
Group

Fig. 2.4.6 Comparison of Modeled Vitrinite Data (line) with Actual Well Data
(points with error bars)
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2.4.7.2 Parameter Preparation
The basis for heatflow model is based on South East Asia heatflow model. This was
modified to reflect the well data as well as our understanding of the tectonic history and
geology of the area.

The lithology mixes are based on well results and sequence stratigraphic correlation, and the
lithologic inferences for each formation were input into the 1D and 2D models.

The bottom hole temperatures (Fig. 2.4.7) for the wells were corrected using the last resort
correction method. This method was employed because the time increment since the last
circulation was known in most wells. In other words, cool time increments were not available.
The expected associated equilibrium temperature estimate (Teq) uncertainty is +17°F (+9°C)
with a smaller residual variance on a residual plot. The regional temperature data has been
reported to be in the gradient of 3.3°C to 3.8°C/100m.

Vitrinite reflectance (VR) data (Fig. 2.4.8) and porosity data (Fig. 2.4.9) from petrophysical
measurements was further used to restraint the model. However, the VR data matched
poorly with the well VR data possibly due to vitrinite suppression. Therefore, the temperature
and porosity data were more emphasized. Any discrepancies between model VR data and
temperature data, the temperature data would be honored.
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Fig. 2.4.7 Bottom Hole Temperatures Measured from Wells
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Fig. 2.4.8 Vitrinite Reflectance Data from PRSS

Porosity (%)
0.00

5.00

10.00

15.00

20.00

25.00

0.00

500.00

Depth (m )

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00
Benrinnes-1

Gem Reef-1

Nymphe North-1
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2.4.7.3 Modeling Results
1D Model
Padas-1, Kinabatangan-1 and Sebahat-1 pseudo well were created to model the burial
history. Similar temperature trend is expected across the whole basin as can be seen
between the model’s correlations with the actual data from all the nearby wells. However,
there are discrepancies from the model value and the actual VR data value due to the fidelity
of the measured VR data (Fig. 2.4.10). The maturity of the model seems to hint that the
actual data measured was probably suppressed at this locations and a higher maturity level
should be expected. The former seems more plausible as VR tested in conventional method
has been thought to be slightly suppressed and does not exhibit the true value.

The model indicates that the area is in the early oil window, and approximately 5-10% of the
source rock has been converted to hydrocarbon. The top of oil window starts at about
2500m at the Kinabatangan well location. However, we have non generation at Padas well
location. Although both models have thin overburden, which does not promote good
hydrocarbon generation, the fact that Kinabatangan well was hotter is encouraging for early
hydrocarbon generation.
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Fig. 2.4.10 Measured Vitrinite Data from Different Laboratories

2D Model
The combined seismic line transecting NE-SW of the basin was used for 2D modeling. A
section was digitized for the southern side (Enclosure 4.1) and northern side (Enclosure 4.2)
using PetroMod® 2D with subsequent works were carried out on these digitized sections.
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The lithology infills between the wells are obtained from sequence stratigraphic analysis with
calibration from the wells data. Further details on the lithology dependant data were not
available, as such; default values were used for the chosen lithologies like thermal
conductivity values, porosity trend with depth and such. The uncertainties are expected to be
in the 10-15% error range. Seismic time-depth conversion shows that the area has a water
depth of around 80m to 700m.

The pressure trend for the basin in the southern area should be following a normal pressure
trend. This value is obtained by modeling the compaction trend and calibrating it to the
measured porosity data. Overall it might be noted that the Mid-Miocene to Late Miocene
sequence is quite sandy and this helps to dissipate the pressure to the surface. The major
fault at the edge of the basin that was reactivated during Late Miocene probably leaks out
pressure from the system as well as the hydrocarbon. More detailed work should be done to
ascertain the true pressure regime whenever possible.

Porosity is similar along depositional strike to that encountered in the Eastern Sabah Basin.
Values range from 15-17% at the main reservoir levels (Sebahat Formation). A comparison
between the modeled porosities and actual porosities yields satisfactory similarity. Porosity
reversal can be expected in the Mid-Miocene to Late Miocene sequence (Sebahat Formation)
because of the major erosional event that occurs during Late Miocene. This is evident when
compare the actual porosity trend with the modeled porosity trend (Fig. 2.4.11). Due to the
massive erosion, the overburden was significantly reduced, thus reducing the compaction
effect that might have otherwise gives us a low porosity value. A major portion of the primary
porosity of the carbonates will be preserved, and secondary porosity occurs approximately
below 4,500 feet because of carbonates dissolution.

Fracturing, grain rotation and

dissolution occur proximal to faults at all depths. Therefore, faults are often conduit for the
hydrocarbons generated at depth and migration along these faults would charge the
overlying prospects. Major uplift occurred after deposition of Tungku (Upper Segama Group)
and leaching occurred, associated with exposure and unconformity development.

In order to model the hydrocarbon migration fairway and charge, the Darcy’s permeability
equation were used instead of a flow path approach to restrict the model. This is to honor the
limited understanding that we have for the basin and to paint a more realistic picture of the
subsurface uncertainties. Successful charging to the identified prospects and leads are
believed to have been achieved by hydrocarbon migration through the faults that act as
conduits.
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Fig. 2.4.11 Modeled Porosity Trend vs Actual Porosity Trend

A dip section intersecting Hippo-1 well in the Philippine side of the study area was modeled
for this exercise. The section cuts across a system of normal faults from the shelf to the
upper slope zone at the southwest towards the deep water toe-thrust anticlinal structures at
the distal portion of the deltaic system in the northeast (Enclosure 4.2). Water depth in this
section ranges from 150 meters to 2600 meters based on time-depth conversion of the
seabed.

The modeled section is digitized from the seismic profile and calibrated with well data. The
depth of the section-derived geometry was extended to 9,000 meters to accommodate
layers below the Mid-Miocene that are beyond the depth and resolution of the seismic
section. Grid density was assigned to 150 cells and thickness of the cells at 150 meters.

Lithological information is supplied by Hippo-1 well stratigraphy. To have a good spread of
lithologies and facies over the whole section, information from the closest wells, 409-1 Sulu
Sea and Wildebeest-1, were used.
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2.4.8 Petroleum System Analysis
The southern side of the basin is believed to be mature at present time with an active and
proven petroleum system. The major erosion and uplift during Mid-Miocene (Mid-Miocene
Unconformity) and Late Miocene (Shallow Regional Unconformity – Bol and Van Hoorn 1980,
Balaguru 2006) affects the maturity of the source rocks as it will take longer time to mature
due to loss of overburden which increases the thermal conductivity and leaks out the heat.
This is supported by the model showing that source rocks within the Sebahat Formation has
mainly been generating oil at present, the deeper levels (Upper Segama Group) are
currently generating gas (Enclosure 4.3). Lower Segama Group would have been overly
matured. The oil window floor was deeper than expected, viz. around 3,000m while the gas
window starts from as early as 4000m at the flank of the basin due to higher heat flow.
Active hydrocarbon generation occurred relatively late during Late Miocene.

Northern side simulation results indicate that hydrocarbon generation exists in the modeled
section whereby Sebahat Formation is observed to be mature for oil and gas generation
(Enclosure 4.3). Oil window begins at around 3500 meters at the shelf to 4,500 m at the
distal part of the basin whereas gas starts to generate around 5,000 meters to 6,500 meters
from the Early Miocene Tungku Formation. Petroleum saturation in the Sebahat Formation
is variable (Enclosure 4.6-Petroleum saturation), and published literatures relate saturation
to compaction of the overburden rocks. There is a possibility that low saturation values here
could be due to less overburden and in turn, due to uplift and erosion that the basin has
undergone.

2D modeling here can be fine-tuned by using rock properties such as porosity and
permeability; where available from analogs and aided by attention to geological phenomena
(e.g. tectonic complexity, thermal history) until we obtain a fully optimized model and a full
appreciation of fluid flow modeling.

The presence of more sands in the Mid-Miocene to Late Miocene sequence means lateral
migration is probable. Upward migration as well as short distance lateral migration
(Enclosure 4.4) is deemed to be effective in the southern province and charge most of the
prospects and leads although there remain some difficulties in hydrocarbon charging to
some of the prospects. It could be due to the effects of more shaly lithologies within the synrift section creating a permeability barrier and restricting the migration pathway.
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To the north, fluid flow model tend to favor vertical migration with some lateral migration
primarily of gas from the Mid-Miocene units. Shaly units, however, in the upper section
restrict fluid flow and the pervasive shaliness can be considered a permeability barrier
(Enclosure 4.5).

Permeability might represent a risk in this area due to the presence of volcanoclastic matter
at the Early to Mid-Miocene level. This situation does not have any foreseeable impact upon
the reservoir qualities at the Middle to Late Miocene sequence. Seaward, we would find
better permeable layers as most of the sands might have bypass the shelf and redeposited
as turbidites. Thus, the essence of a different provenance source inland as opposed to a
basin ward proximal sediment source will offset the negative impacts of the volcaniclastics.

The timing of each event within the petroleum system (Enclosure 2.4.9) varies, depending
on the stratigraphic location within the basin (Fig. 2.4.12). After comparison between the
charts that spans from landward to seaward, a general petroleum system chart to represent
an overview of the formation of each essential elements basin wide, illustrating the relative
timing of each elements of the system, namely reservoir, trap, seal and charge is showed in
Enclosure 4.9.

Most of the traps forms relatively late and were only able to trap some of the generated
hydrocarbons. It is interesting to note, however, that the seal high on the depositional slope
forms later for the Sebahat Formation and this poses a slight risk as the hydrocarbons might
not have been retained.

The onset of maturity is found to be around 2,000m to 3,000m. At the flank of the basin, the
oil windows are shallower (2,000m) due to relatively thinner overburden. Thus, the heat from
the basement was able to be transfer through to shallower levels. This explains the slanting
profile of maturity window from flank to basin center for both oil and gas. Gas window starts
around 4,000m to 5,000m depending on location. The critical moment was estimated to be
around Late Miocene where 50% of the source rocks would have been converted into
hydrocarbons. This does not pose significant risks to prospects and leads within the area as
the structures would have formed by then. Thus, hydrocarbon trapping is a high probability.

Migration starts as early as Mid-Miocene, at the beginning of the generation period although
the volume expelled will be relatively small. Active expulsion occurs around Late Miocene
during the rapid subsidence period. As the rate of subsidence began to stabilize, the
overburden did not increase as much due to lack of accommodation space. Hence the
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source rocks were not buried deeper resulting in slower rate of maturation. Charging to the
structures occurs between Mid-Miocene to Late Miocene.

SW

Location B
Location D
Location A
Location C

Fig. 2.4.12 Location of Each Extracted Petroleum System Chart
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2.4.9 Summary
The burial history modeling concludes that the source rocks are mature and have actively
generating hydrocarbons until present time. The main oil window occurs from approximately
2,500m-3,000m and the top gas window ranges from about 4,000- 5,000m.

The area tends to have gas and some oil plays with moderate porosity and permeability
values. Overpressure could be encountered in some parts of the basin where a thicker
overburden and a thicker syn-rift section exist due to compaction disequilibrium. However,
the temperature gradient will likely be normal.

Seal and reservoir quality poses the highest risks in the basin. Fault sealing capacity
analysis and pressure cell mapping might prove crucial to continued exploration effort in the
area.

Lateral migration will need to be understood to better define hydrocarbon catchments area.
In conclusion, it is believed that this area is mature with an active petroleum system and
consists mainly of gas play with some oil plays.
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Enclosures 4.1 2D Lithological Model with Pseudo-Wells (Southern Side)

Enclosures 4.2 2D Lithological Model with Pseudo-Wells (Northern Side)
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Enclosures 4.3a 2D Model – Hydrocarbon Generation Zones (Southern Side)

Enclosures 4.3b 2D Model – Hydrocarbon Generation Zones (Northern Side)
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Enclosures 4.4 2D Model – Migration Pathway (Southern Side)

Enclosures 4.5 2D Model – Migration Pathway (Northern Side)
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Enclosures 4.6 2D Model – Hydrocarbon Saturation (Southern Side)

Enclosures 4.7 2D Model – Hydrocarbon Saturation (Northern Side)
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Enclosures 4.8a Petroleum System Chart – Location A

Enclosures 4.8b Petroleum System Chart – Location B

Enclosures 4.8c Petroleum System Chart – Location C

219

Enclosures 4.8d Petroleum System Chart – Location D

Enclosures 4.9 Generalized Petroleum System Chart
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2.5 Play
2.5.1 Play Types
Based on the case study of the East Sabah-Sulu Sea basin, there are three (3) main playtypes as observed from well correlations, seismic interpretation, regional geological
understanding and petroleum systems analysis. They are all indicated in the Play Map
(Enclosure 5.1). The deltaic play is located towards the north as attested by the drilled
locations of Nymphe-1, Benrinnes-1, Mutiara Hitam-1 and 409-1. The thick reservoir sands
of the Sabahat and Ganduman Formations capped by interbedded shales are numerous and
proven to be hydrocarbon bearing. Obviously, a valid petroleum system is present within the
deltaic play.

In the centre and southern margin, the carbonate play is existent, being penetrated by Gem
Reef-1 and Sentry Bank-1 in the central area. The limited wells that tested this play cannot
possibly rule out the potential of this play. The critical risk is the presence of thin cap rock
with limited capping potential. On the seismic data, mounded features mimicking the
pinnacle reefs situated at greater depths and capped by transgressive shales are observed.
Similar Miocene play-types have been successfully proven in Central Luconia within the
Sarawak Basin. The same play-type located in the southern margin within the Dent Graben,
although untested, can also be observed readily with prominent mounded features resting on
horst blocks.

Towards the east and in deeper waters, the middle-Upper Miocene deltaic sediments
passed into slope and basin floor settings, changing to turbidite play.

Hippo-1 and

Wildebeest-1 penetrated the turbiditic sands at the bottom part of the wells below thick slope
shales. Given the wide area of the turbidite play, and with only two wells targeting this play
with limited success, it is then regarded as under-explored with substantial potential yet to be
realized. Given the elusive nature of the turbidite lobes, 3D seismic is certainly a prerequisite
for accurate mapping of this play as proven in the West Sabah Basin.

In terms of ranking, the deltaic play is obviously the highest ranked due to the proven
petroleum system. Secondly, the turbidite play, if proven, can yield substantial amount of
hydrocarbon due to the lateral extent of the reservoir facies. Thirdly, the pinnacle carbonate
reef can also be considered a potential play although the hydrocarbon volumes may not be
as large as the turbidite play.

221

Enclosure 5.1 Play Map
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2.6 Conclusions
2.6.1 Exploration & Production Strategy for Sulu Sea basin
Sulu Sea Basin is approximately 25,000 km2 with water depth reaching as deep as 3,000
meters. It is believed to have 9,000 meters thick of sedimentary fills that is composed mainly
of Mid-Miocene to Recent deltaic sediments.

The petroleum system of the basin is believed to contain a mixture of oil and gas with an
estimated 20:80 and 80:20 oil to gas ratio. The possibility of success for a discovery is
assumed at 30% with a chance of encountering oil at 20%.

Previous studies carried out in the basin suggests the following reservoir properties; a good
quality sandstone reservoir with a porosity range of 20 to 25% and a permeability of 500 mD.
The oil density based from the laboratory analysis of sample taken from a well is about 30 to
35 deg API, classified as light oil.

Exploration Strategy

The ultra-deepwater nature of the basin requires a progressive exploration strategy that
goes from a shelfal exploration into the deeper water areas. A technical work program shall
be designed to maximize exploration success and a stepwise approach to reduce
uncertainties. In this manner, a full understanding of the petroleum system of the area that
starts from the hydrocarbon origin, migration, accumulation and entrapment can be attained.
The primary targets are the Late Miocene turbidite sandstone reservoirs in approximately
3,000-meter water depth.

The initial approach would be to acquire 2D seismic data in an extensive grid for lead
definition and to determine locations for 3D seismic surveys. After which, substantial 3D
surveys shall be carried out over the most prospective areas previously defined. In this way,
selection of drillable targets or prospects can now be undertaken.

Drilling Operations

The nature of the Sulu Sea Basin being 90% offshore and with water depth of approximately
3,000 meters, logically implies that the types of rig that can be utilized for drilling exploration
and development/production wells are the drillship and semi-submersible rigs. The wells that
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shall be drilled can also be either vertical and/or deviated depending on the location of the
defined prospect. The present advance in drilling technology the leads and prospects
defined and/or delineated in the basin can be drilled successfully and cost effectively.

Development and Production Options

In case of a discovery, the most likely development concept or option would be the utilization
of subsea production and injection wells. The production and injection wells are directed into
a subsea manifold and tied back to a Floating Production Storage and Off-loading (FPSO)
vessel. The FPSO shall process, store and offload fluid from the reservoir. This FPSO option
is the most plausible method due to the deepwater nature of the basin, the absence of oil
and gas infrastructure within the Sulu Sea Basin.

The FPSO shall be put in place by a detachable catenary anchor legs mooring system,
which can be disengage in case of typhoons and other destruction-causing event. The fluid
produced from the reservoir shall be transported to the FPSO from the subsea manifolds via
flexible risers through the mooring turret.

The topsides on the FPSO shall consist of separation, compression, fluid processing and
water treatment facilities. Storage for processed fluid shall be in cargo tanks in the hull of the
FPSO. Oil shall be loaded in shuttle tankers moored in series with the FPSO via floating
hose.

Process and Field Facilities

The process and field facilities identified that shall be constructed and operated for the
development and production of petroleum fields in the Sulu Sea Basin consists of the
following infrastructure: Floating Production Storage & Off-loading (FPSO) vessel with
shuttle tanker, Well Head Platform (WHP), Floating Storage Unit (FSU), Concrete Gravity
Structure (CGS) and an Onshore Gas Plant (OGP). Basically, the FPSO or FSU shall be
used for oil production due to the ultra-deepwater nature of the basin while WHP and CGS
shall be utilized with pipeline to the OGP for gas production.

The possibility of pipeline laying for either oil or gas can also be considered, however, the
pipelines is mostly favorable for gas production, in which the design or specification shall
vary depending on the capacity and requirement of the power plant that will be supplied with
natural gas. The pipelines shall be laid and passes through the shallow water portion of the
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basin the CGS that is envisaged to be put up in the shallow water part of the basin. The gas
that passes through the subsea pipelines shall be treated for other impurities in the OGP in
addition to the CGS and/or FPSO.

Reservoir Development Plan

The drive mechanism predicted for oil production is solution-gas drive supported by gas or
water injection while for gas production the most likely drive mechanism that can be applied
is gas recycle/re-injection and/or compression. The flow rate shall be regulated to prevent or
slow down early gas coning or water inclusion in the reservoir. As a standard or expected
from the petroleum industry, the recovery factor forecasted is 30% for oil and 75% for gas,
although, this can be increased by utilizing secondary or even tertiary recovery techniques.
The production philosophy for oil reservoir is high initial rate with rapid decline. The depletion
option is primary or natural, secondary/enhanced and/or even tertiary if warranted.

2.6.2 Exploration Strategy for East Sabah Basin
From the exploration results so far, there are indications of both oil and gas accumulations in
the mid-Upper Miocene sequences with higher probability of gas saturation. These
accumulations are reservoired in both sandstones and carbonates within a coastal plain to
shallow marine conditions. Medium size discoveries are most likely in the near future if the
exploration trend continues with the conventional play. Large discoveries are possible if the
explorer decides to venture into high-risk new play strategy. These high-risk new plays
include the deeper Mid-Miocene turbidites and the Lower Miocene-Oligocene synrift fluvial
sands. The turbidite sands are likely to contain a large percentage of gas while the synrift
play might contain significant volume of oil. These two plays are located within an open block
towards the south. The first step is to market this block effectively to new investors by
convincing them of the valid petroleum systems in the area concerned. Once the block is
awarded and the Production Sharing Contract is signed, the new player’s exploration
strategy should include acquisition and processing of more high quality 3D seismic data in
order to interpret and map out these illusive synrift and turbidite reservoirs in order to
accurately test these reservoir targets. A two minimum well commitment would ensure that
the two new play-types are tested.

The East Sabah basin is located close to the shore in water depths not exceeding
200m.area. For drilling purposes, a drillship might suffice, but for drilling deep targets, a
semi-submersible should be the better choice because of higher pressures and
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temperatures expected for deeper reservoir targets. In case of both oil and gas discoveries
of commercial volumes, they can probably be sent to the shore via pipelines because of the
short distance. The location for the terminal can only be considered once commercial oil or
gas is discovered. An FPSO option can also be considered for oil production only.
Furthermore, local industries have to be developed such as power plants to produce
electricity and also petro-chemical and manufacturing plants in order to utilise the gas
resources as feedstock. In this regard, the national oil company has to work closely with the
state government to chart out a long term energy plan for East Sabah. As for now, we wait
for the commercial oil and gas fields to be discovered in the near future.
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Afterword
The ICB-CCOP 1 Project is a remarkable milestone in the more than 40 years of CCOP’s
history and that it has set new standards in the form of cross-border cooperation between
the CCOP Member Countries. The case study report is the solid output from the project, as
well as the icon of the success of the cross-border joint case studies. Such cross-border
studies fertilize the ground for regional cooperation and provide new opportunities for a
peaceful exploration and exploitation of the potential new petroleum resources, the optimum
utilization of which are an essential factor for the local and regional economic growth and
stability.

Partners in the Song Hong-Yinggehai basin and the Sulu Sea-East Sabah basin case
studies are: Qingdao Institute of Marine Geology, China Geological Survey (CGS),
Guangzhou Marine Geological Survey, China Geological Survey (CGS),

China National

Offshore Oil Corporation (CNOOC), PETRONAS, Malaysia, Department of Energy (DOE),
Philippines, Vietnam Oil and Gas Group (PetroVietnam),

Vietnam Petroleum Institute (VPI),

CCOP, GEUS.

During the project implementation, CCOP has organized many activities such as meetings,
workshops, training courses, field studies, facilitated the case studies, granted the basin
modeling, GIS, digital mapping software and awarded postgraduate research grants. The
ICB-CCOP1 Project has smoothly progressed with the great support from the CCOP
Member Countries, especially from the Project National Coordinators and case study
research team members. During the project implementation, the strong support and valuable
cooperation of geoscientists from China, Denmark, Malaysia, Philippines, Vietnam, as well
as from CCOP Member Countries, Cooperating Countries and Cooperating Organizations
are highly appreciated for the kindly dedications and contributions to the outcomes of the
project case studies.
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