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The cooperation between Poland and the Socialist Republic of Vietnam has a long-

standing tradition dating back to the 1950s, when Poland began to train personnel for 

Vietnam and diplomatic relations were established between our countries. Over the years, 

scientists from Poland and Vietnam have produced many joint publications, projects and 

initiatives. 

Therefore, we organize a special New Opening - Polish-Vietnamese Scientific 

Conference to promote Polish-Vietnamese scientific cooperation, with the aim of 

developing space for the exchange of scientific ideas, cooperation and the preparation of 

joint Polish-Vietnamese research projects in the fields of earth and environmental sciences, 

environmental engineering, mining, energy biological sciences and archaeology. The long-

term goal is to establish a Polish-Vietnamese Tropical Research Centre in Vietnam. 

 The New Opening Conference is organized in Hanoi by the University of Warsaw, 

the Institute of Palaeobiology of the Polish Academy of Sciences, the Institute of Geological 

Sciences of the Polish Academy of Sciences and the Vietnam Institute of Geosciences and 

Mineral Resources, in cooperation with AGH University and a large number of Polish and 

Vietnamese scientific institutions. The conference program includes one day of plenary 

sessions, one day of panel sessions with three panel sessions, an exhibition � Âgainst the 

Sands of Time�_�U�� �š�Z���� �‰�Œ���•���v�š���š�]�}�v�� �}�(�� �š�Z���� �u�}�À�]���� �^���P���]�v�•�š�� �š�Z���� �^���v���•�� �}�(�� �d�]�u���_�U�� �š�Á�}�� �}�v��-day 

field trips and two seven-day field sessions. 

We wish you a successful conference, many scientific contacts and fruitful 

cooperation in the future. 

On behalf of the organizing committee:  

Anna Wysocka, Institute of Geological Sciences, Polish Academy of Sciences; Faculty 
of Geology, University of Warsaw 

Trinh Hai Son, Director of the Vietnam Institute of Geosciences and Mineral 
Resources
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Honorary Committee 

 

Alojzy Nowak, Rector of the University of 
Warsaw, Poland - Chairman 

 
 
 

 

Piotr Dziadzio, Deputy Minister, Ministry of 
Climate and Environment, Poland  
 

Tran Quy Kien, Deputy Minister, Ministry of 
Natural Resources and Environment, Vietnam 
 

Jerzy Lis, AGH University Rector, Poland  
 

Tran Tuan Anh, Vice President of the Vietnam 
Academy of Science and Technology, Vietnam 
 

Ewa Falkowska, Dean of the Faculty of Geology, 
University of Warsaw, Poland 
 

Nguyen Trong Yem, Institute of Geological 
Sciences, Vietnamese Academy of Science and 
Technology 
 

Leszek Marynowski, Dean of the Faculty of 
Natural Sciences, University of Silesia, Poland 
 

Tran Van Tri, Vietnam Union of Geological 
Sciences 

Ewa Bulska, Director of the University of 
Warsaw Biological and Chemical Research 
Centre, Poland 
 

Trinh Hai Son, Director of the Vietnam Institute 
of Geosciences and Mineral Resources 
 

Jaro�•�s���Á���^�š�}�o���Œ�•�l�]�U�����]�Œ�����š�}�Œ���}�(���š�Z�����/�v�•�š�]�š�µ�š�����}�(��
Paleobiology, Polish Academy of Sciences, 
Poland 
 

Tran Thanh Hai, Rector of the Hanoi University 
of Mine and Geology 

�^�š���v�]�•�s���Á���D���Ì�µ�Œ�U�����]�Œ�����š�}�Œ���}�(���š�Z�����/�v�•�š�]�š�µ�š�����}�(��
Geological Sciences, Polish Academy of 
Sciences, Poland 
 

Tran Quoc Binh, Vice-Rector of the Hanoi 
University of Natural Sciences, Vietnam 
National University 

Piotr Szrek, Deputy Director, Research and 
Development Director, Polish Geological 
Institute - National Research Institute, Poland 
 

Ho Chi Hung, Vice President of the Vietnam-
Polish Friendship Association  
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�D���Œ�š�����&�}�Œ�Ç�‘, Centre for International Affairs AGH University of Science and Technology 

Nguyen Truong Giang, Director of the Department of Minerals of Vietnam, Ministry of Natural 
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Vu Minh Nguyet, Deputy Director of the Institute of Geological Sciences, Vietnamese Academy of 
Science and Technology 
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�D���Œ�]�µ�•�Ì���•�]�•�s�l�}�Á�•�l�], Andean Research Center of the University of Warsaw 
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Nguyen Quoc Cuong - Vice-Chief, University of Warsaw  
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Technology 

Dang Tran Nhu Thuy, Vietnam Institute of Geosciences and Mineral Resources 

�Z�����}�•�s���Á���^�š���v�]�•�Ì���Á�•�l�], Faculty of Geology, University of Warsaw 

�����Ç�š�����t�}�Í�v�]���l, University of Warsaw Biological and Chemical Research Centre 

�D���Œ�š�����‚�µ���Z�}�Á�•�l��, Faculty of Archaeology, University of Warsaw 
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06/11/2023 - Monday  

Venue: FOREIGN RELATION HOTEL - 33C Pham Ngu Lao Street,  

Phan Chu Trinh Ward, Hoan Kiem District, Hanoi  

Day 1  

08:00-09:00 

Registration 

���Æ�Z�]���]�š�]�}�v���c���P���]�v�•�š���š�Z�����•���v���•���}�(���š�]�u���_���µ�v�����Œ���š�Z�����‰���š�Œ�}�v���P�����}�(���š�Z�����W�}�o�]�•�Z�����u�����•�•�Ç�� 

09:00-10:00 

Opening Ceremony 

Chairwoman: Anna Wysocka, Chairman: Trinh Hai Son 

09:00-09:10 

Anna Wysocka 

Institute of Geological Sciences, Polish Academy of Sciences; Faculty of Geology, 

University of Warsaw  

 

09:10-09:20 

Trinh Hai Son 

Director of the Vietnam Institute of Geosciences and Mineral Resources 

 

09:20-09:30 

Alojzy Nowak 

Rector of the University of Warsaw  

 

09:30-09:40 

Tran Quy Kien 

Deputy Minister of Natural Resources and Environment of Vietnam 

 

09:40-09:50 

Tomasz Rzymkowski 

Secretary of State, Government Plenipotentiary for Development and Internationalization of Education and 
Science, Ministry of Education and Science 

 

09:50-10:00 

Tran Tuan Anh 

Vice President of the Vietnam Academy of Science and Technology 
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10:00-10:30 
Group photos & coffee break 

 
10:30-12:00 

Plenary Session I  
Chairwoman: Ewa Falkowska, Chairman: Nguyen Quoc Cuong 

 

10:30-10:45 
�^�s���Á�}�u�]�Œ���/�o�v�]���l�] 

Faculty of Geology (University of Warsaw): scientific opportunities and research facilities 
 

10:45-11:00 
Ewa Durska 

 Educational offer of the Faculty of Geology at the University of Warsaw 
 

11:00-11:15 
�^�š���v�]�•�s���Á���D���Ì�µ�Œ 

 Institute of Geological Sciences, Polish Academy of Sciences - current capabilities and development 
prospects 

 

11:15-11:30 
�:���Œ�}�•�s���Á���^�š�}�o���Œ�•�l�] 

The future is a door, the past is the key: The mission of the Institute of Paleobiology Polish Academy of 
Sciences 

 

11:30-11:45 
Konrad Zawadzki 

Biological and Chemical Research Center of the Univeristy of Warsaw - A 
Hub of Interdisciplinary Collaboration 

 

11:45-12:00 
Piotr Szrek  

Polish Geological Institute - National Research Institute - general information 
 

11:30-11:40 
Marek Borowski  

Cooperation between AGH University of Kraków and Hanoi University of Mining and Geology as an 
example of international teaching, scientific and industrial cooperation  

 

11:40-11:50 

�W���Á���s���_�Á�]���Œ�l 

Sustainable cooperation between AGH University of Krakow and 

Vietnamese higher education institutions, a journey through decades 
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12:00-13:30 

Lunch 

���Æ�Z�]���]�š�]�}�v���c���P���]�v�•�š���š�Z�����•���v���•���}�(���š�]�u���_���µ�v�����Œ���š�Z�����‰���š�Œ�}�v���P�����}�(���š�Z�����W�}�o�]�•�Z�����u�����•�•�Ç�� 

13:30-14:40 

Plenary Session II 

Chairmen: Konrad Zawadzki & Tran Thanh Hai 

 

13:30-13:40 

Trinh Hai Son 

Vietnam Institute of Geosciences and Mineral Resources - general information 

 

13:40-13:50 

Tran Thanh Hai  

Hanoi University of Mining and Geology - general information 

 

13:50-14:00 

Dinh Xuan Thanh 

Faculty of Geology, Hanoi University of Sciences, Vietnam National University- general information 

 

14:00-14:10 

Do Huy Cuong 

Institute of Marine Geology and Geophysics - general information 

 

14:10-14:20 

   Nguyen Van Quan 

Institute of Marine Environment and Resource - general information 

 

14:20-14:30 

 Ha Van Can 

Vietnam  Institute of Archeology- general information 

 

14:30-14:40 

Nguyen Van Viet 

Center of South-East Asia Prehistory- general information  
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14:40-15:10 

Coffee break  

 

15:10-17:00 

Plenary Session III 

Chairmen: Piotr Szrek & Dinh Xuan Thanh 

 

15:10-15:25 

 �W�]�}�š�Œ���•�]���o�]�w�•�l�] 

University of Bialystok - University with development in its nature 

 

15:25-15:40 

�D���Œ�]�µ�•�Ì���•�]�•�s�l�}�Á�•�l�] 

Polish school of archaeology and monument conservation: selected examples and proposals. 

 

15:40-17:00 

�^���P���]�v�•�š���š�Z�����•���v���•���}�(���š�]�u���_���(�]�o�u���‰�Œ���•��ntation 

 

18:00-�Y 

 Gala Dinner* 

 

 

*Only for invited guests 
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07/11/2023 - Tuesday  

Venue: VIGMR - 67 Chien Thang road, Van Quan ward,  
Ha Dong district, Ha Noi  

Day 2 - S1 Meeting Hall  

09:00-11:00 Session 1.1. Geology and mineral resources  

���Z���]�Œ�u���v�W���^�š���v�]�•�s���Á���D���Ì�µ�Œ & Ngo Xuan Thanh 

09:00-09:20 Robert Anczkiewicz Timing and rates of geological processes using multimethod 
geochronology 

09:20-09:40 �^�s���Á�}�u�]�Œ���/�o�v�]���l�] Eclogites from the Kamieniec Metamorphic Belt (NE Bohemian 
Massif, SW Poland): a record of cold Variscan subduction in the 

Sudetes 

09:40-10:00 Olga Rosowiecka Usage of geophysical methods for mineral prospection of 
Poland 

10:00-10:20 Krzysztof Nejbert World-class Zn-Pb (Mississippi Valley-type) and Cu-Ag 
(Kupferschiefer type) metallic deposits  in southern Poland: 

geological and mineralogical characteristics and genetic 
relationships with tectonic and sedimentary evolution of the 

Polish Basin 

10:20-10:40 Anna Wysocka Late Eocene-Early Oligocene fluvial-to-lacustrine feeder system 
for the northern Song Hong and Beibuwan basins (on-shore 

north-east Vietnam) 

10:40-11:00 Hoang van Tha Sedimentology of the Paleogene-Neogene deposits along the 
Chi Linh - Dong Trieu - Hon Gai fault zone, NE Vietnam 

11:00-11:25 Coffee Break  

 Session 1.2.  Geology and mineral resources  

Chairwoman: Anna Wysocka, Chairman: Ngo Xuan Dac 

11:30-11:45 �:���Œ�}�•�s���Á���^�š�}�o���Œ�•�l�] Strengthening Vietnam's coral reef conservation strategy: 
perspectives of multi-approach collaboration 

11:45-12:05 Robert Anczkiewicz Reconstruction of extinct mammal mobility patterns using high 
spatial resolution trace element, Sr and O isotope analyses 

12:05-12:25 Nguyen Van Tuan Clarification of the reactivation history of the Song Ba fault 
zone in the Central Highlands of Vietnam based on Ar-Ar age 

data of pseudotachylite and mylonite 

12:25-12:45 Vu Le Phuong Geomorphology in multidisciplinary geoscience: application of 
finescale, synthetic seafloor geomorphological mapping in 

Vietnam maritime territories  

12:45-13:05 Bui Van Vuong 

 

Characteristics of sedimentary environment and proposed 
measures for rational use of intertidal zones of Red River Delta. 

13:05-13:25 �W�Œ�Ì���u�Ç�•�s���Á���'�}�Œ�Ì���o���l 

 

Exploring the influence of seawater chemistry on 
biomineralization and mechanical properties in echinoderms: 

current developments and future perspectives 

13:25-14:40 Lunch Break 



 

17  

 Session 1.3  Geology and mineral resources  

���Z���]�Œ�u���v�W���:���Œ�}�•�s���Á���^�š�}�o���Œ�•�l�]���˜�� Nguyen Van Quan 

14:40-15:00 Grzegorz Lizurek A story about Polish-Vietnamese cooperation in reservoir-
triggered seismicity studies 

15:00-15:20 Quang Minh Nguyen Some major research results in geology and geophysics of the 
East Sea (Vietnam) in recent years and collaboration ideas 

15:20-15:40 �^�š���v�]�•�s���Á���D���Ì�µ�Œ Quantification of displacement along the Red River Fault based 
on 2-D gravity modelling and plate reconstructions  

15:40-16:00 Trong Cao Dinh Improving the efficiency of analytic hierarchy process (AHP) in 
seismic source mapping based on existing geophysical, 
geological, and geomorphological data: A case study in 

Northwest Vietnam 

16:00-16:20 �B�µ�l���•�Ì���^�s�}�v�l���� Stratigraphic and structural seismic data interpretation and 
basin analysis - research capabilities of the SeisSed research 
group, Institute of Geological Sciences, Polish Academy of 

Sciences, Warsaw 

16:20-17:00 POSTER SESSION S1.1, S1.2, S1.3 
 

07/11/2023 - Tuesday  

Day 2 - S2. Conference  Room 206  

09:00-11:00 Session 2.1. Natural hazards and environmental protection  

���Z���]�Œ�u���v�W���W�]�}�š�Œ���•�]���o�]�w�•�l�]�U�����Z���]�Œ�Á�}�u���v�W Nguyen Mai Lan 

09:00-09:20 Piotr Zawrzykraj Selected geological hazards in land development 

09:20-09:40 Mateusz Parafiniuk Geohazards - implementation of the Geological Survey tasks 
at Polish Geological Institute - National Research Institute 

09:40-10:00 Pham Van Tien Integrated landslide simulation model and its application to 
Joint Research Proposal between Vietnam and Poland 

10:00-10:20 �B�µ�l���•�Ì���W���Á�o�]�l Detection and modelling of landslides in Vietnam - 
preliminary results 

10:20-10:40 Nguyen Dac Ve Assessing tidal flat change in Hai Phong coastal zone using 
multitemporal landsat data and GIS techniques 

10:40-11:00 Marek Borowski Reducing Methane Emissions to the Atmosphere in the 
Mining Industry 

11:00-11:25 Coffee Break  

 Session 2.2. Natural hazards and environmental protection  

Chairman: Marek Borowski &  Pham Van Tien 

11:25-11:45 Tran Thi Ngoc Quynh Improved performance of cement-stabilized lateritic soil using 
recycled materials replacement and natural rubber latex for 

pavement applications  

11:45-12:05 Dorota Porowska Hydrogeological research carried out at the Department of 
Hydrogeology and Geophysics - past, present and future 
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12:05-12:25 �W�]�}�š�Œ���•�]���o�]�w�•�l�] Microplastic as a current problem in aquatic ecosystems: 
examples from Northeastern Poland 

12:25-12:45 Nguy� ń Mai Lan A cooperation proposal to carry out the project "Assessment 
of microplastic distribution in the sea-salts at the salt fields in 

�E�]�v�Z���d�Z�µ���v�U���s�]���š�v���u�_ 

12:45-13:05 Ewa Falkowska Analysis of the ability of sediments to retain pollutants as the 
basis for optimal land development in accordance with the 

principles of sustainable development. 

13:05-13:25 Ho Huu Hieu Evolution and mobility of heavy metal and arsenic in 
porewater upon simulated onland disposal of dredged 

sediments 

13:25-14:40 Lunch Break 

 Session 2.3. Natural hazards and environmental protection  

Chairwoman: Ewa Falkowska, Chairman: Tran Thanh Nhan 

14:40-15:00 ���P�v�]���•�Ì�l�����t���•�]�s�}�Á�•�l�� Geochemical properties of urban lake sediments as 
indicators of natural and anthropogenic environmental 

changes 

15:00-15:20 Dang Hoai Nhon Radioactivity concentration and risk indices in intertidal 
sediments of the Red River Delta, Vietnam 

15:20-15:40 Tran Thanh Nhan Utilization of iron slag and steel slag in building construction 
in Vietnam: Current situation and the imperative for research 

15:40-16:00 Edyta Zawisza Towards a dystrophic lake: The history of Smolak Lake 
(northern Poland) on the basis of geochemical and biological 

data 

16:00-16:20 Nguyen Trung Thanh Holocene sedimentary evolution from sediment records of 
the Tam Giang-Cau Hai coastal lagoon system, central 

Vietnam 

16:20-17:00 POSTER SESSION S2.1, S2.2, S2.3 
 

07/11/2023 - Tuesday  

Day 2 - S3. Conference Room 306  

09:00-11:00 Session 3.1. Archaeology and Geoarchaeology  

���Z���]�Œ�u���v�W���D���Œ�]�µ�•�Ì���•�]�•�s�l�}�Á�•�l�]���˜���E�P�µ�Ç���v���s���v���s�]���š 

09:00-9:20 Nguyen Gia Doi Geoarchaeological Approaching to the Archaeological 
Researches in Vietnam: the Present Situation and 

Perspective 

09:20-09:40 Nguyen Ngoc Quy Archeology: The problem of restoring temples and towers at 
My Son World Heritage site through experience from 

Vietnam - Poland cooperation 

09:40-10:00 Nguyen Thi Hau System of archaeological records in the mangrove ecological 
region of Can Gio District, Ho Chi Minh City 
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10:00-10:20 Nguyen Viet Wetland archaeology and alluvium archaeology in Vietnam 
- Interdisciplinary archaeology, geology, geomorphology 

10:20-10:40 Thanh Thuy Nguyen Color removal ability of activated carbon prepared from 
mangosteen pericarp and application in dyeing wastewater 

treatment 

10:40-11:00 Nguyen Truong Dong The Prehistoric and Protohistoric Archaeology in Dong Van 
Plateau, Ha Giang Province, Vietnam 

11:25 Coffee Break 

 Session 3.2. Archaeology and Geoarchaeology  

Chairwoman: Barbara Woronko, Chairman: Nguyen Gia Doi 

11:25-11:45 Nguyen Le Anh Using archaeological data in determining the process of 
formation of the Kinh nation in Vietnam 

11:45-12:05 Nguyen Quang Mien Holocene geological environment of the Cuu Long Delta and 
the ancient Kingdom of Funan 

12:05-12:25 �D���Œ�š�����<���Œ�}�o�]�v�����‚�µ���Z�}�Á�•�l�� Circularity, and exchange. Regional trade in the South-
Western Pacific region from prehistory to early historic 

periods 

12:25-12:45 �Z�}�����Œ�š���D���Œ�]�µ�•�Ì���‚�µ�l�}�Á�•�l�] From excavation to museum. Archaeological data 
management in a contemporary research perspective 

12:45-13:05 Alexei Vranich Archaeological and Conservation research on Andean World 
Heritage Sites 

13:05-13:25 Duc Hong Du Phylogeographic distribution of human mitochondrial DNA 
haplogroups in Southeast Asia 

13:25-14:40 Lunch Break 

 Session 3.3. Archaeology and Geoarchaeology  

���Z���]�Œ�Á�}�u���v�W���D���Œ�š�����‚�µ���Z�}�Á�•�l���U�����Z���]�Œ�u���v�W Le Hai Dang 

14:40-15:00 Le Hai Dang Potential and prospects for carrying out marine 
archaeological surveys in Dung Quat, Binh Chau, Quang 

Ngai areas under Vietnamese conditions 

15:00-15:20 Hoang Thi Thuy Linh Doubts about paleoclimate and sea level that need to be 
�Œ���•�}�o�À�������]�v���s�]���š�v���u�[�•���Z�]�•�š�}�Œ�Ç 

15:20-15:40 Nguyen Viet Using archaeological data to study climate change from the 
Later Pleistocene to Holocene in Northern Vietnam 

15:40-16:00 Barbara Woronko Impact of 2.7 ka climatic event on the local habitants of the 
Ararat Plain seen from Metsamor perspective (S Armenia) 

16:00-16:20 Nguyen Thi Thu Cuc 

 

The significance of the Diatomeae and pollen complexes in 
studying the sedimentary environment at Dam Thuong 

archaeological site, Thuy Nguyen, Hai Phong 

16:20-16:40 Cao Thu Nga Researching climate change and sea level in Oc-Eo culture - 
approach to prosperity and decay of the Phu Nam 

16:40-17:00 POSTER SESSION S2.1, S2.2, S2.3 

17:00 - Symbolic opening of the Poli sh-Vietnamese Tropical Research Center  
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POSTER SESSIONS 
16:20-17:00 

Venue: VIGMR,  67 Chien Thang road, Van Quan ward, Ha Dong district, Ha Noi 

POSTER SESSION 1 

S1. Geology and 
mineral resources 

Multiple Sources for Rare Earth 
and Fe-Cu Mineralization in the 
Sin Quyen IOCG Deposit, insight 
from in-situ Nd Isotope Analysis of 
Titanite 

Ngo Xuan Dac, Trinh Hai Son, 
Khuong The Hung 

S1. Geology and 
mineral resources 

Some major research results in 
geology and geophysics of the East 
Sea (Vietnam) in recent years and 
collaboration ideas 

Nguyen Quang Minh, Tuan Dung 
Tran, Tuan Duong Tran 

S1. Geology and 
mineral resources 

Improving the efficiency of 
analytic hierarchy process (AHP) in 
seismic source mapping based on 
existing geophysical, geological, 
and geomorphological data:  A 
case study in Northwest Vietnam 

Trong Cao Dinh, Trieu Cao Dinh, 
Pha Phan Dong, Dung Le Van, 
Tuan Thai Anh, Luc Nguyen Manh, 
Thanh Duong Van, Bach Mai 
Xuan, Hung Pham Nam 

S1. Geology and 
mineral resources 

Early Paleozoic magmatism in the 
Central Vietnam and their 
significance on tectonic evolution 
of the Indochina Block 

Ngo Xuan Thanh, Nguyen Quoc 
Hung, Yoonsup Kim, Bui Vinh Hau, 
Tran Thanh Hai 

S1. Geology and 
mineral resources 

Early Paleozoic metamorphic-
hosted ore mineralization in the 
western part of the Kon Tum 
massif: new structural and 
geochronological constraints 

Luong Thi Thu Hoai, Michel Faure, 
Lin Wei, Nguyen Van Vuong, 
Pham Nguyen Ha Vu, Bui Van 
Dong, Nguyen Ba Minh, Nguyen 
Hong Quan, Vu Tien Thanh 

S1. Geology and 
mineral resources 

Initial assessment of heavy metal 
concentrations (As, Cd, Cu, Pb, Zn) 
in soil and plants at a gold mine 
waste site: A case study of the Ta 
Nang gold mine in the Central 
Highlands, Vietnam 

Duong Thi Lim, Dang Tran Quan, 
Nguyen Manh Ha, Nguyen Cong 
Long, Tran Thu Thuy, Nguyen 
Quang Bac  

S1. Geology and 
mineral resources 

Marine geological research on the 
Vietnam continental shelf by High 
Resolution Shallow Seismic (HRSS) 
method 

Duong Quoc Hung, Nguyen Van 
Diep, Mai Duc Dong 

S1. Geology and 
mineral resources 

Post-opening of East Viet Nam Sea 
geodynamic and magmatic 
evolution in Southern Viet Nam 

Le Duc Anh, Phung Van Phach, 
Nguyen Hoang, Do Huy Cuong, 
Phan Dong Pha 
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S1. Geology and 
mineral resources 

Modern Geomechanics for 
Unconventional Reservoirs 

���v���Œ�Ì���i�����}�u�}�v�]�l�U���W���Á���s��
�B�µ�l���•�Ì���Á�•�l�]�U���W�Œ�Ì���u�Ç�•�s���Á��
�t�]�o���Ì�Ç�w�•�l�] 

S1. Geology and 
mineral resources 

Seismo-stratigraphic 
interpretation of high-resolution 
seismic data: Examples from the 
latest Quaternary deposits of the 
Central Vietnam shelf area 

Nguyen Van Kieu, Pham Nguyen 
Ha Vu 

S1. Geology and 
mineral resources 

Carbonniferous-permian 
lithostratigraphic units in the 
Duyen Hai Zone (coastal zone) of 
Northeast Vietnam 

Nguyen Huu Hung, Trinh Thai Ha, 
Ho Tien Chung, Nguyen Van Tuan, 
Nguyen Thi Hien An, Nguyen Ngoc 
Tram 

POSTER SESSION 2 

S2. Natural hazards 
and environmental 
protection 

Residential solid waste 
management in Dong  Anh Town 
and Tien Duong, Uy no communes 
in Dong Anh District, Hanoi  

Nguyen Mai Lan 

S2. Natural hazards 
and environmental 
protection 

A review of nature-based solution 
for coastal protection in the 
Mekong Delta 

Hoang Tung Dao, Mai Lan Nguyen 

S2. Natural hazards 
and environmental 
protection 

Contamination level, fractionation 
and leachability of heavy metals 
and arsenic in sediments under 
changing environmental 
conditions in Cam River mouth, 
Hai Phong Province (Vietnam) 

Huu Hieu Ho, Rudy Swennen, 
Valérie Cappuyns, Tan Van Tran 

S2. Natural hazards 
and environmental 
protection 

Detection of hazard clusters of 
heavy metal pollution from mining 
activities in Quy Hop area, Nghe 
An province using spatial scan 
statisitics 

Nguyen Quoc Phi, Quach Duc Tin, 
Hoang Nam, Dao Trung Thanh 

S2. Natural hazards 
and environmental 
protection 

The formation mechanism of Thu 
Bon Rivermouth Bar, Central 
Vietnam 

Vu Tuan Anh, Nguyen Th�· Thuy 
Dung, Vu Van Phai, Duong Tuan 
Ngoc, Vu Le Phuong 

POSTER SESSION 3 

S3. Archaeology and 
Geoarchaeology 

Environmental applications of 
geomaterials: state of the art, 
challenges, and opportunities for 
Vietnam 

Hoang Thi Thanh Thuy, Pham 
Thanh Luu, Cam Loan, Huynh Tien 
Dat, Le Thi Thao Duyen 

S3. Archaeology and 
Geoarchaeology 

Holocene sedimentary evolution 
from sediment records of the Tam 
Giang - Cau Hai coastal lagoon 
system, central Vietnam 

Nguyen Trung Thanh, Vu Van Tich, 
Nguyen Thi Thu Cuc, Pham Hoang 
Hiep, Ha Minh Cuong, Pham 
Nguyen Ha Vu, Pham Thu Hien, 
Nguyen Van Tinh 
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06/11/2023 - Monday 
Day 1 

 

PLENARY SESSION I  

Chairwoman: Ewa Falkowska, Chairman: Nguyen QuNguyen Nguyen Quoc Cuong  

10:30-
10:45 �^�s���Á�}�u�]�Œ���/�o�v�]���l�] Faculty of Geology, University of Warsaw, Warsaw, PL 

 Faculty of Geology (University of Warsaw): scientific opportunities and  
research facilities 

10:45-
11:00 Ewa Durska Faculty of Geology, University of Warsaw, Warsaw, PL 

 Educational offer of the Faculty of Geology at the University of Warsaw 

The University of Warsaw has been in existence for over 200 years, and the 
Faculty of Geology at the University of Warsaw was established in 1952, which 
means it has been 70 years since its inception. Since then, the Faculty of 
Geology has continuously conducted educational activities, and the high 
quality of these activities is confirmed by the achievements of its graduates in 
the fields of science, as well as in business and administration. 

Currently, the Faculty of Geology offers three study programs: Prospecting 
Geology (1st and 2nd cycle, bachelor's and master's), Applied Geology (1st and 
2nd cycle, engineering and master's), and a new program: Geoinformatics and 
Geophysics in Geoingeneering (1st cycle, engineering). Prospecting Geology 
focuses on fundamental sciences related to sedimentology, climate geology, 
Earth history, paleontology, mineralogy, petrology, and mineral exploration. The 
Applied Geology program emphasizes topics in hydrogeology, engineering 
geology, environmental geology, mineral resources, tectonics, and geohazards. 
Geoinformatics and Geophysics in Geoingeneering is dedicated to acquiring 
skills in handling and creating geoinformatic tools for acquiring and analyzing 
spatial data, with a particular emphasis on geophysical research methods for 
shallow substrates (Near Surface Geophysics) in the context of geological 
engineering, geotechnics, hydrogeology, and environmental pollution research. 

All study programs are conducted in Polish. For international students, there 
are annual Polish language courses available to help them achieve language 
proficiency at the B2 level, enabling them to participate in classes without any 
language barriers. 

The University of Warsaw also offers the opportunity to pursue doctoral 
studies in the field of Earth Sciences through the Doctoral School of Exact and 
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Natural Sciences as well as the Interdisciplinary Doctoral School. These studies 
last for 4 years and are conducted in English. During their studies, students 
receive a scholarship. Admission is open to candidates from all over the world. 

11:00-
11:15 �^�š���v�]�•�s���Á���D���Ì�µ�Œ��1, 

Anna Wysocka1,2 

1Institute of Geological Sciences, Polish Academy of 
Sciences, PL 

1Faculty of Geology, University of Warsaw, Warsaw, PL 

 Institute of Geological Sciences, Polish Academy of Sciences - current 
capabilities and development prospects 

For over 60 years, the Institute of Geological Sciences, Polish Academy of 
Science (IGS PAS), has been bringing together talented, passionate and 
enthusiastic people motivated to delivering cutting-edge research in Earth 
Sciences. Our work is dedicated to understanding the structure and evolution 
�}�(�� �š�Z���� �����Œ�š�Z�[�•�� �o�]�š�Z�}�•�‰�Z���Œ���� ���v���� �]�š�•�� ���v�À�]�Œ�}�v�u���v�š���o�� �]�u�‰�o�]�����š�]�}�v�•�X�� �d�Z���� �]�v�•�š�]�š�µ�š���[�•��
research programme is multidisciplinary spanning tectonics, structural 
geology, exploration geophysics, basin analysis, sedimentology, igneous and 
metamorphic petrology, geochemistry, geochronology, isotope geology, clay 
mineralogy, paleoclimatology, paleobiology and paleoenvironmental studies. 
We use this knowledge to deepen understanding of Earth systems and the 
evolution of other planets. Our ultimate goal is to support sustainable 
�����À���o�}�‰�u���v�š�� �}�(�� �u�}�����Œ�v�� �•�}���]���š�Ç�� ���v���� ���}�v�š�Œ�]���µ�š���� �š�}�� �•�}�o�À�]�v�P�� �š�}�����Ç�[�•�� �P�o�}�����o��
challenges. 

Our team of over 50 scientists is organised in 9 research groups, covering 
distinct aspects of our interests, that are spread among 3 research centres 
based in Warsaw, Krakow, and Wroclaw. We maintain a diverse network of 
collaborations within the Polish Academy of Sciences, Polish Earth Sciences 
Community and at international level. Our staff members participate in 
international research collaborations, co-organise and contribute to 
international meetings and belong to national panels and committees 
responsible for research strategy and policy. We have extensive links with 
industry, especially major Polish oil and gas companies. As a co-founder of the 
Earth and Planetary Research Centre (GeoPlanet), we established 
interdisciplinary doctoral studies for outstanding graduates, who desire to 
pursue their career in Earth sciences. 

11:15-
11:30 �:���Œ�}�•�s���Á���^�š�}�o���Œ�•�l�] Institute of Paleobiology Polish Academy of Sciences, PL 

 The future is a door, the past is the key: The mission of the Institute of 
Paleobiology Polish Academy of Sciences 

Since its founding in 1952, the Institute of Paleobiology, Polish Academy of 
Sciences (IPAL PAS) has advanced its mission to understand the fossil record 



 

26  

as a foundation of knowledge about the history and evolution of the living 
world. The Institute encompasses a rich diversity of scientific expertise that 
ranges from descriptions of fossil biota to interdisciplinary research at the 
interface of biology, geology, and related fields. Specifically, the scientific 
staff of IPAL PAS has expertise in functional and evolutionary morphology, 
phylogeny, paleobiology and taxonomy of invertebrates and vertebrates; 
biomineralization processes in space and time; experimental taphonomy; 
evolution of benthic (including chemosynthesis-based) and nektonic 
ecosystems; paleoclimatic and environmental changes (including Arctic and 
Antarctic regions), and biosedimentology and paleogeomicrobiology. 
Particularly relevant from the present day perspective of climate variability 
and change are the broad questions addressed in Institute's research that 
include how the environmental change, measured over millions of years, 
can drive biological evolution, and how evolution may also affect 
environmental conditions. The Institute is renowned for its paleontological 
collections acquired during expeditions organized in Poland and in various 
areas of the world. Small part of this natural heritage is available for public 
as exhibitions of the Institute's Museum of Evolution (part of Natural History 
Museum in hopefully near future), thereby creating an awareness of the 
fundamental principles underlying the evolution of life on Earth. The 
Institute publishes one international scientific periodical the Acta 
Palaeontologica Polonica (listed in JCR). 

11:30-
11:45 Konrad Zawadzki University of Warsaw, Biological and Chemical Research 

Centre, PL 
 

Biological and Chemical Research Center of the Univeristy of Warsaw - 
 A Hub of Interdisciplinary Collaboration 

The University of Warsaw Biological and Chemical Research Centre (CNBCh 
UW) stands as a pioneering research and development facility dedicated to 
conducting high-value scientific studies across multiple sectors such as energy, 
analytics, pharmaceuticals, medicine, biotechnology, materials, and 
environmental conservation. Stemming from the CENT III project, it's equipped 
with a state-of-the-art 21,032 m² facility, making it one of Europe's most 
modern research centers, made possible through the Operational Program 
Innovative Economy. Operated by a Director and overseen by a Scientific 
Council, CNBCh UW acts as a collaborative platform uniting Biology and 
Chemistry faculties at the University of Warsaw. Its primary mission involves 
facilitating the transfer of knowledge and technology to the economy, 
fostering university-business partnerships, and encouraging interdisciplinary 
research.The center's role extends beyond the convergence of biology and 
chemistry, encompassing various scientific domains like medicine, physics, 
archaeology, and forensic science. This interdisciplinary hub not only fuels 
innovative research but also houses the headquarters of the technology transfer 
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unit and several spin-off companies. It serves as a nexus for academia-industry 
interactions, promoting the exchange of knowledge and technology when 
building an ecosystem of innovative core facilities. Among these entities, UW's 
spin-off company resides within CNBCh UW, aligning with the university's aim of 
supporting startups. Through incubating these spin-off companies, CNBCh UW 
actively contributes to the university's objective of fostering entrepreneurship 
and advancing scientific innovations within the business sector. By emphasizing 
the connection between science and industry, the CNBCh UW plays a pivotal 
role in not just advancing scientific discoveries but also translating them into 
practical applications for societal and commercial benefits. 

11:45-
12:00 Piotr Szrek Polish Geological Institute - National Research Institute, PL 
 Polish Geological Institute - National Research Institute - general information 

The Polish Geological Institute (PGI) was founded on the 7th of May 1919. It is the 
oldest Polish nation-wide scientific institution. In February 2009, the Council of 
Ministers bestowed the Polish Geological Institute status of National Research 
Institute (NRI). The PGI-NRI is supervised by the Minister of Climate and 
Environment. Research conducted by the PGI-NRI has led to the discovery of the 
most important Polish mineral deposits, such as copper, silver, sulfur, black coal, 
brown coal, rock salt, potassium salt, iron ore, titanium, vanadium, zinc and lead. 
PGI-NRI has a well-equipped and highly specialized research laboratories. The 
Institute manages geological data from all over the country. PGI-NRI cooperates 
with research institutes in several dozen countries around the world and 
participates in the activities of expert groups, whose task is to advise the 
European Commission structures. Currently, approximately 900 people are 
employed in the main headquarters of PGI-NRI in Warsaw and in seven regional 
���Œ���v���Z���•���~�'�����w�•�l�U���<�]���o�����U���<�Œ���l�•�Á�U���>�µ���o�]�v�U���^�}�•�v�}�Á�]�����U���^�Ì���Ì�����]�v�U�����v�����t�Œ�}���s���Á�•�X 

11:30-
11:40 Marek Borowski AGH University, Cracow, PL 

 Cooperation between AGH University of Kraków and Hanoi University of 
Mining and Geology as an example of international teaching, scientific and 

industrial cooperation 

AGH University of Krakow with Hanoi University of Mining and Geology has 
been cooperating since the 1980s post-previous century. AGH students and 
doctoral students play a key role in our cooperation. We will present 
training and internship solutions that enable students and young scientists 
to gain practical experience at Vinacomin. We will also talk about their 
active participation in field research and the creation of master's and 
doctoral theses, which is a valuable contribution to the future of mining in 
Vietnam. We will emphasize the role of international scientific and industrial 
cooperation, which has a noticeable impact on the development of the 
mining sector in Vietnam and brings real benefits to both sides. 
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11:40-
11:50 �W���Á���s���_�Á�]���Œ�l AGH University, Cracow, PL 

 Sustainable cooperation between AGH University of Krakow and Vietnamese 
higher education institutions, a journey through decades 

PLENARY SESSION II 

Chairmen: Konrad Zawadzki and Tran Thanh Hai 

13:30-
13:40 

Trinh Hai Son Vietnam Institute of Geosciences and Mineral Resources, 
VN 

 Vietnam Institute of Geosciences and Mineral Resources - general information 

13:40-
13:50 

 Tran Thanh Hai  Hanoi University of Science, Vietnam National 
University,VN 

 Hanoi University of Mining and Geology - general information 

13:50-
14:00 

Dinh Xuan Thanh Hanoi University of Mining and Geology, VN 

 Faculty of Geology, Hanoi University of Sciences, Vietnam National University - 
general information 

14:00-
14:10 

 Do Huy Cuong Institute of Marine Geology and Geophysics, VN 

 Institute of Marine Geology and Geophysics - general information 

14:10-
14:20 

Nguyen Van Quan Institute of Marine Environment and Resources, 
Vietnam Academy of Science and Technology, VN 

 Institute of Marine Environment and Resource - general information 

14:20-
14:30 

Ha Van Can Institute of Archaelogy, Vietnam Academy of Social 
Sciences 

 Vietnam Institute of Archeology - general information 

14:30-
14:40 

Nguyen Van Viet Center for South-East Asia Prehistory 

 Center for South-East Asia Prehistory - general information 
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PLENARY SESSION III 

Chairmen: Piotr Szrek and Dinh Xuan Thanh 

15:10-
15:25 �W�]�}�š�Œ���•�]���o�]�w�•�l�]1, 

Anna Maj2 

1Faculty of Biology, University of Bialystok, Bialystok, PL 

2International Cooperation Office, University of 
Bialystok, Bialystok, PL 

 University of Bialystok - University with development in its nature 

The University of Bialystok (UB) was established in 1997 from the Branch of 
Warsaw University after 29 years of its existence. Today UB is one of the 
largest and strongest academic centres in North-Eastern Poland due to its 
scientific standards and potential. The University consists of sixteen faculties, 
including one located abroad in Vilnius (Lithuania). Classes and lectures are 
delivered by app. 800 academic teachers. At present the University educates 
app. 9000 students in almost 30 fields of study. It offers about 100 different 
postgraduate courses. The student movement is thriving: there are about 70 
student research clubs at the University. PhD studies are conducted within 
three University Doctoral Schools: Humanities, Applied and Natural Sciences, 
���v���� �^�}���]���o�� �^���]���v�����•�X���d�Z���� �Œ���P�]�}�v�[�•�� �µ�v�]�‹�µ���� �v���š�µ�Œ�������v���� ���µ�o�š�µ�Œ���o�� ���]�À���Œ�•�]�š�Ç�U���Á�Z�]���Z��
attract scientific studies, are applied to scientific research carried out at the 
University. The University cooperates with institutions of higher education 
abroad within 97 institutional agreements (plus 34 agreements with the 
Universities in Belarus and Russia, which are suspended at this moment due to 
the war situation in Ukraine), 200 Erasmus+ Programme Agreements, Leonardo 
da Vinci Programme and Framework Programmes. Thanks to inter-university 
and international cooperation the UB students take part in professional 
internship trainings abroad. Through the efforts of University of Bialystok 
students, who shape the ambiance of Podlasie's capital by organizing a 
multitude of scientific, cultural events, and local community projects, Bialystok 
excels in city rankings for its high quality of life. Due to its location in the most 
naturally diverse region of Poland, its strengths lie in the fields of applied and 
natural sciences. Thanks to the proximity of numerous national and landscape 
parks, the UB is an attractive place for studying and researching the 
exceptionally rich nature. 
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15:25-
15:40 �D���Œ�]�µ�•�Ì���•�]�•�s�l�}�Á�•�l�]�U�� 

�:�������l���<�}�‘���]�µ�l 

Centre for Andean Studies of the University of Warsaw, 
PL 

 Polish school of archaeology and monument conservation: selected examples 
and proposals 

The lecture will outline Polish experiences in archaeology and monument 
conservation, mainly on the sites of the UNESCO World Heritage List. The work 
of the Polish Centre for Mediterranean Archaeology (PCMA) and the Center for 
Andean Studies (CEAC - both institutions of the University of Warsaw) on sites 
such as Saqqara, Deir el Bahari, Alexandria (Egypt), Palmyra (Syria), Dongola 
(Sudan), Gonio (Georgia), Nea Paphos (Cyprus), Machu Picchu, Cusco, Convento 
de Santo Domingo in Lima (Peru), Tiahuanaco and Samaypata (Bolivia), Easter 
Island (Chile) and others will be presented.  

Special emphasis will be given to the use of advanced research and data analysis 
technologies, including remote sensing, 3D laser scanning and LiDar 
documentation, paleogenetic, chemical and radiocarbon analysis, as well as 
different types of conservation of monuments, both movable and immovable. 

The presentation is designed as a kind of proposal for possible future 
collaboration with Vietnamese institutions. 

15:40-
17:00 �^���P���]�v�•�š �š�Z�����•���v���•���}�(���š�]�u���_���(�]�o�u���‰�Œ���•���v�š���š�]�}�v 
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* * *  

07/11/2023 - Tuesday 

Day 2 - Room 1 

PANEL SESSION I 

Geology and mineral resources. Part 1 

Chairmen: �^�š���v�]�•�s���Á���D���Ì�µ�Œ��and Ngo Xuan Thanh 

09:00- 
09:20 

Robert Anczkiewicz1, 
Akeek Maitra1, 
�^�Ì���Ì���‰���v���W�}�Œ�'���•�l�]2, 
Aneta Anczkiewicz1, 
Jérémie Soldner1, 
Jörg Ostendorf1, 
Marta Koziarska1, 
Milena Matyszczak1 

1Institute of Geological Sciences, Polish Academy of 
Sciences, Cracow Research Centre, Cracow, PL 

2Department of Cultural Heritage, University of 
Bologna, Ravenna, IT 

 Timing and rates of geological processes using multimethod geochronology 

Determination of timing, duration and rates of geological processes plays a 
fundamental role in understanding mechanisms shaping our planet. 
Technological advances in the field of mass spectrometry and in situ 
techniques (laser ablation, SIMS) over the past two decades, stimulated the 
development of a wide range of geochronological methods. Laser ablation 
(MC) ICP-MS isotope ratio and trace element concentration determination 
play a particularly important role. High spatial resolution analyses like 
element and/or isotope mapping allow to resolve multiple episodes of 
mineral growth, metamorphic re-equilibration, metasomatic alterations, 
etc. Although in situ techniques provide high spatial resolution, their 
precision is still significantly lower than that of conventional methods. 
Where high spatial resolution and high age precision are required, 
microsampling techniques still prevail. Considerable increase in sample 
throughput and semi-automated data reduction procedures not only allow 
for the application of numerous geochronometers within the scope of a 
single project but enable much tighter constraints of tectonothermal rock 
history. In this study, we showcase the application of multimethod 
geochronology combined with petrological and geochemical study to 
determine the tectonic evolution of continental collision zones using the 
Himalaya, Bohemian massif, and Carpathians as examples. 
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09:20-
09:40 �^�s���Á�}�u�]�Œ���/�o�v�]���l�]1, 

�:�������l���^�Ì���Ì���‰���w�•�l�]2, 
Xin Zhong3, Robert  
Anczkiewicz4 

1Faculty of Geology, University of Warsaw, Warsaw, PL 

2Institute of Geological Sciences, University of Wroclaw, 
Wroclaw, PL 

3 Department of Earth Sciences, Freie Universität Berlin, 
Berlin, GER 

4Institute of Geological Sciences, Polish Academy of 
Sciences, Research Centre in Cracow, Cracow, PL 

 
Eclogites from the Kamieniec Metamorphic Belt (NE Bohemian Massif, SW 

Poland): a record of cold Variscan subduction in the Sudetes 

Rare eclogites together with hosting them early Cambrian metapelites of 
the Kamieniec Metamorphic Belt (KMB) located at the NE margin of the 
Bohemian Massif in the collision zone between Saxothuringian and 
Brunovistulian, bear the record of Variscan metamorphism. Eclogites are 
composed of garnet porphyroblasts (Mn-rich cores, multiple inclusions - 
single or polymineral), omphacite (Xjd up to 0.49, replaced by diopside + 
albite symplectites), white mica (Si4+ up to 3.48 a.p.f.u., replaced by 
biotite + plagioclase symplectites), amphibole, epidote, rutile (replaced 
by ilmenite and titanite) and quartz. We applied several petrologic tools 
(thermodynamic modelling, conventional geothermobarometry, the 
Raman geobarometry for apatite inclusions in garnet, isotopic dating of 
garnet) to reconstruct the P-T path recorded by eclogites. The resulting 
clockwise P-T trajectory shows progression to HP conditions (baric peak 
of 24-27 kbar at ca. 550-560 °C), the decompression to LP conditions 
(greenschist/amphibolite facies) followed by MP-HT episode (690-700 °C, 
6.3-7.9 kbar) and exhumation to LP-LT (ca. 570-450 °C, < 5 kbar). The 
growth of garnet porphyroblasts, most probably taking place only during 
the prograde segment of P-T path, points to age of HP metamorphism of 
347±4.3 Ma (Lu-Hf method). Moreover, thermodynamic modelling 
suggested the presence of lawsonite in the HP assemblage, however, this 
mineral is absent in the studied samples. We interpret poly-mineral 
inclusions found in garnet (clinozoisite + paragonite + biotite + 
plagioclase ± quartz ± albite ± kyanite) as post-lawsonite pseudomorphs. 
We argue that they strongly support the cold conditions during Variscan 
subduction (geotherm ca. 6-7 °C/km) which stem from the modelling. 
The results for the KMB eclogites are much cooler than in other HP units 
of the Sudetes (the Góry Sowie Massif, the Orlica-�_�v�]���Ï�v�]�l�� ���}�ue). The 
study was supported from NCN research grant UMO-
2015/17/B/ST10/02212. 
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09:40-
10:00 

Olga Rosowiecka Polish Geological Institute - National Research Institute, 
Warsaw, PL 

 
Usage of geophysical methods for mineral prospection of Poland 

The exploration of deep mineral resources is an important prerequisite for 

meeting the continuous demand of resources. The geophysical method is one 

of the most effective means of exploring the mineral resources with a large 

depth and a high resolution. Integration of several geophysical methods is the 

best way to get a proper recognition of a potential ore deposit. A common 

part of the mapping of various petrophysical parameters gives the most 

precise interpretation of the geometry of deposit as well as of the type of 

mineralization. Though seismic is the most popular method in hydrocarbon 

and salt exploration,  combining it with gravimetry gives a very good results in 

a 3D space. From the other hand, when metal ore deposits (mainly sulphides) 

are being explored, geoelectric methods (Electric Resistivity Tomography - 

ERT and Induced Polarization - IP) together with magnetometry, gamma-

spectrometry (in case of very subsurface mineralization) is a common option. 

Appropriate work design as well as consequent integrated interpretation 

plays a key role in drawing mineral deposit conclusions. 

Polish Geological Institute - National Research Institute does not only serve as 

a geological survey but also carries out research work, including exploration 

methodology development. Whole country is covered by semidetailed 

ground gravimetric and magnetic surveys, as well as regional (sparse) 

gamma-spectrometry survey. The resulting maps shows the areas which 

should be prospected with detailed surveys. Such surveys may be carried out 

using helicopters, UAV units (on a very detailed scale) or at the ground.  

Examples of such exploration surveys will be presented to show the 

effectiveness of such complex and integrated approach to mineral deposit 

exploration. Among other, the geophysical surveys at Przerzeczyn (Sudety 

Mts.) preceded two research drillings aimed at searching for nickel ore 

deposits. The other example is the integrated geophysical survey at 

Radzimowice known from the historical mining activity related to 

pollymetalic. 
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10:00-
10:20 Krzysztof Nejbert Faculty of Geology, University of Warsaw, Warsaw, PL 

 
World-class Zn-Pb (Mississippi Valley-type) and Cu-Ag (Kupferschiefer type) 

metallic deposits  in southern Poland: geological and mineralogical 
characteristics and genetic relationships with tectonic and sedimentary 

evolution of the Polish Basin 

World-class Zn-Pb (Mississippi Valley-type) and Cu-Ag (Kupferschiefer type) 
metallic deposits in southern Poland: geological and mineralogical 
characteristics and genetic relationships with tectonic and sedimentary 
evolution of the Polish Basin. 

World-class Zn-Pb and Cu-Ag deposits mined in Poland occur in 
sedimentary rocks of the southern part of the Polish Basin (PB). The basin 
is located between the western slope of the East European Craton and the 
Variscan internides. The PB was formed in the Early Permian and is filled 
with siliciclastic deposits (volcaniclastic and volcanic in the lower part), 
carbonates, and evaporites. In the central part the total thickness of the 
deposits reach up to 7 km.  

Zn-Pb deposits in the Upper Silesia occur mainly in the Middle Triassic 
carbonate platform, which underwent intense karst processes in the Late 
Triassic. After burial, the fossil karst system were filled with hydrothermal 
solutions in the Early Cretaceous (ca. 135 Ma), leading to the formation of 
thick Zn-Pb ore bodies (max. 70 m). The Cu-Ag deposits in the Lublin-
Sieroszowice area are associated with the uppermost part of a siliciclastic 
redbed formation that is covered with black shales and carbonates, both 
with concentrations of organic matter up to 30 wt.%. The origin of ore 
mineralization is related to the ascension of low-temperature 
hydrothermal waters responsible for the formation of the oxidized Rote 
Fäule facies. The age of mineralization is estimated ca. 264-162 Ma.  

An origin of ore mineralization in both deposits is related to diagenetic and 
low-temperature hydrothermal processes. The crystallization temperatures 
of ore minerals range from 80 oC to 150 oC. Fluid inclusions commonly 
contain liquid hydrocarbons, the presence of which documents the 
connection of ore mineralization with the diagenesis of organic matter, 
taking place in rocks of the PB. The siliciclastic formations of this basin were 
a source of metals, and the processes of migration of hydrothermal 
solutions were probably related to the processes of diagenetic compaction 
of siliciclastic formations. The migration of hydrothermal solutions could 
also be enhanced by the increase in heat flux related to the tectonic 
evolution of the PB. 
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10:20-
10:40 Anna Wysocka1, 

Phan Dong Pha2, 
Hoang Van Tha3, 
Nguyen Quoc 
Cuong1, Ewa 
Durska1, Urszula 
Czarniecka4, Anna 
Filipek1, Do Van 
Thang1�U���Z�����}�•�s���Á��
Staniszewski1, 
Daniel Zaszewski1, 
Adam Baranowski1  

1Faculty of Geology, University of Warsaw, Warsaw, PL 

2Institute of Geophysics and Marine Geology, VN 
Academy of Science and Technology, Hanoi, VN 

3Institute of Geology, Vietnam Academy of Science and 
Technology, Hanoi, VN 

4University of Oslo, Oslo, NO 

 

 Late Eocene-Early Oligocene fluvial-to-lacustrine feeder system for the 
northern Song Hong and Beibuwan basins (on-shore Northeast Vietnam) 

In Northeast Vietnam, there are at least a dozen small areas in which 
Paleogene and Neogene deposits crop out. They are paltry erosional patches 
and constitute remnants of a larger sedimentary terrestrial system. Only 
some of them are big enough to be treated as basins with fully developed 
sedimentary patterns. Among them, the Cao Bang (C-B) and Na Duong (N-D) 
basins, and the Hoanh Bo Trough (HB-T) filled with thick series of Late 
Eocene-Early Oligocene terrestrial deposits deserve special attention.  

The C-B and N-D basins are related to the left-lateral Cao Bang - Tien Yen 
Fault and interpreted as belonging to an associated extensive terrestrial 
drainage system. The C-B is filled with a wide variety of deposits, from 
coarse-grained alluvial-fan through sandy fluvial to fine, organic-rich 
lacustrine deposits. Early Oligocene sedimentation in the N-D Basin was 
initially dominated by fluvial and peat-forming processes, followed by 
lacustrine deposition. The sedimentary infill of the basin is petrographically 
mature and was deposited in a relatively long-lasting fluvial-lacustrine 
sedimentary system. This system is proposed as a main Oligocene feeder 
system for the off-shore Beibuwan Basin.  

While, the HB-T is filled with the proximal alluvial fan, distal alluvial fan, 
fluvial alluvial plain with channels, alluvial plain and/or lake margin, and 
lacustrine facies associations. The sedimentary pattern and interpretation 
of the HB-T evolution match well with the rift initiation, rift development, 
and rift termination tectonic system tracts. It is the nearest well-exposed 
Paleogene landward basin in relation to the Tonkin Gulf, is unique and 
crucial for regional interpretations of the sedimentary and structural 
evolution of the northern Vietnam onshore/offshore transition. Moreover, 
the HB-T could be treated as a landward keyhole for the offshore basins: 
for instance, for the Kien An Basin in the northern Song Hong Basin. 
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10:40-
11:00 Hoang Van Tha1, 

Anna Wysocka2,3, 
Ewa Durska3,  
Nguyen Quoc Cuong1, 
Phan Dong Pha4,  
Bui Van Thom1, 
Nguyen Xuan Huyen1, 
Anna Filipek3, 
Urszula Czarniecka5, 
Vu Van Ha1, 
Dang Minh Tuan1, 
Nguyen Minh Qu�£ng1 

1Institute of Geological Sciences, Vietnam Academy 
of Sciences and Technology, Hanoi, VN 
2Institute of Geological Sciences, Polish Academy of 
Sciences, Warsaw, PL 

3Faculty of Geology, University of Warsaw, 
Warsaw, PL 
4Institute of Marine Geology and Geophysics, Viet 
Nam Academy of Sciences and Technology, Hanoi, 
VN 

5Department of Geosciences, University of Oslo, NO 

 Sedimentology of the Paleogene-Neogene deposits along  
the Chi Linh - Dong Trieu - Hon Gai fault zone, NE Vietnam 

The Chi Linh - Dong Trieu - Hon Gai strike-slip fault zone is a typical 
deformational structural zone in northern Vietnam, being oriented in more or 
less East-West direction. During the Paleogene-Neogene time, two large 
troughs were formed along the structural zone, called Hoanh Bo and Dong 
Trieu. They are filled with a thick strata of clastic sediments. The Hoanh Bo 
Trough sediments were croped out well from its bottom to the top, featured 
by oil-shale beds. The sedimentary profile constantly represents an 
accumulation from the late Eocene-early Oligocene, deposited in a pattern of 
sedimentary system including proximal alluvial fan, distal alluvial fan, fluvial 
alluvial plain with channels, alluvial plain and/or lake margin and lacustrine 
environments. The sedimentary strata of Dong Trieu Trough is characterized 
by predominance of sandstones, siltstones, claystones, intercalation of coal 
layers, and represents succession of terrestrial facies, including aluvial, fluvial 
and lacustrine sediments. The assemblage of Dong Trieu spore and pollen 
was considered as a similarity to the Na Duong plants. Based on the features 
and deformation of sediments, the age of Dong Trieu Trough sediment is 
interpreted as lasting from early Oligocene (even late Eocene), to early 
Miocene. Sediments developed under the control of faults were consistent 
with the initiation phase of the rift formation process, according to the 
transtension with the normal-sinistral strike-slip mechanism. The uplift of  
troughs occurred at least at the late Miocene, and virtually throughout the 
Pliocene, led to a strong erosion of the sedimentary strata. The late Pliocene-
Quaternary represents a period of relatively stable tectonic activity, indicated 
by thin sedimentary strata. The troughs continue to be dissected, subside 
slightly and tend to be enlarged to the east. 
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11:30-
11:45 �:���Œ�}�•�s���Á���^�š�}�o���Œ�•�l�]�U 

�W�Œ�Ì���u�Ç�•�s���Á���'�}�Œ�Ì���o���l 
Institute of Paleobiology, Polish Academy of Sciences, 
Warsaw, PL 

 Strengthening Vietnam's coral reef conservation strategy: perspectives of 
multi-approach collaboration 

�d�}�����Ç�[�•�� �Œ�����(�� ���v�À�]�Œ�}�v�u���v�š�•�� ���Œ���� �•�}�u���� �}�(�� �š�Z���� �u�}�•�š�� �À�µ�o�v���Œ�����o���� �u���Œ�]�v����
ecosystems to changing climatic conditions. Climate change models assuming 
an increase in atmospheric CO2 concentrations predict the extinction of most 
�}�(���š�}�����Ç�[�•���l�v�}�Á�v���•�Z���o�o�}�Á-water reef corals and many other reef biota due to 
acidification and increased surface water temperatures by the end of the 21st 
century. However, there is also compelling evidence that taxon-dependent 
physiological adaptations result in more complex responses and higher 
resilience of some taxa to ocean acidification, ocean warming and other local 
stressors. The key to understanding these adaptations and survival potential 
of reef taxa lies in evolutionary history of these organisms which can be 
investigated in herein proposed threefold long-term Polish-Vietnamese 
collaborative research program.  
The program is composed of three packages. The paleontological package 
(1) will concern the Holocene evolution of the monsoon climate in coastal 
Vietnam based on fossils and comparative modern coral and reef 
organisms skeletal proxies. For example, the coral skeletons fulfilling 
criteria of good preservation, will be used to interpret and compare in time 
the calcification performance, extension rates, and the aragonite 
saturation state (�O) at calcification sites. The biological package (2) will 
include integrative morphological and molecular taxonomic assessments, 
as well as investigation of the coral reef organisms (specifically corals) 
adaptation to the seascape conditions. The experimental biology part (3) 
will assess effects of ocean acidification, nano/microplastics exposures on 
reef biota growth using experimental aquaria facilities.  

The proposed program will benefit from collaboration with foreign 
partners that in some areas have advanced expertise. Deep involvement of 
partners from Vietnam will also promote the dissemination of scientific 
knowledge and understanding of coral reefs to Vietnamese society. 
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11:45-
12:05 Robert Anczkiewicz1,  

Alessia Nava2,  

Luca Bondioli2,  

Wolfgang Müller3, 

Christoph Spötl4,  

�D���Œ�]�������������o��1,  

Federico Lugli5,  

Cosimo Post6,  

Marta Koziarska1,  

Milena Matyszczak1 

1Institute of Geological Sciences, Polish Academy of 
Sciences, Kraków Research Centre, PL 

2Department of Cultural Heritage, University of 
Bologna, Ravenna, IT 

3Institut für Geowissenschaften, Goethe-Universität 
Frankfurt, Frankfurt Am Main, GER 

4Institute of Geology, University of Innsbruck, 
Innsbruck, AT 

5Department of Chemical and Geological Sciences, 
University of Modena and Reggio Emilia, IT 

6Institute for Archaeological Sciences, Department of 
Geosciences & Senckenberg Centre for Human 
Evolution and Palaeoenvironment, University of 
Tübingen, GER 

 
 

Reconstruction of extinct mammal mobility patterns using high spatial 
resolution trace element, Sr and O isotope analyses 

Mobility of large mammals is an important life strategy driven by food 

availability, seasonal weather, or climate change. The reconstruction of 

mobility paths of the extinct species relies on the studies of the skeletal 

remains among which dental enamel is known to be the most reliable 

archive of in vivo processes. We present reconstruction of woolly mammoth 

mobility patterns in central and eastern Europe during the Upper 

Paleolithic. We were able to reconstruct up to 15 years of animal life from a 

single molar tooth. We demonstrate excellent preservation of the fossil 

remains, which allowed precise determination of in vivo chemical and 

isotopic compositions. We conducted in situ laser ablation (MC) ICP-MS Sr 

isotope and trace element measurements which together with histological 

observations document migratory behavior of nearly all studied individuals 

with sub-monthly resolution. The same migratory pattern prevailed until the 

last glacial maximum when mammoths disappeared from central Europe. 
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12:05-
12:25 Nguyen Van Tuan1,  

Trinh Hai Son2,  
Vu Van Tich2,  
Nguyen Van Dong1,  
Tran Diep Anh1, 
Ho Tien Chung1,  
Trinh Thi Thuy1,  
Vu Van Tuyen1 

 

1Vietnam Institute of Geosciences and Mineral Resources, VN 

2Vietnam National University, Hanoi, VN 
 

 
Clarification of the reactivation history of the Song Ba fault zone in the 

Central Highlands of Vietnam based on Ar-Ar age data  
of pseudotachylite and mylonite 

Determining the ages of pseudotachylite and mylonite within the Song Ba 

fault zone plays a critical role in understanding the phases of fault 

movement. In this study, nine samples of pseudotachylite and mylonite 

collected along the Song Ba fault zone were selected for 40Ar-39Ar age dating, 

which yielded the following results: (1) Three mylonite samples collected 

from the Lo Xo pass and its base (Ko02, Ko07, Ko08) provide low-temperature 

age estimates (62.79�r20 Ma; 84.39 Ma; 56-70 Ma, respectively), 

corresponding to the Yanshan tectonic event that occurred about 125-70 Ma 

ago. (2) Four samples of pseudotachylite and mylonite collected from the top 

of the mountain pass (Ko01, Ko03, Ko04, Ko05) also yielded low-temperature 

age estimates (44.12�r8.8 Ma; 40.11�r18.02 Ma; 22.3 Ma; 22.11 Ma, 

respectively). These ages are associated with the Himalayan event that 

occurred 40-22 Ma ago and coincided with the opening of the Neogene basin 

in the central highlands of Vietnam, which extended from the middle Eocene 

to the late Miocene. (3) Two mylonite samples from the summit of Lo Xo pass 

(Ko06, Ko09) showed extremely young low-temperature ages (1.87-3.78 Ma 

and 1-17.2 Ma) with relatively large faults. However, these results may 

represent basaltic magmatism in the Kon Tum Massif. In addition, the high-

temperature age and total age estimate for samples Ko01, Ko02, Ko07, and 

Ko08 were determined to be 250 Ma; 210 Ma; 233.4�r7.3 Ma; 117.6�r2.8 Ma, 

respectively, which can be associated with the Indosinian orogeny of 270-230 

Ma. In summary, the results of this study suggest that the Song Ba fault zone 

was reactivated during the Cenozoic and was marked by two major tectonic 

events such as the Yanshan and Himalayan orogenies. 
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12:25-
12:45 Vu Le Phuong1,2,  

Nguyen Dang Hoi3, 

Vu Van Phai2, Pham 

Nguyen Ha Vu2,  

Duong Tuan Ngoc4,  

Vu Tuan Anh5,  

Do Huy Cuong1 

 

1Institute of Marine Geology and Geophysics, Vietnam 
Academy of Science and Technology, VN 

2Hanoi University of Science, Vietnam National University 
(VNU-HUS) , VN 

3Vietnam - Russia Tropical Center, Ministry of Defense, 
VN 

4Marine Geology and Mineral Division, Ministry of 
Natural Resources and Environment, VN 

5Institute of Oceanography, Vietnam Academy of Science 
and Technology, VN 

 
Geomorphology in multidisciplinary geoscience: application of finescale, 

synthetic seafloor geomorphological mapping in Viet Nam  
maritime territories 

Geomorphology is long been an essential part of geoscience research to 

understand evolution of terrain as the cumulative result of endogenous and 

exogenous processes. In the last few decades, the study of seafloor 

geomorphology in Vietnam has gradually developed from very coarse scale 

for the whole East Sea (Vietnam) domain to very fine scale of oceanic coral 

reefs of Truong Sa Islands, together with the shifting from the hierarchical 

approach of Soviet-era for generic purposes to data-driven modelling for 

specific purposes. Very fine scale geomorphological mapping requires specific 

approach and database, which could be inherited from previous studies or 

develop by participated geomorphologist, with the combination of technical 

skills vary from raw data collection underwater/on boat, data ingestion and 

analysis, to cartographic representation. In this study, we introduce a few 

examples of using data fusion approach to produce finescale, synthetical 

geomorphological maps in various seafloor domains of Viet Nam, and their 

corresponding applications. First example is the use of geomorphological 

approach to estimate a buried marine sand body on the subaqueous delta of 

Mekong River, offshore Soc Trang Province to serve national-level highway 

construction. Secondly, the application of GEObject Image Analysis (GEOBIA) 

approach to fuse various data source, including multi-scale bathymetric data, 

VHR satellite images, underwater footage photos and videos, to produce and 

interpret coral reef formations of the Truong Sa Islands.  
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12:45-
13:00 Bui Van Vuong1, 

Nguyen Dac Ve2, 

Dang Hoai Nhon1, 

Tran Duc Thanh1,  

Le Dinh Nam2,  

Phan Dong Pha2, 

Tran Thi Thu Trang3, 

Tran Huu Long3, 

Nguyen Thi Mai Luu1, 

Hoang Thi Chien1 

1Institute of Marine Environment and Resources, 
Vietnam Academy of Science and Technology, VN 

2Institute of Marine Geology and Geophysics, Vietnam 
Academy of Science and Technology, VN 

3Environmental Engineering Institute, Vietnam 
Academy of Science and Technology, VN 

 

 
Characteristics of sedimentary environment and proposed measures for 

rational use of intertidal zones of red river delta 
The Intertidal zone of Red River Delta consists of 8 sedimentary environment 

types, which are not only an inexhaustible resource for community but also 

the habitat for ecosystems (ex. mangrove). However, they have been 

influenced by natural factors and special human activities. Their changes are 

caused by the environmental quality, ecosystems and resources of the 

intertidal zone of Red River Delta have been decreasing. Their changes are 

causing the decline in environmental quality, ecosystems and resources of 

the intertidal zone of Red River Delta. This study will present the 

characteristics, changing sedimentary environment which impacts on 

environment, ecosystems, resources, community and propose measures for 

rational use of intertidal zones of the Red River Delta. 

13:00-
13:15 �W�Œ�Ì���u�Ç�•�s���Á��

Gorzelak1�U���:���Œ�}�•�s���Á��

Stolarski1, Dorota 

�<�}�s���µ�l2 

1Institute of Paleobiology, Polish Academy of Sciences, 
Warsaw, PL  
2UCD Earth Institute and School of Biology and 
Environmental Science, University College Dublin, 
Belfield, Dublin, IRL 

 Exploring the influence of seawater chemistry on biomineralization and 
mechanical properties in echinoderms: current developments and future 

perspectives 
Fossil echinoderms are increasingly being used as a proxy for interpreting 

secular changes in the seawater Mg2+/Ca2+ ratio in the Phanerozoic. 

However, whether the incorporation of magnesium into the echinoderm 

skeleton is primarily controlled by physiological processes or shaped by 
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environmental parameters is still a matter of debate. Experiments on living 

echinoderms designed to robustly test the effect of seawater Mg2+/Ca2+ ratio 

on their skeletal chemistry were almost lacking. To fill this gap, over recent 

years, we performed a series of short-term experiments on a few 

echinoderm species that were cultured in different Mg2+/Ca2+ conditions 

simulating fluctuations of this ratio in the Phanerozoic. Although our data 

show that under low Mg2+/Ca2+ seawater ratio echinoderms produced a 

skeleton with decreased Mg/Ca ratio, the accuracy of seawater Mg2+/Ca2+ 

reconstructions is strongly limited by the fact that Mg partition coefficients 

vary significantly at different scales (between species, specimens feeding on 

different types of food, different ossicle types, and stereom types within a 

single ossicle). Interestingly, we found that echinoderms with lower Mg 

content displayed decreased nanohardness, which suggests that at certain 

times in the past (during the so-called calcite seas) echinoderms were likely 

more susceptible to predation and post-mortem taphonomic processes. 

Although these short-term experiments provided important insights, more 

effort is needed to understand the long-term effect of seawater Mg2+/Ca2+ on 

the biomineralization in echinoderms. Likewise, a wide range of stressor 

impacts, which commonly act synergistically (including climate change, 

microplastics and other pollutants) are understudied. Strong interdisciplinary 

collaboration is needed to address these gaps. Bays of Vietnam contain highly 

abundant and diverse echinoderm fauna, providing great potential for 

studying these aspects [The study funded by NCN grant 

2020/37/B/ST10/01460]. 
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14:40-
15:00 

Grzegorz Lizurek1,  
Jan Wiszniowski1, 
Nguyen Anh Duong2, 
�/�Ì�������o�����E�}�Á�����Ì�Ç�w�•�l��1, 
Beata Plesiewicz1, 
Dinh Quoc Van2 

1Institute of Geophysics, Polish Academy of Sciences, PL 

2Institute of Geophysics, Vietnam Academy of Science 
and Technology, VN 

 A Story about Polish-Vietnamese Cooperation in Reservoir-Triggered     
Seismicity Studies 

���š�� �š�Z���� �����P�]�v�v�]�v�P�� �}�(�� �î�ì�í�ì�[�•�� �/�v�•�š�]�š�µ�š���� �}�(�� �'���}�‰�Z�Ç�•�]���•�� �W�}�o�]�•�Z�� �����������u�Ç�� �}�(��
Sciences (PAS) and the Institute of Geophysics Vietnam Academy of Science 
and Technology (VAST) renewed their cooperation, which began in 1957 
during the International Geophysical Year. Its main scientific topic was 
reservoir-triggered seismicity. First, it was related to the seismicity in the 
Song Tranh 2 reservoir vicinity, where seismic activity started after the filling 
of the reservoir in 2011 with earthquakes of magnitude up to 4.7. 
Monitoring network was performed with the use of equipment provided by 
both Institutes. It was included in the IS-EPOS project aimed at building 
infrastructure related to anthropogenic seismicity for the European Plate 
Observing System (EPOS) project. As a result data set from the Song Tranh2 
monitoring campaign was published within the EPOS Thematic Core Service 
Anthropogenic Hazards and is available on the EPISODES platform. As a 
follow-up of this cooperation monitoring of the Lai Chau reservoir in a 
similar way was established. Moreover, the scientific results of this 
successful cooperation led to the publication of several manuscripts in high-
impact journals such as BSSA and Tectonophysics and three scientific 
projects, two funded by the Polish National Science Centre and joint Polish-
Vietnamese mobility project funds. The most important results are high-
quality scientific data and analyses. They allowed us to unveil the seasonal 
dependence of seismic activity in Song Tranh 2, identify the active 
discontinuities, and describe the triggering process. Moreover, many 
detailed analyses of Lai Chau reservoir seismicity showed that prevailing 
seismicity in this area is of tectonic origin and the influence of the reservoir 
is very limited in time and space. Obtained results allow for safer 
exploitation of the artificial reservoirs and planning of future water power 
plant investments. We hope that current results will be sustained and new 
research challenges will open. 
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15:00-
15:20 Quang Minh Nguyen,  

Tuan Dung Tran, 

Tuan Duong Tran 

Institute of Marine Geology and Geophysics, Vietnam 
Academy of Science and Technology, VN 

 
Some major research results in geology and geophysics of the East Sea 

(Vietnam) in recent years and collaboration ideas 
Based on geophysical data such as gravity anomaly, magnetic anomaly, multi-
channel seismic, earthquake mechanism... and geophysical method, we study 
deep structure, tectonic and geodynamic of the Earth's Crust for exploring 
solid minerals, oil and gas; estimating natural hazards. In this conference, we 
will present our major results on studying of East Sea (Vietnam) in recent 
years. Moreover, we would also like to share our geophysical database in order 
to promote collaborative research between Vietnam and Poland. As an 
opportunity, we propose a draft topic "Study on the structure of East Sea 
(Vietnam) for evaluating the different characteristics between NW and SE of 
the Continent-Ocean Transition Zone" for our collaboration. 

16:00-
16:20 �^�š���v�]�•�s���Á���D���Ì�µ�Œ Institute of Geological Sciences, Polish Academy of 

Sciences, Cracow, PL 

 
Quantification of displacement along the Red River Fault based on 2-D gravity 

modelling and plate reconstructions 

Significant E-W extension and/or compression must have been generated by 
displacements along the Red River Fault (RRF) since its curvature does not 
match a small circle centered at the Euler pole for the Indochina/south China 
plate pair. 
The amount of extension perpendicular to the RRF offshore Vietnam depends 
on the magnitude of left-lateral displacement along the RRF. In general, the 
larger the left-lateral displacement along the fault, the smaller the amount of 
E-W extension. All purely strike-slip models of the opening of the East Sea that 
assume large displacements (> 250 km) along the RRF encounter major 
problems because they imply little extension, or even considerable shortening, 
offshore east Vietnam. This is inconsistent with the presence of large, 
elongated basins offshore Vietnam. Using a plate tectonic model, we compare 
continental extension values implied by different magnitudes of displacement 
along the RRF with crustal stretching estimates derived from 2-D profiles 
modeled from gravity data. We utilize 2-D gravity forward models to restore 
the extended continental margin crust to its original position prior to 
extension. We find that substantial amounts of extension for offshore Vietnam 
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can only be modeled assuming moderate displacements along the RRF 
compatible with the presence of a southward subducting proto-East Sea. The 
total amount of ENE-WSW extension offshore northern Vietnam constrained 
by our 2-D gravity profiles and gravity inversion increases southward from 36 
to 89 km along the Yinggehai Basin. These values of ENE-WSW extension are 
consistent with 250 km of left-lateral displacement along the RRF. 

15:40-
16:00 Trong Cao Dinh1,2,3,4,  

Trieu Cao Dinh2,3,5, 
Pha Phan Dong6, 

Dung Le Van1, 

Tuan Thai Anh1, 

Luc Nguyen Manh1,  

Thanh Duong Van1,  

Bach Mai Xuan1,  

Hung Pham Nam1 

1Institute of Geophysics, Vietnam Academy of Science 
and Technology, VN 

2University of Science and Technology, Vietnam 
Academy of Science and Technology, VN 

3Vietnam Institute for Applied Geophysics, VN 

4Innovations for Sustainable and Responsible Mining 
Research Group, Hanoi University of Mining and 
Geology, VN 

5Vietnam National University Ho Chi Minh City, VN 

6Institute of Marine Geology and Geophysics, Vietnam 
Academy of Science and Technology, VN 

 
Improving the efficiency of analytic hierarchy process (AHP) in seismic source 
mapping based on existing geophysical, geological, and geomorphological 

data: A case study in Northwest Vietnam 

A solution that was chosen to improve the efficiency of the classical analytic 
hierarchy process (AHP) in seismic source forecasting is using Garson's 
algorithm with a 8-18-1 MLP neural network model in assessing the 
susceptibility and hierarchizing the influence of the data used:  
- The geological, geomorphological, and geophysical factors used are divided 
into two groups: (1)- indicating the existence of subsurface faults  (LF - Surface 
fault density, GMax.G - Maximum horizontal gradient of Bouguer gravity 
anomaly, GMax.M - Maximum horizontal gradient of magnetic component 
anomaly �4ta and GMax.EC - Maximum horizontal gradient of Earth's crust 
thickness); (2)- indicating the activity characteristics of the fault (GMax.vv - 
Maximum horizontal gradient of vertical movement, LD - Drainage density, Lmf - 
Sinuous mountain front density and NLp - Density of points of landslide and hot 
- mineral water), which allow us to identify subsurface fault zones that are 
active in modern times. This combination enables determining the SSI value, 
which is the basis for identifying the seismic source. 
 A solution to improve classical AHP's efficiency by eliminating subjectivity's 
influence when performing steps b (establishing the order of precedence) and 
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c (hierarchizing the influence) is necessary. The use of an Artificial Neural 
Network (ANN) and data susceptibility assessment by Garson's algorithm with 
8-18-1 MLP neural network allows us to assess the susceptibility and 
hierarchize the influence of the data used on the forecasting object most 
objectively, as well as enhance the efficiency of AHP in seismic zone 
identification. The factors indicating subsurface faults (Surface fault density 
(LF), Maximum horizontal gradient of Bouguer gravity anomaly (GMax.G), 
Maximum horizontal gradient of magnetic com�‰�}�v���v�š�� ���v�}�u���o�Ç�� �4�š���� �~�'Max.M) 
and Maximum horizontal gradient of Earth's crust thickness (GMax.EC)) and the 
activity characteristics of faults (Maximum horizontal gradient of vertical 
movement (GMax.vv), Drainage density (LD), Sinuous mountain front density (Lmf) 
and Density of points of landslide and hot - mineral water (NLp)) allow us to 
identify subsurface fault zones that are active in modern times. Combining 
these factors with seismic activity through the SSI determination creates a 
coherent logic in the study of seismic source mapping. 
The analytical hierarchy process (AHP) based on geophysical, geological and 
geomorphological data has now proven to be very effective in mapping seismic 
sources in Northwest Vietnam. The authors believe that this approach can be 
used in research to detect active fault zones on Vietnamese territory, such as 
the Red River fault zone, Song Ba graben. 

15:20-
15:40 �B�µ�l���•�Ì���^�s�}�v�l���U�� 

Piotr Krzywiec,  

Aleksandra Stachowska 

Institute of Geological Sciences, Polish Academy of 
Sciences, Warsaw, PL 

 
Stratigraphic and structural seismic data interpretation and basin analysis - 
research capabilities of the SeisSed research group, Institute of Geological 

Sciences, Polish Academy of Sciences, Warsaw 

Comprehensive structural and stratigraphic interpretation of seismic data 
combined with quantitative basin analysis and tectonic studies are of utmost 
importance for recognition of structure and evolution of key geological unit 
of Poland. SeisSed research group has completed a number of research 
projects dedicated to different sedimentary basins, such as the Paleozoic 
Baltic, Podlasie, and Lublin basins, Permian-Mesozoic Polish Basin, and the 
Miocene Carpathian foredeep and associated Carpathian thrust belt. 
Seismic-stratigraphic interpretation of unique high-end PolandSPAN(TM) 
seismic regional profiles, calibrated by deep wells, allowed to present the 
new tectono-sedimentary model of the Late Cretaceous evolution of the 
northern part of the Polish Basin, which was strongly influenced by inversion 
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tectonics and associated regional lithospheric buckling, and fed by 
transverse and parallel depositional systems. Seismic interpretation in the 
central Poland was focused on salt tectonics and shows the influence of 
compressionally-reactivated salt diapirs on surrounding Upper Cretaceous 
strata. Results of another study were focused on seismic characteristics 
(seismic facies and attribute analysis) of Upper Jurassic carbonate buildups 
in southern Poland. Structural seismic interpretation of frontal orogenic 
wedges and foreland basins was supported by various methods including the 
cross-section balancing, basin modeling, and advanced seismic analysis 
techniques e.g. seismic inversion and seismic structural modelling which was 
carried out in order to predict the lithology and facies distribution within the 
Caledonian foreland basin in North Poland, and by seismic modeling of 
synthetic reflection data which was performed to verify potential limitations 
of seismic imaging within the Carpathian foredeep in South Poland. New 
model of the frontal Variscan (late Carboniferous) fold-and-thrust belt based 
on dense coverage of 2D and 3D seismic data was proposed for Southeast 
Poland. 
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09:00-
09:20 

Piotr Zawrzykraj Faculty of Geology, University of Warsaw, Warsaw, PL 

 
Selected geological hazards in land development 

Geological hazards in terms of land development include natural geological 
processes or geological phenomena caused (induced) by human activity, 
capable of causing widespread damage or loss of property and life. Adverse 
geological processes can vary in range, energy and dynamics. The impact 
can be sudden and widespread or slow and localized. The main known 
geological hazards, their possible range and circumstances of occurrence 
are presented and the mechanism of their formation is discussed. 
Earthquakes, volcanic eruptions, mass movements (landslides, mudflows, 
rockfalls, debris flow), liquefaction, karst processes, river and coastal 
erosion, mining activities (rock mass relaxation in open-pit mines, 
subsidence troughs over underground mines), settlements caused by 
dewatering, suffosion, internal erosion, swelling and shrinking of soils., 
subsidence, expansive soils, melting permafrost, high compression soils 
(organic, young soils) have been concisely analyzed. Then link the listed 
risks (causes) to the potential loss and damage they can cause. At the same 
time, selected preventive activities or remedial are indicated. 

09:20- 
09:40 Mateusz Parafiniuk Polish Geological Institute - National Research Institute, 

Warsaw, PL 

 
Geohazards - implementation of the Geological Survey tasks at Polish 

Geological Institute - National Research Institute 

The presentation focuses on actual tasks realised by Geohazadrs Center in 
Polish Geological Institute. Main activites are listed including: landslides, 
terrain surface deformations and seismic events in Poland. The Polish local 
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specificity of geohazards is described. In the first part of the presentation 
were discussed issues related to the Landslide Counteracting System in 
Poland, project SOPO. The main areas of the SOPO project include: 
landslides mapping and monitoring, forecasting, development of research 
methods and web application. In the second part, the methods of 
identification and monitoring of terrain surface deformation (continuous 
and sinkholes) are presented, including terrestrial laser scanning, InSAR and 
geodesy. The last part focuses on the Polish seismological stations network 
for monitoring seismic events. 

09:40- 
10:00 

Pham Van Tien1 

Le Hong Luong2,  

Tran Trung Hieu1, 

�B�µ�l���•�Ì���W���Á�o�]�l3, 

�W���Á���s���<�Œ�}�Z4 

1Vietnam Academy of Science and Technology, Institute 
of Geological Sciences, Hanoi, VN 

2Institute of Transport Science and Technology, Hanoi, VN  

3Institute of Earth Sciences, University of Silesia, Katowice, PL 

4Pedagogical University of Cracow, Institute of Biology 
and Earth Sciences, Cracow, PL 

 
Integrated Landslide Simulation Model and its application to Joint Research 

Proposal between Vietnam and Poland 

Landslides are one of the geological disasters that frequently occur and cause a 
lot of economic damage and human lives in Vietnam. Although many costly 
countermeasures have been applied to prevent landslide occurrence and 
reduce its effects, there has been increasing damage to society caused by 
landslides in rainy seasons. Landslide hazard assessment through numerical 
simulation might be one of the effective and practical approaches for disaster 
risk reduction and prevention. This research presents some results on the 
initiation and motion simulation of several case studies of landslides triggered 
by heavy rainfall in Vietnam using an integrated simulation model of ring shear 
apparatus and the computer model LS-RAPID. The result analysis shows that 
the integrated model is reliable for landslide hazard assessment by estimating 
sliding parameters, e.g., sliding depth, landslide-affected areas, travelling 
velocity, and travelling distance. It also indicates that the mobility behavior of 
landslide samples is an important factor for predicting rapid landslides, which 
are the most dangerous hazards. The proposed approach with ring shear 
apparatus and numerical model can be applied for pilot study areas in the 
future cooperation project for the Joint Research Proposal between Vietnam 
and Poland. 
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10:00- 
10:20 �B�µ�l���•�Ì���W���Á�o�]�l1,  

�W���Á���s���<�Œ�}�Z2,  

Pham Van Tien3, 

Janusz Godziek4,  

Le Hong Luong5 

1Institute of Earth Sciences, University of Silesia, Katowice, PL 

2Pedagogical University of Cracow, Institute of Biology 
and Earth Sciences, Cracow, PL 

3Vietnam Academy of Science and Technology, Institute 
of Geological Sciences, Hanoi, VN 

4University of Silesia, International Environmental 
Doctoral School, Sosnowiec, PL 

5Institute of Transport Science and Technology, Hanoi, 
VN 

 
Detection and modelling of landslides in Vietnam - preliminary results 

Many parts of the World and their societies are significantly exposed to 
geohazards. One of these regions includes North Vietnam, where heavy 
rainfalls during monsoon season are responsible for the most tragic natural 
events: landslides, debris flows and flash floods. These events require constant 
attention, monitoring, and prevention to mitigate their adverse outcomes. 
They are also expected to intensify due to ongoing climate warming. The 
problem is mainly unrecognized and brings enormous negative consequences 
to forest ecosystems, agriculture and societies. We aimed to evaluate landslide 
disasters' spatial and temporal clustering and isolate the key contributing 
factors triggering these events. We wanted to understand their triggering 
mechanisms, formation and consequences in two spatial scales: regional and 
local.    

Two study sites were considered. The event in the Xuan Minh location 
happened on 6 October 2022 around 2 a.m. Landslides occurred in three small 
catchments of the Xuan Minh province. The observations have been made in 
one of these three catchments. The catchment was 2.8 km long. The valley 
bottom had a height between 370-750 m a.s.l., the highest point was 1030 m 
a.s.l. Geological bedrock was built from granite soil-weathered material 1-2 m 
deep.  

The second event has happened on 2 October 2022. Due to this event, about 
50 houses have been destroyed within the deposition zone in a lower part of 
the valley. Landslides have happened on all slopes of the valley. The length of 
the valleys impacted by this event was 4.8 km. The source zone was 1.8 km, 
and the transport zone was 2.1 km. The lower and left part was built of 
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sandstones covered by about 1-2 meters deep layer of weathered material, 
mostly sand. Granite bedrock was in the top and right part of the valley. This 
bedrock was deeply weathered, with a couple of meters depth. In the matrix of 
the weathered material, the granite corestones with typical rounded shapes 
were present. 

10:20- 
10:40 Nguyen Dac Ve,  

Nguyen Van Quan,  

Bui Van Vuong,  

Nguyen Thi Thu Ha 

Institute of Marine Environment and Resources, Vietnam 
Academy of Science and Technology, VN 

 Assessing tidal flat change in Hai Phong coastal zone using multitemporal 
landsat data and GIS techniques 

The tidal flat is the place for important ecosystems such as mangroves, 
seagrasses, etc., which help protect the coast against extreme weather 
conditions caused by nature and where to provide important breeding grounds 
for aquatic species. Moreover, this is also a vulnerable area, especially the 
Anthropocene activities. Remote sensing and GIS techniques have been 
researched and published by many scientists around the world because they 
have the advantage of quickly updating information about the current state of 
land use and its changes. The aim of this study was to evaluate the change of 
intertidal area (tidal flat with vegetation and intertidal none vegetation) in the 
coastal area of Hai Phong city, based on multi-temporal Landsat satellite data 
from 1987 to 2021. Steps were taken in this research: 1 - Select satellite 
images; 2 - Data preprocessing; 3 - Classify images by Normalized Difference 
Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) 
algorithms; 4 - Images classification by threshold; 5 - Convert to GIS format; 6 - 
Evaluation of multi-temporal change in the intertidal zone. The results showed 
that: The total area of intertidal zone with vegetation areas decreased sharply 
from 4683.78 ha to 3287.71 ha in the period 1987-1994 and increased slightly 
in the period 1994-2021. However, statistics in more detail at each sub-region, 
Tien Lang, Dai Hop, and Bang La tend to increase strongly to very strong: 
80.97 %, 162.53 %, and 1464.79 %, respectively which mainly due to the 
mangrove planting projects and good mangrove management at the local 
community level. In contrast, the sub-regions of Trang Cat - Dinh Vu, Thuy 
Nguyen, and Cat Hai tend to extremely to sharply decrease: 830.78 %, 208.79 %, 
97.24 %, respectively which due to increased socio-economic activities in 
coastal areas (industrial parks, reclamation, sea-dike construction, etc). 



 

52  

10:40- 
11:00 Marek Borowski1, 

Artur Badylak2 
 

1AGH University, Cracow, PL 

2�:�^�t�U���:���•�š�Œ�Ì�'���•�l�����^�‰�•�s�l�����t�'�P�o�}�Á�����^�X���X�U���:���•�š�Œ�Ì�'���]��-
Zdrój, PL 

 Reducing Methane Emissions to the Atmosphere in the Mining Industry 

Initiatives, projects and solutions to minimize methane emissions in the mining 
sector will be presented, as methane emissions have a serious impact on 
climate change. For this reason, designing, implementing and promoting 
solutions to reduce these emissions has become a priority in this industry. 
Various ways to reduce methane emissions will be presented, such as 
advanced technologies for monitoring and detecting emissions and the use of 
natural gas from coal mines, innovations in mining processes and approaches 
to sustainability. The solutions not only have a positive impact on the 
environment, but can also bring economic benefits and have a positive impact 
on the image of companies operating in the coal mining industry. Managing 
environmental issues and promoting sustainable practices in the extractive 
industry is becoming increasingly important, for both environmental and social 
reasons. In the context of the global challenges of climate change, actions 
taken in the extractive sector are crucial for a long-term sustainable future. 
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PANEL SESSION II 

Session 2. Natural hazards and environmental protection. Part II 

Chairmen: Marek Borowski and Pham Van Tien 

11:25- 
11:45 

Tran Thi Ngoc 
Quynh1, Menglim 
Hoy2, Suksun 
Horpibulsuk2 

1Faculty of Geography and Geology, University of 
Sciences, Hue University, Hue, VN  

2School of Civil Engineering, Institute of Engineering, 
Suranaree University of Technology, TH 

 Improved performance of cement-stabilized lateritic soil using recycled 
materials replacement and natural rubber latex for pavement applications 

This research aims to study the influence of recycled materials replacement 
and natural rubber latex (NRL) addition on the performance development of 
cement-stabilized lateritic soil (LS) for pavement applications. The steel slag 
(SS) and recycled concrete aggregate (RCA) replacement ratios of 50 % and 70 % 
were studied. The cement content of 5 % by weight and dry NRL: cement (r/c) 
ratios of 0 %, 3 %, 5 %, 10 %, and 15 % were examined. Geotechnical 
laboratory experiments were investigated under influent factors such as SS:LS 
ratios, RCS:LS ratios, and dry NRL: cement ratios. The optimum r/c ratio 
provided the highest density, compression, and tensile strength were found at 
3 % and 5 % for cement-NRL stabilized SS:LS and RCA:LS blends, respectively. 
The durability against wetting-drying (w-d) cycles result showed that the 
compression values of stabilized blends increased up to the third cycle and 
gradually decreased thereafter. The high temperature promoted the moisture 
diffusivity of cementitious materials and thus increased chemical reaction and 
strength development. However, with further increase of w-d cycles, the crack 
propagation and extension gradually caused the crumbling of samples and 
microcracks, and the Ca2+ leaching from the cement-stabilized materials 
during the soaking stages and the dissolution of cementitious products, 
resulting in the deterioration and strength loss of samples. The 
microstructural analysis results indicated that the coexistence of cement 
hydration products and NRL films formed by optimum NRL-to-Cement ratio 
can infiltrate the pore spaces and cracks within stabilized structure and 
therefore enhance the interparticle bond strength, resulting in higher strength 
and lower weight loss and water absorption of cement-NRL stabilized blends 
compared to cement stabilized stabilized blends. For both types of recycled 
materials, the samples with 70 % SS/RCA replacement exhibited superior 
mechanical strength than the samples with 50 % SS/RCA replacement. 
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11:45- 
12:05 Dorota Porowska, 

Ewa Krogulec 
Faculty of Geology, University of Warsaw, Warsaw, PL 

 Hydrogeological research carried out at the Department of Hydrogeology and 
Geophysics - past, present and future 

The scientific activity of the Department of Hydrogeology and Geophysics 
covers a wide spectrum issues in the field of hydrogeology. We combine 
science with practice using the latest research methods and unconventional 
solutions, with simultaneous emphasis on interdisciplinarity. Our achievments 
are an example of the applications hydrogeological and geophysical research 
in water management, environmental protection, construction, mining, 
���Œ���Z�����}�o�}�P�Ç�U�� ���v���� ���À���v�� �(�}�Œ���v�•�]���•�X�� �d�Z���� �u���]�v�� ���]�Œ�����š�]�}�v�•�� �}�(�� �š�Z���� �����‰���Œ�š�u���v�š�[�•��
scientific and research activities are: hydrodynamic and hydrogeochemical 
modelling; strategy for the protection of the quantity and quality of 
groundwater resources; assessment of the groundwater vulnerability to 
pollution in various hydrogeological systems; studies of groundwater-
dependent ecosystems, designing and implementation of dedicated 
monitoring systems; research of mineral and thermal water. We perform 
research in Poland and in various parts of the world: Antarctica (King George 
Island), Pakistan (Islamabad), Spain (Gran Canaria, Lanjaron, Province of 
Ourense), France (Lourdes), Croatia (Island of Rab), Egypt (West Saqqara), 
Rwanda (Kibrho), Poland-Slovakia (Orava Basin), Brazil (Itabira region). 
Recently, we have carried out research in Warsaw (Poland) to identify the 
causes of changes in the groundwater level and chemical composition in the 
urban area. Based on long-term monitoring data, and their interpretation 
using classic hydrogeological methods extended by remote sensing and 
geophysical surveys, the spatial variability of groundwater recharge was 
determined. The results indicated that urban development has caused overall 
reduction in infiltration recharge, in areas where land development has 
significantly densified during the last 30 years. Currently, we are working on 
identification of recharge area and the assessment of the water quality in 
springs located on the Vistula escarpment in Warsaw. 

12:05- 
12:25 �W�]�}�š�Œ���•�]���o�]�w�•�l�]�U��

Wojciech Pol, 
�<���Œ�}�o�]�v�����D�]���Œ�Ì�Ç�w�•�l�� 

Department of Water Ecology, Faculty of Biology, 
University of Bialystok, Bialystok, PL 

 Microplastic as a current problem in aquatic ecosystems: examples from 
Northeastern Poland 

Microplastics (MP) have been widely studied since the 1970s, especially in 
oceanic and marine waters. It's only in the past decade that scientists started 
giving more consideration to freshwater environments. In northeastern 
Poland rivers and lakes encompass a diverse range of freshwater ecosystems, 
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varying in terms of hydrology, morphology, and ecology. Presented research 
�(�}���µ�•������ �}�v�� ���•�•���•�•�]�v�P�� �D�W�� �����v�•�]�š�Ç�� �]�v�� �š�Á�}�� �o�}�Á�o���v���� �Œ�]�À���Œ�•�� �~���]���s���� ���v���� ���Ì���Œ�v����
�,���w���Ì���•�����v�����ï�ì���o���l���•���]�v���š�Z�����D���Ì�µ�Œ�]���v���>���l�������]�•�š�Œ�]���š�X���d�Z�]�•���•�š�µ���Ç�����}�v�•�]�����Œ�������š�Z����
differing degrees of human influence on the catchment area, as well as the 
impact of tourism. MP particles were found in both rivers and in each of the 
studied lakes. The average value of MP pollution in the studied rivers was 
10.56 MP/L, with a range from 4.88 MP/L to 25.16 MP/L. In the studied lakes, 
the average MP density was 0.78 MP/L and the range was from 0.23 MP/L to 
1.57 MP/L. In northeastern Poland, the level of MP pollution of waters was 
much lower in lakes than in rivers. Research also performed a qualitative 
evaluation of MP by analyzing forms, dimensions, and color. Among the five 
MP forms, films were the most prevalent in the two examined rivers, whereas 
fragments predominated in the lakes. When categorizing MP into size groups, 
the prevalent plastics in the studied flowing water environments measured 
between 1 and 2 mm, while in the stagnant water environments, the range 
was from 4 to 5 mm. Investigated rivers mainly contained MP described as 
"other" due to their non-uniform appearance, while blue-colored MP 
dominated in the surveyed lakes. The research highlighted the substantial 
impact of the proximity of wastewater treatment plants on the density of MP 
in rivers and lakes. A significant factor influencing MP density was the 
precipitation. During the analysis of MP density in the lakes its gradual 
accumulation was observed in the water bodies included in the hydrological 
sequence. Statistically significant differences in MP pollution were also found 
among groups of lakes with different surface areas and shoreline lengths. 
Lakes with the largest and smallest values were clearly more polluted with MP 
than lakes in the middle range (F = 34.64, p < ,0001 and F = 5.96, p < ,01, 
respectively). We also present an easy-to-obtain shoreline urbanization index 
(SUI), which is particularly useful in assessing MP pollution risks of lakes with 
highly transformed catchments. This indicator seems to have great potential 
due to its versatility, thus it can arouse the interest of other researchers as 
well as institutions involved in water management and protection. 

12:25- 
12:45 

Nguyen Mai Lan, Dao 
Hoang Tung 

Hanoi University of Natural Resources and Environment, 
Hanoi, VN 

 A cooperation proposal to carry out the project "Assessment of microplastic 
distribution in the sea-salts ���š���š�Z�����•���o�š���(�]���o���•���]�v���E�]�v�Z���d�Z�µ���v�U���s�]���š�v���u�_ 

Over the past few decades, microplastics have become a common pollutant in 
soil and water, a potential threat to ecosystems. By the beginning of the 21st 
century, microplastics have been found in most large bodies of water (oceans, 
seas, lakes and rivers) and sediments. A several years ago, microplastics were 
discovered in sea salt. This can lead to the spread and accumulation of 
microplastics and other pollutants through the food chain in water 
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environment, from lower organisms to higher organisms, and even into 
humans. However, it remained unclear to what extent the most commonly 
used spices contained plastic parts. The new studies found that 90 % of salt 
brands surveyed worldwide contain microplastics. The density of microplastics 
in salt varied widely by samples, with Asian samples having particularly high 
densities. Vietnam is one of the top 5 countries in Asia in terms of the amount 
of plastic waste dumped into the sea with about 13 million tons of plastic 
waste in the ocean every year and ranked 17th out of 109 countries with the 
highest level of plastic pollution in the world. Since 2018, a network of 
Vietnamese researchers has been conducting baseline assessments of 
microplastic concentrations in Vietnam's marine and freshwater 
environments. For the assessments of microplastic concentrations in salts, a 
traditional Vietnamese spice, there are some initial studies on microplastic 
pollution in some types of seasoning salt purchased in Hanoi or in sea salt trade 
in Ba Ria - Vung Tau. Research results show the presence of microplastics in 100 
% of sea salt samples. The microplastic content in the salt seasoning samples 
ranged from 320 to 1,880 microplastics/kg of seasoning salt. 

12:45- 
13:05 

Ewa Falkowska, 
Agnieszka 
�t���•�]�s�}�Á�•�l�� 

Faculty of Geology, University of Warsaw, Warsaw, PL 

 Analysis of the ability of sediments to retain pollutants as the basis for 
optimal land development in accordance with the principles of sustainable 

development 

The principle of sustainable development is currently a widely used rule in 
spatial planning. It consists in adapting the scale and type of the planned 
infrastructure to the possibilities of the natural environment. Spatial 
development in accordance with this principle requires taking into account 
not only the current state of the natural environment when designing the 
location of the investment, but also the processes that currently or in the 
future may cause further transformations of the anthroposphere in 
connection with the activity of a particular facility. Therefore, a precise 
assessment of risk related to investment activity requires determining the 
degree of susceptibility of the environment to expected anthropogenic 
factors. One of the important elements of assessing this risk and assessing 
the sensitivity of the environment to pollution is the analysis of the 
lithology of surface sediments and their ability to retain pollutants. Low 
infiltration properties and appropriate physical and chemical properties, 
including high sorption properties of these sediments, make them natural 
geological barriers, protecting groundwater against the pollutants. 
However the spatial arrangement of lithological layers (soils) with high 
insulating properties is the result of the specific morphogenesis of the area 
and is reflected in the setting of geomorphological landforms. For this 
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reason, the assessment of the sensitivity of the environment to pollution 
should also include a geomorphological analysis of the study area, including 
an analysis of their origin. Such relationships were tested in Poland, where 
it has been shown that, due to the different origin, the sediments in this 
area are characterized by different lithology and chemical properties, as 
well as a different spatial arrangement. Based on the results classification 
of insulation properties of landforms in terms of differentiated insulating 
abilities of deposits was created. 

13:05- 
13:25 Huu Hieu Ho1, 

Rudy Swennen2,  

Valérie Cappuyns2,  

Tan Van Tran1 

1Vietnam Institute of Geosciences and Mineral 
Resources, Hanoi, VN  

2Geology, Department of Earth and Environmental 
Sciences, KU Leuven, BE 

 Evolution and mobility of heavy metal and arsenic in porewater upon 
simulated onland disposal of dredged sediments 

Cam River-mouth is a big international harbor in Northern Vietnam. At 
present, river-bed sediments contaminated with heavy metals and arsenic are 
regularly dredged and disposed on land. Normalized (with respect to Al) heavy 
metal and arsenic concentrations in sediment cores and absolute dates 
obtained from the 137Cs analysis were used to reconstruct the pollution 
history of the area. Moreover, a 96 h pHstat-leaching test to examine the 
leaching behavior of elements at pre-set pH values (2, 4, 6, 8 (natural), 9 and 
11) and a BCR 3-step extraction to clarify the element fractionation, were 
performed on a freshly-collected wet suboxic sediment and a dry oxidized 
sediment. The results indicate that As, Cu, Mn, Pb and Zn increase rapidly by 2 
times or more from 1954 to 1975, and then remain nearly unchanged from 
1975 till 2008, whereas Co, Cr and Ni slightly increase from 1954 till 2008. Co, 
Cr, Cu, Ni, Mn and Zn are evaluated as minorly enriched, whereas As and Pb 
are classified as moderately enriched. All heavy metals and arsenic display a V-
shaped pH-dependent leaching pattern with important releases at pHs 2 and 
11. At the investigated pH values, the release of As, Mn, Pb and Zn from the 
oxidized sediment is slower and lower if compared to the suboxic sediment 
while the opposite trend is found for Cd and Cu at pHs 2-8. The transfer from 
the acid-soluble (exchangeable and carbonate-bound) fraction to the 
reducible (Fe and Mn hydr/oxide-bound) fraction is consistent with the lower 
leachability of As, Mn and Zn at pHs 2-8 and Pb at pHs 4-8 after oxidation, 
while the transfer from the oxidizable (organic matter and sulphide-bound) 
fraction to the reducible fraction relates to the higher leachability of Cd and 
Cu at pHs 2-8. The lower leachability of all elements at alkaline pHs 9-11 is due 
to lower leached concentration of organic matter from the oxidized sediment. 
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Chairwoman: Ewa Falkowska, Chairman: Tran Thanh Nhan 

14:40- 
15:00 

Agnieszka 

�t���•�]�sowska, Ewa 

Falkowska, Ewa 

�'�s�}�Á�v�]���l 

Faculty of Geology, University of Warsaw, Warsaw, PL 

 Geochemical properties of urban lake sediments as indicators of natural and 
anthropogenic environmental changes 

In the concept of sustainable urban development special attention is paid to the 
integration of green and blue spaces. The importance of green spaces for the 
proper functioning of urban areas has been devoted to many scientific studies. 
Issues related to urban lakes are less developed, but there is no doubt that they 
serve various environmental, social and economic functions. Moreover urban 
lake provide information about the history of human settlement and City 
development, recorded in their sediments as changes in physical and chemical 
properties. Some of these changes are related to natural processes such lake 
ageing or climate changes, which are overlapped by effects of human economic 
�����š�]�À�]�š�]���•�X�� �d�Z���� �}���i�����š�]�À���•�� �}�(�� �š�Z���� �•�š�µ���Ç�����Œ���W���{��Determination of the influence of 
lake origin, size and sedimentation type, as well as of geomorphological 
features, history and land use of the drainage basin, on changes in the 
concentration of permanent toxic substances (PTS) and microplastics (MPs) in 
bottom sediments; �{��Assessment of the possibility of using MPs and other PTS 
as a stratigraphic indicator of environmental transformations in urban areas; �{��
Assessment of time-dependent biodiversity loss in response to increasing 
anthropogenic stressors; �{�� Developing modelling tools linking pollution 
loadings, land use and environmental factors useful for authorities. The 
research objects are urban lakes with different origin, size and sedimentation 
conditions i.e. post-glacial lakes, oxbow lake, artificial lakes, located in the 
Warsaw area (Poland). Preliminary results suggest, that the most valuable 
group, for studies of historical environmental changes, are lakes of a natural 
character, relatively rare in urban space. In recent decades, a rapid 
disappearance of such lakes has been observed as a result of combination of 
natural lake evolution, climate change, changes in land use and pollutions. 
Therefore, it is particularly important to develop long-term plans for their 
protection. 
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15:00- 
15:20 Bui Van Vuong1,2, 

Phan Son Hai3,  
Nguyen Van Chien4, 
Tran Duc Thanh1,2, 
Nguyen Dac Ve1, 
Duong Thanh Nghi1,  
Le Nhu Sieu3, 
Nguyen Thi Mai Luu1, 
Hoang Thi Chien1, 
Nguyen Thi Hue5, 
Dang Hoai Nhon1,2 

1Graduate University of Science and Technology, 
Vietnam Academy of Science and Technology, VN 

2Institute of Marine Environment and Resources, 
Vietnam Academy of Science and Technology, VN 

3Dalat Nuclear Research Institute, Vietnam Atomic 
Energy Institute, VN 

4Institute of Chemistry, Vietnam Academy of Science 
and Technology, VN 

5 Institute of Environmental Technology, Vietnam 
Academy of Science and Technology, VN 

 
Radioactivity concentration and risk indices in intertidal sediments  

of the Red River Delta, Vietnam 

The radioactivity concentration in eleven intertidal sediment cores in the Red 
River Delta was determined 40K, 232Th, and 226Ra as well as radiological hazard 
indices for environmental risk assessment. 

The radioactivity concentrations of 40K, 232Th, and 226Ra were 656 Bq/kg, 49.8 
Bq/kg, and 37.0 Bq/kg, respectively. The radium equivalent activity (Raeq) was 
158.7 Bq/kg; the absorbed dose rate (ADR) was 74.5 nGy/h; the annual effective 
���}�•���� ���‹�µ�]�À���o���v�š�� �~���������•�� �Á���•�� �ì�X�ì�õ�� �u�^�À�l�Ç�V�� �š�Z���� �Œ���‰�Œ���•���v�š���š�]�À���� �P���u�u���� �]�v�����Æ�� �~�/�v�Œ�•��
was 1.18; the activity utilization index (AUI) was 1.0; the external hazard index 
(Hex) was 0.40; the annual gonadal dose equivalent (AGDE) was 496.4 µSv/y.  

Two sediment groups were split. Group 1 with lower the radioactivity 
concentrations than Group 2, 40K and 232Th were above the global average 
while 226�Z���� �Á���•�� �����o�}�Á�U�� �/�v�Œ�� ���v���� ���'������ �Á���Œ���� �����}�À���� �h�E�^�������Z�[�•�� �Œ�����}�u�u���v��������
levels. Group 2 radioactivity concentrations of 40K, 226Ra, and 232Th were 
higher than global average; radiological hazard indices were higher than 
�'�Œ�}�µ�‰�� �í�V�� �š�Z���� ���h�/�U�� �/�v�Œ�U�� ���v���� ���'������ �]�v���]�����•�� �Á���Œ���� �����}�À���� �h�E�^�������Z�[�•��
recommended level.  

The radioactivity concentrations of 40K, 232Th, and 226Ra were above global 
���À���Œ���P���X���d�Z�������h�/�U���/�v�Œ�����v�������'�������]�v���]�����•���Á���Œ���������}�À�����h�E�^�������Z�[�•���Œ�����}�u�u���v��������
levels. It is recommended that coastal sediments should not be used for 
construction purposes as this can affect organisms in intertidal areas.   

15:20- 
15:40 Tran Thanh Nhan Hue University of Sciences, VN 

 Utilization of iron slag and steel slag in building construction in Vietnam: 
Current situation and the imperative for research 

In the main steel mills in Vietnam, blast furnace slag (BFS) and steel slag (SS), 
which are main by-products of iron and steel making processes, occupy ca. 35 % 
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and 15 % by mass of pig iron and raw steel production, respectively. According 
to Vietnamese Steel Association, there are currently about 47 steelmaking 
plants in Vietnam. With the rapid growth of the steel industry, the annual 
production of iron and steel slag has significantly increased, surpassing 12 
million tons in 2020 (a tenfold increase since 2013) and is projected to 
continue rising with the operation of new steel mills in the near future. 
Notably, Formosa steel mill and Hoa Phat Dung Quat (HPDQ) steel mill, the 
two largest steel mills situated in the Central region of Vietnam, totally 
produce about 4 million tons of BFS and 2 million tons of SS annually since 
2018. In such steel plants, over 95 % of BFS is used to produce granulated 
blast furnace slag (GBFS) while SS includes Basic oxygen furnace slag (BOF 
occupying about 75-82 %), Desulfurization slag (DeS) and Foundry slag (FS). 

Generally, the investigation of GBFS and SS in Vietnam remains limited and 
requires further improvement, particularly regarding its long-term behavior 
and environmental impact when used in construction. Currently, SS is 
classified as regular solid waste in Vietnam, and there are no Vietnamese 
standards in place to regulate the ultilization of SS and GBFS in construction. 
On the contrary, the accumulation and disposal of unusable SS have led to 
excessive land occupation and unresolved environmental issues meanwhile 
BFS from the main steel mills such as Formosa and HPDQ is mainly exported 
as raw material for cement industry. 

Construction activity in Vietnam has been facing to serious shortage of natural 
sand for a decade. Annual usage of natural sand for construction in Vietnam is 
estimated about 130 million m3, meanwhile the natural sands adapt only to 50-
65 % of current requirement and the natural resources of river sand for 
construction will be exhauted after 15 years. In contrast, the need of river sand 
for construction has increased rapidly in recent years and this is leading the 
shortage of construction sand to more serious and the price of sand for 
contruction increases rapidly. The over and illegal exploitation of river sand has 
recently caused to severe negative effects on the environment and sustainable 
development in Vietnam. To solve such problems on the shortage of construction 
sand and to protect the environment, the National Government and the Ministry 
of Construction have simutaneously limitted the exploitation of natural sand and 
encouraged the usage of alternative materials, especially recycled materials in 
construction. 

Therefore, this report is to present (1) the status quo of research and utilization 
of SS and GBFS in Vietnam, and (2) preliminary research findings regarding the 
physico-chemical and environmental attributes of SS and GBFS produced by the 
Formosa steel mill. It is our aspiration that these will facilitate the sharing of 
information with research communities focusing on iron slag and steel slag in 
Poland, fostering connections and the development of future research initiatives. 
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15:40-
16:00 Edyta Zawisza Institute of Geological Sciences, Polish Academy of 

Sciences, PL 
 Towards a dystrophic lake: The history of Smolak Lake (northern Poland) on 

the basis of geochemical and biological data 

This study provides a comprehensive, multi-proxy reconstruction of the 
transformation of Smolak Lake, from a harmonic state to a dystrophic 
condition. The research delves into the lake's evolution, considering various 
environmental aspects such as zooplankton and vegetation composition, 
trophic state, water temperature, and water level fluctuations. Smolak Lake is 
situated in the southern region of the Masurian Lakeland in northern Poland. 
A sediment core, extending 350 cm and mainly consisting of uniform organic 
gyttja. Radiocarbon dating indicates that these sediments accumulated from 
the Late Glacial period, specifically the Younger Dryas period, up to recent 
times. The study unveils the lake's transition from an initial oligotrophic state 
to a progressively dystrophic condition, beginning approximately 9000 years 
ago (the beginning of the Atlantic period). This transformation was marked by 
a substantial increase in the total organic carbon (TOC) content within the 
sediments, exceeding 50 %, and a shift towards dy deposits. During this 
period, the sedimentation rate was extraordinarily low, ranging from 0.08 to 
0.2 mm per year. The dystrophic conditions were further evident in both the 
Cladocera and pollen records from this timeframe. The Cladocera community 
was dominated by species highly resilient to acidic environments, such as 
Alonella excisa. Green algae were at their lowest abundance, primarily 
dominated by a single genus, Botryococcus. Hydrophytes were notably 
absent, and rush vegetation disappeared. Presently, Smolak Lake stands as a 
shallow, humic lake characterized by its brownish water and the presence of 
floating mats. This study underscores that the current state of the lake is a 
result of its relatively small, undisturbed catchment area. Consequently, 
protecting this unique dystrophic habitat is essential for its preservation. 

16:20- 
16:40 

Nguyen Trung Thanh1,  
Vu Van Tich2,  
Nguyen Thi Thu Cuc2,  
Pham Hoang Hiep2,  
Ha Minh Cuong2,  
Pham Nguyen Ha Vu2,  
Pham Thu Hien1,  
Nguyen Van Tinh1 

1Institute of Marine Geology and Geophysics, 
Academy of Science and Technology, VN 

2 Hanoi University of Sciences, VNU, VN 

 Holocene sedimentary evolution from sediment records  
of the Tam Giang - Cau Hai coastal lagoon system, central Vietnam 

The Holocene sedimentary evolution was reconstructed from the two 
boreholes collected in the Tam Giang - Cau Hai coastal-lagoon region in Thua 
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Thien Hue province, central Vietnam. In this study, we used analytical results 
consisting of radiocarbon dating, grain size variation, sedimentary structure, 
petrological components, and diatom species association. In addition, some 
high-resolution seismic data acquired from the lagoon system were interpreted 
to estimate Holocene sediment thickness in the lagoon system. Sedimentary 
records of two boreholes provided the various sedimentary evolution stages: 
mountainous riverine, riverine-lagoon, coastal-lagoon, and tidal-influenced 
coastal marshes, and dune-soil since the last glacial maximum (LGM). The 
sedimentary record also provides the timing for the coastal lagoon initiation in 
the study area around 8.8-8.6 kyr cal BP corresponding to the meltwater pulse 
1C. The sediment-core data combined with the high-resolution seismic data 
indicate that the Holocene sediment is about 20-35 m thick in the lagoon 
system. This study allows us to predict the formation of sandy barriers along the 
coast between the lagoon system and the open sea had been probably 
developed since 10-9.0 kyr cal BP before the meltwater pulse 1C. The 
geographic landscape of the study area has been quite stable during the past 9 
kyrs for a lagoonal environment behind the sandy barriers. The Holocene 
estimated sediment accumulation rates in the lagoon sedimentary environment 
reveal a higher sediment accumulation rate 0.30 cm/yr in Cau Hai lagoon and a 
lower sediment accumulation rate 0.16 cm/yr in Tam Giang lagoon. 
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* * *  
07/11/2023 - Tuesday 

Day 2 - Room 3 

PANEL SESSION III 

Archaeology and Geoarchaeology. Part 1 

Chairmen: �D���Œ�]�µ�•�Ì���•�]�•�s�l�}�Á�•�l�]��and Nguyen Van Viet 

09:00-
09:20 

Nguyen Gia Doi Institute of Archeology, Vietnam Academy of Social Sciences, VN 

 Geoarchaeological Approaching to the Archaeological Researches in Vietnam: 
the Present Situation and Perspectives 

Geoarchaeology is a multi-disciplinary approach which uses the techniques and 
subject matter of geography, geology, geophysics and other Earth sciences to 
examine topics which inform archaeological knowledge and thought. 
Geoarchaeologists study the natural physical processes and that affect 
archaeological sites such as geomorphology, the formation of sites through 
geological processes and the effects on buried sites and artifacts post-
deposition. Geoarchaeology is considered a sub-field of environmental 
archaeology because soil can be altered by human behavior, which 
archaeologists are then able to study and reconstruct past landscapes and 
conditions. Geoarchaeological approaching method has been applied since 
rather long time until  recent years in Vienam when archaeologists conducted 
researches on the coastal settlement sites of Cai Beo (Cat Ba island, Hai Phong 
city), Da But (Thanh Hoa province), Quynh Van (Nghe An province), Trang An 
(Ninh Binh province), Thach Lac (Nghe An and Ha Tinh provinces), the sites of 
Mekong delta, and so on. These prehistoric sites were seriously affected by 
climatic changes, especially by the Middle Holocene sea level fluctuation 
during the period between 7.000-4.000 years BP, corresponding to the 
changes of  its topography geomorphology, landscape, environmental 
condition which leading to the changes of settlement/subsistence patterns of 
prehistoric inhabitants, and their cultural evolution processes. 

Recently, geoarchaeological methods were also applied for research on the 
site of Con Moong Cave  (Thanh Hoa province). Through micromorphology 
analyses,  the stratigraphical column of Con Moong cave provide evidences for 
initial understanding over the climatic/environmental changes and the human 
adaptation during the period between 70-7 thousands years BP. 

However, it can be said that, the researches on geoarchaeology or 
environmental archaeology have not been carried out systematically yet so far 
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in Vietnam. Thus, in oder to develop these fields, the Vietnamese 
archaeologists need to  promote researches tending to synchronous, 
multi/inter -disciplinary approaches, and applying modern methods for 
analysis. In coming time, It should be focused on the archaeological sites which 
belong to the prehistoric cultures of Thach Lac, Bau Tro, Xom Con, Sa Huynh in 
the Central Vietnam. In addition, the shipwreck localities distributed in the 
bays along the sea coast and the Paleolithic sites of An Khe (Gia Lai province) in 
the Central Highland might be taken into  consideration. 

09:20-
09:40 

Nguyen Ngo�¸c Quy1 

Nguyen Cong Khiet2 

1Institute of Archeology, Vietnam Academy of Social 
Sciences, VN 

2My Son Cultural Heritage Management Board, VN 

 Archeology: The problem of restoring temples and towers at My Son World 
Heritage site through experience from Vietnam - Poland cooperation 

My Son relic site is located in a valley surrounded by hills and mountains, in 
Duy Phu commune, Duy Xuyen district, Quang Nam province. This is the Hindu 
holy land of the Champa Kingdom, the only place that preserves temples and 
towers recording the continuous development of Cham art from the 7th to the 
13th century. In My Son, there are about 68 temples and towers and 32 
inscriptions that represent the stages and artistic styles of Champa 
architecture. The architectural system of Cham towers in My Son was built for 
the purpose of worshiping Hindu gods. As the religious center of the dynasty, 
built by the kings themselves, My Son is considered the religious "Holy Land" of 
the Champa kingdom. 

My Son relic site is an archaeological architectural ruin area that has suffered 
many impacts from nature and war destruction, leading to the current situation 
of only about 20 architectural works remaining intact. Since the 1980s, many 
activities to preserve and preserve this cultural heritage have been carried out 
and Polish experts have been the pioneers to help Vietnam restore it here. 
Architect Kazik of the Lublin City Relic Restoration Enterprise came to My Son for 
a long time to carry out the task and the My Son relic site that has the 
appearance it has today all bears the mark of him. This talented architect. 

The help of the Polish Government and Kazik Architects has made a very 
important contribution to helping the My Son Temple Relics be recognized by 
UNESCO as a World Cultural Heritage in December 1999 according to standard 
2 as follows: is a prime example of cultural exchange and according to criterion 
3 as the only evidence of a vanished Asian civilization. 

Up to now, restoration experiences from international and Vietnamese 
experts, especially restoration experiences starting from Polish experts, have 
helped My Son partly recreate the appearance of the monument. The basic 



 

65  

knowledge of restoration from orientation, and principles to technical 
solutions is still applied and has greatly supported the restoration of My Son 
relic site, especially the restoration in the B-C-D tower group area. 

09:40-
10:00 Nguyen Thi Hau University of Social Sciences and Humanities, Vietnam 

National University - Ho Chi Minh City,  VN 
 System of archaeological records in the mangrove ecological region of Can Gio 

District, Ho Chi Minh City 

Can Gio district is located in the southeast of Ho Chi Minh City, an estuary - bay 
delta. The surface of the low-lying plain is covered with mangrove forests and 
is divided by an intricate system of rivers and canals. In this complex terrain, 
archaeologists have discovered a system of more than 30 archaeological relics 
on red soil fields. Traces of early human habitation here have made the 
ecological and human environment of Can Gio different from other mangrove 
areas, where there are simply traces of the natural sea reclamation process.  

From the first discoveries in the years 1976-1978, through many surveys and 
three consecutive excavations (1992, 1993 and 1994) and recently in 2021-
2022, archaeologists have initially outlined Build the history of Can Gio for the 
period from 3,000 to about 2,000 years ago, through identifying the 
archaeological cultural characteristics here. 

Archaeological relics in Can Gio are mostly residential relics. The process of 
living and producing ceramics of ancient residents began very early, right on 
the sea clay floor and left a fairly thick accumulation of "red soil". Some relics 
from residences gradually became burial grounds, such as at Giong Ca Vo and 
Giong Phet relics. Most of the remains were buried in large ceramic jars in a 
sitting position with their knees tied up - the position of a child in the mother's 
womb. This is the most different point compared to other jar tomb relics in 
Southeast Asia. 

10:00-
10:20 Nguyen Viet1, 

Bui Chi Hoang2, 

Nguyen Khanh Kien2 

1Center for Southeast Asian Prehistory, VN 
2Vietnam Academy of Social Sciences, Ho Chi Minh City 
Branch, VN 

 Wetland archaeology and alluvium archaeology in Vietnam - Interdisciplinary 
archaeology, geology, geomorphology 

The phenomenon of the Flandrian transgressing and regressing advancing and 
receding offers Vietnamese archaeologists a very good condition to exploit 
archaeological heritage contaminated with salinity during the process of 
exploiting and colonizing the alluvial rice field. 
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We have relics of natural resource exploitation as the cultural relics of Da But, 
Quynh Van, Bau Du... When the sea recedes, besides exploiting seafood in the 
bay, we also develop exploitation of new lands. It is dry every year and covered 
with silt, making it easy to grow rice. In such villages (An Son, Bai Men, Dong 
Vong, Dau Ram, Man Bac, Dong Dau, Bai Man, Dong Ngam, Thieu Duong, Den 
Doi, Phuong Hoang Mountain...) the soil containing relics is more or less 
contaminated. Salty water, especially when digging down to make storage pits 
or graves for the dead, creates a low pH environment (3-4) that helps preserve 
all relics of organic origin. 

Many Dong Son and Oc Eo rice-growing villages in the later stages occupied 
high mounds in the newly accreted low plain. In the Northern Delta, most 
Dong Son hollowed tree trunk tombs were discovered in this stratigraphic 
condition. To date, dozens of burial sites with hollowed-out tree trunk coffins 
have been excavated. The common characteristic of these relics is that when 
the cultural layer is dug down to create architectural pits or graves, it 
encounters an anaerobic layer of dead parrots, so it is possible to preserve all 
artifacts of organic origin, even Human hair, and skin, fruits, and burial fabrics. 

In the lower Mekong Delta such as Binh Duong, Dong Nai, Ba Ria - Vung Tau, 
Ho Chi Minh City... many relics have also been discovered and excavated in 
saline wet soil conditions, such as Phu Chanh and Bung Bac , Rach Nui, Go O 
Chua, Can Gio. 

10:20-
10:40 Thanh Thuy Nguyen1,  

Thi Hoang Oanh Le1,  
Thi Ngoc Thuy Dang2,  
Hoang Nam Nguyen2,  
Thi Van Anh Cao1, 
Thi Nga Nguyen1, 
Ha Nguyen Thi1 

1Faculty of Environmental Sciences, University of Science, 
Vietnam National University, Hanoi, VN 

2Department of Environment, Hanoi University of Mining 
and Geology, VN 

 Color removal ability of activated carbon prepared from mangosteen pericarp 
and application in dyeing wastewater treatment 

Mangosteen pericarp has been known as a traditional as well as a potential 
medicine source. Nevertheless, it is still an agricultural waste that needs to be 
treated. In this study, activated carbon prepared from mangosteen pericarp 
using the ZnCl2 impregnation technique was evaluated for color removal 
ability. SEM, BET, and FTIR results showed its porous surface, large specific 
surface areas of 1141.7 m2/g, and typical functional groups such as -OH, C=C, 
and -C-H. The influence of pH, amount of adsorbent, and adsorption time in 
batch experiments were investigated. The color adsorption ability of the 
material showed that it could adsorb methylene blue (MB) best (reaches 98%) 
under a pH of 5.0, adsorbent dose of 0.5 g/100mL (C0 50 mg/L), and contacting 
time of 30 minutes. The removal efficiency reached around 86 % under these 
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conditions of pH 5.0, 0.5 g/100 mL, and 60 minutes, respectively, when actual 
dyeing wastewater (containing Red 12 B and Disperse Violet 63 with color 
values in the range of 1596-1650 Pt-Co) were used. The study of adsorption 
isotherm showed that the adsorption kinetics were better fitted for the 
Freundlich than the Langmuir models. The adsorption constant values (KF) 
were found 0.27 and 0.32 for MB and actual dyeing wastewater, respectively. 

10:40-
11:00 Nguyen Truong Dong Institute of Archeology, Vietnam Academy of Social 

Sciences, VN 
 The Prehistoric and Protohistoric Archaeology in Dong Van Plateau, Ha Giang 

Province, Vietnam 

This paper introduces a panoramic view of the prehistoric and protohistoric 
archaeology in the Dong Van Plateau, Ha Giang province, Vietnam. The Dong 
Van Plateau is composed of four districts: Quan Ba, Yen Minh, Dong Van and 
Meo Vac, which all possess the archaeological sites and artifacts. The paper 
will present almost all the sites and artifacts found in the area over the past 
decades. A list of 44 sites can be divided into three types: the archaeological 
sites, the site with cave painting and paleontogical site. Among which, the 
prehistoric archaeological sites account for a largest number, including cave 
and open-air sites. They contain such lithic typologies as flaked stone tools, 
whole-polished axes/adzes, grinding stones, pestles and so on. The 
protohistoric archaeological sites are of a few, with bronze artifacts such as 
bronze drum, bronze axe, bronze arrow and bronze dagger. Apart from that, a 
paleontolocial site with a number of marine animal fossils and a cave-painting 
site have been documented.  

The first prehistoric archaeological site were found in the Dong Van Plateau in 
2000, named Can Ty, producing a large number of flaked stone tools which 
were seen on the mountainside along the Mien river valey in Quan Ba district. 
It was not until the 2011, a collection of 5 quardrangular-polished axes have 
been accidentally exposed at the bottom of a hill while a local house were 
constructed in Yen Minh town. Since then, a number of the archaeological 
investigations and surveys on the Dong Van Plateau have been conducted in 
2012, 2013, 2014, 2015, 2017, 2019 và 2023 at a different extent.  

The paper aims to introduce the results of those archaeological trips with 
contents and enclosed pictures. Besides, a list of sites and a site-distribution 
map have been built in order to provide readers with a comprehensive view of 
where the ancient hunter-gatherers occupied, as well as what tools they used 
in the adaptation with the natural condition in the far past in the Dong Van 
Plateau, Ha Giang province, Vietnam. 



 

68  

PANEL SESSION III 

Archaeology and Geoarchaeology. Part 2 

Chairwoman: Barbara Woronko, Chairman: Le Hai Dang 

11:25-
11:45 Nguyen Le Anh VIT CORPORATION, Hanoi, VN 

 
Using archaeological data in determining the process of formation of the Kinh 

nation in Vietnam 

The culture of a community is determined by the common principles of 

thinking presented in each member of the community. We consider ethnicity 

as a category defined by culture. Thus the culture of a community is 

determined by the culture of a majority. About 30 thousand years ago, 

prehistoric people moved through the Munda region of northeastern India 

adjacent to Myanmar. The trail of archaeological relics from Thap Luong cave, 

to Xom Trai cave, Cashew Stone Roof, Con Moong cave, cave of ancient 

people, Do mountain relic, shows that this prehistoric people had came to the 

North of Vietnam, and in the process of migrating gradually move towards the 

sea. About 23 thousand years ago the Earth entered the Ice Age. So much 

water froze at the poles that the sea level dropped 130 m lower than today. 

Red River water flows out near Vietnam's Hoang Sa archipelago. Likewise, the 

Mekong River flows out near Vietnam's Truong Sa archipelago. The deltas of 

rivers are the places with the most favorable conditions for prehistoric people 

to live. Therefore, more than 20 thousand years ago, these area was high 

density of prehistoric population. They define the culture of the Kinh people. 

During the next 15 thousand years, sea levels gradually rose, and prehistoric 

inhabitants in the area near Vietnam's Hoang Sa and Truong Sa archipelagos 

retreated deeper into the mainland. About 8,000 years ago, the Northern Delta 

was a shallow bay surrounded by mountains. Da But and Cai Beo 

archaeological sites dating back 7,000 years show the end time point of 

receding from the sea. Sea level has remained nearly constant for the past 

8,000 years. Alluvium from rivers has built up the bay into the current delta. 

Because the delta is surrounded by high mountains and the sea, only some 

small groups of people could reach the Northern Delta. These small groups 

were assimilated by the indigenous culture and contributed to the formation 

of the Kinh people.  
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11:45-
12:05 Nguyen Quang Mien Institue of Archaeology, Vietnam Academy of Social 

Sciences, VN 
 Holocene geological environment of the Cuu Long Delta and the ancient 

Kingdom of Funan 

For more than a century, many generations of Vietnamese and international 
scientists have always tried to learn about a civilization that once flourished in 
�š�Z�����o�}�Á���Œ���D���l�}�v�P�������o�š���U���}�(���Á�Z�]���Z���}�v���[�•�������v�š���Œ���]�•�����µ�µ���>�}�v�P�������o�š�����Œ���P�]�}�v�X���d�Z���š��
is the Oc Eo culture, culminating in Funan Kingdom, one of the earliest 
countries formed in Southeast Asia, existing and developing continuously for 
nearly a thousand years. How did this civilization form and develop? What 
caused its disappearance? And how are the impacts of the geological 
environment? The article is based on the connection of geological information, 
archaeology and ancient writings, presenting the ancient town of Oc Eo - Ba 
The and the system of ancient canals connecting residential areas in the delta. 
The article also proposes to apply some solutions combining archaeology, 
geology and geophysics to better clarify the scale of Oc Eo town and the 
maritime trade routes in Southeast Asia of the Funan Kingdom. 

12:05-
12:25 Marta Karolina 

�‚�µ���Z�}�Á�•�l�� 
Faculty of Archaeology, University of Warsaw, Warsaw, 
PL 

 Circularity, and exchange. Regional trade in the South-Western Pacific region 
from prehistory to early historic period 

Ancient trade has been recently one of the major topics discussed both in 
scientific and popular discourse, especially concerning the large and renowned 
long-distance networks, such as the so-called � �̂^�]�o�l�� �Z�}�����_�U���_�Z�}�µ�š���_�� �}�Œ��
� �̂W�}�Œ�����o���]�v�� �d�Œ�������_�X�� ���o�o�� �š�Z���•���� �š�}�‰�]���•�U�� �����•�‰�]�š���� �À���Œ�Ç�� �À���Œ�]���P���š������ �u���š�Z�}���}�o�}�P�]���•��
applied, were discussed mostly in terms of luxurious goods such as high-quality 
textiles and ceramics, rare spices and other objects of high value, which were 
only a marginal part of the whole production of the given region and only in 
the Middle Ages became commonly manufactured in large quantities for 
export purposes.  

Modern research on the economies of ancient Asia shows that this view was 
strongly simplified and behind these spectacular, great long-distance trade 
routes lays a long history of development of local and regional exchange. 

The regional trade in the Asia-Pacific region developed in strong relation to the 
local resources and natural environment, showing visible interactions and 
mutual influence. The development of trade forced higher exploitation of local 
resources, growing industry shifts of local production types and social changes. 
This paper aims to analyse some examples of interactions between trade, local 
economies and natural environments of Southeast Asia in prehistoric and early 
historic periods. 
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12:25-
12:45 

Robert Mariusz 
�‚�µ�l�}�Á�•�l�] 

Institute of Archaeology and Ethnology, Polish Academy 
of Sciences, Warsaw, PL 

 From excavation to museum. Archaeological data management in a 
contemporary research perspective 

The amount of data obtained during archaeological research can be divided into 
several archiving categories, which should be divided into two inextricably 
linked categories: museum objects and documentation. 
(A) Museum objects: (1) artefacts (objects and structures made or processed by 
humans); (2) ecofacts - remnants of the past natural environment (pollens, animal 
bones, coprolites etc.); (3) remains or remnants of human presence (bones) 
(B) Documentation records the research process and research methods, 
interpretation of information obtained during excavations (arrangement of 
layers, deposits, building structures, etc.) 
Both of these parts are, indisputably, inextricably linked, enabling the 
interpretation of the archaeological site during research. Modern data 
digitization methods enable both the preparation of documentation during 
research and its ongoing connection with the excavated finds. 
The "Archive Data" method, based on a commonly used barcode recording 
system, allows you to correlate excavation documentation and link finds with 
the structures in the context in which they were obtained during archaeological 
works. Finally, the "Archive Data" system enables accurate cataloguing of 
documentation and facilitates access to selected monuments or their categories 
in museum resources and warehouses. 

12:45-
13:05 Alexei Vranich University of Warsaw, Warsaw, PL 

 Archaeological and Conservation research on Andean World Heritage Sites 

This paper presents the results of a research that underscores the challenges 
and innovative strategies employed in conducting meaningful archaeological 
research within sites marked by multiple stakeholders and diverse interests. 
Focusing on our experiences in the field, we share valuable insights into the 
methods and strategies developed and refined over time to navigate this 
intricate terrain.  

Drawing on case studies from two World Heritage Sites in the Andes - Tiwanaku 
(Bolivia) and Cusco (Peru) - we demonstrate the importance of fostering 
collaboration and dialogue among stakeholders, including local communities, 
government agencies, and academic institutions. We emphasize the significance 
of engaging in participatory approaches that respect these sites' cultural and 
historical importance while ensuring responsible excavation, documentation, 
and preservation practices. Furthermore, this paper highlights the role of 
technology in enhancing data collection, analysis, and dissemination.  

Our research underscores the imperative of adapting methodologies to address 
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the multifaceted nature of archaeological sites and the diverse interests involved. 
By sharing our experiences and lessons learned, we hope to contribute to the 
ongoing discourse on responsible and collaborative archaeological research in 
complex contexts. Through our experiences and insights gained from these World 
Heritage sites, we aim to contribute to a broader discourse on responsible and 
collaborative endeavors. These endeavors impact archaeology and play a pivotal 
role in promoting national heritage, preserving cultural identity, and fostering 
sustainable economic growth in regions laden with historical significance. 

13:05-
13:25 Duc Hong Du Oxford University Clinical Research Unit, Ho Chi Minh City, VN 

 Phylogeographic distribution of human mitochondrial DNA haplogroups in 
Southeast Asia 

Southeast Asia (SEA) is the ancient land of humanity. Genetic, archaeological, 
cultural, climatic and geological studies have revealed the history of formation 
and development of many civilizations here. Genetic studies agree with the 
hypothesis that human branches leaving out of Africa set foot on the Asian 
continent, including SEA, very early. Homo sapiens have genetic mutations and 
branch out from other human races through the genetic mutations. These 
mutations are associated with periods of Earth's climate change and the process 
of dispersal and migration so that humans can adapt and survive. Archaeological 
evidence is also consistent with genetic findings and is increasingly clarifying the 
picture of human origins and evolution. 
Compared to developed countries, research in SEA is little and lack of 
comprehensiveness. The most recent discovery of ancient humans living in the 
Tam Pa Ling region of Laos shows evidence of Homo sapiens living in this area 
about 80 kya. This suggests that the genetic picture of the origin and migration 
of humans is lacking and poses a challenge in rewriting the entire origin of the 
appearance, formation, and development of ancient humans to modern 
humans in this region, SEA in particular and the entire human race in general. 
We conducted a comprehensive study collecting and analyzing the maternal 
DNA genetic variants through human mitochondrial DNA (mtDNA) data to 
reveal phylogeographic distribution of human mitochondrial DNA haplogroup 
and the maternal origin of SEA. We retrieved 4932 complete mtDNA genome 
sequences from NCBI database of individuals across 11 countries, 7 language 
families and 128 ethnic groups in SEA. Phylogenetic and geographic analysis, 
median joining network, and multi-dimensional scaling analysis revealed 
common related and novel haplogroup and genetic diversity across the region. 
Bayesian estimates the coalescence time and associated 95 % highest posterior 
density show time to most recent common ancestor of SEA population and each 
specific ethnic group. The study suggests evidence for population migration and 
expansion across SEA geographic regions, although further studies are 
warranted. 
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PANEL SESSION III 

Archaeology and Geoarchaeology. Part 3 

Chairwoman: �D���Œ�š�����<���Œ�}�o�]�v�����‚�µ���Z�}�Á�•�l���U��Chairman: Nguyen Gia Doi 

14:40-
15:00 

Le Hai Dang1, 
Le Canh Lam1,  
Nguyen Thi Thuy1, 
Pham Nguyen Ha Vu2,  

Nguyen Dinh Nguyen2 

1Institute of Archaeology, Vietnam Academy of Social 
Sciences, VN 

2University of Science, Vietnam National University, VN 

 Potential and prospects for carrying out marine archaeological surveys in 
Dung Quat, Binh Chau, Quang Ngai areas under Vietnamese conditions 

Dung Quat and Binh Chau sea areas (Quang Ngai) are considered "graveyards" 
of ancient ships. However, so far the discoveries of ancient shipwrecks in the 
area have only been accidental discoveries by local fishermen. Up to now, 
according to data from the Marine Heritage Conservation Center of Doan Anh 
Duong Company (Quang Ngai), traces of about ten shipwrecks have been 
discovered in the area. Underwater archaeological surveys in Quang Ngai in 
general are only limited in scope, mainly gathering documents about known 
discoveries and combining the use of some equipment of foreign partners in 
scientific cooperation projects. Therefore, survey work lacks initiative and is low 
efficiency. No underwater archaeological investigation has been conducted in a 
thoroughly and synchronously interdisciplinary manner. During the period 
2021-2022, the Institute of Archeology for the first time proactively conducted 
underwater archaeological surveys in Dung Quat Bay, Quang Ngai with experts 
and survey systems from Vietnam marine geological research units. The survey 
was not dependent on foreign experts and equipment. The survey results have 
allowed to evaluate the effectiveness of the method, the ability to master and 
operate equipment in marine archaeological surveys, and show the potential 
and effectiveness of interdisciplinary and multidisciplinary cooperation in 
scientific research in general and archeology in particular.The quality of 
collected data confirms the feasibility of interdisciplinary coordination between 
research units in Vietnam to carry out underwater archaeological surveys by 
Vietnamese geological experts and underwater archeological experts. In the 
coming time, the underwater archeology industry needs to gradually build a 
systematic underwater archaeological survey procedure, including marine 
geophysical methods as well as building methods for establishing prospect 
maps, underwater archaeological resources towards implementing the 
construction of underwater archeology planning. To carry out this task, it is 
necessary to pay special attention to investment in operating funds, specialized 
equipment as well as training qualified human resources to participate in 
domestic and international joint coordination programs. 
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15:00-
15:20 Hoang Thi Thuy Linh, 

Nguyen The Hung, 
Nguyen Viet 

Center for Southeast Asian Prehistory, VN 

 ���}�µ���š�•�������}�µ�š���‰���o���}���o�]�u���š�������v�����•�������o���À���o���š�Z���š���v���������š�}���������Œ���•�}�o�À�������]�v���s�]���š�v���u�[�•��
history 

It is becoming increasingly clear that there are historical phenomena that need 
to be linked to awareness of the impacts of climate change and contemporary 
sea levels. Here are some suggestions: 
1- The impact of the Flandrian transgression in the late prehistory of Vietnam 
and Southeast Asia. Particularly for the areas we focus on researching, which are 
the Northern Delta and the Southern Delta, the appearance of Hanoi Bay and 
the vast flooded waters of the South clearly had a great impact on the formation 
of the late prehistoric picture. in the region. For example, the transformation of 
the Hoabinhian lifestyle into Dabutian when the sea reached its maximum and 
the appearance of early rice-growing villages that then turned into rice granaries 
following the sea, expanding annually hundreds of thousands of hectares of 
fertile rice land from 3500 years to before and after 2000 years from today. 
2- Do the Dong Son burial villages at or not much higher than today's sea level 
reflect whether at the time of Au Lac-Nam Viet, was the sea lower than today? 
The essence of the story of the Lac people growing rice "following the rising 
tide" recorded in the bibliography of the 3rd-4th centuries AD, should be 
understood correctly. 
3- The Bach Dang battles (938, 981, 1288) all took place on the Bach Dang River. 
In fact, what was the topography and geomorphology of "Bach Dang River" like 
at that time when the sea was high during that period? There is evidence that 
sea levels up to the 13th century were still higher than today as a result of ocean 
transgression. In addition, is the climate getting hotter? Are there any 
approaches to this problem, for example studying tree growth ring fluctuations 
(Dendrology), tracing sea levels, and dating C14 samples... 
4- What climatic and environmental impacts led to the change of "rice granary" 
land to Son Nam and the dyke breakage and continuous crop failure in the 16th-
17th centuries in northern Vietnam. 

15:20-
15:40 Nguyen Viet1,  

Le Hai Dang2, 
Miroslaw Masojc3, 
Tomasz Gralak3 

1Center for Southeast Asian Prehistory, VN 

2Vietnam Archeology Institute, VN 

3University of Wroclaw, Wroclaw, PL 

 
Using archaeological data to study climate change from the Later Pleistocene 

to Holocene in Northern Vietnam 

From 1982 up to now, our group has focused on excavating and collecting 
archaeological materials related to paleoclimate research in Vietnam, focusing 
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on slowing climate change from the Late Pleistocene to the Holocene. The 
available data are excavations with cultural sediment sieves in 5 cm layers in 
excavation pits from locations: Xom Trai, Vanh Village, Du Sang, Cang Cave (Hoa 
Binh), Da Dieu Roof, Da But (Thanh Hoa), Sung Sam (Hanoi). Samples of micro-
flora and micro- and macro-bones of animal teeth were sifted and 
systematically dated C14, helping to sketch out a picture of the paleoclimate 
and the preservation and fluctuation characteristics quite clearly, similar to and 
different from other regions. researched around the world. 

There are several important results drawn as follows: 

1 - Based on the remains of burned fruit seed fragments in the Hoabinhian 
cultural layer, it is possible to distinguish two vegetation layers represented by 
seasonal fruit seeds of broad-leaved trees such as oaks, chestnuts (Juglans, 
castanopis) and tropical trees. Canarium is a year-round green zone as 
botanical evidence that helps indicate the age of the Late Pleistocene and 
Hololithic in Vietnam. The C14 chronology series measured directly from those 
coal samples shows that the boundary ended and these two vegetation 
appeared at relics below 200 m above sea level today at about 20 north 
latitude, longitude About 105 winters took place about 13 thousand years ago. 

2 - Based on traces of loose limestone layers from the tops of stone roofs and 
caves in Xom Trai, Vanh Village combined with direct dating from food snail 
shell samples under those rolling stone blocks, initial conclusions were drawn. 
hot, humid, and rainy rhythm in the study area 20 north latitude. 105 east 
longitude appeared after the Last Glacial Age about 14 thousand years ago and 
lasted until 9 thousand years ago. 

3 - Based on the study of the quantity, size, and especially the breakage of snail 
shells from the Antimelania stream in Xom Trai cave and the C14 age measured 
directly from those snail samples, it can be concluded that there was a lot of 
rain during the peak of the glaciation. Ha in the Muong Vang Valley area (Lac 
Son, Hoa Binh), where Xom Trai and Lang Vanh caves are two places to collect 
and research samples. This shows that Vietnam's climate in the post-Penozoic 
period (at least 25 thousand years ago) was cool and humid, not cool and dry. 

4 - In that climatic condition, Hoa Binh culture had optimal climatic conditions 
to develop its life, creating breakthroughs in Vietnamese prehistory, such as 
relative settlement and population growth. and the birth of early fine arts. 

5 - The Flandrian sea level increased maximally in the study area around 5000-
6000 years ago with the presence of marine food sources at the Da But relics in the 
area and the lake at an average height of 5 m above the current sea level. 
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15:40-
16:00 Barbara Woronko1, 

Mateusz Iskra2, 
Krzysztof Jakubiak3, 
Anna Hrynowiecka4, 
Katarzyna Zalewska1, 
Maciej Sobczak2,  
Otto Bagi5 

1Faculty of Geology, University of Warsaw, Warsaw, PL 

2Polish Centre of Mediterranean Archaeology, University 
of Warsaw, Warsaw, PL 
3Faculty of Archaeology, University of Warsaw, Warsaw, PL 

4Polish Geological Institute - National Research Institute, 
Marine Geology Branch, Gdansk, PL 

5DigicArch Otto Bagi, Serock, PL 
 Impact of 2.7 ka climatic event on the local habitants of the Ararat Plain seen 

from Metsamor perspective (S Armenia) 

Climate variability may have played a significant role in the rise and collapse, as 
well as the reorganization, of many ancient civilizations. The political and 
cultural development of societies living in various parts of the Middle East was 
particularly affected by such changes in the first millennium BC. The South 
Caucasus, which is located on the border of the Middle East, is one of the most 
attractive areas for multidisciplinary research at the intersection of climatic 
geology and archaeology. The Metsamor fortified protohistoric settlement, 
situated at the bottom of the Araxes Valley in southern Armenia, is a fascinating 
case study. The geological studies, enriched by archaeological and palynological 
data collected during surveys at the site and the neighboring area, indicate the 
significant impact of climatic oscillations on the life of the local community. This 
oscillation can be identified with the 2.7 ka climatic event due to the precisely 
dated stratigraphy of the site. According to Singh et al. (2019), the period 
between approximately 2800 and 2690 years BP was one of the wettest periods 
of the last 4000 years in the Middle East. This interval was followed by a period 
of peak dryness lasting around 125 years, known as the 2.7 or 2.8 ka BP event. 
The impact of the 2.7 ka event on Metsamor can be observed in various 
processes associated with the gradual abandonment of the settlement and 
changes in the subsistence economy of its inhabitants. The population living in 
the Metsamor region declined significantly around 2.7 ka, and people began to 
shift from agriculture to cattle and goat farming. This work was supported by 
the National Science Centre research grant no. 2018/29/B/HS3/01843. 

16:00-
16:20 

Nguyen Thi Thu Cuc1,  
Nguyen Thi Mai Huong2 

1 Hanoi University of Science, VNU,VN 

2Institute of Archaeology, Vietnam Academy of Social 
Sciences, VN 

 The significance of the Diatomeae and pollen complexes in studying the sedimentary 
environment at Dam Thuong archaeological site, Thuy Nguyen,   Hai Phong 

To reveal the sedimentary environment of the Dam Thuong archaeological site, 
Thuy Nguyen, Hai Phong, 10 diatom and pollen samples were extracted from 
2m depth of trench 1 (HC01) for analyzing. Diatomeae analysis results showed a 
total of 52 diatom taxa were encountered, including 4 groups of marine 
planktonic, brackish planktonic, brackish benthic and freshwater diatom. Among 
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them, the brackish planktonic group predominates in the number of individuals 
encountered in the sample, typically Cyclotella striata and Cyclotella stylorum. 
The brackish benthic species found in all analyzed samples are Diploneis smithii 
and Nitzschia cocconeiformis. Pollen spore analysis results show that tropical 
plants predominate, and the area is influenced by tides. Pollen spore 
assemblages in the analyzed samples also show that the study area is typical of 
estuarine wetlands with a predominance of freshwater and brackish water 
herbaceous plants. The dominant presence of the above species shows that the 
study area is located in the active tidal zone. 

16:20-
16:40 Cao Thu Nga1, 

Nguyen Thi Hau1, 
Nguyen Viet2 

1University of Social Sciences and Humanities, Vietnam 
National University - Ho Chi Minh City, VN 

2Center for Southeast Asian Prehistory, VN 
 Researching climate change and sea level in Oc-Eo culture - approach to 

prosperity and decay of the Phu Nam 
There is much data that signals that between the 2nd and 8th centuries AD, 
there were significant climate changes taking place in the Southern Delta, 
leading to changes in vegetation, lifestyle in rice farming, and travel. But the 
country of Oc Eo culture residents - also of the society of the Funan empire. 
However, the focus on clarifying these data is still limited by the 
interdisciplinary coordination of archeology, geology, and geomorphology. 

In terms of phenomena, before AD, it was clear that in the Southern Delta 
region, the focus of research was the Long Xuyen quadrilateral, expanding to 
the Dong Thap Muoi area until the Long An and Can Gio areas flourished. 
villages, graves of rice growers, craft villages, clergy, and traders. A culture 
named Oc Eo - the name of the excavation site in the Ba The mountains with an 
ancient port town structure has appeared with the presence of many villages, 
port town architecture, and bustling international religions of the time. A form 
of empire linking and managing surrounding small states with the common 
name of Funan (according to Chinese records of the 3rd century AD) appeared 
to cover most of mainland southern Indochina and part of the sea. island 
around. It is also very clear that there was a rapid decline of this empire as well 
as of the Oc Eo culture in the 6th and 7th centuries onwards, replaced by the 
power of the nobles of a small dryland country called Chenla (Chenla). Lap). 
Many researchers cite the cause of the decline as the loss of the strength of the 
large, fertile rice area due to salinity caused by rising sea levels - a sea advance 
that is being recognized around the world, starting around the century. 2-3 to 
12-13 centuries AD. Evidence is being gathered by archeology in past 
excavations as well as in recent excavations, but can only be resolved 
scientifically and convincingly by a multidisciplinary research program, 
specifically distinguishing between archeology and oceanography, coastal 
geology, and geomorphology. 
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Marine geological researchs on the Vietnam continental shelf by High Resolution  

Shallow Seismic (HRSS) metod 

Duong Quoc Hung,  

Nguyen Van Diep,  

Mai Duc Dong 

Institute of Marine Geology and Geophysics, Vietanm Academy 
of Sciences and Technology, VN 

The Vietnam coastal zone and its large continental shelf has been being the target of 

concerned sciences, including geological sciences. Along with the rapid development of 

science and technology, the new and modern surveying technologies have been deployed 

in order to acquire the most efficiency information about the marine geological 

environment on Vietnam continental shelf. The acquired information should be valuable 

for many research purposes, such as the formation and evolution history of the marine 

geological formations, the shore-sea interactions, mineral-resource exploration, 

geological hazards, geodynamic-tectonic activities, global climate changes and sea level 

rises, offshore constructions, aquaculture, ect. 

Through about three decades up to now, there are tens of marine site surveys, including 

international sea survey trips in corporation with foreign scientis have been conducted on 

the Vietnam continental shelf, which covered several ten thousand km of surveyed 

profiles. In these surveys, the High Resolution Shallow Seismic (HRSS) method is regarded 

as one of the most efficiency method for the above mention research aims.  

In the scope of this paper, the author would like to mention at the applicable aspect of 

the HRSS method used in the marine geological research Projects, which have been 

carried out on the Vietnam continental shelf, in combination with other related data 

sources. The non-scale illustrated images in this paper are acquired, processed and 

interpreted by the author in various site surveys. 

 

* * *  
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Early Paleozoic metamorphic-hosted ore mineralization in the western part of the Kon 
Tum massif: new structural and geochronological constraints 

Luong Thi Thu Hoai1,  

Michel Faure2,  

Lin Wei3,  

Nguyen Van Vuong1,  

Pham Nguyen Ha Vu1,  

Bui Van Dong1,  

Nguyen Ba Minh4,  

Nguyen Hong Quan1,  

Vu Tien Thanh5 

1University of Science, Vietnam National University, 
Hanoi, VN 

2�/�v�•�š�]�š�µ�š�������•���^���]���v�����•���������o�����d���Œ�Œ�������[�K�Œ�o� ���v�•�U���h�D�Z��7327 
CNRS-�h�v�]�À���Œ�•�]�š� �����[�K�Œ�o� ���v�•�U�������u�‰�µ�•���P� �}�•���]���v�����•�U���&�Z 

3State Key Laboratory of Lithospheric Evolution, 
Institute of Geology and Geophysics, Chinese Academy 
of Sciences, CN 

4The Vietnam Geological Department, Hanoi, VN 

5Geological museum and archive information center, 
Hanoi, VN 

In the western part of the Kon Tum massif, iron, chromium, copper, cadmium, and 
vanadium mineralization occur in amphibolite facies metamorphic rocks. The metals are 
localized in the sulfide minerals hosted by leucosome of migmatitic orthogneiss. The main 
ore minerals are an assemblage of pyrite-chalcopyrite-magnetite±pyrrhotite that host 
copper, low-content gold and are enriched in chromium, cadmium, vanadium and cerium. 
The ore minerals are aligned within the foliation plane, some of which are deformed. They 
were formed directly within metamorphic rocks during the regional orogenic processes 
related to the collision between the South Vietnam block and the Viet - Lao one during the 
Early Paleozoic. The orogeny involves a northward subduction of the South Vietnam block 
below the Viet - Lao block and a southward overthrust belt of the Viet - Lao block. The syn-
tectonic plutons, metamorphic and migmatitic rocks including metasedimentary rocks of 
the Kham Duc complex and Dak Long formation together with the meta-igneous rocks of 
the Dien Binh complex form the western unit of the Kon Tum massif and presently 
juxtaposed to the Ngoc Linh complex by the Po Ko fault. The zircon Secondary-Ion Mass 
Spectrometry (SIMS) U-Pb dating for an ore-mineral-bearing migmatitic orthogneiss reveals 
two ages at 463.4±1.8Ma and 446.2±2.3Ma. The first age is obtained from magmatic zircon 
grains with oscillatory zoning of subhedral to euhedral shape or zoned core within 
metamorphic rim zircons. The second one is yielded by metamorphic zircons grains 
characterized by mosaic patches, unzoned bright or dark rims, or irregular growth rims 
surrounding the zoned cores. Taking into account the structural and tectonic field 
observations, petrographic data with zircon internal structure CL images and Th/U ratios 
allow us to interpret the first age as the granite crystallization time. The second one reflects 
the age of the high-temperature metamorphism coeval with granite melting to form 
migmatitic orthogneiss. The sulfide mineralization formed in low-pressure spaces of intra-
foliation during this high-temperature metamorphism and ductile deformation. The 
metallic source is inferred from the disseminated ore minerals that preexisted in the 
granitic protolith, but it does not exclude ore fluid circulations developed during the syn-
tectonic Early Paleozoic metamorphism. Our results also reveal an Early Paleozoic 
metallogenesis period in the Kon Tum massif.  



 

79  

* * *  

Multiple Sources for Rare Earth and Fe-Cu Mineralization in the Sin Quyen IOCG Deposit, 
insight from in-situ Nd Isotope Analysis of Titanite 

Ngo Xuan Dac1,  

Trinh Hai Son1,  

Khuong The Hung2 

1Vietnam Institute of Geosciences and Mineral 
Resources, VN 

2Hanoi University of Mining and Geology, VN 

IOCG deposits usually preserve evidence of multiple hydrothermal events and 
superimpose processes due to their their prolonged geological history. Consequently, 
establishing precise constraints on the sources and ore-forming processes of IOCG 
deposits is challenging. Recently, the in-situ Laser Ablation Multi Collector Inductively 
Coupled Plasma Mass Spectrometry (LA-MC-ICPMS) technique has been widely used in 
dating and tracing hydrothermal ore deposits with complex evolutionary histories. In this 
study, we apply in-situ LA-MC-ICPMS Nd isotope analysis to two types of titanite from the Sin 
Quyen IOCG deposit in northwestern Vietnam to decipher the origin and ore-forming 
processes of the giant rare earth element (REE) and Fe-Cu deposit. Type 1 titanite (Ttn1) 
consists mainly of euhedral to subhedral crystals, with diameters ranging from 0.5 to 2 mm, 
closely associated with amphibole and allanite. In contrast, type 2 titanite (Ttn2) is 
characterized by uniform, fine grains closely associated with magnetite and chalcopyrite. 
Ttn1 displayed �x�E���~�š�•���À���o�µ���•���Œ���v�P�]�v�P���(�Œ�}�u���>�ò�X�ð���š�}���>�ñ�X�ó �:�U���}�À���Œ�o���‰�‰�]�v�P���Á�]�š�Z���š�Z�����E�����À���o�µ���•���}�(��
the meta-sedimentary basement rocks at Sin Quyen. Conversely, Ttn2 yielded values within 
�š�Z�����Œ���v�P�����}�(���>�ð�X�ï���š�}���>�î�X�ì �:�U���•�]�u�]�o���Œ���š�}���(���o�•�]�����]�v�š�Œ�µ�•�]�}�v�•���]�v���š�Z�����Œ���P�]�}�v�X���d�Z�����•�]�P�v�]�(�]�����v�š���Àariation 
in Nd isotopes between the two types of titanite at Sin Quyen indicates different sources 
contributing to the REE and Fe-Cu mineralization at the Sin Quyen deposit. This finding may 
inspire other IOCG deposits with complex evolutionary histories. 

* * *  

Early Paleozoic magmatism in the Central Vietnam and their significance on tectonic 
evolution of the Indochina Block 

Ngo Xuan Thanh1,  

Nguyen Quoc Hung1,  
Yoonsup Kim2, 

Bui Vinh Hau1,  

Tran Thanh Hai1 

1Hanoi University of Mining and Geology, VN 

2Department of Earth and Environmental Sciences, 
Chungbuk National University, KP 

          In the Southeast Asia, the boundaries between the Truong Son Belt (TSB here after) 
and Kon Tum Massif (KTM here after) have been so far favored as the Early Paleozoic Tam 
Ky - Phuoc Son (TPSZ here after) and Po Ko Suture (PKSZ here after) Zones. In the 
northern TPSZ, the Ngoc Hoi and Nui Vu mafic and intermediate magma complex consists 
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of hornblende and biotite bearing meta-mafic and amphibolitic rocks. Here we present 
integrated field, geochemical and geochronology results of the gabbroic and amphibolitic 
samples in the northern TPSZ for unravelling Early Paleozoic assembly of the Indochina 
Block. The MC- LA - ICPMS zircon U-Pb ages indicate their emplacement of ca. 500-460 
Ma. The gabbroic and gabbro-dioritic samples show low TiO2 contents (0.68-0.98 wt.%) 
and moderate Mg# (49.2-56.4). They display enriched LREE ((La/Sm)N = 1.66-3.23) and 
LILE (e.g., Rb, Ba, Th and U), and pronounced negative HFSE (e.g., Nb, Ta and Ti 
anomalies) and depleted Hf(t) zircon values (from +1.7 to +7.2). Additionally, the 
gabbroic samples show geochemical ratios of Th/Yb and Nb/Yb > 1, La/Yb > 4, Nb/La < 
0.6, and all are consistent with magmatism from an active continental margin setting. 
This together with the regional geology of the Indochina Block suggests that subduction 
of the Proto-Tethys Oceanic lithosphere beneath the TSB and KTM during the Early 
Cambrian - Ordovician and Late Cambrian - Ordovician, respectively. The closure of the 
Tam Ky-Phuoc Son Ocean at ca. 460 Ma to form the present-day Indochina Block. The age 
spectra of the Early Paleozoic arc magmatisms in the TSB and KTM are comparable with 
those of Himalaya-West Qiangtang - East Tibet and Tengchon - Baoshan microcontinents, 
respectively, in the northern Gondwana. This research is funded by Vietnam Ministry of 
�^���]���v���������v�����d�����Z�v�}�o�}�P�Ç���µ�v�����Œ���µ�v�����Œ���P�Œ���v�š���v�µ�u�����Œ�����d���>�X���E�X�í�í�î�l�î�í�X 

* * *  

CARBONNIFEROUS-PERMIAN LITHOSTRATIGRAPHIC UNITS IN THE DUYEN HAI ZONE 
(COASTAL ZONE) OF NORTHEAST VIETNAM 

Nguyen Huu Hung1,2,  

Trinh Thai Ha2,  

Ho Tien Chung3,  

Nguyen Van Tuan3,  

Nguyen Thi Hien An3,  

Nguyen Ngoc Tram3 

1Vietnam Student Group of Class 1966 (K66) in Poland 

2Department of Paleontology-Stratigraphy, VIGMR, VN 

3Department of Tectonics-Geomorphology, VIGMR, VN 
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Carboniferous-Permian sediments are widespread in the Duyen Hai Zone (Coastal Zone) 
of Northeast Vietnam, but at the moment, lithostratigraphic units of these sedimentary 
sequences used for geological mapping always are controversal debate topic and 
question for discussions. Previous researchs have shown that, lithostratigraphic units 
established for the Carboniferous-Permian sediments on the basis of fossil age (Dovjikov, 
A. E. et al. 1965; Nguyen Quang Hap 1967; Pham Van Quang 1970; Nguyen Van Liem 
1974, 1978, 1980; Nguyen Cong Luong 1980, 1985, 2001). Now, basis on characteristic 
lithological composition of rocks, the following lithostratigraphic units of Carboniferous-
Permian sediments in the Duyen Hai Zone are recognized: Con Voi Formation (D3-C1 cv), 
Pho Han Formation (D3-C1 ph), Carboniferous-Middle Permian Sequence and Bai Chay 
Formation (P3 bc). 
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* * *  

Le Duc Anh1 ,  

Phung Van Phach1,  

Nguyen Hoang2,  

Do Huy Cuong1,  

Phan Dong Pha1 

1Institute of Marine Geology and Geophysics, Viet Nam 
Academy of Science and Technology, VN 

2Institute of Geological Science, Vietnam Academy of 
Science and Technology, VN 

Post-opening of East Viet Nam Sea geodynamic and magmatic evolution  

in Southern Viet Nam 

Interpretation of new seismic, gravity and magnetic anomalies and structural analyses 
show that the SW tip of the SW Sub-basin of East Sea (Vietnam) has attenuated 
continental crust, not oceanic. Our new magnetic evidence confirms that the oceanic 
crust of the East Sea (Vietnam) does not spread to the west over the 111.5oE longitude. 
The NW-SE Red River Fault, the East Vietnam Fault  Scarp and the NW-SE striking Tuy Hoa 
Fault Zone were probably connected and acted jointly during the period of oceanic crust 
spreading (~ from 32 to 17 My). This fault system may have controlled the oceanic 
spreading of the SW arm of the East Sea (Vietnam) (EVS) to the SW. The NW-SE striking 
Tuy Hoa Shear zone may have played a role of transform fault and acted as SW boundary 
that has limited the spreading of oceanic crust further to the SW. The change from the 
left-to right-lateral motion of the NW-SE fault system may thus have led to the cessation 
of oceanic spreading in the EVS, on the one hand, while stimulating strong subsidence of 
Tertiary basins, on the other. These include the Phu Khanh basin, whose sudden 
subsidence has been proven using detailed stratigraphic and facial analysis. Post-EVS 
opening, subsidence (extension)-related volcanism occurred in the oceanic crust and in 
the vicinity of the Hoang Sa (Paracels) Islands at two main episodes ca. 9 and < 1 Ma, 
producing SiO2-poor and FeO-rich alkali basalt and nephelinite. Whereas, the 
contemporaneous subsidence-related volcanism appeared along extension faults running 
parallel to the eastern Vietnam coastline from latitude 16°N to 10°N (underwater 
eruption of Iles Des Cendres in 1921) at also two main episodes of 15-4.5 Ma and 3-0 Ma. 
These two eruptive representative episodes appear both on Ly Son (15°N) and Phu Quy 
�~�í�ì�£�î�õ�[�E�•�� �]�•�o���v���•�X�� �d�Z���� �����Œ�o�Ç�� �‰�Z���•���� ���}�u�‰�Œ�]�•���•�� �}�(�� �Z�]�P�Z-SiO2, low-FeO tholeiitic basalt and 
the later, of low-SiO2, high-FeO olivine and alkaline basalt, implying that melting sources 
were deepened with time. Although post-opening magmas occurred sporadically in the 
EVS and showed spatiotemporal differences, the volcanism was controlled mainly by 
subsidence (extension) tectonics, the activities are believed to govern the entire post-
opening geodynamics. 

* * *  
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SEISMO-STRATIGRAPHIC INTERPRETATION OF HIGH-RESOLUTION SEISMIC DATA: 
EXAMPLES FROM THE LATEST QUATERNARY DEPOSITS OF THE CENTRAL VIETNAM SHELF 

AREA 

Nguyen Van Kieu1, 2,  

Pham Nguyen Ha Vu3 

 

1AGH University of Krakow, Faculty of Geology, 
Geophysics and Environmental Protection, Kraków, PL 

2Vietnam Petroleum Institute, VN 

3University of Science, Vietnam National University, Hanoi, 
VN 

High resolution seismic reflection surveys acquired water depth ranging from 0 to 100 m 
in the Central Vietnam shelf area have been employed to provide an accurate image of 
the stratigraphic architecture of the latest Quaternary deposits. The results found that 
incised-valley systems orientated NW-SE and W-E were detected and interpreted as a 
record of relative sea-level falling stages, which correspond to the presence of six 
erosional unconformities. These unconformity surfaces and their corresponding 
conformity surfaces, along with the modern seabed surface, were used to define six 
distinct sedimentary units, and which were mapped to understand its sediment 
distribution with a maximum thickness of each unit not exceeding 45 meters. 
Observations of the continuity, amplitude, and configuration of seismic reflections, as 
well as termination patterns on high-resolution seismic reflections allowed to classify four 
major seismic facies: (1) seismic facies SF1 comprises fluvial channel-fill deposits, showing 
low- to high-amplitude, chaotic, discontinuous, and concave seismic reflections; (2) 
seismic facies SF2 was primarily characterized by high-amplitude, parallel to sub-parallel 
seismic reflections, which predominantly indicate the presence of muddy and/or 
dominated sandy of lowstand deposits; (3) seismic facies SF3 was typified by moderate- 
to high-amplitudes, arranged into oblique-tangential and oblique-parallel patterns, 
interpreted shelf deltas; and (4) seismic facies 4 chiefly exhibited parallel and laterally 
continuous, low-amplitude to transparent reflections, typically reflecting muddy deposits 
formed in open marine environments or transgressive estuarine settings.  

* * *  

MODERN GEOMECHANICS FOR UNCONVENTIONAL RESERVOIRS 

Andrzej Domonik, 
Pawel �B�µ�l���•�Ì���Á�•�l�],  
�W�Œ�Ì���u�Ç�•�s���Á���t�]�o���Ì�Ç�w�•�l�] 

Faculty of Geology, University of Warsaw, Warsaw, PL 

 

Geomechanics for unconventional resources differs from conventional reservoirs mostly 
due to inelastic matrix behavior, stress sensitivity, rock anisotropy, rock rheology and low 
matrix permeability. Effective horizontal drilling and hydraulic fracturing technologies are 
required to obtain and maintain high performance of extraction. Success of these 
techniques depends strongly on the geomechanical investigations reservoir rocks. 
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Organic-rich rocks may exhibit complex elasto-viscoplastic deformation mechanisms 
depending on the rate of deformation and the amount of clay minerals. An inelastic 
behavior of these rocks draws increasing attention of investigators due to its role in stress 
relaxation between fracturing phases. Non-standard rock mechanics laboratory 
experiments are being applied in order to obtain the mechanical properties of mudstones 
and siltstones that have not been previously studied in Poland. Novel laboratory 
investigations were carried out to assess the creep parameters and to determine time-
dependent viscoplastic deformation of organic-rich sedimentary rock samples, which can 
provide a limiting factor to tectonic stresses and control stress change caused by 
hydraulic fracturing. 

* * *  

SOME RESEARCH RESULTS ON MARINE GEOMOPHORLOGY AND SPECIAL MARINE 
ECOSYSTEMS IN TRUONG SA ISLANDS (SPRATLY ARCHIPELAGO), VIETNAM 

Bui Van Vuong1, Nguyen Van 

Quan1, Tran Duc Thanh1, Nguyen 

Dac Ve2, Dang Hoai Nhon1, 

Nguyen Dang Ngai1, Phan Dong 

Pha2, Le Dinh Nam2, Tran Thi Thu 

Trang3, Tran Huu Long3, Nguyen 

Thi Mai Luu1, Hoang Thi Chien1 

1Institute of Marine Environment and Resources, 
Vietnam Academy Sicene and Technology, VN 

2Institute of Marine Geology and Geophysics, Vietnam 
Academy Sicene and Technology, VN 

3Environmental Engineering Institute, Vietnam 
Marinetime University, VN 

Truong Sa Island (Spratly Archipelago) located in the Center and South of East Sea is 
laying betwen 6o�ñ�ì�[-12o�ì�ì�[�E��latitude and 111o�î�ì�[-117o�î�ì�[E longitude with an area of 
about 180.000 km2, Spratly Archipelago consists of more than 130 islands, banks reef, 
corals, shoads... Navigators divided Truong Sa islands into 8 large clusters: Esat Cay, Thitu, 
Loaita, Tiga, Sincowe, Flat, Spratly and Investigator. This study to be showing some 
research results on Marine Geology-geomorphology and some typical marine ecosystem 
in Spratly Islands of Institutes Environment and Resources (IMER), these consist of 

1- Morphology and structure of submerged coral reefs and emerged-island,  

2- Sediment in the surface of the emerged island and in the coral reefs; 

3- Some typical marine ecosystems in tropical sea such as corals, sea-grasses, and 
other marine fishery resources. 

* * *  
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VARIATIONS OF THE RED RIVER SEDIMENTARY  DISCHARGE: CLAY MINERALOGICAL 
RECORDS FROM THE SUBAQUEOUS RED RIVER DELTA, VIETNAM 
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1Institute of Marine Environment and Resources, 
Vietnam Academy Sciene and Technology, VN 

2State Key Laboratory of Marine Geology, Tongji 
University, PRC 

3Institute of Earth Sciences, Academia Sinica, Taipei  TW 

4Institute of Marine Geology and Geophysics, Vietnam 
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Marinetime University, VN 

Clay mineral assemblages combined with 210Pb and 137Cs radionuclide datings of six short 
cores were investigated in the subaqueous Red River Delta (RRD), Vietnam. The objective 
of this study is to understand the sediment discharge from the Red River system into the 
northwestern Gulf of Tonkin in recent 100 years. Spatial distributions of illite content 
decrease from 40-58 % at water depth 0-15 m to 19-33 % at water depth more than 20 m 
in the subaqueous delta, and to 10-20 % at the Ha Long Bay indicate that a significant 
influence of the Red River sediment discharge. From bottom to top of all cores, chlorite 
and kaolinite contents remain stable, averaging at 17 % and 25 %, respectively; smectite 
content decreases from 39-71 % to 10-30 %, while illite content increases from 10-30 % 
to 49-58 %. Hydrodynamic, geological, and clay mineralogical studies indicate that, in this 
region, illite, kaolinite and chlorite mainly come from the Red River drainage basin, 
whereas smectite mainly derived from the Ha Long Bay. The changes in illite content, 
smectite/(illite+chlorite) ratio, and smectite content are adopted as proxies for the 
sediment discharge or/and the impacted of human activities on the Red River basin. In 
recent 100 years, the increase in illite content and decrease in smectite content and 
smectite/(illite+chlorite) ratio suggest the increased sediment contribution of the Red 
River basin. We figure out a four-steps evolution of the Red River sediment discharge: 
slightly increased during 1910-1930, slightly decreased during 1930-1960, moderately 
dropped during 1960-1990, and strongly went down in 1990, strongly decreased from 
1990 to 2011. The results reveal not only the variations in the Red River sediment 
discharge, but also human activities influence on the Red River drainage basin in recent 
100 year, especially during the last 20 years.  

* * *  
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Holocene sedimentary evolution from sediment records of the Tam Giang-Cau Hai 
coastal lagoon system, central Vietnam 

Nguyen Trung Thanh1,  

Vu Van Tich2,  

Nguyen Thi Thu Cuc2,  

Pham Hoang Hiep2, Ha 

Minh Cuong2,   

Pham Nguyen Ha Vu2,  

Pham Thu Hien1,  

Nguyen Van Tinh1 

1Institute of Marine Geology and Geophysics, Vietnam 
Academy of Science and Technology, VN 

2 HanoiUniversity of Science, VNU,VN 

The Holocene sedimentary evolution was reconstructed from the two boreholes collected 
in the Tam Giang-Cau Hai coastal-lagoon region in Thua Thien Hue province, central 
Vietnam. In this study, we used analytical results consisting of radiocarbon-dating, grain 
size variation, sedimentary structure, petrological components, and diatom species 
association. In addition, some high-resolution seismic data acquired from the lagoon 
system were interpreted to estimate Holocene sediment thickness in the lagoon system. 
Sedimentary records of two boreholes provided the various sedimentary evolution 
stages: mountainous riverine, riverine-lagoon, coastal-lagoon, and tidal-influenced 
coastal marshes, and dune-soil since the last glacial maximum (LGM). The sedimentary 
record also provides the timing for the coastal lagoon initiation in the study area around 
8.8-8.6 kyr cal BP corresponding to the meltwater pulse 1C. The sediment-core data in 
combining with the high-resolution seismic data indicate that the Holocene sediment is 
about 20-35 m thick in the lagoon system. This study allows us to predict the formation of 
sandy barriers along the coast between the lagoon system and the open sea had been 
probably developed since 10-9.0 kyr cal BP before the meltwater pulse 1C. The 
geographic landscape of the study area is quite stable during the past 9 kyrs for a 
lagoonal environment behind the sandy barriers. The Holocene estimated sediment 
accumulation rates in lagoon sedimentary environment reveal the higher sediment 
accumulation rate 0.30 cm/yr in Cau Hai lagoon and lower sediment accumulation rate 
0.16 cm/yr in Tam Giang lagoon. 
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Initial assessment of heavy metal concentrations (As, Cd, Cu, Pb, Zn) in soil and plants at 
a gold mine waste site: A case study of the Ta Nang gold mine in the Central Highlands, 

Vietnam 

Duong Thi Lim1, Dang Tran Quan1,  
Nguyen Manh Ha1,  
Nguyen Cong Long1, 
Tran Thu Thuy1,  
Nguyen Quang Bac2 

1Institute of Geography, Vietnam Academy of 
Science and Technology, Hanoi, VN 

2Institute of Materials Science, Vietnam Academy of 
Science and Technology, Hanoi, VN 

The use of indigenous plants as indicators for detecting environmental pollutants at 
mining waste sites is an area of current interest. One important aspect is the 
identification of plant species with the ability to absorb heavy metals, thus facilitating 
the remediation and restoration of polluted soils for productive purposes. In this study, 
we analyzed 16 plant samples from three species (Acacia mangium x Acacia 
auriculiformis, Axonopus compressus, Mimosa pigra) and 16 soil samples from the Ta 
Nang gold mine waste area in the Central Highlands. The samples were digested using 
concentrated HNO3 and H2O2 in a microwave oven, and the concentrations of the metals 
As, Cd, Cu, Pb, and Zn were determined using the ICP-MS method. The research findings 
revealed the average concentrations of these elements in the soil samples, expressed in 
mg/kg (dry soil), in the following order: As (973.3) > Pb (174.9) > Zn (130.7) > Cu (73.5) > 
Cd (1.0). Meanwhile, the average concentrations of these metal elements in the plant 
samples, expressed in mg/kg (dry sample), followed the order: As (528.7) > Zn (140.6) > 
Pb (98.5) > Cu (12.1) > Cd (0.64). Notably, the grass species Axonopus compressus 
demonstrated the highest capability to absorb heavy metals from the soil, with the 
highest concentrations of As, Zn, Pb, Cu, and Cd being 3694.8, 315.8, 674.1, 40.7, and 3.3 
mg/kg (dry sample), respectively. 

* * *  

CONTAMINATION LEVEL, FRACTIONATION AND LEACHABILITY OF HEAVY METALS AND 
ARSENIC IN SEDIMENTS UNDER CHANGING ENVIRONMENTAL CONDITIONS IN CAM RIVER 

MOUTH, HAI PHONG PROVINCE (VIETNAM) 

Huu Hieu Ho1, 
Rudy Swennen2,  
Valérie Cappuyns2,  
Tan Van Tran1 

1Vietnam Institute of Geosciences and Mineral 
Resources, VN 

2Geology, Department of Earth and Environmental 
Sciences, KU Leuven, BE 

Cam River-mouth is a big international harbor in Northern Vietnam. At present, river-
bed sediments contaminated with heavy metals and arsenic are regularly dredged and 
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disposed on land. Normalized (with respect to Al) heavy metal and arsenic 
concentrations in sediment cores and absolute dates obtained from the 137Cs analysis 
were used to reconstruct the pollution history of the area. Moreover, a 96h pHstat-
leaching test to examine the leaching behavior of elements at pre-set pH values (2, 4, 6, 
8 (natural), 9 and 11) and a BCR 3-step extraction to clarify the element fractionation, 
were performed on a freshly-collected wet suboxic sediment and a dry oxidized 
sediment. The results indicate that As, Cu, Mn, Pb and Zn increase rapidly by 2 times or 
more from 1954 to 1975, and then remain nearly unchanged from 1975 till 2008, 
whereas Co, Cr and Ni slightly increase from 1954 till 2008. Co, Cr, Cu, Ni, Mn and Zn are 
evaluated as minorly enriched, whereas As and Pb are classified as moderately enriched. 
All heavy metals and arsenic display a V-shaped pH-dependent leaching pattern with 
important releases at pHs 2 and 11. At the investigated pH values, the release of As, Mn, 
Pb and Zn from the oxidized sediment is slower and lower if compared to the suboxic 
sediment while the opposite trend is found for Cd and Cu at pHs 2-8. The transfer from the 
acid-soluble (exchangeable and carbonate-bound) fraction to the reducible (Fe and Mn 
hydr/oxide-bound) fraction is consistent with the lower leachability of As, Mn and Zn at pHs 
2-8 and Pb at pHs 4-8 after oxidation, while the transfer from the oxidizable (organic matter 
and sulphide-bound) fraction to the reducible fraction relates to the higher leachability of Cd 
and Cu at pHs 2-8. The lower leachability of all elements at alkaline pHs 9-11 is due to lower 
leached concentration of organic matter from the oxidized sediment. Moreover, a ripening 
experiment, in which freshly-collected river-bed sediments were exposed to the 
atmospheric conditions during 2 months to allow oxidation, was performed. During the 
oxidation period, pH and Eh values were monitored and, porewater was collected at 
different depths (10 cm and 20 cm below sediment-air contact) for chemical analyses. The 
dissolved concentrations of heavy metals and arsenic increase shortly after exposure, but 
subsequently decrease to levels below the initial porewater concentrations. Therefore, the 
on-land disposal can be considered as a suitable method for management of dredged 
sediments in the Cam River-mouth, but some measures should be taken to prevent the 
initial release of heavy metals and arsenic after disposal.  
Therefore, history, origin, and contamination level were assessed, and the leaching 
behavior of heavy metals and arsenic under the influence of time, pH and oxidation was 
87ather87. 

Their speciation with depth was investigated by analyzing porewater composition, 
complemented with sequential (BCR 3-step) extractions. 

All the 87ather87 metals show overall decreasing trends with depth in porewater as a 
result of anthropogenic input in 87athe 87ather87t layers. The porewater metal 
speciation indicates that the toxicity of Cu, Mn, Pb and Zn (presented by the proportions 
of free metal ions) decreases with depth 87athe the toxicity of As increases when As(III) 
becomes more abundant. Sediment-bound Pb and Mn dominate in the reducible and the 
acid-soluble fraction respectively 87athe Cu and Zn distribute 87ather evenly between 
four extracted fractions. 
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* * *  

DETECTION OF HAZARD CLUSTERS OF HEAVY METAL POLLUTION FROM MINING 
ACTIVITIES IN QUY HOP AREA, NGHE AN PROVINCE USING SPATIAL SCAN STATISITICS 

Nguyen Quoc Phi1,  

Quach Duc Tin2,  

Hoang Nam3,  

Dao Trung Thanh1 

1Hanoi University of Mining and Geology, VN 

2Vietnam Institute of Geosciences and Mineral 
Resources, Hanoi, VN 

3General Department of Geology and Minerals of 
Vietnam, VN 

Geochemical anomaly identification is one of the most important tasks in finding 
pollution hot-spots in environmental studies. This reseach aims to identify multivariate 
geochemical anomalies in soil samples relating to mining activities at Quy Hop area of 
Nghe An province �µ�•�]�v�P�� �<�µ�o�o���}�Œ�(�[�•�� �•�����v�� �•�š���š�]�•�š�]���•�X�� �d�Z���� �•�����v�� �•�š���š�]�•�š�]���•�� �‰�Œ�}���µ�����•�� ����
geographically-weighted predictive model for the high or low rates of locations and the 
degree of spatial autocorrelation among observations. Results show that there are at 
least four highly pollution clusters at: 1) Chau Hong and Chau Tien wards for elements 
As, Cu and Hg; 2) Quy Hop town and Tho Hop ward for elements As, Cu, Mn and Zn; 3) 
Chau Cuong ward for Zn element; and Chau Cuong ward for Hg element. The scan 
statistics allow the improved identification pollution hot-spots from geochemical data 
and it demonstrates a powerful tool for environmental applications. 

* * *  
The formation mechanism of Thu Bon Rivermouth Bar, Central Vietnam 

Vu Tuan Anh1,  

Nguyen Th�· Thuy Dung1, 

Vu Van Phai2,  

Duong Tuan Ngoc3, 

Vu Le Phuong4 

 1Institute of Oceanography, Vietnam Academy of 
Science and Technology, VN 
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Vietnam Academy of Science and Technology, VN 

The Thu Bon River Delta is classified as a cuspase delta in Viet Nam. After a historic 
flood, a sand bar where is 1,6 km seaward of the rivermouth had been emerged 
subaqueously in November 2017, then continue to raise subaerialy in February 2018 
until recently. The emerged rivermouth sand bar represented an anomalous 
phenomenon in the evolution of a cuspate delta, and led to the adjustment of seafloor 
topography which was sometime hazardous to maritime transportation such as the 
catastrophic canoe wreck on Feb 26th, 2022, resulted 17 civillian deaths. In this study, 
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we applied the DHI Mike solution to model the hydrodynamic processes and seabed 
modification. The results showed during the flooding time from 4th to 7th Nov, 2017, 
the river discharge dramatically boosted from 2,520 m3.s-1 to 8,880 m3.s-1, with the total 
sedimentation transported to the sea was 1.7 x106  m3, of which 270 x103 m3 had draped 
on an area off 5.85 km2 to create a subaqueous sandbar at the depth of 1.2-1.6 m. The 
consequently emerging of the sandbar to subaerial state was due to annual northeast 
monsoon (occur from October to March of the following year). Wind waves caused by 
NE monsoon at the speed of 6-10 m.s-1 (40 %), 10-15 m.s-1 (15 %) fluctuates from 1.5-2 
m of height, and period of 5-7 s. During the winter season of 2017-2018, NE monsoon in 
the area was calmer than usual, causing a smaller wave climate that conjugated with 
strong flood current to create and arc-shaped sandbar in front of the rivermouth. The 
study represents the capability of using a hydrodynamic tool to predict evolution of a 
submerged landform which is possibly a threat to socioeconomic activities. 

* * *  

Environmental applications of geomaterials: state of the art, challenges, and 
opportunities for Vietnam 

Hoang Thi Thanh Thuy1, 
Pham Thanh Luu2, Huynh Tien 
Dat1, Le Thi Thao Duyen3 

1Ho Chi Minh City University for Natural Resources 
and Environment, VN 

2Institute of Tropical Biology; University for Natural 
Resources and Environment, VN 

3Institute of Geology and Mineral Resources, VN 

The contaminated aquatic system is becoming a serious problem for many countries in 
the world since it causes serious problems for living beings. Therefore, numerous 
attempts are made to carry out research on innovative, environmentally friendly 
technologies for contaminated water treatment. The feasibility of using geomaterials as 
adsorbents for the removal of toxic substances has been reviewed. It will evaluate the 
adsorption efficiencies and conditions for the removal of contaminants and the 
possibility of applying this as an eco-friendly sorbent. Many types of geomaterials have 
been studied for their capacity to remove contaminants. In Vietnam, geomaterials like 
clay, diatomite, laterite, etc. have received considerable interest due to their valuable 
properties: high surface area, low cost, and local availability in large quantities. 
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GUIDE TO THE FIELD TRIP 
FE-1 

Guiders: Anna Filipek (FG-UW), Ngo Xuan Dac (VIGMR), Nguyen Duc Phong (VIGMR) 
 

(I)  

AN INTRODUCTION TO THE CENOZOIC TECTONICS OF THE 

RED RIVER FAULT ZONE (VIETNAMESE PART)  

Compiled by Nguyen Quoc Cuong (IGS-VAST) & Phan Dong Pha (IMGG-VAST) 
 

The Red River Fault Zone (RRFZ) is a major tectonic feature separating South 

China from Indochina blocks. The zone, more than 900 km long, extending between 

eastern Tibet and Tonkin Gulf comprises 4 narrow high-grade metamorphic massifs: 

Xuelong Shan, Diancang  Shan, Ailao Shan and Day Nui Con Voi (Fig. 1).  

 
Fig. 1. A - Position of the Red River Fault Zone (RRFZ) within the SE Asia; B- Structural scheme 

of the RRFZ showing location of massifs composed  of high-grade metamorphic rocks as well as 

Hanoi Basin (HB) and Yiggehai Basin (YB) (after Liu et al., 2012, supplemented) 

  In Vietnam, Dãy Núi Con Voi (DNCV), the core of RRFZ is bounded by Red River 

Fault (RRF) in the SW and Chay River Faut (CRF) in the NE, separated from Fansipan 
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intrusion and Song Chay (Chay River) dome respectively. Along these two faults there are 

several narrow and elongated basins filled by Tertiary continental strata (Fig. 2). 

  
Fig. 2. Geological sketch-map of the Red River Fault Zone in Vietnam (Simplified after 

Geological Survey of Vietnam, 1991) 
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  According to the lateral extrusion model (Tapponnier et al., 1982, 1986) the RRFZ 

was formed during Oligocene times as a sinistral shear zone  (34 - 17 Ma). The amount of 

sinistral displacement was estimated at about 700 ± 200 km, with 3 to 5 cm/yr slip rates. 

And later it was transformed into a dextral shear zone (5 Ma). This model of Tapponnier et 

al. (1986, 1990) was largely confirmed by the results of subsequent studies (e.g., Leloup et 

al., 1995; Harrison et al., 1996; Leloup et al., 2001; Gilley et al., 2003 and references 

therein). The sinistral displacement was accompanied by rapid uplift and cooling (first 

cooling event). The timing of the sinistral slip overlaps with seafloor spreading (30.5- 17 

Ma) in the East Vietnam Sea (VietnamSouth China Sea) (Briais et al., 1993). It is a 

common belief that the period of dextral shift along the RRFZ coincides with another 

rapid uplift and cooling (second cooling event). The timing of the RRFZ activity is 

constrained by geochronological data obtained from different authors with different 

methods yield very different results. For example: - Ages between 33 and 22 Ma obtained 

from U-Pb dating of zircon, monazite and titanite from deformed granitoids within the 

southern Ailao Shan massif (Zhang and Scharer, 1999). 

 - Ages between 34 and 21 Ma in Ailao Shan and 210 - 21 Ma in DNCV obtained 

from Th-Pb monazite (Gilley et al., 2003).   

 - Ages between 34 and 27 Ma for DNCV obtained from Ar- Ar, K-Ar (hornblende) 

and 30 -23 Ma, from K-Ar (feldspars) (Nam et al., 1998; Wang et al., 1998, 2000; Leloup 

et al., 2001).  

 - Ages from 33 to 24 Ma  by muscovite Ar-Ar dates (Wang et al., 1998, 2000; 

Maluski et al., 2001).  

 - Ages around 23-26 Ma by biotite dating (Nam et al., 1998; Harrison et al., 1996; 

Leloup et al., 2001; Wang et al., 2000; Garnier et al., 2002). 

 - Ages between 30 and 25 Ma constrained by apatite fission track (Viola and 

Anczkiewicz, 2008). 

 Recent studies on the exhumation of the DNCV massif and tectonic dislocation of 

sedimentary rocks in the Tertiary basins along the  RRF & CRF a tectonic model of the 

RRFZ is proposed. Uplift and Exhumation of DNCV massif. According to  Anczkiewicz 

et al (2007) and Viola & Anczkiewicz (2008), the DNCV massif is a large-scale antiformal 

�µ�µ�F�R�U�H�� �F�R�P�S�O�H�[�¶�¶- type structure composed of garnet sillimanite gneisses (locally 

migmatitic), amphibolites, leucogranites, smaller amounts of garnet mica schists and 

marbles.  During 30 - 20 Ma, progressive dilation within the RRSZ provided condition for 

upward vertical movement of the ductile middle crust. The RRF and CRF acted as 

transtensional faults initiated under upper amphibolite facies conditions and propagated 
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into greenschist facies indicating periods of a regional NE-SW oriented extension (Figs. 3 

& 4). 

 The southern sector of DNCV was uplifted  by Late Oligocene. Its central 

compartment was cooled during Early Miocene probably affected by later thermotectonic 

evolution of the Chay River dome. The northern sector of RRFZ characterized by rapid 

exhumation and cooling of Fansipan granites at around 35 Ma (Viola & Anczkiewicz, 

2008). 

 
Fig. 3. Structural model for the Day Nui Con Voi massif. Uplifted and exhumed, previously 

deformed and metamorphosed middle crust, strongly reworked along the margins by strike-slip 

and extensional shear with drag-type folds developing in the Song Hong (RR) and Song Chay 

(CR) fault zones. Red arrows mark the NE-SW regional extension direction. (After Anczkiewicz 

et al., 2007) 
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Fig. 4. Tectonic scheme for the Red River shear zone (RRSZ) evolution in Nnorthern Vietnam. (a-

b) Left-lateral shearing combined with strike-perpendicular extension, which caused progressive 

dilation of the fault zone;. (c) Subsequent vertical emplacement of midcrustal gneisses. (After 

Anczkiewicz et al., 2007) 
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Tectonic dislocation of the sedimentary rocks 

 The Tertiary complex filled the basins which develop along the RRF and CRF is 

composed of thick-bedded conglomerate containing boulders up to 1 m large (Fig. 5)  and 

thick-bedded sandstone bearing occasional intercalations of thin-bedded sandstone and 

claystone. Sometime, sandstones and siltstones are with coal intercalations. Massive 

conglomerates sometime contain amalgamated sandstone. 

 
Fig. 5. OUTCROP �2�)�� �9���1�� �9�$�1�� �3�+�Ò�8�� �&�5�2�6�6-SECTION (STOP-1). Van Yen Formation. 

Deluvial - proluvial deposits of polymictic conglomerate with large chaotic boulders. Most 

clasts are metamorphic rocks originated probably from Fansipan complex and messed up under 

an olistostrome type (A, B & E). In many places, they are cut through by normal - strike-slip 

faults (C). Sometimes the cobbles and pebbles are cracked probably by early joints (D) 
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Fig. 6. OUTCROP OF LAÀO CAI CROSS SECTION (STOP-2).  Co Phuc Formation, lithology and 

structures. A - conglomerate beds intercalated by beds of sandstone and cut by normal N-dipping 

fault; B - clast in conglomerate cut by several joints; C, and D - numerous jointed clasts and clast 

cut by strike-slip fault. 

The age of the Tertiary complex within the Vietnamese part of the RRFZ is 

constrained solely on palaeobotanical data. Zeiller (1903) concluded on Tertiary age 

basing on fossils found in coal pits in Yen Bai. Later, Saurin (1956) defined the age of the 

strata in the same area as Miocene, whereas Long (1975) and Nhan and Danh (1975) 

presented evidence on the Miocene age of the strata. The last opinion was confirmed by 

Nghi et al. (2004). On the other hand, the Eocene to Oligocene age was demonstrated for 

these strata in boreholes in the Hanoi Basin (Cu et al., 1985). This was confirmed by 

results of Nghi et al. (2004). Moreover, the age of the discussed strata drilled offshore in 

the Vietnamese part of Tonkin Gulf ranges from Oligocene to Pliocene (e.g., Rangin et al., 

1995 and references therein). Tri�Ïnh Danh (1980) �G�L�Y�L�G�H�G���W�K�H�P���L�Q�W�R�������I�R�U�P�D�W�L�R�Q�V���9���Q���9�D�Q��

Yêen (middle Miocene ) and C�Ù Co Phúc Phuc (upper Miocene). Le Thi Nghinh et al. 

(1990) supposed the ages from Eocene - Oligocene  to Miocene.  
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Recently, Oliwkiewicz-�0�L�N�O�D�V�L���V�N�D�� �������������� ���������� has found Oligocene and 

Miocene microflora in samples from single exposures in Yen Bai basin.  

Therefore, we considered the age of these complex as Tertiary. Considering the 

origin of clasts in conglomerate can also determine their relative ages comparing with 

timing exhumation (!!!) . 

The strata of Co Phuc Formation (case study in Lao Cai basin) were successively 

cut by three groups of numerous small-scale brittle structures: (1) clast-scale joints;  (2) 

clast- and meter-scale normal faults ;, (3) clast- and meter-scale dextral and sinistral strike-

slip faults. Architecture of these structures is well-organized in the whole basin (Fig. 7).  

 
Fig. 7. Architecture of brittle structures cutting strata of Co Phuc Formation; equal area plots 
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          Orientation of all discussed structures is compatible with that of brittle structures 

within a left-lateral strike-slip shear zone. It follows that internal structure of the Lao Cai 

Graben represent sinistral strike-slip shear zone and the graben was formed  during the 

sinistral shift along the RRFZ (Fig. 8).  

 
Fig. 8: . Scheme of structural development of the Lao Cai Graben 

So sedimentary basins along the RRF and CRF were formed during the left-lateral 

shift along the RRFZ due to oblique slip on graben-bounding and graben-cutting strike-

slip faults as well as to  dip slip on graben-cutting normal faults. The new results of 



 

102  

vitrinite reflectance analysis of the Co Phuc Formation show exhumation of the upper 

Miocene strata filling the basin took-place during the right-lateral shift along the RRFZ 

due to reversal of slip on graben-bounding and graben-cutting faults and to incision of Red 

River. (Fig. 8 D; Pha et al., 2018). 

* All citations in the text are cited from the references below. 
 

References 
1. Anczkiewicz R., Viola, G., Müntener, O., Thirlwall, O., Villa, I.M., & Cuong N.Q. 

(2007). Structure and shearing conditions in the Day Nui Con Voi massif: Implications 

for the evolution of the Red River shear zone in northern Vietnam. Tectonics, 26, 

doi:10.1029/2006TC001972. 

2. Cuong �1���4������ �7�R�N�D�U�V�N�L���$���.������ ���Z�L�H�U�F�]�H�Z�V�N�D���$������ �=�X�F�K�L�H�Z�L�F�]�� �:���$���� �	�� �<�H�P�� �1���7������ ������������

Late Tertiary tectonics of the Red River Fault Zone: Structural evolution of 

sedimentary rocks. Journal of Geodynamics, 69: 31-53. 

3. �3�K�D�� �3���'������ �7�R�N�D�U�V�N�L�� �$���.������ ���Z�L�H�U�F�]�H�Z�V�N�D�� �$������ �:�D�O�L�F�]�H�N�� �0������ �6�W�U�]�H�O�H�F�N�L�� �3������ �.�U���S�L�H�F�� �0������

Cuong N.Q. 2018. Contribution to Late Cenozoic tectonics of the Lao Cai Basin (Red 

River Fault Zone, Vietnam): Results of vitrinite reflectance analysis of Miocene strata 

as well as of C14 dating and fractured clasts analysis of Quaternary terraces. Abstr. in 

Proceedings of GEOSEA'15. Hanoi. 

4. Viola G. & Anczkiewicz R., 2008. Exhumation history of the Red River shear zone in 

northern Vietnam: New insights from zircon and apatite fission-track analysis. J. Asian 

Eart Sci., 33:78-90. Other references cited in the text can be found in the above 

references. 
 

 



 

103  

(II)  

AN INTRODUCTION TO THE IOCG (IRON OXIDE COOPER GOLD)  

SIN QUYEN DEPOSIT 
Compiled by Ngo Xuan Dac (VIGMR) 

 
1. Geology background  

The Sin Quyen deposit is located in the southwestern portion of the Ailao Shan-Red 
River (ASRR) shear zone in northwestern Vietnam (Fig. 9). Large areas of northwestern 
Vietnam have been affected by two major tectonothermal events since the early Mesozoic. 
The first is the amalgamation of the South China Block and the Indochina Block along the 
Song Ma suture zone at ~250 Ma (Chung et al., 1998; Liu et al., 2015). The second is the 
sinistral strike-slip movement along the ASRR shear zone due to the Cenozoic India-
Eurasia collision (Tapponnier et al., 1990; Leloup et al., 1995). Structural movement along 
the ASRR Fault has led to southeastward displacement of the Indochina peninsula relative 
to South China by a distance of ~500 km (Fig. 9). It is therefore believed that northwestern 
Vietnam is tectonically affiliated to the western Yangtze Block (Chung et al., 1998; Hieu 
et al., 2011; Li et al., 2017a). The ASRR shear zone consists of four narrow metamorphic 
Belts, including, from northwest to southeast, Xuelong Shan, Diancang Shan, Ailao Shan-
Phan Si Pan, and Day Nui Con Voi (Fig.10a; Leloup et al., 1995; Liu et al., 2015). The 
Phan Si Pan Belt in NW Vietnam is dominated by a high-grade metamorphic complex 
consisting of the Suoi Chieng and Sin Quyen formations and is unconformably covered by 
Paleozoic-Early Triassic sedimentary rocks (Fig.10b). The protoliths of the metamorphic 
complex include Archean to Paleoproterozoic granitoids (Lan et al., 2001) and 
Paleoproterozoic to Neoproterozoic sedimentary and mafic volcanic rocks. The Suoi Chieng 
Formation is mainly composed of granitic gneiss, biotite schist, biotite-amphibole gneiss, and 
amphibolite. The Sin Quyen Formation is underlain by the Suoi Chieng Formation and 
consists of mica schist, gneiss, and minor marble. Detrital zircons of the Sin Quyen 
Formation have U-Pb ages that cluster at 2.5-2.3 Ga, 1.9-1.7 Ga, 1.6-1.3 Ga, and 1.0-0.88 
Ga (Hieu et al., 2010, 2011; Wang et al., 2011; Liu and Chen, 2019). Granitoid intrusions 
are widespread in the Phan Si Pan Belt (Fig.10b), and have emplacement ages of 
Neoproterozoic, late Permian to early Triassic, and Cenozoic (Wang et al., 2011; Hieu et 
al., 2013; Usuki et al., 2015; Liu et al., 2015; Tran et al., 2016).  
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Fig. 9 Simplified regional map highlighting the distribution of Neoproterozoic igneous rocks in 

South China and Northwest Vietnam (after Zhao., 2011). 

The Neoproterozoic granitoid intrusions mainly include the Posen, Phin Ngan, and 

Lung Thang plutons together with several small stocks (Fig.10b; Li et al., 2017a). They 

have arc-like geochemical signatures, such as enrichment of LILE (e.g., Rb, Th, and U) 

and LREE and depletion of HFSE (e.g., Nb, Ti, and P), which have been interpreted as 

products of subduction-related magmatism (Li et al., 2017a). The Neoproterozoic 

intrusions in the Ailao Shan-Phan Si Pan Belt are well comparable to the equivalents 

(~860 to ~740 Ma) widely distributed in the western Yangtze Block (Fig.9; Li et al., 

2017a;, Ngo Xuan Dac et al., 2020). The late Permian to Early Triassic Muong Hum 

pluton mostly emplaced within the 259-249 Ma interval (Fig.10b). The Cenozoic 

intrusions are largely represented by the Pu Sam Cap alkaline complex and have zircon U-

Pb ages of 35-33 Ma (Fig. 10b; Tran et al., 2015). 
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Fig.10 (a) Simplified geotectonic map of northwestern Vietnam and southwestern China, showing 

the location of major tectonic units and highlighting the distribution of Neoproterozoic igneous 

rocks;. (b) Geological map of the Sin Quyen-Lung Po Belt, showing the distribution of Fe-Cu-Au 

deposits  

2. The Sin Quyen deposit  

The Sin Quyen-Lung Po district in the northeastern segment of the Ailao Shan-Phan 

Si Pan Belt contains > 10 Fe-Cu deposits, forming the most important Cu metallogenic 

province in Vietnam (Fig.10b). The largest Sin Quyen deposit has proven reserves of 52.8 

Mt ores at 14 % Fe, 0.91 % Cu, 0.7 % LREE (La, Ce, and Nd), and 0.44 g/t Au (McLean, 

2001). Recent deep drilling down to 550 m depth have revealed additional resources 

exceeding 90 Mt of ores with an average grade of 0.9 % Cu (Pham, 2015). Open-pit 

mining at Sin Quyen started in 2006, with an average annual production of ~30,000 t of 

metal Cu (Fig. 11). The Sin Quyen mine is divided into two district: the eastern district 

and the western district (Fig. 12). 

The orebodies are hosted in the mica schists and marbles of the Sin Quyen Formation, 

and typically have massive or banded structures. Rare earth elements are present in high 

concentrations but have not yet been recovered. The Sin Quyen deposit consists of 17 

lenticular and sheet-like ore bodies, mostly striking east-west and dipping steeply to the 



 

106  

north or south (Fig. 13). Individual ore bodies are 50-600 m long, 5-100 m wide, and have a 

maximum vertical extent of 350 m spanning from 50 to 450 m above sea level.  

 

 
Fig. 11. Visit Sin Quyen copper mine  

 

Fig.12. Ores occurs within a NW-SE trending elongated zone with two open pits. 
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Fig.12a. East pit of the Sin Quyen mine Fig.12b. West pit of the Sin Quyen mine 

 
Fig.13. Orebodies are mostly lenticular in shape, dipping steeply to the northeast. 
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An ore sample showing banded structure  
 

Amphibole and allnite are overprinted by late 
sulfides forming oxide-sulfide ores 

  

Ore body adjacent Epidote and albitite assemblages Albitite is intensively superimposed by later minerals 

  
A typical massive Fe-Cu ore sample An ore sample showing banded structure 



 

109  

  
Sulfide-quartz veins representative later stage One sample rich in allanite 

Fig.14. Ore sample of the Sin Quyen Deposit 

2.1. Stratigraphy  

The Sin Quyen deposit is situated within highly deformed amphibole grade 

migmatite gneiss and schist of the Proterozoic Sin Quyen Formation. The formation is 

approximately 800 m thick, strike between 280 and 320 degrees and is steeply dipping, 

generally to the northeast. It is divided into upper and lower units; the lower unit 

predominantly graphitic schist and the upper predominantly gneiss. It is underlain 

conformably by Proterozoic meta-sediments of the Lung Po formation (Bui Phu My, 

1978). The Upper Sin Quyen Formation is in fault contact with Cambrian sediments of the 

Cam Duong Formation at the surface and limestone and marble of the upper 

Proterozoic/lower Cambrian Sa Pa Suite at depth. The Cam Duong Formation hosts 

significant sedimentary apatite deposits some 40 kilometers to the southeast of Sin Quyen. 

The Lower Sin Quyen Formation is predominantly a quartz (50 %), graphite (15 %), 

muscovite (12 %), biotite (10 %) schist, with minor plagioclase, tourmaline, garnet and 

sillimanite. It contains bands of plagioclase (42%), quartz (24%), biotite (18%), graphite 

(15%) gneiss with traces of apatite. Graphite is variably distributed, locally reaching 20%. 

The sequence is intruded by pegmatites. Gneiss of the Upper Sin Quyen formation 

comprises plagioclase (61 %), quartz (21 %), and biotite (15 %) with accessory apatite, 

sphene, calcite, and garnet. Bands of schist within the gneiss consist of quartz (67 %), 

muscovite (14 %) and biotite (15 %) with minor garnet, sphene, chlorite and tourmaline. 

The gneiss is host to extensive intrusions of granito-gneiss, granite, pegmatite, amphibole 

and the great majority of the Sin Quyen alteration and mineralisation. Apart from rare 

isolated patches, graphite is absent from the Upper Sin Quyen Formation (Fig. 15, 16). 



 

110  

 
  

  
Fig. 15. Stratigraphy of the Sin Quyen Deposit 

 
Fig. 16. Ore-hosting rocks: Neoproterozoic meta-sedimentary rocks. 
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2.2. Intrusives  

  

  
Fig.17. Numerous granitic stocks or dykes intrude Proterozoic meta-sedimentary rocks or Cu ores 
in the Sin Quyen mining district. They show different sizes (5-200 meters by 2-100 meters) and 
shapes, and have undergone variable deformation. These intrusions are composed of monzogranite 
and granodiorite. They are medium-grained, and consist mainly of alkaline feldspar (10-35 %), 
plagioclase (25-55 %), quartz (20-25 %), and biotite (5-8 %).  

The Sin Quyen Formation and particularly the mineralized zone is host to a variety of 
crosscutting but sub-conformable intrusions. These have been sub-divided into Proterozoic 
and Permian suites based on their petrological similarity to other intrusions in the region and 
their presence or absence in overlying Paleozoic strata. The term gneissic granites were 
applied to highly deformed and migmatised granitic intrusive which occur as dykes and 
lenses from 2-200 by 10-300 m in extent, that contain enclaves of amphibolite and biotite 
gneiss and are invariably found adjacent to mineralized zones. They comprise plagioclase 
(65-67 %), quartz (25-27 %), and biotite (6-8 %) with lesser microcline, muscovite, 
sphene, chlorite and calcite, occurring as banded migmatites and augend gneisses, 
overprinted by cataclastic and mylonitic fabrics. The younger intrusions have been 
grouped together and tentatively assigned a Permian age, based on the interpretation that 
the most voluminous member of the suite, a plagio-granite, is a co-magmatic equivalent of 
the Permian Dien Bien Phu Complex. The plagio-granite occurs as small lensoid bodies 
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(1-20 m thick by 10-300 m long�Å) which cut both the upper Proterozoic intrusions, 

intrude along faults, and are common within the mineralized zone. They are composed of 
plagioclase (62-64 %), quartz (25-27 %) and biotite (5-7 %) with minor microcline, 
muscovite, apatite and chlorite, and have an idiomorphic texture. Ta Viet Dung et al., 1975 
observed that these intrusive were mineralized and pre-dated sulfide development. They 
noted that elsewhere in the region, magnetite mineralization only contained significant sulfide 
when these intrusive were present and thus they were interpreted to be genetically linked to 
the introduction of copper. 
2.3. Paragenetic sequence of mineralization and alteration in the Sin Quyen deposit  

 
Fig.18. Photomicrographs of representative alteration minerals of episode 1 (a-d) and 2 (e-i). (a) 
Early-stage albite grains overprinted by late-stage allanite and biotite of episode 1 mineralization 
event. ; (b) Big allanite and titanite (Ttn 1) grains associated with amphibole and less amount of 
epidote. ; (c-d) Allanite grain have been variably altered to form secondary allanite, which are 
overprinted by late-stage epidote. ; (e) The country rocks with extensive albitization of episode 2. ; 
(f) Early stage albite grains overprinted by late-stage amphibole, biotite and magnetite. ; (g) 
Amphibole grains overprinted by biotite and chalcopyrite. ; (h) Small titanite grains (Ttn2) from 
the second mineralization event associated with magnetite, and biotite. ; (i) Biotite intergrown with 
chalcopyrite and magnetite. Abbreviations: Aln1- allanite from episode 1, Ttn1-titanite from 
episode 1, Ttn2-titanite from episode 2, Amp-amphibole, Epi-epidote, Bt-biotite; Ap-fluorapatite, 
Pl-plagioclase, Qz-quartz, Mag-magnetite, Ccp-chalcopyrite 
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Two episodes of alteration and mineralization exist in the Sin Quyen deposit. Episode 

1 is characterized by REE-only ores associated with Ca-skarn minerals. It consists of pre-ore 

Na alteration in the ore-hosting metasedimentary rocks, which was overprinted by localized 

but intensive Ca alteration and associated REE mineralization (Fig. 18a). The REE-only 

mineralization samples are characterized by abundant amphibole, allanite, and titanite with 

lesser amounts of biotite and epidote (Fig. 18b). Under the microscope, some amphibole 

grains show irregular zonation, implying later-stage fluid-assisted metasomatism. Allanite 

typically occurs as large (200-1000 ��m), euhedral to subhedral crystals that are locally 

replaced by epidote (Fig. 18c, d). The Episode 2 mineralization and alteration includes four 

stages of alteration: pre-ore Na alteration, Ca-K alteration and associated Fe-LREE 

mineralization, K-Fe alteration and associated Cu-Au mineralization, and post-ore younger 

quartz-sulfide veins. The pre-ore sodic alteration is widely distributed in the mining area and 

typically present as albite replacing the ore hosting rocks (Fig. 18e). Minor amounts of 

euhedral magnetite occur as either interstitial to or are enclosed by albite (Fig. 18f). The 

extensive sodic alteration was followed by localized and intensive Ca-Fe and K-Fe 

alteration. The Ca-Fe alteration consists of amphibole, titanite, magnetite, and chalcopyrite 

(Fig. 18g, h), whereas K-Fe alteration is dominated by biotite that is commonly intergrown 

with chalcopyrite (Fig. 18 i). 

 

All citations in the text are cited from the references below 
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(III)  

APATITE LAO CAI MINE  

Compiled by Nguyen Nguyen Duc Phong (VIGMR) 

 

The Apatite Mine in Lao Cai is located along the Red River, stretching 

approximately 100 km from Lung Po (bordering China) through Bat Xat to Bao Ha (Bao 

Yen), with a width ranging from 1 to 4 km (Fig.19). The mining area is divided into three 

regions: Lung Po - Bat Xat, Ngoi Bo - Bat Xat, and Ngoi Bo - Bao Ha. The Ngoi Bo - Bat 

Xat region serves as the central area, where the Cam Duong apatite zone is the primary 

source of apatite ore for the market. The Cam Duong apatite zone includes the following 

typical mining areas: Cam Duong I area, Coc Mine area, and Ngoi Dum - Dong Ho area. 
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Fig 20. Geological map of Cam Duong, Lao Cai 



 

117  

 
Fig 21. Geological map showing the distribution of apatite ore bodies at Mo Coc Mine. 

 

After the discovery of the mine in 1924, the French conducted investigations, 

surveys, and searches for apatite in the Cam Duong region for three years (1931-1934). In 

1939, the first tons of ore were extracted. From 1940 to 1944, the French mined a total of 

196,717 tons of ore. 

From 1968 to 1976, Geological Expedition 24 carried out meticulous searches 

(1968-1971), preliminary explorations (1971-1974), and detailed explorations (1974-

1976) for type II ore combined with type IV ore in the Mo Coc deposit. The results of 

exploration work have determined the reserves and resources of apatite ore in the region to 

be approximately 516,644.75 thousand tons, broken down as follows: 

- Type I ore: 28,277.64 thousand tons; 

- Type II ore: 126,203.8 thousand tons; 

- Type III ore: 159,004.57 thousand tons; 

- Type IV ore: 203,158.74 thousand tons. 

In the apatite ore mining area, the ore is distributed within the metamorphic rocks 

of the Cam Duong formation, including the middle stratigraphic (in the Coc San KS4, 

KS5, KS6 layers) and the upper stratigraphic (in the Coc San KS7 layer). The synthesis of 

research results indicates that spatially, apatite ore is concentrated in the east-northeast, 

comprising three typical mining areas: Cam Duong I area (pit 10), Coc Mine area, and 

Ngoi Dum - Dong Ho area. 

The Cam Duong area is located approximately 15 km southwest of Lao Cai city, 
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within the administrative boundaries of Cam Duong commune, Lao Cai city. The Cam 
Duong I area covers an area of about 1.2 km2. The geological structure of the mining area 
consists of metamorphic rocks of the middle stratigraphic of the Cam Duong formation 
(layers KS4, KS5, KS6). The main lithological components of this stratigraphic include 
schist with quartz-Sericite, dolomite containing apatite, muscovite schist with quartz, 
apatite, and carbonate rich in organic matter. The rocks exhibit significant compression 
and strong foliation. Below are the common characteristics of the apatite ore bodies. 

Ore Body 1: Located within the middle stratigraphic of the Cam Duong formation 
and extending in the northwest-southeast direction. The ore is within the metamorphic 
zone, exhibiting dark gray and black colors with a composition of thin, continuous layers 
with varying mineral compositions. The maximum thickness of the metamorphic zone 
reaches up to 40 m, averaging 22 m. The average P2O5 content in the ore is 13.45 %, 
corresponding to Type III ore. 

Ore Body 2: Also located within the middle stratigraphic of the Cam Duong 
formation and extending in the northwest-southeast direction. Due to the influence of 
folding and faulting, the ore body is contorted, forming closed arcs visible on the terrain 
surface. Ore body 2 has two types of ore: primary ore and metamorphic ore. The primary 
ore belongs to the apatite-carbonate type with gray, green-gray, or ash-gray colors, 
forming blocky shapes, sometimes exhibiting granular textures and fine fractures. The 
metamorphic ore is typically brown or cement-gray, breaking into blocks with smooth 
surfaces. The thickness of the ore body varies along both the strike and dip directions. In 
the southwestern strip, the thickness ranges from 3 to 5 meters, while in the northeastern 
part, it is generally thinner, ranging from 1 to 4 meters. The average P2O5 content in 
metamorphic ore is 36.88 %, corresponding to Type I ore. In primary ore, the average 
P2O5 content is 27.19 %, corresponding to Type II ore. 

Ore Body 3: Located within the middle stratigraphic of the Cam Duong formation 
and has a wide exposure in the northwest-southeast direction. The ore is within the 
metamorphic zone, displaying dark brown and cement-gray colors with a composition of 
thin, layered structures. Determining the boundaries between the ore and the surrounding 
rock is challenging. In the metamorphic zone, after washing away the carbonate 
impurities, the entire layer typically achieves Type III ore content. Some areas may have 
non-ore layers due to intense alteration, resulting in lower apatite content that does not 
meet Type III ore standards. The thickness of the metamorphic layer ranges from 15 to 40 
meters, with an average P2O5 content of 17.35 %. 
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Fig 22. Visit Apatite Lao Cai mine 

 

 
Fig 23. Opening a mining pit for apatite ore extraction 



 

120  

 
Fig 24. Load type III ore onto the train for transportation to the ore processing plant 

 

 
Fig 25. The Crushing and Washing System 
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Fig 26. The Floating Sorting Machine 

 

 
Fig 27. The Ore Refining Filter 
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DONG VAN KARST PLATEAU - UNESCO GLOBAL GEOPARK  

Nguyen Duc Phong (VIGMR), Tran Tan Van (VIGMR), Nguyen Dai Trung (VIGMR) 

 
Fig.28. Location of Dong Van Karst Plateau Geopark 
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1. INTRODUCTION 

Ha Giang is a remote, mountainous province in the northernmost tip of Vietnam with 
the total area of 7,945.8 km². To the North it borders China with a border line of 274 km, 
to the East it borders Cao Bang Province, to the West Lao Cai Province and to the 
Southeast Tuyen Quang Province. Dong Van Karst Plateau Geopark (DVKP) occupies the 
entire four northeastern districts of Ha Giang Province, i.e. Dong Van, Meo Vac, Yen Minh 
and Quan Ba, covering an area of 2356 km2 (Figs. 28-29). 

Karst coverage in DVKP is among the largest compared to other regions: up to 60 % 
of DVKP. The terrigenous rock cover of the remaining part is also underlaid by limestone. 
Therefore, it would not be an exaggeration to call the area a Karst Plateau. 

The DVKP has breath-taking scenery, outstanding geodiversity and diversified ethnic 
cultures, which are attractive for tourism, but suffers from persisting poverty and 
challenges to economic growth. Geoscientists are convinced that the geopark model is the 
only feasible path to balance between economic development and conservation. 

Attempts to find a new, trans-disciplinary approach for sustainable development and 
conservation in the area actually started in 2001 with the first Belgian-Vietnamese 
speleological expeditions, which enabled the initiation of a VLIR Own Initiative project 
�H�Q�W�L�W�O�H�G���� �³Integrated capacity building through research-based geopark development in 
Northeast Vietnam�  ́(2007-2012). This was soon accompanied by a State-funded research 
�S�U�R�M�H�F�W�� �H�Q�W�L�W�O�H�G���� �³Assessment of geoheritage potentials and recommendation for geopark 
establishment in Northern Vietnam�´�� ����������-2010), implemented by the same group of 
scientists from the Vietnam Institute of Geosciences and Mineral Resources (VIGMR). 

Extensive surveys and researches conducted by these projects brought about 
considerable results, both in terms of scientific significance and awareness-raising, and 
culminated in the International Workshop on the establishment of DVKP Geopark in 
September 2009 which was co-organized by Ha Giang Provi�Q�F�H�� �3�H�R�S�O�H�¶�V�� �&�R�P�P�L�W�W�H�H����
VIGMR and Vietnam UNESCO Natcom. As a result, the local authority and local 
community were committed to follow the geopark model to develop the karst plateau by 
�'�H�F�L�V�L�R�Q�V�� �1�R���� �����������4���'-�8�%�1�'���� �����������4�'�4��-�8�%�1�'�� �D�Q�G�� �����������4�'�4��-UBND dated 
Nov. 19th, 2009, to set up a DVKP Geopark, its Steering Committee and its Management 
Board, to revise the socio-economic masterplan for DVKP and to develop an action plan 
for the next few years. Such efforts enabled the DVKP to become the first geopark in 
Vietnam. It became a member of the UNESCO Global Geoparks Network and Asia Pacific 
Geoparks Network, officially in Oct 3, 2010. 
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2. GEOLOGICAL SETTING  

 The long and complex history of the geological evolution of DVKP has resulted in 
very diverse geological settings, which in turns find their reflection in a colourful range of 
strongly lithified and deformed rock types. 

 First publications on geology of the area were made by the French geologist Deprat 
in 1915. The 1/200,000 geological map of DVKP (Fig. 30a-b) was compiled in 1976 on 
�Z�K�L�F�K���W�K�H���I�R�O�O�R�Z�L�Q�J���V�W�U�D�W�L�J�U�D�S�K�L�F���I�R�U�P�D�W�L�R�Q�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G�����&�K�D�Q�J���3�X�Q�J�����¼3 cp), Lutxia 
(O1lx), Song Cau series (D1sc), Na Quan (D1-2nq), Toc Tat (D3tt), Bac Son (C-Pbs), Dong 
Dang (P2dd), Hong Ngai (T1hn) and Song Hien (T1sh). 

 As research progressed, the following changes were introduced: 1) Na Quan 
Formation was replaced by Si Phai Formation; 2) Toc Tat Formation has partly become 
Toc Tat Formation (D3tt) and Lung Nam (C1ln) Formation; 3) Dong Dang Formation has 
now become Upper Permian Lopingian (Changshingian) (P3dd) in age; and 4) a new, 
Middle Triassic Yen Binh Formation (T2ayb) was established in 2002 (Fig. 31). 

2.1. Stratigraphy  

 Stratigraphic-paleontological and structural geologic research in DVKP enables 
distinguishing 7 stages in the geologic evolution history: 1) . Middle Cambrian-Early 
Ordovician, ; 2). Middle Ordovician-Silurian, ; 3). Devonian-Early Carboniferous, ; 4). 
Early Carboniferous-Middle Permian, ; 5). Late Permian-Late Triassic, ; 6). Jurassic-
Cretaceous, ; and 7). Cenozoic (Fig. 33). 

 Paleontologically, 19 fossil groups have been studied and found very abundant and 
diversified in terms of varieties and species: 1) Brachiopod; 2) Tabulate coral; 3) Rugose 
coral (tetracoralla); 4) Stromatoporoid; 5) Trilobite; 6) Paleofish; 7) Foraminifera; 8) 
Tentaculite; 9) Conodont; 10) Pelecypod; 11) Gastropod; 12) Cephalopod; 13) Bryozoan; 
14) Crinoid; 15) Ostracod; 16) Crustacean; 17) Plant; 18) Algae and 19) Chitinozoan. 

2.1.1. Middle Cambrian-Early Ordovician stage of continental margin 

 In the area, sedimentary rocks of this stage (app. 540-470 Ma ago) are classified 

into 2 formations, namely Chang Pung and Lutxia. 

�‡ Chang Pung Formation ���¼3 cp) 

 The Formation mainly consists of limestone, followed by calcareous shale and 

siltstone, which are clearly distinguished from underlying terrigenous sediments of Ha 

�*�L�D�Q�J���)�R�U�P�D�W�L�R�Q�����¼1-2 hg) and overlying carbonate interbedded with terrigenous-carbonate 

rocks of Lutxia (O1lx) Formation. Chang Pung Formation crops out beautifully along the 

Lung Cu section from the Nho Que river bank via Lung Cu village towards Mia Le.  
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�‡ Lutxia Formation (O1lx) 

 The Formation conformably overli�H�V�� �&�K�D�Q�J�� �3�X�Q�J�� �)�R�U�P�D�W�L�R�Q�� ���¼3cp) and 

unconformably underlies Si Ka Formation (D1sk). While it abundantly contains 

Trilobites, Brachiopods and Crinoids of Early Ordovician age, the Formation also 

formed a carbonate shelf under a quiet tectonic regime. Its exposure is closely associated 

with that of Chang Pung Formation, with type section being the Chang Pung section, from 

Seo Then Pa village to Bac Bun village (23o16'N, 105o24'E), Thuong Phung commune, 

Dong Van district. 

2.1.2. Middle Ordovician-Silurian continental stage 

 Sedimentary rocks of Middle Ordovician-Silurian age are absent in the DVKP but 

paleo-geographical data of neighbouring areas shows that starting from this stage (app. 

470-415 Ma ago), there was a strong regional differentiation all over the South China 

plate, with sedimentary basins developed in between orogenic belts. 

2.1.3. Devonian-Early Carboniferous stage of continental shelf 

 This stage (app. 415-360 Ma ago) is characterized by strong lateral differentiation, 

resulting in the following groups and formations, from base to top: Song Cau (D1sc), Si 

Ka (D1sk), Bac Bun (D1bb), Mia Le (D1ml), Si Phai (D1-2sp), Toc Tat (D3tt) and Lung Nam 

(C1ln). 

 �‡ Song Cau series (D1sc) (See description on Si Ka and Bac Bun Formations below). 

 �‡ Si Ka Formation (D1sk) 

 Established by Deprat (1915), the Formation unconformably overlies Lutxia 

Formation while grading upward to Bac Bun Formation. Developed under the coastal 

environment, the Formation contains abundant fossils of Paleofish, Phytoplants, 

Brachiopods, Gastropods, Ostracods of Early Devonian age, Lochkovian time. Si Ka 

Formation consists of motley calcareous siltstone, shale and micaceous sandstone, 

exposed in the form of a narrow band in close association with Lutxia Formation. Its type 

section is the Lung Cu-Ma Le section (Dong Van district). The total thickness of the 

Formation along this section is 305m. 

  �‡���%�D�F Bun Formation (D1 bb) 

The Formation consists of shale and calcareous sandstone, siltstone which adhere 

closely to rocks of Si Ka Formation. Its type section is the Lung Cu-Ma Le section, from 
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300 m North of Si Kua Pass to Km8. The total thickness of Bac Bun Formation here is 

about 250 m. 

 �‡ Mia Le Formation (D1ml) 

Established by Deprat (1915), the Formation consists of red, yellow shale, grading 

upward into clayey limestone interbedded with shale and limestone lenses. It develops at 

the northern and southeastern margins of the area with type section being the Lung Cu-Ma 

Le section, from Km8 until Lung Cu Frontier Garrison, Dong Van district. With the total 

thickness of 320 m, its upper boundary is defined by siliceous limestone layers at the base 

of Si Phai Formation. 

 �‡ Si Phai Formation (D1-2sp) 

Consisting of black limestone interbedded with siliceous, calcareous shale, 

siliceous limestone and chert, Si Phai Formation is exposed at the northern margin of the 

Plateau. Its type section is the Si Phai Pass, Dong Van district. 

 �‡ Toc Tat Formation (D3tt) 

 The Formation develops in the form of belts surrounding Carboniferous-Permian 

limestone massifs. Fully cropped out along the Si Phai-Lung Lu section, with the total 

thickness of 225 m, it consists of colourful banded cherry to grey, thin bedded limestone, 

clayey limestone, siliceous limestone and siliceous shale, changing upward into light grey 

moderately bedded limestone. The Frasnian-Famennian chrono-stratigraphic boundary is 

documented in this formation. 

 �‡ Lung Nam Formation (C1t-v ln) 

 Being cropped out well on Tu San Mt. as well as on the southeastern slope of Po 

Lo Mt., the Formation consists of thin-bedded siliceous shales and limestones, containing 

lots of foraminifers, conodonts and Rugosa corals of Early Carboniferous Tournaisian-

Visean age. 

2.1.4. Early Carboniferous-Middle Permian stage of continental shelf 

 During the Early Carboniferous-Middle Permian stage (app. 360-260 Ma ago), 

only one, but huge stratigraphic unit was established i.e. the Bac Son Formation (C-P2 bs). 

Widely developed in the DVKP, it usually consists of two parts: The lower part 

comprising dolomitic limestone and white dolomite while the upper part comprising grey, 

light grey, fine to coarse grained fossiliferous limestone. Bac Son Formation contains 

abundant foraminifera, corals, brachiopods of early Carboniferous Visean to late Permian 

(Lopingian) Wuchiapingan age. 
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2.1.5. Late Permian-Early Triassic activated stage 

 This stage (app. 260-245 Ma ago) began with Late Permian sediments of Dong 

Dang Formation, followed by the Song Hien and Hong Ngai Formations. 

 �‡ Dong Dang Formation (P3 �ÿ�ÿ�� 

 The Formation is composed of dark grey, thin to moderately bedded limestone, 

clayey limestone, siliceous limestone and calcareous siliceous chert, containing fusulinid 

assemblage of Upper Permian, Lopingian (Changshingian) age. With the total thickness of 

only 10-50 m, the Formation is unconformably overlain by either Hong Ngai or Song Hien 

Formations. At the bottom the Formation is seen to comprise bauxite ore at some places, 

which testifies of a period of extreme pedogenesis and deep weathering of the underlying 

limestone. One beautiful section crops out in Lung Cam valley (23o�����¶�����´�1����

105o�����¶�����´�(���� 

 �‡ Song Hien Formation (T1sh) 
 The Formation consists of variegated shale, siltstone, sandstone, calcareous shale 

with effusive and tuffaceous intercalations. Its total thickness reaches 600 m, bounded by 

diachronous unconformable lower and upper contacts. 

 In the South-eastern and Eastern part of the DVKP, there are two small co-

magmatic massifs of the so-called Cao Bang mafic complex (����T1 cb). 

 �‡ Hong Ngai Formation (T hn) 
 Distributed mainly to the north of DVKP together with the underlying Upper 

Permian limestone, the Formation has the total thickness of about 400-600 m. 

Unconformably overlying Dong Dang Formation while having unclear relation with 

younger sediments, it consists of thin-bedded, clayey limestone, calcareous shale, 

dolomitic limestone and oolitic limestone. 

 �‡ Yen Binh Formation (T2a yb) 
 Considered the youngest late Permian Triassic formation in the DVKP, the 

Formation consists of basal conglomerate, sandstone-gritstone, siltstone and shale, with 

limited extension around Pho Cao - Pho Bang area, with the total thickness of 400 m. The 

Formation unconformably overlies Hong Ngai Formation and was formed on a shallow 

continental shelf. 

 



 

 

 

 
 

  



 

 

 

Fig. 30b. Legend to 1/200.000 map sheet Bao Lac geological map (1976).
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Fig. 31. Stratigraphy and major events in geological history of DVKP Geopark. 
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2.1.6 Jurassic-Cretaceous stage 

 As the Indosinian orogeny ended in Late Triassic, the whole Northeast of Vietnam, 

including DVKP, was affected by magmatism which took place during the Jurassic-Early 

Cretaceous stage (app. 200-65 Ma ago). However, in the DVKP, imprints of the Jurassic-

Cretaceous tectonic activities are not very clear, due to the lack of contemporaneous 

sediments. 

2.1.7. Cenozoic stage 

 During this stage (app. 65 Ma ago to present), tectonic activities strongly affected 

the regional structure, leading to uplift and erosion, creating the actual landscape. 

Correlation with geologic data of adjacent areas shows active faulting in DVKP due to the 

Indian-Eurasian collision during the Paleogene period. Pull-apart like depressions were 

formed in the Southwestern part of DVKP. Superficial drainage patterns attracted into 

these depressions contain limited Quaternary sand, gravel and clay totaling 1-6 m in 

thickness. 

2.2. Tectonic characteristics  

2.2.1. Tectonic zonation 

 DVKP belongs to 3 tectonic zones in the SW-NE direction, namely.: 1) Song Gam 

(Gam River); 2) Song Hien (Hien River); and 3) Lung Cu. They are separated by the Song 

Gam (at the SW) and Ma Lau - Dong Van - Lung Thang (at the NE) faults. Together they 

form a NW-SE stretching synclinorium, with the SW and NE wings being the Song Gam 

and Lung Cu zones and the central part being the Song Hien zone, clearly indicated on the 

geological map (Fig. 32).  

2.2.2. Major faults 

 The DVKP is strongly affected by fault of different directions, in which the NW-

SE system plays a major role, governing the geological-geomorphologic characteristics of 

the area (Fig. 32-33). 

2.2.3. Tectono-geomorphology 

�7�K�H���'�9�.�3�� �E�H�O�R�Q�J�V���W�R���W�K�H���F�R�P�S�R�V�L�W�H���³Southeast Asian tropical karst region�´����which 

stretches from the south of Yangtze River (China) down to the equator. Belonging to 

different geological structures, composed of different rock types, subjected to active 

faulting and folding and undergoing hundreds of millions of years of evolution, the area is 

unrivalled in terms of the diversity of its karst features and landscapes. 
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Fig. 32. Sunken blocks at the junction between NW-SE and NE-SW faults at Pho Bang, Pho La  

and other valleys in China. 

 
Fig. 33. Lung Tao - Tu San fault, tectonic contact between mountainous Carboniferous - Permian 

limestone (background left) and terraced Lower Triassic terrigenous rocks (foreground right). 

Along the fault is a blind valley with an underground river. 
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In the NW-SE direction, DVKP forms a transition from the poorly differentiated 

Yunnan plateau at approximately 3000 m MSL down to the strongly differentiated 

mountainous area of NE Vietnam at lower altitudes. In the W-E direction, it transits from 

Song Chay dome-like uplifted block (3000 m MSL) to Bac Son-Ha Lang zone with 

smaller uplift amplitude (1000 m MSL). Karst landforms in DVKP are most remarkable as 

they clearly show characteristics of a plateau (Fig. 34). 

In the Neotectonic deformation phase, from 25 Ma to present, pulsative block uplifts 

take place resulting in uplifted and sunken structures. The pulsative uplifts are 

alternating with relatively quiet intervals to result in stratification of the relief (planation 

surfaces, cave levels and siphons, river terraces and valleys). Exogenous processes 

operating under tropical mountain conditions intensively modify the uplifted areas, 

resulting in sloping surfaces and cliffs of different type (tectonic, erosion, erosion-

denudation, gravity, e.g. many varieties of cuesta landforms) and accumulative reliefs 

(river bed, floodplain, and lake deposits). Especially karst landforms are extremely 

variable and well-represented (peak-cluster cones, karst depressions, caves, blind 

valleys, sinkholes and underground rivers, travertine terraces, karst pediments, epikarst, 

residual and rejuvenated karst). 

 
Fig. 34. The Yunnan-Guangxi synclinorium extending to Vietnam in DVKP (middle right of 

image, yellow line represents the border between Vietnam and China). 
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2.2.4. Cave development 

DVKP is one of the most suffering areas in Vietnam in terms of water shortage. Many 

costly exploration attempts did not yield sufficient water resources while speleological 

surveys offer an alternative and effective way. Three caving expeditions (2003-2004, 

2005-2006, and 2009-2010) were carried out by Vietnamese-Belgian speleologists in 

DVKP. As a result, nearly 100 caves have been found, which can be classified into 3 main 

levels at altitudes of 1150 m, 950 m and 350 m respectively. Explored caves offer ample 

choices of geosites suitable for tourism and have potential for solving problems of water 

supply (Fig. 35). 

 
Fig 35. Hang Ong cave. 
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�6�W�R�S�������7�K�D�F�K���6�R�Q���7�K�D�Q���³�V�W�D�W�X�H�´���L�Q���/�D�Q�J���'�D�Q���S�O�D�W�H�D�X 
This heritage point is located in Quyet Tien Commune, Quan Ba District (23o01'34''N, 

104o58'1���
�
��������o58'17''E). 

This is a group of 8 limestone columns remaining on the fairly flat plain of Lang Dan 

plateau which was an old karu field. The formation of this unique karst topography is an 
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interesting phenomenon. Medium-sized stone columns, about 5-8 m high, stand on 

relatively flat ground of the plateau (Fig. 37). Normally, a limestone bed that experience a 

long weathering process may remain the remnants, rock fragments, or single stone towers. 

A group of stones left as in Quyet Tien is a rare phenomenon not only in Vietnam but also 

in the world. 

 
Fig.37. �7�K�D�F�K���6�R�Q���7�K�D�Q���³�V�W�D�W�X�H�V�´ 

Standing in front of the rocky column at the gateway to the rocky plateau, surrounded 

by beautiful mountain peaks and single peaks, it is felt that these messengers of the Dong 

Van Plateau were sent to stand by. The road welcomes visitors from all over the world to 

this majestic mountain. The name Thach Son was proposed by us and a delegation from 

the Museum of Nature Vietnam in 2008 with the same meaning. 

At this stop, visitors can learn more about a unique karst topography, the pillar group 

is unique in the country. Geology students have studied limestone of the Khao Loc 

formation (D1-2 kl), the only one in Vietnam comprising carbonate sediment, mainly 

limestone. of Devon period.  

 In review of the group of stone columns, it is possible to visualize the Megalithic - 

stone columns (menhir) made by the ancients in some parts of Europe. However, these are 

artificial works which cannot be compared with the beautiful natural Thach Son Than 

�³�V�W�D�W�X�H�V�´. 
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Stop 2: Quan Ba Information Center   

View to " �³Two fairy breasts" �  ́and Tam Son landscape. 

�$�O�R�Q�J�� �W�K�H�� �U�R�D�G�� �I�U�R�P�� �+�D�� �*�L�D�Q�J�� �7�R�Z�Q�� �D�W�� �&�R�Q�J�� �7�U�R�L�� ���+�H�D�Y�H�Q�¶�V�� �*�D�W�H���� �L�Q�� �4�X�D�Q�� �%�D��

District, at the Information Center functioning as a gateway to DVKP Geopark, tourists 

�Z�L�O�O���G�H�I�L�Q�L�W�H�O�\�� �E�H���D�W�W�U�D�F�W�H�G���E�\�� �W�Z�R���V�P�R�R�W�K���N�D�U�V�W���F�R�Q�H�V���� �N�Q�R�Z�Q���D�V���W�K�H���³�7�Z�R���I�D�L�U�\�� �E�U�H�D�V�W�V�´��

���)�L�J���������������³�7�Z�R���I�D�L�U�\���E�U�H�D�V�W�V�´���X�Q�G�H�U���W�K�H���W�\�S�H���R�I���J�H�R�P�R�U�S�K�L�F���K�H�U�L�W�D�J�H�����O�R�F�D�W�H�G���L�Q���7�D�P���6�R�Q��

town, Quan Ba district, Ha Giang province (Fig. 39). It is 47 kilometres from Ha Giang 

town. Situated at an altitude of over 1000 meters above sea level, fresh air, wild scenery, 

majestic nature with limestone mountains layered. Nature has created the masterpiece 

"Two fairy breasts" in the form of two well-balanced hills, composed by dolomitifised 

limestone of Khao Loc Formation (D1-2 kl). 

 �³�7�Z�R���I�D�L�U�\���E�U�H�D�V�W�V�´���L�V���W�K�H���S�U�R�G�X�F�W���R�I���W�K�H���S�U�R�F�H�V�V���R�I���O�H�D�F�K�L�Q�J�����H�U�R�V�L�R�Q���Z�L�W�K���U�H�J�X�O�D�U��

practice in the destruction of the fault zone in Quan Ba - Huong Cha. In fact, there are 

many ka�U�V�W���V�F�H�Q�H�V���L�Q���W�K�H���Y�D�O�O�H�\���R�I���4�X�D�Q���%�D�����E�X�W���³�7�Z�R���I�D�L�U�\���E�U�H�D�V�W�V�´���L�V���W�K�H���P�R�V�W���E�H�D�X�W�L�I�X�O��

one, being located at the most favourable position. 

 

Fig. 38. �³�7�Z�R���I�D�L�U�\���E�U�H�D�V�W�V�´ 
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Fig. 39. Tam Son Town landscape 

 
Stop 3: Tam Son fault slip surface and tectonic broken zone in dolomitised limestone 

Location: Coordinates: 104o�����¶�����É, 23o�����¶�����Ń; 875 m MSI, Tam Son Town, Quan 

Ba District, Ha Giang Province. 

The Tam Son Valley, extending in the northwestern - southeastern direction, is the 

result of fault activity that is believed to have begun about five million years ago. As a 

result, limestone beds formed at the sea floor during the Devonian period (about 400 

million years ago) were severely sheared and crushed, at many places almost powdered. In 

addition to the dissolution action of water, the valley gradually lowered down into a karst 

field, with karst towers and cones scattered over the residual karst field, including the 

�O�H�J�H�Q�G�D�U�\���³�7�Z�R���I�D�L�U�\���E�U�H�D�V�W�V�´�����)�L�J������������ 

The direct evidence of the fault here is the so - called �³�7�D�P�� �6�R�Q�� �I�D�X�O�W�� �V�O�L�S�� �V�X�U�I�D�F�H�´��

�U�L�J�K�W�� �D�W�� �W�K�H�� �U�R�D�G�� �V�L�G�H���� �D�O�P�R�V�W�� �R�S�S�R�V�L�W�H�� �W�R�� �W�K�H�� �³�7�Z�R�� �I�D�L�U�\�� �E�U�H�D�V�W�V�´���� �+�H�U�H�� �L�Q�� �W�K�H�� �F�U�X�V�K�H�G��

�O�L�P�H�V�W�R�Q�H���� �D���V�W�H�H�S���� �I�O�D�W�����U�H�G�G�L�V�K���E�U�R�Z�Q���D�Q�G���I�U�H�V�K���V�X�U�I�D�F�H���R�I�� �D���V�P�D�O�O���³�F�R�P�S�R�Q�H�Q�W���I�D�X�O�W�´���R�I��

the greater fault zone exposes, that formed the Tam Son valley - formed by the relative 

�P�R�Y�H�P�H�Q�W�� �R�I�� �W�K�H�� �W�Z�R�� �³�I�O�D�Q�N�V�´�� �R�I�� �W�K�H�� �I�D�X�O�W�� �L�Q�� �R�S�S�R�V�L�W�H�� �G�L�U�H�F�W�L�R�Q�V���� �V�T�X�H�H�]�L�Q�J�� �L�Q�W�R�� �H�D�F�K��

�R�W�K�H�U�����7�K�H���U�H�G�G�L�V�K���E�U�R�Z�Q���R�Q���W�K�H���³�I�D�X�O�W���V�X�U�I�D�F�H�´���L�V���W�K�H���F�R�O�R�U���R�I���L�U�R�Q���R�[�L�G�H�����G�H�S�R�V�L�W�H�G���I�U�R�P��

infiltrating water. 
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�7�K�H���³�7�D�P���6�R�Q���I�D�X�O�W���V�O�L�S���V�X�U�I�D�F�H�´���F�R�Q�I�L�U�P�V���K�R�Z���S�R�Z�H�U�I�X�O���0�R�W�K�H�U���1�D�W�X�U�H���L�V��- she can 

crush stone ino powder, cut sharply through stone like hot knife cutting through butter! 

�7�K�L�V���(�D�U�W�K�¶�V���F�X�W���K�D�V���\�L�H�O�G�H�G���W�K�H���I�H�U�W�L�O�H���7�D�P���6�R�Q���Y�D�O�O�H�\�����V�R���U�L�F�K���D�Q�G���D�E�X�Q�G�D�Q�W���L�Q���E�R�W�K���O�D�Q�G��

and water, that indigenous people later came and settled down, creating a rich cultural 

identity both in legends and daily activities. 

 
Fig.40. Slickenside surface resulting in a red mirror through cataclastic limestone, just next to  

�³�7�Z�R���I�D�L�U�\���E�U�H�D�V�W�V�´���4�X�D�Q Ba. 

 
Fig.41. Tektonic broken zone in dolomitized limestone 
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Stop 4: Yen Minh Information Center 

(Lao Va Chai Commune, Yen Minh District, Ha Giang Province) 

Along the limestone range at Lao Va Chai commune, there are steep triangular 

surfaces which continue one affer another for kilometres in the NW-SE direction. They 

look as if someone has used a giant knife to cut along the limestone range. Their triangles 

grade down to a huge erosion surface with breathtaking paddy fields on top (Fig. 42). 

Scientific and aesthetic values include: The NV - SE stretching Thai Nguyen - Cho 

Moi - Kim HY deep - seated fault separates the Song Cam zone in the southwest and Song 

Hien zone in the northeast. The fault, having a long and complex development history, is 

associated with the formation of the Song Hien depression. The steep, triangular fault 

surfaces as seen most clearly at Lao Va Chai are evidence of its activities. During the Neo 

- tectonic epoch (5 Ma to present) the fault moves right - laterally, continuing to separate 

the li�P�H�V�W�R�Q�H���I�U�R�P���W�H�U�U�L�J�H�Q�R�X�V���U�R�F�N���D�Q�G���I�R�U�P�L�Q�J���W�K�H���W�R�G�D�\�¶�V���U�H�O�L�H�I�� 

In addition to scientific values, steep fault facets at Lao Va Chai form an gorgeous 

contrasting landscape to paddy fields stepping on top of gentle terrgenous relief at 

their foot. 

 
Fig. 42. Facet in the Lao Va Chai Village. 

Stop 5: Lung Cam Permian-Triassic chronostratigraphic boundary (P/T).  

(At the same time it is the boundary between Paleozoic and Mesozoic). 
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The Global Stratotype Section and Point (GSSP) of the Permian-Triassic boundary 

has been rati�¿ed by the IUGS. The boundary is de�¿ned at the base of Hindeodus 

parvushorizon, i.e.the base of Bed 27c of Meishan section D, Changxing County, Zhejiang 

Province, South China, at the horizon where the conodont Hindeodus parvus �¿rst 

appeared. 

The extinction of the major Permian fossil groups and the occurrence of new 

Triassic elements do not coincide. Thus, there are two boundaries defined: 1 /) The P -T 

boundary, also known as the biostratigraphic boundary, is defined by the first appearance 

of Hindeodus parvus (bed 27c). ); 2/) The Eventostratigraphic boundary is defined by the 

mass extinction of major Permian fossil groups (including Fusulinacea) and by the 

(usually sudden) change of lithological composition (bed 25). The P -T boundary always 

lies higher than the Eventostratigraphic boundary (15 - 90 cm), depending on the boundary 

transition beds belonging to deep or shallow water facies. 

In Vietnam, the P-T boundary is best studied at Lung Cam section. The Lung Cam 

section lies at 23.2417oN,105.2222oE, about 10 km from the Chinese border, near Lung 

Cam village, Ha Giang province. The Eventostratigraphic boundary was drawn at the base 

of bed 13-clay bed (Doan Nhat Truong, 2010). The biostratigraphy of Lung Cam section 

was studied in details by Bruce R. Wardlaw et al. (2015). According of this study, the 

Permian - Triassic Boundary was drawn at the base of bed 28. 

 
Fig. 43. The Lung Cam boundary section is exposed along a communal road. 
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Fig.44. Lung Cam P/T boundary level using Graphic Correlation 

(Brooks B. Ellwood et al.l, 2017) 

 
Fig 45. Lung Cam P/T boundaryde�¿ned at the base of Hindeodus parvus horizon. 
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�6�W�R�S���������9�L�V�L�W�L�Q�J���9�X�R�Q�J���)�D�P�L�O�\�¶�V���3�D�O�D�F�H 

�7�K�H�U�H���L�V���D���G�H�V�W�L�Q�D�W�L�R�Q���L�Q���W�K�H���'�9�.�3���W�K�D�W���Y�L�V�L�W�R�U�V���V�K�R�X�O�G���Y�L�V�L�W�����,�W���L�V���W�K�H���9�X�R�Q�J���I�D�P�L�O�\�¶�V��

Palace (Fig. 46) at Sa Phin Commune, Dong Van District, home of the richest and most 

powerful family in the history of the Hmong people in Dong Van in the first half of the 

twentieth century. 

 
Fig. 46. �9�X�R�Q�J���)�D�P�L�O�\�¶�V���3�D�O�D�F�H���D�W���6�D���3�K�L�Q���&�R�P�P�X�Q�H 

 
Fig. 47. �7�R�P�E���R�I���W�K�H���9�X�R�Q�J���&�K�L�Q�K���'�X�F�¶�V�����Z�L�I�H 
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The Palace serves as the archive of evidences of the mountainous feudal hereditary in 

general and typically of the Hmong ethnic group in Ha Giang in particular. The castle is 

not so big but it is a rarely beautiful and unique structure of DVKP which has been 

�U�H�V�W�R�U�H�G���W�R���E�H�F�R�P�H���W�K�H���9�X�R�Q�J���I�D�P�L�O�\�¶�V���F�X�O�W�X�U�Dl, artistic and historic vestige. 

 
Fig. 48. Peakcluster-�G�H�S�U�H�V�V�L�R�Q�����F�R�Q�H�N�D�U�V�W���D�Q�G���U�R�F�N�G�H�V�H�U�W���D�W���9�X�R�Q�J���)�D�P�L�O�\�¶�V���3�D�O�D�F�H 

Stop 7: Ma Pi Leng Panorama 

View to Tu San karst canyon - the deepest canyon in the Indochina (about 600-700 m 

high). 

Ma Pi Leng Pass - a�O�V�R���G�X�E�E�H�G���W�K�H���³�)�L�U�V�W���3�D�V�V�´��- is a section, about 20 km long, of the 

National Highway 4C that connects Dong Van and Meo Vac districts. It is also the most 

difficult, but most heroic part of the legendary Happiness Road. It is recognized as a 

National Scenic Attraction pursuant to Decision No. 4194/QDQ�� -BVHTTDL dated 

������������������������ �7�K�H�� �Q�D�P�H�� �³�0�D�� �3�L�� �/�H�Q�J�´�� �K�D�V�� �V�H�Y�H�U�D�O�� �H�[�S�O�D�Q�D�W�L�R�Q�V�� �H���J���� �³�F�R�R�O�� �K�R�U�V�H�� �Q�R�V�H�´����

�³�V�Q�R�Z�� �R�Q�� �K�R�U�V�H�� �Q�R�V�H�´�� �R�U�� �³�G�H�D�G�� �K�R�U�V�H�� �V�O�R�S�H�´�� �H�W�F������ �D�O�O�� �D�O�O�X�G�L�Q�J�� �W�R�� �W�K�H�� �G�D�Q�J�H�U�� �R�I�� �W�K�H�� �3�D�V�V����

And from this point visitors will be able to partially feel it: 

Tu San Canyon - the steepest, up to 70o-90o, narrowest, deepest, up to 600-700 m, 

more than 1.7 km long section of the Nho Quy River - a clear evidence of the Nho Que 

River fault that began about 20 million years ago. It is considered the deepest canyon in 

Vietnam, even in Southeast Asia. 
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Fig. 49. Tu San Canyon of sub-meridian direction. 

 
Fig. 50. View from visitor point toward mountain 

The planation surface at 1,350-1,750 asl, on which is a very unique residual karst 

landscape with numerous small towers and cones that are either isolated or still connected 

on a common base. 

The grandiose erosional surfaces along the Nho Que River - one of the most breath-

taking landscapes, sometimes even more majestic than the vertical limestone cliffs. Their 

height is cca. 500-600 m with the upper edge being alternately concave or convex. 
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Especially, from here, it is also possible to see the bottom of the ancient Meo Vac 

valley in the form of gentle hills at altitude of 900 m asl, which enables some households 

to settle down. They are regarded the oldest river terrace that remains throughout not only 

the whole Meo Vac valley but also the Nho Que river valley. 

Contributing to the splendor of nature is the hydropower station on the Nho Que 

River with two turbines of total 32MW capacity, giving an output of 129 million Kwh 

kWh a year. 

In addition, visitors may also find other interesting fearures such as fault surface, 

folds, needle karst tower, boundary between different limestone layers etc. 

Stop 8: Ma Pi Leng Visitor Center 

(Griotte limestone of Toc Tat Fm (D3 tt). See fold system in the Devonian limestone. 

Overturned folds). 

Despite the fact that Ma Pi Leng Pass is the most dangerous road section in the 

DVKP, where the terrain is extremely rugged, it  contains many outstanding geosites in 

addition to grandiose and breath-taking landscapes. 

At this Ma Pi Leng Pass, one could watch serrated folds of Devonian limestone - also 

a rare phenomenon in Vietnam and well-expressed ripple marks.  

 
Fig. 51. Outcrop of griotte limestone of Toc Tat Fm. (D3 tt) 
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Fig. 52. View from visitor point toward mountain 

 
Fig. 53. Overturned folds of limestone Si Phai Fm. 

Stop 9: Youth Monument 

(Memory of the Young volunteers opening Happiness Road). Calcite site in the 

limestone of Bac Son Fm. (C-P bs) formation. 

�7�K�H�� �������� �N�P�� �O�R�Q�J�� �³�+�D�S�S�L�Q�H�V�V�� �5�R�D�G�´�� �V�W�D�U�W�V�� �I�U�R�P�� �+�D�� �*�L�D�Q�J�� �&�L�W�\�� �W�K�R�X�J�K�� �W�K�H�� �'�9�.�3��

Global Geopark to Meo Vac Town. The road was built by the shedding of sweat and blood 

of 1.200 local people and more than 1,000 youth volunteers from 16 ethnic groups in 8 



 

149  

provinces in the North, including Cao Bang, Bac CanKan, Lang Son, Thai Nguyen, Tuyen 

Quang, Ha Giang, Nam Dinh and Hai Duong. They had to work over 5 years (10/0/1959 - 

15/6/1965), with more than 2 million working day, digging, moving over 3 million m3 of 

rock. The section of 24 km over Ma Pi Leng Pass was most blood-and-sweat-shed. By the 

time it was completed, 14 youth volunteers sacrificed, forever layin the UNESCO Geopark. 

Like its name - �³�+�D�S�S�L�Q�H�V�V�´- the road when completed brought about immense 

happinessfor thousands of ethnic compatriots who have lived in isolation for generations 

in the Plateau. Starting from it, a rigorous network of branch roads gradually provide 

�D�F�F�H�V�V���W�R���Y�L�O�O�D�J�H�V�����E�U�L�Q�J���D�O�R�Q�J���³�H�Oectricity-school-�K�H�D�O�W�K���F�D�U�H�´�����L�P�S�U�R�Y�L�Q�J���W�K�H���O�L�I�H���R�I���O�R�F�D�O��

people and brightening future of children. 

In commemoration and appreciation for the youth volunteers who took part in the 

opening of the Happiness Road, in 2017, Ha Giang province completed construction of the 

Youth Monument. The work is made of carved natural stone, 12 m in height or 16 m 

including pedestal, consisting of a main cluster of 05 characters representing the yough 

volunteer forces of the eight provinces, who proudly conquered Nature, opening the road 

to happiness; and three carved embossements expressing three contents, namely bidding 

farewell to the loved ones towork in the frontier North; the hard work; and the victory. 

The Youth Monument, standing beside the Happiness Road, in harmony with the 

magnificent scenery, will surely give visitorsthe impression about the pride and gratitude 

to the previous generations. 

 
Fig. 54. Youth Monument 
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Fig. 55. Calcite site in the Youth Monument area 

Stop 10: Lung Cu Flag Tower - a historical ang cultural site 

 Cambrian limestone of Chang Pung Formation (�¼3cp). 

The Lung Cu Flag Tower (Fig. 56) at the northernmost tip of Vietnam (coordinate 

23o�����¶�������  ́N; 105o�����¶�������  ́E, Lung Cu Commune, Dong Van District) is located on top 

of a 1,480 m high limestone mountain of the Cambrian Chang Pung Formation, the oldest 

one in DVKP, which is about 12 km to the North of the Lung Cu frontier post. There the 

�I�O�D�J���L�V���I�O�\�L�Q�J���I�R�U���\�H�D�U�V�����E�H�F�R�P�L�Q�J���D���V�D�F�U�H�G���V�\�P�E�R�O���R�I���W�K�H���F�R�X�Q�W�U�\�¶�V���V�R�Y�H�U�H�L�J�Q�W�\�� 

 
Fig. 56. Lung Cu Flag Tower 
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Fig. 57. �³�.�D�U�V�W���S�D�Q�´���L�Q���/�X�Q�J���&�X���&�R�P�P�X�Q�H 

Stop 11: Lower Devonian - Lower Ordovician boundary interval  

In this boundary interval, there are outcrops of limestone and marble of the Lower 

Ordivician and purple brown sandstone, silstone and shale of Lower Devonian. A big gap 

in Paleozoic sedimentation of DVKP during Middle-Later Ordovician and Silurian period. 

 
Fig. 58. Unconformity between Lut Xia and Si Ka Formations 
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Fig. 59. Administrative units of the DVKP Geop 

 
*All citations in the text are cited from the references below. 
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1. Purpose of this excursion (FE2)  

Along the South Central Coast of Vietnam, there are several magmatic rocks, 
including pyroclastic and basaltic rocks, which were formed in the Neogene to 
Quaternary. These igneous rocks are considered to have been formed by volcanic 
activities and mafic eruptions along faults or fault intersections in the South Central Coast 
region. In addition, Pleistocene and Quaternary sedimentary formations and unique 
geomorphological features also occurred in this area, particularly at Mui Ne - Phan Thiet. 
They provided important information on tectonic evolution and geomorphological 
development during the Neogene-Quaternary period in the South Central Vietnam and 
East Asia.  

The field excursion (FE-02) not only shows the different geoheritages of the 
magmatic rocks of the Dai Nga Fm., the Tuc Trung Fm., and the Xuan Loc Fm. formation, 
but also the special character of the Champa and Sa Huynh cultures, biodiversity, marine 
ecology and environment in South Central Coast of Vietnam. 

 

2. Tectonic evolution context  

The geologic structure of Vietnam has been considered to be situated at the 
boundary of two continental blocks of the South China and the Indochina cratons. The most 
suitable boundary between them has long been considered as the Song Ma suture zone 
(Lepvrier et al., 1997) or the Red River shear zone (Tapponnier et al. 1982) in northern 
Vietnam (see Fig. 1a). Many NW-SE to NNW-SSE trending shear and structure zones are 
also present in the eastern Indochina region, especially in Vietnam, which mostly 
characterized by right-lateral strike-slip movement except for the Red River shear zone and 
the Po Ko structure zone (Tapponnier et al. 1982; Lepvrier et al., 2004). The field excursion 
stretches across from the southern Truong Son belt to Kontum Massif, and the northern 
Dalat Zone, but will mainly visit the eastern margin (close to the coast) of the Kontum 
Massif, which has a diverse and complex tectonic evolutionary history divided into 7 stages 
from Paleoproterozoic to Cenozoic. 

During the Neogene-Quaternary in the 7th stage, volcanic activity and mafic 
eruptions occurred in the area of South Vietnam and East Asia at weak sites of continental 
crust (along faults or intersections of faults, etc.) in the East Sea. Neogene tholeiitic basalt 
formations account for most of the volume (85-90 %), including the Dai Nga and Tuc 
Trung formations, while sub-alkaline and alkaline basalt formations have limited volume 
(10-15 %), mainly in the Xuan Loc formation in Pliocene to Quaternary age (Fig. 1b). 
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Fig. 1. Geological map showing the distribution of basalt and Quaternary sediments in the South 

Central region of Vietnam 
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The formation of this basalt group is related to the reversal of mantle flow, which 

resulted in extensional zones and massive decompression melting, from which (mainly) 

tholeiite lava formed 17 to 7 million years ago (Nguyen Hoang, 1998). From 7 million 

years ago to the present, the mantle lithosphere was brought into gravity equilibrium due 

to the weakening of the decompression regime, and the melting process occurred mainly 

by the effect of reverse heat flow under higher pressure conditions and a lower degree of 

remelting, resulting in alkaline basaltic fluids. Thus, the continental flood basalts in South 

Vietnam in general, and in the field excursion in particular, were formed from the 

"�³mantle source� "́, but mixed with the continental crust under the conditions of separation 

and partial melting by the process of " �³mantle heating and lithosphere expansion "�  ́

through the mechanism of "�³uprush tectonics" �  ́ associated with the collision between 

India and Eurasia and Australia and Indonesia, combined with �³"craton rifting "�  ́(Flower 

M. et al., 1998). 

During the Pliocene and Quaternary (N2-Q), this area continued to be under the 

influence of these tectonic activities, forming an extensive volcanic basalt belt throughout 

the south-central coastal strip and Ly Son Island area.  

3. Post - Convention field excursions FE -02 

Location: South Center Vietnam from Da Nang to Phan Thiet. 

The group will depart from Noi Bai Airport (Hanoi) to Da Nang and return from Tan 

Son Nhat Airport (Ho Chi Minh City) to Ha Noi (7 days). The excursion is expected to 

include the following stops (Figs.ure 2 and 3), more details see Table 1. 

Table 1. Estimated excursion schedule and stops in the South Center Vietnam field trip  

(FE-02) from Da Nang to Phan Thiet (09-15th November 2023) 

Stop 
point Place Time Date 

I  Da Nang - Hoi An area  09/11/2023 

1 Marble Mountains   

2 The Cham Museum - Da Nang   

3 Kazik Memorial Monument, Hoi An Ancient Town, 
Quang Nam   

II  Quang Ngai area  10/11/2023 
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Stop 
point Place Time Date 

4 My Son Sanctuary (Quang Nam)   

5 Sea lights Ba Lang An, Binh Son; Thach Ky Dieu Tau, 
Yen Rapids   

III  Quang Ngai area  11/11/2023 

6 Quang Ngai Genaral Museum, Sa Huynh Culture   

7 Ancient stone stele and ancient well of the Cham ethnic 
group   

IV Phu Yen - Khanh Hoa area  12/11/2023 

8 Da Dia rapids (Column basalt heritage, boundary 
between basalt and granite)   

9 Marine biodiversity, Hòn Mun area   

10 Ponagar Tower (Poga Cham Pagoda)   

V Ninh Thuan area  13/11/2023 

11 Ecological environment in Nui Chua area   

12 Paleo-coral systems in Hang Rai   

13 Colored coral reefs in Vinh Hy Bay; Visit Thai An/Thai 
Dat vineyard   

VI  Ninh Thuan area  14/11/2023 

14 Nam Cuong red sand dune (Paleo-climate and 
geomorphological heritage)   

15 Thap Cham Architectural Cluster - Champa Culture 
(Poklong Garai)   

VII  Phan Thiet area - Ho Chi Minh city - Ha Noi  15/11/2023 

16 Fairy Stream (Suoi Tien) in Mui Ne   

17 Ecotourism Area in Mui Ne   

- Phan Thiet to Tan Son Nhat Airport (Ho Chi Minh city) 
to Noi Bai Airport (Hanoi)   
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4. Introduction of the stops of excursion FE -02 from day 1 to 3 (from Da 
Nang to Quang Ngai)  

 

Fig. 2. Route and stops during days 1, 2, and 3 in the excursion shown on the Google Map  
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4.1. Day 1: Da Nang City - Hoi An area  

Stop 1. Da Nang Museum of Cham Sculpture  

The Cham Museum was built in 1915 

according to the motifs of ancient Cham 

Architecture. The museum is officially 

known as the Museum of Champa 

Sculpture. The kingdom of Champa (or 

Lin-yi in Chinese records) controlled 

what is now south and central Vietnam 

from approximately 192 through 1697. 

The empire began to decline in the late 

15th centurycentury, became a 

Vietnamese vassal state in 1697, and was 

finally dissolved in 1832. At present, the 

museum houses 297 stone and terracotta 

sculptural works made between the 7th 

and the 15th Centuries. These are 

impressive works typical of the Cham 

culture. 
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Stop 2. Marble Mountains 

Marble Limestone Heritage (Day 1): 

Marble Mountains or Non Nuoc 
Mountain in Hoa Hai District, Ngu Hanh 
Son District, Da Nang City, is a scenic 
spot consisting of five limestone 
mountains rising above a sandy beach 
on the coast in an area of about two 
square kilometers.  

The limestone here belongs to the 
Marble Formation (C-Pnhs), which is 
generally pink, sometimes red or black, 
and is highly cracked by joint systems. 

The Marble Mountains is a cluster of 
limestone remnants, characterized by 
karst terrain with relatively small karst 
towers. The highest peak is Thuy Son 
Peak at 109.5 m a.s.l., and the lowest is 
Yin Fire Mountain at 40 m a.s.l. The 
karst development process and tectonic 
activities have created a magnificent 
scene in this area shown by the karren 
terrain and steep fault surfaces. In 
addition, the typical karst erosion 
process on fractured limestone has 
created uniquely shaped caves with high 
tourist value. 

 
Tops: Moc Son - Fire Yin Son - Fire Yang Son - 
Kim Son in the Marble Mountains 

 
Huyen Cave no 

 
The road up to Thuy Son cave is seen from 

above 

 
Entrance to the Underworld Cave  
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Stop 3. Kazik Memorial Monument and Hoi An Ancient Town, Quang Nam 

Kazik Memorial Monument:  
Architect Kazimierz Kwiatkowsy better 
known as Kazik was born on 2 July 1994 in 
the Republic of Poland, and passed away 
on 13 March 1997 in Hue. 
In the 1980s of the 20th cCentury, he came 
to Vietnam to take part in the cooperative 
program for the preservation of the 
Vietnam and Polish cultural heritage with 
his enthusiasm and talent. He contributed 
greatly to discovery, research, and 
publicity, as well as helped Hoi An Old 
Town to be listed as a World Cultural 
Heritage in 1999. 

Hoi An architectural and cultural heritage:  
The Hoi An Ancient Town was a busy 
international trading port, including 
architectural heritages dating back hundreds 
of years, recognized by UNESCO as a world 
cultural heritage since 1999. 
Most of Hoi An's townhouses today were 
formed during the colonial period. However, 
the old quarter still preserves many relics 
reflecting the historical periods of formation, 
flourishing, and decline of the city. Types of 
architecture from the 16th to the beginning 
of the 18th cCentury. Typical of this period 
were marinas, wells, pagodas, temples, 
bridges, tombs, clan churches, and trading 
posts. Since the 18th century, Hoi An no 
longer has a first-class trading port. During 
this period, temples, offices, houses, 
churches, and especially clubhouses were 
typical. During the French colonial period, 
French architecture profoundly influenced 
Hoi An. The interweaving of French 
architectural style between traditional old 
houses is a consequence of a Western 
lifestyle that has appeared in the lives of Hoi 
An residents. 
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4.2. Day 2: Quang Nam - Quang  Ngai area  

Stop 4.  My Son Sanctuary 
My Son Sanctuary Cultural Heritage: 

Located in Duy Phu commune, Duy Xuyen 
district, Quang Nam province (About 69 km 
from Da Nang city), My Son Sanctuary is 
including many Cham Pa temples which are 
situated in a valley about 2 km in diameter, 
surrounded by hills and mountains. 

My Son Sanctuary is considered one of the 
main temple centers of Hinduism in Southeast 
Asia and is the only heritage of this genre in 
Vietnam. This used to be the place of sacrifice 
of the Cham Pa dynasty. The site was 
discovered in 1885 and declared a UNESCO 
World Cultural Heritage Site in 1995. 

My Son Sanctuary was built around the 4th 
century, with more than 70 stone brick temples 
built from the seventh to the thirteenth centuries. 
The sanctuary's forerunner was a wooden temple 
dedicated to Diva Bhadresvera. By the end of the 
VI century, the temple had burned down. Until 
the seventh century, King Sambhuvarman used 
weapons bricks to start rebuilding, which is also a 
relic that remains today. The most prominent 
feature inside My Son is the main temples; each 
temple worships a set of Linga or the image of 
Siva - the guardian god of the ancient Cham pa 
kings. In general, each My Son tower temple is 
built on a quadrangular plan, divided into three 
parts, includes the base of the tower, the tower 
body, and the top part all symbolize a specific 
meaning. 

 

 

 

 

 
Cham pa traditional Apsara dance 

Panorama of Cham Pa temple 
architectural complex - My Son 
Sanctuary, Quang Nam province 
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Stop 5. Ba Lang ���v���^�������>�]�P�Z�š�•���˜�������v�}�Ì�}�]���������•���o�š���À�}�o�����v�]�����Œ�}���l�•���]�v�����^�v�Z���^�¿�v�����Œ���� 

Ba Lang An Sea Lights and Binh Son 
Cennozoic basalt volcanic rock heritage: 

Ba Lang An Cape, located in Binh Chau 
Commune, Binh Son District, the central 
province of Quang Ngai, is made up of 
volcanic cliffs along the coast. From the top of 
the lighthouse with a height of 36 m, visitors 
could behold the beauty of Ba Lang An Cape 
with a panoramic view. 

Previous studies on dating this basalt series 
have shown that basalt belonging to the 
coastal area of Quang Ngai is part of the basalt 
series strongly developed during the Miocene 
to the Quaternary in the South Central Region 
of Vietnam, most concentrated in the southern 
part of Kon Tum. The volcanic rocks 
distributed along the coast are basalt of the 
Dai Nga Formation (N1�ÿ�Q) and the Tuc Trung 
Formation (N2-Q1tt). Whereas, basalts of the 
Tuc Trung formation are of Pliocene - early 
Pleistocene (N2-Q1tt) age (5.3-÷1.6 Mm.a). 
The lithological composition is mainly alkali 
olivine basalt, olivine-augite-plagioclase 
basalt, and basalt 2 pyroxene. 

The magmatic eruptions that make up this 
series of basalt rocks occur in different phases 
and other areas. During the rapid cooling of 
liquid magma, the basalt became fractured in 
many directions, forming numerous five to 
seven metres long rock pillars or columns with 
different attitudes. Oblique, horizontal or 
closely packed vertical pillars are all 
abundantly developed. The cross sections of 
the rock pillars also came in various shapes, 
from quadrangular to pentagonal or 
hexagonal, commonly 15-20 cm but 
sometimes up to 30 cm across. These and 
other assemblages of strangely shaped rock 
pillars form attractive features at coastal cliffs.  

 

 

 

 
Columnar basalt in Ba Lang An Cape, 

Binh Son district, Quang Ngai 
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Thach Ky Dieu Tau Rapids - Column 
basalt Thach Ky Dieu Tau: 
Thach Ky Dieu Tau, also known as 
"�³The old man fishing on the cliff" �  ́or 
"�³Giant feet", � ,́ belongs to An Vinh 
hamlet, Tinh Ky commune, Son Tinh 
district, about 16km northeast of Quang 
Ngai city. 
The rocky rapid has a topographic 
structure that includes two rocky 
mountains on the Sa Ky Sea edge, 
extending about 200-400 m. The main 
composition is dense, solid basalt with 
gray, blue-gray color, almost vertical 
columnar shape with a cross-section of 4-
5 sides and a size of 30×x50cm - 40×x80 
cm.  
Geological investigations have shown 
that the basalt here belongs to the Tuc 
Trung Formation (N2 -Q1 tt). 

 

 

Yen Rapids: 
About 35 km from Quang Ngai city to the 
north, the landscape of Ghenh Yen in 
Thanh Thuy fishing village, Binh Hai 
commune, Binh Son district (Quang Ngai).  
The name "�³Yen Rapids" �  ́ appeared 
because it owns a complex of rapids with 
many small rock hollows, birds often 
flock here to nest. When the tide receded, 
the coral reef here was exposed like a 
field of flowers converging. 
Stacked volcanic sediments wind around 
the shore forming many interesting 
shapes. The petrographic composition is 
dark gray basalt, fine-grained, blocky, 
solid, highly fractured, columnar with a 
cross section of 4-6 sides, size 15-40 cm. 
Geological studies have revealed that 
volcanic activity in the Yen Rapids 
occurred about 5-6 million years ago, 
later than on Ly Son Island. In addition, 
the receding tide reveals colorful "�³coral 
forests" �  ́ that create a unique image of 
the landscapes of Ghenh Yen. 
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4.3. Day 3: Quang Ngai area  

Stop 6. Quang Ngai Provincial Universal Museum 

 Archaeological relics - Sa Huynh culture: 

The Sa Hu�äynh culture flourished across 
modern-day central and southern Vietn�Ët 
Nam between 1000 BC and AD 200. 
Archaeological sites from the era have been 
discovered from the Mekong Delta to the 
central province of Qu�§ng Quang BìnhBinh. 
It is one among three civilizations that 
�W�K�U�L�Y�H�G�� �L�Q�� �W�K�H�� �,�U�R�Q�� �$�J�H���� �D�O�R�Q�J�� �Z�L�W�K�� ���{�Q�J��
Do�Q�J���6�k�Q���6on Culture and the culture of the 
southeastern region. 

Quang Ngai made discoveries of 
archaeological value quite early in the early 
years of the 20th century (1909) by French 
scholars such as M. Vinet and Labarre. As a 
result, archaeologists have discovered 
dozens of Paleolithic relics from the 
Neolithic to the Metal Age.  

The most prominent is to mention the 
discovery in the dunes of An Khe lagoon in 
Pho Thanh commune, Duc Pho district - a 
coastal area of Sa Huynh (Quang Ngai) a jar 
tomb with many valuable artifacts. The first 
discovery of an ancient culture dating back 
2500-3000 years later became known as the 
Sa Huynh culture. 

From Sa Hu�änh jar burial site, 
archaeologists continually found traces of a 
prehistoric civilization, including about 500 
burial jars containing many 
accompaniments, across the coastal central, 
southeastern, and Central Highlands regions. 

 
Visitors see Sa Hu�änh Huynh artefacts on 

show at Qu�+ng Quang Ngãi Ngai 
Provincial Museum 

 
Sa Huynh Culture ceramic artifacts 

 
Qu�+ng Quang Ngãi Ngai is considered the 

cradle of the Sa Hu�änh Culture and is 
home to around 40 relic sites 
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Stop 7. Archaeological sites - Champa Culture 

Ancient stone stele and ancient well of 
the Champa ethnic group: 

This site is located on the coast of Vung 
Bang, Thanh Duc 1 village, Pho Thanh 
commune, Duc Pho district (Quang 
Ngai). There are many large basalt rocks, 
mixed in there is a stone 1.2 m horizontal 
and 1.5 m vertical, with one flat side 
facing south, engraved with ten lines of 
ancient Cham script. 

In addition, in the mountain northwest of 
the stele, scientists also found traces of 
Cham people's residence. From the 
mountain there is a path down to the sea, 
leading to the stone stele. There are more 
than 10 ancient wells around the area. 
Through the location and depth, 
scientists determined that this was a well 
dug by the Cham people to provide fresh 
water for merchant ships anchored near 
the shore. In addition, these wells were 
originally square but were repaired to 
round the well. 

These vestiges give an idea of the Cham 
community living on the mountains and 
hills near the sea to avoid rising tides, 
living by fishing and hunting small 
animals. It can be seen that the Champa 
vestiges in Sa Huynh show the harmony 
and continuity of the two cultures of Sa 
Huynh and Champa. 

 
Basalt rock engraved with 10 Cham 

inscriptions in Sa Huynh 

 
Ancient Cham letters carved on stone 

 
The ancient well is no longer in use 
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5. Introduction of the stops of excursion FE -02 from day 4 to 7 (from Phu 
Yen to Khanh Hoa to Ninh Thuan to Phan Thiet)  

 

Fig. 3. Route and stops during days 4 to 7 in the excursion shown on the Google Map 
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5.1. Day 4: Phu Yen - Khanh Hoa area  

Stop 8. Da Dia rapids (Column basalt heritage, boundary between basalt and granite) 

Columnar basalt heritage - Da Dia 
Rapids: 

�7�K�H���Q�D�P�H���*�K�H�Q�K���'�D���'�L�D���P�H�D�Q�V���³�5�D�S�L�G�V���R�I��
�6�W�R�Q�H�� �3�O�D�W�H�V�´���� �D�� �Q�D�W�X�U�D�O�� �V�F�H�Q�L�F�� �V�S�R�W���� �Z�K�L�F�K��
is situated at An Ninh Dong Commune, 
Tuy An District, Phu Yen Province 
Vietnam. It has an area of about 1 
kilometer square, half of which is in the 
sea, and the other half above sea level. The 
prismatic basalt columns have been split by 
numerous horizontal fractures, which look 
like dishes stacked on top of each other. 

Previous geological studies indicated that 
the basalt in Da Dia Rapids is dark black 
and light yellow in color, which was 
formed during the volcanism process 
million years ago in the Van Hoa Plateau of 
Phu Yen Province, about 30 km from the 
current location of Da Dia Rapids. When 
the lava flows meet the cool water, they 
cool, solidify, and crack into relatively 
uniform prismatic rock columns. With a 
horizontal cross-section of 5-6 sides, the 
angle of inclination of the column is in 
different directions.  

The basalt columns here form two 
protrusions into the sea. The first protrusion 
features inclined, bent stone columns to the 
north. The second cape is located south, 
with stone pillars primarily vertical, 
forming steps from low to high. 

Da Dia Rapids has been recognized as a 
national landscape site since 1998. In the 
world, apart from Phu Yen, there are only a 
few other places having this phenomenon 
�V�X�F�K�� �D�V�� �*�L�D�Q�W�¶�V�� �&�D�X�V�H�Z�D�\�� �L�Q�� �,�U�H�O�D�Q�G���� �/�R�V��
Organos in Spain, and Fingal in Scotland.  
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Stop 9. Mun Island 
Marine biodiversity - Hon Mun:  

Hon Mun Nha Trang has up to 2000 
species of corals and 1500 species of 
marine life and is the only marine sanctuary 
in Vietnam. The World Wildlife Fund 
(WWF) has ranked Hon Mun Island as 
�9�L�H�W�Q�D�P�¶�V���P�R�V�W���P�D�U�L�Q�H���E�L�R�G�L�Y�H�U�V�L�W�\���D�U�H�D. 

 
 

Stop 10. Ponagar Tower (Poga Cham Pagoda) 

Cham pa Architectural Heritage - 
Ponagar Tower: 

Ponagar Tower is the historical and 
cultural relic of the long-standing art and 
architecture of the Cham people. It is 
located on Cu Lao Hill towards the East 
Sea in the Vinh Phuoc district of Nha 
Trang City, Khanh Hoa province. The 
Ponagar tower complex has an area of 
57,000 m2 and is 200 m far from the 
coast and 20 m.a.s.l. 
The Ponagar Tower was built between 
the eighth and thirteenth centuries under 
the Panduranga dynasty of the Champa 
ancient kingdom. This was one of the 
religious centers of the Champa 
Kingdom, which was the place to 
worship the goddess Ponagar - the 
mother of the Cham and other people in 
the region. The legend of the goddess 
Ponagar - Thien Y A Na is the 
interference and continuity between the 
Cham and Indian cultures. This is also 
the Vietnamese culture of worshipping 
the mother goddesses. The image of the 
goddess Ponagar and the Cham culture 
are clearly reflected through the statues, 
sculptures and architecture in the tower.  
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The Ponagar tower is divided into three 
parts: The Gate Tower area, the Mandapa 
Imperial Palace (vestibule area), and 
finally, the temple tower area. And due to 
the upheaval of history and time. The 
tower has only five structures in Mandapa 
and the Temple Tower above. 
The whole complex is a special architectural 
artwork made of brick, which is a 
harmonious combination of architecture and 
sculpture of the typical Cham culture.  
 

5.2. Day 5:  Ninh Thuan area  

 Stop 11. Ecological environment in Núi Nui Chúa Chua area, Ninh Thu�¨nThuan 

Nui Chua National Park is a famous 
protected area and ecotourism of Ninh 
Thuan. The total area of the Park is 24,353 
ha, comprising: 
- Strict forest protection area of 16,087 ha. 
- Forest rehabilitation area of 8, 261 ha. 
- Administration and services area of 5 ha. 
- Buffer zone of 11,200 ha. 
According to statistics, this place is 
currently home to more than 1500 species 
of higher plants, 330 species of vertebrates, 
163 species of birds, and 83 species of 
reptiles, including 46 rare species in the 
Red Book. In addition, especially in Nui 
Chua National Park, there is a coral system 
of up to 350 species. 
This area is located in the southern part of 
the Truong Son Belt, belonging to the 
Kontum Massif, which is mainly 
composed of alternating andesite, rhyolite, 
and granite rocks. At the edge of the 
mountain are Quaternary sediments of 
maringenis and marine marshes. 

 

 
 



 

174 

Stop 12. Paleo-coral systems in Hang Rai, Ninh Phuoc - Ninh Hai district, Ninh Thuan 

 

 

 

 

Located in Vinh Hai commune, Ninh 
Hai district in the south-central 
province of Ninh Thuan, Hang Rai 
(Cave of Otters) attracts great interest 
from visitors thanks to its ancient coral 
reefs that were created by geological 
tectonics millions of years ago. 

Hang Rai is made of paleo-coral rock, 
located close to the edge of the sea, 
with the coral part floating on the 
water's surface like a giant stone slab. 
The structure of coral rocks makes the 
surface of the beach rough and jagged 
with sharp rocks and craters, just like 
on the surface of Mars or the Moon. 
Some studies show that about 1,800 
years ago, the sea level was 20 meters 
higher than now, and 1,000 years later, 
the sea level gradually receded, 
revealing the shape of today's paleo-
coral reef. 

 
Paleo-coral rock in Hang Rai 
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Stop 13. Colored coral reefs in Vinh Hy Bay 

Located about 35 km northeast of Phan 
Rang - Thap Cham city, Vinh Hy Bay 
is considered a mountainous area with 
tides, bringing in the wild and majestic 
beauty of the sea and vast mountain 
forests. The terrain is partly sea, three 
sides are mountains. To the west is the 
peak of Chua Mountain 1040 m above 
sea level and the Giant Oh stream all 
year round cascading into the bay. This 
sea has coral reefs of all shapes, 
mysterious caves that attract 
adventurers. Looking down from 
above, Vinh Hy Bay seems to be 
embraced in the calm mountain, the 
stream flows from above like a strip of 
silk. Looking out into the distance, is 
the vast ocean mixed with mountains 
and forests. 

In Vinh Hy Bay, you can experience 
many interesting activities such as 
renting a boat to fish, climbing 
mountains at Ba Mad beach, check-in 
sheep fields, Thai An vineyards or go to 
Round Rock beach to see the rocks with 
many unique shapes and colors. 
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5.3. Day 6:  Ninh Thuan area   

Stop 14. Nam Cuong red sand dune in Ninh Thuan 

Paleo-climate and geomorphological 
heritage: 

The Nam Cuong red sand dune is located 
in Tuan Tu village, An Hai commune, 
Ninh Phuoc district, about 8 kilometers 
from Phan Rang city, which covers an 
area of 700 ha and an altitude of 20 m to 
100 m.a.s.l. Notably, it has a rare red 
color. 

According to published studies, the sand 
here belongs to marine origin, which 
formed during the Quaternary marine 
transgression and transformed in the 
Holocene period. The terrain has typical 
structures of wind-blown sand dunes 
such as sandhill terrain or asymmetrical 
meander shape (ba khan). 

The special feature of the Nam Cuong 
dune is the change in its appearance 
every day and every hour. Just a gust of 
wind can change its visage After one 
night, the footprints of humans and 
animals on the sand area are completely 
erased, returning inherent smoothness to 
the dune. 

The Nam Cuong sand dune is closely 
linked to the daily life of Cham ethnic 
minority people. 
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Stop 15. Thap Cham Architectural Cluster - Champa Culture 

Poklong Garai Tower: 
Poklong Garai Cham Tower is located on 
Trau hill in Do Vinh ward, 9 km west of 
Phan Rang city. The tower is considered 
as the pride and symbol of the Cham 
people in Ninh Thuan. 
This tower was built in the late 13th and 
early 14th century, built by King Che 
Man to worship King Po Klong Garai. 
The Cham Tower consists of 3 towers, 
that is the main tower, the fire tower, and 
the gate tower built from dark red bricks. 
Of these three towers, the gate tower and 
the fire tower are not used for worship, 
only the main tower is the place to 
worship King Poklong Garai. 
Through historical events and the 
destruction of time, Poklong Garai 
Tower still preserves intact artifacts and 
traditional values in Cham culture. In 
1979 this architectural art relic was 
ranked as a national monument by the 
Ministry of Culture and today is 
classified as a special national 
monument. 
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5.4. Day 7:  Phan Thiet - Ho Chi Minh city - Ha Noi  

Stop 16. Fairy Stream (Suoi Tien) in Mui Ne area 

Fairy Stream Mui Ne is located in Mui 
Ne district, Phan Thiet city, Binh Thuan 
province. It rises in Duong village in 
Thien Nghiep commune, flows through 
Ham Tien district and finally empties 
into the sea with a total length of about 
1.8 km. 

The stream is not clear and has a light 
pink or reddish-orange color, different 
from the normal streams. Along the 
stream there are several impressive sand 
stalactites of reddish-brown color, 
formed by a special karst development 
process on sand. 

Geological studies show that the sand 
formations here are of marine source and 
formed during the ocean transgression in 
the Pleistocene. During this time, the 
activities of coastal currents and waves 
created sand dikes, which were raised in 
subsequent periods. The gray sand layer 
in the lower part is > 240,000 years old, 
the white medium-grained sand layer is > 
181,000 years old (Ka BP), and the red 
sand layer above is 85 000 years old (Ka 
BP). The color of the sand varies due to 
the weathering process, the influence of 
groundwater, and the warm and dry 
climate here. 

  

 

 
Stop 17. Ecotourism Area Mui Ne area 

Phan Thiet to Tan Son Nhat Airport (Ho Chi Minh city) to Noi Bai Airport (Hanoi) 
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http://en.uw.edu.pl



The University of Warsaw was founded in 1816. It is the 
largest university in Poland and the best research centre
in the country.



UW �dFACTS 
AND FIGURES

�’ UW occupies 1st place in the national rankings of universities 

�’ UW belongs to the top 3% of universities in the world according to the 
rankings such as THE, QS, ARWU; 12 subjects run by UW were ranked in the 
Shanghai�h�U���)�N�Q�D�C�NRanking of Academic Subjects 2020 (Physics �d51-75, 
Mathematics �d76-100) 

�’ UW was granted research university status for 2020 -2026

�’ UW belongs to the 4EU+ Alliance, which was selected as a European 
University (2019-2022) 

�’ UW �Y�C�U���I�T�C�P�V�G�F���V�J�G���k�*�4���'�Z�E�G�N�N�G�P�E�G���K�P���4�G�U�G�C�T�E�J�l��award



The University of Warsaw graduates have won 6 Nobel Prize awards:

�ƒ Nobel Prize in Literature: Henryk Sienkiewicz, �%�\�G�U�•�C�Y�/�K�•�Q�U�\, 
Olga Tokarczuk

�ƒ Nobel Peace Prize: Menachem Begin, Joseph Rotblat

�ƒ Nobel Prize in Economic Sciences: Leonid Hurwicz



UNIVERSITY 
COMMUNITY 

�’ 7 498 employees 

3 834 academic teachers

�’ 2 451 doctoral candidates

�’ 40 493 students

�’ 4 802 international students 
and doctoral candidates

�’ 2 086 postgraduate students

�’ 9 000 graduates per year



�’ Faculty of Applied Linguistics

�’ Faculty of Applied Social Sciences and 
Resocialisation

�’ Faculty of Archeology 

�’ �(�C�E�W�N�V�[���Q�H���kArtes Liberales�l

�’ Faculty of Biology

�’ Faculty of Chemistry

�’ Faculty of Culture and Arts

�’ Faculty of Economic Sciences

�’ Faculty of Education

�’ Faculty of Geography and Regional 
Studies

�’ Faculty of Geology

�’ Faculty of History

24 FACULTIES 

�’ Faculty of Journalism, Information 
and Book Studies

�’ Faculty of Law and Administration

�’ Faculty of Management

�’ Faculty of Mathematics, Informatics 
and Mechanics

�’ Faculty of Modern Languages

�’ Faculty of Oriental Studies

�’ Faculty of Philosophy

�’ Faculty of Physics

�’ Faculty of Polish Studies

�’ Faculty of Political Science and 
International Studies

�’ Faculty of Psychology

�’ Faculty of Sociology



UW scientists carry out research not only in Poland. The astronomers 
observe the sky in the Las Campanas Observatory in Chile. The 
archeologist are carrying out the work in 20 countries, on 5 continent. 
The archaeological research centre in Cairo has been in operation 
since 1959. There is a scientific research entity in Peru entitled The 
Center for Andean Studies in Cusco. In 2018, a new archaeological 
unit in Khartoum has been opened in Sudan.



WIDE RANGE 
OF DEGREE 
PROGRAMMES

�’ 1st , 2nd and long cycle �duniform �/�C�U�V�G�T�h�Ustudies

�ƒ humanities, social, exact and natural sciences

�ƒ 27 English-language programmes

�ƒ 22 double degreeprogrammes run by UW and international partners

�’ 4 doctoral schools: Doctoral School of Humanities, Doctoral School of 
Social Sciences, Doctoral School of Exact and Natural Sciences, 
Interdisciplinary Doctoral School

�ƒ each doctoral candidate has an opportunity to follow a complete
learning pathway in English

�’ 109 post-diploma programmes



The University of Warsaw provides education which is a 
definite asset in the labour market. According to the 
monitoring of UW graduate careers, 94% of former students 
find employment within a year of graduation.



UNIVERSITY 
OF RESEARCH

�’ research university status for 2020 -2026 

�’ 3 834 academic teachers (529 professors) &2 451 doctoral candidates

�’ 180 million EUR subsidies for maintenance and development of didactic
and research potential

�’ more than 1 400 research projects and topics 

�’ 1 600 projects financed from the national or international research grants
in humanities, social, exact andnatural sciences, as well as 
interdisciplinary studies, including subjects in medical or technical 
sciences

�’ 5 200 publications per year



Following the competition of the Ministry of Science and Higher
Education entitled �m�'�Z�E�G�N�N�G�P�E�G��Initiative �dResearch �7�P�K�X�G�T�U�K�V�[�l�����V�J�G��
University of Warsaw was gratned research university status for 
2020-2026. The UW will receive 10% extra on a state subsidy. This
will boost the development of 5 priority research areas and the 
execution of 70 measures specified in the application.



INTERNATIONAL 
COOPERATION

�’ 800 international partners 

more than 680 universities in more than 100 countries that work with the 
UW under bilateral agreements

�’ 100 international societies and research networks with UW as a member

�’ UW is the most active Polish university in academic exchange 
programmes, such as Erasmus+, Central European Exchange Program for 
University Studies, Deutscher Akademischer Austausch Dienst
programmes, Polish-American Fulbright Commission programmes 



4EU+ 
ALLIANCE

�’ The Alliance brings together six, large, public and well-established 
universities that are comprehensive and research intensive.

�’ It was selected by the European Commission for funding in the the
�H�K�T�U�V���R�K�N�Q�V���g�'�W�T�Q�R�G�C�P���7�P�K�X�G�T�U�K�V�K�G�U�h���E�C�N�N���H�Q�T���R�T�Q�R�Q�U�C�N�U�����N�C�W�P�E�J�G�F���C�U��
part of the 2019 Erasmus+ programme.

�’ The 4EU+ mission is to develop a barrier-free and continuously 
deepening cooperation in education, research, mobility and 
innovation within the Alliance.



The multiannual development plan (2016-2025) will allow the 
University of Warsaw to foster research in the humanities and social
sciences, tighten up international cooperation and conduct ambitious
interdisciplinary projects. New facilities will be built and some existing
buildings will be modernised. 



UNIVERSITY OF WARSAW

�-�T�C�M�Q�Y�U�M�K�G���2�T�\�G�F�O�K�G�n�E�K�G������������
Warsaw, Poland

http://en.uw.edu.pl



�U�N�I�V�E�R�S�I�T�Y� 
�O�F� �W�A�R�S�A�W
�U�N�I�V�E�R�S�I�T�Y� 
�O�F� �W�A�R�S�A�W

�F�A�C�U�L�T�Y� 
�O�F� �G�E�O�L�O�G�Y

�F�A�C�U�L�T�Y� 
�O�F� �G�E�O�L�O�G�Y



�T�h�e� �E�u�r�o�p�e�a�n� �C�e�n�t�r�e� �f�o�r� �G�e�o�l�o�g�i�c�a�l� �E�d�u�c�a�t�i�o�n�,� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �2�0�1�5�,� �i�s� �a�n� �e�x�t�e�r�n�a�l� �u�n�i�t� �o�f� �t�h�e� �F�a�c�u�l�t�y� �o�f� �G�e�o�l�o�g�y�.� �I�t� �i�s� �l�o�c�a�t�e�d� 
�i�n� �t�h�e� �H�o�l�y� �C�r�o�s�s� �M�o�u�n�t�a�i�n�s� �w�i�t�h�i�n� �t�h�e� �p�r�e�m�i�s�e�s� �o�f� �t�h�e� �d�i�s�u�s�e�d� �K�o�r�z�e�c�k�o� �Q�u�a�r�r�y� �n�e�a�r� �C�h���c�i�n�y� �i�n� �t�h�e� �Z�w�i���t�o�k�r�z�y�s�k�i�e� 
�V�o�i�v�o�d�e�s�h�i�p�,� �i�n� �a� �r�e�g�i�o�n� �w�i�t�h� �a� �u�n�i�q�u�e� �g�e�o�l�o�g�i�c�a�l� �s�e�t�t�i�n�g� �i�n� �t�h�e� �s�c�a�l�e� �o�f� �E�u�r�o�p�e� �a�n�d� �t�h�e� �w�o�r�l�d�.� 

�E�C�G�E� �i�s� �a� �m�o�d�e�r�n� �r�e�s�e�a�r�c�h� �c�e�n�t�r�e� �a�n�d� �a� �c�o�n�f�e�r�e�n�c�e� 
�v�e�n�u�e� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �W�a�r�s�a�w�.� �T�h�e� �w�i�d�e� �o�f�f�e�r� �o�f� �i�t�s� 
�f�a�c�i�l�i�t�i�e�s� �a�l�l�o�w�s� �f�o�r� �c�o�n�d�u�c�t�i�n�g� �a�d�v�a�n�c�e�d� �r�e�s�e�a�r�c�h� �a�s� �w�e�l�l� �a�s� 
�e�d�u�c�a�t�i�n�g� �h�i�g�h�-�c�l�a�s�s� �s�p�e�c�i�a�l�i�s�t�s� �i�n� �g�e�o�l�o�g�y� �a�n�d� �r�e�l�a�t�e�d� 
�s�t�u�d�i�e�s�.� �T�h�e� �C�e�n�t�r�e� �i�n�c�l�u�d�e�s� �g�e�o�p�h�y�s�i�c�a�l�,� �m�i�c�r�o�s�c�o�p�i�c�,� 
�h�y�d�r�o�g�e�o�c�h�e�m�i�c�a�l�/�h�y�d�r�o�d�y�n�a�m�i�c�,� �a�n�d� �d�i�g�i�t�a�l� �g�e�o�l�o�g�i�c�a�l� 
�m�a�p�p�i�n�g� �l�a�b�o�r�a�t�o�r�i�e�s�,� �a�l�o�n�g� �w�i�t�h� �n�u�m�e�r�o�u�s� �l�e�c�t�u�r�e� �r�o�o�m�s�,� 
�l�a�b�s� �f�o�r� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �o�f� �g�e�o�l�o�g�i�c�a�l� 
�s�a�m�p�l�e�s�.� 

�T�h�e� �s�p�a�c�i�o�u�s� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e� �c�o�n�f�e�r�e�n�c�e� �a�n�d� 
�e�d�u�c�a�t�i�o�n�a�l� �s�p�a�c�e� �i�s� �a�d�a�p�t�e�d� �t�o� �m�o�d�e�r�n� �s�t�a�n�d�a�r�d�s� �(�i�n�c�l�u�d�i�n�g� 
�f�a�c�i�l�i�t�a�t�e�d� �a�c�c�e�s�s� �f�o�r� �t�h�e� �p�h�y�s�i�c�a�l�l�y� �d�i�s�a�b�l�e�d�)�.� �T�h�e� �c�o�m�p�l�e�x� 
�o�f�f�e�r�s� �1�7�0� �p�l�a�c�e�s� �i�n� �d�o�u�b�l�e� �r�o�o�m�s�,� �w�i�t�h� �2�4�h� �i�n�t�e�r�n�e�t� �a�c�c�e�s�s� 
�a�n�d� �a� �f�r�e�e�-�o�f�-�c�h�a�r�g�e� �p�a�r�k�i�n�g� �l�o�t�.� 

�T�h�e� �C�e�n�t�r�e ��s�  ��j�e�w�e�l� �i�n� �t�h�e� �c�r�o�w�n �� �i�s� �t�h�e� �a�u�d�i�t�o�r�i�u�m� �h�a�l�l� �w�i�t�h� 
�a� �c�a�p�a�c�i�t�y� �t�o� �s�e�a�t� �o�v�e�r� �2�4�0� �p�e�o�p�l�e�.� �A�r�r�a�n�g�e�d� 
�a�m�p�h�i�t�h�e�a�t�r�i�c�a�l�l�y�,� �t�h�e� �h�a�l�l� �i�s� �s�e�t� �i�n� �t�h�e� �s�t�o�n�y� �b�l�o�c�k�s� �o�f� �t�h�e� 
�f�o�r�m�e�r� �d�o�l�o�m�i�t�e� �q�u�a�r�r�y�,� �a�s� �s�u�c�h� �b�e�i�n�g� �a� �u�n�i�q�u�e� �o�b�j�e�c�t� �o�n� �a� �g�l�o�b�a�l� �s�c�a�l�e�.� 

�T�h�e� �e�x�c�e�p�t�i�o�n�a�l� �c�l�i�m�a�t�e� �o�f� �t�h�e� �C�e�n�t�r�e� �i�s� �e�n�h�a�n�c�e�d� �b�y� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g�s� �o�f� �t�h�e� �n�e�a�r�b�y� �n�a�t�u�r�e� �r�e�s�e�r�v�e�,� �r�o�c�k� �l�a�y�e�r�s� �e�x�p�o�s�e�d� �i�n� 
�t�h�e� �q�u�a�r�r�y� �w�a�l�l�s� �a�n�d� �t�h�e� �m�a�g�n�i�f�i�c�e�n�t� �v�i�e�w�s� �s�p�r�e�a�d�i�n�g� �o�u�t� �f�r�o�m� �a�l�m�o�s�t� �e�v�e�r�y� �p�a�r�t� �o�f� �t�h�e� �f�a�c�i�l�i�t�y�.� 

�T�h�e� �M�u�s�e�u�m� �h�a�s� �e�x�i�s�t�e�d� �s�i�n�c�e� �1�9�6�1�,� �w�h�e�r�e�a�s� �t�h�e� �h�i�s�t�o�r�y� �o�f� �i�t�s� �c�o�l�l�e�c�t�i�o�n�s� �d�a�t�e�s� �b�a�c�k� �t�o� 
�t�h�e� �1�9�t�h� �c�e�n�t�u�r�y� �a�n�d� �t�h�e� �b�e�g�i�n�n�i�n�g�s� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �W�a�r�s�a�w�.� 

�T�h�e� �m�a�i�n� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�e� �M�u�s�e�u�m ��s� �a�c�t�i�v�i�t�y� �i�n�c�l�u�d�e�:� 
 � �a�c�c�u�m�u�l�a�t�i�o�n�,� �c�a�t�a�l�o�g�u�i�n�g�,� �i�n�v�e�n�t�o�r�y� �a�n�d� �s�t�o�r�a�g�e� �o�f� �g�e�o�l�o�g�i�c�a�l� �c�o�l�l�e�c�t�i�o�n�s� �a�n�d� 

�m�a�k�i�n�g� �t�h�e�m� �a�c�c�e�s�s�i�b�l�e� �f�o�r� �r�e�s�e�a�r�c�h�,� �t�e�a�c�h�i�n�g� �a�n�d� �e�d�u�c�a�t�i�o�n�,
 � �d�i�s�p�l�a�y� �o�f� �t�h�e� �m�o�s�t� �i�n�t�e�r�e�s�t�i�n�g� �c�o�l�l�e�c�t�i�o�n�s�  �� �t�h�e� �o�b�j�e�c�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �a� �p�e�r�m�a�n�e�n�t� 

�e�x�h�i�b�i�t�i�o�n� �(�a�n� �a�r�e�a� �o�f� �c�.� �3�5�0� �m�2�)� �c�o�v�e�r�i�n�g� �t�h�e� �t�w�o� �m�a�i�n� �b�r�a�n�c�h�e�s� �o�f� �g�e�o�l�o�g�i�c�a�l� 
�s�c�i�e�n�c�e�s�:� �m�i�n�e�r�a�l�o�g�y� �a�n�d� �p�a�l�a�e�o�n�t�o�l�o�g�y�,

 � �d�i�s�p�l�a�y� �o�f� �c�o�l�l�e�c�t�i�o�n�s� �o�f� �a�g�a�t�e�s�,� �m�e�t�e�o�r�i�t�e�s� �a�n�d� �s�a�m�p�l�e�s� �o�f� �l�u�n�a�r� �d�u�s�t�,
 � �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�e�m�p�o�r�a�l� �e�x�h�i�b�i�t�i�o�n�s� �i�n� �a� �w�i�d�e� �a�r�r�a�y� �o�f� �g�e�o�l�o�g�i�c�a�l� �s�c�i�e�n�c�e�s�,
 � �e�d�u�c�a�t�i�o�n�a�l� �a�c�t�i�v�i�t�i�e�s� �t�a�r�g�e�t�i�n�g� �a� �w�i�d�e� �a�u�d�i�e�n�c�e�,� �i�n�c�l�u�d�i�n�g� �p�r�i�m�a�r�y� �a�n�d� �s�e�c�o�n�d�a�r�y� 

�s�c�h�o�o�l� �p�u�p�i�l�s�,� �s�t�u�d�e�n�t�s�,� �a�d�u�l�t�s� �a�n�d� �e�l�d�e�r�l�y� �p�e�o�p�l�e�,
 � �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �e�d�u�c�a�t�i�o�n�a�l� �a�c�t�i�v�i�t�i�e�s� �(�m�u�s�e�u�m� �l�e�s�s�o�n�s�,� �w�o�r�k�s�h�o�p�s�,� �s�c�i�e�n�t�i�f�i�c� 

�p�i�c�n�i�c�s�,� �g�u�i�d�e�d� �t�o�u�r�s�)� �p�o�p�u�l�a�r�i�z�i�n�g� �E�a�r�t�h� �s�c�i�e�n�c�e�s�,
 � �r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �(�e�.�g�.� �p�a�l�y�n�o�l�o�g�i�c�a�l� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �i�n� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� �p�a�l�a�e�o�-

�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�a�l�y�s�i�s�)�.� 
�T�h�e� �p�e�r�m�a�n�e�n�t� �d�i�s�p�l�a�y� �a�n�d� �t�h�e� �t�e�m�p�o�r�a�l� �e�x�h�i�b�i�t�i�o�n�s� �a�r�e� �a�c�c�e�s�s�i�b�l�e� �o�n� �a� �f�r�e�e�-�o�f�-�c�h�a�r�g�e� 

�b�a�s�i�s�,� �f�r�o�m� �M�o�n�d�a�y� �t�o� �F�r�i�d�a�y� �b�y� �a�p�p�o�i�n�t�m�e�n�t�.
�T�h�e� �L�i�b�r�a�r�y� �o�f�f�e�r�s� �a�c�c�e�s�s� �t�o� �a� �r�i�c�h� �b�o�o�k� �c�o�l�l�e�c�t�i�o�n� �i�n� �g�e�o�l�o�g�y� �a�n�d� �r�e�l�a�t�e�d� �s�c�i�e�n�c�e�s� 

�(�5�7�,�6�7�4� �v�o�l�u�m�e�s�)�.� �B�o�o�k�s� �c�a�n� �b�e� �o�r�d�e�r�e�d� �a�n�d� �b�o�o�k�e�d� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �L�i�b�r�a�r�y� �o�r� �o�n�l�i�n�e�,� �b�y� 
�l�o�g�g�i�n�g� �i�n�t�o� �i�n�d�i�v�i�d�u�a�l� �l�i�b�r�a�r�y� �a�c�c�o�u�n�t�s� �w�h�i�c�h� �c�a�n� �b�e� �c�r�e�a�t�e�d� �i�n� �t�h�e� �L�i�b�r�a�r�y� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� 
�o�f� �W�a�r�s�a�w�.� 

�T�H�E� �E�U�R�O�P�E�A�N� �C�E�N�T�R�E� 
�F�O�R� �G�E�O�L�O�G�I�C�A�L� �E�D�U�C�A�T�I�O�N
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