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INTRODUCTION 

1.  Rationale 

In the present, using seismic reflection data for surveying the geological 

structures of an area, territory is the widely used method over the world and it is the 

most domination geophysical method based on the characteristics of object layers, 

structures being completely different in seismic reflections, easily separate by seismic 

data processing. 

Seismic reflection method can be divided into two types: deep seismic 

reflection (large study depth) and shallow seismic reflection (about 1km). In the world, 

the seismic refection method has appeared since the 20s of the 19th century in the field 

of oil and gas exploration at depth of several thousand meters and large regional 

geological structures. So far, due to the achievement of the information technology, 

engineering and digital seismic recording stations, the seismic geophysics method is 

successfully used in geological research in Western European and American countries. 

In Vietnam, seismic reflection geophysics methods have not been used for the 

purpose of geological research in stable as well as complex structural regions, coal 

layer identification and mainland mineral potential assessment. 

In recent years, with the presence of multi-channel digital seismic instruments 

in Vietnam, the seismic reflection geophysics method has been used to study the 

geological structure characteristics. However, the method is used limited in relatively 

flat areas such as the Red River delta due to the simple in wave recording and data 

processing techniques. The development of seismic reflection methods for geological 

studies on the mainland in Vietnam, especially in areas with complex conditions such 

as the Ba River basin and Dong Trieu – Quang Ninh is an urgent requirement. The 

results of this study will contribute to exploiting the advantages of seismic reflection 

method for geological studies according the followings: - Detecting faults, magmatic 

body, ore controlling hidden geological structures as well as coal layers, underground 

aquifers, etc. in shallow geological structure of ore deposit mapping and research. 

- Identifying the foundation for construction surveys. 

- Identifying young tectonic activities related to geohazards in the area of 

landslide. 

- Relative identification for mineral objects such as coal layers 

2. Thesis aims 

This study is aiming at  researching geological structure characteristics in the 

area of Ba River basin and Dong Trieu, Quang Ninh based on seismic reflection data 

processing and evaluating the effectiveness of seismic geophysics method. 

3. The research content of the thesis 

- Researching an  increase of seismic explosion efficiency; 

- Researching and determining the topography factors, low velocity layers to 

2D seismic reflection method. 

- Researching and Appling static correction methods in 2D seismic reflection 

data processing for the complex conditions areas of topography and geological 

structures. 
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- Gathering, processing, analyzing and geological interpreting the seismic 

reflection data to study some geological structure characteristics of Ba River basin and 

Dong Trieu – Quang Ninh. 

4. Subjects and study site  

- The subject of the study is accuracy of  identifying the bottom of Neogen 

sediments basin based on seismic reflection data, associated with drilling data to 

define Neogen sediment layers in Ba River basin. 

- The seismic reflection data processing method has been adapted for the 

research requirements on geological structures lying close to the ground from a depth 

of several tens meters to 1 kilometer, even in complex topographic conditions. 

- Study site: Ba River basin, Dong Trieu – Quang Ninh area and their 

geological structure characteristics. 

5. Fundamental documentation of study 

- The thesis is completed based on collected geological and geophysical data in 

Ba River basin of Vietnam Institute of Geosciences and Mineral Resources and other 

our collected data from self explosive record, analyze and data processing in the frame 

of Project: “Sedimentology of Tay Nguyen Neogen formations and mineral related” 

author by Dr. Trinh Hai Son, 2017. 

- The 2D seismic reflection data under the Scientific and technological 

ministry-level project: "Improving the investigate process of 2D reflection seismic 

geophysics method in the mountain area for geological structure study, investigating 

and evaluating deep ore deposited”, performed in Dong Trieu - Quang Ninh by PhD 

student. 

- Geological and mineral data in the Northeast coal basin in Geological Library, 

Geological Archives Center - of Vietnam General Department of Geology and 

Minerals and some exploration reports of Vietnam Coal and Mineral Group. 

6. Statements of the study 

Statement 1.Seismic reflection results have identified the complex rough 

morphology bottom of Song Ba Neogen sediment basin in KrongPa area with the 

depth up to 800m, including 2 sequences of sandstone, siltstone intercalated with grit 

stone, conglomerate and discontinuous brown coal layers, they are characterized by 

discontinuing wave phases, amplitude and frequency changes. 

Statement 2:Indentifying that refractive wave interference method is the most 

effective method for static calibration in seismic reflection data processing in the 

complex topographic areas and accuracy determination on the geological structure 

characteristics in Dong Trieu - Quang Ninh area using characteristics of the reflection 

wave, and provide a sequence of steps for refractive wave interference static 

calibration method. 

7. New scientific contributions 

- For the first time, the bottom of Ba River Neogen basin in KrongPa area has 

been identified with the depth of more than 800m. This result is an important 

contribution in sedimentology of the Tay Nguyen neogen formations, following the 
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trend of sedimentary basin analysis and the tectonic activities forming Tay Nguyen 

neogen basins. 

- Identifying that refractive wave interference method is the most effective 

method for static calibration in seismic reflection data processing in the complex 

topographic areas and accuracy determination on the geological structure 

characteristics in Dong Trieu - Quang Ninh area using characteristics of the reflection 

wave, and provide a sequence of steps for refractive wave interference static 

calibration method. 

8. Practical significance of the study 

- The results of the thesis are reliable documents for the study of the geological 

structure in the Ba River basin. Moreover, it shows that the seismic reflection 

geophysics method is an appropriate method in investigating and evaluating some 

hidden ore deposits such as coal, bentonite, etc… in the Tay Nguyen area. 

- Vietnam has three quarter of hilly and mountainous areas where many mineral 

resources are distributed, the effective application of seismic reflection geophysics 

method in complex topographic conditions area for basic geological and mineral 

research surveys, better contribution for Vietnam's strategy of mineral evaluation up to 

a depth of 1000 m. 

9. Structure of the thesis 

The thesis includes 104 A4-sized pages, with 06 tables, 68 illustrations figures 

and 18 references that consists of the following parts:  

Introduction 

Chapter 1: The overview of geological characteristics of Ba River basin and 

Dong Trieu - Quang Ninh area. 

Chapter 2: Research to improve the efficiency of acquisition and processing 2D 

seismic reflection data in Ba River basin and Dong Trieu - Quang Ninh area. 

Chapter 3: Some characteristics of geological structure in Ba River basin and 

Dong Trieu - Quang Ninh area based on the results of applying the seismic reflection 

geophysicss method. 

Conclusions and recommendations. 

List of Researcher’s publication 

References 

10. Place of thesis completion and acknowledgement 

 The thesis has been carried out and completed at the Vietnam Institute of 
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under the scientific guidance of Prof.Dr.Sc. Pham Khoan and Dr. Trinh Hai Son. 

The PhD candidate’s acknowledgment would like to express the deepest  

gratitude to Prof. Dr. Sc. Pham Khoan and Dr. Trinh Hai Son for their valuable 
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thanks goes to colleagues from the Vietnam Institute of Geosciences and Mineral 
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CHAPTER 1: THE OVERVIEW OF GEOLOGICAL CHARACTERISTICS OF 

BA RIVER BASIN AND DONG TRIEU - QUANG NINH AREA. 

1.1 The overview of geological characteristic of Ba River basin  

Based on the summary of published research results on Neogen sediments, the 

geographical and geological characteristics of the study area are presented as the 

followings: 

1.1.1 Geographic location. 

Ba River basin is located in the Ba River system. This river system originates 

from the mountains range in the east of Kon Tum and Gia Lai provinces, including the 

north-south direction stream network in Kon Plong, Kbang, An Khe and Ayun Pa 

districts. From Ayun Pa, the river flows in a southeast through Krong Pa district into 

Tuy Hoa (Phu Yen). 

The Ba River basin is included the Ba River fault zone, passing through four 

central provinces of Vietnam such as Kon Tum, Gia Lai, Dac Lac and Phu Yen with a 

catchment area of about 13,900 km2 [7]. 

 

Figure1.1. Map of research location of Ba River basin 

1.1.2 Geological – tectonic setting 

The Ba River Neogen basin develops along the Ba River fault zone, considered 

as rift-like forming mechanism by geologists. In the study area, geological formations 

are the following: 

1.1.2.1 Stratigraphy 

Mang Yang Formation (T2my) 

Mang Yang Formation exposes in narrow band in the Mang Yang pass, An Khe 

and in the western of Van Canh areas [4,7]. 

Don Duong Formation (K2đd)  
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The formation is distributed in Ia R’sai (Đ. Cheo Reo) and in Ky Lo. Thickness: 

250 - 400m and is divided into 2 sub-formation [4]. 

Ba River Formation (N1
3sb) 

The formation is distributed in small basins along the Ba River valley, mainly 

in the areas of Phu Tuc and Cheo Reo (Trinh Danh, 1985), extending from Dac To, 

through Kon Tum (Kon Tum), Pleiku (Gia Lai) to Buon Ma Thuot (Dak Lak). 

In the northeast of Cheo Reo town, the exposed profile of Ba River formation is 

basically the same as in Phu Tuc, but the coarse sized sediment in the lower part of the 

profile decreases, whereas the fine grain increases. The formation slightly deformed in 

some places. The thickness in some places can reach 800 m. 

Kon Tum Formation (N1kt) 

Distributed in the areas of Kon Tum town, Pleiku (Gia Lai), Buon Ma Thuot 

(Dak Lak) and along the Ba River valley [6]. 

1.1.2.2 Magma complex 

Deo Ca complex (γδ-γξ-γKđc) 

The complex are revealed in areas of Hanh Son mountain (108km2), Hien 

mountain (153km2), Chu Tun (86km2), Ba Nhong (102km2), and including 3 intrusive 

phases and 3 dyke phases. 

Van Canh complex (γδ-γξ-γT2νc) 

Exposed in small bodies in Chu Gongol (112km2), Chu Pro (56km2), Thanh 

An(50km2), Chu Go (17km2), Chu Don (24km2), Ia Toe (25km2), and including 3 

phases of intrusive and dyke phase. 

1.1.3 Some existing problems in geological research of Ba River basin. 

The thickness of Kon Tum and Ba River Formations: based on direct 

observations at outcrop and in bore holes (mainly water bore holes), previous 

documents describe the average thickness of The Ba River formation is about 350-

400m, the Kon Tum formation is about 100-200m, in particular up to 400m, but using 

the shallow and high resolution seismic results (Duong Duc Kiem, 2006) the thickness 

of the Kon Tum formation has up to 1000m. 

The use of seismic reflection geophysics method in this study will contribute to 

determining the thickness of the Kon Tum and Ba River formations as well as the 

geological structure of the Ba River basin in the study area. 

1.2 The overview of geological characteristic in Dong Trieu – Quang Ninh 

area 

1.2.1 Geographic location 

The Dong Trieu - Quang Ninh area belongs to the Mao Khe - Uong Bi block of 

the Northeast coal basin (Figure 1.2). The area exists two main types of topography : 

+ Low mountainous topography : Distribution over most of the area, including 

isometric bowls form and bare hills, slopes of 100 to 200. The height is usually from 

20m to 0m. Most of the hill tops are connected by the Deluvi slopes of the 

incomplete plantation process. 

+ Highly mountainous areas: Including mountains distributed next to the 

Northern part of the low mountain topography area. The slopes are almost 
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asymmetrical and have hierarchical facing south. The main mountain ranges are 

prolonged latitude direction, the highest peak of 514m (Co Yem peak). The northern 

slopes steep up to 400 500 are often divided by streams with north - south directions 

and perpendicular to strike of the rock. The south is less steep from 200 to 00. 

 

Figure1.2. Diagram of seismic lines and structure of Northeast coal basin 

1.2.2 Geological – tectonic setting 

1.2.2.1 Stratigraphy 

In general, the Northeastern coal basin has three levels of structure: 

-The basement of the basin consists of Paleozoic - early Mesozoic aged 

terrigenous sediments and carbonate. 

- The coal reservoir are included sediments of Hon Gai formation aged Late 

Triassic. 

- The terrigenous sediment layers unconformability overlap on coal-bearing 

strata, including terrigenous Jurassic and Cenozoic aged sediments. 

Using Hoang Van Can and others (1979 report), the coal-bearing strata is 

identified Nori-Reti aged and divide the coal-containing bands into different coal-

bearing sections in the Dong Trieu – Quang Ninh area. The stratigraphy includes 

Paleozoic, Mesozoic and Cenozoic sediments. Research results on stratigraphy of the 

area are summarized as follows: 

Hon Gai Formation (T3n-r)hg 

Coal-bearing sediments of Hon Gai formation are distributed in the West-East 

direction Mao Khe - Uong Bi trough formed by two faults: F18 in the South and FTL 

(Trung Luong) in the North. In Trang Bach mine, the coal-bearing sediments section 

of Hon Gai formation is divided into three sub-formations as follows: 

1- The lower Hon Gai sub-formation (T3n-)hg1 

2- The middle Hon Gai sub-formation(T3n-r)hg2 

3 - The upper Hon Gai sub-formation(T3n - r)hg3 

Quaternary (Q) 

Quaternary sediments are widely distributed in the plain and low hills south of 

Mao Khe - Uong Bi mountain range and distributed in stream valleys, at the lower part 

of mountain slopes. The thickness of quaternary varies from 5 -50m, are composed of 

cohesive and colorful pebbles, sand, clay. 

1.2.2.2 Tectonics 
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The Dong Trieu – Quang Ninh area is located in the structure of Mao Khe - 

Trang Bach anticlinorium, in the Hon Geotectonic subsidence. Two wings of this anti 

clinorium have an asymmetrical shape. The southern wing is interrupted and lifted up 

by FB fault, and exposing sediments of the lower Hon Gai formation (T3n-r)hag by the 

affection of degradation erosion. The northern wing exposes a large area extending 

from Mao Khe to the west with north dip and monoclonal form, some of the 

northwest-southeast faults nearly parallel to the axis of Mao Khe - Trang Bach 

anticline. 

Folds 

Trung Luong synclinal: adjacent to Trung Luong fault in the north, Mao Khe 

anticline in the south, extending 15km along the East - West direction. The north side 

dips from 30 - 500 and from 20 - 400  in the south. The axis of syncline parallel to the 

Trung Luong fault. The west of syncline are covered by Jura and Neogen sediments. 

Mao Khe anticline: this is an anticline in the center of the coal region that 

extending about 10km east west direction. In the eastern, the axis is gradually bent to 

the southeast. Mao Khe anticline is formed by sediments of the middle Hon Gai 

formation with many valuable coal bearing stratum being explored and exploited. 

Faults 

 

Figure 1.3.The faults distribution map in Dong Trieu-Quang Ninh area 

Reverse fault A-A (FA): This north dip fault is played the role of structural 

block division. The fault is mainly distributed in the area of Mao Khe mine, dividing 

the mine into 2 blocks: North and South. The fracture zone of this fault varies from 

50m  100m. The slope of the fault surface varies from 70 to 800. 

Reverse fault FT (F.TB):Occurs from FA (T.IX) in Mao Khe area and extends 

to the line T.XVIII in the west-east direction. The fault is disturbed by F.433 fault (F 

.2) in the middle of the lines XV and XVI. The fault surface is dipping northeastern 

with the angle varies from 70 to 800. The movement distance of sediment and coal 

layers in both wings varies from 90m to 120m following the sliding surface. 

Normal fault F.B: extending from Mao Khe to Uong Bi. In Trang Bach area, 

the fault is a boundary dividing sediments of the lower Hon Gai sub-formation T3n-

rhg1and the middle subformationT3n-rhg2. The F.B fault is located to the south of the 
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mine, extending parallel to longitudinal direction, the fault surface is dipping north 

with the angle varies from 60 to 750. 

Fault F.129 (F.1): Fault is extending through the northern area of Mao Khe 

from line T.XI to T.XV. It is a normal fault that transverses to the south and 

developing further to the north and ends in Mao Khe area. The sliding surface of the 

fault is northeast, with northwest - southeast direction. The fracture zone are usually 

consisted of soft clay or multi-component siltstone. 

Normal fault F.433 (F.2): Fault starts from fault F.129 (F.1) in the east of line 

XVIII and extends to the west. The fault appears to be a curve parallel to latitude, with 

the moving happens along both the dip and strike direction. The movement distance 

following the sliding surface varies from 70m to 100m, the horizontal movement 

gradually decreased from east to west. 

Normal fault F.11: The fault has occurred through the northern area of Mao 

Khe from the line T.XIVA to T.XVA and stopped  by the F.129 fault. The fault 

surface is  dipping north with angle changes from 700 to 750, observed in the northwest 

of the mine. 

Normal fault F.15: dipping east, meridian direction with the angle changes 

from 700to 750. Movement distance is not too large following the dip direction, about 

50m. The horizontal movement varies from south to north. The further north, the 

movement of the sediment in the two fault wings are narrower. 

1.2.3 Some existence problems in geological research in Dong Trieu – Quang 

Ninh area. 

To geological structure:  

- The structure of the coal-bearing bands in Bao Dai and Pha Lai – Ke Bao has 

only been preliminary studied by the means of gravity measurement and some single 

drill holes, so the characteristics of the basement surface along strike and dip bands is 

still a remain problem, making difficulties to assess the concentration ability of coal 

bearing sediment in different regions. 

- In facts, some faults are mentioned impervious geological research, but most 

of them have not been controlled by any geological field sites. The horizontal fracture 

zones crossing the coal-bearing layers have not been properly studied, and their impact 

on moving coal and sediment sequences. The distribution rules and morphological 

characteristics of smaller faults in the mine area have not been investigated in detail, 

which also has negative effects on the reliable determination of coal reserves and coal 

mining. 

- The large fold have been delineated but in many areas, their wings are 

interconnected with many forced assumptions. Higher-grade, smaller-scale folds have 

not to be determined cause of sparse survey network of sites in some areas. 

The correction of faults and folds identification will give more accurate 

information about the number of coal-bearing layers as well as coal potential regions, 

greatly improving the reliability of coal resources. 

To coal resources: 
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- The research to stratigraphic identification of coal layers and coal-bearing 

sediments are remain problem particular in each mine area and in the coal basin in 

general. So it is greatly affected to research on deep structure of mines and the level of 

confidence. reliability or evaluation coal resources. 

- The level of coal resource investigation in some areas still is in low and very 

low levels. Coal resources deeper areas: – 300, -500 m have just been briefly studied, 

drill holes network is still sparse as well as the depth has not controlled all industrial 

coal strata and determining the bottom of coal sediment basin, which not enough to 

forecast resources of 334a and 334b. 

CHAPTER 2: RESEARCH TO IMPROVE THE EFFICIENCY OF 

EXPLOSION, RECORDING AND PROCESSING 2D SEISMIC REFLECTION 

DATA IN BA RIVER BASIN AND DONG TRIEU - QUANG NINH AREA. 

2.1 The seismic reflection method and some existence 

2.1.1 The status of seismic reflection research in Vietnam 

Seismic reflection geophysical method has been applied in Vietnam since the 

1960s mainly to survey oil and gas sedimentary basins in the Northern Delta - Hanoi 

basin, then have been applied at a very large scale to investigate the geological 

structure and prospects of oil and gas on the continental shelf of Vietnam. 

Since 2005, Vietnam Institute of Geosciences and Mineral Resources has been 

equipped the STRATA-VISOR 48 channels seismograph with 3m or 5m interval 

between fixed recorder, the 2D seismic reflection geophysics method has just begun to 

be tested and deployed to study the geological structure within the framework of 

science and technology research and projects of the Ministry of Natural Resources and 

Environment. Given the relatively low configuration of the equipment, the surveys 

were conducted by a common midpoint method with a observation system with a 

multiple of 12, a measurement step of 5m, a length of the receiver cable is 235m. 

Since 2009, after realizing the effect of 2D reflection seismic method in 

geological structure research, the Ministry of Natural Resources and Environment 

continues to equip Sercel's E428XL Seismograph, with 480 channel, the spacing of 15, 

20, 50m receiver cable, for the General Department of Geology and Minerals of 

Vietnam. 

2.1.2 The remain existence  

In Vietnam, the use of 2D seismic reflection geophysics method in geological 

structure research and mineral potential assessment has been applied since 2005 and 

achieved some initial results. But, the in-field explosive acquisition techniques and 

data processing methods are in the basic level, leading to the low efficiency and the 

low ability to apply the seismic reflection method in other research fields. Therefore, 

the seismic reflection method is only performed in the simple geological structure 

areas, especially the simple topographical conditions area. 

When using seismographs with a small number of channels (<48 channels) and 

small spacing (<5m), the choice of explosive acquisition parameters is very important 

because it allows receiving the reflected seismic waves from deep sequences, 

increasing the signal / noise ratio of the data. If the explosive acquisition parameters 
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are computed and selected incorrectly, it will lead to a decrease in the quality of 

seismic section and even the reflected seismic wave will not be obtained. 

In complex topographical condition area, the surface layers have characterized 

with  low velocity and can change in the thickness and wave transmission velocity, it 

is a difficult in the static calibration to eliminate the influence of topography and low 

velocity layer on seismic data, but this is an important problem that requires high 

accuracy. If the static calibration is not correct, achieved result is a failure structure 

seismic cross-section leading to misinterpretation of geology. 

To improve the efficiency and applicability of 2D seismic reflection methods, 

studies on 2D seismic reflection techniques (when using low-profile seismograph) and 

data processing methods, especially static calibration (on the area of complex 

topography and  geological structure condition) are required, because they determine 

the success of 2D seismic reflection surveys. 

2.2 Research on explosive acquisition technical solution in Ba River basin 

In the research area, we use a 48-channel STRATA-VISOR seismograph, 5m 

the spacing between receivers. 

With the above equipment conditions, in addition to technical solutions in order 

to obtain high quality seismic recording, the PhD researcher also selects the 

observation system to increase the research depth and multiple receive. 

2.2.1 The wave observation system selection 

Although all three parameters: the distance between the receiver, the explosion 

point and the length of receive cable are very important while choosing the parameters 

for the reflected wave observation system, but in reality we are almost impossible to 

select these parameters. The obstructing reasons for these parameters selection are the 

limitation of equipment(number of channels, spacing between the receivers and the 

receiving cable), or expense for fieldwork (under real conditions in Vietnam at that 

time). However, all three parameters are not as important as the fourth parameter that 

the window of the observation system. Because, with the optimal window selection of 

the observation system while having all three parameters fixed, we are still able to 

achieve the desired result. 

In order to select the observation window, it is necessary to observe the wave 

field on long observation periods. The recording at this step is conducted as follows: 

At a fixed broadcast position, the 235m-long receiver is arranged, collecting the wave 

by the wing system. Exploding and recording wave bands with windows 0 and 240m 

respectively on the left and right of the fixed broadcasting position. The result of 

recording tape will be observed as an extended observation system consisting of 192 

traces, with the seismology lying symmetrically with the wave source (Figure 2.1). 

 



 

11 

 

 

Figure2.1.The result of observing the waves by the extended observation system. 

On the figure 2.3, we can observe the following waves: 

- Air wave: has a high frequency and a speed of about 340m / s (black line). 

- Ground roll: all types are located in the time zone (the yellow triangle). 

- Refracted wave: appears at the beginning of the tape (the purple-green 

polyline) 

- Reflected wave: ere is a hyperbol seismograph which is symmetrical to the 

time axis(in the area of cobalt blue triangle). These waves are clearly observed because 

they are separate from other types of noise wave. 

From the received recording tape, it can be seen that noise waves such as sound 

waves, ground roll etc... has a very large amplitude and impossible to observe reflected 

waves on the recording tape at observing distances less than 30m. At the distance from 

30 to 170mfromthe broadcasting point, the reflected waves can be observed from 70  

80ms to 200  250ms. At this observation distance, the reflected waves from the 

shallow layers can be observed quite smoothly, because on this distance the noise 

wave does not exist. 

In summary, the selection of geometric parameters of seismic observation 

system is very important, it is firstly chosen based on the object to be surveyed, the 

depth, the environment of the object ... 

2.2.2 Explosive acquisition parameters in Ba River basin  

From the experiment and calculations described above, we have determined the 

explosion parameters to conduct seismic reflection measurements on the line T1-

Ayunpa and line T2-Krongpa with the following parameters: 

Table  2.1. Table of parameters for 2D explosive acquisition seismic in Ba River 

Geometric parameters  

Number of channels (receiver group)  48; 

- Distance between receiver  5m; 

- Source spacing 5m; 

- The average multiples 24; 

- Wave point In the middle off cable 

Source wave parameters 

- Source type explosive; 
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- Explosion depth 6m in drill hole 

- Explosive weight 300g plastic explosives, instant 

electric detonators 

Recording parameters: 

- Recording time 1024ms; 

- Modeling step  0.5ms; 

- File format  SEG2 

- Equipment STRATAVISOR 48 channels 

2.3 Research on explosive acquisition techniques in Dong Trieu – Quang 

Ninh area 

The work of acquisition seismic reflection data in Dong Trieu - Quang Ninh 

area was conducted in 2016. In there, we used 480 channels - Sercel E428XL seismic 

station, cable spacing of 10m between the receivers. So it is possible to say that we are 

not limited on the equipment. However, this is an area with complex topographic and 

geological conditions, the boundary of geological structure elements with relatively 

steep slope angle. So it is necessary to study and evaluate the effectiveness of the 

seismic method reflection as well as calculating the explosive parameters to get the 

best data. To achieve this standard, we conducted a 2D theoretical transmission model, 

aka seismic - geology model. In this model, the geometry of geological elements 

(stratigraphic boundaries, coal seams, faults, etc.) is taken from the previous 

geological research results and assigned to geological structure factors such as density 

and corresponding wave propagation velocity. 

2.3.1 Constructing the theoretical transmission model of the grid survey  

At Mao Khe – Uong Bi block in Quang Ninh coal basin, we have collected 

geological sections with exploration boreholes (Figure 2.2) 

 

Figure2.2. Geological section of XVII line in Mao Khe - Uong Bi block [1] 

As we all have been known, the reflective ability can be detected and 

demonstrated in seismic reflection when there is difference in acoustic impedance 

between mineral objects or layers and environment, surrounding geological factors. 

The acoustic impedance of rocks is determined in laboratories and drilling-well values 

and is the multiple of the layer’s velocity and density. 

Figure 2.3 is a geological-seismic model of the T.XVII survey line (Figure 2.2) 

on which there is stratigraphic stratigraphy corresponding to the geological section 

with corresponding wave density and velocity values. 

After completing the construction of the geological-seismic model, we 

proceeded to establish wave propagation models (theoretical wave tape) with wave 
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sources at different positions and observation intervals for analysis and assess the 

effectiveness of the method as well as the parameters of explosive recording (Figure 

2.3) 

 

Figure 2.3. 2.3: Assumed explosion in the middle of the line 

Using the theoretical transmission model, although at source locations closing 

to the boundaries of a steep slope, in general, at all source locations, reflected waves 

can be observed from the boundaries below. However, assumed explosives are 

collected on the whole route (no limit on the length of the recording line), which is not 

possible in practice. When applying in practice, it is necessary to determine the 

number of channels and the length of the cable to ensure and budget technical 

efficiency. For this study, we constructed theoretical wave tape at a location with 

different number of receiving channels (60, 120 and 240 channels) for comparison, the 

spacing between receiving channels was 10m (Figure 2.4). 

 

Figure 2.4. Comparison of theoretical tape with different number of channels. From 

left to right: 60 channels, 120 channels and 240 channels 

In Figure 2.4 we can see the reflective layer from the shallow boundary (200 to 

300ms) on all three wave bands. Moreover, the 60-channel tape cannot be observed, 

the 120-channel tape can observed, but the links between reflected waves is difficult. 

Only on the 240-channel tape can we both observe and link the reflected waves well. 

. Therefore, it is necessary to use at least 240 channels (2400m per leg) in order to 

fully observe the reflected waves from the boundary of the underlying rock layers. 

2.3.2 The acquisition parameters of are Dong Trieu - Quang Ninh 

Base on the test results and the parameters calculated, we have determined the 

parameters to use. These parameters are shown in the Table 2.2 below: 

Table 2.2. The acquisition parameters of 2D reflection seismic for Dong Trieu area 

Geometry parameter 

–Channels (receiver groups)  240; 

–Spacing between receiver Plug in circles r = 1m 
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–Number of receivers in each group  9; 

–Spacing between receiver groups  10m; 

–Spacing between shot   20m; 

–Medium fold  60; 

–Shot point Between the receiver cable 

Shot parameter 

–Source type Explosive sources; 

–Depth of charge Bore depth 2 to 3m; 

–Charge size  1kg plastic explosive, detonating electric 

detonators immediately. 

Recording parameter: 

–Recording time  2048ms; 

–Sample interval  0.5ms; 

–File format  SEGD. 

–Seismograph system E428XL – Sercel 480 channels 

2.4 Research on seismic data processing methods for static correction (2D) 

2.4.1 The influence of topography and low velocity layer 

Topographic and low velocity layers affect directly the 2D reflection seismic 

results.  In order to remove these influencing factors, in the data analyzing process, we 

have to apply correction (compensation) for the amount of time, due to the fact that 

seismic waves must be transmitted from the reference surface to the topographic (real 

surface). This correction is known as static correction. Static correction has become an 

important and compulsive step in all seismic reflection data processing on the land. 

Many methods have been developed to calculate static correction all over the world. 

To calculate this compensate time accurately, we need build a model (number of 

layers, wave velocity, the thickness of each layer) of the low velocity layer (weathered 

layers). The more accurate the weathered layers model, the more precise the calculated 

correction. To build the model for low velocity layers, we use methods such as: 

measuring the velocity directly from boreholes or using refraction waves. Besides, to 

calculate static adjustment, we also use statistical methods (residual statics) without 

having to build a model for the low velocity layers [9,15,16] 

2.4.2 Static correction methods 

In the scope of this thesis, PhD candidate focuses on applying the new static 

correction method, that is statics corrections by interfering refraction waves. 

The statics corrections by interfering refraction waves was studied build a 

weathered layer model for static correction, with many advantages compared to the 

previous traditional methods: (i) do not have to determine arrival time of refraction 

waves on seismic tapes; (ii) eliminating errors caused by human during the process of 

picking refraction wave; and (iii) taking advantage of statistical effects of multi–times 

acquisition at the same point (shot and receiver) during a seismic measurement.  

Basically, this method is based on reciprocal time method and can be described 

briefly as follows:  
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The depth of weathered layer at the position of receiver R1 is calculated by 

delay time td with the formula: 

td = tB-R1 + tC-R1 – tC-B  (2.1) 

 

Figure2.5. Diagram describes the wave time to the receiver. 

Delay time td can be determined by convolving trace S1–R1 with S2–R1 

(equivalent to the summation) and cross–correlating the result with the trace S1–S2 

(equivalent to the subtraction). The result will have a trace with amplitude peak at the 

time td. The traces on the line with the same configuration as above will be added at 

the receiver R1 position and after stacking all traces at the same receiver on the line, 

we have refraction convolution stack section (RCS). 

     (2.2) 

With the addition (stacking) as above, the signal to noise ratio will increase. So 

the determination of delay time to the receiver is easy and accurate. Subsequently, at 

the low signal to noise ratio areas, it can show the errors when we assign coordinates 

of receivers for seismic tape. 

Next step: Determining the velocity of the refraction layer by the interference 

(Figure 2.6). Traces from the same shot and the fixed distance between two receivers 

are cross–correlated. Proceeding subsequently like that with the shots on the left, then 

on the right R1–R2, and stacking on each side. 

The convolution of two results on the left and on the right R1–R2 together, we 

have one trace that shows the variation of the velocity in the refraction layer 

(refraction velocity stack – RVS). 

 (2.3) 

With this result at the time tv, seismic trace has the maximum peak amplitude, tv 

calculated by the following formula: 

  (2.4) 

 

Figure2.6. Diagram describes the delay time rely on the velocity variation. 

This following image below describes an example of the delay time calculated 

in (RCS) and (RVS), which is created by one same refraction surface. The green line 

represents the picking of delay time automatically. 
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Figure 2.7. Delay time and the velocity of refraction layer calculated by RCS and RVS. 

After picking the delay time, we will have the velocity model using depth by 

applying Snell’s law. Static correction values are determined by the formula: 

  (2.5) 

Where: 

td: delay time; 

Vw: velocity of the weathering layer; 

Vr : velocity of the refraction layer (replace). 

2.4.3 Results of 2D reflection seismic data processing in the study areas 

2.4.3.1 2D Reflection seismic data processing workflow 

The process includes steps to remove or decrease the random or coherence 

noise (mainly cause by the source) and identifying reflection waves over all time 

periods clearly. 

Seismic data processing is carried out on the above process. Some post–

processing seismic sections are shown below: 

 

Figure 2.8. Seismic section of Ayunpa survey line. The top is old document result and 

the bottom is a new result that has been re–processed 

2D Seismic reflection line in Ayunpa after reprocessing (figure 2.8) by static 

correction using interferometric refraction method, we can see that: in the shallow part, 

boundaries are more continuous and clearer than the old document. Especially in the 

blue circle area, after re–processing, the less steep boundaries appear and are tangent 

to hard–rock and create sedimentary layers with taper shape. 

Figure 2.9 below is the result of reflection seismic data processing in Krongpa. 

In the upper part, it’s section using old seismic data processing; in the bottom part, it’s 
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a seismic section with new processing method:  Interferometric refraction static 

correction. In the shallow part, the new reflectors are more continuous and clearer than 

the old document. Especially in the blue circle area, after re-processing, reflection 

surfaces are not overlap like old document, we can see fracture zone, related faults. 

 

Figure 2.9. Seismic section of Krongpa survey line using time. The top is old document 

and the bottom is a new result that has been with re-processed 

 

Figure 2.10 Seismic section using time in Dong Trieu - Quang Ninh 

CHAPTER 3: SOME CHARACTERISTICS OF GEOLOGICAL STRUCTURE 

IN BA RIVER BASIN AND DONG TRIEU – QUANG NINH AREA FROM 

THE REFLECTION SEISMIC RESULTS 

3.1 Seismic section analyzing  

Seismic sections after processing represent geological structures in the form of 

seismic wave fields. To have geological structure along the survey line, the geology 

interpretation of seismic section is required. 

Nowadays, seismic stratigraphy has given an instruction to interpret seismic 

section. This instruction consists of 4 basic steps: 

First step: Dividing the seismic sections vertically into seismic sequences. 

Geologically, the seismic sequences include collections of sedimentary layers that 

related to each other in origin and are limited by the unconformity surface. This 

indicates that a seismic sequence is a geological stratigraphic unit. 

Second step: Determining the boundaries between seismic stratigraphy base on 

the signs of lying postures and the end of reflection surface above and seismic 

stratigraphic boundaries below. The signs of stratigraphic boundaries such as top-lap, 
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truncation, and trenching to determine the top of sequences to determine the 

unconformity at the bottom of sequence, we usually use the signs: down-lap, on-lap… 

Third step: Determining the face of seismic sequence. The determination of 

faces is not based on the characteristics of wave field, but mainly on the shape and 

lying of reflector, frequency, seismic amplitudes. The above characteristics are closely 

related to the fluctuations of sea levels. 

Fourth step: Determining tectonic faults. Tectonic faults are identified base on 

the following signs: 

- Existing vertical movement systematically of the reflectors on the two side of 

the fault. 

- Existing losing wave zones. 

- Reflection from the sliding surface, when the faults dip 

+ The sudden interruption of the slope. The seismic section has missing wave 

areas 

+ The presence of faults make the axes to co–phase, the reflectors are moved 

systematically. 

+ The presence of faults appear scattering waves, refraction, reflection, dark 

area like pyramid on both sides of fault. 

3.2 Some geological structure characteristics of Ba River basin using seismic 

reflection data 

3.2.1 Geological interpretation of Krongpa seismic data 

In the project “Sedimentology of Tay Nguyen Neo-gen formation and related 

minerals” by the Dr. Trinh Hai Son, based on seismic section, we constructed drilling 

holes LK.N02 with a depth of 502 meters. Using drilling data (figure 3.1), Neo-gen 

sediments are divided into 2 sequences, with the following details: 

 

Figure3.1 Stratigraphic columns of drill hole 

The borehole LK.N02 has drilled through the sediments of the Song Ba 

Formation, and met base rocks, which are the rhyolite eruptive rocks of Mang Yang 

formation. In here, the sedimentary rocks of the Song Ba Formation overlap 

uncomfortably on eruption rhyolite rocks of Mang Yang formation, and they are 
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covered by sediments of the Kon Tum Formation (13.8 – 88.0m) and Quaternary 

sediments. 

Using the document of the borehole LK.N02, the components of Song Ba 

Formation (from a depth of 88.0m to 499m) include 2 sequences counting from bottom 

to top: 

1st sequence: Include 12 layers, sedimentary components distribute from 249.5 

– 499m. 

2rd sequence: Include 7 layers, sedimentary components distribute from 88.0 to 

249.5m. 

The drill hole LK.N02 is equivalent to the location of common mid-point 724 

on the seismic line of KrongPa. 

Seismic section of survey line 2 – Krongpa is shown in Figure 3.2. In the 

seismic section, we can observe seismic sequence counting from top to the bottom:  

- A sequence: Characterized by wave field has strong seismic amplitude, 

continuous and horizontal layers. The sequence is separated with below sequence by 

the R4 boundary. The R4 boundary is defined as unconformity by the signs of the top 

clearly from reflection phase below it. Average thickness is 42 meters. 

- B sequence: located in the top left corner of seismic section, from CMP 12 to 

CMP 805. This sequence is characterized by medium wave field and occasionally 

interrupted. The bottom of sequence is a strong and continuous reflector R3. It can be 

considered as an uncomfortably envelope form. The bottom of sequence, the phases 

are irregular, especially the first one of line. These phases are probably related to the 

thin layer of conglomerate. This boundary coincides with boundary of KonTum 

formation in the document of the LK.N02 borehole. 

- B2 sequence: B2 sequence is divided with the upper sequence B3 by the 

boundary R3. B2 sequence has relatively strong and continuous reflection phase. The 

reflection phase falls gently from the end of the line to the beginning of the line with a 

slope of about from 15 to 300. They are also related to the pacing of sediments with 

element variation (clay–powdery–sand–gravel) which is quite common that drilling 

documents have shown previously. The R2 boundary is a strong and continuous 

reflector. It separates B2 sequence with B1 sequence with strong seismic amplitude 

below. This boundary has an unconformity top shape. It’s the bottom of 2rd sequence 

in the document of LK.N02 borehole. 

- B1 sequence: B1 sequence is separated with upper B2 sequence by the R2 

boundary and C sequence below by the R1 boundary. B2 sequence has strong 

reflection seismic phase and continuous, especially the lower part of sequence. The 

reflection seismic phases are bent along boundary R1 and have pretty slope related 

with brown coal seam in the areas. With seismic wave fields are strong reflector and 

continuous, we can predict this is the main coal storage in the study area. They are also 

related to the pacing of the variation of sediments (clay–powdery–sand–gravel), which 

are quite common in the document of borehole previous. The boundary R1 is a 

unconformity with down-lap with the variation of depth from 0m (end of line) to 750m 

(top of line). The average thickness is about 450m. 
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- C sequence: located under the R1 boundary. In this sequence, we can observe 

seismic phases, characteristic of the “time” wave field, often seen in the base rock. The 

rocks belong to C sequence expose at the end of line, and are identified that they 

belong to Van Canh complex. 

Based on the characteristics of the wave field, and the arrangement of the layers 

and sequences described above, we can predict that A sequence is the Quaternary 

sediment, B sequence is the Neo-gen sediment that is not overlap conformity on the 

base rock, it’s probably the Van Canh complex in the middle of Triassic.  

 

Figure 3.2. Deep seismic section of survey line 2 – Krongpa 

3.2.2 Geological interpretation of Ayunpa seismic reflection data 

On the time section, follow direction southwest to northeast (from the top of 

line, on the left to end of line, on the right) there is a clear change in the morphology 

of seismic wave filed. This seismic section is divided into two parts. The first part 

(part I) starts from the top of line and extends to CMP 380; the second part (part II) is 

the remaining of the line. The wave field of part I is noisy and so we cannot observe 

reflectors. It’s a “mute” wave field, that is characteristic of the base rock and seismic 

observation system is not large enough to identify reflector below. Part II starts from 

CMP 380 to the end of line (CMP 1370) with distinctive characteristics. The reflection 

phases are quite strong and can be observed up to about 700ms. The waveforms are 

parallel, almost horizontal in the middle of the line and slope a little at the end of line. 

Because the line is too short, it is impossible to monitor the development of these wave 

phases. 

In the vertical direction, we can observe sequences, from top to bottom: 

- A sequence: weak wave field characteristics, horizontal layering properties, 

the bottom of sequence is a strong and highly continuous reflector. The sequence is 

separated to sequence B3 below by the boundary R4. This is an unconformity due to 

on-lap and digging marks. Base on the characteristics of the wave field of sequence A 

are Aluvi powder sand member in the river. The average thickness of this sequence is 

about 37m. 

- B3 sequence: is separated from A sequence by R4 boundary and B2 sequence 

by R3 boundary. The B3 boundary undulates continuously using the bottom of B 

sequence below. B3 sequence is characterized by medium to strong and relatively 
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continuous reflections, especially at the end of the line, when the wave phases tend to 

skew down. The top of the line has a wedge–shaped shape in contact with the solid 

granite. Using the characteristics of the wave field, B3 sequence is siltstone, sandstone. 

The R3 boundary can be related with thin conglomerate layer or brown coal seam. The 

average thickness of the formation is about 240m. 

- B2 sequence: sequence is located below the sequence B3 and whose bottom is 

the boundary R2. The boundary R2 has a meandering but opposite of the boundary R3. 

The sequence B2 is characterized by an average continuous wave field with a 

discontinuity, the composition is probably coarser–grained sediments than sequence 

B3. The bottom of sequence is identified by the difference with weak reflection below. 

The average thickness of the sequence is about 280m. 

- B1 sequence: This sequence has a completely different wave field 

characteristic with the two B3 and B2 sequence lie on it. The wave field here is weak, 

it is almost difficult to observe the reflection wave phases, which shows that the 

sedimentary material composition is relatively homogeneous. The average thickness of 

the sequence is about 180–300m. 

- C sequence: Located below the R1 boundary, there is a relatively rapid change 

(amplitude from 640m to 860m – figure 3.7). The boundary R1 is sometimes 

discontinuous, determined based on the scatter wave phases in sequence C, this is an 

unconformity. Scattering waveforms appearing in sequence C show on-lap of it 

(boundary R1), and the terrain is very un-even and complex, it’s also the bottom of 

Neo-gen formations. 

Based on the characteristics of the wave field, and the arrangement of the 

layers, the sequences are described above can be predict that the A sequence is the 

Quaternary sediment; the B sequence is Neo-gen sediments overlap unconformable on 

the base rock, it’s probably the Van Cahn complex of the middle Triassic. 

Research results of geological structure characteristics of Song Ba basin rely on 

seismic reflection data, which is published by the PhD candidate in the research: 

“Studying on structure characteristics of Song Ba Basin using seismic reflection 

data.” - Mining industry magazine of Vietnam Mining Science and Technology 

Association No. 12 in 2018, Hanoi. 

 

 

Figure 3.3. Depth seismic section of survey line 1 – Ayunpa 
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3.3 Some geological structure characteristics of Dong Trieu area using 

seismic reflection data 

3.3.1 Seismic boundary and seismic sequences 

The coal–bearing sediments of Hon Gai formation are distributed in the West–

East of Mao Khe–Uong Bi trough, and formed by two faults: F18 in the South and 

FTL (Trung Luong) in the North. 

With the results of 2D seismic reflection survey in Dong Trieu – Quang Ninh 

area, we identified three main boundaries, denoted as R1, R2 and R3 respectively. 

- R1 boundary has the characteristics that the upper side is the reflectors with 

strong and continuous amplitude. This may be the boundary between the T3n–rhg3  

formation and T3n–rhg2formation 

- R2 boundary has the characteristics that the upper side is the reflectors with 

weak amplitude and the continuity is not high. 

- R3 boundary has the characteristics that the upper side is the reflectors with 

strong and continuous amplitude. 

On the basis of reflection boundaries, we divide into seismic sequences rely on 

characteristics of wave field and coal storage ability:  

1st sequence: Distributed in the middle of the line to near the end of the line, 

belong T3n–rhg3 formation, so this is a poor coal sequence. 

2nd sequence: Located below R1 and above R2, belongs to the T3n–

rhg2formation, it has wave characteristic field with low amplitude, low frequency, and 

the continuity is not high. It may be a poor coal seam, corresponding to the coal 

reservoir on V1(36) partition to V.25(60) partition. This is also consistent with the 

document of "Report on investigation and assessment of coal potential below 300m 

level of coal basin of Quang Ninh" edited by Nguyen Van Sao. 

3rd sequence: Located below R2 and above R3, belongs to the T3n–

rhg2formation, has wave characteristic field with high amplitude, medium frequency 

and high continuity. We predict this is a rich coal seam, corresponding to the coal 

reservoir. This is consistent with the document of " Report on investigation and 

assessment of coal potential below 300m level of coal basin of Quang Ninh" edited by 

Nguyen Van Sao. However, at the end of the survey line, we only have borehole with 

the depth of 202m, just only reach 2nd sequence poor coal sequence; not the 3rd 

sequence of rich coal. If we drill one hole at location CMP 1400, about 7000m far 

from the start of line to the end, we will meet the 3rd sequence of rich coal sequence. 

3.3.2 Faults system 

In the seismic section (Figure 3.4), six tectonic faults were identified from the 

start to the end of survey line: F1, F2, F3, F4, F5 and F6. The F1 fault is a normal fault 

in the South, with the large movement, located at CMP 153, about 765m far from the 

start of the line. This fault is similar to F.433 fault in the document: “Report on 

investigation and assessment of coal potential below 300m level of Quang Ninh coal 

basin". 

The F2 fault is a reverse fault in the south with the large movement, located at 

CMP 208, about 1040m far from the start of the survey line. This fault is similar to FC 
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fault in the document: “Report on investigation and assessment of coal potential below 

300m level of coal basin of Quang Ninh ". 

The F3 fault is a reverse fault with the small movement, located at CMP 301, 

about 1500m far from the top of the survey line. This is a small fault at a depth of 

620m to 1050m. This fault is not in the document: “Report on investigation and 

assessment of coal potential below 300m level of coal basin of Quang Ninh ". 

The F4 fault is a normal fault in the south with the large movement, located at 

CMP 414, about 2070m far from the start of the survey line. This fault is similar to 

F.129 fault in the document: “Report on investigation and assessment of coal potential 

below 300m level of coal basin of Quang Ninh ". 

The F5 fault is a normal fault in the north with the small movement, located at 

CMP 1140, about 5700m far from the top of the survey line. This fault is similar to F.2 

fault in the document: “Report on investigation and assessment of coal potential below 

–300m of coal basin of Quang Ninh" edited by Nguyen Van Sao. Also, using the 

document above, this fault cut through the T3n–rhg3 formation. However, using the 

seismic data of T3n–rhg3 formation at this location, reflectors are continuous, without 

the signal of fault. 

 The F6 fault is a normal fault in the north with the small movement, located at 

CMP 1334, about 6670m far from the start of the survey line. This fault is similar to 

Trung Luong fault in the document: “Report on investigation and assessment of coal 

potential below 300m level of coal basin of Quang Ninh". 

Figure 3.4 below is a seismic section after interpretation. Faults system base on 

seismic data is shown in figure 3.5. 

 

Figure3.4.Seismic section using the depth and interpretation result. 

 

Figure3.5. Location of faults using geological document of Dong Trieu – Quang Ninh 

area. 
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3.3.3 Folds 

From 2D reflection seismic section, it is possible to see clearly the structure of 

trough in the North (end of the line), and the structure of the anticline in the South (top 

of the line). 

Synclinal structures  

The North is adjacent to fault Trung Luong, the south is adjacent to the 

anticline with slope of 30 – 500, south wing 20 – 400 with axis of the syncline parallel 

to the Trung Luong fault. The survey line is almost perpendicular to the axis of the 

syncline. The center of syncline is located at around CMP 1118, here we can meet the 

coal seams with industrial value, and need drill with a depth of 1200 to 1500m. This 

structure is shown in figure 2.57 (velocity model) clearly. Comparing with geological 

data, it can be confirmed that this is trough Trung Luong. 

Anticline structures 

Located in the south (at the top of line), the slope of the north is 20 – 400, the 

slope of the south is 30 – 550. There are many faults, so the structure is extremely 

complicated. The third seismic sequence is pushed up, so can be focused a lot of 

shallow coal seam. This structure is shown in figure 2.57 (velocity model) clearly. 

Comparing with geological data, it can be confirmed that this is anticline Mao Khe. 

In addition, we can see a structure small trough, located between normal fault 

F1 in the south and reverse fault F2 in the north. In the seismic section, there are no 

signs of fault F.B. 

Identify and correct the location of tectonic faults. Using the 2D reflection 

seismic data, there is no sign of fault F.B as in the collected geological section. To 

clarify the existence, the location of this fault should be extended the survey line to the 

south. 

We can study characteristics of geological structure by seismic data. We 

determined one structure of trough in the north, one structure of anticline in the south 

at the survey area. 

 

CONCLUSIONS AND RECOMMENDATION 

CONCLUSION  

The topic of the thesis: “Some geological structure characteristics in Ba River 

basin and the area of Dong Trieu – Quang Ninh” has completed the goals which 

follow the objectives and studying contents. From the research results, PhD candidate 

have some conclusions: 

1. Geological structure characteristics in Ba River basin using seismic reflection 

data 

In order to reestablish the development history of Neogen sedimentary 

formation at Ba River basin, it is necessary to use the method of sedimentary basin 

analysis base on analyzing filling material process in order to give more information 

about the characteristics (shape, composition, structure, …) of sedimentary basin, 

mechanism, the process of forming a sedimentary basin, from that explain the potential 

(creation and conservation) of related minerals. One of the important tasks of the 
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sedimentary basin analysis method is to determine the boundary of the basin, in order 

to identify ancient shoreline and establish a 3D model of the sedimentary basin. 

2D reflection seismic results at Ayunpa and Krongpa have contributed 

significantly when combined with and other documents (such as airborne geophysics, 

gravity, remote sensing, boreholes) to complete the construction of structures of 3D 

sedimentary basin in this area. 

Although the seismic survey volume is not large and has not crossed the entire 

width of the Song Ba basin, however, the largest contribution of the 2D reflection 

seismic results is the determination of the Neo-gen sedimentary bottom in the study 

area with a convex morphology and the depth more than 800m. This is a new result 

compared with previous researches that identify the thickness of the Song Ba 

formation is less than 400m. Besides, the results of 2D seismic reflection have 

identified the boundary between each formation (Song Ba, Kon Tum and Quaternary). 

Combined with the data in LK02 borehole, based on determining the relationship 

between wave field characteristics on seismic section and geological characteristics, 

Song Ba formation has been divided into 2 sequences: layer of sandstone, siltstone, 

argillite interleaved with layer of sandstone, conglomerate and brown coal seam 

incoherent with characteristics such as the break of wave phase, amplitude, variation 

of frequency. To summary, seismic reflection method is an important method for the 

study about the basin with the condition of formation is reveal/incomplete reveal or 

being covered by basalt like the Neo-gen formations in Tay Nguyen.  

2. Geological structure characteristics in Dong Trieu – Quang Ninh area  using 

seismic reflection data 

The reliable determination of the reserve of coal and its ability for coal-mining 

are affected by the accuracy of the geological structure determination such as faults 

(slope angle, dip, moving amplitude), folding structures (the direction of the axis, dip 

angle of each wings). When correctly identifying faults and folds in coal basin, we will 

give more accurate information about the number of coal bearing layers, coal potential  

areas so that improving the reliability of coal resources significantly.  

In the area of seismic survey line, the results of previous geological structure 

studies still have some faults that only been given out, but there is still a lack of work 

to control and clarify the impact of moving the coal-bearing and sediment layers. In 

many areas, the wings of folding structure have not been properly interconnected, and 

there are still many forced assumptions and small folds have not been determined. 

With a survey line that coincides with the XVII line, 2D seismic reflection 

profile allow to compare, therefore evaluating the ability of the seismic reflection 

method in geological structure research in this area. In general, the geological structure 

factors determined in the seismic section are relatively consistent with the existing 

geological section. However, besides the appropriate structural elements – as an 

additional confirmation to the previous research results- we also need the precision for 

their location and parameter. This is one of the advantages of seismic reflection 

method in geological structure research to evaluate the potential of mineral resources. 



 

26 

 

3. Result of applying the static calibration method in 2D seismic reflection data 

processing 

Research and application of appropriate acquisition techniques are the decisive 

factor for the success of seismic reflection method in geological studies when using 

low configuration seismograph (a small number of channels, small offset between 

receivers). In Vietnam, the number of seismograph with low configuration is quite 

large. They have the advantage of budget especially for short survey line (a few 

kilometers line) and relatively shallow objects (<1km) such as young sediments or new 

tectonic fractural activities. The selection of acquisition parameters base on the survey 

method to build prolonged observe system is  particularly appropriate in this case. 

Static calibration is an important step when doing seismic survey in the area of 

complex topographic conditions, and the weathering layer changes in thickness and 

velocity. It determines the success of the seismic reflection method as well as the 

correction of the geological structure interpreted from the seismic profile. 

Identifying that refractive wave interference method is the most effective 

method for static calibration in seismic reflection data processing in the complex 

topographic areas and accuracy determination on the geological structure 

characteristics in Dong Trieu - Quang Ninh area using characteristics of the reflection 

wave, and provide a sequence of steps for refractive wave interference static 

calibration method. 

RECOMMENDATION 

The Ba River Basin includes neogen sedimentary that are likely to contain coal. 

In order to quantify and predict coal potential, we need to do seismic reflection survey 

in the long survey lines across through the whole basin area. 

Using the 2D seismic reflection data of survey line TQN in Dong Trieu – 

Quang Ninh area, there is no sign of F.B fault as mentioned in previous geological 

data. In order to clarify the existence of this fault, we need to do seismic reflection 

survey that can extend to the south in the future. 
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