Using the approach of the earth’s crust division to determine the active faults in the da river ladder of hydroelectric plant
Abstract: In this paper, the authors use the approach of the Earth’s crust division to determine the active faults in the Da River ladder of hydroelectric plant. The results have shown that:


1. There is the obvious manifestation of four first-order active faults in the Da River ladder of hydroelectric plant: Lai Chau – Dien Bien, Phong Tho, Son La and Muong La – Bac Yen. These faults have generated strong earthquakes with the maximum observed magnitude M = 6.7 in Son La fault and M = 5.0 in Lai Chau – Dien Bien, Phong Tho and Muong La – Bac Yen faults.


2. The second-order active faults, namely Muong Nhe, Muong Te, Nam Nhe, Tuan Giao, Da River, Nam Tong, Mu Cang Chai, Than Uyen, Nam Khat, Yen Chau, Phu Yen, Mai Chau and Lao Cai – Ninh Binh have the maximum observed earthquake magnitude less than 5.0.


3. The approach of the Earth’s crust division in studying the active faults is very simple and effective.
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I. INTRODUCTION  

Normally, the study on identification of active faults is conducted in 2 steps [2, 5, 9, 10]: 1/ Identifying and classifying deep faults based on geological-geophysical data; and 2/ From the identified deep fault system, classifying and determining active faults according to direct indications such as different vertical and horizontal movements on both walls of the fault; land cracking – subsidence, landslide and erosion due to endogenous causes; earthquake activity; young folding; volcanic activity; hot water activity or high geothermal gradient, etc.
We do not always have direct indications to identify active fault according to the above criteria. Therefore, in this article, we have proposed a new approach - the indirect approach of identifying active fault through the division characteristics of the Earth’s crust structure with recent activity manifestation. This approach is based on the principle of plate tectonics and assumes that the Earth’s crust (or the Earth's lithosphere) is composed of blocks and block boundaries (block boundaries include fault zones and fault intersections). This means that the Earth’s lithosphere in plate tectonics is divided into blocks by faults and fault intersections according to the secondary principle. If two adjacent recent structural blocks have the same activity manifestation (the same velocity of horizontal and vertical displacements, etc.), the fault acting as the boundary between them will be considered as inactive. Thus, it can be said that the active fault acts as the boundary between two structural blocks with different activity manifestations. Accordingly, the determination of active fault by new approach consists of the following steps: Identifying and classifying (according to the secondary principle) the Earth’s crust structural blocks in the study area; and 2/ Comparing the movement characteristics (horizontal and vertical) of adjacent blocks to determine the activity characteristics of faults that act as the block boundaries.
II. DIVISION OF THE EARTH’S CRUST STRUCTURE IN THE DA RIVER LADDER OF HYDROELECTRIC PLANT 
1. Principle of division of the Earth’s crust structure 

The principle of division of the Earth's crust structure has been discussed in detail in [5]. In the Da River ladder of hydroelectric plant, we have used the following groups of data:


- The factors that reflect the material composition and physical characteristics of the environment of block formation consist of geological indications, magnetic anomaly field, gravity anomaly field, Poisson's coefficient, and isostatic anomalies. The homogeneous characteristics of geophysical fields fully reflect the material conditions and environment of formation of the lithosphere structure in general as well as the Earth's crust in particular. The application results of this research orientation have been used in previous works to divide the Earth's crust structure [1-3, 5, 9]. Structural and morphological characteristics of basic boundaries of the Earth’s crust such as crystalline basement surface (or sediment thickness), Conrad surface (or granitic layer thickness), Moho surface (or the Earth’s crust thickness), lithosphere bottom (or lithosphere thickness) are also used in structural division [11]. 

	[image: image5.png]



Figure 1. Diagram of division of the Earth’s crust structure in the Da River ladder of hydroelectric plant: 1 - Hydroelectric dam and symbol: (1) Hoa Binh, (2) Son La, (3) Lai Chau, (4) Huoi Quang, (5) Ban Chat, (6) Nam Chien; 2 - Lake region; 3 - First-order structural block boundary; 4 - Second-order structural block boundary; 5, 6 - Block and sub-block of the Earth’s crust structure (see Table 1).
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Figure 2. Diagram of average uplifting and subsidence  between blocks: 1-Hydroelectric dam and symbol: (1) Hoa Binh, (2) Son La, (3) Lai Chau, (4) Huoi Quang, (5) Ban Chat, (6) Nam Chien; 2 – Flooded area; 3 – First-order boundary; 4 – Second-order boundary; 5 – Block symbol (see Table 1); 6 – Weakly subsided block; 7 – Strongly subsided block; 8 – Weakly uplifted block; 9 – Strongly uplifted block; 10 – Levelling curve and the value; 11 – Uplifting-subsidence  value according to the result of gravity measurement.


- The surface factors indicate the direct or indirect impacts of deep geodynamic processes. These indications reflect the kinematic state and different manifestations of the study area with specific criteria such as vertical displacement, lineament density or lineament intersection, vertical deformation in Pliocene - Quaternary. Topographic-geomorphological factors on the surface are the direct result or the tendency of deep geodynamic processes. The indications on the surface include topographic height differentiation, geomorphic indices Smf (sinuosity index), Vf (correlation index between bottom width and valley height), distribution law of Quaternary sediment, hydrological system, alluvial fans, etc. [5, 9].
2. Structural blocks of the Earth’s crust in the Da River ladder of hydroelectric plant 
Based on the principle of division of the Earth's crust structure presented in section 1, the study area is divided into 4 blocks (Figure 1, Table 1): Muong Te, Phong Tho-Tu Le, Son La-Da River and Ma River-Thanh Hoa whose boundaries are the first-order faults (with the depth through the Earth's crust), namely Lai Chau - Dien Bien, Phong Tho, Son La and Muong La - Bac Yen.

In more detail, there are 25 sub-blocks in the Da River ladder of hydroelectric plant (Figure 1, Table 1), including: Phu Si Lung, Muong Cha, Muong Mo, Muong Nhe, Phong Tho, Fan Si Pang , Mu Cang Chai, Van Chan, Tram Tau, Ta Suoi, Thanh Son, Da Bac, Hoa Binh, Quynh Nhai, Than Uyen, Thuan Chau, Sin Ho, Ta Khoa, Hat Lot, Chieng Cang, Moc Chau, Ninh Binh, Muong Ang, Chieng Khuong and Muong Lat. The boundaries between the sub-blocks are the second-order faults (with the depth within the Earth's crust), namely Muong Te, Nam Nhe, Muong Nhe, Nam Tong, Mu Cang Chai, Than Uyen, Nam Khat, Phu Yen, Yen Chau, Lao Cai-Ninh Binh, Da River, Tuan Giao and Mai Chau. The differences in gravity, magnetic values and structural characteristics of the Earth’s crust between blocks and sub-blocks are described in detail in Table 1. 

Table 1. The Earth’s crust structure in the Da River ladder of hydroelectric plant 
	No.
	Block (K),
Sub-block (PK)
	Bouguer gravity anomaly (mGal)
	Aeromagnetic anomaly      (nT)
	The Earth’s crust thickness  (km)

	1
	I. K. Muong Te
	-135
	-235
	34.0

	
	I.1. PK. Muong Nhe
	-137
	-220
	35.1

	
	I.2. PK. Muong Mo
	-140
	-300
	33.9

	
	I.3. PK. Phu Si Lung
	-140
	-190
	33.9

	
	I.4. PK. Muong Cha
	-122
	-230
	33.0

	2
	II. K. Ma River-Thanh Hoa
	-98
	-137
	32.6

	
	II.1. PK. Muong Ang
	-115
	-215
	33.0

	
	II.2-PK. Chieng Khuong
	-105
	-140
	32.4

	
	II.3-PK. Muong Lat
	-75
	-55
	32.5

	3
	III. K. Son La-Da River
	-96
	-125
	29.3

	
	III.1-PK. Sin Ho
	-121
	-175
	33.5

	
	III.2-PK. Thuan Chau
	-107
	-195
	32.1

	
	III.3-PK. Quynh Nhai
	-122
	-220
	32.7

	
	III.4-PK. Than Uyen
	-109
	-140
	28.9

	
	III.5-PK. Hat Lot
	-97
	-140
	28.5

	
	III.6-PK. Ta Khoa
	-88
	-110
	26.0

	
	III.7-PK. Moc Chau
	-84
	-70
	27.7

	
	III.8-PK. Chieng Cang
	-72
	-5
	24.9

	
	III.9-PK. Ninh Binh
	-65
	-75
	29.7

	4
	IV. K. Phong Tho-Tu Le
	-84
	-142
	28.2

	
	IV.1-PK. Phong Tho
	-133
	-240
	35.1

	
	IV.2-PK. Fan Si Pang
	-130
	-140
	33.8

	
	IV.3-PK. Mu Cang Chai
	-106
	-135
	28.5

	
	IV.4-PK. Tram Tau
	-107
	-300
	27.2

	
	IV.5-PK. Ta Sua
	-62
	-140
	25.1

	
	IV.6-PK. Da Bac
	-49
	-20
	24.9

	
	IV.7-PK. Hoa Binh
	-48
	-15
	24.0

	
	IV.8-PK. Van Chan
	-81
	-110
	29.0

	
	IV.9-PK. Thanh Son
	-38
	-175
	26.4


III. MOVEMENT CHARACTERISTICS OF STRUCTURAL BLOCKS OF THE EARTH’S CRUST IN THE DA RIVER LADDER OF HYDROELECTRIC PLANT 

1. Manifestation of vertical movement 
a. According to repeated levelling data 
Based on the repeated levelling data of Nguyen Dinh Lu (1984) [8], the authors calculated the average uplifting and subsidence  velocities of structural blocks of the Earth's crust in the Da River ladder of hydroelectric plant as follows (Figure 2):

- Muong Te block has the average subsidence velocity of -4mm/year for the whole region, with the lowest of -7mm/year.

- Son La - Da River block is weakly uplifted in the northeast at the velocity of +2mm/year, but subsided in the northwest, the center and the southeast at the average velocity of -4mm/year, in which the center is most strongly subsided at the maximum velocity of -7mm/year.

- Ma River - Thanh Hoa block tends to be subsided in the whole region at the average velocity of -4mm/year. The northwest and the southeast are weakly subsided, the center is most strongly subsided at - 7mm/year. At the intersection of these three blocks in Muong Lay district, the subsidence occurs most strongly, followed by the gradual uplifting towards surrounding areas.

- Phong Tho-Tu Le block tends to be uplifted in the northwest at the average velocity of +4mm/year and the highest velocity of +7mm/year but tends to be subsided in the southeast at -2mm/year on average (Figure 2).

The results of repeated leveling observation in recent times show the significant differentiation of vertical displacement between the structural blocks [8]. The strongly uplifted blocks in the NW-SE direction form the hierarchical boundary between the northeast and the southwest, which almost coincides with the location of the Phong Tho, Muong La - Bac Yen and Da River fault zone.
b. According to repeated gravity measurement data  
The data of 16 repeated gravity measurement points by Cao Dinh Trieu [4] (Table 2) are represented in Figure 2 and show that:

- The subsidence velocity of Son La - Da River block ranges from -1.01 to -1.60, on average -1.30 mm/year, and increases towards the northwest.

- There are only two measurement points in Ma River - Thanh Hoa block with the velocity of -0.67 and -1.34 respectively, on average -1.01 mm/year.

- Phong Tho-Tu Le block is uplifted in the northeast with the velocity of +0.29 mm/year but subsided in the southeast with the velocity from -0.67 to -1.7, on average -1.19 mm/year.
Table 2. Value of vertical displacement (DC) in the Da River ladder of hydroelectric plant 

(According to gravity data in the period of 1975-2000) [4] 
	No.
	Location
	Longitude
	Latitude
	DC (mm/year)

	1
	Thanh Son
	105.180
	21.212
	0.58

	2
	Sa Pa
	103.843
	22.336
	0.29

	3
	Nam Muc
	103.078
	21.694
	-0.67

	4
	Bai Nai
	105.394
	20.903
	-0.67

	5
	Doc Cun
	105.336
	20.749
	-0.88

	6
	Mai Chau
	105.076
	20.700
	-1.01

	7
	Thao Nguyen
	104.729
	20.823
	-1.11

	8
	Yen Chau
	104.299
	21.046
	-1.29

	9
	Moc Chau
	104.642
	20.840
	-1.32

	10
	Thuan Chau
	103.699
	21.436
	-1.34

	11
	Dong Khua
	104.436
	20.953
	-1.37

	12
	Co Noi
	104.161
	21.130
	-1.39

	13
	Na San
	104.026
	21.218
	-1.40

	14
	Son La town
	103.905
	21.324
	-1.52

	15
	Tuan Giao
	103.421
	21.589
	-1.60

	16
	Hoa Binh town
	105.335
	20.816
	-1.70


2. Manifestation of horizontal displacement according to GPS observation data 
Summary results of GPS observation data [6, 7, 12] from the measurement network in the study area show that the difference in the horizontal displacement amplitude of the blocks is not considerable (Table 3). From the GPS data, we determine the movement relationship between the blocks (sub-blocks) by averaging the total value of intra-block displacement velocities. Then, by subtracting these values from each other, we can ascertain the difference of horizontal movement between adjacent blocks (Table 4).
Bảng 3. Value of GPS displacement in the Da River ladder of hydroelectric plant [6, 7, 12]
	Station
	Longitude 
	Latitude 
	Ve

(mm/s)
	Vn

(mm/s)
	VTotal
 (mm/s)

	DON1
	103.0510
	22.1315
	32,.6
	-11.4
	34.5

	LEM1
	103.0286
	21.7917
	32.6
	-11.5
	34.6

	Muong Lay
	103.1539
	22.0419
	31.8
	-11.1
	33.6

	Muong Te
	102.8072
	22.3879
	32.2
	-11.9
	34.3

	Mai Son
	103.9066
	21.3253
	31.9
	-11.5
	33.9

	MHA1
	105.0452
	20.6236
	33.7
	-112
	35.5

	NGA1
	103.2425
	22.2678
	32.6
	-10.9
	34.4

	CUT1
	103.6598
	21.7538
	32.8
	-10.1
	34.3

	PLA1
	103.6313
	21.5424
	32.3
	-10.6
	34.0

	TPU1
	104.0309
	21.4729
	33.4
	-11.3
	35.3

	MLA1
	104.0265
	21.4895
	33.0
	-10.7
	34.7

	DTB1
	103.9417
	21.3122
	32.4
	-9.7
	33.8

	LOT1
	104.0638
	21.2025
	32.7
	-10.0
	34.2

	NSA1
	104.0436
	21.2040
	32.3
	-9.6
	33.7

	MON1
	104.2455
	21.1894
	33.1
	-10.7
	34.8

	CHE1
	104.2573
	21.1920
	33.7
	-10.7
	35.4

	NOI1
	104.1720
	21.1305
	32.9
	-10.2
	34.4

	NAD1
	104.1662
	20.9834
	32.2
	-9.9
	33.7

	Tuan Giao
	103.4180
	21.5923
	32.6
	-9.1
	33.9

	TGA1
	103.4051
	21.5818
	32.2
	-10.3
	33.8

	CMA1
	103.5879
	21.3144
	32.0
	-10.7
	33.7

	TCO1
	104.0109
	21.1134
	31.6
	-9.9
	33.1

	NAH2
	104.0050
	21.0593
	31.6
	-10.3
	33.2

	HAM1
	103.2355
	21.9310
	32.8
	-10.6
	34.5

	TSN1
	105.2692
	20.8716
	33.4
	-11.2
	35.2


Table 4. Movement relationship between blocks and sub-blocks 
	No. 
	Movement relationship 
	Symbol 
Block,    Sub-block
	Boundary 
(Fault)
	Ve

(mm/s)
	Vn

(mm/s)
	VTotal
(mm/s)

	1
	K-K
	I - II
	Lai chau-Dien Bien
	0.15
	-1.3
	1.3

	2
	K - K
	II - III
	Son La
	0.2
	-0.6
	0.6

	3
	K-K
	I - III
	Lai chau-Dien Bien
	0.3
	-0.8
	0.9

	4
	K-K
	III - IV
	Muong La-Bac Yen 
	0.9
	0
	0.9

	5
	PK - PK
	I.3-I.4
	Nam Nhe
	0.4
	-0.8
	0.9

	6
	PK - PK
	II.1-II.2
	Tuan Giao
	0.8
	-0.6
	1.0

	7
	PK - PK
	II.2-III.5
	Son La
	0.4
	-0.3
	0.5

	8
	PK - PK
	III.4-III.5
	Da River 
	0.4
	-0.4
	0.6

	9
	PK - PK
	III.5-III.6
	Da River
	0.9
	-0.6
	1.1


3. Simulation of vertical movement and horizontal displacement according to Coulomb model

In order to simulate horizontal and vertical movements, we have used the Coulomb 3.3.1 program [13]. The input parameters include the faults classified by order, length of fault segment, development direction, dip direction, dip angle and depth of influence. Friction coefficient calculated in case of strike-slip is 0.4 (usually this ratio varies from 0.4 to 0.7), the Poisson’s ratio chosen for the Earth's crust is 0.25. Stress coefficient calculated for the cases of 0.02 and 0.95 corresponds to S1 = 500, S2 = -450, S3 = -500. The calculated depth for vertical and horizontal movements is 0 km and that for stress field is 5 km.

1. Characteristics of vertical movement 
The simulation model of vertical movement in the Da Rive ladder of hydroelectric plant is represented Figure 3. The results show that the strong uplifting at 1.2 mm/year occurs in sub-blocks Chieng Khuong, Muong Ang, Muong Lat, Hoa Binh, Da Bac, Tram Tau, Mu Cang Chai, Phan Si Pang and Phong Tho. In contrast, the strong subsidence at -1.2 mm/year occurs in sub-blocks Muong Mo, Phu Si Lung, Muong Cha, Sin Ho, Thuan Chau, Quynh Nhai, Than Uyen, Hat Lot, Ta Khoa, Ninh Binh, Van Chan and Thanh Son.

The outstanding characteristic in the vertical movement of the Earth's crust in the Da Rive ladder of hydroelectric plant is the contrast in movement between the blocks. Son La - Song Da block is considerably subsided (blue color), located between two blocks, namely Ma River - Thanh Hoa and Phong Tho - Tu Le (dark red color). The sub-blocks Muong Nhe, Muong Ang, Sin Ho are uplifted, whereas the sub-blocks Muong Mo, Phu Si Lung, Muong Cha are subsided. The contrary uplifting and subsidence movements cause the earthquakes along their boundaries.

2. Characteristics of horizontal displacement 
The simulation model of horizontal displacement is represented in Figure 3. The fault characteristics are described in Table 5. The depth and classification of faults were referenced from [2]. The direction, velocity and characteristic of faults are calculated and verified by our field surveys. The results show that:

- The faults developing in the northwest-southeast and northeast-southwest directions are mainly the dextral strike-slip ones. Meanwhile, the sub-longitudinal faults are the sinistral strike-slip ones.

- The maximum strike-slip velocity (1.1 mm/year) occurs on the first-order fault Lai Chau-Dien Bien. The majority of second-order faults have the lower slip velocity of 0.5 mm/year; particularly Da River and Tuan Giao faults have the slip velocity ​​of 0.9 and 1.0 mm/year, respectively. Such great value is understandable because in reality many strong earthquakes have occurred on these faults.
Table 5. Active faults in the Da River ladder of hydroelectric plant
	No. 
	Fault 
	Order 
	Direction 
	Average depth
 (km)
	Velocity 
(mm/year)
	Characteristic

	1
	Lai Chau - Dien Bien
	I
	NE-SW
	30-35
	1.1
	Bth-tr

	2
	Son La
	I
	NW-SE
	30-35
	0.6
	Bth-ph

	3
	Phong Tho
	I
	NW-SE
	30-35
	1.0
	Bth-ph

	4
	Muong La - Bac Yen
	I
	NW-SE
	30-35
	0.9
	Bth-ph

	5
	Muong Nhe
	II
	NW-SE
	15-20
	0.5
	Bth-ph

	6
	Muong Te
	II
	NW-SE
	15-20
	0.5
	Bth-ph

	7
	Nam Nhe
	II
	NW-SE
	10-15
	0.9
	Bth-ph

	8
	Tuan Giao
	II
	NW-SE
	10-15
	1.0
	Bth-tr

	9
	Da River 
	II
	NE-SW
	10-15
	0.9
	Bth-ph

	10
	Nam Tong
	II
	NW-SE
	15-20
	0.5
	Bth-ph

	11
	Mu Cang Chai
	II
	NW-SE
	15-20
	0.5
	Bth-ph

	12
	Than Uyen
	II
	Sub-latitudinal
	10-20
	0.5
	Bth-tr

	13
	Nam Khat
	II
	Sub-latitudinal
	10-15
	0.5
	Bth-tr

	14
	Yen Chau
	II
	Sub-latitudinal
	10-15
	0.5
	Bth-tr

	15
	Phu Yen
	II
	Á Sub-latitudinal
	10-15
	0.5
	Bth-tr

	16
	Mai Chau
	II
	Sub-latitudinal
	10-15
	0.5
	Bth-tr

	17
	Lao Cai - Ninh Binh
	II
	NE-SW
	10-15
	0.5
	Bth-ph
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Figure 3. Simulation model of vertical movement and horizontal displacement in the Da River ladder of hydroelectric plant: 1- Hydroelectric dam and symbol: (1) Hoa Binh, (2) Son La, (3) Lai Chau, (4) Huoi Quang, (5) Ban Chat, (6) Nam Chien; 2 – Flooded area; 3 – First-order boundary; 4 - Second-order boundary.
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Figure 4. Simulation diagram of stress fiels, earthquake epicenter distribution, hot water occurrence along active faults in the Da River ladder of hydroelectric plant: 1- Hydroelectric dam and symbol: (1) Hoa Binh, (2) Son La, (3) Lai Chau, (4) Huoi Quang, (5) Ban Chat, (6) Nam Chien; 2 – Flooded lake region; 3 – First-order fault; 4 – Second-order fault; 5 – Location of hot water occurrence; 6 – M=4.0-4.9; 7 – M=5.0-5.9; 8 – M=6.0-6.9.
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Figue 5. Map of active fault zone in the Da River ladder of hydroelectric plant established on the basis of direct identification [10]
3. Stress field 

The simulation results of compressive stress for all the blocks and along the faults are presented in Figures 3 and 4 respectively and show that:


- The regions of high stress (red color), with the most considerable squeeze force of about 20 bar, coincide with the first-order boundaries: Lai Chau - Dien Bien, Son La, Phong Tho, Muong La-Bac Yen.


- The regions of moderate stress (light yellow color), which have the largest area and force value of 0-10 bar, are the sub-blocks: Chieng Khuong, Tram Tau, Mu Cang Chai, Moc Chau and Hoa Binh.


- The regions of low stress (light blue color), with the squeeze force ranging from -5 to -20 bar, belong to the sub-blocks: Muong Cha, Phu Si Lung, Phong Tho, Sin Ho.

IV. RECENT ACTIVE FAULTS 

Based on the approach of the Earth's crust division and the study on their movement characteristics, the authors have identified 17 faults with activity manifestation (in recent times) in the Da River ladder of hydroelectric plant. These faults are classified into two orders: first-order faults – boundaries between the blocks of the Earth's crust and second-order faults – boundaries between the sub-blocks of the Earth's crust (Figure 4, Table 5). Our study results in this paper are in good agreement with the findings in [10] by the direct identification of active faults in the study area (Figure 5). This demonstrates that the approach of division of the Earth's crust structure with heterogeneous movement characteristics in identifying active faults is highly reliable.


Active faults and fault intersections in the Da River ladder of hydroelectric plant are the regions of high stress. The energy release along these faults has occurred in the form of earthquake activity. Strong earthquakes have occurred on the first-order active faults: Lai Chau - Dien Bien, Son La, Phong Tho, Muong La - Bac Yen. For example, Tuan Giao earthquake with M = 6.7 occurred on Son La fault in 1983. The earthquakes with M = 4.0 - 5.9 were observed along Dien Bien - Lai Chau, Phong Tho and Muong La - Bac Yen faults. The maximum observed earthquake magnitude along the second-order faults does not exceed 5.0.

V. CONCLUSION 

Based on the methodology and the results obtained in this study, some main conclusions can be drawn as follows:



1. There is the obvious manifestation of four first-order structural blocks of the Earth’s crust in the Da River ladder of hydroelectric plant, namely Muong Te, Ma Rive – Thanh Hoa, Son La – Da River and Phong Tho – Tu Le with the contrary movement characteristics. Their boundaries are the first-order active faults: Lai Chau – Dien Bien, Phong Tho, Son La and Muong La – Bac Yen, which have generated the strongest earthquakes in the study area with M = 6.7 in Son La fault and M = 5.0 in Lai Chau – Dien Bien, Phong Tho and Muong La – Bac Yen faults.

2. The contrast in vertical and horizontal movements between sub-blocks appears to be weaker. Their boundaries are the second-order active faults: Muong Nhe, Muong Te, Nam Nhe, Tuan Giao, Song Da, Nam Tong, Mu Cang Chai, Than Uyen, Nam Khat, Yen Chau, Phu Yen, Mai Chau and Lao Cai - Ninh Binh. The depth of influence of these faults is within the Earth’s crust with the maximum observed earthquake magnitude not exceeding 5.0 (M = 5.0).


3. The approach of the Earth’s crust division in studying the active faults is very simple and effective. This approach only requires common data such as gravity anomaly, magnetic anomaly, structural characteristics - deformation of the Earth’s crust and GPS observation result. Therefore, this approach can be applied in studying active faults in the whole territory of Vietnam and at different scales.
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