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Abstract: Following the reservoir impoundment, the seismic activity in the Lai Chau reservoir area 

and its vicinity has increased significantly. The changes in frequency of local earthquakes depends 

on: i) The type of rocks below the reservoir; ii) The slip tendency of faults in the reservoir area; iii) 

The Coulomb stress change on faults in the reservoir area; and iv) The history of the reservoir filling 

and spillage. The results show that the granite massif of the Phu Si Lung complex is located below 

the upstream area of the reservoir at a depth of about 3,000-4,000 m; when water percolates down 

through this type of rocks, it will cause some fractures in the rock to become saturated with water, 

making stress in the rock reach the failure threshold. Under the impact of the modern regional 

tectonic stress field, the faults connected to the reservoir (F-1, F-2, F-3, F-4) tend to slip at moderate 

to high rates, and the Coulomb stress change is also clearly shown on these faults. These factors, 

together with the annual fluctuations in the reservoir water level between the rainy and dry seasons, 

have mutual influences, triggering the earthquakes to occur in the Lai Chau reservoir area and its 

vicinity in the period 6/2015 - 6/2024. 
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1. Introduction* 

Lai Chau reservoir began built in 2011. This 

is the lower terrace of Pac Ma Hydropower and 

________ 
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the upper terrace of Son La Hydropower. The 

reservoir is located on the main stream of the Da 

river in Nam Nhun and Muong Te districts, Lai 
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Chau province (Figure 1). The dam of the 

reservoir is 137m high. The total capacity of the 

reservoir is 1.215 billion m3. The reservoir began 

water impoundment on June 20, 2015 and 

reached the full supply level elevation of 295m 

above mean sea level on October 19, 2015. 

The study area is located at the northern edge 

of the Indosinian geoblock which is separated 

from the South China geoblock by the Red River 

deep fault zone. During the Cenozoic, the 

tectonic movement of the Indosinian geoblock 

was directly controlled by the collision between 

the Indian and Eurasian continents. Tapponnier 

et al., [1-3] established a Cenozoic tectonic 

model for the East Asian region (see Figure 2). 

This model is considered as a consequence of the 

collision between the Indian and Eurasian 

continents. The nature of the collision shows not 

only the simple translational movement of the 

hard plates, but also the horizontal displacement, 

compression, rotation, and complex deformation 

of lithospheric blocks propagating along large 

fault zones, forming a complex and 

differentiated Neotectonic structural plan. 

Therefore, it can be concluded that Lai Chau 

reservoir is located in an active tectonic area. 

The reservoir impoundment often affects the 

stability of geological structures (faults, dikes, 

etc.) inside and around the reservoir, which can 

lead to triggered earthquakes, but this is not an 

inevitable consequence of damming [4]. Until 

2017, only 232 reservoir-triggered earthquakes 

were reported worldwide, in which 9 events had 

M ≥ 6.0; 27 events had 5.0 ≤ M ≤ 5.9; 56 events 

had 4.0 ≤ M ≤ 4.9; and 129 events had M < 4.0 

[5-7]. In Vietnam, reservoir-triggered 

earthquakes with magnitude 4.0 ≤ M ≤ 4.9 have 

also been recorded at Hoa Binh and Tranh River 

2 hydropower reservoirs [8-11]. 

 

 

Figure 1. Location of Lai Chau reservoir. 

After the Lai Chau reservoir impoundment, 

seismic activity has increased in the reservoir 

area and its vicinity. Earthquakes occurred 

frequently in June 2020 in the upstream of the 

reservoir (Muong Te and Nam Khao 

communes), about 52 km northwest of the dam 

site. There have been a number of studies on 

seismic activity in this area, for example, 

Lizurek et al., (2019) and Telesca et al., (2023) 

focused on calculating and comparing the b-

value before and after the reservoir filling to 

examine the relationship between reservoir 

filling and earthquakes [12, 13]. Therefore, 

studying the factors related to seismic activity in 
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the Lai Chau reservoir area in recent times is 

necessary. This study will focus on analyzing 

and assessing the factors related to the 

occurrence of earthquakes in the specific 

conditions of the Lai Chau reservoir area, 

namely: i) The type of rocks below the reservoir; 

ii) The slip tendency of faults in the reservoir 

area; iii) The Coulomb stress change on faults in 

the reservoir area; and iv) The history of the 

reservoir filling and spillage. The main purpose 

is to clarify the relationship between reservoir 

filling and seismic activity at the Lai Chau 

reservoir in recent times. 

 

Figure 2. Study area on the tectonic plan and Cenozoic major faults in East Asia   

(modified from Tapponnier et al., 1982). 

2. Data and Methodology 

2.1. Data 

Lai Chau reservoir lies entirely on the 

Muong Te tectonic block. The eastern part of the 

block is bounded by the Lai Chau - Dien Bien 

sub-longitudinal fault. The northern part of the 

block extends towards the Chinese territory. The 

western and southwestern parts of the block 

extend towards the Lao PDR territory. In 

Vietnam, from the northeast to the southwest, the 

Muong Te block is divided into three tectonic 

structural zones: Phu Si Lung zone, Muong Mo 

zone and Muong Nhe zone [14]. Lai Chau 

reservoir lies on the border area between the Phu 

Si Lung zone and the Muong Mo zone that are 

separated by the Thuong Song Da fault zone. 

This is a large-scale fault zone - the second order 

[15]. The fault extends from Chinese territory to 

Vietnam. It runs along the Da river valley 

through Muong Te, Kan Ho, then begins to 

branch in the fan shape near Muong Mo, and is 

finally bounded by the Lai Chau - Dien Bien 
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fault. The fault zone is clearly shown on the 

tectonic structural plan and on the modern 

topography.  

In this zone, geological formations are 

fractured by the fault, forming large-scale shear 

zone and crumple zone, which are superimposed 

by the brittle deformation of tectonic cataclasis 

or tectonic brecciation in some places [15]. This 

fault zone is considered to be a seismogenic zone 

in the Northwest Vietnam [14, 16]. In this paper, 

the Thuong Song Da fault zone is divided into 

major fault segments (F-1, F-2, F-3) and minor 

fault segments (F-4, F-5, F-6, F-7), see Figure 3. 

These fault segments are established on the basis 

of DEM analysis and previous research results, 

including: Results of fault survey 

(supplementary) serving the design and 

construction of the Lai Chau Hydropower Plant 

[15]; and Results of assessing active fault 

systems in the area, establishing a map of 

seismogenic faults in Muong Te district [17]. 

Some basic characteristics of F-1, F-2, F-3, F-4, 

F-5, F-6 and F-7 faults are summarized and 

presented in Table 1 below. 

Table 1. The geometry of the main faults in Lai Chau reservoir area 

No. Fault 
Strike  

(o) 

Length 

(km) 

Depth 

(km) 

Dip angle (o)/ 

Dip direction 

Slip mechanism 

(N2-Q) 

1 F-1 132 25.4 15 - 30 80 / NE Dextral strike-slip – Reverse 

2 F-2 114 47.3 15 - 30 80 / ENE Dextral strike-slip – Reverse 

3 F-3 138 29.4 15 - 30 75 / NE Dextral strike-slip – Reverse 

4 F-4 172 27.9 8 - 12 70 / WSW Normal 

5 F-5 124 19.9 8 - 12 75 / SW Normal – Dextral strike-slip 

6 F-6 155 19.6 8 - 12 75 / ENE Normal 

7 F-7 172 25.6 8 - 12 75 / WSW Normal 

Lai Chau reservoir is located in the 

Northwest Vietnam - the region with active 

seismic activity. This is confirmed in many 

different studies such as: [18, 19, 14]. 

Earthquake data in the Lai Chau reservoir area 

and its vicinity, before the reservoir filing to an 

elevation of 295m (from 1900 to May 2015), 

were collected from the Final Report of the state-

level independent project on earthquake and 

ground motion forecasting in Vietnam, as well as 

the Supplementary Report on determining 

design earthquake parameters for the Lai Chau 

Hydropower Plant Project during the technical 

design stage [19, 16]; Website of the 

International Seismological Center (ISC 

Bulletin: event catalogue search) [20]. 

Earthquake data after the reservoir filling (from 

June 2015 to March 2024) are collected from the 

following sources: i) Earthquake catalog of the 

ad hoc research project: Assessing the cause of 

the earthquake in Muong Te on June 16, 2020 

and proposing solutions to minimize related 

risks, coded 01/2021/DX headed by Dr. Pham 

The Truyen [21]; and ii) Results of additional 

processing of earthquake data in the 

implementation of the VAST International 

Cooperation Task on Science, coded 

QTPL01.01/22-23 headed by Dr. Nguyen Anh 

Duong. The results show that 88 events with 

magnitude M = 2.0 - 4.9 were recorded in the Lai 

Chau reservoir area and its vicinity from 1961 to 

March 2024, in which 16 events occurred before 

2015 (see Appendix). The spatial distribution of 

these earthquakes is presented in Figure 3. With 

the collected earthquake data, it can be seen that 

before the reservoir filling (1961 - 2014), 14 

events with magnitude MS = 2.8 - 4.7 and 2 

events with ML = 2.0 - 2.1 were recorded in the 

reservoir area; after the reservoir filling, there 

were 72 events with ML = 2.0 - 4.9. This shows 

that the seismic activity in the Lai Chau reservoir 

area and its vicinity before the reservoir filling 

was at a medium - low level. After the reservoir 

filling, the seismic activity has increased. It 

indicates that the earthquake occurrence is 

related to the reservoir impoundment. 
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Figure 3. Map of faults and earthquake epicenters in Lai Chau reservoir area. 

2.2. Methodology 

Besides traditional methods such as 

geological map analysis, tectonic data analysis, 

earthquake data analysis, we also use the 

following methods: 

2.2.1. Method of Coulomb Stress Change 

Calculation 

The Coulomb stress change on the fault was 

built into the COULOMB program by Toda et 

al., (2011) based on the elastic half-space theory 

proposed by Okada (1992) and the Coulomb 

stress failure criterion proposed by King et al. 

(1994) [22, 23, 24]. Failure on the fault occurs 

when there is a large change in Coulomb stress 

which is determined by the formula: 

ΔCFS = Δτs + μ'Δσn                                  (1) 

where ΔCFS is the Coulomb stress change on the 

faults, Δτs is the shear stress change, Δσn is the 

normal stress change, and μ' is the apparent 

friction coefficient on the faults, μ' = μ(1-B), B 

is the Skempton’s coefficient varying from B = 

0 (dry surface layer) to B = 1 (water-saturated 

surface layer), μ is the friction coefficient. Since 

previous studies have shown that changes in μ' 

have little impact on the spatial distribution  

of Coulomb stress [22, 25], in this paper we  

take μ' = μ. 

According to the Coulomb criterion, a fault 

tends to become active when the Coulomb stress 

on the fault surface reaches a critical value. A 

stress increase of 50kPa is sufficient to cause an 

earthquake [24]. The calculations are performed 

in an elastic, isotropic and homogeneous half-

space. The method is developed to calculate 

displacement, strain and static stress at any depth 

caused by fault slip, magma intrusion, dike 

extension or contraction. 

2.2.2. Method of Analyzing Slip Tendency on 

Fault Surface in 3D Space 

Most earthquakes in the reservoirs are 

caused by the reactivation of pre-existing faults 
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rather than the formation of new ones [26]. The 

method was developed by Neves et al., (2009) as 

a subroutine of the COULOMB program based 

on the definition of slip tendency on fault surface 

by Morris et al. (1996) [26, 27]. The slip 

tendency on fault surface is defined as the ratio 

of the shear stress () to the normal stress (n) on 

the fault surface and is denoted by Ts , 

𝑇𝑠 =
𝜏

𝜎𝑛
                                                                       (2) 

Accordingly, when Ts ≥ 0.5, the fault tends 

to slip. Details of the method and algorithm can 

be found in [27]. 

3. Results 

3.1. Type of Rocks Below The Reservoir 

Table 2. Earthquake occurrence probability of rocks 

below the reservoirs [4] 

Type of rocks 
Earthquake occurrence 

probability (%) 

Crystalline rock 39.13 

Volcanic rock 12.17 

Limestone 39.13 

Terrigenous 

sedimentary rock 
9.565 

According to Qiu (2012) global statistical 

results from 115 triggered earthquakes occurring 

in reservoir areas, among the four types of rocks 

located below the reservoirs (crystalline rock, 

limestone, volcanic rock and terrigenous 

sedimentary rock), crystalline rock and 

limestone are the two types of rocks that are most 

likely to experience earthquakes (both 

accounting for 39.13%) [4], see Table 2. 

Limestone is the most vulnerable rock to 

chemical dissolution by water. When the rock is 

chemically dissolved, its cohesion is reduced, 

i.e., friction is reduced, leading to a weakening 

of the strength on the fault [28]. The dissolved 

material can also be washed away by flowing 

water, causing the rock fractures to widen, 

reducing the strength of the rock, promoting the 

slip to occur earlier and eventually the 

occurrence of earthquakes. Most crystalline 

rocks, especially granites, are not considered to 

be porous. In a large granite body, more than 

80% of the water flow is already contained in a 

few major fractures [29]. Even a small addition 

of water can cause these fractures to become 

saturated with water, so that the stress often 

reaches the rock failure threshold, which means 

that an earthquake occurs. 

On the Geological and Mineral Map of 

Vietnam at the scale of 1:200,000 (Phong Sa Li 

- Dien Bien Phu sheet) [30], it can be seen that 

most of the reservoir area lies on the terrigenous 

sedimentary formations of the Da River 

formation (P1-2 sđ) and the Nam Cuoi formation 

(S2 - D1 nc); the remaining small area lies on the 

formations of the Nam Po formation (J1-2 np) and 

the Dien Bien complex (δνP3-T1 đb) (see Figure 

4). The lithological composition of Da River 

formation consists of conglomerate, gritstone, 

quartzitic siltstone, shale, marl and limestone; 

the thickness of the formation is 1,200-2,300m. 

The Nam Cuoi formation is lithologically 

composed of shale, sericitized shale interspersed 

with sandstone, quartzitic sandstone, limestone; 

the thickness of the formation is 2,800-3,600m. 

The Nam Po formation is lithologically 

composed of coarse-grained sandstone 

interspersed with gritstone, silty sandstone, 

siltstone, and claystone. The Dien Bien complex 

is comprised of biotite granite, quartz diorite, 

granodiorite, gabbrodiorite, and diorite. 

According to the results of geological mapping 

at a scale of 1:50,000 (Muong Te sheet), the 

reservoir in the Muong Te commune area is 

located on the Nam Kha A formation (C1-2 nk) 

which is mainly composed of sedimentary-

eruptive materials such as basaltic tuff, rhyolitic tuff; 

the thickness of the formation is 400-520 m [31]. 

In addition, it can be seen from Figure 4 that 

along the reservoir from Muong Te town to Ka 

Lang commune, the granite intrusion of the Phu 

Si Lung complex (aC1 pl) is exposed about 5-

7km from the edge of the reservoir. This is a very 

large-scale magma intrusion. According to  

Thinh et al. (2005), at the cross section of Nam 

Kha A stream (Mu Ca commune), sedimentary 

rocks of the Da River and Nam Kha A 
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formations directly cover the granite of the Phu 

Si Lung complex; the granite massif of the Phu 

Si Lung complex causes hornification of 

sedimentary rocks of the Nam Cuoi formation 

[32]. Based on the order of the above-mentioned 

formations compared to the Phu Si Lung 

complex, it can be concluded that the granite 

massif of the Phu Si Lung complex is located 

below the upstream area of the reservoir at a 

depth of about 3,000 - 4,000m. In Nam Khao and 

Muong Te communes have F-1, F-2, F-4 faults 

cross this granite massif, causing large fractures. 

When the water percolates down, these fractures 

will quickly become saturated with water. 

Accordingly, the stress in the massif will reach 

the failure threshold, which means the 

occurrence of an earthquake. In fact, after the Lai 

Chau reservoir filling, earthquakes have 

occurred along the reservoir from Kan Ho 

through Nam Khao to Muong Te and tend to 

develop gradually towards the Phu Si Lung 

granite intrusion massif (Figure 4). 

 

Figure 4. Location of Lai Chau reservoir on the Geological and Mineral Map of Vietnam  

at a scale of 1:200,000 (modified from Tuyet (Chief author), 2005). 

3.2. Slip Tendency of Main Faults in the 

Reservoir Area 

The SLIP TENDENCY program developed 

by Neves et al., (2009) [27] (a subroutine added 

to the COULOMB program by Toda et al., 2011 

[33]) is used to analyze the slip tendency on the 

F-1, F-2, F-3, F-4, F-5, F-6 and F-7 faults in the 

Lai Chau reservoir area in 3D space. The input 

parameters used include: The orientation values 

of principal stress axes of regional tectonic stress 

field; The geometry of the main faults given in Table 

1; and Young's modulus E = 800,000 bar; Poisson's 

ratio  = 0.25; Friction coefficient µ = 0.4. 

The regional tectonic stress field does not 

maintain a certain shape but changes over time, 

space and magnitude [34]. The best method to 

determine orientation values of three principal 

stress axes of modern regional tectonic stress 

field is based on the results of the analysis of 
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earthquake focal mechanisms [35-37]. When 

determining orientation values of three principal 

stress axes of tectonic stress field in the Vietnam 

- China - Laos border area, Wan et al., (2016) 

used the stress tensor inversion method on the 

dataset of focal mechanisms of 61 earthquakes 

[38]. The obtained results showed that the 

modern regional tectonic stress field has the 

maximum compressive principal stress axis (1) 

oriented in the North Northwest - South 

Southeast and the maximum extensional 

principal stress axis (3) oriented in the East 

Northeast - West Southwest. This result is also 

similar to the research results by [39, 40]; Hung 

(2002) when evaluating the state of three 

principal stress axes of tectonic stress field in the 

Northwest Vietnam [41]. Wan et al., (2016) 

determined the orientation values of three main 

stress axes of tectonic stress field in the Vietnam 

- China - Laos border area as follows: Maximum 

compressive principal stress axis 1 (=349.5, 

=38); Maximum extensional principal stress 

axis 3 (=80.4, =1.2); Intermediate principal 

stress axis 2 (=172, =52) [38]. The study 

area in this paper is located entirely in the study 

area of [38]. Therefore, the orientation values of 

three principal stress axes of the modern regional 

tectonic stress field established by Wan et al. 

(2016) are used as input parameters in the 

analysis of slip tendency on faults in the Lai 

Chau reservoir area. The analysis results of the 

slip tendency of the main faults under the impact of 

modern regional tectonic stress field in the Lai Chau 

reservoir area are presented in Figure 5 below.  

 

Figure 5. Slip tendency of main faults in Lai Chau reservoir area  

(red indicates faults with strong slip tendency). 

Figure 5 indicates that the F-5 fault has an 

extremely strong slip tendency (Ts ≥ 0.8), the F-

1 and F-2 faults have a strong slip tendency (Ts 

= 0.7-0.8); the F-3 and F-4 faults have a medium 

slip tendency (Ts = 0.5-0.6); the F-6 and F-7 

faults have a slight slip tendency (Ts = 0.3-0.4). 

Under the impact of modern regional tectonic 

stress field, the faults in the Lai Chau reservoir 

all tend to slip, which means the occurrence of 

earthquakes. This is clearly shown in Figure 5 

earthquakes occur along the faults and are 

concentrated on the faults with strong slip 

tendency and large-scale such as the F-1 and F-2 

faults. Although the F-5 fault exhibits the 

strongest slip tendency, earthquakes are rarely 

observed along it, possibly because it is a minor 

fault and lies mostly outside the reservoir area. 

3.3. Coulomb Stress Change on Faults in the 

Reservoir Area 

The COULOMB program developed by 

Toda et al., (2011) [33] is used to examine the 
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Coulomb stress change on faults in the Lai Chau 

reservoir at different depths. In addition to the 

input parameters given in Section 3.2, there is an 

important parameter which is the magnitude of 

the maximum earthquake occurring on the fault 

zone. The maximum earthquake scenario is 

assumed to occur on faults in the reservoir as 

follows: on F-1, F-2, F-3 faults, the magnitude of 

maximum earthquake is Mmax = 5.5 ± 0.3; and on 

F-4, F-5, F-6, F-7 faults, the magnitude of 

maximum earthquake is Mmax = 4.5 ± 0.2 [19, 

16]. This scenario is inputted into the 

COULOMB program to calculate the stress 

change on the fault. The Coulomb stress change 

on the faults in the Lai Chau reservoir is 

calculated at depths of 10km and 15km and 

shown in Figure 6. 

The results reveal that in the modern regional 

tectonic stress field, the Coulomb stress change 

appears at depths of 10km and 15km. The deeper 

it is, the greater the area of Coulomb stress 

change is. The Coulomb stress change is clearest 

and greatest at the intersection of three faults F-

1, F-2, F-4. At this location, many earthquakes 

have occurred, including the event with 

magnitude ML=4.9. 

    

Figure 6. Coulomb stress change on main faults in the Lai Chau reservoir area  

(Red colour represents the increased stress; blue represents the decreased stress). 

3.4. History of Reservoir Filling and Draining 

Cycle 

Lai Chau reservoir is located in a region with 

the highland tropical characteristics - the 

Northwest Vietnam. The weather is divided into 

two distinct seasons: cold winter with low 

rainfall, hot - humid summer with heavy rainfall. 

Every year, the rainy season begins at the end of 

April and ends in October, coinciding with the 

prevailing southwest wind. The average annual 

rainfall ranges from 1,500mm to over 3,000mm. 

The average annual rainfall is about 2,531mm, 

with the highest in July accounting for 87.5% of 

the annual rainfall. The dry season begins from 

November to March of the following year, with 

low rainfall (316.4mm).  

The data on average daily water level at Lai 

Chau reservoir provided by Lai Chau Operation 

Workshop of Son La Hydropower Company are 

used to construct a graph of the relationship 

between the reservoir filling and draining with 

the occurrence of earthquakes in the period from 

June 2015 to June 2024 (Figure 7). 
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Figure 7. Relationship between water level fluctuations and earthquakes occurring in the Lai Chau reservoir area 

and its vicinity from June 2015 to June 2024. 

Figure 7 reveals that the reservoir water level 

fluctuates very obviously according to the 

season. At the end of the dry season, the water 

level gradually decreases to an elevation of 

265m (MSL), and in the rainy season, the water 

level gradually increases in the second half of 

June every year. The water level usually peaks in 

late June and early July every year, and this 

water level maintains until the end of the dry 

season. Thus, June can be considered the 

beginning/end of a reservoir filling and draining 

cycle. From June 2015 to June 2019, the annual 

water level fluctuations of the reservoir occurred 

quite regularly. During this period, in the first 

two reservoir filling and draining cycles (June 

2015 - June 2017), events with ML = 2.0 -3.2 

appeared. In the next two cycles (6/2017 - 

6/2019), only one event with ML = 2.0 appeared. 

In the fifth cycle (6/2019 - 6/2020), the reservoir 

water level fluctuated continuously but no event 

with ML ≥ 2.0 occurred. In the sixth cycle 

(6/2020 - 6/2021), events with ML = 2.0 - 4.9 

appeared frequently. In the remaining three 

cycles (6/2021 - 6/2024), events with ML = 2.0 - 

3.1 occurred rarely and sporadically. Thus, it can 

be seen that fluctuations in the reservoir water 

level are related to earthquakes occurring during 

the reservoir filling and draining cycles, with  

the most evident correlation observed in the  

sixth cycle. 

4. Discussion 

The reservoir filling due to the hydropower 

dam construction certainly affects the state of 

accumulated stress on faults that were already 

near the failure threshold. Under the influence of 

the modern regional tectonic stress field, F-1, F-

2, F-3, F-4 and F-5 faults all exhibit a moderate 

to strong tendency to slip (Figure 5). The strike-

slip predominates in the slip mechanism of these 

faults. According to Roeloffs (1988), 

earthquakes are likely to occur below the 

reservoir if there is a vertical strike-slip fault 

[42]. With this characteristic, after the Lai Chau 

reservoir filled, the water percolated down along 

the fault surface, reducing the friction on the slip 

surface. Combined with water saturation in the 

fractures within Phu Si Lung granite intrusion, 

this process caused the accumulated stress to 

reach the failure threshold, creating favorable 

conditions for the slip on the faults to occur (i.e., 

earthquake occurrence). Moreover, the impact of 

the regional tectonic stress field also results in a 

considerable change in Coulomb stress on some 

faults in the upstream area of the reservoir (red-

yellow area) (see Figure 6). Obviously, before 

reservoir filling, the Coulomb stress change was 

already present on the faults in this area. After 

reservoir filling, the Coulomb stress on the fault 

continues to change. Thus, the reservoir filling 
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has increased the accumulated stress on the 

faults to its failure threshold, triggered recent 

earthquakes in the reservoir area and its vicinity. 

This is evidenced by the focal mechanism of the 

event with ML=4.9 that occurred on June 16, 

2020 [43], which was determined to be right-

lateral strike-slip with an additional reverse 

component (Table 3). This slip mechanism is 

consistent with that of the F-1 fault, indicating that 

the event ML=4.9 likely occurred on the F-1 fault. 

Table 3. Moment Tensor for Mw 4.7 (GCMT) 

(according to http://ds.iris.edu/ds/products/momenttensor/18409916) 

Event 

Principal Axes Nodal Planes 
Focal  

Mechanism Name Length 
Plunge 

(°) 

Azimuth 

(°) 
Name 

Strike 

(°) 

Dip 

(°) 

Rake 

(°) 

2020 06 16 06:12:29 
 

GCMT: 22.42N 102.56E   

h=20.6 km   Mw= 4.7 

US: 22.462N   102.587E   

h=10 km     mb= 4.5 

IGP: 22.491N  102.634E  

h=10 km     ML = 4.9 

T 1.562 25 234 NP1 15 60 7 

 

N 0.216 60 92 NP2 282 84 150 

P -1.778 16 332     

The occurrence of earthquakes increased in 

number, frequency, and magnitude during the 

sixth reservoir filling and draining cycle, which 

was believed to be associated with reservoir 

operations during the fifth cycle. Figure 7 shows 

that the reservoir water level in the fifth cycle 

was unstable and fluctuated continuously (rising 

and falling). Moreover, the water level remained 

consistently low, which suddenly reduced the 

stress and pore water pressure that had already 

accumulated to high levels from previous cycles. 

This factor, combined with the aforementioned 

factors, triggered earthquakes in the second half 

of June and the subsequent months of the sixth 

reservoir filling and draining cycle. In this paper, 

we have not yet conducted an in-depth study on 

the change in pore water pressure. However, 

qualitatively, we believe that the event of ML = 

4.9 that occurred in the Lai Chau reservoir area 

(with a delay of 5 years since the first reservoir 

filling) is likely related to the diffusion of pore 

water pressure. This will be mentioned in the 

next study. 

Due to the complexity and diversity of 

factors related to the occurrence of earthquakes, 

all assessments and studies to lessen the dangers 

caused by damming need to be considered 

simultaneously. This is enormously important 

because if any factor is considered separately or 

plays a leading role, it will be meaningless. 

5. Conclusion 

- At a depth of 3,000 - 4,000 meters beneath 

of the reservoir lies the granite massif of the Phu 

Si Lung complex, a type of rock that when water 

seeping down makes the stress in the rock easily 

reach the its failure threshold; 

- Under the impact of the tectonic stress field 

in the Contemporary period, the F-1, F-2, F-3 

and F-5 faults connected to the reservoir exhibit 

a strong slip tendency, accompanied by a clear 

Coulomb stress change on these faults. 

- The intersection of the three faults F-1, F-2 

and F-4 is where numerous earthquakes have 

occurred, including event of ML = 4.9. At this 

location, the Coulomb stress change is also 

clearly observed and reaches its highest value.  

- The unstable water level fluctuations in the 

fifth reservoir filling and draining cycle caused 

suddenly reduced the stress on the faults, thereby 

it triggered numerous earthquakes in the sixth 

cycle (in 2020). 

- These factors interact with each other, 

contributing to favorable conditions for 
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earthquakes to occur in the Lai Chau reservoir 

area and its vicinity. The numerous earthquakes 

that occurred during the period from June 2020 

to June 2021 were related to reservoir water 

impoundment. 
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Appendix: 

Catalog of earthquakes with M ≥ 2.0 in Lai Chau reservoir area and its vicinity from 1900 to June 2024 

No. Year Month Date Hr. Min. Sec. Long. Lat. 
Depth  

(km) 
Mag. 

Type of 

M 

1 1961 11 26 15 7 0 22.5 102.6 15 4.1 Ms 

2 1977 7 15 14 16 53 22.33 102.91 5 3.4 Ms 

3 1978 10 7 12 25 0 22.39 102.67 5 3.2 Ms 

4 1980 6 17 22 16 0 22.29 102.99 10 4.2 Ms 

5 1981 12 18 13 10 22 22.23 102.99 5 3.2 Ms 

6 1985 8 19 13 41 19 22.4 102.8 10 4.7 Ms 

7 1996 11 13 18 51 46 22.34 102.84 5.9 4.6 Ms 

8 2001 1 5 18 20 43 22.05 103.01 10 2.8 Ms 

9 2001 11 28 3 29 15 22.47 102.6 2 3.9 Ms 

10 2005 9 26 13 48 13 22.409 102.778 13 3.6 Ms 

11 2006 1 6 18 28 10 22.235 102.801 7.7 4 Ms 

12 2006 1 23 21 9 20 22.086 102.919 17.1 2.9 Ms 

13 2007 6 7 5 31 14 22.163 103.065 17 3.3 Ms 

14 2009 3 27 14 43 37 22.189 102.845 10 3.6 Ms 

15 2014 10 19 17 34 2 22.222 103.044 10 3.5 ML 

16 2014 11 26 14 21 24.8 22.062 102.962 5.7 2 ML 

17 2015 7 15 3 33 50.6 22.463 102.679 15.1 2.1 ML 

18 2015 7 20 12 36 41.8 22.069 102.92 10 2.5 ML 

19 2015 9 14 20 4 15.7 22.492 102.615 19.3 2.5 ML 

20 2015 12 14 8 4 49.8 22.561 102.553 8.2 3.2 ML 

21 2015 12 15 22 51 30.8 22.343 102.879 10 2.5 ML 

22 2015 12 16 3 52 45.9 22.318 102.872 14.7 2.2 ML 

23 2016 1 2 8 46 18.9 22.509 102.524 14.3 3.1 ML 
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No. Year Month Date Hr. Min. Sec. Long. Lat. 
Depth  

(km) 
Mag. 

Type of 

M 

24 2016 1 2 8 46 25.2 22.294 102.755 10 2.8 ML 

25 2016 2 4 9 41 42 22.39 102.882 3.1 2.3 ML 

26 2016 2 9 0 19 55.9 22.373 102.824 10 2.7 ML 

27 2016 6 17 3 5 54.1 22.42 102.686 10.1 2.9 ML 

28 2016 10 3 19 46 49.7 22.335 102.818 15 2.2 ML 

29 2017 1 7 22 23 48 22.322 102.885 10 2.5 ML 

30 2017 1 13 4 36 49 22.135 102.809 10 2 ML 

31 2017 1 18 11 36 9 22.292 102.837 14 2.1 ML 

32 2017 2 6 19 0 0 22.288 102.833 11 2 ML 

33 2017 3 6 3 37 1 22.362 102.761 15 3.1 ML 

34 2017 4 8 16 2 9 22.368 102.887 13.6 2.1 ML 

35 2017 5 5 7 50 42 21.991 103.092 10 3.1 ML 

36 2017 5 19 20 36 32 22.259 102.832 10.5 2.9 ML 

37 2017 6 24 3 3 22 22.345 102.792 8.1 2 ML 

38 2017 7 1 11 25 0 22.626 102.506 12 2.8 ML 

39 2018 6 25 12 1 4.2 22.334 102.82 10 2 ML 

40 2020 6 15 16 43 16.6 22.464 102.669 11.9 3.3 ML 

41 2020 6 16 6 12 29 22.491 102.634 10 4.9 ML 

42 2020 6 16 6 13 3 22.456 102.671 8 3.7 ML 

43 2020 6 16 8 54 59.9 22.469 102.66 12 2 ML 

44 2020 6 16 11 23 28.3 22.474 102.647 12.8 2.3 ML 

45 2020 6 16 15 3 28.7 22.519 102.657 7.6 2.5 ML 

46 2020 6 16 18 9 30.8 22.474 102.643 12.5 2 ML 

47 2020 6 16 20 47 43.1 22.537 102.655 6 2.8 ML 

48 2020 6 18 19 16 41.4 22.492 102.691 6.2 2.3 ML 

49 2020 6 18 22 1 21.5 22.503 102.659 10 2.9 ML 

50 2020 6 19 1 9 26.1 22.416 102.628 13.8 3.6 ML 

51 2020 6 22 15 20 35.5 22.45 102.65 14.3 3.5 ML 

52 2020 6 24 6 59 44.9 22.486 102.639 3.7 2.1 ML 

53 2020 6 27 12 37 35.2 22.252 102.778 9 2.1 ML 

54 2020 6 28 4 41 14 22.5 102.602 5.5 2.6 ML 

55 2020 6 28 23 48 38.7 22.609 102.61 14.8 3 ML 

56 2020 7 1 23 7 24.9 22.631 102.447 7 2.5 ML 

57 2020 7 2 15 16 35.4 22.462 102.662 2.4 3.4 ML 

58 2020 7 3 22 53 27.4 22.484 102.659 9.7 2.1 ML 

59 2020 8 3 19 26 18.2 22.481 102.663 10.6 2.1 ML 

60 2020 8 16 13 58 16.5 22.549 102.644 2.5 2.5 ML 

61 2020 8 31 9 27 58.6 22.554 102.67 2.8 2.7 ML 

62 2020 9 13 4 44 52.4 22.484 102.693 12.4 2.3 ML 

63 2020 10 13 5 33 14.8 22.338 102.786 7.6 2.1 ML 

64 2020 11 6 7 1 8.7 22.508 102.682 15 2.2 ML 

65 2020 11 18 0 45 31.2 22.562 102.504 7.3 2.6 ML 

66 2020 12 23 7 5 22.1 22.156 103.011 3.6 2.4 ML 

67 2021 1 11 5 32 9.6 22.517 102.582 14.2 2.3 ML 

68 2021 1 12 21 17 27.3 22.511 102.62 8.1 3.5 ML 
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No. Year Month Date Hr. Min. Sec. Long. Lat. 
Depth  

(km) 
Mag. 

Type of 

M 

69 2021 1 15 15 8 28 22.49 102.67 10.5 3 ML 

70 2021 2 4 20 35 27.7 22.521 102.58 14.3 2.1 ML 

71 2021 2 17 5 6 15.5 22.506 102.639 7.7 2 ML 

72 2021 2 22 15 1 7.9 22.482 102.664 9.5 2.1 ML 

73 2021 2 27 18 34 47.3 22.524 102.644 16.1 2.6 ML 

74 2021 4 15 13 20 40.6 22.523 102.561 8 2.3 ML 

75 2021 5 6 20 13 57.1 22.488 102.61 8 2 ML 

76 2021 5 10 23 25 9.3 22.486 102.69 13.9 2.8 ML 

77 2021 5 15 8 4 31.5 22.489 102.742 10 2.8 ML 

78 2021 6 14 22 5 51 22.477 102.562 9.3 3.1 ML 

79 2021 7 5 23 7 3.8 22.475 102.616 10 2.1 ML 

80 2022 4 20 21 55 19.1 22.564 102.569 1.4 2 ML 

81 2022 8 5 16 47 11.9 22.428 102.655 10 2 ML 

82 2022 8 6 15 39 53 22.306 102.83 2.4 2.5 ML 

83 2022 11 20 19 31 24.9 22.541 102.733 10 2.6 ML 

84 2023 1 21 19 22 16.2 22.446 102.623 1.7 2.3 ML 

85 2023 3 2 21 57 22.4 22.441 102.615 5 2.6 ML 

86 2023 3 2 22 48 30.2 22.441 102.614 6 2.3 ML 

87 2024 1 4 13 36 17.3 22.566 102.619 1.6 2.1 ML 

 


