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ABSTRACT 
 
After the May 12, 2008 earthquake in Wenchuan, Sichuan, 
suspicion grew among Earth scientists that the Zipingpu Dam 
reservoir had triggered the devastating earthquake, which killed 
more than 80,000 Chinese citizens. Since then, some 50 to 60 
articles and studies have investigated this massive seismic event 
and its relationship to the Zipingpu reservoir. This paper reviews 
the literature and concludes that the mounting body of evidence 
and analysis indicates that the magnitude 8 earthquake1 was 
triggered by the mass loading and increased pore pressure caused 
by the Zipingpu reservoir. It also concludes that the initial 
seismogenic rupture of the Wenchuan earthquake did not occur 
along the Yingxiu Fault Belt at a depth of 14 to 19 kilometres, as 
previously thought, but at a depth of 6 to 9 km along the Shuimo-
Miaoziping Fault Belt, which passes underneath the Zipingpu 
reservoir. This initial seismogenic rupture subsequently expanded 
and spread in a series of rupture events that were closely linked to 
each other for 90 seconds along the Longmenshan Central Fault, 
moving 200-300 km from southwest to northeast. The near absence 
of a typical precursor2 before the Wenchuan earthquake, in 
addition to seismic recordings of abnormal, small earthquakes in 
the reservoir area as early as April 5, 2008, suggest that this was 
not a conventional case of reservoir-induced seismicity (RIS) in 
which the accumulation of stress in a fault zone is nearing the 
critical point, and the impounding activities of a reservoir merely 
trigger the inevitable seismic event. Rather, the new findings 
suggest that the filling and drawdown of the Zipingpu reservoir 
triggered clusters of small earthquakes which caused new ruptures 
in the rock that, in turn, altered the stress field in the Longmenshan 
region and led to an accelerating release of energy. This series of 
events culminated in the giant rupture that became the MS8.03 
Wenchuan earthquake. In light of these findings, Earth scientists 
and decision-makers alike must now address a dangerous new 
reality: if reservoir-induced seismicity can be considered human-
induced foreshocks to a major earthquake, then the science of 
reservoir-induced seismicity must consider the possibility that 
reservoirs can trigger unanticipated tectonic activity. Most 
urgently, the findings presented in this paper about the Wenchuan 
earthquake make a review of current plans to build dozens of large 
dams with accompanying large reservoirs, in and near areas of 
high regional tectonic stress in western China, a high priority. 

 
 
 
 
 
 
The mounting 
body of evidence 
and analysis 
indicates that the 
magnitude 8 
earthquake was 
triggered by the 
mass loading and 
increased pore 
pressure caused 
by the Zipingpu 
reservoir. 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 



  

INTRODUCTION: World attention on the Zipingpu Dam reservoir as the trigger of China's May 
2008 earthquake grows 
 
The initial rupture depth of the Wenchuan earthquake was only 6 to 9 kilometres 
 
Figure 1: Seismic frequency and seismic depth in the Zipingpu reservoir area from August 16, 2004 – 
May 10, 2008 
 
The true focal point of the Wenchuan earthquake is located on the Shuimo-Miaoziping Fault Belt 
which passes through the bottom of the Zipingpu reservoir catchment area  
 
Figure 2: Diagram of the process by which the Zipingpu reservoir induced the M8 Wenchuan 
earthquake 
 
Figure 3: Surface rupture zone of the Wenchuan earthquake 
 
The rapid rate and dramatic scale of filling and drawdown of Zipingpu's reservoir was unprecedented 
and dangerous  
 
Table 1: The impoundment phases of the Zipingpu reservoir from September 2004 to May 2008 
 
Figure 4: Major phases of loading and unloading of the Zipingpu reservoir 
 
Figure 5: Major phases of loading and unloading of the Zipingpu reservoir 
 
Conclusions drawn from calculations of "Coulomb stress" 
 
Seismic activity significantly increased after filling the Zipingpu reservoir 
 
Figure 6: Three seismic clusters after inundation of the Zipingpu Dam reservoir and before the May 
12, 2008 Wenchuan earthquake 
 
Figure 7: Comparison of seismic activity before and after filling the Zipingpu Dam reservoir 
 
Were the reservoir-induced small earthquakes in the Shuimo seismic cluster foreshocks of the 
Wenchuan earthquake? 
 
Other evidence of the effect of small earthquakes on seismic activity in the Zipingpu reservoir area  
 
Is the absence of an obvious precursor before the Wenchuan earthquake consistent with the features of 
RIS?   
 
Whether other unusual events before the Wenchuan earthquake were related to the impoundment of the 
reservoir   
 
Can a reservoir induce an earthquake with a magnitude as large as Ms8.0? 
 
Figure 8: The phases of the rupture process of the Wenchuan earthquake  
 
CONCLUSION: As the complete picture of what happened on May 12, 2008 becomes clearer, 
scientists and decision-makers face an urgent new reality  
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INTRODUCTION: World attention on the Zipingpu Dam 
reservoir as the trigger of China's May 2008 earthquake grows 
 
On May 12, 2008, an 8.0-magnitude (MS8.0)4 earthquake in 
Wenchuan, Sichuan Province, shocked the world. The immediate 
consequences of the Wenchuan earthquake were devastating: more 
than 80,000 Chinese citizens were killed, swept away by landslides 
and crushed by tumbling rocks and collapsing buildings. Experts in 
the field of Earth sciences observed that a plethora of “abnormal” 
phenomena occurred in relation to the earthquake, which led them 
to suspect that the Zipingpu reservoir had induced the earthquake. 
For example, before the Wenchuan earthquake, no earthquakes 
over magnitude 6.5 had ever been recorded in the Longmenshan 
region. For this reason, China’s national seismic zoning maps had 
classified the region as having a seismic intensity of VII.5 But the 
Wenchuan earthquake reached a seismic intensity of X, and even 
XI. Moreover, before the earthquake, the original ground motion6 
parameters in the Wenchuan area ranged from 0.1 g to 0.15 g but, 
during the earthquake, the ground motion parameters reached six 
to ten times those figures.7 
 
In addition, with a low tectonic deformation rate of only about 1-2 
millimetres (mm) per year in the Longmenshan Fault Zone, the 
seismogenic process of stress change in the focal region of the 
earthquake could be characterized as slow growth. Therefore, in 
terms of medium- and long-term seismic trends, no great 
earthquakes8 were expected along the Longmenshan Fault Zone. 
Therefore, in many ways the plethora of abnormal phenomena 
were associated with the Wenchuan earthquake.  
 
In the years that followed the quake, the role of Zipingpu’s 
reservoir in inducing the Wenchuan earthquake became a hot topic 
in the international media. Unsurprisingly, the topic drew attention 
from the scientific community as well. To date, some 50-60 
academic articles and papers examining the issue have been 
published, most of which are by Chinese seismic experts. 
 
This review shows that these studies and a mounting body of 
evidence indicate an astonishingly close connection between the 
Zipingpu Dam reservoir and the Wenchuan earthquake. 
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The initial rupture depth of the Wenchuan earthquake was 
only 6 to 9 kilometres 
 
According to the China Earthquake Networks Center (CENC)9 and 
the United States Geological Survey (USGS),10 the depth of the 
focal point11 of the Wenchuan earthquake was 14 km and 19 km 
respectively. Based on these figures, Chen Houqun et al. (2008) 
concluded that it was impossible for the Zipingpu reservoir to have 
induced the Wenchuan earthquake because the focal point depths 
of reservoir-induced seismic (RIS) events are generally less than 
10 km. 
 
First, there is no shortage of examples of widely recognized RIS 
events with focal point depths greater than 10 km. These include 
the 6.3-magnitude earthquake at Kremasta in Greece; the 6.1-
magnitude earthquake at Kariba in Zambia; the 6.5-magnitude 
earthquake at Koyna in India; and the 5.6-magnitude Aswan 
earthquake in Egypt, all of which ranged in focal point depth from 
12 to 20 km. 12 Therefore, the argument by Chen Houqun et al. 
(2008), that it was impossible for the Zipingpu reservoir to have 
induced the Wenchuan earthquake because the focal point was too 
deep, is without scientific substance.  
 
Second, it is important to note that the focal point depths released 
by both CENC and the USGS were based on data provided by 
different regional seismic networks relatively far from the 
epicentre, and not on data from a seismic network located closer to 
the epicentre. In contrast, Ma Wentao et al. (2011) use data from a 
seismic monitoring network that was established in 2004 in the 
Zipingpu reservoir area, expressly to monitor seismic activity after 
the dam’s completion. This data is derived from locations much 
closer to the epicentre, and therefore provides more specific and 
detailed readings. Using data from this seismic monitoring network 
and introducing the widely used double-difference earthquake 
location algorithm,13 Ma Wentao et al. (2011) relocate the initial 
rupture of the Wenchuan earthquake as occurring at 14:27:59.5 on 
May 12, 2008 at a depth of between 6～9 km.14 This new finding 
provides very important evidence that the Zipingpu reservoir 
induced the Wenchuan earthquake.  
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Another study by Lu Xian et al. (2010) used 1,569 small 
earthquakes15 recorded between August 16, 200416 and May 10, 
2008 (also recorded by the specially designated seismic monitoring 
network around Zipingpu) and the double-difference algorithm to 
relocate the initial rupture depth of the Wenchuan earthquake. 
According to their calculations, 70% of the small earthquakes that 
occurred before the Wenchuan earthquake had a focal depth 
ranging from 5 to 15 km, with a high percentage of them in the 5-
10 km range, and with an average depth of 7.8 km. 
 
Figure 1: Seismic frequency and seismic depth in the Zipingpu 

reservoir area from August 16, 2004 – May 10, 2008 

 Source: Lu Xian, Zhang Xiaodong, Zhou Longquan et al. (2010), “Research 
and analysis on accurate positioning of earthquakes in the Zipingpu reservoir 
area,” Seismology, 30 (2): 10-19. 
 
These new findings – that in the four years between the initial 
impoundment of the reservoir and the Wenchuan earthquake, small 
earthquakes were highly concentrated in the range from 5 to 10 
km, with an average depth of 7.8 km – indicate that rock ruptures 
were concentrated in that range before the occurrence of the 8.0 
magnitude Wenchuan earthquake. As rock rupture experiments 
have demonstrated, big ruptures usually take place in the areas 
where small ruptures have been concentrated. Thus, these new 
findings provide evidence that the focal depth of the Wenchuan 
earthquake may have been between 6 km and 9 km. 
 

It should be noted that the Wenchuan earthquake was a rupture 
event that lasted about 90 seconds, and extended more than 200 
km. During the MS8.0 rupture event and the expansion of the 
rupture (but excluding the aftershocks), it is possible that changes 
in the focal depth occurred. The rupture process is very complex  
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and so far, no precise research results have been found to indicate 
changes in focal depth. Therefore, it appears that there were no 
significant changes in the focal depth during the spread of the 
rupture. 
 
The true focal point of the Wenchuan earthquake is located on 
the Shuimo-Miaoziping Fault Belt which passes through the 
bottom of the Zipingpu reservoir catchment area  
 
The Beichuan-Yingxiu Fault Belt splits into two faults southwest 
of Shenxigou: one through Yingxiu on the Earth’s surface, which 
can be described as the Yingxiu Fault Belt; while the other travels 
through Shuimo-Miaoziping and can be called the Shuimo-
Miaoziping Fault Belt. The latter, or the Shuimo-Miaoziping Fault 
Belt, passes exactly through the bottom of the main catchment area 
of the Zipingpu reservoir (see Figure 2). 
 
Based on initial reports, the epicentre of the Wenchuan earthquake 
was located near the Yingxiu Fault Belt, giving the false 
impression that the Wenchuan earthquake occurred on this fault 
line. As Chen Houqun et. al. (2008) and others argued, Zipingpu 
did not induce the May 12 Wenchuan earthquake because “The 
water in the Zipingpu reservoir had no impact on the Beichuan-
Yingxiu Fault Belt (including the special Yingxiu Fault Belt) and 
because the hydrogeological conditions within the Beichuan-
Yingxiu Fault Belt were largely unchanged.”  
 
Seismology tells us that the epicentre of an earthquake is the 
vertical projection of the focal point of an earthquake to the Earth's 
surface, while the focal point is the true location of the original 
Wenchuan earthquake rupture (see endnote 3). Given that the fault 
plane of the Beichuan-Yingxiu Fault Belt is tilted to the northwest, 
when a straight line is drawn from the epicentre to the focal point, 
according to the new depth estimates, it becomes clear that the 
focal point of the Wenchuan earthquake was not in the Yingxiu 
Fault Belt, but in the Shuimo-Miaoziping Fault Belt instead. 
Crucially, the Shuimo-Miaoziping Fault Belt system passes 
through the bottom of the main catchment area of the Zipingpu 
Dam reservoir. Yang Xiaoyuan pointed out this fact in his 2009 
paper to a symposium of the Seismological Society of Sichuan 
Province. 



 

 

 

5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Diagram of the process by which the Zipingpu 
reservoir induced the M8 Wenchuan earthquake  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note to Figure 2: The red line on the left is the Yingxiu Fault Belt, the red line 
on the right is the Shuimo-Miaoziping Fault Belt, the light blue region is the 
(Zipingpu) reservoir area. The red star stands for the focal point (of the 
Wenchuan earthquake) in the Shuimo-Miaoziping Fault Belt, the intensive red 
circles above the red star indicate the Shuimo seismic cluster while the intensive 
red circles on the right of the red star indicate the Dujiangyan seismic cluster. 
Source: Ma Wentao, Xu Changpeng and Zhang Xindong (2011), “Discussion 
on the relationship between Zipingpu reservoir and the Wenchuan earthquake,” 
Seismology and Geology, 33 (1): 175-190. 
 
 
 

Figure 3: Surface rupture zone of the Wenchuan earthquake 
 

 
Note to Figure 3: On the left side of Figure 3, the Beichuan-Yingxiu surface 
fracture zone (F1) divides into two in the vicinity of Yingxiu and Shuimogou 
(area); below F1, F2 indicates the Hanwang-Bailu surface rupture zone. 
Source: Xu Xiwei, Chen Guihua, Yu Guihua et al., (2010), “A re-examination 
on the basic parameters of surface rupture and analysis on the tectonic 
connotation of the 5.12 Wenchuan earthquake,” Journal of Geophysics, 53 (10): 
2321-2336. 
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In addition, Xu Xiwei et al. (2008, 2010) and Ma Wentao et al. 
(2011) discovered that a coseismic surface rupture zone formed 
during the Wenchuan earthquake along the Shuimo-Miaoziping 
Fault Belt. This surface fault rupture zone not only broke the 
surface of the Chengdu-Wenchuan highway, it also seriously 
damaged the Miaoziping Bridge, and the Longchi Tunnel. This 
provides further evidence that the initial seismogenic rupture of the 
Wenchuan earthquake occurred along the Shuimo-Miaoziping 
Fault Belt. 
 
Moreover, as the Longmenshan Fault Zone is a system of faults 
intersecting each other underground and sitting on a relatively flat 
fault plane, when the water of the Zipingpu penetrates any cracks, 
the adjacent fracture zones will be affected through the 
interconnected fault system. Therefore, even if a fault belt is not 
flooded directly by the reservoir on the surface, the fault belt may 
still be affected through the penetration and pressure diffusion of 
the water throughout adjacent fracture zones. 
 
The rapid rate and dramatic scale of filling and drawdown of 
Zipingpu's reservoir was unprecedented and dangerous  
 
The filling of the Zipingpu Dam’s reservoir began officially on 
September 30, in 2004.17 Before impoundment, the water level of 
the natural river was generally between 752 and 755 metres above 
sea level. On September 27, 2004, one of the two diversion tunnels 
of the Zipingpu was closed, and the water level in the reservoir 
rose from 752 m to 775 m (Chen Houqun, 2010), an increase of 23 
metres. This initial impoundment was not particularly rapid, 
especially compared to what was to follow in 2005 and 2006. 
 
Based on the data published by different experts, and presented 
here in Table 1 (next page), the impoundment of the Zipingpu Dam 
from September 2004 to May 2008 (when the Wenchuan 
earthquake occurred) can be divided into two major periods: the 
initial period with low-amplitude loading (filling) and low-
amplitude unloading (drawdown) (Phase I shown in Table 1 
Phases I and II in Figure 4, and Phase I in Figure 5),18 and the later 
period (Phases II-VII shown in Table 1, Phases III-IX in Figure 4, 
and Phases II-V in Figure 5) with three high-amplitude loading and 
two high-amplitude unloading episodes. 
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Table 1: The impoundment phases of the Zipingpu reservoir 
from September 2004 to May 2008 

 

Phase Period of 
time 

Water 
levels 

(metres 
above sea 

level) 

↑(Rise) 
↓(Fall) 

Range 
(metre) 

I 
09/2004 
08/2005 
09/2005 

752 
775 
760 

↑ 
 
↓ 

23 
 

15 

II 09/2005 
12/2005 

760 
840 

↑ 
 80 

III 01/2006 
04/2006 

840 
820 ↓ 20 

IV 05/2006 
12/2006 

820 
875 

↑ 
 55 

V 01/2007 
08/2007 

875 
817 ↓ 58 

VI 09/2007 
12/2007 

817 
873 

↑ 
 56 

VII 01/2008 
05/2008 

873 
821 ↓ 52 

 
Notes to Table 1: 1) Sources: Lei Xinglin et al. (2008), Chen Houqun et al. 
(2010), Zhou Bin et al. (2010), Zhang Yongjiu, Gao Yuan and Shi Yutao (2010), 
and Ma Wentao (2011); 2) Differences in water level readings of between 0.5 
and 2.0 metres, as recorded by the different authors, have been reconciled in 
Table 1 for the purposes of this analysis. 
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Table 1 shows that the water level of Zipingpu’s reservoir reached 
its highest level of 875 metres in October 2006 from its initial level 
of 752 metres when impoundment began in September 2004. This 
rise of 123 metres was accomplished in a period of two years and 
one month. The period of largest amplitude loading took place 
between September and December 2005,19 when the water level 
rose by about 80 metres, followed by a 55-metre rise from May to 
December 2006. The periods of maximum reservoir drawdown 
occurred from January to April 2007 and January to May 2008. 
This latter drawdown event occurred just before the May 2008 
Wenchuan earthquake. The rate and scale (in terms of amplitude) 
with which these filling and drawdown events were accomplished 
were unprecedented in the history of large reservoir 
impoundments, both at home and abroad. In addition to this rapid 
and substantial change in the water level of the reservoir, repeated 
and alternating high amplitude loading and unloading would also 
accelerate the lubrication and reactivation of fractures. According 
to the calculations by Lei Xinglin et al. (2008), fluctuating water 
levels between 875 m and 817 m above sea level is equivalent to 
the loading or unloading of about 740 million cubic metres, or 
about 740 million tonnes. The Wenchuan earthquake occurred 
after the Zipingpu reservoir had experienced three episodes of high 
amplitude loading and two episodes (Phases VII and IX in Figure 
4, and Phases III and V in Figure 5) of high amplitude unloading. 
 
 
 

Figure 4: Major phases of loading and unloading of the 
Zipingpu reservoir 

 
Source: Lei Xinglin, Ma Shengli, Wen Xuezen et al. (2008), “Integrated 
analysis of stress and regional seismicity by surface loading: a case study of the 
Zipingpu reservoir,” Geology and Seismology, 30 (4): 1046-1064. 
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Figure 5: Major phases of loading and unloading of the 
Zipingpu reservoir 

 
Source: Zhou Bin, Xue Shifeng, Deng Zhihui et al. (2010), “The relationship 
between the space-time evolution of RIS and the process of loading/unloading 
and penetration reservoir water – a case study on the Zipingpu reservoir,” 
Journal of Geophysics, 53 (11): 2651 -2670. 
 
Conclusions drawn from calculations of “Coulomb stress”   
 
Coulomb stress refers to the force acting on a fault and making the 
fault active.20 Compared to the naturally occurring state of 
Coulomb stress, a reservoir tends to add stress to a given fault and 
is likely to contribute to fault rupture. Experts measure Coulomb 
stress (or pressure) in megapascals (MPa) in “bar” units, with one 
bar equivalent to one standard atmospheric pressure, or 
approximately equal to 0.1MPa. Studies have shown that, under 
certain conditions, incremental changes in Coulomb stress reaching 
as much as 0.1bar (i.e. 0.01MPa) is sufficient to produce 
significant effects on seismic activity.  
 
One of the important methods used to study the relationship 
between the Zipingpu reservoir and Wenchuan earthquake is to 
calculate the incremental Coulomb stress generated by the water 
load and by pore water pressure as a result of reservoir 
impoundment, and to assess whether that increment was large 
enough to trigger earthquakes. 
 
According to the calculations by Lei Xinglin et al. (2008), changes 
in Coulomb stress reached more than 1 bar at a depth of 3-4 km in 
the Yingxui-Beichuan Fault (the central fault line of the 
Longmenshan Fault Zone) in 2006 after the reservoir was filled to 
its highest level of 875 metres above sea level. In the period from 
December 2007 to May 12, 2008, when water levels were dropping 
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in the Zipingpu reservoir, the Coulomb stress change was more 
than 0.5 bar at a depth of 10 km underground, and even reached 
several bars at a depth of 4-5 km.21  

 
Therefore, Lei Xinglin et al. (2008) believe that the impoundment 
activities of the Zipingpu reservoir caused significant changes in 
Coulomb stress levels equivalent to several times and even several 
dozen times greater than before the reservoir was impounded. 
 
The calculations by Shemin Ge et al. (2009) showed that the 
impoundment could have changed the Coulomb stress by −0.01 to 
0.05 MPa at locations and depths consistent with the reported focal 
point positions of 14 and 19 km depth as estimated by CENC and 
USGS respectively. This change in stress levels has been shown to 
be significant in triggering earthquakes on critically stressed faults. 
Because the naturally occurring loading rate on the Longmenshan 
fault is <0.005 MPa/year, Shemin Ge et al. suggest that the 
Zipingpu reservoir, which could have added 0.05MPa, potentially 
hastened the occurrence of the Wenchuan earthquake by tens to 
hundreds of years. 
 
K. Gahalaut, et al. (2010) and Zhang Bei, et al. (2010) argued that 
Shemin Ge et al. exaggerated the effect of the reservoir load by 
using a two-dimensional analytical method, so Gahalaut et al. and 
Zhang et al. employed a three-dimensional analytical method and 
obtained different results. According to Gahalaut’s calculations, 
the operation of the Zipingpu reservoir did not cause an increase in 
Coulomb stress at the earthquake’s focal point at a depth of around 
19 km, but rather caused a decrease in Coulomb stress by about 
1Kpa (0.001Mpa), resulting in only a slight increase of shallow 
and weak shocks which had no effect on the Wenchuan earthquake 
at all. 
 
According to the calculations by Zhang Bei et al., if the effect of 
reservoir loading22 is considered alone, without the effect of pore 
pressure,23 reservoir loading would make the reverse faults near the 
focal point more stable, while unloading (i.e. lowering) would 
make them more dangerous.24 Zhang Bei and others also pointed 
out that the lowering of water levels in the reservoir five months 
before the Wenchuan earthquake increased the Coulomb stress 
significantly, mainly on the focal point side of the fault. There, the 
Coulomb stress increased by more than 0.01MPa at a depth of 5 
km, and nearly 0.08MPa at a depth of 1 km near the Earth's 
surface. The Coulomb stress increment at the depth of 19 km and 
14 km, as a result of reservoir unloading, was much lower at 
0.003MPa and 0.005MPa respectively. 
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The release of 
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However, the calculation by Zhang Bei et al. failed to fully take 
into account the effect of pore pressure generated by water 
penetration. When it comes to seismic faults, frankly, pore pressure 
is considered a more influential factor in Coulomb stress changes 
than reservoir loading. Zhang Bei et al. (2010) acknowledge that 
the infiltration of reservoir water into faults after the reservoir is 
filled may cause a gradual increase in pore pressure and cause deep 
faults that were once stable to become unstable. But, they say, that 
increase in pore pressure and destabilization of deep faults will 
occur whether the reservoir is being filled or lowered. 
 
Seismic activity significantly increased after filling the 
Zipingpu reservoir  
 
While, Coulomb stress calculations are only theoretical 
derivations, a number of experts conducted empirical analysis of 
the correlation between the impoundment of the reservoir and 
seismic activity by using the data gathered by the seismic network 
in the Zipingpu reservoir area. Their results show that, although the 
earthquakes that occurred between initial impoundment and the 
May 12, 2008 Wenchuan earthquake were small in magnitude – 
less than 4.0 – they increased significantly in frequency after the 
reservoir began to fill, and there was a positive correlation between 
changes in water levels and the frequency of seismic activity.25 

 
Calculations by Ma Wentao et al. (2011) revealed that the release 
of seismic energy grew after inundation began in 2004 and even 
jumped significantly with substantial water level changes. The 
result was a 200% increase in the seismic energy released during 
the period from September 30, 2005 to May 2008. Moreover, the 
release of seismic energy gradually accelerated just before the 
Wenchuan earthquake.26 

 
With regard to the spatial distribution of the earthquakes, many 
experts have pointed out that there were three small earthquake 
zones or seismic clusters in the vicinity of the Zipingpu reservoir: 
the Shuimo seismic cluster southwest of the reservoir, the 
Shenxigou seismic cluster northeast of the reservoir, and the 
Dujiangyan seismic cluster southeast of the reservoir. The Shuimo 
and the Shenxigou seismic clusters were located along the Shuimo-
Miaoziping Fault Belt, while the Dujiangyan seismic cluster was 
located along the Guanxian-Jiangyou Fault Belt. 
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Figure 6: Three seismic clusters after inundation of the 
Zipingpu Dam reservoir and before the May 12, 2008 

Wenchuan earthquake 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By analyzing seismic activity in the three seismic clusters of small 
earthquakes at different stages before and after filling the reservoir, 
experts found that few earthquakes occurred in the southwest and 
southeast regions of the reservoir before impoundment, but 
increased significantly after impoundment. In the region southwest 
of the reservoir, significant seismic activity in the Shuimo seismic 
cluster occurred in the periods when water levels rose (from 
September to December each year) and fell (from January to May 
each year) lasting from 2004 to 2008. In the Dujiangyan region 
southeast of the reservoir, on the other hand, seismic activity 
jumped suddenly in February of 2008 when the reservoir water 
level was dropping, with a record high of more than 150 
earthquakes recorded in February alone.28  

 
The northeast region of the reservoir presented a different story: 
while small earthquakes were recorded in the northeast before 
inundation began, they were relatively spatially and temporally 
scattered. After inundation began, small earthquakes began to 
occur in great numbers in the northeast region of the Zipingpu 
reservoir with the main peaks of seismic activity occurring 
between 2004 and 2006, especially during the episodes of water 
loading and unloading, weakening29 slightly before the Wenchuan 
earthquake on May 12, 2008. This indicates that the impoundment 
of Zipingpu had the effect of inducing some earthquakes rapidly, 
and some more slowly. 
 

 
 
 
 

Note to Figure 6): 1, The southwest 
zone of the (Zipingpu) reservoir; 2, 
The northeast zone of the reservoir; 
3, The fault zone of the front 
mountain.27 The intense red circles 
highlighted by the box lined in red, 
mark the Shuimo seismic cluster 
southwest of the reservoir. The 
intense red circles highlighted by 
the box lined in brown, mark the 
Shenxigou seismic cluster northeast 
of the reservoir. The intense red 
circles highlighted by the box lined 
in green, mark the Dujiangyan 
seismic cluster southeast of the 
reservoir. The red star marks the 
epicentre (of the Wenchuan 
earthquake), and the blue triangles 
indicate the seismic monitoring 
stations in the Zipingpu reservoir 
area. 
Source: Lu Xian, Zhang Xiaodong, 
Zhou Longquan et al. (2010), 
“Research and analysis on the 
accurate positioning of earthquakes 
in the Zipingpu reservoir area,” 
Seismology, 30 (2): 10-19. 
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Figure 7: Comparison of seismic activity before and after 
filling the Zipingpu Dam reservoir 

 

 

Of the three seismic clusters of small earthquakes, the Shuimo 
seismic cluster southwest of the reservoir is the most noteworthy, 
not only because these small earthquakes lasted longest and were 
strongest, but because the 6-9 km deep focal point of the Ms8.0 
Wenchuan earthquake was located in the Shuimo seismic cluster. 
 
Were the reservoir-induced small earthquakes in the Shuimo 
seismic cluster foreshocks of the Wenchuan earthquake?  
 
A number of researchers have acknowledged that the Shuimo 
seismic cluster was RIS in the southwest region of the reservoir, 
and that the epicentre of the Ms8.0 Wenchuan earthquake 
(relocated by Ma Wentao et al. (2011) at 6-9 km deep) was 
precisely in that cluster.  
 

Note to Figure 7: (a) The 
profile A-B before filling the 
(Zipingpu) reservoir, (A) The 
profile A-B after filling the 
reservoir; (b) The profile C-D 
before filling the reservoir, (B) 
The profile C-D after filling 
the reservoir; (c) The profile E-
F before filling the reservoir, 
(C) The profile E-F after filling 
the reservoir; (d) The profile 
G-H before filling the 
reservoir, (D) The profile G-H 
after filling the reservoir. 
 
The profile A-B is 
perpendicular to the Shuimo-
Miaoziping Fault Belt, crossing 
the southwest zone of the 
reservoir; the profile C-D is 
parallel to the Shuimo-
Miaoziping Fault Belt, crossing 
both the southwest zone and 
northeast zone of the reservoir; 
the profile G-H is 
perpendicular to the Jiangyou-
Guanxian Fault Belt, crossing 
the southeast zone of the 
reservoir. 
 
Source: Lu Xian, Zhang 
Xiaodong, Zhou Longquan et 
al. (2010), “Research and 
analysis on accurate 
positioning of earthquakes in 
the Zipingpu reservoir area,” 
Seismology, 30 (2): 10-19. 
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The focal points 
of the April 5 ML 
1.3 and May 12 
Wenchuan 
earthquakes were 
in the identical 
position, at a 
depth of 7.8 km. 
This means that 
the spot of the 
initial rupture of 
the Wenchuan 
earthquake began 
rupturing as 
early as April 5, 
2008. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Therefore, the relationship between the Wenchuan earthquake and 
the Shuimo seismic cluster has become the key to whether the 
Zipingpu reservoir induced the Wenchuan earthquake or not. 
 
Not only was the epicentre of the Ms8.0 Wenchuan earthquake 
located in the Shuimo seismic cluster, but its 6-9 km deep focal 
point is also located within the focal depth range of the Shuimo 
seismic cluster. In fact, even the CENC and the USGS estimates of 
14 km and 19 km focal depth of the Wenchuan earthquake 
respectively, are within the depth range of the Shuimo seismic 
cluster, which ranged from 0 to 20 km. 
 
The results of the study by Hu Xianming et al. (2009) showed that 
the Shuimo seismic cluster and the Wenchuan earthquake also 
share the same characteristics of a thrust fault, with the same 
spatial form, movement pattern, and seismic stress orientation. 
This indicates not only that the two share the same focal 
mechanism, but that they are indeed related to each other. 
 
Moreover, Ma Wentao et al. (2011) discovered that the focal depth 
of a 1.3 magnitude earthquake recorded on 04:01:16.54 on April 5, 
2008 in the Shuimo seismic cluster was almost the same focal 
depth (i.e. 6-9 km) as the Wenchuan earthquake. In other words, 
the focal points of the April 5 ML 1.330 and May 12 Wenchuan 
earthquakes were in the identical position,31 at a depth of 7.8 km. 
This means that the spot of the initial rupture of the Wenchuan 
earthquake began rupturing as early as April 5, 2008. Thus, the 
small earthquakes that occurred in the Shuimo seismic cluster 
could be considered foreshocks to the Wenchuan earthquake.  
 
Other evidence of the effect of small earthquakes on seismic 
activity in the Zipingpu reservoir area 
 
Experts carried out other studies on the characteristics of small 
earthquakes in the reservoir area before the Wenchuan earthquake 
and found a correlation between reservoir impoundment and 
seismic activity.32 Their studies of such things as seismic wave 
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corner frequency, P-wave-to-S-wave velocity ratio (of 1,569 small 
earthquakes that occurred between August 16, 2004 and May 10, 
2008 in the reservoir area), seismic shear wave readings, and the 
scale ratio of apparent stress (which can help identify the 
difference between RIS and natural tectonic earthquakes) 
demonstrated not only that those small earthquakes had the 
characteristics of RIS, but that they were foreshocks of the 
powerful Wenchuan earthquake.  
 
Is the absence of an obvious precursor before the Wenchuan 
earthquake consistent with the features of RIS?  

 
The small earthquake activity recorded by the seismic monitoring 
network in the Zipingpu area showed obvious anomalies in the 
reservoir area prior to the Wenchuan earthquake, but Earth 
scientists remain perplexed by the absence of an obvious precursor 
anomaly33 before the Wenchuan earthquake. Zhang Guomin et al. 
(2009) pointed out that with a low tectonic deformation rate of 
only about 1~2 mm per year in the Longmenshan Fault Zone, the 
seismogenic process of stress change in the focal region, before 
construction of the reservoir, could be characterized as slow 
growth.  
 
Therefore, in terms of either the medium- or long-term seismic 
trend, no strong, major, or great earthquakes were expected along 
the Longmenshan Fault Zone. Teng Jiwen et al. (2009) also 
pointed out that in the Longmenshan Fault Zone, no significant 
variation was found either in recent tectonic activity or in 
deformation surveys before the Wenchuan earthquake occurred. 
 
Zhang Zhiwei et al. (2009) and Cheng Wanzheng et al. (2010) also 
pointed out that this spatial concentration of small earthquakes was 
associated with the loading and unloading of water in the Zipingpu 
reservoir, but that neither the frequency nor the strength of these 
small earthquakes exceeded the normal range or amplitude of 
earthquake sequences along the Longmenshan Fault Zone. They 
believe that the occurrence of these dense, small earthquakes may 
belong either to long-term regional seismic fluctuations, or to a 
“chain-successive-increase” phenomenon in which seismic activity 
increases continuously in a chain reaction-like process triggered by 
abnormal small earthquakes in the reservoir area, resulting in the 
sudden, premature release of enormous energy in the fault belt. In 
the latter case, the absence or near absence of a typical precursor 
anomaly before the Wenchuan earthquake is understandable given 
that the great release of energy on May 12, 2008 was a sudden and 
advanced release of energy.  
 
 
 
 

The occurrence 
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Whether other unusual events before the Wenchuan 
earthquake were related to the impoundment of the reservoir  
 
As stated above, few precursor anomalies, which usually occur 
before massive earthquakes, were observed before the Wenchuan 
earthquake. But anomalies were nevertheless recorded by the 
seismic observation stations which are responsible for detecting 
precursor anomalies.34 

 

According to a report by the Sichuan Seismological Bureau (2008), 
of the 191 seismic precursor observation stations in Sichuan, 22 
stations detected both medium- and short-impending anomalies 
before the Wenchuan earthquake. Of the 348 seismic events 
monitored at the 191 observation stations, 26 of those events 
displayed medium-impending and short-impending anomalies.  
 
It is worth noting that of the 26 anomalies mentioned above, 22 
anomalies occurred after the Zipingpu was filled to its highest 
levels. This may be a result of the influence of natural stress 
changes, but considering the “coincidence” of reservoir filling with 
these anomalous events, it is likely that they are the result of 
changes in the fault activity brought about by the impounding 
activities in the Zipingpu reservoir.  
 
Can a reservoir induce an earthquake with a magnitude as 
large as Ms8.0? 
 
It is widely accepted that the maximum magnitudes of historical 
RIS events that have occurred around the world are in the range 
from magnitude 6.0 to 7.0. Of course, this does not mean that it is 
impossible for a reservoir to induce an earthquake as large as 
magnitude 8.0, but some experts still doubt that a reservoir could 
induce a huge earthquake like the Wenchuan earthquake, which 
had a rupture belt 200-300 km long, and which extended far 
beyond the catchment area of the Zipingpu reservoir. 
 
Experts now agree the Wenchuan earthquake unfolded as a series 
of closely linked rupture events, occurring over a 90 second period 
throughout different regions. According to a report by Chen Yuntai 
(2008), the ruptures, which expanded and spread along the 
Longmenshan Fault Zone from southwest to northeast, can be 
divided into four phases: 0 to 16 seconds, 16 to 40 seconds, 40 to 
58 seconds, and 58 to 90 seconds with the energy released in each 
phase being 11%, 56%, 28% and 5% of the total energy released 
respectively (see Figure 8). 
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Figure 8: The phases of the rupture process of the Wenchuan 
earthquake 

 

 
Source: Chen Yuntai (2008), “The faults, rupture process and mechanism of the 

Wenchuan earthquake,” from a speech delivered at a conference in 
Chengdu, Sichuan Province, in July 2008. 

 
 
Chen Zhangli et al. (2009) from the Institute of Earthquake 
Science, China Earthquake Administration believe that, because of 
the fracture dislocation, focal mechanism, stress drop, and the 
maximum principal stress difference between the southwest and 
northeast part of the Longmenshan Fault Zone, the seismic activity 
in the northeast section may have been triggered by the main 
ruptures that occurred in the southwest section. 
 
Thus, both Yang Xiaoyuan (2009) and Liao Yongyan (2009) 
believe that the Zipingpu reservoir induced only the initial 
earthquakes in the first phase of the Wenchuan earthquake, which 
in turn triggered subsequent ruptures in subsequent phases of the 
earthquake sequence – quakes that were much greater in strength 
and released more energy. Yang Xiaoyuan argues that a 
moderately strong earthquake induced by the Zipingpu reservoir 
along the Longmenshan Fault Zone was responsible for successive 
ruptures in neighbouring regions, and that this rupture process 
confirms the theory that “a massive earthquake was triggered and 
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brought on by smaller earthquakes, which themselves were 
triggered by still smaller earthquakes.”35  
 
Yi Guixi et al. (2006) found that before the impoundment of the 
Zipingpu reservoir, the high-stress region was in the northern 
section of the Longmenshan Fault Zone, and they suggested that it 
was this section that was most likely to have strong earthquakes. 
Meanwhile, they said, the Wenchuan section, including the 
Zipingpu reservoir area, was in a medium and even low stress 
state, without the geological conditions for strong seismic activity. 
 
Therefore, because the huge MS8.0 earthquake did not start in the 
northern section of the Longmenshan Fault Zone, where the stress 
level was naturally high, but near the Zipingpu reservoir, it was 
most likely induced by the impoundment of the reservoir. The 
rupture process, however, expanded in a northeast direction along 
a direct path from the initial rupture point, extending up to 200 
kilometres or more. It seems, therefore, that the 90-second rupture 
sequence was triggered by, and began near, the Zipingpu reservoir 
and ended in the north section of the Longmenshan Fault Zone, 
where the stress level was high and close to the critical state of 
rupture.36 
 
CONCLUSION: As the complete picture of what happened on 
May 12, 2008 becomes clearer, scientists and decision-makers 
face an urgent new reality 
 
While experts continue to study the relationship between the 
Zipingpu reservoir and the Wenchuan earthquake, this new body of 
evidence has made the relationship between the Zipingpu and the 
Wenchuan earthquake clearer and clearer. 
 
Ma Wentao et al. (2011) describe the picture of events: the filling 
of the Zipingpu reservoir affected both water pressure and water 
penetration, triggering small earthquakes that were concentrated 
first in the Shuimo seismic cluster, followed a little later by those 
in the Shenxigou seismic cluster, releasing 200% more energy in a 
period of two and half years (from September 30, 2005 to May 
2008) than had been released prior to inundation. The accelerating 
release of energy significantly accelerated the pace of change in 
the local stress field before the Wenchuan earthquake. With 
increased stress along the Longmenshan Central Fault near the 
Zipingpu reservoir and continuing seismic activity in both the 
Shuimo and Shenxigou seismic clusters, a series of 
 
 
 
 
 
 

 
 
 
 
It seems, 
therefore, that 
the 90-second 
rupture sequence 
was triggered by, 
and began near, 
the Zipingpu 
reservoir and 
ended in the 
north section of 
the Longmenshan 
Fault Zone, 
where the stress 
level was high 
and close to the 
critical state of 
rupture. 
 
 



 

 

 

19 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
It is likely that 
the release of 
stress through 
those 
earthquakes that 
occurred in the 
Dujiangyan 
seismic cluster 
allowed the 
seismic activity 
along the 
Longmenshan 
Central Fault to 
overwhelm its 
critical 
resistance, 
leading to the 
giant rupture 
that became the 
Ms8.0 Wenchuan 
earthquake. 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

earthquakes occurred in the Dujiangyan seismic cluster in February 
2008, which caused the rupture in the Shuimo-Miaoziping Fault 
Belt as a whole, and the development of ruptures along the 
Longmenshan Central Fault. 
 
In other words, it is likely that the release of stress through those 
earthquakes that occurred in the Dujiangyan seismic cluster 
allowed the seismic activity along the Longmenshan Central Fault 
to overwhelm its critical resistance, leading to the giant rupture 
that became the Ms8.0 Wenchuan earthquake. 
 
The Zipingpu reservoir’s apparent triggering of the Wenchuan 
earthquake is an unprecedented case of reservoir-induced 
seismicity that presents huge challenges for scientific theory. 
 
Experts generally argue that RIS occurs when the accumulation of 
stress in a fault zone is near the critical point and the impounding 
activities of a reservoir merely trigger the inevitable seismic event. 
In the case of the Wenchuan earthquake, however, the accumulated 
level of stress in the region was relatively low, and there was no 
precursor that would normally have occurred before such a 
massive earthquake. This suggests that the Wenchuan earthquake 
did not fit the conventional definition of an RIS event. Though the 
Zipingpu reservoir was built in a seismically active fault zone 
where tectonic earthquakes occur — and indeed the Wenchuan 
earthquake would be classified as a tectonic earthquake — the 
traditional markers indicating an inevitable and imminent tectonic 
rupture were absent. 
 
The Wenchuan earthquake thus challenges this long-held scientific 
assumption by suggesting that the massive Wenchuan earthquake 
(which, at Ms8.0, would be far and away the largest recorded RIS 
event in history) was caused by human activities within a moderate 
regional tectonic stress field. This raises important questions for 
Earth scientists. Can the impounding activities of a reservoir 
reactivate dormant faults or cause new ruptures in rocks, rather 
than merely trigger seismic activity where the accumulation of 
stress is already reaching a critical state? To what extent can the 
impounding activities of a reservoir accelerate that critical state or 
promote it in advance of its natural timeline? Can fault ruptures, 
induced by a reservoir, create an ever-accelerating chain reaction 
of seismic ruptures? Is it possible that the stress that generates a 
massive earthquake can originate with man and not from a regional 
tectonic stress field as has been conventionally claimed by 
scientific experts? 
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The answers to these challenging scientific questions are of 
enormous import for public safety and hence for China’s leaders.  
 
Could widespread and largely unchecked dam-building in China’s 
southwestern region, where the stress field area is large and high 
risk, as indicated by the UN’s Global Seismic Hazard maps, trigger 
RIS events that could in turn trigger larger regional earthquakes? 
Could this case of the Wenchuan tectonic earthquake, induced by a 
reservoir, still be defined as a traditional case of RIS, or must the 
science of RIS be redefined to anticipate the full consequences of 
dam building?  
 
These are the challenging and fundamental questions that the 
world’s scientists must confront as they investigate the important 
case of the Zipingpu reservoir and the Wenchuan earthquake of 
May 12, 2008.  
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Editor’s Endnotes  
 
1 Magnitude is based on measurement of the maximum motion recorded by a seismograph (sometimes for 
earthquake waves of a particular frequency), corrected for attenuation to a standardized distance. Several scales 
exist, but the most commonly used are (1) local magnitude (ML), commonly referred to as Richter magnitude, (2) 
surface-wave magnitude (Ms), (3) body-wave magnitude (Mb), and (4) moment magnitude (Mw).  
 
In principal, all magnitude scales could be cross calibrated to yield the same value for any given earthquake, but this 
expectation has proven to be only approximately true, thus the need to specify the magnitude type as well as its 
value. 
 
Source: United States Geological Survey (USGS), “Earthquake Glossary,” 
<http://earthquake.usgs.gov/earthquakes/glossary>. 
 
2 A precursor is a kind of anomaly. When discussing earthquakes, anomalies refer to any events or activities that 
may foreshadow an earthquake. These may include thermal anomalies, anomalous animal behaviour, changes in 
seismicity patterns, and any signals indicating accelerating stress changes. 
 

Some anomalies, called precursors, can give effective warning of the imminence or severity of an impending 
earthquake. While all precursors are anomalies, not all anomalies are necessarily precursors. 
 
Jordan, T., Chen, Y., Gasparini, P., Madariaga, R., Main, I., Marzocchi, W., Papadopoulos, G., Sobolev, G., 
Yamaoka, K., & Zschau, J. (2011). OPERATIONAL EARTHQUAKE FORECASTING. State of Knowledge and 
Guidelines for Utilization. Annals of Geophysics, 54(4). doi:10.4401/ag-5350 
<http://www.annalsofgeophysics.eu/index.php/annals/article/view/5350>. 
 
Geller, R. J. (1997), Earthquake prediction: a critical review. Geophysical Journal International, 131: 425–450. 
doi: 10.1111/j.1365-246X.1997.tb06588.x <http://onlinelibrary.wiley.com/doi/10.1111/j.1365-
246X.1997.tb06588.x/abstract>. 
 
3 Ms denotes surface-wave magnitude, which is based on measurements of surface acoustic waves that travel on 
solids (Rayleigh waves), primarily in the uppermost layers of the earth. In China, it is a national standard for 
categorizing earthquakes (GB 17740-1999). 
 
Sources: USGS, “Earthquake Glossary.”  
 
Xu Shaokui, Lu Yuanzhong, Guo Luca, Chen Shanpei, Xu Zhonghuai, Xiao Chengye, and Feng Yijun, 
“Specifications on Seismic Magnitude,” General Administration of Quality Supervision, Inspection, and Quarantine 
of P.R.C., April 26, 1999, <http://www.dccdnc.ac.cn/html/zcfg/gfxwj1.jsp>. 
 

4  The United States Geological Survey (USGS) registered the May 12, 2008 Wenchuan earthquake at M 7.9 on the 
Richter Scale while the China Earthquake Networks Center (CENC) registered it at M8.0. Measurements for the 
same earthquakes can vary between sources because different bodies, such as USGS and CENC, may use different 
sources of data collected from different observation stations and their method of calculation may differ. For a good 
explanation of earthquake nomenclature see the US Geological Survey website. 
 
China Earthquake Networks Centre, http://www.csi.ac.cn/sichuan/sichuan080512_cs1.htm  (May 12, 2008). 
 
United States Geological Survey, “Magnitude 7.9, Eastern Sichuan, China.” 
http://earthquake.usgs.gov/earthquakes/eqinthenews/2008/us2008ryan/ (May 12, 2008). 
 
5 Seismicity is given an intensity value out of 12 as per the Modified Mercalli Intensity Scale and is designated by 
Roman numerals. 
 
The Modified Mercalli Intensity value assigned to a specific site after an earthquake has a more meaningful measure 
of severity to the nonscientist than the magnitude because intensity refers to the effects actually experienced at that 
place. 
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The lower numbers of the intensity scale generally deal with the manner in which the earthquake is felt by people. 
The higher numbers of the scale are based on observed structural damage. Structural engineers usually contribute 
information for assigning intensity values of VIII or above. 
 
The following is an abbreviated description of the 12 intensity levels of Modified Mercalli Scale. 
 
I. Not felt except by a very few under especially favorable conditions. 
 
II. Felt only by a few persons at rest, especially on upper floors of buildings. 
 
III. Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people do not recognize 
it as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the passing of a truck. Duration 
estimated. 
 
IV. Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows, doors 
disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standing motor cars rocked 
noticeably. 
 
V. Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned. Pendulum 
clocks may stop. 
 
VI. Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. Damage slight. 
 
VII. Damage negligible in buildings of good design and construction; slight to moderate in well-built ordinary 
structures; considerable damage in poorly built or badly designed structures; some chimneys broken. 
 
VIII. Damage slight in specially designed structures; considerable damage in ordinary substantial buildings with 
partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns, monuments, 
walls. Heavy furniture overturned. 
 
IX. Damage considerable in specially designed structures; well-designed frame structures thrown out of plumb. 
Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations. 
 
X. Some well-built wooden structures destroyed; most masonry and frame structures destroyed with foundations. 
Rails bent. 
 
XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly. 
 
XII. Damage total. Lines of sight and level are distorted. Objects thrown into the air. 
 
United States Geological Survey, Severity of Earthquakes (1989), 
http://earthquake.usgs.gov/learn/topics/mercalli.php 
 
6 Ground motion is the movement of the earth’s surface from earthquakes or explosions. Ground motion is produced 
by waves that are generated by sudden slip on a fault or sudden pressure at the explosive source and travel through 
the earth and along its surface.  
 
Source: USGS, "Earthquake Glossary." 
 
7 The ground motion parameteres were recorded by the Standardization Administration of the People's Republic of 
China (SAC). 
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According to the United Nations seismic hazard map, the Wenchuan earthquake occurred in an area of moderate 
seismic hazard, but near a zone of high seismic hazard. As noted in Earthquake Hazards and Large Dams in Western 
China, a Probe International study by John Jackson, if the UN's database had covered a period of time equal to the 
projected life of most dams (about 150 years, or from 1850 to 1999), and not just the 26 years the UN studied, it is 
highly probable that the entire area of western China would be considered a zone of high to very high seismic 
hazard. From a geolocical perspective, even 150 years of data is statistically insignificant, and if seismic data were  
available going back millions of years, there is little doubt that the entire region of western China would be 
classified as a zone of high to very high seismic hazard. The elevation gradient between Chengdu (500 metres) and 
the Tibetan Plateau (5000 metres), next to that of the gradient on the south side of the Himalayas, is the greatest on 
Earth. This dramatic gradient is the result of millions of huge earthquakes over the past 50 million years as India 
pushes into Asia (which it continues to do). As a result, western China and the Himalayan region are by far the most 
seismically active continental areas on Earth. 
 
8 According to the USGS, a magnitude < 2.0 earthquake is a micro earthquake, M2.0-3.9 is minor, M4.0 – 4.9 is 
light, M5.0-5.9 is moderate, M6.0-6.9 is strong, M7.0-7.9 is major, M8.0-9.9 is great, and M10+ is massive. 
 
John Jackson, "Earthquake Hazards and Large Dams in Western China," Probe International, July 24, 2012, 
<http://probeinternational.org/library/wp-content/uploads/2012/08/JohnJacksonreport-July24.pdf>. 
 

9  http://www.cenc.ac.cn/  
 

10 See http://earthquake.usgs.gov/earthquakes/eqinthenews/2008/us2008ryan/ 
 

11  The epicentre of an earthquake is the point of the Earth's surface directly above the focal point (or focus or 
hypocentre) of an earthquake. The focal point is the point of initial rupture where the strain energy stored in the rock 
is first released and marks the point where the fault begins to rupture. A mathematical construct created by drawing 
a line from the centre of the Earth to the surface of the Earth through the focal point determines the location of an 
earthquake’s epicentre. The epicentre is the point on the Earth’s surface that is closest to the focal point and 
represents the point on the Earth’s surface where maximum shaking occurs for each earthquake. The focal point 
depth is the distance between the focal point and the epicentre. 
 
12  Liu Chuanzheng, An Introduction to Environmental Engineering Geology (in Chinese), Beijing: Geological 
Publishing House, 1995, p 49. 
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13  The double difference (DD) earthquake location algorithm is a least-squares procedure used to accurately 
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14  Ma Wentao, Xu Changpeng and Zhang Xindong, “Study on the relationship between Zipingpu reservoir and the 
Wenchuan earthquake,” Seismology and Geology (2011), 33 (1): 175-190  http://www.dz-
dz.com.cn/CN/abstract/abstract10491.shtml. See their Abstract, in particular: 
 

 
 
 
 
 



 

 

 

24 

Abstract 
 
Using the observations of the Zipingpu reservoir seismic network (including seven short-period 
seismic stations, with an average station distance of 10 km) of the period from July 2004 to 2009, 
and the data from January-December 2009 recorded by the intensive seismic observation network 
(six short-period seismic stations with the station spacing of 3 km), 930 foreshocks near Zipingpu 
reservoir, the main shock, and 5789 aftershocks, as well as the initial rupture of the MS 8.0 
Wenchuan earthquake were relocated with double difference location algorithm. Combined with 
the geological field investigations, the analysis of seismic activity in Zipingpu reservoir area, the 
distribution of coseismic surface rupture, the depth of initial rupture location of Wenchuan MS 8.0 
earthquake, and the aftershock distribution, we find that the occurrence of MS 8.0 Wenchuan 
earthquake has close relation with Zipingpu reservoir: 1). The seismic swarms at the Shuimo, and 
Dujiangyan and Shenxigou area are 10 kilometers away from the reservoir, the seismic strain 
release caused by Zipingpu reservoir increased by 200%, and the release was closely related to 
water level changes and accelerated before the Wenchuan earthquake; 2) There are two northeast 
directed coseismic surface rupture zones with 1m displacement along Zhongtanpu Fault; 3) the 
aftershocks of Wenchuan earthquakes are mainly distributed on northwestern wall of the 
Zhongtanpu Fault; 4) The relocation revealed that the Wenchuan earthquake occurred at 27 
minutes, 59.5 seconds, the depth is between 6～9 km; and 5) by comparison, the focal depths of 
the fore-shocks occurring on 2008-04-05 are about 7.8 km, and the initial time of waveforms of 
this swarm is same as that of the MS8.0 Wenchuan earthquake. 

 

15 Small earthquakes are classified as M<4.5. Earthquakes of M≤3 are known as microseismic, or weak shocks.  
 

16  Inundation began on September 27, 2004.  
 
17 Officially, inundation began on September 30, 2004, though it actually began on September 27, 2004. 
Chen Houqun, Xu Zeping and Li Min, “The relationship between large reservoirs and seismicity,” (2010),  
http://probeinternational.org/library/wp-content/uploads/2011/11/the-relationship.pdf.   
  
18 The amplitude is the difference between the highest and lowest levels to which the reservoir is filled or drained. 
 

19  In order to fill the reservoir to the planned water level by November or December 2005. 
 
20 With respect to earthquakes, Coulomb stress indicates if a fault of a certain orientation is now more likely to 
rupture. The equation is based on the friction law:  
 
(Coulomb stress) = (change in shear stress) - (coefficient of friction) * (change in normal stress) 
 
Note that "Coulomb stress" is really a change in the stress state, so a positive Coulomb stress means a fault is more 
likely to rupture and a negative value means a fault is less likely to rupture. Also note that Coulomb stress is 
dependent on the orientation of the fault in question, so Coulomb stress could be positive for a given thrust fault, yet 
negative for a strike-slip fault in the same location. For faults in certain orientations, the mass of a reservoir may 
actually reduce the likelihood of slippage. 
 
21 Lei Xinglin et al. refer to “several bars,” but do not give specific numbers. Furthermore, their Figure 8 does not 
give a precise numbers of bars. 
  
22 Changes in seismic activity have been related to the filling (loading) of large reservoirs. Increased vertical stress 
due to the load of the reservoir and decreased effective stress due to increased pore pressure can modify the stress 
regime in the reservoir region. Whether or not these stress changes are sufficient to generate earthquake activity will 
depend on a complex interaction of the induced stress with the state of pre-existing stress near the reservoir, and on 
the geologic and hydrologic conditions at the site.  See “Seismicity changes associated with reservoir loading,” by 
David W. Simpson, Lamont-Doherty Geological Observatory of Columbia University, Palisades, N.Y. 10964 
U.S.A. in Engineering Geology, Volume 10, Issues 2–4, December 1976, Pages 123–150 and available at 
http://www.sciencedirect.com/science/article/pii/0013795276900168.  
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23 As water infiltrates cracks, fissures, and faults, the pore pressure increases and causes slippage and seismic 
activity by reducing friction (acting as a lubricant). 
 
24 If the rock mass above an inclined fault moves down, the fault is termed normal, whereas if the rock above the 
fault moves up, the fault is termed reverse. See: United States Geological Survey, “Earthquake Glossary” 
http://earthquake.usgs.gov/learn/glossary/?termID=59. 
 
25 Ma, Xu, and Zhang, 2011. 
 

26 Ibid.  
 
27 The "front range fault" is also known as the “Jiangyou-Guanxian Fault,” which is one of the three main faults of 
the Longmenshan Fault Zone. The other two are the Longmenshan Central Fault or the Beichuan-Yingxiu Fault and 
the Wenchuan–Maoxian Fault, which is also known as the “back range fault.” See this map produced by Probe 
International.  
 
28 Sichuan Seismological Bureau (SSB), 2008. 
 
29 This “weakening” occurred mainly in the frequency of seismic activity. 
 

30 ML is magnitude measured according to the Richter Scale, which records the maximum displacement amplitude 
600 kilometres from the earthquake epicentre. 
 
Source: Shearer, P.M., Introduction to Seismology, Cambridge University Press, Cambridge, 1999.  
 
31 The focal depth is a concept of volume with a certain range or area, rather than a concept of a point. Nevertheless, 
the focal depth of an earthquake is usually prescribed a specific value or figure, i.e., as the focal point, rather than a 
range. But the focal depth should be seen as an approximate centre point of the source: therefore many experts now 
agree that the focal depth of the Wenchuan earthquake was in the range of 6 km to 9 km. So, “identical position” 
here refers to the April 5, 2008 magnitude-1.3 earthquake and the May 12, 2008 magnitude-8 earthquake being in 
the identical focal depth area.  
 

32 Zhang Yongjiu et al. (2009), Yao Lixun et al. (2004), Qian Xiaodong et al. (2005), Lu Xian et al. (2010), Yang 
Zhigao et al. (2010). 
 

33 Many, but not all earthquakes have obvious precursors. According to the US Geological Survey, “foreshocks are 
relatively smaller earthquakes that precede the largest earthquake in a series, which is termed the mainshock. Not all 
mainshocks have foreshocks.”  
 
34 Sichuan Seismological Bureau, 2008.  
 

35 Yang Xiaoyuan (2009), “An exploration on the causes of the Wenchuan earthquake,” a presentation by the author 
at a symposium of the Seismological Society of Sichuan Province in May 2009. 
 
Liao Yongyan (2009), http://blog.sciencenet.cn/home.php?mod=space&uid=3534&do=blog&id=231333. 
 
36 Large earthquakes often occur in sequence: large earthquakes can cause the earth to ring like a bell and can cause 
earthquakes in areas far from their epicentres. Small earthquakes can also trigger larger ones. 
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