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INTRODUCTION 

Range of seismicity 
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A large range of seismic events 
Natural and human  activity  related  

Å Natural seismic events: 
ï Sumatra 2004 : magnitude 9.1-9.3 

ï Coast of Honshu (Japan) 2011 : magnitude 9.0 

ï Fukushima aftershock 2011 : magnitude 7 

ï Aquila (Italy) 2009: magnitude 6.3 

ï Kefalonia (Greece) 2014: magnitude 6.4 

~14,450 earthquakes with magnitudes above 4.0 are measured globally every year. 

This number increases to more than 1.4 million earthquakes greater than M 2.0 (very small 
events most of which are only detected by instruments).  

 

Å Events related  (or suspected to be related) to subsurface human activity  
ï Lacq F (Gas Production)  2013: magnitude 4 

ï Basel CH (Ehanced Geothermal System) 2009: magnitude 3 

ï Prague Oklahoma US (Water injection) magnitude 5.7 

ï Blackpool  UK (Gas Shale) 2011: magnitude 2.3 

ï Castor Spain (Offshore Gas storage) 2013: magnitude 4.2 

However, most of the induced seismicity are related to event magnitude below 1 

Industry has successfully dealt with induced seismicity issues for almost 100 years (mining) 
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Anthropogenic Seismicity 
Induced / Triggered Seismicity  

Two types of anthropogenic events : 
 

Induced Micro-seismic events, corresponding to an 
inherent part of the injection/production process. These 
are very small events considered as minor, not harmful 
and require very sensitive monitoring equipment to be 
detected. In this context, microseismic surveys are 
considered as means to understand the reservoir 
stimulated volume and/or the shear-enhanced 
permeability.  

Seismicity can be useful as a resource management tool   

 

Triggered earthquakes, resulting from injection or 
production of fluids interacting with existing geological 
faults. These lead to more significant ground 
accelerations, potentially felt by humans at the ground 
surface. The unintended events are connected to 
circumstances that could be avoided through site 
selection, injection design and permanent monitoring. 

Seismicity must be addressed as a risk mangement tool. 

 

Schematic diagram of mechanisms for inducing earthquakes (B. Ellsworth)  

Mechanisms for inducing, triggering Earthquakes 

In addition to the subsurface stresses, fluid volume and 
pressures play a key role in causing seismicity. 
 
Thus, induced seismicity can be caused by injecting fluid into 
the subsurface or by extracting fluids at a rate that causes 
subsidence and/or slippage along planes of weakness in the 
earth. 
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Induced/Triggered seismicity 
A few features  

Å An induced or triggered event, like a natural earthquake, occurs when a fracture or 
fault plane moves and releases energy. 
 

Å Induced seismicity generally releases a relatively small amount of energy, not 
entailing human perception (this explains why such events often go undetected 
when not monitored by a site specific microseismic monitoring network), but in 
some cases may trigger a higher level of stress release and be felt by the 
neighboring communities.  
 

Å A significant fault plane and specific pre-existing seismo-tectonic conditions are 
necessary to generate a large magnitude Earthquake. For a given seismo-tectonic 
context, a maximum natural earthquake likely to occur can be assessed. The 
characteristics of this maximum earthquake depend on the stress conditions 
(compressional, extensional ΦΦύ ŀƴŘ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ǇƻǘŜƴǘƛŀƭ άŎŀǇŀōƭŜ Ŧŀǳƭǘǎέ όǇǊŜ-
existing geologic fault along which it is mechanically feasible for sudden slip (i.e., 
earth motion) to occur during the lifetime of a project under consideration).  
 

Å An induced or triggered earthquake cannot be higher than the maximum natural 
earthquake occurring on  the capable faults of the area. 
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Seismicity & Microseismicity 
Feedback from few field experiments  

Seismicty 

Induced events 
Injection/production process  

(Stimulation scale) 

Triggered  events on 
mappable faults 
(Reservoir scale) 

Natural seismicity 
Tectonic context 
(Regional scale) 

Hydraulic Fracturing  

Gas Shale US [-3; -1.5] Mw 2,3 Blackpool NA 

UGS ς CCS 

Cerre-la-ronde & Germigny (F) -  UGS (Aquifer) [-2.5 ; -1.5] NA NA 

Manosque (F) ς UGS (Salt caverns) [-2; 0.5] NA 3.5 

Weyburn (CDN) - CCS [-3 ; -0.8] ?? NA 

Rousse  (F) ς CCS [-3 ; -0.8] [-1 ;  1] > 5 

In-Salah (Algeria) - CSS ?? [-1 ; 1] 

Castor (S) - UGS (depleted field) ?? 4.2 NA 

Depleted field ς EOR 

Lacq (F) ς Withdrawal [-3 ; 0] Up to 4 > 5 

Bergemeer (NL) ς Withdrawal [-2.5; 0] Up to 3.5 NA 

Groningen (NL) - Withdrawal [-2.5; 0] Up to 3 NA 

Ekofisk (North Sea - UK) ς Secondary Recovery [-2.5; 0] Up to 4 NA 

../..  

Type of  project 
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Bohnhoff et al., ILP, 2010 - Length and displacement approx.  

Induced 

Microseismicity 

Domain 

Earthquake & Microseismic Domains 
Seismological  scaling  law  

Earthquake 

Seismic Hazard 

Domain 

Accoustic Emission (AE) 

Lab Test Domain 

Magnitude range / Microseismic domain 

Most of the negative aspects associated with induced seismicity are associated with the impact of Earthquake 
on the surrounding community (Seismic hazard domain with magnitude > 2 & vibration felt on surface).  
 
Positive effects of induced microseismicity, such as shear-enhanced permeability characterization or monitoring 
of the reservoir performance, have not yet significantly impacted the cost-benefit ratio of industrial operations. 
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BACKGROUND INFORMATION 

Human induced, - triggered or natural Seismicity? 
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Anthropogenic  Earthquake 
7 questions to assess whether an Earthquake as an anthropogenic origin  

Since 1993, seven generally accepted criteria must be met before fault 
reactivation is considered to have an anthropogenic origin   

(*Davis and Frohlich,1993 ς under discussion / revision)  
 

 

1. Are these events the first known earthquakes of this character in the 
region? 

2. Is there a clear correlation between injection and seismicity? 

3. Are epicenters near the wells (within 5 km)? 

4. Do some earthquakes occur at or near injection depths? 

5. If not, are there known geologic structures that may channel flow to sites 
of earthquakes? 

6. Are changes in fluid pressures at well bottoms sufficient to encourage 
seismicity? 

7. Are changes in fluid pressures at hypocentral distances sufficient to 
encourage seismicity? 
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What is άLƴŘǳŎŜŘ {ŜƛǎƳƛŎƛǘȅέΚ 
General definition LBNL  

Å Induced seismicity is earthquake activity resulting from human activity that causes 
a rate of energy release, or seismicity, which would be expected beyond the normal 
level of historical seismic activity.  For example, if there is already a certain level of 
seismic activity before human activities begin, one would expect that this 
�^�Z�]�•�š�}�Œ�]�����o�_���•���]�•�u�]���������š�]�À�]�š�Ç���Á�}�µ�o�������}�v�š�]�v�µ�������š���š�Z�����•���u�����Œ���š�����]�v���š�Z�����(�µ�š�µ�Œ���X�� 
 

Å If, however, human activity causes a concurrent increase in seismic activity, this 
�]�v���Œ�����•�����]�v���•���]�•�u�]���������š�]�À�]�š�Ç���Á�}�µ�o�������������}�v�•�]�����Œ�������^�]�v���µ�������X�_��  

 

Å In addition, if the seismic activity returns to background activity after the human 
activity stops, that would be another sign that the seismic activity was induced. 
 

As defined by « Lawrence Berkeley National Laboratory »   

Induced seismicity is the more colloquial term, but triggered seismicity is the more 
accurate term for earthquakes inadvertently cause by anthropogenic activities 


