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Preface   

Al-Refaei district is one of the largest towns in the Thi-Qar governorate in southern Iraq. 

Tectonically, it is located in the central Mesopotamian Plain of the Arabian plate (Fig. 1). For 

the last two decades, this area and surrounding cities such as Al-Neser, Qalat Suker, Al-Fajer, 

and Al-Hay experienced several small to moderate-size earthquakes that seem to be clustered 

in a relatively small area. Although large earthquakes in the study area are rare, historical 

records pointed to enough earthquakes to panic the people, and their homes were cracked. For 

example, the 1992  M 4.4 earthquake, the 2004 M 4.5 earthquake, and the 2017 M 4.7 

earthquake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Tectonic map of Iraq displaying the location of the study area in a black rectangle. 

The boundary of tectonic divisions is shown in thick red lines according to Fouad (2015). 
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Seismic history 

The seismic history of the Al-Refaei area has been studied mainly by using the bulletin of the 

International Seismological Center (ISC). Other bulletins were also used including the Iranian 

Seismological Center (IRSC), the European-Mediterranean Seismological Centre (EMSC), 

the United States Geological Survey (USGS), and the Iraqi Seismological Network (ISN).  

Based on these bulletins, 135 earthquakes were collected from 1900 to 2019. The earthquake 

catalog of the study area is plotted in Figure 2. The list of earthquakes indicates that their 

depth ranges from 2.0 to 44.6 km and their magnitude ranges from 1.5 ML to 4.7mb. More 

than 16 earthquakes are greater than 4 in magnitude and 85 earthquakes are less than 10km in 

depth. This indicates that most of the earthquakes occur within the sedimentary column. The 

largest earthquake took place on August 18, 2017, with a magnitude of 4.7mb. This 

earthquake was felt in many cities around Al-Refaei and caused moderate damage to several 

buildings as indicated by the Iraqi Seismological Network (ISN) reports. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Seismicity of Al-Refaei and adjacent area. 



4 
 

Al-Refaei Seismic Array 

During the years 2004, 2005, 2007, and 2013 Al-Refaei district experienced swarms of small 

and moderate magnitude earthquakes. Many of these earthquakes were strong enough to 

cause some structural damage to several buildings. In 2014, a research team from the 

University of Arkansas at Little Rock, USA, and the Lawrence Livermore National 

Laboratory, USA, cooperated with the Universities of Thi Qar and Sumer, Iraq, and proposed 

the installation of a seven-element high-frequency three-component array in Al-Refaei area to 

study its seismicity. Figure 3 shows a map of the stations of Al-Refaei Seismic array. Al-

Refaei array represents a unique opportunity for this area in Iraq. This array was installed in 

May 2014 and ended in December 2018.  Each of the seven elements that compose the array 

was of Geospace GS11d high-frequency (4.5Hz). This type of element is mainly designed to 

study active sources and local earthquakes or aftershocks earthquakes. Therefore, it can be 

said that the accurate results obtained regarding the precise location of seismic activity in the 

Al-Refaei area were because of the relatively dense installation of the array stations, which 

contributed to capturing many micro-events that are difficult to find from the broadband 

seismic stations. The array helped in picking S-wave arrivals which improved the hypocenter 

locations. Besides that, the good geographical distribution of the elements of the array 

decreases the azimuthal gap. Because of the array, 35 earthquakes that are not found in the 

global bulletins were reported. 

 

 

 

 

  

 

  

 

 

 

Fig. 3. Stations locations of Al-Refaei Seismic Array. Red triangles are the sites of seven 

stations and the green circles are the main cities in the study area. 
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Estimating Active Fault 

From the linear features of the relocated earthquakes, the active subsurface fault causing the 

seismic activity can be estimated (Fig. 4). To confirm the existence of the Al-Refaei fault, 

geophysical data need to be analyzed. Therefore, 3D seismic data from a survey at Al-

Gharraf oilfield was analyzed and found a fault with 4.25km depth and NW-SE direction. 

The integration between the geophysical and seismological data shows a good match between 

the earthquake locations and the fault surface. The dip angle and strike direction of the Al-

Refaie fault were calculated from the analysis of the 3D seismic data. The recent 

displacement nature was derived from the composite first motion method using the station 

records of the Al-Refaei array. The result indicates a reverse fault with a maximum stress axis 

that consistents of the main stress regime in the Arabian plate, which is NE-SW. 

The seismic active fault is the fault that has shown activity at present or during the past 

10,000 to 125,000 years and probably shows activity in the future (Willis, 1923; Louderback, 

1937; Lensen, 1976; Trifonov and Kozhurin, 2010; Cox et al., 2012; Barrell, 2016; Sözbilir 

et al., 2018). Based on this definition, the Al-Refaei fault is considered an active fault 

because it has witnessed swarms of earthquakes during the years from 1995 to 2018 

according to the seismic history. Many of these earthquakes were strong and sufficient to 

cause damage to the buildings, and their magnitudes reached 4.7mb. 

 

 

 

 

 

 

  

 

 

 

Fig. 4. The linear features of the relocated earthquakes. 
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Reason for Seismic Activity 

Tectonic and nontectonic (induced) earthquakes are the two main types of earthquakes. The 

subject of induced seismicity has become one of the common topics in the world, and it has 

many causes. It can occur in the gas or oil fields during the production or water injection. For 

more details, see Foulger et al. (2017) who reviewed the world's induced earthquakes, and 

Grigori et al. (2017) who studied the challenges in monitoring the induced seismicity in 

Europe. 

Regarding the seismic triggered during the production stage. The mechanism by which 

induced seismicity occurs is when production starts with the presence of faults, the fluid 

pressures are dropped to a certain percentage according to the production quantities. The 

increase in production leads to more decrease in the fluid pressure inside the pores. Low fluid 

pressure leads to many scenarios, one of which is that the stresses will change and thus affect 

the stability of the fault, and then stimulate it to move (Braun et al., 2020). The withdrawal of 

oil causes the voids to compress, which leads to a collapse of the upper volume and thus 

subsidence and earthquake. Finally, the decrease in pore pressure will affect the poroelastic 

stress, causing the deformation of rocks and leading to the change in the stress and 

earthquakes. The most important scenario is that the decrease of the pore pressure affects the 

isostatic stress within the crust, and thus, to reach the equilibrium state, earthquakes of active 

faults occur (Guha, 2000). All of these mechanisms produce shallow microearthquakes or 

events that do not exceed 5 Magnitude, but in oil basins such as Raton and Oklahoma, they 

reached +5 Magnitude from 2015-2016 (United States Geological Survey, 2016). 

Al-Gharraf oilfield, at present and until this report was written, contains 105 oil-producing 

wells, and the drilling of wells is continuing. Al-Refaei active fault passes exactly in this field 

and the wells are above and on both sides of it (Fig. 5). Production of oil began in August 

2013 at 35,000 barrels per day. Coinciding with this production, the 2013-2014 swarms that 

consisted of 21 earthquakes occurred and the highest magnitude is 4.3mb. Production 

increased until it reached 90,000 barrels per day in the years 2017-2019. The seismic activity 

also increased, and the sequence of 43 earthquakes in 2017 occurred and the mainshock was 

4.7mb. The oil production quantities mentioned above are based on the Gharraf final 

development plan by PETRONAS (2016) and the Iraq Business News (2020). For these 

reasons, we think that the last seismic activities of Al-Refaei District from 2013 to 2018 can 

be induced. 
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Fig. 5. The relationship between the locations of earthquakes, the well sites, and the Al-

Refaei active fault. Al-Refaei fault passes through the center of Al-Gharraf oilfield, as shown 

inside the 3D survey boundaries in black colors. Green stars are the well sites, red circles 

are the earthquakes, and yellow triangles are the seismic stations of the array. 
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