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Abstract

Northeastern Algeria is known by its high seismic activity
as reflected by several hundreds of events occurring every
year. Recently, this area has been the seat of several
seismic sequences such as the 2010 Beni-Ilmane earth-
quake sequence and the 2012–2013 Bejaia earthquake
sequences. On the other hand, it is also observed that the
seismic activity of this part of Algeria is dominated by
swarms, with high concentrations in time and space, from
a few days to several months, ranging from a few
kilometers to ten kilometers, and sometimes showing a
migration of several kilometers in several weeks. The
earthquake swarms are related to the increase in the water
body of the reservoir after a heavy precipitation
(Beni-Haroun (B-H) dam on 2012), and to the increase
in the interstitial pressure due to the fluid injection (the
2007 Mila crisis and Grouz reservoir crisis) or due to the
water circulation in hydrothermal systems (Ain Azel,
El-Hachimia, Azzaba and Djemila swarms). Here, 10
swarms occurring in the region were analyzed using
statistical laws, and finally the results have been discussed.
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1 Introduction

Earthquake swarms are earthquake sequences without a
discernible main-shock. Swarms can last weeks and produce
many thousands of earthquakes within a relatively small

volume (Miller 2013). Swarms are observed in volcanic
environments, hydrothermal systems, and other active
geothermal areas. Also, numerous examples of the micro-
seismic activity generated by the increase in interstitial
pressure have been described in the literature and probably
concern with the filling of dam reservoirs (Gupta 1983) or
the injection of fluids at depth (Cornet et al. 2007). This
induced seismicity is related to the increase in water in the
reservoir causing the increase in the interstitial pressure due
to the fluid diffusion. In contrast, earthquake swarms may
confine to the fluid-filled fractured rock matrix (Kayal et al.
2002; Mishra and Zhao 2003; Mishra et al. 2008). Changes
in the water pressure once exceeded the effective pore
pressure at shallow layers that lead to seismogenesis in
swarms. Percolation of continuous rain water during mon-
soon season through the active faults or cracks may also lead
to genesis of earthquake swarms as observed in Talala
source zone of Gujarat, India (Singh and Mishra 2015). But
here we have studied the statistical behavior of earthquake
swarms occurred in northeastern Algeria in between 2000
and 2018 using the Algerian catalogue, including those and
some seismic events recorded by portable stations installed
after the occurrence of several shocks.

We identify 10 possible swarms (Fig. 1), and we applied
some statistical tests on the size of seismic events and on the
time intervals between successive earthquakes, which have
made it possible to identify the existence of forcing linked
either to creep processes, to a fluid percolation phenomenon,
or to the coupled action of these two processes.

2 Scientific Background, Data
and Methodology

The seismic data were collected by the Algerian seismic
network, and from several seismic studies carried out after
the occurrence of several moderate shocks. Then, the iden-
tified earthquake swarms as stated above have been analyzed
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and interpreted using well-known statistical laws of earth-
quake occurrence as described below:

(1) Gutenberg–Richter Law (G-R Law): Defines the fre-
quency of the seismic event distribution and was
determined for the California earthquakes (Gutenberg
and Richter 1944). This is written as below:

log N�Mð Þ ¼ a� bM ð1Þ
With N�M is the number of magnitude greater than
M. (a) and (b) are constants.

(2) Gamma Law: It states that the seismic event’s distri-
bution of the same block can usually be approximated
by the function whose parameters are related to the
proportion of independents earthquakes (Hainzl et al.
2006):

C sð Þ ¼ Csc�1e�s=b ð2Þ
where (s) is the ratio between the time intervals of
successive microseisms Dt Dti ¼ ti � ti�1ð Þ and the
average time intervals of the entire Dt0. C, (c) and (b)
are constants.

(3) Omori Law: This one relates with the decrease in the
average rate of events per unit of time and is general-
ized as below (Utsu 1961):

dn
dt

� �
¼ K

tþ cð Þp ð3Þ

The coefficient (K) depends on the time unit chosen to
calculate the event’s rate, the (t) is the origin time and the
exponent (p) is different from one earthquake sequence to
another. This law provides information on the decay rate
of a number of earthquakes with lapse of time (Mishra
et al. 2007).

Besides the methodology followed for assessing the sta-
tistical parameters, the results showed concern about only
one swarm, the remainders are listed in Table 1. We have
tried to clarify the nature of swarms based on these results
and the field observations.

3 Analysis and Results

The chosen specific event for analysis relates to Ain Azel’s
earthquake swarm located in the Hodna chain (N°8 Fig. 1).
It was marked by the appearance of two important events on
the 15th and 21st of March, 2015 with magnitudes Mw =
4.7 and 4.9, respectively.
It is conspicuously observed that maximum number of

events in swarms (Fig. 2a) is confined to the almost same

Fig. 1 Seismicity map of
Algeria (2000–2018) (red circle)
along with location of the large
events of M � 5 recorded in
between 1900 and 2018 (blue
circle) and identified 10
earthquake swarms
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Table 1 Results for above Ain Azel earthquake swarm and 9 earthquake swarms

Swarm b value c value P value Description and interpretation

1 1.0 0.74 0.64 Induced seismicity caused by the water infiltration in the Jebel Akhal, a small rocky hill between
the B-H dam and the Oued Athmania reservoir

2 1.4 0.73 0.80 The earthquake swarm is related to the increase in the water body of the B-H dam after a heavy
precipitation on January–February 2012

3 1.2 0.77 0.74 Induced seismicity caused by the water infiltration in the Grouz dam

4 0.9 0.45 1.02 Tectonic seismicity

5 1.1 0.73 0.72 Intense seismicity along of MAD fault with low magnitudes, which can be explained by the
geological and tectonic nature of this fault that composed by small segments surrounded by
numerous thermal sources

6 2.1 0.67 0.68 Induced seismicity linked to the circulation of the waters thermal in Jebel Safia fault

8 0.9 0.55 1.01 Tectonic seismicity

9 2.3 0.80 0.71 Induced seismicity linked to the circulation of the waters thermal in Djemila fault

10 1.7 0.76 0.79 Induced seismicity linked to the waters thermal

Fig. 2 Ain Azel earthquake swarm (N°8 Fig. 1). a Spatial distribution of 862 events with nearby thermal sources. b Events’ number/cumulative
number of events per time. c The magnitude evolution per time. d Gutenberg–Richter law. e Gamma law. f Omori law
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layer and this observation is corroborative to an earlier study
carried out by Paul and Sharma (2011). The spatial distri-
bution (Fig. 2a, b) and the statistical analysis show a high
concentration in time and space for these earthquake swarms
with the following results: b value equal 1.27; c value equal
0.71 and P value equal 0.7 (Fig. 2d–f respectively).

4 Discussion

The study shows distributions in power law characterized by
their exponents in the two domains of the seismic events’
size (G-R law, exponent b) and temporal (Omori law,
exponent P and gamma law, exponent c) using the maxi-
mum likelihood method and for the G-R law using the best
combination Mc (Mc95-Mc90-max curvature).

Ain Azel swarm (N°8 Fig. 1): The Gutenberg–Richter
law gives a b value equal to 1.27. Indeed, the b value is
proportional to the rock’s heterogeneity degree or the density
of faults and inversely proportional to the effective normal
stress. This suggests that the region is relatively inhomoge-
neous, where the effective normal stress is low and suitable
for triggering the earthquakes swarms.

The block of events gives a high c value (c = 0.71) (i.e.,
71% of independent events) (Bernard et al. 2007). Suggested
that if c greater is than 0.5, the events are independent where
the triggering is due to the forcing mechanism (creep or fluid
pressure).

Finally, P = 0.7 indicates that the seismic activity is
generated by the increase in the interstitial pressure by the
fluid circulation. This assumption is all the more credible
due to the existence of several geothermal resources along
the Hodna chain with one being at a distance close to the
epicenter area (*12 km) (Fig. 2a). This phenomenon is
based on the physics of seismogenesis through fracturing of
fluid-filled rock matrix (Mishra and Zhao 2003). In the same
way we analyzed the other earthquake swarms and results
have been tabulated here (Table 1).

5 Conclusions

In order to understand the physical correlation between the
seismic events of the similar block and the origin of their
fluctuations, we performed statistical tests on the time

intervals as stated between successive earthquakes and the
size–frequency seismic event distribution. Based on the
analysis, it is concluded that the earthquake swarms are
related either to the increase in the charge done water body
of the reservoir after a heavy precipitation (B-H dam on
2012), to the increase in the interstitial pressure due to the
fluid injection (the 2007 Mila crisis and Grouz reservoir
swarm) or to the water circulation in hydrothermal systems
(Ain Azel, El Hachimia, Azzaba and Djemila swarms).
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