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We present the Seismotectonic MapAdifica based | ntroduction

on a geological, geophysical and geodetic database _ _

. - . L . The African plate has been the site of numerougdaand
including instumental seismicity andefappraisal of destructive earthquakes, the most recent events being the 2009
large historical events, and harmonization and Karonga earthquake (M 6.2) in Malawi, the 2008 Bukavu earthquake
homogenization of earthquake parameters in the(M 6.0) in D.R.Congo, the 2006 Machaze earthquake (M 7.0) in
catalogues Although establishing the seismotectonic Mozambique, the 2003 Zemmouri-Boumerdes earthquake (M 6.8)

. . . ieps in Algeria, and the 1990 Juba earthquake (M 7.1) in South Soudan.
framework of theAfrican continent is a difficult task, Seismically active regions are primarily located along rift zones

several pevious and ongoing pjects povide a wealth  ang related volcanic activitghrust and fold mountain belts, and

of data and outstandingesults. The database of d¢gr along mainly ofshore transform faults. Several seismotectonic

and moderate eahquakes in diffent geological stru_ctures m_ay generate gerearthqualfes_ _in densely pqpulated _

domains includes the coseismic and Quaternary faultingreglons causing severe damage and significant economic losses in
) L Africa.

that reveals the complex natof the active tectonics in Seismotectonic regions Aifrica are poorly known in terms of

Africa. The map benefitsdim pevious works on local  the current faulting activiterustal deformation, and their geodynamic

and |eg|0na| Seismotectonic maps that needed to béaUSESThe NorthAfrica thrust and fold belt and the Edsrican

. . . . Rift system are the most obvious areas of ongoing tectonic deformation
integrated with the lithospheric and upper mantle experiencing lage earthquakes &vig and Chen, 2010; Meghraoui

structures, seismic anisaipy tomography and gravity 5,4 pondrelli, 2012). Howeyeother regions like the Cameroon
anomalyinto a continental framework. Volcanic Line and the Congo Basin in Centdiica, theWestAfrica
The synthesis of earthquake and volcanic studie$ind SoutherAfrican plateau are also seismically actiVee presence

: : . of major active faults that generate destructive earthquakes is among
obtained fom the analysis of late Quateriyafaulting the most important geological and geophysical hazards in the

and geodetic data will see as a basis for hazar _ntinent.
calculations and theeduction of seismic risks. The map  The development of a thematic map with the identification and
will be useful for the seismic hazaassessment and characterization of seismically active zones constitutes the framework

earthquake risk mitigation for significant infrasictures 0" SeiSmic hazard assessment and mitigation of catastroies.
subject was discussed in a session during tfe@sloquium of

and their socio-economic implications Africa. The  agican Geology in Johannesti(CAG 23, 8 — 14 January 201
constant population inease and infrastrcture growth and was a concern expressed duringAlgers meeting of the
in the continent that exacerbate earthquake risk justifyOrganisation ofAfrican Geological Surveys (OAGS, May 2010)
the necessity of continuously updating this map. Wh!Ch requegted the preparation of the Selsrr_mte_ctonlc Map of the
. African continent and assessment of the seismic hazard and risk
The database ancelated map a prepaed in the implications.A Working Group* addressed these issues in the
framework of the IGC Bject-601 “Seismotectonics and framework of the IGC Project-601 “Seismotectonics and seismic
Seismic Hazals inAfrica” of UNESCO-IUGS, funded hazards inAfrica”. The seismotectonic map was prepared by
by the Swedish International Developmagency and geoscientists (mostly froAfrican academic and research institutions)

L . who conducted several scientific projects in earthquake geology
UNESCO-Naiebi for a period of 4 years (2012014, seismology seismotectonics, geodesy and geophysicdafiita.

now extended to 2016). This contribution reports the scientific programme, procedure and
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activities of theworking Group, and the framework for building-up |
the local, regional and continental studies of crustal deformation anc
related hazards ifrica.

This paper presents the work done from22@d 2015 in the
framework of the IGCP-601 project. It is a compilation of the available . 4 r
geological and geophysical data gathered from previous publishec S I SO N "7
works and reports. No such map was available before carrying ou Ta )
this projectThis is the first and unique map representing the whole i
seismological, tectonic, geodetic and other geophysical informatio i
for theAfrican continent. ‘

The six seismotectonic provinces

that include zones of active deformation. Seismically active regions
are primarily located along rift zones, thrust and fold mountain belts,
transform faults and volcanic fields. Using the geological and ?
geophysical characteristics, tWéorking Group defined six = - frme
seismotectonic provinces (Figure 1) in collaboration with academics MAGNITUDE ‘ % ‘ '
and members of geological surveys who deal with multidisciplinary| + 6&-85 :

\! .
pe
o

tasksThe provinces are primarily determined from the tectonicregime| , g5 7 : R~ el v ‘E’ ; $-
and seismicity background (see also Figure 2) as well as the I e

ical situati * 7.75 [ - . - |85 A
geographical situation. PO s - & A e I

Figure 1. Seismotectonic provinces and major earthquakes of the
1 TheWestern-Central Africa“stable” tectonic zones and related  African continent (see text for the subdivision).Focal mechanisms

islands are from Harvard-CMT solutions. (http://www.globalcmt.or g/)
2 TheNorthwest African fold-and-thrust belt (Atlas Mountains
to Sahara Platform) has also been struck by derand moderate intraplate earthquakes
3 TheNortheast African tectonic zones of Libya, Egypt and North  and includes Mozambique, Namibia and SdAfifica. Other major
Sudan islands such as La Réunion, Mauritius, and Comoros in the Indian
4 The Central African fault systems ofAngola, RD Congo, Ocean, and Capéerde, CanaryMadeira andhzores Islands in the
Cameroon to Chad Atlantic Ocean, are also included in the seismotectonic analyses and
5 The East African Rift (from Malawi to Ethiopia including  the study of crustal deformation.
Madagascar) Several major earthquakes of the continemtb({@ 1) were the
6 TheSouthern African shield includes Mozambique, Namibia subjects of detailed field investigations using geological and
and southern parts 8ihgola, and the Cape fold belt. geophysical data analysis, including space-based geodesy (GNSS and

INSAR). Previous studies of major earthquakes emphasized the study

Province 1 covergVestAfrica from Nigeria to Senegal and is  of seismic strain release using mainshock and aftershocks with focal
generally considered to be a stable parfoica, although several — mechanisms including field studies of earthquake faulting, GNSS
major historical and recent earthquakes have struck the rddgien. = measurements and SAR interferometry
Guinea earthquake of ?2December 1983 (Mw 6.4) is a good
example as an event of intraplate seismicity which occurred on aT he saismotectonic database
stableéWestAfrican craton (2.2-1.8 Ga)he seismicity in this province
is infrequent according to the geological context.Province 2 includes A major objective linked to the seismotectonic map is the
NorthwestAfrica from Tunisia to Mauritania, and is well known for ~ compilation of a database that includes the following items: historical
its recent lage thrust and strike-slip earthquakes along the plate and instrumental seismicjtsictive tectonics, stress tensor distribution,
boundary betweeftfrica and Eurasia. Province 3 encompasses Libya earthquake geologypaleoseismologyearthquake geodesy and
and Egypt is characterized by infrequemgéaand moderate normal  present-day velocity fields (GNSS), crustal structure and seismic
faulting earthquakes;this area is also prone to two distinct tectonidomographygravity magnetic and structural segmentation, volcanic
regimes, collision oAfrica-Eurasia plates and the rifting of the Red fields, rifting processes, geodynamic evolution and heat.flow
Sea. Province 4 covers CentAdtica that includes the Cameroun  Guidelines for the seismotectonic map preparation and related data
Volcanic and Seismic Line (CVLANngola, Chad the Congo basin analysis were used in order to obtain homogeneous data and results
and its seismically active E&sfrican Rift(EAR) magin. Province 5 across the continenAn important step is database harmonization
includes the most active part of the EAR and related volcanic andle.g., earthquake intensities, magnitudes, fault parameters, etc.) at
normal faulting system that extends from #far triple junction local, regional and continental levelhe guideline for the
through the Rukwa-dhzania RiftValley down to the Zambezi  seismotectonic map preparation in order to build a homogeneous
Valley;the province includes Madagascar Island where the seismicitydatabase is accessible in the map explanatory notice and in the GIS
is also associated with the rifting process and the breakupAdfiten web site.
lithosphere. Province 6 covers the southern regioArioh, which Based on the local and regional studies, the seismotectonic map
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is constructed addressing the following issues: (1) Building a by destructive seismic evenfBhe seismotectonic map (Figure 2)
homogeneous database of seismic parameters, making distinctiooonsists of a synthesis of the 1/1 000 000 to 1/5 000 000 scale regional
between historical and instrumental data. Location and sourcemaps which will ultimately constitute the 1/10 000 000 scale map.
parameters were revisited according to new information andThe Commission of Geological Map of t@rld (CGMW), the North
procedures especially for past earthquakes. (2) Prepare a databaseAffican Group for Earthquake aridunami studies (NAGET), the
neotectonic structures with Quaternary faultiée emphasized in  Global Earthquake Model (GEM Foundation), the International Union
this map only active faults which are the source of significant of Geological Sciences (IUGS) and the Geological Sociefyrafa
seismicity (3) Improving the seismotectonic database in regional gapshave a direct interest in the IGCP-601 project.

(4) Building a GIS interface for the geologic and geophysical database.

This map synthetized the main geological background extracted fromHstorical and instrumental seismicity

the Tectonic Map ofAfrica (CGMW, 2010) and geophysical data

such gravitystress field, heat flovgeodynamic movements derived A significant efort was necessary in order to combine regional
from GPS survey(5) Finally the seismotectonic map will aim to serve catalogues such as those of Benp884;Amponsah et al., 2012;

as a background for the seismic hazard assessment with scenariddidzi et al., 2013Ayadi and Bezzeghoud, 2015, and Harbi et al.,
and modelsAfrican countries need to have such document to better2015 into a single homogeneous seismicity catalogue akfiosas.
assess the seismic hazard and risk that they are profteetdense The search for historical earthquakes at national level and from local
urbanization, existing and future development may be heaféistad old publications represents a majdoefthroughout the project from
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Figure 2 : Seismotectonic map of Africa. The background topography and bathymetry is reproduced from the GEBCO Digital Atlas
published by the British Oceanographic Data Centre on behalf of IOC and IHO, 2003. See text for the geological and geophysical data.
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Table 1. List of major earthquakes in Africa that were the subject of

digitization of already mapped active faulting and folding is an

detailed studies important step for the seismotectonic map preparafibe. map
Earthquakes Dates Latitude  Longitude Mw displays geo-referenced active faults where we consider: (1)
LacTanganyika 1910 Dec.13  -6.5 20.5 7.4 Quaternary faults with lower and middle Pleistocene tectonic
El-AsnamAlgeria 1980 Oct.10  36.23 1.32 7.2 movement (1,8 Ma to 130 Ka), (2) Quaternary faults with upper
Nuweiba, Egypt 1995 Nov22 28.81 34.80 7.2 Pleistocene (130 Ka tallKa) tectonic movement, (3) Quaternary
Juba, South Sudan 1990 Mar20 s.u 32.18 7.1 faults with Holocene (ILKa to present-day) tectonic movement, and
Subukia 1928 Jan.06 0.4 se.n o (4) Quaternary faults with historical or recent coseismic surface
Al-Qadahia, Libye 1935Apr.19 3138 154 o rupturesThese faults are considered as the rupture sources associated
Machaze, Mozambique 2006 Feb.22 -21.32 33.58 7.0 . . . Lo . . .
Kalemie, Congo-anzania 2005 Dec.05 625 20,79 68 WI'[.h seismic _act|V|ty |n_the diérerlt provinces con5|d_§red in t_he
ZemmouriAlgeria 2003May21  36.83 365 6.8 seismotectonic map @éffrica. In regions where no specific mapping
OrleansvilleAlgeria 1954 Sep.9 36.28 1.47 6.7 or studies on late Quaternary and/or active faults are present, we use
Salima, Malawi 1989 Marl0 13.71 34.49 6.6 the background mapping of the recently publishectonic Map of
Accra, Ghana 1939 Jun.22 5.8 0.13 6.5 Africa (CGMW, 2010).We also use Google EarthicGIS and the
El-Hoceima, Morocco 2004 Feb.24  35.14 -4 6.4 SRTM DEM as a basis for digitizing and referencing the mapped
Dobi, Ethiopia 1989Aug.20 1175 41.96 6.4 faults.
Ceres\est Cape, Sifrica 1969 Sept29  -33.36  19.31 63 Fault kinematics and building the ess fieldtt is important to
Kivu, DR Congo 20020ct24 — -1.905  29.013 6.2 remember that stress field governs the fracturing process along a fault.
Karonga, MalawT 2009 Dec19  10.108 3381 62 Slips on active faults have been extensively studied followirnyg lar
Gaoual, Guinea 1983 Dec.22 11.95 -13.6 6.2 . . .
Mascaraalgeria 1994Aug.18 35.45 0.08 6.0 and moderate earthquakes (I%.0). Paloseismological studies such
Bukavu, DR Congo 2008 Feb.02  28.74 245 6.0 that of Meghraoui (1988) following the Atnam earthquake (October
Rukwa Tanzania 1994Aug.18 6.5 29.5 6.0 10M, 1980, Ms 7.3) enable to determine coseismic and cumulative
Agadir, Morocco 1960 Feb.28  30.41 9.6 6.0 slip on faults. Slip on faults may also be determined by moment tensor
Cairo, Egypt 1992 Oct.12  29.78 31.14 5.8 summation (Kostrgvl974) using seismic waveform inversion or focal
mechanism parameters (Meghraoui and Pondrelli, 2012). Focal
2011 to 2014.The use of the EMS98 or MSK scale instead of the parameters may also be used to retrieve stress field in a seismogenic

MMI or any other intensity scale (ger than lo VIIl) was preferred

in order to harmonize the historical seismicity database

zone by moment tensor inversion procedure (Ousadou et al., 2014,
up to 1900Soumaya et al., 2015Fhe kinematics of faulting and related stress

The instrumental catalogue covers the period from 1 January 1900distribution have been the subject of specific studies in the frame of

up to the present-dagind a threshold moment magnitude
is defined as the minimum size earthquake that illustrates
crustal deformation.

As most earthquakes are determined using Ms, mb o
recent approaches with standard relations for magnitude
into a homogeneous moment magnitude.Nlacally

defined empirical relations are preferred but if no locali

Mw.0 projects throughout th&frican continent (e.g., Delvaux and Barth,

a significan2010, Ousadou et al., 2014; see also Figure 3). For areas with
homogeneous stress field, a formal stress inversion is applied to

r MI, we useetrieve the stress tensofhis work will be reported in a scientific

conversiongaper that will update the existing published work. Focal mechanisms
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studies are available the following relations from
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30°

o

Conversion Ms-Mw (Surface wave magnitude into

Moment magnitude): 5

Mw = 0.67 (0.05) Ms + 2.07 (+0.03) for ZMs<6.1
Mw = 0.99 (0.02) Ms + 0.08 (+0.13) for GIs< 8.2

/1

10°
Conversion Mb-Mw (Body wave magnitudes into
Moment magnitude):

Mw = 0.85 (+0.04) Mb + 1.03 (+0.23) for XBls<6.2

0°—

A catalogue of more than 13750 seismic events|
covering all provinces has been compiled showing all
parameters and related characteristics of each major eve

(see GIS web site). 207

Earthquake ruptures, neotectonic
faulting and fault kinematics

30° 1~

Large earthquakes with surface faulting were

Stress orientation

/ SHmax

Stress regime
ONF @SS @TF
Stress indicators

—

Focal mechanism
L]

Borehole breakout

Overcoring

Volcanic aligment

Geological fault-slip
A

described in local reports and publications ifedént -3

regions and throughout all seismotectonic provirities.

-40°
60°

20°

Figure 3: Sressfield of the African Plate.

50°

March 2016



13

and stress field are presented as follows: (1) Use the Harvard CMTBos et al., 2013). For some of the plate pairs, we compare our
format convention, (2) compile the fiifent CMT catalogues and  solutions of the angular velocities with other geodetic and geophysical
published data, (3) plot the stress indicatoran@T kinematic axes) models.This constraint of active deformation provides us with an
as in theWorld Sress Map. assessment of the main seismotectonic characteris#dsa.

Srain field and geodetic networ k Geophysical analysis of crustal

TheAfrican continent is tectonically divided into two main plates, Structure and mantle dynamics
Nubia and Somalia, separated by the two rift branches of the East

African Rift with 2-3 smaller tectonic blocks in between (Hartnady A large number of projects have been conducted in the last decade
1990; Fernandes et al., 201Bhe major parts of the external plate to study the crustal thickness and lithosphere-mantle structure of the
boundaries ofAfrica are well defined by spreading ridge systems African continent (Figure 5; Pasyanos and Nyblade, 2007; Bonvalot
with the exception of th&frica-Eurasia complex convgence system et al., 2010; Fishwick and Bastp®011). Therefore, the seismo-
(Figure 4). tectonic map ofrica includes: (1A database of the thickness of the

More uncertainty exists concerning the number and distribution seismogenic layer for each province, (2) a review of main results of
of the tectonic blocks along the EAgiican Rift region. Nevertheless,  tomography and gravity studies on the lithosphere thickness and
this complex sub-plate distribution is being better constrained withupper mantle dynamics, (3) a database of mapped volcanoes with a
the increasing number of permanent GNSS statioAfrica. description ofthe most recent eruptions, and coordinates of craters

The seismotectonic map presents the current status of the straiwith the age of volcanic fields (Simkin et al. 1981, see also http://
distribution using the present-day GNSS velocity fieldfota, with www.volcano.si.edu), and (4) heat flow data determined by numerous
respect to the latest global reference frame ITRF2008.existing studies throughout the continefithe heat flow data are obtained
number of sites (~100 permanent GNSS stations) and a thresholthrough borehole#\ large heat flow anomaly is observed along the
value of 2.5 years data already permit the computation of a velocityAfrican Sahel starting from Mauretania to Red Sea, with tlye$ar
field that can be used to obtain the general pattern of the currenvalues around Sahara basin (Algeria), Sirt Basin (Libya), Red Sea
strain field forAfrica. For the majority of the plate pairs, we present (Egypt) andAfar region are associated with the rifting proc8sse
the most recent estimation of their relative velocity using a dedicatecheat flow anomalies are related to the lithosphere thickness and the
processingThe velocity solutions are computed using HET presence of rifting and swells both associated with volcanism, melting
software that takes into account the existing temporal correlationgprocesses and the presence of mantle plumes in the confinesé
between the daily solutions of the stations in order to properly estimaterustal structures may also be accompanied by a significant active
the velocity uncertainties and to detect any artifacts in the time-seriesleformation and seismic activity

Based on the seismic wave tomography and
gravity anomaly studies, the structure and evolution
of the lithosphere and upper mantle provide the
continental wide structural background for the
seismotectonic maprhe lithospheric and crustal
structure is addressed through the P and S waves
anisotropy tomography and the results of receiver
functions.The tomography resolution depends on the
area of studythe number of stations used and the
seismic events available for the tomographic
experiment. Howevethe sparse distribution of the
3-component seismic stations available oritiiean
continent makes it ditult the determination with
good resolution of the crustal/lithosphere thickness
of the continent from seismic tomography imaging.
The role of deep-seated geological heritage in the
present-day seismic and volcanic active domains is
an important element for the understanding of
localized deformation zoneBheAfrican continental
structure is mainly made of cratons, volcanic fields
and sedimentary basinghe thickness oArchean,
Proterozoic and Paleozoic crust exhibits strong
variation from the thinnest at rift zone to thickest at
craton zones (Figures 5a and b) with average thick-
nesses of 29 km and 41 km, respectivEhe East
African Rift and related plume extending from Malawi

= - o
-50° —-40° -30° ° -10° 0° 0° 20° 30° 40° 50° 60° 70" 80°

Figure4: Spreadingridge systemsof theAfrican plateand the Nubia-Eurasia complex
convergence system.Triangles are GPS stations. Red arrows show extension and
convergence direction and rate (reference rate 2cm/yr isfor one side)
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to the Red Seaillustrate the geodynamics of the mantle
belowAfrica and the underlying mantle convection
(Figures 5a and b). In comparison with the cratons,
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Figure5: (a) Estimated lithospheric thickness from tomography and gravity anomalies (Bonvalot et al., 2010; Fishwick and Bastow, 2011;
(b) Crustal thickness from tomographic data (Pasyanos and Nyblade, 2007).

the plume corresponds to the signature of hot materials and testifies ® Importantly it allows users to produce maps by combining
for the volcanic activity with continental deformation in agreement spatial and descriptive data,

with the seismicity distribution visible in the map. Smaller hotspots e It allows interface with web applications to disseminate data.
are often co-located with seismically active zones and display volcanic

centers as in Mt Cameroon and ffibesti, Air, Eghei, Darfur and Although the database access is for the moment restricted to the
Hoggar shields.These later form a system of dome uplift with similar project team, the database is already interfaced with internet
scale, morphology and volcanic activifyor instance, under the applications, mainly to keep the team updated on its status (Figure
Hoggar swell (central Saharalgeria) the tomographic imagery  6).

(Ayadi et al., 2000) shows an anomalous low-density-low-velocity - - - -
mantle as the consequence of a Cenozoic hotspot volcanic activityl mpl ications for the seismic hazard
which cooled-dfduring the NWmigration of theAfrican plate. assessment

Database and GIS Many countries if\frica have experienced the severe damage of
moderate to laye earthquakes and launched a regional evaluation of
The database is a well-structured seamless collection of seismicityhe seismic hazard assessment (Mourabit et al., 2013, Midzi et al.,
data (instrumental and historical), tectonics, geqadegyote sensing  2014). Reliable assessment and mitigation of seismic hazards on the
and geophysical dat@ihe collection of the data in one database has continent face challenging problems with clear economic and societal
also allowed us to overcome possible challenges such fesenif implications. Howeverone of the main issues encountered in the
projections and datum, f&frent mapping resolutions andfdient seismic hazard studies relates to the identification of seismic sources.
interpretations of existing dafBheArcGIS Suite is used in preparing, Understanding the location and evolution of the main seismic sources
managing, analyzing and mapping of the dakés GIS system was  and related fault ruptures is necess#myprevious regional and/or
selected for this work for the following reasons: continental studies (e.gyele et al., 2007; Mavonga and Durrheim,
2009; Midzi et al., 1999; Hlatywayo, 1997) it became clear that very
e |t allows users to capture, validate, store, manage, query andimited information on the long-term earthquake activity and
disseminate digitized spatial and quantitative data, recurrence of seismic ruptures was available fecéfely assessing
e There is controlled access through user interfaces, the seismic hazard. Hence, previous studies focused on probabilistic
e |t allows users to select and export data sets to other media, seismic hazard assessments that consideggidaismic source areas.
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Figure 6: Example of Arc-GIS Internet interface showing the status of the project database on several layers (http://
sageoscience.maps.arcgis.com/). (modified for publication)

To carry out reliable studies, it was necessary to improve thesurface rupture information), the association of earthquake epicenters
seismotectonic characterization of potential sources. In fact, aand focal mechanisms with known earthquake ruptures and mapped
deterministic approach, as well as a reliable probabilistic approachQuaternary fault ruptures provides valuable evidence of seismogenic
requires knowledge about the location, geometry and rupturefaults (Figures 7A, B, C and DAn assumption can be made that the
mechanisms of seismogenic faults in any reg@minimum occurrence of earthquakes on or near a fault implies late Quaternary
requirement is the identification of geologically active structures, the activity of that fault.This assumption is very useful mainly in the
activity of which can or cannot be evidenced in the usually reducedwestern and southern part of the continent whergelaurface
historic and/or instrumental recofthis task is quite difcult due to rupturing earthquakes are rafam exception is the 2006 Machaze
the following factors: Mw 7.1 earthquake where a prominent coseismic rupture was observed
at the surface (Fenton and Bomm2006; see also location of the
green focal mechanism for Soutfrica in Figure 7C). For all regions
in Figure 7, earthquakes seem to be distributed along major faults
which have played a role in the recent geodynamic evoltitiere
. . o . possible, the thickness of the seismogenic zone will be obtained from
3 Lack of comprehensive seismotectonic interpretation of ; .

the hypocentral locations of earthquakes surrounding the faults. For

regional tectonic, geodynamical and kinematic framework, e S S i
9 . geoay! . . faults with limited historical seismicityhe depths can simply be an
4 Poor resolution of seismic anisotropy studies of the crustal and ; o
. . . ; ) j .—average of all earthquake depths located in the vicinity of the fault.
lithospheric structure and its relationships to the seismogenic.

The precise location of seismic events and related focal mechanisms
structures. - )
can be very useful to improve knowledge on the style of faulting and
In this project, an ébrt was made to reduce the uncertainty seismic activity on potentially active structures. Faults identified as

associated with these factors by collecting and presenting data thaictive, with information on their kinematic, will be used directly as
can be extracted for the determination of seismic sources in view ofeismic sources in the seismic hazard assessments.
seismic hazard assessment. Despite the limited availability of direct  In addition to the information obtained from the study of
evidence across the continent (limited paleoseismic data and coseismarctive faults in difierent regions (e.g. Hill, 1988; Goedhart, 2006;

1 Lack of instrumentally recorded &g earthquakes in most of
the continent,

2 Lack of surface faulting evidence together with the poor
knowledge of late Quaternary - Holocene tectonics,

Episodes M. 39, no. 1
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Figure 7: The association of earthquake epicentres with faults and focal mechanisms (CMT) for seismotectonic provinces 2, 3,5 and 6 (see
also Figure 1): (A) northwest Africa, (B) northeast Africa, (C) southern Africa and (D) along the East Africa Rift regions.
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Hussein et al., 2006), geodetic, focal mechanism and geophysicalegional seismotectonic maps that needed to be integrated with the

data provide insights constraining the stress and strain fdtes.  lithospheric and upper mantle structures from tomographic anisotropy

strain measurements are not incorporated explicitly in this hazardand gravity anomaly into a continental framework.

model because of lack of uniform spatial coverage and availability =~ The synthesis of earthquake studies with the analysis of long-

The data are included in the map explanatory notice and can providéerm (late Quaternary) and short-term (last decades and centuries)

constraints on the slip rate information independent of geologicalactive deformation presented along with the seismotectonic map serves

data and in some cases it is the only source of information on thes a basis for hazard calculations and the reduction of seismic risks.

slip rates. Any significant infrastructure project needs a seismic hazard and risk
Where geodetic and geological data are limited, slip rate assessment due to its implications for the socio-economic impact.

information can be obtained by considering the annual number ofThe Global Earthquake Model has launched regional programs for

earthquakes of various sizes assigned to each fault using a combinati@ub-Sahar@frica and provides supports for implementing seismic

of two statistical distributions: (1) the characteristic earthquake modelzoning and probabilistic applications fordarground motionsThe

thatimplies that a typical size of earthquake ruptures repeatedly alon@fNAGET for North Africa is also contributing with the necessary

a particular segment of the fault (Schwartz and Coppersmith, 1984)scientific knowledge and expertise to achieve the tasks that will

and (2) the exponential model that implies that earthquakes on @omplement the use of the seismotectonic map.

given fault follow the GutenbgfRichter (Richterl958) relationship:

N(m) = 1" where N is the incremental number of earthquakes, Acknowledgements

is the incremental number of earthquakess0, b is the slope of

the earthquake distribution, ands magnitudeThe data required to We are thankful to Maaret Patzak, Patrick McKeever and Marie-

carry out such assessments are available as part of the created databdsejre Faber (UNESCO-Paris), and Félloteu (UNESCO Nairobi)

seismotectonic map and accompanying leaflet. Howewer  for their constant interest and support to the proj#letalso thank

characterizing the faults using the above mentioned methodshe Swedish International DevelopmAgency for funding the project

(geological and statistical methods), it is observed that thiyr dif from 2011 to 2014.We are grateful for the support of the North

reliability and weights needed to be assigned for tHerdiit fault African Group for Earthquake affidunami studies (NAGETEOA/

activity in the seismic source model. It is proposed that those faultdCTP Net-40).

with slip rates obtained directly from paleoseismic investigations  The project on the Seismotectonic MapAdfica was initiated

should have full weight whilst fault activity with slip rates obtained and encouraged thanks to Lhacen Bitam, Ram®higbedi, Mxolisi

from statistical methods should have a weight of 50%. Kota, Peter Zavada and Fhatuwani Ramagwede from tlen@ation
Maximum magnitudes are an important variable in calculating of African Geological Surveys (OAGS)e also appreciate the support

the seismic hazard because they determine how much strain is releaseél Philippe Rossi, Manuel Pubellier and Jean Paul Cadet from the

in larger earthquakes. Information on fault length, rupture area orCommission of Geological Map of théorld (CGMW).We thank all

displacement can be used to estimate a maximum magnitude for eaatolleagues frorAfSC, NAGET, GSAf, Africa-Array, IASPEI, and

fault using th&Vells and Coppersmith (1994) equations. More reliable GEM for discussions and support of meetings during the 4-year

values of maximum magnitude are obtained where information onpreparation of the map. Some figures were prepared using the public

displacements per event is available. Howewaost of the faults ~ domain GMTsoftware (Véssel and Smith, 1998).

identified as active or likely to be active have poorly constrained or

unknown slip rates with multiple fault strands distributed over awide |_jst of collabor ators:

area.These faults will be modeled as aerial source zomgs.

orientation of faults can then be used to model linear sources. Mourad Bezzeghoud (Evora Universitifortugal), Djillali
Benouar (USTHBAlgiers), Joao Fonseca (Lisbdrechnical
Conclusion University, Portugal), Chris Hartnady (Umvoto, Africa), Ray

Durrheim andAlain-Pierre Tokam Kamga (Ws Univ. S. Africa),

Although the grasping of the seismotectonic framework and Nacer Jabour (CNRSRabat, Morocco)laeddine Belfoul (Agadir
mapping at the level of tidrican continent is a diifcult task, several Univ., Morocco),Abdelkader Soumaya (Univunis, Tunisia),
previous and ongoing regional projects provide wealth of data andBoniface Kankeu (IRGMyaounde, Cameroun), Richard Ferdinand
outstanding result3he map is based on a completed re-appraisal of (Dar es Salam UniyTanzania), Hesham Hussein (NRIAEypt),
the historical and instrumental seismicity catalogue with NadaAhmed (Geol SurveySudan), Said Maouch&ssia Harbi and
harmonization and homogenization of earthquake paramétees.  Farida Ousadou (CRAABIgiers,Algeria), UlrichAchauer and Cecile
database of lge and moderate earthquakes irfiedént geological Doubre (IPG 8asboug, France), Eric Calais (ENS, Paris, France),
domains, includes the coseismic and Quaternary faulting that reveaBertrand Delouis (GeoazWice, France), Brassnavy Manzunzu and
the complex nature of the active tectonic#\frica. Although not Thifhelimbilu Mulabisana (CGS, \frica), Kwangwari Marimira
visible on the map but present in the database, the tsunami hazard d@oetz Obs, Zimbabwe).
the African coasts also needs to be taken into account. Indeed, the
tsunami hazard is directly linked tdstiore seismic activity of eastern,
western, southern and northern coast ohftiean continent. Because References
the seismotectonic map (and re'_ate‘_’ database) i§ an import"’m&mponsah, P LeydeckerG, and Muf, R., 2012, Earthquake catalogue of
document that may serve for the seismic hazard and risk assessment, Ghana for the time period 1615-2003 with special reference to the
we consider the inclusion of tsunami events in the database as tectono-structural evolution of south-east Ghana: Jouradtioan Earth
necessaryrhe map also benefits from previous works on local and SciencesYolume 75, 18 October 2012, pp. 1-13

Episodes M. 39, no. 1



18

Ayadi, A., and Bezzeghoud, M., 2015, SeismicityAdferia from 1365 to

2013: Maximum Observed Intensity Map (MOI2014): Seismological

Research Letters, 86 (1), pp.236-244.

MavongaT. and Durrheim, R. J., 2009, Probabilistic seismic hazard

assessment for the Democratic Republic of Congo and surrounding areas:
SouthAfrican Journal of Geologw. 112, pp. 329-342.

Ayadi,A.,Dorbath, C., LesqueA., and Bezzeghoud, M., 2000, Crustal and Meghraoui, M., and Pondrelli, S., 201&ctive faulting and transpression

upper mantle velocity structure of the Hoggar swell (Central Sahara,

Algeria): Physics of the Earth and Planetary Interiors]i8 (1),
pp. 11-123.

Ayele,A., Jacques, E., Kassim, M., Kidafle,OmarA., Tait, S., Nercessian,
A., Chabalier J.-B., and King, G 2007,The volcano-seismic crisis in

Afar, Ethiopia, starting September 2005: Earth Planetary Science Letters,

v. 255, pp. 177-187, doi:10.1016/j.epsl.2006.12.014.

BenouayD. (1994). Materials for the investigation of the seismici#igéria
and adjacent regions during the twentieth centémyn. Geophys.
XXXVII, no. 4, pp. 459-860.

Bonvalot, S., BriaisA., PeyrefitteA., Gabalda, GBalmino, G and Moreaux,
G, 2010,TheWorld Digital GravimetriAnomaly Map, CGMWGeneral
Assembly / UNESCO, Paris, France.

Bos M.S., Fernandes, R.M.®jlliams, S.D.RP, and Bastos, L., 2013, Fast

tectonics along the plate boundary in Neéftica, Annals of Geophysics
v. 55, pp. 5; doi: 10.4401/ag-4970.

Midzi V. and Manzunzu, B., 201Zhe lagest earthquakes in Sub-Saharan

Africa, In: Extreme Natural Hazards, Disaster Risks and Societal
Implications, ISBN: 978 1 107 033 863, 413 p,Adsmail-Sadeh, J.U.
FucugauchiA. Kijko, K. Takeuchi and |. Zaliapin, Cambridge University
Press.

Midzi, V., Bommey J., $rasserk O.,Albini, P, Zulu, B. S., Prasad,K., and

Flint, N. S., 2013An intensity database for earthquakes in Séditica
from 1912 to 201: Journal of Seismology. 17, No.4, pp. 183-1205.

Midzi, V., Hlatiwayo, D.J., Chapola, L.S., Kebede,Atakan, K., Lombe,

D.K., Turyomurugyendo, GandTugume, FA., 1999, Seismic hazard
assessment in Eastern and Southdrica:Annali di Geofisica, v42(6),
pp. 1067-1083.

error analysis of continuous GNSS observations with missing data: Mourabit, T., Abou Elenean, K. M.Ayadi, A., Benouay D., Ben Suleman,

Journal of Geodesw. 87(4), pp. 351-360. 10.1007/s00190-012-
0605-0

CGMW, 2010,Tectonic Map oAfrica, CGMW Generahssembly / UNESCO,
Paris, France.

Delvaux, D., and Bartt#., 2010 African Sress Pattern from formal inversion
of focal mechanism data, implications for rifting dynamics:
Tectonophysics,.\482, pp. 105-128.

Fenton C.H. and Bommed. J., 2006,The Mw7 Machaze, Mozambique,
Earthquake of 23 February 2006: Seismological Research Letf&réd),
pp. 426-439.

Fernandes, R. M. S., Miranda, J. M., Delvaux, Bapfs, D. S., and Saria,
E., 2013, Re-evaluation of the kinematics\Wétoria Block using
continuous GNSS data: Geophysics Journal InternationaB3; doi:
10.1093/gji/ggs071.

Fishwick, S. and BastgwD, 2011, Towards a better understandinghdfican
topography a review of passive-source seismic studies ofAfiiean
crust and upper mantle: Geological Socieondon, Special Publications,
v. 357, pp. 343-371. DOI: 11.44/SP357.19

Goedhart, M.L., 20064 geological investigation of neotectonic reactivation

along the Ceres - Kango - Baviaanskloof - Coega fault system in the

Southern and Eastern Cape, Soifitica: Trench Report. Council for
Geoscience, Report No. 2006-0185 (confidential), 286 pp.

Harbi,A., SebaiA., BenmedjberM., Ousadou,.FRouchicheY., Grigahcene,
A.,Aini, D., Bourouis, S., Maouche, S., alwhdi, S., 2015TheAlgerian
Homogenized Macroseismic Database (267-198Bgeper Insight into
the Algerian Historical SeismicitySeismological Research Letters,
v. 86, no. 6, pp. 1705-1716.

A., Bezzeghoud, M., Cheddadi,, Chourak, M., EIGabryM. N., Harbi,

A., Hfaiedh, M., Hussein, H. M., Kacem, J., Ksentiai, Jabour N.,
Magrin, A., Maouche, S., Meghraoui, M., Ousadou, Fanza, GF,
PeresanA., Romdhane, N.Vaccari, F, and Zuccolo, E., 2014,
Neo-deterministic seismic hazard assessment in Mdriba: Special
Issue: Seismotectonics and Seismic hazards in N¥friba, Guest
Editors: M. MeghraouiA. Harbi and H. M. Hussein, Journal of
Seismology v. 18, no. 2, pp. 301-318, DOI 10.1007/s10950-014-
9424-5.

Ousadou F Dorbath, L.Ayadi,A., Dorbath, and Gherbi,C., S., 2014reSs

field variations along the Maghreb region derived from inversion of major
seismic crisis fault plane solutionBctonophysics.v632, pp. 261-280.
DOI: 10.1016/j.tecto.2014.06.017

Pasyanos, M. E., and Nybladg, A., 2007,A top to bottom lithospheric

study ofAfrica andArabia: Tectonophysics,.\A444, (1-4), pp. 27-44.

Richter C.F, 1958,Elementary SeismologyW.H. Freeman, Nework,

768 pp.

Schwartz, D.Pand Coppersmith, K.J., 1984, Fault behavior and characteristic

earthquakes: examples from ivasatch and Sakndreas faults: Journal
of Geophysical Research, 89, pp. 5873-5890.

Scordilis, E. M., 2006, Empirical global relations convertin§ andmb to

moment magnitude: Journal of Seismology10, pp. 225-236, DOI
10.1007/s10950-006-9012-4 C.

Simkin, T., L. Siebert, McClelland, L., Bridge, D., Newhall, C., and Latter J.

H., 1981, Volcanoes of the worldA regional directorygazetteerand
chronology of volcanism during the last 10,000 years: Pennsylvania; U.S.
Hutchinson Ross Publishing; 232 p.

Hartnady C. J. H., 1990, Seismicity and plate boundary evolution in south- SoumayaA., BenAyed, N., Delvaux, D., Mohamed, @015, Spatial variation

easterrAfrica: SouthAfrican Journal of Geologw. 93, no. 3, pp. 473—
484.

Hill, R.S., 1988, Quaternary faulting in the south-eastern Cape Province:South

African Journal of Geologw. 91(3), pp. 399-403.

Hlatywayo, D.J., 1997,Seismic hazard in central southiite: Geophysical
Journal International,.\130, pp. 737-745.

Hussein H. M., Marzouk |., Moustafa. R., and Hurukawa N., 2006,

of Present-day stress field and tectonic reginf@imsia and surroundings

from formal inversion of focal mechanisms: geodynamic implications
for Central Mediterraneaiiectonics, v33, doi: 10.1002/2015TC003895
Wells, D.L. and Coppersmith, K. J., 19%ew empirical relationships among

magnitude, rupture length, rupture width, rupture area, and surface

displacement: Bulletin of the Seismological SocietyAnferica, v 84,

pp. 974-1002.

Preliminary seismicity and focal mechanisms in the southern Gulf of Wessel, R andW. H. E Smith (1998), Newimproved version of generic

Suez,August 1994 through December 1997: Journahfoican Earth
Science, v45, pp. 48-60.
Kostroy V. V., 1974. Seismic moment and emeof earthquakes, and seismic

flow of rock. I1zv Acaddemy of Science, USSR Physics of Solid Earth,

No. 1, pp. 23-44.

mapping tools released, EbsinsactionsAmerican Geophysical Union,

V. 79(47), pp. 579.
Yang, Z., and ChelV.-R, 2010, Earthquakes along the EAfican Rift

SystemA multiscale, system-wide perspective: Journal of Geophysical
Research, .v115, B12309, doi: 10.1029/2009JB006779.

March 2016



