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1 . - INTRODUCTION. 

Very little is known regarding tlie seisniicity of Tunisia and in par-
ticular tliat of the Tunis area. We know tliat Tunis was sliaken a few 
times in the past but it is rather difficult to say witli certainty what 
effect tliese earthquakes had on structures and what their intensities 
were. Information is partieularly lacking about tliose earthquakes before 
the 19tli century. I t may, however, be signiflcant tliat liistorical record» 
for the area of Tunis indicate intense seismic activity during the 9th and 
18th centuries, altliough one must make some allowances for naturai 
exaggerations in early statements. 

In order to disclose the seismic potentiality of suoli a poorly docu-
mented area it is, therefore, essential to resort to its geotectonic history 
for informatici!. 

2. - T E C T O M C S ( * * ) . 

The Tunis area belongs to the extreme north end of the Atlas moun-
tains. Tliese mountains constitute a geologica! unit distinct from the 
rest of the African continent, the north part of whicli is an active orogenic 
block. This block extends from Cape Xun and Agadir in Moroeco to 
the Gulf of Gabes in Tunisia, a distance of 1500 miles. It is bounded on 
the north by the Mediterranean Sea and on the south by the Sahara 
desert. 

(*) Depar tment of Civil Eng.. Imperiai College of Sei., London, S. W. 7. 
li, 8, !», 10, 12, 1!>, 21), 26 \ 
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The Atlas mountains can be roughly divided iato two main chains 
which are separated by lugli plateaus, the Maritime Atlas, and the Sahara 
Atlas. The two mountain chains approacli eacli other gradually and 
come together in Tunisia, where, near Zagliouan, they are separated by a 
nearly vertical fracture. The north-east part of the fractured mass has 
been lifted by comparatively recent orogenic movements to a height of 
nearly 4500 feet witli respect to the south-east part, thus forming Cape 
Bon on the east and the Gulf of Tunis on the west. This orogenic 1110-
vement also explains the abrupt turning of the African coast southwards 
and the formation of the Sousse-Gabes coast. 

The Atlas mountains were uplifted during the Alpine crustal move-
ments. The movements commenced at the end of the Jurassic period, 
were renewed in the Upper Cretaceous and continued info the Middle and 
]irobably Upper Miocene. There is also evidence of folding during ear-
lier periods, witli a dominant direction of movement from north to south. 
More recent movements bave left ampie evidence in the morpliology of 
the area, in which Tunis is situated. 

There is little doubt that Tunis belongs to tliat orogenic zone and 
that it is seismically unstable. In point of fact tlris area is stili under-
going tectonic readjustnients which occur at a comparatively slow rate. 
The existence of a number of active faults in north Tunisia is also in 
agreement witli the orogenics of the area. Figure 1 shows some of the 
well known faults in Tunisia and tlieir relation witli inferred and instru-
mentally determined epicentres of earthquake shocks. As a matter of 
interest the epicentres for several more distanti earthquakes have been 
inoluded, the majority of which belong to shocks of class ' d ' (13) (*). 

Sieberg (1932) and De Ballore (1906) show a number of epicentres 
right in Tunis and Eothé (1951) suggests some activity on the extension 
of the fault of Djabel-Naheli at the end of the liills and the Baliira Lake 
(Lake of Tunis). This, places Tunis literally on a fault, presumably 
active and responsible for at least one known earthquake of intensity 
VI on the Modified Mercalli Scale (25). 

3 . - SEISMIC IIISTORY. 

A survey of the seismic history of north Tunisia, altliough based on 
fragmentary data, shows that the country has from the earliest periods 

(*) Epicentres were obtainerl from ('• 13• 24). 
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of history been subject to rather frequenti earthquake shocka. Most 
of tliese shocks appear to liave been sliglit and even on the worst cases, 
tliey have fallen below the average of destructive earthquakes. 

This is particularly so if, as we have to, base our assessments of 
intensity 011 historically recorded maximum effects of earthquakes 011 
structures. Suoli records tend to represent the behaviour of the worst 
struetures, during an earthquake or, 1 he behaviour of structurcs 011 the 
worst ground. 

In the first instance, since most of the ordinary houses in North 
Africa are very poorly built, some of which simply invite earthquake 
damage, any assessment of intensity from damage to suoli structures 
would be highly overestimated. 

On the other hand, the worst ground is commonly found 011 the 
shores or in alluvial and marshy areas, and these are the locations of 
the ohler centres which furnish much of the data. 

For these reasons an unmodified application of old data, particularly 
when naturai exaggerations are not taken info consideration, will lead 
to apparenti concentration of seismicity in small areas surrounding the 
largest and oldest centres of culture, which in our case are Kairowan, 
Tunis, and Utica. 

A summary table of ali tliose shocks which caused some damage 
or concern in Tunisia is given at the end of the paper (*). This table 
is admittedly incomplete, but it suggests that light shocks are frequent 
and that strong ones occur ar rather long intervals of time (**). This 
long periodicity of comparatively strong earthquakes in Tunisia seems 
to be tvpical of the orogenics of the two extreme ends of the Atlas block. 
At the ends of the Atlas range crustal a'ìjustements appear to dissipate 
their potential cnergy by numerous but light shocks, and hence from 
the seismic point of view, cause little concern. In the centrai part of 
the range, however, the readjustements are more sudden and much 
more severe. 

Most probably much of the seismic activity in north Tunisia is 
associated with the Zaghouan fault along which recent orogenie move-
ments have resulted in the differential elevation of the soutli side of the 

(*) Professor J . P. Rothè of Strasbourg lias prepared an ear thquake 
catalogne for Tunisia which contains ali shocks for which there is informa-
tioii available. 

(**) This s ta tement is not inconsistent with the material in Professor 
Rotliè's catalogue. 
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Zaghouan massive. The north flank of the Zaghouan mountains thus 
formed (coincide witli the Zaghouan fault which runs throught the Gulf 
of Tunis and is largely responsible for the separation of Cape Bon from 
the rest of the north Africa coast. 

I t is due to this fault that north Tunisia shows suoli a high seismic 
activity. De Ballore (1906) attribut.es the destructives earthquakes of the 
5th century and a number of more recent ones to activity of this fault or 
of one of its northern branches. He considers that the only active part 
of Tunisia is the area north of Sousse and Krenkel (.1923) agrees with this 
opinion but includes also the whole of the north Atlas zone of Algeria. 
Sieberg (1932) indicates that the region on both sides of the Zaghouan 
fault as well as a zone within a radius of .100 miles of Tunis are the most 
precarious and seismic areas in Tunisia. A similar statement is iliade 
by Barkov (1953). 

4 . - SEISMICITY. 

Taking into consideration the data shown on Figure 1 and the in-
formation available on the tectonics and seismicity of Tunisia — which 
is neitlier ampie nor accurate — the country has been divided into 
three principal seismic zones. Zones " A ". " B " and " C " indicate 
respectively regions where strong, intense or liglit earthquakes are likely 
to occur (*). This division is tentati ve and it is shown on Figure 2. 
The reliability and accuracy of the available data is so low that an esten-
sive treatment of tliese data, in order to arrive at an intensity zoning of 
the country, was considered to be unwarranted. 

I t is desirable, however, to assess the seismicity at Tunis, or rather 
the intensity of the strongest probable earthquake for the area of Tunis. 
At this stage, this is almost certainly impossible because of the complete 
lack of information concerning the tectonics and seismicity of the area. 

We must resort, therefore, to the plausible conjecture usually em-
ployed in such cases, of the repetition of a past strong earthquake at the 
minimum epicentral dist.ance which is justified by the tectonics of the 
region. In the present case this would lead to the assumption that an 
earthquake of the sanie characteristics as the Agadir earthquake (n) could 

(*) The boundaries of zone " C " are ratlier tentat ivo. Par t s of this 
zone may well belong either to zone " A " or zone " B " but the available 
information is insufficient to define tlie limits witli any aoeuraey. 
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occur on the Djabel Naheli, or on one of the branches of the Zaghouan 
fault. Tliis assumption is of eonrse open to criticism, but, in the com-
plete absence of informatimi for the probable character of strong ground 

Fig. 1 

niovements at Tunis, it constitutes a reasonable upper limit for the seis-
mic intensity of a damaging earthquake occurring in this area. 

5 . - DESIGN SPECTRUM. 

The Agadir earthquake was a low-magnitude earthquake with extre-
mely shallow focus and high intensity ("•17). The velocity spectrum 
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for the Agadir earthquake was constructed by Kirkland (1962) from 
which the corresponding acceleration spectrum has been computed for 
a criticai damping of 10%. This is shown on Figure 3, curve " A ", 

StiSmiaìfy ^ 

® • • Seismicity C 

Fig. 2 

and a conservative approach would be to adopt curve " A " for the 
design of important engineering structures within a radius of 50 miles 
from Tunis, together Avith one of the recognised Building Codes for seismic 
regions ("• 5>15' 17>22. 28). 

The way acceleration or velocity spectra are used for the design 
of structures to resist earthquake forces is given in many referen-
ces (2 '5 '15 '28) and this problem will not be discussed. 
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Some comments on the use of curve " A " (Figure 3) in the design 
of structures are necessary. If curve " A " is used, the structure should 
be designed to be strong enough to resist, without plastic deformation 
(elastically), an earthquake of similar characteristics to that at Agadir, 
which has been taken as the most severe earthquake likely to occur in 
Tunis. 

i'on 

Fig. 3 

Except for extremely important engineering structures, sudi as 
certain types of dams, nuclear power stations, oil refineries, etc., this 
approach will be extremely uneconomical and in some instances unrea-
listic. A reasonable approach would be to use elastic. design methods 
for ordinary structure so that they can withstand relatively frequent 
earthquakes of a lower intensity tlian that represented by curve " A ". 
In the event of a severe earthquake, sueh as curve " A " implies, some 
plastic yield may be permitted. For most structural materials, yiehling, 
or plastic deformations of the order of tliree times the deformation at 
the elastic limit (*) will involve no serious distortions or indue amount 

(*) I.e. total deformation corresponding to a ductilitv factor m = 4. 
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of damage. The yielding in most structures of stable conflguration is 
of a locai nature and does not affect their general appearance. Conse-
quently, it seems reasonable to use in the design ductility factors (5-2S) 
between 3 and 5. In Figure 3 the acceleration spectra for a damping factor 
of 10% and for ductility 3, 4 and 5 are shown. The use of curve " C " 
for instance, implies that, if the structure is designed to withstand acce-
lerations described by this curve, the structure will behave elastically, 
or nearly so, for most earthquakes except those which will be nearly as 
intense as that of Agadir. In this case it will vield locally, deforming 
permenantly by an amount equal to four times the deformation at the 
elastic limit. 

It is, however, necessary that those structures, whose probability 
of damage must be nill, should be designed for the spectrum shown by 
curve " A ". 

Ordinary buildings, residential houses, etc., should be designed in 
accordance with curves " B " to " I ) " or, perhaps even lower curves, 
depending on the deformations the designer would allow. In these 
cases, however, sufflcient yielding capacity, to anable the structural 
members to survive the even most severe motion without danger of 
collapse, should be provided. No brittle structural member should be 
used, since, in designing with curves " B " to " D " the yielding capacity 
of the structural members must be sufflcient to justify the use of these 
curves. Thus, although the . infrequent maximum earthquake may 
cause considerable damage to sudi structures, it will not represent a 
hazard to life. 

Examination of the damage caused by the Agadir earthquake shows 
clearly that the structures liad little yield capacity. The brittle mate-
rials and un stable forms of construction used were unable to withstand 
deformations beyond the elastic limit with the result that, even a rela-
tively small deformation, caused complete collapse of many of the 
structures ("•17 ). 

6. - SEISMIC SEA-WAVES. 

Little information regarding the occurrence of seismic sea waves on 
the Tunisian coast is available, except that reported in Bothè's catalo-
gue (*) for the 1905 earthquake in the Bizerta area. 

(*) " Catalogue des seimes Tunisiens ", Strasbourg, June 1962 (unpu-
blished). 
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Note: Part of the work in this paper has been taken from a report pre-
pared by the author for the Cementation Co. Ltd, March 1962, 
London S.E.I. 

LIST OF MAIOR EARTHQUAKES IN TUNISIA. 

408 or 412 A series of destructive earthquakes with fault movements 
near Utica. Aftersliocks lasted for one week (refer-
ences in 21, p. 7; 27, p. 871). 

854 or 855 An earthquake in north Tunisia destroyed thirteen vil-
lages at Kairowan. Slumping and settling of the 
ground was observed in the valleys. f1). 

856 Dee. A great earthquake at Tunis and its dependenoies during 
which 45.000 persons were buried under the ruins ('). 

1724 An earthquake shock principally in Algiers. The earth-
quake extended from Miliana to Bon and in Tuni-
sia. (21), p. 122. 

.1750 oct. 5 A strong earthquake shook north Africa fron Sfax to 
Bon. (»). (21), p. 148. 

1758 Jan. An earthquake near Constantine caused great damage to 
several places in Tunisia. Tunis sufìered from otlier 
shocks and houses fell in great numbers. Several 
thousand people perished in the ruins. From refer-
ences in (21), p. .133. 

1863 Sep. 18 A serie of earthquakes in Tunisia. (27), p. 871. 

1864 During this year Tunis was shaken four times by violent 
earthquakes. (23). 

1881 Jun. Numerous strong shocks at Gabes and Maret. The 
shocks were felt within a radius of 50 kms. No 
damage. (23), p. 612, (27), p. 871. 

1887 Jan. 6 An earthquake in Tunis which caused light damage to 
village near Ejenel? (Press reports London). 

1905 Jul. 29 Light shocks at Sfax. (27), p. 871. 

1905 Oct. On 15th and 22nd strong shocks were felt at Madhia. 
Io = y . ( 2 7) , p . 871. 
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1920 Feb. 25 An earthquake of magnitude 5.9 shook the area around 
Sbeitla. (13), p. 214 (Press reports, London). More 
shocks followed in February and Aprii. 

1940 Light shocks were felt in Tunis throughout the year. (24), 
p. 59, 1942. 

1941 Aug. 7 A strong earthquake caused some damage at Bou-Saa-
diah in the Caidat of Zaghouan. (24), p. 5, p. 50,1954. 

1948 May 19 An earthquake of intensity VI shook Tunis. The epi-
centre was on the Djabel Naheli. (24), p. 24, 1951. 

1949 May 7 A locai shock caused some damage at Sousse. (24), p. 25, 
1953. 

1950 Nov 15 An earthquake shock was felt in Tunis. (24), p. 25, 1953. 
.1953 Jan. 11 Numerous shocks which lasted till the 14th January 

caused some damage in the region of Cape Bon. (24), 
p. 16, 1955. 

1953 Oct. 17 An earthquake shock at Kairouan. No damage. (24), 
p. 16, 1955. 

1957 Feb. 20 A severe earthquake of magnitude 5.6 occurred on the 
extension of the Maritime Atlas. The epicentre was 
a few miles south of Souk-el-Khemis. A number of 
abode houses were destroyed at Riabna La Merja, 
Berdaj, Rhardimaou. 13 persons were killed and 96 
were injured. The main shock was followed by 
nine strong aftershocks. (24), p. 9,1959; (6), p. 287,1957. 

1958 Aug. 12 A Roman amphitheatre was damaged and some abode 
houses collapsed when intermitted shocks shook the 
area of El-Djem. No casualties were reported. (6), 
p. 115, 1959 (Press reports, London). 

SU M MARY 

Tunis lies well within a seismic zone, the zone of the Atlas, ivhere 
earthquakes are likely to occur. The city and its neiglibouring region has 
been shalcen a number of times recently by moderate earthquakes, and al-
though during the last few hundred years no major earthquakes are known 
to have occurred at Tunis, there is very little doubt that the area neighbouring 
the city is seismically unstable. 
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The tectonics and tlie seismicity of North Tunisia are not urli known. 
Importuni economical developments in that country moke the need for an 
immediate assessment of the earthquake danger in North Tunisia and in 
particular in the Tunis area. 

In what follows, a brief study of the tectonics and seismicity of North 
Tunisia is giren, and a standard acceleration spectrum for the design of 
engineering structures in the Tunis area is proposed. 

RIASSUNTO 

Tunisi si estende all'interno di una zona sismica, la zona dell' Atlante. 
La città e i suoi dintorni sono stati colpiti, recentemente, da moderati terremoti 

Sebbene, durante gli ultimi secoli, non si siano avuti in detta zona, 
terremoti cospicui, resta sempre il dubbio circa l'esistenza, intorno alla 
città, di una zona sismicamente instabile. La sismicità e la tettonica della 
Tunisia settentrionale, non sono ben conosciute. 

L'economia di questo Paese, in fase di notevole sviluppo, richiede una 
immediata valutazione di eventuali danni da terremoto in tutta la zona. 

Nella nota viene brevemente studiata la tettonica e la sismicità della 
Tunisia Settentrionale, e si propone uno spettro standard dell' accelerazione 
per una futura edilizia in Tunisia. 
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