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Abstract 

Within the framework of a cooperative agreement between 
Sofratome and the Office National d'Electricité of Morocco, the Centre 
National de la Recherche of Rabat, with the collaboration of the French 
Institut de Protection et de Sûreté Nucléaire, was put in charge of 
compiling a revised catalogue of the historical seismicity of Morocco. 
The method adopted calls for the participation of several different 
disciplines in view of situating each earthquake in its own geographical 
and historical context, so that the related macroseismic observations may 
be evaluated in as realistic a manner as possible. The approach entails, 
during the first stage involving primarily the historian, gathering together 
the original sources of data (documents or archeological evidence) and 
subjecting them to a critical analysis in order to assess their reliability. 
The second stage consists in interpreting the information so as to define 
those earthquake characteristics that are requisite to seismic hazard 
studies. This latter evaluation must be the fruit of a multidisciplinary effort 
involving history, archeology, geology, and seismology. This is 
particularly true for earthquakes of past centuries, the observations of 
which are frequently incompatible or biased and accordingly need to be 
substantiated by referring to information of a varying nature and, 
wherever possible, calibrated using accurate data from recent events. In 
a number of instances, duplications are encountered, or lumped effects 
for distinct events due to calendar misreckonings, erroneous copying, or 
misconceptions relative to the geological or historical context. A 
particularly significant example of the interference of these diverse 
aspects is afforded by the assessment of the destructive effects in 
Morocco of the 1755 "Lisbon" earthquake: a method is proposed for 
calibrating its intensities by comparing them with those of the recent 1969 
event of similar origin. 

Introduction 

Within the framework of a cooperative agreement between 
Sofratome and the Office National d'Electricité du Maroc, a project to 
draw up a revised catalogue of the historic seismicity of Morocco has 
been entrusted to the Centre National de Recherche de Rabat (CNR) 
with the collaboration of the Commissariat à l'Energie Atomique, Institut 
de Protection et de Sûreté Nucléaire (CEA/IPSN). 

Safety requires that a reliable assessment be made of the seismic 
hazard for all high-risk installations, necessitating a thorough knowledge 
ot seismicity over a long period of time, involving the collection and 
critical analysis of macroseismic information. 

The seismicity of Morocco can only be assessed by macroseismic 
study, even for events in the present century, as the instrumental data is 
not of very accurate, with the exception of the last fifteen years. 
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The collection and analysis of macroseismic information covering a 
long period of time necessitates a thorough understanding of the country 
in historical, cultural, religious, social and scientific terms. These different 
aspects require the collaboration of different specialists. This 
pluridisciplinary approach is particularly helpful in Morocco, a country 
with a rich and varied past. 

Method 

Up to now, the only source of information concerning the seismic 
history of Morocco was a work entitled "Notes sur les tremblements de 
terre ressentis au Maroc avant 1933" by G. Roux (1934). As the author 
indicates, this document is merely a collection of information based on 
the customary sources (Perrey 1845 and Galbis 1932) with a few 
additions derived from Arab authors. It soon became clear that it was 
necessary to check this material (in which dating errors resulting from 
differences between the Christian and Islamic calendars have in some 
cases caused the same earthquakes to appear twice) by consulting the 
original sources. 

The approach adopted consisted of a number of stages. 

Collection and interpretation of the sources 

The first stage, which essentially concerned historic events, 
involved collecting the available documents and interpreting the sources. 
This involved determining the filiation between the different sources and 
differentiating between the texts of the authors contemporary with the 
events and those who wrote later. 

This return to the original sources requires a thorough 
understanding of the country, making it possible to determine in which of 
the main economic, administrative and political centres information 
concerning particular periods can be gathered. 

As concerns the Arab sources, priority was given to the libraries of 
Fez, Rabat, Marrakech, Meknes, Tangiers, Tetouan, Tamagrout (El Fasi 
1961, Ayache 1961, El Kettani 1968 and Berque et al. 1974) and also the 
French National Library in Paris (Huisman, 1967). The archives consist 
of public documents and private collections including the diaries of 
travellers (Figure 1) and the works of historians (AI Qadiri, An Nasiri, 
Assayouti, Addouayyif, AI Ifrani etc.). 

Much useful information of European origin can also be found in the 
accounts of visitors, diplomats, missionaries (Figure 2), merchants and 
the inhabitants of the trading centres of Portugal (Figure 3) (Mazagan: 
El Jadida), Spain (Santa Cruz: Agadir, Tangiers or Tetouan), and Great 
Britain (Gibraltar) which have long had trading links with North Africa. 
These accounts, and the contemporary newspapers (Figure 4), are to be 
found in different European libraries. 
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it is also important to draw information from the archeological 
remains, which are particularly numerous in the countries surrounding 
the Mediterranean basin, requiring the assistance of an archeologist. 
Typical examples are ' 'eknes and the Roman remains at Volubilis, which 
contribute to understanding the seismic events of 1755. 

To avoid fruitless research work in the future, it is important in the 
document indexing stage to identify the sources investigated which were 
found to be either lost or sterile. 

Interpretation of the sources begins by studying their filiation. Thus, 
a bibliography of the principal authors is extremely useful in making an 
assessment of the source value and the reliability of the author. This is 
particularly important in the case of Morocco where the narrator 
frequently fails to state the place at which the earthquake was felt, 
whereas this can be deduced if it is known where the contemporary 
author lived. 

A number of examples show the errors that can arise in the course 
of copying and summarizing documents, even if it is done by the original 
author. Such is the case in two instances in the works of AI Qadiri. In 
"II Tikat Addorar", which is a condensed version of the original work, 
"Nashr AI Matani", he writes: "on the 15th day of the month of Safar an 
earthquake occurred", whereas in the earlier document he states that: 
"on the 15th day of the month of Rajab..." of the year 1020 of the Hegira. 
We record a single earthquake on 23rd September 1611. Further on in 
his first work, AI Qadiri, writes: "in the night of Thursday 14th Rabia I 
(1074 H), there was an earthquake which destroyed many houses, of 
which the greater part were at Tallas. This earthquake was followed by a 
violent wind", in the synopsis, this becomes "on 24th Rabia 11074, there 
was an earthquake accompanied by a violent wind". We record a single 
event on 17th October 1663. 

Another example is found in the catalogue of Galbis (1932) which 
mentions the earthquake on 12th April 1777 and gives exactly the same 
description and time as for the tremor on 12th April 1773 mentioned by 
Perrey (1845) and described in the contemporary newspapers (Journal 
Historique et Politique de Genève and Gazette de France). Nevertheless 
Le Journal Historique et Politique de Genève gives the date as 
22nd April 1773 (Julian calendar). This earthquake on 12th April 1773 
(Gregorian calendar) appears to have originated in the Atlantic, as it was 
felt in Tangiers and at Salé, where it appeared to be coming from the 
sea, and also in Cadiz. Lisbon, Madrid, Malaga and Seville. 

These three examples clearly show the importance which must be 
attached to the filiation of the sources and the assessment of their 
reliability. 
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Study of the historical and geographical context 

This second stage, which involves a number of different disciplines, 
establishes the historical, social and cultural context of the events. It is 
therefore necessary to consult not only a historian but also an architect, 
so as to define the major periods which affected the country from a 
political, religious and architectural viewpoint. 

An understanding of the context of an earthquake enables one to 
achieve greater objectivity in interpreting the macroseismic observations 
and can in certain cases make it possible to avoid drawing erroneous 
seismic conclusions. 

Thus historical examination of the period between 1400 and 1600 
in Morocco explains, by the intellectual decline in t! 3 troubled period, 
the absence of contemporary historical documents and, accordingly, the 
absence of seismic events in Morocco. This phenomenon is well known 
but has not always been properly taken into account. A similar situation 
is found in the region of Baghdad in Iraq between 1200 and 1400, a 
period of major invasions (Figure 5), which has sometimes been 
construed to be a seismic gap (Alsinawi, 1975). Similarly, descriptions at 
different periods of the condition of certain monuments, such as the 
Hassan Tower in Rabat before the earthquake cf 1755, or towns such as 
Mazagan under Portuguese rule (1502 to 1769) and Marrakech during 
the Almoravide and Almohade period (1062 to 1269), in which it was 
known as the greatest and richest town in Africa, facilitates assessment of 
the effects in Morocco of the exceptional "Lisbon" earthquake. 

The geographical and geological environment in which certain 
major events were observed makes it possible to make a weighted 
judgment concerning the initiating event which can be assigned to them, 
such as the case of unstable steep slopes and cliffs. In this type of 
formation, a minor event can trigger enormous landslides totally out of 
proportion with the energy released (Vogt, 1984). Such effects are at 
times interpreted as being proof of the presence of a high level of local 
seismicity. 

Evaluation of macroseismic observations 

Macroseismic observations are the result of the complexity of an 
earthquake. They represent, for a given point, the combined effects of a 
number of factors: the source mechanism, the transmission of the seismic 
waves, and the reception at the point of such observation, generally on 
the basis of damage to buildings. Due to this complexity, realistic 
interpretation of observations necessitates the work of a pluridisciplinary 
team, with specialists in seismology, geology, architecture, history and 
sociology, particularly for historical earthquakes. 

Quantification using an international macroseismic intensity scale 
(the MSK or MM scale) is indispensable if stLdies are to be made of the 
seismic risks in a wide geographical area over a long period of time. 
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Nevertheless, to allow for the local aspects of historical change in 
buildings, specific interpretation weighting individual criteria of the scale 
is necessary. 

In Morocco, greater importance must be attached to damage to 
mosques, palaces, convents, forts etc. than to those observed in adobe 
dwellings, which are frequently in direct contact with each other, making 
them extremely vulnerable. Information concerning the absence of 
damage in a given area is as important as the description of the major 
effects, and makes it possible to optimize the estimate of the intensity 
which can be attributed to it. 

For the earlier earthquakes, where the observations are unreliable, 
an attempt is made, insofar as possible, to compare their effects with 
those of a well-documented recent earthquake of the same origin. When 
laws for the attenuation of intensity as a function of distance have been 
drawn up for an earthquake for which information is abundant and 
reliable, it is possible to calibrate certain local intensities of a historic 
earthquake if the location of its epicentre and the intensity which can be 
attributed to it have been determined. 

Examples of pluridisciplinarv evaluations 

An excellent example of the method consisting of taking a wide 
spectrum of evidence into account is to be found in the interpretation of 
the catastrophic earthquake which occurred on 1st November 1755, the 
influence of which is preponderant throughout the western part of 
Morocco. 

The historical aspect 

The seismic events of 1755 have been covered by an in-depth 
study of the available sources (CNR 1986, Levret 1988), describing the 
destructive effects in Morocco, particularly on the Atlantic coast, where 
they were accompanied by an formidable tsunami. 

The sources are either European or Arab, and in view of the 
historical context of the period, in which there was a considerable 
European presence in the North and certain ports on the Atlantic coast, 
the descriptions differ. All the sources agree that there were two 
destructive tremors, one on 1st November 1755 and the other, according 
to the European sources, on 18th November 1755 Oi, according to the 
Arab sources, 26 days after the first event, i.e. on 27th November. 
Nevertheless, the descriptions of both events vary with the origin of the 
text, as indicated in the taule shown (Table 1). Particularly noticeable is 
the importance of the religious context concerning the number of dead, 
which were either Moors and Jews or Christian slaves depending on the 
origin of the source. Among the events listed by Pereira de Sousa 
(1919), reference is made to an aftershock on 18th November at 10 p.m. 
which was felt in Portugal and in Morocco and by a ship 60 leagues off 
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the Portuguese coast, but no mention is made of an earthquake on 
27th November, which means that nothing was felt in Portugal that day. 
It may be assumed that in the European sources there is confusion 
between, on the one hand, the aftershock on 18th November, feit 
between Tangiers and Tetouan, which was of limited intensity and, on 
the other hand, a destructive earthquake on the evening of 
27: November, localized in the region of Meknes, which is described in 
detail in the Arab sources. 

The archeoloqical aspect 

The hypothesis of a specific earthquake close to Meknes is 
accredited by the observations c* Gentil (1922). Firstly, there is the 
historic Dar Mansour gate at Meknes, which was reputedly crushed by 
the two marble columns on either site of it. Secondly, there is the 
damage that the Roman remains at Volubilis suffered at this time, as the 
Englishman Windus made a sketch of the Triomphal Arch in perfect 
condition during a voyage in 1721 (Châtelain 1968) and it was found by 
C. Tissot in 1874 to be "a chaotic avalanche of fallen blocks". If reference 
is made to the description made by Gentil, this damage could have been 
caused by a high vertical acceleration, corresponding a nearby 
earthquake. 

Another example of a discussion concerning a monument is that of 
the Hassan Tower and the columns of the adjoining mosque, at Rabat. 

For Mohammed AI Fassi (manuscript, Rabat) "the missing upper 
part of the Hassan mosque was destroyed by the violent earthquake 
which devastated Lisbon in November 1755". It is a square tower, 16 m 
of a side, which now has a height of 44.22 m, whereas it should be 
expected to have measured 80 m (five times its width under the 
Almohade rules). It must therefore, assuming it has been damaged, have 
been reduced in height by approximately one half. The author, to 
substantiate his hypothesis, mentions examples in which the tops of 
minarets were destroyed during earthquakes. Indeed, there are many 
examples, particularly resulting from distant earthquakes in which the 
signal is rich in low frequencies, of the destruction of minarets, towers 
and spires, which are particularly sensitive to this frequency range. 
Nevertheless, in this particular case, it is half the tower which would have 
been destroyed and not just the upper part. Furthermore, the remainder 
of the tower does not appear to be greatly damaged (Figure 6 a). 

Now, to quote ibn Abi Zara in "AI Anisse al Motrib" (Beaumier 1860) 
"in 593 (1197 AD) the town of Rabat El-Fath was built and surrounded 
with walls with gates. It was in this same year that were built in Rabat 
El-Fath the mosque and the Hassan Tower, which have not been 
completed, the mosque and the minaret of Seville, the mosque of 
El-Katebyn in Morocco as well as the Kasbah and mosque of that town". 
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According to Caillé (1949), the Hassan Tower was never finished. It 
should indeed have been 80 m high like the towers of Seville and 
Marrakech, all three towers having been built by the same architect "a 
Moslem born in Seville named Guever". All three have the came shape, 
the same stairs and the same proportions. To substantiate what he put 
forward, Caillé used the works of AI Marrakechi, a contemporary of the 
construction work, as he was born in 1185 AD. 

As for Gentil (1922), he sees in the regular alignment of the stumps 
of the columns of the mosque adjoining the Hassan Tower the effect of a 
sudden horizontal movement caused by an earthquake. Nevertheless 
this regularity does not appear to be compatible with the fall of cylindrical 
objects. 

It would appear more likely that the findings concerning these 
monuments indicate a failure to complete their construction. 

The geological aspect 

The huge landslides at Cape Bedouzza (Cap Cantin) north of Safi, 
which occurred in 1757 and reportedly buried a large number of 
buildings, which have been somewhat hastily associated with an earth 
tremor felt in Salé a few days later (Perey, Galbis and Roux), would not 
appear to be related to a hypothetical local seismicity. Indeed, study of 
the cliffs on the Atlantic coast of Morocco between Safi and Bedouzza 
(Weisrock 1985) shows the presence of a virtually continous layer of marl 
at the foot of the cliff, which has given rise to a number of caves (one of 
which is at the present time some fifteen metres long) which can cause 
spectacular landslides (Figure 6 b). Furthermore, the area "orth of the 
port of Safi has remained uninhabited, as landslides frequently occur 
there, the most significant of which were in 1930 and 1963. These are no 
doubt related to the foiiowing earthquakes, barely felt along the coast, but 
capable of causing disproportionate effects on a highly unstable cliff: 

7th March 1930: 32° N, 11.5° W, M = 5.1, felt in Casablanca, Safi 
and Essaouira (intensity IV). 

2nd August 1963: 34.7° N, 8.9° W, M * 4.1, felt in Casablanca and 
Mohammedia (intensity IV). 

In the 1757 event, the landslide could well have been caused by an 
aftershock of the earthquake on 1st November 1755 affecting a cliff the 
natural instability of which had been enhanced by the effects of the tida! 
wave. 

Another example is to be found near Tetouan, where the villages of 
Ghomara were destroyed by a landslide on 21st January 1909 (Galbis 
and Roux), for which the classic catalogues list an epicentre of intensity 
IX. Nevertheless, this earthquake was not recorded by any of the three 
Spanish seismological stations then in service, including San Fernando, 
at some 110km from the epicentral zone (Cherkaoui et al. 1986). On the 
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other hand, a tremor was felt in Malaga at 4 a.m. on the same day, and it 
is possible that a moderate seismic event in the Alboran sea may have 
set off a landslide in this mountainous region. 

Seismological interpretation 

It is frequently difficult to arrive at an accurate interpretation of 
effects in terms of intensity by placing the earthquake in its context, 
particularly for the older earthquakes, for which information is scarce and 
unreliable. In such cases it is helpful to attempt to calibrate intensities by 
comparison with those estimated for a recent seismic event for which 
information is plentiful and accurate. 

In Morocco, this method has been applied to the effects produced 
by the earthquake on 1st November 1755, by making a comparison with 
those of the recent earthquake on 28th February 1969 (Levret, 1988). 
The foci of these two major earthquakes were in the Gorringe Bank area 
and the path of the seismic waves was roughly the same. Although the 
earthquake in 1755 is believed to have had a magnitude (M = 8.5 to 9) 
greater than that of the earthquake in 1969 (M = 7.8), it was found to be of 
interest to adjust the intensity attenuation laws as a function of distance 
by assuming similar sources for the two earthquakes (same foci and 
source mechanisms). The adjustment was initially made using 
isoseismals obtained for the two earthquakes in the Iberian Peninsula 
(Figure 7), (Sousa Moreira, 1984; Martinez Solares etal., 1979; Mezcua, 
1982) in order to be able to deduce the parameters at the source in 
agreement with the instrumental data (magnitude and focal depth). We 
subsequently deduced the probable effects of the 1755 event in Morocco 
on the basis of the attenuation curve presenting the best fit with respect to 
the intensities observed during the 1969 earthquake (Ben Sari, 1978). 

The model used was that of Sponheuer (1960), involving 
calculation of intensity decay AI between the epicentral intensity and 
intensity In at a distance dn, as a function of epicentral distance dn, for 
optimized values of parameters a and h (absorption coefficient and focal 
depth). 

As the sources of the two earthquakes were assumed to be 
comparable, the attenuation curves were necessarily similar. This made 
it possible to obtain intensity values which could be compared to those 
obtained by interpretation of the historical texts (Table 2). The intensity 
values obtained by calculation are, along the coast, one degree higher 
than those deduced from the historical texts. This reflects the degree of 
uncertainty which is to be expected in view of the period and the 
conjugate effects of earthquake and tidal wave. 

Furthermore, the method of calibration used, involving the laws of 
intensity attenuation with distance using the isoseismals of the 
earthquake of 28th February 1969 and those known for the earthquake 
on 1st November 1755 in the Iberian Peninsula, necessarily relied on a 
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certain number of hypotheses concerning the source (epicentral 
intensity, focal depth and focal zone) to adjust the values obtained in the 
far field (distance in excess of 250 km), resulting in considerable 
inaccuracy. 

The difference of two degrees of intensity obtained at El Jaa.-'a can 
no doubt be ascribed to the exceptional geological conditions (outcrop of 
the paleozoic substratum). Furthermore, it would appear that areas 
located in recent moderate to deep sedimentary basins, are more 
vulnerable to the destructive effects of an earthquake, which is as a 
general rule particularly visible in the far field and could explain the high 
levels observed at Marrakech, Meknes and possibly Agadir. 

A plot of the hypothetical envelopes of the earthquake in 1755 
deduced from this study roughly follows the Moroccan isoseismicals of 
the recent earthquake in 1969, with an intensity one degree higher 
(Figure 8). 

Conclusion 

The purpose of the research work on historical documents now 
being carried out by the Centre National de la Recherche of Rabat is to 
prepare a revised catalogue of Moroccan historical seismicity. The first 
phase, which essentially concerns the period before 1900, is oriented 
towards a study of the original documents need in the libraries both 
Moroccan and European. The Arabic texts have been translated, and all 
the documents obtained, whether of Arab or European origin, have been 
assembled in a corpus. The critical analysis of these documents, which 
is being carried out by a pluridisciplinary team, should make it possible to 
assess the reliability of the sources and the historical, geographical and 
architectural contexts of the events. The knowledge thus gained will 
orovide a basis for realistic evaluation of the observed effects in terms of 
intensity. 

To determine more accurately the seismic parameters of the major 
historical events necessary for seismic risk studies, a calibration method 
is proposed based on the law of intensity attenuation as a function of 
distance, determined from a well-known recent earthquake of like origin. 
This method has been used for the earthquake of 1st November 1755, 
comparing its effects with those of the earthquake on 28th February 
1969. Thus, the Morcccan isoseismals of the earthquakes of 1969 have 
been proposed for the 1755 event, but at an intensity one degree higher. 
This earthquake, which is of particular interest, as its effects are 
preponderant throughout the western part of Morocco, nevertheless 
remains a classic one, since observations are numerous and information 
is plentiful. This is not the case for a considerable number of 
earthquakes in the sparsely populated Rif and Atlas regions of Morocco, 
where it is frequently difficult to situate the macroseismic epicentres. It is 
for this reason that a sustained effort is necessary, both as concerns 
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research on historical documents and the carrying out of detailed 
macroseismic inquiries whenever a major seismic event occurs. 
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TABLE I : NOVEMBER 1755 EARTHQUAKES 

European sources 
Franciscan Father, witness In Meknea , local 
contenpory chronicler 

English : Contempory English agent's report or letter 
Spanish : Account or translation of the Father's letter 

r 
Portuguese 

Arab sources 
Al Qadiri : witness in Fez (1712-1773) 
AN Nasiri (As Saliwi) (1834-1897) compiler of Al Q^lri 
Al Morabit (1751-1822) (Addou.'yyif) 
Eddoif Ribati 

November 1st : 9:45 or 10 a.m.. 
Duration : 8 to 10 an., violent 

Meknea : total destruction : convents, aosques, synagogues, numerous 
houses, many dead (Moors and Jews). 

Fez : irrigation canals destroyed ; floods ; 
destructions : buildings, palaces, many dead (Moors and Jews) 

Zerhoum : faults in the mountain. 

Marrakech : destructions : mosques, buildings, landslide, many dead 
Salé : tidal wave, caravan engulfed headed for Marrakech, 

collapsed houses 

Safl conjugated effects of the tidal wave and the 
Santa crus (Agadir)f shock, numerous destructions, many desd. 
Acllah 
Larache 
Marmora (Nehdya) 
Tangiera 
Ceuta 
Tetouan 

cracked and dismantled walls and buildings 
panic. 

Mazagan (El Jadida) : cracks, no dead 

November 18th 10 p.m. duration : 5 mn., as violent, 
several shocks on the 19th 

Meknec. \ completely destroyed, many dead (Moora and Jews). 
Fez ] 
Tanglere : dried up fountains, no damage. 
Tetouan : panic, no damage. 
Sargor (Zerhoum region) : landslide, burled village. 
Taza» : totally engulfed (landslide ?) 

26 Moharrem : Noverct>er 1st : morning, 
long duration, violent. 

Fez** : drie up rivers, pipe breakage,overflowinyp. 

Fez el Ball (15,18) : collapsed houses, cracked resi
dences, detached bricks, panic, 
a few dead. 

Near Sldl Bouchta (Zerhoura) : faults In the mountain, 
landslide destroying a village. 

Salé : tidal wave, caravan engulfed headed for 
Marrakech. 

26 days later :i November 27 : evening, short duration,! 
stronger. I 

Meknea total destruction : palaces, mosques, many 
dead (slaves), the population desert the town. 

Fez : a few collapsed houses, many cracked ones, panic 

la son.e sources, it reads Fafso.in others Tasso : .slumId it be construed to moan Taza ? 

Probably, because the author lives in Fez. 



TABLE 2 : Comparison between observed and ca lu t ed i n t e n s i t i e s 

of the November 1, 1755 ea r thquake . 

1 
I TOWN | 

• ! 

Tetouan 

Cauta 

Tangier» 

Aailah 

Larache 

I Mehdya 

Salé 

El Jadida 

Sail 

Agadir 

Marrakaeb 

Meknea 

| Fax 

1 

I 
DISTANCE | 

(km) | 

480 

480 

440 

420 

420 

420 

420 

360 

440 

640 

580 

530 

560 

1 

I 
OBSERVED | 
INTENSITY | 

(MSK) 

VI-VII 

VI-VII 

VII 

VII 

VII 

VII 

VII 

VI-VII 

VII 

VII 

VIII 

VIII (IX) 

VII to VIII 

1 

I 
CALCULATED | 
INTENSITY | 

(MSK) 

VII-VIII 

VII-VIII 

VIII 

vni 

VIII 

VIII 

VIII 

VIII-U 

VIII 

VI 

VII 

VII 

VII 

SUPERFICIAL | 
GEOLOGICAL | 
FORMATION j 

indurate» j 

indurate ( 

Indurate j 

aoft •• 

eoft 

aoft 

aoft 

indurate 

indurate 

aoft 

aoft 

aoft 

I aoft 

1 1 

* Secondary limestone and crystalline basement. 
** Recent sedimentary basin (alluvium, sand, sandstone) 
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Histrogram showing the variations of the seismic activity 

in the region of Baghdad (after ALSINAWI and GHALIB) 
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COMPARISON BETWEEN THE EFFECTS OF 2 MAJOR EARTHOLUAKES(1969 - 1755 

GORRINGE BANK 

EARTHQUAKES 

IsoseismaU 21/2/1969 
(from J.MEZCUA 1982 and 

0. BEN SARI 1978) 
Isoseismals 1/11/1755 

(Portugal from V SOUSA 
MOREIRA 1984) 

(Spain from J.M.MARTINEZ 
SOtARES and ak 1979) 

—VI-MSK intensity 
if Epicenter 



November 1, 1755 EARTHQUAKE ig. 3 

10» 
-1— 

—isoseismais 
Portugal from V. SOUS A, 
MOREIRA 1984 
Spam from J.M.MARTINEZ 
SOLARES et al 1979 

—.Extrapolated isoseismais 
VII Observed MSK intensity 

(VII) Deduced MSK intensity 
it Approximate epicenter 

£^j» Sedimentary basins 
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