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Abstract—The Eurasia—Nubia plate boundary between the
Azores and the Strait of Gibraltar has been the place of large
tsunamigenic earthquakes. The tectonic regime is extensional in the
Azores, transcurrent along the Gloria Fault, and compressional in
the Strait of Gibraltar. Here, the plate boundary is not clearly
defined. The knowledge of past events that occurred in the area
constitutes an essential contribution to the evaluations of seismic
and tsunami hazard in the North-East Atlantic. In this study, we
present an overview of the six major events in the area and show
the use of tsunami data to add some constraints on their source. The
historical events occurred in the eighteenth-century between 1722
and 1761, while the twentieth-century events occurred between
1941 and 1975. We speculate that major tsunamigenic earthquakes
that occur in the Iberia-Maghreb area take place at the boundaries
of a lithospheric block approximately defined by the location the
six events summarized here, which role and dynamics are not yet
understood.
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1. Introduction

The western segment of the Eurasia—Nubia Plate
Boundary between the Azores archipelago and the
Strait of Gibraltar has been the place of several large
tsunamigenic earthquakes.

The tectonic regimes change from an extensional
one in the Azores to a compressional one, towards the
Strait of Gibraltar. Between 24°W and 20°W, the
plate boundary follows a morphological feature,
firstly identified by Laughton et al. (1972), called the
Gloria Fault (see Fig. 1). This feature is an almost
linear structure characterized by right-lateral strike-

' Instituto Superior de Engenharia de Lisboa, Instituto Poli-

técnico de Lisboa, Lisbon, Portugal. E-mail: mavbaptista@
gmail.com

2 Instituto Dom Luiz, Faculdade de Ciéncias da Universidade
de Lisboa, Universidade de Lisboa, Lisbon, Portugal.

slip motion (Buforn et al. 1988, 2004; Argus et al.
1989). Between 20°W and 18°W, it changes strike,
from N84E to N71E (Baptista et al. 2016). Large
earthquakes related with this plate boundary also
occur away from the Gloria Fault (Baptista et al.
2017), suggesting a second source zone 200 km south
of Gloria, striking almost East-West (Lynnes and
Ruff 1985; Buforn et al. 1988). Buforn et al. (1988)
interpreted it as the development of a tectonic micro-
block or the re-activation of a previous transform
domain (Kaabouben et al. 2008).

The Gloria area has been the origin of several
instrumental earthquakes of magnitude higher than 7,
followed by small or moderate tsunamis: the 25
November 1941 (Gutenberg and Richter 1949; Udias
et al. 1976; Baptista et al. 2016) and the 26 May 1975
(Lynnes and Ruff 1985; Buforn et al. 1988) (see
Fig. 1).

To the East of the Gloria Fault, the seismicity is
distributed over a large area, making difficult the
identification of the plate boundary. Here, the pre-
sent-day tectonic regime is dominated by the
convergence between Africa and Eurasia at ~ 4 mm/
year (Argus and Gordon 1991; DeMets et al. 1994)
and the westward migration of the Cadiz Subduction
slab ~ 2 mm/year (Gutscher et al. 2002; Duarte
et al. 2013). This area, called the South West Iberian
Margin (SWIM) hosts a set of linear and sub-parallel
dextral strike-slip faults Zitellini et al. (2009) forming
a deformation zone (Miranda et al. 2015). Zitellini
et al. (2009) showed that the seismic strain is
accommodated by the active morpho-tectonic fea-
tures and faults already mapped by (Zitellini et al.
2001, 2004; Gracia et al. 2003; Terrinha et al. 2009).
This area hosts the sources of the major tsunamigenic
earthquakes of the 1 November 1755 (Johnston 1996;
Baptista et al. 1998b; Zitellini et al. 2001; Gutscher
et al. 2002) and the 31 March 1761 (Baptista et al.
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Figure 1
Overview of the study area. Beach balls represent the focal mechanisms of the instrumental events—1941, 1969 and 1975; orange stars
represent the presumed epicentres of the historical events 1722, 1755 and 1761. White dashed lines follow main geological lineaments. GS
Gibraltar Strait, CP Coral Patch Seamount, GB Gorringe Bank

2006; Wronna et al. (2019). The largest instrumental
tsunamigenic earthquake occurred on 28 February
1969 with a magnitude of Ms 8.0, see Fig. 1 for
location.

The earthquake and tsunami compilations for the
North-East Atlantic area between the Mid Atlantic
Ridge in the Azores and the Strait of Gibraltar
include reports on the events along this segment of
the Eurasia—Nubia Plate Boundary (Baptista and
Miranda 2009). According to the Portuguese tsunami
catalogue, the oldest historical events occurred in 60
BC and 382 AD, however, paleo-tsunami evidences
were found back to 7000 BP (Baptista and Miranda
2009); these events are out of the scope of this study.

The Portuguese tsunami catalogue (Baptista and
Miranda 2009) include tsunami or tsunami-like
observations following the earthquakes of 27
December 1722, 1 November 1755, and 31 March
1761. The nineteenth century seems to be a quiet
period, with no significant events reported. Since the
installation of the tide gauge network, three
tsunamigenic earthquakes occurred in the twentieth
century between the Azores Triple Junction and the

Gulf of Cadiz (see Fig. 1). The first one was the
strong strike-slip earthquake of magnitude 8.3 in the
Gloria Fault (Baptista et al. 2016) followed by the
28th February 1969 earthquake in the Horseshoe
Abyssal plain and the 26 May 1975 earthquake
200 km south of Gloria Fault. This study shows the
use of tsunami data to constrain the source of the
parent earthquakes with scarce or non-instrumental
data available in the western segment of the Eurasia—
Nubia plate boundary.

2. Methods

The approach presented here to study tsunami
events is based on the compilation of historical and
instrumental information on each tsunami to produce
datasets of tsunami observations. These datasets
include tsunami travel times (TTT), wave heights and
run up heights for historical events and tide records
for the instrumental ones. The inversion of the tsu-
nami travel times provides information on the source
location; The forward simulation of the tsunami using
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the shallow water approximation supports the selec-
tion of a preferred earthquake mechanism that best
fits tsunami data. Finally, the inversion of the tsunami
waveforms enables the computation of the initial sea
surface displacement.

2.1. Backward Ray Tracing of Tsunami Travel Times

The Backward Ray Tracing (BRT) technique
consists on the back projection of tsunami wave
fronts from each observation point on the coast
towards the source area (Miyabe 1934). Gjevik et al.
(1997), Baptista et al. (1998b, 2016) present the
inversion technique used for the study of all events
presented herein. It consists on the definition of
dataset of points of interest (POIs) along the coast
corresponding to each observation point or one per
tide station. The position of each POI is the node of
the bathymetric grid closest to the actual location of
the observation point or tide station, at a depth not
less than 10 m to avoid strong non-linear effects. The
back propagation of the wave from each POI uses the
algorithm implemented in the Mirone suite (Luis
2007;  http://w3.ualg.pt/ ~ jluis/mirone/main.html).
The location of the tsunami source is the minimum of
the averaged travel time square errors (in the least
squares sense). The spatial distribution of the misfit is
given by:

Z?:l(t;) _t,P)Z (1)
n

where 9 and #/ are the observed and predicted travel
time for each POI and n is the total number of POls.
The minimum of the averaged travel time square
errors is always different from zero because of
observation errors, instrumental errors and due to the

finite dimension of the fault.
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2.2. Forward Tsunami Simulation

In forward tsunami simulations of earthquake
induced tsunamis the sea bottom deformation caused
by the earthquake is computed using Okada (1985)
equations; the ocean bottom deformation is then
transferred to the free surface assuming that the water
is an incompressible fluid. The initial conditions of
the numerical simulation are the free surface
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displacement and a null velocity filed. Non-linear
shallow water codes are currently used to simulate
tsunami propagation from source to coastal areas and
inundation phase (tsunami propagation over dry
land). The details on the codes used in the six events
presented here can be found in (Gjevik et al. 1997,
Baptista et al. 1998b, 2003, 2007, 2016; Kaabouben
et al. 2008; Wronna et al. 2015, 2019).

The forward simulation of the tsunami using
different initial conditions is used to discriminate
among the different earthquake mechanisms the one
that fits better the tsunami observations.

2.3. Inversion of Tsunami Waveforms

The problem of tsunami waveform inversion was
firstly proposed by Satake (1987) leading to the
publication of a number of studies focused on the use
of inversion methods to estimate the tsunami source
were. These studies can be broadly divided in two
categories: with a priori assumptions on the fault
model Satake (1987, 1993), Johnson et al. (1996),
Hirata et al. (2003), Titov et al. (2005) and without a
priori assumptions on the fault model and/or the
source mechanism Baba et al. (2005), Satake et al.
(2005), Tsushima et al. (2009), Wu and Ho (2011),
Yasuda and Mase (2012) and Baptista et al. (2016).
The results presented herein on the inversion of the
source the 25 November 1941—without a priori
constraints—are fully described in Baptista et al.
(2016). The initial sea surface elevation over the
source area was computed using the waveforms
recorded at the tide stations shown in Fig. 4 (black
dots) by inversion of the following equation

nl nc

M (1) = Z

i=1 j=1

Gy (1), ()

where G} (1) are the empirical Green’s functions
computed by the shallow water model for t time
steps, (nl x nc) are the set of unit sources and h;; is
the amplitude of the initial water displacement
attributed to the ij unit source (see Baptista et al. 2016
for details).
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3. The Events

3.1. The 27 December 1722 Event

The 27 December 1722 earthquake occurred
offshore the south Portuguese coast in the western
sector of the Eurasia—Nubia inter-plate domain (see
Fig. 1). After the earthquake, tsunami observations
were reported in the south coast of Portugal. Baptista
et al. (2007) analyzed the historical information on
the earthquake and used seismo-tectonic information
of the offshore area to propose an offshore source
compatible with the flooding described in the histor-
ical observations. To set the parameters of the
candidate faults, these authors used seismo-strati-
graphic analysis of a set of multichannel seismic
(MCS) reflection profiles covering the Algarve Basin
(Lopes et al. 2006) to infer the strike and size of each
candidate source. Each candidate source was used to
initiate the tsunami propagation model. A slip of 2 m
was assumed to comply with the magnitude of the
earthquake; dip and rake angles were fixed with
reasonable guesses according to each tectonic style.
The results of tsunami forward modelling suggest a
source located in the offshore close to 37°01'N,
7°49'W.

Andrade et al. (2016) suggested for a source
located in the riverbed. However, Andrade et al.
(2016) do not discuss the tectonic implications of this
source neither present hydrodynamic simulations
supporting the conclusion. Nevertheless, the fact that
this is a historical event with scarce observations
there is room for alternative candidate sources always
close to the shore.

3.2. The 1st November 1755 Event

The Lisbon earthquake of the 1st November 1755,
generated a massive transatlantic tsunami that rav-
aged the coast of SW Portugal, Spain in the Gulf of
Cadiz and the Atlantic coast of Morocco. The
tsunami reached as far as the Caribbean Islands and
UK.

Several authors investigated the source of the
Lisbon earthquake, using either macro-seismic data
(Solares et al. 1979; Levret 1991), averaged tsunami
amplitudes (Abe 1979) of the 28 February 1969, or
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scale comparisons with the 28 February 1969 event
(Johnston 1996). Solares and Arroyo (2004) esti-
mated the magnitude in 8.3 + 0.4, assuming a source
area in the region offshore Iberia close to the
epicenter of the 28 February 1969 earthquake (Fukao
1973).

Baptista et al. (1998a, b) presented the first
comprehensive analysis of the tsunami observations
of this event and used tsunami backward ray tracing
techniques to locate the source area between the
Gorringe Bank and the southwestern end of the
Portuguese coast (see Fig. 2). These authors used a
non-linear shallow water code by Mader (1988) to
test these sources; the first one corresponds to a
source parallel to the Gorringe Bank. The other
sources are located in the South West Iberian Margin
(SWIM) similar to the elongated shape presented in
Fig. 2. All sources were compatible with a magnitude
8.3 parent earthquake. The results show that a source
elongated along the SWIM with an azimuth compat-
ible with the results of the backward ray tracing
presented in Fig. 2 produce tsunami wave heights and
travel times consistent with the observations (Baptista
et al. 1998b). Finally, these authors excluded a source
compatible with the Gorringe Bank fault because it
produces late travel times to the Iberian coast and
small tsunami amplitudes. The results presented by
Omira et al. (2009) favor this conclusion as the
tsunami radiation pattern of a source on the Gorringe
Bank shows that most energy is radiated towards NE
and Morocco with a minor impact along the Gulf of
Cadiz.

The search for the tectonic source of this event
was the goal of bathymetric and multi-channel
seismic campaigns conducted by Zitellini et al.
(1999, 2001), Gutscher et al. (2002) and Gracia
et al. (2003). Zitellini et al. (2001) identified several
compressive structures located in the SWIM among
which the named Marques de Pombal fault (MPf),
100 km offshore southwest of Saint Vicente cape (see
Fig. 3). The MPf was interpreted as a possible source
of the 1755 earthquake and tsunami. However,
hydrodynamic modeling using the MPf with an
average slip of 20 m produces wave heights incom-
patible with the observations along Iberia, Morocco
and Madeira archipelago. Moreover, the correspond-
ing seismic moment seems too small to justify the
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Figure 2
Backward Ray Tracing for the 1755 event. The star coincides with the minimum error of the backward ray tracing simulation. Observation
points of the 1755 event used for backward ray tracing simulation. FGR Figueira, ORS Oeiras, SVC Saint Vicent Cape, HLV Huelva, CDZ
Cadiz, PTS Porto Santo, MDR Madeira, SAF Safi (see Baptista et al. 1998b for details)
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Figure 3
Seismicity of the period 1987-2017 (earthquake magnitudes greater than 3) of the South West Iberia (International Seismological Centre
Bulletin) and active structures identified in marine surveys; GBf Gorringe Bank, MPf Marqués de Pombal fault, Hf Horseshoe fault, GBf
Guadalquivir Bank fault, Cw Cadiz Wedge, As Ampere seamount, CPs Coral Patch seamount, Hap Horseshoe abyssal Plain
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observed macro-seismic field. To solve this problem
Baptista et al. (2003) proposed a composite source of
Marqués de Pombal and Guadalquivir faults for the
source of this event. Figure 3 shows the location of
these active structures.

Gutscher et al. (2002) using seismic and tomog-
raphy images of the crustal structure of the Gulf of
Cadiz suggested the presence of an east dipping slab
of cold, oceanic lithosphere beneath the Gibraltar—
Cadiz wedge (see Fig. 3). The dimensions of this
tectonic feature (app. 200 x 200 km) are compatible
with an 8.8 magnitude earthquake with a co-seismic
displacement of 20 m. However, the tsunami propa-
gation from this source produces late arrivals and
small wave heights along the Portuguese west coast
and Safi in Morocco (Gutscher et al. 2006).

Gracia et al. (2003) and Zitellini et al. (2004)
identified the Horseshoe Fault (see Fig. 4) that strikes
perpendicular to the present-day relative movement
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between Nubia and Eurasia as a possible source for
this earthquake. Omira et al. (2011) investigated the
tsunamigenic potential of the Horseshoe and Marques
de Pombal faults and discuss the impact along the
Gulf of Cadiz and Morocco. However, none of the
tsunamis caused by the rupture of these single
structures reproduces the set of observations in the
area.

Santos et al. (2009) using wave ray analysis
relocate the source on the Gorringe bank but the
hydrodynamic modelling results are incompatible
with the observations producing large wave heights
north of Lisbon and small wave heights along the
south Portuguese coast and south Spain.

Barkan et al. (2009) proposed a NW-SE trending
fault in the Horseshoe Plain almost perpendicular to
previously suggested NE-SW trending faults; the
only known tectonic structure with a NW-SE orien-
tation in this area is a paleo plate boundary.

Depth (m)

Figure 4
Backward Ray Tracing for the 1941 event. The star coincides with the minimum error of the backward ray tracing simulation. Black dots
show the locations of the tide stations used for backward ray tracing simulation and beach ball shows the focal mechanism (see Baptista et al.
2016 for details)
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3.3. The 31.03.1761 Event

The 31st March 1761 earthquake and tsunami
occurred just 6 years after the Lisbon event in 1755 at
12:05 a.m. Lisbon time. Mezcua and Solares (1983)
located the epicenter location was given at 37.00°N,
10.00 W whereas Oliveira (1986) put it at 36.0°N
10.50°W.

The first comprehensive compilation of the
earthquake and tsunami is the study by Borlase
(1762) in the Philosophical Transactions of the Royal
Society of London. These data was recompiled and
published by Perrey (1847) and Mallet (1852),
Moreira (1984) and De La Torre (1997). Baptista
et al. (2006) presented an extensive analysis of
macro-seismic data, tsunami data and seaquake
observations. The authors used macro-seismic inten-
sity data and epicentral intensity of IX to obtain a
new isoseismal map that suggests a source location
South West of the Iberian Margin. The use of tsunami
travel times in the backward ray tracing simulations
lead to a source area compatible with the isoseismal
map. Within the limitations of historical data the
authors conclude for an earthquake that occurred at
12:01 a.m. on the 31 March 1761 (Lisbon time) with
an epicenter located around 34.5°N, 13°W (see
Fig. 1). Wronna et al. (2019) proposed a source of
200 km long by 50 km compatible with the geody-
namic constraints imposed by Nuvel 1A (DeMets
et al. 1994) with a velocity convergence of 3.8 mm/
year in the area. The rupture mechanism would be a
thrust fault located southwest of the source of the
1755 event close to the Coral Patch seamount (see
Fig. 1). These authors proposed a compressive source
in this area compatible with the Plate kinematics that
reproduces quite well both the near field and the far
field tsunami observations.

3.4. The 25 November 1941 Event

The 25 November 1941 earthquake occurred at
18:03:54 UTC. After the earthquake a tsunami was
recorded in the tide stations of the North East Atlantic
with a maximum amplitude of 40 cm peak to throw
in Azores and Madeira islands (Baptista et al. 2016),
see Fig. 4 for location of the tide stations, epicenter,
and focal mechanism.
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Macro-seismic analysis shows largest seismic
intensities in the islands of Madeira, Azores and
western Portugal VI (MSK). Debrach (1946), Di
Filippo (1949) and Moreira (1968) published compi-
lations of macro-seismic data for Morocco, Spain and
Portugal respectively.

The epicenter locations given by Antunes (1944)
and Gutenberg and Richter (1949) were — 18.9°E,
38.7°N and — 18.5°E, 37.50°N respectively. The
study by Baptista et al. (2016) presents a new
epicenter location using the phases of the Interna-
tional Seismological Centre Bulletin and readings of
nearby stations in Morocco and Spain at — 19.038°E,
37.405°N, and moment magnitude of 8.3. The new
epicentre lies west of the epicentre presented by
Gutenberg and Richter (1949). Nevertheless, both
determinations put the epicentre on the segment AB
of the Gloria fault (see Fig. 4).

Baptista et al. (2016) present a comprehensive
analysis of the data. The set of tsunami data include
records from eight stations available in UK, Azores
and Madeira islands, Morocco and three stations in
mainland Portugal. The results of the backward ray-
tracing simulation locate the source at — 19.00°E,
37.35°N quite close to the epicentre location sug-
gesting that the earthquake’s co-seismic deformation
induced the tsunami. Baptista et al. (2016) invert the
tsunami waveforms without a priori constraints on
the focal mechanism using the method proposed by
Miranda et al. (2014). The inversion of the tsunami
waveforms suggest that the earthquake ruptured
approximately 160 km of the plate boundary between
20.249°W and 18.630°W. The inverse problem
solution was compatible with the majority of tsunami
observations. However, the record in Essaouira
(Morocco) (see Fig. 4) could not be explained by
an earthquake-induced tsunami. The fact that Deb-
rach (1946) and Rothé (1951) report damages to the
submarine cables Brest—Casablanca and Brest—Dakar
after the earthquake led Baptista et al. (2016) to
speculate that a secondary landslide source caused by
the earthquake may explain this observation. The
lack of information on the exact location of the
submarine cables offshore Morocco and on the
location of the rupture prevented the authors to
model the landslide.
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3.5. The 28 February 1969 Event

On the 28 February 1969, at 2:40 am. the
strongest earthquake since the 1755 event stroke
Portugal, Spain and Morocco. The studies on the
earthquake by Udias and Arroyo (1972), Mckenzie
(1972), Fukao (1973), Buforn et al. (1988), Grimison
(1988) conclude for a thrust mechanism with a small
left lateral component.

The tsunami that followed the earthquake reached
the first tide stations in the Portuguese coast less than
40 min after the shock (Baptista et al. 1992) being
recorded in Spain and Morocco.

Gjevik et al. (1997) computed the location of the
tsunami source using tsunami data. The source area,
in the Horseshoe Abyssal Plain, encompasses the
epicenter of the earthquake but requires the exclusion
of some of the tsunami travel times.

The studies on the numerical simulation of the
tsunami by Heinrich et al. (1994), Guesmia et al.
(1996), Guesmia et al. (1998), Miranda et al. (1996)
and Gjevik et al. (1997) used the fault mechanism
proposed by Fukao (1973) consisting on thrust with a
small strike slip component, N55°E parallel to the
Gorringe Bank (see Fig. 3); the fault dimensions
being 80 km x 50 km, the dip angle of 52°, average
slip on the fault of 3.85 m corresponding to a seismic
moment of 6.0 x 10'° Nm and a magnitude of 7.9.
These studies could reproduce some of the tsunami
observations. However, none of these single source
models explain the early arrival with a large down-
ward movement observed in the tide record of
Casablanca (Morocco), and some authors suggest
the occurrence of a landslide (Gjevik et al. 1997;
Pires and Miranda 2001).

3.6. The 26 May 1975 Event

The 26 May 1975, Ms = 7.9 earthquake occurred
in the North East Atlantic 200 km south of the Gloria
Fault (see Fig. 1) at 17.5°W, 35.9°N. Studies on the
focal mechanism by Lynnes and Ruff (1985) “first-
motion” solution and Buforn et al. (1988) concluded
for a dextral strike-slip event with no significant dip-
slip component, compatible with the relative motion
between Eurasia and Nubia plates but 200 km south
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of the presumed plate boundary. The tsunami was
recorded in Portugal and Spain.

Baptista et al. (1992) presents the spectral analysis
of the tsunami records of this event. Later, Kaabou-
ben et al. (2008) inverted tsunami travel times to
locate the source. These authors selected three
candidate sources given by Lynnes and Ruff (1985)
“first-motion” solution, Lynnes and Ruff (1985)
“Rayleigh Waves” solution and the focal mechanism
proposed by Hadley and Kanamori (1975) and
propagated the tsunami. The inversion of TTT
confirms the epicentre location of 26 May 1975
earthquake close to the Tydeman Fracture Zone
almost parallel to the Gloria Fault (see Fig. 1). The
shallow water simulations presented by Kaabouben
et al. (2008) using Lynnes and Ruff (1985) fault
parameters to compute the initial sea surface dis-
placement reproduce well most of the tsunami
waveforms of the tide stations in the North East
Atlantic (see Kaabouben et al. 2008 for details).

4. Results and Discussion

The results summarized here show how tsunami
research contributed to the knowledge of the geo-
logical processes along the Azores—Gibraltar segment
of the Eurasia—Nubia Africa plate boundary. The
information retrieved from historical reports include
tsunami travel times, wave heights, first wave polarity
and time intervals between primary waves. The
inversion of tsunami travel times allows for the
computation of an area that includes the tsunami
source and the earthquake epicentre for earthquake-
induced tsunamis. Inversion of tsunami waveforms
provides results on the initial sea surface displace-
ment giving information on the sea bottom
deformation caused by the parent earthquake. In spite
of the limitations inherent to the use of historical
observations and old tide record time series these
datasets provide an independent estimate on the
location and the extension of the tsunami source and
indirectly on the extent of the seismic source.

1. The 27th December 1722 event took place close to
the south Portuguese coast and triggered a small
tsunami. Hydrodynamic modelling (Baptista et al.
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2007) can fairly reproduce the historical reports
and is compatible with local geology. This is the
easternmost tsunami event known to occur in the
Azores-Gibraltar segment of the plate boundary.

2. The inversion of tsunami travel times of the 1
November 1755 places the source of this event in
the South West Iberian Margin (SWIM), and
exclude a source located in the Gorringe Bank
thrust (Baptista et al. 1998b). These results
fostered new bathymetric and seismic surveys in
the area confirming the existence of active tectonic
features that may be the source of the 1755 event
(see Fig. 3). All those studies locate the epicentre
in the offshore of Iberia. The tectonic structures
parallel to the SWIM can reproduce most of the
observed tsunami travel times; however, the
dimensions of the single structures identified up
to now are not compatible with an 8.5-8.75
earthquake and do not reproduce far-field obser-
vations. The dimensions of the Cadiz Wedge
source (Gutscher et al. 2002) can justify an 8.5
earthquake but fail to reproduce the tsunami travel
times on the Portuguese west coast and north of it
(Gutscher et al. 2006). The proposed source by
Barkan et al. (2009) reproduces part of the
observations but does not match any of the neo-
tectonic structures identified. The source of this
event is still a question of debate, but most of the
modelling studies suggest a location close to San
Vincent cape with an NNW-SSW strike.

3. The 31 March 1761 event is less well known than
the 1755 event, but the re-evaluation of macro-
seismic data by De la Torre (1997) together with
the Backward Ray Tracing simulations by Bap-
tista et al. (2006) re-locates the source close to
Coral Patch seamount. Recently, Wronna et al.
(2019) proposed a compressive source in this area
compatible with the Plate kinematics that repro-
duces quite well both the near field and the far
field tsunami observations.

4. The study of the source of the 25 November 1941
using tsunami data confirms its location quite
close to the epicentre location suggesting that the
earthquake’s co-seismic deformation induced the
tsunami. The inversion of tsunami waveforms
made possible a re-evaluation of the tsunami
source that encompasses the earthquake epicentre.
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The location is compatible with a sudden change
of strike close to the eastern end of Gloria Fault
(Baptista et al. 2016).

5. All studies concerning the 28 February 1969
tsunami locate the source in the Horseshoe
Abyssal Plain. However, the thrust mechanisms
proposed until now cannot explain the sizeable
downward movement observed in Casablanca.
Moreover, active and passive seismic research was
never conclusive on the identification of a geo-
logical source of this earthquake compatible with
the seismic (and tsunami) source.

6. Forward modelling and backward ray tracing for
the 26 May 1975 tsunami confirm the seismic
location of the event, suggesting that the candidate
sources Lynnes and Ruff (1985) deduced from
seismic data reproduces first arrival, the polarity of
the first movement and first peak amplitudes of the
tsunami waves.

The six tsunamigenic events generated in the
Azores Gibraltar the plate boundary do not follow a
single boundary, as early detected by the studies
concerning the 1975 event (Buforn et al. 1988). When
plotted together on the seafloor bathymetry (see
Fig. 1) they provide an approximate picture of a
complex lithospheric block (white dashed line in
Fig. 1). We can speculate that major seismic and
tsunami events take place at the boundaries of this
block, which genesis and dynamics are not yet
understood.
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