Landslides induced by seismic events in Portugal mainland: identiﬁcation and characterization
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4. RESULTS AND DISCUSSION

Portugal’s mainland territory is located in a tectonic environment responsible for a relevant neotectonic
and seismic activity (Cabral, 1995) (figure 1). This is confirmed by the analysis of historical and
instrumental earthquake activity, which shows the occurrence of few events, but with high magnitude
............................
and potential destructive power (figure 2). The

i) its location near the continental margin
related with the opening of the North Atlantic
Ocean;
ii) the proximity of the Azores - Gibraltar
fracture zone (boundary between the Eurasian
and African lithospheric plates), and;
iii) the tectonic characteristics of the mainland.
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1. INTRODUCTION

The seismicity affecting Portugal is due either to
faults located near the plate boundary
(interplate seismicity) and to active faults located
inside the Eurasian plate (intraplate seismicity)
(Cabral, 1995).
While the information about earthquakes that
affected the Portuguese mainland has already
been compiled (e.g. Martins & Mendes Victor,
2001), the information about the landslides
induced by earthquakes is scarce and dispersed.
Most of Portuguese landslide studies have
focused on slope movements triggered by
precipitation, reﬂecting their high frequency of
occurrence (e.g. Zêzere et al. 2001; Ferreira et
al., 2002; Marques, 2005). In addition, relevant
earthquakes that triggered landslides in Portugal
occurred long time ago. In fact, the last
important seism occurred in 1909, the
Benavente earthquake (Mb = 6.0). Therefore, the
field recognition of old earthquake-induced
landslides is very difficult and the analysis has to
be focused on historical records.

Table 1. Synthesis of the landslides triggered by earthquakes.

29 landslides triggered by earthquakes were identified (figure 3), dated from the
year 309 to 1969 (Vaz, 2010).

Date

However, changes in landmarks and in the toponomy described in the historical
references hindered the geographical location of many landslides. The original
topography of all these landslides are always changed and scarcely conserved. Due
to their size and the loose affected material, the landslides are easily eroded, being
this situation aggravated by their occurrence long time ago. Therefore, in most
cases, it was not possible to accomplish the accurate identiﬁcation of landslides at
the slope level.
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Figure 2. Historical and instrumental epicentres in
Iberian Peninsula and adjacent areas between 33 dc and
1991 (Cabral, 1996).

Considering the dispersion of information, and the few research done so far on this subject, the main
purpose of this work was:
(i) to identify landslides induced by seismic events in mainland Portugal;

Figure 3. Location of the identified landslides triggered by earthquakes.

The local magnitude and intensity values of historical earthquakes need to be carefully considered to establish
relationships between seismic factors and landslide activity. Indeed, site effects, which include landslides,
often amplify the damages resulting from earthquakes, thus
.........................
inducing overestimated earthquake intensity and magnitude.
Considering this limitation, only the earthquakes dating from
January 26th 1531, November 1st 1755, April 23rd
1909, and February 28th 1969 were used, because the
corresponding amount and spread of described damages
make the magnitude values more reliable. In the specific
case of the 1969 earthquake, the beginning of the
instrumental era allowed for more reliable measurements.
Analyzing the relation between magnitude and maximum
distance of landslides from the epicentre, most landslides are
included in the envelopes proposed by Keefer (2002) (Figure
4).

2. OBJECTIVES OF THE RESEARCH

Figure 4. Magnitude and maximum distance of landslides from the
epicenter. Square: earthquake; circle: landslide; dashed line:
disrupted slides and falls; dashed and dotted line: coherent slides;
dotted line: lateral spreads and flows.
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For high magnitude earthquakes (7 or higher), the landslide
distribution should be confronted with the distance from the
fault – rupture zone, more than the distance from the
epicenter. However, to our current knowledge, the
uncertainty in the location of such large fault-rupture zones
is very high, not allowing their inclusion in this analysis.

Type of landslide

Porphyroid nonzonitic granite, two micas mainly
biotite / Microgranite alkaline tourmalinemuscovite
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The available information about landslides triggered by earthquakes is incomplete
(table 1). Moreover, some landslide locations remain uncertain, which limits the
assessment of the relationships between the landslides, slope instability
conditioning factors and seismic parameters.
Slope is one of the most important landslide conditioning factor, however in
historical landslides, the original topography is very difficult to reconstruct. Only in
rock falls, the topography of source zones can be similar to the one existing at the
time of the earthquake. Considering the slope of Trancão (14 in figure 1), with 29o,
Rocha da Pena (17), with 19o and Ventas do Diabo (22), with 26.5o, the slope angle
is below the 35-40o threshold, presented by Keefer (1984, 2002) for this type of
slope movement.

Intensity

1

The 29 earthquake-induced landslides are mainly located in the southern and
central areas of mainland Portugal, and along coastal areas.

Figure 1. Regional geodynamics of Portugal mainland. (Cabral,
1996). 1- oceanic crust; 2 - thinned continental crust; 3 diffuse plate boundary (continental collision); 4 - plate
boundary (approximate location); 5 - subduction south
Gorringe and Guadalquivir Banks and West-Iberian continental
margin; 6 - active fault; 7 - probable active fault; 8 - active
strike-slip fault; 9 - active thrust fault; 10 - active dip-slip normal
fault; Ga – Galiza Bank; Go – Gorringe Bank; Gq – Guadalquivir
Bank; P.A.Ib.- Iberia Abyssal Plain ; P.A.T. - Tagus Abyssal Plain.
Bathymetric contours are in km (first at 200m).
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In order to compare the spatial distribution of earthquake-induced landslides with landslides triggered by rainfall, we
considered the study of Quaresma (2008) regarding the hydro-geomorphologic damaging events occurred in Portugal
from 1900 to 2006.
Figure 5, presented by Quaresma (2008), shows the concentration of rainfall triggered landslides in the central and
northern parts of the country, which can be explained by the topographic and geological conditions, as well as by the
rainfall distribution. On the contrary, landslides induced by earthquakes occurred mostly in the south and central parts of
the country. The latter follow the distribution of the
historical and instrumental seismicity (source: Digital
Environment Atlas – Environment Institute) (figure 6).
The majority of landslides (90%) occurred in areas with
a maximum seismic intensity of VIII, IX and X (figure 7).

Figure 5. Distribution of disastrous
floods (blue) and landslides (orange)
in Portugal in the 20th century
(Quaresma and Zêzere, 2010).

Figure 6. Location of the landslides
triggered by earthquakes and the
historical
and
instrumental
seismicity (1755 - present).

Figure 7. Distribution of the earthquaketriggered landslides by intensity areas of the
historical and instrumental seismicity (1755 present).

(ii) to recognize the current morphology of these landslides and their main geomorphologic features;
(iii) to analyze the spatial distribution of landslides triggered by earthquakes and compare it with the
spatial distribution of landslides induced by rainfall.

5. CONCLUSION
• 29 earthquake-triggered landslides were identified, dated from the year 309 to 1969;

3. METHODOLOGY
The adopted methodology included the following steps:
(i) Identiﬁcation of landslides triggered by earthquakes through historical records;
(ii) Creation of a database of landslides induced by earthquakes using the Microsoft Access software;
(iii) Georeferencing of the landslides in Google Earth and in ArcGis;
(iv) Identiﬁcation of landslides in the present-day landscape through the analysis of cartographic,
photographic, historical and archaeological documents, and supported by digital elevation models
(DTM) and field work.

• It was not always possible to recognize these landslides in the present-day morphology and to identify their main
morphologic features. However, we concluded that:
• Slopes affected by rock falls with a seismic trigger have slope angle lower than those found by Keefer (2002);
• The majority of the landslides analyzed (triggered by earthquakes in 1531, 1755, 1909 and 1969) are included in
the thresholds proposed by Keefer (1984, 2002), regarding the relationship between earthquake magnitude and
maximum distance of landslide from the epicentre;
• There are relevant differences in the spatial distribution of landslides in Portugal, according to their triggering factor.
Landslides induced by precipitation are concentrated mainly in central and northern areas of Portugal, while the
landslides induced by earthquakes occurred mainly in the southern and central parts of the country.
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