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ABSTRACT 

There are a number of unusual tsunamis, which occur within the continents rather than in the 
oceans, named inland tsunamis. One of these rare occasions occurred in the morning of the Friday the 
13th October 2000 in a volcanic glacial lake of the horseshoe shaped extinct El Altar volcano in central 
Ecuador. A detailed mapping of available air photos and satellite images have been reviewed and 
evaluated in order to reconstruct the catastrophic event of 2000 and a previous one, evidencing that 
climate change and the associated subsequent reduction of the glacial caps have been responsible for 
the disassociation of a huge mass of rock(s), of which separation has resulted to an impact in the 
volcanic lake by an almost free fall of some 770 meters above lake level ground. This impact 
generated a tsunami wave capable to reach an altitude of 125 meters about the lake´s water level and 
leave to lower grounds killing some ten people and hundreds of animals with a mixture of a secondary 
lahar and debris avalanche. We tried to explain how the fall has occurred with some theoretical 
considerations, which resulted to imply that the rock hit at least once, probably twice the caldera wall 
prior lake impact. Such phenomena, even if rare, need to be better monitored in order to avoid 
settlements in potential areas in the reach of such devastating waves and subsequent avalanches, even 
more so, when due to climate change the accumulation of water in such lakes increases and the 
corresponding subglacial erosion and corresponding disassociation of lose rock material may set free 
more rocks with substantial volumes.  
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1. INTRODUCTION 

Tsunamis are usually known to be triggered by tectonic movements mostly along active 
continental margins (Pararas-Carayannis, 2006; 2012; Sulli et al., 2018; Zaniboni et al., 2014). The 
worldwide majority of tsunamis and their coastal impacts occur in the Pacific region, of which some 
prominent events caused enormous economic damage and or caused a relatively high death toll, like 
the tsunami of Sumatra in 2004, in Chile in 2010 and in Japan in 2011 (Fujii & Satake, 2007; Borrero 
& Greer, 2013; Nohara, 2011; Mori et al., 2011). A further way to generate tsunamis is attributed to 
volcanic activity which sometimes realize their subsequent marine or submarine mass movements due 
to flank or volcanic dome collapses, like those of occurred in Santorini in Late Bronze age, Unzen in 
1792, Krakatau in 1883, Anak Krakatau in 2018, and of Hunga Tonga-Hunga Ha'apai in 2022 (Self & 
Rampino, 1981; Nomikou et al., 2016; Paris, 2015; Grilli et al., 2019; Sassa et al., 2016; Toulkeridis et 
al., 2022). Especially the dome collapse of Unzen volcano triggered a giant wave with a height of 
some 100 meters (Wang et al., 2019; Sassa et al., 2014).  

Mass movements including iceberg collapses in oceanic environments have generated in the past 
often mega tsunamis also known as Iminamis with prominent examples such as Storegga in Norway, 
Big Island Hawaii, Teide in the Canaries, Roca Redonda in the Galapagos, Lituya Bay in Alaska, 
among many others (Bondevik et al., 1997; McMurtry et al., 2004; Paris et al., 2017; Cando et al., 
2006; Kawamura et al., 2014; Völker et al., 2012; Greene & Ward, 2003; Harbitz et al., 2014; Mader 
& Gittings, 2002; Fritz et al., 2009; Ward & Day, 2010; Franco et al., 2020; Pararas-Carayannis, 1999; 
González-Vida et al., 2019). A fourth way to trigger tsunamis by natural processes occurred when 
space objects have impacted earth in an oceanic or sea environment like the famous impact in 
Yucatan, which accelerated mass extinction of most living species in the Cretaceous-Tertiary 
boundary, when the impact of an asteroid generated also a tsunami (Ward & Asphaug, 2000; Kharif & 
Pelinovsky, 2005; Hills & Mader, 1997; Matsui  et al., 2002; Schulte et al., 2010; Kinsland et al., 
2021; Kring, 2007; Glimsdal et al., 2007; Toulkeridis et al., 2021). 

Nonetheless, besides the most known way to trigger tsunamis, by seismic activity, volcanic 
hazards, marine or submarine mass movements and impact of space objects in oceanic or sea 
environments, there is one more form of tsunami generation which occurs when a large amount of 
water displacement is caused by a sudden addition of material into a  
body of water like lakes. Therefore, when such tsunamis occur due to a sudden landslide or rock fall, 
they are named inland tsunamis (Hilbe & Anselmetti, 2015; Kremer et al., 2021). Some prominent 
examples are those occurred in the Mount St Helens volcano in 1980, when a wave with a height of 
some 260 was generated by a lateral blast and corresponding debris avalanche, or, the one generated 
in Genoa, Italy in 1963, when rocks hit a water reservoir generating a tsunami height of some 25 
meters (Ward & Day, 2006; Gawel et al., 2018; Semenza & Ghirotti, 2000; Genevois & Ghirotti, 
2005; Paronuzzi & Bolla, 2012). 
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Due to an analysis of historic data and eye witness reports, we are able to add one more rare case 
of an inland tsunami, which occurred in Ecuador, within a volcanic glacier lake at an altitude of 4180 
meters above sea level. This tsunami occurred on a Friday the 13th of October 2000 and the resulting 
wave killed some ten persons and hundreds of animals of the livestock. The current research will 
reconstruct the event and explain how it occurred and explain the probability of how a repetition may 
be generated in close future times. 

2. GEOLOGIC AND GEOMORPHOLOGIC SETTING  

Ecuador is situated along the easternmost margin of the Pacific ocean, where several tectonic 
plates are responsible for the actual geodynamic setting (Lebras et al., 1987; Daly, 1989; Jaillard et al., 
2009; Toulkeridis et al., 2019; Luna et al., 2017). There is the conjunction of the Pacific, Cocos and 
Nazca oceanic plates as well as the Galapagos microplate besides their interaction with the Caribbean 
and South American continental plates (Fig.1) (Lonsdale, 1988; Klein et al., 2005; Pennington, 1981; 
Gailler et al., 2007). Out of this constellation result seismic movements with the generation of strong 
earthquakes and severe tsunamis as recorded in past history (Mendoza & Dewey, 1984; Sennson & 
Beck, 1996; Graindorge et al., 2004; Pararas-Carayannis & Zoll, 2017; Toulkeridis et al., 2017; 
Yamanaka et al., 2017; Pulido et al., 2020; Yoshimoto et al., 2017). There are several studies about 
Ecuador´s past tsunami impacts and associated seismic hazards, paleo-tsunami deposits, economic 
damages, prevention and mitigation efforts as well as the vulnerabilities of the public and the 
infrastructure (Chunga and Toulkeridis, 2014; Toulkeridis, 2016; Matheus Medina et al., 2016; Mato 
and Toulkeridis, 2017; Toulkeridis et al., 2017; Rodríguez Espinosa et al., 2017; Chunga et al., 2017; 
Toulkeridis et al., 2018; Mato and Toulkeridis, 2018; Navas et al., 2018; Celorio-Saltos et al., 2018; 

Matheus-Medina et al., 2018; Chunga et al., 2019; Toulkeridis et al., 2019; Martinez
 
and Toulkeridis, 

2020; Edler et al., 2020; Suárez-Acosta et al., 2021; Del-Pino-de-la-Cruz et al., 2021; Toulkeridis et 
al., 2021; Ortiz-Hernández et al., 2022; Aviles-Campoverde et al., 2021). These studies also handled 
the impacts and corresponding responses of public and authorities have been studied of tsunamis 
regional and far-triggered origins such as those of Chile in 2010, Japan in 2011 and Tonga in 2022 on 
the continental shores of Ecuador as well as on their Galapagos Islands. 

A high amount of volcanoes appear in Ecuador and the Galapagos Islands as a result of the 
subduction of the Nazca plate below the continent which gives rise on a variety of volcanoes aligned 
on NNE-SSW direction of four almost parallel lines forming different volcanic chains and the 
Galapagos hot spot, the latter responsible for the formation of the more than 3000 volcanoes in the 
Galapagos (Toulkeridis & Angermeyer, 2019). In the continental part, there are more than 250 
volcanoes distributed in the Western Volcanic Cordillera (WC), 
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!  
Fig. 1. The geodynamic situation of Ecuador and associated plates, micro-plates and volcanic ridges. 

The Guayaquil-Caracas Mega Fault is situated within the separation of the Caribbean and South 
American Continental Plates. The Galapagos microplate occurs in the triple junction between the 

three oceanic plates (red square). 

!  
Fig. 2: Schematic profile from west to east within the subduction zone and the respective volcanic 
areas. WC = Western cordillera; IAV = Interandean valley; CR = Cordillera Real; SA = SubAndean 

region. 
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the Inter-Andean Volcanic Cordillera (IAV), the Eastern Volcanic Cordillera (CR), which is situated 
above the Cordillera Real and the easternmost Sub-Andean Volcanic Cordillera (SA) (Fig. 2). Of all 
these volcanoes, some 19 are considered to be active and occasionally very dangerous including a 
super volcano named Chalupas (Toulkeridis et al., 2007; Ridolfi et al., 2008; Padrón et al., 2008; 
2012; Toulkeridis et al., 2015; Rodriguez  et al., 2017; Toulkeridis and Zach, 2017; Melián et al., 
2021).  

The El Altar volcano, also known locally as Cápac Urcu (the mighty one or the lord of the 
volcanoes), being part of the Eastern Volcanic Cordillera is considered an extinct volcano since the 
middle Pleistocene. The maximum height of this volcano named El Obispo (The Bishop) reaches 
some 5,319 m.a.s.l., being one of seven prominent peaks, which are named El Canónico, Los Frailes, 
El Tabernáculo, La Monja Menor, La Monja Mayor, El Acólito (The Canon, The Friars, The 
Tabernacle, The Minor Nun, The Major Nun, The Acolyte). The horseshoe-shaped volcano is open to 
its west, as a result of a giant collapse (Fig. 3, 4). In its inner part, the caldera is composed of a 
gabbroic intrusion, which most likely represents a part of the magma chamber, besides andesitic and 
rhyolitic lavas and dikes, of which many are brecciated, especially in the upper part of the edifice. 

3. THE CATASTROPHIC EVENT AND ITS POTENTIAL THEORETICAL 
RECONSTRUCTION 

According to local witnesses, shortly before 6 a.m., in the morning of Friday the 13th of October 
2000, a giant explosive sound was heard from the inner part of the volcano. Shortly after, a giant 
water wave overflow the fifty meters high wall from the western side of the glacial Lake Laguna 
Amarilla forming downstream a debris avalanche in the Valley of Collanes within the Río Blanco 
river, until it reached the confluence with the Río Tarau river. According to Civil Defense reports at 
the time, more than 400 families were affected, 10 people disappeared, 10 homes were destroyed, 
while 200 head of cattle were lost and some 600 hectares of crops were destroyed. 

Based on topographic maps realized prior and after the year 2000, together with satellite images, 
and additional studies and observations in the field, it was determined that a piece of the inner wall of 
the volcano collapsed in the form of a rock from a height of 4955 meters above sea level (m.a.s.l.). 
This has been the initial tear-off edge and the whole lose part reached up to 5070 m.a.s.l., being its 
higher end some 230 meters below the peak in that part of the volcano. This loosening has occurred in 
the northern part of the peak called Monja Grande. The size of this rock wall was of about 115 meters 
high, about 90 meters wide and 35 meters thick in its widest part, so the maximum dimensions of the 
lost rock wall were then 115x90x35 meters. The rock, being an andesite breccia in this formation of 
the volcano, has had a density of 2.5–2.8 t/m3, which means of having had a maximum weight of 
some 905,625 tons. This weight, although massive is just a tiny part compared with similar events, 
where in 1958, some 30,6 million cubic meter of rocks impacted the ocean in Lituya Bay Alaska, 
generating a tsunami wave height of some 524 meters (Mader & Gittings, 2002). 
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This piece of rock crashed at least once at a height of approximately 4640 meters above sea level, 
before hitting the lagoon. It is very likely that with this drop of about 315 meters, the rock broke, 
potentially splitting into two or more pieces of unknown proportions. From the initial tear edge to this 
crash it had a horizontal distance of maximum 260 meters. From that impact height of about 4640 
meters, the rock(s) either fell into the lagoon or crashed again at a lower height but before the level of 
the lagoon before impacting in it. From this crash point to the edge of the lagoon we determined a 
horizontal distance of about 440 meters. The surface of the lake is approximately 4,182 meters above 
sea level. The maximum observable height of the subsequent tsunami wave has been of about 125 
meters above the lagoon level, that is, more or less 4,310 meters above sea level, eroding the local 
moraine deposits. 

 
Figure 3. The horseshoe-shaped El Altar volcano, open towards west, with its glacial lake, the Laguna 
Amarilla. The Moja Grande peak is the second peak from right to left. Photo credit by Jorge Anhalzer. 
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When the giant wave overflow of the inland tsunami reached the Río Blanco river, the water got 
mixed and pushed the loose rocks of previous glacial deposits and other volcanic materials forming a 
debris avalanche. This avalanche reached the Río Tarau river, where a first damming of the waters 
occurred. Besides the deaths and the previously described destruction, an 800-meter section of the 
highway that connects Penipe with La Candelaria also disappeared, as well as the bridge that crosses 
the Blanco River where another damming of water, mud and rocks took place. Later, the muddy 
avalanche crossed the rivers Chambo and Pastaza reaching later the Amazonian basin on sites like 
Puyo and beyond. The rise of the debris material was also noted in the Hydroagoyan water plant 
further downstream, where even the timing of the arrival has been reported. 

 
Figure 4. Two weeks after the event was taken this orthophoto from the Ecuadorian Military 

Geographical Institute (IGM), where we are able to evidence and proof the field observations, 
demonstrating the highest run-up at a 4,310 m.a.s.l. (upper arrow) at the northern inner caldera wall, 

the western lake barrier, being 50 meters higher than the lake water level (middle arrow) and the 
extension of the debris avalanche in the Valley of Collanes (lower arrow). North is on the left, while 

south is on the right of the black and white picture. Photo credit by IGM. 
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In order to reconstruct the fall and impact of the rock and its resulting giant tsunami wave within 
the lagoon, we used simple mathematical and physical considerations. In this sense we applied the 
known parameters, which are the rock size, its density and corresponding weight on the one hand, and 
on the other the known height of the wave. Hereby, the rock in free fall from a height of 773 meters is 
assumed, taking the surface of the lagoon as a reference system, if the initial velocity is zero, it will 
impact with an edge of the volcano's profile, located 315 meters below the point of detachment, with a 
maximum horizontal distance of 260 from the initial edge. All the aforementioned parameters were 
determined with a relative error of 2%. Therefore, the arrival time at the collision point is of about 8.0 
± 0.2 seconds (Equation 1), with a speed of approximately 78.6 ± 0.8 m/s (Equation 2). 

!            (1) 

!       (2) 
Where: 
t = elapsed time for the rock to reach the edge of the collision 
h= height from the point of detachment of the rock to the point of collision with the edge 
g = acceleration due to gravity 
!  = speed of arrival of the rock at the collision point 

Several trajectories of descent of the rock to the lagoon can be assumed, but in order to quantify 
some specific physical parameters of the phenomenon (time, speed, range, acceleration), two cases in 
which the rock is divided into two identical fragments, the collision is assumed elastic and the 
subsequent motion of the fragments is studied in two dimensions. 

A) First Case 
Figure 5 illustrates the situation prior and after the collision of the rock with the edge, while the 

velocities of the fragments generate equal angles with the horizontal. 

!  

Figure 5: Collision of the rock with the edge, dividing it into two equal fragments with positive 
velocities on the y-axis. 
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The law of conservation of momentum is applied before and after the collision (Equation 3). The 
initial speed of the fragments is the same (Equation 4) and was calculated using Equation 5. 

!         (3) 

!  

!  

!  

X direction: 

!  

!         (4) 

Y direction: 

!  

!  

!  

Where:  
!  = amount of movement before the collision 
!  = momentum after collision 
m = rock mass 
!  = mass of fragment 1 
!  = mass of fragment 2 
! = speed of fragment 1 
! = speed of fragment 2 
!  = velocity vector of arrival of the rock at the collision point 
!  = angle that the velocities of the fragments make with the horizontal 
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Figure 6 illustrates the case of fragment 1, thrown into the air with an angle θ and an initial speed 
! , when it moves freely under the action of gravity only (air resistance is not considered). The 
acceleration of the rock fragment, acting downward, is 9.8 m/s2. Motion is assumed to start when time 
equals zero (t=0) at the origin of a coordinate system, so x0=y0=0. 

!  
Figure 6. Trajectory of fragment 1 fired with an initial velocity !  forming an angle θ (positive) with 

the edge plane. 

The rock rise time to the maximum height was calculated with Equation (6). The maximum height 
that the rock reaches in the air was evaluated with Equation (7). 

 (6) 

!  

    (7) 
Where:  
!  = rock rise time 
!  = component of the velocity of the rock on the y-axis 
!  = maximum height that the rock reaches in the air 
!  = height from the shock point to the plane of the lagoon 
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The rock fall time from the maximum height to the lagoon surface is a parameter that was 
quantified with Equation (8). The time of flight is the total time of the rock in the air and was 
calculated with Equation (9). 

!        (8) 

     (9) 

Where:  
!  rock fall time from the maximum height to the lagoon plane 
!  time of flight 

The horizontal distance that the rock travels from the point of impact to the point of arrival at the 
lagoon or at the ground (reach) was evaluated with Equation (10). The horizontal distance from the 
edge of the lagoon to the impact point of the rock was calculated with Equation (11). 

 

 

 

!       (11) 
Where: 
!  = distance from the edge of the lagoon to the point of impact of the rock in the water 
!  horizontal distance from the point of rock collision to the edge of the lagoon 
! = component of the initial velocity on the x axis 
x = reach. 
The final speed with which the rock impacts the surface of the lagoon was calculated with 

Equation (12): 
!  

!  
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Where: 
! = final velocity of the rock upon reaching the water 
!  final velocity in y-direction 
!  = final velocity in the x direction 

Considering that the lagoon is 1,186 m long and 575 m wide, dimensions estimated with a relative 
uncertainty of 2%, it is observed that for launch angles in the range of 62 - 76 degrees. Hereby, the 
rock experiences a flying time of 22.9 ± 0.1 seconds, when it reaches a maximum height of 1088 ± 10 
m and hits the surface of the lagoon at 57 ± 3 m from the right edge and 9.0 ± 0.5 m from the left 
edge, respectively, taking as reference system the one indicated in Figure 6. Therefore, the impact 
speed is of about 248 ± 2 m/s. For a launch angle of 68 degrees, the rock lands half the width of the 
pond. For angles less than 62 and greater than 76 degrees, the rock does not impact the lagoon. 

B) Second Case 
Figure 7 illustrates the situation prior and after the collision of the rock with the edge of the 

volcano profile. The velocities of the fragments form equal negative angles with the horizontal. 
Hereby, equations 3 and 4 are applicable to this case, while the initial velocity of the fragments was 
calculated using Equation 13. 

Y direction: 
!  

!  

!  

!  
Figure 7: Collision of the rock with the edge, dividing it into two equal fragments with negative 

velocities on the y-axis. 
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!  
Figure 8. Trajectory of fragment 1 fired with an initial velocity !  forming an angle θ (negative) 

with the edge plane. 

Figure 8 presents the case of fragment 1, launched into the air with an angle θ (negative) and an 
initial speed ! . There is no rise time for the rock, while the initial velocity on the vertical axis is 
negative (in the same direction as gravity). The maximum height is the vertical distance between the 
point of impact and the surface of the lagoon (458 m). Equations 10 and 11 were used to calculate the 
reach and arrival point of the rock to the ground or the lagoon, respectively. 

The final speed with which the rock hits the surface of the lagoon was calculated with Equation 
(14) 

!  

!  

+  
Where:  
!  = component of the initial velocity on the y-axis 

For launch angles in the range 37 - 59 degrees, the rock experiences a flying time of 9.7 ± 0.5 
seconds, impacting the lagoon surface with 7 ± 0.4 m from the right edge and 9 ± 0.5 m from the left 
edge, respectively, considering the one indicated in Figure 8 as the reference system. Therefore, the 
impact speed is of about 202 ± 2 m/s. For a launch angle of 47 degrees, the rock falls about half the 
width of the lagoon. For angles less than 37 and greater than 59 degrees, the rock does not impact the 
lagoon. 
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In both cases presented, fragment 2 that starts with speed ! will collide with the slope of the 
volcano until it reaches the lagoon. 

The dimensions of the entire rock were estimated with an uncertainty of 2%, considering a height 
of 115 meters high, width of about 90 meters and a thickness of about 35 meters, so the volume was 
calculated as a cube, resulting in a value of 362250 ± 21735 m3. According to Archimedes' principle, 
when the rock impacts, the surface of the lagoon will displace a volume of water equal to the volume 
of the rock, if a cylindrical column is considered, the water will reach a height given by equations 15 
and 16. 

      (15) 

      (16) 

Where: 
r = radius of the water column 
V = volume of displaced water 
h = height of the water column 
In this context, it is evident that the height of the water wave in the lagoon (as a function of the 

radius of the column) is independent of the trajectory during the descent and only depends on whether 
it arrived whole or in fragments. If the rock arrived as a whole, it would form a 125 ± 8 m column 
with a radius of 30.3 m. Taking this radius as a reference, if the rock was divided into two, three and 
four parts, each fragment would form a water column with a height of 62.7 ± 4 m, 41.8 ± 3 m and 31.3 
± 2 m, respectively. 

4. CLIMATE CHANGE AS POTENTIAL TRIGGER?  

Such catastrophic event based on al inland tsunami seems not to be the first occurring in this site. 
In 1953 impacted a similar event the less filled lake of El Altar, generating also an overflow and 
subsequently a debris avalanche in the Valley of Collanes. However, the impact has been of much less 
proportions as the lake has been in its beginning process of upfilling due to the initial stage of glacial 
reduction. In fact, explorers reported in the 18th century, that the glaciers occupied the entire interior 
of the caldera and also reached the upper slopes of the Valle de Collanes. That leads to the preliminary 
hypothesis, that lose rocks have been generated due to physical weathering in such subglacial 
environment, where due to glacial reduction based on the contemporaneous climate change such lose 
and or brecciated rock fragments followed gravity leading to a catastrophe such as those of Friday the 
13th nightmare of the inland tsunami disaster at El Altar volcano in October 2000 (Toulkeridis et al., 
2020). 

Glacial retreat or reduction is a worldwide phenomenon which is interpreted as a direct result of 
global warming and climate change (Kaser et al., 2004; Byg & Salick, 2009; Roe EtAl, 2017; Bolch, 
2007). The resulting landscape has often tremendous consequences for the aquatic system, the flora  

Vol 41. No. 3, page 324 (2022) 

→v 2 

V = πr2h

h =
V

πr2



and fauna, the society as well as industry (Magnuson et al., 1997; Allison, 2017; Omambia & Gu, 
2010). The reduction of glacial icecaps are contributing to a slow but steady worldwide sea level rise 
and sometimes often to sudden hazardous lake developments (Vilímek et al., 2005; Richardson & 
Reynolds, 2000; Emmer et al., 2014; Stuart-Smith et al., 2021).  

In Ecuador, the accelerated reduction of glacial ice-covers on volcanoes and  mountains is visible 
since the last century, while some of them disappeared completely. The remaining glaciers are limited 
to the peaks of Antisana, Cotopaxi, Chimborazo, Cayambe, Los Ilinizas (north and south), 
Carihuairazo and El Altar. In order to demonstrate and evidence the shrinkage of the El Altar volcano 
glacier, various images were downloaded from the Landsat satellites (Landsat 5, Landsat 7 and 
Landsat 8). In table 1, a summary is listed about the most fundamental characteristics of each image. 

Table 1. Satellites Images of the studied area 

* In the case of the Landsat 7 image, a banding correction was applied 

As a next step, in order to quantify the reduction in the size of the glacier over the years, the 
digitization of the glacier was conducted, with the support of a composition (SWIR, RED, GREEN), 
which corresponds to bands 5-3-2 for Landsat 5 and 7 satellites and bands 6-4-3 for Landsat 8 
satellite. Hereby, we compared the shape of the glacier over several years with the corresponding 
compositions as illustrated in figure 9. Subsequently, to quantify the retreat of the glacier at different 
times, a polygon was digitized for each image, through which the surface of each of them could be 
calculated. This digitization and the surface of each glacier can be evidenced in figure 10. 
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Image date Satellite Cloud cover Spatial resolution

1991/07/27 Landsat 5 29.00%

30 m.
1998/07/14 Landsat 5 9.00%

2007/07/31 Landsat 7* 29.00 %

2016/11/20 Landsat 8 19.81 %



!  
Figure 9. Composition (SWIR, RED, GREEN), of four different times in the Altar volcano. 

!  
Figure 10. Quantification of El Altar´s glacial reduction between 1991 and 2016. 
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5. CONCLUSIONS 

A combination of various circumstances has been responsible for the rare inland tsunami of the 
Friday the 13th of October 2000 in the extinct volcano El Altar, situated in the Eastern Volcanic 
Cordillera of the Ecuadorian Andes. These conditions included physical weathering in a subglacial 
environment, reduction of the glacial icecaps and the subsequent accumulation of meltwater in the 
lower parts of the volcano within an up-filling lake.  

All these aforementioned circumstances are related to the evident climate change and thus will 
have even stronger repetitions in the near future due to an increase of extreme conditions as seen in 
other parts of the world. 

Generally, the public preparedness in Ecuador does not coincide with the occurring natural events 
as catastrophic as they may have been, which leads to the conclusion, that a better awareness and 
education needs to be developed by the corresponding authorities. 
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