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Characterization and geophysical evaluation 
of the recent 2023 Alausí landslide in the northern 
Andes of Ecuador

Abstract The province of Chimborazo located in the northern 
Andes of Ecuador presents many intrinsic factors, which contribute 
to the occurrence of mass movements, leaving in many of the 
cases registered damages of materials and loss of life. The recent 
landslide of March 26, 2023, in the Alausí canton is an event of great 
interest due to the magnitude of the occurred destruction and the 
corresponding fatalities. Therefore, there are two predominant 
objectives of the current study, of which the first has been to 
determine the most relevant characteristics of this mass movement 
by identifying and analyzing the geomorphology of the recorded 
slope movement and the lithological units involved, by field 
work and through geophysical surveys. Secondly, we performed 
a preliminary study of the possible triggers of the movement by 
means of the historical analysis of the precipitations during the 
months of January to March of the last decade and the study of the 
recent seismic series. However, through the obtained analysis, it 
is determined that the study site is composed of three distinctive 
lithological units. The observed mass movement is of the rotational 
type, as result of the intense rainfall that occurred during the first 
quarter of 2023, being hereby the most probable triggering factor. 
This corresponds to a 600% increase in the average monthly  
rainfall compared to the period from 2010 to 2022.

Keywords Saturation · Precipitation · Rupture zone · Alausí 
landslide · Ecuador

Introduction
Environmental disasters indicate an increasing trend in terms of fre-
quency and magnitude, and, above all, of human losses (Jonkman 
2005; Petley et al. 2005; Auker et al. 2013; Pollock and Wartman 2020; 
Zhang et al. 2020). Developing countries are considered to be the 
regions with the greatest magnitude of natural disasters and there-
fore the largest affected populations, considering that these effects are 
amplified by human activities (Aristizábal and Sánchez 2020; Lacroix 
et al. 2020; Zhang et al. 2021; Panwar and Sen 2019; Du et al. 2010; Rubin 
and Rossing 2012; Petley 2012). Various natural disasters increase in 
their destructive power due to the current climate change playing a 
decisive role in recent times (Fang et al. 2019; Kundzewicz et al. 2014; 
Chen et al. 2020; Benevolenza and DeRigne 2019; Toulkeridis et al. 
2020; Cappelli et al. 2021). Thus, globally, economic losses and fatalities 
from landslides are large and apparently rise over time (Sim et al. 2022; 
Gómez et al. 2023; Schuster and Fleming 1986). In many cases, this is 
due to the increase and expansion of settlements in dangerous areas of 
high vulnerability or inappropriate land use due to the lack of territo-
rial planning (Soltani et al. 2019; Jiang et al. 2021; Santangelo et al. 2023).

Latin America in general and the Andean region specifically has 
had a large number of mass removals due to its varied morphol-
ogy, geographic location, and geodynamic constellation as a result 
of an active plate margin in conjunction with the interference of 
various hydrometeorological processes and associated destructive 
phenomena such as La Niña and El Niño, also known as ENSO 
(Martinod et al. 2020; Sobolev and Babeyko 2005; Thielen et al. 
2023). Thus, in Colombia, a total of 32,022 landslides have been 
registered between 1900 and 2016, produced by various causes, the 
most triggering factor is rain with 92%, reaching a very high level 
of risk (Garcia-Delgado et al. 2022). Similar increases have been 
registered in all the other Andean countries, including Ecuador, 
where the cause of deaths caused by natural disasters is led by mass 
removals (Miele et al. 2021; Sellers et al. 2021; Vallejo et al. 2018).  
Ecuador is situated in the interplay of the convergence of the Nazca 
oceanic plate with the South American and Caribbean continental 
plates, which results to the uprise of the Andean mountains, active 
volcanism, and geological faults as well as a high probability of 
landslide occurrence (Orejuela and Toulkeridis 2020; Poma et al. 
2021). Landslides in this region occur due to the high elevations 
and associated strong dips of their slopes (Wilcke et al. 2003; Bravo-
López et al. 2022; Puente-Sotomayor et al. 2021). Vulnerabilities are 
increased due to severe rainfall conditions which are demonstrated 
in the form of torrential and prolonged rains (Bathurst et al. 2010; 
Brenning et al. 2015; Tibaldi et al. 1995). Thus, the climatic condi-
tions and the seismic events that hit the Andean region worsen the 
stability of slopes, becoming considered one of the regions with the 
greatest movements of deadly masses (Castelo et al. 2018).

Hereby, in Ecuador, the most fatal landslides within this moun-
tain range are those that occurred in La Josefina (province of Azuay) 
in March 1993 (Harden 2001; Plaza et al. 2010), Gulag-Marianza 
(Cuenca) in March 2022, and the most recent in Alausí of March 
2023 (Bravo-López et al. 2023). A condition of increased vulnerabil-
ity to landslides occurs for social reasons (Kjekstad and Highland 
2009; Wijaya and Hong 2018; Guillard-Gonçalves and Zêzere 2018). 
In the Andean cities, significant population growth has been evi-
denced, creating the need for new spaces for urban development, 
which subsequently cause an increase in deforestation and the use 
of slopes as construction land (Soto et al. 2017). Therefore, in the 
Chimborazo province, which is located in the Andean part of Ecua-
dor, landslides have forced a change in the route of the highway in 
Alausí, Chunchi, Guamote, and Pallatanga (Bravo-López et al. 2023). 
Due to the existing circumstances, on March 26, 2023, in the Alausí 
canton, a rotational landslide occurred on an old landslide mass. 
This event occurred for some 50 s, leaving dozens fatalities, several 
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missing, and a great economic impact (Petley 2023). According to 
the classification proposed by Cruden and Varnes (1996), the move-
ment is considered “extremely fast” and it took place in three phases.

Based on the aforementioned, the first analysis will allow the 
recognition of the geological features through the outcrop stra-
tigraphy in the scarps, delimiting the rupture zone, secondary 
scarps, and accumulation of materials. Subsequently, through indi-
rect methods, it is intended to obtain physical parameters of the 
study area, allowing the generation of models of the lithological 
units. Therefore, the present investigation aims predominantly to 
demonstrate the most relevant characteristics of this recent mass 
movement, through the identification and analysis of the lithologi-
cal units studied from geophysical surveys, as well as the histori-
cal analysis of regional rainfall without discarding other possible 
causes such as those given by the seismic records.

Description of the study area
The Alausí canton is located in the province of Chimborazo, situ-
ated in the central region of the Andes of Ecuador, also known as 
the Sultana of the Andes, due to its proximity to majestic reliefs 
of prominent volcanoes (Fig. 1) (Coltorti and Ollier 2000; Mora 
et al. 2022). The city of Alausí has 42,823 inhabitants represent-
ing 10.6% of the total population of the province of Chimborazo 
(INEC 2001), counting with a young population (less than 20 years 
of age) that has a higher percentage of residences in rural areas. 
The main fluvial tributary is the Chanchan River, which rises from 
the mountainous foothills of Cruzpungo and crosses the Alausí 
Valley until it connects with the Chimbo River. In the study area 

of the observed landslide, the closest tributary is the Tingo stream 
that connects with the Chanchan River.

The slopes that surround the canton are part of paleoland-
slides that define the morphological instability of the area, with 
fractured, weathered materials and saturation caused by drain-
age systems and non-channeled water as a result of agricultural 
activity, which subsequently increases the probability of occur-
rence of mass movements (Aleksova et al. 2023). Lithologically, 
the recognition in the field at the Casual community site of Alausí 
allowed to present volcaniclastic sequences of the Cisarán geo-
logical formation, which is composed of andesites and basaltic 
andesites (Orbe et al. 2023; Williams et al. 2000). This andesitic 
basement is intruded by silicified whitish rhyolitic rocks, with 
sporadic quartz crystals, as evidenced in greater concentration on 
the right flank of the landslide, up to the Pueblo Viejo sector. On 
the crown of the landslide, there are laharitic deposits that con-
tain homogeneous angular to subangular clasts. In the lahar hori-
zons, debris avalanches have been identified in small areas on the 
crown and the southern flank of the landslide. Additionally, the 
so-called, widely distributed Cancagua formation is evidenced by 
brown-colored tuffs with conglomerate content, andesitic blocks, 
and subangular rhyolites with metric and centimeter sizes. In 
the lower parts of the study area, deposits of colluvial materials 
are observed whose matrix is poorly consolidated, with highly 
weathered and easily detachable blocks (Fig. 2).

Regarding the climatic characteristics of the study area, there 
is variability due to the diversity of ecological floors, present-
ing areas with a humid and temperate tropical climate, as well as 

Fig. 1  Generalized geological map of the Alausí landslide, at coordinates 2°11′40.77″ S and 78°50′34.19″ W, modified from IIGE (IIGE 2023)
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sectors where the cold climate of the páramo predominates (Pilco 
2013). The average annual temperature is 12 °C and annual rainfall 
varies between 250 and 500 mm, while the season with the high-
est humidity corresponds within the months of January and May 
(González-Ramírez et al. 2021).

Alausí is located on the Chaucha and Guamote lithotectonic 
complexes, which are composed of materials of continental and 
oceanic origin. At the regional level appears the Peltetec fault as well 
as the Pallatanga-Pujilí-Calacalí fault system, while locally crosses 
the Guamote-Alausí and Huigra-Guamote faults (Spikings et al. 
2005; Alonso-Pandavenes et al. 2023; Aspden and Litherland 1992). 
Based on the NEC, being the Ecuadorian Construction Standard 
(Norma Ecuatoriana de la Construcción 2015), Alausí is located in 
the zone IV of the seismic hazard characterization, which is consid-
ered as high with a Z = 0.35. As specified in the catalog of the United 
States Geological Survey (USGS, 2023a), since 1964 the province of 
Chimborazo has registered more than three dozen seismic events 
with magnitudes greater than 3.8 and up to 5.6  Mw, from which a 
third of the registered earthquakes have had its focus or hypocenter 
located at depths less than or equal to 37 km. This allows to estimate 
that these events are probably of crustal origin and may be related 
to the faults identified in the study area. Seismicity and faults in the 
region increase the probability of landslides in the urban popula-
tions of Alausí, Tixán, Guasuntos, among others.

Methodology
After the occurrence of the landslide, we visited the area to gather 
information, collect data, and interview witnesses about the event. 
During the field activities, a preliminary evaluation of the main 
damages, affectations, and existing risks was realized. Through fur-
ther observation and applying known methodologies (Bobrowsky 
and Couture 2014; Aspelin et al. 2009; Shanmugam and Wang 2015), 
the main characteristics of the landslide were determined. Addi-
tionally, activities conducted in the field have been the collection of 
topographic data using the DJI Matrice 300 RTK Multirotor drone, 
whose scope was to locate the coordinates of a station that serves 
as the basis for the real-time kinematic (RTK) link, allowing real-
time correction (IIGE 2023). The processing of the aerial photogra-
phy was performed using the Agisoft Metashape V1.4.3 build 6529 

software, for the generation of orthomosaics, the digital surface 
model (DSM) and later to obtain the digital terrain model (DTM) 
that allowed to obtain the post-slide topography of Alausí. Finally, 
other topographic products such as orthophoto, a digital eleva-
tion model, and aerial photographs were obtained, which allowed 
obtaining detailed information about the landslide (Fig. 3).

Within the field work, geological and geophysical prospecting 
was realized, whose purpose has been to understand the lithological 
units and the stratigraphy of the study area (Lazcano 2012). For this 
purpose, shear wave velocity seismic tests  (Vs30) were used, applying  
the ABEM brand equipment and the “Geogiga seismic Pro” software 
for field data processing. During the test, 24 geophones were used 
to identify the variation of shear waves with respect to depth. These 
data in units of measurement meters/second (m/s) were compared 
with the lithology evidenced on the ground in order to obtain a 
one-dimensional profile, through a mathematical inversion process 
for seismic data. The electrical tomography tests were generated 
using the ABEM Terrameter LS 3000 subsoil resistivity meter. The 
used electronic devices have been Wenner, Schlumberger as well 
as Gradient and 41 electrodes with a maximum current intensity 
of ± 600 V and 2500 mA, allowing the identification of the different 
subsoil strata and soil/rock lithological contacts.

Landslide characterization
The Alausí landslide of March 2023 is of the rotational type (Fig. 4), 
which, combined with the high saturation of the material, formed 
a subsequent debris flow. The landslide fragmented into a series of 
blocks, causing concentric and concave cracks in the direction of 
the displacement. Following the standardized criteria established 
by the UNESCO (1993), the landslide obtained a maximum width of 
the displaced mass of approximately 380 m, a depth of the displaced 
mass of 45 m, and the total length known as the distance from the 
crown up to the accumulation zone reaching up to 781 m in length 
(23.4 ha area) (Fig. 5). The crown of the slope is located at an eleva-
tion of 2586 m above sea level (m a.s.l.) and the foot of the slope at 
2307 m a.s.l., obtaining a height of 279 m. The estimated volume of 
displaced material is approximately 125,000  m3.

In the landslide, three well-differentiated deformation zones 
are able to be distinguished, delineated from topographic data 

Fig. 2  Identified lithological units a volcanic rock blocks, b sandy silt and clayey silt consistency soils with gravel pebbles of rhyolitic igneous 
rock weathered to varying degrees, and c transported deposit with altered andesitic tuff fragments
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Fig. 3  Topographic changes. a Identification of the zone of erosion and deposition. b Zone of deposition
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and orthophotos, corresponding to three landslides that occurred 
consecutively (Fig. 6). In the first landslide that initiated at 9:13 
p.m., it was possible to determine the presence of lahar-type 
material, composed of weathered rhyolitic igneous rock grav-
els and boulders also of volcanic origin, with angular shapes 
included in a sandy-silty matrix (SM), having a homogeneous 
structure and medium-dense compactness. The thicknesses 
range from 8 to 10 m, displaying a high level of saturation that 
resulted in a high speed of movement on the ground. The second 
landslide, which occurred some 10 min later, was the one with the 

highest deposition thickness in the accumulation zone, reaching 
up to 20 m of thickness. This corresponded to highly unstable 
materials due to their granulometric heterogeneity, resistance 
and low compaction, and with considerable levels of satura-
tion. The third landslide corresponds to a series of debris flows, 
which covered a horizontal distance of approximately 300 m of 
displaced material, with thicknesses of 10 m near the secondary 
escarpments and 5 m in the final zone of the flow.

We identified the erosion zone with an approximate area of 
66,000  m2, representing 28% of the total affected area (Fig. 3a), while 

Fig. 4  Evidence of the Alausí landslide on March 26, 2023. a Rupture zone and rotational displacement. b Destroyed 1.2-km section of high-
way E35. c Quebrada el Tingo. d Main escarpment of the landslide with outcrops of three lithological units. e Homes and vehicles affected. f 
Total collapse of houses in the body of the landslide
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the deposition zone reaches 166,000  m2, which is equivalent to the 
residual 72%, with the largest deposit being located 600 m from the 
crown covering dozens of homes and recreational areas (stadium) 
(Fig. 3b) with deposit thicknesses that vary between 10 and 20 m. 
The main characteristics identified in the area of the event are the 
low cohesion of materials of silty sand consistency (SM) and low 
plasticity silt (ML), fractured, altered rocks and with various degrees 
of weathering that vary between II (slightly weathered) and IV (very 
weathered) according to the methods proposed by the ISRM (1981). 
In addition to having weaknesses between strata due to the interca-
lation of rigid and plastic materials, infiltration by non-channeled 
water from agricultural activity and septic tanks caused soil satu-
ration, while the overload on the hillside is directly related to the 
construction of houses and road infrastructure.

In the observations realized after the slide, it was possible to 
demonstrate in the cuts of the escarpments and slopes, the well-
differentiated stratigraphy of three lithological units, being (a) 
fine transported soils (colluvial) and secondary volcanic lahars 
with clasts and angular blocks of dacite or andesitic lavas, (b) fine-
matrix volcanic lahars and sporadic andesite and tuff clasts, and (c) 
altered and rigid volcanic tuffs, corresponding to soil-rock contact, 
located between 13 and 18 m of depth. Figure 5 illustrates the limit 
between altered and bare rock.

The flows or mudslides caused by the macro landslide are prod-
ucts of the presence of sandy silty soils, clayey silts with gravel 
edges of weathered rhyolitic igneous rock, subjected to saturation 
conditions. In reference to the local geology, through the cuts of 
the escarpments formed on the site, the stratigraphy composed 
of microconglomerates and coarse sandstones of medium granu-
lometry, with a sandy silt matrix, with rounded clasts of andesites, 
basalts, and diorites of millimeter to centimeters sizes is evident.

From the geophysical tests realized prior to the landslide, 
a record of seismic velocities was obtained that allowed the 
identification of the lithology of the study area. From the surface 
to 4 m, it presents 222 ≤  Vs ≤ 358 m/s identified as fine transported 
soils (colluvial) and secondary volcanic lahars with clasts and 
angular blocks of dacite or andesitic lavas. Between 4 and 13 m with 
196 ≤  Vs ≤ 310 m/s recorded, it has been considered as fine-matrix 
volcanic lahars and sporadic clasts of andesites and tuffs. Finally, 
from 13 m wave speeds of 295 ≤  Vs ≤ 495 are obtained, which are 
considered as altered volcanic tuffs and rigid, determining the soil/
rock contact limit at a depth of 13 m. Based on the aforementioned 
data, a shear wave velocity at 30 m  (Vs30) of 324 m/s is determined, 
which corresponds to a type of soil profile “D” for the study area 
according to the Ecuadorian Construction Standard (Norma 
Ecuatoriana de la Construcción 2015).

Fig. 5  Landslide topographic survey. a Plan view of the landslide. b Profile of the rotational type landslide. c Stratigraphic correlation with 
 Vs30 geophysical test data, before the landslide. This stratigraphic description has been collapsed with the slide of March 26, 2023 (SGR 2023)
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Months before the landslide, the deformation dynamics in the 
rocky substratum of the slope was evident, considering an active 
state due to the evidence of significant cracks in the study area. The 
corresponding dimensions were between 5 and 31 cm wide, depths 
of up to 2.7 m, and lengths of up to 21 m, as well as moderate to 
high levels of saturation due to poor use of water resources and 
abundant rainfall.

After the event, three seismic tests of shear wave velocity  (Vs30) 
and three electrical tomography tests were performed in the body 
of the slide, allowing the identification of discontinuity and fracture 
systems, as well as saturation levels up to 20 m in depth (Fig. 7). In 
landslide 1, thicknesses between 8 and 10 m were observed, with 
resistivity values of 50 to 115 Ω·m (ohm·meter). This deformation 
dynamics present at the moment rigidity of the material. The meas-
ured velocities  Vs are of the order of 550 to 750 m/s, due to the pres-
ence of andesitic blocks that were dragged during the slide (Fig. 2). 
Landslide 2 reached up to 20 m in thickness, and according to the 
realized electrical tomography, a channel area with considerable 
levels of saturation is evident. It is very probable that during the 
chaotic deposition of the landslide these channels with recorded 
values of 13 to 18 Ω·m were formed. The speeds  Vs are in the order 
of 220 to 550 m/s. Finally, landslide 3 corresponds to debris flows 
with 10 m of thickness, with resistivity values of 24 to 84 Ω·m and 
 Vs between 200 and 525 m/s. These are well differentiated in the 
terrain, while the consistency of the soil material varies by moisture 
content due to increased rainfall.

Preliminary evaluation of triggering factors
In order to obtain a preliminary estimate of the possible causes that 
could have triggered the landslide, the seismic events detected near 
Alausí in recent times, the precipitation data from a nearby mete-
orological station, and the collection of data may allow to recog-
nize the most relevant characteristics of the study area. On March 
18, 2023 (8 days prior the Alausí landslide), an earthquake with a 
magnitude of 6.8  (Mw) occurred near the city of Balao, of which epi-
center has been located 130 km to the NE of the town of Alausí and 
at an depth of approximately 68 km (USGS 2023b) The epicentral 
intensity (Ι0) assigned to the population of Alausí is IV according to 
the ESI (environment seismic intensity) scale (Michetti et al. 2007), 
since there is no evidence of fault ruptures (primary effects), with a 
correlatable assignment of seismic acceleration of 0.014 to 0.039 g 
(Wald et al. 2015). Therefore, the low seismic acceleration produced 
by the mentioned seismic movement in the study area rules out the 
seismic trigger as a precursor of the landslide.

Rainfall data from the Tixan weather station, located 7.5 km 
from the Alausí landslide site, have also been analyzed. Addi-
tionally, in the analysis of rainfall distribution, the data viewer 
of the National Aeronautics and Space Administration of the 
USA (NASA) was used, which contains information related to 
meteorological parameters to evaluate and design systems that 
use the renewable resource. The data recorded in the months 
of January to March, from 2010 to 2022, indicate average values 
from 56 to 238 mm, while in 2023 the values increased six times 

Fig. 6  Sequence of the landslide on March 26, 2023, in the city of Alausí
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the monthly average from 2010 to 2022, with ranges that vary 
monthly between the 699 to 1224 mm (see Fig. 8). These data 
were obtained from NASA as the Tixan weather station unfor-
tunately lacked to be functional in the time period of interest.

The combination of different conditioning factors such as the 
low resistance of the materials and the topography of the slope 
together with the triggering effect of an accumulated rain, in the 
3 months prior to the event, of six times the average of the last 
years, which seems to be the most probable cause of the recent 
rotational landslide observed in Alausí. More detailed investiga-
tion should be realized in order to understand the mechanism 
and causes of the landslide, as well as the susceptibility of the 
slope to further, new landslides.

Social and economic impacts
The studied landslide is located to the northeast of the urban 
area of Alausí, Casual sector, where the landslide and accumu-
lation zone affected the land of 23 ha, with direct damage to 

the districts La Esperanza, Nuevo Alausí, Pircapamba, and Bua. 
According to the Secretary for Risk Management, the landslide 
left at least 75 people dead, 57 houses destroyed, and 581 people 
affected. Furthermore, there is significant damage to first and 
second order roads with an approximate length of 2.32 km, the 
collapse of 427 m of railway line, as well as affectation of at least 
25% of the electrical network. Furthermore, there has been dam-
age of some 60% of the drinking water service due to damage 
to 300 m of pipes and some less destruction of a school (Fig. 4).  
Part of the affected area involves the total loss of approximately 
six agricultural hectares with various crops (Secretaría de Gestión 
de Riesgo 2023). As a result of the landslide and the evidence of 
vulnerability in sectors surrounding the movement, many citi-
zens were evacuated and housed in temporary sites. In addition 
to the human losses, material damage, and economic impact, the 
psychological impact and the feeling of insecurity generated in 
the inhabitants of the study site are part of the impact caused by 
this large landslide.

Fig. 7  a Location of lines for seismic tests  Vs30 and electrical tomography. b Geoseismic section in the Alausí landslide zone



537

537Landslides 21 • (2024)

Conclusions
The landslide that occurred in Alausí on March 26, 2023, was of a 
rotational type, with the materials affected being fine transported 
soils (colluvial), volcanic lahars with a fine matrix and altered vol-
canic tuffs, corresponding to a type of soil profile “D”.

There are several determining factors of the study site. Hereby, 
the topography of the hillside stands out, which presents a rug-
ged relief in the form of mounds, depressions, and abrupt changes, 
which is the product of ancient mass movements, considering that 
Alausí is located in an area of active paleoslides.

The low cohesion of the materials together with the triggering 
effect of accumulated rainfall in the 3 months prior to the landslide 
that reached up to 600% of the average values of recent years seem 
to be the most probable cause of the observed landslide movement. 
A seismic trigger based on a previous strong earthquake is excluded 
to have been responsible for the fatal Alausí landslide.

Nonetheless, it will be necessary to conduct a more detailed 
investigation in order to fully understand the mechanism and 
causes of the landslide, as well as the susceptibility of the slope 
to future new landslides.
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