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CHAPTER INTRODUCTION

Steep slopes, deforestation, unconsolidated deposits, high annual rainfall, and a highly
dissected landscape contribute to frequent landslides along one of the mosnportant
Colombian highways, the "Via al Llano," often causing traffic disruptions. This road connects
Bogota, the capital of Colombia, with Villavicencio, the capital of the Meta state, facilitating the
transportation of agricultural and industrial products and promoting economic development
through tourism.

The Via al Llano highway traverses five municipalities: Chipaque, Caqueza, Quetame,
Guayabetal, and VillavicencioThese areas are characterized by folds, faults, joints, and
outcrops of various lithologies and ages (INGEOMINAS, 1998, 2011). The geological
composition on the region includes Precambrian phyllites, Paleozoic sandstones and
claystones, Jurassic conglometes, Cretaceous siltstones, mudstones, and quatzh
sandstones, as well as Quaternary deposits resulting from fluvial and gravitational gresses
(INGEOMINAS, 1998, 2011).

The landscape of the road features steep slopes molded by both tributaries and the main
watercourses of the Rio Negro, Rio Blanco, and Guayuriba River. The study area, which
encompasses the basins of these rivers, experiences significant precipitation ramgfrom 1000

to 2500 mm/year in the north and central areas, and 2500 to 5000 mm/year in the south, with
peak rainfall occurring in May, June, and July, often triggering landslides.

Recent mass wasting events in June 20-and May 2019 blocked the road forl and 6 months,
respectively, despite efforts by the Colombian Geological Service (SGC) to mitigate such
incidents through inventory maintenance and hazard mapping since 201®ence, Calderon
Guevara et al. (2022) and Herrer&Coy et al.(2023) have pursued alternative landslide
prediction methods for the Via al Llano area. However, their focus on predictive modeling often
yields maps with insufficient correlation to the road, necesséting a new approach.

To address the complexity and potential disconnect between the area and the road, this study
aims to enhance spatial resolution by subdividing it into five municipalities based on political
boundaries. This subdivision accounts for significant lithological climatic, and
geomorphological variability, yielding results at a scale of 50,000 instead of the previous
1:100,000 scale. In addition, annual average precipitation will be considered as an independent
predictive variable, derived from data interpolation of rain gauge stations surrounding the
study area. This variable also exhibits unique seasonal behaviors in each of the five
municipalities throughout the year.

Furthermore, the study will assess the feasibility of developing automatic inventories using
radiometric data from optical and radar satellite images. Leveraging the Google Earth Engine
(GEE) platform, we aim to streamline the timeconsuming process of manal landslide
inventory creation. Additionally, radar images will be evaluated for their effectiveness in
landslide detection, particularly in cloudobscured areas.

Subsequently, the relationship between predictor variables (e.g., elevation, slope angle, aspect,
curvature, lithology, precipitation, NDVI) and landslides will be modeled using Multivariate
Adaptive Regression Splines (MARS) technique. Models will be batited and validated using
ten training and ten test samples, with predictive performance assessed through the area under
the Receiver Operating Curve (AUC).



Additionally, geomorphological maps will be produced for the five municipalities, inspired by
the methodology used in Italy with "Cuaderno 13" elaborated by AIGEO and CARG entities.

CHAPTER 2. STUDY AREA AND MATERIALS

2.1. Location

The Via al Llano is considered one of the most important highwayis Colombian, connecting
Bogota (the capital) b Villavicencio (the capital of the Meta state) (Fig. 4). Thisroute facilitates
tourism, the transportation of agricultural-industrial products and promotes economic
progressin the territories located in the center and in the southeastern part of the countryin
addition, the road passes through the municipalities of Chipaque, Caqueza, Quetame,
Guayabetal and Villavicencio (Fig. 1b).

The current highway has86 km of length, crossing the Cordillera Oriental, one of the three
branches of the Colombian Andeformed by the subduction of the Nazca plate beneath South
America. The study areacovers 520km2, which includes basins that drain water toward the
road (Fig. 1b, 2a, and 2b. The main rivers on the area are Rio Blanco, Rio Negro and Guayuriba
River (Fig. 2).
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The study area is part of the topographic sheet®476and @6606at a scale of 1:100,000 (Fig.
3A,3B), according to the division established by thinstituto Geografico Agustin Codaz@GAC),
the entity responsible forthe official basic cartography ofColombia. These two sheets cover the
departments of Cundinamarca and Meta. Additionally, the study area encompasses 10
topographic sheets at a scale of 1:25,000 (FigBC), which, according to the official
nomenclature, are as follows247-1-C, 2471-D, 2471 -A, 247111 -B, 247-111-D, 24T-IV-A, 247
IV-C, 2661-B, 26611-A, 266-1-C.
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Fig. 3. (a)Topographic $eets of Colombia (b) Study areaon the topographic grid sheet ata scale of
1:100,000. (c) Study area orthe topographic grid division sheet ata scale of 1:25000.



2.2. Geology

In the area, Precambrian metamorphic rocks, and Paleozoic to Cenozoic sedimentary rocks
outcrop (INGEOMINAS, 1998, 2011)The metamorphic rocks are grouped in the Quetame
Group, comprising the Susumuco and Guayabetal Formations. Both formations consist of gray
and green phyllites, but the Guayabetal Formation also includes quartzite and gray schist,
products of low-grade catact metamorphism from pre-Devonian age(INGEOMINAS et al.,
2001).

The Quetame Group is in fault contact with Paleozoic sedimentary rocks grouped by Segovia
(1963, as cited in INGEOMINAS et al., 2011as the FarallonesGroup. This group includes the
Areniscas de Gutierrez Formation, Lutitas de Pipiral Formation, and Capas Rojas del Guatiquia
Formation. The Areniscas de Gutierrez Formation is composed of conglomeratic, shales, and
sandstone levels, from the Middle Devoan. The Lutitas de Pipiral Formation consists of gray
shales and siltstones intercalated with some gray limestones, also from the Middle Devonian.
Lastly, the Capas Rojas del Guatiquia Formation comprises gray to red siltstone intercalated
with gray-green sandstones, dating back to the Carboniferous perioNGEOMINAS et al.,
2011).

In angular discordance with the preceding Paleozoic sedimentary rocks is the Buenavista
Formation, from the Upper Jurassic Period (Tithonian). This formation is characterized by
breccias and conglomerates containing sedimentary and metamorphic lithics irhe lower
segment, and sandstones to mudstones in the upper levels. The potential formation involves
erosion and deposition associated with the symift processes during the TriassieJurassic and
Lower Cretaceous rifting in the area, in a Cretaceous S@GEOMINAS et al., 2011)

The Caqueza Group represents the initial formations of the Lower Cretaceous Period (from
Berriasian to Hauterivian). These rocks display an angular unconformity with the Buenavista
Formation and the Paleozoic Farallones Group. The Caqueza group is composed of the Lutitas
de Macanal Formation and the Areniscas de Caqueza Formation, which have variable
thicknesses due ¢ differential subsidence from tectonic movements on the rifting period. The
Lutitas de Macanal Formation comprises black shales intercalatedith sandstones and
features abundant fossils of ammonites and bivalves. The Areniscas de Caqueza Formation
consists of sandstones rich in quartz, intercalated with light beds of black mudstones. It also
contains fossils of bivalves, echinoderms, ammonitesand foraminifera, dating from the
Hauterivian Age(INGEOMINAS et al., 2011)

Following this, the next rocks were deposited in concordantransitional sequences in a
continental environment post-rift , during Upper CretaceousThe Fomeque Formation consists
of gray-black bioclastic limestones intercalated with black to green mudstone, dating from the
Barremian to Aptian periods (Guerrero, 2002 as cited in INGEOMINAS et al.,, 2011)
Subsequently, in a concordant sequencte Une Formation is found, which is a succession of
thick sandstone layers, separated by beds of claystone with shale layers, from the Albian to
Cenomanian Age.The Chipaque Formation composed of black mudstones with minor
intercalations of fine-grained sandstones and limestones, deposited between the Cenomanian
to Santonian AgesThe last Cretaceous lithology found in the study areia the Arenisca Dura
Formation composed offine-grained quartzose sandstones, whé in color, tabular, massive,
with intercalations of thin layers of very fine sandstones exhibiting wavy planar parallel



lamination. This formation is dated from the Santonian to the CampanialNGEOMINAS et al.,
2011).

During the Upper Miocene, rhyodacitentruded into the Lutitas de Macanal Formation in the
Quetame region. This intrusion occurs during the new compression environment that
subsequently leads to the current mountain range. During this period, the faults that were
normal in the rift period become reactivated and change their behavior to thrust faults
(INGEOMINAS et al., 2011)

Additionally, in the study area, there are unconsolidated units from Holocene Epoch. This
includes alluvial terraces, colluvial deposits and recent alluvial deposits. The latest deposits are
located along the riverbedspf the Une Riverthe Caqueza Riverthe Negro River,Blanco River
and the Guatiquia Rive(INGEOMINAS et al., 2001, 2011)

The lithological composition and stratigraphic position of each formation exposed in the study
area are summarized in thestratigraphic table in Fig 5 (INGEOMINAS et al., 2001, 2011)
Similarly, the location of each formation in the area ieepresentedin the lithological map of the

Fig. 4, information extracted from the geological maps of sheets 247 and 266 at a 1:100,000
scale from the Colombian Geological Service (SQ@YGEOMINAS, 1998, 2011)Additionally,

the drainage locations were updated using images available on Google Earth between the years
2020 and 2022.
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For a more thorough analysis, the study area was divided into the five municipalities through
which the road passes: Chipaque, Caqueza, Quetame, Guayabetal, and Villavicencio, located
from north to south, respectively. In the Chipaque aregFig. 6), structures exhibit a
predominantly north -south strike orientation; however, the dip direction of these formations
varies due to the presence of two synclines. The Teusaca Syncline that has its axial axis in the
middle of the Chipaque Formation, while thévlercadillo Syncline is located in the middle of the
Fomeque Formation. Additionally, three faults cut across the road and the course of the Une
River. The first brings the Une and Fomeque formations into contact, the second is situated in
the middle of the Fomeque Formation with a NESW direction, and the third is known as the
Caqueza River Fault, running parallel to its courseNGEOMINAS, 2011; INGEOMINAS et al.,
2011).

In the Caqueza aredFig. 7), the Lutitas de Macanal Formation covers the most extensive area
and displays a series of faults, predominantly of reverse component. Among them, the Caqueza
River Fault, the Negro River Fault, and the Quebrada Honda Fault stand out. The Caqueza River
Fault maintains an orientation parallel to the river course, as its path is influenced by this fault.

It is a strike-slip fault that affects the Fomeque, Areniscas de Caqueza, and Lutitas de Macanal
formations. The Negro River Fau) with an approximate north-south direction, controls the
course of the Negro River and is also classified as a strikkp fault. On the other hand, the
Quebrada Honda Fault, located to the south of the area, follows a direction of approximately
N30°E with a dip towards the SE. Additionally, in the northern part of this area, the Ubaque
Fault emerges, establishing contact between the Fomeque Formation with Areniscas de
Caqueza, and Lutitas de Macanal formations. It is characterized as a thrust fault wathlip of
N35°E(INGEOMINAS, 2011; INGEOMINAS et al., 2011)
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In the Quetame aredFig.8), the presence of the Lutitas de Macanal Formation and the Quetame
Group is identified, with the latter being the lithological unit that covers the largest extent in
the zone. The Las Mercedes and Quetame faults are responsible for the interaction between
these two formations. Additionally, it is postulated that the Quetme Fault could be a higlangle
regional and cortical structure that facilitated the intrusion of the rhyodacitic igneous body and
some thermal springs south of the town of Quetame. This fault has an orientation of N25E and
controls the course of the Contdor River. Within the Quetame Group unit, the presence of the
Quebrada Grande Fault and the Jabonera Fault is also observed, with the latter exerting control
for the Negro River until its confluence with the Blanco River(INGEOMINAS, 2011;
INGEOMINAS et al., 2011)
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In the Guayabetal areqFig.9), the predominant formations are the Quetame Group, along with
the Areniscas de Gutiérrez and Lutitas de Pipiral formations. The Jabonera Fault persists in a
north-south direction and affects the Areniscas de Gutiérrez Formation. Notably, over the
QuetameGroup, the presence of the San Juanito Fault stands out, facilitating contact with the
Capas Rojas del Guatiquia Formation. This fault, with a subrtical inverse component, exhibits

a westward dip. Subsequently, the Portachuelo kBl and the Susumuco Fault are encountered.
The latter is considered a dextral strikeslip fault with a direction of N15W, controlling the
course of the Susumuc®&rook. Additionally, the Rio Blanco Fault separates the Quetame Group
from the Farallones Group (Areniscas de Gutiérrez and Lutitas de Pipiral formations). It has an
eastwest orientation and a length of 10 km, structurally controlling the flow of water, initidly
from the Rio Blanco and then from the Rio Negro. Finally, over the formations of tRarallones
Group, a variety of faults and folds are observed, including anticlines and synclines
(INGEOMINAS, 1998; INGEOMINAS et al., 2001)
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Finally, in the Villavicencio aregFig. 10), the Susumuco Fault continues to affect the formations
of the Farallones Group, with a movement considered dextral strikslip. Additionally, the Rio
Blanco Fault continues to control the course of the Rio Negro, and this reverse fault now extends
to the northeast, maintaining the contact between the Quetame Group and the Farallones
Group. However, to the east, it allows contact between the Capas Rojas del Guatiquia Formation
and the Areniscas de Gutiérrez Formain. Another significant fault facilitating the contact
between these two formations is the Portachuelo Fault. Also noteworthy is the Servita Fault,
connecting the Devoniarage Lutias de Pipiral Formation with the Lower Cretaceous Lutitas de
Macanal Formaion, given its main inverse component. It is also observed a faulted contact
between the Cretaceousage Lutitas de Macanal and the Brechas de Buenavista Formation
through the Buenavista Fault. Finally, there is the El Buque Fault, displacing the aforemenied
formations from east to west due to its sinistral strikeslip component. Additionally, over the
las Lutitas de Macanal, significant deformation is observed due to the presence of several
synclines and anticlines within it(INGEOMINAS, 1998; INGEOMINAS et al., 2001)
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2.3. Geomorphology

Geomorphology is the scientific discipline that studies the landforms of the Earth's surface and
their spatial combinations (Ciccacci, 2010) Thus, the discipline aims to describe terrain
features, explaining their origin and evolution over geological time. Additionally, it seeks to
classify landscapes based on the dominant natural processes and agents shaping them, called
morphogenetic environment (Servicio Geologico Colombiano et al., 2012)

A morphogenetic environment encompasses the physical, chemical, biotic, and climatic
conditions under which landforms were formed. According to the recompilation maddy
Servicio Geologico Colombiano et al., (201#)e morphogenetic environments are categorized
into structural, volcanic, denudational, fluvial, deepsea and coastal marine, glacial, aeolian,
karstic, anthropogenic, and/or biological.

In the study area, theServicio Geologico Colombian@GC,Colombian Geological Survey
published geomorphological maps for sheets 247 and 266 in 2018, following the
methodological proposal ofServicio Geologico Colombiano et al., (2012)n this context, the
morphogenetic environments highlighted in the area are structural, denudational, fluvial, and
glacial (Table 1, 2 and 3)

1 The structural environment corresponds to landforms generated by active tectonics
resulting from the Earth's internal dynamics. Folding and faulting in rocks are associated
with this environment, and cartographically, it is represented bypurple.

1 Thedenudational environment is determined by weathering processes, predominantly
hydro-erosive processes, and phenomena of transposition or mass removal acting on
pre-existing landforms. For this type of region, the adopted cartographic color is brown.

1 The fluvial environment, differentiated byblue, corresponds to landforms generated by
processes related to fluvial activity.

1 The glacial environment is distinguished by landforms formed by glacial action in high
mountains. In cartography, it is differentiated by the color gray.

1 The anthropic environment refers to forms generated and modified by human activity
on the land surface. In cartography, it is designated by the color black
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2.4. Historic landslides

The Colombian Geological Service (SGC) has developed a digital platform that includes a huge
catalog of mass wasting phenomeniat haveoccurred in Colombia This platform is known as
the (Bistema de informacién de Movimientos en Ma§aIMMA). The database is subdividedy
municipalities (the political subdivision of Colombian state). For each municipality, there is a
multi -temporal inventory of landslidesthat have occurred in the last 70 years indicating the
type of movement, their location, the dag, andadditional information . The latest update of the
available inventory shapefile wasn 2020 (Servicio Geologico Colombiano, 2020According to
the inventory, 377 landslides were identified. Of these, 206 were located in the municipality of
Caqueza, making it the municipality with the highest number of recorded landslide§lable 4).
Additionally, according to the database, the mostfrequently type of landslide was slides,
followed by falls (Table 4). The period with the highest quantity of landslides wadetween
2015 and 2020(Table 5).

Anocther source of landslides eventdata is the National Unit of disaster Risk Managemenor
Unidad Nacional para la Gestion del Riesgo de Desas(t#SGR). Thisdatabase includes
information on mass movemens that directly affect the population. While this database
provides a description the situation, itdoes not containspecific information about the type of
movement or the exact location with coordinatesBetween 2017and 2023,42 emergency cases
due to landslideswas recorded in the study area (Table 3).The year with the most mass
movements was 2011 and thenunicipality with the most frequent and consstent landslides
between 2017 and 2023 was Quetame (Tablg).
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According to news or public information there are certain areasalong the highway that are
highly susceptide or prone to landslide (RCN Radio, 2018) These areas are identified by the
number of kilometers between Bogotafrom 0 to 86 in Villavicencio. The mostwell-known
critical zonesare located at4 km, 26km, 46 km, 51 km, 52km, 55km, 56km, 58 km, 60 km, 62
km, 63km, 64 km, 65 km, 68km, 70km (RCN Radio, 2018]Fig. 17).

Table 4. Type of landslide on the study arefrom SIMMA database

Type Study Area Chipaque Caqueza Quetame Guayabetal Villavicencio
Slide 138 18 50 45 13 12
Fall 108 0 81 16 9 6
Soil Creep 67 5 60 1 0 1
Flow 52 5 15 12 11 8
Topple 12 0 0 8 1 0
TOTAL 377 28 206 82 34 27

Table 5. Date of landslidesrom SIMMA database

Date (year) Study Area Chipaque Caqueza Quetame Guayabetal Villavicencio
19602000 12 10 0 2 0 0
2001-2005 9 0 0 9 0 0
20062010 23 4 0 14 5 0
2011-2015 49 3 31 8 7 0
20162020 51 2 4 28 17 0
No data
TOTAL with 144 19 35 61 29 0
data
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According to the historical inventory obtained by SIMMA and UNGR, a total of 419 landslides

have been identified (Fig17). In the Chipaque area, the predominant landslides are "slides"

that are located on the south side of the road near the urban area of Chipaque, and on the north
OEAA TAAO O ' AAOOEAT 08 0&l 1 x006 AT A cdad(Eg AOA,
18). Although areas at kilometer 4 and 26 have been identified as critical, no points from the
inventory are observed in these eeas.

In the Caquezaarea, the largest number of landslides is found in the urban area, with a
OECTI EEZEAAT O DPOAOGAT ATAA T £ c¢cZAl 1l e OUPA.19)Ad AOI E
the southern part of the area, specifically around Puente Quetame, "topples" have been
recorded. In the rest of the area, especially in the central part and near the urban area of
Caqueza and El Tablon, "slides" have occurred (Fi®). The kilometer 26 near the urban area

of Caqueza is the only critical point on the road mentioned kthe media.
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In the Quetame area, numerous mass movements are observed on and near the road, mainly of
the "slide" type (Fig 20). In the urban area of Quetame, a wide variety of landslides are grouped,

ET Al OAET ¢ O&I T x06h e¢Oi bbbl AOhe AT A c¢Ol EAAOe 8
remote areas from the road. Six critical points have been identified, with kilomet&8 being the

most unstable since 2019, when a landslide completely covered the road (F29).

In the Guayabetal area, "slide" is the type of mass movements predominate in the urban area
(Fig.cmgq8 O&I1 1T x06 AT A c¢ZAl1 Oec EAOA AAAT OAAT OAAA
areas north of the road (Fig21). There are 6 critical areas of the road in this municipality,
corresponding to kilometers 60, 62, 63, 64, 65, and 68. Kilometer 64 has been the most unstable

since 2017, presenting "falls" and "slides" (Fig21).

Finally, in the Villavicencio area, the old road to the Llano has been the most affected.
Continuous mass movements from Servita to the Pipiral area have affected populations and
transporters using this road (Fig 22). The most prominent mass movement occurred in 2017
on the road near the urban area of Servita. This can be easily observed in satellite images from
2018 onwards.
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2.5.Previous lndslides susceptibility studies in the study area

In the study area, various susceptibility and hazard studies for mass movements have been
conducted through different methodologies. Published and publicly available works cover from
the year 2010 to the present, addressing different challenges and yieldjndiverse results.
Below, we will explore the nine most relevant works that have contributed to the advancement
and development in the study area.

The analysis carried out by INGEOMINAS and IDEAM in 2010 resulted in the publication of the
national map of Relative Hazard for mass movements at a scale of 1:3D. Within this study,

the segment corresponding to the road to Llano covers sheetsd® and 514 (Fig. 23). In sheet
5-09, which includes municipalities from Chipaque to Quetame, an orange shade indicates a
"High" hazard of landslide (Fig 23-A). Further along, between the areas of Quetame and
Guayabetal, small areas with red shading are identified, indicating a "Very High" hazard of
landslides (Fig 23-A). Similarly, in sheet 514, encompassing the municipalities of Guayabetal
and Villavicencio, the entire area shows a red shade, suggesting a "Very High" hazard. &g

B).

Fig. 23. Maps of Relative Hazard for mass movements, obtained from INGEOMINAS and IDEAM (2010).
(A) Sheet 509, scale 1:50Q000. (B) Sheet 514, scale 1:50Q000.
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In 2011, Sanchez and Urrego presented in their Civil Engineering thesis the hazard area in a
section of the "Via al Llano" highway, using rainfall intensity values and relying on a terrain
susceptibility map (Fig. 24-C). The latter was obtained by thenthrough a heuristic method that
combines various terrain variables such as slope, deposit characteristics, land cover type, and
distance to faults. As a result, two hazard maps for deep and shallow landslides were generated
in the study area(Fig. 24-A and B) along with a terrain susceptibility map(Fig. 24-C). This study
area covers the stretch between kilometers 50 and 63.
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Fig. 24. Maps of Hazard for landslides and Susceptibility terrain, obtained from Sanchez & Urrego
(2011). (A) Hazard map of shallow landslides. (B) Hazard map of deep landslides. (C) Susceptibility
Terrain Map.

Ramirez(2012) carried out a compilation and analysis of geotechnical research conducted at
the National University of Colombia. Among these investigations, two of 192 were distinguished
because they focus on the area of the "Via al Llano". The first, conducted by Rodrig(2X)1)

is focuses on evaluating the stability of certain landslides located in the Municipality of Caqueza
along the "Via al Llano". In this study, a probabilistic analysis was carried out to evaluate the
resistance and seismic acceleration of each sector. Subsenqtig Diaz(2002) conducts ahazard
study of massmovementsin the initial section of the "Via al LIano" road. In this work, different
types of landslideswere identified, including landslides and rotational slides. It is noted that, in
most of the slopesstudied, there is a mediumhazard of mass movements. The results of these
investigations were not available on the web.

Ruiz et al. (2018), carried out a study as part of the agreement between the "Servicio Geoldgico
Colombiano (SGC)" and the "Instituto Geogréfico Agustin Codazzi (IGAC)", resulting in the
creation of a landslidehazardmap at a scale of 1:2800 in an area belonging to the municipality

of Villavicencio (Fig. 25). Additionally, maps of surface geological units, geomorphological
subunits, and land cover and land use were generated. To determine the zoning of landslide
susceptibility, the bivariate method was enployed, considering triggering variables such as
rainfall and seismicity, along with other geeenvironmental variables. This study identified 646
landslides, with rotational slides and flows being the most predominant. Furthermore, lzazard
map was generated for the area from Pipiral to Servitéold road of Via alLlano), providing
valuable information for our study. This map belongs to sheet 268-A (Fig. 25).
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Fig. 25. Landslide hazardmap at a scale of 1:25,00Gsheet 26611-A, from SGC and IGAC (2018)

Navarro et al. (2019) produced geological, geomorphological, and geological hazard maps at a

scale of 1:100,000 forthéA £AAAOAA AOAA AOT OT A EEIT I AOGAO vy I
to support decisionrmaking processes of state entities facing this impact. They include
information on seismicity, tectonic analysis of the area, landslide inventory available in SIMMA,

as well as hydrodynamic modeling of the Rio Negro and maps of flash flood hazards in the Rio
Negro River basins. In this work, they concluded that hazard maps for mass movements across

the entire area had already been generated in 2016, and the area hashigh level of
susceptibility to landslides. Furthermore, it was identified that the slope at kilometer 58 is an

old terrace with low cementation. They recommended to assess the causes leading to its
destabilization, especially the increase in water or mature within it.

Fig. 26.(A) Landslide hazard map at a scale of 1:1@D0, sheet 266. B) Landslide Susceptibility map at
a scale of 1:10M00, sheet 266. Taken from Navarro et al. (2019).
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