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Abstract

The Southern Escarpment of the Bamileke Plateaux (SEBP) is an area frequently affected by mass
movements. An analysis of the susceptibility of these hazards is important in order to better understand
these mountain processes. Field campaigns as well as the exploitation of satellite images in the
laboratory have made it possible to inventory all sites subject to mass movements in the region. The
region is affected by landslides, block falls and subsidence. Landslides are the most frequent hazard in
the region. These hazards are regulated by about 10 natural and anthropogenic factors which include
lithology, geomorphology, anthropogenic action, soil, proximity to roads, proximity to watercourses,
density of watercourses, slope, direction of slopes, and curvature of slopes. The steepest slopes are
between 27 and 90°, the most important slopes are oriented Nord-West. The curvature of the slopes
shows zero, convex and concave slopes. The soils in the area are ferralitic, humus-bearing and
hydromorphic. The land use shows bare soil and cultivated soil. The geomorphology shows altitudes K
1319m, the highest stream densities range from 183-293m and constitute the significant proximities
causing instabilities. In relation to the different classes of river proximity, the highest river proximities are
H120m. The highest road proximities are il 50m relative to the other road proximity classes. The
geological formations that dominate the area are basalts, mylonites, granites gneisses and charnokites.
These factors were mapped and the different maps were overlaid to obtain a mass movement
susceptibility map of the study area. This map shows that 16.95% represent low probability areas,
43.39% represent moderate probability areas, 29.77% represent high probability areas and 9.89%
represent very high probability areas. The majority of mass movements, especially landslides, are located
in the high probability areas.

1. Introduction

Mass movements are natural hazards that generally affect steep and unstable slopes with adequate
lithological, soil and geomorphological characteristics to contribute to the hazard. Mass movements are
generally constituted by subsidence, landslides, mudslides, rock falls, landslides and collapses... These
mass movements are influenced by a number of conditioning factors. These are the predisposing factors
which add to the triggering factors such as rainfall and earthquakes.

The world has been threatened by mass movements and this has resulted in a number of casualties and
property losses. Risk vulnerability assessment studies clearly confirm the importance of the
consequences of mass movements. For example, in French republic, the department of Aude received
during the night of Sunday 14 to Monday 15 October 2018, the equivalent of three months of rainfall in a
few hours, causing deadly mudslides. According to the French newspaper Le Parisien, the toll is
estimated at eleven (11) dead, eight (08) seriously injured and two (02) missing, with more than 1000
people evacuated. In the same country, in the Barcelonnette basin (Alpes-de-Haute-Provence), several
landslides caused the temporary closure of communication routes, leading to major disruption of road
traffic (Flageollet et al., 1999). The town of Stoze in Slovenia experienced a damaging landslide on 15
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November 2000. Seven people were killed in their homes, 23 residential buildings were damaged and 15
hectares of agricultural land were devastated (Brilly et al., 2002).

In Cameroon, the risks associated with mass movements are as important as in the rest of the world.
Landslides are the most recurrent type of mass movement, accounting for 25% of natural hazards
(Tchindjang, 2012) and are more localised in the equatorial part of the country. These mass movements
are found along the Cameroon Volcanic Line with a peak of occurrence on the West Cameroon Highlands
(WCH) (Aboubakar et al., 2013). They are the cause of loss of life and property. Examples include the
Bafoussam (Gouache) landslide in 2019 which killed nearly 47 people and destroyed more than 11
houses (Fallou, 2019; Eyewitnesses); the Limbé landslide in 2001 which killed 24 people, destroyed 120
houses and left more than 2,800 people homeless (Ayonghe et al, 2004); the Mag'haa landslide on 20
July 2003 killed 20 people and several livestock (Kagou Dongmo, 2006; Zogning et al., 2007; Zangmo
Tefogoum et al., 2009; Wouatong et al., 2014a); the Koutaba landslide on 11 June 2014 killed 2 people.
The Meshi landslide, in the Santa district, occurred on 12 September 1992, resulting in the death of 12
people (Tchotsoua, 1993), the Kekem landslide in October 2007 with one loss of life (Aboubakar et al.,
2013). It can thus be seen that beyond human lives, these mass movements affect the environment over
long periods of time, the infrastructure, and above all the economy of this part of the country.

The SEBP is often animated by mass movements. There is a high density of people living and practising
various activities in areas at risk. Some populations in this area, notably those of Kekem and Santchou,
live in low-lying swampy areas. In order to build a shelter, they exploit the soil of the slopes for the
purpose of filling in foundations in the marshy area. This exploitation weakens and destabilises the
slopes which become vulnerable to mass movement. This is movement due to earthworks (Rullen-
Perchirin, 1987).

Mass movements have been the subject of several scientific works. In addition to these, there is the work
of Maquaire et al (2006); Thierry et al (2005); Boyossoro et al (2019); Aggaz and Bali (2017), Che et al
(2008); Afungang, (2015); Afungang, (2010); Malet et al (2006). The analysis of mass movement
susceptibility in WCHs is still limited to a few localities such as Mount Bamenda..... (Guedjeo et al., 2017,
Afungang, 2015; Afungang, 2010). It appears that SEBP, which is characterised by the occurrence of
mass movements, has not yet been the subject of a detailed study of such hazards. This study aims to
make an inventory of mass movements that occur in order to study their factors and conduct an analysis
of the susceptibility of SEBP mass movements. This work is a contribution to the understanding of the
factors that govern mass movements in the mountain environments and then assess the associate risks
in the WCH.

2. Geological And Geographical Context

Volcanic environments in Cameroon are circumscribed within the Cameroon Volcanic Line (CVL). The
latter is an N30°E oceanic-continental megastructure extending from the Gulf of Guinea to Lake Tchad,
1600 km long and 100 km wide. The SEBP is located in the south-continental branch of the CVL; between
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the Bamenda and Manengouba Mountains and more precisely between 5°19'58.8" - 5°5'16.8" N and
9°57'43.2"-10°18'10.8" E (Fig. 1). This area is the seat of several localities prone to mass movements,
notably Santchou, Kekem and Bafang. It covers a total area of about 1030 km?. These climate in the area
varies from one area to another. In Santchou, the climate is Cameroonian, while in Kekem it is tropical.
This climate is characterised by an alternating dry and rainy season. The average temperature is 22.6°C
with 197.03 mm of rain per year. The hydrographic network is sub-dendritic and oriented towards the SW.
The soils in the localities are ferralitic, humus-bearing and hydromorphic. These soils are formed on
volcanic, plutonic and metamorphic formations including basalts, granites, mylonites and gneisses. The
granites, gneisses and mylonites constitute the crystalline base of SEBP . They are covered by basalts
which outcrop in domes of varying size.

3. Methodology

This mapping work was carried out in several stages:

The exploitation of previous documents allowed us to locate the old movements in the study area and to
appreciate the mapping method chosen for the study.

Several field campaigns allowed us to identify and describe vulnerable sites. The aim was to identify the
type of mass movement recurrent in the site as well as the signs or indices (fracturing on the slopes,
fracturing on the large blocks of hanging rock, the beginnings of landslides).

In the laboratory, satellite images were used to supplement the results of the field inventory. As each
vulnerable site was geo-referenced, we drew up a density map of mass movements in the SEBP.

Factors that may influence the occurrence of mass movements in the region were determined and
mapped. These factor maps include the slope direction map, the slope curvature map, the stream density
map, the stream proximity map, the road proximity map, the geomorphological map, the land use map,
the soil map and the geological map. The final susceptibility map was generated by overlaying the
different thematic factor maps. This mapping work was carried out by inserting GPS coordinates into our
mapping software (ARGIS, Global Mapper and Surfer). The outline of the mass movement susceptibility
map is shown in Fig. 2.

4. Results

4.1 Occurrence of mass movements on the SEBP

Approximately 40 sites favourable for mass movement were mapped in the different localities covering
the study area. Fig. 4, 5 and 6 illustrate some of these sites.

4.2. Study of Susceptibility factors
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* The slope

Fig. 7 highlights the different slopes that characterise the SEBP. This slope map shows several landscape
types. Flat landscapes have slopes between 0 and 7° and occupy 47.19% of the total area of the study
area. The gently undulating landscapes have slopes between 7 and 13° and occupy 18.39% of the area.
Undulating landscapes have slopes between 13 and 20° and occupy 21.49% of the area. Undulating
landscapes have slopes between 20 and 27° and occupy 7.68% of the area. Steep landscapes with
slopes between 27 and 90°. These slopes occupy 5.25% of the total area.

 Slope direction

The slope direction map (Fig. 8) shows several orientation classes. The flat areas occupy 0.09% of the
total area of the study area. North-facing slopes occupy 6.25%, east-facing slopes occupy 9.37%. South-
facing slopes occupy 14.90%. North-east facing slopes occupy 9.41%. South-east facing slopes occupy
13.53%. South-West facing slopes occupy 13.64%. West-facing slopes occupy 12.89%. Slopes facing
northwest occupy 14.89%.

 Slope curvature

The slope curvature map (Fig. 9) shows an area consisting of three levels of curvature. The straight or flat
levels are counted as zero slopes and occupy 59.83%, the concave levels are counted as negative slopes
and occupy 22.30% and the convex levels are counted as positive slopes and occupy 17.87% of the study
area.

e The soil

The soil map (Fig. 10) shows three types of soil. Hydromorphic soils are the soils of low-lying areas.
These areas are generally flat, with low-flowing rivers running through them. These soils occupy 41.54%
of the study area and are soils of marshy areas. Humus-bearing soils with little development are the soils
found on the slopes. Instability phenomena are most frequent on these types of soil. They represent
34.65%. Ferralitic soils are found at high altitudes. They occupy 23.84% of the study area and are also the
subject of many instabilities.

 Lithology

The ESPB is mainly made up of granitic, mylonitic and gneissic formations (Fig. 11) which are highly
fractured and outcrop in slabs. To these, basaltic and charnokitic formations are added which outcrop in
places. Alluvial formations are found in flat areas (Kwekam et al., 2013; Tcheumenak Kouémo et al.,
2014; Tcheumenak Kouémo, 2017; Kwekam et al., 2010).

e Land use

The land use map (Fig. 12) was made from the Google Earth image of the study area. Several types of

land use can be observed. Mature forests occupy 42.24%, shrub forests occupy 32.16%, river systems
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occupy 1.68%, cultivated land occupies 8.99%, bare land occupies 12.58% and habitats occupy 2.31%.
» Geomorphology

In general, it summarises information on the geometry, arrangement, landforms, nature and structure of
surface formations, processes including their duration and rate of formation and the age of landforms.
Geomorphological maps reflect aspects of landforms: landforms, correlative surface formations and
bedrock. The resulting geomorphological map (Fig. 13) shows three geomorphological units. The plains
with altitudes below 982 m and occupying 41.21% of the study area, the moderate lands located between
982 and 1319 m of altitudes and covering 33.17% of the total area and the highlands which have
altitudes above 1319 m and occupy 25.59% of the total area of the study area.

* River density

The river density map (Fig. 14) shows that the density of rivers is not evenly distributed in the area. We
have densities ranging from 0 to 21, 21 to 54, 54 to 84,84 t0 113,113 to 144, 144 to 183 and 183 to 293.

n Proximity to watercoursesThe map of proximity to watercourses (Fig. 15) was made by scanning the
hydrographic map. The distances obtained were classified into 10. Distances ranging from 0 to 20m, 20
to 40m, 40 to 60m, 60 to 80m, 80 to 100m, 100 to 120m and those above 120m. All distances above
120m were considered to have no influence on mass movements and occupied the highest percentage
(38%).

n Proximity to roadsThe road proximity map (Fig. 16) shows distances grouped into 6 classes. Distances
ranging from 0 to 10 m, 10 to 20 m, 20 to 30 m, 30 to 40 m, 40 to 50 m and distances above 50 m. The
distribution of values is even in the distances between 0 and 50 m.

4.3. Assessment of susceptibility to mass movement

The assessment of the susceptibility is done through the creation of a mass movement susceptibility
map. The susceptibility map (Fig. 17) shows four classes which reflect four different levels of
susceptibility spread over the whole study area defined as follows: low susceptibility, moderate
susceptibility, high susceptibility and very high susceptibility. This map should integrate the spatial
dimension and the probability of occurrence of mass movements in a given time period. Although these
elements are assumed to be independent (Guzzetti, 2005). These susceptibility classes are defined by
susceptibility indices ranging from 0.099 to 0.627 (Tab.1). The susceptibility indices are the attributes
related to the different susceptibility levels and are created in the database when combining them in the
GIS. Therefore, the higher the susceptibility index, the more sensitive the area is to mass movements
(Boyossoro et al., 2019).

The mass movement susceptibility map with favourable sites (Fig. 18) locates the vulnerable sites on the
susceptibility map. It can be seen that all the different risk levels contain areas vulnerable to one type of

Page 6/29



mass movement. One subsidence site is noted in the flat area. Rockfall and landslide sites are more
present in the medium, high and very high risk areas.

Table 1 shows that 16.95% represent low susceptibility areas. These are areas with a low probability of
occurrence of a mass movement. These are low slope areas that can be inhabited by people and several
other activities can be carried out there. 43.39% represents moderate susceptibility areas. Moderate
susceptibility areas are areas that have a medium probability of occurrence of a mass movement. The
slope here is the predominant factor and is not very steep. 29.77% represents the high susceptibility
zones. An area like this has a high probability of occurrence. They are often not very suitable for human
activities. 9.89% represents very high susceptibility areas. The very high susceptibility zones show a very
high probability of occurrence of mass movements. In the very high risk areas there are very steep slopes
between 27 and 90°.

Table 1: Repartition of susceptibility indices

Classes Susceptibility indices  Percentages (%)
Low 0.099-0.265 16.95
Moderate 0.265-0.364 43.39

High 0.364-0.463 29.77

Very high  0.463-0.627 9.89

5. Discussion

The CVL in general, the WCHs in particular and the ESPB are extremely favourable areas for mass
movements, with a strong increase in damage (Zogning et al., 2007). Heavy rainfall in August, September
and October, rapid and uncontrolled urbanisation, over-exploitation of slopes and deforestation are the
main causes of mass movements in the region (Aboubakar et al., 2013). Landslides are the most
recurrent mass movements. Subsidence is also caused by extreme rainfall. Boulder falls are caused by
bushfires that create cracks in the rocks. In the Bamenda Mountains, landslides are also caused by heavy
rainfall associated with human activities such as uncontrolled road construction, vehicle vibrations and
uncontrolled agricultural practices (Guedjeo et al., 2013; Afugang and Bateira, 2015; Zangmo Tefogoum
et al., 2016; Guedjeo et al., 2017). Work carried out by several authors in localities such as Limbé,
Bambouto, Kekem, Mag'haa, Echiock-Santchou along the CVL (Ayonghe et al., 2004; Zangmo Tefogoum
et al., 2009; Aboubakar, 2010; Kagou Dongmo, 2006; Ndonbou, 2018) has shown that, in general,
anthropogenic activities significantly increase the occurrence of mass movements.

The various areas prone to mass movements in the region were delineated and mapped. The resulting

susceptibility map shows the different levels of probability. Low probability areas occupy 16.95% of the

region, medium probability areas occupy 43.39%, high probability areas occupy 29.77% and very high

probability areas occupy 9.89%. A susceptibility map with the vulnerable sites has been produced. On this
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map, it can be seen that the majority of landslides are found in the high probability areas. On the other
hand, on the Bamenda Mountains, the majority of landslides are located on the very high probability
areas (Guedjeo et al, 2017; Guedjeo, 2019). This difference may be due to the type of environment as the
Bamenda Mountains have a purely volcanic environment whereas the ESPB has a plutonic, metamorphic
and sedimentary environment. The landslide density map made by Poueme Djeuyap (2018) in the Monte
Mario area NW of Rome (Central Italy) shows that the majority of landslide niches (90%) are located in
very high risk areas. The susceptibility indices obtained are quite high especially for the very high classes.
This could be due to the fact that these are areas with a high probability of occurrence to mass
movements. The work of Boyossoro et al (2019) shows lower susceptibility index values than in the
SEBP This difference would be linked to the geomorphology of the regions studied.

Cameroon, because of its mountainous landscapes (CVL), is really affected by mass movements. It is for
this reason that the mapping of these mass movements has always been a major challenge because of
the lack of knowledge on the issue. However, over the last few decades, significant progress has been
made in improving mapping techniques. Some of the techniques used have proven to be successful. The
method based on raster data to build a susceptibility model has been implemented by Che et al. (2012) in
the Limbe region. Bivariate and multivariate models were implemented by Afungang (2015) and Guedijeo
et al. (2017) on the Bamenda Mountains. Thierry et al (2008) implemented the weighted index method in
the Mabeta region (Mount Cameroon). These methods have been used in other countries, notably in the
assessment and GIS mapping of landslide risk in the Alps in southern France (Maquaire et al., 2006;
Malet et al., 2006).

Assessing the probability of mass movements always involves conditioning factors. Whatever method is
used, it requires a prior identification of the influencing factors. Each factor is involved in its own way in
this occurrence and their involvement may vary from one site to another or from one region to another.
Factors such as slope, soil, proximity to roads, land use and geology are essential in assessing the risk of
landslides. The majority of landslides, for example, occur on steep slopes; the soil is the material that is
mobilised; there is generally a strong tendency for landslides to occur on the edges of roads; uncontrolled
land use, over-exploitation of slopes in search of fill material, deforestation and uncontrolled agricultural
practices weaken and predispose the slopes to potential landslides. Fractured and highly weathered rock
on slopes also poses a significant threat of boulder falls. The factors are not always the same in all
regions affected by mass movements. In the Man region of Ivoiry Coast, in addition to slope, land use,
fracture density, rainfall and weathering thickness are mapped (Boyossoro et al., 2019). It is equally
important to know that the presence of conditioning factors is not a sine qua non condition for the
occurrence of mass movement. For a slip to occur, for example, it must be triggered. Most of the triggers
for landslides along the CVL are earthquakes, heavy rainfall and gravity (Ayonghe, 2004; Afungang,
2015). On the SEBP, the landslides recorded were triggered by the rains that occurred in the area the day
before. The Kekem landslide, for example, was triggered by heavy rainfall the day before the landslide.
Similarly, those of Ntiengue, Echiock-Santchou, Njungo and Essoh-Attah were triggered after heavy
rainfall (Aboubakar et al., 2014; Ndonbou, 2018; Nchadji, 2018; Djiague Tabagan, 2018; Aboubakar,

2010).
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In general, mass movements in tropical areas are influenced by several climatic and environmental
factors. It is equally important to know that these mass movements are most influenced by the slope and
as well as the heavy rains associated with the nature of the soil.

6. Conclusion

The SEBP is a region with a high risk of mass movement. Several factors influence the occurrence of
mass movement in this region. Ten factors (slope, slope orientation, curvature, stream density, proximity
to roads, geomorphology, proximity to streams, lithology and land use and soil) were studied and
mapped. Slope is one of the most important factors influencing slope instability in this region. The
method of superimposing the factors allowed us to produce the susceptibility map for mass movements
in this region. This map shows that there are 16.95% of low probability areas, 43.39% of moderate
probability areas, 29.77% of high probability areas and 9.89% of very high probability areas. Landslides
are a major hazard in the study area. This work provides decision-makers with important data useful for
the development of this area. In addition, this study can be applied to other densely populated areas of
the WCH that are prone to mass movements.
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Figure 1

Location map of SEPB a) Cameroon b) Western region c) Localities in the SEBP d) SEPB
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Outline of the mass movement susceptibility map
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Figure 3

Mass movement density map of the SEBP (extracted from Google Earth)
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Figure 4

Images of some landslides in the SEBP a) Santchou; b) Bandoum; c) Fomopea
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Figure 5

Images of mass movements in some SEBP area. a and b) Block falls in Basseu; ¢) Landslide in Fomopéa
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Figure 6

Images of subsidence-type mass movement in the SEBP. a and b. Bandja by Bafang
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Figure 7

Map of slopes in the SEBP
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Figure 8

Slope direction map of the SEBP
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Figure 9

Map of slope curvature of the SEBP
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Figure 10

Soil map of the SEBP
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Figure 11

Geological map of the SEBP modified after Dumort, 1968; Tcheumenak Kouemo et al., 2014 ; Kwékam et
al., 2013 ; Tcheumenak Kouemo, 2017
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Figure 12

Land use map of the SEBP
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Figure 13

Geomorphological map of the SEBP
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Figure 14

River density map of the SEBP
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Figure 15

Proximity map of watercourses in the SEBP
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Figure 16

Road proximity map of the SEBP
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Figure 17

Mass movement susceptibility map of the SEBP
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Figure 18

Mass movement susceptibility map with vulnerable sites of the SEBP
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