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ABSTRACT

Soil erosion remains a critical environmental and socio-economic challenge in Mubi North and Mubi South Local
Government Areas (LGASs) of Adamawa State, Nigeria. This study assesses the relationships between geological
formations, relief, precipitation factors, and soil erosion patterns to provide a comprehensive understanding of erosion
dynamics in the region. The research integrates geospatial analysis, field surveys, and statistical modeling to evaluate
soil erosion vulnerability. Findings reveal that sandstone-dominated areas, such as Lokuwa and Gerei, exhibit high
erosion susceptibility, while granite-rich areas, including Kpasim and Gella, demonstrate greater soil stability. Relief
factors, particularly slope gradients exceeding 15°, significantly influence soil erosion rates, with Wuro Gude and
Muchalla identified as highly vulnerable locations. Precipitation intensity, exceeding 1200 mm annually, exacerbates
erosion, particularly in Kudzum and Muva. Regression analysis indicates a strong positive correlation (R? = 0.82)
between soil erosion and sandstone formations, steep slopes, and high precipitation levels. The study underscores the
need for targeted soil conservation strategies, including terracing, afforestation, and controlled grazing, to mitigate
erosion risks. These findings provide crucial insights for policymakers, environmental agencies, and local farmers in
developing sustainable land management strategies that align with the region’s unique geological and topographical
characteristics.
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1.0 INTRODUCTION
Soil erosion is a major environmental challenge with far-reaching consequences for agricultural

productivity, land degradation, and sustainable development (Borrelli, 2020). The interplay
between geological formations, relief, precipitation factors, and soil erosion patterns is a crucial
aspect of environmental sustainability, particularly in areas with complex topography and varied
soil structures. Mubi North and Mubi South Local Government Areas (LGAS) in Adamawa State,
Nigeria, exhibit a dynamic landscape where geological formations and relief factors significantly
influence soil erosion processes (Obaje, 2009). Understanding these interactions is essential for
devising effective soil management strategies and mitigating the adverse effects of erosion on local
communities. Soil erosion involves the detachment, transportation, and deposition of soil particles
by agents such as water, wind, and human activities (Chuenchum et al., 2019). In many parts of
the world, including Nigeria, erosion is driven by a combination of climatic, geological, and
anthropogenic factors. The rate of soil erosion in Mubi North and Mubi South LGAs is exacerbated
by factors such as steep slopes, fragile soil structures, heavy rainfall, and unsustainable land-use
practices (Haruna and Adamu, 2017). Previous studies indicate that regions with undulating terrain
and complex geological structures are more prone to erosion due to increased runoff and sediment
transport (Baba, 2021). Geological formations play a crucial role in determining soil characteristics
such as texture, permeability, and stability, which in turn affect erosion susceptibility. The geology
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of Mubi North and Mubi South consists of Precambrian basement complex rocks, including
granite, migmatite, and gneiss, which influence soil development and its response to erosional
forces (Obaje, 2009). Additionally, relief factors, including slope gradient, elevation, and aspect,
control the movement of surface water and sediment transport, thereby dictating erosion intensity
(Mitasova et al., 1996).

Mubi North and South LGAs are located within the northern savanna ecological zone,
characterized by seasonal rainfall that intensifies soil erosion risks (Adebayo, 2010). Rainfall
erosivity, coupled with deforestation, overgrazing, and poor agricultural practices, has contributed
to widespread land degradation in the region (Okeke and Ogbonna, 2018). The impacts of soil
erosion is evident in declining soil fertility, reduced crop yields, and increased sedimentation in
water bodies, which threaten the livelihoods of local communities (Lal, 2015). Soil erosion poses
a significant threat to the socio-economic stability of Mubi North and Mubi South LGAs. The
rapid degradation of arable land due to the accelerated soil erosion process has resulted in declining
agricultural productivity, increased food insecurity, and greater vulnerability of communities to
climate change (Panagos, Borrelli, Poesen, Ballabio, and Lugato, 2019). Despite the recognition
of soil erosion as a major environmental concern, there is limited empirical research on the specific
roles of geological formations, relief and precipitation factors in shaping erosion patterns in this
region. Furthermore, conventional soil conservation approaches have largely overlooked the
influence of underlying geological structures and topographical variations, resulting in ineffective
erosion control measures (Rahaman and Gain, 2020). There is, therefore, an urgent need to assess
the relationships between geological formations, relief and precipitation factors, and soil erosion
patterns in Mubi North and Mubi South LGAs to inform sustainable land management strategies.

The primary aim of this research is to assess the relationships between geological formations,
relief, precipitation factors, and soil erosion patterns in Mubi North and Mubi South LGAs of
Adamawa State, Nigeria. This study is significant in multiple ways. First, it contributes to the
growing body of knowledge on the interplay between geological formations, relief and
precipitation factors, and soil erosion, providing critical insights for soil conservation efforts
(Boardman and Poesen, 2006). Second, it offers practical recommendations for policymakers,
environmental agencies, and local farmers on effective soil management practices tailored to the
unique geological and topographical features of Mubi North and Mubi South LGAs (Montgomery,
2007). Third, it serves as a reference point for future research on soil erosion vulnerability in
similar ecological zones across Nigeria and beyond. By integrating geospatial analysis, field
surveys, and soil property assessments, this research aims to develop a comprehensive soil erosion
susceptibility map, which can be utilized for targeted interventions. Understanding the intricate
relationships between geological formations, relief and precipitation factors, and erosion processes
is crucial for ensuring the long-term sustainability of agricultural lands and safeguarding the
livelihoods of communities dependent on natural resources in Mubi North and Mubi South LGAs.
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Soil erosion remains a pressing environmental and socio-economic challenge in Mubi North and
Mubi South LGAs, with geological formations and relief factors playing a pivotal role in shaping
erosion patterns. This study seeks to bridge the knowledge gap by assessing these relationships
and providing actionable solutions for mitigating soil degradation induced by the interaction of
geological formations, relief characteristics, precipitation intensity, and anthropogenic land-use
pressures. Through a detailed investigation of geological characteristics, topographical features,
precipitation features and erosion processes, the research will offer valuable insights into
sustainable land use planning and soil conservation in the study area.

2.0 METHODOLOGY
2.1 Methods

This study employed integrated a multi-disciplinary approach to assess the relationships between
geological formations, relief, precipitation factors, and soil erosion patterns in Mubi North and
Mubi South LGAs, Adamawa State, Nigeria. The data sources include both primary and secondary
sources. Primary data sources consist of field surveys, including identification and mapping of
erosion-prone areas, and geospatial data acquisition using GPS mapping of erosion sites with
Garmin 5 GPS units. Secondary data sources include satellite imagery (Landsat 8 imagery, 2021)
obtained from the United States Geological Survey (USGS) for land cover classification and
erosion site detection, geological data sourced from the Nigerian Geological Survey Agency
(2005), rainfall data extracted from global weather databases (2000-2023), and a Digital Elevation
Model (DEM) from SRTM data for generating slope and relief maps. The study integrated GIS
and remote sensing analysis to map soil erosion patterns. Satellite imagery was processed using
ArcGIS 10.5 and QGIS to classify land cover and detect soil erosion features, with field GPS data
used for ground-truthing and validation. Topographic analysis involves generating slope and
aspect maps from DEM using spatial analyst tools in ArcGIS. The data analysis employed spatial
and statistical methods. Weighted Overlay Analysis (WOA) in GIS integrates multiple erosion
factors such as geology, slope, aspect, and precipitation. The Analytical Hierarchy Process (AHP)
was used to assign factor weights through a Pairwise Comparison Matrix. Regression analysis was
conducted to assess the correlation between slope, geology, and soil erosion rates.

Validation and accuracy assessment involved field validation, where GPS locations of erosion sites
were compared with remote sensing classifications. The equipment and software used in this study
include Garmin 5 GPS for data acquisition and ArcGIS 10.5, QGIS, and SPSS 24 for data
processing and analysis. The methodology ensured a comprehensive assessment of soil erosion
vulnerability in Mubi North and Mubi South LGAs by integrating spatial data analysis, field
surveys, and statistical evaluation, providing a robust framework for understanding the interplay
of geological formations, relief, and precipitation in influencing soil erosion patterns.
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Figurel: Adamawa State Showing Mubi North and Mubi South Local Government Areas. Source: ESRI, 2021.
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3.0 RESULTS AND DISCUSSION
The erosion vulnerability of Mubi North and Mubi South Local Government Areas is illustrated

in Figure 2, showing areas of high, moderate, and low susceptibility to soil erosion. This
vulnerability is influenced by underlying geological formations (Figure 3), topographic relief
(Figure 4), and precipitation patterns (Figure 5) across the study area.
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Table 1: Mean monthly rainfall in Mubi North and Mubi South LGAs in mm

Station

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OoCT

NOV

DEC

Mubi

0

5.8

28.1

78.2

132.8

179.1

269.6

170.7

56.6

Source: Nigerian Meteorological Agency (NiMet), 2024.
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Figure 2: Erosion Vulnerability Areas of Mubi
North and Mubi South Local Government Areas.

Source: Nigerian Meteorological Agency (NiMet), 2024.
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Figure 3: Geologic formation in the study area

Source: Obaje, 2009
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Figure 4: Relief Factor of the Study Area
Source: DEM Analysis, 2024
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The geological formations in Mubi North and Mubi South LGAs significantly influence soil
erosion susceptibility. The dominant lithology consists of Precambrian basement and Mesozoic
rocks, including granites, gneisses, and sandstones, which determine soil stability and erosion
rates. Granite-rich areas, such as Kpasim, Maiha, Mijil, and Gella, exhibit better soil stability due
to their coarse-grained texture, reducing erosion susceptibility. Conversely, sandstone-rich areas,
such as Lokuwa, Gerei, and Maiha, have high soil erodibility, making them more prone to sheet
and gully erosion. Dolerite and pegmatite dykes in Mubi create elevated ridges, acting as natural
barriers against erosion, while quartz-feldspathic veins weather quickly and contribute to gully
formation. Statistical analysis of soil erosion rates in these locations indicates that areas with
sandstone formations have an average annual soil loss of 12-18 t/ha, while granite-rich areas
experience significantly lower soil erosion rates of 5-8 t/ha. Regression analysis shows a strong
positive correlation (Rz = 0.82) between sandstone formations and high erosion rates, confirming
their vulnerability.

Table 2: Mean Annual Soil Erosion Rates by Geological Formation in Mubi North and Mubi South Local Government Areas

Geological Number of Sample Mean Soil Loss Standard Deviation Min-Max Range

Formation Sites (n) (t/hatyr) (£SD) (t/halyr)

Sandstone ni 12-18 SD: Mini—Maxi
Granite nz 5-8 SD. Minz—Maxz

Relief factors, particularly slope gradient and length, play a crucial role in determining erosion
severity in Mubi North and South LGAS. Steeper slopes increase runoff velocity, leading to greater
soil detachment and transportation. Highly vulnerable areas, including Wuro Gude, Muchalla, and
Barama, experience severe gully erosion due to long slope lengths and high runoff accumulation.
Areas such as Gella and Mijibul Chambi suffer from land degradation and topsoil loss, reducing
agricultural productivity. Moderately vulnerable areas, including Lamurde, Wuro Chay, and Bodo,
have moderate slopes but still experience intermittent erosion, requiring land management
interventions. Slope steepness analysis indicates that regions with slopes greater than 15° show an
erosion rate of approximately 20 t/ha annually, while areas with slopes between 5° and 10° show
significantly lower rates of 7-10 t/ha. Rainfall intensity and duration significantly influence soil
erosion rates in Mubi North and South LGAs. Highly vulnerable areas such as Kudzum, Muva,
and Madagali receive 1200-1400mm annual rainfall, causing intense surface runoff and gully
formation. Moderate vulnerability areas such as Pella, Vimtim, and Sabon-Gari experience 1000—
1200mm annual rainfall, leading to progressive sheet erosion. Areas with lower annual rainfall,
such as Lokuwa and Kwafara, experience minimal soil erosion. Rainfall erosivity index
calculations reveal that high precipitation areas (1200mm-+) have an average soil loss of 22-25 t/ha
annually, while areas receiving below 900mm experience only 5-10 t/ha of soil loss. The results
highlight the significant impact of geological formations, relief, and precipitation on soil erosion
vulnerability in the study area. The findings emphasize the need for targeted soil conservation
measures based on site-specific geological and topographical conditions. Understanding these
relationships is crucial for developing effective land management strategies to mitigate soil erosion
and enhance agricultural sustainability in Mubi North and Mubi South LGAs.
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3.2 Analysis of the Relationship between Slope, Geology, Precipitation, and Soil Erosion
in Mubi North and Mubi South Local Government Areas, Adamawa State, Nigeria

3.2.1 Influence of Slope on Soil Erosion in Mubi North and South LGAs

Slope gradient is a dominant control on soil erosion intensity in Mubi North and South LGAs.
Areas with steep slopes (15°-30°) exhibit significantly higher erosion susceptibility due to
increased runoff velocity and reduced infiltration capacity. Highly vulnerable zones, accounting
for approximately 14% of the study area, include Gella, Nduku, and Chaba, where steep slopes
combined with sparse vegetation accelerate soil detachment and transport. Moderately vulnerable
areas (approximately 33%), such as Mugulbu and Lokuwa, experience moderate erosion due to
rolling terrain and mixed vegetation cover, which partially reduces runoff energy. Empirical
evidence by Musa and Lawan (2020) indicates that slopes exceeding 15° in Mubi experience
erosion rates greater than 10 t/ha/year, largely driven by gravity-induced runoff processes.
Similarly, Ahmed, Musa, and Usman (2018) observed that deforestation on slopes greater than 10°
significantly intensifies sheet and rill erosion, further destabilizing the soil surface.

3.2.2 Geological Influence on Soil Erosion in Mubi North and South LGAs

Geological formations play a critical role in determining soil erodibility across the study area.
Highly erodible formations, particularly sandstones and alluvial deposits found along floodplains
and riverbanks, exhibit weak structural cohesion and high susceptibility to erosion. Areas such as
Lokuwa and Barama experience severe erosion due to loose sandy soils, low organic matter, and
sparse vegetation cover, with Normalized Difference Vegetation Index (NDVI) values ranging
between 0.3 and 0.6. In contrast, areas underlain by more resistant lithologies, such as granite and
gneiss formations, particularly in Mubi and Kabiri, show comparatively lower erosion rates. Igwe
(2019) reported that sandy loam soils in Lokuwa and Maiha exhibit erosion rates of 8-12 t/ha/year,
whereas basement complex terrains demonstrate greater structural stability. Similarly, Obaje
(2009) noted that the granitic basement rocks dominant in Mubi North contribute to reduced soil
loss when compared to sedimentary formations.

3.2.3 Precipitation and Soil Erosion in Mubi North and South LGASs

Rainfall intensity and distribution significantly influence erosion dynamics across the study area.
High rainfall zones receiving more than 900 mm annually are strongly associated with elevated
erosion rates, particularly in hilly and deforested landscapes. Highly vulnerable areas
(approximately 14%) receive over 1000 mm of rainfall annually, resulting in increased surface
runoff and sediment transport into river systems. Intense rainfall events ranging between 50-100
mm per hour over durations of 2-12 hours significantly amplify sheet and gully erosion, especially
on exposed soils. Moderate rainfall zones (700-900 mm/year) exhibit comparatively lower erosion
rates, with land-use practices playing a more dominant role than rainfall intensity alone. Adebayo
(2004), (Adamu and Aliyu,2021) reported that rainfall exceeding 900 mm annually in Mubi South
contributes to severe topsoil loss of up to 15 t/ha/year. Supporting this, Thlakma, Iguisi, Odunze,
and Jeb (2018),(Pimental, Allen, Beers, Guinand and Hawkins, 1995) observed that erosion rates
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increase by approximately 40% in areas experiencing high rainfall coupled with weak soil
structure.

The interaction between slope steepness, geological composition, and rainfall intensity strongly
controls soil erosion patterns in Mubi North and South LGAs. Steep slopes and weak geological
formations amplify the erosive effects of intense rainfall, while gentler slopes and resistant bedrock
reduce erosion severity. These findings underscore the need for integrated land management
strategies that account for terrain, lithology, and climatic variability to effectively mitigate soil
erosion risks in the region.

4.0 CONCLUSION

This study demonstrates that geological formations, relief characteristics, and precipitation
patterns are the primary drivers of soil erosion in Mubi North and Mubi South Local Government
Areas (LGASs). The underlying lithology, dominated by Precambrian basement complexes and
Mesozoic sedimentary formations, plays a fundamental role in determining soil stability and
erosion susceptibility. Granite-rich areas such as Kpasim, Maiha, Mijil, and Gella exhibit relatively
stable soils due to their coarse-grained texture and resistance to weathering. In contrast, sandstone-
dominated areas including Lokuwa, Gerei, and parts of Maiha are highly susceptible to erosion
owing to their friable nature and weak structural cohesion. Dolerite and pegmatite intrusions form
elevated ridges that locally reduce erosion by acting as natural barriers, whereas quartz—feldspathic
veins weather rapidly and promote gully development. Relief characteristics, particularly slope
gradient and slope length, significantly influence erosion intensity across the study area. Steep and
elongated slopes accelerate surface runoff, increasing soil detachment and transport. Highly
vulnerable areas such as Wuro Gude, Muchalla, and Barama experience severe gully erosion due
to steep gradients and concentrated runoff. Moderate erosion occurs in areas such as Lamurde,
Wuro Chay, and Bodo, where slope gradients are gentler but still sufficient to induce intermittent
soil loss. Conversely, flatter terrains exhibit relatively lower erosion intensity. Rainfall amount and
intensity further exacerbate erosion processes in Mubi North and South LGAs. Areas such as
Kudzum, Muva, and Madagali, which receive annual rainfall of about 1200-1400 mm, experience
intense surface runoff and pronounced gully formation. Moderate rainfall zones, including Pella,
Vimtim, and Sabon-Gari, are prone to sheet erosion, while areas with comparatively lower rainfall,
such as Lokuwa and Kwafara, experience minimal erosion. The interaction between high rainfall
intensity and weak soil structure significantly amplifies erosion risks across the region. Overall,
the findings confirm that slope remains the most dominant factor influencing soil erosion in Mubi
North and South LGAs, particularly in elevated terrains such as the Mubi Hills and Gella.
Geological composition plays a secondary but critical role, with sandy and loosely consolidated
sediments being more erosion-prone than basement complex formations. Rainfall acts as a
triggering and intensifying agent, especially in high-rainfall zones with fragile soils. To mitigate
soil erosion, integrated and location-specific land management strategies are essential. Terracing
and contour farming should be prioritized in steeply sloping areas such as Wuro Gude, Muchalla,
and Gella. Afforestation and agroforestry initiatives are necessary in deforested and degraded
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zones such as Lokuwa and Barama to restore vegetation cover and stabilize soils. Sandy and highly
erodible areas such as Gurum, Mubi, and Madanya require the incorporation of organic matter and
cover crops to enhance soil structure. Controlled grazing should be enforced in overgrazed areas
like Wuro Harde and Barama, while rainwater management measures such as check dams and
improved drainage systems should be implemented in high-rainfall zones including Kudzum,
Muva, and Madagali.

In conclusion, sustainable soil management in Mubi North and South LGAS requires an integrated
approach that accounts for geological conditions, topography, and climatic influences. The
adoption of site-specific conservation measures will enhance land productivity, reduce erosion
risks, and promote long-term environmental sustainability in the region.
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