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Abstract 
This study investigates the geotechnical and geochemical characteristics of lat-
eritic soils along the Maroua-Mora corridor in the semi-arid Far North region 
of Cameroon, with the aim of assessing their suitability for road construction 
applications. Eight representative soil samples were collected and analyzed 
through standardized laboratory tests, including particle size distribution, At-
terberg limits, Modified Proctor compaction, California Bearing Ratio (CBR), 
and X-ray fluorescence (XRF). The results indicate that the soils are predom-
inantly sandy to sandy-clayey, with coarse fractions ranging approximately from 
58% to 77% and fines content between 23% and 42%, and varying from low to 
moderate plasticity (PI = 9 - 20). Compaction characteristics show maximum 
dry densities ranging from 2.060 to 2.157 g/cm3 and optimum moisture con-
tents between 6.8% and 12.3%. CBR values (15 - 40) classify most materials 
within S4-S5 categories, suitable for subgrade and foundation layers but mar-
ginal for base course applications without stabilization. Geochemical analysis 
reveals dominance of SiO2, Al2O3, and Fe2O3, reflecting varying degrees of lat-
eritization. Soils enriched in sesquioxides exhibit improved mechanical per-
formance due to natural cementation, whereas silica-rich materials show lower 
cohesion and require stabilization. The SiO2/(Al2O3 + Fe2O3) ratio emerges as a 
key parameter controlling engineering behavior. The study highlights the strong 
interdependence between geotechnical properties and geochemical composi-
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tion, demonstrating that the performance of lateritic soils in semi-arid envi-
ronments is governed by both mineralogical and compaction factors. This in-
tegrated approach provides a reliable framework for optimizing the use of lo-
cal materials in road construction and contributes to sustainable infrastruc-
ture development in Sahelian regions. 
 

Keywords 
Lateritic Soils, Geotechnical Characterization, Geochemical Analysis, Road 
Construction Materials, Far North Cameroon 

 

1. Introduction 

In developing countries, particularly in sub-Saharan Africa, the expansion and 
sustainability of road infrastructure remain critical drivers of economic growth, 
regional integration, and access to essential services [1]. Nevertheless, the perfor-
mance and durability of road networks are often constrained by the inadequate 
characterization and inappropriate use of locally available construction materials 
[2]-[8]. This issue is especially pronounced in semi-arid environments, where cli-
matic factors such as high temperatures, seasonal rainfall variability, and erosion 
processes significantly accelerate the degradation of pavement structures [9]. 

In Cameroon, the deficit in transport infrastructure constitutes a major con-
straint to socio-economic development [1] [4]. This challenge is particularly acute 
in the Far North Region, where rapid demographic growth and increasing com-
mercial activities exert additional pressure on already fragile road networks [8]. 
The Maroua-Mora axis represents a strategic corridor for national and regional 
connectivity, notably facilitating trade with neighboring countries such as Chad 
and Nigeria. However, this road is frequently affected by structural distress, in-
cluding rutting, cracking, and surface erosion, raising concerns regarding the en-
gineering suitability of the materials used in pavement layers [9]. 

In the Sahelian context of northern Cameroon, road construction relies pre-
dominantly on locally available geomaterials, particularly lateritic soils and, to a 
lesser extent, granitic arenites. These materials are widely used due to their acces-
sibility and economic advantages in tropical regions [10]. However, their geotech-
nical performance is highly variable and largely dependent on their mineralogical 
composition, granulometry, degree of weathering, and geochemical characteris-
tics [11]-[15]. In many cases, the lack of rigorous characterization and quality 
control leads to suboptimal use, resulting in premature deterioration of road in-
frastructures. 

Furthermore, the increasing demand for construction materials, combined with 
uncontrolled exploitation practices, has led to the progressive depletion of high-
quality lateritic resources [13] [14]. This situation underscores the necessity of 
developing a comprehensive understanding of the geotechnical and geochemical 
behaviour of these materials in order to optimize their use in road engineering 
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applications. Several studies have demonstrated the potential of lateritic soils for 
various civil engineering purposes, including road construction, embankments, 
earth dams, and compressed earth blocks [10]-[15]. However, region-specific data 
remain insufficient, particularly in semi-arid zones such as the Far North of Cam-
eroon. 

In this context, the present study aims to assess the geotechnical and geo-
chemical properties of lateritic soils collected along the Maroua-Mora axis, with 
a view to evaluating their suitability for different pavement layers, including 
subgrade, subbase, and low-traffic base applications. The study seeks to contrib-
ute to the establishment of a reliable geotechnical database that can support in-
frastructure development in the region. Particular attention is given to the rela-
tionships between mineralogical composition, chemical indices, and engineer-
ing performance. 

Beyond the local scale, this research also proposes an integrated methodological 
framework combining geotechnical, geochemical, and geological approaches. Such 
a framework could be extended to other Sahelian regions to improve the identifi-
cation, mapping, and sustainable management of construction material resources. 
Ultimately, this approach aims to promote the rational and optimized use of lo-
cally available materials, thereby enhancing the durability and resilience of road 
infrastructures in semi-arid environments. 

2. Localization and Experimental Methods 
2.1. Localization of Study Area and Sample Collection 

The study area is located in the Far North Region of Cameroon, between latitudes 
10˚N - 13˚N and longitudes 14˚E - 16˚E, along the Mora-Maroua axis within the 
Diamaré Division (Figure 1). This area represents a key socio-economic corridor 
connecting Cameroon with Chad and Nigeria. Investigations were mainly carried 
out in Maroua I, II, and III subdivisions. The climate is Sudan-Sahelian, charac-
terized by a long dry season (October-May) and a short rainy season (June-Sep-
tember) [16]. The average annual rainfall ranges between 700 and 900 mm, with 
a mean temperature of about 28˚C [16]. These climatic conditions significantly 
influence weathering processes and the geotechnical behaviour of soils [14]. Geo-
morphologically, the area consists of low-relief plains and discontinuous high-
lands (inselbergs). The hydrographic network is mainly seasonal, dominated by 
the Mayo Tsanaga, Mayo Kaliao, and Mayo Mizao rivers, which belong to the Lake 
Chad basin [17]. The soils are predominantly hydromorphic vertisols associated 
with ferruginous and alluvial soils. These materials are known for their high clay 
content and shrink-swell behaviour, which can affect road performance [17]-[19]. 
Geologically, the area belongs to the Precambrian basement and is composed 
mainly of gneisses, granites, and gabbros [20]. The weathering of these rocks leads 
to the formation of lateritic soils widely used in road construction. Their proper-
ties vary depending on mineralogical and geochemical composition, which justi-
fies their detailed characterization in this study. 
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The eight sampling sites were selected in order to represent the main lateritic 
formations developed along the Maroua-Mora corridor under varying geomor-
phological and geological conditions. The selected sites cover materials derived 
from different parent rocks and weathering environments distributed across the 
Meri, Maroua, and Mora subdivisions. At each site, disturbed bulk samples were 
collected from representative lateritic horizons between 0.5 and 1.5 m depth. Each 
sample corresponds to a composite material obtained from several closely spaced 
points within the same borrow area to minimize local heterogeneity. In addition, 
these eight soil samples were collected along the Maroua-Mora axis in the Far 
North Region of Cameroon, covering the subdivisions of Meri (Mambang, Mo-
gordom, Djoulgouf), Maroua I (Meskine, Pont Sava), and Mora (Doulo, Guédéré, 
Makalingai) as presented in Table 1. Samples were taken at depths between 0.5 
and 1.5 m and coded (MAM, MOG, DJO, MES, PSA, DOU, GUE, MAK) for trace-
ability. Field observations indicate predominantly reddish-brown lateritic soils 
(2.5YR 5/4), with sandy clayey texture and coarse-grained structure. This relative 
homogeneity suggests similar weathering conditions, with minor variations likely 
related to local mineralogical differences [14]. 
 

 
Figure 1. Location map of the case study area. 
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Table 1. Macroscopic characteristics of the studied soils. 

Division Subdivision 
Place of 

Sampling 
Sample 
Code 

Coordinates Color (Dry) Textural Class Structure 

Diamaré 

Meri Mambang 1 MAM 
10˚38'06'' 
14˚17'39'' 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

Meri Mogordom MOG 
10˚41'15'' 
14˚16'04'' 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

Meri Djoulgouf DJO 
10˚37'28'' 
14˚28'08'' 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

Maroua I Meskine MES 
10˚33'25'' 
14˚15'25'' 

Yellowish Brown 
(10YR5/6) 

Sandy Clayey 
Coarse-Grained 

Structure 

Mayo Sava Mora 

Pont Sava PSA 
11˚01'03'' 
14˚10'32'' 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

Doulo DOU 
11˚06'21'' 
14˚10'24'' 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

Guédéro GUE 
11˚14'41" 
14˚08'37" 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

Makalingaï MAK 
10˚51'03'' 
14˚13'40" 

Reddish Brown 
(2.5YR5/4) 

Sandy Clayey 
Coarse-Grained 

Structure 

2.2. Experimental Study 
2.2.1. Geotechnical and Mechanical Properties of Lateritic Soils 
The experimental analysis consisted of a series of standard geotechnical, miner-
alogical, and geochemical tests aimed at comprehensively characterizing the phys-
ical, hydric, mechanical, and compositional properties of the studied soils. These 
analyses made it possible to evaluate their particle size distribution, plasticity, nat-
ural water content, as well as their compaction and bearing performance, while 
also integrating the study of their mineralogical composition and geochemical sig-
nature, in order to assess their suitability for civil engineering applications, par-
ticularly road construction. 

Particle size distribution was determined using a combination of sieving and sed-
imentation techniques. Dry and wet sieving were applied to particles larger than 80 
μm, depending on soil cohesiveness, while finer fractions were analyzed by sedi-
mentation. This combined approach enabled the establishment of granulometric 
curves and the classification of soil particles into distinct size fractions [21] [22]. 

The Atterberg limits, including liquid and plastic limits, were determined on 
the fine fraction passing the 0.4 mm sieve, in accordance with [23]. These param-
eters are essential for assessing soil consistency and its sensitivity to moisture var-
iations [24] [25]. 

The natural water content was measured by oven-drying samples at 105˚C - 
110˚C until constant mass was achieved. The water content was calculated as the 
ratio of water mass to dry mass, expressed as a percentage [26]. 

The specific gravity of soil particles was determined using the pycnometer method, 
based on the displacement of a liquid of known density. This method allows ac-
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curate estimation of the density of solid particles [27]. 
Compaction characteristics were evaluated using the Modified Proctor test 

[28], which establishes the relationship between water content and dry density. 
This test allows the determination of the optimum moisture content and maxi-
mum dry density under conditions representative of road construction. 

The bearing capacity of the soils was evaluated using the California Bearing Ra-
tio (CBR) test [29]. This method determines the resistance of compacted soils to 
penetration under standardized conditions and yields key parameters for pave-
ment design. CBR tests were performed on specimens compacted at 95% of the 
Modified Proctor optimum under unsoaked conditions, in accordance with NF P 
94-078 [29]. For each sample, at least three replicate specimens were tested, and 
the average CBR value was retained. The penetration resistance was measured after 
standard compaction and curing procedures. The interpretation of the results was 
carried out in accordance with data reported in Table 2, which presents the CBR 
classification and corresponding recommendations for road construction [30]. 
 
Table 2. CBR classes and recommended use in road construction [30]. 

CBR Class Use in Road Construction 

S1: 0 < CBR < 5 Not suitable for road construction 

S2: 5 < CBR < 10 Platform layer 

S3: 10 < CBR < 15  Form layer and embankment 

S4: 15 < CBR < 30 Foundation layer for Traffic T1 

S5: 30 < CBR < 60 Foundation layer for Traffic T2/T3; Base layer for Traffic T1 

S6: 60 < CBR < 120 Foundation layer for Traffic T3/T4; Base layer for Traffic T2 

S7: CBR > 120 Base layer for Traffic T3 

2.2.2. Geochemical Analyses 
The chemical composition of the samples was determined by X-ray fluorescence 
spectrometry (XRF) at the Bureau Veritas Commodities Laboratory. This tech-
nique enables both qualitative and quantitative determination of major and trace 
elements based on the emission of characteristic radiation following atomic exci-
tation. Geochemical data are essential for assessing the origin, weathering degree, 
and potential engineering applications of lateritic materials [31]-[33]. Prior to 
XRF analysis, samples were oven-dried, crushed, and finely ground to obtain ho-
mogeneous powders. Loss on ignition (LOI) was determined after heating at 
1000˚C. Analytical quality control included duplicate analyses and calibration us-
ing certified reference materials at the Bureau Veritas Commodities Laboratory. 

3. Results and Discussion 
3.1. Geotechnical Parameters 
3.1.1. Particle Size Analysis 
Particle size distribution indicates a predominance of coarse fractions (65% - 97%), 
confirming a sandy-to-sandy-clayey texture, while the fine fraction (<0.080 mm), 
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ranging from 23% to 42%, remains sufficiently significant to confer an intermedi-
ate behavior between granular and cohesive materials (Figure 2). The generally 
continuous grading curves fall within the CEBTP [30] envelopes for subbase and, 
locally, base layers, suggesting an overall acceptable particle size distribution for 
road applications. 
 

 
Figure 2. Position of granulometric curves on the CEBTP [30] spindles for base and subbase layers: (a) sample from Mayo 
Sava Division, (b) sample from Diamare Division. 

 
These findings are consistent with the work of Kamtchueng et al. [12], who 

demonstrated that lateritic soils containing moderate fines (20% - 30%) exhibit im-
proved compaction and higher CBR values. However, when the fine content exceeds 
this range, a progressive decline in bearing capacity is observed. Kagonbé et al. [13] 
[14] reported comparable trends on lateritic materials from Garoua, where fine con-
tents between 20% and 40% were associated with increased plasticity and a reduc-
tion in mechanical performance. More broadly, the inverse relationship between 
fine fraction and bearing capacity, coupled with increased moisture sensitivity, is 
well established in lateritic soil mechanics [2]. This tendency is further supported 
by recent results obtained on Meiganga soils, where an average fine content of about 
52% is associated with predominantly plastic behavior and reduced surface bearing 
capacity [34]. Therefore, despite a globally favorable grading, the relatively high pro-
portion of fines (23% - 42%) may limit mechanical performance, indicating that 
stabilization remains necessary for optimal use in base layers. 

3.1.2. Atterberg Limits and Swelling Potential 
The Atterberg limits reported in Table 3 indicate liquid limits ranging from 35% 
to 50% and plasticity indices between 9% and 20%, reflecting overall low to mod-
erate plasticity. The MAM sample (PI = 20%) stands out with the highest plastic-
ity, consistent with a greater proportion of active clay minerals, whereas MAK (PI 
= 9%) and GUE (PI = 10%) correspond to less plastic and more stable materials. 
Positioning on the Casagrande chart (Figure 3) confirms that all samples fall 
within the ML-CL domain, indicative of silty to clayey soils with moderate plas-
ticity, in agreement with typical lateritic soils described by Gidigasu [10] and re-
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gional studies in northern Cameroon [13]-[15]. Compared to the highly plastic 
and swelling lateritic fine soils reported by Hyoumbi et al. [5], these materials ex-
hibit significantly lower plasticity and very limited linear swelling (Ɛs = 0.001 - 
0.008), indicating reduced shrink-swell potential and improved dimensional sta-
bility. The plasticity modulus (207 - 848) further highlights this variability: the 
high value for MAM (848) reflects marked water sensitivity and behavior ap-
proaching more plastic lateritic facies, whereas the lower values for MAK (207) 
and GUE (243) confirm more stable and less moisture-sensitive soils, consistent 
with the interpretation of Lérau [24]. 
 

Table 3. Summary of geotechnical for the studied soil. 

Sample 
Code 

Specific 
Weight 
(g/cm3) 

Granulometric Analysis Limits of Atterberg 
Module of 
Plasticity 

Linear 
Swelling 

Classification 

31.5 20 2.0 0.5 0.080 WL PL PI f*PI Ɛs H.R.B GTR 

MAM 2.803 100 86 66 54 42 50.0 30.0 20.0 848 0.008 A-7-6 A2 

MOG 2.650 100 96 40 29 26 35.0 23.0 12.0 313 0.003 A-2-6 B6 

DJO 2.632 100 100 75 47 25 37.0 24.0 13.0 325 0.003 A-2-6 B5 

MES 2.610 100 97 66 45 23 35.0 24.0 11.0 253 0.002 A-2-6 B6 

PSA 2.455 100 100 74 46 28 40.0 26.0 14.0 391 0.004 A-2-6 B6 

DOU 2.453 100 100 76 54 27 40.0 25.0 15.0 405 0.004 A-2-7 B6 

GUE 2.589 100 100 55 26 24 37.0 27.0 10.0 243 0.002 A-2-7 B6 

MAK 2.610 100 100 66 45 23 35.0 26.0 9.0 207 0.001 A-2-6 B6 

 

 
Figure 3. Position of the investigated materials on the Casagrande plasticity chart. 
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3.1.3. Mechanical Characteristics 
The mechanical characteristics derived from Table 4, supported by the compac-
tion and strength trends in Figure 4 and Figure 5, indicate a heterogeneous but 
globally favorable behavior of the studied lateritic soils for road applications. Max-
imum dry densities (2.060 - 2.157 g/cm3) and optimum moisture contents (6.8% 
- 12.3%) are consistent with sandy clay laterites and comparable to values reported 
in northern Cameroon [35]. The Proctor curves exhibit the classical bell-shaped 
pattern, confirming well-defined compaction optima and efficient particle rear-
rangement. The weak inverse relationship between MDD and OMC, together with 
local variability, reflects differences in granulometry and soil fabric, while lower 
fines content favors higher densities and reduced water demand [30] [36]. 
 

 
Figure 4. Variation of dry density with water content. 

 

 
Figure 5. Variation of CBR index values (CBRi) with dry density. 
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Table 4. Mechanical parameters. 

Sample Code 
Specific Weight 

g/cm3 
Proctor (Compacity) CBRi to 95% of 

OPM 
Linear Swelling 

Ɛs 
Lift Class 

g/cm3 w % 

MAM 2.803 2.105 12.3 20 0.007 S4 

MOG 2.650 2.145 7.8 38 0.004 S5 

DJO 2.632 2.118 7.3 50 0.002 S5 

MES 2.610 2.060 7.0 56 0.002 S5 

PSA 2.455 2.078 7.8 24 0.005 S4 

DOU 2.453 2.100 7.7 22 0.004 S4 

GUE 2.589 2.157 6.8 24 0.019 S4 

MAK 2.610 2.060 7.0 47 0.002 S5 

 
CBRi values at 95% OPM range between 15 and 40, with an average around 30, 

placing most materials within S4-S5 classes according to CEBTP [30]. Based on 
standard specifications, S4 materials (15 - 30) are suitable as foundation layers for 
low traffic (T1), whereas S5 materials (30 - 60) can be used as foundation layers 
for moderate traffic (T2-T3) and even as base layers for low traffic roads (T1). 
This classification confirms that the studied soils are generally adequate for sub-
grade and foundation applications, but remain marginal for base layers under 
higher traffic without improvement. The positive, though weak, correlation be-
tween CBR and dry density (Figure 5) highlights the dominant role of compaction 
in strength development, consistent with observations by Kamtchueng [12]. Lin-
ear swelling remains low (0.002 - 0.019), confirming limited expansiveness and 
good dimensional stability. Overall, these soils, classified as sandy clays [37], ex-
hibit mechanical performance controlled by moisture-density conditions and 
fines content; although suitable for form and foundation layers across traffic clas-
ses (T1-T3), stabilization is recommended to meet the requirements of higher 
traffic levels or base course applications. 

3.1.4. Analysis of Relationships between Particle Size Distribution, 
Plasticity, Compaction Parameters, and Soil Bearing Capacity 

The correlations presented in Figure 6 highlight the interdependence between ge-
otechnical parameters governing the mechanical performance of lateritic soils.  

The inverse relationship observed between fines content and CBR values con-
firms that an increase in fine particles, particularly clay fractions, leads to a reduc-
tion in bearing capacity due to higher plasticity and moisture sensitivity. Similarly, 
the negative correlation between plasticity index and CBR further supports the 
detrimental effect of soil plasticity on strength characteristics. The swelling-CBR 
relationship emphasizes the influence of volumetric instability on load-bearing 
performance, particularly in clay-rich materials. In contrast, the relationship be-
tween maximum dry density and optimum moisture content reflects typical Proc-
tor compaction behavior, controlled by particle arrangement and soil fabric. The 
positive correlation between plasticity index and liquid limit indicates a coherent 
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evolution of consistency limits, reflecting mineralogical control, especially the 
presence of kaolinite and iron oxides in lateritic systems. Overall, these trends are 
consistent with previous studies on tropical and lateritic soils, which demonstrate 
that granulometry, plasticity, and compaction characteristics are key determi-
nants of their suitability for road construction applications [2] [4] [10] [38]-[41]. 
 

 
Figure 6. Correlations between: (a) fines content/CBR value, (b) maximum dry density/optimum moisture 
content, (c) plasticity index/CBR value, (d) swelling/CBR value, (e) maximum dry density/fines content (%), 
and (f) plasticity index/liquid limit. 

3.2. Geochemical Composition 

The geochemical composition of the studied lateritic soils (Table 5) is dominated 
by SiO2 (44.43 wt.% - 89.77 wt.%), followed by Al2O3 (3.85 - 18.62 wt.%) and Fe2O3 
(2.39 wt.% - 26.76 wt.%), confirming their typical lateritic nature under tropical 
weathering conditions. These ranges are consistent with those reported in the Far 
North Cameroon, where quartz, aluminosilicates, and iron oxides control soil 
composition [42]. High SiO2 contents in DJO (89.77 wt.%), MAK (78.06 wt.%), 
and PSA (75.26 wt.%) indicate quartz-rich, weakly cohesive materials, as con-
firmed by their high SiO2/(Al2O3 + Fe2O3) ratios (4.5 - 13.2). 
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Table 5. Chemical composition of the studied soils. 

 MAM DJO PSA MAK DOU MES MOG 
SiO2 49.03 90.59 76.62 79.30 71.17 54.11 69.08 

Al2O3 20.55 3.88 12.68 8.74 12.82 13.36 13.00 
Fe2O3 20.46 2.86 2.81 2.43 4.96 29.20 15.34 
K2O 0.22 1.63 5.34 6.15 7.44 0.96 0.71 
MgO 0.86 0.25 0.25 0.35 0.43 0.31 0.19 
TiO2 2.03 0.58 0.39 0.30 0.48 0.70 0.88 
P2O5 0.08 0.03 0.00 0.01 0.03 0.04 0.05 
CaO 4.17 0.00 0.39 2.13 0.75 0.25 0.04 
Na2O 2.33 0.10 1.46 0.49 1.76 0.16 0.04 
MnO 0.27 0.09 0.05 0.10 0.15 0.90 0.67 
LOI 10.36 0.90 1.78 1.56 5.67 9.13 7.20 

SiO2/Al2O3 2.39 23.32 6.04 9.08 5.55 4.05 5.32 
SiO2/(Al2O3 + Fe2O3) 1.20 13.42 4.94 7.10 4.00 1.27 2.44 

 
These materials are typically weakly laterized, with good compaction potential 

but limited interparticle bonding, leading to moderate to low bearing capacity 
(CBR) without stabilization [19]. This interpretation is further supported by their 
position in the SiO2-Al2O3-Fe2O3 ternary diagram (Figure 7), where they cluster to-
ward the silica apex, reflecting residual quartz enrichment and limited pedogenetic 
transformation. In contrast, MAM (SiO2 = 44.43 wt.%; Al2O3 = 18.62 wt.%; Fe2O3 = 
18.54 wt.%) and MES (SiO2 = 49.59 wt.%; Fe2O3 = 26.76 wt.%) show enrichment in 
sesquioxides and low SiO2/(Al2O3 + Fe2O3) ratios (≈1.20 - 1.26), indicating advanced 
laterization. These compositions may indicate the probable presence of kaolinite 
and iron oxides (goethite/hematite), which promote natural cementation, enhanc-
ing cohesion and expected CBR values, as commonly observed in ferruginous later-
ites (5). Intermediate materials (DOU, MOG) present SiO2/(Al2O3 + Fe2O3) ratios 
between 2.4 and 3.6, reflecting moderately laterized soils with mixed granular and 
cohesive behavior, associated with intermediate compaction and bearing properties. 

Al2O3 contents (up to 18.62 wt.% in MAM) indicate the development of clay 
minerals through hydrolysis, contributing to plasticity and moisture retention 
[42] [43]. Fe2O3, particularly in MES (26.76 wt.%) and MOG (14.30 wt.%), en-
hances mechanical strength through natural cementation and is often associated 
with goethite, as indicated by TiO2 presence [44]. LOI values (0.89 wt.% - 9.39 
wt.%) reflect variations in clay content and hydrated phases, with higher values in 
MAM and MES indicating greater weathering intensity and cohesion, but also in-
creased moisture sensitivity [43] [45]. Overall, MAM and MES are the most suit-
able for road base applications due to strong sesquioxide content and cementation 
effects, while MOG and DOU show intermediate performance. PSA, MAK, and 
DJO, being silica-rich, require stabilization to achieve adequate mechanical per-
formance. These results confirm that the balance between silica and sesquioxides, 
particularly Fe2O3 and Al2O3, is the main control factor of the geotechnical behav-
ior of lateritic soils, in agreement with previous studies [19]. 
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Correlation between Geochemical Indices and Engineering Properties: 
The correlations between the geochemical ratio SiO2/(Al2O3 + Fe2O3) and the 

engineering properties highlight the influence of geochemical composition on the 
behavior of the studied lateritic soils (Figure 7). The Plasticity Index (PI) displays 
a moderate negative correlation (R2 = 0.3209), indicating that increasing silica 
content is associated with lower plasticity (Figure 7(a)). This behavior reflects the 
reduced influence of clayey and ferruginous constituents in silica-enriched soils. 
Although the correlations remain moderate, the results confirm that geochemical 
composition contributes significantly to the geotechnical performance of lateritic 
materials. In contrast, the relationship with the California Bearing Ratio (CBR) 
shows a weak positive correlation (R2 = 0.129), suggesting that silica-rich materials 
tend to exhibit slightly improved bearing capacity due to the predominance of 
sandy and quartz-rich fractions (Figure 7(b)). Figure 8 shows that the studied 
lateritic soils are mainly distributed within the kaolinisation and weak laterisation 
domains of the SiO₂-Al2O3-Fe₂O₃ ternary diagram, indicating a moderate degree 
of weathering and lateritic evolution. 
 

 
Figure 7. Correlation between geochemical indices and engineering properties of the lateritic soils: (a) correlation 
between the geochemical ratio SiO2/(Al2O3 + Fe2O3) and plasticity index (PI) values; (b) correlation between the 
geochemical ratio SiO2/(Al2O3 + Fe2O3) and California Bearing Ratio (CBR) values. 

 

 
Figure 8. POSITION of studied lateritic soils in SiO2-Al2O3-Fe2O3 
(Wt. %) ternary diagram [46]. 
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4. Conclusion 

This study provides a comprehensive assessment of lateritic soils along the Maroua-
Mora corridor through a coupled geotechnical and geochemical approach. The re-
sults reveal significant variability in engineering performance, primarily controlled 
by granulometric distribution, plasticity, and the balance between silica and sesqui-
oxides. Geotechnically, the soils exhibit low to moderate plasticity and satisfactory 
compaction characteristics, with CBR values indicating suitability for subgrade and 
subbase applications under low to moderate traffic conditions. However, their per-
formance as base course materials remains limited without mechanical or chemical 
stabilization, particularly for silica-rich soils. Geochemically, the enrichment in 
Fe2O3 and Al2O3 enhances natural cementation and improves strength, whereas 
high SiO2 content is associated with reduced cohesion. The SiO2/(Al2O3 + Fe2O3) 
ratio is identified as a robust predictive indicator of mechanical behavior and ma-
terial quality. The findings confirm that road performance in semi-arid environ-
ments is governed by a complex interaction between mineralogical composition, 
chemical indices, and compaction conditions. The study, therefore, emphasizes 
the necessity of integrating geochemical parameters into conventional geotech-
nical evaluation frameworks. Only selected ferruginous lateritic materials (e.g., 
MAM and MES) exhibit properties approaching the requirements for low-traffic 
base-course applications without stabilization. From an applied perspective, this 
work contributes to the development of a regional geotechnical database and sup-
ports the rational and sustainable use of local materials. Future research should 
focus on stabilization techniques and advanced statistical modeling to further op-
timize material selection and improve pavement durability. 
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