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Abstract

Kingsley, J., Akpan-Idiok, A. U., Ayito, E. O. & Penizek, V. (2020). Mineralogical properties of soils developed 
from colluvial deposits of Southern Nigeria. Bulg. J. Agric. Sci., 26 (3), 605–611

Colluvial deposits are materials of rocks and soil fractions which are detached and transported by gravitational forces. The 
knowledge of the minerals they compose is vital for both nutrient assessment and pedological studies. The study aimed to 
investigate the textural and mineralogical properties of soils developed from basement complex geology in reflection to soil 
nutrient capacity.

The study was conducted on a 50-hectare land. Three soil mapping units were identified and labelled as S-I, S-II and S-III. 
Two profile pits were located in each mapping units except for S -III. A total of nineteen (19) soil samples were obtained from 
each pedogenic horizons. Particle size analysis was determined analytically while (5) representative samples collected and 
pretreated for mineral detection using XRD. 

Particle size analysis revealed that the sand fraction = 665.3 g/kg, silt fraction = 94.7 g/kg and clay content = 240 g/kg. Textur-
ally, sandy clay loam dominated the soil. This suggested that soils with high sand content are coarse. The XRD analysis revealed 
that quartz was high the soils ranging from 16.9–73.1% with a mean of 44.4% while others like, hornblende = 0.2–47.1% (mean 
28.0%), muscovite =1.6–30.4% (mean 13.0%), kaolinite = 2.0–26.1% (mean 12.1%), illite =3.3–19.3% (mean 10.8%), Micro-
cline = 0.6-23.3% (mean 9.6%), gibbsite = 1.0–15.0% (mean 6.8%), berlinite = 0.3–11.9% (mean 4.7%), feldspar = 0.3–11.6% 
(mean 4.0%), biotite= 0.9–4.1% (mean 2.2%), Rubidium feldspar = 1.0–3.0% (mean 2.0%) and montmorillonite = 1.0–3.0% 
(mean 0.6%).

Texture classes of the soils were sandy clay loam to sandy loam indicating that the colluvial soils of southern Nigeria are 
dominated by quartz mineral. This further revealed that the soils since they are resistant to weathering intensity they are re-
ferred to as old soils. Moreso, the mineralogical and textural characteristics are important in relation to soil fertility studies, 
of which soil users can incorporate employ in other to make the best crop management decision in solving real soil situation. 
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Introduction

In pedological studies, colluvial deposits are materials 
of rocks and soil fractions which are detached and transport-
ed by gravitational forces (Esu, 2005). They are composed 

of different soils occurring in undulating geomorphology 
(Fyfe et al., 2000). Similarly, they are loose, heterogenous 
regolith deposits formed by biological action, pedogenic 
activities, mass movement, creep and landslides (Schulz, 
2007). These impacts the soil as a complex system of air, 
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water, organic matter and mineral particles that occurs in a 
definite structure. And their properties are a function of the 
formative factors such as geologic deposits, topography, 
climate, time and organism (Jenny, 1994). 

Aki & Ediene (2018) and Moses & Edet (2013) reported 
low activity clays (6–10 cmol/kg) in the soils of colluvial 
deposits of Akamkpa, Nigeria. Their studies reported a low 
C.E.C. which are contributed by low activity clays. How-
ever, in this study, these low activity clays were identified 
in their percentages to understand the pedological process-
es of soil development. These minerals were reported to 
control soil fertility and textural properties (Jacobs, 2017). 
For instance, illite “breaks down to vermiculite through the 
release of potassium from the interlayer and the transfor-
mation of detrital chlorite by the weathering activities to 
vermiculite, smectite or mixed clay minerals” (Kingsley et 
al., 2019). Textural constituents of the soil system provide 
structural assistant, and the initial intergrain porosity is es-
sential for optimum hydraulic conductivity and water stor-
age (Jain & Kothyari, 2009; Ellis & Mellor, 2007). These 
properties contribute largely to soil reaction and mineral 
availability to plants. Geochemically, they buffer drainage 
waters, adsorb and exchange nutrients and pollutants, and 
biologically, they harbour microscopic organisms (Jacobs, 
2017). These characteristic makes the soil mineral fractions 
a good factor for land use evaluation and soil management 
practices.

Previous studies (Aki & Ediene, 2018; Moses & Edet, 
2013; John et al., 2019) who worked on the characteristics 
and classification of these type of soils in the humid tropi-
cal region of Nigeria could not explain the dynamics of soil 
weathering potentials in their studies owing to their lack of 
mineralogical data. Thus, this study was motivated in order 
to ascertain the percentage of occurrence of these minerals 
which happens to influence other soil characteristics. These 
minerals will help predict weathering potentials; evalu-
ate soil nutrient capacity, and ensure soil stability. Similar 
studies conducted by Ogbaji et al. (2013) and Ogbaji et al. 
(2018) gave high quartz content which influenced sand con-
tents in alluvial and aeolian deposits of Nigeria and China 
soils, respectively. Although, this study was conducted on 
colluvium deposit with a basement complex geology and 
since there are no recent publications on mineralogical con-
stituents of this type of soil, this article will contribute a 
great deal to the already existing information available to 
soil users. Furthermore, the awareness of the mineralogical 
properties of soils developed on colluvial materials char-
acteristics will necessitate the proper management of this 
type of soil for increased food and fibre production.

Materials and Methods

Research duration: The study was conducted within 2 
years, from May 2015 to December 2017. 

Study Area: The area under investigation is near Cala-
bar River with 42 km distance from the north part of Akam-
kpa then emptying itself into Cross River (Figure 1). The 
area lies between the latitude 05°18′53″N and longitude 
08°13′25″ E at an elevation 115cm above sea level of south-
eastern Nigeria(John et al. 2019). “The area, characterized 
by a sub-humid tropical climate with distinct wet and dry 
seasons. Rainfall range between 1500 mm and 3500 mm per 
annum; relative humidity between 80 and 90 percent and 
mean annual temperature”, 25.4°C and 27.5°C (Nwajiuba et 
al., 2010). However, the soil-land relationship is predomi-
nant with an artificial forest. The topography of this land is 
strongly undulating and actively engaged for both perennial 
and annual crop production (John et al., 2019). The summary 
of the studied terrain, profile pits, and X.Y coordinate values 
presented in Table 1.

Geological formation: The area is characterized by 
basement complex rocks occupied about 10 000 km2 in 
Southeast Nigeria, out of which about 40% found in Cross 
River State, which makes up the Oban-Obudu massif and, a 
continuation of the African-pan Basement Complex of the 
Cameroun highlands (Ekwueme, 2003).

Soil sampling: The study area was delineated into three 
soil mapping units (S-I, S-II, and S- III) (Figure 2). The S-I 
mapping unit occupied the crest region of the terrain with 
the total area of 5.2 hectares while S-II and S-III were lo-
cated at the middle slope and lower slope of the landscape 
respectively; total land coverage of 44.8 hectares. The S-I 
soil type occurred at the elevation of between 100-115 m 
above sea level, properly drain, coarse-texture and suitable 
for the cultivation of both annual and perennial crops. The 
S-II occurred at the steep angle of the slope which was used 
in the growth of tree crops to prevent surficial erosion; and 
S-III soil mapping unit was located below 80 m above sea 
level, seasonally flooded, poorly drain and waterlog by the 
inflow of water. This section of the landscape was also uti-
lized in the growth of cucumbers, pumpkin, and waterleaf. 
Two representative soil profile were dug in S-I and S-II soil 
mapping unit except for S-III, only one profile was dug. 
Samples were collected from each pedogenic horizons and 
transported to the laboratory for clay mineralogy, particles 
size distribution and bulk density determination.

Laboratory analysis: Core cylinder of 100 cm3 was 
used the core samples, oven-dried at a temperature of 105°C 
to constant weight divided by the total volume of sample 
(Blake, 1965). Samples were air-dried, ground, and sieved 
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through a 2-mm sieve, and a 50 g of this sample was weighed 
for particle size distribution analysis using the international 
pipette method (Gupt, 2009; Jackson, 1973; Piper,1966).

Mineralogical analysis: Five (5) representative sam-
ples of clay fractions obtained by the pipette method were 
pretreated. “Chemical cementing agents were removed 
and clay fractions separated” – (Kingsley et al., 2019)
southeastern Nigeria. Materials and Methods: The study 
mineralogy of clay components of Aquic arenic paleudults 
soils of Akamkpa, southeastern Nigeria was carried out 
on 50 ha land. Two soils were collected from each pedo-
genic horizon of a representative pedon dug at valley bot-
tom from the depth: Ap = 0–12 cm and Bt1 = 12–25 cm. 
The clay fraction of the soil was separated and the fine and 
coarse-clay fractions analyzed for its mineralogical con-
tent with the aid of an X-ray diffractometry. Results: The 
XRD analysis showed the abundance of the available clay 
mineral in this order: Illite > Chlorite > Quartz > Kaolinite 
and Quartz > Kaolinite >Illite > montmorillonite> Chlorite 
for surface and subsurface soils, respectively. While the 
overall abundance of clay mineral component in the soil 

system were in this order: Illite > Quartz > Chlorite > kao-
linite > montmorillonite. Illite proved to be the dominant 
clay mineral at both surface and subsurface. This relative 
amount of clay minerals may be attributed to weathering 
conditions probably due to internal drainage and inter strat-
ification. Conclusion: The study revealed that 2:1 expand-
ing clay (illite. Iron-free samples were centrifuged at 750 
rpm for 5.4 min to separate total clay (< 2 µm) and at 2700 
rpm for 42 minutes to separate fine clay (< 0.2 µm). The 
fine and coarse-clay fractions were analyzed for mineral-
ogy using X-ray diffractometry. The same concentration of 
clay suspensions was used for all samples to give reliable 
comparisons between relative peak intensities. Two drops 
of the prepared suspension were used on each glass slide. 
The (001) reflections were obtained following Mg satura-
tion, ethylene glycol solvation, and K saturation. The K-
saturated samples were studied both after drying and after 
being heated at 550°C for 4 h (Whitting, 1965).

Results 

In Table 2, the sand content recorded the highest soil sepa-
rates with the overall mean of 665.3 g/kg. This was followed 
by the clay contents with the mean of 240 g/kg and the least 

Fig. 1. Map of Akamkpa, Southeastern Nigeria showing 
study area (Kingsley et al., 2019)

Table 1. Geographical positioning system
Soil unit Pedons Landscape position Village LGA State Latitude & Longitudes 
S-I I Crest EkpriIbami Akamkpa Cross River N05˚ 19ꞌ 16.84ꞌꞌ; E008˚ 13ꞌ 36.1ꞌꞌ 
S-I II Crest EkpriIbami Akamkpa Cross River N05˚ 19ꞌ 25.3ꞌꞌ; E008˚ 13ꞌ 35.7ꞌꞌ
S-II III Middle slope EkpriIbami Akamkpa Cross River N05˚ 19ꞌ 11.3ꞌꞌ; E008˚ 13ꞌ 36.8ꞌꞌ
S-II IV Middle slope EkpriIbami Akamkpa Cross River N05˚ 19ꞌ 23.3ꞌꞌ; E008˚ 13ꞌ 33.8ꞌꞌ
S-III V Lower slope EkpriIbami Akamkpa Cross River N05˚ 18ꞌ 52.9ꞌꞌ; E008˚ 13ꞌ 22.8ꞌꞌ

LGA=Local Government Area

Fig. 2. Digital elevation model of Ekpri Ibami
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was silt content with the mean of 94.7 g/kg. Down the profile 
depth and across the different soil unit sand content was high-
est. The overall mean of sand/silt and silt/clay ratios were 7.6 
and 0.6 respectively. The overall means of bulk density and 
porosity were 1.30 g/cm3 and 49.0% respectively.

In Table 3, the quartz was recorded high in the soil with 
the mean of 44.4% while others contributed the remaining 
percentages: hornblende = 28.0%, muscovite =13.0%, kao-
linite = 12.1%, illite = 10.8%, microcline = 9.6%, gibbsite 
= 6.8%, berlinite = 4.7%, feldspar = 4.0%, Biotite = 2.2%, 

Table 2. Soil physical properties and textural class of the colluvial soils
Horizon Depth, cm Sand Silt, 

g/kg
Clay Textural 

class
Sand/Silt Silt/Clay Bulk density

g/cm3
Porosity

S-I
PEDON I
Ap 0–17 766.4 83.6 150 SL 9.2 0.56 1.2 55
Bt1 17–62 614.8 65.2 320 SCL 9.4 0.2 1.5 43

Bt2 62–122 616.4 103.6 280 SCL 5.9 0.37 1.5 43

Cr    122–200 496.4 143.6 360 SCL 3.5 0.4 1.4 47
PEDON II
Ap 0–16 834 86 80 LS 9.7 1.08 1.2 55
Btr1  16–65 734.8 105.2 160 SL 7.0 0.66 1.4 47

Btr2  65–112 670.4 89.6 240 SCL 7.4 0.37 1.0 62

Cr    112–200 785.2 54.8 160 SL 14.3 0.34 1.0 62
surface mean 800.2 84.8 115 9.5 0.82 1.2 55
Surface range 766.4–834.0 83.6–86.0 80–150 9.2–9.7 0.56–1.08 0.0 0.0
Subsurface mean 653 93.7 253.3 7.9 0.57 1.3 50.7
Subsurface range 496.4–785.2 54.8–143.6 160–360 3.5–14.3 0.20–0.82 1.0–1.5 43–62
S-II
PEDON III
Ap 0–13 726.4 123.6 150 SL 5.9 0.82 1.3 50
Bt 13–63 674.8 85.2 240 SCL 7.9 0.36 1.5 43
Btr 63–128 492.2 87.8 420 SC 5.6 0.21 1.3 50
Cr    128–200 550.4 69.6 380 SC 7.9 0.18 1.4 47
PEDON IV
Ap 0–14 634.8 145.2 220 SCL 4.4 0.66 1.1 58
Bt1 14–69 614 106 280 SCL 5.8 0.37 1.5 40

Bt2 69–130 630.4 49.6 320 SCL 12.7 0.16 1.6 40

Cr    130–200 654.8 105.2 240 SCL 6.2 0.44 1.6 43
Surface mean 680.6 134.4 185 5.2 0.74 1.2 54
Surface range 634.8–726.4 123.6–145.2 150–220 4.4–5.9 0.66–0.82 1.1–1.3 50–58
Subsurface mean 602.7 83.9 313.3 7.6 0.29 1.5 43.8
Subsurface range 492.2–654.8 49.6–106.0 240–420 5.2–12.7 0.16–0.37 1.2–1.6 40–50
S-III
PEDON V
Ap 0–16 715.2 104.8 180 SL 6.8 0.6 0.7 74
Bt1 16–50 734 86 180 SL 8.5 0.5 1.6 40

Bt2 50–92 694.8 105.2 200 SCL 6.6 0.5 1.6 40

Mean 714.7 98.7 186.7 7.3 0.5 1.6 51
Range
Overall Mean

694.8–734.0
665.3

86.0–105.2
94.7

180–200
240

6.6–6.8
7.6

0.5–0.6
0.5

0.7–1.6
1.3

40–74
49
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rubidium feldspar = 2.0% and montmorillonite = 0.6%. The 
soil gave a vast diversity of minerals.

Discussions

The sand fraction recorded highest in this soil with a pre-
dominant sandy clay loam texture down the profiles. These 
results were in line with the reports (Akinbola, 2001; Aki & 
Ediene, 2018; Kingsley et al., 2018). The soils were porous 
with low bulk density. And this collaborates with the result 
(Aki & Ediene, 2018; John & Akpan-Idiok, 2019; Kingsley 
et al., 2018). And the consequent effect on soil characteris-
tics includes the inability to retain nutrient and moisture.

Thus there is a need to improve the soil nutrient manage-
ment adopted by the current soil users in the area under in-
vestigation. On this note, measures to improve pores spaces 
in order to control drainage, water-holding capacity, and re-
duce erosion have been reported by Berry et al. (2007) and 
Ofem et al. (2017). The overall mean of sand/silt and silt/
clay ratios was 7.6 and 0.6, respectively. The result is in line 
with the report (John & Akpan-Idiok, 2019; Aki et al. 2014; 
Aki & Ediene, 2018; Yakubu et al., 2009). And the result 
revealed that the soils were old with advanced weathering 
potentials.

The mineralogical results from the XRD analysis re-
vealed the abundance of twelve (12) minerals in the soils 
and also in their percentage of occurrence (Table 3). High 
quartz content was reported by Ogbaji et al. (2013); Ogbaji 
et al. (2018) and Akpan-Idiok et al. (2012) except for King-
sley et al. (2019) who reported the slight dominance of il-
lite in Aquic Arenic Paleudults soils which was contributed 
by internal drainage interstratification. The abundance of 
quartz and other secondary minerals revealed in the studied 
soil revealed that the soils are in their advanced stage of 
weathering as confirmed with low to non-content of biotite 
and this confirmed the result by Aki et al. (2014) and Yaku-

bu et al. (2009). This also maybe have been contributed by 
geographical position and climatic conditions as reported 
by (Jacobs (2017). Furthermore, quartz rarely contributes 
to soil nutrient status as such but often interacts with tex-
tural characteristics to influence their structural develop-
ment, water permeability, biomass productivity and resist-
ant to soil erosion (Essien et al., 2001; Aki et al. 2014). 
Other minerals like hornblende (NaCa2(Mg,Fe,Al)5(Si,Al)8
O22(OH)2) which is next abundant mineral (28%)composed 
of Al and Fe may have been contributing to the acidity of 
the soils and also particle segregations. Muscovite which is 
a potassium-rich mica (KAl2(AlSi3O10)(OH)2) contributes 
to the availability of K (Bajwa, 1981). This mineral is not 
resistant to chemical weathering, thus quickly transformed 
into clay minerals resulting in K-fixation (Jacobs, 2017). 
Kaolinite also dominated the mineralogy of the soil. This 
mineral has a low exchange site which yields low fertil-
ity condition (Jacobs, 2017; Essien et al., 2001). Moreover, 
their abundance are in this order: Qr > Hb > Ms>Ko > It > 
Mc > Gs> Be > Fp > Bt > Rfe> Mo. And the interstratified 
minerals detected from clay fractions are in harmony with 
the findings of Ogbaji & Akpan-Idiok (2013) in floodplain 
soils of Nigeria; (Ogbaji et al., 2018) in loess soils of China; 
(White,1985) and (Khan et al., 1997) soils of Bangladesh.

Conclusions

The textural and mineralogical properties of soils of Ek-
pri Ibami area of southern Cross State revealed the relevance 
of these properties in correlation to soil nutrient conditions, 
which guides soil users most especially farmers to modify 
management technologies best suitable to the current soil 
condition. Sand content of over 60% has been yielded by 
high quartz content and hornblende impacting detachment of 
soil separates. But since the land is under active agricultural 
production, fertility management measures such as organic 

Table 3. Approximate mineral contents (%) in the studied colluvial soils
Depth, cm Qr Hb Ms Ko It Mc Gs Be Fp Bt Rfe Mo
0-17 54.1 0.2 1.6 7.5 – 21.1 1.3 11.9 – 1.2 1.0 0.1
17-45 – 36.8 3.1 2.0 – 23.3 10.3 1.0 11.6 0.9 – – 
45-63 16.9 47.1 7.6 23.3 – 0.7 1.5 0.3 0.3 0.9 – 1.3
63-89 25.9 – 24.6 26.1 – 18.7 – – – 1.7 3.0 – 
89-110 53.3 – – – 19.3 1.8 15.0 – 5.8 4.1 – 0.4
110-150 43.0 – 30.4 – 9.7 0.7 11.8 – 1.6 2.8 – – 
150-200 73.1 – 10.7 1.5 3.3 0.6 1.0 5.5 0.8 3.6 – – 
Mean 44.4 28.0 13.0 12.1 10.8 9.6 6.8 4.7 4.0 2.2 2.0 0.6
range 16.9-73.1 0.2-47.1 1.6-30.4 2.0-26.1 3.3-19.3 0.6-23.3 1.0-15.0 0.3-11.9 0.3-11.6 0.9-4.1 1.0-3.0 0.1-1.3

Qr = Quartz, Mc = Microcline, Be = Berlinite, Ko = kaolinite, Ms = Muscovite, Gs = Gibbsite, Bt = Biotite, Rfe = Rubidium feldspar, Hb = Hornblende, 
Mo = Montmorillite, lt = Illite, Fp = Feldspar
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manure and biochar application should be incorporated into 
the farming practices in order to improve the nutrient and 
water holding capacities of the soils for continuous crop pro-
ductions.

Significant Statement
This study discovered that the soil coarse-texture are 

largely impacted by the high quartz content of over 40% oc-
curred in the geological material and as such this information 
can be beneficial to soil users for planning good management 
of the soil resources and this study will help researchers to 
uncover the critical areas of soil weathering processes of that 
many researchers were not able to explore. Thus a new the-
ory on soil mineralogical characteristics may be arrived at.
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