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Usability of Crystalline Basement Rocks as 
Construction Materials: Case Study of Ajaokuta 

Area, Kogi State, Nigeria 
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Abstract— Five crystalline basement rocks (porphyritic granite, migmatite, quartzite, granite gneiss and mica schist) located in the 
Ajaokuta area are investigated to evaluate their mechanical strength, physical and petrographic characteristics. Results illustrate that the 
migmatite has the highest uniaxial compressive strength (12.77N/mm2), and the micaceous quartzite has the minimum uniaxial 
compressive strength (2.85N/mm2). Other rocks in the area such as porphyritic granite, granite gneiss and mica schist have uniaxial 
compressive strength of 3.11N/mm2, 5.68 N/mm2 and 3.13N/mm2 respectively. There is a reasonable correlation between the mechanical 
and physical strengths parameters. Specifically, an increase in mechanical strength of the analysed rocks is analogous to an increase in 
specific gravity and dry density, and a decrease in porosity. Furthermore, rocks that are high in quartz and mica content, anisotropic, 
coarse-grained, and with micro-structural cracks and poorly interlocked mineral grains are characterized by lower mechanical strength 
values. The results of the study illustrate that the migmatite, quartzite and the granite gneiss are the most suitable for use as construction 
materials, and the porphyritic granite and mica schist are least suited. 

Index Terms— Ajaokuta, Construction materials, Nigeria, Uniaxial compressive strength, Strength parameters. 

——————————      —————————— 

1 Introduction 
Crystalline basement rocks are used widely in a variety of 
applications including road construction, buildings, 
pavements, dam fills and a range of other uses. However, the 
effective use of crystalline basement rocks for construction 
purposes depends on a range of factors.  Some of these factors 
include mechanical strength, physical strength index (e.g. 
porosity, dry density and specific gravity) and petrographic 
characteristics (e.g. mineral grain size, mineral interlocking 
relationship, quartz, feldspar and mica content) [1, 2, 3, 4, 5, 6, 
7, 8, 9]. The cost of shipping quarried rock fragments or chips 
for use in construction sites is exorbitant particularly if these 
materials are ship from distant localities. Therefore, the 
nearness to the source of these materials is an important 
consideration in the planning and management of related 
engineering projects. Furthermore, the Federal Government of 
Nigeria recently indicated an interest to rejuvenate the 
Ajaokuta Steel Company established over 30 years ago and 
later abandoned before the project could be fully completed 
due mainly to international politics and to a lesser extent 
mismanagement. Certainly, this will entails much construction 
works that may include resurfacing or construction of new 
link roads and refurbishing and/ or development of 
dilapidated buildings. It is, therefore, imperative to evaluate 
the potential of the crystalline basement outcrops that are 
extensively distributed in the Ajaokuta area for use as 
construction materials.  
 The Ajaokuta area lies between latitude 7o20'Nand 7o35' N 
and Longitude 6o30'E and 6o44', and is within the south-
western Basement Complex of Nigeria (Fig. 1). The Nigerian 
Basement Complex consists of the migmatite-gneiss 
complexes, the older metasediments, the younger 
metasediments, the older granites and, the younger granite 
complexes and volcanic rocks [10, 11, 12, 13]. The Migmatite-
Gneiss Complex consists of gneisses, amphibolites, migmatite 
and metavolcanics. The older metasediments include rocks 

such as quartzite, calcareous rocks (e.g. marble) and relics of 
highly altered clayey sediments and igneous rocks. The 
Younger Metasediments consists of quartz-biotite-muscovite 
schist and coarse-grained feldspar-bearing micaceous schist 
although ferruginous quartzite and talc schist may also occur. 
The older granites occur as large circular masses within the 
Schist and the Migmatite-Gneiss Complexes. The Younger 
Granite Complexes formed a distinctive group of intrusive 
and volcanic rocks bound by ring dykes or ring faults. Locally 
the rock types located in the field are quartzite, porphyritic 
granite, migmatite, mica schist, biotite gneiss. 

 

 
 

Fig. 1. Schematic geologic map of Nigeria showing the study area; 
adapted from [14]. 

2 Materials and Methods  
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The mechanical strength of the rocks located in the study area 
is evaluated using the Point load testing machine in the 
Laboratory of Fugro Nigeria Limited. The testing procedure 
adopted is in line with the method used in previous studies 
[e.g. 15, 16, 6] and conforms to the standard of [17]. As part of 
the testing process, load is applied axially and continuously at 
a nominal rate of 0.2N/mm2 to 0.4N/mm2 until the failure of 
the rock sample occurs. The point load strength evaluation 
method is an indirect compressive strength testing technique. 
Hence in this study, obtained point load index is converted to 
the uniaxial compressive strength of the rocks following the 
method of conversion proposed by [18] as follows: 
    σc = Kls 
Where, 
    σc = uniaxial compressive strength 
    Is = point load index 
    K = conversion factor obtained from [18] size correlation 
graph for index-to-strength conversion. 
    Routine laboratory methods are employed to determine the 
physical strength parameters of the rocks and conform to the 
procedure adopted by [6]. Thin sections are prepared from the 
rock samples and used to illustrate the petrographic 
characteristics that relate to the mechanical strength of the 
rocks. 
 
3 Results and Discussion 
Results of mechanical strength evaluation of the crystalline 
basement rocks illustrate that the migmatite has the highest 
uniaxial compressive strength, and the porphyritic granite is 
characterized by the lowest uniaxial compressive strength 
(Table 1; Fig. 2). In general the average uniaxial compressive 
strength of the rocks in a decreasing order is 12.77N/mm2 
(migmatite), 8.49N/mm2 (quartzite), 5.68N/mm2 (granite 
gneiss), 3.13N/mm2 (mica schist) and 3.11N/mm2 
(porphyritic granite). The average specific gravity obtained for 
the studied rocks decreases from a maximum of 2.725 in 
samples of the quartzite to a minimum value of 2.517 in the 
migmatite (Table 1; Fig. 2). Intermediate values of specific 
gravity characterized samples of porphyritic granite (2.636), 
granite gneiss (2.635) and mica schist (2.544). Previous study 
indicates that compressive strength of crystalline rocks 
increases as the specific gravity increases [e.g. 7]. The studied 
rocks with the exception of migmatite show increase in 
uniaxial compressive strength as specific gravity increases 
(Table 1; Fig. 2). Migmatite has the highest uniaxial 
compressive strength and also has the lowest specific gravity. 
The well interlocked mineral grains and low-moderate (10-
20%) anisotropy of the migmatite enhances its compressive 
strength (Fig. 3a) [e.g. 19]. 
 As indicated above, quartzite is also high in compressive 
strength, and this may be related to the high-quartz content 
(>94%) of the rock coupled with the fine-grained texture and 
well interlocked mineral grains. In previous studies, grain size 
has been shown to impact the properties of rocks and also 
intrinsically influence their engineering strength [e.g. 1, 20, 7, 
19]. The amount of quartz in rocks has also been indicated to 
enhance their engineering strength [e.g. 2, 4, 7]. According to 
these workers, anhedral quartz grains can occupy interspaces 

between mineral grains reducing the porosity and ultimately 
enhanced the specific gravity and compressive strength of the 
rocks. Evaluated porosity of the rocks ranges from a minimum 
value of 0.11% (granite gneiss) to a maximum value of 0.94% 
(mica schist) (Fig. 2). 
 
Table 1. Strength parameters of the rock units 
 

 
 
 

 
 

Fig. 2. Graphical representation of average values of strength parameters 
for the different rock units. Note the maximum uniaxial compressive 
strength that characterizes the migmatite. 
 

 It is also evident on Figure 2 that the evaluated saturated 
density of the studied rocks scarcely exceeds the dry density 
by more than 0.01g/cm3, which corroborates the low porosity 
of the rocks. The low porosity that characterizes crystalline 
rocks has been reported in previous studies [e.g. 6, 21]. The 
recorded porosity of the rocks correlated reasonably with their 
densities, as dry density of the rocks increases, the porosity 
decreases (Table 1; Fig. 2). Porosity also decreases for rocks 
with higher uniaxial compressive strength which conforms to 
the findings of previous studies (Fig. 2) [e.g. 22, 8]. For 
instance, the granite gneiss that has a higher uniaxial 
compressive strength than the porphyritic granite and mica 
schist is characterized with a lower porosity. The 
comparatively low uniaxial compressive strength of the 
porphyritic granite may be due to the influence of the poorly 
interlocked and very coarse mineral grains of the rock that 
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made it fail more readily. The mica schist in thin section shows 
preferred orientation of platy biotite and muscovite and 
micro-structural cracks (Fig. 3b). Although laths of mica and 
micro cracks also occurred in the porphyritic granite, granite 
gneiss and migmatite, they are more developed in the mica 
schist. The dimensional orientation of the mica introduced 
anisotropy in the rock fabric and coupled with the associated 
micro-structural cracks impact the compressive strength of the 
mica schist [e.g. 19]. The micro-structural cracks that are 
observed in these rocks may have developed as biotite 
expands when it is transformed to clay “pseudomorphs” [e.g. 
23, 24]. 

 

 

Fig. 2. Photomicrograph of (a) migmatite and (b) mica schist (with crossed 
polarised light. X40). Key: M = microcline; Plag = plagioclase; Q = quartz; 
Mu = muscovite; B = biotite. 

4 Conclusion 
Physical, mechanical and petrographic strength parameters of 
five crystalline basement rocks have been evaluated in this 
study. On the basis of the evaluated strength properties, the 
migmatite are mostly favoured for use as engineering 
construction materials since the rock has a high uniaxial 
compressive strength. In addition, the rock physical strength 
indexes such as specific gravity, dry density and porosity are 
also of reasonable magnitude and enhance the rock 
engineering strength. In thin rock sections, micro-structural 
cracks and anisotropy are moderately developed and as a 
result did not impact the rock engineering properties.  
 The use of granite gneiss and quartzite of the study area for 
construction works is also recommended. The uniaxial 
compressive strength of these rocks is reasonably good. The 
specific gravity of the granite gneiss and its low porosity are 
additional properties that favour its use as engineering 
construction material. The fine grained texture, high quartz 
content, high specific and dry density, low porosity and 
absence of gaps between mineral grains are some of the 
strength indexes that support the use of the quartzite for 
engineering construction works. The porphyritic granite has 

comparatively low uniaxial compressive strength probably as 
a result of the influence of the poorly interlocked and very 
coarse mineral grains of the rock that made it to fail readily. In 
thin section, the mica schist is composed of platy biotite and 
muscovite that shows dimensional orientation, and this 
coupled with the micro-structural cracks in the rock fabric 
strongly impact their use as construction materials. As a result 
of aforementioned deductions, the porphyritic granite and the 
mica schist of the study area are not highly favoured for use as 
construction materials. The engineering use of these rocks 
should be restricted to dam fills and gullies seal.  
 The results of the study demonstrates that the choice of 
crystalline rocks for engineering purposes should be based on 
all evaluated strength parameters so that frequent failures of 
structures in construction works is minimized or completely 
eliminated. 
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