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Abstract 
 
The study attempts to analyze the fractures evidence on the basement complex rocks within Ugbogbo 
and its environs, for deformational history reconstruction. Fracture data acquired from Lansat 
Imagery and field-work conducted were integrated and analyzed. The fractures were plotted with the 
use of advanced analytical tools such as rose diagram and stereonet for visualizing fracture 
orientations and for detailed structural analysis. The analysis of these plots reveals a dominant NE-
SW fracture trend that runs across the study area, which indicates that the region is predominantly 
evident of the and Pan African orogeny.  
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INTRODUCTION 
Geological structures like fractures among others, play a key role in understanding the 
deformation history and tectonic evolution of a region. The deformational history and 
tectonic frameworks of the Precambrian rocks in the southwestern Nigerian basement 
complex have been the subject of numerous studies, with notable contributions by Odeyemi 
(1988).  In areas like Igarra, Okomita, and Ojirami, these investigations have made 
significant contributions to our understanding of the intricate structural dynamics of the 
southwestern Nigerian basement complex. 
 
The Precambrian basement complex in the Igarra region and the entire southwestern 
Nigeria is characterized by a polycyclic nature (Ajibade and Fitches, 1988). The region has 
undergone four major orogenies: the Liberian (2700+200 Ma), Eburnean Orogeny (Early 
Proterozoic, 2000 Ma - 2500 Ma), Kibaran Orogeny (Mid-Proterozoic, 1100 Ma - 2000 Ma) 
(Fitches et al., 1985), and Pan-African Orogeny (450 Ma - 750 Ma) (McCurry, 1976). However, 
from Structural analysis and petrological studies, the two main orogenic events that have 
been revealed and established to shape the Precambrian geology of the southwestern 
Nigerian basement complex are the Eburnean and Pan-African orogenies (Rahaman, 1976). 
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Structural analysis techniques such as fracture analysis have been demonstrated to be 
critical approaches in geosciences, engineering, and other fields, aiding researchers to 
reconstruct the deformational history of rocks, and structures (Oden et al., 2012). This 
involves examining their geometry and mechanisms of formation to understand the stress 
fields and deformational mechanisms that have acted on rocks over geologic time. (Raji and 
Abdulkadir, 2020). 
 
Fracture analysis can provide valuable information about the tectonic evolution of rocks, the 
mechanical behavior of materials, and the likelihood of structural failure (Park, 2005; Fossen, 
2010). By combining fracture analysis with deformational history, geologists can gain a 
deeper understanding of the mechanisms that control the generation and accumulation of 
economic resources like minerals and hydrocarbons. 
 
Fracture analysis has been demonstrated to be crucial also to understanding the movement 
of fluids in rocks and the development of mineral veins. In "hard" rock terrain, fracture 
analysis is a vital structural technique for both groundwater investigation and mineral 
exploration operations (Salami and Ogbamikhumi, 2017). 
 
Other Numerous studies have also demonstrated the importance of fracture analysis in 
understanding the geological evolution of various regions. For example, Odeyemi et al. 
(1999), Oden et al. (2015) and Ogbamikhumi et al. (2024), have studied fracture analysis of 
granitoids in southeast Nigeria and granite batholiths and meta-sediments in southwestern 
Nigeria to understand the structural complexity and deformational history. 
 
This research therefore is focused on constraining the deformation history of the basement 
complex rocks within the study area by integrating and analyzing fracture information 
acquired from field mapping exercise with fracture data sourced from Landsat Imagery 
within the study area to infer the tectonic history.  
 
Location and Geology of Study Area 
Ugbogbo is one of the principal quarters that constitute Igarra. and is known for its complex 
geological structures. The area is part of the Basement Complex of southwestern Nigeria, 
and it is situated in the northern part of Edo State, Nigeria. Geographically, the area falls 
within latitudes N7° 16' 5'' - N7° 18' 18'' and longitudes E6° 5' 5'' - E6° 6' 56.6'' (Figure 1). The 
region comprises four main groups of rocks: the migmatite-gneiss complex, metasediments 
(including schists, calc-gneisses, quartzites, and metaconglomerates), porphyritic Older 
Granites, and late discordant non-metamorphosed syenite dykes (Odeyemi, 1976). The 
Igarra area is underlain by the Precambrian Basement Complex to the north and the 
Cretaceous and Tertiary sediments to the south. 
 
 During the 700–750 Ma Pan Africa Orogeny, the rocks in these areas were impacted. the 
Pan-African plutons invadedand intruded the metaconglomerates and schists. 
Metasediments (schist, gneiss, and metaconglomerates) were intruding near the southwest 
corner of Igarra. They invaded migmatite and granite gneiss to the northeast of Igarra 
(Tairou et al.,2012). 
 
Field and petrographic studies have identified various rock types in the area, including 
Granitic Gneiss, Alkali Feldspar Gneiss, Gneiss, Pegmatite, Psammite, Quartz Syenite, 
Syenite, Monzo Granite, Alkali Feldspar Granite, Granite, and Quartz Biotite Schist. These 
rock types are products of several episodes of regional metamorphism that affected the 



Structural and Deformational Analysis of the Basement Complex Rocks in Ugbogbo and Environs, Edo State, 

Nigeria 

 

Ogbamikhumi A, Okotie U, Chukwuka J.V. DUJOPAS 11 (2b): 313-320, 2025                                                315 

 

ancient sedimentary rocks covering the study area (Odeyemi, 1976; Ajibade et al., 1987; 
Rahaman, 1988). The major structural features found in this region include fractures, 
anticlinal and synclinal folds, and veins. 
 

 
Figure 1 Geologic map of study area 

 
Materials and Methods 
Two set of fracture data were analyzed to appreciate the tectonics and deformational 
history of the study area. The first set of structural data are the fracture measurement 
carried out during the field mapping exercise conducted, while the second set of 
structural data are the Landsat imagery lineament/fracture data obtain from NGSA. 
The fracture measurement data GPS points are presented in Figure 2. Both the Landsat 
surface lineament and the field acquired fractures are superimposed and  presented in 
Figure 3.  
 
Data Analysis 
The fracture analysis in this study combines regional-scale geological structures captured 
through satellite imagery with localized structural features identified in field surveys for 
a more detailed understanding of the area’s geological framework. 
Structural Analysis technique adopted in this study include Rose Diagram Plot and 
Stereographic Projections (Ubit et al., 2021),  using GeoRose software . This tools help 
revealed the foliation and fracture trends in the study area, which were later compared to 
related work in an attempt to fit in the study area into the structural framework and 
deformational history of the southwestern Nigerian Basement complex (Abdulkarim et al., 
2021).  
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Figure 2: Sampling point of measured foliation data during field mapping in the study area 

 

 
Figure 3: Map of Igarra and Ugbogbo Community depicting the Field and Landsat surface lineaments.   
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RESULTS AND DISCUSSION  
The field work conducted revealed that the rocks in Igarra comprises of both granitoids and 
meta-sediments. Fracture measurements were done on both rock types. The granitoids have 
been reported to be associated with the Pan African orogeny. Hence, fracture information on 
both the meta sediments and granitoid are expected to be predominantly Pan African 
related, with relics of older deformational episode slightly or severely obliterated in some 
cases (Odeyemi, 1976).  
 
Field mapping of the research region yielded 33 fracture orientations, revealing three 
primary fracture trends: N-S, NNE-SSW, and NE-SW (Fig. 4). The Rose Diagram illustrates 
the orientation of fractures at sample locations, indicating a dominant NE-SW trend with a 
major fracture direction in the 170°–190° range. This predominant NE-SW fracture direction 
suggests a regional tectonic influence, likely resulting from compressional or extensional 
forces acting on the area. (Oden et al., 2016). 
 
According to Onyeagocha and Ekwueme, (1982); Toteu et al. (1990); Obini and Omietimi, 
(2020), the Pan-African orogeny likely impacted the metamorphic rocks, which experienced 
multiple episodes of deformation. Pre-Pan-African structures in the basement complex rocks 
exhibit different orientations than the N-S and NE-SW structures that were revealed in this 
research, which are thought to be connected to the Pan-African orogeny (Ogbamikhumi et 
al., 2016). 
 
According to Oden and Udinmwen (2014), other structures with varying orientations are 
possibly Precambrian fabric linked to Liberian, Eburnean, and possibly Kibaran orogenies, 
while the N-S and NE-SW oriented structures encountered in this study are likely Pan 
African imprints.  

 
Figure 4: Rose diagram visualizing the distribution and orientation of both field and Landsat linear fractures 
in the study area   
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Stereographic plots reveal that the trend runs from N-S, NNW-SSE on the stereo plot 
hemisphere. Hence, the stereographic projection of poles to the foliation surface confirms the 
analysis of foliations on the stereo-plot. (Figure 5) 
 
The studied area is consistent of the Pan-African tectonic context. This scenario would 
involve the development of shear zones, faulting, and potentially syn-tectonic granite 
intrusions (Mahi et al., 2022). As shown in this study, analyzing foliation alongside fracture 
trends enables a more comprehensive understanding of the tectonic evolution of the area.  
 

 
 Figure 5; Stereographic plot and Stereographic projection of poles concentrated in the NE portion of the 
hemisphere 

 
CONCLUSION  
The study examines the deformational history of the basement complex rocks in Ugbogbo 
community. The analysis revealed a dominant NE-SW fracture system across the study area, 
likely influenced by regional tectonic forces. This region can be categorized under the Pan-
African deformation phase, with significant influence from compressional tectonics that 
likely led to the formation of the NE-SW fracture system.  
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