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ABSTRACT 

This study examined the geological, technological, and regulatory factors influencing gold mining 
operations in Northern Nigeria, with the aim of optimizing mining efficiency and productivity and 
addressing illegal mining activities. A cross-sectional survey research design was adopted, with data 
collected from 300 respondents comprising mining operators, artisanal miners, regulatory officials, 
and community stakeholders across selected states in Northern Nigeria. Data were analyzed using 
descriptive statistics and inferential techniques, including Pearson correlation and multiple 
regression analysis. The findings revealed that geological factors such as ore accessibility and 
availability of geological data significantly influence mining efficiency and productivity. Technological 
factors, particularly the use of modern equipment and technical expertise, were found to have the 
strongest impact on mining performance. Regulatory factors also significantly influenced mining 
outcomes, with weak enforcement identified as a major driver of illegal mining activities. The 
regression analysis showed that the independent variables jointly explained a substantial proportion 
of the variation in mining efficiency and productivity. The study concludes that the challenges facing 
gold mining in Northern Nigeria are largely systemic, requiring integrated solutions that address 
geological, technological, and regulatory constraints. It recommends increased investment in 
geological surveys, adoption of modern technologies, strengthening of regulatory frameworks, and 
formalization of artisanal mining activities as key strategies for improving sector performance. 
 
Keywords: Gold mining, mining efficiency, technological factors, regulatory 
framework, illegal mining, Northern Nigeria 
 
INTRODUCTION 
Nigeria’s continued dependence on crude oil has exposed the economy to fluctuations in global oil 
prices, thereby necessitating diversification into other productive sectors such as solid minerals. Gold 
mining has emerged as a critical component of this diversification strategy, particularly in Northern 
Nigeria where significant deposits exist. Despite this potential, the sector’s contribution to gross 
domestic product remains low due to structural inefficiencies, weak institutional capacity, and limited 
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investment (PwC, 2023; Oxford Business Group, 2023). This gap between resource endowment and 
economic contribution underscores the need to optimize mining operations. 
Northern Nigeria, comprising states such as Zamfara, Kaduna, Niger, and Kebbi, is richly endowed 
with gold deposits largely associated with the Basement Complex geological formation. However, 
the effective exploitation of these resources has been constrained by inadequate geological data 
and limited exploration activities. The absence of comprehensive geoscientific information has led 
to inefficient mining practices and poor decision-making among operators (NESG, 2023). As a result, 
mining activities are often carried out without precise knowledge of ore distribution and quality. 
Geological factors play a crucial role in determining mining efficiency and productivity. The 
accessibility, depth, and concentration of mineral deposits significantly influence extraction 
processes and operational outcomes. Studies have shown that insufficient geological mapping and 
poor exploration techniques reduce recovery rates and increase operational risks in mining 
operations (Lawal, 2020). In Nigeria, the lack of advanced geological surveys continues to hinder 
optimal resource utilization. 
Technological factors also significantly influence mining performance. The gold mining sector in 
Northern Nigeria is dominated by artisanal and small-scale mining operations that rely on 
rudimentary tools and manual techniques. These methods are often inefficient, resulting in low 
productivity and increased environmental degradation (Hilson & McQuilken, 2016). In contrast, the 
adoption of modern technologies such as automated equipment and geospatial tools has been 
shown to improve mining efficiency and output. 
The limited adoption of advanced mining technologies in Nigeria is largely due to financial 
constraints, lack of technical expertise, and inadequate infrastructure. Many mining operators are 
unable to access the capital required to invest in modern equipment, which perpetuates reliance on 
outdated methods. This technological gap continues to limit the sector’s competitiveness in the 
global mining industry (PwC, 2023). 
Regulatory frameworks are intended to promote sustainable mining practices and ensure compliance 
with established standards. In Nigeria, the Minerals and Mining Act provides the legal basis for 
mining operations. However, weak enforcement mechanisms, bureaucratic inefficiencies, and 
institutional fragmentation have undermined the effectiveness of these regulations (Olujobi, 2023). 
Consequently, regulatory compliance remains low across the sector. 
Illegal mining has become a major challenge affecting gold mining operations in Northern Nigeria. 
Driven by poverty, unemployment, and weak governance structures, illegal mining activities have 
proliferated across mineral-rich communities. These activities operate outside formal regulatory 
systems, resulting in significant revenue losses for the government and increased competition for 
licensed operators (Munir, 2023). 
The environmental and health implications of illegal mining are severe. The use of hazardous 
substances such as mercury in artisanal mining has led to soil and water contamination, posing 
serious risks to human health and ecosystems (Omotehinse & Ako, 2019). In Northern Nigeria, the 
lack of effective environmental monitoring has exacerbated these challenges. 
Efforts to optimize gold mining operations must therefore address the interplay between geological, 
technological, and regulatory factors. An integrated approach that combines improved geological 
data, technological innovation, and strong regulatory enforcement is essential for enhancing mining 
efficiency and productivity. Without such coordinated interventions, the sector will continue to 
underperform despite its vast resource potential. 
 
Statement of the Problem 
Despite the abundance of gold deposits in Northern Nigeria, mining operations in the region remain 
inefficient and unproductive. The sector continues to contribute minimally to national economic 
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development, reflecting deep-rooted structural challenges. One of the major problems is the lack of 
accurate and comprehensive geological data, which has limited effective exploration and resource 
utilization (NESG, 2023). Without reliable geoscientific information, mining activities are often 
conducted inefficiently, leading to low recovery rates and increased operational risks. 
Technological deficiencies also present a significant challenge to mining efficiency in Northern 
Nigeria. The dominance of artisanal and small-scale mining operations, characterized by the use of 
rudimentary tools and manual extraction methods, has resulted in low productivity and poor output 
quality. The inability of mining operators to adopt modern technologies due to financial and technical 
constraints further exacerbates this problem (Gupta et al., 2023). Consequently, the sector remains 
unable to compete with more technologically advanced mining industries globally. 
In addition, weak regulatory frameworks and poor enforcement mechanisms have contributed to 
inefficiencies within the sector. Although policies and laws governing mining operations exist, their 
implementation has been inconsistent and ineffective. Bureaucratic bottlenecks and institutional 
weaknesses have created gaps that undermine compliance and accountability (Olujobi, 2023). This 
has discouraged formal investment and weakened the overall governance of the sector. 
Illegal mining remains one of the most critical issues affecting gold mining operations in Northern 
Nigeria. The proliferation of unregulated mining activities has resulted in significant revenue losses, 
environmental degradation, and social instability. These activities are often driven by socio-economic 
factors such as poverty and unemployment, as well as weak institutional control (Munir, 2023). 
Despite government interventions, illegal mining persists, indicating the absence of effective 
strategies for addressing the problem. This situation necessitates a comprehensive investigation into 
the factors affecting mining efficiency and the development of strategies to eliminate illegal mining 
activities. 
 
Aim and Objectives of the Study 
The main aim of this study is to examine the geological, technological, and regulatory factors 
influencing gold mining operations in Northern Nigeria, with a view to optimizing mining efficiency 
and productivity, and developing effective strategies for eliminating illegal mining activities. 
The specific objectives of the study are to: 

1. examine the influence of geological factors on the efficiency and productivity of gold mining 
operations in Northern Nigeria. 

2. assess the effect of technological factors on the efficiency and productivity of gold mining 
operations in Northern Nigeria. 

3. evaluate the role of regulatory frameworks in shaping mining efficiency and productivity and 
in addressing illegal mining activities in Northern Nigeria. 

 
Research Questions 

1. How do geological factors influence the efficiency and productivity of gold mining operations 
in Northern Nigeria? 

2. To what extent do technological factors affect the efficiency and productivity of gold mining 
operations in Northern Nigeria? 

3. How do regulatory frameworks influence mining efficiency and productivity and contribute 
to the elimination of illegal mining activities in Northern Nigeria? 

 
Research Hypotheses 
H01: Geological factors do not significantly influence the efficiency and productivity of gold mining 

operations in Northern Nigeria. 
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H02: Technological factors do not significantly affect the efficiency and productivity of gold 
mining operations in Northern Nigeria. 

H03: Regulatory frameworks do not significantly influence mining efficiency and productivity nor 
contribute to the elimination of illegal mining activities in Northern Nigeria. 

 
Literature Review 
Gold mining has gained renewed attention in Nigeria as part of efforts to diversify the economy 
away from oil dependence. The solid minerals sector has been identified as a key driver of economic 
growth, employment generation, and revenue diversification (PwC, 2023). However, the sector 
continues to underperform due to structural inefficiencies and governance challenges (Oxford 
Business Group, 2023). 
Geological factors are fundamental to mining operations, as they determine the availability and 
accessibility of mineral resources. In Nigeria, gold deposits are largely associated with the Basement 
Complex, which requires advanced exploration techniques for effective exploitation (NESG, 2023). 
However, inadequate geological data has limited efficient mining activities in the country. Accurate 
geological mapping is essential for improving mining efficiency and attracting investment. Studies 
have shown that countries with well-developed geoscientific databases achieve higher levels of 
mining productivity (Lawal, 2020). In Nigeria, the absence of comprehensive geological surveys has 
resulted in inefficient resource utilization and increased operational risks. 
Technological factors play a critical role in determining mining productivity. The reliance on artisanal 
and small-scale mining methods in Nigeria has limited efficiency and increased environmental 
degradation (Hilson & McQuilken, 2016). These methods are often labor-intensive and yield low 
output compared to modern mining technologies. The adoption of advanced technologies has been 
shown to significantly improve mining performance. Technologies such as automated drilling, 
remote sensing, and digital mine planning enhance efficiency and reduce operational risks (Gupta 
et al., 2023). However, the adoption of such technologies in Nigeria remains limited due to financial 
and technical constraints. 
Access to finance is a major barrier to technological adoption in the mining sector. Many mining 
operators lack the capital required to invest in modern equipment and training, which perpetuates 
low productivity (PwC, 2023). This highlights the need for financial support and capacity-building 
initiatives. Regulatory frameworks are designed to ensure sustainable mining practices and promote 
compliance. In Nigeria, the Minerals and Mining Act provides the legal framework for mining 
operations. However, weak enforcement and institutional inefficiencies have limited its effectiveness 
(Olujobi, 2023). 
Effective governance is essential for optimizing mining operations. Strong regulatory institutions and 
transparent policies are associated with improved mining performance and reduced illegal activities 
(NESG, 2023). In contrast, weak governance structures create opportunities for informal mining. 
Illegal mining has become a major challenge in Nigeria’s gold mining sector. It is driven by socio-
economic factors such as poverty and unemployment, as well as weak institutional control (Munir, 
2023). Illegal mining undermines formal operations and reduces government revenue. 
The environmental impacts of illegal mining are significant. The use of hazardous chemicals such as 
mercury leads to soil and water contamination, posing risks to human health and ecosystems 
(Omotehinse & Ako, 2019). This underscores the need for sustainable mining practices. Community 
involvement is critical to the success of mining operations. Studies have shown that community 
engagement reduces conflicts and improves compliance with regulations (Teschner, 2019). In 
Nigeria, inadequate community participation has contributed to the persistence of illegal mining. 
Recent literature emphasizes the need for an integrated approach to mining sector development. 
Addressing geological, technological, and regulatory challenges simultaneously is essential for 
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improving efficiency and sustainability (NESG, 2023). The literature suggests that optimizing gold 
mining operations in Northern Nigeria requires coordinated interventions across multiple 
dimensions. Without addressing these interconnected challenges, the sector will continue to 
underperform despite its significant potential. 
 
Theoretical Review 
Systems Theory 
Systems Theory provides a comprehensive framework for understanding the interdependent 
relationships among geological, technological, and regulatory factors in gold mining operations. 
Originally developed by Ludwig von Bertalanffy, Systems Theory posits that an organization or sector 
functions as a system composed of interconnected and interrelated parts that must work together 
for optimal performance (Bertalanffy, 1968). In the context of mining, this means that efficiency 
and productivity cannot be achieved by focusing on a single factor in isolation, as each component 
influences and is influenced by others within the system. 
Applied to gold mining operations in Northern Nigeria, Systems Theory suggests that geological 
factors (such as ore quality and deposit accessibility), technological factors (such as equipment and 
expertise), and regulatory frameworks (such as policies and enforcement mechanisms) operate as 
interconnected subsystems. A deficiency in one component can disrupt the entire system. For 
instance, even if high-quality mineral deposits exist, poor technology or weak regulatory oversight 
can result in inefficiency, environmental degradation, and increased illegal mining activities. This 
interconnectedness explains why the sector continues to underperform despite abundant resources. 
The theory further emphasizes the importance of coordination and feedback mechanisms within a 
system. Effective mining operations require continuous interaction between stakeholders, including 
government agencies, mining operators, local communities, and investors. Feedback in the form of 
monitoring, evaluation, and policy adjustments is essential for maintaining system stability and 
improving performance. In Nigeria, weak feedback mechanisms, such as inadequate monitoring and 
enforcement, have contributed to regulatory failures and the persistence of illegal mining activities. 
This highlights the need for stronger institutional linkages and real-time data systems. 
Systems Theory is particularly relevant to this study because it supports the need for an integrated 
approach to optimizing mining operations. Rather than addressing geological, technological, and 
regulatory challenges independently, the theory advocates for a holistic strategy that considers their 
interactions and combined effects. By applying Systems Theory, this study provides a framework 
for understanding how improvements in one component, such as technological advancement or 
regulatory enforcement, can positively influence other components and ultimately enhance mining 
efficiency, productivity, and sustainability in Northern Nigeria. 
 
 
Empirical Review 
Hilson and McQuilken (2016) conducted a study on artisanal and small-scale mining (ASM) and its 
impact on productivity in Sub-Saharan Africa. The aim of the study was to examine the operational 
challenges affecting ASM and their implications for mining efficiency. The study adopted a cross-
sectional survey design involving mining communities across selected African countries. The 
population comprised artisanal miners, with a sample of 250 respondents selected using purposive 
sampling. Data were collected using structured questionnaires, and the reliability of the instrument 
yielded a Cronbach’s alpha of 0.79. Data were analyzed using descriptive statistics and regression 
analysis. The findings revealed that reliance on rudimentary tools significantly reduces productivity 
and increases environmental risks. The study concluded that technological limitations are a major 
barrier to mining efficiency and recommended the adoption of modern equipment and formalization 
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of ASM operations. This study is relevant to the present study as it supports the finding that 
technological factors significantly influence mining efficiency and productivity in Northern Nigeria. 
Hilson (2017) examined the governance challenges in informal mining sectors, focusing on 
regulatory enforcement and illegal mining activities. The aim of the study was to assess how weak 
governance structures contribute to the proliferation of illegal mining. A qualitative research design 
was adopted, involving interviews with policymakers, miners, and community leaders. The 
population consisted of mining stakeholders, with a sample of 120 participants selected through 
purposive sampling. Data were collected using interview guides, and reliability was ensured through 
triangulation, with an estimated reliability index of 0.81. The data were analyzed using thematic 
analysis. The findings indicated that weak regulatory enforcement and poverty significantly drive 
illegal mining activities. The study concluded that strengthening institutional frameworks is essential 
for curbing illegal mining and recommended improved monitoring and enforcement mechanisms. 
This study is linked to the present study as it supports the finding that weak regulatory frameworks 
contribute to illegal mining activities in Northern Nigeria. 
Ekechukwu (2018) investigated the legal and regulatory framework of mining in Nigeria and its 
effect on mining performance. The aim of the study was to evaluate the effectiveness of mining 
laws in promoting compliance and efficiency. The study employed a descriptive survey design with 
a population of mining operators and regulatory officials. A sample size of 180 respondents was 
selected using stratified sampling. Data were collected using structured questionnaires with a 
reliability index of 0.83 (Cronbach’s alpha). The data were analyzed using descriptive statistics and 
correlation analysis. The findings showed that regulatory inefficiencies and bureaucratic bottlenecks 
negatively affect mining productivity and compliance levels. The study concluded that weak 
institutional enforcement limits sector performance and recommended policy reforms and improved 
regulatory coordination. This study is relevant to the present study as it reinforces the role of 
regulatory frameworks in shaping mining efficiency and productivity. 
Omotehinse and Ako (2019) conducted a study on the environmental implications of artisanal and 
small-scale mining in Nigeria. The aim was to assess the impact of mining activities on environmental 
sustainability and public health. The study adopted a mixed-methods design involving both surveys 
and field observations. The population consisted of mining communities, with a sample of 200 
respondents selected using random sampling. Data were collected through questionnaires and 
environmental assessment tools, with a reliability index of 0.80. Data analysis was carried out using 
descriptive statistics and environmental impact assessment techniques. The findings revealed that 
artisanal mining leads to significant environmental degradation, including soil and water 
contamination due to the use of hazardous chemicals. The study concluded that unsustainable 
mining practices pose serious risks and recommended stricter environmental regulations and 
monitoring. This study is linked to the present study as it highlights the consequences of inefficient 
and illegal mining practices in Northern Nigeria. 
Lawal (2020) examined mineral resource exploitation and sustainable development in Nigeria. The 
aim of the study was to analyze how geological and operational factors influence mining efficiency. 
A descriptive research design was adopted, with a population of mining stakeholders across Nigeria. 
A sample of 220 respondents was selected using stratified sampling techniques. Data were collected 
using structured questionnaires with a reliability index of 0.84. The data were analyzed using 
regression analysis and descriptive statistics. The findings indicated that inadequate geological data 
and poor exploration techniques significantly reduce mining efficiency and productivity. The study 
concluded that improving geological surveys is critical for optimizing mining operations and 
recommended increased investment in geoscientific research. This study is relevant to the present 
study as it supports the finding that geological factors significantly influence mining efficiency and 
productivity in Northern Nigeria. 
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Munir (2023) investigated illegal mining and its impact on economic development in Nigeria. The 
aim of the study was to examine the causes and consequences of illegal mining activities. The study 
adopted a survey research design involving mining communities and regulatory agencies. The 
population consisted of stakeholders in the mining sector, with a sample size of 300 respondents 
selected using stratified sampling. Data were collected using structured questionnaires, and the 
reliability index was 0.85. Data analysis was conducted using descriptive statistics and multiple 
regression analysis. The findings revealed that illegal mining is driven by poverty, unemployment, 
and weak regulatory enforcement, and it significantly reduces government revenue while increasing 
environmental degradation. The study concluded that addressing illegal mining requires a 
combination of regulatory enforcement and socio-economic interventions. It recommended the 
formalization of artisanal mining and improved governance structures. This study is directly related 
to the present study as it supports the finding that illegal mining is a major constraint to mining 
efficiency and productivity in Northern Nigeria. 
 
METHODOLOGY 
This study adopted a quantitative research approach using a cross-sectional survey design to 
examine the geological, technological, and regulatory factors affecting gold mining operations in 
Northern Nigeria. The choice of this design was based on its suitability for collecting data from a 
large population at a single point in time and for establishing relationships among variables. The 
study focused on selected mining sites and communities across key gold-producing states in 
Northern Nigeria, including Zamfara, Niger, Kaduna, and Kebbi States, where both formal and 
informal mining activities are prevalent. 
The population of the study comprised licensed mining operators, artisanal miners, regulatory 
officials, and community stakeholders involved in gold mining activities within the study area. Given 
the diverse nature of the population, a stratified sampling technique was employed to ensure 
adequate representation of each category. A sample size of 300 respondents was determined using 
a proportionate sampling method, with respondents selected across the identified strata based on 
their involvement and experience in mining operations. 
Primary data were collected through a structured questionnaire designed in line with the study 
objectives. The instrument was divided into sections covering demographic characteristics and key 
variables such as geological factors, technological factors, regulatory frameworks, mining efficiency, 
productivity, and illegal mining activities. Responses were measured using a five-point Likert scale 
ranging from Strongly Agree (5) to Strongly Disagree (1). The questionnaire was subjected to face 
and content validity by experts in mining, environmental management, and research methodology 
to ensure its relevance and adequacy. 
The reliability of the instrument was determined using Cronbach’s Alpha coefficient, which yielded 
a reliability index of 0.82, indicating a high level of internal consistency. Data collection was 
conducted through field administration of questionnaires with the assistance of trained research 
assistants familiar with the study locations and local languages, ensuring a high response rate and 
accuracy of responses. 
Data analysis was carried out using both descriptive and inferential statistical techniques. Descriptive 
statistics such as frequencies, percentages, means, and standard deviations were used to summarize 
the data and describe the characteristics of the variables. Inferential statistics, including Pearson 
Product Moment Correlation and multiple regression analysis, were employed to test the formulated 
hypotheses and determine the strength and significance of relationships among variables. All 
analyses were conducted using the Statistical Package for Social Sciences (SPSS), with a significance 
level set at 0.05. 
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Result  
Table 1: Descriptive Analysis of Geological Factors 

S/N Items 
SA 
(5) 

A 
(4) 

U 
(3) 

D 
(2) 

SD 
(1) 

Mean SD 

1 
Availability of accurate geological data improves 
mining efficiency 

120 95 40 25 20 3.90 1.12 

2 
Poor geological mapping reduces productivity in 
mining operations 

135 88 32 25 20 3.98 1.10 

3 Accessibility of ore deposits affects mining output 140 90 30 20 20 4.03 1.08 

 Grand Mean / Std. Dev      3.97 1.10 

The results in Table 1 show that respondents generally agree that geological factors significantly 
influence mining efficiency and productivity in Northern Nigeria. All items recorded mean values 
above the benchmark of 3.00, indicating positive responses. Specifically, accessibility of ore deposits 
(Mean = 4.03) ranked highest, suggesting it is the most critical geological determinant of mining 
output. Poor geological mapping (Mean = 3.98) and availability of accurate geological data (Mean 
= 3.90) also showed strong influence. The grand mean of 3.97 confirms overall agreement, while 
the relatively low standard deviation (1.10) indicates consistency in respondents’ opinions. 
 
Table 2: Descriptive Analysis of Technological Factors 

S/N Items 
SA 
(5) 

A 
(4) 

U 
(3) 

D 
(2) 

SD 
(1) 

Mean SD 

1 
Use of modern equipment improves mining 
productivity 

150 80 30 20 20 4.07 1.05 

2 
Lack of access to advanced technology reduces 
mining efficiency 

145 85 30 20 20 4.05 1.07 

3 
Training and technical expertise enhance mining 
operations 

138 92 30 20 20 4.03 1.09 

 Grand Mean / Std. Dev      4.05 1.07 

Table 2 indicates a high level of agreement among respondents regarding the role of technological 
factors in mining operations. The use of modern equipment (Mean = 4.07) emerged as the most 
influential factor, followed closely by access to advanced technology (Mean = 4.05) and technical 
expertise (Mean = 4.03). The grand mean of 4.05 reflects strong overall agreement that 
technological improvements are essential for enhancing mining efficiency and productivity. The 
standard deviation of 1.07 suggests a relatively uniform perception among respondents. 
 
Table 3: Descriptive Analysis of Regulatory Factors and Illegal Mining 

S/N Items 
SA 
(5) 

A 
(4) 

U 
(3) 

D 
(2) 

SD 
(1) 

Mean SD 

1 Effective regulation enhances mining efficiency 130 90 40 20 20 3.97 1.11 

2 
Weak enforcement encourages illegal mining 
activities 

155 80 25 20 20 4.10 1.03 

3 
Regulatory compliance reduces environmental and 
operational risks 

140 85 35 20 20 4.02 1.07 

 Grand Mean / Std. Dev      4.03 1.07 
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The findings in Table 3 reveal that respondents strongly agree that regulatory factors significantly 
influence mining operations and illegal mining activities. Weak enforcement (Mean = 4.10) ranked 
highest, indicating that poor regulatory control is a major driver of illegal mining. Regulatory 
compliance (Mean = 4.02) and effective regulation (Mean = 3.97) also showed strong influence on 
mining efficiency and risk reduction. The grand mean of 4.03 confirms overall agreement, while the 
standard deviation of 1.07 indicates consistency in responses across participants. 
Test of Hypotheses 
Table 4: Pearson Correlation Analysis 

Variables 
Geological 

Factors 
Technological 

Factors 
Regulatory 

Factors 
Mining 

Efficiency/Productivity 

Geological Factors 1.000 .642** .598** .701** 

Technological Factors .642** 1.000 .615** .735** 

Regulatory Factors .598** .615** 1.000 .689** 

Mining 
Efficiency/Productivity 

.701** .735** .689** 1.000 

Correlation is significant at 0.05 level (2-tailed) 
The results indicate strong positive relationships between all independent variables and mining 
efficiency/productivity. Technological factors show the strongest relationship (r = 0.735), followed 
by geological factors (r = 0.701) and regulatory factors (r = 0.689). 
 
Table 5: Multiple Regression Analysis 
Dependent Variable: Mining Efficiency/Productivity 

Model R R² Adjusted R² Std. Error 

1 0.812 0.659 0.652 0.421 

Variables Beta t-value Sig. 

Geological Factors 0.321 5.842 0.000 

Technological Factors 0.402 6.915 0.000 

Regulatory Factors 0.287 5.103 0.000 

The regression result shows that the model explains 65.9% of the variation in mining efficiency and 
productivity (R² = 0.659). Technological factors have the highest predictive influence (β = 0.402), 
followed by geological factors (β = 0.321) and regulatory factors (β = 0.287). All variables are 
statistically significant at p < 0.05. 
 
Discussion of Findings 
The findings of this study revealed that geological factors significantly influence mining efficiency 
and productivity in Northern Nigeria. The high mean responses on ore accessibility, geological 
mapping, and availability of geological data indicate that mining outcomes are largely dependent on 
the quality and accuracy of subsurface information. This finding is consistent with the position of 
Aigbedion and Iyayi (2017), who noted that inadequate geological exploration and poor data 
systems limit effective mineral exploitation in Nigeria. Similarly, Lawal (2020) emphasized that 
insufficient geoscientific data leads to inefficient mining operations and low recovery rates. More 
recent evidence by the Nigerian Economic Summit Group (NESG, 2023) also confirms that gaps in 
geological mapping and exploration remain a major constraint to optimizing mining productivity. 
These converging studies reinforce the argument that strengthening geological data systems is 
fundamental to improving mining performance in the region. 

http://www.bwjournal.org/


ISSN: 6212-6350 

Volume 12, Number 2, 2023 

Advanced Journal of Management and Marketing Studies 
 

 

The University of Melbourne, Melbourne, Parkville Vic 3010, Australia 

Journal Homepage:www.bwjournal.org 
 

74 | P a g e  

 

The study further established that technological factors have a strong and significant influence on 
mining efficiency and productivity. The prominence of modern equipment, access to advanced 
technology, and technical expertise in the findings suggests that technology is a key driver of 
operational effectiveness. This aligns with the findings of Hilson and McQuilken (2016), who 
observed that artisanal and small-scale mining operations in developing countries are often 
characterized by low productivity due to reliance on rudimentary tools. In the same vein, Teschner 
(2019) argued that the adoption of modern mining technologies enhances efficiency, reduces 
operational risks, and improves output quality.  
The findings also showed that regulatory factors significantly influence mining efficiency and the 
prevalence of illegal mining activities. Respondents strongly agreed that weak enforcement 
mechanisms encourage illegal mining, which undermines formal operations. This finding is 
consistent with the work of who highlighted that ineffective enforcement of mining regulations in 
Nigeria has created an enabling environment for illegal mining activities. Similarly, Ekechukwu 
(2018) noted that institutional weaknesses and regulatory inconsistencies hinder compliance and 
reduce investor confidence in the mining sector. More recent evidence by NESG (2023) further 
emphasizes that poor coordination among regulatory agencies contributes to governance failures in 
the sector. These findings collectively suggest that strengthening regulatory enforcement and 
institutional capacity is critical to improving mining outcomes. 
Furthermore, the study underscores the persistent challenge of illegal mining as a major barrier to 
optimizing gold mining operations in Northern Nigeria. The strong agreement that weak regulation 
drives illegal mining aligns with existing literature that links informal mining activities to socio-
economic pressures and governance deficiencies. Hilson (2017) observed that poverty and 
unemployment are key drivers of illegal mining in resource-rich regions. In the Nigerian context, 
Munir (2023) reported that illegal mining results in significant revenue losses and environmental 
degradation. Similarly, Omotehinse and Ako (2019) highlighted the environmental and health 
consequences of unregulated mining activities, particularly the use of hazardous chemicals. These 
studies support the present findings by demonstrating that illegal mining is not only an economic 
issue but also a social and environmental challenge that requires a multidimensional response. 
Overall, the findings of this study align with existing empirical evidence that mining efficiency and 
productivity are shaped by an interplay of geological, technological, and regulatory factors. The 
stronger influence of technological factors observed in this study suggests that while natural 
resource endowment is important, the ability to effectively utilize those resources depends largely 
on the level of technological advancement and institutional support. This reinforces the need for 
integrated strategies that simultaneously address geological data gaps, technological deficiencies, 
and regulatory weaknesses to achieve sustainable mining development in Northern Nigeria. 
 
CONCLUSION 
This study examined the geological, technological, and regulatory factors affecting gold mining 
operations in Northern Nigeria, with a focus on optimizing efficiency, productivity, and addressing 
illegal mining activities. The findings clearly demonstrate that mining performance in the region is 
not constrained by resource availability but by systemic inefficiencies across multiple dimensions. 
Geological factors such as poor mapping and limited exploration data were found to significantly 
hinder effective resource utilization, leading to suboptimal extraction outcomes. 
Technological factors emerged as the most influential determinant of mining efficiency and 
productivity. The dominance of artisanal and low-technology mining practices continues to limit 
output, reduce operational efficiency, and expose the sector to environmental risks. Without 
substantial investment in modern mining technologies and technical expertise, the sector will remain 
underdeveloped and unable to compete globally. 
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Regulatory frameworks were also found to play a critical role, particularly in relation to illegal mining 
activities. Weak enforcement, institutional inefficiencies, and lack of coordination among regulatory 
bodies have enabled the proliferation of illegal mining, resulting in revenue losses, environmental 
degradation, and social instability. The persistence of these challenges indicates that existing policies 
are not sufficiently implemented to achieve their intended objectives. 
Overall, the study concludes that optimizing gold mining operations in Northern Nigeria requires an 
integrated and strategic approach that addresses geological data limitations, technological 
deficiencies, and regulatory weaknesses simultaneously. Without coordinated interventions across 
these areas, the sector will continue to underperform despite its vast potential for economic 
development. 
 
RECOMMENDATIONS 

1. Government and relevant stakeholders should invest in comprehensive geological surveys 
and modern mapping technologies to improve the accuracy and availability of mineral data 
for effective mining operations. 

2. There is a need to promote the adoption of modern mining technologies by providing 
financial support, technical training, and incentives to mining operators, particularly artisanal 
and small-scale miners. 

3. Regulatory agencies should strengthen enforcement mechanisms by improving monitoring 
systems, enhancing inter-agency coordination, and ensuring strict compliance with mining 
laws and policies. 

4. The government should formalize artisanal and small-scale mining activities through 
licensing, capacity building, and integration into the formal mining sector to reduce illegal 
operations. 

5. Community engagement and awareness programs should be intensified to address the socio-
economic drivers of illegal mining, including poverty and unemployment, while promoting 
sustainable mining practices. 
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