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[bookmark: _Toc222344996][bookmark: _Toc222510488]Introduction:  
The geophysical services industry in Saudi Arabia is making changes. This is a step forward for the country. It wants to be a leader in using resources in a sustainable way and making its economy stronger. For a time, geophysical companies in Saudi Arabia have been helping to build things like roads and cities. They do things like find water underground check if the ground is safe for building and make sure the environment is not hurt. They also study if there are going to be earthquakes. These things are important for building cities and roads The country’s plans for development are. The world needs more important minerals. This means geophysical companies must change what they do. Now they have chances to look for minerals and find new resources. This is what Alghafis said in 2025. The geophysical services industry, in Saudi Arabia is going to keep changing and growing (Alghafis, 2025).
The importance of aiming for different revenue sources other than oil and gas is emphasized in the national transformation plan of Saudi Vision 2030. The plan states that improving mining and mineral processing is of the utmost importance. The kingdom of Saudi Arabia has a large unutilized reserve of minerals that include gold, copper, and phosphates, as well as bauxite, rare earth elements, and other critical minerals that are currently necessary for the renewable energy, modern manufacturing, and supply chain minerals. With the increased need for energy transition minerals, the kingdom aspires to grow as a major mining center for these minerals. As part of the continued plans for the country’s development, the government intends to establish new regulations for the private sector that will create new avenues and investments. Within this framework, geophysical firms can be at the forefront of mineral development, leveraging their capabilities in subsurface imaging, geological interpretation, and surveying (Darandary, 2021).
Despite their technical information, several geophysical groups predominantly consciousness on infrastructure tasks, consequently constraining their involvement in moneymaking mineral exploration undertaking’s. Shifting to exploration-centric offerings necessitates the implementation of sophisticated geophysical technology, the amalgamation of diverse exploration strategies, and the augmentation of specialized group of workers abilities. This transformation isn't only an operational adjustment but represents a strategic reposition that matches neighborhood enterprise strengths with national monetary priorities and worldwide market needs. By expanding their service portfolios to encompass airborne surveys, deep subsurface imaging, mineral focused on, and incorporated geological modeling, geophysical enterprises can play a critical position in accelerating resource discovery and reducing reliance on foreign exploration contractors (Perikleous, 2025).
Furthermore, the transformation of geophysical firms contributes directly to improving neighborhood content introduction, information switch, and technological innovation in the Kingdom. It additionally fosters the introduction of high-professional employment opportunities for Saudi professionals in geosciences, engineering, and advanced facts analytics. The enlargement of mineral exploration services stimulates collaboration between authorities corporations, instructional institutions, and personal area companions, allowing the development of a aggressive and sustainable mining environment. As Saudi Arabia continues to implement bold development applications and increase its worldwide financial have an impact on, the strategic transition of geophysical companies closer to mineral exploration represents a essential step in achieving lengthy-term national sustainability, industrial diversification, and aid protection (Al-Hajri, 2024).

[bookmark: _Toc222344997][bookmark: _Toc222510489]Research problem:
The geophysical services sector in Saudi Arabia is currently suffering a structural gap between its conventional operational focus and the increasing government priorities connected with the expansion of the mining and mineral exploration industry. Historically, most local geophysical enterprises have concentrated on delivering infrastructure-related services such as groundwater exploration, environmental and geotechnical surveys, and construction site investigations. While these services have supported national development initiatives well, they do not entirely correspond with the growing demand for advanced mineral exploration skills required to support the economic diversification agenda championed under Saudi Vision 2030 (Chen, 2025).
One of the key difficulties facing the sector is the low technical specialization of local geophysical enterprises in mineral exploration technologies. Mineral exploration involves advanced geophysical techniques, high-resolution subsurface imaging, integrated geological interpretation, and deep resource targeting methodologies that differ dramatically from typical infrastructure survey methods. Many domestic businesses lack access to cutting-edge exploration technologies such as airborne geophysical systems, induced polarization surveys, and magneto telluric exploration tools, which inhibits their capacity to compete with multinational exploration contractors (Kouhi1, 2025).
Another key challenge is to the shortage of specialized human capital with experience in economic geology, mineral resource modeling, and advanced geophysical data analytics. Although Saudi geophysical businesses include skilled technical staff in engineering and environmental surveys, the transition toward mineral exploration demands multidisciplinary capabilities combining geophysics, geology, geochemistry, and data science. The restricted availability of such expertise hinders the development of integrated exploration service platforms and increases dependence on foreign technical help (Elshehabi, 2025).
Financial and investment troubles also contribute to the predicament. The acquisition of advanced exploration device, software systems, and airborne survey technology includes important capital commitment and lengthy-term strategic planning. Many nearby geophysical establishments operate below assignment-primarily based enterprise models that focus on quick-time period infrastructure contracts, making it difficult to devote widespread economic sources in the direction of studies, development, and technological innovation (Alonge, 2024).
Additionally, there is a dearth of coordinated coordination between geophysical businesses, academic institutions, and government regulatory authorities to enable knowledge transfer, innovation, and workforce development in mineral exploration. The absence of organized relationships reduces prospects for training, technology adoption, and cooperative exploration projects, which are crucial for developing a competitive national exploration ecosystem (Ediriweera, 2021).
If these difficulties stay ignored, Saudi geophysical businesses risk missing huge economic potential related with the rapidly increasing mining sector. Furthermore, continued reliance on overseas exploration service providers may restrict local content participation and hinder the long-term sustainability of the national mining industry. Therefore, identifying and overcoming these structural, technological, financial, and human resource hurdles is vital to assist the effective strategic transfer of geophysical enterprises onto mineral exploration activities.

[bookmark: _Toc222344998][bookmark: _Toc222510490]Importance of the study:
The development of the geophysical services sector in Saudi Arabia toward mineral exploration constitutes a deliberate reaction to the fundamental economic shifts induced by Saudi Vision 2030. As the Kingdom accelerates the development of its mining sector to become a key contributor to GDP, jobs, and non-oil exports, the readiness of local geophysical businesses becomes a decisive aspect in assuring sustained sector growth. This paper acquires importance by addressing the strategic, technological, and institutional prerequisites necessary for repositioning geophysical enterprises from infrastructure-focused service providers to integrated mineral exploration partners.
· Scientific Importance
From a scientific perspective, this work adds to the growth of knowledge in applied geophysics, economic geology, and strategic industrial transformation. It bridges the gap between geophysical theory and practical mineral exploration applications by assessing how existing subsurface investigation capabilities might be tailored to support mineral targeting and resource delineation (Zhang, 2025).
The study also extends scholarly discourse on sectoral transformation within resource-based economies by giving a structured framework for industrial upgrading in technical service industries. It blends concepts from geology, strategic management, innovation systems, and workforce development, so creating a multidisciplinary analytical model applicable to comparable rising mining economies’ (Adach-Pawelus, 2021).
Moreover, the research contributes to understanding how technological adoption, knowledge transfer, and human capital development influence exploration efficiency and resource discovery rates. By focusing on local capacity building, the project supports scientific inquiry into sustainable resource development and the optimization of geophysical approaches for dry and geologically complex regions characteristic of Saudi Arabia (Abubakar, 2024).
· Practical Importance
Practically, this report provides decision-makers, politicians, and industry leaders with a defined roadmap for strengthening the competitiveness of Saudi geophysical enterprises in the mineral exploration market. It identifies operational gaps, technology requirements, and strategic investment priorities necessary for integrating industry capabilities with national mining objectives.
The findings support government agencies in establishing policies that encourage local content engagement, technology purchase, and specialized labor training. For private sector enterprises, the report presents actionable solutions for diversification, risk management, and long-term success within the increasing mining ecosystem.
Additionally, the research contributes to lowering dependency on foreign exploration contractors by developing domestic technical competence. This improves economic sustainability, boosts national resource security, and encourages job creation in high-skill geoscience and engineering disciplines. Ultimately, the report serves as a practical reference for assisting a systematic and economically feasible transfer of geophysical enterprises toward mineral exploration activities, assuring congruence with national development priorities and global mineral market dynamics (Chaaben, 2025).

[bookmark: _Toc222344999][bookmark: _Toc222510491]Study objectives:
· Main Objective
To develop a comprehensive strategic framework that enables geophysical companies in Saudi Arabia to transition effectively from infrastructure-based service providers to competitive and technologically advanced mineral exploration partners, in alignment with the economic diversification goals of Saudi Vision 2030.
· Sub-Objectives
1. To examine the existing operating organization, technical capabilities, and service portfolios of geophysical firms in Saudi Arabia.
2. To identify the technological, financial, and human resource limitations that hinder their involvement in mineral exploration initiatives.
3. To analyse the unique geophysical methodologies and sophisticated exploration technology necessary for mineral targeting and resource delineation in the Saudi geological environment.
4. To analyse the amount of congruence between existing geophysical services and the strategic aims of the national mining sector.
5. To explore legislative, institutional, and market variables impacting the transition of the geophysical services industry.
6. To offer strategic investment, capacity-building, and collaboration approaches that support sustainable sectoral upgrading.
7. To create policy suggestions that improve local content participation and lessen dependency on foreign exploration contractors.
8. To develop an implementation roadmap outlining short-term, medium-term, and long-term transition plans for geophysical businesses entering the mineral exploration domain.

[bookmark: _Toc222345000][bookmark: _Toc222510492]Research questions:
· Main Question
How can geophysical businesses in Saudi Arabia strategically convert from infrastructure-based service providers to competitive mineral exploration partners in alignment with the objectives of Saudi Vision 2030?
· Sub-Questions
1. What is the current technological, operational, and organizational profile of geophysical businesses operating in Saudi Arabia?
2. What are the biggest technological limitations limiting these enterprises from effectively participating in mineral exploration activities?
3. What specific geophysical methodologies and advanced survey technologies are required to enable mineral targeting and resource delineation within the Saudi geological framework?
4. What human capital competences and multidisciplinary expertise are necessary to support the transformation toward mineral exploration services?
5. What financial and economic hurdles hinder the purchase of modern exploration technology and research capabilities?
6. How do regulatory frameworks, institutional support systems, and mining sector policies influence the evolution of the geophysical services industry?

[bookmark: _Toc222345001][bookmark: _Toc222510493]Study Hypotheses
· Main Hypothesis
There is a statistically and strategically significant relationship between the development of technological capabilities, human capital competencies, and institutional support mechanisms and the successful transition of geophysical companies in Saudi Arabia from infrastructure-based services to competitive mineral exploration activities in alignment with Saudi Vision 2030.
· Sub-Hypotheses
1. There is a positive relationship between the adoption of advanced mineral exploration technologies and the operational readiness of geophysical companies to enter the mining exploration market.
2. There is a significant relationship between specialized workforce competencies (economic geology, advanced geophysical interpretation, and data analytics) and the competitiveness of local geophysical firms in mineral exploration projects.
3. Financial investment capacity significantly influences the ability of geophysical companies to acquire advanced exploration equipment and software systems.
4. Institutional and regulatory support positively affects the integration of local geophysical companies into national mineral exploration initiatives.
5. Strategic partnerships with mining companies, research institutions, and international technology providers enhance the effectiveness of the transition process.
Organizational restructuring and diversification strategies significantly contribute to expanding service portfolios from infrastructure surveys to integrated mineral exploration solutions.
[bookmark: _Toc222510494]Scientific Theory Used in Preparing the Research: 
1. Resource-Based View (RBV) Theory
The Resource-Based View (RBV) contends that a corporation’s sustainable aggressive benefit originates from its distinct resources and capabilities. In the context of geophysical firms, RBV stresses using technical understanding, specialized gadget, and experienced human capital to migrate from infrastructure services to mineral exploration. Companies owning valuable, unusual, inimitable, and non-substitutable resources are higher positioned to embody new exploration generation and stable essential contracts inside the mining zone. Applying RBV allows research to analyse how inner competencies and assets are probably reformed to obtain Vision 2030 objectives and long-term organizational competitiveness (Komakech, 2025).
2. Strategic Change and Organizational Transition Theory
Strategic trade idea investigates how corporations adapt to environmental alterations, technology breakthroughs, and coverage changes. For geophysical corporations, switching in the direction of mineral exploration constitutes an enormous strategic change requiring new operational fashions, labour competencies, and investment strategies. This concept gives a framework for inspecting the causes, impediments, and methods involved in organizational model. It stresses prepared planning, danger control, and stakeholder engagement to reap powerful alternate. In this research, strategic alternate principle drives the identity of fine practices and strategies for aligning company structures and talents with countrywide mining objectives beneath Saudi Vision 2030 (Unter, 2023).
3. Innovation Diffusion Theory
Innovation Diffusion Theory outlines how modern era and practices unfold amongst organizations and industries. Geophysical groups want to appoint state-of-the-art exploration methods which include airborne geophysics, far off sensing, and 3D subsurface modeling. The theory highlights aspects affecting adoption, consisting of perceived gain, compatibility with modern-day strategies, complexity, trialability, and observability. Understanding those standards helps provide an explanation for the charge and fulfillment of technological adoption inside Saudi geophysical organisations. Applying this theory within the studies lets in for examining solutions to hurry technological integration, reduce resistance to trade, and boost the effectiveness of mineral exploration operations, supporting the wider Vision 2030 transformation power (Guo, 2024).
4. Human Capital Theory
Human Capital Theory says that investment in education, skills, and knowledge promotes individual productivity and organizational success. Transitioning geophysical enterprises into mineral exploration requires people with competencies in economic geology, geophysics, data analytics, and resource modeling. This theory provides a platform for examining the function of workforce development, training programs, and talent acquisition in facilitating strategic change. In this research, human capital theory informs the analysis of how skills, knowledge transfer, and continuous professional development influence operational readiness and competitiveness, highlighting the critical importance of building a technically proficient workforce aligned with national mining priorities (Awu, Human Capital Theory: Viewing Employees As Organizational Asset, 2025).
5. Systems Theory
Systems Theory research agencies as related components working together to gain goals. Geophysical enterprises perform inside complicated systems incorporating era, people, procedures, laws, and marketplace dynamics. Transitioning to mineral exploration includes integrated coordination of those components to improve exploration results. Systems theory provides a framework for expertise connections among technological adoption, organizational structure, human assets, and strategic making plans. In this studies, it assists knowledge how adjustments in one machine issue (e.G., technology acquisition) affect others (e.G., labour necessities, challenge performance). This holistic perspective allows building sustainable transition strategies matched with Vision 2030 targets.
6. Contingency Theory
Contingency Theory asserts that organizational efficiency relies upon on alignment among inner systems and external environmental conditions. In the Saudi mining setting, geophysical corporations ought to connect their operational plans with regulatory guidelines, marketplace demand, useful resource availability, and technical advances. The idea emphasizes that there is no unmarried foremost strategy; as an alternative, organization’s must include flexible and adaptive techniques to successfully pass to mineral exploration. In this studies, contingency idea helps the examination of strategic selection-making, together with generation selection, team of workers planning, and partnership creation, ensuring that organizational structures are adaptable to developing country wide and international exploration environments.
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[bookmark: _Toc222510496]Introduction:
The chapter on the theoretical framework and prior research establishes the basis for comprehending the strategy shift of geophysical businesses in Saudi Arabia from infrastructure support to mineral exploration in alignment with the state goals of Saudi Vision 2030. This chapter situates the study within scientific and managerial frameworks, connecting theories of organizational transformation, technological adoption, and resource-based competitive advantage with empirical insights from peer-reviewed research in geophysical methods and mineral exploration. The chapter commences by contextualizing the geophysical services sector historically, emphasising that these firms have predominantly offered infrastructure-related services, including groundwater exploration, geotechnical surveys, environmental assessments, and seismic hazard analysis. These activities have facilitated the Kingdom's swift urban and industrial advancement; nonetheless, they predominantly exhibit a reactive and service-oriented nature, with minimal involvement in value-added mineral exploration endeavor’s.
Vision 2030 has initiated a paradigm exchange by prioritizing financial diversification and the development of strategic industries, appreciably mining, that appeared as an important catalyst for national commercial enlargement, technical innovation, and sustainable task advent. In this environment, geophysical groups are strategically positioned to significantly contribute to mineral improvement via making use of their proficiency in subsurface imaging, records acquisition, and geological modelling. The exchange necessitates technological adaptation, organizational restructuring, employees upskilling, strategic alliances, and alignment with countrywide policy frameworks. The twin emphasis on technical and strategic skills establishes the conceptual foundation for the look at, synthesizing principles from useful resource-based totally theory, innovation diffusion, and strategic control to assess how firms can acquire sustainable aggressive advantage within the nascent mineral exploration enterprise.
The chapter additionally analyses prior empirical research on geophysical methodologies, mineral resource identification, and exploration strategies in Saudi Arabia and the larger Arabian Peninsula. These research delivers proof of beneficial geophysical programs which include far off sensing, aeromagnetic surveys, gravity and brought on polarization strategies which have demonstrated capable of figuring out mineralization zones and helping with useful resource targeting. Additionally, the literature highlights the relevance of institutional assistance, regulatory frameworks, and expertise networks in helping technological adoption and ability boom. By summarizing those concepts, the chapter demonstrates how geophysical organisations may comprise modern survey generation, multidisciplinary abilities, and strategic planning to convert from reactive provider companies to proactive contributors in mineral exploration.
Furthermore, the theoretical debate addresses organizational trade fashions and strategic transition frameworks, which function equipment for expertise how corporations modify to changing marketplace needs, generation disruptions, and policy-pushed possibilities. It suggests the relationship between internal abilities inclusive of technical understanding, human assets, operational strategies and external forces, which includes authorities incentives, marketplace contention, and resource availability. Through this synthesis of concept and empirical proof, bankruptcy creates the conceptual foundation for understanding the causes of effective strategic transformation, directing the design of studies questions, objectives, and hypotheses for the look at. In sum, this bankruptcy not handiest situates the studies within a broader clinical and managerial context but also identifies gaps in contemporary understanding, mainly regarding the operational, technological, and strategic demanding situations confronted through Saudi geophysical companies in transitioning toward mineral exploration below Vision 2030.

[bookmark: _Toc222510497]Study Variables:
This study explores the determinants of strategic change within geophysical businesses operating in Saudi Arabia, specifically in the context of shifting from infrastructure support services to mineral exploration activities aligned with Saudi Vision 2030. The conceptual model is constructed around one dependent variable—strategic transformation—and three independent variables: innovation, effective communication, and financial resources. These variables collectively describe the internal organizational dynamics that influence the ability of enterprises to reposition themselves within an evolving mining and exploration ecosystem.
The dependent variable, strategic transformation refers to the systematic and long-term reorganization of organizational strategy, operational procedures, technological capabilities, and market orientation to fit with mineral exploration objectives. In this study, strategic transformation is not confined to incremental change but covers a total shift in service portfolio, competitive positioning, and value generating reasoning. It comprises the adoption of sophisticated exploration technologies, diversification into mineral targeting services, restructuring of organizational units to support exploration projects, and alignment of company strategy with national mining priorities. The measurement of this variable can be operationalized through indicators such as expansion into exploration contracts, acquisition of advanced geophysical equipment, establishment of exploration-focused departments, development of multidisciplinary technical teams, and integration into mining value chains.
The first independent variable, innovation, indicates the firm’s capacity to develop, adopt, and apply new technologies, processes, and service models that boost exploration capabilities. Innovation in the geophysical environment involves technology innovation—such as the use of aerial geophysics, induced polarization methods, magneto telluric surveys, and 3D subsurface modeling—as well as organizational and process innovation. It also involves data analytics integration, digital transformation, and research and development efforts. Innovation is crucial because mineral exploration demands higher levels of technical complexity than typical infrastructure services. Companies that actively invest in research partnerships, adopt emerging technology, and deploy current data interpretation methods are more likely to achieve successful strategic transformation.
The second independent variable, effective communication, refers to the quality of internal and external information sharing channels within and across businesses. Internally, excellent communication promotes knowledge sharing between geophysicists, geologists, engineers, and management teams, assuring coordinated implementation of exploration initiatives. Externally, it strengthens collaboration with mining businesses, regulatory authorities, research institutes, and technology vendors. Transparent and structured communication channels promote strategy alignment, reduce operational uncertainty, and assist decision-making processes throughout organizational transition. In complex exploration environments, interdisciplinary coordination is important; consequently, communication effectiveness greatly determines the success of strategic change projects.
The third independent variable, financial resources, indicates the firm’s capacity to deploy sufficient capital toward technology acquisition, personnel development, research projects, and long-term strategic investments. Mineral exploration needs large upfront investment in advanced equipment, specialist software, training programs, and trial projects. Firms with great financial stability and investment flexibility are better positioned to absorb transition risks and sustain innovation activities. Financial strength also enables enterprises to compete in large-scale exploration tenders and develop strategic relationships.
Together, these independent factors provide a systematic analytical framework for understanding how internal organizational skills influence strategic transformation across Saudi geophysical enterprises intending to expand into mineral exploration markets.

[bookmark: _Toc222510498]Previous Studies:
The improvement in technology such as renewable energy systems, satellite missions, and others, has led to the investigation of new raw materials classified as key minerals. The energy transition in particularly the creation and manufacture of electric vehicles, wind turbines, and semiconductors needs important minerals like lithium, cobalt and nickel, but their supply chain is now present in the most susceptible locations, posing a threat to the international markets. For instance, approximately 70 % of cobalt originates in the Democratic Republic of Congo, whereas China controls processing 80 % of essential minerals. This article considers worldwide distribution, supply risk, and eco-friendly extraction of essential minerals, with special attention on the unutilized potential of the Arabian Peninsula. Arabian Shield (a Precambrian geological formation stretching over Saudi Arabia and Oman) is host to major amounts of phosphates, copper, gold, and essential minerals. Supported by strategic ideas like Saudi Vision 2030, the area is ready to diversify the hydrocarbon-driven economy through sustainable mineral development. This article analyses the importance of essential minerals in energy transition with a focus on greener technologies, and challenges related to their worldwide supply networks. Critical mineral potential of the Arabian Peninsula is also studied for the next generation. Mineral potential of the Arabian Peninsula based on next-generation exploration technology like AI and remote sensing. Examples of effective sustainable mining operations (e.g., Ma'aden phosphate projects) and policy measures for decreasing environmental and social consequences. Through integrating geology, economics, and logistics, this assessment emphasises the Arabian Peninsula's capacity to secure global mineral supply chains in a manner that is in line with ESG (Environmental, Social, and Governance) principles (Emad, 2026).
This work presents an integrated geophysical investigation to map the subsurface distribution and describe volcanogenic massive sulphide (VMS) deposits in the Hawiah area of the Wadi Bidah Mineral Belt (WBMB), western Saudi Arabia. The Hawiah deposit, part of the Mamilah District, is a prospective VMS occurrence containing economically significant quantities of copper, gold, silver, and zinc inside strata-bound pyrite lenses. The research utilized ground transient electromagnetic (TEM) and magnetic data to designate mineralized zones and develop a complete knowledge library for future mineral exploitation, aligned with the goals of Saudi Arabia’s Vision 2030. TEM data analysis required filtering, integration of high- and low-moment soundings, and inversion. The generated 2D and 3D resistivity models clearly illustrate subsurface conductivity changes. High-resistivity zones at shallow depths correlate to the weathered gossan cap, whereas the dramatic reduction in resistivity at larger depths implies fresh massive sulphides, identifying places for further exploration. The TEM results successfully mapped the oxide (gossan) - shallow, transition - intermediate, and fresh (massive sulphides) - deep zones. Magnetic data were gathered along six profiles, processed with corrections for external noise, diurnal variations, and the International Geomagnetic Reference Field (IGRF). Reduction-to-Pole (RTP) transformation and upward continuation were applied. Analysis utilizing the analytic signal and the Werner deconvolution methods revealed a diverse distribution of magnetic sources, including both positive and negative anomalies. Positive anomalies may be associated with magnetite series compositions and magnetite-rich changes, while negative anomalies reflect extensive hydrothermal alteration zones. Depth solutions suggested shallow, near-vertical magnetic sources. Validation was accomplished by comparing geophysical responses with petrographic, lithological, and magnetic susceptibility analyses from core samples. These samples offered critical mineralogical and textural insights, verifying the definition of the mineralization zones and corroborating the TEM results. The analysis of magnetic susceptibility in cores demonstrated a high concentration of ferromagnetic materials in enormous sulphides that decreases with oxidation. The results underscore the usefulness of integrated geophysical approaches for VMS research, since the differences in resistivity and magnetic signatures efficiently identify the distinct oxidation levels (gossan, transitional zone, and giant sulphides). The findings expand the understanding of the Hawiah VMS deposit and offer important insights for future mineral development activities within the study region (Chavanidis, 2025).
The present study attempts to evaluate complicated geological formations and considerable mineralization utilizing remote sensing and aeromagnetic studies. Structural lineaments play a vital role in the localization and concentration of mineral deposits. For the first time over the study district, a combination of aeromagnetic data, Landsat 9, ASTER, and PRISMA hyperspectral data was applied to increase the characterization of both lithological units and structural features. Advanced image processing techniques, including false color composites, principal component analysis (PCA), independent component analysis (ICA), and SMACC, were applied to the remote sensing datasets. These methods enabled efficient classification between Phanerozoic rock formations and the complicated basement strata, which contain the island arc assemblage, Dokhan volcanics, and late-orogenic granites. The local and deep magnetic sources were separated using Gaussian filters. The Neoproterozoic basement rocks were estimated to be using the radial average power spectrum technique and the Euler deconvolution technique (ED). According to the RAPS approach, the average depths to shallow and deep magnetic sources are roughly 0.4 km and 1.6 km, respectively. The obtained ED contacts range in depth from 0.081 to 1.5 km. The research region revealed huge structural lineaments, particularly in the northeast and northwest sides, where a dense concentration of these lineaments was detected. The places with the highest densities are thought to imply increased fracturization in the rocks that are thought to be associated with mineralization. According to the automatic lineament extraction methods and rise diagram, NW-SE, NNE-SSW, and N-S are the key structural directions. These tendencies were confirmed and graphically portrayed by textural analysis and drainage pattern control. The lithological mapping results were validated through field observations and petrographic investigation. This integrated technique has been highly effective, demonstrating significant potential for both thorough structural analysis and accurate lithological differentiation, which may be related to additional mineralization exploration (El-Desoky, 2025).
The Zalm area in western Saudi Arabia has garnered significant attention from those interested in prospecting for gold mineralization. In the present study, the structural framework and significant structural trends that most likely determine the distribution of the gold mineral resources in the Zalm district are interpreted using aeromagnetic data. For this reason, the aeromagnetic data were subjected to enhancement filters to make the structural interpretation of the data easier. In this respect, the data were limited to the north magnetic pole and processed through two augmentation filters: the analytical signal (AS) and the first vertical derivative (1VD). Lineament analysis of aeromagnetic maps reveals that three major fault sets dissected the Zalm area going in the northwest (NW), northeast (NE), and north-south (NS) directions. These faults certainly affected the mineralization occurrences in the Zalm district and could serve as key structural conduits for hydrothermal fluid channeling. Based on the current results, four areas were recognised as promising for continued mineral resource exploration. These areas are bounded and split by the NW, NE, and NS faulting and are intruded by a sequence of felsic and mafic–ultramafic intrusions. It is possible that, in like Bir Tawilah where the position is structurally controlled by NW and NS faulting, the interpreted felsic and mafic served as sources of mineralizing fluids which remobilized the ore in the district by channeling through the faults. Three of the suggested sites, one situated in close vicinity to Zalm city and two along the Rada and Nabilah fault zones, are characterized by strong magnetic anomalies, indicating the existence of ultramafic and volcanic rocks that most likely contain mineralization. The fourth locale found in the center portion of the area is distinguished by an elongated N–S low magnetic anomaly, interpreted as felsic diorite and granite rocks bordered by N–S faulting. To accurately locate mineral resources in the identified zones, extra thorough and in-depth geological and geophysical study are recommended (Alzahrani, 2025).
This academic enquiry proposes to assess mining income estimates in the Kingdom of Saudi Arabia for the years 2010 to 2023 by applying complex time series modeling tools, especially the SARIMA methodology. In alignment with Saudi Arabia's Vision 2030 plan, the Kingdom has undertaken enormous steps to diversify its economic framework, wherein the mining industry is seen as a crucial component for encouraging non-oil economic progress. The enquiry analyses historical data pertaining to mining income to create models and estimate potential changes within this domain, which is essential in the Kingdom's agenda for economic diversification. Following rigors analyses, the SARIMA (0,2,1)(0,0,1)[12] model emerged as the most efficacious for encapsulating both seasonal and non-seasonal aspects present in the data, hence generating exact and dependable forecasts. The model displays substantial predictive ability, with a projection horizon extending over the future 36 months, signaling a constant increase of mining income. The results underscore the significance of exact income forecasting for strategic decision-making, resource distribution, and policy formulation (Elgasim, 2024).
This study offers a unique end-to-end process for mineral exploration, merging ambient noise tomography (ANT) with artificial intelligence (AI) to accelerate the discovery and delineation of mineral deposits critical for the worldwide transition to a low carbon economy. We focus on copper as a crucial material, required in substantial quantities for renewable energy solutions. We show the benefits of utilizing ANT, characterized by its speed, scalability, depth penetration, resolution, and low environmental impact, alongside artificial intelligence (AI) techniques to refine a continent-scale prospectivity model at the deposit scale by fine-tuning our model on local high-resolution data. We highlight the promise of the strategy by first introducing a new data-driven AI prospectivity model for copper within Australia, which acts as our foundation model for subsequent fine-tuning. We then focus on the Hillside IOCG deposit on the projected Yorke Peninsula. We show that with just few local training samples (orebody intercepts), we can fine tune the foundation model to produce a fair estimate of the Hillside orebody shape. Our research demonstrates how AI may complement geophysical data interpretation, giving a revolutionary approach to mineral exploration with improved decision-making capabilities for locating mineralization, hence addressing the critical demand for increased mineral resource discovery (Jack Muir, 2024).
Lately, Saudi Arabia has been boosting its mineral exploration. However, full investigations of the acquired data are not accessible. Thus, the goal of this research is to identify and map the hydrothermal alteration zones and structural lineaments that govern the mineral occurrences in the Nuqrah region of the Kingdom of Saudi Arabia using remote sensing and aeromagnetic data. To achieve the objective purpose of the study, ASTER remote sensing data were applied, and they were processed in numerous methods, including principal component analysis, band ratio, and false color composites to highlight the zones of alteration and structure lineaments. In addition, aeromagnetic data was applied to map the lineaments governing the mineralization. These datasets were combined using GIS technologies to develop a new mineralization potential map of the Nuqrah area, which was divided into three classes: low, moderate, and high probability mineralization. The results identified thirteen fascinating anomalies (high potential mineralization) distributed over the research region to be prospected. Additionally, approaches such as residual, regional, first vertical derivative, and tilt derivative were applied to detect the possible mineral-related geologic formations. The results were validated by overlaying known mineralization spots on our maps. Six important faulting trends have been detected, according to the lineament map and rose diagrams using remote sensing: NE–SW, WNW–ESE, N–S, ENE–WSW, NNE–SSW, NW–SE, and E–W. The research region is primarily impacted by the NW–SE, ENE–WSW, E–W, and N–S trends, which are grouped in decreasing order of magnitude, according to the rose diagram of the aeromagnetic maps. The applicable approach can be deployed to map probable mineral reserves in Saudi Arabia and similar zones around the globe (Alarifi, 2024).
The nascent state of Saudi Arabia's tourism industry belies its potential to ascend to a prominent position as a global tourist destination. Najran is poised to become an emerging and promising tourist destination due to its cultural and historical significance, which is exemplified by a variety of historical sites. This study's primary objective is to demonstrate that geoscience, geoeducation, and geotourism can all benefit from geological heritage (geo-heritage). When selecting geotourism resources in the province of Najran, the visibility of geigerite is a crucial factor to consider. Numerous geomorphological landscapes and pedomorphosis’s have been discerned as focal points. This investigation employs Geographical Information System (GIS) methodology in conjunction with on-site field research to conduct a comprehensive evaluation of the study region. The evaluation of potential geoarchaeological heritage resources significantly contributes to reconsecration and efficient management strategies. By categorizing the geoarchaeological sites in the study area, it was discovered that the region is rich in geodiversity, particularly in areas where archaeologically significant sites and valuable geological features coexist. A substantial body of geoethane knowledge pertinent to the study area already exists, as the current research has yielded fundamental insights. However, it is evident that the Kingdom of Saudi Arabia places a greater emphasis on other developmental initiatives, marginalizing the necessity of sustainable regional growth. It is concluded that the area's geoarchaeological heritage resources should play a role in the research agenda and sustainability plan. Therefore, additional research is required for the prudent and effective use of the available geoarchaeological heritage resources (Abdullah, 2023).
The researched study region locates about 72 km from Jeddah City, Makkah District, Kingdom of Saudi Arabia. The study mainly aimed to characterize the most significant zones of potential mineralization and delineate their subsurface features (location and strike) in the southeast of Jabal Al-Qashah. Several geophysical approaches have been conducted to carry out the purpose, including ground magnetic, self-potential (SP), and induced polarization (IP) methods. Integrating these methodologies seeks to assist outline the probable mineralization in the study area. The magnetic survey was done along 17 profiles where these profiles were chosen to be perpendicular to the strike of the quartz shear zone. Self-potential was applied together with five profiles encompassing the research area. At the same time, induced polarization was used along with one profile placed at the western side of the research region correlating to various magnetic and SP profiles. The most intriguing zones of mineralization were successfully discovered by comparing the results of residual magnetic profile (3), SP profile (1), and IP profile, where geological structures regulate some mineralization (Ali Y. Al-Bakri*, 2023).
It is vital to develop and explore geothermal resources to achieve sustainable development and clean renewable energy around the Globe. Geothermal energy is vital to the future energy supply to meet the ecologically friendly energy demand of the World. The Rahat Volcanic Field (Kingdom of Saudi Arabia) is the oldest and lengthiest Cenozoic Volcanic Field in the World. It is a dominantly a mature mafic Volcanic Field that holds three significant geological occurrences; the historic eruption (1256 C.E.), the five fingers (∼4500–1500 BP), and the seismic swarm (1999 C.E.). These accidents were analyzed by utilizing geological information and geophysical data sets. Geophysical and geostatistical study covers gravity and magnetic survey data, including distinct log curves and key elements, collected from water samples as well as volcanic rocks obtained by X-ray fluorescence (XRF). To get a knowledge of the underlying thermal structure, these measurements were studied. The fundamental purpose of this study is to identify the prominent possible geothermal resources with the use of an existing data set. Findings reveal that beneath the historic eruption site along with the fissure eruption, on the western side, there is a geothermal anomaly with a surface footprint of around 35 km2. Analyzing gravity and magnetic data as well as density and magnetic susceptibility differences in rock samples led to the mapping of this anomaly. It has been inferred through integrated study that statistical analysis of important factors will be beneficial to validate the conclusions of the outcome (Alqahtani, 2023).
Saudi Arabia comprises much of the Arabian Peninsula and is characterized by tectonic regimes spanning from Precambrian to Recent. Using gravity data to establish the lateral limits of subsurface density bodies, and edge detection of potential field data, a novel subsurface structural map was created to decode the structural framework controls on the distribution of gold deposits in Saudi Arabia. Moreover, we discovered the links between key structures and mineral accumulations, so concurrently solving the problem of edge detectors over complicated tectonic patterns for both deeper and shallower origins. Analytic signal (ASg), theta map (TM), TDX, and soft sign function (SF) filters were applied to gravity data of Saudi Arabia. The results show limited connection along the Najd fault system (NFS) with depth, except potentially for the centre zones of each section. The core zones are the location of considerable gold mineralization, i.e., Fawarah, Gariat Avala, Hamdah, and Ghada rah. Moreover, significant fault zones parallel to the Red Sea continue northward from the south, and their connectedness increases with depth and controls multiple gold mines, i.e., Jadmah, Wadi Bidah, Mamilah, and Wadi Leif. These fault zones cross the NFS in the Median Terrane near the northern half of the AS, and their conjugation is proposed to be favorable for gold mineralization. The SF maps revealed the boundary between the Arabian Shield and Arabian Shelf, which encompasses large shear zones, meaning that most known mineralization locations are linked to post-accretionary structures and are not limited to the Najd fault system (NFS) (Eldosouky, 2022).
· Commentary on Previous Studies: Similarities and Differences
The evaluated papers collectively indicate the expanding scientific and strategic importance of mineral exploration in Saudi Arabia, particularly within the broader reform objective of Saudi Vision 2030. Although these studies vary in objectives, methodology, and disciplinary focus, they share common themes linked to mineral potential evaluation, geophysical innovation, and sustainable resource development.
· First: Areas of Similarity
A significant connection across the studies is their emphasis on modern geophysical and remote sensing techniques as essential instruments for mineral exploration. Research by Chavanidis (2025), El-Desoky (2025), Alzahrani (2025), Alarifi (2024), and Eldosouky (2022) consistently applies aeromagnetic, gravity, induced polarization (IP), transient electromagnetic (TEM), and remote sensing datasets to discover subsurface structures and mineralization zones. These investigations demonstrate that integrated geophysical techniques greatly improve the identification of mineral targets and structural controls, notably inside the Arabian Shield.
Another similar element is the focus on structural geology as a regulating factor for mineralization. Several studies show the role of major fault systems—such as NW–SE, NE–SW, and N–S trends—in channeling hydrothermal fluids and localizing ore deposits. This structural interpretation framework is similar across gold, copper, VMS, and phosphate exploration reports, emphasising the geological continuity of mineralization controls in western Saudi Arabia.
Additionally, several studies stress sustainability and compatibility with Vision 2030 objectives. Emad (2026) relates mineral development to global energy transition and ESG principles, whereas Elgasim (2024) focuses on mining revenue forecasts as a cornerstone of economic diversification. These studies together contextualise mineral exploration within a broader economic and policy framework, rather than restricting analysis to simply geological considerations.
Technological progress is also a common subject. Studies using artificial intelligence (Jack Muir, 2024), hyperspectral data, machine learning, and integrated geophysical inversion models indicate the progress toward next-generation exploration methods. This represents a global shift toward data-driven exploration tactics.
· Second: Areas of Difference
Despite these commonalities, the research varied greatly in scope, direction, and analytical perspective. Most evaluated research assumes a technical or geological focus, focused on mineral identification, structural mapping, or geophysical interpretation. For example, Chavanidis (2025) and Al-Bakri (2023) highlight localized deposit-scale examinations, whereas Eldosouky (2022) gives a national-scale structural analysis utilizing gravity data.
In contrast, Emad (2026) and Elgasim (2024) take macroeconomic and policy-oriented viewpoints, assessing mineral potential within global supply chains and estimating mining profits. These studies transcend beyond pure geophysics into economic modeling and strategic diversification research.
Another distinction rests in technological sophistication. Some investigations depend on standard enhancement filters and geophysical interpretation techniques (e.g., reduction to pole, analytic signal), whereas others integrate artificial intelligence and continent-scale prospectivity modeling. This difference reflects various levels of methodological innovation and data integration difficulty.
Moreover, none of the studied studies directly address the strategic transformation of geophysical service businesses as corporate entities. While they give significant scientific data about mineral exploration potential and technology requirements, they do not analyse organizational restructuring, innovation management, financial capacity, or communication systems inside geophysical enterprises.
· Research Gap
The significant gap arising from this research is the paucity of studies that relate technological mineral exploration breakthroughs with organizational strategy transformation in the Saudi geophysical services sector. Existing literature explains how mineral exploration can be conducted scientifically, but it does not discuss how geophysical businesses can strategically orient themselves to capitalize on this potential under Vision 2030.
Therefore, the present study distinguishes itself by integrating geological, technological, and strategic management perspectives to evaluate the drivers of transformation—innovation, communication, and financial resources—within Saudi geophysical enterprises migrating toward mineral exploration.
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The strategic transition of geophysical firms from infrastructure assistance to mineral exploration is anchored in numerous theoretical frameworks that incorporate geoscience, strategic management, technological adoption, and human capital development. These theoretical foundations give a basis to comprehend how enterprises might realign resources, embrace sophisticated exploration technologies, build worker competencies, and connect with national economic priorities under Vision 2030. The study depends on six interrelated theoretical pillars that explain organizational change, technology integration, and strategic alignment in the context of resource-based economic development.
· Resource-Based View (RBV) Theory
The Resource-Based View (RBV) highlights that a company’s competitive advantage rests on its unique resources, capabilities, and knowledge. In the context of geophysical enterprises in Saudi Arabia, RBV says that their technical expertise, specialized survey equipment, and experience in subsurface data interpretation are strategic assets. By exploiting these resources successfully, enterprises can move from infrastructure services to mineral exploration. RBV also underlines the significance of adopting new capabilities such as modern geophysical techniques, mineral targeting software, and exploration modeling to sustain long-term competitiveness in the national mining sector. This hypothesis informs the study’s focus on identifying and strengthening organizational capacities for strategic change (Mailani, 2024).
· Technology Adoption and Diffusion Theory
Technology Adoption and Diffusion Theory, particularly Rogers’ Diffusion of Innovations concept, explains how new technologies are accepted within companies and sectors. For geophysical businesses, adopting advanced mineral exploration tools—such as aircraft geophysical surveys, resistivity imaging, and 3D modeling software—is vital to transition effectively. The approach highlights characteristics including perceived advantage, compatibility with current processes, complexity, trialability, and observability of technology. Applying this premise, the study explores how organizational preparation, management support, and technology infrastructure influence the pace and success of adoption. Understanding these dynamics helps build strategies for effective implementation of exploration technologies in line with Vision 2030 priorities (Miranda, 2016).
· Strategic Management Theory
Strategic Management Theory focuses on matching organizational objectives with environmental opportunities and risks to achieve sustainable growth. In the case of Saudi geophysical enterprises, the theory outlines how firms might shift their activities from infrastructure assistance toward mineral exploration to harness developing market prospects in the national mining sector. It stresses strategic planning, competitive analysis, diversification, and resource allocation. Applying this idea, the study explores how corporations construct strategic plans, restructure service portfolios, and form alliances with mining operators, government organizations, and research centers to achieve a competitive edge. It also stresses the significance of continuous environmental monitoring to connect corporate strategy with Vision 2030 aims (Mahmoud, 2025).
· Human Capital Theory
Human Capital Theory asserts that investment in workforce skills, knowledge, and competencies boosts organizational performance and innovation capacity. For geophysical businesses migrating into mineral exploration, specialist expertise in economic geology, geophysics, geochemistry, and data analytics is necessary. This theory provides the framework for studying how workforce training, recruitment of specialists, and knowledge-sharing systems influence the ability of organization’s to adopt new exploratory approaches. It also underscores the necessity of continual professional development and capacity-building initiatives that link technical skills with the increasing requirements of the mining sector, ensuring long-term sustainability and operational efficiency (Awu, Human Capital Theory: Viewing Employees As Organizational Asset, 2025).
· Institutional Theory 
Institutional Theory proposes that organizational behavior is determined by regulatory frameworks, norms, and industry standards within the external environment. For geophysical firms in Saudi Arabia, compliance with government rules, mining regulations, and Vision 2030 programmes is crucial. This theory discusses how formal laws, incentives, and partnerships impact firm decisions to diversify into mineral exploration. It also underlines the impact of institutional assistance, such as government-provided exploration permits, research collaborations, and financing programs, in eliminating obstacles to entrance. Applying this premise helps the study understand how external influences and institutional legitimacy impact strategy transition and adoption of exploration approaches (Berthod, 2018).


