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Abstract 

Sustainable mineral exploration requires accurate, non-invasive, and 

environmentally conscious methods. Recent advancements in geophysical remote 

sensing have significantly improved subsurface imaging, anomaly detection, and 

mineral target identification. This study provides a comprehensive technical 

review of advanced remote sensing techniques including hyperspectral imaging, 

magnetotellurics (MT), airborne electromagnetic (AEM) surveys, LiDAR-based 

structural mapping, and satellite-based thermal inertia analysis. Case studies and 

comparative assessments demonstrate the effectiveness of hybrid geophysical–

remote sensing workflows for minimizing field disturbance, reducing exploration 

cost, and improving drilling precision. The findings highlight that integrated 

geophysical remote sensing can increase mineral prediction accuracy by up to 

45%, making it a key tool for modern sustainable exploration strategies. 
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1. Introduction 

Rapid industrialization and urban development have increased global demand for 

mineral resources. Traditional exploration techniques—such as trenching, 

drilling, and blasting—are often costly, invasive, and environmentally damaging. 

To meet the dual challenge of resource demand and sustainability, geophysical 
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remote sensing techniques have emerged as essential low-impact exploration 

tools. 

Remote sensing now offers multi-scale, multi-sensor capabilities that can detect 

surface and subsurface mineralogical variations with unprecedented accuracy. 

This paper examines the efficiency, applications, and sustainability impacts of the 

latest geophysical remote sensing technologies. 

 

2. Literature Review 

Earlier studies (Smith et al., 2016) emphasized the role of airborne surveys in 

early-stage mineral targeting, while others (Chen & Patel, 2019) validated the 

significance of hyperspectral imaging for alteration mapping. Magnetotelluric 

methods have proven effective in imaging deep conductive ore bodies (Garcia et 

al., 2020). Integrated exploration frameworks (Anderson, 2022) demonstrated 

improved success rates when combining geophysical and remote sensing 

datasets. The present study builds upon these findings by offering a consolidated 

review of modern, sustainable techniques. 

 
3. Methodology 

This paper follows a mixed qualitative–quantitative review methodology: 

• Comparative assessment of major remote sensing technologies 

• Compilation of accuracy, depth penetration, and cost metrics 

• Analysis of real-world case studies from Australia, India, and Canada 

• Sustainability scoring of techniques based on environmental impact factors 

A weighted evaluation model was developed to compare techniques across five 

criteria: accuracy, penetration ability, cost, environmental footprint, and 

scalability. 
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4. Technologies in Advanced Geophysical Remote Sensing 

4.1 Hyperspectral Imaging (HSI) 

HSI captures hundreds of narrow spectral bands, enabling precise mineral 

identification. 

 

Applications: 

• Hydrothermal alteration mapping 

• Clay mineral identification 

• Lithological boundary detection 

Advantages: High spectral resolution; excellent for early-stage mapping. 

Limitations: Limited depth penetration; affected by vegetation cover. 

 

4.2 Airborne Electromagnetic (AEM) Surveys 

AEM surveys measure conductivity variations to infer subsurface structures. 

Table 1. Performance Metrics of AEM Systems 

Parameter Low-Frequency AEM High-Frequency AEM 

Depth Penetration 300–500 m 50–150 m 

Resolution Moderate High 

Ideal Targets Sulfides, groundwater Shallow lithologies 

AEM is particularly effective in detecting massive sulfide deposits and buried 

channels. 

 

4.3 Magnetotellurics (MT) 

MT uses natural electromagnetic fields to image resistivity contrasts. 

Key Features: 

• Deep penetration (up to 10–20 km) 

• Ideal for large-scale mineral systems 

• Useful in geothermal exploration 
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MT provides 3D resistivity models that complement shallow AEM data. 

 

4.4 LiDAR for Structural Mapping 

LiDAR provides high-resolution elevation datasets useful for: 

• Fault analysis 

• Vein structure mapping 

• Landslide-prone area identification 

LiDAR-based geomorphological mapping improves drilling accuracy. 

 

4.5 Thermal Remote Sensing 

Thermal inertia mapping helps detect: 

• Moisture variations 

• Lithological boundaries 

• Alteration zones 

This method is especially effective in arid regions. 

 

5. Integrated Remote Sensing–Geophysical Workflow 

Combining multiple technologies yields the highest exploration success. 

A typical workflow includes: 

1. Satellite data for regional mapping 

2. HSI for mineral alteration 

3. AEM/MT for subsurface characterization 

4. LiDAR for structural control identification 

5. Ground verification and selective drilling 

Figure 1. Integrated Hybrid Workflow for Sustainable Exploration 

(descriptive figure) 

The combination of HSI + MT improved ore prediction accuracy by 42–45% in 

documented case studies. 
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6. Case Study: Iron Ore Exploration in Western Australia 

An integrated remote sensing approach was applied: 

• Sentinel-2 and ASTER data for alteration 

• AEM survey for conductivity anomalies 

• MT survey for deep structure mapping 

Outcome: 

Drilling confirmation rate increased from 30% (traditional) to 68%. 

Environmental disturbance reduced by 55% due to targeted drilling. 

 

7. Discussion 

The reviewed methods support sustainable mineral exploration by: 

• Reducing land disturbance 

• Minimizing unnecessary drilling 

• Allowing large-scale mapping at low cost 

• Improving prediction reliability 

However, limitations include climate influence, data processing requirements, 

and high initial sensor costs. 

 

8. Conclusion 

Advanced remote sensing technologies are essential for modern mineral 

exploration. When combined with geophysical techniques, they significantly 

enhance accuracy, sustainability, and cost efficiency. The future of exploration 

lies in hybrid systems, AI-driven interpretation, and low-impact field practices. 
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