
Rare Earth Metals in Pakistan

Geopolitics in the New Great Game

Dr. Naim Tahir Baig

2025




Copyright © 2025 2025 Rare Earth Metals in Pakistan: Geopolitics in the New Great Game

Rare Earth Metals in Pakistan: Geopolitics in the New Great Game

All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or by any means, including photocopying, recording, or other electronic or mechanical methods, without the prior written permission of the publisher, except in the case of brief quotations embodied in critical reviews and certain other noncommercial uses permitted by copyright law.

Dr. Naim Tahir Baig
Cell/ WhatsApp no. :+923417007400
email: naimtahirbaig@gmail.com
First Edition: August 2025

The information and views set out in this publication are those of the author and do not necessarily reflect the official opinion of any institution or organization. Neither the publisher nor any person acting on their behalf may be held responsible for the use which may be made of the information contained therein.

DEDICATION
To the geologists, miners, and policy makers of Pakistan
who work tirelessly to unlock the nation's hidden treasures
beneath the ancient mountains and valleys
To the people of Balochistan, Khyber Pakhtunkhwa, and Gilgit-Baltistan,
the guardians of Pakistan's geological heritage,
may this resource become a blessing
that brings prosperity while preserving their lands
And to my family—
Mahwish, Mutahhara, and Salah ud Din—
for their patience during countless field expeditions
and late nights spent crafting this work
"The earth does not belong to us; we belong to the earth.
All things are connected like the blood that unites one family."
May Pakistan's rare earth potential serve not just economic interests,
but the greater good of humanity's sustainable future.
 

Dr. Naim Tahir Baig
 Islamabad, Pakistan
 August 2025



EPIGRAPH
 
"Beneath Pakistan's ancient mountains lie the elements that will define tomorrow's technological civilization. The question is not whether these rare earth treasures exist—geology has confirmed their abundance. The question is whether we possess the wisdom to extract them responsibly, the courage to navigate great power competition, and the foresight to transform geological accident into strategic advantage.
In the laboratories of Silicon Valley and the defense ministries of major powers, Pakistan's rare earth potential is already reshaping strategic calculations. Yet in the villages of Balochistan and the valleys of Gilgit-Baltistan, communities remain largely unaware that their ancestral lands hold the keys to humanity's energy transition and technological future.
This asymmetry of knowledge and power represents both Pakistan's greatest opportunity and its most profound challenge. For rare earth metals are not merely commodities to be extracted and sold—they are instruments of geopolitical influence that, properly managed, could elevate Pakistan from aid recipient to strategic partner, from resource exporter to technology hub.
But history teaches us that geological endowments are not destiny. Nations rich in resources have often remained poor in development, their mineral wealth becoming a curse rather than a blessing. The difference lies in governance—in the capacity to balance immediate gains with long-term vision, foreign partnership with national sovereignty, economic growth with environmental stewardship.
As I write these words in 2025, Pakistan stands at a crossroads that will determine its trajectory for generations. The rare earth deposits beneath our feet are finite, but the choices we make in developing them will echo through decades. May we choose wisely, for the stakes could not be higher—not just for Pakistan, but for the global balance of technological power in the century ahead."




— Dr. Naim Tahir Baig
 Islamabad,  Pakistan
 August  2025
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Abstract

Rare Earth Metals in Pakistan: Geopolitics in the New Great Game

Pakistan's rare earth element (REE) deposits, valued between $6-50 trillion and concentrated across the Hindu Kush geological formations, represent a critical inflection point in contemporary global supply chain geopolitics. This study examines Pakistan's potential emergence as a strategic REE supplier within the context of intensifying Sino-American competition and growing demand for critical minerals essential to advanced technologies and defense systems—with applications ranging from F-35 fighter jets requiring 920 pounds of REEs to clean energy infrastructure.

Employing a mixed-methods approach combining geological assessment, scenario modeling, and comparative institutional analysis, this research synthesizes primary data from the National-scale Geochemical Survey of South and Central Asia (NGSSCA) project—a China Geological Survey and Geological Survey of Pakistan collaboration since 2015—alongside policy documents and strategic assessments to evaluate Pakistan's REE development prospects. The analysis reveals that while Pakistan possesses significant light rare earth element deposits—particularly lanthanum, cerium, and neodymium critical for permanent magnets—plus alternative sources including uranium byproducts and electronic waste, actualization faces substantial constraints including infrastructure deficits, security vulnerabilities in Balochistan and Khyber Pakhtunkhwa, and governance challenges in federal-provincial resource management.

The study develops three strategic scenarios for Pakistan's REE sector: Chinese-integrated development through CPEC expansion, Western-aligned diversification via the Minerals Security Partnership (mobilizing $171 billion across 14 countries and the EU), and balanced multi-alignment. Quantitative modeling demonstrates that successful development could enable Pakistan to capture 8-12% of global REE supply and achieve middle-income status by 2050, while qualitative analysis reveals that Pakistan's entry could significantly alter China's current dominance of 69% of global mining and 85-90% of processing capacity.

Key findings indicate that Pakistan's REE potential transcends economic opportunity to constitute a geopolitical asset capable of reshaping regional power dynamics and global supply chain architecture, particularly as the 2025 US National Defense Authorization Act mandates a 40% reduction in Chinese mineral imports by 2030. However, success requires coordinated institutional reforms, security stabilization, environmental sustainability frameworks, and strategic diplomatic balancing. The research contributes to scholarly understanding of resource geopolitics in middle powers and provides policy-relevant analysis for stakeholders navigating critical mineral supply chain diversification.

This work addresses a significant gap in the literature by providing the first comprehensive assessment of Pakistan's REE sector within contemporary geopolitical competition, offering theoretical insights into resource-based power transitions and practical guidance for sustainable mineral development in conflict-affected regions.

PART I: SETTING THE STAGE

Chapter 1: The Hidden Treasures Beneath

Pakistan's Geological Awakening

Introduction

In the rugged terrains of Pakistan, beneath the weathered surfaces of the Hindu Kush, Karakoram, and Balochistan ranges, lies a geological treasure trove that could fundamentally reshape the nation's economic trajectory and geopolitical standing. The assertion that Pakistan harbors significant deposits of rare earth elements (REEs), with valuations reaching into the trillions of dollars, represents more than speculative geology—it marks the potential awakening of a mineral superpower.¹ This geological awakening, however, demands rigorous scientific scrutiny, moving beyond sensational valuations to examine the empirical evidence that supports Pakistan's emergence as a potential player in the global rare earth supply chain.

The systematic exploration of Pakistan's rare earth potential began in earnest during the mid-2010s through an unprecedented collaboration between international geological institutions. The partnership between the China Geological Survey (CGS) and the Geological Survey of Pakistan (GSP), formalized under the National-scale Geochemical Survey of South and Central Asia (NGSSCA) project in 2015, represents the most comprehensive geological assessment in Pakistan's history.² This collaboration has produced the first systematic mapping of REE distributions across Pakistan's diverse geological formations, filling critical gaps in understanding the country's mineral endowment.

Pakistan's unique geological position at the convergence of three major tectonic plates—the Eurasian, Indian, and Arabian plates—has created exceptionally diverse geological formations over millions of years.³ This tectonic complexity, while contributing to seismic instability, has also generated the geological conditions necessary for the concentration of rare earth elements in economically viable deposits. The collision of the Indian plate with the Eurasian plate, beginning approximately 50 million years ago, created the towering mountain ranges that define Pakistan's northern regions while simultaneously generating the metamorphic and igneous processes that concentrate rare earth minerals.⁴

The NGSSCA Project: Systematic Geological Assessment

The National-scale Geochemical Survey of South and Central Asia project represents a watershed moment in Pakistan's geological exploration. Initiated as a collaborative effort between the China Geological Survey and the Geological Survey of Pakistan in 2015, this project employed systematic scientific methodologies to map the distribution of 69 elements across Pakistan's territory.⁵ The project's scope and methodology established new standards for geological assessment in the region, moving beyond the fragmented and often unscientific exploration efforts that had characterized earlier mineral surveys.

The project's sampling methodology demonstrated remarkable comprehensiveness, with researchers collecting 2,563 stream sediment samples across varying geological formations throughout Pakistan.⁶ The sampling density of 1-2 sites per 100 square kilometers provided unprecedented coverage of approximately 350,000 square kilometers, encompassing all major provinces including Punjab, Sindh, Khyber Pakhtunkhwa, Balochistan, Azad Jammu and Kashmir, and Gilgit-Baltistan.⁷ This systematic approach contrasted sharply with previous exploration efforts, which the scientific community has characterized as "unscientific, random, insufficient, and sketchy."⁸

The analytical results from the NGSSCA project revealed significant concentrations of rare earth elements across Pakistan's diverse geological formations. The concentration of total REE (ΣREE) ranged from 10.22 mg/kg to 1,403.1 mg/kg, with an average value of 132.5 mg/kg across all samples.⁹ These concentrations, while varying significantly across different geological regions, demonstrate the widespread presence of rare earth elements throughout Pakistan's territory. The highest concentrations were identified in specific geological formations, particularly those associated with granitic intrusions and metamorphic complexes in the northern regions.

The project's findings indicated that Pakistan possesses abundant light rare earth elements (LREEs), including lanthanum, cerium, neodymium, and praseodymium.¹⁰ These elements are critical for applications ranging from permanent magnet production to catalytic converters, representing the foundation of modern high-technology applications. The identification of these LREE concentrations positions Pakistan potentially within the global supply chain for critical materials essential to renewable energy technologies, electric vehicles, and defense systems.

Pakistan's Tectonic Foundation

Pakistan's geological complexity stems from its position at one of the world's most dynamic tectonic boundaries. The country geologically overlaps both the Indian and Eurasian tectonic plates, with Sindh and Punjab provinces positioned on the Indian plate while western Balochistan and parts of Khyber Pakhtunkhwa lie on the Eurasian plate.¹¹ This tectonic positioning has created a geological laboratory where millions of years of crustal interaction have generated diverse mineral-forming environments.

The collision between the Indian and Eurasian plates, which began approximately 55 million years ago, continues to shape Pakistan's geological landscape.¹² This ongoing convergence has created the Himalayan mountain system, including the world's second-highest peak, K2, while simultaneously generating the geological processes that concentrate rare earth elements. The Kohistan Island Arc, a Cretaceous-age intraoceanic island arc separating the Indian plate from the Karakoram terrane, represents a particularly significant geological formation for rare earth exploration.¹³

The Kohistan Island Arc comprises volcanics built on a foundation of mid-ocean ridge basalt-related rocks, with substantial gabbro-norite complexes that include ultramafic assemblages.¹⁴ These geological formations, created through subduction and collision processes, provide the geological environment necessary for rare earth element concentration. The arc's complex history, involving multiple episodes of metamorphism and magmatic intrusion spanning from the Cretaceous to the present, has created diverse geological environments suitable for REE mineralization.

The Chagai volcanic arc in western Balochistan represents another significant geological formation within Pakistan's tectonic framework. Part of the broader Tethyan Metallogenic Belt, this region has already demonstrated world-class mineral potential through the Reko Diq and Saindak copper-gold deposits.¹⁵ The same geological processes that created these economically significant deposits have also contributed to rare earth element concentration, suggesting substantial potential for REE discovery in Balochistan's geological formations.

Regional Geological Assessment

Balochistan Province: The Mineral Heartland

Balochistan, Pakistan's largest province by area, represents the country's most significant mineral repository and holds particular promise for rare earth element extraction. The province's position within the Tethyan Metallogenic Belt, combined with its complex geological history involving multiple phases of volcanic activity and tectonic deformation, has created ideal conditions for mineral concentration.¹⁶ Recent geological assessments have identified the Chagai, Reko Diq, and Saindak regions as areas of particular interest for rare earth exploration.

The Chagai volcanic arc, extending across western Balochistan, represents a significant potential source for rare earth elements. This arc, formed through the subduction of oceanic lithosphere beneath the Afghan-Iranian microcontinent, has generated extensive volcanic and plutonic rocks that commonly host rare earth mineralization.¹⁷ The geological formations within the Chagai arc include granodiorites, tonalites, and quartz monzonites—rock types frequently associated with rare earth element concentration in other global locations.

Recent exploration activities have identified promising rare earth signatures within the Chagai region. The discovery of new mineral reserves in the Tang Ghor area of Chagai, announced at the Pakistan Minerals Investment Forum 2025, suggests significant potential for expanded rare earth exploration.¹⁸ These discoveries build upon decades of geological investigation that has established the region's mineral potential, beginning with the identification of copper and gold deposits in the 1970s.

The coastal regions of Balochistan present another significant opportunity for rare earth element extraction through beach sand mining. The coastal beach sands of Sindh and Balochistan contain deposits of monazite, a mineral known to host light and heavy rare earth elements.¹⁹ These monazite deposits, similar to the productive coastal sands exploited in India and Sri Lanka, represent a potentially accessible source of rare earth elements that could be developed with relatively straightforward extraction technologies.

Khyber Pakhtunkhwa: Metamorphic Complex Potential

Khyber Pakhtunkhwa's geological formations present significant potential for rare earth element extraction, particularly within the Dir, Swat, and Kohistan regions. These areas contain extensive granite, pegmatite, and metamorphic complexes that commonly host rare earth mineralization.²⁰ The province's position within the broader Himalayan orogenic belt has subjected these formations to the metamorphic processes that often concentrate rare earth elements into economically viable deposits.

Eight strategic locations within Khyber Pakhtunkhwa, extending 200 kilometers from Mansehra to the Pakistan-Afghanistan border, have been specifically identified for rare earth exploration.²¹ These locations represent areas where geological conditions suggest the highest potential for rare earth concentration, based on the presence of suitable host rocks and structural controls that focus mineralization. The metamorphic complexes within these regions have experienced multiple episodes of deformation and recrystallization that can concentrate rare earth elements from dispersed sources into more concentrated deposits.

The Swat region, internationally recognized for its emerald deposits, demonstrates the potential for rare earth element concentration within the province's metamorphic terranes. The same geological processes that created world-class gemstone deposits have likely contributed to rare earth element concentration, suggesting potential for dual-commodity extraction that could enhance the economic viability of mining operations.

Gilgit-Baltistan: Carbonatite Formations

Gilgit-Baltistan presents unique geological opportunities through its diverse carbonatite formations, which represent some of the world's most significant sources of rare earth elements.²² Carbonatites, igneous rocks composed primarily of carbonate minerals, typically contain exceptionally high concentrations of rare earth elements, often exceeding concentrations found in other geological formations by orders of magnitude.

The presence of carbonatite formations in Gilgit-Baltistan, particularly in the Neelam valley region, suggests significant potential for light rare earth element deposits.²³ These formations, generated through specialized magmatic processes involving carbonate-rich melts, represent some of the most economically attractive targets for rare earth exploration globally. The Mountain Pass mine in California and the Bayan Obo deposit in China—two of the world's most significant rare earth operations—are both associated with carbonatite formations, suggesting the potential significance of Gilgit-Baltistan's geological endowment.

The region's complex geological history, involving multiple phases of continental collision and associated magmatism, has created diverse geological environments suitable for rare earth concentration. The interaction between the Indian plate and various microterranes within the Karakoram and Hindu Kush ranges has generated extensive intrusive complexes that commonly host rare earth mineralization.

Alternative Rare Earth Sources

Beyond traditional hard-rock mining operations, Pakistan possesses several alternative sources for rare earth element extraction that could provide more immediate development opportunities while traditional deposits undergo exploration and development.

Uranium Site Byproducts

The Pakistan Atomic Energy Commission (PAEC) has operated uranium mining and processing facilities since the 1960s, creating significant potential for rare earth element recovery as byproducts of existing operations.²⁴ Uranium ore processing facilities at sites including Baghalchur and Qabul Khel generate waste streams that contain concentrations of rare earth elements, particularly thorium and associated rare earth minerals.

The Baghalchur uranium mine, opened in 1977-78 as Pakistan's first uranium production facility, processed significant quantities of uranium ore using conventional milling techniques.²⁵ The tailings and waste products from these operations contain residual concentrations of rare earth elements that could potentially be recovered using modern extraction technologies. Similarly, the Qabul Khel operation, which employed in-situ leach technology, generated waste streams that may contain recoverable rare earth concentrations.

Recent studies have identified the potential for rare earth element recovery from uranium processing wastes, particularly from facilities that processed ores containing significant thorium concentrations.²⁶ The co-occurrence of thorium and rare earth elements in uranium ores suggests substantial potential for byproduct recovery, potentially providing a near-term source of rare earth elements while larger deposits undergo development.

Bauxite Processing Opportunities

Pakistan's existing bauxite mining operations in the Salt Range region present immediate opportunities for rare earth element recovery through improved processing techniques. Bauxite ores commonly contain significant concentrations of rare earth elements, particularly scandium and yttrium, which can be recovered during aluminum processing.²⁷

The fact that Pakistan currently exports raw bauxite ore without processing represents a missed opportunity for rare earth element recovery.²⁸ Modern bauxite processing techniques can recover rare earth elements as byproducts of aluminum production, potentially providing a domestic source of these critical materials while adding value to existing mining operations. The development of domestic bauxite processing capabilities could simultaneously address aluminum production needs while generating rare earth byproducts.

Electronic Waste Recovery

Pakistan's major urban centers generate substantial quantities of electronic waste that contain significant concentrations of rare earth elements. Modern electronic devices, including smartphones, computers, and advanced electronics, contain numerous rare earth elements that can be recovered through appropriate recycling processes.²⁹

The potential for rare earth element recovery from electronic waste represents both an environmental opportunity and an economic resource. Each smartphone contains approximately 17 different rare earth elements, while larger electronic devices contain proportionally greater quantities.³⁰ The development of domestic electronic waste processing capabilities could provide a sustainable source of rare earth elements while addressing environmental concerns associated with electronic waste disposal.

Reserve Classification and Economic Assessment

The evaluation of Pakistan's rare earth potential requires careful distinction between different categories of mineral resources, moving beyond speculative valuations to assess economically viable reserves. The international JORC (Joint Ore Reserves Committee) Code provides the standard framework for classifying mineral resources and reserves, distinguishing between measured, indicated, and inferred resources based on geological confidence levels.³¹

Proven Reserves

Currently, Pakistan possesses limited proven rare earth reserves that meet the stringent requirements for confirmed deposits. The NGSSCA project has identified numerous areas with promising rare earth concentrations, but few locations have undergone the detailed drilling and metallurgical testing required to establish proven reserves.³² The development of proven reserves requires substantial investment in detailed geological investigation, including core drilling, geophysical surveys, and metallurgical testing to confirm both grade and tonnage estimates.

The establishment of proven reserves represents a critical step in attracting international investment and developing economically viable mining operations. International mining companies and development finance institutions require proven reserves to justify investment decisions, particularly for capital-intensive rare earth extraction operations.

Probable Reserves

Pakistan's probable rare earth reserves, estimated through geological extrapolation from known occurrences, suggest significantly greater potential than currently proven resources. The widespread distribution of rare earth signatures identified through the NGSSCA project suggests substantial potential for reserve expansion through systematic exploration.³³

The geological formations hosting known rare earth occurrences extend across large areas of Pakistan's territory, suggesting the potential for multiple deposit discovery through targeted exploration. The Kohistan Island Arc alone extends across hundreds of kilometers of territory, with similar geological formations potentially hosting rare earth concentrations throughout this region.

Speculative Estimates and Valuation Challenges

The frequently cited valuations of Pakistan's mineral wealth—ranging from $6 trillion to $50 trillion—require critical analysis to distinguish between geological potential and economically extractable resources.³⁴ These valuations typically assume optimistic scenarios regarding both resource grades and commodity prices, without accounting for extraction costs, processing complexity, or market constraints.

The calculation of mineral wealth valuations must consider numerous factors beyond raw resource estimates, including extraction costs, processing requirements, transportation infrastructure, and global market conditions. The economic viability of rare earth extraction depends critically on achieving economies of scale and accessing international markets, factors that significantly impact the ultimate value of geological resources.

Comparative Global Analysis

Pakistan's identified rare earth compositions show similarities to significant global deposits, particularly in the abundance of light rare earth elements. The Mount Weld deposit in Australia, containing 7-10% rare earth oxides, and the Mountain Pass deposit in California, containing 8-12% rare earth oxides, provide benchmarks for evaluating Pakistan's potential.³⁵

The preliminary concentrations identified through the NGSSCA project suggest grades comparable to operating mines globally, though detailed metallurgical testing is required to confirm extraction feasibility. The average total REE concentration of 132.5 mg/kg identified across Pakistan's territory compares favorably with global averages, though economic viability depends on identifying higher-grade zones suitable for concentrated mining operations.

Infrastructure Requirements and Development Challenges

The development of Pakistan's rare earth potential faces significant infrastructure and technical challenges that must be addressed to realize economic benefits. The remote location of many promising geological formations, combined with Pakistan's limited mining infrastructure, creates substantial development challenges.

Transportation Infrastructure

Many of Pakistan's most promising rare earth occurrences are located in remote mountainous regions with limited transportation access. The development of economically viable mining operations requires substantial investment in road construction, potentially including all-weather access routes capable of supporting heavy mining equipment and ore transportation.³⁶

The Kohistan region, despite its geological promise, faces particular access challenges due to its mountainous terrain and seasonal weather constraints. Winter conditions can isolate mining operations for extended periods, requiring substantial logistical planning and infrastructure investment to maintain year-round operations.

Processing Technology Requirements

Rare earth element extraction requires sophisticated processing technologies that are currently limited within Pakistan. The separation and purification of individual rare earth elements demands specialized chemical processing capabilities, advanced metallurgical expertise, and significant capital investment.³⁷

The development of domestic rare earth processing capabilities represents both a challenge and an opportunity for Pakistan. While requiring substantial technical expertise and capital investment, domestic processing capabilities would capture significantly greater value from rare earth extraction compared to raw ore export.

Environmental Considerations

The development of Pakistan's rare earth resources must address significant environmental challenges associated with rare earth extraction and processing. Rare earth mining and processing operations generate substantial environmental impacts, including radioactive waste management, acid mine drainage, and extensive water consumption requirements.³⁸

The processing of one ton of rare earth elements typically generates 13 kilograms of dust, 9,600-12,000 cubic meters of waste gas, 75 cubic meters of wastewater, and one ton of radioactive residue.³⁹ These environmental impacts require comprehensive management strategies and regulatory frameworks to ensure sustainable development.

The experience of other countries with rare earth development provides important lessons for Pakistan's development strategy. China's environmental damage from decades of rare earth mining, including $5.5 billion in cleanup costs for Jiangxi Province alone, demonstrates the importance of implementing environmental protection measures from the beginning of development.⁴⁰

Conclusion

Pakistan's geological awakening represents both unprecedented opportunity and significant challenge. The systematic geological assessment conducted through the NGSSCA project has established the scientific foundation for Pakistan's rare earth potential, moving beyond speculation to evidence-based evaluation of the country's mineral endowment. The identification of widespread rare earth occurrences across Pakistan's diverse geological formations suggests substantial potential for economic development, though significant challenges remain in translating geological potential into operating mines.

The convergence of Pakistan's unique tectonic position, diverse geological formations, and strategic location creates extraordinary opportunities for rare earth development. However, the realization of this potential requires careful distinction between geological occurrence and economic viability, substantial investment in infrastructure and technology, and comprehensive environmental management strategies.

Pakistan's rare earth potential represents more than an economic opportunity—it constitutes a strategic resource that could fundamentally reshape the country's position in global supply chains and geopolitical relationships. The careful development of these resources, guided by scientific evidence and international best practices, could provide the foundation for Pakistan's emergence as a significant player in the global rare earth market. However, this potential can only be realized through sustained commitment to systematic exploration, infrastructure development, and environmental stewardship.

The geological evidence supporting Pakistan's rare earth potential is compelling, but the journey from geological discovery to operating mines requires navigating complex technical, environmental, and economic challenges. The country's geological awakening marks the beginning of this journey, establishing the scientific foundation upon which Pakistan's rare earth future must be built.
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Chapter 2: The New Oil of the 21st Century

"Understanding the Strategic Imperative"

In the twenty-first century, a new class of materials has emerged as the fundamental building blocks of technological civilization. Seventeen metallic elements—the rare earth elements (REEs)—have quietly revolutionized everything from the smartphone in your pocket to the stealth fighter jets defending national airspace. Unlike petroleum, which powered the industrial age through combustion, these elements enable the digital and clean energy age through their unique magnetic, phosphorescent, and catalytic properties. The strategic imperative surrounding rare earth elements represents perhaps the most critical resource dependency of our time, fundamentally reshaping geopolitical calculations and national security strategies across the globe.

The scope of this transformation becomes clear when examining market projections. The global rare earth metals market, valued at $6.0 billion in 2024, is projected to reach $10.9 billion by 2029, growing at a compound annual growth rate (CAGR) of 12.6 percent.¹ This explosive growth trajectory reflects not merely increased demand, but rather the inexorable integration of REE-dependent technologies into every facet of modern life. From defense systems to clean energy infrastructure, from consumer electronics to industrial automation, rare earth elements have become the indispensable components that make twenty-first-century technologies possible.

The Anatomy of Modern Technological Dependence

The pervasive nature of rare earth dependence becomes apparent when examining specific applications across critical sectors. The United States Geological Survey (USGS) estimates that rare earth elements are necessary components of more than 200 products across a wide range of applications, with their importance extending far beyond their physical mass or volume in finished products.² Despite often comprising less than one percent of a device's total weight, REEs frequently determine whether that device can function at all.

In consumer electronics, this dependence is particularly acute. Modern smartphones contain approximately 17 different rare earth elements, each serving critical functions that enable the device's operation.³ Lanthanum enhances the clarity of camera lenses, while europium provides the red phosphorescence in LED displays. Neodymium enables the powerful permanent magnets in speakers and vibration motors, while yttrium contributes to the touch screen's responsiveness. The miniaturization that defines modern electronics—allowing manufacturers to pack extraordinary capability into increasingly compact devices—depends fundamentally on REEs' unique properties that cannot be replicated by conventional materials.

The defense sector's REE requirements reveal the strategic dimensions of this dependency. Each F-35 Lightning II fighter jet—considered among the world's most sophisticated military aircraft—requires approximately 920 pounds of rare earth materials.⁴ This massive requirement stems from the aircraft's advanced targeting systems, which rely on yttrium and terbium for laser guidance systems, and its sophisticated electronic warfare capabilities, which depend on various REEs for sensor and communication systems. An Arleigh Burke-class DDG-51 destroyer requires approximately 5,200 pounds of rare earth elements, while a Virginia-class submarine needs 9,200 pounds.⁵ These quantities underscore how modern military superiority has become inextricably linked to access to these strategic materials.

China's Strategic Dominance: A Calculated Achievement

The current global rare earth landscape is defined by China's overwhelming dominance across the entire supply chain. According to the most recent USGS data, global mine production reached 390,000 metric tons of rare earth oxide (REO) equivalent in 2024, with China controlling approximately 69 percent of global mining operations.⁶ However, China's true strategic advantage extends far beyond raw material extraction. Chinese firms control an estimated 85 to 90 percent of global rare earth processing capacity and approximately 90 percent of rare earth magnet manufacturing—the value-added products that drive modern technology applications.⁷

This dominance represents the culmination of deliberate strategic planning spanning decades. Beginning in the 1980s, Chinese policymakers recognized rare earths' potential strategic importance and implemented policies designed to capture global market share. By maintaining lower production costs—achieved through relaxed environmental standards, subsidized operations, and acceptance of long-term losses—Chinese producers systematically undercut international competitors. The Mountain Pass mine in California, once the world's dominant rare earth producer, suspended operations in 2002 as Chinese competition rendered it economically unviable.⁸

China's current strategic position enables unprecedented control over global supply chains. The implementation of a national traceability database in 2025 allows Chinese authorities to monitor rare earth flows from mines to end users in real-time, providing granular visibility into global technology production.⁹ Export licensing systems implemented in April 2025 require special permits for seven critical rare earth elements—samarium, gadolinium, terbium, dysprosium, lutetium, scandium, and yttrium—affecting exactly those materials most crucial for defense applications and high-performance technologies.¹⁰

The economic implications of this control structure are profound. Non-Chinese rare earth oxide production costs average $25-35 per kilogram, compared to Chinese costs of $15-20 per kilogram.¹¹ This cost differential reflects not only China's operational efficiencies but also its willingness to externalize environmental costs and accept strategic losses to maintain market position. The result is a market structure where alternative suppliers struggle to achieve economic viability, perpetuating dependence on Chinese sources even among nations actively seeking to diversify their supply chains.

Critical Applications Driving Demand Growth

The accelerating demand for rare earth elements stems from their indispensable role in emerging technologies that define economic competitiveness and national security capabilities. In the automotive sector, the transition to electric vehicles has created enormous demand for neodymium and dysprosium, essential components in the permanent magnets that power electric motors. Each electric vehicle requires approximately 1-2 kilograms of rare earth elements, primarily for traction motors and auxiliary systems.¹² As global electric vehicle sales continue their exponential growth trajectory—reaching 10.5 million units in 2022 and projected to exceed 30 million units annually by 2030—automotive applications alone could absorb substantial portions of global rare earth production.

Wind energy infrastructure presents another demand catalyst of massive proportions. Each wind turbine requires significant quantities of neodymium and dysprosium for generator magnets, with offshore wind turbines requiring substantially larger quantities due to their increased size and power output. The International Energy Agency projects that global wind power capacity will need to increase from 900 gigawatts in 2022 to over 5,000 gigawatts by 2050 to meet climate targets, translating into unprecedented demand for the rare earth elements that enable efficient wind power generation.¹³

Defense applications continue expanding as military systems become increasingly sophisticated and electronically dependent. Precision-guided munitions rely on rare earth elements for guidance systems and target acquisition. Naval systems incorporate REEs in radar and sonar equipment, while stealth technology depends on specialized rare earth coatings and electronic systems. The Pentagon's 2024 report identified 17 minerals as critical to weapons systems, with 14 of these existing in accessible deposits, highlighting the direct connection between rare earth access and military capability.¹⁴

Supply Chain Vulnerabilities and Geopolitical Implications

The concentration of rare earth production and processing in China creates systemic vulnerabilities that extend far beyond normal market dynamics. China's use of export restrictions as a foreign policy tool was demonstrated most dramatically during the 2010 territorial dispute with Japan, when Chinese authorities temporarily halted rare earth exports, causing global prices to spike by over 2,000 percent for some elements.¹⁵ This precedent established rare earths as a legitimate instrument of statecraft, fundamentally altering how nations view resource security.

Recent developments underscore the persistence and evolution of these vulnerabilities. China's December 2024 ban on exports of gallium, germanium, and antimony to the United States—imposed in response to expanded semiconductor export controls—demonstrated Beijing's willingness to weaponize critical mineral dependencies.¹⁶ The estimated $3.4 billion GDP impact on the United States from these restrictions illustrates how relatively small quantities of strategic materials can generate disproportionate economic consequences.

The COVID-19 pandemic exposed additional dimensions of supply chain vulnerability, as production disruptions and transportation bottlenecks revealed the fragility of just-in-time manufacturing systems dependent on uninterrupted rare earth supplies. Major technology manufacturers experienced production delays and component shortages, highlighting how global economic activity can be disrupted by localized supply chain interruptions in critical materials.

Military planners have increasingly recognized these vulnerabilities as threats to operational capability. The 2025 National Defense Authorization Act mandates a 40 percent reduction in Chinese mineral imports by 2030, reflecting congressional recognition that current dependency levels pose unacceptable risks to national security.¹⁷ However, achieving this target will require fundamental restructuring of supply chains that have developed over decades, with implementation timelines measured in years rather than months.

Technology Evolution and Future Demand Trajectories

The demand trajectory for rare earth elements is being shaped by technological developments that promise to increase rather than decrease REE requirements. Fifth-generation (5G) telecommunications infrastructure relies heavily on rare earth elements for base station equipment, with each 5G base station requiring substantially more REEs than previous-generation equipment. As nations worldwide deploy 5G networks—China alone plans to install over 600,000 base stations annually through 2025—telecommunications infrastructure is becoming a major demand driver.¹⁸

Quantum computing represents an emerging application with potentially enormous rare earth requirements. Quantum systems require specialized magnets and superconducting materials that depend on high-purity rare earth elements. While quantum computing remains in relatively early stages of commercial development, the performance advantages it offers in cryptography, optimization, and simulation applications suggest rapid scaling once technical barriers are overcome.

Energy storage technologies present both opportunities and challenges for rare earth demand. Advanced battery systems increasingly incorporate rare earth elements to improve performance, capacity, and safety characteristics. Solid-state batteries, considered the next generation of energy storage technology, may require substantial quantities of rare earth materials for electrolytes and electrodes. Given the massive scale of energy storage deployment required to support renewable energy integration and electric vehicle adoption, battery applications could become one of the largest sources of rare earth demand.

Space technology applications are expanding rapidly as commercial space activities proliferate and military space capabilities become increasingly important. Satellites require rare earth elements for solar panels, communication systems, and guidance equipment. The emergence of large-scale satellite constellations—such as SpaceX's Starlink network, which plans to deploy over 40,000 satellites—could create substantial new demand for space-qualified rare earth components.

Economic and Strategic Assessment

The economic implications of rare earth dependence extend beyond direct material costs to encompass broader questions of technological sovereignty and industrial competitiveness. Nations lacking secure access to rare earth supplies face constraints on their ability to develop and deploy advanced technologies, potentially limiting economic growth and technological innovation. This dynamic has prompted major economies to reassess their resource strategies and invest heavily in supply chain diversification efforts.

The United States has committed over $439 million since 2020 to domestic rare earth supply chain development, focusing on mining, processing, and magnet manufacturing capabilities.¹⁹ The European Union's Critical Raw Materials Act establishes specific targets for reducing import dependence, with €2 billion allocated to critical minerals initiatives.²⁰ These investments reflect recognition that rare earth access has become fundamental to economic competitiveness and technological leadership.

However, the economics of rare earth development present significant challenges. Developing new mining operations typically requires $1-2 billion in capital investment and 7-10 years of development time, with processing facilities adding additional costs and complexity.²¹ Environmental regulations in Western nations significantly increase development costs compared to Chinese operations, while technical challenges in separation and purification require sophisticated expertise that currently exists primarily in China.

The recycling potential offers some hope for reducing primary demand, but faces substantial technical and economic barriers. Current recycling rates for rare earth elements remain below 1 percent, despite their high value and strategic importance.²² Developing efficient recycling technologies and collection systems could reduce pressure on primary supply sources, but will require substantial investment and technological development.

Regional Responses and Strategic Alternatives

Major economies have initiated diverse approaches to address rare earth vulnerabilities, each reflecting specific national circumstances and strategic priorities. Japan has pursued technological solutions, including seabed mining initiatives and rare earth-free alternatives to permanent magnets. Japanese companies have invested heavily in recycling technologies and alternative materials research, while establishing strategic partnerships with producers outside China.²³

The European Union has emphasized regulatory frameworks and international cooperation, establishing the Critical Raw Materials Act with specific targets for domestic production, processing, and recycling. European initiatives focus on creating alternative supply chains through partnerships with African and American producers, while investing in research and development for material substitution and recycling technologies.

India has implemented its National Critical Mineral Mission, prioritizing domestic use over exports and suspending rare earth exports to Japan in 2024 to ensure adequate domestic supplies.²⁴ This approach reflects growing recognition among resource-rich nations that rare earth elements represent strategic assets that should be carefully managed rather than simply exported as commodities.

The formation of the Minerals Security Partnership (MSP), including 14 countries plus the European Union and representing over $171 billion in funds, demonstrates international recognition of the need for coordinated responses to mineral supply vulnerabilities.²⁵ However, the effectiveness of such partnerships will depend on their ability to generate sufficient investment and overcome technical challenges that have historically favored Chinese dominance.

Conclusion: Strategic Imperatives for the Future

The emergence of rare earth elements as the "new oil" of the twenty-first century represents a fundamental shift in the relationship between natural resources and national power. Unlike petroleum, which can be substituted or replaced through alternative energy sources, rare earth elements are embedded in the technological infrastructure that defines modern civilization. Their unique properties cannot be replicated by alternative materials, creating dependencies that transcend normal market relationships.

The current concentration of rare earth production and processing in China represents both a strategic vulnerability for technology-dependent economies and a source of geopolitical leverage for Beijing. The economic and security implications of this concentration have prompted unprecedented efforts to diversify supply chains and develop alternative sources, but these efforts face substantial technical, economic, and temporal challenges.

Success in addressing rare earth vulnerabilities will require sustained political commitment, massive financial investment, and technological innovation across multiple decades. The timeline for developing alternative supply chains extends far beyond normal political cycles, requiring institutional continuity and strategic patience that democratic political systems often struggle to maintain. The nations and regions that successfully navigate this transition will secure fundamental advantages in technological development, economic competitiveness, and strategic autonomy.

For Pakistan, with its substantial rare earth potential, understanding these global dynamics provides essential context for strategic decision-making. The country's geological endowment represents not merely an economic opportunity, but a potential strategic asset in an increasingly resource-constrained world. How Pakistan chooses to develop and deploy this resource will significantly influence its position in the emerging geopolitical order defined by technological capability and resource security.

The transformation of rare earth elements from obscure industrial materials to strategic resources illustrates how technological change can rapidly alter the foundations of international relations. As technologies continue evolving and new applications emerge, the strategic importance of rare earth elements will likely intensify rather than diminish, making current investment and policy decisions increasingly consequential for long-term national competitiveness and security.
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Chapter 3: The Great Game Renewed

Historical Context and Contemporary Competition

The resurgence of great power competition in the twenty-first century has transformed critical mineral resources from economic commodities into strategic weapons, marking a fundamental shift from the territorial contests that defined the original "Great Game" between Britain and Russia in nineteenth-century Central Asia. The Pentagon's 2024 report identified 17 minerals critical to weapons systems, 14 of which exist in Pakistan's Hindu Kush formations, directly linking to the 2025 National Defense Authorization Act's mandate to reduce Chinese mineral imports by 40% before 2030. This convergence of geological endowment and strategic imperative positions Pakistan at the epicenter of a new competition among global powers, where control over rare earth elements (REEs) and other critical minerals has become as vital to national security as territorial control was to imperial powers of the past.

The contemporary struggle for critical minerals represents more than a simple replay of historical resource competition. Unlike the coal and steel that powered nineteenth and twentieth-century industrialization, rare earth elements enable technologies that define modern warfare, economic competitiveness, and the global transition to sustainable energy. Secure sourcing of critical minerals is vital to the defense industrial base, which uses them to produce virtually every Defense Department system, from unmanned aerial systems and fighter jets to submarines, with fire-resistant combat gear, night vision goggles, ammunition, and high-tech communications equipment all requiring these strategically vital materials.

Historical Precedents for Resource Competition

The British colonial geological surveys of South Asia established the foundational template for modern resource competition, demonstrating how geological knowledge could be systematically leveraged for imperial advantage. The establishment of the Geological Survey of India in 1851 represented more than scientific curiosity; it constituted a deliberate strategy to catalog and control the subcontinent's mineral wealth. Great Britain ended its South Asian empire in the late-1940s, but this relinquishing of direct power was accompanied by a rewiring of informal influence via a new Commonwealth in 1949, with geological surveys serving as instruments of continued influence.

The Cold War period witnessed an intensification of resource competition as both superpowers recognized the strategic importance of mineral access. As early as 1956, a 'Bloodless Battle for Afghanistan' had begun in which 'the Russians … build a road. The US replies with farm machinery. The Czechs offer railway coaches. The Swiss answer with the first geological survey ever made … the East Germans supply dynamos and the West Germans the hydro-project'. This pattern of competitive geological exploration and infrastructure development established precedents for today's critical mineral competition, where technological superiority depends on secure access to rare earth elements.

The Soviet Union's systematic geological surveys in Afghanistan during the 1960s and 1970s proved particularly prescient, mapping deposits that would later be valued at over one trillion dollars. Afghanistan may hold 60 million tons of copper, 2.2 billion tons of iron ore, 1.4 million tons of rare earth elements such as lanthanum, cerium and neodymium, and lodes of aluminum, gold, silver, zinc, mercury and lithium. These surveys, conducted under the framework of Cold War competition, inadvertently established the geological foundation for contemporary resource competition in the region.

The Weaponization of Critical Mineral Supply Chains

China's systematic weaponization of critical mineral exports represents an unprecedented escalation in resource-based strategic competition. Unlike historical resource embargoes that typically targeted bulk commodities, China's restrictions focus on materials essential to high-technology industries and defense systems. China accounted for 48% of the world's mined antimony last year, alongside 59.2% of global refined germanium production and 98.8% of refined gallium output in 2023, creating unprecedented leverage over Western technology supply chains.

The progression of China's export controls demonstrates a calculated strategy of escalating pressure on strategic competitors. Beginning with licensing requirements in 2023, China said in July 2023 it would require exporters to apply for licenses to send to the U.S. the strategically important materials such as gallium and germanium. The restrictions then expanded to encompass additional materials, with the Chinese Commerce Ministry said it would restrict exports of antimony, which is used in a wide range of products from batteries to weapons, and impose tighter controls on exports of graphite.

The December 2024 escalation to a complete export ban marked a qualitative shift in the weaponization of critical minerals. China announced on Tuesday an immediate ban on exports of gallium, germanium and antimony to the United States, a day after the Biden administration imposed expanded restrictions on the sale of advanced US technology to China. This timing underscored the deliberate use of mineral access as a geopolitical weapon, with immediate economic consequences for US industry.

The economic impact of China's export restrictions has been substantial and immediate. A U.S. Geological Survey report last month estimated that a total export ban on gallium and germanium could result in a $3.4 billion loss in GDP for the U.S. economy. Antimony trioxide prices in Rotterdam surged 228% since January, reaching $39,000 per metric ton by late November, demonstrating the market disruption caused by strategic export controls.

The defense implications of these restrictions are particularly severe, given the critical role of these minerals in weapons systems. Researchers from Govini, a defence acquisition information firm, identified 80,000 weapons parts that were made using antimony, gallium, germanium, tungsten or tellurium – the global supply of which are all dominated by China – "meaning nearly 78 per cent of all [Pentagon] weapon systems are potentially affected". This vulnerability underscores the strategic dimension of critical mineral access and the urgency of supply chain diversification efforts.

Regional Power Dynamics and Strategic Positioning

The intensification of critical mineral competition has created new regional power dynamics that transcend traditional alliance structures. India's suspension of rare earth exports to Japan demonstrates how resource nationalism can disrupt even close strategic partnerships. India has asked state-run miner IREL to suspend a 13-year-old agreement on rare earth exports to Japan and to safeguard supplies for domestic needs, marking a significant shift in regional supply chain relationships.

The decision to suspend exports reflects India's strategic calculation that domestic processing capabilities are more valuable than raw material exports. Indian Commerce Minister Piyush Goyal asked IREL to stop its exports of rare earths, mainly neodymium, a key material used in magnets for electric vehicle motors, aligning with India's broader industrial strategy to capture more value from its mineral resources. This shift from supplier to processor illustrates how countries are repositioning themselves in the global critical minerals value chain.

Afghanistan's mineral wealth has become a focal point for regional competition, particularly following the Taliban's return to power. Afghanistan is one of the poorest nations in the world. But in 2010, US military officials and geologists revealed that the country, which lies at the crossroads of Central and South Asia, was sitting on mineral deposits worth nearly $1 trillion. The country's strategic location and vast mineral endowment make it a critical prize in contemporary great power competition.

China's engagement with the Taliban-led government illustrates the pragmatic nature of contemporary resource competition. Only hours after the Taliban overran Afghanistan, a Chinese foreign ministry spokeswoman said Beijing was ready for "friendly cooperation with Afghanistan". This rapid diplomatic engagement reflects China's strategic interest in accessing Afghanistan's critical mineral deposits, particularly lithium and rare earth elements essential to its technology industries.

The geopolitical implications of China-Taliban cooperation extend beyond bilateral relations to regional stability and global supply chain security. China wants to leverage the promise of investments, such as lithium mining, as a strategic tool to positively engage with the Taliban, so that it can ensure its fundamental security interests. This approach demonstrates how critical mineral access has become intertwined with broader security considerations, including counterterrorism cooperation and regional stability.

The American Response: Strategic Diversification and Partnership Building

The United States has responded to Chinese mineral dominance through a multifaceted strategy combining domestic production incentives, international partnerships, and strategic stockpiling. The Pentagon's investments in critical mineral projects reflect recognition of the national security implications of supply chain vulnerabilities. The Pentagon has invested almost $540 million into critical minerals projects and "will continue such efforts in accordance with congressional appropriations and statutory authorities".

The Defense Production Act has emerged as a key tool for mobilizing domestic critical mineral production. President Trump's March 2025 executive order exemplifies this approach, President Donald Trump signed an executive order on Thursday aimed at immediately increasing American production of critical minerals like uranium, copper, potash and gold by invoking the Defense Production Act to expand leasing and development on federal lands. This use of wartime emergency powers underscores the perceived urgency of critical mineral security.

The timing and scope of these measures reflect the escalating nature of mineral competition. As part of a barrage of measures retaliating against Trump's broad-based 10% tariff on Chinese imports to the US, Beijing in February announced export controls on five metals and their related products, including tungsten, tellurium, bismuth, indium and molybdenum. This action-reaction dynamic demonstrates how critical mineral access has become central to broader trade and security competition.

International partnership development represents another key component of the American strategy. By securing Pakistani mineral streams, the US aims to mitigate vulnerabilities in F-35 fighter production (requiring 417kg of rare earths per unit) and renewable energy infrastructure. The specific military applications highlight how critical mineral access directly impacts defense capabilities and strategic autonomy.
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