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Abstract

Soapstone (talc) mining represents one of the most significant minor
mineral industries in , particularly within the Kumaon Himalayan region.
Despite being classified as a minor mineral, soapstone contributes
substantially to rural employment, regional transport economies, and state
revenue generation. At the same time, mining operations are situated within
geologically fragile and seismically active Himalayan terrain, raising
concerns related to slope stability, ecological degradation, and community
safety.This study presents an integrated assessment of soapstone mining in
Uttarakhand by combining geological framework analysis, mining
distribution data, socio-economic impacts, institutional governance, and
policy constraints. Special emphasis is placed on in-situ open-cast
soapstone mining occurring in districts such as Bageshwar, Pithoragarh,
Chamoli, Almora, Tehri Garhwal, and Uttarkashi. The research evaluates
mineralized formations of the Garhwal Group and Baijnath Formation,
tectonic controls such as the Main Central Thrust (MCT) and Himalayan
Frontal Thrust (HFT), and slope instability risks affecting active leases.

Beyond technical aspects, this paper critically examines administrative structures led by the , judicial interventions,
and the role of District Mineral Foundation (DMF) funds. It argues that excessive operational restrictions have
weakened regulated mining while unintentionally encouraging informal extraction and economic distress.The study
proposes a governance framework emphasizing scientifically managed mining, empowered leaseholders,
transparent DMF utilization, and community-integrated development. Rather than advocating bans, this research
supports regulated mineral extraction as a tool for Himalayan socio-economic resilience. The findings highlight tha

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 1


https://ijcope.org/
https://doi.org/10.55041/ijcope.v2i4.214

-G

International Journal of Creative and Open Research in Engineering and Management

ISSN: 3108-1754 (Online)
Volume 02 Issue 04 April-2026 | Impact Factor: 3.5 *W’

sustainable soapstone mining can simultaneously safeguard ecology and strengthen livelihoods when supported by
decentralized operational authority and rigorous technical oversight.
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I. INTRODUCTION

On a mist-laden morning along the Himalayan foothills
near Haldwani , trucks carrying white chalky stone
descend narrow mountain roads toward industrial centers
of northern India. To an untrained observer, this material
appears insignificant. Yet this mineral—soapstone—
forms the backbone of a quiet but powerful rural economy
across Uttarakhand.

Mineralogical and Industrial Profile of Soapstone

Soapstone is a metamorphic rock primarily composed of
talc, with a chemical formula of MgsSi4O010(OH).. Its high
talc content gives it a soft, soapy texture, excellent heat
resistance, and chemical inertness. Depending on local
mineralization, soapstone may contain magnesite
(MgCQ:s), chlorite, amphiboles, or dolomite, making its
properties variable but consistently industrially useful.

» Physical Properties:

e (Color: White, brown

depending on impurities

greenish, gray, or

e Hardness:
carvable)

1-2 on Mohs scale (very soft,

e Heat Resistance: High, used in stoves, furnaces,
and countertops

e Density: ~2.7 g/cm?

o (leavage: Perfect in one direction, making it easy
to split into slabs

Fig : Soapstone Mineral

Soapstone, a talc-rich metamorphic rock, is extensively
used in cosmetics, ceramics, paper manufacturing, paints,
pharmaceuticals, and refractory industries. Its softness,
chemical inertness, and thermal resistance make it
indispensable in modern industrial applications.
Uttarakhand is nationally recognized for producing high-
grade talc suitable for sensitive commercial uses.

Mining of soapstone is concentrated primarily within the
Kumaon region, notably in Bageshwar and Pithoragarh
districts, with smaller operations in Chamoli, Almora,

Tehri Garhwal, and Uttarkashi. These mines are
predominantly executed through open-cast in-situ
extraction, often extending to significant depths

depending on ore continuity.

Currently, over 223 sanctioned rock-based mining leases
operate under state jurisdiction, supplying soapstone,
magnesite, limestone, and silica sand. Mining
administration is coordinated by the Directorate of
Geology & Mining Uttarakhand, while environmental

oversight involves multiple regulatory agencies.

Despite its economic relevance, soapstone mining
remains controversial. Environmental activism, judicial
interventions, and administrative delays have periodically
halted operations, leading to job losses and instability in
mining-dependent communities. Simultaneously, poorly
regulated extraction in certain areas has resulted in slope
failures, deforestation, and water

contamination.

dust pollution,
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This dual reality has created a polarized narrative: mining
is portrayed either as an ecological threat or as a
livelihood necessity. However, such binary framing
overlooks the possibility of scientifically regulated
extraction serving as a development catalyst.

This paper argues that the real challenge is not mining
itself—but governance.

The Himalayan belt is tectonically complex, marked by
structures such as the Himalayan Frontal Thrust (HFT),
Main Boundary Thrust (MBT), Main Central Thrust
(MCT), and South Tibetan Detachment (STD). These
geological conditions demand technically informed
mining strategies, including slope monitoring, controlled
blasting, and real-time hazard mitigation.

At the same time, rural Himalayan districts possess
thousands of
direct

limited industrial alternatives. For
households, soapstone mining provides
employment, supports transport networks, enables return-

load logistics, and contributes to regional markets.

Therefore, banning mining without offering economic
substitutes risks accelerating rural poverty, migration,
and informal extraction.

Fig : Himalayan Belts
This

integrating geology, geotechnics, socio-economics, and
policy to examine whether soapstone mining can be

study adopts a multidisciplinary framework

transformed from a perceived Himalayan burden into a
regulated engine of sustainable development.

OBJECTIVES OF THE STUDY
The primary objectives of this research are:
A. Geological Assessment
To analyze the regional geological framework controlling
soapstone mineralization, including formations of the

Garhwal Group and Baijnath Formation, and their
relationship with Himalayan thrust systems.

e
_ n ’ ':
ISSN: 3108-1754 (Online) ‘* /

Volume 02 Issue 04 April-2026 | Impact Factor: 3.5 *w

B. Mining Distribution Analysis
To document district-wise mining patterns, lease

distribution, and extraction methods across Uttarakhand,
focusing on in-situ open-cast operations.

C. 2.3 Socio-Economic Evaluation

To assess employment generation, transport sector
benefits, ancillary industry growth, and DMF-linked
community development associated with soapstone
mining.

D. 2.4 Risk Identification

To evaluate slope instability, seismic vulnerability, land-
use conflicts, and environmental pressures within lease
boundaries.

E. Governance Review

To examine institutional mechanisms governing mining
approvals, environmental clearance, judicial

interventions, and administrative coordination.
F. Policy Recommendations
To propose reforms emphasizing:

e Empowerment of legal leaseholders

¢ Scientific slope management

e Transparent DMF utilization

¢ Community participation

e Mine-specific regulation instead of blanket bans
e Promotion of local value addition

G. Pro-Mining Sustainability Framework
To develop a model demonstrating how regulated

extraction can coexist with ecological responsibility
while strengthening Himalayan livelihoods.

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 3
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I11. REGIONAL GEOLOGICAL SETTING OF

SOAPSTONE-BEARING TERRANES

The soapstone deposits of Uttarakhand are hosted within
the tectonically complex Himalayan orogenic belt, a
region shaped by ongoing convergence between the
Indian and FEurasian plates. This convergence has
produced intense folding, faulting, metamorphism, and
uplift, resulting in a heterogeneous geological
architecture that directly controls mineral localization and
mining stability.

The study area primarily lies within the Kumaon
Himalaya, encompassing mining districts such as
Tehri

Bageshwar, Pithoragarh, Chamoli, Almora,

Garhwal, and Uttarkashi.

Geological mapping conducted by Geological Survey of
India at 1:50,000 scale that soapstone
mineralization occurs predominantly within rocks

reveals
belonging to:

e Pithoragarh Formation (Mesoproterozoic)

e Bering Formation (Mesoproterozoic)

e Baijnath Formation (Undifferentiated
Proterozoic)

A. Lithostratigraphic Characteristics

1. Pithoragarh Formation

This formation comprises dolomite—slate sequences
representing low- to medium-grade metamorphic facies.
These carbonate-rich lithologies provide favorable
chemical environments for talc formation during

hydrothermal alteration.
2. Bering Formation

Dominated by quartzite, phyllite, and basic
metavolcanics, this unit exhibits strong foliation and
shearing. These structural weaknesses facilitate fluid
migration, promoting talc—magnesite mineralization

along contact zones.
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3. Baijnath Formation

Present as isolated klippe bodies overlying the Garhwal
Group, this formation is composed mainly of biotite
gneiss with interbands of chlorite schist, quartzite, and
amphibolite. These lithologies represent higher-grade
metamorphism and form important structural traps for
mineral deposition.

Soapstone mineralization typically develops at the
contact between Pithoragarh and Bering
Formations, occurring as lenticular to tabular bodies
aligned parallel to regional foliation planes. Magnesite
commonly accompanies talc, though it is presently treated

zones

as waste in most mines due to limited market integration.

This geological relationship confirms that Uttarakhand’s
soapstone is structurally controlled rather than stratiform,
demanding careful orientation-based mine planning.

Fig: Lithostratigraphic Characteristics

Iv. TECTONIC ~ ARCHITECTURE SEISMIC

IMPLICATIONS

AND

Uttarakhand occupies a critical segment of the Himalayan
tectonic system, divided broadly into:

e Himalayan Belt
¢ Indo-Gangetic Plains

These are separated by the Himalayan Frontal Thrust
(HFT). Northward progression reveals increasingly
complex tectonic zones:

1. Siwalik Himalaya -
formations

2. Main Boundary Thrust (MBT) — separating
Siwalik from Lesser Himalaya

3. Main Central Thrust (MCT) — dividing Lesser
and Higher Himalaya

4. South Tibetan Detachment (STD) — boundary
with Tethyan Himalaya

young sedimentary
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Districts such as Pithoragarh, Chamoli, Uttarkashi, and
Rudraprayag lie close to the MCT and therefore
experience elevated tectonic stress and
vulnerability. In contrast, Dehradun, Almora, Tehri, and
Bageshwar  exhibit
intensity.

seismic

comparatively lower seismic

This tectonic gradient directly influences mining risk.

Slope instability, joint-controlled failures, and rainfall-
triggered mass movements are common near thrust zones.
Consequently, any open-cast mining in these belts must
integrate:

e  Structural mapping

e Discontinuity analysis

¢ Real-time slope monitoring
e Controlled bench geometry

The Directorate of Geology & Mining Uttarakhand has
recognized these challenges and initiated empanelment of
private agencies for slope stability analysis across active
and proposed leases.

However, this study emphasizes that technical
assessments alone are insufficient unless operational
authority is also decentralized to leaseholders for
immediate hazard mitigation.

ISSN: 3108-1754 (Online) %
Volume 02 Issue 04 April-2026 | Impact Factor: 3.5 M

V. DISTRIBUTION OF SOAPSTONE MINING LEASES
AND EXTRACTION PRACTICES

Mining in Uttarakhand occurs in two principal forms:

1. Riverbed mining
2. In-situ open-cast rock mining

Soapstone extraction falls exclusively under the second
category.

District-wise lease distribution demonstrates strong
concentration:

District Number of | Minerals
Mines

Bageshwar 171 Soapstone,
Magnesite

Pithoragarh | 33 Soapstone,
Magnesite

Chamoli 13 Soapstone

Tehri 4 Limestone

Garhwal

Uttarkashi 1 Silica Sand

Almora 1 Soapstone

These mines are executed through open-cast methods
with no prescribed depth limitation, continuing until
economically viable mineralization is exhausted.

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 5
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Such unrestricted depth necessitates professional slope
design, staged benching, and waste dump management.

Currently, soapstone is extracted as the primary
commodity, while magnesite is discarded despite its
future economic potential—representing a  lost
opportunity for mineral efficiency and revenue

diversification.

VI. LEASE BOUNDARY CONSTRAINTS AND RISK
ELEMENTS

A significant operational limitation identified during field
investigations is the absence of georeferenced lease
boundary databases. Most mines rely on cadastral
(khasra) maps prepared in 1965, over which lease outlines
are manually marked.

This creates ambiguity in:

e Exact mining extents
e Risk zone mapping
e Infrastructure planning

Field observations indicate that many lease areas contain:

¢ Residential settlements
e Agricultural land
e Natural water channels

These elements lie within dynamic risk zones affected by
excavation geometry, rainfall infiltration, and material
strength variation.

At present, relocation responsibility rests primarily with
mine owners and landholders, often without structured
rehabilitation frameworks. This fragmented approach
increases conflict while reducing safety outcomes.

The study recommends digitized lease mapping
integrated with district GIS platforms to enable
transparent spatial governance.

e
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VII. IMPLICATIONS FOR SUSTAINABLE MINING

From a technical standpoint, Uttarakhand’s soapstone
sector is not inherently unsustainable.

Its challenges arise from:

e Structural geology
e Monsoonal hydrology
e Administrative fragmentation

With modern  slope
engineering, and integrated monitoring, these constraints

are manageable.

empowered  leaseholders,

Critically, regulated mining offers environmental

advantages over informal extraction by enabling:

e Planned excavation
e Dust control

e Waste management
e Rehabilitation

Blanket restrictions, in contrast, displace extraction into
unregulated zones.

VIII. EMPLOYMENT GENERATION AND LIVELIHOOD
SECURITY

Soapstone mining represents one of the most significant
rural employment generators in the hill districts of
Uttarakhand. Unlike capital-intensive large-scale mineral
industries, soapstone extraction is labour intensive and
supports a wide spectrum of workers ranging from
unskilled daily wage earners to semi-skilled machine
operators, equipment handlers, drivers, mechanics, and
supervisors.

Field observations across mining belts of Bageshwar,
Pithoragarh, and Chamoli indicate that each operational
lease directly sustains between 25-60 workers on site,
while indirectly supporting nearly double that number
through transportation, machinery maintenance, local
shops, fuel stations, and material suppliers.

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 6
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For many mountain villages, soapstone mining
constitutes the primary cash-based livelihood, reducing
seasonal migration to plains and preserving rural
demographic stability. In regions with limited agricultural
productivity and industrial presence, mining income
supports household education, healthcare, and food

security.

Importantly, mining employment is not isolated to
extraction alone. Downstream activities such as sorting,
grading, crushing, and packing further expand the labour
chain. This layered employment structure makes
soapstone mining a cornerstone of the hill economy rather
than a peripheral activity.

Fig : Employment in Soapstone Mines

IX. TRANSPORT ECONOMICS AND SUPPLY CHAIN
INTEGRATION

The commercial circulation of soapstone is centred
around Haldwani, which functions as the principal
aggregation, processing, and redistribution hub for
Kumaon-region mineral output.

From mine heads, soapstone is transported via medium
and heavy commercial vehicles to Haldwani, where it is:

e Perforated

e QGraded by quality

e Segregated for industrial end-use

e Packed for dispatch to manufacturing clusters
across northern and western India

A unique economic advantage of soapstone logistics lies
in return-load optimization. Trucks delivering consumer
goods from plains to hill towns would traditionally return
empty. Soapstone provides return cargo, thereby:

e Reducing fuel wastage
e Lowering freight costs
e Improving driver earnings
e Increasing fleet utilization

This two-directional transport flow strengthens regional
connectivity while stabilizing freight markets. Drivers,

o B
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helpers, mechanics, and transport operators all benefit
from this circular movement of goods.

Thus, soapstone mining indirectly sustains Uttarakhand’s
hill-road transport ecosystem, which otherwise remains
vulnerable due to low industrial freight density.

X. REVENUE GENERATION, ROYALTIES,
DISTRICT MINERAL FOUNDATION (DMF)

AND

Soapstone mining contributes to state revenue through
royalty payments collected per tonne of extracted
mineral. These funds support district administrations and
infrastructure development.

A legally mandated portion of royalty collections (around
15%) is deposited into the District Mineral Foundation,
designed to improve living conditions in mining-affected
areas.

In principle, DMF resources are allocated for:

e Rural road construction

e Drinking water systems

e Primary healthcare facilities
e School infrastructure

e Skill development programs

When effectively implemented, DMF creates a direct
developmental link between mineral extraction and
community welfare.

However, field feedback indicates limited transparency
and delayed execution of projects in several districts.
Local residents often remain unaware of DMF-funded
schemes, leading to perceptions of exclusion.

This study argues that leaseholders—who generate DMF
contributions—must be formally included as technical
stakeholders in DMF planning committees. Their on-
ground knowledge of village needs can improve project
targeting while strengthening trust between communities
and operators.

Transforming DMF from a passive financial mechanism
into an active development partnership represents a key
governance reform opportunity.

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 7
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XI. INSTITUTIONAL ROLE OF MINING

ADMINISTRATION

Regulatory oversight of mining operations is coordinated
by Directorate of Geology & Mining Uttarakhand. As of
current records, over 223 in-situ mining leases are
sanctioned for soapstone, magnesite, and silica sand
across multiple districts.In recognition of geological
sensitivity, the Directorate has initiated empanelment of
professional agencies to conduct slope stability
assessments for both existing and proposed mines—
particularly in seismically active Himalayan terrain.

While this reflects progressive institutional intent,
operational effectiveness remains constrained by
fragmented administrative control involving
environmental authorities, district offices, and judicial

interventions.

Leaseholders frequently report delays in approvals for
even minor safety interventions such as drainage channels
or retaining structures. Such procedural rigidity
paradoxically increases risk rather than reducing it.

This paper emphasizes that scientific mining requires
decentralized operational authority, enabling compliant
leaseholders to immediately implement mitigation
measures under regulatory monitoring.

XII. SOCIAL CONFLICT, LAND ECONOMICS, AND
INFORMAL PRESSURES

Mining districts also experience social challenges linked
to land valuation and access control. Leaseholders often
face:

¢ Inflated land prices demanded by villagers
e Unauthorized entry into mining zones
¢ Disputes over rehabilitation responsibility

These pressures raise project costs and create uncertainty,
particularly for small and medium operators.Furthermore,
blanket judicial suspensions—though environmentally
motivated—frequently  halt compliant operations
alongside illegal ones. Such indiscriminate stoppages
produce unemployment, weaken formal oversight, and
unintentionally encourage unregulated mining.
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This research advocates for mine-specific compliance
enforcement rather than district-wide bans, ensuring that
responsible operators are protected while violations are
penalized.

XIII. MINING AS REGIONAL EcoNoMIC

INFRASTRUCTURE

Beyond revenue and employment, soapstone mining
functions as regional economic infrastructure by
stimulating;:

e Local entrepreneurship

e Equipment supply chains

e Service-based microeconomies

e Skill development in hill populations

In districts lacking manufacturing clusters, mining
becomes the anchor industry around which auxiliary
activities evolve.

Importantly, value addition within Uttarakhand—such as
powder processing and grade-based segregation—offers
untapped  potential for income  multiplication.
Incentivizing such facilities near Haldwani could
significantly increase state-level economic retention.

XIV.NATIONAL DISTRIBUTION OF SOAPSTONE
RESOURCES AND COMPARATIVE QUALITY
ASSESSMENT

Soapstone (talc) occurrences in India are geographically
concentrated in only a few states, with Rajasthan and
Uttarakhand forming the two principal producing regions.

At the national level,
production,

Rajasthan dominates bulk
contributing approximately 75-80% of
India’s total talc output, primarily from large mechanized
deposits around Udaipur, Bhilwara, and Dungarpur belts.
Uttarakhand contributes a smaller volumetric share—
estimated at 15-20% of national production—yet holds a
disproportionately high share of premium-grade
cosmetic-quality talc.

This apparent imbalance highlights a critical distinction:

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 8
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» Rajasthan supplies volume; Uttarakhand
supplies quality.

A. Mineralogical Superiority of Uttarakhand

Soapstone
Unlike Rajasthan’s predominantly massive talc bodies,
Uttarakhand soapstone is structurally controlled and
metamorphically refined, occurring within Pithoragarh—
Bering contact zones. This geological setting produces:

e Higher talc purity

e Finer particle texture

e Lower iron content

e Superior whiteness index
e Better lamellar structure

These characteristics make Uttarakhand

especially suitable for:

soapstone

o Cosmetic formulations
e Pharmaceutical fillers

e High-grade ceramics

e Specialty paper coatings

Field-based grading at Haldwani routinely classifies
Kumaon soapstone into export-grade and domestic
industrial-grade categories, with the former commanding
significantly higher market value.

Traders consistently report that Uttarakhand talc achieves
better acceptance in personal care and fine ceramics
markets compared to Rajasthan material, which is largely
directed toward bulk industrial applications such as
rubber, plastics, and paints.

Fig. : Uttarakhand’s Soapstone
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B. Export Orientation and International Dispatch

A notable portion of Uttarakhand’s high-grade soapstone
is not consumed domestically but is routed through
national trading hubs and exported to overseas processing
industries.

After grading and primary processing in Haldwani,
selected consignments are dispatched to:

e Middle Eastern cosmetic manufacturers
e Southeast Asian ceramics producers
e European specialty filler markets

Although Uttarakhand’s total tonnage is modest, its
export share per tonne is considerably higher than
Rajasthan, reinforcing its strategic importance in India’s
mineral value chain.This export linkage transforms hill-
region mining into a contributor to foreign exchange
earnings—an often overlooked macroeconomic benefit.

C. Strategic Implication for Uttarakhand’s Mining
Policy

Given this quality advantage, Uttarakhand should not
attempt to compete with Rajasthan on production volume.
Instead, policy must focus on:

e Premium-grade resource protection

e Scientific extraction

e Value-added processing within the state
e Export-oriented supply chains

Suppressing mining through blanket bans risks
surrendering this niche advantage while encouraging

illegal extraction and quality degradation.

Instead, regulated expansion supported by empowered
leaseholders can position Uttarakhand as India’s high-
grade talc hub.

D. Mining as a High-Value, Low-Volume Himalayan
Industry
From a sustainability perspective, soapstone represents an

ideal Himalayan mineral:

e High economic return per tonne
e Low waste generation

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 9
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e Labour-intensive operations

When compared to heavy bulk minerals, soapstone offers
maximum livelihood impact with minimal volumetric
disturbance—provided scientific methods are followed.

This makes soapstone mining uniquely compatible with
mountain economies.

Key Research Assertion

While Rajasthan controls India’s soapstone quantity,
Uttarakhand controls its quality.

Therefore:

» Uttarakhand’s soapstone sector must be
treated as a strategic mineral industry,
not a marginal hill activity.

Investment protection, leaseholder empowerment, and
localized processing can elevate the state from raw
supplier to premium mineral producer.

XV. LEASEHOLDER EMPOWERMENT
REGULATORY FRAMEWORK

AND

The current regulatory environment in Uttarakhand
provides  mining  leaseholders  with  certain
responsibilities, yet limited operational autonomy.
Leaseholders often face challenges such as sudden
judicial interventions, inflated land acquisition costs, and
complex multi-tier clearances from the SEIAA, UKPCB,
and Ministry of Environment (MoEF). These constraints
discourage investment, reduce efficiency, and sometimes
push small operators out of business.

A. Need for Enhanced Leaseholder Powers

Empowering leaseholders is essential for efficient and
sustainable mining operations. Key powers that could
be granted include:

1. Autonomous Slope Management:
Leaseholders, under expert guidance, should
have authority to implement slope stabilization
and mine layout designs. This allows for faster
adaptation to geological conditions, reducing
downtime caused by bureaucratic approvals.

o B
_ n ’ ':
ISSN: 3108-1754 (Online) ‘* /
Volume 02 Issue 04 April-2026 | Impact Factor: 3.5 *w

2. Integrated Environmental Management:
Leaseholders can be empowered to manage water
runoff, dust suppression, and afforestation within
the lease area, subject to periodic audits by
authorities. This ensures accountability while
reducing procedural delays.

3. Dynamic Extraction Rights: Granting rights to
adjust extraction rates based on market demand,
ore quality, and safety considerations can
improve operational efficiency. For example,
focusing on high-grade talc during peak demand
can maximize economic returns.

4. Local Employment and Infrastructure
Powers: Leaseholders can be allowed to directly
implement social welfare initiatives—such as
roads, drinking water, and schools—under DMF
guidelines, fostering goodwill and reducing
community disputes.

5. Value-Addition Authority: Operators should be
encouraged to establish small-scale processing
units within the state, refining soapstone for
export or domestic industry, rather than shipping
raw material alone.

B. Regulatory Coordination

Coordination between government agencies is vital to
avoid redundant approvals. Currently, leaseholders
must comply with multiple overlapping frameworks:

¢ Environmental Clearance (MoEF/SEIAA)
¢ Pollution Control (UKPCB)
e Judicial orders and court stays

A streamlined system can be implemented where
leaseholders submit a single integrated mining
management plan, vetted by all concerned authorities.
Periodic audits rather than pre-emptive restrictions can
maintain  ecological while

compliance allowing

operations to continue.

XVI. Economic Benefits of Soapstone Mining

Soapstone mining is a cornerstone of the hill-region
economy, providing direct and indirect benefits:

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 10
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A. Employment Generation

e Direct: Machine operators, mule drivers,
transport drivers, machine handlers, and mine
labourers.

e Indirect: Processing units, workshops,

construction contractors, fuel suppliers, and

transport logistics.

Thousands of families across Bageshwar, Pithoragarh,
and Almora depend on soapstone mining for livelihood.

B. Contribution to State Revenue

¢ Royalties: Paid per tonne of soapstone extracted,
contributing directly to the Uttarakhand
exchequer.

e District Mineral Foundation (DMF): Provides
funding for social projects in mining-affected
areas, such as healthcare, education, and roads.

e Taxes and Ancillary Fees: Additional revenue
streams through registration, local transport
permits, and industrial consumables.

C. Export and National Supply

As highlighted earlier, Uttarakhand’s soapstone is
export-grade, contributing to:

e Foreign exchange earnings

e National industrial supply chains (cosmetics,
ceramics, specialty paper)

e Premium pricing due to high quality

D. Socioeconomic Multiplier Effect

Each ton of extracted soapstone supports a multi-tier
economic chain:

e Transport sector: mule, trucks, mechanics, and
drivers
e Local vendors: food, fuel, equipment

e Educational and vocational training: skill
development for youth
e Small entrepreneurs: artisans, handicraft

producers, and processing units
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Thus, soapstone mining creates a high-impact, low-
volume industry ideal for fragile mountainous regions.

Infrastructure
Development

Employment
Cieneration

A4

Rural
Development
and Poverty
Alleviation

National and
Locnl
cconomy

XVIL Sustainable Mining Practices

Sustainable mining is central to balancing economic
growth with environmental protection:

A. Scientific Extraction Techniques

e Controlled extraction to

destabilization

prevent  slope

e Layered excavation to preserve overburden and
reduce soil erosion

e Dust suppression using water sprays and
vegetation cover

B. Waste and Overburden Management

e Magnesite and other secondary minerals can be
stockpiled or processed for future use

e Proper disposal of mining residues prevents
contamination of water and soil

C. Community Engagement

e Leaseholders and local communities should
jointly plan land-use and safety protocols

e Transparent reporting of DMF fund utilization
increases trust
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¢ Community-led monitoring ensures adherence to
environmental guidelines

D. Seismic and Geotechnical Monitoring

Given Uttarakhand’s high tectonic stress zones
(Pithoragarh, Chamoli, Uttarkashi), micro-earthquake

monitoring, slope stability assessments, and geotechnical

surveys are essential for safe and sustainable
operations.
XVIIL Geological Setup of Soapstone Mines in
Uttarakhand

Understanding the geological framework is crucial for
sustainable and safe mining. The soapstone mines in
Uttarakhand are primarily concentrated in the Kumaon
region—Bageshwar,  Pithoragarh, = Almora, and
Champawat. Geological mapping and surveys indicate
the following formations:

e Pithoragarh Formation (Mesoproterozoic):
Composed of dolomite and slate sequences.
Soapstone mineralization is often associated with
the contact zones of dolomite and quartzite.

¢ Bering Formation (Mesoproterozoic): Consists
of quartzite and phyllite with basic
metavolcanics. These rocks serve as host strata
for soapstone deposits.

e Baijnath Formation (Undifferentiated

Proterozoic): Occurs as isolated klippe bodies

bounded by Baijnath Thrust over the Garhwal

Group. It contains biotite gneiss with chlorite

schist, quartzite, and amphibolite bands.

Typically, soapstone occurs in thin to thick lenticular
bodies aligned parallel to the regional foliation, while
magnesite may exist as secondary deposits. Uttarakhand
high-grade,

and

soapstone is
cosmetics,

making it
industrial

superior for
applications.
Compared to Rajasthan, Uttarakhand soapstone is finer
in texture and has lower impurities, which is why it is

ceramics,

increasingly exported internationally, contributing to
India’s mineral export earnings.
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XIX. Lease Boundaries and Risk Elements

Accurate georeferenced data for all 223 leases is limited.
Field surveys and cadastral maps (1965) were used to
delineate lease boundaries. Observations indicate that
leased areas encompass:

e Residential Zones: Villages located close to
active mines

e Agricultural Land: Terraced fields affected by
mine runoff

e Water Sources: Springs, streams, and rivers
feeding local communities

A. Risk Assessment
Risk elements are dynamic and influenced by:

e Excavation depth and slope angle

e Geological properties of host rocks

e Seismic activity in regions near Main Central

Thrust (MCT)

Mitigating these risks requires empowering leaseholders
with authority to implement geotechnical measures,

including retaining walls, slope reinforcements, and
water management systems.

XX. Scope of Investigation

A multidisciplinary approach is essential to ensure

mine safety and sustainability. The proposed
investigation covers:
1. Geological Studies: Mapping lithology,

identifying mineral zones, and characterizing
overburden
2. Geotechnical Analysis: Slope  stability
assessment, rock mass classification, and failure
mode identification
3. Geophysical Surveys:

micro-earthquake analysis,

Seismic monitoring,
and subsurface

imaging
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4. Hydrological Assessment: Evaluating the
impact of runoff on agricultural land and drinking
water sources

5. Environmental Assessment: Dust, erosion, and
vegetation impact monitoring

The goal is to allow safe extraction while protecting the
ecosystem. Empowered leaseholders can implement
corrective measures in real-time based on these
assessments, improving both operational efficiency and
environmental protection.

XXI. Extended Benefits of Soapstone Mining

Soapstone mining in Uttarakhand is not only a source of
raw material but a pillar of regional economic and
social development:

e Employment: Generates thousands of jobs
directly and indirectly

¢ Revenue: Provides royalties, taxes, and DMF
contributions

e Infrastructure Development: Roads, schools,
healthcare facilities in mining-affected areas

e Export Potential: Uttarakhand’s soapstone is
dispatched both nationally and internationally

e Local Industry Growth: Encourages
establishment of processing and manufacturing
units

Unlike riverbed mining, in-situ open-cast mining allows
for controlled extraction, reduced environmental
impact, and better traceability.

XXII. Conclusion: Soapstone Mining as a
Sustainable Growth Engine

Soapstone mining in Uttarakhand represents both
economic opportunity and environmental
responsibility. Key takeaways:

1. Economic Significance: Mining sustains
livelihoods, generates revenue, and fosters
industrial growth. With high-quality deposits,
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Uttarakhand’s soapstone competes globally,
creating foreign exchange opportunities.
Leaseholder Empowerment: Granting
operational autonomy ensures rapid
implementation of safety measures, effective
waste management, and local community
development. Empowered leaseholders can
balance productivity and ecological stewardship.
Sustainability: Adoption of controlled blasting,
slope stabilization, dust suppression, and water
management ensures long-term ecological
balance. = Community  participation  and
transparent DMF utilization further enhance
sustainability.

National and International Importance:
Uttarakhand soapstone, superior in quality
compared to Rajasthan and other Indian sources,
is exported to multiple countries, reinforcing
India’s position in global mineral markets.
Policy Implications: Harmonizing regulatory
procedures, reducing bureaucratic delays, and
enabling leaseholders to implement integrated
mine management plans will enhance
productivity .

Achieving Sustainable Mining in Bageshwar

Post-mining Rehabilitation

Tlhehum sheprn 1naliom vagetntin sl
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In essence, soapstone is the white gold of Uttarakhand,
not a burden. With scientific mining practices,
empowered leaseholders, and community engagement,
Uttarakhand can transform soapstone mining into a
model of sustainable Himalayan resource
management, ensuring prosperity for
without compromising ecological integrity.

generations
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