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A B S T R A C T 

Mining plays a crucial role in the economic growth and supports national development. However, it also raises significant concerns due to its 

environmental impact and health risks, particularly in the nearby areas. In India’s sandstone mines, both mechanical and manual methods are employed. 

Mining operations rely heavily on equipment such as trucks, dumpers, compressors, drills for blasting, and cranes for lifting heavy blocks. These activities 
generate large amounts of dust containing high levels of silica, which poses severe health risks. Prolonged inhalation of silica dust can lead to silicosis, a 

preventable but serious disease characterized by dyspnoea (shortness of breath) and persistent cough, and is sometimes associated with lung cancer and 

tuberculosis. Silicosis is one of the most common occupational diseases globally and has a significant impact on workers' health in developing countries 
like India. The use of heavy machinery and vehicles also creates high levels of noise and vibration in the surrounding. Prolonged exposure to noise can 

result in occupational hearing loss due to neurosensory deafness. Additionally, continuous exposure to whole-body vibrations leads to degenerative spinal 

conditions, including chronic back pain. Although stone quarrying near Soorsagar, Jodhpur, contributes to both the rural and national economies, its 
environmental consequences are considerable. Unplanned and haphazard quarrying has resulted in environmental degradation, and unauthorized mining 

activities have further worsened the local ecological balance. 
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Introduction 

In today‘s world, in most countries, mining involves 

initial mineral exploration, mineral extraction, and 

processing, including the extracted material's crushing, 

grinding, and washing. Exploration, mine development, 

mine operation, decommissioning, and land rehabilitation 

comprise a mine area‘s life cycle. Mining is a 

multidisciplinary sector that utilizes a variety of trades and 

professions. Because the term ―miner‖ is somewhat 

ambiguous, it is crucial to ascertain the specifics of mining 

tasks in order to guarantee accuracy in clinical and 

epidemiological studies. 

One of the most common types of sedimentary rocks, 

sandstone is found in sedimentary basins all over the world 

[1]. The aerial extent of sandstone deposits in India is about 

1.79 million sq. km [2]. Sandstone rocks are made up of 

varying percentages of ‗so-called‘ framework grains, 

comprising of minerals, rock fragments, organic compounds, 

with cement and matrix in the interstitial spaces between 

them. Quartz is by far the most common framework grain 

for siliciclastic sandstones, along with feldspar. The most 

prevalent mineral on Earth's surface is quartz, which comes 

in a variety of hues including white, grey, purple, yellow, 

brown, black, pink, green, and red. Sandstone with 

predominant quartz grains is considered a texturally mature 

rock, compared to feldspar-dominated sandstone [1]. The 

Indian states of Andhra Pradesh, Assam, Bihar, Gujarat, 

Haryana, Madhya Pradesh, Meghalaya, Mizoram, 

Karnataka, Odisha, Punjab, Rajasthan, Uttar Pradesh, Tamil 

Nadu, and West Bengal are among those where sandstone 

occurs. Rajasthan produces about 90 % of the total sandstone 

extracted from India. The sandstone mines of Rajasthan are 

spread over the districts of Bharatpur, Dholpur, Kota, Sawai-

Madhopur, Karauli, Bundi, Jhalawar, Chittorgarh, Jodhpur, 

Bikaner, Nagaur and Jaisalmer. Due to rapidly growing 

infrastructural development, the importance of mining is also 

increasing, especially to meet the demand for metals, 

minerals and building stones. Sandstone is one of the most 

important building materials. Roofing, flooring, pavement, 

paneling, beams, pillars, arches, door and window sills, wall-

facings, fence posts, milestones, and many other applications 

are among the various uses for it. As a building stone, 

sandstone is acid resistant, alkali resistant as well as 

thermally resistant. On sandstone, the impact of salty winds 

is minimal and sandstone is appropriate for carving and 

making windows and decorative and ventilatory friezes 

(jallis). So sandstone is useful for covering the exterior of 

coastal buildings. It is also suitable for flooring, wall fixing 

& lining in chemical industries due to its acid and alkali 

resistant properties. Humans have used sandstone as building 

material for centuries. Therefore, many historical structures 

and monuments are composed of sandstone like the Buddhist 

Stupas of Sarnath, Red Fort, Sansad Bhawan, Rashtrapati 

Bhawan, the National Museum, Chhitar Palace, Jodhpur, etc. [3]. 

Mining has consistently been one of the riskiest 

professions [4]. The hazards and hazardous working 

conditions in mines were brought to light by the Second 

National Commission on Labor. Workers in mines face 

significant health hazards that shorten their lives. Due to 

inadequate protection and care, both on and off site, the 

miners get affected by the biggest health threats like 

silicosis, pneumoconiosis and tuberculosis [5]. A large 

amount of fine dust is generated due to quarrying and 

crushing of stones. This fine particulate matter contains free 

silica in the range of 20 to 70% [6]. Breathing in fine 

crystalline silica dust can cause cancer, bronchitis or 
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silicosis. As the silica dust enters in the lungs, annoying 

them ceaselessly, lung capacities will reduce [7, 8]. Apart 

from silicosis, accidents are frequent in mine areas, 

especially when miners work without any safety gear. 

Sometimes workers lose their limbs due to these accidents. 

In India, 20% of on-site deaths take place due to falling 

objects [9]. Apart from these, noise and vibration are created 

due to heavy machinery, blasting, transport vehicles, 

hammering and chiseling; these are also very hazardous for 

the mine worker. Mining is one of the most common jobs in 

India, despite being a dangerous one. Mining employs a 

sizable portion of the labor force and will continue to expand 

in the future [4, 10]. 

Social well-being and economic development of any 

modern society depend on the mineral resources of that 

society or nation [11]. The importance of mining has been 

advanced greatly due to the rapidly rising need for all types 

of minerals and metals. As a result, global mining industries 

have been booming since the early 20th Century and these 

industries not only produce jobs at national, state and 

regional levels but also increase the earning of tax revenues 

and foreign currency for the nation [12]. However, mining 

has detrimental effects on society and the environment. The 

majority of the detrimental impacts of mining operations 

have a significant impact on the nearby communities that 

reside near the mining sites [12-15]. Mining has been 

practiced across the world and is not confined within a single 

country [16-18]. Additionally, mining has developed best 

practices to lessen related problems. Conflicts between 

developmental works of any nation and environmental 

degradation of that nation are the obvious outcome due to 

any unplanned and haphazard human involvement in the 

ecological sphere. Moreover, though mining may be 

fulfilling the necessity of resources and thus contributing in 

the direction of the regional economy, the unverifiable 

practice of mining deeply affects the local environment. 

Examples of these human involvements are the rigorous 

agriculture, industrialization, extension of roadways as well 

as railways, construction of dams etc. that accompany 

development. An essential component of the growth of the 

human socioeconomic system is mining. Excavation of 

minerals, stones and coal have yielded a footing for local 

economy across the globe. Local bodies are engaged in the 

extraction procedure almost everywhere. The social web of a 

region experiences unexpected changes due to mining [19]. 

Above Around 20 million people worldwide rely on the 

unregulated mining of mineral resources as their primary 

source of income, which is much more in terms of numbers 

than workers employed in formal mining industries [20]. A 

considerable portion of Indian rural households to subsist, 

these non-farm occupations as their primary source of 

income [21]. Among the mining workers and their families, 

a few significant social problems are found, such as 

illiteracy, child marriage, child labor, and loneliness etc. 

Geological background 

The End-Proterozoic geological events in the north-

western submerged continental shelf of Indian plate is 

represented by the Marwar basin [22, 23]. The Marwar 

Supergroup, also known as the Trans-Aravalli Vindhyans, 

overlies Malani Rhyolites of Neoproterozoic age [24-26]. 

The more or less horizontal, unmetamorphosed and 

undeformed Marwar Supergroup is subdivided into the 

Jodhpur Group, Bilara Group and Nagaur Group in order of 

superposition [27, 28]. Three formations namely the Pokaran 

Boulder Bed at the bottom, the Sonia Sandstone at the 

middle and the Girbhakar Sandstone, at the top, make up the 

Jodhpur Group [28-30] (Table 1: Stratigraphic Succession, 

Fig. 1). Around 60 m thick, undeformed, unmetamorphosed, 

arenaceous Sonia Sandstone Formation commonly overlies 

the acid volcanic rocks of the Malani Rhyolite and the 

argillaceous sedimentary strata of the Girbakhar Formation 

are uncomfortably layered atop it [28]. 
 

Table 1: Generalized Stratigraphic Succession of the Marwar Supergroup (after [28, 31]) 

Age Supergroup Group Formation Lithology 

Permo-Carb. Bap Boulder Bed Subrounded, ellipsoidal cobbles and pebbles 

———————————————– Unconformity ——————————————– 
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Nagaur Group 

(75 – 500 m) 

Tunklian Sandstone  Brick red sandstone, siltstone & red claystone 
Nagaur Sandstone  Brick red sandstone, siltstone & red and green clay beds 

Bilara Group 

(100 – 300 m) 

Pondlo Dolomite  Cherty dolomitic limestone 
Gotan Limestone  Interbedded dolomite & limestone 
Dhanapa Dolomite Dolomitic limestone with cherty lenses, sandstone with cherty lenses 

Jodhpur Group 

(125 – 240 m) 

Girbhakar Sandstone Brick-red sandstone, siltstone and shale, pebbly to gritty near top 

Sonia Sandstone  

 

Maroon siltstone and shale, cream sandstone with sedimentary 

structures. Banded chert-jasper, subordinate dolomite and sandstone 

Pokaran Boulder Bed Sub-rounded, ellipsoidal cobbles, pebbles and sandstone 
———————————————– Unconformity ——————————————– 

779 – 681 Ma Malani Igneous Suite 
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Fig. 1:  Location and geological context of the research area: an outcrop 

map illustrating the spread of the several formations that make up 

the Marwar Supergroup (after [32]). 

Combining the Sonia Sandstone and Girbhakar Sandstone, 

as per Pareek [28], into the Jodhpur Sandstone, Chauhan et 

al. [31] subdivided the Jodhpur Group into the Pokaran 

Boulder Bed and Jodhpur Sandstone Formation. The 

lowermost Pokaran Boulder Bed Formation of the Jodhpur 

Group is developed in the Northern part of the basin, is 

about 4 m thick, and is followed by the Jodhpur Sandstone 

Formation. Exposed in an elongated area, the Marwar 

Supergroup is bounded by basin-margin fault systems 

trending roughly NNW–SSE and N–S [32]. Sag basins or 

intracratonic rifts are the places where the Marwar 

Supergroup was deposited [22, 32]. 

This present paper deals with the sandstone mining from 

the deposits within the shallow marine interval of the 

Marwar Supergroup‘s unmetamorphosed and undeformed 

Sonia Sandstone Formation, that are exposed ∼7 km north-

west from Jodhpur town, Rajasthan, India [27, 31] (Fig. 1). 

Discussion 

Humanity started mining and quarrying from the ‗Stone 

Age‘, before they started to use fire. Humans were used to 

use rocks and stone for hunting animals for their food. Even 

in this era, the necessity of obtaining materials like stone, 

metals and ceramics has been increasing with time due to 

tremendous population growth. As a result, the mining and 

quarrying sectors are growing tremendously, in terms of 

extents of mining areas and intensity of this activity, for the 

past few years. In terms of quality and quantity, India has an 

abundance of minerals and rocks available across the 

country. At present, India produces 27% of the total stone of 

the World. One of the major sandstone production centres 

and a craftsmanship centre in India is Jodhpur, Rajasthan. 

According to the Indian Bureau of Mines [33], Rajasthan 

used to produce about 90 % of the sandstone of India. 

Considering the favorable color and texture of the sandstone, 

Jodhpur produces a vast variety of sandstone. Sandstone 

from Rajasthan has been widely used because of its high 

quality, which includes regular bedding, consistent grain 

size, acceptable character, and durability (Fig. 2). It is even 

exported, to Canada, Japan and the Middle Eastern countries 

[34]. 

 

Fig. 2: Use of Sandstone as building materials – from quarried raw material 

i.e., slabs of sandstone (left side) to finished building of sandstone 

(right side). 

Jodhpur city is situated in the eastern margin of the ‗Thar 

Desert‘ in Rajasthan. As per the available literature, the 

sandstone quarrying in the region started sometime in 16th 

century. Most of the historical buildings of the city, the 

Jodhpur Palace, the Meharangarh Fort and Royal Tombs at 

Mandore Garden are made up of this sandstone. The 

sandstone mining activity lies very close to Jodhpur city 

within a distance of 8–10 km in the north [35]. Two and half 

million people are employed in and around the 30,000 mines 

present in Rajasthan. Out of these 30,000, 1300 are 

sandstone mines engaging around 71,000 workers [34]. 

These approximately 71,000 sandstone workers in the mines 

do a variety of tasks, including as drilling, blasting, breaking 

down larger stones into smaller ones and loading & 

unloading of slabs from trucks. These tasks expose mine 

employees to high concentrations of silica dust for extended 

periods of time [36] (Fig. 3). The Jodhpur district in 

Rajasthan is composed of several geological elements such 

as sandstone, limestone, granite, rhyolite, schist, phyllite, 

and slate [37]. One of the main hubs for the quarrying and 

artisanal production of sandstone in India is Jodhpur, where 

miners extract a diverse range of sandstone types in terms of 

color and texture. Jodhpur and the surrounding areas have 

seen a rise in the number of sandstone quarrying and 

processing operations as a result of a boost in exports over 

the past 20 years. Currently, one of the most significant 

economic sectors in Jodhpur is the quarrying and processing 

of sandstone [35]. The largest industry of Jodhpur district is 

the sandstone quarrying. Government earns about 12 crores 

annually through taxes [35]. Among the large numbers of 
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quarries in the area, the major ones include Fedusar, Keru, 

Soduki Dhani, Pabu Magra, Barli, Chaina ka Bariya, 

Brahmno ka Tanka, Mandore, Kali Beri, Ghora Ghati, 

Balsamand, Old Fort, Magji ki Ghati, Palri and Soorsagar. 

Among these mining areas, Keru, Fedusar, Soorsagar and 

Mandore are the biggest blocks and are extensively quarried 

[35]. 

There are 2.5 million workers engaged in mining in 

Rajasthan [38]. Unfortunately, most of these mines are from 

an unorganized economic sector [36]. Workers in the 

majority of the unorganized sector face dangers to their 

bodily and mental health due to their line of work [39] and 

carries an increased risk of exposure to harmful chemicals 

[40]. 

 

Fig. 3:  Silica dust generated due to different types of mining activities. 
This dust reduces the lung's ability to function by causing silicosis, 

or the fibrosis of lung tissues. 

Silicosis is a lung ailment that is commonly encountered 

by miners and employees in related industrial and 

construction sectors. This avoidable sickness is brought on 

by breathing in silica-containing dust that is produced during 

various mining operations. There are two types of silica: 

amorphous and crystalline. Crystalline silica is more harmful 

than the amorphous silica. Polymorphs of crystalline silica 

include tridymite, cristobalite, and quartz. The crust of the 

Earth is covered with an abundance of silica, composed 

mainly of quartz [41]. Crystalline silica emits free silica into 

the mine area during various mining operations, such as 

drilling, cutting, and crushing of rocks. Workers in mines 

breathe in and deposit silica dust particles, which results in 

chronic inflammation and the development of granulomas. 

Additionally, silica dusts induce lung tissue fibrosis, which 

lowers the lungs' ability to function [41-43]. In addition to 

this, mine workers who are exposed to crystalline silica dust 

may develop silicosis, pulmonary TB, and chronic 

obstructive pulmonary disease (COPD) [44]. Based on the 

duration of silica exposure and radiological results, three 

types of silicosis can be distinguished: accelerated, chronic, 

and acute [45]. Because silicosis is linked to a number of 

illnesses, including lung cancer and tuberculosis, it increases 

occupational morbidity and death [46]. 

Mechanized operations like drilling, crushing, screening, 

blasting, and so forth cause noise levels to be far higher than 

the suggested noise threshold of 90 dB(A). Consequently, 

neurosensory deafness causes occupational hearing loss in 

mine workers exposed to high noise levels. There have been 

reports of noise levels during drilling reaching 115–122 dB 

or higher (Fig. 4). Extremely high noise levels and explosive 

blasts have the potential to rupture the tympanic membrane, 

impairing hearing at all frequencies and perhaps causing 

hemorrhaging into the middle or inner ear. 

 

Fig. 4:  Due to automated procedures including drilling, crushing, 

screening and blasting, etc., noise level is much higher than the 

recommended limit. Moreover, Workers who use pneumatic tools 
like drills can get vibration illnesses. 

To save time, heavy earth moving machines have been 

introduced in the mining operation in the Soorsagar quarry, 

Jodhpur (Fig. 4). Consequently, there is now a greater risk of 

whole body vibrations for operators. Chronic whole-body 

vibration exposure leading to degenerative spinal diseases, 

including back pain. After a few months to several years, 

pneumatic instruments like drills cause vibration disorders in 

workers. The most prevalent vibration disorder is Raynaud's 

phenomenon i.e., vasospasm, which is characterized by the 

spasmodic contraction of finger blood vessels that briefly 

causes the fingers to turn white and numb. 

Nearly all human activities have an adverse effect on the 

ecosystem, ecology, and terrain. But due to the mining 

activities, local environments are degraded due to stripping 

of topsoil, destruction of the vegetation, altering soil 

properties and thus disturbing nearby ecosystems. As a 

result, the existing landscape and environment are being 

ruined [35, 47, 48, 49]. Mine dumps and tailings, one of the 

major problems in the mining industry, are also the cause of 

degraded environment [50, 51] (Fig. 5). Adverse 

environmental changes due to unsystematic disposal of the 

mining waste will affect the agricultural land, forest land, 

surface & subsurface drainage, flora & fauna etc. The fact 

that the visible negative effects of environmental degradation 

are so evident as a result of developmental activity is 

concerning. Thus, the best course of action for improving the 

situation is to develop the area sustainably by extracting its  
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mineral wealth while also protecting the ecosystem. One of 

the major sources of pollution during quarrying and 

transporting stone is the waste stone dust. It directly 

jeopardizes the health of the mining employees, because 

stone dust is the cause of life threatening breathing problems 

among the mine workers like silicosis, tuberculosis, and 

chest pains [34, 52- 54]. Due to wind and surface runoff, the 

stone dust is being deposited on the soil and crop lands. As a 

result, the soil quality and crop production are decreasing 

[49, 55]. 

 

Fig. 5: The environment is affected by the mine dumps and tailings 

Conclusions 

Millions of people are employed globally in the mining 

industry. Mining can be carried out on a large, medium, or 

small scale under extremely hazardous working conditions, 

or it can be done on a high tech level in large mines with 

adequate working conditions and safety for the miners. With 

an average of one million people employed every day and an 

annual turnover of over 40 billion US dollars, India boasts a 

unique blend of large and small, manual and mechanized, 

opencast and underground mines that contribute to roughly 

2.5% of the country's GDP [63]. The most common 

occupational lung disease among mine workers is still 

silicosis, a condition linked to dust. Over a century of 

accident data and safety experience in Indian mines 

demonstrate a decline in both mortality and accidents over 

time. The fatality rate per 1000 mine workers, however, has 

been averaging 0.30 in both the non-coal and coal industries; 

following a period of steady decline, fatal accident trends 

increased once more in the 1980s and 1990s. The efficacy of 

the current, traditional method of enforcing occupational 

safety and health laws in mines through statutory 

investigations, inspections, and other means has reportedly 

reached its limit. It is necessary to develop a strategy that 

combines ―strategic‖ and ―systems‖ thinking in order to get 

the mining sector ready to meet higher requirements for the 

health and safety of mine workers. Together with hazard 

control, analysis to foresee hazards, and engineering 

solutions to prevent accidents and occupational diseases, the 

new thinking must take into account behavioral, cultural, and 

organizational systems. 

Mining activity has increased many fold in the last 10-15 

years and caused different degrees of damage to drainage 

systems, canals, agricultural land, groundwater, vegetation 

and cultural objects like roads and rail networks, buildings 

etc. As a result, there is a reduction of the flow of rainwater 

to the existing tanks and several artificial water bodies are 

created in the mined-out areas. For mining to grow 

responsibly in India and around the world, there are a 

number of factors that must come together, including 

legislation, mine supervision and control, accurate data on 

accidents and occupational illnesses, the creation of safety 

programs, and a safety culture. From the present study, it can 

be concluded that the health shape of the miners as well as 

the near-by inhabitants is in critical situations. Improper and 

unsupportable mining and mining-related wastes are the 

main culprits for such situations. Through a variety of 

educational programs and practical training programs, local 

Government Officials and various Non-Governmental 

Organizations (NGOs) should take the initiative to raise 

awareness about potential health effects linked with 

sandstone quarrying and accompanying dust. 

Many steps can be taken to address the unwanted 

quarrying functions. These are as follows: 

By providing the right tools and machinery, miners can 

reduce the production of excess waste and dust emissions 

due to mining as the first and most crucial measuring step. 

Sandstone miners of Soorsagar are still using old-school 

hand-held chisels and hammers for cutting the blasted stone, 

without any kind of safety gear. As a result, dust created due 

to hammering and blasting is spreading across the area 

which is affecting the miners as well as the local residents. 

Due to inadequate safety gears, the maximum number of 

injuries and illnesses is taking place among the miners. 

Therefore, the mine owners should provide safety gears like 

helmets, masks, safety goggles, rubber boots and mine 

workers should use these equipments. Miners can use this 

water for wet drilling and cutting. They can also spread this 

water around the mining area to reduce the suspended dust in 

the area. As the second most important strategy, recycle the 

generated wastes or turn them into building materials that 

are useful. Lastly, secure disposal of the trash generated due 

to mining.  
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