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Abstract 

Manganese is a critical metal used in steel production, battery technology, and various chemical applications. This 

comprehensive review explores the geological characteristics of manganese deposits, methods of exploration and extraction, 

and the economic factors influencing their development. By examining the distribution, formation, and exploitation of 

manganese resources, this article highlights the challenges and opportunities in the global manganese industry. 
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Introduction 

Manganese (Mn) is an essential metal primarily used in steel 

production to improve hardness, stiffness, and strength. It is 

also crucial in battery technology, particularly in lithium-ion 

and alkaline batteries, and various chemical processes. 

Given its importance, understanding the geological and 

economic aspects of manganese deposits is vital for efficient 

resource management and sustainable development. This 

review explores the geological settings, exploration 

techniques, extraction methods, and economic 

considerations associated with manganese deposits. 

 

Objective of the paper 

The objective of this paper is to review and analyze the 

geological characteristics and economic factors influencing 

manganese deposits. 

 

Geological Characteristics of Manganese Deposits 

Manganese deposits are geologically diverse, forming under 

various environmental conditions and in different geological 

settings. Understanding these characteristics is crucial for 

exploring and developing manganese resources. Manganese 

deposits can be broadly categorized into three primary 

types: sedimentary, hydrothermal, and lateritic. Sedimentary 

manganese deposits are the most significant in terms of size 

and economic value. They form in marine environments 

through the precipitation of manganese oxides and 

carbonates. The formation process involves several stages, 

beginning with the weathering and erosion of manganese-

rich rocks on land. This weathered material is transported to 

the ocean by rivers and streams. In shallow marine basins, 

manganese precipitates out of seawater due to changes in 

chemical conditions, such as a decrease in oxygen levels or 

an increase in pH. These deposits often form extensive 

layers of manganese-rich sediment, which can cover large 

geographic areas. One of the most notable examples of 

sedimentary manganese deposits is the Kalahari Manganese 

Field in South Africa, which is one of the largest and richest 

manganese deposits in the world. This field contains 

multiple layers of manganese ore, each varying in thickness 

and manganese content. Another significant example is the 

Groote Eylandt deposit in Australia, known for its high-

grade manganese ore. Hydrothermal manganese deposits 

form from the precipitation of manganese minerals from 

hydrothermal fluids. These fluids, which are typically rich 

in metals, originate from magmatic or geothermal sources 

and circulate through the Earth's crust. As these hot fluids 

move through cracks and fissures, they interact with 

surrounding rocks, dissolving manganese and other 

elements. When the fluids cool or encounter changes in 

pressure, manganese minerals precipitate out of the solution, 

forming hydrothermal veins and stockwork deposits. 

Hydrothermal manganese deposits are often found in 

volcanic and geothermal regions, where there is significant 

magmatic activity. These deposits tend to be smaller but 

more concentrated than sedimentary deposits. The 

hydrothermal process can produce high-purity manganese 

minerals, which are valuable for certain industrial 

applications. Lateritic manganese deposits form through the 

intense weathering of manganese-rich rocks in tropical and 

subtropical climates. This weathering process, known as 

lateritization, involves the leaching of soluble elements from 

the rock, leaving behind a concentration of insoluble 

minerals, including manganese oxides and hydroxides. 

Lateritic deposits are typically found in regions with high 

rainfall and temperatures, which accelerate the chemical 

weathering process. The manganese content in lateritic 

deposits can vary significantly, depending on the original 

rock composition and the degree of weathering. These 

deposits often occur as surface layers or near-surface bodies, 

making them accessible for open-pit mining. Notable 

examples of lateritic manganese deposits include those 

found in Brazil and India, where extensive lateritic 

weathering has produced high-grade manganese ores. The 

geochemical and mineralogical composition of manganese 

deposits is highly variable, depending on the type of deposit 

and its formation process. Sedimentary manganese deposits 

typically contain a mix of manganese oxides (e.g., 

pyrolusite, psilomelane) and carbonates (e.g., 

rhodochrosite). These minerals are often associated with 

iron oxides and clay minerals, which can affect the ore's 

grade and processing characteristics. Hydrothermal 

manganese deposits are characterized by high-purity 

manganese minerals such as rhodochrosite and manganite, 

often found in association with quartz, calcite, and other 

gangue minerals. The high purity of these deposits makes 

them suitable for specialized applications requiring high-

quality manganese. Lateritic manganese deposits primarily 

consist of manganese oxides and hydroxides, including 

minerals like cryptomelane, hollandite, and lithiophorite. 
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These deposits are typically enriched in iron and aluminum 

oxides due to the weathering process, which can influence 

the beneficiation and extraction methods used. The 

structural and textural features of manganese deposits vary 

widely and can provide important clues about their 

formation and geological history. Sedimentary deposits 

often exhibit stratification, with distinct layers of 

manganese-rich and barren sediments. These layers can be 

traced laterally over large distances, reflecting the 

depositional environment and paleogeographic conditions at 

the time of formation. Hydrothermal manganese deposits 

commonly display vein and stockwork structures, with 

manganese minerals filling fractures and voids in the host 

rock. These veins can vary in thickness and continuity, 

reflecting the pathways of the hydrothermal fluids and the 

pressure-temperature conditions during mineralization. 

Lateritic manganese deposits typically show a zonal 

distribution of minerals, with a progression from less 

weathered rock at depth to highly weathered laterite at the 

surface. This zonation results from the gradual leaching and 

concentration of manganese and other elements during 

weathering. The geological characteristics of manganese 

deposits are complex and diverse, influenced by the 

processes and environments in which they form. 

Understanding these characteristics is essential for effective 

exploration, extraction, and management of manganese 

resources. Sedimentary, hydrothermal, and lateritic deposits 

each present unique opportunities and challenges, requiring 

tailored approaches to their exploration and development. 

As global demand for manganese continues to grow, driven 

by its critical role in steel production and emerging 

technologies, a comprehensive understanding of its 

geological characteristics will be crucial for ensuring a 

sustainable supply of this vital resource. 

 

Exploration Techniques 

Exploring manganese deposits involves a combination of 

geological, geophysical, and geochemical methods to 

identify and evaluate potential resources. The process 

begins with geological mapping, which helps identify 

manganese-bearing zones by studying rock formations and 

structures. Fieldwork includes collecting and analyzing 

rock, soil, and sediment samples to detect anomalies in 

manganese concentrations. These initial steps are crucial for 

understanding the geological context and potential of the 

area being explored. Geophysical surveys are employed to 

detect subsurface anomalies that may indicate the presence 

of manganese deposits. Techniques such as magnetic, 

gravity, and electromagnetic surveys are commonly used. 

Magnetic surveys detect variations in the Earth's magnetic 

field caused by magnetic minerals in the subsurface, which 

can be associated with manganese mineralization. Gravity 

surveys measure variations in the Earth's gravitational field 

to identify density anomalies, which can suggest the 

presence of manganese-rich rocks. Electromagnetic surveys 

involve transmitting an electromagnetic field into the 

ground and measuring the response, which helps detect 

conductive minerals, including manganese oxides. 

Geochemical analysis is a critical component of manganese 

exploration. This involves sampling and analyzing soil, 

rock, and water to identify trace elements and geochemical 

anomalies associated with manganese deposits. Advanced 

analytical techniques, such as X-ray fluorescence (XRF) and 

inductively coupled plasma mass spectrometry (ICP-MS), 

are used to measure the concentration of manganese and 

other elements in the samples. These methods provide 

detailed geochemical data that help pinpoint areas with high 

manganese concentrations. Drilling is an essential step in 

the exploration process, providing direct information about 

the subsurface geology and manganese content. Core 

drilling involves extracting cylindrical samples of rock 

(cores) from the subsurface, which are analyzed to 

determine the grade and continuity of the manganese 

deposit. Reverse circulation (RC) drilling, another common 

technique, involves using compressed air to drive a hammer 

that breaks the rock into chips, which are then brought to the 

surface for analysis. Drilling results are used to create 

detailed geological models of the deposit, guiding further 

exploration and development efforts. Remote sensing is also 

increasingly used in manganese exploration. Satellite 

imagery and aerial photography provide valuable data on 

the surface geology and vegetation patterns, which can 

indicate underlying mineralization. Advanced remote 

sensing techniques, such as hyperspectral imaging, can 

detect specific minerals based on their spectral signatures, 

aiding in the identification of manganese-rich areas. In 

addition to these techniques, exploration often involves 

integrating data from multiple sources to build a 

comprehensive understanding of the potential deposit. 

Geostatistical methods are used to analyze and interpret the 

data, creating predictive models of the deposit's size, shape, 

and grade distribution. This integrated approach helps 

reduce exploration risk and improves the accuracy of 

resource estimates. In conclusion, the exploration of 

manganese deposits relies on a combination of geological 

mapping, geophysical surveys, geochemical analysis, 

drilling, and remote sensing. These techniques work 

together to identify and evaluate manganese resources, 

providing the data necessary for effective exploration and 

development. As global demand for manganese continues to 

grow, advanced exploration techniques and integrated 

approaches will be essential for discovering new deposits 

and ensuring a sustainable supply of this critical metal. 

 

Extraction Methods 

The extraction of manganese involves several techniques, 

each tailored to the specific type of deposit and its 

geological setting. The primary methods include open-pit 

mining, underground mining, and leaching. Open-pit mining 

is the most common method used for extracting manganese 

from near-surface sedimentary and lateritic deposits. This 

technique involves removing the overburden (the layer of 

soil and rock above the ore body) to expose the manganese 

ore. The mining area is cleared of vegetation, and access 

roads are constructed to facilitate the movement of heavy 

machinery. Holes are drilled into the ore body and filled 

with explosives. Controlled blasts break the rock into 

manageable pieces. Excavators and bulldozers remove the 

broken rock and overburden, exposing the manganese ore. 

The ore is loaded onto trucks or conveyors and transported 

to processing facilities, where it undergoes crushing and 

screening to separate and concentrate the manganese 

minerals from the surrounding waste rock. Open-pit mining 

is cost-effective for large, shallow deposits, allowing for the 

extraction of vast quantities of ore. However, it can have 

significant environmental impacts, including habitat 

destruction, dust generation, and water pollution from 

runoff. 
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Underground mining is employed for deeper or high-grade 

manganese deposits that are not economically feasible to 

mine using open-pit methods. This technique involves 

creating tunnels or shafts to access the ore body. Vertical 

shafts or horizontal adits are constructed to reach the ore 

deposit. Tunnels are driven into the ore body to provide 

access for mining operations. This method is more 

expensive and complex than open-pit mining but minimizes 

surface disturbance. Room and pillar mining involves 

excavating rooms in the ore body while leaving pillars of 

unmined material to support the roof. The rooms are mined 

out in a systematic pattern, and the pillars are sometimes 

removed at a later stage to recover additional ore. Cut and 

fill mining involves removing ore in horizontal slices, 

starting from the bottom of the deposit and working 

upwards. After each slice is mined, the void is filled with 

waste rock or tailings to provide support for the next slice. 

Underground mining minimizes surface disturbance and is 

suitable for high-grade deposits, but it requires sophisticated 

ventilation and safety systems to protect workers from 

hazardous conditions. 

Leaching is a chemical extraction method used for certain 

types of lateritic manganese deposits and low-grade ores. 

This process involves dissolving manganese from the ore 

using chemical solutions. Crushed ore is piled onto a lined 

pad, forming heaps. A leaching solution, typically sulfuric 

acid, is sprayed or dripped onto the heaps. The solution 

percolates through the ore, dissolving manganese as it 

moves downward. The manganese-rich leachate is collected 

at the bottom and processed to recover manganese. In-situ 

leaching involves injecting a leaching solution directly into 

the ore body through wells. The solution dissolves the 

manganese in place, and the manganese-rich solution is 

pumped to the surface for processing. This technique 

minimizes surface disturbance but requires careful 

management to prevent contamination of groundwater. 

Agitation leaching involves mixing finely ground ore with a 

leaching solution in large tanks equipped with agitators. The 

agitation enhances the contact between the ore and the 

solution, improving the efficiency of the leaching process. 

Leaching methods are advantageous for extracting 

manganese from low-grade ores and waste materials, 

reducing the need for conventional mining. However, they 

require significant amounts of chemicals and careful 

environmental management to prevent contamination of soil 

and water resources. 

Each extraction method has specific environmental impacts 

that must be managed to ensure sustainable mining 

practices. Open-pit mining can lead to large-scale land 

disturbance, habitat loss, and water pollution from mine 

runoff. Reclamation efforts, including re-vegetation and soil 

stabilization, are essential to mitigate these impacts. 

Underground mining reduces surface disturbance but can 

cause subsidence and groundwater contamination. Proper 

mine planning and water management strategies are crucial 

to minimize these risks. Leaching processes require the 

management of chemical solutions and careful monitoring 

to prevent environmental contamination. Lined pads, 

containment systems, and treatment of leachates are 

necessary to protect soil and water resources. 

The extraction of manganese involves various techniques 

tailored to the type and geological setting of the deposit. 

Open-pit mining, underground mining, and leaching each 

offer distinct advantages and challenges, requiring careful 

consideration of economic, technical, and environmental 

factors. As global demand for manganese continues to rise, 

optimizing these extraction methods and implementing 

sustainable practices will be essential to ensure a reliable 

and environmentally responsible supply of this critical 

metal. 

 

Economic Factors 

The economic viability of manganese deposits is influenced 

by market demand, production costs, and geopolitical 

considerations. Market demand, driven primarily by the 

steel industry, accounts for approximately 90% of global 

manganese consumption. The growth of battery technology, 

particularly for electric vehicles, is also increasing demand 

for high-purity manganese. Production costs, including 

mining, processing, and transportation, significantly impact 

the economic feasibility of manganese projects. Factors 

such as ore grade, deposit size, and infrastructure 

availability play crucial roles in determining production 

costs. Geopolitical considerations, including the distribution 

of manganese resources in countries like South Africa, 

Australia, Brazil, and China, influence the global supply 

chain and pricing. Political stability, regulatory frameworks, 

and trade policies in these regions can affect the availability 

and cost of manganese. 

 

Conclusion 

Manganese deposits are vital to various industrial 

applications, with significant geological diversity and 

economic importance. Effective exploration, extraction, and 

management strategies are essential to maximize the 

potential of these resources while minimizing environmental 

and social impacts. As global demand for manganese 

continues to rise, driven by the steel and battery industries, a 

thorough understanding of the geological and economic 

factors influencing manganese deposits will be crucial for 

sustainable development and efficient resource utilization. 

This comprehensive review highlights the key aspects of 

manganese resource management, providing insights into 

the challenges and opportunities within the industry. 
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