
Minerals & the 
Environment 



Mineral 
• A solid element or inorganic 

compound; naturally 
occurring. 



Types of Minerals 
• Metallic 
–  IRON, main component of steel 

 –  COPPER, used in electrical wiring 
 



Types of Minerals 
• Non-metallic 

–  SULFUR, used to make tires, 
paints, paper, etc. 

 –  PHOSPHOROUS, medicines 
and detergents 

 



High-Grade Ores 
• Rocks that contain large 

enough quantities of minerals to 
be profitably mined 



Forming Mineral Deposits 
• Igneous Processes 
•  Hydrothermal Processes 
 •  Sedimentary & Weathering 
Processes 
 •  Evaporative Processes 
 •  Biological Processes 
 



Ores are deposited at 
convergent and divergent 

plate boundaries 



Divergent Boundaries 
• Water is heated by molten rock in 

MAGMA CHAMBERS 

•  Heated water                                 
rises through                                  
rocks, leaches                                        
minerals: 
deposited                                               
when water 
cools 
 



Convergent Boundaries 
• Heat causes rocks to melt, 

minerals are separated by density.                                                 
•  Different                                       
minerals form 
at different 
temperatures 
 • Ex. quartz                                              
 



Igneous Processes 
• As magma cools, the heavier 

minerals crystallize first, causing 
them to fall, and the lighter 
minerals rise above them. 



Igneous Processes 

• When deposits      
of carbon are 
buried and 
subjected to 
pressure = 



Hydrothermal Processes 
• Chemical reaction 

occurs between 
metal salts carried in 
super-heated ground 
water and sulfur in 
Earth’s crust forming 
metal sulfides 



Hydrothermal Processes 
• Metal sulfides are not soluble in 

water and are deposited             
(Gold & Silver                                     
deposits) 



Sedimentary Processes 
• Water and wind can separate 

materials by their size, shape 
and density 
 
Phosphorus                                     
& Sulfur                               
deposits 

 



Sedimentary Processes 
• Water can also 

concentrate 
minerals found in 
stream bedrock 

–  Minerals collect in 
fissures and pits in 
slow parts of the river 
- Placer Deposits 

 



Weathering Processes 
• Weathering of soils can 

cause deposits to form. 



How Large Is Our Mineral 
Supply? 

• Mineral deposits that have been 
identified and are currently 
profitable to extract 

Mineral Reserves 

•  Current copper reserves are 
estimated to last until 2029 
 



How Minerals Are Found, 
Extracted & Processed 

• Vibrator truck 



• Survey of Earth’s Crust 
Discovering Mineral Deposits 

–  Satellite or Aerial photographs 
of geological features to give 
general idea where mineral 
deposits are located 

 



Discovering Mineral Deposits 
• Drilling For Mineral Samples 

–  Analyze chemical            
composition of                      
samples to identify                                 
presence of                          
minerals 

 



Extracting 
Minerals 



Surface Mining 
• Open-pit extraction quarry is 

dug and mineral is extracted 

•  Copper,                                         
Iron,                                              
Sand,                                           
Gravel,                                     
Limestone 
 



Surface Mining 
• “Buckets”scrape surface ore 



Strip Mining 
•  Trench is dug and minerals are  

 extracted 
•  New 
trench is 
dug parallel 
to old 
trench 
 



Strip Mining 
•  Overburden from new trench is  

 deposited in old producing a  
 spoil bank 





Strip Mining 

•  Spoil is 
replaced in rows 
–  Spoil is 
susceptible to 
erosion 
(sediment 
pollution) 

 



Strip Mining 
•  Rainwater leaches chemicals into 

 ground water (acid drainage) 



Subsurface Mining 



• Shaft mine dug vertically to 
mineral deposit 

  

Subsurface Mining 

•  Less environmental impact, but 
more                                     
dangerous                                                  
to workers 
 





Gold Mining 



Heap-leach Extraction 
• Separates gold from low grade ores 

–  Sprays rock with CYANIDE to 
dissolve gold 

 –  Mining sites                                           
are often left                                
unaltered:                                           
high toxin                                           
levels 

 



Processing Minerals 
• Extracted by heating or chemical 

reactions 



Processing Materials 
• Smelting  
 •  Roasting the ore 
 produces 
huge amount 
of air pollution 
(SOx) 





Smelting produces 
dangerous emissions if 

pollution control devices 
are not used 



Processing Iron 



Processing Steel 



Processing Copper 



Environmental 
Implications 



Mining & the 
Environment 

• Surface Mining 
–  22 million acres                  
disturbed in U.S.  

 



Bisbee, Arizona 
• Mountain of 

waste rock from 
an abandoned 
copper mine 
shadows miner’s 
homes & resorts 



Surface Mining Rainforest 



Acid Drainage 
• Mine tailings often include 

sulfide compounds 



• Acids and other toxic compounds 
end up in spoil banks and 
eventually get leeched and disrupt 
terrestrial and aquatic ecosystems 



Environmental Impacts 
Of Refining Minerals 

•  80% of mineral ore is impure and 
must be removed (tailings) 

•  Toxic substances are used in the 
process and are found in tailings 
 •  Smelting plants contribute 
dangerous air pollutants 
 



Environmental Impacts of 
Refining Minerals 



Restoration Of Lands 
• Steps to Restoring Derelict Lands 

•  Fill in shafts or                                    
holes 
 •  Remove                                          
toxic substances 
 •  Restore topsoil                                   

& plants to                               
prevent erosion 
 



Settling Ponds 



Abandoned Mine Shafts 
• Physical and toxic hazard 



Reclaiming 
Mined         

Lands 



Reclaiming 
Abandoned 

Mines 







Depletion 
Time 



Economic Factors in 
Mineral Mining 

• Energy costs, mining and 
processing minerals is 
energy dependent 

–  2,000 lbs of rock is removed to 
produce 0.025 ounces of gold 

 



Increasing Supplies 



Minerals from the Sea 
• Magnesium is in high 

concentrations in sea water 
• Sulfide deposits                        
containing zinc,                              
copper and iron                                   
are formed at                                   
ocean plate                              
boundaries 
 



Manganese Nodules 
•  Formed at 5,000 m deep 

• Which country has                             
rights to mine them? 

 • Environmental Impacts      
unknown 
 

– 25% manganese 
 – 1.2% copper 
 – 1.5% nickel 
 – 0.2% cobalt 
 



Minerals From Oceans 
• Seawater 
–  Contains dissolved                                             
minerals 

 

Can be profitably                                  
extracted 

•  NaCl 
•  Magnesium  

 



Minerals From Oceans 
• Desalinization yields minerals 



Advanced 
Technology 

• Deep mining 
of ocean 
floor being 
researched 



Mining with Microbes 
• Bioleaching 

–  Using bacteria to break 
down and separate minerals 
from                                      
soils  

 



Expanding Supplies Through 
Substitution & Conservation 



Strategies for  
Improved Mineral Use 

• Conserve the resources we 
have 

• Find substitutes (ceramics) 
 • Recycle minerals 
 • Use lower quality ores 
 


