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• Rock = Σ minerals
• About 2000 minerals and 100 chemical 

elements
• Mineral = inorganic crystalline structure 
• Homogeneous substance, definite chemical 

composition, definite internal structure
• Under ideal conditions = crystals



Ten critical elements found in most 
rocks and soils



Element Bonding

• Ionic bonds – weak and can be 
attacked by water molecules 
Minerals: reactive, soluble, 
breakdown

• Covalent bonds – strong
Minerals: durable and inert



Paragenesis

• Community of minerals
- Igneous
- Sedimentary
- Metamorphic

• Identification of Minerals
- Examination of hand specimens
- Examination of thin slices (0.03 mm) using 
optical properties of minerals







https://mineralseducationcoalition.org/mining-mineral-statistics

https://mineralseducationcoalition.org/mining-mineral-statistics


https://www.usgs.gov/centers/nmic/commodity-statistics-and-
information#:~:text=%20%20%201%20Ilmenite%20%28Titanium%20Mineral%20C
oncentrates%29,Steel%20Slag%209%20Iron%20Oxide%20Pigments%20More%20

https://www.usgs.gov/centers/nmic/commodity-statistics-and-information#:%7E:text=%20%20%201%20Ilmenite%20%28Titanium%20Mineral%20Concentrates%29,Steel%20Slag%209%20Iron%20Oxide%20Pigments%20More%20




Your 10 lb laptop

“On an all-in basis, counting everything 
processed and distilled into those 10 lbs, it 
weighs as much as 40,000 lbs, and its 
manufacturers, going all the way back to the 
mines and wellheads, created huge abuse to 
Earth through extractive and polluting processes 
to make it.”

(Ray Anderson, 1998).

Today (2020), 1.8 tons (3600 lbs) of material to make a laptop 
computer
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Copper

• Base metal
• 0.0058% of Earth’s crust by weight
• Main rock = Chalcopyrite  CuFeS2



Identification of Minerals

http://www.bing.com/videos/search?q
=minerals+videos&FORM=VIRE13#view
=detail&mid=2E1A08DEDCA54D04BA7F

2E1A08DEDCA54D04BA7F

http://www.bing.com/videos/search?q=minerals+videos&FORM=VIRE13#view=detail&mid=2E1A08DEDCA54D04BA7F2E1A08DEDCA54D04BA7F


Crystal symmetry





Hardness



Other properties

• Color and streak
• Specific gravity
• Transparency
• Reaction to HCL
• Magnetism
• Taste



https://geology.com/minerals/

https://geology.com/minerals/


Silicates

[SiO4]4-







Olivine (use)
https://www.minerals.net/mineral/olivine.aspx

[Mg, Fe]2 SiO4

https://crystalbenefits.com/olivine-uses#:%7E:text=1%20Olivine%20is%20used%20as%20a%20slag%20conditioner,successful%20in%20doing%20so.%20...%20More%20items...%20
https://www.minerals.net/mineral/olivine.aspx


Quartz (SiO2)  (use)

• Macro-crystalline quartz (different colors due 
to impurities) 

• Silicosis (occupational hazard)
http://www.osha.gov (search Silicosis) 
http://www.bing.com/videos/search?q=silicosis+videos&qpvt=silicosis+vid
eos&FORM=VDRE#view=detail&mid=DF5F095E862A4129154ADF5F095E8
62A4129154A

https://crystalbenefits.com/quartz-uses
http://www.osha.gov/
http://www.bing.com/videos/search?q=silicosis+videos&qpvt=silicosis+videos&FORM=VDRE#view=detail&mid=DF5F095E862A4129154ADF5F095E862A4129154A


Quartz (SiO2)
• Micro-crystalline quartz (chert, flint, agate, jasper, 

opal, petrified wood)
• Alkali-Aggregate Reaction (AAR)

http://www.bing.com/videos/search?q=alkali+aggregate+reaction+in+concrete
&qs=AS&sk=AS1&FORM=QBVR&pq=alkali%20aggregate%20reaction&sc=4-
25&sp=2&qs=AS&sk=AS1#view=detail&mid=DB9BE84841C283385B0EDB9BE8
4841C283385B0E

• https://theconstructor.org/concrete/alkali-aggregate-reaction-in-concrete/67/

http://www.bing.com/videos/search?q=alkali+aggregate+reaction+in+concrete&qs=AS&sk=AS1&FORM=QBVR&pq=alkali%20aggregate%20reaction&sc=4-25&sp=2&qs=AS&sk=AS1#view=detail&mid=DB9BE84841C283385B0EDB9BE84841C283385B0E
https://theconstructor.org/concrete/alkali-aggregate-reaction-in-concrete/67/






Pyroxenes
(use)

Amphiboles
(use)

https://geology.com/minerals/pyroxene.shtml
https://geology.com/minerals/hornblende.shtml


Asbestos

Loosely used commercial term for 
fibrous minerals in heat-resistant 
fabric, 
• Chrysotile (White asbestos): 

sheet structure, 95% of asbestos. 
Dissolves in lungs (in one year)

• Amphibole asbestos (Blue
Asbestos) minerals: Needle 
structure (crocidolite, blue 
asbestos, four other types). Does 
not dissolve in lungs





Asbestos

• Problem with misidentification of asbestos
• Regulations:

- EPA 
- OSHA (health and safety of workers) 

http://www.osha.gov/SLTC/asbestos/

http://www.osha.gov/SLTC/asbestos/


Phyllosilicates

• Sheets of tetrahedra
• Micas (Biotite and Muscovite)
• Chlorite
• Talc
• Clay Minerals



Feldspars
https://geology.com/minerals/feldspar.shtml

Plagioclase
• NaAlSi₃O₈ – CaAl₂Si₂O₈

Orthoclase

• KAlSi3O8 

https://geology.com/minerals/feldspar.shtml




Clay Minerals

Tetrahedral

Octahedral



Clay Minerals



Clay Minerals

• Videos: 
http://www.bing.com/videos/search?q=swelli
ng+clays+videos&FORM=VIRE9#view=detail&
mid=18AF1B596F3ABC18AE8F18AF1B596F3A
BC18AE8F

http://www.bing.com/videos/search?q=swelling+clays+videos&FORM=VIRE9#view=detail&mid=18AF1B596F3ABC18AE8F18AF1B596F3ABC18AE8F






https://coloradogeologicalsurvey.org/2017/28869-swelling-expansive-soils-video/

https://coloradogeologicalsurvey.org/2017/28869-swelling-expansive-soils-video/


Micas

Biotite
https://geology.com/minerals/biotite.

shtml

Muscovite
https://geology.com/minerals/muscovite.

shtml

https://geology.com/minerals/biotite.shtml
https://geology.com/minerals/muscovite.shtml


Talc
https://geology.com/minerals/talc.shtml

https://geology.com/minerals/talc.shtml


Chlorite
https://geology.com/minerals/chlorite.shtml

https://geology.com/minerals/chlorite.shtml


Carbonates

Calcite CaCO3

• https://geology.com/minerals
/calcite.shtml

Dolomite CaMg(CO3)2. 
• https://geology.com/minerals

/dolomite.shtml

https://geology.com/minerals/calcite.shtml
https://geology.com/minerals/dolomite.shtml


Karst Topography

• Dissolution of carbonate rocks



Evaporites - Sulfates
Anhydrite CaSO4

https://geology.com/minerals/anhydrite.sht
ml

Gypsum CaSO4
.2H2O

https://geology.com/minerals/gypsum.sht
ml

https://www.understanding-cement.com/sulfate.html
https://www.bing.com/videos/search?q=sufates+and+concrete&&view=detail&
mid=A4D1AB6DA9EDF0E099E8A4D1AB6DA9EDF0E099E8&&FORM=VDRVRV

https://geology.com/minerals/anhydrite.shtml
https://geology.com/minerals/gypsum.shtml
https://www.understanding-cement.com/sulfate.html
https://www.bing.com/videos/search?q=sufates+and+concrete&&view=detail&mid=A4D1AB6DA9EDF0E099E8A4D1AB6DA9EDF0E099E8&&FORM=VDRVRV


Evaporites
Halite NaCl

https://geology.com/minerals/halite.shtml
Salt Dome

https://www.pbs.org/wgbh/nova/article/
solving-nuclear-waste-with-wipp/

Video

https://geology.com/minerals/halite.shtml
https://www.pbs.org/wgbh/nova/article/solving-nuclear-waste-with-wipp/
https://www.bing.com/videos/search?q=Nuclear+Waste+Disposal&&view=detail&mid=65D445BFFD851F89504365D445BFFD851F895043&&FORM=VRDGAR


Metallic 
Ore 

Minerals

• Pyrite (FeS2): 
https://geology.com/minerals/
pyrite.shtml
Acid Mine Drainage 

• Chalcopyrite (CuFeS2): ore of 
copper

• Galena (PbS): ore of lead
• Sphalerite (ZnS): ore of zinc
• Magnetite (Fe3O4): richest ore 

of iron
• Uraninite (UO2)

Radon Gas, Mitigation 
Technique 

https://geology.com/minerals/pyrite.shtml
https://th.bing.com/th?id=OVP.BitLgptkxBmhxe6K58MlBwEsDh&w=246&h=138&c=7&rs=1&pid=2.1
https://www.youtube.com/watch?v=-S8vr27plZs
https://www.youtube.com/watch?v=w3BhUYSTT7c
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