
AVERAGE COMPOSITION OF THE EARTH’S CRUST 

(BY WEIGHT, ELEMENTS, AND VOLUME) 



CHEMICAL CLASSIFICATION

 1) Elements

 2) Sulfides

 3) Oxides/Hydroxides

 4) Halides

 5) Carbonates

 6) Phosphates, Tungstates, Nitrates and Borates

 7) Sulfates and sulfosalts

 8) Silicates



CHEMICAL BONDING IN MINERALS 

 Bonding forces are electrical in nature (related to charged 
particles)

 Bond strength controls most physical and chemical properties 
of minerals

 (in general, the stronger the bond, the harder the crystal, 
higher the melting point, and the lower the coefficient of 
thermal expansion)

 Five general types bonding types: 

 Ionic Covalent Metallic

 van der Waals Hydrogen

 Commonly different bond types occur in the same mineral



1-IONIC BONDING 

 Common between elements that will... 

 easily exchange electrons so as to stabilize 
their outer shells (i.e. become more inert 
gas-like)

 create an electronically neutral bond 
between cations and anions

 Example: NaClNa (1s22s22p63s1) –> 
Na+(1s22s22p6) + e-

 Cl (1s22s22p63s23p5) + e- –> Cl-
(1s22s22p63s23p6) 



PROPERTIES OF IONIC BONDS 

Results in minerals displaying moderate degrees of hardness and 

specific gravity, moderately high melting points, high degrees of 

symmetry, and are poor conductors of heat (due to ionic stability)

Strength of ionic bonds are related: 

 1) the spacing between ions

 2) the charge of the ions 



2- COVALENT BONDING 

formed by sharing of outer shell electrons

strongest of all chemical bonds 

produces minerals that are insoluble, high 
melting points, hard, nonconductive (due to 
localization of electrons), have low symmetry 
(due to directional bonding). 

common among elements with high numbers 
of vacancies in the outer shell (e.g. C, Si, Al, 
S)







4- VAN DER WAALS (RESIDUAL) BONDING 

created by weak bonding of oppositely dipolarized electron 

clouds

commonly occurs around covalently bonded elements

produces solids that are soft, very poor conductors, have low 

melting points, low symmetry crystals



5-HYDROGEN BONDING

Electrostatic bonding between an 

H+ ion with an anion or anionic 

complex or with a polarized 

molecules

Weaker than ionic or  covalent; 

stronger than van der Waals



SUMMARY OF BONDING CHARACTERISTICS 




