
2.0 Rocks, Minerals, and 

 Crystal Systems 



 ROCKS and MINERALS (Definition) 

 ROCKS: Composed of aggregates of mixture of 

                 MINERALS (such as SHALE, 
                 GRANITE, DOLOMITE etc.), 

 
 MINERALS: Have a definite chemistry, crystal 

                        morphology, and physical properties 

                        (such as QUARTZ, MICA, 

                        CALCITE).  

 
- So far nearly 3000 mineral species are established, 

- 8 of 103 elements cover 98.5 % in the Earth’s 
  crusts. 
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  The common original and secondary minerals found in soils. 

  Name     Formula 

   Primary Minerals 

  Oxides  Quartz   SiO2 

  Feldspars Microcline  KAlSi3O8 

  Orthoclase 

  Na-plagioclase  NaAlSi3O8 

   Ca-plagioclase  CaAl2Si2O8 

 Micas  Muscovite   KAl3Si3O10(OH)2   

  Biotite   K(Mg,Fe)3 (Al,Fe)Si3O10(OH,F)2 

 Amphiboles Hornblende1  Ca2Na(Mg,Fe+2)4(Al,Fe+3,Ti) 

     (Al,Si)2O22(OH)2 

 Pyroxenes Augite1   (Ca,Na) (Mg,Fe,Al) (Al,Si)2O6 

   Secondary Minerals 

 Carbonates Calcite   CaCO3 

  Dolomite   CaMg(CO3)2 

 Sulphates  Gypsum   CaSO4 . 2H2O 

 Phosphates Apatite   Ca10(F,OH,Cl)2(PO4)6 

 Oxides  Hydrated Fe-oxides  2Fe2O3 . 3H2O 

  Hematite   Fe2O3 

  Gibbsite   Al(OH)3 

 Silicates  Clay minerals  Al-silicates 
 1 These are general formulae, in nature they are very variable in their composition 



 Some characteristics of soil separates: 

 Separates  Diameter  Diameter  Number of  Surface area 
     mm(a)   mm(b)   particles      in g.cm2

       per gram    

Very coarse sand  2.00-1.00 ------------                 90           11 

Coarse sand  1.00-0.50 2.00-0.20                720           23 

Medium sand  0.50-0.25 ------------             5700           45 

Fine sand  0.25-0.10 0.20-0.02           46,000           91 

Very fine sand  0.10-0.05 ------------        772,000         227 

Silt   0.05-0.002 0.20-0.002     5,776,000                    454 

Clay   < 0.002   < 0.002            90,260,853,000   8,000,000 (c) 

 (a) United States Dept. Agr. system. 

 (b) Int. Soil Sci. Soc. system. 

 (c) Surface area of  platy shaped montmorillonite clay particles (800 m2)  

      (from Foth, 1978). 



Summary of the main properties of the three soil separates: 

Property  sand   Silt  Clay 

Diameter (USDA) mm 2.00-0.05   0.05-0.002 < 0.002 

Shape   Rounded, irregular Irregularly Plate like (and  
   angular, plate like  fragmental cylindrical) 

Stickiness (cohesion) Non-existant, unless Low1  High 

   coated with clay and  
   silt particles 

Plasticity  None   Some, because High 

      of adhering film  
      of clay 

Water holding capacity Low   Medium-low High 

Nutrient and gas   None-low  Medium-low High 
adsorbing capacity        

Specific surface area Small   Medium-low High 

Buffering capacity  None   Low  Medium-high 

Dominant minerals Fragments of primary Fragments of  Secondary
   minerals (quartz,  primary   minerals (Al-
   feldspars, micas, etc.) minerals    silicates and 
        hydroxides)  

1 Low, medium and high in this table are for quantitative comparison of the three separates only. 



 Physical characteristics of minerals are more  
 readily recognizable: 

 - Crystal Systems, 

 - Crystal Growth habits, 

 - Cleavage, Parting, Fracture, 

 - Hardness, 

 - Luster, 

 - Streak, 

 - Color, 

 - Tenacity, 

 - Transparency, 

 - Specific Gravity, 

 - Other Tests and Properties. 



Crystal Systems (Crystallography) 

 

- Very difficult aspect to master, CRYSTALLOGRAPHY: 

   deals with crystal systems. 
 

- Crystals have solid boundaries and smooth external faces 

   with angular shapes. This is due to the result of the 
   manifestation of orderly atomic structure. 
   

  MINERALOIDS (Amorphous, poorly crystalline). 

 



Symmetry elements 

•Rotation axes 

 

•Mirror(reflection) plane 

 

•Centers of symmetry 

 

•Rotoinversion axes 









    Six Main Mineral Systems 



1.The Isometric System 
Some variations of the 
isometric system:  
 

(1) Octahedron,  

(2) Teterahedron,  

(3) Dodecahedron,  
(4) Pyritohedron. 



2. The Hexagonal 
    system 

3. The Tetragonal 
    system 



4. The 
    Orthorhombic 
    system 

5. The 
     Monoclinic 
     system 



6. The Triclinic system 



Designations used on crystal faces 





Some basic crystal faces:  

From left to right, a pedion, a pinacoid, and a prism. 

Pedion- an open form composed of a single face. 

Pinacoid- an open form consisting of two parallel faces. 

Prism- an open form whose faces parallel the vertical axis and 
            intersect one or more of the other axes. 


