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Hierarchy of Matter
   
Earth > tectonic plates > mountains > 
rocks > minerals > atoms

92 natural (H !U)
17 man-made



Atoms
   
protons, +

neutrons, no charge
  
electrons, -

mass = 1/1836 th  of proton     
fundamental particle

Atoms
   
electrons = fundamental 
protons, neutrons = quarks

ÒSolidÓ Is An Illusion
 most of atom empty 

  atom !   10 -9 m
  proton = 10 -15  m
  electron !  10 -16  m 
  quark = 10 -18  m

atom the size
of earth to moon 
(240k miles)



atomsÕ nucleus = golf course protons = football field

quarks = golf ball



Where did 
elements 
come from?
   
13.7 Ga  
  

>3 minutes
  H, He, Li

13.7 - 12.7 Ga major element creation
  H, He, Li fuse
  heavier elements

Normal Stars
   
fuse lighter elements
up to Fe (iron, 26)

Fusion Supernovae
   
> Fe (26)



A problemÉ

70%  Òdark energyÓ
26%   Òdark matterÓ
4%  normal elements

science is less a set of facts 
about what we think we know 

than a set of questions 
about what we donÕt know

04.10.b3

Helium is second 
most abundant

Hydrogen is most 
abundant

In Universe

04.10.b2

In Entire Earth



04.10.b1

Oxygen is most 
abundant element

In EarthÕs Crust Mineral Definition
   
collection of elements 
  H, Na, Cl ... U
   
electric bonding 
  neutral
  
Na +  + Cl -  = NaCl 0 

  halite           
 
           

mineral : an inorganic, naturally-occurring 
solid with a regular three-dimensional 
pattern of elements and a defined chemical 
composition



A Mineral Is Not...
   
Liquid

A Mineral Is Not...
   
Organic (carbon-based)

A Mineral Is Not...
   
Glass



Mineral Properties: 

Cleavage
Color
Density
Hardness

Mineral Properties: 
Cleavage
 
cleavage = plane of atomic 
weakness

scale

galena, PbS
  
even at atomic
scale



Fracture "  Cleavage
 

conchoidal
  

not every mineral 
has cleavage

Mineral Properties: 
Color & Luster
 

unreliable

hematite !

malachite
azurite

copper oxides



Mineral Properties: Density
  
density = mass        
                volume

water =  1.00 g/cm 3

quartz =  2.65 g/cm 3

olivine =  3.27-4.32 g/cm 3

galena =  7.58 g/cm 3

gold =          19.3 g/cm 3

Mineral Properties:  MohÕs Hardness Scale


