
The three rock families:
Igneous rock:Cooling and 
solidification of magma
- Extrusive
   - Cooling at the surface (either in air 
or water)
   - Smaller crystals, holes
- Intrusive
   - Cooling below the surface   
   - Large crystal size
   - Felsic (light colored), Mafic (dark 
colored)
Sedimentary rock
 - Clastic
   - LARGE PARTICLES: conglomerate, 
larger than sand
     - >22mm
   - MED PARTICLES: Beach sand, 
sandstone
     - Sandstone feel
   - SMALL PARTICLES: mud/silt, 
mudrock, shale
     - Can’t see the particles with even 
a hand lens
   - Fissile (breaks off in sheets)
 - Biogenic
   - Limestone - CaCO3 (shells)
     - Seeing shells
     - Acid will make it fizz
     - Typically grey or white
   - Organic: coal or peat (plant/animal 
matter)
     - like coal, lighter density
 - Chemical
   - Evaporites (salts)
   - Harder to ID
Metamorphic rock:
pressure and heat on existing rocks
 - Abundant shiny materials
 - Can feel greasy
 - Foliated
   - Crystal Preferred orientation 
 - Granular
 - Porphyroblastic

Common Cement Materials
 - CaCO3 (Calcite)
 - SiO2 (Silica)

Isotropic: Light speed will be the same 
through the material
 - Halite: no light coming through
 - Amorphous materials same 
Anisotropic: Light speed will be 
different in different orientations 
 - Allows for color/light to change when 
rotating the stage
Plane light: true color view, crosspolars 
lead to different colors “interference” 
color
Opaque: Dark, (OM, pyrite)
Pleochroism: rotate the stage, color of 
the mineral will change
4 Categories of Extinction
 - Parallel
 - Inclined 
 - Symmetrical
 - No extinction angle
Quartz
 - Gray, roundish, no cleavage, may fade 
in and out, low birefringence (low 
vibrance)
Feldspars
 - Plagioclase: Triclinic (biaxial +/-), 
low relief, colorless,~cloudy, euhedral, 
zoning, polysynthetic twinning, good 
cleavage, low birefringence
 - Alkali feldspars: (biaxial -), low 
relief, colorless, cross-hatch twins 
(microcline), cloudy, zoning, 
polysynthetic twinning, good cleavage, 
low birefringence
Lithic Fragments
 - Mica
Chemical Cements (precipitat)
 - Original grain boundaries are filled in 
by cement
 - Silicate cement – chert, opal, 
zeolites, quartz 
 - Carbonate – calcite, dolomite, 
siderite
 - Iron oxide – hematite, limonite, 
geothite
 - Sulfate – anhydrite, gypsum, barite
Carbonate Cement (Calcite, CaCO3)
 - Hexagonal (uniaxial -), moderate-high 
relief, colorless, lamellar twins, inclined 
or symmetric extinction, extreme 
birefringence
Congruent: Complete dissolution, 
dissolved phase, no solids left
Incongruent: Has solids left

What causes color?
 - Composition
   - Carbon: black or brown
   - Quartz: tan, clear, white
   - Orthoclase: orange
 - Depositional Environment
   - Iron on land: red
   - Iron in deep oxygen poor water: green
 - Color is more of a starting point, not diagnostic

What causes angularity and roundness?
 - Original material mineral
 - Transport/distance
 - Time
 - Weathering
 - Compaction

Tidal Environments
1. Herringbone cross-bedding
2. Flaser Lamination
 - Drapes of mud between sets of ripples
3. Reactivation surfaces
Interference Ripples: secondary perpendicular 
waves
Climbing Ripples: deposition is faster than the 
erosion, so they climb vertically

Stromatolites: Dome grows upward
Mudcracks: V’s point down
Dropstones: Disrupt the area they fall 
on (compaction), and sediment 
develops on top (drapes)
Tracks and trails
Calcite cone in cone structure: Point 
down
Cross bedding: curves downward
Sole marks: positive relief on the bed 
bottoms
Root traces
Shell sediment accumulation: 
sediment pools at the bottom of the 
shell, creating pockets at the top

River: Unidirectional, 
perpendicular to the shoreline
Waves: bidirectional, 
perpendicular
Longshore current: parallel 
unidirectional
Turbidite: unidirectional, 
perpendicular

Ephemeral Lakes
Layered mudcracks
Evaporite minerals form from the 
evaporation of water
Halite: NaCl
Gypsum: CaSO42H2O
Calcite: CaCO3




