
Metamorphic 
Rocks: 

Rocks changed 
because of changes 

in their 
environment, up 

to (but not 
including) melting



Igneous dikes 
intruding 

metamorphic rock 
as observed in the 
wall of an open-pit 

mine at the 
Homestake gold 

mine, Black Hills, 
South Dakota



• Pressure and stress

• Temperature

• Chemistry (reactivity)

• Pre-existing rock fabric

• Time

Important Factors in 
Metamorphism



Pressure is a system or field 
of forces directed 

perpendicular to all surfaces 
of a given solid object with 

the same magnitude 
everywhere.



Photograph of a thin 
section of quartzite, 

taken through a 
geological microscope 
using cross-polarized 

light.  
The quartz grains form 

a dense mosaic of 
interlocking crystals.



Stress is a system or field of 
forces acting on a surface in 
which the magnitude of the 
stress is dependent on the 
orientation of the surface.



Photograph of a thin 
section of schist, taken 

through a geological 
microscope using cross-

polarized light.  
The long, flat mineral 

grains are mica minerals, 
and they are aligned 

nearly parallel to each 
other.







Distribution of 
metamorphic 
rocks exposed 

at Earth’s 
surface.



• Contact

• Burial

• Regional

• Hydrothermal

Types of metamorphism





Plutons 
intruding 

metamorphic 
country rock, 

Australia.  
False-color 
image from 

satellite 
sensors.







Closure of an ocean basin



Continent-continent collision



Faulting of upper crust, flow of lower crust



Continued faulting and flow



Late stage of collision





Late stage of collision























• Low-grade metamorphism involves 
more water-bearing minerals, such as 
clays, micas, amphiboles, “wet” quartz 

• Intermediate-grade metamorphism 

• High-grade metamorphism involves 
more “dry” minerals, such as garnet, 
kyanite, sillimanite

Grades of metamorphism





• Recrystallization
• Closed system:  mineral A in, mineral A out

• Neomorphism
• Closed system:  mineral A in, mineral B out

• Metasomatism
• Open system:  mineral A in, mineral B out

Some metamorphic processes



• Prograde metamorphism involves 
increasing the magnitude of 
environmental variables such as 
temperature, pressure, stress 

• Retrograde metamorphism involves 
decreasing the magnitude of critical 
environmental variables

Directions of metamorphism









Amphibolite



Foliated Metamorphic Rocks

• Slate (slaty cleavage)

• Phyllite (phyllitic layering)

• Schist (schistocity)

• Gneiss (gneissic layering or 
compositional banding)















Red, green and black slate
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Phyllite (pronounced “FILL ite”



Phyllite, showing silky sheen



Schist







Garnet schist



Gneiss (pronounced “nice”)







Non-Foliated Metamorphic 
Rocks

• Quartzite
• May display relict bedding
• Metamorphosed quartz sandstone

• Marble
• May display relict bedding
• Metamorphosed limestone



Photograph of a thin 
section of quartzite, 

taken through a 
geological microscope 
using cross-polarized 

light.  
The quartz grains form 

a dense mosaic of 
interlocking crystals.



Pink quartzite from Baraboo, Wisconsin





Glamorous wife of a 
paunchy geology 
professor stands 

perilously close to a  
dark foliated 

metamorphic rock (a 
phyllite) in contact with 

a light-colored non-
foliated metamorphic 

rock (a quartzite).
Van Hise Rock near 

Rock Springs, 
Wisconsin.





White calcite marble




