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The Rock CycleThe Rock Cycle

Three Primary Three Primary 
Rock TypesRock Types

1) IgneousIgneous

2) MetamorphicMetamorphic

3) SedimentarySedimentary

The Rock Cycle is Perpetuated by Several Major ProcessesThe Rock Cycle is Perpetuated by Several Major Processes
1) Magmatic Activity1) Magmatic Activity
2) Uplift and Mountain Building2) Uplift and Mountain Building
3) Weathering, Erosion, Deposition, and Burial of Sediment3) Weathering, Erosion, Deposition, and Burial of Sediment

Key Concept:





Igneous Rocks 
Origin, Properties and Identification



The Rock CycleThe Rock Cycle

Three Primary Three Primary 
Rock TypesRock Types

1) IgneousIgneous

2) MetamorphicMetamorphic

3) SedimentarySedimentary3) SedimentarySedimentary

Igneous rocks form by the cooling and crystallization of 
underground magmas and erupted lavas.

Igneous rocks are classified by two mineral criteria: 

1) Type and % of minerals 2) Crystal size & arrangement



Magma and Lava = Mother IgneousMagma and Lava = Mother Igneous

The mineralogy of an igneous rock is primarily controlled by the 
composition of the magma or lava that it cooled from.

The texture of an igneous rock is primarily controlled by the 
cooling rate of its parent crystallizing magma or lava.



Tectonic Environments for Tectonic Environments for 
Magma GenerationMagma Generation

Most Igneous Rocks Form at Plate Boundaries



Predominant Igneous Rock Types at Predominant Igneous Rock Types at 
Specific Tectonic SettingsSpecific Tectonic Settings

Specific Types of Igneous Rocks Form at 
Specific Types of Plate Boundaries



Igneous EnvironmentsIgneous Environments



Basaltic Volcanic EruptionsBasaltic Volcanic Eruptions



Andesitic Volcanic EruptionsAndesitic Volcanic Eruptions



Cooling Rates of Magmas and Lavas Cooling Rates of Magmas and Lavas 
Affect Crystal SizeAffect Crystal Size

Cooling rates are fast in shallow 
crust and at surface; this causes 
magmas and lavas to cool 
quickly.   Fast-cooling rates 
create fine-grained igneous 
rocks = Extrusive/Volcanicrocks = Extrusive/Volcanic

Cooling rates are slow in middle 
and deep crust and cause 
magmas and lavas to cool 
slowly.   Slow-cooling rates 
create course-grained igneous 
rocks = Intrusive/Plutonic



Cooling and Crystallization of a MagmaCooling and Crystallization of a Magma

 Early forming minerals 
are Fe-Mg-Ca rich and 
silica poor @ high temps

 Later forming minerals 
become more richer in Na 

Bowen’s Reaction SeriesBowen’s Reaction Series

• http://www.rockhounds.com/rockshop/rockkey/index.html

and silica @ mod temps

 Last forming minerals 
are most rich in K and 
silica @ low temps

 Final rock type depends mostly on initial magma composition

 Crystal fractionation processes can also affect magma comp.



Igneous Rock ClassificationIgneous Rock Classification

Igneous Rocks are 
classified based on 
two criteria:

 Mineral - Chemical 
Composition

• http://geology.csupomona.edu/alert/igneous/igclass.htm

Composition

 Texture/Grain Size



Igneous Rock ClassificationIgneous Rock Classification

Granitic Plutonic RocksGranitic Plutonic Rocks Volcanic RocksVolcanic Rocks



Igneous Chemical CompositionsIgneous Chemical Compositions
Ultramafic:Ultramafic:

 Very Iron – Magnesium Rich
 Super undersaturated in silica
 Mantle rocks = Peridotite

Mafic:Mafic:
 Iron–Magnesium-Calcium Rich
 Undersaturated in silica
 Oceanic rocks = Gabbro and Basalt

Intermediate:Intermediate:

• http://www.rockhounds.com/rockshop/rockkey/index.html

Intermediate:Intermediate:
 Between Mafic and Felsic/Silicic
 Saturated in silica
 Volcanic Arc rocks = Diorite and Andesite

FelsicFelsic//Silicic:Silicic:
 Sodium – Potassium - Aluminum Rich 
 Oversaturated in silica
 Continental rocks = Granite and Rhyolite



Mineral Assemblages of Igneous RockMineral Assemblages of Igneous Rock

LightLight--ColoredColored DarkDark--ColoredColored



Igneous Rock Igneous Rock 
TexturesTextures

Phaneritic Texture:Phaneritic Texture:
 Coarse Grain Size = Slow Cooling

 Plutonic Rocks = Coarse-grained

Aphanitic Texture:Aphanitic Texture:
 Fine Grain Size = Fast Cooling
 Volcanic Rocks = Fine-grained

Porphyritic Texture:Porphyritic Texture:
 Large crystals in aphanitic groundmass =

slow cooling followed by rapid cooling
 Porphyry Rocks = Mixed-grain

• http://www.rockhounds.com/rockshop/rockkey/index.html

 Porphyry Rocks = Mixed-grain

Vesicular Texture:Vesicular Texture:
 Fine-grained to glassy with Cavities
 Lots of tiny vesicles = pumice
 Fewer larger vesicles = scoria

Glassy Texture:Glassy Texture:
 Little to no crystals = natural glass
 Super rapid cooling
 Obsidian is dark in color
 Pumice is light in color



Igneous Rock PairsIgneous Rock Pairs



Plutonic Rocks = Plutonic Rocks = CoarseCoarse--Grained TexturesGrained Textures

 Intrusive -Plutonic

 Coarse-grained

 Cooled Slowly

Field Outcrops of Plutonic Rocks



Volcanic Rock = FineVolcanic Rock = Fine--Grained TexturesGrained Textures

Porphyritic Aphanitic

 Combo Plutonic -Volcanic

 Coarse-grained phenocrysts 
in a fine-grained groundmass

 First cooled Slow, then Fast

 Extrusive -Volcanic

 Fine-grained

 Cooled Rapidly



Other Volcanic Rock TexturesOther Volcanic Rock Textures
VesicularGlassy Fragmental



Igneous Rocks Under a MicroscopeIgneous Rocks Under a Microscope

 Intrusive -Plutonic

 Coarse-grained

 Cooled Slowly

Granite Rhyolite

Obsidian

Gabbro Basalt

Welded Tuff



Igneous Rock FormationIgneous Rock Formation
and Textureand Texture



Color Index of Plutonic RocksColor Index of Plutonic Rocks



Igneous Rock ClassificationIgneous Rock Classification



Igneous Rock Igneous Rock 

ClassificationClassification
A Three Step Process

1) Determine Composition 

Color Index (plutonic only)

Color darkness (volcanic)

Mineralogy (observable)

2) Determine Texture

 Specific intrusive texture?

 Specific extrusive texture?

3) Name the Rock

Use Flowchart

Practical Use for Rock?



Igneous Rock Igneous Rock 

ClassificationClassification
A Three Step Process

1) Determine Texture

 Specific intrusive texture?

 Specific extrusive texture?

2) Determine Composition 

 Color Index (plutonic only)

 Color darkness (volcanic)

 Mineralogy (observable)

3) Name the Rock

 Use Flowchart

Practical Use for Rock?



Step 1: Observe and record the rock’s TEXTURE
 Pegmatitic
 Phaneritic
 Aphanitic
 Porphyritic
 Fragmental
 Others = vesicular or glassy

Step 2: IF Phaneritic or Pegmatitic- Identify and record the 

Igneous Rock Identification ProcedureIgneous Rock Identification Procedure

Step 2: IF Phaneritic or Pegmatitic- Identify and record the 

minerals and the volume % of dark minerals = COLOR INDEX.
Note: Color index applicable for course-grained rocks ONLY!

IF Aphanitic or Porphyritic = no to some  observable minerals, 
then estimate composition by the OVERALL ROCK COLOR.
Note: (“light” = felsic/silisic,  “medium” = intermediate, and “dark” = mafic).

Step 3: NAME the ROCK – based on texture/composition combo

OR



ApplicationsApplications

Granite, Diorite and Gabbro - used for flooring, countertops, walls, 

steps, cobblestone paving, gravestones, and various landscaping applications

http://www.stonecontact.com/library.asp

Volcanic Rock - used for various landscaping applications



Igneous Rock ReferencesIgneous Rock References

• http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral.html

http://www.union.edu/PUBLIC/GEODEPT/COURSES/geo-10/mineral.htm

http://www.cobweb.net/~bug2/mineral.htm

http://www.rockhounds.com/rockshop/rockkey/index.html



Sedimentary RocksSedimentary Rocks
Origin, Properties and IdentificationOrigin, Properties and Identification

Intro to Earth SystemsIntro to Earth Systems
ENVI 110 LabENVI 110 Lab

Ray Rector Ray Rector -- InstructorInstructor



Sedimentary Rock Origin Sedimentary Rock Origin 
and Identification Laband Identification Lab

1) http://www.rockhounds.com/rockshop/rockkey/index.html

2) http://earthsci.org/education/teacher/basicgeol/sed/sed.html#top

Pre-Lab Internet Link Resources



Major Sedimentary ConceptsMajor Sedimentary Concepts
1) Sedimentary rocks form by depositing, compaction, and cementing of sediment 

grains, and/or precipitation of crystals from an aqueous solution

2) The type of sedimentary rock formed is controlled by two factors: 1) type of sediment 
and 2) depositional environment 

3) The five primary depositional environments of sedimentation worldwide are 1)
lakes and river systems, 2) alluvial fans and deserts, 3) shorelines, 4) continental 
margins (shelves, slopes and rises) , and 5) deep ocean floor.

4) Source rock, climate, weathering, erosion, and deposition conditions control the 
nature of the deposited sediments, and hence the types of sedimentary rocks that nature of the deposited sediments, and hence the types of sedimentary rocks that 
form at each of the five sedimentary sites described above.

5) Sedimentary rocks formed by cementing of clastic grains are called detrital rocks.

6) Sedimentary rocks formed by the precipitation and/or cementing of shell, skeleton, or 
plant material are called biochemical rocks. 

7) Sedimentary rocks formed by the precipitation and cementing of material directly 
from an aqueous solution like seawater are called chemical rocks. 

8) Identification of sedimentary rocks based on two criteria: 

 Texture
 Composition



Sedimentary Rocks in The Rock CycleSedimentary Rocks in The Rock Cycle
Key Points:Key Points:

1) Part of rock cycle involving  
materials, conditions and 
processes at or near Earth’s 
surface

2) Begins with weathering of 
uplifted, exposed rock uplifted, exposed rock 

3) Continues with the erosion 
(removal and transportation) 
of weathered sediment

4) Finishes with the deposition 
and lithification of sediment

The Rock CycleThe Rock Cycle



1) IgneousIgneous

2) MetamorphicMetamorphic

3) SedimentarySedimentary

Three Primary Rock TypesThree Primary Rock Types



Water Cycle = Mother SedimentaryWater Cycle = Mother Sedimentary

1) 1) AgentsAgents = Sun, Water, Air and Gravity= Sun, Water, Air and Gravity

2) 2) ProcessesProcesses = Weathering, Erosion and Deposition= Weathering, Erosion and Deposition



Tectonic Environments and Tectonic Environments and 
Sedimentary Rock FormationSedimentary Rock Formation

1)1) Source regionsSource regions for sediments are primarily convergent plate boundariesfor sediments are primarily convergent plate boundaries

2)2) Depositional sitesDepositional sites for sediments are primarily the edges of ocean basinsfor sediments are primarily the edges of ocean basins



Sedimentary Environments Where Sedimentary Environments Where 
Sedimentary Rocks FormSedimentary Rocks Form



Predominant Sediment Clast Types at Predominant Sediment Clast Types at 
Specific Depositional SettingsSpecific Depositional Settings

Gravel-size

Sand-size

Silt-size

Clay-size

Clast SizeClast Size



Sedimentary Rock Sedimentary Rock 
ModelsModels



Sediment Clast TypesSediment Clast Types

Gravel-size

Sand-size

Clast ShapeClast ShapeClast SizeClast Size Clast SortingClast Sorting

Near-to-
source

Far-from-
source

Sand-size

Silt-size

Clay-size

2) Clast shapeClast shape is a function of transport distance and time

 An indicator of sediment “maturity”

3) Clast sortingClast sorting is a function of transport medium

 An indicator of depositional environment

1) Clast sizeClast size is a function of transport time and medium

 An indicator of depositional environment



Four Fundamental Components of a Four Fundamental Components of a 
Sedimentary RockSedimentary Rock



Sediment Composition ClassificationSediment Composition Classification

Sediment Mineral TypesSediment Mineral Types

Quartz Silts & Sands

Clays

 Carbonates

Three Most Common Sediment Types Forming Sedimentary Rock

Sediment Rock Sediment Rock TypesTypes

 Carbonates

Siltstone, Sandstone & Chert

 Shales & Mudstones

 Limestones & Dolostones

Sediments Type Chart



Three Major Groups of Sedimentary RocksThree Major Groups of Sedimentary Rocks
1)1) SiliciclasticSiliciclastic

 Breccia and ConglomerateBreccia and Conglomerate

 SandstoneSandstone

 SiltstoneSiltstone

 ShaleShale

2)2) BiochemicalBiochemical

http://earthsci.org/mineral/mineral.html

2)2) BiochemicalBiochemical

 Limestone and CoalLimestone and Coal

 Biogenic originBiogenic origin

 Clastic and CrystallineClastic and Crystalline

3)3) ChemicalChemical

 Chert, Rock Salt, and GypsumChert, Rock Salt, and Gypsum

 Inorganic originInorganic origin

 Crystalline Crystalline 



Sedimentary Sedimentary 
Detrital Rock Detrital Rock 

TexturesTextures

Breccia Texture:Breccia Texture:
 Very coarse-grained  
 Angular fragments

 Deposits lose to source region 

Conglomerate Texture:Conglomerate Texture:
 Very coarse-grained
 Rounded Fragments
 Deposits far from source region

Sandstone Texture:Sandstone Texture:
 Coarse to medium-grained Coarse to medium-grained
 Mostly quartz and feldspar
 Deposits in moving waters

Siltstone texture:Siltstone texture:
 Fine-grained = silt-sized
 Mostly quartz and feldspar
Deposits in fairly quiet waters 

Shale Texture:Shale Texture:
 Very fine-grained = clay-sized
 Mostly clay  
 Deposits in very quiet waters



Sedimentary Sedimentary 
(Bio)Chemical(Bio)Chemical

TexturesTextures

Sparite Texture:Sparite Texture:
 Coarse-grained crystalline 
 Carbonate minerals
 Halite and Gypsum

With or without fossils

Micrite Texture:Micrite Texture:
 Fine-grained crystalline 
 Carbonate minerals
With or without fossils

Coquina Texture:Coquina Texture:

Fossiliferous Texture:Fossiliferous Texture:
 Abundant fossils
 Either crystalline or

Clastic and Crystalline

Coquina Texture:Coquina Texture:
 Coarse-grained
 Mostly shell material
 Carbonate minerals

Microcrystalline texture:Microcrystalline texture:
 Extremely fine-grained
 Smooth, massive looking
 Deposits in quiet waters
 Chert and Travertine 

 Either crystalline or
clastic groundmass

 Usually carbonate rich



Sedimentary Rock StructuresSedimentary Rock Structures

Ripple Marks

Mud Cracks Cross Bedding

Graded Bedding BioturbationLayering



Sedimentary Sedimentary 
Rock Rock 

ClassificationClassification
• A Three Step 

Process

1) Find Rock Composition

 Detrital? Crystalline? Detrital? Crystalline?

 Mineralogy? 

2) Find Texture

 Grain size?

 Shape?

 Fossils?

3) Name the Rock



Discussion and ExaminationDiscussion and Examination

http://www.union.edu/PUBLIC/GEODEPT/COURSES/geo-10/mineral.htm

http://www.cobweb.net/~bug2/mineral.htm

http://www.rockhounds.com/rockshop/rockkey/index.html



Metamorphic Rock Origin Metamorphic Rock Origin 
and Identificationand Identification

http://www.rockhounds.com/rockshop/rockkey/index.html

http://earthsci.org/education/teacher/basicgeol/meta/meta.html

http://csmres.jmu.edu/geollab/Fichter/MetaRx/Metaalphab.html

Intro to Earth SystemsIntro to Earth Systems
ENVI 110 LabENVI 110 Lab

Ray Rector Ray Rector -- InstructorInstructor



Major ConceptsMajor Concepts
1) Metamorphic rocks form by recrystallization and/or neocrystallization of 

preexisting rock (parent rock) in the solid state.

2) Most cases of metamorphism occur at or near tectonic plate boundaries.

3) Agents of metamorphism include heat, pressure, reactive fluids, and stress.

4) Two metamorphic processes are recrystallization and neocystallization.

5) Three major types of metamorphism is regional, contact and dynamic.

6) The two primary criteria for classifying and identifying metamorphic rocks  6) The two primary criteria for classifying and identifying metamorphic rocks  
are composition (mineralogy) and texture (grain size and grain orientation).

7) Two major metamorphic rock groups are 1) foliated and 2) nonfoliated. 

8) Metamorphic rock composition controlled by parent rock composition.

9) Texture controlled by combination of metamorphic agents (foliated includes. 
stress; nonfoliated no stress involved).

10) Slate, phyllite, schist and gneiss are the foliated metamorphic rocks.

11) Marble, quartzite, hornfels, and granofels are the nonfoliated meta rocks.



The Rock CycleThe Rock Cycle
Three Primary Three Primary 

Rock TypesRock Types

1) IgneousIgneous

2) MetamorphicMetamorphic

3) SedimentarySedimentary

Focus of this presentation is on Metamorphic Rocks



1) IgneousIgneous

2) MetamorphicMetamorphic

3) SedimentarySedimentary

Three Primary Rock TypesThree Primary Rock Types



Heat + Pressure = Mother MetamorphicHeat + Pressure = Mother Metamorphic

Hot Chemically-Reactive Fluids and Tectonic Stresses Too!



Environments for MetamorphismEnvironments for Metamorphism

Vast majority of metamorphism takes place at plate boundaries – Why?

1) Heat    2) Elevated Pressure   3) Magma and Hot Fluids  4) Tectonic Stresses



Tectonic Settings and Types of Tectonic Settings and Types of 
MetamorphismMetamorphism

Tectonic Settings of Metamorphism

1) All types of plate boundaries

2) Hot spots

3) Any other region undergoing 
mountain building and/or 
magmatic activity

Types of Metamorphism

1)1) Regional Metamorphism (RM)Regional Metamorphism (RM)

Types of Metamorphism

 Due to deep burial

 From Low T + Low P  to  High T + High P

 Caused by close proximity to magma and/or very hot fluids

 From High T + Low P  to  High T + High P

2) Contact Metamorphism (CM)2) Contact Metamorphism (CM)

3) Dynamic Metamorphism (DM)3) Dynamic Metamorphism (DM)

 Caused by shearing forces in active fault zones

 From Low T + Low P  to  Mod T + Mod P



Metamorphic Processes and GradeMetamorphic Processes and Grade
1) Deep Burial = Pressure + Heat + Tectonic Stresses

 Process termed Regional MetamorphismRegional Metamorphism

 Metamorphic conditions = Low to High grade

 Produces foliated textures

 Slates, schist, and gneisses

2) Magma Contact = High Heat + Fluids 2) Magma Contact = High Heat + Fluids 

 Process termed Contact MetamorphismContact Metamorphism

 Metamorphic conditions = Low to High grade

 Produces non-foliated textures

 Quartzite, Marble, and Hornfels



Metamorphic Grade and Mineral FaciesMetamorphic Grade and Mineral Facies
TemperatureTemperature--Pressure ChartPressure Chart

1) The presence of a Key Mineral in a 
metamorphic rock indicates a unique 
set of Temperature-Pressure 
conditions

2) A specific range of temperature-
pressure values constitutes a given 

The Facies ConceptThe Facies Concept

pressure values constitutes a given 
Metamorphic Facies 

3) Each Metamorphic Facies is 
associated with a unique tectonic 
setting

4) Low-grade metamorphism occurs at 
low temperatures and pressures

5) High-grade metamorphism occurs at 
high temperatures and pressures



Metamorphic Rock ClassificationMetamorphic Rock Classification

Metamorphic rocks are classified according to several criteria:Metamorphic rocks are classified according to several criteria:

1) Origin = parent rock

2) Texture-Fabric

3) Composition-Mineralogy

4) Metamorphic process

5) Grade of metamorphism



Parent Rock    Metamorphic Rock PairsParent Rock    Metamorphic Rock Pairs



Metamorphic Rock ClassificationMetamorphic Rock Classification



Common Metamorphic Rocks In Common Metamorphic Rocks In 
Hand SamplesHand Samples



Foliated Metamorphic TexturesFoliated Metamorphic Textures
SlatySlaty
 Foliated = Flat, tight-layered sheets
 Very Fine Grained

 Little to minerals observable

Phyllitic Phyllitic 
 Foliated = Mildly wavy, sheets
 Fine-grained
 Sheen-like luster = mica minerals

SchistoseSchistose

Close-UpRed Slate

• http://www.rockhounds.com/rockshop/rockkey/index.html

SchistoseSchistose
 Foliated = wavy, flaky layers
 Medium to course grained
 Observable mineralogy
 Lots of mica and quartz

GneissicGneissic
 Foliated = dark and light mineral bands
 Medium to course grained
 Observable mineralogy
 Quartz, feldspar, biotite, and amphibole

Close-Up

Close-Up

Mica Schist

Garnet Gneiss



Foliated Metamorphic TexturesFoliated Metamorphic Textures

Foliated Foliated 
TexturesTextures

1) Foliated textures result from deviatoric tectonic stresses1) Foliated textures result from deviatoric tectonic stresses

2) The type of foliated rock fabric is a function of metamorphic grade2) The type of foliated rock fabric is a function of metamorphic grade

3) The type of foliated rock fabric is also a function of rock composition3) The type of foliated rock fabric is also a function of rock composition

 Foliation character changes with intensity and duration of metamorphism



NonNon--Foliated Metamorphic TexturesFoliated Metamorphic Textures
MicrogranularMicrogranular

 Crystalline
 Nonfoliated = Equant-shaped grains
 Very fine- to fine-grained
 Massive-looking rock
 Little to no minerals observable

 Example = Hornfels

 Crystalline
 Nonfoliated = Equant-shaped grains
 Medium to coarse-grained
 Massive-looking rock
 Identifiable minerals
 Example: Marble

MacrogranularMacrogranular

Granular Fabric

Hornfels
Marble



Metamorphism of Parent RocksMetamorphism of Parent Rocks
Textural Changes in MonoTextural Changes in Mono--Minerallic MetamorphismMinerallic Metamorphism

Quartz-rich Rocks Calcite-rich Rocks

 Mono-minerallic rocks are typically non-foliated.

 Texture described as “polygonal granular”



Most Common Types of Metamorphic RocksMost Common Types of Metamorphic Rocks

1) Which are foliated?

2) Which are nonfoliated?

3) Which are 
monomineralic?

4) Which are high grade?

Questions:

5) Which are low grade?

6) Which looks mica-rich?

7) Which are hard?

8) Which are soft?



Common Metamorphic Rocks Common Metamorphic Rocks 
In Hand SamplesIn Hand Samples



Common Metamorphic Rocks Common Metamorphic Rocks 
Under a MicroscopeUnder a Microscope

Slate Phyllite Schist

Gneiss

Quartzite

Hornfels

Marble

Amphibolite

Serpentinite



Metamorphic Rock ClassificationMetamorphic Rock Classification

A Three Step A Three Step 
ProcessProcess

1) Determine Texture

 Foliated or Nonfoliated?

 Type of foliation?

 Grain size?

2) Determine Composition

 Mineralogy?

3) Name the Meta Rock and its Parent Rock



Classification of Metamorphic RocksClassification of Metamorphic Rocks



Metamorphic Rocks Metamorphic Rocks 
Discussion and ExaminationDiscussion and Examination



Next Week’s Lab TopicsNext Week’s Lab Topics
Isostasy and Plate TectonicsIsostasy and Plate Tectonics

– Definitions and Concepts

– Ocean and Continental Crustal Densities

– Modeling Isostasy

– Isostatic Equilibrium and Adjustment

75

PrePre--lab Checklistlab Checklist

 Reader:  Lab 2 – Isostasy and Plate Tectonics

 Chapter in Lab Manual

 Do the Pre-lab Activities and Quiz BEFORE lab 

Bring Lab Reader to class

GeoTime Scale Quiz Next Week too!!!!GeoTime Scale Quiz Next Week too!!!!
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