
Plate Tectonics Lab
Understanding the Nature of Mobile Floating Understanding the Nature of Mobile Floating 

Lithospheric PlatesLithospheric Plates

EOSC105                     EOSC105                     
Natural Natural DistatersDistaters LabLab
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Crust Crust ––Mantle DynamicsMantle Dynamics



Isostasy and Tectonics LaboratoryIsostasy and Tectonics Laboratory

Topics of InquiryTopics of Inquiry

1) Concepts of Density and Buoyancy 

2) Layered Physiology of the Earth

3) Isostatic Dynamics – Equilibrium vs. Adjustment

4) Modeling Isostasy in Lab4) Modeling Isostasy in Lab

5)  Plate Tectonic Theory

6) PT Processes: 
 Seafloor Spreading

 Subduction

 Hot Spots

7)  Inter-Plate Dynamics

8) Measuring Plate Motion



Inquiry of Lava Lamp Motion

Density and the 
Convection Process

 Fluid material at top of 
lamp is cooler than material 
at the bottom.

3

 Hotter material is less 
dense than cooler material

 Less dense fluid rises 
while more dense fluid sinks

 Heat and gravity drive the 
system



Earth’s Layered Structure
 AtmosphereAtmosphere

 HydrosphereHydrosphere

 CryosphereCryosphere

Continent CrustContinent Crust

 Ocean CrustOcean Crust

1) Ten Different Density 
Layers

2) Each Layer Has 
Unique Physical and 
Chemical Properties 

 LithosphereLithosphere

 AsthenosphereAsthenosphere

 Lower MantleLower Mantle

 Outer CoreOuter Core

 Inner CoreInner Core

3) All Layers Arranged 
According to Density 



Earth’s Interior
Chemical and Physical Chemical and Physical 

Nature of Earth’s InteriorNature of Earth’s Interior

Density Layering of Earth’s InteriorDensity Layering of Earth’s Interior



Earth’s Earth’s Surface PhysiologySurface Physiology



GlobalGlobal--Scale Earthquake PatternsScale Earthquake Patterns
Observations

1. Ocean Basin Physiology and Tectonism

1) Earthquakes trace the mid-ocean ridge, trench, and fracture systems

2) Shallow earthquakes trace all the plate boundaries

3) Deep earthquakes trace the trench-volcanic arc systems 



GlobalGlobal--Scale Earthquake PatternsScale Earthquake Patterns
Observations

1. Ocean Basin Physiology and Tectonism

1) Narrow earthquake traces at mid-ocean ridges and transform systems

2) Broad earthquakes traces for trenches and collision boundaries



GlobalGlobal--Scale Volcanic PatternsScale Volcanic Patterns
Observations

1. Ocean Basin Physiology and Tectonism

1) Active volcanoes trace mid-ocean ridges and volcanic arcs systems

2) Most active volcanoes trace the subduction-related plate boundaries



What’s the Relationship Between Active Volcanoes, What’s the Relationship Between Active Volcanoes, 
Earthquakes, Seafloor Features, and Plate Earthquakes, Seafloor Features, and Plate 

Boundaries?Boundaries?
1) Active volcanoes trace mid-ocean ridges and deep-sea trench systems

2) Major earthquakes also trace those features, plus major strike slip faults

3) Traces of major earthquakes overlap nicely with active volcanoes



Plotting Earthquake and Volcano Data from Data Plotting Earthquake and Volcano Data from Data 
Maps on  to your Transparency MapMaps on  to your Transparency Map

1) Plot shallow earthquakes to compare with plate boundaries

2) Plot deep earthquakes to compare with trenches and subduction zones

3) Plot arc volcanoes to compare with trenches and subduction zones.



PLATE TECTONICS THEORYPLATE TECTONICS THEORY
Earth’s Lithospheric Plates

 6 Major Plates6 Major Plates

 8 Minor Plates8 Minor Plates

 100 km thick100 km thick

 Strong and rigidStrong and rigid

Key Features:Key Features:

 Strong and rigidStrong and rigid

 Plates float on top Plates float on top 
of soft asthenosphereof soft asthenosphere

 Plates are mobilePlates are mobile

 Plates move at a Plates move at a 
rate of centimeters rate of centimeters 
per yearper year



PLATE TECTONICSPLATE TECTONICS
Three Principle Types

Divergent

Convergent

of Plate Boundaries

Transform

1)1) Divergent =Divergent = Tensional Stress =Tensional Stress = Constructive TectonicsConstructive Tectonics

2)2) Convergent =Convergent = Compressional StressCompressional Stress == Destructive TectonicsDestructive Tectonics

3)3) Transform =Transform = Lateral Shear Stress =Lateral Shear Stress = Conservative TectonicsConservative Tectonics



PLATE TECTONICSPLATE TECTONICS

Two Principle Tectonic Processes

1)  Seafloor Spreading = Constructive

2)  Subduction = Destructive

Convergent

Seafloor Spreading

Subduction



1)1) The illustration shows both progressive 
growth and destruction of oceanic 
lithosphere by seafloor spreading and 
subduction, respectively.

2)2) Basaltic magmas are generated at both 
centers of seafloor spreading and 

Seafloor Spreading and Subduction Seafloor Spreading and Subduction 
AnimationAnimation

Key Features:Key Features:

centers of seafloor spreading and 
subduction.

3)3) Magmas at seafloor spreading centers 
are hot, fluid and dry, and produce 
relatively non-violent eruptions

4) Magmas at subduction centers are rich 
in silica and water and produce 
infrequent, massive, and violent 
volcanic eruptions 

Go to the Next Slide To Start AnimationGo to the Next Slide To Start Animation



Sea-floor Spreading



PLATE TECTONICSPLATE TECTONICS
Three Types of Convergent Plate BoundariesThree Types of Convergent Plate Boundaries

DivergentOceanicOceanic--ContinentalContinental

Convergent

Transform

OceanicOceanic--OceanicOceanic

Continental Continental -- ContinentalContinental



Plate Boundary ConfigurationsPlate Boundary Configurations



Volcanic Activity



Three Ways to Determine Plate Motion  Three Ways to Determine Plate Motion  
Direction & Speed Direction & Speed 

1) Paleomagnetic Anomalies in Seafloor Crust

2) Hot Spot Volcanism

3) Strike Slip Faulting Offsets



• Rate = Offset Distance / Age of Offset Feature

• Plate speed measuring cm’s/yr

Determining Plate Direction and Determining Plate Direction and 
Speed for Transform FaultsSpeed for Transform Faults

Speed CalculationSpeed Calculation

• Km  cm   Conversion: 105 cm = 1 km

• 1x106 yr = 1 million yr

• Distance: Split Offset Marker distance (use scale on map with 
ruler)

• Time: Age difference of Offset Marker

• Make sure units cancel when doing conversions



Paleomagnetism and Seafloor Spreading

Magnetic PolarityMagnetic Polarity--Reversal Reversal AnomalieAnomalie in Seafloor Crustin Seafloor Crust

 Spatial layout of seafloor rock magnetization

 Age relationships of recorded polarity reversals

 Mid-ocean ridge systems mirrors polarity patterns



Evidence for Seafloor Spreading and 
Oceanic Plate Motion

Magnetic Polarity-Reversal Anomalies of Seafloor Rocks

Example: North Atlantic



Juan de Fuca Juan de Fuca 
Spreading Center Spreading Center 

and Cascade and Cascade 
Subduction SystemSubduction System



• Rate = Distance / Time

• Plate speed measuring cm’s/yr

• Km  cm   Conversion: 105 cm = 1 km

Determining Plate Directions and Speed Determining Plate Directions and Speed 
for Seafloor Spreading Centersfor Seafloor Spreading Centers

Speed Calculation Speed Calculation

• Km  cm   Conversion: 105 cm = 1 km

• 1x106 yr = 1 million yr

• Distance: Between Age-paired Magnetic Stipes across MOR

(use scale on map with ruler)

• Time: Age difference of Magnetic Stripes

• Make sure units cancel when doing conversions



Earth’s Hot SpotsEarth’s Hot Spots

Hawaii IcelandYellowstone



Hawaiian Island Volcanic Hawaiian Island Volcanic 
ChainChain



Hawaiian Hot Spot Hawaiian Hot Spot andand

Pacific Plate MotionPacific Plate Motion

Key Points:Key Points:

Hot spot plume anchored in mantle = assumed to be 
stationary

 Distance and age between linear sequence of hot 
spot- generated volcanic centers indicates the direction 
and rate of motion of lithospheric plate



Hawaiian Hot Spot Hawaiian Hot Spot andand Pacific Plate MotionPacific Plate Motion

Key Points:Key Points:

Hot spot plume anchored in mantle = assumed to be stationary

 Distance and age between linear sequence of hot spot- generated volcanic 
centers indicates the direction and rate of motion of lithospheric plate



Determining Plate Direction and SpeedDetermining Plate Direction and Speed



• Rate = Distance / Time

• Plate speed measuring cm’s/yr

• Km  cm   Conversion: 105 cm = 1 km

Determining Plate Direction and Speed Determining Plate Direction and Speed 
for Hot Spot Tracesfor Hot Spot Traces

Speed Calculation Speed Calculation

• Km  cm   Conversion: 105 cm = 1 km

• 1x106 yr = 1 million yr

• Distance: Between Volcanic Centers (use scale on map 
with ruler)

• Time: Age difference two Islands or Seamounts

• Make sure units cancel when doing conversions



EmperorEmperor –– HawaiianHawaiian Volcanic Volcanic 
Island/Seamount ChainsIsland/Seamount Chains



Yellowstone Hot SpotYellowstone Hot Spot

Key Points:Key Points:

Hot spot plume anchored in mantle = 
assumed to be stationary

 Distance and age between linear 
sequence of hot spot- generated volcanic 
centers indicates the direction and rate
of motion of lithospheric plate



San Andreas Transform FaultSan Andreas Transform Fault

Right Lateral Strike-slip Offset



San Andreas Fault and West San Andreas Fault and West 
Coast Transform TectonicsCoast Transform Tectonics



Measure offset in 
cm: will vary depend 
on how measure.  
Try M to M

Use bar scale at 
bottom to turn your 
cm into km: # cm on 
map represents # km map represents # km 
in real world! 

Answer in cm/yr = 
convert km to cm 
and million years to 
years



• Rate = Offset Distance / Age of Offset Feature

• Plate speed measuring cm’s/yr

Determining Plate Determining Plate 
Direction and Speed for Direction and Speed for 

Transform FaultsTransform Faults

Speed Calculation Speed Calculation

• Plate speed measuring cm’s/yr

• Km  cm   Conversion: 105 cm = 1 km

• 1x106 yr = 1 million yr

• Distance: Split Offset Marker distance (use scale on map with 
ruler)

• Time: Age difference of Offset Marker

• Make sure units cancel when doing conversions



Plate Boundary ConfigurationsPlate Boundary Configurations



The Mobile Lithospheric PlatesThe Mobile Lithospheric Plates

ConvergentConvergent = Black line/Blue shading DivergentDivergent = Purple line TransformTransform = Red line



Plate Motion  Plate Motion  -- Direction & Speed Direction & Speed 



Global Plate Tectonic MapGlobal Plate Tectonic Map



Earthquake! Earthquake! 
Principles and ApplicationsPrinciples and Applications



Earthquakes Occur Along ActiveEarthquakes Occur Along Active
Fault Zones  Fault Zones  

1) Faults are planar 
surfaces (zones of 
weakness) in the upper 
crust where brittle fracture 
takes place between two 
offsetting crustal blocksoffsetting crustal blocks

2)   Most active faults 
occur along tectonic plate 
boundaries

3)   Earthquakes are the 
instant release of built-up 
elastic strain energy as 
result of fault rupture



Earthquakes Occur Along Active Fault ZonesEarthquakes Occur Along Active Fault Zones

2) Fault activity is associated with tectonic 
stresses and/or movement of magma

1) Most fault activity occurs at or near 
plate boundaries and regions of volcanism

3) Earthquakes are the 
result of released stress result of released stress 
between adjacent 
blocks of brittle/elastic-
behaving crustal rocks

4) Earthquakes can 
be measured for size, 
intensity, and location 
using seismometers.



Major Earthquakes and Fault Major Earthquakes and Fault ZZones of the Worldones of the World





Major Fault Major Fault ZZones of Californiaones of California

The majority of California’s abundance of faults are part of the
San Andreas Fault Zone – a transform boundary fault system  



Largest Earthquakes of Southern CaliforniaLargest Earthquakes of Southern California

The San Andreas Fault is capable of up to 8.0 M earthquakes.  
The most active fault in So Cal is the San Jacinto Fault



Most Recent Earthquakes in CaliforniaMost Recent Earthquakes in California
1) Most fault activity is 
associated with the San 
Andreas Fault Zone

3) The most active in 

2) The other zone is the 
Eastern Sierra region

3) The most active in 
Southern California are 
the San Jacinto and 
Elsinore faults

5) Where will the next 
“Big One” (> 7.5M) hit? 

4) Short range quake 
prediction does not 
exist at this time



“Big Ones” on the San Andreas“Big Ones” on the San Andreas
1) Three Big Ones in the 
last 500 years on the SAF

2) Last Big One was on 
the Northern California 
segment in 1906

3)  Last Big One on the  

5) Based on this map, where will the next “Big One” on the SAF 
most likely strike?

3)  Last Big One on the  
Southern California 
segment was in 1680

4) A “Big One” occurs about 
every 400 years on each of 
the SAF segments



Earthquake Hazard Levels in USAEarthquake Hazard Levels in USA

?

1) Geologists cannot predict an 
earthquake at the present time

2) Geologists can make statistically-
based probability estimates for a 
given faults’s chances of rupture



Earthquake Earthquake 
Preparation and Preparation and 

MitagationMitagation



Fundamentals of an EarthquakeFundamentals of an Earthquake

1) Fault rupture

2) Fault scarp

3) Focus

4) Epicenter

5) Seismic Waves



What Causes an Earthquake?What Causes an Earthquake?

Reid's Elastic Rebound TheoryReid's Elastic Rebound Theory1) Pre-load Period

 No Stress

 No Deformation

2) Bending Period

 Slow Stress Loading

 Elastic Deformation

Four StagesFour Stages

 Elastic Deformation

3) Rupture Period 

 Instant Stress Release

 Brittle Deformation/Offset

4) Rebound Period

 Removal of Bending  

 Stress Relieved



Types of Seismic WavesTypes of Seismic Waves

Body WavesBody Waves

1) P-waves

2) S-waves

Body WavesBody Waves

1) Love-waves

2) Raleigh-waves

Surface WavesSurface Waves



Types of Faults and Associated StressesTypes of Faults and Associated Stresses



Stick Slip Behavior in FaultsStick Slip Behavior in Faults
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