


Dynamic Crust



What is “The Dynamic Crust?”
Dynamic means constantly changing
Crust is the outer portion of the earth
Dynamic Crust is the term given to 

how the Earth’s Crust is ever changing 
and evolving through plate tectonics



Inferred 
Properties 
of Earth’s 
Interior

Page 10 of the ESRT



Crust

Mantle

Outer Core

Inner Core





The lithosphere = the crust 
and the outermost part of 

the mantle
(the rigid mantle). 

It is solid rock.

The asthenosphere= plastic 
(partially melted) layer 

beneath the lithosphere.  This 
is where convection occurs.





Types of Crust

-Continental Crust
-Granite
-Thick
-Less dense

‣The Moho is the boundary between the crust and mantle

-Oceanic Crust
-Basalt
-Thin
-Dense



‣ The Outer Core is believed 
to be liquid metal.

‣Convection currents occur 
in the asthenosphere.



Inferred Properties 
of Earth’s Interior

Model is based on the study of seismic 
(earthquake) waves



‣As depth increases, pressure increases.

‣As depth increases, temperature increases.

‣When the actual temperature is greater than 
the melting point, the layer is in liquid phase.

‣As depth increases, density increases.



Our model of the Earth’s 
interior is based entirely on 
the study of seismic waves.





Continental Drift
‣The theory that the continents 
have been moving across the 
Earth’s surface throughout history

Alfred Wegener
German Meteorologist
Early Twentieth Century



Pangea
‣The Supercontinent that existed about 
250 million years ago.
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South
America

Africa









2 Evidence for Continental Drift
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Evidence Supporting Continental Drift

1. The Apparent Fit of the Continents

2. Fossil Correlation

3. Rock/Mountain Correlation

4. Past Climate Data



Wegener’s theory was not 
accepted because he 

offered no mechanism for 
the motion of the continents.







All seismic activity occurs 
along plate boundaries 
(except for hotspots).



The Theory of Plate Tectonics is born

- The lithosphere is broken into plates

- These plates “float” on the plastic asthenosphere

- Along plate boundaries, the plates interact

- All seismic activity is found along plate boundaries

- Plate motion is driven by mantle convection



‣ The lithosphere is broken into plates

‣ These plates “float” on the plastic asthenosphere

‣ Along plate boundaries, the plates interact

‣ All seismic activity is found along plate boundaries

‣ Plate motion is driven by mantle convection

PLATE  TECTONICS







‣ The driving force behind plate tectonics, the 
force moving the lithospheric plates

‣ Heat lowers density causing a substance to rise 
where it cools, becomes more dense and sinks

‣ Occurs in the asthenosphere and moves the 
overlying plates around









Mantle convection currents 
drive plate motion.



Plate 
Boundaries

Transform

Convergent

Divergent





Divergent Plate Boundaries
‣ Plates move apart

‣ Magma rises and cools
 forming new sea-floor

‣ Youngest rock is near the ridge,
 it gets older as you move away

‣ The earth’s magnetic field is 
recorded in the rock as it forms. 
We have a record of the earth’s 
magnetic reversals on either side of 
the ridge.





AGE OF SEA FLOOR





As distance from the ridge 
increases, the age of the 

sea-floor increases.







Evidence of Sea Floor Spreading

Oldest OldestYoungest

Normal
ReverseReverse

NormalNormal
Reverse Reverse

MAGNETIC
POLARITY OF

THE SEA
FLOOR



The pattern of magnetism in 
the sea-floor matches on 

either side of the ridge.  This 
proves sea-floor spreading.



Convergent Plate Boundaries
‣ Plates move together

‣ Three types depending on crust 
involved:

‣ Subduction zone (oceanic/
continental)

‣ Island arc (oceanic/oceanic)

‣ Collision zone (continental/
continental)

‣ Earthquakes and volcanoes are 
common



Oceanic to Continental
Convergent Plate 

Boundaries



Oceanic to Oceanic
Convergent Plate 

Boundaries



The depth of earthquakes 
increases as you travel over 

the subducting plate.



Continental to Continental
Convergent Plate 

Boundaries





‣ Plates slide past one 
another

‣ Earthquakes are common

‣ Common Example: San 
Andreas Fault

Transform Plate Boundaries



San Andreas Fault
California, USA



‣ Volcanism away from a plate boundary

Hot Spots

‣ Magma rises through the 
mantle forming an active 
volcano

‣ The plate moves over this 
spot forming a chain of 
islands with the active 
volcano being the one 
over the hot spot





Hot Spot

Extinct Volcanoes

Hawaiian Islands

Direction of Plate Movement





The active volcano, over 
the hot spot, is the youngest.  
Age increases as you get 
farther from the hot spot.





Crustal Deformation
-Changes in rocks caused by crustal movements

-Folds

-Faults

-Tilts

-Uplift

-Subsidence

Undeformed Layers

Tilted Layers

Folded Layers









Earthquakes





  Focus is where the Earthquake actually occurs inside the Earth

  Deeper the Focus, the stronger the earthquake.  Think about a 
subduction zone!!!!!! (Focal Depth)

  Epicenter is the location at the surface of crust just above the 
Focus.

  Seismic Waves are the different waves (vibrations) that are sent 
throughout the planet from the earthquake

  P- Waves

  S-Waves

 Parts of an Earthquake







“SEIS”=Earthquake
  Seismologist-Someone who studies earthquakes

  Seismograph-Machine that picks up vibrations on the 
ground

  Seismogram-Printout of the vibrations

  Vibrations are measured by how big the “zig-zag” pattern 
is (Amplitude of Waves)

  Bigger they are....stronger the earthquake...closer

  Smaller they are....weaker the earthquake...farther







Guiseppe 
Mercalli



Charles Richter

Magnitude 
= 

Strength









  P- Waves/Compression
  Primary Waves

  Phirst to seismic station

  Phaster than S wave

  Push-Pull

  Pass through solids,liquids and gases

  Porsche

  S-Waves/Shear
  Secondary Waves

  Second to seismic station

  Slower than P wave

   Travels in an “S”-like pattern

       (Side to Side) 

   Solids Only!!

   Saturn

 Easy way to remember the waves



P -Wave Shadow Zone
  Caused by density differences 

between mantle and outer core

  P-Waves bend (Refrect)

  Area Between 103-142 degrees 
away from epicenter do not receive 
P-Waves

  Area not receiving P-Waves is in 
the Shadow Zone



  Caused by S-Waves not being 
able to pass through the liquid 
outer core

    S-Waves get absorbed by the 
liquid outer core

     Area 103 degrees in all 
directions from epicenter do not 
receive S-Waves

  S-Wave Shadow Zone





How to Determine Epicenter Location
  1 Seismic Station only tells you epicenter distance, not location.

  2 Seismic Stations take an infinite number of possible locations and 
narrows it down to 2 possible points for epicenter location.

  3 Seismic Stations will let you know exactly where the epicenter is 
located.  

  Look to see where all 3 circles intersect (TRIANGULATION)

  The closer a seismic station is to the epicenter, the smaller the circle.

  The farther a seismic station is to the epicenter, the larger the circle.





  Travel Time - Amount of time it takes for a P wave or S wave to travel 
a specific distance (Use Chart Directly!!).

  Arrival Time - The time a P wave or S wave arrives at a seismic station 
(Subtract P wave and S wave time and use weggie method).

  Lag Time-Difference between P-Wave and S-Wave Arrival Times.

  Origin Time - When the earthquake started.

  Bigger the difference between arrival times, the farther away the 
epicenter is.

  The smaller the difference between arrival times, the closer the 
epicenter is.

Things to think about.....



Things we need to be able to determine...
✓P-wave travel time (Ptt)
✓P-wave arrival time (Parr)
✓S-wave travel time (Stt)
✓S-wave arrival time (Sarr)
✓Lag time (Sarr  - Parr)
✓Epicenter distance (Edis)
✓Epicenter location



How long does it take a 
P-wave to travel 5,000 

km?

8 minutes 
20 seconds



How far does an S-wave 
travel  in 16 minutes?

5,400 km



If an Earthquakes P-Wave 
arrives at 12:00 pm and 

travels 6000 km, what time 
will the S-Wave arrive?

P-Wave Travel Time: 
00:09:20

S-Wave Travel Time:
00:17:00

Difference:  00:07:40

Time of Arrival: 12:07:40 pm



If an Earthquakes P-
Wave travels 5000 km 
and arrives at a seismic 

station at 11:40 am, 
What is the origin time of 

the Earthquake?

8 min 20 sec Minute Travel 
Time

Origin Time-11:31:40 am

If an Earthquakes S-
Wave travels 5000 km 
and arrives at a seismic 
station at 11:46:40 am, 

What is the origin time of 
the Earthquake?

15 min Minute Travel Time

Origin Time-11:31:40 am

THEY ARE THE SAME!



arrival of P-wave 10:07:40 am

arrival of S-wave 10:10:00 am

✓Parr =10:07:40
✓Sarr =10:10:00
✓Lag time (Sarr - Parr) = 00:02:20
✓Epicenter distance?



✓Sarr =10:10:00
✓Parr =10:07:40
✓Lag time = 00:02:20
✓Epicenter distance?

--
--

Epicenter distance = 1,400 km
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North America: Countries

Three Seismograph Stations

A

B

C

We have determined that the epicenter of the 
earthquake is 1000 miles from seismograph station A

The epicenter may be located anywhere along a circle 
around the station with a radius of 1000 miles 

We have also determined that the epicenter is 1500 miles 
from seismograph station B

1500 miles

Our calculations have determined that the epicenter is 
2000 miles from station C

2000 miles

1000 miles

The Epicenter is located where the three circles intersect



Tsunami








