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Earth’s Interior



USGS’ “This Dynamic Earth”

http://pubs.usgs.gov/gip/dynamic/dynamic.html

http://pubs.usgs.gov/gip/dynamic/dynamic.html


http://www.nasa.gov/worldbook/earth_worldbook_prt.htm

http://www.nasa.gov/worldbook/earth_worldbook_prt.htm


Pangaea, Pangæa, or 

Pangea, was the 

supercontinent that 

existed during the 

Paleozoic and Mesozoic 

eras about 250 million 

years ago, before the 

component continents 

were separated into their 

current configuration.

_________________

The single enormous 

ocean which surrounded 

Pangaea is known as 

Panthalassa.

http://en.wikipedia.org/wiki/Pangaea

The breaking up and formation of supercontinents appears to be cyclical 

through Earth's 4.6 billion year history.

http://en.wikipedia.org/wiki/Pangaea


http://pubs.usgs.gov/gip/dynamic/dynamic.html

Why does the crust move?

http://pubs.usgs.gov/gip/dynamic/dynamic.html


PLATE TECTONICS

Continental Drift

Alfred Wegener (book 

published in 1915). 

While not entirely a 

new idea, Wegener 

provided some solid 

evidence.



The 6,000-km-plus journey of the India landmass (Indian Plate) before its collision with 

Asia (Eurasian Plate) about 40 to 50 million years ago. India was once situated well 

south of the Equator, near the continent of Australia.



Most earthquake activity is along Plate Boundaries



Volcanic arcs and oceanic trenches partly encircling the Pacific Basin form the so-

called Ring of Fire, a zone of frequent earthquakes and volcanic eruptions. The 

trenches are shown in blue-green. The volcanic island arcs, although not labeled, are 

parallel to, and always landward of, the trenches. For example, the island arc 

associated with the Aleutian Trench is represented by the long chain of volcanoes that 

make up the Aleutian Islands. 

http://pubs.usgs.gov/gip/dynamic/understanding.html

http://pubs.usgs.gov/gip/dynamic/understanding.html


Illustration by Jose F. Vigil. USGS.

Generalized cross section through the ocean crust showing the uppermost layers of

rocks under the ocean spreading out from the midoceanic ridge and sliding down

under the volcanic island arc and active continental margin along the deep trench.

Earthquake foci are concentrated at the tops of the descending layers and along

the ridge. Magma rises upward above the subduction zones, and the erupting lava

builds spectacular volcanic cones.



Oceanic crust 7-10 km and continental crust 30-40 km in thickness



The Mid-Atlantic Ridge, which splits nearly the entire Atlantic Ocean 

north to south, is probably the best-known and most-studied example of a 

divergent-plate boundary. (Illustration adapted from the map This 

Dynamic Planet http://mineralsciences.si.edu/tdpmap/ .)

http://pubs.usgs.gov/gip/dynamic/understanding.html

http://mineralsciences.si.edu/tdpmap/
http://pubs.usgs.gov/gip/dynamic/understanding.html








The Hawaiian Islands are especially vulnerable to destructive tsunamis generated by 

major earthquakes in the circum-Pacific Ring of Fire. Travel times (in hours) are shown 

for the tsunamis produced by the 1960 Concepción, Chile, earthquake (purple curves) 

and by the 1964 Good Friday, Valdez (Anchorage), Alaska earthquake (red curves). The

1960 tsunamis killed 61 people and caused about $24 million in damage.

http://pubs.usgs.gov/gip/dynamic/tsunamis.html

http://pubs.usgs.gov/gip/dynamic/tsunamis.html




The Blanco, Mendocino, Murray, and 

Molokai fracture zones are some of the 

many fracture zones (transform faults) 

that scar the ocean floor and offset 

ridges (see text). The San Andreas is 

one of the few transform faults exposed 

on land.

The San Andreas fault zone, which is 

about 1,300 km long and in places tens 

of kilometers wide, slices through two 

thirds of the length of California. 

Along it, the Pacific Plate has been 

grinding horizontally past the North 

American Plate for 10 million years, at 

an average rate of about 5 cm/yr. Land 

on the west side of the fault zone (on 

the Pacific Plate) is moving in a 

northwesterly direction relative to the 

land on the east side of the fault zone 

(on the North American Plate). 



Strike-Slip Fault
Thrust or Reverse Fault

Normal Fault

Three Types of Faults

USGS (after Lisa Wald)

Hanging wall 

and footwall 

configuration

(based on dip 

angle d)

d

http://www.nasa.gov/audience/forstudents/5-8/features/F_Earth_Has_Faults.html



http://earthquake.usgs.gov/learn/glossary/?term=blind%20thrust%20fault

http://earthquake.usgs.gov/learn/glossary/?term=blind%20thrust%20fault


http://education.usgs.gov/california/images/faults2.jpg

Aerial view of the San Andreas 

fault slicing through the Carrizo 

Plain in the Temblor Range east 

of the city of San Luis Obispo. 

(Photograph by Robert E. 

Wallace, USGS.) 

http://education.usgs.gov/california/images/faults2.jpg


Minor Bend in San Andreas Fault north of LA and related local Seismic activity 

http://www.scign.org/

http://www.scign.org/


http://www.scign.org/

Very dense

sensor 

network 

to monitor

Ground 

displacement 

before and 

after an EQ

http://www.scign.org/


Faults: San Diego Area

1993 Long Beach Eq.

1971 San Fernando Eq.

1992 Landers Eq.

1994 Northridge Eq.



This photo shows a fence near Bolinas offset about ten feet 

during the 1906 earthquake.

http://geomaps.wr.usgs.gov/sfgeo/quaternary/stories/marin_rupture.html

http://geomaps.wr.usgs.gov/sfgeo/quaternary/stories/marin_rupture.html


Newly formed fault scarp from the 

1954, magnitude 6.8 Dixie Valley, 

Nevada, earthquake. Note the tilting 

and deformation of the ground surface 

on the down-dropped side of the fault. 

http://geology.utah.gov/surveynotes/gladasked/gladfault_address.htm

Normal Fault

http://geology.utah.gov/surveynotes/gladasked/gladfault_address.htm


Earthquake Effects - Surface Faulting

Landers, CA 1992

USGS (after Lisa Wald)



Total Slip in the M7.3 Landers Earthquake

Rupture on a Fault

(Lisa Wald, USGS)





Depth
Into 
the

earth

Surface of the earth

Distance along the fault plane

100 km (60 miles) 

START

Slip on an earthquake fault



Slip on an earthquake fault
Second 2.0



Slip on an earthquake fault
Second 4.0



Slip on an earthquake fault
Second 6.0



Slip on an earthquake fault
Second 8.0



Slip on an earthquake fault
Second 10.0



Slip on an earthquake fault
Second 12.0



Slip on an earthquake fault
Second 14.0



Slip on an earthquake fault
Second 16.0



Slip on an earthquake fault
Second 18.0



Slip on an earthquake fault

Second 20.0



Slip on an earthquake fault

Second 22.0



Slip on an earthquake fault
Second 24.0





Upper-crustal seismic velocity structure of the San Francisco Bay region, as determined from local-

earthquake and controlled-source traveltimes. Red lines denote surface fault traces. Lateral changes in 

seismic velocity correlate with faults at depth that result from different rock units offset by faults. Yellow 

spheres show locations of some of the earthquake hypocenters uses in analysis. View southeastward.

U.S. Geological Survey 

Professional Paper 1658

Crustal Structure of the Coastal 

and MarineSan Francisco 

Bay Region, California

Tom Parsons, Editor

http://geopubs.wr.usgs.gov/prof-paper/pp1658/

http://geopubs.wr.usgs.gov/prof-paper/pp1658/
http://geopubs.wr.usgs.gov/prof-paper/pp1658/
http://geopubs.wr.usgs.gov/prof-paper/pp1658/


http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html

Development of a Fault Rupture Model

http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html


http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html

http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html


http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html

http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html


http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html

http://neic.usgs.gov/neis/eq_depot/2004/eq_041226/neic_slav_ff.html








Bigger Faults make Bigger Earthquakes Bigger Earthquakes last a longer time

Lisa Wald, (USGS)



http://pubs.usgs.gov/fs/2003/fs014-03/

Representative Fault Rupture Scenario

http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/


http://pubs.usgs.gov/fs/2003/fs014-03/

http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/


http://pubs.usgs.gov/fs/2003/fs014-03/

http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/


http://pubs.usgs.gov/fs/2003/fs014-03/

http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/
http://pubs.usgs.gov/fs/2003/fs014-03/


http://geomaps.wr.usgs.gov/parks/deform/gnormal.html

f
North

Strike angle f

Dip angle d

Focus is also known as Hypocenter

Fault trace

Fault Rupture Terminology

http://geomaps.wr.usgs.gov/parks/deform/geqepifoc1.html

d

Fault plane

Modified after:

d

http://geomaps.wr.usgs.gov/parks/deform/gnormal.html
http://geomaps.wr.usgs.gov/parks/deform/geqepifoc1.html
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In many earthquakes, d is in the range of a few kilometers but it

can be hundreds of kilometers in some regions (e.g. Japan sea)

associated with a deep ocean trench. Few earthquakes occur below

200 km.

Arbitrarily, d classifies earthquakes as:

300 km < d deep focus earthquakes

70 km < d < 300 km intermediate focus earthquakes

d < 70 km shallow focus earthquakes

Shallow focus earthquakes cause most devastation in California,

usually within the upper 10 km with few as deep as 15 km or so (e.g.

the 1989 Loma Prieta earthquake occurred at depth 15 – 18 km,

which is unusually deep for California earthquakes).



http://en.wikipedia.org/wiki/File:Focal_mechanism_01.jpg#file

Focal Mechanism Introduction)

Note: Please see useful reference at: http://www.learninggeoscience.net/free/00071/index.html

http://en.wikipedia.org/wiki/File:Focal_mechanism_01.jpg
http://www.learninggeoscience.net/free/00071/index.html
http://www.learninggeoscience.net/free/00071/index.html
http://www.learninggeoscience.net/free/00071/index.html
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Focal Mechanism (5-steps)
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Fault plane 

 

Compression waves 
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Step (5) 

Step (3)  

Step (4) 

Ground Surface 

Slipping fault zone 

 

Compression waves 

 

Dilation waves (part of 

fault plane being dragged 

along, slow slipping) 

 

Focus 

 

Step (1) 
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Focal solution
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Step (3)  

Step (4) 

Ground Surface 

Slipping fault zone 

 

Compression waves 

 

Dilation waves (part of 

fault plane being dragged 

along, slow slipping) 

 

Focus 

 

Step (1) 
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Step (1): Draw sphere with fault plane as a central 

circle.

Step (2): draw plane perpendicular to fault plane and 

direction of slip going through center of sphere.

Step (3): Define the zones in compression and in 

dilation (slip arrow heads define compression and tails 

define dilation).

Step (4): Darken the zone in compression within the 

lower hemi-sphere surface.

Step (5): Project the lower semi-sphere surface on to 

the central horizontal circle (what you get is the focal 

solution.
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Additional information (e.g., fault plane surface trace or

other) will be needed to distinguish which of the two arcs

corresponds to the fault plane (see homework problem).

Normal Fault

In the case discussed above, the projection (Focal solution) is 

(see below):

Ground Surface

Profile View
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Notes:

1) The compression-dilation zones are actually inferred

from the waves going through the lower hemisphere and

recorded at ground surface in terms of up and down P-

wave first arrival pulses (from which we define our focal

solution). That means that the Focal solution is determined

from observed first P-wave arrival (up pulse/down pulse

or tension/compression).



Focus

July 30, 2002 Ahmed Elgamal
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2) Away from the epicenter, these pulses arrive from

waves that propagated downwards into the ground and

reached the surface first.

Faster (because stiffness 

increases with depth)

Slower
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3) Often, we look at the lower hemisphere of a small

sphere around the source, and mark the compression and

tensile zones (where compressive of dilation waves have

propagated). In some cases, we look at upper hemisphere

(maybe near epicenter).



Focal solution (cont.)
Some Simple cases:

Assume fault dip angle is 90 degrees (vertical fault plane)

Assume pure strike slip (lateral motion)

Look in Bird’s eye view (Plan view) at the fault scarp

Focal solution shows direction of fault displacement

fault scarp

Plane perpendicular 

to fault scarp

And direction of slip

North



Some Simple cases (cont.):

Assume fault dip angle is 75 degrees (vertical fault plane) and pure strike slip

Look in Bird’s eye view (Plan view) at central plane of sphere

fault scarp

Plane perpendicular 

to fault scarp 

and direction of slip

North

Side View Sphere



Focal solution (cont.)
Some Simple cases:

Assume fault dip angle is 90 degrees (vertical fault plane) and pure strike slip

Look in Bird’s eye view (Plan view) at the fault scarp

Focal solution shows direction of fault displacement

fault scarp

Plane perpendicular 

to fault scarp

And direction of slip

North
Graphics by Tracey Becker

3D view 

for 

visualization



Some Simple cases (cont.):

Assume fault dip angle is 75 degrees (vertical fault plane) and pure strike slip

Look in Bird’s eye view (Plan view) at a central plane of sphere

fault scarp

Plane perpendicular 

to fault scarp 

and direction of slip

North

Side View Sphere
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Examples of Focal Solution (mechanism)

A. Strike-Slip Fault

(Plan View)                

Map View

Graphics by Tracey Becker

3D view for visualization
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B. Reverse Fault 

Ground Surface

Profile View



July 30, 2002 Ahmed Elgamal

19

C. Low Angle Thrust Fault (reverse)

Ground Surface

Profile View
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D. Low Angle Normal Fault 

Ground Surface

Profile View
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E. Vertical Dip-Slip 

Ground Surface

Profile View
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also 

Ground Surface

Profile View



Side View

Plan View

(strike slip)  

3-Dimensional view

For visualization

Focal mechanism

Graphics by Tracey Becker
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F. Oblique-slip (Left-lateral-reverse)

Combination 

of strike-slip 

and dip-slip



x

3-Dimensional view

For visualization

Focal mechanism

Graphics by Tracey Becker

Plan View (strike slip)

Side View



x 3-Dimensional view

For visualization

Focal mechanism

Graphics by Tracey Becker

Plan View (strike slip)

Side View



x

3-Dimensional view

For visualization

Focal mechanism

Graphics by Tracey Becker

Side View

Plan View (strike slip)



Dip Angle = 45° 3-Dimensional view

For visualization

Focal mechanism

Graphics by Tracey Becker



Dip Angle = 20°
3-Dimensional view

For visualization

Focal mechanism

Graphics by Tracey Becker


