
AP Environmental Science
Earth Systems Part 4



Plate Boundaries
• Convergent Boundaries
▫ Ocean-Ocean –
 one plate(typically the older one) will subduct 

under the other volcanic island arc
▫ Ocean-Continental
 The oceanic plate will subduct under the 

continental plate melt volcanic arc & 
trench

▫ Continental-Continental 
 Neither plate will subduct plates begin to 

fold and crumble  mountain ranges





Mariana Trench – deepest part of 
the world’s oceans

2550 km long, 70 km wide

Challenger Deep
11,033 meters deep (36,000 ft)

If Mt. Everest was set in the bottom 
it would be covered by 6000 ft of 
water

http://en.wikipedia.org/wiki/File:Marianatrenchmap.png�


• Divergent Boundaries
▫ Continental-Continental
 Creates rift valleys

▫ Ocean-Continental
 Rift valleys and seas

▫ Ocean-Ocean
 Creates Mid-ocean ridges or rises





East Pacific Rise

Mid-Atlantic Ridge



Map of the Red Sea





• Transform Boundary
▫ Strike-slip
 Smaller rift valleys



The San Andreas Fault

Extends roughly 1300 
km (800 miles)



http://upload.wikimedia.org/wikipedia/commons/0/04/Kluft-photo-Carrizo-Plain-Nov-2007-Img_0327.jpg�
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• The interaction of the plates at the 
different boundaries is what creates 
mountains, causes volcanoes and 
earthquakes, and oceanic trenches

• It also helps explain the patterns of 
biological evolution

• The tectonic plates typically move at a 
rate of 5-10 cm/ year

• The plates are able to move cause they 
have a lower density and are stronger in 
composition than the mantle  below



• The motion of the plates is driven by heat 
from two sources
▫ Radioactive decay of elements deep in the 

earth 
▫ Residual heat left over from the genesis of 

the Earth
• Heat drives convection currents, warm 

magma rises toward the surface, as it 
reaches the surface it cools and sinks, and 
repeat



Convection Cells of the Mantle



Mechanism for Movement
• Interacting forces fueled by the convection 

cells in the Earth’s mantle move the plates 
around the globe
▫ Ridge Push
 As magma forces it way between plates at 

the divergent boundaries, it cools and 
hardens pushing the plates further apart

▫ Slab Pull
 Once a plate has subducted under another 

one, the weight of the plate actually pulls the 
rest of the plate down with it



Volcanoes
• An opening or rupture in the Earth’s crust
• Named after the Roman god of fire-

Vulcan
• Typically found at divergent and 

convergent boundaries
• Mid Ocean ridges are continuous chains of 

volcanoes caused by divergent boundaries
• The Pacific Ring of Fire is so named to 

describe the ring of volcanoes created by 
convergent boundaries of the Pacific plate



• Some Volcanoes are also caused by 
Hotspots, random mantle plumes that 
penetrate the crust and erupt, usually 
forming island like Hawaii

• Volcano Types
▫ Fissure Vents
 Cracks the emit lava

▫ Shield Volcanoes
 Broad shield like profiles, formed from 
low viscosity lava, no explosions 

▫ Cinder Cone Volcanoes
 Eruption of  pyroclastic  material ( cinder)



▫ Lava Domes
 Slow eruptions of high viscosity lava

▫ Composite Volcanoes
 Alternating layers of ejecta and lava 
flows

Lava Types
 Felsic – high percentage of silica, high 
viscosity,  tend to trap gases and 
cause catastrophic eruptions
Mafic/Basaltic –contains high 
percentages of Magnesium and Iron, 
lower viscosity,  tend to be hotter, 
tend to create oceanic plates







Mt. Fugi in Japan, Conical Cinder Cone Volcano

http://upload.wikimedia.org/wikipedia/commons/d/d5/FujiSunriseKawaguchiko2025WP.jpg�


Lakagiger Fissure Vent in Iceland



Chaiten Volcano  in southern Chile during the 2008-2009 eruption

http://upload.wikimedia.org/wikipedia/commons/0/0c/Volc%C3%A1n_Chait%C3%A9n-Sam_Beebe-Ecotrust.jpg�


Mt. Mayon-, Philippines,  stratovolcano

http://upload.wikimedia.org/wikipedia/commons/8/81/Mt.Mayon_tam3rd.jpg�


Mt. Piatubo ash plume, reaching 19km a few days before it 1991 
eruption



Mt. Cleveland in the Alutiian Islands Alaska photo from the 
International Space Station, May 2006

http://upload.wikimedia.org/wikipedia/commons/4/4a/MtCleveland_ISS013-E-24184.jpg�


Mauna Loa Hawaii, Shield Volcano, largest volcano on earth in terms of 
area and volume.  4170 m (13860 ft)above sea level, 28,680 ft from sea 
floor



French Volcanologists, Maurice and Katia Krafft where killed in a 1991 
eruption of Mount Unzen, Japan. They  along with 40 journalists were killed 
in an unexpected pyroclastic flow



Eruption of Mount Unzen Showing Pyroclastic Flow, Japan, 1991 



Victims in Pompeii, a nearby Roman village encapsulated by a 
pryoclastic flow during the eruption of Mt. Vesuvius in 79AD









Extent  of ash deposits from Yellowstone’s giant eruption 630,000 
years ago

http://www.swisseduc.ch/stromboli/perm/yellowstone/icons/ashfall.jpg�


Mt St. Helens before the 1980 eruption



Mt. St. Helens after the 1980 eruption Short Eruption Video

http://www.youtube.com/watch?v=bgRnVhbfIKQ�


Earthquakes
• Earthquake-the result of a sudden release 
of energy from the Earth’s crust that creates 
seismic waves.  
• Recorded with seismometer / seismograph
• Measured on the Richter scale or the 
modified Mercalli scale
• Tension is built up from the movement and 
collisions of the tectonic plates under the 
surface.
•Focus- underground center, epicenter-
above focus

















Year Epicenter Magnitude Mercalli Intensity

1861 Near Wilkesboro, 
Wilkes County 5.0 VI

1916 Near Skyland, 
Buncombe County5.2 VII

1926 Southern Mitchell 
County 5-6 VII

1957 Near Woodlawn, 
McDowell County 4.0 VI

1957 Buncombe County3.7 VI

1957 Northwest 
Jackson County 3.9 VI

1981

Near 
Hendersonville, 
Henderson 
County

3.5 VI

North Carolina Most Damaging Earthquakes



An isoseismic map showing how widespread the 1916 Buncombe County 
Quake was felt 



Pos. Date Location Magnitude
1 1960-05-22 (May 22, 1960) Valdivia, Chile (see: 1960 Valdivia 

earthquake)
9.5

2 2004-12-26 (December 26, 2004)
Off west coast of northern Sumatra, 
Indonesia (see: 2004 Indian Ocean 
earthquake)

9.3

3 1964-03-27 (March 27, 1964) Prince William Sound, Alaska, USA (see: 
1964 Alaska earthquake)

9.2

4 1952-11-04 (November 4, 1952) Kamchatka, USSR (see: Kamchatka 
earthquakes)

9.0 [1][2]

5 1700-01-26 (January 26, 1700) Cascadia subduction zone (see: 1700 
Cascadia earthquake)

~9

6 1906-01-31 (January 31, 1906) Colombia-Ecuador
8.8

7 1965-02-04 (February 4, 1965) Rat Islands, Alaska, USA
8.7

8 1833-11-25 (November 25, 1833) Sumatra, Indonesia (see: 1833 Sumatra 
earthquake)

8.8-9.2

9 1755-11-01 (November 1, 1755) Lisbon, Kingdom of Portugal (see: 1755 
Lisbon earthquake)

~8.7

10 2005-03-28 (March 28, 2005) Sumatra, Indonesia 8.6-8.7*

magnitude

http://upload.wikimedia.org/wikipedia/commons/e/ec/Igneous_rock_Santoroni_Greece.jpg�
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http://upload.wikimedia.org/wikipedia/en/5/59/GLMsed.jpg�
http://upload.wikimedia.org/wikipedia/commons/7/79/Rippelmarken_Hassberge_ReiKi.jpg�


10 2005-03-28 (March 28, 2005) Sumatra, Indonesia 8.6-8.7*

11 1957-03-09 (March 9, 1957)
Andreanof Islands, Alaska, 
USA (see: 1957 Andreanof 
Islands earthquake)

8.6

12 1920-12-16 (December 16, 1920) Ningxia-Gansu, China
8.6

13 1950-08-15 (August 15, 1950)
Assam, India - Tibet, China 
(see: 1950 Medog 
earthquake)

8.6

14 1575-12-16 (December 16, 1575) Valdivia, Kingdom of Chile
8.5

15 2007-09-12 (September 12, 2007) Sumatra, Indonesia
8.5

16 1737-10-16 (October 16, 1737)
Kamchatka, Russian Empire 
(see: Kamchatka 
earthquakes)

~8.3 



1960 Valdivia Chile Earthquake













2004 Indian Ocean Earthquake

Other locations 
where 
earthquakes 
were triggered 
by the 10 
minutes worth of 
shaking 









1964 Alaskan Earthquake





















1906 San Francisco Earthquake









The fire that resulted from the 1906 SF Earthquake







2010 Haitian Earthquake

-18.457°N 72.533°W

-Magnitude 7.0, w/ 52+ 
aftershocks

-Enriquillo-Plantain Garden Fault 
System, where the Caribbean 
plate  slides across the edge of 
the North American

-Affected 3 million people, 

~230,000 dead, 300,000 injured

-destroyed 250,000 residences, 
30,000 commercial bldgs



http://upload.wikimedia.org/wikipedia/commons/2/2f/Haiti_Earthquake_building_damage.jpg�


http://upload.wikimedia.org/wikipedia/commons/c/cc/Earthquake_damage_in_Jacmel_2010-01-17_4.jpg�


http://upload.wikimedia.org/wikipedia/commons/c/ce/Haitian_national_palace_earthquake.jpg�


http://upload.wikimedia.org/wikipedia/commons/d/d5/Haiti_earthquake_damage_overhead.jpg�


Seismic Waves

P Waves( Primary Waves)- Fastest wave, 
can travel through any medium, 
compression wave 

S Waves (secondary/ shear waves)- second 
fastest wave, transverse waves, can’t travel 
through liquids

Surface Waves- forms where two different 
media meet (rock & air), the most damaging 
waves of an earthquake
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