
Transform Boundaries

 Transform boundaries occur where one 
segment of rigid lithosphere slides 
horizontally past another in response to 
stresses in the lithosphere.
 The oceanic ridge system is offset (or 

segmented) by many transform faults.
 Severe, shallow earthquakes are 

associated with transform boundaries.



Transform faults and fracture zones in 
the Atlantic Ocean

Explanation



The San Andreas Fault is a
transform fault linking the
East Pacific Rise with the 
Gorda and Juan de Fuca 
Ridges.

Actually an inter-connecting
fault system.

The west side is moving
north relative to the east
side.

Cause of numerous large
shallow earthquakes.



Rotating the previous sketch to show the movement 
of the San Andreas fault



Not only do transform faults connect spreading 
ridges, but also ridges and trenches and two trenches.

Two ridges

Ridge and trench

Two trenches



Characteristics of plates

 Plates can contain BOTH continental and 
oceanic crust (North American).
 They may be largely oceanic (Pacific) or 

mostly continental (Eurasian).
 Most plates are bounded by different types 

of margins (spreading, converging, 
transform).
 Plates vary enormously in size (Pacific 

versus Juan de Fuca).



How to recognize Lithospheric Plate 
Boundaries

 Volcanic Mid-Ocean Ridges
 Deep oceanic Trenches
 Earthquake Zones

1) Along ocean ridges (shallow)
2) Associated with ocean trenches (deep – Benioff 

zone)
3) Where plates slide past each other (shallow, 

transform faults)

 Distribution of Volcanoes
1. Along island arcs
2. Along continental margins



Volcanic mid-ocean ridges and trenches

Ocean ridges are boundaries where plates are being
created, whereas trenches are boundaries where plates
are being destroyed (subducted).



Location of earthquakes

Earthquakes occur along ALL plate boundaries,
consequently they provide an ideal demarcation of 
individual plates.



The plate boundaries become even clearer if we
color code earthquakes for depth.



Plate boundaries are shown in yellow



Location of volcanoes

Most volcanoes (but not all) occur at converging 
and spreading margins of plates.



Plate Boundaries

Putting it all together



Some plates in detail

Huge, oceanic Pacific Plate

Small Juan de Fuca, Caribbean
and Cocos Plates



The major plates
There are eight major plates and several 
minor ones:-

 Eurasian
 Pacific
 North American
 African
 Antarctic
 South American
 Indo-Australian
 Nazca

• Caribbean
• Philippine
• Cocos
• Juan de Fuca
• Scotia
• Arabian



The Earth’s Plates

(Note different types of boundary on a single plate)



It is now possible to directly measure the movement of 
plates (~ 1 cm) on a yearly basis using satellite Global 
Positioning Systems (GPS).  The length of the arrows on 
the map show yearly plate movement. 



Plate Tectonics Theory Explains

1) Fit of continents
2) Similar fossils on different continents
3) Discrepancy in inferred latitudes for 

ancient rocks
4) Similar age and type of rocks on opposite 

sides of oceans



Plate Tectonics Theory Explains

5) Mid-ocean ridges
6) Rifting of continents
7) Polar wandering curves
8) Linear magnetic anomalies
9) Young age (<200 million years) of ocean 

basins
10) Deep ocean trenches
11) Island arcs



Plate Tectonics Theory Explains

12. Location of linear mountain ranges
13. Location of earthquake zones
14. Location of volcanic zones
15. Explains the ancient ages of continents
16. Provides a comprehensive theory for the 

origin and evolution of ocean basins



Hot Spots
The theory of plate tectonics does not explain 
everything!

If we look at a map showing the distribution of 
the world’s volcanoes we see that some occur 
in the center of plates – far removed from any 
plate boundary.

Examples:- Hawaii, Yellowstone, Reunion,
Galapagos, Canaries, Cameroon's,
Easter Island, Kerguellan



World’s Volcanoes

Here are the world’s volcanoes.  You will notice that 
most are on plate boundaries (especially convergent 
boundaries), but a few are not.  These have been termed
“hot spot” volcanoes.



Hot Spots

Hot Spots occur both in the center of plates (Hawaii,
Yellowstone) and along or near some spreading margins
(Iceland, Galapagos, Azores, Easter Is).



The Mantle Plume Hypothesis
 Hot Spots are centers of volcanic activity 

that cannot be explained by plate tectonics.

 These Hot Spots appear to be stationary 
(i.e. they do not move like the plates

 They are thought to be produced by hot 
mantle plumes welling up from deep within 
the mantle (perhaps as deep as the core-
mantle boundary?).   



What is the evidence?
 Basaltic lavas erupted at hot spots are chemically 

different from those erupted at ocean ridges or 
subduction zones.

 By definition, hot spots are regions with very high 
rates of volcanic activity.

 In some cases (but not all) the volcanoes get 
progressively older away from the present center 
of volcanic activity.

 The surface of the earth around a hot spot is 
buoyed upwards, consistent with the rise of a hot 
plume. 

The best evidence for a mantle plume is Hawaii



Hawaii

The Hawaiian Islands, in the middle of the Pacific 
Ocean, are volcanic islands at the end of a long chain 
of submerged volcanoes.
These volcanoes get progressively older to the north-
west (the direction of movement of the Pacific plate).



Age Progression of Hawaiian Volcanoes

The age progression
of the volcanoes
corresponds to a 
9-10 cm/year north-
west movement of
the Pacific plate.

Kilauea is currently active,
so is close to the present location of the plume



Hawaii

The age progression even applies to the Hawaiian
Islands themselves.





The Island of Hawaii

The Volcanoes

 Kohala
 Mauna Kea
 Hualalai
 Mauna Loa
 Kilauea
 Loihi

Loihi -
the next
island?



Volcanoes

Mauna Loa Volcano
13,679 feet

Mauna Loa rises
33,000 feet from
the ocean floor!



Eruptions

Kilauea 1959 Kilauea 1983



Video showing origin of Hotspots

Extracted from NOVA production “Hawaii – Born of Fire”



Origin of the Hawaiian Islands
Note that as the
islands get older,
they erode away
and sink into the
ocean.

Origin of Coral Atolls (Darwin)



Origin of mantle plumes?

Young



THE GREAT PLUME CONTROVERSY
(Not all scientists accept the plume hypothesis)

Courtillot et al (2003) recognize 
about 49 hotspots:-

1. Primary plumes from the 
Core/Mantle boundary (7 –
10).

2. Plumes associated with 
Superswells (about 20). 

3. Non-plumes from the upper 
mantle (about 20). 



Can we “see” mantle plumes using seismic 
tomography?  Potentially a powerful and 
conclusive tool.
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What happens when a mantle 
plume interacts with a continent?

Some scientists believe 
that it is mantle plumes 
that are responsible for 
the initial break-up of 
continents.

• First there is doming
• Then the formation of 
rifts and the eruption of 
vast volumes of “flood 
basalts”
• Then the formation of 
ocean basins



Before continental break-up about 120 million years ago



Today



Cartoon showing how the formation Atlantic Ocean 
might have been triggered by mantle plumes
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