
OCN 201:

Seafloor Spreading

and Plate Tectonics I



Revival of Continental Drift Theory

ÅKiyoo Wadati (1935) speculated that 
earthquakes and volcanoes may be 
associated with continental drift.

ÅHugo Benioff (1940) plotted locations of 
deep earthquakes at edge of Pacific ñRing of 
Fireò.

ÅEarthquakes are not randomly distributed but 
instead coincide with mid-ocean ridge 
system.

ÅEvidence of polar wandering.



Wegenerôs theory was revived in the 

1950ôs based on paleomagnetic 

evidence for ñPolar Wanderingò.

Revival of Continental Drift Theory



Earthôs Magnetic Field

A bar magnet with Fe filings 

aligning along the ñlinesò of the 

magnetic field

Earthôs  magnetic field simulates 

a bar magnet, but it is caused by

convection of liquid Fe in Earthôs 

outer core:  the Geodynamo.
A moving electrical conductor 

induces a magnetic field.



Earthôs magnetic field is toroidal, or ñdonut-shapedò.

A freely moving magnet lies horizontal at the equator, 

vertical at the poles, and points toward the ñNorthò pole.



Paleomagnetism in Rocks

ÅMagnetic minerals (e.g. Magnetite, Fe3O4) in 
rocks align with Earthôs magnetic field when 
rocks solidify.

ÅMagnetic alignment is ñfrozen inò and retained if 
rock is not subsequently heated.

ÅCan use paleomagnetism of ancient rocks  to 
determine:

--direction and polarity of magnetic field

--paleolatitude of rock

--apparent position of N and S magnetic poles.



Apparent Polar Wander Paths

ÅGeomagnetic poles 

had apparently 

ñwanderedò 

systematically with 

time.

ÅRocks from different continents gave different 

paths!  Divergence increased with age of rocks.

200

200

100

100



200

100



Apparent Polar Wander Paths

Magnetic poles have never been more the 20o from 
geographic poles of rotation; rest of apparent 
wander results from motion of continents!
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For a magnetic compass, the red end of the needle 

points to:

A. The North Pole

B. True North

C. Geographic North

D. Magnetic North

E. All of the above.



Parallels of latitude     Meridians of longitude

Lines of 

constant 

longitude are all 

ñgreat circlesò.

Lines of 

constant latitude 

are ñsmall 

circlesò, except 

for the equator.



Seafloor Spreading: I
ÅFirst suggested by Arthur Holmes (1928) 

based on concepts of continental drift and 
convection cells within the mantle.

Heat can be transported by conduction, convection, and radiation.



Seafloor Spreading: II
Formally proposed by Dietz (1961) and Hess (1962):

ÅConvection cells: Mantle upwells under mid-ocean ridge (MOR).

ÅLithosphere with new oceanic crust is formed at MOR, then 
spreads laterally as if on conveyor belt.

ÅLithospheric plate with oceanic crust is dragged down at trenches 
(compression,  mountain ranges and volcanic arcs).

ÅContinents ride passively between sites of upwelling and 
downwelling.

Note:  Concept is correct;

pattern of convection is wrong!



Seafloor Spreading: III

ÅSuggested by characteristics of mid-ocean ridge:

ïTopography is elevated.

ïStructure: axial valley formed by normal 

faulting, implying tension  and extension 



Mid-Ocean Ridges
ÅHigh heat flow 

ÅShallow seismicity      

(<70 km below MOR).

ÅSediment absent or thin

ÅBasaltic volcanism

ÅTensional stress:  rifting


