
Some notes from the lectures about plate tectonics, for use in Vince Cronin’s section of 
Geology 1405 
 
All figure numbers refer to chapter 2 from our custom lecture textbook.  That chapter is entitled 
“Plate Tectonics:  A Scientific Revolution Unfolds” 
 
Alfred Wegener (1880-1930) collected and synthesized evidence that the continents on Earth 
have moved throughout Earth’s history.  His model was called “continental drift,” and was a 
significant precursor to plate tectonics.  Continental drift is simply the idea that continents are in 
motion relative to each other. 
 
Wegener originated the idea that several continents that are now dispersed across the globe had 
once been together to form a continuous landmass (figure 2.2). 
 
Continental drift accounted for the following observed phenomena, among others: 
•  the “fit” of west Africa and east South America (fig 2.3) 
• the distribution of climate-sensitive sedimentary deposits such as coal, glacial deposits, 
evaporates and so on (figure 2.7) 
• the distribution of land-restricted fossil forms on different continents (figure 2.4) 
• the distribution of distinct rock types and geologic features (figure 2.6) 
 
Continental drift was an interesting hypothesis, and the data collected in connection with 
continental drift was valuable.  Ultimately, continental drift failed to convince many 
geoscientists because it lacked an adequate mechanism for moving continents.  This was largely 
due to our then-primitive and very limited understanding of the ocean floors and the mechanical 
properties of Earth’s crust and upper mantle. 
 
In the mid-1960s, continental drift was replaced by plate tectonics, which is a better explanation 
of the observed data.  Knowledge of the seafloor and the distribution of earthquakes worldwide, 
that had been accumulated at an accelerated rate during and after World War II, was essential in 
the development of plate tectonics. 
 
It became clear that the strong, solid outer layer of Earth (called the lithosphere) is divided into 
large somewhat rigid spherical shells, called plates.  Plates move over a deeper layer in the upper 
mantle, called the asthenosphere, that is hot enough to be weak and soft (but still mostly solid).  
The asthenosphere flows slowly, a bit like silly putty. 
 
Many if not most of the earthquakes and volcanoes on Earth occur along these plate boundaries 
(figures 2.11 and 2.12) http://earthquake.usgs.gov/earthquakes/world/seismicity_maps/  
http://pubs.usgs.bov/imap/2800/ 
http://www.nationalatlas.gov/dynamic/dyn_volcano.html 
 
These plates are in motion relative to one another, and that motion accounts for the stresses and 
magmatism along and near the plates’ boundaries with one another. 
 
Three general types of plate boundaries are recognized. 



•  divergent boundaries, along which plates move apart from one another (fig. 2.11 through 2.15) 
•  convergent boundaries, along which plates move toward one another (fig. 2.11-12 and 2.16 
through 2.20) 
•  transform (fig 2.11-12 and 2.21 through 2.23) 
 
Mid-ocean ridges are combinations of divergent and transform boundaries (fig. 2.21-2.22). 
 
We detect plate motion in several ways. 
•  directly observing motion of one plate relative to another across a plate boundary 
•  interpreting motion relative to hotspots in the mantle below the plate (fig 2.25) 
•  through Very Long Baseline Interferometry (https://en.wikipedia.org/wiki/Very-long-
baseline_interferometry  and http://www.cpi.com/projects/vlbi.html) 
•  through Satellite Laser Rangefinding (http://cddis.nasa.gov/docs/2009/HTS_0910.pdf) 
•  through the interpretation of GPS data 
(http://xenon.colorado.edu/spotlight/index.php?action=kb&page=3 ) 
 
Why do plates move?  Gravity provides the force responsible for plate motion.  Some other 
important factors include density variations in the lithosphere and asthenosphere, the strength of 
the lithosphere, the rheology of the relevant layers (e.g., viscous, elastic, visco-elastic, firmo-
viscous, etc.) 
 
Some differences in viewpoint exist on the mechanisms that move the plates, but the primary 
suspects include some combination of the following: 

 
•  Slab pull, in which the negative buoyancy of a subducting slab pulls the rest of the plate along 
as the slab sinks into the mantle.  Compared with other mechanisms, this is probably the most 
energetic or strongest mechanism.  Most plates that are attached to subducting slabs tend to move 
in the direction of the subduction zone, as viewed in a reference frame that is tied to the 
relatively sluggish lower mantle. 
 
 
 
 



 
•  Ridge “push” – a terrible name, because the ridges are not being pushed apart by anything.  
Rather, the plate is moving down an inclined surface at the base of the lithosphere, perpendicular 
to the axis of the mid-ocean ridge.  Magma then fills-in the gap and cools onto the trailing edge 
of the plate. 
With increasing distance from the axis of the mid-ocean ridge, (1) the age of the lithosphere 
increases, (2) the depth to the sea floor increases, (3) the thickness of the upper-mantle 
lithosphere increases due to cooling and accretion from below, and so (4) the thickness of the 
lithosphere increases.  Gravity acts on the mass of the lithosphere, causing motion away from the 
ridge.  “ridge push” is really more like “ridge slide.” 
Most plates that have a substantial ridge boundary tend to move perpendicular to the ridge axis, 
as viewed in a reference frame that is tied to the relatively sluggish lower mantle. 

 
•  Trench pull caused by counterflow of the asthenosphere 
•  Maybe some mantle convection apart from plate-induced motion;  however, plates are not like 
packages moving along on top of a conveyor belt (on top of a convection cell).  Plates move 
themselves under the influence of gravity. 
 


