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GY 111 Lecture Note Series 
Plate Tectonics and Volcanism 

 
Lecture Goals 
A) Review of where volcanism occurs 
B) Properties of magma\lava (viscosity!) 
C) Types of Volcanoes  
 

Reference: Press et al. (2004) Chapters 5  and 6; Grotzinger, et al. (2007) Chapters 2, 4 and 12 
 
A) Review of where volcanism occurs 
Volcanism is one of the principle consequences of plate tectonics. As we discussed in earlier 
lectures, there are 3 primary plate boundaries: 
 

1) Convergent, 2) Divergent, 3) Transform 
 
Only the first 2 are sites of pervasive volcanism because this is where "cracking" occurs (as in the 
case of divergent plate boundaries); or subduction-induced melting occurs (e.g., convergent plate 
boundaries): 
 
 

 
 
There is also a third type of volcanic situation which we haven't really discussed yet. Consider the 
Hawaiian Islands. Anyone who has ever been there is aware that they are volcanic in nature (e.g., 
Kilauea has been erupting virtually non-stop for almost 10 years now!). But, Hawaii does not lie 
along a plate boundary. It is in the middle of the Pacific plate. Hawaii is known as a hotspot and 
we will come back to look at this type of volcanism shortly. 
 
Let's look at these volcanic settings one at a time. 
 
1) Divergent plate boundaries: This is the most obvious type of volcanic setting. If you break the 
lithosphere apart, molten rock (magma) will fill in the gap. It isn't so straight-forward though. 
There is (to the best of our knowledge) no great 100 km deep cracks through which lava flows 
(recall that the lithosphere plates are 100 km thick). When lithosphere is cracked apart and starts 
to separate, molten rock starts to rise upward along a series of fractures. Instead of one great pulse 
of magma, you get many smaller pulses. Each takes on the form of an inverted teardrop as they 
rise. They are known as plutons and many underlie the divergent plate boundaries: 
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The magma rises upward along planes of weakness (the cracks) and may either make it to the 
surface (where lava might erupt from a volcano; thereby forming volcanic rocks), or, 
alternatively, the magma may cool and solidify within the pluton below the Earth's surface 
forming plutonic rocks. There are 2 important things to note:  
 

a) magma gets to the surface via a potentially complex network of 
fractures, caverns and pathways. (Each of these has a specific name 
which we will get to eventually) 
 
b) in the case of the divergent plate boundaries, the magma can move 
upward relatively quickly because it passes along planes of weakness. 
There is also no dilution of the magma with surrounding rock. Such is not 
the case with magma formed along convergent plate boundaries as you 
will soon see. In other words, lava erupted at the surface at divergent 
plate boundaries is more or less the same compositionally and 
temperature-wise as the mantle directly beneath the lithosphere.1 

 
2) Convergent Plate boundaries: If you push lithosphere into the mantle (as occurs during 
subduction), it begins to heat up: 
 

 
 
                                                           
1 This is really a grossly incorrect statement, but it will serve our purpose for today's lecture. 
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Eventually the descending lithosphere starts to melt and by about 700 km down, it's consistency 
better resembles ductile asthenosphere than it does rigid lithosphere. Consider that the lithosphere 
was originally on the outside of the Earth (where it is cool). The minerals that formed there are 
likely to have formed under moderate to low (geologically speaking) temperatures (e.g., <1000 
degrees C). Now these same minerals find themselves in a region where the temperatures exceed 
2000 degrees C. There is also another complication. Water that is dragged down into the Earth's 
interior combines with the magma to lower the melting point of the rocks. The net result is that  
the subducted lithosphere begins to rapidly melt and there is a whole bunch of magma well above 
the melting point of the rock it formed from a long way down in the Earth's interior. Numerous 
plutons detach from the melting lithosphere and start to rise upward. They do this because the 
magma is less dense and more buoyant than the country rock it is rising through. 
 

 
 
Unlike divergent plate boundaries which have a reasonably unrestricted route to the surface (via 
cracks and faults), the plutons formed along convergent plate boundaries have to "burn" their way 
through 100 km of lithosphere (frequently with continental rocks on top of them!). This (along 
with the increase water content) causes major contamination of the magma. This will result in an 
entirely different lava that flows on to the Earth's surface than we see at divergent plate 
boundaries. This in turn will produce different eruptions and even different types of volcanoes. 
Getting interested yet? More on this shortly, but first, let's consider hotspots. 
 
3) Hotspots: volcanoes associated with hotspots occur in several places around the Earth. The 
Tahitian and Hawaiian Islands are arguably the best examples of hotspot volcanoes on an oceanic 
plate. Yellowstone is a pretty good example of a hot spot beneath continental plate. Let's focus 
first on Hawaii.  
 
The Hawaiian Islands 
formed through volcanic 
activity that has been going 
on for millions of years. This 
cartoon summarizes the 
distribution of ages of 
volcanism across the island 
chain: 
 

 
The youngest rocks today occur on (or near) the Big Island. In contrast, Kauai and most of the 
other islands are no long active (note: there is a difference between Active, Dormant and Extinct 
volcanoes). And it doesn't stop there. You can also see similar linear trends in underwater sea 
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mounts that extend northwest 
through Midway Island along the 
Hawaii Ridge and Emperor 
Seamount Chains. The islands 
not only get older the further you 
get from the Big Island, they get 
less and less prominent 
eventually becoming isolated 
bumps on the sea floor. The 
older the volcanic complex, the more it has been eroded and washed away. This is a classic 
example of the rock cycle. 
 
The age distribution of the Hawaiian Islands tells you the following important information: 
 

1) assuming that the hot spot is 
stationary (which it seems to be), the 
direction and rate of movement of the 
Pacific plate is obvious (Note: The 
Tahitian hotspot which also underlies 
the Pacific Plate shows the same trend 
in rock ages as Hawaii). 
 
2) there was a major change in plate 
direction about 40 million years (The 
Tahitian chain shows this too 
suggesting that the change was 
simultaneous over the entire Pacific 
Plate) 

 
The Yellowstone hot spot also displays a 
linear arrangement of ages (see figure to 
the right). The hotspot is currently situated 
beneath Yellowstone National Park and is 
the cause of the thermal phenomenon 
(geysers, boiling mud etc.) that draw 
visitors to it from around the world. We 
find vestiges of this same hotspot all the 
way to Oregon and Nevada going back 15 
million years. Once again, geologists do 
not believe that the Yellowstone hotspot 
has move during that time. Instead, they 
feel that the hotspot has remained 
stationary and North America simply 
drifted over it and the North American 
plate moved in a northwest direction. By 
the way, Yellowstone is a concern to many geologists who feel that a major eruption is possible 
from the hotspot. Some have even called the Yellowstone area a super volcano to distinguish it 
from the other types that we will discuss shortly. If you watch the Discovery Channel, you might 
even have seen their Super Volcano docudrama not long ago. While I appreciate commercial 
efforts to bring science to the general public, I have to say that I have issues with the 
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sensationalism of geological processes that television has recently been doing2. Might 
Yellowstone suffer an eruption in the near future? Yep. Might it be a big eruption? Yep again. 
Will this eruption be the doomsday scenario that could potentially cover ¼ of North America with 
flaming volcanic bombs, ash falls and generally bad news? Probably not. Yes it could happen, but 
then again, tomorrow you might win the Powerball lottery or get struck by lightning and die. The 
odds are actually somewhat greater that both of these things will happen before a super volcano 
erupts on the face of the Earth.  
 
Geologists now feel that the magmas that are erupted 
from hotspot volcanoes is derived from deep down in 
the mantle (unlike divergent plate boundaries; see 
cartoon to right). It is hotter and has a somewhat 
different geochemistry. We will talk about this latter. 
For now, let's talk magma properties. 
 
B) Properties of magma and lava 
We need to briefly discuss magma composition 
before we proceed any further (nothing complex yet; that will come in a few days time). 
 
Magma formed just below the Lithosphere (divergent plate boundaries) is fairly "fluid". It flows 
almost like water. The "flowability" of a fluid is defined as it viscosity. Water has a fairly low 
viscosity which means that it easily pours. The magma formed at divergent plate boundaries is 
also characterized by low viscosity (it flows easily).  
 
Magma formed from the melting of lithosphere along convergent plate boundaries is 
contaminated by water and country rock. Both of these increase the viscosity of the magma which 
is considered highly viscous. What does magma viscosity have to do with the grand scheme of 
things? Well the more viscous a magma, the harder it is to flow. The same applies to the lava 
erupted from volcanoes. Low viscosity lava can flow a long way; high viscosity lava cannot. As 
you will soon see, this will affect the topography of volcanoes and their eruptive properties. 
 

 
 
C) Types of Volcanoes 
Geologists have many terms and divisions of volcanoes and eruption, but we can group them into 
a few key types. First the volcanoes: 

                                                           
2 The worst networks for doing this are Discovery, TLC, and the National Geographic Channel. You  are 
likely to get more accurate informations about volcanoes on The Cartoon Network. Just try to ignore 
Scooby Doo and the Mystery Machine lumbering up the volcano in search of ghosts and goblins. 
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There are 4 types. Three involve point source eruptions. In order of increasing size they are: 1) 
cinder cones, 2) composite volcanoes and 3) shield volcanoes. The fourth type is caused by 
multiple source eruptions and it is called a fissure eruption. 
 
Cinder cones appear to be related to very early 
or very late phases of eruptions and can occur 
along any volcanic setting. They are composed 
mostly of ash or cinder which together are 
considered pyroclastic. They seldom exceed 
about 1000 feet in height. 
 
 
 
The photo to the right shows a cinder cone in a relatively 
impressive (but essential insignificant) eruption. 

 
 
Composite volcanoes usually occur along convergent plate 
boundaries. They can be tall (15,000 feet high) and they are 
usually steep. Some people call them stratovolcanoes and they 
form the classic volcano profiles. They are composed both of lava flows and pyroclastic 
eruptions (hence the term composite). 
 

These are the volcanoes that can kill you… 
really, really, really painfully., and rather 
unexpectedly too.  
 
 
 
 

 
They have produced columns of ash and gas (mostly water vapor, 
but also carbon dioxide, Hydrogen Chloride, Sulfuric acid and 
Hydrogen cyanide) extending more than 75,000 feet (14 miles!) 
up into the atmosphere. To be exact, into the stratosphere. Scary 
stuff that even the Discovery Channel doesn't have to 
sensationalize to impress the masses. 
 

The last type of 
volcanoes are 
called shield 
volcanoes and 
they form along 
divergent plate 

boundaries or atop hotspots (mostly in oceanic settings; e.g., Hawaii). They are not only the 
biggest volcanoes on the Earth, they also form the biggest mountains on the Earth and even in the 
solar system. Hawaii (Big Island) is composed of 5 major shield volcanoes, two of which (Mauna 
Loa and Mauna Kea), rise almost 14,000 feet above sea level. If you consider that the ocean is 
17,000 deep here, that makes the mountains 31,000 feet high (Everest is just over 29,000 feet 
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high). There is a shield volcano on Mars that is over 40,000 
feet high (Olympus Mons; see image to right). Shield 
volcanoes are also characterized by shallow slopes (they have 
very wide bases). 
 

 
The 4th type of volcano is not really a single volcano. Fissure 
eruptions occur when there is more than one eruptive centre. 
The lava appears to radiate from a crack rather than a point. 
This eruption is very typical of divergent plate boundaries. 
The lava that generally erupts from fissures and shield volcanoes is, as previously discussed, 
relatively uncontaminated and fairly non-viscous. Hence, it can flow fast and a long way from the 
vent during an eruption giving rise to the classic "lava flows" that you've seen in bad television 
shows. We will discuss these flows and the igneous rock that forms from them in upcoming 
lectures. For now, let's end today's note with a couple photos and a summary cartoon sketch of a 
standard volcano. The former show the top of Mauna Loa in Hawaii and a close up of a lava flow 
from Kilauea. The latter shows the major morphological feature in a composite volcano. More on 
this next time. 
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Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
convergent plate boundary 
divergent plate boundary 
transform plate boundary 

hotspot 
pluton 

isotherm 
active volcano 
extinct volcano 

dormant volcano 
volcanic rocks 
plutonic rocks 
country rocks 
geochemistry 

viscosity 
point source eruption 

cinder cone 
strato-volcano 

composite volcano 
shield volcano 
super volcano 

ash 
cinder 
lava 

magma 
pyroclastic 

volcanic vent 
volcanic pipe 

magma chamber 
parasitic cone 

 
 

Useful Websites 
Hawaii Volcanoes National Park Observatory (http://www.nps.gov/havo/home.htm) 

Mt. St Helen's virtual tour (http://www.riverdale.k12.or.us/~pnelson/56team/sthelens/tour.html) 


