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GY 111 Lecture Note Series 
Volcanoes and volcanic land forms 

 
Lecture Goals 
A) Volcanic land forms 
B) Volcanic eruptions (rock types, case studies) 
C) Measurements of activity 
 

Reference: Press et al., 2004, Chapters 5 and 6; Grotzinger et al., 2007, chapters 2, 4 and 12 
 
A) Volcanic landforms 
Volcanoes form some of the most impressive land forms on the planet, but they aren’t always 
classic cone-shaped features. Volcanoes that are dead (or extinct; see part C below) very quickly 
lose their cone shape and eventually will completely erode away. Before that happens though, 
they can form near vertical volcanic necks. These features are the remnants of the volcanic pipe 
(see sketch 1 below) and had originally been filled by magma. When all volcanic activity stopped 
(the volcano went extinct) the magma cooled and crystallized (usually to a porphyry). This 
material is usually much harder and more resistant to erosion than the lava flows +/-ash that 
composed the flanks of the volcano. As a result, the pipes remain long after the volcano has 
vanished. 
 
 
 
 
 
 
 
 
 
Another prominent feature that hangs around long after a volcano is gone are dikes. Near the 
center of a volcano (surrounding the pipe), dikes often occur in swarms that radiate from the pipe 
almost like the spokes in a bicycle wheel. Not surprisingly, they are called radial dikes.  
 
Think that all volcanic land forms are positive topographic features (i.e., they are hills). Think 
again. When volcanoes collapse or blow up, they may leave behind a deep depression called a 
caldera (see image at lower right). If the collapse occurred as the result of a powerful explosion 
(e.g., Krakatoa), the caldera is said to be an explosive caldera. If the collapse occurred more 
passively as a result of an emptied magma chamber (the ground simply caves into a large hole 
below the Earth’s surface), the resulting hole is 
said to be a collapse caldera. Either way, 
calderas can be big (miles across). If the 
depression is later filled by water, it’s called a 
crater lake (a caldera lake would be a better 
term; see image on next page). 
 
The last landform that we will discuss today is 
a positive topographic feature that is composed 
of multiple volcanic cones. When oceanic 
lithosphere subducts below oceanic lithosphere 
(a convergent plate boundary such as this 
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marks the boundary between the Pacific Plate and the 
North American Plate west of Alaska), a series of 
volcanoes pops up along the edge of the subduction 
zone on the overriding plate (see sketch 2 below). 
Eventually, the volcanoes reach sea level and form a 
linear or curved string of islands. They are called 
island arcs and along with trenches, mark areas of 
subduction on the sea floor. Island arcs can be thin 
and sporadic (e.g., the Aleutian Islands of Alaska) or 
quite massive (e.g., Japan); however, either way, they 
are characterized by volcanoes that are usually explosive (see case studies below). 
 

 
B) Volcanic eruptions 1 (rock types) 
Last time we discussed some of the basic properties of volcanoes. we discussed the different 
types of volcanoes (cinder cone, composite/stratovolcano, shield) as well as fissure eruptions and 
very briefly discussed how lava/magma viscosity affects volcano shapes and sizes. We didn't 
really have a chance to fully discuss the consequences of volcanic eruptions and how geologists 
assess the risk of living by volcanoes. That was an oversight that we will fix today. 
 
1) Shield volcanoes/fissure eruptions:  

These eruptions generally produced large quantities of very 
fluid lava, some of which can travel over 100 km before 
cooling to rock. There are dangers with this type of eruption. 
They have been known to cut off roads, bury villages and set 
large forests on fire. But provided that you are not an idiot, 
and there is not some catastrophic event (see below), it is 
pretty hard to get killed by a lava flow from a shield volcano 
or fissure eruption.  

 
As you will learn in an upcoming lecture (probably in the lab this week) the type of igneous 
rock that is generally erupted from shield volcanoes is basalt. Basalt lava flows come in two 
distinct types based upon the surface texture that results upon cooling. Lava that forms a smooth 
upper surface and a “ropy texture” is called pahoehoe. Lava that forms a jagged upper surface 
is called aa. Both terms are Hawaiian.  

 
Pahoehoe lava 

 
 
                        Aa lava  
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2) Composite volcanic eruptions (Note: this lecture significant overlaps lecture 11; pyroclastic 
eruptions)  

 
These eruptions can be killers. The reason is that they can be explosive in nature. All that 
viscous magma can really plug up the old plumbing and when the pressure finally exceeds the 
strength of the rock holding it back… BOOM. Explosive eruptions like this produce 
voluminous amounts of ash (pulverized rock), gas and rocks. The most powerful of these 
eruptions are called Plinian and were named after Pliny the 
Younger who was the first to write an account of just such 
an eruption (see below).  

 
Composite volcanoes produce a mixed bag of igneous rocks, 
but volcanic ash, pumice, tuff, andesite and rhyolite 
(pictured right) are the most common extrusive varieties.  
 
Volcanic eruptions 2 case studies: (time limitations may not 
permit discussion of all of these) 
 
a) Shield volcano 1 (Kilauea, Hawaii): This is a true story and it involves your humble instructor. 
Remember how I said earlier that only idiots get killed by lava eruptions from shield volcanoes? 
Well you are being taught by an idiot who almost got himself killed during just such as eruption.  
 

I was in Hawaii with Glenn Sebastian (then the Chair of 
my department) in 1997 to attend a conference on 
geoscience education (believe it or not, I try to retrain 
myself in education as often as possible). As I mentioned 
in class, Kilauea has been erupting for over a decade and 
it was producing a fair amount of pahoehoe lava when we 
were in Hawaii.  A group of us (led my your humble 
instructor) decided to walk out to see the lava spill into 
the ocean. As you can imagine, the mixture of hot lava 

and cool ocean water gives rise to quite a spectacular “reaction”. The only problem was that in 
order to get to the best spot, we had to actually walk across the active lava flow. This isn’t 
normally a problem if you are walking a long way from the volcanic vent. The surface of the lava 
cools to rock, and it can usually support several people. We were several miles away from the 
vent, so we knew that we’d be okay. And no, our Nikes did not melt on the way. 
 
There were several pretty cool things to see along the 
way. Lava flows had crossed the road in several places 
(asphalt melts when it gets really hot), and several 
traffic signs, trees and other items had become encased 
in lava. We got to one spot where a sign had been 
posted warning about the dangers ahead (DANGER! 
Active Lava Flow! You are going to die etc.), but we 
were all trained geologists and just decided to ignore 
the sign. One hour past this point, we got to the spot 
where lava met the sea and I saw my first molten rock. 
I failed to mention one thing. There was a light drizzle 
falling during the day and in the last part of our walk, it 
started to rain more heavily. A tropical storm had developed during the day. As we started to 
walk back, it dumped on us. Anywhere else, this would have just been an inconvenience. You get 
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wet; your feet get wet. You can always dry off later. But at that location at that time, we 
encountered a problem. The rain infiltrated down through the “cool” lava flow until it 
encountered red hot lava. It flashed to steam and rose up into our faces. We couldn’t see more 
than 20 feet in front of us and none of us brought a compass. We were lost in fouls smelling 
steam. We had no choice but to walk back. About an hour later, a puff of wind cleared the steam 
away from us and we saw the DANGER sign in the distance. It was a good thing the wind came 
up when it did. We were actually walking toward the volcanic vent rather than toward our starting 
point. As I said. Only idiots get killed in these types of eruptions. 
 
Shield Volcano 2 (Mt. Niryangango, Africa): This volcano erupted in 2001 and resulted in some 
deaths, but it is better known for an eruption that took place in the 1970s. A passive eruption that 
had been going on for some time had filled the volcanic vent with several hundred meters of low 
viscosity basaltic lava. A weak spot in the wall of the vent failed and all this lava suddenly 
emptied toward several small villages. Two thousand people were killed. The eruption of 2001 
was less sudden but nevertheless claimed several victims. People were evacuated from several 
large towns as lava poured into their streets, but they returned as soon as they could (most of the 
victims went back against the advice of the experts). The single worst event in terms of loss of 
life resulted from a gasoline explosion. Lava came in contact with the fuel and caused a major 
explosion. 
 
Shield Volcano? 3 (Lake Nyos, Africa): This is the weirdest “eruption” that I’ve ever heard of. It 
is especially strange when you consider that no lava was involved. There wasn’t even a volcano. 
The eruption came from a lake. True, the lake filled the remains of a volcano1, but no one ever 
thought that the water held any danger to them. How wrong they were. Volcanic gases had been 
leaking into the lake water for decades. Most just passed through the water and escaped at the 
surface, but CO2 dissolved in the water. As anyone who has ever had a soda before knows, there 
is only so much CO2 that you can get in a liquid before it froths up. In 1986, Lake Nyos “burped” 
and thousands of tons of CO2 escaped into the atmosphere. Being heavier than O2, it flowed down 
valleys and asphyxiated thousands of animals and people. This was an unprecedented event. 
When the authorities first found all of the dead animals, they first thought that a biochemical 
agent or E. bola had been released in the area. No we know the cause, and attempts are being 
made to ensure that it doesn’t happen again. 
 
Composite Volcano 1 (Mt. Vesuvius, Italy). This might very well have been the first recorded 
volcanic eruption and was written up by Pliny the Younger. It was AD 79. It was Italy. Mt. 
Vesuvius was erupting and Pliny's father (a naval man) was sailing into Pompeii at the height of 
the eruption. Pliny the Elder, for that was his name, died in Pompeii along with about 2000 other 
folks. The reason, suffocation combined with surges of volcanic ash. Roofs collapsed under the 
weigh of accumulating ash and the people that were buried were mummified. The ash wasn’t 
terribly hot, but it was fine and it ended up preserving casts of people and animals. We know 
much about the life styles of the residents of Rome in part because Pompeii was so well 
preserved. 
 
Composite volcano 2 (Mt. Pelée, Martinique). The most dramatic pyroclastic surges are 
frequently associated with lateral eruptions. These come out sideways from a volcano rather than 
going straight up. In 1909, Mt. Pelée  on the Caribbean island of Martinique erupted and sent a 
lateral blast straight into the town of St. Pierre. Try to picture what this was like: the eruption was 
about 800 degrees (C) in temperature; it was moving more than 100 km/hour and it contained a 
turbulent assortment of rocks, ash and gas. The gases included water vapour (steam) HCl, H2SO4,  
                                                           
1A classic example of a caldera 
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CO2, HCN and CO. Of the towns 30,000 residents (some 
sources say 20,000, some say 40,000), only 2 people 
survived (all sources agree to this). One of these survivors 
had been in jail. He was apparently quite insane after the 
eruption but still ended up touring with a circus for a while. 
The Mt. Pelée blast is a example of a nuée ardent, a French 
term meaning "glowing avalanche”  that you might hear 
more about in the next lecture (depending upon time 
constraints; see image to right). 
 
Composite volcano 3 (Mt. Pinatubo, Philippines). This 
volcano erupted in the early 1990’s and is considered to be 
the most voluminous pyroclastic eruption of the 20th 
century. But the eruption was not that much of a problem. 
True, Clark Air Force Base was closed as a result of the ash 
falls, but it wasn’t until the rains came that things got tense. 
Rain mixing with fine ash on the flanks of volcanoes can 
result in "cool" landslides. In the South American Andes, 
hot ash often melts snow and glacial ice causing a 
dangerous very fluid mixture of water and "volcanic mud" 
called a lahar. The lahars that flowed for miles from Mt. Pinatabu formed during the monsoon 
season many weeks  after the eruption had ended.  
 
The most impressive types of explosions are those that blow the entire volcano apart. If time 
allows, the 1886 Krakatoa explosion (Indonesia) and the 1000 AD explosion from Lake Taupo 
(New Zealand) will be discussed 
 
C) Measurements of Activity 
Given that volcanic eruptions can kill thousands, it has long been known that gauging the 
eruption potential of a volcano is a good thing to know.  Geologists recognize 3 states of activity: 
 

1) Active: the volcano is either erupting now, or there is a historical record of it 
erupting in the past (e.g., Mt. Vesuvius in Italy) 
 
2) Dormant: arguably the most dangerous type of volcano. There is no record of 
recent activity (i.e., no historical observations), but the volcano looks “fresh” and may 
show some signs of thermal activity (e.g., Mt. Shasta, California) 
 
3) Extinct: it may be a volcano, but it is badly eroded, tree encrusted and shows no 
signs of thermal activity (e.g., Diamondhead, Oahu, Hawaii). 
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Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
 Volcanic neck 
Radiating dike 

Caldera (explosive, collapse) 
Island arc 

crater lakes 
basalt (Pahoehoe, aa) 

nueé ardent 
Pliny the Younger 

Pliny the Elder 
lahar 

active, dormant, extinct volcanoes 


