Assessment Activity from the Earth System Science Education Alliance on-line course in earth Systems science for Middle School Teachers.  The following is an actual submission from a group of teachers taking the course in the Fall of 2002.  The scoring rubric is available on-line at http://www2.cet.edu/ete/5-8/cintro/event.html

Event Study- VOLCANIC ERUPTION of Mt. Pinatubo

The eruption of Mt. Pinatubo on June 15, 1991 had actually been preceded by various 

phenomena (minor earthquakes, some minor volcanic eruptions/ash coming from the 

volcano to name a few) all which had been being monitored by both the USGS, US 

personnel at Clark Air Force Base and the civil leaders of the Philippines.  The careful 

monitoring gave opportunity for evacuation of people.  Even then, there was a loss of life 

some thought to be as a result of the typhoon which hit the area at the same time.

(http://pubs.usgs.gov/pinatubo/wolfe/index.html).

SPHERE TO SPHERE INTERACTIONS

A > L

The lithosphere, for the purpose of this particular class contains any/all of the land within 

and on the surface of the Earth. The atmosphere is the air. During a volcanic eruption, the 

lithosphere is changed by tephra (fragments of rock and lava) being sent into the air by 

the volcanic eruption and deposited onto the surrounding topsoil.  Large amounts of ash 

and dust are blown through the air and collect on the land surrounding the volcano. 

(http://pubs.usgs.gov/pinatubo/paladio/index.html) The fragments of rock are of varying 

particle sizes, the smallest of which can and do travel hundreds to thousands of 

kilometers downwind of the volcano.  Just as wind causes the drifting of dry, light sand or 

snow, it does the same to the ash which is dry and light. 

(http://volcanoes.usgs.gov/Hazards/What/Tephra/tephra.html).  After the winds from the 

atmosphere die down, this ash is then deposited onto the lithosphere.  This ash contains 

many minerals and nutriments that enriched the soil. In the case of Mt. Pinatubo, over 

5,000 tons of ash was deposited onto the Lithosphere . 

(http://www.learner.org/exhibits/volcanoes)  Because the ash is very fine it mixes easily 

with the soil and acts like fertilizer and helps to produce more and better crops.

(http://www.fl.edu/earth/core.html)  This ash might even be considered nature’s fertilizer and therefore, the atmosphere has aided in providing a positive result from a very destructive force. (http://www.umich.edu).

L > B

Topographic changes were caused by the 1991 eruption of Mt. Pinatubo.  Before the eruption, Mt. Pinatubo was a rounded, steep-sided dome, sort of like the rounded end of an egg.  After the eruption, the features changed including a new summit caldera (a wide, shallow depression) and most of the surrounding valleys were filled in with tephra.  

(http://pubs.usgs.gov/pinatubo/jones/index.html).  Ground cracks and settling can also occur with volcanic activity, similar to the affects of earthquake activity.  

(http://pubs.usgs.gov/gip/hazards/hazards.html#lava).  These changes in the topography affected the people and villages around the volcano.  Many people were displaced from their homes and agricultural land was lost, similar to the affects of many other types of 

natural disasters including hurricanes, flooding and tornadoes.

H > B

As the result of a volcano, there are many affects that could take place that started with 

eruption of a volcano.  One of the effects during and after the eruption of Mt. Pinatubo 

was massive lahars (or floods) and the large mass of water, mud, twigs and anything else 

in the way that the flowing mass picked up. Think of this sort of like rolling a snow ball 

and as it is being rolled it will pick up little things along the way.  However, when a lahars starts, it picks up much larger items (trees, twigs, people, animals,) and mixes with the lava, ash and mud and can cause widespread flooding and destruction.  In the particular event of the eruption of Mt. Pinatubo approximately 310 square miles of land was affected by the lahars.  The loss of life was under 500 but could have been much greater. 

(http://www.encyclopedia.com/htm/pl/pinatubo.asp; Myers and Brantley (1995) Volcano 

hazards fact sheet:  Hazardous phenomena at volcanoes USGS Open-File Report 95-

231).  When Mt. Pinatubo erupted in 1992, it not only had local H>B impact, but, it is 

believed to have global as well.  It is believed to have caused Hurricane Andrew and the 

heavy rains that resulted in the fall of 1992 and resulting storm damage, loss of life 

(animal, plant, land, etc.) as well as the extremely heavy middle USA rains the following 

summer once again resulting in heavy biosphere damage.   

(http://eos.higp.hawaii.edu/education;http://vulcan.wr.usgu.gov/Volcanoes/Phillippines/Pinatubo/description_pinatubo.html) 

A >B

Many references are made as to the ashes from volcanoes and the clouds of dust and/or 

aerosols that are released into the atmosphere.  

(http://pubs.usgs.gov/pinatubo/wolfe/index.html).  Mention is also made below in a causal chain to how these clouds of ashes can harm humans and/or the biosphere in many ways.  However, there is one way that has yet to be mentioned and that is how these clouds in the atmosphere interact with the biosphere elements that are in the atmosphere during and after an eruption. For more than a year after the eruption of Mt. Pinatubo, 

Space Shuttle astronauts could still see the aerosols when passing over that particular area of the earth. (http://eos.higp.hawaii.edu/education).  However, is more of an interesting affect than some of the other effects the atmosphere can have on the biosphere after an event like the eruption of a volcano.  What about the flight paths that take passenger planes over the area?  On radar, ash clouds look pretty much like a rain cloud due to the small particle size and, therefore, it would be difficult for a pilot or air traffic controller to decide until almost too late, which way to go and this would be especially more dramatic during bad weather or during the nighttime (http://www.geo.mtu/edu/department/).  After the eruption of Mt. Pinatubo, cloud of ash in the atmosphere traversed an area of 5,000 miles to the east coast of Africa.  During that time period, more than 20 planes flying the friendly skies (or not!) obtained significant damage because they enter an ash cloud in the atmosphere quite by accident. Over the years, there have been many near death experiences due to volcanic dust in the atmosphere. (Pipkin, B. W. and Trent, D.D. (2001) Geology and the Environment 3rd 

Edition Chapter 5, p132.)

H<>L

Quite a bit of attention has been given to how the surface lithosphere can and is affected 

by the hydrosphere, that it is easy to forget that there are volcanoes that lie beneath the 

water (ocean/sea) of our planet.  Given that approximately 75% of the earths’ lithosphere 

is covered in water, it is not an unreasonable assumption to make that there are bound to 

be volcanoes lying under all that liquid.  What happens when a volcano lies beneath the 

hydrosphere?  How does it affect the Lithosphere?  The answer is relatively simple, pretty much the same as it does on the surface (or dry) lithosphere. Until recently, it has been rather difficult to know just exactly when an underwater volcano is or has erupted, let alone witness an eruption of one (which has yet to be done) or really understand how it affected the underwater lithosphere.  However, modern technology has made it possible 

to learn more about the creatures of the sea and how they interact. 

(http://www.publicaffairs.noaa.gov). The hydrosphere acts as a cooling agent and in doing so, the hot lava falls back down onto the sea/ocean floor.  Once this process has taken place over a period of time, depending upon its location, the lithosphere will build until it reaches above sea level and an island may be formed.  The Hawaiian Islands were formed by this procedure. (http://www.crystalinks.com/volcanoesunderwater.html)  The process is much like pouring flour or sugar on a flat surface. Eventually, it will quit spreading and start forming a cone shaped mass (or upside down funnel) much like a volcano, it just takes a bit longer. Additionally, because some of the gases that are emitted from a volcano are water soluble a different chemistry mix is found in the content of the lithosphere.  The Juan de Fuca Ridge volcanic area has been building chimneys that come from the mineral deposits which are reported to be basically of sulfide composition. (http://vulcan.wr.usgs.gov/Volcanoes/JuanDeFucaRidge/; 

http://www.nmm.ac.uk). As a side note: According to the National Maritime Museum, there are approximately 5000 active underwater volcanoes that have been discovered and estimations are that the lava and rock from an underwater volcano forms more than three square kilometers of new ocean crust (lithosphere) every year.  (http://www.nmm.ac.uk)

CAUSAL CHAINS

B>E>A>H>B

While there is little that man, as a part of the biosphere can do to stop a volcano, man has begun to understand and read the signs of impending eruptions, and while not a direct effect on a volcanic eruption, it does directly affect the results. This was especially true in the 1992 eruption of Mt. Pinatubo.  As mentioned above, scientists began to notice rumblings from Mt. Pinatubo approximately 3 months prior to the actually eruption in June.  The first observation was the locally felt earthquakes that became stronger over time.  Additionally, small explosions were noticed coming from the volcano throwing increasingly more ash into the atmosphere. A team of geologists did a reconnaissance flight to see what was going on and found that there was evidence of new pyroclastic deposits around the top of the volcano indicating increasing activity.  At this point, as mentioned above, people were evacuated.  On June 15, Mt. Pinatubo blew its top so to speak! (http://pubs.usgs.gov/pinatuabo/wolfe/index.html). When Mt. Pinatubo blew its top it starting blowing ash into the atmosphere. These tiny ash particles or aerosols which are also referred to as vog leads the way to acid rain.  Vog is a hazy cloud of gas that undergoes a chemical reaction with the droplets of water in the atmosphere. The acid raid is the result of water vapor (condensing as steam) and a chemical reaction with other gases such as carbon dioxide, sulfur dioxide, hydrogen sulfide and hydrochloric acid.  

However, what usually forms is sulfuric acid because the ash that comes from the volcano and rises into the atmosphere as the internal pressure of a volcano increases, SO2 dissolves in the magma.  This is extremely toxic and when it reacts with the moisture in the atmosphere, the result is the above-mentioned acid rain (http://cotf.edu/mtpe/; 

http://volcan.wr.lusgs.gov).  The eruption of a volcano can also be preceded, accompanied or followed by a period of rain.  When there is an increase in rain above the perceived normal precipitation, the water cycle (exchange of water from bodies of water to the atmosphere, to the land, etc.) is interrupted and/or changed.  These changes can either mean more or heavy rainfall or snow during a given period of time.  Heavy rains usually referred to as intense rainfall, are measured on a daily basis during rains and means that more than two inches of rain has fallen in a 24 hour period. These types of rain over a period of several days can lead to flooding in some areas and/or an increase in evaporation may lead to loss of rain elsewhere and subsequent draught if over a long enough period of time which could be the effect of an eruption such as of the magnitude of the 1992 of Mt. Pinatubo (http://volcanoes.usgs.gov/; http://vulcan.wr.usgs.gov) 

Additionally, because shockwaves spreading outward from the earthquakes that may come before, during or after a volcanic eruption, it is not at all unusual to have a large wall of sea water/waves descend upon the land. These are referred to as tsunamis and can wreak havoc on the area upon the entire biosphere in the form of floods. The floods of water alone, destroyed all forms of life within the biosphere that were in the paths of the water.(http://www.ngdc.noaa.gov; http://volcano.und.nodak,edu/vwdocs;). This in turn, besides loss of life, caused severe economic and social devastation as well.  

L > A > B > H

The lithosphere is changed by tephra (fragments of rock and lava) being sent into the air 

by the volcanic eruption and deposited onto the surrounding topsoil.  Large amounts of ash and dust would be thrown into the atmosphere and would collect on the land surrounding the volcano. (http://pubs.usgs.gov/pinatubo/paladio/index.html).  The fragments of rock are of various sizes, the smallest tephra pieces can travel hundreds to thousands of kilometers downwind of the volcano. The ash from the volcano adds nutrients to the soil and helps increase the pH. Certain plants and crops grow better in slightly acidic soil.  Lahars can also occur when a volcanic eruption occurs.  A lahar is an 

Indonesian term that describes a hot or cold mixture of water and rock fragments flowing down the slopes of a volcano and (or) river valleys.  When moving, a lahar looks like a mass of wet concrete that carries rock debris ranging in size from clay to boulders more than 10m in diameter.  Lahars vary in size and speed.  

(http://volcanoes.usgs.gov/Hazards/What/Lahars/lahars.html).  Lahars erode rocks and 

vegetation from the side of a volcano and they can cause landslides.  As the lahars move 

down the side of the volcano they carry huge amounts of debris that can destroy anything 

in their paths, including buildings, bridges and roadways.  The layers of rock and debris 

can bury land used for agriculture.  Waterways can be blocked causing flooding of land.  

People can be trapped.  In the years since the 15 June 1991 eruption of Mount Pinatubo in 

the Philippines, sediment carried by rain-induced lahars have displaced more than 50,000 

people from their homes and covered at least 400 km2 of rich agricultural land. 

(http://volcanoes.usgs.gov/Hazards/Effects/LaharSed_caption.html).  A pyroclastic flow is a high-speed avalanche of hot ash, rock fragments, and gas moving down the sides of the volcano during explosive eruptions or when the steep edge of a dome breaks apart and collapses.(http://vulcan.wr.usgs.gov/Glossary/PyroFlows?descriptioin_pyro_flows.html). 

Pyroclastic flows erupted by Mount Pinatubo changed the landscape around the volcano 

by filling river valleys, causing erosion and killing vegetation on nearby hillsides.  

(http://volcanoes.usgs.gov/Hazards/What/Lahars/RainLahar.html#Pinatubo)

 E <> A > H > B

Samples of gases from presently active volcanoes such as Mt. Pinatubo include 50 ñ 80% 

water vapor, carbon dioxide, nitrogen, sulfur dioxide and hydrogen sulfide.  This produces a sulfur odor in the air which is quite noticeable to humans. (Wicandor, Monroe, (1998 ) Physical Geology, Exploring the Earth, Wadsworth Publishing Company, p84).  As magma rises, these gases are under less pressure and form tiny bubbles making the magma less dense and thus it can rise higher, sort of like a hot air balloon rises higher as the weights are removed.  The bubbles expand which causes the eruption to be more explosive.  The magma is fragmented into pieces of volcanic rock known as tephra which enters the atmosphere along with the earlier mentioned gases.  The tephra produced by Mt. Pinatubo was highly abrasive, infiltrating much of the machinery humans depend on such as automobiles, farm machinery, and airplanes that were left at U.S. Clark Air Base which is approximately 25km from Mt. Pinatubo.  The tephra deposit was about 9 cm thick.(http://volcanoes.usgs.gov/Hazards/What/Tephra/tephra.html).  These particles and gases can travel thousands of kilometers.  These gases are harmful to humans, animals, agriculture as acid rain and air pollution.  The sulfur aerosols can lead to lower surface temperatures and depletion of the ozone layer. 

(http://volcanoes.usgs.gov/Hazards?What?VolGas/volgas.html).  A result of the air pollution caused by an active volcano is the poisonous effect of SO2 on humans which include irritations of the skin, mucous membranes of eyes and upper respiratory system.  

(http://volcanoes.usgs.gov/Hazards?What?VolGas/volgas.html).  Hydrogen sulfide and 

hydrogen chloride also produce irritations to the upper respiratory tract and prolonged 

exposure can cause pulmonary edema, headaches, dizziness, diarrhea, bronchitis or 

pneumonia. (http://volcanoes.usgs.gov/Hazads?What?VolGas/volgas.html)  Another affect from hydrogen chloride is acid rain.  These are not the only gases released when a volcano blows its top!  Hydrogen fluoride, which produces yellow ash that clings to everything it lands on like static causes saran wrap to cling to itself,  is not only harmful to humans, but livestock and other living organisms. (http://volcanoes.usgs.gov/Hazards?

What?VolGas/volgas.htm). 

E>A>H>L

The eruption of Mt. Pinatubo influenced many changes in the surrounding world.  For two years following the eruption, a definite change in climate pattern occurred.  This change is said to have been influenced by a process called arctic oscillation.  Arctic oscillation is defined as the dominant pattern of non-seasonal sea-level pressure (SLP) variations north of 20N, and is characterized by SLP anomalies of one sign in the Arctic and anomalies of opposite sign centered about 37-45N.  This effect is said to have caused winter warming over land areas in the high and middle latitudes of the Northern Hemisphere, despite an overall cooling effect from volcanic particles that blocked sunlight.  Although global temperatures actually decreased by .5 degrees Celsius following the eruption, the effects of greenhouse heating near the north pole caused ice and snow areas to melt, ultimately increasing seal level.  As a result, shoreline retreat rates increased, producing a transgressive erosional surface on the low coastal plain.  An increase in wave activity also occurred causing beaches and barrier islands to decay and disappear.  (http://www.pubs.asce.org/WWWdisplay.cgi?79000678; 

http://www.volcanolive.com/pinatubo.html; 

http://www.sciencedaily.com/releases/2003/03/030313081900.htm).

E >A>L>B

A volcanic activity causes much devastation over a wide area, however, in time the very 

products of destruction, that is the ash and lava produce, over time, a positive 

effect.  The earths’ crust on which we live and depend on is, in large part, the product of 

millions of years of volumes of magma that did not erupt, but cooled below the surface.  

This has resulted in many valuable natural resources throughout the world.  

(http://vulcan.wr.usgs.gov/LivingWith/PlusSide/fertile_soils.html).  An example is the very existence of the Hawaiian Islands.  When searching for information, the most often mentioned resource from the information gathered, is fertile soil produced by weathering of volcanic materials that leads to rich lush vegetation. The richness of the vegetation would then follow a natural process of secondary succession.  This vegetation gradually increases the diversity of plants and the diversity of animals, which are attracted by the new food supply.  In agricultural areas, this fertile soil provides a source of food for the human population. (http://vulcan.wr.usgs.gov/LivingWith/PlusSide/fertile_soils.html)

