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Guidance for teachers

Eruption Mount Pinatubo



Downloads 



(
Presentation


(
slide 1 – Mount Pinatubo erupts!


(
slide 2 – Mount Pinatubo location map (optional)


(
slides 3 to 9 – Alert!


(
slide 10 – 1991 Mount Pinatubo alerts

· slide 11 – alert levels 


(
slide 12 – predicting eruptions 


(
slide 13 – monitoring sulfur dioxide (SO2) emissions


(
slide 14 – sulfur dioxide data


(
slide 15 – eruption words 

(
Activity sheet A – Raising the alert

(
Activity sheet B – Raising the alert (simplified version)

(
Information sheet 1 – Mount Pinatubo alerts
(
Information sheet 2 – Mount Pinatubo data, 1991
Background information



The Philippines are an arc of volcanic islands located in a zone where two tectonic plates come together. Mount Pinatubo is a large volcano on the isle of Luzon. The magma within the volcano is viscous (thick) but highly gas-charged, defining it as an explosive volcano. It erupts violently, and is hazardous not only because of the flow of lava, but also because it fires debris into the atmosphere. Prior to 1990, Pinatubo was an inactive, or dormant, volcano.

In 1991, a team of scientists were monitoring sulfur dioxide gas emissions from Mount Pinatubo. It wasn’t known in advance of the study that the magma of Mount Pinatubo would be so rich in sulfur dioxide, but the measurements the team made helped to predict the catastrophic eruption of June 1991.

The sulfur dioxide data alone was not sufficient to predict the eruption, but helped another team of scientists to interpret their own measurements of earth tremors as movements of magma, rather than as small earthquakes, which might otherwise have been the case. Observations of land deformation and ash clouds provided necessary additional evidence that an eruption was indeed imminent.

Even with all this data, it was still impossible for scientists to accurately predict the exact timing or extent of the eruption. The scientific data had to be interpreted and used to issue a series of alerts. These alert levels were revised following the 1991 eruption, which was more violent and therefore affected a wider area than anticipated.

After the eruption, a team of researchers investigated people’s responses to the alerts and found many human reasons for delaying evacuation (such as people’s concerns about their crops, and about leaving their homes, for example).

Before starting this unit, students should be familiar with the basic structure of a volcano. They should understand that magma builds up in the magma chamber and eventually erupts as lava, and that this magma can contain gases, which are then released by the volcano. Students should also understand that the Earth’s crust is divided into tectonic plates that move, and that earthquakes can occur at the boundary between plates. However, earth tremors can also be due to the movement of magma. Make sure students understand the significance of the following terms.

•
Tremors – Flowing magma, trying to make room for itself, causes tremors on the surface. A seismometer is used to measure the magnitude of tremors and the rate or length of time between vibrations. An increase in the number of events can be an indication of possible eruption.

•
Land deformation – As magma pushes up from below, the land may start to deform, and push upwards in a dome shape. As the dome grows in size, it becomes more unstable, and eventually it will collapse and produce pyroclastic flows, or lava flows. Increasing dome size indicates a growing danger.

•
Ash clouds – Large ash clouds are evidence of increasing volcanic activity. In an active volcano, the vent may become plugged by rocky materials. This plug causes the pressure from the rising magma to build until eventually the plug is blasted apart in a flurry of explosive activity. The released pressure creates an ash cloud, shooting volcanic debris high into the air. Once an ash cloud is produced, the vent may become plugged again and the cycle may repeat. If a plugged volcano does not release its pressure, then scientists become concerned that a massive explosion is imminent. As long as ash clouds keep appearing regularly, there is less concern.

Running the activity



Starter Red alert

The starter activity uses Presentation slides 1–9.

Slides 1 and 2

Show slide 1. Explain that the eruption of Mount Pinatubo in 1991 was the second largest eruption in the world, during the 20th century. A huge volume of ash was erupted, culminating in pyroclastic flow (movements of hot gas, ash and rocks). Despite the devastating violence of the eruption, the death toll was around 700–800, with tens of thousands of people successfully evacuated by the Philippine authorities. Slide 2 shows the location of Mount Pinatubo.

Now invite students to consider if they, as individuals, would have evacuated in time. You may wish to compare the number of casualties from the eruption of Mount Pinatubo with the death toll of thousands when Mount Vesuvius erupted in Roman times (AD 79) – this eruption was another example of pyroclastic flow.

Slides 3–9

Ask students to imagine that they lived 25 km from Mount Pinatubo in 1991. Project slides 3–9, to show the alert levels issued in the weeks leading up to the catastrophic eruption. After each slide, ask students to raise their hands if they would have left their homes at that point.

Encourage students to consider how they might have felt about:

(
leaving their property unattended

(
leaving their crops, which were ready to be harvested

(
being unsure about where to go

(
having no means of transport.

The main activity

The main part of the activity uses Presentation slides 10–15, plus ‘Activity sheet – Raising the alert’ (A or B), and Information sheets 1 and 2.

Explain to students that the alert levels described on slides 3–9, and summarised on slides 10 and 11 and ‘Information sheet 1’, helped to save thousands of lives. 

The alert levels were issued in response to observations and measurements made by scientists studying the volcano. 

Slide 12 shows the types of information use to predict eruptions.

Two teams of scientists in particular provided critical measurements (see ‘Information sheet 2’):

(
those measuring earth tremors using a seismometer

(
those monitoring the emission of sulfur dioxide from the volcano – by flying their instruments in a plane in the plume of gases emitted from the volcano (see slide 13)! Slide 14 shows a bar chart of the amount of sulfur dioxide emitted by the volcano, in the period leading up to the eruption. ‘Information sheet 2’ gives the information in table form, alongside data about seismic events during the same study period.

Provide students with ‘Activity sheet – Raising the alert’ (A or B), as well as ‘Information sheets 1 and 2’. Students should read the extract from the research scientist’s notebook, and answer the questions that follow, using the extract and information sheets. If necessary, support students in linking the observations and measurements made with the conclusions drawn, as it is these conclusions that enabled scientists to provide warning of the imminent eruption.

Questions 1 to 3 look further at the evidence collected by scientists. Question 4 asks students to link each change in alert level (first table on Information sheet 1) with the scientific information in the notebook extract that may have prompted it. Question 5 encourages students to consider the fact that the alert levels did not provide definite and precise information about the eruption, although they undoubtedly saved lives. Finally, question 6 asks students to think again about their personal responses to the alert levels issued. Would they have responded differently to the revised, post-1991 alerts? This question also asks students to reflect upon why some people may have been reluctant to leave their homes, even when ordered to evacuate.

Answers for Activity sheet A – Raising the alert



1
a)

	Date
	Observation or measurement
	Conclusion

	April
	earthquakes detected
	unsure – could be moving magma or tectonic plates

	13 May 
	sulfur dioxide emissions increase
	moving magma releases gas

	last week of May
	earthquakes become more frequent and close to surface
	earth tremors are volcanic, due to moving magma (not tectonic plate movement)

	last week of May 
	sulfur dioxide emissions increase
	magma rising, releasing gas

	first week of June
	earthquakes increase in frequency
	narrow cylinder of magma formed about 5 km below the surface

	3 June
	ash clouds seen
	increased volcanic activity, moving magma

	5 June
	sulfur dioxide emissions drop
	gas is somehow blocked from escaping

	7 June
	earthquakes increase in frequency
	moving magma

	9 June
	ground changing shape
	lava dome forming due to moving magma

	10 June
	sulfur dioxide emissions increase
	gas is escaping freely – eruption imminent



b) Student’s answers will vary.

2
a)
13 May
b)
28 May


c)
5 June
d)
10 June

3 
a)
seismograph



b)
more peaks and larger peaks


c)
levels of sulfur dioxide gas emitted

4
level 2 – increase in SO2 levels to 500 tonnes per day


level 3 – decrease in SO2 levels, suggesting some sort of blockage


level 4 – increased number of earthquakes


level 5 – observation of ground deformation

5
a)
i) Level 3 stated that eruption was possible within two weeks.



ii) Eruption depends on many factors, which cannot be measured – amount of magma, ease of movement, and so on. It was not possible to predict when the blocked gas would be released, or how or when this might cause an eruption.


b)
Eruption depends on many factors.  Magma was rising, causing ground deformation, but the time of eruption could not be predicted.


c)
Alert level 5 – it states that an eruption is occurring right now.


d)
No, because size of eruption depends on many factors.

6
Students’ answers will vary.

Answers for Activity sheet B – Raising the alert



1

	
	Date
	What did the scientists notice?
	What did this tell the scientists?

	1
	5 April
	small earthquakes
	magma might be moving in the volcano, or the Earth’s plates might be moving

	2
	13 May
	sulfur dioxide increases
	magma moving up through the rocks, releasing the gas

	3
	26 May
	more earthquakes, nearer to the surface
	magma moving inside the volcano

	4
	28 May
	sulfur dioxide increases
	magma moving closer to the surface

	5
	3 June
	ash clouds
	moving magma releases ash

	6
	5 June
	sulfur dioxide decreases
	something was blocking the escape of the gas

	7
	7 June
	more earthquakes
	magma moving

	8
	9 June
	ground changing shape
	magma must be pushing up to make a dome shape 

	9
	10 June 
	sulfur dioxide increases
	the volcano must be about to erupt

	10
	12 and 15 June
	magma reaches surface, ash cloud rises into air
	the volcano is erupting


2
a)
28 May


b)
5 June


c)
10 June

3
	Date
	Alert level change
	Scientific data 

	13 May
	2
	increase in SO2 to 500 tonnes per day

	5 June
	3
	decrease in SO2 suggesting some sort of blockage

	7 June
	4
	increasing number of earthquakes and increasing sulfur dioxide levels

	9 June
	5
	ground was changing shape


4
a)
two weeks


b)
within 24 hours


c)
alert level 5 – it states that an eruption is happening now

5
Students’ answers will vary.

Differentiation


Suggestions for students who would benefit from additional support

Activity sheet B provides a simplified version of the research notebook extract and questions. Words in bold in the notebook extract are provided on Slide 15. You may wish to check that students understand the meanings of these words before they start to work on the Activity sheet.

Suggestions for students who may appreciate additional challenge

Students could produce a graph of the earthquake patterns from the data provided on Information sheet 2. Some might also produce a diary or blog of a person living near Mount Pinatubo, to record their thoughts and actions on each day that the alert levels changed, in the run-up to the 1991 eruption.
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