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Monitoring Volcanoes
An introduction to monitoring techniques



This workshop was developed in conjunction with researchers in the School of Physics & Astronomy, 
University of St Andrews and their work at Monserrat Volcano Observatory.

Seismic data (p3) reproduced from the NERC Open resource Archive.

Luckett, Richard; Baptie, Brian; Ottemoller, Lars; Thompson, G.L.. 2007 Seismic monitoring of the 
Soufriere Hills Volcano, Montserrat. Seismological Research Letters, 78 (2). 192-200. 
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Aims
To understand how volcanoes are monitored in order to predict when they will erupt

To understand the importance of photographs in predicting eruption

To understand the difference between infrared and millimeter waves

Gathering Techniques

Processing Techniques

Observation

Extracting information

Asking questions

Annotation

Calculations

Acknowledgments

http://www.st-andrews.ac.uk/physics/index.php
http://www.mvo.ms/
https://nora.nerc.ac.uk/


Throughout the eruption on Montserrat, volcanic activity has been preceded and/or accompanied by 
changes in seismic activity.

Seismic waves are ................................. generated by earthquakes, rockfalls, and the ..........................
of .......................  inside the volcano. These vibrations travel through the earth and although they can 
be tiny, they can be detected at great distances by an instrument called a ................................... .

Seismometers around the volcano continuously monitor the different types of seismic events caused 
by volcanic activity. By using a network of seismometers around the volcano the ................................. 
of the source of each event can be determined by comparing the .............................   .......................... 
at each seismometer.

Seismic Network on Montserrat:
The black squares show the seismometer stations used to detect, and then locate, the source of each 
earthquake (shown by red dots).

Volcano-tectonic:

Rockfall:

VIBRATIONS MOVEMENT
MAGMA

SEISMOMETER

LOCATION
P-WAVE AMD S-WAVE ARRIVAL 
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Seismic Network
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Below is a radar surface map of the volcanic lava dome on Montserrat.

Colour in the box on the right to show the infrared scale. 

Whites, yellows and reds show hot areas whereas blacks and purples show cold areas. 

Mark the minimum and maximum temperatures

Colour in the map to show the location of the hot and cold rocks.
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* COLOUR VERSION INLCUDED IN THE SLIDES AVAILABLE ON THE GEOBUS WEBSITE *
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Infrared Monitoring



Predicting eruptions is a tricky business - fill in the data using the sheet you completed during 
the experiment, including the difference between your prediction and 2nd erruption.

Did eruption 2 occur before or after you predicted?             BEFORE / AFTER 

What is the difference (how many days early/late?)

What percentage of the population will be evacuated?

group number of days to 
1st eruption

predicted  
evacuation time 
(days)

number of days to 
2nd eruption

difference between 
2nd eruption and 
prediction

1

2

3

4

5

6

7

8

Average

Minimum

Maximum

* SEE ‘HOW DID YOU DO’ SLIDE *
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Predicting Eruptions



These photographs show 10 days of growth on the lava dome

25th October 2005 14:30

4th Novemebr 2005 14:30
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Photography



Sketch the outline of the lava dome for each day and estimate the height change between 
the two photographs. 
Where the gas and steam obscure the view you will have to estimate the dome outline.

What is the largest change in height that you have measured on the dome?  ........................

How fast was the volcano growing in metres per day?

Circle the area where you think that the largest dome growth has occurred.

RATE OF GROWTH (m/day)   =   =   =   ............................
CHANGE IN HEIGHT (m) 
NUMBER OF DAYS (day)

CHANGE 

25th Oct

4th Nov
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POTENTIAL EXTENSION - DISCUSS WHY THIS GROWTH IS NOT UNIFORM

~ 45 m

45
10

4.5 m/day
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Photography
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Volcanoes Worldwide

Monitoring  Volcanoes:
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Does the distribution of volcanoes worldwide follow a pattern?

.................................................................................................................................................

What does this pattern show?

.................................................................................................................................................

.................................................................................................................................................

Why do volcanoes form here?

................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

What are the main dangers associated with volcanoes?

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

YES

THE OUTLINE/EDGES OF THE TECTONIC PLATES

IF PLATES ARE MOVING APART, THE MANTLE MELTS & MAGMA RISES TO FILL THE GAP

IF PLATES ARE COLLIDING, THE MANTLE MELTS ABOVE THE DOWNGOING PLATE, AND

MAGMA RISES TO THE SURFACE

LAVA FLOWS

PYROCLASTIC FLOWS

ASH/GASES IN ATMOSPHERE
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Volcanoes Worldwide



350 million, (that’s one in every 20) people in the world live within the ‘danger range’ 
of an active volcano

The largest known eruption in the last 10,000 years was Tambora, in April 1815, which 

erupted more than 50 cubic kilometers of magma 

The last volcanic activity in the UK was around 55 million years ago, on the West Coast 

of Scotland on islands such as Skye and Mull

Volcanic eruptions can send ash high into the air, over 30km (17 miles) above the 

Earth’s surface

About 1,900 volcanoes on Earth are considered active and are likely to explode again

The volcano on Montserrat produces andesite lava which is so thick that it cannot flow, 

and instead it piles up to form a lava dome

The object with the most volcanic activity in our solar system is Io, one of Jupiter’s 

moons - its surface is constantly changing due to the amount of volcanic activity

For more facts on volcanoes, check out these National Geographic webpages, and the 

Montserrat  Volcano Observatory website.

You can also find a visulisation of volcanic eruptions across the world in the last 50 years at 
http://volcano.si.axismaps.io/.
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Did you know?

http://www.ngkids.co.uk/science-and-nature/Volcano-Facts
http://www.mvo.ms/
http://volcano.si.axismaps.io/
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Glossary
Volcano – a mountain or opening in the Earth’s crust from which molten lava, ash and gases 
are ejected.

Seismic Network – a number of seismometers combined to measure the location and 
strength of earthquakes beneath a volcano.

Infrared – electromagnetic waves that contain the most amount of energy given off by heat. 
Infrared cameras are commonly used for thermal imaging.

Photograph – a record of the visible electromagnetic radiation (usually just referred to as 
‘light’) in a scene.

Gas Monitoring – volcanoes emit a variety of gases, mainly sulphur dioxide (SO2) and 
hydrogen chloride (HCl) from deep inside the earth. The amount of gas being erupted on 
Montserrat is measured using a combination of space- and ground-based spectrometers 
(devices that can measure how much light is blocked by the gas in question).

Tiltmeters – an instrument designed to measure changes in angles from the horizontal.

GPS – Global Positioning System. A network of satellites orbiting the Earth transmitting 
signals that are used to calculate their time and position to a very high precision. A GPS receiver 
on the Earth uses this information from at least three satellites to work out its own position.

Radar – RAdio Detection And Ranging instruments can measure the distance to an object 
using electromagnetic waves. The first radars from around 100 years ago used radio waves, 
but most modern radars use shorter wavelength microwaves (cm) or millimetre waves (mm).

LIDAR – LIght Detection And Ranging is a laser-based version of radar that uses ultraviolet, 
infrared or visible light to measure the distance to an object.
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