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Unit overview
(Based on the National Curriculum Guidelines)

The shaded Module represents the one studied in these materials.
Unit
Environmental
Science

Code

Module

E1

Ecology

E2

Flora and Fauna of PNG

E3

Weather and Climate

E5

Earth Science

E6

Earth in Space

Symbols used in these materials.

The symbols shown in the table indicate the type of activity to be
completed while studying this module.

&
@
F
M

Read or research
Write or summarise
Activity or discussion
Safety note
First Aid procedure

Content and sequencing
Plate tectonics
Overview of the dynamics of the earth’s changing lithosphere
with an emphasis on the region affecting Papua New Guinea.
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Earthquakes and Tsunamis
Introduction to the nature, detection and affects of
earthquakes and tsunamis; PNG volcanological and
seismology stations in the Pacific; effects of earthquakes and
tsunamis on the natural, built environment and human
populations.
Volcanoes
Types of volcanoes affecting PNG and the Pacific region; an
introduction to igneous rocks; affects of volcanoes on the
natural and built environment.

Objectives
At the end of this module students should be able to
¤

understand the processes at work in the formation of the
islands of PNG;

¤

understand and apply geological concepts to everyday
situations and observations;

¤

observe and record geological phenomena;

¤

graphically represent and interpret data obtained first or
second hand;

¤

apply physical science principles to the understanding of
concepts and problem solving in earth science;

¤

access information to learn more about the geological history
and resources of PNG;

¤

give examples of the relevance of earth science to everyday
lives and its significant impact in PNG;

¤

communicate ideas and concepts of earth science using a
variety of reporting formats applicable to teaching;

¤

propose effective plans for disaster survival for catastrophic
geological events; and

¤

appreciate the importance of earth science in the
understanding, enjoyment, use, management and
preservation of the environment.
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Introduction to PNG geology
In this module you will gain a brief overview of the origins of the
islands of Papua New Guinea. You will understand the way in
which plate tectonics has been the dominant force shaping the
islands. Geologically the islands are fairly young compared to many
of the older continents on earth. For example Australia is the oldest
continent with rocks being dated as far back as 2500 million years
while the PNG islands contain relatively young rocks. In fact most
of island chains are only a few million years old. The PNG Islands
are the result of complex plate movements between the Pacific,
Indo-Australasian and the Caroline Plates. You will learn more
about plate tectonics in this module.
The forces at work are responsible for the earthquakes, volcanoes
and mountain building in PNG. Many areas still contain active
volcanoes and many dormant ones. The most infamous volcanoes
are Mt Lamington (1951) and Mt Turvurvur (1937; 1994) because
of the extensive damage to property and loss of life. During this
module you will also have the opportunity to learn more about
earthquakes and volcanoes and relate your understandings to the
Papua New Guinea geomorphology, that is, the shape of the islands
today.
Through the study of this module you will understand the origins of
PNG rocks and minerals. Many of the rocks are a result of tectonic
forces such as volcanoes and the uplifting of the seafloor. Many
metal deposits of PNG have resulted from the tectonic and volcanic
events of recent times. Gold deposits such as those at Lihir Island
are due to volcanic solutions depositing gold in the volcanic
sediments.

PASTEP 2002
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1

Plate Tectonics

The geological history of PNG is dominated by major volcanism and
plate movements from the early Cretaceous (120 million years ago).
Only the south western part of the main island was land in earlier
geological history. This part of PNG was part of the Australian
continent and the rocks in these areas are similar in composition and
age (up to 1700 million years) to those found in the northern parts of
the present Australian continent. About 50 million years ago the
Eastern Highlands were thrust upwards out of the sea as the IndianAustralian plate began its migration northwards. Trenches and
volcanic island arcs began forming the land which is now the
mountains of the Finschhafen, New Britain and New Ireland areas.
This area is sometimes called the Bismarck Arc. The island arcs
formed parallel to a subduction zone, an area of the Earth’s crust
where oceanic crust is disappearing beneath continental or oceanic
crust. The continental crust is the Indian-Australian Plate. As the
oceanic crust dives beneath the continental crust melting of rocks
occurs and volcanoes develop along the trench zone. After millions
of years land masses grow from the accumulation of volcanic lava
and debris. Some sea floor sediments along with reef can be caught
up in the mountain building processes.

@

Exercise 1.1 The earth’s crustal plates

View a suitable video or references in your library to answer
the following questions.
1

Why is a mid ocean ridge in the middle of the ocean?

2

What produces the force that pulls the plates apart?

3

Why do island chains such as those of PNG run in different directions?

4

What happens when plates move past each other?

5

What do we mean when we say the plates “stick”?

6

PNG has several earthquakes every day. Why?

7

Why are tsunamis experienced thousands of kilometres away from the
epicentre of an earthquake?

8

How frequent are earthquakes in PNG? Why?

9

Why do volcanoes form at plate boundaries (subduction zones)?

10 Do you get the feeling that lava is hard or soft?
11 Why was Krakatoa so violent?
12 What is a “glowing cloud”?
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Bathymetric Chart of the South West Pacific Ocean
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Activity 1.1
Seafloor shape in PNG
Page 4 shows part of a bathymetric chart for the Pacific which
shows a section that includes PNG. You are to draw a scaled
cross-section showing the profile of the ocean floor from New
Britain to New Ireland.
Instructions
1. Draw a line from Mussau Island to Woodlark Island.
Label this line AB.
2. Use a sheet of white paper to mark the contour (depth)
lines.
3. Now transfer this information to a sheet of graph paper
using a suitable vertical scale.

Questions
1 Label the following: Manus Basin, New Britain Trench and
Solomon Sea Basin.
2 What is the deepest point in the New Britain Trench?
3 Refer to the plate maps on page 7. Mark the approximate
boundaries and label the major plates on your map.
4 Identify and mark a subduction zone on your map.
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Plate boundaries
There are four types of plate boundaries. At three types of
boundaries lithosphere (crust) sinks below a neighbouring plate.
These zones are called subduction zones. The types of plate
boundaries are based on the meeting of oceanic or continental
plates. Oceanic plates have a thin crust of denser rock which is
basaltic in origin. Continental crust is less dense and thicker. As a
result the oceanic crust will go under the continental crust if they
meet head on! Let’s look at the types of plate margins in PNG as
shown on the map in figure 1 (page 7).
Convergent plate boundaries - plate collision
Oceanic - continental plate margins
The Solomon and Bismark Plates are oceanic plates which are
colliding into the Indo-Australian continental plate. As a result the
more dense oceanic plate slides under the continental plate. This
results in a subduction zone. A trench forms parallel to the mainland
PNG coast. A large number of earthquakes are experienced up
and down the coast. Explosive volcanic eruptions have occurred
along active mountain building zone, e.g., Mt Lamington.
Oceanic - oceanic plate margin
Is there evidence
of volcanoes in
PNG?

The PNG
Islands include
island arcs

Are there any
other island arcs
near PNG?

There are several good examples of this in PNG. Figure 1 (page 7)
shows the Pacific Plate moving towards the Indo-Australian Plate.
There is a complex zone of small plates between these major plates.
This oceanic crust of the Pacific Plate is being pushed under the
Solomon and Bismark Plates. At the same time the Solomon and
Bismark Plates are being pushed under the Indo-Australian Plate to
produce folded mountain ranges in mainland PNG (the Highlands).
Most of this activity has occurred in the last 20 million years. PNG
has “grown” from this union of plates. The New Britain Trench is a
subduction zone where the Solomon Plate is diving under the South
Bismark Plate.
As you know PNG has many earthquakes. These are due to the
stretching and breaking of rocks as material moves deeper into the
Earth. Eventually some of these materials melt and produce
volcanoes. Mt Turvurvur (Rabaul) is an example in New Britain but
there are also many more active volcanoes in PNG.

PASTEP 2002
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The New Britain islands are part of an island arc which is the name
given to chains of islands formed from the collisions of plates.
Vanuatu, Solomon Islands, Bougainville, New Britain and New
Ireland are all part of island arcs. Figure 1 (page 7) shows the plate
boundaries of PNG. Locate the major subduction zones and island
arcs?
Continental - continental plate margins
The Himalayan Mountains are the result of a collision between the
Indo-Australian and Eurasion Plates to the west of PNG. There is a
shallow subduction zone at the margin of these plates.
When two continents collide there is a huge uplift of the less dense
crustal material. This results in very high mountains such as the
Himalayas. There is limited but very violent volcanic activity and
many devastating shallow earthquakes.
Remember that the collision is mostly upwards with little “diving
under” by the plates. There are also frequent and disastrous losses
of human life in China and Turkey due to earthquakes. Both of the
areas affected are close to continental-continental plate collisions.
Divergent plate boundaries - spreading ridges
These are the plate margins where new crust is born. The East
Pacific Rise is a long chain of submarine volcanoes and fissures
producing basaltic lavas. These lavas add to the oceanic crust. The
oceanic plate is slowly pushed in both directions causing the plates
to slowly move, at the rate your fingernails grow, towards the other
plate boundaries.
There are two divergent plate boundaries shown on figure 1. Can
you see them? Mark these on your map from Exercise 1.
Transform plate boundaries - sliding plates
The Pacific Plate is sliding past the North American Plate. There is
a major fault called the San Andreas fault along this line. As a result
many destructive earthquakes are associated with sudden earth and
rock movements. The famous San Francisco earthquake of 1906
was caused by this fault. The area is subjected to intensive studies
to try to predict the next big quake! In PNG the margins of the
Pacific Plate and the Solomon and Bismark Plates are also areas of
some sliding plates.
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What famous
feature exists at
the subduction
zone marked in
the north of
India?

Why are the
earthquakes
shallow in
China and
Turkey?
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Figure 1.1. Major Plate Boundaries of Papua New Guinea region
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Activity 1.2
Plate tectonics of PNG
Figure 1.1 shows the principal lithospheric plates of the PNG
region. These diagrams show the major subduction zones, island
arcs and directions of plate movement for the region.
The map on page 9 shows the ocean depths for the South West
Pacific region. You will notice that the San Cristobal Trench and
the New Britain Trench are due to subduction zones because the
Indo-Australian Plate is moving north east and colliding with the
Pacific Plate.
You should now see that the North New Hebrides Trench, the
San Cristobal Trench and the New Britain Trench are along the
same broad subduction zone.
Exercise 1
Refer to the brochure Dangerous volcanoes of Papua New
Guinea full colour geological map of PNG. Locate the

active volcanoes and mark these with a ∆ symbol on the
uppermost map in figure 1. Mark the subduction zones
on the map.

Exercise 2
Now look at a geological map of PNG and locate the
dormant volcanoes (craters) and mark these on figure 1
with the symbol ∇ .

Questions
1 How do the positions of the active volcanoes ∆ relate to the
subduction zones?
2 Would you expect any more volcanoes in PNG in the
future? Explain your answer.
3 Draw a section where there is an active volcano to show
how they might be generated.
4 What is the approximate age of these past eruptions?
Hint: You will need to look at the legend on the geological
map of PNG.
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Papua New Guinea volcanoes
You should now understand why PNG is relatively young. Most of
the land mass is due to volcanic eruptions with some islands still
forming. Two good examples of very recent and still potentially
active volcanoes above water are Mt Turvurur and Mt Lamington.

Figure 1.2. Mt Turvurvur with a new vent producing an
ash eruption during 1999

How can boats
sink over an
erupting
submarine
volcano?
Some sea mounts
are submarine
volcanoes.

Many a fisherman or captain has had a fright from “boiling” water
below their canoe or boat. This boiling is due to gases being vented
during underwater eruptions. In fact boats can suddenly sink when
passing over these waters. There are many submarine volcanoes in
PNG waters. Maybe you have heard of some?
In a later section you will study volcanoes in more detail. The
volcanoes of PNG have produced both quiet and violent eruptions.
This is due to the types of lava. The composition of lava depends
on the material taken down into the subduction zone and the depth
at which melting occurs. Again you will study more about theses
types of rocks later.

@

Exercise 1.3

Origins of earthquakes

1 How might earthquake epicentres relate to subduction zones
and trenches?
2 At what depth would you expect earthquake epicentres
South of Manus Island?
3 What do you associate with shallow sea floor earthquakes?
PASTEP 2002
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Earthquakes
Earthquakes are one of the most feared destructive forces from the
earth. PNG has had a good share of these events. There are many
tremors everyday. The seismological stations bear witness to these.
We only notice the big tremors or quakes.

Figure 1.4 The Rabaul seismic station showing recording
drums and graphs for each station around East New Britain
and the nearby Duke of York Islands.

The intensities of earthquakes are measured on the Richter Scale
which is a measure of the energy released by an earthquake.
Generally earthquakes of less than 4.0 on the Richter Scale are
hardly noticed unless you are sitting in a house on high stumps or
posts and some glass rattles. The newspapers report the quakes
which most people feel. Once the magnitude is over 6.0 it is time to
be concerned. Earthquakes of 6.0 magnitude are 1000 times more
powerful than those of magnitude 4.0. This means that damage will
be noticed in some weak structures. Magnitude 7.0 earthquakes
(30 000 times 4.0) will cause substantial damage to many structures
and buildings.

@

Exercise 1.4

Predicting earthquakes

1 Where might shallow earthquakes occur in relation to the
plates and boundaries?
2 Where might deep earthquakes occur in relation to the
plates and boundaries?
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buildings in
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withstand a
magnitude 7
earthquake?
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3 Which places in PNG would you expect to experience the
most serious earthquakes?

Hot Spots
Some parts of the Earth’s crust have volcanoes which are not
related to plate margins. In fact they occur over hot spots in the
Earth’s mantle. Hot spots are due to rising plumes in the mantle.
We are not sure of the exact cause of the plumes but they may be
due to high temperatures at the core-mantle boundary.
The Hawaiian Islands have risen from the sea floor as very large
volcanic mountains. As the plate moves north the volcanoes appear
to move south. As a result the most active volcanoes are at the
southern end of the Hawaiian chain of islands. These volcanoes are
very predictable and are generally safe as the lava is basaltic. There
is limited unexpected explosions. The Gilbert and Marshall Islands
have also originated due to hot spot volcanism.

2.

Earthquakes

The people of Papua New Guinea are very used to
earthquakes. They occur almost everyday. We don’t
feel a lot of earthquakes as they are just called tremors.
However a seismograph records every small energy
wave generated by every wave producing event. Even
trucks going along a road will generate a wave recorded
on a seismograph. Large sea waves generated by the
winds can also be recorder on some seismographs.

PASTEP 2002

Figure 2.1 Damage to a house in San Francisco caused by
the 1989 Loma Prieta earthquake.

Seismographs
record the times
of arrival of
different
earthquake
waves and the
amplitudes of
the waves.
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What is an Earthquake?
An earthquake is a series of waves passing through the earth’s
solid crust or mantle. Secondary waves are generated at the surface
of the earth. These surface waves are the ones we feel. These are
also the waves that cause the damage to structures on the earth’s
surface. The most probable zones for earthquakes are those areas
of the crust where plates are moving past each other or where the
crust is under strain from such things as sediment load. The strain
will increase as stress increases. Rocks store this strain as elastic
potential energy just like a stretched elastic band. Eventually the
stored potential energy is released by deformation, breaking, of the
rocks or the springing back of the rocks like the behaviour of an
elastic band. Faults are one of the major signs of breakage of
rocks. In a fault the rocks break and move relative to each other.
Earthquakes are high energy waves which move through solid rocks
and even across the surface of the ocean.
Epicentre

Focus

Fault
Wave front

Figure 2.2 Focus and epicentre of an earthquake

The point where the energy is released is called the focus. The
focus can be anywhere from the surface to deep in the mantle of the
earth. The wave front radiates out from the focus. The first point
reached on the surface is the point directly above the focus. This
point on the earth’s surface is called the epicentre . As the
epicentre is closest to the source the intensity of the energy wave is
always greatest at this point.
When the wave reaches the surface it can be transformed into a
surface wave on land or water. Such a wave on water is the
tsunami. While at sea boats would not notice a tsunami go past as
the wave has a large wavelength and small crest to trough height.
When the tsunami nears a shallow part of the sea floor the wave
begins to break producing a very large breaker.
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Focus is the
point where the
energy is
released.
Epicentre is the
point on the
earth’s surface
above the focus.
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Exercise 2.1

Major earthquakes

Refer to the Reading: Major Earthquakes and answer the
following questions.
1 How are faults, foci and epicentres related?
2 What is meant by the term elastic rebound?
3 Faults that are experiencing no active creep may be
considered safe. Is this true or false? Give reasons for your
answer.
4 Compare the causes of the damage in the 1988 Armenian
and the 1985 Mexico City earthquakes.
5 How can an earthquake of lower magnitude possibly cause
more damage than one of higher magnitude?
6 Devise a model for a primary lesson to demonstrate the
elastic nature of rocks and the sudden release of energy that
results when rocks suddenly break or move against each
other.

How do earthquake waves move?
Earthquake waves move fastest through dense rocks and slowest
through soft sediments. A knowledge of the speeds of earthquake
waves enables scientists to study the composition or changing
densities of rocks under the earth’s surface. The study of
earthquakes and the earth’s interior is called seismology.
Seismologists have been able to construct an accurate picture of the
structure of the earth.

Initially earthquake waves move through solid rock. These are
called body waves. There are two types of body waves, primary
(P) waves and secondary (S) waves (figure 2.3). Primary body
waves are compression waves in which energy is transferred by
compression, elastically, in the direction of travel, similar to that of
sound travelling through air. The secondary body waves are
transferred by movement of rock particles from side to side at right
angles to the direction of travel. The secondary waves travel slower
than the primary waves. The difference in time can be used to
estimate the origin and epicentre of an earthquake. This is of
interest to seismology stations.

PASTEP 2002
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Figure 2.3 Typical seismic record showing P, S and surface wave
recordings

When the body waves reach the land surface or water the energy is
converted to a surface wave much like ocean swells. This wave is
also similar to that seen in a rope which is flicked from side to side
or up and down. The surface waves are quite complex and can
have a variety of directions of movement. These are the waves
most responsible for the earthquake damage to structures on the
earth’s surface.
These waves can also cause water to come out of the pores of
sediments and turn an otherwise solid sediment into a liquid mixture!
As a result many buildings on unconsolidated fill or sediment can
suddenly sink into the fluid or liquid sediment. This phenomena is
called solifluction. The photograph (figure 2.4) was taken after the
Mexican earthquake of 1985 and shows a building which has sunk
into quicksand. These sediments were solid before the earthquake.

Figure 2.4 Effects of solifluction. This building has sunk into
unconsolidated sediment which behaved like a liquid during an
earthquake
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Activity 2.1 Making
waves!
•
•
•
•

Materials
•
•

Rope
Slinky

spring
Glass bowl or fish tank
Tuning forks or a springy object (ruler)
Length of metal
Length of wood

Procedure
1. Fill the glass bowl or fish tank with water. Wait until the
water surface is still!
2. Strike a tuning fork on wood. Place the base of the
tuning fork against the outside surface of the bowl at the
water level.
3. Carefully observe the surface of the water. Describe what
you see.
4. Repeat this experiment by touching the tuning fork lower
down the sides of the glass. What do you notice?
5. Now obtain a metal rod and hold it firmly against the
glass. Strike the tuning fork and hold it to the end of the
metal rod (away from the glass). What do you observe?
6. Repeat step 4 using a wooden stick. Is there any
difference in the wave seen on the water? Why ?

Locating earthquakes
We are able to predict where most earthquakes will occur but are
still a long way from predicting when they will occur. There is a
direct relationship between the sites of earthquakes and plate

PASTEP 2002
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boundaries throughout the world. Some earthquakes also occur in
sedimentary basins and within older continental blocks.
Present technology provides accurate methods of measuring the
intensity and origins of all earthquakes. Monitoring systems have
been established worldwide.

@

Exercise 2.2

Earthquakes and plates

Compare Figures 1.1 (Tectonic plates of PNG) and 2.5 (Epicentres
of Earthquakes).
1 What relationship is there between the density of
earthquake epicentres and the plate boundaries?
2 Where do the deeper and shallower earthquakes occur?
3 Explain the occurrence of deep earthquakes by drawing a
labelled diagram of a subduction zone.

Figure 2.5 Epicentres of Earthquakes in PNG from 1960 to 1996.
(Source PDE)
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Activity 2.2 How far away is an
earthquake?
To locate the position of an Earthquake at least three centres must
record the arrival time of the P and S waves. Review Primary and
Secondary waves on pages 14 and 15. Figure 2.6 shows

seismographs recorded at different stations for the same earthquake.
Look at these and answer the questions.
Station 1

Station 2
Figure 2.6. A seismographs recorded at the Rabaul Observatory. The tick
marks equal one minute of time.

@

Exercise 2.3

P and S waves

1 Mark the points that record the P and S arrivals on each
graph.
PASTEP 2002
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2 Estimate the time difference between the P and S wave
arrivals for each Station.
3 Which Station do you think was closer to the epicentre?
Explain your answer.

Activity 2.3 Where was the
epicentre of an earthquake?
In this activity you will calculate and plot the position of a real
earthquake which occurred in the New Britain area on 6 October
1999. The data collected from three Stations is given in the table
below.
The arrival times of P and S waves on stations WTM (Watom
Island), DOY (Duke of York Islands) and VZN (Mt Varzin) are
as follows:
P
DOY
WTM
VZN

S

hr

min

sec

hr

min

sec

12
12
12

45
45
45

12.50
12.92
13.25

12
12
12

45
45
45

14.41
15.42
16.14

Using the P and S arrival times, we can determine the S-P interval.
This interval is usually translated as the distance between the
recording station and the earthquake epicentre. It has been
determined that for each second of difference between P and S
arrival times (S-P) the epicentre is 8 km from the Station. Complete
the following table by calculating the distance to the epicentre from
each Station.
Station

S − P (sec)

Distance (km) from
epicentre

DOY
WTM
VZN
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To locate the earthquake, use the figure of Rabaul map on page 20
and draw circles with the radius (km) determined for each Station.
The three circles should intersect at a common point. This
intersection is the earthquake epicentre. Sometimes the point of
intersection is not clearly defined so interpolation has to be made to
determine the best fit.

PASTEP 2002
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Tsunamis
Tsunami is a Japanese word with the English
translation, "harbour wave." Represented by two
characters, the top character, "tsu," means harbour,
while the bottom character, "nami," means "wave."
In the past, tsunamis were sometimes referred to as
"tidal waves" by the general public, and as "seismic
sea waves" by the scientific community. The term
"tidal wave" is incorrect; although a tsunami's impact
upon a coastline is dependent upon the tidal level at
the time a tsunami strikes, tsunamis are unrelated to the tides. Tides
result from the gravitational influences of the moon and sun on the
earth’s oceans. The term "seismic sea wave" is also misleading.
"Seismic" implies that an earthquake generated the wave, but a
tsunami may also be caused by a non-seismic event, such as a
landslide, meteorite or comet impact.
The illustration at right is from a wood-block print, the
Great Wave off the Coast of Kanagawa, by Hokusai, a
famous late eighteenth- and early nineteenth-century
Japanese artist.

We are all well aware of the destruction to many
coastal areas by these giant sea waves. Tsunamis are more
common around the Pacific shorelines than other oceans. Why?

@

Exercise 2.4

The Aitape, PNG disaster

View the video on the Aitape disaster and read the case study
Descriptive Model of the July 17, 1998 Papua New Guinea
Tsunami (Readings) and discuss the following questions in groups.
Report to the whole class.
1 How much warning did the inhabitants of Aitape have?
2 Where was the epicentre located?
3 What geological event most likely caused the tsunami?
4 Describe the nature of the earthquake?
5 What is “run-up” and why is this of much interest to
scientists?
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6 Discuss the likelihood of a reoccurrence of a similar disaster
along the PNG coastline. Present your ideas together with
suitable illustrations to the class.

@

Exercise 2.5

What are tsunamis?

Read Frequently Asked Questions from Pacific Tsunami
Museum WEB site. A copy of these are in your readings.
Answer the following questions.
1 What causes a tsunami?
2 How is a tsunami wave different from a normal wave?
3 What is run-up?
4 How are tsunami wave heights measured?
5 How long does it take a tsunami to reach land?
6 What is the Tsunami Warning System?
7 What is the difference between a Tsunami Watch and a
Tsunami Warning?
8 What is the “wrap-around” effect?
9 How many waves are there in a tsunami?
10 How does a tsunami behave as it approaches land?
11 How would you determine an inundation/evacuation area?

& Extension: Natural disasters
Refer to your readings Pacific Tsunami Museum (FAQ) and
How earthquakes generate tsunamis.
Discuss the
following questions as groups. Each group is to prepare a
report for the class. A large submarine earthquake of
magnitude 8.0 occurs near the North West coast of
Bougainville. The USGS, monitoring World earthquakes,
issues a tsunami warning 5 minutes later. From this point
the wave heads towards the coasts of New Britain and
mainland PNG.
1 Describe the possible affects of an earthquake of this
magnitude on nearby communities and to nearby islands.
Refer to the previous section and library references on
earthquakes to determine how much warning people would
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have and what kind of damage could be expected from an
earthquake of this magnitude.
2 Given that tsunamis, in open water, travel at approximately
500 km per hour estimate the time the wave would take to
reach the Wide Bay area of new Britain 240 km and Lae,
860 km from the epicentre.
3 Devise a plan for the evacuation of villagers in the event of
a warning about an approaching tsunami.
4 As a group discuss the logistics of informing and evacuating
residents in the two areas. Identify problems and the
differences between the two centres in enacting any
evacuation plans.
5 What could be done to improve the lines of communication
to remote areas of PNG?
6 Identify other signs that could be used locally to detect the
approach of a tidal wave.
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3.

Volcanoes

Location of volcanoes worldwide
From your previous readings about plate tectonics you should be
aware of a number of active or dormant volcanoes on your
doorstep! This activity provides further insight into the differences
between volcanoes and the rocks produced.

Activity 3.1
Volcanoes: where and why?
Materials
•

three pencils or biros (red, black and blue)

A. Where are volcanoes located around the Pacific?
1. Write down the names of some PNG volcanoes?
2. Table 3.1, on page 25, lists the locations of 30 volcanoes.
Use latitude and longitude to find and mark the position
of each volcano on the world map, figure 3.1, on page 26.
Write the name of the volcano next to each location.
3. Where are most of these volcanoes located? Describe the
tectonic location. Refer to your studies of the Earth’s
major tectonic zones.

B. Why are volcanic rocks different from each other?
1. Examine the samples (labelled A to F) of the igneous rocks
from PNG. These rocks are volcanic. List ways in which
you think these rock are different from each other.
Compare your list to those of others.
2. When a volcano erupts, rock material may either be
ejected explosively or poured out as sticky or runny lava.
What characteristic of a rock would tell you how fast it
cooled?
3. The types of eruptions are related to the composition of
the magma. Look again at the colour and grain sizes of
the rock samples labelled A to F. What type of volcanoes
would you expect in PNG?
4. Look at a geological map of PNG. Write down the major
types of volcanic rocks and the locations. What are the
predominant lava types in PNG?
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5. The complete chemical analyses (by percent) of two
volcanic rocks that came from different volcanoes are
listed in Table 3.2 on page 27.
Which of the elemental oxides differ by the largest
amount?
What could you predict about the type of eruptions at
Yellowstone National Park and Hawaii?

C. Where are the volcanoes that produce high,
medium and low silica lavas?
Table 3.1 also lists the SiO 2 composition of the 30
volcanoes plotted in part A. Now use coloured pencils or
biro to mark the volcanoes as high, medium or low in
silica.

RED colour for volcanoes with greater than 66% SiO2
BLUE colour for volcanoes with 66 to 52% SiO2
BLACK colour for volcanoes with less than 52% SiO2
Where are most of the red dots, blue dots and black dots?
Explain the locations and silica compositions with reference
to the composition of crustal plates and the plate tectonic
model.
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Table 3.1 Locations of volcanoes and SiO2 composition.
Name of volcano

Latitude

Longitude

Western United States, Pacific Border
Lassen, California
Crater Lake, Oregon
Mt. Rainier, Washington
Mt Baker, Washington

40°N
43°N
47°N
49°N

121°W
122°W
122°W
122°W

57.3
55.1
62.2
57.4

Western United States, Western Interior
Yellowstone Park, Wyoming
Craters of the Moon, Idaho
San Francisco Peaks, Arizona

45°N
43°N
35°N

111°W
114°W
112°W

75.5
51.5
61.2

Central America and West Indies
Paricutin, Mexico
Popocatepetl, Mexico
Mt Pelee, Martinique
Santa Maria, Guatemala
Mt Misery, St Kitts

19°N
19°N
15°N
15°N
17°N

102°W
98°W
61°W
92°W
63°W

55.1
62.5
65.0
59.4
59.8

South America
Cotopazi, Ecuador
Misti, Peru

1°S
16°S

78°W
71°W

56.2
60.1

Alaska and Aleutian Islands Area
Katmai, Alaska
Adak Aleutians
Umnak Island, Aleutians
Kamchatka, USSR

58°N
52°N
53°N
57°N

155°W
177°W
169°W
160°E

76.9
60.0
52.5
60.6

Japan
Fuji, Honshu
Izu-Hakone, Honshu

35°N
35°N

139°E
139°E

49.8
53.8

East Indies
Mayon, Philippines
Krakatoa (between Java & Sumatra)
Karkar, New Guinea

13°N
6°S
5°S

124°S
105°E
146°E

53.1
67.3
60.1

Central Pacific
Mauna Loa or Kilauea, Hawaii
Galapagos Islands
Mariana Islands

19°N
1°S
16°N

156°W
91°W
145°E

49.6
48.4
51.2

South Pacific
White Island, New Zealand
Auskland, New Zealand
Tahiti (average composition)
Samoa (average composition of five flows)

37°S
38°S
18°S
13°S

177°E
176°E
149°W
172°W

62.2
49.3
44.3
48.4
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Figure 3.1 Map of the World

28

Student support materials

Module E5 -Earth Science

Table 3.2

Chemical Composition of two different lavas

Elemental oxide

Obsidian

Basalt

Yellowstone
National Park

Hawaiian Islands
(average)

SiO2

75.50

49.58

Al2O3

13.25

13.19

Fe2O3

1.02

2.40

FeO

0.91

9.49

MgO

0.07

8.30

CaO

0.90

10.69

Na 2O

4.76

2.25

K2O

2.85

0.55

H2O+

0.41

-

TiO2

-

3.17

P2O5

-

0.26

Studies of the chemical composition of volcanic rocks show that
silicon dioxide (SiO 2) varies the most. The minerals of volcanic
rocks and the nature of the original lava can be related to the SiO 2
(silica or silicon dioxide) content. The simplest classification system
for volcanic rocks is based on the silicon dioxide (SiO 2) content.
This classification is based on high, medium or low silicon dioxide as
listed with examples below.
High SiO 2

=

greater than 66 percent SiO 2 (rhyolite,
obsidian, pumice)

Medium SiO 2 =

between 66 percent and 52 percent SiO 2
(andesite)

Low SiO 2

less than 52 percent SiO 2 (basalt)

=

Types of Volcanoes
Volcanoes are classified by looking at the materials produced from
eruptions and the shapes of the landforms produced by the
accumulation of materials.
Materials produced by volcanoes
The majority of the volcanoes of PNG tend to be medium in silica
(andesitic) due to the subduction origin of the magmas, the molten
rock material below the surface. Occasional eruptions in the past
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have been high (trachytic) and even low (basaltic) in silica. Theses
variations are due to the source material for the magma and the
depth at which the magma is formed. Very deep (15 to 20 km)
magma is generally more basic and lower in silica. Magma formed
at shallower depths (less than 15 km) tends to be more acidic
(higher in silica) due to the melting of a lot of continental and oceanic
sediments.
Formation of the island arcs of PNG
The island arcs of New Britain, New Island and Bougainville were
born on the deep ocean floor due to the collision and subduction of
oceanic plates. A series of submarine volcanoes grew until they
were above water level. Tectonic movements uplifted the new
islands and volcanoes continued to add new material to the islands.
Rocks and sediments were folded and crumpled as the mountains
were pushed even higher. As a result most of the rocks of the PNG
Islands are volcanic or magmatic in origin. Some larger islands
contain old rocks from the plates and seafloor. These were pushed
up during subduction and mountain building. Overall most of the
islands of PNG are less than 10 million years old.
Active volcanoes in PNG
There are a number of active volcanoes in PNG. These include
Turvurvur and Vulcan, East New Britain, which are predominantly
ash or cinder cones with a central crater and the eruptions are
described as Plinian (named after Plinius the Elder who died
observing the eruption of Vesuvius). Rising columns of ash fall from
a plume. Minor lava flows may occur. The volcanic rocks are
generally medium in silica composition. These types of volcanoes
can be very explosive at times being described as strombolian
eruptions. Turvurvur has had major eruptions in 1878, 1937 and
1994.
In Bougainville a good example of an active central vent volcano is
Bagana which staged a spectacular eruption in 1970. Bagana has a
central crater and a domed plug. During the eruption cinders and
ash were ejected high into the atmosphere. Lava flows at this
volcano are andesitic. These types of volcanoes can erupt suddenly
and violently if the plug prevents gases from escaping quietly. Gases
can build up enormous pressure under the plug and blow the side
out of the mountain. This type of eruption is called Peléan.
Anything in the path of the hot gases and cinders, nuée ardente, is
scorched at temperatures up to 1000°C.
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Mt Lamington, in Oro Province, is a good example of a
stratovolcano being composed of layers of volcanic ejecta (ash,
pumice and breccia) and lava flows. In 1951 there was a
catastrophic eruption which blew away the side of the crater and
sent hot gas and ash down the side of the mountain at high speed.
Nearly 3000 people lost their lives due to the hot ash and steam
laden wind, nuée ardente, which burst down the slopes at up to
100 kilometres per hour. Hot steam and dust, up to 600°C,
destroys lungs and causes instantaneous death. Based on the
geological evidence eruptions such as these are still possible in some
areas of PNG. It is for this reason that monitoring of active
volcanoes is very important.
In 1883 in Indonesia, or the Dutch East Indies as it was then called,
the island volcano of Krakatau literally blew itself out of the sea in
one enormous eruption. This was also a Peléan type eruption like
that of Mt Lamington. An estimated 18 cubic kilometres of material
was ejected in this one explosion. The sound of the explosion was
heard in Europe as well as PNG. The ash cloud rose 50 kilometres
above the earth’s surface and circled the globe for 5 years. An
estimated 50 million tonnes of ash was suspended in the atmosphere
after the explosion. The global temperatures dropped over 1°C.
This upset seasons and caused cold spells around the world. This is
a natural change to global temperatures.

@

Exercise 3.1
Read Krakatau: The 1883 eruption.
1. Summarise the main events of that fateful day, 27th
August, 1883.
2. What was the main material ejected from this
volcano?
3. What evidence exists today to support the type of
eruption?
4. Draw a series of sketches to illustrate the eruption
sequence.
5. What effects did the eruption have on the people of
the area, ships at sea and neighbouring countries?
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Extension: Volcanic disasters in PNG

Rabaul harbour is large collapsed caldera with a large reservoir of
magma still active below the harbour. Describe and sketch this
volcanic feature. Discuss the possibility of a Krakatau- type
eruption in the Gazelle Peninsula in the past or the future.

Materials produced by volcanoes
Lava
Lava is molten rock extruded onto the surface of the earth. Lava
originates from magma, molten rock beneath the earth’s surface.
Magma moves upwards through the crust and extrudes liquid rock
through vents, fissures or cracks. The temperature can be from
900°C to 1200°C and burn everything in its path.
Lava flows vary in behaviour due to stickiness or viscosity. Basaltic
lavas are generally free flowing and form rivers of lava during
eruptions. These harden to a ropy textured rock called pahoehoe,
a Hawaiian name. On the other hand the high silica lavas such as
rhyolites and trachytes form blocky slow moving flows of lava called
aa. Some of these lavas can plug up the works and make these
volcanoes explosive. This is what happened in Vesuvius, Krakatoa,
Mount Lamington and Mount Pelée. Manam commonly produces
lava flows.
The lava from submarine volcanoes pours into the sea forming
pillow lavas. These pile up as the outside of each sausage shaped
extrusion is quickly chilled. The result is often seen in volcanic rocks
after uplift.
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Figure 3.2. Turvurvur cone after the 1994 eruption on the Gazelle
peninsula, East New Britain. Note the breached cone and lava flow into
the ocean.

Volcanic gases
Steam is the most common gas emitted. Other gases include carbon
dioxide, sulfur and sulfur dioxide. Gases are emitted by volcanoes
for many years after eruptions. This makes it dangerous to climb
inside of volcanic vents. The sulfur dioxide and carbon dioxide can
asphyxiate people.
Sometimes the gases are released with such force from near the
mantle that they bore a near circular pipe to the surface of the earth.
These pipes are filled with breccia which is a rock made up of
broken fragments of mantle, crust and ultrabasic lavas. These pipes
are a source of interest for diamond explorers. Australia has
numerous such pipes of breccia and has the largest reserves of
diamonds in the world.
Pyroclastic materials
Pyroclastics are the fragments ejected during eruptions. The
pieces thrown out are called ejecta. Ejecta varies in size from fine
dust to blocks larger than houses. Turvurvur, during the 1994 and
1997 eruptions, blasted out red hot boulders. These violent
expulsions of solids is called a strombolian eruption.
Airfall ash
When the fragments result from very explosive eruptions they often
contain sprays of molten and partially molten lava. These
pyroclastics can fall from the sky as fine dust to produce airfall
deposits of volcanic ash. Prevailing winds effect the fall of the ash.
These deposits are common around Turvurvur and Vulcan.
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Figure 3.3. The mechanism of the Vulcan eruption where ash is expelled
high into the atmosphere and then collapses at great speed due to gravity.

Due to heat and partial melting these particles can weld together to
form a very hard volcanic rock called welded tuff or ignimbrite.
These rocks contain characteristic glass shards when viewed with a
hand lens.
When frothy gas filled fragments are ejected and cool, a low density
rock, pumice, which floats on water is formed. Large volumes of
pumice was produced by Vulcan during both the 1937 and 1994
eruptions. The pumice blocked the harbour for weeks.

@

Exercise 3.2
Read The Darkness Legends: A geological investigation
in PNG. (Blong, R.J., 1982) adapted by Gaul, A.J.
(1998).
1. What are the frequent themes in the stories or
legends?
2. What are the variations between the stories?
3. Are the stories linked to an actual event and is there
a scientific explanation for the stories?
4. What produced the Darkness ash cloud and how far
did the ash cloud spread?
5. Do you think there was any effect on other parts of
the world?
6. Read the account of the Long Island eruption.
Summarise the main points. Draw and label the
main volcanic features of Long Island.
7. What effects would a similar eruption have in your
area?
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Ash flow
If the pyroclastics are expelled violently as in a nuée ardente cloud,
ash flow deposits will form. The flows are very hot and travel at
high velocity down the slopes killing everything in the path. These
show flow structures in the cooled rock due to the fluidic motion
down a slope. These ashflow deposits are also called tuffs.

Figure 3.4
Photograph of
the nuée ardente
eruption of Mt
Lamington, in
Oro Province, in
1951 which
killed over 3000
people.
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Mud flows
The ash beds laid down by eruptions are dry. The ash becomes
wet, it easily flows as mud. This mixture has great erosive powers
forming deep ravines, washing away roads and stripping vegetation.
Mud flows are a continuing problem around the Rabaul area.
Debris flows
Sometimes a series of eruptions builds up a high volcano which is
mostly ash, with a little bit of lava mixed in. The upper slopes of
these volcanoes can be quite steep. The whole of one side of such
a volcano can fall away as a huge landslide and spread out over the
low ground as a debris flow, pronounced “debree”. Such a flow
can easily move 50 kilometres from the volcano and be hundreds of
metres thick. Debris flows are usually unbedded (mixed up) and are
mostly ash containing boulders of broken up lava. The Mt Hagen
volcano has produced many large debris flows.
A recent eruption which has helped us understand debris flows
occurred in 1980 at Mt Saint Helens in north west USA. Molten
magma, blocked from moving up the main vent, squeezed into a side
pocket in the mountain and caused the side to bulge outwards and
to crack. This resulted in an eruption which went in three quick
stages:
1. A debris flow down the side of the mountain. This was made up
of material from the side of the volcano where it had bulged.
2. A sideways explosion of the magma which had been exposed
by the falling away of the debris flow.
3. The falling way of the side of the mountain exposed, so that an
upward explosion followed soon after the sideways one.
The diagram does not show the full explosion, since the eruption
cloud spread out for 10 to 20 kilometres around the mountain. The
debris flow moved down the mountain and into a nearby valley
stopping only after many kilometres.
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Figure 3.5. Stages of the eruption of Mt Saint Helens, USA.

Types of eruptions
Eruptions and outpourings of lava can occur in two types of
openings. One is the familiar cone or vent that we all picture as a
volcano. These are called Central-Type volcanoes. Theses
volcanoes are characterised by a central vent or crater through
which the lava pours or material is ejected into the air. The other
type, Fissure Eruption, is less obvious as the basaltic lavas pour
out of cracks in the earth’s crust called fissures.
Central-Type eruptions
Shield volcanoes
Hawaii has the best examples of a shield volcano, e.g. Mauna Loa.
The basaltic lava is so runny that it flows great distances before
setting hard. This produces long gentle slopes on the resulting
volcanic mountains. Mauna Loa is 9170 metres above the ocean
floor. 5000 metres are below sea level! The source of lava is very
deep, 60 to 100 km, below the surface. The lava is believed to be
generated at the top of the mantle. Many basalts contain mantle
type rocks as large inclusions called xenoliths . The second highest
mountain in PNG, Giluwe, was formed as a shield volcano.
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Cinder Cones
These volcanoes are generally quite small, less than 300 metres in
height. The slopes are very steep as they are built up from ejected
ash and cinders. They generally occur in groups and appear to the
last phase of major eruptions in an area. Vulcan and Manum are
good PNG examples.

Figure 3.6. Crater
of Vulcan showing
layers of ash and
pumice which is
typical of a cinder
cone.

Composite Cones (Stratovolcanoes)
These types of volcanoes are made up of alternating layers or strata
of viscous lava and pyroclastics hence the name stratovolcano.
They can grow to very large mountains such as Mount Saint Helens
(USA) (see figure 3.5), Mount Mayon (Philippines), Fujiyama
(Japan) and Mount Lamington (PNG). These types of volcanoes
are the most violent historically. The magma varies from andesitic to
trachytic in composition. The eruptive style can change without
warning. Often large swellings on the surface called domes are
evidence of an increasing magma volume and a possible explosive
eruption. Such domes were seen Mt Lamington, PNG, at Mt Saint
Helen’s, USA, before they erupted.
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Figure 3.6. Photograph of Mt Lamington in 1970 showing a dome
forming in the crater. This is due to magma pushing upwards.

Fissure eruptions
In these eruptions lava pours out of long continuous or discontinuous
series of cracks in the crust. The basaltic lava is usually very basic,
that is, low in silica. Basalts are flooded onto the surrounding plains
or ocean floor. These waterlike flows are called flood basalts.
Some flood basalts flow as much as 150 kilometres from the source
and can be up to 2 kilometres thick.

Land features produced by volcanoes
The characteristic cone shape is well known as being volcanic.
While volcanoes are active or dormant these features are easy to
identify. What do they look like after many millions of years of
erosion?
When volcanoes cease to be active they are called extinct. If they
are only resting they are called dormant. When the volcano
becomes extinct the lava in the vent and magma crystallise to form
fine, medium or course grained igneous rocks. The grain size
depends on the composition, depth beneath the surface and the
cooling time. Are there any dormant or extinct volcanoes in
PNG?

@

Exercise 3.3
Refer to the brochure Dangerous volcanoes of Papua New
Guinea. Locate dormant and extinct volcanoes in
PNG.
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The most prominent eroded remnants of central type volcanoes are
the volcanic pipes and necks that remain as hard spires and
columns resisting erosion.
During all types of eruptions some lava is forced as intrusions
through cracks or faults in the rocks to form dykes or between
layers of rocks as sills. Sometimes the sills swell and rise up with
viscous magma to form lens shaped bodies called laccoliths. All of
these intrusions as well as lava flows resist erosion to form
prominent features in the landscape. There are many famous
headlands throughout the world where tall basalt columns are seen
marching into the ocean. These five to seven sided columns form
when thick lava flows cool and crack to form parallel columnar
joints.
If erosion and uplift continues for millions of years the original
magma material itself will become exposed. These large bodies of
igneous rock are called batholiths. As the magma has cooled at
greater depths these rocks are courser grained. The term given to
these rocks is plutonic. In the Solomon Islands some batholiths
have been uplifted and are exposed in the mountains. These igneous
rocks can easily be seen in the rivers that come from these
mountains.
As magma cools it contracts. In the first instance the crater can
collapse into itself forming a wider shallow depression called a
caldera. If the volcano is an island it could gradually subside into
the sea. In the case of small volcanoes the island can disappear! In
fact there is an island, Late, in Tonga which is always popping up
and down. This is due to the magma chamber expanding and
contracting. Mutapit Island was once an island but is now higher
due to the rising magma chamber beneath Simpson (Rabaul)
Harbour.
Krakatau now has a large caldera which has subsided leaving only
parts of the caldera rim above water. There are several examples of
caldera collapse in PNG.

@

Exercise 3.4
Look at a geological map of PNG.
1. Try to locate an example of each the following
geological features near your locality.
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Caldera, crater, batholith, lava flow, joint, dyke and
pipe.

Review
1 List the major types of eruptions.
2 Draw labelled sketches of each type of eruption.
3 Draw a series of sketches to describe what caused the
massive explosion of Krakatau.
4 Illustrate the following igneous structures: batholith; sill;
dyke; neck; laccolith; lava plateau.
5 Describe with reference to plate tectonics the origins of
volcanoes.
6 Predict, from your knowledge of the previous geological
history of the PNG islands, the types of eruptions that could
be expected.
7 Describe what steps people should take to escape the gases
and ash of an erupting volcano.
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