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Foreword

In 2005, the Education Bureau (EDB) announced that a three-year New Senior Secondary (NSS)
curriculum would be implemented at Secondary 4 in September 2009. Geography is one of the

elective subjects under the NSS curriculum.

The NSS curriculum has been developed on the basis of the recommendations made by an EDB
document in 2005 and a Senior Secondary Curriculum Guide of 2007. Within the curriculum,
geography is seen as a key educational discipline that provides students with a spatial

understanding of the Earth on which we live and work.

At the request of the EDB, the Geotechnical Engineering Office (GEO) of the Civil Engineering
and Development Department have prepared support teaching materials for the NSS Geography
curriculum under the topics of Natural Hazards and Earth Science. The materials written on rocks,

minerals and ores in Hong Kong are also suitable for part of the Chemistry curriculum.

The “Teaching Support Materials Kit" consists of 14 booklets, 4 posters, 3 CDs and other
supplementary information sheets. This teaching kit contains pertinent and up-to-date information
on slope safety, landslides, geology and geomorphology in Hong Kong, written at a level that is

suitable for the NSS Geography curriculum.

Hong Kong Geological Survey of GEO have compiled the teaching materials that describe the
geology and geomorphology of Hong Kong. The Slope Safety Division of GEO have prepared
the teaching materials on Hong Kong slope safety and landslides. Colleagues in the Slope Safety
Division are also responsible for the overall planning and coordination of this project. Their

contributions are gratefully acknowledged.

| am confident that, for years to come, secondary school geography teachers will find the kit
invaluable for preparing their classroom teaching materials. The contents will also be of interest

to the more general readers who may wish to learn more about these topics.

Wi...

Raymond K S Chan

Head, Geotechnical Engineering Office

Civil Engineering and Development Department
December 2008
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Our Earth is a dynamic system that comprises four main components: the atmosphere, the
hydrosphere, the biosphere and the geosphere. These four components have been continuously
interacting throughout the Earth’s long history. Geology is the science that studies the geosphere,

and encompasses the interactions between the geosphere and the other three components.

Plate tectonics is the fundamental mechanism that drives geological processes in the geosphere.
Plate tectonic theory is based on an understanding of the Earth's internal structure, the different
types of tectonic plates and plate boundaries, and the driving forces of plate movements (Plate
Tectonics 1). The occurrence of earthquakes and volcanoes, the distribution of different rock
types, and the Rock Cycle, as well as the processes of mountain building, continental rifting
and seafloor spreading, can be concisely explained by plate tectonic processes (Plate Tectonics
2). Folds and faults are geological structures that result from the response of rocks to tectonic
stresses (Plate Tectonics 2). Detailed studies of the rocks enable the geological history and the

evolution of the tectonic setting to be deciphered (Plate Tectonics 3).
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Figure 1. Plate tectonic setting.
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Magmatism

Magma is derived from deep within the earth by
partial melting of the upper mantle or lower crust.
It is composed of a high temperature mixture of
silicate material (magmatic liquid), water, and
dissolved gases. Magma may also contain crystals
that formed during cooling of the magma, and rock
fragments incorporated into the magma during its
ascent towards the Earth’s surface.

Magmatism is the process by which molten rock

(magma) rises to the upper crust where it may:

e Either, cool and crystallize relatively slowly
to form intrusive igneous rock (plutonic
rock);

¢ Or, be erupted from volcanoes at the Earth’s
surface in the form of lava and ash that cool
relatively quickly to form extrusive igneous
rock (volcanic rock).

Solid mantle material rises close to the Earth's
surface at divergent plate boundaries (Figure 1). This
process is accompanied by a decrease of pressure,
which lowers the melting temperature of the mantle
material. Thus, when the solid mantle reaches a
certain level, it begins to partially melt to form a
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Figure 2. Active volcanoes, plate tectonics and the “Ring of Fire”.
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magmatic liquid. Buoyancy causes the magmatic
liquid to rise towards the Earth's surface, away from
the zone of melting, leaving behind unmelted solid
material. Partial melting, caused by the reduction in
pressure associated with the upward movement of

mantle, is termed decompression melting.

Decompression melting is also responsible for the
production of magma at hotspots (Figure 1). A
hotspot is a location where an active convection
system occurs within the mantle. At these locations,
the solid mantle materials are hotter and less
dense, and are moving upwards towards the crust

in plumes.

At convergent plate boundaries, the subducting
plate is heated as it descends, releasing hydrous
fluids into the plate above (Figure 1). The injection
of these fluids into the overlying lithospheric mantle
causes a lowering of the melting point of the mantle
materials, which partially melt to form magma.
These magmas rise to the surface through the crust,
feeding the volcanoes that occur in both island arc
and continental margin arc settings. For example,
the chain of volcanoes along the convergent plate
boundaries surrounding the Pacific Ocean basin is
known as the “Ring of Fire” (Figure 2).
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Volcanoes in Different
Plate Tectonic Settings

Magma erupted from a volcano is generally a
mixture of three main components, crystals,
magmatic liquid, and dissolved gases (mostly water
vapour). Different types of volcanoes occurring
in contrasting plate tectonic settings will exhibit
varying degrees of explosivity depending upon the
composition of the erupting magma, in particular
the dissolved gas content. When a magma is
erupted at the surface, any dissolved gas comes
out of solution and is released in the form of gas
bubbles.

Around the world, a complete spectrum of magma
compositions can be found. These range from
magmas rich in magnesium and iron aluminium
silicate minerals (basalt), to those rich in sodium,
potassium, and calcium aluminium silicate minerals
(rhyolite), with a range of intermediate magmas

occurring in between (e.g. andesite).

The magma in basaltic volcanoes is relatively hot,
and flows easily. This allows any gas bubbles to
escape, resulting in largely non-explosive eruptions.
In contrast, the magma in rhyolitic volcanoes
is relatively cooler and more viscous. Any gas
bubbles in the rhyolitic magma have great difficulty
escaping, and are explosively released, shattering
the magma. Thus, rhyolitic volcanoes are more
explosive than basaltic volcanoes, producing
greater quantities of ash. Volcanoes that generate
roughly equal proportions of lava and ash produce
the characteristic stratovolcanoes that occur around
the Pacific “Ring of Fire”(Figures 2 & 3).

Three common types of volcanoes that occur in
different tectonic settings are shield volcanoes,
stratovolcanoes, and caldera volcanoes.

I Shield Volcanoes

Most basaltic eruptions in intraplate or mid-
ocean spreading centre settings form low
surface slope shield volcanoes. Typically, lava
fountains from the vent in these eruptions (Figure
4). Large volumes of low viscosity basaltic magma
pour out as rivers of lava. This style of eruption is
characteristic of Hawaiian-type volcanoes.

Bl4. ERRZEEDNL

Figure 4. Kilauea volcano, Hawaii.




K Qi=p Qi

ERSERRBERE  RAEE AR
FRERRI O R 8 XL AR ILE TR R
ARAK LB EBEURE MRS BER
THHEREEC)MH

EBERNALEAROARAEE  £B
2% p- Y QU PN =L Y Qi mp QT
BEBE LA ALK - WALOX
LW RERBBERA  SRBLOR M
BTR BAROHREREHRERE

TEEER

Eruption column

RILBBR

Pyroclastic flow

"

N}
Landslide

Jolli e

NUBBEEROKETED BERSIEN
FRAEREESIBNABRLE(BS) o
FBAERR  BER - AUBRER  EE
1B PR REEEH o
Za

¥

RENEEE R
e -

oK KK R

KL
Bomb

Kl
Ash fall E®

Acid rain
ERITE

Eruption cloud
\ \
M\ NN

Na R
\\\\\\\\\t\\\

Ay MY
RN WA
MR AR LA
MUV VAN

\ A\

Ay AV

VA AV
MW

Y

AUER

Dome

KILTETR
ahar

BER ERA,

avaflow | Fumarole

I Stratovolcanoes

Volcanoes associated with continental margin
arc or island arc tectonic settings are
dominantly andesitic or rhyolitic in composition.
These volcanoes typically form stratovolcanoes
(composite volcanoes), and the eruption style
is generally more explosive than Hawaiian-type
volcanoes. A typical stratovolcano has a steep cone
shape, made up of alternating layers of ash and
lava (Figure 5).

E6. MALOKILZER - (A) BAUBBBET RO THERE
(B) KILIMTER S » WIERBRNARET - BRBALD -

Figure 6. Formation of a caldera volcano - (A) Explosive eruption partially

Depending upon the amount of dissolved gas
contained in the erupting magma, the eruptions at
stratovolcanoes may vary from minimally explosive
(Strombolian-type) to highly explosive (Plinian-type)
(Figure 3). The greater the dissolved gas content,
the more explosive an eruption will be, and the
larger the volume of erupted volcanic ash.

| Caldera Volcanoes

Rhyolitic  volcanoes in convergent boundary
tectonic settings may form caldera volcanoes.
Caldera volcanoes are ones in which the top part
of the volcano has been explosively destroyed
following collapse into an underlying drained
magma chamber (Figure 6). Caldera volcanoes are
the result of very violent eruptions.

The volcanic rocks that occur in Hong Kong are
predominantly of rhyolitic composition, consisting
mainly of ash. These rocks were formed by violent
eruptions of ash from caldera-type volcanoes. Ash
clouds from caldera-type volcanoes are commonly
5o large, that they collapse under gravity and flow
over the landscape like a fiery fluid.

Volcanic Hazards

Hazards created by volcanoes can be divided
into those that are produced directly from
volcanic activity (primary hazards), and those
that are produced indirectly from volcanic activity
(secondary hazards) (Figure 5).

Primary hazards include: lava flows, pyroclastic
flows, lateral blasts, ash-falls, and gas emissions.

Secondary hazards include: lahars (mud flows),

empties the underlying magma chamber; (B) The summit of the volcano

collapses into the empty space left in the magma chamber, forming a floods, fires and tsunami (|arge sea waves)
caldera. ' ' .

5. BRAILEREBRALLE

Figure 5. Generalised structure of a stratovolcano and associated volcanic hazards.
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Earthquakes

Earthquakes are associated with all types of plate
boundary. They result from the sudden release of
energy that occurs when the stress that builds up
between two adjacent, moving tectonic plates
finally overcomes the friction that holds the two

plates together (Figure 7).

At transform plate boundaries, such as the San
Andreas Fault in California, lateral displacement
between two adjacent plates may occur in sudden
catastrophic movements that leads to splitting of
the Earth’s crust at the surface. These ruptures in

rock are known as faults.

At divergent or convergent plate boundaries,
the movement between the tectonic plates may
occur at any depth below the Earth’s surface.
However, some earthquakes that occur in
subduction zones may be associated with faults
that reach the surface. In some cases, these can
result in catastrophic vertical movements of the
ground and the generation of tsunamis, such as
the one that occurred following the December

2004 Indian Ocean earthquake.

Faults and Folds

| Brittle Deformation — Faults

When brittle rocks are subjected to tectonic
forces, they may break along faults. This fracturing
generates an earthquake. Plate boundaries are
the most common site of earthquakes, because
the rocks in these locations are subject to the
greatest tectonic forces. Beyond plate boundaries,
earthquakes are less common.
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Three types of fault occur: normal (dip-slip) faults,

reverse (dip-slip) faults, and strike-slip faults.

» Normal (dip-slip) faults occur when brittle

rocks are stretched (i.e. the tectonic forces are

= tensional). Vertical movement occurs along the
i 8 steeply inclined fault plane such that the hanging
Hanging wall

wall moves downwards relative to the footwall
(Figure 8.1).

» Reverse (dip-slip) faults occur when brittle

rocks are compressed (i.e. the tectonic forces

N
. - o i i
are compressional). Vertical movement occurs

[B8.3. TBEE
Figure 8.3. Sinistral strike-slip fault (left-lateral)

[8.2. BIEBHE along the steeply inclined fault plane such that

Flgure 6.2, Revereedi <l P the hanging wall moves upwards relative to the

footwall (Figure 8.2).

Footwall

T& » Strike-slip faults occur when brittle rocks

2l are sheared (i.e. opposing tectonic forces are
langing wall

at right angles to compression and tension

directions). Horizontal movement occurs along
a fault plane. If the far side of the fault moves

to the left relative to the observer it is termed a

sinistral strike-slip fault (left-lateral) (Figure 8.3)

and if the far side of the fault moves to the right

relative to the observer it is termed a dextral

B8 4. HBEE
Figure 8.4. Dextral strike-slip fault (right-lateral) Strike-slip fault (right-lateral) (Figure 84)

Brittle deformation of rock strata may also
take place when there is fracturing with no
displacement. This produces a structure known as
a joint. Joints in rocks may be produced by cooling
of molten rocks (magma) (cooling joints), release
of stress in rocks (stress relief joints), or joints

associated with faults (tectonic joints).
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Plastic (Ductile) Deformation —
Folds

When plastic rocks are subjected to tectonic forces
they will bend to form folds, rather than break
along faults. A fold is a bend of a planar structure,
such as a bedding plane, in a rock.

If the age succession of the folded rocks is not
known, a convex upward fold, with limbs that
converge upwards in an arch, is called an antiform,
and a convex downwards fold, with limbs that

converge downwards, is called a synform.

Where older rocks occupy the core of a fold, the
fold is called an anticline, and where younger
rocks occupy the core of a fold, the fold is called a
syncline (Figures 9.1).

A fold with limbs that converge horizontally is
called a recumbent fold.

Key aspects of the geometry of folds include the
strike and dip of the axial surface (Figure 9.2), and
the trend and plunge of the hinge line (Figure 9.3).
The axial surface is an imaginary plane through the
hinge line of the fold. The trend is the compass
direction (azimuth) of the hinge line in the direction

of plunge, and the plunge is the angle between the

SKF 2R AE(B9.3) °

k]

young Fold axis

Fold axis

horizontal and the hinge line (Figure 9.3).
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Figure 9.3. Folds and outcrops patterns.
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Figure 9.4. Types of folds.

Not only does the orientation of folds vary, but
the shape also varies. Folds may be symmetrical or
asymmetrical (Figure 9.4). Symmetrical folds have
limbs of equal length, presenting two identical
mirror images on each side of the axial surface, and
asymmetrical folds have limbs of unequal length. It
should be noted that, to definitively determine the
symmetry of a fold, it is necessary to see the entire
lengths of the limbs on both sides of the hinge.
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