IATERRE
ITHIEE

Geotechnical Engineering Office
Civil Engineering and
Development Department

(@)
m
O
O

;

R EFE
INTRODUCTION
PLATE TECTON

w5 E B
PLATE TECTONICS




Ik
1[4

HERM2005F 0% =FHMSTEHBR2009FIR AP NRER - HEME
Hp—EEHNEENE -

HEFHENRERRBE2006FHBERERN - D NHANRERRES
(BHRREES) (2007)WEEMBIE - EUREH - wERAR-FIENE
BEANRZENAE T HESRENBIR o

TAIRARERTHINIRERABRNFER  ERAAXERMWRNEHE
FETHENREARLRET R AEXEAMNE] - HPEBEBEER
RYINER T ERR B SRARE o

[AEXEAME | BRTI4XDER 4RBH SHABRIEM-LHR
BN BAMERBTBNFRZZ - IWREE wEREHRERELRUTSE
REHNENIL RS HSPHENREHOKF o

ITHIRENIEEHEREA | EERSEAETEHERBRITENRE -
MIAEZ2B AESEERRZEZRIUWEEBNNG  [REKZ2HIN
RAEFEERERENRIRLY - REQBUSEERTFNRSBEH -

FEGEAMEHRUEEHSTHENBENZMARBAMFERESEN
2Z o WM ET R TREBRELRENERBEE - LEANES -

L
FRi21E
IRIRARE

THIREER
20085128

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.

Wii...

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. Generalised structure of the Earth.
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Outer core

Plate Tectonics is a principle of modern geology
that provides a mechanism to explain the
formation of ocean basins and mountain ranges,
and the associated processes of earthquakes and

volcanism.

Structure of the Earth

The Earth is an irreqular sphere, with a radius that
varies between 6,356 and 6,378 kilometres. This
solid sphere is chemically divided into layers that
become less dense from the centre towards the
surface. Three main layers are recognised: the
core (which comprises an Inner Core and an Outer
Core), the mantle, and the crust. Each layer has
a distinctive chemical composition, and a different
density (Figure 1).

Scientists infer that the dense core is primarily
composed of the heavy elements iron and nickel.
The outer core is made of molten iron, which
produces the Earth’s magnetic field.

Surrounding the core is the less-dense mantle,
which extends to a depth of about 2,900 kilometres.
The mantle is rich in iron- and magnesium-bearing
silicate minerals.
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Figure 2. Generalised structure of the crust and upper mantle.

Continental crust

The outer layer of the Earth is termed the
crust, which is divided into oceanic crust and
continental crust. Overall, continental crust is
richer in the element silica, and is less dense, than

oceanic crust.

» Oceanic crust (about 10km thick) is composed
of iron-, magnesium-, calcium-, and aluminium-
rich silicate minerals that typically form a dark

coloured, heavy rock called basalt.

» Continental crust (about 20-60km thick)
is composed of potassium-, sodium-, and
aluminium-rich silicate minerals that form a

diverse range of rock types such as granite.

Dynamic Surface of
the Earth

The outermost crust and upper part of the mantle
of the Earth is further subdivided into the
lithosphere and the asthenosphere (Figure 2).
The slow movement of the lithospheric plates
over the mobile asthenosphere is known as plate
tectonics, a process that maintains the surface of
the earth in a dynamic and active state.
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D> The lithosphere is a strong layer, extending

to a depth of 100 to 150 kilometres, that
comprises the crust and part of the upper
mantle. Over the surface of the earth, the
lithosphere is separated into seven large plates,
and several smaller plates. These plates, which
terminate at different types of plate boundary,

move over the underlying asthenosphere.

» The asthenosphere is a weaker layer,
extending from approximately 150 to 400km
depth, upon which the lithospheric plates
move, and from which magmas that form the
oceanic crust are derived. Heat from the earth’s
core creates circulation patterns (convection
currents) in the mantle that drive the motions

of the overlying plates.

What drives Plate
Tectonics?

Bt R RSB (BEFE300 °C UT) Plate tectonics is driven by the internal heat
Mid-ocean ridge Tectonic plate Tectonic plate (temperature . .
less than 1300 C) energy of the Earth. This comprises the heat left
> RABEBRLHE  REAN150T K — ] ] over from the initial formation of the Earth
i Hotspot i !
EHBB400FK  CRBEELHRE o R Sub e combined with heat from the decay of radioactive
Al
. R o 1 Vol minerals contained in the rocks.
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BENRIERREERAR R (R Voeanoes | | Volcanoes Heat from the Earth’s lower mantle rises as plumes
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towards the upper mantle where cooling occurs.
The plumes spread out, then sink back into the
interior (Figure 3).
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This process is known as mantle convection.
These convection currents propel the motion of
plates.

Although heat drives mantle convection and the
motion of plates, the mantle is mostly solid. The

rock forming the mantle, however, behaves in

BNGRARMBIETHIEE LT EFE
FHERRXS  BREIMER . BAT
FEE T 148 (E13) °

a semi-plastic manner, which enables the slow

transfer of materials.

HAZ(RETE5000 'C LALE)
Core (temperature greater than 5000 °C)
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Figure 3. Mantle convection as the driving force for plate tectonics.
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Types of Plate Boundary

There are three types of plate boundary:
convergent, divergent, and transform plate
boundaries.

not created or destroyed as it is at divergent and

convergent plate boundaries.
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» Divergent plate boundaries (Figure 4a): occur

where two lithospheric plates move away from
each other, driven by magma rising from deep
within the mantle. Volcanic activity at a divergent
plate boundary creates new lithosphere along
what is known as a spreading ridge.

» Convergent plate boundaries (Figure 4b):

occur where two lithospheric plates move
towards each other, with one plate overriding
the other. The overridden plate is driven back
into the mantle, and is subsequently destroyed
along what is known as a subduction zone.
During this process, earthquakes and volcanic
activity are generated in the overriding plate.

» Transform plate boundaries (Figure 4c): occur

where two lithospheric plates slide laterally past
each other. Earthquakes are generated along this
type of plate boundary. Importantly, lithosphere
is preserved along transform boundaries, it is

E=2sl
Lithosphere

BRABE

Earthquakes within crust

Plate Tectonics and
Earth Surface Processes

Plate tectonics is a process that maintains the
surface of the earth in a dynamic and active state.
Consequently, it drives such processes as:

» Magmatism: the primary way in which new
elements and new materials are transported
as molten rock (magma) from the mantle to
the crust. This is the first stage in the process
known as “The Rock Cycle”. The molten rock
(magma) issuing from cracks in the surface of
the Earth cools to create new rocks, and thereby
introduces new elements and minerals into the
rock cycle. These new rocks are broken down
(weathered), transported (eroded), deposited
(sedimented), and buried (lithified) to form other
rocks, which are subsequently uplifted and then
weathered, eroded and deposited in a repeated
cycle.
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Figure 4a. Generalised structure of a divergent plate boundary.

Bl4b. BERRRBENELSEHE

Figure 4b. Generalised structure of a convergent plate boundary.

Blac. SEHRRABGHERELRE o

Figure 4c. Generalised structure of a transform plate boundary.
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» Plutonism: a large proportion of the mobile
magma never reaches the Earth’s surface. This
magma accumulates and cools in the crust to

form bodies of new rock called plutons.

» Volcanism: at certain types of plate boundary,
magma and gases escape at the Earth’s surface,
either explosively, as ash, or effusively, as lava

forming volcanoes.

D> Earthquakes: the sudden displacement of
rocks along faults, triggered by plate movements,
or by the movement of magma upwards in
the crust, causes violent shaking of the Earth

(Figure 5).

» Folding and Faulting: movement of the
lithospheric plates bends and fractures the crust,

creating folds and faults in the rocks.

» Mountain Building: along certain convergent

plate margins, prolonged movement of the
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Oceanic crust
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Figure 6. Creation of a volcanic mountain chain along a convergent plate boundary.

Oceanic lithosphere

lithospheric plates causes crumpling of rocks
between the plates, which leads to the creation

of mountain chains and volcanoes (Figure 6).

» Opening of Ocean Basins and Rifting: Behind
the chain of volcanoes adjacent to convergent
plate margins, tensional tectonic forces develop
due to slab pull. This can lead to development
of a back-arc rift zone. At these sites, a new
oceanic spreading centre may develop, leading

to formation of new oceanic crust (Figure 7).

Within  regions of continuous continental
crust, the process of mantle upwelling leads to
thinning of the crust and to the development
of rift valleys. The Great African Rift Valley in
Kenya is an example of this type of continent-

continent breakup.

: Refer to Plate Tectonics 2 for a detailed discussion of magmatism, :
| earthquakes, folding and faulting. |
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Figure 7. Development of a back-arc rift zone behind a chain of volcanoes adjacent to a

convergent plate boundary.
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