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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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Introduction
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EREEESZ  EREANERNGERR(ERERNZE) -

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.

Minerals and rocks are essential components of the geosphere. Although there are over 3,000
species of minerals, only a few of them, such as quartz, feldspar, mica, amphibole, pyroxene,
olivine and calcite, occur commonly as rock-forming minerals (Rocks and Minerals 1). Rocks
are classified into three main types, igneous, sedimentary and metamorphic, depending upon
their mode of formation (Rocks and Minerals 1). Over geological time, rocks are gradually
transformed from one type to another in what is termed the Rock Cycle (Rocks and Minerals
2). The origin of any particular rock can be determined by careful examination of its texture,
composition, and internal structure, features that form the basis of rock identification and
classification (Rocks and Minerals 2). The large variety of rock types present in Hong Kong

reflects the complexity of the geology of the region (Rocks and Minerals 3).
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| E{E B p ﬁE{[EI% The ROCk cycle In order to understand the Rock Cycle, itisimportant
A A

% ERAERAURE=BEE AT EM—T to understand the rock-forming processes.
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THEROCK CYCLEAND  BBER (B1) B—BEAEE . AuME  MH - SESEOARE2BNEE - Ihe fock tyc s 1) s @ conceptal madel " .

ROCK IDENTIFICATION sy — -~ that explains how geological processes acting on Molten rock deep within the Earth is termed

un) 44 FE LU == ey ;i;_m =4 R E IEI -4 .

ARE EE*DMEEL_E 25A ARRRAL \ RREFZBXAENE any one of the three main rock types — igneous, magma. When magma cools and crystallizes
NAZHEITHYE ERE-BER BE-HUARETERCEREES sedimentary and metamorphic — can change one it forms igneous rock, either deep inside the
AR E @JE;E}E@JEEﬂEI&E’JJ?@JjJ 0 MEPEBREMRKRE TR LES rock type to another over geological time. Plate Earth's crust (intrusive igneous rocks) or at the
i iyt et o ANEE BN AAERENEANRA tectonics is the driving force of the Rock Cycle. Earth’s surface (extrusive igneous rocks). Igneous
' BEmEEE RRRERZ- - ' I , . .
: EEEAMELBR  BREREN Y — o : EEARENEER - L _________ . rock-forming processes involve melting, cooling
L e e e e e e e e e e e e e - a : See Plate Tectonics 1 for further discussion of tectonic processes. : and crystallization_

| The rock-forming processes are introduced in Rocks and Minerals 1.

EIREARE  BAER[EENBRE . » When tectonic activity exposes rocks at the
> AR ENREEE S = Earth’s surface, they are subject to weathering
N ‘(/7'( ZsN I 2 ! 2]

and erosion. The resulting sediments are

IR

Volcanic ash

RAORER  WRRBE  BFLR
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transported and deposited in a basin, where
they are buried, compacted and cemented to

form sedimentary rock. The sedimentary rock-

forming processes involve weathering, erosion,

EENREE S REARAAESE - SN REERARE o deposition, burial and lithification.
Magma forms when rock melts deep When magma cools and
beneath the Earth’s surface. solidifies, igneous rock forms. P - m T TS mmm - - - == "

: See Geology and Landscape 1 for further discussion of weathering

> AREEREMEHERRANEAER
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BRERR  PRRRE TRENEER
RERERL - R85 ERREL
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| and erosion processes. |

SEE
Metamorphic
rocks

=

- Wik AR
BAERAE Extrusive igneous
Intrusive igneous
rocks

[oH

S8 SE - BASHARTE - » When rocks are subject to high temperatures

Heat, pressure and/or hot fluid.

\\_/

and pressures, and to hot, mineral-rich fluids,
their textures and/or mineral compositions
are changed to form metamorphic rock.
The metamorphic  rock-forming  processes

N ---— G- - . ERSEMRTHNREEN
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BREEE o

When sedimentary rock is buried

deep in the crust, heat, pressure

and/or hot fluid cause it to

become metamorphic rock.

involve changes to rock textures and mineral

il BEEDERENEAM LI compositions under different temperature,
B BRI WENE

EHRBERTRANED pressure or hot fluid conditions.

Tectonic activities uplift buried

rock; Weathering breaks down

rock that is transported and

deposited as sediment.

SR
Sedimentary

> EABESREED  URSBBRNE
WEARNEBERT  HEER/H
BORSEESELE  KHEHE -
BECE=NBRIRAZAD BN
FHRRTE  MELEENBIRD

B B - RERERE o
Uplift, weathering, transportation,
and deposition.

The Rock Cycle can begin with any one of the three
rock types. It is important to understand that a
rock does not necessarily pass all the way through

=

the Rock Cycle from igneous, to sedimentary, to

SRMMER » REATREATTE - metamorphic, and back to igneous rock again.

Sediment is buried, compacted and
cemented to form sedimentary rock.

For example, an igneous rock can become a

metamorphic rock without reaching the Earth’s
surface, and without first becoming a sedimentary

rock. Also, any type of rock can become a new rock

of the same type.
Bl 5RES yp
Figure 1. The Rock Cycle.




2hEBET A

EARBERNER D B=KEEEH
BApE MEENMZES - ERZH
BRT - e ANTHBRTIIREERE
G2 Rt BHAEEANEE  HL4A
HEBENEEARER  MEANEER
RS =l s DR ME R SRR

—————————————————————————

L= — | N T . . o - - = = — = = o

> BEREEREBABYIN T AN
KR - MefEs fRnHIRE o

> BOREEANENNS  BERE
&Y HteamAR/E LR FET
BEONEND - s ANARRAE
EORDREERETR o

RERE

* Plton
S @
Coa s T

2 BRAMENTAE

Figure 2. Various forms of igneous rock.
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Introduction to Rock
Identification

Rocks are classified into three main types, igneous,
sedimentary and metamorphic, according to
their mode of formation. In most cases, it is
not possible to directly observe how rocks are
formed. Therefore, it is necessary to rely on
the distinctive features of a rock to infer its
origin. Texture and mineral composition are two
important characteristics that may help to confirm
the origin of a rock.

o e e o

b e e e e e e e e e — — a

» Texture refers to the sizes and shapes of the
component minerals or grains, and to their

collective arrangement in a rock.

» Composition refers to the crystals, mineral
grains, fragments of other rocks, and/or fossils,
that make up a rock. It also refers to the
chemical constituents of a rock. The colour of a
rock may also provide an important guide to its

composition.

Identification of
Common Rocks in
Hong Kong

In many cases, the identification and classification
of rocks is a skilled task that requires a broad
understanding of geology and considerable
experience. Nevertheless, this section will provide
some useful guidelines for identifying the common
rock types in Hong Kong.

Characteristics of Intrusive
Igneous Rocks

» Granitic Rocks

* Granitic rocks contain predominantly feldspar
and quartz minerals, with subordinate

amphiboles, and micas.

e Granitic rocks occur as plutons, dykes or sills
(Figure 2).

¢ Individual minerals, can generally be identified
with the naked eye (Figures 3 & 4).

* Minerals are crystalline and show an interlocking
texture (Figures 3 & 4).

¢ Unweathered granite is commonly pinkish grey

or light grey in colour.

3. ENRRE  MESKBANKHAER -
Figure 3. Equigranular granite, /.e. mineral grains are of approximately the
same size.

0 10 20 30 40 50mm

4 TERWRRE  2ERRBANREGIR)
Figure 4. Inequigranular granite, containing large crystals (phenocrysts) of
feldspar in a matrix of smaller crystals.

7I
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Figure 5. Coarse ash crystal tuff, containing mainly crystal fragments.
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Figure 6. Eutaxitic tuff (welded tuff), containing pumice fragments (fiamme)
and glass shards that are flattened during its formation.

Characteristics of Extrusive
Igneous Rocks

» Lava

¢ Individual mineral grains in lava are generally too

small to be identified with the naked eye.

e lava may contain some larger crystals

(phenocrysts) within the fine-grained groundmass.

* Lava may display a flow fabric.

» Tuff

o Tuff (Figure 5) contains fragments of minerals,
glass, pumice and/or pre-existing rocks.

o Tuff is classified on the basis of the relative

components of the various fragments.

e The fragments are generally angular and
broken.

e Tuff is commonly dark grey in colour when the
rock is unweathered.

e The rock may show a welding structure
(Figure 6).

¢ Some tuff is columnar-jointed.

B7. 8% SEREENEARE

Figure 7. Conglomerate, containing rounded lithic clasts.

Characteristics of Sedimentary
Rocks

» Clastic Sedimentary Rocks
(Siltstone, Sandstone and Conglomerate)

¢ (lastic sedimentary rocks are composed of rock
and mineral grains eroded from pre-existing
rocks (Figures 7 & 8).

e Individual grains are held together by a cement
that is commonly composed of quartz or calcite
minerals.

e (lastic sedimentary rocks may contain fossils.

 Sedimentary bedding may be present, defined
by variations in the texture and composition of
the constituent grains that are systematically

arranged in layers.

e Colour variations reflect composition, the
depositional environment of the sediments and/

or the texture and weathering state.

0 10 20 30 40mm

B8 M5 - RTEHTEE o
Figure 8. Siltstone, showing thin sedimentary layers.




Characteristics of Metamorphic
Rocks
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» Schist and Phyllite

* The minerals of the original rock may be replaced

by new metamorphic minerals, such as micas

(A IATEYD) (platy minerals) and amphibole (a prismatic Y
mineral). et {
o EREE  mHRIREMRNTBDHES il - R
=% (B9) o T ey v— * The rocks show a foliation, which is defined by
Bo. RBAE RELEEE. the alignment of platy or elongate prismatic
Figure 9. Graphite schist, showing metamorphic foliation. ' '
- BEE-RERBOBERE EX minerals (Figure 3. .
-~ , wo N < _ . . 0 20 40 60 80 100 120 140 160mm
TH RMFENZEEYNTE * The rocks commonly display alternating dark Bio B% BEEBNSHEWD .
E%E . and |Ight coloured bands that reﬂect the Figure 10. Marble, containing crystalline calcite minerals.
concentration of dark and light coloured
s AREEREEER  —REHKAEWN minerals.
K e The rocks generally display a silky or shiny
appearance due to the presence of micas.
» KEE
" » Marble
o REx (B10) RHFEABYRE . . o
5. * Marble is composed of crystalline calcite minerals
FoR o
(Figure 10).
¢ MXBERRBHNAEG  BRTER * Pure marble is in white or creamy colour, but
NEREMBREMHMER o impure marble may be light grey to bluish grey.
o AELBARHEBEELERRE B4 e Marble reacts with dilute hydrochloric acid to

produce gas bubbles (effervescence).

SRR (fRg) o

2HCI +CaCoO,  CaCl, +H,0+CO,

acid marble solid water  gas

2HCI + CaCO, = CaCl, +H,0 + CO,
L1 KER Elfe YN et

e The rock is easily scratched with a knife.

o REERBZHPIETE -

* The mineral grains are interlocking.

o RYIREEH-
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