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In 2008, in collaboration with the Education Bureau (EDB), the Geotechnical Engineering Office (GEO) of
the Civil Engineering and Development Department (CEDD) prepared teaching support materials for the
New Senior Secondary (NSS) Geography Curriculum under the topics of Natural Hazards and Earth Science.
A “Teaching Support Materials Kit” to assist teachers with preparation of lessons was produced and
distributed to all secondary schools in Hong Kong in early 2009.

The teaching kit contains pertinent and up-to-date information on slope safety, landslides, geology and
geomorphology in Hong Kong. Furthermore, it forms part of the GEO’s public education efforts to enhance
knowledge and awareness of slope safety and landslides among secondary school students.

In view of the anticipated demand for more accessible and simplified accounts of the geology and
geomorphology of Hong Kong, especially in relation to establishment of the Hong Kong Geopark, it was
considered worthwhile to produce a geology book, based on the teaching kit prepared for the EDB. As the
teaching kit was structured for teaching of geological topics at progressive student levels, preparation of the
book required topical reconstitution and reorganisation so as to enable fluency in style and subject matter.

This book has been compiled by the Hong Kong Geological Survey of GEO. In addition to materials covered
by the teaching kit prepared for EDB, the book includes a brief history of geological studies in Hong Kong,
supplementary information on structural geology, some new diagrams and photographs, and an appendix
containing a field guide to pertinent sites featuring well-exposed granitic, volcanic and sedimentary rocks,
and their related geological features in different parts of Hong Kong.

As a whole, the book provides the first authoritative account of Hong Kong's geology written at an introductory
level in Chinese and English. We are hopeful that this book will serve not only as a useful reference for
secondary school teachers and students, but also as a general reference for geotechnical practitioners and
members of the public interested in the subject.
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MINERALS AND ROCKS -
GEOLOGICAL BUILDING BLOCKS
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Minerals and rocks are the essential building blocks 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 are classified into three main types, igneous,
sedimentary, and metamorphic, depending upon their mode of
formation. Over geological time, rocks gradually are transformed
from one type to another in what is termed the Rock Cycle. The
origin of a rock can be determined by careful examination of its
texture, composition, and internal structure, features that form
the basis of rock identification and classification.
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Minerals are the fundamental components of rocks.
They are naturally occurring inorganic substances
with a specific chemical composition and an orderly
repeating atomic structure that defines a crystal
structure.

Silicate minerals are the most abundant components
of rocks on the Earth’s surface, making up over 90% by
mass of the Earth’s crust. The fundamental chemical
building block of silicate minerals is the chemical
compound silicon tetroxide, SiO, (Figure 1-1).

The common non-silicate minerals, which constitute
less than 10% of the Earth’s crust, include carbonates,
oxides, sulphides, phosphates and chlorides. A few
elements may occur in pure form. These include gold,
silver, copper, bismuth, arsenic, lead, tellurium and
carbon.

Although 92 naturally occurring elements exist in
nature, only eight of these are common in the rocks of

the Earth’s crust. Together, these eight elements make
up more than 98% of the crust (Table 1-1).

& Oxygen (O)

# Aluminium (Al)

#5 Calcium (Ca)

F1-1. sHEHLTR IR LAY
TCR(LVE R -

Table 1-1. The eight most
common elements in the
Earth’s crust (by mass).

# potassium (K)

Classification and Identification _

Minerals are classified according to their chemical
composition.

The physical properties of minerals, such as their
hardness, lustre, colour, cleavage, fracture and relative
density, can be used to identify minerals. These general
characteristics are controlled mainly by their atomic
structure (crystal structure).
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COMMON ROCK-FORMING MINERALS
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Figure 1-2. Quartz
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Quartz

Plagioclase Feldspar

——

Quartz (Figure 1-2), which is usually called silica,
is one of the most common minerals in the Earth’s
crust.

Quartz is made up of silicon dioxide (SiO,).
Quartz crystals are usually hexagonal and prismatic
in shape.

Pure quartz is colourless, although the presence
of impurities may give a range of colours, such as
violet, pink and orange.

Quartz is the raw material for making glass.

Plagioclase feldspar (Figure 1-3) is a sodium- or
calcium-rich feldspar. The chemical composition
ranges from sodium aluminium silicate, NaAlSi,O,

to calcium aluminium silicate, CaAl Si,O,.

Plagioclase feldspar crystals usually occur as stubby
prisms.

Plagioclase feldspar is generally white to grey and
has a vitreous lustre.

Plagioclase feldspar is an important industrial
mineral used in ceramics.

fE1-3. RHRA

Figure 1-3. Plagioclase feldspar
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Alkali Feldspar

e Alkali feldspar (Figure 1-4) is another member of
the family of feldspar minerals.

o Alkali feldspars (potassium sodium aluminium
silicate (K,Na)AISi,0,) are rich in alkali metal ions.

o Alkali feldspar crystals usually occur as stubby
prisms.

e Alkali feldspar is commonly
pink to white.

o Alkali feldspar is used as raw
material to make porcelain.

NOTE: Feldspar is a general name
for a family of minerals with similar
atomic structure. Two of the more
important mineral members in
the feldspar group are plagioclase
feldspar and alkali feldspar.

B 1-4. WHERA
Figure 1-4. Alkali feldspar

| | Micas

e Micas are a family of silicate minerals.

* Micas are made up of varying amounts of
potassium, magnesium, iron, as well as
aluminium, silicon and water.

* Micas form flat, book-like
crystals  that  split into
individual sheets, separating
into smooth flakes along the
cleavage planes.

e They are common minerals in
intrusive igneous rocks, and can
also be found in sedimentary and
metamorphic rocks.

¢ Biotite (Figure 1-5) is a dark,
black or brown mica; muscovite
(Figure 1-6) is a light-coloured or
clear mica.

1-6. HZEH}
Figure 1-6. Muscovite
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Amphiboles

Pyroxene

Amphiboles are a family of silicate minerals.

Amphibole minerals generally contain iron, magnesium,
calcium and aluminium as well as silicon, oxygen,
and water.

Amphiboles form prismatic or needle-like crystals.

Amphibole is a component of many igneous and
metamorphic rocks.

Hornblende (Figure 1-7) is a common member of the
amphibole group.

[ 1-8. KA

Figure 1-8. Pyroxene

Pyroxenes (Figure 1-8) are a family of silicate minerals.

Pyroxene minerals generally contain magnesium,
iron, calcium and aluminium as well as silicon and
oxygen.

Pyroxenes form short or columnar prismatic crystals.

Pyroxene is a component in many igneous and
metamorphic rocks.

Pyroxene crystals are commonly faceted as gemstones.
For instance, precious jade (jadeite) is a pyroxene.



wWisa

HHARE 1 (18 1-9) JEg B R B k) o
WL & A AN g -
WL R AR RO ERY) -

W R A 0 SO BRSSP R R
W) > (HIEBUE AR A B -

TR B B R A S B 2 R A

—

1-9. HiiE A

Figure 1-9. Olivine
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Olivine

Olivine (Figure 1-9) is a silicate mineral.
Olivine, (Mg Fe),SiO,, contains iron and magnesium.

Olivine is a green, glassy mineral.

¢ Olivine is common in mafic and ultramafic rocks, but

has not been found in Hong Kong.

Clear and transparent olivine crystals are commonly
faceted as gemstones.

1-10. FffA
Figure 1-10. Calcite

Calcite

Calcite (Figure 1-10) is a carbonate mineral.
Calcite is made up of calcium carbonate (CaCO,).

Calcite is generally white to clear, and is easily
scratched with knife.

Calcite is a common sedimentary mineral that is the
major component of calcareous sedimentary rocks
such as limestone.
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Rocks are naturally occurring aggregates of minerals,
rock fragments or organic matter. The composition
of a rock, as well as the appearance, shape, and
arrangement of the grains or crystals within the rock
(i.e. its texture), are the characteristics that reveal
its process of formation. Based on their mode of
formation, rocks are classified into three main types:
igneous, sedimentary and metamorphic.

Rock Identification

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.

@ 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.

The identification and classification of rocks is a
skilled task that requires a broad understanding of
geology and considerable experience.
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Figure 1-11. Various forms of igneous rock.

Igneous rocks form when hot, molten rock (magma)
cools and solidifies. The magma originates deep
within the Earth near active plate boundaries or hot
spots, then rises toward the surface. Igneous rocks are
sub-divided into either, intrusive or extrusive rocks,
depending upon where in the Earth the magma
solidifies (Figure 1-11).

@ Intrusive, or plutonic, igneous rocks are formed
when rising magma is trapped deep within the Earth,
where it cools very slowly over many thousands or
millions of years until it finally solidifies. Slow
cooling allows the individual mineral grains
sufficient time to grow and form relatively large
crystals. Intrusive rocks have a coarse-grained
texture with interlocking minerals. Granite is a
commonly occurring intrusive rock in Hong Kong.

@ Extrusive, or volcanic, igneous rocks are produced
when magma is erupted at, or very near, the Earth’s
surface. The erupted magma cools and solidifies
relatively quickly when it is exposed to the cooler
temperatures of the atmosphere, resulting in
forming a fine-grained texture. Lava and tuff are two
common volcanic rocks.
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Volcanic ash
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Lava flow

I pre

Volcanic pipe

Laccolith
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Characteristics of Extrusive Igneous Rocks
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Figure 1-14. Coarse ash crystal tuff,
containing mainly crystal fragments.

* lava may display a flow fabric.
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Figure 1-15. Eutaxitic tuff, containing
pumice fragments (fiamme) and glass
shards that are flattened during its
formation.
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Tuff (Figure | -14) contains fragments
of minerals, glass, pumice and/or
pre-existing rocks.

Tuff is classified on the basis of
the relative components of the
various fragments. The fragments
are generally angular and broken.

Tuffis commonly dark grey in colour
when the rock is unweathered.

The rock may show a eutaxitic
welding structure (Figure |-15).

Some tuff is columnar-jointed.
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Sedimentary rocks are formed from the eroded
fragments of pre-existing rocks, or from the skeletal
fragments of once-living organisms. They accumulate
in various environments on the Earth's surface.
Sedimentary rocks commonly have distinctive layering or
bedding. Sedimentary rocks are divided into three groups,
including clastic, biological and chemical.

@ Clastic sedimentary rocks are made up of fragments
(clasts) of pre-existing rocks. Crystals or fragments
of the pre-existing rocks are loosened by weathering,
and subsequently transported to a site where they

are deposited. Clastic sedimentary rock is formed
when the sediment is buried, then compacted and
cemented.
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Figure 1-17. Siltstone, showing thin
sedimentary layers.
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@ Biological sedimentary rocks form when large
quantities of living organisms die and accumulate.
Their remains are broken down, compressed and
cemented to form rock. Accumulations of carbon-rich
plant material may form coal. Deposits composed
mainly of animal shells may form limestone or
chert.

@ Chemical sedimentary rocks are formed by chemical
precipitation from solutions. This process begins
when water passes through rock dissolving some
of the minerals and carrying them away from their
source. Eventually the minerals are deposited, or
precipitated, when the water evaporates or when the
water becomes over-saturated with minerals. Rock
salts are examples of chemical sedimentary rocks.

f1-16. BE - SHEERMEGRE -
Figure 1-16. Conglomerate, containing
rounded lithic clasts.

P Clastic Sedimentary Rocks
(Siltstone, Sandstone and Conglomerate)

* Clastic sedimentary rocks are composed of rock and
mineral grains eroded from pre-existing rocks (Figure
[-16).

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

* Clastic 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.

* Colour variations reflect composition, the depositional
environment of the sediments and/or the texture and
weathering state.

The naming of clastic sedimentary rocks is based on grain size
and shape of the clasts (Table 1-2). For example, siltstone
(Figure 1-17) is an aggregate of silt-sized grains, whereas
sandstone is composed of sand-sized grains.
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Metamorphic rocks are formed when a pre-existing rock
is subject to high temperature, high pressure, hot and
mineral-rich fluid, or a combination of these conditions.
The original rocks could be igneous, sedimentary, or
earlier metamorphic rocks. Some or all of the original
minerals are replaced by new minerals, and the original
textures are commonly masked due to the deformation
(such as shearing and folding) that may accompany
metamorphism. Metamorphic rocks are generally formed
deep within the Earth, or where tectonic plates meet.

Y 5191’ Characteristics of Metamorphic Rocks
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Figure 1-18. Graphite schist, showing L

metamorphic foliation.
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P Schist and Phyllite

* The minerals of the original rock may be replaced
by new metamorphic minerals, such as micas (platy
minerals) and amphibole (a prismatic mineral).

* The rocks show a foliation, which is defined by
the alignment of platy or prismatic minerals (Figure
[-18).

* The rocks commonly display alternating dark and

light coloured bands that reflect the concentration
of dark and light coloured minerals.

* The rocks generally display a silky or shiny
appearance due to the presence of micas.

» Marble

* Marble is composed of crystalline calcite minerals
(Figure 1-19).

* Pure marble is in white or creamy colour, but
impure marble may be light grey to bluish grey.

Figure 1-19. Marble, containing crystalline
calcite minerals.
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@ Foliated metamorphic rocks exhibit a platy or

sheet-like structure. Foliation develops when platy
or prismatic minerals within the rock are compressed
and aligned under extreme pressure. The foliation
pattern reflects the direction in which pressure was
applied. Slate, schist, and gneiss are examples of
foliated metamorphic rocks.

@ Non-foliated metamorphic rocks display a massive

structure. Non-foliated metamorphic rocks can
be formed by contact metamorphism that occurs
around intrusive igneous rocks. The pre-existing
rocks that come into contact with the intruding
igneous rocks are essentially baked by the heat. In
this case, the mineral structures of the pre-existing
rocks are changed without being subjected to
intense pressure. Quartzite and marble are examples
of non-foliated metamorphic rocks.

* Marble reacts with dilute hydrochloric acid to produce gas
bubbles (effervescence).

CaCl, + H,0 + CO,

solid  water gas

* The rock is easily scratched with a knife.

* The mineral grains are interlocking.

s
®



EATER The Rock Cycle

ERERE1-20)2 —EHSRE - B
MEAKE NMEENZ2EEE=-BI2
EOANMZHERHTE  ENR &
Eh MRAEHEREDELRERN
REY S

ETHELER  BLERAREENBE

cEENESBIEBERL - R&h -
HERE BRI N E(IER o

cBEENELBRSRATRS  BES
SMBRYE - MELEBARIKA L

Bt -

EARRANRE="RBREATHNEM—T&
Fite  BAKERAKEZERIIES
BERREEE  NEREHNEOAKENEE
B - PIImARER BRI REESE
M EATZHBIRKRE - B TRATRER
RS » R - RN E AT EE
RRBHFEAD -

The Roclk Cycle (Figure 1-20) is a conceptual model that explains
how geological processes acting on any one of the three main rock
types - igneous, sedimentary and metamorphic - can change one
rock type to another over geological time. Plate tectonics is the
driving force of the Rock Cycle.

In order to understand the Rock Cycle, it is important to
understand the rock-forming processes.

* Igneous rock-forming processes involve melting, cooling and
crystallisation.

* Sedimentary rock-forming processes involve weathering, erosion,
deposition, burial and lithification.

* Metamorphic rock-forming processes involve changes to rock
textures and mineral compositions under different temperature,
pressure or hot fluid conditions.

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 metamorphic, and back to igneous rock again. 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.

1-20. & A 1EER -
Figure 1-20. The Rock Cycle.
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FORMIDABLE FORCES

AR 3 B B8 i R AR P RE AR o AR ST Bl B R
Rk AR AR Y TR > DA B R AL ROAR B - BB A% K
B B 7 B ek o HURALK I BB A - A A B L - A
PRER > DA RIE R Y ~ Ok B 0 A R IR S5 L BU TG ) - 5 e S
DAAR S 72 5l B i 7 S R o

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 plate, and plate boundary,
and the driving forces of plate movements. 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.
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Figure 2-1. Generalised structure of the Earth.
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The Earth is an irregular 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 2-1).

oz FLfE2-2)
Crust (see Figure 2-2)

g
Mantle

b

Outer core

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 km. The mantle is rich
in iron- and magnesium-bearing silicate minerals.

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 silica, and is less
dense, than oceanic crust.

@ Oceanic crust (about 10 km 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 — 60 km thick) is composed
of potassium-, sodium-, and aluminium-rich silicate
minerals that form a diverse range of rock types such
as granite.
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Dynamic Surface of the Earth

The crust and upper part of the mantle of the Earth
is further subdivided into the lithosphere and the
asthenosphere (Figure 2-2). 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.

@ The lithosphere is a strong layer, extending to a
depth of 100 to 150 km, 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 400 km 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.
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Figure 2-2. Generalised structure of the crust and upper mantle.




RLEEE S Driving Force of Plate Tectonics RIRESFE
TYPES OF PLATE BOUNDARY

T W 2 b ER N ER B A ) > 2 ffE Plate tectonics is driven by the internal heat energy

Bk AE ) T R TR AR AR > LR A of the Earth. This comprises the heat left over from
the initial formation of the Earth, combined with heat

R e hah B o . N )

PR R from the decay of radioactive minerals contained in the MRS 3 Jy = K There are three types of
rocks. B A - TR B ) A B e plate boundary: convergent,

2075 BkE A B Bk T g ) B R T W o preading rdge divergent, and transform plate

boundaries.

b 08 O 4 A0 B 1) AMBE R 5 T R B [
(B 2-3) o AR AR R S I B > T
AR )

B ZR 3 TR Y A 21 B0 e e O R ORI B
LA R 8 ) 5 A R R T T 2 S AR R

HL AT ERYE -
R
Mid-ocean ridge
U
HE R -
Active plate |: f(l;rl]):luctlon

margin

kil
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Heat from the Earth’s lower mantle rises as plumes
towards the upper mantle where cooling occurs. The
plumes spread out, then sink back into the interior
(Figure 2-3). 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 a semi-plastic
manner, which enables the slow transfer of materials.
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Figure 2-3. Mantle convection as the driving force for plate tectonics.
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Figure 2-4a. Generalised structure of a divergent

G E A > H I B9k, BRI AR B 0 BEA K 1
plate boundary.

WP -

OB & MM W B %
(Fl2-4b) : BATIE | Jolonees
gt mmbon ey
JERY - T 5] % B
— WA E T — A
W2 ke PRI G

Eepel|
W ?& [E] ﬂﬂ [I]ﬁ ’ jﬁﬁ/{\ wﬁ Lithosphere
[Eﬁ%ﬁ TE% ) ﬂﬂ}ég*n J( [J_l ARl [ :ks?zﬁosphere
?ﬁ @JE%EW%W%E Subduction zone

Figure 2-4b. Generalised structure of a convergent
%ﬁﬁ%&ﬁi E@ ° plate boundary.

ARBERE AR E  iR E I [Bl2-4b. 8 £ ARSI HE AR S o

O W M MM B K

(2-4c) * SEBY RIS Eaots
5 L2 T AR S5 2 1Y

PRI HLRR G 7EAR
BB BB o A%
BB A E R

RARIBEM BUR petensher
Maf o SRS AR
15 4 = AR
VBRI 1 Bi2-tc. BB SR -
Figure 2-4c. Generalised structure of a transform
plate boundary.

@ Divergent plate boundaries

(Figure 2-4a): 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 2-4b): 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
activities are generated in the
overriding plate.

@ Transform plate boundaries

(Figure 2-4c): 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 neither
created nor destroyed as it is
at divergent and convergent
plate boundaries.
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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”.
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the surface of the Earth cools to create new (I82-7) -
rocks, and thereby introduces new elements and
minerals into the Rock Cycle. These new rocks are
broken down (weathered), transported (eroded),
accumulated (deposited), and buried (lithified) to
form other rocks, which are subsequently uplifted
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@ Plutonism: a large proportion of the mobile magma chain along a convergent plate boundary.

never reaches the Earth’'s surface. This magma
accumulates and cools in the crust to form bodies of
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lithospheric plates causes crumpling of
rocks between the plates, which leads to
the creation of mountain chains and
volcanoes (Figure 2-6).

along faults, triggered by plate movements, or by the
movement of magma upwards in the crust, causes
shaking of the Earth (Figure 2-5).
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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 2-7).
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The Great African Rift Valley in Kenya is an
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Figure 2-7. Development of a back-arc rift zone behind a chain
of volcanoes adjacent to a convergent plate boundary.
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Solid mantle material rises close to the Earth’s surface
at divergent plate boundaries (Figure 2-8). 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 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 hot spots (Figure 2-8). A
hot spot 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 2-8). 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 2-9).
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Figure 2-9. Active volcanoes, tectonic plates and the “Ring of Fire”.
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Figure 2-10. Mount St. Helens volcano, USA (Photo courtesy
of the USGS/Cascades Volcano Observatory).

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 volcano 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 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.

W 2-10. 3 B il (L o B0 LR & Rk i This allows any gas bubbles to

escape, resulting in largely non-
explosive eruptions. In contrast,
the magma in rhyolitic volcanoes
is relatively cool 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” (Figure 2-10).

Three common types of volcanoes that occur in
different tectonic settings are shield volcanoes,
stratovolcanoes, and caldera volcanoes.
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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 2-11).
Large volumes of low viscosity
basaltic magma pour out as
rivers of lava. This style of
eruption is characteristic of

Hawaiian-type volcanoes. g, |\ g oo g Jo it
I 3B 7 R 07 B K LL B A S AR AR o
Figure 2-11. Kilauea volcano, Hawaii
(Photo courtesy of the USGS/Cascades
Volcano Observatory).

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 2-12).

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).
The greater the dissolved gas content, the more
explosive an eruption
will be, and the larger
P MR R E the volume of erupted
Ash fall Eruption cloud volcanic ash.
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Figure 2-12. Generalised structure
of a stratovolcano and associated
volcanic hazards.
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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
2-13). 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 so
large that they collapse under gravity and flow over
the landscape like a fiery fluid.
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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 2-12).

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

Secondary hazards include: lahars (mud flows),
floods, fires, and tsunami (large sea waves).
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Figure 2-13. Formation of a caldera volcano - (A) Explosive eruption
partially empties the underlying magma chamber; (B) The summit
of the volcano collapses into the empty space left in the magma
chamber, forming a caldera.
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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
2-14).

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 generations of tsunamis,
such as the one that occurred following the December
2004 Indian Ocean earthquake.
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Figure 2-14. Seismic waves generated by movement along a fault deep underground.
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In simple terms, a geological map shows the surface distribution
of rocks in a particular area. However, in order to fully understand
a geological map, it is necessary to be familiar with several
basic geological principles, including the laws of stratigraphy,
geological age, and geological structures. To the experienced eye,

a geological map reflects the three-dimensional distribution of
rocks, and also serves as a visual guide to the geological history
of the area.
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PRINCIPLES OF
STRATIGRAPHY
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Sediments (mineral grains and fragments of
rock) are produced by weathering at the Earth’s
surface. They are removed by erosion and
deposited elsewhere as layers, which thicken over
time and, as the weight and pressure increase,
they are eventually compressed and lithified to
form sedimentary rock.

The father of modern geology was James Hutton,
an eighteenth century scientist. After observing
modern rates of sediment accumulation, Hutton
concluded that long periods of time were
required to build up the thick layers of sedimentary
rock strata seen today. Hutton also concluded
that geological processes similar to those today
must have operated in the past. This led to the
theory of Uniformitarianism, which states that
all ancient rocks and geological features can
be explained by observing the operation of
modern-day processes. Uniformitarianism is
usually referred to by the more explanatory
phrase “the present is the key to the past”.

The study of rock layers preserved in the geological
record is called stratigraphy (Figure 3-1).
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Figure 3-1. Late Palaeozoic layered sedimentary rocks
(strata) exposed in Grand Canyon National Park, the
U.S.A. (photo by courtesy of US Geological Survey).

HJg SRR DU M et s

@ Hu ) i )7 2 HERY 16994F Hi Nicolas Steno £J37 o flgR ik
B UURE D) F TR R NE 7 T2 i B g 1R > e 1) i
TENTE » 17 S AF S 1 HAE > Ak g gy o

@ [k 41 ¥ )y s i R Pl 0 ] R b 2 K William Smith
BlSr o MBIEAAAE > A A g ke i 51
F s AR B AT AR EEME S KA
M LAt aAm N ERE > ahBEERER
J& 7 (RE ) o 72 B 20 M 76 R (8] b J5 1) 5 T RE A B
L > 5% William Smith 7418154 RAE h EiRk 2 B
HOET )

T 1 4 R T AT B AR R T R R A B R R
SRS - BRI E SR FIIZH » W —5 8
B A A G AR (BUR AR - A BIR AR E D
{¥) HE D) AF (B 48 S 4 ) o

Stratigraphy is based on two underlying principles:

@ The Law of Superposition was introduced by Nicolas
Steno in 1699, after recognising that successive beds
of sediments laid down in horizontal layers have the
oldest beds at the base, and the youngest beds at the
top, forming a stratigraphical sequence.

@ The Law of Fossil Assemblages was introduced
by William Smith, a mining geologist in England.
Smith observed that, in any one area, the individual
rock layers, or strata, were arranged in a predictable
pattern. Importantly, groups of strata containing
similar types of fossil (fossil assemblages) always
occurred in the same relative stratigraphical (age)
position. This fact enables groups of strata in different
areas to be correlated, and allowed Smith to produce
the first national geological map in 1815.

The two principles of stratigraphy allow the relative
age of rocks in a stratigraphical sequence to be
determined. Relative age refers to whether a rock layer
in a sequence is older (or younger) than other layers
in the sequence. There is, however, no implication of
the true age (i.e. absolute age) of the rock.
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Consider Figure 3-2. According to the Law of
Superposition, the sediments of sandstone, siltstone,
mudstone, limestone, volcanic ash and conglomerate
were deposited in a sequence. Sandstone is the oldest
rock, and conglomerate is the youngest.

Two other principles enable the relative age of rocks
and geological events to be inferred, namely:

@ The Principle of Cross-cutting Relationships,
which states that any geological feature (such as a
dyke) that cuts across an existing rock unit must be
younger than that unit.
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Figure 3-2. Relative age relationship of sedimentary and igneous rocks.
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@ The Principle of Included Fragments, which states
that any rock containing fragments of another rock
body must be younger than the rock body from which
the included fragments are derived.

In Figure 3-2, because fragments of mudstone are found
within the granite body (The Principle of Included
Fragments), the granite intrusion must be younger than
(post-date) the formation of limestone and mudstone.
Furthermore, the dyke cuts across the layers of
sandstone, siltstone, mudstone, limestone and volcanic
ash,andalsothe granite body, but not the conglomerate.
This relationship confirms that the intrusion of the
dyke post-dated the formation of sandstone, siltstone,
mudstone, limestone, volcanic ash and granite, but
pre-dated the deposition of conglomerate. Finally, a
normal fault has displaced the rock sequence so that
the right hand side has been downthrown.

Therefore, a brief history of the geological events shown
in Figure 3-2 can be summarised as Table 3-1.

It is very important to be aware that the rock layers
observed in a particular stratigraphical sequence may
not be a complete record of the history of deposition.
Some sediments or rock layers within the sequence may
have been weathered and partly removed by erosion.
There may have been long periods with no deposition.
There may even be other rock layers that have been
completely removed by erosion, with the result that an
entire period of the geological history of the area is
missing. In fact, more geological events are probably
missing from the geological record than are recorded
by the surviving rock sequences.

Having established the geological history of a particular
locality from the stratigraphical relationships, the
relative ages of the different sedimentary rock layers can
be determined by examining the fossil content.
Rock sequences that are separated by long
distances can then be correlated by applying
the Law of Fossil Assemblages, even though
the fossils may not occur in the same rock type
due to changes in sedimentary environment
across an ancient ocean or landmass.
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Table 3-1. The sequence of geological events shown in Figure 3-2.




4

ith B B 43R

GEOLOGICAL TIME SCALE

HPT W R A TR R Y S A A T R 2 £
D ~ MR RS AR S AR D BRI -

SR B A EE B LA 0 R AT AL 1
HANETRRBIER - % MEETES
77 4 H T I 52 1S T RO £
AR IR IZ 105 11 Al I B
T = W 5 T MO T I FR LA B
Bl 7 Bl 7 AL B AR - A
B A B B3 > 0 P 4 1 9
Hl 030 0 7 o 45 (A AR A4

RN T - HEFENES > MABAET
(Bl [RBlIAEAr] ) o fEiE WM > Hhek | B
I MR B AR RR I ELAS B AL Y R B
B A RE > RV R BB T B
HZ WA o BAE JUIRE A 2 3t B AR B 1Y
LA 3 DAY AR R AR B b A R B
A B B W T A R RS R 0 R R o
G o U0 A A ) S PR A 1 R A
Bl FaiE B REELRS > A&
HEEY > DU A E LRI A -

A geological map shows the surface distribution of
different rock types, their structural features, and their
age relationships.

The first geological maps simply showed the relative
stratigraphical positions of groups of rocks that
contained similar fossil assemblages. Over time, as
more areas were mapped and knowledge increased,
the geological time-scale was developed, based on a
wide range of rock and fossil occurrences. Geological
Time Units were subsequently devised, which placed
particular groups of rocks and fossils into relative
age categories. Many of these time units are named
after groups of strata that were first described from
type localities in the British countryside (e.g. the
Devonian).

The last 542 million years to the present is known
as the Phanerozoic (meaning “life presence”) era. It
contains the most subdivisions in the geological time
scale because this period in Earth history was teeming
with recognisable and evolving plant and animal life.
The boundaries between geological time units of the
Phanerozoic era are marked by widespread extinctions
in the fossil record and by major unconformities in the
rock sequence that signify global events, such as major
magmatic episodes and meteorite impacts. Examples
include the voluminous outpouring of magma at the
end of the Permian and Cretaceous periods, and a
meteorite impact at the end of the Cretaceous.
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Until the beginning of the twentieth
century, there were no scientific
methods available for determining
the true (absolute) age of rocks.
Thus, the Geological Time Units
represented only relative ages. Over
the years, various theories had been
proposed for the age of the Earth.
Theological estimates suggested that
the Earth was very young, but even
the early geologists recognised that
long periods of time were required
to accumulate the vast thicknesses of
sedimentary rock. Based on estimates
of the time needed for the exterior of
the Earth to cool from a molten state,
the British physicist Lord Kelvin
calculated, in 1846, that the Earth was
about 20 to 30 million years old.

In the early twentieth century, it
was recognised that the natural
radioactivity  inherent in  rocks
could be used to date rocks in the
geological record. This development
enabled ages to be assigned to the
Geological Time Units, and led to
the establishment of the Geological
Time Scale (Figure 3-3), a framework
that is still being refined as age-
dating techniques are developed and
improved.

The first geological time scale was
proposed in 1913 by Arthur Holmes
(1890 - 1965), a British geologist.
Periodically, as new data become
available, the ages of the boundaries
between geological time units
are revised by the International
Commission on Stratigraphy, and
ratified by the International Union of
Geological Sciences. The latest revision
was completed and promulgated in
2008.

[f3-3. fli B o
Figure 3-3. A simplified Geological Time Scale.
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Radioactive isotopes (“the clocks in rocks”) are used to determine
the absolute (or numerical) age of a rock. The absolute age of a
rock is calculated as a specific number of years.

In simple terms, isotopes of an element exist when the same
element has a different number of neutrons in the nucleus, but the
same number of electrons and protons. Some of these isotopes
(the parent isotope) are unstable (i.e. radioactive), and decay to a
more stable isotope (the daughter isotope) by releasing energy.
The rate of decay from parent to daughter isotope is constant, and
is unique for each particular isotope.

Many minerals contain radioactive isotopes. Once a mineral
is formed, the parent isotope in the mineral begins to decay to
produce a daughter isotope. In theory, the age (time since
formation) of these minerals, and thus the age of the rock bearing
them, can be determined by counting the ratio of parent to
daughter isotopes in the mineral. The age of the mineral
is the length of time that is required to produce the quantity
of daughter isotope that has accumulated in the
mineral. This length of time required can be
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Geological maps are a visual representation of a wide
variety of geological data, including the distribution of
rocks and sediments in a particular area, the types of
rock, their age relationships, and the structural features
in that area.

A geological map normally comprises a topographical
base map, overlain by areas of colour, to show
the distribution of stratigraphical units (rocks and
sediments), and special symbols, to show structural and
other geological information. Geological maps include
a legend that explains the meaning of the symbols, the
ages of the stratigraphical units, and provides a key to
the units. In some cases, the geological legend may
also show stratigraphical relationships. To assist the
user with an interpretation of the geology, geological
maps usually include one or more representative
cross-sections (Figure 3-4).

calculated using the known decay rate for the

isotope.

It is now known that the oldest dated rocks on the
Earth are about 4.28 billion years old. However,
since these original rocks have been recycled and
destroyed during the process of plate tectonic
movements, they do not provide a reliable age
for the Earth. Instead, the most reliable estimate
of the age of the Earth is based on the radiometric
dating of meteorites. Meteorites are believed to
be material left over from the formation of the
Solar System. The age of the oldest minerals
contained in iron meteorites that have entered
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estimate of the age of the Earth.
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Figure 3-4. Hong Kong Geological Survey 1:100,000-scale Hong Kong Geological Map.
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Geological maps are used for a wide variety of
purposes including land use planning, natural hazard
assessments, mineral resource investigations, water
resources evaluations, and engineering projects.

A geological map is a summary document from which
the geological history of an area can be deciphered.
However, it should be realised that a geological map
is an interpretation, by a geologist, of the geological
facts that were available at the time that the map was
prepared. The accuracy of a geological map is largely
a function of the time spent walking over the area,
and time available for data collection. Geological
maps can be revised and improved as more field work
is carried out, and as more data from boreholes and
excavations becomes available.
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A stratigraphical unit is a discrete stratum or body of rock that
occurs as a definable and mappable feature. Stratigraphical units
with distinctive lithological, physical and chemical characteristics
are shown as formations on geological maps. Two or more
geographically associated formations with similar characteristics
may be assigned to a group, which is the next order above a
formation.

Large, single intrusive units are shown on geological maps as
plutons or granite bodies, named after the particular geographical
locality in which they occur. The stratigraphical status of these
features is equivalent to a formation. Closely associated plutons
or granite bodies with a characteristic chemistry and mineralogy
are grouped as suites.

In Hong Kong, the volcanic formations are commonly assigned to
a group that represents a particular magmatic episode, a phase
or period of volcanic activity. Suites are the plutonic (intrusive)
equivalent of volcanic (extrusive) groups, and represent a
particular magmatic episode. The unconsolidated superficial
sediments are the youngest stratigraphical units, which form a
cover over most of the solid (consolidated) bedrock. In Hong
Kong, superficial deposits comprise alluvium (river deposits) and
colluvium (hillslope deposits) onshore, and marine mud, sand, and
Pleistocene alluvium offshore.
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Coloured Areas

A unique colour is assigned to each stratigraphical unit
(but not to each lithological type) on a geological map.
The selection of colours usually depends on the age
of the stratigraphical units, with several internationally
recognised colour schemes adopted for specific
stratigraphical units and geological periods. However,
to a greater or lesser extent, almost all geological maps
depart from the standard colour schemes, depending
upon the specific purposes of the map.

In addition to a unique colour, a letter symbol is
commonly used to identify the stratigraphical unit
in a particular area. The first letter, a capital, usually
refers to the geological age of the unit. For example, ]
designates the Jurassic (about 200 to 145 million years
ago), P the Permian (about 299 to 251 million years
ago), and D the Devonian (about 416 to 359 million
years ago). Subsequent (lower case) letters identify the
formation name or the principal lithological type.

Geological Lines

The type of contact between different rock units is a
critical factor to observe on a geological map. There
are three main types of geological contact: an intrusive
contact, a depositional contact, and a fault contact. On
geological maps, intrusive and depositional contacts
are generally shown by fine lines, whereas a fault
contact is represented by a heavy line.

Not all the faults shown on a geological map are active
(i.e. earthquake-related) at present. Rocks can preserve
a record of faults that have been inactive for a very long
period. Thus, the fault lines shown on a geological map
simply represent the traces (locations) of faults that
are preserved in the rocks.
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Geological boundaries are shown as either solid or
dashed lines on a geological map. This reflects the
degree of certainty, and hence accuracy, of the geological
contact represented on the map. Usually, in the field,
geological contacts are obscured by vegetation, soil, or
urban construction. Wherever a geological boundary is
observable in the field, it is shown as a solid line on the
map, but where a boundary is uncertain, or is inferred,
the line is dashed. Generally, the shorter the dash, the
more uncertain is the location of the boundary.

The lines on a geological map may be modified using
symbols (for example, filled triangles, small tick
marks, arrows, etc.). These symbols provide additional
information about the nature of the geological line.
For example, faults (heavy lines) with triangle symbols
show that the fault is a thrust fault, and that the side
of the line with the triangles has been pushed over
the side without the triangles. Other line symbols are
explained on the map legend.

Geological Symbols

Strike and dip symbols provide information about the
three-dimensional orientation of geological surfaces
such as bedding, joints, faults or foliations (Figure 3-5).
Using a compass and clinometer, geologists measure
the orientation of these structures wherever they can
find suitable solid rock exposures (as opposed to loose
boulders). The orientation and angle are recorded as
a strike and a dip respectively. Each dip and strike
symbol on a geological map usually represents the
average of several measurements.

@ Strike : The strike of an inclined geological plane
is the direction of an imaginary horizontal line
projected across the surface (Figure 3-6). Strike may
be visualised by immersing a sheet of glass into a
bowl of water. Because the water surface is horizontal,
the waterline on the glass is a horizontal line, or a
strike line. The direction (azimuth) of the waterline is
the strike.

@ Dip : Dip generally refers to the dip angle, which
is the angle between a geological plane and the
horizontal, i.e. the angle at which the plane slopes
downwards, as measured in the dip direction. The
dip direction is always perpendicular to the strike,
and is the direction of maximum slope of an inclined
plane. Thus, a horizontal plane has dip of 0°, and a
vertical plane has a dip of 90°.

A 30 Bedding, inclined, dip in degrees
+ Bedding, horizontal

X Bedding, vertical

# a0 Bedding, overturned, dip In degrees

Vaolcanic layering (eutaxitic foliation, flow-banding),
60 intiinea, i in degrees "

X Volcanic layering, vartical
o+ Volcanic layering, horizontal
B Anticline, axial trace

H Syncline, axial race

Figure 3-5. Examples of some geological
symbols.
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Figure 3-6. Strike and dip of inclined sedimentary layers.
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Map Legends

An important component of geological maps is the
legend (or key), on which examples of all the colours,
lines and symbols are explained. A legend is necessary
for a full understanding of a geological map. The legend
itemises the colour and the letter symbol of each
stratigraphical unit as a column, with the youngest,
or most recently formed, units (e.g. the man-made
deposits) at the top, and the oldest units in the area
at the bottom. The name of the stratigraphical unit,
a short description of the types of rock or sediment
present, and their age, are also included. Legends also
explain the types of geological line used, the strike and
dip symbols, and the other kinds of geological symbols
shown. These may include mineral occurrences, fossil
locations, and other geological features that might be
important in the area.
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Figure 3-7. Aerial photographs

Traditionally, geological maps are made by geologists
who walk over as much of the map area as possible,
noting where rocks can be seen (outcrops), the rock
types (lithology), their structure, degree of weathering,
and any other features that might be useful. All
observations are marked upon a topographical base
map, and measurements are taken using a magnetic
compass and clinometer. Aerial photographs may
help the geologist to identify target geological features
in the field.

@ Topographical base maps show the landscape of an
area in the form of contours (lines of equal height),
rivers, lakes, reservoirs, roads, buildings, footpaths,
etc. Topographical maps are drawn at various scales,
the most common scales in Hong Kong being 1:20,000
and 1:5,000, with 1:1,000 scale maps also available.
This means, for example, that on a 1:10,000 scale
map, 1 centimetre on the map represents 10,000
centimetres (100 metres) on the ground. The scale of
the topographical base map selected depends upon
the survey objectives, i.e. the amount of geological
detail required on the finished map.

@ Aerial photographs (Figure 3-7) are taken from
aircraft flying at fixed heights above the ground.
Adjacent pairs of aerial photographs with about
60% overlap can be used under a stereoscope to
provide a three-dimensional image of the landscape,
which is useful for reconnaissance surveys. The scale
of the aerial photograph can be determined if the
flying height and the focal length of the camera lens
are known. Aerial photographs of limited areas of
Hong Kong are available for some years between 1924
and 1963. Systematic, annual, territory-wide black and
white aerial photographic coverage began in 1963,
twice-annual black and white photography began in

1985, and routine, twice-annual colour
photography began in 1993.
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Figure 3-8. Magnetic compasses
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@ Magnetic compasses (Figure 3-8) are instruments

used to determine the direction of the magnetic north
pole. They work on the principle that the molten
core of the Earth causes the Earth to act like a giant
magnet, with the ends (positive and negative poles)
of the magnet located in the vicinity of the north and
south geographical poles. A magnetic compass, which
has a magnetised needle that pivots freely over a 360°
graduated dial, is used to determine the direction
of the north pole from the position of the observer.
However, the magnetic north pole migrates up to
about 1,167 kilometres from the geographical north
pole, a value that varies annually. In Hong Kong, the
magnetic north pole and the geographical north pole
are in the same relative direction. In other parts of
the world, this difference must be compensated for
by adding, or subtracting, an angle of up to about
30° (the magnetic declination) from the compass
reading.

@ Clinometers (Figure 3-9) are used to measure the

angle of inclination of a surface, such as the angle
of dip of rock strata. They employ a spirit level (a
bubble of air in a liquid enclosed in a glass tube) or
a pendulum to determine the horizontal and vertical
inclination respectively. Clinometers are equipped
with graduated half circles from which the angle of
dip of a surface from the horizontal can be read.

[#3-9. fHAME

Figure 3-9. Clinometer
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Geomorphology is the study of the nature and origin of landforms,
particularly of the formative processes of weathering and
erosion that occur in the atmosphere and hydrosphere. These
processes continually shape the Earth’s surface, and generate
the sediments that circulate in the Rock Cycle. Landforms are
the result of the interactions among the geosphere, atmosphere
and hydrosphere.
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Weathering is the alteration and breakdown of rock
minerals and rock masses when they are exposed to the
atmosphere. Weathering processes occur in situ, that
is in the same place, with no major movement of rock
materials involved.

Weathering is a fundamental Earth process. Weathering

changes rocks from a hard state, to become much
softer and weaker, making them more easily eroded.

Weathering Processes

Two main groups of weathering processes are identified,
with a third supporting group:

@ Physical weathering: the group of processes, such
as frost wedging and volume changes of minerals,
that result in the mechanical disruption of rocks
(e.g. granular disintegration, exfoliation, joint block
separation, shattering by changes in temperature or
pressure).

@ Chemical weathering: the decay of rock-forming
minerals caused by water, temperature, oxygen,
hydrogen and mild acids (e.g. solution, hydration,
oxidation, carbonation).

@ Biological weathering: the group of processes
that are caused by, or assisted by, the presence of
vegetation, or to a lesser extent animals, including
root wedging and the production of organic acids.

The type of weathering processes that occur at any
particular location depend predominantly upon the
climate:

@ Physical weathering: mechanical processes dominate
in cold and dry climates.

@ Chemical weathering: processes of mineral decay
dominate in warm and humid climates.

@ Biological weathering: vegetation, and animals,
tend to be more active in warm and humid climates.
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Figure 4-1. Vertical joints in granite widened
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Weathering Controls

The type, rate and extent of weathering depends upon
several controlling factors:

@ Climate dictates the type of weathering processes
that operate, largely by determining the amount of
water available and the temperature at which the
processes occur. Chemical reactions are faster at
higher temperatures, while frost wedging occurs in
colder climates.

@ Rock Type determines the resistance of the rock
to the weathering processes that operate in that
particular environment. Each rock type is composed
of a particular set of minerals, which are joined
together by crystallisation, chemical bonding or
cementing. When the forces of plate tectonics move
these rocks from the environment in which they
formed and expose them to the atmosphere they
begin to weather.

@ Rock Structure: highly jointed or faulted rocks
present many planes of weakness along which
weathering agents (e.g. water) can penetrate into the
rock mass (Figures 4-1 & 4-2).
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Figure 4-2. Weathering of
tuff highlighting the joint
pattern.

@ Topography: the slope angle determines the energy
of the weathering system by controlling the rate at
which water passes through the rock mass. Generally,
higher, or tectonically active areas with steeper
slopes have more dynamic weathering systems,
whereas flat plains have slower weathering systems.

@ Erosion: the dynamism and efficiency of erosion
determines how rapidly any weathered material is
removed, how frequently fresh rock is exposed to
weathering, and if deeply weathered profiles are
preserved.

@ Time: the duration of the period that the same type
of weathering has been operating, uninterrupted by
climatic change, earth movements, and other factors,
determines the degree and depth to which the rocks
have been weathered.
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Figure 4-4. Rounded corestones
with curved exfoliation shells in a

weathered quartz monzonite.
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Weathering Products

Weathering gradually weakens rocks, and eventually
produces new geological materials (rock fragments,
sands, silts and clays) that are more stable in the new
environment. Weathering generally produces finer and
less dense rock materials, and weaker, more porous and
permeable rock masses.

In the tropics and subtropics, intense weathering in
the hot and humid conditions produces thick
weathered profiles, which may be up to 100 metres, or
more, thick.

Weathering processes penetrate down discontinuities
(planes of weakness), such as faults and joints, in
the rock mass, gradually penetrating the solid blocks
(Figure 4-3).
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Figure 4-3. Differential weathering
of a volcanic rock, emphasising the
joint pattern and components.
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Figure 4-6. An abrupt, planar
weathering front in volcanic

Weathering preferentially attacks the corners and edges
of the joint blocks, causing them to become rounded.
This action is assisted by stress release, which causes
the rock to flake into curved shells in a process termed
exfoliation (Figure 4-4).

Weathering of some rock types, such as the granitic
rocks and the coarse ash tuffs, results in the development
of thick weathered profiles that are characterised by
rounded boulders (corestones) set in a matrix of weak,
silty, clayey, sandy material. These corestone-bearing
profiles are a distinctive feature of many cut-slopes
in the urban areas of Hong Kong Island and Kowloon
(Figure 4-5).

The downward limit of weathering may be irregular
and diffuse, but in many cases terminates abruptly at a
well-defined horizon (Figure 4-6). This boundary is
termed the weathering front by geomorphologists, or
rockhead by engineers (Figure 4-7).
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Figure 4-5. Tabular corestones
in a weathered profile in
medium-grained granite.

Anwenaihering jointad granile

Figure 4-7. The components of a typical corestone-
bearing weathered profile in granitic rocks.
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Figure 4-8. Channelised debris flows
confined to steep and narrow seasonal
stream channels.

Erosion is the removal (transport) of weathered rock
materials downslope, and away, from their original site
of weathering. Erosion processes are driven primarily
by the force of gravity, which may be aided by a flowing
medium such as water (e.g. rivers), and ice (e.g. glaciers),
or gravity may act alone (e.g. rockfalls). Wind can also
remove weathered materials (e.g. deflation).

During transportation of the weathered rock materials,
the angular particles commonly abrade (rub or scour)
the surfaces over which they pass, wearing away and
lowering the rocks. Thus, landslide debris may erode
the slope or channel along its course, the sediments
in rivers erode the rocky sections of their beds, and the
rock fragments in glaciers erode the valley floor.

Erosion Processes

Erosion processes are usually considered under four
distinct categories:

@ Mass Wasting: the processes that occur on slopes,
under the influence of gravity, in which water
may play a part, although water is not the main
transporting medium. Mass wasting, or landsliding,
processes are very important in Hong Kong (Figure
4-8).
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Figure 4-9. Deep erosion gullies

dissecting narrow ridges in deeply
weathered granite.
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@ Fluvial: the processes that involve flowing water,
which can occur within the soil mass (e.g. soil
piping), over the land surface (e.g. rills and gullies
(Figure 4-9)), or in seasonal or permanent channels
(e.g. seasonal streams and rivers). Fluvial processes
are very important in Hong Kong.

@ Wind: the processes that involve the action of
rapidly moving air streams in
dry areas, which can be
cold or hot deserts. The
erosional effects of wind
play only a small role in
Hong Kong.

@ Glacial: the processes
that involve the presence
of ice, either in the soil
(e.g. solifluction), or as the
transporting medium (e.g.

glaciers). Glacial processes

do not directly affect Hong

Kong.

Erosion Controls

The type and magnitude of erosion depends upon
several factors including:

@ Climate: exerts a fundamental control on the types
and rates of erosion in an area, because climate
determines the amount and seasonal distribution of
water (rainfall), the temperature (tropical, temperate
or polar), and factors such as the sunshine hours, the
wind strengths, and wind patterns.

@ Topography: mountain areas have a higher elevation
and thus greater potential energy than the lowlands.
This, combined with the steeper slope angles, results
in more dynamic erosion in upland areas than on the
surrounding plains.

@ Rock Type: the type of rock determines how
susceptible an area is to erosion. Within the same
climatic regime, each rock type responds differently
to weathering and erosion, exhibiting a characteristic
resistance or weakness to the prevailing conditions.
Thus, some rocks are relatively resistant and form
higher ground, whereas others are less-resistant and
form valleys and lowlands.

@ Rock Structure: highly jointed or faulted rocks are
usually more intensely weathered along the lines
of weakness in the rock mass. Consequently, these
softer weathered materials are more easily eroded
out, with the result that river valleys are usually
located along the line of a major fault or joint set.
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Figure 4-10. A layer of eroded debris
(colluvium) is common on most
natural hillsides.

Erosion Products

The rock and soil materials transported by erosion
processes are eventually deposited in the sea, although
they may be temporarily deposited in other locations
such as below cliff faces (e.g. as screes), on hillsides
(e.g. as colluvium, Figure 4-10) beside rivers (e.g. as
floodplains), in lakes (e.g. as deltas), or on desert plains
(e.g. as sand dunes).

Over the millennia, the topography of an area is
sculptured by the processes of erosion, from an original
mass of folded or uplifted rocks into a complex of
mountain summits, intervening valleys, and surrounding
plains.

Gravity causes landslides on hillsides, flowing water
erodes gullies and shallow stream courses (Figure
4-11), and joint-bounded blocks of rock fall from cliff
faces building up screes. On lower ground, rivers carve
valleys and deposit floodplain sediments. Below the
ground surface, in soluble rocks such as limestone,
water erosion forms passages, caves and shafts.

The ultimate result of erosion is to reduce all
mountains, ridges, and high ground to a flat plain
(termed a peneplain) that slopes gently from the centre
of a landmass to the sea.

Figure 4-11. Numerous stream channels
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erode the steep flanks of Sharp Peak.
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When rocks are weathered, they break down into loose
rock and mineral grains, which are then carried away by
erosion processes. These sediments are transported by
water, wind, or gravity, and are eventually deposited in
various sedimentary environments. Superficial deposits
are unconsolidated accumulation of sediments on the
landscape.

Classification of
Superficial Deposits

Superficial deposits are generally classified into three
broad categories according to environments of deposition:
terrestrial (land), shoreline and marine environments
(Figure 4-12 & Table 4-1). A sedimentary environment
results from the interaction of various factors, including
plate tectonic setting, geographical location of the
site, transporting agents, organisms that may modify
the sediments, and climatic system. The sedimentary
environment of a site may change over time in response
to factors such as shifting river channels and relative
sea level changes.

Examples of terrestrial (land)
sedimentary environment are:

WA Lake

AR River
(]
K Desert

K11 Glacier

Fa-1. BFVIRBBE WG T -

Table 4-1. Example of various types of depositional environments.

BETIRBRRG T8 -
Examples of shoreline
sedimentary environment are:

@ =M Delta
‘ = * BENREBERATEE
— ) # Beach Examples of marine sedimentary
B L (L) RIBIRE . environment are:
MBI : BB B Tidal flat

%8 Deep sea

REERH

Continental margin

A BE
Continental shelf

HRHATE Coral reef
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Figure 4-12. Depositional sedimentary environments.
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Landsliding, or slope failure, is a general term that
encompasses the gravity-controlled, mass wasting
processes that affect hillslopes throughout the world.

Natural Slopes

Under normal circumstances, natural slopes (i.e.
slopes that are largely unmodified by human activities)
reach a state of quasi-equilibrium, in which the slope
is eroded to an angle that is relatively stable with
regard to the underlying rock type and structure, the
soil type and thickness, the extent and type of the
vegetation cover, the surface and subsurface hydrology,
and the prevailing climatic conditions and local
weather patterns.

Weathering processes continually act upon the
slopes, weakening the underlying rocks. Groundwater
flushes-out some of the weathered materials from the
joints in the rocks and from the overlying soils, and
hillside streams deepen their channels.

The rocks and soils of the slope progressively become
weaker and less stable, so sections of the slope
periodically readjust to a more stable profile by failing
(landsliding) (Figure 4-13).

Importantly, if one or other of the factors on the slope
changes, such as the tree cover is removed by fire or
forestry, or an exceptionally heavy rainfall occurs, then
large areas of a hillside may be subject to erosion,
including failure (landslide).

In addition, steep stream courses carry considerable
amounts of surface runoff during heavy rainstorms.
This water, and the included debris, can severely erode
the stream channel, destabilising the stream banks
and the adjacent slopes, triggering slope failures. In
extreme circumstances, earthquakes
may shake an area and
loosen large masses
of material, causing
landslides or disturbing
the previous equilibrium.

B 4-13. Hy 38 T 3R 5 T B A
WA o

Figure 4-13. Coalescing channelised
debris avalanches originating from
shallow failure scars.
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Natural terrain

Man-made Slopes

Many of the hillsides adjacent to urban areas in
Hong Kong have been modified to create platforms for
buildings and benches for roads. This process creates
a very steep cutting (a cut slope), which changes the
geometry of the original slope, affects the groundwater
regime, and may expose unfavourably oriented joint
planes or other lines of weakness within the rock
(Figure 4-14).

Man-made slopes are, by their very nature, steeper
than most natural slopes. They are not in a natural
equilibrium with the profile of the original hillside
into which they are excavated. Consequently, some
forms of engineering stabilisation works are normally
required.

Engineers plan and design these cut slopes, or
man-made slopes, to make them as safe as possible by
using techniques such as:

@ Slope support : e.g. rock bolting, soil nailing, and
retaining walls.

@ Surface protection: e¢g. stone pitching and
shotcreting.

@ Slope drainage: e.g. weepholes, raking drains,
U-channels, stepped channels.

Failures of man-made slopes primarily occur along
joint planes in fresh rock, and in some cases along relict
joint planes in weathered rock. These discontinuities,
which are commonly clay-filled in Hong Kong, present
linesof weaknessthatallowblocks of materialtobecome
detached from the slope when the friction on the
plane is overcome, or when the material that originally
supported the toe of the slope is removed.

The consequences of failures of man-made slopes

are usually more immediately apparent than those
on natural terrain,
because they directly
affect roads and
populated areas.
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Rivers develop distinctive dendritic systems. Viewed
on a map, dendritic systems form a pattern that looks
like the trunk and branches of a tree. Small streams
on hillsides gradually coalesce downslope to form
progressively larger streams until, ultimately, they
enter the master stream on the plains below. This
master stream, which may receive other tributaries
along the way, usually flows all the way to the sea.

The steep gradients of the headwater streams are
characterised by their high energy. Consequently,
they tend to erode, or downcut, their channels
(destructive processes). As the gradient reduces lower
down the hillside, the energy of the stream decreases
and depositional (constructive) processes assume
increasing importance.

The vertical profile of a stream is controlled by the
base level, which is usually the same as the sea level.
Locally, lakes or reservoirs may act as a temporary base
level. As sea-level rises or falls, the stream profile will
adjust to the new base level, either by eroding (in times
of sea level fall), or depositing (in times of sea level
rise). Thus, changes in base level will lead to migration
of the boundary between destructive and constructive
processes along the stream profile.

Fluvial Landforms Associated with Destructive Processes

i ERRBIF

Type of Landform and Its Local Example

M=

Description

10 Waterfall TRACE R A - BERBE RN IENEAR - BBLENRKE
(e.g. ¥NIREEM the Bride's Pool waterfall) BiEZE  IMBAWITE
A step in the long profile of a stream, usually associated with a band of hard,
resistant rock, over which the river falls. Also known as a knick point.

4

Platform

HA
Fill slope

A

Retaining wall

Bl 4-14. BB -
Figure 4-14. Types of slope
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Fluvial Landforms Associated with Constructive Processes

i aEERBIF

Type of Landform and Its Local Example

m=

Description

BEEN
Coastal Processes
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Figure 4-15. Beach profile terminology.

The primary geomorphological process along coastlines
is wave action. Beaches are subdivided into several
zones, which are based on their morphology, and on
their position with respect to water level and wave
activity (Figure 4-15).

Waves are generated by winds crossing the sea, so the
types and strengths of the waves are dependent upon
the orientation of the coastline with respect to the
prevailing waves (the exposure), and the distance of
uninterrupted sea over which the winds can pass (the
fetch).

Waves are broadly classified as destructive or
constructive, depending upon whether they cause
erosion or deposition.

Destructive waves are usually associated with high-
energy conditions and a steeply sloping offshore zone.
Rocky shorelines tend to erode when they are exposed
to large waves and high tides.

On sandy shorelines, destructive waves result in
the lowering (degradation) of a beach because the
backwash (seaward flow) of the waves is more effective
than the swash (landward flow), which results in more
material moving seawards than landwards.

Constructive waves result in the building up of a beach,
because the swash is more effective in moving material
than the backwash. Constructive waves are usually
associated with low-energy coasts that have a gently
sloping offshore zone, experience smaller waves, and
have a limited tidal range.

It is important to note that coastal landforms are
controlled not only by geomorphological processes,
but also by the characteristics of the underlying
geology, such as the rock type and geological

structures. The geological
538 Beach | struc.tures, corpbmed with
ok e the different resistance of the
Offshore #i1& Nearshore Foreshore rocks to Weathering and
JER Inshore erosion, lead to irregularities
IR%5E Breaker zone 1% Backshore in the coast such as
headlands, bays, sea stacks
KT High water level 1 and arches.
o T T2 .
14 Vegetati

ke oM
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Coastal Landforms Resulting from Destructive Processes

REREEHINBRME

Coastal Landforms Resulting from Constructive Processes

R EER R M=
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Type of Landform and Its Local Example Description Type of Landform and Its Local Example Description

I £ Headland
(e.g. tKEEEEIM Town Island)

&R Sea Cave
(e.g. T Crooked Island)

JEEEHE Sea Arch
(e.g. &M Ap Chau)

YEEBFE Sea Stack
(e.g. M Ping Chau)

JRERTF & Wave-cut Platform
(e.g. M Ping Chau)

JR&hE Wave-cut Notch
(e.g. M Ping Chau)

Wz B R BRSO B AR -
A rocky promontory along a coastline that is exposed to
strong wave action.

EANESBEXERTEMEX - WEOGEEARN
A cave is an opening developed in a sea cliff by wave action
exploiting joints in the rocks.

EPCERIR A LB S RE M MRE  ERIEMR
WA o BEEOSMRANME - R —55RHKR
MER o BB AT K FE A LR 1R o

A bridge-like feature that results when erosion penetrates
a narrow headland or ridge from two directions, most
commonly when caves developing from two directions
along a line of weakness meet. Arches may be at, or above,
sea level.

EERTE MRS RS AR - BEEE
HARRAEE BRI AERIT - SRS8FE
ZEHR -

A tower, or residual stump, of rock, which is formed by
wave action, commonly by the collapse of a sea arch leaving
the seaward end isolated. Stacks may be near, or above, the
present sea level.

BEHRENBEERNER - BSRERMAK < REE
FARRSIKALZ EFZT o

A rocky ledge, usually at the base of a sea cliff, that is formed
by wave abrasion. Wave-cut platforms may be located
above or below high tide level.

BARRMBERIMANTIO - BE HRKORE
FAHETE

A slot cut at the bottom of a cliff, usually at the back of a
wave-cut platform, formed by wave action eroding the base
of the cliff.

> # Beach
(e.g. RJR/E Tai Long Wan)

4 Sand Bar
(e.g. &M Double Island)

#% Beach Ridge
(e.g. AN)R/E Tai Long Wan)

A FHD #E Raised Beach

=AM Delta

VIR Spit

EEYIM Tombolo
(e.g. TIMN Cheung Chau)

H& Estuary
(e.g. J5/8/2 Deep Bay)

Y Lagoon
(e.g. A% Kuk Po)

TR R RRAETUR AR » SO REREERF - RAMNLEDEE
BREAET - MEMREETEY (D) RIBEILF - BRIEERRKRE S
FEOTEMEN DM - R ERTADE -

Sediment is derived from the land by weathering and erosion, and is transported to the
coast by rivers. The finer sediments are commonly carried out to sea, and the coarser
sediments, such as sand, tend to remain near the coast. Constructional waves and
currents redistribute the sediment along the coast forming different types of beaches.

ZIWERETEY - —REDRERERY - ERIEER
ZEE L EREERFTATNRE - RARERE LK o
A ridge-like accumulation of sediment, usually sand or muddy sand,
that forms parallel to the coastline where constructive waves drive
sediments up towards the shoreline to form elongate bars that are
exposed at low tide.

BREEMUERSNANY BEREARSMUESEE NS MNBE -
BERZRURARK TS ENRATE o

A higher, usually dry, raised zone of sand located between the high-waterline of mean
spring tides and the upper limit of shore-zone processes. Beach ridges are affected, or
covered, by the sea only during exceptionally severe storms or unusually high tides.

EAMTBERNDE URRSERRz - BEMNNSESR - INETE
BaREK - EMRESMERTT o

An old, inactive beach, above the present shoreline and separated from the present
beach, that was formed during a period of higher sea level, or was raised by local crustal
movements.

SEROTIEY - —RADRE - WER - BEEWESOEFHAD ©
A lobate body of sediment, usually sand or mud, that accumulates where streams or
rivers enter a body of water such as a lake or the sea.

ZFEVORENEY - BERIEERIKREN D MiaFANEY - G582
WRNFERED °

A narrow ridge of sediment forming a finger-like projection that extends from the
shoreline. Spits are formed by constructive waves and currents that redistribute sediment
along the shoreline by a process called longshore drift. -

BERDER/ PN EALE - XM ENSER—E o
A narrow ridge of sand that connects an island with the mainland, or
that connects two islands.

ABEFRET O - IRERAKTERK - R —88 o HR AR
R /KEEAORS - ARERRES # - EEBEFS
wRIRAEMNES - BEIROTIEER ©

The wide mouth of a river where fresh water comes into contact
with saline water. Estuaries are characterised by distinctive tidal
current patterns, by fresh water/salt water mixing, and by extensive
mudflats, which in Hong Kong are commonly covered with
mangroves, a type of plant that encourages sedimentation.

IR A Tl — ERP B SN D R AR KE o
A coastal body of water in the lower part of a river valley that has
been isolated from the sea by a sand spit or sand bar.




o o
' \." : \ = J"" , i/f/‘:—h—.._. ""Tr '-t
% NEW N g B Il
JHLHWHWOHJES\" /4 _ 7 S

""-&L-f".\_ i

BEEMGHIEE

- HISTORY OF GEOLOGICAL
.\ STUDIES OF HONG KONG

H 184248 H 29 H B AR B R ES » 2 N A B B2
FEH T BB - 2R E ARG ARG 201220 » RERHEHE
AR 19824E L B S o BIREH WA — RSN HUE R > B3l
Bl ~ Sk B R S o MRS RS TR SRV B R o

Since the establishment of Hong Kong as a British Colony on
29th August, 1842, numerous individuals have contributed to
the geological surveying of Hong Kong. The first territory-wide
geological surveys and accounts began in the early 20th century,
leading to the establishment of the Hong Kong Geological
Survey in 1982. A range of geological maps is now available for
Hong Kong, which provide useful information for urban planning,
locating resources, and identifying geohazards.
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THE EARLY PIONEERS

T.W. Kingsmill

e R U B B RHE T W, Kingsmill
FE1860F B M = & o P30 Tk
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Baron Von Richthofen

TR 18694 - — i 15 H [ 35 44 (9 ¥R B
% Baron Von Richthofen (& 5-1)3##it
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VLR - ARBIIE R & A B
K Hrtufas” ©

0 [& Figure 5-1. Baron Von Richthofen

H.B. Guppy
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The earliest known description of the geology of Hong
Kong was by T.W. Kingsmill who wrote three articles in
the 1860s. Hong Kong, along with other parts of the
South China coast, was said to comprise low hills made
of granite, slate, quartz rock and porphyries.

In 1869, Baron Von Richthofen
(Figure 5-1), a renowned explorer
in China, described three main
geological successions from Hong
Kong: older sedimentaries, intrusions
of granite, and quartz porphyries and its

In 1880, H.B. Guppy (Figure 5-2), a
surgeon on HMS Hornet, spent six
days walking over Hong Kong Island.
He recognised granite, trap and
syenite, and remarked on the
corestones on eroded granite terrain
with an absence of corestones on
the porphyritic rocks. From these
observations he made the first
geological map of the Island,
which used to hang in the City
Hall, and later in the University of
Hong Kong.

1 & Figure 5-2. H.B. Guppy

S.B.J. Skertchly

i 18934ES B.]. SkertchlyfEAH)# /F<<Our
Island - A Naturalist's Description of Hong
Kong>> ([H5-3) i th » & k(5 A {4
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A

In his 1893 book, “Our Island - A Naturalist’s Description
of Hong Kong” (Figure 5-3) (at that time, Hong Kong
consisted only of Hong Kong Island, a portion of the
Kowloon Peninsula south of Boundary Street, and
Stonecutter’s Island), S.B.J. Skertchly recognised that
granite and volcanic rocks, including feldspathic quartz
porphyry, formed Hong Kong Island. Significantly,
Skertchly noted that the composition of the volcanic
rock was very similar to the granite, surmising that
the two must have shared a common

magmatic origin. He noted the iron-rich

nature of the granites, described kaolin

. \*\:‘&D derived from decomposed granite,
“‘ L and was the first to describe mafic
Qﬂ ‘ o8 dykes on Hong Kong Island.
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R.D. Ormsby
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<<Report on the Geology of the New
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Following the signing of a 99-year lease on the New
Territories, J.H.S. Lockhart evaluated the area for the
British Colonial Office, producing a report on the
“Extension of the Colony of Hong Kong” in 1898,
extracts of which were laid before the Legislative
Council in 1899. A “Report on the Geology of the
New Territory” by R.D.Ormsby, the Director of Public
Works, was contained in a two-page appendix. Ormsby
wrote that the geology of the New Territory was simple,
with granitic, trappean, and metamorphic rocks
predominating. The report also noted that there was
evidence, in places, of volcanic activity, that the lower
hills had a laterite cover, and that mining occurred in
several areas.
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In a 1914 paper in the Transactions of the American
Institute of Mining Engineers, C.M. Weld summarised
the geology of Hong Kong as consisting chiefly of
granite, with schists and slates in the northwest,
and basalt and quartz-porphyry in the southeast,
particularly noting the baked sedimentary inclusions in
the granite. Weld was mainly concerned with minerals,
and recorded the occurrence of gold, silver, lead, zinc,
copper, molybdenum, and tin, concentrating on the Ma
On Shan skarn magnetite deposit.

In 1921, FR.C. Reed gave a one page (p.348) account
of the geology of Hong Kong in his book entitled the
“Geology of the British Empire”, describing the Colony
as “a fragment of an ancient plateau ........ consisting
mainly of granite, serpentine and syenite”. He also noted
the parallel northeast to southwest structures, as
indicated by the “mountain-lines” with intervening
valleys, and the orthogonal northwest structures as
indicated by the bays.

In 1923, FR.Tegengren wrote an article titled “Iron
Ores and the Iron Industry of China”, recounting
Weld's description of the Ma On Shan deposit, and
estimating a reserve of 910,000 tonnes, workable by
open quarrying.

W. Schofield, a District Officer in the Hong Kong
Government, mapped two square miles of northwestern
Hong Kong Island. In his 1924 paper to the Liverpool
Geological Association, he recognised a four-fold
stratigraphical succession, traversed by basaltic
dykes. Schofield’s long report on the geology of Hong
Kong, written in 1930, was lost during the Japanese
occupation.

BEMER G ENTRE
RESEARCH ON THE

PALAEONTOLOGY AND
STRATIGRAPHY OF HONG

C.M. Heanley
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Geological mapping in the early 1900s was mainly
driven by mineral exploration, leading to the opening
of mines at Ma On Shan and Lin Ma Hang. However,
in 1920, C.M. Heanley, Head of the Government Vaccine
and Bacteriological Department, and an amateur
geologist who covered most of the Colony, discovered
several pieces of ammonite fossil (Figure 5-4) in
sedimentary rocks exposed on the northern shore of
the Tolo Channel. These fossils were examined and
identified firstly by A.W.Grabau and later by S.S.
Buckman, The ammonite was finally named as
“Hongkongites hongkongensis Grabau”. This was the first
discovery of Mesozoic fossils in southeast Asia.

This important find indicated that the rocks in the
Tolo Channel were of Jurassic age, and not Pre-
Cambrian or Early Palaeozoic as believed by earlier
workers. Heanley proposed a nine-fold stratigraphical
succession, and produced geological maps in 1923
and 1924. These provided the basis for the geological
map of 1936, produced by the first territory-
wide  geological  survey.
Graphite seams on West
Brother Island, as well
as occurrences of beryl,
wolframite,  molybdenite,
cassiterite and galena were
also recorded.

[E5-4. A1

Figure 5-4. An ammonite fossil

In the 1970's and 1980’s, several geologists, most
notably C.M. Lee, M.]. Atherton and P.S. Nau, made
important fossil discoveries in Hong Kong. These
discoveries led to improvements in understanding of
the stratigraphy of Hong Kong. Most of these findings
were published in the newsletters of the Geological
Society of Hong Kong.
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C.M. Lee

One of the most significant finds
was the discovery of Devonian
fish fossils (placoderms) in the
Plover Cove area by Mr. C.M.
Lee in 1980 (Figure 5-5). The
discovery of Devonian fossils

was the first in Hong Kong,

and established the age of the

enclosing rocks to be about

400 million years old.

B5-5. 2RI SEE
Figure 5-5. Mr. C.M. Lee

A collaborative research effort between the Hong
Kong Polytechnic (now the Polytechnic University of
Hong Kong) and the Nanjing Institute of Geology and
Palaeontology, was carried out between 1988 and
1990. Known as the “Stratigraphy of Hong Kong”
project, the study lasted for 15 months and formed
the basis of two special volumes on the stratigraphy
of Hong Kong that were published by the Nanjing
Institute of Geology and Palaeontology in 1997 and
1998. These two volumes (Lee et al. 1997, 1998) serve
as important reference documents on the stratigraphy
of Hong Kong, and also provide the most comprehensive
account of the palaeontology of Hong Kong to date.

Fossil find
pushes
HK back
in history

Island, Plover Cove in 1980.

Cont on Page 6
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Old article on discovery of Devonian fish fossil by C.M. Lee (courtesy of M- M. Lee)

A fossil expert of the Polytechnic has
pushed the geological history of Hong Kong
back for more than 100 million years to at
least the Late-Middle Devonian time with his
discovery of some fish fossils in the Plover Cove

Mr Lee Cho-min, who works in the geo-
logical lab of the Dep of Civil
and Structural Engineering, has made a series
of prominent finds of fossils in the recent
years, The most significant of such finds was a

of fish fossil il from Harbour

After investigation by the Director of the
Geological Society of China, these fish fossils
were believed to be Placodermi, which lived in
Late-Middle Devonian, 370 million years ago.
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Mr Lee points to coastal rocks where the fossil was discovered (above) while map shows
Centre Island in Tolo Harbour where the historic find was located.
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FEMOHERBE
HONG KONG GEOLOGIC
SURVEYS AND ACCOU

ical Survey

On the advice of the British Government, R.W. Brock
(Figure 5-6), Head of the Geography Department at the
University of British Columbia (UBC), and formerly
Director of the Geological Survey of Canada and
Deputy Minister of Mines, was asked to direct a
detailed geological survey of Hong Kong for the
Government of the Colony. In 1923, R.W. Brock carried
out a reconnaissance and made arrangements for the
main survey. As well as R'W. Brock (1926-1927), three
other geologists from UBC came out at different times,
S.J. Schofield (Figure 5-7) (1923-1924), M.Y. Williams
(1924-1925), and W.L.Uglow (1925-1926). A new
topographical map, released in 1932, differed
substantially from the original base map, so Brock
carried out further fieldwork in 1932-1933 to address
the discrepancies. The geological map, at a scale of
1:84,480, was finally published in 1936, and reprinted
at 1:80,000-scale in 1945 for military purposes.
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Figure 5-6. R.W. Brock (Photo

courtesy of the University of
British Columbia, Canada) T ——

Following the deaths of Uglow in 1926 and Brock in
1935, Williams and Schofield completed the geological
report, which was sent out to Hong Kong in 1939.
Unfortunately, the report and maps were lost during
the war. However, Williams, by then a professor at
UBC, published some accounts of the stratigraphy and
palaeontology of Hong Kong in the Proceedings of the
Royal Society of Canada in 1943 and 1945. Following
the war, the Hong Kong Government requested a
copy of the report, but no copies had been kept.
Consequently, Williams compiled a second version,
which was sent to Hong Kong in 1948.

Figure 5-7. S.J. Schofield (Photo
courtesy of the University of
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Figure 5-8. S.G. Davis in the field.

In 1952, S.G.Davis (Figure 5-8), Head of Geography
Department at the University of Hong Kong, published
“The Geology of Hong Kong” (Figure 5-9), which was
based largely on the work of the Canadian geologists,
supplemented by his own field observations. Davis was
a minerals geologist who took a keen interest in
mining operations at Lin Ma Hang, Needle Hill, and
Ma On Shan.
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Figure 5-9. "The Geology Hﬂﬁ/c
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1960 B.P. Ruxton
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S.G. Davis’ work was later developed by B.P. Ruxton,
a lecturer in the Department of Geography and
Geology at the University of Hong Kong, who
published detailed studies on the economic geology
of Hong Kong. He also published his own account
of the geology of Hong Kong in the Proceedings of the
Geological Society of London in 1960.
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e Between January 1967 and March
. A-—S?_,"’f‘.*i”l'ﬁ!v_ 1969, E.A. Stephens and PM. Allen
e R 2 e (Figure 5-10), two geologists from the
British Geological Survey (Formerly the
Institute of Geological Sciences) carried
out a geological survey of Hong Kong.
Although the terms of reference for
the survey was to revise the 1936 map,
a complete remapping was eventually
undertaken. The survey culminated in
the publication of the 1:50,000-scale
geological map of the Territory, and an
accompanying memoir, in 1971.
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Figure 5-10. PM. Allen in the field

‘ [E5-10. P.M. Allen?e ¥F 40 TAE(H1 A
(Photo courtesy of PM. Allen).
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FELERAE A The Hong Kong Geological Survey
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The Hong Kong Geological Survey (HKGS) was created on
the 5th May 1982, to compile 1:20,000-scale geological
maps of the Territory, and to provide geological advice
and factual information to professional organisations,
government agencies, educational bodies, and learned
societies.

Initially staffed by two geological mapping consultants
from the British Geological Survey, the HKGS was
expanded to include other overseas and locally
trained mapping geologists. By 1984, the HKGS
comprised five mapping geologists and six technical
and support staff. During the Airport Core Projects
of the early 1990s, the HKGS reached a maximum of
seven geologists, six technical and support personnel,
and a cartographic team. This period saw an expansion
of HKGS activities to include projects such as 1:5,000-
scale mapping of six key development areas, and the
search for offshore sources of reclamation fill. The
final 1:20,000-scale geological map and memoir were
published in 1996, completing a set of fifteen maps
and six memoirs. By then, HKGS activities incorporated
geological mapping of major landslides, tunnel
geology, regional geochemical surveys, concrete
petrography, a geological advisory service, and
geological input into land use planning.

In 2000, a set of 1:100,000-scale thematic maps of
the solid and superficial geology were published,
accompanied by two memoirs (Figure 5-11). These
two memoirs synthesised the geological information
from all previous publications. Updating of the
1:20,000-scale geological maps, in digital form,
began in 2003. In association, the HKGS is developing
a comprehensive suite of geological datasets
implemented on a GIS platform. Over
the years, members of
the HKGS have
produced numerous
specialist geological
reports and research
papers on a diverse
range of topics.
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Figure 5-11. “The Pre-Quaternary
Geology of Hong Kong” and “The
Quaternary Geology of Hong
Kong" published in 2000.
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Figure 5-12. 1:84,480-scale geological map of Hong
Kong published in 1936.

GEOLOGICAL MAPS OF
HONG KONG

The first geological map of Hong Kong, published in
1936 at scale of 1:84,480 (Figure 5-12), showed the main
distribution of igneous (volcanic and plutonic), and
sedimentary rock groups, as well as the superficial
deposits. There was no portrayal of faults, folds, or
other geological structures.
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The second geological map of Hong Kong, published
in 1971 as two 1:50,000-scale map sheets (Figure 5-13),
was considerably more detailed than the earlier map.
In addition to showing major divisions among the
volcanic, plutonic, and sedimentary rocks, the
Quaternary superficial units were subdivided. Major
geological structures, such as folds, faults, dykes and
veins were also distinguished. Importantly, structural
measurements, such as strike and dip of bedding and
rock joints, were also shown.
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Figure 5-14. Extract from a
1:20,000-scale  geological
map of Hong Kong (Hong
Kong Geological Survey
map sheet 11 published in
1986).
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Figure 5-13. 1:50,000-scale
geological map of Hong Kong
published in 1971.

A third geological map of Hong Kong, comprising
a set of fifteen 1:20,000-scale solid and superficial
maps, emphasised further refinements to the volcanic
stratigraphy and intrusion history. In particular,
the map sheets included cross-sections for the first
time, and showed the grain size distribution of the
different intrusive units. Considerably more structural
information was portrayed and the maps were also
bilingual.
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The 1:100,000-scale geological map, published in
2000, showed detailed subdivision of the volcanic
stratigraphy and plutonic history, including naming of
suites and plutons, volcanic groups and formations.
Subcrops of marble-bearing rocks were depicted along
with the offshore continuation of major faults. A small-
scale regional geological map was also included on the
map face.

The updating 1:20,000-scale geological maps, commenced
in 2003, is prepared on a Geographic Information System.

Figure 5-15. Extract from a 1:100,000-scale geological

I [f5-15. 720004 H iR 1:100,000 6 6117 it BT ]
map of Hong Kong published in 2000.
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Figure 5-16. Shaded Relief Map of Hong Kong.

Shaded Relief Map

Figure 5-16 is a Shaded Relief Map of Hong Kong. It is
a visual derivative of the Digital Elevation Model (DEM)
that is based on elevation data extracted from the
topographical survey maps provided by the Lands
Department of the Hong Kong SAR Government.

The Shaded Relief Map helps to visualise three-
dimensional topography. Linear features revealed
on the Shaded Relief Map may represent a variety of
phenomena, such as drainage lines, geological
structures (faults, joints, etc.), stratigraphical layering,
and boundaries between different rock units.

Also, the Shaded Relief Map is a useful tool in geological
mapping, for distinguishing and delineating geological
structures, and for terrain evaluation.
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Figure 5-17. Magnetic Anomaly Map of Hong Kong.
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Magnetic Anomaly Map

Marine magnetic surveys have been undertaken over
nearly all of Hong Kong's waters. The surveys have
helped to establish the solid geology for the offshore
areas, and in particular the location of major faults.
The observed magnetic field is mainly dependent
on variations in the magnetic susceptibility of the
different bedrock types, remanent magnetism imparted
to the rocks at the time of formation, and the degree of
weathering. Modelling of the magnetic fields includes
reference to the known geology from borehole and
onshore information, which helps to define the
orientations, shapes and rock types of the magnetic
sources. The magnetic anomaly map for the offshore
area of Hong Kong is reproduced in Figure 5-17.
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GEOLOGICAL HISTORY
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Detailed studies of the rocks enable the geological history and
the evolution of the tectonic setting to be deciphered. The
large variety of rock types present in Hong Kong reflects the
complexity of the geology of the region.
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The geological history of Hong Kong has been strongly
controlled by changes in the plate tectonic setting
over the past 400 million years. Significantly, there are
major gaps in the geological record in Hong Kong,
which probably reflect major changes in the tectonic
regime of the region. These led to shifts in depositional
environments ranging from rivers and deltas, to a warm
shallow sea, to a deep continental sea, to a volcanically
active continental margin, to an arid, block-faulted,
continental terrestrial setting (Figure 6-1).

The oldest rocks in Hong Kong are of late Palaeozoic
age and comprise non-marine and shallow marine
sedimentary rocks. These Devonian, Carboniferous and
Permian rocks crop out mainly in the northeast and
northwest of Hong Kong.

The Mesozoic pre-volcanic sedimentary rocks comprise
Early and Middle Jurassic sandstones, siltstones, and
mudstones that were deposited in alluvial, shallow
marine, and sub-tidal environments.

Mesozoic volcanic and plutonic rocks are the dominant
rock types in Hong Kong. They comprise granite
plutons, rhyolitic dykes and thick rhyolitic tuffs and
lavas. Most of the igneous rocks are of Late Jurassic to
Early Cretaceous age.

Mesozoic sedimentary rocks, which are younger than
the main volcanic episode, and Tertiary sedimentary
rocks, are exposed mainly in northeastern Hong Kong.
They comprise non-marine red bed and evaporitic
sediments that were deposited in fault-controlled
basins.

Weathering and erosion have shaped the present
landscape of Hong Kong and led to the accumulation of
locally thick Quaternary superficial deposits.
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The unexposed (buried) continental basement of
Hong Kong is thought to be older than 550 million
years. However, in neighbouring Guangdong Province,
crystalline rocks as old as 2.5 billion years have been
discovered.

Southeastern China is believed to comprise a series
of three old crustal blocks. These blocks are known
as the North China Block, the Yangtze Block and the
Cathaysia Block (Figure 6-2). The crustal blocks have
been joined together (sutured) by continent-continent
collision events over the past 1,000 million years.

The present-day tectonic setting of southeastern
China is what is termed a passive continental margin
(i.e. there is no plate boundary along the edge of the
continental platform).

Southeastern China forms part of the Eurasian Plate,
which is in continent-continent collision with the
Indo-Australian Plate along its southern border
(forming the Himalayan Mountain Chain).

In the east, the Philippine Plate is moving northwestwards
forming a complex oceanic subduction zone system
along the margin of the Eurasian Plate. North of
Taiwan, the Philippine Plate is being subducted
beneath the Eurasian Plate. South of Taiwan, both
the Philippine and Eurasian Plates appear to be
subducting beneath the islands of the Philippines,
leading to a complex history of volcanism and
earthquakes.
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Figure 6-2. Crustal blocks and the present-day tectonic setting of southeastern China.
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Figure 6-3. Placoderm fossil.

About 1,000 million years ago, the continental
basement of Hong Kong (the Cathaysia Block) collided
with the Yangtze Block in a convergent margin tectonic
setting.

By about 600 million years ago, a large part of
southeastern China was submerged beneath a shallow
continental sea.

By 400 million years ago, sediments from rivers and
their deltas were being deposited in the Hong Kong
region. These sediments now form the oldest rocks
in Hong Kong, which are sedimentary rocks of the
Devonian Bluff Head Formation. Tectonically, the area
was relatively stable.

Devonian Bluff Head Formation -
conglomerate and sandstone

(around 410 to 360 million years ago)

Devonian rocks occur at two main locations in Hong Kong: on
the northern shore of Tolo Channel and at Ma On Shan. They
include layers of conglomerate and sandstone. Fragments of
fossil fish (placoderm (Figure 6-3)) were discovered in 1980 in
the sedimentary rock layers at Harbour Island and thus confirmed
the Devonian age of the rocks. The Devonian conglomerates are
white in colour and contain rounded pebbles of quartzite set in a
matrix of coarse quartz-rich sand (Figure 6-4). The sediments were
deposited in fluvial and deltaic environments.

Figure 6-4. Conglomerate of

I [ 6-4. FATAILA KBS -
the Bluff Head Formation.
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Figure 6-5. Marble of the Yuen Long Formation.
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a deep continental sea.

Carboniferous Yuen Long Formation -
marble

(around 360 million years ago)

Marble occurs in the northwest New Territories. It is not exposed
at the surface, but is buried beneath thick sediments on the Yuen
Long Plain. The marble is metamorphosed limestone, which was
originally deposited in a warm and shallow sea environment. Pure
marble contains more than 95% crystalline calcite minerals that
are readily dissolved by weakly acidic groundwater (Figure 6-5).
Solution cavities occur in the marble, which have resulted in the
development of a karst topography (now buried).

Carboniferous Lok Ma Chau Formation -
quartzite and graphite schist

(around 340 million years ago)

The Lok Ma Chau Formation is distributed in the northern New
Territories. It comprises mainly metamorphosed sedimentary
rocks, including meta-conglomerate, meta-sandstone, meta-siltstone,
quartzite and graphite schist. Quartzite is composed mainly of
recrystallised quartz with some tiny flakes of sericite, mica.
Graphite schist is dark black in colour and shows well developed
metamorphic foliation (Figure 6-6). The sediments were deposited
on a tidal flat or as a deltaic fan.

E6-6. V& B MAL M Ao s o
Figure 6-6. Graphite schist of the Lok Ma Chau Formation.




Between 250 and 200 million years ago, there was a
major tectonic event in China, possibly resulting from
major plate reorganisation. This was accompanied by
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Marble and Skarn -
contact metamorphic rocks

Skarn (Figure 6-7) is a contact metamorphic rock formed by the
alteration of carbonate-bearing sedimentary rocks (such as marble)
adjacent to an igneous intrusion. It comprises calcium, magnesium
and iron silicate minerals. The Ma On Shan iron ore is hosted in
skarn rocks and contains iron- and magnesium-bearing minerals,
such as magnetite and haematite.

fi6-7. W F&E
Figure 6-7. Skarn

Permian Tolo Harbour Formation -
siltstone and mudstone

(around 300 to 250 million years ago)

Rocks of Permian age are found in Tolo Harbour, mainly on
Ma Shi Chau. They are greyish siltstones and mudstones (Figure
6-8) that contain pyrite minerals (iron sulphide). The sedimentary
layers on Ma Shi Chau are commonly deformed by slump
folding. Several marine fossils have been identified in the
siltstones and mudstones, which have confirmed a Permian age for
the rocks and indicate that the rocks were originally deposited in a
near-shore tidal flat environment.
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Figure 6-10. Sandstone of the Tai O Formation.

the intrusion of granite magmas. The older rocks in

Hong Kong were strongly deformed.

From about 200 to 80 million years ago, a convergent

margin tectonic setting developed along

southeastern coast of China. In the Hong Kong region,
active volcanoes erupted ash and lava between about

165 and 140 million years ago.

Early Jurassic Tolo Channel Formation -
fossil-bearing siltstone and mudstone

(around 200 to 190 million years ago)

Early Jurassic rocks occur as small exposures at Sham Chung, Fung
Wong Wat and Tai Tong. They consist of grey to greyish white
thinly bedded siltstone and mudstone (Figure 6-9) with lenses of
sandstone. In 1924, the first fossil, an ammonite (Hongkongites
hongkongensis), was discovered embedded in the mudstone on
the northern shore of Tolo Channel. This confirmed the age as
Early Jurassic. The sediments were probably deposited in a shallow
marine, sub-tidal environment.

[#6-9. AR e
Figure 6-9. Mudstone
of the Tolo Channel
Formation.

Middle Jurassic Tai O Formation -
sandstone and siltstone

(around 190 to 180 million years ago)

The Tai O Formation is exposed along the coast from Tai O to
Sham Wat Wan in the western part of Lantau Island. These
sedimentary rocks include alternating layers of sandstone and
siltstone (Figure 6-10) and show a variety of sedimentary structures
such as cross bedding and shrinkage cracks. Plant fossils have also
been found in the Tai O Formation, confirming the age as Middle
Jurassic. The sediments were probably deposited on an alluvial
plain.
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Figure 6-11. Meta-andesite lava of the
Tuen Mun Formation.
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Evidence for the oldest volcanoes in Hong Kong
occurs in the Tuen Mun area, where a relatively small
volume of volcanic ash and lavas rich in calcium,
sodium, iron, and magnesium aluminium silicate
minerals are exposed. Preliminary radiometric dating
of these rocks suggests that they are about 180 million
years old. They probably represent the remnants of
a chain of andesitic stratovolcanoes that developed
along the southeastern coast of China after the onset
of a convergent margin tectonic setting in the Early to
Middle Jurassic Period (200 to 175 million years ago).

Middle Jurassic Tuen Mun Formation -
andesite lava

(around 180 million years ago)

The Tuen Mun Formation comprises andesitic volcanic rocks and
volcaniclastic sedimentary rocks that are distributed along the Tuen
Mun Valley. Andesite lava (Figure 6-11) is common in the upper
part of the formation. The andesite is dark grey, very fine-grained
and commonly shows metamorphic foliation. Sporadic epidote
mineralisation gives the rock a greenish colour.
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As the convergent margin matured, the subduction
zone migrated southeastwards, and volcanoes of a
slightly different type and composition soon developed.
Volcanic ash and lava rich in dominantly silica (quartz),
potassium, sodium and iron aluminium silicate minerals
were erupted from large caldera-type volcanoes during
the major period of volcanic activity that affected Hong
Kong between 165 and 140 million years ago. Eruptions
occurred in four distinct episodes (Figure 6-12): 165-
160 million years, 148-146 million years, 143-142
million years and 140 million vyears, and were
accompanied by the intrusions of large granite plutons.

Figure 6-12. Inferred locations of the Mesozoic volcanic centres
or calderas in Hong Kong.
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Major Volcanic Episodes

@ 165-160 million years

The first major episode of eruption formed much
of the volcanic rock exposed in the central New
Territories. These rocks are dominantly crystal-rich
ashes containing abundant rock fragments. The
volcanic eruptions were very violent, and there is very
little evidence of any lava flows. Although the caldera
that produced the ash has long since disappeared,
its approximate location can be determined from the
concentration of volcanic vent-type materials and the
associated plutonic rocks. Volcanic vent materials
and related plutonic bodies form a discontinuous,
northeast-oriented ring-like structure that probably
marks the original caldera boundary (Figure 6-13).
Northeast-trending faults, subparallel to the convergent
margin, probably controlled the shape and size of the
caldera.
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Figure 6-13. Schematic representation of caldera development and related subvolcanic
intrusions between 165 and 160 million years ago (Inset map indicates the distribution of
igneous rocks in Hong Kong associated with this volcanic episode).
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Figure 6-14. Coarse ash crystal tuff
of the Tsuen Wan Volcanic Group.

Middle Jurassic Tsuen Wan Volcanic
Group - coarse ash crystal tuff

(164 to 160 million years ago)

The Tsuen Wan Volcanic Group is mainly exposed in the
northeastern and northwestern New Territories. The dominant
rock type is coarse ash crystal tuff (Figure 6-14), which is
composed of crystal fragments of quartz, feldspar, hornblende and
biotite, locally containing rock fragments. The volcanic ash was
erupted from a nearby volcanic centre.

Middle Jurassic Tsuen Wan Volcanic
Group - tuff breccia

(164 to 160 million years ago)

Tuff breccia (Figure 6-15) at Shek Lung Kung comprises angular
rock fragments that are up to 6 m in diameter. The rock fragments
consist mainly of volcanic rocks with some quartzite and chert.
The size and angularity of the fragments suggest that they were
deposited close to a volcanic vent.
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Figure 6-16. Megacrystic medium-
grained granite (Lantau Granite)
with a fine-grained aplite vein.

Middle Jurassic Lantau Granite -
megacrystic medium-grained granite

The Lantau Granite (Figure 6-16) occurs mainly on Lantau Island,
but can also be found as isolated outcrops in other places, such
as Tuen Mun, the Soko Islands, and Lamma Island. The Lantau
Granite is grey in colour and contains quartz, plagioclase feldspar
and alkali feldspar in roughly equal proportions, as well as
hornblende and biotite. The minerals are generally medium-
grained, although very large crystals (megacrysts) (5-15 mm)
of alkali feldspar are present, giving the rock what is termed a
megacrystic texture.

Middle Jurassic Tai Po Granodiorite -
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@ 148-146 million years

Further migration of the convergent margin
southeastward led to a shift in focus of volcanism
towards the southeast and towards the development
of stronger northwest-southeast tensional forces. A
major new volcanic caldera developed in the area that
is now the central part of Lantau Island (Figure 6-18).
This caldera was fed from a deep magma chamber,
with the magma injected along dykes. A granite body
in the vicinity of Sha Tin represents the remnants of
the magma chamber, while numerous east-northeast
and northeast-trending dykes on northeast Lantau
Island, Ma Wan and Tsing Yi represent the feeder
dyke plumbing system of the volcano. Measurement
of the width of the dyke complex suggests that
approximately 6 km of northwest-southeast crustal
extension took place over about 1.5 million years.

Compared with the earlier volcanic episode, the
volcanic activity appears to have been hotter, less
crystal-rich, and more violent. In places, the volcanic
ash was so hot that it fused together to form a
lava-like ash flow. This process, called welding,
is thought to be the origin of some of the banded
volcanic rocks on Lantau Island.

[{6-18. — M T /\H B & — 00T 75T & 4 5Bk L 0 KA B R A A 2 8 %
(AR 5y 5% L B IR AT I K U A AR s 2 o Af) o

Figure 6-18. Schematic representation of caldera development and related subvolcanic
intrusions between 148 and 146 million years ago. (Inset map indicates the distribution
of igneous rocks in Hong Kong associated with this volcanic episode).
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Figure 6-17. Porphyritic fine-grained granodiorite e

(Tai Po Granodiorite). . o . . . Granite
The Tai Po Granodiorite (Figure 6-17) occurs mainly in _
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The grain sizes of some of the crystals are relatively R’ . 1
larger than that in the groundmass, giving the rocks

an inequigranular (porphyritic) texture. Compared
with granite, granodiorite contains slightly less
quartz, and plagioclase is more dominant than alkali
feldspar.
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Figure 6-19. Tuff of the Lantau Volcanic Group.
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Late Jurassic Lantau Volcanic Group -
rhyolite lava and tuff

(148 to 146 million years ago)

The Lantau Volcanic Group is exposed on Lantau Island and at
Lai Chi Chong. The volcanic rocks on Lantau Island (Figure 6-19)
generally contain crystals of quartz and feldspar and display distinct
flow structures. They were either erupted as viscous lava flows,
or as thick and densely welded volcanic ash flows. The volcanic
ash flows were probably derived from explosive volcanic eruptions
associated with the collapse of a caldera.

Late Jurassic Lantau Volcanic Group -
volcaniclastic rocks

(148 to 146 million years ago)

Volcaniclastic rocks (Figure 6-20) comprising well-bedded layers
of tuffaceous mudstone, cherty siltstone, sandstone, conglomerate
and tuff occur at Lai Chi Chong. Soft sediment deformation
structures and flame structures are common. These volcanic
sediments were probably deposited rapidly from debris flows onto
unconsolidated sediments within a lake that occupied a volcanic
depression.

Figure 6-20. Volcanic sandstone of the Lantau
Volcanic Group.
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Figure 6-21. Porphyritic fine-grained
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granite (Needle Hill Granite).
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Late Jurassic Needle Hill Granite -
porphyritic fine-grained granite

The Needle Hill Granite (Figure 6-21) forms a northeast-trending
elliptical intrusive body on the northwestern side of the Shing Mun
Valley. The granite is light pinkish grey in colour and has a
porphyritic texture. It contains relatively large crystals of quartz and
plagioclase feldspar set in granular fine-grained groundmass.

Late Jurassic Lantau Dyke Swarm -
feldsparphyric rhyolite

On northern Lantau Island and Tsing Yi, feldsparphyric rhyolite
dykes occur in a swarm comprising numerous sub-parallel
intrusions. The most distinctive feature of the dykes is the
presence of large tabular-shaped feldspar crystals that are set in
very fine-grained dark groundmass (porphyritic texture) (Figure
6-22). The large crystals, known as phenocrysts, range from 10
to 30 mm in length. The chemical composition of these dykes is
similar to granite.

Figure 6-22. Feldsparphyric rhyolite
(Lantau Dyke Swarm).
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@ 143-142 million years

The scale and intensity of Mesozoic volcanic
activity continued to increase as the convergent
margin migrated southeastwards. The third major
episode of volcanic activity in the Hong Kong region
is particularly complex, with the formation of at least
two calderas that each erupted volcanic materials of
slightly different compositions. Evidence suggests that
one caldera, centred on Hong Kong Island, erupted
volcanic ash with very little crystal content, while the
other caldera, centred in the area of Sai Kung and
Long Harbour, erupted volcanic ash with abundant
crystal content (Figure 6-23).

The two volcanoes probably erupted simultaneously
for a period. Very little lava appears to have been
erupted from either volcano. Over time, the volcanic
eruptions became hotter and increasingly more
violent. Both volcanoes probably culminated in
caldera collapse following a catastrophic eruption.
Today, the caldera margins are marked by
discontinuous dyke-like intrusions of plutonic rock.
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Figure 6-23. Schematic representation of caldera development and related subvolcanic intrusions
between 143 and 142 million years ago (Inset map indicates the distribution of igneous rocks in
Hong Kong associated with this volcanic episode).
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Figure 6-25. Coarse ash crystal tuff of the Repulse

Bay Volcanic Group.

BRElEEaR_—_RE -
MRKAR—_RE

REMAR-RE(E6-26)2XMA
RE - UEEBANNRARE - AR K
EBRAMAKE  AEHERINFEA
EfRfA  URDEBRE - RENEYI
REGMANRATAIRILEARHER - Fik
BE_RENEFRAREMIRE - 5
BRBEBImERE)RA -

[E6-24. BE/KIE 1L RE Y R ABEIR
K LR TR B

Figure 6-24. Eutaxitic fine ash vitric
tuff of the Repulse Bay Volcanic
Group.

Early Cretaceous Repulse Bay Volcanic
Group - eutaxitic fine ash vitric tuff

(143 to 142 million years ago)

The Repulse Bay Volcanic Group is exposed in southern Hong
Kong Island, eastern Kowloon and Sai Kung. One of the major
rock types of the volcanic group is fine ash vitric tuff which
commonly displays a eutaxitic foliation (Figure 6-24). Eutaxitic
foliation is a welding structure that forms when hot pumice
(volcanic glass of rhyolitic composition) is fused, compressed and
consequently oriented in the volcanic rock. The welding structure
suggests that the volcanic ash was extremely hot during deposition.

Early Cretaceous Repulse Bay Volcanic
Group - coarse ash crystal tuff

(143 to 142 million years ago)

Coarse ash crystal tuff is the other major rock type of the Repulse
Bay Volcanic Group. In Long Harbour (Tai Tan Hoi), the tuff (Figure
6-25) contains crystal fragments of quartz, pink feldspar and biotite
minerals, and some rock fragments. Welding structures can be seen
in the volcanic rocks. The volcanic group was probably formed by
periodic eruptions from a caldera-type volcano at around 143
million years ago.
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Figure 6-26. Porphyritic quartz
monzonite (Tong Fuk Quartz
Monzonite).

Early Cretaceous Tong Fuk Quartz
Monzonite - porphyritic quartz monzonite

Quartz monzonite (Figure 6-26) on Lantau Island is pinkish grey,
and porphyritic fine-grained, containing large crystals of feldspar.
Quartz monzonite is an intrusive igneous rock containing
approximately equal amounts of plagioclase feldspar and alkali
feldspar, and a small amount of quartz. Dark coloured minerals,
such as biotite and hornblende, are also found in the rocks. The
quartz monzonite magma probably originated from a deep part of
the Earth’s crust and intruded along well-defined conduits (such as
faults).



@ (&MY HAE i

A 5 10 58 0 1 (R B AR — B F KL T )
REI - B R VO B R M 0 - B
HERZ BT R > & SRR 1l o de &
T 45 P SR ) A T (B 6-27) o ML B
B—E—RBEREN - FLELEEEN
K o SRR Ty T B K R Az B
WEgs > EE R IR E A -

BB 70 T A R 1 Ak A A 1 SR T R B
T v 19 A R A BR 5 R 5 i A SIAR Y
PR R o B A& B9 K LI B R — UM 58 ZU Y
R BEMUOL BB KRB KRR
B KL BRAT > D IEA00KE -
KRBTV A > T BT B K R SR
B ALBIR N AIEARRE 1 o 1835 58
P RS > R s R P A K LS B)
WY AR RC Bk o

@ 140 million years

The fourth and final episode of volcanic activity in
Hong Kong is marked by the development of a large
caldera volcano centred in the Rocky Harbour area,
which was fed from northeast-trending fissure dykes
along its northern and southern margins (Figure
6-27). Eruptions were dominated by large volumes of
crystal-poor volcanic ash that accumulated as thick
layers, which were, in places, strongly fused together.
Fusing indicates that the eruptions were extremely
hot.

The tectonic setting of Hong Kong appears to have
been strongly back-arc extensional as the convergent
margin continued to shift farther southeastwards. The
final volcanic episode culminated with one extremely
explosive eruption associated with caldera collapse.
Following the caldera collapse, an enormous volume
of ash, with a minimum thickness of 400 metres,
accumulated in the volcanic depression. The ash
slowly cooled to form the spectacular six-sided
columns of rock seen at the East Dam of High Island
Reservoir. This cataclysmic eruption marked the end
of Mesozoic volcanism as recorded in the Hong Kong
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Figure 6-28. Rhyolite lava of the Kau Sai
Chau Volcanic Group.

Early Cretaceous
Kau Sai Chau
Volcanic Group -
rhyolite lava and tuff

(141 to 140 million years ago)

Rhyolite lava (Figure 6-28) and tuff of the Kau Sai Chau Volcanic
Group is present in Sai Kung East Country Park and on the Clear
Water Bay Peninsula. The volcanic rock is dark grey, very fine-
grained with tabular shaped feldspar crystals and commonly shows
flow banding. Flow banding was created by the laminar flow of
a viscous magma and/or densely welded volcanic ash across the
ground surface. The lava and volcanic ash were probably erupted
from a fissure-like volcano located along a fault.
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4 ) h Y i3 Figure 6-27. Schematic representation of caldera development and related subvolcanic
ocky Harbour intrusions 140 million years ago (Inset map indicates the distribution of igneous rocks in
g{“’ Hong Kong associated with this volcanic episode).
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Early Cretaceous Kau Sai Chau Volcanic
Group - fine ash vitric tuff

(141 to 140 million years ago)

At High Island and on the Ninepin Islands, fine ash vitric tuff of the
Kau Sai Chau Volcanic Group (Figure 6-29) is present in the form
of hexagonal columns. The tuff is slightly reddish in colour, very
fine-grained and contains crystal fragments of pink feldspar. These
columns were developed when the hot volcanic ash was ponded,
cooled and contracted. The volcanic rocks were probably formed
from a very explosive eruption of a large caldera-type volcano
about 140 million years ago.
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Figure 6-30. Equigranular
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Figure 6-29. Fine ash vitric tuff of

medium-grained granite
(Kowloon Granite).

the Kau Sai Chau Volcanic Group.
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The Kowloon Granite (Figure 6-30) forms a roughly circular
intrusive body centred on Victoria Harbour. The granite is
generally medium-grained equigranular (i.e. crystals are of roughly
equal grain size ranging between | to 3 mm) and has a pinkish
grey colour. It contains quartz, plagioclase feldspar, alkali feldspar
and biotite.
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Figure 6-31. Pegmatite
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Figure 6-32. Aplite vein intruding
medium-grained granite.

f6-33. EHHALAE R &
Figure 6-33 . Greisenised granite
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Figure 6-34. Mafic / intermediate dyke

Pegmatite

Pegmatite (Figure 6-31) occurs in dykes,
lenses or veins near the margins of
granitic intrusions. It comprises a very
coarse-grained igneous  rock  with
individual crystals up to 20 mm in size.
The constituent minerals are mainly
feldspar, quartz and muscovite, but may
also include pyrite and chlorite.

Aplite

Aplite is a very fine-grained granitic rock
that generally occurs as veins and dykes
in granitic rocks (Figure 6-32). The grain
size of individual minerals is generally less
than | mm, and the rock shows a sugary
texture.

Greisenised Granite

Greisenised granite (Figure 6-33) has
an average grain size of | mm and
exhibits a sugary texture. It comprises
mainly quartz and muscovite, which
gives it a shiny appearance. Near Devil's
Peak in eastern Kowloon, fine-grained
granite has been altered to greisenised
granite by hot and mineral-rich fluids
(metasomatism).

Mafic and Intermediate
Dykes

Mafic and intermediate dykes (Figure
6-34) are widespread throughout Hong
Kong. They are dark grey in colour
and generally form narrow dykes of
basaltic andesite less than | m wide.
Geochemically, they contain significantly
less silica (SiO,) than the granitic rocks.
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Figure 6-37. Breccia of the
Kat O Formation.

Between about 140 and 50 million years ago, the Hong
Kong region was part of a landmass. Tectonically, the
region was relatively stable, except for the development
of several block-faulted
basins. The climate was hot

and dry.

Early Cretaceous Pat
Sin Leng Formation -

conglomerate, I 6-35. A ALET R -

sandstone and siltstone | Figure 6-35. siltstone of the
Si ion.
(around 140 to 100 million years ago) e

The Pat Sin Leng Formation conglomerate occurs in the north-
eastern New Territories where it forms a prominent south facing
escarpment, the Pat Sin Leng. The conglomerate is greyish white
in colour, and comprises subrounded pebbles of volcanic rocks,
mudstone and reddish sandstone. The siltstone (Figure 6-35) is
reddish purple in colour, and is thinly bedded. These pebbles were
originally deposited in river channels soon after the cessation of
volcanic activity in Hong Kong during the Early Cretaceous.

Late Cretaceous Port Island Formation -
conglomerate and sandstone

(around 100 million years ago)

On Port Island, reddish brown layers

of conglomerate and sandstone occur
(Figure 6-36). Cross-bedding, created
by water currents, is developed in
the sandstone. The sediments were

probably deposited in river channels. I B6.36. AT -

Figure 6-36. Sandstone of
the Port Island Formation.

Late Cretaceous Kat O Formation - breccia

(around 100 million years ago)

The Kat O Formation is exposed on several scattered outlying
islands in the northeastern New Territories, including Crooked
Island and Ap Chau. It comprises a sequence of breccia (Figure
6-37), conglomerate, sandstone and siltstone, cemented by calcite
minerals. The colour of the sedimentary rocks varies from
reddish brown to greyish white. The sediments were probably
eroded from a fault scarp and deposited as an alluvial fan.
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Figure 6-38. Siltstone of the Ping Chau Formation.
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Eocene Ping Chau Formation - siltstone

(around 50 million years ago)

The Ping Chau Formation, which is the youngest rock formation in
Hong Kong, comprises thin layers of siltstone (Figure 6-38), which
are gently inclined towards the northeast. Fossil insects as well
as bituminised plant fragments have been discovered in the
sedimentary rocks. The sediments were originally deposited within
a lake that periodically dried up allowing salt crystals (gypsum) to
form. However, the salt crystals (gypsum) were later dissolved,
leaving behind only the moulds of the original crystals of gypsum in
the siltstone. These moulds were subsequently filled by secondary
minerals, including aegirine, calcite, zeolite and acmite minerals.

Eocene Ping Chau Formation -
cherty siltstone

(around 50 million years ago)

A layer of cherty siltstone (up to 1.2 m thick) is well exposed at
Lung Lok Shui on the western coast of Ping Chau. Cherty siltstone
(Figure 6-39) contains very fine-grained crystalline silica. It is a very
strong rock resistant to weathering and erosion.
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Figure 6-39. Cherty
siltstone of the Ping
Chau Formation.

From 50 million years to about 2 million years ago,
there is no record of any sediments being deposited
in the Hong Kong region. However, there is strong
evidence that this period was one of continued
subtropical weathering. The granitic rocks, which had
been emplaced about 2 kilometres below the ground
surface, had largely been exposed, and were weathered
to produce the thick (up to 250 metres) weathering
profiles seen today.

From about 5 million years ago to the present, the
Eurasian Plate has been in collision with the Philippine
Plate, resulting in reactivation of northeast-trending
faults in southeastern China.
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The Quaternary Period, which extends from about 2.6
million years ago to the present-day, is characterised by
cyclical climatic changes, during which world sea level
periodically fell and rose in response to glacial and
interglacial episodes.

During the cooler glacial periods, when sea level was
as much as 120 metres lower than today, the coastline
was about 100 kilometres south of Hong Kong and large
volumes of alluvium were deposited on the exposed
areas of former seabed.

Intervening periods of climatic warming led to melting
of the ice sheets, which caused the sea level to rise
during these interglacial periods. The rising sea flooded
across the alluvial sediments, depositing marine mud
over much of Hong Kong waters, with coarser, more
sandy sediments accumulating in areas of strong tidal
currents.

Thus, although Hong Kong was never covered by glacial
ice, the stratigraphy of the offshore sediments provides
indirect evidence of the major fluctuations in global
climate over the Quaternary period.

Following the end of the last glacial period, about
11,000 years ago, sea level began to rise rapidly,
probably reaching its present height in the Hong Kong
region about 8,000 years ago.

Quaternary superficial deposits in Hong Kong primarily
consist of hillslope deposits (colluvium), river deposits
(alluvium), and offshore deposits (mud and sand).
About 14% of the land surface of Hong Kong is
covered by Quaternary deposits greater than 2 m thick.
Man-made deposits, such as reclamations, constitute
about 6% of the present land area of Hong Kong
(1,105 km?).
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Figure 6-40. Bouldery colluvium occupying
a drainage line in Chung Hom Kok, Hong
Kong Island.
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@ Colluvium

A layer of colluvium blankets most of the hillslopes, although
in many areas it is very thin (less than | m thick). Colluvium
comprises a range of grain sizes from fine-grained silt and sand
washed down slopes by water, to coarse accumulations of large
boulders deposited by landslides (Figure 6-40). Only deposits
of colluvium greater than 2 m thick have been mapped on the
Hong Kong Geological Survey maps. These thicker deposits
mostly occur on the footslopes.

Colluvium is relatively thick over the granitic rocks, where it is
derived from the deep weathered profiles. Colluvium is
relatively thin over the volcanic rocks, which have shallow
weathered profiles. Colluvium forms extensive deposits at the
base of several large hill masses, such as the Lion Rock ridge, the
Mid-levels area, the slopes of Fei Ngo Shan, below Castle Peak,
Tai Mo Shan, and on Lantau Island

@ Alluvium

Alluvium fills most of the stream and river valleys in Hong Kong.
Relatively thin, narrow deposits occupy the hillside tributaries,
and thicker, more extensive deposits floor the lowland valleys
(Figure 6-41).

Alluvium generally comprises coarse-grained sands and gravels
in the river channels and point bars, and fine-grained sediments
on the floodplains. Alluvium forms distinctive dendritic patterns
on the geological maps of Hong Kong.

Figure 6-41. Alluvium occupying the floor
of the Lam Tsuen Valley, New Territories.
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Figure 6-42. Mudflats with mangroves, Deep Bay.

The seabed in Hong Kong slopes gently to the south and
southeast, and is generally covered with a layer of marine mud.
The blanket of marine mud has accumulated since the rapid
post-glacial rise in sea level that commenced approximately
['1,000 years ago. The marine mud overlies older, mostly
alluvial, sediments that were deposited by rivers when the sea
level was lower.

Sand occurs on the seabed in areas where tidal currents
prevent the finer sediments settling. These areas include tidal
channels and the gaps between islands. Sand also occurs in
the coastal zone where wave action has created beaches and
sand bars.

Several wide tidal inlets, such as in Deep Bay (Figure 6-42)
and at Starling Inlet, have accumulations of intertidal mud that
is covered with mangroves.
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Folds and faults are geological structures that result from
the response of rocks to tectonic stresses induced by plate
movements. Structural geology is concerned with the description
and analysis of structural features in rocks ranging from the
microscopic to macroscopic scales. These studies enable
the deformation history of a region to be deciphered. When
combined with earthquake assessment and seismic monitoring,
the deformation history can give an indication of the potential
seismotectonic hazard in a region.
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Rocks at or near the Earth's surface are hard and
generally behave in a brittle manner. 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.

The main faults in Hong Kong (Figure 7-1) are oriented
northeast-southwest, and northwest-southeast (Figure
7-2). They are generally of the same orientation as those
in neighbouring Guangdong Province.

Individual faults in South China can be traced over
distances of up to 60 km. Some faults are associated
with fracture zones up to I km wide, although most
faults appear to be only a few metres wide (Figure 7-3).
Although faults are recorded throughout the known
geological history of Hong Kong, they are considered
to have been most active during the Jurassic to
Cretaceous periods when strike-slip and thrust faulting
was dominant. Many of these faults are thought to
represent reactivation of older structures. Some faults
represent structures that were active during the period
of Late Jurassic to Early Cretaceous magmatic activity
and facilitated the rise of magmato the surface. Regional
gravity and magnetic data have been used to identify
the locations and depths of these structures in the
upper crust.

Figure 7-1. Major faults of
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Faults - Brittle Deformation of Rocks
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Figure 7-3. Minor fault
on Port Island.

Figure 7-2. Northeast-trending
Deep Bay Fault, Lau Fau Shan.

TH# L

Footwall Hanging wall

Three types of fault occur: normal (dip-slip)

[l 7-4a. IEAE T EUE
Figure 7-4a. Normal dip-slip fault

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

I

faults.

P Normal (dip-slip) faults occur when brittle
rocks are stretched (i.e. the tectonic forces
are tensional). Vertical movement occurs
along the steeply inclined fault plane such that
the hanging wall moves downwards relative

TH# fs.

Footwall Hanging wall

to the footwall (Figure 7-4a).

T8 7-4, 05 (1 Vi B
Figure 7-4b. Reverse dip-slip fault

P Reverse (dip-slip) faults occur when brittle

I

rocks are compressed (i.e. the tectonic forces
are compressional). Vertical movement occurs
along the steeply inclined fault plane such that
the hanging wall moves upwards relative to
the footwall (Figure 7-4b).

P> Strile-slip faults occur when brittle rocks

TH# s

Footwall Hanging wall

; 7

are sheared (i.e. opposing tectonic forces are
at right angles to compression and tension
directions). Horizontal movement occurs

I f6l 7-4c. ZERS BT

Figure 7-4c. Sinistral strike-slip

along a fault plane. If the far side of the fault

fault (left-lateral)

moves to the left relative to the observer
it is termed a sinistral strike-slip fault (left-
lateral) (Figure 7-4c) and if the far side of
the fault moves to the right relative to the
observer it is termed a dextral strike-slip
fault (right-lateral) (Figure 7-4d).

T
Footwall

iR
Hanging wall

Figure 7-4d. Dextral strike-slip
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fault (right-lateral)
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Figure 7-5. Syn-depositional slump

fold at Lai Chi Chong, northeast
New Territories.
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At high temperatures and pressures deep in the Earth’s
crust, rocks are pliable and generally behave in a
plastic or ductile manner. 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.

Folds in Hong Kong are observed on a variety of
scales and in a variety of styles. These include folds
associated with soft sediment deformation on a local
scale, to larger folds associated with faulting and
plutonism.

Small-scale syn-depositional folds are common
within the Late Jurassic to Early Cretaceous volcanic
succession (Figure 7-5). On a
regional scale, larger folds
in the volcanic rocks have
developed as a result of
deformation associated with
emplacement of the granite
plutons. In the Cretaceous
sedimentary rocks, gentle open
folds developed as a result of
basin development and basin
subsidence.

B - s A (EIE)EE Folds - Plastic (Ductile) Deformation of Rocks
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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 (Figure 7-6a). 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 7-6b), and the trend and plunge of the
hinge line (Figure 7-6¢). 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 horizontal and the hinge line.
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Figure 7-6a. Anticline and syncline.
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Figure 7-6b. Key elements of folds.
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Figure 7-6¢. Folds and outcrops patterns.
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Figure 7-6d. Types of folds.
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Not only do the orientations of folds vary, but the shapes also
vary. Folds may be symmetrical or asymmetrical (Figure 7-6d).
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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Joints are fractures or cracks in rocks along which there
has been no detectable displacement. The shape and
orientation of features such as cliff faces, tors, and
boulders are controlled by the jointing pattern within
the rock mass.

Joint patterns generally have a characteristic geometry
and a regular spacing. They develop in three main
modes, including tectonic joints, stress relief joints and
cooling joints.

Tectonic Joints

Tectonic joints are associated with regional tectonic
deformation, typically with the regional network of
faults, or deformation associated with emplacement of
plutons. They may be formed under shear or tension.

Tectonic joints associated with fault zones are
generally very persistent in Hong Kong. They facilitate
the infiltration of groundwater and the development of
linear depressions in the rockhead.

Tectonic joints associated with igneous intrusions
generally are more localised, forming impersistent
discontinuities that peter-out away from the contact
zones. Many thin aplite and pegmatite veins within
country rock near the boundaries with granite
intrusions probably infill tectonic joints that were
formed at the time of pluton emplacement. Tectonic
joints formed under tension generally have rougher
surfaces that those formed under shear.

Stress Relief Joints

Stress relief joints develop in rocks close to the
ground surface as a result of relaxation of confining
pressure (overburden) following erosion of the

overlying layers. If they are large scale and subparallel
to the topography they are called sheeting joints.
However, smaller scale curved or concentric joints,
particularly those associated with development of
corestones, are called exfoliation joints.
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Figure 7-7. Subvertical
joint sets in granite, Po
Toi Island.
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_f| Figure 7-9. Hexagonal ~columnar

§ joints in tuff, High Island, eastern

‘New Territories. T

In Hong Kong, sheeting joints, especially those
developed in granitic rocks, are commonly accompanied
by at least two orthogonal, subvertical joint sets
(Figure 7-7). Overall, the joint spacing in coarse-grained
rocks, such as granite, is wider than in fine-grained
rocks, such as tuff.

Stress relief joints in granitic rocks may be very
persistent, extending for several hundreds of metres
(Figure 7-8). On a local scale, they may facilitate
the formation of exfoliation joints associated with
corestone development.
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Figure 7-8. Stress relief in granite
produces gently curved joints
that parallel the slope surface,
Po Toi Island.

Cooling Joints

Cooling joints develop as a result of cooling and
contraction in granitic and volcanic rocks following
their emplacement. They are typically perpendicular to
the cooling surface and may form hexagonal columns.

Columnar joints, upto 1.2 m
in diameter, and up to 30 m
tall, have developed in fine
ash tuff of the High Island
Formation (Figure 7-9). These
hexagonal joints indicate
that the ash ponded in a
large depression and cooled
relatively slowly. Heat retained
by the great thickness of the
ash probably drove post-
emplacement  hydrothermal
alteration processes.
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The rock structure has a profound influence on the
landscape at all scales, from the regional-scale to the
micro-scale:

The almost straight coastline of the South China Coast
is controlled by the dominant regional fault pattern,
which is aligned in a northeast to southwest direction.
Similarly, the same northeast to southwest structures
control the shape of the topography in Hong Kong
(e.g. the Sha Tin Valley and the North Lantau coast)
(Figure 7-10).

Locally, faulting and jointing patterns
in the rock determine the orientation of
minor valleys, the alignment of ridges, and
the location of plains.

Within rock masses, the shape and
orientation of features such as cliff faces,
tors, and boulders are controlled by the
jointing pattern in the rocks.

Within boulders, weathering produces a
pattern of exfoliation shells and
microfractures that develop parallel to
the joint faces (Figure 7-11).

Careful examination of the Shaded Relief
Map of Hong Kong (Figure 7-12) clearly
shows how the topography of Hong Kong
is controlled, at a variety of scales, by northeast to
southwest and northwest to southeast structures, and
to a lesser extent by north to south structures.

The overall shape of Hong Kong (such as the outlines
of the bays, peninsulas and islands) and the details
of structures (such as the shapes of individual rock
outcrops) are controlled by the regional and local
structures in the rocks.
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Figure 7-12. A Digital Elevation Model (DEM) of Hong Kong emphasising the structural control of the topography.
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There are own active faults in Hong Kong.
Although Hong Kong is considered to lie in a region

/of low to moderate seismicity, it has not experienced a

major earthquake during the historical period. Seismic
activity in the region is generated mainly by the
interaction between the Eurasian and Philippine
plates.

The largest recorded earthquake close to Hong Kong

was a magnitude 6.0 event in Honghai Bay, 85 km east
of Hong Kong, in 1911.
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The natural resources of Hong Kong can be divided into three
main categories: metalliferous minerals and non-metalliferous
industrial minerals in the onshore area, quarried rock and
building stone and offshore sand deposits.
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MINERAL OCCUR
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\\ Guangdong Province

There are currently no commercial mining or prospecting
licences operating in Hong Kong.
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Figure 8-1. Location of economic mineral occurrences in Hong Kong.
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P The Lin Ma Hang Lead Mine

Lead was discovered in the Lin Ma Hang area in the 1860s.
The lower, or Portuguese, workings were operated in the
nineteenth century, and the main vein was discovered in
[915. A mining company was formed in 1917, but only
operated for three years. A 75-year mining lease was
issued in 1925, backdated to 1922. The mine changed hands
in 1932, and again in 1937, at which stage about 2,100
metres of tunnels had been developed. Further development
work was undertaken by the new owners, but mining was
suspended in 1940 with the outbreak of war. Small-scale
working was carried out by the occupying Japanese from |94
to 1945, mostly by robbing
pillars in the eastern section
of the mine, which resulted
in caving of the roof. The
mine remained abandoned
until 1951, when working by
various contractors resumed.
Labour disputes,  strikes,
typhoon damage, and falling
lead prices led to closure of
the mine on the 30th June
1958, with about 60% of the
reserves mined. The mining
lease expired in April 1962

(Figure 8-2).

Figure 8-2. Abandoned mine adits
at the former Lin Ma Hang Mine.
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P The Needle Hill Tungsten Mine

Wolframite deposits were discovered in 1935, and a mining
licence issued in the same year. Mine development
commenced in 1938 and continued throughout the Japanese
occupation. Mining activity, including unlicenced surface
excavations, increased during the Korean War period of
1949-1951 when tungsten prices rose sharply. By 1967,
declining tungsten prices and increasing labour costs
prompted the suspension of mining operations.
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Figure 8-4. Graphite seams on
West Brother Island.

P The Ma On Shan Iron Mine

The mine operated for 70 years between [906-1976.
Small-scale opencast mining was carried out between |906-
1949, increasing in scale after 1949, with underground
mining beginning in 1953 (Figure 8-3). Mining had moved
entirely underground by 1959. Major development work
occurred in the 1960s, after all the reserves in the upper
levels had been exhausted. In 1963, 5,458 metres of main
tunnels and shafts and 3,000 metres of sub-levels, including
5 main ore passes, were constructed. A 2.2-kilometre long
haulage drive was constructed at the |10 metre level, with
a new portal near the processing plant only 200 metres
from the coast. During the mid-1970s, a worldwide decline
in the demand for steel, the opening-up of large iron
deposits in Australia, and the termination of a contract to
supply Japan, led to mining being suspended in March 1976.
The workforce of 400 was laid off and the mining lease
expired in March 1981.
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Figure 8-3. Historic
photograph of blast
hole drilling in the
mining tunnel, Ma
On Shan Mine

P The West Brother Graphite Mine

Underground mining commenced in 1952. Manual mining
methods were employed, using picks and chisels to extract
the ore, and candles to light the underground workings. The
ore was hauled to the surface in baskets, and then carried
to the two drying grounds where it was hand-sorted and
dried in the open. Natural ventilation was good at first
because of the numerous tunnels and shafts in the complex.
Later, electric lighting was introduced, along with electric
dewatering pumps, ore hoists, and compressors. However,
by 1971, the cost of pumping and ventilation in the
deepening mine was deemed to be uneconomic, so mining
ceased. The mining licence expired in January 1973 (Figure
8-4).
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Figure 8-5. Wolframite

Metalliferous Minerals

Metalliferous mineral occurrences are grouped into
four broad categories:

@ Tin-tungsten-molybdenum (Sn-W-Mo)
mineralisation

Sporadic  Sn-W-Mo  mineralisation is mostly
concentrated along major NW-trending structures,
such as swarms of quartz veins, and in areas
underlain mainly by fine-grained granites. These
include areas such as Needle Hill, Sha Lo Wan
and Lin Fa Shan.

Wolframite [(Fe,Mn)WO,] (Figure 8-5) was mined at Needle
Hill, Lin Fa Shan and Sha Lo Wan, with minor workings at
Castle Peak and Devil's Peak.

Cassiterite [SnO,] (Figure 8-6) has been noted in several areas,
such as Sheung Tong, Needle Hill, and Devil's Peak, but has
never been exploited commercially.

Molybdenite [MoS,] (Figure 8-7) commonly occurs in
association with wolframite, but has never been exploited
commercially.

f&8-6. $f1

Figure 8-6. Cassiterite

[ ) [E8-7. HGH %
Figure 8-7. Molybdenite
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Figure 8-8. Galena
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Figure 8-10. Sphalerite
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Figure 8-12. Silver

Copper-lead-zinc (Cu-Pb-Zn) mineralisation

Cu-Pb-Zn mineralisation is concentrated mainly in
veins along NE-trending fault zones within areas
underlain by coarse ash crystal tuffs in the New
Territories. These include areas such as Lin Ma Hang
and Tai Mo Shan. Pb-Zn ore was once mined at Lin
Ma Hang, and on a small scale at Tai Mo Shan, Silver
Mine Bay, and southeastern Lantau Island.

Galena [PbS] (Figure 8-8), chalcopyrite [CuFeS,] (Figure 8-9),
and sphalerite [ZnS] (Figure 8-10), with traces of gold (Au)
(Figure 8-11), were mined at the Lin Ma Hang mine.

Silver (Ag) (Figure 8-12) also occurs within galena at Silver Mine
Bay on Lantau Island.

[&8-9. H Sk
Figure 8-9. Chalcopyrite
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Figure 8-11. Gold
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Figure 8-13. Magnetite
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Figure 8-15. Haematite
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@ Iron (Fe) mineralisation

[ron mineralisation is associated with skarn deposits
where granite has come into contact with marble. The
largest known mineral deposit is magnetite at Ma On
Shan.

The largest iron deposit is found at Ma On Shan where
magnetite [(Fe,Mg)Fe,O,] (Figure 8-13) has been mined from
a granite-related calc-silicate skarn deposit.

Pyrrhotite [FeS] (Figure 8-14) and haematite [Fe,O,] (Figure
8-15) have also been reported from the Ma On Shan Mine.

Pyrite [FeS,] (Figure 8-16) has been reported at Lin Ma Hang,
Mui Wo, and Tai Mo Shan, and as concretions in sedimentary
rocks on Ma Shi Chau, A Chau, and Ping Chau.

M 8-14. fif 2 S
Figure 8-14. Pyrrhotite

[Ei8-16. Bk
Figure 8-16. Pyrite

@ Placer deposits of tin (Sn) and gold (Au)

Traces of tin and gold have been reported in alluvial
deposits in the Sheung Tong area and these are
thought to be derived from veins within nearby
fine-grained granite. The minerals have been
concentrated naturally by gravity separation in
flowing water to produce alluvial placer deposits.
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Non-metalliferous Minerals _

Concentrations of non-metalliferous minerals that
have been commercially exploited include kaolin,
feldspar, quartz, beryl and graphite.

Kaolin has been mined at Cha Kwo Ling, Chek Lap
Kok (Figure 8-17), and Tsing Yi, but there have also
been numerous other small occurrences mainly in the
northwest of Hong Kong.

Feldspar was once mined from a large vein at Cha Kwo

Ling, whereas quartz has been produced by numerous

mining operations exploiting mainly weathered granite
and quartz veins.

Beryl, associated  with
tungsten veins in granite
in the Devil's Peak area,
was never commercially
exploited, whereas graphite
was mined extensively from
seams in metasedimentary
rocks on The Brothers.

Figure 8-17. Kaolin mine on the former
island of Chek Lap Kok.
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P Feldspar

High quality alkali feldspar [K(AISi,O,)] (Figure 8-18) used
for ceramics, tile and glass manufacture was once mined
from a large pegmatite at Tung Lo Wan, Sha Tin. Alkali
feldspar and plagioclase feldspar [Ca(Si,O,)] (Figure 8-19)
were also mined at Cha Kwo Ling from a weathered dyke
within granite and on The Brothers and Chek Lap Kok.

P Quartz

Quartz [SIO,] (Figure 8-20) was mined from weathered
granitic soils and thick quartz veins at several localities across
Hong Kong. On Chek Lap Kok, silica sand was produced
as a by-product of kaolin mining. Smaller operations
working quartz veins have existed at Pak Kok and Mong
Hau Shek, Cheung Shue Tau, Mong Tung Hang on Lantau
Island, Siu Lam, Mai Po, Tung Lo Wan, Needle Hill, Sheung
Kwai Chung and Lai Chi Kok. Offshore sand, predominantly
from the Pleistocene alluvial deposits, was an important
source of fill materials for major reclamation projects, such
as the Chek Lap Kok, West Kowloon and Kwai Chung
Container Terminals.

[E8-18. iR A
Figure 8-18. Alkali feldspar

Figure 8-21. Beryl
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Figure 8-20. Quartz

Figure 8-19. Plagioclase

I fEg-19. #HRA
feldspar

[E8-22 155

» Beryl

In the Devil's Peak area, high-grade beryl [Be,AlL(SIO, )]
(Figure 8-21) has been reported from wolframite-bearing
quartz veins within hydrothermally altered fine-grained
granite. However, the deposit has not been exploited
commerciall. Minor quantities of beryl have also been
reported from the D’Aguilar Peak area.

P Graphite
Graphite [C] (Figure 8-22), interbedded with quartzite,
meta-sandstone and meta-siltstone was once mined on
West Brother Island. The graphite occurs in steeply dipping
seams, up to 4.5 m thick.

Figure 8-22. Graphite
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Quarrying is an important activity, providing both
dressed building stone and aggregate for concrete.
However, quarrying, which is an accelerated form of
artificial erosion, dramatically changes the appearance
of the landscape, both by producing ‘erosion scars’
(quarries), and by redistributing and ‘depositing’ vast
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Prior to 1966, there were numerous
small ‘permit’ quarries scattered
around Hong Kong, largely
producing dressed building stone.
The last ‘permit’ quarry closed in
1974 in favour of larger, licenced
quarries.

quantities of, largely granitic, material.
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Until 1978, all processed stone
was obtained from quarries
in Hong Kong. Subsequently,
importation of stone began, so
that by 1987 about 44% of the
demand was met by imports
from the Shenzhen and Zhuhai
Special Economic Zones. This
change reduced the pressures
on the limited land area of Hong
Kong, and many quarries were
closed.
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In 1980, two large Government
quarries and seven contract
quarries were operating, which
produced 15 million tonnes of
aggregate. By 1988 the number
was reduced to one Government
quarry and five contract quarries.
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Figure 8-23. Anderson
Road Quarry, eastern
Kowloon.
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As the population of Hong Kong grew, the demand
for aggregate grew. There was a significant increase in
the consumption of aggregate between 1960 and 1990,
from 3 million tonnes to 18 million tonnes. Despite a
50% increase in population over the period, this
represented an annual increase from 0.75 tonnes per
head to 3.4 tonnes per head of population.

To express the removal of this amount of rock
material in terms of erosion rates, the quarrying of 18
million tonnes of granite is equivalent to removing a
layer 6.3 mm thick from the whole land area of Hong
Kong (1,105 km?).

Today, under a plan formulated in 1989, the three
remaining operational quarries in Hong Kong are
being rehabilitated to form green areas for future
development. Shek O (completion in 2009), Anderson
Road (completion in 2013) and Lam Tei (completion
in 2015) quarries are being rehabilitated under
contracts that involve major recontouring to soften the
appearance of the angular quarry profile, tree and shrub
planting, and erosion control. A similar rehabilitation
contract at Lamma Quarry was completed in 2002 to
form a green site of 0.49 km?.

Rehabilitation contracts involve the landscaping of the
quarries, and the production of saleable rock products.
Thus, Anderson Road Quarry (Figure 8-23) will produce
50 million tonnes of rock up to 2013 (2.6 million tonnes
in 2006), Shek O Quarry will produce 23 million tonnes,
and Lam Tei Quarry will produce 6.5 million tonnes.

Quarries, both large and small, are a feature of
the Hong Kong landscape and can be identified at
many localities, indicating the scale of the human
contribution to ‘erosion’.
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The demand for aggregate sand and reclamation
fill in Hong Kong has grown as the rate of urban
development has increased. As early as the 1920s
and 1930s, fine aggregate sand was extensively
extracted from beaches around Hong Kong. Over-
exploitation led to the enactment of the Sand
Ordinance in 1935, which was designed to regulate the
removal of natural sand. The 1950s saw the first use
of sea bed sand for major engineering projects. During
the 1960s, the Government carried out a sand survey
and compiled an inventory of some 30M m? of marine
sand that was considered to be suitable for engineering
use. However, by the 1980s, the scale of reclamation
had increased and the demand for sand outstripped the
available sand resources in Hong Kong.

Beginning in 1982, the systematic geological surveying
and mapping of Hong Kong provided a geological
framework that assisted the exploration for offshore
sand resources. In 1988, the Geotechnical Control
Office (now Geotechnical Engineering Office) embarked
on a preliminary prospecting survey in western and
central waters to locate 100M m?* of offshore sand and
gravel deposits that could be used as both fill and
aggregate. Following the success of this initial survey,
the search was extended into eastern waters in the
Seamat (Seabed Materials) Study. The surveys were
based on the prevailing understanding of the offshore
superficial stratigraphy and palaeogeography of Hong
Kong, from which occurrences of sand deposits in
several discrete geological environments were predicted.
As the survey progressed, the offshore geological
model was continuously refined. The Seamat study
located 14 major sand bodies that contained a total
volume of 588M m® of identified resources (Figure
8-24).
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Figure 8-24. Seamat resources, sand borrow areas and mud disposal grounds.
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HONG KONG LANDSCAPE
AND HUMAN IMPACTS
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The natural landscapes of Hong Kong, displayed in many of
the Country Parks, are determined by the underlying geology
and geomorphological processes. Human activities, such as
reclamation and the construction of reservoirs, have considerably
modified the original landscapes.
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Figure 9-1. Volcanic rocks, being more resistant
to erosion, form the craggy tops to most of the
mountains in the New Territories.
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The two major rock types in Hong Kong, volcanic and
granitic rocks, exhibit markedly different responses to
the subtropical weathering processes that operate in
this region today. These differences can be identified in
the landscape.

The sedimentary rocks, which are largely restricted to

the northeastern part of Hong Kong, form their own
distinctive, low-lying and colourful scenery.

Volcanic Rocks

The volcanic rocks in Hong Kong have been relatively
more resistant to sub-tropical weathering processes, so
they produce the highest summits (e.g. Tai Mo Shan,
Lantau Peak, Sharp Peak, etc.). Volcanic rocks give rise
to a rugged, angular topography, generally with thin,
silty, clayey weathered profiles (Figure 9-1).

With the exception of coarse ash crystal tuffs (such
as underlie Tai Mo Shan) (Figure 9-2), volcanic rocks
do not produce corestones, so volcanic landscapes
generally tend to be devoid of surface boulders.

Surface outcrops in the volcanic rocks occur largely as
cliff faces on the steep hillsides, such as are seen on
Lantau Peak and Ma On Shan.

[9-2. KME LAY E g
Figure 9-2. Boulders on Tai Mo Shan.
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Figure 9-4. A boulder-strewn
granite  landscape,  with
boulders concentrated along
the shoreline.

Granitic Rocks

The granitic rocks in Hong Kong have been relatively
more susceptible to sub-tropical weathering processes,
so (with the exception of Lion Rock) tend to produce
lower hills (e.g. Kowloon and the Tai Lam Country Park)
(Figure 9-3). Thus, they give rise to a lower, more
rounded topography with thick, silty, sandy weathered
profiles, and numerous boulders over the surface.
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Figure 9-3. Low eroded hills
characterise the landscape on
deeply weathered granitic rocks.

Weathering of the granitic rocks produces distinctive,
rounded (usually ellipsoidal) corestones. They protrude
from some natural slopes, but are more commonly seen,
following their exhumation (having been eroded out)
from weathered profiles, littering the surface of granitic
terrain (Figure 9-4).

These boulders may be scattered evenly, or randomly,
across the landscape, but are more commonly
concentrated as dense accumulations over upland
surfaces (boulder fields) and on slopes (boulder
sheets), or they may be concentrated in lines along
topographic depressions such as shallow water
courses (boulder streams).
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Figure 9-5. A joint-bounded granite
tor flanked by curved exfoliation
shells.
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Figure 9-6. Stress relief in granite rocks
produces gently curved joints that
parallel the slope surface.
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Figure 9-8. Northward
dipping  sedimentary
rocks form the Pat Sin
Leng escarprf}\é'nt.

Surface outcrops of bedrock are common in the granitic
rocks. They occur as tall, jointed rock outcrops (Figure
9-5) protruding from hill summits and ridge crests, and
as curved rock slabs (stress relief joints) (Figure 9-6)
and jointed rock buttresses on hillslopes and at the end
of spurs (Figure 9-7).
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Figure 9-7. Closely spaced
vertical jointing in granite.

Sedimentary Rocks

The sedimentary rocks, most of which are clearly
bedded (layered), form distinctive and colourful
landforms in the northeastern New Territories. They
generally appear to be relatively resistant to weathering
and develop only very thin weathered profiles.

Escarpments, at both small and large scales, occur
when the beds are inclined so that they form a gently
to moderately dipping slope (the dip slope) in one
direction, with a very steep, near vertical slope (the
scarp slope) in the other direction (e.g. the Pat Sin Leng
escarpment) (Figure 9-8).

Other characteristic features developed within the
sedimentary rocks include natural arches (e.g. Ap
Chau), stumps (e.g. Kat O Hoi) (Figure 9-9), and
wave-cut platforms (e.g. Ping Chau).
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About 40% of the land area of Hong Kong is designated
under the Country Parks Ordinance (Figure 9-10), which
protects large areas of the natural landscape from the
pressures of urbanisation, and preserves them for
posterity. These areas encompass most of the wild
upland regions, extensive sections of scenic coastline,
and large segments of the outlying islands, making
them ideal outdoor laboratories for geological and
geomorphological studies.

Access to, and within, the Country Parks is unrestricted.
However, it should be emphasised that the damaging of
rock outcrops, for collecting rock samples or searching
for fossils, is prohibited. Studies should be carried
out purely by observation, description, measurement,
sketching and photographing. In this way, irreplaceable
geological features will be left intact and undamaged
for future generations of students and visitors to
observe.
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Figure 9-9. An encircling
wave-cut platform produced
by prolonged coastal erosion.
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Figure 9-10. The Hong Kong Country Parks (shaded in yellow).
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Tai Lam Country Park - Granitic
Terrain, Weathering & Faults

The Tai Lam Country Park presents an excellent
opportunity to examine a major fault-controlled valley,
features of granite weathering including tors, boulders,
resistant quartz veins, the effects of severe gully
erosion, and erosion-control planting.

The Tai Lam Country Park is underlain by the Jurassic
Tai Lam Granite, a medium- to fine-grained porphyritic
granite, which has given rise to contrasting landscapes
of rounded and eroded hills, and rocky tors with
boulder fields.

The Country Park is traversed by the northeast-
southwest trending Tai Lam Fault. Deep weathering
and preferential erosion along this extensive, linear
fault trace has resulted in the straight master valley
that today contains the Tai Lam Reservoir (Figure
9-11).
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The granite in the central areas of the Country Park
is deeply weathered and, following several periods
of deforestation by successive waves of settlers, the
area has been severely eroded to create a ‘badlands’
landscape of deep erosion gullies and exposed sandy
soils on the hill summits (Figure 9-12).
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Figure 9-12. Erosion
gullies in the Tai Lam
Country Park.

Prior to the implementation of erosion control
measures in the 1980s, an intricate pattern of active
erosion channels scarred the hills in this area. These
comprised dendritic networks of small rills on the
summit areas, which converge downslope to enter
deep and narrow gullies. Headward erosion of the
gullies has, in most cases, resulted in a very steep scarp
at the head of the gullies. Tributary rills enter the gully
at this point over what is, in effect, a waterfall.

Over recent years, trees have been planted over much
of the area to control the damaging erosion, although
the gullies are still preserved in the landscape.

Traverses of the hills will reveal a surface covered with
a sandy, silty, slightly clayey soil. This material is the
residue of granite weathering, comprising silt/clay
derived from decomposition of the feldspars and sand
derived directly from the quartz. The soil is crumbly
and easily displaced, hence is very susceptible to
erosion if not clothed with a protective cover of natural
vegetation.

Traversing the summits and slopes, like low stone walls,
are weathering- and erosion-resistant veins of white
quartz. These veins have been exposed as the softer
surrounding weathered granite was removed by erosion.

In other areas of the Country Park, granitic bedrock is
exposed as blocky tors on hill summits, spur ends or
valley sides, or as small cliffs on hillsides. Towards the
southern margins, boulder fields mantle the summits
and hillsides, and boulder streams choke the valleys
(Figure 9-13).
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Figure 9-13. Boulder strewn hills of the western New Territories.
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Figure 9-11. Linear valley eroded along the Tai Lam Fault.
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Figure 9-14. Columnar jointing in
the High Island Formation.
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Sai Kung Country Park - Volcanic
Terrain and Coastal Processes

The southeastern part of the Sai Kung Country
Park presents an excellent opportunity to examine
fascinating columnar-jointed volcanic rocks that formed
in an ancient volcanic depression.

The southeastern part of the Sai Kung Country Park
is underlain by volcanic rocks of the Cretaceous High
[sland Formation.

The distinctive columnar jointed rocks of this
Formation were formed in a large caldera, the Sai Kung
Caldera, a large, low-rimmed volcanic depression that
survived after the original volcanic centre had
collapsed.

Evidence from the surviving fragments of the
northwestern section of the caldera indicates that
the Sai Kung Caldera was at least 20 kilometres in
diameter. However, the locations of the former
southern and eastern caldera rims lie somewhere out
under the sea today.

The columnar jointed rocks are tuffs, which originally
accumulated as a very thick blanket of extremely hot
volcanic ash on the floor of the caldera. The ash cooled
slowly, gradually contracting and developing vertical
joints that formed at right angles to the bounding
surfaces.

From above, the cooling joints display a tightly
interlocking hexagonal network (Figure 9-14). Hexagons
are the most efficient geometrical ‘stacking’ pattern.
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Figure 9-15. A dyke intruded in
the columnar jointed rocks.
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Most of the columns are vertical, or subvertical.
However, close observation along the rock faces will
reveal that, at certain locations, the columns are
inclined or have a shallow S-curve (Figure 9-15). During
the cooling process, the ash body would have passed
through a plastic state. Continued volcanic activity
in the region would have periodically produced earth
tremors or local subsidence of the caldera floor,
causing the ash layer to settle into the depression by
a process of slow creep. The shape of the
flexures generally indicates that creep was
towards the southeast.

Looking out to sea, the columnar-jointed
tuffs can be seen displayed along the
offshore islands, where they form
very distinctive vertical cliffs that rise
abruptly out of the sea. The adjacent
columns give the cliffs a striated
appearance. The columns are also
particularly well-developed on the
Ninepin Group of islands to the south
of the High Island area.

Erosion by the waves has resulted in the collapse of
some columns, leaving vertical slots in the cliff faces.
Where only the lower part of a column has collapsed,
the slots are topped by overhangs. In other places,
collapse of the upper sections of columns along
inclined fractures has produced polygonal facets that
slope towards the sea.

In some places, erosion along weaker, less erosion-
resistant, zones has resulted in concentrated areas of
column collapse, and the formation of sea caves.

More rarely, caves developing along weaker zones from
opposite sides of a narrow promontory or headland
have merged to create sea arches through the cliffs.

Pat Sin Leng Country Park -
Sedimentary Rocks and Structures

The Pat Sin Leng Country Park presents an excellent
opportunity to examine a large escarpment, the
associated drainage patterns, a waterfall, and recent
natural terrain landslides.

The Pat Sin Leng Country Park is predominantly
underlain by Cretaceous rocks of the Pat Sin Leng
Formation, which are in turn underlain by volcanic
rocks of the Jurassic Tai Mo Shan Formation.
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The Cretaceous rocks are reddish-brown, thickly bedded
conglomerates, greyish red sandstones, and reddish
purple siltstones that were originally laid down as beds
in two main geological settings. Conglomerates and
pebbly sandstones were deposited in river channels,
and the overlying sheet-like sandstones were
deposited by sheet floods in a semi-arid environment.

The rocks dip towards the north at about 20° to 25°

to form the only large escarpment in Hong Kong

(Figure 9-16). The crest of the escarpment forms a

prominent ridge that extends from Wong Leng (639

metres high) in the west to Kwun Yam Tung (304
metres high) in the east.

Because of the asymmetrical shape
of the escarpment, streams on the
southern scarp slope have steep,
linear, and very short courses, and
only flow following rainfall. These
are termed seasonal or ephemeral
streams. In contrast, streams on
the gentler northward sloping dip
slope have longer courses, so they
have developed a typical dendritic
pattern, and flow almost all year.
They are termed permanent or
perennial streams. Consequently,
villages on the southern side of the
Pat Sin Leng escarpment receive
Bo.16. /IS HBEE - very little water supply from the hills
Figure 9-16. The Patgin ~ above  them, whereas villages
Leng escarpment. located on, or near the foot of, the
dip slope tap into an almost
permanent water supply.

Towards the centre of the escarpment, to the east of
the summit of Shun Yeung Fun (588 metres high), the
ridge is breached by a valley that is now occupied by
the waters of the Plover Cove Reservoir. Near the head
of the valley at Bride’s Pool is a very scenic waterfall
that plunges over a rock shelf composed of the Pat Sin
Leng Formation.

This waterfall displays many classical features of
waterfall development including a hard, resistant rock
band, a well-defined knick point, undercutting at the
base of the fall, an almost circular plunge pool,
scouring of the rock that forms the bed of the stream,
and deep potholes.

Several recent landslide scars can be seen on the
steeper southern scarp slope, most of which are
shallow, short runout features.
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Natural processes have steadily eroded and shaped
the land over thousands of years. More recently,
human activities have changed the surface of the Earth
at rates far faster than those of natural processes.
The original, pre-settlement, landscape of Hong Kong
has been considerably modified by human activity,
largely in order to supply additional building land,
building materials, and reliable water supplies.

Hong Kong has limited flat land for building, and no
lakes, large rivers, or major aquifers to provide drinking
water. Consequently, flat land has been created by
coastal reclamation (Figure 9-17) and site formation,
quarrying has provided building materials and concrete
aggregates, and water has been stored by building dams
and impounding reservoirs. Together, these activities
have had a profound effect on the onshore topography,
the shape of the coastline, and the drainage pattern
of Hong Kong, not only in the urban areas, but also in
many of the New Territories villages.

Coastal Reclamations

The first proposal for land reclamation in Hong Kong
was made in 1855 for the Western Praya Scheme in
the area of Kennedy Town. The scheme eventually
began in 1868 and was completed in 1873, adding 50
acres (0.2 km?) to the waterfront.

A second reclamation scheme commenced in February
1890 and was completed in 1904, using about 3.5
million tonnes of material to create 65 acres (0.3 km?)
of new land.

Figure 9-17. West Kowloon
Reclamation
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Over the succeeding years, the rate of reclamation
increased almost exponentially. Between 1868 and 1967
a total of 10.0 km? had been reclaimed, between 1967
and 1991 an additional 30.5 km? and between 1991 and
1995 a further 19.0 km? were reclaimed. In total, more
than 60 km? of land have been formed by reclamation
(Figure 9-18).
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Figure 9-18. Reclamations in Hong Kong (shaded in yellow).
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Most of the New Towns in Hong Kong, including Tin
Shui Wai, Ma On Shan, Tseung Kwan O, Sha Tin, Tuen
Mun, Tsuen Wan, and Tung Chung, comprise large areas
of coastal reclamation.

Also, many of the notable developments in Hong Kong
are located on reclaimed land, including the former Kai
Tak Airport, the new Chek Lap Kok Airport (12.5 km?)
(Figure 9-19), large areas of the Kowloon peninsula
and Central District on Hong Kong Island, including
the West Kowloon Reclamation (3.3 km?), as well as the
Disneyland complex (2.0 km?).
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Figure 9-19. Chek Lap
Kok before and after the
airport reclamation.

Today, reclaimed land makes up about 6% of the
onshore area of Hong Kong, development land that
now supports housing for about 20% of the population.

The first reclamations were carried out using material
provided by public dumping, including construction
and household waste. Bunds were built, and city waste
was deposited in the lagoons. This method was slow,
taking many years to complete.

Several early reclamations were carried out using
sand from offshore sources. These included the Kai Tak
extensions (1929, 1931 and 1956-1959), the Causeway
Bay Typhoon Shelter, Victoria Park, and Tuen Mun New
Town.

Many large reclamations were carried out using
weathered rock obtained by cutting back into hillsides.
This method had the advantages of being faster than
public dumping, and also created new land for housing
developments in the “Borrow Areas”.

However, there were several disadvantages to using
weathered rock. The placed fill required a long period
to settle because of the irregular particle sizes, which
included large rock fragments, and the material drained
slowly because of the clay content. Importantly, severe
environmental disturbance was created in city areas
during excavation and blasting, and by heavy vehicles
transporting material to the coastline.

Offshore sand became the preferred fill option in the
1980s, pioneered by two important projects.

Container Terminal 6 was constructed between 1986 and
1989 using about 8.6M m? of marine dredged sand, and
the Tin Shui Wai New Town was constructed between
1986 and 1988 using about 24.0M m’® of sand. This
method had the advantages of being rapid, creating
minimal environmental disturbance onshore, and the
placed fill drained and consolidated rapidly.
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Major Site Formations

In addition to reclaiming land from the sea,
development land is also created by levelling the
tops of hills, by completely removing hills, and by
cutting platforms back into steep hillsides.

There are many examples of this kind of site
formation, at all scales from the erection of small
village houses to the construction of vast housing
complexes.

As urban development on the Kowloon peninsula
gradually spread northwards, several large housing
sites, such as Tsz Wan Shan and Chuk Yuen,
were developed by cutting back into the
Kowloon Foothills. Similarly, major projects
such as the Kornhill development involved
cutting into the hills on Hong Kong Island.

More recently, the Jordan Valley site formation
included the removal of large quantities of
rock (Figure 9-20).
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Figure 9-20. The Jordan Valley site formation.
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Several projects, such as the Tseung Kwan O
New Town development, involve both major site
formation and reclamation. Large-scale rock removal
created housing platforms on the hillsides surrounding
the bay, and much of the excavated rock was used as fill
for extensive areas of coastal reclamation.

Reservoirs and Catchwaters

About 33% of the 1,105 square kilometre area of Hong
Kong has been developed as catchments to direct
rainfall runoff from the hills into the fifteen ‘old’ valley
reservoirs in Hong Kong, and to the Plover Cove and
High Island ‘'marine’ reservoirs (Figure 9-21).

Pok Fu Lam was the first valley reservoir, completed in
1877. Fourteen other (surviving) valley reservoirs were
built in the following 88 years, the last being the Lower
Shing Mun Reservoir, which was completed in 1965. The
total capacity of these fifteen reservoirs is 75 million
cubic metres.

Several smaller reservoirs, including Jordan Valley and
Wong Nei Chong, have been de-commissioned and
either filled-in or removed.
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Figure 9-21. Reservoirs
and catchwaters in
Hong Kong (shaded in
blue).
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The Plover Cove and High Island (Figure 9-22)
reservoirs were both built by damming marine inlets.
Plover Cove was initially completed in 1967, with a
capacity of 170 million cubic metres, but the dam was
later raised by 1973 to increase the storage capacity to
230 million cubic metres. The High Island Reservoir,
completed in 1978, has a storage capacity of 281 million
cubic metres.

The total storage capacity of Hong Kong’s seventeen
operational reservoirs is 586 million cubic metres, which
is about 222 days supply for Hong Kong, or sufficient
for 60% of the year.

A network of sub-contour channels (catchwaters) has
been constructed around many of the hillsides of Hong
Kong (Figure 9-21). They are designed to intercept the
natural runoff from hillsides and upland streams, and to
direct it into the reservoirs.

Catchwaters effectively behead the natural streams,
and commonly transfer the runoff, via tunnels below
the drainage divides, to adjacent
| watersheds. Thus, the natural drainage
| system in Hong Kong has been
"»‘y considerably modified, both in
‘\ the urban areas where the former
| watercourses are culverted, and in
\ many of the extra-urban areas where
catchwaters redirect the runoff.

Figure 9-22. The High
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Island West Dam.
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Geology of Nei Lak Shan: The geology of Nei Lak Shan above Ngong Ping Monastery is dominated by
Mesozoic volcanic rocks that exhibit thin planar layering known as flow banding. These rhyolitic rocks contain
both well-formed and shattered crystals. They probably originated as extremely hot ash flows, which later
reconstituted to form lava-like flows. Near the summit of Nei Lak Shan, tuff breccia is exposed comprising
15% angular fragments, with sizes mostly in the range of 30-60 mm, up to a maximum of about 300 mm.
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The prominent ridges west of Ngong Ping are
primarily composed of tuffaceous sedimentary
rocks. About 400 m southwest of the Buddha,
the ridge is composed of light grey siltstone and
tuffaceous siltstone. The layer dips southwest at
11 to 40°, and is less than 50 m thick.
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Thin, parallel bands within the rocks of Nei Lak Shan are thought to be caused by flow of the ash
or lava while it was still very hot. Some of these planar flow bands may represent “welding” of the
ash particles. Sometimes, flow-banding may show cross-cutting patterns, or be highly contorted to
produce complex flow folding. These types of irregular flow banding may be seen on the lower slopes
of Nei Lak Shan. They may form in response to variations in flow during emplacement and/or in the
degree of recrystallisation.
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Close-up inspection of rock surfaces reveals that the rocks are remarkably crystal rich. They comprise
a mixture of broken and well-shaped crystals, which suggest that two phases of crystal growth have
occurred. The first phase may have occurred prior to deposition on the surface, whereas the second
phase occurred after deposition.

Differential Weathering - Physical and chemical weathering of the rocks, by the action of wind and
water, sometimes accentuates minor compositional differences in the rocks, leading to irregular
surface textures. The irregular surface has developed due to minor differences in the resistance of
the rocks to weathering. In general, the more quartz-rich a portion of the rock is, the more resistant
it is to weathering.
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Clast Size] Pyroclasts Rock Name

<2mm  HAKLIK HALTORRE
Coarse ash Coarse ash tuff
(0.06-2 mm)
HANILTIK HALIRRER A
Fine ash Fine ash tuff
(<0.06 mm)
2-60mm NILEE NILBEICE B75%A_E K ILBRLE )X LB
Lapilli Lapilli tuff > 75% lapilli-sized pyroclasts
SNLRKILEERRE  A50-75% N ILEERE & A LB B Y
Ash-lapilli tuff 50% - 75% lapilli-sized pyroclasts
BNLBALRRE  B25-50% N LR & A LR Y
Lapilli-ash tuff 25% - 50% lapilli-sized pyroclasts
>e0mm KILRE  ABREKE 525-75% N 1L 5B R AL SRR )
N3 Tuff breccia NILFEBY
Blocks and 25-75% block and bomb-sized pyroclasts
bomes KRR AR B75%F KB A LSRRI
Pyroclastic breccia NILEEEY)

REER I E B2 S
RAOBERERRIE - BRICEREBRICE
5 ¥A(Schmid, 1981; Fisher & Schminke,1984)
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The tuffs of Hong Kong are classified
in terms of their physical characteristics
(including dominant composition and clast
size), according to the International Union
of Geological Sciences recommendations.
Based on composition (after Le Maitre,
1989), a tuff is classified as lithic tuff, crystal
tuff or vitric tuff when its dominant
composition is crystals / crystal fragments,
rock fragments or pumice (glass) respectively
(Figure Al-1). A tuff is also classified based
on its clast size (after Schmid, 1981 and
Fisher & Schminke, 1984) (See table below).

For example, if a tuff contains dominantly
crystal fragments of an average clast size
ranging between 0.06 and 2 mm, then the
tuff is classified as coarse ash crystal tuff.

>75% block and bomb-sized pyroclasts

%4 Y3 Pumice, glass

WRKEKE
VITRIC TUFF

KUK K 1113 Blocks and bombs (> 60 mm)

FBEIREEK
TUFF BRECCIA

B IR IR A axm}ﬁ;km& é‘k%;ﬁwm%
CRYSTAL TUFF LITHIC TUFF | K K w
ij\”lﬁ L’f%g ASH-LAPILLI LAPILLI-ASH Ig‘FE
TUFF TUFF

il W ETTH R KL 25 50 75 KUK Ash
Crystals, Crystal Rock Lapilli 75 50 25 l*ﬁ*(%&mrsle ash
» -2 mm
fragments fragments (2-60 mm) (41K fine ash
<0.06 mm)
TAL-1. IR AR A S I M AL-2. BEIRE DARLHE A S o
Figure Al-1. Classification of tuffs based on composition Figure A1-2. Classification of tuffs based on clast size.

Fisher, R.V. & Schminke, H.U. 1984. Pyroclastic rocks. Springer Verlag, New York, 472 p.

Le Maitre, RW. (ed.) 1989. A classification of the igneous rocks and glossary of terms. Recommendations of the International Union of Geological

Sciences on the Systematics of Igneous Rocks. Blackwell Scientific Publications, Oxford, 193

p.

Schmid, R. 1981. Descriptive nomenclature and classification of pyroclastic deposits and fragments: recommendations of the IUGS Subcommission on the

Systematics of Igneous Rocks. Geology, Vol. 9, pp 41-43.
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Tuff Breccia
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Large angular fragments of volcanic rocks which have been cemented together by smaller ash

fragments produces a rock type known as tuff breccia. Tuff breccia may have multiple origins, ranging
from the products of near-vent volcanic eruptions, to erosion of older volcanic debris.
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Po Lin Monastery at Ngong Ping is a popular tourist destination and is well served by public
transport. Bus services include Route no. 2 from Mui Wo to Ngong Ping, Route no. 21 from Tai O
to Ngong Ping, and Route no. 23 from Tung Chung to Ngong Ping. In addition, there is the Ngong
Ping 360 Cable Car from Tung Chung. There are two possible routes to the summit of Nei Lak
Shan, both involving a climb of about 300 m. A slightly shorter route is along the footpath from
behind Po Lin Monastery, although the initial 70-80 metres of the path is overgrown. A second
slightly longer, but gentler and more popular, route follows the path along the southeast ridge of
Nei Lak Shan.
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Geology of Po Toi Islands: The geology of Po Toi Islands is dominated by granitic rocks that are generally
coarse-grained to equigranular fine-grained. A radiometric age for the granite has not yet been determined,
but on the basis of geochemistry, it is thought to be the same age as granite exposed
on Stanley Peninsula i.e. Early Cretaceous. The Po Toi granite is intruded by numerous
quartzphyric rhyolite and mafic dykes, and exhibits well-developed sheeting joints.
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Tai Wan
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Intrusive contacts between granite bodies
are extremely important for determining
the relative age of intrusion. Using features
such changes in grain size and joint patterns
across the contact, continuity of faults,
dykes and mineral veins across the contact,
and the principle of cross-cutting relationships and the
principle of included fragments, it is possible to make accurate assessments of
relative age. The rock exposure near the pier provides an excellent place to learn how to determine the
relative age of various intrusive bodies.
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Po Toi Country Trail
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Weathering of the granitic rocks produces distinctive,
rounded (or ellipsoidal) corestones. Following their
exhumation (having been eroded out) from the
weathered profiles, these corestones are commonly
seen as giant boulders littering on the granitic
landscape. There are many unusually-shaped granite
boulders, some resembling animals or humans (such
as Tortoise Rock and Monk Rock), along Po Toi
Country Trail.
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Rock Carving
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A group of ancient rock carvings (petroglyphs) is located at the
southern part of Po Toi Island. The rock carvings have been carved
into granite above the foreshore. They are of different patterns:
one group resembles animal and fish patterns, while the other
consists of interlocking spirals. Little is known about when,
why, how and by whom the carvings were made, although they
are thought to be related to the Bronze Age (about 1500 to
1700 BC).
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Nam Tam Wan
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Mafic dykes are a common feature on Po Toi Island. The dykes are

mostly between 1.5 and 2 m wide, and are oriented to the northeast.
The dykes may sometimes be associated with quartzphyric rhyolite
intrusions. One of these mafic dykes is found next to the rock
carving site.
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Buddha’s Palm Cliff
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Coastal erosion is the dominant geomorphological process along
the south coast of Poi Toi due to the destructive power of ocean
waves. This has led to the development of a rugged coastline
featuring steep granite cliffs. Dilated vertical joints within the
granite have promoted toppling failure of the rock cliffs,
sometimes leading to the formation of scenic landforms, such
as the Buddha'’s Palm Cliff at Nam Kok Tsui.
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Ngong Chong
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Most of the hillslopes of Po Toi are dominated by

smooth granite rock surfaces, which are controlled

by sheeting joints. These joints are subparallel to

the land surface and have developed in response to HADL o U B R o

stress relief. The low angle joints may be continuous I Table A2-1. Grain size classification of

over hundreds of metres. granitic rocks in Hong Kong

EhEH

Rock Name

FRANEHE(ERE)

= AV Very coarse-grained granite (pegmatite)
6-20mm BRTERE
Coarse-grained granite
_ PRI RE
2-6mm Medium-grained granite
0.06 - 2 mm . ,%Eﬁ?Eﬁ% .
Fine-grained granite
itk
<0.06 mm Microgranite
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Joints are fractures or cracks in rocks along which there has been no detectable displacement. The shape and orientation
of features such as cliff faces, tors, and boulders are controlled by the jointing pattern within the rock mass. Joint patterns
generally have a characteristic geometry and a regular spacing. They develop in three main modes:

P Tectonic joints are associated with regional tectonic deformation, typically with the regional network of faults, or
deformation associated with emplacement of plutons. They may be formed under shear or tension.

P Stress relief joints develop in rocks close to the ground surface as a result of relaxation of confining pressure
(overburden) following erosion of the overlying layers. If they are large scale and subparallel to the topography they are
called sheeting joints. However, smaller scale curved or concentric joints, particularly those associated with development
of corestones are called exfoliation joints.

P Cooling joints develop as a result of cooling and contraction in granitic and volcanic rocks following their
emplacement. They are typically perpendicular to the cooling surface and may form hexagonal columns.
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A limited Kaito service operates from Aberdeen to Po Toi on Tuesdays and Thursdays, departing
Aberdeen at 10:00 am and returning from Po Toi at 2 pm. On Saturdays, there are two departures
from Aberdeen at 10 am and 2 pm, as well as a departure from Stanley at 1:20 pm. Return sailings
on Saturdays depart from Po Toi at 12:40 pm for Stanley, and 2 pm and 4 pm for Aberdeen. There
are increased frequencies of sailings from Stanley on Sundays and public holidays, but only one
departure at 8:15 am from Aberdeen.
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Geology of Ping Chau: The siltstones on Ping Chau are the youngest rocks in Hong Kong. They were
originally deposited in a lake under semi-arid conditions during the Eocene (about 55 million years ago). The
lake periodically dried up, allowing salts to crystallise. Fossil insects and bituminised plant fragments have
been discovered in the rocks on Ping Chau. Today, these thinly bedded layers are gently inclined towards the
north and northeast.
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The geology of Ping Chau is characterised by thinly-bedded
dolomitic and calcareous siltstones. Plant fragments are
abundant in many layers. On some horizons, aegirine and
zeolite (rosette-shaped) crystals occur as pseudomorphs

of gypsum. These minerals are probably related to low

temperature alteration.
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Two sea stacks, “rock towers”, sit at the southeastern corner of Ping
Chau. They were formed by wave erosion and commonly represent
the residual stump of rocks left behind when a former sea arch
collapsed.
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Inclined, bedded sedimentary rocks commonly form distinctive landforms called escarpments, which high tides, the wave-cut platform is flooded
are characterised by a gently inclined dip slope and a steep scarp slope. Viewed from a distance, it by seawater, thus the location is called
can be seen that the island of Ping Chau is a large escarpment, dipping to the northeast. The rocks “difficult to pass”. The wave-cut platform
exposed on the wave-cut platforms around the island form a parallel series of minor escarpments. has been eroded by continuous wave action.

Locally, huge blocks of rock have fallen from
HEE BOX

the sea cliffs and are scattered along the
coast.
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Strike and Dip of Inclined Sedimentary Layers e Fgg k Lun%Lok Shui )
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Q EA  EA—RERENAE - MEEEKTZHNAE - S EEMNMER T MEERE © BN MR %5 -
JIREERKERTT A o KFHFEAEAR0  EEMNFEAERARIR0C The “Dragon” that is diving into the sea is actually
a strong layer of cherty siltstone. Cherty siltstone
Strike and dip represents the three-dimensional contains very fine-grained crystalline silica, which,

orientation of geological surfaces such as bedding,
joints, faults or foliations.

because it is resistant to weathering and erosion,
forms an upstanding ridge. The layer is about 0.8 to
1.2 m thick and is composed of mostly very fine-grained quartz and feldspar, with subordinate secondary
carbonate. The origin of the chert layer has not been confirmed, although several possible origins,
such as a volcaniclastic source or a hot spring-related deposit, have been interpreted.

@ Strike : The strike of an inclined geological
plane is the direction of an imaginary horizontal
line projected across the surface (Figure A3-1).
Strike may be visualised by immersing a sheet
of glass into a bowl of water. Because the water
surface is horizontal, the waterline on the glass
is a horizontal line, or a strike line. The direction
(azimuth) of the waterline is the strike.

@ # %M Cham Keng Chau

@ Dip : Dip generally refers to the dip angle,
which is the angle between a geological plane
and the horizontal, i.e. the angle at which the
plane slopes downwards, as measured in
the dip direction. The dip direction is always
perpendicular to the strike, and is the direction
of maximum slope of an inclined plane. Thus,
an horizontal plane has dip of 0°, and a vertical
plane has a dip of 90°.
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The narrow passage across the headland at Cham Keng Chau is the
geomorphological expression of a fault. Rocks commonly become
weaker in fault zones, and tend to weather and erode more deeply
than the rocks on either side of the fault, giving rise to valleys and
gaps.

T AS-1. BEARHIURTE & 8 5 ) R A5 A o
Figure A3-1. Strike and dip of inclined sedimentary layers.
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Coastal Landforms Resulting from Destructional
Processes on Ping Chau
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Type of Landform Description
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Wave-cut Platform KLz 2T °

A rocky ledge, usually at the base of a sea dliff, that is formed by wave abrasion.
Wave-cut platforms may be located above or below high tide level.
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Apart from hiring a motor boat or crusier, one can take a public ferry from Ma Liu Shui to Ping
Chau. However, the public ferry service is only available on Saturdays and Sundays. On Saturdays,
there are two departures from Ma Lui Shui at 9 am and 3:30 pm. Return sailings on Saturdays
depart from Ping Chau at 5:15 pm. There is only one return sailing on Sundays, departing from Ma
Liu Shui at 9 am, and from Ping Chau at 5:15 pm. The traveling time is about 1 hour 40 minutes.
On a windy day, the traveling time may take 2 to 3 hours. Access to rock outcrops is easy along
Ping Chau Country Trail, and it is possible to observe the rock strata along the coastal platform
at low tide.
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Geology of High Island: About 140 million years ago, an extremely violent volcanic eruption occurred in the
southeastern part of Hong Kong. This resulted in the deposition of a thick layer of volcanic ash within a volcanic
depression (caldera). The volcanic ash slowly cooled and contracted, forming the spectacular columns that are
now exposed at High Island, the Ninepin Group and many islands around Rocky Harbour.
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Mafic dykes, mainly TG Inclined jointing,

basaltic andesite
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T F B Vertical jointing
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East Dam of the High Island
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Near the East Dam of the High Island Reservoir,
hexagonal columns of volcanic rock are exposed.
These columns are from 1 to 2 m in diameter and
individual columns may be up to 30 m in height.

@ FEEEERRE Rhyolitic Fine Ash Tuff
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Volcanic rocks exposed near the East Dam of the High
Island Reservoir are homogeneous and massive. They are
called welded tuffs, containing small tabular-shaped alkali
feldspar crystals, and some larger broken

O =& Mafic Dyke
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A thin band of dark rock cuts across the inclined and flexed
columns obliquely at this location. The rock is a dyke that
intruded along a fracture developed long after the hot ash
had cooled and hardened to form hard tuff. The fracture is
located in a zone where the columns are bent and weathered
by tensional forces.
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Columnar-jointed rhyolitic tuffs are exposed along the
coastline of the many islands, e.g. Po Pin Chau. These
columns form very steep or vertical cliffs that rise abruptly
out of the sea. Cliff recession occurs by the undercutting and
collapse of individual columns or sections of a column. This
mechanism gives the cliffs a distinctive striated appearance.

fragments of quartz and feldspar. These
rocks have a high silica content, i.e. they
are rhyolitic.
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Most of the hexagonal columns
are slightly inclined. However,
close observation reveals that,
at certain locations, the columns
have developed a shallow
S-curve. During the long cooling
process, local subsidence of the
caldera floor caused the ash layer
to settle by slow creeping. This g
resulted in plastic deformation of pe—

the columns.

T A4-1. {85 PO T 5 45 i A Ly 1 AR B (5 A 2 22 T AR 240 0B 5 % 2 Lt B e
TR K A 2 4

Figure A4-1. Schematic representation of caldera development and related
subvolcanic intrusions 140 million years ago (Inset map indicates the distribution
of igneous rocks in Hong Kong associated with this volcanic episode).
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B HKE High Island Reservoir

BEKBURAREFSHmEMBEEMENNKERE
ZHE HEBHNRSTEHAR  fIkEE2(B8TFT VA
NE - EERKEN TIZREE P18 PCRFAME NZME
R SR TE B SIS R IR o R IR
Z A SEREMEEE - AR I EE AR A K
RERZREROBLINY - ETBREZEERRNES
2L &g ORICEAA DM KE

T KB BN 1969 BH - 1971 ER LRl
BT WHEI78F MM ART  TRERTF - RiEK Figure A4-2. Sediments exposed
485K - 106K : FIIBR752K © 101K o 3=IBEMK on the‘ﬂ?i]r of the High t!slanc}
7, = N == EoT =] =B AL = Y eservolr rollowing construction o
% BENRRBETBOER - TEAOEERT e P )

T ZREEL25MNIRA - AMBESRNEE -

The High Island Reservoir covers an area of about 8 km? and is located between the southern part of the Sai Kung
Peninsula and High Island in Rocky Harbour. Its storage capacity is about 280 million cubic metres. The reservoir
was formed by building two main dams across the eastern and western entrances of Kon Mun Strait, thereby linking
the once High Island to the Sai Kung Peninsula. Before the main dams could be built, two cofferdams were
constructed in order to seal off the man-made lake. Seawater was then pumped out. Sediment and soil, which were
originally lying on the seabed, were removed. The main dams were then founded on solid bedrock. Finally, fresh
water was allowed to fill the reservoir.

The High Island Reservoir project began in 1969 with the construction works starting in 197 1. The reservoir took 7
years to complete, and finally opened in November 1978. The East Dam is 485 m long and 106 m high, whereas
the West Dam is 752 m long and 101 m high. The cofferdams are retained to serve as protective structures for the
main dams. More than 7,000 pieces of dolosses, which are concrete structures weighting 25 tonnes each, were
placed at the cofferdam for the East Dam to stop the pounding waves from the open sea.
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High Island Reservoir provides a relatively convenient location for examining the spectacular
outcrops of columnar-jointed tuff. High Island Reservoir is located in the Sai Kung East Country
Park. Access is on foot from the Country Park Visitor's Centre at Pak Tam Chung, which is on the
route of public bus no. 94 from Sai Kung to Wong Shek Pier, and no. 96R from Diamond Hill MTR
Station to Wong Shek Pier (services only on weekends and public holidays). Alight by the car park
in front of Country Park Visitor's Centre, then walk southeast along Tai Mong Tsai Road for about
1.5 km to the shelter at the High Island Reservoir. At this point, take the right branch to Sai Kung
Man Wee Road, and walk southeast for about 9 km, crossing the West Dam, until the East Dam of
High Island Reservoir is reached. The columnar-jointed tuff is visible at the far side of the dam.
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Minerals and rocks, plate tectonics, stratigraphy and geomorphology — these are fundamental
geological concepts essential for understanding the processes of the Earth. Hong Kong Geology —
A 400-million year journey introduces these foundational topics. This book covers the history of

geological studies, structural geology, geological history, human impacts on the landscape and

economic geology of Hong Kong. Completed with an appendix providing useful geological guides
to field exposures of the main Hong Kong rock types, the book is intended as a useful reference for
school teachers, students, and members of the public interested in Hong Kong geology.
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