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Foreword

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

elective subjects under the NSS curriculum.

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

understanding of the Earth on which we live and work.

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

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

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

suitable for the NSS Geography curriculum.

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

contributions are gratefully acknowledged.

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

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

Wi...

Raymond K S Chan

Head, Geotechnical Engineering Office

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

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

In simple terms, a geological map shows the surface distribution of rocks in an 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 (Geological Maps 1),
and geological structures. To the experienced eye, a geological map reflects the three-dimensional
distribution of rocks in an area, and also serves as a visual guide to the geological history of
that area (Geological Maps 2). A range of geological and related maps is available in Hong
Kong (Geological Maps 3). These maps provide useful information for urban planning, locating

resources, and identifying geohazards.
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Figure 1. Extract from a 1:84,480-scale geological map of Hong Kong
published in 1936.
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Figure 2. Extract from a 1:50,000-scale geological map of Hong Kong
published in 1971.
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Geological maps are produced at a variety of
different scales for specific purposes. Small-scale
geological maps depict the geology on a regional
scale, typically at 1:100,000 scale or greater. These
maps show only general patterns and trends in the
rocks. Large-scale geological maps (e.g. 1:1,000-
scale) are commonly used for site-specific purposes
because they show much greater detail. Small-scale
geological maps should never be enlarged for use
at a site-specific scale, because there is insufficient
detail for the maps to be used reliably and accurately

at a larger scale.

In addition to standard geological maps, there is
a range of other Earth-related maps that convey
data on various themes, including groundwater,
subsurface geology (gravity and magnetic data),

geochemistry, landforms, minerals, and engineering

geology.
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Figure 3. Extract from a 1:20,000-scale geological map of Hong Kong (Hong
Kong Geological Survey map Sheet 11 published in 1986).

Geological Maps of
Hong Kong

The first geological survey of Hong Kong was
carried out by Canadian geologists in the 1920s,
leading to publication of the first geological
map of Hong Kong in 1936 at scale of 1:84,480
(Figure 1). The map divided the rocks very
broadly into igneous (volcanic and plutonic), and

sedimentary rock groups, as well as distinguishing

the recent superficial deposits. There was no
information about faults, folds, or other geological
structures.

The second geological survey of Hong Kong was
completed between 1968-69 by two geologists
from the British Geological Survey (formerly Institute
of Geological Sciences, Overseas Division). This led
to publication of two geological maps at 1:50,000-
scale (Figure 2) and a report on the geological
survey of Hong Kong in 1971. These geological
maps were much more detailed than the earlier
geological map and showed geological structures
and rock units.

A third territory-wide geological survey commenced
in 1983 after the establishment of the Hong Kong
Geological Survey (a unit within the Geotechnical
Engineering Office of the Civil Engineering and
Development Department). Over a twelve-year
period, 15 geological maps at 1:20,000-scale were
published (Figure 3). The maps were accompanied
by six memoirs and showed considerably more
detail than earlier geological maps.

In 2000, two memoirs, describing the solid and
superficial geology of Hong Kong, were published
with a set of 1:100,000-scale thematic geological
maps (Figure 4). These two memoirs synthesized
the geological information from all previous
publications.

In Hong Kong, sedimentary and volcanic rocks
are grouped into formations based on their
distinctive lithological, physical and chemical
characteristics. These formations comprise a
stratigraphical sequence from the Devonian to
the Tertiary. The volcanic formations are assigned
to a group that represents a particular magmatic
episode, a phase or a period of volcanic activity.
The unconsolidated superficial sediments are the
youngest stratigraphical units, which form a cover
over most of the solid bedrock.
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Figure 4. Extract from a 1:100,000-scale geological map of Hong Kong
published in 2000.
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In Hong Kong, large, single intrusive units are
shown as plutons on the 1:100,000-scale
geological maps. They are named after the
particular geographical locality in which they
occur. Closely associated plutons or granitic bodies
with a characteristic chemistry and mineralogy
are further assigned to suites, which represent a
particular magmatic episode.

In 2003, the Hong Kong Geological Survey
commenced a programme to update the 1:20,000-
scale geological maps on a GIS platform. These
updated geological maps are being published
and disseminated in ArcReader (a free software)

format.

Geological History of
Hong Kong

Not only do geological maps contain information
about the ground that is useful for engineers,
planners, mining companies, etc., they also
provide information about the geological history
that can shed light on the current patterns and
trends in the environment. Understanding past
geological environments can enable society to be
better prepared for the future, particularly when
considering major environmental impacts such as

geohazards and global warming.

The geological history of Hong Kong has been
strongly controlled by changes in the plate tectonic
setting over the past 400 million years. These have
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.

The present tectonic setting probably developed
during the last 10 million years, following the
collision of India with the Eurasian continent about
30 million years ago. During the past 2 million
years, the Earth has undergone several periods of
glaciation. However, although ice did not cover
Hong Kong during this time, local sea levels were
substantially lowered.

""" Detailed discussion of the geological history of Hong Kong is presented :

| inPlate Tectonics 3. |
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Figure 5. Shaded Relief Map of Hong Kong.

E6. BBHHERE -
Figure 6. Magnetic Anomaly Map of Hong Kong.

Other Geological-
related Hong Kong Maps

I Shaded Relief Map

Figure 5 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 users to visualise three-
dimensional topography. Linear features revealed
on the Shaded Relief Map could 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.

I 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 faults. The observed magnetic field is mainly
dependant 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 6.
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Figure 7. Location of economic mineral occurrences in Hong Kong.

Geological Resource Maps

The natural resources of Hong Kong can be divided

into three main categories:

¢ Metalliferous minerals and non-metalliferous
industrial minerals in the onshore area

(Figure 7);
¢ Quarried rock and building stone (Figure 7);

¢ Offshore sand deposits (Figure 8).

> Mineral Occurrences

Despite its small size, Hong Kong has a
relatively large number of mineral occurrences.
Some mineral deposits have been exploited
commercially. Mesozoic igneous activity was
largely responsible for this diversity of mineral
deposits and the mineral concentrations have
been variably enhanced by hydrothermal activity
associated with faulting.

There are currently no commercial mining or

prospecting licenses operating in Hong Kong.

o Metalliferous Minerals

Metalliferous mineral occurrences are grouped
into four broad categories: tin-tungsten-
molybdenum (Sn-W-Mo) mineralization; copper-
lead-zinc (Cu-Pb-Zn) mineralization; iron (Fe)
mineralization: and placer deposits of tin (Sn)
and gold (Au).

Sporadic  Sn-W-Mo mineralization is mostly
NW-trending

structures, such as swarms of quartz veins,

concentrated  along  major

and in areas underlain mainly by fine-grained
granites. These include areas such as Needle Hill,
Sha Lo Wan and Lin Fa Shan.

: Descriptions of Hong Kong minerals are presented in Rocks and
| Minerals 3. |

__________________________
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Cu-Pb-Zn mineralization 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.

Iron mineralization is associated with skarn
deposits (Figure 7) where granite has come into
contact with marble. The largest known mineral
deposit is magnetite at Ma On Shan.

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.

Non-metalliferous Minerals

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

Kaolin clay has been mined at Cha Kwo Ling,
Chek Lap Kok, and Tsing Yi, but there have also
been numerous other small occurrences mainly

in the northwest of Hong Kong.

Feldspar was once mined from alarge 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 islands.

» Quarried Rocks - Building Stone and

Aggregates

For many years, granite and volcanic rocks have
been quarried locally for road base, pell mell,
armour stone and asphalt, although the main
use now is for concrete aggregates. At present,
there are three quarries operating in Hong Kong.
These are principally in granite and are located
at Lam Tei, Shek O and Anderson Road. All the
quarries are in the process of rehabilitation and
have a life expectancy of between two to eight
years (from 2008).

Fine-grained granite is quarried at Lam Tei Quarry
and Anderson Road Quarry, and medium-
grained granite is dominant at Shek O. A small
proportion of volcanic rock, mainly crystal tuff, is
also quarried at Anderson Road.
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Figure 8. Seamat resources, sand borrow areas and mud disposal

grounds.

» Offshore Sand Deposits

The demand for aggregate sand and reclamation
fill in Hong Kong has grown as the rate of urban
development has increased. As early as in 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 30Mm? 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 100Mm? 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 588Mm? of identified resources
(Figure 8).
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