IATERRE
ITHIEE

Geotechnical Engineering Office
Civil Engineering and
Development Department

(@)
m
O
O

\
)
{

|

T BB EE
TECTONIC EVOLUTIO
OF HONG KO

W E B
PLATE TECTONICS




Ik
i

HERM2005F 0% =FHMETEHFR2009FIR £ R NRER - HEME
Hp—EEHNEENE -

HEPHENRERRBE2006FHBERERN - D NHANRERRES
(BHRRERES) (2007)HWEEMBIE - EURES - wERAR-FIENE
BEANRZENAE THESRENBIR o

ITAIRARERTHINIRRERABRNFER  ERAAXERMWRNEHE
HETHENREARLRET -0 AEXEAMNE] - HPEBEBREER
RYINER T ERR B SRARE o

[AEXBEAME | BETI4XDER 4RBH SHABRIEMC-LHR
BH o BAMEABTBNFRZZ - IWREE wEREHRERELRUTSE
REHNERN L E RS H S P HENREHNKF o

IHIRENEEHEREA | AERSEAEEHERBRTENRE -
MIRKZ2H | WEEEERRZERLBEBENRD  [RIKZ2HH
FAENEEREEENRIRLY - REQBUSEERTFNRSBHH -

FECEAMEHRUEEH ST HENENZMARBAMFERESEN
2Z o WM ET R TREBRELRENEREE - LEANES -

L
FRiztE
IRIRARE

THIREER
20085128

Foreword

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

elective subjects under the NSS curriculum.

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

understanding of the Earth on which we live and work.

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

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

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

suitable for the NSS Geography curriculum.

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

contributions are gratefully acknowledged.

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

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

Wi...

Raymond K S Chan

Head, Geotechnical Engineering Office

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

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

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

evolution of the tectonic setting to be deciphered (Plate Tectonics 3).
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The rocks exposed in Hong Kong cover a
period of about 400 million years of Earth
history. Significantly, there are major gaps in the

geological record in Hong Kong, which probably
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Figure 1. Crustal blocks and the present-day tectonic setting of
southeastern China.

Tectonic Framework of
Southeastern China

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 hillion

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 1).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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Changing Tectonic
Setting of Hong Kong

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 (Figure 2).

Over the following 50 to 70 million years, the
area was submerged beneath a warm shallow sea
in which calcareous muds were deposited. These
deposits are preserved in Hong Kong as marble

beneath Yuen Long.

By about 300 million years ago, the region had

become a deep continental sea.

RREA

Tectonic plate reorganization

B2 BRETEHERR BERRNEE o

Figure 2. Change of tectonic setting of Hong Kong through geological time.
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Between 250 and 200 million years ago, there
was a major tectonic event in China, possibly
resulting from major plate reorganization. This was
accompanied by 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 the southeastern coast of China. In the
Hong Kong region, active volcanoes erupted ash
and lava between about 165 and 140 million

years ago.

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.

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.

: Developments of the present day landscape is discussed in :
| Geology and Landscape 3. |

__________________________

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.

The Quaternary Period, which extends from about
2 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 sea bed.

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 provide indirect evidence of the major
fluctuations in global climate over the Quaternary

period.

Following the end of the last glacial period,
about 18,000 years ago, sea level began to rise
rapidly, probably reaching it's present height in
the Hong Kong region about 8,000 years ago.
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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-
aluminosilicate 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
BEBRSARREBGBETENA  HE
THRENRBHIEY EMELTEEA
BROREIRNAL - E—EBATHEEZE
—ROFEFAHHE  FBZINEBH
EAFE - ERENNLEE BHE

of a convergent margin tectonic setting in the
Early to Middle Jurassic Period (200 to 175 million
years ago).

As the convergent margin matured, the subduction

zone migrated southeastwards, and volcanoes

" \ . o~ PEREBEEHUBOIBK
EE_SW(AR) - # RNENEY AT LOEEXLRRNEAFER of a slightly different type and composition soon
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.. . aluminosilicate minerals were erupted from large
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ERE—ENTEEN o IR EHPE in four distinct episodes (Figure 3): 165-160 million

i 0 0 years, 148-146 million years, 143-142 million years
AEREREEREA

and 140 millions years, and were accompanied by
the intrusion of large granite plutons.
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Figure 4. Schematic representation of caldera development and
related subvolcanic intrusions between 165 and 160 million years ago
(Insert map indicates the distribution of igneous rocks in Hong Kong
associated with this volcanic episode).
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Figure 5. Schematic representation of caldera development and
related subvolcanic intrusions between 148 and 146 million years ago.
(Insert map indicates the distribution of igneous rocks in Hong Kong
associated with this volcanic episode).
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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
5). 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 6km 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 lava. This process, called welding, is
thought to be the origin of some of the banded
volcanic rocks on Lantau Island.
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The scale and intensity of Mesozoic volcanic

erupted volcanic ash with abundant crystal
content (Figure 6). The two volcanoes probably

(e G activity continued to increase as the convergent . ' .
margin migrated southeastwards. The third erupted simultaneously for a period. Very little
o major episode of volcanic activity in the Hong lava appears to have been erupted from either
. Kong region is particularly complex, with volcano. Over time, the volcanic eruptions
Fault the formation of at least two calderas that became hotter and increasingly more violent.
gﬁﬂ:ﬁizomte each erupted volcanic materials of slightly Both volcanoes probably culminated in caldera

BES
Hong Kong Island

N

Long Harbour

different compositions. Evidence suggests that
one caldera, centred on Hong Kong Island,

collapse following a catastrophic eruption. Today,
the caldera margins are marked by discontinuous
dyke-like intrusions of plutonic rock.

B6. —ERTSERE—ENTF-EEEANRALORABNEAS 2 BE @B LEDBITANARERAE 51 - erupted volcanic ash with very little crystal

Figure 6. Schematic representation of caldera development and related subvolcanic intrusions between 143 and 142 million years ago (Insert map indicates
the distribution of igneous rocks in Hong Kong associated with this volcanic episode).

content, while the other caldera, centred
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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 7). Eruptions
were dominated by large volumes of crystal-
poor volcanic ash that accumulated as thick
layers, which are, in places, strongly fused
together. Fusing indicates that the eruptions
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Figure 8. Major faults of Hong Kong.

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 region.

Faults in Hong Kong

ThemainfaultsinHongKongare oriented northeast-
southwest, and northwest-southeast (Figure 8).
They are generally of the same orientation as those
in neighbouring Guangdong Province.

Individual faults can be traced over distances of
up to 60 kilometres. Some faults are associated
with zones up to 1 kilometre wide, although most
faults appear to be only a few metres wide.

There are no known active faults in Hong Kong.

Although Hong Kong is considered to lie in
a region of 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,
85km east of Hong Kong, in 1991.
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