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a. Mesoproterozoic
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PRINCIPLE OF
UNIFORMITARIANISM

“The present is the key to the past”

Geological processes taking place in the present operated similarly in the past
and can therefore be used to explain past geologic events.
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Law of Fossil FH%A

Assemblages Relative Age

I Fossils found in some rock layers
in outcrop A are the same as those
found in some rock layers in
outcrop B, some distance away.

Outcrop B

2 Layers with the same
fossils are the same age.

Stratigraphic succession
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Radioisotope Dating

Rubidium-87 nucleus Strontium-87 nucleus

» Electron

Parent isotope Daughter isotope

ST
Absolute Age

Common dating methods
e U-Pb dating

e Rb-Sr dating

e K-Ar dating

e Radiocarbon dating

e OSL dating .....



FHE4ERS Relative Age

=

$BI4ERS Absolute Age

Shale known by
fossils to be
Ordovician, now
known to be
450-480 m.y. old
by correlation to
Section A

Section B

No radioisotopic
dates obtained

Some radioisotopic
dates obtained

(Source: http://higheredbcs.wiley.com)



& /L Geological Time

QUATERNARY U4
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8 GEOLOGICAL TIME SCALE
DERIVED FROM
RELATIVE AGES OF
FOSSILS
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Hong Kong Geological |#=
History

* More than 400 million
years of geological
history since the
Devonian

* VU{EFHVIRAE
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of years) sits i of

Quaternary Superficial Deposits I, === —
|

Thinly bedded dolomitic and calcareous siltstone Ping Chau
- I with rare chert interbeds Formation Area of Subcrop
Domir breccia, and ; &y Area of Kat O Formation proven by borehole
Late Mesozoic to Ear Yy w0 [
" . Mafic and intermediate dykes, mainly shoshonitic
Reddish brown thickly bedded conglomerate and Port Istand nag s,
i 7 ish sil and lamprophyric in composition, variably oriented,
- - I sandstone, with thinly bedded reddish siltstone Formation mostly <F72 x M'Z de (dyke Symbols on mapy ol
Reddish brown thickly bedded conglomerate, Pat Sin Leng denote general orientations in zones of unusually
Z I I e ' I a r y O S - greyish red sandstone and reddish purple silstone Formation high concentration)
. L il Il Il S S S S S S S S S S S B S S -
V I n I m Volcanic Rocks Granitoid Rocks
I Group Formation Intrusion Suite
Hount Buter Equigranular fine- and fine- to medium-grained
N Dominantly welded fine ash vitric tuff with — e biotita yranite
FH minor tuff breccia and tuffaceous sandstone 9 e Megacrystic coarse-grained to equigranular fine- °
& ol Glanile ramed biotite granite 2 ]
39 Flow-banded porphyritic rhyolite lava, Gloar Water Bay g g H
K g’gzﬁ;zﬁ,’;cgz; Efgﬁ:b“l?c’;("’g ,IV(’,’”C tlf Kowloon Granite Equigranular medium-grained biotite granite °
2 lapill-bearing vitic tuf with minor Undifferentiated o ) ) g |5
flow-banded rhyolite lava Fan Lau Granite Porphyritic ine-grained biotite granite 503
Sok Kwu Wan Me ’ " " P - 3
it legacrystic medium-grained biotite granite o
3 Tei Tong Tsui Porphyritic fine- to medium-grained quartz H I
I g Quartz Monzonite monzonite H
B Tong Fuk itic fi i E
8 Gtz fonzonite phy quartz s
D'Aguilar Porphyritic fine- to medium-grained quartz g
I Quariz Monzonite zonite %
Dominantly coarse ash crystal tuff with
£3] intercalated tutfaceous siltstone and Mount Davis
§§. sandstone
%3 Coarse ash crystal tuff Long Harbour
H Luk Kong Quartz Megacrystic fine-grained quartz monzonite &
" ]
% Trachydacite lava Pan Long Wan n Shan Tei Tong f s " ite to L= §
g Dominantly tuffaceous siltstone with Rhyodacite granite dykes S
2 minor crystal-bearing fine ash vitric Mang Kung Uk . ) . o . g
HES tuff and tuff breccia Sl Equigranular medium-grained biotite granite g
3| 25) Eutaxitic crystal-bearing fine ash vitric S— | ¢
3|83 Cmmwihminorierbrece, m Shui Chuen O Porphyritic fine- to medium-grained granite E I
= Eutaxitic fine ash vitric tuff Ap Lei Chau
Dominantly eutaxitic fine ash vitric tuff,
- - and lapilli tuff with minor intercalated Ngo Mei Chau
€S0Z0IC VoiCanic an : l
5 148 Sha Tin Equigranular coarse- and fine- to medium-grained
8 . Granite biotite granite
3 Dominantly coarse ash crystal tuff with P i tic i
. - - g F intonearated mudstone, tuffaceous Lai Chi Chong EastLaniall gé[gsspsrphyﬂc rhyolite to porphyritic granite
e sandstons, rhyolit lava and minor s Y N
KH conglomerate East Lantay f i ite to itic granite
ssociated Granitic Rocks 11 B e =
jow-banded rhyolite lava with minor ] I P °
iti 3| Needle Hill Porpt i 2d granite and g
eutaxitic coarse ash crystal tuff i : (e Clobh § I
P
ﬁ’,;j{,’;,g””“g Flow-banded porphyritic rhyolite sill 5
I South Lamma Equigranular medium-grained biotite
Granite granite
;::oﬁ;’" Quartzphyric rhyolite dykes I
I Tai Lam phyritic dium-grained to i fine-
Granite grained leucogranite’ %
Tsing Shan Equigranular to inequigranular two-mica s
Granite granite 1
2
I 3 m ChalcLag ok Equigranular fine-grained leucogranite g
hek M : y ® |z
g Pl Quartzphyric rhyolite dykes g I
3
5| Flow-banded dacite lava, minor vitric 2
I 5 tuff, tuff breccia and intercalated siltstone salLeuitong |5
5 Lapilli lithic-bearing coarse ash crystal tuff Tai Mo Shan | Jim Lanty Megacrystic coarse-grained biotite granite H I
s o
2z Lapill lithic-bearing coarse ash crystal tuff V| Tai Po - " p— g
I § and tuff broceia wif infercalated Siistons Shing Mun (EEEEI Granodiorite phyritic medium- and fine-g g
H 3
8
I Andesite lava and lapilli lithic-bearing fine ash Tuen Mun
crystal tuff with intercalated tuff breccia Formation l
- .
Earl Yy Mesozoic Sedimen tary Sl irlelhd | g
Grey laminated siltstone with interbedded Tolo Channel I
fossiliferous black mudstone Formation Area of Subcrop
. 11
3 Equigranular fine-grained two-mica leucogranite Deep Bay Granite - Area of Deep Bay Granite proven by boreholes
- FIE LB &N &N __§N __§N __§N ] I N N D
240 5 e :
32 Pinkish to pale grey calcareous sandstone, Permian limestone and marble and other metasedimentary
3 siltstone aﬁd mgds};ane with interbedded T"",’,:‘:"':Zg’" - rocks (?Tolo Harbour Formation) occurring as xenoliths or
§ conglomerate and limestone in isolated boreholes
20
I ol H and Lok Ma Chau Inferred subcrop area of Carboniferous (and inferred
. . 3 §‘3 & siltstone with graphitic interbeds and conglomerate Formation Carboniferous) metasedimentary rocks, including marble
S 5% & White to dark grey or black calcite and dolomite Yuen Long Inferred area (or isolated borehole occurrences) where
Q3% s marble (not e?ossd,m surface; equivalent to Formation marble-bearing units either subcrop, or occur, at shallow-depth
I 3 - S Ma On Shan Formation in Tolo Harbour area)
| g Pale grey fine- to coarse-grained quartz
R sandstone and reddish brown and purple siltstone, Elrdsq “
@ with greyish white quartz-pebble conglomerate
a7
L _l — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— —




& H#E41 Rocks in Hong Kong
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lgneous Rocks Sedimentary Rocks Metamorphic Quaternary Superficial
Rocks Deposits
K= (75% NIk -= N o —
PR (75 S g ST LT (15%)
| Intrusive plutons | Clastic sedimentary || melfcglrlr?:radhic Onshore
and dykes rocks P
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Chemical Intertidal
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R AMEK B & Intrusive ignerous
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Late Palaeozoic Sedimentary Rocks

Guangdong Province

" Ma ShiChau &, Sham
¢ Chung

""' New Territories ’

Three
Fathoms
Cove )
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Brothers / 5 - {? .

* o~ Kowloon O f
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y LATE PALAEOZOIC
SEDIMENTARY ROCKS

Permian . Tolo Harbour Formation
. Lok Ma Chau Formation

Ma On Shan Formation
{ subcrop )

- 820N

Lantau Island

Carboniferous

Yuen Long Formation
( subcrop )

Devonian Bluff Head Formation

(Source: Sewell et a

., 2000)
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DEVONIAN PERIOD

EEBHEREREE Oldest rock

formation exposed in Hong Kong
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JE#24C DEVONIAN PERIOD

P

Fluvial plain
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EARLY 2% e Marble Quaraing
CARBONIFEROUS

PERIOD (360-320 Ma)
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Yuen Long marble drill cores
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Z2C. PERMIAN PERIOD (300-250Ma)
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Between Devonian and Permian periods, Hong Kong
was submerged under the ocean from time to time.
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y Mesozoic Sedimentary Rocks (Pre-volcanism)

The

- 820 N g

Brothers
. /

Lantau Island

Guangdong Province

/' Fung Wong Wat
¢ *

Sham

Ma Shi Chau
¢ , YChung

New Territories
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Kowloon
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MIDDLE JURASSIC
SEDIMENTARY ROCKS

. Tai O Formation

EARLY JURASSIC
SEDIMENTARY ROCKS

. Tolo Channel Formation

(Source: Séwell et al.. 2000)









MIDDLE JURASSIC

20 mm

Lee et al., 1997)

(Source
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Mesozoic Volcanic and Associated Granitic Rocks

33
55 High Island
T .Q Clear Wate
25 )
3L Undifferent
x2
Pan Long ¥

o Mang Kung
T3 ;
@5 Che Kwu S
_§ © Ap Lei Cha
%E& Ngo Mei Cl
o

= Mount Davi

Long Harbc

Lai Chi Che
Undifferent

Sai Lau Ko
Tai Mo She
Shing Mun
Yim Tin Ts:

|:’ Tuen Mun |

Lantau
Volcanic Group

Tsuen Wan
Volcanic Group
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MESQOZOIC — the era of dinosaurs

* |In Hong Kong, volcanic
activities, and the
associated granite
emplacements,
occurred between 164
million years to 140
million years ago

e j.e. between Middle
Jurassic and Early
Cretaceous

TiRaEAC 2 B H A




RGBT HEEAD
Middle Jurassic to Early Cretaceous

Eura
Plate

aeo-Pacific
te

Active Continental Margin

(Sewell et al., 2009)



BOK LIRSk [ [Caldera-type volcanoes

Lake Toba, Indonesia
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Extensive volcanic eruyﬁo

southeast China
/l// x /R
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40' /
Pearl
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(Source: Sewell et al., 2000)



4 Phases of Volcanic Activity in Hong Kong
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Volcanic Rocks

Granitoid Rocks

Group Formation Age (Ma) Suite Intrusion Age (Ma)
High Island 140.9 £ 0.2 Mount Bulter Granite
Clear Water Bay 140.7 £ 0.2 Kowloon Granite 140.4 £ 0.2
Ka u Sai 140.9 £ 0.2 Lion Fan Lau Granite
141.1 £ 0.2 Sok Kwu Wan Granite 140.6 £+ 0.3
Chau Pang Long Wan 141.2+ 0.3 ROCk 1 40
H H Tei Tong Tsui Qz Monzonite
VOIca nic Su Ite Tong Fuk Qz Monzonite
G rou p D’Aguilar Qz Monzonite 140.4 + 0.3
140.6 + 0.3
Mount Davis 142.8 + 0.2
Repu Ise 143.0 £ 0.2
Long Harbour 142.7 £ 0.2 Cheu ng Luk Keng Qz Monzonite
Bay 142.8 + 0.2 Chi Ma Wan Granite <143.7 £ 0.2
volca n iC Mang Kung Uk 142.9 + 0.2 Cha u Shui Chuen O Granite 144.0+ 0.3 1 4 3
Che Kwu Shan 142.5+ 0.3 Su ite
Group Ap Lei Chau 142.7 £+ 0.2
Ngo Mei Chau <143.7 £ 0.1
Shatin Granite 146.2 + 0.2
) East Lantau Ryholite 146.3 + 0.3 1 48
Lantau Lai Chi Chong 146.6 + 0.2 Kwai East Lantau Ryhodacite 146.5 + 0.2
- Undifferentiated 146.6 £ 0.2 Needle Hill Granite 146.4 £ 0.2
VOIca nic 147.5+ 0.2 Ch u ng Sham Chung Rhyolite 146.4 + 0.2 -
Grou p Suite Po Toi Granite 146.5+ 0.2
Shan Tei Tong Ryhodacite 147.3 £ 0.2 1 4 6
South Lamma Granite 148.1 £ 0.2
Tai Lam Granite 159.3 £ 0.3
Tsuen Tsing Shan Granite <159.6 £ 0.5 1 64
Wa n Sai Lau Kong 164.1 £ 0.2 La mma Chek Lap Kok Granite 160.4 £ 0.3
= Tai Mo Shan <164.6 £ 0.7 - Chek Mun Rhyolite 160.8 + 0.2 -
Volcanic Shing Mun 164.2+ 0.3 Suite
Grou p 164.7 £ 0.3 Lantau Granite 161.5+0.2 1 6 0
Yim Tin Tsai 164.5 £ 0.2 Tai Po Granodiorite <164.6 £ 0.2
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Guangdong Province
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»~ Inferred volcano-tectonic fault

active during episode 3

»~ Inferred volcano-tectonic fault
acting during episode 4

KAU SAI CHAU VOLCANIC GP
Qutcrop

Inferred subcrop

LION ROCK SUITE
’ Granitic’

Qutcrop

Inferred subcrop

* Monzonitic’
Qutcrop

MAGMATIC EVOLUTION OF HONG KONG
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MIDDLE JURASSIC TO

EARLY CRETACEOUS

164-140 Ma




HOW DOES A CALDERA FORM?

LY

M Using a cauldron of hot congee as an analogy.



Caldera-type Volcanic System

Lid on the cauldron = Crustal cap

|

Cauldron = Caldera-type
volcanic system

Fire = Heat Source from
deep within the Earth



Inside the System

Gas bubbles in the congee = Volatiles in magma

Congee = Magma (molten rock)



Eruption Begins

Ejected materials =
Volcanic ash

Cracks start to Escaping gas bubbles
appear in the lid

(crustal cover)



Caldera Collapses

Ejected materials (volcanic
ash) falls back onto the
collapsed lid

Broken lid loses its
support and sinks
down into the
cauldron




Last Eruption - High Island Supervolcano
FEAREE Key Facts

« RE—XBRBE 18 4 TEER

Last eruption at around 140 million years ago

- EEEREERFRTRBE KL

The first discovery of an ancient supervolcano in
southeast China

« BXIIOERE 18 A8

Caldera about 18 km in diameter

iy + SESRTLHADK LIYIE s 3HEHE 1.3 B 7K

Erupted ash materials exceeded 1300 cubic kilometres

- TEEBERESYEERE XS
#  Main rock type is high-silica tuff

$ o REUARE(EERDK)

Large columns (up to 2 m in size)

BN - WKL DR GE R RAEAI 30 [

Caldera system tilted to the east at ~30 °



EEEERIR ?
HOW DO THE ROCK COLUMNS FORM?

o KUIKERBHEBOK IO &8 182 a0 RI4E

Thick volcanic ash layer slowly cools and contracts within
the collapse caldera

o 5[ERVHLERETIE K ILIRERFA

The induced tensile stress causes the ash layer to crack

o REETEBISHIRME EK LKA EERART L3R

Cracks propagate from the cold surface inward to the

centre of hot volcanic ash HE(S)
i’ Surface (Cold)

o NBUHIEREEEEAL RIS A I ZHE
The hexagonal pattern is the most efficient arrangement
for releasing tensile stress

ERET ARG R 2 . Factors controlling the formation
) of rock columns:
1. B8 XWX :
1. Homogeneous volcanic ash L)
- BEEDKIIXE 2. Thick ash layer Fente {Hat)

2
3. BERERXLOZMA 3. Confined within a caldera depression
4, SAEEEE 4. Slow cooling




https://www.youtube.com
/watch?v=qM94vbJ1HBI
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The High ISland Caldera Ejected materials (volcanic

ash) cool and solidify slowly
in the collapse caldera

The congee (magma)
remaining in the cauldron
also begins to cool.



Tilting

Tilted rock columns
Granite

Due to tectonic forces, the cauldron gets tilted on its side.



After Erosion and Uplift

Kowloon / N Hong Kong Is. Sai Kung

Tilted rock columns in

Granite Sai Kung
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Ancient Tilted Caldera System

Magma Conduits

)
D
~22°17'N

s b2l P 53

AR
Collapsed Crustal Blocks

-
S .
~.—u-l_‘—'—

Tlted Rock Columns l

R i
Magma Conduits

pmm, EXUDAGLES
’ >

TOP OF CALDERA SYSTEM
L~

. \‘
/ N\

.

fRRSEEE
Tilted Rock Columns

4

\
! G

Collapsed

rustal Blocks

G ! 0 2 4 8km
T B CAOr M (R T L |
L (ERHY A FE Tilted rock columns

" {EIRAHEEE Collapsed crustal blocks

- (E i E(FEERAT S HT) Granite (remnant magma)

BASE OF CALDERA SYSTEM




ESEERANETE » PH

Dyke intruded along magma conduit, Shatin

R « RSN

Tilted rock columns, Po Pin Chau

L3 Volcanic rock

2 SN ﬂ'. - 4
fEFBERKLIEEEEER - UER

Contact between granite and volecanic

rock, Eastern Kowloon
|—\J

fomis » U

Granite, Kowloon # Large hexagonal columns,

Ninepin Group




HONG KONG

GEOLOGICAL TIME SCALE
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Late Mesozoic to Cenozoic Sedimentary Rock (post-volcanism)
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Sedimentary Basins in NW NT
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Up till now, no dinosaur fossil has been found
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Depositional Environment of Pleistocene Sediments

Hong Kong Island
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=B SR ZELandscape controls

A& Lithology (rock type)
25 Structure
A fE Climate — rate of weathering & erosion

#HFE Process
& E% Stage — maturity of landscape

i) Time — changes over time e.g. sea-level
changes
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Low granite cliffs on the Fan Lau peninsula, Lantau Island; the higher hills
in the background are composed of volcanic rock.
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East Dam of High Island Reservoir
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Light-coloured chert beds within thinly-bedded red siltstone
of the Ping Chau Formation, Ping Chau
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Looking northeast along the strike of the Tai Lam Fault, western
New Territories
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Landform Local Example

Y Ed[H] Sea Cave = Kat O

/g EhHL Sea Arch HSM Ap Chau

JEEEAE Sea Stack 23 Ping Chau
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Download Mobile App of "HK Geology”

The HEGeology gives a simplified account
of the geology of Hong Kong and is a
useful reference tool in field, which wall
help teachers, students, members of the

public and geotechnical practitioners.

o Download on the

¢ App Store

AMDROID APP QN

P> Google play
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Relative age

Table 1: The sequence of geological events shown in Figure 2.



