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Following decades of meticulous geological mapping and studies undertaken by the Hong Kong Geological Survey,
an astounding discovery in late 2008 revealed that Hong Kong might be sitting in the bowel of an ancient monster
volcano. It took the ensuing four years of detailed study to verify this astonishing revelation, which culminated
in the publication of a scientific paper in an international journal describing the High Island supervolcano in
southeastern Hong Kong.

The finding attracted widespread local and international media interest in 2012, as well as attention from local
learned societies, universities and schools eager to learn the story behind the discovery. In addition, the event put
into sharp focus the unique attributes of the Hong Kong UNESCO Global Geopark, which showcases Hong Kong’s
geological heritage, including the colossal volcanic product of the High Island supereruption.

In order to further stimulate interest in Hong Kong's geological landscape, and provide a useful reference for
interested members of the public, it was considered worthwhile to produce a geological book written at an
introductory level, in both Chinese and English, featuring the story behind the discovery of Hong Kong's
supervolcano. It is hoped that this story will inspire Hong Kong’s young scientific minds to consider studying Earth
Sciences, and to envisage the potential contribution they can make toward understanding our natural world.

The story presented here likens the voyage of geological discovery over decades of scientific investigation to the
assembly of interlocking pieces of a gigantic jigsaw puzzle. Some pieces of the puzzle began their incubation almost
a century ago, later to be nurtured and developed over the years by generations of geologists. Final slotting in of
the pieces to create the complete picture only occurred very recently.

This book has been written by the Hong Kong Geological Survey, Geotechnical Engineering Office. It has been
designed as a companion to the book entitled: Hong Kong Geology — A 400-million year journey, also produced
by the Hong Kong Geological Survey, which provides a popular account of Hong Kong's geology. We hope they will
make an interesting and informative read.

W AE 5 W K Pun
TARTENEE Head, Geotechnical Engineering Office
T HITRER R Civil Engineering and Development Department

20184 12H December 2018
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Since the 19™ century, generations of geologists have
been fascinated by the hexagonal rock columns that cover
a large area of eastern Hong Kong. The early naturalists
recognised that these rock formations bore a striking
resemblance to the hexagonal columns forming the Giant’s
Causeway in Northern Ireland, but on a larger scale. The
rock unit was initially thought to be made of the same
type of volcanic rock called “basalt lava”. However, closer
examination soon revealed that the columns in eastern
Hong Kong were made of a very different composition.
Instead of basalt lava, which is a magnesium- and
iron-rich rock, the columns are composed of solidified
rhyolitic ash, known as tuff, which has a high silica and
aluminium content.

But the question remained as to how such
a voluminous volcanic unit could have been
formed. What type of volcano could have
produced this gigantic ash body? When
did the eruption occur and where was the
volcano? What happened during the volcanic
eruption? Were humans there to witness the
event? Or even dinosaurs? The answer to
these intriguing questions and many more
lie at the centre of our story.

Geological discovery is akin to solving a huge jigsaw
puzzle without knowing the full picture in advance.
At the start, the pieces of the puzzle are poorly defined,
and show little relationship to each other. But as the pieces
are shaped and moulded, and slowly and painstakingly
assembled, the image reveals itself. The pieces of the puzzle
in our case comprise pieces of geological evidence, which
becomes available through meticulous investigation.

Many hours of fieldwork, hundreds of geochemical analyses,
a comprehensive set of geophysical studies, and detailed
age-dating of tens of rock samples. Each forms just one
small piece of the jigsaw puzzle, which will eventually
interconnect to form a coherent picture. While trying to
put the pieces together, geologists apply fundamental
geological concepts and principles, developed over
centuries of scientific investigation. At the same time they
rely on imagination and powers of deduction to ensure the
correct interlocking fit.
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To unravel the geological history of a region, one must
begin by gathering various pieces of information, and
then to slowly fit these together into a chain of events. For
geologists this requires years of meticulous and systematic
surveying, and immense patience. The discovery of Hong
Kong's supervolcano took years of team effort and was
underpinned back in the 1980s by systematic geological

mapping.

The very first piece of geological information that geologists
normally gather from an area is the distribution of various
rock types. This is usually done by geological surveys,
which involve hours and hours of field and laboratory
work, and preparation of geological maps. These geological
maps inevitably reflect some degree of the geologists’
interpretation of the geological history based on their field
observations and other evidence available at the time the
maps were produced.

Numerous individuals have contributed to the geological
surveying of Hong Kong since the 19 century. The first
territory-wide geological survey was carried out in the early
20" century by a group of Canadian geologists, resulting
in the publication of the first geological map in 1936 at a
scale of 1:84,480. The map showed the main distribution
of igneous and sedimentary rock groups, as well as the
superficial deposits, but no portrayal of faults, folds, or
other geological structures.

This was remedied in 1971 when two 1:50,000-scale
map sheets were completed by two geologists from the
United Kingdom. The set included major divisions among
the volcanic, plutonic and sedimentary rocks alongside the
geological structures, such as strike and dip of bedding and
rock joints.

The Hong Kong Geological Survey was established in
1982. Over the course of 12 years, from 1984 to 1996,
fifteen 1:20,000-scale geological maps, displaying further
refinements to the volcanic stratigraphy and intrusion
history, were produced. At that time, there was a team
of four to six mapping geologists, with each geologist
responsible for one or two particular map sheets.

By the time the 1:20,000-scale geological maps were
completed, an accurate picture of the distribution of the
major rock types in Hong Kong had been established. This
showed that “old” sedimentary rocks were exposed in the
northern New Territories and around the Tolo Harbour
area, and “young” sedimentary rocks were exposed in the
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northeastern New Territories around Mirs Bay, such as
Port Island, Ap Chau and Ping Chau. However, most of
the outcrop area of Hong Kong (85%) comprised igneous
rocks formed through cooling and solidification of magma.
About 50% of the igneous rocks are made of volcanic rocks,
which means these rocks were once directly associated
with volcanoes, and 35% are made of granitic rocks, which
represent the crystallised roots of the volcanoes.

As the volcanic rocks are stratigraphical units, they were
divided into named formations, and families of formations
(known as Volcanic Groups), on the 1:20,000-scale
geological maps. In contrast, little was known about the
different types of granitic rocks and their relationship to
the volcanic rocks. The granites were simply classified
according to crystal size (coarse, medium or fine). Field
observations showed the granites were younger than the
volcanic rocks, but no attempt was made to group the
granites or correlate them with the volcanic rocks.

During the mid-to late-1990s, the boundaries of the different
types of granites were mapped out, and their relative ages
were established based on contact relationships. The
granitic rocks were assigned to a number of large, single
intrusive units called “plutons”. Names were given to the
plutons in the same way that names were given to the
different volcanic units. The granite plutons were also
grouped into families (known as Granitic Suites).

The 1:100,000-scale geological map (Figure 1-1), published
in 2000, showed detailed subdivision of the volcanic
stratigraphy and plutonic history including naming of
suites and plutons, volcanic groups and formations. Thus,
the first piece of our jigsaw puzzle had been defined but its
position in the big picture was not known.
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Figure 1-1. Extract from a 1:100,000-scale
geological map of Hong Kong published

in 2000
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IGNEOUS ROCKS AND TYPES OF VOLCANO
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So, how are igneous rocks formed? Igneous rocks are
formed from solidified magma (i.e. molten rock) that
originates from deep within the Earth (Figure 1-2).

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. Slow
cooling allows sufficient time for individual mineral grains
to grow and form relatively large crystals. Intrusive rocks
have a coarse-grained texture with interlocking crystals.
Granite is the most common intrusive rock in Hong Kong.

Kl
Gz} Volcanic ash
Lava flow

HIK
sill

EE
Laccolith

i
Dyke

Veins

Hibs A
Other rocks

HHE Magma

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. Tuff is solidified ash.

Volcanoes are commonly found at convergent plate
margins, such as the “Ring of Fire” (Figure 1-3) around the
Pacific Ocean basin.

Three common types of volcanoes, including shield
volcanoes, stratovolcanoes and caldera-type volcanoes,
occur in various tectonic settings. The formation of
various types of volcanoes also depends on the magma
composition.
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Geologists generally classify magma in terms of its silica
content. Low-silica magmas (i.e. SiO, = 45-65 wt%), such as
the lava flows in Hawaii, are runny, and any trapped gases
can escape relatively easily from the magmas when they
reach the surface. That is, as magma comes to the surface,
the dissolved gases come out of solution in the form
of vapour, which are then released non-explosively into the
atmosphere (Figure 1-4).

] 1-4. AS[R] R R A4 0 i )

Figure 1-4. How easily do different types of magma flow
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By contrast, magmas with relatively high-silica content
(i.e. SiO, = 65-77 wt%), are very sticky and viscous and do
not flow well. When the sticky magma ascends through the
crust, the developing bubbles in the magma have great
difficulty in escaping. Eventually, the bubbles can no longer
be contained in the magma as they expand to bursting,
at which point the magma literally blows itself apart,
shattering any crystals and liquid, and which quenches
into fine glass particles as volcanic ash. These are the
main components of the giant ash clouds that rise into the
atmosphere forming an eruption column, and which may
partially collapse and flow out along the surface.

The volcanic rocks in Hong Kong are predominantly
rhyolitic in composition and consist mainly of ash. These
rocks were formed by violent eruptions of volcanic ash from
caldera-type volcanoes.

1-5. A4t
Figure 1-5. Magma
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Magma consists of a high temperature mixture of silicate material (magmatic liquid), water and dissolved
gases. It may also contain crystals formed during cooling of the magma, or rock fragments incorporated
into the magma, during ascent toward the Earth’s surface. Deep in the Earth, the magma is under high
pressure, and the gases within it are dissolved in the melt.
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How do geologists measure the violence of a volcanic eruption?
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Geologists have a logarithmic scale (a bit like an earthquake magnitude scale) by which they classify the
violence of a volcanic eruption based on volume of ejected materials. It's called the Volcanic Explosivity
Index (or VEI). A volcano of VEI = 0, would be something similar to continuous outpouring of magma
such as from Kilauea volcano in Hawaii. A VEI = 6 was the 1991 Pinatubo eruption in the Philippines, and
a VEI = 7 was the 1815 Tambora eruption in Indonesia. Supereruptions have a VEI = 8 or higher. Thankfully,
the frequency of such supereruptions is, on average, only about once every 10,000 to 100,000 years. The

very big ones (>2,500 km?) are usually once every 100,000 to 200,000 years, so they are extremely rare
events.

PRI 20510 WS Hh 0 R oy ) W Iy Bl

VEI Ejected Volume (km’) Example of Eruption

XM K1l Yellowstone Caldera, U.S.A.

8 >1000 (A THHEAET 640,000 yrs ago)

Bi)je 3 i$i K 1l Tambora, Indonesia (1815)

JEHE( % S4B B K 1l Pinatubo, Philippines (1991)
Bl )2 Wi F61E K5 K 1 Krakatoa, Indonesia (1883)

X B2 K 11 Mt St. Helens, U.S.A. (1980)

>0.1 vk B i e di AR K 1 Eyjafjallajokull, Iceland (2010)

>0.01 SEIEN N Kk Ik LR K 1L Soufriere Hills, Montserrat Island (1995)

>0.001 #1194 B 45 B il K Ll Mt Ruapehu, NZ (1971)

>0.0001 RAAWBHEA 55 K1l (B H) Stromboli, Italy (Daily)
W%t Effusive KB H i Rl Kilauea, U.S.A.
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Figure 1-6. Volcanic Explosivity Index (VEI)
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VOLCANIC PLUMBING SYSTEM
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Volcanic ash

During volcanic eruptions, magma is expelled from below
the Earth’s surface through volcanic vents, producing
lava or volcanic ash. The magma chamber and the vents
are collectively known as the volcanic plumbing system
(Figure 1-7).

Sometimes, the molten rocks in the magma chamber do
not erupt to the surface, but are trapped in the ground
and crystallise slowly to form intrusive rocks. The granitic
plutons are therefore considered to be the non-erupted
counterpart of the volcanic rocks, representing the frozen
magma chamber that fed a volcano.

K UEE

Volcanic vent

Py 3L

Magma chamber

Lava

-7 KINEE RS

: Figure 1-7. Volcanic plumbing system
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AGES AND GEOCHEMISTRY OF
MAGMATIC ROCKS IN HONG KONG
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New Territories

The second piece of our jigsaw puzzle was the correlation
of the volcanic groups and granitic suites. The first step in
the process was to determine the precise ages of the rocks
by radiometric dating.

Back in the 1970s, early radiometric dating work claimed
that the volcanic rocks in Hong Kong were around 154
million years old, and granites ranged from 143 to 117
million years old. These early attempts yielded mixed
results with large errors. However, in the mid-1990s, a
new radiometric method of dating zircon minerals was
developed, meaning that ages could be determined with
much greater precision and accuracy.

Consequently, following the grouping of the magmatic
rocks into families, it was decided to carry out a systematic
age dating study (Figure 2-1). The results of dating revealed
a surprising pattern in the rocks because the volcanic and
granitic rocks could be grouped into four distinct age
categories, and each category had its unique combination
of volcanic-granitic assemblages. The geologists were
so amazed with this age pattern that they decided to
carry out an extensive geochemical assessment of the
rocks to see whether the same groupings were reflected
by their geochemical composition.

2-1. B E R A 1Y
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Figure 2-1. Sample
locations for

age dating study
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How do geologists determine the age of a rock?

Dk AT HE B B S A I E s A Y
SR 2 MR B (8 AR T A i ) 2
Jrk o E R DA — R LR BE IR R A R
A - ARG - [ R B A W EER
HYm&ET  HEAFRBENH T B
HE 70 2 4 i 14 (] £ 3RO R B E B (R /7 £
[F] 37 2%) » Sl 208 308 A o 2 T % 28 SO R
{19 S5 il 132 3% (R 2 1 [l (02 2K) o 451 [l 02 3R
WMARENRERNERY - 5OFSH
[] iz 3R B ) — B A - WRY) o A B[] £
R RS > EAETRAME > ¥
SEFR BN R B AR R R E
IRF T 5 () 5 ] o 28 08 0 7 A ) o B 7[R
RG] > (E7T DLEHE SR I A 88 > fem
A ARG -

You may ask, how do geologists date the rocks? Well,
geologists use a variety of radiometric methods; the
most favoured being the uranium-lead isotope system.
In simple terms, isotopes are atoms of an element with a
normal number of protons and electrons but a different
number of neutrons. [sotopes of radioactive elements,
such as uranium (known as the parent isotope), are
unstable and decay to a more stable isotope of lead
(known as the daughter isotope) by releasing energy.
The rate of decay and half-life of isotopes is constant,
and unique to each particular isotope. Once a mineral
is formed, the parent isotope in the mineral begins to
decay to produce a daughter isotope. The time required
for half of the parent isotope to decay to daughter
isotope is called “half-life”. By counting the ratio of
parent to daughter isotopes in a mineral, the age of
the mineral, and hence the rock bearing them, can be
determined.

Sl 83y 1] % 36 4 B s
U-Pb Isotopic Dating

TAAE i BUA B b 4 S B 80 S ARERAE AOSI(U) S » A £ 45 4 B I DA R 9 1 B R B SR L
$1(Pb) o #7538 ik B2 G (B[R] (3R A 84 (7[R0 20) ) LU mT S GEE s - B A AR o

Zircon minerals crystallising in a granitic magma incorporate the unstable radioactive uranium isotope.
By measuring the ratio of the parent uranium isotope to the daughter lead isotope, and knowing the
half-life of the radioactive uranium isotope, the age of the mineral since it first crystallised, and hence

the rock, can be determined.

T = OffF 2 ] (e &5 )
T = 0 half-life
(mineral crystallises)

L 1
500 fHKk

500 microns

i)

Zircon

T = 3R (=T H4)
T = 3 half-life
(thirty million years old)

T = MEER M (— T #4F)
T = 1 half-life
(ten million years old)

~

BEHCHE RN — T B4 — RN
R RGN — T EEER SN TRAAR - MR T8
A > A SRR G R TR E o

If the half-life of a radioactive element is ten million
years, then after ten million years, half of the parent
isotope will have decayed to the daughter isotope.
After twenty million years, three quarters of the parent
isotope will have decayed to the daughter isotope.

T = 25 (T # 4
T =2 half-life
(twenty million years old)

B 2-2. T PEAR BB E
Figure 2-2. Radiometric dating
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Geological time explained
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GEOCHEMICAL GROUPINGS
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We need to understand the immensity of geological
time. Geologists talk in millions of years, the same
way most people talk in years. So, rocks from one to
tens of millions of years old are geologically “young”,
whereas rocks from hundreds to thousands of millions
of years old, are geologically “old”. A convenient way to
think about the immensity of geological time, is if we
picture the whole of the Earth’s history (i.e. 4.57 billion
years) as one day (i.e. 24 hours of a clock) (Figure 2-3).
The Earth’s crust begins to develop at about twenty-
four seconds after formation of the Earth (i.e. about
1.3 million years after formation). The oldest rocks
found at the Earth’s surface (about 4,280 million years
ago) appear at about one hour and thirty-one minutes
after the formation of the Earth. Fast forward now by
22 hours into the late evening, and at about 23 hours
after the formation of the Earth, the first bird appears.
Modern man appears 4 seconds before midnight.

Approximately 1,000 volcanic and granitic rock samples
from all over Hong Kong were analysed for their chemical
composition. In Hong Kong, most of the igneous rocks
contain between 65% and 77% by weight of silica. Apart
from the major elements such as sodium, aluminium
and potassium, the rocks also contain minor and trace
elements. The geochemical characteristics of the volcanic
and granitic rocks were examined, and, once again, an
astonishing set of relationships emerged. It was found that
the geochemical groupings matched the age groupings
(Figure 2-4).

The next task was to determine the geographic distribution
of the four volcanic and granitic rock groupings.



23:15:53 23:39:31

¥R 4 1L WEEE High Island supereruption RYEEWAE Dinosaur extinction
23:59:56
23:12:44 BUCAE KB First modern man
SHE B First birds
00:00:24
22:47:32 7RI A Formation of the Earth’s crust

RAFEH B First dinosaurs

22:20:45 01:31:22
&R E K H B First reptiles R | 45
SC Ayl
21:31:54 Oldest rocks
e A4 1 K i3] First land plants preserved on the

Earth’s surface

20:19:26
vk Bk Snowball earth

I62-3. M+ IS E T EEEE—KitH

Figure 2-3. 4.57 billion years in one day
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FOUR VOLCANIC - GRANITIC ASSEMBLAGES
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RELATIONSHIPS OF THE FOUR VOLCANIC - GRANITIC ASSEMBLAGES

A A BRI R AU
By L A B G 23 B IR 4 i A1 3 Bk
LB 7y ML & - T TS
A — R R R (1 2-5) o AR PR BEBL 5
Bt W L e o AL 20 M A A
DR [ O N (= A R S A < R e
SR 8] i A R Y K LD —TE R a LG o P
Kl s ANTE i e LA B9 E A B FAR 1 AR
TR R M [ SRR 7 [ ARAE Y

WA F KB o AEH A AR KWL P A A
VYR M A KL A AAE A AL S > TR A& A
BB IR kI R E A » HIL > FHE
A BB RN TR A BRI
BB - BRI AP RN F i
I AL 4

The volcanic and granitic rocks were grouped into four
pairs of discrete ages and geochemical composition and
colour-coded on a map (Figure 2-5). It soon emerged
that the oldest grouping lay mostly in the northwest of
Hong Kong, the next grouping in the middle, and the two
youngest groupings in the southeast. So it looked like
there was a systematic southeastward progression in
composition and age among the paired volcanic-granitic
assemblages.

It was recognised that individual pairs of volcanic and
granitic rocks were probably generated from separate
caldera-type volcanic systems in the central part of the
New Territories, western part of Lantau Island and in the
Sai Kung area. Thus, an approximately 25-million-year
period of volcanic activity was recorded in Hong Kong back
in the late Mesozoic Era. This was a major breakthrough in
our understanding of Hong Kong geology back in mid-to
late-1990s.
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SPATIAL OVERLAP OF THE TWO YOUNGER GROUPS
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The two youngest groups (i.e. the Kau Sai Chau Volcanic
Group — Lion Rock Granitic Suite and the Repulse Bay
Volcanic Group — Cheung Chau Granitic Suite in Figure 2-5)
appeared to overlap geographically in southeastern Hong
Kong. Somehow, an orderly sequence of events had to be
worked out. Geologists call this constructing a stratigraphic
section. That means piecing various layered rock sequences
together and placing them into a correct order from oldest
to youngest. Knowing the correct rock sequence can help
with understanding the stratigraphy and why there is an
apparent overlap in spatial distribution.
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Figure 2-5. Age grouping and distribution of volcanic
groups and granitic suites
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A STRATIGRAPHIC COLUMN
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RECONSTRUCTING A CONTINUOUS STRATIGRAPHIC SECTION

T A 8 4 LA B Y A0 A IR UL B R JE
AP o FEPHEILTS - WILFERB SR AEE
J2 BT o bR R A A B o BT R
FE 1] B 7 v G L T B B RN TR) o EEAE T A
AR A A TR AL TP 4 B 5 B R b R ) T AR
Aoy o R > IR A A BONG WE AR B8 Bk AL 22
R > FRAME B A 51 5 4L BR B 00 S o Bk
I [ MEL e BE 310 s 3R > 2y % T 8 ok L B R
SEEEN 7 A ([82-6) > S AE 17 %5 B 8 5 47 6
9 KLy 5 3 R T B 1 7 00K R I RS A i 0 B
(B 2-6H 18 (L fii &) o

IR > AN[R) 6 A 2 BOR 5 A T AEL Y I P 0 R
HREIIR S NKRRERE

New Territories

iy
Kau Sai
Chau

Q.
ki

Bay

A

High

Island

Clear Water

[ 2-6. T2 IR B AR JC 1L 5 B SR
Figure 2-6. Stratigraphic reconstruction of the
two youngest volcanic groups

There seemed to be a very odd distribution of rocks of the
two youngest volcanic groups. The rocks are separated by
faults into several blocks in northern Sai Kung, eastern
Kowloon and southern Hong Kong Island. The faults
separating these rock blocks are of a different orientation
to those in the northwestern parts of Hong Kong. Finding
a complete stratigraphic section within the two youngest
groups was not easy. However, with the advantage of
some precise ages on the rocks and their geochemical
characteristics, it became possible to piece these separated
rock blocks into an orderly sequence from oldest to youngest
and erect a complete sequence for the two groups (Figure
2-6). Volcanic rocks of the two groups were separated by a
170 m thick layer of sedimentary rocks (i.e. those in orange
colour in Figure 2-6).

However, the faults and overall structure of the different
blocks and groups of rocks remained puzzling.
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ONSHORE AND OFFSHORE GEOLOGICAL
STRUCTURES
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GEOPHYSICS REVEALS HIDDEN STRUCTURES

By B AE — F0 o (k1 o FRAM R 4% e Bk In order to solve this part of the riddle, geophysical methods

W) B L 1 5 1 A ik B T G M T R were applied to identify structures hidden deep within the
S BB = o Earth. This is the third piece of our jigsaw puzzle.

Geophysics applies the principles of physics to the study of
iy R A L S A L g i 3 RE P A b BR A AT the Earth, including the surveys of magnetic and gravitational
Hoh R E R A o LA fields. A gravity survey of Hong Kong was carried out in the

e e sk ) P . early 1990s to explore the deep crustal structure (Figure
AT T — IR iR DLV R L7 3-1). At about the same time, a number of marine magnetic

W (I 3-1) o [ WF > R=EAT T BORE WY surveys were conducted to identify the offshore continuation
A > DA E AE B b b — St R (W) of mapped onshore features, such as faults. The magnetic
ATV O TE B o FR M 4603 e H TR Y TR surveys were pieced together to produce a single territory-wide

g N T . composite map. Coincidentally, a mathematical technique
MARRE AR Bl E R E R was applied to the gravity data that enabled identification of

A o RN > FRAT RO 7 A T 2 ) hidden structures in the upper-middle crust, between 5-10 km
g Lo DIEkA5-1028 BYER b AR S sk 2 [ deep, and in the upper crust down to a depth of 5 km. The
2 O BE R BB E SN E DL Y B A resulting map showed that in southeastern Hong Kong, fault

VE o B Y O T v = structures were oriented north-south and east-west, whereas
Wi o 5 10 12 23 B B > R AR L IR in the northwest of Hong Kong they were mainly oriented

W97 T E 1 b 1 R Al R Y A TE R northeast-southwest, and northwest-southeast.
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Figure 3-1. Bouguer gravity anomaly
f map of Hong Kong




SRM > LA b R o] A B B A8 A i R L [ But how did all this contribute toward understanding why
sHLE s T BT R 2 TR 52 O — 5 1 the magmatic groups in the southeast overlapped? Following
oy . further investigations involving geochemistry and age dating
AL L 3 , :
U ﬂutf MAERE 2 17 - Fﬁ ﬁiﬁ Hey 3 all the geophysical data, mapped rock units and geological
Yok - AH M DL R R ) R structures were combined in a single map (Figure 3-2).
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DISCOVERY OF THE HIGH ISLAND CALDERA
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Subvolcanic feeder dykes

Once the geological map data, and gravity and magnetic
data had been added, a staggering discovery was made - this
was the “aha” moment. The map revealed the cross-section
of a volcanic plumbing system in southeast Hong Kong,
from volcanic rocks at the surface to deep within the magma
chamber. The volcanic rocks in Sai Kung represent the top
of a caldera volcano, and the granites in Kowloon and the
northern part of Hong Kong Island represent the frozen
magma chamber underneath the volcano. The geologists
were looking at a volcanic plumbing system lying on its side;
erosion over millions of years had revealed this exposure
(Figure 3-3).
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Figure 3-3. The High Island Caldera
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Volcanic rocks of the Repulse Bay
Volcanic Group
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Subvolcanic feeder dykes
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High Island Caldera infill
forming the rock columns
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Sedimentary unit sandwiched
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Figure 3-4. Three-dimensional block diagram of the
High Island Caldera

The series of faults, as revealed by surface mapping and
geophysical methods, represent the caldera-bounding ring
structure. Based on the identification of the ring structure,
we can estimate the diameter of the High Island Caldera
to be at least 18 km. So instead of just seeing the caldera
ring structure at the surface, we can see the continuation of
the ring faults deep into the underlying magma chamber. In
other words, the connection between the volcanic rock at
the surface and its feeder dykes from the underlying magma
chamber was revealed (Figure 3-4).
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VOLCANIC PLUMBING SYSTEM AND
CRUSTAL SECTION
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Piecing together the different parts of the volcanic
plumbing system enabled the full picture of the volcano to
be revealed. It was at first thought that the two overlapping
younger volcanic groups belonged to the same caldera
system, but it became obvious that this explanation was
too simple. What previously had been interpreted as lateral
offsets of rock blocks along faults, were now seen to be
“ring faults” of several kilometres of vertical displacement
(Figure 3-5). Along these faults were injections of magmas,
exactly what we would expect from a collapsed caldera
structure. The 170 m-thick sedimentary unit sandwiched
in the sequence seemed to mark a hiatus in the caldera
development history, separating the 143-million-year-old
Repulse Bay Volcanic Group from the 140-million-year-old
Kau Sai Chau Volcanic Group.
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Figure 3-5. Schematic cross-section of
the High Island Caldera
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HOW BIG WAS THE HIGH ISLAND ERUPTION?
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Ash components of a caldera eruption

This is the fourth piece of our jigsaw puzzle. The remarkably
large size and thickness of the columnar jointed tuff in
eastern Sai Kung had previously been associated with a
single catastrophic eruption. But it became apparent that this
ash was the product of the final cataclysmic caldera-forming
eruption. The next step was to determine the size of the
eruption.

In order to calculate the total volume of ash erupted, it is
necessary to take into account three main ash deposits from a
volcanic eruption; first, the ash erupted into the atmosphere
and subsequently deposited as the ash fallout component;
second, the ash that flows out of the volcano along the
ground known as outflow ash component; and finally, the ash
that falls back into and fills up the caldera depression, called
the intracaldera ash component (Figure 4-1).
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Total Ash Volume
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Figure 4-1a. Ash fallout
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Ash fallout (A), outflow ash (O) and intracaldera ash (I) are the
three main ash components.

KU KHE Ash column

KALKI(O) ,
Outflow ash .
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Figure 4-1b. Outflow ash

It is not easy to measure these components from ancient
caldera eruptions because much of the ash has eroded
away. However, modern caldera eruptions can provide clues,
and detailed study of modern volcanoes shows that the
volumes of the ash fallout, outflow ash and intracaldera ash
components are roughly similar. When the volume of one
of the components can be measured directly, then the
volumes of the other two components can be estimated,
and an estimate calculated for the total volume of ash
erupted.

However, the ash density needed to be taken into
consideration. Therefore, we calculated a “dense rock
equivalent” (DRE) volume of ash erupted. Since the ash
fallout component is likely to be less dense than the
intracaldera ash and outflow ash components, a better
approximation is that ash fallout component is about
one-third the volume of the other components.

In the Hong Kong case, we could only take into account
the intracaldera ash, as the solitary material preserved from
the High Island eruption. To measure the volume of this
required an estimate of the original diameter of the caldera,
plus the thickness of the ash layer. Based on identification
of the ring faults, the diameter was estimated to be at least
18 km across (Figure 3-3). Next, the minimum exposed
thickness of the intracaldera ash unit was measured, based
on geological mapping. This estimation gave a conservative
thickness of 1 km for the unit, because it is not known how
much material had already been eroded. At this point, a
volume was calculated using simple mathematics.
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Figure 4-1c. Intracaldera ash
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In the case of the High Island eruption, the intracaldera
ash has solidified into the hexagonal rock columns. The
density of the High Island tuff (solidified ash) from the
High Island Caldera was measured directly in the laboratory
at about 2,430 kg/m? which is comparable to the density
of tuff of similar composition. The DRE volume within the
High Island Caldera was calculated to be about 250 km?®.
Doubling this value takes into account the DRE volume
of the outflow component. The most difficult volume
component to estimate is the ash fallout. Based on volume
estimates made on modern caldera volcanoes of similar
composition, it was estimated that the minimum volume
of DRE ash fallout for the High Island eruption was about
70 km?.

Adding up all three components gave an estimated total
DRE volume of 570 km? for the High Island eruption, which,
as a minimum, places it firmly within the supereruption
category. We assume from studies of modern volcanoes
that the unconsolidated intracaldera and outflow ash

There are two ways in which the volume of a volcanic
eruption can be defined: either by “ash” volume, which is
the total volume of erupted material assuming that it is all
loose, unconsolidated ash; or the equivalent volume of
“ash” if it was converted into rock, known as the “dense
rock equivalent” (DRE) volume. In reality, there is usually
a mixture of both loose ash and fused or welded ash in
volcanic deposits. However, in ancient deposits from
eruptions, virtually all the unconsolidated ash materials
are converted into rock. To understand the conversion
process, imagine sucking all the air out of the loose
material so the volume of ash is reduced, leaving a DRE
that is less than half the original, unconsolidated ash
volume.
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Loose ash

components had a density of about 1,100 kg/m?, while the
unconsolidated ash fallout component had a density of
about 700 kg/m*. Based on these assumptions, converting
the outflow ash and intracaldera ash DRE volumes to
unconsolidated ash would result in a combined volume of
approximately 1,100 km?, while the DRE ash fallout volume
would roughly equal 240 km?. This gives an estimated total
unconsolidated ash volume of over 1,300 km?. This amount
is equivalent to covering the whole of Hong Kong with ash
to a depth of over 1,100m.

As geologists define a supervolcano as having produced
at least one explosive supereruption, then the volcano that
produced the High Island supereruption can now be called
the High Island Supervolcano!
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Figure 4-2. Imagine a large vacuum cleaner sucking out the air of loose
ash and turning it into dense rock
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What is a supereruption?
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To qualify as a supereruption, the weight of magma
erupted must be at least one quadrillion kg (i.e.
1,000,000,000,000,000 kg). Also, the volume of ash
erupted must be at least 1,000 km?®. This is equivalent
to about 500,000 Hong Kong Stadiums full of ash! If we
managed to suck all the air out of the ash, this would
reduce to a DRE volume of about 400 km® — equivalent to
about 200,000 Hong Kong Stadiums full of rock!
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Figure 4-3. Ash volume of a supereruption




FE B S b KR il B R 2 DL R
R A M ) BB AR BRI 5 o AN > 1980 4F £
e EUE M A BE A L S 5 K LD K R AL T
RTS8 o SERRE M AL A & 1 A
1991 4EE % > fhst K I KBBRE A 10 L A H »
i~ 1883 4F I B 19 B JE I I P 5 A W Bz s 4T
BES A > KL KR FE A 20 2 FAE o
FEEDJE by B I B b AR R okl > BE— T
BER L N KA 1 K Ll MBS A Al ET KK
BREA100 . /A E o Rifd > 5 S gs i R
TR A Y AR ([ 4-4)

TR E RS > B LR AR e g kK
MIRERE o KL KBERE 251,000 32 77 /A B R AR
WS AT RE M B AR RE R A EEAE R KA
6.3x10FEH > W#%k%m%@ﬁ%ﬁﬁ
115 {58 Mg o €0, R 4 BT R ) BE

E

The biggest volcanic eruptions recorded in human history do
not come close to the size of a supereruption. For example, the
eruption of Mount St. Helens volcano in 1980, in Washington
State, U.S.A., had an estimated ash volume of about 1 km?®.
Mount Pinatubo in the Philippines, which erupted in 1991,
had an estimated ash volume of 10 km?. Krakatoa, west of
Java in Indonesia, which erupted in 1883, had an estimated
ash volume of 20 km?. Tambora volcano, on the island of
Sumbawa, Indonesia, was the largest known eruption in the
last millennia, with an estimated ash volume of 100 km?.
But none of these eruptions can be considered superscale
(Figure 4-4).

To enter the big league, an increase in order of magnitude of
erupted ash volume is required. The total amount of energy
released in a supereruption with ash volume of 1,000 km? is
estimated to be equivalent to about 6.3 exajoule. In layman’s
terms, this energy equals about 100,000 atomic bombs, or
1.5 billion tonnes of TNT!
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Figure 4-4. Locations of major volcanic eruptions
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HOW DOES THE SIZE OF THE HIGH ISLAND SUPERERUPTION
COMPARE WITH OTHER KNOWN SUPERERUPTIONS?

R 5 A% R % L AT VT A I8 A L [ Y AR
WEEE > FE RS BB s R A IR A
2% o AT HEFM > P KL R R
W% T 2 A I K L K R o S ER b B 1 b [
Z— o BRI K L B AR — R R AR A
HT VU AT ME kL KBRS S 1,130
SEHN B WD A TS A R I A
9 AL R B > T B 9B L B kL Y TR R
LTHN oAb > BB I K L) B3 1 B R IS
WAL TR BG > R A 1L O {E g /N — 2 o
HRES K KRYIE=+ = BER L
1,50057 7573 B LK o QB AMH 07 5 35 B
AR B N A L B K L A A R
B T2z b s TR RE A B R DL E AR
R A673 T /AR » M ERMKE A KRS
WA 23, 885 F A B > MM I > HE
INFR KR ([4-5) o B AR > HAREA
B KLy T T 2 01 o L K g T R R O B
W ARG o fE L TR ERR > R kL O
P18 A /I B A, 8 R R A A 27 119 8 A L
L RN R BORTR] F

S L t,
Ohakurl Caldera K{‘i}ﬁ&)ﬁg.l {;lj
E B apenga Caldera
%ﬁﬁ% Bl o (700 ka) 100 km*

Mangakino
Caldera

Compositionally, and in terms of its plate tectonic setting,
the High Island supereruption has remarkable similarities
with supereruptions from the Taupo Volcanic Zone,
New Zealand. This region is one of the most productive
on the Earth in terms of volumes of ash produced from
supereruptions over the last two million years. As mentioned
earlier, the youngest supereruption known is from the Taupo
Volcano 25,400 years ago. The volume of ash erupted is about
1,130 km?, slightly less than that calculated for the High
Island supereruption. However, the size of the Taupo caldera
appears to be somewhat smaller. By contrast, compared
with the size of the neighbouring Whakamaru caldera, which
erupted 1,500 km? of ash about 330,000 years ago, the High
Island Caldera is only slightly smaller. If we superimpose the
size of the Yellowstone Caldera, located in Wyoming, U.S.A.,
on the High Island Caldera we can see how the latter, at
673 km?, is completely dwarfed by the gigantic Yellowstone
system, at 3,885 km?2. This is not surprising, as the volume
of materials erupted from the Yellowstone Caldera is known
to be almost double that of the High Island Caldera (Figure
4-5). The key point of these comparisons is to show that the
size of the High Island Caldera is roughly the same as other
supervolcano calderas of similar volume and scale.
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i Figure 4-5. Size of the High Island Caldera compared with
} Taupo, Whakamaru caldera, and Yellowstone Caldera
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With an estimated 1,300 km? of ash ejected, the High Island
volcanic outburst in Hong Kong 140 million years ago comes
comfortably into the supereruption class, but then there
are the truly “super” supereruptions. Yellowstone Volcano
in Wyoming has produced a number of supereruptions; one
of the largest took place nearly two million years ago, with a
volume of about 2,500 km® of ash. Another giant supereruption
occurred at what is now Lake Toba in Sumatra, Indonesia,
74,000 years ago. The volume estimated for this eruption is
about 2,800 km? of erupted ash. Such was the global impact
of this eruption, that many scientists believe it caused a
“population bottleneck” in human evolution. But one of the
largest of all known supereruptions came from La Garita
volcano in Colorado, U.S.A. About 27.8 million years ago, the
La Garita supereruption produced an estimated 5,000 km? of
ash — a volume that is roughly equivalent to the amount of
water in Lake Michigan.
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WHAT TYPES OF VOLCANOES PRODUCE SUPERERUPTIONS?
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This is an important question, because only certain types
of volcanoes produce the truly gargantuan eruptions. When
most people think about volcanoes, they immediately picture
in their minds the classic volcano shape: an upturned cone
with a central vent, like Mount Fuji in Japan. This is known as
a stratovolcano because it is built up of consecutive layers
of ash and lava erupted mostly from a central vent. But if the
magma chamber beneath the volcano grows large enough, a
big eruption may drain out sufficiently voluminous magma
from the chamber and undermine the volcano to a point
where it collapses in on itself. Magma then escapes along
a subcircular fracture system rather than a central conduit.
These are known as caldera volcanoes because they look a
bit like a cauldron in shape. There are many examples of
modern caldera volcanoes around the world, and they
all have a ring-shape to them, often with a lake filling the
central depression (Figure 4-6).
At some point in their history of
activity, the central part of the
volcano has collapsed into the
underlying magma chamber. When
this happens, a colossal eruption
I occurs.
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Figure 4-6. Collapsed caldera of active
La Cumbre Volcano, Galapagos



B KLy T M 3 K 2 A i 2 B A T R L o
BB IR W R IR MR > A AT DL R K
TR o L > TEA B ORRRA R BIE AR
e b 5% (0-58 B YA SE - 55—
R DEARNRKE G ZEM - 5= BH
BRIAESR - BN > BEAMBBEENHEE
B BERENERE R - s SR 5 sMBEE
B S A B S S o

A VR AR R e R B R S Y
AR e S E A o T L AR AR I Y
R R0 2 R K I 7 T AN 2 T M
B Sl FLUE LR R A R A o TREDR
VI ML A AR K B R 2 T R AR LA %
fE SO BRI AR I 1 A T ) = KR
SR O A AR B ) R o o WO TR
EARAL AWK > 0 AR R R R
Mg SR IRAL o BRI A B A
B b AR B LR o 5B R A A Lok i
B WA SRS T M - = A5
FH R R A R B st AL T A > B R A
LW By -

TR AR A T REAE R R B TR R B A > I
Kby > FEARFEHUE b A A TR > AR A
[ 3t B | o

R I 2 Iz (R > AU A L BB
A A S DA o P 9 K L e 4 5 ) R
el > A f B I 4B AT LA 2Bl BB R
Wi I 101 (1] 4-7) SR > SVl S YRR AR 1
kil > EHLERE T -

Most caldera eruptions are not superscale. To develop a
supereruption requires some very special circumstances. First
of all, there needs to be a huge and sustained heat source
to cook up the molten magma in the upper crust (0-5 km
deep). Second, there must be space for a crustal reservoir to
accommodate the vast volume of magma. Third, the magma
needs to be the right composition. And fourth, there needs to
be an eruption trigger: this might be an internal factor, such as
magma overpressure, or an external factor, such as injection
of a hotter magma into the base of the magma chamber.

Explosive supereruptions are mainly generated by high-silica
magmas containing a high degree of dissolved gas. These
favourable compositions are usually found within the
continental crust rather than oceanic crust and are usually
located at convergent plate boundaries, where the oceanic
crust is being forced beneath the continental crust. These
settings provide three conditions needed for a supereruption.
First, is a heat source, which is provided by the descending
plate; as it descends, it melts and dewaters, generating fluids
that rise into the overlying mantle, causing it in turn to melt
and be injected into the overriding continental crust. Second,
is a favourable extensional environment that creates space
for the resulting magma. And third is the existence of the
high-silica magma composition — a result of the melting of
thick continental crust.

Supereruptions may also take place in the middle of
continents where there is continuous upwelling of heat from
the mantle (called a “mantle hot-spot”), as in the case of
Yellowstone Volcano.

Ancient supervolcano calderas are not always easy to
recognise because of extensive erosion of the landscape.
The youngest supervolcano caldera spotted using satellite
imagery is Lake Taupo (Figure 4-7). However, the older the
supervolcano, the more difficult it is to detect.
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Figure 4-7. Lake Taupo, NZ, location of
the youngest known supereruption
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The High Island Caldera is actually a combination of two
overlapping magmatic systems. The older system began
developing about 143 million years ago, and culminated
with a huge caldera collapse event about 1 million years
later. We do not know if there was a supereruption, but we
do know that there was colossal foundering of crustal blocks
into an underlying magma chamber. It is also likely that the
volcanic plumbing system of the High Island Caldera was
established at this time. Following the caldera formation, a
lake developed within the depression. Over about 700,000
years, approximately 170 m of sediment accumulated on the
lake floor. Renewed activity commenced about 141 million
years ago and was marked by an eruption on the lakebed, and
the gradual building up of a volcanic dome above the water
level, possibly accompanied by violent eruptions. The feeder
vent used for this volcanic dome was the same as that for
the 143-million-year-old magmatic system. Then, at about
141 million years ago, there was a major eruption of hot ash
from a vent on the northern caldera ring fault. This was the
precursor to the High Island supereruption, which followed
shortly afterward.
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HOW MIGHT THE HIGH ISLAND SUPERERUPTION HAVE UNFOLDED?
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We now know that immediately prior to the High Island
supereruption, there was probably an increase in heat input
within the magma chamber. The additional heat is thought
to have come from the injection of hot magma into the
base of the magma chamber that had been assembling a
huge volume of silica-rich magma ready to erupt. Based on
comparison with more recent supervolcano systems, however,
it seems that accumulation of the eruptible magma within
the chamber could have taken anything from a few tens of
years to several ten thousands of years.

The main feeder vent for the High Island supereruption
seems to be located close to the southern caldera ring
fault, possibly exploiting the same conduit as the earlier
volcanic dome. Once the eruption got underway, it seems
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there was further collapse of previously deeply foundered
crustal blocks along the northern and southern ring fault
structures. As the floor of the caldera was undermined by
the evacuating magma chamber, huge landslides triggered
from the now unsupported caldera sides sent debris crashing
across the subsiding floor. This mega-landslide debris was
then overlain by volcanic ash falling back into the newly
generated depression, filling it up with kilometre-thick
scorching hot ash.
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HOW LONG DID THE HIGH ISLAND SUPERERUPTION LAST?
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# Weeks

The eruption may have lasted from a few weeks to several
months, possibly even years. We really have no firm evidence
for the duration of the High Island supereruption. However,
based on the theoretical upper limit for the eruption rate
(1.1 x 10¢ m® per second), the minimum time of the eruption
could have been little as 13 days. But this would have meant
evacuating an estimated 440 Olympic swimming pools full of
ash per second continuously over those 13 days! It is more
likely that the eruption waxed and waned over a number of
weeks or months, as has been observed in modern explosive
eruptions, such as Mount Pinatubo (Figure 5-1). The noise
from the eruption would have been thunderous, and the
shockwaves generated from the ongoing blasts would have
been unsurvivable.
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Figure 5-1. Timeline of events
leading to the June 15, 1991
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The columnar-jointed solidified ash of the High Island
supereruption (High Island tuff) is remarkably uniform
in composition and has a high-silica (SiO, = 76-77 wt%)
rhyolite chemistry. Geologically, the rock is described as
a crystal-bearing, fine ash vitric tuff. That means the tuff is
made up of very fine, glassy volcanic ash. Importantly, given
the high silica content of the High Island tuff, the high
viscosity of the original rhyolitic magma would have
prevented it from flowing any significant distance from
the volcano. In order for the rhyolitic magma to have been
emplaced quickly and voluminously, it must have erupted
explosively, producing volcanic ash.

[E5-2. M EEEICE A
Figure 5-2. Hand specimen of High Island tuff

At the time of eruption, the glassy ash particles were so
hot (approx. 800°C) that they fused together with other
crystals and pumice fragments on impact with the ground.
Compaction, due to the weight of ash, compressed it all
together, forming a streaked appearance containing drawn
out lenticular-shaped pumice fragments — this is known as
a eutaxitic fabric. After ash deposition, some crystal growth
occurred due to the slow cooling and circulation of gas and
aqueous solutions. This process, known as devitrification,
turned the glassy volcanic shards into fine crystal particles.

Additional post-depositional crystal growth, called vapour-
phase crystallisation, might also have occurred during the
expulsion of magmatic gas from some compressed pumice
fragments. In places, the devitrification and vapour-phase
crystallisation has been so complete that the original eutaxitic
fabric has almost been completely destroyed.
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Figure 5-3. Rock thin section of High Island tuff
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Crystals visible to the naked eye, typically 1-2 mm in diameter,
are composed of well-shaped, pink alkali feldspar, with some
larger broken fragments of quartz and white plagioclase
feldspar, and there are also pumice fragments and minor
biotite crystals (Figure 5-2 & Figure 5-3). The dark coloured
matrix, or groundmass, is composed of very fine-grained
(<0.06 mm) crystals that were once glassy particles, or shards.
Many of the quartz and feldspar crystals in the tuff have
strongly embayed outlines as a result of the rapid expansion
of trapped gas in the crystals that caused them to explode
during the eruption. These features strongly indicate that the
columnar-jointed rock at Sai Kung is made of solidified ash
and not rhyolite lava.

HOW DID THE HEXAGONAL ROCK COLUMNS FORM?
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High-precision dating of the columnar-jointed tuff
(solidified ash) at Sai Kung puts the age of the High Island
supereruption at 140 million years. The amazing size and
thickness of this solidified ash was related to a single,
catastrophic, caldera-forming eruption. The volcanic ash
is thought to have pooled within the collapsed caldera
depression.

Collapse of the caldera floor is generally thought to be
subvertical (that is, not quite vertical), and any ash trapped in
the resultant depression would have filled up horizontally. As
the ash cooled in the depression, thermal
contraction caused cooling joints
to form which then propagated
down perpendicular to the cooling
surface. These cooling joints formed
in hexagonal pattern because this is
the most efficient arrangement for
releasing tensile stress (Figure 5-4).
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Figure 5-4. Columnar joints formed by
thermal contraction propagated down
perpendicular to the cooling surface
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In eastern Sai Kung, the hexagonal columns of solidified ash
are tilted consistently at about 20° toward the east. So what
may have caused the apparent tilting of the columns and when
might this have happened? One interesting observation is
that the columns are commonly bent in the direction of tilting
(Figure 5-5). This suggests that the bending may have occurred
during cooling and formation of the columns. All volcanic
rocks within the High Island Caldera are tilted in broadly the
same direction. However, that belonging to earlier magmatic
events appears upright outside the boundaries of the caldera.
This again suggests that the apparent tilting is not a regional
crustal warping, but rather developed entirely within the
caldera depression itself. The most likely explanation is that
the collapse of the caldera floor occurred
asymmetrically, so that the eastern
section of the caldera floor fell deeper
into the magma chamber than others. The
asymmetric collapse of the caldera floor
may have caused the slumping of cooling
ash under its own weight, leading to the
bending of the columns.

[85-5. #EK e I AL KOS i i
Figure 5-5. Tilted and bended columns at East
Dam, High Island Reservoir

Fstrkpy E st 7 2

HOW MIGHT THE SUPERERUPTION HAVE AFFECTED

THE REST OF THE PLANET?
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Figure 5-6. Extent of ash fall from 2M
years Yellowstone supereruption

Ash from the High Island supereruption could have
penetrated as far as 55 km up into the stratosphere. By
comparing the size of the eruption to measured ash fallout
deposits from both the Yellowstone (2M years ago; Figure 5-6)
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and Taupo supereruptions (25,400 years ago; Figure 5-7), we
can estimate that the ash would likely have affected a large
area, including much of southern China to the west, and
extending several hundreds of kilometres to the east. Within
a 100 km radius of the volcano, this layer would have been
on average around 40 m thick, and deposits in depressions
could have been as much as several hundreds of metres deep.

Every living thing within this 100 km radius would have
been destroyed. The ash cloud would have remained in the
atmosphere for weeks, and possibly months. Vast amounts
of sulphur gases, mainly sulphur dioxide (SO,), would have
been released into the atmosphere. These gases would have
hydrated, bringing sulphuric acid raining down on any living
organism fortunate enough to have survived the original blast.
The global climate would have been significantly affected,
with a predicted lowering of average temperature of up to
10 degrees Celsius in the northern hemisphere. This is more
than enough to induce a mini ice-age. The resulting global
winter would have lasted for decades, and all equatorial
forests would have been wiped out by the freezing conditions.
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Figure 5-7. Extent of ash fall from the 25,400 years
Oruanui supereruption from Taupo volcano
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AFTERMATH OF THE SUPERERUPTION
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Immediately after the High Island Caldera collapse, there
seems to have been some residual magmatic activity that
formed various volcanic domes and granitic intrusions.
Since then, however, Hong Kong does not appear to have
experienced another major volcanic eruption. Effectively,
the High Island Caldera collapse signalled the end of a
25-million-year history of volcanic activities in the Hong Kong
region. There has not been a major eruption since, and one
is most unlikely in the near future. Should such an eruption
occur today, the consequences are too frightening to imagine.
Scientists are actively researching these past giant eruptions
to better understand and predict similar events in the future,
and their potential impact on the global climate.
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The road to scientific discovery is often long and arduous, with no obvious end in sight.
Gradually, akin to assembling pieces of a concealed jigsaw puzzle, an image emerges until
there is a pivotal moment when a complete picture is revealed. Hong Kong’s Big Bang —
The Discovery of High Island Supervolcano describes such a scientific journey. Written at
an introductory level, the first chapters describe the building blocks of the jigsaw puzzle
that led to an amazing discovery. The later chapters define the size, nature and possible
palaeo-environmental impacts of the High Island supereruption. The book is intended
as a useful reference for members of the public interested in Hong Kong geology, and
complements an earlier book giving an overview of Hong Kong’s geology: Hong Kong
Geology — A 400-million year journey.
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