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Mount Kinabalu (red triangle) is situated within the Kinabalu National Park (dark
green) in the north of the Malaysian State of Sabah. The Kinabalu National Park
was designated as Malaysia’s first UNESCO World Heritage Site in December 2000.
Most international visitors to Mount Kinabalu (and Sabah in general) arrive via the
coastal city of Kota Kinabalu, the state capital of Sabah, approximately 75 km west
of the National Park and about 2 hours drive away.
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View from Mt Kinabalu across the Crocker Ranges to the southwest.

Looking west towards Kota Kinabalu and the South China Sea.
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Sunrise seen from Low’s Peak, the summit of Mt Kinabalu.

Mt Kinabalu is the highest mountain in SE Asia between the eastern Himalayas and New Guinea. Not
only is it the highest peak in this vast region, it is
by far the highest summit in both Malaysia, and the
entire island of Borneo. Kinabalu stands dramatically above the regional topography, with its 4100 m
summit rising over the Crocker Mountains, a range
of mountains largely below 1000 m with a few peaks
up to 2500 m. It is composed mainly of granite that
formed by melting of rocks deep in the crust about
eight million years ago. During the last ice age, and
until about ten thousand years ago, its summit was
deeply covered in permanent ice and snow. Kinabalu is not the youngest granite in the world or
the youngest mountain in the region, as sometimes
claimed, but it is a dramatic and beautiful mountain,
and from a geological point of view it is most unusual. Its rocks record a fascinating story which is far
from complete.
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Present-day Setting
Geography
Mt Kinabalu is situated in
Malaysia, in the state of
Sabah, at the northern end of
the island of Borneo. Borneo
is the third largest island in
the world, but even today,
because of thick rain forest,
small population, and difficult access to the interior, is
relatively poorly known.
The highest parts of the
island are the Central Borneo mountains which run
broadly NNE–SSW approximately parallel to the
western coast. The drainage
divide (the position where
rivers run either northwards
or southwards from the central peaks) is the political

The dramatic difference in height between the Crocker Ranges
and Mt Kinabalu is clearly shown by the photograph above,
taken from the road leading to the park from the west.

Digital elevation model (DEM), based on satellite observations,
shows topography and bathymetry of Sabah and the region
around it (right). Shades of blue are marine areas with deeper
colours corresponding to greater depths. The NNE–trending
Crocker Ranges run broadly parallel to the west coast and then
turn sharply to run ESE. Mt Kinabalu is marked with a red dot.
The oblique view (below) emphasises its relief.

SOUTH
CHINA SEA

SULU SEA
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Mt Kinabalu

the road rises from Tamparuli steadily up
to about 1000 m elevation, and then follows the spine of a ridge to the gate of the
Park Headquarters at about 1500 m. Along
this road there are numerous views of the
mountain that show it towering above the
surrounding lower summits.

boundary between Indonesian Borneo (Kalimantan) to the south, and the Malaysian
states of Sarawak and Sabah, with Brunei,
to the north.
Borneo crosses the equator, and most of the
island is characterised by constant high temperatures, heavy rainfall and high humidity,
which have played an important role in the
geological evolution of the island. However, Kinabalu, because of its great height,
tends to be cooler and less humid.

The full relief of Mt Kinabalu is even greater, since immediately to the north there is
a descent to depths of more than 2000 m
below sea level in the Sulu Sea. This is
very unusual. Normally, as will be seen
by inspecting any topographic map or atlas, the highest point of a mountain range
is near its centre. Kinabalu is situated very
close to the northern end of the central
mountain range of Borneo, just before the
mountain range drops down to the sea and
disappears offshore.

Anyone approaching Kinabalu on a clear
day, when its presence is obvious from
great distances, will be struck by the way
in which the mountain is an isolated edifice
rising high above the hills and mountains
that surround it. This is particularly noticeable on the drive from Kota Kinabalu where
4

Tectonic Setting
To a geologist the term tectonics refers to structures and events related to deformation of
the Earth. SE Asia is famous for abundant and spectacular tectonic activity, evident in the
number of earthquakes and active volcanoes. Both of these are expressions of the movements of the plates that make up the outer part of the Earth. As a result of events at the end
of 2004, when a major earthquake close to Sumatra was followed by a tsunami, no-one can
now be unaware of the impact of tectonics and their possible tragic consequences.
SE Asia is situated at the
boundaries of three major
plates: Eurasia, India–Australia and Pacific–Philippine
Sea. In western Indonesia the
boundary between the Eurasian and Indian Plates is the
Sunda Trench and parallel to
that is the right-lateral strikeslip Sumatran Fault. East of
Java active deformation occurs within a complex zone
up to 2000 km wide including several small plates and
multiple subduction zones;
plate boundaries are trenches
and another major strike-slip
zone, the left-lateral Sorong
Fault, running from New
Guinea into Sulawesi. The
subduction zones are mainly
well defined by seismicity
to depths of about 600 km
and by volcanoes. SE Asia
is a region characterised
by extremely high rates of
plate convergence, which
are amongst the highest on
the planet.

DEM showing present day topography and bathymetry of the
SE Asian region.
Major tectonic boundaries in and around SE Asia at present.
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urements show that a large area of SE Asia,
extending south from Indochina and including the Thai-Malay peninsula and Borneo,
is broadly moving as a single block at a
very slow rate relative to northern Eurasia.
Within this block, the relative motions between different survey stations are less than
a few millimetres per year, velocities that
are very low even by geological standards.
In contrast, relative motions at the edges of
SE Asia, for example in Sumatra, Java and
Sulawesi, are of the order of many centimetres per year.

SE Asian region and globally. There are
few earthquakes, and those that do occur
are generally small magnitude events, and
there are no active volcanoes. Sabah is a
particularly safe place as far as earthquakes
and volcanoes are concerned, although this
does not mean that there are not natural
geological hazards, such as landslides and
floods, sometimes made worse by human
carelessness or lack of planning.
Today it is possible to measure horizontal
movements of the surface of the Earth with
great accuracy using satellite observations,
and the now well-known Global Positioning System (GPS) familiar to automobile
drivers. This involves repeated observations at well located stations on the ground
in order to measure the distances between
a network of survey points. Measurements
began in SE Asia in the 1990s, and there
has been an increasing number of survey
stations established since then. These meas-

Nonetheless, Sabah and Kinabalu do seem
to be active in a different way. A number
of lines of evidence suggest the area is actively rising, and there is important deformation on a regional scale which is a consequence of this rise. Why is it rising? To
answer this question it is necessary to go
back in time to understand Sabah’s earlier
geological history.

Seismicity in the region around Borneo between 1964 and 2000. Bathymetric contours are shown at
200m and 6000m. Hypocentres are depths of earthquakes and their increase in depth away from the
trenches shows the slabs are dipping beneath SE Asia.
Hypocentre depth

South
China Sea

0-100 km
101-300 km
301-700 km

5°N

PACIFIC
OCEAN
0°

at

m

Su

Borneo

ra

INDIAN
OCEAN

0
95°E

km
100°E

rc

5°S

da A

Ban

Java

10°S

1000
105°E

110°E

115°E

120°E

6

125°E

130°E

135°E

140°E

Past Tectonic Setting
The maps below show SE Asia and surrounding regions and their plate tectonic
history at intervals during the last 45 million years. At the beginning of this period
Borneo was situated at the SE edge of the
Eurasian continent. The continent was surrounded by subduction zones, and there
were numerous volcanic island arcs to the
east in the Pacific which were to become
the Philippines and other island chains. The
continent of India was about to collide with
the Eurasian margin to the west, while to
the south the Australian continent was still
separated by a wide ocean from the Eurasian margin. During the next 45 million
years first India, and then Australia collided
with the Eurasian margin as subduction carried intervening ocean crust down into the
mantle beneath SE Asia.

Sabah is now situated in a geologically stable area. However, this was not the case for
quite long periods of time in the past. The
nature of the crust deep beneath Sabah is
uncertain. Exposures of older rocks found
at the surface in parts of Sabah suggest that
this part of Borneo is built on a foundation
composed of fragments of oceanic crust,
volcanic islands and deep marine sediments
that were added to the edges of an older
continental area that now underlies western
Malaysia and Sumatra. The oldest rocks yet
found in Sabah are a little more than 200
million years old. There may have been collisions between island arcs and continents,
and small fragments of crust, from 200 to
45 million years (Ma) ago, but the details
of this period of Sabah’s geological history
are not known.
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shore into the South China, Sulu Sea and
Celebes Sea. The rise of mountains may
also have contributed to an increase in
rainfall in Borneo. There is good evidence
of a change from a seasonal to an everwet
climate in Borneo at about the same time,
probably leading to development of permanent rainforest over much of the island, and
also contributing to an increase in erosion
rates. The sediment-filled basins around
Borneo are extremely important from an
economic point of view as they have yielded large amounts of oil and gas, and exploration is continuing today into the deeper
water parts of the offshore areas.

At about 45 million years ago there was an
ocean basin to the north of Sabah, which
has been named the proto-South China Sea.
Ocean crust of this basin was subducting
southwards beneath an active continental
margin that extended from Sarawak northeast through Sabah towards the northern
Philippines. As this ocean subducted southwards it pulled with it continental crust of
the South China margin. This ultimately
separated from the Eurasian continent to
form the present-day South China Sea.
From about 25 million years ago Australia
began to collide with the Eurasian margin
and this collision led to deformation of the
SE corner of Eurasia and rotation of Borneo. The combined effects of subduction,
and rotation of Borneo driven by collision
with Australia, eventually led to complete
elimination of the proto-South China Sea.
After the ocean crust was subducted continental crust of the South China margin began to collide with the north Borneo active
margin forming a mountain belt.

However, collision did not end the complex tectonic story of Borneo. To the east,
the Sulu Sea widened by oceanic spreading
behind a volcanic arc. To the southeast new
subduction, of the Celebes Sea, began, and
still further east there were numerous collisions, many subduction zones and abundant volcanic activity in the Philippines,
Sulawesi, Moluccas and Banda Arcs. In
the last 5 million years most tectonic activity has occurred relatively far from Borneo and earthquake and volcanic activity
has declined.

After the collision caused mountains to rise
in northern Borneo large amounts of sediment began to be eroded and carried off-

Palaeogeographic maps showing the major features of the land and sea around Borneo 30 and 10
million years ago based on the tectonic reconstructions of the region shown opposite.
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Sabah Geology
Age
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The deep crust forming the basement of Sabah is exposed
in only a few places. Some of the largest exposures are
found around Darvel Bay in south Sabah and on small
offshore islands, and some similar rocks are known from
other parts of Sabah, such as the Telupid area, near Kinabalu, and islands north of Kudat. These rocks include peridotites, partly serpentinised, gabbros, basalts and radiolarian cherts which form parts of an ophiolite. Ophiolites are
now interpreted as remnants of oceanic or island arc crust
and mantle and their overlying deep marine silica-rich
sedimentary cover.
The ophiolitic rocks are mainly Middle Jurassic to Early
Cretaceous in age (c. 160 to 75 Ma) and there are a few
other rocks with ages as great as Triassic (c. 210 Ma)
which have been described as crystalline basement. There
is some geochemical evidence of an even older deep crust
beneath parts of south Sabah. Broadly, most of the rocks
have an oceanic or arc character, with a few rare rocks of
continental affinity. All these old rocks suggest a complex
history of ocean formation, arc collisions and thrusting at
the edge of Eurasia, before the Cenozoic, which cannot
yet be unravelled.
Between about 45 and 20 million years ago there was an
active continental margin in Sabah as the proto-South
China Sea was subducted southwards. A deep trench was
situated about 100 km north of the present coast. Perhaps
200 km south of the trench, in the area of present-day central Sabah, there were volcanoes. As the oceanic lithosphere is subducted it loses water from metamorphism of
its sediment cover and hydrated minerals in the oceanic
crust. The water rises into the mantle above the subducted
slab and beneath the active continental margin and causes
melting which forms the volcanoes.
Volcanic activity was not abundant in Sabah, probably
because the proto-South China Sea was relatively small,
and narrowed to the southwest, and because the rate of
subduction was low. Some products of these volcanoes are
found near Sandakan. The volcanoes would have been relatively small islands emerging from the deep seas around
9
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Key features of subduction zones and island arcs. A. Oceanic lithosphere is subducted into the
mantle, and water rising from the subducted slab leads to melting and the formation of a volcanic
arc. B. At the subduction trench deep water sediments are scraped from the downgoing plate and
sediments derived from the arc accumulate in forearc basins.

them, and at this time the Sabah arc would
have resembled areas such as Southern Japan, where large areas of emergent land in
Shikoku and Kyushu can be traced south
into the small offshore volcanoes of the
Ryukyu Islands.

Between the volcanoes and the deep
trench is the area of the continental margin
known as the forearc. In the outer parts of
forearcs deep marine sediments are deposited, mainly by turbidity currents. Turbidity
currents are dense mixtures of water and

Rocks typical of the Mesozoic ophiolitic basement beneath much of Sabah.
Serpentinised peridotites.

Layered gabbros.

Pillow basalts.

Red siliceous cherts and mudstones.
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sediment derived from the shelf moving
into deep water. Their deposits are known
as turbidites and include mudstones, sandstones and occasional coarser deposits such
as conglomerates. In Sabah such deposits
form the Crocker Formation. Most of the
sediment that was deposited as the Crocker
Formation was eroded from great distances
away in SW Borneo, and the Malay peninsula, as indicated by characteristic minerals and their ages which can be matched
to those source areas by detailed studies of
the sediments.

Interbedded sandstones and mudstones of the
Crocker Formation.

About 20 million years ago, the final remnants of the oceanic crust were subducted,
and these were followed by the thinned
continental crust of the South China mar-

gin. The arrival at the subduction zone of
this continental crust, which was thicker
and more buoyant than oceanic crust, ended
subduction and led to formation of a moun-

Subduction of the Proto-South China Sea beneath Sabah from the Late Eocene to Early Miocene
(A) terminated soon after arrival of South China continental crust at the Sabah trench, which was
carried down the subduction zone (B), thickening the crust beneath northern Sabah.
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A. From the Eocene to Early Miocene most of Sabah was submerged, except for the volcanic arc
and local emergent areas in the forearc. B. After collision of South China continental crust much of
Sabah became emergent.

a broad range of mountains in Sabah exposing deformed deep marine sediments, volcanic rocks, and locally, crystalline rocks
that previously formed the deep crust. However, soon after this emergence of much of
Sabah, the situation was to change again.
Although a narrow band of mountains probably remained along the present spine of the
Crocker Ranges, the areas to the north and
south subsided below sea level once again,
although only to relatively shallow depths,
and sedimentation resumed. The reason for
this subsidence is not clear. It may have
been due to opening of the Sulu Sea to the
north, which could have contributed to extension of Sabah. Another possibility is that
the collision not only thickened the crust,

tain belt in Sabah. The collision between
the South China margin and the Sabah
margin caused shortening of the Crocker
sediments, which were deformed into tight
folds cut by many faults, and which dip
steeply in the many road cuts in which they
are now exposed. The shortening of the
sediments and underlying basement rocks
resulted in thickening of the crust and uplift of the Crocker Formation to above sea
level. As the Crocker Ranges emerged there
was a brief period of erosion which formed
an unconformity that can be identified both
on land and offshore.
Thus, at the end of the Early Miocene,
about 20 to 18 million years ago, there was

Miocene shallow marine sediments deposited above the Early Miocene unconformity resulting from
the collision in Sabah.
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causing emergence, but also thickened the
lithosphere as a whole, and the resulting
lithospheric root acted as a deep load dragging the crust down once again. We would
expect such a lithospheric root to be unstable and that it would eventually separate
and sink into the mantle.
In south Sabah there was a new episode of
subduction as part of the Celebes Sea lithosphere was subducted northwards leading
to formation of a volcanic arc from Tawau,
through the Semporna and Dent peninsulas,
continuing east via the Sulu Arc to Mindanao in the Philippines. This arc was active
from about 18 to 2 million years ago, with
its most abundant activity between 10 and
5 million years ago, although isolated explosive volcanoes continued to be active
until about 27 thousand years ago. Volcanic rocks formed in this arc can be seen
in roadside exposures south of Lahad Datu,
between Tawau and Semporna, and east of
Lahad Datu on the Dent peninsula.

Typical volcanic arc conglomerates.

Volcaniclastic rocks in the Dent peninsula.

While volcanic rocks were erupting in
south Sabah there was a wide marine basin
to the north between the volcanic arc and
the Crocker Ranges. Most of the sediment
fed into this basin and carried to the Sulu
Sea near Sandakan was coming from the
west, from mountains near to the present
border between Sarawak and Kalimantan.
River and shallow marine sediments are
now preserved in a number of structures described as circular basins, because of their
shape, but these are not the original basins
but remnants of a much larger basin. The
basin was supplied by a large river system,
flowing northeast, in a similar position to
the present Kinabatangan River, which deposited sand and mud in a delta and coastal
plain complex extending across most of
south Sabah as far east as Sandakan.

Small young volcanic centre near Tawau.

Circular basins in south Sabah.
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Miocene fluviatile–shallow marine sediments exposed near Sandakan.

Northwest of the Crocker Ranges there was
also deposition of thick sediments in deltas
and coastal plains of north Sabah and Brunei
by rivers flowing to the north or northwest.
In Brunei, the position of the shelf edge at
different times can be identified, showing
that it moved northwards with time over the
last 15 million years. This indicates that the
Crocker Ranges were narrow about 15 million years ago, and have widened gradually
to the north.

and probably rose rapidly through the crust
to form the Kinabalu granite pluton which
crystallised several kilometres beneath the
surface about 8 million years ago. It may
be important that Mt Kinabalu is situated
close to where the structures of the Crocker
Ranges make a sharp change in orientation from NNE-trending to ESE-trending.
This, and measurements of local variations
in gravity, suggest the granite formed at the
position of maximum crustal thickening.

What was happening at the surface in the
centre of the Crocker Ranges around Mt
Kinabalu is difficult to know with certainty,
because the upper crust has been removed
by erosion and there is no remaining record
of any rocks deposited at that time. However, far beneath the surface the deep crust was
heating up, and finally melted. The melting
was probably the result of the crustal thickening. Continental crustal rocks produce
large amounts of heat by radioactive decay. However, rocks are poor conductors of
heat and the excess heat produced by rapid
thickening cannot be removed quickly
which leads to an increase in temperature at
depth. In this case, about 12 million years
after the collision, the deep crust began to
melt to form a granite. The granite melt
was gravitationally unstable since it had a
lower density than the surrounding rocks,

In the period since the granite melted and
crystallised, a great thickness of crust has
been removed from above it because the
granite pluton is now exposed at the summit of Mt Kinabalu 4 km above sea level.
The amount that has been removed is more
than would be expected from erosion of a
relatively small mountain belt. There are
several features that suggest a link between
granite melting and emplacement, uplift
and fast removal of the Kinabalu crustal
cover, and deep tectonics.
In south Sabah there was a change in the
character of magmas in the last few million years. Instead of the earlier explosive
volcanic arc products, during the youngest period of volcanism very fluid basalts
were erupted that mainly flowed gently
from fissures, formed small cones, but did
14

Offshore hydrocarbon exploration studies
have shown that there have been repeated
gravitational failures near the shelf edge
that are effectively huge submarine landslides. Steep fault scarps can be mapped,
and there are large debris fields on the deep
sea floor north of Brunei and Sabah which
cover hundreds of square kilometres and
include blocks up to a kilometre across
and 150 m high. Debris flows of similar
size and character can be recognised in
the subsurface showing these failures have
been repeated numerous times during the
last few millions of years. Furthermore,
the sequences of debris flows and interbedded deep water sediments, probably mainly
turbidites, are folded and thrust northwards
away from Sabah. New exploration work
in the Sulu Sea has identified similar structures, suggesting transport of material away
from land towards the northeast.

not form large conical volcanoes typical
of volcanic arcs. The basalts can be seen
between Tawau and Kunak. They are also
chemically quite different from the older
subduction-related rocks of south Sabah
suggesting an important change well below
the crust that allowed new mantle to replace
older mantle.
During the last few million years, most of
south Sabah rose above sea level again,
and the large sedimentary basin was
reduced in size by erosion, leaving only
the circular remnants seen today. In north
Sabah and Brunei the shelf edge continued
to move north. Although much of Sabah is
topographically relatively low, it has risen
from below sea level, the area of emergent
land has increased, and several kilometres
of cover rocks have been removed
by erosion.

Mt Kinabalu is clearly visible at the centre of the DEM, situated close to the location of the change
in strike of Crocker Formation rocks from NNE-SSW to WNW-ESE, picked out in yellow.

Mt Kinabalu
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Early Miocene collision thickened the crust, and the lithosphere. Radioactive heating of the deep
crust led to melting, and weakened the lithospheric root which sank into the deeper mantle. New
mantle flowed in to replace older mantle and this caused a change in the character of igneous rocks
erupted at the surface.

a much higher density. Over time, heating
weakened the deep crust and lithosphere,
and soon after the crust began to melt the
lower part of the lithospheric root separated,
as a blob. The rapid rise that followed after
the dense root was removed probably ended
melting, and also caused the upper crust to
slide outwards from the rising mountains.
Continued uplift and erosion followed from
the attempt to re-establish equilibrium.
The principal difference from the anchorcork analogy is that the process needs to
be considered on a geological timescale:
thickening occurred 20 million years ago,
melting and final weakening occurred 8
million years ago, and the region continues
to rise at a long term rate of about 0.5 mm
each year. This seems small but amounts to
one kilometre of vertical movement every
two million years, rather fast in geological
terms. At this rate it would be possible to
remove the entire crust beneath the Himalayas, the thickest known crust on Earth, in
less than 200 million years; for comparison,
the age of the Earth is 4500 million years.

These and other lines of evidence suggest
the whole of Sabah has risen rapidly, and
may still be actively rising, and Kinabalu
is at the centre of the elevated region. Possible explanations for this are still untested
but a plausible hypothesis is that Sabah
lost a heavy root that was holding it down,
rather in the manner of an anchor holding
down a large cork beneath the sea surface.
If the anchor chain is suddenly cut the
cork shoots to the surface and may emerge
from the sea entirely. Most of us have
played similar games with plastic balls or
floats in the swimming pool, as children or
with our children, and the concept is easy
to imagine.
The Early Miocene collision thickened the
crust but also the underlying lithosphere.
In Sabah, the thickened lithosphere formed
a root which penetrated into the mantle.
Using the anchor-cork analogy the cork is
the thickened continental crust which has
a relatively low density. The anchor is the
underlying thickened lithosphere which has
16
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Geological map of Sabah simplified from Lim and Heng (1985).

The oldest rocks known from Sabah are
high-grade metamorphic rocks assigned
to the Crystalline Basement and may be as
old as Triassic. Near to Kinabalu exposures
include a variety of schists, amphibolites
and peridotites.

All the basement rocks are interpreted to be
unconformably overlain by Upper Eocene
to Lower Miocene deep marine sedimentary rocks. The contacts observed in the
Kinabalu area between basement and sedimentary rocks are always faults.

Throughout Sabah most of the exposed
basement rocks are ophiolites and associated sediments which are of Jurassic–Cretaceous age. In the area close to Kinabalu
ophiolites are represented by partly serpentinised peridotites.

The sedimentary rocks have been assigned
to the Crocker and Trusmadi Formations. They were both originally sequences of sandstones and mudstones, probably deposited mainly in deep water by
turbidity currents.
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The principal difference between these two
formations is the degree of metamorphism.
The Trusmadi Formation in the Trusmadi
Mountains south of Mt Kinabalu consists
of dark fine grained schists with abundant
quartz veins. Close to Kinabalu the rocks
mapped as Trusmadi Formation differ from
the Crocker Formation only in being slightly recrystallised and containing quartz
veins. They are probably of similar age. In
this guide we group them together and refer
to them as Crocker Formation.

The Kinabalu pluton is a relatively small
granite body that intrudes high-grade metamorphic rocks, ultrabasic rocks, and sandstones and mudstones of the Crocker Formation in the northern part of the Crocker
Ranges. It was emplaced after the Crocker
Formation was deformed, although there
is considerable evidence for younger deformation of the granite and the rocks into
which it intrudes.
The youngest rocks in the Kinabalu area
are terrestrial sediments, mainly of glacial
origin, and are named the Pinosuk Gravels.
They contain a variety of rock types that
include the granite and most of the older
rocks surrounding Mt Kinabalu.

In the Kinabalu area the Crocker Formation
sedimentary rocks are strongly deformed.
They are folded, faulted and commonly dip
very steeply.

The beauty of Kinabalu reflects a geological history that formed the spectacular mountain, combined with an equatorial setting and extreme relief promoting a rich and diverse fauna and flora.
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Geological Map of Mt Kinabalu
116.5°E

0

2

116.6°E

4 km 6

8

10

Fault
Alluvium
Pinosuk Gravels
Aplite
Porphyritic granite
Hornblende granite
Biotite granite

X

Crocker Formation
Serpentinite
Crystalline Basement

6.1°N
4093
4002

4101
4096

4066
4085

Poring
Meliau
Timpohon

Park
Entrance
6.0°N

Y
Kundasan

Geological map of Kinabalu area modified from Jacobson (1970). Line of cross-section is shown
on map as X–Y.

The pluton has a roughly elliptical shape on
the map and its southwestern end forms the
summit plateaus of Mt Kinabalu. The body
is between 8 and 7 million years old. The
oldest part of the pluton, a biotite granite,
forms much of the western plateau. Mapping of the body indicates that many of
the contacts are steep. The eastern contact
of the pluton is a steep fault. The northern
margin remains inaccessible.

Our work suggests that the southern margin is also a complex wide zone of faulting,
within which intrusive contacts are partly
preserved. Elsewhere contacts are interpreted to be intrusive although they are not
well exposed. In many places close to the
margin there are granite dykes and signs
of thermal metamorphism of the country
rocks, such as baking and formation of new
metamorphic minerals.
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Geological cross-section of the Kinabalu granite pluton after Jacobson (1970).

but usually there is little evidence for them
except close to the edge of the pluton.

The form of the granite body at depth is
uncertain. For many years granite plutons
have been interpreted as melts intruded as
balloon-shaped bodies that in cross-section
resemble the interpretation shown above.
It was thought that magma accumulated
at the place of melting, and then because
the melt had a lower density than the surrounding rocks, and was therefore buoyant, it rose through the crust. Finally, the
granite froze and stopped moving. This
model has always had problems. The deep
crust may be hot, weak and capable of deforming to allow a magma balloon to pass
through it, but at higher levels of the crust
the magma requires space to move into.
The space could be created, for example,
by displacing cold rocks which fall into the
melt, but they would quickly cool the melt
which would freeze and stop rising. Such
xenoliths should be preserved in abundance
X

In recent years it has been suggested that
granite magmas rise as dykes, very rapidly,
and spread out at high levels in the crust to
form a pluton which has a tabular shape.
Basic igneous rocks are well known to rise
in this way and erupt at the surface along
fissures. Physical and mathematical modelling supports this mechanism of intrusion
and predicts rapid intrusion. In unusually well exposed areas with deeply incised
mountains some plutonic bodies can be
seen to have a tabular shape and detailed
dating supports rapid intrusion. Our U-Pb
dating of zircons supports the idea of multiple magma pulses rapidly intruded, and
suggests the alternative three dimensional
form for the Kinabalu pluton shown on the
cross-section below.

St John’s
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Y
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Alternative interpretation of the Kinabalu granite pluton based on the idea that it has a sheet-like
form as demonstrated for other granite bodies.
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Kinabalu and the Ice Age
first reported in 1623 by Europeans exploring the Pacific their accounts were not believed in Europe. Similar views would have
been seen by early man approaching Sabah
during the ice age, about 20,000 years ago,
across the emergent flat shelf now covered
by shallow seas. Kinabalu is one of the very
few mountains between New Guinea and
the Himalayas that was capped by ice and
certainly had the largest and longest lived
glaciers in the whole of SE Asia. From
the summit a glacier flowed north down
Low’s Gully, and another probably flowed
southwest toward Ranau. The ice has left
its record in striations on rock surfaces, ice
shattered boulders, polished surfaces and
many other glacial features.

One of the most striking features of Kinabalu, clearly evident to any geologist or geographer who has worked at or experienced
high latitudes (i.e. closer to the Earth’s polar regions) is the obvious similarity to the
scenery at the summit to that of glaciated
regions. There is no longer ice on Kinabalu but there clearly has been ice at the top
quite recently.
About 2 million years ago the Earth began to cool rather suddenly and ice caps
expanded from the poles to cover much of
the northern and southern hemispheres. At
low latitudes there were no great ice sheets,
but in the highest areas mountain glaciers
formed. In northern New Guinea, at elevations of about 5 kilometres above sea level,
a few glaciers remain although they are
rapidly disappearing. These are so unusual
that when snow covered mountains were

At present the history of Kinabalu during
the ice ages is not known but it is likely that
it was both covered in ice and free of ice

View of Mt Kinabalu, looking north from the air, showing the two summit plateaus.
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View of Mt Kinabalu from Kundasang showing the distinctive flat summit area of the mountain.
The low lying sloping surface, cut by valleys, at the foot of the mountain is the area of the Pinosuk
Gravels, which are glacial deposits eroded from the summit area.

such a dramatic hypothesis. We suggest
that several hundred metres of rock was removed from the top of the mountain by a
combination of weathering and ice action
in the last 2 million years. Most of this material is now in an area of glacial moraines
known as the Pinosuk Gravels which form
the low flat-topped hills (and golf course)
north of Kundasang. The removal of the
peak created the east and west plateaus of
the present summit area and the unusual flat
top of Mt Kinabalu can be seen quite clearly from many directions, but is particularly
striking viewed from Kundasang and by air
from the north.

several times in the last 2 million years. The
Last Glacial Maximum is the name given to
the most recent period when the polar ice
sheets were largest, and was about 20,000
years ago. Ice would have been present
then. Wood samples found in glacial tills
near Kundasang indicate the presence of
ice about 35,000 years ago, and carbon dating of sediments in a small pool near the
summit of Kinabalu show that the mountain
was free of ice by about 9,200 years ago.
The ice had one important effect that has not
previously been recognised, partly because
up to now there was no evidence to support
The Plio-Pleistocene development of Mt Kinabalu
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Kinabalu Mountain
The summit area of Mt Kinabalu is a Ushaped area, opening north, with plateaus
to the west and east, separated by the deep
north-south valley of Low’s Gully. The
plateaus have similar elevations and there
are several peaks that are close to or above
4000 m, the highest of which is Low’s Peak
at 4100 m, named after Hugh Low who
in 1851 was the first person to climb to
the summit.

climbed it in 1937. Both collected samples
described in the first account of Kinabalu
geology in 1951. Mapping of the area including Kinabalu was carried out during the
late 1950s and 1960s by the British Borneo
Geological Survey and Shell Oil company,
and papers were published by members of
the Department of Geology at the University of Malaya, notably on glacial features.
Henry Kirk of the Geological Survey of
Malaysia published an outline geological
map and described some of the Kinabalu
rocks in an account of igneous rocks of
Sabah and Sarawak in 1968.

The Kinabalu pluton extends over a larger
area than just the main summit. There is a
long ridge running east-west, north of the
Timpohon and Mesilau Gates, that dominates the skyline seen from Kundasang.
The ridge descends from the summit at
4100 m to 3000 m over a distance of about
8 km and its south face is a series of steep
cliffs. To the north of the ridge are several
valleys that descend to the north. The rivers of the three eastern valleys eventually
join together into the east-flowing Sungai
Nalumad. At the west end of the ridge is the
most spectacular valley of all, Low’s Gully,
running due north from the summit to join
the west and then north-flowing Sungai
Penataran. Whoever named this valley believed in considerable understatement. To
most people a gully would convey the idea
of a small valley or groove, whereas Low’s
Gully is a spectacular chasm that drops almost vertically about 1000 m from the summit peaks around it.

However, the first, and only detailed, mapping of Kinabalu was carried out by a young
Australian geologist, Gerry Jacobson, between 1968 and 1970. He was working
with the Australian Volunteers Abroad, and
was also a climber. He carried out detailed
mapping at a 1:50,000 scale with the help
of local guides and explored all the accessible parts of the mountain, and many parts
of the area that remain unvisited today.
Jacobson’s map is an outstanding piece of
work and his report, published in 1970 by
the Geological Survey of Malaysia is still
the most detailed account of the mountain
and its geology.
With the support of the Sabah Parks and
Universiti Malaysia Sabah, members of the
SE Asia Research Group at Royal Holloway University of London have been able
to carry out new sampling within the National Park, during a number of visits to the
mountain between 2004 and 2008. Most
samples were collected by Christian Sperber in 2005, and these have been used for
dating and chemical work. Some of the new
results are reported in this booklet.

After Low, others climbed the mountain,
and there have been many studies of the
flora and fauna but few concerned with
geology. Swiss geologist Walter Hotz visited the mountain during early geological
exploration of north Borneo in 1914-15,
and another Swiss geologist, Eduard Wenk,
23
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View of Mt Kinabalu from the south on a digital elevation model (DEM) with roads (solid lines),
and the trails (dashed lines) from Mesilau (M) and Timpohon (T) marked. Other points marked are
Kundasang (K), Park Gate (PG), Layang-Layang (LL) and Laban Rata resthouse (LR). The trails
end at Low’s Peak on the western plateau.
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View of Mt Kinabalu from the north on a DEM showing the two summit plateaus separated by the
deep gorge of Low’s Gully.
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Kinabalu Granite
The pluton has a roughly elliptical shape with a long axis
oriented approximately NESW. The major axis is about
16 km and the minor axis
about 10 km and the area of
the pluton is about 120 km2.
Most detailed work has been
carried out in the areas of the
west and east plateaus, with
few observations from the
northern part of the body.
This is because access from
the north, and to the northern
part of the pluton, remains
extremely difficult. The pluton intrudes ultrabasic rocks,
some high grade metamorphic rocks, and sandstones
and mudstones of the Crocker Formation and these rocks
have been heated and mineralogically altered by the
hot granite. The rocks into
which a pluton intrudes are
termed country rocks. This
type of alteration is known
as contact metamorphism,
and the effects become more
pronounced closer to the
granite where temperatures
were higher.
The igneous rocks of Kinabalu have been described
at different times as quartz
monzonite, adamellite, granodiorite and granite. The terminology is confused, partly
due to the use of different
classification schemes, partly due to changes in nomen-

Biotite granite forms the core of the pluton.

Equigranular hornblende granite typical of most of the pluton.

Porphyritic granite is found near the margin. Pen for scale.
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The dark or mafic minerals are hornblende
and biotite. The hornblende is usually extremely easy to recognise and occurs as
black crystals with both rectangular and
hexagonal outlines, and two prominent
cleavages at 120° to one another. Biotite is
black and usually easy to recognize because
it has one excellent cleavage.

clature, and partly due to the different observations on which the names were based.
However, according to modern classification the major lithologies of the pluton
are granites.
The pluton has two main parts. The outer
part is about 1 km wide (it varies between
0.5 and 1.7 km) and described here as the
marginal facies, and the remaining internal
part of the pluton is termed the main body.
The marginal facies typically contains very
large white crystals of potassium feldspar.
The internal part of the body is finer grained
and is usually darker. Both internal and
marginal parts of the pluton are hornblende
granites, with the exception of a small area
(about 2 km2) of biotite granodiorite/tonalite which occupies most of the western plateau west of Low’s Peak and is here termed
biotite granite for simplicity.

Most of the main body is an evenly grained
rock with crystals up to about half a centimetre in length which are potassium
feldspar, plagioclase feldspar, quartz and
hornblende. The colour of the rock varies
from darker to lighter grey according to the
abundance of hornblende. The minerals can
be identified with the aid of a hand lens.
Hornblende forms black prismatic crystals,
usually with rectangular outlines but some
with hexagonal outlines, whereas the potassium and plagioclase feldspars are both
white and cannot be distinguished in hand
specimen. Quartz is usually easy to spot because it is grey, lacks a cleavage and looks
like glass.

The marginal facies is mineralogically similar to the main body but is usually much
coarser grained. The large white crystals
with rectangular outlines (up to several
centimetres in length) are potassium feldspars. Such very large crystals are called
phenocrysts, and a rock composed of phenocrysts set in a finer grained matrix is
said to be porphyritic. If the rock is moved
about under direct sunlight it can often be
seen that these crystals are divided into
two major parts called twins, in which the
crystal structure changes in a regular way
by reflection or rotation. A regular fracture
or cleavage is visible: if you look carefully
you may be able to recognise up to 3 cleavages, approximately, but not exactly, at
right angles. The remaining light minerals
are white plagioclase feldspar, in which at
least one cleavage can easily be seen, but
which usually does not form simple crystal
shapes, and grey quartz.

The small area of biotite granite west of
Low’s Peak resembles the hornblende granite main body in hand specimen. There is a
smooth gradation between the hornblende
and biotite granite, rather than a sharp
contact between the two, and both contain
hornblende. In places biotite replaces the
hornblende so that the shape of the hornblende crystal is retained.
The following pages show some rocks and
minerals from Kinabalu and surrounding areas viewed using a petrological microscope. The true colours of minerals
are seen in plane polarised light (PPL),
whereas under crossed polars (XPL) minerals show bright interference colours which
aid identification.
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What is a granite?

Hornblende granite (XPL).

Igneous rocks are classified and
named based on three important
features: grain size, mineralogy and
chemistry. Grain size broadly reflects rate of cooling and on this basis
rocks are divided into the categories
coarse, medium and fine and broadly
interpreted as plutonic, hypabyssal
and volcanic. Plutonic rocks are very
slowly cooled deep in the Earth over
hundreds, thousands or even millions
of years, whereas volcanic rocks cool
rapidly after eruption, typically within a few hours. Hypabyssal rocks are
minor intrusions cooled within the
Earth at shallow levels in the crust.

1 mm

Hornblende (XPL). 1 mm

In coarse and medium grained rocks
the constituent minerals can be seen
with the naked eye or a microscope
and the rock is named when the minerals are identified. For fine grained
rocks the minerals are often too small
to be identified, or the rock may be
glassy, and chemical composition
is used instead of mineralogy to
name them.

Plagioclase feldspar (XPL). 1 mm

Granites contain feldspars with more
than 20% quartz as essential minerals, and are further subdivided into
different types based on the proportions of alkali and plagioclase feldspars. Most granites contain other
minerals such as hornblende and
micas, often in abundance, and many
accessory minerals that are usually
not visible in hand specimen such as
zircon, tourmaline or apatite.

Biotite (PPL).

1 mm
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Main body hornblende granite (PPL and XPL).

1 mm

Porphyritic hornblende granite (PPL and XPL).

1 mm

Biotite granite (PPL and XPL).

1 mm

Biotite replacing hornblende crystal (PPL and XPL).

1 mm
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Granite Formation
Ideas of granites and how they form have changed many times. At the end of the
18th century it was widely believed that granites crystallised from sea water, but
James Hutton argued more than 200 years ago in Scotland that they formed by melting. The conflict of views led to field and experimental studies. We now know that
rocks can melt to form granite at temperatures of 700°C or more, as demonstrated
by studies of silicate melts carried out in the laboratory. In the 20th century field
geologists came into conflict with experimental workers about how granites formed
at high temperatures. Many field observations suggested that the original rocks had
somehow been transformed in place, perhaps by the introduction of hot fluids, and
supporters of this view argued there was a ‘space problem’ requiring a space in the
crust into which the granite liquid could rise, an impossible scenario. They therefore
viewed many granites as some sort of metamorphic rock, which had never been
fully molten. The experimentalists argued that granites were produced by melting, a
view that has essentially prevailed, but suggested that relatively small volumes were
fractionated from very much larger volumes of basalt melt, which is now thought to
be true only for some granites. By the late 20th century it was accepted that melting occurred at great depths, that small volumes of low density liquid percolated
slowly upwards through the crust and then coalesced into large bodies named plutons. These were thought to rise through hot rock, rather like a large balloon, until
the host rock was too cold to permit the granite to move, the melt had frozen, and
the density difference had become too small to provide a force. In this type of model
granite may form over millions or tens of millions of years. Field-based and theoretical studies have questioned this slow process, and offered new solutions to the old
space problem. Recent work on granite proposes that granite melts rise very rapidly,
perhaps in only a few thousand years, along a series of sheet-like fractures. In this
model plutons are flat-lying or funnel-shaped structures with central or marginal
feeder zones, and often retain an internal sheeted structure. When the melt reaches
a high level in the crust and stops moving upwards it spreads laterally and thickens
vertically to form a pluton.
It is now accepted that granites are melts. They may result from fractionation of
basic melts originating in the mantle but may also be the product of partial melting
of deep crustal rocks. Granites are almost always found in mountain belts. Two principal tectonic mechanisms lead to granite formation. In collisional mountain belts
thickening of the crust leads to internal heating and melting. The melt rises through
the crust and freezes before reaching the surface. Alternatively, water rising from
subducted slabs causes the deep mantle to melt and large volumes of basic melts rise
into the crust, and may cause it to melt. Melt that does not reach the surface remains
in magma chambers in the crust and eventually freezes to form a pluton.
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How Old is the Kinabalu Granite?
In the last 40 years several attempts have
been made to determine the age of the
Kinabalu granite using radiometric dating.
These techniques allow calculation of time
since the granite crystallised as the molten
rock formed deep in the Earth’s crust was
cooled against the relatively colder rocks of
the upper crust into which it was intruded.

million years. Finally the marginal facies
crystallized at about 7.3 million years.
These ages indicate that Mt. Kinabalu is
one of the youngest granites exposed anywhere in the world.
Other dating techniques have been used
to show that the granite continued to cool
rapidly. Zircon fission track dating records
cooling below 250°C at about 6.2 million
years and (U–Th)/He dating of apatite indicates cooling of different parts of the pluton
below 65°C between 6.8 and 3.0 million
years. Cooling to such low temperatures
records exhumation, the process of removing the cover rocks, to expose the granite.

Efforts to date the granite began in the
1970s with age determinations using the potassium–argon (K–Ar) method with biotite,
hornblende and potassium feldspar, which
should record cooling of the granite below
400°C. However, these studies produced a
range of dates between 13.7 and 1.3 million years that are not easily interpreted in
terms of a simple cooling model. The true
age of the granite has remained uncertain,
hampering interpretation of its origin.

The ages indicate that the Kinabalu granite
began to melt about 8 million years ago,
and batches of liquid rose rapidly in the
crust during a period of less than one
million years. A high mountain probably
first formed at this time. Since then Mt
Kinabalu has continued to rise, and the
granite’s cover rocks have been removed
by erosion, with the most rapid removal of
material during the ice age.

Technological advances have subsequently
enabled more accurate dating of the granite based on the decay of uranium to lead
(U–Pb) in zircon. Zircon is one of the first
minerals to form as igneous rocks crystallise, so the dating indicates the time since
cooling below temperatures of around
700°C, probably very close to the time of
freezing of the magma.

Zircons with growth zoning which have been
used to date the granite (scale bar is 0.5 mm).

U–Pb zircon dates indicate that Kinabalu
granite formed in stages between 8 and 7
million years ago. Our new data suggest
that the biotite granite core formed first,
rising in the crust and crystallising at 7.9
million years, followed by the main hornblende granite body, which crystallised at
about 7.5 million years. The precision afforded by the technique also allows the recognition of a transition zone between these
two rock types which crystallized at 7.7
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Aplite dyke (PPL).

1 mm

Aplite dyke (XPL).

Crocker sandstone (PPL).

1 mm

Andalusite in contact aureole (PPL). 1 mm

Olivine in peridotite (XPL).

1 mm

Serpentinised peridotite (XPL).

1 mm

Garnet-mica schist (XPL).

1 mm

Hornblende schist (PPL).

1 mm
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1 mm

Xenoliths, Enclaves and Minor Intrusions
In places the granites contain pieces of rock
that are obviously different. These are small,
typically less than 30 cm across, and have
rounded outlines which sometimes appear
to merge gradually into the surrounding
granite. They are usually darker, but mineralogically resemble the hornblende granite.
Pieces of rock carried by the granite as it
rose through the crust are termed xenoliths,
or enclaves when they are similar igneous
rocks to the host. They may represent pieces of country rock that were enclosed by the
magma as it rose, they may be remnants of
the remaining unmelted rocks left after the
granite melted, or they may represent the
earliest crystallised or denser fractions of
the melt that sank but were entrained as the
magmas rose through the crust. The gradational contacts with the formerly liquid
granite indicate that the rocks were at about
the same temperature as the melt, and were
beginning to melt or mix with the magma.

like plug or stock are often used, or they are
simply described as minor intrusions. There
are a number of minor intrusions including pyroxene granites, various porphyries,
granodiorites and tonalites.

Enclave of dark hornblende granite in lighter
hornblende granite of the main body.

In many places, and this is strikingly seen
from the path to Low’s Peak, there are
abundant light coloured straight-sided
bands of rock crossing the granite. Subvertical narrow planar bodies of intrusive
rock are called dykes, and sub-horizontal
planar bodies are called sills. On the face
of St John’s Peak there are abundant dykes
and sills, and similar bodies are observed
in many places. They are chilled against
the granite, are typically white and very
fine grained, and are composed mainly of
quartz and feldspar identified under the microscope or by using X-ray diffraction techniques. These are aplites.

Aplite dykes south of Low’s Peak. Walking stick
for scale.

A few intrusive bodies have no distinctive
shape, and sometimes it is difficult to discern their three dimensional form. Terms
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Radiometric Dating
The radiometric dating of geological materials is based on radioactive breakdown,
in which a radioactive element decays naturally to a more stable element. Dating is based on the abundance of the two different elements within a mineral and
knowledge of the rate of change of one to the other. The decay of the unstable element – the ‘parent’ isotope (forms of a chemical element with different numbers
of neutrons in the nucleus, and hence different masses) – occurs at a specific rate,
commonly via a radioactive decay scheme of several intermediate isotopes, producing a stable ‘daughter’ isotope of a different element and other products. The
decay of uranium (238U, 235U) to lead (U–Pb), and potassium (40K) to argon (K–Ar),
are examples of such decay schemes. Carbon dating is a well-known example of
a radiometric dating technique, based on the radioactive decay of a parent isotope
(14C) to a stable isotope (14N), and is used to calculate the age of plant material that
originally contained both 12C and 14C.
Once a mineral forms, radioactive decay begins and daughter products may accumulate within it; the radiometric clock is ‘ticking’. If we know the rate at which
the daughter isotope is produced (the decay constant or half life), measurement of
the abundance of parent and daughter isotopes in the mineral allows us to calculate
the period over which the daughter has been accumulating and the date it began.
This is often regarded as the age of the mineral.
Most radiometric dating techniques are based on the production and accumulation
of daughter isotopes, but some use the accumulation of other decay products such
as intermediate isotopes or radiation damage. Fission track dating is based on the
accumulation of tiny trails of radiation damage (tracks) formed within a mineral
by the spontaneous fission of 238U which releases two charged heavy particles.
The number and length of tracks are used to estimate an age. (U–Th)/He dating is
based upon the accumulation of alpha particles (He nuclei), which are a product of
the decay of uranium and thorium to lead.
The methods assume a simple ‘closed’ system in which all the products of radioactive decay are retained within the mineral. In reality, the accumulation of radioactive decay products is controlled by temperature; at high temperatures, most
daughter isotopes will diffuse out of almost all geological materials. Likewise,
radiation damage is readily repaired at such temperatures. In such cases, the radiometric clock is being constantly reset.
Experimental work has shown that the products of radioactive decay only accumulate in rocks and minerals below certain temperatures, dependent on both the
radioactive decay scheme and the material, and known as the ‘closure tempera33

ture’. Below these temperatures the products of radioactive decay are retained and
the radiometric clock begins to ‘tick’.
Thus, a radiometric date may not necessarily give the age of a geological material.
Radiometric dates indicate the time when the retention of decay products began
after the material cooled below the closure temperature. For a fast-cooled volcanic
rock or mineral the time of eruption and retention are the same, but for a rock cooling deep in the earth, a variety of dates could be obtained recording the closure of
different mineral systems at different times.
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Some common radiometric techniques and closure temperatures for different minerals
Technique
Uranium-lead (U–Pb)
Rubidium–strontium (Rb/Sr)
Potassium–Argon (K–Ar)
Argon–Argon (Ar–Ar)
Fission track
Fission track
Uranium-Thorium-Helium
(U–Th)/He

Basis

Mineral

Temperature

Radioactive decay
Radioactive decay

zircon
biotite mica

> 800°C
c. 320°C

Radioactive decay
Radioactive decay
Radiation damage
Radiation damage

biotite mica
biotite mica
zircon
apatite

c. 280°C
c. 300-350°C
c. 200°C
c. 110°C

Alpha particle emission

apatite
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c. 65°C

Country Rocks
The oldest rocks found close to Kinabalu
are high-grade metamorphic rocks found in
small exposures east of Mesilau, as boulders in Sungai Penataran, and as boulders
in some rivers east of Ranau. They include
hornblende schists, some with garnet and
a few containing biotite, hornblende-rich
gneisses, and hornblendite associated with
layered ultrabasic rocks. The schists and
gneisses are interpreted as part of the Sabah
Crystalline Basement and are the type of
rocks that would be expected in the deep
crust of oceanic island arcs.

Garnet-bearing hornblende schist.

easy way to distinguish these two formations in this area and we prefer to group
them all together as Crocker Formation.
They are brown weathering sandstones
and mudstones, and close to the contact
they show some signs of thermal alteration.
They become splintery and are said to be
‘baked’, Locally, they appear to be crystalline and are described as hornfelses, and in
places irregular spots can be seen on weathered surfaces that under the microscope can
be identified as new metamorphic minerals.
These include andalusite, an aluminium
silicate, cordierite, a hydrated iron magnesium aluminium silicate, corundum, aluminium oxide, and micas. These minerals
are typical of metamorphism of clay-rich
sedimentary rocks.

To the south and west of the Kinabalu pluton is a band of ultrabasic rocks. These
were originally olivine and orthopyroxenerich peridotites, and probably represent the
upper mantle originally beneath the crystalline basement. The peridotites are now
serpentinised, and the rocks are typically
dark green on fresh surfaces, with a shiny
appearance, and often feel soapy to the
touch. They often weather to a distinctive
pale orange-brown colour. Locally there
are veins of a white mineral which is talc,
easy to recognise because it is very soft and
smooth when rubbed between the fingers.
Both serpentine and talc are hydrated magnesium silicate minerals that form by low
temperature alteration of magnesium-rich
olivine and orthopyroxene. Close to the
Kinabalu contact in a few places the serpentinites have been heated by the granite,
lost their water and new olivine crystals
form large prominent irregular spots on the
weathered surface of the rocks.
Much of the area close to the contact on the
south side of Kinabalu consists of folded
sandstones and shales assigned to the Trusmadi and Crocker Formations. There is no

Folded Crocker sandstones and mudstones.
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The Geology of Mt Kinabalu
Walking the Trail to Low’s Peak
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Timpohon Gate: Stages T1 to T6 (Vertical 800 m, Horizontal 4 km)
The trail to Low’s Peak can
start at either the Timpohon
Gate or the Mesilau Gate
and the first six sections are
described separately. From
Layang-Layang (Stage 7) the
routes are the same, whatever starting point is chosen.
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Over the first few kilometres
to 2600 m the trail crosses
poorly exposed, steeply dipping, sandstones and mudstones. The walk begins by
descending slightly, crossing a stream and passing a
waterfall where rocks are
not well exposed, and then
climbing steadily to the shelter at Pondok Kandis. Locally, bedding is visible, and
there are coarse sandstones
with a grain size of about a
millimetre. There are no obvious sedimentary structures
and everywhere the dip is
steep. This is due to tectonic
deformation during the Early Miocene collision. Close
to Pondok Kandis shelter
the sediments are coarser
and include some fine conglomerates. Generally they
are poorly exposed and covered with an orange weathered soil. In places there
are irregular thin veins of
white quartz.

T 2.5 km

1800
100m
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Stage T2: Pondok Kandis to Pondok Ubah: 2010–2120 m, 0.5 km
After a short steep part of the trail there are pebbly clays on the path, which are probably not part of the Crocker Formation, but part of superficial deposits which could be
periglacial or glacially-related, possibly a boulder clay type of deposit, producing by
grinding of rocks to powder at the base of an ice sheet and then carried by melting waters
Stage T3: Pondok Ubah to 2 km post: 2120–2270 m, 0.75 km
The trail follows a north-south ridge from which there are some views of the valley to the
east which also runs north-south. The valley was clearly cut by a river, and is very steep
sided and V-shaped. From this point the trees are not so large and it is possible to see
the summit of Mt Kinabalu.
Just to the west are some radio masts. The trail crosses
steeply dipping Crocker
Formation sediments all the
way. Between 1.5 and 2 km
are small exposures of pebbly fine sandstones, in places
with extended sandstone
bands that have been flattened
to the point that they become
stretched lenses within a finer
matrix. These dip steeply and
strike approximately eastExtended and flattened sandy bands in dark mudstones. Tip of
west. The stretching is due to
walking stick for scale.
deformation, but it is not easy
to say if this occurred when
the sediments were deformed
when wet near the seabed, for
example by downward movement of partly lithified sediment in slumped masses, or
by later tectonic deformation
during collision. Both may
have contributed.
Quartz veins indicate relatively deep burial (a few kilometres) of the rocks and tectonic
deformation during which
silica was dissolved and precipitated in brittle fractures.

Irregular sandy lenses in dark mudstones, probably deformed
when wet on sea floor.
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Stage T4: 2 km post to Pondok Lowii: 2270–2360 m, 0.3 km
On this section of the trail there are a number of exposures that show which are the tops
and bottoms of the beds. When rocks are deposited it is easy to understand that the older
rocks are at the bottom whereas younger rocks are above. However, when such rocks are
deformed and dip steeply, it
is necessary to look for features that indicate which way
up the rocks are.
Small sedimentary structures
formed at the time the beds
were deposited can help. In
sequences deposited by turbidity currents the base of
the bed is often erosional,
and thin layers in the underlying beds can be seen to be
scoured away and interrupted. The lowest beds above
the eroded base have grains
which are largest at the bed
base and become finer upwards, and this is known as
graded bedding. Just above
the 2 km post are mudstones
with silty or sandy bands
showing probable wet sediment deformation, rather
stretched out, and a little
further on there are thin bedded siltstones which have
scoured bases. There are
thin bedded dark mudstones
and thin sandstones (about a
couple of centimetres thick)
with clearly scoured bases,
indicating they are younging
eastwards (i.e. the direction
towards the bed tops). The
rocks strike approximately
NE-SW and dip at about 60°
to the NW. The beds clearly
young towards the NW.

Thin sandstone beds interbedded with dark mudstones. The
sequence youngs towards the top of the photo. Sandstones have
irregular bases and load the underlying muds, as clearly seen on
the right of the photograph.

Detail of sandy bed bases showing small mudstone flames which
point towards tops of beds.
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Stage T5: Pondok Lowii to Pondok Mempening: 2360–2620 m, 1 km
The trail crosses sandstones interbedded with mudstones, a few tens of centimetres thick,
and then passes into a sand-dominated section. Although it is difficult to see details on the
trail, these sequences are typical of turbidites.
The repeated sandstones alternating with mudstones represent frequent small turbidity current events interspersed
with intervals of quiet when
only mud settled to the sea
floor. The sand-dominated
section could represent a single event carrying much sand
down to the deep sea floor, or
multiple but more frequent
events in which there was little or no time between events
for mud to accumulate.
Just before the Pondok
Mempening shelter there are
sandstones and mudstones
with quartzose laminae that
may be stretched lenses or
thin disrupted beds no more
than a few millimetres wide.
In places, when the rocks are
cracked open they are finely
crystalline and splintery. They
show signs of baking and
are typical hornfelses, sediments that have been heated
and recrystallised, suggesting
the contact with the granite
is close.

Sharp contact between thick sandstone and dark mudstones.
Walking stick for scale.

Hard splintery mudstones with regular fracture, suggesting
thermal alteration by underlying granite.
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Stage T6: Pondok Mempening to Layang-Layang: 2620–2740 m, 0.7 km
Across the next section of
the trail there are a number
of changes. On the first few
hundred metres the path
is open and rises to about
2600 m elevation. There are
a number of different rocks,
most of which are crystalline. These include thermally
metamorphosed sandstones,
some fine grained igneous rocks, and occasional
exposures of ultrabasic
rocks. The sandstones contain thin veins of quartz in
places. The section is not
well enough exposed to
identify the relationships between the different rocks.

Hornblende-bearing fine grained granite, probably a dyke
intruding sedimentary rocks.
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Contacts between different
rock types are rare, but the igneous rocks are fine grained
hornblende-bearing granites
and are probably dykes or
sills, intruding Crocker Formation sandstones.
Hornblende is recognisable
in the dykes as black equant,
or elongate rectangular,
grains, with a few hexagonal
sections. A cleavage can be
seen in many grains. The matrix to the hornblende crystals is a fine grained mixture
of quartz and feldspars.

Moss-covered pines appear at about 2600 m at a similar elevation to where the Crocker sandstones finish and hornblende
granite dykes appear.

On the nearby Mesilau Trail
intrusive relationships are
clearer in some places. However, the steep dips, and the
presence of serpentinites,
suggest that, as well as intrusive contacts, all these rocks
have been faulted together.
This section of the trail is not
very well exposed, climbs
rather gently, and there is
also a vegetation change.
After this stage there are
smaller trees, some pines
coated with moss, and many
of the typical broad leaved
lower rainforest trees disappear. This is probably mainly
an elevation effect but there
may be a contribution from
the underlying geology,
with the first appearance
of granite, since the soil
types change with the rock
types beneath.

Hornblende in granite dyke
Simplified cross-section of the trail geology.
4000m

South Peak
Paka
Cave

3000m

Pinosuk Gravels
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2000m

Turbidites
Sand is carried from land into the sea across the shallow marine area of the shelf
and deposited near the outer part of the continental shelf. An event such as a small
earthquake or a major storm disturbs the unconsolidated sediment at the shelf
edge and it moves down the slope into the basin. The sand and silt mixes with the
water to form a high density turbid mixture which flows down the slope at high
velocities. Such flows have great erosive power and may scour deep canyons,
pick up pieces of material from the underlying seabed, and are capable of breaking underwater telecommunication cables. When a flow reaches the bottom of the
continental slope, where the gradient is less, it slows down and starts to drop the
entrained sediment. Larger particles are dropped first, and as the flow continues
it carries finer material which is dropped gradually as the flow declines in energy.
In this way, the deposited sediment is sorted both laterally and vertically, so that
coarser grains are at the base, above an eroded lower surface, and the sediment
becomes finer upwards. After all the sediment has been dropped and the flow has
ceased there may be a prolonged period in which the only sediment deposited on
the seabed is fine mud which settles slowly through the water column. Repeated
turbidite events, over many millions of years, build up a sequence of sediments,
which consist of graded sands that fine upwards, alternating with thin muds. The
Crocker Formation consists of thousands of metres of such turbidites deposited
between about 45 and 20 million years ago.

land

shelf

slope

rise

ocean floor

unconsolidated
sediments
Slumped sediments
on slope, mix with water,
form dense turbid mixture

Flow settles when
slope gradient
decreases

TURBIDITE

Interbedded mudstones and
thin sandstones with scoured
bases (left above), and below
is the irregular base of a
sandstone bed in the Crocker
Formation, produced as the
turbidity current scoured the
underlying sea bed.
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mudstone
rippled and laminated
sandstone
graded sandstone
erosional base
mudstone

Mesilau Gate: Stages M1 to M6 (Vertical 820 m, Horizontal 6.5 km)
Stage M1: Mesilau Gate to Pondok Bambu:
1950–2290 m, 1.8 km
From the Mesilau Gate, the trail climbs up a set
of wooden steps and enters the forest. Although
rocks are not well exposed, the broken orange
fragments along the trail give an indication of
the underlying geology. Around the 0.5 km
marker the trail climbs over blocky steps made
of orange brown rocks with a weathered, pitted appearance. These are serpentinised peridotites that represent the older deep basement of
Sabah. The original peridotites contained mainly olivine and orthopyroxene, both iron magnesium silicate minerals, and were altered at low
temperatures to serpentine, a hydrated magnesium silicate, and magnetite, an iron oxide.
All these minerals are dark, and therefore the
peridotites and serpentinites when broken open
are commonly very dark green or even black.
In contrast, the weathered surfaces are typically
orange, as iron and manganese are oxidised and

Beginning of the trail from the Mesilau
Gate.
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hydrated to form orange, red
and brown minerals during
weathering. The first 1 km of
the trail ascends over blocky
serpentinised
peridotite,
becoming boggy in places
where water runs down the
trail. The more muddy sections of the trail have a vivid
orange colour produced by
water oxidising and leaching
the serpentinised peridotites.
The relatively open nature of
Weathered serpentinised peridotites in trail.
the forest along this section
of the trail probably reflects the nutrient-poor soils derived from the underlying serpentinites. Peridotites are rich in iron and magnesium as well as heavy metals such as chromium and nickel, while elements like calcium, aluminium, potassium and phosphorus are
very low. The absence of aluminium means that serpentine soils lack clay minerals. Soils
are chemically extreme, and unsuitable for many plants as they lack important elements
vital for plant growth, and commonly thin. The trail continues west, climbing over serpentinised peridotites past Pondok Schima and the 1.5 km marker to Pondok Bambu situated
on the top of the ridge. On a clear day there are good views in most directions.
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Stage M2: Pondok Bambu
to Pondok Nepenthes:
2290–2100 m, 1.1 km
The trail heads west from
Pondok Bambu descending
over blocky boulders and
broken fragments of serpentinised peridotite to the
floor of a broad valley running down from the summit. There is little outcrop
along this section of the trail.
Where relatively fresh, these
rocks display a striking, shiny
blue-green colouration with
a soapy feel that is characteristic of serpentinite minerals
formed by the alteration
of peridotite.
After 100 m of steep descent, loose boulders of light
coloured rock become increasingly common amongst
the serpentinite in the trail,
often containing large white
crystals that are visible with
the naked eye. These are
boulders of granite. The large
white crystals are phenocrysts of the mineral feldspar.
Smaller black phenocrysts of
the mineral hornblende can
also be seen. The porphyritic
(containing phenocrysts) nature of the granite is characteristic of the Kinabalu pluton’s marginal facies.

Blocky dark peridotite boulder with characteristic blue-green
serpentine minerals.

Coarse porphyritic marginal facies granite in boulder (above)
with detail of aplite dyke and large feldspars (below).

Just before the 2.5 km marker is reached there is a spectacular boulder of porphyritic granite packed with large
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(2 cm by 1 cm) rectangular feldspar phenocrysts and smaller (1 cm by 0.5 cm) phenocrysts
of hornblende. The boulder is cut by about twenty vertical light-coloured bands of finegrained igneous rock, themselves cut by later veins. These are aplite dykes and represent
the last stages of the granite’s emplacement.
After 400 m of steep descent the trail flattens out as it reaches the floor of a wide valley. Loose boulders of light coloured porphyritic granite become increasingly common
amongst the serpentinite outcrops in the trail as it approaches Pondok Nepenthes.
Stage M3: Pondok Nepenthes to Pondok Tikalod: 2100–2200 m, 0.9 km
Leaving Pondok Nepenthes
and passing the 3 km marker, the trail is almost entirely
composed of granite boulders and weathered granite.
The main river channel is
crossed on a cable bridge
about 150 m further along
the trail.
The river is choked with
granite boulders of all sizes.
However, none of this granite is in place. Instead the
boulders are deposits carried down by the river, over
thousands of years, from the
mountain’s summit area, filling the river valley. A huge,
truck-sized boulder of granite propped up by smaller
boulders is close to the last
bridge over the river.

Granite boulders in stream bed. These are debris covering the
underlying serpentinised peridotites.

As the trail climbs up from
the valley floor the granite
boulders are left behind and
the trail returns to the orange,
weathered and pitted serpentinised peridotites that are
beneath the boulders. The
trail reaches Pondok Tikalod
just after the 3.5 km marker.

Single granite boulder at bridge over river.
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Stage M4: Pondok Tikalod to Pondok Lompoyou: 2200–2540 m, 1.0 km
As the trail continues to climb, the broken
rock that makes up the trail alternates between shaly mudstones and more blocky
pieces of coarser grained orange sandstones. The alternations of fine-grained,
thinly bedded mudstones and orange sandstones probably reflect interbedded sandstones and thin mudstones at depth beneath
the trail. These rocks belong to the Crocker
Formation and represent multiple turbidity
current events described on the Timpohon
section of the trail.

The trail ascends steps made of weathered,
serpentinised peridotite, some of which
show the spectacular green-blue colours of
serpentinite minerals. Immediately after the
4 km marker the nature of the trail changes
from blocky orange boulders and steps to
loose broken pieces of grey rock.
There is little outcrop along the next few
hundred metres, but the loose material
making up the trail reveals the nature of the
underlying rock. The trail here is dominated by broken pieces of grey, and in places
pink coloured, fine-grained sedimentary
rock. These are thinly bedded mudstones
and they break along bedding planes and
regular fractures to produce a shaly section
of the trail.

The Mesilau trail continues across the
Crocker Formation to Pondok Lompoyou,
which is situated on a roughly north-south
trending ridge leading down from the main
summit trail.
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Stage M5: Pondok Lompoyou to Pondok Magnolia: 2540–2730 m, 1.0 km
From Pondok Lompoyou
the trail climbs over broken orange sandstones and
onto a more continuous section of broken, shaly, grey
mudstones. The trail then
climbs along the ridge to
the 5 km marker. Looking
east from the 5 km marker
there are dramatic views of
several waterfalls tumbling
off the mountain over several smooth steeply dipping
surfaces. These surfaces Steeply-dipping fault surfaces in granite seen from the Mesilau trail.
may represent fault planes
along which the mountain has failed, send- which were carried down from higher on
ing granite sliding down from the summit the mountain.
region into the valleys below over many
After 500 m the trail becomes less steep,
thousands of years.
descending slightly, and emerges on to the
From here, the trail follows the top of the top of the steep ridge, providing spectacular
ridge towards Pondok Magnolia. Over the views southeast to the Crocker Ranges and,
next few hundred metres the trail is domi- on a clear day, back towards the summit.
nated by broken blocks of orange sandstones, which are also exposed in small iso- Over the next 200 m the trail passes
several outcrops of orange sandstones and
lated outcrops in the sides of the trail.
grey mudstones belonging to the Crocker
Small boulders of granite occur in localised Formation. In many places outcrops of
patches, occasionally with porphyritic tex- hard, bedded orange sandstones can be
tures containing white feldspar crystals up seen beneath the wooden steps that lead up
to 10mm in length and black hornblende the trail. All along this section of the trail
crystals that are easily discernible with the these sedimentary rocks dip consistently
naked eye. This material probably origi- south, down slope, at around 45°. Pondok
nates from the breakdown of large granite Magnolia is reached at the top of a steep
boulders that lie beneath the surface and series of wooden steps.
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Stage M6: Pondok Magnolia to Layang-Layang: 2730–2770 m, 0.7 km
After a short ascent the trail begins to flatten
out as it follows the contours around the ridge.
It continues over broken orange sandstones for
around 200 m before reaching the 6 km marker.
On a clear day this section of the trail provides
spectacular views south, back to Kundasang
and the Crocker Ranges and west towards
the coast.
Heading onwards from the 6 km marker, the
gentle rise and fall of the trail over the next 200
m reflects the geology beneath. Over the first 50
m small boulders of light coloured granite begin
to appear in the trail with the orange sandstone.
Eventually small outcrops of light coloured
granite can be seen in the trail itself. In places
the granite is very fine-grained and almost pure
white with no observable minerals, whereas in
other areas fine-grained hornblende crystals or
large white feldspar phenocrysts can be seen
with the naked eye. The crosscutting pattern of
these different types indicates that the granite

Light granite outcrop at top of photo in
contact with steeply-dipping and baked orange sandstones of the Crocker Formation
lower on path.
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was injected as thin dykes in
several phases.
After a short distance, patches and bands of fresh dark
coloured rock become increasingly common within
the granite outcrops. The
dark coloured rocks have
recognisable bedding, dipping almost vertically, and
picked out by alternating
dark grey and brown layers.
They are hard with a blocky
Steeply-dipping sediments intruded by thin light coloured
fracture, and have a crystalgranite dykes.
line appearance if cracked
open. These are sediments baked and re- ing again where the dykes are absent and
crystallised by the heat of granite dykes, the sediments are relatively softer.
derived from the main body of the Kinabalu granite.
As the trail crosses the first of several
small streams, boulders of orange-brown
Continuing along the trail the baked sedi- pitted serpentinised peridotites begin to
ments become increasingly common and appear, mixed with the granite and baked
eventually continuous. Conversely, the sediments. The trail from the Mesilau Gate
meets the main summit trail about 60 m
granite dykes become less abundant.
above the Layang-Layang Hut. Around the
The trail gently rises and falls several times junction both trails contain large blocky
over the next 200 m. Each rise in the trail boulders of serpentinised peridotite with
exposes outcrops of hard sediments and the their characteristic orange-brown weathergranite dykes that baked them before fall- ing colour and pitted appearance.

WARNING
The maps in this guide are based on the most accurate topographic maps published, but should always be used with caution. Mt Kinabalu is an area with very abrupt changes in topography, which can be shown only approximately on the maps.
Do not wander off the trail. If in doubt stop and wait for help.
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Stage 7: Layang-Layang to Pondok Villosa: 2740–2980 m, 0.9 km
Shortly after the hut the
Timpohon Trail meets the
junction of the trail from
the Mesilau Gate. There are
numerous large pieces of
relatively fresh rock in the
track side here, which are
dark green when fresh and
weather orange. Just up the
trail from here the rocks are
noticeably
orange-brown
weathering. These are serpentinised peridotites and
represent fragments of upper
mantle rocks that formed part
of the Sabah basement and
were thrust into the Crocker
sandstones during the Early
Miocene collision. On fresh
surfaces they are green,
shiny, may have a soapy feel,
and can be easily scratched
with a knife. Serpentine is
a hydrated magnesium silicate and serpentinites are
often carved by hand in areas where they are abundant.
Careful observation may
reveal thin white veins of a
mineral that is very soft and
can be easily scratched with
a finger nail. This is talc, another hydrated magnesium
silicate, also formed by alteration of peridotite.

Fresh surface of serpentinised peridotite.

Weathered surface of serpentinised peridotite.

Orange-brown weathering serpentinites in the trail.
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Over the next half a kilometre the trail ascends steeply,
first across the serpentinites,
which are hard massive
rocks with regular fractures
at about 5 to 10 cm spacing.

Watch out if the trail is
wet!

Porphyritic Granite

All rocks, especially on a
regularly walked path, can
become slippery, but serpentinite is very soft and easily
polished, and can become
like ice.

Laban Rata

Crocker Formation
Sandstones intruded
by granite dykes

T 6 km

Waras

3200

Now look out for the first
outcrops of coarse grained
granite. These are very distinctive as they contain large
rectangular white phenocrysts of potassium feldspar
which are commonly at least
one centimetre long, set in a
finer matrix of hornblende,
quartz and plagioclase feldspar. In places flow banding can be seen and there
are also some enclaves
and xenoliths.
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The contact with the granite
is crossed about 150 m before Pondok Villosa where
the trail flattens out. Just
below the shelter is a well
exposed area of rock with
excellent views in all directions. If the weather is clear
the Crocker Ranges are visible to the south, well below,
and to the north is the summit area with the two Donkey’s Ears clearly seen. You
are standing on coarse porphyritic granite, typical of
the marginal facies, which is
a zone about 1 km wide that
surrounds the main granite.
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Enclave of dark fine grained
granite surrounded by flow
aligned crystals of potassium
feldspar near Pondok Villosa.

Porphyritic
granite
with
large aligned crystals of potassium feldspar indicating
flow of magma just below
Pondok Villosa.

View southwards over Crocker
Ranges from Pondok Villosa.

View towards summit area
from Pondok Villosa.
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Stage 8: Pondok Villosa to Panar Laban: 2980–3250 m, 1.0 km
This section of the trail starts on granite but
after a short distance is back on the familiar orange weathering serpentinites. They
form a band about 250 m wide and this
band is interpreted as large fault-bounded
fragment of serpentinite completely enclosed by the granite. The vegetation has
changed and is now dominated by small
trees and scrub above which it is easy to
see the vegetation-free area of the summit.
The major factor in the change is undoubtedly elevation, presumably linked to temperature and moisture, but the nature of the
underlying rocks may contribute. Serpentinites weather to produce very poor soils
with extreme compositions that lack some
essential chemicals required by plants, and
even in low elevation rain forest areas of

serpentinite within other rocks can easily be mapped from vegetation changes;
trees are usually small, thinner, apparently
stunted and more sparsely distributed. It is
not difficult to locate the contact with the
granite, even though exposure on the path
is not complete. The orange weathered
rocks, and orange-brown soils in the path,
change abruptly to grey porphyritic granite
and darker soils.
A short distance after the return to granite
on the trail is the fork to Paka Cave. The
main trail climbs steeply to the Laban Rata
resthouse and crosses well exposed, mainly
porphyritic granite with a few aplite dykes
on the way. The trail to the cave and the
river just beyond is heavily vegetated and

The trail crosses a faulted piece of serpentinite above Pondok Villosa, distinctive because of the
colour of the rocks in the trail, and the low scrub which grows on the serpentinites.
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The low vegetation typical of the granites above about 3000 m.

Paka Cave, an overhang beneath a massive granite boulder.

exposure is not good. The
cave itself is not a solution
cavity typical of limestone
areas, but a space beneath
a huge boulder of granite
resting on underlying small
boulders, and may originally
have been excavated by animals or man. In places there
is rubbly-looking material
which is on top of the outcrop which may be glacial
or periglacial deposits, or
even fluvial material that is
a remnant from an older less
incised landscape.
There are clearly rounded
boulders, poorly sorted, up
to about half a metre across,
mainly packed together, supported by a matrix of finegrained material in places
where it is possible to see
between the clasts. The
granite boulders are often
not porphyritic and are finer
grained, relatively uniform
grained, with very abundant
prominent hornblende. This
material resembles the main
body of the granite which is
still high above, and suggests
material has been brought
some distance.
The boulder deposits have
been interpreted as a moraine, which is the coarse debris dropped at the edges or
front of a glacier, and if this
is correct, they mark the limit
of a small glacier descending
from the summit.

Granite rubble, probably a glacial product.
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Stage 9: Laban Rata area: 3250–3280 m,
0.5 km
Most visitors will not see much of the next
section of the trail towards the summit because it is usually crossed in the dark early
in the morning, and during the return, most
people are concentrating on the steep descent. However, if you take a stroll during
the day around the area of the resthouse and
surrounding huts there are some good exposures of intrusive rocks and relationships.

Hornblende in granite.

Much of the granite is not porphyritic and is
most similar to the main body. Black hornblende crystals are easy to recognise and
commonly have perfect crystal outlines and
the obvious two cleavages. The rest of the
rock consists of white potassium and plagioclase feldspars, and grey quartz. In places
the rock is banded and the banding is the
result of variation in the proportions of different minerals giving a colour banding, or
variation in grain size. Some contacts between different bands are sharp and others
are rather vague. In the last few years detailed studies of many well exposed granite
plutons have shown that they have formed
by intrusion of multiple sheets or dykes of
granite melt, and some of the banding may
reflect this mechanism of emplacement.

Compositional banding in granite.

Contact of finer and coarser grained granite.

Aplite dykes which are a few to a few
tens of centimetres wide are quite common. They are composed predominantly of
quartz and feldspars. These are white, fine
grained and few minerals can be identified
in them with the naked eye or the hand lens.
However, the contacts are worth examining. In some cases a thin chilled margin of
extremely fine grain size is clear, typically
less than one centimetre wide, proving a
significant time gap between intrusion of
the host granite and the aplite dyke. The

Cross-cutting aplite dykes.
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granite must have been cold enough to
fracture in a brittle manner, to allow dykes
to intrude, and significantly cooler than the
melt, which froze rapidly at the contact to
form the chilled margin. In several places it
is possible to see aplite dykes crossing earlier aplite dykes.
Probably the most striking features are the
large steep surfaces of bare rock descending to the area of the Laban Rata resthouse.
These are probably ice-smoothed and there
are striations, large grooves or gouges, and
small crescent-shaped cracks indicating ice
action. It is not always easy to distinguish
surface features produced by ice and water
action, but some suggestive features can be
seen when the light is in the right direction,
and when you are looking out for them.

Steep bare rock surfaces behind resthouse.

Just below the resthouse are small exposures
in the side of the trails of coarse conglomerates. These are poorly sorted and contain
angular granite fragments from a few centimetres to more than a metre across in a
fine matrix of fine sand to mud. In places
the clasts are packed closely together, and
in other places there is more matrix. These
are probably remnants of a terminal moraine deposited at the front of a small ice
sheet flowing down from the summit over
the smooth cliffs behind Laban Rata.

Bare rock surfaces behind resthouse.

Possible ice plucking cracks.

Angular granite boulders at Laban Rata.
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Stage 10: Laban Rata to Low’s Peak: 3250–4100 m, 2.8 km
From the Laban Rata resthouse the first
section of the trail climbs very steeply. You
climb up steep surfaces, and then walk up
more gently inclined surfaces, which resemble huge steps in the mountain side.
The more gently dipping surfaces are regular sets of fractures known as joints. Brittle fractures in rocks are described as faults
and joints. On faults there is relative movement and offset. On joints there is no significant movement and no offset. Some joints
may have been produced during cooling
of the pluton as it contracted. Other joints
were probably produced during exhumation of the granite when stress was released
as the load of rock above was removed by
erosion. As you ascend and descend you

Most of the summit path from Laban Rata
to Low’s Peak cannot be seen during the ascent since it is crossed in the dark, and even
on a clear moonlit night geological observations are difficult to make. Many visitors
race back to the Laban Rata resthouse for
understandable reasons: cold, hunger, and
the sunrise has been seen. However, if you
have time, and have kept warm before the
sun comes up, it is worth descending slowly and looking around at the geology after
the light returns.
The summit area is almost one hundred
percent exposure, and there are some spectacular features to be seen, close by and in
the distance.
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Ice-smoothed surfaces above Laban Rata.

Ice-smoothed surfaces near Sayat-Sayat.

will notice that you are walking down a
smooth surface and there are series of steps
as you cross layers separated by surface
parallel joints. These joints are the product
of unloading.
The topographic map shows that the ascent
to Sayat-Sayat crosses a series of major
steep sections separated by gently southward-dipping surfaces which are broadly
parallel to the joints. From Sayat-Sayat
there is another steep section but the gradient is not so obvious as the trail crosses
the slope obliquely. But from about 3900 m
to 4000 m elevation you walk almost along
the joint surfaces. This is very striking as
you descend.

Low’s Peak.

The light is usually improving as the trail
makes the final approach to Low’s Peak. It
crosses piles of angular boulders produced
Angular boulders on the back of Low’s Peak.

Regular closely spaced jointed surfaces dipping towards South Peak.
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by frost shattering. Regular
freezing and thawing of ice
between the joints split the
granite into layers which
then broke up into blocks,
but which remained close to
their original position.
From the summit of Low’s
Peak, look along the western side of the gully to the
north where a little below
you will see a clear intrusive contact between dark
and light hornblende granite running across the cliffs.
The darker rock is above and
the contact dips at about 30°
westwards but from a distance it is not possible to say
which intrudes which. Close
observation (with binoculars only) and definitely not
recommended — except to
properly equipped climbers
— reveals that the lighter
rock has chilled margins up
to 60 cm wide showing it is
the younger.

Intrusive contact between light and dark hornblende granite
close to Low’s Peak.

Joints in granite at the south end of Low’s Gully.

Joints in granite turning from sub-vertical to sub-horizontal: the Ugly Sister south of Low’s Gully.
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At the edge of the chasm is another striking feature: closely spaced fractures cut the
rock and dip steeply into Low’s Gully. As
you descend, stop from time to time and
look around for similar fracture sets. There
are many different orientations. Some are
parallel to the surface, whereas others dip
steeply, for example, around Low’s Gully
most of the fractures dip steeply into the
valley. If you look east along the edge of
Low’s Gully from Low’s Peak you will
see that the steep fractures in the cliffs at
the south end of the gully rotate and flatten
southwards to become parallel to the surface down which you walk back to Panar
Laban. Most of the fractures are joints produced during unloading as the rock overburden was removed.

Hornblende granite.

In a few places there are small faults. These
are clearly seen when aplite dykes, or sometimes xenoliths, are cut and small offsets
can be seen. Very few of the faults have any
significant offset, and most displace rocks
by only a few centimetres. Again most were
probably produced during unloading of the
granite by erosion. Where there are faults
or many regular joints the rock is weakened
and it is common for rivers, and later ice, to
follow such lines of weakness.

Minor fault cuts aplite dyke.

Low’s Gully is unusually straight and runs
north for about 4 km, and this strongly
suggests fault or joint control. A river first
formed the valley, but rivers normally form
V-shaped valleys (the profile is drawn at
right angles to the direction of the valley).
The steep sides and flat bottom of Low’s
Gully are typical of the U-shaped profile
of a valley modified by ice and this is one
piece of evidence used to infer the presence
of a glacier flowing north from the summit,
suggesting a kilometre or more of ice at
its thickest.

U-shaped upper part of Low’s Gully.

V-shaped valley emerging south of Kinabalu.
64

On the back and west side
of Low’s Peak the granite is
strongly banded with steeply
dipping darker and lighter
layers, varying from a few
to tens of centimetres wide.
The colours reflect different
proportions of light and dark
minerals. Contacts between
different layers are clear but
not sharp. As noted earlier,
these features suggest intrusion of the pluton as multiple
dykes of granite liquid.

Banded dark and light hornblende granite near Low’s Peak.
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There are numerous aplite dykes to be seen
when crossing the summit plateau. They
vary from a few centimetres to up to a
metre in width. In places there is just the
occasional dyke, in other places there are
swarms of dykes, and in many places it is
possible to see multiple sets of dykes with
cross-cutting relationships.
Look back toward St John’s Peak during
your descent as the sun illuminates its steep
southeast face. You will see it is intruded by
a complex network of aplite dykes. Other
types of dykes can be seen in a few places:
porphyritic granite and pyroxene granite
are examples. The pyroxene granite dykes
are clearly very late intrusions; they are
chilled against the main body granite, and
cut some aplite dykes. The large feldspar
phenocrysts in the porphyritic dykes commonly have their long axes parallel to the
dyke walls suggesting they became aligned
parallel to the flow of melt as it rose in the
crust. Look for chilled margins of dykes;
most lack chilled margins suggesting they
were intruded when the main body was
still relatively hot, but some have obvious
chilled margins indicating late intrusion.

Aplite dykes in St John’s Peak.

Cross-cutting relationships of aplite dykes west
of Low’s Peak.

There are also enclaves in many places.
Most are small (less than 20 cm across)
and are hornblende-rich granite fragments
which are darker, or finer grained, than the
hornblende granite in which they are found.
Most are subrounded, suggesting partial
absorption into the melt. A few are cut by
aplite dykes or thin veins and some are offset by small faults.
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Aplite dyke cuts hornblende granite enclave.

Hornblende granite enclave.

Chilled margin of pyroxene granite.

Detail of chilled margin.

Pyroxene granite cuts aplite dykes.

Detail of chilled margin.

Dark hornblende granite enclave, or dyke (?), in light hornblende granite of main body.
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Determining Chronology and Age of Igneous Rocks
Dating rocks using radiometric methods is time-consuming, difficult and expensive. How do geologists know which rocks to date? The answer is provided by
the field relationships which can be observed in individual outcrops or mapped
on a larger scale. If one igneous rock intrudes another, the intruding rock is interpreted to be younger, whereas if an igneous rock contains pieces of another the
pieces must be older than the melt. On Kinabalu many of the relations are beautifully clear because the exposure is so good, but sometimes the situation is not so
obvious. Close inspection of the contact between two rocks may help to decide
which is the younger. If one rock intrudes another, and the country rock was significantly colder, then the intruding melt freezes rapidly at the contact and is very
fine grained. Once such a chilled margin has formed, it acts as an insulating layer
because rocks are very poor conductors of heat and the interior of the body cools
slowly and the interior crystals grow larger. Intruding liquids often leak out along
cracks or invade lines of weakness in the country rocks producing very irregular
contacts that cross-cut original features such as layering in the host rocks. When
different melts rise at different times those of a particular phase have the same
composition and often intrude fractures in the same orientation. Thus, if rock of
composition B is seen in one place to intrude A, and elsewhere B is cross-cut by C,
the sequence A (oldest), B, C can be inferred. With such techniques it is possible to
select the oldest and youngest rocks, and choose suitable samples to date. It is by
using these methods, based on simple observations and field mapping, that geologists have been able to find the oldest rocks on the Earth, which are in Greenland,
and date them using isotopic methods as about 3800 million years old.

Relative age relationships are discovered by geological mapping, revealing cross-cutting
relationships between different sequences of rocks, bounded by unconformities, which are cut by
intrusive igneous rocks.
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Ice-smoothed surfaces on St John’s Peak (image slightly rotated).

Many features of the plateau and the summit region indicate the importance of ice in
the recent history of Kinabalu. The deep Ushaped profile of Low’s Gully has already
been mentioned and there are U-shaped
profiles of gullies elsewhere. The summit region is almost devoid of fragments
of loose rock, suggesting removal by ice,
and those that do remain have accumulated
in a few small areas and are very angular.
Close to Low’s Peak are the piles of angular boulders produced by frost shattering.
All the upper surfaces of the mountain are
very smooth, and often polished. On some
surfaces striations and grooves can be seen
that are not downslope but run oblique or
even parallel to the contours. Some of the
aplite dykes are noticeably shiny and polished by ice. Features produced by water
normally flow downslope. Minor features
such as glacial polishing, crescent shaped
cracks, and ice-plucking features have
been reported. A number of moraines can
be seen at elevations around 3000 m. The
small pool at the foot of Low’s Peak known
as the Sacrificial Pool has been hollowed
out, probably by ice. All these features
must have been produced more than 10,000
years ago. Radiocarbon dating of clay sampled from the bottom of this pool indicates
the mountain was free of ice by about 9,200
years ago.

Ice-smoothed surfaces above Sayat-Sayat.

The Donkey’s Ears resemble the remnants of a
U-shaped valley. This is unlikely, although they
have clearly been modified by ice. More likely
they represent the base of the weathered profile
above the unaltered granite formed before the
ice ages. The weathered profile was later removed by ice and redeposited as the extensive
Pinosuk Gravels at the base of the mountain
north of Kundasang.
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Pinosuk Gravels

Material carried by ice from
the summit of Kinabalu and
surrounding rocks, can be
seen on the return from the
summit by looking south towards Kundasang, from the
road near Kundasang, and on
the road to the Mesilau Gate.
The Pinosuk Gravels are glacial moraines which form the
low flat-topped hills, providing the golf course, north of
Kundasang. The gently-sloping surface is incised by very
young V-shaped valleys, cut
by rivers, which in places cut
right through the moraines and
expose the bedrock beneath.

Flat top of the Pinosuk Plateau north of Kundasang.
Pinosuk Gravels with abundant serpentinite boulders.

The gravels are a mixture of
granite (locally with abundant serpentinite) boulders,
of all shapes and sizes, in a
mud and sand matrix. Boulders may be a metre or so
across, but in places they are
as large as houses.
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Glossary of Geological Terms
Chert: Sedimentary rock formed of fine-grained
silica, typically the remains of organisms
with siliceous skeletons, and often found in
deep marine environments.
Chilled margin: Narrow zone of fine grained
rock at the margin of an intrusion which
crystallised rapidly when a melt came into
contact with cooler solid rock.
Clastic: Class of sedimentary rocks formed of
broken fragments of rocks or minerals, or
processes related to them.
Closure temperature: Temperature below
which all products of radioactive decay are
retained in rocks and minerals. Radiometric
ages record cooling below this temperature
which is specific to the material and the radioactive decay series.
Conglomerate: Coarse grained sedimentary rock formed of rounded clasts of
other rocks.
Crust: Outer layer of the Earth defined by
a seismic velocity change at the boundary between crust and mantle. The average
thickness of ocean crust is about 7 km and
continental crust is approximately 40 km.
Oceanic crust has a basaltic composition
whereas average continental crust has a granitic composition. The crust and part of the
upper mantle together form the lithosphere,
which is typically about 100 km thick.
Debris flow: Mass flow deposit normally formed
by rapid downslope movement of material
which can be under water or on land.
Dip: Maximum inclination of a surface measured downwards from the horizontal.
Dyke: Vertical sheet-like igneous body which
intrudes other rocks.
Enclave: Pieces of rock enclosed in an igneous rock, and similar to the enclosing rock,
which represent fragments of earlier crystallised melts caught up in a melt as it rises
through the crust.
Erosion: Removal of solid material from the
Earth’s surface by mechanical (e.g. wind,
water, ice) or chemical (e.g. dissolution by
rainwater) processes.

Acid: Chemical category of igneous rock that
contains more than 63 weight percent silica.
Active margin: Junction between two converging tectonic plates where one is subducted
beneath the other. Active margins are characterised by abundant seismic activity, and
volcanism in the overriding plate.
Amphibole: Group of silicate minerals rich in
calcium, iron, magnesium and aluminium.
Usually dark in colour. Hornblende is one of
the most common amphiboles, particularly
in igneous rocks, occurring as dark green or
black prismatic crystals with a hexagonal
cross section and two cleavages at 120°.
Andesite: Volcanic rock of intermediate composition typical of island arcs.
Apatite: Calcium phosphate mineral that forms
teeth and bones. Apatite is a common accessory mineral in igneous rocks forming
small colourless hexagonal prisms with
pointed terminations.
Aplite: Fine grained acid igneous rock composed predominantly of quartz and feldspar
and therefore white in colour. Aplites represent the final fraction of the granite melt and
on Kinabalu are common as dykes intruding
the older granites.
Basalt: Fine grained basic igneous rock containing plagioclase feldspar and pyroxene,
often accompanied by olivine. Basalts are
dark grey to black when fresh. More than
ninety percent of all the melts erupted on the
Earth are basaltic and the ocean crust has a
basaltic composition.
Basement: Underlying or deeper rocks. Typically basement rocks are the igneous and metamorphic rocks found beneath a sedimentary
cover. The term is used to distinguish cover
rock sequences from underlying rocks.
However, the term is relative, and there is
no implied age for the underlying rocks, and
can be used to distinguish older sedimentary
rocks from younger sedimentary rocks.
Basic: Chemical category of igneous rock
that contains between 45 and 52 weight
percent silica.
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Granodiorite: Coarse grained igneous rock
similar to granite but containing more plagioclase than potassium feldspar. Often rich
in biotite mica and amphibole (hornblende)
and often darker than granite.
Grooves: Features formed on rock surface or
seabed by movement of material across it.
Hornfels: Contact metamorphic rock which is
typically fine grained and crystalline.
Igneous: Rocks formed from silicate melts.
Intermediate: Chemical category of igneous
rock that contains between 52 and 63 weight
percent silica.
Intrusive: Igneous rocks formed by magmas
injected into the crust that do not reach
the surface.
Joint: Brittle fracture in rock on which there is
no displacement. May be formed by cooling
of igneous rocks, shrinkage, or unloading of
deeply buried rocks during exhumation.
Lithosphere: Rigid outer shell of the Earth
comprising the solid crust and viscous upper mantle, and broken into a number of tectonic plates. Oceanic lithosphere is typically
up to 100 km thick; continental lithosphere
may be up to 200 km thick.
Mafic: Dark silicate minerals and rocks typically rich in calcium, iron and magnesium.
Magma: Silicate liquid formed by partial melting of crust or mantle.
Mantle: Part of the Earth below the seismic velocity change used to define the base of the
crust. The mantle extends to depths of 2900
km. It is solid and composed of magnesiumrich silicate minerals, which in the upper
mantle is mainly olivine.
Melange: Rock composed of a mixture of blocks
in a fine-grained matrix. It may be formed by
sedimentary processes (such as submarine
debris flows) or by tectonic mechanisms.
Common in active orogenic settings.
Metamorphism: Recrystallisation of rocks in
the solid state at depth in the Earth caused by
heat and pressure. Regional metamorphism
is the result of recrystallisation in mountain
belts during deformation. Contact metamorphism occurs at the contact of an igneous rock intruded into cooler rocks.

Exhumation: Movement of rock towards the
Earth’s surface, caused by removal of the
cover rocks by some geological process,
such as erosion or faulting.
Extrusive: Igneous rocks that are erupted at
the surface.
Fault: Brittle fracture in rock on which there
is displacement. Formed by tectonic
movements.
Feldspar: Most common group of minerals in
the crust, and essential components of almost
all igneous rocks. Feldspars are divided into
two groups based on composition:
Alkali feldspars, ranging between potassium-rich K-feldspar (KAlSi3O8) and sodiumrich albite (NaAlSi3O8).
Plagioclase feldspars, with compositions
between albite and calcium-rich anorthite
(CaAl2Si2O8).
Feldspars are typically white but often grey
or pink, depending on composition and impurities. Alkali feldspars are often divided
into two parts or twins whereas plagioclase feldspars commonly contain multiple
lamellar twins.
Felsic: Light silicate minerals and rocks typically rich in aluminium.
Fluvial/fluviatile: Related to rivers.
Gabbro: Coarse grained igneous rock composed
essentially of plagioclase and pyroxene, of
basaltic composition.
Geochronology: Study and determination of absolute age in rocks and minerals, principally
using radiometric dating.
Glacial: Related to the action of ice.
Gneiss: Coarse grained metamorphic rock
with rough planar fabric and compositional
banding.
Granite: Coarse grained acidic igneous rock
comprising interlocking crystals that are
visible to the naked eye. The main constituents are quartz, plagioclase and alkali feldspar, which are white or colourless, and may
be accompanied by hornblende, biotite or
muscovite mica, commonly giving the rock
a grey to pink colour. Porphyritic granites
contain larger crystals known as phenocrysts, usually feldspar.
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Phenocryst: Large crystal in a fine grained matrix in an igneous rock.
Pillow lava: Basaltic magma erupted underwater commonly extrudes through lava tubes
which drop balloon-shaped blobs of magma
termed pillows onto the sea floor. These chill
rapidly on the outside but remain soft inside,
and can pile up to great thicknesses, especially in ophiolites.
Pluton: Large intrusive igneous body.
Porphyritic: Igneous rock which contains
phenocrysts.
Pyroxene: Group of silicate minerals typically
with abundant calcium, iron, and magnesium. Pyroxene is common in basic and intermediate igneous rocks. Crystals are stubby
prisms, usually green or black, and can be
distinguished from amphiboles by the 90°
intersection of their two cleavages.
Quartz: Hard glassy mineral composed entirely of silica (SiO2). Quartz is a common
constituent of many igneous, sedimentary
and metamorphic rocks. Pure quartz is colourless, lacks a cleavage, and is commonly
grey in rocks. Spectacular gemstone varieties, coloured due to the presence of impurities, include amethyst (purple) and tiger’s
eye (layered red-orange). Vein quartz is
usually white.
Radioactive decay: Natural decay of unstable isotopes of some elements, changing
via various decay processes to more stable
isotopes.
Radiometric dating: Measurement of absolute
age based on the radioactive decay of naturally unstable radioactive elements. Carbon
dating and potassium-argon dating are well
known examples.
Sandstone: Sedimentary rock composed of sand
size particles. The term strictly applies only
to the grain size of the rock but is often used
to imply a silicate-rich, often quartz-rich,
composition.
Schist: Metamorphic rock with a medium grain
size and strong planar fabric (schistosity)
along which the rock can split, typically
due to presence of abundant mica and, less
commonly, amphibole.

Mica: Group of potassium-rich aluminium silicate minerals with a distinctive platy cleavage. Mica is common in igneous and metamorphic rocks. The most common micas are
muscovite or ‘white mica’ and iron-magnesium-rich biotite which is black.
Moraine: Mixture of debris including mud,
sand, gravel and boulders, resulting from
glacial processes, that forms a mound, ridge
or other morphological feature.
Mudstone: Fine grained sedimentary rock with
mud size particles which are typically finely
comminuted fragments of minerals, such as
quartz, and clay minerals.
Olivine: Magnesium-rich (Mg2SiO4) silicate
mineral which usually contains some iron
replacing magnesium. Typically green and
glassy in hand specimen, without a cleavage. The most abundant mineral in the upper
mantle, the major constituent of peridotite,
and a common accessory mineral in basalt.
Orogeny: Process of mountain-building.
Ophiolite: Association of rocks similar to those
representative of oceanic crust and mantle
but now found on land in orogenic belts. In
the ideal ophiolite there are peridotites, gabbros, basalts and pelagic sedimentary rocks
in a layered sequence. Some ophiolites may
have formed at mid-ocean ridges of major
ocean basins but most represent lithospheric
fragments from volcanic arc-related settings
such as backarc basins or forearc regions.
Passive margin: Junction between continental and oceanic crust without volcanic or
seismic activity. This type of margin forms
when a lithospheric plate breaks, and hence
a passive margin is a former tectonic plate
boundary. They are characterised by subsidence and thick sediments.
Peridotite: Coarse grained ultrabasic rock consisting almost entirely of olivine and pyroxene. It is the dominant rock in the Earth’s
mantle. Oceanic lithosphere is largely peridotite capped by a thin crust of basaltic composition.
Periglacial: Related to the margins of ice
sheets in areas where periodic freezing and
thawing occurs.
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Heating and dehydration of the down-going
plate causes melting in the overriding plate,
often producing a volcanic arc more than
100 km from the subduction trench.
Talc: Hydrated magnesium silicate mineral
(Mg3Si4O10[OH]2). White and very soft.
Thermochronology: Study of temperature and
time recorded by rocks and minerals, based
on the accumulation or loss of radioactive
decay products.
Tonalite: Coarse grained igneous rock similar to
granite but dominated by plagioclase feldspar and quartz. Commonly rich in biotite
mica and amphibole (hornblende) and darker than granite.
Turbidite: Sequence of clastic sedimentary
rocks deposited by turbidity currents containing dense mixtures of sediment and water, usually in the deep oceans at the base of
the continental slope.
Ultrabasic: Chemical category of igneous
rock that contains less than 45 weight
percent silica.
Unconformity: A surface that separates sequences of rocks, representing an important
time break. Angular unconformities result
from episodes of deformation.
Weathering: Chemical and physical breakdown
of rocks, at or near the Earth’s surface, due
the action of sun, heat, water, ice, and chemicals in the atmosphere and hydrosphere.
Xenolith: Fragment of country rock, or unmelted remnant of partially melted source
rock, caught up in a igneous melt as it rises
through the crust.
Zircon: Zirconium silicate (ZrSiO4). Zircon is
a very hard and relatively dense mineral
which is a common accessory in igneous
rocks and a detrital mineral in sedimentary
and metamorphic rocks. Crystals are usually
small (<0.5 mm) and rarely visible in hand
specimen. Zircon forms tetragonal crystals
(elongate rectangular prisms with pointed
terminations), is commonly colourless, but
may be red, pink, brown, yellow, green
or black.

Sedimentary: Rocks formed at the Earth’s surface by mechanical breakdown of pre-existing rocks, precipitation from sea water, biological activity (many limestones) or other
chemical processes.
Serpentinite: Low-density rock formed by the
low-temperature hydration of ultramafic
rocks that are unstable at or near the Earth’s
surface. Serpentinites consist almost exclusively of the magnesium silicate minerals
serpentine (Mg3Si2O5[OH]4) and talc, sometimes accompanied by magnesium-aluminium-rich silicate chlorite, giving them a
characteristic green snake skin-like appearance and smooth feel. The serpentinisation
of ultramafic rocks results in a considerable
increase in volume accompanied by a significant decrease in density.
Shale: Sedimentary rock composed of mud size
particles with a fracture causing it to split
into thin sheets parallel to bedding. Unlike
slates, the fracture is due to burial, not deformation.
Sill: Horizontal sheet-like igneous body intruded
at shallow depths in the crust.
Siltstone: Sedimentary rock composed of silt
size particles.
Spreading centre: Divergent plate boundary
where tectonic plates separate. Melting of
the underlying mantle at mid-ocean ridges
forms basalts which erupt on the ocean floor
creating new oceanic crust which gradually
moves away from the ridge.
Strike: Unique horizontal line on a surface. Together with measurement of dip (inclination
of surface measured at right angles to the
strike) it is used to define the orientation of
a geological surface such as bedding plane
or fault.
Subduction zone: Convergent plate boundary
where two tectonic plates collide, one sliding beneath the other and subducting into
the mantle, forming a deep trench in the
ocean floor. Typically, old and denser oceanic lithosphere sinks beneath continental
lithosphere or younger oceanic lithosphere.

74

References
BALAGURU, A. 2001. Tectonic evolution and sedimentation of the southern Sabah Basin, Malaysia. PhD
Thesis, University of London, 418 pp.
BALAGURU, A. & NICHOLS, G.J. 2004. Tertiary stratigraphy and basin evolution, southern Sabah (Malaysian
Borneo). Journal of Asian Earth Sciences, 23, 537-554.
BALAGURU, A., NICHOLS, G.J. & HALL, R. 2003. The origin of the circular basins of Sabah, Malaysia.
Geological Society of Malaysia Bulletin, 46, 335-351.
BELLON, H. & RANGIN, C. 1991. Geochemistry and isotopic dating of the Cenozoic volcanic arc sequences
around the Celebes and Sulu Seas. In: SILVER, E. A., RANGIN, C. & VON BREYMANN, M. (eds.)
Proceedings of the Ocean Drilling Program Scientific Results, 124, 321-338.
BIJWAARD, H., SPAKMAN, W. & ENGDAHL, E.R. 1998. Closing the gap between regional and global travel
time tomography. Journal of Geophysical Research, 103, 30055-30078.
BOCK, Y., PRAWIRODIRDJO, L., GENRICH, J.F., STEVENS, C.W., MCCAFFREY, R., SUBARYA, C.,
PUNTODEWO, S.S.O. & CALAIS, E. 2003. Crustal motion in Indonesia from Global Positioning System
measurements. Journal of Geophysical Research, 108, doi:10.1029/2001JB000324.
CHIANG, K.K. 2002. Geochemistry of the Cenozoic igneous rocks of Borneo and tectonic implications. PhD
Thesis, University of London, 364 pp.
COLLENETTE, P. 1958. The geology and mineral resources of the Jesselton-Kinabalu area, North Borneo.
Geological Survey of Malaysia, Borneo Region Memoir, 6, 194 pp.
DHONAU, T.J. & HUTCHISON, C.S. 1966. The Darvel Bay area, east Sabah, Malaysia. Malaysia Geological
Survey Borneo Region, Annual Report 1965, 141-160.
ENCARNACION, J. & MUKASA, S.B. 1997. Age and geochemistry of an “anorogenic” crustal melt and
implications for I-type granite petrogenesis. Lithos, 42, 1-13.
FULLER, M., ALI, J.R., MOSS, S.J., FROST, G.M., RICHTER, B. & MAHFI, A. 1999. Paleomagnetism of
Borneo. Journal of Asian Earth Sciences, 17, 3-24.
HALL, R. 2002. Cenozoic geological and plate tectonic evolution of SE Asia and the SW Pacific: computerbased reconstructions, model and animations. Journal of Asian Earth Sciences, 20, 353-434.
HALL, R. & MORLEY, C.K. 2004. Sundaland Basins. In: CLIFT, P., WANG, P., KUHNT, W. & HAYES, D.
E. (eds.) Continent-Ocean Interactions within the East Asian Marginal Seas. American Geophysical Union
Geophysical Monograph, 149, 55-85.
HALL, R. & WILSON, M.E.J. 2000. Neogene sutures in eastern Indonesia. Journal of Asian Earth Sciences,
18, 787-814.
HALL, R., VAN HATTUM, M.W.A. & SPAKMAN, W. 2008. Impact of India-Asia collision on SE Asia: the
record in Borneo. Tectonophysics, 451, 366-389.
HAMILTON, W. 1979. Tectonics of the Indonesian region. U.S. Geological Survey Professional Paper, 1078,
345 pp.
HARAYAMA, S. 1992. Youngest exposed granitoid pluton on Earth: Cooling and rapid uplift of the PlioceneQuaternary Takidani Granodiorite in the Japan Alps, central Japan. Geology, 20, 657-660.
HAZEBROEK, H.P. & TAN, D.N.K. 1993. Tertiary tectonic evolution of the NW Sabah continental margin.
Geological Society of Malaysia Bulletin, 33, 195-210.
HOPE, G.S. 2004. Glaciation of Malaysia and Indonesia, excluding New Guinea. In: EHLERS, J. & GIBBARD,
P. L. (eds.) Quaternary Glaciations: Extent and Chronology: Part III: South America, Asia, Africa, Australia,
Antarctica. Elsevier, 211-214.
HUTCHISON, C.S. 1989. Geological Evolution of South-East Asia. Oxford Monographs on Geology and
Geophysics, Clarendon Press, 376 pp.
HUTCHISON, C.S. 2005. Geology of North-West Borneo. Elsevier, 444 pp.
HUTCHISON, C.S., BERGMAN, S.C., SWAUGER, D.A. & GRAVES, J.E. 2000. A Miocene collisional belt
in north Borneo: uplift mechanism and isostatic adjustment quantified by thermochronology. Journal of the
Geological Society of London, 157, 783-793.
IMAI, A. & OZAWA, K. 1991. Tectonic implications of the hydrated garnet peridotites near Mt Kinabalu, Sabah,
East Malaysia. Journal of SE Asian Earth Sciences, 6, 431-446.

75

JACOBSON, G. 1970. Gunong Kinabalu Area, Sabah, Malaysia. Geological Survey of Malaysia Report, 8, 111 pp.
KIRK, H.J.C. 1968. The Igneous Rocks of Sarawak and Sabah. Geological Survey of Malaysia, Borneo Region,
Bulletin, 5, 210 pp.
KOOPMANS, B.N. 1967. Deformation of the metamorphic rocks and the Chert-Spilite Formation in the southern
part of the Darvel Bay area, Sabah. Geological Survey of Malaysia, Borneo Region, Bulletin, 8, 14-24.
KOOPMANS, B.N. & STAUFFER, P.H. 1967. Glacial phenomena on Mount Kinabalu, Sabah. Geological
Survey of Malaysia, Borneo Region, Bulletin, 8, 25-35.
LEONG, K.M. 1974. The geology and mineral resources of Upper Segama valley and Darvel Bay, Sabah.
Malaysia Geological Survey Borneo Region Memoir, 4, 354 pp.
LIM, P.S. & HENG, Y.E. 1985. Geological Map of Sabah, Malaysia. Geological Survey of Malaysia.
MCGILVERY, T.A. & COOK, D.L. 2003. The influence of local gradients on accommodation space and linked
depositional elements across a stepped slope profile, offshore Brunei. In: ROBERTS, H. R., ROSEN, N. C.,
FILLON, R. F. & ANDERSON, J. B. (eds.) Shelf Margin Deltas and Linked Down Slope Petroleum Systems.
Gulf Coast Section of the SEPM, 387-419.
MICHEL, G.W., YU, Y.Q., ZHU, S.Y., REIGBER, C., BECKER, M., REINHART, E., SIMONS, W.,
AMBROSIUS, B., VIGNY, C., CHAMOT-ROOKE, N., LE PICHON, X., MORGAN, P. & MATHEUSSEN,
S. 2001. Crustal motion and block behaviour in SE Asia from GPS measurements. Earth and Planetary
Science Letters, 187, 239-244.
PETRONAS 1999. The Petroleum Geology and Resources of Malaysia. Petronas, Kuala Lumpur, Malaysia, 665 pp.
RANGIN, C., BELLON, H., BENARD, F., LETOUZEY, J., MÜLLER, C. & TAHIR, S. 1990. Neogene arccontinent collision in Sabah, N. Borneo (Malaysia). Tectonophysics, 183, 305-319.
RANGIN, C., LE PICHON, X., MAZZOTTI, S., PUBELLIER, M., CHAMOT-ROOKE, N., AURELIO, M.,
WALPERSDORF, A. & QUEBRAL, R. 1999. Plate convergence measured by GPS across the Sundaland/
Philippine sea plate deformed boundary: the Philippines and eastern Indonesia. Geophysical Journal
International, 139, 296-316.
REINHARD, M. & WENK, E. 1951. Geology of the Colony of North Borneo. Bulletin of the Geological Survey
Department of the British Territories in Borneo, 1, 160 pp.
SANDAL, S.T. (ed.), 1996. The Geology and Hydrocarbon Resources of Negara Brunei Darussalam. Syabas,
Bandar Seri Begawan, Brunei Darussalam, 243 pp.
SIMONS, W.J.F., SOCQUET, A., VIGNY, C., AMBROSIUS, B.A.C., ABU, S.H., PROMTHONG, C.,
SUBARYA, SARSITO, D.A., MATHEUSSEN, S., MORGAN, P. & SPAKMAN, W. 2007. A decade of
GPS in Southeast Asia: Resolving Sundaland motion and boundaries. Journal of Geophysical Research,
112, B06420, doi:10.1029/2005JB003868.
STAUFFER, P.H. 1967. Studies in the Crocker Formation, Sabah. Geological Survey of Malaysia, Borneo
Region, Bulletin, 8, 1-13.
SWAUGER, D.A., HUTCHISON, C.S., BERGMAN, S.C. & GRAVES, J.E. 2000. Age and emplacement of the
Mount Kinabalu pluton. Geological Society of Malaysia Bulletin, 44, 159-163.
TAN, D.N.K. & LAMY, J.M. 1990. Tectonic evolution of the NW Sabah continental margin since the late
Eocene. Geological Society of Malaysia Bulletin, 27, 241-260.
TJIA, H.D. 1988. Accretion tectonics in Sabah: Kinabalu Suture and East Sabah accreted terrane. Geological
Society of Malaysia Bulletin, 22, 237-251.
TONGKUL, F. 1987. Sedimentology and structure of the Crocker Formation in the Kota Kinabalu Area, Sabah,
East Malaysia. PhD Thesis, University of London, 318 pp.
TONGKUL, F. 1991. Tectonic evolution of Sabah, Malaysia. Journal of Southeast Asian Earth Sciences, 6,
395-406.
VAN HATTUM, M.W.A. 2005. Provenance of Cenozoic sedimentary rocks of northern Borneo. PhD Thesis,
University of London, 457 pp.
VAN HATTUM, M.W.A., HALL, R., PICKARD, A.L. & NICHOLS, G.J. 2006. SE Asian sediments not from
Asia: Provenance and geochronology of North Borneo sandstones. Geology, 34, 589–592.
VOGT, E.T. & FLOWER, M.F.J. 1989. Genesis of the Kinabalu (Sabah) granitoid at a subduction-collision
junction. Contributions to Mineralogy and Petrology, 103, 493-509.

76

About the authors
Dr Robert Hall is Professor of Geology in the Department of Earth Sciences at Royal
Holloway, University of London. He has been undertaking geological research in SE
Asia for over 25 years and is currently Director of the SE Asia Research Group at
Royal Holloway.
The research group has been undertaking field- and laboratory-based geological
studies in SE Asia region since the 1960s, primarily in Indonesia, Malaysia and
Thailand, in collaboration with local scientists. Dr Michael Cottam, Simon Suggate,
Christian Sperber and Dr Geoffrey Batt work with the SE Asia Research Group
investigating the age and geological history of igneous and sedimentary rocks from
around the region.
Some of the work of the research group has been distilled into detailed, computer
animated, plate tectonic reconstructions for SE Asia and the SW Pacific. You can
find out more about these reconstructions and the work of the SE Asia Research
Group at: http://searg.rhul.ac.uk/
Dr Felix Tongkul is Professor of Sedimentology, Structural Geology and Tectonics
at the Universiti Malaysia Sabah in Kota Kinabalu. He has studied the geology of
Sabah for many years, especially the geological structure and sedimentary rocks of
the region around Mt Kinabalu.

Mt Kinabalu is situated in the Malaysian state of Sabah at the
northern end of the island of Borneo, and at the centre of the
Kinabalu National Park, designated as Malaysia’s first UNESCO
World Heritage Site in December 2000. It is the highest mountain
in SE Asia between the eastern Himalayas and New Guinea, and
during the last ice age its 4100 m summit was deeply covered
in permanent ice and snow. Mt Kinabalu is composed mainly of
granite that formed by melting of rocks deep in the crust about
eight million years ago. Kinabalu is not the youngest granite in
the world or the youngest mountain in the region, as sometimes
claimed, but it is a dramatic and beautiful place.
This guide explains the geology of Mt Kinabalu and the Kinabalu
National Park for both the geologist and layperson alike. The
first part of the guide contains discussion of both the rocks that
make up the mountain, and the extraordinary geological history
that has shaped it into such an unusual and fascinating place.
The second part of the guide provides a detailed description,
accompanied by maps and photographs, of the geology and
scenery encountered walking along the tourist trails to the
summit from both the Timpohon and Mesilau Gates.

