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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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Mt Kinabalu is the highest mountain in SE Asia be-
tween 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 dramatical-
ly 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. Kina-
balu 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 unu-
sual. Its rocks record a fascinating story which is far 
from complete.

Sunrise seen from Low’s Peak, the summit of Mt Kinabalu.
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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 diffi-
cult access to the interior, is 
relatively poorly known.

The highest parts of the 
island are the Central Bor-
neo mountains which run 
broadly NNE–SSW ap-
proximately parallel to the 
western coast. The drainage 
divide (the position where 
rivers run either northwards 
or southwards from the cen-
tral 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. 

SULU SEASOUTH 
CHINA SEA



4

boundary between Indonesian Borneo (Ka-
limantan) 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 tem-
peratures, heavy rainfall and high humidity, 
which have played an important role in the 
geological evolution of the island. How-
ever, Kinabalu, because of its great height, 
tends to be cooler and less humid.

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 notice-
able on the drive from Kota Kinabalu where 

the road rises from Tamparuli steadily up 
to about 1000 m elevation, and then fol-
lows 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.

The full relief of Mt Kinabalu is even great-
er, 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 at-
las, 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.

Mt Kinabalu
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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 move-
ments 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–Aus-
tralia and Pacific–Philippine 
Sea. In western Indonesia the 
boundary between the Eura-
sian and Indian Plates is the 
Sunda Trench and parallel to 
that is the right-lateral strike-
slip Sumatran Fault. East of 
Java active deformation oc-
curs within a complex zone 
up to 2000 km wide includ-
ing 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.

However, almost all this ac-
tivity is at the edge of SE 
Asia, and at present Borneo 
is a very stable area, con-
sidered both in terms of the 
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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 Position-
ing System (GPS) familiar to automobile 
drivers. This involves repeated observa-
tions 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-

urements show that a large area of SE Asia, 
extending south from Indochina and includ-
ing 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 be-
tween 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 centime-
tres per year.

Nonetheless, Sabah and Kinabalu do seem 
to be active in a different way. A number 
of lines of evidence suggest the area is ac-
tively rising, and there is important defor-
mation on a regional scale which is a con-
sequence 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.
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Sabah is now situated in a geologically sta-
ble 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 col-
lisions 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.

The maps below show SE Asia and sur-
rounding regions and their plate tectonic 
history at intervals during the last 45 mil-
lion years. At the beginning of this period 
Borneo was situated at the SE edge of the 
Eurasian continent. The continent was sur-
rounded 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 Eura-
sian margin. During the next 45 million 
years first India, and then Australia collided 
with the Eurasian margin as subduction car-
ried intervening ocean crust down into the 
mantle beneath SE Asia.

Past Tectonic Setting
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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 north-
east through Sabah towards the northern 
Philippines. As this ocean subducted south-
wards 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 Bor-
neo. 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 conti-
nental crust of the South China margin be-
gan to collide with the north Borneo active 
margin forming a mountain belt.

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

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 perma-
nent 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 yield-
ed large amounts of oil and gas, and explo-
ration is continuing today into the deeper 
water parts of the offshore areas.

However, collision did not end the com-
plex 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 col-
lisions, many subduction zones and abun-
dant volcanic activity in the Philippines, 
Sulawesi, Moluccas and Banda Arcs. In 
the last 5 million years most tectonic ac-
tivity has occurred relatively far from Bor-
neo and earthquake and volcanic activity  
has declined.

30 Ma
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LAND

DEEP SEA
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SHALLOW SEA
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PLATFORMS
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Late
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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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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 Kina-
balu, and islands north of Kudat. These rocks include peri-
dotites, partly serpentinised, gabbros, basalts and radiolar-
ian 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 cen-
tral Sabah, there were volcanoes. As the oceanic lithos-
phere 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 rel-
atively small islands emerging from the deep seas around Geological time scale in 

millions of years (Ma).
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Serpentinised peridotites. Layered gabbros.

Pillow basalts. Red siliceous cherts and mudstones.

them, and at this time the Sabah arc would 
have resembled areas such as Southern Ja-
pan, 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 depos-
ited, mainly by turbidity currents. Turbidity 
currents are dense mixtures of water and 
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sediment derived from the shelf moving 
into deep water. Their deposits are known 
as turbidites and include mudstones, sand-
stones 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 penin-
sula, as indicated by characteristic miner-
als and their ages which can be matched 
to those source areas by detailed studies of  
the sediments.

About 20 million years ago, the final rem-
nants 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-
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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 up-
lift 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 

a broad range of mountains in Sabah expos-
ing deformed deep marine sediments, vol-
canic rocks, and locally, crystalline rocks 
that previously formed the deep crust. How-
ever, soon after this emergence of much of 
Sabah, the situation was to change again. 
Although a narrow band of mountains prob-
ably 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 ex-
tension of Sabah. Another possibility is that 
the collision not only thickened the crust, 

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.

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 drag-
ging the crust down once again. We would 
expect such a lithospheric root to be unsta-
ble 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 litho-
sphere 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 Mind-
anao 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 ex-
plosive volcanoes continued to be active 
until about 27 thousand years ago. Vol-
canic 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.

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 de-
scribed 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 de-
posited sand and mud in a delta and coastal 
plain complex extending across most of 
south Sabah as far east as Sandakan. Circular basins in south Sabah.

Small young volcanic centre near Tawau.

Volcaniclastic rocks in the Dent peninsula.

Typical volcanic arc conglomerates.
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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 mil-
lion years ago, and have widened gradually 
to the north.

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. Howev-
er, far beneath the surface the deep crust was 
heating up, and finally melted. The melting 
was probably the result of the crustal thick-
ening. Continental crustal rocks produce 
large amounts of heat by radioactive de-
cay. 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, 

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 orienta-
tion 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.

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 sum-
mit 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 mil-
lion years. Instead of the earlier explosive 
volcanic arc products, during the young-
est period of volcanism very fluid basalts 
were erupted that mainly flowed gently 
from fissures, formed small cones, but did 
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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.

Offshore hydrocarbon exploration studies 
have shown that there have been repeated 
gravitational failures near the shelf edge 
that are effectively huge submarine land-
slides. 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 interbed-
ded deep water sediments, probably mainly 
turbidites, are folded and thrust northwards 
away from Sabah. New exploration work 
in the Sulu Sea has identified similar struc-
tures, suggesting transport of material away 
from land towards the northeast.

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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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. Pos-
sible 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 

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 anchor-
cork 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 Hima-
layas, the thickest known crust on Earth, in 
less than 200 million years; for comparison, 
the age of the Earth is 4500 million years.

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.
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Geological map of Sabah simplified from Lim and Heng (1985).
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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.

Throughout Sabah most of the exposed 
basement rocks are ophiolites and associ-
ated sediments which are of Jurassic–Cre-
taceous  age. In the area close to Kinabalu 
ophiolites are represented by partly serpen-
tinised peridotites.

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

The sedimentary rocks have been assigned 
to the Crocker and Trusmadi Forma-
tions. They were both originally sequenc-
es of sandstones and mudstones, prob-
ably 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 slight-
ly 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.

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

The Kinabalu pluton is a relatively small 
granite body that intrudes high-grade meta-
morphic rocks, ultrabasic rocks, and sand-
stones and mudstones of the Crocker For-
mation in the northern part of the Crocker 
Ranges. It was emplaced after the Crocker 
Formation was deformed, although there 
is considerable evidence for younger de-
formation 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.

The beauty of Kinabalu reflects a geological history that formed the spectacular mountain, com-
bined with an equatorial setting and extreme relief promoting a rich and diverse fauna and flora.
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Geological map of Kinabalu area modified from Jacobson (1970). Line of cross-section is shown 
on map as X–Y.

Geological Map of Mt Kinabalu

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. Map-
ping 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 mar-
gin is also a complex wide zone of faulting, 
within which intrusive contacts are partly 
preserved. Elsewhere contacts are inter-
preted 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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Alternative interpretation of the Kinabalu granite pluton based on the idea that it has a sheet-like 
form as demonstrated for other granite bodies.

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 sur-
rounding rocks, and was therefore buoy-
ant, 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 de-
forming 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 

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

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 model-
ling supports this mechanism of intrusion 
and predicts rapid intrusion.  In unusu-
ally 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 mul-
tiple magma pulses rapidly intruded, and 
suggests the alternative three dimensional 
form for the Kinabalu pluton shown on the 
cross-section below.
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One of the most striking features of Kina-
balu, clearly evident to any geologist or ge-
ographer who has worked at or experienced   
high latitudes (i.e. closer to the Earth’s po-
lar regions) is the obvious similarity to the 
scenery at the summit to that of glaciated 
regions. There is no longer ice on Kinaba-
lu but there clearly has been ice at the top 
quite recently.

About 2 million years ago the Earth be-
gan 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 eleva-
tions 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 

first reported in 1623 by Europeans explor-
ing the Pacific their accounts were not be-
lieved 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.

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 

Kinabalu and the Ice Age

View of Mt Kinabalu, looking north from the air, showing the two summit plateaus.
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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 dat-
ing 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 

such a dramatic hypothesis. We suggest 
that several hundred metres of rock was re-
moved from the top of the mountain by a 
combination of weathering and ice action 
in the last 2 million years. Most of this ma-
terial 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 clear-
ly from many directions, but is particularly 
striking viewed from Kundasang and by air 
from the north.

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.

The Plio-Pleistocene development of Mt Kinabalu 
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The summit area of Mt Kinabalu is a U-
shaped 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.

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 domi-
nates 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 riv-
ers 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 be-
lieved 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 al-
most vertically about 1000 m from the sum-
mit peaks around it.

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 vis-
ited the mountain during early geological 
exploration of north Borneo in 1914-15, 
and another Swiss geologist, Eduard Wenk, 

climbed it in 1937. Both collected samples 
described in the first account of Kinabalu 
geology in 1951. Mapping of the area in-
cluding 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 Univer-
sity 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.

However, the first, and only detailed, map-
ping of Kinabalu was carried out by a young 
Australian geologist, Gerry Jacobson, be-
tween 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 acces-
sible 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 Hollo-
way University of London have been able 
to carry out new sampling within the Na-
tional Park, during a number of visits to the 
mountain between 2004 and 2008. Most 
samples were collected by Christian Sper-
ber in 2005, and these have been used for 
dating and chemical work. Some of the new 
results are reported in this booklet.

Kinabalu Mountain



24

M

K

PG

T

LR

LL

Pinosuk
Gravels

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.

View of Mt Kinabalu from the north on a DEM showing the two summit plateaus separated by the 
deep gorge of Low’s Gully.

Sungai Penataran

Sungai Nalumad
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The pluton has a roughly el-
liptical shape with a long axis 
oriented approximately NE-
SW. 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 plu-
ton intrudes ultrabasic rocks, 
some high grade metamor-
phic rocks, and sandstones 
and mudstones of the Crock-
er Formation and these rocks 
have been heated and min-
eralogically 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 Kina-
balu have been described 
at different times as quartz 
monzonite, adamellite, gran-
odiorite and granite. The ter-
minology is confused, partly 
due to the use of different 
classification schemes, part-
ly due to changes in nomen-

Kinabalu Granite

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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clature, and partly due to the different ob-
servations on which the names were based. 
However, according to modern classifi-
cation 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/tonal-
ite which occupies most of the western pla-
teau west of Low’s Peak and is here termed 
biotite granite for simplicity.

The marginal facies is mineralogically sim-
ilar 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 feld-
spars. Such very large crystals are called 
phenocrysts, and a rock composed of phe-
nocrysts 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 cleav-
ages, 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 dark or mafic minerals are hornblende 
and biotite. The hornblende is usually ex-
tremely 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.

Most of the main body is an evenly grained 
rock with crystals up to about half a cen-
timetre 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 po-
tassium and plagioclase feldspars are both 
white and cannot be distinguished in hand 
specimen. Quartz is usually easy to spot be-
cause it is grey, lacks a cleavage and looks 
like glass.

The small area of biotite granite west of 
Low’s Peak resembles the hornblende gran-
ite 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 horn-
blende crystal is retained.

The following pages show some rocks and 
minerals from Kinabalu and surround-
ing areas viewed using a petrological mi-
croscope. The true colours of minerals 
are seen in plane polarised light (PPL), 
whereas under crossed polars (XPL) miner-
als show bright interference colours which  
aid identification.
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What is a granite?

Igneous rocks are classified and 
named based on three important 
features: grain size, mineralogy and 
chemistry. Grain size broadly re-
flects 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 with-
in a few hours. Hypabyssal rocks are 
minor intrusions cooled within the 
Earth at shallow levels in the crust.

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 min-
erals 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.

Granites contain feldspars with more 
than 20% quartz as essential miner-
als, and are further subdivided into 
different types based on the propor-
tions of alkali and plagioclase feld-
spars. 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.

Hornblende granite (XPL).

Hornblende (XPL).

Plagioclase feldspar (XPL).

Biotite (PPL).

1 mm

1 mm

1 mm

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

Porphyritic hornblende granite (PPL and XPL).

Biotite granite (PPL and XPL).

Biotite replacing hornblende crystal (PPL and XPL).

1 mm

1 mm

1 mm

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 melt-
ing. 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 melt-
ing occurred at great depths, that small volumes of low density liquid percolated 
slowly upwards through the crust and then coalesced into large bodies named plu-
tons. 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 theoreti-
cal 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 prin-
cipal 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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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. 

Efforts to date the granite began in the 
1970s with age determinations using the po-
tassium–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 mil-
lion 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.

Technological advances have subsequently 
enabled more accurate dating of the gran-
ite based on the decay of uranium to lead 
(U–Pb) in zircon. Zircon is one of the first 
minerals to form as igneous rocks crystal-
lise, 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.

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 horn-
blende granite body, which crystallised at 
about 7.5 million years. The precision af-
forded by the technique also allows the rec-
ognition of a transition zone between these 
two rock types which crystallized at 7.7 

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 any-
where 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 indi-
cates 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 remov-
ing the cover rocks, to expose the granite.

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.

How Old is the Kinabalu Granite?

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

Crocker sandstone (PPL). Andalusite in contact aureole (PPL).

Olivine in peridotite (XPL). Serpentinised peridotite (XPL).

Hornblende schist (PPL). Garnet-mica schist (XPL). 1 mm

1 mm

1 mm1 mm

1 mm

1 mm

1 mm

1 mm

Aplite dyke (XPL).
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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 miner-
alogically 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 piec-
es 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 gra-
dational 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.

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. Sub-
vertical 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 mi-
croscope or by using X-ray diffraction tech-
niques. These are aplites.

A few intrusive bodies have no distinctive 
shape, and sometimes it is difficult to dis-
cern their three dimensional form. Terms 

Xenoliths, Enclaves and Minor Intrusions

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

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

Aplite dykes south of Low’s Peak. Walking stick 
for scale.
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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. Dat-
ing 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 ele-
ment – 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, pro-
ducing 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 ac-
cumulate 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 radioac-
tive decay are retained within the mineral. In reality, the accumulation of radio-
active 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 radio-
metric clock is being constantly reset.

Experimental work has shown that the products of radioactive decay only accu-
mulate in rocks and minerals below certain temperatures, dependent on both the 
radioactive decay scheme and the material, and known as the ‘closure tempera-
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Some common radiometric techniques and closure tempera-
tures for different minerals

Technique Basis Mineral Temperature
Uranium-lead (U–Pb) Radioactive decay zircon > 800°C
Rubidium–strontium (Rb/Sr) Radioactive decay biotite mica c. 320°C
Potassium–Argon (K–Ar) Radioactive decay biotite mica c. 280°C
Argon–Argon (Ar–Ar) Radioactive decay biotite mica c. 300-350°C
Fission track Radiation damage zircon c. 200°C
Fission track Radiation damage apatite c. 110°C
Uranium-Thorium-Helium
(U–Th)/He Alpha particle emission apatite c. 65°C

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 cool-
ing 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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Country Rocks

The oldest rocks found close to Kinabalu 
are high-grade metamorphic rocks found in 
small exposures east of Mesilau, as boul-
ders 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.

To the south and west of the Kinabalu plu-
ton is a band of ultrabasic rocks. These 
were originally olivine and orthopyroxene-
rich peridotites, and probably represent the 
upper mantle originally beneath the crys-
talline 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 mag-
nesium silicate minerals that form by low 
temperature alteration of magnesium-rich 
olivine and orthopyroxene. Close to the 
Kinabalu contact in a few places the ser-
pentinites 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 Trus-
madi and Crocker Formations. There is no 

easy way to distinguish these two forma-
tions 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 crystal-
line and are described as hornfelses, and in 
places irregular spots can be seen on weath-
ered surfaces that under the microscope can 
be identified as new metamorphic minerals. 
These include andalusite, an aluminium 
silicate, cordierite, a hydrated iron magne-
sium aluminium silicate, corundum, alu-
minium oxide, and micas. These minerals 
are typical of metamorphism of clay-rich 
sedimentary rocks.

Garnet-bearing hornblende schist.

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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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, whatev-
er starting point is chosen.

Stage T1: Timpohon 
to Pondok Kandis: 
1940–2010 m, 0.75 km

Over the  first few kilometres 
to 2600 m the trail crosses 
poorly exposed, steeply dip-
ping, sandstones and mud-
stones. The walk begins by  
descending slightly, cross-
ing a stream and passing a 
waterfall where rocks are 
not well exposed, and then 
climbing steadily to the shel-
ter at Pondok Kandis. Lo-
cally, bedding is visible, and 
there are coarse sandstones 
with a grain size of about a 
millimetre. There are no ob-
vious sedimentary structures 
and everywhere the dip is 
steep. This is due to tectonic 
deformation during the Ear-
ly Miocene collision. Close 
to Pondok Kandis shelter 
the sediments are coarser 
and include some fine con-
glomerates. Generally they 
are poorly exposed and cov-
ered with an orange weath-
ered soil. In places there 
are irregular thin veins of  
white quartz.

STAGE 1

ST
AG

E
3

ST
AG

E
4

ST
AG

E
2

T 2 km

T 2.5 km

2200

2300

2000

1900

1900

1800

100m

20
00

TIMPOHON

T 0.5 km

P Kandis

P Ubah

T 1 km

2100

T 1.5 km

P Lowii
Crocker Formation

VIEW

Timpohon Gate: Stages T1 to T6 (Vertical 800 m, Horizontal 4 km)
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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 prob-
ably 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 ra-
dio masts. The trail crosses 
steeply dipping Crocker 
Formation sediments all the 
way. Between 1.5 and 2 km 
are small exposures of peb-
bly 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 east-
west. The stretching is due to 
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 move-
ment of partly lithified sedi-
ment in slumped masses, or 
by later tectonic deformation 
during collision. Both may 
have contributed.

Quartz veins indicate relative-
ly deep burial (a few kilome-
tres) of the rocks and tectonic 
deformation during which 
silica was dissolved and pre-
cipitated in brittle fractures.

Extended and flattened sandy bands in dark mudstones. Tip of 
walking stick for scale.

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 fea-
tures 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 tur-
bidity currents the base of 
the bed is often erosional, 
and thin layers in the under-
lying beds can be seen to be 
scoured away and interrupt-
ed. The lowest beds above 
the eroded base have grains 
which are largest at the bed 
base and become finer up-
wards, and this is known as 
graded bedding. Just above 
the 2 km post are mudstones 
with silty or sandy bands 
showing probable wet sedi-
ment deformation, rather 
stretched out, and a little 
further on there are thin bed-
ded 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

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

Hard splintery mudstones with regular fracture, suggesting 
thermal alteration by underlying granite.

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 al-
ternating with mudstones rep-
resent frequent small turbidi-
ty current events interspersed 
with intervals of quiet when 
only mud settled to the sea 
floor. The sand-dominated 
section could represent a sin-
gle event carrying much sand 
down to the deep sea floor, or 
multiple but more frequent 
events in which there was lit-
tle 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, sedi-
ments that have been heated 
and recrystallised, suggesting 
the contact with the granite  
is close.
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Sandstones intruded
by granite dykes

Crocker Formation

Hornblende-bearing fine grained granite, probably a dyke 
intruding sedimentary rocks.

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 crystal-
line. These include thermally 
metamorphosed sandstones, 
some fine grained igne-
ous rocks, and occasional  
exposures of ultrabasic 
rocks. The sandstones con-
tain thin veins of quartz in 
places. The section is not 
well enough exposed to 
identify the relationships be-
tween the different rocks.

Stage T6: Pondok Mempening to Layang-Layang: 2620–2740 m, 0.7 km
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Contacts between different 
rock types are rare, but the ig-
neous rocks are fine grained 
hornblende-bearing granites 
and are probably dykes or 
sills, intruding Crocker For-
mation 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 ma-
trix to the hornblende crys-
tals is a fine grained mixture 
of quartz and feldspars.

On the nearby Mesilau Trail 
intrusive relationships are 
clearer in some places. How-
ever, the steep dips, and the 
presence of serpentinites, 
suggest that, as well as intru-
sive 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 disap-
pear. 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

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

4000m

3000m

2000mPinosuk Gravels

South Peak

Paka
Cave

Simplified cross-section of the trail geology.
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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 break-
ing 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.

mudstone

mudstone

shelf

unconsolidated
sediments

Slumped sediments
on slope, mix with water,
form dense turbid mixture Flow settles when

slope gradient
decreases

land slope rise ocean floor

graded sandstone

rippled and laminated
sandstone

erosional base

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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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, pit-
ted appearance. These are serpentinised perido-
tites that represent the older deep basement of 
Sabah. The original peridotites contained main-
ly olivine and orthopyroxene, both iron magne-
sium silicate minerals, and were altered at low 
temperatures to serpentine, a hydrated mag-
nesium 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 sec-
tions of the trail have a vivid 
orange colour produced by 
water oxidising and leaching 
the serpentinised peridotites.

The relatively open nature of 
the forest along this section 
of the trail probably reflects the nutrient-poor soils derived from the underlying serpen-
tinites. Peridotites are rich in iron and magnesium as well as heavy metals such as chro-
mium 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 serpen-
tinised 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.

Weathered serpentinised peridotites in trail.
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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 ser-
pentinised peridotite to the 
floor of a broad valley run-
ning down from the sum-
mit. 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 character-
istic of serpentinite minerals 
formed by the alteration  
of peridotite.

After 100 m of steep de-
scent, loose boulders of light 
coloured rock become in-
creasingly 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 phenoc-
rysts of the mineral feldspar. 
Smaller black phenocrysts of 
the mineral hornblende can 
also be seen. The porphyritic 
(containing phenocrysts) na-
ture of the granite is charac-
teristic of the Kinabalu plu-
ton’s marginal facies.

Just before the 2.5 km mark-
er is reached there is a spec-
tacular boulder of porphyrit-
ic granite packed with large 

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).
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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 fine-
grained 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 val-
ley. 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 mark-
er, the trail is almost entirely 
composed of granite boul-
ders 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 gran-
ite is in place. Instead the 
boulders are deposits car-
ried down by the river, over 
thousands of years, from the 
mountain’s summit area, fill-
ing the river valley. A huge, 
truck-sized boulder of gran-
ite propped up by smaller 
boulders is close to the last 
bridge over the river.

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 serpen-
tinised peridotites that are 
beneath the boulders. The 
trail reaches Pondok Tikalod 
just after the 3.5 km marker.

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

Single granite boulder at bridge over river.
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Stage M4: Pondok Tikalod to Pondok Lompoyou: 2200–2540 m, 1.0 km

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 dominat-
ed 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.

As the trail continues to climb, the broken 
rock that makes up the trail alternates be-
tween shaly mudstones and more blocky 
pieces of coarser grained orange sand-
stones. The alternations of fine-grained, 
thinly bedded mudstones and orange sand-
stones probably reflect interbedded sand-
stones 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 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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From Pondok Lompoyou 
the trail climbs over bro-
ken orange sandstones and 
onto a more continuous sec-
tion 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 sev-
eral smooth steeply dipping 
surfaces. These surfaces 
may represent fault planes 

Steeply-dipping fault surfaces in granite seen from the Mesilau trail.

along which the mountain has failed, send-
ing granite sliding down from the summit 
region into the valleys below over many 
thousands of years. 
 
From here, the trail follows the top of the 
ridge towards Pondok Magnolia. Over the 
next few hundred metres the trail is domi-
nated by broken blocks of orange sand-
stones, which are also exposed in small iso-
lated outcrops in the sides of the trail. 

Small boulders of granite occur in localised 
patches, occasionally with porphyritic tex-
tures containing white feldspar crystals up 
to 10mm in length and black hornblende 
crystals that are easily discernible with the 
naked eye. This material probably origi-
nates from the breakdown of large granite 
boulders that lie beneath the surface and 

which were carried down from higher on 
the mountain. 

After 500 m the trail becomes less steep, 
descending slightly, and emerges on to the 
top of the steep ridge, providing spectacular 
views southeast to the Crocker Ranges and, 
on a clear day, back towards the summit.

Over the next 200 m the trail passes 
several outcrops of orange sandstones and 
grey mudstones belonging to the Crocker 
Formation. In many places outcrops of 
hard, bedded orange sandstones can be 
seen beneath the wooden steps that lead up 
the trail. All along this section of the trail 
these sedimentary rocks dip consistently 
south, down slope, at around 45°. Pondok 
Magnolia is reached at the top of a steep 
series of wooden steps.

Stage M5: Pondok Lompoyou to Pondok Magnolia: 2540–2730 m, 1.0 km
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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 or-
ange sandstones of the Crocker Formation 
lower on path.
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was injected as thin dykes in 
several phases.

After a short distance, patch-
es and bands of fresh dark 
coloured rock become in-
creasingly common within 
the granite outcrops. The 
dark coloured rocks have 
recognisable bedding, dip-
ping almost vertically, and 
picked out by alternating 
dark grey and brown layers. 
They are hard with a blocky 
fracture, and have a crystal-
line appearance if cracked 

Steeply-dipping sediments intruded by thin light coloured 
granite dykes.

open. These are sediments baked and re-
crystallised by the heat of granite dykes, 
derived from the main body of the Kina-
balu granite.

Continuing along the trail the baked sedi-
ments become increasingly common and 
eventually continuous. Conversely, the 
granite dykes become less abundant.

The trail gently rises and falls several times 
over the next 200 m. Each rise in the trail 
exposes outcrops of hard sediments and the 
granite dykes that baked them before fall-

ing again where the dykes are absent and 
the sediments are relatively softer.

As the trail crosses the first of several 
small streams, boulders of orange-brown 
pitted serpentinised peridotites begin to 
appear, mixed with the granite and baked 
sediments. The trail from the Mesilau Gate 
meets the main summit trail about 60 m 
above the Layang-Layang Hut. Around the 
junction both trails contain large blocky 
boulders of serpentinised peridotite with 
their characteristic orange-brown weather-
ing colour and pitted appearance.

WARNING

The maps in this guide are based on the most accurate topo-
graphic maps published, but should always be used with cau-
tion. Mt Kinabalu is an area with very abrupt changes in topog-
raphy, 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

Fresh surface of serpentinised peridotite.

Orange-brown weathering serpentinites in the trail.

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 ser-
pentinised 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 sili-
cate and serpentinites are 
often carved by hand in ar-
eas 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, an-
other hydrated magnesium 
silicate, also formed by al-
teration of peridotite.

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

Weathered surface of serpentinised peridotite.
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Watch out if the trail is 
wet! 

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

Now look out for the first 
outcrops of coarse grained 
granite. These are very dis-
tinctive as they contain large 
rectangular white phenoc-
rysts of potassium feldspar 
which are commonly at least 
one centimetre long, set in a 
finer matrix of hornblende, 
quartz and plagioclase feld-
spar. In places flow band-
ing can be seen and there 
are also some enclaves  
and xenoliths.

The contact with the granite 
is crossed about 150 m be-
fore Pondok Villosa where 
the trail flattens out. Just 
below the shelter is a well 
exposed area of rock with 
excellent views in all direc-
tions. If the weather is clear 
the Crocker Ranges are vis-
ible to the south, well below, 
and to the north is the sum-
mit area with the two Don-
key’s Ears clearly seen. You 
are standing on coarse por-
phyritic 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.

View southwards over Crocker 
Ranges from Pondok Villosa.

View towards summit area 
from Pondok Villosa.

Porphyritic granite with 
large aligned crystals of po-
tassium feldspar indicating 
flow of magma just below  
Pondok Villosa.
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This section of the trail starts on granite but 
after a short distance is back on the famil-
iar orange weathering serpentinites. They 
form a band about 250 m wide and this 
band is interpreted as large fault-bounded 
fragment of serpentinite completely en-
closed 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 undoubt-
edly elevation, presumably linked to tem-
perature and moisture, but the nature of the 
underlying rocks may contribute. Serpen-
tinites 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 eas-
ily 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.

Stage 8: Pondok Villosa to Panar Laban: 2980–3250 m, 1.0 km
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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 ani-
mals or man. In places there 
is rubbly-looking material 
which is on top of the out-
crop 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, sup-
ported by a matrix of fine-
grained 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 mo-
raine, which is the coarse de-
bris 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.

The low vegetation typical of the granites above about 3000 m.

Paka Cave, an overhang beneath a massive granite boulder.

Granite rubble, probably a glacial product.
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Hornblende in granite.

Compositional banding in granite.

Contact of finer and coarser grained granite.

Cross-cutting aplite dykes.

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 be-
cause it is usually crossed in the dark early 
in the morning, and during the return, most 
people are concentrating on the steep de-
scent. However, if you take a stroll during 
the day around the area of the resthouse and 
surrounding huts there are some good expo-
sures of intrusive rocks and relationships.

Much of the granite is not porphyritic and is 
most similar to the main body. Black horn-
blende 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 plagi-
oclase feldspars, and grey quartz. In places 
the rock is banded and the banding is the 
result of variation in the proportions of dif-
ferent minerals giving a colour banding, or 
variation in grain size. Some contacts be-
tween different bands are sharp and others 
are rather vague. In the last few years de-
tailed 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.

Aplite dykes which are a few to a few 
tens of centimetres wide are quite com-
mon. 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 examin-
ing. 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 
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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 ear-
lier aplite dykes.

Probably the most striking features are the 
large steep surfaces of bare rock descend-
ing 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.

Just below the resthouse are small exposures 
in the side of the trails of coarse conglom-
erates. These are poorly sorted and contain 
angular granite fragments from a few cen-
timetres 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 mo-
raine deposited at the front of a small ice 
sheet flowing down from the summit over 
the smooth cliffs behind Laban Rata.

Steep bare rock surfaces behind resthouse.

Bare rock surfaces behind resthouse.

Possible ice plucking cracks.

Angular granite boulders at Laban Rata.
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Most of the summit path from Laban Rata 
to Low’s Peak cannot be seen during the as-
cent since it is crossed in the dark, and even 
on a clear moonlit night geological obser-
vations 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 slow-
ly and looking around at the geology after 
the light returns.

The summit area is almost one hundred 
percent exposure, and there are some spec-
tacular features to be seen, close by and in 
the distance.

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 re-
semble huge steps in the mountain side. 
The more gently dipping surfaces are regu-
lar sets of fractures known as joints. Brit-
tle fractures in rocks are described as faults 
and joints. On faults there is relative move-
ment and offset. On joints there is no signif-
icant movement and no offset. Some joints 
may have been produced during cooling 
of the pluton as it contracted. Other joints 
were probably produced during exhuma-
tion of the granite when stress was released 
as the load of rock above was removed by 
erosion. As you ascend and descend you 
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Stage 10: Laban Rata to Low’s Peak: 3250–4100 m, 2.8 km
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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 south-
ward-dipping surfaces which are broadly 
parallel to the joints. From Sayat-Sayat 
there is another steep section but the gra-
dient 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.

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

Ice-smoothed surfaces above Laban Rata. Ice-smoothed surfaces near Sayat-Sayat.

Low’s Peak.

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 west-
ern side of the gully to the 
north where a little below 
you will see a clear intru-
sive contact between dark 
and light hornblende gran-
ite running across the cliffs. 
The darker rock is above and 
the contact dips at about 30° 
westwards but from a dis-
tance it is not possible to say 
which intrudes which. Close 
observation (with binocu-
lars 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 strik-
ing 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 sur-
face down which you walk back to Panar 
Laban. Most of the fractures are joints pro-
duced during unloading as the rock over-
burden was removed.

In a few places there are small faults. These 
are clearly seen when aplite dykes, or some-
times 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.

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. V-shaped valley emerging south of Kinabalu.

U-shaped upper part of Low’s Gully.

Minor fault cuts aplite dyke.

Hornblende granite.
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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 intru-
sion 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 com-
monly 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.

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 off-
set by small faults.

 Aplite dykes in St John’s Peak.

 Cross-cutting relationships of aplite dykes west 
of Low’s Peak.
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Dark hornblende granite enclave, or dyke (?), in light hornblende granite of main body.

Chilled margin of pyroxene granite.

Hornblende granite enclave.

Pyroxene granite cuts aplite dykes.

Detail of chilled margin.

Detail of chilled margin.

 Aplite dyke cuts hornblende granite enclave.
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Determining Chronology and Age of Igneous Rocks

Dating rocks using radiometric methods is time-consuming, difficult and expen-
sive. 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 inter-
preted 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 beauti-
fully 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 sig-
nificantly 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 geolo-
gists 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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Many features of the plateau and the sum-
mit region indicate the importance of ice in 
the recent history of Kinabalu. The deep U-
shaped profile of Low’s Gully has already 
been mentioned and there are U-shaped 
profiles of gullies elsewhere. The sum-
mit 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 angu-
lar 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 pol-
ished 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 sam-
pled from the bottom of this pool indicates 
the mountain was free of ice by about 9,200 
years ago.

Ice-smoothed surfaces on St John’s Peak (image slightly rotated).

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 re-
moved by ice and redeposited as the extensive 
Pinosuk Gravels at the base of the mountain 
north of Kundasang.



70

Pinosuk Gravels with abundant serpentinite boulders.

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 to-
wards Kundasang, from  the 
road near Kundasang, and on 
the road to the Mesilau Gate.

The Pinosuk Gravels are gla-
cial moraines which form the 
low flat-topped hills, provid-
ing the golf course, north of 
Kundasang. The gently-slop-
ing 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.

The gravels are a mixture of 
granite (locally with abun-
dant serpentinite) boulders, 
of all shapes and sizes, in a 
mud and sand matrix. Boul-
ders may be a metre or so 
across, but in places they are 
as large as houses.

Flat top of the Pinosuk Plateau north of Kundasang.
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Glossary of Geological Terms

Acid: Chemical category of igneous rock that 
contains more than 63 weight percent silica.

Active margin: Junction between two converg-
ing tectonic plates where one is subducted 
beneath the other. Active margins are char-
acterised 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 compo-
sition typical of island arcs.

Apatite: Calcium phosphate mineral that forms 
teeth and bones. Apatite is a common ac-
cessory mineral in igneous rocks forming 
small colourless hexagonal prisms with  
pointed terminations.

Aplite: Fine grained acid igneous rock com-
posed predominantly of quartz and feldspar 
and therefore white in colour. Aplites repre-
sent the final fraction of the granite melt and 
on Kinabalu are common as dykes intruding 
the older granites.

Basalt: Fine grained basic igneous rock con-
taining 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. Typical-
ly basement rocks are the igneous and meta-
morphic 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.

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 ra-
dioactive decay series.

Conglomerate: Coarse grained sedimen-
tary rock formed of rounded clasts of  
other rocks.

Crust: Outer layer of the Earth defined by 
a seismic velocity change at the bound-
ary 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 gra-
nitic 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 meas-
ured downwards from the horizontal. 

Dyke: Vertical sheet-like igneous body which 
intrudes other rocks.

Enclave: Pieces of rock enclosed in an igne-
ous rock, and similar to the enclosing rock, 
which represent fragments of earlier crys-
tallised 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.
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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 potassi-
um-rich K-feldspar (KAlSi3O8) and sodium-
rich 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 im-
purities. Alkali feldspars are often divided 
into two parts or twins whereas plagiocla-
se feldspars commonly contain multiple  
lamellar twins.

Felsic: Light silicate minerals and rocks typi-
cally 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 ab-
solute 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 constitu-
ents are quartz, plagioclase and alkali feld-
spar, 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 phenoc-
rysts, usually feldspar.

Granodiorite: Coarse grained igneous rock 
similar to granite but containing more pla-
gioclase 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 up-
per mantle, and broken into a number of tec-
tonic 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 typi-
cally rich in calcium, iron and magnesium.

Magma: Silicate liquid formed by partial melt-
ing of crust or mantle.

Mantle: Part of the Earth below the seismic ve-
locity change used to define the base of the 
crust. The mantle extends to depths of 2900 
km. It is solid and composed of magnesium-
rich 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 meta-
morphism occurs at the contact of an igne-
ous rock intruded into cooler rocks.
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Mica: Group of potassium-rich aluminium sili-
cate minerals with a distinctive platy cleav-
age. Mica is common in igneous and meta-
morphic rocks. The most common micas are 
muscovite or ‘white mica’ and iron-magne-
sium-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 cleav-
age. 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, gab-
bros, 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 continen-
tal 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 subsid-
ence and thick sediments.

Peridotite: Coarse grained ultrabasic rock con-
sisting almost entirely of olivine and pyrox-
ene. It is the dominant rock in the Earth’s 
mantle. Oceanic lithosphere is largely peri-
dotite capped by a thin crust of basaltic com-
position.

Periglacial: Related to the margins of ice 
sheets in areas where periodic freezing and  
thawing occurs.

Phenocryst: Large crystal in a fine grained ma-
trix in an igneous rock.

Pillow lava: Basaltic magma erupted underwa-
ter 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, espe-
cially in ophiolites.

Pluton: Large intrusive igneous body.
Porphyritic: Igneous rock which contains  

phenocrysts.
Pyroxene: Group of silicate minerals typically 

with abundant calcium, iron, and magnesi-
um. Pyroxene is common in basic and inter-
mediate 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 en-
tirely of silica (SiO2). Quartz is a common 
constituent of many igneous, sedimentary 
and metamorphic rocks. Pure quartz is col-
ourless, lacks a cleavage, and is commonly 
grey in rocks. Spectacular gemstone varie-
ties, coloured due to the presence of impu-
rities, include amethyst (purple) and tiger’s 
eye (layered red-orange). Vein quartz is  
usually white.

Radioactive decay: Natural decay of unsta-
ble 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 natu-
rally 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.
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Sedimentary: Rocks formed at the Earth’s sur-
face by mechanical breakdown of pre-exist-
ing rocks, precipitation from sea water, bio-
logical 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 exclu-
sively of the magnesium silicate minerals 
serpentine (Mg3Si2O5[OH]4) and talc, some-
times accompanied by magnesium-alumin-
ium-rich silicate chlorite, giving them a 
characteristic green snake skin-like appear-
ance and smooth feel. The serpentinisation 
of ultramafic rocks results in a considerable 
increase in volume accompanied by a sig-
nificant 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 de-
formation. 

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. To-
gether 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 slid-
ing beneath the other and subducting into 
the mantle, forming a deep trench in the 
ocean floor. Typically, old and denser oce-
anic lithosphere sinks beneath continental 
lithosphere or younger oceanic lithosphere. 

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 feld-
spar and quartz. Commonly rich in biotite 
mica and amphibole (hornblende) and dark-
er than granite.

Turbidite: Sequence of clastic sedimentary 
rocks deposited by turbidity currents con-
taining dense mixtures of sediment and wa-
ter, 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 se-
quences 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 chem-
icals in the atmosphere and hydrosphere.

Xenolith: Fragment of country rock, or un-
melted 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.
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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. 




