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Mountains are an expression of buoyancy in the outer-
most part of the Earth, caused by density contrasts in
the lithosphere and underlying asthenosphere, as de-
scribed by the principle of isostasy. The biggest den-
sity contrast is between the lower density crust and
more dense mantle, and so changes in crustal thick-
ness are the main reason for the creation of the
planet’s highest and most extensive mountain ranges,
in the Andes of South America, and the great ranges
of Central Asia, in Tibet and the Himalaya. Crustal
thickening is primarily a result of crustal shortening,
driven by horizontal forces in the lithosphere. The re-
sponse of the lithosphere to these forces depends on its
thickness and rheology, and when tectonic plates con-
verge, mountain ranges will form where the litho-
sphere is weak and thin, pushed up by the same forces
that drive the plates themselves, though limited by the
maximum force that can be transmitted across the
plate interface. The smaller density contrast between
the lithospheric mantle and underlying less dense
asthenosphere will also play a subsidiary role in the
elevation of mountain belts, depending on changes in
lithospheric thickness. The nature of deformation dur-
ing mountain building is strongly controlled by the
interaction of lithosphere of different strengths.
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Introduction

HIGH mountains rising up several kilometres form a rela-
tively small fraction of the land area on the planet, yet for
those who have travelled amongst the towering snow-
capped peaks of the European Alps, or the Rocky Moun-
tains and Andes in the Americas, or the vast ranges of
Asia, they are features that can hardly be missed (Figure
1), and discovering their origins has proved to be one of
the keys to understanding the way the outer part of the
Earth —the strong outer shell called the lithosphere —
works.

The fundamental scientific problem is one of dyna-
mics: the nature of the forces that both create and support
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high mountains, and the response of the lithosphere to
these forces. Here, we are not talking about individual
peaks, even ones as high as Everest, but rather the general
elevation of the Earth over horizontal distances of tens to
hundreds of kilometres — this would be the smoother
bulge in the Earth’s surface one would get if one could
somehow bulldozer all the peaks into the surrounding
valleys. From this point of view, it is the high plateau of
Tibet in Central Asia, or the Altiplano in the Central
Andes — extending for 100s to 1000skm at 4 to 5km
above sea level — that are the dominant high bulges in the
continents today. All the other mountain ranges are rela-
tively small by comparison, reaching average elevations
of only 1 to 2 km, though prominent features of the
Earth’s surface nonetheless (Figure 2).

The creation of a mountain range leads directly to pro-
found interactions among the solid Earth, biosphere and
atmosphere, generating topography and driving rainfall,
erosion, sedimentation, chemical rock weathering, CO,
draw-down, and climate change, as well as giving us in
places the dry land we live on. It is therefore not surpris-
ing that ever since scientists and philosophers first started
thinking about the history of our planet, the formation of
large mountain ranges has played a prominent role in
their ideas.

Vertical forces beneath mountains

So why are some areas of the continents much higher
than everywhere else? It was the work of surveyors in the
18th and 19th centuries, trying to measure the shape of
the Earth with the greatest possible accuracy, which pro-
vided the first clues. The famous French expedition to
Ecuador in 1735, led by Charles-Marie de La Condamine,
showed that contrary to expectation, the sideways pull of
gravity amongst the high Andean peaks, measured by the
deflection of a plumb bob from the vertical, was negligi-
ble, despite the vast bulk and mass of these mountains.
More than a century later, the great survey of India
revealed essentially the same result when it was found
that the gravitational deflection of the plumb bob on the
plains of northern India, immediately south of the high
Himalayan peaks, such as Mt Everest, was only about
half that predicted from the mass of these mountains
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