
Geomorphology 
 

Exactly how does life shape landforms? (February 2006) 

The land’s present topography is not just the frontier between the lithosphere and the 
atmosphere and hydrosphere, but where plants of many different kinds grow. Whether in 
the form of cyanobacteria, lichens or luxuriant tropical rain forest, vegetation affects 
weathering, erosion and the deposition of sediments. Animals – leaving out humans – also 
have some influence, whether they be subterranean rabbits, moles and worms, or heavy-
footed beasts that force soils to move downslope. Inevitably life-land interactions affect 
landforms, although rock-type and active geological processes tend to dominate. 
Nonetheless, a planet with life ought to show different styles of surface shapes from one 
that is organically dead. The central issues for geomorphologists is whether or not it is 
possible to define absolutely the differences, and then to use them as a means of detecting 
the likely former influence of life on other worlds. 

Central to such a venture (Dietrich, W.E. & Perron, J.T. 2006. The search for a topographic 
signature of life. Nature, v. 439, p. 411-418; DOI:10.1038/nature04452) is the ability to map 
in detail the variation of topographic elevation. Digital topographic elevation data is now 
available for most of the Earth’s land surface at a resolution of between 90 and 30 m, the 
second only publicly available for the USA, from the groundbreaking Shuttle Radar 
Topography Mission of 2000. Aerial photography and high-resolution stereoscopic images 
from satellite such as Quickbird and Ikonos, allow resolution as sharp as a few metres.  Laser 
scanning from aircraft potentially can even improve that to the scale of a few tens of 
centimetres, but such high-resolution data are far from global. The planet Mars is now 
better endowed with elevation data than is our own planet, thanks to photogrammetric 
instruments carried by ESA’s Mars Express mission, and the shyness of various intelligence 
agencies to share publicly what they have gleaned from high-altitude aircraft and spy 
satellites. Nonetheless, it is now possible to analyse elevation data from the entire range of 
terrestrial biomes to see what signal vegetation has imposed on surface shape. An easy way 
to visualise that is simple – just use Google Earth (see The Digital Earth revolution Remote 
Sensing February 2006). 

Dietrich and Perron review the mathematical approaches to modelling life’s topographic 
influences, beginning with an equation that relates elevation and time to rates of uplift, 
erosion and entry of sediment into storage, thereby expressing conservation of mass.  All 
the variables are themselves governed by a variety of processes, theoretically amenable to 
quantification, summarised in Dietrich and Perron’s review. In each there will be some 
potential biotic influence. On Earth there are sufficient landscapes devoid of all but a minute 
veneer of organisms to assess both end-members clearly. Mars and Venus ought to be good 
tests.  But, should such a rigorous quantification of lifeless and lively surfaces at a spectrum 
of scales be achieved, where would we deploy it? 

 

How the Amazon formed (June 2006) 

The world’s largest drainage system in the Amazon basin is so huge that it might seem to be 
an eternal feature of South America, at least since that continent formed when opening of 
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the South Atlantic wrenched it from Africa in the Triassic. The upper Amazon takes much of 
its flow from rainfall in the eastern slopes of the Andes, but that range is still in the process 
of formation by tectonic and volcanic forces. A review of the Amazon’s evolution in a recent 
issue of Scientific American (Hoorn, C. 2006. The birth of the mighty Amazon. Scientific 
American, v. 294 May 2006, p. 40-47; DOI: 10.1038/scientificamerican0506-52 · ) shows that 
the river system is much younger than you might have expected. Lots of evidence points to 
the major eastward flow only beginning in the late Miocene, after 15 Ma ago. Before that 
drainage was northwards into the Caribbean, the reason being that the north-eastern Andes 
of Columbia and western Venezuela had not formed. When they did begin to rise, they 
hindered flow to create a huge wetland in what is now eastern Columbia. Eventually a 
northward drainage route was definitively blocked, so that flow took the easiest remaining 
route to the ocean; eastwards, to create the Amazon basin. 

 

Hydrogen isotopes test uplift hypotheses 

When Cenozoic mountain belts and high plateaux began to rise and be eroded has become 
a disputed topic about most of them, such as the Himalaya and Tibetan Plateau, the North 
American Western Cordillera, the Andes and the Ethiopian Plateau. A host of techniques 
have been used, including plant-leaf stomatal indices, the bubbles in lavas, cosmogenic 
isotopes and various stratigraphic approaches. For the Tibetan Plateau (see When did Tibet 
rise? and Tibetan uplift: looking a gift horse in the mouth in Palaeoclimatology March and 
May 2006) opinion is polarised: as soon as India collided with Asia, around 40-50 Ma ago, 
due to crustal thickening; as a result of a slab of lithosphere delaminating from the region as 
recently as the Late Miocene (8-10 Ma), when the crust rose gravitationally. There is 
support for both hypotheses. Much the same divergence of opinion applies to the Sierra 
Nevada of the Western USA, which may have been a major feature throughout the 
Cenozoic, or subject to delamination in the Pliocene (3 to 5 Ma ago). In its case, a new way 
of estimating topographic elevation in the past may resolve the disputation (Mulch, A. et al. 
2006. Hydrogen isotopes in Eocene river gravels and paleoelevation of the Sierra Nevada. 
Science, v. 313, p. 87-89; DOI: 10.1126/science.1125986). 

The Stanford University group led by Andreas Mulch have focused on the way in which the 
proportion of deuterium (2H) in rainwater changes as clouds rise over high areas. This is 
known quite precisely from modern hydrological studies. Of course, you cannot find ancient 
rainwater ponded in the place where it once fell, but that rain does find its way into clay 
minerals during weathering. The western flank of the Sierra Nevada is mantled by extensive 
Eocene gravels deposited by rivers that drained the area now occupied by the mountains. 
Handily, those gravels were the main target for the 1849 California Gold Rush and 
subsequent alluvial gold mining, so they have been well exposed by the prospectors 
throughout the Sierra Nevada. At high elevations they are preserved in river terraces, so it is 
possible to trace roughly the ancient drainage courses and sample a range of modern 
elevations. The hydrogen isotope data from kaolinite in cobbles of weathered granitic rocks 
are extremely interesting. They show that the Eocene rainwater that entered kaolinite 
molecules at different modern heights had fallen at a very similar range some 50 Ma ago. 
There seems little doubt that the Sierra Nevada had risen more than 2 km before the 
Eocene 
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Climate moves mountains (October 2006) 

Several times I have encountered the topic of how erosion contributes to uplift. That is 
more than just the iceberg-like bobbing up of the crust as the load on the underlying 
asthenosphere is eased by surface rock removal. One oddity is that as large valleys are 
carved the ridges and peaks that they separate can rise higher than the original lands 
surface from which they developed (see Erosion and plate tectonics May 2005). Now it is 
becoming clear that sideways movement of the crust beneath mountain ranges can also be 
a response to erosion; thrusts and nappes can respond to erosion as well as to plate 
tectonic forces. The most likely place where this might be happening is in the Himalaya, 
which produce a huge contrast in climate and erosion rate between their southern and 
northern sides by creating the world’s largest rain shadow. The evidence for this possibility 
is nicely reviewed by Kip Hodges of Arizona Sate University (Hodges, K. 2006. Climate and 
the evolution of mountains. Scientific American, v. 295 (August 2006 issue), p. 54-61).  

The highest erosion rates take place where rainfall during the Indian monsoon is greatest, 
on the SSW face of the Himalaya, especially in the foothills between about 1000 and 3500 
m. The Tibetan Plateau lies in the rain shadow of the Himalaya, and erosion is far less 
intense. Yet the Tibetan plateau is buoyed up by crust that is double the normal thickness, 
to an average elevation of around 5 km. In a crude way Tibet can be regarded as having a 
pressure head ‘dammed’ to the north of the Himalaya. Intense erosion at the foot of the 
mountain ‘dam’ is likewise akin to one cause of landslides: erosion of the toe of a slope. The 
gravitational potential of Tibet, combined with continual undermining of the Himalayan 
front must create a lateral force. Where the crust is able to behave in a plastic fashion, i.e. 
at depth, and if there are surfaces on which movement is possible — the north-dipping 
frontal thrusts of the Himalaya — then deep crust should be extruded sideways. In fact 
there are faults systems just to the north of the Himalaya that have the same dip as the 
thrusts, but an opposite sense of movement, directed northwards to create extensional 
detachments. The crustal zone in-between is the most likely to undergo extrusion. GPS 
measurements there and cosmogenic dating of the surface reveal that indeed this zone is 
experiencing  anomalously high rates of uplift. It is producing extremely high gradients on 
both hillsides and valley floors. 

 

Is weathering due to the weather? 

The name ‘weathering’ has always been taken to indicate a direct relationship between the 
atmosphere and the breakdown of rocks, i.e. at or very close to the surface. This is so easy 
to test that it comes as a surprise to find that nobody has really tried until recently 
(Yokoyama, T. & Matsukura, Y. 2006. Field and laboratory experiments on weathering rates 
of granodiorite: Separation of chemical and physical processes. Geology, v. 34, p. 809-812; 
DOI: 10.1130/G22625.1). Tadashi Yokoyama and Yukinori Matsukura of universities of Osaka 
and Tsukuba, Japan, placed small cut tablets of identical fresh granodiorite in three position: 
at the surface, buried above the water table and buried beneath the water table in one 
small catchment. These samples stayed there for 10 years. The only sample to show much 
sign of chemical breakdown of minerals was that buried below the water table. Does 
anyone claim that there is weather in groundwater? Just exposing fresh granodiorite in the 
laboratory to a constant flow of water chemically similar to the groundwater doesn’t 
accomplish the weathering (it is 50 times slower than when samples are buried). Chemical 
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weathering needs to involve soaking, when grain boundaries break down so that individual 
grains can become detached and allow yet more penetration.  

Most geoscientists who work on topics that involve chemical weathering, such as the 
changing release of tracer isotopes of strontium to estimate rates of weathering in the past, 
assume that it is all done by atmospheric carbon dioxide dissolved in rainwater or released 
by organisms in soil. It is accomplished by hydrogen ions that can be released by a great deal 
more processes than the formation of vary weak carbonic acid (e.g. organic acids and 
breakdown of sulfides). It now seems very clear that chemical weathering is a product of 
groundwater and burial, so should we call it weathering at all? 

 

Frost shattering (December 2006) 

Since water expands by 9% when it freezes, and neither liquids nor solids are particularly 
compressible, the old idea that freezing of water trapped in cracks breaks up rock might 
seem to have a lot going for it. So much that there have been no realistic experiments until 
now (Murton, J.B. et al. 2006. Bedrock fracture by ice segregation in cold regions. Science, v. 
314, p. 1127-1129; DOI: 10.1126/science.1132127). The authors from the Universities of 
Sussex UK, Alaska and Caen France used blocks of chalk whose lower halves were 
maintained below 0° C, simulating permafrost conditions. Their upper halves were frozen 
and thawed repeatedly  to simulate bidirectional (upwards from the permafrost and 
downwards from the chilled upper surface) and unidirectional freezing (downward freezing 
alone). The experiments also varied the moisture contents of the blocks of chalk. Sure 
enough the blocks did crack after about 150 days of cycling 

The results show clearly that it is not the expansion of ice distributed throughout the blocks’ 
pores that do the damage, but movement of water towards incipient cracks to fill them with 
ice. The cracks also do not form at the freezing temperature of water but at around -3 to -6° 
C, at which unfrozen water can move under pressure to increase the segregation of ice. At 
lower temperatures liquid cannot move sufficiently before freezing, and at slightly higher 
temperatures both water and ice can leak out. In many respects the process in rocks 
resembles that of water in unconsolidated sediments where capillary action helps draw cold 
water towards ice layers that begin to form as temperature falls. That induces them to grow 
rapidly to form ice wedges and even massive lenses that underpin the strange blisters or 
pingoes that dot Arctic river flood plains. It is also a process analogous to mineral growth. 
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