
Geohazards  
 

Letting Cameroon’s soda-pop lakes go flat (February 2003) 

In 2001 plans were announced to release CO2-rich water from the bottom of the notorious 
Lake Nyos (see Taming Lake Nyos, Cameroon April 2001) by setting in motion a sort of soda 
siphon.  A massive discharge of gas from Lake Nyos in 1986 killed 1700 local people, possibly 
after a small earthquake and landslide disturbed the bottom water.  Nearby Lake Monoun 
had already asphyxiated 37 people two years previously.  Both lakes are stagnant, and 
carbon dioxide released by exhalation from deep magma chambers dissolves under 
pressure in their deepest levels.  If the water rises, then it belches out dissolved gas, with 
potentially disastrous results.  Taming these killer lakes by bringing gas-rich water up pipes 
works because as the gas bubbles out of solution it rushes up the pipe dragging water with 
it, to create a fountain.  This is slowly relieving the danger of Lake Nyos, and there have 
been no problems caused by disturbing the deep water by the pipe’s presence, so far.  A 
French team from the University of Savoie is now installing a similar device in Lake Monoun, 
which poses a greater threat than Nyos, because the gas-rich water is only 60 metres down.  
Potentially far more dangerous are the lakes of the East African Rift system, where magma 
exhalation is far more widespread and seismicity more common.  Lake Kivu, near Goma on 
the border between Rwanda and the Democratic Republic of Congo, threatens far more 
people with a massively greater threat, which also includes huge volumes of buried 
methane.  Luckily, the lava flow there during early 2002 did not reach the gas-rich level.  The 
experience from Cameroon promises an eventually easing of the dangers elsewhere. 

Source: Krajick, K. 2003.  Efforts to tame second African “killer lake” begin.  Science, v. 299, 
p. 805; DOI: 10.1126/science.299.5608.805. 

 

Volcanic hazard assessment (April 2003) 

Unlike some natural catastrophes, there is no stopping a volcanic eruption.  The best that 
can be done is to give people who live in the danger zones sufficient warning that they can 
escape disaster.  Many volcanic areas are densely populated, largely because soils derived 
from lavas and ash are extremely fertile, and high volcanoes create decent rainfall because 
of their orographic effect.  Naturally, nobody likes to up sticks, whatever the dangers, least 
of all if there are false alarms.  As with seismic prediction, volcanologists do not have a good 
track record of foretelling big eruptions, even though a great many geologists cluster on and 
around volcanoes.  Most of them flock to areas with active lavas, pyroclastic flows and other 
lugubrious after effects of major activity.  However some do the painstaking work of trying 
to monitor the plumbing of volcanoes, to get a handle on which parameters are most likely 
to be authentic warnings of impending doom.  It is no longer a matter of experienced 
volcano watchers and their instinctive feel for when one is about to blow its top, but one of 
ever more sophisticated instruments and software to analyse data and model volcanoes’ 
inner workings.  The 28 March 2003 issue of Science (p. 2015-2030) devotes 16 pages to a 
review of volcano monitoring.  While advances are being made, there is still a long way to go 
before they can pay dividends by reducing the loss of life.  What is not going to go away, 

http://science.sciencemag.org/content/299/5615


even in the best of all possible scientific worlds, is the economic devastation that follows 
any geohazard. 

 

Long-term prediction of volcanic activity (May 2003) 

Unless it is possible to give people who live near dangerous volcanoes sufficient warning 
that they can escape disaster, eruption prediction might be looked on as a lugubrious topic.  
Up to now, there have been very few predictions that have been better than a few hours or 
days.  Mexico’s Popocatapetl gave two days warning in late 2001, and that was sufficient for 
a completely successful evacuation of those threatened.  In the case of the eruption of 
Nyirangongo in eastern Congo, a few months later, warning signs preceded eruption by 5 
days, but the people of Goma were not told and 45 people died trying to rescue possessions 
from the quiet, but relentless movement of a lava stream (see Is volcanic eruption 
predictable?  February 2002).  In both cases it was abnormal seismicity that presaged the 
events.  John Murray, of the British Open University, has analysed the statistics of seismic 
events and eruptions of possibly the world’s most monitored volcano, Etna on Sicily 
(Murray, J.B. 2003.  Seismicity and time-lagged lava output at Mount Etna: A new method of 
long-term forecasting at a destructive volcano.  Geology, v. 31, p. 443-446; doi: 
10.1130/0091-7613(2003)031%3C0443:SATLOA%3E2.0.CO;2).  Energy released during 19-
year periods by earthquakes beneath the volcano since 1870 shows a inverse relationship 
with 9-year lava production, which suggests that seismicity and eruption are widely 
separated in time over long periods.  However, by examining the correlation of seismic 
energy with eruption volume for time differences between the two from 0 to 50 years, 
Murray has been able to show that Etna increases its productivity roughly 25 years after 
major releases of seismic energy.  Using this as an input to a model that might predict 
eruption intensity, he has been able to mimic the actual volcanism through the 20th century 
with fair accuracy.  In his opinion, the very high eruption rate since 1950, which reached a 
peak in the 1990s, is only likely to decline a quarter of a century after large earthquakes (> 
magnitude 6) return to Sicily.  So, Sicilians have a difficult choice.  Should they worry about 
lava flows or earthquake damage?  Sadly, data suitable for broadening Murray’s method are 
available for very few volcanoes, all in quite prosperous countries. 

 

Modelling the duration and extent of mining contaminants (May 2003) 

Release of high concentrations of heavy metals and other pollutants to drainages is a 
natural consequence of geochemical anomalies associated with mineralization.  However, 
these have come to balance with the rest of the environment over periods measured in 
thousands of years or even longer.  They pose perpetual hazards, some of which are known, 
some not.  Environmental disturbance by mining and associated activities scales up releases 
of pollutants many times over those of natural origin.  Even with modern means of waste 
containment, escapes occur, sometimes of very large magnitude, such as the breaching of 
tailings dams or landslips in spoil heaps.  Of course, these hit the news when they happen, 
but assessing how long the pollution dwells in downstream areas and how it moves is not 
easy.  It requires some kind of model of the hydrology, erosion and sediment-transport 
characteristics of the affected drainage basins, that takes into account catchment 
topography and the size-distribution and density of escaped wastes.  Such a modelling tool 
is now available, having been developed at the University of Wales in Aberystwyth 



(Coulthard, T.J. & Macklin, M.G. 2003.  Modelling long-term contamination in river systems 
from historical metal mining.  Geology, v. 31, p. 451-454; doi: 10.1130/0091-
7613(2003)031<0451:MLCIRS>2.0.CO;2).   

It is complex, because it combines the 3-D shape of basins with water discharge and depth, 
vegetation cover, depth to bedrock and the properties of released materials. In a simulation 
of hydrological dynamics.  TRACER is able to take account not just of the fate of grains that 
enter drainages, but how they are deposited in alluvium and then reworked by later 
changes in hydrology.  Coulthard and Macklin apply the model to the base-metal mining 
district of Swaledale in North Yorkshire, England, where production began in 1700 and 
ended 200 years later.  Swaledale was a minor producer of lead and zinc in modern terms, 
and the miners paid scant attention to environmental protection.  Results suggest that 
contamination spread downstream to the flat land of the Vale of York in only 10 years after 
mining started, but the pollution lingers, and seems likely to stay above safe limits until well 
after the start of the 22nd century.  When possible increases in rainfall through global 
warming are factored in, the simulation remains much the same for 10 to 25 % rises, and 
only moves towards clean-up with 50 to 100 % increases in precipitation, when clean 
sediments should dilute the pollutants.  As well as predicting the general effects of 
contaminant releases, TRACER is able to highlight parts of a drainage basin that are 
particularly at risk due to trapping of sediments.  Mining in Swaledale produced, at most, 
only about 600 thousand cubic metres of metal-rich waste, fine enough to be transported 
by water.  Recent escapes from tailings dams and landslipped spoil heaps, as in Spain and 
OK Tedi in Papua New Guinea, were orders of magnitude larger. 

 

Radon emissions and earthquakes (June 2003) 

Models abound for predicting earthquakes from past seismicity and detailed tectonic maps, 
analogous to those suggested for prediction of volcanic hazards.  The Izmit earthquake of 17 
August 1999 in Turkey was among the most savage in recent years and killed thousands.  It 
was as powerful (magnitude 7.8) as the celebrated 1906 San Francisco earthquake, and like 
it stemmed from movement on a continental-scale strike-slip fault.  The North Anatolian 
Fault is almost as well studied as the San Andreas line, and seismicity was known to be 
heading westwards well before the Izmit catastrophe.  Indeed, the Izmit area was predicted 
to be next on the list, yet no preparation had been made, even by Turkish tectonicians who 
had been involved in seismic analysis.  Chinese geoscientists take a different approach to 
seismic prediction than those in the west – over the last few centuries, hundreds of 
thousand Chinese people have perished in earthquakes.  They are trying to organise local 
people to monitor possible precursors to earthquakes, such as rises in water levels in wells 
and strange behaviour of animals.  They have had some notable successes, including 
preparation for one earthquake in recent years that saved an estimated 80 thousand people 
in one particularly hazard prone city.  The Geological Survey of Israel has been testing a well 
known correlation between the times of anomalous radon emissions from the ground and 
earthquakes along the Aqaba Fault that controls the Dead Sea.  Over a 7-year period, hourly 
scintillation-counter readings of radon emissions from springs, wells and especially gravels 
near known active faults allowed a rigorous test of a possible prediction system, because in 
that time there were almost 800 minor earthquakes (Steinitz, G. et al. 2003.  Statistically 
significant relation between radon flux and weak earthquakes in the Dead Sea rift valley.  
Geology, v. 31, p, 505-508; DOI: 10.1130/0091-7613(2003)031<0505:SSRBRF>2.0.CO;2).  For 
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events beneath the Dead Sea rift, there is a good correlation between the start of radon 
emission increases and earthquakes, which suggests that about 3-days warning could be 
given, if the monitoring was widely deployed.  The same cannot be said for small tremors 
with a source outside of the active fault zones.  The success may possibly be because 
sufficient radon to be easily detected is generated by radioactive decay of uranium in a 
phosphorite bed that underlies the study area. Radon escape to the surface is possibly 
eased when microfractures begin to open as strains build before an earthquake.   

 

Remote signs of earthquakes (July 2003) 

All manner of ground-based observations have been tried as means of timely predictors of 
pending earthquakes, ranging from strange behaviour of wildlife to emissions of radon from 
wells (see Radon emissions and earthquakes above).  So far, none of them have been 
universally useful, although there have been successful evacuations of threatened 
populations, principally in China, whose seismologists have focused on a wide range of 
signals.  Ideally, what is needed is some kind of global monitoring, and as with attempts to 
predict volcanic eruptions the only realistic means is from satellite surveillance.   

Long ago, the late Doug Shearman of the Royal School of Mines at Imperial College, London 
introduced me to the peculiar properties of the mineral dolomite, as discovered by the man 
whose name it takes, Count Deodar de Dolomieu.  If you rub two lumps of dolomite 
together in a darkened room, they emit a sinister glow, and so do other minerals, such as 
quartz and even sugar.  Excellent for amusing the kids.  But then I learnt of “earth lights”, 
which had been photographed by Japanese observers just before earthquakes, in the 
vicinity of active faults – previously they were supposed to be as mythological as the fire 
balls during thunder storms (also a proven fact now).  At about the time, the Landsat 
remote sensing satellite captured images during its night-time overpasses, on request.  A 
nice, if a little “blue skies” research project.  I submitted a brief proposal to my 
department’s research committee for ranking along with other studentship projects.  
Perhaps my wry attitude to what had become somewhat dominated by other disciplines 
than remote sensing coloured my efforts; it was rejected.  So it was with some glee, a 
decade later, to find that NASA and the US Federal Emergency Management Agency had 
been testing the idea using weather satellites and the MODIS instrument carried by the 
Terra platform since 2000 (Enriquez, A. 2003.  The shining.  New Scientist, 5 July 2003, p. 26-
29).  Encouragingly, though not for their victims, the devastating 1999 Izmit and 2001 
Gujarat earthquakes were preceded by increased infrared emissions, detected from space, 5 
days before the event.  Experiments show that when rock is stressed, emissions build up, 
and then vanish once the rocks fails, as in an earthquake, so the method looks very 
promising. 

Another seismic phenomenon is changing magnetic fields around the site of failure.  This 
was first noticed from magnetometer records on the ground before the 1989 Loma Prieta 
earthquake that damaged large tracts of northern California.  Magnetic field variations too 
can be monitored from orbit.  The privately funded QuakeSat, launched on 30 June 2003 
aims to test this possibility, as will a more ambitious French satellite, due to reach orbit in 
April next year (Reichhardt, T. 2003.  Satellites aim to shake up quake prediction.  Nature, v. 
424, p. 478). 

 

https://www.newscientist.com/article/mg17924024-500-the-shining/
https://www.nature.com/articles/424478b.pdf?origin=ppub


Arsenic threat widens (August 2003) 

The threat of arsenic poisoning from the use of groundwater (see October and December 
2002) is wider that the well-publicised delta of the Ganges-Brahmaputra rivers in 
Bangladesh (Pearce, F. 2003.  Arsenic’s fatal legacy grows.  New Scientist, 9 August 2003, p. 
4-5).  Although springs from rocks that contain arsenic-bearing sulphides, particularly mine 
drainages, were once the main hazard, increasing use of water from tube wells into alluvium 
have greatly increased the incidence of arsenic-induced ailments.  This is sadly ironic, 
because massive investment in well boring since the 1960s aimed at reducing the endemic 
gastro-intestinal infections and parasites from polluted surface water in many third-world 
countries.  Arsenic is a cumulative poison, building up to dangerous levels over several 
years.  So ill-health, including fatal liver cancer, does not immediately appear in populations 
that are at risk.  Areas in which metals are mined are obvious places where caution is 
needed in groundwater development, particularly where the ores are sulphides – 
arsenopyrite is a common waste mineral in gold mining.  However, mines produce relatively 
small zones of risk.  The alluvium derived from large mountain ranges, in which sulphides 
occur commonly in sediments and igneous rocks, pose the widest hazards.  That is the case 
in Bangladesh.  However, reports are emerging of similar problems in the Ganges flood plain 
in Bihar, India and Nepal, the Mekong Delta in Vietnam, lowland China and the Argentine 
Pampas, each affecting more than half a million people, together with lesser cases in 11 
other countries, including the USA.  Over a billion people world-wide have no access to 
clean drinking water, and a favoured solution is to develop local groundwater.  The arsenic 
tragedy is not going to stop that necessary improvement in people’s lives, but rigorous 
testing for chemical contaminants is now a must.  Also, there are means of cheaply 
removing arsenic from contaminated water – it is almost totally adsorbed by the iron 
hydroxides that form rust when conditions are oxidising.  In fact, if wells are driven into 
zones of oxygen-rich groundwater, dissolved arsenic is rarely apparent – part of the problem 
in Bangladesh is extraction from levels where groundwater has reducing chemistry. 

 

Senile dementia and copper (August 2003) 

The chemical constituents of drinking water vary a lot, according to where you live, and 
some like arsenic are widely feared.  Having a well drilled into pure silica sand fed with 
rainwater is not the answer.  Humans get a sizeable proportion of essential elements from 
the water that they drink, and pure water would result in deficiencies of many elements.  
Upper limits for many potentially harmful elements are set legally in some countries, and 
the World Health Organisation offers useful advice.  However, little is known about the 
geochemistry of human health, when it lies within advised limits.  Recent biomedical 
research reveals a possible link between copper in drinking water and Alzheimer’s Disease 
(Sparks, D.L. & Schreurs, B.G. 2003.  Trace amounts of copper in water induce {beta}-
amyloid plaques and learning deficits in a rabbit model of Alzheimer's disease. Proceedings 
of the National Academy of Sciences, 14 August 2003 – online publication; DOI: 
10.1073/pnas.1832769100).  Two experiments investigating the effects of high-cholesterol 
intake on rabbits both suggested that beta-amyloid plaques, implicated in human senile 
dementia, build up with cholesterol intake.  Nothing too surprising in that.  However, the 
results differed significantly between the two laboratories, one in the USA, the other in New 
Zealand.  Trying to work out why two labs should get such different results, Larry Sparks of 
the Sun Health Institute in Arizona discovered that the New Zealand rabbits drank tap 
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water, whereas his were given distilled water.  The US rabbits had significantly less plaque 
build-up than those studied in New Zealand, so perhaps water chemistry had an input.  
Sparks and his colleague varied the copper content of their rabbits’ water, and found that 
even with one-tenth the maximum safe concentration advised by the WHO, plaque built up 
50% faster in the hapless animals.  However, it is early days in this research.  Cells possibly 
contain numerous mechanisms that fight off accumulation of potentially harmful elements, 
and perhaps the plaques implicated in Alzheimer’s play such a role.  One line of 
investigation is to check records of the incidence of Alzheimer’s against local water 
chemistry, but both kinds of record, even in well-heeled countries like the USA and Britain, 
are rudimentary to say the least.  If there is a risk, it is likely to be highest among people 
who use local well water in metal mining areas, or where bedrock includes sediments that 
contain high copper concentrations, sulphidic shales being a widespread example. 

Source: Marx, J. 2003.  Possible role for environmental copper in Alzheimer’s Disease.  
Science, v. 301, p. 905; DOI: 10.1126/science.301.5635.905a 

 

Low-cost disaster monitoring from satellites (September 2003) 

With little hype, a British company (Surrey Satellite Technology Limited, linked to the 
University of Surrey) is beginning to develop a constellation of remote sensing satellites that 
aim at monitoring a variety of threatening phenomena across the whole planet.  The 
Disaster Monitoring Constellation produces images at the same resolution (about 30 
metres) as the US Landsat Thematic Mapper, but is unique in two aspects.  The satellites 
and launching them are cheap, because they are tiny by comparison with the giants 
normally associated with remote sensing, weighing in at only a few hundred kilograms, and 
they also use off-the-shelf components including the imaging devices.  Second, the four 
current DMC satellites fly in concert to cover the whole Earth with images 600 km across 
(Landsat images cover less than a tenth of the area) every day. No other system is capable 
of that degree of timeliness, the shortest “revist” time to now having been 16 days.  SSTL 
does not own the satellites or the data, but builds them on contract for developing 
countries.   

The first to reach orbit, in November 2002, belongs to Algeria.  It was joined on 27 
September 2003 by three more, sponsored by Turkey, Nigeria and the UK, which were 
successfully launched by a Kosmos rocket from Plesetsk in northern Russia, at a total cost of 
around $85 million.  These will be joined by similar platforms sponsored by China, Thailand 
and Vietnam in the next few years.  The targets are wildfires, floods, windstorms, volcanic 
eruptions, erosion and potential landslides, with the added benefit of very detailed 
information about changes in agriculture and forestry, and baseline mapping of geological 
and hydrological features.  Perhaps most important, it gives less affluent countries 
independent access to space imagery, which can only boost the confidence of natural 
scientists in the third world who are venturing into remote sensing after years of playing 
second fiddle to North American, Japanese and European specialists.  Organisations, such as 
Reuters Foundation AlertNet and the International Charter, plus other international disaster 
relief organisations, can tap in for images at very short notice  Astonishingly, SSTL has 
launched and is planning imaging satellites that weigh in as little as 7 kg.  The low-key 
announcement of the launch of the 3 latest members of the DMC coincided with US and 

http://www.freerepublic.com/focus/f-news/965220/posts
https://doi.org/10.1126/science.301.5635.905a
https://www.sstl.co.uk/media-hub/featured/the-disaster-monitoring-constellation


British hype-fests centred on the current missions to Mars.  There is little doubt which will 
provide the most lasting benefits. 
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