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Changing the world (April 2005) 

Because human activities have transformed the vegetated face of our home planet, caused 
its climate to warm and pushed an increasing number of other species over the edge of 
extinction, some circles have coined the name “Anthropocene” for the last half of the 
Holocene Epoch.  Human induced change almost certainly began as soon as settled 
agriculture arose to dominate most societies (see Did the earliest agriculture kick-start 
global warming? Climatology March 2005).  In terms of atmospheric emissions and 
mobilizing metals we now push natural rates close: facts that emerge from annual reviews 
of mining and energy use.  But are we truly significant geological agents as well as influences 
on the atmosphere and biosphere?  Two articles suggest that we are. 

Quarries, mines and other excavations are obvious signs of human erosive power, but our 
farming activities produce insidious results by inducing soil erosion.  Although its effects are 
well known from such areas as the Ethiopian Highlands and the 1930’s “Dust Bowl” of the 
US mid-west, a global measure of the rates involved requires a careful compilation of  
quantitative data.  Bruce Wilkinson of the University of Michigan has made the first attempt 
(Wilkinson, B.H. 2005.  Humans as geological agents: A deep-time perspective.  Geology, v. 
33, p. 161-164; DOI: 10.1130/G21108.1).  Throughout the Phanerozoic, the volume of 
sedimentary rocks suggests that enough erosion has taken place to have stripped a uniform 
blanket 3 km deep from the continental surface.  That gives an average erosion rate for the 
last half-billion years of Earth history of the order of tens of metres per million years.  
Assembling information about current rates of human-induced stripping, roughly divided 
30:70 between excavation and soil erosion, Wilkinson arrives at a staggering figure for 
anthropogenic denudation: hundreds of metres per million years.  Our activities in the outer 
part of the rock cycle are an order of magnitude greater than purely natural rates of 
weathering, erosion and transportation.  He suggests that humanity began to outpace 
sedimentology sometime around the time of the Norman Conquest. 

This worrying picture might seem to indicate that rates of sediment deposition on 
continental margins are also tremendously elevated by our actions.  That aspect has been 
studied by geoscientists from the US and Holland (Syvitski, J.P.M. 2005.  Impact of humans 
on the flux of terrestrial sediment to the global coastal ocean.  Science, v. 308, p. 376-380; 
DOI: 10.1126/science.1109454).  The opposite is happening.  Syvitski et al.’s analysis of 
historical sediment loads in the catchments and lower reaches of the worlds major rivers 
shows that while overall sediment transport has increased by 2.3 Gt per year, since human 
effects became noticeable in the sedimentary record, the amount delivered to the sea has 
fallen.  Some 1.4 Gt no longer add to marine sedimentation each year.  Instead, that mass 
ends up behind dams of one kind or another.  In the last 50 years, more than 100 Gt, 
containing 1 to 3 Gt of carbon is in silted up reservoirs, or redistributed to farmland by 
irrigation diversions.  One of the outcomes is that natural coastal protection by spits and 
sand bars is growing less effective.  Another is that less nutrients are getting to the near-
shore marine biosphere, with possible effects on fish stocks, coral reefs and other habitats. 
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Stay of execution for Quaternary (June 2005) 

The last remaining division of geological time that Giovanni Arduino erected in the mid- to 
late 18th century, has been under threat for some time.  For over seven years, the ‘Time 
Lords’ of the International Commission of Stratigraphy (ICS) have striven to resolve, at least 
for a while, all the fundamental divisions of stratigraphic nomenclature.  To the horror of 
researchers concerned with the last 2.4 million years or so, publication of the new time 
scale in 2004 seemed to have allowed the Neogene to swallow the Quaternary Period 
whole.  Muttering broke into a storm of angry e-mails from Quaternary scientists 
demanding its restoration. 

The reason behind the annoyance is simple.  The Quaternary is unique for two reasons: it 
includes the Great Ice Age, and it is the time of humanity – the first stone tools appear in 
the geological record between 2.4 and 2.6 Ma ago.  But those who demand the resurrection 
of the old name are not entirely in agreement among themselves, particularly about when it 
started.  The problem arose from the manner in which systematisation of both relative and 
radiometric time evolved.  Arduino and his followers recognised four divisions only, Primary, 
Secondary, Tertiary and Quaternary based on decreasing compactness and complexity of 
rocks exposed in Italy.  The Quaternary was defined as unconsolidated material that sat 
upon the other three.  As fossils became the main tools of establishing relative time and 
wide correlation, Primary and Secondary were soon dropped.  But Tertiary and Quaternary 
remained as broad divisions until the late 20th century.  Tertiary strata were now termed the 
Cenozoic Era divided into two Periods – Palaeogene and Neogene – and  5 lesser Epochs, 
But the Quaternary remained as Period split into two Epochs: Pleistocene and Holocene.  
Then the 2004 edition of the IUGS/ICS stratigraphic wall chart simply expunged the 
Quaternary and declared it to be “not a formal unit in the chronostratigraphic hierarchy” 

 

Chastened Time Lords at the 2005 meeting of ICS 

Uproar burst at a meeting of the ICS  the 32nd International Geological Congress in Florence 
in August 2004, and the Commissioners were duly chastened and apologetic.  It set up a task 
force to reunite the warring forces, or at least to draw plans for a truce. The task force voted 
in early June 2005 to retain the name Quaternary and to set its beginning at 2.6 Ma, thereby 
defining it as both the Great Ice Age and that of humankind.  Ironically, 2.6 Ma also marks 
the start of the Late Pliocene, defined by a Global Boundary Stratotype Sections and Point 
(the midpoint of sapropelic Nicola Bed ("A5"), Monte San Nicola, Gela, Sicily, Italy). You see, 



there has to be somewhere that you can visit and ‘put your finger on the proper boundary’.  
This particular GSSP is defined as a stage in the fluctuation of oxygen isotopes in deep-sea 
sediments, at the start of the Matuyama geomagnetic reversal, and just below the points of 
extinction of two echinoid species…  Incidentally, the ICS is by far the largest of the bodies 
within the International Union of Geological Sciences, the ‘UN’ of the geoscience 
community.  Acquiring the prestige of a GSSP ranks with many countries’ geoscientists at 
least as high as hosting an Olympic Games. Italy hosts 9 of the 22 Cenozoic GSSPs (5 are not 
yet placed), so clearly Arduino’s influence has been long lasting in some respects.  Several 
features of the New Timescale as a whole may confuse far into the future (should it stand 
the test of time).  The Stage names, learned by generations of stratigraphers, often through 
cunning mnemonics, are mainly taken from places or regions.  Most of the GSSPs at their 
bases are somewhere else (browse http://www.stratigraphy.org/). 

Source: Giles, J. 2005.  Geologists call time on dating dispute.  Nature, v. 435, p. 865. 

 

BIFs and bacteria (November 2005) 

Banded iron formations (BIFs) are by far the largest repositories of economic iron ore on 
Earth, and mines in them dwarf all but the largest surface coal mines. They also present one 
of the most enduring paradoxes in geochemistry. BIFs consist of oxidised iron in the form of 
iron(III) oxide (mainly hematite, Fe2O3), yet formed before about 2 billion years ago, when 
the Earth’s atmosphere and oceans were devoid of free oxygen. In fact the very formation 
of BIFs presupposes that iron must have been freely available in seawater as dissolved ions 
of its reduced form, iron(II). Their formation has been linked to the excretion of oxygen by 
photosynthesising cyanobacteria in the photoc zone of Archaean and Palaeoproterozoic 
seas, which would immediately combine with iron(II), thereby buffering environmental 
oxygen at very low levels. The problem with that hypothesis is BIFs show every sign of 
having accumulated in extremely quiet conditions: they contain the most exquisitely fine 
banding that in some cases has been linked to a diurnal cycle. The photic zone would have 
been one of high wave energy. A more environmentally viable hypothesis has to take 
account of that and place the environment of BIF deposition in deeper water. 
Biogeochemists of the California Institute of Technology and the University of Alberta have 
perhaps helped to resolve all the paradoxes surrounding BIFs (Kappler, A. et al. 2005. 
Deposition of banded iron formations by anoxygenic phototrophic Fe(II)-oxidizing bacteria. 
Geology, v.  33, p. 865-868; DOI: 10.1130/G21658.1). The bacteria that they cite as agents 
for iron(III) precipitation use the photon energy of ultraviolet radiation to oxidise iron(II) to 
iron(III), and in doing so use the freed electrons to reduce CO2 and water to carbohydrate – 
this is not photosynthesis that uses light energy to increase the energy of electrons so that 
they perform the life-giving reduction. Solar ultraviolet radiation penetrates to much greater 
depths than the red light exploited by photosynthesisers, and could therefore fuel BIF 
formation below storm wave base at depths greater than 200m. 

 

Sea level bonanza (November 2005) 

The ups and downs of sea level through geological time constitute a ‘beat’ to which 
sedimentation responds by inundation of and withdrawal from the land.  The ‘big picture’ is 
one forced by changes in the volume of the ocean basins as plate tectonics waxed and 
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waned, together with long periods when land ice locked sea water away.  A closer focus has 
stemmed from the changes of oxygen isotopes in benthonic (bottom-dwelling) plankton 
remains that record details about advances and retreats of polar land ice, most 
spectacularly from the record of the Pliocene and Pleistocene. These ongoing, higher 
frequency fluctuations in sea level formed the key to verifying Milankovich’s theory of 
astronomical controls over climate.  There are also fluctuations of the order of thousands to 
tens of thousand years that seem terrestrial in origin, such as the Bond and Dansgaard-
Oeschger cycles.  Shorter cycles still have had various causes ascribe to them.  For 
inhabitants of near-sea level cities and flat ocean islands, rising sea level is a realistic 
concern. It is rising just now at about 3 mm per year (in the 1950s the annual rise was half 
that), mainly because surface sea water is expanding as a result of anthropogenic warning 
and polar ice is melting. 

November 2005 was valuable for geoscientists interested in fluctuating sea level, and most 
sedimentologists are in that category because the stratigraphic record is primarily governed 
by this eustatic (world-wide) rhythm. The earliest information on long-term sea-level change 
came from studies of continental transgressions and regressions that are preserved as onlap 
and offlap features between strata. That approach was greatly aided by detailed seismic 
sections gathered by petroleum explorationists, in which such features show up a great deal 
more readily than they do in limited exposures on land. The results of many different 
methods of charting eustasy are wonderfully summarised by a large team of US 
geoscientists (Miller, K.G. and 9 others 2005. The Phanerozoic record of global sea-level 
change. Science, v. 310, p. 1293-1298; DOI: 10.1126/science.1116412). Their review covers 
the last 543 Ma, and reveals several novel aspects. It has been known for over 30 years that 
the higher frequency sea-level changes correlate well with oxygen isotope records, because 
of the preferential evaporation of water that contains light 17O. When evaporated ocean 
water ends up in long-term storage as land ice, the proportion of heavier 18O rises in 
seawater and in carbonates extracted from it by organisms. The broad view also shows a 
sea-level - δ18O correlation though, and that probably reflects expansion and contraction of 
the volume of ocean water as mean global temperature rose and fell on the scale of tens of 
million years. That the Cretaceous was the period during which sea level reached an all time 
high during the Phanerozoic has been well known for over a century, and manifested itself 
in the production of giant ‘carbonate factories’ on shallow shelves of inundated continental 
lowlands. Famously, that was ascribed to vast production of new oceanic crust, both by 
accelerated sea-floor spreading and outpouring of huge submarine flood basalts, such as the 
Ontong Java Plateau of the west Pacific floor. Putting together all the pertinent data, 
however, suggests that Cretaceous tectonics was not nearly as vigorous as once suspected. 

Unsurprisingly, sea level studies are ‘hot’ and researchers have a better than even chance of 
getting publications into press in the most august of journals, and a readership to boot. 
There is a great deal of information on past and current sea level fluctuations, and a great 
deal of thought has gone into acquiring data.  Dotted around the world's coast lines are tide 
gauges of the most exquisite precision; so precise in fact that the outermost ripples of the 
Boxing Day tsunamis were detected at the antipode of the earthquake that caused them. 
Whether or not watching these gauges continuously is a fulfilling task, the long-term records 
have revealed a surprise (Church, J,A, et al. 2005. Significant decadal-scale impact of 
volcanic eruptions on sea level and ocean heat content. Nature, v. 438, p. 74-77). Since 
1960, global sea level has been up and down like a yo-yo, deviating by ± 2-3 mm from the 
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longer-term mean at a rate measured in decades.  This correlates well with five major 
volcanic eruptions during the last 45 years, such as El Chichon and Pinatubo. The first effect 
is a rapid fall (6 mm in a year, after Pinatubo erupted), probably resulting from global 
cooling and reduced rainfall caused by sulfate aerosols injected into the stratosphere, 
followed by slow recovery.  It seems odd that volcanoes have a bigger effect on sea level 
than overall global warming, yet other records show their profound global effects. The fall in 
sea level must be dominated by shrinkage of cooled surface water. Interesting, and quite 
possibly a boost for those in denial over global warming.  
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