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Mercury: In places a moist, organic-rich world... (January 2013) 

 

Full-colour image of Mercury from MESSENGER  (credit: NASA) 

Astronomers ushered in 2013 by suggesting from Kepler spacecraft data that the Milky Way 
galaxy alone probably hosts at least a hundred billion extrasolar planets and that a 
potentially habitable world the size of Earth probably lies within 20 light years of ours. OK, 
so there are at least 10-15 planets out there for every person likely to be alive by the mid-21 
century when the technology becomes available to judge whether or not any of them hold a 
shred of interest for a population facing worsening living conditions right here. 

Mercury is closer and currently being peered at in considerable detail by NASA’s 
MESSENGER mission to the Sun’s closest planet. The venture seems to have justified itself – 
and probably JAXA/ESA’s forthcoming BepiColumbo to be launched in 2015, arriving in 2022 
– by showing that the long suspected ‘cold traps’ at Mercury’s poles have indeed trapped 
something: ice and abundant organic debris (Neuman, G.A . and 10 others 2013. Bright and 
dark polar deposits on Mercury: evidence for surface volatiles. Science, v. 339, p. 296-300). 

The planet is exceeding rough, having been hit by objects of all sizes yet possessing 
insufficient internal energy to repave itself. Its axis of rotation is at a right angles to 
Mercury’s orbital plane, much like that of the Moon, so its polar regions are perpetually 
short of solar radiation. Deeply shadowed places have been measured by infrared 
radiometry to be as cold as 25 degrees above absolute zero. Any volatile materials that 
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might have landed in them or condensed there from earlier atmospheres might seem likely 
to stay there indefinitely. Not quite so, for the most likely compound, water ice, can 
sublimate away (directly from the solid to vapour state). Nevertheless, remote sensing 
shows the north polar region to be somewhat mottled dark and light on shadowed 
poleward-facing surfaces. The properties of backscattered radar beams and detection of 
emitted neutrons are consistent with the bright areas being water ice (Lawrence, D.J. and 12 
others 2013. Evidence for water ice near Mercury’s north pole from MESSENGER neutron 
spectrometer measurements. Science, v. 339, p. 292-296; DOI: 10.1126/science.1229953). 
First estimates give a total ice volume of around 10 to 1000 km3 compared with almost 3 
million km3 in the Greenland ice cap. 

It’s the dark stuff that sets Mercury apart from, say, the Martian or lunar poles, the idea 
being that comets or icy asteroids impacting Mercury would have delivered complex organic 
compounds as well as water ice. This would temporarily give otherwise airless Mercury an 
atmosphere of volatiles, parts of which might condense in the perpetually shaded parts of 
the polar region. Sublimation of exposed ice would have left a residue rich in those organic 
compounds that eventually protected deeper ice from fading away with time. 

Now, imagine how supremely excited exo-planet hunters would be if they picked up such 
signals from a truly far-off world. 

Related articles: Messenger spots Mercury performing organic chemistry 
(myscienceacademy.org); Lucey, P.G. 2013. A wet and volatile Mercury. Science, v. 339, p. 
282-283; DOI: 10.1126/science.1232556. 

 

Sea level change (July 2013) 

A paper in the latest issue of the Geological Society of America’s Bulletin focuses on major 
controls on past sea-level changes by processes that operate in the solid Earth (Conrad, C.P. 
2013. The solid Earth’s influence on sea level. Geological Society of America Bulletin, v. 125, 
p. 1027-1052; DOI: 10.1130/B30764.1) Conrad covers sea-level changes on the short- (1 to 
100 years), medium- (1 to 100 ka) and long term (1 to 100 Ma). The first two mainly result 
from local deformation of different kinds associated with glacial loading and unloading. 
These result in changes in the land surface, the sea surface nearby and on thousand year to 
100 ka timescales to ups and downs of the sea-bed. Global sea-level changes due to melting 
of continental glaciers at the present day amount to about half the estimated 2 to 3 mm of 
rise each year. But increasingly sensitive measures show it is more complex as the rapid 
shifts of mass involved in melting ice also result in effects on the solid Earth. At present solid 
mass is being transferred polewards, but at rates that differ in Northern and Southern 
hemispheres and which are changing with anthropogenic influences on glacial melting. 
Viscous movement of the solid Earth is so slow that effects from previous glacial-interglacial 
episodes continue today. As a result rapid elastic movements are tending to produce 
relative sea-level falls in polar regions of up to 20 mm per year with rising sea level focusing 
on areas between 30°N and 30°S. The influence of the slower viscous mass transfer has an 
opposite sense: sea-level rise at high latitudes. Understanding the short- and medium-term 
controls is vital in predicting issues arising in the near future from natural and 
anthropogenic change. 
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Comparison of two sea level reconstructions during the last 500 Ma. (credit: Wikipedia) 

 Most geologists are concerned in practice with explanations for major sea-level changes in 
the distant past, which have a great deal to do with changes in the volumes of the ocean 
basins. If the global sea-floor rises on average water is displaced onto former land to 
produce transgressions, and subsidence of the sea floor draws water down from the land. 
Conrad gives a detailed account of what has been going on since the start of the Cretaceous 
Period, based on the rate of sea-floor spreading, marine volcanism and sedimentation, 
changes in the area of the ocean basins and the effects of thermally-induced uplift and 
subsidence of the continents, showing how each contribution acted cumulatively to give the 
vast transgressions and regressions that affected the late Phanerozoic. On the even longer 
timescale of opening and closing of oceans and the building and disintegration of 
supercontinents the entire mantle becomes involved in controls on sea level and a 
significant amount of water is chemically exchanged with the mantle. 

 

Mantle structures beneath the central Pacific (September2013) 

Since it first figured in Earth Pages 13 years ago seismic tomography has advanced steadily 
as regards the detail that can be shown and the level of confidence in its accuracy: in the 
early days some geoscientists considered the results to be verging on the imaginary. There 
were indeed deficiencies, one being that a mantle plume which everyone believed to be 
present beneath Hawaii didn’t show up on the first tomographic section through the central 
Pacific. Plumes are one of the forms likely to be taken by mantle heat convection, and many 
now believe that some of them emerge from great depths in the mantle, perhaps at its 
interface with the outer core. 

The improvements in imaging deep structure stem mainly from increasingly sophisticated 
software and faster computers, the data being fed in stemming from historic seismograph 
records from around the globe. The approach seeks out deviations in the speed of seismic 
waves from the mean for the mantle at different depths beneath the Earth’s surface. 
Decreases suggest lower strength and therefore hotter rocks while abnormally high speeds 
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signify strong, cooler parts of the mantle. The hotter mantle rock is the lower its density and 
the more likely it is to be rising, and vice versa. 

Using state-of-the-art tomography to probe beneath the central Pacific is a natural strategy 
as the region contains a greater concentration of hot-spot related volcanic island chains 
than anywhere else and that is the focus of a US-French group of collaborators (French, S. et 
al. 2013. Waveform tomography reveals channeled flow at the base of the oceanic 
lithosphere. Science, v. 342, 227-230;  DOI: 10.1126/science.1241514). The authors first 
note the appearance on 2-D global maps for a depth of 250 km of elongate zones of low 
shear-strength mantle that approximately parallel the known directions of local absolute 
plate movement. The most clear of these occur beneath the Pacific hemisphere, strongly 
suggesting some kind of channelling of hot material by convection away from the East 
Pacific Rise.  

 

Seismic tomographic model of the mantle beneath the central Pacific. Yellow to red colours 
represent increasingly low shear strength (Credit: Global Seismology Group / Berkeley 

Seismological Laboratory) 

Visually, the three-dimensional models of the Pacific hot-spot ‘swarm’ grab attention. They 
show the low velocity zone of the asthenosphere at depths of around 50 to 100 km, as 
predicted but with odd convolutions. Down to 1000 km is a zone of complexity with limb-
like lobes of warm, low-strength mantle concentrated beneath the main island chains. That 
beneath the Hawaiian hot spot definitely has a plume-like shape but one curiously bent at 
depth, turning to the NW as it emerges from even deeper mantle then taking a knee-like 
bend to the east . Those beneath the hot spots of the west Pacific are more irregular but 
almost vertical. Just what kind of process the peculiarities represent in detail is not known, 
but it is almost certainly a reflection of complex forms taken by convection in a highly 
viscous medium. 



Related article: New model of Earth’s interior reveals clues to hotspot volcanoes 
(eurekalert.org) 

 

Tectonics of the early Earth (October 2013) 

Tectonics on any rocky planet is an expression of the way heat is transferred from its deep 
interior to the surface to be lost by radiation to outer space. Radiative heat loss is vastly 
more efficient than either conduction or convection since the power emitted by a body is 
proportion to the fourth power of its absolute temperature. Unless it is superheated from 
outside by its star, a planet cannot stay molten at its surface for long because cooling by 
radiation releases all of the heat that makes its way to the surface.  Any football supporter 
who has rushed to get a microwaved pie at half time will have learned quickly the principle 
of radiative cooling: a cool crust can hide a damagingly hot centre. 

Thermal power is delivered to a planet’s solid surface by convection deep down and 
conduction nearer the surface because rocks, both solid and molten, are almost opaque to 
radiation. The vigour of the outward flow of heat might seem to be related mainly to the 
amount of internal heat but it is also governed by limits imposed by temperature on the 
form of convection. Of the Inner Planets Earth alone shows surface signs of deep convection 
in the form of plate tectonics driven mainly by the pull exerted by steep subduction of cool, 
dense slabs of old oceanic lithosphere. Only Jupiter’s moon Io shows comparable surface 
signs of inner dynamics, but in the form of immense volcanoes rather than lateral 
movements of slabs. Io has about 40 times the surface heat flow of Earth, thanks largely to 
huge tidal forces imposed by Jupiter. So it seems that a different mode of convection is 
needed to shift the tidal heat production; similar in many ways to Earth’s relatively puny and 
isolated hot spots and mantle plumes. 

 

An analogy for the early Earth, Jupiter’s moon Io is speckled with large active volcanoes; 
signs of vigorous internal heat transport but not of plate tectonics. Its colour is dominated 

by various forms of sulfur rather than mafic igneous rocks 

Shortly after Earth’s accretion it would have contained far more heat than now: 
gravitational energy of accretion from the solar nebula; similarly from the formation of its 
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dense core;  greater tidal heating from a close Moon and up to five times more from 
internal radioactive decay. The time at which plate tectonics can be deduced from evidence 
in ancient rocks has been disputed since the 1970s, but now an approach inspired by Io’s 
behaviour approaches the issue from the opposite direction: what might have been the 
mode of Earth’s heat transport shortly after accretion (Moore, W.B. & Webb, A.A.G. 2013. 
Heat-pipe Earth. Nature, v.  501, p. 501-505; DOI: 10.1038/nature12473). The two American 
geophysicists modelled Rayleigh-Bénard convection – multicelled convection akin to that of 
the ‘heat pipes’ inside Io – for a range of possible thermal conditions in the Hadean. The 
modelled planet, dominated by volcanic centres, turned out to have some surprising 
properties. 

The sheer efficiency of heat transfer dominated by heat-pipes and by radiative surface heat 
loss results in development of a thick cold lithosphere between the pipes, which advects 
surface material downwards. Decreasing the heat sources results in a ‘flip’ to convection 
very like plate tectonics. In itself, this notion of a sudden shift from Rayleigh-Bénard 
convection to plate tectonics is not new – several Archaean specialists, including me, 
debated this in the late 1970s – but such a convincing modelling is. The authors also 
assemble a plausible list of evidence for it from the Archaean geological record: the 
presence in pre- 3.2 Ga greenstone belts of abundant ultramafic lavas marking high fractions 
of mantle melting; the dome-trough structure of granite-greenstone terrains; granitic 
magmas formed by melting of wet mafic rocks at around 45 km depth, extending back to 
second-hand evidence from Hadean zircons preserved in much younger rocks. They dwell 
on the oldest sizeable terranes in West Greenland (the Itsaq gneiss complex), South Africa 
and Western Australia (Barberton and the Pilbara respectively) as plausible and tangible 
products of ‘heat-pipe’ tectonics. They suggest that the transition to plate-tectonic 
dominance was around 3.2 Ga, yet ‘heat pipes’ remain to the present in the form of plumes 
so nicely defined in the preceding item Mantle structures beneath the central Pacific. 

Related article: Was Ancient Earth Like Jupiter’s Super-Volcanic Moon Io? (space.com) 

 

Evidence for comet impact in the Sahara Desert (November 2013) 

The desert surface of the remote Sahara of SW Egypt and adjacent Libya is strewn with 
silica-rich glass over an area of up to 6500 km2.  Pale yellow in colour and translucent, the 
glass clearly attracted Pleistocene hunter gatherers who manufactured edged tools from it. 
Pieces cut en cabouchon are also found in pharaonic jewellery, including an item found in 
the tomb of Tutankhamen. Evidence for its formation at very high temperature includes the 
melting temperature of pure silica around 2000°C and the presence of baddeleyite, a 
breakdown product of zircon. The glass fragments are undoubtedly the product of shock 
heating of desert sand or the local Cretaceous Nubian Sandstone by some kind of 
extraterrestrial impact. Fission-track dating suggests the glass formed around 29 Ma ago. A 
possible source is a 30 km wide crater on the Gilf Kebir Plateau made famous by Michael 
Ondaatje’s novel The English Patient that was centred on Pleistocene rock art discovered at 
the Cave of Swimmers in the Nubian Sandstone. 
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Scarab cut from Libyan Desert Glass in a pendant from the tomb of Tutanhkamun  

Neither the crater nor the glass-strewn area has yielded meteoritic material, despite several 
expeditions, but the platinum-group metal content of the glass indicates an impact origin. 
Some specimens include enigmatic, graphite-rich banding. However, recently a South 
African-French team studied a strange, irregular 30 g fragment picked up in 1996 by an 
Egyptian postgraduate student collecting samples from the strewn field. He discovered that 
the dark fragment contained diamond by using X-ray diffraction. The dominant element in 
the fragment is carbon with less than 5% silicates and the new study used a battery of 
geochemical tests that confirmed the presence of abundant tiny diamonds (Kramers, J.D. 
and 13 others 2013. Unique chemistry of a diamond bearing pebble from the Libyan Desert 
Glass strewn field, SW Egypt: Evidence for a shocked comet fragment. Earth and Planetary 
Science Letters, v. 382, p. 21-31; DOI: 10.1016/j.epsl.2013.09.003). 

Conceivably, the diamonds could have formed by shock metamorphism of a coal seam or 
other carbonaceous sediments at the site of an impact – the K-T boundary layer formed by 
the huge Chicxulub impact contains nano-diamonds. However none of the chemical 
characteristics, including noble gas isotopic proportions and those of carbon, match 
terrestrial organic matter. Nor do they match carbonaceous chondrite meteorites that could 
have been another potential source, in its case an impactor of that composition. Instead, 
much evidence suggests the fragment is chemically akin to interplanetary dust and dust 
from the coma of comet 81P/Wild2 captured by NASDA’s Stardust mission in 2004. A 
plausible explanation, therefore, for the glass strewn field is an airburst explosion of a 
comet nucleus above the Sahara, the particle being a shocked fragment of the comet itself. 

Related article: ‘Black glass’ could be first comet chunk found on Earth (newscientist.com) 
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A glimpse of early Martian crust (November 2013) 

That planetary scientists are eager for chemical information about the rocks of planet Mars 
is reflected in the vast amount of money having been spend to get three spindly vehicles 
equipped with miniaturized petrographic instruments onto the Martian surface. 
Meteoriticists might say, ‘Well, we already have some Mars rock in our lab; it’s very nice, 
and we can collect some more from deserts or ablated blue ice in Antarctica’. Four classes of 
meteorites are alleged to have been flung from Mars by impacts: the allegation is supported 
by the materials having oxygen isotope proportions that are different from those in rocks 
from the Earth or Moon. 

Another class of meteorite has joined the Martian family, and it it’s a cracker. Found in the 
northwestern Sahara Desert the rock is a breccia containing a variety of rocks in the form of 
clasts (Humayun, M. and 10 others 2013. Origin and age of the earliest Martian crust from 
meteorite NWA7533. Nature, v. 503, p. 513-516 ; DOI: 10.1038/nature12764). In fact four 
other meteorites looking much the same were found near NWA7533. The bulk of the 
material is impact melt rock, now devitrified. Some of the clasts are also melt fragments and 
spherules, while others are fine-grained basalts, broken crystals and, most exciting, coarser 
igneous rocks rich in alkali and plagioclase feldspar. Their rare-earth element contents, like 
those of the Earth’s average continental crust, show evidence of fractional crystallization, 
particularly the removal of plagioclase to produce a marked depletion in the element 
europium. Slowly cooled and evolved monzonites of this kind are candidates for Martian 
crustal material. Overall, the texture of the breccia meteorites closely resembles the 
material that coats the lunar surface – regolith – but it has been lithified rather than 
remaining a dust. 

 

NWA7533 with clasts, including light-coloured monzonite (Credit: Humayun et al. 2013) 

Highly evolved igneous rocks, broadly speaking those of granitic composition, are the most 
likely to contain the mineral zircon, and the monzonite clasts yielded five that the US-
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Australian-French team subjected to U-Pb dating. The results are astonishing. These zircons 
formed around 4425 Ma ago, in the first hundred million years of the planet’s evolution, at 
the same time – within statistical error – as did the earliest materials from Earth and the 
Moon. Other putative Martian meteorites have yielded evidence from their neodymium 
isotopes that the earliest event there was the formation of a magma ocean, much as 
postulated for the Earth-Moon system. The latter is widely regarded as having resulted from 
a mega impact of the proto-Earth with an object roughly the size of Mars. The Martian 
monzonites may well be products of fractionation from that magma, subsequently 
excavated and shattered by a series of later, lesser impacts. If it did come from Mars, 
NWA7533 probably represents part of the early, heavily cratered highlands of the southern 
hemisphere of that planet. 

It will be a long time before rocks can be lifted from the actual surface of Mars and 
transported back to Earth, and meteorites with a Martian provenance are so rare, that one 
can foresee a lot of very frustrated planetary petrogeneticists in the near term and a great 
deal of field work on desert and ice-cap surfaces looking for similar lumps of far-flung 
regolith. 

 

An early magma ocean on Mars? (December 2013) 

The division of the lunar surface into two petrological domains – ancient anorthositic 
highlands and younger basaltic maria – spurred the idea, as long ago as the early 1970s, that 
the early Moon had a deep ocean of magma at the surface, whose cooling caused fractional 
crystallization. Low density plagioclase feldspar, dominated by high-calcium anorthite and 
bytownite, floated to the surface to form the lunar anorthosites ant left a more mafic 
mantle from which the mare basalts formed by partial melting. The key evidence in support 
of this hypothesis lies in the rare-earth elements of the two terrains. Because plagioclase 
feldspar has a much stronger affinity to incorporate the element europium (Eu) than the 
other REEs, the lunar anorthosites are enriched in Eu compared with its related elements. If 
the highland anorthosites did form by fractional crystallisation the remaining magma that 
formed the lunar mantle would be depleted in Eu yet enriched in the remaining REE. 
Although there are no samples of the Moon’s mantle there are plenty of the mare basalts in 
the Apollo collections, which formed when it partially melted around 3.8 billion years ago. 
They should have inherited dominant features of mantle geochemistry, and indeed they do 
show characteristic depletion of Eu. 
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Lunar Highland anorthosite, collected by the crew of Apollo 16 

The giant-impact hypothesis for the Earth-Moon system presupposes that such a cataclysm 
would have left much of the outer Earth in much the same molten condition and destined to 
fractionate in the same manner. There are geochemical hints from terrestrial rocks that do 
support such an idea. An important target for exploration of Mars has been to check if a 
magma ocean also existed early in its history. Of the various missions in recent years only 
two have the capacity to shed useful light on the issue: the US Mars Reconnaissance Orbiter 
and Mars Odyssey. Both orbiters carry more sophisticated remote sensing instruments than 
any circling the Earth. The first has the hyperspectral Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) that senses visible to short-wave infrared (VNIR) radiation, 
the other deploys  the Thermal Emission Imaging System (THEMIS) that captures different 
parts of the longer wavelength thermal infrared (TIR) spectrum emitted by surface 
materials. Both allow spectra of surface materials to be reconstructed and compared with 
the features of known minerals from the Earth and Moon. 

Feldspars are highly reflective for the most part of the VNIR range but show a shallow, 
broad absorption feature centred on a wavelength of 1.26 micrometres. Such spectra have 
been detected using CRISM from parts of the Martian surface in the highlands of its 
southern hemisphere (Carter, J. & Poulet, F. 2013. Ancient plutonic processes on Mars 
inferred from the detection of possible anorthositic terrains. Nature Geoscience, v. 6, p. 
1008-1012; DOI: 10.1038/ngeo1995). The authors, from Chile and France, acknowledge that 
the plagioclase-rich rocks occur only in small patches, unlike the vast tracts on the Moon, 
and also that on Earth anorthosites are known to have formed by a variety of processes 
from far smaller magma systems than a veritable ocean of molten rock. Feldspars also show 
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spectral features in the TIR, though not so distinctive, both plagioclase and alkali feldspars 
being very similar. Moreover, THEMIS deploys a sensor for only 10 thermal wavebands, 
compared with 544 on CRISM.  A team of US remote sensers (Wray, J.J. and 8 others 2013. 
Prolonged magmatic activity on Mars inferred from the detection of felsic rocks. Nature 
Geoscience, v. 6, p. 1013-1017; DOI: 10.1038/ngeo1994) used both CRISM and THEMIS data. 
While noting resemblances to lunar anorthosites, they adopt a more cautious approach to 
the spectra and prefer the broad, ‘sack’ term ‘felsic rocks’. It seemed possible from their 
work that feldspar-rich magmas may have formed by partial melting of common andesitic 
crust noted from the Martian surface: high spatial resolution images of the occurrences bear 
some resemblance to outcrops of granitic rocks in arid environments on Earth. That is, there 
may be highly evolved rocks akin to terrestrial continental crust. 

The interesting spectral observations on Mars can only be validated by actual rock samples. 
While rovers still operating on the Martian surface are well able to produce geochemical 
data that would petrologically characterise most rocks that they encounter, none of them is 
in a terrain suitable for resolving this particular issue. Yet, coincidentally, a meteorite found 
in West Africa (see A glimpse of early Martian crust above) shows hallmarks of having been 
blasted from the surface of Mars and sheds useful light on various hypotheses about the 
Martian crust. It is a breccia that may represent the soil or regolith that accumulated from 
early impacts that shattered and melted surface materials, and it is extremely old: zircons 
yielded an age of 4428 Ma. The clasts set in a fine matrix consist of a variety of igneous 
rocks, but none of them are anorthosites. Having formed from the ejecta of large impacts, 
such regolith materials represent the breadth of compositions across the planet and 
extending deep into its crust. This one suggests that anorthosites may have been rare on 
early Mars. 

 


