
Planetary science 
 

Mantle and core do not mix (January 2004) 

Given the growing controversy about whether or not plumes of mantle rock can rise from 
the core-mantle boundary to source large igneous provinces (see Geoscience consensus 
challenged in Tectonics January 2004) the hypothesis has been tested by seeking material in 
hot-spot lavas that may have crossed from the outer core into the deepest mantle.  Some 
hot-spot lavas contain traces of Osmium-186 that may have formed by decay of an unstable 
platinum isotope (190Pt) that is most likely to be enriched in the core, thereby supporting the 
hypothesis.  Another isotopic approach is to look at tungsten (W) isotopes (Scherstén, A. et 
al. 2004.  Tungsten isotope evidence that mantle plumes contain no contributions from the 
Earth’s core.  Nature, v. 427, p. 234-237; DOI: 10.1038/nature02221).  Tungsten, like 
osmium, has a strong affinity for iron, and the bulk of terrestrial W is likely to be present in 
the core.  One isotope 182W forms from the decay of an unstable isotope of hafnium 182Hf, 
whose half life is geologically short (about 9 Ma).  As a result all 182W in the Earth must have 
been produced in the first 60 Ma of the planet’s evolution.  Moreover, hafnium is likely to 
favour the mantle far more than the core, so most 182W seems likely to be present in the 
mantle and the core should be depleted in it.  This is borne out by comparing values in 
primitive meteorites with those in mantle-derived lavas; the mantle is enriched by 
comparison.  So, if there was significant chemical exchange between the core and mantle a 
lot of tungsten with very low 182W should contaminate the lower mantle.  If plumes did rise 
from the core-mantle boundary, then lavas derived from them ought to have anomalously 
low 182W contents. Scherstén and colleagues from the University of Bristol and the 
Australian National University show that Hawaiian lavas (the same samples used to suggest 
a mantle-wide plume beneath Hawaii using osmium isotopes) and South African kimberlites 
do not show this signature, and argue convincingly that the osmium data must represent 
another source of contamination, probably recycled crustal rocks.  However, that does not 
rule out a plume rising from the core-mantle boundary, just that the core did not play a 
significant geochemical role. 

 

The creators of worlds (February 2004) 

Inverting Robert Oppenheimer’s memory of the line in the Bhagavad Gita, “I am become 
Death, the destroyers of worlds”, during his Road-to-Damascus moment when the first 
atomic weapon was tested, may seem an odd headline for an article on geochemistry.  But 
geochemists sometimes do give the air of being on the verge of solving the “Big Question”.  
Alex Halliday of ETH in Zurich is one of them (Halliday, A.N. 2004.  Mixing, volatile loss and 
compositional change during impact-driven accretion of the Earth.  Nature, v. 427, p. 505-
509). It is now well accepted that Earth’s early evolution was one of repeated big impacts 
during planetary accretion.  It probably culminated in a collision with a Mars-sized planet 
that not only created the Moon from the debris splattered from both bodies, but set the 
Earth’s chemistry for all subsequent time; a sort of geochemists’ Year Zero.  When that 
happened and what ensued has all manner of connotations (see Geoscience consensus 
challenged Tectonics December 2004).  Halliday reviews evidence from several isotopic 
systems (Pb, Xe, Sr, W) that are reckoned to be appropriate “fingerprints” for the 
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environments in which planets accreted.  His treatment takes the data as a whole, rather 
than separated into one or another isotopic system. He begins with the assumption in most 
accretion models that metallic cores form continuously and in equilibrium with the silicate 
outer mantle of rocky planets.  That is important in using W isotopes to model the “when”, 
since tungsten is likely to enter iron-rich metal rather than silicates (see Mantle and core do 
not mix above).  In fact estimates for the time taken for the Earth to gather 2/3 of its mass 
based on W isotopes (~11 Ma) are a lot shorter than those based on other isotopes 
(between 15 to 40Ma).  Halliday’s explanation is the seemingly sound one that when big 
things form from smaller ones (i.e. whatever contributed to core and mantle), the chances 
of them mixing and reaching equilibrium, before they definitively separate into the inner 
and outer Earth, are not good.  Reviewing the somewhat bewildering permissiveness of 
isotopic data from Earth and Moon that bear on “Year Zero” he concludes that the massive 
loss of xenon (and other “volatile” elements) that characterises Earth, by comparison with 
what is known about the Solar System’s pre-planetary composition, was 50 to 80 Ma after 
the “start of the Solar System”.  The Moon has provided insufficient data for its age of 
formation to be tied down isotopically.  Although its Hf-W age might be >44 Ma relative to 
the Earth’s beginning, there again, perhaps >54 Ma, and it may have formed even later.  
Eventually we reach modelling (read “speculation”?) that takes us to the putative 
composition of the culprit for Year Zero, “Theia” (a Titan and the product of incestuous 
liaison between Uranus and his mother Gaia).  

What seems odd to me is that some of the parent isotopes for those used in fingerprinting 
(e.g. 182Hf for 182W, and plutonium for a Xe isotope) can only form in supernovae events, and 
are so short-lived that the balance between their formation and their influence on 
partitioning of their daughters in planets is pretty delicate in terms of timing.  Indeed all 
radioactive isotopes, and every element with greater atomic mass than iron, in the Solar 
System have this origin, because it is impossible for a star the size of the Sun to form them.  
Massive stars that become supernovas are common enough, and when they “go off” and 
what blend of heavy elements they produce depend on how big they were and when they 
formed.  Interstellar material is surely a mix of debris from a number of such events of 
different ages, and new stars and planetary systems form from that.  Maybe they are 
triggered by nearby supernovas, but that also contributes to the isotopic mix that has 
evolved since a galaxy formed.  Just suppose that the mix for the Solar System was 
heterogeneous, with differently aged uranium, thorium, rubidium, hafnium and other 
elements heavier than can be formed inside small stars like the Sun, and must have formed 
in big ones that eventually blasted their products into interstellar space.  If the Earth 
accreted as an open, non-equilibrated system, then what of the Solar System itself?  Bit 
early to say, really… 

 

 Water on Mars; almost official (April 2004) 

Two lines of evidence from the current robotic explorations of Mars add to less tenuous 
ones that the planet is really wet – icy to be precise.  One is mineralogical.  Spectroscopy of 
the surface being slowly trundled across by a NASA rover, shows abundant signs of the 
hydrated, iron-potassium sulphate jarosite, which probably can only form under wet 
conditions.  When it was precipitated is not known with certainty, but it occurs in layered 
sediments that contain structures that clearly point to transport in and deposition from 
surface water.  The time when liquid water could exist at the surface probably goes back to 



the earliest events on Mars, tied to the famous canyons and more recently discovered 
dendritic drainage patterns.  The other evidence stems from even more remote sensing, 
that captures short-wavelength infrared radiation emitted by the Sun and reflected from the 
Martian surface.  Ices of water and carbon dioxide have distinct and unique reflected 
spectra, because of the different ways in which they absorb a small proportion of solar 
radiation.  Results from the OMEGA instrument aboard the European Space Agency’s Mars 
Express satellite show that the south polar region contains as much as 15% water ice mixed 
with solid CO2 (Bibring, J-P et al. 2004.  Perennial water ice identified in the south polar cap 
of Mars.  Nature, v. 428, p. 627-630; DOI: 10.1038/nature02461).  

 

An enthusiastic view of deep-Earth processes (May 2004) 

In 2003, there appeared a summary of Warren Hamilton’s sceptical view of recent ideas 
about what happens beneath the 660 km mantle discontinuity (Geoscience consensus 
challenged December 2003).  It is below that level that the dominant mantle mineral, olivine 
(MgSiO4), is thought to change to the more densely packed perovskite (MgSiO3).  
Encouraged by an experiment which suggests that at the pressure and temperature just 
above the core-mantle boundary (CMB) perovskite itself undergoes a phase change to 
define the D” seismic discontinuity (Murakami, M. et al. 2004.  Post-perovskite phase 
transition in MgSiO3.  Science, v. 304, p. 855-858),  Edward Garnero of Arizona State 
University takes a very different view.  In his Science Perspectives review of the CMB region 
(Garnero, E.J. 2004.  A new paradigm for the Earth’s core-mantle boundary.  Science, v. 304, 
p. 834-836) he builds into a comprehensive, illustrated model everything that Hamilton 
finds dubious: whole-mantle plumes and slab descent; zones of ultra-low velocity close to 
the CMB; undulations on it; and massive bulges of low-velocity mantle above D”, such as 
that suggested to underlie the South Atlantic and southern Africa from which constellations 
of plumes rise.  He links this to a wealth of anisotropies which basalt-oriented geochemists 
have found and continue to relish.  His enthusiastic account makes fascinating reading, but 
makes no mention of Hamilton’s and others’ doubts about gilding the lily of only a few short 
years of seismic tomography. 

 

Sudbury impact turned the crust inside out (July/August 2004) 

The 1800 Ma old Sudbury complex in eastern Canada is one of the largest repositories of 
nickel ores and contains commercial platinum deposits.  It has also been ascribed to a major 
impact that produced a crater over 200 km across.  The evidence is the common presence of 
shocked minerals and a sheet of very homogeneous, once molten rock, whose andesitic 
major-element composition suggests that it represents melting of the local upper crust.  
However, the trace elements, including platinum group metals, have all the hallmarks of the 
lower crust (Mungall, J.E. et al. 2004.  Geochemical evidence from the Sudbury structure for 
crustal redistribution by large bolide impacts.  Nature, v. 429, p. 546-548; DOI: 
10.1038/nature02577).  The melt sheet is mixed with upper crustal rocks, including 
sediments that formed in a shallow marine basin into which the meteorite plunged.  This 
suggests that impact not only affected the whole crust, but excavated it as well, so that a 30 
km deep crater formed at the instant of collision.  The bulk of the homogenised crustal melt 
remained molten for long enough for complex fractional crystallisation to take place, 
thereby forming the classic layered Sudbury Igneous complex, in which the nickel ore bodies 
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are located.  They may well represent relics of the impactor itself, which mixed with molten 
crust. 

 

Early Earth’s Nemesis (July/August 2004) 

William Hartmann’s proposal that, shortly after it formed, the Earth suffered  impact by a 
planet about as big as Mars. This suggestion has become a central feature of ideas about 
our planet’s evolution and the origin of the Moon.  The problem with the theory is a 
conundrum that lies in quite esoteric geochemistry.  Studies of meteorites show that the 
oxygen isotopes in them vary considerably, and that almost certainly resulted from their 
forming at varying distances from the Sun where fractionation among oxygen’s stable 
isotopes had different effects on their proportions.  So it is possible to judge the original 
orbits in the solar system of meteorites’ parent bodies.  Martian meteorites are identified 
on this basis.  The difficulty with Hartmann’s idea is that rocks from the Earth and Moon 
have nearly identical oxygen isotope proportions.  There seems no way that an errant planet 
that crashed into the Earth could not have left its mark in oxygen isotopes, particularly in 
those of the Moon, for debris flung off from the Earth would have mixed with that from the 
colliding body.  It turns out that there is a possible explanation (Chown, M.  2004.  The 
planet that stalked the Earth.  New Scientist, 14 August 2004, p. 26-30).   

The Earth’s orbit could have involved the accretion of more than one planet from 
interstellar dust.  This can happen once a planet has grown until it has sufficient 
gravitational potential to interact with solar gravity.  The result is a series of points in the 
orbit (Lagrange points) where the two gravitational fields exactly balance.  Matter that drifts 
into Lagrange points accumulates there rather than being swept up by the growing, larger 
planet.  So considerable mass can build up, even enough to make a small companion planet.  
While all the main planets were growing, gravitational fields were continually changing, so 
the Lagrange points would not remain as stable as they are today.  A small planet formed at 
one of them would begin to move erratically within the Earth’s orbit.  Eventually it would be 
caught up by mutual attraction between the two, and then would collide with the Earth, but 
not at immense speed.  So far, the hypothesis based on complex modelling of Lagrange 
accretion seems plausible.  Geochemists will be pleased because it resolves their 
fundamental conundrum about the similar chemistries of the Earth and its Moon. 

 

Uranium in the core? (July/August 2004) 

The constant, but complex circulation in the Earth’s liquid outer core results in the self-
exciting dynamo believed to be responsible for the geomagnetic field and its periodic 
reversals in polarity.  If an electrical conductor moves in a magnetic field a current is 
generated in it, which in turn creates a magnetic field, hence self-excitation.  The outer 
core’s convective motion requires a heat supply of some kind.  There are three general 
possibilities: the heat is left over from the Earth’s energy of accretion; it is generated from 
latent heat released as the solid inner core grows slowly by crystallization of iron-nickel 
alloy; or there is significant radioactive decay in the core.  Compared with estimates for the 
Earth’s overall radioactive heat production, based on the composition of primitive 
meteorites (C1 carbonaceous chondrites) from which it is thought to have formed, there is 
excess heat flowing through the surface.  This is believed to emanate from the core.  



Separating the three possible heat sources is not yet possible, but it is possible to rule the 
generation of enough to account for excess heat flow by one of the possible mechanisms.  If 
the inner core has been crystallising out since the core formed around 4500 Ma ago, the 
latent heat being released is too small.   

Much attention has focussed on a possible radioactive source, for which the unstable 
natural isotope of potassium (40K) is a plausible candidate.  The sulphide phases of metal 
and chondritic meteorites do contain potassium, so the element has affinities for sulphur as 
well as its dominant tendency to enter silicate melts and minerals.  The core almost 
certainly contains a sizeable proportion of Fe-Ni sulphides.  One geoscientist, Marvin 
Herndon based in San Diego, California, reckons there is another possibility: uranium 
(Hendon, J.M.  2004. Background for Terrestrial Antineutrino Investigations: Scientific Basis 
of Knowledge on the Composition of the Deep Interior of the Earth. arXiv:hep-
ph/0407148v1). 

To most geochemists, the idea is implausible, because uranium has such a strong affinity for 
silicates that it ought never to have entered the metallic and sulphide liquids that sank 
through the early Earth to form the core.  Herndon bases his idea on an alternative type of 
meteorite from which the Earth could have formed by accretion, enstatite chondrites.  They 
have lower oxygen contents than ordinary chondrites, and would have created strongly 
reducing conditions in the undifferentiated early Earth.  Such planetary chemistry, claims 
Herndon, would induce uranium to enter dense sulphide liquids and the core.  This view has 
not found much support – indeed his paper was published by arXiv without peer review, but 
experiments in detection of neutrinos and antineutrinos, when they are more efficient than 
at present, may resolve the issue of radioactivity in the core, because decay of unstable 
isotopes produces antineutrinos. 

See also: Battersby, S. 2004.  Fire down below.  New Scientist, 7 August 2004 issue, p. 26-29. 

 

Mars issue of Science (September 2004) 

So, you are a geoscientist and you are interested in Mars.  Excellent!  Now read pages 793 to 
845 of the 6 August 2004 issue of Science v. 305.  There is much to learn from 11 papers 
about the less revealing of NASA’s two Mars Exploration Rovers.  Rover Opportunity has 
been getting the headlines, with its discoveries that relate to the influence of surface and 
subsurface water on superficial Martian minerals, such as the now well-publicised 
“blueberries” made of hematite, and the presence of sulphates.  A more informative digest 
of the mineralogy of Mars appears in the same issues’ News Focus (Kerr, R.A.  2004, 
Rainbow of Martian minerals paints picture of degradation.  Science, v. 305, p. 770-771; DOI: 
10.1126/science.305.5685.770).  Kerr makes clear that the really revolutionising instrument 
is orbiting Mars; the Visible and Infrared Mineralogical Mapping Spectrometer or OMEGA.  
That is part of the payload of the ESA Mars Express, and measures radiant energy from the 
Martian surface with such spectral and spatial resolution, that the results can be compared 
with standard spectra of terrestrial minerals to see what the Martian surface is made of.  
Hopefully, OMEGA will produce a hyperspectral database for the entire planet.   

The on-surface readings from the various instruments on the NASA Rovers play much the 
same role as a field geologist would, by providing “ground truth” to validate the broader 
scope of the OMEGA instrument.  The hematite that dominates the overall red colour of 

https://arxiv.org/pdf/hep-ph/0407148v1
https://arxiv.org/pdf/hep-ph/0407148v1


Mars, has been confirmed by the Rovers, but to nobody’s great surprise.  The exciting find is 
just how much is owed to sulphate minerals, such as orange iron potassium sulphate, or 
jarosite.  The sulphate-rich veneer could well point to the influence of sulphuric acid, let 
alone water in Mars’ early surface environment, probably emitted as sulphur dioxide during 
intense volcanic activity.  Interestingly, the incompatibility of highly acid surface water with 
the preservation of carbonates could have thwarted drawdown of CO2 from the Martian 
atmosphere (Fairén, A.G. et al. 2004.  Inhibition of carbonate synthesis in acidic oceasn on 
early Mars. Nature, v. 431, p. 423-426; DOI: 10.1038/nature02911).  Formation and 
preservation of soil carbonate minerals would have collapsed the “greenhouse” warming 
mechanism demanded by the now proven influence of flowing water early in Martian 
history.  So long as sulphurous volcanic emissions overwhelmed carbonate formation, Mars 
might have stayed wet and warm.  The key is the duration of massive volcanism, which 
could be tied down by seeing how lavas have been affected by impacts in the minute detail 
possible from another Mars Express imaging instrument, the High Resolution Stereo 
Camera.  Planetary volcanic specialists reckon massive volcanism lasted for a considerable 
time. 

 

Linking seismic tomography to chemical mantle heterogeneity (October 2004) 

Analysis of historic, global seismograph records using sophisticated software allows far more 
than the detection of various discontinuities in the deep mantle and core that figure in most 
textbooks.  Essentially, it maps parts of the mantle where P and S waves travel faster or 
slower than expected from the depth.  Up to now, most results have been interpreted in 
simple terms of cold (fast) and hot (slow) patches, which have been linked to gross tectonic 
features such as signs of descending slabs far below the earthquake belts associated with 
subduction, and possible zones of rising mantle that might (or might not) be plumes.  That 
leaves a lot unsaid about the mantle, for rising and falling of material is linked to density, 
and that can be due to temperature anomalies, but also to compositional variations 
involving either bulk chemistry or different assemblages of minerals in mantle rock.  A 
difference in seismic wave speed can be an ambiguous indicator of possible motion.  Making 
the connections between wave speed, temperature and composition is an order of 
magnitude or more computationally taxing than the tomography itself, but it has been 
shown to be possible, given supercomputer power and plenty of free time (Trampert, J. et 
al. 2004.  Probabilistic tomographic maps chemical heterogeneities throughout the lower 
mantle.  Science, v. 306, p. 853-856; DOI: 10.1126/science.1101996).   

Trampert and colleagues from the Netherlands and the US factored in mineral physics and 
temperature data, and were able to calculate the probabilities of tomographic features 
having a thermal or compositional origin.  Their results will worry some of the earlier 
workers on seismic tomography who used a simplistic connection with temperature and 
thus slow = hot = low density and rising, while fast = cool = high density and sinking.  Some 
zones of low wave speed can as well be connected with high-density mantle as with hot, 
buoyant material.  That plays havoc with concepts of plumes rising from the core-mantle 
boundary, that have been all the rage since moderately well resolving tomograms appeared.  
Trampert et al’r results, which superficially look just the same as other tomographic 
renderings of the same seismic data, include statistical evaluations of the likelihoods of 
wave-speed shifts being either thermal or compositional in origin.  They reveal that many of 
the slow zones are probably chemical and mineralogical heterogeneities, especially in the 
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deepest mantle levels.  One of the largest slow zones known rises obliquely from the core-
mantle boundary around southern Africa towards the surface in NE Africa.  It was leapt on 
as a reputed superplume, perhaps connected to the last outpouring of flood basalts in 
Ethiopia and the Yemen around 30 Ma ago, and still active beneath the Afar Depression.  
Chances are, from the new work, that it is denser than average and not especially hot.  
Mantle geochemists will probably be gleeful at the new look at deep mantle, because they 
have long been wrangling ideas about gross lateral variations in the source chemistry of 
basaltic magmas.  Some enthusiastic geotectonic speculators might remain very silent, in 
the hope that the Dutch-US team’s work is not duplicated, and fades away… 

See also:  van der Hilst, R.D. 2004.  Changing views on Earth’s deep mantle.  Science, v. 306, 
p. 817-818; DOI: 10.1126/science.1104679. 

 

Mars in Science and Nature (December 2004) 

A year on from the landings of US Mars Rovers, Science devotes much of its early December 
2004 issue to findings from the more revealing of the two missions, Opportunity (multi-
authored 2004. Opportunity runneth over.  Science, v. 306, p. 1697; DOI: 
10.1126/science.306.5702.1697).  The articles are highly detailed accounts of the main 
finding from the various instruments aboard Opportunity, including the evidence for the 
activity of acid waters on the ancient Martian surface.  Equally interesting and considerably 
more graphic are important findings about volcanic and glacial activity in much more recent 
times, that come from the European Space Agency’s Mars Express Orbiter and the High 
Resolution Stereo Camera carried by it (Neukum, G and 42 others 2004.  Recent and 
episodic volcanic and glacial activity on Mars revealed by the High Resolution Stereo 
Camera.  Nature, v. 432, p. 971-979; DOI: 10.1038/nature03231). Recently, excitement 
about evidence for living organisms on Mars rose with the discovery of significant amounts 
of methane in the Martian atmosphere.  Methane is likely to have a short life span (around 
300 years) in the atmospheres of rocky planets.  There are two possible sources: methane-
generating bacteria or release from volcanoes.  The High Resolution Stereo Camera shows 
conclusively that volcanoes were active on Mars until at least 5 Ma ago, when previously the 
planet was thought to be magmatically dead.  If fumarole activity continues, that could 
explain the traces of methane. 
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