
Planetary science 
 

St Paul and the meteorite? (April 2015) 

Dateline: Chelyabinsk, Russia 09.20 15 February 2013. As in many parts of Russia drivers in 
this Oblast in the Urals Economic District use a dashboard camera during rush hour, 
hopefully to have proof of innocence in the event of a traffic accident. On this day, such 
cameras recorded a massive fireball streaking low across a clear, frosty sky. Some people on 
foot were temporarily blinded by its light, about 4 times that of sunlight, and others were 
thrown off their feet by a large shock wave. Travelling at about 20 km s-1 the fireball 
exploded, the blast shattering windows where people were gazing at the remarkable sight, 
about 1500 needing medical treatment. This event is the first in modern times to record the 
atmospheric entry of a superbolide and air blast, probably similar to what happened in the 
deserted area of Tunguska in Siberia on 30 June 1908. 

 

Meteor trail and fireball seen over industrial estate in Chelyabinsk, Russia (Credit: Russia 
Today) 

Cut to the Levant in the 1st century of the Common Era: on the road to Damascus a Jewish 
fundamentalist with Roman citizenship, sworn to destroy the early Christian movement, is 
on a mission to arrest Christians and take them in chains to Jerusalem. Saul witnesses a 
great light in the sky and a deafening sound that he believes is the voice of Jesus, saying 
‘Saul, Saul, why persecutest thou me?’(Acts 9:4). He is flung off his feet, struck blind and 
convinced of the error of his calling. Three days later, in Damascus ‘…there fell from his eyes 
as it had been scales: and he received sight forthwith, and arose, and was baptized’ (Acts 
9:18), taking the name Paul. 



 

The conversion of Saul by Michaelangelo 

William Hartmann of the Planetary Science Institute at the University of Arizona, among the 
first planetary scientists to propose the giant impact origin for the Moon (see next item) and 
in his case to visualise it in a famous painting, has drawn a somewhat obvious hypothesis 
linking the two celestial events (Hartmann, W.K. 2015. Chelyabinsk, Zond IV, and a possible 
first-century fireball of historical importance. Meteoritics and Planetary Science, v. 50, p. 
368-381; DOI: 10.1111/maps.12428). These days such a scary observation is easily 
rationalised as a natural phenomenon, but in earlier times Hartmann believes such a shock 
would have convinced witness of the almighty power of the supernatural ‘in terms of 
current cultural conceptions’. He suggests that Saul of Tarsus may, at the time, have been 
struggling with his conscience about his attacks on his countrymen: hence his conversion. 
The phrase ‘ scales fell from his eyes’ has entered common parlance for sudden changes in 
mental state and attitude: in fact it matches an outcome of severe photokeratitis of the 
eye’s epithelial coating, the dead tissue eventually becoming detached, when clear sight is 
restored to some sufferers. 

While claiming to have no intention of undermining anyone’s spiritual beliefs, Hartmann 
suggests that such rare and spectacular events are capable of having emotionally changed 
influential figures of the past and thereby re-routing the course of history. Hartmann cites 
modern cases of lesser bolide-entry phenomena, such as destruction of satellites over the 
US and Russia, which some witnesses misreported as rockets with lighted windows; i.e. 
UFOs. There are plenty of medieval cases where spiritual connotations were widely 
attached to strange natural phenomena. I have heard accounts from people living in 
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Asmara, capital of Eritrea, who ascribed saintly intervention to a full solar halo with sun 
dogs connected by cruciform arcs on a misty morning in 1991. This occurred a few days 
before the occupying Ethiopian forces surrendered to Eritrean nationalist forces whose 
struggle for self determination had lasted for the previous three decades. 

 

What followed the Lord Mayor’s Show (read Giant Impact)? (April 2015) 

The dominance of the Lunar Highlands by feldspar-rich anorthosites, which form when 
feldspars that crystallise from magmas float because of their lower density, gave rise to the 
idea that the Moon initially formed as a totally molten mass. That this probably resulted 
because the early Earth collided with a Mars-sized protoplanet stems from the almost 
identical chemical composition of the lunar and terrestrial mantles, as worked out from the 
composition of younger basalts derived from both, together with the vast energy needed to 
support a large molten planetary body condensing from a plasma cloud orbiting the Earth. 
Such a giant impact is also implicated in the final stages of core formation within the Earth. 

 

Artist’s depiction of the giant impact to which formation of the Moon is attributed (Credit: 
William K. Hartmann).  

A core forming from molten iron alloyed with nickel would have acted as a chemical 
attractor for all other elements that have an affinity for metallic iron: the siderophile 
elements, such as gold and platinum. Yet the chemistry of post-moon formation basaltic 
melts derived from the Earth’s mantle contain considerably more of these elements than 
expected, a feature that has led geochemists to wonder whether a large proportion of the 
mantle arrived – or was accreted – after the giant impact. 

A tool that has proved useful in geochemistry on the scale of entire planets – well, just the 
Earth and Moon so far – is measuring the isotopic composition of tungsten, a lithophile 
metal that has great affinity for silicates. One isotope is 182W that forms when a radioactive 
isotope of hafnium (182Hf) decays. The proportion of 182W relative to other tungsten 
isotopes has been shown to be about the same in Lunar Highland anorthosites as it is in the 
Earth’s mantle. This feature is believed to reflect Moon formation and its solidification after 
the parent 182Hf had all decayed away. This decay has a half-life of about 9 Ma so that 60 Ma 
after the formation of the Solar System (and a nearby supernova that both triggered it and 



flung unstable, newly-made isotopes into what became the Solar nebula) vanishingly small 
amounts of 182Hf would remain. 

Oddly, two papers on tungsten and Earth-Moon evolution, having much the same aims, 
using similar, newly refined methods and with similar results appeared in the same recent 
issue of Nature (Touboul, M. et al. 2015. Tungsten isotopic evidence for disproportional late 
accretion to the Earth and Moon. Nature, v. 520, p. 530-533; DOI: 10.1038/nature14355. 
Kruijer, T.S. et al. 2015. Lunar tungsten isotopic evidence for the late veneer. Nature, v. 520, 
p. 534-537; DOI: 10.1038/nature14360). The two of them present analyses of glasses 
produced by large impacts into the lunar surface and probably the mantle, which flung glass 
spherules all over the place. Both report an excess of 182W in the lunar materials: indeed, 
almost the same excess given the methodological precisions. And, both conclude that Moon 
and Earth were identical just after formation, with a disproportional degree of later 
accretion of Solar nebula material to the Earth and Moon; i.e. the Earth got more by virtue 
of its ~13 times stronger gravity. 

So, there we have it: it does look as if Earth continued to grow after it was whacked, and 
there is confirmation. Both papers conclude, perhaps predictably, that the early Solar 
System was a violent place about which there is much yet to be learned… 

 

When Earth got its magnetic field (August 2015) 

For a planet to produce life it needs various attributes. Exoplanet hunters tend to focus on 
the ‘Goldilocks’ Zone’ where solar heating is neither so extreme nor so little that liquid 
water is unstable on a planet’s surface. It also needs an atmosphere that retains water. 
Ultraviolet radiation emitted by a planet’s star dissociates water vapour to hydrogen and 
oxygen and the hydrogen escapes to space. The reason Earth has not lost water in this way 
is that little water vapour reaches the stratosphere because it is condensed or frozen out of 
the air as the lower atmosphere becomes cooler with altitude. Given moist conditions, 
survivability to the extent that exists on Earth still needs another planetary parameter: the 
charged particles emitted as an interplanetary ‘wind ‘by stars must not reach the surface. If 
they did, their potential to break complex molecules would hinder life’s formation or wipe it 
out if it ventured onto land. A moving current of electrical charge, which is what a stellar 
‘wind’ amounts to, can be deflected by a magnetic field. This is what happens on Earth, 
whose magnetic field is a good reason why our planet has supported life and its continual 
evolution since at least about 3.5 billion years ago. 

Direct proof of the existence of a geomagnetic field is the presence of aligned particles of 
magnetic minerals in rocks, for instance in a lava flow, caused by their acquiring 
magnetisation in a prevailing magnetic field once they cooled sufficiently. The earliest such 
remanent magnetism was found in igneous rocks from north-eastern South Africa dated at 
between 3.2 to 3.45 billion years. All older rocks do not show such a feature dating back to 
their formation as a result of thermal metamorphism that resets any remanent magnetism 
to match the geomagnetic field prevailing at the time of reheating. There are, however, 
materials that formed further back in time and are also known to resist thermal resetting of 
any alignments of magnetic inclusion: zircons (ZrSiO4), originally crystallised from igneous 
magmas, which may have locked in minute magnetic inclusions. Zircons are among the most 
change-resistant materials and they can also be dated with great precision, with the 
advantage that the U-Pb method used can distinguish between age of formation and that of 
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any later heating. Famously, individual grains of zircon that had accumulated in an early 
Archaean conglomerate outcropping in the Jack Hills of Western Australia yielded ages 
going back from 3.2 to 4.4 billion years (see Zircons and early continents no longer to be 
sneezed at February 2006). Their age range is far beyond that of any tangible rock and close 
to the formation age of the Earth: quite a target for palaeomagnetic investigations once a 
suitable technique had been developed. 

 

Western Australia’s Jack Hills from Landsat (credit NASA Earth Observatory) 

John Tarduno and colleagues from the Universities of Rochester and California USA and the 
Geological Survey of Canada report the magnetic properties of the Jack Hills zircons 
(Tarduno, J.A. et al. 2015. A Hadean to Paleoarchean geodynamo recorded by single zircon 
crystals. Science, v. 349, p. 521-524; DOI: 10.1126/science.aaa9114). All of the analysed 
grains record magnetisation spanning the period 3.2 to 4.2 billion years that indicate 
geomagnetic field strengths ranging from that found today at the Equator to about an 
eighth of the modern value. So from 4.2 Ga onwards geomagnetism probably deflected the 
solar wind: the early Earth was set for living processes from its earliest days. The discovery 
also supports the likelihood of functioning plate tectonics during the Hadean. 

 

Fascinating glacial feature found on Mars (November 2015) 

Many of the vast wastes of northern Canada and Scandinavia that were ground to a paste 
by ice sheets during the last glacial cycle show peculiar features that buck the general glacial 
striation of the Shield rocks. They are round-topped ridges that wind apparently aimlessly 
across the tundra. In what is now a gigantic morass, the ridges form well-drained migration 
routes for caribou and became favourite hunting spots for the native hunter gatherers: in 
Arctic Canada they are dotted with crude simulations of the human form, or inugoks, that 
the Innuit erected to corral game to killing grounds. Where eroded they prove to be made 
of sand and gravel, which has proved an economic resource in some areas lacking in building 
aggregate, good but small examples being found in the Scottish Midland Valley that have 
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served development of Glasgow and Edinburgh. They were given the Gaelic name eiscir 
(now esker) from a few examples in Ireland. 

Eskers form from glacial meltwater that makes its way from surface chasms known as 
moulins to the very bottom of an ice sheet where water flows much in the manner of a 
river, except in tubes rather than channels. Where the ice base is more or less flat the tubes 
meander as do normal sluggish rivers, and like them the tubes deposit a proportion of the 
abundant sediment derived by melting glacial ice. Once the ice sheet melts and ablates 
away, the sediments lose the support of the tube walls and flop down to form the 
eponymous low ridges: the reverse of the sediment filled channels of streams that have 
either dried up or migrated. Eskers are one of the features that shout ‘glacial action’ with 
little room for prevarication. 

 

Possible eskers in the Phlegra Montes of Mars. (Credit: Gallagher & Balme 2015; Fig. 6) 

Glacial terrains on Mars have been proposed for some odd looking surfaces, but other 
processes such as debris flows are equally attractive. To the astonishment of many, Martian 
eskers have now been spotted during systematic interpretation of the monumental archives 
of high-resolution orbital images of the planetary surface (Gallagher, C. & Balme, M. 2015. 
Eskers in a complete, wet-based glacial system in the Phlegra Montes region, Mars. Earth 
and Planetary Science Letters, v. 431, p. 96-109; DOI: 10.1016/j.epsl.2015.09.023). The 
discovery is in a suspected glacial terrain that exhibits signs of something viscous having 
flowed on low ground around higher topographic features. Bombardment stratigraphy 
suggests a remarkably young age for the terrain of about 150 Ma ago: the Amazonian. Ice 
and its effects are not too strange to suggest for Mars which today is pretty much frigid, 
except for a few suggestions of active flow of small watery streams. Eskers demand 
meltwater in abundance, and Gallagher and Balme attribute some of the other features in 
the Phlegra Montes to wet conditions. However, the eskers are a one-off, so far as they 
know. Consequently, rather than appealing to some climatic warm up to explain the 
evidence for wetness, they suggest that the flowing water tubes resulted from melting deep 
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in the ice as a result of locally high heat flow through the Martian crust, which is a lot more 
plausible. 

 

 


