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Weak lithosphere delayed the formation of continents (February 2021) 

There are very few tangible signs that the Earth had continents at the surface before about 
4 billion years (Ga) ago. The most cited evidence that they may have existed in the Hadean 
Eon are zircon grains with radiometric ages up to 4.4 Ga that were recovered from much 
younger sedimentary rocks in Western Australia. These tiny grains also show isotopic 
anomalies that support the existence of continental material, i.e. rocks of broadly granitic 
composition, only 100 Ma after the Earth formed (see: Zircons and early continents no 
longer to be sneezed at; February 2006). So, how come relics of such early continents have 
yet to be discovered in the geological record? After all granitic rocks – in the broad sense – 
which form continents are so less dense than the mantle that modern subduction is 
incapable of recycling them en masse. Indeed, mantle convection of any type in the hotter 
Earth of the Hadean seems unlikely to have swallowed continents once they had formed. 
Perhaps they are hiding in another guise among younger rocks of the continental crust. But, 
believe me; geologists have been hunting for them, to no avail, in every scrap of existing 
continental crust since 1971 when gneisses found in West Greenland by New Zealander Vic 
McGregor turned out to be almost 3.8 Ga old. This set off a grail-quest, which still continues, 
to negate James Hutton’s ‘No vestige of a beginning …’ concept of geological time. 

There is another view. Early continental lithosphere may have returned to the mantle piece 
by piece by other means. One that has been happening since the Archaean is as debris from 
surface erosion and its transportation to the ocean floor, thence to be subducted along with 
denser material of the oceanic lithosphere. Another possibility is that before 4 Ga 
continental lithosphere had far less strength than characterised it in later times; it may have 
been continually torn into fragments small enough for viscous drag to defy buoyancy and 
consign them into the mantle by convective processes. Two things seem to confer strength 
on continental lithosphere younger than 4 billion years: its depleted surface heat flow and 
heat-production that stem from low concentrations of radioactive isotopes of uranium, 
thorium and potassium in the lower crust and sub-continental mantle; bolstering by cratons 
that form the cores of all major continents. Three geoscientists at Monash University in 
Victoria, Australia have examined how parts of early convecting mantle may have 
undergone chemical and thermal differentiation (Capitanio, F.A. et al. 2020. 
Thermochemical lithosphere differentiation and the origin of cratonic mantle.  Nature, v. 
588, p. 89-94; DOI: 10.1038/s41586-020-2976-3). These processes are an inevitable 
outcome of the tendency for mantle melting to begin as it becomes decompressed when 
pressure decreases when it rises during convection. Continual removal of the magmas 
produced in this way would remove not only much of the residue’s heat-producing capacity 
– U, Th and K preferentially enter silicate melts – but also its content of volatiles, especially 
water. Even if granitic magmas were completely recycled back to the mantle by the greater 
vigour of the hot, early Earth, at least some of the residue of partial melting would remain. 
Its dehydration would increase its viscosity (strength). Over time this would build what 
eventually became the highly viscous thick mantle roots (tectosphere) on which increasing 
amounts of the granitic magmas could stabilise to establish the oldest cratons. Over time 
more and more such cratonised crust would accumulate, becoming increasingly unlikely to 
be resorbed into the mantle. Although cratons are not zoned in terms of the age of their 
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constituent rocks, they do jumble together several billion years’ worth of continental crust 
in what used to be called ‘the Basement Complex’. 

 

Development of depleted and viscous sub-continental mantle on the early Earth – a precedes b – TTG 
signifies tonalite-trondhjemite-granodiorite rocks typical of Archaean cratons (Credit, Capitanio et 

al.; Fig 5) 

Early in this process, heat would have made much of the lithosphere too weak to form rigid 
plates and the tectonics with which geologists are so familiar from the later parts of Earth’s 
history. The evolution that Capitanio et al. propose suggests that the earliest rigid plates 
were capped by Archaean continental crust. That implies subduction of oceanic lithosphere 
starting at their margins, with intra-oceanic destructive plate margins and island arcs being a 
later feature of tectonics. It is in the later, Proterozoic Eon that evidence for accretion of arc 
terranes becomes obvious, plastering their magmatic products onto cratons, further 
enlarging the continents. 

 

Influence of massive igneous intrusions on end-Triassic mass extinction (September 2021) 

About 200 Ma ago, the break-up of the Pangaea supercontinent was imminent. The signs of 
impending events are spread through the eastern seaboard of North America, West Africa 
and central and northern South America. Today, they take the form of isolated patches of 
continental flood basalts, dyke swarms – probably the feeders for much more extensive 
flood volcanism – and large intrusive sills. Break-up began with the separation of North 
America from Africa and the start of sea-floor spreading that began to form the Central 
Atlantic Ocean: hence the name Central Atlantic Magmatic Province (CAMP) for the igneous 
activity. It all kicked off at the time of the Triassic-Jurassic stratigraphic boundary, and a 
mass extinction with a similar magnitude to that at the end of the Cretaceous. 
Disappearances of animals in the oceans and on continents were selective rather than 
general, as were extinctions of land plants. The mass extinction is estimated to have taken 
about ten thousand years. It left a great variety of ecological niches ready for re-occupation. 
On land a small group of reptiles with a substantial destiny entered some of these vacant 
niches. They evolved explosively to the plethora of later dinosaurs as their descendants 
became separated as a result of continental drift and adaptive radiation. 

The end-Triassic mass extinction, like three others of the Big Five, was thus closely 
associated in time with massive continental flood volcanism: indeed one of the largest such 
events. Within at most 10 ka large theropod dinosaurs entered the early Jurassic scene of 
eastern North America. The Jurassic was a greenhouse world whose atmosphere had about 



five times more CO2, a mean global surface temperature between 5 and 10°C higher and 
deep ocean temperatures 8°C above those at present. Was mantle carbon transported by 
CAMP magmas the main source (widely assumed until recently) or, as during the end-
Permian mass extinction, was buried organic carbon responsible? A multinational group of 
geoscientists have closely examined samples from a one million cubic kilometre stack of 
intrusive basaltic sills, dated at 201 Ma, in the Amazon basin of Brazil that amount to about 
a third of all CAMP magmatism (Capriolo, M. and 11 others 2021. Massive methane fluxing 
from magma–sediment interaction in the end-Triassic Central Atlantic Magmatic 
Province. Nature Communications, v. 12, article 5534; DOI: 10.1038/s41467-021-25510-w). 

 

Flood basalts of the Central Atlantic Magmatic Province in Morocco (Credit: Andrea Marzoli) 

The team focussed on fluid inclusions in quartz within the basaltic sills that formed during 
the late stages of their crystallisation. The tiny inclusions contain methane gas and tiny 
crystals of halite (NaCl) as well as liquid water. Such was the bulk composition of the 
intrusive magma that the presence of around 5% of quartz in the basalts would be 
impossible without their magma having assimilated large volumes of silica-rich sedimentary 
rocks such as shales. The host rocks for the huge slab of igneous sills are sediments of 
Palaeozoic age: a ready source for contamination by both organic carbon and salt. The 
presence of methane in the inclusions suggests that more complex hydrocarbons had been 
‘cracked’ by thermal metamorphism. Moreover, it is highly unlikely to have been derived 
from the mantle, partly because methane has been experimentally shown not to be soluble 
in basaltic magmas whereas CO2 is. The authors conclude that both quartz and methane 
entered the sills in hydrothermal fluids generated in adjacent sediments. Thermal 
metamorphism of the sediments would also have driven such fluids to the surface to inject 
methane directly to the atmosphere. Methane is 25 times as potent as carbon dioxide at 
trapping heat in the atmosphere, yet it combines with the hydroxyl (OH–) radical to form 
CO2 and water vapour within about 12 years. Nevertheless during continuous emission 
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methane traps 84 times more heat in the atmosphere than would an equivalent mass of 
carbon dioxide. 

Calculations suggest about seven trillion tonnes of methane were generated by the CAMP 
intrusions in Brazil. Had the magmas mainly been extruded as flood basalts then perhaps 
global warming at the close of the Triassic would have been far less. Extinctions and 
subsequent biological evolution would have taken very different paths; dinosaurs may not 
have exploded onto the terrestrial scene so dramatically during the remaining 185 Ma of the 
Mesozoic. So it seems important to attempt an explanation of why CAMP magmas in Brazil 
did not rise to the surface but stayed buried as such stupendous igneous intrusions. Work 
on smaller intrusive sills suggests that magmas that are denser than the rocks that they pass 
through – as in a large, thick sedimentary basin – are forced by gravity to take a lateral ‘line 
of least resistance’ to intrude along sedimentary bedding. That would be aided by the 
enormous pressure of steam boiled from wet sedimentary rocks forcing beds apart. In areas 
where only thin sedimentary cover rests on crystalline, more dense igneous and 
metamorphic rocks, basaltic magma has a greater likelihood of rising through vertical dyke 
swarms to reach the surface and form lava floods. 

 

 


