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Breakthrough in the origin of granites (February 2007) 

The term granite is specifically linked to plutonic igneous rocks that carry more than 20% of 
quartz and contain more alkali feldspar than plagioclase, but it is commonly used to cover a 
multitude of other quartz-rich rocks: tonalite; granodiorite; adamellite; trondhjemite. 
Detailed geochemistry of granitic rocks may suggest the magma formed by partial melting of 
crustal sedimentary rocks (S-type), as products of extreme fractional crystallisation of 
mantle-derived basaltic magma (M-type) or by partial melting of other igneous rocks in the 
deep continental crust (I-type). The most common are the I-type granitic rocks. Because 
they and their metamorphosed equivalents seem to form much of the continental crust, I-
type granitic rocks hold a key to both the history of the continents and the evolution of the 
mantle. If they are descended from basalts, then their formation enlarges the continents 
and withdraws from the mantle those trace elements that are concentrated in granites. If 
they form by melting of older crustal rocks, from a geochemical standpoint they are 
products of crustal recycling that shunts the issue of continental origins and growth 
elsewhere. 

Modern petrogenetic division of granites began with investigations in the crystalline terrains 
of eastern Australia, once suitable analytical techniques became available. Now that 
sophisticated mass spectrometry can address many isotopic systems, even at the level of 
individual mineral grains, it has only been a matter of time before they were directed at the 
long-running question of granite origins. A revealing focus is on the I-type granites of 
eastern Australia (Kemp, A.I.S. et al. 2007. Magmatic and crustal differentiation history of 
granitic rocks from Hf-O istopes in zircon. Science, v. 315, p. 980-983; DOI: 
10.1126/science.1136154). The hafnium isotope 176Hf forms by decay of the unstable 
lutetium isotope 176Lu. As the mantle has a higher ratio of Lu/Hf than continental crust, it 
accumulates radiogenic 176Hf faster than continental crust. So any magma formed by partial 
melting of the mantle has a relatively high content of radiogenic 176Hf, whereas magmas 
formed by crustal melting should be depleted in this sense. Zircons date from the earliest 
crystallisation of granitic magmas, have easily measured concentrations of hafnium and also 
provide precise dates of formation. Both hafnium and oxygen isotopes ‘fingerprint’ gross 
magmatic origins.  

Interpretation of the results from upper-crustal granitic bodies is of the having-cake-and-
eating-it variety, as signatures of mantle-derived melts and those of large-scale 
contamination by melting of older crustal rocks (probably metasediments) show up. In 
exposed deep and mid-crustal terrains, broadly granitic gneisses are usually intermixed with 
high-grade metasediments, and also relics of cumulates formed in magma chambers. The 
model of Kemp et a/. might well apply nicely to this association, which does represent the 
bulk of crust. But quite likely, long histories of later deformation and reheating will have 
messed up the geochemistry of the zircons, so we may be stuck with a story that related 
directly only to the upper crust. 

See also: Eiler, J.M. 2007. On the origins of granites. Science, v. 315, p. 951-952; DOI: 
10.1126/science.1138065. 
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Pulsed formation of continental crust: support from helium (May 2007) 

Sometimes, playing around with masses of existing data throws up patterns that have major 
significance, hitherto overlooked. Plotting the frequencies of zircon ages from the 
continents against those of 4He/3He ratios in ocean-island and mid-ocean ridge basalts, may 
seem an odd thing to do, but there is a rational reason for geochemists. Extraction of the 
material of continents from the mantle should leave a geochemical signature in the residual, 
depleted zones of mantle rock. A highly likely element to be lost from the mantle during 
crust formation is helium, in particular 3He which is a primordial remnant of the creation of 
elements by stellar processes. The other isotope 4He is added to by radioactive decay of 
naturally unstable uranium and thorium isotopes. Helium with a low is likely to be from 
mantle that has not been depleted, whereas a high value suggests the source of helium has 
been depleted by a melting event.  So examining helium isotopes from oceanic basalts (i.e. 
unlikely to be contaminated by helium that might have come from the abundant uranium 
and thorium in continental crust) ought to say something about the melting history of their 
source mantle. 

In fact there is a wide range of  4He/3He ratios. If all the helium-isotope analyses are 
assembled in a histogram, the plot shows prominent peaks and troughs. This suggests zones 
of mantle that have been depleted in 3He at different times – 4He will have built up by decay 
of small amounts of U and Th in the zones, according to the age of the depletion event. That 
is a very broad and simplified view, but is a rationale for comparing helium histograms with 
those of zircon ages. This has been done by a geochemist at Durham University, UK, to give 
a compelling result (Parman, S.W. 2007. Helium isotope evidence for episodic mantle 
melting and crustal growth. Nature, v. 446, p. 900-903; DOI: 10.1038/nature05691). A plot 
of continental zircon-age peaks against peaks of 4He/3He ratio shows a remarkable linear 
relationship, with coincidences at 3.3, 2.7, 1.9, 1.2 and about 0.4 Ma ascribed to pulses of 
growth of the continents. 

A majority of geoscientists consider the accumulation of crustal ages in clusters to represent 
episodic growth. There are other possibilities, for instance: most formed early and has been 
reworked in pulses; there has been steady growth at a constant rate and ages are biased by 
collections or variable surface exposure of crystalline crust. The empirical match with helium 
data leans heavily in favour of the consensus view. Moreover, it offers a possible mechanism 
– isolated, large (perhaps global) mantle-melting events. They would manifest themselves 
on Earth more as accelerations in plate tectonics than as planetary resurfacing as seems to 
have happened at least once on Venus. Flood basalt events (with a roughly 30 Ma period in 
the Mesozoic and Cenozoic) are far more common dwarfs of such upheavals. 

See also: Porcelli, D. 2007. When crust is bred. Nature, v. 446, p. 863-864; DOI: 
10.1038/446863a. 

 

Magmas from the mantle and recycled crust (May 2007) 

Two processes result in the Earth’s mantle consuming rocks that formed oceanic and 
continental crust: subduction of oceanic lithosphere, and delamination from the base of 
thickened continental crust. In both cases the rocks involved are likely to be dominantly 
basaltic in composition. Those from the continental crust probably include mafic layered 
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complexes, representing magma chambers in which intermediate magmas had resulted 
from fractional crystallization of basalt magma, and undifferentiated mafic igneous rocks 
underplated to the crust. Highly fractionated materials from the upper continental crust 
may also make their way into the mantle in the sedimentary cover to subducted ocean-floor 
basaltic crust. 

New magmas originate in various ways as partial melts of ultramafic mantle rocks. Yet 4 
billion years worth or more of consumed masses of crustal rocks must increasingly become 
involved in the chemistry of mantle melting by adding to its heterogeneity. Mantle 
heterogeneity is well-established from several lines of evidence provided by isotopic and 
trace-element analyses of modern basaltic lavas erupted in different tectonic settings. Yet, 
judging the influence and role of recycled crust have so far been plagued by data that are 
ambiguous. One outcome of previous research is that some ocean island basalt magmas 
formed by partial melting of peridotite whose chemistry had been transformed previously 
by other melts that had flowed through it (see Herzberg, C. 2007. Food for a volcanic diet. 
Science, v. 316, p. 378-379; DOI: 10.1126/science. 1141051). 

A large team of geochemists, combining forces (and their data) from Russia, Germany, 
Australia, France, Taiwan, Eritrea, Britain, the USA, the Netherlands and Iceland, have 
sought to reduce the ambiguities by focussing on the chemistry of olivine phenocrysts found 
in basaltic lavas, rather than that of whole-rock samples (Sobolev, A.V. and 19 others 2007. 
The amount of recycled crust in sources of mantle-derived melts. Science, v. 316, p. 412-
417; DOI: 10.1126/science.1138113). Dominantly basaltic crustal masses in the mantle 
would melt to form silica-rich magmas. Passing through mantle peridotite, such melts would 
transform parts of the mantle to olivine-free pyroxenite. Magmas derived by partial melting 
of pyroxenite in the upper mantle would be basaltic, but enriched in silicon and nickel, and 
depleted in magnesium, calcium and manganese partly retained in the residual pyroxenes. 
Olivines crystallising first from basalt magmas carry a chemical signature of the parental 
melt composition, and thus the source. 

The olivine approach by Sobolev and colleagues provides evidence for recycled crust in 
products of all kinds of basaltic magmatism, ranging from a contribution of 5% in ocean-
floor basalts formed at ridges to about 20% in within-plate basalts.  The contribution of 
mantle transformed to pyroxenite by chemical interaction with melt from foundered crustal 
masses ranges from 10% in mid-ocean ridge basalts to 100% in within-plate basalts formed 
below thick continental lithosphere. These include the largest volcanic outpourings in 
Earth’s history, in the form of continental flood basalts. The largest of these, the Siberian 
Traps, accompanied the largest mass extinction of the Phanerozoic at the end of the 
Permian Period. 

 

Non-plume model for continental flood basalts (September 2007) 

The coincidence of the Ethiopian-Arabian continental flood basalts (CFBs) and later flood 
volcanism in the Afar triangle with seismic tomographic evidence for an underlying plume, 
and tectonic evidence that the Deccan CFBs were erupted as India passed over the Reunion 
plume of the Indian Ocean, make a plume model for CFBs popular.  However, the largest 
known CFB is part of the Central Atlantic Magmatic Province that was emplaced as Pangaea 
began to rift apart at the end of the Triassic (199 Ma). It has become the focus for an 
alternative CFB model (Coltice, N. et al. 2007. Global warming of the mantle at the origin of 
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flood basalts over supercontinents. Geology, v. 35, p. 391-394; DOI: 10.1130/G23240A.1). Its 
shape is elongated rather than roughly radial as would be expected had it formed above a 
plume. There is no sign of any elevated ocean floor produced by uplift that the collision of a 
plume head with deep crust would produce. Geochemical parameters of the basalts suggest 
a shallow mantle source that has been affected by subduction, rather than deep mantle 
associated with a plume. 

Coltice and colleagues argue that formation of a supercontinent acts as a thermal ‘lid’ that 
slows down removal of normal mantle heat flow. Their modelling shows that it is 
theoretically possible for regional warming of around 100°C to occur beneath large 
continental masses because of changes to convective flow in the mantle beneath.  That 
would be sufficient to trigger partial melting of the shallow mantle, especially if it were 
hydrated. The authors comment that mantle hydration would be most likely at the sites of 
continental accretion where subduction would have driven water from the descending slab 
into the overlying mantle wedge. That might explain the development of rifting and 
magmatism along the line of Caledonian and Variscan collision to form the North Atlantic, 
but not the rifting of South America from Africa, which cuts across Precambrian collision 
zones. Interestingly, it can be demonstrated that no crustal uplift preceded emplacement of 
the Ethiopian-Arabian CFBs in the mid-Oligocene, although many authors assume such uplift 
without any evidence for it. Yet the basalts have geochemical features that strongly support 
their origin by partial melting of a mantle plume. 

 

Large-scale mantle melting and episodes of continental growth (November 2007) 

Ultimately, sialic crust came from the mantle, although the processes involved seem to have 
involved two stages: partial melting of mantle peridotite and then some process that either 
partially melted basaltic slabs or mantle wedge material in association with subduction of 
oceanic lithosphere. Given the abundance of dateable materials, such as zircons, in 
continental crust, it has been plain sailing to establish when different chunks of the 
continents came into being. Primary mantle-melting events are not so easy to date. The 
long-known pulsating origin of the continents has been refined by zircon U-Pb dating to give 
three major peaks at around 1.2, 1.9 and 2.7 Ga, with lesser activity at other times since 4.0 
Ga, for example at 3.3 Ga. Each time crust-forming processes shift a significant amounts of 
‘sial’ into the crust, the mantle becomes depleted in elements that favour continental 
materials. One of these is rhenium (Re) whose 187Re isotope is radioactive, decaying to 187Os 
(osmium). So, the 187Re-187Os decay system is a very useful means of monitoring past mantle 
depletion events, by dating mantle rocks as well as examining the osmium isotopes of 
basalts. 

Recent work on the former shows a remarkable link between mantle events ond crust 
formation (Pearson, D.G. et al. 2007. Link between mantle melting events and continental 
growth seen in osmium isotopes. Nature, v. 449, p. 202-205; DOI: 10.1038/nature06122). 
The group from Durham University, UK, found that rhenium-depletion events match the 1.2, 
1.9 and 2.7 peaks of continental crust-formation. They link these to large mantle melting 
events, implying that they involved very large mantle plumes. Yet continental crust seems to 
be a product mainly of subduction processes; i.e. driven by plate tectonics. Plumes at 
present are less obviously connected with plates. Accelerated subduction demands 
increases in the rate of sea-floor spreading, and that might link with ‘superplume’ activity, 
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as has been suggested by the coincidence of submarine Ontong Java Plateau flood basalts 
with signs of speeding up of subduction during the Cretaceous. Plumes have also been 
implicated in the break-up of supercontinents and the creation of new spreading oceans, 
continental flood basalts being associated with the start of Pangaea’s disintegration. Of the 
three coincident ages, none are known to link with CFBs or continental dyke swarms, and 
that at 1.2 Ga is about the time when Rodinia began to form. 
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