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Experimental petrology 

Putting the squeeze on rocks 
slowly thickened as the continent aged and 
cooled, eventually allowing diamonds to 
form and become frozen into the litho
sphere. In contrast, the lithosphere under 
the oceans would have been much thinner. 
Regionalized models of this sort with 
relatively low -sub-continental temperatures 
(1,200°C at 130 km depth) have prev
iously been proposed5 to account for 
variations in the nature of erupted lavas. 
Perhaps under old (3,800-4,000 Myr) con
tinents, the thermal base of the lithosphere 
was at about 150 km by the mid-Archaean 
(-3,000 Myr ago), while under zones of 
rifting and under oceanic areas the base was 
much shallower. Komatiitic liquids may 
have ascended in various tectonic settings, 

from E.G. Nisbet 

CONTINENTS, oceans and the very air we 
breathe are the cumulative product of aeons 
of activity deep in the Earth's mantle. 
Although there are indirect means of inves
tigation available, it would obviously be ad
vantageous to be able to squash rocks in 
the laboratory to the high pressures and 
temperatures to which they are subjected 
in their natural environment. Unfortu
nately there are technical problems 
associated with this high-pressure route to 
the mantle. This has meant that questions 
such as the origin of komatiites and the 
controversial suggestions of an Archaean 
'magma ocean' have remained unanswered. 
But recent improvements, especially in 
Japan 1, have enabled experimenters to at
tain pressures of up to 30 GPa (as a rule 
of thumb 1 GPa is equivalent to 30 km of 
rock) and simulaneously maintain tempera
tures well over 2,000°C. On page 566 of 
this issue, E. Takahashi and C.M. Scarfe2 

report results at pressures up to 14 GPa that 
have interesting consequences for models 
of the Archaean mantle and thus for the 
evolution of the Earth. 

One of the most interesting problems is 
how komatiites originated. These lavas, 
commonly of Archaean age, are highly 
magnesian (up to 30 per cent MgO) and 
thus had high temperatures of eruption 
(over 1 ,650°C). Crude closed-system mass
balance calculations would suggest that 
they represent high degrees of partial 
melting of mantle; a more likely alternative 
is that they are the product of early melting 
in an open system at great depth. This sug
gests that, since the mantle must have been 
very hot, it was also fairly refractory. 
Until recently, most experimental work has 
been with apparatus capable of reaching 
pressures of 4-5 GPa (40-50 kbar) and 
1,700-1,800°C. Both D.H. Green3 and 
M.J . Bickle\ for instance, have shown 
that natural komatiite magmas must indeed 
have been very hot. In addition, there have 
been various suggestions that at great depth 
the crystalline phases, such as olivine, are 
lighter than the melt5·7. If such a density 
crossover existed, it may be that the Ar
chaean mantle contained an 'ocean ' of 
dense komatiitic magma at a pressure of 
about 8 GPa overlain by a thermal boun
dary layer of floating olivine crystals5• 

These exotic models have provoked a 
flurry of experimental work using various 
techniques. At Lamont-Doherty Geological 
Observatory, E.M. Agee and D. Walker 
are carrying out experiments at 5-6 GPa 
and high temperatures, while at California 
Institute of Technology, shock measure
ments give strong circumstantial support to 
the proposed density crossover8. Using the 
5,000 ton press at Okayama University, 
Takahashi and Scarfe2 have melted peri-

dotite under pressures of up to 14 GPa. 
Their results show clearly that, as pre
dicted9, early melts close to the peridotite 
solidus at 5-7 GPa and roughly 1 ,800°C are 
komatiitic with over 30 per cent MgO by 
weight. Equally nice is the confirmation 
that the slopes of the solidus and 
liquidus5·7·10 are roughly as expected, 
though there is considerable controversy 
about the extent to which they converge. 
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Cartoon illustrating aspects of some fo the more richly speculative ideas about Archaean tectonics 
(see refs 5 - 7, 13 , 14). Geotherms for locations A and B. 

At high pressure, solidus and liquidus are 
probably sub-parallel and not greatly dif
ferent from adiabat of the liquid10• 

The consequences' of all this for our 
models of the Archaean asthenosphere and 
lithosphere are considerable. Magma ocean 
models are strongly supported by cir
cumstantial evidence but are as yet quite 
unproven; however the results reported by 
Takahashi and Scarfe place severe con
straints on thermal and structural models 
of the asthenosphere. Not the least of these 
is the interesting contrast between the high 
temperatures implied by the experiments 
with komatiite and the strong evidence 
from diamonds for much cooler tempera
tures at depths of approximately 150 km 
beneath ancient continental nuclei. 
Diamonds have been produced in some 
numbers from Witwatersrand gold mines 
(Mciver, personal communication) and are 
generally found in 'pipes' cutting through 
ancient continental crust. Inclusions in 
South African diamonds have been dated 
at roughly 3,300 Myr 11 (although the in
trusive pipes are much younger). This 
would imply a thick con tine;. tal litho
sphere, at least under part of southern 
Africa, as far back as the Archaean. Taken 
together with the stability field for dia
mond, this in turn requires that part of 
the mid-Archaean subcontinental mantle 
must have been at a temperature of 900-
1,3000C at 4-5 .5 GPa 12. How can this be 
reconciled with the indications from Taka
hashi and Scarfe2 of 1800°C at 5-7 GPa? 

The most likely answer is that, rather 
than being uniform, the thermal structure 
of the mantle was strongly regionalized 13 , 

with much hotter conditions under oceanic 
areas than under continents . It may be that 
under the early continents the lithosphere 

ranging from rifting basins within con
tinents to mid-oceanic ridges. Their genera
tion may have ranged from low degrees of 
open-system partial melting of refractory 
asthenosphere at pressures of about 5 GPa, 
to tapping a putative magma ocean. Away 
from recently active zones of hot astheno
sphere, the sub-coniinental lithosphere 
must have slowly cooled and thickened. 

What next? The Japanese experiments 
are on the verge of tackling some of the 
most interesting problems in petrology. No 
doubt we shall soon know much more 
about the high-pressure shape of the solidus· 
and liquidus curves and the density rela
tionships at depth. Perhaps soon we will 
be rid of the uncomfortable notion5 that 
a magma shell existed in the Archaean 
asthenosphere: if it is disposed of we will 
be left with a better understanding of the 
mantle's history . If it survives, komatiites 
may have much to teach us about the 
chemical differentiation of the planet and 
the history of the lithosphere and 
exosphere. 0 
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