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resembles spokes radiating out of cen
tral upwellings or downwellings (multi
modal convection). But in spite of this 
and other evidence, many workers 
have assumed stability for convective 
models of the upper mantle where the 
Rayleigh number is probably several 
hundred times critical. According to 
Richter and Parsons, for a model 
governed by nonlinear dynamics it is 
just not sufficient to find a solution 
satisfying the Rayleigh convection 
equations and the boundary conditions. 
The solution must also be shown to be 
physically possible; and only laboratory 
experiments can easily provide this 
critical information. 

A good illustration of this point is 
provided by Richter's (J. geophys. Res., 
78, 8735; 1973) own attempt to account 
for the pattern of oceanic heat flow. 
The high heat flow anomalies over 
active oceanic ridges can readily be 
explained in terms of large-scale con
vection. This is the well-known system 
in which mantle material rises at ridges, 
the seafloor spreads laterally and de
scends at oceanic trenches, and the 
cycle is completed by return fluid flow 
in the upper mantle. Much more diffi
cult to understand, however, is the 
approximately constant aP.d uniform 
heat flow through ocean floor older 
than a few tens of millions of years. 
Very little of the heat involved here 
can be produced in the oceanic crust 
itself which contains too few radio
active sources. Most of it (about 1 ~tcal 
cm-2s-') must therefore come up from 
the mantle. But this raises the problem 
of how the mantle can transport so 
much heat. Calculations based on the 
available knowledge of upper mantle 
composition and physical properties 
show that neither conduction nor radia
tion is sufficient. 

To overcome this difficulty, Richter 
proposed the existence of small-scale 
convection beneath the plates-con
vective cells having a horizontal scale 
comparable with the depth of the fluid 
flow region but smaller than the plate 
dimensions which characterise the hori
zontal segments of large-scale convec
tion. In other words, he envisaged two 
coexisting horizontal scales of motion 
in the upper mantle (the vertical scales 
are the same)--one required by the 
moving plates and one by heat flow 
through old ocean floor. The principal 
result to emerge from analytical and 
numerical studies of such a system 
was that the large-scale convection sup
presses small-scale convective rolls 
having axes perpendicular to the large
scale flow (transverse rolls) and, in 
time, replaces them with rolls having 
axes in the direction of larg.e-scale 
flow (longitudinal rolls). Unfortunately, 
however, this analysis was strictly valid 
only for Rayleigh numbers slightly 
higher than critical. So does it, or does 
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it not, also apply to Rayleigh numbers 
more typical of the mantle? 

This is where laboratory work is 
crucial; and the results of a series of 
experiments designed to study the 
interaction of small-scale and large
scale convection have now been re
ported by Richter and Parsons. Briefly, 
these are that irrespective of the initial 
stable state of small-scale convection 
(transverse rolls, bimodal convection 
or multimodal convection, depending 
on Rayleigh number over the range 
3.0 X 10'-6.8 X 10'), the imposition of 
large-scale convection ultimately 
changes the form of the small-scale 
flow to longitudinal rolls. The experi
mental data thus both demonstrate the 
plausibility of two-scale convection and 
confirm that the earlier theoretical re
sults also apply at high Rayleigh 
numbers. 

They also enable a time scale to be 
applied to the development of the 
longitudinal rolls under different con
ditions. Assuming that the Rayleigh 

number of the sub-oceanic upper 
mantle approaches 10" and that con
vection extends down to the 650-km 
seismic discontinuity (assumptions 
which Richter and Parsons attempt to 
justify in detail) , the experiments sug
gest that where the plate velocity is 
10 em yr-• the small-scale convection 
should become aligned as longitudinal 
rolls within 20-50 Myr. On the other 
hand, for a plate velocity of 2 em yr-1 

the time scale increases to several 
hundred million years. Taking into 
account typical lengths of time be
tween major changes in plate motion, 
these results suggest that longitudinal 
rolls within the small-scale convection 
system should only develop where rates 
of plate motion are high. 

Richter and Parsons have thus com
bined theory, experiment and some 
observation (for example, of heat flow) 
to produce an internally consistent two
scale convection model. But can these 
ideas be tested, or are they destined to 
remain unprovable hypotheses? The 
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