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Additional Information on the Model 
 
1a Surface Velocity 
As quoted in the body of the paper the root mean square surface velocity for the 
model, starting from a random start with a free slip upper boundary condition after 
around 1Gyr, was around 4-5 cm/yr.  Therefore we did not scale the driving plate 
velocities since the actual applied plate velocities of the past 119Myr vary from 
around 4-6cm/yr.  We tested the final time-step of the mantle circulation model (i.e. as 
shown in figure 1) to find what its natural velocity would be.  We achieved this by 
replacing the forced plate motion by a free slip boundary condition for one time step.  
For case 500, we found the free slip root mean square surface velocity to be 6.8cm/yr.  
This is a slightly higher velocity than we were applying; therefore while our applied 
velocity field was slightly slowing down the flow at that point it is quite compatible.  
The slightly higher velocity possibly results from the longer length scales in this 
model, compared to the model before being conditioned by plate motions. 
 
1b Secular Cooling 
In this model the core mantle boundary temperature and the rate of internal heating 
are kept constant for any single run (though possibly vary from run to run).  The 
internal temperature of the model though declines throughout the whole period, and 
therefore is secularly cooling.  This degree of secular cooling is similar to estimates 
for present day.  It also means that the contribution of bottom heating, internal heating 
and secular cooling to the surface heat flux are roughly similar as for present day 
Earth.  From figure DR1 below, one can tell that there is not a significant transient 
either at the start of the calculation or when the calculation changes from the 119Ma 
plate stage to the recent plate history, at 100Myr before present.  Therefore while not 
exactly mimicking expected Earth behaviour we feel that it does capture the various 
contributions to surface heat-flow in roughly the right proportion.  With this set-up, as 
the model progresses the degree of bottom heating is increasing relative to secular 
cooling, and therefore this set-up favours traditional boundary layer plumes.  Splash 
plumes in contrast would be more favoured by a proper thermal evolution model with 
a cooling core mantle boundary and declining radioactivity. 
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Figure DR1 

 
Figure DR1 – This illustrates the change of the average temperature of the model (K) 
as a function of time (yr).  Other than the expected slight change in the rate of cooling 
as the driving velocity is changed from the 119Ma steady plate stage to the varying 
plate velocities of the past 100Myr, we note that the decline is steady over the period 
of the calculation. The average decline over this period is ~ 35K/Gyr. Note this is 
similar to some estimates for current rates of cooling.  
 
1c Initial Condition 
The initial condition is produced by driving the surface with the plate motion history 
of the 119Ma plate stage for ~1Gyr.  An initial condition with no significant internal 
buoyancy, i.e. just small random heterogeneity, as is typical in mantle convection 
simulations, is unreasonable since they would not evolve to the scale to drive a large 
scale flow until after some hundreds of millions of years, after the mantle circulation 
simulation would be complete.  The aim of the actual utilised initial condition is 
therefore to try and have an initial distribution of buoyancy that is of a plausible 
magnitude and distribution.   
 
1d Initial location of surface downwellings 
The surface after the long period of driving with the plate motion history of 119 Ma, 
has a planform dominated by weak narrow linear downwellings.  These downwellings 
are best seen near the surface on the cross-sections of figure 1 of the paper.  The 
spacing of these downwellings is small, around 500-1000km, and in places has a 
dendritic character.  At the subduction zones they are organised into stronger slightly 
thicker linear downwellings.  While it is clear that there is a relationship between the 
splash plumes and the downwellings, it is not easy to predict the location of the splash 
plumes just based on the location of the initial downwellings at the surface.  This is 
because the splash plumes result from an interaction of hot internal sheets and the 
downwellings. 
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