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Numerical method
We perform high resolution 2D numerical convection calculations by solving the follow-

ing non-dimensional conservation equations of mass, momentum and energy in Boussinesq

approximation:
V-%=0 (1)
—VP+V - (né) = Ra(T — BC)2 (2)
(Z+(7-V)T:V2T+Q (3)

Here, @ is velocity, P is dynamic pressure, n is viscosity, € is strain rate tensor, T is
temperature, B is buoyancy number, C' is composition, Z is unit vector in the vertical
direction, t is time and () is internal heating. The thermal Rayleigh number Ra is defined

as:
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Where pg, ag, AT, 1, k are dimensional reference values of density of the background
mantle, thermal expansivity, temperature difference between core-mantle boundary and
surface, reference viscosity at temperature 7' = 0.5 (non-dimensional), and thermal dif-
fusivity, respectively. g and h are dimensional gravitational acceleration and thickness of

mantle, respectively.
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The buoyancy number B is defined as the ratio between chemical density anomaly
and density anomaly due to thermal expansion:

Ap

- p()OéoAT (5)

Where, Ap is intrinsic density difference from the background mantle. Both ag and pg
are constant throughout the model. In this study, we use ap=1e-5 (which is the value
representive of the lowermost mantle') and AT=3000 K for non-dimensionalization. The
term 7' — BC' in the right part of Eq.(2) is effective buoyancy, which reflects density
contributions from chemical intrinsic density and from density changes due to thermal
effects.

Our models contain three compositional components, including background mantle,
subducted oceanic crust and an ancient more-primitive material. Different compositional
components are represented by different type of tracers, and we use the ratio tracer
method? to simulate the composition field. About 7.4 million tracers are used in this
study.

In order to introduce a 6 km thick oceanic crust at the surface, tracers are changed
into crustal type once they are advected up by mantle flow and pass through the 6 km
depth below surface. The crustal tracers are changed into background mantle tracers as
they enter a buffer width of 0.1 from the side boundaries to avoid artificially embedding

it into the lower thermal boundary layer along side boundaries®*.



Imaging procedure for constructing the composition field

When constructing the composition field in our figures, We first define a high reso-
lution mesh with 5 km resolution for each element. We then calculate the number of
tracers for each material within every element and the composition for the element is
estimated based on the following criteria:

1. If there are crustal tracers within the element, the composition of the element is
treated as crust.

2. If the element does not contain crustal tracers, but contain more-primitive material
tracers, the composition of the element is treated as more-primitive material.

3. If the element does not contain any crustal tracers or more-primitive material

tracers, the composition of the element is treated as background mantle material.



post-Perovskite phase transition
MgSiO3-Perovskite (Pv) is expected to undergo a phase transition to post-Perovskite
(pPv) at lowermost mantle pressures in cold downwelling regions®® where it may un-

10,11

dergo a double crossing”, which has possibly been observed by seismology!®!!. Mineral

physics experiments and theoretical calculations have suggested a reduction of viscosity

12,13

for pPv, compared to Pv'<'°, which may influence the segregation of oceanic crust from

b314. We found that the non-dimensional depth-temperature relation-

the downwelling sla
ship, D =T + 0.5, produces double crossings of the phase transition within downwelling
regions of the lowermost mantle (for D>0.9), where D and T are non-dimensional depth
and temperature respectively. We use this relation as phase boundary between Perovskite
and post-Perovskite, and we explore different viscosity reduction in post-Perovskite re-
gions in this study. Because the Clapeyron slope of post-Perovskite phase transition is
not very well constrained and large uncertainties exist for the temperature of Earth’s
lowermost mantle, the justification for this non-dimensional phase equation is only based
on the goal to obtain a lens of the post-Perovskite phase in colder regions of the lower-

10,11 " This simple non-dimensional phase

most mantle, as is observed by seismic studies
equation does not place contraints on the dimensional parameters for the post-Perovskite

phase transition.



Supplementary Table and Figures

Table S1 lists parameters for all cases performed in this study. Figures S5-S13 show
snapshots for each case which are not shown in the paper. Figure S14 shows the percent-
age of total subducted oceanic crust that resides in piles as a function of time. Though
details of mantle dynamics may change for different cases, the fundamental dynamic
process and interaction between the three-components remain the same as that of the
reference case, showing multiple pathways for subducted oceanic crust: (1) being directly
entrained into plumes, or (2) being flushed into piles and stirred with more-primitive
reservoirs and later entrained into plumes, or (3) simply being stirred into the back-

ground mantle without contacting plumes and piles.
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Figure S13: Snapshot of Case 12 at 653 Myrs. a, temperature field (non-dimensional)
with mantle flow velocity superimposed (gray arrows). b, composition field with 3 com-
ponents: oceanic crust (yellow), more-primitive material (cyan) and background mantle
(black). ¢, logarithm of viscosity (non-dimensional). Gray lines are contours with an in-

terval of 0.5. In this case, the buoyancy number for the more-primitive reservoir material

is B,=1.0.
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Figure S14: Percentage of total subducted oceanic crust that resides in piles as a
function of time. Ra: Rayleigh number; A: Activation parameter; Q: internal heating;

B,: Buoyancy number of the more-primitive material.
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