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Abstract Continental lithosphere with low intrinsic density and high viscosity occupies about
30% area of the Earth's surface. Due to its special physical and chemical properties, the
continental lithosphere does not actively take part in the mantle overturn. However, it affects the
convective flow and vice versa. Below central Pacific ocean and Southern Africa lie two high-
density thermochemical piles, covering ~20% of the Core Mantle Boundary (CMB) area. The
structure of these thermochemical piles is influenced by the convective flow in the surrounding

mantle. On the other hand, these thermochemical piles have important effects on the structure of
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mantle convection. Thermochemical convection models including continental lithosphere and
thermochemical piles are used to investigate the interaction between the continental lithosphere,
surrounding mantle and the thermochemical piles. Our model results show that (1) Violent
subduction at continental margins, downward flow and low upper mantle temperature under
continental region, and compressive horizontal stress in continental lithosphere characterize the
main feature of the mantle when the size of the continental lithosphere is small. When the size of
the continent is large, subduction at continental margins becomes weak; mantle under continents
flows upward; temperature in the upper mantle is high, horizontal stress in the continental
lithosphere is tensile. (2) Lithosphere-Asthenosphere Boundary (ILAB) in the continental region
is deeper and colder than that in the oceanic region. With the increase of continental size, these
differences decrease. (3) The abundance of thermochemical piles in continental region is
positively correlated with the size of continental lithosphere, i. e. low for small continental size

and high for large continental size. (4) Surface heat flux is high and fluctuates violently with time

in the oceanic region while low and fluctuates weakly with time in the continental region. CMB

heat flux under thermochemical piles is lower than the surrounding mantle region.
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Fig.1 Non-dimensional density (a, ¢) and viscosity (b, d) distribution at initial time for model CaseBl (a, b) and CaseCl (¢, d)

X-axis stands for non-dimensional length and Y-axis stands for non-dimensional height.

The scalar for length and depth is 2890 km.
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Fig. 2 Schematic view of the distribution of the Continental
region, Oceanic region and Continental margin region
Color represent the composition. — 1 stands for continental
lithosphere material and 0 stands for surrounding mantle
material. O stands for Oceanic region, CB stands for Continental
margin region and C stands for Continental region. X-axis
stands for non-dimensional length and Y-axis stands for non-

dimensional depth. The scalar for length and depth is 2890 km.
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Table 2 Simulated models in this article and model results. L, represents the initial length of
the continental lithosphere. 7. represents the viscosity ratio between the LSVPs and
the surrounding mantle. NaN represents Not a Number. Check other parameters in Section 3
CaseAl CaseA2 CaseA3 CaseBl1 CaseB2 CaseB3 CaseCl CaseC2 CaseC3
Lo 1 3 0.5 1 3 0.5 1 3 0.5
Ne NaN NaN NaN 25 25 25 0.04 0. 04 0. 04
VI (p —1.7+0.9 —0.14+0.7 —3.94+1.7 —1.3%+1.2 —0.3%£1.1 —3.5£1.6 —0.2%+1.4 —0.140.8 —3.2+2.1
Av, —2.240.7 1+0.3 —4.2+2.3 —1.7+2 —0.4+0.6 —4.6+2.3 —0.340.7 0.940.6 —3.7t2.5
ATy —23+11 19+7 —42+28 —30+22 —9410 —524+33 — 11427 20+12 — 75450
ATy 12435 39+28 —44+38 —26+77 —17+7.9 —62+65 —82+115 116+68 —138+143
ATrap —69+41 1£57 —87+56 —66+21 —2+43 —88+50 —24+60 24453 —79460
Adap 88+44 19+41 99+58 81441 40418 135464 40429 —6.9+143 99469
R.. 6 2.2 4.7 4.3 2.4 6.2 4.7 2 13
R, NaN NaN NaN 0.43 0.9 —0.02 0.47 1.1 0.39
1 Average vertical velocity/(cm-a™) Average temperature/(C)
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Fig. 3 Average vertical velocity (left) and temperature (right) profile for model CaseAl

at certain time after reaching steady state

Positive is for upward velocity while negative is for downward velocity in the left panel. Horizontal ticks

in the right panel represent LAB. Dashed (solid) line is for continent (Oceanic) region.
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Fig.4 Normal stress in the horizontal direction shown in the same time for
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by the solid lines represent the continental lithosphere regions.
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Fig. 6 Snapshots of the temperature field for CaseAl at different time

Panels (a). (b) and (c¢) are the temperature snapshots corresponding to time tl, t2 and t3 in Fig. 5, respectively.

Black arrows point the boundary of the continental lithosphere.
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Fig. 8 Snapshots of the temperature field for CaseCl at different times

Panels (a), (b), (¢) and (d) correspond to time tl, t2, t3 and t4 in Fig. 7, respectively. Panel (e) shows the streamline corresponding to time t1.

Thick blue and red lines corresponds to the boundaries of continental lithosphere and LSVPs respectively.
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