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velocity & viscosity

t=2.770E-2
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Substantial dependence of the efficiency of
convective heat transport on the surface T
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An effect of the T-dependence of viscosity:
A higher effective surface temperature

(potential temperature)
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(Miyagoshi et al., 2015)



The convective flow pattern in planets of various sizes.
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An effect of the initial condition; a temporarily layered convection
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(Christensen & Yuen, 1985

660 kmHERZ & < > kLYY

BIams) 10r Convecuon will Kd = 4 X 1v- anag i =uv\J. 10¢ pnasc
buoyancy parameter P =y Rb/Ra is +0.3 in Figure 1qa, 0.0 in Figure
1b, —0.3 in Figure 1¢, —0.4 in Figure 1d, and —0.6 in Figure le. The
region in which 0.2 < I < 0.8 is marked by vertical bars. In Figures
la, 1b, and 1c, steady state results are displayed, while Figures 1d and
le show the situation approximately 2.5 x 10~ 2 nondimensional time
units after the flow was started with a single-layer convection temper-
ature profile. Contour lines for the temperature are 0.05 (+0.10) 0.95
in Figures 1a, 1b, and 1c and 0.10 (+0.10) 0.90 in Figures 1d and le.
Isolines for the stream function are drawn every 20 units in Figures
la, 1b, and 1c¢ and every 8 units in Figures 1d and le.

ing dI'/dn from (6) in each Gaussian integration point. The
same applies to the modified energy equation (19). The tem-
perature in (19) is calculated implicitly during the time step-

Ny
/1L

CTION BY PHASE TRANSITIONS

on, which should be equal:

Ju;
Y ox f

J(Ra wT — Rbwl') dV = J‘a dv (2
equality is fulfilled to better than 1%. The second consis
r check is to compare the heat flow through the top (Q,,
bottom (Q,,); the difference must be made up by tt
1ge of volumetrically stored heat. To determine this la
ntity is somewhat complicated because some of the enersg
cked up as latent heat which depends intrinsically on tt
lute temperature at which the transition takes place. T
slify the calculation, we assume that the average transitic

| perature is T, + 0.5. The energy balance can then be wri

n nondimensional units

(Machetel & Weber, 1991)
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The Magmatism-Mantle Upwelling feedback

decompression melting

X

upwelling flow magmatism

~

Melt-buoyancy + volume change of matrix from magma-migration
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MMUb feedback with n (T): Ra > Ry
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MMUc feedback with n (T): Ra < Ry,

T & magma
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Magmatism in a two-component system:
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Magmatism in two-component system:

with the MMU-feedback

Flood basalt of 3.7 Ga
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Zero-Pressure Density (g cm™)
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(a) degree of mantle stratification
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(a) temperature T & magma ¢ (b) composition & (c) heating rate q/H Case N8: H=8 [pW/kg]

average surface velocity

Case N18: H=18 [pW/kg]

average surface velocit

Case N&: H=8 [pW/kg]

S

‘[

~

horizontal coordinate [cm/yr]

Lt Ll i

14.0 _ 150 155

Case N25: H=25 [pW/kg]

Case N30: H=30 [pW/kg]

Case N25: H =25 [pW/kg] I 50 average surface velocity average surface velocity

i

Case N30: H=30 [pW/kg]|

A .“ » v b 3 3
E é

horizontal coordinate [cm/yr]

' N |
5.0 5.5 6.0

SV SER—

basalt  average -

e ——— B ——
500 2000 0.0 0 -1.0 1.0

T[K] % . log] ()(q/ H) (Fujita & Ogawa, 2009)

50 l

| OLL LM—M&I

R R — | ‘l . L

LM ———— ‘ ..
3.5 4.0 4.5

time [Gyr]

-2 0 2
velocity [em/yr|



(@) T & magma

387 Myr

88 Myr

(b) composition

(c) U/Uref
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