Additional Materials for “Two-dimensional numerical experi-
ments on mantle convection with stress-history-dependent rheol-

ogy: Toward self-consistent reproduction of plate tectonics”

Hiroki Taito!, Masanori Kameyama''?, Takehiro Miyagoshi? and Masaki Ogawa3

1: Geodynamics Research Center (GRC), Premier Institute for Advanced Studies (PIAS),
Ehime University, Matsuyama, Ehime 790-8577, Japan. (kameyama.masanori.my@ehime-
u.ac.jp)

2: Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokohama, Kana-
gawa 236-0001, Japan.

3: Department of Earth Sciences and Astronomy, The University of Tokyo at Komaba,

Meguro, Tokyo, Japan.

Preprint submitted to Farth, Planets and Space on July 18, 2025

1



(a) Case Ed1 (b) Case Ed4

(;)02 1“damaged” % i (;)02 |“damaged” @ i

7 Y| 7 & |

n w ) w F

100 3 E 100 3 B _ 3
{“&-softening” i {“&-softening” ..

1071 : F 10717 5

_2‘: .. . '-.' = —2<; =

10 170 s “intact” f 10 E “intact” f

1072 10° 102 O/ Oref 10°

Figure S1. Plots against the stress oy applied to the fluid parcels of the values of their damage w obtained
for the cases where the viscosity is dependent on stress-history with F' = 8.06. Plotted by the dots are
the values of w and oy obtained for the snapshots of Cases (a) Ed1 and (b) Ed4 indicated in the figure.
The color indicates the temperature T' of the parcels. Indicated by the black lines for comparison are

the relationship between ws and oy given by in the main text.
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Case Ed4 (E = 19.3, F = 8.06) at ¢ = 9.55967839 x 10~!
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Figure S2. A snapshot of the convecting flow structure obtained for the calculation of Case Ed4 at the
elapsed time of ¢+ = 9.55968 x 10~!. (a) The distribution of dimensionless temperature T' in the entire
domain. The contour interval is 0.1 and the color scale is shown in the figure. (b) The distribution
of viscosity 7 in the entire domain. The color scale is shown in the figure. (¢) The distribution of the
damage w in the entire domain. The color scale is shown in the figure. (d to f) Same as (a to c) but for
the distributions in the uppermost part of the domain of dimensionless height 0.8125 < r — ry;, < 1.
(g) The plot against the horizontal coordinate 6 of the inverse of the square of the dimensionless heat
flow 1/h2, at the top surface boundary. (h) The plot against 6 of the horizontal velocity vg at the top

surface boundary. (i) The plot against 6 of the damage w at the top surface boundary.
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Figure S3. Same as Figure [S2| but for the elapsed times at t = 1.10363 x 10°.
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Figure S4. The comparison of the different modes of convecting flow structures obtained in this study.
(a) The distribution of dimensionless temperature 7' in the entire domain. (b) The distribution of the
ratio of the viscous dissipation @ to its maximum value ®,,,, in the entire domain. The color scale is
shown in the figure. Encircled by thin white lines in the distributions of T and ®/®,,x for the Cases

Ed4 and E2 are the minor descending plumes occurring at the base of the cold TBLs.
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Figure S5. Snapshots of overall structures of the thermal convection in two-dimensional Cartesian box
of aspect ratio (width/height) 3 similar to the earlier work by [Ogawal (2003). (a) The distribution of
temperature 1. The contour interval is 0.1. The color scale is indicated at the bottom of the figure.
(b) The distribution of damage w. The color scale is indicated at the bottom of the figure. (¢) The
distribution of viscous dissipation ®. Plotted are the values of ® divided by its maximum value @,

for the given snapshot. The color scale is indicated at the bottom of the figure.
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Figure S6. Snapshots of overall structures of the thermal convection in the uppermost part of the box
two-dimensional Cartesian box obtained for Cases Ed1l and Ed2. (a) The distribution of temperature
T from the top surface (dimensionless height z = 1) down to z = 0.8125. The contour interval is 0.1.
(b) The distribution of second invariant of stress tensor oy for 0.8125 < z < 1. (c¢) The distribution
of damage w for 0.8125 < z < 1. (d) The plot against horizontal coordinate z of the inverse square of
heat flux h at the top surface (z = 1). (e) The plot against « of the horizontal velocity v, at z = 1.
(f) The plot against x of the damage w at z = 1. For (a) to (c¢), the color scales are indicated at the

bottom of the figure.
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Figure S7. Same as Figure [S6| but for Cases Ed3 and Ed4.
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Figure S8. Same as Figure [S6] but for Cases Ed5 to Ed7.



