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1 1 Ὁˢ ˣ
ІЌϽЗрЕʾзАЖρзЊІТϴϯ
Ẕᶌ χӗ ʿФи˔ЭρШАЕІЪАЕᴲ╦
Фй˔ЕʾГϼЕИϼІ
ӊ χ῟ᴮʿІ˔О˔ Ẕ

1 2 Ὁˢᾧ ʾᾧ ˣ
ЪІЕʾІСКи ӱρТжАЄрϽ

1 2 Ὁˢᾧ ʾׁ ˣ
ᴲ ᶨ ʾЫрЕи Тϰ˔ЖНАϼˢ͍ˣʿᾖ

2 2 Ὁˢᾧ ʾׁ ˣ
ᴲ ᶨ ʾЫрЕи Тϰ˔ЖНАϼˢ͎ˣʿЫрЕиχ ᴟρ

2 3 Ὁˢᾧ ͎ ʾׁ ʿᴞ ЫрЕиχ῟ᴮˣ
ᾜ ḵНзϯρН˔ІЕ

ԁ ʿЫрЕиʾЍϱЗЬϼІχ ᵃ

ʿ ᴟᶆ



(Holms, 1931)
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ЫрЕи χІϾ˔зрϽ

(Holmes, 1931)

ЫрЕи ЫϽЫ

100 km 1 cm 1 mm

Ra= (d/dp)
3

10dpχ

ЫрЕи ρ ᴣσ χ

ή

̠Ὠ σὧά

Ⱳḧ
τȢυὋώὶ/( dEarth

2/‖mantle ) = ὸ/( 0.032/‖water ) ̠ὸ ρππίὩὧ

Ẕχ ᴟ˹ ◊ˁor χⱲḧ ˁ

(Ganne& Feng, 2017)



Utsunomiya et al., 2007)
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ẔψϘκΥΜσΨ ᴟΰθ̠ςΞϞμοˁ

(Hoffman, 1989)
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2 2 Ὁˢᾧ ʾׁ ˣ
ᴲ ᶨ ʾЫрЕи Тϰ˔ЖНАϼˢ͎ˣʿЫрЕиχ ᴟρ

2 3 Ὁˢᾧ ͎ ʾׁ ʿᴞ ЫрЕиχ῟ᴮˣ
ᾜ ḵНзϯρН˔ІЕ



(Kameyamta& Ogawa, 2000)

χᴛ Ӣ ρзЊІТϴϯ

(a)

(b)



(Ogawa et al., 1991)

Stagnant lid regime
зЊІТϴϯΚϤ

Small viscosity contrast regime
зЊІТϴϯσΰ

bifurcation



(Yanagisawa et al., 2016) (Zhang et al., 2013)

Degree-1 χ ОЌ˔рˁʿὮʾᴲ



1 1 Ὁˢ ˣ
ІЌϽЗрЕʾзАЖρзЊІТϴϯ
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2 3 Ὁˢᾧ ͎ ʾׁ ʿᴞ ЫрЕиχ῟ᴮˣ
ᾜ ḵНзϯρН˔ІЕ



(Yanagisawa et al., 2016)

ᴞΤϣχᴥ τϢϥẔᶌ χ ᵦйϱз˔
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Earth,

Venus

(Wieczorek, 2015)

(Yanagisawa et al., 2016)
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ᾜ ḵНзϯρН˔ІЕ



зЊІТϴϯχ ᵗτϢϥФй˔ЕẽᵦχἹ

(Gordon, 2000)
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(Nakagawa & Tackley, 2015)

σФй˔Еẽᵦ
Фй˔Еẽᵦχ ʾ
Фй˔Еẽᵦχӱ >> Фй˔Е



(Cottaar& Lekic, 2016) (Steinberger & Torsvik, 2012)

CMB



Фй˔Е֫ χӗ
Фй˔ЕẽᵦψϚϞϙτ ΰσΜˢ ʾᵤ χ ϙ₅ϙetcˣ

Фй˔ЕẽᵦψФй˔Е֫ ζχϜχτϢϤӱ ήϦϥ
̣

ᵃẠχ ᵗτϢϤ αθФй˔ЕẽᵦϬṜᴓ
̣

χᴂ Ӣ
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Weak plate regime Plate-like regime
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″ Фй˔Еχ ʾᵕ



σᵤ ρ ╛σ ϙ₅ϙ ʿלᵤˁ

(Gordon, 2000)



1 / (heat flux)**2

ʿᵤ ự q ̿1/̽t

velocity & damage



https://www.earth.ox.ac.uk/~smachine/cgi/index.php?page=tomo_depth

ᾥΜФй˔Еχᴞχ ⱳ



1 1 Ὁˢ ˣ
ІЌϽЗрЕʾзАЖρзЊІТϴϯ
Ẕᶌ χӗ ʿФи˔ЭρШАЕІЪАЕᴲ╦
Фй˔ЕʾГϼЕИϼІ
ӊ χ῟ᴮʿІ˔О˔ Ẕ

1 2 Ὁˢᾧ ʾᾧ ˣ
ЪІЕʾІСКи ӱρТжАЄрϽ

1 2 Ὁˢᾧ ʾׁ ˣ
ᴲ ᶨ ʾЫрЕи Тϰ˔ЖНАϼˢ͍ˣʿᾖ

2 2 Ὁˢᾧ ʾׁ ˣ
ᴲ ᶨ ʾЫрЕи Тϰ˔ЖНАϼˢ͎ˣʿЫрЕиχ ᴟρ

2 3 Ὁˢᾧ ͎ ʾׁ ʿᴞ ЫрЕиχ῟ᴮˣ
ᾜ ḵНзϯρН˔ІЕ



(Tachinamiet al., 2014)

The effects of adiabatic compression

For constant ќ

D = Ŭgd/Cp



(Tachinamiet al., 2014)

Substantial dependence of the efficiency of

convective heat transport on the surface T

Ts = 0.03 Ts = 0.1 Ts = 0.3



(potential temperature)

0.453 0.461

0.490 0.498

0.485 0.493

An effect of the T-dependence of viscosity:

A higher effective surface temperature

(Miyagoshiet al., 2015)



(Miyagoshiet al., 2018)

The convective flow pattern in planets of various sizes.



(Miyagoshiet al., 2017)

An effect of the initial condition; a temporarily layered convection

T Potential T

A smaller D


