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Model

! a dense axisymmetric shell with viscosity h1 sinking into a planet with viscosity h2

Numerical method: boundary-
element method (BEM)

Instantaneous solutions only

(slab length 
+ length of flexural bulge)



Instantaneous Flow Solution: An Example (qt = 30o, h1/h2 = 100)



Three Forces Acting on a Slab: Scaling Analysis

(Negative) buoyancy: 
<latexit sha1_base64="R3D7JO/Dzt2XFnZIM8tSCeB77AA=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLosCOKygn1AE8JkMmmHziPMTIQSuvFX3LhQxK2f4c6/cdpmoa0HLhzOuZd774kzRrXxvG9nZXVtfWOzslXd3tnd23cPDjta5gqTNpZMql6MNGFUkLahhpFepgjiMSPdeHQz9buPRGkqxYMZZyTkaCBoSjEyVorc49soDjTlkMEhHAQJYQYFaigjt+bVvRngMvFLUgMlWpH7FSQS55wIgxnSuu97mQkLpAzFjEyqQa5JhvAIDUjfUoE40WExe2ACz6ySwFQqW8LAmfp7okBc6zGPbSdHZqgXvan4n9fPTXodFlRkuSECzxelOYNGwmkaMKGKYMPGliCsqL0V4iFSCBubWdWG4C++vEw6jbp/WffuL2rNRhlHBZyAU3AOfHAFmuAOtEAbYDABz+AVvDlPzovz7nzMW1eccuYI/IHz+QPIIZXY</latexit>
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External force (drag): 

Internal resistance 
to bending (from
thin-shell theory) flexural
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<latexit sha1_base64="8KE1pm5AeUz3/plhcNQ3FuoNw98="></latexit>

Fint ⇠ ⌘2V f1

✓
⌘1h3

⌘2l3b
,

lb
R0

cot ✓t

◆

<latexit sha1_base64="q/W7/cYRv/a2brgzRFWZHj8ke3k=">AAACB3icbVBNS8NAEN34bf2KehRksQieSiJFPRYE8ahga6EpYbOdtkt3k7A7EUvozYt/xYsHRbz6F7z5b9zWHLT1wcDjvRlm5kWpFAY978uZm19YXFpeWS2trW9sbrnbOw2TZJpDnScy0c2IGZAihjoKlNBMNTAVSbiNBudj//YOtBFJfIPDFNqK9WLRFZyhlUJ3/yLMA8Wwr1UO9zga0cAIRQNAFh7TRuiWvYo3AZ0lfkHKpMBV6H4GnYRnCmLkkhnT8r0U2znTKLiEUSnIDKSMD1gPWpbGTIFp55M/RvTQKh3aTbStGOlE/T2RM2XMUEW2c3yymfbG4n9eK8PuWTsXcZohxPxnUTeTFBM6DoV2hAaOcmgJ41rYWynvM8042uhKNgR/+uVZ0jiu+CcV77parlWLOFbIHjkgR8Qnp6RGLskVqRNOHsgTeSGvzqPz7Lw57z+tc04xs0v+wPn4BqeemRs=</latexit>

Fext ⇠ ⌘2V (V = slab sinking
speed)

<latexit sha1_base64="5jOB2cpNqYwZ1nMwXN/z3++47UA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPVY8OKxgv2AJpTNdtsu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxMpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuyE1XArFWyhQ8m6iOY1CyTvh5G7ud564NiJWjzhNeBDRkRJDwShayff1OL4iPkfar/XLFbfqLkDWiZeTCuRo9stf/iBmacQVMkmN6XlugkFGNQom+azkp4YnlE3oiPcsVTTiJsgWN8/IhVUGZBhrWwrJQv09kdHImGkU2s6I4tisenPxP6+X4vA2yIRKUuSKLRcNU0kwJvMAyEBozlBOLaFMC3srYWOqKUMbU8mG4K2+vE7atap3XXUf6pVGPY+jCGdwDpfgwQ004B6a0AIGCTzDK7w5qfPivDsfy9aCk8+cwh84nz8QNJEB</latexit>⇢, ⌘2



1. Dynamical sphericity is greater for small plates (“sphericity paradox”)

3. Sphericity is important at all scales in the dynamics of subduction

Dynamical vs. Geometrical Sphericity

Dynamical sphericity number: 
<latexit sha1_base64="n1SdAALSx6mvGOzuUPMxXo14jzc=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiJF3QgFXbisjz6gCWEynbRDJw9mboQS8gdu/BU3LhRx69adf+O0zUJbD1w4nHMv997jJ4IrsKxvY2FxaXlltbRWXt/Y3No2d3ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vDy7HffmBS8Ti6h1HC3JD0Ix5wSkBLnnnk3PF+SLwrfIGdQBKaCc/Ps1vPyh0agwMDBsQDz6xYVWsCPE/sglRQgYZnfjm9mKYhi4AKolTXthJwMyKBU8HyspMqlhA6JH3W1TQiIVNuNvknx4da6eEglroiwBP190RGQqVGoa87QwIDNeuNxf+8bgrBuZvxKEmBRXS6KEgFhhiPw8E9LhkFMdKEUMn1rZgOiE4FdIRlHYI9+/I8aZ1U7dOqdVOr1GtFHCW0jw7QMbLRGaqja9RATUTRI3pGr+jNeDJejHfjY9q6YBQze+gPjM8fqTScaA==</latexit>

⌃D =
lb
R0

cot ✓t

Geometrical sphericity number: 
<latexit sha1_base64="we2ihh0WM2hBjZj24+6rKKvkbjU=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBeh4EGPFe0HNCFstpt26WYTdidCCfWvePGgiFd/iDf/jds2B219MPB4b4aZeWEquAbH+bZKK6tr6xvlzcrW9s7unr1/0NZJpihr0UQkqhsSzQSXrAUcBOumipE4FKwTjq6nfueRKc0T+QDjlPkxGUgecUrASIFd9e75ICbBDb7CHgwZkAACu+bUnRnwMnELUkMFmoH95fUTmsVMAhVE657rpODnRAGngk0qXqZZSuiIDFjPUElipv18dvwEHxulj6NEmZKAZ+rviZzEWo/j0HTGBIZ60ZuK/3m9DKJLP+cyzYBJOl8UZQJDgqdJ4D5XjIIYG0Ko4uZWTIdEEQomr4oJwV18eZm0T+vued25O6s1zoo4yugQHaET5KIL1EC3qIlaiKIxekav6M16sl6sd+tj3lqyipkq+gPr8wek/ZQV</latexit>

⌃G = ✓t

Implications:

2. Geometrical sphericity is greater for large plates;



This hemisphere has…

… than this cap.

(a) Greater geometrical sphericity

(b) Smaller dynamical sphericity



Effect of Sphericity on the Sinking Speed V

Sphericity reduces V by a few tens of percent for small plates!



Sphericity increases T2 by a factor      3 for small plates!

175 BEM solutions

Universal Scaling of the Maximum Hoop Stress Resultant T2



Hoop Stress vs. Downdip Stress

! Stress in most of the slab is dominated by the hoop stress component
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Three-Dimensional Model (in progress)

Bird’s-eye view of the shell Cross-section along a meridian


