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* Method: new? old new...
* Longitudinal vs. Latitudinal Reorientation

* Pluto — position of Sputnik Planitia




Well understood: equilibrium orientation

Fossil bulge

distance from Earth / time since formation distance from Earth / time since formation

Keane and Matsuyama (2014): Evidence for lunar true polar wander and past low-eccentricity,...

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



Well understood: equilibrium orientation
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Well understood: equilibrium orientation

€ d e f

90.0° 53.0° 47.0° 45.0°
Method:

g h Diagonalization of j

9,6° 19.0° I + 20.0°
fossil load

i o || MIA, G| mIA I
I m n
0.0 0.0° 0.0° 0.0

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



Visualizing reorientation: bulge-fixed frame
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Dynamics: fluid-limit method?
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ow||mMIA approach: “old new” method
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Comparison with the method of Hu et al. (2019) — perfect match




Pluto: Sputnik Planitia basin
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Alternative story: Pluto completely frozen?

SPUTNIK PLANITIA BASIN AS A TRIGGER FOR MELTING AND REORIENTATION OF PLUTO’S
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Alternative story: Pluto completely frozen?

SPUTNIK PLANITIA BASIN AS A TRIGGER FOR MELTING AND REORIENTATION OF PLUTO’S
ICE SHELL. M. Kihoulou' and V. Pato¢ka'. ' Department of Geophysics, Faculty of Mathematics and Physics,
Charles University, V Holesovickach 2, 18000 Prague, Czech Republic

i initial IOB

n-Vipp =

n-(kVT +q,)
+n-
Lp;

L

ocean

250K

30 T I
~__ 100 mm —@&—
A TR 30mm | |
20 Y \.\ etii i+
///.\\ k. \ 5 mm
10 - /2~ LT 1mm - |
¢ E \. ho ocean @
0 —@------------%----N------ \-\'w_ ----- Lo s e —
o L
| \\
10 - g “a, .
o \\\\
20 ® B, W |
b ae it % WY
_30 | | | | | -7--32?
50 100 150 200 250 327
D (km) (no ocean)
£ Sputnik Planitia basin

s = 102*Pas
40K

reorientation [deg]

90
80
70
60
50
40
30
20
10

TPW distance along the 180" meridian:

. 100 mm
P, 30 mm
P, 10 mm
N, no f.b.
N, el. lit. 30 km
N, el. lit. 60 km
full reorientation

1 10
time [Myr]

1000

7km Nitrogen, 50 km el. thickness, no uplift



Alternative story: Pluto completely frozen?
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Straight to the north, or not?

Negative load, formed near anti-Charon point
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Straight to the north, or not?
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Patocka and Kihoulou, 2023:
Appendix A



Moments of Inertia Difference [107¢]
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a) Time evolution of the principal moments
of inertia differences C-B and B-A. The
moments are normalized by one third of
the trace of I. Full onset of the load is
marked by the vertical dotted line.

b) The temporal progress of reorientation.
Solid lines show the colatitude of the
negative load, dashed lines show how far
the longitude of the load is from 90°E.



Sputnik Planitia: early formation?

a) Positive load, formed in the cold band
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Conclusions

O The “ow||mMIA” method — at your command for building coupled
Interior evolution models

O TPW rates can differ significantly from the bulge relaxation rate

0O Sputnik Planitia is most likely not a negative anomaly, but sustaining
a subsurface ocean on Pluto is difficult

O David Pastrinak: hard “r”, soft “n”



Key terminology: The LE, Inertia, Bulge
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Key terminology: Potentials, Torques
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Mechanism: rotation vs. tides

Rotation: bulge perpendicular to w axis rotational axis
Tides: bulge along the tidal axis

rotational axis

tidal axis S

when tidally locked:
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TPW: methods (Earth)
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The Moon
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Dynamics: PWL approach of Hu et al.

Linearized Liouville equation:
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Dynamics of reorientation: is TPW straight?

Equilibrium orientation 1
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Dynamics of reorientation: TPW paths

a) Positive load b) Negative load
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Sputnik Planitia: formation scenarios

a) Positive load, formed in the cold band b) Negative load
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Pluto: Sputnik Planitia basin
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Mechanism: basic concept
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