
Preparing for Seismic Observation with 
Dragonfly: What Seismology will look like on 

Titan?
And what can we learn from the upper structure?

Lorraine Delaroque1, T. Kawamura1, A. Lucas1, S. Rodriguez1, K. Onodera2, H. Shiraishi3, 
R. Yamada4, S. Tanaka3, M. P. Panning5, R. D. Lorenz6

1IPGP / U. Paris Cité, CNRS, France, 2Institute for Planetary Material, Okoyama U., 3ISAS, JAXA,  4U. 
Aizu, 5JPL, Caltech, 6Johns Hopkins U. APL

CDD 2026 | IPGP | 31 March 2026

Université Paris Cité

Credit: NASA/JPL/University of Arizona



Mountains ridges1 (NLDSAR)

Some background: what do we know?

N

What we’re unsure about → Deep structure

What we observed, we know → Surface features
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Impact crater (SAR)
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Dune fields2 (SAR)
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[1] Lucas et al. 2014, [2] Radebaugh et al. 2007
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What can seismic data tell us?

➔ Can Titan produce 
detectable quakes?

➔ Can P-wave multiple 
constrain the ice shell 
thickness?
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Methods – Defining the source
STEP 1: global tidal stress field modeling + fault 
orientation → resolve normal & shear traction
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Methods – Defining the source

Frictional 
resist.

Shear 
stress

 

 

 

STEP 1: global tidal stress field modeling + fault 
orientation → resolve normal & shear traction

STEP 2: Coulomb stress from the 
resolved tractions
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Evaluate the fault stability



Methods – Defining the interior model

• 1D self-consistent model with PlanetProfile software

• Ice Ih thickness uncertainty ± 40km! ⇒ test of 2 scenarios

• Anelastic attenuation data from experimentations ⇒ test of 3 scenarios

1D Model of parameters (PlanetProfile, Vance et al. 2018)

VpVs

T

P

⍴
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• Ice Ih thickness uncertainty ± 40km! ⇒ test of 2 scenarios

• Anelastic attenuation data from experimentations ⇒ test of 3 scenarios

1D Model of parameters (PlanetProfile, Vance et al. 2018) Shear attenuation (experimentation at HF)

VpVs

T

P
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-1 Qs

-1 Models adapted from Dapré et al. 2024
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Synthetic waveforms

• wavenumber integration method of the 
CPS → well performance at HF

• f ~ up to 10 Hz

• S-R distance ~ 1,000km

Noise models from Onodera et al. 2025

Turbulence 
noise 
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Retrieving the Outer Ice Shell thickness
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Ice Ih 46KM - PlanetProfile

Detectable energy by the SP

Continuous Wavelet Transform

Continuous Wavelet Transform wrt instrumental noise



Retrieving the Outer Ice Shell thickness
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Ice Ih 46KM - PlanetProfile

Detectable energy by the SP

Continuous Wavelet Transform

Continuous Wavelet Transform wrt instrumental noise



Take-home Messages

Delaroque et al. 2025 (accepted)           

• Detection from potential seismogenic zone with environmental limits needs either a Mw ≥ 4.0, a low 
attenuation and/or a closer distance 

• Depending on attenuation, we can detect from 600–1,000 km.

• Time separations may be useful for measuring the outer ice shell thickness
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Thank you!

Hyugens’s descent on December 2005. Credit: NASA, CALTECH, SSI, ESA

Questions welcome
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Appendices

Credit: Getty/Stocktrek Images



Anelastic Attenuation Models



Detectability Mapping



Source – Choice of the Event Size (1/2)

Panning et al. 2021

 

 

 

Objectives: What are the expected event sizes?

▪ Determine the seismic energy release (Gutenberg & Richter, 

1944)

▪ Link the observed number of events as a function of magnitude

▪ Need to define 3 parameters: the b-value, the cumulative seismic 

moment ΣM0, the largest event M0
⋆ expected

 
 
 

Golombek et al. 1992

 

 Gutenberg & Richter, 1944

(1)

(2)

(3)



Source – Choice of the Event Size (2/2)

Here I’ve updated the values from Panning et al. 2018 & Panning et al. 2021 (see slide before)

 

 

 

 

 (1)

(2)

Kanamori, 1977

Kanamori & Anderson 1975

 

 

 
 

 



Source – Tidal dissipation rate: what do we rely on?
As the k2 value has been updated, the tidal dissipation rate used for 

seismicity catalog predictions should change too! Therefore, some 

updates are needed.

 

 

Which becomes

According to Hurford et al. 2020, the total energy dissipated in a given time 
period T is given by:

  

 

Now, the cumulative moment (i.e. characteristic timescale for 
moment balance) can be expressed as:

 

The largest predicted seismic event is written as:

 

 

 

Where does actually the Q value come from? See the new 
paper of Downey et al. 2025!!



Models – Details on the Interior Structure used

Parameter
Titan’s oceanic composition of 10 wt. % MgSO4

Ice Ih 46 km Ice Ih 46 km

⍴rock moy. [kg.m-3] 3625 3622

Tb* [K] 266.0 262.0

DIh [km] 46.0 75.0

Docean [km] 463.0 369.0

DVI [km] 35.0 82.0

Dmantle [km] 2031 2049

* Temperature (Tb) between the ice shell and the ocean values from Vance et al. 
2018. D is the layer thickness

Delaroque et al. 2025 accepted (Supp. Mater.)

C/MR2 = 0.3414 ± 0.0005 (Fortes et al. 2007, Iess et al. 2010)     →    0.345 ± 0.01
k2          ∈ [0.589 ± 0.15; 0.637 ± 0.224] (Iess et al. 2012)          →    0.375 ± 0.06 (Goossens et al. 2024)

New valuesOld values

High-pressure ice shell (phase VI)

Pure water ice shell (phase Ih)

Tb = 262 K

2575

Silicate interior
Chondrite CV

Aqueous 10 wt. % MgSO4 
ocean
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Waveforms – Theoretical Ray-paths

(PeP)n

Phases 
traveling below 

ocean 

(SeS)n

(PeP)n
(SeS)n

Ih 46 KM Ih 75 KM
Phases 

traveling below 
ocean 

P-Mantellic phases arrive 
faster for thicker ice shells

DraGMet SP

Made with the TauP Toolkit (Crotwell et al. 1998)


