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Observable seismicity at the Icy Moons Planetary Seismometry 

Some types of seismometers: 
1. Inertial seismometer: pendulum used as inertial reference 

• Generally most sensitive to earthquakes 
2. Strain seismometer: motion of ground point relative to another 

• Out-perform inertial seismometers at low-frequency (e.g., tides)  
3. Optical seismometer: displacement measured by laser 

How can we retrieve seismic information? 
Seismometers measure ground movement.  In Earth studies, they have 
been built to measure ground motion between 500 Hz and 0.00118 Hz.   

What is seismology? 
• Study of seismic waves (elastic waves) that propagate in a medium 

• Include: body waves (interior), surface waves (interface between 
materials), and normal modes (standing waves) 

• Used to study the movement of Earth’s surface (earthquakes)  

What can we Learn?: Potential science return 

Enceladus Europa Fracture propagation in planetary ice shells: Sources of Seismic Energy 

Seismometer deployment 

Instrumentation:  
2002/2003 field season – 6 stations  

• vertical-comp. L-4C seismometer (10Hz), dual-frequency GPS (0.033Hz) 
2004/2005 and 2005/2006 field seasons – increase to 12 stations  

• 3-axis L-28 seismometer and dual-frequency GPS (0.5Hz) 

Observations: 

3. Ice thickness: global shell and local 
anomalies 

4. Constraints on thermal and chemical 
structures 

5. Water ocean beneath ice shell 

Seismic measurements and the knowledge made possible with them would 
greatly enhance the current understanding of the icy moons.  

What is not directly returned due to challenging measurement requirements (e.g., 
deep structure), can still be better constrained through observations: 

1.  Tensile fracture 2.  Normal faulting 3.  Strike-slip faulting 
Seismic moment: 
MW = 2 
(crack depth: 100m) 

Aki and Richards (2002) 

Seismic moment: 
MW = 4 to 6 
(varying B-D depth) 
Nimmo and Schenk (2006) 

 

Seismic moment: 
MW = 5.2 to 6.4 
(vary length, depth) 

Panning et al. (2006) 

 
Observability of seismicity depends on existing level of tectonic activity and instrument sensitivity. 
Previous instrument sensitivity ranges: 

Apollo LP Viking seismometer NetLander (proposed, Mars) OPTIMISM (Mars96, Mars) 
0.0001 to 1 mHz 0.01 to 1 mHz 0.001 to 1 mHz 0.01 to 1 mHz 

1e-6 to 1e-10 m/s2 1e-4 to 1e-6 m/s2 1e-9 to 1e-10 m/s2 1e-6 to 1e-8 (4 s/sec) or  
1e-5 to 1e-7 (.25 s/sec) 

>11 kg, 4W 2.2 kg, 3.5 W < 2 kg, < 1 W < 2 kg, 70 mW 

Panning et al. (2006): computed peak displacement, velocity, and acceleration for range of shell thicknesses 
• Shell range: 5 – 60 km depth, seismometer placed 135 - 1640 km from source 
• Broadband amplitudes ~smallest for 20 km shell, increase with shell thickness (decreased dispersion) 
• Largest amplitude acceleration: < 70 km surface wave (approx. spacing of observed fractures at Europa) 
• Any instrument must have: at least mm-scale accuracy, period range of 10 – 500 seconds  
 

1. Are the shells tectonically active? 
2. Location of activity: regional or 

global? 

Study design: Seismic network designed to detect high-frequency icequakes by fracturing 
on Amery Ice Shelf, East Antarctica  

Amery Ice Shelf, East Antarctica 

Synthetic seismogram: 
A tensile fracture on Europa 

Varied shell depth 
(Ts): 
Seismic signal from 
tensile fracture 
(Amery rift model) 

Tiger stripe model by Smith-Konter and 
Pappalardo (2008): San Andreas fault model of 
stress accumulation and shear failure 
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