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Introduction:  Much of our fundamental under-

standing of the interior of the Earth comes from seis-
mological observations. At the beginning of the 20th 
century seismology effectively constrained both the 
shallow and deep structure of the Earth. Seismic data 
enabled the discovery of the crust-mantle interface by 
Mohorovičić in 1910. Oldham’s measurement of the 
outer core radius in 1906 and Lehman’s discovery of 
the solid inner core in 1936 were also performed seis-
mically. Seismology has since mapped the structure of 
the core-mantle boundary, compositional and phase 
changes in the mantle, three-dimensional velocity 
anomalies in the mantle related to subsolidus convec-
tion, and lateral variations in lithospheric structure. 
Additionally, seismic information placed strong con-
straints on Earth’s interior temperature distribution and 
the mechanisms of geodynamo operation.  

The InSight mission, which proposes to begin the a 
similar geophysical investigation of the deep interior of 
Mars, is currently under consideration by NASA as the 
next selection in the Discovery Program. InSight will 
probe Mars using a seismometer, heat flow probe, and 
precision tracking of the rotation axis. 

Seismic Techniques for Mars:  Although NASA 
[1] ESA [2-3] and CNES [4] have been poised several 
times in the past to send multiple spacecraft to Mars to 
constitute a seismic network, the most likely prospects 
for Mars seismology in the next decade appear to rest 
with single stations [e.g., 5]. This eliminates the possi-
bility of using “conventional” seismology, which de-
pends on correlating P and S arrival times in seismo-
grams acquired from at least three geographically-
distinct locations. 

However, there are a wealth of techniques available 
that use the complete seismic waveform to extract in-
formation that is encoded in this complex signal as it 
passes through the planet. These include surface wave 
dispersion, normal mode analysis (from both large 
marsquakes and atmospheric excitation), receiver func-
tions, tidal deformations (from Phobos), coda analysis, 
and various forms of multiple arrival analysis (from 
both marsquakes and meteorite impacts). Such tech-
niques, applied to high-quality data from a well-
installed, high-precision, three-component, very-broad-
band seismometer, will make it possible to delineate 
the basic internal structure of Mars [e.g., 6-7]. 

Structure and Composition of the Mantle:  
Seismology is best suited for determining the physical 
structure of the mantle, and, to a lesser degree, its 
composition. 

Structure. The most basic parameters of the mantle 
are the depths of its upper and lower boundaries, i.e., 
the crust-mantle boundary and the core-mantle bounda-
ry. Both are distinct, sharp discontinuities that are par-
ticularly amenable to seismic detection. Using the 
techniques described above, it should be possible to 
determine both the average thickness of the crust to 
within 10 km and the radius of the core to <50 km. 

If the martian mantle is similar to the Earth’s, it 
should contain phase transitions analogous to the ter-
restrial mantle transition zone. The olivine-spinel tran-
sition begins at a depth of about 400 km on the Earth, 
which is equivalent to about 1200 km on Mars. The 
spinel-perovskite transition marks the top of the lower 
mantle at about 660 km on Earth; this corresponds to 
about 2000 km on Mars. Note that this latter depth is 
within the present uncertainty range of the core radius, 
so the existence of this transition may be preempted by 
a larger core. These transitions are manifested in a sig-
nificant seismic velocity increase of about 25%, which 
will be clearly reflected in the seismic velocity data. 
Similarly, any compositional stratification driven by 
density contrasts should produce clear seismic signa-
tures from both reflections from boundaries and veloci-
ty variations of transmitted waves. 

Composition. Although seismic measurements do 
not return composition directly (seismic velocities de-
pend on the density and elasticity of a material), the 
velocities can be interpreted in terms of laboratory 
measurements, with velocities of appropriate mantle 
rocks varying over a range of about 1 km/s [e.g., 8]. 

A key compositional parameter of the martian man-
tle is its Mg/Fe ratio. Seismic velocity is relatively sen-
sitive to this, with variations of ~10% in Fe fraction 
affecting the seismic velocity by ~0.15 km/s [9-10]. 
This is roughly the level of velocity precision for the 
mantle expected from single-station seismology. 
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