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Introduction: Impact events are key sources 

of seismic waves for geophysical missions. Seismic 
waves provide invaluable information and constraints 
on the detailed internal structure and therefore for-
mation, evolution, and dynamics of planets and satel-
lites. Fresh craters formed by new impact events on 
Mars have been identified in before and after high-
resolution orbital images of the Martian surface [1-2]. 
This technique facilitates measurements of the exact 
position and size of impacts detected by a seismome-
ter, and enables calibration of Martian seismic veloci-
ties and retrieval of internal structure from future mis-
sions, particularly the NASA Discovery Program 
lander InSight [3].  

We investigate the potential impact-produced seis-
mic activity from recent, dated impact events on Mars 
[e.g., 1, 4] through a detailed characterization of crater 
morphometry, and spatial information for clusters of 
new craters. Crater morphometry and locations are 
used to model the expected seismic response of Mars 
to actual recent impact events, and evaluate the detect-
ability at different distances of an impact for various 
body and surface wave phases. The unique approach of 
this ongoing project builds upon previous theoretical 
and experimental characterizations of impacts [e.g., 5]. 
Results will be directly relevant for developing tech-
niques to recover Martian internal structure from single 
3-component seismometers, such as the Seismic Ex-
periment for Interior Structure (SEIS) on InSight. 

Data and Methods:  Crater Measurements. Imag-
es from the High Resolution Imaging Science Experi-
ment (HiRISE) [6] on Mars Reconnaissance Orbiter 
(MRO), with pixel scales of 0.25 m/pixel, are used to 
investigate new, dated impact sites. High-resolution 
views have revealed that new martian impacts occur as 
both single craters and clusters of multiple craters 
(about 56% clusters) [2]. Crater diameters range from 
below HiRISE resolution up to tens of meters [2].  

For this preliminary study, four new impact sites 
[4, 7] were chosen to include a variety of types of im-
pacts (single craters and clusters), and which are locat-
ed at varying distances from the proposed InSight 
landing area (see Table; Fig. 1). Each crater diameter 
was measured, along with the crater’s center latitude 
and longitude to establish dispersion within clusters.  

Where possible, it was noted if a crater appears to 
have a flat floor or a concentric/“nested” morphology  
(e.g. Fig. 1D) which would indicate excavation into a 
layered target where more consolidated material (e.g., 

Fig Lat 
(°N) 

Lon 
(°E) 

Description Proximity to 
InSight  

1A 4.283 135.254 Single crater;  
diameter=~5.4 m 

Within ellip-
ses (E09, E17) 

1B -1.343 141.566 cluster of ~3 
craters; diame-
ters: ~1 to 4.6 m 

Within ellipse 
(E15) 

1C -6.629 156.446 cluster of ~6 
craters; diame-
ters: ~1 to 6 m  

~1300 km 

1D 25.846 247.617 cluster of >100 
craters; diame-
ters up to ~4.5 m 

~6000 km 

 

Figure 1. New dated impact sites used for this study (see table). 
HiRISE observation IDs are indicated. For all: North is up; sun is 
roughly to the west. A and B are enhanced false color RDRs; C and 
D are red RDRs. Lower panels show predicted seismograms at dif-
ferent distances calculated using properties measured from craters; 
clustered impacts are spread artificially over 2 seconds (initial upper 
bound estimate, likely too high) to simulate non-simultaneous im-
pact. Image credit: NASA/JPL/University of Arizona. 
 
ice or, more likely at the latitudes in this study, bed-
rock), underlies more unconsolidated material (e.g., 
regolith or loose sediments). For all but the largest 
cluster, craters either had apparently parabolic floors or 
the shape of the floor could not be clearly determined. 
For the largest cluster (Fig. 1D), several of the larger 
craters >2 m in diameter appear to have flat floors, and 
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some craters >3.5 m in diameter appear to have floors 
with concentric or “nested” morphologies indicating 
excavation into a subsurface layer of more consolidat-
ed material. This is consistent with evidence for a sur-
face layer of unconsolidated regolith at the InSight 
landing sites based on the onset diameter of craters 
with rocky ejecta [8]. 

Seismic Modeling. Measured crater parameters and 
a range of target material constraints are used to inform 
elastic wave propagation simulations for assessing the 
detectability of impact seismic energy sampling the 
Martian interior. The seismic modeling involves 3 
stages: 1) crater characteristics and end-member mod-
els of target properties are used to scale the amount of 
impact energy translated from the bolide into seismic 
energy within Mars. 2) The size and locations of near-
contemporaneous clustered impact craters and singular 
impacts are used to construct source time functions for 
each impact (Fig. 1). 3) The resulting sources are then 
convolved with Green’s functions produced for elastic 
models of attenuation and surface material properties 
(Fig. 2). The resulting seismic amplitudes are finally 
used to evaluate the detectability at distance of an im-
pact for various body and surface wave phases (Fig. 3). 
To better inform the seismic modeling, a set of target 
materials is used for converting to seismic efficiencies 
and attenuation factors. For the purposes of this study, 
the most influential target properties are the differences 
between unconsolidated material versus consolidated 
materials, and/or a combination of consolidated mate-
rials superposed by a layer of unconsolidated material 
with a range of appropriate layer thicknesses. We use 
an end-member approach assigning seismic efficien-
cies of η=10-2 to bedrock, and η=10-6 to regolith [e.g. 
9] (Fig. 2). This range of target properties is relevant to 
the majority of materials on the surface of Mars, and is 
especially relevant for western Elysium Planitia, the 
proposed landing site for InSight. [e.g. 10]. 

Results: For a range of target properties (bedrock 
vs. regolith), we calculate that the individually ob-
served impacts would have generated seismic events 
with moment magnitudes between -2.3 to 2.2 [5], (Fig. 
2). Impacts with magnitudes > 0.5 are within the de-
tectability of the InSight SEIS instrument [7]. For clus-
tered impacts, we investigated the effect of a distribut-
ed source function on using the Serpentine Wave 
Propagation Package [11] to model impacts in 3-D 
(Fig. 3). The resultant sourcetime function is depend-
ent upon the total moment release of the multiple im-
pacts, time of impact events, and geographic closeness 
of the clustered impacts. Smaller craters contribute 
significantly less energy to the source function, but add 
to the complexity of recorded seismic energies (Fig. 1). 

 
Figure 2. Predicted seismic amplitudes for the crater sizes detected in 
our study (0.2-5.4 m). Shaded fields indicate ranges of amplitude for 
impacts into hard rock (η=10-2), soft rock (η=10-4), and regolith 
(η=10-6). 

Figure 3. Map 
of the predict-
ed signal to 
noise (SNR) 
for impacts 
(white dots) 
located near 
InSight landing 
ellipses (out-
lined in white). 

Labels are as in Fig. 1. SNR is calculated using soft rock (η=10-4), 
and an average background noise amplitude of 1 nm s-1 Hz-1/2. 
 

As long as the sensitivity of SEIS exceeds the 
background noise of Mars, we predict that the impacts 
in Figs. 1A and 1B would have been detected by SEIS 
(assuming SEIS to be located in one of the landing 
ellipses shown in Fig. 3), while the impacts in Figs. 1C 
and 1D are too far away to have been detected. Other 
factors that influence detectability, and that will con-
tinue to be investigated, are attenuation, scattering, 
topography, and further variations in target properties. 
This ongoing study will predict potential observations 
by future seismic missions such as InSight, and place 
constraints on the forms and amplitudes of seismic 
signals initiated by  new impacts. 
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