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Introduction:  The NASA InSight mission has 

realized more than 1000 Martian sols of seismic 
observation on Mars. While the power situation of the 
lander has been degrading recently, significant effort 
was made to maintain the continuous observation of the 
SEIS seismometer package and we have succeeded in 
performing quasi-continuous observation for SEIS. 
During the continuous observation, Marsquake Service 
(MQS) has been constantly monitoring the data to 
identify marsquakes. MQS is responsible for reviewing 
the continuous data and creating a seismicity catalog for 
Mars. The catalog current comprises almost 1000 
distant marsquakes and more than 1000 events likely 
associated with thermal cracking. We here review the 
MQS activity and report the latest update on the 
marsquake catalog produced by MQS. 

Martian Seismic Data: Mars seismic data is 
available at InSight Mars SEIS Data Service[1]. A 
typical Martian day consists of noisy day time and a 
quieter night time (Figure 1)[2,3]. During Martian day 
time, various atmospheric activities such as dust devils 
or strong gust of winds generate high seismic noise on 
the seismometer. Seismic events will be masked by such 
high environmental noise and only few large magnitude 
events have been detected during this time. In contrast, 
during the night the quiet window is suitable for seismic 
observation and most of our events are detected in this 
period. Non-seismic signals that might mimic seismic 
events or contaminate the seismic events are 
summarized in Ceylan et al. [4]. A 2.4Hz resonance is 
observed during quiet periods that is also excited by any 
seismic event with energy at this frequency. 

Different Marsquake Types: More than 2.5 Earth 
years of observation have revealed that different types 
of marsquakes occur on Mars. While the exact origin of 
these different types of marsquakes are yet to be proven, 
MQS classifies the events with respect to their spectral 
contents[3,5]. Six different event types are included in 
the catalog. The detail of the classification is discussed 
in Clinton et al. [3] and here we list the general 
characteristics: 

Low Frequency (LF): The energy is below the 2.4 
Hz resonance, and most of the time is below 1 Hz.  

Broadband (BB): Pre-dominantly low frequency, 
but can include energy at and above the 2.4 Hz 
resonance.  

High Frequency (HF): The energy is predominantly 
at 2.4 Hz but also includes energy above 4Hz. Some 
leakage of energy into low frequency is possible but the 
energy peak is at high frequency. 

2.4 Hz: Narrow frequency excitation around 2.4 Hz. 
The energy reaches up to 4 Hz maximum. This type of 
event is likely to be a low amplitude version of High 
Frequency type event. 

Very High Frequency (VF): The energy is at high 
frequency which can sometimes reach over 10 Hz, 
which is the Nyquist frequency of the continuous data 
stream. These events have clear enhancement of 
horizontal energy at high frequencies. 

Super High Frequency (SF): In contrast to the other 
events that have durations of many minutes, these are 
very short duration (~10 s of seconds) events that have 
mainly horizontal energy at 5-10 Hz. Given the clear 
correlation with temperature variation, they are likely 
thermal cracks observed at near surface region[6].  

LF and BB types are grouped into the low frequency 
family, while HF, VF and 2.4Hz are referred as high 
frequency family. SF events are usually classified into 
different family given their characteristics which differ 
significantly from other types of events. 

Marsquake Catalog: An updated Marsquake 

catalog is released every 3 months with latest events 

added to the previous version. The latest version is V9 

[7]. The catalog includes general information about the 

events. In addition to typical event information (when 

possible, location, origin time, magnitude etc.), we also 

assign location qualities to events. These qualities are 

given based on the ability to identify phase picks and 

locate the event, where quality A has a location with 

distance and back azimuth, and quality D has no phase 

picks or constraints on the location. 

Quality A: Multiple clear phases are identified and 
clear polarization can be defined. Thus, the source 
location is well located.  
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Quality B: Either the distance or the polarization is 
clear, so no epicenter estimation is possible. When clear 
phases are identified we estimate the distance for the 
events. 

Quality C: While we see clear signal that can be 
identified as seismic signal, but neither multiple clear 
phases nor polarization is identified. A distance may be 
available but is highly uncertain.  

Quality D: The signal has low S/N either due to low 
signal amplitude or high contamination of 
environmental noise. No location is given to the event 
and there is some risk that the signal is a suspicious non-
seismic signal that mimics seismic signals. 

Recent Seismicity: Figure 1 shows all marsquake 
events seen up to Sol 1106. This includes many events 
with high quality.  Here we point out some interesting 
recent event that are be released in catalog V9 [7]. 

S0976a LF QA: This is the most distant LF event 
detected with high location quality so far. Its magnitude 
is also one of the highest among the cataloged event. 
Clear P and S arrival is identified with a polarization 
toward 101°. The estimated distance is 146±7 degrees. 

S0986c VF QB: This is one of the closest events 
among the catalog. The first arrival of energy extends 
over 10 Hz which was confirmed by 100 Hz data 
downlinked as requested event data. 

S1000a BB QB: This is another event with a large 
distance as far as S0976a. Compared to S0976a, high 
frequency energy persists during the event. On the other 
hand, polarization was not clear but the long Ts-Tp time 
implies that this event occurred at a large distance. 

Martian Seismicity and Statistics: Table 1 
summarizes all the events identified by Sol 1106.   

Figure 1 shows that hardly any marsquakes were 
detected during local winter. This is mainly due to the 
increased background noise level. In addition to that, the 
families of HF and 2.5 Hz events show a genuine 
variation of activity, which ceased in the first mission 
year before the noise started to increase, and resumed in 
the second year as predicted from the assumption of a 
seasonal driving [8]. 

A preliminary analysis of the magnitude-frequency 
distribution is compatible with a b-value of about 1 as 
observed for globally detectable Earthquakes. 

Summary: MQS has been investigating the Insight 
seismic data constantly and curating the seismicity 
catalog throughout the mission. The catalog is published 
every 3 months with the data release. The latest version 
of the catalog includes some interesting seismic events 
such as the closest and the furthest events detected so 
far. MQS will continue to examine the data and updating 
the catalog. 

 

 

 
Figure 1. Daily spectrogram of VBB vertical component 
stacked from Sol 72 to Sol 1106. Detected seismic 
events, except for SF type events, are superposed on the 
spectrogram. 
 
Table 1 

Event Type Total A B C D 
HF 162 0 74 77 11 

2.4 Hz 947 0 48 336 563 
VF 64 0 25 29 10 
BB 30 4 8 13 5 
LF 53 6 10 21 16 
SF 1238 0 0 336 948 
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