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Introduction: Seismology can help determine the 

internal structure of planetary bodies that possess 

ongoing geologic, tectonic, or volcanic activity. After 

over half a century of robotic exploration on Venus, its 

internal structure remains unknown. Tectonic 

structures on Venus [1] suggest recent deformation 

and potential for ongoing seismic activity. The 

presence of several volcanic edifices in the form of 

shield volcanoes, coronae and domes is indicative of 

past and potentially ongoing volcanism. Recently, 

studies based on empirical estimates extrapolated from 

Earth’s volcanic eruption record [2], simulations [3],  

and circumstantial observational evidence [4,5] 

suggest present-day volcanism as well.  However, 

extremely high temperature and pressure conditions 

on the surface of Venus [6] present a significant 

technological challenge to performing long-duration 

seismic experiments similar to those being performed 

by the InSight lander on Mars.  

 

Infrasound Remote Sensing: Technological 

challenges associated with surviving on Venus’ 

surface for long periods of time may be circumvented 

by detecting low-frequency (< 20 Hz) acoustic waves 

known as infrasound from barometers floating on 

balloons in the relatively temperate mid-cloud layer 

[7]. Infrasound has been detected from earthquakes 

and volcanic activity from ground-based stations on 

Earth [8, 9]. Seismic infrasound generated from 

artificial and natural seismic sources has also been 

detected from balloon-borne pressure sensors [10–12]. 

On Venus, energy from seismic activity couples with 

the Venusian atmosphere up to 60 times stronger than 

Earth [7] due to its dense atmosphere, which offers a 

unique opportunity to explore the internal structure of 

Venus using balloons floating in the mid and upper 

atmosphere. Pre- and co-eruptive seismicity, along 

with outgassing from volcanic eruptions may also be 

detected on balloon platforms using infrasound. 

 

Technique Development: Experimental development 

of the balloon-based infrasound technique has been 

ongoing since 2016. The development effort has 

primarily focused on three main issues – 1) 

establishing signal detectability and detection limit, 2) 

developing ways to autonomously identify and 

differentiate tectonic and volcanic infrasound signals 

from the acoustic background, and 3) miniaturizing 

sensor mass, power, volume and data needs to better 

fit within the allowances of a planetary balloon 

mission. 

 

Recent Significant Results: In this presentation, we 

will discuss several significant recent advances made 

towards balloon-based seismology on Venus. Notably, 

these include: 

 

1. Ridgecrest Balloon-Based Earthquake 

Detection:  The Owens Valley region of California 

experienced over 10,000 aftershocks of magnitude 

1.5 or greater in the 6 weeks after the July 4 and 6, 

2019 main shocks with magnitude 6.4 and 7.1 near 

Ridgecrest, CA. We conducted four balloon flights 

in the area, each balloon equipped with up to two 

microbarometers. This experiment led to the first 

detection of an earthquake from a balloon [12]. The 

magnitude 4.2 earthquake was detected by a 

slowly-rising balloon nearly 80 km horizontal 

distance from the epicenter at an altitude of 4.8 km 

above sea level.  The detected signal was seen at 

the balloon approximately 40 seconds after the 

earthquake and was generated by a Rayleigh wave 

produced by the earthquake. 

 

2. Epicentral infrasound detection from buried 

chemical explosion: In 2019, the US Department 

of Energy detonated a chemical charge with a yield 

of 10-tons TNT equivalent at a depth of 51.6 

meters below the ground. The resulting explosion 

generated surface displacement at ground zero, 

which in turn generated seismic infrasound. The 

infrasound signal was detected on a balloon-borne 

barometer at 56 km horizontal range and 20 km 

altitude [13]. This result demonstrates that 

epicentral infrasound from strong earthquakes may 

be detectable from a balloon platform.  
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3. Completion of the first BASS summer flight 

campaign in Oklahoma: The Balloon-based 

Acoustic Seismology Study is funded through the 

NASA Planetary Science and Technology through 

Analog Research (PSTAR) program. In September 

2021, we completed the first summer of flights in 

Oklahoma in search of infrasound signals from 

fracking-generated earthquakes. Oklahoma State 

University students launched and recovered over 

30 flights of “heliotrope” solar-heated balloons in 

a period of 2 months from July to September 2021. 

These balloons floated for greater than 10 hours 

each flight day and recorded infrasound data using 

JPL’s infrasound sensor packages. This dataset is 

the first seismic infrasound monitoring of its kind 

and is currently being analyzed for weak 

earthquake signatures.  

 

4. Development of aeroseismometer/vector 

infrasound sensing: Since pressure is a scalar, 

measurement from a single-station cannot 

determine the direction of arrival of an infrasound 

signal, and time of flight analysis between multiple 

stations must be conducted. The aeroseismometer 

technique measures the balloon’s dynamic 

response using an inertial measurement unit in 

addition to measuring the arrival of the pressure 

signature. The combination of the two signals may 

be measured from a single station and inverted for 

both the magnitude and arrival of the incoming 

signal. We conducted an experiment in 2020, 

where such an infrasound signal was generated 

using a surface chemical explosion, and detected 

and geolocated using single-station instruments 

approximately 20 km above sea level on a 

stratospheric balloon. The use of a single station to 

glean directional information from an arriving 

signal greatly reduces the deployment complexity 

of the infrasound instrument. 
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