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V. Time correction

 

i. Seismic-only events
The most common events are where a seismic 
signal is detected without a preceding or accom-
panying audio signal. The event was either too 
quiet to be picked up by the astronauts’ micro-
phones, or the audio signal was drowned out by
narration from Mission Control.
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ii. Audio-only events
These events are picked out from the audio 
data, but there is no corresponding spike in the 
seismic signal. These events can be attributed to 
human error since these events can be misheard:
What is construed as an impact against the 
ground could be instead a sound coming from 
inside the astronauts’ suit. The lack of signal 
could also be attributed to scattering of lower 
frequency signal before they reach the PSEP. 

iii. Seismic and Audio events
These events are characterized by a sudden sharp 
high-frequency spike in the audio data, associated 
or closely followed by a similar sudden sharp, high-
frequency event in the seismic data. The event 
shown on the right occurs while Armstrong is 
boarding the LM and closing the hatch, estimated
15 meters away from the PSEP.   
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 The time-stamps on the seismic signal were generated upon 
reception of the signal at base stations; seismic event times must 
take into account the radio wave travel time between generation 
at Tranquility Base and the nearest receiving base station on Earth. 
The travel times are calculated and subtracted from the event times. 
 The time-stamps on the audio signal were generated upon
reception of the signal at Mission Control in Houston; audio event 
times must take into account  the radio wave travel time between
generation at Tranquility Base and the nearest receiving base station
on Earth, and the travel time between the base station and Houston.

VI. Results

VII. Future Work
 More thorough investigation about the delays between the audio 
and seismic data should be done in order to more closely relate 
corresponding audio and seismic events. Also, it may be useful to 
consider whether the seismic arrivals are associated with surface 
wave arrivals, instead of pressure wave arrivals. 
 Use of anthropogenic sources of seismic signal can be a valuable 
source of information about local near-surface structure on other 
current and future missions. For example, analysis of seismic signal 
generated by the Heat Flow and Physical Properties Package (HP3) 
on the Mars InSight mission could have provided knowledge of the 
shallow subsurface structure under the lander [7].

[1] Latham G. V. et al. (1969) Apollo 11 Preliminary Seismic Report, 143-162. [2] Latham, G. V.,  
M. Ewing, F. Press, G. S. G., 1970, Apollo 11 passive seismic experiment, Geochimica et 
Cosmochimica Acta Supplement, 1, 2309–2320. [3] Batson R. M. et al. (1972) USGS Numbered 
Series, 72-26. [4] Nakamura Y. (1992) UT Institute of Geophysics Technical Report, 118, 13. [5] 
Feist B. (2019) Apollo in Real Time. http://apolloinrealtime.org/11/?t=107:08:20. [6] Latham 
G. V. et al. (1973) Apollo 17 Preliminary Seismic Report, 11.1-11.9. [7] Kedar S. et al. (2017) 
Analysis of Regolith Properties Using Seismic Signals Generated by InSight’s HP3 Penetrator, 
Space Science Reviews 211, 315-337

Events were located using the Apollo 11 digital archive, found at https://apolloinreal-
time.org/11/

A comparison of the 
plotted time series and 
power spectrum of the 
processed seismic data 
(above) and the plotted 
time series and power 
spectrum for the audio 
signal (below) from 
showing an audio event 
at 5:01:12 and a 
corresponding seismic 
event at 5:01:13.

Several anthropogenic sources, both during and immediately after the Apollo 11 EVA, were 
considered in the study. The core tube samples - where the astronauts were hammering 
straight into the surface - most closely mimic active source seismology studies on Earth. The 
other events include the disassemblement of the solar wind, the accidental dropping of the 
Hasselblad camera during equipment loading at the end of the EVA, and the jettison of the 
portable life support (PLS) systems from the LM. The depressurization and repressurization 
of the LM, felt through the feet of the LM, was also investigated as an anthropogenic source 
for seismic signal. 

LROC image of the  landing site on Tranquility Base in Mare Tranquillitatis, with the PSEP marked in green, the legs of the 
LM marked with blue circles, and the seismic events are marked with red stars. The distances between the PSEP and each 
seismic event are displayed on the subchart; the uncertainties are larger for events that did not take place in the scope of the 
TV cameras

 The Passive Seismic Experiment Package (PSEP) deployed by 
the Apollo 11 astronauts Neil Armstrong and Buzz Aldrin during 
their extravehicular activity (EVA) on July 21st, 1969 provided the 
first seismic data from another body in the Solar System [1,2]. The 
primary sources of seismicity in the Apollo 11 seismic data were 
the  movements and activities of the astronauts, ascent of the 
Lunar Module (LM), and thermoelastic and volatile venting from 
the LM descent module. 
 Here we use the anthropogenic sources of seismic signal from 
the movements of the astronauts on the surface to perform an 
active -source seismology study of the landing site at Tranquility 
Base. The PSEP short-period (SP) seismometer, with an approxi-
mate sampling frequency of 48 Hz, is used to detect seismic 
events, and the signals are compared to events from the audio 
signal relayed from Tranquility Base. 

 The events are picked by choosing audio events with a sharp, 
high-frequency spike in the audio data. These audio events must be
relatively isolated in the audio data to prevent interference from 
conversation between the two astronauts, or between the astronauts 
and Mission Control. The time stamps of the audio events are then 
saved and compared to events in the seismic data from PSEP, which 
similarly must be quick spikes with comparatively high-frequency 
content. Only the signal from the short-period seismometer on 
PSEP was considered in order to focus on high-frequency events. 
The seismic data was downloaded from the Data ARchives and 
Trans-mission System (DARTS) and processed through Seismic 
Analysis Code (SAC) by removing long period trends and by 
applying a high-pass filter with a corner at 20 Hz.

 Of the 74 events compiled during and after the Apollo 11 EVA, 
38 are either type i or type ii. For type iii events, the average travel 
time is subtracted from the audio signal and the seismic signal, and 
the time delay between the audio event and the seismic event are 
calculated below. Most of the audio events occur within 1 second 
before or after the seismic event, indicating that further time 
constraints need to be accounted for.
 Due to the event distances calculated from the LROC map and 
prior calculations that put near-surface seismic velocity calcula-
tions between 100 and 300 m/s, the time delay between audio and 
seismic signal should be on the order of tens to hundreds of 
milliseconds, which is on the same scale as the travel time uncer-
tainties shown above. These uncertainties could explain the 
variations in delay times. 
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Buzz Aldrin places the PSEP 
on the surface about 14 m 
southwest of the LM, shown in 
the backgorun, an is levelling 
the PSEP using a built-in 
maneuvering handle to adjust 
the pointing and leveling.


