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ABSTRACT: 

Future robotic and human expeditions to the 
surface of the Moon will face inescapable sticky 
lunar dust, as fine as talcum powder but more 
abrasive than sandpaper. Gene Cernan, last  
astronaut on the Moon, said “one of the most 
aggravating, restricting facets of lunar surface 
exploration is the dust and its adherence to 
everything no matter what kind ... and its restrictive 
friction-like action to everything it gets on.” 
Harrison Schmitt, second-last, said “Dust is the 
Number 1 environmental problem on the Moon.”  

Such expert judgements even after 30 months of 6 
Apollo missions, prove that return missions to the 
Moon will only be cost-effective, productive and 
successful if they pre-plan and instrument their 
management and mitigation (M&M) of lunar dust. 
This report by the inventor and PI of the minimalist 
matchbox-sized 270g Apollo Dust Detector 
Experiments (DDEs), reviews knowledge of 
precursor dust basics essential to M&M. 

Basic direct measurements of movements and 
characteristics of lunar dust in situ were made only 
by Apollo 11, 12, 14 &15 DDEs, with a dozen 
discoveries since 2007 when 30 million 
measurements were revisited. Apollo 11 DDE 
proved jet exhausts of Lunar Module ascent 17m 
away contaminated the 47kg Passive Seismometer 
with dust, causing it to overheat by 30C0 and be 
terminated early.  

Apollo 12 DDE showed LM ascent at 130m caused 
cleansing, with different effects on vertical and 
horizontal surfaces. Radiation effects including 
extremely intense Solar Proton events of August 
1972 were measured by Apollo 12, 14 and 15 
DDEs, monitoring almost two-thirds of a solar 
cycle. 

The NASA Thermal Degradation Surface (TDS) 
experiment by Alan Shepard on Apollo 14 tested 
effects of brushing and tapping of dust-splashed 
plates with 12 different test surfaces. TDS was lost 
after quarantine in Houston, and preliminary 
analyses by Gold in 1971 remained little known 
until 2011. TDS photos prove cohesive forces 
among lunar dust particles can bunch them, 
overcoming adhesive forces or stickyness, vital 
information for M&M.  

Funding and technological issues for getting to the 
Moon are extremely challenging.  Yet once on the 
Moon, the inescapable basic challenge before 
success remains M&M of lunar dust, vitally 
important for thermal control and mechanical 
movements. Knowledge for M&M is progressing 
from new analyses of Apollo data and laboratory 
discoveries.   

 

Global Space Exploration Conference, 22-24 
May 2012, Washington DC. 
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1. REALITY CHECKS: FROM KNOWN 
KNOWNS TO KNOWN UNKNOWNS 

The positive outlooks of this conference and this 
session lead me to begin discussion of dust on the 
Moon with a set of Reality Checks about basic 
known knowns and known unknowns. We also 
caution about surprises and inevitable unknown 
unknowns.  

The focus here is not on analyses but on Apollo 
observations and measurements. We focus on 
possible Management and Mitigation (M&M) of 
lunar dust to increase survival probabilities and 
make future missions both human and robotic more 
cost effective. Invariably lunar missions will be 
time poor, and delays in being able to cope with 
effects of inescapable lunar dust will always steal 
time from pre-flight planned schedules, as Apollo 
astronauts reported. 

We make two necessary Reality Checks on 
knowledge from Apollo, the first to give 
perspective on space and the second to give 
perspective on time. These seem self-evident but 
one or both limitations are often forgotten, such as 
when methods or experiments become over-
specialised or repetitive with key assumptions not 
articulated. In applications of Apollo data to new 
missions, information must be put into perspective, 
and not assume all the Moon is without surprises, at 
different unvisited locations or even at an Apollo 
site visited at another time of Lunar Day. Dust 
mitigation and management (M&M) must be 
flexible and preferably adaptable to cope with 
surprises. 

2. PERSPECTIVE AND REALITY 
CHECK IN SPACE: The 6 Apollo 
sites are not necessarily representative 
of the surface dust environment of the 
Moon.  

 

 

Figure 1: Full Moon. 

 

 

 

Figure 2. Sites of Apollo lunar landings as if they 
occurred in Australia (Source Clive Neal). 
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Figure 3: Details of 3 levels of perspective in space 
of views of lunar dust (after Kring (2006)). 

 

We discuss dust knowledge of relevance to human 
and robotic lunar missions, with focus on future 
expeditions on the lunar surface, such as the 
European Space Agency (ESA) Lunar Lander 
scheduled for the lunar South Pole region no later 
than 2018 (Carpenter et al., draft manuscript, 2012) 
and the 29 or so contestants in the  Google X Lunar 
Prize competition. The much-awaited NASA Lunar 
Atmosphere and Dust Environment Explorer 
(LADEE) is scheduled for launch in May 2013. It 
will search directly in situ about 30-50km above 
the lunar surface and by remote sensing for lunar 
dust, both micron-submicron secondary ejecta from 
micrometeoroid bombardment and lunar-surface 
fine particles electrostatically levitated (Grun et al., 
2011; Halekas et al., 2011)., and hopefully some 
surprises.  

 

 

Figure 4: Astronaut simulation training for 
“one small step”, the first footstep on to lunar dust. 

 

Perspective about possible surprises and the 
unknown nature of lunar dust for Apollo 11 
astronauts comes from comparisons of views and 
actions by the first and the last men to walk on the 
Moon. 

The first man, Neil Armstrong, was not standing on 
the bottom rung of the LM ladder when he made 
his epic statement about “That’s one small step for 
(a) man, one giant leap for Mankind” as he first put 
his foot directly on to lunar dust. 

Contrary to popular opinion, he did not step from 
the ladder of the Lunar Module. Instead, he had 
first stepped in to the firm security of an aluminium 
footpad. With one foot firmly inside the metal 
footpad, then he made the one small step on to the 
lunar dust (Figure 4). Uncertainties about sinking 
into lunar dust were real. 

Thirty months and 5 landings later, the last man on 
the Moon, Gene Cernan in his Apollo 17 Technical 
Debriefing said: 

 “I think dust is probably one of our greatest 
inhibitors to a nominal operation on the Moon. I 
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think we can overcome other physiological or 
physical or mechanical problems except dust.” 
(Apollo 17 Technical Debrief, MSC-07631, page 
20-12 (1973). 

Much description such as the above is necessarily 
subjective, not measured except in a few occasions 
such as the altitudes of a Lunar Module during 
descent and ascent when dust was seen through the 
windows being blown past by the effects of jet 
engines on the surface dust. 

In a Lunar Analyses Exploration Group (LEAG) 
White Paper, we cautioned about unknown 
unknowns of lunar dust as follows (O’Brien & 
Gaier, 2010 
http://www.lpi.usra.edu/decadal/leag/OBrien.pdf : 

“Because there are such significant variations 
across the parent regolith, one expects 
consequential differences in lunar dust which 
largely originates locally from that parent.  What 
such differences may be is not known. What 
operational consequences follow for robotic 
equipment or astronaut activity is consequently 
unknown. 

Soil properties unknown or poorly understood 
can impact the safety of planned human missions.  
Apollo astronauts were unprepared for the severity 
of the problems that the dust caused (Gaier, 2005, 
2007).  Current and future research must prevent a 
repetition, as well as probe complex phenomena to 
illuminate science. Pragmatic attention to basic 
issues is essential to help achieve both goals. The 
complexity is not underestimated. But M&M of 
lunar dust on Apollo was not always sufficiently 
high quality or high governance. Indeed, there are 
many proven examples which suggest a low 
priority and even disdain towards dust issues 
(O’Brien, 2011). 
 
Plans by ESA for a Lunar Lander near the lunar 
South Pole illustrate these questions of Perspective 
in Space and Reality Checks, and raise questions 
about the extent to which knowledge of the dust at 
6 Apollo sites can provide guidance for a site near 
the South Pole. Yet only these 6 Apollo sites 
provide even such knowledge as briefly 
summarized here. No sufficient commonality of 
measurements or attributes of every site exists to 
eliminate possible surprises for the ESA Lunar 
Lander site. However, measurements by relatively 
outdated solar cells of the Apollo DDE for up to 5 
years may give some relevant guidance for 

optimising the solar-cell power supplies of this 
mission. But perspective in time is also required, 
most certainly for polar areas. 

 
 
3. PERSPECTIVE IN TIME:  

The 6 Apollo landings were all in the early 
morning, and are certainly not representative of 
the surface dust environment of the surface of 
the Moon for an entire Lunar Day. Sunlight 
varies from full raw Sun to 350 hours of darkness, 
and the plasma environments also change greatly 
(Stubbs et al., 2010). Inevitably, lunar dust is a 
synergistic partner in such changes, but all 12 
Apollo astronaut experiences on the lunar surface 
occurred only during the same 7% slice in time, 
equivalent to less than 2 lunar hours out of 24, very 
soon after lunar sunrise. 

  

Figure 5a Slice of a Lunar Day when 
Apollo astronauts were on the Moon only during 
early mornings. 

 

http://www.lpi.usra.edu/decadal/leag/OBrien.pdf�
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Figure 3b. Hypothetical electrostatic 
conditions on the lunar surface in early morning of 
700-hour Lunar Day (after Stubbs et al., 2010). 

The following discussions are focussed on dust 
effects that relate to Management & Mitigation 
(M&M) to help make future lunar expeditions 
successful, safe and more cost-effective in use of 
their time in a lunar environment of easily 
mobilised, inescapable and sticky lunar dust. 

4. SOURCES OF INFORMATION 
ABOUT LUNAR DUST EFFECTS 

Mostly qualitative and sometimes quantitative 
information about lunar dust comes from: 

• Accounts and debriefing of 12 Apollo 
astronauts who walked, worked  and 
sometimes drove in the unique dusty 
plasmas of the lunar surface for which 
they were largely untrained. Gaier (2007) 
provides a very useful and relevant 
compilation of Apollo astronaut views 
from Mission Reports and Technical 
Debriefings and commentary; 

• Dust-related experiments on the Moon, 
focussed on Apollo (reviews by O’Brien, 
2011, Colwell et al., 2007) and robotic 

missions (Grun et al., 2011, Halekas et al., 
2011); 

• Only one active experiment designed to 
measure lunar dust and its movements was 
put on the moon by the astronauts so that 
after astronauts left, measurements of dust 
and its movements were transmitted back 
to Earth for later analysis. This is the lunar 
Dust Detector Experiment (DDE) invented 
on 12th of January 1966 and put on the 
moon by Apollo 11, 12, 14 and 15, with 
another one lost on Apollo 13. A total of 
30 million measurements were made every 
54 seconds until February 1976. Although 
the data continued to be received from 
Apollo 12, 14 and 15 until 30 September 
1977, when all ALSEPs were terminated, 
the measurements “were not processed 
due to budget cutbacks and these data are 
not retrievable” (Sullivan, 1994, page 25). 
The Apollo 11 DDE measurements were 
made only for 21 Earth days because the 
Early Apollo Surface Experiments 
Package (EASEP) overheated because of 
dust contamination at LM ascent and was 
terminated by ground command. 
 

• Analyses of lunar samples on Earth (Liu 
and Taylor, 2011); 

• Theoretical modelling and analyses of 
videos of Apollo descent and ascent 
effects on dust and debris (Metzger et 
al.,2010a, 2010b); 

• Laboratory experiments in simulated 
environments with lunar samples and 
simulated dust, and theoretical analyses 
and modelling. The Special Issue of 
Planetary and Space Science, “Lunar Dust, 
Atmosphere and Plasma: The Next Steps”, 
edited by M. Horanyi and A. Stern, 
November 2011, ISSN 0032-0633, 
Elsevier, contains 14 specialist reports of 
relevance to laboratory and space 
research. The European Space Agency is 
preparing a wide-ranging Special Issue 
relating to its development and plans for 
the European  Lunar Lander, to operate 
near the lunar South Pole no later than 
2018 (Carpenter, et al., 2012); 
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• Invaluable information about lunar dust, 
such as particle sizes and chemical 
composition and possible toxic effects, has 
become known over the years by 
laboratory investigations by many teams 
and individuals. A very informative slide 
show covering suites of relevant attributes 
of the Moon was compiled by Jeffrey 
Plescia, available from “The Lunar 
Surface”, 
http://www.spudislunarresources.com. 

•  A wide-scoping poster on examples and 
effects of “collateral” dust splashed on 
Apollo hardware by human activities was 
presented at the Second Lunar Science 
Forum at NLSI by Gaier and O’Brien 
(2009). 

This report is focussed on the only two Apollo 
experiments designed to measure dust, its 
movements and characteristics on the lunar surface. 
Discoveries by Apollo 11, 12, 14 and 15 Dust 
Detector Experiments, which made measurements 
every 54 seconds transmitted to Earth, and the 
long-lost and little known Thermal Degradation 
Samples experiment of Apollo 14, provided in 
1969-70 and then more recently since 2009, 
discoveries which are now becoming known 
knowns. Future discoveries from them explore 
known unknowns. 

However, the overwhelming scope and variety of 
close and personal information about lunar dust and 
its effects on the Moon comes from the 
professional and personal reports by 12 Apollo 
astronauts. 

 

5. ASTRONAUT OBSERVATIONS 
ABOUT LUNAR DUST AND ITS 
EFFECTS 

Most varied information about dust on the surface 
of the Moon and its movements comes from 
debriefings and comments from the 12 Apollo 
astronauts who walked on the surface between 21 
July 1969 (with the first footsteps of Neil 
Armstrong and Buzz Aldrin) and 11 December 

1972 when Gene Cernan and scientist-astronaut 
Harrison Schmitt departed.  

In the low gravity airless environment, tiny 
particles of lunar dust can become positively-
charged by photoelectric effects from sunlight by 
day and negatively-charged from bombardment by 
energetic electrons of plasmas by night (Colwell et 
al., 2007). Dust is an active constituent of the lunar 
surface environment. During astronaut expeditions 
across the lunar surface, easily-disturbed dust: 
stuck to any surface it hit, on ballistic trajectories in 
the vacuum environment. Dust bonds to materials 
were caused by combinations of mechanical links 
from sharp ragged particles, and by electrostatic 
forces. Dust weakened seals of protective clothing; 
prevented vacuum sealing of samples for return to 
Earth; and caused possible health hazards for 
astronauts by being carried into their first haven of 
the Lunar Module, despite attempts to brush it off, 
and then into the Command Module (see Gaier 
2005; James et al. 2009; Stubbs et al. 2007; 
Colwell et al., 2007; Jones et al., 2009). Dust was 
kicked and splashed onto hardware as astronauts 
deployed experiments on the lunar surface. Dust 
sticking to hardware caused changes to thermal 
controls and additional unexpected heating during 
lunar days when heating was already a potential 
hazard. Splashed dust, being probably different 
from dust in the surface regolith, perhaps being 
richer in smaller particles, is called collateral dust, 
which threatened thermal controls, operations and 
lifetimes of the scientific observatories. Dust 
disturbed by rocket exhausts, or clinging to 
astronaut spacesuits, is also collateral dust (O’Brien 
2009; Gaier and O’Brien, 2009). 

Gaier (2005, 2007) collated astronaut observations 
in Apollo Mission Reports and Technical 
Debriefings to assemble a wide range of  comments 
about lunar dust and successes and otherwise of 
Management and Mitigation (M&M) of dust 
problems over the 6 Apollo lunar expeditions over 
a time of 30 months. Gaier found 9 categories of 
problems with lunar dust: “vision obscuration, false 
instrument readings, dust coating and 
contamination, loss of traction, clogging of 
mechanisms, abrasion, thermal control problems, 
seal failures, and inhalation and irritation.  

http://www.spudislunarresources.com/�
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Comparisons of such astronaut descriptions of the 
effects of dust help us know what progress was 
made during 30 months between Apollo 11 and 
Apollo 17 about management and mitigation 
(M&M) of problems with lunar dust during the 
course of Apollo.  

Gaier concluded in 2007 “Although simple dust 
mitigation measures were sufficient to mitigate 
some of the problems (i.e., loss of traction) it was 
found that these measures were ineffective to 
mitigate many of the more serious problems (i.e., 
clogging, abrasion, diminished heat rejection). The 
severity of the dust problems was consistently 
underestimated by ground tests, indicating a need 
to develop better simulation facilities and 
procedures.” 
 
As discussed elsewhere (O’Brien 2009, 2011), 
M&M measures for dust during Apollo were 
primitive and personal, for each astronaut to deal 
with as he could. A special Moon Brush was not 
used until Apollo 14, almost half-way through the 
program. Even then, as Gaier (2007) speculates, 
because only one brush was supplied, after a time it 
might have simply transferred as much dust as it 
removed. And I ask, if an astronaut has a vacuum 
cleaner on the Moon but only one bag, how and 
where does he empty the bag and become free and 
clear of the dust? 

 

6. APOLLO ALSEP MEASUREMENTS 
OF DUST ON THE MOON 

Whereas Apollo astronauts were on the Moon in 
person for only a few hours of early lunar morning, 
the Apollo Lunar Surface Experiment Packages 
(ALSEP) geophysical laboratories they deployed in 
10 minutes (Apollo 11 EASEP) and over an hour (5 
ALSEPs) transmitted active measurements 
exploring diverse features of lunar environments 
for tape recording on Earth for about 1.5 complete 
lunar days (Apollo 11) up to over 60 complete 
Lunar Days (Apollo 12). Results were first 
published in the series of a NASA Preliminary 
Science Report (psr) for each lunar mission. 

However no experiment to measure lunar dust was 
proposed when the original seven experiments 
chosen from 90 proposals were decided in late 
1965. One of the chosen experiments was the 
Charged Particle Lunar Environment Experiment 
(CPLEE) for which I was Principal Investigator 
(PI), to extend our previous rocket and satellite 
studies of auroral and magnetospheric ionising 
radiation to the surface of the Moon (O’Brien & 
Reasoner, 1972). 

At meetings in Los Angeles with TRW and NASA 
on the 11 January 1966, and with Space General 
and NASA on 12 January, the seven PIs were told 
that apertures and sensitive parts of their 
instruments had to be protected by dust covers from 
any dust or debris that might be thrown on them by 
the blast of jet exhausts during the ascent of the 
Lunar Module (LM).  

Yet our enquiries to TRW and NASA on the 
Tuesday and Space General and NASA on the 
Wednesday what experiment would fly on Apollo 
11 to measure the actual dust and debris, were met 
very firmly with assertions that was none was 
proposed and that none was necessary. At that time 
no soft landing by Soviet Union or American 
spacecraft had occurred. 

That night on the flight back from LA to Houston I 
invented the minimalist Dust Detector Experiment 
(DDE) that could (almost) hitch-hike on ALSEP, 
with no requirements for astronaut time or 
orientation, using only spare slots in telemetry, 
existing electronics and very little weight or power. 
It used space-proven solar cells, the first time they 
had been used for such a purpose in space. From 
Rice University a zero-cost proposal was quickly 
made to NASA that it fly on ALSEP at least for 
Apollo 11 and preferably on each ALSEP/Apollo, 
because it was a mixture of a science and 
engineering experiment that could also discover 
more about lunar dust itself and its movements, 
(O'Brien, B.J., proposal for dust detector 
experiments for ALSEP, NASA SC Control 44-
006-054, January 1966).  
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7. APOLLO 11 DUST DETECTOR 
EXPERIMENT 

 The Matchbox-sized minimalist Dust Detector 
Experiment with a weight of 270 g was attached to 
an ALSEP structure on each flight. The original 
invention, flown only on Apollo 12 and 13, consists 
of three solar cells, one horizontal facing up, one 
vertical facing due East and one vertical facing due 
west. A thermistor underneath each cell measured 
its temperature. Using the Sun as a known light 
source, and comparing it with pre-flight 
calibrations, the voltage output at solar cell is 
decreased proportionate to any dust obscuration. 
About 0.5 mg per square centimetre of simulated 
lunar dust spread uniformly on a cell causes about 
10% decrease in output voltage below the value 
predicted from calibration (O'Brien et al., 1970; 
O'Brien, 2009).   

 

 

Figure 6: Buzz Aldrin deployed EASEP 
about 17 m due South of the lunar module (LM). 
The Passive Seismometer is the gold cylinder. The 
DDE is unseen, mounted on the fixture between the 
Seismometer and LM. The dust detector is at a 
height of about 20 cm above the lunar surface 
(compared to about 1 m on later missions). EASEP 
was sheltered to some extent from effects of lunar 
module jet exhausts behind the largest rock in the 
vicinity. 
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8. APOLLO 11 DUST DETECTOR  

About a year before the launch of Apollo 11 it was 
decided the astronauts would not have time to 
deploy the ALSEP. After considerable protest 
particularly from NASA MSC Chief Scientist Bill 
Hess (Beattie, 2001), it was decided about six 
months before launch to have a stripped-down 
EASEP powered by two panels of solar cells for 
daytime operations only, and carry only two active 
experiments to have measurements transmitted to 
Earth for tape-recording. One is a 47 kg passive 
seismometer (PSE) and the other is the 0.27 kg 
Dust Detector Experiment (DDE). EASEP required 
only a one-handed carry by the astronaut (Buzz 
Aldrin), and a button release for deployment in 
about 10 minutes, whereas ALSEP took over an 
hour. 

In the urgency of the modification and preparation 
of a new EASEP, without debate the DDE original 
design goal focussed on dust was modified, 
overtaken by the desire of the Space Physics group 
at Manned Spacecraft Center in Houston to give 
higher priority to measuring ionising radiation. The 
3 horizontal cells were halved in size, all put 
horizontal and with different covers, one left bare. 
This reason is still to be found (April 2012) on 
NASA NSSDC and LPI Web sites for the Apollo 
Dust Detector Experiment, that engine firings from 
Surveyor were interpreted to mean the dust 
deposition would not be as much as expected. No 
references have been provided for either the 
Surveyor finding or the expectations.  

The Apollo 11 Preliminary Scientific Report SP-
214 (Bates et al 1969) states that the DDE solar 
cells “showed no appreciable cell degradation 
caused by dust or debris from LM ascent.” While 
this finding appears to justify the modification, it 
was incorrect. The only evidence published in 
Bates et al. (1970) did not justify the claim or show 
measurements around the time of LM ascent 
adequately, see Figure 7 here. 

 

 

Figure 7 : Plot of Apollo 11 Dust Detector 
solar cell responses as the Sun rises higher in the 
early morning. Bates et al. (1969) statements and 
NASA SP-214 Apollo 11 Preliminary Science 
Report statements are that “no appreciable cell 
degradation (was) caused by dust or debris from the 
LM ascent” and “no signs of degradation ..”. The 
first two sets of data plotted were taken from pen 
and ink chart analogue plots about half an hour 
before LM ascent and about 9 hours after LM 
ascent. A straight line joined each pair of dots 10 
hours apart.  

 

My name was attached as co-author of the NASA 
SP-214 report which I had not seen before its 
publication in October/November 1969. Its 
conclusion (above and Figure 7) that there was no 
effect at LM ascent was actively disputed by me 
from late July 1969 with analogue plots from 
Bendix Aerospace Corporation and from late 
August 1969 with digital Principal Investigator 
tapes with digital evidence to the contrary (below 
and  Figure 8).  

 Our dispute was resolved by May 1970 with a 
peer-reviewed publication by the same authors, re-
arranged as to lead author (O’Brien et al., 1970), 
and with about 600 digital measurements, one 
every 54 seconds, analysed at the University of 
Sydney and shown here as Figure 8.  
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Figure 8: Decreases of digital measurements every 
54 seconds from Apollo 11 DDE outputs of 2 of 3 
solar cells at LM ascent. This Figure from O’Brien 
et al. (1970) shows over 600 measurements by each 
sensor in about 10 hours covering before and after 
LM ascent. By comparison, the Bates et al. (1969) 
Figure 7 here, shows 2 sets of measurements from 
analogue plots, one about half an hour before LM 
ascent and the next about 9 hours after LM ascent. 

However, as with Gold’s analyses in 1971 of the 
TDS experiment, no reference was made to our 
1970 publication (O’Brien et al., 1970) for almost 
40 years (until O’Brien, 2009). The incorrect 
interpretation in Bates et al., 1969 was repeated in 
later NASA reports. Some comments on such 
events are discussed elsewhere (O’Brien 2009; 
2011).  

With a loss of the Apollo 13 ALSEP, the only Dust 
Detector Experiment built to the original design 
with orthogonal solar cells and three accompanying 
thermistors was deployed on Apollo 12. The bulk 
of the quantitative information about movements of 
lunar dust measured directly on the Moon comes 
from the modified DDE on Apollo 11 and the 
original version on Apollo 12, illustrated in Figure 
2 of O’Brien (2011).  

In addition, more recently analyses of videos of 
Lunar Module ascents and descents provide 
theoretical modelling to help predictions for future 
missions (Metzger et al., 2010a and 2010b, Immer 
& Metzger, 2010). To date, models focus on 
descent effects. Ascent effects from Apollo LM 

ascents are more complex, because the flow of jet 
engine exhausts hits the lunar surface and dust only 
after it flows down over the Descent Stage, used as 
the launch platform. M&M of dust effects from 
rocket exhausts on the Moon is presently largely 
commonsense avoidance schemes combined with 
theoretical modelling for predicting the distances 
travelled by dust energised by jet rocket exhausts. 

In regards to M&M of surface dust while a mission 
is underway, inescapable sticky dust caused great 
difficulties to each astronaut in carrying out work 
and science on the moon.  It seemed remarkable 40 
years ago and even more remarkable today that 
these minimalist experiments by the matchbox-
sized Dust Detector Experiments (DDEs) were the 
only experiments over the 30 months of the six 
Apollo landings to be designed to actively measure 
and research the properties and movements of dust 
on the surface of the Moon. That 3 of 4 deployed 
DDEs were modified to give less priority to dust is 
another but revealing issue. 

 

9. APOLLO 12 DUST DETECTOR 
EXPERIMENTS 

The Apollo 12 ALSEP was deployed 130 m from 
the lunar module by Alan Bean. By contrast to the 
contamination by dust and lunar module ascent 
measured over the short deployment distance of 17 
m for Apollo 11, the Apollo 12 dust detector 
showed that dust splashed by the astronaut on the 
dust detector during its long deployment journey 
was cleansed off the horizontal cell at LM ascent 
(O'Brien, 2009). The cleansing process was total 
(about 100%) for the horizontal cell over a period 
of seven minutes (see detail in Figure 11). 
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Figure 9: Apollo 14 showing the briefcase-
sized Charged Particle Lunar Environment 
Experiment (CPLEE) in foreground, and the 
matchbox-sized Dust Detector Experiment (DDE) 
mounted on the Central Processing Unit (CPU). 
The DDE was invented largely as a risk 
management device for success of CPLEE and 
ALSEPs generally, as an M&M measure to be 
more informed about movements of lunar dust, and 
to include vertical solar cells facing lunar sunrise 
and sunset to learn more about dust characteristics 
at the terminators. The modifications (Apollo 11, 
14 & 15) still use the innovative 3 solar cells and 3 
thermometers, but without vertical solar cells. 

 

 

Figure 10: Close-up of Apollo 12 DDE East-
facing vertical solar cell and the horizontal cell, 
about 1 meter above the surface. The LM is 130m 
distance in the direction of the shortest arrow. Note 
patches of fine collateral dust, rather than clumps 
(see below). 

 

 

 

Figure 11: First Lunar Day of output of Apollo 12 
DDE horizontal solar cell. Detail is shown of 
cleansing, greatest quickly at LM ascent but 
continuing for about 7 minutes, which is also the 
complete burn time of LM ascent engines. 
Cleansing of collateral dust returned this cell to 
within better than 1% of optical quality pre-launch 
(O’Brien 2009, 2011).  With time resolution of 
several minutes from use of old (1969-70) analogue 
plots, we speculated first that we could not rule out 
both a fast response to LM ascent and another 
slower one within a total of 7 minutes (O’Brien, 
2009). By using digital data with resolution of 54 
seconds, w reported in 2011 that the cleansing was 
a single smooth process complete within 7 minutes 
(O’Brien, 2011). The burn time of LM exhaust 
rockets is 7 minutes, but it clears above the ALSEP 
in only about 10 seconds. 
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Figure 12: Comparison of morning outputs of 
Apollo 12 DDE Vertical, East-facing solar cell on 
first and second lunar days. About half the 
collateral dust was cleansed by LM ascent, and the 
remainder possibly later in Lunar Day 1 as 
illumination of this vertical cell became less, but it 
certainly had returned to pre-flight optical 
cleanliness before early morning on Lunar Day 2. 
(O’Brien 2009, 2011). 

 

 

Cleansing of the vertical East-facing cell was about 
50% at the time of LM ascent, but it was restored to 
pre-flight optical cleanliness by the time of Sunrise 
on the second lunar day about 700 hours later. 
O'Brien (2009) provisionally suggested that the 3.6 
minute resolution of the paper plots of analogue 
data available in 2008-09 indicated that some 
cleansing, presumably from natural causes, 
occurred later in the morning or in the daytime of 
Lunar Day 1 (LD1). This issue is currently under 
further examination. 

 

10. COLLATERAL DUST 

From detailed examination of the Apollo 12 dust 
detector data and related photographs, O'Brien 
(2009) drew particular attention to the importance 
of “collateral” dust splashed on Apollo hardware 
and spacesuits by human activity disturbing easily 
mobilised and sticky lunar dust. DDE 

measurements reported to date show that collateral 
dust, caused by human activities, creates 
significantly more problems than natural effects. 

A major challenge for M&M is therefore 
continuous minimization of collateral dust by 
minimum disturbance of surface dust and transfer 
from a spacesuit, hardware or a lunar lander itself. 
This requires continuous M&M from the outset to 
completion of the mission, because once dust hits 
and sticks to an item, its removal is problematic. 

Although at the time of the Apollo expeditions 
there was little general interest in very fine particles 
of lunar dust, with nano-particle science not yet 
developed, that is no longer the case. Liu and 
Taylor (2011) and Marshall et al (2011) report 
laboratory tests yield important findings in different 
fields on different issues relating to movement of 
dust of varied sizes on the Moon. For example, 
Marshall et al. (2011) found in the laboratory that 
charging by the electron beam of a scanning 
electron microscope (SEM) of samples of dust 
chosen to be similar to the lunar regolith under high 
vacuum conditions of 10E-9 Torr in the presence of 
a positive electric field did not disperse individual 
dust particles with very repulsive like charges on 
all particles. Instead, charging caused large 
aggregates of dust to hop around on the surface 
instead of retaining their individuality. 

We find visual similarities of Figure 2 of Marshall 
et al. (2011), showing isolated lumps/ small 
clusters, and the Surveyor 1 photos Figures 14A 
and 14B of Lucas et al (1967). 

It is beyond the scope of this paper to pursue this 
issue. But we regard it as necessary to draw 
attention to a caveat to any conclusions drawn by 
O’Brien et al. (1969), O’Brien (2009) and O’Brien 
(2011) from measurements by the solar cells of the 
DDE being used to draw quantitative assessments 
of the mass of dust that caused particular changes 
in output voltages. The deduction that a 10% 
change in voltage would be caused by about 0.5 mg 
cm-2

 of simulated dust makes the assumption, not 
articulated in those papers, that the dust is 
distributed uniformly on the surface of the solar 
cell.  
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If the collateral or other dust on the Moon tends to 
clump in sunlight, when the dust particles are 
positively charged by photoelectric effects, then the 
quantity of dust may be appreciably larger than 
calculated in this manner. This caveat also applies 
to our quantifying of a quantum of cooling (or 
heating) caused by a quantum of dust – the 
quantification is via the measured quantification of 
voltage (O’Brien, 2009). This could be an 
important factor in theoretical modelling of effects 
of exhausts of rocket exhausts, landing or 
departing. Note however, that Figure 10, a close-up 
photo of Apollo 12 DDE shows patches of fine 
collateral dust, rather than visible clumps. By 
contrast, a comparable photo near the Apollo 14 
DDE has much clumping. 

If such clumping applies to Surveyor 1 
photographs, then early, pre-Apollo conclusions 
about dust measurements from Surveyor may also 
require revisiting. For example, the Abstract of 
Lucas et al. (1967) contains the conclusion “There 
is no evidence of a dust thermal blanket”.  Surveyor 
1 carried no instruments to measure temperatures. 
  
Further, as pointed out by O’Brien (2009), 
photographs by Apollo astronauts of dust on lunar 
hardware taken before LM ascent may not 
necessarily be reliable mirror plates of their 
condition after LM ascent, which may either 
contaminate or cleanse it.  
 
Consequently, visits by future missions to heritage 
Apollo or other hardware, including the Apollo 12 
astronaut sampling and studies of Surveyor 3, may 
require revisiting for reasons not only of collateral 
dust.  

Of practical importance on the lunar surface, very 
fine particles of dust may not be detected on lunar 
hardware by either photographs or un-aided human 
eyes, but they may contribute to changes in the 
thermal properties of the surface and thence to 
overheating. 

The relevance of these comments to assessing 
efficacy of M&M of lunar dust is that apparent 
success of measures may not necessarily be 
assessed reliably by simple visual measures. 
Effects such as actual changes in temperature, 

perhaps delayed, and not merely visual or 
photographic recording, may be most relevant. 

 O'Brien (2009) found that in analyses by several 
dozen groups of dust on samples of Surveyor 3 
brought back to Earth by the Apollo 12 astronauts, 
no mention appears to have been made for the 
possibility of contamination of those samples by 
collateral dust splashed on them by two astronauts 
working on the moon and nearby for about 20 
minutes. Gaier and O'Brien (2009) analysed other 
examples in ALSEP where collateral dust became a 
problem.  

One practical lesson here for M&M of collateral 
dust is that slow-moving robotic devices on the 
moon may be designed to minimise such 
contamination, giving them an operational 
advantage over time-poor astronauts. This could be 
an important factor for space-faring entities, 
including Google X lunar prize contenders, seeking 
how to respond to NASA's 2011 recommendations 
on how to protect and preserve the historic and 
scientific value of U.S. government lunar artefacts 
(NASA 2011 and revision 1).  

The Apollo 14 and 15 dust detectors were modified 
to have the three solar cells all horizontal, as was 
the case with Apollo 11. Their capabilities to carry 
out research into lunar dust and its movements 
were therefore greatly reduced. However we note 
(O'Brien, 2011) that all three cells on Apollo 14 
showed a small but distinct cleansing, at a distance 
of 180 m from LM, but no perceptible effect of 
either of cleansing or contamination has yet been 
identified for the three cells on Apollo 15, deployed 
about 110 m from LM. The detectability of 
cleansing of course will be dependent not only on 
the distance from LM but also on the extent of 
collateral dust that was splashed on any cells during 
their deployment. 

Details of eight discoveries to date with the Apollo 
11 and 12 Dust Detector Experiments about the 
movements of lunar dust and its adhesion are given 
by O'Brien (2009, 2011). More recent discoveries 
are in the course of publication. 
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11. THERMAL DEGRADATION 
EXPERIMENT (TDS). 

The Apollo Dust Detector Experiments (DDEs) 
were the only Apollo dust experiments designed to 
measure lunar dust actively, i.e. measuring every 
54 seconds and having those measurements 
transmitted to Earth, and designed to measure 
characteristics and movements of dust on the 
surface of the Moon. Note they rely on solar cells, 
and therefore give useful data only during lunar 
daytime. 

Only one engineering experiment was developed. 
Designed by NASA engineers (Jacobs et al., 1971) 
the Thermal Degradation Samples (TDS) 
experiment was planned to give engineering 
knowledge about the stickiness of lunar dust in situ. 
TDS was invented by NASA engineers at the 
Manned Spacecraft Center (now the Johnson 
Spacecraft Center) in Houston to test on the Moon 
the most basic problem, adhesion to difference 
types of surfaces, such as Teflon, aluminium, 
various white paints etc (Jacobs et al., 1971). It was 
flown on Apollo 14 as a set of two identical plates 
each with a dozen stamp-sized squares of different 
surfaces (Table 14-11, Gold 1971, Jacobs et al., 
1971). Astronaut Alan Shepard splashed dust on 
each plate, then brushed one off and tapped the 
other to observe and photograph how dust moved.  

The tests were carried out and photographed by 
astronaut Alan Shepard. The TDS was taken back 
to Houston, put in quarantine and lost. Remarkably, 
no repeat of this simple experiment, taking only 
about 10 minutes of time of one astronaut but 
probing the basics of dust problems and their 
mitigation by selective uses of materials, was flown 
on any of the 3 later missions over the following 20 
months. 

During the experiment on the Moon seven 3D 
photos were taken by Prof Tommy Gold’s close-up 
camera. Preliminary analyses of the photos was 
made by Gold and published in the NASA Apollo 
14 Preliminary Science Report in 1971 NASA SP-
272, showing that cohesive forces between 
particles of lunar dust could be stronger than their 
adhesive forces on the lunar surface to many 
different types of material (Gold, 1971). To my 

knowledge, this fundamental, basic discovery was 
then ignored and remained unreferenced until 
recent years (O’Brien, 2011). It is clearly important 
to future M&M of lunar dust. 

The 7 photos of TDS are and have been available 
as Apollo images on NASA websites, NASA 
AS14-77-10361 to 7, for many years. No 
significant work on them since Gold’s report in 
1971 is known until the past year, after they were 
discussed by us at the Lunar Science Forum at 
NLSI in July 2011 (O’Brien, 2011). They were also 
previously raised at the Second Lunar Science 
Forum July 2009, (O’Brien, 2009) but without any 
significant interest or response. Dr James R. Gaier 
of NASA Glenn Research Center has submitted for 
publication (March 2012) an analysis of TDS 
photos and related laboratory experiments directly 
related to the original major purposes of TDS, 
engineering assessments of adhesion, and thus to 
optimising M&M of lunar dust on the lunar 
surface. 

 

 

Figure 13: Lunar dust sprinkled by Alan Shepard 
across TDS fell in the indented identification 
number (white). When the unit was tapped, some 
numbers were displaced by several millimeters yet 
remained recognisable (Gold, 1971). (Source 
without red: NASA Photo AS14-77-10367, mono 
courtesy Jim Gaier, Glenn Research Center. Red 
arrows added by author to assist visual linkages for 
numbers 3, 5 and 7. Differences between the two 
examples of number 3 are also interesting, the left 
one crumbling, the right one not. Gold, 1971 also 
comments about effects at edges and around bolts.)  



15 | P a g e  

 

The extent to which this in situ event could inform 
understanding effects of clumping of dust in a 
laboratory simulation (Marshall et al., 2011) 
remains of interest. 

TDS is particularly important because cohesive 
forces limit, to an extent yet unclear, the levitation 
of small dust particles into high altitudes above the 
moon (Marshall et al., 2011, Stubbs et al 2006; 
Halekas et al., 2011; Grun et al., 2011). Three 
major experiments on board the forthcoming Lunar 
Atmosphere and Dust Environment Explorer 
(LADEE) lunar orbiter spacecraft will combine to 
provide both remote-sensing and in-situ direct 
measurements of various dust populations, 
including dust levitated as lunar ejecta or secondary 
ejecta from meteoroids and/or levitated by lunar 
electric fields, particularly near the terminators, 
sunrise and sunset, including a significant 
population of sub-micron grains  as interpreted 
from observations by Apollo astronauts. (Delory et 
al., 2009; Grun et al., 2011).  

Ground Truth measurements to complement 
LADEE discoveries about lunar surface dust may 
be drawn from the DDE, TDS and LEAM data. 

As for the Apollo Dust Detector Experiments, so 
for TDS, major failures in governance and interest 
among the scientific community of the Apollo era 
and the early 21st century have gravely inhibited the 
archive of basic Apollo knowledge which M&M in 
2012 might have had. For TDS the following 
occurred: 

• On NASA governance: The experiment 
was taken back to Houston, put into 
quarantine, and lost; 

• On perceptions by NASA and the 
scientific community: Although TDS was 
simple and low-cost, was designed by 
MSC to provide data directly applicable to 
M&M of dust sticking to materials, and 
required only about 10 minutes of 
astronaut time, it was not repeated on any 
of the 3 later missions.  

• As to interest by the lunar scientific 
community: A preliminary report of the 

photos by Professor Tommy Gold was 
published in the Apollo 14 Preliminary 
Scientific Report in 1971, but apparently 
not referenced or considered again  until 
2011 (O’Brien, 2011). A study of TDS 
and relevant laboratory experiments has 
now been submitted in March 2012 for 
publication (Gaier, pers. comm.) 

 

TABLE 1 NEAR HERE 1 COLUMN 

 

12. DISCUSSION 

Invaluable information about lunar dust, such as 
particle sizes and chemical composition and 
possible toxic effects, has become known over the 
years by laboratory investigations by many teams 
and individuals. Public information available 
includes a very informative slide show by Jeffrey 
Plescia, http://www.spudislunarresources.com, a 
wide-scoping poster by Gaier and O’Brien (2009), 
a Special Issue of Planetary and Space Science, 
November 2011, edited by Horanyi and Stern, with 
14 research papers covering “Lunar Dust, 
Atmosphere and Plasma: The Next Steps”.  

An important review of particular interest 
historically is by Colwell et al. (2007), who 
describe a third Apollo experiment, Lunar Ejecta 
and Meteorites (LEAM), designed for Apollo 17 to 
measure cosmic dust, lunar ejecta and meteorites 
(Berg et al 1972). As a result of a theoretical model 
and laboratory tests on a spare instrument, it has 
been accepted since 1976 that the LEAM data did 
not appear to include cosmic dust but are 
“consistent with the Sunrise sunset triggered 
levitation and transport of slow-moving, highly 
charged lunar dust particles.” (Colwell et al., 2007). 

Following from that interpretation, the LEAM data 
were cited as “arguably, the most compelling 
evidence for the presence of other dust 
populations” such as a lunar dust exosphere of 
levitated dust (Stubbs et al., 2010). However, 
O'Brien (2011) suggested that several features of 
LEAM data are also consistent with noise bits from 
switching of large currents in the Apollo 17 ALSEP 

http://www.spudislunarresources.com/�
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payload system, such as heating currents switching 
off and on around lunar Sunrise and Sunset, when 
counts from LEAM peak, due it is thought, to 
electric fields accelerating/levitating particles of 
lunar dust (Colwell et al., 2007). Such an 
alternative interpretation has not been widely 
accepted. A mixture of both may be possible. 
Searches for flight data, some of which were 
misplaced, and further interpretation of data are 
proceeding (Mihaly Horanyi, pers. comm., 2012). 

 

13. Conclusion 

It is a remarkable feature of present-day knowledge 
of lunar dust and its movements on the surface of 
the Moon that an extensive review of the regolith 
by Colwell et al. (2007) discussed only one Apollo 
experiment, LEAM. Designed to measure cosmic 
dust it became widely accepted as providing data 
“consisting with the sunrise/sunset triggered 
levitation and transport of slow-moving, highly 
charged lunar dust particles”.   

No mention was made in 2007 of either the Dust 
Detector Experiments or the Thermal Degradation 
Samples experiment, or their publications during 
the Apollo era (O’Brien et al, 1970 and Gold, 
1972). 

The status of the LEAM data was being cited as 
“Arguably, the most compelling evidence for the 
presence of other dust populations” such as a lunar 
dust exosphere of levitated dust (Stubbs et al., 
2010). Models of such levitation of individual dust 
particles were widely developed and included a 
basic assumption that cohesive forces of lunar dust 
were small or neglected in models. 

Laboratory research such as Marshall et al., (2011) 
quoted above question the existence of such 
levitated dust at significant heights, as they find in 
laboratory experiments a tendency of dust particles 
to clump together “as particulate clouds of 
aggregates rather than individual dust grains”.  

The analysis by Gold (1971) finding strong 
cohesion between individual dust particles is 
further evidence that that recent models of high 
levitation of individual dust particles require 

review, as provided for example by Grun et al. 
(2011), Hartzell et al., (2011), Wang et al., (2011), 
and Pines et al., (2011). 

This report is intended to stimulate challenges to 
find and test innovations and ingenuity in M&M of 
lunar dust, for future human and robotic missions. 
No attempt has been made to review mainstream 
science and engineering. Instead, emphases have 
been on the two sources of relevant information 
neglected for 40 years from the Apollo era 
(O’Brien et al., 1970 and Gold, 1972) until the past 
year (O’Brien, 2011). 

By far the majority of information about dust 
problems and solutions for future expeditions to the 
Moon has come from Apollo.  As part of a reality 
check of information from Apollo missions about 
lunar dust and its movements, we have shown just 
how limited in space and time those expeditions 
were, no matter their magnificence. Of systemic 
importance is that every Apollo landing was at 
solar elevation of about 10°, so that each day on the 
moon was at most only 2 to 3 days Earth days 
duration, with ascent finished before about 30° 
solar elevation, representing only about 10% of the 
700 hours of a complete lunar day and night.  

Consequently, as yet only very small snapshots 
have been taken by astronaut observations of lunar 
dust, compared with the panorama of possibilities 
expected from both theoretical and experimental 
analyses of the effects of the sun, the solar wind 
and magnetospheric phenomena on the surface 
environment of the moon. (Figure 3b here and 
Stubbs et al., 2010). 

Linkages between evidence of and theories of (a) 
electric fields on the lunar surface and (b) some 
levitated individual dust particles and (c) 
speculations about self-fulfilling linkages between 
two hypotheticals of cause and effect, clearly 
require further definitive experimental evidence. 

In addition to critically important laboratory 
research in the field, two major highlights pending 
are renewed analyses of LEAM data when 
available in rigorously reliable forms, and new data 
from the LADEE spacecraft when in lunar orbit in 
May 2013. 
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The greatest challenges in the real world of the 
lunar surface, however, will be in applying the 
scientific knowledge from such intellectual 
discoveries to the grunt issues of Mitigation and 
Management (M&M) of inescapable lunar dust, 
and the encyclopaedia of problems which dust 
creates for the foot-soldiers on the lunar surface, be 
they humans or robots.  

A great development will be when more 
international fresh expertise is brought to lunar 
expeditions, such as the ESA Lunar Lander before 
2018, to refresh innovation and add their new 
snapshots and perspectives to the expanding 
panorama opened up so wonderfully by Apollo 
some two generations ago. Effective synergies 
between different cultures of science and 
engineering will be keys to success. 
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