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mare lava tubes, out of sight, below the surface. 
Most of the chemical elements we will want to 

produce are well represented in this same moondust 
blanket, no open-pit mining needed. Machinery 
that harvests these elements can lay the “tailings” 
back behind them. These machines will pretty well 
destroy craters of a meter or so in size or smaller, 
but steer around anything hard to drive over. Again, 
except from up close, the alteration of the moon-
scapes by mining activity will be difficult to see. 
And, of course, there are no forests to cut down. 
Non-pulverized, purer basalt may be of value and 
this could be quarried after removing the regolith 
blanket in advance of placement of modules, and 
then replacing the moondust on top of the module 
complex. We could also quarry basalt in road cuts 
through mare lave flow fronts, or within lavatubes. 
If any crater central peaks are shown to consist of 
upthrust mantle material, as has been suggested, it 
is possible that there may be some economic advan-
tage to mine them. Platinum group metals would be 
a prize, but we do not know if we would find them 
there.

The nature of the frontier economy will strongly 
motivate recycling and reuse, greatly minimizing 
the “landfill problem” here on Earth of our own 

making. That said, we will build roads, some 
bridges, some tunnels, along with railroads, 
spaceports, etc. And extensive solar arrays 
are likely. Each industry will bring with it 
issues that need to be addressed. But here, 
to get things started, we are concerned with 
general guidelines.

Lurking in the background is the most 
worrisome problem of all.  Pioneers often 
cannot imagine what their small beginnings 
will lead to in generations ahead. They will 
have more immediate concerns. This attitude 
is closely related to the phenomenon com-
monly called “The Tragedy of the Com-
mons.” 

...multiple individuals (or individual 
companies or individual nations), acting 
independently, and solely and rationally con-
sulting their own self-interest, will ultimately 
deplete a shared limited resource even when 
it is clear that it is not in anyone’s long-term 

interest for this to happen.— http://en.wikipedia.
org/wiki/Tragedy_of_the_commons

Space Debris as an example of the Tragedy of 
the Commons

Unfortunately, we already have seen the first 
consequence of this in the space age: the growing 
problem of space debris is a clear example of the 
“it is not necessary to do anything” approach. For 
decades, individuals have been sounding the alarm, 
only to be dismissed as fear-mongers who think 
“the sky is falling.” Low Earth Orbit is a Commons, 
and we should have known the certain result. The 
problem is now orders of magnitude worse than it 
was when attention was first called to it more than 
two decades ago, and all national space agencies, 
including NASA, have for too long just shrugged 
their shoulders. Preventive action has costs of its 
own and so it is tempting to defray costs by post-
poning action until it is the next generation’s prob-
lem.

Now belatedly NASA and other agencies are 
indeed trying to establish protocols to slow the 
growth of the problem and are soliciting ideas for 
debris cleanup. Yet we are years away from doing 

Forward to the Discussion
Most people have not thought seriously about 

the establishment of a human frontier on the Moon. 
They see the Moon as a dead body worth exploring, 
perhaps; but who in their right mind would want to 
live there? Early humans in the forests and plains 
of Africa, had they been shown a glimpse of the 
Arctic coast lands, would have thought the same 
thing. But now we have Eskimos, Inuit, and Samo-
yeds who feel perfectly at home in such a “hostile 
and unforgiving” environment. We are a pioneering 
species that has always been able to make itself “at 
home” wherever we settled.

There are many space enthusiasts who look for-
ward to Antarctic-style outposts on the Moon, but 
would side with those early Africans when it comes 
to talk of settlement. Then there are those who look 
on humanity as a cancer infecting our home planet, 
something to prevent from spreading. Butt there 
is yet another view, that intelligent technology-en-
abled climax species are the only way nature has to 
spread life to worlds that could be made to support 
it, once imported, but which could never give rise 
to native life on their own. In as much as we are 
talking not only about humans on the Moon, but ex-
tensive vegetation to support our mini-biospheres, 
settlements on the Moon would be not just human 
exclaves, but viable pockets of Earth-life in general.

When it comes to talk of lunar settlement, there 
are those who feel we will only “trash the Moon as 
we have the Earth.” There are two responses here. 
First, on Earth, where the biosphere is so vast, we 
can get away with our environmental sins and leave 
it to our grandchildren to handle the mess. Not a 
nice thing to do, we agree. I like to point out that 
since the Moon has no biosphere, and we must live 
in mini-biospheres of our own creation and careful 
maintenance, our pioneers will be “living down-
wind and downstream of themselves” and will have 
to live clean because there will be no other op-
tion. Under the gun, they will learn ways to live in 
harmony with nature, lessons too easily postponed 
here on Earth. The green technologies and lifestyles 

they create will be one of the most significant ex-
ports back to the homeworld. 

Human presence on the Moon will not be easily 
obvious.

Pertinent to this discussion are some facts about 
the Moon that will naturally work to moderate the 
“in our face” visibility of human presence and ac-
tivities on the Moon. 

The Moon is “virgin territory,” -- well, almost 
virgin. Intact artifacts left behind by the Apollo 
manned Moon landings and various US and Soviet 
robotic missions are destined either to be part of 
future Frontier Historic Monuments, or to be relo-
cated in Lunar settlement museums.

Once we return to the Moon “to stay,” while 
some paraphernalia such as warehousing of items 
that can handle extreme hot-cold cycles, and equip-
ment such as solar panels will be out on the surface, 
human habitats and activity spaces will need to be 
shielded by a moondust blanket, meaning that un-
less you are “flying” or “coming in” just overhead, 
they will blend into the landscape in coloration. 
Night lighting is another issue that will be brought 
up below.

While early settlements will likely be on the sur-
face under a few yards of moondust, it is possible 
that the direction of expansion, at least in mare ar-
eas, will be in subsurface lava tubes. These volumi-
nous features are certainly ideal for industrial parks, 
warehousing operations, and archiving. But they 
are found only in the maria; surface-visible instal-
lations are likely to be more common in highland 
regions that cover most of the Moon. 

Given that land-hungry agriculture out in the 
open is not supportable, and that skimming the 
regolith blanket for common minerals need not be 
disruptive, we could perhaps protect as much as 
90% or more of the Moon’s surface and still leave 
plenty of room for pressurized settlements. Indeed, 
the ideal space for land-intensive operations that re-
quire shielding and/or pressurization such as indus-
trial parks, agriculture, warehousing, etc. will be in 

Summer 2010 Page 3Page 2 SELENOLOGY Vol. 29 No.2

A National Parks System for the Moon? 
By Peter Kokh - kokhmmm@aol.com

Imbrium City by Steve Boint



Summer 2010 Page 5

anything and by then the problem will only have 
gotten worse. But gee whiz, guys! Hadn’t you heard 
that “a stitch in time saves nine?” or that “an ounce 
of prevention is worth a pound of cure.” Inaction 
motivated by thrift is false economy, false to the 
point of being criminal. Perhaps it would help to 
hold mock trials of those warned but who sat on 
their hands. Note that if this runaway problem gets 
to the point where humans may be prevented from 
traveling into space for centuries or more, who will 
we put in prison, or hang? That’s the Tragedy of 
The Commons. What is happening to our oceans is 
yet another example. 

The Moon is a Commons. No one has authority 
or responsibility. That we are not yet technologi-
cally ready to establish a permanent and growing 
presence on the Moon gives us lead time to replace 
the Lunar Commons with a Lunar National Parks 
Treaty to provide a framework of protections well 
before the era of economic and industrial develop-
ment of the Moon begins. 

The Antarctic Treaty is 
a flawed example

It would be almost as 
tragic to simply adopt 
the Antarctic Treaty as 
that document avoids the 
problem by forbidding 
commercial or industrial 
development of any kind. 
Yet it allows individual 
bases to contaminate 
their perimeters by a lack 
of planned housekeep-
ing. It is only because 
of the unwelcome and 
embarrassing spotlight 
of Greenpeace interven-
tion that McMurdo has 
cleaned up its act. Again, 
we can’t leave it to the 
pioneers themselves as 
they will be “too close to 
the trees to see the for-
est” and will have more 
immediate priorities.  It is 

clearly time for action now.  

Lunar National Parks and Other Preserves
 [A] National park is an area set aside by a na-

tion’s government to protect natural beauty, wild-
life, or ... places of cultural, historical, or scientific 
interest. ... Governments create national parks to 
guard their natural treasures from the harmful ef-
fects of farming, hunting, logging, mining, and 
other economic development.

The world’s first national park, Yellowstone 
National Park, was established in the United States 
in 1872. National Park systems have now spread 
throughout the world. Today, about 1,500 national 
parks ... [exist] in more than 120 countries.—World 
Book

Now is clearly the time to think ahead, preserve 
and protect some areas of the Moon with special 
geological interest or uncommon scenic beauty 
by setting them aside as Lunar National Parks (to 
be transferred to a Lunar Frontier Authority if and 
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when the latter emerges as the acting civil author-
ity.)

Differences of opinion on the merits of individual 
areas to be protected

We do not need to have agreement on a compre-
hensive list of features to be treated with care by 
the pioneers. At this stage, we are only trying to get 
acceptance for the general concept. It should be pos-
sible to find broad agreement on a short starter list 
and  on initial compromise positions on the proto-
cols governing activities in or near these sites. Once 
we have done this homework, we can invite others 
to the table with the goal being a more mature and 
widely acceptable product.

For this incipient stage, a poll of those who par-
ticipate in this exercise would put at the top those 
features picked by the largest number of partici-
pants, and at the bottom, those picked by at least 
one participant. We might devise some form of 
weighting system. The more people participate in 
this effort, the more respectable will be the results.

The great risk in delay is that development will 
suddenly start and proceed without restriction with 
no guiding protocols or safeguards in place. Only a 
rational middle ground between total preservation 
and total development has a chance of acceptance. 
Those who stand by and do nothing do more total 
damage than those who set out to do damage on 
purpose.

A two phase endeavor:
1) Establish site classifications and protection 

protocols 
2) Identify and list places to be protected
While the goal of this exercise is the adoption 

of an International Treaty, we are at the homework 
stage in developing a widely supportable proposal. 
As the US National Park system has grown and 
developed, we have national parks, national monu-
ments, national forests, national historic sites etc., 
and a set of protocols appropriate for each to protect 
it from unfettered economic and industrial devel-
opment. These protocols govern access roads and 
commercial and/or industrial and/or tourist conces-
sions. 

Of course, once jurisdiction passes to the local 
frontier authority (a stepped process which should 
be milestone-driven and established beforehand by 
treaty to remove it as a political and power-play 
issue,) that “Lunar Authority” would have the right, 
limited and defined in its own constitution, to re-
view and reset any such protocols.

This list, to be an “attachment” to the original 
treaty establishing a Lunar National Park System, 
could always grow or be amended as time goes on. 
Our job (American Lunar Society members and 
friends who participate) would be to recommend a 
representative set of better-known features for inclu-
sion. We must realize, however, that the pioneers, 
seeing things from a ground-level perspective, will 
choose to add more sites and possibly de-list some 
sites that look special from above through our tele-
scopes but not from the surface where they will live 
and work.

For example, from directly above, Rainbow 
Bridge does not reveal its special beauty. For that 
you have to be in front of it, under it, and/or be-
hind it (I cherish the experience of all three). But 
telescopic observation is all we can go by for now, 
along with angle shots taken by various lunar orbit-
ers. So we can expect the pioneers to add or other-
wise amend our list.  Each settlement will be more 
motivated to protect special areas in its hinterland, 
even if they pick sites which from a lunar global 
perspective are “mediocre.” The point is that we 
should not try to be “complete” but to be sufficient-
ly “representative” to get this project started.

A Stage Two Review Team
The second step is the nomination of specific 

features or regions to be so protected by an inter-
national committee of self-selected geologists and 
other scientists, tourist industry panels, commerce 
and industry representatives, and of interested/con-
cerned individuals.

The best result will come from a well-rounded 
team with diverse representation but excluding 
those on the one extreme who would put the Moon 
totally off limits to non-scientific activity and also 
excluding those on the other extreme who would 
reject any guidelines or protocols whatsoever. 

Crisium Mining by Steve Boint
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Everyone else should have the right to suggest what 
seems proper to them.

During both of these steps: setting protocols and 
starting a list, there will be considerable disagree-
ment:

Some will want to guarantee the treasured sites 
on the original list from any and all human en-
croachment, while 

Others will seek more pragmatic provisions. 
A reasonable compromise would be to create 

classes with graduated levels of protection accord-
ing to the rank of “specialness” that we give them: 

class A—the most protected,
class B—those with intermediate protection
class C—those only minimally protected, prob-

ably by a baseline set of protocols that will apply to 
the entire lunar surface and maybe even to subsur-
face lavatubes.

Some will favor only a few original parks, 
Others will want to preserve half the Moon or 

more. 
Certainly those of us who enjoy observing the 

Moon in greater detail than the naked eye allows 
should have an important say both when it comes to 
identifying special sites and in suggesting protocols 
which will protect appearance from well above. In 
this regard, we will be representing Earth-bound 
populations for whom the sight of the Moon is 
something of great beauty and to be respected and 
preserved. However, as most activities on the Moon 
will not be visible to the naked eye from Earth, the 
really important protocols will be those that protect 
the beauty and awesomeness of features to resi-
dents and travelers on the lunar surface. We need to 
remain on the team in a host/chair position.

That said we should include in the group lunar 
scientists, environmentalists with a geological bent, 
tourist industry representatives, road and railroad-
building engineers, mining and industry representa-
tives who are up to speed on lunar resources, topog-
raphy, and conditions, etc. 

Beyond the Nearside
But how much are we fixated on the Moon’s 

nearside? Should we not undertake to provide the 
same protection for the 2/3rds of farside visible 

from L4 and L5? And what about the sixth of the 
Moon in “deep farside” invisible from L4 and L5 
and outside of the radio noise footprint of those lo-
cations. We must remember that most lunar tourists, 
either on approach and/or departure, will fly over 
the farside, some or all of it sunlit at the time.

Nightime city lights?
Also as telescope-using observers, we have to 

realize that the portion of the Moon not sunlit could 
become lit with settlement and roadside lights. As 
astronomers, we are already acutely aware of night-
time light pollution. Earth’s city lights look beauti-
ful from several miles up in an airplane, but we 
have to keep in mind that all light seen from above 
is wasted light, a sign not of progress but of ineffi-
ciency and wastefulness. As producing extra power 
during dayspan for use during nightspan will be a 
significant expense for the settlers, the pioneers are 
likely to want to be frugal with light beamed waste-
fully spaceward. They might welcome protocols for 
nighttime lighting of lunar settlements and other 
installations. 

Actually, only a significant cluster of lights 
could possibly be seen from Earth.  Even spaceport 
beacons might not be visible to us. In the interests 
of economy, only road intersections may be lit 
along highways. But even here, at least in the early 
era when both surface and space traffic will be on 
the light side, lights could be proximity controlled 
by approaching vehicles of whatever kind instead 
of lit all the time. We could also use non-visible 
wavelenths, and let the sensors turn that into visible 
signs on the view screen. It will be a long time be-
fore any settlement is large enough to show up from 
hundreds of thousands of kilometers away—and 
even more unlikely, given the need to use nightspan 
energy as efficiently as possible, that they would 
make an effort to be noticed, except on holiday 
occasions to celebrate their existence, survival and 
progress!

Presenting our results to others for further input
Our original suggestions and lists should be pre-

sented to others for input:
Environmentalists focused on geological trea-

sures rather than biological ones.
Civil engineers (road and railroad construction, 

bridge, tunnels, cable systems, power transmission 
systems, etc.) There will be scattering of settlements 
simply because all the needed mineral resources 
are not to be found in any one place in economical 
percentages. The easiest placement of transportation 
routes will have a lot to say when it comes to choos-
ing between equally endowed locations. 

Tourist industry people who can be brought up to 
speed with the lunar globe and topography, craters, 
inter-crater plains, crater central peaks, maria, mare-
highland coasts, lavatubes, rilles, lava sheet flow-
fronts and other features of interest.

Mining and processing people brought up to 
speed on lunar conditions and the geographic loca-
tion of minerals, etc., to suggest mining/industrial 
settlement clusters, etc. 

Mining & Processing Industry Protocols
As we have pointed out, “Moon mining” is 

unlikely to be a “scarring” operation. The elements 
we need are to be found in the already “premined” 
impact-pulverized debris blanket of rock and pow-
der, meters-thick, that covers the entire lunar sur-
face: the “regolith.” That said, we can split mining 
operations into: 

those aimed at “producing” elements found just 
about everywhere or, at least rather widely: oxygen, 
silicon, iron, aluminum, calcium, titanium, magne-
sium—all in parts per hundred; 

others found in parts per ten thousand and 
those concentrated only in a few atypical areas. 
Clearly, any mining activity seeking elements in 

this first classification, since it can be done most 
anywhere, can, without inconvenience, be com-
pletely forbidden within the selected park areas and 
their approaches.

Any rare and strategically needed elements which 
are especially concentrated in an area nominated for 
inclusion in the Lunar National Park System, could 
be mined within the area in question, in a tightly 
regulated “clean” operation, and then processed 
elsewhere. What we have in mind is the possibil-
ity that we would discover that a protected impact 
crater area is of the Sudbury (Ontario) type, rich in 

metals otherwise absent on the Moon in economi-
cally producible abundances, such as copper, zinc, 
gold, silver, platinum. At Sudbury, Ontario, north of 
Lake Huron, this treasure is an indirect gift of the 
impactor, which did not itself bring them, but which 
shattered the crust below so thoroughly that these 
elements present in the magma ocean below found 
there way up into the fractured bedrock of the crater 
rim above. All of these elements are industrially 
strategic and finding them in an otherwise protected 
site would “overrule” any reasons to sustain that 
protection. Lunar geologists have yet to identify any 
such area, though it is possible one or more may be 
identified in the future.

Tourist Industry Protocols
Some areas, chosen for inclusion on the origi-

nal list for their especially noteworthy geological 
features, might also be identified as having especial 
scenic value. 

Others areas of no unique geological interest, 
may be nominated for inclusion on the merits of 
outstanding scenic appeal alone, and vice versa.

Types of Access restriction
1) Guided eco-tours in self-contained sleep-

aboard vehicles , or 

Figure 1: cableway system by Peter Kokh
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2) opened up to do-it-your-
self self-guiding tours for 
individuals in private “camp-
ing” vehicles.  The limited 
access provisions would ap-
ply to especially fragile sites 
and may include “pack it in, 
pack it out” regulations to 
guarantee that human detritus 
would not accumulate. 

3) An option, if growth in 
traffic merits, might be excur-
sions via suspended mono-
rails, or cableways, hugging 
the high ground where pos-
sible (Fig. 1).

Once tourist traffic and volume grew to the point 
where it made sense, the “park authorities” could 
allow and provide for carefully regulated tourist-
serving “concessions” within the park area— hotels, 
restaurants, “general stores,” even RV camping 
grounds. If these operations could be conveniently 
placed at, or just outside, the park boundaries, that 
would be preferable.

Transport Corridor Protocols
Roads and Trails: In some especially delicate 

areas, we may want to allow only a bare minimum 
of overland access, keeping the route as “rustic” as 
possible. For especially scenic craters, rilles, es-
carpments and other high vantage points, we may 
want to provide only scenic “rim roads” or scenic 
overlooks, with no access to the floor or area be-
low other than by specially equipped go-anywhere, 
off-road vehicles that do not require intrusively 
bulldozer-graded routes, such as by legged walkers 
(Fig. 2) rather than wheeled vehicles.

The Alpine Valley Test
In a few cases, we will want to provide for a 

major highway, but with a minimum of traveler-
serving concessions and tightly regulated signage. 
The prime example of a need for compromise is 
the unique Alpine Valley providing access between 
northern Mare Imbrium and Mare Frigoris. An 

attempt to close this route to travel would never 
succeed. So we must do the next best thing, design 
a road that blends in respectfully and has the bare 
minimum of conveniences (Figures 3 and 4).

The merit of transportation access is obvious. 
How else are we to enjoy these treasures set aside 
for us? By browsing through a book or watching 
a DVD documentary? We could provide both, of 
course, for tourist wannabes and those selecting 
their itineraries. But for the future Lunans them-
selves, if not for Earthworms like ourselves, access 
is clearly in order -- access with thoughtful restric-
tions.

Some Park-worthy nominations “from the wrong 
end of a telescope”

I no longer have a telescope but I do remember 
revisiting my favorite sites on the Moon. There 
are, of course, noteworthy areas, features of special 
scenic interest (at least form our wrong-end-of-a-
telescope vantage point) in all areas of the Moon’s 
surface from the nearside highlands and maria to the 
farside. As we do not know (although many are pre-
maturely “sure”) where the first outpost will be sited 
and where early and subsequent industrial settle-
ments will spring up, it will be important to identify 
candidate sites all around the globe for protection. 
With my 12” globe of the Moon in hand, I’d like 
to start the list off with the following short starter-
list nominations of features I visited time and time 
again with a telescope in earlier years:

Nearside craters: Aristarchus, Plato, Coperni-
cus, Tycho, Theophilus, Proclus—there are equally 
outstanding craters elsewhere on the nearside that 
should be added to the list if settlement, transpor-
tation, or mining activities were to be considered 
nearby.

Other nearside features: I have been fascinated 
by those isolated and well defined areas such as the 
Aristrachus Plateau and the irregular highland strip 
between Sinus Roris and Mare Frigoris on the north 
and Sinus Iridum, Mare Imbrium, and Mare Sereni-
tatis on the south and including the prominent mare-
filled crater Plato and the Alpine Valley. Perhaps 
being a lifetime resident on the east shore of Lake 
Michigan and of the Great Lakes basin in general, 
such choices are to be expected.  And perhaps be-
cause it is the single most identifiable feature on the 
early Moon, I have also always had a special place 
for Mare Crisium and know its shores and ramparts 
by heart. But each observer will have favorite loca-
tions to add to the list.

Nearside historical sites: the Apollo Moon land-
ing sites, the Lunokhod sites, any intact landers.

While I have explored the farside only by globe 
and photos, I have some favorites there as well.

Farside Craters: Tsiolkovsky, possibly the single 
most identifiable crater from a deep space perspec-
tive (other than the much larger Mare Orientale!) 

is at the top of my list, and certainly Van de Graaf. 
And Mare Ingenii, the antipodes of the Imbrium im-
pact event. We should identify many more. We need 
not worry about being complete. It will be enough 
for us to start the process.

Once the site of the initial international outpost 
is agreed upon, worthy sites within reach should 
be identified and protected appropriately. One may 
argue, of course, that most places on the Moon are 
already protected by their very remoteness and 
inaccessibility. But the day may come when many 
noteworthy places will no longer be remote and 
inaccessible. 

Conclusion:
Establishing a Lunar National Park System in-

frastructure, even without a short list of first inclu-
sions, would be a wise move for these reasons:

It is easier to establish such a system now, when 
the threat seems remote, rather than later when eco-
nomic counter-interests may have arisen.

Early establishment of a Lunar National Park 
System will be a media coup, thrusting the Moon 
and its beauty into the public consciousness.

It will whet the appetite for lunar tourism, thus 
helping create the justification for development of 
the vehicles and systems needed for on-location 
tours.

The very act 
of establish-
ment of a Lu-
nar National 
Park System 
by treaty, along 
with a starter 
list of included 
areas, will lay 
the economic 
grounds for pri-
vate enterprise 
to land robotic 
“tour guides” 
on location, 
to photograph 
and explore the 
especially scenic 

Figure 2: Lunar Spider by Peter Kokh

Figure 3: Alpine Valley from www.footootjes.nl/Astrophotography_Lunar/20071218_
AlpineValley1_B_OF_30G700_f1125grad256Map7_40_wv23_y0av1W75L42_mir.jpg
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features with maximum “ooh and aah” appeal, to be 
included in edited tourist documentaries on video 
and DVD or in National Geographic, along with 
promotions of sponsor tourist companies, of course. 
Tourism “pump-primers.” A next step would be 
actual live tours, rehearsed or unrehearsed, explor-
ing especially mysterious areas such as the first lava 
tube to be entered.

Fast Forward a century or so: 
Flora & Fauna Preserves

When we think of “National Parks,” places of 
great geological and biological beauty come to 
mind: Yellowstone, Banff, Great Smokies, etc. Yet 
we too have preserved areas in which life is sparse, 
if not all but invisible: the Grand Canyon, Arches, 
Haleakala, National Parks for example. Biological 

preserves would seem to be out of consideration 
on the barren and lifeless Moon, but we may see 
them within the pressurized confines of larger settle-
ments. 

On a larger scale, heavily-traveled inter-settle-
ment routes between neighboring population clus-
ters may one day be relocated into pressurized tubes 
or canopied rilles with broad fringe areas that can 
also be planted with a mix of crops and purely or-
namental plants—creating lunar national parkways. 
And there may be small scale “national forests” cre-
ated in pressurized structures by private enterprise 
seeking tourist dollars.

A Lunar National Park System will have a pro-
found impact on the way lunar settlement develops, 
and even on its pace. The time is ripe. Let’s get 
started!

Lunar dust consists of regolith (Regolith refers to 
any particles of impact origin on the lunar surface.) 
particles with diameters below twenty micrometers. 
This is about 20% by mass of the lunar soil [1]. It’s 
reasonable to assume that lunar dust comes from 
the upper layers of regolith and therefore shares, 
albeit on a micro level, the vast majority of its 
chemical structure with the bulk regolith.

The larger lunar soil particles are “weathered” 
into smaller pieces (Particles larger than 1 cm 
diameter are called rocks and particles between 1 
cm diameter and 20 micrometers are called soil.), 
eventually becoming small enough to form dust. 
High velocity impacts, most by micrometeors, are 
the major impetus for decreasing grain size in lunar 
soil. Melting occurs in these impacts which causes 
a clumping together of soil grains into agglutinate 
glass particles. The upper regolith layer is made 
mostly of agglutinates—when micro meteors strike 
the regolith, some melt the silicates (The lunar soil 
is primarily silicate.), splashing this glass (Glass is 
a silicate.) over grains of soil [2]. 

(In regard to non-silicates: although some car-
bides are present in the soil, no evidence has been 
found in lunar samples for the presence of longer 
chain carbon molecules (with the exception of por-
phyrins which were probably contaminants from 
rocket exhaust) [3].)

Vapors also coat lunar soil particles with nano-
phase iron and with glass. Even the smaller dust 
grains are coated by these glass coverings [2, 4].

The percentage of the soil particle which is 
agglutinate glass increases with decreasing size [2]. 
Dust of mature soils is 50% by volume agglutinate 
glass. Particles smaller than 10 micrometers are 
80% by volume agglutinate glass. In other words, 
lunar dust is predominantly glass blobs formed 
around nanophase iron (iron clumps with at least 
one dimension under 100 nm in diameter—nano-
phase iron has somewhat different properties than 
does normal iron) [1].

The particles are not smooth spheres, but have a 
very high surface area containing wrinkles, folds, 

creases [1]—features which were etched by the 
solar wind. This huge surface area increases the 
odds of reactivity, giving them chemical properties 
“unlike any earth based analog” and making them 
very abrasive [4]. It probably also increases the par-
ticles’ ability to cling to other objects [5].

As lunar soil breaks down in size, its percent 
abundance of elemental iron increases. Soil has 
10X the native (of lunar origin) iron abundance of 
its parent rocks [2]. The small glass particles which 
make up lunar dust appear to have a nanophase iron 
nucleus and these particles often form a glaze on 
the larger regolith particles [2].

As the grain-size of lunar soil decreases, the 
influence of the iron-particle core increases so that 
for particles smaller than 10 micrometers in diam-
eter, the particles are easily attracted by relatively 
weak magnets. This holds true for Plg soil, Pyx 
soil, and Agglutinitic glass [2].

The Apollo astronauts found that the lunar soil 
clung to everything. Even the vacuum designed to 
clean the dust from astronauts returning from EVA’s 
clogged [6]. The dust was a charcoal black, smelled 
of gunpowder, and caused bronchial distress for 
some of the astronauts [4,5]. Approximately ten 
percent of lunar dust is in the respirable range, the 
right (or wrong from a medical viewpoint) size for 
penetration of the lungs [4]. Obviously the dust 
could become a problem for future astronauts. This 
has led to a number of studies concerning the mag-
netic/electric properties of lunar dust. 

Among the more interesting by-products of the 
electrical charging of lunar dust particles are the 
rays coming from the sun at lunar sunrise and sun-
set as sketched by astronauts aboard Apollos 8, 10, 
12, 17. The Surveyor and Clementine spacecraft 
also photographed a diffuse glow during lunar twi-
light [6,8]. These are strange because “sunbeams” 
arise only when atmospheric molecules and/or dust 
bend the light coming from the sun. What small 
atmosphere the moon possesses by right of outgas-
ing and the actions of solar wind hardly classes as 
anything at higher than a few centimeters above the 

Lunar Dust 
By Steve Boint

Figure 4: Alpine Valley from www.lunarrepublic.com/atlas/sec_photos/a/A8.jpg
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grain size, the more readily it loses electrons with 
the rise in photoemission (electron loss due to being 
hit by a photon) greater for extremely small par-
ticles as they grow in size. In other words, smaller 
particles are more size-dependant as to how easily 
their electrons can be dislodged. Larger particles’ 
ability to emit electrons reaches for an asymptotic 
value which should be the same as the value for the 
bulk soil. [6] However, values for individual dust 
grains are significantly above values for the bulk 
lunar soils [11], running counter to accepted current 
theory but in line with the predictions of classical 
theories [6]

 Kolesnikov and 
Yakovlev have shown that 
lunar dust (0.1 micrometer 
diameter) is capable of 
electrostatic levitation as 
long as the grains are cov-
ered by a thin layer (mono-
layer) of hydrogen-rich 
compounds (there is some 
evidence for a water mono-
layer covering some parts 
of the moon on a sporadic basis – [12,13]) and not 
subject to significant forces of adhesion between 
particles. Their study does not preclude levitation 
without the layer of hydrogen, but the levitation 
would be lesser than with the hydrogen layer [14]

Sickafoose, Colwell, Horányi, and Robertson 
have demonstrated that dust particles can become 
charged through UV rays knocking electrons loose 
if this occurs in a vacuum. [10]

So it appears that lunar dust does levitate. But, 
how far horizontally do these dust grains move? 
Shoemaker estimated, in regard to regolith, that 
lateral transport seldom exceeds 100 km. So, the 
chemical composition of the levitated dust should 
be comparable to that above which it hovers, give 
or take 100 km. The boundaries between highland 
and mare are relatively sharp, suggesting that later-
al transport for larger soil particles is not great. [4] 

The “dust” atmosphere of the moon should not 
be seen as individual particles indefinitely suspend-
ed. Instead, the particles continually leap above the 
surface and then fall back down [7], the atmospher-

ic density determined by a complex equilibrium.
Still, local areas of density may be possible. It 

has been suggested that many LTP sightings have 
actually been observations of the lunar dust clouds. 
[8]

Finally, what of that monolayer of water coating 
the lunar surface? The Indian Chandrayaan-1 probe 
found evidence of water either mixed in with the 
lunar surface or existing as a monolayer (a couple-
molecule-thick membrane). This water arrived 
through comets or is made by the moon when solar 
wind ions interact with lunar metal oxides and pro-

duce water (which often 
would remain chemically 
bonded to the rock). This 
water is migrating toward 
the poles through evapora-
tion and condensation. This 
cycle is on the timescale of 
a lunar day with the amount 
of water dropping sig-
nificantly during noon and 
rising between dawn and 
dusk. Keep in mind, the 

amount of water is small, leaving the moon drier 
than the Sahara. [13,15]

Finally, why does the levitated dust atmosphere 
follow the terminator? One possible reason the 
dust grains follow the terminator is that an area 
of neutral charge should exist just dayward of its 
line, the transition between positively-charged and 
negatively-charged regolith [16]. Another dynamic 
which may be at play is the presence of lunar water. 
The monolayer should evaporate in the sunlight, 
leaving the dark side and the early terminator 
“damp”. The presence of this water may lower the 
forces of cohesion between the particles of regolith, 
allowing the lighter particles to levitate. The colder 
sunrise terminator should show the strongest levita-
tion activity, which is supported by the LEAM data 
[17].

References:
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Dust: Chemistry and Physical Properties And 
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lunar surface. What could be bending the sunlight?
A clue comes from the instruments left on the 

moon by Apollo missions. When bouncing Earth-
based lasers from reflectors left there, the light cur-
rently returned is far less than expected, dimming 
even further during a full moon. The reflectors are 
glass prisms in recessed pockets of an array. Their 
reflectivity comes from their shape which could be 
warped during differential heating. A thin layer of 
dust on the prisms could cause the heating and be 
hindering the reflection of Earth-based laser light. 
Thermal absorption by the dust would be greatest 
during full moon which would suggest that this 
effect should be greatest during full moon—which 
it is[9].

In 1972, Apollo 17 astronauts placed the Lunar 
Ejecta And Meteorites package on the moon in 
order to detect the dust kicked up by small meteor 
impacts. LEAM operated only briefly. The dust it 
detected occurred when the terminator crossed the 
instrument’s location. The dust traveled at a lower 
speed than would ejecta. Additionally, when sun-
light fell on LEAM, after only a couple of hours the 
team had to shut down the experiment to prevent 
overheating. The best explanation developed for 
this was that dust on the instrument package was 
absorbing heat [6,8].

But how would dust particles hover above the 
lunar surface given a lack of any gas to support 
them? 

The dust on the moon apparently forms a kind of 
atmosphere through electrical repulsion. The static 
electrical charge carried by the particles causes 
them to hover at various heights above the surface. 
Because the dust in the dark is charged oppositely 
to the dust in the light, at the terminator the dust 
particles rush toward each other creating the only 
“wind” the moon will ever know. 

The sun is the engine which charges the moon. 
Solar UV and X-ray photons slam into the lunar 
surface (thanks to the absence of a screening atmo-
sphere [6]), positively charging the daylit side and 
causing its fine dust particles to be repelled above 
the surface for distances of up to a couple of kilo-
meters. Solar wind arcs around the moon onto its 
night side and in the process produces a surplus of 

electrons, creating a negative charge in the night-
time surface and dust particles. This negative 
charge may be stronger than the dayside’s positive 
charge (7).

At the terminator, where the positive and nega-
tive “dust clouds” meet, a horizon glow colors 
the blowing wind of dust particles [6]. (Keep in 
mind when picturing this that the particles are 
microscopic and therefore invisible and they are so 
rarefacted that large distances would be needed to 
find enough particles to bend light into a glow [7]. 
Astronauts would detect no wind against their bod-
ies.) However, the exact mechanism for charging 
the dust grains is not perfectly understood. And, the 
presence of levitated dust remains only theoretical 
until empirical verification is achieved.

Some headway has been made in understand-
ing the details of how lunar dust gains an electric 
charge. Theory predicts that high-energy solar pho-
tons knock electrons loose from the lunar surface 
soil. This leaves the surface with a positive charge. 
Small dust particles gain enough positive charge 
to lift above the lunar surface. As the surface con-
tinues to be hit by photons, electrons are sprayed 
preferentially upward where they pile up on dust 
particles hovering close to the surface. These gain a 
negative charge and should be attracted back to the 
surface. However, about a meter to several kilome-
ters above the surface, the sprayed electrons don’t 
reach and there positively-charged dust particles 
hover, repelled by the positively-charged lunar sur-
face [figure 1] [10].

A key issue is the rate at which lunar dust grains 
gain or lose electrons. While this has been deter-
mined for the lunar soils for which we have sam-
ples, only a bulk measurement has previously been 
sought. In general, bulk values for soils are greater 
than those for individual dust particles [6]. Current 
research is examining the rate of electron gain or 
loss for individual micron-sized grains of lunar soil.

Abbas, Tankosic, Craven, Spann, LeClair, and 
West studied the rate at which Apollo 17 and Luna-
24 dust grains of a radius below 20 micrometers 
lose electrons when hit by UV light. The values for 
the two soils, although from different regions of the 
moon, are very similar. In general, the larger the 

Figure 1: Elevation of lunar dust particles
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In this quarterly column, we will explore recent 
papers from the Lunar and Planetary Conferences. 
Our focus in on presenting topics of interest to the 
broader lunar community. The summaries presented 
here contain not only the results of the paper, but 
also background information that connects the 
results to broader lunar topics and background 
information. 

Reviewed: 
(1) G. Collins, T. Davidson, D. Elbeshausen, 

and K. Wunnemann; “Numerical Simulations of 
Oblique Impacts: The Effect of Impact Angle and 
Target Strength on Crater Shape;” Lunar and 
Planetary Science Conferene XL; 3/2009; #1620. 

(2) P. Schultz and J. Anderson; “Origin and 
Significance of Uprange Ray Patterns;” Lunar and 
Planetary Science Conference XL; 3/2009; #2496. 

(3) J. Anderson and P. Schultz; “Flowfield 
Center Migration During Oblique Impacts: 
Implications for Curved Uprange Ejecta Rays;” 
LPSC XXXVII; 3/2006; #1726.

Not all craters on the moon are circular. Some 
are oblong or elliptical in shape (Messier A: figure 
1, Delmotte: figure 2). These craters are assumed 
to represent impacts where the impactor struck 

the moon at a low angle with respect to the sur-
face. That is, they represent the end product of an 
oblique impact on the moon. While this conclu-
sion seems rather obvious, other unusual impact 
elements remain obscure as to their origin. For 
example, the ejecta surrounding a crater is gener-
ally found to be radially symmetrical to the crater’s 
center (Copernicus: figure 3). But in a few impacts, 
the ejecta displays a “forbidden zone,” where the 
ejecta appears to be missing on one side!  A classic 
example of this is Proclus (figure 4). 

The current three papers examine the features 
of oblique impacts. Collins et. al. begins by noting 
that over 90% of impacts are oblique with respect 
to the lunar surface, which means that they are 
greater than 20 degrees or more off from a perpen-Figure 1: Consolidated Lunar Atlas, E4.
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Figure 2: Consolidated Lunar Atlas, C2.

Conference (2008) http://www.lpi.usra.edu/meet-
ings/nlsc2008/pdf/2072.pdf

[2] Taylor, Lawrence. Lecture at University of 
Wisconsin, Madison. http://web.utk.edu/~pgi/lunar/
page1.html

[3] Cyril Ponnamperuma, Keith Kvenvolden, 
Sherwood Chang, Richard Johnson, Glenn Pollock, 
Delbert Philpott, Isaac Kaplan, John Smith, 
J. William Schopf , Charles Gehrke, Gordon 
Hodgson, Irving A. Breger, Berthold Halpern, 
Alan Duffield, Konrad Krauskopf, Elso Barghoorn, 
Heinrich Holland, and Klaus Keil. Search for 
Organic Compounds in the Lunar Dust from the 
Sea of Tranquillity. Science 30 January 1970. Vik 
167, no. 3918. p. 760-762. abstract. http://www.sci-
encemag.org/cgi/content/abstract/167/3918/760

[4] Khan-Mayberry. The lunar environment: 
Determining the health effects of exposure to moon 
dusts. Acta Astronautica 63(2008) 1006-1014. 
Science Direct. http://ntrs.nasa.gov/archive/nasa/
casi.ntrs.nasa.gov/20070006527_2007005296.pdf

[5] David, Leonard. Lunar Explorers Face Moon 
Dust Dilemna. Space.com. http://www.space.com/
scienceastronomy/061007_moon_dust.html

[6] Abbas, M.M., Tankosic, D, Craven, P, Spann, 
J , LeClair A, West E. Lunar dust charging by pho-
toelectric emissions. Planetary and Space Science 
55 (2007) 953–965. at Science Direct. http://
www.sciencedirect.com/science?_ob=MImg&_
imagekey=B6V6T-4MTK96R-1-1&_cdi=5823&_
user=6007504&_pii=S003206330600359X&_
orig=search&_coverDate=05%2F31%2F2007&_
sk=999449992&view=c&wchp=dGLzVtb-zSkzk&
md5=4db3fda061a5e011d1484eda0283c304&ie=/
sdarticle.pdf

[7] Science@NASA. Moon Fountains. http://
science.nasa.gov/science-news/science-at-
nasa/2005/30mar_moonfountains/

[8] Bell, Trudy and Phillips, Tony. Moon Storms. 
Science@NASA. http://science.nasa.gov/science-
news/science-at-nasa/2005/07dec_moonstorms/

[9] Space.com Staff. Mystery of Faint Moonlight 
Finally Solved. Space.com. http://www.space.
com/scienceastronomy/moon-light-mystery-
solved-100422.html

[10] Physical Review Focus. Space Dust in a 

Vacuum. http://focus.aps.org/story/v5/st29#author
[11] Feuerbacher, B., Annderegg, M., Fitton, B., 

Laude, L., Willis, R., Grard, R. Secondary elec-
tron emission characteristics of lunar surface fines. 
Suppl. J. Geochim. Cosmochim. Acta 3 (1972), p. 
2655.

[12] Fuller, E. L., Jr., Holmes, H. F., Gammage, 
R. B., & Becker, K.

Interaction of gases with lunar materials: 
Preliminary results. Proceedings of the Lunar 
Science Conference, vol. 2, p.2009

[13] Spudis, Paul. The Four Flavors of Lunar 
Water. The Once And Future Moon Blog. 
May 2, 2010. http://blogs.airspacemag.com/
moon/2010/05/02/the-four-flavors-of-lunar-water/

[14] Kolesnikov, E. K. and Yakovlev, A. 
B. Vertical dynamics and horizontal transfer 
of submicron-sized lunar-regolith micropar-
ticles levitating in the electrostatic field of the 
near-surface photoelectron layer. Planetary 
and Space Science. Volume 51, Issue 13, 
November 2003, Pages 879-885. at Science 
Direct. http://www.sciencedirect.com/science?_
ob=ArticleURL&_udi=B6V6T-49P46KX-1&_
user=6007504&_coverDate=11%2F30%2F2003&_
rdoc=1&_fmt=high&_orig=search&_
sort=d&_docanchor=&view=c&_searchS-
trId=1324075302&_rerunOrigin=scholar.google&_
acct=C000068502&_version=1&_urlVersion=0&_
userid=6007504&md5=2d2b48a2ac6a9a28e78d025
af9a474ef

[15] Lakdawalla, Emily. The “Water on the 
Moon” Hoopla, Part 2: The murkier part of the 
story The Planetary Society Blog. Sep. 25, 2009 | 
14:02 PDT | 21:02 UTC http://www.planetary.org/
blog/article/00002118/

[16] Stubbs, T., Vondrak, R., and Farrell, W. A 
Dynamic Fountain Model For Lunar Dust. Lunar 
and Planetary Science XXXVI (2005).

 [17] Hartzell, C. and Scheeres, D. The 
Implications of Lunar Water on Electrostatic Dust 
Levitation. 41st Lunar and Planetary Science 
Conference (2010).



temporally distant and spacially distant (lateral and 
at greater depth), then the final ejecta will be radial 
(and generally symmetrical) to point ‘B.’ This is 
illustrated in the earlier paper with figure 5: 

What this suggests is that the initial ejecta will 
not be radially 
centered about the 
crater’s center, but 
rather about the ini-
tial point of impact. 
When the ejecta 
of Tyco is traced 
out, this is indeed 
the case: the initial 
ejecta—the most 
uprange position—
is radially centered 
about a point on 
Tyco’s rim (figure 
6)! 

Further, the 
authors found that 
the ejecta pattern 
evolved through 
time. For oblique 
impacts, the ejecta 
at the point of ini-
tial contact did not 
include an uprange 

portion, which is what causes the forbidden zone. 
However, as the crater evolved, deepening and cre-
ating ejecta with a steeper angle, the ejecta became 
increasingly symmetrical. 
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Figure 5: IP is the impact point, FFC is the flow-
field center that migrates as the impactor shifts 
through the lunar target across time, and CC is 
the final crater center. From: J. Anderson and 
P. Schultz; “Flowfield Center Migration During 
Oblique Impacts: Implications for Curved Uprange 
Ejecta Rays;” LPSC XXXVII; 3/2006; #1726Figure 4: Rectified Lunar Atlas, 14C

Figure 6: Consolidated Lunar Atlas, GIII.

dicular impact path. However, most of these craters 
are circular with radially symmetric ejecta patterns. 
This is because most impacts function as a point 
transfer of energy. Indeed, the authors found that 
only 5% of craters are elliptical (where elliptical is 
defined as having a length divided by a width that 
was equal to or greater than 1.1). Given the geom-
etry of the moon, 5% of impacts corresponds to 
an impact angle of 12 degrees. This means that an 
elliptical crater is only produced on the moon when 
the angle of the impactor to the moon’s surface is 
12 degrees or less! 

However, there is another wrinkle to the sce-
nario. When researchers started creating artificial 
craters by shooting high velocity (2-7 km/sec) 
projectiles into various target materials, they found 
that the nature of the target was also an influence. 
When the target material was of low cohesive 
strength, such as sand, the angle of impact had to 
be much lower, somewhere around 5 degrees. That 
is, only when the angle was below 5 degrees did an 
elliptical crater occur. But when the target material 
had high cohesive strength, such as granite, then 
the minimum angle was much higher, somewhere 
around 30 degrees. Thus, the ‘average’ minimum 
impact angle for the creation of elliptical craters 
on the moon is actually an average for vari-
ous target materials. Where the surface is 
less consolidated, lower angles would be 
required to produce these effects. In the end, 
the average suggest that the lunar surface is 
at a level of cohesive strength between that 
of sand and solid rock. 

However, one might wonder if there is a 
distribution change between the more recent 
maria (which are covered only by the rego-
lith) and the older highlands (which are also 
covered by the megaregolith). As the latter is 
more deeply fractured at depth, it might, in 
theory, have fewer elliptical crates. This sug-
gests an interesting project!!! 

The second and third papers looks less at 
crater geometry, and more at ejecta geome-
try. Ejecta should, in a point transfer of ener-
gy, be symmetrically distributed around the 
crater’s center. However in a small number 

of craters this is not the case. Some craters, on the 
various terrestrial worlds, have unusual shapes with 
forbidden zones (areas where the ejecta appears to 
be missing). One of these unusual patters is called 
a cardioid shape, for the heart-like pattern it creates 
(see figure 4). This shape has an uprange loss of 
ejecta and can been seen in craters such as Tycho 
and Proclus. In the past, these shapes were obscure 
in origin. But when researchers started shooting 
high speed projectiles into targets at low angles, 
they were able to reproduce these odd shapes. 
These studies suggested that impactors coming in 
below 30 degrees of elevation produced ejecta pat-
terns with an uprange forbidden zone. 

One of the more interesting elements of this pat-
tern is that it is generated by a temporal and spacial 
change in the impactor’s path into the moon. That 
is, the impact occurs at the point of contact, but 
the impactor is still traveling with a horizontal and 
vertical velocity vector. It doesn’t stop at the point 
of contact, but continues to excavate laterally based 
on its original velocity. This causes a shift of the 
point around which the ejecta is oriented. That is, if 
the impact occurs at point ‘A’, then the initial ejecta 
will be radial (though not symmetrical) to point 
‘A.’ But if the impactor ends at point ‘B’, which is 

Figure 3: Consolidated Lunar Atlas, DIV
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