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This article is the fourth in a series detailing 
lunar geology. The first and second dealt with lunar 
craters and lunar basins, respectively; the third dealt 
with tectonic forces on the moon. This installment 
focuses on lunar volcanism, covering lunar 

volcanoes, lunar lava, and the various formations 
produced by each.

Beneath the moon’s surface, radioactive elements 
(such as uranium, potassium, and thorium) reheated 
areas of the lower crust and upper mantle, creating 
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Geologic Processes on the Moon
Part 4: Volcanism

By Eric Douglass

Fig. 1 The Humorum Basin which has been flooded with ancient lunar lavas.



a series of partial 
melts (once a 
melt erupts onto 
the surface, it is 
called ‘lava’). 
These melts were 
less dense than the 
surrounding rock 
and, so, began rising 
toward the surface. 
The eruption of 
lava preferentially 
occurred in basins 
for two main 
reasons: first, the 
massive impacts 
which created the 
basins sent faults 
deep into the 
moon’s surface 
(tens of kilometers), 
providing conduits 
for the rising lava. 
Second, the mantle 
underneath the 
basins rose closer to 
the surface (isostatic 
compensation), 
making the path 
to the surface much shorter. Figure 1 is of the 
Humorum Basin which has been flooded with 
ancient lunar lavas.

As lava erupted into the basins, it sometimes 
flowed long distances before finally ‘emplacing’. It 
could do this because lava on the moon has a low 
viscosity (it is very thin and runny). Indeed, when 
lunar lava material was melted on earth, it had 
the consistency of motor oil because lunar lava is 
low in silicates (‘maffic’ lava). By contrast, earth’s 
‘dome’ volcanoes contain lava of higher viscosity—
more like toothpaste—which can pile up higher 
(steeper slopes). It has higher viscosity because it is 
higher in silicates (‘felsic’ lava). 

Lunar lavas generally erupted from fissures, 
then poured out and ponded in the geographically 
lower plains (fig 2: this terrestrial image, from the 
Hawaiian Islands, shows the fissure left from a 

‘fissure eruption’). However when erupted onto 
an inclined surface, the lava could flow downhill 
and even create river-like channels from thermal 
erosion. On the moon, these formations are called 
‘sinuous rilles’ (fig 3). Some run up to several 
hundred kilometers before finally spilling their lava 
onto flatter surfaces.

This process of mare flooding resulted in large, 
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Fig 2 Terrestrial image 
from the Hawaiian Islands 

showing the fissure left from 
a ‘fissure eruption’

Fig 3 Sinuous rille

Fig 4 The solid line shows the outer edge of the 
basin; between it and the dotted line, the older lava 

is still visible; newer lavas have ponded in the center



flat lava sheets that covered the basins (cf. Fig 6, 
where a lava flow is marked by short, black lines). 
Because the basins were concave in shape, lava 
was thicker in the center of the basin and thinner 

towards the edges. Lava is denser (heavier) than 
the surrounding crustal rock, so it ‘compresses’ 
the bedrock underneath (a process generally called 
‘subsidence’). The thicker areas in the center do this 
more than the thinner areas out at the edges. This 
changes the shape of the basin from a ‘flat’ surface 
to a very gently sloped ‘bowl’ shaped surface, 
producing three unique formations. 

First, it created unique, ‘target like’ surfaces. 
As the first lava flow subsided, the center would 
‘sink’ and the outer areas remain raised. The next 
flows preferentially filled the lower central areas. 
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Fig 5 Mare ridges over the basin rings

Fig 6 The dark semicircles indicate peaks.  
The short lines mark a lava flow Fig 7 lava-filled basin
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Since each large eruptive event(s) had a slightly 
different composition (resulting in a slightly 
varying coloration), the ‘colors’ of the flow would 
also follow that pattern. This produced a ‘target 
like’ appearance on certain of the maria—with 
the outer bands representing the older flows, and 
the inner bands the younger ones (fig 4: the solid 
line shows the outer edge of the basin; between it 
and the dotted line, the older lava is still visible; 
newer lavas ponded in the center, covering all but 
the outer edge of the older lava). One of the best 
examples of this is visible in Mare Serenitatis, and 
can be seen with telescopes of any size.

Second, lava subsidence produced stresses 
within the lava bed itself. As the lava in the center 
sank, it produced a compressive force where the 
thicker lava beds (on the sides of basin rings) met 
the thinner lava beds (on top of basin rings). These 
forces caused the lava to ‘buckle’ (perhaps due to 
blind thrust faulting) producing mare ridges over 
the basin rings (fig 5). While there are several types 
of mare ridges, all form a ring within the 
mare and are often associated with small 
peaks that represent the highest points of the 
flooded basin ring (fig 6; the dark semicircles 
indicate peaks. The short lines mark a lava 
flow).

Third, subsidence put stresses on the lava 
bed and in the bedrock underneath. This 
rock was already deeply fractured from the 
basin impacts and these new downward 
and inward stresses caused some of those 
faults to activate. They opened up, creating 
a series of ‘grabens’ (grabens occur where 
two parallel faults are ‘pulled apart,’ with the 
center section falling down resulting in a flat-
bottomed valley). On the moon, this specific 
type of graben is called an ‘arcuate rille’. 
These are only found around the edges of 
lava-filled basins (fig 7). The best examples 
are those around Mare Humorum, visible in 
small telescopes on a steady night.

To this point we have discussed the usual 
methods by which lavas filled the basins, 
along with the formation of sinuous rilles, 
arcuate rilles, and mare ridges. Next we need 
to examine a few other features produced by 

Fig 8 Series of domes near crater Copernicus

Fig 9a Earth-based telescope view of the Marius Hills
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volcanic processes.
The first of these are lunar volcanoes, called lunar 

‘domes’ (not to be confused with volcanic domes 
on earth which have steep inclines and different 
mineralogy). Lunar domes are smooth sided with 
low levels of incline because lunar lava has such a 
low viscosity (as noted earlier). Most lunar domes 
are 5-20 km across and often have a small pit crater 
at their summit (fig 8: this is a series of domes near 
crater Copernicus; note that several have central 

‘pits’). Note that a few lunar domes are steep sided, 
especially in the Marius Hills region, suggesting 
differences in the lava’s characteristics—such as 
cooling and lower rates of eruption. The Marius 
Hills region contains a large number of lunar domes 
(fig 9a: Earth-based telescope view; fig 9b: Apollo 
spacecraft view).

The next features are called ‘dark mantling’ areas.  

Fig 9b Apollo spacecraft view of the Marius Hills
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These were formed 
by the process of 
‘fire fountaining’. 
Lava is in the 
moon’s mantle is 
under considerable 
pressure. As it rises 
to the surface this 
pressure falls off, 
allowing gasses 
trapped in the lava 
to escape (called 
‘degassing’). These 
gasses—thought to 
be carbon monoxide 
or carbon dioxide—
act as propellants, 
shooting the lava 
high above the lunar 
surface.  There 
the lava cools as 
dark, glassy beads. 
Upon falling back to the lunar surface, these beads 
produce large patches of ‘dark mantling’. The 
Apollo missions returned some of these glassy 
volcanic beads (the first ones identified were dubbed 
‘orange glass’). Telescopically, these patches appear 
as large, very dark areas with low crater counts, and 
occur around basin edges. Some excellent examples 
can be seen, even in small telescopes, around Mare 
Serenitatis.

Finally, there are three unusual lunar features 
produced by volcanism. The first of these are 
endogenous craters, such as Hyginus Rille. These 
are interpreted as volcanic in origin, and probably 
formed as collapse features (‘collapse pits’)(fig 10). 
Only a return to the moon with further geologic 
work will fully resolve their origin. A second 
unusual feature occurs when a crater is flooded and 
buried by lava, but after settling subsidence the 
crater rim becomes visible as a mare ridge (fig 11). 
A number of these are visible on the lunar surface. 
A third unusual feature is the ‘dark halo’ crater. 
Two types of ‘dark halo’ craters occur and both are 
associated with volcanic products. In the type found 
in Crater Alphonsus, the halos are associated with 
rilles and likely represent places of volcanic fire 

Fig 10 Endogenous crater, probably a collapse pit

Fig 11 Mare ridge
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fountaining on the 
moon (perhaps 
due to eruptive 
degassing)(fig 
12: Earth-based 
telescope view; 
fig 13: high 
resolution image 
from Ranger IX; 
note that the areas 
just around the 
dark-halo craters 
don’t have visible 
craters, as they’ve 
been filled in 
by the volcanic 
products). Thus 
it is no surprise 
that their halos 
are reminiscent 
of dark mantling 
materials. The 
other type of 
dark halo crater 
occurs where 
a bright ejecta 
blanket covers Fig 12 Earth-based view of dark halo craters in Crater Alphonsus

Fig 13 Dark halo craters in Crater Alphonsus from Ranger IX
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an older lava flow. When a more recent impact 
occurs, it pierces the thin veneer of the bright 
ejecta and unearths the darker lava beneath it. The 
ejecta from this crater will include those darker, 
previously buried materials (an example of this is 
Crater Shorty visited by the Apollo missions). These 
can especially be seen in bright ejecta blankets of 
relatively young craters (fig 14; this one is in the 
ejecta of Copernicus).

Conclusion
The moon’s surface was formed through a diverse 

set of processes. While these are not as complex 
as the geologic forces on earth (the moon lacks 
plate tectonics, hydrological and aeolian forces, as 
well as a significant geochemical cycle), it is still 
a fascinating world. And precisely because it lacks 
this extra complexity, it allows us to study these 
simpler processes in isolation. While it might seem 
that we understand everything about the moon, 
let me remind the reader that there are still many 
mysteries about the moon that are unsolved and that 
the simplified scheme presented here is bound to be 
exactly that—too simple! May we one day return to 
the moon and learn more about our daughter world!

References
Fig 1:  Consolidated Lunar Atlas (CLA); Kuiper, et. 

al.; dig. ed. Douglass; F19.
Fig 2:  Volcanic Features of Hawaii; Carr and 

Greeley; 101.
Fig 3:  The Geologic History of the Moon; 

Wilhelms; 300.
Fig 4: CLA, cii.
Fig 5: CLA, C7.
Fig 6: Apollo Over the Moon; Masursky; 76.
Fig 7: CLA, F16.
Fig 8: CLA, D19.
Fig 9a: CLA, D24.
Fig 9b:  The Geologic History of the Moon; 

Wilhelms; 88.
Fig 10: CLA, D13.
Fig 11: CLA, D11.
Fig 12: CLA, E13.
Fig 13: Ranger IX Photographs of the Moon; JPL; 54.
Fig 14: CLA, D19.

Fig 14 Dark halo crater in the 
ejecta of Copernicus Crater



Page 10 SELENOLOGY  Vol. 27 No. 1

Circumferential Ridges On The Eastern Portion Of Mare Humorum. January 21, 2005. 
05:58:29 UT. AstroPhysics 20.6cm, f/7.7 EDF refractor. 12.5mm orthoscopic eyepiece 

for afocal projection. Nikon Coolpix995. Non-filtered. 1/15s exposure @ ISO 200. 
Processed with Photoshop 7.

The Works Of Joseph H.C. Liu
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Crater Gassendi And Its Nearby Mountain Systems. January 21, 2005. 05:52:50 UT. 
AstroPhysics 20.6cm, f/7.7 EDF refractor. 12.5mm orthoscopic eyepiece for afocal projection. 

Nikon Coolpix995. Non-filtered. 1/8s exposure @ ISO 200. Processed with Photoshop 7.
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Left: A Mountain 
Range Full Of 
Shadows On The 
Moon. 20cm telescope. 
Digital camera.

Right: Around 
Posidonius. January 
24, 2007. 01:46:50 UT. 
AstroPhysics 20.6cm, 
f/7.7 EDF refractor. 
12.5mm orthoscopic 
eyepiece for afocal 
projection. Nikon 
Coolpix995. Non-
filtered. 1/8s exposure 
@ ISO 200. Processed 
with Photoshop 7. No 
dark field applied.
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Some Craters, 
Domes, Rimae 
and Wrinkle 
Ridges 
In Mare 
Tranquilitatis. 
April 23, 2007. 
04:46:31 UT. 
AstroPhysics 
20.6cm, f/7.7 
EDF refractor. 
12.5mm 
orthoscopic 
eyepiece 
for afocal 
projection. 
Nikon 
Coolpix995. 
Non-filtered. 
1/4s exposure 
@ ISO 200. 
Processed with 
Photoshop 7. 
No dark field 
applied.
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Background
With Western society’s diminished drive to return 

to the moon, there is a need for an organization 
whose dedicated focus is the moon and its place in 
humanity’s future. Our website proclaims that the 
Moon Society is “an international nonprofit 501(c)3 
educational and scientific organization formed to 
further the creation of communities on the moon 
involving large-scale industrialization and private 
enterprise” and “complementing NASA initiatives 
and goals by looking for alternative options to 
advance research goals NASA is no longer able to 
undertake.”

The Moon Society was founded in July 2000 as a 
successor to the Artemis Society International. ASI 
was an effort to design and finance the first com-
mercial moon base. As it became ever more clear 
that this was not within our financial leveraging 
capabilities, we decided to create a new organiza-
tion that focused on the moon from a broader per-
spective that included national space agency efforts 
as well as commercial ones. ASI remains as a foun-
dation while the membership services were trans-
ferred to the new organization. The Moon Society 
has a small membership from all walks of life and 
with a variety of backgrounds and professions 
including some who worked on the Apollo program 
in the 1960's. The Society has a network of chap-
ters and “outposts” (one or more active persons but 
short of the minimum for a chapter charter) mostly 
in the United States but with some presence else-
where.

In North America, dues are US $35, and include 
a subscription to Moon Miners’ Manifesto (www.
MoonMinersManifesto.com) in either hardcopy or 
electronic (pdf) format. International dues are also 
US $35 but only with the electronic newsletter. 
Outside the US/Canada a membership that includes 
hardcopy newsletters is US $60. You can regis-
ter electronically or by mail. Simply go to: www.

moonsociety.org/register/ and follow the prompts.

Moon Society Projects
Projects must meet a test. They must advance 

the day when civilians will be able to pioneer the 
moon, working to create products that will help 
Earth solve its energy and environmental programs. 
We can think of many projects that would pass this 
test, but until we grow substantially in numbers 
and resources, we have to concentrate on promis-
ing ideas that we can realistically pursue. We have 
launched a moon-focused Wikipedia-type online 
encyclopedia, www.Lunarpedia.org. This is off 
to good start but needs many more contributors. 
Contributors do not need to belong to the Society.

We have also started a more ambitious project 
designed to advance the “readiness state” of tech-
nologies that will be needed on the moon—but 
which NASA has not prioritized—by finding 
ways for students and entrepreneurs to contribute. 
This is our University of Luna Project (www.U-
LunaProject.org). Engineering competitions and 
design contests as well as envelope-pushing tech-
nology workshops will eventually all be involved. 
Again, our priority is to find more collaborators, 
including academic institutions and industrial cor-
porations. We are looking for partners as this effort 
could quickly grow beyond our means to oversee.

We would like to get into the area of analog 
lunar research similar to what the Mars Society has 
been doing. We did field one two-week six-person 
crew to the Mars Desert Research Station in Utah 
and learned much from that experience. It was a 
“toe in the water” so to speak. Artemis Moon base 
Sim One was our two-week exercise at MDRS 
in early 2006. It gave us a feel for what analog 
research could do. The site was very Martian in 
appearance (not conducive at all to putting us in the 
mood). We concentrated on human factors studies, 
site management studies, reusing trash and garbage, 

The Moon Society Story
by Peter Kokh 

Moon Society President
kokhmmm@aol.com
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living on a varied vegetarian diet, and taking excur-
sions outdoors in simulated spacesuits.

While the geological nature of the site did not 
lend itself to other kinds of research we would have 
liked to do, we did learn much from this effort—
both what we would want to do similarly and what 
we would want to do differently from the Mars 
Society operation, if we could put together our own 
program.

There appears to be a fundamental difference 
between the logical goals of a Mars and a moon 
analog research program. The Mars Society pro-
gram endeavors to demonstrate 
the value of human exploration 
on Mars. That case was already 
demonstrated for the moon by the 
Apollo program nearly forty years 
ago. So we are concerned instead 
with demonstrating how we can 
expand from an original outpost, 
using local materials and resources, 
towards real settlement. Our analog 
station would be modular and ever 
growing. And each module would 
include a biospheric component 
so that, as the physical settlement 
grew, the biosphere would grow apace. We reject 
the centralized solution approach of Biosphere II 
and other designs.

We want to design our outpost to blend in with 
the moonscapes and demonstrate ways to use local 
lunar materials, even going so far as to demonstrate 
preparation of art and craft materials from the ele-
ments in moon dust.

Our proposed Lunar Analog Research Station is 
obviously an ambitious project. We are continuing 
to work on its design, getting it ready for introduc-
tion to potential funding sponsors who will aid in 
its realization phase by phase. Our research goal is 
well beyond NASA’s aim to deploy a permanent 
structure that can be revisited occasionally.
 
Why we will go to the Moon?

Because we must if we are to save the Earth. 
Using lunar resources will ultimately solve Earth’s 
energy problems, allowing our threatened home 
planet to re-green itself. Yes, this will take time, 

and, yes, in the meantime we must conserve energy, 
switch to non-fossil fuel energy sources, etc. But 
that is only a holding strategy as the Earth’s popu-
lation and energy consumption are growing faster 
than we can make such switches.

Why go to the moon? We also need to learn to 
live sustainably, in harmony with nature. On the 
moon, settlers living in small contained mini-bio-
spheres MUST learn how to do that because they 
will essentially be “living downwind and down-
stream of themselves.” We could learn those les-
sons here on Earth, but we won’t because we don’t 

have to. Our environmental sins 
will continue to hurt the genera-
tions that follow. But in lunar set-
tlements, environmental mistakes 
could mean swift death to cur-
rent occupants, not their progeny, 
because the contained biospheres 
will be too small to absorb pollut-
ants and trash.

The moon is there, in Earth orbit. 
It belongs to Earth as its hinterland, 
like an offshore eighth continent. 
Not to access that gift makes no 
sense at all. To fail to develop a 

greater Earth-moon economy would mean that 
humanity would flunk the only test that matters in 
the long run.

Can the Moon Society accomplish this?
Yes and no. The Moon Society itself does not 

have the means to realize any such plans. But we 
work continuously to demonstrate the possibilities 
and publicize them so that those with the industrial 
and economic resources can expand their vision 
and work to realize these possibilities.

 NASA’s goals are limited by congressional 
funding. President Bush wanted NASA to build a 
permanently occupied moon base. But NASA has 
in fact focused only on building a permanent struc-
ture that can be occupied now and then because that 
is as far as the funding will allow the agency to go. 
NASA is not developing means to process moon 
dust into alloys (steel, aluminum, magnesium, and 
titanium are abundant on the moon) or lunar con-
crete, ceramics, glass, etc. Why? Because these are 
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not needed for its immediate goal. For the same 
reason, NASA has stopped working on biological 
life support systems. In short, NASA, as funded 
by Congress, cannot take us where we want to go, 
where we need to go.

In fact, NASA has been an obstacle because 
everything the agency does is many times more 
expensive than it should have to be—partly because 
the agency is responsible to an increasingly risk-
averse populace and Congress. That unnecessary 
level of expense works to discourage private enter-
prise. But only private enterprise has the expertise, 
motivation, and willingness to accept risk to get the 
job done. We need to create the right regulatory and 
legal framework for civilian industrial settlements 
to get involved in developing lunar resources.

As to exploration, in the long run, if there are 
people living on the moon, the moon will be much 
more thoroughly explored and understood than 
it could be by a few isolated sorties from Earth. 
How much would Europe know today about North 
and South America if all the early explorers had 
returned to Europe without leaving settlers behind?

The moon is also a great platform for astronomy 
with several advantages over space-based observa-
tories. There will be far more astronomy done by 
people living on a settled moon than could ever be 
done by visitors or by tele-operation from 
Earth. 

Next year, 2009, has been chosen as 
International Astronomy Year. The Moon 
Society intends to produce a compre-
hensive White Paper on the possibilities, 
options, and priorities for both unmanned 
and manned lunar observatories. We 
suggest that this paper be a joint effort 
between The Moon Society and The 
American Lunar Society. Our first effort 
along these lines was a position paper 
written four years ago: “The Hubble 
Space Telescope and the Future of Space-
Based Astronomy in Light of a Return to 
the Moon.”—http://www.moonsociety.org/
whitepapers/hubble_positionpaper.htm

I am convinced that we can establish a 
human lunar frontier without trashing the 
moon. First, the lunar regolith or topsoil 

is already pulverized by eons of bombardment by 
meteorites. It is essentially “pre-mined.” So we 
should be able to take what we need and leave 
the rest pretty much in place without scars vis-
ible—except up close to the trained eye. Second, 
on Earth we throw away what is cheap: wood, 
plastics, paper—things made of hydrogen, carbon, 
and nitrogen which are very abundant. Those same 
elements will be as valuable as gold or platinum on 
the moon. Settlers will recycle religiously because 
not to do so will be prohibitively expensive. Lunar 
pioneers will, of necessity, become the ultimate 
environmentalists. That responsibility will be uni-
versal because no one will tolerate violations that 
put everyone at risk.

Many people think of lunar installations as 
necessarily staffed by people there on temporary 
assignments. But only pioneers determined to make 
a go of it will be motivated to learn how to live “at 
home” on the moon, on the moon’s own terms. And 
for the long haul, that is the only thing that will 
work.

For a more in depth look at “who we are & 
what we do” go to:
http://www.moonsociety.org/spreadtheword/
whowhat.html

Although the seasons of life sometimes close doors, 
they can also bring about new energy and opportunities. 
Have you considered actively participating in the 
American Lunar Society? Do you have three or four hours 
per month you could invest to keep our society strong?

WE CuRREnTLy HaVE nEED fOR:
 • someone to manage the web site
 • someone to be treasurer
 • people who could handle various small tasks.

To become an active part of the American Lunar Society, 
contact Eric Douglass: edouglas10326@comcast.net. 
Articles and images for Selenology are always welcome.  
Send them to Steve Boint at sboint0362@msn.com.

The American Lunar Society needs you!




