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U tilising lwur resources 
as pnmary constructlon 
and shielding materials 
can be a significant fac
tor in successful initial 
development, as well as 

the future self-sufficiency, of lunar and 
martian bases. Unprocessed or minimal
ly treated lunar materials can be used to 
generate structures similar to those in 
harsh terrestrial regions, which have cre
ated suitable human environments. 
Many indigenous techniques using mini
mum materials to create maximum 
spaces have been invented, perfected, 
time-tested, and repeatedly used in the 
last four millennia, demonstrating their 
validity. Utilisation of such techniques on 
the moon and Mars can contribute to 
several major results: 
a. Harmonious environments 
b. In-situ structures 
c. Economical construction programmes. 
d. Thermallradiation/impact shielding 
e. Human interaction with the natural 

environment 
f lnclusion of Native American and 

Third World contributions in the 
space programme 
This article describes: 

1. Archemy philosophy 
2. The innovated and perfected tradi

tional systems of single and double
curvature compression shell structures 
- arches, vaults, domes, apses - and 
their use in construction and shielding 
of lunar base structures. It will also 
present the practised systems of shell 
building techniques in corbelling, dry
packing, leaning arches, pendentives, 
and squinches as applied to the prop
osed ideas. 

3. Use of unprocessed meteorites and lu
nar rocks to generate structures. 

4. Lunaradobe building block produc
tion utilising unprocessed regolith as 
the basic material and Earth Structure 
(adobe) techniques as the construction 
system to generate lunar base struc
tures and shielding. 

5. Describe in more detail previously 
proposed lunar construction technolo
gy of "Magma, Ceramic, and Fused 
Adobe Structures Generated In-situ". 

Archemy Philosophy 
Archemy is a fusion of architecture and 
alchemy, integrating the timeless mate
rials and principles of Earth Architecture 
and ceramics. The knowledge and prac
tice of Archemy can contribute to the 
achievement of economical and self-
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Top: (Sketch) Single curvature compression struc
tures constructed using velcroadobe, lunar-bl'ick with 
spot mortar applied with plasma ray gun, or pressed 
lunaradobe in a leaning arch system without center
ing or formwork. 
Above: TelTestrial example of leaning arches. 

sufficient systems of design and in-situ 
generation of structures and environ
ments based on the philosophy of 
"permanence". The goal is not to build 
permanent structures, but to utilise 
permanent natural forces and resources 
with human skill, intuition, and imagina
tion to synthesise in the spirit of unity. 

Single and double-curvature shell 
structures working in compression and 
creating shade-and-sun zones, such as 
arches, vaults, domes, and apses, are 
structurally in harmony with such a phi
losophy in terrestrial, lunar, martian, or 
other planetary conditions where gravity 
and the angle of repose are the mall para
meters, and local materials the permanent 
resources. Such forms may behave dif
ferently structurally in the zero gravity of 
space, but the shade-and-sun zone para
meter remains unchanged. The know
ledge of such philosophies and forms can 
have a similar desirable result whether 
designing with the shade of an earthen 
wall for an ice reserve system in terrestrial 
conditions, or utilising crater rim-shade 
or regolith berm. 

Utilisation of such philosophies and 
techniques can contribute to several signi
ficant results in lunar and martian base 
programmes: 
a. Creating human environments in har-
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fusion process can be utilised. It is antici
pated that vacuum conditions and the 
essentially zero-moisture content oflunar 
soils will significantly reduce thermal dif
fusity (Rowley, 1985). Fused Lunarbrick 
building blocks can be used to construct 
both structures and shielding shells with
out centering by applying the 
Earth-Architecture techniques developed 
over the course of millennia in terrestrial 
regions with on-site materials (Khalili, 
1986). 
C. Pressed lunaradobe, produced with an 
automated system of pressing, or centri
fugally packing blocks utilising regolith 
and/or composite oflunar resources. The 
same construction techniques can be ap
plied. 

Lunaradobes can be used for shielding 
over conventional buildings, as well as 
for in-situ generated structures con
structed by automated or manual sys
tems. The same automated system can be 
utilised to construct a vertical, single
curvature structure. In this process, 
lunaradobes can complete the structure, 
and a post-fusion process can produce a 
monolithic fused vault to be lowered to 
horizontal position at its final location. 
Fused lunaradobe, Velcroadobe, and 
pressed lunaradobe can be used for such 

methods, except that in the case of Vel
croadobe and pressed lunaradobe, corbel
led tiers must roof the vertical structure 
generated and utilised in-situ, while in the 
fused lunaradobe system the monolithic 
characteristics reached through fused 
mortar application will allow relocation 
of the structure. 

Magma Structures Cast In-Situ 
Lunar soil melted in its unprocessed state 
to magma-lava can attain suitable mal
leability for casting single and double
curvature shell structures. The viscosity 
generated from basalt at its melting point 
of 900 to 1200 degrees Celsius can attain 
the crawling consistency needed to 
generate shell structures. Ceramic-glass 
and fine-grained glass (Heiken, 1976; 
Vaniman, 1985) and/or other lunar fluxes 
existing in the lunar soil or added to the 
unprocessed regolith can create the com
posite which is needed to lower the melt
ing temperature of the material. The 
material approaching the glass compo
site's melting point can present easier 
workability. 

Magma-Rock Composite Structures 
Composite magma-rock roof systems 
can be formed by laying meteoritic or 
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Model of magma structures envisaged for lunar 
construction, conceived by Nader KhalililGeltajtan 
Foundation. 

lunar rocks over a mound of regolith in 
the shapes of single or double-curvature 
compression shell forms, and void spaces 
in between rocks can be filled with un
processed lunar soil admixture. The 
loosely packed regolith-flux can be trans
formed to magma through a direct heat 
source. The glass-ceramic flux containing 
moon dust admixture, when melted, will 
act as the binding agent to cement the 
rocks into a monolithic structure. The 
formation of the glass-flux, regolith, and 
rock into a monolithic curved membrane 
can create an airtight surface. Direct light 
filtering through magma-glass-rock roof
ing, if proved unharmful, can be used in 
life-supporting environments. Such 
characteristics will offer advantages that 
can be utilised for horticultural zones as 
well as for storage and other non-life sup
porting spaces. In the agricultural areas, 
such roofs can be built in larger spans and 
integrated with multi-layer coloured 
glass hubs. 

Fonned Magma Structures 
The structures described as lunaradobe 



mony with natural forces and re
sources. 

b . In-situ generation of structures. 
c. Attainable thermallradiationlimpact 

shielding of structures through mass
and-form parameters. 

d. Economical and self-sufficient con
struction programmes using low
gravity, small and medium span natu
ral structures, with on-site materials. 

e. Human interaction with the natural 
environment, developing physiolo
gical compatibility and flexibility of 
response to challenges of everyday ex
istence (Mendel, 1985). 

( Inclusion of Native American and 
Third World contributions in the 
space programme thus adding to 
global unity and revitalising tradition
al building technology by integrating 
high-tech/low-tech. 
The discussions of the materials and 

techniques below concentrates on lunar 
bases; however, the same philosophy and 
similar techniques are applicable on Mars 
as well. 

Meteorite and Rock Structures 
Structures can be constructed with on
site meteorites and/or lunar rocks in their 
unprocessed condition. Such rocks in 
anhydrous, hard vacuum conditions with 
higher rock fracture strength (Blacic, 
1984) can be utilised to generate non-life 
supporting shelters. The system of con
struction for non-geometrical meteorites 
and native lunar rocks can be similar to 
free-form terrestrial rock structures con
structed with double-curvature com-

pression full dome geometry. The soft
pack regolith mortar bedding and dry
packing with wedged units can be used 
when either one of the systems of corbell
ing and/or tight-ring Persian and Roman 
style domes are applied. 

In the corbelling system, which ne
cessitates extra height to close the space, 
interior loft zones and multi-level sections 
can be constructed with supporting 
arches and niches. Such towers can be 
utilised as shafts, or vehicular storage 
spaces, and/or vertical connections be
tween multi-level designs. The tight-ring 
system can be used for medium spans, 
and in conjunction with the corbelled
tower spaces. Terrestrial examples of 
such structures can be found in Europe, 
particularly Italy, and in Middle Eastern 
countries. 

The method of construction of slate
flat semi-geometrical rocks found or pro
duced on the moon can be in straight 
tight-fit pattern walls, such as the ones 
seen in Native American rock walls of 
the American Southwest, in the Sanandaj 
region ofIran, and on the island of Delos 
in Greece. The same methods can be 
used to construct curved roofs in corbel
led and leaning arch systems, w hich are 
more feasible in the low lunar gravity 
than on earth. 

The method's need for human skill 
and man-material interaction makes the 
adaptability of such structures to automa
tion unfeasible. The system can be used 
initially to construct a temporary shelter 
to support early camp set-up in a lunar 
outpost, and permanently as non-life 
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Model of a six dome strncture for lunar habitation 
executed by Joseph F. KennedylCeitajian Founda
tion. 

supporting spaces in lunar bases. Life
supporting rock structures can use, in 
addition to the above, fused mortar bed
ding and air-tight tensile fibre. 

Lunaradobe Structures 
Lunaradobe, for shielding and/or build
ing blocks, can be generated in-situ by 
utilising unprocessed regolith through 
automated or manual soil-packed cover
ing or fusing (Khalili, 1984) in several 
systems, three of which are described 
here: 
A. Soil-packed covering, or Vel
croadobe, utilises moon dust in its raw 
stage in flexible containers for both 
shielding and for the structural systems of 
corbelling, dry-packing, and leaning 
arches. In single-curvature compression 
shells, the dry-adhering container texture 
will allow the necessary tightness of con
secutive leaning arch rows, and in dou
ble-curvature structures the ascending 
ring tiers. Both types of structures will be 
held up without centering or form-works 
at all stages of construction. 
B. Lunarbrick produced in the form of 
fused blocks can utilise both unprocessed 
regolith or byproducts of industrial min
ing operations (Podnieks, 1985). Direct 
block fusion can be achieved by focused 
sun, microwave, plasma, and/or other 
heat generating sources. Either a thin 
layer of solid crust can be produced to act 
as the containing crust, or a monolithic 



construction systems can be cast in-situ 
vertically, then lowered to horizontal 
position after the fusion process. The un
processed lunar soil containing ceramic
glass (Grodzka, 1976) can be cast in the 
form of magma in its natural stage, and 
transformed to ceramic structures with 
added regolith-flux. The magma casting 
can produce modules in vault forms 
which are suitable for interrelated space 
functions. Such modules can be juxta
posed in linear, circular, and multi
pattern geometries to create a lunar base 
complex. 

A three-vault layout pattern can begin 
the complex. The first vault, working as 
an air lock, will allow entry into the 
second and third vaults, which are not 
mutually accessible, but can be entered 
through the first unit. Continued expan
sion of the complex will take place 
through both the second and third vaults, 
which in tum become transit routes. 
Thus the complex will grow by a 
geometric progression. The expanded 
pattern of the vault layout can alternative
ly work in circular progressions, as well 
as growing three-dimensionally, utilising 
the single-curvature structures both hori
zontally as spaces, and vertically as pas
sage shafts and/or chambers. 

Natural lava formations such as Cra
ters of the Moon National Monument, 
and lava tubes and lava beds in Califor
nia, Oregon, and other sites can provide 
an invaluable field study in the design 
development stages. The natural terrest
rial lava tubes, voids, and structures can 
be the training site for material and hu
man environment research, construction 
methods, and horticultural development 
which can be used in lunar or martian 
colonies. A lava tube, a long-span single
curvature structure, is generated by the 
flow of magma, as while moving down 
the slope the outer surface of the magma 
forms a crust to become the vault. Re
petition of the same process creates a long 
tunnel till the magma river is exhausted. 
Valuable lessons can be learned by 
observing the natural evolution of lava 
tube structures created by molten earth, 
where the material has become its own 
form-work, its own structure, its own 
colour and texture finishes, its own land
scape, and ultimately its own total en
vironment. The lava tube is thus a true 
example of natural Archemy, the fusion 
of architecture and alchemy. 

Locating a lava tube, as was suggested 
by the author in the first NASA sympo
sium in 1984, needs closer attention since 

Right: A model illustrating double-dome construc
tion, by Sa tinder Bir Singh. 
Right, below: Transportable fosed monolithic ver
tical vault can be constructed using Georgia Tech. 
SKITTER Concept. 
Right, bottom: A vertical vault prototype is shown 
under construction. 

it can be one of the first stages of setting 
up a lunar or martian base. Lava tubes 
can permanently house many immediate 
as well as future safe and economical op
erations. Such natural spaces may prove 
to be either completely safe for radiation/ 
thermal/impact shielding or can provide 
back-up shielding for temporary struc
tures placed within them in the initial 
camps. The efforts to discover and utilise 
lava tubes must be given priority in the 
lunar base programme. Interior space
planning and integrating with airlock and 
habitation systems of lava tubes can be 
explored at terrestrial sites. 

Magnta Members Precast 
Magma-lava composites can be utilised 
to cast conventional structural members 
such as columns, beams, wall panels and 
roof plates. Trough-method casting can 
be used in regolith beds. Glass fiber ex
tracted from regolith through a spin sys
tem can be added to the mixture for 
reinforcing. The spot fused mortar 
generated from regolith composites can 
be used as connecting elements of panels 
or a post-tensioning system can be used 
in assembly of the structures. Magma 
material can also produce infrastructure 
sections, or precasted pieces such as pipes, 
ducts, vertical shafts, and tunnel sections. 

Ceramic Structures 
A centrifugally gyrating platform -
similar to a giant potter's wheel - with a 
stationary centre zone and movable 
periphery can be utilised to create ceramic 
structures of limited spans. The use of 
shielding ceramic tiles on the space shuttle 
points to the potential of ceramics, mag
ma-lava, and other high-fired compo
sites. 

A gyrating platform with attached 
adjustable rims with vertical or para
boloid high flanges can be utilised for the 
dynamic casting of ceramic structures. A 
mass oflunar resources can be "thrown" 
in the stationary zone of the platform and 
melted by focused sunlight, microwave, 
or other heat sources to flow to the 
periphery rotating zone. The molten 
composite can be formed by crawling up 
the flanges moving at the predetermined 
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rate related to material and vacuum 
atmosphere, and cast desired shapes. 

The single-curvature shell structure 
can be generated in its vertical access posi
tion to utilise the compression character
istics of the form, instead of the tradition
al horizontal position which results in 
tensile stresses. The double-curvature 
compression shell structures, in the form 
of giant ceramic bowls, with parabolic 
curved upper surfaces, can be formed to 
be utilised around a circular plan pattern 
of a spinal corridor in a complex. In the 
case of the circular pattern, the seven
cluster arrangement will achieve the ulti
mate connection both in two and three
dimensional designs. The seven-cluster 
follows the natural formation of the circle 
around the centre core to yield maximum 
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Top: Fresnel lens used for solar firing and glazing 
tests. Photograph: Kevin Brening. 
Right, top: Experimental solar glazing of domes 
with a Fresnel lens. 
Above: Plan for a crater base with habitation and 
work-space for 70 people, utilising sun-and-shade 
zones and seven cil'ele compaction pattern, to create 
maximum space with minimal material. 

space with mmImum materiaL The 
vaults and domes can be used in conjunc
tion to create an expandable complex. 
Since each module is a total-space entity, 
juxtaposing for varied alternatives, max
imum sun-shade zoning, and minimum 
connecting space in the forms of pure 
geometries will be possible. 

Individual modules can be constructed 
with tensile reinforcing fibre (Blacic, 
1985) which can be spun in the same 
gyrating platform, utilising glass-flux 
composite and generating "cotton can
dy" style fibre reinforcing. Such fibres 
can either be integrated into the shell 
structure of the ceramic module or pack
ed in double-shell cavity space. Ceramic 
structures sandwiched with vacuum 
space and/or packed with insulating 
materials for radiation/thermal/impact 
shielding can provide appropriate perma
nent structures. Ceramic module spaces 
can also be transported for temporary 
shelters. The same equipment generating 
ceramic units can be utilised for lunar 
base infrastructure parts such as ducts, 
panels, pipes, shafts, tunnel rings, and 
curb modules. 

Lunar Landscape 
The lunar bases of the future and the 
expanded colonies on the moon, Mars, 
and beyond can create landscapes based 
on the Archemy philosophy which also 
creates the structures. The natural com
posites of lunar dust, fused at high 
temperatures, will generate colours and 
textures which are in harmony with the 
human psyche, and in equilibrium with 
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the universal elements. All colours of the 
rainbow are hidden in the grey moon 
dust, and will leap forth with high 
flames. 

Flat lunar faces, as well as craters and 
curved contours, can be carved and 
sculpted in place to create forms in con
cave and convex shapes, and ramps, 
walks, city-scape fumiture, light posts, 
benches, memorials, and signs. Glaze
fused colouring of moon dust in-situ can 
create heavenly landscapes with heavenly 
messages in symbols and signs. Foun
tains of fired-turquoise moon dust beads 
can quench the thirsty eyes of the tired 
traveller. And plant successions of leaves 
of grass and blossoms sprouting from 
lunar magma-soil can welcome the hu
man child. 

All heavenly bodies are like human 
bodies: marvels of creation in the highest 
forms of technology, yet filled with poet
ry and spirituality. Everything we need 
to build with is in us, and in the place. 
We must sail into the cosmos not only 
with zero-defect spaceships, but in ones 
filled with inspiration; not merely car
rying a data bank, but also carrying a 
sense of unity integrating us with our 
past and future aspirations. It is good to 
remember that what we may ultimately 
reach in space may be the space within. 

Conclusion and Recommendations 
1) All lunar crew members must learn 
the principles and techniques of how to 
build with unprocessed lunar resources, 
and understand the accumulated human 
knowledge of Earth Architecture and 
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Left: A prototype dome structure built by the Gel
tajian Foundation in New Cuyama, California 
(USA), before firing but with the glaze painted on 
already . 
Left, below: Interior view of the New Cuyama 
dome. 
Below: Modular vaulting systems were also tested 
at New Cuyama. 
Bottom: Interior of the vaults in the experimental 
structure built by Geltajian in California for even
tual adaptation to lunar housing needs. 



ceramics. 
2) Designate a terrestrial site to initiate a 
lunar base simulation programme for 
training of crew members in construction 
methods proposed in this paper. 
3) Construct life-size prototypes of rock, 
lunaradobe, magma, composite, and 
ceramic structures with simulated soil, 
rock, and other on-site resources. 
4) Develop in-situ magma paving pro
totypes to demonstrate automated sur
face fusing for landing pads, walks, 
roads, and construction site sintering. 
5) Designate a terrestrial lava tube for 
research, design, and prototype habitat 
development, to simulate the lunar lava 
tube environment. 
6) Evaluate the structural, shielding, fus
ing, and economical feasibility of all of 
the proposed systems. 
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Navajo Indian sand painting 
was used to decorate the floor 
of the New Cuyama ex
perimental structure. 




