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EXECUTIVE SUMMARY 
Since September 1959, when the Soviet probe Luna 2 crashed into the Moon, humankind has left a wide array of 
space craft, mission equipment and paraphernalia on the Lunar surface. In total 63 different sites are known to 
exist. Of these, Tranquility Base, the site where the first human stepped onto another celestial body outside Earth, 
is of global and universal value to the history of humanity. 

Preservation conditions on the Lunar surface are so unique that in the absence of an atmosphere of note, even 
the boot prints of the astronauts and the tracks left by the rovers are preserved. Unless they are struck by micro-
meteorites, or obliterated by subsequent visitation, they will remain visible in perpetuity. 

This paper discusses the extent, nature, significance and ownership of the space heritage sites on the Lunar 
surface. The sites are finite and unrenewable, and any modification of the sites, incl. visitation by humans or robotic 
rovers will impair a site’s integrity. Even unintentional spacecraft crash sites (due to orbital decay for example) 
retain significance to the scientific community and access to the sites needs to be managed wisely.  

In the absence of territorial, jurisdictional control over the Lunar surface, multi-lateral mechanisms need to be 
developed to ensure that humanity’s unique heritage on the Moon is not diminished or destroyed for short term 
gain. 

The key recommendations are: 
1. The provisions of the Google Lunar X Prize be modified to exclude visitation of Lunar sites of cultural

heritage, voiding any entry that does so. 
2. A Register of Lunar Heritage Sites should be established.
3. The condition of Lunar heritage sites should be regularly monitored using orbital photography.
4. A global heritage convention governing the protection of space heritage should be put in place.
5. A multi-national technical advisory committee, ideally under the auspices of UNESCO, should evaluate pro-

posals affecting space heritage sites on the Moon and other planetary bodies. 
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1. INTRODUCTION 
 
The concept of heritage futures deals with trajecto-
ries of cultural heritage management beyond the im-
mediate planning horizons. It encompasses both a 
critical analysis of the rhetoric (Spennemann, 2007b, 
2007c) and speculative projections that expand the 
horizon of the profession (Spennemann, 2007e, 
2007f). The future management of orbital extra-ter-
restrial space heritage is one of these. 

The management of objects and places associ-
ated with space exploration has gained significant 
traction since the start of the new millennium. The 
growing body of literature considers the manage-
ment of space craft in situ, both in orbit (Barclay & 
Brooks, 2002; Gorman, 2005a, 2005b, 2009; Gorman 
& O’Leary, 2016) and on inter-planetary surfaces 
(Capelotti, 2014; Gorman, 2014; Gorman & O’Leary, 
2016; O’Leary, 2006, 2014; Spennemann, 2005b, 
2006, 2009; Spennemann & Murphy, 2007, 2009), as 
well as the management of associated sites and ob-
jects on Earth (Gorman, 2007; Spennemann, 2005b; 
Spennemann & Kosmer, 2005). In addition, con-
cerns are expressed at the possibility that space her-
itage sites on inter-planetary surfaces might be visited 
as attractions of future space tourism (O’Leary et al., 
2012; Spennemann, 2004, 2006, 2007g). Uncon-
trolled access is a major concern, especially as this is 
situated in a territorially, jurisdictionally and adminis-
tratively unregulated space. 

This document was initially produced in Novem-
ber 2011 as an issues paper for the Committee on 
Space Research (COSPAR) of the International 
Council for Science. At the time, the Google Lunar 
X Prize, which had been announced in September 
2007 had attracted much attention and caused much 
concern. Following in a long tradition of awarding 
prizes to those who push the boundaries of explora-
tion, it seeks to encourage the private exploration of 
the Moon by awarding substantial prizes to private 
teams for achieving a series of benchmark goals in 

 
1  The proposed Peregrine 1 mission is scheduled to 

carry 28 payloads (from eight 8 different countries) 
comprised of “resource development, scientific inves-
tigation, technology demonstration, exploration, mar-
keting, arts, and entertainment” (Astrobiotic, 2019).—

robotic Lunar exploration. Amongst the goals pro-
posed by Google Lunar X Prize were proposals to 
visit human artefacts on the Moon, including those 
which are legacies of the Apollo Missions. Human ar-
tefacts in space are increasingly being recognised as 
possessing historical as well as cultural heritage sig-
nificance for the story that they tell in the scientific 
and technological development of humankind. The 
collections of artefacts at the Apollo landing sites in 
particular are of unique significance as evidence of a 
seminal event in human history. Their preservation 
and conservation is therefore considered paramount. 
From a cultural heritage perspective, any proposed 
robotic missions to these sites are of concern for 
their capacity to diminish their integrity and signifi-
cance.  

The original issues paper advanced policy guide-
lines to be considered for the Google Lunar X Prize 
with respect to heritage issues, with the objective of 
supporting the inspirational goals of the prize while 
ensuring sites of significance on the Moon are pre-
served in trust for future generations.  

While the Google X Prize was terminated in 
March 2018, the ethical and practical points raised in 
the document remain valid. Some finalist entrants 
were given launch contracts, with one (SpaceIL, 
‘Beresheet’) reached the Lunar surface (albeit crash 
landing). 

In addition, numerous private companies, pri-
marily in the U.S.A. have been developing plans for 
landed missions to the Moon. In 2019 three compa-
nies were contracted by NASA’s Commercial Moon 
Landing Services (CMLS) scheme in preparation for 
the U.S. return to the Moon (as part of the NASA’s 
Artemis program) (Chou & Kraft, 2019b). Selected 
to deliver to the Lunar surface were Astrobotic, land-
ing at Lacus Mortis in mid 2021 (Astrobiotic, 2019);1 
Intuitive Machines, landing on Mare Serenitatis in 
mid 2021 (Marshall, 2019);2 and Orbit Beyond, 

The NASA payload was announced in January 2020 
(Chou & Kraft, 2019a) 

2  The NASA payload was announced in January 2020 
(Chou & Kraft, 2019a), with Intuitive Machines 
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landing on Mare Imbrium in September 2020.3 In ad-
dition, other companies are also gearing up for pos-
sible missions, such as Moon Express, Blue Origin 
and ispace, leading to what some observers have la-
belled the ‘New Moon Rush’ (David, 2019; Wall, 
2019a). An expansion of the CMLS program was an-
nounced in July 2019 (Hautaluoma & Knotts, 2019) 

Given the ongoing topicality of the issues at 
hand, this document (which draws on previous work 
by the authors) has been reissued in this format to be 
placed on record for wider dissemination. This was 
also necessitated by the fact that several recent pa-
pers, usually published outside the peer-reviewed 
framework of scholarship, do not appear to consider 

and reference prior research (e.g. Hanlon, 2019). In 
this document some data (e.g. Table 1) and sections 
have been expanded with references updated to in-
clude additional and more recent literature. 

This document provides a summary inventory of 
relevant sites and identifies how these are of signifi-
cance. It then considers how robotic or human mis-
sions to these sites could positively or adversely af-
fect them, including possible missions envisaged by 
the Google Lunar X Prize and other projects. Finally, 
it recommends specific guidelines to allow for the 
ongoing surface exploration of the Moon while en-
suring sites of cultural significance are not dimin-
ished.  

 

2. HUMAN ARTEFACTS ON THE MOON 
 
The first few decades of Lunar exploration were 
driven by competition between the United States and 
Soviet Union to dominate space, with many of the 
early milestones being achieved by the Soviets. 

For both the USA and the USSR much prestige 
on the international, but also the national stage rode 
on being the first to deliver an object into Earth orbit 
(USSR, ‘Sputnik,’ 10 April 1957), and to deliver 
into—and successfully retrieve from— Earth orbit 
an animal (USSR, 19 August 1960), a human (USSR, 
Yuri Gagarin, 12 April 1961) and the first woman 
(USSR, Valentina Tereshkova, 16 June 1963). Like 
milestones in technological achievement and prestige 
were the exploration of other celestial bodies such as 
the Moon (see below), Venus (USSR, Venera 3, 1 
March 1966, cashed) and Mars (USSR, Mars 2, 19 
May 1971). Given the prestige that this engendered, 
it was paramount for both countries to be the first to 
reach the surface of the Moon, Earth’s faithful com-
panion on the night sky.  

Success was difficult to achieve, particularly in 
the first decade with the majority of missions either 
failing on the launch pad, veering off course or crash-
ing into the Lunar surface. The first spacecraft to visit 
the Moon was Luna 1, a Soviet mission which flew 
by the Moon on 4 January 1959. On 14 September 
1959, the USSR succeeded in crashing the remote 
probe Luna 2 onto the Lunar surface in the Palus 

 
looking to fill remaining payload space with commer-
cial interests (Marshall, 2019). 

Putredinus region at approximately 0º, 29.1ºN. Upon 
impact the sphere was supposed to have shattered 
and thereby scattered a collection of medals and rib-
bons (Mitchell, 2004), thus firmly, and, importantly, 
in perpetuity, documenting the Soviet achievement 
(Figure 1).  

 
Figure 1. Ribbons, pennants and medals contained in spheres de-

signed to break up on impact were brought to the Moon by 
 Luna 2. The sphere of Luna 1 shown at left. 

Whether the metal sphere performed as in-
tended, or whether the high kinetic energy caused the 
steel to vaporise (Anonymous, 1959) remains un-
clear. The third stage of the Luna 2 rocket (Luna 
8K72) hit the Moon about 30 minutes later. Two and 
half years later the USA followed, on 26 April 1962 
intentionally crashing Ranger 4 into the Moon at 15.5 
S, 130.7 W. The first mission to successfully land on 

3  The company backed out of the deal soon after its 
award (Wall, 2019b). 



 

 
Spennemann & Murphy (2020) Returning to the Moon: Heritage Issues Raised by the Google Lunar X Prize Page 4 

the surface and return images was also a Soviet 
probe, Luna 9 which touched down on 3 February 
1966.  

Ground-breaking as these missions were, the 
greatest technical challenge was to send humans to 
the Moon, a race was won by the United States with 
the landing (and safe return) of the Apollo 11 mission 
on 20 July 1969. This landed two astronauts, Neil 
Armstrong and Edwin ‘Buzz’ Aldrin on the southern 
hemisphere of the Moon in the Sea of Tranquillity, 
where they stayed for a total of 21 hours, 36 minutes 
before ascending back into space. A further five pi-
loted missions followed, these being the Apollo 12, 
14, 15, 16 and 17 missions, bring to 12 the number 
of astronauts who have walked on the Lunar surface 
at 6 different locations. The last U.S. mission, Apollo 
17, landed on the Moon on 11 December 1972.  

 
Figure 2. Ribbons, pennants and medals contained in spheres de-

signed to break up on impact were brought to the Moon by 
 Luna 2. (Duplicate in the Cosmosphere in Hutchinson, Kansas). 

By comparison, the Soviet Union focussed on 
robotic exploration of the Moon, inter alia by landing 
robotic rovers with Luna 17 /Lunokhod 1 (17 Novem-
ber 1970) and Luna 21/ Lunokhod 1 (15 January 
1973). The last Soviet mission sample return mission 
landed on 18th August 1976 (Luna 24). 

After the claiming of this ultimate prize, the 
drive to continue exploring the Moon was lost. No 
more missions occurred until 1990. In 1990 Lunar 
exploration entered a new era characterised by a 
broader range of participants sending unpiloted mis-
sions, with the arrival of the Japanese Hiten probe in 
Lunar orbit 19th March 1990. The European Union, 

India, China, United States and Japan have sent fur-
ther probes over the subsequent two decades. Most 
of these were orbital missions, with at least three im-
pact probes (India 2008, USA 2009) and additional 
landing events by India (2019), China (2013, 2019), 
and Israel (2019). 

In summary, a total of 86 surface missions are 
believed to have left surface artefacts on the Moon 
(Table 1). Of these, 46 were sent by the United States, 
23 by the Soviet Union, 6 by China, 4 by India, 4 by 
Japan and 1 each by the ESA and by Israel.The 
breakdown of these by mission type is 6 crewed, 18 
landers, 5 rovers, 5 sample return and 22 purposeful 
impactor missions; the remainder are crashes due to 
orbital decay or accidents. 

WHAT HAVE THESE MISSIONS LEFT BEHIND? 

This history of exploration has left a small but varied 
and highly significant legacy of artefacts on the Lunar 
surface at many different sites. The composition and 
distribution of artefacts at each site differs according 
to the mission goals, mission plan and the success of 
its deployment. At their simplest, these consist of im-
pact craters containing buried wreckage, while at 
their most complex they comprise the richest clusters 
of objects humanity has yet placed on another plan-
etary body. In summary, the types of artefacts may 
be broadly classed as falling into three categories: 

Technological artefacts are those human-made objects 
that were distributed (intentionally or accidentally) 
onto the Lunar surface during the landing sequence. 
These include the Lunar Module descent stages, 
landers, surface buggies, equipment, mementos etc., 
as well as robotic probes with their associated ele-
ments. There are estimated to be approximately 100 
metric tons of technological artefacts on the Lunar 
surface at many different locations (Darrin & 
O'Leary, 2009). 

Environmental artefacts are those marks left on the Lu-
nar surface by the technological artefacts, and include 
impact marks, footprints, buggy tracks, trenches and 
abrasion marks on rocks etc. 

Cultural artefacts do not necessarily exist in a physical 
manifestation on the surface, but nevertheless con-
tribute to the significance of the site. They included 
named landscape elements and features, and memo-
rial designations.  
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 Table 1. Chronology of human material deposited on the Lunar surface (Spennemann, 2006, 2009). 

Mission 
Origi
n Lunar arrival  Mission type Outcome Significance 

Luna 2 USSR 13 Sep 1959 Impactor successful universal 
Luna 8K72 USSR 13 Sep 1959 Impactor successful scientific 
Ranger 4 USA 26 Apr 1962 Impactor unplanned crash at far side of Moon national 
Ranger 6 USA 2 Feb 1964 Impactor impacted, instrumentation failed scientific 
Ranger 7 USA 31 Jul 1964 Impactor successful scientific 
Ranger 8 USA 20 Feb 1965 Impactor successful scientific 
Ranger 9 USA 24 Mar 1965 Impactor successful4 scientific 
Luna 5 USSR 12 May 1965 Lander crashed at Sea of Clouds scientific 
Luna 7 USSR 7 Oct 1965 Lander crashed at Oceanus Procellarum scientific 
Luna 8 USSR 6 Dec 1965 Lander crashed at Oceanus Procellarum scientific 
Luna 9 USSR 3 Feb 1966 Lander successful global 
Luna 10 USSR >30 May 

1966 
Orbiter crash following orbital decay  low scientific 

Luna 11 USSR ≥ 1 Oct 1966 Orbiter crash following orbital decay  low scientific 
Surveyor 1 USA 2 Jun 1966 Lander successful national 
Surveyor 2 USA 23 Sep 1966 Lander crashed near Copernicus Crater low scientific 
Lunar Orbiter 1 USA 29 Oct 1966 Photogr. probe intentional crash scientific 
Luna 13 USSR 24 Dec 1966 Lander successful scientific 
Luna 12 USSR ≥19 Jan 1967 Orbiter crash following orbital decay  low scientific 
Surveyor 3 USA 20 Apr 1967 Lander successful global [5] 
Surveyor 4 USA 17 Jul 1967 Lander failed, not known if reached surface low scientific 
Surveyor 5 USA 11 Sep 1967 Lander successful scientific 
Lunar Orbiter 3 USA 9 Oct 1967 Photogr. probe crash following orbital decay  low scientific 
Lunar Orbiter 2 USA 11 Oct 1967 Photogr. probe intentional crash scientific 
Lunar Orbiter 4 USA <31 Oct 

1967 
Photogr. Probe crash following orbital decay low scientific 

Surveyor 6 USA 10 Nov 1967 Lander successful scientific 
Lunar Orbiter 5 USA 31 Jan 1968 Photogr. probe crash following orbital decay  low scientific 
Surveyor 7 USA 10 Jan 1968 Lander successful scientific 
Luna 14 USSR >10 Apr 

1968 
Orbiter crash following orbital decay  low scientific 

Apollo 10 USA 22 May 1969 LM de-
scent stage 

jettisoned, crashed at unknown loc. national [6] 

Luna 15 USSR 13 Jul 1969 Sample return crashed at Mare Crisium low scientific 
Apollo 11 USA 20 Jul 1969 Human landing successful universal 
Apollo 12 USA 19 Nov 1969 Human landing successful national [7] 
Apollo 12  20 Nov 1969 LM Ascent 

Stage 
intentional, impactor scientific 

Apollo 11 USA 1969/70 LM Ascent 
Stage 

crash following orbital decay  low scientific 

Apollo 13 USA 14 Apr 1970 Impactor  successful crash of Saturn-IV stage scientific 
Luna 16 USSR 20 Sep 1970 Sample return successful national 
Luna 17 USSR 17 Nov 1970 Lander successful scientific 
Lunokhod 1 USSR 17 Nov 1970 Rover successful global 
Apollo 14 USA 4 Feb 1971 Impactor  successful crash of Saturn-IV stage scientific 
Apollo 14 USA 5 Feb 1971 Human landing successful national 
Apollo 14 USA 8 Feb 1971 LM Ascent 

Stage 
intentional, impactor scientific 

Apollo 15 USA 29 Jul 1971 Impactor  successful crash of Saturn-IV stage scientific 
Apollo 15 USA 30 Jul 1971 Human landing successful global 
Apollo 15 USA 30 Jul 1971 Rover successful global 

 
4  The impact crater has a diameter of about 15m (Kaydash & Shkuratov, 2012). 
5  This is the site where the first objects have been retrieved from the Lunar surface 
6  Associated with the first trials of a Lunar descent module and free navigational flight of humans in Lunar orbit 
7  All Apollo landing sites have been allocated national significance (in accordance with standard interpretation of the U.S. 

Historic Preservation Act 1966 as revised 1992). 
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 Table 1. Chronology of human material deposited on the Lunar surface (Spennemann, 2006, 2009). 

Mission 
Origi
n Lunar arrival  Mission type Outcome Significance 

Apollo 15 USA 4 Aug 1971 LM Ascent 
Stage 

intentional, impactor scientific 

Luna 18 USSR 11 Sep 1971 Orbiter crash following orbital decay low scientific 
Luna 19 USSR > 3 Oct 1971 Orbiter intentional, impactor scientific 
Luna 20 USSR 21 Feb 1972 Sample return successful scientific 
Apollo 16  USA 19 Apr 1972 Impactor  successful crash of Saturn-IV stage scientific 
Apollo 16  USA 21 Apr 1972 Human landing successful national 
Apollo 16  USA 21 Apr 1972 Rover successful national 
Apollo 16 USA 29 May 1972 Subsatellite crash following orbital decay  scientific 
Apollo 17  USA 10 Dec 1972 Impactor  successful crash of Saturn-IV stage scientific 
Apollo 17  USA 11 Dec 1972 Human landing successful national 
Apollo 17  USA 11 Dec 1972 Rover successful national 
Apollo 17  USA 15 Dec 1972 LM Ascent 

Stage 
intentional, impactor scientific 

Luna 21 USSR 15 Jan 1973 Lander successful scientific 
Lunokhod 2 USSR 15 Jan 1973 Rover successful scientific 
Apollo 15 USA late Jan 1973 Subsatellite crash following orbital decay  scientific 
Explorer 35 USA post 1973 Orbiter crash following orbital decay  low scientific 
Apollo 16  USA 1973/74 LM Ascent 

Stage 
crash following orbital decay  low scientific 

Luna 22 USSR 1976? Orbiter crash following orbital decay ? low scientific 
Luna 23 USSR 6 Nov 1974 Sample return Partial success as sample drill failed scientific 
Luna 24 USSR 18 Aug 1976 Sample return successful scientific 
Explorer 49 USA Aug 1977 Orbiter crash following orbital decay  low scientific 
Hagoromo Japan >21 Feb 

1991 
Orbiter crash following orbital decay  national 

Hiten Japan 10 Apr 1993 Impactor successful scientific 
Moon Impact 
Probe 

India 22 Oct 2008 Impactor successful national 

Shepherding 
Spacecraft 
(LCROSS) 

USA 18 Jun 2009 Impactor successful scientific 

Centaur Upper 
Stage (LCROSS) 

USA 18 Jun 2009 Impactor successful scientific 

Lunar Prospec-
tor 

USA 1998 Impactor successful low scientific 

SMART-1 ESA 2006 Impactor successful national (Eu-
rope) 

Moon Impact 
Probe  

India 14 Nov 2008 impactor successful scientific 

SELENE Rstar 
(Okina) 

Japan 12 Feb 2009 orbiter crashed low scientific 

Chang'e 1 China 1 Mar 2009 orbiter/ 
impactor 

deorbited and intentionally crashed national 

SELENE (Ka-
guya) main or-
biter 

Japan 10 Jun 2009 orbiter/ 
impactor 

deorbited and intentionally crashed scientific 

LCROSS Cen-
taur 

USA 9 Oct 2009 impactor successful scientific 

LCROSS Shep-
herding Space-
craft 

USA 9 Oct 2009 impactor successful scientific 

GRAIL A USA 17 Dec 2012 orbiter/ 
impactor 

deorbited and intentionally crashed low scientific 

GRAIL A USA 17 Dec 2012 orbiter/ 
impactor 

deorbited and intentionally crashed low scientific 
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 Table 1. Chronology of human material deposited on the Lunar surface (Spennemann, 2006, 2009). 

Mission 
Origi
n Lunar arrival  Mission type Outcome Significance 

Chang'e 3  China 14 Dec 2013 lander successful scientific/na-
tional 

Yutu China 14 Dec 2013 rover successful scientific 
Lunar Atmos-
phere and Dust 
Environment 
Explorer 

USA 18 Apr 2014 orbiter/ 
impactor 

deorbited and intentionally crashed scientific 

Chang'e 4 China 3 Jan 2019 lander successful scientific 
Yutu-2 China 3 Jan 2019 rover successful scientific 
Beresheet Israel 11 Apr 2019 lander crashed scientific/ na-

tional 
Longjiang-2 China 31 Jul 2019 impactor successful scientific 
Vikram  India 6 Sep 2019 lander crashed scientific 
Pragyan  India 6 Sep 2019 rover crashed scientific 

Abbreviations: GRAIL— Gravity Recovery and Interior Laboratory; LCROSS— Lunar Crater Observation and Sensing Sat-
ellite ; LM—Lunar Module. 

 

 
Figure 3. Chronology of objects deposited on the Lunar surface (for data see Table 1). 

 
Collectively, these three categories of artefacts 

comprise the significant individual elements of each 
landing site and have distinctive spatial and chrono-
logical relationships which tell the story of each mis-
sion.  

They are also components of a much larger range 
of sites and artefacts connected with the mission 
both on Earth and in space. A range of artefacts are 
likely to be found at Lunar sites associated with dif-
ferent types of missions. Within each class of arte-
fact, there may be considerable variation in design, 

technologies, features and sophistication between 
the various missions.  

One difference in the range of artefacts at land-
ing sites on the Moon as compared to other planetary 
bodies such as Mars (Spennemann & Murphy, 2007, 
2009) or the Saturnian Moon Titan is the absence of 
aero-braking shields and parachutes. The lack of an 
atmosphere around the Moon means these devices 
cannot be used to slow ascending spacecraft.  
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Figure 4. Pete Conrad working to remove items from Surveyor 3 on 20 November 1969. Pete Conrad points to the camera unit that was removed 
and returned to Earth. The Lunar Module Intrepid can be seen in the background, some 155m away. Note the extensive area covered with foot-

prints showing the movement of the two astronauts (Photo by Alan Bean). 

 
Table 2 Example of items left behind on the Lunar surface by Project Apollo at or near the landing sites (after Spennemann, 2006)  

 Apollo Mission 
Item 11 12 14 15 16 17 
Official Mission Equipment       
Descent Stage of Lunar Module X X X X X X 
Lunar Roving Vehicle (LVR)    X X X 
EASEP X      
ALSEP  X X X X X 

 
Official Mission Items       
US Flag X X X X X X 
Gold replica of an olive branch  �      
Stainless steel commemorative plaque (attached to lander) X X X X X X 

 

Official Waste / Surplus Items       
Body waste bags X X X X X X 
Space suits used for Moon Walk X X X X X X 

 

Personal Items       
Golf ball left by Alan B. Shepard (2) during Apollo 14   X    
Family photo left by Charles Duke during Apollo 16       

 
       

Compiled from the NSSDC Master Catalog: Spacecraft.—ALSEP—Apollo Lunar Surface Experiments Package.—
EASEP—Early Apollo Surface Experiments Package.— 
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Table 7. Individual items of human material culture left at the Apollo 11 landing site as adapted from Lunar Legacy Project (2000). 

Ser Nº Item 
1 Apollo 11 Lunar Module Descent Stage  
 Primary Equipment 

2 Laser Ranging Retroreflector (LRRR)  
3 Passive Seismic Experiment (PSE)  
4 TV Camera  
5 TV subsystem, Lunar  
6 Lens, TV wide angle  
7 Lens, TV Lunar day  
8 Cable assembly, TV (100 ft.)  
9 Handle/cable assembly (cord for tv camera)  

10 Tripod  
11 Antenna, S-Band  
12 Cable,S-Band antenna  
13 Apollo Lunar Surface Close-up Camera  
14 Camera (Hasselblad El Data)  
15 Hasselblad pack  
16 Filter, Polarizing (1 ) 

17-18 Remote Control Unit (PLSS)  
 Secondary Equipment 

19-22 Armrests  
23 Mesa Bracket  
24 Solar Wind Composition Staff  

25-26 Covers, Pga Gas Connector  
27 Kit, Electric waist, Tether  
28 Bag Assy, Lunar Equip.conveyor & waist tether  
29 Conveyor assy, Lunar Equipment  
30 Bag, Deployment, Life line  
31 Bag, Deployment, Lunar equipment conveyor  
32 Life line, Lt. wt.  

33-36 Tether, Waist, EVA  
37-38 Adapter, SRC/OPS  
39-40 Cannister, ECS LIOH  

41 Container assembly, Disposal  
42 Filter, oxygen bacterial  
43 Container, PLSS Condensate  
44 Bag, Lunar Equipment Transfer  
45 Pallet assembly #1  
46 Pallet Assembly #2  
47 Central Station  
48 Primary structure assembly  
49 Gnomon (Excludes mount)  
50 York mesh packing material  
51 SWC bag (extra)  

52-53 Core tube bits  
54-55 SRC seal protectors  

56 Lunar equipment conveyor  
57 ECS canister  
58 ESC bracket  
59 Left hand side stowage compartment  
60 Extension Handle 
61 Stainless steel cover 
62 8 foot aluminum tube 
63 Insulating blanket 
64 Small aluminum capsule  
65 Handle of Contingency Lunar Sample Return Con-

tainer  
66 Storage container (empty)  
67 Tongs  
68 Small Scoop  
69 Scongs  
70 Bulk Sample Scoop  

71-72 Spring Scales  
73 Trenching Tool  
74 Hammer  

 Personal Items 
75 Neil Armstrong's Apollo Space Suit, Model A7L  

76-77 Neil Armstrong's Apollo Space Boots, Model A7L  
78 Edwin Aldrin Jr.'s Apollo Space Suit, Model A7L  

79-80 Edwin Aldrin Jr.'s Apollo Space Boots, Model A7L  
80-81 Overshoes, Lunar  

82 Food Assembly, LM (4 man days)  
83-86 Bag, Emisis  
87-90 Defecation Collection Device  
91-92 Urine collection assembly, small  
93-94 Urine collection assembly, large  

 Commemorative Items 
95-96 Medals Commemorating Two Dead Cosmonauts  

97 Mission Patch from Apollo I of  
Virgil I. Grissom, Edward H. White II, and Roger B. 
Chaffee.  

98 U.S. 3' x 5' Flag  
99 Plastic covering for Flag 

100 A Silicon Disc Carrying Statements from world leaders 
101 A Gold Replica of an Olive Branch,  

Traditional Symbol of Peace  
102 Document Sample Box Seal  

 Items of uncertain quantity 
103-104 Empty Food Bags (2+) 
105-106 Film Magazines (2+) 
107-108 Environmental sample containers "O" rings (2+) 
109-110 Retaining pins for flag and staff storage (2+) 
111-112 OPS brackets (2+) 
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Figure 5. Eugene Cernan at the back of the Lunar rover, 11 December 1972, EVA-1, Apollo 17  

(Photo Harrison Schmitt, NASA. Image AS17-136-20760 [OF300]). 

 
A comprehensive inventory of all artefacts on 

the Moon, in particular a precise confirmed identifi-
cation of their locations remains yet to be compiled. 
However, a summary description of the principal ar-
tefacts resultant from each of the mission types is 
given as follows.  

Impactor Missions 

Initial missions were aimed at reaching the Moon 
with no expectation of a soft landing (eg Luna 2) 
(NSSDC, 2008). Several early attempts at soft landing 
ended up crashing into the Lunar surface. None of 
these are impactor missions sensu strictu. True 

impactor missions started after the astronauts of 
Apollo 11 had set up a seismometer at Tranquility 
Base in July 1969.  

These are surface missions in which scientific 
objectives are achieved by a craft partially or fully 
penetrating beneath the planetary surface by means 
of a high velocity impact. The probe is either com-
pletely obliterated or transformed into buried debris, 
creating a large human-made crater and ejecta plume. 
An example of an impactor mission is the Lunar 
Crater Observation and Sensing Satellite (LCROSS) 
mission of 2009, which crashed into a shadowed 
crater at the Lunar south pole as part of an 
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experiment searching for the presence of water. Af-
ter Apollo 11 set up a seismometer at Tranquility Base 
in July 1969, it became customary for Apollo missions 
to set the ascent stages of the Lunar Modules and the 
third stage of the Saturn IVB (SIVB) on collision tra-
jectories as part of seismic experiments (Lammlein, 
1977).  

Coincidentally, the crash of the SIVB is the only 
material culture on the Lunar surface associated with 
the aborted Apollo 13 mission (Table 1)(Figure 19). 

Sites where spacecraft or surface probes have ac-
cidently crashed on the surface would leave the same 
pattern of cratering, ejecta and buried debris. The 
technological component would not remain intact as 
eligible artefacts.  

Lander Missions 

In these missions the primary scientific payload is lo-
cated in a stationary surface craft that is not designed 
to move from its initial landing site. The principal ar-
tefact is the lander itself. With some mission plans, 
such as the Soviet Luna landers, the flight apparatus 
separated from the lander shortly before touchdown, 
and presumably impacted nearby. Where the lander 
was equipped to undertake surface sampling, there 
may be adjacent sampling markings in the Lunar reg-
olith.  

Rover Missions 

The primary scientific payload in these missions is 
located in a self-powered wheeled vehicle capable of 
moving independently from the initial landing site. 
The two successful Lunar rover missions were the 
Soviet Lunokhod 1 and 2, which were of identical de-
sign and would have resulted in similar patterns of 
artefact distribution. Artefacts comprise the lander 
unit that delivered the rover to the surface, the rover 
itself, located some distance away, and the tracks of 
the rover in the regolith.  

Sample Return Missions 

These are robotic surface missions that have the pri-
mary scientific goal of collecting environmental sam-
ples from the landing site and returning these to 
Earth. Four Soviet Luna sample return missions suc-
cessfully landed on the Moon (Luna 16, 20, 23 & 24) 
all of which successfully launched their ascent stage 
and returned samples to Earth except Luna 23. Arte-
facts at the successful mission sites comprise the de-
scent stage, with a drilling impression underneath 
from the sampling process. The descent stage of 

Luna 23 also retains the ascent stage, though there 
may not be drilling impressions at this site on ac-
count of the failure of the drilling mechanism.  

Human Missions 

These are surface missions with the primary objec-
tive of successfully transporting a human crew to the 
Lunar surface and returning them safely to Earth. To 
date, the only Lunar missions to achieve this are the 
Apollo 11, 12, 14, 15, 16 and 17 missions, undertaken 
between 1969 and 1972.  

 
Figure 6. Waste bag and packaging material discarded by Apollo 

11 Photograph Neil Armstrong. (Source NASA AS11-40-
5892). 

 
Figure 7. The Apollo Lunar Surface Experiments Package 

(ALSEP) of Apollo 15 as deployed on 1 August 1971. Note the 
instruments as well as toss zone of instrument packaging (Source 

NASA AS15-92-12416). 
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Figure 8. The Apollo Lunar Surface Experiments Package 

(ALSEP) of Apollo 17 as deployed on 11 December 1972. Note 
the instruments as well as toss zone of instrument packaging 

(Source NASA AS17-134-20500). 

 
Figure 9. Image of one of Edwin Aldrin's footprint in the dust on 

the Moon, photographed on 20 July 1969 during Apollo XI. 
(Photo by Neil Armstrong, NASA AS11-40-5878). 

The human landing sites are the richest and most 
complex archaeological sites on the Moon. Function-
ally they operated as short duration scientific en-
campments, where most of the delivered mass was 
left behind. In terms of technological artefacts, each 
Apollo Lunar landing site retains the landing stage 
(base) of the Lunar Modules (LM), instruments pack-
ages (EASEP or ALSEP), the Lunar rovers (Apollo 
15-17 only), TV and film camera equipment, scien-
tific sampling equipment jettisoned after samples had 
been collected, as well as sundry parts of equipment 
and their packaging (Figure 7, Figure 8). In addition, 
there is unneeded equipment, such as components of 
the space suits used by the astronauts during their 

Moonwalks as well as expended food packaging and 
containers of human body waste (Figure 6). 

These sites have the most extensive collection of 
environmental artefacts on the Moon and are unique 
in the solar system for demonstrating a direct physi-
cal human presence. They include astronaut’s foot-
prints and tracks, Lunar buggy wheeled track marks 
and multiple locations around each landing sites 
where geological sampling has occurred. There are 
also small areas around each landing stage where Lu-
nar regolith (surface dust) has been redistributed by 
the exhaust of the descending and (possibly ascend-
ing) crew modules (Spennemann, 2004, 2006).  

Imagery obtained by NASA’s Lunar Reconnais-
sance Orbiter has demonstrated beyond reasonable 
doubt that the traces left by humans and robotic rov-
ers are still extant, some 50 years after they were cre-
ated. 

 
Figure 10. Medallion commemorating the 25th anniversary of the 

formation of the U.S. Air Force left on the Lunar surface by 
Charles Duke on 2 August 1971 (Source: NASA AS16-117-

18844). 

These sites are also rich in non-mission critical 
cultural artefacts. Astronauts also carried along offi-
cial memorabilia, such as a US flag, which was 
planted on each of the landing sites, a gold replica of 
an olive branch (Apollo 11), medals commemorating 
two dead cosmonauts (Apollo 11), a mission patch 
from the ill-fated Apollo I (Apollo 11), and a silicon 
disc carrying statements from world leaders (Apollo 
11). Apollo 16, for example, carried a medallion com-
memorating the 25th anniversary of the formation of 
the U.S. Air Force (Figure 10). 
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Figure 11. Family photo left on the Lunar surface by Charles 

Duke on 2 August 1971 (Source: NASA AS16-117-18841). 

 
Figure 12. Memorial card and statuette ‘The Fallen Astronaut’ 
left on the Lunar surface by the Apollo 15 mission on 1 August 

1971. (Source: section of NASA AS15-88-11894). 

Astronauts also brought along private memora-
bilia, such as golf balls shot by Alan B. Shepard 
(Apollo 14), a small bible by David Scott (Âpollo 15),8 
and a family photo left by Charles Duke (Apollo 16) 
(Figure 11). A memorial card listing the names of 14 
astronauts and cosmonauts killed during service and 
a 3.5 inch tall commemorative statuette ‘The Fallen 
Astronaut’ by sculptor Paul Van Hoeydonck, both of 
which were deposited on the Lunar surface by the 
Apollo 15 mission on 2 August 1971 (Figure 12). 

 
8. At the end of the mission the bible was placed on the 

dashboard of the Lunar rover and has remained there 
(Millard, 2019). 

Another form of cultural artefact was the infor-
mal assigning of names to various landmarks and fea-
tures around the landing sites. 

THE LUNAR ENVIRONMENT & IMPLICATIONS 
FOR ARTEFACT PRESERVATION 

The Lunar surface possesses a distinctive set of envi-
ronmental characteristics that make it particularly 
amenable to the preservation of artefacts compared 
to other planetary bodies.  

The Moon’s atmosphere is so thin as to be effec-
tively a vacuum, its total mass for the whole body es-
timated at less than 10 metric tonnes. There is there-
fore no wind to drive erosion of surface features or 
cause atmospherically driven weathering of artefacts 
that would normally occur on Earth. The absence of 
an atmosphere means the surface is completely un-
protected from incoming meteorites, Earth’s atmos-
phere typically causing smaller meteorites to burn up 
through friction without impacting the surface. With 
no protective atmospheric ozone layer, high levels of 
ultraviolet light and ionising radiation reach the sur-
face, potentially causing the deterioration of some 
materials such as polymers and fabrics. Water cannot 
exist on the surface in liquid form, though there are 
believed to be small quantities of water in the form 
of ice deposits primarily in permanently shadowed 
craters at the poles.  

Surface erosion and artefact deterioration pro-
cesses driven by the hydrological cycle on Earth are 
completely absent on the Moon. A full Lunar month 
(syndonic period) is approximately 29 days, 12 hours 
and 44 minutes. The modest 1.54° tilt of the Moon’s 
axis means most points on the surface spend about 
half this time in sunlight and half in darkness. There 
is, therefore, a very large variation in day-night tem-
perature, with that at the Equator ranging from ap-
proximately minus 183°C to 114°C. Consequently, 
artefacts are subjected to a cycle of extreme heating 
and cooling. Surface gravity is 16.7% of the Earth’s 
(1/6th). Bio-deterioration (microbial), which is one 
of the major forces of decay on Earth does not occur 
on the Moon, the surface of which is highly inhospi-
table to life (Eckart, 1996, 2013; Larson & Pranke, 
2007). 
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Figure 13 Footprints at Tranquility Base. Astronaut Neil A. Armstrong at the modular equipment storage assembly of the Lunar Module ‘Ea-
gle’ during the first extravehicular activity (EVA) on the Lunar surface on 20 July 1969. Photographed Edwin E. Aldrin. Note the plethora of 
footprints between the flag and the base of the lander, indicating frequency and quantity of movement after about 40min of EVA  Source NASA 

image AS11-40-5886. 

 
Figure 14 Annotated image of the Apollo 17 landing site showing elements visible from space.  

Each individual artefact is significant in its own right, as is their spatial and chronological distribution. Collectively they tell a story. 
Source: http://www.nasa.gov/mission_pages/LRO/multimedia/lroimages/apollosites.html 
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Decay caused by the Ascent Module 

Lunar landing sites that included a return of astro-
nauts and/or samples have a small area where the 
original traces will have been destroyed. The take-off 
from the Lunar surface required the operation or 
downward thrusting rocket engines, which will have 
displaced some of the Lunar dust directly around the 
lander. As is evident from the high-resolution im-
agery obtained by NASA’s Lunar Reconnaissance 
Orbiter (e.g. Figure 14) this seems to have been very 
limited.  

Studies have shown that the exhaust plume of 
the ascent stage of the Apollo XI Lunar lander of dis-
placed Lunar regolith which coated horizontal solar 
cells had been deployed by the Apollo 11 astronauts 
17m from the lander (O'Brien, 2009; O'Brien et al., 
1970). The exhaust plume of the ascent stage of the 
Apollo XII cleaned off the accidentally coated dust 
detector experiment package set up 130 m from the 
lander (O'Brien, 2009). Lunar Reconnaissance Or-
biter observations showed numerous surface dis-
turbances (Kaydash & Shkuratov, 2012) 

Almost all Apollo missions documented Lunar 
regolith displacement during descent and landing 
(Metzger et al., 2011). The exhaust plume of the 
lander of Apollo XII upon landing displaced Lunar 
regolith that had coated the surface of Surveyor 3, 
some 155m away (Immer et al., 2011). At the same 
time, the space craft was impacted by small particles 
displaced by the exhaust plume of the lander (Immer 
et al., 2011). Observations by the Lunar crews indi-
cated no significant crater (Metzger et al., 2008; 
Metzger et al., 2011). Subsequently, the crater caused 
by the descent stage was calculated as 20 mm deep 
(Morris et al., 2011), while the ascent stage caused a 
crater of about 100 mm depth (Kaydash & 
Shkuratov, 2012). 

While some data on the level of Lunar regolith 
redistribution exist, the extent of the impact on the 
footprints is not altogether clear. It can be assumed 
to be catastrophic in the area immediately surround-
ing the lander (Metzger et al., 2011) to a distance of 
about 10 m but will be less severe a few metres away. 
The critical elements here are both the overall vol-
ume of Lunar regolith that was redistributed and the 
spatial distribution of the deposits. Observations 

 
9  It appears that the flags used for testing as well as the 

one planted in the Lunar surface were all purchased 

during ascent showed that “the blowing dust layer 
was not horizontally uniform, either, but consisted of 
several bright, well-defined streaks” (Metzger et al., 
2011)  While some of the studies demonstrate thin-
level dispersal over sizeable distances, it can be as-
sumed that the bulks of the redistributed regolith 
would have descended close-by as a thin coating. 

Imagery of NASA’s Lunar Reconnaissance Or-
biter has demonstrated beyond reasonable doubt that 
the traces left by humans and robotic rovers are still 
extant, some 50 years after they were created. These 
tracks will remain in situ and unchanged until such 
time that the traces are obliterated by new tracks 
(such as may be deposited by visiting humans or ro-
botic rovers), or until a micro-meteorite strikes the 
very footprint of track—the probability of which is 
infinitesimal. 

 
Figure 15. Edwin Aldrin next to the unfurled U.S. Flag at Tran-

quility Base on 20 July 1969. Photograph by Neil Armstrong. 
(Source: NASA AS11-40-5875). 

Decay by solar radiation 

All Apollo missions planted a U.S. Flag at the landing 
site (Figure 13, Figure 15). These flags were standard 
3 x 5 foot U.S. flags of rayon fabric (Platoff, 1993).9 
Solar radiation, primarily ultraviolet light, as well as 
thermal cycling will impact on the material integrity 
of the flag. When assessing whether the flags survive 
the exposure to conditions on the Lunar surface, we 
need to separate the preservation of the flags’ fabric 
from that of the image on the flag. The dyes used for 

over the counter at a department store in Houston at 
a cost of $5.50 each (Platoff, 1993). 
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the flag exhibit fading due to sunlight in terrestrial 
conditions, where the UV rays are partially buffered 
by the atmosphere. While we can safely assume that 
all red dye has decayed, some of the blue dye may 
have survived, even though the flag’s manufacturer 
was not sanguine about the prospects (Reichhardt, 
2008). While it was anticipated that the rayon fabric 
would also have decayed, shadow analysis of images 
taken by the Lunar Reconnaissance Orbiter indicate 
that the flags of Apollo 12, 16 and 17 were still ‘fly-
ing’ in 2012 (Fincannon, 2012). The lack of an atmos-
phere and thus the absence of wind as a mechanical 
force contributes to the preservation.10 

Other objects of similar composition left on the 
Lunar surface will be exposed to the same forces. In 
terms of non-mission objects, this applies to the two 
golf balls shot by Alan B. Shepard (Apollo 14)11 and 

to a family photo left by Charles Duke (Apollo 16) 
(Figure 11).12 

The bible taken to the moon by David Scott 
(Âpollo 15) had been fastened to the dashboard of the 
Lunar rover and has remained there (Millard, 2019). 
The bible was a standard paper-based and cloth-
bound book issued by Scott’s Parish.13 

Human Interference 

To date, isolation has almost completely protected 
Lunar archaeological sites from subsequent human 
interference. Only a single site (that of the Surveyor 3 
lander) has been visited and disturbed by humans, 
when the Apollo 12 crew located the landing site and 
retrieved some artefacts on 20 November 1969 (Fig-
ure 4).  

 

3. THE SIGNIFICANCE OF THE LUNAR HERITAGE SITES 
 

All sites on the Moon containing human artefacts are 
remarkable and significant to some degree for their 
capacity to tell an historic story. While on one level 
they are all collections of artefacts, some sites are 
clearly more significant than others. Of these, the 
landing sites visited by astronauts overwhelmingly 
stand out as the most important.  

APOLLO LANDING SITES 

The Apollo programme truly widened the horizons of 
humanity at large. The image of an Earthrise over the 
Lunar surface, taken by Apollo 8, brought home in a 
very visual way the relative position of Earth and 
demonstrated the fragility of our planet, ‘spaceship 
Earth’. It soon became a symbol for the 

 
10  In terrestrial environments, decay of ultraviolet light 

will damage the emulsifiers in rayon, nylon and other 
plastics, making the objects highly brittle. Most struc-
tural decay of UV-radiation exposed and weakened 
plastic objects occurs when they are subjected to me-
chanical force through wind, rain or human interfer-
ence. The thermal cycling of almost 300ºC will result 
in thermal expansion and contraction which will, over 
time, weaken the fibres.  

11  Golf balls tend to be manufactured from polymers. It 
can be assumed that the balls used by Sheppard were 
Spalding solid core balls (Bartsch, 1967). 

12  The photograph deposited by Charles Duke on 2 Au-
gust 1971 was a print placed face up (Figure 11). Given 

environmental movement (Compton, 1989). The 
‘blue marble’ photograph of a complete and only 
slightly cloud-covered Earth taken during Apollo 17 
has become the icon of Earth in space (Monmaney, 
2002). People were fascinated by these missions: as 
noted, about a quarter of the human population at 
the time watched the live television broadcast as Neil 
Armstrong stepped onto the Lunar surface 
(Sarkissian, 2001). 

Even if in the future humans step onto other ce-
lestial bodies, Mars being the most likely under cur-
rent projections, the cultural significance of Apollo 
11’s Tranquility Base will remain. Yes, the first land-
ing site on Mars will be significant, but Tranquility 
Base will always remain as that site where human be-
ings for first time set foot onto another celestial body 

the impact on UV radiation on photographic prints on 
Earth, where the rays are partially buffered by the at-
mosphere, we can assume that the image has either 
fully or at least partially faded (with the red dyes first 
affected). We can also assume that the thermal cycling 
between Lunar day and Lunar night will cause thermal 
expansion and contraction, which will act differently 
on the paper base and the emulsion. In all likelihood, 
the emulsion will flake off, but due to lack of surface 
wind, will remain in situ. Survival conditions for the 
inscription on the back are better.  

13  St. Christopher Episcopal Church in League City, TX. 
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beyond Earth (O’Leary, 2006; Rogers, 2004; 
Spennemann, 2004). 

If we sketch human evolution as a sequence of 
key psychological and technological developments, 
there are, as Bandi (1999) and others have nicely 
shown, critical stages: overcoming the fear of fire in-
nate to animals and developing control of it as a tool 
(some 300,000 years ago); overcoming the fear of 
stretches of open water, innate to primates (some 
60,000+ years ago); transmission of complex thought 
by means of language (some 30,000 years ago as evi-
denced by complex rock art); becoming cognisant of 
not being controlled by nature but of our own ability 
to control it (through domestication of animals and 
plants, some 9000–12,000 years ago); and being cog-
nisant of our ability to destroy our planet (first de-
ployment of an atomic bomb, 1945). Having humans 
leaving this planet and stepping onto the Moon ranks 
among these key developments (Spennemann, 2004, 
2006, 2007d). 

Unlike most of the others, however, we can as-
sign a specific date and a specific place to that event: 
20 July 1969 at 0.671 N, 23.471 E on the Moon. This 
is the ultimate heritage site, both in terms of signifi-
cance to humanity as a whole, but also in terms of 
heritage preservation as a single site. Not only do we 

have here the first site where humans set foot on an-
other celestial object, we also have a record of all the 
movements of these pioneers preserved in the Lunar 
dust (Spennemann, 2004, 2006). 

No heritage site on Earth, of whatever level of 
cultural significance, can boast that the entire inter-
action on the site has been preserved. Both the sub-
sequent interaction by other people, and the presence 
of an atmosphere on Earth with the concomitant 
erosive forces of wind and water, have seen to that 
(Spennemann, 2004, 2006). 

UNPILOTED MISSION LANDING SITES 

The unpiloted landing sites of lander and rover 
probes are of historical and technological signifi-
cance for representing exploration milestones, and 
for demonstrating the mission design and hardware 
of their respective sponsoring nations for various 
classes of mission. These include lander, rover and 
sample return missions, and in some cases include 
multiple examples of the same mission hardware at 
different sites (Table 1). These do not feature as rich 
a collection of artefacts as the human landing sites.  

 

Table 3. Typology of cultural significance of impactor sites (after Spennemann, 2009) 

 universal significance global significance national significance scientific sig-
nificance 

orbital decay if earliest human ob-
ject to orbit planet 

if connected with multi-na-
tional (emotional) response 

if earliest national object on 
planet 

Limited 

accidental 
crashes 

if earliest human ob-
ject on planet 

if connected with multi-na-
tional (emotional) response 

if earliest national object on 
planet  
if connected with national 
(emotional) response 

Yes 

intentional 
crashes 

if earliest human ob-
ject on planet 

if connected with defining sci-
entific experiment 

if earliest national object on 
planet 

Yes 

 
Table 4. Typology of cultural significance of lander sites on the Moon 

 universal significance global significance national significance scientific sig-
nificance 

human mission if earliest human 
mission to Moon 

 if earliest human mission 
by that nation 

Yes 

human mission with 
rover 

 if earliest human mission 
with rover to Moon 

if earliest human mission 
by that nation 

Yes 

robotic mission, 
mobile 

 if earliest mobile robotic 
mission to Moon 

if earliest national object 
(of the type) on planet 

Yes 

robotic mission, 
sample return 

 if earliest robotic mission to 
Moon with sample return 

if earliest national object 
(of the type) on planet 

Yes 

robotic mission, im-
mobile no return 

if earliest successful 
landing on Moon 

 if earliest national object 
(of the type) on planet 

Yes 
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Where a mission has been unsuccessful, the sig-
nificance of the landing site depends upon the intact-
ness of the surface artefacts. If the mode of mission 
failure was high-speed impact, there may only be a 
debris field or cratering, which retains a very limited 
capacity to tell the story of the mission. This is be-
lieved to have occurred with all the early failed mis-
sions that actually reached the surface—for example, 
it is not known whether Surveyor 4 successfully landed 
(and failed to send data) or crashed.  

 
Figure 16. Nature of the remains on the Lunar surface (for data 

seeTable 1). 

Lunar landers which crashed during their final 
approach while already slowing down, such as India’s 
Vikram lander, will leave smaller impact craters and 
a differently sized debris field (Figure 17, Figure 18). 

 
Figure 17. Debris field left by the impact of the Vikram Lander 

on 7 September 2019 (NASA, 2019). 

 
Figure 18. Debris field left by the impact of the Vikram Lander 7 

September 2019. Interpretation (NASA, 2019). 

IMPACTOR MISSION SITES 

Any crashes that occurred after soft landings had 
been developed were either accidental because of 
equipment malfunction in the approach phase, be-
cause of telemetry errors, or they were probes, ini-
tially placed in Lunar orbit, crashing uncontrolled 
onto the Lunar surface as their orbits decayed.  

At first sight, impactor sites are of a relatively low 
degree of significance due to the presumed absence 
of eligible technological artefacts, which have pre-
sumably been reduced to buried debris by the force 
of impact. This appears to limit the site’s capacity to 
tell the story of the mission through artefacts. The 
impact craters created by these events (Figure 19; 
Figure 21) are distinguishable from natural meteor-
ite-induced craters, at least for the foreseeable future 
(Figure 20). 

While this by and large holds true, it has been 
argued elsewhere (Spennemann, 2009) that an assess-
ment of the cultural heritage significance of im-
pactor/space crash sites cannot be carried out with a 
uniform paradigm but requires a conditional re-
sponse. We need to differentiate between four levels 
of cultural significance: i) scientific; ii) national; iii) 
global (‘world’) and iv) universal. Clearly, irrespective 
of the nature of the crash, a crash site will have uni-
versal value for humankind as a whole, if that crash site 
represents the first human objects on that planetary 
surface.  

crash following 
orbital decay

19%

crashed upon 
landing

12%

deorbited and 
intentionally 

crashed
6%

intentional crashed
32%

successful landing
31%
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Figure 19. Debris field left by the impact of the SIVB stage of 

Apollo 13 mission 14 April 1970 (Oberst, 2010). 

 
Figure 20. Debris field left by the impact of the SIVB stage of 

Apollo 14 mission 4 February 1971 in the centre of the image. A 
recent natural meteorite-induced crater is at the left (Robinson, 

2009). 

That level of significance will not change irre-
spective of re(e)valuations of the cultural heritage 

significance which all other crash events may un-
dergo by future generations. The first human objects 
will always remain to be the first. This, for example, 
applies to the crash sites of Luna 2 on the Moon (in-
tentional crash), of Venera 3 on Venus (accidental 
crash), and of Mars 2, on Mars (accidental crash). At 
a national level the same applies, for example, in the 
case of the USA for Ranger 4 which crashed on the 
Moon on 26 April 1962; and for Japan, when its or-
biter Hagoromo crashed on or about 21 February 1991 
due to orbital decay. Scientific significance will re-
main with all these sites where sizeable debris can be 
expected that may provide an insight into vehicle 
performance, or where the debris parts are suitable 
for a longitudinal analysis of a material’s exposure to 
the Lunar environment. 

 
Figure 21. Debris field left by the impact of the SIVB stage of 

Apollo 16 mission 10 December 1972 (NASA, 2015). 

All sites known or suspected to exist on the Lu-
nar surface are listed in Table 1 and have been ranked 
in terms of the level of significance (see criteria ma-
trices in Table 3 and Table 4). 

It should be noted that sites that have been allo-
cated a scientific level of significance can be further 
ranked based on the level of scientific achievement 
that these sites and their associated experiments rep-
resent. This, however, is beyond the purview of this 
policy document. 

 

4. THE IMPACT OF VISITORS 
 
When discussing the impact of visitors, it needs to be 
stressed that this encompasses the presence of hu-
mans as well as robotic craft, irrespective of their mo-
tives (scientific, commercial, tourism). Human or ro-
botic visitors to Lunar artefact sites have the 

potential to diminish the significance of these places 
in a number of ways, namely i) removal of artefacts; 
ii) interference with or rearrangement of technologi-
cal artefacts; iii) damage of technological or 
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environmental artefacts; iv) addition of new artefacts, 
technological or environmental, to the site. 

The removal of physical artefacts is perhaps the 
most obvious threat, and this is analogous to the re-
moval of objects from shipwrecks. This has already 
occurred on the Moon in 1969 when the Apollo 12 
crew recovered and returned to Earth parts of the 
Surveyor 3 lander, which included the TV camera, 
electrical cables, the sample scoop and pieces of alu-
minium tubing (Immer et al., 2011; NASA, 1972). 

Lunar technological artefacts will be intrinsically 
portable and have prize value on account of their 
uniqueness and souvenir value. It is also acknowl-
edged that Lunar technological artefacts have value 
to the scientific community as they give evidence to 
the performance of materials when exposed for pro-
longed periods to the extra-terrestrial environment 
(see also Spennemann & Murphy 2009 for the situa-
tion on Mars). 

The spatial relationship of the artefact distribu-
tion at each site is important as its forms an intrinsic 
component of the ability of each site to tell the story 
of how the mission unfolded. Were visitors to the 
site (human or robotic) to modify this original distri-
bution, the site's significance would be severely di-
minished. 

Of much greater concern, and perhaps more rel-
evant to the Moon than any other planetary body is 
the threat to the environmental artefacts. The human 
footprints at the Apollo landing sites as well as the ve-
hicle tracks at the Apollo and Lunokhod sites are still 
present, and, given the absence of a Lunar atmos-
phere of note, are also relatively safe from natural 
forces of erosion. Indeed, high-resolution imagery 
obtained by NASA’s Lunar Reconnaissance Orbiter 
has documented the Apollo landing sites demonstrat-
ing that the astronaut footprint trails and rover tracks 
are still present (Figure 14). In perpetuity, Neil Arm-
strong’s and Buzz Aldrin’s footprints on the Moon 
will be of universal value to all of humankind: they are the 
first steps taken by human beings on a celestial body 
outside Earth (Spennemann, 2004, 2007a). 

There is a risk that at one point in the future hu-
manity will return to this and the other Apollo land-
ing sites, either for reasons of scientific endeavour, 
of out of mere curiosity. While the mantra of eco-
tourism postulates “Take nothing but photographs, 
leave nothing but footprints,” it is the latter that will 
be damaging to the integrity of Lunar heritage sites.  

 
14  Source: Futurama Wiki. Fandom. 

 
Figure 22. Screen Grab from the Futurama episode  

"The Series Has Landed (1999)'14 

 
Figure 23. Screen Grab from the Futurama episode  

"The Series Has Landed' (1999).14 

Such an incident has been pilloried in an episode 
of the animated series ‘Futurama,’ where the lead 
characters explore the (wrongly depicted) Lunar 
lander of Apollo XI (Figure 22). Here, the robot 
character ‘Bender’ purposefully steps into and onto 
Neil Armstrong’s footprint (Figure 23). While ficti-
tious and facetious, it puts into sharp focus the fragile 
nature of these traces of humanity’s first foray onto 
the Lunar surface. 

The tracks of Neil Armstrong’s and Buzz Al-
drin’s footprints are essentially depressions in and 
compactions of Lunar dust and thus could be acci-
dentally obliterated in an instant by an incautious vis-
itor stepping on them, essentially trough overprint-
ing. Even if specifically left undisturbed, the original 
exploration trails of the Apollo astronauts could easily 
become contaminated and crowded out by the tracks 
of later visitors (human or robotic). This would se-
verely diminish, if not altogether destroy the integrity 
of the cultural heritage site the landing sites repre-
sent. 

For the most part, the tracks made by pedestrian 
and vehicular traffic are very discrete, with each step 
and footprint being discrete entities (Figure 24). Pe-
destrian traffic by visitation would obliterate these 
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tracks, even if not steeping directly into the tracks, 
would cause loss of integrity. The significance rests, 
in part, in solitary nature of these tracks in a Lunar 
landscape largely devoid of any other human interac-
tion. The effect of multiple traversal of the same sur-
face covered with Lunar regolith is evident from the 
high traffic area of Apollo 11 (Figure 25). This is 
what can be expected if visitation were to be permit-
ted.  

The image of the tracks made by rover Oppor-
tunity on Mars (Figure 26) is illustrative of the impact 
of robotic vehicular travel. It will create track marks 
that scar the even distribution of the regolith.15 

In addition, we need to consider that the heritage 
sites could potentially become cluttered with objects 
left by visitors. This can be both intentionally, by vis-
itors placing objects, either as mementos of their 

‘achievement’ or for spiritual reasons (e.g. Finn, 
1997); and unintentionally, by means of vehicle 
crashes or irretrievable break-downs. Moreover, the 
possibility of visitors dying on site also needs to be 
considered, with associated issues of body retrieval. 

It is also worth considering that part of the sig-
nificance rests in the fact that humans stepped on an 
alien, barren Lunar surface, devoid of evidence of bi-
ological life forms. Thus the physical evidence of the 
astronaut movement patterns, evident in the images 
obtained by NASA’s Lunar Reconnaissance Orbiter, 
attains additional significance against the backdrop 
of a landscape devoid of all traces of human activity. 
Visitation of the sites, even if not actually stepping 
on the actual sites and astronaut tracks, would irre-
versibly diminish that significance. 

 

 
 

Table 5. Permissibility of surface access to Lunar sites 

Type of mission Physical Access Commentary 
human mission to be prohibited access would endanger astronaut footprints  
human mission with rover to be prohibited access would endanger astronaut & rover tracks  
robotic mission, mobile to be prohibited access would endanger rover tracks  
robotic mission, sample return to be restricted close access would endanger evidence of sample collection,  

exclusion zone to be defined robotic mission, soils sample analysis 
robotic mission, immobile no return 

possible very close access would endanger evidence of landing pattern,  
exclusion zone to be defined orbital decay 

accidental crash 
intentional crash to be restricted close access would endanger evidence of crash pattern,  

exclusion zone to be defined 
 
Table 6. Permissibility of low-altitude space-craft access to Lunar sites. In all instances, a crash of the investigating space craft would impair the site 

Type of mission Physical Access Commentary 
human mission to be prohibited engine exhaust would endanger astronaut footprints 
human mission with rover to be prohibited access would endanger astronaut & rover tracks  
robotic mission, mobile to be prohibited access would endanger rover tracks  
robotic mission,  
sample return restricted close access would endanger evidence of sample collection 

hovering altitude to be defined robotic mission,  
soils sample analysis 
robotic mission,  
immobile, no return possible very close access could endanger evidence of landing pattern 

hovering altitude to be defined orbital decay 
accidental crash 
intentional crash conditional close access could endanger evidence of crash pattern 

 
 

 
15  As Mars has a denser atmosphere than the moon, it 

has wind and storms, which will redistribute the rego-
lith and eventually obliterate all such marks. 
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Figure 24. Astronaut James Irwin returning to the Lunar Rover on EVA 1 (31 July 1971), Apollo 15.  

Visible are human and vehicle tracks, both significant environmental artefacts. 
Photo by David Scott (Section of image AS15-86-11655). 

 
Figure 25. View of the Lunar surface between the ladder to the Lunar Module ‘Eagle’ and the American flag taken by Edwin Aldrin. Note the 
plethora of footprints between the flag and the base of the lander, indicating frequency and quantity of movement during the first human EVA on 

the Lunar surface  Source NASA AS11-37-5545 
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Figure 26. Tracks made by rover Opportunity sol 1643 ( Sep 7, 2008 ) on apron of Victoria crater, Mars. While these tracks on Mars form a 

heritage site, similar tracks superimposed over the tracks left by astronauts on the Lunar surface would be devastating.  
(Source: http://www.nivnac.co.uk/mer/B1643_tracks/B1643_tracks_full.jpg) 

It may be argued by proponents of visitation that 
the negative impacts from physical visitors should be 
weighed against the potential for gestures to be made 
that contribute to the conservation or interpretation 
of these sites, such as by placing environmental mon-
itors, or retrieving any items suffering from ongoing 
deterioration that will eventually lead to their de-
struction. However, it needs to be stated unequivo-
cally that a visitation of any kind will have detrimental 
impacts as long as they require the physical presence 
of a human being, or robotic object, that touches the 
Lunar surface through gravitational impact or where 
the means of keeping to the human being/robotic 
object off the surface requires a downdraft of ex-
haust gases that can reach the surface.  

Some aspects of site access have been summa-
rised in Table 5 and Table 6. 

THE GOOGLE LUNAR X PRIZE 

The Google Lunar X Prize was announced at the 
Wired Nextfest on 13 September 2007 (Reiss, 2007). 
The Google Lunar X Prize website offers the follow 
summary of the prize and its goals: 

The $30 million Google Lunar X Prize will be 
awarded to the first privately funded teams to build 
robots that successfully land on the Lunar surface, explore the 
Moon by moving at least 500 meters (~1/3 of a mile), and 
return high definition video and imagery. 

 “The competition's grand prize is worth $20 
million. To provide an extra incentive for 
teams to work quickly, the grand prize value 
will change to $15 million whenever a govern-
ment-funded mission successfully explores 
the Lunar surface, currently projected to occur 
in 2013. 

Additionally, a second place prize of $5 mil-
lion will be available for the second team to 
complete the competition objectives. $4 million 
in bonus prizes are available for achieving other specific 
mission objectives, including operation at night; 
traveling more than 5km over the Lunar sur-
face; detection of water; and precision landing 
near an Apollo site or other Lunar sites of interest 
(such as landing/crash sites of man-made space hard-
ware). 

Lastly, a $1 million award will go to the team 
that demonstrates the greatest attempts to 
promote diversity in the field of space explo-
ration.” (X Prize Foundation, 2011c emphasis 
added). 

The ‘ground rules of the Google Lunar X Prize 
clearly stipulate that the team has to “land on the Lunar 
surface, explore the Moon by moving at least 500 meters”. 
This means that a robotic rover will physically move 
on the Lunar surface and therefore will be leaving 
tracks. Moreover, the bonus stipulations in the prize 
make it more desirable for teams to land their rover 
“near an Apollo site or other Lunar sites of interest (such as 
landing/crash sites of man-made space hardware).” Given 
these conditions and stipulations, the Google Lunar 
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X Prize indisputably promotes a competitive climate 
that encourages the impairment, if not destruction of 
the environmental aspects of the cultural heritage of 
human space exploration.  

Interest in the prize seems to have been substan-
tial, with 26 teams initially working on projects. The 
X Prize Foundation asserted that “The Google Lu-
nar X Prize rules require teams to abide by the rele-
vant national and international regulations while pur-
suing the prize” (X Prize Foundation, 2011a). 

The deadline for the prize was set at 31 Decem-
ber 2015 (X Prize Foundation, 2011b). It was ex-
tended to 31 March 2018. As no entrant achieved 
that target date, the prize was closed in January that 
year. 

Launch Contracts 

Five teams were given launch contracts by Google, 
as well as financial incentives: SpaceIL, Hakuto / 
ispace, Moon Express, Synergy Moon and TeamIn-
dus (Wall, 20197) Of these one completed their mis-
sion, although the Beresheet lander crashed upon de-
scent (SpaceIL, 2019). In addition, three teams who 
were not selected for launch contracts, are scheduled 
to execute their planned missions: Astrobotic (April-
June 2021); Team AngelicvM (April-June 2021) and 
PTScientists (late 2021). 

RECENT DEVELOPMENTS 

For All Moonkind is a non-profit entity registered 
under U.S. law (United States Code, Title 26, section 
501[c][3]), which touts itself as “the only organization 
in the world focused on protecting and preserving 
our common human heritage in outer space” 
(Messier, 2018).16 As reported in widely dissemi-
nated, identically worded and uncritical blogs and 
online news articles, For All Moonkind partnered in 
2018 with the Canadian Company TODAQ “to map 
the Moon using cryptographic tools enabled with 
blockchain, registering and documenting human cul-
tural artifacts and sites on the Moon, bringing ac-
countability and immutability to these records” 
(Hecht, 2018; Messier, 2018; Middleton, 2018).17 

It was posited that “[c]reating an accountable 
registry of human cultural artifacts and sites on the 

 
16  It is of concern that there is no public disclosure of the 

organisation’s statutes or their application for (and ap-
proval of ) section 501(c)(3) status on the organisa-
tion’s website (For All Moonkind, 2020). 

Moon, is a first step towards documenting, protect-
ing and celebrating our history before it is erased” 
(M. Hanlon cited in Hecht, 2018; Messier, 2018; 
Middleton, 2018) (see also Balleste & Hanlon, 2018). 

While a site register and object inventory are 
doubtlessly desirable the approach raises several con-
cerns.  

The technological solution (TODA protocol) is 
proprietary, with little information provided on in-
teroperability with other protocols, legal framework 
and futureproofing (Toda, 2020). 

Blockchain technology is eminently suitable to 
allocate unique identification tokens to objects or 
other defined entities (e.g. livestock, parcels of land, 
health records) and then track their subsequent 
movement or modification through transaction 
stages (e.g. tracking an animal and its part from farm 
to table). Creating an international registry of heritage 
items on the Lunar surface and assigning blockchain 
tokens to these is nonsensical, however, unless the 
proponents project that at one point in the near fu-
ture all these items will become tradeable entities. In 
that scenario, their registry, if internally accepted, be-
come the clearing house for all transactions, with pe-
cuniary interest in the associated transfer and authen-
tication services. 

On a more fundamental level, it is of concern 
that a private entity, irrespective of whether it is not-
for-profit or for-profit, assumes the right to establish 
an international registry powered by proprietary soft-
ware.  

This role should be reserved to a statutory body 
appointed by a reputable and internationally re-
spected body such as UNESCO or UNOOSA. Sys-
tems unilaterally established by individual nations, or 
by commercial entities within nations have no inter-
national standing. Indeed, NASA ‘Recommenda-
tions to Space-Faring Entities [on] how to Protect 
and Preserve the Historic and Scientific Value of U.S. 
Government Lunar Artifacts (NASA, 2011), for ex-
ample, specifically acknowledge that their remit, and 
their register, can only apply to objects owned by and 
under jurisdictional control of the agency. 

 

17  This proposal is not to be confused with blockchain-
based, legally unenforceable land registries and land 
claims on the Lunar surface (Goo, 2019a, 2019b; 
Kuhn, 2019). 
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5. POLICY DISCUSSION AND RECOMMENDATIONS 
 

Both short- and long-term strategies need to be con-
sidered. In the short term, the most obvious ap-
proach would be to prevail on the promoters of the 
Google Lunar X Prize and other commercial entities 
to specifically exclude the visitation of specific sites 
on the Lunar surface that are associated with cultural 
heritage of human space exploration. Even though 
such an approach would solve the immediate prob-
lem, and thus may well be the most desirable ap-
proach, it does not safeguard the sites in the long 
term. This can only be achieved through formal reg-
ulatory mechanisms. 

In July 2011 NASA issued a set out ‘Recommen-
dations to Space-Faring Entities [on] how to Protect 
and Preserve the Historic and Scientific Value of U.S. 
Government Lunar Artifacts (NASA, 2011). In this 
document, NASA stresses that “[t]hese recommen-
dations are not legal requirements; rather they are 
technical recommendations for consideration by in-
terested entities” (NASA, 2011, p. 6). 

RELEVANT REGULATORY CONTEXT 

Any discussion of the relevant regulatory context 
needs to look at two aspects: ownership of the ob-
jects themselves, as well as jurisdiction over the site 
on which these objects reside. Let us start with the 
first issue. 

Ownership of the objects 

The final component is the question of ownership of 
heritage items in space. The Treaty on Principles 
Governing the Activities of States in the Exploration 
and Use of Outer Space, including the Moon and 
Other Celestial Bodies (Outer Space Treaty) adopted 
by the UN General Assembly in its Resolution 2222 
(XXI) sets out that the country ‘‘on whose registry an 
object launched into outer space is carried shall retain 
jurisdiction and control over such object’’ 
(UNOOSA, 1979). Effectively, any non-owner na-
tion removing a spacecraft, or part thereof, without 
the express permission of the originating nation (or 

 
18  This for example applies to the former Union of Soviet 

Socialist Republics /USSR, for which the Russian Fed-
eration is the legal successor. 

its legal successor state),18 would be committing an 
act of theft if the spacecraft was inoperable, or piracy 
if the craft was functional. Therefore, all space ob-
jects are subject to the national legislation of the 
owner country. By extension, the heritage legislation 
of the country of registry applies to any such space-
craft and objects. 

However, Article 8 of the Outer Space Treaty 
also contains a potential loop hole, which can be ex-
ploited by unscrupulous individuals: ‘‘[s]uch objects 
or component parts found beyond the limits of the 
State Party to the Treaty on whose registry they are 
carried shall be returned to that State Party, which 
shall, upon request, furnish identifying data prior to 
their return.’’ While the intent of the provision at the 
time of writing in 1966 was to ensure the return of 
items that may have returned back to Earth, it may 
be opened up to another interpretation. 

Unless that subclause is modified, Article 8 does 
not prevent anyone from interacting with a space-
craft or equipment on the Lunar surface. Indeed, it 
almost invites people to pick up the artefacts even 
without the owner country’s explicit permission and 
return them to Earth (and into the hands of the 
owner country, which then has to prove ownership). 
Such actions would entail a high level of publicity and 
pecuniary advantage, in addition to possibly claiming 
salvage rights again for monetary gain—an action 
which would of course irrevocably damage the herit-
age sites represented on the Moon. 

Article 12 of the Agreement Governing the Ac-
tivities of States on the Moon and Other Celestial 
Bodies (Moon Treaty), adopted by the UN General 
Assembly in its Resolution 34/68, is more restrictive. 
It states that ‘‘States Parties shall retain jurisdiction 
and control over their personnel, vehicles, equip-
ment, facilities, stations and installations on the 
Moon. The ownership of space vehicles, equipment, 
facilities, stations and installations shall not be af-
fected by their presence on the Moon.’’ 
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This applies specifically to intact objects derived 
from successful landings. Crash sites may be differ-
ent and will be discussed further below.  

International and national frameworks 

Intact heritage items on the Lunar surface are, une-
quivocally, the property of the originating countries. 
In all cases, unless the governments have specifically 
divested themselves of them, all items currently on 
the Lunar surface are in fact government owned as-
sets (USA, Russia, China), and therefore subject to 
U.S., Russian of Chinese national heritage legislation, 
as would be applicable to items on Earth. At the 
same time, unless prohibited under respective na-
tional law, the nation registering and owning a space-
craft, instrumental asset or other object in space has 
the right to dispose of it as it deems fit. While space 
memorabilia have been sold on Earth for some time, 
this has also occurred once with two objects still in 
space.  

As with all UN treaties and conventions, the stip-
ulations only apply to signatory states. As of 2004, 
several non-spacefaring states have not signed or rat-
ified the Outer Space Treaty, possibly because at the 
moment they have little interest in the matter. How-
ever, as of 1 January 2020 only 18 countries have rat-
ified or acceded to, and an additional five have signed 
the Moon Treaty.19 Critically, among the nations with 
expressed aspirations of going to the Moon, neither 
China, Japan, the Russian Federation nor the USA 
have signed it. The crux with the Moon Treaty rests in 
Article 1, which stipulates that ‘‘[t]he exploration and 
use of outer space, including the Moon shall be car-
ried out for the benefit and in the interests of all 
countries, irrespective of their degree of economic or 
scientific development, and shall be the province of 
all mankind’’ (UNOOSA, 1979).  

 
19  Ratified: Austria, Chile, Morocco, Netherlands, Peru, 

Philippines, Uruguay; acceded: Armenia, Australia, 
Belgium, Kazakhstan, Kuwait, Lebanon, Mexico, Pa-
kistan, Saudi Arabia, Turkey, Venezuela; signatory: 
France, Guatemala, India, Romania. 

20  As the items are U.S. government property, and as 
hitherto all U.S. space endeavours have been govern-
ment funded, in full or part, §106 of the HPA applies 
to all actions which may affect the Apollo landing sites. 
This section stipulates that the federal agencies have to 
take into account the effects of any federally funded 
undertaking ‘on any district, site, building, structure, or 
object that is included in or eligible for inclusion in the 
National Register.’ A problem inherent in the U.S. her-
itage preservation system is that objects over 50 years 

Such limitations are contrary to the modern free-
for-all attitude. Not surprisingly, some countries with 
extreme free market economies and the technologi-
cal know-how are loath to sign and ratify it. There 
have already been discussions on how the equity pro-
visions in the Moon Treaty can be combined with es-
tablishing property rights which are seen as opening 
the door to commercial developments and exploita-
tion (Cooper, 2003). 

Intriguingly, the application of national laws can 
come to the aid here, but with limitations. The U.S. 
Historic Preservation Act (1966, amended 2002; 16 
USC. 470) is a case in point. Under the U.S. Historic 
Preservation Act the Apollo programme sites on the 
Moon qualify for protection because they are ‘‘sites 
and objects significant in American history engineer-
ing, and culture’’ (16 USC 470 §101a1A) and thus el-
igible for inclusion in the Register of Historic Places, 
subject to the provisions of significance. This, how-
ever, only limits the actions of the U.S. government,20 
not the actions undertaken by private citizens. 

A different approach was taken by the ‘One 
Small Step to Protect Human Heritage in Space Act’ 
which was introduced by Senators Gary C Peters [D-
MI] and Ted Cruz [R-TX] in preparation of the 50th 
anniversary of Apollo 11 (Peters & Cruz 2019).21 The 
Act, if passed, would compel any company or agency 
which has been issued a licence by a U.S. Federal 
agency to conduct a Lunar activity to adhere to the 
preservation stipulations set out in NASA ‘Recom-
mendations to Space-Faring Entities [on] how to 
Protect and Preserve the Historic and Scientific 
Value of U.S. Government Lunar Artifacts’ (NASA, 
2011). 

This limits the actions of the U.S. government as 
well as the actions undertaken by private U.S. citi-
zens. The applicability of the Act cannot be extended 
to international space companies if they receive U.S. 

old are potentially eligible, but that there are few trig-
gers that allow more recent items to be included. Yet, 
in the case of Apollo, it was predictable that the mis-
sion would be of heritage significance for the entire 
world the very moment Neil Armstrong, as mission 
commander, set foot on the Lunar surface. At present, 
however, none of the sites on the Lunar surface are 
listed in the National Register and thus protected un-
der U.S. heritage legislation (but it can be argued that 
they are eligible, and so §106 applies anyhow). 

21  The Senate Bill was passed on 18 July 2019 and re-
ferred to the House of representatives, where it was 
introduced by Rep. Eddie Bernice Johnson [D-TX] 
(Johnson 2019). At the time of writing (February 2020, 
it was at the committee stage. 
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funding or are associated with NASA programs, as 
the text of the bill specifically, and solely addressed 
the issuance of licences to conduct a Lunar activity.22 

Government Ownership 

In the case of the USA all mission items left by Apollo 
astronauts, are still government property, with the 
U.S. government not relinquishing ownership in 
them (NASA, 2011, p. 6). The same can be said for 
all spacecraft crash sites, specifically those of unin-
tentional crashes and mission mishaps. The U.S. mil-
itary has made a point of not divesting themselves of 
military aircraft crashes and this can be extended to 
crashes in space.23  

Interestingly, the NASA ‘Recommendations to 
Space-Faring Entities…’ extend the claim of U.S. 
government ownership to “impact sites (e.g., Ranger, 
S-IVB, LCROSS, Lunar Module [LM] ascent stage)” 
(NASA, 2011, p. 5). This claim may well prove con-
tentious as it can be argued that the act of directing a 
space craft to impact with the Lunar surface, with the 
expressed or implied expectation of self-destruction, 
and without an expressed or implied expectation of 
its future retrieval, constitutes an act of abandon-
ment.24 An argument for non-abandonment can only 
be made if the design documentation of the mission 
prescribes a recovery of the constituent components 
(or their debris) at a later stage. 

Private Ownership 

In addition to state-owned items and objects, there 
are numerous privately owned objects on the Lunar 
surface, i.e. the private memorabilia such as Charles 
Duke’s family photo (Apollo 17), Alan Shepard’s golf 
balls (Apollo 14), David Scott’s bible (Apollo 15) as 
well as the Lunokhod 2/Luna 21 assemblage. 

A case can be made that the three private mem-
orabilia should be deemed abandoned property, be-
cause the ‘‘owner relinquished it with the intention 
of terminating his interest in and without intending 
to vest ownership in another’’ (1 Am. Jur. 2d, Aban-
doned Property § 18). Thus they are unprotected 

 
22. It should be noted that non-permissible actions such 

national legislation can be made exempt and thus per-
missible by Executive Order, and that national legisla-
tion can be repealed altogether. The recent changes to 
long-standing environmental protection legislation un-
der the Trump administration are a case in point. 

23  An exception are WWII U.S. Army Air Force and early 
U.S. Air Force (USAF) aircraft, where the USAF lost 
the ownership records. The U.S. Navy never gave up 

unless a legally binding and universally agreed-upon 
protection regime for the site as a whole is developed 
(Spennemann, 2004). 

A different case is the memorial card listing the 
names of 14 astronauts and cosmonauts killed during 
service and the 3.5 inch tall commemorative statuette 
‘The Fallen Astronaut’ by sculptor Paul Van Hoey-
donck both of which were deposited on the Lunar 
surface by David Scott during the Apollo 15 mission 
on 2 August 1971 (Figure 12). 

Critical in this regard is that the card and statu-
ette were secretly placed by Scott near the comple-
tion of his work on 2 August 1971 without prior 
knowledge of mission control and outside the vision 
of the TV camera.25 Thus they too constitute private 
property and are not covered under the provisions of 
the One Small Step to Protect Human Heritage in 
Space Act (if passed), nor are they covered by 
NASA’s Recommendations to Space-Faring Entities. 
The statuette, however, differs from the previous 
personal objects inasmuch as it was designed as a me-
morial. It can be posited that as cultural artefacts me-
morials are not abandoned property as the intent dif-
fers. 

The ownership of the Lunokhod 2/Luna 21 as-
semblage is non-ambiguous as the ownership chain 
is unbroken, and the present owner has never pub-
licly abandoned claims to it. In December 1993 the 
Lavochkin Research and Production Association 
(НПО Лавочкина ) (Moscow, Russia) sold the rights 
to Lunokhod 2, as well as to the landing stage, of Luna 
21 at a Sotheby’s auction for US $68,500 (David, 
2010; Sothey's, 1993, Lot 68A). Both are still in situ 
on the Lunar surface. In consequence, both space-
craft are now privately owned, and while retrieval of 
the craft seems unlikely at this stage, it is not unthink-
able that future technological advancements will 
make retrieval a reality and viable. Also, they can now 
be legally sold on, separately or individually, to any 
other interested party, or passed on through gift or 
inheritance. 

any claims to any of their extant (and wrecked) ships 
and aircraft. 

24  This argument is similar to that of the ownership of 
unexploded ammunition expended during military ac-
tion (Spennemann, 2005a). 

25  Mission control was unaware of the action until the 
press conference following the successful return to 
Earth (Anonymous, 1971). 
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This leads us to consider the second element, 
namely jurisdictional issues. 

Jurisdictional issues 

In terrestrial heritage legislation, irrespective of coun-
try, the assumption prevails that the nation state has 
jurisdiction over its territory and therefore can pass 
legislation that governs the protection and manage-
ment of the heritage assets located on that land. That 
does not apply on the Lunar surface.26 

 
Figure 27. Nationality of the artefact remains on the Lunar sur-

face (for data see Table 1). 

Yet, despite the current provisions regarding 
ownership of and jurisdiction over spacecraft as op-
posed to celestial territory, there is nothing to stop 
even a signatory of the Moon Treaty from accessing a 
space vehicle, instrument or artefact. The Outer Space 
Treaty sets out that outer space is not subject to na-
tional appropriation by claim of sovereignty, by 
means of use or occupation, or by any other means 
(Article 2) and that there shall be freedom of scien-
tific investigation in outer space, including the Moon 
and other celestial bodies (Article 1). Thus there is no 
convention that can prevent a party from going near 
a spacecraft or artefact on the Lunar or any other ce-
lestial surface (apart from Earth) while not actually 
damaging it. In the absence of any territorial claims 
to the surface of the Moon on which the landed 

 
26  Thus, while the symbolic value of the listing cannot be 

underestimated, that fact that the California Office of 
Historic Preservation voted in January 2010 to extend 
(California) State Historical Resource status to Tran-
quility Base (and more specifically, the 106 objects left 
behind by the crew of Apollo 11) (State of California, 
2010) has no legal strength. 

spacecraft or any artefacts are resting, the traditional 
concept of ‘trespass’ does not apply. Indeed, the 
Outer Space Treaty states (Article 12) that ‘‘all stations, 
installations, equipment and space vehicles on the 
Moon and other celestial bodies shall be open to rep-
resentatives of other States Parties to the Treaty on a 
basis of reciprocity. Such representatives shall give 
reasonable advance notice of a projected visit, in or-
der that appropriate consultations may be held and 
that maximum precautions may be taken to assure 
safety and to avoid interference with normal opera-
tions in the facility to be visited.’’ 

The management of sites on the Lunar surface is 
in essence very similar to the management of ship-
wrecks and aircraft wrecks on the ocean floor located 
in international waters away from the continental 
shelfs on Earth. While the ownership of the artefact 
components of the sites is well defined, the sites rest 
on a surface that does not belong to any single coun-
try. It would be difficult to actively manage a remote 
site of this nature, unless strict controls are devel-
oped, otherwise it would come down to the ethics of 
the individual visitor to maintain the historic integ-
rity.  

STRATEGIES TO PREVENT OR MITIGATE THE 
RISKS 

The potential for the impairment, as well as outright 
destruction of the integrity of the space heritage sites 
on the Lunar surface has been outline above. Given 
the differential level of significance that can be at-
tributed to the various sites on the Lunar surface (see 
Table 1, based on criteria set out in Table 3 and Table 
4), any access to a site has to be controlled so that the 
integrity of the space heritage site is in no way dimin-
ished. Some aspects of site access have been summa-
rised in Table 5 and Table 6. 

Site Register and Object Inventory 

Of primary importance is the establishment of a reg-
ister of Lunar heritage sites that includes, inter alia, 
the name of mission, the exact location on the Lunar 
surface, the nature and details of the mission, the 
originating country, the status of ownership, the 

Equally, while referred to committee the Bill for the 
Apollo Lunar Landing Legacy Act of 2013 (Edwards 
2013), which proposed the establishment of a U.S. Na-
tional Park on the Lunar surface, was not further ta-
bled as it violated the provisions of the Outer Space 
Treaty (Hertzfeld & Pace, 2013). 
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administering authority, as well as a description, in-
cluding technical details, drawing and photographs, 
of the space craft, followed by an assessment of the 
historic context and significance of the mission, as 
well as an assessment of what (if any) elements at 
each site may be vulnerable to material degradation.  

For that register to be a workable and useable 
entity in the management of the finite human cultural 
resources on the Moon, the exact location of each the 
spacecraft site on the Lunar surface is required. So 
far, imagery of NASA’s Lunar Reconnaissance Or-
biter has allowed us to locate a number of sites. 
Other sites are known with general reference co-or-
dinates, while some other locations, in particular 
those that crashed following orbital decay, are un-
known at this point in time. While it is a priority to 
locate these sites and provide a locational fix, it is im-
perative that this occurs by non-intrusive means, 
such as orbiting space craft akin to the Lunar Recon-
naissance Orbiter.  

Any image that can be generated from orbit will 
be desirable to assess the condition of each site. A 
good example for this is the recent work on the per-
sistence of the flags planted at the Apollo landing 
sites (Fincannon, 2012). 

Following on from there, it is prudent to repho-
tograph from orbit each landing /crash site at regular 
intervals to ascertain any changes to the site that may 
have occurred. 

In parallel, an inventory needs be prepared of all 
objects associated with these sites, in particular those 
associated with successful landings on the Lunar sur-
face. Based on oblique surface level imagery acquired 
by Astronauts and/or robotic rovers, site maps 
should be generated that map the distribution of as 
many objects as ascertainable. 

International Agreements 

It has been posited that a new international treaty on 
the peaceful uses of the Moon may be required, 
which could, inter alia, enshrine the protection of her-
itage sites. As noted by U.S. Office of Science and 
Technology Policy, “negotiating any international 
agreement—particularly one involving such a high-
profile issue as outer space—is inherently difficult” 
(OSTP, 2018).  

As counter-intuitive as this may sound, it is crit-
ical to uncouple the protection of Lunar heritage sites 
from any future International Treaty on the political, 
economic or strategic use of the Moon and other 

celestial bodies. Any such treaty will either be not 
forthcoming as existing as well as emerging space far-
ing nations may not wish to limit their options at fu-
ture, unilateral utilisation by way of might or techno-
logical superiority; or the resulting treaty will so ge-
neric that any effective enforcement will be impossi-
ble.  

A more strategic and more achievable approach 
would be the development of global heritage conven-
tion governing the protection of space heritage. The 
current World Heritage Convention (1972) can serve 
a model, where state actors could nominate space 
heritage sites deemed to be of national significance, 
with a U.N. Space Heritage Committee (of 
UNESCO/UNOOSA) determining the curtilage. 

Even if this were achievable, however, any new 
international treaty or agreement will only be as ef-
fective and binding as the political will of the state 
actors to adhere to it, in particular on those occasions 
where its provisions may be perceived to be detri-
mental to the nation’s strategic or economic interests. 
Furthermore, state actors need to be willing to sub-
mit to the findings of any arbitration or judicial pro-
cess. The past five years have been illustrative of the 
fact that the political will to submit to a global polit-
ical system is no longer universal. Examples are the 
refusal of the People’s Republic of China to submit 
to an adverse decision in the ‘South China Sea Arbi-
tration’ by the Permanent Court of Arbitration (PCA, 
2016; Talmon, 2017; Zhao, 2018) and the Trump ad-
ministration’s decision to unliterally withdraw from 
the Paris Climate accord (Kontorovich, 2019; 
Tollefson, 2017). Even where state parties adhere to 
the provisions of a treaty, but where decisions are 
stipulated to be unanimous (e.g. in the Antarctic 
Treaty, United Nations, 1959), a single state actor’s 
perceived national interests can scupper outcomes. 
The continued failure of the Commission for the 
Conservation of Antarctic Marine Living Resources 
(CCAMLR) to declare the Ross Sea as a Protected 
Marine Area can serve as pertinent example where 
competing present and future national economic and 
geo-strategic interests collide with conservation goals 
(Brooks et al., 2019; Chen, 2019). 

Practical Considerations  

A number of basic practical considerations come to 
mind.  
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Exclusion Zones 

An exclusion zone, individual the perimeter of which 
needs to be defined, would restrict tourist and man-
agement approaches to the site, allowing viewing at a 
safe distance without disturbance. Yet, all that can be 
viewed from a distance would be the large-scale fea-
tures such as the landers. Smaller site components 
will not be visible unless close-up, which could en-
danger the integrity of the site. 

Robotic spacecraft based on current exhaust 
driven rocket engine technology are prone to cause 
blast damage or disturbance to the soft Lunar rego-
lith, the exclusion zone around the Apollo Lunar land-
ing sites (as well as other sites used by robotic rovers 
and sample collectors) needs to be considered in 
three dimensions, rather than the more traditional 
two dimensions used for heritage protection on 
Earth. In addition, there is the threat of accidental 
crashes of craft onto the site in the case of equipment 
failure of spacecraft hovering over the site. There-
fore, until such time that technologies have been de-
veloped which permit hovering over a site without 
physically affecting the Lunar surface in any way, we 
cannot contemplate a physical presence there, even 
when undertaking a heritage assessment for that 
site—as our own presence would pose a threat to 
that site’s integrity. 

It will be difficult to actively manage a remote 
site of this nature, unless strict legislative controls 
with real punitive measures are developed. Otherwise 
it will come down to the ethics of the individual vis-
itor to maintain the historic integrity.  

Even where the attributed cultural significance is 
only ‘low scientific’, we need to be conscious that the 
total number of space heritage sites on the Lunar sur-
face is scarce, finite, valuable and unrenewable. Thus, 
no frivolous action that diminishes that limited re-
source should be condoned. As outlined in Table 1, 
at present there appear to at present 86 discrete sites 
on the Lunar surface, ranging from unintentional 
crash sites to the site of the first human landing on a 
celestial body outside Earth. 

Any proposal that in any way affects the well-be-
ing of any component of this limited resource should 
be carefully evaluated, on a case-by-case basis, 
against established criteria of heritage management. 
Through the process, the precautionary principle 
should prevail.  

NASA’s (2011, p. 17) ‘Recommendations to 
Space-Faring Entities…’ propose varied exclusion 
zones, ranging from 75 m radius in the case of 

Apollo 11 to 225 m radius in the case of Apollo 17 
(both centred in the descent module). While the im-
agery in the document suggest 200 m exclusion 
zones for Apollo 12, 14, 15 and 16, the actual recom-
mended buffers—as one cannot call them exclusion 
zones—are between 3 m for the descent module and 
1 m for the rover, scientific experiments and other 
like objects (NASA, 2011, p. 19). A similar 1 m 
buffer is prosed for “all Surveyor spacecraft hard-
ware” (NASA, 2011, p. 25). 

This effectively, and expressly permits the oblit-
eration of all Lunar tracks, including those made by 
the first human-driven vehicle on the Moon (Lunar 
rover, Apollo 15). As well as the tracks made by the 
Astronauts Pete Conrad and Alan Bean when visiting 
Surveyor 3 and effecting the first, and so far only, a 
human-made object back from the Lunar surface. 

In our view this is a wholly inadequate and does 
not do justice to the cultural significance of Apollo 
12 and Apollo 15. 

Impactor missions, with the exception of Luna 2 
and Ranger 4 have very little cultural heritage signifi-
cance beyond the crater and debris field. Conse-
quently, the exclusion zone proposed by NASA 
(2011, p. 25) (going to the crater rim) is adequate. 
From a cultural heritage point of view there is also 
no objection to sample retrieval and return under the 
proviso that this is carried for scientific purposes and 
not for pecuniary gain on the collector’s market. 

Curtilage 

In terrestrial heritage settings, registered heritage 
places tend to have a curtilage, a zone surrounding 
the physical entity of the site. This allows the heritage 
site to exist in its setting without surrounding devel-
opments infringing on the heritage values. On the 
Lunar surface this curtilage could be effected by the 
creation of an exclusion zone. 

While in this document we are primarily con-
cerned with the visitation of the sites by humans and 
robotic rovers, it should be noted that the concept of 
curtilage assumes a different dimension on the Lunar 
surface. In the terrestrial environment is acknowl-
edged that each heritage site is embedded in a cultural 
landscape of human endeavour. The human landing 
sites, however, were established on the Lunar sur-
face, a space devoid of human interaction as far as 
the eye to see to the Lunar horizon. Thus, in the case 
of the Apollo landing sites the curtilage applies to 
that distance.  
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We have in hand from the Apollo 12 mission, 
which visited Surveyor 3. Figure 4 shows Astronaut 
Pete Conrad working on Surveyor 3, with the lander 
of Apollo 12 clearly visible in the background, some 
155 m away. In the light of this, we consider the ex-
clusion zone of 75 m radius as proposed by NASA 
(2011, p. 15) as demonstrably highly inadequate. 
While horizon-distance curtilages may not be practi-
cal for the landing sites of Apollo 12, 14, 15, 16 and 
17 (if competing land use should develop within that 
curtilage), this extent of curtilage should be main-
tained for the landing site of Apollo 11 site. 

The long-standing U.S. Secretary of the Interior's 
standards for rehabilitation (Hume, 1983; Tepper, 2011) 
and similar standards and charters issues by other na-
tional heritage agencies (e.g. Australia ICOMOS, 
1979, 2013), mandate the reversibility of conserva-
tion actions taken. A critical element that distin-
guishes a curtilage on the Lunar surface from that on 
Earth is that developments on Earth allows for a de-
gree of reversibility of actions taken, a luxury that 
does not present itself on the largely pristine Lunar 
surface. This counsels for caution and the extreme 
conservatism in actions deemed permissible. 

BROADER LONG TERM SUGGESTIONS 

While it would appear to belong to the realm of fan-
tasy and impossibility, space tourism is a reality 
(Spennemann, 2007g), and although the industry is in 
its infancy, it poses a potential threat to heritage sites 
located across the Lunar surface. The Google Lunar 
X Prize merely exacerbates (and accelerates) a pre-
existing concern. 

Normal protected-area regimes are based on the 
premise that the administering authority has territo-
rial ownership over the land and thus legal authority 
to prescribe land management regulations. As long as 
there is no territorial authority on the Moon these 
principles cannot function on the Lunar surface. 
However, Antarctica can serve as an example. Even 
though no country can take legal possession of all or 
portions of Antarctica, national constructs of sover-
eignty have been developed that allow nations such 
as Australia to manage the resources in the national 
interest, subject to International Conventions 
(United Nations, 1959). This concept can be ex-
tended to the Lunar surface, where curtilages could 
be established around the landing sites and the herit-
age contained therein. That could entail provisions 
that limit or prohibit resource extraction activities 

(‘mining’) within a set radius around the site as well 
as limit or prohibit any tourism operations 
(Spennemann, 2007a). 

If we exclude all visitation and preserve the sites 
so no one can get even near them for fear of damage, 
does this defeat the purpose of protecting them? In 
the light of potential technological developments, it 
is foreseeable that access without disturbance will be 
possible one day. The site of Apollo 11 is truly unique 
in the history of humanity and must be managed with 
the long-term interest of humanity in mind. The 
other five landing sites act as back-up sites should the 
Apollo 11 site be destroyed by direct meteor impact, 
for example. Thus it is prudent to manage these sites 
solely by inclusion until such time zero impact tech-
nologies have been developed (Spennemann, 2007a). 

It is vital that management strategies are put in 
place before Lunar tourism and other proposed sci-
entific and commercial proposals becomes frequent 
and result in the destruction of cultural heritage on 
the Moon. There is an urgent need for a multi-na-
tional, binding framework that governs the protec-
tion of the Lunar sites for all of humankind. A global 
heritage convention governing the protection of 
space heritage needs to be developed and agreed to 
and subsequently implemented. 

It is further advisable that a multi-national, tech-
nical advisory panel be established that evaluates all 
proposals affecting space heritage sites on the Lunar 
and other interplanetary surfaces. This needs to be a 
body coordinated and managed by an Office under 
the auspices of the United Nations, such as 
UNESCO (Ideally) or UNOOSA. Private business 
enterprises, irrespective of a not-for-profit status, 
have no role in this. 

Given the multilaterality of the issue, and the 
lead times required to arrive at international agree-
ments, it is time to start the management process now. 
Humanity can ill afford to lose the sites that are as-
sociated with the greatest adventure we have em-
barked on so far: to leave the confines our own 
planet and set foot on another celestial object. 

SUMMARY OF KEY RECOMMENDATIONS 

The key recommendations are: 

1.  A Register of Lunar Heritage Sites should be es-
tablished.  

2.  The condition of Lunar heritage sites should be 
regularly monitored using orbital photography.  
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3.  A global heritage convention governing the pro-
tection of space heritage should be put in place.  

4. A multi-national technical advisory committee, 
under the auspices of UNESCO with input from 

UNOOSA, should evaluate proposals affecting 
space heritage sites on other planetary bodies. 
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