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Fifty years after
that ‘one small step’
there’s a new rush
to reach the moon

7 hen Apollo11 landed
)/l on the moon on 20
July 1969, history was

made. Fifty years later, it stands as
arguably the greatest achievement
ofthe20thcenturyandatestamentto
humanendeavour and perseverance.

Astronauts Neil Armstrong and
BuzzAldrinspentjustunder 24 hours
on the moon, including more than
two hours of field work at the lunar
surface. Meanwhile, Michael Collins
circled the moon in the command
module, perhaps best-positioned to
contemplate the meaning of life or
our place in the universe.

Down at the surface, Armstrong
and Aldrin performed several exper-
iments, but arguably their most
importanttaskwastocollect thefirst
ever samples of moon rock. Apollo
11 returned 22 kg of lunar samples to
Earth. Itwas to be the first time that
scientists wereable to analyse moon
rocks in Earth-based laboratories
and set in motion a series of discov-
eriesthatcontinuestothisday.

Over the past decade, I have been
extremely fortunate to lead several
projects working on A pollo samples
atTheOpen University. Thankstothe
Apollo astronauts and the curators
atNASA, researchers such as myself
—whoweren't even born when the
Apollo moon landings took place
—are still able to study moon rocks
and feel part of a shared historical
adventure.

As the world celebrates the 50th
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The discovery of water in

Apollo 11's haul of rocks
sparked great interest,

writes Dr Mahesh Anand

anniversary of the Apollo11 landing,
The Open University also celebrates
its 50th anniversary. By sheer coin-
cidence, The Open University was
awarded its Royal Charter three
months before the first moon land-
ing. heralding a new era, not just
in space exploration, but in higher
education. Notsurprisingly perhaps,
The Open University has champi-
oned space research for most of its
existence. We are very proud of our
continuing leadership in this global
endeavour. Indeed, it has been very
exciting to be involved in the theory-
changingdiscovery ofwaterinmoon
rocks, which had been thought to be
devoid of it for almost four decades
sincethefirstsampleswere analysed
in1969.

Over the past decade, my team
at The Open University have been
undertaking cutting-edge laboratory
researchtolook forwater—and other
associated elements such as carbon,
nitrogen, axygen—in moon rocks.

Ourfindi thepresenceof
awater reservoir in the moonwhich
is similar to certain parts inside the
Earth’s structure. Furthermore, the

distinctive chemical composition of
thewaterinthelunarsamples points
towards it having a common origin
with that of the Earth and asteroids.

Despite these Apollo samples
having ben collected 50 years ago,
this field of research remains active,
as many new questions have arisen.
Some ofthese new questionscan only
be addressed effectively by return-
ing to the moon with custom-built
instruments to perform experi-
ments, followed by missions return-
ing samples from areas of the moon
notvisited by the Apollo missions.

Aswater is a key commodity and
a precious resource for supporting
space exploration — it is required for
life supportand can beused inradia-
tion protection and rocketfuel-find-
ing water on the moon has reignit
ed interest beyond traditional space
powers and a new “moon rush” has
begun - just look at the number of
new spacefaring nationsand private
entities targeting the moon.

New research will explore the pos-
sibility of building habitats on the
moon. The availability of water on
the moonwillplay avital partinreal

isingourbold ambition ofliving there
in the nottoo distant future.

As we look forward to the next
50 years of space exploration, we
must acknowledge the contribu-
tions countless individuals made
towards the success of what was
once an unimaginable dream, of

“The Scotsman”
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surface of the moon but the samples they brought home from that brief visit proved to be an enduring field of study

landing humans on another plane-
tary surface.

Just as the members of the
Armstrong clan in Dumfries
and Galloway several centu-
ries ago couldn't know that one
of their descendants would walk
on the moon, we must continue

to inspire and engage the future
Neil Armstrongs of the world who
will realise the dream of extending
humanity’s presence to the moon
andbeyond ina safeand sustainable
manner.

Dr Mahesh Anand isareaderin plan-
etary science and exploration at The
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Open University. He co-ordinatesthe
UK node of the NASA Solar System
Exploration Research Virtual Insti-
tute.

Visit www.open.edw/openlearn/sci-
ence-mat hs-technol ogy/astronomy;
apollo-1l-and-50-years-research-on-
moon-rocks
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Hydrogen abundance in the Moon

Hydrogen isotopic composition of the Moon

10058 (larger piece 5 cm)



Why melt inclusions?
Apatites

Melt inclusions




Sample selection




Apollo 11 (10020 + 10058)

H diffusion and
SW mixing
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Chlorine isotopic composition of the Moon
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Hypotheses to explain Cl isotope fractionation

Magmatic degassing (Sharp et al., 2010)
<L+ Oy=18.728x+1.13 Incremental degassing of the LMO

| R eTe2 (Boyce et al, 2015)

Degassing of the KREEP-rich layer during
crust-breaching impact (Barnes et al,
2016)

Apollo 14: Vapour induced
metasomatism (Potts et al, 2018)

s 2 Exceptions : High-Ti basalts, Kal 009
ki 1ok rack) (Barnes et al., 2019)

Barnes et al., 2016, EPSL
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Melt Inclusions in Apollo Mare Basalts
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Comparison with apatites




Conclusions

Lunar mantle H,0 concentration lower limit at ~25 ppm

H,0-6D systematics of lunar Ml show large fractionation, induced by a variety of
processes (solar wind mixing, H diffusion)

The initial lunar juvenile 6D =-200 %o and 200 %o,

The average 637Cl of Ml from olivines and pyroxenes is similar to the average in apatites
from most basaltic samples

Suggest chlorine isotope signature of mare magmas weren’t modified during eruption
and crystallisation (i.e. original signature < 12 %o)

Appreciable H in the lunar interior with an elevated Cl isotope signature (view from
Apollo) — samples from other areas of the Moon required for a complete picture!
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