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Between  1969  and  1972  six  Apollo  missions
brought  382  kilograms  of  lunar  rocks, soil, and
core  samples  from  the  lunar  surface.









Apollo  Lunar  Return  Sample  Container  (rock  box)
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No  Evidence  of  Life
Quarantine  discontinued  after  A-14

Preliminary  examination  in  the  LRL
thru  A-17

Samples  allocated  to  world-wide
research  community

Lunar  Sample  Curatorial  Facility  in
operation  since  1979





Pristine  Lunar  Sample  Laboratory



Lunar  core
processing
in  high-purity
nitrogen
glove  box



Organics  in  Apollo
Lunar  Samples

A  complicated  story  of  sources,
sinks, and  contamination



Solar  wind  H,
He, and C  atoms
are  implanted
in  lunar  rocks
and  soils.



Analytical  Results

5 – 200 mg / g  (ppm)  levels  of  C  in  lunar
soils, depending  on  surface  exposure  age

Sub – ppm  levels  of  simple  C-H  compounds
in  lunar  soils

Most  C  and  H  in  lunar  samples  are
implanted  solar  wind  ions.

Energy  of  implantation, as  well  as
irradiation,  can  produce  simple  organic
molecules.



Complex  organic
molecules  have  been
delivered  to  the  lunar
surface  by  multiple
sources.

Carbonaceous chondrites

Interplanetary  dust
particles

Comets



Organics  may  be  vaporized  upon  impact –
then  implanted  in  soil  or  lost  to  space.



Organics  in  soil  may  be  mobilized  by  micrometeorite
impact, diurnal  heating, and  photo-ionization.



Analytical  Results

ng / g   (ppb)  levels  of  complex  organic
compounds  were  detected  by  a  variety  of
techniques

However, many  possibilities  for  organic
contamination  had  to  be  recognized  and
controlled . . .



Contamination  Sources
Surface  contamination  of  the  lunar-bound

rock  box  and  its  contents

Surface  contamination  on  the  tools  used  to
obtain  samples  on  the  lunar  surface

Exhaust  products  from  the  descent  engine
and  reaction  control  system  engines

Lunar  module  outgassing



Contamination  Sources

Astronaut  spacesuit  leakage

Particulate  material  abraded  from  spacesuit
or  other  sources  during  EVA

Venting  of  lunar  module  fuel  and  oxidizer
tanks, cabin  and  waste  systems

Venting  of  spacesuit  life  support  backpacks



Contamination  Sources
Exposure  to  LRL  vacuum  or  nitrogen

processing  chambers

Surface  contamination  of  sample  processing
tools  and  containers

 Surface  contamination  of  containers  sent  to
investigators

Organic  contamination  to  lunar  samples
during  Apollo  11  was  in  the  1  ng / g
range, but  improved  to  0.1  ng / g  for  later
missions.



Bottom  Line

Lunar  surface  operations  and  laboratory
practices  are  known  to  have  produced  a
range  of  contaminants,  which  may  account
for  much  or  all  of  the  detected  organics.

This  conclusion  applies  specifically  to  the
Apollo  surface  soil  and  rock  samples.

Is  there  anywhere  else  that  we  should  be
looking?



Organics  in  unique  Apollo  samples ?
•  Core and trench  samples  preserved  in  vacuum
•  Soil  preserved  in  He
•  Shadowed  samples  preserved  frozen
•  Core  samples  preserved  frozen



Organics  preserved  in  shielded  cold  traps ?


