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Subsequent m|SS|ons have shown th‘at the sample
return S|tes were not ideal fOr explormg the Moon

Lunokhod Rover @

 Apollo sites close to terrane boundarles T S
- Samples contain PKT signature; e )

* Apollo sample collection Is not representative of the
lunar compositional diversity (Clementine/LP and
more recent missions) — sample return needed

e« Some I|tholog|es are not present in the sample
collection (Chandrayaan-1 & Kaguya m|SS|ons)
PAN: Ohtake ét al. (2009) Nature 461, 236-241 . ' .« ; &
0O0S: Pieters et al.:(2014) Amer. Miner. 99, 1985.19‘1‘,0-,: FHT 1 (ppm)
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Explosive volcanlsm

Chrlstensen frequency (CF) value
derived from DIVINER data
indicates silica-rich lithologies.
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Typical highlands

Well-dated surfaces
e = average values
A =Apollo L=_Luna

Surtace age not well known
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Barlow (2010) GSA Bull. 122, 644-657

Constraining crater
chronology..

Impovrtah,,ti_for"'SoIar
System Science.
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Lunar Pyroclastic Deposits:
Locations of all deposits overlaid on
Clementine 750-nm global mosaic,
Simple Cylindrical projection (center at 0,0)

4 LunPyroDb51999.shp
[ ] Global30grid.shp




Neutron Suppressmn"Reglons (NSRS)a found in both
permanently shadowed and illurninated areas, and they are not
coincident with Permanently Shadowed Reglons (PSRS)

Possible with nearside sample return’>
South Pole

Mitrofanov et al. (2012) J. Geophys.-Res. 117 EOOH27 dOI 10.1029/2011JE003956.




Sample Return - Robotic’ . .

Mission Country Date Returned Mass (kg) >
Luna 16 USSR 24 Sept. 1970 0.10,
Luna 20 USSR 25 Feb. 1971 0.03

Luna 24 USSR 22 Aug. 1976 - = < 0.17

Total 0.30

Sample Return Human

Mission Country Date Returned Mass (<))
Apollo 11  USA 24 July 1969 = 21.6
Apollo 12  USA 24 Nov.1969 343 §
Apollo 14 USA  OFeb. 1971 423

Apollo15 USA = 7Aug;2971 ~ 773 BN
Apollo 16 USA  27Apr.:1972 957
Apollo 17 USA 19 Dec 1971%?’ gt o s
Total Sl S i B8 7




Sample Return:
New lithologies ¥ S B
South Pole- Altken Basin |mpact melt (“I\/Ioonrlse”)
Other younger (e.g., Copernicus, Tycho) |mpact craters
Multi-ring basins (Nectaris, Imbrlum and Orlentale)
Young volcanic features (e g.; the Ina Structure)

Felsic domes (Gruithuisen Domes Hansteen Alpha
Compton- Belkovich); Lo O

Large pyroclastlc deposﬂs Bl T
Cryogenlc Sample return ,
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Soviet Union is the only country to successfully return samples

from another planetary surface but

Luna 16 12 Sept. 1970‘ Succeeded "

Luna20 14 Feb. 1972 Succ_eeded.""

luna24  14Aug. 1976  Succeeded ' .

http://lroc.sés'é,.;a,s.u.é_du/news/uploads/lun'a23'_figuxre.png'.; )

25 m |

| 'ff_‘_'f,.,,The ‘Luna 23 vehicle
b B *'-f-’:-»(ﬂescent stage, ascent stage

and Earth-return capsule)
landed at an unexpected
speed and fell on its side.




--,:;'4& T

Technology Development
Landers and sample return vehrcles _
Cryogenrc sampling, transport and ouratron

Rover development to survive the lunar day/nrght
temperature swings, sample identification, coflectron and

storage (including cryogenic capabilities).

Development of a Moon Assent \/ehrcle to return the
samples. - o | - |

These developments Would have feed forward |mpI|cat|ons
for I\/Iars sample return or SR from other destrnatrons
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Would enable science and exploratron as WeII as human-
robotic synergies. i

Availability of an orbiting/L2 habitat could faci;li‘tate targeted
robotic sampling of the lunar farsidé without much com-delay,
and facilitate exploration of the farsrde without the need for a
relay satellite.

Sampling rovers could be sent ahead ot human missions to
undertake teleoperated sampling and reconnarssance of
specific sites then rendezvous Wrth the astronauts who would
Investigate |mportant S|tes further and return the samples.

Alternatively, the sample return could be purely robotic, re-
establlshlng the capablllty that Was Iast successful In 1976




REMEMBER WHEN THE S
IDEA OF SENDING HUMANS T STARTING To

TO THE MOON SEEMED FEEL THAT WAY AGAIN,,
LIKE THE STUFF OF 4
SCIENCE FICTIONT




E-M L2 is 60,000 km
above farside.
Minimal station-
keeping to orbit
about L2.

This mission is much
less expensive than
Apollo-style missions
since no lunar lander
is required.. -
Mission is affordable
with NASA's current

& notional outyear, .

budgets.
Timetable for first

crewed mission(s)is ,

early 2020’s.

cesdtEsSpace Rgsearch, 52, 306.




Clementine Titanium Map of the Moon | Q— South Pole
Equal Area Projection W > \é _..\"Naf_\
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Permanently Shadowed
Regions (PSRs; cold traps)




25 50 75 100 125 150 175 200 225 250 275 300 25 50 75 100 125 150 175 200 225 250 275 300
A B

ML o

“ \KE\

-

Y

LR
§ e Yal £
Wt B

N
?\‘:" s

Diviner Daytime Diviner Nightime
What is the size of the volatilé geposits it PSRs? What form
are they in? Ry ' ' 2
Engineering challenge:”'lovv*-*t’e




Permanently Shadowed Reg|0hs
Peary Crater — North Pole

| n
180°W ' Farside
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LROC WAC Mosaic Lunar North Pole
Polar Stereographic, 400 m/pixel
Arizona State University

Nearside
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(Clementine uvvis color ratio image not avail

able)

eary ater

Location (longitude, latitude): 30.00, 88.50

Scientific Rationale:
Folar volatiles
Impact process

Resource Potential:

Highlands regolith

Enhanced hydrogen in permanently shadowed polar
craters (water ice?)

Operational Perspective:
Highlands terrain

Folar location

Areas of permanent shadow

MASA References:
Exploration Systems Architecture Study (2005)
Geoscience and a Lunar Base (1990)




Mission
Clementine
Lunar Propsector
SMART-1 ‘
Kaguya (SELENE)
Chang’e 1
Channdrayaan-1 .
LRO
LCROSS
ARTEMIS
Chang’e 2 T
GRAIL |
WADI==
Chang’e 3
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25 Jan. 1994
7 Jan. 1998

2 Sept.' 2003
14 Sept. 2007

. 24 Oct. 2009

22 Oct. 2008
17.June 2009,

17 June 2009 .
20 July 2009* @

1 Oct. 2010

- .10.Sept 20111:}7.,.-
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End Date
5 May 1994

131 July 1999
i """S‘Sept 2006

10 June 2009
1 Mar. 2009
31 Aug 2009
STILL ACTIVE
9 Oct. 2009

-?f STILL ACTIVE

~April 2012

1 Jan. 2012
17 Apr. 2014
STILL ACTIVE

‘f~;.;,;;_;:§3|‘—fl\/||8 mission. Date

represents start of operations ‘oncettiree satellites were moved to the Moon
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Lunar Meteorites: ..

‘} -

<5% of Iunar surface explored.
ApoIIo samples not representatlve

Lunar renarssance srnce the 1990s

‘has demonstrated the presence of

unsampled I|tholog|es and changed
our understandrng of the Moon

Need targeted sample return as part

of the next stage of Iunar
exploratlon

i ;j ALHA 81005
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Orientale

Orientale Inner
Rook massif

Inner Rook
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Ohtake et al. (2009)

Nature 461, 236-241

B =98 vol.% plagioclase
W 90-98 vol.% plagioclase
m =90 vol.% plagioclase

= Small crater
M Large crater

Roek Types not
represénted in the
sample collectlon

Pure Anorthosﬂe
Kagu, }.,.:a;(SEL ENE)




.~ Roek Types not
i represented in the
sampIe Collectlon

Olivine, Orth Q.‘.p_yroxene,
and Mg-Spinel-rich

N lithologies (OOS)
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Chandrayaan M3

A

P|eters et al. (2011) JGR, 116, EO0GO08;
Pieters et al. (2014) American Min. 99,
1895-1910
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Opportunity (Mars) ~40.5 km
Lunokhod 2 (Moon) ~37 km............

Apollo 17 LRV. (Moon) 35.74 km.....
Apollo 15 LRV (Moon) 27.8 km.....
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Apollo 16 LRV (Moon) 27. 1 Km.......................
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