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Context: Lunar Exploration in the
Early Years

Sequence of exploration [1959-1969+7]:
* Flyby, orbit and map the surface

* Land and test soil properties

* Rove and explore the environment

e Return Samples

* Brief human exploration



1959 Luna lll sees the Farside

Lluna 3 Lunar Reconnaissance Orbiter
launched i 1969 BUnchad n 2000

From ORBIT 50 years later....



Luna and Apollo RETURN SAMPLES
1969-1976

1969
Apollo 12




Lunar Exploration in the Current
Context

Sequence of exploration [1959-1969+7]:
* Orbit and map the surface

e Land and test soil properties

* Rove and explore the environment

e Return Samples

* Brief human exploration

....... Leading to.......

* Long term human presence



For Iong term Human mvolvémént
space hazards must be significantly
reduced.

NEEJ Yang



We now know the Moon
has natural environments
that may protect from
some of the hazards.

Pits: Holes to underground chambers

Mini-magnetospheres
At SWIRLS




What/where are lunar SWIRLS?
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Review: Lunar Albedo Variations
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What/where are lunar SWIRLS?

Review: Lunar Albedo Variations .«

* Mare — Highlands
* Composition differences

* Freshly exposed materials
* Age differences

e Swirls
* Neitherofthe ak
* no topography : _
* + magneticanomaly **

Reiner Gamma









What/where are lunar SWIRLS?

Review: Lunar Albedo Variations

* Mare — Highlands
* Composition differences

* Freshly exposed materials Magnetic Anomalies
* Age differences

e Swirls
* Neither ofthe above
* no topography
* + magneticanomaly

[LP 30 km]




Magnetic Anomalies [LP 30 km] + Swirls
'Richmond and Hood 2008]
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Magnetic Anomalies [30 km] + Swirls
'Richmond and Hood 2008]
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What/where are lunar SWIRLS?

Review: Lunar Albedo Variations
* Mare — Highlands

Gerasimovich

hland AT -
* Composition differences :'\ .}‘: g p o
* Freshly exposed materials ) ﬂ
* Age differences >

'x 234.4
o 19

e Swirls
* Neitherofthe above
* no topography
* + magneticanomaly



SARA* on Chandrayaan-1 detects mini-
magnetosphere at Gerasimovich

a) Hydrogen 150eV - 600eV b) Hydrogen 30eV - 100eV c) Albedo 750nm

Wieser et al.,2010 GRL [

SW backscattered
hydrogen deflected
from Mag anomaly to
surroundings.

*Sub- keV Atom Reflecting
. 230 240 250 280 230 240 2350 260 ‘ 240 250 260
Analyzer [Sweden & Indla] Longitude [deg) Longitude [deg) Longitude [deg)




Magnetic Anomalies [LP 30 km] + Swirls
'Richmond and Hood 2008]
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What/where are lunar SWIRLS?

Review: Lunar Albedo Variations

* Mare — Highlands

* Composition differences Marginis

* Freshly exposed mate iy &
» Age differences i

e Swirls s
* Neitherofthe abov ,
* no topography W L Ao
* + magneticanomaly (“\"1 4 .



Solar Wind and
Lunar Water

M3 Data [Moon Mineralogy Mapper]
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Compared to local
background, SWIRLS exhibit

lower amounts of OH.

[i.e..surface is partially ‘protected’ from solar wind.]
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Magnetic Anomalies [LP 30 km] + Swirls
'Richmond and Hood 2008]
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Vloon mini-magnetospheres may
oe good sites for a Lunar Base.

A surface rover is best suited to investigate:
e Surface with partial protection [TBD] from radiation
 Possible nearby lanes of OH production (H focus)

* Overall surface accessibility [no inherent topography]
* Valuable geology and space physics science

Reiner Gamma, case study

Rover capabilities?



Reiner Gamma
region
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Digital Terrain Model




RG Terrain
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Example experiments for
traversing Relner Gamma:

)

SQltg@'Assessment

. I\/Iagnetometer |

. Solar Wind monitor

. Dust monlté;r

. Radlatlon momtor

* OH/H20. monltor

* EM sounAoV

" 20 km

1

'beOIogy & Operations

o Camera ¢

i .'° Nearl Spectﬁdmeter
i SO|I phy5|cal propertles
o °/HD Video
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At the;same time, ma

advances are made lin our

scielmtific understa%d ng

. of;dhe character an
o;igin of rﬁagne;t_ic
%nomalies and 2

consequences for liinar

regolith evolution.
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