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Lunar Poles -
by, e Spin axis 1.5° from the perpendicular to
C the ecliptic plane results in special
illumination conditions
Earth * Permanently shadowed regions are cold

Obliquity

traps (< 100K) and are possible
locations of ice deposits

e First mention that permanent shadowed

regions could exist was by Urey 1n his
o Nodal line 1952 book The Planets

apsides

Ecliptic plane
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Clementine’s View of the Poles

* Imaged each pole every 10
hours for 71 days

e Data collected during
winter in the southern
hemisphere

e High resolution data
collected at 15 m/pixel

 Shoemaker 1994 Science
paper estimated at least

30,000 km? of shadow in
the south polar region
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Busse

e S8

y et al

., (1999) GRL V26 No. 9, 1187-1190

Quantitative
[Nlumination Map

e No constant
1llumination

e A B.,C lit more
than 70% of a
winter day

e A&B
collectively lit
> 98%
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Peary crater were constantly
111um1nated during a lunar

;s'- e All are in close proximity
w1th permanently shadowed

reglons
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e Made from Goldstone data

*150 m Spatial, 50 m vertical DEM
» Mapped locations of permanent shadow

Details in Margot et al (1999) Science V 284 1658-1660

Ben Bussey / Angela Stickle JHU/APL



B Orbit 191

I & id
‘Dr /
——
Clementine UVVIS Radar topography
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Orbit 243

' 1&’ # Radar topography
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Clementine UV VI
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Simulated Simulations

20 km Crater Profile .
Planetary 17395' s ] ¢ Cl’atel‘ pI'OfllGS fOI‘

Radius / km
lunar craters are
known (e.g. Pike, 1977).

17

1757

: * Investigate amount
of permanent
shadow as a
function of size,
latitude and season.
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S=(0.9465xD) + (0.0202x62) - (0.009258%x0xD) - 78.06

e Craters in the range 2.5 to 20 km were studied

e Craters placed every 1° latitude from 70° to 90°
* A series of runs are conducted to calculate the extent of permanent shadow
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Permanent Shadow

e 1000’s km? of
permanent shadow
in simple craters at
both poles

 Permanent shadow
exists in simple
craters at long
distances from the
pole

e Represent possible
locations of volatile
deposits

Bussey et al., (2003) GRL V30 No. 6, 1278-1281
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illumination rate

* No 100% illuminated areas
* Both poles have locations that receive illumination > 80% of the time
e See Noda et al., (2008) GRL V35 L.24203
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Kaguya-Clementine Comparison

Figure 1

From Bussey et al., Icarus, 2010 Ben Bussey / Angela Stickle JHU/APL



Earth & Sun Shadows

e Earth Shadowed
. & Red
e Sun Shadowed
* Yellow & Red

From Bussey et al., Icarus, 2010 Ben Bussey / Angela Stickle JHU/APL
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South Pole average Incidenl flux over four 18.6yr cycles
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>87.5° > 5 km?
>87.5° > 10 km?
>87.5° > 20 km?
>87.5° > 50 km?
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From Mazarico et al., Icarus, 2011
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EJ. Speyerer, MS. Robinson /Icarus 222 (.
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LOLA & LROC

- Southern

Hemisphere

- Northern

Hemisphere

o)
©
o
X o=
vy
R =
o
Q
-
<

70 75

+ Latitude

. Perm.
Shadow

From McGovern et al., Icarus, 2013
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Cleostratus A
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Pythagoras
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From McGovern et al., Icarus, 2013 Ben Bussey / Angela Stickle JHU/APL



Polar Resources Ice Mining
Experiment-1 (PRIME-1)

Space Technology is developing
technologies for the collection, processing,

storing and use of material found or | ‘,‘ = joas ;%“

manufactured on other astronomical objects. se . d
| | . - RN\

« Consists of two high-TRL instruments — a Mass ? )
Spectrometer observing lunar operations ‘ ‘& \ \

(MSolo) and The Regolith and Ice Drill for _
Exploring New Terrain (TRIDENT) = .
> Will fly to the south pole in late 2022 on an . = S
Intuitive Machines CLPS delivery [

NASA is utilizing APL’s expertise in
precision illumination and thermal
simulations to help select the best landing
site for mission success
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Longest period of continuous sunlight, starting January 2, 2023
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January 6, 2023 400
LOLA 25m DEM to 80S
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Simulated Lighting Conditions — 25 m DEM

27-Dec-2022 00:00:00
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Valley Ridge Region

LOLA 25m DEM to 80S
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Ice Stability

Image courtesy of Matt Siegler, SMU Ben Bussey / Angela Stickle JHU/APL



Valley Ridge Region,-89.6°, -125.4°
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LOLA 25m DEM to 80S
Ben Bussey / Angela Stickle JHU/APL
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