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What did the Apollo Missions Tell us7

« The Moon is old (~4.6 Ga)
» Moon moves away from Earth ~3 cm/yr

» Isotopic analysis shows Moon and Earth
have crucial compositional similarities

 Early Moon was molten: magma ocean
cooled to form the crust

 Giant Impact Hypothesis
« Earth was molten too!

 Impact cratering is an important | -
geologic process — history preserved on i g s ()
the Moon |

* \olcanic activity occurred ~4.2-3.16 Ga




Lunar exploration can reveal how the
Earth-Moon system formed

-

J. Tucciarone

Giant impact hypothesis for origin of Moon






- Roche limit: =7




"y @4, July 1999,
L '
Clementine -

Lunar Prospector & -

1997 - 1998 °



Nearside

Earth’s Moon
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The Late Heavy Bombardment (4.0 - 3.8 Ga)
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We have reliable radiometric dates only for Imbrium and Orientale Basins
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Ages of lunar surface samples calibrate
the crater density “clock” used to
estimate ages elsewhere on the Moon

Also used to estimate ages of all other
rocky-planetary surfaces in the Solar
System despite major uncertainties

Mercury




Model: Evolution of the Solar Sstem
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Average lllumination of the Lunar South Pole Average Daytime Temperature at the Lunar South Pole
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NASA’s SLS and Orion 7
- with our international partnergs

ORION




Artemls Phase 1 To the Lunar Surface by 2024

Artemié Support

rtef : Artemis Support
' . . \ Artemis Support Mission: First Mission: Human Artemis IlI:
Artemis II: First humans - Mission: First = pregqrized \ Laniding Syst wed miss
10 orbit the Moon ~ ~ high-power Solar. . module delivered QF Ing system Crewed mission
. B o ~Electric Propulsion - it . delivered :0 Gatev:fay and
g . roL AT e s o . : unar surface
Artemis |: First human B e - . S ' .

spacecraft to the Moon

Early South F

- First robotic Ia
return and In- S/tu Urc

- First ground truth of polar crater volatiles

2020 2024



Artemis Phase 2: Building Capabilhities for Mars Missio‘
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. \Q Artemis 7

Artemis Support Mission
Lunar surface asset deployment for
longer surface expeditions

suswmw LUNAR ORBIT STAGING wmm AND sumcs smammn

MULTIPLE SCIENCE AND CARGO PAYLOADS ~ INTERNATIONAL PARTNERSHIP OPPORTUNITES  TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MARS
2025 2029
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Science & Exploration Fuel Depot

Future Moon
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The Moon Stabilizes Our Spin Axis

Apparent Size
Rocb_g__]rimit

5 Hour Day o« @ 4M50?3r;1

Slipping away
1% inches per year
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10 Hour Day Moon
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Bombardment History
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For every 1 impact on the Moon the Earth should have 20 impacts!



§ . . Primordial disk of icy bodies

15 AU 15-30AU
Young Lunar
Terrain = . &Q ‘ » @
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Solar Wind Solar UV
Plasma & X-rays




Magnetic Anomalies: Fe, Ni and PGM

* Platinum group metals (PGM) are primarily located in SPA Basin
* PGM concentration in iron meteorites can reach 200 ppm
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