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What did the Apollo Lunar Samples Tell us?

ANORTHOSITIC

LAYER

* The Moon is old (~4.6 Ga) Yo TN s

MAGMA

* Early Moon had a molten magma ocean
that cooled to form the crust L s

* Impact cratering is a fundamental and
important geologic process

* Large impacts occurred early in lunar

histo ry - /'AiaolldLLuna'r”gr/nples Keep in |
Curation Facility at Johnson Space Center

N

* VVolcanic activity occurred ~4.2-3.16 Ga
* The surface samples are “bone” dry

* |sotopic analysis told us the Moon and
Earth are virtually identical
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Earth’s Moon Nearside
Altitude




Earth’s Moon Nearside Farside
Crust Thickness

Humboldhanum Qx oy

« Basins

* Olivine-rich exposures
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Crustal thickness (km)
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Ages of lunar surface samples calibrate the
crater density “clock” used to estimate ages
elsewhere on the Moon

And is used to estimate the ages of all other
planetary surfaces in the Solar System

Mercury




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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Lunar exploration can reveal how the
Earth-Moon system formea

. ”L*

J. Tucciarone

Giant impact hypothesis for origin of Moon






" Roche limit: -+ -
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The Moon Stabi

Roch_g_Limit

Moon

5 Hour Day |
: 4.5 Ga

N,
~. -
--------

Slipping away
1% inches per year

10 Hour Day Moon
3.9 Ga
d~21R:
Earth 24 Hour Day

izes Our Spin Axis

Apparent Size

@ Moon Today

d ~ 60 Re




Theory 1: Formation of Farside Highlands

e ' (




Theory 1: Formation of Farside Highlands

t=06h t=14nh t=28h

Thicker Crust on the
Far side of the Moon



 Theory 2: Formation of Farside Highlands *
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~ Theory 2: Formation of Farside Highlands *
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Bombardment History

Nearside
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For every 1 impact on the Moon the Earth should have 20 impacts!



The Late Heavy Bombardment (4.0 - 3.8 Ga)
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Solar System Formation Models

o o <8

20 AU 30 AU

5AU 10 AU

* Planets formed near present locations

* Problem: Can’t create all the outer planets even after ~4.5 By of evolution!

25



Solar System Formation Models

5AU 10 AU g

20 AU 30 AU

’ &\ ‘ . Primordial disk of icy bodies
| , 15 AU

15-30AU

Basic Principle: Objects closer to the Sun can grow faster
e @Gas giants must form in a compact configuration (5-15 AU)
* Massive icy body population will then existed (15-30 AU)

26
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Destabilizing the Outer Solar System

x (AU)

Watch what happens after 890 My
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The Late Heavy Bombardment




Theory: Evolution of the Solar System
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Average lllumination of the Lunar South Pole Average Daytime Temperature at the Lunar South Pole
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Lunar Polar Water

present present
north pole e south pole
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Magnetic History of the Moon

Current Earth Maximum
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Time Before Present
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TIME Geminid Meteor

g Shower
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é | | | Water Released
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& ‘ ' Primordial disk of icy bodies

15 AU 15-30AU

Young Lunar

e | )08 e e
5AU 10 AU 20 AU 30AU
crust

Solar Wind Solar UV
Plasma & X-rays




Space Policy Directive — 1
Reinvigorating America’s Human Space Exploration Program

“Lead an innovative and sustainable program of
exploration with commercial and international
partners to enable human expansion across the solar
system and to bring back to Earth new knowledge
and opportunities.

g . Beginning with missions beyond low-Earth orbit, the
. United States will lead the return of humans to the
g ; " Moon for long-term exploration and utilization,

' followed by human missions to Mars and other
destinations.”

NASA is also charged with landing the first woman
and next man at the South Pole of the Moon by 2024.
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Commercial Lunar
Payload Services

Intuitive
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.
INTUITIVE MACHINES

& « US commercial providers of
space transportation services,

July 2021

* 10-year multi-vendor catalog for
payload missions
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The Power of SLS and Orion
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Artemis Phase 1: To the Lunar Surface by 2024

Avtemis I: First human
. spacecraft to the’ Moon’

Early South F
- First robotic landing man lunar e e b
return and In-Situ Resource Uil tlon (I RU) site e
- First ground truth of polar crater volatiles

2020 2024



Arte..'rr.i is -Phé'Sé 1: To"the;. Lunar Su‘r'féf:e by 2024 : |

Artemis II: Flrst humans -
to orbit the Moon '

Ar’temisl: Firsthuman‘ . .
spacecraft to the Moon” . .

Early South
- First robotic lan :
return and In- SIU Resource Utilization (I RU) SO e
- First ground truth of polar crater volatiles

el \ar T
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2020 2024



Artemis Phase 1: To the Lunar Surface by 2024 g

"~ Artemis Support

N, - Artemis Support . Mission: First . .
Artemis II: Firsthumans -~~~ Mission: First = preggurizeg - Co
to orbit the Moon - - - high-power Solar. . module delivered ' |

, - | ‘Electric Propulsion ¢4 Gateway - . »

Atemis I: First human

- (SEP) system
spacecraft to the Moon R

Early South F
- First robotic landing on eventual human lunar
return and In-Situ Resource Utilization (ISRU) site

- First ground truth of polar crater volatiles

2020 2024



Artemis Phase 1: To the Lunar Surface by 2024 4
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L  Artemis Support Artemis Su ort
N - Artemis Support ~ Mission: First ~ Mission: Hlfnﬁan
Artemis II: First humans -~~~ Mission: First = pregyrizeg Lariding System '
to orbit the Moon ~ ~_ high-power Solar. . module delivered - delivered to -
SN . - . - Electric Propulsion _to Gateway - 'Gateway -
Attemis I: First human . - (SER)system " .

spacecraft to the Moon

Early South Pol
- First robotic landing on eventual human lur

return and In-Situ Resource Utilization (ISR
- First ground truth of polar crater volatiles

2020 2024
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Six Days to
Orbit the Moon

Lunar Transport
System (Ascent,
Descent, Transfer)

Orion/European
Service Module

Gateway
Phase One
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Shannnnr



Artemis Phase 1: To the Lunar Surface by 2024

Artemis Support

o N /(a:tsirgzspﬁlri?on \ Missioq: First Bk Mig_s?on: Hgman ;;s‘? Artemis II;

Artemis |I: First humans -~ . pressurized =~ Lariding System Crened mission

to orbit the Moon in the high-power Solar. . odule delivered delivered to o Gat )
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Artemis I: First human | (SEP) system S I e

spacecraft to the Moon
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Science & Exploration Fuel Depot

Future Moon
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MARS MISSIONS
OPERATIONAL 2001-2019 2020 AND BEYOND
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A
Trace Gas B —:
er (ESA/RSA) MMX (JAXA)

Mars .
Express (ESA)
(2003)

Mars 2020

Cunosnty g SR L InSight ROVBI’(NASA) Mars Sample
Rover (20__})@» R s STy Return Lander A
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Return (China) 5
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Prepare for Future Human Explorers

I U.S. Missions Il non-U.S. Missions
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Interior Exploration using '”fe’ smic Investigat

- Lithosphere i£

Landed on Nov 26, 2018




Latest Weather .
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at ElysiumPlanitia -~ | /=
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InSight is taking daily weather measurements | 'tem‘?'fr‘éture\‘, ~ b --n Qk
wind, pressure) on the surface of Mars at Elysium Dlanma a '
flat, smooth plain near Mars equator. :
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Seeking Signs of Life: Mars 2020 Rover

Mars Helicopter

= SSHERL
- SHERLOC
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ISRU Regions Of
Interest

S A it T
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Landing site
Used for landing/launch

Human Habitat Zone
: ~1km scale
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Potential Exploration Zones
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1st Human Landing Site Workshop
October 27-30 at LPI




 QUESTIONS?
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Zond 3 .

" Ranger 1
Ranger 2

Flight Test and
Flyby Missions
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