Exploration of the Moon
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Magnetic History

<300 Ma ~650 Ma

Time Before Present
Adapted from Mighani et al., Sci. Adv., 2020

rientation of the Lunar Internal Field?
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* The geometry of the Lunar field is largely
' ] i unknown due to lack of knowledge of the
parent boulde i orientation of most lunar samples

* However, recently analyzed Apollo 17 basalts
are consistent with an axial symmetric dipole

Nichols et al., Nature Astron., 2021 * Some observations may indicate reversals or
quadrupole moments
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HYDROGEN/WATER CONCENTRATION AT LUNAR SOUTH POLE
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Geminid Meteor
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WATER SIGNAL

December 2013

+ DRYREGOLITH (-3 inches deey

Shock Wave HYDRATED SOIL

Lunar Water Cycle
e 3.6 By - Present

Micrometeorites

Earth
. .Aweric‘u},

Volatiles
N+ O+ O++

Lunar
O n S5 Amund ; .
: "s?.:d;\u‘.}.\.:‘;;\- mundse N Atmospheric
x 3"\

< A ‘ Volatiles
; ) : H,0 CO, CO SO,
X o H,S >

N e
= “-eomem
Asteroid

atiles

Increasing Age with Depth




2/24/22

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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Artemis Accords: International Guidelines

Peaceful Purposes

Transparency

Interoperability

Emergency Assistance

Registration of Space Objects

Release of Scientific Data

Protecting Heritage

Space Resources

Deconfliction of Activities

Orbital Debris and Spacecraft Disposal

SLS:and Orion

ORION



https://www.nasa.gov/specials/artemis-accords/index.html
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LUNAR EXPLORATION-ORBITAL

PAYLDAD THEMES

* Measure and charactenie

radabion esposure levels

o Laptre Mgh-rasoifion

phctograsty of mssion

Potential Lunar Landing Sites
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Hydrogen - Rocket fuel, oxygen extraction

G - Life support

74. Nitrogen - Food, atmosphere control

(% Carbon - Plant growth, fuel

- Metal production

g Sulfur - Binder for bricks

Helium - Propulsion, cryogenics, fusion
energy
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Science & Exploration
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SCIENCE
- HUMAN EXPLORATION AND OPERATIONS
el SPACE TECHNOLOGY

Future Moon Fuet Depot
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MAVEN
Mary (2013)
Reconnaissance

Orbitar (2005)

InSight (2018)

|

Inganuity
{2020}

Location of the Landers and Rovers
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also providing a source of energy for primitive biology. Xz
Key chemical ingredients for life are present: = ;
carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur. - ;& - *‘
Also the soil is m0|st and there are mtratesI

Interior Exploration using Seismic Investigations, Geodesfyiand Heat Transport
(InSight)

Mantle

Frequency (Hz)

https://mars.nasa.gov/insight/weather/
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Ancient Water & Habitable Environments
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Billions of Years

Where are these Discoveries Leading Us?

Ancient life - potential has increased

* Lots of signs of ancient liquid water: surface and underground

* Past geological environments that have reasonable potential to
have preserved the evidence of life, had it existed

* Detection of complex organics has increased potential for
preserved “fingerprints of life”
SUMMARY: We have a means to prioritize candidate sites,

and reason to believe that the evidence we are seeking may
be preserved and is within reach of our exploration systems.

NEXT STEPS: Mars Sample Return Campaign

14



2/24/22

Jezero Craterf®

Landing
Area

Jezero Crater
~3.8 - 3.6 By
Depth ~150 Meters
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Mastcam-Z SuperCam
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Séitah From the Air

Flight #6 — May 22, 2021

* Demonstrated flight on Mars
* Test perlod completed with 5 fli
i emonstratlon to Operations

N-;.__,,;lsp"'ﬁover path planning — looking for hazards & special formations

- Ground truth for HIRISE

Target of the 10" Flight: Raised Ridg

Ingenuity maneuvers at waypoints
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Take-off
landing area

Potential new
landing site < > _~

Perseverance Rover Science Objectives

UNDERSTANDING THE POSSIBILITIES FOR LIFE ON MARS

ANCIENT MICROBIAL LIFE HUMAN LIFE

Objective A: Objective B: Objective C: Objective D:
Geology Astrobiology Sample Caching Prepare for Humans
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Human Exploration on Mars

Mars Oxygen In-Situ Resource Utilization Experiment (MOXIE)

demonstration of
technologies to enable
propellant and consumable
oxygen production from the
Martian atmosphere. Collects
COg2 from the Martian
atmosphere, then
electrochemically splits the
CO2 molecules into
O, and CO.

21



MOXIE makes 6-10 g of propellant-
grade O, per hour from CO,
Can generate ~50% of what a
person breathes
Works remarkably well, hardly any
differences from laboratory
operation are seen

Future
* Need 25-30 kW power to produce
2-3 kg/hr of O,

Allow ~12 months to make enough
O, to launch a crew of 4

Elements for First Human Mars Mission
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G SYSTEMS (Mobide Hab, Suits, Access Systems

EVOLVED GATEWAY HABITATION

JCLEAR PROPULSION CREW SCIENCE AT MARS
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In-Situ Resource Utilization

* |ISRU systems would turn Martian resources into On Perseverance Rover
plastics, metals and other construction materials for
habits and 3-D printing

* Energy & Power systems: scaled fission reactors, solar
and chemical fuels

» Massive amount of resources known to exist on Mars
- Carbon Dioxide in the Atmosphere
- Supply of Carbon and Oxygen
- Sufficient Water

WSS or in Martian meteorites

Ao, Wine
“P.J-s-;. - d

. ~/= detected on Mars soil
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The Potential Future of Flying on Mars

Measurements:
Imaging
Temperature
Pressure
Humidity
Microbes

Science Regions
Of Interest

ISRU Regions Of
Interest

g,\ .

Landing site
Used for landing/launch

b 70 Y

Human Habitat Zone
~1km scale
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