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Magellan

A5 ships
A270 men

AFlour
ASalted meat




Lewis and Clark (1804)

A3 boats

A193Ib of Portable soup
A130 rolls of Tobacco

Aon 3L tf2ya
AMedical and surgical sup
AQilskin bags
ANative American presents '
ASextant

AFirearms, powder, and shot




Shackelton (1914)

AWoolen hats, under clothes
ACanvas jackets

AReindeer fur gloves
AStoves

ATents

ADog teams







Robotic Exploration 3.0

obotic Exploration 1.0
Subsurface, icy moons, & beyonc

PreApoIIo Lunar expiﬂ’ra‘tm -
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nghcadence trlabnderror Incremental sophistication in a multi Oneshot mission with adaptive,
e.g. Ranger, Surveyor, and mission campaign intelligent robot(s)
Mariner missions e.g. Mariner, Viking, Mars Observer,

MGS, Pathfinder, Odyssey, MRO
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Under the methane lakes on Titan?
amiliar, yet alien

EARTH
Lakes and Seas

Surface area:
126,000 km?

Surface area
58,000 km?






Metallic Core

Images: NASA/JPL
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Images: NASA/JPL




Images: NASA/JPL, NASA/MAVEN/LPI




TIDAL FLEXING A TIDAL HEATING

Rotation of Europa around Jupiter from above

Rotation of Europa around Jupiter from horizontal view

sic

Copyright 2025 California Institute of Technology. Government sponsorship acknowledged.
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HYDROTHERMAL VENTS?

Video: NOAA
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National Aeronautics and Space Administration

CLIPPER

WWW.
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Caltech/ SWRIMSSS/Gerald Eichstadt/Sean Doran

Image: NASA/JPL



NASA/JRCaltech



EUROPAOGS

METALLIC CORE

NTERI OR

ROCK

OCEAN

ICE CRUST \

Copyright 2025 California Institute of Technology. Governmen

t sponsorship acknowledged.
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EUROPA: MORE WATER THAN EARTH

All of Earth’s water

All of Europa’s water
2x Earth’s

EUROPA

Present conditions for life?

MARS

Past Conditions for life

EARTH

Known life

*“ Copyright 2025 California Institute of Technology. Government sponsorship acknowledged. 22



INGREDIENTS FOR LIFE?

WATER:

Much more t han

ESSENTIAL ELEMENTS:
From formation and impacts

CHEMICAL ENERGY:
From above and below

STABILITY:
ASIi mmeringo f

or

of

Copyright 2025 California Institute of Technology. Government sponsorship acknowledged.

23



NASA/JRCaltech



Images:

NASA/JPL/SSI
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NASA/JRCalteciSSI

Global ocean

Rocky core

Hydrothermal vents

— South polar region with active jets

PAS



Image: NASA/JPL-Caltech/SSI; Video: P. Schenk




- Cryovolcanic
‘'olatile -Driven Model

Open Conduit Model

Image: NASA/JPL-Caltech JGR Planets.




