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Composition of Europa s non-ice!
!
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Is Europa geologically active? !
!
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highest resolution Europa"



the Laplace Resonance 



jovian tides on Europa"



10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

ENERGY: RADIOGENIC & TIDAL 
 
 
 

Greeley	  et	  al.	  2004	   Moore	  &	  Hussmann	  2009	  



distance = 500 pc 
panels 3000 AU across"



D Angelo et al. (2003) Astrophys. J. 599, 548-576. 
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TW Hydrae from ALMA 
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10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

RECENT CARCONACEOUS METEORITE FALLS: 
CANDIDATE PRIMITIVE EUROPA ROCK 

 
 
 



Tagish Lake chondrite fall, 
Jan 2000"

Hydrated & anhydrous 
silicates, sulfides, sulfates, 
oxides, carbonates, 
phosphides, phosphates, 
chondrules, CAIs, CHONPS — 
unequilibrated but ~ solar! 

Sutter’s Mill chondrite fall, Apr 2012"





Water!

Energy!CHONPS!

Time!

LIFE!



Eric Hand (2007)"
St. Louis Post-Dispatch"



On to Enceladus 





Enceladus !
from Voyager 2!



Enceladus!
500 km!
1.6 g/cm3!

!





Cassini!







Cassini CIRS!









10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

















NaCl and  bicarbonate in some E ring particles!
There must be, or have been, water-rock interaction!



10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

EUROPA	  PLUME?	  



10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

Porco et al. 2014 



10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

Howett et al. 2011 



10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  



Enceladus Gravity and Topography Model (McKinnon 2014) 
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Water!

Energy!CHONPS!

Time!

LIFE!
?"



National Aeronautics and  
Space Administration

Europa “Clipper”!

Mantra: Explore Europa & Assess its Habitability!



Europa-UVS!
UV Spectrograph!
P!: Kurt Retherford!
SwRI, San Antonio!

SUDA !
Dust Analyzer!

PI: Sascha Kempf!
Univ. Colorado, Boulder!

MASPEX!
Mass Spectrometer!
PI: J. Hunter Waite!
SwRI, San Antonio!

ICEMAG !
Magnetometer!

PI: Carol Raymond!
JPL-Caltech!

EIS!
Narrow-Angle Camera +!

Wide-Angle Camera!
PI: Zibi Turtle!

JHU-APL!

Radiation Science "
Working Group!

WG Lead: Chris Paranicas!
JHU-APL"

!

MISE!
IR Spectrometer!
PI: Diana Blaney"

JPL-Caltech!

REASON!
Ice-Penetrating Radar!
PI: Don Blankenship!

Univ. Texas Inst. Geophys.!

Gravity Science "
Working Group!

WG Lead: Sean Solomon!
Lamont-Doherty!

In Situ!Remote Sensing!

NASA-Selected "
Europa Instruments!

PIMS"
Faraday Cups!

PI: Joe Westlake!
JHU-APL!

E-THEMIS!
Thermal Imager!

PI: Phil Christensen!
Arizona State Univ.!
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16m REASON HF Antenna 
(2x) 

S/C Height " 4.6 m 
Solar Array Width " 22.3m 

Solar Array Panels 
(8x) 2.2m x 4.1m 

each 
~72 m2 area 

5.0 m ICEMAG 
Boom 

Proposed Flight System Configuration 

Solar Array Panels Solar Array Panels 

Nadir Pointed Instruments 

REASON VHF 
Antennas (4x) 
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Payload Accommodation 
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Current Jupiter Delivery Strategy 

Jupiter 
Orbit 

Launch 
(6-Jun-2022) 

JOI 
(5-Mar-2025) 

SLS 
2022 Direct 
(2.72 years) 
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Launch 
(17-Jun-2022) 

EGA-3 
(22-Oct-2026) 

EGA-2 
(21-Oct-2024) 

JOI 
(15-Jan-2030) 

VGA 
(26-Nov-2023) 

Jupiter 
Orbit 

EGA-1 
(17-Jun-2023) 
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Lander Concept 
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Concept Highlights 
•  Spacecraft physically decoupled from Clipper 

•  Enter Jovian system and ‘park’ in a radiation 
safe orbit awaiting reconnaissance from Clipper 
to decide where to target landing 

•  Spacecraft components: 
–  Carrier/Orbit Stage 

•  Delivers system to Jovian system and eventually targets 
lander stack (everything bellow)  

•  Provides relay capability (Clipper can be backup) to earth 
–  De-orbit Module 

•  Decelerates lander to capture a Europa descent trajectory 
–  Descent Module 

•  Slows down lander, terminal descent to Europa 
–  Lander 

•  Science!!! 
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Top-Level Mission Event Sequence 
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Carrier / Orbit Stage Concept 

Lander Stack 
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Lander Full System Concept 

Lander Stack 
at Integration 

Lander Stack 
Exploded View 
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Lander Descent and Surface Concepts 

3 - Landed Deployed 

1 - Descent Configuration 
2 – “Sky Crane” 

            Configuration 
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Model Payload (Total Mass: 25 kg) 

•! Centerpiece Instruments       
for Astrobiology 
–! GCMS: VCAM GC + Ion Trap 

MS, 8.3 kg CBE 
–! Raman: SHERLOC 5.4 kg CBE 

 

•! Auxiliary Instruments 
–! Context LanderCams (x2),           

0.5 kg each CBE 
–! Microscopic SampleCam,     

0.5 kg CBE 

•! Baseline Instrument (not 
included in Threshold) 
–! 3-axis Geophone, 0.8 kg 
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Lander Surface Concept 

GCMS GCMS 

Raman Raman 

Pan Cam Pan Cam 

Microscope Microscope 

Sampling Sampling 
System 
Sampling 
System System 

Gimbaled HGA Gimbaled HGA 

Vault Vault 

Discarded Discarded 
Bridle Release 
Discarded 
Bridle Release 

Battery Panels Battery Panels 

 ~ 3 Meters Deployed Petals 

Gimbaled HGA 

 ~ 3 Meters  ~ 3 Meters Deployed Petals 
Deployed Petals 

Battery Panels Battery Panels 
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Want to Know More? 

•! 2012 Science Definition Team consensus 
on key questions best answered by a 
lander: 
 

aR)Pappalardo et al. 2013 



10-‐frame	  highest	  resolu2on	  Voyager	  2	  mosaic	  of	  Triton	  (courtesy	  P	  Schenk,	  LPI)	  

NASA	  Ocean	  Worlds	  Program	  



Backup 
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(PF1)"

Hussmann et al. 2006 

Conductive, steady-state  
(NH3/H2O)initial = 0.05 

McKinnon & Barr 
DPS 2006 




