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Global subsurface ocean
Libration (Thomas et al. 2016)
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Global subsurface ocean

Hydrothermal activity

Libration (Thomas et al. 2016)

Nearly pure silica nanograins, 
chemical redox couples

(Postberg et al. 2011; Hsu et al. 
2015; Waite et al. 2017) 
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Habitability

✓ Liquid Water

✓ Energy 

✓ Chemical Ingredients
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Neveu et al. (2020)
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IS ENCELADUS INHABITED?



Science Goals
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IS ENCELADUS INHABITED?
CHEMICAL BIOSIGNATURES
1. Amino acid characterization
2. Lipid Characterization
3. Pathway Complexity Index



Science Goals

26 May 2021 12

CHEMICAL BIOSIGNATURES
1. Amino acid characterization
2. Lipid Characterization
3. Pathway Complexity Index

CONFIRMATION BIOSIGNATURES
4. Genetic biopolymer
5. Cell characterization   

IS ENCELADUS INHABITED?
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Science Goals
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ASSESS OCEAN HABITABILITY
1. Ocean pH, temperature, salinity
2. Availability of micronutrients
3. Sources of energy
4. Structure, dynamics, and evolution 

of the interior

DETERMINE EJECTION MECHANICS
1. Structure and dynamics of the crust
2. Assent and freezing conditions
3. Physical structure of vent openings 

and plumbing

TO WHAT EXTENT IS ENCELADUS’ OCEAN ABLE TO SUSTAIN LIFE AND WHY?

IS ENCELADUS INHABITED?
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TO WHAT EXTENT IS ENCELADUS’ OCEAN ABLE TO SUSTAIN LIFE AND WHY?
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Camera Radar Sounder

Thermal 
Emission 
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Context 
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REMOTE SENSING/RECON

IN SITU
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One spacecraft, two phases
• Orbital phase ~ 1.5 year 
• Landed phase ~ 2 years

ENCELADUS ORBILANDER
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ENCELADUS ORBILANDER
One spacecraft, two phases
• Orbital phase ~ 1.5 year 
• Landed phase ~ 2 years

Sunrise at Northern Edge 
of Tiger Stripes
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Payload
• Life Detection Suite (LDS)
• Sampling Suite
• Recon/Remote Sensing Suite
• Landed In Situ Suite 

ENCELADUS ORBILANDER
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SAMPLING SUITE

Active
Scoop

Passive
Gas inlet

Processing 
and Transfer

Passive
Funnel
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One spacecraft, two phases
• Orbital phase ~ 1.5 year 
• Landed phase ~ 2 years

Payload
• Life Detection Suite (LDS)
• Sampling Suite
• Recon/Remote Sensing Suite
• Landed In Situ Suite 

1.1Tb data return capacity
2 RTGs, 1 Battery

Direct-to-Earth Communication
$2.6B (FY25)

ENCELADUS ORBILANDER



Improves resiliency to biomass uncertainty
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Improves resiliency to biomass uncertainty
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Improves resiliency to biomass uncertainty
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Mission 
astrobiology result

Uninhabitable
Scarcely 
habitable

Habitable, 
but uninhabited

Scarcely 
habitable Inhabited (!)
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THE ENCELADUS ORBILANDER

MISSION CONCEPT DESIGN DEMONSTRATES

- the feasibility of a resource-conscious flagship architecture
- the search for signs of life at Enceladus is executable in 

the next decade 
- complementary investigations into the geophysical and 

geochemical environment are within resources
- Cassini data are sufficient for planning the next mission to 

Enceladus 
- large volumes of oceanic material accessible from orbit 

and from the surface lead to increased resiliency to low 
biomass availability
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Orbital phase
> 400 km

Communications 
Station keeping maneuvers

100-400 km
Station keeping observations

<100 km
Primary Science

Orbital period: 
12 hours

Periapsis: 20-70 km



Threshold
• Orbital phase (~1.5 year)

• 1 LDS (-nanopore)
• Vapor sampling
• <m scale regional imaging
• Regional topography
• Thermal measurements
• Radar sounding 
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• Landed phase (~1.5 years)
• 1 passive LDS (- nanopore)
• 3 passive LDS
• 3 active LDS
• >200 Esols of seismic monitoring 
• Scooping site images



Landing Site Selection
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• Sites selected based on four criteria:
1. Receives daylight
2. Low but non-zero boulder count
3. Slopes < 10o
4. Not in a valley
5. Temperatures < 85K
6. Fallout > 0.01 mm/yr

• Landing sequence requires TRN for hazard avoidance
• Nav cameras
• Descent lidar



Adequate landing sites are expected based on Cassini data
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Sample requirements
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Total Organic 
Content (TOC)

30 μM ELSDT : 41 μM

Terrestrial oceans

Amino Acid (AA) TOC/200 
Terrestrial ratio

Lipids AA/5 

Nanopore 10-15 g/μL Free DNA in terrestrial 
oceans

Cell density 1 /μL ELSDT: 0.1 cells/μL

10-100 cells/uL
(Porco et al. 2017, 
Steel et al . 2017)
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Sample requirements
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Instrument 
type Objective Total plume 

material

HRMS organics 
survey 0.0025 µL

Sep. MS
amino acids 2000

µLlipids 500

μCE-LIF amino acids 75 µL

ISE

macro-
nutrients

375 µL
micro-

nutrients
pH

salinity
Eh

Microscope cells 5 µL
Nanopore polyelectrolyte 30 mL
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Orbital phase

Day 10
amino acid/ 
organics id
salinity, pH, Eh
cell search

Day 68 Day 200

organics id
lipids
macro/micro 
nutrients
cell search

amino acid 
chirality

landing site recon, sounding, comm 

vapor survey

20-70 km

14 radar soundings
42 5x5 km sites characterized

46 vapor analyses
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Orbital phase

Day 10
amino acid/ 
organics id
salinity, pH, Eh
cell search

Day 68 Day 200

organics id
lipids
macro/micro 
nutrients
cell search

amino acid 
chirality

landing site recon, sounding, communications 

vapor survey

20-70 km

14 radar soundings
42 5x5 km sites characterized

46 vapor analyses

2.5x Schedule Margin
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Landed Phase

Days 1-14
Checkouts
Seismometer 
deployment
Scoop recon

Days 22-40

Passive LDS 
(-nanopore)

Days 78-100

Active LDS 

Days 15-22 Days 40-47

Passive LDS 

Days 101-107

Days 48-70
Imaging
Try out arm
Flush LDS

Flush LDS 
Dig

Days 71-77

Flush LDS
Dig

Active LDS 

Days 108-115
Flush LDS

Days 116-123

Passive LDS 

Days 124-145
Flush LDS
Dig

Days 146-152

Active LDS 

seismic monitoring, communications 
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Flush LDS
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Flush LDS
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Days 146-152

Active LDS 

4.1x Schedule Margin

seismic monitoring 


