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Europa Lander SDT Framework 

NASA Chartered a science definition team study 
(prephase A) of a lander mission to Europa 
 

• Concept is for a separate launch ~ 2 yrs following the 
Europa Multi Fly-By mission 

• Timing emphasizes science return from Lander 
which would benefit from information gained by Multi 
Fly-By and set stage for future Europa missions 

• Strategy targets a low complexity payload capable of 
addressing 3 in situ science goals 
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Critical Considerations 

• Do we know how to land on Europa’s 
largely unknown surface? 
– Engineering team task 

• Do we know where to land? 
– Multi Fly-By mission and payload 

• What science can be done from a 
landed mission? 
– Task of our SDT 
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Science Definition Team 

• Ken Edgett, MSSS 
• Bethany Ehlmann, Caltech 
• Jonathan Lunine, Cornell 
• Alyssa Rhoden, ASU 
• Will Brinkerhoff, GSFC 
• Alexis Templeton, CU Boulder 
• Michael Russell, JPL 
• Tori Hoehler, NASA Ames 
• Ken Nealson, USC 

• Sarah Horst, JHU 
• Peter Willis, JPL 
• Alex Hayes, Cornell 
• Brent Christner, Univ FL 
• Chris German, WHOI 
• Aileen Yingst, PSI 
• David Smith, MIT 
• Chris Paranicas, APL 
• Britney Schmidt, GA Tech 

Planetary & Ocean Scientists, Microbiologists, Geochemists 

Co-Chairs: Alison Murray, DRI/Univ. NV Reno,  
Jim Garvin, GSFC; Kevin Hand, JPL 
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Science Definition Team 

• SDT Charter with mission concept goals 
defined: 
1. Search for evidence of biomarkers and/or signs 

of extant life. 
2. Assess the habitability (particularly through 

quantitative compositional measurements) of 
Europa via in situ techniques uniquely available 
by means of a landed mission. 

3. Characterize surface properties at the scale of 
the lander to support future exploration. 
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Europa Lander Concept 

• Key pre-phase A mission parameters: 
– Lander would be launched on a separate mission. 
– Target launch: 2024 on a SLS. 
– Mission would carry its own communication relay 

(Multi Fly-By can only be used as a backup). 
– Battery powered mission: 20 day surface lifetime. 
– Spacecraft dry mass on surface is assumed 

approximately 350 kg with 35 kg allocation for 
science payload. 

– Threshold science includes chemical analyses of 
3 samples from 10 cm depth or deeper. 
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Payload Resource Allocations 

Europa Lander Resource Allocation 
Payload 35.0 kg 

(26.6 kg with 
32% margin) 

Current Volume cm3 (MEV) 24,900 
 

Total Energy per Mission* 
(W-hr) (CBE) 
 

2500 

Total Data Volume per Mission* 
(Mbits) (CBE) 
 

2700 
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Rationale 

• Ground Truth 
– Directly determine the composition of Europa’s 

non-ice material, thereby greatly enhancing the 
science return of the Multi-Flyby mission. 

– Significant science value even in the absence of 
any signs of life. 
 

• Analyses of Potential Biosignatures 
– Detailed in situ chemical analyses of sample 

collected directly from Europa’s surface. 
– Significant biosignature science requires surface 

sampling. 
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Schedule 

Nov 30: Report delivered 
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Jun 21-22:  
SDT Co-chairs mtg 

Jun 1:  
SDT Kickoff 

Jul 12-13:  
SDT F2F 

Aug 19: 
Project Report (PPT) 

Engineering matrix frozen 

Weekly telecons, Webex sessions, Working group mtgs 

STM discussions, deliberations; draft, refine 

Sept. 30: 
Program Office  

Report 
(PPT+3 pages) 

Report TOC discussed, writing assigned 

STM frozen 

Report draft #1  
compiled 

Report final draft  
formatted,  

indexed, and  
compiled 

Sept. 2: Program PPT/Report  
draft delivered for comment 

Graphics, tables,  
Etc. compiled 

Aug 8-10:  
SDT F2F 

June July August September October - November 
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Planetary Habitats Theme:  
 Beyond Earth, are there contemporary habitats elsewhere in the solar system  
 with necessary conditions, organic matter, water, energy, and nutrients to sustain 
 life, and do organisms live there now? 
 

Satellites Chapter:  
 How are potential Europa surface biomarkers from the ocean/surface exchange  
 degraded by the radiation environment? (8-19) 
 
 What are the sources, sinks and evolution of organic material? (8-20) 
 
 What energy sources are available to sustain life? (8-20) 
 
 Is there evidence for life on the satellites? (8-21 & 8-24) 
 
 Are organics present on the surface of Europa, and if so, what is their  
 provenance? (8-22) 
 
 What is the nature of any biologically relevant energy sources on Europa? (8-23) 
 
  
 Does (or did) life exist below the surface of Europa or Enceladus? (8-24) 

Decadal Survey Science Questions  
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Presentation Notes
advanced by the addition of a surface science package. 
Investigations from orbit with JEO will not be sufficient to fully address these goals. Though the JEO payload is well-optimized for determining the habitability of Europa from orbit, these goals reflect the need to understand the detailed chemistry of Europa’s ocean and the need to detect possible biosignatures in the ice of Europa. Surface science investigations with a lander will permit a direct search for biosignatures, and will provide a much needed ‘ground truth’ of 

What is the Diversity of Geological Activity and How has it Changed Over Time? (8-9)

How are Satellite Thermal and Orbital Evolution and Internal Structure Related? (8-7)

WHAT PROCESSES CONTROL THE PRESENT-DAY BEHAVIOR OF THESE BODIES? (8-12)

How Do Active Endogenic Processes Shape the Satellites’ Surfaces and Influence Their Interiors? (8-12)

Where Are Subsurface Bodies of Liquid Water Located, and What Are Their Characteristics? (8-21)







 

• Given limited payload, the biochemical definition of life 
deserves priority. 
 

• If the payload permits, conduct experiments that assume 
contrasting definitions for life. 
 

• Establishing the geological and chemical context of the 
environment is critical. 

 

• Life-detection experiments should provide valuable 
information regardless of the biology results. 

 

• Exploration need not, and often cannot, be hypothesis testing. 
Planetary missions are commonly missions of exploration; 
and therefore, the above guidelines must be put in the context 
of exploration and discovery driven science. 

NRC 2000; Chyba and Phillips (2001)  

Breakthrough Science: Lessons from Viking 
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How close can orbital measurements get us to a detection of life?

The primary objective for the deployable probe/lander is to perform a direct, in-situ search for chemical indicators of past or present life on Europa. Life detection experiments, however, should yield useful information even if no life is detected [NRC 2000]. Furthermore, if mass and power constraints allow for only one life detection experiment, biochemical investigations should rank above all others [NRC 2000]. For these reasons the notional payload for the probe considered here consists of cameras for decent and landed imagery, an accelerometer for surface regolith assessment, and a mass spectrometer capable of interrogating surface chemistry.



Sampling and Detection Limits 
Ecosystems and organics on Earth as a guide 

Environment Mass fraction (w/w) 

Ocean surface (microbes) 1 ppb to 100 ppb 

Deep ocean (microbes) 2 ppb 

Hydrothermal vents (microbes) 20 ppb to 200 ppm  

Lake Vostok (DOC) ~2 ppm (by number) 

Lake Whillans (DOC) ~ 5 ppm (by number) 

Arctic sea ice, bottom (EPS) 185 ppb to 10 ppm 

Ocean (Total Organic Carbon) 0.5 ppm to 2 ppm 
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Christner et al., 2014; 
Stewart & Fritsen 2004; 
Riedel et al., 2006; 
Priscu et al., 1999 

Presenter
Presentation Notes
TOC in ocean is 0.5-2.0 mg/l
In 1 cm3 (1 g) has 0.5-2.0e-3 mg TOC
1 µg/g = ppm
DOC in Lake Whillans 220 µmol/l
DOC in Vostok 86-160 µmol/l
Deep ocean:  50 µmol/l
1 µmol/l = 1e-6 mol/ (1000/18 = 55.5 mol)
= 1e-6 * 0.018 = 2e-8 = 20 ppb
Deep ocean: 1000 ppb = 1 ppm
Vostok and Whillans = 2 to 5 ppm
Chl a in antarctic sea ice: 0.14-2.15 µg/l = 0.14-2.15 ppb
DOC in WAP sea ice brine 93 µM = 2 ppm Stewart & Fritsen 2004
Riedel et al 2006: EPS in Sea ice bottom 185 µg/l in march, rising to 10500 µg/l during low snow cover,
POC ranged from 263 to 61000 µg/l = 5 ppm 



Earth References  
Vostok 

Accretion 
Ice   

(Type I) 

Vostok 
Accretion 

Ice   
(Type II) 

Vostok 
Glacial 

Ice 

Winter 
Circumpolar 
Deep Water 

Lake Vida 
Brine 

Lake Vida 
Ice 

Organic 
carbon 
levels µM 

65  35 16 38-42 64700 n.a. 

Microbial 
abundance 
cells mL-1 

 

260 80 120 30-100,000 49,000,000 444000 
 

Na+  22 µM 0.92 µM 2.4 µM ~469 mM 1954 mM 2.32 mM 
 

Cl- 17µM 0.94 µM 2.8 µM ~546 mM 3187 mM 3.49 mM 

 

SO4
-2  9.1 µM 0.15 µM 1.8 µM ~28 mM 66.34 mM 60.15 µM 

Citation Christner et 
al. 2006 L&O 
51:2485-2501 

Christner et 
al. 2006  

Christner 
et al. 
2006  

Yuan et al. in 
review 

Murray et al. 
2012 PNAS 

At 20 m 
(Dugan et al. 
2015; Kuhn, 
2015) 
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Science Trace Matrix (Draft) 
• Goal 1: Search for Evidence of Biosignatures 

and Signs of Life on Europa 
– Obj. 1: Detect and characterize any organic 

indicators of past or present life. 
– Obj. 2: Identify and characterize morphological 

and textural indicators of life. 
– Obj. 3: Detect and characterize any inorganic 

indicators of past or present life. 
– Obj. 4: Determine the provenance 

(origin/source/history) of sampled material. 
– Obj. 5: Determine if living organisms persist in 

sampled material [Not part of Threshold]. 
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Science Trace Matrix (Draft) 
• Goal 2: Assess the habitability of Europa via 

in situ techniques uniquely available to a 
lander mission. 
– Obj. 1: Characterize the non-ice composition of 

Europa's near-surface material and determine 
whether there are indicators of chemical 
disequillibirum and other components essential 
for life. 

– Obj. 2: Determine the proximity to liquid water at 
the lander's location. 

– Obj. 3: Detect whether Europa is active today and 
characterize any observable surface exchange 
processes to support sample context. 
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Science Trace Matrix (Draft) 
• Goal 3: Characterize surface properties at 

the scale of the lander to support future 
exploration. 
– Obj. 1: Characterize the biosignature preservation 

potential (BPP) of accessible surface materials at 
the landing site. 

– Obj. 2: Characterize the surface dynamics of 
Europa at the landing site in all three dimensions. 

– Obj. 3:  Characterize the material properties of 
Europa at the landing site. 
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Habitability 
• Ice shell and ocean 
• Composition 
• Geology 

• Biosignature 
search 

• Habitability 
using in situ 
techniques 

• Surface 
properties 

Europa Multi Fly-By               Lander 

Europa Mission Compatibility 
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Europa Multi Fly-By               Lander 

Landing site selection 
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Landing Site Selection 

Selected 
landing 

site 

Landing 
site 

Scientifically 
compelling 

Safe to 
land 

Geologic terrain of interest 

Current (recent) 
communication with 

subsurface 

Chemically compelling 
region 

Current or recent activity 

EIS Imagery; sub-meter 
topography 

Radar reflectometry 

Thermal inertia 

Radiation 
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Europa Multi Fly-By               Lander 

• Local to regional & global scaling 
• Ground-truth acoustics, radar 
• Nearfield observation – context  

  remote sensing, composition, 
  chemistry and microscopy 

Landing site selection 
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– Obj. 1: Organic indicators  
 
 
 

– Obj. 2: Morphological and textural indicators 
 
 
 

– Obj. 3: Inorganic indicators 
 

– Obj. 4: Provenance  
 
 
 

– Obj. 5: Persistence of life 

Goal 1: Search for Evidence of Biosignatures and 
Signs of Life on Europa: Objectives 
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• Abundances and patterns of potentially biogenic molecules 
• Enantiomeric ratios of chiral organics 
• Carbon isotopic distribution among organic and inorganic carbon * 

Goal 1: Search for Evidence of Biosignatures and 
Signs of Life on Europa: Objectives & Investigations  
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– Obj. 1: Organic indicators  
 
 
 

– Obj. 2: Morphological and textural indicators 
 
 
 

– Obj. 3: Inorganic indicators 
 

– Obj. 4: Provenance  
 
 
 

– Obj. 5: Persistence of life 



• abundances and patterns of potentially biogenic molecules 
• enantiomeric ratios of chiral organics 
• carbon isotopic distribution among organic and inorganic carbon * 

Goal 1: Search for Evidence of Biosignatures and 
Signs of Life on Europa: Objectives & Investigations  
 

• resolve and characterize microscale evidence for life in samples 
• resolve and characterize the landing site for any macroscale 

morphological evidence for life * 
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– Obj. 2: Morphological and textural indicators 
 
 
 

– Obj. 3: Inorganic indicators 
 

– Obj. 4: Provenance  
 
 
 

– Obj. 5: Persistence of life 



• abundances and patterns of potentially biogenic molecules 
• enantiomeric ratios of chiral organics 
• carbon isotopic distribution among organic and inorganic carbon * 

Goal 1: Search for Evidence of Biosignatures and 
Signs of Life on Europa: Objectives & Investigations  
 

• resolve and characterize microscale evidence for life in samples 
• resolve and characterize the landing site for any macroscale 

morphological evidence for life * 

• Detect and characterize potential biominerals 
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– Obj. 2: Morphological and textural indicators 
 
 
 

– Obj. 3: Inorganic indicators 
 

– Obj. 4: Provenance  
 
 
 

– Obj. 5: Persistence of life 



• Abundances and patterns of potentially biogenic molecules 
• Enantiomeric ratios of chiral organics 
• Carbon isotopic distribution among organic and inorganic carbon * 

Goal 1: Search for Evidence of Biosignatures and 
Signs of Life on Europa: Objectives & Investigations  
 

• Resolve and characterize microscale evidence for life in samples 
• Resolve and characterize the landing site for any macroscale 

morphological evidence for life * 

• Detect and characterize potential biominerals 

• Determine the geological context from which samples are collected 
• Determine endogenous versus exogenous origin (chemistry), surface 

processing of potential biosignatures 
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– Obj. 1: Organic indicators  
 
 
 

– Obj. 2: Morphological and textural indicators 
 
 
 

– Obj. 3: Inorganic indicators 
 

– Obj. 4: Provenance  
 
 
 

– Obj. 5: Persistence of life 



• abundances and patterns of potentially biogenic molecules 
• enantiomeric ratios of chiral organics 
• carbon isotopic distribution among organic and inorganic carbon * 

Goal 1: Search for Evidence of Biosignatures and 
Signs of Life on Europa: Objectives & Investigations 
 

• resolve and characterize microscale evidence for life in samples 
• resolve and characterize the landing site for any macroscale 

morphological evidence for life * 

• Detect and characterize potential biominerals 

• Determine the geological context from which samples are collected 
• Determine endogenous versus exogenous origin (chemistry), surface 

processing of potential biosignatures 

• Detect activity indicative of biological processes such as motion, 
change, metabolism*  
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– Obj. 1: Organic indicators  
 
 
 

– Obj. 2: Morphological and textural indicators 
 
 
 

– Obj. 3: Inorganic indicators 
 

– Obj. 4: Provenance  
 
 
 

– Obj. 5: Persistence of life 



Biosignature Framework 

Micro-structures, 
Textures 

Macro-structures, 
Textures Organic detection, characterization, 

composition relationships 

Chemical indicators 
Isotopic indicators 

Potential 
Biosignature 

Linkages 

Inorganic indicator 
detection & 

characterization 
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Moura et al. Plos 
One, 2013 8, e77319 

Grasses 
 

Arctic Ocean 
 
NW Pac. Ocean 
 

Boreal forest 
 
Baltic Sea 
 

Host Associated 
 

Diverse Ocean 
Samples 
 

Non-uniform distributions: 
Red – overrepresented 
Green – underrepresented 
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Amino acid 
composition across 

diverse Earth habitats 



Amino acid 
composition across 

diverse Earth habitats 

Grasses 
 

Arctic Ocean 
 
NW Pac. Ocean 
 

Boreal forest 
 
Baltic Sea 
 

Host Associated 
 

Diverse Ocean 
Samples 
 

nM detection: Juan de Fuca  
   basement fluid samples 

Composition can reflect life’s preferences, 
diagenetic status and biological activities 

Lin et al. 2015 GCA  
164:175-190 
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Biosignatures: Chirality and Life’s little twist 
• Life’s Legos consist of almost 

exclusively one enantiomer (i.e. one 
hand) 
– Earth: L-amino acids and D-sugars 

• Abiotic processes produce racemic 
mixtures* 

• Enantiomeric excess may be a 
‘universal principle’ for building 
carbon-based life. 
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Enantiomers – from Greek enantios, opposite

Mirror images – no amount of rotation through 3 dimensions can superimpose them.

Life on Earth – exclusively the L-amino-acids, D- sugars

Equal mixtures is racemic

In the laboratory, high levels of enantiomer- ic excess in racemic substances can be pro- duced by asymmetric photolysis by circularly polarized light (3). Twenty percent enantiomer- ic excess has been demonstrated in the labora- tory (7) for 99% photolysis of camphor. The excess can be increased, by increasing the frac- tion of material photolyzed, but it will be re- duced in proportion to the CP for CP of less than 100%. 




Biosignatures: Organic Patterns & Complexity 

• Uranium-rich rocks on 
Earth provide a useful 
guide. 

• With >109 rad the 
relative pattern 
changes but the 
biological ‘Legos’ can 
still be measured. 
 

Irradiation Effects on Biosignatures 

Sundararaman and Dahl (1993), Hand et al. (2009) 
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Ladder of Life 
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Planetary Protection Considerations 
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Planetary Protection Considerations 

• SDT experience with clean access developed 
and executed for access to isolated Antarctic 
lakes 
 

• SDT discussions regarding risk 
– Cold, salt, and radiation resistance, desiccation 

tolerance  
 

• Engineering design in step with Category 4 
• Aseptic assembly 
• Biobarrier during launch-flight 
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Questions? 
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