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Overview

• Lithopanspermia From Earth

• Implications for Astrobiology

• Implications for Space Settlement

• Working with Life in all its forms

• Preserving Science While Mining 



Lithopanspermia from Earth

This Photo by Unknown Author is licensed under CC BY-SA

http://physics.stackexchange.com/questions/4334/could-life-survive-a-pole-shift-caused-by-an-asteroid-collision
https://creativecommons.org/licenses/by-sa/3.0/
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This Photo by Unknown Author is licensed under CC BY-SA

So if We see Life Signs in an Exoplanet Atmosphere…

Probably

Alien

http://en.wikipedia.org/wiki/File:Planet_Discovery_Neighbourhood_in_Milky_Way_Galaxy.jpeg
https://creativecommons.org/licenses/by-sa/3.0/


Not actually this simple, but…

Credit: ESA. 



Implications for Mars Settlement

High probability of Earth Microbes on Mars

• Fossil Life at Surface

• Extant anaerobic biomes in niches

Should be Studied in Isolation

• Lake Vostok

• Use Sterilized Samplers. Treat like Plutonium. 

Surface 10 cm Still Open to Human Settlement

• Preference for Ice Covered Crater Domes

• Scrape surface for materials.  Sterile instruments for deeper work. 



Bio-Markers on Mars
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Basic Principles (Current)
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Sterile Depth Concerns

Rock Depth
Maximum Bacteria Survival Time,

ISS Radiation Levels
3 cm 15 million years

70 cm 40 million years
1 meter 70 million years

1.67 meter 200 million years
2 meters 300 million years

2.33 meters 400 million years
2.67 meters 500 million years



Basic Capacity and Limits (If Low Risk)
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Focus of Near Term Settlement (Dual Use)

This Photo by Unknown Author is licensed under CC BY-SA This Photo by Unknown Author is licensed under CC BY-NC

https://en.wikipedia.org/wiki/Colonization_of_Mars
https://creativecommons.org/licenses/by-sa/3.0/
http://scientifist.com/lunar-mining-rush-india-aim-moon-solve-energy-deficit/
https://creativecommons.org/licenses/by-nc/4.0/


Settlement Methods

No Life Possible (Moon, etc.) Life Possible (Mars, etc.)

Atmosphere Extraction

Ice/Water Extraction

Dust Surface Mining

Surface Ice Shell Habitats

Subsurface Habitats

Subsurface Mining

Lava Tube Habitats With Conditions

With Conditions



Mining Limitations if Life Found

Gas Mining (Atmospheric)

• OK, but sterilization in industrial process recommended

Liquid/Ice Mining

• Must be filtered to molecular level

Dust Mining

• Able to separate easily, extract easily, and sterile from UV

Rock Mining

• Igneous and Metamorphic with conditions.  Sedimentary with biology limited.

• Metal deposits in sedimentary OK if sterile robotic mining only



Human Settlements 

Site Location – Old Craters

•Older craters will be sterile to greater regolith depths than fresh craters

•The dust filling those craters is a sterile resource for construction

Water Resources – Mid-Latitude Underground Ice

•Drill for mid-latitude buried glaciers with sterile equipment

•Use superheated CO2 as a working fluid – avoid contamination

Habitat Construction – Ice Domes/Spheres

•Good for cosmic ray shielding and can be locally sourced eventually

•Simple construction, just add water



Robotic Lab

Working with Life

• Genome Mapping and Comparison

• “Bacteri-Australia” – look for division in 
genomes due to isolation

• Could GMO implications expand the 
ability of Earth life to inhabit more 
extreme environments?

• Centrifugal Labs

• Revival Lab (Mars Jurassic Park, but in a 
Micro-Space Settlement)

• “Revolver Lab”

• Move sample from lab to lab so each 
lab can be sterilized, maintained, 
sterilized again, and then reused.

This Photo by Unknown Author is licensed under CC BY-SA

Sterile Active Next Maint.Sterile

http://cosmosfrontier.com/space-colonization/the-plan/phase9.html
https://creativecommons.org/licenses/by-sa/3.0/


Preserving Other Science

Gas Mining (Atmospheric)

• Extensive study during input (chromatograph, temperature, etc.)

• Occasional samples, extensive filtration

Liquid/Ice Mining

• Fully filtered (SWFI) before use

• Filtered/Precipitate/etc. kept for examination, possible resource

Mineral/Metals

• Scan and core sample sections 

• Split “Libraries” of samples for future and remote examination
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Open Questions for Mars Science

Question Life Not Found Life Found

How deep in the 

surface can life 

survive?

• Very difficult for 

lithopanspermia from 

Earth

• Can gauge probability of finding Earth 

life farther out due to survival depth.

• Can decide how deep we can mine 

safely

Life found in polar 

ice? Lakes?

• Less likely on Europa, 

Titan, Enceladus, 

Ganymede, or Callisto

• More likely to be found on those moons, 

and possibly others.

• Comparison to Antarctic bacteria in 

isolated lakes

Active life in Lava 

Tubes?

• Safe to move in with 

settlement

• Interesting options for cave life on other 

planets. 

Natural wonders? • Tourism • Extraction?  VR Tourism?  Telepresence?



Timeline

2021:   ExoMars Rover (1-2 meters)

2022:  James Webb Space Telescope

Exoplanet atmospheric studies

2030:  BFS To Mars, First Flights



Questions?

Kent Nebergall

• Macroinvent.com

• https://www.facebook.com/MacroInvent

• Kent@MacroInvent.com
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Research Links

Interstellar, Earth Source Lithopanspermia

• http://iopscience.iop.org/article/10.1088/0004-637X/690/1/210/meta

• https://academic.oup.com/mnras/article/348/1/46/1415892

• Reverse - thousands of captured interstellar asteroids

• https://www.universal-sci.com/headlines/2018/2/8/the-solar-system-
probably-has-thousands-of-captured-interstellar-asteroids

http://iopscience.iop.org/article/10.1088/0004-637X/690/1/210/meta
https://academic.oup.com/mnras/article/348/1/46/1415892
https://www.universal-sci.com/headlines/2018/2/8/the-solar-system-probably-has-thousands-of-captured-interstellar-asteroids

