
ASTR/GEOL-2040: Search for life 

in the Universe: Lecture 29

• Outer solar system bodies

• Organics in comets

• Pluto & more on icy bodies

Axel Brandenburg

(Office hours: Mondays 2:30 – 3:30 in X590 and 

Wednesdays 11-12 in D230)



Enceladus

• Damascus

• Bagdad

• Cairo

• Alexandria

• …..



Historical background
• Discovered by Huygens (1629 – 1695)
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• Black smokers

– Short-lived

– Acidic, pH 3-5

– CO2, H2S

• Alkaline vents

– Long-lived (x10)

– Lost City

– H2, CH4, ... 6

Hydrothermal 

vents



What kind of evidence to expect?

A. Silicates in the plumes

B. Iron compounds in the plumes

C. Hydrogen is enough

D. Carbon dioxide

E. Methane
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Reduction of water

Purely geological process



What kind of evidence to expect?

A. Silicates in the plumes

B. Iron compounds in the plumes

C. Hydrogen is enough

D. Carbon dioxide

E. Methane



Quantitative findings
• During “E21” fly-by, 

Cassini: over tiger stipes

• Modulation of H2

• Too much for clathrates

• If H2 were stored, there 

would be more CH4 given 

the CO2 amount

• 4H2 + CO2  CH4+2H2O



Who thought first of life on Europa?

• Orbital period: 3.551 d

• Slight eccentricity

– because of resonant orbit

• Europa’s shape changes: 

elongated  spherical

• Arthur C. Clarke: 

thought about it in 1982

• PDF file on internet!



Europa: reducing ocean

• Hydrothermal systems: H2, CH2, Fe(II)

•  sink for oxygen

• Free oxygen in ocean depends on balance

• Peroxide delivery 109
 108 moles

• Our ocean 3x109 moles

– Photosynthesis…

• Europa’s ocean anoxic

• Details in Longstaff’s book, p.318



Peroxide biology

• Peroxide half-life 10 yr

• Formaldehyde HCHO as C source

– HCHO + O2  H2O + CO2

– A. chemoorganoautotroph

– B. chemoorganoheterotroph

– C. chemolithoautotroph

– D. chemolithoheterotroph
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Peroxide biology in Europa’s ocean?

• Just as hyphomicrobium

• Limited by C and energy

• ocean could support 1023 prokaryotes 

(Europa)

– Remarkable given poor nutrient+energy supply

• Earth: 5x1030 prokaryotes



Peroxide biology

• Peroxide half-life 10 yr

• Formaldehyde HCHO as C source

• Just as hydromicrobium

• Limited by C and energy

•
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Delivery of prebiotic 

molecules

• xxbar 



Astrobiological relevance

• xxbar 



Liquid water in Temple 1?

• xxbar 



Theoretically possible
• Pressure high enough in its center

• Radius > 6 km 



Spectral evidence
• Pressure high enough in its center

• Radius > 6 km 



Red rain: not unusual



His conclusion



Original paper



His conclusion



Associated with

cometary airburst



Rain samples



Spectral evidence



Spectral evidence



Real cell growth?



But no DNA…



• xxbar 

Need to go there…



Types of missions

• Fly-by

– Goes past a world just once & continues

• Orbiter

– Long-term observations, repeated orbits

• Lander or probe

– Designed to land or probe atmosphere

– Some landers carry rovers (boat, plane)

• Sample return mission

– Space craft to return to Earth



Fly-bys

• Much cheaper

– Fuel needed only for change of trajectory

• Prominent examples: 

– Mariner 4, Voyager 1+2, New Horizons,…

– Jupiter’s rings, magnetic field, 

• Additional savings by gravitational assists

– Stealing a bit of planet’s orbital energy

– For New Horizon: 20% more speed

• Grand constellation of 1980 (BS Fig.7.15)



Orbiters

• Detailed radar mappings

– Surface altitude, see through clouds,…

• Extra fuel to change orbit

– Savings for highly elliptic orbits

– Atmospheric drag: later more circular



Landers & probes

• Gallileo dropped 

probe into Jupiter 

(1995)

• T, P, composition, 

radiation, …

• Rovers: Spirit, 

Opportunity, 

Curiosity, …

• Planes, balloon, rafts



Sample returns

• Apollo

• Lunokhod??

• Stardust



Names of some comets?

• …

• ……

• ………

• …………



Names of some comets?

• Halley

• West (1973), Bennett (1970)

• Hale-Bopp (1986), Hyakatake, …

• Kohoutek, …



Edmond Halley noticed regularity:

• 1531

• 1607

• 1682

• 1759

• 1834

• 1910

1656 – 1742 



Halley’s comet in 240 BC (+/-?)

• 1531

• 1607

• 1682

• 1759

• 1607

• 1682
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Comet missions

• Giotto (7/1985  3/1986: Halley, 596 km)

– First pictures of nucleus, survived 

– Also Grigg-Skjellerup in 7/1992

• Stardust

– Comet Wild-2 (NASA)

• Rosetta

• Glycine detected

– Contamination excluded

– Can form without water



Comet missions since 1978

• Composition of 67P: 80% H2O, 10% CO, 

4.5% CH4+NH3



Stardust  Wild 2 (2004)

• Returned, landed in Utah 2006

• Pure carbon, olivine (MgFe)2SiO4

• Many organic compounds



Dust collector

• Cometary & Interstellar Dust Analyser (CIDA)

• Stardust Sample Collector (SSC)

• Aerogel (low density, inert, …)



Dirty snowballs?

• Composition of 67P: 80% H2O, 10% CO, 

4.5% CH4+NH3



Rosetta & Philae

• Rosetta: 3 languages

– Hieroglyphs+Greek+Demotic

• Philae obelisk: 2 lang.



Rosetta mission

• ESA, launch March 2004

• Lander: Philae

• Comet 67P/Churyumov-Gerasimenko

– P for periodic

• Size 30x10 km



Rosetta mission

• Reached it on Aug 14, 2014 + orbit

• Power restored June/July 2015

• High D/H=5.3x10-4 (low for JFC)

• Glycine (the only amino acid?)

• Oxygen gas around it



OSIRIS-REx

• Sept 2016 launch

• On route to 101955 Bennu

• Carbonaceous asteroid



Kuiper Belt Objects

• Similar to 

asteroid belt

• Now thousands 

since 1992

• Frozen 

volatiles 

(methane, 

ammonia, 

water)

• Pluto is one of 

them!



Why Pluto is not a planet
• Pluto is no longer a planet. But why is that? 

• Clyde Tombaugh discovered Pluto in 1930

• From 1930 until 2006, beyond Neptune as the ninth planet in our solar 

system

• In 2006, however, the definition of a planet was changed!

• new rules adopted by the International Astronomical Union, to qualify as a 

planet:

• A planet must be round.

• A planet must orbit the sun.

• A planet must have “cleared the neighborhood" of its orbit. 

• This means that as a planet travels, its gravity sweeps and clears the space 

around it of other objects. Some of the objects may crash into the planet, 

others may become moons.

• Pluto follows the first two rules: It does not, however, follow the third rule.

• It has not yet cleared the neighborhood of its orbit in space. 



Kuiper Belt Objects

• Similar to 

asteroid belt





Strange surface patters

• Xx

• Osiris



Pluto’s surface

• Xx

• Osiris



Names on Pluto’s surface

• Xx

• Osiris

Convection 10 cm/yr, faster than continental drift



Motions on Pluto

• Also has liquid ocean

• Subsurface habitat?

• Time scales ~1Myr





Pluto Clouds?

• Pluto's hazy atmosphere is almost entirely free of clouds

• some cloud candidates after examining images taken by 

the New Horizons Long Range Reconnaissance Imager 

and Multispectral Visible Imaging Camera

• All are low-lying, isolated small featuresless cloud decks 

• suggestive of possible, rare condensation clouds. 











So why N2 in Titan?

A. Is more massive

B. From subsurface ocean

C. From NH3

D. From lightning
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Next time

• Exoplanets

• Their first discoveries

• Rothery et al. 233 – 252

• Longstaff: pp 321 – 342

• BS: 336 – 339, 370 – 395 


