
ASTR/GEOL-2040: Search for life 

in the Universe: Lecture 16

• Rock dating

• Carbon 13 record

• Midterm

Axel Brandenburg

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

Wednesdays 11-12 in D230)
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How do we know ages of rocks? 



• H and He in the Universe

• Nobel elements He, Ne, Ar, … highly unreactive (inert)

• Rest in Universe O, N, C, Si

• Human body H, O, C, N
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Most abundant elements

1% (so what?)



4

Right & left of K

18 Ar Argon

19 K  Potassium

20 Ca Calcium



A. Nobel gas, so primordial?

B. Radioactive decay of K?

C. Delivered through comets?

D. H-bomb tests in the 1950?
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3rd most element in atmosphere

Why?



A. Nobel gas, so primordial?

B. Radioactive decay of K?

C. Delivered through comets?

D. H-bomb tests in the 1950?
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3rd most element in atmosphere

Why?
40K decay

Radioactive

heat in Earth core



• 40K is only 0.012% of all K

• Contributes to geothermal heat

• Huge ½ life! (1.251 Gyr)

• Can be used for dating of rocks

• ½ life of C is only 5730 yr
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Potassium: mostly 39K

6.73% is  41K (stable)
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Right & left of K

eνnep 

eνepn 
eνenp  

b decay and e capture neutrino
anti-neutrino



• 40Ca and 40Ar

– 40Ca is most common   difficult

• Advantage with Ar?
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Two decay products



• 40Ca and 40Ar

– 40Ca is most common   difficult

• Advantage with Ar

– it’s a gas, trapped in rocks!

– inert
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Two decay products



A. …

B. …

C. …

D. …    both B and C possible 
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Which one is 40K  40Ca

eνnep 

eνepn 

eνenp  



A. …

B. …

C. …

D. …    both B and C possible 
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Which one is 40K  40Ar

eνnep 

eνepn 

eνenp   0.001%



A. …

B. …

C. …

D. …    both B and C possible 
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Which one is 40K  40Ar

eνnep 

eνepn 

eνenp   0.001%



t/t1/2=log2(1+[40Ar]/0.109 [40K])
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Decay & growth



• Most (98.9%) C is 12C

• Some (1.1%) is  13C

• Only traces of 14C

• Chemically same, but  13C 

commonis heavier: less in 

biochemistry
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Carbon isotropes:  14C  14N

14C decay into 14N: half life 5700 yr
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Cornerstones of astrobiology (Lect 1)

Exoplanets since 1995

 10 in habitable zone

>2001

>2003

>1996
Proxima Cen (red dot)

4.6Gyr
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Exoplanets since 1995

 10 in habitable zone

>2001

Proxima Cen (red dot)

4.6Gyr



• Traditionally: fossils

– subjective

• Oldest carbon deposits

– Isotopic fingerprint: low 13C/12C
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On the traces of early life



• Again: work with ratios 13C/12C
– Vienna PeeDee Belemnite (marine carbonate)

– 13C/12C = 0.01124

• Lower values in organic carbons

– 13C/12C = 0.01096

– Ratio: 0.975, ratio minus 1 is -0.025

• d13C = -25o/oo (per mil)
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Measurements of 13C/12C
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Apex Chert in Pilbara, Craton

Fossils
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Exoplanets since 1995

 10 in habitable zone

>2001

Proxima Cen (red dot)



• Black smokers

– Short-lived

– Acidic, pH 3-5

– CO2, H2S

• Alkaline vents

– Long-lived (x10)

– Lost City

– H2, CH4, ... 22

Hydrothermal 

vents
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• Pyrite FeS2 precipitates
– Early cells: temperature 

gradients:  polymerization

– Iron-nickel catalysis

– RNA, proteins

MJ Russell (JPL)
Am. Sci. 94, 32 (2006)
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Protein synthesis on FeS2 frame



• On Friday

• Check all lectures: def of life, order/disorder,

• Away from equilibrium

• Natural selection

• Carbon & Water, polar molecules

• Lipids and other building blocks

• Genetic code, A-T, G-C

• Biomarkers, meteorites, Miller/Urey, ...
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Midterm exam



• Metabolism first versus replication first.

– The RNA world.

– Autotrophs and hydrothermal vents.

• The three domains of life.

– LUCA, the last common universal ancestor.

• Greenhouse gases. Habitable planet? 

– The carbon cycle on Earth.

– Plate tectonics and volcanism.

– Comparison with Venus.

• The great oxidation event.
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Midterm exam



A. a single amino acid

B. a short polymer of amino acids

C. a protein

D. an oxidized amino acid

E. an achiral amino acid
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What is a peptide?



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 5700 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 5700 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 11400 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 11400 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 22800 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 22800 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 17100 yr



A. 160

B. 80

C. 40

D. 20

E. 10
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Half life 5700 yr

160 g initially, what is left after 17100 yr



A. 120

B. 80

C. 40

D. 20

E. 10
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14C  14N

160 g 14C initially, how much 14N after 5700 yr



A. 120

B. 80

C. 40

D. 20

E. 10
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14C  14N

160 g 14C initially, how much 14N after 5700 yr



A. 120

B. 80

C. 40

D. 20

E. 10
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14C  14N

160 g 14C initially, how much 14N after 11400 yr



A. 120

B. 80

C. 40

D. 20

E. 10
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14C  14N

160 g 14C initially, how much 14N after 11400 yr



• Extremophiles

• Life on the edge

• RGS pp. 74 - 84
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On Monday



A. sunlight

B. molecules
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Metabolic reactions

In the reaction CH4 + H2SO4  H2CO3 + H2S;

the energy comes from: (sunlight/molecules),



A. photo

B. chemo
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Metabolic reactions

In the reaction CH4 + H2SO4  H2CO3 + H2S;

so the elevant prex is (photo/chemo)



A. organic

B. inorganic
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Metabolic reactions

In the reaction CH4 + H2SO4  H2CO3 + H2S;

the electron donor is: ......................,

which is (organic/inorganic), so (organo/litho),



A. organo

B. litho
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Metabolic reactions

In the reaction CH4 + H2SO4  H2CO3 + H2S;

the electron donor is: ......................,

which is (organic/inorganic),

so



• Extremophiles

• Life on the edge

• RGS pp. 74 - 84
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On Monday


