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Professor Willard F. Libby of
the University of Chicago
received the Nobel Prize in
Chemistry in 1960:

"for his method to use
Carbon-14 for age
determinations in archaeology,
geology, geophysics, and other
branches of science.”
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Cosmic Radiation

Cosmic rays enter the earth’s
atmosphere and collide with an

atom, creating an energetic
neutron.

When the neutron Neuiron

collides with a
nifrogen atom. a
nifrogen-14 (seven
protons, seven
neufrons) atom
fums info a
carcon-14
atom.

Neutron cop1ure

/Corbon 1

Plants abscrb carbon dioxide
and incorporate carbon-14
through photosynthesis.

Animals and people eat
plants and take in
carbon-14.

Following death and

Nitrogen 14

)\ 47 burial, wood and bones
22 lose C-14 as it changes
fo N-14 by beta decay.
Beta decay
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Geometric Radioactive Decay
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Atmospheric variation

Changed 14C production over time

Suess effect

Bomb pulse




Changed 14C production over time

Global 'C production (atoms cms™)
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Radiocarbon production (based on GLOPIS-75 on SFCP2004 timescale)
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Suess effect

A change in the ratio
of carbon isotopes
('3C and %C) in the
atmosphere due to
the admixture of
large amounts of

fossil-fuel derived
CO.,.

(Levin and Hesshaimer, 2000)
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Reservoir effects

Atmospheric age = 0 BP
N, + 'ny = 1C; + 'H,
Cosmogenic C production = 2 atoms/cm?/s Atmosphere - ocean Depth
Polar €0, exchange = 19 molm?yr Shallow (km)

ocean Average global ocean ocean
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Tree Coral Speleothem  Sediments
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Schematic drawing of the 238U and 235U
decay chains
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Decay curve of a radionuclide and growth
~curve of its stable daughter
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Sayani et al., 2011



8234U(0)
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[230Th/ 238U]

Two sets of contours indicate
solutions to the 239Th age
equation (lines with steep
positive slope) and solutions to
the initial 834U equation
(curves).
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Multi-collector ICP-MS (MC-ICP-MS)

Higher efficiency of ionization and transmission
due to better focusing
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Problems
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Capability of U-Th dating

[*"Th]=150-200 ppt
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Relative Sea Level (cm)
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Radiocarbon calibration
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AR distribution in ocean

Air-Sea interaction

Atmospheric age = 0 BP

"Ny + Ing = 1Cg + H,
Cosmogenic “C production = 2 atoms/cm?/s Atmosphere - ocean Depth
CO, exchange = 19 molm?yr Shallow (km)

Average global ocean
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Take-home message:

= 239Th method can date samples as young as young
10-year olds with a precision of ~1 year.

= Use of aconstant AR value to calibrate '*C data
may not be appropriate particularly in where has
abundant terrigenous input.

= Time- and location-specifically regional AR (R)
value is strongly recommended for future '#C dates.



Thanks for your attention




