determine the age of an object

14C dating was developed by
Willard Libby  (1908-1980)
in 1949

1960 noble prize in chemistry

Libby




data analysis:
modelling, dating, source partitioning

Libby




Libby‘s dating model

Radioactice decay

IR(t) isotope ratio at time ¢ ]R(Z—) — ]RO . e—ﬂ.l‘

IR, 1sotope ratio at time zero
A decay constant=1In2 /7T,

Libby‘s dating model assumes
e during life object is in equilibrium with atmosphere

 after dead it is a closed system '
* [R, constant in time and space 2
« T, =5568 yrs (=>A=8033yr!)
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Summary of the remaining lecture

Libby‘s dating model 1s simply ingenious
* with small corrections 1t allows dating (archeology)
* deviations are often valuable to be investigated

(ecology)

Corrections due to violations of the basic assumptions:
* during life object is in equilibrium with atmosphere
« after dead object is closed system

* [R, constant in time and space
e T, =5568yr

Libby




Half-life of C

In 1950 Libby quoted a half-life 5568 * 30 yr

as mean of 3 values “
(more details Taylor in RCC) '

14C half-life
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Constancy in time of the isotopic ratio IR,

Check (in time and space) =» dendro-dated tree rings

T
u 'JHHHHH‘

This is a (stand-alone) dating method for wood !!!

Schweingruber 1988

But using the wood of the respective tree ring allows to

produce a calibration curve !!!

Constancy
in time
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* There are absolute and floating tree-ring chronologies

* Ranging up to 12 000 yrs BC (IntCal 13)

* Older records are dated by other methods, e.g. uranium-
thorium (up to 50 000 yrs BC)

Constancy
in time




F"C fraction modern
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An example where deviation from

Libby‘s basic assumption lead to 14C
application:
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Dating with a calibration curve
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Constancy
in time
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Note: The value of the half-life does not matter

There are programs doing the conversion, e.g. CaLLIB, OxCal
(Bayesian statistic, better determination of the uncertainty)




Example:

F14C =0.9125 + 0.0026

analysis with OxCal

red: measurement

Lila: calibration
curve

Grey: density

probability of age

Radiocarbon determination (F14C)
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Example:
F14C = 0.9125 + 0.0026
analysis with OxCal

red: measurement
Lila: calibration
curve
Grey: density
probability of age

another example
F14C =0.98 £+ 0.0025

Radiocarbon determination (F14C)

Radiocarbon determination (F14C)

OxCalv4 1.7 Bronk Ramsey (2010), r 5, Atmospheric data from Reimer et al (2008)
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Constancy in space of the isotopic ratio /R, in
time

14C production rates in sunspot minimum and maximum

A

AR

107 KTOMS LAT / OW* —SEC

Braziunas et al. 1995

How can be assumed that IR, is constant in space and time ?
How can it be checked ?

Constancy
in space




constancy in space is function of
inhomogenity of production, strength of mixing, residence times
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1 %o correspond to 8 1*C-yrs (CRA)
=> latitude-dependent difference in Northern hemisphere except high

artic small
=» Southern hemisphere has separate calibration curve

atmosperic A“C (in %o).

Constancy
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example of ,,deviations which are valuable to be investigated“
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A*C measurements of corn during the summer 2004,
2.8 %0 =1 ppm fossil CO,  Hsueh et al. 2007

Small handicap for dating,
but large chances for carbon cycle applications

Constancy
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Example of a strong disturbtion of the equilibrium:
Aboveground nuclear weapon testing (1954 — 1964)
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Solution for dating: several calibration curves

‘lv & calb.org/CALIBomb L~ H‘l Sudhen ‘ ﬁ E ‘ # . =
) mesthesucht Bl Linguse W wikpeda G Google () DudDudGo [N Netspesk (3 Leo Werterbuch | Nudear Instruments .. " Library BGC (g Intranet £, Google Scholar

_Calibrate | CALIBomb
[inican3 =] pre-Bomb Calibration data
set Recent Changes
| 'l post-Bomb Calibration
data set
|0_50 Flic Several ways of reporting '*C activity levels relative to a standard are in use, but no convention has been established for
W Flic U, 3 reporting nuclear weapons testing (post-bomb) 13C levels in samples. We advocate the use of fraction modern with a new
: ! ; symbol F}4C to prevent confusion with the previously used Fm, which may or may not have been fractionation corrected
[o0 " Smoothing in Years

(Reimer, Brown and Reimer, 2004. "Discussion: Reporting and Calibration of Post-Bomb14C Data", Radiocarbon 46, p

™ AD/BC output

IMy Sample  Description

F Enable Help
Calculate F14C l
| Radiocarbon Age
Calculate F14C
[ Dp¥e
[T DMC Uncertainty

Note: OxCal, Calib, etc are programs to deduce ages with the help of
calibration curves. But the calibration curves are produced by a team
of scientists, e.g. Reimer et al., Radiocarbon 55 (2013) 1869

Constancy
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Basic assumption: closed system

fats CO2

CO, proteins
carbo- COy
hydrates

carbonates

~ collagen

Basis of dating bones: no collagen enters the bone
(but it can decay)
It counts not only stability, but also immobility.

Closed
system




Basic assumption: equilibrium with athmosphere

Freshwater reservoir effect (lakes, rivers):
* Dissolved carbonates (hardwater effect)
e Oxidation of old organic matter

* Glacier water containing old CO,

Effect can be several k yrs. It can vary
 within one lake or river,

* can have temperoral variability,

* vary between different species

Due to exchange between carbonates and dissolved CO,
also non-carbonat-assimilating aquatic plant are
influenced.

Land animals can be influenced over the food chain

Equilibrium




Marine reservoir effect:

* All reasons of freshwater effect plus mixing with deep
ocean

terrestrial atmosphere

- 589PgC  1.3%
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550PgC  1.2% | marine
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deep ocean
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v

dissolved
organic carbon

700PgC 1.5%

<

. fossilfuels
~ 1,500PgC 3.2%

\ ‘ ocean floor sediment

1,750 Pg C 3.8% |

Fig. Schuur et al.,
RCC book

Datable with corrections is the surface ocean (down to 75 m)

For recent samples often regional corrections are available (next slide),
elsewise there is an average global marine correction

(modern pre-bomb 400 yrs)

Equilibrium




Global AR Values on a RGB Colour Scale

® This takes a long time to load. Be patient.
® The dots are all 100km in radius. The map projection distorts their size at high latitudes
* Each color shade increment represents ~16 units of AR

|

<0 AR >1000

http://calib.org/marine/google/

Correction depends on ocean circulation
=» It depend on the time era

Equilibrium




Dating land snails

The carbon in snail shells can originate from
* atmospheric CO,,

* food,

e water, and

e carbonate rocks.

For some species the age anomaly is a few k yrs.
For other species only a fraction of the samples show an age anomaly.
Again other species show no age anomaly at all.

Caution:

Freshwater reservoir effect,
marine reservoir effect and
land snails are examples !
Watch the carbon source !!!

Equilibrium




Summary

14C is (one of) the best dating tools for ages
below 50 k yrs (not mentioned)

Inaccuracy has many sources:
* Precision of IR meas.
* (Calibration curve
* Contamination

(sampling, sample preparation)
* Problems of sample type (equilibrium)
* Association of sample and event

Summary




