
Carbon-14 
Dating

Carbon dating is a 
variety of radioactive 
dating which is 
applicable only to 
matter which was once 
living and presumed to 
be in equilibrium with 
the atmosphere, taking 
in carbon dioxide from 
the air for 
photosynthesis.

http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/cardat.



How does 14C form? Mostly from cosmic rays.
* Primary  cosmic rays are dominantly protons (H nuclei--

GeV-- much energy associated with them).
• Secondary  when protons enter into the upper atmosphere 

they produce neutrons, which have high enough energies to 
split off portions of small nuclei.

*  In the upper atmosphere where there is a lot of 14N, 14N is hit 
by a neutron which knocks off a proton to form  14C  
[14N(n,p)14C].

The amount of 14C is a function of the number of neutrons 
which is dependent upon the amount of primary protons 
which enter the upper atmosphere.



• This ratio was assumed not to have 
changed, but in the past 10 years, it was 
discovered that it has changed over Earth's 
history.

– H+ is a charged particle and is therefore affected by 
magnetic fields, including the earth's and the sun’s.  
The charge must have a certain energy in order to 
pass through the magnetic field.  A stronger magnetic 
field or a particle with lower energy will cause the 
particle to have more trouble passing through the 
earth's magnetic field.

– If the earth's (and/or sun’s) field varies as a function 
of time, then the number of H+ particles that pass into 
the upper atmosphere varies as a function of time, 
and therefore so does 14C concentration.



The amount has been relatively constant 
over the last 7000 - 8000 years.

• This is known because other isotopes are 
made by cosmic rays and because of 
historic age information, tree rings etc.. 

• It is possible to measure trace quantities of 
3He in various surface rocks if know age of 
eruption  can show how the earth's 
magnetic field has varied.



* 14C  becomes part of 
14CO2

• Rate of CO2 ratio in the 
atmosphere show how well 
CO2 is cycled through the 
biosphere and the oceans.

• This will also affect the (14C/C)atm.  

• Since 1950, 14C dating has 
been messed up because:

1.  Nuclear explosions release large 
amount of CO2 into the atmosphere 
(increases 14C).

2.  The burning of fossil fuels puts 
carbon into the atmosphere which 
contains no 14C (↓ 14C/C ratio)

Presuming the rate of production of carbon-14 to 
be constant, the activity of a sample can be 
directly compared to the equilibrium activity of 
living matter and the age calculated. Various tests 
of reliability have confirmed the value of carbon 
data, and many example provide an interesting 
range of application. Carbon-14 decays with a 
halflife of about 5730 years by the emission of an 
electron of energy 0.016 MeV. This changes the 
atomic number of the nucleus to 7, producing a 
nucleus of nitrogen-14. At equilibrium with the 
atmosphere, a gram of carbon shows an activity 
of about 15 decays per minute.



Figure 22.1. Decay of 14C 
in plant or animal tissue 
that was initially in 
equilibrium with 14CO2
molecules of the 
atmosphere or 
hydrosphere.  When the 
plant or animal dies, the 
exchange stops and the 
activity due to 14C 
decreases as a function 
of time with half-life of 
5730 years.  After 
measuring the remaining 
14C activity (A), the 
carbon-14 age (t) of the 
specimen can be read 
from this graph or can be 
calculated from Equation 
22.5
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Table 17.1 Material Suitable for Dating by the Carbon-14 Method
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Testing back through time:
* 4000 B.C. know age of death of "mummies" 

and can measure the 14C and check the variation 
over 6000 years.
[ Not really beyond this point –that is 
bootstrapping]

*  10,000 years back tree rings.    
[ Beyond this point, big time changes in 14C/C 
ratios; obscured by 

no reliable time estimates.]

*  N = Noe-λt works if we known No
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How is the measured amount of 14C calibrated?

• Corals incorporate 238U and 230Th (dominant 
isotope: 232Th) into their skeletons 

• Since there is not 230Th in sea water, it forms by 
decay:

238U 230Th  Half lives:  238U -- 4.5by ;  230Th – 70,000y

*  By measuring the amount of 230Th present, the age 
of the coral is simply a function of the half-life!

*  Good for establishing dates up to 150,000 years.



• After this point, the Th begins to itself 
decay into 226Ra (Radium) and at about 
350,000 years, the amount of Th being 
produced equals the amount being 
decayed.

This calibration can be used to find an 
age with a conversion (if don't use 
calibration than a difference of 10,000 to 
20,000 years will give an error of 10 - 20%).



*  Know that cosmic ray intensity has changed.

13.6 dpm of 14C/g of C = 2.3 x 10-10
11,400 years ( of at 5700 year half-life)

13.6/4 = 3.4 dpm/gC assuming that 13.6 was 
the starting point.

*  If 15 dpm/gC was the starting point than = 3.7 
(and object will appear to be much younger than 
it actually is)

*  If more 14C produced in the atmosphere gives 
rise to a higher residual ratio, than the object will 
appear younger  good evidence that this is 
the case.



How much 14C cycles through the ocean?

• Surface ocean contains 60 times the HCO3
- than 

the CO2 in the atmosphere.
• In glacial times, the concentration of CO2 in the 

atmosphere was about 200 ppm (60 to 80 ppm
lower than pre-1800).  
Therefore the distribution between the 

atmosphere and the oceans was different in 
glacial vs. interglacial times. Glaciation would also 
cause a higher ratio in the atmosphere.



Not clear which process is more dominant:  

1.  Distribution in ocean vs. atmosphere 
or 

2. Ocean as a buffer.



• 14C used in almost all of glacial 
calculations to find glacial retreat age 
estimates.  The process has been getting 
easier because now you need less C to 
test (only a few milligrams).  Large 
accelerators are used; 

ie. Nuclear structure lab- get high 
accuracy.

• Method used by archeologists and 
oceanographers - need only a single shell 
or tooth, more homogeneity.
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