
Radioisotope Geochemistry 
An Introduction 

• Variety of naturally occurring and anthropogenic 
radioisotopes can be used to provide information 
on a wide variety of processes 

• Can be used as tracers in same manner as stable 
isotopes but have the advantage of time as a 
parameter 

• Their use requires certain assumptions be made – 
must be assessed on a case by case basis 



Stable isotope abundance 



Examples of Processes  

• Water Column Vertical and Horizontal Transport 
by  
– Mixing 
– Particle Scavenging and Sedimentation 
– Lateral advection 

• Sediment Accumulation & Dating 
– Accumulation Rates  
– Mixing 
– Resuspension 



Modes of Decay 

• Alpha(α) – emission of two neutrons and 
two protons together as helium ion from 
nucleus 

• Beta (β) – emission of electron from nucleus 
resulting in increase in atomic number of 1 
in original nucleus 

• Gamma (γ) – emission of photons from 
excited nuclei 
 





Basic Equations of Decay 

N = No e-λt 

Where No = number of atoms at t = 0 

N = number of atoms at time = t 

λ= first order rate (decay) constant 

λN = Activity (Bq (= dps) or dpm unit used) 



Decay Equations (cont.) 

ln N = ln No - λ t 

When N = ½ No 

t = t1/2 

i.e. ln 0.5 = -λt1/2 

t1/2 = 0.693/λ 



1 Becquerel = 1 decay/sec 



Classes of Radioisotopes 
1. Primordial 

• Parents produced by super-novae, long-lived 
• not produced on earth 
• e.g. U-series 

2. Cosmogenic 
• Produced by interaction of cosmic rays with atoms in 

the atmosphere or land surface 
• Short to long-lived 
• e.g. 14C 

3. Artificial 
1. Man-made 
2. Purposefully or incidentally (nuclear bombs) 
3. e.g. 239Pu 
 



Production of 14C in Atmosphere 







Hughen et al. 
Science 2004; 
Cariaco Basin 
sediment 14C 

 
 
 

1) Annual laminations in 
this anoxic basin allows 
for ‘tree-ring’ year 
counting for much of the 
record 
 
2. Difference between 
calendar year and 14C 
age due to: 

– 14C production rate 
in atmosphere 
–Deep mixing rate 







14C also an ‘artificial’ radioisotope as a result 
        of nuclear bomb testing 



U-Th Decay Series 





Secular Equilibrium 

P 

D 

λD[D] = Ad 

λP[P] = Ap 

At steady state; λP[P] = λD[D] or Ap = Ad 



Scavenging 

P 

D 

λD[D] = Ad 

λP[P] = Ap 

At steady state; Ap = Ad + F 

Scavenging (F) 
[e.g adsorption of Th 
onto sinking particles] 

[e.g soluble long-lived 238U with  
constant A in the Ocean] 

FD[D] = F  



Scavenging and Decay 

• Both first order processes 
• If decay dominant then AP = AD 

• Where both are important AD < AP 

• Under steady state conditions the activity 
ratio can be used to estimate the scavenging 
rate and hence scavenging residence time 



Equations for Scavenging  Rate 

λP[P] = λD[D] + FD[D] 

AD/AP  =  λD/ (λD + FD) 

Where λP = decay constant for parent 

λD = decay constant for daughter 

[ ] = atom concentration 

FD = scavenging rate constant 



Equations for Scavenging  Rate (cont.) 

Solving for FD: 

FD = [(1 – AD/AP)/(AD/AP)]   λD 

or 

τ1/2 = [(AD/AP)/(1 – AD/AP)] tD1/2   

Where τ1/2 = scavenging “half-life” 

tD1/2 = half-life of daughter 
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