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Two isotopes of an element have the same number
of protons but a different number of neutrons
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The transformation of 'parent' (P) to 'daughter' (D)
Isotopes forms the basis of radiometric geochronology



Geochronology – IsoplotR – compositional data – error propagation /504

The rate of radioactive decay is ONLY a function of the amount present
and is not affected by pressure, temperature or chemistry
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Solving the decay equation yields a simple exponential lawSolving the decay equation yields a simple exponential law
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14C evolution with time
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Inferring the initial amount of 14C with dendrochronology
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Some commonly used isotopes in geochronology
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Solving the age equation
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Rb—Sr geochronology, a simple geochronometer
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The Rb—Sr age equation
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Accounting for initial 87Sr
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Normalising to non-radiogenic 86Sr
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Determining the initial Sr-composition by isochron regression
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U—Pb chronology comprises two paired clocks
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The concordia diagram: an internal consistency check for U—Pb data
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4He/238U

Isotopic ratios can be measured by mass spectrometry
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The basic design of a mass spectrometer



Geochronology – IsoplotR – compositional data – error propagation /5019

An output file of a mass spectrometer that is used for U—Pb geochronology
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Data reduction [1/2]: calculating isotopic ratios
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Data reduction [2/2]: calculating ages
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Definition of an operating system

An operating system [...] means a collection of programs that are 
sufficient to use the computer to do a wide variety of jobs. A 
general purpose operating system, to be complete, ought to 
handle all the jobs that many users may want to do.

Richard Stallman (Free Software Foundation)
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An operating system for geochronology

ET_Redux

IsoplotR4Excel
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http://isoplotr.london-geochron.com or http://ucl.ac.uk/~ucfbpve/isoplotr/

http://isoplotr.london-geochron.com/
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Online
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Offline
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Command line
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IsoplotR currently implements 14 geochronological methods
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Mirror sites of the online GUI
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A mass spectrometerU-Pb and 40Ar/39Ar geochronology form the backbone of the geologic time scale 



Geochronology – IsoplotR – compositional data – error propagation /5031

A mass spectrometerCurrent data reduction schemes ignore two key facts 

1. Isotopic measurements are compositional data

2. Error correlations are commonplace in geochronology
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Rb—Sr revisited
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Rb—Sr as a ternary system
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The peculiar mathematics of compositional data space [1/2]
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The peculiar mathematics of compositional data space [2/2]
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John Aitchison, the father of compositional data analysis
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The logratio transformation



Geochronology – IsoplotR – compositional data – error propagation /5038

The arithmetic mean in logratio space = the geometric mean in compositional space
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Rb—Sr isotopic data in logratio space
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U—Pb geochronology revisited
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U-Pb isotopic data in logratio space
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Compositional data analysis in IsoplotR
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A mass spectrometerCurrent data reduction schemes ignore two key facts 

1. Isotopic measurements are compositional data

2. Error correlations are commonplace in geochronology
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Life is easier without covariances. Easier, but not better
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Correlated errors occur in every step of 40Ar/39Ar data processing

Blank correction Regression to t
0

Decay correction

Interference correction J-factor 40Ar*/39Ar
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Rb-Sr isochron regression



Geochronology – IsoplotR – compositional data – error propagation /5047

Inter-sample error correlations
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x1 10

x2 20

x3 30

x4 40

y1 20

y2 30

y3 40

y4 50

X1 9

X2 19

X3 31

X4 41

Y1 21

Y2 31

Y3 39

Y4 49

X1 X2 X3 X4 Y1 Y2 Y3 Y4

1 0.99 0 0 -0.9 -0.9 0 0

0.99 1 0 0 -0.9 -0.9 0 0

0 0 1 0.99 0 0 -0.9 -0.9

0 0 0.99 1 0 0 -0.9 -0.9

-0.9 -0.9 0 0 1 0.99 0 0

-0.9 -0.9 0 0 0.99 1 0 0

0 0 -0.9 -0.9 0 0 1 0.99

0 0 -0.9 -0.9 0 0 0.99 1

true 
values

measure-
ments

covariance matrix

Inter-sample error correlations
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Spare columns for future covariance structures
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Towards reproducible and traceable geochronology

Cheap storage and open software allow us to store raw data and promote 
reproducible and fully traceable science.
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