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Uncertainty estimation

Uncertainty estimation is subdivided into two parts: estimation of errors in each
isotope ratio, and propagation of these errors through the common lead correction.
The complexity of the data reduction complicates rigorous error propagation of
counting statistics owing to a variety of possible error sources and the influence of
their covariances. Minimum internal errors (Gi,) are estimated from the standard error
in selected signal ratios (o,) corrected for downhole fractionation (DF), and the
standard error in the k-value (o). This approach is similar to error estimation in the

mean-of-the-intensity-ratios approach: !-3

Ifint =k (R)\DHFC *

(A1)
with If, and Ifi the standard errors on the ratio and the k-value defined as:
i = «/VAR[(R)DHFC]
fr= B (A2)
and
- JVAR[®)ppc pi]
e = N (A3)

where k the k-value, (R®)phrc the selected intensity ratio corrected for DF, (R)pnrc the

mean of selected intensity ratio corrected for DF, (R)pnrc.pie the mean of the selected
intensity ratio corrected for DF of one Plesovice analysis, n the number of sweeps in a
selected part of a DF corrected intensity ratio and N the number of Plesovice primary
standard analyses in the analytical block. Error estimation for lead isotope ratios,
which are not standardized (i.e. k = 1 and oy - 0), is simplified; only the standard error
is considered. The estimation of the variance, VAR(Rpyrc) is based on the

assumption of a Gaussian distribution of the selected signal ratio corrected for DF, as



Burn et al. (2017) - Electronic Supplementary Information

corroborated by the distribution of selected signal ratios of eight Plesovice zircons
(Fig. ESI2).

Monte Carlo simulation is used to propagate errors through the common lead
correction: For each final isotope ratio of one analysis, 10° random values (with a
Gaussian distribution around p + 1o) are generated, resulting in 10° pairs of isotope
ratios. Each of these pairs is corrected for common lead. The distribution of the 10°
calculated values for one new variable, such as the Th-age or the fraction of
208Pb.,mmon, are evaluated to obtain an estimate for the standard deviation in this new
variable. While requiring some computational effort, the implementation of these
simulations is straightforward, and no problem arises with covariance, as the
propagation is integrated in Monte Carlo simulations. Isochron fitting and error
estimates are based on the approach reported in York 4, Monte Carlo simulations to

estimate the Tera-Wasserburg intersection age and its error are based on York et al. 3
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Fig. ESI1. Reproducibility of U-Th-Pb age-dating of allanite CAP®>, BONAY and
TARAP. Colour coding corresponds to distinct measurement days.
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Fig. ESI2. Histograms of isotope ratios of the sweeps of 8 analyses of Plesovice
standard zircon. The superposed Gaussian distribution functions accurately model the
distribution of the different isotope ratios.
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data-point error symbols are 20
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Fig. ESI3. Averaged 2%Pb/3%U (a: TARA; c: CAP) and *’Pb/'Pb (b: TARA; d:
CAP) isotope ratios of pristine allanite reference materials determined in this study.
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