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To calculate and compare U-Pb, Th-Pb and Pb-Pb age data of various solid state phases 
obtained by LA-ICP-MS, standardized protocols accepted by the LA-ICP-MS age dating 
community and associated software are required. At present, most software available (e.g. 
Lamtrace, GLITTER, Lamdate, PEPITA, ComPbCorr, PbI; summarized in Košler & Sylvester, 
2003 and Košler et al., 2008) including custom-made reduction schemes assume no initial Pb 
present (e.g. LAMTRACE, GLITTER), however, some geologically relevant minerals such as 
allanite, titanite, rutile and perovskite may contain a significant proportion of common Pb. Other 
approaches rely on a nebulization-induced spike bracketing technique (e.g. Lamdate), an approach 
that is not employed in all laboratories. In addition, correction for matrix effects is carried out at 
different stages in the routines. Thus, it may be difficult to compare the age data obtained through 
the different software packages.  
 
Here, we present a transparent, step-by-step Excel-based, off-line data reduction procedure for in-
situ solid state U-Th-Pb-based age determinations obtained by LA-ICP-MS analyses. The 
advantage of the software (named LAMBERN) is the ability to handle all solid phases with 
sufficient U, Th and Pb content for age dating by LA-ICP-MS, including phases with a significant 
common Pb proportion. The software offers full control in all steps of the consecutive and flexible 
data reduction approach, and includes several (user-controlled) options for the data correction and 
age calculation procedure. LAMBERN employs a standard-sample-standard bracketing approach 
with a maximum of 20 individual analyses imported through an integrated VBA macro (file formats 
of xl, txt or csv from Elan, Thermo Element2 or ThermoX). Time intervals for background and 
signal are selected by the user. The data output can be read directly by IsoPlotEx (Ludwig, 2003). 
 

The LAMBERN package consists of two separated elements that can be run independently: (I) 
a screening procedure to ensure statistical robustness of the raw data input into (II) the consecutive 
data reduction, error propagation and age calculation protocol.  

The statistical screening procedure (I) is based on the statistical computing freeware R 
(http://www.r-project.org/). The raw data from the ICP-MS are analyzed as nonlinear time series, 
using methods of robust statistics. This serves (1) to detect and correct for various problems in the 
time series, and (2) to obtain the robust isotopic ratios and their dispersion. Problems in (1) arise 
owing to (a) data affected by (electronic) spikes, (b) missing values, and (c) inclusions or grain 
boundaries in the analyzed sample.  
(1) (a) and (b) are detected by running 7-point medians across the time series for each mass and 

replacing outlier values by the local (time-dependent) median.  
  (c) is both more involved and more rewarding, as it may be of interest to keep data for 

inclusions, so as to characterize each type. By combining l1-norms for subsets of the data, 
sequences of outliers are identified, and for these the subsequent analysis is made separately.  

(2) Smooth time series for each “clean” data-set of isotopic ratios are described by 2nd or 3rd order 
polynomials in t (time), based on l2-norms. The dispersion around this best fit is taken as a 
robust measure of the overall analytical uncertainty. 



Raw input data are fed in text-format to the external routines; these return “clean” data sets in the 
same format as well as the statistical results. 

Data interval selection (for signal and background), data correction procedures, age calculation 
and error propagation are carried out through a single Excel file in (II). Custom (e.g. in-house) 
standard values can be entered. A variety of diagrams, including time-intensity, time-ratio, 
sensitivity, ablation yield, Concordia, Tera-Wasserburg etc. are automatically generated. In addition 
to the statistical screening procedure in (i) or if this procedure is not preferred, a manual screening 
of the signals for extreme values (e.g. technically induced “outliers”) and for signals of poor quality 
(e.g. from time-dependant fractionation) can be carried out through time-intensity and time-ratio 
diagrams. The procedure includes an option for the rejection of data from a tolerated relative 
standard deviation (σ) specified by the user. The manual rejection of data includes entire sweeps. 
The procedure for the correction of the data is specified by the user through setup parameters and 
includes: 

 Background correction (averaged signal – background) 
 Mercury interference correction (of 204Hg on 204Pb) from measured or natural ratios and 

natural Hg isotope abundances. 
 Correction for instrumental mass bias through the Linear, Power and Exponential Laws, 

Russell and Baxter et al. formulations using the measured/”true” normalizing ratio for an 
external standard (e.g. NIST glass or zircon standards). 

 Instrumental drift correction by bracketing standardization based on internal standard 
isotope concentrations (e.g. NIST glass) obtained from measurements at start and end of 
each analytical session and corrected to known concentrations and the analysis number (1-
20) or real time intervals. 

 Common lead correction by one of three correction routines, viz. measured 204, the 
“207Pb” or “208Pb” correction. 

 Matrix effects calibration accounting for the extent of matrix effects can be applied if 
required. Selection is done between (i) non-matched matrix based on e.g. NIST SRM-610 
glass or (ii) matrix matching employing one or more (in-house) reference materials of 
known age. The calibration is applied through measured/standard ratios or calculated ages. 

 
The counting statistics uncertainty (CSU) used as basis for the error propagation and measure 

of data consistency is a minimum uncertainty per analysis that is calculated for each analyte per 
shot based on counting statistics. CSU follows a Poisson distribution and can be calculated for 
transient signals from: CSU (cps)  =  (√ (IX * DT / 1000) / √ (N)) * (1000 / DT), where CSU refers 
to the absolute counting statistics uncertainty (in cps), IX refers to the intensity of analyte X in the 
signal interval (in cps), N refers to the number of sweeps in the signal interval, and DT refers to 
dwell time of the analyte (in ms). This applies most importantly to the measurements of the masses 
202 and 204. 

At present, the robustness of the screening and calculation procedures in LAMBERN are being 
tested through analyses of standard zircons (91500zircon, Temora-1, Plesovice), allanites (AVC, 
CAP, Tara, Daibosatsu, Bona, Sissonne), Khan titanite and an in-house monazite standard. In 
general, the accuracy of non-matrix matched calibration routines for zircon, allanite and in part 
titanite report up to 30% deviation from “true” ages (e.g. TIMS, SIMS). Hence, matrix-matched 
calibration is in general employed. At the time of reporting, LAMBERN has been in use by only a 
handful of test-users and thus is still under improvements. 
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