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A common problem of trace element measurements by LA-ICP-MS is the existence of interferences that cannot be resolved
instrumentally. The software G.O.Joe is developed to calculate trace element mass fractions in solid samples analysed by
LA-ICP-MS, offering the opportunity to correct for isobaric interference (including mass bias) and abundance sensitivity.
Designed as a platform-independent web application, G.O.Joe is written in the Dart programming language and runs on
all web browsers supported by Flutter (i.e., Chrome, Safari, Edge, Firefox) without the need for installation. G.O.Joe is freely
accessible from any computer with an internet connection to facilitate immediate data evaluation and the efficient
processing of large datasets (> 400 analyses). G.O.Joe features an intuitive user interface that simplifies the selection of
peak and background signals, import of instrument settings and reference material compositions to convert the measured
raw signals into element mass fractions. Key functions of G.O.Joe are presented by processing the analysis of tungstates
and silicates (i.e., scheelite and garnet) including specific correction methods to demonstrate their large effect on interfered
masses/isotopes achievable with only little effort. This study introduces G.O.Joe as a simple, time-efficient and flexible
software to significantly improve data quality in various trace element studies utilising LA-ICP-MS.
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The coupling of laser ablation systems to inductively coupled
plasma-mass spectrometers (LA-ICP-MS) was introduced in the
1980s (Gray 1985). Since then, it has evolved into an essential
tool for the in situ chemical analysis of both natural and synthetic
solid samples (e.g., Arrowsmith 1987, Günther et al. 1997,
Jeffries et al. 1998, Russo et al. 2002, Sylvester and
Jackson 2016). LA-ICP-MS allows fast and spatially resolved
acquisition of trace element compositions in solid samples. Its
application spans diverse fields, from chemistry and material
science (Becker 2002a, Zheng et al. 2020) to geosciences
(Sylvester 2001, 2008) and includes biological and environ-
mental analysis (Durrant and Ward 2005) as well as
bioimaging and forensic investigations (Orellana et al. 2013,
López-Fernández et al. 2016).

LA-ICP-MS is frequently utilised in Earth sciences, for
example, to study the physicochemical conditions of rock
and mineral forming processes based on the distribution of
trace elements or to trace chemical variations during
complex mineral precipitation events (e.g., Jackson
et al. 1992, Sylvester and Ghaderi 1997, Cook
et al. 2016, Kozlik et al. 2016). The measurement of mineral
trace element compositions has proven successful in
mineral exploration and presents a potential approach to
evaluating a broad spectrum of commodities through
indicator minerals, such as apatite, garnet, spinel, scheelite,
wolframite, rutile, magnetite, cassiterite, sphalerite etc. (e.g.,
Karimzadeh Somarin 2004, Goldmann et al. 2013, Dare
et al. 2014, Wilkinson et al. 2015, Mao et al. 2016,
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McClenaghan et al. 2017, Altenberger et al. 2021, Sciuba
and Beaudoin 2021, Bertrandsson Erlandsson et al. 2022,
Miranda et al. 2022).

The low detection levels and rapid analytical capabil-
ities of ICP-MS, paired with the high-resolution in situ
analysis on the tens of micrometre scale via laser ablation,
offer significant advantages for the determination of trace
element compositions over X-ray microanalysis either on
scanning electron microscopes (SEM) or electron probe
microanalysers (EPMA) and other techniques such as
laser-induced breakdown spectroscopy (LIBS), secondary
ion mass spectrometry (SIMS) etc. (e.g., Jackson et al. 1992,
Eggins 2003, Jenner and Arevalo 2016, Chew
et al. 2021). However, reliable measurement results are
often compromised by isobaric and polyatomic interfer-
ences, abundance sensitivity as well as multiplicative
effects of the ablated volume of the sample, instrumental
sensitivity drift, matrix effects and elemental/isotopic
fractionation (Longerich et al. 1996b, Becker 2002b,
Guillong et al. 2011). Drift and matrix effects are
commonly resolved by normalisation to an internal
standard (Longerich et al. 1996a) but still a primary goal
performing trace element measurement by LA-ICP-MS is to
avoid any interference and fractionation effects by proper
tuning of the instrumentation. Unfortunately, this is not
always possible and thus, careful data processing is
indispensable to comprehensively address all these
challenges (Miliszkiewicz et al. 2015, Lin et al. 2016).

Over the last decades, several well-established software
products for trace element data reduction have been
developed to enhance productivity by automatically calcu-
lating, interpolating and applying various correction/
calibration factors required for a proper evaluation of trace
element data. GLITTER was one of the first software tools for
processing LA-ICP-MS data, emphasising ease of use and
real-time data reduction (Van Achterbergh et al. 2001,
Griffin et al. 2008). Iolite advanced the field with more
comprehensive features, including integration with the Igor
Pro environment, offering improved data visualisation and
flexibility, but in its latest version has transitioned to a faster
platform based on C++ and Python (Paton et al. 2011).
LADR was designed to enhance accessibility and precision
for geochemical data, focusing on user-friendly interfaces
and customisation for diverse analytical needs (Norris and
Danyushevsky 2018). In addition, there are many other
Python- or MATLAB-based software packages that provide
features to increase the precision and accuracy of data
evaluation (e.g., Guillong et al. 2008, Branson et al. 2019,
Faltusová et al. 2022).

Recent studies on tungsten minerals with complex
sample matrices have reported interference issues due to
the high abundance of certain elements (e.g., Goldmann
et al. 2013, Altenberger et al. 2024, Haupt et al. 2024).
These issues arise from isobaric interferences and abun-
dance sensitivity affecting nearby masses (see Appendix S1
in the electronic supplementary material for more informa-
tion), particularly for critical elements such as In, Ga, Ta, Re,
etc. Some of the software developers listed above already
offer advanced products with comprehensive options for
interference correction (e.g., Iolite or LADR). Premium software,
however, is often limited to individual licenses and is not
flexibly accessible to everyone from everywhere. Conse-
quently, data reduction and interference correction often
require manual processing using in-house spreadsheets,
which is a time-intensive approach.

Here, we introduce G.O.Joe, a new software designed
for the basic calculation of trace element contents from
time-resolved signals measured by LA-ICP-MS. G.O.Joe
allows essential corrections for interferences, including
isobaric and abundance sensitivity, and is potentially
applicable to all types of solid materials. The software
enables fast and comprehensive data evaluation in just
three steps, facilitating quantifiable and reproducible
integration of LA-ICP-MS data. G.O.Joe intends to be a
non-commercial software and was developed as a
platform-independent web application written in the Dart
programming language using Flutter, an open source
framework by Google for building applications by a single
codebase (Napoli 2019). Hence, G.O.Joe has the
advantage of not requiring software installation to start
with data evaluation, thereby providing a flexible tool of
choice for both experienced operators of LA-ICP-MS as
well as early-stage users. Data safety is preserved because
neither the raw data nor the results are transferred to the
G.O.Joe server. In this study, we will demonstrate the power
of G.O.Joe by presenting its applications to two different
types of potential indicator minerals, namely scheelite and
garnet.

Materials and methods

The high-quality data processing and interference
correction capabilities of G.O.Joe are illustrated with the
following examples: (1) a scheelite analysis demonstrating
how elements such as Ta (and Re) are influenced by
abundance sensitivity due to its high W content and (2) a
garnet analysis to demonstrate the effect of isobaric
interference of 115Sn on 115In.
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Example 1: Abundance sensitivity effect in schee-
lite analyses

Example 1 focuses on scheelite (CaWO4), a tungstate
mineral with a matrix composition known to present analytical
challenges due to its high tungsten mass fraction (about 64%
m/m). The dataset used in this study, includes 167 spot
analyses of six natural scheelite samples from the Felbertal
tungsten deposit in Austria and is part of the dataset from
Haupt et al. (2024). The reference materials (RMs) used for
quality control consist of two synthesised glasses (USGS GSD-
1G and GSE-1G; Jochum et al. 2005a) and three
matrix-matched in-house RMs (i.e., Ta-bearing Scheelite A
and Scheelite B; Ta-free Scheelite S, Figure S1 in Appendix S1)
made from natural scheelite crystals collected in the Felbertal
deposit. Line scans on various pieces of the three in-house
scheelite RMs indicate homogeneous trace element distribu-
tion. The preliminary results yielded a relative standard
deviation from the mean of less than 15% for Scheelite A
and less than 10% for Scheelite B and Scheelite S for element
mass fractions well above the lower limit of quantification.

The example’s focal point is the precise determination of
Ta mass fractions. Along with Nb, the Nb-Ta fractionation in
hydrothermal environments is frequently used to deduce
ore-forming or petrogenetic processes (e.g., Dostal
et al. 2009, Timofeev et al. 2017, Ballouard et al. 2020,
Yin et al. 2022). However, the high tungsten content in
scheelite causes a special type of interference known as
abundance sensitivity (see Appendix S1 for more details
about the calculation). This means there is an overlap on
181Ta from the neighbouring 182W and 183W due to their
high abundances. To ensure accurate Ta measurements, it is
crucial to correct for abundance sensitivity effects. This not
only increases the data quality but also the consistency over
multiple datasets and is calculated by

I��x = Imeas� Iy � Ax
� �

(1)

where I��x is the abundance sensitivity corrected net count rate
(e.g., 181Ta, 185Re etc.), Imeas is the measured net count rate of
a given isotope of interest which is affected by abundance
sensitivity, Iy is the measured net count rate of an adjacent
isotope of the element which causes the abundance sensitivity
(e.g., 183W) and Ax is the abundance sensitivity factor.

Example 2: Isobaric interference of 115Sn on 115In
in garnet

Example 2 addresses the microanalysis of silicate
minerals demonstrated by analysing garnet collected from

the Hämmerlein skarn deposit in the western Erzgebirge
(Germany; Bauer et al. 2019, Korges et al. 2020; mineral
composition between grossular and andradite;
Ca3Al2[SiO4]3 - Ca3Fe3+2[SiO4]3). Those garnets have high
amounts of Sn causing a significant isobaric interference of
115Sn on 115In. This results in excessive indium contents if no
correction is applied. Based on 143 garnet analyses, the
application of the isobaric interference correction is pre-
sented together with the results for NIST SRM 612 glass,
which is used as quality control material.

Indium as well as Ga, Ge, Co, PGE and REE are crucial
for renewable energy technologies or high-tech applications
(Werner et al. 2017, European Commission 2023). There-
fore, it is imperative to deduce accurate results by correcting
any interfered signal of these elements during data
processing to ensure high quality results and to prevent
any economic or scientific misinterpretation. The formula
used to correct for isobaric interference is as follows

Ix�a = Ixmeas� Iy b � ab
� �

(2)

where Ix�a is the isobaric interference corrected net count rate
of the interfered isotope x of element a, Ixmeas is the
measured net count rate on mass x, Iy b is the measured net
count rate of the interfering element b on mass y
(non-interfering isotope) and ab is the correction factor
determined by the ratio of the relative abundance of the
isotopes x and y of element b.

Analytical set-up

Trace element compositions in scheelite and garnet
were measured by LA-ICP-MS on polished sections at the LA-
ICP-MS laboratory of the Institute for Mineralogy at the
University of Münster, Germany. The analyses were carried
out on a Thermo Fischer Element XR HR-ICP-MS coupled to a
Teledyne Photon Machines Analyte G2 193 nm ArF-based
excimer laser ablation system equipped with a HelEx2
ablation cell. Forward power was set to 1250 W and the
scan was conducted in low-resolution (LR) e-scan mode.
The Ar gas flow rates used were 16 l min-1 for the cooling
gas, 1 l min-1 for the auxiliary and the sample gas and 0.65
l min-1 for the He gas. Each analysis was performed using a
uniform spot size of 40 μm in diameter at 10 Hz with energy
density of about 4 J cm-2 for 40 s after measuring the gas
blank for 20 s followed by 15 s sample washout. Argon and
helium gas flows, torch position and focusing potentials were
adjusted by ablating the NIST SRM 612 to first optimise the
intensities on 139La and 232Th and subsequently to minimise
the oxide formation rate (232Th/232Th16O < 0.05%).

3© 2024 The Author(s). Geostandards and Geoanalytical Research published by John Wiley & Sons Ltd on behalf of
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Every twenty-five to forty unknown spots were bracketed
with a set of RMs intended for calibration and quality control.
For scheelite, the reference glass NIST SRM 612 was used as
calibrant to correct the time-dependent sensitivity drift of the
instrument and for garnet, the NIST SRM 610 glass was
used. The pre-set element mass fraction values for the NIST
SRMs in G.O.Joe are taken from Jochum et al. (2011) and
for other commonly used RMs (e.g., USGS GSD-1G, GSE-1G
etc.), the preferred values from the GeoReM database are
used (see Jochum et al. 2005b). All intensities on the
monitored masses measured on RMs and unknowns in
examples 1 and 2 were normalised to 43Ca and 29Si,
respectively, as internal standard. Major elements in
scheelite and garnet were determined by EPMA WDS
techniques prior to LA-ICP-MS analyses from the same spots
ablated afterwards by the laser. Analytical conditions and
EPMA instrument set-up follow the procedure described in
Haupt et al. (2024).

Offline data processing and evaluation of trace element
data was performed with the G.O.Joe software to test
abundance sensitivity correction of W on Ta and Re in
scheelite and isobaric interference correction of Sn on In
in garnet. The results were filtered with an outlier criterion of
30%; i.e., signals that deviated more than 30% from the
median of the count rates normalised to the internal
standard were removed. An additional threshold filter was
applied that requires a certain fraction of values passing the
outlier test. This value was set to 25%. The lower limit of
detection at 95% confidence was calculated on the basis
of Poisson distribution statistics using the calculations from
Pettke et al. (2012) for scheelite and Van Achterbergh
et al. (2001) for garnet.

G.O.Joe’s workflow

The workflow for data evaluation comprises three steps
(Figure 1). First, a raw data visualisation provides
time-resolved processing for every spot analysis and enables
manual removal of individual signal intervals affected by
inclusions or contaminations (Figure 2). Second, the software
asks for information about the internal standard and RM
used for calibration, outlier and threshold criteria and offers
several options to calculate the limit of detection/quantifica-
tion as well as the optional application of further interference
correction algorithms. Third, the final step of automated
calculation comprises the transformation of the raw signals
into element contents and the determination of relative
standard uncertainties based on counting statistics. The
calculations follow the procedure described in Jochum
et al. (2006) and Jochum et al. (2007) and consist of the

following consecutive steps applied to the entire dataset: (1)
background correction, (2) optional correction of interfer-
ences (isobaric and abundance sensitivity), (3) count rate
normalisation of monitored masses to that of the internal
standard, (4) outlier filter, (5) threshold filter and (6)
calculation of the limit of detection/quantification. A detailed
description of the calculations performed by G.O.Joe is given
in the online supporting information Appendix S1. More
details about the exact workflow and data reduction with
G.O.Joe can be viewed in Appendix S2.

Data reduction and evaluation procedure

G.O.Joe is a completely platform-independent web
application that can be rendered on any web browser

General workflow
for data evaluation

1. Raw data processing
Data import

Signal/background selection

2. Basic configuration
Internal standard (mass fraction)

External reference material
Statistics and detection level

Advanced calculations (corrective measures)
Export settings

3. Calculation
Background correction

Interference/abundance sensitiv. correction
Relation to internal standard

Outlier test and threshold filter
Statistical parameters and detection level

Determination of element content
Calibration and relative sensitivity factors

Instrument drift correction

Export
Results file (.xlsx)

Intermediate results (.zip)
Recovery file (.gojoe)

Save

Save

Accuracy
check
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Figure 1. Schematic overview of the general workflow

for data evaluation with the G.O.Joe software,

including the main steps of (manual) raw data

processing and basic configuration followed by

(automatic) data calculation. Before the export of the

results, the accuracy check can be used to assess the

data quality.
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supported by Flutter (i.e., Chrome, Safari, Edge, Firefox).
Nevertheless, it is recommended to use Chromium-based
browsers (e.g., Chrome, Edge, Opera) in order to avoid
complications that may occur more frequently with other
browsers (e.g., copy-paste function not working). The
G.O.Joe software supports the import of various raw
data formats from different ICP-MS instruments (Agilent,
Thermo Scientific etc.). No raw data files on the
computer are modified by the application of G.O.Joe.
During data reduction, a G.O.Joe-Recovery File can be
downloaded at any time by clicking on “Save” (Figures 1
and 2). This file contains the current processing status of
all measurement data and basic configurations. It can
be uploaded again to continue with or re-evaluate any
dataset.

Prerequisite for successful data evaluation is the
preparation of the following information:

(1) a separate data file (.csv, .asc,. FIN2 etc.) for each spot
analysis containing time versus intensity information;

(2) the analytical set-up and mass spectrometer settings (i.e.,
the measurement sequence of the unknowns/RMs,
calibration reference material and peak dwell times);

(3) the mass fraction data (element/oxide content) of the
internal standard from an external source (e.g., EPMA or
stoichiometric values in μg g-1 or % m/m) in the
measured sequence;

(4) if abundance sensitivity corrections are to be performed,
a suitable RM must be analysed repeatedly during
analysis that contains the element causing the mass
abundance sensitivity as major component but is free of
the trace elements, which need to be corrected in the
unknown samples.

Please note that the naming of the uploaded data files is
also important. To avoid problems, all file names must at
least begin with the designation of the sample or RM and
should be followed by a consecutive/custom numbering that
is separated by an underscore (i.e., S1_1, S1_2, S2_1, S2_2,
NIST612_1, NIST612_2, GSE-1G_1 etc.).

Signal selection and basic configuration

The evaluation procedure starts with the selection of
peak and background parts of the individual analyses in a
time-resolved mass plot (Figure 2). In a next step, the

Figure 2. Graphical user interface of workflow step 1: Overview of the processing options in the signal selection-

window. The diagram shows the time-resolved intensities of all measured masses (“isotopes”) on a logarithmic (or

linear) scale. All analyses are listed to the left of the diagram. The user can click through each analysis individually

and specify the desired background (blue area) and signal (yellow area) intervals by using the slider. Individual

sections may be excluded from further calculation (red area) by clicking on the desired intervals. Single mass signals

can be hidden by clicking on the respective mass in the legend.

5© 2024 The Author(s). Geostandards and Geoanalytical Research published by John Wiley & Sons Ltd on behalf of
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reference material for calibration and the internal standard
element values need to be defined. Note that the preferred
values of the most frequently used RMs were already
imported from the GeoReM online database. Alternatively,
the composition of a custom RM can be entered manually.
Several filters for outlier, threshold and detection levels can
be applied to the data. After the trace element values have
been calculated, a quick quality check can be done by
automatically comparing compositions of RM used as quality
control material with GeoReM literature values. Finally, the
results can be downloaded as an Excel file. The detailed
description of the individual evaluation steps can be found in
Appendix S2 and a step-by-step manual in Appendix S3.

Advanced calculations

For the more experienced users of G.O.Joe, advanced
calculations can be conducted to correct for abundance
sensitivity and isobaric interferences. In order to perform such
corrections successfully, it is recommended to analyse
suitable (matrix-matched or pure) RMs for calibration. The
theory behind these calculations is mainly based on
the equations given above (Equations 1 and 2) and is
explained in Appendix S1. A detailed application

description of the advanced calculation can be found in
Appendix S2 and S3.

To apply the abundance sensitivity correction, activate
the box on the left side of the tab and select the
matrix-matched RM that is free of the element affected by
the abundance sensitivity from the sample list (Figure 3a). In
example 1, we correct the overlapped 181Ta, 185Re and
187Re in scheelite and therefore use the Ta- and Re-free
in-house RM Scheelite S. Open the settings to define the
interfering isotope (i.e., 183W) and the overlapped isotope(s)
(e.g., 181Ta, 185Re etc.; Figure 3b).

The isobaric interference correction is applied by
creating a new correction using “Add correction” and
selecting the appropriate isotopes (Figure 3c). In example
2, we correct garnet analyses because In is overlapped by
Sn. Therefore, select the interfered In isotope (i.e., 115In) as
well as the interfering Sn isotope (i.e., 115Sn) in addition to
the non-interfering isotopes of Sn (e.g., 117Sn, 118Sn etc.).
Note that this is only possible if the interfering element has
been measured on several masses. Moreover, it is
recommended to consider the mass-based fractionation for
the isotopes of the interfering element during the isobaric
interference correction. This function must be activated

Figure 3. Graphical user interface of the advanced calculations-subwindow. (a) Overview of the advanced

calculations tab. (b) Settings of the abundance sensitivity correction as used for scheelite in example 1. (c) Settings of

the isobaric interference correction as used for garnet in example 2.

6 © 2024 The Author(s). Geostandards and Geoanalytical Research published by John Wiley & Sons Ltd on behalf of
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separately by checking the “Apply mass bias” box under the
last non-interfering isotope. For the calculation, the definition
of a primary (e.g., 119Sn) and a secondary (i.e., 117Sn) non-
interfering isotope of the interfering element is necessary
(Figure 3c).

Results and discussion

Analysis of scheelite applying abundance
sensitivity correction

Tantalum in scheelite measurements from example 1
shows that the mass fractions without abundance sensitivity
correction are above the detection limit in all analyses and
range between 0.64 and 280 μg g-1. When applying the
abundance sensitivity correction (Appendix S2), however,
most of the corrected Ta values between 1.1 and 0.78 μg g-1

will be eliminated completely because they fall below the
limit of detection calculated for each analysis based on
the interference corrected signal. This shows that the
abundance sensitivity of W on Ta can cause false values of
up to one order at a corrected mass fraction of 1 μg g-1 and
must be considered especially in W-rich samples with low Ta
mass fractions.

The effect of abundance sensitivity becomes even clearer
when the corrected values for Ta are compared with the
uncorrected results for Ta (Figure 4a). Our dataset shows that
the relative correction factor increases steadily with a
decreasing mass fraction of Ta. The correction is most clearly
visible from an uncorrected Ta content of < 2.5 μg g-1 (i.e.,
about the uncorrected Ta value of Scheelite A). For samples
with uncorrected results for Ta between 2.5 and 1.1 μg g-1,
the values are corrected by 35 to 80% with decreasing Ta
content; uncorrected values below 1.1 μg g-1 usually fall
below the detection limit or are already filtered out in the
outlier/threshold test. For higher uncorrected Ta levels (>2.5
μg g-1), the values are corrected by 30 to 10%.

The reproducible values of two Ta-bearing in-house RMs
(Scheelite A and Scheelite B; Figure 4a) from the Felbertal
deposit serve as monitoring of the abundance sensitivity
correction, whereas the correction factor Ax is determined
by regular measurements of the Ta-free Scheelite S. For
Scheelite A, the uncorrected Ta mass fraction of 2.7 � 0.08
μg g-1 is corrected to 1.9 � 0.09 μg g-1. Scheelite B has
lower uncorrected values of 1.2 � 0.04 μg g-1 that are
corrected to 0.3 � 0.05 μg g-1. In contrast, the synthetic
glass RMs GSD-1G and GSE-1G are not affected by the
correction, which is expected given the low mass fraction of

W (43 and 430 μg g-1) relative to Ta (40 and 390 μg g-1).
Both RMs plot on the 1:1 line in the diagram at Ta values of
40 � 0.87 μg g-1 and 410 � 5.5 μg g-1, respectively (i.e., 5
to 10% deviation from the literature values).

The correctness of the data evaluation with G.O.Joe is
confirmed by comparing the calculated LA-ICP-MS results of
Mo with those from the same scheelite spots by previous
electron probe microanalysis. Most samples show an
agreement of around 10% between the Mo mass fraction
determined with both instruments (Figure 4b). The quality
check of GSD-1G illustrates that the deviation between the
calculated results and the preferred values from GeoReM is
better than 10% (Figure 4c).

Analysis of garnet applying isobaric interference
correction

In some garnet analyses from example 2, the uncor-
rected results for In range from 10 to 65 μg g-1. After
applying interference corrections, these values decrease to
less than 5 to 10 μg g-1, as illustrated in Figure 5a. The NIST
SRM 612 plotting at the 1:1 line remains unaffected by the
correction and the In analyses deviate between 0.1 and 6%
from the literature value. The comparison of the results
calculated with G.O.Joe and the results of the previously
used in-house spreadsheet (MS Excel) shows an agreement
of more than 99% (Figure 5b), supporting also the validity of
the calculations performed by G.O.Joe. A full comparison
of all intermediate results is provided in Appendix S4 for the
analysis of garnet sample GRT-27 (see arrow in Figure 5a).

Different methods were used to calculate the isobaric
interference correction and can be looked up in
Appendix S2. The correction was carried out both with the
basic approach that uses only the natural isotope ratio of
the interfering 115Sn (i.e., on 115In) and the non-interfering Sn
isotopes (e.g., 117Sn, 118Sn etc.) as well as the mass bias
approach that considers the mass-based fractionation of the
Sn isotopes (Figure 6).

The comparison of the natural isotope ratio of
113In/115In (0.045) and the ratio of the uncorrected count
rates measured on masses 113 and 115 shows that both
the investigated garnet samples and the RMs NIST SRM
610 and NIST SRM 612 deviate significantly from the
natural ratio. The check of the mass ratio 117/120
corresponds to the natural isotopic ratio of 117Sn/120Sn
(0.236) so that either 117Sn or 120Sn are suitable as a
correction basis for 115Sn on 115In. By applying the isobaric
interference correction (117Sn used as non-interfering

7© 2024 The Author(s). Geostandards and Geoanalytical Research published by John Wiley & Sons Ltd on behalf of
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isotope), the ratio can be corrected to the natural isotopic
ratio in most analyses (Figure 6).

Based on the different non-interfering isotopes used for
the correction, small differences may arise, especially for the
more strongly corrected In values. In our example,
the difference between the corrected results for the same
measurement is usually < 0.5% and is therefore within the
standard uncertainty of the individual analysis (Figure 5a).
Only a minority of the corrected results show differences of
up to 7%. Hence, it is advisable to include, if available,
several non-interfering isotopes of the interfering element to
compare the corrected results with each other in order
to verify that the included isotopes are not affected by
interference and to select the optimal isotopes for correction.

The comparison between the simple corrections (i.e.,
using only isotope ratios) and the correction considering

mass-based fractionation shows only small differences of
about 0.4%, which are also within the standard uncertainty
of single measurements (Figure 5a). The maximum difference
in our dataset is around 11% and relates to individual,
unstable measurement signals of the masses used for the
correction. For the rather high mass of In and Sn (between
115 and 120) there are only slight differences between the
basic and the mass bias correction method. This can be
attributed to the fact that the mass discrimination effect
decreases with increasing mass of isotopes. For isotope ratios
at lower masses (around < 20) a mass discrimination higher
than 10% is usually observed in ICP-MS (Becker 2002b),
however, mass bias in any mass range may also depend on
specific ICP-MS instrumentation and tuning. Thus, it is
generally recommended to apply a mass bias correction
and carefully examine the differences between the two
approaches particularly when correcting for lighter elements.
Mind that an adequate amount of non-interfering isotopes

Figure 4. Results of example 1: Binary plots of (a) uncorrected Ta values versus Ta corrected for abundance

sensitivity in scheelite and (b) Mo determined by LA-ICP-MS and EPMA. (c) Quality check of the measured values for

the reference material GSD-1G showing the deviation (in %) based on literature values (Jochum et al . 2005b).

Deviation = (valuemeasured - valueliterature) / valueliterature * 100.
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must be included in the analytical session to achieve the
most accurate results.

Conclusions and future developments

G.O.Joe is an intuitive software for data reduction of LA-
ICP-MS trace element analysis, incorporating various

interference correction methods. It is a non-commercial
application that offers free dataset evaluations and subse-
quent reprocessing with the downloadable G.O.Joe-
Recovery File. Programmed in Flutter, G.O.Joe is accessible
online without the need for installation, enabling usage from
any location with internet connection. The only prerequisite is
a data format compatible with the software. We ensure that
no raw data or results are retained on G.O.Joe’s servers

Figure 5. Results of example 2: Binary plot of uncorrected In values versus isobaric interference corrected In contents

in garnet. Both correction approaches are shown in the diagram; simple correction by using the isotopic ratio of
115Sn and several other Sn isotopes (e.g., 117Sn, 118Sn etc.; square symbols) and mass bias correction (red circles). (b)

Comparison of the results calculated automatically with G.O.Joe and manually using an in-house MS Excel

spreadsheet. Deviation = (resultsG.O.Joe - resultsExcel) / resultsExcel * 100.

9© 2024 The Author(s). Geostandards and Geoanalytical Research published by John Wiley & Sons Ltd on behalf of
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post-session or after an internet disconnection, thereby
maximising data security. Updates and new software
features will be regularly posted on the website.

The examples of scheelite and garnet demonstrate that
G.O.Joe is both simple and user-friendly. It facilitates the
correction of interfered elements with minimal effort, a task
that previously necessitated manual raw data processing
and the use of tools like in-house spreadsheets. Conse-
quently, the software substantially enhances data quality
and consistency over multiple datasets in various trace
element studies utilising LA-ICP-MS. The correctness of the
calculations performed by G.O.Joe can be confirmed by
the exact agreement of the intermediate results with the
manual evaluation and the strong correlation of minor
element mass fractions determined by routine EPMA
measurements prior to LA-ICP-MS.

G.O.Joe will remain a work in progress. The software is of
course constantly evolving and some problems have not yet
been fully resolved. New approaches to correct other
interference problems may include a polyatomic (or
molecular) interference correction, for which we are eager
to develop a universal correction method. In addition, there is
potential for development in dealing with the propagation of
uncertainties in the next software versions. Many more
features can be developed in the future to provide a
comprehensive software tool for everyone, such as the
upload of logbooks for renaming data files, plotting
diagrams, the extension of file types from different ICP-MS

systems that are not yet supported by G.O.Joe etc. Thus, we
invite everyone to get in touch with us to help develop the
software by expanding its scope and implementing more
features. The latest version of G.O.Joe is available at
https://www.gojoe.software.
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