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Notices

No part of this manual may be reproduced in any form or by any means (including
electronic storage and retrieval or translation into a foreign language) without prior
agreement and written consent from Norris Scientific as governed by Australian and
international copyright laws.

Manual Edition: Revision 2020C

LADR Version: >v1.1.06

% Norris Scientific

PO Box 204
Moonah, TAS, 7009
Australia

All enquiries to: ladr@norsci.com
WWW.Norsci.com
© Norris Scientific PTY LTD, 2020

All rights reserved.

Warranty

The material contained in this document is provided "as is," and is subject to being
changed, without notice, in future editions. Further, to the maximum extent permitted
by applicable law, Norris Scientific disclaims all warranties, either express or implied,
with regard to this manual and any information contained herein, including but not
limited to the implied warranties of merchant-ability and fitness for a particular
purpose. Norris Scientific shall not be liable for errors or for incidental or
consequential damages in connection with the furnishing, use, or performance of this
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document or of any information contained herein. Should Norris Scientific and the user
have a separate written agreement with warranty terms covering the material in this
document that conflict with these terms, the warranty terms in the separate
agreement shall control.

Technology Licenses

The software described in this document are furnished under a license and may be
used or copied only in accordance with the terms of such license.
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Introduction

Why LADR?

As per conventional metrology the calculation of an unknown concentration using a
calibrated response takes a form that is trivial to calculate using basic spreadsheet
software: multiply the observed intensity of the unknown by the known concentration
in a reference material and divide by the observed intensity of the signal from that
same reference material’.

Using this “external calibration” approach for LA-ICP-MS analysis does not generally
work. The primary issue is that different materials ablate at different rates resulting in
different (and in practice unknowable) variations in the yield from sample to sample.
The most direct approach to tackling this complication is to normalise the entire
expression for one analyte by that for another. This second analyte is referred to as the
“internal standard”. Dividing the two expressions and rearranging gives us the
following:

X CALa
X

ISAMa ICALb

X X X X

SAMa 4> SAMb

SAMb I CALa CALb

This expression is a rearranged form of the equation introduced to the LA-ICP-MS
community by Longerich et al. in their paper from 1996. Note that for this expression
to be evaluated successfully the concentration of the internal standard element needs
to be known in both the reference material and the unknown sample.

Using this “internal standard” approach certainly works, but if data reduction of LA-
ICP-MS data could be performed using just this expression then LADR would not exist
and most users would simply calculate their own values using basic spreadsheets.

1 This is not a maths text (phew!) but it is hoped that demystifying the basic calculation demonstrates
that computing the concentration is not a difficult task. The true complexity of LA-ICP-MS data
reduction stems from the peripheral calculations that are required to ensure high quality results:
spike removal, gas blank modelling and subtraction, down-hole fractionation correction, calibration
modelling, and so on.
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The catch is that calculation of both accurate and precise results requires a number of
peripheral calculations and some interpretation from the analyst: the changes to gas
blank intensity and instrument yield over time must be modelled, spikes must be
removed, down hole fractionation must be modelled, interferences must be removed
or at least assessed, and errors must be propagated to the final values.

Furthermore, thanks to automation, a modern LA-ICP-MS laboratory can easily
produce thousands of ablations per day with applications varying from trace element
analysis in different materials through to quantified isotope ratios for geochronology.
Thrown into the mix is the reality that most analysts are using LA-ICP-MS as the
analytical tool that it rightly is, and being research scientists in their own, often
disparate, fields their primary concern is the production of high quality results in the
most straight-forward and error-free way possible...which is exactly what LADR does.

How to Use this Manual

Reading it would be a good start (!) but at 222 pages there is an awful lot of information
here for you to soak up! You can try reading just the “Introduction” and the “Glossary”,
but realistically that is probably not quite enough to get going with the software.

The “Getting Started” chapter offers a very brief walk-through, and also introduces the
general concepts behind the software. The walk-through covers the standard workflow
which begins with loading data files and finishes with exporting results, but most of the
options are omitted from the example. Most users, especially experienced analysts, will
find they can use the software successfully after reading only that chapter.

The remaining chapters are each dedicated to a specific section of the software, and
arranged in a similar order to the steps along the analytical workflow. While each
chapter covers the software operation in depth, they all begin with an introduction
section that discusses the philosophy behind the software, and where appropriate,
mentions why LA-ICP-MS data should be collected in a specific way if the analyst is to
make optimal use of the features available in the software.

The quickest way to get the most out of this manual will be to read the “Getting
Started” chapter followed by the introduction section from each of the subsequent
chapters. Then, return to each chapter for assistance as you work through the software
to process your first project.

Contact LADR support (ladr@norsci.com) if you require additional assistance.
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Program Overview

The LADR program follows a basic workflow, introduced in the “Getting Started”
chapter. Data files are loaded and the user specifies how the data are to be computed.
The user must perform a number of analytical tasks, such as choosing regions to
quantify and inspecting the gas blank and calibration models. Finally, the user can
compute the results and export the data to spreadsheet software of their choice.

Using pre-defined values a user can calculate useful trace element data from a dataset
of any size in approximately five minutes. In more complex projects the time
commitment will scale with the number of samples and is mostly dominated by the
user checking each analysis to ensure the mineral/material type matches what was
expected, or adjusting sample intervals. Where such tasks are unavoidable LADR
provides a convenient interface to minimise errors and maximise throughput.

Program name

LADR is derived from “laser ablation data reduction” and is easiest to pronounce as
“ladder”.

Program version

This manual is written for the current version of LADR released at the time of
publication. See the Notices section for the specific version.

Program compatibility

LADR is written in C# and runs under version 4.7 of the .NET framework. It runs on
Windows 7, 8, and 10, provided the .NET framework has been installed. If your system
is lacking the .NET framework, it can be downloaded from Microsoft here:

https://www.microsoft.com/net/download/windows

Note: While LADR will run on OSX and Linux under Mono, it is not supported at this time. It
is anticipated that full Mono support will be released in mid 2020.

It will be possible to run LADR on any PC, but performance with large projects will be
limited by the available system RAM. More than 2GB is recommended, but >8GB would
be best for large projects.

dih.
R
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Note: A large project contains more than one million data points. Under representative
conditions (0.5s sweep time, 40 masses, 60s per sample) this equates to loading a project
with over 1200 samples.

A minimum display resolution of 800x600 is advised, with 1024x768 or greater
preferred. All forms scale dynamically, and all charts support increased fidelity on hi-
dpi displays. If working at 4K (or larger) we recommend increasing the Windows display
resolution to 125-150% (right click on desktop, Screen Resolution, click “Make text and
other items larger or smaller”).

Licensing

LADR requires a user and license key to operate. Once entered and saved, the licence
keys are preserved indefinitely, but obscured on the registration window to prevent
them being exfiltrated from the software. Use the main menu item
“Help”"—-"Registration” to view the current licence details, or to enter new ones.

= = LADR v11.03 | default_profile.pfl | INVALID LICEMCE - NO RESULTS AVAILABLE! == =
LADR  Profile Project  Tools | Help
1. Load Fies 9 LADR Manual

9 LADR Getting Started Guide

Data Files
[v]

About

I Registration @

H Save | Pop-up Threshold: Error - 6 Info Warning Error Critical Error Clear
Log H Stamp Level Message
1] 4 02/24/2020 19:5... Lv3_Critical Emor The cument licence is invalid: Missing or incomect user key. As a result the software has been put into a limited read-only condition. You may still load d
1} 3 02/24/2020 13:5... LvD_lnfo Loaded last used LADR profile.

1] 2 02/24/2020 19:5... LvD_Info Profile loaded from "C:\Users'Developer\Documents\CODENLAD Rsvr LAD R binDebug*support‘default_profile pfl".

0 1 02/24/2020 195... Lv0_Irfo Configuration file read successfully.
] T ¥

Figure 1: Opening the LADR Registration Window
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= = Registration @ = = Registration @
To purchase or evaluate LADR please visit: To manage your LADR licence please visit:
https.//norsci.comAadr/ https .//norsci.com.Aadr/
Enter your user and licence keys and click "Update Licence™:
Keys Keys
User Key: 1. User Key: NORRI-AAGIF-38CAA
Licence Key: 2. Licence Key:  |FB42-8F47-#aHE-DC26-ACDC
LADR Version: LADR Version: LADR Site Edition
Cwner: Cwner: Dr Ashley Nomis
Expiry Date: Expiry Date: 202505-27
X V/
Migsing or incomect user key. Valid licence.
I| Update Licence 3. |I
Cancel Reset Save Cancel Reset Save

Validation of the registration keys requires an active internet connection, but, please
note that ongoing use of LADR does not require an always-active connection to the
internet, and an offline grace period is provided.

In those scenarios where the offline grace period has expired then an active internet
connection will be required before LADR can operate as normal.

If LADR is executed without a valid license, or the online license check is prevented
from running, then LADR will still operate, however the results window will not be
available.
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Glossary

AMU - Atomic mass unit, approximately equal to the mass of one nucleon.
Analyte - A mass corresponding to an element of interest.

Background - A common synonym for “gas blank”. Where possible, the term gas blank
is used preferentially throughout this manual and the LADR software.

Calibration Standard - A reference materials containing a known concentration of the
analyte and internal standard element.

Counts - The raw output from a mass spectrometer detector due to the detection of
ions.

Counts Per Second (CPS) - Integrated counts over one a one second interval. CPS are a
direct representation of signal intensity.

Data Point - A single mass spectrometer measurement of a single mass for a specific
duration as a specific moment in time. Sequential instruments can only measure one
data point at a time.

Detection Limit - The lowest level of a signal that can be regarded as statistically
greater than the gas blank signal. A mathematical definition is provided elsewhere in
this document.

Dwell Time - The length of time, typically measured in milliseconds, that the mass
spectrometer spent counting on an individual mass.

Drift / Instrument Drift -The change in mass bias over time. Drift results in a time-
dependent change in the ratio of an analyte to the internal standard. Drift can be
corrected by performing regular measurements on a reference material.

Element Fractionation - A “catch all” term to describe any effect that results in a
different yield response on a sample compared to the calibration standard. This can be
caused by many factors, and can be either time independent (for example matrix
mismatch between sample and standard) or time dependent (for example down-hole
fractionation).
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Gas Blank - The signal measured on the mass spectrometer when there is no sample
being introduced to the ICP.

Internal Standard - An analyte chosen for other masses to be normalised to.
Isobars - Different elements that have the same atomic mass (to within 1 AMU).

Jump Time - Length of time the mass spectrometer needs to move from one mass to
another.

LADR - The name of this software, derived from “Laser Ablation Data Reduction”, most
easily pronounced as “ladder”.

Laser Fluence / Fluency - Laser light intensity at the surface of the sample, as
measured in energy by area. This is conventionally measured in J.cm-2.

Logbook - The logbook in LADR is a table showing the samples in the project. The
logbook can be created by hand using the logbook form in LADR, or it can be imported
from a logbook file.

Logbook File - A logbook file is a spreadsheet file (typically CSV) that lists the samples
that were measured in the project along with the laser conditions, sample type, and
the identifier from the ICP-MS. It can be imported into LADR during file loading or on
the logbook form.

Mass Bias - The deviation between the measured ratio of two masses, and the true
elemental or isotopic ratio of a material due to ICP-MS lenses and mass filtering.

Matrix Correction Factor - A correction to a set of data where an empirically derived
offset between a true value and the measured value is consistent and well
characterised. See “Secondary Standard Correction Factor”.

Polyatomic lon - A species formed in the plasma or interface of an ICP-MS instrument
that consists of multiple atomic ions sharing a single positive charge.

Profile - A profile file (extension “.pfl”) contains reference material information, timing
templates, and quantification procedures defined and previously created by a LADR
user. The information stored within a profile can be loaded and made available for
multiple LADR projects which improves the reproducibility of results. When the

<= LADR Software Manual - Revision 2020C 15



software starts for the first time it defaults to a new empty Profile. On subsequent
LADR restarts the program will automatically load the most recent profile that was
opened.

Project - A project file (extension “.1a") is completely self-contained and contains all
information required for computing results. Project files contains data files, and the
selected pertinent information from the profile including reference materials, timing
templates, and quantification setups.

Quantification Setup (QS) - A LADR entity; the QS contains all of the necessary
information including standards, internal standard masses, interference corrections,
and associated settings needed to fully quantify a specific type of material using a
specific method.

Raw Data - Unprocessed data produced by the mass spectrometer, typically reported
in counts or CPS.

Reference Material (RM) - A material with known elemental concentrations, and/or
isotopic ratios, and/or age. A RM may be used for calibration of signals (see “Calibration
Standard”) or for determining secondary standard correction factors (see “Secondary
Standards”). Values for reference materials can either be entered manually or
imported into a LADR profile from multiple external sources or from previous projects
and profiles.

Repetition Rate / Rep. Rate. - The frequency of a pulsed laser; measured in hertz.

Sample - Within LADR a sample refers to a time resolved measurement that is defined
in the logbook. There may be one sample per file, or many. Each sample must be
marked with one (or more) of the following types: calibration standard, secondary
standard, or unknown. Most sample measurements contain a gas blank measurement
followed by an ablation, but LADR is flexible enough to accommodate any sample
arrangement.

Secondary Standard - A RM used for a secondary purpose, thus similar to but not a
“Calibration Standard”. Typical use can include verification of an analytical method, as
well as automatic determination of secondary standard correction factors.

Secondary Standard Correction Factor - An empirically-derived matrix correction
factor that can be applied to a set of data to account for analytical biases due to matrix
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mismatches between the calibration standard and the unknowns. Applying the factor
correctly will improve the accuracy of the results.

Signal Clean Up - Signal processing to remove statistical outliers from a dataset
according to a pre-defined set of conditions.

Spot Size - The diameter of the laser beam used to ablate a sample.

Sweep Time - The time taken for the mass spectrometer to complete a cycle through
all mass measurements. Typically applied to quadrupole based instruments, but can
relate to any sequentially based measurement.

Timing Template (TT) - A LADR entity; the timing template contains essential timing
information that is not present in the mass spectrometer data files. Some formats do
not require any additional timing information. The combination of timing template and
a data file allows all data points to be placed on a common timeline at the time the
measurement was made.
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Getting Started

Introduction

The best way to get started with LADR is to load some of your data files and process
the results. It must be stated here that this will not always be easy for all users in the
first instance. The main reason is that reducing any LA-ICP-MS data set can require
considerable setup, the most important step being defining the RMs and their
compositions.

Furthermore, while LADR supports a wide range of ICP-MS data files, it is not possible
to guarantee that all files from all systems will load successfully at the first attempt. In
some cases the ICP-MS software settings will have to be changed to conform to a
standard output, and in other cases there may be variations in output files that have
not been yet been documented and supported in LADR.

For this reason, if you run LADR and are unable to load your data files please do not
give up! The first thing to do is to read the error message reported by LADR, then read
the “file loading” section of this manual, and then contact Norris Scientific for support.

LADR is distributed as a ZIP folder and does not need to be installed. Simply extract the
contents of the ZIP folder to a convenient location, and open the LADR program by
double-clicking on the LADR.exe application file.

When executed for the first time the program will go online and check the license
information. If you wish to evaluate LADR then trial version licenses are available from
the Norris Scientific website (http://norsci.com/ladr/) where full version licenses are
also available for purchase.

Profiles and Projects

These are introduced later in more detail, but to get started, please note that a profile
is a repository of information that is re-used by multiple projects. This includes
reference material compositions, quantification setups (more on those later) and
default values for calculation options.

Most users will have their own single profile and work from that, but note that there
exist features in LADR that allow profiles to be shared among groups of users. It is even
possible to protect a profile and pass it on to another user, which is especially useful
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for novice users who are focussing on loading and processing data sets rather than
changing quantification options.

A project holds everything required to reduce a single LA-ICP-MS data set, which could
be anything from a few hours to a few days of acquisition. It is advised (especially to
new users) that a project should be started to coincide with any time the ICP is ignited,
which most typically would occur daily. Advanced users could process a week of data,
but setting up the project to this level of detail can take more time than is saved by not
splitting the projects.

Once set up and saved the project remains a self-contained entity, which also contains
the original data files as they were exported by the ICP-MS. A project file can be sent to
colleagues, or opened many years later, and the same results will be calculated.
Performing new calculations with old projects, such as updating RM values and re-
computing is a relatively straightforward process.

It is not possible to run LADR without a valid profile.

Getting Ready

When running LADR for the very first time it is quite tempting to go directly to file
loading and bash away at the software until some results fall out. While that is certainly
an enthusiastic way to get started, it is highly suggested that users ignore file loading in
the first instance, and instead take the time to establish their reference materials.

Reference materials are created, edited, and saved in the profile. They are copied from
the profile to the project on an as-needed basis, and they are saved in the project so
that opening a project in the future, or under a different profile, will still produce the
same results.

When LADR runs for the first time, a default profile is loaded. Go to the main menu
“Profile"-"Save As” and choose a convenient name for your profile. It will be reloaded
from this location each time LADR runs.

Next, from the main menu, choose “Profile"-»"Manage RMs". The default profile
contains a single entry for the NIST610 reference glass with the preferred values from
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GeoRem’. Use the controls to add more RMs as well as edit (or remove!) the entry for
NIST610.

There exist controls for importing RM concentration information from the GeoRem
database, as well as RM data files from other data reduction programs such as lolite
(both v2/v3 and v4) or Glitter. Those functions are explained in more detail in the
“Reference Materials” chapter.

Loading data files also goes hand-in-hand with use of a logbook file. The log book file
contains the run table from the analytical session and defines a number of additional
parameters that are not present in the ICP-MS data files. Use of a log book file is
optional, and LADR provides an interface (the “LogBook” window, page 63) for setting
up the logbook entirely within LADR. It is recommended that users set up logbooks
using the LADR interface for their first few projects, then migrate to using external log
book files.

Your First Project

There are multiple steps within LADR that should be performed in the order specified.
These steps are shown sequentially on the main LADR window as individual buttons
which each open separate windows.

2 http://georem.mpch-mainz.gwdg.de/
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== LADR v1.0.08 | default_prcfile,pfl |

LADR  Profile  Project  Tools Help

1. Load Files

Data Files
(]

Critical Error Clear

Error

ESave Pop-up Threshold: Error - |olm‘o

Log # Stamp Level Message

Warning

Figure 2: The main LADR window.

Note: After each step has been completed, be sure to click the “Save” button to save the
changes and move on to the next step in the workflow. Closing the window using the
Windows “X” icon, or ALT+F4, or the ESC key, will cancel the form and discard any changes
that were made.

Note: Because projects can hold a lot of data and depending on complexity some require a
lot of manual setup, it is advised that users save their projects after each step in the
workflow.

The following walk through outlines the minimum steps required to compute results
for a very basic trace element project.

1. Click the “Data Files” button:

e Select the ICP-MS used for data collection, the file type being loaded, and select
the files using the “Select New Files” button. If all of the selected files are valid,
they are added to the list automatically, invalid files are rejected and the rest
must be confirmed. Check the files loaded in the table at right to ensure all of
the files were loaded in the order expected. Reorder using the controls at right, if
required.
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e Select the “Measurements” tab to see the sample measurements table which
also shows additional information about each sample measurement.

e At least one new timing template (TT) called “Auto Template” will be
automatically created and assigned to each file entry. To modify the TT please
see detailed instructions in the “Selecting and Loading Data Files " chapter on
page 53.

e Optional: Load a logbook file at the bottom-right of the upload data window.
Otherwise skip this step and define the log book information directly within
LADR in the next stage of the workflow.

e C(Click the save button to load the data.

. Click the “Logbook” button:

e C(lick the “Add RMs" button and use the dialogue to add the required reference
materials to the project. At least one must be added. If the profile does not yet
contain the required reference materials (tut tut, see “Getting Started” above)
then stop here and use the “Main Window”-"Profile”"-"Manage RMs” window to
add reference materials to the profile.

e Use the table to mark each sample as either a “calibration standard”, “secondary
standard”, or an “unknown”. When marking an entry as a standard then you
must also indicate the RM.

e Use the table to enter the laser ablation parameters. Cells can be edited by
double-clicking.

e For convenience there are “fill down” and “fill out” controls accessible via the
right-click menu.

e Thelogbook is valid when it contains at least one calibration standard sample.

e C(lick the save button to save the log book.

. Click the “Quant Setup” button:

e For basic quantification of trace elements, do the following:
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Click the “Add QS” button to create a new QS. The section to the right is
used to configure the QS. Enter a meaningful name for your new QS.

Click on the “Trace Elements” tab.

The table shows each mass in the project and the form requires you to
specify an internal standard mass and calibration standard RM for each of
them. The available RMs shown are restricted to only those which were
added to the logbook for this project, not all of those present in the
profile.

Choose an internal standard and calibration standard for the first mass in
the table. Then right click on it and choose “Set All Masses to Match this
One". This is the quickest way to complete the table, but of course may
not give the best results.

Note: Some masses cannot be quantified because they are not characterised
in the calibration standard, a common example of this being mercury. In such
a case, to keep with the logic of the software, it is still necessary to assign the
mass to an RM.

Scan down the table and take note of the warnings (if any) shown beside
each mass. Extra information can be displayed by hovering the mouse
over the icon. The most common warnings will refer to multiple masses
per element (affecting the total) and missing element concentrations in
the calibration standard. To compute results for your first project both of
these messages can be ignored.

Click the save button to save the new QS. A pop-up warning may appear alerting
you to any problems with the QS. Provided all of the masses are assigned to a
valid internal standard and calibration standard, it is safe (for now) to ignore the
warnings and proceed.

4. Click the “Analysis Log" button:

dih.
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The form shows a table at left and a chart at right. Click and drag a time interval
on the chart to create a new analysis log entry. Each entry in the table will be
guantified to give a set of results, as per the QS assigned to it.
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e Right click the newly created entry and choose “Copy Timeperiod to All Samples
in Project”.

e Use the chart navigation arrows to inspect the samples in the project and to
verify that the analysis intervals are in the correct locations.

e Inspect the “QS” column and verify that the QS created in the previous step has
been assigned to each entry. Note that reference materials are not assigned a

QS.

e Click the “Int. Std. Values” button to enter the internal standard concentration for
each sample. Intervals on reference materials will have IS values automatically
completed. Use the form to enter IS concentrations for each sample. The table
supports copy, paste, and fill down, and can accept, or show, values in different
units.

e (lick the save button to save the internal standard values. Then click the save
button to save the analysis log.

. Click the “Gas Blanks" button:

e There are three tabs, the first one “Time Intervals” is selected by default.

e C(lick and drag on the chart to select the first gas blank time interval. The time
period is added to the list.

e Right click the newly created interval and choose “Copy Time Period to All
Samples”.

e Use the chart navigation arrows to inspect the samples in the project and to
verify that the gas blank intervals are in the correct locations.

¢ (lick on the “Gas Blank Models” tab then the “Automatic Defaults (All Masses)”
button.

e C(Click the “Mass” button and click the first mass at the top of the list.

e The chart shows the gas blank model that has been automatically assigned to
this mass. Where possible the algorithm will attempt to assign a continuous
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curve, but if there are excessive outliers, then the curve will be split to
interpolate between gas blank time intervals.

e Use the controls (click on each mass in the table, use the next/prev buttons, or
“up”/"down” keys) to inspect each mass in the project. The curve type can be
adjusted using the buttons along the bottom of the chart, or split manually into
multiple sections. The boundaries can be dragged on the chart, and the
polynomial order adjusted using the buttons at the top of the chart.

e In general, the automatically assigned gas blank models will be suitable for most
users. See the “Gas Blanks” chapter on page 132 for more details.

e C(lick the save button to save the gas blank models.
Click the “Calibrations” button:

e In this basic example, the form will go directly to the “Calibration Models” tab by
default because the time intervals on calibration standards were previously set
up by the analysis log form. Other tabs will be used for more complex projects.

e With the “Calibration Models” tab selected, click the “Automatic Defaults (All QSs,
All Types)” button.

e C(Click the “Mass” button, then the “Traces” tab, and then click the first mass at the
top of the list.

e The chart shows the calibration model that has been automatically assigned to
the selected mass.

e Where possible the algorithm will assign continuous curves of an appropriate
polynomial order, but will break to separate interpolated intervals if the fitting is
unsatisfactory. There are controls for changing the model types, and splitting
and merging the models.

e In general, the automatically assigned calibration models will be suitable for
most users. See the “Calibrations” chapter on page 145 for more details.

e C(Click the save button to save the calibration models.

Click the “Compute” button, wait for the calculation, then click the “Results” button:
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The table shows the quantified results. Rows can be selected, and CTRL+C will
copy them to the clipboard.

Set the desired display units: PPM or weight percent.
Use the tool bar to set the number of decimal places.

Set the desired uncertainty multiplier. This choice will be reflected in the
exported file.

Set the uncertainty level (signal error, full within-lab, full analytical, etc.). This
choice will be reflected in the exported file.

To fully inspect a quantified result, right click the cell and choose “Calculation
Explorer” to show all of the details, including the error propagation tree.

Either use the clipboard to copy and paste values into spreadsheet software, or
export the results directly to either a CSV or XLSX file.

A full description of the results table is given in the “Results” chapter on page
170.

This concludes the brief walk through of the basic project workflow. There are many
additional details that remain to be demonstrated, and these are covered in the
following chapters: welcome to LADR!
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Main Program

Introduction

The main LADR window is highly structured with the workflow clearly indicated by the
numbered buttons, The workflow starts at the very left and runs to the very right in
two rows of controls. Compare the complete LADR workflow shown in Figure 3 to the

interface shown in Figure 4.

Profile
Timing Quantification
Templates e Setups
X > N~

Load Define Define Set Choose Inspect Inspect Inspect Review Brena
Data Log Quant. Laser Analysis Gas Down- Calib- Analysis Compute Regults
Files Book Setup Times Intervals Blanks hole rations Intervals

Universal Log Book File CSV / XLSX

Figure 3: The compolete LADR Workflow

Each button on the main form operates a traffic light notification system: if a stage has
not been completed then the user is unable to proceed. This feedback ensures the
user always knows what stage they are up to and what problems, if any, are present in

the project.

To help users get started, on the first run LADR loads the default profile. The default
profile contains a single RM, the ubiquitous® NIST610 glass, with the trace element
concentrations from “GeoRem Preferred”. It is recommended that users start by
adding reference materials to their profile to ensure they can create and process their
projects correctly.

Interface

When the program first opens, and the license key is checked and authorised, the main
form (Figure 4) is the only form visible. The form is divided into three basic sections:
the main menu along the top, the workflow buttons across the middle, and the action
log at the bottom.

3 Ubiquitous among LA-ICP-MS laboratories. If you haven't heard of it, start here: Eggins, Stephen
M., and J. Michael G. Shelley. "Compositional heterogeneity in NIST RM 610-617 glasses."
Geostandards Newsletter 26.3 (2002): 269-286.
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Workflow

Users must follow the strict workflow to ensure each stage is completed properly
(Figure 4). Each stage of data reduction will be described in the rest of this manual.
Some steps may become unnecessary based on the data imported, and in those
situations the button will be disabled.

Note: At the time of writing the “Interferences” button is unavailable, but will be enabled in

future versions.

== LADR v1.0.06 | default_profilepfl | Example Project.a | AN X
LADR  Profile Project  Tools Help
1. Load Files 2. Logbook 3. Quantfication Setups 3.1 Time Perods 4, Analysis Log 9. Results
Lagbook Quart Setup Laser Times ‘ Anialysis Log - -
mpute
/2\ /3\ /Y
. .
S S S/
6. Gas Blanks ions 8 Review Analysis Log
Data
Table @
Gas Blanks Cdlibrations Review Results

(6.)

L~ ]

Data
Chart

E Save | Pop-up Threshold: Error - o Infao Warning Error | Critical Errar Clear
Log # Stamp Level Message '
2 &0 05/14/201512:1... Lvill_nfo Quantified Analysis complete. 5617 walues computed with 47 non{atal emors occuning 593 times. (o
2 59 05/14/201912:1... Lv1_Waming 238U - Non Fatal Computation Emor: Emor (#1002): Intemal standard compostion can not be 0

2 58 05/14/201912:1.. Lv1_Waming 232Th - Non Fatal Computation Emar: Eror (§1002): Intemal standard composition can not be

2 57 05/14/201512:1 . Lv1_Waming 209Bi - Non Fatal Computation Emor: Emor (#1002): Intemal standard compasition can niot be 0

2 L 05/14/201512:1... Lv1_Waming 208Pb - Non Fatal Computation Error: Error (81002} Intemal standard composition can net be I il
4 . 3

Figure 4 Main form of LADR showing the suggested workflow through each stage of data
processing.

Feedback is provided for each stage by a status icon and status message. The icons

shown are:
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& oK

Information

@

Warning

Error

Table 1: Status symbols. These are used throughout LADR to highlight potential issues.

If multiple status messages are present, then the icon will show the most severe,
where: Error > Warning > Information > OK.

Hovering the mouse over the status icon will show a description of the status message.
Note: Workflow stages showing “error” will prevent the user from continuing.

Note: Workflow stages showing “warning” will allow the user to continue, but the computed
results may be incorrect or incomplete!

It may be common to see blue information status messages in your projects. For
example, this message is shown when the RM does not contain a concentration for the
element and a common situation would involve measurement of 202Hg for monitoring
purposes. In this case the blue warning for 202Hg can be safely ignored, and the result
table will simply show a column of calculation errors for that mass.

In Table 2 is a list of each step in the data reduction workflow. Each step represented
by different buttons on the main screen window has several functions. Some of these
functions are optional, and depend on the project (e.g. Trace element analysis versus
UPb geochronology).

Step / Function
Button Name

Load Files Select and load data files.

Define additional timing information (mass-spec specific).

dih.
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Logbook file import.

Logbook

Logbook file import.

Define and edit the logbook.

Quant Setup

Import QSs from the profile.
Create new quantification setups.

Edit existing quantification setups.

Laser Times

Run automatic laser times.
Manually define and edit laser times.

Run automatic time periods.

Analysis Log

Choose analysis intervals.

Spike removal.

Define internal standard concentrations (QS specific).

View analysis statistics.

Interferences

Interference calibrations (currently unavailable).

Gas Blanks

Select gas blank time intervals.
Spike removal.
View gas blank statistics.

Create and edit gas blank models.

Calibrations

Select calibration time intervals.
Spike removal.

View RM statistics.
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Common lead corrections (QS specific).
Down-hole corrections (QS specific).
Create and edit calibration models.

View calibration drift.

Analysis Log Review | Change selected time intervals.
View corrected UPb ages and isotopic ratio results.
Check internal standard values.

Live results (coming soon).

Compute Compute project results.

Results View and export results table.

Table 2 List of the primary functions available behind each button on the main LADR
window.

Main Window Title

The main window title shows:
e Profile name - Name of the currently loaded profile

e Project name - Name of the currently loaded project. This will not be shown if
the project has not been saved.

By default the full project path is shown in the form title. There are two options
available (see Appendix A - Options) that can be used to control whether the full path,
or just the filename, is shown in the title.

The software will periodically check the current license key, and will display “Checking
License...” while this takes place.
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Action Log

The action log serves as a record of all operations that occurred while a project was
created and processed by LADR. The list can be filtered using the buttons, and the log
saved to disk by using the save log button. Any individual entry can be inspected by
double-clicking the entry in the list. The list can be cleared using the “X” clear button.

Note: at the time of writing the action log is not saved with the project. In the future it
will be possible to write the log to write-once storage, allowing LADR to integrate with
workflows that guarantee strict data integrity.

The information recorded in the action log includes:

Log - The log value indicates where the action log message originated. It shows
“0" for those from the program, “1” for those from the profile, and “2" for those
from the project.

e # - Aunique sequential error number.

e Stamp - Time stamp of the error occurrence.

e Level - In order of severity, either “Info”, “Warning”, “Error”, or “Critical Error”.
e Message - A helpful message describing the action.

It is possible to control the level of warning required to generate a pop-up box, which
can be controlled using the pop-up threshold box at the top of the project change log.
There are four levels of pop-ups possible including:

e Info - Information based pop-ups which do not inhibit LADR functionality. Most
messages at this level can be ignored.

e Warning - A non-fatal computational error may have occurred. It will still be
possible to compute results, but it is possible that the results will be incorrect.

e Error - An error is present that will prevent LADR from computing results.

e C(ritical error - A program-level error has occurred and LADR will be unable to
continue operation. If this error occurs then the program should be restarted.
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Main Menu

Many important functions of the LADR software are available in the main menu at the
top of the main window. The main functions of each menu option are described in
Table 3.

Menu Functions
LADR Exit the LADR program.
Profile New, save, and open profile; manage profile, RMs, QSs, and TTs.
Project New, save, and open project.
Tools Reset forms, filter data, edit options, tune flat signal, review spikes,
program settings.
Help Show manual, about, registration.

Table 3 List of functions in the main window menu.

Main Menu - LADR

There is one option under the LADR menu to exit the LADR program. When exiting
LADR program will prompt to save the current profile and project.

Main Menu - Profile

Options available under the profile menu for creating a new profile, saving the current
profile, and opening a saved profile. The items “Manage Profile”, “Manage Reference
Materials”, “Manage Quantification Setups”, and “Manage Timing Templates” are all
described in subsequent chapters.

Note: The software must have a profile loaded to work on a project. The profile must
contain at least one RM to allow loading of data files.

On first run the software loads the default profile. The default profile contains a single
RM, the commonly used NIST610 glass, with the trace element concentrations from
“GeoRem Preferred”. The default profile must be saved to a new location.

When the software runs it will attempt to load the last-used profile. If the profile
cannot be located (file moved, deleted, or unavailable) then the software will initialize
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with a new empty profile. To re-load the profile you are working with, choose
“Profile”"-"Load Profile” and locate your profile file.

LADR profile files have the *.pfl file extension.

Note: Managing the profile allows the user to apply a password which locks profile options
for future users. These options will also be expanded in future versions.

Main Menu - Project

A project file is completely self-contained and contains all of the values required for
computing results.

As a project is created, options are loaded from the profile, as well as RMs, timing
templates, and quantification setups, as required.

Note: Using the profile to save RMs, QSs, TTs, as well as setting default options tailored for
your specific LA-ICP-MS instrumentation is an integral part of using LADR effectively.

The project file also contains the original data files, which can be exported as byte-
perfect copies of the originals.

When the software starts it defaults to a new empty project.

Note: If the “load data” button is inactive, it means your currently loaded profile does not
contain any RMs. The profile must contain at least one RM to continue, either load your
profile file, or add RMs to the empty profile and save it for next time.

LADR project files have the *.1a file extension.

Main Menu - Tools

Several important LADR options are available in the tools menu. Many of these options
significantly affect the functionality of LADR.

Main Menu - Tools - Reset forms

During general use LADR will remember the location and size of every form from when
it was last displayed.
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Sometimes, typically when monitors are added or removed from the system, some
windows will appear off screen. If this happens, use the “Reset Forms” command to
return all forms to a default size and location.

If the main LADR window has been “lost”, either use the WIN+arrow keys to “walk” the
form back onto the main display, or, start LADR while holding the SHIFT key to force a
form reset on start up.

Main Menu - Tools - Filter Data

This tool is a general purpose data filter that allows for advanced post-processing of
raw data.

It can be used to replace, or delete, data points that fall outside, or within, a specified
range. It can, for example, remove all data points from a project that fall on the
analogue side of a dual-mode detector.

See “Error: Reference source not found” for an overview of how to use this tool.

Main Menu - Tools - Edit options

The edit options button opens a window showing all program options. All options are
displayed in the profile tab, and these options should only be edited when the user
desires these edits to pertain to future projects. The project options are populated
from the profile when a project is created. The project options should be modified if
the user desires the changes to only affect the current project.

Note: Options are discussed in this manual where they are pertinent to the functionality of
specific processes. All options identified by the following “text formatting” in this
document can be found in the “Edit Options” window.

Note: Suggested option values are in “Appendix A - Options”, page 189.
Each option contains additional information available in the “program options” menu.

e Status is enabled when the option is active in LADR and disabled when the
function related to the option is unavailable.

e Behaviour - The behaviour of the option refers to the location the option values
are taken from when used in a project.
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Program - LADR specific options that pertain to program functionality.

Profile - Profile options are only visible in the Tools — Edit options —
Profile tab. These options generally pertain to quantification of signal and
gas blank and file loading options.

Profile is Default - These options are in both the profile and project tabs
of the Tools — Edit options window. These options are copied from the
profile to the project during project creation. Changes must be made in
the project tab to take effect in the current project, changes in the profile
are used when a new project is created.

Profile Is Module Default - These options were copied from the profile to
the QS when a QS is created. Each QS has independent options values
that must be edited in the QS — General tab to take effect in the current
project.

Note: The default profile options values can be loaded to the project or QS list of options at

any time. The profile options values can also be reloaded to the LADR default values.

dih.
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Name - Indicates the step(s) of data reduction where the option is applicable.
This field is searchable in the “program options” window.

Type - Either Boolean for true-false statements, String when several text options
are available, Double is for numeric values with a double precision (64 bit), and
integer for numbers without a decimal point.

Value - May be numeric, select from a drop-down menu, or true-false
dependent upon the data type.

Guidance - If data is numeric, the suggested range of values is listed. If the value
is selected from a drop-down menu then the options are presented.

Notes - Short description of the option function.
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Manage Reference Materials

Introduction

Reference materials (RMs) are an essential part of LADR, and it will not be possible to
load any data files until the profile contains at least one RM entry. RMs reside in the
profile, where they can be edited, and are copied into each project as required. Once
they are copied into the project they become read-only.

The user can provide as much, or as little, information about each RM as they require.
RMs can hold elemental concentrations, isotope systems (currently limited to U and
Pb), arbitrary isotope ratios, as well as age.

Importers are provided to conveniently import values from a number of data sources.

Interface

The RM manager provides controls for importing, editing, copying, deleting, and
transferring RMs. It is launched from the main menu via “Profile”»"Manage Reference
Materials”.

Note: On first run the software loads the default profile. The default profile contains a
single RM, the commonly used NIST610 glass, with the trace element concentrations from
“GeoRem Preferred”.
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Name LongName  # Elements #Syst. #Rali. Age(. lastEdted  Created Name LongName  #Elements #Syst. #Rali. Age(. LastEdted  Created
NISTE10 NIST Glass 6.. 69 2 0 06/25/2018 047132017

1 [ () Revert
N

Figure 5 Reference material manager window showing the layout and primary sections.

The reference materials manager displays the reference materials currently in the
profile and the project. These RMs can be transferred between the profile and the
project but can only be created, edited, or imported from an external resource in the
profile. Once added to a project a RM cannot be edited, however it is possible to easily
replace a project RM with one from the profile and recompute the project.

Table Column Description
Name Reference material name (must be unique)
Long name Reference material descriptive name
# Elements Number of elements with concentration information
# Systems Number of isotopic systems with defined values
# Ratios Number of isotope ratios with defined values
Age (Ma) Age of standard
Last edited When the reference material was last updated
Created When the reference material was created

Table 4 Reference material information displayed on the reference material manager list.
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A new RM can be created by clicking the “Add RM” button which then requires the user
to manually input the elemental and isotopic ratio information.

Importing Reference Materials

To import standards into LADR use the import option and choose to load standard

information from either the GeoRem website or from another file containing standards
(Figure 6).

Table 5 provides details of each import option currently available in LADR.

Reference Material Manager

. TN o -
] - F Conv

Profile () New Eﬂ? Import... Edit Copy De ete_
Name I/_ http://georem.mpch-mainz.gwdg.de/ }
NIST610 )

Soien 1OlITE

doy,  Glitter

T:[\ Generic Text

] LADR Profile

'.\] LADR Project

Figure 6 Import options for reference materials in the profile window.

Option Function

GeoRem* Import reference material compositions directly from the GeoRem
database. An active internet connection is required.

lolite® Import RM compositions from your lolite standard files. If lolite is
installed then the files are located automatically, otherwise manual
selection is required.

loite RM files from v2/v3 have a *.csv extension while lolite RM files

from v4 have a *.json extension. Both file types are supported by
LADR.

4 “GeoRem” and the associated logo are trademarks of the Max Plank Institute, Mainz
(http://georem.mpch-mainz.gwdg.de/) and are used here in a descriptive capacity only.

5 “lolite” and the associated logo are trademarks of the University of Melbourne (https://iolite-
software.com/) and are used here in a descriptive capacity only.

dih.
R
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Glitter® Import RM compositions from your Glitter installation. If Glitter is
installed then the files are located automatically, otherwise manual
selection is required.

Generic text | Open a plain spreadsheet file, as either XLS, XLSX, CSV, or TXT, from
which to load standard concentrations.

LADR Profile | Import RMs contained in a previously saved profile file.

LADR Project | Import RMs contained in a previously saved project file.

Table 5 List of options for importing reference materials into LADR.

When importing multiple RMs the selection dialogue will be shown (Figure 7) which
allows the user to choose which RMs to import. Select multiple entries using standard
Windows paradigms (SHIFT or CTRL+click) and then toggle the selection using the
space bar.

Choose Reference Materials to Import =aEn X

Import  Reference Material o

GOR132-G

GSA-1G

GSC-1G

GSD-1G

GSE-1G

JA-T

JA2

v

v

v

v

v

v

v

v

v

v

v

v

v NASS-5

v NISTSRME10
v NISTSRMB11
v NISTSRME12
v NISTSRMB13
v NISTSRM614
v NISTSRM615
v NISTSRME16
v NISTSRM617
v QU6

v PM-8

v RGM-1

v SLEW-3

v SLRS+4

v StHs6/80-G

v T1-G

v w-1

v w-2

v WS-E ~

11

Cancel Import

Figure 7: RM selection dialogue

Click “Import” to continue importing RMs into the profile.

Choose a single RM on the profile side of the display and click the “Edit” button.

6 “Glitter” and the associated logo are trademarks of Macquarie University (http://www.glitter-
gemoc.com/) and are used here in a descriptive capacity only.

dih.
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The form shown in Figure 8 will appear.

Edit Reference Material e | (5]

Reference Material Properties

Unique ShortName:  NISTSRM610 Notes:  Qur griteria for the "GeoRem preferred values" are primarily certified data

Long Name

Aliases: 610NIST610,SRM610

NIST NISTSRM610 (GeoRem Preferred)

as well as data from high precision and definitive methods such as ID-TIMS
Values with "()" are information values.
NIST NISTSRM610: GeoReM preferred Values
Jochum et al 2011 (Max-Planck-Insfitut fuer Chemie)
Separate aliases by commas (") (6/2011)
Download from GeoReM - the Reference Material Database

Age (Ma):
Elemental Composiion | sotopic Composition Isotope Ratios
ctements | 00 OQ) [ | rrors | # Elements: 71
z  Sym. Element Weight%  pg/g Oxide  OxideWt% Micro Hetero.. Comment B
1 H  Hydrogen 00015 15 0.0000 From Compound: H20, Uncertainty: , Imported from GeoRem on 2019-05-14
6 C  Carbon 00001 1 co 0.0001 0.0000 From Compound: CO2, Uncertainty: , Imported from GieoRem on 2019-05-14
1 Na  Sodium 0.9409 90409 Na:O 13.4000 0.0000 From Compound: Na20, Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
13 A Aluminum 1.0320 10820 ALO: 1.9500 0.0000 From Compound: Al203, Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
14 Si Silicon 32.5802 325802 SiO: 60.7000 0.0000 From Compound: Si02, Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14 E
2 Ca Calcium 8.1475 81475  CaO 11.4000 0.0000 From Compound: CaO, Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
3 L Lithium 0.0468 468 L0 0.1007 0.0000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
4 Be Benylium 00476 476 BeO 0.1321 0.0000 Uncertainty: 85%CL, Imported from GeoRem on 2019-05-14
5 B Boron 00350 350 B:Ox 0.1127 00000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
9 F Fluorine 00304 304 0.0000 Uncertainty: , Imported from GeoRem on 2019-05-14
12 Mg Magnesium 00432 432 MgO 0.0716 0.0000 Uncertainty: 95%CL., Imported from GeoRem on 2019-05-14
15 P Phosphorus 00413 418 P:0s 0.0046 0.0000 Uncertainty: 85%CL, Imported from GeoRem on 2019-05-14
6 S Sulfur 00575 575 SOu 0.1436 0.0000 Uncertainty: 95%CL., Imported from GeoRem on 2019-05-14
17 Gl Chlorine 00274 274 co 0.0336 0.0000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
19 K Potassium 0.0464 464 G0 0.0559 0.0000 Uncertainty: 95%CL., Imported from GeoRem on 2019-05-14
21 Sc  Scandium 0.0455 455 Sa:0i  0.0698 0.0000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
2 Ti  Titanium 0.0452 452 Tio: 0.0754 0.0000 Uncertainty: 95%CL., Imported from GeoRem on 2019-05-14
23V Vanadium 0.0450 450 V:04 0.0662 0.0000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
24 Cr  Chromium 0.0408 408 CrO:  0.0506 0.0000 Uncertainty: 85%CL, Imported from GeoRem on 2019-05-14
25 Mn  Manganese 00444 444 MnO 0.0573 0.0000 Uncertainty: 95%GL., Imported from GeoRem on 2019-05-14
26 Fe Iron 0.0458 458 FeO 0.0589 0.0000 Uncertainty: 95%CL., Imported from GeoRem on 2019-05-14
27 Co  Cobalt 00410 410 Co0 0.0521 0.0000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
28 Ni Nickel 0.0459 459 NiO 0.0584 0.0000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
20 Cu  Copper 00441 41 Cu:0 0.0497 0.0000 Uncertainty: 85%CL, Imported from GeoRem on 2019-05-14
0 Zinc 0.0460 460 o 0.0573 00000 Uncertainty: 95%CL, Imported from GeoRem on 2019-05-14
31 Ga  Gallum 00433 433 Gai0:  0.0582 0.0000 Uncertainty: 85%CL, Imported from GeoRem on 2019-05-14 i
cancel | () Revert Save

Figure 8 The edit reference material window.

Elemental Composition

Elements can be added to the RM by selecting the periodic table button (Figure 8). For

each element in the list the following information is displayed:

Z - Atomic number for element
Symbol - Atomic symbol
Element - Full name of element

Weight% - Concentration in weight% (edit values by double-clicking on this field,
all other fields will be updated)

Hg/g - Concentration in PPM (edit values by double-clicking on this field, all other
fields will be updated)

Oxide - The default oxide species according to the default LADR valence
information (e.g. SiO2) which cannot be edited here. Note: this value is shown
for ease of data entry, and does not indicate the species present in the RM.
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e Oxide wt.% - Concentration in oxide weight percent, as per the default LADR
oxide species shown in the “Oxide” column. Note: this value is shown for ease of
data entry, and does not indicate the species present in the RM.

e Microheterogeneity - Element heterogeneity in the standard which would add
an additional source of error to the results. Uncertainty can be established by
comparing a large number of microanalytical data from the RM. If present, it is
included in the full analytical uncertainty.

Note: In future versions of LADR this value will become spot-size dependent.

e Comment - Comments such as source of standard concentration, data entry, or

reference.

Isotopic Composition
The isotopic composition tab in the edit reference material window handles

interconnected isotope systems by defining all of the isotopic abundances, or ratios,
for a given element.

| ()i

Edit Reference Material

Reference Material Properties

ShortName:  NISTSRM610 Notes:  Our griteria for the "Gi d values" are primarily certified data
LongName:  NIST NISTSRM610 (GeoRem Preferred) EZ‘V:Z! aﬂs‘sﬁ'ﬁ ';';“‘: d definitve methods such as ID-TIMS
NIST NISTSRM10: G d Values
i G10NISTE10.5RM610 Jochum et al 2011 (Max-Planck-Institut fuer Chemie)
Separate aliases by commas () (612011)

Download from GeoReM - the Reference Material Database

Age (Ma)
Elemental Composition || _sotopic Composition | Isolope Ratios ‘

() Addsystem - |00 OQ [ Errors | # Systems:2 | [ Al Isotopes (%) Delete
Syst..lIsotopes Ratio (By Ato... Ratio (By Ma Syst. Mass  Abundance (. Abundance(.. Concentration (i

Pb  206Pb/204Pb 172143 17.3831 Pb  206Pb 241000 23.0557 102.0512

Pb  207Pb204Pb 157857 16.0179 Pb  207Pb 221000 22,0743 94.0365

Pb  208Pb/204Pb 374286 38.1625 Pb  208Pb 524000 525019 2240415

U 23402350 00076 0.0076 U 2340 00055 0.0054 00250

U 238U/285U 1878180 1305774 U 280 07203 07113 3.2827

u 238U 99.2742 99.2833 4581923

cancel | () Revert Save

Figure 9 Isotopic compositions tab for the edit RM window.

To add an isotopic system to a RM, select the add system button, and modify the
isotopic ratios by either atoms or mass (Figure 9).
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Note: When an isotope system is added to an RM, ratios will be set at a default natural
abundance and must be modified to match the specific RM.

Note: Isotopic system information on the right side of the screen will be updated
automatically.

Note: It is recommended that errors are added to isotopic ratios if available. These errors
will be propagated through to the results.

Isotope Ratios

Any isotope ratio can be defined in an RM by using the isotope ratio tab of the edit
reference material window (Figure 10). Select add ratio and an addition ratio line will
be created using hydrogen as the default mass. The “element 1” field can be modified
to a different element and the Z column (atomic mass) will be updated automatically.
The “mass” (isotope) of the desired element must be defined.

Note: Mass 1 is the numerator and mass 2 is the denominator in the defined ratio.

e X

Edit Reference Material

Reference Material Properties

Unique ShotName: ~ NISTSRM&10 Notes:  Our criteria for the "GeoR
high

LongName:  NIST NISTSRM10 (GeoRem Preferred) etuos with i ore

NIST NISTSRMS10

EEEEE BIONISTE10.SRMET0 Jochum et al 2011 (Max-Planck
Separate aliases by commas (™) (612011)

Download from GeoReM - the Reference Material Database

Al

Age (Ma).

Elemental Composiion |  Isotopic Composion | lsclope Ratios ‘

(D adaratio 00 OQ) [/] errors | #Ratios: 1| 4 Compute U/Pb Ratios From Age (X) Delete

Mass (A)1  Element1 Z1 Mass(A)2 Element2 Z2 Ratio Comment
238 u 92 235 u 92 137.8180+0.02250  Hiess et al. 2012

./ save

cancel | (7)) Revert

Figure 10 Isotopic ratios tab of the edit RM window.

Element ratios can be defined by the “compute UPb ratios from age” button. Ratios
calculated from the age of the reference material are 207Pb/206Pb, 208Pb/232Th,

207Pb/235U, 206Pb/238U.
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Note: An age for the reference material must be provided for these isotope ratios to be
calculated.

It is suggested that RMs are imported and modified within the profile before data files
are added to the project though this is not strictly necessary. Once the profile contains
all of the required RMs, they can be either manually added to the project or they will be
automatically added if analysis names match the alias names listed in the standard
properties (Figure 8).

LADR Software Manual - Revision 2020C 44



Data Tables and Charts

Data tables and charts can be viewed at any stage of data reduction and are located on

the left side of the main LADR window, sitting just outside of the main workflow.

These charts and tables allow the user to inspect the raw ICP-MS data.

Data Table

In the data table window, each analysis is shown separately. Data is displayed for each
sweep for each element and should match the imported ICP-MS data files. The raw
data tables are user editable by double clicking on the desired cell and typing a new
value. This is not recommended in the routine LADR workflow.

Note: The “Profile.AllowDataEditing” option controls the users ability to modify
single sweep information in the table.

Note: Use the “Profile.UseBackwardFormatForIsotopes” option to control the
order of isotope to element (40K or K40) to suit personal preference.

View / Edit Raw Data | Example Projectla X
> D Find Next..| Data File: 1/137 - D17AU25a00Lcsv | Show: Counts

ProjectSwee.. FileSweep#  23Na 24Mg 27A1 298i 4s 39K 43Ca 49Ti 51V 53Cr 55Mn 57Fe 59Co 60N 65Cu 66Zn T5As o
1 1 29294091588... 0 o 28.033107831... 155.77848987.. 274.23437180.. 0 o 15573083623... 0 3.1146167247.. 0 o 0 o 0 3.1146167247.
2 2 25552564779.. 0 0 28.033107831... 208.76481678.. 23993885385.. 0 0 0 0 6.2293891803.. 0.7786541811.. 0 0 0 0 31146167247.
3 3 24929018510.. 0 12458778360.. 34263119934 17759513418.. 31165290994.. 0 0 0 15573083623.. 6.2293891803.. 0 0 0 07786541811 0 3.8932709059.
4 4 233.70261851... 0 o 15.573550816... 218.11645350... 352.19603157.. 0 o 0 o 12458778360.. 0.7786541811.. O 0 07786541811.. 1.5573083623.. 54505792682
5 5 267.99672885.. 0 31146167247 18.688323271.. 171.36154027.. 317.8899299%3.. 0 0 0 0 6.2293891803.. 0 0 0 0 0 15573083623.
6 6 22746777875.. 0 0 18.688323271... 261.76220058.. 286.70654301... 0 0 0 0 0 0 0 0 0 1.56573083623... 23359625435,
7 7 299.17731264.. 0 o 18.688323271... 221.23387338.. 25552720509.. 0 o 0 o 3.1146167247.. 0 o 0 o 0 38932709059... =
8 8 208.76419386... 0 o 62292334494 165.12825781.. 31477141993.. 0 o 0 o 15573550816... 0 o 0 o 0 1.5573083623.
9 9 214.99856643.. 0 31146167247 12458778360.. 23370339717.. 239.93885985.. 0 0 0 0 6.2293891803.. 0 0 0 0 0 54505792682
10 10 28358663144.. 0 0 28.033107831... 22435113753 317.88992993.. 0 0 0 0 12458778360.. 0 0 0 0 0.7786541811... 23359625435,
1 n 25864337913... 0 o 15.573550816... 218.11645350... 30853455567.. 0 o 0 o 9.3440059050... 0 o 0 07786541811.. 0 46719250871
12 12 336.59896540... 0 31146167247 31.148036017.. 22746855741.. 21188239239.. 622923344%4.. 0 0 0 3.1146167247.. 0 0 0 0 0.7786541811... 15573083623.
13 13 28358663144.. 0 3.1146167247.. 43608371686.. 214.99934508.. 327.24561564.. 0 0 0 0 3.1146167247.. 0 0 0 0 0 0.7786541811.
14 14 180.71130821... 0 3.1146167247.. 18.688323271... 193.17943042.. 367.79107324.. 0 o 0 o 3.1146167247.. 0.7786541811.. O 0 o 0 46719250871
15 15 267.99672885.. 0 0 24918179644 22746855741, 27423437180.. 31146167247.. 0 0 0 3.1146167247.. 0 0 0 0 0 15573083623.
16 16 28982287277.. 0 0 15.573550816... 221.23387338.. 30229784714.. 0 0 0 0 12458778360... 0.7786541811.. 0 0 0 0 23359625435,
17 17 342383660831.. 0 o 24.918179644... 20253059995.. 289.82474154.. 0 o 0 o 0 0 o 0 o 0 1.5573083623.
18 18 25240791644... 0 0 24.918179644... 25240900656.. 321.00843992.. 0 0 0 0 3.1146167247... 0.7786541811.. 0 0 0 0 1.5573083623.
13 13 29917731264.. 0 31146167247 24918179644 23370339717.. 28047045740.. 0 0 0 0 3.1146167247.. 0 0 0 0 0 6.2293891803.
20 20 25864337913.. 0 0 43.608371686... 17759513418, 34283925574.. 0 0 0 0 6.2293891803.. 0 0 0 0 0 31146167247,
21 21 230.58519863... 0 o 43.608371686... 236.82097278.. 305.41620141.. 0 o 0 o 6.2293891803.. 0 o 0 o 0 15573083623.
2 2 286.70467424.. 0 0 15.573550816... 155.77848987.. 243.05643546.. 0 0 0 0 9.3440059050... 0 0 0 0 0 31146167247.
23 23 27111461595 0 0 18.688323271... 221.23387338.. 280.47045740.. 0 0 0 0 3.1146167247... 07786541811 0 0 0 0 31146167247,
24 24 230.58519863... 0 o 12458778360... 233.70339717.. 28358850021.. 0 o 0 o 9.3440059050... 15573083623.. 0 0 o 0 3.8932709059.
25 25 29605911411 0 0 24918179644 211.88208093.. 26799844192 0 0 0 0 9.3440059050... 0 0 0 0 0.7786541811... 0
2% 26 25552564779.. 0 0 21803251458 214.99934508.. 27423437180.. 0 0 0 0 12458778360... 0 0 0 07786541811 0 15573083623.
27 27 34595527404... 0 o 12458778360... 218.11645350.. 352.19603157.. 62292334494.. 0 15573083623... 0 0 0 o 0 o 0 46719250871
28 28 236.82003839.. 0 0 24.918179644... 233.70339717.. 25552720509.. 0 0 0 0 6.2293891803.. 15573083623.. 0 0 0 0 54505792682,
pl 29 27735054583.. 0 3.1146167247.. 93440059050 218.11645350.. 299.17949288.. 0 0 0 0 3.1146167247... 07786541811 0 0 0 0 31146167247,
30 30 280.46353863.. 0 0 31.148036017... 239.93839266.. 289.82474154.. 31146167247 0 0 0 3.1146167247.. 0 0 0 0 1.5573083623... 23359625435,
31 31 224.35035887... 0 3.1146167247.. 15573550816... 186.94552505.. 264.88055485.. 0 o 0 o 18688323271.. 0 o 0 o 0 0.7786541811
32 32 286.70467424.. 0 0 15.573550816... 239.93839266.. 321.00843992.. 0 0 0 0 3.1146167247.. 0 0 0 0 0 0.7786541811.
33 33 214.99856643.. 0 0 24918179644 180.71193113.. 380.26807211... 0 0 0 0 12458778360... 0.7786541811.. 0 0 0 0 15573083623.
34 34 246.17260949... 0 o 62292334494 17759513418.. 327.24561564.. 0 o 0 o 6.2293891803.. 0 o 15573083623.. 0 0 23359625435
35 35 280.46858863.. 0 0 37.378203851... 130.06247773.. 34595823293.. 31146167247 0 0 0 6.2293891803.. 15573083623.. 0 0 0 0 23359625435,
36 36 22435035887.. 0 0 15.573550816... 249.29127522.. 224.35160472.. 0 0 0 0 9.3440059050... 0.7786541811.. O 0 0 0 46719250871
37 37 22746777875... 0 o 34263119934 218.11645350.. 286.70654301.. 0 o 0 o 0 0 o 0 o 0 3.1146167247.
38 38 280.46858863.. 0 0 31.148036017... 261.76220058.. 299.17949288.. 0 0 0 0 0 15573083623.. 0 0 0 0 23359625435,
39 39 20564708544.. 0 0 24918179644 20564770836.. 317.88992993.. 31146167247.. 0 0 0 6.2293891803.. 0 0 0 0 0 15573083623,
40 40 274.23265876... 0 o 12458778360... 221.23387338.. 25552720509.. 0 o 0 o 0 0 o 0 o 0 23359625435
a1 4“1 221.23293899.. 0 3.1146167247.. 18.688323271... 230.58597729.. 22435160472.. 0 o 0 o 6.2293891803.. 0 o 0 o 0.7786541811... 3.8932709059.
42 42 264.878997%4.. 0 31146167247 24918179644 208.76481678.. 264.88055485.. 0 0 0 0 18688323271... 0 0 0 07786541811 2.3359625435.. 15573083623,
43 43 23370261851.. 0 0 62292334494 239.93839266.. 271.116328%9.. 0 0 0 0 6.2293891803.. 0 0 0 0 0.7786541811... 6.2293891803.
44 4“4 25552564779... 0 o 9.3440059050... 202.53059995.. 30541620141.. 0 o 0 o 18688323271.. 0.7786541811.. O 0 o 0.7786541811... 15573083623.. ~

i

D

Cancel | () Revert

Figure 11 View/edit raw data window.

Save

The data table can be filtered using the show menu at the top to display several data
properties. The options are:
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e User Modified - Each cell will display a false if the data cell has not been
modified, and a true if the data cell has been modified.

e Time Point - The time during the analytical session each measurement was
made. This is a calculated value using the dwell times and jump times included
in the project timing template.

e Dwell Time - Mass spectrometer defined dwell time for each mass for each
sample analysis.

e Sweep Number - A sweep is defined as the analysis of the lightest through to
the heaviest isotope.

e Project Sweep Number - Stacked sweep number of each analysis in the project.

Counts - The data point value in counts.

Data Chart

The data chart button shows a display of the raw data intensity in counts per second
(CPS) over time. Individual samples are displayed on the upper half of the screen, and
multiple samples are displayed on the bottom half of the screen. Individual element
masses can be selected/deselected and highlighted for viewing on the right side of the
window.

Note: Place the mouse cursor over an area of the chart and hold down the CTRL button on
the keyboard to zoom into the location of the cursor.

dih.
R
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= £ View/ Edit Raw Data | Example Projectla

l

| 6

> >| Find Nedt... | File Entry: 1/137 - DITAU25300L csv

@

@ 1137570613 Project Time (s)

Intensity (CPS)

OOOOO0O0O00000O000000000000000000|g

Sample Time (s)
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29Si

39K

662n

Figure 12 The Data Chart window. Similar charts with common options are shown on

various forms throughout the workflow.

The mass list allows the user to choose which masses are shown, their colour, and
whether the trace should be highlighted (shown as a thicker line).

Right click the headings above the display elements on the right produces several

options for display including:
e The element mass - For example: “23Na”".

e The elemental symbol - For example: “Na”.

e Possible isotopes - For example: “23Na” (will list other isotopes at this atomic

mass).

e The element name - For example: “Sodium”.

There are several additional options for the single sample view, which are available by

right-clicking on the chart. These options are:

e Save Chart As - It is possible to save the chart area to be imported to a report or

presentation. There are three options for saving the report as a bitmap file at
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either the current screen resolution, 2x larger, or 3x larger. There is also an
option to export the chart in a vector format.

Scale - Either linear, log, or “symmetric log” can be selected.

Show - Several options are available for viewing the data including:

A cursor can be activated which displays the total time, sample time, and
intensity in either counts or CPS of the cursor location. It can also assist
with identifying masses.

The gas blank grid can be turned on and off.

The laser times can be turned on which indicates the beginning of each
sample laser signal.

An element legend can be shown which highlights all elements currently
shown on the graph (these are turned on and in the right-hand list). Note:
This legend is shown automatically when saving the chart.

Point markers can be turned on and off and show exactly where the data
points are located on the chart.

The X-axis and y-axis scales can be made visible and invisible.

A trace can be added to the graph showing the sum of the data (or total
count rate).

Ancillary data refers to any additional data that a file may contain. An
example of ancillary data would be TOF files reporting the total ion
counts, or, vacuum chamber pressure, ICP gas flows, plasma reflected
power, or even sample exchange events. The presence of ancillary data is
specific to each data file format.

Masses - Allows the user to toggle on and off the list of masses on the right of
the screen. This could be useful if the graph window needs to be larger for
easier viewing.

Data Type - Toggle between counts per second (CPS) and counts.
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e View - Choose to view either raw counts or “GB Sub and IS norm and cleaned up
from QS” (Gas blank subtracted, internal standard normalised, outlier rejection
on ratio applied from QS).

Note: The appearance of the data chart will be preserved between other forms where it
appears.

Note: The views of charts and tables in LADR can be adjusted by selecting the column
boundaries and moving them to the desired location. LADR will remember the most recent
layout when windows are re-opened.

Note: The “Profile.Plotting.Legend.HideOffChartMasses” option controls the visibility of all
masses in the legend. If set to true then only masses visible on the chart (within range) will
be displayed in the chart legend.

Note: The “Profile.Plotting.Legend.SortByFinalintensity” option controls the order of masses
in the chart legend.
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Laser Ablation Workflow

Practically all LA-ICP-MS sessions are measured with sample-standard bracketing.
Primary standards are measured every 45-60 minutes to calibrate the ICP-MS
response and assess drift over time. Secondary standards can be used in a number of
ways, as either a quick check that all is working as expected, or quantitatively, to
quantify matrix correction factors (at different spot sizes) or measure excess
uncertainty. To assess uncertainty it is desirable to place secondary standards half way
between calibration standards, where models of instrument drift will be least
constrained. Laser ablation control software should provide a convenient interface for
sequences to be configured to suit the requirements of the analysis.

The ideal workflow is shown in Figure 13. The optional stage of offline point definition
is illustrated for completeness but not considered further. Starting with the laser
ablation instrument, once the sample list is defined it is transferred over to the ICP-MS
instrument. Ideally this step is automated via a sample list file. Transfer of the sample
list to the ICP-MS software ensures that the “data ident” matches between the log book
file and the ICP-MS data files. But in addition, all of the sample names and laser
conditions are available as well as ensuring the acquisition time for each sample
matches between the instruments.

Kb N Sample

' Offline Software | List

1+ SEM/EPMA ! |:> Laser Ablation ICP-MS

: Optical ! Instrument Instrument

. Microscope

\ !

Optional

Log Data
Book Files

Data Reduction
Software
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After the sequence has been ablated, LADR needs information from both instruments:
the sample type, quant name, the laser parameters from the laser ablation instrument
via the log book file, and the data files from the ICP-MS instrument.

When LADR has all of the information about the sequence, the samples, the laser
conditions, and the ICP-MS measurement, the data reduction can be automated as
much as possible and the chance of transcription errors between the systems is greatly
reduced.

The workflow above is followed by most ICP-MS laboratories but with varying degrees
of automation and integration.
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File Loading

Introduction

Importing data files from a mass spectrometer output is the first step in the suggested
program workflow. Contained within this window are several necessary steps and
some optional steps that must be completed before moving on to the next stage of

data reduction.

Note: If the “Data files” button is disabled it means the currently loaded profile does not
contain any RMs. Add an RM to the profile to start loading data (see “Manage Reference
Materials” on page 37).

The workflow for this window requires the user to:

dih.
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. Load the desired files by selecting the relevant mass spectrometer file type and

selecting data files.

Inspect the selected files as a list in the “Files” portion of the “Manage ICP-MS
Data Files” window on the right side.

e Viewable information is file name, type, size, and number of entries.

* Move, delete, or sort the files appropriately. This may be necessary if files
are not loaded using the file creation timestamp.

. Select the “Measurements” tab of the “Manage ICP-MS Data Files” window on

the right side.
e Set up the Timing Template(s) for the loaded files.

e Inspect the measurement information such as file name, index, entry
name, number of sweeps, number of masses, timing template, timing gap,
and timestamp.

4. Optional: Load Logbook file.

5. Save and load data to the current project.
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Figure 14 The load data window, with no files loaded.

Selecting and Loading Data Files

To load data files, choose the data file type and set the file loading options (see notes
in Table 6 for available options).

Click “Select New Files” and navigate to the desired file directory and highlight the
necessary files. The files are inspected by LADR to ensure that they meet the expected
file format. If your files do not conform to the expected structure, they will not load.

Note: Contact LADR support (ladr@norsci.com) if you have data files that will not load.

Once the files are processed, if they are all valid then they will be added automatically
to the list of files. If a mixture of valid and invalid files were selected, then you must
confirm loading the valid files to add them to the list.

Once the files are loaded the file order can be adjusted if necessary using the buttons
on the right side of the file list (see Figure 14). Make a selection and use the up and
down icons to shift the order. The sort button allows the list to be sorted using either
alphabetical, numerical, or file timestamp order.
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By right-clicking on a file(s) in the file list, the imported files can be exported to another
file (file location, and name can be selected) and the file contents can be viewed in a

text editing window.
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Instrument

File Type Notes
Manufacturer
, Data being in CPS or Counts is read
Chemstation .CSV )
automatically from the header.
Optional to use file timestamp
(check timestamp format)
Agilent Mass Hunter .CSV

Data being in CPS or Counts is read
automatically from the header.

Mass Hunter batch
folder

All parameters are read
automatically.

Perkin Elmer

Perkin Elmer XL

Perkin Elmer .REP

Thermo Fisher

X-series Il /
PlasmalLab 2

Choose to load CPS or Counts,
Timestamp optional

iICAP-Q/QTegra

Optional to use file timestamp
(check timestamp format)

Element .TXT

Element .FIN2

Neptune

Analytic Jena

Analytic Jena .CSV

Analytic Jena .PRN

Tofware v2
TOFWERK
Tofware v3
Nu Instruments Attom .TRA NPII files load correctly but in LADR
v1.1.01 the faraday detector voltage
Plasma Il .TRA

values are not converted to counts
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in a meaningful way, affecting
uncertainty propagation.

Table 6 List of the available data file import types and provided instrument manufacturers.

Defining Additional Timing Information

It is necessary to confirm and sometimes define additional timing information
associated with the imported data files. These metadata and timing template(s) are
edited by selecting the “Measurements” tab at the top of the Manage ICP-MS Data Files
window (Figure 15).

The main purpose of the timing template is to provide additional timing information
that is not contained in the data files.

Note: Some data files (e.g. Thermo QTegra CSV files) contain all necessary timing
information so editing the timing template is not required. It is a requirement of the
software logic that every data file is assigned a timing template, even if the timing template
is empty.

Correct ICP-MS timing is important to the functionality of LADR as it allow the user to:
1. Convert between CPS and counts.

a. Counts are needed so that counting statistics can be correctly applied to
the data processing.

b. CPS are needed to display intensity data on the charts, as well as
correctly calculate interference corrections.

2. Place data points on a timeline at the time of the measurement.
3. Calculate accurate isotopic ratios, for UPb geochronology for example.
4. Accurately calculate signal spikes so they can be effectively removed.

If all of the necessary timing information is not provided by the imported ICP-MS files,
there are several methods available to provide the additional timing information:
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1. If atiming template was previously created and saved to the profile, it can be
used in future projects.

2. Loading timing information from additional files, for example importing dwell
times from an Agilent AcqMethod.xml file.

3. When data are loaded, if no applicable TT exists in the profile, an “Auto
Template” will be created assuming all masses have the same dwell time.

MMMMMMMM

nnnnnnnnnn

(((((( Q Revert g Choose LogBook File (Universal) ~ | ./ Save (Will Load Dats)

Figure 15. View of the measurements tab on the load data window. Selecting this tab allows
the timing template window to be viewed.

Note: To use a saved TT from a profile, the file type, mass list, and timing information, must
match the imported data files.

Note: To edit and view the timing templates saved in the profile select “Profile” = “Manage
Timing Templates” from the main program window. See “Manage Timing Templates” Page
181 for additional information about timing templates saved to the profile.

Note: You must edit the auto timing template and provide the correct dwell times for data
processing to work correctly. If the auto timing template contains estimated values, and you
do not review or edit those values, then an additional warning will be shown when you click
“Save” to load the data, and the Edit Timing Template window will be shown (Figure 17).
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In the measurements tab, there are several additional metadata including the file
name, index, entry name, number of sweeps in the file, number of masses contained
within the file, allocated timing template, timing gap (time between imported data
files), and file timestamp.

Note: If a "multi-entry file type" is uploaded, then the "Files" tab will show a single entry. But
the "Measurements" tab will show separate entries for each part of the file.

Several TTs are allowed in a single project and may be required due to changing
analytical method, such as analysis of multiple minerals in a single analytical session
with different element lists. If multiple TTs are used in a single project, the allocation of
a TT to each data file can be modified by double-clicking the desired cell in the TT
column. This will produce a drop-down menu where the TT can be changed. The TT can
also be changed by highlighting multiple rows, right-clicking and select “fill down timing
template”. Similarly, it is possible to fill down the timing gap in the same way.

D1
D1
- D1
'(L;\' /\ Reset D1
D1
Timing Template #  #Masses Sweep Time (s) D1

Auto Template 137 41 0.672102 D1

D1
D1
D1
D1
D1
D1
D1
D1
D1
D1
D1

Timing Templates

Cancel E\i\? Revert
Figure 16 Detailed view of the timing template region of the “Manage ICP-MS Data Files”
window.

The timing template section of the Import data window displays the TTs which are
being used in the opened project. By right-clicking on the timing template several
options become available. These are:

e Edit Timing Template - This opens the edit timing template window (Figure 17).

e Allocate to All Compatible File Entries - Apply this timing template to all
imported data files which contain the same element list and sweep time.
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e Duplicate Timing Templates - Create a copy of this timing template.

e Replace from Profile - Replace this TT with a suitable TT from the profile.
e Save to Profile - Save this project TT to the profile.

e Delete all Templates from Profiles - This is not recommended.

Right click on the auto template and choose “Edit". This launches the timing template
window.

Edit TT =HIC X
General
N 1o Tempiaio Mass Dwell Time (ms)  Jump Time (ms) it
. 23Na 15.573084 0.078151
Format ~ Agilent MassHunter_v1 24Mg 155673084 0.234454
Notes: 27A1 15.573084 0.156303
29Si 15.573084 0.390757
34 15.573084 0.390757
39K 15.573084 0.312605
ST 43Ca 15.573084 0.468908
49Ti 15.573084 0.156303
e e e, goaies) || 51v 15.573084 0.156303
S S T 067102 ::s‘fn 122?2322 3122322
Sum of Dwell Times () 0638496 e e T
TGP 00305 69c0 15.573084 0.078151
i 60N 15.573084 0.380757
() Lodzie Summed totate 65Cu 15.573084 0.078151 E
66Zn 15.573084 0.703362
T R 75As 15.573084 0.156303
- 775e 15.573084 1.015967
90Zr 15.573084 0.234454
(0 Compute Jump Times (Simple) 93Nb 15.573084 0.156303
- 95Mo 15.573084 0.937816
_ 107Ag 15.573084 0.156303
( L Compute Jump Times (Proportional) 109Ag 15573084 0.156303
111Cd 15.573084 0.547059
118Sn 15.573084 0.234454
121Sb 15.573084 0.312605
‘ Load Agilent Masshunter AcqMethod.xml File 125Te 15.573084 2.500843
157Gd 15.573084 1.641178
178Hf 15.573084 0.234454
181Ta 15.573084 0.078151
182w 15.573084 1.015967
195Pt 15.573084 0.156303
197Au 15.573084 0.390757
202Hg 15.573084 0.234454
205TI 15.573084 0.078151 L
Cancel “\i\“ Revert Save

Figure 17 Edit timing template window

In the edit timing template window individual dwell and jump times can be modified by
double-clicking the desired cell. Timings can also be filled down by highlighting cells,
right-clicking, and selecting “fill down”.

You can highlight multiple masses by pressing CTRL + left click on each line that you
need to highlight. Then you can right-click and fill down dwell times. The highlighted
masses need not be adjacent to each other for this function to work.

dih.
R

LADR Software Manual - Revision 2020C 59



Note: Any value that has been determined from the data file will be shown in a pink cell.
These values cannot be edited.

Options for calculating dwell and jump times:

e Update Summed Totals - Add all dwell time, jump times, and calculate a sweep
time.

e Compute Dwell Times - 95% of the file sweep time is allocated to the total dwell
time. The total dwell time is divided amongst the number of masses analysed. All
elements are assigned the same dwell time.

e Compute Jump Times (Simple) - The total jump time is calculated by the file
sweep time minus the total dwell time. The total jump time is distributed equally
among the number of masses analysed.

e Compute Jump Times (Proportional) - The total jump time is calculated by the
file sweep time minus the total dwell time. The jump time is distributed based
upon the mass difference between masses analysed.

Note: We recommend computing the jump times using the “Compute Jump Time
(Proportional)” button.

Note: It is important that the summed sweep time matches the average sweep time
reported from the file.

Note: Provided the dwell times were correct (sum of dwell times < sweep time) the jump
times will compute correctly.

Save the timing template by clicking the “Save” button.
Give the timing template a memorable name.

Right click on the timing template entry and choose “Save to Profile”. This will ensure
you can re-use the timing template the next time you load data collected using the
same ICP-MS method/conditions.
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What is a Mass?

LADR provides considerable flexibility when identifying “masses” in data files. There
exists some variation between ICP-MS manufacturers but all mass descriptions can be
broken down into three parts:

* Mass number, either an integer or decimal.
* Element symbol.
» Custom string description, e.g. ThO, or Rb86=>104

There are two objectives with how LADR handles masses: can the mass be identified,
and can the mass be quantified? The first objective is strictly enforced, while the
second is only loosely enforced since there is no reason why every mass must be
guantified (e.g. masses such as “ThQO”, “BKG", or “Ce++").

To meet these objectives LADR has the following requirements for masses:

» All of the masses in a project must be different, so no two masses can have the
same values for all three of the components listed above.

» To quantify a mass there must be an element symbol assigned, otherwise it is
impossible to get the concentration from the standards.

» Every mass must have a mass number assigned. By default LADR requires mass
numbers to be unique, but there is an option to disable this though doing so will
mean some features are no longer available.

These rules are enforced during file loading. When the data files contain insufficient
information then the periodic table will be consulted to make a best guess (e.g. for
mono-isotopic elements) of the missing details. When this approach is ambiguous,
then a prompt will be shown asking the user to provide the missing information. The
user input is then saved to the “Mass Mappings” in the profile and will be reused when
loading subsequent data files.

Mass mappings are saved in the profile for re-use and can be edited or deleted. See
the “Manage Profile” section for an overview.
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Logbook File Import

The logbook serves a very important role in the software. It assigns operator intent to
each sample measurement, as well as additional information about laser ablation
conditions and sample composition. The logbook system allows the software to
automate many functions.

To load a logbook file first review “Appendix B - Universal Log Book Format” which
outlines the expected format. The logbook file will contain an entry for each sample in
the project, assign an RM to standard entries, and include meta data from the laser

system.

User | Data Owner | Lab & year

Date | Organisation | ci7

Filename Minerals Primary Spot Freque Energy Fluence Spot ICPMS Comment

(one or more) Secondary Size Line method
eg.pyrite, quartz  Sample (pm} (Hz) (mJ) (Jicm2) Image eg lazirc

C17SE19A0001 NISTE12 Glass Primary  74um X Spot calcite

C17SE19A0002 NISTE12 Glass Primary  74um 5Hz 116 3.56 Spot calcite

C17SE18A0009 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56  Spot calcite

C17SE19A0010 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56 Spot calcite

C17SE18A0011 Cal-BH17JT011 calcite Sample  29pm 5Hz 115 3.56 Spot calcite

C17SE18A0012 Cal-BH17JT011 calcite Sample  29pm 5Hz 115 356 Spot calcite

C17SE19A0013 Cal-BH17JT011 calcite Sample  29pm 5Hz 115 356 Spot calcite

C17SE19A0014 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56 Spot calcite

C17SE18A0015 Cal-BH17JT011 calcite Sample  29pm 5Hz 115 356 Spot calcite

C17SE18A0016 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56 Spot calcite

C17SE19A0017 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56  Spot calcite

C17SE19A0018 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56 Spot calcite

C17SE19A0018 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56 Spot calcite

C17SE19A0020 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56  Spot calcite

C17SE18A0021 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56 Spot calcite

C17SE18A0022 Cal-BH17JT011 calcite Sample  29um 5Hz 115 3.56  Spot calcite

Figure 18 Example of a possible logbook structure.

Note: Loading a logbook file when loading data files is optional, as the logbook can also be
loaded at the logbook step of the project workflow.
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LogBook

Introduction

The LogBook is a table that defines essential information about the project such as the
reference materials analysed during the analytical session, laser ablation analytical
conditions (laser beam size, fluence, firing frequency, ablation type and scan rate) and
other parameters as described below.

Most importantly the LogBook serves as a record of operator intent’, which organises
the project and greatly assists with project processing.

Laser ablation analytical conditions are referred to in this manual as laser conditions.
The current version of LADR supports two ablation types which are also referred to in
this manual as analytical modes: “spot” (ablation at a fixed location on the analysed
sample) and “line” (ablation of a sample moving under the beam).

LADR is unable to process a project without a valid LogBook.

The LogBook is based on the concept of samples, and each row in the LogBook table is
a single sample. In LADR, a sample is defined as a set of data recorded by the mass-
spectrometer over a period of time. Samples may contain:

data acquired during an ablation or part of an ablation; or

signal acquired from the gas blank; or

signal corresponding to both the gas blank and ablation;

or data acquired during several consecutive ablations.

Note: We apologise for any confusion between the use of “samples” in LADR and the
common metrological definition of a sample referring to the source material that has been
sampled.

Note: Samples cannot overlap in time.

7 e.g."this sample was a standard, this one was an unknown...”
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Note: To enable all automation features in the current version of LADR, it is recommended
that the samples include a gas blank signal preceding a single ablation.

Samples can contain multiple time intervals selected for quantification. Such time
intervals are named analyses (see “Analysis Log" section for more details). Multiple
analyses within a sample can overlap in time.

Only data contained within samples can be processed and quantified.

Data loaded into the project but not included into the periods of time assigned to
samples cannot be accessed with LADR.

Samples within LADR must be assigned at least one sample type; the current version of
LADR supports three types of samples by default: calibration reference material
(shortened to calibration RM); secondary reference material (shortened to secondary
RM) and unknown. Throughout this manual it is convenient to refer to all of the
unknown samples collectively as unknowns. There are three additional types that can
be shown in the LogBook table: maps, gas blanks, and interference standards. These will
be utilised in future versions of the software.

Icon Type Description

Measurement of a calibration RM. The RM will be
available for calibration of trace elements, UPb
ratios, and quantified ratios.

@ Calibration Reference
Material

Measurement of a secondary RM. The RM will be
Secondary Reference |available for secondary standard corrections, and
Material results can be checked against the known
concentrations from the RM.

Measurement of an unknown sample. This is the
Unknown _
most common entry type and is the default value.

Table 7 List of possible sample types within LADR.

A single sample can be assigned to both the calibration RM and the secondary RM
sample types. This allow the same RM to be used as a calibration RM for quantification
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of some unknowns or some chemical elements, and as a secondary RM for other
unknowns or other chemical elements.

Note: Samples containing signal acquired from gas blank only must be assigned as an
unknown.

A valid LogBook must contain at least one sample of type calibration RM.

Note: A project containing only one sample defined as a calibration RM is a valid LADR
project that can be processed to obtain quantified results.

LADR imposes a number of restrictions on the content of a sample:
e Samples cannot include data loaded into the project from multiple file entries.

e If asampleis assigned an RM type (either ‘Calibration’ or ‘Secondary’), the RM
needs to be identified by its name, and it is assumed that all ablations within this
sample were collected from that same material.

e all ablation of a sample must be acquired using the same laser conditions.

Note: LADR allows for matching of laser conditions between analyses of RMs and
unknowns. When this feature is enabled for quantification (see the “Quantification Setup”
chapter on page 83), the logbook must contain RMs with laser conditions matching those
used for the unknowns, to obtain a result.

Each sample can be assigned a name of the Quantification Setup (QS) which will be
used for quantifying the data contained within the sample (see the “Quantification
Setup” chapter on page 83). If a QS name is assigned to a sample in the LogBook, this
QS will be automatically assigned to every analysis selected within this sample (see
“Analysis Log"” chapter on page 121).

Note: Assigning QS names to calibration or secondary standard samples is not required as
LADR will automatically use them for all relevant Qss.

Glossary of LogBook Terms

The following table serves to clarify the various terms used in relation to the LogBook
in LADR.
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LogBook The entity in LADR that describes valid time periods that
equate to measurement of samples in the project. The
same term is used to describe the window that is opened
to edit the LogBook.

Sample Each entry in the LADR LogBook is a Sample.

LogBook File A CSV file in the Universal LogBook Format that can be
loaded by LADR to complete the LogBook. LogBook Files
can be created and editing by hand using spreadsheet or
text editing software, or they can be exported directly
from laser ablation software such as GeoStar
(https://norsci.com/geostar/).

Laser Log File Existing in a range of formats these files are created by
laser ablation software packages. While LADR can load
these files, they rarely contain all of the information
required to fully populate the LogBook and as such use of
the LogBook File is recommended.

Interface

The LogBook form becomes active once valid data are loaded into the project. To open
the LogBook Form, press the “LogBook” button on the main LADR window. The
LogBook form contains three sections (see Figure 22):

e The LogBook table (left);
e The time-resolved chart showing the measured signal for each mass; and
e The list of masses/isotopes in the project (right).
The information shown in the sample table includes:
e The name of the data file which contains the data assigned to the sample;

e Sample name;
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Three columns corresponding to sample types (“C" for “Calibration RM", “S” for
“Secondary RM" and “U” for “Unknown”;

One column for identifying the QS (“Quant Name”) which specifies how the
measurement is to be quantified (see “Quantification Setup”);

Five columns for laser conditions;
Comments column; and

Any columns for internal standard element concentrations if they were specified
in a LADR Log Book file (see “Automatically Creating a Valid LogBook”).

The data chart shows the time-resolved measurements. For more information on how
to modify and adjust the data chart please see the “Data Chart” section on page 46.

Each section of the window can be adjusted in size and configured to display the
relevant information. The list of masses is linked to the time-resolved chart and can be
used to adjust the masses shown and/or highlight the masses of interest. Use the
right-click menu on the chart to show/hide the mass list.

All common LogBook controls are available as buttons across the top of the form. The
items are:

Add Reference Materials - Add reference materials to the project. This is only
needed when creating a LogBook manually. If loading a LogBook File or a Laser
Log File then reference materials are copied into the project automatically.

LogBook menu (see Figure 19):

o New Empty Log Book - Create a new blank LogBook. This would only be
performed if created a LogBook manually.

o Allocate From Source Files - Create a new LogBook where each sample
corresponds to each data file.

Log Book File menu (see Figure 20):

o Replace LogBook File - Show a file browser and replace the current LogBook
File with a new one. This will cause the entire LogBook to be reset and
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replaced with the contents of the LogBook File, including copying reference
materials into the project from the profile. A copy of the new LogBook File is
also saved in the project.

o Change Format - Choose the LogBook file format to use. Note that the
recommended format is “Universal”.

o Reload Log Book File - Use the saved copy of the LogBook file to recreate the
LogBook. This would typically be used if manual editing of the LogBook has
caused problems.

o Save Log Book File - Export the saved LogBook File to disk. Please note that
this command only exports a previously-imported file, and does not create a
LogBook File from the current LogBook.

o Remove Log Book File - Remove the saved LogBook File from the project.
This will also cause the LogBook to be reset.

Laser Log File menu (see Figure 21):

o GeoStar CSV Laser Log File - Use a GeoStar CSV Laser Log File to create the
LogBook. Note that the LogBook will require further editing before it is
correct and complete.

o GeoStar Verbose LOG File - Use a GeoStar Verbose LOG File to create the
LogBook. Note that the LogBook will require further editing before it is
correct and complete.

= = Log Book | ExampleProject_TraceElements.la

I::’_‘::I Add Reference Materials Q Log Book ~ @ Log Book File - Q Laser Log File -
LB# File Samp E New Empty Log Book Spot Size
1 DI18MAQGZbO0.. @ S 51
2 DI1SMAO2b00.. @ S , Allocate From Source Files 51
3 D18MAOZb00.. @ 51
4 DI18MAD2b00.. @ Manipulate selection using right-click menu... 51
5 D18MAOZb00.. @ B 51
6 DI18MAQOZbO0.. @ BCR-2G v 51
7 D18MAQZb0O0.. @ Cov v 51

Figure 19: The Log Book drop-down menu.
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= = Log Book | ExampleProject_TraceElements.la

|'ﬂl Add Reference Materials Q Log Book - @ Log Book File - Q Laser Log File -
LB# File Sample Name - Replace LogBook File: "Projects_UL.csv” Ee= Rep Rz
1 D18MAO2b00.. @ STDGL3 'l 5
2 D1EMAD2bO0.. @  STDGL3 'l @ Change Format v 4
3 DI18MAO2b00.. @ GSD-1G v 5
4 D18MA0DZb00.. @ GSD-1G ) (% Reload Log Book File 5
5 D18MAOZb00.. ® BCR-2G ) 5
6 DI18MAQ0Zb00.. @ BCR-2G 7 E aavellogiBook kil 5
7 D18MAO2b00.. @  Cpy ] 5
8 D18MADZb00.. @ Cpy 7| (<)  Remove Log BookFile 5
9 D18MADZb00... STDGL3 #24 —per — o 5
10 D18MAD2B0T.. STDGL3I#24 s 51 5

Figure 20: The Log Book File drop-down menu.

= = Log Book | ExampleProject_TraceElements.la

|"_JI Add Reference Materials Q Log Book ~ @ Log Book File - Q Laser Log File -
LB# File Sample Name ® & MM c GeoStar CSV Laser Log File Bt. Fluenc
1 D18MA02b00.. @ STDGL3 v 27
2 DI18MA02b00.. @ STDGL3 Fl c GeoStar Verbose LOG File 27
3 D18MA0D2b00.. @ GSD-1G v 3
4 D18MAO2b00.. ® GSD-1G v Other file formats by request... 3
5 D18MA02b00.. @ BCR-2G Il 3
6 D18MA02b00.. @ BCR-2G v 51 5 3

Figure 21: The Laser Log File drop-down menu.

Manually Creating a Valid LogBook

The following examples show different ways to set up the logbook when a LogBook file
is not used. This way is fully supported and is feasible for most projects, but the
recommended way is to use a LogBook File (see “Automatically Creating a Valid
LogBook”).

Data Acquired as Separate Measurements for Each Ablation

Figure 22 presents the default appearance of the LogBook form for the case where
each file contains only one measurement.

When multiple files are loaded, each containing a single measurement, LADR
automatically assigns each file to a sample. Sample names are assigned as file names.
All samples are assigned the unknown sample type, all numerical laser conditions are
set to 0 and the ablation type is set to “spot”. This is the default LogBook that will be
created if no LogBook File is chosen during file loading or using the controls on the
LogBook form.
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This default LogBook is not valid as at least one of the samples must be assigned the
Calibration RM type. An invalid logbook cannot be saved and clicking the save button in
the bottom right corner of the form will trigger an error message explaining the issue.

To exit the logbook form which contains an invalid logbook, press the cancel button in
the bottom left corner of the form. Any changes made to the logbook will be lost, but
exiting the form in this way allows access to the “Manage Reference Materials” form
which may be necessary if, for example, the profile does not yet contain the required
reference materials.

=~ Log Book | EampleProject_TraceElements.la

LB# File ample Name @® © [ QuantName SpotS RepRat. Fluence (.. Ablation Ty.. Scan > FindNext.. | File ntry: 1187 - DISMAQZBO0L csv @
1 DISMARb001csy @ STDGL3 @ 51 5 27 Spot 0 -
2 DIBMAO2b002csv @  STDGL3 8 B 51 5 27 Spot 0 Project Time (5) I CPS, Data Type: Raw Signal
3 DISMARDOB3csy @  GSD-1G 0 B 51 5 3 Spot 0
4 DI8MAG2b004.cs) GSD-1G B B 51 5 3 Spot 0 b 2 40 50 0 80
5 D18MA02b005 cs» BCR-2G B B 51 5 3 Spot 0
6 DI18MA02D0D6.CS BOR2G g B 51 5 3 Spot 0 - ]
7 DISMADb007csv @  Cpy B B 51 5 27 Spot 0 mooeee— L
8 DI18MAO2b00Bcsv @  Cpy B B 51 5 27 Spot 0 1 L
9 D18MA02D009.csv sToGL3#4 [ ] 51 5 27 Spot 0
10 D18MAG2B0T0.csv sTDGL3#24 [ ] 51 5 27 Spot 0
11 DI8MAD2b011.csv sample1-1 B B 51 5 27 Spot 0
12 D18MAG20012¢s a B 51 5 27 Spot 0 1x
13 D13MAO2b013.co o B 51 5 27 Spot 0 H
14 DIBMAD2b014.cs B B 51 5 27 Spot 0 F1
15 D18MAG2b0T5.c5 g B 51 5 27 Spot 0 H
16 D18MA02b016.co o B 51 5 27 Spot 0 . =
17 D13MAGZBD17.cs B B 51 5 27 Spot 0 L]
18 D18MAG2b018.csy o g 51 5 27 Spot 0 & S|
19 D1BMA02b019.co o B 51 5 27 Spot 0 ] =
20 DIBMAO2b020.cs samplei-10 [ © 51 5 27 Spot 0 2 1 =
21 DIBMAQ2b021 cs STDGL3 B 8 51 5 27 Spot 0 % =
22 DIBMA0Zb022cs STDGL3 o B 51 5 27 Spot 0 £ /

23 DISMA02b023.cs GSD-1G B B 51 5 3 Spot 0 A
24 DIBMAO2b024.cs GSD-1G 8 B 51 5 3 Spot 0 110 [ vary I H
25 DIBMAO2b025csv @  Cpy B B 51 5 27 Spot 0 Al LY \! L ﬂ | I ’I [h 1' A ‘ |
26 D18MAG2b026csv @  Cpy B @ 51 5 27 Spot 0 m | ‘ If f ‘\ |\ ! “;’\ r‘ |
27 DISMA0Zb027.csv sTDGL3#24 [ ] 51 5 27 Spot 0 ‘ ‘j il H | ‘ ‘ ‘ 1l H
28 DIBMA02b02B.csv sTDGL3#24 [ ] 51 5 27 Spot 0 ‘ ‘ ‘ \ \ ‘ \ |
29 D18MAG2b029.csv sample2-1 B B 51 5 27 Spot 0 ‘\ ‘ ‘ ‘ ‘
30 D1SMAGZb030.cs 3 B B 51 5 27 Spot 0 ‘ |
31 D1BMA020031 cs 0 B 51 5 27 Spot 0 “ U ' ‘J ‘ ‘ ‘ H‘
32 DI13MAG2b032cs a B 51 5 27 Spot 0 |
33 DIBMA0Zb033cs o o 51 5 27 Spot 0 ‘| i ‘ \‘ J‘ ‘
3 D1BMAG20034.c5 a B 51 5 27 Spot 0 H{HThe I
35 D13MA02b035.co B B 51 5 27 Spot 0 H‘ | ‘
36 DI18MA02b036.cs B B 51 5 27 Spot 0 o - ‘ L
37 D18MAG20037c5 0 B 51 5 27 Spot 0
33 D13MA02b038.co sample2-10 [ [ 51 5 27 Spot 0 Sample Time (s)
39 DI8MAG2b039.cs: STDGL3 g B 51 5 27 Spot 0 -
40 DIEMAQ2D040.cs STDGL3 a B 51 5 27 Spot 0
41 D138MA02b041.csy GSD-1G g o 51 5 3 Spot 0 o
42 DIBMAOb042.c5) GSD-1G B @ 51 5 3 Spot 0 o s RN e
43 DIBMAGb043csv @  Cpy B B 51 5 27 Spot 0 ik | )
44 D1SMAQ2b044csv @  Cpy B o 51 5 27 Spot 0 | i
45_DIBMAO2b045.csv sTDGL3#24 [l @l [l 51 5 27 Soot [ | h
‘ i [ v
Gancel | () Revert 0 Help &

Figure 22: Default appearance of the Logbook form when loaded files contain a single
Measurement and a single ablation.

The logbook table contains extra columns which can be made visible, and most of the
columns shown by default can be made invisible. To change the appearance of the
table right-click anywhere on the headings row and select the columns as required
(Figure 23).

Figure 24 presents the default appearance of the Logbook form for the case when each
file contains several measurements (e.g., Analytik Jena and X-series Il store data in this
format; see “File Loading” on page 52). When such data file(s) are loaded, LADR
automatically assigns each measurement to a sample. Sample names are assigned as
measurement names identified in the data file(s).
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To generate a valid LogBook, a Calibration RM type needs to be assigned to at least one

sample. Press the “Add Reference Materials” button at the top-left corner of the form
to bring up the Reference Material Manager form. Select the required RM(s) in the
Profile shown in the left side of the form. Selection can be made using conventional

Windows selection paradigm, such as CTRL+click to select multiple items. Press “Copy
to Project” button in the central part of the form to copy the selected RM(s) into the
Project. Click Save (bottom right corner of the form) to save changes and close the

form.

Log Book | Never Saved
File

LB# File
0 C17SE26A0001
0 C17SE26A0002.
0 C17SE26A0003.
0 C17SE26A0004.

0 C17SE26A0006.
0 C17SE26A0007.
0 C17SE26A0008.
0 C17SE26A0009.
0 C17SE26A0010.
0 C17SE26A0011

0 C17SE26A0013.
0 C17SE26A0014.
0 C17SE26A0015.
0 C17SE26A0016.
0 C17SE26A0017.
0 C17SE26A0018.
0 C17SE26A0019.
0 C17SE26A0020.
0 C17SE26A0021
0 C17SE26A0022.

0 C17SE26A0024.
0 C17SE26A0025.
0 C17SE26A0026.
0 C17SE26A0027.
0 C17SE26A0028.
0 C17SE26A0029.
0 C17SE26A0030.
0 C17SE26A0031
0 C17SE26A0032
0 C17SE26A0033.

0 C17SE26A0035.
0 C17SE26A0036.
0 C17SE26A0037.
0 C17SE26A0033.
0 C17SE26A0039.

0 C17SE26A0005..

0 C17SE26A0012..

0 C17SE26A0023..

0 C17SE26A0034...
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C17SE26A0007
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C17SE26A0009
C17SE26A0010
C17SE26A0011
C17SE26A0012
C17SE26A0013
C17SE26A0014
C17SE26A0015
C17SE26A0016
C17SE26A0017
C17SE26A0018
C17SE26A0019
C17SE26A0020
C17SE26A0021
C17SE26A0022
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C17SE26A0028
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C17SE26A0035
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G17SE26A0037
C17SE26A0038
C17SE26A0039
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Figure 23: Pop-up window to change the appearance of the LogBook table. To activate the
pop-up, right-click anywhere within the heading row of the LogBook table. Click anywhere
outside the pop-up to implement changes and close it.
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“+ Log Book | Never Saved

File

LB# File

16.01.2017.csv
16.01.2017.csv
16.01.2017.c5v
16.01.2017.csv
16.01.2017.csv
16.01.2017.csv
16.01.2017.csv
16.01.2017.csv

[SRRVIE e R

Sample Name

Ul
Ul
Ul
Ul

JAT6BO1
JAT6B02
JAT6B03
JAT6B04
JAT6B05
JAT6B06
JAT6B07
JAT6B08

Ooo000d0dodd @

o o o s )

QuantName  Spot Size (im)

0

cocococooo

Rep Rate (Hz)

cecccesoe

ccocococooo

Fluence (J/em?)

spot
spot
spot
spot
spot
spot
spot
spot

Ablation Type  Scan Rate (jim/s)

0

cocococooo

ot > Frdtis. | Rl -t orre

I: CPS, Data Type: Raw Signal

W] 1/3A16801
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BRE

<

1 Wl
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o W209e O
] O
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AddReference Materils | =] Choose LogBook il Universa) « ./ Sove

Figure 24: Default appearance of the LogBook form when loaded files contain multiple
single measurements and a single ablation in each measurement.

'+ Reference Material Manager | Never Saved
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Figure 25: The Reference Material Manager form used to bring required RMs from the
profile to the project.
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Now click on the ‘C' checkbox for the sample which corresponds to ablation of the
selected Calibration RM(s). If more than one reference material is present in the project
then a pop-up form will appear (Figure 26). Click on the “RM” drop-down list to select
the required RM and click “Save”. The name of the selected sample is changed to the
name of the chosen RM, the icon of the ‘Sample Name’ field changed to ‘C’ and the 'C’
check box has been checked. Enter the laser conditions used when analysing this RM
(Figure 27).

Note: To reverse the selection, click on the ‘U’ check box and the type for the sample will be
changed back to unknown and the original sample name will be restored.

i N

Logbook Entry

Sample Type: l_l lﬂl lﬂl l_l l_l
RM: [ 7

PemiPy
Po724-T
STDGL3

Cancel Save

Figure 26: Pop-up form to assign the appropriate RM to a Calibration RM sample in the
LogBook. The same form is used to assign RMs to Secondary RM samples.

To assign the same RM to other samples in the project, either repeat the steps above,
or select all relevant samples using standard Windows selection paradigms (SHIFT+click
or CTRL+click), including the one already edited, and right-click on one of the selected
samples. A pop-up menu will appear. Click on the “Fill down (To Selected Rows)” item
and choose “Everything”. The change made to the first sample will be made to all
selected samples (Figure 28).

Repeat the same steps to assign other RMs as required, and also laser conditions,
sample names and QSs to the rest of the table (Figure 28). Note that for many (but not
all) projects the laser conditions will be constant throughout. To easily fill these in: add
the laser conditions to the top row of the table, use CTRL+A to select all of the rows,
right-click to bring up the context menu, and use the “Fill Down"-"Laser Conditions” to
complete the table.
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Once the Logbook table is complete, click the “save” button at the bottom right of the
form to save changes. It is recommended to save the project after the LogBook has

been completed.

If QSs assigned in the logbook to samples have been previously defined and stored in
the profile, they will be automatically copied into the project from the profile on saving

the LogBook, providing the loaded data conforms to the definitions of the QSs stored
in the profile (refer to the “Quantification Setup” chapter on page 83 for details).

Log Book| Never Saved
File

SpotSize (um) RepRate (Hz) Fluence (Jem?) Ablation Type
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Figure 27: LogBook table menu options for copying parameters defined on one sample to

other selected samples.
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Log Book| CALaser\Exemple’.la - x

File
LB# File Sample Name ®@ 8 QuantName SpotSize (um) RepRate (Hz) Fluence (Jem?) Ablation Type  Scan Rate (um/s) Commel > >| Find Next.. | File ntrys 1/39 - CT7SE26A0001.cov
1 CI7SE26A0001. @  NIST612 o O 7 10 612 spot 0
2 CI7SEZ6A0002.. @  NIST612 o O 7 10 612 spot [ Project Time (5) " CPS D2t Type: Raw Signal
3 CT7SE26A0003. BCR2G O O 51 10 612 spot ]
4 C175E26A0004. BCR-2G O (m] 51 10 612 spot 0 0 20 30 40 50 0 o 80
5 C17SE26A0005. GSD-1G [u] ] 51 10 612 spot 0 7 ‘l&“g[* —
6 C17SE26A0006. GSD-1G O O 51 10 612 spot 0 |
7 C17SE26A0007. De17-cx 83 O O xe.. 51 10 612 spot ]
8 C17SE26A0008. pe-17-cpxG3 0 O xe.. 51 10 612 spot ] 1
9 C17sE26A0009.. ] De-17-CpxGé O O 51 10 612 spot 0
10 C17sE26A0010.. ] De-17CpxGs O [ 51 10 612 spot [
11 ci7sEzem0011. ] De-17Cpxce O O 51 10 612 spot 0
12 C17sE26n0012. 1] DE17CpxG6 O 0O 51 10 612 spot 0 !
13 C17SE26A0013, pe7cpx 67 O O 51 10 612 spot 0
14 C17SE26A0014. pe17cpx G8 O O 51 10 612 spot 0
15 C17SE26A0015, pe17-cpe 68 O O 51 10 612 spot 0 |
16 C17SE26A0016. pe-i7cpx 69 O O 51 10 612 spot 0
17 C17sE26A0017.. ] De-17-cpxGe O 0O 51 10 612 spot 0
18 C17sE26A0018. 1] De-17Cpx 611 O 0O 51 10 612 spot [
19 C17sE26m0019.. ) De-17Cpx G2 O OO 51 10 612 spot 0 I
20 C175E26A0020.. [¥] De-17-CpxG13 O O .. 51 10 612 spot 0 <
21 C17sE26A0021.. [  De-17-Cpx 613 O O 51 10 612 spot ] 2
22 C17SE26A0022. De-17-Ccpx G4 O O 51 10 612 spot 0 5
23 C17SE26A0023. De-17-Cpx G4 O O 51 10 612 spot 0 E !
24 C17SE26A0024. De-17-Cpx 618 O [ 51 10 612 spot 0
25 C175E26A0025.. ] De-17-Cpx Gis O O 51 10 612 spot 0
26 C175E26A0026.. [¥ De-17-CpxGl9 O [ 51 10 612 spot [ .
27 C175E26A0027.. W] De-17-CpxG23 O OO 51 10 612 spot 0
28 C175E26A0028. [¥ De7-CpxG30 O O 51 10 612 spot [
29 C175E26A0029.. [¥ De-17-CpxG30 O O 51 10 612 spot ]
30 C17SE26A0030. pe-17-Ccpx G35 O O 51 10 612 spot 0 1x
31 C17SE26A0031 De-17-Cpx G35 O O 51 10 612 spot 0
32 C17SE26A0032 De-17-Cox 646 O O 51 10 612 spot 0
33 C17SE26A0033. De-17-Cpx Gs8 [ [ 51 10 612 spot 0
34 C175E26m0034. 1] De-17CpxGs8 OO [ 51 10 612 spot [
35 C175E26A0035.. 1] De-17-Cpx.Gs9 O [ 51 10 612 spot 0
36 C175E26A003.. ) De-17-Cpx.G67 O [ 51 10 612 spot [
37 C175E26A0037.. [ DG-17Cpx.G67 O [ inopyrare... 51 10 612 spot ]
38 CI7SE26A0038. @  NIST612 o o 7% 10 612 spot 0 o
39 CI7SE26A0030. @ NISTE12 o o 7 10 612 spot 0 28 W20 O
uﬂ $ = .
g .
>

Figure 28: An example of a complete and valid logbook.

LADR offer options for automating LogBook generation by importing a LogBook File.

Data Acquired in a Single Measurement

Note: It is recommended to read the previous section of the manual even if it does not
describe how the imported data were recorded.

When data are acquired in a single continuous mass-spectrometer file, or
measurement, LADR does not populate the LogBook, and the LogBook table remains
empty (Figure 29).

To facilitate populating the LogBook table, zoom in on the first few ablations in the
project by holding the ALT key and dragging over a rectangular area on the time-
resolved plot to define a region to enlarge (Figure 29). The enlarged part of the project
is shown on Figure 31. To define samples corresponding to ablations of RMs and
unknowns, click on the time-resolved plot at a time corresponding to the start time of a
sample and drag over the time period corresponding to this sample, then release the
mouse. A new sample entry will appear in the LogBook table (Figure 31). This action
can be repeated to select additional samples (Figure 31). All samples created in this
way will have the same default name “New Sample” and will be assigned the unknown
sample type.
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To delete a sample from the LogBook either press the cross icon shown in the middle
of the time period as shown on the time-resolved plot, or right-click on the sample in
the logbook table and select “Delete Logbook Entries” from the menu.

Log Book | Never Saved - x

\\\\\\\\\\\\\\\\\ ® o QuantName SpotSize (um) RepRate (Hz) Fluence (Jem?) Ablation Type  ScanRate (um/s) Comme Find Next File Entry: 111 - U-Pbisoprm Q
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i
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1 () Revert

Figure 29: The appearance of the logbook when loaded data were all recorded in a single
measurement on the mass-spectrometer. The red rectangle on the time-resolved plot shows
the area which the plot will zoom to, as shown on Figure 31.

To facilitate accurate selection and editing of time periods assigned to samples, LADR
allows zooming in to a single sample: right-click on the row in the logbook table
corresponding to the sample being adjusted, and choose “Zoom to Sample” from the
menu. The time resolved plot will zoom to show the selected sample (Figure 32). Adjust
the duration of the sample by dragging the start and end times to the desired position
(Figure 33).

To select other samples when zoomed in to a single ablation, slide the scroll bar at the
bottom of the time-resolved plot section of the form. It is also possible to expand the
shown part of the project to include several ablations by adjusting the length of the
orange area in the bottom section of the time-resolved plot section of the form.
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It is also possible to move the chart by either holding down the space bar and dragging
with the left mouse button, or to click and drag with the middle mouse button if your
mouse has one.

LADR offers additional tools for defining the logbook for continuously acquired data, all
of which are accessed using the right-click “Modify” sub-menu (see Figure 30).
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Figure 30: The "Modify" sub menu for editing LogBook entries.
Edit

With a single sample selected, the Edit window allows the start and end times, and/or
the duration to be edited using absolute project time, or time relative to the source
data file.

Time Shift

With one or more samples selected, the Time Shift window allows them to be moved
forwards or backwards in time by the specified amount.

Repeat

With a single sample selected, the Repeat window has options for how the sample
should be repeated, including the addition of a gap (e.g. for washout or pre-ablation) if
desired.

Truncate / Extend

With one or more samples selected, the Truncate / Extend window allows the start
and/or end times of the samples to be modified by the specified amounts.
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Please note that editing samples using these controls can create invalid samples that
fall outside the time periods of the source data files. If this occurs, an additional
column will appear automatically in the table showing those samples which are invalid.
There is also an indicator at the top-right showing the overall validity of the samples in
the LogBook. The user is encouraged to rectify these issues manually before clicking
Save, however, once Save is clicked any invalid samples will be truncated to the time
periods defined by the source data files.

Log Book | Never Saved
File

QuantName SpotSize (im) RepRate (Hz) Fluence (J/cm?) Ablation Type ~ Scan Rate (imjs) Comme
0 0 0 spot 0
0 0 0 spot 0
0 0 0 spot 0

LB# File
1 UPbiso.pm
2 UPbisop
3 UPbi

Fill Out (To Same Sample Name)

Repeat to End of File

(%) Delete LogbookEntres

Figure 31: The appearance of the Logbook form showing a zoomed in view of the data,
corresponding to the red rectangle on Figure 29. Also shown are three samples selected
manually over three different ablations and the right-click context menu which allows the

chart to zoom to a sample of interest.

LADR Software Manual - Revision 2020C 78



\\\\\\\\\\\\\\\\\ ® & otSize (im) Rep Rate (Hz) Fluence (Jjem?) Ablation Type  Scan Rate (um/s) Comme Find Next File Entry: 111 - U-Pbisoprm Q
UPbisopn [ wSample O O [] 0 spot 0 _
2 UPbiso.pm [ NewSample O 0O 0 o 0 spot 0 Project Time () " <7 D3t Type: Raw Signal A Mass  HiLight
3 UPbisopm [ NewSampe [ [ 0 0 0 spot 0 M2 Mzs O
50 49 W4T O
® 202 W202. O
= 2 [m]
1 2 206 O
I 7. O
2 208. O
= (] [m]
“ i 238 W238U O
i 10 |
< i/l fl’w M ‘,y b, A
: NW” i '\M ’\ Yy
§
~l w r » { m
1x10* ‘ ‘u ” ‘ ‘ v’ ‘
! \ w \‘\n Wil
Wi )
\ ‘ ’
I ‘ \
‘ |
| ‘ ‘
|
l \ ‘ h
<<<<<< () R | e

Figure 32: The result of zooming to the selected sample on Figure 25. The time period of the
sample can be adjusted by dragging the left and right edges of the sample as desired.
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Figure 33: Edited start and end times of the sample shown on Figure 26. The end of the
sample has been chosen to coincide with the end of the ablation, and the start of the
sample has been chosen to include approximately 60 seconds of gas blank signal.
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Figure 34: An example logbook generated for the entire project by repeating the sample to
the end of the data file.

Once the LogBook table is complete, sample types, laser conditions and QS names can
be assigned manually in the same way as described in the preceding sections.

Loading a Laser Log File

The commands to use a Laser Log File to set up the LogBook are accessed from the
Laser Log File menu (see Figure “21"). Additional Laser Log File formats will be added
here on request.

The use of a Laser Log File still falls under the “Manual” LogBook setup since these files
do not contain all of the information required to fully populate the LogBook. See the
“Automatically Creating a Valid LogBook"” section for a description of how to entirely
automate this step.

Be aware that when setting up samples on a single data file using a Laser Log File there
will always be an initial offset present, since the Laser Log File does not contain
information about when the mass spectrometer was started. To remove this offset,
use the chart to determine how long the offset is, then select all samples (CTRL+A) and
use the “Modify” sub-menu to “Time Shift” the samples by the required amount.
Depending on how long the mass spectrometer collected data for, it is common for the
final entry (or multiple entries if the mass spectrometer stopped to early) to overflow
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the measured data. Clicking “Save” will truncate the invalid entries to the time span of
the data file.

Automatically Creating a Valid LogBook

LADR provides automated generation of the LogBook through loading of a LogBook
File.

In the current version of LADR the automatic logbook generation is supported for the
cases when data were acquired as either separate mass-spectrometer files or
measurements for each ablation.

If measuring data in a single continuous file, then review the “Loading a Laser Log File”
section for a workflow supporting partial automation of LogBook creation.

Note: There are plans to fully automate LogBook creation with this style of data collection,
and if this is of interest to you then please let us know.

The structure of the Universal LogBook File is described in “Appendix B - Universal Log
Book Format” on page 210.

When data files are loaded that use a separate mass-spectrometer file for each
ablation, the “Dataldent” column in the LogBook File must correspond to the file name
of the corresponding data file.

When data files are loaded that contain multiple measurements, with each containing
a single ablation, then the “Dataldent” column in the logbook file must correspond to
the measurement name recorded in the mass-spectrometer file. If no measurement
name is supported by the file format then the entry index should be used as the
“Dataldent” value.

The LogBook File can be specified during data file loading (“Logbook File Import” on
page 62). Alternatively, the LogBook File can be loaded from within the LogBook
window by clicking on the “Choose LogBook File” button in the drop-down menu.

When the LogBook File is processed, the file contains sufficient information to fully
populate the LADR LogBook, and in most cases it will not be necessary to perform and
editing using the LogBook window.
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The most common issue encountered when using the LogBook File is the matching of

reference material names to the reference materials stored in the LADR profile. The

following pointers may be of some assistance:

Ideally, name the sample in the LogBook File the same as the reference material
name in the LADR prdfile.

Be consistent with naming, however use of the “aliases” field in the LADR
reference materials editor provides additional flexibility. This can be used to
provide a comma separated list of aliases to match against, for example:
“SRM610, NIST610, 610"

If a typo is present in the LogBook File then the RM will most certainly not match.
The best way to correct this issue is to fix the root problem and to edit the
LogBook File accordingly. This could involve going back to GeoStar (for example)
and editing and exporting the LogBook File a second time, or, simply opening
the LogBook File in a text editor and editing it directly.

The default behaviour is to perform strict matching of the RM names. This will,
however, not work for sample entries given numbering prefixes or suffixes (for
GeoStar users see “Automatic Numbering” in the GeoStar software manual),
such as “NIST610 - 1", “NIST610 - 2", “NIST610 - 3", etc... In this case, if there
remains a good reason to number reference materials in this way, then you
need to change the RM matching from “strict” to “loose”. Do this using the
Options (see “Appendix A - Options”) and change the profile option:
“Profile.LogBookMatchForRMs”. Be careful when using “loose” matching as
it can cause unwanted behaviour if RM aliases or names are quite short.

If the RM name does not match in any way. For example, suppose the user
called a sample “NIST612” by mistake when actually they ablated “NIST610". The
preferred way to fix this is to edit the LogBook File with a text editor since it is
very quick to perform a find/replace on these labels. However, the other way is
to use the “Fill Out” option in the LogBook form. Take the first entry in the table
and assign the correct RM (as well as any other properties that need to be
edited) then select the sample, right click, and choose “Fill Out”. This will match
against both the newly assigned RM name (to continue the example, “NIST610")
as well as the old sample name (e.g. “NIST612"), completing the LogBook setup
with ease.

LADR Software Manual - Revision 2020C 82



Quantification Setup

Introduction

LADR is designed to facilitate planning of analytical sessions to include analyses of
different matrices® using matrix-specific analytical conditions, which can then be
processed simultaneously. Within LADR this is implemented through the concept of
Quantification Setups (QSs) which store parameters for defining data processing
schemes applied to the raw data to produce analytical results. Multiple QSs can be
used in a single project and the same analysis can be quantified using different QSs.

The current version of LADR allows for the following three data processing schemes
within a single QS, all of which can be applied simultaneously to the same data:

¢ Quantification of elemental concentrations (“Trace Elements” scheme);
e U-Th-Pb geochronology (“UPb Dating” scheme);
e Quantification of arbitrary isotope ratios (“Quantified Ratios” scheme).

LADR allows for interference corrections to be applied during calculations. Defining an
interference correction involves specification of the interfered mass, the interfering
mass, and the interference production rate, and requires that the intensities of both
the interfered and interfering masses have been measured during the analytical
session.

LADR also allows for mass substitutions (called “Filtering”). These can be used when
more than one isotope is measured during the analytical session and are aimed at
avoiding signal intensities which are above a specified threshold. They involve
substituting the measured signal of the more abundant isotope with the signal
calculated based on the less abundant isotope, using the known isotopic proportions.
When enabled, substitutions apply to each data processing scheme. In the current
version of LADR this option is limited to substituting 238U counts with counts
calculated from U235, and is used to automatically discard 238U counts that were
measured in the analogue region of the detector.

8 Matrix is used here in a very general sense to refer to the both the structure and composition of
the material being analysed.
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Because LADR provides a great deal of flexibility when designing application-specific
qguantification procedures there may be a tendency for users to turn on certain options
because “LADR can do it”. While LADR will do as much as it can to assist you, the
software will not always prevent you from choosing options that will result in poor
guantification. As such, users are encouraged to refer to published best practices to
inform decisions.

Once defined, QSs can be saved to the profile to be reused for data reduction in the
future.

Note: Storing QSs in the profile is recommended when it is expected that data
acquisition will be repeated using the same analytical method.

Trace Elements Scheme

The trace elements quantification scheme allows for a single set of ICP-MS calibrations
to be used for quantification of different matrices analysed using different laser
conditions (refer to the “LogBook” chapter on page 63 for a description of laser
conditions).

This is achieved through the concepts of “secondary standard corrections” and matrix-
and element-specific correction factors (“matrix-mismatch factors”). This approach
allows for choosing reference materials (RMs) for calibrations based on the range of
certified elements available in the RMs, and their concentration levels, rather than
based on matrix matching between the RMs and the unknowns.

LADR allows for an unlimited number of calibration RMs to be used for quantification
of a single analysis. At one extreme a single RM is used for all masses, but at the other
it is possible to quantify every element using a different RM, providing that all RMs
have been analysed during the analytical session at least once. Not only does LADR
make this possible, but the software has been designed to intrinsically support this
feature.

LADR allows for an unlimited number of internal standard elements (ISs) to be used for
guantification of a single analysis. As for RMs, at one extreme a single IS can be used

for all masses, but at the other it is possible to quantify every element using a different
IS, providing that the concentrations of all ISs in the sample are defined by the user for
each sample being quantified using the QS. Of course the astute reader will notice that
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the extreme case of using every mass as an IS for every other mass is useless and
would negate the entire point of performing the analysis.

LADR allows for quantification to a specified sum of concentrations of all analysed
elements (“analytical total”), instead of providing concentrations for the ISs. This
qguantification to an “analytical total” feature requires that only one IS mass is specified
in the trace elements scheme in the QS, but no concentration is required for the
associated element in the analysis.

LADR allows for reporting of concentrations either in the form of elemental
concentrations or in the form of compound concentrations. In the current version of
LADR the following compound anions are defined: O,, S;, S, SO,*, COs*, PO,*, Si0,*,
As’, (SAs)*, CI, F. These anions can be combined with measured values using arbitrary
stoichiometry, and there is also support for substitutions: for example As and Se
substituting for S in sulfide minerals.

LADR allows for the concentrations computed using the calibrations defined on
calibration RMs (‘primary calibrations’) to be adjusted based on the analyses of
‘secondary RMs’ (refer to the “LogBook” chapter for a description of different sample
types supported by LADR). This approach is illustrated by the following example:

Example: During an analytical session the same matrix (e.g., the same material, mineral type, etc.)
was analysed in the ‘Spot Mode’ (refer to the “LogBook” chapter for a description of different
analytical modes supported by LADR) using a range of laser beam sizes (“spot sizes”). Such an
approach may be needed when analysing samples with different grain sizes from the matrix of
interest so as to avoid using the smallest spot size on all grains. The well-known spot size
dependence of the extent of elemental fractionation during LA-ICP-MS would require that analyses
performed at different spot sizes are quantified using different calibrations. LADR offers an
approach to quantification which allows for all such analyses to be quantified on a single “primary
ralihratinn” dofinod 11cino a cinalo ennt cizo nroaviding that that tho cornndans RMc hmio hoon
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UPb Dating Scheme

The UPb dating quantification scheme allows for using the U-Th-Pb system to produce
an estimate of the age of the analysed sample using a common geochronological
approach’. The current version of LADR provides graphical tools for identification of
analyses affected by mixing with common Pb and also Pb loss, such as concordia
diagrams and time-resolved graphs of 206Pb/238U, 207Pb/206Pb, 208Pb/206Pb and
208Pb/232Th values during an analysis, however no tools for performing common Pb
corrections are currently available.

To enable the UPb dating quantification scheme it is required that masses 206Pb and
238U are present in the analytical method and that a calibration RM with a known age
is analysed at least once during the loaded analytical session. In practice it is
recommended that the following masses are also present in the analytical method:
202Hg, 204Pb, 206Pb, 207Pb, 208Pb, 232Th, 235U, 238U.

Note: A correction for the isobaric interference of 204Hg on 204Pb can be applied during
quantification, providing that 202Hg was included in the analytical method.

LADR allows for automatic matching of samples and unknowns analysed at the same
laser conditions by using matching masks. Given the well-known impact of analytical
conditions on the UPb values, it is strongly recommended that all masking parameters
are applied.

9 For more information (or if UPb geochronology by LA-ICP-MS is new to you) then the following
references are a good place to start;

¢ Davis, Donald W., Thomas E. Krogh, and lan S. Williams. "Historical development of zircon
geochronology." Reviews in mineralogy and geochemistry 53.1 (2003): 145-181.

e Gehrels, George E., Victor A. Valencia, and Joaquin Ruiz. "Enhanced precision, accuracy, efficiency,
and spatial resolution of U-Pb ages by laser ablation-multicollector-inductively coupled plasma-
mass spectrometry." Geochemistry, Geophysics, Geosystems 9.3 (2008).

e Solari, Luigi A., et al. "U-Pb zircon geochronology with an integrated LA-ICP-MS microanalytical
workstation: Achievements in precision and accuracy." Geostandards and Geoanalytical Research
34.1 (2010): 5-18.

e McFarlane, Chris RM, and Yan Luo. "UPb geochronology using 193 nm excimer LA-ICP-MS
optimized for in-situ accessory mineral dating in thin sections." Geoscience Canada 39.3 (2012).
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Note: When matching masks are enabled, only those unknowns which match the analytical
conditions used for the primary calibration(s) will be processed.

To facilitate selection of shorter integration time periods on the unknowns compared
to the calibration RMs, LADR allows for down-hole fractionation correction to be
automatically applied to any of the measured ratios. Use of down-hole correction
requires laser times to be defined on the project.

Note: Application of the down-hole fractionation correction restricts the time spans on the
unknowns to fall within the time spans selected on the calibration RMs, all relative to the
laser aerosol arrival time.

LADR allow for excess uncertainty to be added to each of the quantified ratios to
compensate for any factors contributing to the total uncertainty budget which are not
accounted for in the current implementation of the quantification scheme. Whether or
not an excess uncertainty is required can be assessed using the following approach:

When an RM with a defined isotope ratio is analysed multiple times within an
analytical session, assessment of the need for, and size of the excess
uncertainty, can be assessed by calculating the value of the MSWD'° for the
weighted average of all analyses of this RM within the session. The MSWD
should be calculated using the “Within-run analytical precision” uncertainty
values obtained during quantification (see the “Results” chapter for details on
different levels of analytical uncertainty). If the obtained MSWD is > 1, this
indicates that the reported “Within-run analytical precision” is too low, and
excess uncertainty needs to be added to bring the MSWD closer to 1. An
alternative approach, which can be used when MSWD calculations are not
available, involves comparing the RSD"" of the average of all RM analyses in the
session to the average “Within-run analytical precision” of all RM analyses in the
session. If the RSD of the average is larger, an excess uncertainty is required.

The UPb scheme can also be configured to remove common lead from measured
values on reference materials. This is achieved by using the known age of the reference
material to compute a radiogenic lead composition, and with a known common lead
composition, the common lead component can be calculated and removed. There are

10 Mean square weighted distribution (https://en.wikipedia.org/wiki/Reduced_chi-squared_statistic).

11 Relative standard deviation.
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three ways to compute the common lead component, and three ways to define the
common lead composition.

Quantified Ratios Scheme

The quantified ratios quantification scheme allows for quantification of ratios of any
two isotopes, providing that at least one calibration RM with the known value for each
ratio is analysed at least once during the project.

LADR allows for automatic matching of samples and unknowns analysed at the same
laser conditions by using matching masks. Given the well-known impact of analytical
conditions on the extent of down-hole fractionation, it is strongly recommended that
matching masks are applied when isotopic ratios between different elements are being
quantified (e.g., 85Rb/86Sr, 232Th/238U). Application of masks is much less critical for
accurate quantification of isotopic ratios of the same element (e.g., 206Pb/204Pb).

Note: When matching masks are enabled, only those unknowns which match the analytical
conditions used for the ‘primary calibration(s)’ will be processed.

Note: Interference corrections can be applied to any isotope involved in isotope ration
quantification.

LADR allows for down-hole fractionation correction to be automatically applied to any
of the measured ratios. Use of down-hole correction requires laser times to be defined
on the project.

Note: Application of the down-hole fractionation correction restricts the time spans on the
unknowns to fall within the time spans selected on the calibration RMs, all relative to the
laser aerosol arrival time.

Validity of QS

QSs stored in the profile can be reused when the same analytical method has been
used. Whether or not a stored QS can be used with the loaded data is determined by
the following criteria:

1. All‘Calibration RMs’ and ‘Secondary RMs' used in the stored QS have been
analysed in the analytical session being processed;
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2. All masses defined as ISs in the QS have been measured in the analytical session
being processed; and

3. All masses measured in the analytical session being processed are defined in the

QS.

Note: Those data being processed can include fewer masses than those included in the
saved QS, as long as all ISs defined in the QS have been measured in the analytical session
being processed.

Interface

The QS form becomes accessible once a valid logbook is generated (see “LogBook”
chapter for details on generating project Logbook). The QS form can be used to
generate new QSs; to edit, copy or delete existing QSs, to copy QSs from the project
into the current profile, and to bring valid QSs from the current profile into the current
project.

To open the form press the “Quantification setup” button on the LADR main window.

If on logbook generation no QSs have been automatically copied f