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Challenges in a Growing Data Landscape

Growing geochemical data landscape
* Due to advanced instrumentation,
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Growing geochemical data landscape

* Due to advanced instrumentation, digital infrastructure technologies, and Open Science initiatives,
there is a ‘Digital Tsunami’ of geochemical data.
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Growing geochemical data landscape

* Due to advanced instrumentation, digital infrastructure technologies, and Open Science initiatives,
there is a ‘Digital Tsunami’ of geochemical data.
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Growing geochemical data landscape

* Due to advanced instrumentation, digital infrastructure technologies, and Open Science initiatives,
there is a ‘Digital Tsunami’ of geochemical data.
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Challenges in a Growing Data Landscape

Growing geochemical data landscape

* Due to advanced instrumentation, digital infrastructure technologies, and Open Science initiatives,
there is a ‘Digital Tsunami’ of geochemical data.
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* Need for clear guidelines, standardised reporting, and shared vocabularies. Q
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Challenges in a Growing Data Landscape

Challenges in “°Ar/**Ar geochronology
* Widely used for dating geological events...

From meteorites as old Throughout Earth’s history... To recent events such as the
as our solar system (~4.5 Vesuvius eruption (79 AD)
billion years ago)...
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Challenges in “°’Ar/**Ar geochronology
* Widely used for dating geological events... but produces complex datasets.
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Challenges in “°’Ar/**Ar geochronology
* Widely used for dating geological events... but produces complex datasets.
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Challenges in “°’Ar/**Ar geochronology
* Widely used for dating geological events... but produces complex datasets.
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Challenges in “°’Ar/**Ar geochronology
* Widely used for dating geological events... but produces complex datasets.
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Challenges in a Growing Data Landscape

Challenges in “°Ar/**Ar geochronology
* Widely used for dating geological events,
but produces complex datasets.

* Requires detailed documentation,
corrections, and often recalculation or
recalibration.

* Existing reporting standards (e.g., Schaen
et al. 2021) exist, but adoption is difficult.

TABLE 4. CHECKLIST OF MINIMUM AND RECOMMENDED DATA TO REPORT FOR “°Ar/3°Ar DATES

Minimum required data (v)

Report uncertainties for all parameters (e.g., 95% confidence interval, 1o, 25)

Explicitly state whether uncertainties on ages include decay constant uncertainties

Report sample identifier (ideally unique, e.g., International Geo Sample Number [IGSN])

Report sample location (e.g., latitude, longitude, elevation)

Report sample lithology

Specify material analyzed (e.g., single vs. multicrystal aliquot, weight, phase type)

Report relative isotope abundancest for 40Ar, 39Ar, 38Ar, 37Ar, and 36Ar

Describe step-heating schedule and/or laser power/wattage per analysis

Identify reactor and port used for irradiation (and if Cd shielding or rotation was used)

Describe fluence monitor details (e.g., name, age assumed, reference, calculated J value)

Report decay constants used (e.g., 4°K, 39Ar, 37Ar, 36Cl), references cited

Identify interfering isotope production ratios (e.g., Ar produced from K, Ca, Cl), references cited

Report ratios used for trapped$ argon correction (“°Ar/26Ar, 4°Ar/38Ar), reference cited

Indicate time interval used in decay corrections (e.g., days from end of irradiation to start of
analysis)

Report proportion radiogenic °Ar (%*°Ar*)

Provide model age and unit of each analysis (e.g., a, ka, Ma, Ga)

List F value (*9Ar*/*Ar,) and its uncertainty

Distinguish which steps are included in the age spectrum/isochron

Report statistics to evaluate robustness of data (e.g., mean square of weighted deviates [MSWD],
p value)

Publish data tables in tabular (e.g., CSV, XLS) or machine-readable (e.g., JSON/XML) file formats

Recommended data

Describe sample treatment (e.g., mineral separation techniques, acid treatment used)
Identify data reduction software used (e.g., Mass Spec, ArArCALC, Pychron, in-house)
List grain size of material analyzed

Report representative blank measurements

Report frequency of blank/air/cocktail measurements

O O0OOOoO OOoOdoOOoOododddn

I o

tCorrected for baseline, background, mass discrimination, and/or detector intercalibration, reactor interferences,
and radioactive decay.
SFor terrestrial samples, this is commonly the composition of atmospheric argon.

GSA Bulletin; March/April 2021; v. 133; no. 3/4; p. 461-487; https://doi.org/10.1130/B35560.1



Challenges in a Growing Data Landscape

Barriers to effective data sharing
* Manual data entry is common and often misses key instrument outputs.
* Lack of simple, accessible digital tools.

Workflows

%‘

Instrument metadata Automation



AuScope Geochemistry Network initiatives

Streamlined metadata collection
* Integrating essential metadata capture without adding extra burden to workflows.
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AuScope Geochemistry Network initiatives

Automated, open-source data capture
* Tools (Pychron) for direct upload to trusted repositories (AuScope Data Repository, EarthBank).
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AuScope Geochemistry Network initiatives

1. Streamlined metadata collection 2. Automated, open-source data capture
SAMPLE PREPARATION NOBLE GAS ANALYSIS SAMPLE PREPARATION E NOBLE GAS ANALYSIS
B /:
Y < [
N—
¢
IRRADIATION A : A ‘ ARCF = IRRADIATION INTE
Integrating essential metadata capture into the analytical Tools for direct upload to trusted repositories ensure the
facilities workflow is more adaptable across methods and capture of all metadata, ease of use.
laboratories.
However, typically domain, method, laboratory,
However, requires manual data entry which can be researcher specific.

laborious and can result in missing key instrument output.



AuScope Geochemistry Network initiatives

Streamlined metadata collection
* Integrating essential metadata capture without adding extra burden to workflows.
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“0Ar/?°Ar Dating Workflow and Timeline

« lithology
. latitude OUTCROP/EXTRATERRESTRIAL SAMPLING
. 1 to 10 weeks
 longitude ‘
« altitude (o) . o
» petrologic characterization
« geologic context (o] -

« polished section preparation

SAMPLE PREPARATION
1 to 3 weeks

« bulk crush/sieve
- gravity/density/magnetic sorting
« acid leaching

+ geometry of irradiation disks hand-picking of K-rich phases
or quartz tubes

IRRADIATION

co-irradiation w/flux monitor 2 to 6 months

OO!. ooo(Yo

« nucleogenic isotope
production: (e.g.>°Ar, *’Ar)
fusion/step heating/laser ablation

« gas clean-up/purification

NOBLE GAS ANALYSIS

1 to 4 weeks « characterization of blanks and baselines

isochrons

« analysis of air or cocktail standards

chemical correlation diagrams « Arisotope data reduction

release spectra
DATA INTERPRETATION/OPEN SOURCE ARCHIVE
1 to 3 weeks

@ NeNoNo N @ No

apparent age maps

statistical analysis

» ideograms/distribution plots

TOTAL TIME : 3-12 months

GSA Bulletin; March/April 2021; v. 133; no. 3/4; p. 461-487; https://doi.org/10.1130/B35560.1



“Ar/?°Ar Dating Workflow and Timeline

lithology
. latitude OUTCROP/EXTRATERRESTRIAL SAMPLING
1to 10 weeks
« longitude &
« altitude
« geologic context .

1 to 3 weeks R ot
« geometry of irradiation disks
or quartz tubes IRRADIATION
« co-irradiation w/flux monitor . 2 to 6 months
» nucleogenic isoto;:e
production: (e.g.>°Ar, *’Ar)
1 to 4 weeks
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38, Ar3 °Ar
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\ 1 to 3 weeks

39Ar/“°Ar
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AuScope Ar-Ar Data Pipeline: Workflow — Sample Metadata

Analytical facility
------------ » requests project details
and sample metadata

A
8l Curin University




AuScope Ar-Ar Data Pipeline: Workflow — Sample Metadata

WAAE C
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package, invites researcher
to be an editor.



AuScope Ar-Ar Data Pipeline: Workflow — Sample Metadata
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Curtin University 0
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sample material to analytical facility A package, invites researcher

Curtin University
Australia

Tasmanian Dolerite

One of the most impassioned topics in large igneous
province (LIP) research is how prolonged the duration of
these large-scale magmatic events are, as LIP magmatism
has considerable impact on models of associated
reconstructions of climate variability or tectonic events.
High-precision geochronology is pivotal to LIP basalt
emplacement rate, and thus to unravel the role these
enormous magmatic events have throughout Earths
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AuScope Ar-Ar Data Pipeline: Workflow — Sample Metadata
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Curtin University
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Researcher/Client provides
details to the data package
metadata

One of the most impassioned topics in large igneous
province (LIP) research is how prolonged the duration of
these large-scale magmatic events are, as LIP magmatism
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reconstructions of climate variability or tectonic events.
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AuScope Ar-Ar Data Pipeline: Workflow — Sample Metadata
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AuScope Ar-Ar Data Pipeline: Workflow — Sample Metadata
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“Ar/?°Ar Dating Workflow and Timeline
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AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation

M#/F%fl -~ Analytical facility processes samples and records analytical metadata directly into the AuScope EarthBank platform.
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AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation

Mﬁ//[-”/lf, ' Analytical facility processes samples and records analytical metadata directly into the AuScope EarthBank platform.
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AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation
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“Ar/?°Ar Dating Workflow and Timeline
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AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation

w
M#//-”Af, Analytical facility processes samples and records analytical metadata directly into the AuScope EarthBank platform.
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AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation

M z/f-’%f, Analytical facility processes samples and records analytical metadata directly into the AuScope EarthBank platform.
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AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation
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“Ar/?°Ar Dating Workflow and Timeline

NOBLE GAS ANALYSIS
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36Ar/4°Ar
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« fusion/step heating/laser ablation

« gas clean-up/purification

« characterization of blanks and baselines
« analysis of air or cocktail standards

« Arisotope data reduction



AuScope Ar-Ar Data Pipeline: Workflow — Sample and Analytical Preparation

Mﬁ/ﬁ%fl ' Analytical facility processes samples and records analytical metadata directly into the AuScope EarthBank platform.
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AuScope Ar-Ar Data Pipeline

Analytical facility
performs analyses.
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AuScope Ar-Ar Data Pipeline: Workflow — Analysis

Analytical facility reduces
and interprets data.
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AuScope Ar-Ar Data Pipeline: Workflow — Analysis

‘ Analytical facility manually
| AFAF| ,  adds reduced data to the )
AL - AuScope EarthBank’s data
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AuScope Ar-Ar Data Pipeline: Workflow — Analysis

Curtin University
Australia

Tasmanian Dolerite

One of the most impassioned topics in large igneous
province (LIP) research is how prolonged the duration of
these large-scale magmatic events are, as LIP magmatism
has considerable impact on models of associated
reconstructions of climate variability or tectonic events.
High-precision geochronology is pivotal to LIP basalt
emplacement rate, and thus to unravel the role these
enormous magmatic events have throughout Earths

[
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¥ DOWNLOAD ® SHOW ON MAP MORE

Analytical facility uploads
reduced data to the data
package.



AuScope Ar-Ar Data Pipeline: Workflow — Analysis
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characterization of blanks and baselines

analysis of air or cocktail standards

Analytical facility uploads
reduced data to the data
package.

Ar isotope data reduction




AuScope Ar-Ar Data Pipeline: Workflow — Analysis
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AuScope Ar-Ar Data Pipeline: Workflow — Analysis
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High-precision geochronology is pivotal to LIP basalt
emplacement rate, and thus to unravel the role these
enormous magmatic events have throughout Earths
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“Ar/?°Ar Dating Workflow and Timeline

1 to 3 weeks

geometry of irradiation disks
or quartz tubes

« co-irradiation w/flux monitor

nucleogenic isotoye
production: (e.g.3°Ar, 3’Ar)

1 to 4 weeks

isochrons
chemical correlation diagrams
release spectra
apparent age maps
statistical analysis

ideograms/distribution plots

1to 10 weeks
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AuScope Ar-Ar Data Pipeline: Workflow — Data Interpretation

Additional files required for
publication/provide additional
information can attached to
the data package

Curtin University e
Australia v

Tasmanian Dolerite

One of the most impassioned topics in large igneous !
province (LIP) research is how prolonged the duration of
these large-scale magmatic events are, as LIP magmatism

has considerable impact on models of associated
reconstructions of climate variability or tectonic events
High-precision geochronology is pivotal to LIP basalt
emplacement rate, and thus to unravel the role these
enormous magmatic events have throughout Earths
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AuScope Ar-Ar Data Pipeline: Workflow — Data Interpretation

A

Researcher/client interpret the data with the
analytical facility
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AuScope Ar-Ar Data Pipeline: Workflow — Data Interpretation
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AuScope Ar-Ar Data Pipeline: Workflow — Data Interpretation
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AuScope Ar-Ar Data Pipeline
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AuScope Ar-Ar Data Pipeline: Workflow — Data Interpretation

Researcher/client interpret the data with the
analytical facility
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AuScope Ar-Ar Data Pipeline: Workflow — Data Delivery

Additional files required for Researcher/client interpret the data with the
publication/provide additional analytical facility
information can attached to
the data package
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Continental Flood Basalt: A 1.6 Ma lang duration
evidenced by high-precision 40Ar/39Ar ages suggest a

potential role in the Pliensbachian-Toarcian extinction
event” Ware et al. (2023)
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AuScope Ar-Ar Data Pipeline:

Additional files required for
publication/provide additional
information can attached to
the data package
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Workflow — Data Delivery

Researcher/client interpret the data with the

analytical facility
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» release spectra

e apparent age maps

« statistical analysis

» chemical correlation diagrams

« ideograms/distribution plots
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results
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“0Ar/?°Ar Dating Workflow and Timeline
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lithology
latitude
longitude
altitude

geologic context

SAMPLE PREPARATION

1 to 3 weeks

geometry of irradiation disks
or quartz tubes

co-irradiation w/flux monitor

nucleogenic isotope
production: (e.g.>°Ar, *’Ar)

NOBLE GAS ANALYSIS
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isochrons

chemical correlation diagrams
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release spectra

apparent age maps

statistical analysis

ideograms/distribution plots
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petrologic characterization

« polished section preparation

« bulk crush/sieve

- gravity/density/magnetic sorting
« acid leaching

hand-picking of K-rich phases

IRRADIATION
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fusion/step heating/laser ablation

« gas clean-up/purification

« characterization of blanks and baselines
« analysis of air or cocktail standards

« Arisotope data reduction
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AuScope Ar-Ar Data Pipeline: Workflow — Data Dissemination

Additional collaborators can
be added to the data
package in preparation for

manuscript drafting and A DOI can be minted to the
publication data package in preparation
for manuscript publication

Curtin University
Australia

Tasmanian Dolerite ~1.6 Ma

The 'Review’ setting provides
the ability for the data

package and data within to With a data set-specific DOI,
be viewed during the the data package can be
manuscript review process made public on the AuScope
EarthBank platform once
manuscript is published
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AuScope Geochemistry Network initiatives

Automated, open-source data capture
* Tools (Pychron) for direct upload to trusted repositories (AuScope Data Repository, EarthBank).
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AuScope Ar-Ar Data Pipeline: Workflow — Analysis

Analytical facility Analytical facility reduces
and interprets data.
performs analyses. P - Analytical facility manually

adds reduced data to the
AuScope EarthBank’s data
template.
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enormous magmatic events have throughout Earths
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AuScope Ar-Ar Data Pipeline: Workflow — open-source, automated data capture tools

Updating Rock Dating with Pychron

& AuScope NCR'S%

An Australian Government Initiative

In 2024 (Started August 2025) AuScope awarded an Opportunity Fund to update
outdated software across Ar-Ar laboratories in Australia to a unified open-source
platform, enabling long-term accessibility, adaptability, and international compatability.



AuScope Ar-Ar Data Pipeline: Workflow — open-source, automated data capture tools

Analytical facility
performs analyses.

Analytical facility reduces
and interprets data.

Analytical facility
automatically directly
uploads reduced data to the
AuScope EarthBank’s data 4
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Ar-Ar geochronology data for basaltic lava flows in the
Melbourne Region (Newer Volcanic Province) from Heath et
al. 2020; https://doi.org/10.1016/j.jvolgeores.2019.106730
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AuScope Ar-Ar Data Pipeline: Workflow — open-source, automated data capture tools

Analytical facility
performs analyses.

Analytical facility reduces
and interprets data.

Analytical facility
automatically directly
uploads reduced data to the
AuScope EarthBank’s data 4
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Lined In-Core Irradiation Tubes at the TRIGA Reactor at d”‘ectly to the Auscope

Oregon State University (USA). Ar-Ar geochronology data for basaltic lava flows in the

Earth Bank platform Melbourne Region (Newer Volcanic Province) from Heath et

al. 2020; https://doi.org/10.1016/j.jvolgeores.2019.106730
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AuScope Ar-Ar Data Pipeline: Workflow — Outcomes & impact

* Makes “°Ar/**Ar data more accessible, reusable, and Open Science—
aligned.

* Strengthens digital infrastructure at the point of data generation.

* Supports more transparent, efficient, and collaborative geoscience
research.

3SAr/*Ar
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AuScope Ar-Ar Data Pipeline: Workflow — Outcomes & impact

* Makes “°Ar/**Ar data more accessible, reusable, and Open Science—
aligned.

* Strengthens digital infrastructure at the point of data generation.

* Supports more transparent, efficient, and collaborative geoscience
research.

Next steps...
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AuScope Ar-Ar Data Pipeline: Cross-institution knowledge sharing
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AuScope Ar-Ar Data Pipeline: Workflow — Data Delivery

Data is delivered to
researcher/client through the
AuScope EarthBank platform

Curtin University
Australia

Additional files required for Researcher/client interpret the data with the
publication/provide additional analytical facility
information can attached to
the data package
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Associate the primary observable data and metadata directly to the
associated data package within the AuScope EarthBank platform.

Automatically upload primary observable
data to AuScope Data Repository.

automated data capture tools
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The AuScope Geochemistry Network | The EarthBank Project

Thank You

On behalf of the AuScope Geochemistry Network (AGN) and the
EarthBank Project

Contact Us:

earthbank.hq@curtin.edu.au
auscope.org.au/earthbank
AuScope EarthBank Project

AuScope Geochemistry Network

UEBO

AuScope

This work is licensed under CC BY
attribution 4.0 international



How and where are you preserving your raw
machine observable data for future science?

Please stay for our Birds of a Feather session.
Room: Boulevard B1
Time: 14:30 — 16:00

Session Organisers/Presenters:

Angus Nixon | University of Adelaide

Bryant Ware | Curtin University

Lesley Wyborn | Australian National University

Session Presenters:
Simon Hodson | CODATA
Kelsey Druken | Australian National University
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