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What is Astromat?

Astromat is a data system that supports the 
extraterrestrial samples community in making 

data generated by laboratory analysis of 
Astromaterials samples

 Findable, Accessible, Interoperable, & Reusable
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Why FAIR data?

• Data need to be FAIR in order to fulfill the promises of Open Science. 

• FAIR research results maximize the return on NASA’s investment in the 
acquisition and creation of planetary science information (including 
samples!) as well as the advancement of scientific knowledge.
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What makes data FAIR?

• FAIR data are accessible and understandable to humans & machines.

• FAIR data are deposited and curated in certified trusted repositories 
to ensure persistent access & preservation.

• FAIR data are citable (registered with Persistent Identifier systems) 
and should have clear usage licenses.

• FAIR data are documented by rich metadata that support discovery 
and reuse. 
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NASA embraces FAIR

• SMD-funded data shall be made publicly available without fee or restriction of use.

• Data formats shall be machine-readable (i.e., data are reasonably structured to 
allow automated processing).

• SMD-funded data shall include robust, standards-compliant metadata that clearly 
and explicitly describe the data.

• SMD-funded data shall be reusable with a clear, open, and accessible data license.
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The Astromat Team
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Community-driven & standards-compliant

• Astromat aims to align its services with evolving science needs.

• Astromat engages the community in the development and promotion of 
community best practices & standards.

• Astromat complies with operational standards for trusted data archives.
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Astromat aims to operate its data systems and services following existing & emerging 
principles (FAIR, TRUST) and data & repository standards and best practices.

Wilkinson et al. (2016) “The FAIR Guiding Principles for scientific data 
management and stewardship”

Lin et al. (2020) “The TRUST Principles for digital repositories”
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Astromat Data Systems & Services

Database of Data & 
Metadata (AstroDB)Files

Metadata 
Catalog

Publish & Preserve Access & Mine
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Astromat’s Data Pipeline
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Data dissemination 
to humans & machines

Credit: https://vibhor-gupta.medium.com/what-are-the-main-building-blocks-of-a-data-pipeline-9c0b79a0dcf9

Online submission

Astromaterials Data Archive

Data & Metadata 
Validation

Metadata 
Cataloguing DOIPeer 

Review Use statsLanding 
Page

Astromat Synthesis

API

Data Integration& 
Harmonization

https://vibhor-gupta.medium.com/what-are-the-main-building-blocks-of-a-data-pipeline-9c0b79a0dcf9
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Data Integration for Advanced Access
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Ingestion of appropriate ADA data

Astromat Synthesis

Astromat’s Synthesis Database 
currently contains 
1,282,839 analytical values

Ingestion of literature data 
compiled by curators or researchers

• Literature
• Lab records
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Data Dissemination
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Catalog Searchhttps://repo.Astromat.org/astro_search.php schema.org

https://datasetsearch.research.google.com/

Synthesis Search

https://search.Astromat.org

https://ref.Astromat.org

APIs

Data Access for Humans & Machines

https://repo.astromat.org/astro_search.php
https://datasetsearch.research.google.com/
https://search.astromat.org/
https://ref.astromat.org/
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The Last 12 Months:

• Completed NASA Special Study “Requirements for Archiving 
Astromaterials Samples Data”
• provided to SMD on August 31, 2022.

• Downs, R. R., Lehnert, K. A., Mays, J., 2022. https://doi.org/10.26022/IEDA/112690.

• Started implementation of the Astromaterials Data Archive (ADA)
• Initial focus on establishing the technical capabilities & capacity necessary to fulfill 

the requirements of the OSIRIS-REx Sample Analysis Mission Data Management 
Plan; 

• Proposed plans for Astromat operation & development 2023 – 2028
• Collaborative with NASA Mission Cloud Platform

• Notification of selection received July 2023.
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https://doi.org/10.26022/IEDA/112690
https://doi.org/10.26022/IEDA/112690
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The Next 5 Years

• Development of the full Astromaterials Data Archive;

• Operation of archiving services for Astromaterials samples data;

• Long-term preservation of Astromat data in collaboration with 
NASA’s Mission Cloud Platform team;

• Services for advanced data access;

• Engagement with the community and NASA to ensure that the 
requirements of SPD-41a are met throughout the development of 
Astromat.
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Future Astromaterials Data Archive (ADA)

• Will have the capacity to appraise, curate, and preserve the complete 
range of laboratory analytical data of Astromaterials samples;
• Standards compliant data curation framework;

• (Semi-)automated transfer of Astromaterials samples return-mission data from 
mission-internal data system (e.g., SAMIS) to the ADA;

• Interfaces for users to interactively find, access, assess, download, analyze, or 
integrate Astromaterials samples data;

• Automated distribution of metadata to publicly accessible catalogs and harvesters. 
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Standards-compliant Data Curation Framework

1. Repository Certification (application to CoreTrustSeal)

2. Procedures & policies for external peer review

3. External Advisory Committee for community governance

4. Development and adoption of community standards & best practices 
for laboratory  analytical data
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Astromat’s Approach to Peer Review

• Peer review has been part of data curation at Astromat, but internal.
• Validation of metadata completeness & correctness.

• Guided by FAIR principles and community best practices (note: no comprehensive 
standards for lab analytical data exist yet);

• Performed by Astromat data curators with background in geo/cosmochemistry lab 
analysis;

• Plans for external peer review progressing.
• Align with procedures & policies of the PDS to the degree possible.

• Engage the community in defining a realistic process (ExMAG Working Group)

• Streamline the review process.
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Streamlining Peer Review
• Pre-Review: Support for data producers

• Provide data producers with extensive guidance (templates, training) and support to 
optimize compliance with standards.

• Encourage data producers to publish analytical protocols as peer reviewed journal 
articles.

• Validate submitted data & metadata automatically before review.

• Review: Provide an online system to manage reviews.
• Support for reviewers to conduct & submit reviews.

• Online support for data producers to respond to reviews

• Post-review: Recognize and reward community members who serve as 
reviewers. 
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Community Standards & Best Practices

• Facilitate ExMAG WG to make recommendations
• Evaluate OSIRIS-REx Data Standards
• Follow-up activities for workshop on “Managing, Publishing, and Archiving Imagery 

Generated by Geochemical and Cosmochemical Sample Analysis” at Goldschmidt 2023

• Ongoing participation in OneGeochemistry and the WorldFAIR project to 
advance development of standards for FAIR laboratory analytical data that 
leverage existing standards

• Continue to coordinate with editors on journal data policies and submission 
workflows (COPDESS)
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https://worldfair-project.eu
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FAIR Samples

“PSD recognizes that the availability of archives and repositories for physical materials 
that meet the SPD-41A guidelines for an SMD-acceptable data repository (see SPD-41A, 
Appendix D) is a work in progress. For now, PSD requires that, at a minimum, all 
physical materials covered by this policy must be registered with the 
International Generic Sample Number (IGSN) Organization and the IGSN 
numbers must be used to cite the physical samples in publications. It is 
acceptable to register physical samples in the National Science Foundation (NSF) System 
for Earth Sample Registration (SESAR), which is an IGSN Allocating Agent. Additionally, 
an archive or repository for physical samples should: have a long-term (at least 25 years) 
commitment to curation, have a published loan policy and make loans to qualified 
researchers without discrimination and without fees beyond covering the cost of sample 
handling, maintain a public catalog with FAIR access, store the physical samples in a 
safe and secure environment, and publicly provide contact information for the curator 
responsible for making loans 
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Applying FAIR Principles to Samples

• Samples should be openly accessible, easily discoverable, and documented with 
sufficient information to make them reusable.

• Samples should be linked to the data derived from them (interoperable) and to 
the interpretations of these data published in the literature.
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• Use of Persistent Identifiers
• for samples: IGSN
• for researchers: ORCID

• Rich & standardized metadata 
following community standards

• Registered in indexed 
(meta)data repositories

• Clear licenses
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IGSN International Generic Sample Number

• A globally unique and persistent identifier for physical samples and specimens
• federates sample metadata catalogs

• links publications to online sample metadata profiles

• allows previously impossible linking and integration of sample-based observations across 
data systems

• paves the road toward advanced data mining of sample-based data

Full IGSN: http://doi.org/10.XXXXX/IEAMN007P
Short IGSN: 10.XXXX/IEAMB007P

https://www.igsn.org

https://www.igsn.org/
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SESAR
System for Earth Sample Registrations

SESAR is a community platform that 
helps make samples more discoverable, 
accessible, and reusable, and connects 
samples with the knowledge ecosystem 
derived from them. 
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• Registration of sample metadata with DataCite and minting of IGSNs
• Authenticated workspace for sample metadata submission & management
• Curatorial review of metadata and user support
• Sample metadata catalog for discovery/access – human- and machine readable

SESAR is funded as part of the IEDA2 Cooperative Agreement

www.geosamples.org

http://www.geosamples.org/
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What Data Can I Submit to Astromat?

• Data Types: Laboratory analytical data that describe chemical, physical, 
petrological, mineralogical, and textural properties of bulk samples, 
mineral phases, and other components such as chondrules and 
presolar grains
• tabular data, documents, spectra, images, and 3D arrays (‘data cubes’).

• Samples: Data of samples collected by NASA in past, present, and 
future sample-return missions, and samples that are curated by the JSC 
Curation Office. 
• Data from Astromaterials samples that do not fall into that definition (e.g., 

Chang'E-5 samples; meteorites not in the JSC collection) will be accommodated 
to the degree possible with available resources.
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Timeline of Developments

2022 2023 2024 2025 2026

Special Study 
Completed

Implementation 
Plan Completed

ADA 
Phase 1 started

Phase 3 starting
Transfer to MCP 

complete

External Peer 
Review Process

External Advisory 
Committee

Transfer of 
AstroRepo to ADA

Online tool for 
Peer Review

API for Catalog; 
schema.org

Advanced catalog 
search GUI

ADA Data 
Submission GUI

Landing Pages w/ 
use statistics

Best Practices for 
image data

Ø Data pipeline from the ADA to the Astromat Synthesis completed (9/2026)
Ø Improved user interfaces for data submission workflows deployed (3/2027);
Ø Upgraded infrastructure for enhanced access and reusability of imagery done (9/2027);



Astromat.org
Pick your topic: ASK NOW!

• Accepted types of data

• Data formats

• Submission process

• Journal policies & Astromat

• Sample registration

• Development timeline & availability of services

• Help with Data Management Planning, Letters of Collaboration
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Thank you!

Contact us with any feedback 
or questions:
info@astromat.org


