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Open and persistent access to scientific
data has become a popular topic. Accessing
past, present, and future scientific data is
fundamental to making scientific research
transparent and reproducible, and it ensures
that the products of past and current
research can be re-used to empower future
science and to benefit society. Governments,
funders, academic institutions, professional
societies, and publishers alike have issued
new data policies, statements, and directives that endorse or demand open access to
data. As a consequence, scientific workflows,
research communication, and scholarly
values are changing to recognize and
encourage data sharing. And new ways for
making data open and persistently accessible
have emerged: Data Publication.
Scholarly publication has always been the
preferred way of making data available,
especially in disciplines such as mineralogy,
petrology, and geochemistry where data
volumes are small enough that they can
be included in articles as data tables and/
or electronic supplements. Unfortunately,
data published in this way becomes highly
dispersed across the literature; fi nding,
accessing, and mining this data is difficult
to impossible. The review process primarily
focuses on the scientific relevance of the
presented results and not on aspects of data
re-usability; compliance with data standards
is not enforced and critical metadata are
often missing. And then there are all those
data that did not give rise to a publication.
What happens to them? They usually stay
hidden on local hard drives and are eventually lost.
Data should be submitted to a domain repository where they will be properly curated
and preserved, and where their value will
grow as they become discoverable, citable,
re-usable, and integrated with similar data
into comprehensive, large-scale data collections (FIG. 1). Such data collections, or
syntheses, are the foundation for the type
of data-driven, abductive discovery that
Hazen (2014) envisions for mineralogy. In
igneous geochemistry and petrology there
are the databases of PetDB, GEOROC, and
NAVDAT, which have already made this
type of data-driven science a reality. These
databases integrate thousands of statistically
significant and dense sampling measurements into large-scale searchable syntheses
that have, for more than a decade, driven
important global scientific discoveries
(Lehnert and Langmuir 2007) and changed

A summary of how data repositories augment the value of small data to eventually grow into BIG
data resources for advanced data-driven research. The figure illustrates the difference between
generic and domain-specific repositories and what community data collections can offer. Community data
collections are smaller, thematically focused, well-curated, and offer data systems that are highly valuable
resources for specific science communities, but they lack the sustainability, infrastructure, and data curation
practices that constitute a domain repository

FIGURE 1

the way “geochemists do geochemistry”
(Hofmann 2008). Examples of the impact
of these databases include studies on the
diversity in mid-ocean ridge basalt (MORB)
composition (Gale et al. 2013), on the global
distribution of elements in Earth’s outermost
layers (Rauch 2011), and on global patterns
of intraplate volcanism (Conrad et al. 2011).
Developing and maintaining these databases
isn’t easy. Significant effort is required to
compile data from individual articles and
there are struggles with incomplete, inconsistent, and ambiguous metadata. That sort
of effort is neither scalable nor sustainable,
but it could be if all the relevant original
data were saved directly to a domain
repository.

Publishers now acknowledge that domain
data repositories are best poised to ensure
access and maximize impact of data. In
October 2014, publishers and Earth science
data facilities formed a new partnership:
the Coalition for Publishing Data in the
Earth and Space Sciences (COPDESS, http://
www.copdess.org; Hanson et al. 2015)
(FIG. 2). They signed a joint Statement of
Commitment that, among other recommendations, advocates that “Earth and
space science data should, to the greatest
extent possible, be stored in appropriate
domain repositories that are widely recognized and used by the community, follow
leading practices, and can provide additional
data services.”

Publishers, leaders of Earth science data facilities, and funders met at the AGU Headquarters in
Washington, DC, in October 2014 and established the Coalition for Publishing Data in the Earth
and Space Sciences (COPDESS, http://www.copdess.org).

FIGURE 2
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This recommendation applies to traditional
journals as well as to the new type of data
journals, e.g. Geoscience Data Journal (Wiley),
Scientific Data (Nature Publishing Group),
Earth System Science Data (Copernicus), and
Earth & Space Science (AGU/Wiley). Data
journals offer a way to publish (and get
credit for!) data without the requirement
to present novel discoveries or groundbreaking insights. Articles in data journals
describe the data and methods of collecting
and processing them. The actual data are
submitted to a digital repository. As an
example, see the article “RU_CAGeochem,
a database and sample repository for
Central American volcanic rocks at Rutgers
University,” which was published in the
Geoscience Data Journal by Carr et al. (2014;
doi: 10.1002/gdj3.10) with the data deposited
in the EarthChem Library (Carr et al. 2015;
doi: 10.1594/IEDA/100534). This type of data
publication offers a great opportunity for
late-career scientists, in particular, to share
and preserve any unpublished data that are
in danger of being lost when they retire. The
IEDA Data Rescue initiative (Hsu et al. 2015)
helped several investigators to compile and
publish valuable geochemical data of Apollo
samples that had not been in digital form or
accessible in any publication (Delano 2014).
So, what constitutes an “appropriate”
domain repository, and how do you fi nd
the right one for your data? A repository
needs to have the expertise, operational
infrastructure, and sustainability to comply
with leading practices for data stewardship;
an editorial process to assess the quality of
submitted data and metadata; use of persistent and globally unique identifiers such as
the Digital Object Identifier (DOI) and international Geo Sample Number (IGSN) so data
can be properly cited and linked; provisions
for the data’s secure and long-term preservation; protection of deposited data until
released for public access; and clear policies
for the use and citation of data holdings.
Domain repositories must maintain
standards for relevant context and provenance information, which is usually very
specific for a given data type (e.g. fractionation correction for isotope ratio measurements) (Deines et al. 2003; Goldstein et al.
2014). Appropriate repositories enrich and
organize data to facilitate new discoveries.
Generic data repositories, such as FigShare,
Dryad, or institutional repositories, simply
lack the expertise to do this. Databases
such as the Library of Experimental Phase
Relations (LEPR; http://lepr.ofm-research.
org/; Hirschmann et al. 2008), MetPetDB
(database for metamorphic petrology data,
http://metpetdb.rpi.edu; Spear et al. 2009),
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and RRUFF (database of Raman spectra,
X-ray diffraction, and chemical data for
minerals; http://rruff.info) offer important
domain-specific features, but currently lack
the ability to guarantee long-term preservation of data or citability of contributed
data. Trusted domain repositories use widely
accessible open formats and work with institutions to guarantee access for decades into
the future, migrating data to new formats
and media as they evolve.
Recognized domain repositories for the
mineralogy/petrology/geochemistry community are sparse. EarthChem (www.earthchem.org) provides services for long-term
accessibility, persistent identification, and
quality assurance of geochemical and petrological data following community-vetted
guidelines and using the data curation
infrastructure of the Interdisciplinary Earth
Data Alliance (IEDA, www.iedadata.org),
an accredited member of the World Data
System. EarthChem provides data templates
to help investigators organize and format
different types of data and the appropriate
metadata. EarthChem data managers assist
users and perform quality assessment. Users
have control over the date that their data
become available for public download.
Interdisciplinary Earth Data Alliance’s data
curation services are currently serving
EarthChem and the Marine Geoscience
Data System, and it is expanding.
Interdisciplinary Earth Data Alliance is now
also partnering with LEPR and MetPetDB
to allow these latter data collections to use
its services and so make these latter data
collections function as proper repositories
for their specific communities. By becoming
partners in the Interdisciplinary Earth Data
Alliance, LEPR and MetPetDB will be able to
provide long-term preservation of data and
DOI registration of submitted datasets while
maintaining control over their systems and
user communications. This scalable approach
will allow far more researchers within the
Earth sciences community access to the data
and should facilitate greater publication
options.
By promoting and applying best practices
of data publication and citation, investigators can help sustain the cyberinfrastructure
resources that enable data to be accessed
by the wider research community and
thereby create a positive feedback to more
accessible data.
We encourage you to take part by publishing
your data in the EarthChem Library. If you
cannot fi nd a template for your specific data
type, we invite you to contact EarthChem
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at info@earthchem.org and help us develop
it. The EarthChem Library fi les are linked
to published manuscripts, contributing
to the causes of reproducible science and
reusable data.
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