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Use cases for interoperable geochronology data
Aggregation and synthesis 
• Discovery of relevant geochronology 

measurements 
• Integration with other types of data 

(stratigraphic, ecological, etc.) for synthesis 
studies 

Audience 
Geoscientists in other domains 
Data requirements 
Interpreted ages, simplified uncertainties

Reproducibility 
• Adjustment and intercalibration 
• Archival for re-analysis 
• Audit by peer facilities 
Audience 
Expert workers within the geochronology 
community 
Data requirements 
Detailed analytical data

https://sparrow-data.org

https://sparrow-data.org


Reconstructions of geologic time 
underpin synthesis studies across 
Earth science domains
…always ultimately anchored to 
detailed geochronology data NEOPROTEROZOIC CARBON-ISOTOPE RECORD
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Figure 15. Two permissible calibrations 
of the composite carbon-isotope record in 
Figure 14 based on available radiometric 
dates and δ13C data that can be correlated 
into the record and contrasting interpreta-
tions of the age and duration of the Sturtian 
and Marinoan glaciations. In both plots 
the following applies. (1) time is calibrated 
linearly between available radiometric data, 
(2) the base of the Bitter Springs interval 
is set to ca. 800 Ma based on correlations 
of the pre-Sturtian Neoproterozoic record 
between central and South Australia (Preiss, 
2000) and an 802 ± 10 Ma age on the Rook 
Tuff in the lower Curdimurka Subgroup 
(Fanning et al., 1986), (3) the U-Pb age of 
635.5 ± 1.2 Ma from the Ghaub Forma-
tion (Hoffmann et al., 2004) is regarded 
as a close approximation of the end of the 
Marinoan glaciation, and (4) the Gaskiers 
glaciation is pinned to 580 Ma based on 
radiometric dates from Newfoundland 
(Bowring et al., 2003). (A) The timing of the 
Sturtian glaciation is based on the assump-
tion that minimum age constraints from 
the Congo (Key et al., 2001) and Kalahari 
(Frimmel et al., 1996) cratons are incorrect 
and that the Ghubrah diamictite in Oman is 
Sturtian. The 723 +16/–10 Ma age from the 
Ghubrah (Brasier et al., 2000) is regarded 
as synglacial, but neither the onset nor end 
of glaciation is well constrained. The timing 
of the onset of the Marinoan glaciation is 
based on the interpretation by Zhou et al. 
(2004) that their 663 ± 5 Ma, U-Pb age from 
the Datangpo Formation is a maximum 
age constraint on the Marinoan glaciation. 
(B) The Key et al. (2001) and Frimmel et 
al. (1996) ages alleged to date the end of 
the Sturtian glaciation are taken to be cor-
rect, while the maximum age constraint of 
746 ± 2 Ma (Hoffman et al., 1996) requires 
that the Sturtian glaciation lasted less than 
~10 m.y. The Datangpo age (Zhou et al., 
2004) is regarded as syn-Marinoan, based 
on the stratigraphic similarity between the 
Tiesiao, Datangpo, and Nantuo Formations 
in southern China and the Polarisbreen 
glacials in Svalbard (Halverson et al., 2004). 
This intepretation implies that the Mari-
noan glaciation lasted at least 25 m.y.

548.8 Ma ash bed, Nama Group



 • Global time-
stratigraphic model 

• Incorporates a model 
of relative geologic time 

• Allows synthesis 
across the entire 
stratigraphic record

Husson and Peters, 2018

Digital Earth models — new targets for geochronology synthesis

https://sparrow-data.org

Can we calibrate this model en-masse against geochronology data?

https://macrostrat.org
https://sparrow-data.org


 

…and othersPaleoecology

Global stratigraphy

Paleobiology

PaleoBioDB

Same goal in multiple communities!

https://sparrow-data.org

Can we calibrate this model en-masse against geochronology data?

Digital Earth models — new targets for geochronology synthesis

https://macrostrat.org
https://sparrow-data.org


Machine-readable 
Cross-referenced 
Available for synthesis

Geological 
context

Analytical data

Published 
science 
result

Requirements for digital synthesis

https://sparrow-data.org

https://sparrow-data.org


Geochronology data workflow  
and standardization challenges
Rich contextual metadata 
Often not tracked systematically

Analytical process data 
Data structure differs across isotope systems, 
analytical techniques, and instruments

Interpreted age data 
Encodes expert intervention that can be 
challenging to justify and reproduce

https://sparrow-data.org

https://sparrow-data.org


Geochronology data 
management practices

• Analytical data files (e.g. 
spreadsheets, XML files) 

• Ad-hoc file and revision management 
• Lab- or method-specific formats 
• Not tied to contextual information

A typical E2AgeCalc workbook for detrital zircon geochronology

https://sparrow-data.org

https://sparrow-data.org


Forward-looking focus 
• Community standards 
• Reproducibility 

Centralized model 
• Labs must actively upload data 
• Dependent on ongoing support 

Usability challenges 
• Time-consuming manual uploads 
• Preference for specific data-reduction 

software 
• Difficult for non-geochronologists to 

navigate

Community archives — manual process limits usage

https://sparrow-data.org

https://sparrow-data.org


EAR-1740694: Geochronology 
Frontier at the Laboratory–
Cyberinformatics Interface

Goal: build a community data 
infrastructure, emphasizing 
automation and within-lab 
workflow needs. Consortium of high-throughput 

geochronology laboratories

https://sparrow-data.org

https://www.nsf.gov/awardsearch/showAward?AWD_ID=1740694
https://sparrow-data.org


WiscAr (Singer lab)

DATA CONSUMERSDATA PRODUCERS (LABS/ANALYTICAL PIPELINES)

Arizona LaserChron Center (Gehrels lab)

Sparrow
DZ flavor

Sparrow
Ar/Ar flavor

similar pipelines for Boise State (Schmitz), 
NMGRL (Ross) and others

Legacy archiveLegacy archive

Legacy archiveLegacy archive

LA-ICP-MS
Detrital and 
igneous U-Pb

LA-ICP-MS
Detrital and 
igneous U-Pb

Noble-gas MS
40Ar/39Ar
Noble-gas MS
40Ar/39Ar

PyChronPyChron

Matlab reduction 
pipeline
Matlab reduction 
pipeline

The Earth 
system

Samples+
contextual 
metadata

TARGET

Geochron.orgGeochron.org

Ages
Sample context

Neotoma (age model)Neotoma (age model)

Macrostrat (age model)Macrostrat (age model)

PaleoBioDBPaleoBioDB

Published 
literature

RockDRockD

SESAR (IGSN)SESAR (IGSN)

https://sparrow-data.org

Sparrow: a software interface between a lab and the world

• Each lab maintains control of its own internal process 
• Harmonized endpoint enables easy data sharing

https://sparrow-data.org


Sparrow
Data store

- PostgreSQL database 
with standardized 
core tables

- Raw data files, 
images, etc. in 
original lab
analytical format

Web visualizations/ 
summaries

Standard 
API

Metadata editing
components

Import 
scripts

Earth models
(e.g. Macrostrat)

Interested 
public

Lab managers 
and/or users
Lab managers 
and/or users

- links to publications
- data versioning
- embargo management

InternetLab Archives
(e.g. geochron.org, National 
Geochronology Database)

Analytical
pipeline
Analytical
pipeline

Structured data store 
• Analytical data in original file format 
• Structured subset of data 
• Geologic context and project 

metadata 
• Change history/audit trail

Standardized interface to lab data 
• Data-driven website 
• Web management application 
• Extensible set of data types

Sparrow architecture



Sparrow: design principles
Extensible 
• A framework with applications across geochemistry 
• Customizable at every level (database, API, 

frontend) 

Modular 
• Based on standard, widely used tools 
• Decoupled API, frontend, and database 

Lightweight 
• Small footprint at implementing labs 
• Adds to (does not replace) current lab processes 
• Does not include or dictate analytical pipeline 
• Abstracts complexity of underlying software (e.g. 

Docker, PostgreSQL)
BlueprintJS

Technology stack

Backend

Frontend

https://sparrow-data.org

https://sparrow-data.org


Connecting lab data archives to Sparrow

Import scripts track 
data files and build a 
structured 
representation. 

These scripts will vary by 
data format and lab 
requirements.

Analytical data 
formats Import 

scripts Sparrow 
database

etc.

https://sparrow-data.org

https://sparrow-data.org


Hierarchical model for analytical measurements

Not just for geochronology 
— adaptable to all types of 
geochemical data!

Single measured values
Grouped measurements
in a single instrument run

AnalysisDatum Session

Single instance of space- or 
time-resolved data collection

The geologic material that was
originally collected for analysis

Sample

Additional models 
for measurement 
context

Publication

Project

Researcher

Location 
Entity (e.g. 
geologic unit)

https://sparrow-data.org

https://sparrow-data.org


Lab internal data types

• Labs start with any format they want 
• Multiple outputs based on requester 

requirements (e.g. peer labs vs. users) 
• Formats can evolve independently based 

on lab and community needs 
• Balances flexibility and interoperability

Internal structure of 
measurement (for 
reproducibility and 
reanalysis by 
geochronologists)

Analytical vocabulary

Interpreted age, 
meaning, and context 
(for use outside of 
geochronology)

Fields extracted directly from data files

Interpretive vocabulary

Community structured vocabularies



Public-facing API https:!//sparrow.boisestate.edu/api/v1/datum

Machine-
readable data

etc.
Consumers 
pull data 
from labs

“application 
programming 
interface”

https://sparrow-data.org

https://sparrow.boisestate.edu/api/v1/datum
https://sparrow-data.org


Web 
management 
platform

• Set embargo policy 
• Manage project- 

and sample-level 
metadata 

• Access detailed 
analytical data and 
original data files 

• Import and export 
data files 

• Search and link 
publications 

• Request and link 
IGSNs (optional; 
planned)

https://sparrow-data.org

https://sparrow-data.org


• Lab information 
• Summary 

statistics 
• Publications 
• Map of analyses

Data-driven 
website

https://sparrow-data.org

https://sparrow-data.org


Sparrow provides 
core functionality 
that should be 
useful to most labs. 
All parts of 
application are 
customizable 
(database, API, and 
frontend)

Extensible 
for different 
needs

Model: 

for geochemistry 
data!

https://sparrow-data.org

https://sparrow-data.org


Project status 
Fall 2018–Sept. 2019

Deployments 
Arizona LaserChron Center (U-Pb) 
~1500 samples (80,000 zircon grains) imported (~10% 
of archive) 

WiscAr (Ar-Ar) 
~1200 samples ingested for MAP spectrometer, sample 
metadata for ~1400 samples discovered and linked 

Boise State Isotope Geology Lab (U-Pb) 
Entire metadata archive ingested from IGSN, sample 
import underway 

UW Madison Cosmogenic Nuclide Lab 
Archive ingested, ongoing work to create a data 
management web interface 

New Mexico Geochron. Research Lab (Ar-Ar) 
Integration with PyChron system complete. 

Test instances underway for British Geological Survey, 
Desert Research Institute, others.

Core software development 
• Interactive UI components, documentation, 

and design evaluation 
• Tests for use with chemostratigraphy and 

optically-stimulated luminescence data 

Community feedback 
• EarthCube workshop in May 2019 
• Beginning to work with other contributors at 

British Geologic Survey, elsewhere.



https://sparrow-data.org
Project information, documentation, and examples

https://github.com/EarthCubeGeochron/Sparrow
Source code for core software

Thank you!



Data archival software for geochemical labs
• Organizes lab analytical data in a flexible, modern, 
  industry-standard database application

• Augments current lab analytical processes
• Tools for curating and showcasing metadata
Interfaces with data users and community archives 
through a standard API
Does not dictate specific data-analysis tooling
Keeps labs in control of the canonical version of data

https://sparrow-data.org
Project information, documentation, and examples

https://github.com/EarthCubeGeochron/Sparrow
Source code for core software

Questions?

Sparrow



 • Community-sourced model 
for global stratigraphy 

• Digital model of relative 
geologic time

Geochronology synthesis with digital Earth models

https://sparrow-data.org

https://macrostrat.org
https://sparrow-data.org


 • Community-sourced model 
for global stratigraphy 

• Digital model of relative 
geologic time 

• Allows synthesis across the 
entire stratigraphic record

Husson and Peters, 2018

Geochronology synthesis with digital Earth models

https://sparrow-data.org

https://macrostrat.org
https://sparrow-data.org


 • Community-sourced model for 
global stratigraphy 

• Digital model of relative 
geologic time 

• Allows synthesis across the 
entire stratigraphic record 

• Goal: en-masse calibration 
against geochronology age 
data Preliminary model matching Macrostrat units from 

stratigraphic columns and geologic maps to geochronology age 
data

Geochronology synthesis with digital Earth models

https://sparrow-data.org

https://macrostrat.org
https://sparrow-data.org


 

Geochronology synthesis with digital Earth models

…and others
Paleoecology

Global stratigraphy

Paleobiology

PaleoBioDB

Time-integrated archives and 
synthesis models in multiple 
communities

All gain from integration with different types of 
geochronology data

https://sparrow-data.org

https://macrostrat.org
https://sparrow-data.org

