Sparrow: a data management system and cyberinfrastructure
component targeted at geochronology laboratories
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The Boise State University Isotope Geology Laboratory (IGL) is a state-of-the-art faciity for the analysis of radhogenic isotopes
in Earth materials, with a focus on n situ and high-precsion geochronciogy (U-PD zircon) and tracer isolope geochemistry.
These tools can be applied 1o a vanety of problems n igneous and metamorphic petrology, structural geclogy and tectonics,

G SA 201 9, P h O e n I X, A r I ZO n a palecbiciogical evolution and paleoclimate change in deep time. See our main website for further details,
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Geochronology data system

The IGL is 8 node in the EARTHTIME Network for the Calibration of Earth History. It is als0 a partner in the NSF EarthCube
Geochronology Infrastructure project. This Sparrow lab indormation management system is 8 product of that collaboration

1707 measurements have been linked 1o their geologic metadata
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Use cases for interoperable geochronology data

Reproducibility Aggregation and synthesis
» Adjustment and intercalibration . Discovery of relevant geochronology
+ Archival for re-analysis measurements
. Audit by peer facilities . Integration with other types of data
Audience (stratigraphic, ecological, etc.) for synthesis
Expert workers within the geochronology studies
community Audience
Data requirements Geoscientists in other domains
Detailed analytical data Data requirements
P Interpreted ages, simplified uncertainties
.o arthChem
i
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Reconstructions of geologic time
underpin synthesis studies across
Earth science domains
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Toward a Neoproterozoic composite carbon-1sotope record
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...always ultimately anchored to
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Digital Earth models — new targets for geochronology synthesis

Macrostrat s

s carbonates

0.5} s other
sed'i(rsnentary
. 2 roc
 Global time- £ 04
. . [
stratigraphic model ¢ o3
e,

» Incorporates a model 32
O

of relative geologic time?=

- Allows synthesis
across the entire
stratigraphic record

3500 3000 2500 2000 1500 1000 500 0
geologic age (Ma)

Husson and Peters, 2018

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

https://sparrow-data.org


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

Digital Earth models — new targets for geochronology synthesis

Same goal in multiple communities!

Macrostrat

Global stratigraphy

NEOT%MAQB.ORG @ PaleoBioDB
& ge 04"
Paleoecology Paleobiology ...and others

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

https://sparrow-data.org
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Requirements for digital synthesis

=¥ Geological

context achine-readable
ross-referenced
vailable for synthesis
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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

“Ar/*°Ar dating workflow and timeline

“Ar, "Ar, Az, Ar, “Ar

~ s R L NET ud'*s
‘ Y standards
M
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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

" Quinn D-1 E2agecalc 202.xIsm

‘:‘ Quinn J-147 try 3 E2agecalc 202.xIsm
" Quinn K5 E2agecalc 202.xIsm

" Quinn Z-20 E2agecalc 202 - copy.xIsm
" Quinn Z-20 E2agecalc 202.xIsm

https://sparrow-data.org
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Community archives — manual process limits usage

Ge()ch ron e IFDA Forward-looking focus

» Community standards

» Reproducibility

{U-Th)He Centralized model

ﬂ (UTR)/He Manual Upload aan - Labs must actively upload data

+ Dependent on ongoing support

Usability challenges

» Time-consuming manual uploads

AgeCalcML . Preference for specific data-reduction
software

.’ - - . . " - - \ - o . .
L A4 .'t ' : "R .':.' T, .:.". . - "" 2

- Difficult for non-geochronologists to
navigate

https://sparrow-data.org
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EAR-1740694: Geochronology ISOTOPE

: GEOLOGY &>
Frontl.er at the.Laboratory— LABORATORY 7 2=
Cyberinformatics Interface BOISE STATE UNIVERSITY

S ARIZONA
E C LASERCHRON
CARTHUUBE CENTER
I RANSFORMING GEOSCIENCES RESEARCH
Department of Geosciences
University of Arizona

Goal: build a community data
Infrastructure, emphasizing Wisc 2 7
automation and within-lab -

workflow needs. Consortium of high-throughput

geochronology laboratories

https://sparrow-data.org
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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

TARGET DATA Probucers (LABS/ANALYTICAL PIPELINES) DATA CONSUMERS
WiscAr (Singer 1ab) Ages Macrostrat (age model)
The Earth Noble-gas MS Sparrow Sample context

Ar/Ar flavor

system “OAr/*°Ar

PaleoBioDB

Legacy archive

Arizona LaserChron Center (Gehrels lab)

LA-ICP-MS Matlab reduction
Detrital and pipeline

iIgneous U-Pb
SESAR (IGSN)
: similar pipelines for Boise State (Schmitz),

» NMGRL (Ross) and others Published
literature

Samples+
contextual
metadata

—)

https://sparrow-data.org
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Sparrow architecture Archives

(e.g. geochron.org, National

Sparrow Standard Geochronology Database)
andar

Data store (e.g. Macrostrat)
Web visualizations/
- P L
with standardized nterested

Import
scripts

Analytical
pipeline

core tables - public
Raw data files, Metadata editing a
images, etc. in components
Origi“?l lab - links to publications Lab managers
analytical format - data versioning and/or users
- embargo management

Structured data store Standardized interface to lab data

» Analytical data in original file format » Data-driven website

» Structured subset of data - Web management application

 Geologic context and project  Extensible set of data types

metadata

» Change history/audit trail



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)

https://sparrow-data.org

Technology stack

* gocker

Backend

g ~

PostgreSQL pgthOﬂ

Frontend

Blueprintl]S
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Connecting lab data archives to Sparrow

Import scripts track Analytical data
data files and build a formats

structured
representation. X

These scripts will vary by
data format and lab
requirements.

Import
scripts

~Ja_,
—a—>
e

Sparrow
database

o

etc.

https://sparrow-data.org
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Hierarchical model for analytical measurements

Single instance of space- or Grouped measurements The geologic material that was
Single measured values time-resolved data collection in a single instrument run originally collected for analysis
H20 content: 5.34 £0.534(15) %
De: 21.6 £0.900 = Gy
OD: 24.0 %
luminescence age: 5.36 +0.342 - ka
total dose rate: 4.03 +0.195 - Gy/ka

| £ gob mleron p it
4 et dlamefer

Location

Additional models

Entity (e.g.

for measurement . .
geologic unit)

Not just for geochronology  context Project

— adaptable to all types of /

geochemical data!
Publication

Researcher

https://sparrow-data.org
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Lab internal data types — Community structured vocabularies

Analytical vocabulary V4
Fields extracted directly from data files i EarthChem

ratio of uranium isotope U238

to lead isotope Pb204 carthChem
Ratio of 206P0* /238U Anzona LaserChron Center ratio of uranium isotope U238
“ .
to lead isotope Pb206 EarthChem Internal structure of
Ratio of 207Pb*/235U" Arizona LaserChron Center ratio of uranium isotope U238 EarthCh
to thorium isotope Th230  EarthChem measurement (for
206Pb*/207Pb" Jaqge Arizona LaserChron Center ratio of uranium isotope U238 e] o7
to thorium isotope Th230, re., E3rthChem reproducibility and
206PD*/238U°" age Anzona LaserChron Center ratio of uranium isotope U238 ;
to thorium isotope Th232 EarthChem reanalyszs by
- - A : h . °
. uranium isotope U235
Concordance between U/Ph .
Arizona LaserChron Center
age systems ulvospinel EarthChem

Error correlation Arizona LaserChron Center

Interpretive vocabulary
- Labs start with any format they want

detrital grain best age Sparrow In terpreted age,
» Multiple outputs based on requester igneous formation age Sparrow meaning, and context
requirements (e.g. peer labs vs. users) cooling age Sparrow (for use outside of
exposure age Sparrow geochronology)

» Formats can evolve independently based
on lab and community needs

- Balances flexibility and interoperability



Public-facing APl https://sparrow.boisestate.edu/api/vl/datum

“Yapplication
programming

Interface”
"value" : float 1007.2434800039756
Machine- "error" : float 7.874683365441775
readable data "unit" : string "Ma"

"parameter” : string "plateau age”

Consumers
pull data Geochron BVEEeSIGEIE

from labs

https://sparrow-data.org
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We b WiscAr Admin  API Explorer 9 test DRI Luminescence Laboratory ADNR A fapiore 2 tout

. 4 Adwen ™ o S avgs
Admin views Base Projects Sessions " bk e L

management oot
platform roramoms [ -

MWY.-TF Maat Ty Mmaleyy v aley .

Delarof Islands Magmatic Evolution

Eocene to Pleistocene magmatic evolution of the Delarof Islands, Aleutian Arc

. Set embargo policy ... Analysis details

Eocene to Pleistocene magmatic evolution of the Delarof Islands, Aleutian Arc -« 0Ot 10.1002/2015GC006067

+ Manage project- —

Mireral Separation

No researchers Wster
' U -Oran WDar e
and sample-level sampio
AMT-13-11 AMT-13-10 SKA-13-3 SKA-13-2 SKA-13-1 KAV-13-2 o
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PRI QPN 40 WO um
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[ Acces S etal e Kavalga Island Ulak Istand Amatignak Island Amatignak Island Ulak island Amatignak Island
basaltic andesite basaltic andesite basalt Qlz diorite andesite basalt
[}
analytical dataand T e so e
Sessions > 1139
b b 1 d ﬁl . T AR Indon
original data 1iles R e reses st o

Sample Project Instrument Techricee " . R Rp——
16 " 48 r - PSS UL Th
P5-530-3 — MAP 215-50 Ar/Ar Incremental Heating De : Gy dose rate measurement memed  ICP-M

» Import and export . L
data files ——

e Search and link =

St Artriates
24 UTENeConce ape 230 1 & e age ™mode CAM
[ J [ J
1 1otal dose rate 403 19! Cv'aa
publications t
- ==

» Request and link
IGSNs (optional;
planned)

Age (M)

Y T T Y T T T )
3 4 5 e ? n 9 10
Moatng step
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Data _d riven FabLab £ # Admin  API Explorer £ Not logged in Boise State IGL Admin  API Explarer 9 test
we bs ite Aboutthe lab About the lab

. . The Boise State Universily Isolope Geology Laboratory (IGL) is a state-of-the-art Taclity for the analysis of radsogenic isolopes
Weicome to the default implementation of Sparrow! in Earth materials, with a focus on n situ and high-precsion geochronology (U-Pb zircon) and tracer isolope geochemistry.
These too's can be applied to a varety of problems in igneous and matamaoarphic petrology, structural geclogy and tectonics,
pa'scbiological evolution and paleoclimate change in deep time. See our main website for further detalls,

A container for your lab's data

° L ab lnfo rmatlo I Sparrow holds a lab's data archive and makes it accessible via this web interface and a standard APL. Right now, this is an Geochronology data system
emply container, but you can shortly begin populating the system with your data by creating an mport pipeline!
The IGL is & node in the EARTHTIME Network for the Calibration of Earth History. It is also a partner in the NSF EarthCube
o S umim ary 66 measurements have been linked to their geologic metadata Geochronclogy Infrastructure project. This Sparrow lab information management system is a product of that collaboration.
. . 1707 measurements have been linked to their geologic metadata
statistics
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The Arizona LaserChron Center is an NSF multi-user facity that addresses problems in Earth SGence through the generation

of U-Th-Pb geochronclogy dats and complementary geochemical information by Laser Ablation ICP Mass Spectrometry. It is
M ap O f analys esS directed by Dr. George Gehreis and based within the University of Arizona Department of Geosciences.
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Extensible
for different
needs

Sparrow provides
core functionality

that should be

useful to most labs.

All parts of
application are

customizable

(database, API, and
frontend)

Model:
@WORDPRESS

for geochemistry
data!

https://sparrow-data.org

FabLab & # Admin APl Explorer £ Not logged in Boise State IGL ~ Admin  API Explorer 2 test

About the lab About the lab

The Boise State Universily Isolope Geology Laboratory (IGL) is a state-of-the-art Tacility for the analysis of radsogenic isolopes
in Earth materials, with a focus on in situ and high-precsion geochronology (U-Ph zircon) and tracer isolope geochemistry.
These too's can be applied to a varkety of problems in igneous and matamaorphic patrology, structural geclogy and tectonics,
pa'scbiological evolution and paleoclimate change in deep time. See our main website for further details.

Welcome to the default implementation of Sparrow!

A container for your lab's data

Sparrow holds a lab's data archive and makes it accessible via this web interface and a standard APL. Right now, this is an Geochronology data system
emply container, bul you can shortly begn populating the system with your data by creating an mmport pipeline!

The IGL is 8 node in the EARTHTIME Network for the Calibration of Earth History. It is also a pariner in the NSF EarthCube
66 measurements have been linked to their geologic metadata Geochronclogy Infrastructure project. This Sparrow 1ab information management system is a product of that colladoration.
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Project status Deployments

Fall 2018-Sept. 2019 Arizona LaserChron Center (U-Pb)
2 ~1500 samples (80,000 zircon grains) imported (~10%
“t of archive)

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

Core software development Boise State Isotope Geology Lab (U-Pb)
Entire metadata archive ingested from IGSN, sample

- Interactive Ul components, documentation, .
import underway

and design evaluation
. Tests for use with chemostratigraphy and UW Madison Cosmogenic Nuclide Lab
Archive ingested, ongoing work to create a data

management web interface

Community feedback New Mexico Geochron. Research Lab (Ar-Ar)
. EarthCube workshop in May 2019 Integration with PyChron system complete.

optically-stimulated luminescence data

- Beginning to work with other contributors at

British Geologic Survey, elsewhere. Test instances underway for British Geological Survey,

Desert Research Institute, others.
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Project information, documentation, and examples

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




Sparrow

FEARTHCUBE

IRANSFORMING CIENCES RESFARCH

Questions?

Data archival software for geochemical labs

e Organizes lab analytical data in a flexible, modern,
iIndustry-standard database application

e Augments current lab analytical processes
e 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



Geochronology synthesis with digital Earth models

Period
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Geochronology synthesis with digital Earth models

Macrostrat
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Husson and Peters, 2018
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Geochronology synthesis with digital Earth models

Macrostrat &
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Geochronology synthesis with digital Earth models

Time-integrated archives and
M a C ro St r at synthesis models in multiple
communities

Global stratigraphy

| NEOTOMAQB .ORG @ PaleoBioDB
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Paleoecology Paleobiology d oth
..alNd Otners

All gain from integration with different types of
geochronology data

https://sparrow-data.org
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