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Co-evolution
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National Research Council, 2008
https://www.nap.edu/catalog/12161/origin-and-evolution-of-earth-research-questions-for-a-changing
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The challenge: 
Abundant but heterogeneous data sources

• Paleontology
– Paleobiology Database, Fossil Works

• Igneous
– GeoKem, NAVDAT, NOAA Petrology 

Database
• Metamorphic

– Metamorphic Petrology Database, Melts
• Sedimentology
• Petrology

– NOAA Petrology Database, EarthChem, 
Metamorphic Petrology Database, 
Crystallography Database

• Mineralogy
– MinDat, RRUFF

A full list: https://tw.rpi.edu//web/project/DTDI/WorkingGroups/dtdidatabases

• Biology/Protein
– Paleobiology Database, Protein Database, 

VAMPS
• Volcanology

– NAVDAT, Smithsonian Institute Volcano 
Database

• Trace/Minor Elements
– Database of Trace Element Utilization

• GeoChemistry
– GeoKem, NOAA Petrology Database, Melts, 

EarthRef, GeoRoc, EarthChem, LEPR, 
ThermoCalc, Calcium Carbonate Database

• GeoMagnetism
– MagIC
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Time can be used as a common reference in 
geoscience data integration

• Time, location, and redox state are three key subjects that can be applied as 
axes to assimilate those datasets 

• Then we can work on focused scientific questions:
– What was the geological and geochemical context for life’s origins? 
– Did biological catalysis follow from the chemistry of rocks and minerals? 
– How did plate tectonics begin and to what extent are Earth’s surface and deep interior 

linked? 
– When, and at what rate, did photosynthesis modify our planet’s near-surface environment?
– More 

• But…
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Question list courtesy of: 
Bob Hazen and 4D group



(Haq, 2007) 

Heterogeneous geologic time terminology 
in deep time open data
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Reginal and national geologic 
time standards and their 
usage in various databases



Data Interoperability vs. Data Heterogeneity 

Background image courtesy of: British Geological Survey



Interoperability vs. Heterogeneity 
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(Berners-Lee, 2000) (Bishr, 1998; Sheth, 1999; 
Ludascher et al., 2003; 

Brodaric, 2007)

(Wood et al., 2010; Ma et al., 
2011; 2014)
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Our focus: A knowledge base of 
deep time to facilitate data harmonization

• NSF funded, #1835717, 
12/2018 to 11/2021

• Machine-readable: 
Semantic modeling and 
encoding

• Interoperability: Connect 
heterogeneous time 
concepts among 
disciplines and standards

• Data Revolution: Leverage 
existing data resources 
and facilitate reproducible 
workflows

9(Background image from: USGS)(Haq, 2007)

• Collaborating communities 
• Potential data sources for case 

studies



How computer scientists see 
the geologic time scale

• Two key concepts 
– Interval (Unit ): a period of time between two events
– Instant (Boundary): a particular point in time

We can see Jurassic as 
an Interval and its start 
and end time (base and 
top boundary) each as an 
Instant  
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Under development:
Paleogeographic map of mineral occurrence
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Carbon mineral species in Paleozoic

Raw dataset: 
- RRUFF MED
- IMA mineral name list

RRUFF

GPlates

PaleoBioDB



Conclusions

• Why we need a machine-readable 
knowledge base of deep time
– Wider data connections across disciplines
– Faster relationship analysis and inference
– Help data integration and exploration

• How to build it 
– Semantic modeling and encoding
– Machine-readable knowledge graph
– A service to support data assimilation
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Thank You
More Information

deeptimekb.org
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