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Lyons et al. 2014: Atmospheric oxygen through time

= emerging model= existing model

~750Ma interval of interest

PROJECT BACKGROUND

Role of environmental change in the evolution of early animal ecosystems. 

Focus: Neoproterozoic through Paleozoic, where questions remain about 
the magnitude and timing of environmental change.



Iron speciation
Redox-sensitive trace elements

Organic carbon
Isotopes

Approach: Sedimentary Geochemistry



Alroy 2010: Sampling-standardized 
Phanerozoic diversity curve for the three 

marine evolutionary faunas.

Keller and Schoene 2012: Secular 
compositional evolution of felsic lithologies.

and work by other geochemical 
groups

e.g. Keller and Schoene, 2012 
~70,000 samples from existing 

sources (including EarthChem portal)

Modelled after paleobiological
studies



5146

Total samples 

… with independent 
redox data

… and with total organic carbon

…from the Neoproterozoic-
Paleozoic

680

2732

220
4

Not only need large 
amounts of data but also

comprehensive 
suite of data per 
sample

good quality 
geological and 
geographical
context

e.g. Study of Partin et al. 
2013, looked at all 
published uranium (key 
element of interest) 
through time….
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REQUIREMENTS
Establish and maintain good data standards

Easily query e.g. I would like to know the total iron content of all shale samples 

from the Cambrian. 

Upload new datasets as they are acquired, either from our lab or from 

collaborators. 

Easily update existing records e.g. I originally analyzed these 100 samples for 

iron geochemistry, now I would like to add this trace element data.

Export CSV/excel files e.g. for analysis in R.

Accommodate multiple users



ODM2
Observations Data 

Model 2

EXISTING SYSTEMS

Earthchem: portal to data from PetDB, 
SedDB, GEOROC, NavDat, USGS, and GANSEKI 
(Lehnert et al. 2000)

Geobiodiversity DB: section-based online 
database system, adopted by the International 
Commission on Stratigraphy

ODM: “An information model for spatially-
discrete, feature based earth observations”

Hsu, L. et al., (2017). Enhancing Interoperability and 
Capabilities of Earth Science Data using the 
Observations Data Model 2 (ODM2). Data Science 
Journal. 16(1), p.4. DOI: http://doi.org/10.5334/dsj-2017-
004



Open source

Good documentation

PostGIS for geographic data

Used by the Stanford 
Paleobiology Lab (Noel Heim) 
for body-size database



ODM2

AAPG, and many more.

Data model
inspired by:

Controlled vocabularies:

Database IDs stored:

Weblex Canada 
Australian Stratigraphic Units DB

ODM2





Analytical

Geographical

Sample 

Geological
context



SAMPLE

Color (Munsell Rock Color chart for new samples)

Lithology (Macrostrat, modified)

Lithological texture (silty, clayey, sandy etc.)

Lithological composition (calcareous etc.)  

Sedimentary structures 

Fossils (with Paleobiology Database ID)

Weathering

Bioturbation

Interpreted age (absolute age) 



GEOGRAPHICAL CONTEXT 

Site – section name, description, lat-long (+ georeferencing details 
where applicable )

Low-temperature metamorphic bin

Basin (Robertson Tellus Sedimentary Basins) 

Higher geography – Country, State/Province, County (NGA GEOnet
Names Server (GNS))



GEOLOGICAL CONTEXT

Paleoenvironment (Macrostrat, modified and sensu Sperling et al. 2015)

Biostratigraphy

Geological age (International Commission on Stratigraphy)

Geological Unit name (Macrostrat, with additions)  - including 
Macrostrat ID, British Geological Survey code,  Australian Stratigraphic 
Units code, Canadian Weblex code….





ANALYTICAL

Preparation method (e.g. 
powdered using tungsten-
carbide shatterbox)

Experimental method (e.g. 48hr 
acetate extraction)

Analytical method (e.g. 
Ferrozine spectrophometry) 

Analytes (e.g. TOC, Fe-carb 
etc.) 

Proxies (e.g. FeHR/FeT) –
published and calculated



TRACKING SAMPLES: a major challenge
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TRACKING SAMPLES: a major challenge

New data published from same samples 

Previously published data reported a second time (not always cited)

Same samples given different sample numbers in different publications

Sample identifiers we store: 

Sample_id (database-generated)

Original sample number (in our case: section name+meter)

Alternate numbers

IGSN (International Geosample Number) 

UUID (database-generated)



DATA COLLECTION WORKFLOW



COLLABORATORS
Contributed context data and/or new analyses



outcrop core modern
SITES+SAMPLES



7731 samples, 150455 unique results



User interface  - working with Stanford IT

IGSN

Publication

Sharing data

Suggestions? 

FUTURE WORK
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Combine new and existing data for increased statistical power

Collaborative Research project
Incentive to contribute: opportunity to address exciting research 
questions of direct interest to the researchers.


