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 Founded in 1961 non-political & non-governmental 

UNION

 123 National Committees (NC) and 56 affiliated 

organizations and serves millions of geoscientists

 Largest member of the International Science 

Council (ISC) 

 Supports and facilitates international and 

interdisciplinary cooperation in the earth sciences 

for tackle global geological problems

What is IUGS?



What is an IUGS Big Science Program?

Global and major issues International collaboration

Transdisciplinary
Global – Free – Open –

Sharing - Service

Collaboration with ISC, 

UNESCO etc.

Promotion in underrepresented 

nations 



Background

“Deep-time Digital Earth” (DDE) is built on 

 the International Geosphere-Biosphere Programme (IGBP)

 the Global Sedimentary Geology Program (GSGP)

 International Geoscience and Geopark Program (IGGP)

 Global Geochemical Baseline (GGB)

 International Lithosphere Program (ILP)

 OneGeology

 …



Kick-off meeting at Beijing, Feb. 26-28, 2019 

 Representatives of 40 geoscience 

organizations attended the meeting

 12 founding organizations signed the 

accord to initiate the DDE program



DDE Steering Committee

 Regular virtual meetings every two 

weeks

 First face-to-face meeting:

 Oct. 16-17, Beijing

 Review annual progress

 Finish the draft of Statutes and Bylaws

 Discuss the construction of DDE Board, 

Governing Council, Science Committee, 

and Executive Committee



Statutes and Bylaws

 Draft: November 2019

 Statutes: 63 items

 Bylaws: 51 items



Founding members

1. International Commission on Stratigraphy (ICS)

2. International Palaeontological Association (IPA)

3. International Association for Mathematical Geosciences (IAMG)

4. International Association of Sedimentologists (IAS)

5. Commission for Geological Map of the World (CGMW)

6. Commission on the Management & Application of Geoscience 

Information (CGI)

7. International Association of Geomorphologists (IAG)

8. International Association on the Genesis of Ore Deposits (IAGOD)

9. American Association of Petroleum Geologists (AAPG)

10. British Geological Survey (BGS)

11. China Geological Survey (CGS)

12. Russian Geological Research Institute (VSEGEI)

13. Russian Federal Geological Foundation (FBGU)



Potential founding members

 Geological Society of Canada (GSC)

 GC member: Linda Richard

 India Ministry of Earth Sciences， Geological Survey 

of India， Indian Institute of Science

 International Heat Flow Commission (IHFC)

 Integrated Ocean Drilling Program (IODP)

 Observer in GC

 Northern European Geological surveys (NAG)

 Korean Geological Society

 Committee on Data (CODATA)



Collaboration with international organizations

 Northern European Geological surveys (NAG)

 Mike Stephenson: keynote, France

 Integrated Ocean Drilling Program (IODP)

 Junxuan Fan: invited talk, Japan

 International Association of Sedimentologists (IAS)

 Junxuan Fan: keynote, Italy

 International Association for Mathematical Geosciences

 Qiuming Cheng: keynote, USA



Committee on Data (CODATA)

CODATA exists to promote global

collaboration to advance Open Science and

to improve the availability and usability of

data for all areas of research. CODATA works

also to advance the interoperability and the

usability of such data: research data should

be FAIR

 CODATA-DDE joint project on FAIR data

 MOU for future collaboration
Barend MONS (President), Jianhui LI (Vice-president), John 

BROOME (Treasurer) , Simon HODSON (Executive 

Director)

http://www.codata.org/working-groups/fair-data-expert-group


Visiting IODP

https://www.datanami.com/

• Opportunity to organize data projects

• Corral the ongoing projects such as e-IODP

Would start a SOD Data Science Working Group within DDE

IODP is an international marine research collaboration 

that explores Earth's history and dynamics using ocean-

going research platforms to recover data recorded in 

seafloor sediments and rocks and to monitor subseafloor 

environments.

• Interface/ laisse with IODP platforms

• Might even function as a SEP- style review panel



Visiting IODP: viewpoint of IODP people



Talk to publisher: database; data mining collaboration

 Elsevier

 Wiley

 Science Press 



How could founding members get involved?

International Association for 

Mathematical Geosciences

IAMG can facilitate construction and automation of

discovery flow from representation, analysis, modeling

and visualization of large and growing data resources,

become core member of a dynamic, diverse, and

engaged international community of earth sciences and

data science

• Organize Task group of Eurasian Marginal Seas

• IAMG EC agrees to put $20,000/yr as IAMG-

DDE seed funding



How could founding members get involved?

Proposal for Eurasian Marginal Seas



How could founding members get involved?

Commission on Geoscience Information

• Beijing meeting 19-20 Sep. for the group 

setting up …

Task Group founding meeting 

attend DDE, CGI-IUGS and CODATA 



How could founding members get involved?

First face-to-face meeting of DDE Standards Task Group

 January 12-13, 2020



How could founding members get involved?

AAPG – DDE collaborations

 Susan Nash from AAPG becomes the DDE International Ambassador

 Activities arranged based on the collaborations



Mission and vision

 Mission: Integrate Earth evolution 

data and share global geoscience 

knowledge 

 Vision: Promote the innovation of 

geoscience research paradigm

 Mission: harmonise global Deep-

time Digital Earth data, and share 

global geoscience knowledge 

 Vision: transform Earth science

Previous version: 

New version:  2019.10.16



Program Structure

DDE 

Board
Executive Committee (EC) L E A D E R S H I P

S C I E N C E

C O M M U N T I E S

C R O S S -

C O M M U N T Y

G R O U P S &

T E A M S

Evolution of Life
Evolution of 
Geography

Evolution of Earth 
materials

Evolution of Climate

Secretariat

Working Group

Center of Excellence

Task Group

Science Committee (SC) 

Governing Council  (GC) 



DDE Science Committee

NAME NATION

Roland Oberhänsli Germany

Robert M. Hazen US

Shanan E. Peters US

Guy M. Narbonne Canada

Zengqian Hou China

Harsh K. Gupta India

Sierd Cloetingh Netherlands

Danis Nurgaliev Russia

Kiyoshi Suyehiro Japan

Hans Thybo Denmark

William Cavazza Italy

Dietmar Muller Australia

Nicholas Arndt France

Kathryn A Whaler UK

Muhammad Asif Khan Pakistan

 

 

 

 

Prof. Harsh K Gupta              India 
 

 

 

 

 

 

Harsh K. Gupta is currently a Member of Atomic Energy Regulatory Board, India 

and President, Geological Society of India. He has been a Member of National 

Disaster Management Authority, India; Secretary to Govt. of India, Department of 

Ocean Development; Director of the National Geophysical Research Institute, 

Hyderabad; Vice Chancellor, Cochin University of Science and Technology and 

Professor, University of Texas at Dallas.  
 

He is globally known for his work on artificial water reservoir triggered 

earthquakes and developing criteria to discriminate them from normal 

earthquakes. As the Leader of the 3
rd

 Indian Scientific Expedition to Antarctica 

during 1983-84, he succeeded in setting up of India’s first permanent base station 

‘Dakshin Gangotri’ at Antarctica in a record time of one Antarctic summer, which 

still is a record. He chaired the Steering Committee of the Global Seismic Hazard 

Program. After the disastrous 2004 Sumatra earthquake, he spearheaded setting 

up of the Indian Tsunami Early Warning system.  
 

He has published over 200 papers in reviewed journals, authored 5 books 

published by Elsevier and Springer. His first book ‘Dams and Earthquakes has 

been translated into Russian and Chinese. In 2011 he compiled and edited 

‘Encyclopedia of Solid Earth Geophysics’, a 1500+ pages, two- volume treatise 

published by Springer. 
 

 He is a recipient of the Shanti Swarup Bhatnagar Prize; Waldo E. Smith Medal of 

American Geophysical Union; USSR Academy of Sciences ‘100 years of 

International Geophysics Memorial Medal’; Axford Gold Medal of Asia Oceania 

Geosciences Society (AOGS); National Mineral Award of Excellence; Padma Shri 

among many honors. He is a Fellow of Indian National Science Academy, The 

World Academy of Sciences and American Geophysical Union.  
 

He has been President of IUGG, AOGS and is the Founder President of Asian 

Seismological Commission. 



Program Structure

Paleontology TectonicsStratigraphy Sedimentology

Geophysics

Paleogeography

Paleomagnetism

Igneous petrologyMetamorphic petrology

Hydrogeology

Petroleum geology 

Geochemistry

Dinosaur

Data science

Paleoclimate modelling

Big data Platform

Marginal sea

Southeast Asia Standards

Geochronology
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Central Asia

Working groups (WG) and task groups (TG): provide the operational capabilities 

to manage the program and to support individual DDE projects

Mathematic Geology

Mineralogy

Geomorphology

Geo-education Geological mapping

Geothermics



Program Structure

Michael Stephenson

GC chair

Roland Oberhänsli

SC chair

Chengshan Wang

EC chair

Peter Fox

Data science WG

Robert Hazen

GC member

Kerstin Lehnert

Big data WG

Isabel Montañez

Sedimentology WG

Sabin Zahirovic

Paleogeography WG

Dave Harper

Stratigraphy WG

Shuzhong Shen

Paleontology WG

Michael Gurnis

Tectonics WG

Matthew Harrison

Big data WG

Shaunna Morrison

Petrology WG

James Ogg

Paleogeography WG

Bruce Eglington

Petrology WG

Oleg Petrov

Petrology WG

Tim Lenton

Modelling TG

Junxuan Fan

Secretary general

Xing Xu

Dinosaur TG

Kris King

GeoEducation TG



Executive Director of DDE CE (Suzhou)

Craig M. Schiffries, Ph.D.

Geophysical Laboratory

Carnegie Institution for Science

cschiffries@ciw.edu

Harvard University

• Ph.D., 1988, Geology

• A.M., 1987, Geology

Oxford University

• Honors B.A., 1982, Philosophy, Politics and Economics 

Yale University

• M.S., 1980, Geology and Geophysics

• B.S., 1980, with distinction in Geology and Geophysics 

and in Economics and Political Science

EXPERIENCE

Carnegie Institution for Science

• Director, Deep Carbon Observatory (DCO), 2011-2019

Geological Society of America

• Director for Geoscience Policy, 2007-2011

National Council for Science and the Environment

• Director of Science Policy, 2002-2007 

Yale University

• Alan M. Bateman Distinguished Lecturer, 1999-2000 

National Academy of Sciences / National Research Council

• Commission on Geosciences, Environment, and Resources 

Associate Executive Director for Special Projects, 1998-1999 

• Director, Board on Earth Sciences and Resources, 1995-1998

American Geological Institute

• Director of Government Affairs, 1994-1995 

• Coordinator of Government Affairs, 1992-1993

United States Senate

• Subcommittee on Technology and the Law, Senate Judiciary 

Committee Professional Staff Member, 1991

• Congressional Science Fellow, 1990-91

Carnegie Institution of Washington

• Carnegie Fellow, Geophysical Laboratory, 1988-1990



Program Structure

 At least three DDE Centres of Excellence (CE): China, Europe/UK and US

 Linking all the existed, independent databases in the world, and providing long-

term, sustainable online service 

DDE CE (US)

DDE CE 

(Europe/UK)

DDE CE (Suzhou)



DDE Centres of Excellence



DDE Centres of Excellence: Suzhou

 300,000 m2: Research, Conference, Technology Application, Popular Science…



DDE Centres of Excellence: Suzhou



DDE Centres of Excellence: Suzhou



DDE Centres of Excellence: Suzhou



DDE Centres of Excellence: Suzhou



DDE Centres of Excellence: USA

 4D project (Carnegie Institute)

 Consortium by University of Texas and Purdue University



Progress: Geoscience Knowledge System

 Highly complicated terminology in earth 

science

various research methods make the data ‘fragmented’ and 

hard to be integrated

 Highly unstructured data

e.g. text description, figure& photo, chart

CHALLENGES in integrating earth science big data ：

Articles

fieldbooks

making great barriers for data integration and reuse, hinder the data 

mining and deep learning in Earth Science research.

Why DDE Needs Geoscience Knowledge System?



Earth science literatures, profiles

(Data source)

Machine 

reading

(Data obtaining)

Train the computer to read and digest the geoscience literature

Extract data intelligently from unstructured literature to structured data. 

The first and fundamental step:  to built a machine understandable  

knowledge system.

“Train the computer into a geologist

making data integration and fusion possible”

One of the fundamental part of DDE initiatives is to establish a comprehensive 

Geoscience Knowledge System to facilitate data finding, accessing, integration and 

reuse. 



A hierarchical nested structure of knowledge for smart data processing

Data collection Data storage& curation Data analysis & visualization

Artificial Intelligence powered by

Geological knowledge system



Data mining and visualization



Data mining and visualization

Extracted information is projected to 
the map



An open platform with FAIR data

• Create a 5-star open platform

Berners-Lee (2006) (Image sources: w3c.org and 5stardata.info)

Linked Open Data



What is DDE-Knowledge System

 A series of explicit and formal definitions for the concepts that 

fall with the DDE project’s domain, along with specification of 

internal conceptual relations; 

 Acting as a mediator to reconcile heterogeneous geoscience 

data collected from different disciplines globally to meet the 

requirements of the FAIR data principles and play an important 

role in earth science research enhanced by Artificial Intelligent 

technologies. 



Conceptual map of Knowledge System

↓Knowledge Tree
↓Knowledge 

standard

↑Knowledge definition

 The whole DDE-Knowledge system 

has a wide coverage of Earth Science 

disciplines.

 All concepts within a discipline will 

treated as a knowledge node and 

would be organized into a hierarchical 

structure.

 Each node in the hierarchical structure 

would be described explicitly and 

formally.

 Semantic relationships among nodes 

(e.g. “is-a”, “part-of”, “consisting of”, 

“including”, etc.) would be described as 

well.



Example of the Sedimentology Knowledge System

Sedimentology→Sedimentary petrology→

endogenetic rocks → carbonate rock



Efficient cooperation among geoscientists, data 

scientists and computer scientists

• Implement a knowledge system editor  

to store, manage, visualize and search 

the knowledge system online

Computer 
scientists

• Set up mandatory and optional terms to 

describe the knowledge system in a pre-

defined format recommend by W3C

Data 
scientists

• Describe the knowledge system in a 

hierarchical way.Geoscientists



http://222.79.57.25:10139/

Construction platform: A cloud-based cooperation platform developed by DDE



The graph mode



Discipline Number of nodes

Stratigraphy 1268

Palaeontology 17383

Geochronology 424

Igneous petrology 1670

Metamorphic petrology 539

Sedimentology 1964

Mineralogy 686

Geomorphology 124

Palaeogeography 2150

Tectonics 1043

Palaeomagnetism 292

Mathematical geology 765

Geologic mapping 2058

Surfacial geochemistry 3690

Geophysics 361

Petroleum geology 1536

Hydrogeology 607

Geothermics 907

Each working group had conduct 

more than two-round of 

“construction-review-modification”

Total knowledge nodes ：
37467

Till Jan.8, 2020

Nodes that has already constructed

 1212 CGI nodes are downloaded from 

GeoSciML Vocabularies and 

EarthResourceML Vocabularies 

 Most of the them are adopted by DDE-KS, only 

129 nodes are not.



Examples in sedimentology：Packstone

DDE：Packstone is a carbonate-dominated lithology containing carbonate mud (<63 μm) in a fabric supported by 

a sand grade (63 μm to 2 mm) grain-size fraction and where less than 10% of the volume is comprised of grains >2 

mm. (Lokier S W, Al Junaibi M. The petrographic description of carbonate facies: are we all speaking the same 

language?. Sedimentology, 2016, 63(7): 1843-1885)

CGI：Carbonate sedimentary rock with discernible grain supported depositional texture, containing greater than 

10 percent grains, and constituent particles are of intrabasinal origin; intergranular spaces are filled by matrix.

Embry & Klovan Classification system 

The definition of CGI doesn’t include:

1) The size of carbonate grains, which is 

important to distinguish packstone to 

rudstone

2)  The size of matrix (carbonate mud)

Lokier and Junaini, 2016 

Sedimentology

Why some CGI definitions are not adopted? 

More precise definition are found



The next step

To Continue the construction of DDE-KS 

To carry out International review organized by CGI

‒ CGI + CODATA + international associations or 

committees of each discipline

‒ CGI + CODATA + DDE working group 

‒ The review process, including the evaluation and the election 

of reviewers must by approved by CGI

‒ Our platform provides online review service and can be 

accessed all over the world

 To conduct research based on knowledge system



Databases in Geoscience



DDE platform: Geological google

Data sharing

&

collaboration

Distributed, not a centralized system



DDE platform: Geological google

Regional geological 

Survey Data

Hydrogeological 

and Engineering 

Data

Environmental 

geological and Disaster 

geological Data

Geophysical and 

Geochemical Data

Marine geological

Data

Mineral geological

Data



3D Modeling and Visualization of Solid 

Earth under Unified Space-time Reference

Uniform Depth Reference Design

Modeling and Visualization of 

Borehole and Profile Data Modeling and Visualization of Geological Bodies Data

3D Modeling of 

Geological Bodies: 

Irregular Tetrahedral 

Grids Express 

Geological Structures

3D Modeling of 

Geological Bodies: 

Voxel Grids 

Express Geological 

Structures



The first stage: research and development of DEEP 
Earth, Map, GeoTools, APPStore, extensive 
integration of existing tools and systems, integration 
of existing data based on the cloud database 
provided by the platform, construction of deep Earth 
data cubes, development of DEEP Portal to provide 
unified deep time Space-based global geological 
information service.

Deep Earth Intelligent 
Cube

（2022—）

Deep time 
holographic cube
（2020.4-2021）

Deep Earth Information 
Service Platform

Deep Earth Holographic 
Big Data Platform

Intelligent platform

DEEP platform development plan (App, middle platform, intelligent 
platform three-step strategy)

Deep earth data cube
（2019-2020.3）

The second stage: research and development of spatio-
temporal data warehouse, deep knowledge database, DEEP 
Engine. Form the ability to analysis big data. Extensively 
correlate data results to build deep-time holographic cubes. 
Provides scientists with convenient data-intensive scientific 
research and knowledge discovery services supported by 
online and super-computing capabilities.

The third stage: combined 
with artificial intelligence 
technology to build a 
smart data cube for the 
earth, providing intelligent 
services.



Primary Goals

 An international consortium

 Linking isolated databases into an open system

 Make scientific data and information FAIR

(Findable, Accessible, Interoperable, and Re-

usable)

 Linking various Earth’s spheres (hydrosphere, 

geosphere, atmosphere, biosphere)

 Promoting innovative research on 4E (Evolutions 

of life, Earth materials, geography and climate)

https://www.datanami.com/



Data-driven knowledge discovery

Four major questions:

 Evolution of Life

 Evolution of Earth materials

 Evolution of Geography

 Evolution of Climate

Mineral network analysis
Paleozoic marine diversity

Paleogeographic reconstruction

Reconstructed Pco2

“transform geoscientific research”



Data-driven knowledge discovery

Top 10 scientific research directions

1. Integrating a uniform high-resolution earth time system

2. Origin and evolution of life and biodiversity

3. How did the sedimentary matter evolve and cycle?

4. Reconstructing earth climate and atmosphere history from big data of 

multiple geochemical indices

5. Global sea-level change through deep time 

6. Quantifying plate tectonics and deformation in four dimensions 

7. 4D architecture and  evolution of deep-earth materials  and dynamics 

8. Mineral evolution beyond 4D 

9. Establishing a globally shared big-data energy resource system for 

sustainable development

10. Big data system of geophysical fields for prediction of seismic hazard



Origin and evolution of life and biodiversity

Sepkoski, 1981



4D architecture and  evolution of 

deep-earth materials  and dynamics 

Li and Zhong, 2009

1. 3D architecture and evolution of deep-earth 
materials

2. Deep dynamics of assemblage-breakup and cycle 
of super-continent

3. Recycle of crustal-mantle material and development 
of metallogenic system



Mineral evolution on Earth and other planets

The changing diversity and distribution of minerals 
in near-surface environments of Earth and other 
terrestrial planets and moons through deep time

Image from: http://hazen.carnegiescience.edu

(Hazen and Ferry, 2010)



Energy resources for sustainable development

 Present consumption of fossil energy is around 85%;

 Global energy demand is still increasing fast;

 Can the fossil fuels meet the global energy demand in 

the future?



10 innovative techniques of DDE

1. Machine reader of literature legacy and information retrieval

2. Digitization and comparison of map and image materials

3. Characterization and intelligent detection of geological entities  

4. Cleansing and spatio-temporal annotation of massive data

5. Interoperability and spatio-temporal coordination of cross-platform databases 

6. Deep-time knowledge base management and automatic configuration of 

knowledge graphs

7. Intelligent engine for information search and crawling

8. Holographic visualization and mapping of deep-time digital earth

9. High performance computation and deep-time digital earth analysis engine

10. Data synthesis and deep-time digital earth reconstruction engine



Schedule

Roadmap and deliverables（2019-2028）

 Formal launch 

meeting at the 36th

IGC 2020. 
 Accord signed at 

the 73th IUGS EC 

in Beijing, February 

25-27, 2019. 

 A midterm progress 

with significant 

deliverables at the 

37th IGC 2024. 

 A final report at 

38th IGC 2028



36th International Geological Congress

March 2-8 , 2020, Delhi, India

Theme 45.7 The IUGS Big Science Program: Deep-time Digital Earth (DDE)
 45.7.1 Evolution of life and biodiversity changes through deep time

 45.7.2 Evolution of sedimentary and paleoclimate system

 45.7.3 Quantifying plate tectonics and deformation in four dimensions

 45.7.4 Exploring the evolution of materials and environments through deep time

 45.7.5 Open and Big Data, Artificial Intelligence, and Geoinformatics: New Paradigms that Advance 

Discovery and Knowledge of Earth in Deep-time

 45.7.6 DDE in Geological Survey Organizations and industry

 45.7.7 Dinosaur macroevolution and building an integrated database for both academia and the public

 45.7.8 Orogenic architecture and crustal growth from accretion to collision (IGCP-662)

First Governing Council meeting
March 3, 2020, Radisson Blu Hotel

Town hall meeting
March 4, 2020, Radisson Blu Hotel

DDE Booth



36th International Geological Congress

March 2-8, 2020, Delhi, India

Booth

• 6m X 12m

• Design plan: October



36th International Geological Congress

March 2-8 , 2020, Delhi, India

DDE Booth

 75 m2



Brochures



DDE website: http://www.ddeworld.org/

http://www.ddeworld.org/


What can we do? opportunities for the community

Digitization of legacy data: publications, dark data; open and share

 5-10 year’s long-term project

 digitization of huge data sources in BGS

 Dark data

Digitization in ~ 6 months

 5502 outcrops/drillcores; 13588 references

 FAIR data: online, open access 



Potential collaborations



Opportunities for the community

Data analysis: Big data analysis and visualization, HPC



Opportunities for the community

 High temporal resolution: Traditional 8-10Ma --> CONOP 30Ka

 Big computing power: 10,000 species  17 years!

 First supercomputer program 

for quantitative stratigraphy

 Successfully tested on 

“Tianhe II”

 Accelerate rate=5/10 cores



Opportunities for the community

Data analysis: High Performance Computing (HPC)

Simulated annealing

Genetic algorithm



Opportunities for the community

11,268 species from 3,112 published stratigraphic sections

Alroy et al., 

2008, Science

Fan et al. 2020, Science

11326 levels  vs 25 levels Resolution：26 kyr vs 10 Myr

E
P

M
E

EOME



Opportunities for the community

Composite diversity patterns produced in
different evenly-divided time bins (from
0.1 to 10 Myr; solid lines)

Diversity of different fossil groups

Fan et al. 2020, Science



Opportunities for the community

Exploring the coupling or decoupling between life and environment



Opportunities for the community

Linking geoscience, data science and computer science



Opportunities for the community



Opportunities for the community

Artificial intelligence and machine learning

Collection Storage& management Analysis & visualization

Knowledge System

Data source Input Database and Platform Output



Opportunities for the community

Artificial intelligence and machine learning



Opportunities for the community

Artificial intelligence and machine learning

 5 high-rank taxonomy, 4000 images

 VGG16 model

 97% accuracy: top 1 catalogue

 Next: 

 more groups

 Species level



Opportunities for the community

 Innovative technology in research, education and training



Opportunities for the community

 Innovative technology in research, education and training



Opportunities for the community

Permian/Triassic GSSP, Changxing, China



Opportunities for the community

Devonian/Carboniferous GSSP, La Serre, Montagne Noire, France

3号金钉子 DC界线.mp4
3号金钉子 DC界线.mp4


Opportunities for the community

 Innovative technology in research, education and training



Opportunities for the community

 Innovative technology in research, education and training



Opportunities for the community



Opportunities for the community



Opportunities for the community



Opportunities for the community

 Innovative technology in research, education and training



The future: Geo-cyberspace



Let us work together for the

success of DDE!


