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Science Meeting – Scientific Report

The scientific report (WORD or PDF file - maximum of seven A4 pages) should be submitted online within two months of the event. It will be published on the ESF website.

Proposal Title: Earthtime - Exploring the Cretaceous world. Data and numerical models at work to fill gaps.


Application Reference N°: 5474

1) Summary (up to one page)

The workshop explored, with a highly interactive and multidisciplinary approach a number of crucial aspects related to the Cretaceous paleoceanography, climate evolution and dynamics. The workshop also focused on a variety of aspects of Cretaceous stratigraphy and on questions concerning the generation of a reliable and accurate geological timescale.

Participants included twenty senior scientists of different nationalities (France, Germany, Italy, Switzerland, Norway, UK, USA), with relevant experiences in the investigation of Cretaceous climate and ocean history, as well as eight young researchers (Italy, Switzerland, UK). The workshop gathered astronomers, palaeontologists, sedimentary geologists, stratigraphers, geochronologists, geochemists and experts in climate and ocean modelling, as well as eight PhD students, selected on the basis of specific online applications. 

Seven key-note lectures given by experts on the different fields, provided insights into the state–of-the-art in Cretaceous earth systems research and constituting the common baseline needed for the preparation of the working group sessions, the true scientific core of the meeting. Specifically, the seven talks considered the following issues: i) specific information about new rules and approaches to ITN-EU proposals under the Horizon2020 umbrella, ii) new views about the climate dynamic and interaction with land biota during the Cretaceous, iii) state-of-the-art in the stratigraphic knowledge about the Cretaceous Geological Time Scale, iv) limits and opportunities for reliable calibration of the Cretaceous sedimentary records applying astrochronology, v) climate and ocean dynamics during the Cretaceous Oceanic Anoxic Events, vi) modern approaches to modelling the Cetaceous world, vii) the role of plate-tectonics and ocean configuration in Cretaceous paleoceanography.

The second day of the meeting was dedicated to the working group activities. The participants were divided into four working groups according to their specific scientific experience, in order to explore recent research and open questions on different themes related to chronology and climate and ocean science during the Cretaceous. Working groups provided road maps for future investigation of the Cretaceous world.  Discussions on the results of the working group activities took place in the afternoon of the second day during the plenary session. Stimulating discussions about the core of the proposals to be submitted in the framework of the Innovative Training Network under the umbrella of Horizon2020 EU program took place during the third day. Specifically, participants agreed to prepare and submit two proposals that will be structured around the following two key themes of i) physical, chemical and biological processes during specific intervals of perturbation of the Cretaceous time (e.g., deposition of OAEs, etc.) and ii) generation of accurate and reliable geological time scale for the whole Cretaceous, based on radiometric techniques, integrated stratigraphy and orbital tuning. 

In addition to the submission of the above mentioned proposals, participants decided to prepare a comprehensive abstract of the most relevant results of the workshop to be submitted to the EOS journal by the end of the year.

2) Description of the scientific content and discussions at the event (up to four pages)

Results of the three-day workshop are listed below:

- The first day was dedicated to discussions on crucial issues related to geochronology and paleoceanography of the Cretaceous raised by the key-note lectures. The titles and speakers of the seven key notes are: i) Marie Skłodowska-Curie Innovative Training Networks (ITN) – M. Ferraro, ii) Rethinking the Cretaceous World – W. Hay, iii) The Cretaceous Geologic Time Scale-An Overview- F. Gradstein, iv) Astronomical tuning of the Cretaceous: tools and challenges – J- Laskar, v) Oceanic Anoxic Events and the carbon isotope record – I. Jarvis, vi) Models. Tools for exploring and testing hypotheses of the Cretaceous world – A. Ridgwell, vii) The Tethyan-Atlantic Ocean – Cretaceous physical oceanography – J. Trabucho-Alexandre.

- The second day of the workshop was organised by dividing the assembly into four working groups covering the following themes: i) Orbital tuning of the Cretaceous, ii) Timing for OAEs, iii) The role of numerical modelling for the Cretaceous ocean-atmosphere system, iv)  Linking open marine, neritic and continental records. From the working group activities a number of key issues emerged for preparation of i) a review paper on key topics of Cretaceous research and ii) two Innovative Training Network proposals to be submitted for the 2016 calls. 

A synthesis of the specific issues discussed in each working group is given: 

·  Working group 1 (Orbital tuning of the Cretaceous time scale). Crucial points debated: Essential need of i) new and high-precision integrated chronology, ii) assessing rates of geological processes, iii) feedback to astronomical solutions in terms of tidal dissipation and very long-term eccentricity modulation, iv) tuning of the geological record to the 405ky eccentricity forcing, v) evaluation of eccentricity/precession period ratio to constrain tidal dissipation, vi) looking for secular resonances, develop “theoretical” eccentricity records, vii) filling-in the Turonian to Maastrichtian astrochronology gap and developing an alpha numerical nomenclature for the 405ky cycles for the entire Cretaceous, viii) integration of astrochronology with radiometric dating and marine magnetic anomaly record ix) use of multidisciplinary approaches to high-resolution and integrated stratigraphic correlations of sedimentary records x) developing guidelines for astrochronology and robust statistical methodologies.

· Working group 2 (Timing for OAEs). Crucial points debated: i) key-factors (if any) that preconditioned Earth system for OAEs, ii) forcing and feedbacks within the Earth system during times of OAEs, iii)  common patterns of OAEs , iv) constraints on time scale for processes, v) rates of change, vi) definition/terminology for OAEs,  vii) C-cycle (changes in atmospheric CO2 and trigger of perturbations), viii) source of CO2 (is volcanism the (only) source?) ix) temperature, nutrients and hydrological changes during OAEs, x) biotic response to carbon cycle perturbations, xi) timing of trigger and duration of response.

· Working group 3 (The role of numerical modelling for the Cretaceous ocean system). Crucial points debated: i) Climate modelling (Hypothesis: Ice-sheet growth in the polar regions during the Cretaceous greenhouse - Objective: to test the conditions under which (ephemeral) ice-sheet nucleation/growth is possible in a Cretaceous paleogeography, and to study the implications of ice-sheet growth on albedo and sea-level), ii) Paleogeographic modelling (Hypotheses: (1) Existing uncertainty in gateway geometry is insufficient to constrain even the direction of large scale circulation. (2) Existing uncertainty in paleotopography is more important for regional climate and ocean circulation than uncertainty in CO2 - Objective: To test the relative importance of topography, bathymetry, and gateway geometry on patterns of global climate and ocean circulation. Test extremes of orbital configurations and pCO2, iii) Paleobotany/vegetation modelling. Hypothesis: An emergent ecosystem model represents Cretaceous phytogeography better than traditional functional type models - Objective: Compare existing reconstructions of Cretaceous phytogeography, viz. the outcomes of novel/emergent ecosystem models applied to Cretaceous boundary conditions with traditional functional type models. Evaluate the sensitivity of vegetation/climate feedbacks to the representation of vegetation cover, iv) Hydrological modelling. Hypotheses: (1) Land–ocean temperature contrasts are reduced when extensive alluvial systems dominate the continental environment. (2) The presence of wetlands on land contributes significantly to Cretaceous warmth via the generation of methane - Objective: Quantify the importance of flat v. rough topography on the hydrological cycle. Explore the effects of continental topography on biogeochemical cycling, including methane production from wetlands. Test extremes of orbit and CO2, v) Atmospheric/Cloud modelling. Hypotheses: (1) Better representation of cloud physical processes solves the cold pole problem. (2) A radically different organization of the Hadley Cell is possible during peak greenhouse conditions - Objective: Investigate the role of clouds in a greenhouse world, and how different global atmospheric circulation patterns could have been. Compare where existing models differ in this respect in terms of cloud cover. Investigate atmospheric circulation patterns under greenhouse conditions. Test extremes of orbit and CO2. vi) Sediment diagenesis modelling. Hypotheses: (1) Changes in oxygen are a dominant driver of the occurrence of black muds in the Cretaceous ocean. (2) Black muds on the seafloor are significant sources of methane to the atmosphere - Objective: To mechanistically quantify the key processes responsible for black shale formation in the Cretaceous ocean. Quantify the possible methane flux to the atmosphere from black muds on the seafloor. Carry out this study for different depositional environments), vii) Global biogeochemical modelling. Hypotheses: (1) Observed elevated δ15N values reflect ammonia assimilation rather than nitrogen fixation. (2) The global marine iron and carbon cycle is insensitive to elevated hydrothermal Fe input - Objective: Model the global marine nitrogen cycle including isotopes. Explore the controls on patterns of δ15N distribution in the ocean and compare against observations. Model the global marine iron cycle. Quantify the sensitivity of the global marine iron and carbon cycle to terrestrial v. hydrothermal Fe input.

· Working group 4 (Linking open marine, neritic and continental records). Crucial points debated: i) Oceanic records rather well-studied, continental records rather poorly studied, ii) The continental records are crucial for reconstruction of atmospheric systems, climate and relative sea-level change, iii) Need to improve stratigraphy of continental archives by radiometric dating (ash layers), iv) Biostratigraphy in lake deposits, ostracods, diatoms, charophytes, paleomagnetism, organic and inorganic geochemistry (e.g. biomarkers), v) Palynology and cyclostratigraphy. Added values include reconstruction of climate belts and paleotopography, river systems and their sediments: petrography and fluvial sedimentology, rivers and corresponding marine siliciclastics (weathering and runoff history), quantification of coal deposits and carbon cycle, geochemistry of soil carbonates and clay mineralogy (hydrogen and clumped isotopes), paleobotany and evolution of mammals, water cycle. Also, investigation of neritic sediments could contribute to knowledge of platform vs. basin carbonate budgets and CCD correlation, tracing shift from aragonite to calcite sea across Aptian (OAE1), storm and hurricane records on platforms during carbon cycle events, driving mechanisms of bio-evolutionary patterns, post-crisis recovery of platforms: timing and patterns, acidification: signatures in neritic environments , carbonate platform ecology through time of oceanic perturbations.

- The third day of the workshop was dedicated to a comprehensive discussion on the possibility to submit two proposals in the framework of the Marie Skłodowska-Curie Action: Innovative Training Networks under the umbrella of the Horizon2020 program. The two master scientific themes are: i) generation of an improved, geological timescale for the ~80 Myr long Cretaceous time including interdisciplinary methods such as: radiometric dating, integrated stratigraphy, orbital tuning and ii) evolution of climate and ocean at times of perturbation of carbon cycle (e.g. OAE’s.) during the Cretaceous, explored from physical, chemical and biological point of view. 

A conclusive open discussion was dedicated to the opportunity to submit an abstract report for the EOS journal to provide information on the results of the workshop to the scientific community involved in Cretaceous research and, more generally, in Earth systems history.
The pragmatic character of workshop has been particularly appreciated by the participants who greatly contributed to the overall success of the workshop.

3) Assessment of the results and impact of the event on the future directions of the field (up to two pages)

The organisation of the workshop gave the opportunity for a number of experts to meet and interact  in a beautiful locality in western Sicily. Many different aspects forming part of Cretaceous Earth history were addressed in stimulating discussions across disciplines. Crucial and urgent open questions were formulated. Young scientists (PhD and post-doc students) participated to the discussions and offered new views about the different points raised in the discussion groups. 

The main results achieved by the combined inputs of the key lectures, working group activities and highly interactive and very multidisciplinary discussions resulted in two action pathways:

· A- Submission, by the end of the year, of a specific abstract to the EOS journal, with synthetic presentation of the main results of the workshop valuable for the international scientific community interested in  Cretaceous Earth history.

· B- Preparation of two different Innovative Training Network proposals to be submitted in the framework of the Horizon 2020 program possibly by 2016. In particular, a group of participants will work on the preparation of a training network for PhD students around the stratigraphic theme of an improvement of the geological timescale for the ~80 Myr long Cretaceous time. This project forms the starting point for an improved reconstruction of the history of Cretaceous oceans, of Cretaceous climate and of the evolution of the biosphere during a time of multiple environmental perturbations. The project will include approaches with a number of established and new tools including radiometric dating, integrated stratigraphy, orbital tuning, etc. A second training network will be organised around carbon cycle history and its link to climate, oceanography and evolution of biota at times of major OAE’s during the Cretaceous.

4) Annexes 

4a) Programme of the meeting 

Workshop

Exploring the Cretaceous world. Data and numerical models at work to fill gaps

Capo Granitola, 2-4 October 2014

Day 1. Thursday 02.10.2014 

· 8.00 am
Transfer from the hotel to the venue of the workshop

· 8.30 am 
Registration and welcome to the participants 

· 9.10 am
Opening and objectives of the workshop – M. Sprovieri

· 9.30 am
Presentation “Marie Skłodowska-Curie Innovative Training 



Networks (ITN)” - M. Ferraro

· 10.15 am
Presentation “Rethinking the Cretaceous World” - W. Hay

· 11.00 am
Coffee Break 

· 11.15 am
Presentation “The Cretaceous Geologic Time Scale-An Overview” 

- F. Gradstein

· 12.00 am
Presentation “Astronomical tuning of the Cretaceous: tools and 


challenges” - J. Laskar

· 12.45 am
Presentation “Oceanic Anoxic Events and the carbon isotope 


record” - I. Jarvis

· 1.30 pm
Lunch break

· 3.00 pm
Presentation “Models. Tools for exploring and testing hypotheses 


of the Cretaceous world” - A. Ridgwell

· 3.45 pm
Presentation “The Tethyan-Atlantic Ocean – Cretaceous physical 


oceanography” - J. Trabucho 

· 4.30 pm
Organization of 4 Breakout Groups 

· 


1) Astronomical tuning of the Cretaceous (M. Sprovieri); 2) Timing 


for Oceanic Anoxic Events (E. Erba); 3) The role of numerical 


modelling for the Cretaceous ocean system (S. Flögel); 4) 



Platforms vs. open ocean records to improve the Cretaceous 


stratigraphy (Weissert).

· 4.45 pm
Coffee Break 

· 5.00 pm
Work by 4 Breakout Groups 

· 6.00 pm
Return to rooms 

· 7.30 pm 
Transfer to Mazara del Vallo for dinner

Day 2. Friday 03.10.2014  

· 8.00 am
Transfer from the hotel to the venue of the workshop

· 8.30 am
Work by 4 Breakout Groups (continued from Day 1) 

· 11.00 am
Coffee Break 

· 11.30 am
Reports from Breakout Groups (2-3 slides, 10 minutes/each) 

· 12.10 am
Discussion

· 1.00 pm
Lunch break

· 2.30 pm
Work by 4 Breakout Groups 

· 4.00 pm
Coffee Break 

· 4.30 pm
Reports from Breakout Groups (2-3 slides, 10 minutes/each) 

· 5.10 pm
Discussions
 

· 6.00 pm
Return to rooms 

· 6.45 pm
Transfer to the conference dinner venue 

· 7.30 pm 
Visit of the Florio Wineries and Conference Dinner

Day 3. Saturday 04.10.2014  

· 8.30 am
Transfer from the hotel to the venue of the workshop

· 9.00 am
Proposal Structure of the Innovative Training Network  

· 11.00 am
Coffee Break 

· 11.30 am
Proposal Structure of the Innovative Training Network  

· 1.00 pm
Lunch break

· 3.00 pm
Discussions

· 4.30 pm 
Coffee Break 

· 5.00 pm
Final remarks 

· 6.00 pm
End of the workshop and transfer to the hotel

· 8.00 pm
Dinner at the hotel   
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