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UNIVERSITY OF STAVANGER

FACULTY OF SCIENCE AND TECHNOLOGY

TO: PROF Svein SkJæveland (Head of the Department of petroleum engineering)
FROM: dr. u. zimmermann (INSTITUTE OF PETROLEUM ENGINEERING) 
DATE: 6.5. 2009

SUBJECT: Application for a PhD bursary 2009-2012
Dear Prof Skjæveland,

With this letter I would like to apply for funding for a PhD research project at the Department of Petroleum Engineering (UiS) together with IRIS. 

The project is tailored for one PhD thesis for the period of three years (see time schedule). The rationale of the thesis will allow three publications according to the subdivision of the research project. One major advantage of this research project is its low budget in the context of geosciences, as mainly literature work and computer modeling is carried out. 

The project can start at the 1.7. 2009 (or later). Below, you will find the project description, the budget and its rationale. The project itself is tightly embedded in my research interests and will be supported by the international network group I built up. 

The project will seek support from UiS from resources designated for research activity between IRIS and UiS. The PhD project, therefore, can be seen as an important pilot project to start further and tighter research connections with IRIS in the future. 

External funding for research activities will start is 2010, as deadlines are mostly still open. The project would need a small amount of financial support to kick off in 2009. 

I would like to thank you for the possibility to apply to you. If any further information is necessary I will be able to distribute any necessary data.

Kindest regards

Udo Zimmermann





PhD PROJECT DETAILS AND RATIONALE:

Project title:

Geological consequences of continental uplift after massive deglaciation during the Neoproterozoic in the wake of the “snowball earth hypothesis”: Modeling of sea-level changes and the subsequent consequences for accommodation space, deposition of sediments and living space for evolving organisms
Project leader:

Dr. Udo Zimmermann (UiS): udo.zimmermann@uis.no

Co-supervising researcher:

Dr. Willie Fjeldskaar (IRIS): willy.fjeldskaar@iris.no
Collaborating participants:

Prof Dr. Heinrich Bahlburg (University of Münster; Germany)

Dr. Luis Buatois (University of Saskatoon; Canada)

Dr. Gabriela Mángano (University of Saskatoon; Canada)

Dr. Sergei Pisarevsky (The University of Edinburgh; Scotland)

Dr. Jennifer Alice Tait (The University of Edinburgh; Scotland)

Prof. Dr. Lawrence M. Cathle (Cornell University, USA)

Project duration:

1.7. 2009 – 30.6. 2012 (3 years)

Rationale:

Deglaciation, as widely known, causes a sea level rise as the volume of melted ice masses are mostly converted into marine seawater or drained into oceanic basins via glacial sedimentary environments. During deglaciation continental blocks experience uplift. This is modeled for the last ice ages (during the Cenozoic), especially for Scandinavia in detail (i.e. Fjeldskaar, 1997, 2000). 

The parameters that control the total mass balance are complex, and it might occur that ‘warm phases’ cause a lowering of the sea level (or regressions) rather than a rise (or transgressions) as it is observed today. This can be explained by a stronger uplift of continental crust due to decompression and unloading after deglaciation than the absolute sea level would rise. During sea level rises or falls, the sedimentary living environment changes, as continental areas are flooded or shallow marine or continental slope areas exhumed. This causes dramatic consequences for the living habitat of numerous animals and plants during every deglaciation in Earth history.

The break-up of the supercontinent Rodinia, after c. 800 Ma, produced in several areas large rift basin with steep slopes to develop mixtite (or diamictite) deposits. Sedimentary deposits comparable to those can be formed by glacial processes.  Therefore, it is controversially debated if these diamict deposits are either related to rifting only (Schermerhorn, 1974; Eyles and Januszczak, 2004) or to glacial events (e.g. Hoffman et al., 1998; Hoffman and Schrag, 2002), or the controversial interpretation is based on the only too narrow database (Evans, 2000). 

The so-called ‘snowball earth hypothesis’ describes for the latest Neoproterozoic dramatic and drastic climatic changes with temperature increase of c. 30-50ºC in only a few millions of years or in a shorter time (Hoffman et al., 1998; Hoffman and Schrag, 2000, 2002). This spectacular hypothesis (www.snowballearth.org) causes its enormous popularity and controversy. According to the ‘snowball earth hypothesis’ oceans and continents were entirely frozen with up to two kilometers of ice. A rapid deglaciation (in geological terms) in less than 1-2 Million years has caused rapid and effective sea level changes, which had changed the entire face of the Earth, so the hypothesis. 

This hypothesis is challenged in many aspects, as the spectacular aesthetic approach of the hypothesis in conjunction with the topic of climate changes released a large amount of funding all over the world. T Hence, a number of research studies enlightened therefore the consequences of climatic changes on Earth. And, without doubt, the Earth experienced unseen climatic changes during the end of the Neoproterozoic, while it is debatable if the ‘snowball’ model is close to reality. 

However, a mass balance between deglaciated areas, volume of released water and continental uplift was so far never discussed and/or modeled on a global scale, not even on local exposures. One would expect a dramatic sea-level rise, which would produce enormous areas of shallow depositional areas as the water transgressed craton-wards (continental inward) comparable to the Cretaceous, when the sea level was more than 100 m higher than today. This wide accommodation space might have been the main trigger for the rapid radiation of life during the Ediacaran (600 to 540 Ma ago), which reasoning is still not understood. On the other hand, rapid deglaciation might have caused rapid continental uplift by constant decompression and the effect of sea level rise was less significant. Possibly, in contrary, steeper continental slopes were exhumed with consequences for the radiation of multicellular life. Hence, the PhD project likes to envisage the interdependence of consequences of deglaciation for sedimentary facies distribution and life radiation, which was so far never quantitatively described. 

In this project, the expertise of the project leader together with the co-supervisor and the research team would work ideally together to simulate the sedimentological response to dramatic climatic changes for the Neoproterozoic. The researcher group is specialized in geochemistry, stratigraphy, sedimentology, and palaeogeography of the final stages of the Neoproterozoic. The project leader himself worked more than 5 years in Neoproterozoic rocks with three PhD students and two Master students. Currently, a large Marie Curie Excellent Project concentrates on provenance and palaeogeography of the Neoproterozoic involving three post-doctoral researchers, two PhD students and own research studies. This project visited and studied Neoproterozoic deposits in several continents and developed a large network of geologists dealing with this topic. However, only very few basin modeling specialists concentrate on the issue of deglaciation. As in Norway this topic is paramount to understand the existence or absence of petroleum deposits, at IRIS (Dr. W. Fjeldskaar) such specialists are employed and part of this project. 

Hence, the study will concentrate on the question how continental uplift counters sea level rise and what are the consequences for facies distributions during such dramatic climatic changes, here through the Late Neoproterozoic? The biosphere was stressed during the proposed entire glaciation periods on earth (740–560 Ma), as suggested (McCall, 2006), but radiated explosively after the last proposed worldwide glacial event (570 Ma). The results of this study might be lead to new aspects in this regard.

Therefore, I think that this study would contribute on four different fields important data:

1. Sedimentological sciences (and therefore important for sediment hosted economic deposits)

2. Biological sciences (the interdependence of sedimentology and palaeoecology)

3. Regional geology (sedimentological scenario for one of the most important geological succession in Norway)

4. Atmospheric and environmental sciences (effects of dramatic climatic changes for living environments)

Finally, the thesis can be a test for the ‘snowball earth hypothesis’ for a very different point of view.
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Objective of the PhD thesis:

Presenting a comprehensive model of continental uplift and sea-level change during the Upper Neoproterozoic for an estimate of consequences for the lithological record and the biological evolution, including a case study for Norwegian rocks.

PhD thesis composition and research goals:

The PhD project will be subdivided in three parts. 

The major part will compile a global simulation of the effect of deglaciation for the Neoproterozoic. This model will keep in mind the composition of the continental crust, the lithosphere composition, the sedimentary record, a simulation of continental palaeomorphologies and the thickness of the ice (1-3 km). The freed water volume will be compared with the possible continental uplift. This will imply a large literature study and visits in the field. The field visit important for this section of the thesis will include ‘the classic snowball earth deposits’ in Namibia and Canada (Newfoundland). 

The candidate has to collect available data from the literature and will have possibilities to meet different working groups in Münster (Germany) and Edinburgh (Scotland), for example, to receive further sedimentological information. At Cornell University the research team will provide the candidate with experiences for global modeling.

The field visits should enhance the candidates’ imagination about depositional settings and thicknesses of the Neoproterozoic rock record.

The second part will concentrate on the possible sedimentary environments exhumed or flooded during deglaciation and uplift. This will be used to model possible radiation of organisms. The candidate will therefore visit researcher at the University of Saskatchewan to discuss living habitat of early animals. The research team members located there are specialized in earliest living forms and its expression in sedimentary rocks. 

The third part will be a detailed local study of Norwegian Neoproterozoic deposits of the Varanger Fjord area. The candidate will visit the exposures to image the geological situation. This detailed study will be carried out with the help of Dr. Fjeldskaar, who is experienced in regional modeling and especially Norway. This is of greatest importance, as the candidate can herewith understand the complexity of necessary data for the global study. The geological record is well understood by the project leader, as is the provenance of the rocks to model sedimentary distributions and thicknesses.
Outcomes and dissemination of data:

The three sub-chapters are planned to result in three articles in a peer-reviewed international journals. The data will be presented at national and international congresses. This will disseminate the name of UiS in geological sciences further.

Study plan:

Start of the project is possible at the 1.7. 2009 if the grant is awarded and PhD candidate selection finalized.

6. -9.9. 2009: Conference participation to link to the Neoproterozoic network at ‘Rodinia: Supercontinents, superplumes and Scotland: Contributions on Proterozoic palaeogeography and processes ranging from geochronology, geochemistry and palaeomagnetism to geodynamics’ in Edinburgh (further information attached).

1.7. – 31.12. 2009: Intensive networking and literature study; introduction to the geology of the Neoproterozoic and ‘snowball earth hypothesis’.

1.1. – 31.3. 2010: Training in basin modeling programs

First half of 2010: Applying of the program to the regional geology of Norway

July 2010: Fieldwork at Varanger Fjord

Second half of 2010: finalizing the regional modeling and start of global modeling 

First half of 2011: Global modeling: first results

April – June 2011: Visit of global sediment modeling experts at Cornell University and palaeontologists at Saskatoon (University of Saskatchewan) funded by the Leiv Eriksen program. Possible visit of the spectacular Neoproterozoic deposits in Newfoundland (Canada)

August 2011: Visit of the classic snowball earth successions in northern Namibia

Second half 2011: Finalising the global model and start of modeling the consequences for the biological evolution

1.1. – 31.3. 2012: Finalising the biological part

1.4. – 30.6. 2012: Finalising the PhD thesis manuscript

Comments:

The three different sub-chapters of the thesis can be easily rewritten for manuscripts 

The student will present every year at the Norwegian Geological Meetings the results of the study. 

It is planned to visit in 2010 and 2011 an international conference to present the data and progress in networking and discuss with other researcher the study.

Funding:

Once the PhD project is accepted, the search for funding can be started. Envisaged are the Leiv Erikssen Fund, National Geographic will be targeted, as well as the IAS (International Association of Sedimentologists) and the NRF itself. UiS has allocated funds for cooperation projects with IRIS, this will be addressed immediately.

Budget:

The budget for the entire research study is for a PhD thesis fairly low. The only research tool would be a powerful laptop.

Literature search can be done with the help of the University library and the built up network of the project leader.

Three international conferences shall be visited and one in 2009, wherefore funding might be required from University side.

The research stay in the USA and Canada is likely to be funded by the Leiv Erikssen program for North America research collaboration.

The fieldtrip to Varanger Fjord in 2010 will be financed by research funds of the project leader or other tertiary funding organizations (see above).

The budget for 2009 would be therefore only comprise support for the participation of the conference in Edinburgh and a laptop.

Therefore for 2009:

Conference participation in Edinburgh 2009: 


NOK 10 000

1 powerful laptop: 






NOK 15 000

SUM: 








NOK 25 000

1 PhD grant for 2009-2012 and running costs.

Tasks of the project leader:

Dr. Zimmermann will guide the candidate to collect the necessary geological data. He will arrange contacts to various persons in the world working on Neoproterozoic successions. The project leader is still working on different Neoproterozoic successions in India, South Africa, Namibia, DR Congo, Argentina and Scotland. This offers the chance for the candidate to get insight in the palaeogeographic problems of these study areas and a first hand access to data. The project leader will organize sufficient funding and guide the student to the key exposures of Neoproterozoic rocks in Namibia, Newfoundland and Varanger.

Tasks of the co-supervisor:

Dr. Fjellskaar will train the candidate to use the necessary basin modeling programs to apply to the geological data. His proximity to UiS will guarantee an easy cooperation. Dr. Fjellskaar published about the relation of sea level changes and continental up lift in numerous international journals. He is one of the major specialists in the field and therefore paramount for the success of the thesis.

The research group:

Prof Bahlburg (Münster, Germany) is specialized on climatic changes reflected in geochemical proxies of clastic sedimentary rocks. He will support the candidate in this regard together with his post-graduates. 

Dr. Jenny Tait is leader of a Marie Curie Excellence Project (co-leader Dr. Udo Zimmermann), who arranges the conference in Edinburgh 2009 (see attachment) and built up a dense network of persons working on Neoproterozoic deposits. She also supervises (partly together with Dr. Zimmermann) post-graduates working on Neoproterozoic deposits. The Marie Curie Excellence Project will support the student with literature and logistically as the project at UiS is closely related to the objective of this EU project. 

Dr. Sergei Pisarevsky (University of Edinburgh) is one of the organizers of a large project to collect geological data from all over the world to model a large supercontinent (Rodinia with an age of c. 1 Billion years). The geological data are paramount for the project of the candidate as the rock record of this time is closely related to the subject of the thesis and the constellation of the continents are important for the envisaged model.

Dr. Buatois and Dr. Mangano (University of Saskatchewan) are specialists in Neoproterozoic stratigraphy and ichnology (trace fossils). Their expertise regarding early multicellular life will be of major importance for the candidate. The project leader works with both researchers since years together. 

Dr. Lawrence M. Cathle (Cornell University) is one of the most re-known basin modeler with expertise in global models. He is specialized on petroleum related projects and therefore enhances the applied part of the thesis. The envisaged meeting with Dr. Cathle will enhance the thesis project significantly.

It is expected that the candidate will build up the own network. The conference meetings and the offered chances to interact with persons who are working globally are for the candidate a chance to maximize such a network.

Conclusive remarks:

The thesis project is modeled as such that the candidate can be selected from a geological as well as from a rather IT based background with relations to petroleum geological sciences. The objective(s) of the thesis project covers in my opinion the geological understanding of economic deposits (especially hydrocarbon and possible base metal deposits) and guarantees a significant research output in the field of biological and geological sciences. The intensive regional and global modeling task will train the candidate for a further career in industry. The research results will enable the student as well for an academic route to transfer the knowledge to younger generations. I think the thesis covers an applied field, which combines different natural sciences to demonstrate how they can work together.

The combination of methodology with an (in my opinion) interesting geological topic on an applied level should originate a positive motivation for the PhD student and guarantee a successful project - for the student, the department and UiS.

To my knowledge no research project in this regard was ever been funded or carried out.

Attachments:  Short CV of the project leader

