	[image: image1.png]




	 Research Networking Programmes      

	
	 

	
	


Short Visit Grant  FORMCHECKBOX 
 or Exchange Visit Grant  FORMCHECKBOX 
 
(please tick the relevant box)  
Scientific Report

Scientific report (one single document in WORD or PDF file) should be submitted online within one month of the event. It should not exceed eight A4 pages.
Proposal Title: Observing interhemispheric phasing of global climate change: a micropaleontological approach

Application Reference N°: 4455
1) Purpose of the visit
The purpose of the visit at the Department of Earth Sciences of the University of Cambridge was the quantitative analysis and paleoenvironmental interpretation of benthic foraminiferal assemblages on the generic and species levels over three glacial/interglacial cycles from IODP Site U1385. The resulting micropaleontological record should be compared to and integrated with existing stable isotope (oxygen, carbon) and XRF data to help interprete interhemispheric phasing and changes in paleoceanography along the Western Iberian Margin during glacial/interglacial cycles. 
2) Description of the work carried out during the visit
Samples spanning the glacial/interglacial transitions at Terminations I, II and IV have been selected for analysis based on the available stable isotope records of the spliced U1385 sections. The selected series of samples also covers several short-term climatic events including the Younger Dryas (YD), Heinrich (H) 1, and H 11 (terminology according to Hodell et al., 2008) which have been identified from Zr/Sr records. Based on the available age model the sampling interval of 20cm corresponds to ~2 kyrs.

~25.000 benthic foraminiferal shells > 125µm from 34 samples have been picked, taxonomically determined on the species level, and counted during the stay. Subsequently, a cluster analysis has been performed on this quantitative data-set to identify benthic foraminiferal assemblages indicative of specific paleoenvironmental conditions.
Following the quantitative analysis, shells of the foraminiferal species Bolivinita quadrilatera, Bulimina marginata, Globobulimina affinis, Melonis barleeanus and Melonis pompilioides have been prepared for stable isotope (oxygen, carbon) analysis in Cambridge. These species prefer distinctively different infaunal microhabitats; together with the available record of the epifaunal species Cibicidoides wuellerstorfi they will provide additional information on oxygen and nutritional gradients in the sedimentary column, and will help to explain differences in faunal successions at the different terminations. Results of the isotopic measurements are expected for the next weeks.
Two other quantitative data-sets, analysed before the stay at Cambridge, have been included in the final analysis:

Rose Bengal-stained mudline samples collected from Holes U1385B, C, and E during IODP Expedition 339. They are representative of the recent foraminiferal fauna and help to estimate a potential bias on the fossil assemblages due to taphonomic effects (loss of taxa). 

Quantitative foraminiferal data of 31 samples spanning marine isotopic stages (MIS) 30-32 have been included in the analysis to observe differences between faunal successions during the late Pleistocene "100k-world" and the middle Pleistocene transition from a 40k- to a 100k-world.

   
3) Description of the main results obtained

1) On the family and generic levels (sensu Loeblich & Tappan, 1988), a characteristic succession of foraminiferal assemblages can be recognized at all studied glacial/interglacial transitions: a glacial fauna with abundant occurrences of cassidulinids (Cassidulina, Globocassidulina); a fauna characterized by high abundances of buliminds (Bulimina, Globobulimina) and/or bolivinellids (Bolivinita) that is associated with short-term events and the beginning of each termination; a fauna with high abundances of miliolids (mainly Pyrgo) and cibicidids at the end of the termination; an interglacial fauna composed of buliminds (Bulimina), gavellinellids (Gyroidinoides), and pseudoparrellids (Epistominella). For the glacial and interglacial endmembers, this succession indicates a moderately oxygenated environment at the seafloor with mesotrophic conditions due to moderate export productivity. For the early phase of the terminations as well as the short-term events, the dominance of infaunal taxa and high abundances of deep infaunal taxa indicate an environment with high export productivity that is mainly controlled by oxygen. Conversely, the absence of these taxa and the presence of miliolids suggests well-ventilated environments and decreasing export productivity during the later phase of the terminations. With all terminations, this successional pattern is paralleled by an increase in carbon isotope values that might reflect improved ventilation and overturning circulation following the short-term events (Sarnthein et al., 2001).
2) While the evaluation on the generic level indicates repetitive paleoenvironmental changes for the studied transitions, the taxonomic analysis on the species level reveals significant differences between the terminations. These differences primarily concern the short-term events and the early phase of the terminations. H 1 differs from other short-term events by showing the highest abundances of deep infaunal like Globobulimina affinis. In contrast, H 11 is characterized by high abundances of Bulimina marginata and Cassidulina laevigata/teretis which are rare to absent during H 1. A similar pattern is observed for a short-term event associated with the onset of Termination IV (informally termed 10.1). In contrast, the short-term event preceeding Termination IV (informally termed 10.3) shows high abundances of Bolivinita quadrilatera, a species absent all other samples.
The explanation of the faunal differences between the terminations despite a rather comparable environmental framework (poor ventilation and/or high export productivity) is challenging. The results indicate that the nature of short-term events is fairly diverse and an individual perspective has to be put on each these events. E.g., in the case of H 1, increased primary productivity (suggested by the Ba record; Hodell et al., 2013) and/or severly reduced AMOC compared to other such events (e.g., Sarnthein et al., 2001) might provide explanations. For the other, less well known events the new isotopic results are expected to help with the explanation. 
3) The results have been compared to a series of high resolution samples >212µm spanning Terminations I and II from close-by sites. The comparison shows that the >212µm samples catch some of the extremes in the trend (e.g., abundance of miliolids vs. Globobulimina) but miss some more subtle trends (e.g., abundances of Cassidulina, Globocassidulina or Epistominella species which are almost exclusively restricted to smaller size fractions). The combination of these high resolution (>212µm) and low resolution (>125µm) studies will provide a powerful tool for paleoceanographic reconstruction in the area.
4) The comparison to MIS 30-32 reveals that the paleoenvironmental change related to the glacial/interglacial transition between MIS 32/31 is comparable to the late Pleistocene terminations. However, the faunal composition is again different on the species level: poor ventilation and high export productivity at the beginning of the transition is indicated by assemblages dominated by Uvigerina peregrina; oligotrophy is indicated by high abundances of Nuttallides umbonifera and cibicidids  at the end of the transition and during stage MIS 31. 

5) The actualistic interpretation of the fauna is complicated by a strong taphonomic overprint. Mudline and core-top samples of U1385 as well as core-top samples of Shak-06 (recently drilled during RRS James Cook Expedition JC-089) consistently show that agglutinated foraminiferal shells make up 70-80% of the recent benthic foraminiferal fauna. Most of these tests come from epifaunal taxa like Rhabdammina, Rhizammina, or Saccorhiza which use an organic cement to build their test. The samples from the top 10cm of U1385 as well as Shak-06 suggest that these tests disintegrate within the first 5cm of the sediment and are consequently lost in the fossil record. The only remaining agglutinated shells belong to (deep-)infaunal taxa like Karreriella and Textularia. It is thus crucial to understand that the record of epifaunal species is largely biased. In contrast, the infaunal pool of taxa is largely intact and and thus faithfully records the changes in pore-water oxygenation, export productivity and organic matter burial.


4) Future collaboration with host institution (if applicable)

In the near future, the analysis of some additional samples across Termination I is planned to cover the associated short-term events in a better resolution. The new isotopic data should also be ready soon. Furthermore, the new records show good potential to be integrated with a high-resolution study on foraminifera >212µm from close by sites.
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Publication of the foraminiferal and isotopic records is intended for 2014 once the isotopic measurements and additional samples have been successfully completed. ESF will be acknowledged accordingly in this work.
6) Other comments (if any)
The intention of the original proposal has been the anaylsis of ~100 samples during the stay at Cambridge. This ambitious goal soon turned out to be unrealistic for two reason:
1) The picking process took longer than expected due to the often very high amount of foraminiferal shells the samples contained;

2) The different reponse of the foraminiferal fauna at each of the studied terminations as well as the consideration of taphonomic effects on assemblage composition required a more detailed faunal analysis together with the preparation of additional isotopic measurements.

Nonetheless, a total of ~63.000 benthic foraminiferal shells >125µm from 68 samples (including the 34 late Pleistocene-Holocene samples analysed in Cambridge as well as the 34 mid-Pleistocene and Holocene samples analysed previously in Graz) have been included in the analysis so far. Together with some additional samples this data-set provides a respectable data-set that provides important insights into glacial/interglacial transitions.
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