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10.1
Recent advances in carbonate clumped isotope thermometry: towards
high resolution paleoclimate reconstructions from marine sediments.
Stefano M. Bernasconi 1, Alvaro Fernandez 1, Luz Maria Meja 1 & Heather Stoll 1.
1

Geologisches Institut, ETH Zürich, Sonneggstrasse 5, 8092 Zürich (stefano.bernasconi@erdw.ethz.ch)

Carbonate clumped isotope thermometry, which is based on the measurement of the abundance of 13C-18O bonds in
carbonate minerals, is a very promising tool for many applications in geosciences ranging from paleoceanography to the
study of diagenesis and tectonics.
The application of this tool in paleoclimatology and paleoceanography, however, has been limited by the large samples
sizes required by traditional measurement methods (3-10 mg for a single analysis), the complex analytical methodology,
and contrasting published temperature calibrations which add considerable uncertainty in climate reconstructions.
In this contribution we will shortly describe the latest improvements in small sample analysis [Meckler et al. 2015; Müller et
al., 2017] and demonstrate that it is now possible to obtain measurements with errors better than ±3°C (at the 95% CI) with
only 1.4 mg of carbonate. Moreover we will show that with the introduction of carbonate standard materials differences in
calibrations are being resolved. With the combination of these improvements with a novel statistical data analysis we were
able to produce the first high-resolution reconstruction of glacial interglacial changes in temperature and oxygen isotope
composition of seawater using foraminifera from ODP Site 975 in the western Mediterranean Sea (Rodriguez-Sanz et al.,
2017).
The next step is the application of these methods to coccolith calcite as an additional tool to reconstruct absolute seawater
temperatures in sediments devoid of sufficient foraminifera or where foraminifera are not well preserved.
The rich archives of ODP and IODP cores and new cores from future IODP cruises can now be studied with this new tool to
provide better quantitative information on paleotemperatures and the evolution of seawater oxygen isotope composition
through time.
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The Atlantis Massif is a dome-like exposure of serpentinized peridotite situated at 30°N and 15 km west of the Mid-Atlantic
Ridge axis (Früh-Green et al. 2003). The Atlantis Massif is reknown for hosting the Lost City Hydrothermal Field (LCHF)
which desplays numerous active venting structures reaching up to 60 m high (Kelley et al. 2001). The summit of the Atlantis
Massif is capped by 1 to 3 m of flat-lying sedimentary breccias overlain by variably lithified fossiliferous pelagic limestone
(Kelley et al. 2005). This study focuses on benthic foraminiferal assemblages and facies analyses from the pelagic
carbonate sand cap recovered from Site M0069 during IODP Expedition 357 (Früh-Green et al. 2016). Site M0069 is
situated at a water depth of 850.90 m at the top of the Atlantis Massif. Hole M0069A was drilled to a depth of 16.44m and
recovered 12.29 m of core, with 2.8 m of carbonate sand in the top 6.5m (Früh-Green et al. 2017). Samples have been
sieved for foraminiferal counting and scanned with high-resolution X-ray computer tomographic techniques to document
foraminiferal preservation and secondary cementation. The non-venting sites such as Site M0069 are recognized to host a
wide range of organisms, more particularly cold-water corals (CWC) such as Lophelia, gorgonians, and Desmophyllum
(Kelley et al. 2005). Benthic foraminiferal assemblages from the carbonate cap of the Atlantis Massif show resemblances
with other recent CWC environments. Noticeably, Discanomalina coronata, a species described as a possible indicator for
CWC environments (Margreth et al. 2009), is present in sediments at Site M0069. However, diversity at Site M0069 is lower
than in other recent CWC environments. The infaunal species Cassidulina crassa, Globocassidulina subglobosa and
Ehrenbergina trigona dominate benthic foraminiferal assemblages at site M0069. Epibenthic foraminifera are rare, contrary
to benthic foraminiferal assemblages from CWC environments from the Norwegian Fjords, Porcupine Seabight and
Western Mediterranean.
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10.3
Tropical sea surface temperatures during the Cretaceous Thermal
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The Cretaceous is believed to have been much warmer than the present, with a green-house climate characterized by a
lack of large scale continental ice-sheets, and with thermophilic floras and faunas present at high latitudes. Temperature
reconstructions from this time are of crucial societal importance because they help us understand how the Earth system
behaves under elevated concentrations of atmospheric CO2. However, new temperature reconstructions are needed
because existing data (mostly d18O and TEX86 based estimates) suffer from limitations that can result in inaccurate
estimates. Moreover, there are large periods of time (tens of millions of years) where our knowledge comes from only a few
measurements from a single proxy or where no data are available.
Here, we present clumped isotope temperatures from carefully separated coccolith size fractions from Demera Rise (Ocean
Drilling Site 1260). This site was chosen because of its high clay content, and consequently, low diagenetic potential, and
because of the availability of previous paleothemperature estimates from the same sediments (Tex86 and d18O of wellpreserved planktonic foraminifera). Our observations confirm that equatorial Atlantic ocean temperatures during the ‘middle’
Cretaceous were markedly warmer than the present and were similar to tropical ocean temperatues during the Early
Eocene. Our resutlts highlight the potential of clumped isotopes and coccoliths for deep time reconstructions of temperature
and the isotopic composition of seawater.
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Export of organic carbon from surface waters of the Antarctic Zone of the Southern Ocean decreased during the last ice
age, coinciding with declining atmospheric carbon dioxide (CO2) concentrations, signaling reduced exchange of CO2
between the ocean interior and the atmosphere. In contrast, in the Subantarctic Zone, export production increased into ice
ages coinciding with rising dust fluxes, thus suggesting iron fertilization of subantarctic phytoplankton. Here, a new highresolution productivity record from the Antarctic Zone is compiled with parallel subantarctic data over the past million years.
Together, they fit the view that the combination of these two modes of Southern Ocean change determines the temporal
structure of the glacial-interglacial atmospheric CO2 record, including during the interval of “lukewarm” interglacials between
450 and 800 thousand years ago.
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10.5
Windows of Climate and Carbon Cycle Variability on Orbital Time Scales
from the Late Cretaceous to Quaternary
Dick Kroon 1, Leg
1

208

Scientific party and many others

School of GeoSciences, University of Edinburgh, Edinburgh, EH9 3JW, UK

One of the grand challenges of Paleoceanography is the development of an orbital-scale, astronomically-tuned deep-sea
benthic C and O isotope stack spanning the length of the Cenozoic (i.e., last 66 myr) and into the Late Cretaceous. As a
major step toward this goal, Leg 208 drilled several boreholes along a depth transect to recover complete sequences
covering this time interval. I will present an overview of key segments of the geological record informing our understanding
of past oceans and climate. These segments, generated with samples (~ 3ky) from pelagic cores recovered during ODP
Leg 208 from sites on Walvis Ridge, is the result of more than a decade long coordinated effort of several groups. In
addition to over thousands of stable isotope analyses of benthic foraminifera, a parallel effort was undertaken to resolve (by
core log and XRF) and tune bedding cycles to orbital curves, an iterative process involving correlation and calibrations to
sections with radiometric age constraints. There are several critical climate/extinction events embedded within these
segments including the Late Maastrichtian warming event, K/Pg boundary, Paleocene Carbon Isotope Maximum (PCIM),
Paleocene-Eocene Thermal Maximum (PETM), and Mid Pleistocene Transition (MPT), the nature of which are now better
understood within this high-fidelity long term stable isotope framework. I will conclude that these tuned hi-fidelity isotope
records resolve key features of the evolution of climate and the carbon cycle across major intervals, but also that new
records along depth transects from different oceans are required to make further progress.
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The distribution, pattern and architecture of the Messinian facies deposited before, during and after the Messinian salinity
crisis (MSC) have been investigated in an onshore location inside the Nile delta region. This allow us to unravel the
erosional and infill history of the deep Eonile Canyon. The study is supported by sedimentological and biostratigraphic
evidence, integrated with seismic.
In particular provenance study of the main canyon and smaller tributary valleys of the complex Messinian erosional system
allow us for the first time to support with mineralogical and geochemical evidence the origin of the present-day Nile
catchment. Specifically, we have distinguished the origin of the main Eonile canyon and identified the occurrence of a
tributary network of less incised valleys which formed at the border of the steeply dipping continent margin during the MSC
sea level fall.
The sedimentary facies sequence infilling the canyon systems also provides evidence of the subaerial erosion by gravity
processes (debris flow) occurring within the Nile river canyon and the 2-step processes of the transgressive event at the
end of the MSC dramatic sea-level fall. The first transgressive event is recorded within the late Messinian with the
establishment of an estuarine system replacing a continental fluvial environment. The transgression continues throughout
the end of the Messinian reaching the maximum flooding conditions well within the lower Pliocene.
The tentative correlation between the onshore and offshore stratigraphy allows us to locate chronostratigraphically the
formation of the main incision with respect to the deep basin stratigraphy. On the basis of this work we propose that the
main erosional process of the Nile Canyon would correspond to the second main evaporitic bed recorded in the deep basin
when the effects of sea level fall was enhanced by the synchronous isostatic uplift of the Mediterranean margins.
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10.7
Paleodepth reconstruction of the Inner Sea based on
benthic foraminifera, IODP Exp. 359, Maldives
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Gregor Eberli 5, Christian Betzler 4
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2
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4
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5
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International Ocean Discovery Program (IODP) Expedition 359 was designed to address changes in sea level, circulation
and the monsoon evolution in the Indian Ocean. The Maldives archipelago represents an ideal and unique sedimentary
archive to reconstruct the onset and intensification of the monsoon-related currents and carbonate platform history from the
Oligocene to the Present (Betzler et al. 2016).
Depth below sea level has a significant effect upon the type and amount of sediment deposited on the sea floor. In this
study we applied the transfer equation to estimate paleodepths proposed by Hohenegger (2005) and tested on the
Erathosthenes Seamount, a carbonate platform in the eastern Mediterranean Sea, by Spezzaferri and Tamburini (2007).
The paleodepth estimations are based on frequency distributions of benthic foraminifera species along the reported depth
range. Increasing knowledge about the depth range of species stabilizes this estimation which is based on confidence limits
to avoid unjustified precision (Hohnegger 2005).
The variations of paleodepth in the sedimentary deposits recovered at IODP Expedition 359 Holes 1468A, 1467B and C
drilled in the Maldivian archipelago are used to understand the evolution of the Inner Sea. In addition, seismic and
sedimentary data together with the reconstructed paleodepths are used to interpret on-sets of different phases in carbonate
platform growth and the establishment of drift deposition in this region from the Oligocene to the Pleistocene.
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During 2018, the Earth Science community celebrates 50 years of the highly successful drilling accomplishments of the
International Ocean Drilling Program. In August 1968, the dedicated research drilling vessel “Glomar Challenger” was
launched, and the Deep Sea Drilling Project (DSDP) was started with the purpose to obtain sediment and rock samples to
test the seafloor-spreading hypothesis. With the confirmation and the establishment of the theory of plate tectonics in the
early 1970ties, the goals of DSDP were directed towards the study of new questions related to the world’s oceans and their
history. Research targets were developed within the framework of “Earth System Science”. Paleoceanography, tectonics
and evolution of continental margins and associated oceans, petrology and geochemistry of oceanic sediments and lithosphere were included into new research programs to be studied using the facilities of the “Glomar Challenger”.
Swiss scientists participated in the program sailing as shipboard scientists beginning with DSDP Leg 3. Their expertise in
stratigraphy, sedimentology and geochemistry was of pivotal importance for the development of new concepts in ocean
research. Some of the exciting results in the early phase of the ocean drilling program included the verification of the seafloor-spreading hypothesis, the recognition of Oceanic Anoxic Events, the discovery of the Messinian Salinity Crisis, the
understanding of diagenesis of deep-sea sediments, including the formation of chert and the identification of the carbonate
ooze-chalk-limestone transition. A fundamental new approach for all of these discoveries was the application of the evolving concept of integrated stratigraphy, which combined bio-, chemo- and magnetostratigraphy as tools to interpret past
changes. The success of the original Deep Sea Drilling Program (DSDP 1968-1983) grew into the truly international cooperative Ocean Drilling Program (ODP 1983-2003), which continued to explore the Earth’s subseafloor using the facilities of
a more advanced ocean research drilling vessel, the “JOIDES Resolution”. Switzerland became a contributing partner in
this program as a member of a European consortium, and Swiss scientists continue to sail on an annual basis.
In 2003, ocean drilling experienced a major step to extend research capabilities with the introduction of three independent
drilling platforms, that is, a renovated “JOIDES Resolution”, a riser drill ship “Chikyu” and specialized Mission Specific
Platforms. The science plan for the new International Ocean Drilling Program (IODP 2003-2013) added new research
themes, such as geobiology and geomicrobiology of the deep sub-seafloor biosphere, to complement and extend the
geophysical, geological and geochemical programs. Since 2013, international co-operation with Swiss participation
continues via the International Ocean Discovery Program: Exploring the Earth Under the Sea.
50 years of International Ocean Drilling has had a profound impact on the development of Earth Sciences, starting with the
establishment of plate tectonics and continuing with the rapidly growing fields of paleoceanography, paleoclimatology,
marine geology and tectonics, seafloor geochemistry and petrology and the discovery of the importance of the deep
biosphere. Switzerland has been and will be a pivotal member of this community of explorers. Since 2013, scientists at
Swiss institutions are united under the www.swissdrilling.ch umbrella, merging scientific ocean and continental drilling under
one roof supported by the Swiss National Science Foundation.
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Planktonic foraminifera calcification depths in the Indian Ocean:
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Planktonic foraminifera live in the upper ~ 500m of the world’s oceans (Hemleben et al. 1989) and the geochemical
signatures, preserved in their calcitic shells, have been used extensively to reconstruct long-term climate records (e.g.
Bunzel et al., 2017). Here, we aim to use foraminiferal habitat preferences to reconstruct the thermocline dynamics over
marine isotope stages (MIS) 11 (interglacial) and 12 (glacial) from Site U1467 drilled by the International Ocean Discovery
Program (IODP) Expedition 359 in the Maldives. In this region the seasonal reversal in the South Asian Monsoon (SAM)
winds and their associated ocean currents are the main climatic controls. We combined geochemical analyses of shells of
multiple species to infer temperature and salinity changes for the northern Indian Ocean with reference to SAM dynamics.
In total, 14 planktonic and two benthic foraminiferal species were analysed for their stable isotopic signatures (δ18O and
δ13C) and Mg/Ca ratios. Specimens were picked from narrow size fractions to limit isotopic offsets.
Prior to undertaking paleo-reconstructions, understanding the controls on the modern day foraminifera apparent calcification
depths (ACD) is important. As the modern thermocline is known for our region, from published local CTD (Conductivity
Temperature Depth) data, three methods (δ18O-temperature equations, δ18Oequalibrium values and Mg/Ca-temperature
equations) used for calculating foraminiferal ACDs were tested (Birch et al. 2013; Rippert et al. 2016). Through comparison
of the three methods, most deviation was seen for surface mixed layer (SML) species dwelling in the top ~ 70 m of the
water column. This is due to the homogenous nature of the SML thus small differences between methods can result in
large discrepancies in the ACD estimates. Furthermore, user discretion for select variables (e.g. allocated seawater δ18O
value and selection of Mg/Ca calibration equations) can incorporate additional errors. We show all methods were robust
and the combined use of two or three served to validate the calculated estimates.
Our ACD’s were in good agreement with published records (e.g. Birch et al. 2013; Rippert et al. 2016). However, they
highlight the importance of local hydrographic controls which are vital considerations when comparing data from different
geographical regions. Similarly to other studies (e.g. Schiebel et al., 2001; Rippert et al. 2016), the majority of our SML and
thermocline species are associated with the deep chlorophyll maximum (DCM) which serves as a food source. Finally, the
calculated ACDs, assuming the investigated species maintain their depth habitats based on food strategy in the past, are
used to reconstruct the thermocline dynamics over MIS11 and 12. Overall, our study confirms the significance of multispecies foraminiferal geochemical studies. It highlights the wealth of information that can be extracted yet, shows the
importance in species, method and variable selection when conducting these paleo-climatic and -oceanographic
reconstructions.
This study was supported by funding from the Swiss National Science Foundation (200021_165852/1).
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Phytoplankton biomarkers preserved for tens of millions of years in seafloor sediments recovered by the (I)ODP program,
have yielded the greatest number and highest temporal resolution pCO2 estimations for the Cenozoic. However, many of
these published estimations, especially those from the last 20 Ma, pose paradoxes with regard to evidence for cooling.
Recent work exploiting microfossils to contrain secondary influences on the proxy relationships such as cell size and growth
rate, as well as careful consideration of the calibrations of the proxy-CO2 relationship during glacial cycles of known CO2
variation and cultures, has led to fundamental new interpretations of past proxy data and significant revisions in estimated
pCO2. In this presentation, we review the key records, support for new interpretations, implications of the new CO2 records,
and challenges for future pCO2 reconstruction from the phytoplankton record of deep marine sediments.
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During IODP Expedition 366, the JOIDES Resolution drilled into flanks and summits of three active serpentinite mud
volcanoes on the Mariana forearc, which differ in distance to the Mariana trench (55-72 km) and therefore also in their
distance to the underlying subducting slab (13-18 km). The volcanoes are characterized by distinct compositions of the
upwelling mud and fluids, where high pH values up to 12.5 are one evident challenge for possible microbial life in these
systems. We measured concentrations of the short-chain organic acids formate, acetate, propionate, butyrate, pyruvate and
lactate by 2-dimensional ion chromatography (Glombitza et al. 2014). Total carbon of short-chain organic acids makes up
10 to 30 per cent of total dissolved organic carbon. We observe elevated formate (up to 118 µM) and acetate (up to 55 µM)
concentrations downhole at the summit of Asút Tesoru (Site U1496) when compared to its flank sites and summit and flank
sites of Fantangisña and Yinazao. In general, formate and acetate concentrations and ratios in summit sites correlate with
distance of the mud volcanoes to the trench, and therefore slab. These short-chain organic acids, which are likely produced
during serpentinization and subsequent Fisher-Tropsch-type reactions, are favourable substrates for microbial catabolism in
marine sediments. We discuss the potential of microbial life using these short-chain organic acids under the harsh
conditions present in the serpentinite mud volcanoes of the Mariana forearc.

Figure 1. Location map of Sites U1491–U1498 and 1200 on South Chamorro Seamount (Fryer et al. 2018).
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We provide an overview of IODP Expedition 357, which successfully used two seabed rock drills to core 17 shallow holes
at 9 sites across Atlantis Massif (Mid-Atlantic Ridge 30°N; Figure 1). A major goal of this expedition is to investigate
serpentinization processes and microbial activity in the shallow subsurface of highly altered ultramafic and mafic sequences
that have been uplifted to the seafloor along a major detachment fault zone. More than 57 m of core were recovered, with
borehole penetration ranging from 1.3 to 16.4 meters below seafloor, and core recovery as high as 75% of total penetration.
The cores show highly heterogeneous rock type and alteration associated with changes in bulk rock chemistry that reflect
multiple phases of magmatism, fluid-rock interaction and mass transfer within the detachment fault zone (Früh-Green et al.,
2017).
Recovered ultramafic rocks are dominated by harzburgite with intervals of dunite and minor pyroxenite veins; gabbroic
rocks occur as melt impregnations and veins. Dolerite intrusions and basaltic rocks represent the latest magmatic activity.
The proportion of mafic rocks are volumetrically less than the amount of mafic rocks recovered previously by drilling the
central dome of Atlantis Massif at IODP Site U1309, suggesting a different mode of melt accumulation in the mantle
peridotites at the ridge-transform intersection. The cores revealed a high degree of serpentinization and metasomatic
alteration that is dominated by talc-amphibole-chlorite overprinting. Metasomatism is most prevalent at contacts between
ultramafic and mafic domains (gabbroic and/or doleritic intrusions) and points to channeled fluid flow and silica mobility
during exhumation along the detachment fault. The presence of the mafic lenses within the serpentinites and their alteration
to mechanically weak talc, serpentine and chlorite may also be critical in the development of the detachment fault zone and
may aid in continued unroofing of the upper mantle peridotite/gabbro sequences.
New technologies were also developed for the seabed drills to enable biogeochemical and microbiological characterization
of the environment. An in situ sensor package and water sampling system recorded real-time variations in dissolved
methane and hydrogen, oxygen, pH, oxidation reduction potential, temperature and conductivity during drilling and sampled
bottom water after drilling. Systematic excursions in these parameters together with elevated hydrogen and methane
concentrations in post-drilling fluids provide evidence for active serpentinization at all sites. In addition, chemical tracers
were delivered into the drilling fluids for contamination testing, and a borehole plug system was successfully deployed at
some sites for future fluid sampling. The plugged boreholes were visited in a follow-up expedition in 2018. A major
achievement of Expedition 357 was to obtain microbiological samples along a west–east profile, which will provide a better
understanding of how microbial communities evolve as ultramafic rocks are altered and emplaced on the seafloor. The
presence of life in this subseafloor environment is confirmed by cell counts, which revealed cell densities on the order of 10
– 104 cells per cubic centimetre of rock. Our results indicate that the subsurface of the serpentinite basement of Atlantis
Massif provides a potentially important niche for anaerobic hydrogen-, methane- and sulfur-cycling microorganisms.

Swiss Geoscience Meeting 2018

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 10: Celebrating 50 Years of International Ocean Drilling

P 10.2
In search of life in the subseafloor of serpentinized peridotites:
An overview of IODP Expedition 357 (Atlantis Massif, Mid-Atlantic Ridge
30°N)

295

Symposium 10: Celebrating 50 Years of International Ocean Drilling

296

Figure 1. Bathymetry of the Atlantis Massif. (a) 3-D terrain model with a northward view of the detachment fault surface showing striations
associated with detachment faulting, cross-cutting tectonic structures, with locations of the Expedition 357 drill sites, the Lost City
hydrothermal field (yellow star) and IODP Site U1309. Based on new multibeam bathymetry acquired at 50 m per pixel resolution. b) Inset
shows the location of the Atlantis Massif (AM) at the intersection of the Mid-Atlantic Ridge (MAR) and the Atlantis Transform Fault (ATF)
and Fracture Zone (AFZ).
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Major changes in the carbon cycle and atmospheric CO2 along the Cenozoic have been suggested to be a determining
cause of the climatic evolution from a ‘’green-house Earth’ to an ‘ice Earth’, driving the global temperature and limiting the
polar ice sheet growth. During the Oligocene-Miocene time interval, pCO2 atmospheric concentrations are estimated to be
higher than pre-industrial levels with a long-term decline. Therefore it is a period of interest for understanding the feedback
between greenhouse gases and climate system. However, direct sea surface temperatures estimations for cited period are
lacking especially for the west North Atlantic, and the low resolution and uncertainties of the carbon dioxide existing
records, make difficult to relate them with the climatic history.
Coccolithophores, unicellular calcifying phytoplankton, are susceptible to atmospheric CO2 variations. Hence, the organic
compounds (long-chain unsaturated alkenones) produced by a specific family of coccolithophores (Reticulofenestra spp.)
can be used for reconstruct both sea surface temperatures and past atmospheric CO2 estimations.
In this study, a Sea Surface Temperature record has been produced from the Uk’37 ratio in alkenones present in North
Atlantic sediments, site 1406A (IODP Exp. 342, 40˚N) for the time interval 30 Ma to 17 Ma with a resolution of ~250Kyr. The
record shows temperatures from 24˚C to 27˚C and exhibits three characteristic intervals potentially correlated with three
marked Cenozoic excursions: the late Oligocene warming, Oligocene-Miocene transient cooling of 3.5˚C, and temperature
increasing heading the middle Miocene warming. Since accurate temperatures are necessary to apply into the alkenone
phytoplankton proxy to reconstruct pCO2, this might be an important contribution in temperature reconstruction for the
Cenozoic ocean. In this study we also produce a new record of phytoplankton carbon isotopic fractionation (εp) derived
from δ13C on alkenones and isotopic composition of foraminifera, which allow to generate pCO2 estimations. First tests,
where we have implemented required coccolithophore cell physiological factors (as cell size or growth rate) show three
marked decreasing steps along a long drop trend which correlates with previously published research, but differs in
amplitude.
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The Cretaceous is believed to have been much warmer than the present, with a green-house climate characterized by a
lack of large scale continental ice-sheets, and with thermophilic floras and faunas present at high latitudes. Temperature
reconstructions from this time are of crucial societal importance because they help us understand how the Earth system
behaves under elevated concentrations of atmospheric CO2. However, new temperature reconstructions are needed
because existing data (mostly d18O and TEX86 based estimates) suffer from limitations that can result in inaccurate
estimates. Moreover, there are large periods of time (tens of millions of years) where our knowledge comes from only a few
measurements from a single proxy or where no data are available.
Here, we present clumped isotope temperatures from carefully separated coccolith size fractions from Demera Rise (Ocean
Drilling Site 1260). This site was chosen because of its high clay content, and consequently, low diagenetic potential, and
because of the availability of previous paleothemperature estimates from the same sediments (Tex86 and d18O of wellpreserved planktonic foraminifera). Our observations confirm that equatorial Atlantic ocean temperatures during the ‘middle’
Cretaceous were markedly warmer than the present and were similar to tropical ocean temperatues during the Early
Eocene. Our resutlts highlight the potential of clumped isotopes and coccoliths for deep time reconstructions of temperature
and the isotopic composition of seawater.

Swiss Geoscience Meeting 2018

Platform Geosciences, Swiss Academy of Science, SCNAT

Anne Marie Karpoff 1, Gianreto Manatschal 1, Victor Hugo Pinto 2, Marc Ulrich 1 & Daniel Sauter 1
Institut de Physique du Globe de Strasbourg, CNRS-UMR 7516, Université de Strasbourg, 1 rue Blessig, F-67084
Strasbourg (amk@unistra.fr)
2
Petrobras, Av. Rep. do Chile 330, Rio de Janeiro, RJ 330
1

Already more than 40 years ago, mantle rocks have been drilled at the distal Galicia margin during ODP Leg 103 (Boillot et
al. 1987). The discovery of exhumed mantle rocks, predicted by Italian geologists working in the Apennines (Decandia &
Elter 1969), is not only at the origin of a paradigm shift in the interpretation of magma-poor rifted margins but also of the
beginning of more than 40 years of intense on- and offshore geological and geophysical surveys including several DSDP,
ODP and IODP Legs. These studies investigated the architecture of the Ocean-Continent Transition (OCT) at magma-poor
rifted margins and the processes controlling lithospheric breakup and formation of oceans as well as the reactivation and
formation of collisional orogens. Our research in Strasbourg was, since the early days of the discovery of exhumation of
mantle rocks, focused on this process and of its consequences, recorded in the sedimentary sequences and the related
geochemical cycle (e.g. the serpentinization process).
The examples are from the conjugate Newfoundland-Iberia margins, ultra-slow spreading ridges (SWIR) and preserved
remnants of fossil OCTs exposed in the Alps and Pyrenees. Our investigations enabled to describe the role of detachment
faulting and its control on the tectono-sedimentary and magmatic evolution of OCT. The development of high-resolution
seismic imaging techniques allows also to recognize similar structures at other rifted margins. At present it is assumed that
more than 50% of the world margins formed at low magmatic budgets, showing evidence for hyperextension and mantle
exhumation. Thus, 40 years after the first drilling of exhumed mantle during ODP Leg 103, it is generally accepted that
mantle exhumation is a common process occurring at many of the global rifted margins. However, while the existence of
exhumed mantle domains is not anymore debated, the effects of widespread mantle serpentinization on global Earth
element cycles and the environmental implications remain to be investigated. The main problem in determining the
serpentinization impact is the access to rocks (ultramafics and sediments) that registered the mantle exhumation. While
present-day OCTs are covered by thick sediments and are at abyssal depth, which makes the access to these domains
difficult and only possible by deep sea drilling, remnants of ancient OCTs exposed in orogens are alternative ways for
archives with records of the influence of serpentinization linked to lithospheric breakup. At present, samples from such
OCTs are accessible from few sites, the most important and best described so far being the Iberia-Newfoundland and the
Alpine examples, particularly the Tasna, Totalp and Platta units in the Central Alps (SE-Switzerland).
Here we present a comparative study using dataset from the Alps and the Iberia-Newfoundland conjugate margins in which
we describe and try to quantify the importance of serpentinization in the transfer of elements between the Earth’s reservoirs
during mantle exhumation and magma-poor rifted margins evolution (Pinto et al. 2015, 2016).The intrusion and circulation
of seawater in mantle rocks has the potential to change the seawater chemistry and sustain primitive life and to control the
depositional environments related to hydrothermal systems. A first-order quantification of serpentinization along the Iberia
OCT allowed to quantify the volume of absorbed water in this OCT domain (Pinto et al. 2016). Moreover, we established a
mass budget and element transfer during serpentinization by first order mass balance calculations. The water-rock
reactions can induce a significant loss of Si, Mg, Fe, Mn, Ca, Ni and Cr, and their transfer along detachment faults towards
marine and sedimentary basins in hyperextended domains (Pinto et al. 2015, 2016).
Apart from presenting our ongoing research on the role of serpentinization on global mass fluxes, we also want to show
that the combination of oceanic drilling and field observations can provide access to one of the last archives of the Earth
history that remain to be investigated and understood, which is that of how continents rupture and new oceans form. The
DSDP, ODP and IODP programs are at the origin of many major discoveries in this research domain. Therefore, keeping
IODP alive, by submitting innovative and challenging IODP drilling projects is a key for the Margin community in continuing
research on how rift systems evolve, and oceanic basins form and develop.
This contribution is dedicated to Yves Lancelot.
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In our research agenda “Evolutionary prospection of calcareous pelagic microfossils” the paleobiogeography of
morphological evolution and speciation in planktonic foraminifera is investigated, with special attention to the tropical
Neogene plexus of Globorotalia menardii. Our investigations cover the past 8 million years from deep-sea cores in the
Caribbean Sea (DSDP Sites 502), the tropical Atlantic (ODP Sites 925B and 667A), the tropical Pacific Ocean (DSDP Site
503, eastern Pacific, ODP Site 806, Ontong Java Plateau) and locations in the Indian Ocean. Special attention is given to
the possibility of large scale dispersal of menardiform globorotalids from the Indian or Pacific homes via the Agulhas
Current around the southern tip of Africa. During glacial to interglacial transitions this current system is known for repeated
seeding of tropical plankton faunas from the Indian Ocean into the South-Atlantic since at least the Pleistocene. From
sudden size increase patterns of menardiform shells observed at Hole 925A we suspect Agulhas leakage of menardiforms
to reach back until about 1.95 Ma (Knappertsbusch 2016). Our new results from ODP Site 667A support this idea as
manifested by an Agulhas‘ influence-peripheral, time-transgressive, transatlantic expansion of large menardiform
globorotalids from 2.3 Ma – 2.06 Ma in the east Atlantic to 2.58-1.7 Ma in the west Atlantic/Caribbean Sea (Friesenhagen
2018; Knappertsbusch and Friesenhagen 2018). The documentation of such large scale dispersal is of great interest not
only for biostratigraphers but adds to the paleobiogeographic interpretation of morphological signals from fossil plankton
shells in the sedimentary record, especially in the case of morphologically closely related forms. In this context and in order
to differentiate between processes of morphological evolution from immigration/dispersal, the morphological evolution of
menardiform globorotalids is currently investigated at ODP Hole 806C (Ontong-Java Plateau, tropical West Pacific). This
area reflects stable and warm environmental conditions back to Pliocene times, and is completely outside of Agulhas’
influence. From the 21 investigated samples at Site 806 studied so far a more gradual evolutionary pattern of menardiform
shells comes indeed to light in that area. At Site 806 axial length (dX) versus spiral height (dY) measurements show no
abrupt size increase between 2.3 Ma and 1.7 Ma at Hole 806C, which is different from those observed in the tropical
Atlantic and Caribbean Sea. Overall, the data seem to support our expectations of a more gradual pattern for G. menardii
evolution in the western Pacific, similar to the menardiform shell evolution pattern observed earlier at Eastern Equatorial
Pacific DSDP Site 503, but trends still need further refinement by additional measurements and statistical analysis.
The above observations are based on measurements derived from shell outlines in keel view collected using our automated
shell orientation and imaging robot called AMOR. In close collaboration with ingenieurs from the Institute of Automation at
FHNW in Brugg a second, following-up device AMOR2 (see Figure 1) was recently realized, which will greatly help us to
accelerate collection of the needed large amount of morphometric measurements for our studies about G. menardii.

Figure 1. New AMOR 2 (22 August 2018). Left, Motorized 4-axis tilting stage combined with a binocular microscope, digital camera,
motorzoom and motorized magnification changer. Microfossils placed in the Plummer cell can be automatically positioned under the
microscope and oriented, focused, and imaged. Right side: Box containing motion controllers and electronics. The robot is operated via
customized AMOR4 software written in LabView 14. In contrast to the earlier version, AMOR2 has additional functions for microfossil
orientation and does no longer need a frame grabber. AMOR2 would not have been possible without the help of Daniel Binggeli (FHNW)
and voluntary worker at NMB, Prof. em. Jean Eisenecker (FHNW).
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The “Deep Sea Drilling Program” was launched in mid-August 1968 with scientific drilling operations on the research vessel
“Glomar Challenger”. The project was designed to test the newly evolving plate tectonic/seafloor spreading hypothesis. In
fact, this primary goal was amazingly achieved within the first 10 years of ocean drilling, as sediment and rock samples
recovered from beneath the seafloor provided the direct proof of the hypothesis. In the same period, this major
accomplishment was enhanced by additional discoveries, many of which have continued to impact Earth science research
during the following 40 years with scientific ocean drilling programs (DSDP, ODP, and both IODPs).
For example, although seismic reflection profiles had previously revealed the presence of diapiric structures similar to salt
domes beneath the Mediterranean seafloor, the areal extent and magnitude of this most recent and largely undeformed salt
giant was only revealed in 1970 during DSDP Leg 13 with the drilling of 6 sites along a W-E transect of the deep basins
(Ryan, 2009). To explain the existence of this salt giant deposited between 5.96 and 5.33 Ma, a controversial desiccation
hypothesis was put forward, whereby an ocean the size of the Mediterranean Sea must have dried up and was
subsequently reflooded with marine waters after the deposition of a vast evaporite complex (Hsü et al., 1973). Although
later drilling expeditions (DSDP Leg 42A, ODP Legs 107, 160, and 161) have confirmed the presence of extensive
evaporite deposits in all of the deep Mediterranean basins, this phenomenon, known as the Messinian Salinity Crisis
(MSC), still remains veiled in mystery calling for further exploration in greater detail using more advance ocean drilling
techniques. To this end, the COST Action “Uncovering the Mediterranean Salt Giant” (MEDSALT https;//medsalt.eu) was
established to develop drilling proposals to study the Messinian salt layer preserved beneath the deep Mediterranean
seafloor. As the current projected ship-track for the JOIDES Resolution will bring IODP operations into the North Atlantic
during FY2021 through FY2022, we anticipate the possiblitity for renewed drilling in the coming years to study the
Messinian salt giant.
One of the MEDSALT goals is a deep biosphere drilling objective to investigate the factors controlling the physical and
biogeochemical environment of dolomite vs. gypsum deposition. Deciphering exact mechanisms for the formation of
massive dolomite deposits has long been an enigma in sedimentary geology. The recognition that microbes can play a role
in dolomite precipitation processes has added a new dimension to the study of the origin of dolomite formations. In 1975 at
DSDP Leg 42A, Site 374 in the Ionian Abyssal Plain, a massive dolomite deposit was found directly associated with the
underlying Messinian salt giant. A recent seismic survey conducted to map the extent of this dolomite body revealed that it
is quite extensive, covering an area approximately equivalent to Sicily (~25’000 km2). Based on geochemical and
sedimentological evidence recorded at Site 374, we propose that modern subsurface dolomite precipitation is ongoing and
the site is a “natural laboratory” in which to investigate microbial phenomena in the context of a giant evaporite deposit. Our
proposal to drill into the Messinain evaporite complex buried in the deepest region of the Ionian Basin aims to recover
biological, pore-water and sediment samples to provide biogeochemical data for formulating an actualistic model for the
origin of massive dolomite deposits associated with other salt giants in the rock record.
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Coccolithophores are geographycally and chronologically ubiquitous climate regulators and key contributors to marine
calcium carbonate export to the deep ocean. Despite their relevance to the carbon cycle, very few studies have focused on
determining if reliable absolute sea surface temperatures (SST) can be obtained using clumped isotope thermometry in
their calcite. Under the current anthropogenic warming, it is urgent to reach a consensus on Earth climate sensitivity, for
which accurate SST recontructions during past periods of CO2 similar to those projected for the future, are required. For
this purpose, the application of clumped isotope thermometry to coccolith calcite is promising, as a surface signal is
ensured, opposed to foraminieral calcite. However, it is still not clear whether there are vital effects in coccolith clumped
isotopes, potentially related to similar mechanisms causing vital effects in carbon isotopes.
We will present preliminary clumped isotope SST reconstructions from ODP Site 982 (North Atlantic) from the last ~16 Ma
based on different coccolith size fractions. Since cells of different sizes experience different degrees of carbon limitation,
believed to cause vital effects in carbon isotopes, we expect vital effects in coccolith clumped isotopes to be evidenced in
the analysis of well-separated discrete size fractions. The record will be compared to SSTs derived from alkenones,
assuming no temperature-saturation of this proxy at this latitude and during this time interval.
To determine whether variability in clumped isotopes between size fractions or potential disagreement with alkenone SSTs
records are due to carbon limitation, we combine clumped isotopes with data of carbon isotopic fractionation of coccolith
calcite (Ɛcocco) and fractionation during photosynthesis measured in alkenones (Ɛp). The later will be used to reconstruct CO2
trends in the studied site and evaluate the selective pressure of carbon limitation through time in different size fractions.
This study constitutes one of the first approaches to unravel the potential of this technique to reconstruct absolute SSTs in
the deep past, when and where other widely-used temperature proxies are not reliable, providing new data to better
understand climate sensitivity.
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Serpentinization is a fundamental process that controls rheology and geophysical properties of the oceanic lithosphere and
has major consequences for heat flux, geochemical cycles and microbial activity in a wide variety of environments.
International Ocean Discovery Program (IODP) Expedition 357: Atlantis Massif Serpentinization and Life was conducted to
better understand the role of serpentinization in driving hydrothermal systems, in sustaining microbiological communities,
and in the sequestration of carbon in ultramafic rock (Früh-Green et al., 2017). Our study focuses on a better
understanding hydration and carbonation processes in the altered mantle peridotites from the Atlantis Massif and to
evaluate how, when and where the formation of abiotic vs biotic carbon compounds is favoured in serpentinizing
environments. Petrological and stable isotope studies are used to characterize the speciation and source of carbon, the
distribution of carbonates, and the identification of different carbonate veins and organic compounds in the IODP Exp. 357
drill cores.
Samples of serpentinites from all drill sites at the Atlantis Massif have measurable carbon content, sometimes in low
concentrations only. Higher carbon concentrations are in general related to a higher concentration of carbonate in the rock.
The total organic carbon (TOC) content is in general lower than the total inorganic carbon (TIC) content and varies between
100 ppm and 1000 ppm; however, in some samples the TOC content is higher than the TIC. The isotopic composition of
total carbon in the rock matrix and veins varies between +3 ‰ and -30‰. The δ13C values of carbonate (measured as TIC)
range between +3 ‰ and -14 ‰ and δ13C values of TOC range between -21 ‰ and -29 ‰. Some samples have negative
total carbon values of the bulk rock and at the same time δ13C values close to 0‰ in carbonate veins. δ13C values less than
approximately -15‰ could indicate an organic component or biological input to the system. Calculated precipitation
temperatures of carbonates from the rock matrix and veins range from 0 °C to 200 °C.
The samples locally contain dolomite as a high temperature carbonate phase. The carbonates can be divided into two
types. Type I has δ13C values > -2‰, δ18O > 0‰ and precipitation temperature < 40 °C and represent seawater-derived
carbonates. Optical microscope investigations show that carbonate veins of Type I crosscut minerals and other veins, which
indicate that they are the latest veining event. Type II carbonates have δ13C values of less than -2‰, and δ18O less than
-5‰, which correspond to precipitation temperatures from 40°C to 200°C. The more negative δ13C values point to a nonseawater component and possibly reflect a contribution of carbon from biological methane.
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The long eccentricity cycle (~405 kyr) has been widely found in the benthic foraminifera carbon isotope records since the
Cretaceous, which can be regarded as one of the most stable orbital cycles recording the dynamic of ocean carbon cycle.
However, this ~405 kyr cycle signal began to disappear since the Quaternary. Several hypothesis have been suggested to
explain the ocean DIC (dissolve inorganic carbon) carbon isotope variations, especially during the last 1.2 Myr. The
variation of inorganic/ organic pump ratio and marine primary producer type (coccolithophore/ diatom ratio) were though as
important ways controlling the whole ocean DIC d13C.
In this study, cross spectrum analyses were carried on among the carbon isotope, bulk sediment PIC:POC ratio and several
coccolithophoric productivity proxies, including the percentage of Florispher profunda, the coccolith abundance and the C37
content from tree different cores, to test the lead or lag of ocean DIC d13C to different potential driving factors. We found
that the C37 content records lag the d13C in the South China Sea core ODP 1143, while those from Eastern Pacific in face
with δ 13C signal in the core ODP 846. The d13C signal did not show significant relationship with C37 in another Eastern
Pacific core. The F. profunda data in the core ODP 1143 showed a strong ~500 kyr cycle, while did not show any
correlation with d13C on ~405 kyr band. Moreover, the bulk sediment PIC:POC ratio only had significant relation with d 13C
on ~40 kyr band, which was the glacial-interglacial cycles before Mid-Pleistocene transition.
Our analyses do not support the hypothesis that the variation of inorganic/organic pump ratio changed the ocean DIC
carbon isotope so far, at least not in the South China Sea. The of ocean DIC d13C seems to vary with coccolithophore
productivity on both ~405 kyr and ~100 kyr band, while the response of d13C to C37 content does not show a uniform
pattern. However, more records around the world, including the biogenic opal and more bulk sediment PIC:POC data,
should be compared before drawing a credible conclusion in a global perspective.
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