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5.1
Towards a better understanding of the Aalenian (Middle Jurassic) 
palaeoenvironmental changes 

Alicia Fantasia1, Thierry Adatte2, Jorge E. Spangenberg3, Nicolas R. Thibault4, Emanuela Mattioli5, Enrique Bernárdez6 & 
Stéphane Bodin1

1Department of Geoscience, Aarhus University, 8000 Aarhus C, Denmark (alicia.fantasia@geo.au.dk)
2Institute of Earth Sciences (ISTE), University of Lausanne, 1015 Lausanne, Switzerland
3Institute of Earth Surface Dynamics (IDYST), University of Lausanne, 1015 Lausanne, Switzerland
4Department of Geosciences and Natural Resource Management, University of Copenhagen, 1350 Copenhagen K,  
 Denmark
5Université de Lyon, UCBL, ENSL, CNRS, LGL-TPE, F-69622 Villeurbanne, France
6Department of Geology, University of Atacama, Copiapó, Atacama, Chile

The Jurassic Period was punctuated by repeated carbon cycle perturbations, climate changes, and faunal/floral turnovers. 
Among them, the Toarcian Oceanic Anoxic Event and the Early Bajocian Event are the most studied ones. To date, in stark 
contrast to the previously mentioned events, the Aalenian stage (Middle Jurassic) remains largely understudied, leaving an 
important gap in our knowledge and understanding of palaeoenvironmental and palaeoclimatic conditions between the 
Toarcian and Bajocian events. There are several lines of evidence indicating that the Aalenian was marked by climatic 
change, carbon cycle disturbances, and faunal turnovers. Nevertheless, the hitherto studied sections are restricted to 
European basins and there is no comprehensive continuous Aalenian dataset published thus far from successions of 
regions outside Europe. Hence, there are still large uncertainties concerning the causes and consequences of the Aalenian 
palaeoenvironmental and palaeoclimatic changes and their regional vs global significance. In this study, we have selected 
two expanded successions, namely Le Brusquet (Vocontian Basin, SE France) and El Peñon (Andean Basin, N Chile), in 
order to compare the most complete records of the Aalenian interval from the northern and southern hemispheres. The 
successions are composed of marl and limestone alternations. High-resolution sedimentological, geochemical, 
mineralogical, biostratigraphic (calcareous nannofossils) and cyclostratigraphic datasets have been generated on both 
successions to assess the palaeoenvironmental change, and constrain the duration of the Aalenian and associated 
environmental change. Our carbon isotope records of bulk organic matter (δ13Corg) reveals trends similar to previously 
published δ13Corg curves from the European area, suggesting the occurrence of repeated carbon cycle perturbations of 
global significance throughout the Toarcian-Aalenian interval.
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5.2
Expression of the Toarcian Ocean Anoxic Event (TOAE) in Shallow 
Environments from Central Atlas, Morocco

Arnaud Ruchat1, Thierry  Adatte1 & Jorge E. Spangenberg2

1Institute of Earth Sciences (ISTE), University of Lausanne, 1015 Lausanne, Switzerland (thierry.adatte@unil.ch)
2Institute of Earth Surface Dynamics (IDYST), University of Lausanne, 1015 Lausanne, Switzerland

The Toarcian Ocean Anoxic Event (TOAE) took place in the early Jurassic ( ∼183 My) and is characterised by the 
widespread deposition of organic matter-rich black shales in deep basins, and by a negative carbon isotope excursion 
(NCIE) reflecting profound environmental changes. This event is well documented in the sedimentary record of deeper 
marine settings, in which the TOAE is marked by the presence of organic-rich shales. However, the recording of the TOAE 
in shallower environments is less common, due to incomplete sediment records, to sea-level fluctuations and the lack of 
good biostratigraphy markers.

Here we present data gathered from a new extremely shallow section in Morocco (Dadès Gorges, Central Atlas), which was 
located along the northern Gondwana margin. This section consists of alternating dolomitic limestones and paleosols, 
associated with the presence of several dinosaur tracks and other sedimentary features such as stromatolites, ripple marks, 
mud cracks and fossil roots. This section shows a significant increase in mercury (Hg) located just below a negative 
excursion in 13C carbonate isotopes (-3 ) that we attributed to the TOAE-NCIE, which coincides with several cyclical episodes of 
emersion. Bulk rock and clay mineralogy indicate an increase in weathering intensity in the upper part of the section 
marked by higher phyllosilicates quartz and kaolinite contents.

The upper part of the section shows a gradual decrease in the number of carbonate beds coinciding with increased clay-
rich intervals. The carbonates interbedded with the clay levels are almost entirely composed of an accumulation of 
stromatolites reflecting extreme conditions, which coincide with the TOA-NCIE.

These results confirm the presence of the TOAE-NCIE even in the most shallow environments of the Tethys. The observed 
Hg anomalies have been globally recorded and are probably linked with the volcanic activity from the Karoo Ferrar 
province. This marker combined with stable isotopes is therefore a very promising correlative tool. 
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5.3
Upstream versus downstream controls on a natural sediment routing 
system from source-to-sink

Nikhil Sharma1, Jean Vérité2, Stephen Watkins1, Luis Valero1, Alex Whittaker3, Miguel Garcès4, Cai Puigdefabregas5, 
François Guillocheau2, Thierry Adatte6, Sebastien Castelltort1  

1Department of Earth Sciences, University of Geneva, Rue des Maraîchers 13, 1205 Genève, Switzerland
2Gèosciences Rennes, Campus Beaulieu, Université de Rennes 1, 35042 Rennes cedex, France
3Department of Earth Science and Engineering, Imperial College London, South Kensington, London SW7 2AZ,  
 England
4Department of Stratigraphy, Paleontology and Marine Geosciences, C/ Martí i Franquès, s/n, University of Barcelona, 
08028 Barcelona, Spain
5Department of Earth and Ocean Dynamics, University of Barcelona, C/ Martí i Franquès, s/n, 08028 Barcelona, Spain 
6Institute of Earth Sciences (ISTE), University of Lausanne, Bâtiment Géopolis, 1015 Lausanne, Switzerland

The Middle Eocene Climatic Optimum (MECO) represents an episode of widespread warming about 40 million years ago. It 
is characterised by gradual warming over a period of 500,000 years and rise in ocean temperatures of about 5° C in the 
mid and high-latitudes (Sluijs et al., 2013). Contrary to the traditional understanding of downstream factors controlling fluvial 
successions, we here propose to test our hypothesis that upstream factors rather than downstream factors control fluvial 
architecture through changes in the sediment supply and water discharge with paleoslope as a measurable proxy to 
quantify these changes. We test this hypothesis in a natural system, the Escanilla sediment routing system which 
corresponds to the Middle Eocene Climatic Optimum. The Escanilla formation is an overall prograding succession 
consisting of 1000 m thick alluvial and fluvial deposits at the southern-margin of the Tremp-Graus Basin in Spain. Multiple 
sections were sampled close to the source, and at intermediate and distal part of the system for paleohydraulics (grain size 
and cross-set measurements, flow direction, channel geometry) and for paleoclimatic reconstructions from fine-grained 
floodplain samples (XRD, XRF, clay mineral separation, stable isotopes). We present here the preliminary results of this 
multi-proxy approach across the MECO.

REFERENCES  
Sluijs, Appy & E. Zeebe, Richard & Bijl, Peter & M. Bohaty, Steven. (2013). A middle Eocene carbon cycle conundrum. 

Nature Geoscience. 6. 429-434. 10.1038/ngeo1807
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5.4
Documentation of the first stable isotopic records of the North Pyrenean 
foreland basin

Maxime Tremblin1, Jorge E. Spangenberg2, Thierry Adatte2, Charlotte Fillon3, Eric Lasseur4, Olivier Serrano4, Jean-Yves 
Roig4, Sylvain Calassou3, Francois Guillocheau5, Sébastien Castelltort1

1Department of Earth Sciences, University of Geneva, Rue des Maraîchais 13, 1205 Genève, Switzerland
2Institute of Earth Sciences (ISTE), University of Lausanne, Batiment Geopolis, 1015 Lausanne, Switzerland
3TOTAL, CSTJF, Avenue Larribau, F-64018, Pau Cedex, France
4BRGM, French Geological Survey, 45060, Orléans Cedex, France
5Géosciences-Rennes, UMR 6118 Université de Rennes 1 – CNRS, OSUR, 35042 Rennes cedex, France

The late Paleocene and the Eocene represent the last “greenhouse” period characterized by relatively high atmospheric 
CO2 concentrations and warm surface temperatures. This longterm climatic state is punctuated by several transient 
hyperthermal events. The maximum warming episode record is known as the Paleocene-Eocene thermal maximum 
(PETM). This event is associated with an increase of temperatures of 4-8°C, by a 2-6 ‰ negative carbon isotope excursion 
(CIE) and by a large shift in biotic communities. The source of the carbon and whether it was released in one or numerous 
steps remain controversial. 

The PETM is widely recorded from pelagic, hemipelagic and continental settings but is again poorly recorded in shallow 
water successions. This absence is due to the lack of adequate sections covering this time interval and to apparent 
problems which bring complexity in the use of carbon isotopes as environmental and stratigraphic proxies in these shallow-
water depositional environments. However, these environments are key locations to link continental and open marine 
settings. Furthermore the high sedimentation rate which charaterizes these environments have the potential to preserve 
expanded CIE records and can offer an opportunity to better understand the nature and the causes of the PETM. 

In this study, we present the first high resolution stable isotopic records (δ18O and δ13C) of the North Pyrenean foreland 
basin (Lussagnet, Aquitaine Basin)  from the end of the Paleocene to the middle Eocene. Our first results show two 
important negative excursions in the bulk-rock δ13C signature. The prominent negative excursion is interpretated as the 
carbon isotope excursion of the Paleocene-Eocene thermal maximum and the second one as the pre-onset excursion 
(POE). This event, which suggests two massive releases of carbon at the onset of the PETM, was first recorded in 
continental pedogenic carbonates but remains poorly constrained in oceanic settings. To study if these events could be 
associated with a large release of volcanic carbon, a mercury (Hg) analysis was carried out, for which preliminary results 
are presented.  Our work confirms that hyperthermal events of the Paleogene can be well recorded in shallow water 
successions and can be used as powerful stratigraphic tools for these depositional environments, in addition to providing 
information on the climatic perturbations associated with the PETM. 



157

Sy
m

p
o

si
u

m
 5

: 
St

ra
ti

g
ra

p
h

y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2019

5.5
A tale of a core and a river section: ultra-high-resolution, 
multidisciplinary analysis of the Permian-Triassic boundary from central 
Spitsbergen, Svalbard  
Valentin Zuchuat1, Arve R.N. Sleveland1, Els van Soelen1, Richard J. Twitchett2, Henrik Svensen3, Holly Turner4, Lars Eiving 
Augland1, Øyvind Hammer4, Bjarki T. Hauksson5, Ivar Midtkandal1, & Sverre Planke3,6

1Department of Geosciences, University of Oslo, Sem Sælands Vei 1, 0371 Oslo, Norway (valentin.zuchuat@geo.uio.no)
2Natural History Museum, Earth Sciences Department, London, UK
3Center for Earth Evolution and Dynamics (CEED), Department of Geosciences, University of Oslo, Norway
4Natural History Museum, University of Oslo, Pb. 1172 Blindern, 0318 Oslo, Norway
5Geodata AS, Schweigaards gate 28, Oslo, Norway
6Volcanic Basin Petroleum Research (VBPR), Oslo Science Park, Oslo, Norway

95% of marine and 75% of terrestrial species vanished in less than 60 ± 48 ky as a consequence of the End-Permian Mass 
Extinction (Hochuli et al., 2010; Burgess and Bowring, 2015). It is associated with a sharp and important δ13Corg negative 
excursion worldwide (Horacek et al., 2007; Meyer et al., 2011; Grasby et al., 2013; Grasby et al., 2016; Foster et al., 2017; 
Wang et al., 2019). Research on the Permian-Triassic boundary (PTB) of the northern margins of Pangea (exposed today 
in the High-Arctic region) has traditionally relied on field observations, and data resolution was consequently determined by 
outcrop condition and accessibility. The aim of this work was to provide a high-quality, multidisciplinary analysis of the 
Permian-Triassic boundary interval at a never-yet-achieved resolution in the Arctic region, by the collection and analysis of 
two sedimentary cores.

The drilling operation conducted in Deltadalen, Central Spitsbergen, allowed for a near-complete recovery of two 90 m 
cores drilled across the Vikinghøgda Formation, the Permian-Triassic Boundary, and the Kapp Starostin Formation.
The analyses conducted on the core comprise: (i) classic sedimentology analysis of the recovered material; (ii) U-Pb dating 
of zircon crystals extracted from the collected tephra layer; (iii) an optical and electron microscopy analysis of selected 
samples;(iv) a complete XRF-scan of the entire core, from which elemental concentration and elemental ratios were 
calculated, including Si/Al, Zr/Rb, Ti/Al, Fe/K, V/Cr, whereas the U/Th ratio is derived from XRF-analysis of hand-specimen; 
(v) geochemical analyses which delivered the δ13Corg, Total Organic Carbon and Hydrogen Index values of the core; (vi) and 
the interpretation of palynofacies. Evolutionary spectral analyses were conducted on the five XRF-derived environmental 
proxies between the dated tephra bed at 84.90 m and the Induan-Olenekian Boundary at 29.68 m, in order to identify 
cyclical patterns.

The discovery of H. parvus in the river section of Deltadalen is the first ever documented specimen in Svalbard. It places 
the PTB ca. 4 m above the base of the Vikingøgda Formation, within the Reduviasporonites chalastus assemblage zone. 
The H. parvus specimen recovered from concretion level 3 and the 252.13 ± 0.62 Ma tephra bed occurs ca. 2.50 m above 
the extinction event and is in association with the sharp negative shift towards more negative δ13Corg values. This lag 
between the extinction event and the FAD has also been reported from the Canadian Arctic and Greenland, confirming a 
delayed appearence of the Triassic-defining conodont on the northern margin of Panthalassa with respect to GSSP (Yin et 
al., 2001). This further supports the call for a re-assessment of the definition of the base Induan, which is highly 
diachronous as officially defined today.

The sedimentation rate dramatically accelerated during the Induan, during which sediments accumulated 6 to 20 time faster 
than during the Permian. This augmented sedimentation rate in the Triassic is thought to be linked to an increased runoff. 
However, this study’s climatic proxies indicate a transition towards a more arid climate in the earliest Triassic. This 
northwards migration of an arid climatic belt was linked to increased CO2 concentration in the atmosphere. However, both 
an extreme high atmospheric CO2 concentration  and northwards expantion of an arid climatic belt contradicts with models 
associated with elevated CO2 concentration. Such as the mid-Cretaceous Supergreenhouse period, during which an arid 
climatic belt migrated southwards. This contradiction is thought to be related to an extremely rapid expulsion of CO2 in the 
atmosphere by the Siberian Traps.

Last but not least, the second major δ13Corg negative excursion documented in DD-1 corresponds to the so-called Dienerian 
Crisis. This C-isotopic negative shift has now been recognised in both Tethyan and Panthalassic sections, suggesting that 
the Dienerian Crisis was a global event. Diminished oxygen levels in the water might have been linked to a slowed-down 
ocean circulation. However, the occurence of two thin tephra layers in Deltadalen during the δ13Corg negative shift suggests 
that the worsening of the environmental conditions could have also been impacted by volcanic activity.
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P 5.1
Extracting information on sediment- and water-fluxes from coarse-
grained deposits in the Swiss Molasse

Philippos Garefalakis1 & Fritz Schlunegger1

1University of Bern, Institute of Geological Sciences, Baltzerstrasse 1 + 3, CH-3012 Bern, Switzerland  
 (philippos.garefalakis@geo.unibe.ch)

Sedimentation within foreland basins typically results in large-scale coarsening- and thickening-upward successions caused 
by the subsidence of the foreland plate, progressive progradation of the thrust belt and larger sediment fluxes (DeCelles & 
Giles 1996). Increase of grain size (“coarsening”) and thickness of sedimentary beds (“thickening”) either results from a 
change in the depositional axis, a shift from a marine to a terrestrial setting, or as a consequence of a progradation of fan-
systems where coarser-grained deposits migrate onto finer-grained material situated at more distal positions. Because 
these changes are to large extents controlled by the evolution of the adjacent mountain belt and autocyclic dynamics within 
the basin, the sedimentary architecture of foreland basins, and particularly grain size patterns, bear fundamental 
information on the tectonic and erosional history of the orogen and of the basin itself. Besides information on the facies-
relationship patterns from the clastic detritus, the deposited material and grain size can also be used to determine data on 
sediment- and water-fluxes.

The Swiss part of the north Alpine foreland basin has been intensively explored for its sedimentary architecture and facies 
relationship, and the deposits have been put in a chronological framework (e.g. Matter et al. 1980; Schlunegger et al. 1996; 
Kempf & Matter 1999). The Swiss Molasse basin and its sedimentary fill is characterized by two coarsening- and 
thickening-upward mega sequences. These Oligocene to Miocene successions have been classically divided into four 
lithostratigraphic groups (Matter et al. 1980). The first transgressive-regressive cycle comprises the Lower Marine Molasse 
(UMM) and the Lower Freshwater Molasse (USM) groups, and the second cycle comprises the Upper Marine Molasse 
(OMM) and the Upper Freshwater Molasse (OSM) groups. Marine sediments (UMM, OMM) have been deposited within an 
open marine and coastal environment and consist of sand- and mudstones. The terrestrial freshwater deposits (USM, 
OSM) comprise transverse-oriented alluvial megafans (usually conglomerates and sandstones) that were established 
adjacent to the Alps, and axial-directed river-systems (mostly sand- and mudstones alternations) at more distal positions. 
While the areal extent, facies relationship and chronological framework of such systems have been well explored (e.g. 
Schlunegger et al. 1996), only few studies focused on the question of how changes of sediment concentration, or shifts in 
water- and sediment-fluxes, are potentially recorded by these successions.

In this study, we focus on the coarse-grained sediment fraction, i.e. conglomerates, deposited at both proximal and distal 
positions in relation to the Alpine thrust. The fieldwork is carried out in the eastern Swiss Molasse basin along already 
dated sections (Kempf & Matter 1999) encompassing USM- and OSM-sediments. Facies-analyses of these sedimentary 
archives revealed that sediments at proximal sites were deposited on alluvial megafans by a transverse-oriented system of 
braided rivers. These streams gradually changed into more confined channel belts at distal sites, which converged with an 
axial-directed river system at farther positions. We aim to explore patterns and changes of sediment-flux and water-
discharge. We proceed by collecting data about grain size and stacking patterns of conglomerates in the field, which we 
combine with the results of hydrological flume experiments. In this context, digital photographs of conglomerates were 
taken at each site, and diameters of the particles are determined using grain size measuring programs. These data are 
used to infer changes of sediment- and water-fluxes through time, which builds the basis to reconstruct the erosional 
dynamics of the sediment routing systems in the Alps and the depositional processes of the streams in the basin. We 
ultimately use this information to infer the tectonic and geodynamic evolution in the hinterland, because the related 
processes are mirrored by distinct stratigraphic responses in the sedimentary archives. 

REFERENCES
DeCelles, P.G. & Giles, K.A. 1996: Foreland basin systems, Basin Research, 8, 105–123.
Kempf, O. & Matter, A. 1999: Magnetostratigraphy and depositional history of the Upper Freshwater Molasse (OSM) of 

eastern Switzerland. Eclogae Geol. Helv. 92, 97–103.
Matter. A., Homewood. P., Caron, C., Rigassi. D., Van Stuuvenberg, J., Weidmann. M. & Winkler, W. 1980: Flysch and 

Molasse of Western and Central Switzerland. In: Geology of Switzerland, a guidebook (Part B) (Ed. by Trümpy, R.), Wepf 
Basel, 261–293.

Schlunegger, F., Burbank, D.W., Matter, A., Engesser, B. & Mödden, C. 1996: Magnetostratigraphic calibration of the 
Oligocence to Middle Miocene (30–15 Ma) mammal biozones and depositional sequences of the Swiss Molasse Basin. 
Eclogae Geol. Helv. 89, 753–788.
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P 5.2
XRF chemostratigraphy to unravel depositional and diagenetic 
processes across a diachronous lithostratigraphic transition (Middle 
Jurassic, northern Switzerland)
Bruno Lauper1, Gaudenz Deplazes2, Hendrik Vogel3, David Jaeggi4, Stephan Wohlwend5, Daniel Ariztegui6 & Anneleen 
Foubert1

1Departement of Geosciences, University of Fribourg, Chemin du Musée 6, CH-1700 Fribourg (bruno.lauper@unifr.ch)
2Nagra, Hardstrasse 73, CH-5430 Wettingen
3Institute of Geological Sciences and Oeschger Centre for Climate Change, Universiy of Bern,  
 Baltzerstrasse 1+3, CH-3012 Bern
4Federal Office of Topography swisstopo, Seftigenstrasse 264, CH-3084 Wabern
5Geological Institute, ETH Zürich, Sonneggstrasse 5, CH-8092 Zurich
6Department of Earth Sciences, University of Geneva, Rue des Maraîchers 13, CH-1205 Geneva

In northern Switzerland, the Opalinus Clay (OPA), an argillaceous to silty mudstone formation, is overlain by successions of 
sandy bioclastic marls and limestones capped by oolitic ironstone beds (Passwang Formation and eastern equivalent; 
upper confining unit, abbreviated UCU). This Aalenian lithostratigraphic transition is diachronous and evidences high 
vertical and lateral variability.

Considering the differing bio- and lithostratigraphy across this transition, the delineation of the OPA/UCU boundary is not 
always evident rendering correlation between different sections difficult.

The aim of the present study is to assess the potential use of semi-quantitative X-ray fluorescence (XRF) 
chemostratigraphy along this complex transition. Sections from four drillcores covering the OPA/UCU transition (Mont Terri, 
Riniken, Weiach and Benken) were measured with an ITRAX XRF core scanner and compared to petrographical and 
quantitative geochemical data. 

The results evidence that XRF core scanning can be used to understand better the depositional and diagenetic processes 
shaping the OPA/UCU transition. The position of the OPA/UCU boundary is re-discussed using specific elemental proxies. 
The elemental records reveal a sedimentary discontinuity at the OPA/UCU boundary induced by sediment bypassing, 
supporting the basal sequence stratigraphic framework proposed by Burkhalter (1995). However, its relation to an overall 
regressive phase at the OPA/UCU boundary could not be established and remains hypothetical.

REFERENCES
Burkhalter, R. M. 1995: Ooidal ironstones and ferruginous microbialites: origin and reation to sequence stratigraphy 

(Aalenian and Bajocian, Swiss Jura mountains), Sedimentology, 42, 57-74.
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P 5.3
Danakil Evaporites: how to build a salt giant?   
Valentin Rime1, Haileyesus Negga1, Afifé El Korh1, Alexandre Salzmann1, Thierry Addate2, Tesfaye Kidane3, Balemwal 
Atnafu4, and Anneleen Foubert1  

1Department of Geosciences, University of Fribourg, Ch. Du Musée 6, Fribourg, Switzerland. (valentin.rime@unifr.ch)
2Faculty of Geosciences and Environment, Géopolis, Lausanne
3School of Agricultural, Earth and Environmental Sciences, University of KwaZulu-Natal Durban, South Africa.
4School of Earth Sciences, Addis Ababa University, Ethiopia. 

The formation of salt giants remains an actively debated topic. Several mechanism are invoked to explain the thick 
evaporite successions found in many sedimentary basins around the world. It has been argued that the lack of modern 
analogues prevents an actualistic approach to the problem. The Danakil depression in northern Afar (Ethiopia) however 
feature a thick (up to 2000m) evaporite sequence where halite is still depositing nowadays. 

This study presents a 600 m Pleistocene to Holocene core record drilled in the center of the Danakil basin. Multi-proxy 
analysis (facies, geochemistry, mineralogy, organic carbon content and micropaleontology) allowed to identify the 
alternation of different mechanisms explaining the thick evaporite succession: marine seawater evaporation, evaporation of 
saline pans (playas), continental reworking of salts, seepage and hydrothermal fluid circulation. Correlation of the core 
facies with sediments outcropping at the margin of the basin, allowed to constrain the age of the sediments. Most of the 
evaporite deposition took place after the MIS5e marine transgression in the basin. The deposition continued until now, 
recording also major environmental changes during the late Pleistocene to Holocene, such as the African Humid Period. 

This study has been funded through the Swiss National Science Foundation (SNF project SERENA – SEdimentary REcord 
of the Northern Afar 200021_163114).
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P 5.4
Characterization of the Paleocene/Eocene boundary in the Indus Basin, 
NW margin of Indian Plate, Pakistan: Preliminary Results

Amir Shahzad1, Munir-Ul- Hassan Munir1, Thierry Adatte2

1Institute of Geology, University of Azad Jammu and Kashmir, Muzaffarabad, Pakistan 
2Institute of Earth Sciences (ISTE), University of Lausanne, Lausanne 1015, Switzerland

The early Palaeogene climate was marked by long-term global warming, beginning in the late Paleocene (Selandian,~59 
Ma) and culminating in the earliest Eocene (Paleocene-Eocene Thermal maximum, PETM~56 Ma). This event is globally 
related with the extinction of deep benthic foraminifera, the diversification of both planktic foraminifera and mammals. 
Mercury anomalies coincident with PETM intervals have been observed in several sections (e.g Zumaya, Esplugafreda, 
Spain, Zomet, Negev, Israel, Wadi Nukhul and Beida, Egypt) and support the role of volcanism (North Atlantic Igneous 
Province) to initiate the concomitant warming and sea-level rise characterizing the PETM.

The Paleocene/Eocene (PE) boundary appears to be present in marine successions located along the NW margin of Indian 
plate in the Indus basin, Pakistan; but these sections are still poorly studied. The current project is focused on five sections 
characterized by different paleoenvironments, varying from relatively deep (outer shelf) shales and marls with planktonic 
foraminifera to shallow sandstones and carbonates with large benthic foraminifera. The main goal of the project is to 
characterize the PETM in these poorly studied sections using a multiproxy approach including sedimentology, 
micropaleontology, mineralogy (bulk and clay mineralogy) and geochemistry (stable isotopes, major and trace elements, 
organic matter, and mercury).

REFRENCES
Zachos, J.C., Pagani, M., Sloan, L., Thomas, E. & Billups, K. 2001. Trends, rhythms and aberrations in global climate 65 Ma 

to present. Science, 292, 686-693. 
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P 5.5
A new completely dated source-to-sink profile 
Luis Valero1, Bet Beamud2, Miguel Garcés3, Nikhil Sharma1, Maxime Tremblin1, Stephen E. Watkins1, François Guillocheau4, 
Alex C. Whittaker5, Cai Puigdefàbregas3 & Sébastien Castelltort1.

1Département des Sciences de la Terre, Université de Genève, Rue des Maraîchers,13, CH-1205, Genève. 
2Laboratori de Paleomagnetisme de Barcelona (CCiTUB-CSIC), Solé i Sabarís s/n, 08028, Barcelona.
3Departament de Dinàmica de la Terra i l’Oceà, Facultat de Ciències de la Terra, Marti i Franqués s/n, 08028, Barcelona.
4Département des Geosciences, Université de Rennes 1/CNRS (UMR 6118), Rennes.
5Department of Earth Science and Engineering, Imperial College London, SW7 2AZ London

Here we present the results of a new magnetostratigraphy for a middle Eocene record of the South Pyrenean foreland 
basin in Spain. The new Lascuarre section (ca. 650 m thick) provides new ages for fluvial (Capella Fm.), lacustrine 
(Escanilla Limestone), and fluvial to alluvial (Escanilla Fm.) systems. We show that the Capella Fm is of Lutetian age and 
the Escanilla Fm. is Bartonian. These results fill a chronostratrigraphic gap in the sedimentary record of the Tremp-Graus-
Ainsa basin. 

Integration of our Lascuarre chronology with other magnetostratigraphic studies in the region allows for a complete 
snapshot of the entire source to sink system. This new data permits a comprehensive study of the propagation of upstream 
and downstream signals. Due to the quality of data, outcrops, and accessibility, our new correlation profile opens the 
possibility to study the source-to-sink expression of multiple drivers, and constitutes a, de facto, giant natural laboratory.

An evaluation of the impact of the orbital cycles in the complete source-to-sink system is also being carried out. If 
successful, we will have an enhanced understanding of the mechanisms by which the climatic signals can be transferred 
along the sediment routing systems, and a high-resolution chronology. 
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P 5.6
Fluvial deposits: is there a fundamental difference in architecture 
between upstream and downstream driven aggradation?   

Stephen E. Watkins1, Nikhil Sharma1, Luis Valero1, Maxime Tremblin1, Abdallah S. Zaki1, Frédéric Arlaud1 & Sébastien 
Castelltort1  

1Department of Earth Sciences, 13 rue de Maraîchers, University of Geneva, 1205 Geneva, Switzerland  
 (stephen.watkins@unige.ch)

Stratigraphic architecture of fluvial deposits is often interpreted as a record of changes in accommodation created by 
absolute sea-level change, subsidence, or a combination of both (downstream drivers). An increase or decrease in 
accommodation causes the fluvial system to respond by either aggrading or degrading to a new equilibrium slope. 
However, in recent years the role of upstream drivers, such as water discharge and sediment supply (volume and grain-size 
distribution), in controlling equilibrium slopes has become more apparent, yet we still lack significant understanding of these 
upstream processes. It is important to be able to differentiate between stratigraphy influenced by upstream and downstream 
drivers in the field because fluvial deposits represent an important archive of environmental changes.  Traditionally, often 
downstream drivers are invoked to explain past accommodation changes, but in actuality there is often little or no constraint 
on the cause of these space changes.  At present there is still no well-documented examples of upstream versus 
downstream driven stratigraphic architecture. One way to address this issue is by undertaking analogue modelling (i.e. 
flume experiments) as this permits the isolation of individual parameters, such as water discharge, and allows us to 
investigate their role on the fluvial system in a controlled environment. 

In the first part of the project that we present here, we investigate how sediment aggradation within a channel develops 
through time via a series of flume experiments.  We have designed and manufactured a narrow (0.05 m), long (2.25 m) 
flume with an initial gradient of zero.  We aim to (i) replicate existing flume studies (e.g., Van Berg Van Saparoea & Potsma, 
2008) to compare our results with theirs; (ii) investigate the role of upstream drivers by using a variety of different water 
discharges, sediment supplies and sediment concentrations; (iii) carry out a series of experiments varying downstream 
drivers (i.e. sea-level) which theoretically produce the same amount of aggradation as the upstream parameters we have 
used do, we will then be able to compare any similarities or differences in stratigraphy.  In the second part of the study we 
will use these results to scale up to a fully three-dimensional analogue model (i.e. a wide flume, approximately 1 m) that 
produces channels and floodplains.  We can then investigate how the upstream and downstream changes seen in the 
narrow flume are translated into the wider flume.  This project is carried out in conjunction with a field-based study also 
presented here at SGM: Upstream versus downstream controls on a natural sediment routing system from source-to-sink 
(Sharma et al. 2019).  Where field data collection is utilised in the calculation of palaeoslopes before, during and after the 
Mid-Eocene Climatic Optimum (MECO).  
 

REFERENCES
Van Den Berg Van Saparoea, A. -P., Postma, 2008: Control of climate change on the yield of river systems. In: Recent 

advances in models of siliciclastic shallow-marine stratigraphy: Introduction and Perspectives (Ed. By G. J. Hampson, R. 
Steel, P. M. Burgess & R. Dalrymple) SEPM (Society for Sedimentary Geology) Special Publication, 90, p.15-33
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