Abstract Volume
15th Swiss Geoscience Meeting
Davos, 17th – 18th November 2017

8. Quaternary environments:
landscapes, climate, ecosystems, human
activity during the past 2.6 million years

Symposium 8: Quaternary environments

302

8. Quaternary environments:
landscapes, climate, ecosystems,
human activity during the past 2.6 million years
Naki Akçar, Christine Pümpin, Stéphanie Girardclos, Gaudenz Deplazes, Stephanie Wirth,
Jean Nicolas Haas, René Löpfe, Loren Eggenschwiler
Swiss Society for Quaternary Research (CH-QUAT)

TALKS:
8.1

Deák J., Magny M.M., Wüthrich S.S.
Late Neolithic to Middle Bronze Age (ca 4900-3100 cal. BP) lake-level and palaeoclimatic fluctuations revealed by
the sediment sequence of the Colombier/Les Plantées de Rive site (Neuchâtel, Switzerland).

8.2

Glaus N.C., Vogel H., Anselmetti F.S.
Flood-event reconstruction and land-use history in Alpine Lake Grosssee (Flumserberg, Switzerland)

8.3

Guillemot T., Stockhecke M., Bechtel A., Schubert C.
Paleo-humidity reconstruction around Lake Van (Turkey) between MIS 5 to 7 based on alkenones assemblages
and δD measurements

8.4

Ordóñez L., Ariztegui D., Chiaradia M., Vogel H., Melles M., Russell J.M., Bijaksana S. & The Tdp Scientific
Team
Investigating Fe-phases as potential recorders of past environmental changes

8.5

Zwahlen P.
Klimageschichte der späten Würm-Eiszeit im hinteren Prättigau

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

POSTERS:
P 8.1

Abbott P., Jaccard S., Barker S., Gottschalk J.
Constraining the timing of deep-water ventilation changes and the marine reservoir effect in the Southern Ocean
between 40-10 kyr BP: A tephrochronological and radiocarbon approach

P 8.2

Amsler H.E., McCave I.N., Ikehara M., Jaccard S.L.
Variations in near-bottom flow of ACC during the past glacial cycle in SW Indian Ocean

P 8.3

Blattmann F.R., Eglinton T.I., Haghipour N., Bernasconi S.M., Dittrich M., Al-Kuwari A.H.A., Bontognali T.R.R.
Assessing the Biogenicity and Fossilization Potential of Polygonal Sedimentary Structures

P 8.4

Boxleitner M., Maisch M., Brandova D., Egli M., Ivy-Ochs S., Christl M.
Going beyond the YD – The difficulty of dating early Lateglacial stadials in central Switzerland

P 8.5

Camperio G., Lloren R., Ladd N.S., Prebble M., Dubois N.
Tracing human arrival and ecosystem modification in the Pacific archipelago of Vanuatu

P 8.6

Czerski D., Adatte T., Humane S.
Sedimentary record of the Naleshwar Lake (Maharastra, India): a witness of climate change and influence of
human activity during the last 100 years

P 8.7

Grischott R., Kober F., Ivy-Ochs S., Hippe K., Lupker M., Christl M., Vockenhuber C., Maden C.
Determination the age of Swiss Deckenschotter with cosmogenic isochron burial dating

P 8.8

Haas M., Belkina N., Subetto D., Dubois N.
How politics shape agricultural landscapes: The plant wax record of Lake Lavijärvi, Russia Karelia

P 8.9

Kaveh Firouz A., Burg J.-P., Haghipour N., Mandal S.K., Elyaszadeh R., Christl M.
Spatial variability of 10Be-derived erosion rates in Ghezel-Ozan Basin, NW Iran

P 8.10

Lloren R., Augustinus P., Dubois N.
Multiproxy approach in assessing the downcore variations of Lake Pupuke, North Island, New Zealand during the
last 1700 cal yr BP

P 8.11

Makri S., Grosjean M., Rey F., Gobet E.
Long-term productivity and meromixis dynamics on the Swiss Plateau (Lake Moossee, Switzerland) inferred from
Hyperspectral Imaging

P 8.12

Mettler K., Fredin O., Romundset A., Christl M., Vockenhuber C., Akçar N.
Reconstruction of deglaciation chronology and relative sea level change in northern Norway using cosmogenic
nuclides

P 8.13

Morlock M.A., Vogel H., Hadi J., Foubert A., Ariztegui D., Melles M., Russell J.M., Bijaksana S. & The Tdp
Science Team
A novel 4D-view on sediments: insights to sedimentation processes and post-sedimentary mineral formation

P 8.14

Normand R., Simpson G., Biswas R.H., Herman F., Bahroudi A.
Optically stimulated luminescence dating of the Western Makran marine terraces (Iran)

P 8.15

Pregler A., Werthmüller S.
Uranium accumulation and leaching in Swiss plateau wetlands

P 8.16

Salehipour Milani A.
Mangrove Forest Sedimentary Environments along Iranian Coasts of The Persian Gulf (Bushehr to Naybad Bay)

P 8.17

Silva T.A., Costa A., Girardclos S., Stutenbecker L., Bakker M., Schlunegger F., Lane S. N., Molnar P., Loizeau J.-L.
Sediment input fluctations to Lake Geneva – climate and human impact

P 8.18

Zwahlen P.
Würmeiszeit und die Rückzugsstadien im Alpenrheintal

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 8: Quaternary environments

303

Symposium 8: Quaternary environments

304

8.1
Late Neolithic to Middle Bronze Age (ca 4900-3100 cal. BP) lake-level
and palaeoclimatic fluctuations revealed by the sediment sequence of
the Colombier/Les Plantées de Rive site (Neuchâtel, Switzerland).
Judit Deák1, Michel Magny2 § Sonia Wüthrich1
Office du Patrimoine et de l’Archéologie du Canton de Neuchâtel, Laténium, Espace Paul Vouga 7, 2068 Hauterive,
Suisse (judit.deak@ne.ch)
2
CNRS, Laboratoire Chrono-environnement, UFR Sciences et Techniques, 16 Route de Gray, 25030 Besançon, France

1

The site of Colombier/Les Plantées de Rive (hereafter COL-PR) is located on the north-west shore of Lake Neuchâtel, in
the bay of Auvernier. The latter is well-known for its numerous prehistoric lake settlements covering discontinuously the
time span of 3790-850 BC, i.e. 5740-2800 cal. BP (Arnold, 2009).
Recent archaeological investigations in 2013 at the site of COL-PR revealed an exceptional concentration of anthropic
structures spanning from the Late Neolithic to the Late Bronze Age (Wüthrich, 2014) interbedded within an alternation of
terrestrial and lacustrine deposits. Thanks to its relatively elevated topographic position compared to the long-term mean
water-level of Lake Neuchâtel, the site of COL-PR offered an unique opportunity to observe the sedimentary imprints of
major rises in lake-level over the period of spanning ca. 4900-3100 cal. BP.
Using a sedimentological and pedological approach based on various proxies and with the support of radiocarbon dates
from terrestrial material and additional chronological information provided by archaeological structures and artefacts, the
study of the COL-PR sediment sequence allows the reconstruction of past changes in lake level of Lake Neuchâtel and
leads to the following conclusions (Deák et al., 2017).
•

Three major lake-level highstands occurred at ca 4900, 3650 and 3400 cal. BP which appear to be in agreement with
the regional pattern of lake-level fluctuations (Magny, 2013). They also show synchronicities with increases in flood
activity documented by deep cores from Lake Le Bourget in the French Pre-Alps and Lake Bodensee in southwestern
Germany, changes in length of the glacier of Mer de Glace in the French Alps, or variations in latewood density from
Swiss subalpine zone. The available data indicate that these climatic deteriorations are related with the variations of
solar activity sometime reinforced by volcanic forcing.

•

More particularly, the COL-PR sediment sequence provides new robust data to document phases of climatic
deteriorations responsible for the general abandonment of lake-dwellings north of the Alps during the Middle Bronze
age.

•

Finally, it is worth to note the interbedding of rests of successive monuments within terrestrial and lacustrine deposits.
This indicate a relative continuity of the ritual utilisation of the area at the interface between lacustrine and terrestrial
domains, despite interruptions provoked by major lake-level rises and associated flooding in response to periods of
climatic deterioration. All these suggest a significant role played over hundreds years by the collective memory in the
perpetuation of the ceremonial and funeral vocation of the site.
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8.2
Flood-event reconstruction and land-use history in Alpine Lake
Grosssee (Flumserberg, Switzerland)
Nicole C. Glaus1, Hendrik Vogel1 and Flavio S. Anselmetti1
1

Oeschger Centre for Climate Change Research and Institute of Geological Sciences, University of Bern,
Baltzerstrasse 1+3, CH-3012 Bern (nicole.glaus@students.unibe.ch)

Flood-events are amongst the most frequent and destructive natural hazards. As it is still highly uncertain how the
occurrence of floods especially in mountain regions, will change in our era of climate change, it is essential to study
controls and occurrences of such past events over long time scales. In this study, the lake sediments of Lake Grosssee
(Flumserberg, Switzerland) are targeted to provide a several thousand years long record of flood-events. Grosssee is an
Alpine lake at an elevation of 1617 m a.s.l. The lake has a surface area of 0.05 km2 and a maximum water depth of 11.5
m. The lake catchment of 2.2 km2 lies in the Helvetic Alpine nappes and consists partly of the Permian volcanoclastic
Verrucano and the Triassic Quarten formations, which together provide the characteristic reddish colour of many parts of
the catchment. During a flood event, these sediments are mobilized from the catchment and carried into the lake where
they are expected to build distinct reddish flood layers providing thus ideal conditions for a flood-event reconstruction.
In February 2017, five short sediment cores with lengths between 70 and 100 cm have been recovered from the lake basin.
In a second field campaign in June 2017, a long sediment core has been retrieved allowing to establish a composite
section of 773 cm containing 3 major lithostratigraphic units. The uppermost 4 meters generally show dark, organic matterrich and partly laminated sediments intercalated by reddish beds that are primarily composed of detrital siliciclastics and
show normal gradation from sand to clay (Unit I). The dark sediment sections are interpreted as hemi-pelagic background
sediments. The reddish siliciclastics beds are interpreted as turbidites deposited during flood-events. At least 30 flood-event
layers ranging from 1-15 cm in thickness have been identified in this unit, the upper ones coinciding with some documented
flood events of the area. In the next lithostratigraphic unit II, from 3.9 m to 5.7 m, homogenous, blackish sediments with
fewer turbidites are present. At 5.7 m, a significant change from the overlaying organic matter-rich, dark sediments to
predominantly clastic, greyish sediments occurs (Unit III). The unity Unit II / Unit III boundary is interpreted as the Late
Glacial/Holocene transition. The greyish to beige bedding of the Late Glacial sediments also shows intercalation with
reddish turbidite beds. A 5 cm-thick layer of small gravel marks the bottom of this lithostratigraphic unit forming the base of
the composite section.
This sediment record will help to improve the understanding of triggers, magnitudes and frequency of flood-events recorded
in Lake Grosssee in the past 10’000 years. The aim is to gain insights not only in the local flood frequency but also the
flood intensity. In order to distinguish between a human-induced change in sediment availability and erodibility in the
catchment due to grazing or ski-slope activities and a climate signal recorded in the lake sediments, an estimation of
erodibility and its change over time is necessary. Volumetric and possibly palynologic analysis of the sediments are
expected to provide the required information.
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8.3
Paleo-humidity reconstruction around Lake Van (Turkey) between MIS 5
to 7 based on alkenones assemblages and δD measurements
Typhaine Guillemot1, Mona Stockhecke2,3 Achim Bechtel4 & Carsten Schubert1
1
2
3
4

Swiss Federal Institute of Aquatic Science, Eawag, Kastanienbaum, Switzerland. (typhaine.guillemot@eawag.ch)
Swiss Federal Institute of Aquatic Science, Eawag, Dübendorf, Switzerland.
Large Lakes Observatory, University of Minnesota Duluth, Duluth, USA.
Montan University, Chair in Petroleum geology, Leoben, Austria.

Long chain alkenones are biosynthesized by haptophyte algae and generally use as a biomarker to reconstruct paleotemperatures in marine and lacustrine environments (Brassell et al., 1986). Coupled with hydrogen isotope measurements,
they provide information on salinity changes in the water column (Schouten et al., 2006).
Eastern Mediterranean paleoclimatic reconstructions during glacial/interglacial cycles are scarce and their resolution rather
poor. Due to its key climatic position and morphometry, Lake Van (38.5°N, 43°E) was chosen in 2010 as the site of an
International Continental Scientific Drilling (Litt et al., 2014). Located close to the border of Iran in Turkey, it is situated at
the crossroad of the atmospheric south-western jet stream and the northern branch of the subtropical high-pressure belt.
With a volume of 607 km3, Lake Van is considered the fourth largest terminal lake and the largest soda lake of the world
(pHwater of 9.8 and salinity of 22 g/kg). Before 500 ka, a tectonic event isolated the until then endorheic lake. Hence, its
water level reflects the local precipitations to evaporation ratio (p/e ratio), offering a unique opportunity for reconstructing
rainwater availability.
A long sediment record was retrieved in 350 m water depth at Ahlat Ridge (AR; 38°40’N; 42°40’E), spanning the last 600
kyrs or 15 Marine Isotopic Stages (MIS; Stockhecke et al., 2014).
Previous studies inventorying alkenone assemblages were already realized on Lake Van sediments (Randlett et al., 2014).
Unfortunately, the important diversity of haptophyte species avoids a reliable reconstruction of paleo-temperatures and
humidity, using classical protocols for isolating alkenones. Indeed, quantifications and hydrogen isotope measurements on
these biomarkers can be difficult and error prone when they are present in trace amount or co-eluting with other
compounds.
We therefore developed an efficient procedure to identify each individual alkenone, changing and combining previous
protocols (D’Andrea et al., 2007; Rontani et al., 2011; Longo et al., 2013). This procedure allows us to identify and quantify
clearly each alkenone compounds in order to reconstruct with more reliability paleo-temperatures and humidity around Lake
Van.

Figure 1 : Alkenone assemblage in Lake Van sediments
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8.4
Investigating Fe-phases as potential recorders of past environmental
changes
Luis Ordóñez*, Daniel Ariztegui*, Massimo Chiaradia*, Hendrik Vogel**, Martin Melles3, James M. Russell4, Satria
Bijaksana5 & the TDP scientific team
Department of Earth Sciences, University of Geneva, 1205 Geneva, Switzerland (luis.ordonez@unige.ch)
** Institute of Geological Sciences and Oeschger Centre for Climate Change Research, University of Bern, 3012 Bern,
Switzerland
3
Institute of Mineralogy and Geology, University of Cologne, 50674 Köln, Germany
4
Department of Geological Sciences, Brown University, Providence, RI 02912
5
Faculty of Mining and Petroleum Engineering, Institut Teknologi Bandung, Bandung 40132, Indonesia
1

Lake Towuti (East-Sulawesi Ophiolite belt, island of Sulawesi, Indonesia) provides an excellent archive, from orbital to
millennial time-scales, for hydroclimate changes during the Quaternary, allowing the reconstruction of environmental and
climate dynamics in the western equatorial Pacific region (Russell et al., 2014). Run-off waters drain the strongly weathered
ultramafic catchment and anomalously enrich the basin with iron and other redox sensitive elements. Today, the lake is
ultra-oligotrophic, S-depleted, and has anoxic bottom waters. However, previous studies focusing on the last 60 kyr
sediments reveal water column mixing during dry periods, leading to the deposition of higher amounts of Fe(III)-phases
(Costa et al., 2015).
Iron is a redox sensitive element widely used to track redox conditions at the moment of sediment deposition. Therefore,
iron speciation has been explored through different analytical methods with the aim of characterizing past environmental
changes. In this study, we test iron speciation obtained by sequential extraction of sediments of the ferruginous Lake
Towuti, following the method of Poulton and Canfield (2005). Although the modal distribution of Fe-phases provides a good
indication of oxic and reduced stratigraphic horizons, it does not necessarily indicate the redox conditions in the water
column. Fast sedimentation rates and post-depositional processes like diagenesis and microbial respiration could
respectively mask or replace authigenic phases which usually would record water oxygenation levels.
Positive δ56Fe values of magnetite and Fe-oxyhydroxides usually reflect water bodies-redox conditions since they can
precipitate at the chemocline by the oxidation of aqueous Fe2+ during stratified lake episodes (Busigny et al., 2014).
However, also magnetite constitutes, like siderite, an end product of microbial respiration under reducing conditions
(Zachara et al., 2002)sediments, and groundwater. Two-line ferrihydrite is a bioavailable Fe(III. We performed Fe-isotopes
analyses in a selection of Fe-phases (siderite, magnetite, Fe-oxihydroxides and Fe-oxides) of endmember samples. The
negative δ56Fe values of magnetites (-0.5‰) suggest microbial processes in oxic horizons whereas in extremely reducing
horizons magnetite has δ56Fe values near the detrital isotope background (0 ‰) and elevated Ti-contents suggesting a
detrital origin. Siderite Fe isotope data behaves antithetically, indicating a duality between magnetite and siderite. Reducing
horizons have negative δ56Fe values (-0.5‰) suggesting higher Fe-reduction rates probably due to the high contents of
organic matter available for microbial respiration.
With this study we aim to provide important insight into climatically/environmentally induced processes and mechanisms
capable of producing characteristic Fe-isotope footprints in sedimentary records and determine how Fe-fractionation relates
to the dominant redox reactions taking place in this particular environment.
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8.5
Klimageschichte der späten Würm-Eiszeit im hinteren Prättigau – Funde
von fossilen Hölzern aus den Baugruben der A28a Prättigauerstrasse
zwischen Küblis und Serneus 1980 bis 2009,14C-Datierungen und
Holzartbestimmungen
Peter Zwahlen
BTG Büro für Technische Geologie AG, Grossfeldstrasse 74, Postfach 78, CH-7320 Sargans

Zum Neubau der A28a Prättigauerstrasse zwischen Küblis Dalfazza und Serneus Bad (Kanton Graubünden, Schweiz)
wurden zwischen 1982 und 1992 im Auftrag des Tiefbauamtes Graubünden geologische Sondierungen, u. A.
Kernbohrungen und seismische Profile, und ab 2002 bis 2010 die entsprechenden Vortriebsarbeiten ausgeführt (BTGBerichte Kap. 10.3). In vielen Baugruben und Lockergesteinsstrecken der Tunnelvortriebe entlang des ganzen
Projektabschnittes wurden immer wieder fossile Hölzer (7 m lange Arvenstämme, Wurzelstöcke, Wurzeln, Äste,
vermodertes Holz und Rinde) ausgegraben oder angebohrt. 17 Proben davon wurden an Alterslabors 14C-datiert, an 7
Proben davon zudem die Baumart bestimmt.
Untersuchungsresultate: Die Altersdatierungen decken einen Altersbereich von Bölling (um 14‘500 cal.J.BP) bis
Atlantikum (6‘600 bis 7‘800 cal.J.BP) ab. Dabei waren die ältesten (alle Bölling) Ast- und Wurzelstücke wenige Meter über
der Felsoberfläche in der Grundmoräne des Kübliser Stadiums eingelagert und bestanden nachgewiesenermassen
ausschliesslich aus Wacholder- (Juniperus 3 von 4 Proben) und Weidengehölzen (1 fleischroter Ast). Dies waren Funde
aus der östlichen (oberen) Lockergesteinsstrecke des Saasertunnels. Auf der Obermoräne der Stadien von Serneus und
Küblis lagerten die grossen Stämme und Wurzelstöcke von mind. 50 Jahre alten Arven (pinus cembra, Präboreal, 2
Stämme) und Föhren (pinus mugo oder sylvestris, Präboreal, 2 Stämme mit Stockansatz). Entlang der Basis des Saaser
Rutsches, wenig über den Obermoränen, wurden nicht weiter identifizierte Aststücke und Holzfasern von vermutlich
Koniferen und Weiden oder Erlen aus dem Präboreal bis Boreal (11‘500 bis 9‘200 cal.J.BP, 6 Proben) erbohrt. Die jüngsten
Stämme, Ast- und Rindenstücke (3 Proben, Fichte, picea abies, Atlantikum) lagerten bei Küblis Dalfazza in und seitlich zu
einem mächtigen Murgangkegel aus dem Schanielatobel, d.h. dem nördlichen Seitental aus St. Anthönien.
Interpretation: Kurz nach der massiven Klimaerwärmung Älteste Dryas/Bölling (GS-2/GI-1 oder DO1-event, Rasmussen et
al. 2014) schmolz die Eiszunge des Landquartgletschers im Bölling (Spätwürm) so weit in den Talabschnitt Saas-Serneus
zurück, dass sich in den tieferen Talflanken eine Wacholder-Weiden-Buschvegetation etablieren konnte. Im Talboden
breitete sich vermutlich gleichzeitig eine mehr oder weniger mächtige Eiszunge aus, jedenfalls wurden die Buschgehölze
durch temporäre Wiedervorstösse in die Grund- und Seitenmoränen eingewalzt. Die Verteilung von asymmetrischen
Bergsturzablagerungen bei Serneus spricht ebenfalls für die Existenz einer verbleibenden Eiszunge im Talgrund. Auf
entsprechenden Bergsturzfächern und/oder Randmoränen wuchsen im Präboreal hochstämmige Arven und Föhren. Diese
lichten Pionierwälder wurden unter spätestglazialen Klimarückschlägen bzw. den Egesen-Vorstössen (Präboreal) aus den
höheren Talflanken niedergewalzt oder überschottert aber wie die Stockansätze und Stammlängen zeigen, wohl nie weit
verschleppt. Kurz darauf, noch im Präboreal, destabilisierten sich die Talhänge innerhalb des Prättigau-Flysches (Saaser
Rutsch im NE, Conterser Rutsch im SW) vermutlich unter dem Porenwasserdruck von zunehmend abschmelzendem
Permafrost. Die Grundgleitung des Saaser Rutsches war dabei noch bis ins Boreal aktiv und überwälzte fortwährend die
aufwachsenden Buschwälder, wie sie typisch sind für aktive Rutschgebiete. Die Grossrutsche beider Talflanken gleiten
heute noch, aber in um 10 m bis 100 m höheren Niveaus. Beim Murgangereignis aus dem Schanielatobel bei Küblis
handelt es sich um ein, evtl. auch mehrere, unabhängige Niedergänge im feucht-warmen Älteren Atlantikum d.h. wohl unter
dem Einfluss der starken Klimaschwankungen innerhalb des „Neolithischen Optimums“.
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P 8.1
Constraining the timing of deep-water ventilation changes and the
marine reservoir effect in the Southern Ocean between 40-10 kyr BP: A
tephrochronological and radiocarbon approach
Peter Abbott1,2, Samuel Jaccard1, Steve Barker2, Julia Gottschalk1
Institute of Geological Sciences and Oeschger Center for Climate Change Research, University of Bern,
Baltzerstrasse 1-3, Bern 3012, Switzerland (peter.abbott@geo.unibe.ch)
2
School of Earth and Ocean Sciences, Cardiff University, Park Place, CF10 3AT, Cardiff, UK
1

Establishing tighter constraints on phase relationships between sedimentary evidence for deep-water ventilation of carbon
dioxide (CO2), and ice-core evidence for past atmospheric CO2 variations can help in determining the future response of the
Earth system to rising CO2 levels. The rate and timing of deep-water ventilation can be determined through paired 14C
dating of planktonic and benthic foraminifera in marine sequences, however, uncertainty still exists regarding the temporally
variable marine reservoir effect, the age offset between the atmosphere and surface waters. Providing independent age
control for marine sequences and/or directly synchronising the marine and ice-core records can provide constraints on the
reservoir effect and aid comparisons between these records. This can be achieved using tephrochronology, with common
horizons of volcanic ash traced between palaeoclimatic sequences acting as time-synchronous tie-lines due to their rapid
deposition. This allows ages unaffected by the reservoir effect (e.g. terrestrial 14C, Ar/Ar, ice-core) to be transferred into the
marine chronologies.
We are applying this approach within the Atlantic sector of the Southern Ocean, a key area for the release of CO2 via deepwater ventilation during the deglaciation that has several upwind volcanic systems known to have deposited volcanic ash
over the region. Two marine cores with pre-existing ventilation age estimates (MD07-3076Q and TN057-21) are currently
under investigation using recently developed methods for the identification of marine cryptotephras, ash horizons not visible
upon core inspection. Following their identification attempts will be made to trace them within the Antarctic ice-core records
and/or proximal sequences to provide independent age control. Focused 14C dating of planktonic foraminifera around any
tephra horizons will help constrain the marine reservoir effect and in addition dating of benthic foraminifera will provide new
ventilation age estimates that are independent of reservoir age uncertainties, which have previously complicated ventilation
age reconstructions.
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The meridional overturning circulation of the ocean plays a key role in global climate variability by storing and redistributing
heat, fresh water, carbon and nutrients. In the North Atlantic surface water sinks to the abyss, but a major part of this cycle
is the return path from the ocean’s interior through upwelling in the Southern Ocean. This upwelling is largely regulated by
the latitudinal position of the Southern westerly winds associated with the deep-reaching Antarctic Circumpolar Current
(ACC) (Rintoul et al. 2001).
Observations in the last few decades show progressively poleward intensifying winds and climate models suggest a
possibly related increase in ACC transport and southward shifting of its mean position and increased upwelling. However, a
number of recent numerical studies have shown that the sensitivity of the large-scale circulation in the Southern Ocean may
be reduced by eddy-effects (Böning et al 2008).
As there remains significant uncertainty regarding the degree of sensitivity of the Southern Ocean circulation to wind stress
and the response of the Antarctic circumpolar transport, our aim is to investigate the temporal and latitudinal evolution of
the ACC dynamics over the last glacial cycle.
Previous studies suggested a stronger ACC during glacials in the Indian Ocean (Mazaud et al. 2010), but more recent
studies in the Drake Passage and Scotia Sea indicate less throughflow during glacials and lateral differences in current
speeds (McCave et al. 2014, Lamy et al. 2012). Here we present the sortable silt mean-size of a series of cores across the
ACC in the SW Indian Ocean, the mean-size of the re-deposited silt fraction being proportional to the near-bottom flow
velocity.
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Around the globe, macroscopic polygonal structures are commonly found in the intertidal zone of sabkhas and other
evaporitic environments. However, it is unclear whether their formation is purely abiotic (i.e., caused by desiccation) or due
to a microbial process. Proving the biogenicity and the fossilization potential of these structures is relevant not only for the
study of early life on Earth, but also for the search of signs of life on Mars. On Mars, exploration is currently being done by
rovers equipped with cameras that do not have the resolution for identifying single microfossils, but could easily spot a cmsize morphological biosignature.
Here, we studied the occurrence and mechanism of formation of polygonal structures in two sabkhas of Qatar (i.e., the
Dohat Faishakh and the Khor al Adaid), as well as an outcrop in the area of Al-Ruwais, Qatar that includes putative fossil
equivalents of the modern polygons. We described the macro- and microscopic sedimentological structures and
petrography of the polygons, determined growth rates using radiocarbon dating, investigated the mineralogical composition
by XRD and conducted stable isotope analyses. We have subsequently evaluated the preservation potential of these
features by demonstrating that the fossilized polygonal structures found at Al-Ruwais are lithified remnants of the same
structures found in the intertidal zone of the modern sabkhas. This was assessed by comparison with the modern features,
changes in mineralogy and shifts in stable isotope composition.
We conclude that the studied polygons are not simply the result of desiccation, but rather a microbially-influenced structure
that formed by trapping of detrital particles (mainly carbonate and quartz sand) within extracellular polymeric substances
and lithification through precipitation of a micrite made of High-Mg calcite, dolomite, and authigenic clay minerals of various
compositions. The overall geometry of the structure is mainly determined by the presence of a microbial mat that has an
average growth rate of 1.05 to 1.29 mm/year. Although our investigations of the fossil polygons show that no microfossils or
visible biomass are preserved after 2800 years of diagenesis, the micrite stabilizes the polygonal structures, which can
potentially be preserved in the geological record –on Earth and on Mars– providing evidence of past microbial life.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

P 8.4
Going beyond the YD - The difficulty of dating early Lateglacial stadials
in central Switzerland
Max Boxleitner1, Max Maisch1, Dagmar Brandova1, Markus Egli1, Susan Ivy Ochs2, Marcus Christl2
1
2

Geographisches Insititut, Universität Zürich, Winterthurerstrasse 190, CH-8050 Zürich
Labor für Ionenstrahlphysik, ETH Zürich, Otto-Stern-Weg 5, CH-8093 Zürich

The glacier development in the Alps after the Last Glacial Maximum has been of interest for researchers in the field of
Quaternary geology and climatology for more than a century. But still our understanding of the overall ice retreat from the
alpine foreland into the valleys and cirques is fragmentary. Series of end moraines show that the deglaciation happened
stepwise: The remnants outlining former glacier extents bear witness to climate-driven halts or re-advances called stadials.
A first subdivision of the Alpine Lateglacial into stadials was established by Penck & Brückner (1909). Since then this
concept was repeatedly widened and modified. At present it includes the phase of ice-decay, the Gschnitz, the Clavadel/
Senders, the Daun and the Egesen (e.g. Heiri et al., 2014 and references therein).
Especially due to new results from surface exposure dating our knowledge about the timing of these stadials has markedly
increased during the last decades. Studies from all-over the Alps show that the, in many places multi-phased, Egesen readvances can be assigned to the Younger Dryas (12,8 - 11,7 ky). However, for the older stadials, in particular for the Daun
and Clavadel, age constraints are still rare (Ivy‐Ochs et al., 2008).
In our studies of the Lateglacial landscape evolution and glacier development in the Meiental and Göscheneralp in central
Switzerland we could show that moraines that were formerly attributed to the Daun (based on morpho-stratigraphy and
glacier equilibrium line depressions (ΔELA)) were most likely deposited during the Younger Dryas (Boxleitner et al., 2017).
While this questions the equilibrium line approach and/or the definition of the Daun-stadial (see also: Reitner et al., 2016), it
does not question the existence of significantly older moraines in the area.
Geomorphologic witnesses of glacier stages preceding the Younger Dryas can be found further down the Reuss-valley to
which both the Meiental and the Göscheneralp at that time contributed as ice streams. With the aim of going beyond the
Younger Dryas we took 9 rock samples from different key locations along the main valley for 10Be-surface exposure dating
and retrieved an additional peat core.
With our new results we hope to be able to improve our knowledge of this time period despite the role that human activity
and the ravages of time, i.e. natural depositional and erosional processes in the area, play for the preservation of glacial
landforms selected for dating.
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It is widely recognized that our species is causing irreversible ecological impacts through intensive land use and primary
resources exploitation. Although these activities are deemed necessary to feed the increasing human population, major
attention is drawn to the consequences of such activities in terms of climate change and biodiversity loss. Reconstructing
past human activities can help retrieving information on the environmental responses to different rates and degrees of
change. These responses are likely to be reflected in the present and in future scenarios.
Small islands, where resources are scarce and space is by definition limited, are paradigmatic cases of anthropogenic
impact on ecosystems. First successful settlements in Remote Oceanic Islands came along with major landscape
modifications (e.g. land clearance, introduction of allochthonous species) which allowed long-term demographic success by
the establishment of extensive agriculture. However, not all the pacific islands testified a successful human establishment.
Which factors led to the failure or the establishment of a sustainable human-ecosystems interaction remains an open
question. Through the multi-proxy analysis of lakes and swamps sediment cores, we can trace past human arrival and
identify consequent landscape modifications in the Pacific archipelago of Vanuatu. We use an integrated approach,
combining geochemical tools based on biomarkers (fossil molecules of known origin) with traditional sedimentological,
archaeological, and paleoecological methods.
Variations in coprostanol (faecal biomarker) and bile acid are used to trace the arrival of humans and subsequent evolution
of population size.
Here we present the preliminary results from the data collected during the last field campaign in the archipelago of Vanuatu
(June-August 2017).
Tracing past anthropogenic impacts on these islands not only can provide information on the environmental changes that
occurred with human arrival, but can also contribute to identify key factors related to the ecological resilience and the
adaptive capacity of socio-ecological systems in changing environments.
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In the present study a multiproxy approach including sedimentological, mineralogical and geochemical analyses was carried
out on two cores sampled in a lake in Maharastra, central south India.
The aim is to provide a reconstruction of the recent history of the small reservoir lake. First, the sedimentary record was
analyzed, in order to correlate the weathering of the catchment and the detrital supply due to climate variations, seasonal or
over a larger scale. Secondly, the anthropogenic influence on the sedimentary regime of the lake was evaluated.
The Naleshwar Lake is located on a basement composed of metamorphic sedimentary rocks. Forest and some small
villages surround the area and the local people main livelihood consists in animal breeding, fishing and agriculture
activities. The semi-arid climate affected annually by the monsoon cause important yearly water level fluctuations with a
consistent variation of the surface covered by the lake. In 1914 a dam was built in order to constitute a reservoir, control the
water level and extract it for irrigation. When the lake level drops during the dry season, the exposed lakeside portions rich
in nutrients are used for cultivation. Pesticides and fertilizers are spread on the soil and this, combined with the other
human activities, may infer a signature in the lake sediments.
The monsoon plays a very important role for the existence of lakes in the region. Some studies illustrate how lake
sediments can record the Holocene climate variations linked to the monsoonal system. Our project takes into consideration
a much shorter period of time, nevertheless, variations related to the climate seasonality could still be observed.
The analyses were focused on two one-meter cores sampled with a gravity corer in the deepest part of the lake (4.9 meters
depth). The cores were analyzed with a resolution of one centimeter and 0.5 centimeters in the upper 20 centimeters of the
cores. A comparison with soil profiles and rock samples collected around the lake was carried out, in order to better
understand the record of the lacustrine sediments. Thus, a precise chronostratigraphy was carried out for the first time on
central India lakes using the method of 137Cs activity within the sediments.
The 137Cs dating showed that studied sediments approximately cover the last seventy years, with sedimentation rates of 1.7
cm/year. The data revealed very fine sediments with cyclical variations between a silty and clayey deposit, which could be
mainly related to climate and seasonal variation (magnetic susceptibility, granulometry, mineral fraction (%)). In the upper
part a positive excursion of clay minerals, iron and phosphorus is observed. Suggesting that some change in sedimentation
or supplies is registered for this level, which could be natural or human induced.
The increase of phosphorus in the upper part of the core reflects an eutrophication of the basin, resulting in an increment of
primary productivity in the lake. Both TOC (%) and Ntot increase towards the top of the core, this combined with a higher HI
shows an enhancement of the algae proliferation in the basin. Moreover, the organic carbon isotope record also shows a
slight increase in the last part of the record, confirming the increase in productivity and the subsequent depletion of lighter
carbon isotope in the basin. The data mainly revealed an allochtonous source of organic matter to the lake. The HI and OI
records showed a vascular plant origin or a very degraded organic matter. However, the TOC/Ntot ratio showed an OM
signature of lacustrine origin. This can be explained with the results of the soil profiles around the lake, which show similar
values. Intense bacterial activity within the soil and subsequent leaching during the rainy season represent in fact a good
explanation.
Additionally, a uranium rich layer corresponding to the increase of primary productivity suggests the setting of anoxic/
suboxic conditions in the lake basin. This observation is coherent with the resulting depletion of phosphorus towards the top
of the core. Unfortunately no pyrite framboids were observed at SEM. Finally, the main weathering product of the catchment
is kaolinite. This clay mineral is very common in warm and humid regions and is often a product of quartzitic rocks. The
clay minerals as well as the CIA (around 85%) remain constant all over the record.
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To conclude, the recorded eutrophication could result from human activity and the surrounding cultivated fields. But except
this, the sedimentological record seems to be related to natural variations as climate. Nevertheless, the sedimentary record
shows a decrease of the organic carbon isotopic composition from bottom to top of the cores. This could be the result of
the global and human induced environmental change.
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The evolution of landscape change during the Quaternary time epoch merits particular importance in modelling the longterm safety of the deep geological repositories for nuclear waste disposal in the northern Alpine Foreland (NAGRA, 2014).
In this context, the timing of the deposition and incision of glaciofluvial gravels, that form high elevated terraces and
plateaus in the northern Swiss Foreland – the so called Swiss Deckenschotter (amongst others) - is of special interest.
They signify the onset and persistence of glacial or glacially related landscape forming processes since the Pliocene/
Pleistocene boundary. Knowing the depositional ages of these spatially extensive paleosurfaces and the subsequent
incision of them is crucial in order to establish incision and erosion scenarios, river drainage patterns and related base-level
reconstructions.
Working with cosmogenic nuclides in a isochron burial dating approach (Balco and Rovey, 2008) has shown to be feasible
also for glaciofluvial gravels with low nuclide inventories (e.g. Akçar et al., in press). The differential decay of a nuclide pair
in a mineral target (here: 26Al and 10Be in quartz) is used to determine the depositional age of the sediment. Whereas
determination of the 10Be content in sediment is a common task, extraction and measurement of 26Al has still been a
challenge. The low inheritance of glaciofluvial sediments and a subsequent long burial time result in low 26Al concentrations
and therefore a low 27Al background is required. Accordingly, careful cleaning of the samples is needed. Samples with a
sufficiently low total Al content were further processed for the analysis of cosmogenic 10Be and 26Al.
In this study, we aim to reconstruct the chronology of the Deckenschotter units along a transect in space and time at two
locations: the gravel pit Tromsberg in Kirchdorf (AG) which represents the Higher Deckenschotter (HDS) of the Dürn-Gländ
region and a nearby gravel pit at Bärengraben in Würenlingen (AG) being the Lower Deckenschotter (TDS) of the Iberig
region. Previous age estimates for HDS suggest an age range of 1.5 ±0.2 Myr based on isochron burial dating at the
nearby site Siglistorf (Akcar et al. 2017) and 1.8 to 2.5 Myr based on mammalian faunal assemblages (MN17) at site Irchel
(Bolliger et al. 1996). At both sites, pebbles from various lithologies, sand lenses and amalgated vein-quarz clasts were
sampled at the base of 10-15 m high former gravel pits.
Additionally, a gravel pit in Beringen (SH) representative for the Klettgau valley filling (Hochterrasse HT) was chosen to
cross-calibrate with recently established luminescence chronologies (Lowick et al., 2015) which question a previously
established age estimates based on the interpretation of sedimentary facies and lithostratigraphy (Graf, 2009).Thus, an
independent age estimate is desirable. Here, sands and pebbles at the base of the active, 40 m deep gravel pit were
collected assuming that shielding was nearly complete and postburial production is negligible.
With the strategy of sampling diverse lithologies and grain sizes, it is attempted to have samples with different pre-burial
histories but the same burial and post-burial histories. Different pre-burial histories should enable us to calculate an
isochron burial age for the sampled bed.
Low cosmogenic nuclide concentrations require a low total Al background in the samples. Modelling experiments yielded
specifically different Al-limits for the assumed age of 2 Myr for HDS, 1 Myr for TDS and 0.3 Myr for HT.
We will present some initial field and preliminary analytical data from these studies.
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Agriculturally induced soil erosion has a strong influence on the global carbon cycle, however, the historical evolution of its
extent and rate is poorly known. This study seeks to address this issue by investigating lacustrine sediments from Lake
Lavijärvi (Russia Karelia) to reconstruct past soil loss and soil degradation in the catchment, with a focus on soil carbon
dynamics.
The region of Sortavala in the Russian Republic of Karelia has witnessed severe changes in land-use in the last century.
During World War II, intensive field cultivation with regular plowing occurred in the catchment of Lake Lavijärvi, initiating soil
erosion and consequently lake eutrophication. In the post-war period, the arable fields were mostly converted to pastures
as the land was ceded to the Soviet Union by Finland. Shifts in pollen and diatom assemblages revealed that the lake
became eutrophic in the 1920s-30s, with the mechanization of agriculture, and oligotrophic again following the relaxation of
human pressure in the post-war-period.
In this study we test whether rapid changes in intensities of human land-use, such as the transition from ploughing to
grazing, can be detected on a molecular level by analyzing the distribution of leaf wax biomarkers, such as n-alkanes and
n-carboxylic acids, in lacustrine sediments. Investigations of the soil derived plant waxes in the sediments allow us to
evaluate the influence of different agricultural practices on soil degradation. In this regard, compound-specific radiocarbon
dating of the fossil molecules, will be key to trace changes in the organic carbon pool.
We will present preliminary results of the n-alkane and n-carboxylic acid homologue patterns in comparison with the
grainsize distribution, magnetic susceptibility, concentration of detrital elements (i.e. Ti, Fe, Mn) as well as the CaCO3,
biogenic Silica, total organic carbon (TOC), and total nitrogen (TN) content.
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Active convergence between the Arabian and Eurasian Plates formed mountainous regions in NW-Iran. The role of active
tectonics, climate and lithology in modulating this landscape had not been explored. We measured 10Be concentration in
river sands of the Ghezel-Ozan catchment to determine catchment-averaged erosion rates and to test the hypothesis that
active tectonics and exhumation of crystalline basement rocks led to transience in the landscape. The Ghezel-Ozan basin
is one of the largest catchment of NW-Iran. It receives annually ~400 mm precipitation. The upper, middle and lower parts
of the basin drain three tectonostratigraphic zones: the Sanandaj-Sirjan Zone with crystalline rocks and low relief in the
upstream, Central Iran with mostly sedimentary rocks and moderate relief in the middle stream and West Alborz with mixed
sedimentary and crystaline rocks and high relief in the lower stream. Historical and instrumental seismicity indicates fault
activity in both Central Iran and West Alborz zones.
We analyzed the hillslope and channel metrics using digital elevation models and explored their relationship with the
millennial-scale erosion rates. The upper catchment (Sanandaj-Sirjan zone) with a smooth topography and gentle slope
yields a low erosion rate (0.27 mm/yr) whereas the middle (Central Iran) and lower (West Alborz) parts of the catchment
with moderate to high topography, steeper slope and active fault systems show high erosion rates (ca. 0.54 mm/yr). This
difference indicates that active tectonics in Central Iran and West Alborz affect erosion rates under semi arid climatic
conditions.
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3
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Changes in sediment input are caused by several factors which include geologic hazards (landslides caused by
earthquakes and volcanic eruptions), climate (changes in rainfall patterns) and anthropogenic activities. Often, sediment
input variations are dificult to tease out when climate changes and human activities are both simultaneously involved.
In New Zealand, the arrival of Polynesians around 800 years ago brought tremendous alterations in the landscape,
including clearing of forests by burning and cultivations. These environmental changes have been well documented in the
Southern Island, whereas only few studies exist for the Nothern Island. A key remaining question is, in which islands did the
Polynesians first setlle?
Here we present initial results of the downcore variations of plant wax biomarkers (n-alkanes), coupled with elemental
counts of Ti, Al and Zr in Lake Pupuke to study sediment input before and after the arrival of Polynesians in the North
Island of New Zealand. The final results will help us to further define the timing of the arrival of Polynesians in New Zealand
as well as possible implications of concurrent climatic changes.
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The Anthropocene has seen unprecedented environmental change and fundamental ecosystem services are increasingly at
stake. Anthropogenically altered biogeochemical cycles, combined with climate change have resulted in adverse ecosystem
impacts, increased productivity and anoxia in freshwater systems (Chapman, 1998; Hecky, 2010). However, little is known
about lake eutrophication and episodes of hypoxia and meromixis in the past, because this is difficult to measure
analytically. With this project, we intend to extend applications of the recently developed lake sediments HSI-VNIR
methodology by our group. The aim is to investigate the folowing research questions: How did meromixis/hypoxia develop
in small eutrophic lakes over Holocene/Late Glacial time scales? Which were the forcing factors (climate, land use,
vegetation cover) and what was the influence of human impact?
A sound scientific assessment of such changes must rely on on a long-term perspective and high-resolution data.
Hyperspectral Imaging (HSI) is a novel method to detect diagnostic sedimentary pigments at ultra-high resolution. These
provide quantitative information about paleoproductivity, past mixing regimes and anoxia in lakes over long (i. e. Holocene)
time scales (Butz et al, 2015, 2017). Hyperspectral imaging refers to measurement of reflected light at very high spectral (3
nm) and spatial (40 µm pixel size) resolution. The reflectance spectrum depends on the absorption properties of organic
and inorganic species under the sensor field, and can be used to characterize the sediment composition (e.g. sedimentary
pigments). Hence, Hyperspectral Imaging spectroscopy has a great potential for ultra-high resolution biogeochemical
analysis of lake sediments (sedimentary pigments).
We are currently focusing on small eutrophic lakes on the Swiss Plateau, Lakes Moossee and Burgäschisee with biogenic
varves. Further work is planned in biochemically varved lakes in the Mesurian Lakeland, NE Poland (Lakes Żabińskie,
Łazduny and Jaczno). We use hyperpectral imaging proxies, quantitative Chl a and chlorins for aquatic productivity and
quantitative Bphe a for meromixis (Butz et al, 2016). Bphe a is a diagenetic product of Bacteriochlorophyll a (Bchl a),
produced by anoxygenic phototrophic bacteria. Pigment compositions are inferred from sets of spectral indices, such as the
Relative Absorption Band Depths (RABD). Indices are calibrated with absolute pigment concentrations of selected samples,
as measured by HPLC.
Lake Moossee contains a complete record of paleoproductivity and meromixis at annual resolution (varve years) for the
Holocene and Late-Glacial times (past 15,500 years). Preliminary results of hyperspectral data diagnostic for Bphe a
provide evidence for repeated meromixis events in the mid-Holocene. Pollen data of paleoecological studies on the same
site suggest that changes in meromixis were related to Neolithic and Early Bronze Age land use (deforestation and
reforestation after land abondonment).
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Reconstruction of deglaciation chronology and relative sea level change
in northern Norway using cosmogenic nuclides
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Fennoscandia has repeatedly been covered by ice sheets during the Quaternary. The last Scandinavian ice sheet (SIS)
reached its maximum volume and extent during the global Last Glacial Maximum (LGM) at around 21 ka and coalesced
with the Svalbard–Barents–Kara (SBKIS) and the British-Irish (BIIS) ice sheets (Hughes et al., 2016). The load of the
several km thick SIS depressed the Earth’s crust beneath the ice into the mantle, which slowly convected away from the
glacial loading. After the LGM, warming climate and raising eustatic sea level led to collapse of the marine sectors of the
SIS and deglaciation of terrestrial sectors. As a consequence of reduced glacial loading, the crust and mantle immediately
responded through mantle convection and isostatic uplift of the crust. The amount of isostatic depression and subsequent
uplift is directly proportional to glacial loading and hence ice thickness. Prime landforms and deposits related to the isostatic
uplift and fluctuations of the SIS during the Lateglacial can be observed in Finnmark, northern Norway.
Finnmark (~48,000 km2) represents an important sector of SIS, situated in the northernmost terrestrial part of
Fennoscandia, right at the border to Barents sea. The area is poorly mapped and only few studies exist. The most
important work was accomplished by Sollid et al. in the early 1970’s where they, based on mapping of ice marginal features
(moraines, raised deltas etc.) and raised shorelines (e.g., perched deltas, beaches and wavecut platforms), established a
framework for the last deglaciation and relative sea level change (Sollid et al.,1973). They defined seven principle
deglaciation stages roughly spanning when the ice margin first migrated from Barents sea onto Finnmark about 15 ka BP to
the Younger Dryas (YD). It should be stressed that this chronology is poorly constrained, based on only a few radiocarbon
dates and correlations to shorelines together with better dated stages in other parts of Norway. In addition, they mapped
shorelines, reflecting the maximal sea level stand at the time of local deglaciation at elevations of between 20 m to 70 m
above the current sea level. This maximum relative sea level stand is called the marine limit and increases from North
towards South corresponding to greater ice load towards central areas of Fennoscandia. Recently, Romundset et al. (2011)
used the “isolation basin method” to improve shoreline displacement reconstructions in key areas of Finnmark. One
intriguing find from this study is that the region exhibits significantly higher marine limit and lower gradient shorelines
compared to equivalent areas along the Norwegian coast. This can only be explained with the Finnmark coast being
influenced not only by the SIS but also by the glacial load of the SBKIS. A concept that is very little tested and difficult to
verify. It is thus clear that many outstanding questions on the last deglaciation and post-glacial sea level change remain.
In this study we aim at improving the deglaciation chronology and relative sea level change reconstructions across large
swaths of Finnmark. First, we establish a local deglaciation chronology since/because the highest sea level stand at any
given location (marine limit) is directly linked to local deglaciation. Second, we date raised shorelines at different elevations
to reconstruct relative sea level change. To reconstruct the chronology, we apply cosmogenic 10Be surface exposure and
depth-profile dating techniques. In addition, Quaternary landforms and deposits will be mapped in detail using the latest
remote sensing data (digital aerial photographs and LiDAR). During the first field campaign, in summer 2017, we sampled
25 erratic boulders on the crest line of moraines and raised shorelines. In addition, we took three depth profiles for
cosmogenic 10Be analysis: one from a raised ice marginal delta and two from raised beach ridges. We also collected five
clasts from the topmost surface of a raised beach ridge. The first results will be shown.
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Lake sediment archives are well studied around the globe and contribute greatly to our understanding of past environments
and climates. Yet, traditional sedimentological analyses are either limited to a 2D study of the sediment core surface, or
volumetric analysis, for which the sedimentological structure needs to be destroyed. To overcome these limitations, we
combined high-resolution 3D-microCT-scanning (µm-scale) of fresh lake sediment with XRF-scanning, micro-XRF mapping,
and traditional thin section analysis. MicroCT-scanning facilitates the observation of sedimentary structures at the mm-scale
in 3D prior to analysis, while high-resolution mapping in 2D aids characterisation of the observed structures once the fragile
sample is conserved in resin.
We present a study of sediments from Lake Towuti (2.75°S, 121.5°E), one of the oldest and deepest lakes in Indonesia.
Cores of the entire sediment infill have been recovered in the ICDP Towuti Drilling Project in 2015, including lacustrine
sediments covering several glacial-interglacial cycles. Located in the ultramafic East Sulawesi Ophiolite, the lake is highly
ferruginous but poor in sulphur and among the least productive tropical lakes on Earth (ultra-oligotrophic). In the cores, high
density contrasts between the clay-rich sediment matrix and postdepositional alteration products such as siderite (FeCO3)
and Millerite (NiS) provide an ideal setting for microCT analysis on characteristic sediment core sections. Geochemical
information from the embedded sections is provided by high-resolution XRF-scanning (200 µm spacing) and micro-XRF
mapping (50 µm spacing) of the samples.
MicroCT scans reveal µm-thick vertical voids filled with high density mineral precipitates related to post-depositional fluid
circulation, as well as coatings of high-density material (mainly siderite), around low-density centres. We also observe beds
of high-density minerals, which appear continuous in 2D, but prove to be separated structures in 3D space. The
combination of high-resolution imaging with XRF element scans allows a novel, very detailed 4D-view of sedimentary
structures that identifies processes involved in authigenic mineral formation and their relation to paleoenvironmental
changes in the lake and its catchment.
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The western part of the Makran subduction zone (Iran) has not experienced a great megathrust earthquake in recent
human history. Yet, the presence of uplifted marine terraces along the coast indicates that the margin is still tectonically
active during at least the Quaternary. To better assess the seismic hazard of the region, it is important to understand the
uplift rate variations in the overriding plate. This will enable estimation of the seismotectonic segmentation of the plate and
therefore highlight regions of potentially higher seismic risk.
Several attempts have been made to date the Makran marine terraces using 14C or Th/U, however most of the terraces
are older than the upper limit of 14C and the scarcity of coral constructions limits the use of Th/U. Since, layers of beach to
foreshore sediments are deposited on top of the wave-cut surfaces, optically stimulated luminescence (OSL) dating seems
a more appropriate method. We mapped the marine terraces along the 400km long Iranian Makran coast and prepared
fourteen samples for OSL dating. This contribution will present the preliminary results of this dating.
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Under anoxic conditions, uranium (U) is insoluble and can be accumulated in wetland sediments. Input of U into these
sediments may occur through leaching of external rocks or soils and subsequent transport by creeks or springs. Even if U
concentrations in the input water are only in the range of ppb, an accumulation over thousands of years can lead to
considerable concentrations in the receptive sediments. Such an accumulation of more than 200 ppm U has been detected
in a peat horizon of the ancient Lyssbach wetland northwest of Berne (Surbeck et al. 2015, Werthmüller et al. 2016). During
drainage of the wetland in the 19th century and puncturation of the impermeable layer below the peat, groundwater level
was significantly lowered, leading to a change in redox conditions from anoxic to oxidizing. As a result, oxidation of
accumulated insoluble U(IV) to its soluble form U(VI) was initiated. The peat horizon is now leached by infiltration of
oxygen-rich rainwater, resulting in high U concentrations in the drainage water of up to some 100 μg/l (Schmidt 2013).
As the origin of the U source remains unclear, two different scenarios have been proposed: i) leaching of U-rich quaternary
sediments derived from Permo-Carboniferous rocks in the Lower Valais, ii) leaching of U-rich fossils from the interface
between Lower Freshwater Molasse (USM) and Upper Marine Molasse (OMM). Despite the occurrence of several PermoCarboniferous erratic blocks with clearly enhanced gamma dose rates in the Lyssbach region, soil samples from above and
below the peat horizon do not show increased U concentrations. We therefore consider it very unlikely that quaternary
sediments have been the source for U accumulation in the peat. According to the geological map (Lyss, Nr. 76), there is no
outcrop of the USM/OMM interface close to the Lyssbach site. However, the interface is present farther north, near the
Limpach Valley, where increased U concentrations in a creek have been reported (Riedo 2016). Furthermore, enhanced U
concentrations were detected in a coal sample at a Molasse outcrop (probably late USM) southwest of the Lyssbach site.
This is in line with a clearly increased frequency of enhanced U concentrations in drinking water close to the USM/OMM
interface in Western Switzerland. However, the transition zone between USM and OSM is not always precisely
differentiated and U accumulation is rather found in the youngest USM marls than in the oldest OMM sandstones.
A situation well comparable to the Lyssbach site can be found at Mt. Vully, a hill between Lake Murten and Lake Neuchâtel,
where high U concentrations of some springs deriving from the USM/OMM interface with U-rich fossils are known (Schott
and Wiegand, 2003). The wetlands north of Mt. Vully are fed by these springs (fig. 1). Since gamma dose rates above
ground and U concentrations in drainage waters are clearly enhanced, the wetland seems to have accumulated significant
amounts of U under anoxic conditions, identically to the Lyssbach site.
We thus favour an USM/OMM interface with U-rich fossils as the source for enhanced U concentrations in Swiss plateau
wetlands.
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Figure 1. The Mt. Vully site with U concentrations in fossils, springs, creeks and drainage waters and gamma dose rates from ground
survey with a 2”x2” NaI-detector.
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Mangrove Forest Sedimentary Environments along Iranian Coasts of
The Persian Gulf (Bushehr to Naybad Bay)
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Mangrove ecosystems are coastal estuarine systems confined to the tropical and subtropical regions. In the Persian Gulf
mangroves have been principally affected by the large oil spill from the Persian Gulf War (1991) and even though they have
mostly recovered from this event, oil pollution still represents one of the main threats. Camel grazing has been reported as
another relevant threat, while shrimp aquaculture represents one of the emerging threats to this ecosystem. Then
investigation of mangrove forest is from view of pollution effects is necessary and sedimentological studies helps us to
detect this problem in mangrove forest. The mangrove forest of Iranian that located in Coasts of The Persian Gulf
(Boushehr to Naybad Bay), has suffered constant disturbances during the past 20 years, due to industrial wastewater
release. However, there are no published data for heavy metals present in its sediments and the relationship with
anthropogenic disturbance. The accumulation of Six heavy (Cu, Pb, Ni, Cr, Zn, Mn and Fe) metals in fine-grained
sediments from the mangrove fringed coast study area is evaluated. 18 sampling sites were chosen for collection of
sediments. The heavy metal concentrations were normalized to reference elements to facilitate comparison between
mangrove sitesIn conclusion, the overall average concentrations of above metals exceed the primary standard criteria but
meet the standard criteria. Besides mangrove forest area changes were investigate during 1973 to 2017. Results shows
heavy metal concentrations in sediment at most heavy metal elements in study area (except Nayband Bay) are lower than
standard and pollution had no effect on mangrove trees. mangrove forest area increased during 40 years and this proved
our results for heavy metal concentration in sediments of this regions.

Location of study area and Sediment Samples in The Persian Gulf
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At the Holocene time-scale, climate changes coupled with long-term exhumation processes, short-term seismic activity,
glacial inheritance and bed rock lithology drive the sediment production and transfer processes in Alpine environments.
However, in the context of the Anthropocene, the sediment delivery from Alpine watersheds to sedimentary sinks, often
perialpine lakes, is additionally controlled through direct and indirect human impacts. We can observe the results of all
these factors in the Lake Geneva basin, sediment sink of the Rhone and Dranse catchments.
In the past ca.150 years, the Rhone River sediment input to Lake Geneva fluctuated following the influence of both climatic
variability and anthropogenic activities. Previous work indicate that suspended sediment loads (SSLs) in the Rhone River
and sedimentation rates in Lake Geneva decreased by a factor of 2 to 4 after 1964 (Loizeau and Dominik, 2000; Loizeau,
2012). This decrease was interpreted as the result of the flow abstraction and/or regulation linked to dam construction on
the upper Rhone River watershed during the 1950’s and 1960’s. Costa et al. (2017) identified a simultaneous step-like
increase in basin-averaged temperature and suspended sediment concentration (SSC) at the outlet of the catchment in
1987 and show that SSC fluctuations are closely linked to mean temperature changes. They also suggest that colder
temperature during 1960´s could have contributed to the SSL reduction observed after 1964.
In this study, 19 short-sediment cores were collected in 2014 in eastern Lake Geneva. Based on sediment radiodating
(137Cs and 210Pb) performed in seven short-sediment cores, we could calculate the mass accumulation rates (MAR) in this
area. Results (Table 1) show that values are high for the period 1953 to 1964 and then decreases from 1964 to 1986. From
1986 to 2014, preliminary results show that MAR’s increase again but reamain lower than the values from the 1953-64
period. The correlation of all sediment cores using lithology and magnetic susceptibility data completes our analysis on the
core subset and shows that these MAR trends are present over the whole eastern Lake Geneva, and independent of the
various and contrasted in-situ sedimentological processes.
Following our results and earlier studies, we interpret the observed decrease in MAR during the 1964-87 period as due to
anthropogenic impacts and climatic effects (colder temperatures) on the watershed, and the MAR increase since 1987 as linked
to the mean temperature increase. Knowing that mean air temperature for 1953-64 was lower than the mean air temperature
for 1986-2014, and assuming that the impact of anthropogenic activites on the Rhone river sediment transfer remained stable
since 1964, we can estimate the relative human impact via hydropower system management on the reduction of sediment
delivery to Lake Geneva. These preliminary results suggest that the decrease in MAR’s since 1964, linked to anthropogenic
activities, vary between 20 and 50% depending on core location, with greater differences in areas that are heavily influenced by
the Rhone river input and smaller values away from the Rhone lobe-canyon-fan system (Silva et al., submitted).

Table 1. Mass accumulation rates (g cm-2 yr -1) in seven sediment cores of eastern Lake Geneva. MAR’s decrease away from the Rhone
lobe-canyon-fan system in Lake Geneva (Silva et al., submitted). Preliminary results show that the 1953-64 period consistently has higher
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Würmeiszeit und die Rückzugsstadien im Alpenrheintal
Peter Zwahlen
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Korrelation von 14C-Datierungen aus Bohrprofilen mit Glazialstadien und -schwankungen, Klimaphasen, archäologischen
Kulturen und Biozonen.
Die Korrelationstabelle bildet den Kern der vorliegenden Daten und Folgerungen. Anlass dazu gaben viele unpublizierte
Projektberichte von Sondierbohrungen und Tunnelaufnahmen im Archiv des BTG, die 14C-Altersdaten von fossilen
Holzfunden enthalten und stratigraphisch korrelierbar sind. BTG-Projektgeologen haben die Holzproben gesichert, zur
Datierung vorbereitet und archiviert (Finanzierung weitgehend BTG-intern).
Die ersten Holzfunde wurden in den 1970er Jahren am Radiocarbonlabor des Physikalischen Instituts der Universität Bern
und bis 2015 (Bohrung 2/15, Posterprofil) zusätzlich am Labor für «Ion Beam Physics» an der ETH Zurich datiert.
Sämtliche gemessenen 14C-Altersdaten, auch die Literaturzitate, wurden auf Jahre BP (1950) standardisiert (braune Balken
in den Tabellenspalten b―d mit Fehlerbereich 2σ) und in der Spalte a den kalibrierten Altern cal. Jahre BP
gegenübergestellt (Kalibrationskurven nach Stuiver 1998 bzw. INTCAL04). Geographisch umfassen die datierten
Fundpunkte die Projektgebiete des BTG mit Schwerpunkten im Alpenrheintal, Sarganserbecken, Seeztal-Walenseebecken
und Linthtal, sowie in den Bündner Tälern. Für die vorliegende Korrelationstabelle wurden v.a. BTG-Daten und ergänzend
dazu zitierte Alter (siehe Literaturverzeichnis) aus den erwähnten Tälern der Nordalpen inkl. Zürichseebecken
berücksichtigt. Die Zuordnung der Glazialstadien auf der Karte basiert auf eigenen Arbeiten und René Hantkes Lebenswerk
„Eiszeitalter“ 1978 - 1983 und fokussiert auf den Sarganser-Stand (Tabelle 1, Spalte d).
Resultate:
Die ausseralpinen Rückzugsstadien (Spalte b) und das alpeninterne Stadium Koblach-Feldkirch-Weesen (Spalte c)
beschränken den Sarganser-Stand auf Älteste Dryas oder jünger. Die interneren Stadien (Prättigau) bedingen ein
Minimalalter Bølling/Allerød.
Der Sarganser-Stand belegt einen Rückzugshalt (gestaffelte randglaziale Schotterterrassen ohne Vorstossmoränen) an
der Wende Älteste Dryas/Bölling. Entsprechende Schotter sind bis weit in die Surselva und das Prättigau hinauf verfolgbar.
Das Stadium Koblach-Feldkirch (mehrere Moorprofile mit basalen Pollenspektren der Ältesten Dryas) stellt einen
Glazialvorstoss mit ausgeprägten Moränenwällen innerhalb der Ältesten Dryas (? Heinrich1-Event) dar. Der Rückzug vom
Feldkirch-Stadium zum Sarganser-Stand ist altersäquivalent zum klassischen Gschnitz-Stadium (Tirol, Ivy-Ochs 2006).
Gleichzeitig breitete sich im Mittelland die jungpaläolithische Kultur des Jung-Magdalénien (Leesch/Leuzinger 2012/2016)
aus, allerdings ohne dem Gletscherrückzug in die Alpentäler unmittelbar zu folgen. Dies taten auch die eiszeitlichen
Grosssäuger nicht.
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T abelle 1: K or r elation von A lter sklassen, Pr obenalter , T albildungspr ozessen, K limadaten, G lazialstadien und Quar tär stufen
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c
b
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e

d
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Legende:
14C - Datierungen ± 2ơ, Unsicherheitsbereich
Älteste Dryas pollenanalytisch bestimmt
Warmzeiten
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GI
GS

1 bis 4 Grönland Interstadial
2 bis 5 Grönland Stadial

8'200 ev.
Event
DO 0 bis 6 Dansgaard-Öschger-Event.
H 1 bis 3 Heinrich-Event
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