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The Himalayan foreland fold-and-thrust belt is made of Neogene synorogenic sediments of the Siwalik Group and
accommodates a large fraction of the India-Eurasia convergence. This region receives high precipitation and experiences
seismic events of M8 and larger. Along the strike of the 2500-km-long orogenic arc, the eastward narrowing of the fold-andthrust belt has been attributed to increasing annual rainfall and specific stream power, rather than to lateral changes in
shortening rates. However, exhumation/erosion rates of this unit remain unknown. Precisely constraining the erosion rates
of this unit at the scale of the orogen would allow an estimate of the relative contributions of tectonic and climatic processes
to the erosion of the youngest and frontal part of the Himalayan orogen.
Thermochronometry enables the cooling, and therefore exhumation/erosion histories of rocks to be determined. However
the exhumation histories of the Siwalik Group, which have experienced limited burial heating not exceeding ~100-50 °C
remain very difficult to constrain using traditional thermochronometers. Optically stimulated luminescence (OSL)thermochronometry is a recently developed very low temperature thermochronometer sensitive to temperatures of 30-90
°C. Consequently, its application to the Siwalik deposits may provide insights into their cooling and exhumation histories.
K-feldspar extracts from 18 sandstones samples of the Siwalik Group were investigated using a multi-OSLthermochronometry approach, whereby four different signals, with different thermal stabilities were measured for each
sample. The sandstone samples were collected along two traverses across the Himalayan fold-and-thrust belt in western
Nepal, and eastern Bhutan. Using signals with different thermal sensitivities enables high precision Quaternary cooling
histories to be derived. These data were inverted using a Bayesian approach resulting in preliminary cooling rates of ~100
°C/Myr during the last 0.2 Ma, which were broadly consistent between samples, indicating similar rates of cooling. These
preliminary results suggest that estimated erosion rates over the foothills of the Himalaya are up to one order of magnitude
higher than the longer-term erosion rates (1-3 mm/yr) documented in the hinterland of the orogen.
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11.2
Surface exposure dating of Lateglacial and Holocene glacier extents in
the Canton of Uri, Switzerland
Max Boxleitner1, Max Maisch1, Dagmar Brandova1, Markus Egli1, Susan Ivy Ochs 2, Marcus Christl2
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Moraines as witnesses of former climate-driven glacier-extents can be dated with the help of cosmogenic nuclides.
Especially 10Be has been used in this context to constrain the deposition ages of glacial deposits troughout the Alps.
Moraines built up during glacier readvance phases after the Last Glacial Maximum (LGM) can be found in many main
valleys and their tributaries as in the catchment of the former Reuss-glacier (see Figure 1).
In order to develop an absolute post-LGM chronology of the local glacial development we identified and studied key sites
(in the upper part) of the canton of Uri. Based on former work by Renner (1982) and Spillmann et al. (2011) we
concentrated our efforts particularly on the Meiental and the Göscheneralp area, because various moraine sequences
along these valleys are rather pronounced and well preserved.
So far we have dated more than 30 rock-samples from boulders of different moraine complexes. Our results show that the
glacial deposits can be attributed to different distinct glacier readvances between the Oldest and the Younger Dryas, i.e. the
time span between 10 – 16 kyrs BP.
With our research we want to contribute to a refined understanding of the glacier and climate history in Switzerland during
the alpine Lateglacial. Combining the dating results with ongoing estimates of equilibrium line altitudes (ELA) of selected
glacier stadials will certainly improve the knowledge about the time scale and the local to regional landscape evolution from
the LGM to the beginning of the Holocene.

Figure 1. Longitudinal Profile and panoramic view of the Reuss-valley with Lateglacial glacier extents indicated (based on F. Renner in:
Spillmann et al., 2011; digital terrain model with Google Earth).
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The Deckenschotter deposits are believed to represent the oldest Quaternary sediments in the Alpine Foreland and are
thus a sedimentary archives documenting palaeoenvironmental changes during the Quaternary. In the Swiss Alpine
Foreland, sediments of the Deckenschotter represent proximal glaciofluvial gravels, which accumulated via meltwater
during repeated glaciations of the Alps and the foreland. They lie unconformably on Tertiary Molasse or Mesozoic carbonate
bedrock.
Lithostratographic positions of the Deckenschotter deposits in Switzerland have been extensively studied. However,
compared to late Quaternary glaciations, the timing of these accumulations is poorly constrained. The aim of this study is to
shed light on this timing and hence on the landscape evolution of the northern Alpine Foreland. We studied seven different
sites: Hohle Gasse in Pratteln (BL), Mandach (AG), Ängi (AG), Rechberg, Siglistorf (AG), Stadlerberg (ZH) and Irchel (ZH)
where different outcrops were investigated (Akçar et al. 2014; Claude et al. accepted; Claude et al. in review). We
established their chronology using both depth-profile and isochron burial dating with 10Be, 26Al and 36Cl. Furthermore,
detailed investigations of clast fabrics, petrographic compositions and clast morphometries enable the identification of
sediment provenance and the interpretation of their transport mechanisms and depositional environments.
Our results show that a first gravel accumulation, depositing the sediments in Siglistorf, Stadlerberg and Irchel occurred at
around 2 Ma, with most of the sediments originating from the northern central Alps or being reworked from the Miocene
Molasse conglomerates (Claude et al., accepted). A fingerprint of the Linth paleoglacier is recognized in the sediments. At
that time, the Alpine Rhine was draining through Lake Constance into the Danube River and eastwards into the Black Sea.
A second phase of gravel accumulation was observed at around 1 Ma, coinciding with the Mid-Pleistocene Revolution,
accumulating the gravels in Mandach, Ängi, Rechberg and Irchel. Sedimentological analyses showed that these sediments
were derived either from the northern central and central eastern Alps or were reworked from the Molasse in the Alpine
Foreland. In addition to the Linth paleoglacier, a fingerprint of the Rhaetian and Reuss paleoglaciers were observed. During
the second accumulation phase, the Alpine Rhine was already redirected westwards into the Upper Rhine Valley from
where it drained northwards into the North Sea.
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Fig. 1 Location of the study sites and distribution of the Deckenschotter in the northern Alpine Foreland (©Federal Office of Topography,
swisstopo, CH-3084 Wabern).
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Soil relics enriched in pedogenic carbonate nodules occur in the southern part of Chad Basin in the Diamare piedmont (Far
North Cameroon). They form widespread mima-like mound morphologies within stream networks. They are interpreted as
Vertisol relics resulting from pedogenesis and erosion processes likely inherited from Quaternary climatic changes (Diaz et
al., 2016). Vertisol relics are considered as pedo-sedimentary records and associated carbonate nodules are used as time
and paleoenvironmental archives.
Pedogenic carbonate nodules are composed of a soil matrix (40-30 wt%), with primary and secondary minerals, and few
organic matter (OM), cemented by calcite (60-70 wt%). The chronology was investigated with luminescence dating applied
to K-feldspars with the aim of assessing the soil parent material deposition time. Radiocarbon dating of both OM and
calcitic cements aim to estimate the time at which soils were developing and when carbonate precipitated, respectively.
Finally, carbon (δ13Cinorg) and oxygen (δ18Oinorg) isotopic compositions of carbonate nodules, as well as carbon (δ13Corg)
isotopic compositions of OM, aim to establish the paleoenvironmental conditions, precisely.
Results show that Vertisol relics registered four main environmental events during the last 20 ka: i) the soil parent material
deposited from 18 to 12 ka BP, during the Bossoumian drier phase and the African Humid Period (AHP) onset, i.e. the end
of Marine Isotopic Stage MIS-2 (Hervieu, 1969; DeMenocal et al., 2000; Holland et al., 2013); ii) the soil organic matter
ages range form 11 to 8 ka cal BP, showing that soil dynamics were effective during the Main Humid phase (Armitage et
al., 2015), i.e. onset of MIS-1; iii) the carbonate nodule precipitation occurs from 7 to 5 ka cal BP, at the end of the AHP, i.e.
during a critical time; iv) finally, an erosion phase, not dated, but likely from the post-AHP, raises the question of a possible
human impact.
The δ13Cinorg values (9-7‰) shows that the carbonate C source is the soil OM and the δ13Corg (20-25‰) suggest that the
vegetation during the AHP corresponded to an open woodland (Cerling, 2014). δ13Cinorg and δ18Oinorg (8-7‰) become heavier
with carbonate nodule ages at a critical time, suggesting that carbonate precipitation is likely linked to a shift in climatic
conditions due to the southern monsoon front migration, inducing drier conditions and a decrease of the woodland cover.
To conclude, pedo-sedimentary sequences are thus precious terrestrial archives and record environmental changes dating
from the Late Pleistocene-Holocene climatic changes in the Chad Basin.

Figure 1. Study site and sample description. A) Study site (red square) is located in the southern part of the Chad Basin along the SudanoSahelian climatic zone. Dashed lines show the mean monsoon front position in August and in January (Nicholson, 2009). B) Mima-like
mound and pedogenic carbonate nodules found at the surface and within soil.
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Calcium (Ca) is a key element of the earth system and is closely related to the carbon (C) cycle. The weathering of
terrestrial silicate releases Ca that is exported to the ocean and sequestered in marine carbonate. However, a second Catrapping pathway involves some types of terrestrial carbonate.
The Diamaré piedmont (Far North Cameroon) provides an example of such pedogenic Ca-carbonate accumulations in
silicate settings. Nodules are associated with a clay-rich parent material deposited between 18 and 12 ka BP, which covers
either a granitic or a greenstone bedrock. They are related to Vertisols developed in the clay-rich parent material and are
inherited from the African Humid Period (Diaz et al., 2016a, b). In the present-day, Vertisols are degraded soils and are not
functioning as such anymore.
In this peculiar context, the amount of pedogenic calcitic nodules represents large quantities of Ca and C. This raises
questions about the sources and dynamics of Ca through time. Moreover, the origin of the clay-rich parent material is also a
key point in order to better understand the processes associated with the formation of Ca-carbonate nodules. To answer
these questions, geochemistry of major elements, Sr and Nd isotopes have been applied to nodules, their surrounding
soils, and the two different bedrocks.
Sr isotopes show that the main Ca source of carbonate nodules is the plagioclases from the local bedrocks, in contrast with
other studies on terrestrial carbonate, emphasizing the dominance of allochtonous sources (Chiquet et al., 1999; Van der
Hoven & Quade, 2000). The clay-rich parent material is a mixture of the local bedrock and aeolian dust. The distribution of
the major elements in the soils highlights three main geochemical pathways: i) heritage from primary crystalline rocks; ii)
weathering and secondary neoformation, iii) and then nodule precipitation.
Using this dataset, it is possible to propose a timeline for these different pathways involving Ca (Fig 1). First, a humid
period produced weathering material, which is then mixed with aeolian dust between 18 and 12ky BP, to form the clay-rich
parent material. Ca stocks were mainly in the granite (in plagioclases). Vertisols developed during a second stage between
11 and 8 ka cal BP (Diaz et al, 2016b). Ca was located mainly in the plagioclases found in the CRPM and the soil solution.
Carbonate nodules precipitated between 7 and 5 ka cal BP. This time, Ca was relocated in carbonate nodules. Finally, an
erosion phase led to the accumulation of carbonate nodules and the landsape observed today. Thus, the system being
conservative through time, Ca is relocated from granite to carbonate nodules. Moreover, as the Ca sources of the
carbonate nodules were silicates from bedrocks, these nodules represent a past C sink.
Finally, this system probably extends beyond Far North Cameroon. Indeed, similar features in other silicate watersheds
have been observed all along the Sudano-Sahelian belt. Preliminary radiocarbon dates show that nodules from Mali, Niger,
and Burkina Faso have similar ages to those from northern Cameroon. Thus, the impact of such carbonate nodules on the
global carbon budget could be significant when considered at the African scale.
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Figure 1 : Ca location through time in a soil profile. Ca is transferred from the granite to the carbonate nodules,
emphasizing a conservative system through time. CRPM Clay-Rich Parent Material. Dates from Diaz et al. (2016b).
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**Institut des Sciences de la Terre d’Orléans, UMR7327, Université d’Orléans, Orléans, France,
***Centre National de la Recherche Scientifique / National Institute for Earth Sciences and Astronomy,
Institut des Sciences de la Terre d’Orléans, UMR7327, Orléans, France,
****Bureau de Recherche Géologique et Minière, Institut des Sciences de la Terre d’Orléans, UMR7327, Orléans, France

Molecular fossils are becoming increasingly important tools in paleoenvironmental research, and over recent years, some
were shown to be useful indicators of human activities. Common indicators of past human impacts include pollen, charcoal,
sedimentation rates, and magnetic susceptibility, each of which has its limitations.
Thus the advent of novel molecular markers of human activities provides an additional set of tools to make the difficult
distinction between anthropogenic and natural factors that have influenced the environment in the past. Fossil biomarkers
preserved in natural archives provide valuable temporal and spatial insights on land use such as cultivation practices and
pastoral activities, post-harvesting activities (e.g. retting), and their consequences on the environment and ecosystems.
Here we will present a review of the progress that has been made in developing novel biomarkers of human activities,
differentiating those indicating environmental changes that can be related to human activities from those unambiguously
attributable to human activities (Dubois and Jacob, 2016).
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11.7
Characterization of sediment storage with cosmogenic nuclides, a study
of a fluvial catchment on the Bolivian Altiplano
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On the way from its source to its sink, a part of the sediment is temporarily stored in a fluvial catchment. The nature, age
and spatial distribution of sediment storage is investigated in a catchment on the eastern border of the Bolivian Altiplano.
The aim of this study is to identify climatic and tectonic conditions leading to the formation of storage compartments and to
assess the effect on the concentration of multiple cosmogenic nuclides (i.e. in situ 14C, 10Be and 26Al). Hippe et al. (2012)
analyzed channel sediment samples in this catchment and recognized that the long-lived cosmogenic nuclides, 10Be and
26
Al, are not affected by sediment storage, but that in situ 14C possibly is.
Seven radiocarbon samples and two cosmogenic nuclide depth profiles were analyzed to constrain the age of the different
sediment stores. Three terrace levels are present in the studied catchment, the lowest terrace level is dated at ~3.5-2.5 kyr
BP, the highest terrace at ~34 kyr BP. The cosmogenic nuclide depth profiles are not applicable for dating due to too high
variation in inheritance, but do provide information on the cosmogenic nuclide inventory in the catchment.
The ages of the terraces correlate with climatic records of nearby lakes (Baker et al., 2001; Abbott et al., 2003). A cycle of
formation and incision of the fluvial terraces falls entirely in wet periods on the, otherwise rather dry, Altiplano. An incision
rate of 0.33 mm/yr since the deposition of the highest terrace suggest that uplift might be higher than previously expected
(Ege et al., 2007). A significant amount of sediment is stored in the catchment, and presently this sediment is being incised
and transported out of the catchment. A model to quantify the effects of sediment storage on the cosmogenic nuclide
inventory of the catchment is under construction.
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The influence of human land-use on the Earth’s surface started thousands of years ago with the spread of first agricultural
societies. Agriculturally induced soil erosion has a strong influence on the global carbon cycle, however, the historical
evolution of its extent and rate is rather poorly known. This study seeks to address this issue by investigating lacustrine
sediments from Lake Murten to reconstruct past soil loss and soil degradation in the catchment and its influence on the soil
carbon dynamics.
We applied a multi proxy approach including several geophysical, geochemical and biological methods on a 10 m sediment
core from the deepest part of the Lake. Our first paleolimnological data show that the historical evolution of agriculture is
well preserved in the sedimentary record. From 2.1 – 1.6 ky BP, slightly decreasing C/N ratios, but raising magnetic
susceptibility, grainsizes and amount of detrital elements (Ti) were detected. At the same time, radiocarbon ages of the total
organic carbon (TOC) fraction are increasing compared to the sediment ages, indicating a rapid flushing of old soil carbon
from the surrounding catchment. Analyses on plant derived leaf waxes, such as n‑alkanes, revealed a rough vegetation
change from a tree to a more grass dominated landscape.
The findings are consistent with the development of first large-scale farming practices and the growing influence of the
Roman city “Aventicum” 2000 years ago. Deforestation and soil cultivation led to increased runoff of terrestrial nutrient-rich
material resulting in eutrophication of Lake Murten. Similar trends can be recognized from the medieval period until today.
Since 1940, lake eutrophication occured again, due to the growing human land-use in the Swiss Lowlands.
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Figure 1. 10m Sediment core of Lake Murten. Shown are the age model based on radiocarbon dating, 210Pb and 137Cs, the total organic
carbon content (TOC), the carbon to nitrogen ratio C/N, the magnetic suceptibility, the amount of detrital element Ti, ACL and OEP of
n-alkanes (leaf wax biomarker).
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Providing tight spatial and temporal constraints on Late Pleistocene glacier fluctuations remains an important challenge for
understanding glacier response to climatic change. In the Alps, paleo-glacier reconstructions are often scarce, noncontinuous and spatially-limited during the Lateglacial and Holocene times, which makes their use as a paleoclimate proxy
sometimes problematic.
Here, we focus on the Mer de Glace glacier (Mont-Blanc massif, France) where glacier reconstructions over the Little Ice
Age (LIA, Vincent et al. 2014) and since the Mid Holocene (Le Roy et al., 2015) reveal important glacier fluctuations and ice
thickness variations (~350 m over the last 4 ka). LGM trimline mapping (Coutterand et al., 2006) and cosmogenic 10Be
exposure dating on the Italian side of the massif (Wirsig et al., 2016) give important indications on the maximum ice
thickness at the LGM and the timing of ice surface lowering in this area. However, continuous records of the Mer de Glace
fluctuations since the LGM are not precisely constrained. In order to better understand this complex deglaction history, we
collected seven samples of granitic polished bedrock surfaces between the LGM ice surface (~2505 m a.s.l, Coutterand et
al., 2006) and the present-day glacier 1920 m a.s.l) covering ~600 m of elevation for the ice surface fluctuations.
We first used cosmogenic 10Be dating on quartz (Gosse and Phillips, 2001) to constrain ice surface fluctuations during the
Lateglacial and Holocene. Given that cosmic rays exposure produces 10Be over the first ~3 m below the rock surface,
multiple exposure history from complex glacier fluctuations would be difficult to quantify using this chronometer.
To improve our temporal resolution for such complex exposure history, we combined cosmogenic 10Be dating on quartz with
OSL surface exposure dating (Sohbati et al., 2011). OSL surface exposure dating is sensitive to light, based on the
progressive bleaching of the OSL signal in a rock sample that depends on its exposure time, mineralogical properties and
environmental conditions. Premilary OSL results from rock slices show increasing exposure age (i.e. deeper bleaching of
the OSL signal) with sample elevation. Moreover, our results reveal that the bleaching of the OSL signal is occuring within
the first 1-3 cm below the rock surface, potentially offering high resolution to date the latest exposure folowing short-lived
glacier fluctuations.
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Geochemical characterisation of Lake Towuti, Indonesia: setting the
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In May-July 2015, more than 1000 m of sediment core capturing the entire sediment infill to bedrock have been recovered
in the course of the ICDP Towuti Drilling Project (Russell et al. 2016). Hosted in the East Sulawesi Ophiolite, Lake Towuti is
a large (560 km2 surface area; 198 m max. water depth) ultraoligotrophic lake characterised by high iron and very low
sulphur contents. The lake’s catchment is characterized by several tens of metres thick, deeply weathered laterite soils and
a closed-canopy rainforest. Today, Lake Towuti is a hydrologically open lake with one outflow draining into the Bay of Bone.
The lake is split into two connected major basins, which are separated by fault controlled bedrock highs below and above
the current water table. To the north, the Mahalona River dominates both water and sediment input to the basin. The river
drains the upstream Lake Mahalona as well as a large catchment, which is characterised by partly serpentinised
peridotites.
In order to characterise modern erosional processes and element cycling in the lake and its catchment, we collected
catchment-characteristic bedrock samples with profiles of their overlying laterites, riverine sediments, and 85 surface
sediment samples from the lake. All samples were analysed for their geochemical and clay-mineralogical composition in
order to define the composition of erodible substrates, track source to sink changes in sediment composition, and assess
the spatial variability in Lake Towuti. The relationships found in the modern system were then applied to two sediment
cores, dating back 30,000 and 60,000 years BP, respectively. This work sets the foundation for work on the cores from the
ICDP Towuti Drilling Project, which promise uninterrupted lacustrine sedimentation over several glacial-interglacial cycles
(Russell et al., 2016).
The laterite soils in the catchment show a characteristic zonation with high concentrations of Al, Ti, Fe, and Cr in the
uppermost horizon, while Mg is enriched in the saprolite zone directly above bedrock. Surface sediment samples show that
the Mahalona River is the dominant sediment source to the northern basin. Its geochemical composition is characterised by
high Mg concentrations, while concentrations of Al, K, and Ti are relatively low. This is contrasted by the Loeha River, which
drains the only felsic catchment of the lake, and has a distinctly different geochemistry with high Al, K and Ti
concentrations, while Mg, Fe, and Cr are low. In areas of the lake without major inlets and rather small and steep
catchments, the elemental surface sediment composition more closely reflects that of evolved laterite horizons. Our data
indicate that today’s sediment composition at the coring sites is a mixture of Mahalona River sediments, material from the
Loeha River, and direct laterite-derived input. Based on the river geochemistry we suggest that the Al/Mg ratio provides
information about the importance of the Mahalona River relative to the Loeha River and the laterite-derived sediments.
Over time, changes in the relative importance of these three sediment sources are dependent on lake level fluctuations. A
decrease in lake level lowers the hydrologic base level, which leads to a progradation of the Mahalona River Delta, deeper
incision of river channels, and consequently a low Al/Mg ratio. Hence, bedrock erosion and remobilisation of poorly
weathered substrates are dominant over laterite-derived sedimentation during dry periods. During lake level high stands, a
higher proportional erosion of laterite soils compared to bedrock incision by the Mahalona River leads to an increase in Al/
Mg in the lake sediments. Additionally, the Loeha River transports more material with high Al/Mg values to the coring sites
during wet phases. This is because increased lake levels induce flooding of low-elevation areas in the eastern part of the
lake, which can allow the Loeha River to change its course and drain into the northern basin. We thus propose that the Al/
Mg ratio is an indicator for lake level fluctuations and can serve as a proxy for hydroclimatic changes in the region.
In the past 60,000 years, the Al/Mg ratio shows a cyclic pattern with lowest values in the mid-Holocene (3 - 5 kyr BP),
between 15 - 27 kyr, and prior to 58 kyr BP. Following the interpretation of today’s sediment composition this implies that
conditions in central Sulawesi were significantly drier in the mid-Holocene, in MIS2, and MIS4. This is confirmed by earlier
studies from Lake Towuti, which show that conditions were dry during the last glacial, causing a significant decrease in lake
levels and an opening of the closed-canopy rainforest in the catchment.
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Seismic pattern modelling and estimation of the recurrence interval of significant rupture events requires a comprehensive
paleoearthquake data over a long span of time. However, the oldest known earthquake in the Eastern Mediterranean and
Middle East dates back to 464 B.C.36Cl surface exposure dating is the only suitable method to date the paleoearthquake
activities of the fault scarps, which are the best evidence of past ruptures, if built in carbonates. Following an earthquake,
when a fault surface exposed to cosmic rays, the production rate of 36Cl cosmogenic nuclides will accelerate during period
of quiescence. By measuring of the distribution of cosmogenic 36Cl versus height of the sample along fault surface, the
timing of major seismic activities and their associated vertical displacements are identified.
The western Anatolia seismically active region with several major horst-graben systems built in carbonates formed in
response to approximately N-S extensional regime since the early Miocene. The south-dipping WE-trending Yavansu fault
is situated in the western part of the Büyük Menderes graben, about 6.5 km southeast of Kuşadası (Fig. 1) in this seismicprone region. The fault juxtaposes the hanging wall of colluvial sediments against the limestone bedrock in the footwall. 67
samples of 10 cm height, 15 cm width and 3 cm thick continuously collected along a well-preserved 7.2 meters high fault
starting from intersection of colluvium with the fault surface. The scarp dip, scarp height, top surface dip and colluvium dip
as important geometrical factors as well as topographic shielding, density of the fault and colluvium were measured. Then,
the sample preparation carried out in laboratory for elemental analysis and AMS measurements of 36Cl.
FSDT- Fault Scarp Dating Tool- Matlab® code will be used to model the major ruptures of the fault scarp and their related
vertical displacements. Our first results show the evidence of three or four major seismic activities of the Yavansu fault
during Holocene.

Figure 1. Geological map of the western Büyuk Menderes graben
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The western part of the Makran subduction zone (Iran) has not experienced a great megathrust earthquake in recent
human history. We aim to find geological evidence of past earthquake activity to better access the seismic hazard of the
region. The presence of uplifted marine terraces along the coast indicates that the margin is still tectonically active over at
least the Quaternary. Moreover, we observed that the terraces are offset and deformed by numerous trench parallel normal
faults. We have mapped the faults and the marine terraces and collected samples for dating to determine surface uplift
rates.
We consider the 14C ages obtained on the marine terraces to be minimum ages because they are close to the upper limit of
the method. Therefore, the sea-level highstand(s) responsible for the formation of these surfaces could not be accurately
determined. The presence of coast-parallel normal faults in a subduction context could be due to post-seismic stress field
rotation in the overriding plate following a megathrust earthquake along a weak interface (e.g. due to high pore fluid
pressures). The high pore fluid pressure of the Makran thrust is highly probable considering that the plate interface is
overlain by 8 km of porous sediments at the surface of which numerous mud volcanoes are active. In that case, normal
fault activity in the Pleistocene might suggest that megathrust events could happen again in the Makran subduction zone.
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Even though climate change is expected to lead to an upward shift of treelines in mountain areas, widespread evidence for
treeline advances in response to rising temperatures remains scarce (Harsch et al. 2009). Secondary controls such as
disturbances, competition, land-use legacies and topography or geomorphology might influence treeline dynamics at the
local scale (Holtmeier & Broll 2005). In order to assess the impact of ongoing and future climate change on mountain
forests, we studied treeline changes since the last ice age in the Canadian Cordillera (southeastern British Columbia,
Canada). We aim to determine if top-down climatic factors were the main drivers of past treeline dynamics or if local
bottom-up controls such as topography and/or geomorphology played a role as well.
To address this question, we analyzed post-glacial sediments from three lakes at or just below the present treeline for
pollen, macrofossils and charcoal. We then compared the results to chironomid-inferred July temperature reconstructions
from the same sediment cores (Chase et al. 2008).
At two lakes (Windy and Redmountain) highest macrofossil concentrations occurred in the warmer-than-present Early
Holocene, indicating highest treeline position and forest density in response to higher temperatures. Individual peaks in
macrofossil concentration at Windy Lake coincided with high solar activity and warmer summers. At the third lake
(Thunder), a divergent vegetation history with highest macrofossil concentrations in the mid-Holocene suggests that local
topography was an important control of mountain forest dynamics. During the dry and warm Early Holocene, moisture
availability limited the establishment of closed forests on steep south-facing slopes or shallow soils near Thunder Lake. This
is consistent with a number of other paleoecological studies in the region.
We conclude that summer temperature was the main driver of treeline dynamics over millennial to decadal timescales.
However, closed forests occurred only in areas of adequate moisture availability, which is controlled by topography and
geomorphology. We therefore expect a rapid upward shift of treelines during the 21st century in response to warmer
temperatures, but only where deep soils or favorable aspects provide sufficient moisture for tree growth. Upward forest
expansion will therefore be patchy and occur first in favorable microsites.
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Lake Geneva’s sedimentary sequence functions as an archive that records changes in the lake watershed since
deglaciation. In the Haut-Lac area the changes recorded are mainly linked to the sediment sourced from the Rhone River
catchment, which contributes ~68% of the water and sediment inputs to the lake. Owing to its location in an alpine
environment the Rhone River catchment experienced dramatic changes as a result of climate change but also due to
upstream glacier dynamics, changes in the accessibility of sediment accumulated during the glacial as well as short-term
seismic and exhumation processes. In the last 200 years (Anthropocene) this watershed was also impacted by
anthropogenic activities (e.g. river channelization, hydropower dam construction, water flow regulation, water and sediment
abstraction and land use changes). These recent changes are recorded as quantitative (sedimentation rate) and qualitative
(mineralogy, geochemistry) sediment variations in Lake Geneva.
During this study, undertaken under the scope of the project SEDFATE (SNSF nº147689), 19 short sediment cores were
collected in the subaqueous delta of the Rhone River (Switzerland/France) area in Lake Geneva. Six cores were dated
using radiogenic isotopes (137Cs and 210Pb). The calculated sedimentation rates (SR) indicate a decrease starting in 1964,
confirming results from Loizeau (1991) and Loizeau & Dominik (2000). This study found that those SR’s increased from
1986 (Fig.1).
XRF and MSCL data were measured for all cores. Elemental data (linked to detrital sources, i.e. Al, Fe, K, Mn, Rb, Si, Ti)
also point to a decrease in clastic input from 1964 to 1986 but indicate an increase from 1986 to the present (Fig.2).Other
element ratios (Zr/Rb and Zr/K ) added to magnetic susceptibility and lithology data were used to distinguish density flow
deposits from hemipelagic sediments. Changes in the frequency and type of these deposits can also indicate a change in
the sedimentation pattern in the Rhone River sublacustrine delta during the last century.
From these results we hypothesize that anthropogenic activities undertaken in the last century in the Rhone River
watershed (mainly the construction of dams in the 1950-60’s) have resulted in the abstraction of a substantial quantity of
sediment from this system and have greatly changed the sediment flux between the river and the lake. The recent (from the
1990’s) increase in sedimentation rates and in the detrital signal is interpreted as being a result of recent glacial melting
due to global warming.

Figure 1. 137Cs activity profiles from cores TS-2 and TS-8. The peaks of activity of 137Cs (1986, 1964) and its first appearance (1954)
allowed the calculation of mass accumulation rates (MAR’s expresseed in g.cm-2.yr-1) in the sediment cores.
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Figure 2. Elemental profile of the Core TS-2. We can observe that between 20-35cm of depth Fe, K, Si, and Ti show a decrease when
compared to the base and to the very top of the core.
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While the interaction between the local climate, atmospheric CO2 concentration, soil and site location (terroir) has a varied
role in the physiology, biochemistry and yield of grapevine (Vitis vinifera L.), the general effect of macroclimate or regional
climate (mesoclimate) appears to be better known (e.g., Jones et al., 2005). In this ongoing work, we investigate the
biogeochemical changes induced during development of field-grown cultivars of white (cv. Chasselas) and red (cv. Pinot
noir) grapes (vineyards of Agroscope-IPV station, Leytron, Valais, Switzerland) exposed to water stress controlled by
monitoring the soil water status and leaving all the other key environmental variables constant. Three soil water status
conditions were set by drip irrigation (9 L/m2), no irrigation and no irrigation and soil-water removal with a waterproof and
non-reflective plastic cover (Zufferey et al., 2011).
Among the initial field and laboratory measurements was the carbon isotope composition (δ13C values obtained by EA/
IRMS) of the berry sugar at harvest (must sugar). The δ13C values of must sugars (–27.6 to –22.5 ‰ VPDB) and leaf water
potential (a direct measurement of the plant water status) during 10 growing seasons (2003 to 2012) were significantly
correlated (R2=0.75, p<0.01), indicating that these isotopic measurements allow a very sensitive detection of plant water
status under natural conditions. These results motivated a study on possible similar chemical/isotopic response of (a) the
vine leaf epicuticular waxes and (b) the volatile organic compounds (VOCs) in the derived monovarietal wines produced
from each grapevine variety using the same vinification protocol. The molecular and isotopic composition of epicuticular
waxes from leaves (n = 42) of Chasselas and Pinot noir collected monthly in 2014 were presented last year (Spangenberg
et al., 2015). The changes in the distribution of alkanoic acids and neutral lipids (obtained by GC/MS and GC/FID), and
compound specific δ13C values of the individual n-alkanoic acids and n-alkanes (obtained by GC/C/IRMS) were correlated
with the different soil water status and measured leaf water potentials. This year we present the results of a study of the
monovarietal wines (Chasselas, Pinot noir) from vintages 2009-2014.
Wine aliquots were freeze-dried and the solid residue (SR) analyzed for their C/N and C and N isotope ratios (δ13C and
δ15N values). The wine VOCs were extracted with organic solvents. For quantification purposes and standardization of the
compound specific δ13C values, the samples were spiked before extraction with a standard mixture of compounds of known
δ13C. The main results are (C/N)SR, δ13CSR, δ15NSR, concentrations and δ13C values of >50 VOCs, among them, alcohols are
the most abundant, followed by fatty acid esters, fatty and other carboxylic acids, ketones and other esters, lactones,
aldehydes, amides and phenols. They will be discussed in terms of different cultivars, leaf water potential, growing season,
and potential application as indicators of plant abiotic stress (climate change) and wine terroir.
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A relative humidity record for the Late Glacial to Holocene transition
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In terms of future climate change the large and rapid climate and environmental fluctuations during the Late Glacial to
Holocene transition are of special interest in paleoclimate research. Many studies have focussed on the reconstruction of
temperature, precipitation and vegetation, but not so much on relative humidity (RH) - although this is also an
environmentally very relevant parameter. Here we present a RH record for the Late Glacial/Holocene transition (13 ka to 10
ka) based on a newly developed paleohygrometer (Turhorn et al., 2015), applied to sediments from the Gemündener Maar,
Eifel, Germany. The method builds on the evapotranspirative enrichment of leaf water, as derived from coupled stable
isotope analyses on plant material (δ2H on n-alkanes and δ18O on plant sugars). The reconstructed relative humidity
(daytime and vegetation period: RHdv) indicates relatively humid conditions during the early Younger Dryas (YD) and more
arid conditions during the second half of the YD. However, RHdv variability during the Preboreal (PB) is more pronounced
than during the YD. Correlations found with North Atlantic Ocean temperature (Thornalley et al., 2010) and solar activity
(Muscheler et al., 2014) are suggested to be the main drivers for the observed RHdv fluctuations during the PB in middle
Europe.
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Better constraining the evolution of the Greenland Ice Sheet (GrIS) is crucial for a broader understanding of past and future
climate changes. Previous studies reported that the GrIS was significantly smaller during interglacial periods MIS 5e and
MIS 11 than at present (Colville et al. 2011, Reyes et al. 2014), which suggests that a bigger fraction of Greenland was
covered by vegetation and soils. To investigate whether terrestrial biomarkers provide new constraints on the dynamics of
the GrIS over the past interglacials, we characterised the biomarker composition (GDGTs and n-alkanes), as well as the
bulk geochemistry (TOC, δ13C, C-14), of modern sediments from southwestern Greenland and of Eirik Drift core IODP303-U1305 over MIS5e and 11.
Rivers in southwestern Greenland constitute the main link between the southwestern Greenland Ice Sheet (GrIS) and the
ocean. Understanding the composition of suspended river sediments gives insights into the source of organic carbon that is
mobilised and further exported to the ocean. To address these questions, biomarkers in suspended sediments and soils
coming from Kangerlussuaq, southwestern Greenland, were measured. Kangerlussuaq is located in the most sensitive
region of Greenland with regard to climate change, and is a good analogue for interglacials. Preliminary results (e.g.
biomarker concentrations, MAT, CPI, ACL) show that modern soils or lakes are not the only source of organic matter in
these rivers, and suggest that part of the biomarker signature is inherited from older, presently subglacial, organic pools.
The Eirik Drift accumulates material that is eroded from the eastern and southern Greenland margin, and it has been
shown to record significant environmental changes of the GrIS over MIS 5e and MIS 11 (Colville et al. 2011, Reyes et al.
2014, de Vernal & Hillaire-Marcel 2008), However, the GDGT and n-alkane characterisation of drift sediments from IODP303-U1305 do not show a significant response of the biomarker record to these interglacials.
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Leaf waxes of terrestrial plants are relatively resistant against degradation and serve as valuable biomarkers preserved in
various sedimentary archives. Compound-specific D/H analyses on leaf waxes are increasingly used to reconstruct past
climate and environmental conditions. Here, we present a n-alkane and compound-specific δD record from a Holocene
fluvial sediment-paleosol sequence along the upper Alazani River in eastern Georgia.
Generally, such records from fluvial sedimentary archives must be divided into a catchment signal recorded in the fluvial
sediment layers and a local in-situ signal recorded in the intercalated paleosols.
The n-alkane homologue pattern show a clear catchment versus in-situ signal. The paleosols are dominated by n-alkanes
derived from the local vegetation, mainly grasses throughout the Holocene. Although the fluvial sediment layers contain
mostly leaf waxes derived from the forested catchment, higher contributions from grasses between 8 and 5 ka possibly
indicate more arid conditions during that time. The δD-values for the paleosols show more depleted values, whereas the
δD-values for the fluvial sediment layers show a slight trend to more depleted values during the early Holocene and more
enriched values during the mid and late Holocene.
Because of the well-known altitude-effect on the isotopic composition of precipitation, we had expected more depleted δD
values for the fluvial sediment layers, i.e. the catchment-derived samples, and more enriched δD values for the paleosols,
i.e. the low altitude, in-situ signal. As this is not the case, we hypothesize that this differences might be caused by different
moisture proportions for the high mountainous catchment (up to >3000 m a.s.l.) and the investigated site (at 450 m a.s.l).
Air masses originating from the Black Sea might be affected by isotopic fractionation due to Luv-Lee and/or rainshadow
effects at the investigated site. The mountainous catchment reflects the isotopic signal of the Black Sea during the
Holocene.
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During the Quaternary multiple ice-ages saw the ice reaching the Alpine forelands. Glacial erosion created overdeepenings
and during stable glacier positions moraines built up. Today we can recognize these landforms in the research area as a
lake basin which accomodates Lago d’Orta and sets of moraines surrounding the southern lake tip, referred to as the
amphitheatre. The glacier that used to fill the overdeepening during the Last Glacial Maximum (LGM) was a small branch of
the Toce Glacier, which originated from the Simplon and Monte Rosa areas and which saw a bigger branch flowing down to
the Lago Maggiore area. However, which moraines can be attributed to the LGM is variously discussed in the literature. To
determine which ice-ages have formed the different moraines in the amphitheatre, we used cosmogenic nuclide exposure
dating on the erratic boulders found on the frontal and lateral moraines.
On a nearby outcropping section of a Ticino River terrace in Castelnovate we applied radiocarbon dating over a profile
depth of 5 meters to find ages of deposition. Whilst using multiple preparation methods on the radiocarbon samples we
found large variations in the resulting ages. Possible reasons for these variations will be discussed. Combining results of
both these dating methods, conventional geomorphological mapping and ArcGIS landscape analysis, we have constructed
a spatial and temporal reconstruction of the LGM around Lago d’Orta. This research adds to our understanding of the
termination of the LGM on the southern side of the Alps.

Swiss Geoscience Meeting 2016

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 11: Quaternary environments

403

Symposium 11: Quaternary environments

404

P 11.4
Using Stratigraphy and Dendrchronology near Tebano, Senio Northern
Apennines to Analyze the Impact of Climatic Fluctuation at Certain
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The presence of Pinus [sylvestris] provides an insight into dramatic events due to climatic changes. Several major and
minor climatic fluctuations have had a strong impact on terrestrial and marine environments since the last glacial period to
present day (Ravazzi et al. 2006). This study aims to describe the response of a fluvial environment through the use of
dendrochronology and stratigraphy. Here, we intend to get a better understanding of how these climatic fluctuations affect
the behavior of the Senio River (Lotter et al. 1992).
In Tebano, Italy, several Pinus sylvestris subfossil trunks were discovered during excavation for an irrigation pool. Subfossil
samples were collected to analyze the climate during the Younger Dryas (11,000 years BP) in detail. Charcoal samples
from the Bubano clay quarry extend our research to further to 35,500 cal. years BP. The combination of dendrochronology
along with stratigraphy allowed us to examine the climate at a detailed local and apply it to a broader spectrum. Tree-ring
measurements and cross dating provided a better understanding and verification of extreme events that occurred during
the lifespans of the trees. The use of stable isotopes indicates the extreme conditions that occurred. Radiocarbon dating
validates the age of the samples and what geological period they come from. Along with stratigraphy, we were able to
compile depth data to create a sediment curve. Using various methods throughout this study, we discovered the climatic
situation of Pinus 11,000 years BP and are able to compare them with samples from today. These present day samples
mark two of the southernmost extents of the Pinus population. We were then able to comprehend the magnitude of
sediment supply and precipitation. Through this collection of methods and data, we are able to understand the influence of
climate change in the past and the potential changes of the future.
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Stromatolites are laminated benthic microbial deposits. Formation and growth of those structures result from the interaction
between environmental and microbial factors and is highly influenced by environmental factors allowing to use them as a
proxy for paleoenvironmental conditions of the lake. Here fossils and living microbialites have been identified in the
freshwater environment of the Maquinchao Basin.
The Maquinchao basin, is a closed lacustrine system located in Northeastern Patagonia at more than 700 above sea level.
Today, the basin contains two main lakes, Cari Laufquen Grande and Cari Laufquen Chica, linked through the ephemeral
Maquinchao River. However the presence of several paleoshorelines on the east side of Cari Laufquen Grande reports
evidence of major water level fluctuations during recent times and the possibility of the presence of one main lake in the
basin.
A field campaign has been lead in Austral spring of 2015 to identify preferential zones of development for fossils and living
microbialites. Fossil stromatolites are found as individual buildsup, mostly covering basalt nucleus, of 10cm to 1m diameter
with characteristic cauliflower and globular shapes and also in continuous metric banks. 3D drone mapping reveals
preferential erosion of individual specimen as well as communities located along paleoshorelines at 830m high, south of
Cari Laufquen Grande. Today, stromatolites have been replaced by living microbialites found in specific pounds of the
Maquinchao River.
Ongoing investigations aim to compare the fossils and living microbialites through different methods: petrographic
observations, geochemical analyses, identification of microbial communities, SEM observations. Those results will lead to
understand the role of microbes in carbonate precipitation (organomineralisation; Pacton et al.) and defining the
environmental and climatic changes contributing to replace microbialites from stromatolites.
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Research conducted in the Falémé Valley, East of Senegal, have shown the potential of this region for allowing joint studies
on both new archaeological and local palaeoenvironmental data. Three main periods are addressed: Palaeolithic,
Protohistory and pre-colonial history. Archaeological and palaeoenvironmental studies on a section of the lower Falémé
Valley involve geochronological investigations, which apply 2 techniques: OSL and 14C.
Each year a set of radiocarbon ages obtained on organic matter collected during the January-March field seasons provide
a timeframe for the sites surveyed and excavated. Typically, charcoal sample collected in the field are often of a very low
size. Nearly 50 samples were analyzed during the last 3 years. The ages covered time from MIS2 (Chevrier et al., 2016;
Lebrun et al., 2016) to the recent Holocene. We will discuss the data available so far and a potential for more precise
chronologies of West African archeological sites, as we have started to do in the Dogon Country in Mali (Huysecom et al.,
2015; Mayor et al., 2014).
For more information, see http://www.ounjougou.org
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Schlüchter 3
1
2
3

Ion Beam Physics, ETH, 8093 Zurich, Switzerland,
Faculty of Geology, Geophysics and Environmental Protection, AGH University of Science and Technology, Kraków, Poland,
Geology, University of Bern, 3012 Bern, Switzerland

Glaciers flowing out from local ice caps and extensive ice fields in the high Alps filled the main valleys and extended onto
the forelands building piedmont lobes during the Last Glacial Maximum (LGM). The maximum extent at the outermost LGM
moraines was reached by about 27-26 ka as shown by data from the Rhein Glacier area (Keller and Krayss, 2005).
Abandonment of the outermost moraines at sites both north and south of the Alps was underway by 24 ka, as recorded at
the Tagliamento (Monegato et al., 2007) and Orta amphitheaters on the Italian side (see SGM poster Braakhekke et al.) (cf.
Scapozza et al., 2014). Similar dates are obtained for the Reuss Glacier area (Reber et al., 2014). Thereafter, glaciers
oscillated at stillstand and minor re-advance positions on the northern forelands for several thousand years forming the
LGM stadial moraines, for example, Killwangen, Schlieren, Zurich stadial moraines of the Linth-Rhein Glacier. Final
recession to back within the mountain front took place by 19-18 ka. In the high Alps, systems of transection glaciers with
transfluences over many of the Alpine passes, dominated. A good example is Grimsel Pass in the Central Alps
(Switzerland). 10Be exposure ages of 23 ± 1 ka for glacially sculpted bedrock located just a few meters below the LGM
trimline in the Haslital near Grimsel Pass suggest a pulse of ice surface lowering at about the same time that the outer
foreland moraines were being abandoned (Wirsig et al., 2016). Widespread ice surface lowering, noted at our study sites
near Mt. Blanc, Haslital, and Zillertal was well underway no later than 18 ka, with a similar timing to stabilization of the inner
LGM moraines. Recalculation to a common basis of all published 10Be exposure dates related to LGM extents combined
with recent data suggests a strong degree of synchrony for the timing of onset of ice decay both north and south of the Alps
(Ivy-Ochs, 2015).
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Monegato G. et al. 2007. Quat. Res. 68: 284-302.
Reber R. et al. 2014. Swiss Journal of Geosciences 107: 293-307.
Scapozza C. et al. 2014. Géomorphologie: relief, processus, environnement 20: 307-322.
Wirsig C. et al. 2016. J. Quat. Sci. 31: 46-59.

Swiss Geoscience Meeting 2016

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 11: Quaternary environments

407

Symposium 11: Quaternary environments

408

P 11.8
Wildfire effects on lipid composition and hydrophobicity in bulk soil and
soil size fractions
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Low soil-water affinity and soil water repellency (SWR, hydrophobicity) prevents water from wetting or infiltrating soils in
burnt and unburnt ecosystems, causing various changes on their hydrology, geomorphology, geochemistry, and
biochemistry. Wildfire may destroy, develop or enhance SWR in previously wettable or water-repellent soils (e.g., Doerr et
al., 2009; Jordán et al., 2013 and references therein). SWR is at least in part attributed to a lipid-like cover, rich in fatty
acids (FAs). Recently, it was shown that FAs had a major role in increasing the water repellency of unburnt sandy soils in
Doñana National Park (DNP, SW-Spain), with Mediterranean climate and developed under trees (Quercus suber, Pinus
pinea) and shrubs (Pteridium aquilinum, Halimium halimifolium) dominated vegetation (Jiménez-Morillo et al., 2016).
To get further insight into how fire affect the distribution of soil lipids and their role in the SWR, a study was performed on
different size fractions of a DNP sandy soil under Quercus suber canopy cover. Two soil samples were taken, one in a
burnt site and another in an adjacent unburnt (control) one, both having the same physiographic characteristics. SWR was
determined using water-drop-penetration-time test in the <2 mm sieved (bulk) soils and in six size fractions: 1-2 mm, 0.5-1
mm, 0.25-0.5 mm, 0.1-0.25 mm, 0.05-0.1 mm and <0.05 mm. Lipids were extracted from all samples (n = 14), and the FAs
and neutral lipids were identified and quantified by GC/MS and GC/FID. The carbon isotope ratios (d13C values) for the
individual fatty acids were determined by GC/C/IRMS.
The SWR values of soil samples and fractions were statistically different (p < 0.01), for both, the fire affected and
unaffected soils, and different grain-size fractions. SWR values in burnt bulk soil and 0.05-0.1 mm fraction were higher than
in unburnt homologues. The coarsest and finest soil fractions (1-2 mm and <0.05 mm, respectively) of the unburnt soil were
the most hydrophobic; in contrast, the finer fractions (0.05-0.1 mm and <0.05 mm) were the most hydrophobic in burnt
soils. The total amount of lipids and total FAs were higher in burnt bulk sample and all the size fractions, except the coarser
one, which had twice the amount of lipids, compared to the burnt one. All samples showed similar distribution of
saponifiable lipids, characterized by straight chain saturated acids in the C14-C32 range and only differing in their relative
abundance. In bulk soil and <0.5 mm fractions the concentrations (mg FA/g soil) of the FAs were higher in burnt compared
to unburnt soil (this difference was small or absent in C22). For the coarser fractions, the opposite trend was observed in
most FAs, except C18, and for C<20 acids in the 0.5-1 mm fraction. All the samples showed generally very similar distribution
of non-saponifiable lipids, dominated by C27, C28 and C29 sterols and triterpenols, and a less abundant homologous series of
n-alkan-1-ols in the C20 to C28 range and small amount of n-alkanes in the C23 to C28 range. Bulk soil and the size-fractions,
except the coarser one, had higher concentrations in most neutral lipids. Principal component analysis (PCA) performed on
lipid concentration, concentration ratios and SWR (Fig. 1A) indicated that hydrophobicity of soils were positively correlated
to total amount of lipids, normal C>24 FAs and branched C>24 FAs, and negatively correlated with the even/odd FAs ratio.
The scatterplot of the PC1 vs PC2 scores showed that all the burnt samples formed a cluster at values around 0, the
unburnt coarse (>0.5 mm) and finest (<0.05 mm) fractions were positively correlated with SWR and total lipids, the bulk and
intermediate fractions (0.5-0.05 mm) negatively (Fig. 1B). The biosynthetic origin of these lipids, and their transformation
pathways during fire will be discussed with the results of the ongoing measurements of the d13CFA values.
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Figure 1. Principal components analysis (PCA) of lipid concentrations, concentration ratios and SWR. A. Loadings of variables; B. Scores
of samples
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Dating the stabilisation age of relict rockglaciers
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Rockglaciers are periglacial landforms and hence require permafrost conditions. The terminus of an active rockglacier is
used to define the lower boudary of discontinuous permafrost and corresponds roughly to a mean annual air temperature of
-2 °C to -1 °C in an environment where the annual precipitation is less then 2500 mm (Haeberli 1985). The stabilisation of a
rockglacier describes the transition of an active to an inactive and finally to a relict rockglacier. Therefore, the time when a
relict rockglacier stabilised and its position can be linked to past permafrost conditions, which reflect past climatic
conditions. This makes rockglaciers an interessting source for regional paleoclimatic reconstructions.
The Tandl rockglacier is situated in the province of Carinthia (Austria), at the western valley side of the Maltatal, along the
north-facing flank of the Reisseck mountain range. It is a relict rockglacier with a series of lobes. The highest lobe is at
2300 m above sea level (a.s.l) and the lowest reaches down to 1220m a.s.l., and thus lies nearly 1300 m below the modern
permafrost limit. It is likely the lowest relict rockglacier of the Eastern Alps (Reitner 2007). A total of 20 samples of the enitre
succesion, from the lowest up to the highers lobe, were taken for cosmogenic nuclide exposure dating. So far only few
studies world-wide used exposure dating to date relict rockglaciers (Ivy-Ochs et al. 2009; Moran et al. 2016).
Additionally 14 samples were taken on another series of rockglaciers no further than 10 km to the south-west, in a side
valley close to Mühldorf. They are located on a south-facing mountain. This offers the possibility to obtain further
information about the influence of the geographic exposition to changes in the permafrost limit.
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Low-oxygenation events are more and more frequent and strong on continental shelves and in coastal areas where
renewal of bottom waters is slow. Among the meiofauna living in such environments, foraminifera are among the most
tolerant to the lack of oxygen. Some benthic foraminiferal species are able to survive hypoxia, and even anoxia, for weeks
to months. Different species must have developed different mechanisms for survival - hypotheses include reduction of the
metabolism, symbiosis with bacteria, or denitrification. Ammonia tepida, one of the most abundant species in intertidal
environments, is able to survive up to 60 days in anoxia. Here we combined a 4 week feeding experiment using
13
C-enriched microalgae (diatoms), with correlated transmission electron microscopy (TEM) and NanoSIMS (Secondary Ion
Mass Spectrometry) imaging, and concentrations (GC/MS, GC/FFID), as well as bulk and compound specific carbon
isotope ratios (13C/12C obtained by EA/IRMS and GC/C/IRMS) of individual fatty acids (FAs) to study the metabolic
differences in intertidal Ammonia tepida exposed to oxic and anoxia conditions, respectively.
Strongly contrasting cellular-level dynamics of integration and transfer of the ingested biofilm components were observed
under the two conditions. Under oxic conditions, within a few days, intact diatoms (i.e. including the frustule) were ingested,
assimilated and consumed, in part for biosynthesis of different cellular components: 13C-labeled lipid droplets formed over a
timescale of a few days and were then partly lost through respiration. In contrast, in anoxia, fewer diatoms were initially
ingested and these were not assimilated or metabolized further, but remained visible within the foraminiferal cytoplasm
even after 4 weeks. The compound specific 13C/12C ratios indicated substantial de novo synthesis by the foraminifera of
polyunsaturated FAs (PUFAs), such as 20:4(n-6), in oxic conditions; very limited PUFA synthesis was observed under
anoxia. Together, our results indicate that anoxia induced a greatly reduced rate of heterotrophic metabolism in Ammonia
tepida on a time scale of about 24 hours, which seems consistent with a state of dormancy.
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Application of the Mutual Ostracod Temperature Range method (MOTR)
to a sediment core from Lake Trasimeno (Umbria, central Italy)
Marta Marchegiano1, Dave Horne2, Elsa Gliozzi3, Alexander Francke4, Daniel Ariztegui1
1
2
3
4

Department of Earth Sciences, University of Geneva, 13 rue de Maraîchers, 1205 Geneva, Switzerland
School of Geography, Queen Mary University of London, Mile End Road, London E1 4NS, UK
Department of Science, University Roma Tre, Largo S. Leonardo Murialdo 1, 00146 Rome, Italy
University of Cologne, Institute of Geology and Mineralogy, Cologne, Germany

Recent studies have shown that the Late Quaternary has been affected by numerous and rapid climate fluctuations.
Different techniques have been developed to reveal their extent and associated effects on the environment. Here we
present the application of the Mutual Ostracod Temperature Range (MOTR) method (Horne, 2007), on a 8.59 m long
sediment core from Lake Trasimeno (Umbria, Italy; 43°09’ N and 12°06’ E). The MOTR is a non-analogue method for
reconstructing paleotemperature using freshwater ostracod assemblages. It only considers the species still living today with
a known climatic distribution. The temperature ranges, which enclose all the living records of the species, are determined
by fitting WorldClim database (version1.3) (Hijmans et al., 2001) to the mapped coordinate points of the species’
distribution, and are expressed in terms of the maximum and minimum values of July and January temperature ranges. The
mutual temperature range of all the species recovered in a fossil assemblage, representing the T interval in which they
could have co-existed, provides the palaeotemperature reconstruction for that time interval. The Lake Trasimeno sediment
core is ideal to be studied using the MOTR method because it contains the continuous presence of ostracods throughout
the entire record. Thus, this new record will be an important tool for (still in progress) palaeoclimatic and
palaeoenvironmental reconstruction since, until today only a few continental records provide high-resolution analyses of
Late Quaternary climatic change. The 350 samples, which were analyses in this study, carried 19 different species of
ostracods referable to 15 genera: Cyprideis torosa, Candona angulata, Candona neglecta, Candona candida, Heterocypris
incongruens, Cytheromorpha fuscata, Sarscypridopsis aculeata, Heterocypris salina, Ilyocypris sp, Eucypris inflata
(mareotica), Darwinula stevensoni, Limnocythere inopinata, Limnocythere friabilis, Potamocypris paludum, Trajancypris
serrata, Amnicythere sp, Herpetocypris helenae, Cypridopsis vidua, Plesiocypridopsis newtoni. Since the MOTR method is
developed only for freshwater species Cyprideis torosa (a typically brackish water species although it occurs sometimes in
freshwater) is not calibrated and so could not be used. Amnicythere sp, and Ilyocypris sp (for taxonomic uncertainty) and
Trajancypris serrata, Potamocypris paludum and Herpetocypris helenae (still not calibrated) are also excluded. First results
have produced a high-resolution paleotemperature curve covering the interval from 45152ka to 10696ka (sediment depth
7.7 to 3.3m) according to a chronology, which is based on 10 radiocarbon age control points. Ways of interpreting the
MOTR results and correlating them with equivalent palaeotemperature curves from the region are being explored Ongoing
isotopic analyses on the ostracod shells will be used to improve the paleotemperature reconstruction.
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Iron fertilization in the Subantarctic Indian Ocean during the last glacial
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Following the characterization of the Pleistocene ice ages based on the study of marine sediment cores (Emiliani, 1955)
and their astronomically controlled cyclicity (Hays, 1976) new observations were provided by ice core archives that
suggested CO2 varied in concert with the Milankovitch-paced waxing and waning of ice sheets and temperature shifts over
Antarctica during the last 800.000 years with CO2 variations ranging from 180 to 280 ppm (Petit et al., 1999).
Several decades of studies have been trying to understand what caused CO2 to systematically vary in sync with ice ages
and the role it played in regulating the climate of the past.
The best candidate to account for the observed CO2 variations is the Ocean, which is by far the largest reservoir of carbon
on timescales relevant to ice ages cycles (Sigman & Boyle, 2000).
The current focus is directed in particular toward the Southern Ocean, which has been an area of net outgassing of CO2 to
the atmosphere (Sarmiento & Gruber, 2006), due to the interaction of biogeochemistry and ocean circulation that results in
a low-efficiency biological pump (Sigman & Haug, 2003).
A possibly mechanism that could reduce this “leak” of carbon to the atmosphere by increasing the efficiency of the
biological pump is related to the “iron (Fe) fertilization hypothesis” (Martin, 1990). Iron is a limiting nutrient in the present
day Southern Ocean and evidence from the Atlantic (Martínez-Garcia et al., 2014) and Pacific (Lamy et al., 2014)
Subantarctic showed an increase of productivity tightly coupled with increasing airborne Fe supply to these regions. Iron
fertilization could explain up to 50% of the glacial to interglacial CO2 shift (Martínez-Garcia et al., 2014), provided
fertilization took place equally over the whole Subantarctic, an argument that is challenged by some model simulations
(Bopp et al., 2003).
In this work, we analised a sediment core, whose record span the last glacial cycle back to MIS6, which was retrieved in
the Subantarctic Indian Ocean. This sector has been relatively unexplored in terms of paleo-productivity estimates of
phytoplankton related to bioavailable iron fertilization, and hence is an important location to assess whether this process
was a globally distributed process able to lead to a significant drawdown of atmospheric CO2, rather than a localised event
with a minor impact on the global carbon cycle.
In order to address this question, we made use of both inorganic and organic-based proxies as tracers of past
oceanographic conditions.
In particular, we analysed fundamental sediment properties like elemental composition, CaCO3 and opal content and bulk
organic carbon abundance as well as the quantification of different biomarker lipids (including alkanes, alkenones and
GDGTs).
Our results shows that the concentration of iron is very likely related mostly to input from continents and that this iron is
certainly related to an increase of primary production of alkenone-producing Haptophyte algae and diatoms.
However, it also clear that the onset of alkenone productivity initiates before the onset of iron supply. This is supported also
by the observation that opal, another tracers for paleo-productivity, is also anticipating the iron signal.
We infer that the initial trigger of changes in paleo-productivity is related to a northward displacement of the polar front
position and nutrient-rich Antarctic waters, which is then followed by an incipient increase of iron supply from the continents
which jointly determines a strong increase of primary production in the Subantarctic Indian sector.
This is consistent with the glacial increase of productivity observed in the Atlantic (Martínez-Garcia et al., 2014) and Pacific
(Lamy et al., 2014) Subantarctic sectors, suggesting that a strengthening of the biological pump during glacial times was a
global scale process rather than a localised one, and hence being able to be a quantitatively important player for the
drawdown of atmospheric CO2 during glacial cycles.
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The Early Holocene Humid Period (EHHP) caused a much increased availability of freshwater in subtropical regions
suffering from hyperaridity today. Thereby, enhanced orbital summer insolation forced a strengthening and northward
expansion of the African summer monsoon between ca. 10 and 6 ka BP. However, while the underlying mechanisms of the
EHHP are fairly well understood and the subsequent environmental responses are documented in numerous North African
lake records, most of these records fail to present better than millennial-scale changes. Moreover, palaeoclimate records
from the Arabian Peninsula are extremely underrepresented.
The Tayma palaeolake is a rare archive of EHHP in northern Arabia (Dinies et al. 2015; Engel et al. 2012). Here we present
a ca. 1 m thick and 700 years spanning annually laminated sediment section that was deposited in the centre of the former
lake from ca. 8500 to 7800 calibrated years (cal. yrs) BP, as determined by AMS 14C dating of pollen concentrates (Dinies
et al. 2015). High-resolution microfacies analyses based on thin section microscopy and µXRF element scanning, as well
as δ18Ocarb and δ13Ccarb measurements on single carbonate laminae and on bulk samples were performed in order to
investigate the sedimentological and geochemical changes along the varved sequence in great detail.
The finely laminated marl sediments are mainly composed of sub-mm thick laminae of endogenic aragonite, organic matter
and diatoms, as well as occasional silt-clay layers. Following an early lake phase from ca. 8700 to 8500 cal. yrs BP
characterized by coarsely laminated, presumably non-annual marl sediments that are rich in ostracods, three main varved
phases can be distinguished within the investigated section: (1) aragonitic-organic varves from ca. 8500 to 8150 cal. yrs BP,
(2) diatom-organic varves from ca. 8150 to 7900 cal. yrs BP that frequently include aragonite laminae and occasionally
gastropod and ostracod shells, and (3) clastic-organic varves from ca. 7900 to 7800 cal. yrs BP with decreasing diatom and
aragonite laminae and an increasing frequency of gypsum layers. After this period, gypsum becomes abundant and fine
lamination appears only sporadically. In addition, we observe an increasing trend of δ13Ccarb and decreasing δ18Ocarb during
phase 1 with the highest/lowest values, respectively, during phase 2, pointing towards the maximum lake productivity and
increased seasonal precipitation.
Our results indicate that the EHHP experienced pronounced centennial-scale climatic fluctuations. The EHHP was
comparably short in the NW Arabian region, lasting from ca. 8700 to 7800 cal. yrs BP with the highest moisture availability
at around 8200 to 7900 cal. yrs BP. A preceding dry period observed from ca. 8500 to 8300 cal. yrs BP challenges the prior
idea that this dry spell, recognised in other African records at that time as well, was connected to the so-called 8.2 ka cold
event in the North Atlantic realm. In addition to the earlier appearance of this dry period, its longer duration compared to the
rather short 8.2 event suggests an independent trigger mechanism.
This study is a contribution to the research project “CLEAR - Holocene CLimatic Events of Northern ARabia” (https://
clear2018.wordpress.com/).
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The Tatra Mountains present well developed and preserved alpine-type landscape to the north of the Alps with no
contemporary glaciation. This northernmost massif in the Carpathians had been shaped by several valley glaciers in the
past, however, glacial advances in the highest parts of these mountains have never been fully investigated. The aim of this
study is to reconstruct a chronology of the youngest glacier advances and the timing of deglaciation of high elevated glacial
cirques from the example of Veľká Studená Valley located on the southern slope of the High Tatra Mountains (Slovakia).
Based on digital spatial data analysis and geomophological mapping the valley has been investigated. We have collected
samples for surface exposure dating with cosmogenic 10Be and tested selected surfaces using Schmidt hammer method.
Dating methods in combination with morphostratigraphy allow to identify periods and ranges of glacier advance and retreat
within the valley cirque. Preliminary results revealed two glacier advances which occurred in the late Pleistocene and both
were limited to the glacial cirque. The first advance which almost entirely covered the bottom of the cirque is confirmed by
several ages on an voluminous lobate latero-frontal moraine. The extent of the second advance has been marginalized and
is represented by small relict talus-rock glaciers and moraines of glaciers which advanced from the cirque walls towards the
center of the cirque. These two advances have remarkably different geometry and cross-cutting relations can be observed.
The older advance represents a pre-Bølling–Allerød glacier activity, whereas the younger one is related to the Younger
Dryas cold phase. Since no youger moraines were found, the obtained results lead to the conclusion that in the study area
glaciers have never advanced during the Holocene.
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a

b

The southern Alpine foreland, enclosed between the Adriatic Sea and the Alps, represents a key area to understand the
climate and environmental transition between Mediterranean and Central Europe through the Quaternary global climate
change. During the Middle Pleistocene Revolution (MPR), the structure of the glacial-interglacial cycles changed from 41 ka
(low-amplitude/high-frequency) to 100 ka (high-amplitude/low-frequency) oscillations. This transition resulted in changes in
landscape evolution. These changes are recorded terrestrial geo-archives, which are generally discontinuous in space and
time. In the Middle Pleistocene the first major expansion of the alpine glaciers triggered a change in drainage patterns and
a marked increase in erosion rates in the southern Alpine Foreland, where the MPR is commonly attributed to reorganization of the drainage system of the rivers.
During the Middle Pleistocene glaciers advanced repeatedly from the Alps to the Alpine foreland. The chronology of the
records of those changes in the southern Alpine Foreland is not completely constrained. Therefore, the aim of this study is
to quantify landscape evolution since the onset of Early Pleistocene based on the detailed study of glacio-fluvial deposits
which was accumulated by glacial meltwater.
For this, we will apply detailed mapping, analyze the sedimentology of these sequences and calibrate their chronology with
cosmogenic nuclides. We will apply both depth-profile and isochron-burial techniques with cosmogenic 10Be, 26Al and 36Cl to
date these deposits. Based on the reconstructed chronology, we will report post-depositional incision rates into bedrock. For
the provenance analysis, the lithology of approximately 250 clasts from the gravel fraction (16-63 mm) will be determined
and counted. Subsequently, counted gravels will be grouped into different lithological classes. In addition key lithologies will
be identified. Based on the results, we will define the provenance of sediments, estimate catchment-wide erosion rates,
gather information on their transport, depositional environments, date their accumulation and calculate bedrock incision
rates.
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Re-visiting radiocarbon ages of Oetzi the Ice Man
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A quarter of century ago remains of a frozen and mummified body were discovered on the Hauslabjoch in the Ötztaler Alps
(near the Similaun Mountain), South Tyrol, Italy in September 1991. The first step in investigation of this Ice Man was to
find out how old it was. Acceleration mass spectrometry (AMS) was used for age determination because the smallest
amount of the sample had to be used for dating. A fragment of tissue and the bone were submitted to the laboratory at ETH
Zurich. In addition a small piece of grass was found in the Ice Man’s tissue and analyzed. The mean value of all the all the
measurements was 4550 ± 27 BP (Bonani et al. 1994)
The samples from the Ötztal were kept in a glass jar since November 1991 (Fig.1a). In this study we perform additional
analysis on the remaining material that had been stored frozen for 25 years. First of all, the sample was controlled for
contaminants by examination under the binocular microscope (Fig. 1b). At that moment, pieces of grass which was
determined from the sample noted and divided from the skin and muscle tissue. The Ice Man sample is similar to Animal
skin parchment, which can easily dissolve in base. Therefore, the normal acid-base-acid (ABA) treatment was to be
attenuated to clean the samples (Hajdas 2008). We will present results obtained on seven additional samples.

Figure 1a (left) Sample has been stored frozen for 25 years. 1b one of the sub-samples picked out for new 2016 analysis
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Leaf waxes and compound-specific isotopes indicate more humid
conditions in Spain during the LGM
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The Western Mediterranean Region increasingly suffers under the consequences of global warming, particularly extreme
drought periods. To better understand these changes and to predict future ones, past climate and environmental changes
provide a useful context. Here we present results of leaf wax and compound-specific isotope analyses from the ~8 m high
loess paleosol sequence El Paraíso, Central Spain. Chain length patterns generally show a dominance of grass-derived
n-C31 and n-C33 alkanes, but more deciduous tree-derived n-C27 at ~2 m depth can be interpreted to reflect more humid
conditions during the Last Glacial Maximum (LGM: ~25 ka). Most enriched δ13Cn-alkane values before ~30 ka indicate
particularly arid conditions, followed by more depleted values and more humid conditions during the LGM. The observed
~2‰ decrease in δ13C since can largely be explained by the increase in atmospheric pCO2. Compound-specific deuterium
analyses show more enriched values during the last glacial compared to the Holocene, which probably simply reflects the
enrichment of the source water (North Atlantic) and should not be interpreted as enhanced evapotranspiration. Our results
(i) confirm the idea of a more humid LGM in the Western Mediterranean Region based on lake leves, fluvial records and
climate modelling, (ii) show some controversy with regard to pollen records, and (iii) fuel concerns of more severe droughts
in the near, warmer future.
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Multiple stable isotope analysis of vegetable oils from the southern and
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The impact of globalization on food systems (food availability, supply, marketing, distribution, consumption, dietary patterns)
in developing countries, largely caused by the growth of urban population, has important impact on food security, health
and nutrition. In particular it has changed the international demand for healthy edible oils, their trade and business
strategies in the EU and worldwide. This, in turn, also impacts the domestic vegetable oil production. Therefore, the
characterization and authentication of vegetable oils (liquid) and fats (solid) is of prime importance for human health and
economic growth. As further application, their bulk and molecular C, H and O stable isotope composition (δ13C, δ2H, and
δ18O values) can be employed as a valuable database for archaeological, palaeoclimatic and paleoenvironmental research.
The δ13C, δ2H, and δ18O values of plants and their products are linked to photosynthetic fractionation, environmental factors
and agricultural practices. The δ13C values of plants record their photosynthetic origin and adaptation to environmental
conditions. Northern hemisphere atmospheric δ13CCO2 values are more negative than southern hemisphere values, but only
during the warm northern hemisphere season when atmospheric carbon fixation exceeds the rate of the release of CO2
from fossil fuel combustion, which is also more important in the northern hemisphere (e.g., http://cdiac.ornl.gov/trends/co2/
iso-sio/graphics/iso-graphics.html). As such crops that produce oil-containing seeds or fruits may show this interhemispheric
δ13CCO2 difference (≤1 ‰). Other stable isotope ratios (δ2H, and δ18O) of the bulk oil alone (e.g., Iacumin et al., 2009) or
combined with the molecular isotopic information (Richter at al., 2010) permit to get further insight into the geographic origin
of the oils in the EU and Mediterranean countries. The variations of δ2H and δ18O values in plant and their products through
their relationship with humidity-precipitation and temperature conditions during plant growth may allow characterization of
the geographic origin of vegetable oils. Therefore, this multiple-stable isotope approach contributes to the assessment of
commercial vegetable-oils purity and their geographical origin.
Maize, olive, sunflower, groundnut, soybean and rice oils differing in sites of growth in the southern and northern
hemispheres were characterized by bulk oil stable isotopes (δ13Cbulk, δ2Hbulk, and δ18Obulk) and fatty acids (FAs)
concentrations and δ13CFA values using elemental analysis/isotope ratio mass spectrometry, gas chromatography/mass
spectrometry, gas chromatography/ flame ionization detection and gas chromatography/combustion/isotope ratio mass
spectrometry. Principal component analysis was applied to examine the inherent structure of the data.
The δ13Cbulk values of maize oils (–18.4 to –14.9 ‰) are typical for C4 plants; those of olive (–30.2 to –28.2 ‰), sunflower
(–30.2 to –29.2 ‰), groundnut (–29.3 ‰), soybean (–30.6 ‰), and rice (–34.5 ‰) oils are typical for C3 plants. The δ2Hbulk
values vary from –161 to –132‰ for maize oils and –171 to –109 ‰ for C3 oils. The δ18Obulk values of all oils vary between
15.2 and 38.9 ‰. The major δ13CFA differences (>5 ‰) within plant species render the inter-C3-species comparison difficult.
These differences are explained in terms of variations in the lipid biosynthetic pathways and blend of vegetable oils of
different FA composition and δ13CFA values. The samples from the southern hemisphere are generally enriched in 13C
compared to those from the northern hemisphere. Differences between the southern and northern hemispheres were
observed in δ2H (p < 0.001) and δ18Obulk (p = 0.129) for all C3 oils, δ13C18:1 (p = 0.026) and δ18Obulk (p = 0.160) for maize oils.
The results of this study show that combining bulk and molecular stable isotope ratios, fatty acid compositions and their
statistical analysis help characterization of the geographic origin of oils. This methodology can be used to detect and get
insight into the origin of impurities in valuable vegetable oils commercialized worldwide. 18 years ago we advanced that the
carbon isotope composition of individual fatty acids in genuine olive oil (from archaeological samples) may be a molecular
tracer of paleoclimatic changes in the Mediterranean basin (Spangenberg et al., 1998). The results of the present study
show that these type of analysis may also help to trace intercontinental variations of single seed/species C3 and C4 plant
products, thus providing important information for archaeologycal, paleoclimatic and palaeoecological studies.
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Subaquatic moraine amphitheatre in Lake Thun
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The combination of a recently acquired high-resolution multibeam bathymetric dataset with 2D multichannel reflection
seismic data from perialpine Lake Thun reveals new insights into the evolution of the lake basin upon deglaciation and a so
far unknown subaquatic moraine. These new data improve our socomprehension of the landforms associated with the icecontact zone, the facies architecture of the sub- to proglacial units, the related depositional processes, and thus the retreat
mechanisms of the Aare Glacier.
The overdeepened basin of Lake Thun was formed by a combination of tectonically predefined weak zones and glacial
erosion during the last glaciation periods. Seismic stratigraphic analysis of the new data indicates that below the outermost
edge of a morphologically distinct platform in the southeastern part of the lake basin (‘Bödeli’), a complex ridge structure
marked by strong reflection amplitudes occurs. This structure is interpreted as a stack of several subaquatic terminal
moraine crests, most likely created by a slightly advancing or stagnant and grounded Aare Glacier during its overall retreat
phase. Packages of overridden moraine crests are distuinguishable, which smoothly transform downstream into prograding
clinoforms with foresets with internally recognisable layering. They dip steeply towards the deepest part of the basin,
eventually transforming into bottomsets. This stacked succession of subaquatic glacial sequences is overlain by lacustrine
deposits formed by Late-Glacial and Holocene laminated muds comprising intercalated turbidites (Wirth et al. 2011).
Little is known about the exact timing and behaviour of the retreating Aare Glacier between its recessional phase from the
Alpine foreland to the deglaciation of the inner-Alpine ice cap, mostly due to the lack of well-developed moraines that
indicate glacier stabilization or slight readvance. Radiocarbon-dated calcareous clay gyttja of Late-Glacial Lake
Amsoldingen, located adjacent to the water outlet of Lake Thun, shows a ~16.3 ka BP age (Lotter, 1985), providing a
minimum age for the formation of the postglacial small lake. Higher up in the catchment, the oldest 10Be exposure ages
from the Grimsel area, the accumulation area of the Aare Glacier, indicate ice-free conditions around 14-11.3 ka BP (Kelly
et al., 2006; Wirsig et al., 2016). The emplacement of the subaquatic moraine complex of the Aare Glacier must have
occurred between these age constraints, implying high sedimentation rates in the lake basin.

Swiss Geoscience Meeting 2016

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 11: Quaternary environments

421

Symposium 11: Quaternary environments

422

Figure 1. Top: Seismic reflection profile from the shallow subaquatic platform close to Interlaken to the main basin of Lake Thun. Bottom:
Seismic sequence stratigraphic analysis indicating different stages of a retreating Aare Glacier as documented by a stack of several
depositional sequences representing subaquatic moraine deposits, which translate into prograding clinoforms towards the center of the
basin.
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Previous studies of the lower Mosel valley focussed on the evolution and characterisation of terrace levels (Rixhon et al.,
2016, 2014; Cordier et al., 2006; Müller, 1976) and on fluvial dynamics and soil development (Weidenfeller, 1990). Loesspaleosol sequences (LPSs) developed on these terraces are potentially valuable archives, but have not yet been studied in
detail.
We present grain size distributions, soil physical, micromorphological and geochemical data from two LPSs in the lower
Mosel valley. According to Müller (1976), the Bandemer LPS is situated on a high terrace, 145 m above the present Mosel,
and the Hetzerath LPS is located on an upper middle terrace, 70 m above the present Mosel.
Four distinct paleosols were identified in the Bandemer LPS and three paleosols in the Hetzerath LPS. The surface soil at
the Bandemer LPS is a Stagnic Luvisol supposed to be formed during the last Interglacial, whereas the surface soil at the
Hetzerath LPS is a Stagnic Luvisol supposed to have developed during the Holocene. All buried paleosols are generally
Luvisols with redoximorphic features of different intensities. Micromorphology shows evidence for several phases of clay
illuviation as indicated by the presence of intact and fragmented clay coatings. Samples are also being processed for
optical stimulated luminescence (OSL) dating to support the proposed long-term soil sequence development, which is
indicated by very high weathering indices. To get information about changes in paleo-vegetation (grasses versus trees)
n-alkanes, i.e. leaf-wax biomarkers are analysed. Further we started analysing δD on n-alkanes for paleo-hydrological
reconstruction.
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The assessment of geohazards in the subaqueous environment has been becoming more important in the recent years
(e.g.Lee and Jones, 2014; Mueller et al., 2016; Urgeles et al., 2002). Such hazards include subaqueous landslides, which
can be triggered by various processes such as earthquakes or human activity. Stability analyses of submerged slopes are
crucial, yet complex steps for a hazard assessment, as many geotechnical and morphological factors need to be
considered. As high costs arise and great efforts are required to have a high spatial data coverage, deterministic models
with data from few sampling locations are typically used for the evaluation of slope stabilities.
We present a concept for the probabilistic stability assessment of subaqueous slopes, taking into account the spatial
variability of the geotechnical data.
Our study is conducted in perialpine Lake Zurich, Switzerland, where multiple distinct subaquatic landslides with welldefined headscarps, translation areas, and mass-transport deposits can be identified.
The ages of the landslides are known and their triggering has been assigned to different mechanisms by previous studies.
The subaquatic slope was investigated in great detail with geophysical, geotechnical, and sedimentological methods: 3.5
kHz pinger seismic reflection data (Strasser and Anselmetti, 2008) and a 300 kHz multibeam bathymetric dataset (1 m grid;
Strupler et al. 2015) were used for the detection of landslide features, for the layout of a coring campaign, and for an in situ
geotechnical testing campaign. A total of 7 Kullenberg-type piston cores (~4 cores /km2) and 21 short gravity cores (~11
cores /km2) were taken, and 39 in situ cone penetration tests (CPT; ~20 CPT /km2) were performed. The high density of
geotechnical datasets allows the inclusion of the spatial variability in the slope model. A mechanical stratigraphy of the
postglacial sediments on the lakefloor was constructed and is used as input for a Monte Carlo-simulated limit-equilibrium
model on an infinite slope. The results show that the location of landslide-failure initiation in the model is consistent with
stratigraphic analysis and failure-plane identification from sediment cores. Our model supports previously hypothesized
earthquake triggering from a geotechnical perspective. The present-day sediment-charged slopes are failure-prone, even
for a static case.
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Glacier oscillations, especially during the Late Quaternary, have been widely studied and their timing, amplitude and
frequency are reconstructed by detailed field mapping and dating techniques such as surface exposure dating. Recently,
the chronology of Late Quaternary advances in the northern and western Turkish mountains was reconstructed by
cosmogenic surface exposure dating (Akçar et al., 2016 and references therein). However, glacier advances in the eastern
Turkey have not been explored yet (Yeşilyurt et al., 2014). In this study, we investigated paleoglaciations in the Kavuşşahap
Mountains, which is located in the eastern Turkey. These mountains are one of the extensively glaciated areas in Turkey.
Glacial activity is evidenced by more than 20 U-shaped valleys (Yeşilyurt et al., 2016). For instance, one of the prominent
and well-preserved glacial landscapes of Turkey is situated in the Narlıca valley system. Lateral and terminal moraines in
the valley system indicate several glacial advances. To build their chronologies, 39 erratic calcareous boulders were
sampled for surface exposure dating with cosmogenic 36Cl. Based on the first results, we reconstructed the chronology of
four glacial advances in the valley. The oldest occurred at ca. 47 ka (ka: thousands years), It was also the most extensive
glaciation in these mountains. The second advance was at around 31 ka prior to the global Last Glacial Maximum (LGM;
22.1 ± 4.3 ka sensu Shakun and Carlson, 2010). Third advance was dated to ca. 20 ka during the global LGM. The fourth
advance of glaciers in the valley occurred ca. 16 ka ago. Apart from these, there are younger moraines in the higher parts
of the valley in and around the cirques, but they remain undated. We also reconstructed the ice margin reconstruction of
the Narlıca paleoglacier using the accumulation area ratio (AAR) and area-altitude balance ratio (AABR) approaches
(Figure 1). We estimated an equilibrium line altitude (ELA) based on the maximum ice extent, which implied ca. 1000 m
decrease in the ELA during the oldest and most extensive advance at around 47 ka? in comparison to the lower bound of
the modern ELA estimate. This study is funded by TÜBİTAK, Project No. 114Y218 and TÜBİTAK 2214/A International
doctoral research fellowship program.

Figure 1. Paleo-Narlıca Glacier during its maximum extent.
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